Tutorial 2: Causal Networks with multiple parents

1. Tuberculosis and lung cancer can cause shortness of breath (dyspnea) with equal likelihood. A positive
chest XRay is also equally likely given tuberculosis or lung cancer. Bronchitis is another cause of dysp-
nea. A recent visit to Asia increases the likelihood of tuberculosis, while smoking is a possible cause of

both lung cancer and bronchitis. (From Neopolitan p183)

(a) Construct a Bayesian Network to model the causes and effects described in this scenario. Note that

this will not be a singly connected network.

(b) Since the resulting network is not singly connected, propagation may not terminate in all cases.
Identify which single node when instantiated will ensure that probability propagation will terminate.

2. Returning to the network introduced in tutorial 1, with the given conditional probability distributions:

P(C)
Variable Interpretation Value
C Cat C1,C2
E Eyes e1,€2,e3
S Separation of the eyes | s1, s, 3, S4, S5, Sg, S7
D Difference in eye size dy,dsy,ds,dy
F Fur colour fi, fo, -+ fio

Pgdllel) Pgd1162) PEdlleg) 04 0.33
o P d2 61) P d2 62) P d2 63) . 0.4 0.33
PDIE) = | p(dyler) Pldsles) Pldsles) | — | 0.2 034
L P(d4‘€1) P(d4‘€2) P(d4‘€3) 0 0.33
P(51|61) P(Sl‘eg) P(81|€3) 0 0.33
P(82|€1) P(SQ‘@Q) P(82|€3) 0.6 0
P(ssle1) P(sslea) P(ssles) 0.4 0.34
P(S|E) = | P(saler) P(sale2) P(sales) | =] 0 0.33
P(S5|61) P(S5‘62) P(85|€3) 0 0
P(56|81) P(SG‘CQ) P(SG|€3) 0 0
| P(s7ler) P(s7lea) P(srles) | | 0 0
P(filer)  P(file2) 0 03
P(faler)  P(f2|e2) 0.125 0
P(f3|cl) P(f3‘02) 0.125 0.14
P(f4|61) P(f4‘62) 0.25 0.14
_ | P(sle)  P(fsle) | _ | 0125 0
PEC=1 Plfgler)  P(eles) | = | 0125 0
P(frler)  P(frle2) 0 0.14
P(f8|01) P(fg‘CQ) 0.125 0.14
P(f9|cl) P(fg‘CQ) 0 0.14
L P(f10|01) P(f10|62) i L 0.125 0 1
P(61|Cl) P(61|62) ] [ 0.5 0.14 ]
P(E|C) = P(€2|Cl) P(€2|Cg) = 0.25 0.14
P(€3|Cl) P(63|62) 0.25 0.72
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(a) Given that C'is instantiated and found to be in state co, what 7 evidence will be propagated to node

E?

(b) Given that C'is not instantiated but has a prior probability distribution: [P(c;) = 0.6, P(c2) = 0.4]
and F' is instantiated and found to be in state f4, what 7 evidence will be propagated to node E'?
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3. The network is now changed to include the W node with two states w; meaning the picture shows an
Owl, wo the picture does not show an owl. The same data base of pictures is used, and the state of wy is
determined for each. Thus only the link matrix between £ and W and C changes. Calculate this matrix.
(For the case where you have no data assume an equi-probable distribution.)

wy ¢ er sy di fs
wy c1 ey S dy fe
wy ca ey s3 dy fy
wy ¢ er Sy d3 f3
wy ¢ er s3 di fa
wy ¢ ey sy dy fr
wy ¢ ez s3 dy fio
wy c1 ey s4 d3 f4
e wy c1 ey S5 difg
wy c2 ez S4 dy f3
e @ wy c2 ez Sg d3 fi

wy ¢ ey sy di fo
wy c2 ez s1 dy fo
wy c2 ez S2 dy fs
wy ¢ ez S dg  fi

P(W) P(C)

4. Assuming that the \ evidence for E from nodes S and D is A(e1) = 0.5, A(e2) = 0.3, A(e3) = 0.2 and
that the state of F' and C are as defined in question 2b above, and that the W node is instantiated and is
in state wy, calculate the posterior probability distribution of £ and C.
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