V¥ Juad
5.3}!\.43.‘;‘ JYail

Probabilistic Reasoning

als gu¥ 58 A<
UT“JB L)J.I:h.s‘)e (Ls_u.id.\.e-c. bds_d.u.i:“‘d
Ol sl

http://courses.fouladi.ir/ai






BAYESIAN NETWORKS

\\ Prepared by Kazim Fouladi | Spring 2021 | 4t Edition

St
&

s UM Gl (5150 (SIS 5 ol (5,1 uled

(JolS o155 slag s 93 aS i (s 5lupadiio 55 4o S )




Prepared by Kazim Fouladi | Spring 2021 | 4t Edition

S sladsad

~“ e

BAYESIAN NETWORKS

—
’UjK

099 Gow Lo GBI S S

Las S Laus gy
Nodes Links
soiay L (soaiay Lis
Sobal (sla jurtis padise Wil (gadasl
(TR G (link ~ “directly influences”)

Conditional Distribution

s S O (b b 68 o S o (510

P(X;|Parents(X;))
(CPT) (b s Jlaial J gus G




Prepared by Kazim Fouladi | Spring 2021 | 4% Edition

S (5‘-““5:‘-:“
bt Ll Jyoa

CONDITIONAL PROBABILITY TABLE
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BAYESIAN NETWORKS

Toothache

Weather is independent of the other variables

Toothache and C'atch are conditionally independent given C'avity
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Variables: Burglar, Earthquake, Alarm, JohnCalls, MaryCalls
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P(xy,...,%,) = H;l':1P(9;',-|pa’r'ents(X,-))
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CONSTRUCTING BAYESIAN NETWORKS
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1. Choose an ordering of variables X, ..., X,
2. Fori =1ton
add X; to the network

select parents from X, ..., X, | such that
P(X;|Parents(X;)) = P(X;| X1, ..., Xi—1)

P(X,,....X,) = IIl_ P(X;| X1, ..., X;_1) (chain rule)
= [’ P(X;|Parents(X;)) (by construction)
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Suppose we choose the ordering M, J, A, B, E
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Suppose we choose the ordering M, J, A, B, E

CED
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P(J|M) = P(J)? No
P(A|J, M) = P(A|J)? P(A|J, M) = P(A)?
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Suppose we choose the ordering M, J, A, B,

CED
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(Warm)
JIM) = P(J)? No

(

(A|lJ, M) = P(A|J)? P(A|J, M) = P(A)? No
(B|A, J, M) = P(B|A)?
(

P
P
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P(B|A, J, M) = P(B)?
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Suppose we choose the ordering M, J, A, B, E

CED

\ e

J|M) = P(J)? No

AlJ, M) = P(A|J)? P(A|J,M)= P(A)? No
B|A,J, M) = P(B|A)? Yes

B|A,J, M) = P(B)? No

F|B,A,J,M)= P(E|A)?

F|B,A,J,M)= P(E|A, B)?
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Suppose we choose the ordering M, J, A, B, E

J|M) = P(J)? No

AlJ, M) = P(A|J)? P(A|J,M)= P(A)? No
B|A,J, M) = P(B|A)? Yes

B|A,J, M) = P(B)? No

F|\B,A,J,M)= P(E|A)? No
F|\B,A,J,M)= P(E|A,B)? Yes
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COMPACT CONDITIONAL DISTRIBUTIONS
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X = f(Parents(X)) for some function f
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UNCERTAIN RELATIONSHIPS
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UNCERTAIN RELATIONSHIPS

Fever < Cold V Flu V Malaria =& ;g o glo,) K 3hie

Cold Flu Malaria| P(Fever)| P(—Fever)
F F F 0.0 1.0
IF z T 0.9 0.1 K0 saisals
F T F 0.8 0.2 sasosuls
F T T 0.98 0.02 =0.2 x 0.1
T F F 0.4 0.6 I owissls
T F T 0.94 0.06 = 0.6 x 0.1
T T = 0.88 0.12 =0.6 x 0.2
T T T 0.988 0.012 = 0.6 x 0.2 x 0.1

Jeold = P(—fever| cold, —flu, —malaria) = 0.6 ,

qau = P(—fever | —cold, flu, ~malaria) = 0.2 |

Gmalaria = P(—fever | —cold, = flu, malaria) = 0.1 .

P(x;|parents(X;)) =1—
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HYBRID (DISCRETE+CONTINUOUS) NETWORKS

Discrete (Subsidy? and Buys?); continuous (Harvest and C'ost)
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HYBRID (DISCRETE+CONTINUOUS) NETWORKS
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HYBRID (DISCRETE+CONTINUOUS) NETWORKS
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HYBRID (DISCRETE+CONTINUOUS) NETWORKS
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Probability of Buys? given C'ost should be a “soft” threshold:
1 . . . , ,

08 }
Subsidy? | @arves) ?
AW S 06}
2
v i3 0.4
a
Buys? o
02}
598k Gl Ceand A5 WS o B (g 50 (5 M

€0 ,5 walade &y B Caand 4090 YU D jgo o 0
ol edle  Slee gaxlU jo 0y 3 Jleda| Ol s Lo

Cost ¢

P oo suliin) g8 J1SS31 51 (Probit) Cas gy o) o3
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HYBRID (DISCRETE+CONTINUOUS) NETWORKS
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P(Buys?=true | Cost=c) =
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Stuart

Russell EArficial Intelligence

Peter

Norvig A Modern Approeach

P Fourth Edition

Stuart Russell and Peter Norvig,
Artificial Intelligence: A Modern Approach,
4th Edition, Prentice Hall, 2020.

Chapter 13
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