Probabilistic Modelling and Reasoning, Tutorial Answer Sheet 3 (for Week

School of Informatics, University of Edinburgh

Instructor: Amos Storkey
Prob. Sheet. ID: 11922.1.2
Thanks also to Matt Graham for some of the answers.
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(Maximum likelihood solution, see last week’s tutorial
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3. The graphical model and conditional probabilities are given by.
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Here a« = 0.3, =0.25,7 =0.1,§ = 0.01.

Given data c¢1.3 = {1, 1,2} probability of next crowd-sourced image label
P[Cy =1[Cy3 = c1:3]
= Z Z {P[Cy=1,X4 =24,S=5|Cr3 = c1.3]}

z4€{1,2} se{1,2}

= Z Z {P[Cy =1|Xy =24,S =5,Cp3=-=ci3|P[Xy = 24|S=75,Cra=7i3]P[S = 5| Ci:3 = c1.3]}

zq€{1,2} s€{1,2}

= Z Z {P[C4 = 1‘X4 :1'4,5 = S]P[X4 = $4]}P[S = S‘Cl;g = 01;3]
se{1,2} \zs€{1,2}

Probability of supervisor identity given data
PS=s|Ciz3={1,1,2}] xP[Ci.3={1,1,2} |S=s|P[S = 5]
= JI {PlCh=calS=5}P[S=5

ne{1,2,3}

= H Z (P[Cn:Cn’xn:xnyszs]]?[xn:xn]) P[S:S]

ne{1,2,3} \ zne{1,2}



Substituting in values gives

P[S=1|Ci3={1,1,2}] x (1 =ANa+d1—-a)*Aa+1—-a))s
= 0.277% x 0.723 x 0.75 = 0.0416
P[S=2|Cs={1,1,2} x (Aa+d(1 —a))? (1= Na+d(1—a))(1-23)
=0.723% x 0.277 x 0.25 = 0.0362

0.0416
P[S=1|Cps = {1,1,2}] = 0535 —
RIS =11Cs ={1L L2} = 55600362 ~ %P =€
0362
and P[S = 2| Crg = {1,1,2}] = — 29302 _ 4651

0.0416 + 0.0362

Substituting this into above gives
Pl[C4s=1|Cis=cig]=[1—7)a+d+d(l—a)]e+[ya+ (1 -05)(1—a)](1—€) =0.48=(

For final part, the probability of the true label being a car given the now observed crowd-sourced label
C=1

P[X4=1,C4 =1|Cy.3 = c1.3]
P[Cy =1|Cy13 = c1.3]
~ Ysepuay {PXa=1,C1 = 1,5 = 5[ Cy3 = c13]}
a P[Cy=1[Cy3 = c1:3]
C 2senp (PG =1[X4 =1,5S = 5,Cs==0i3]P[X4 = 1,5 = 5[ C1:3 = i3]}
- P[C4s=1]|Cr3 = c13]
236{1’2} {P [C4 =1 ‘ X4 = 1,5 = S] P [X4 =1 ‘_S/:/S,;,sz/cl/g] P [S =S | C1;3 = 01;3]}
P[Cs=1|Cyr3 = c1.3]
PXy =1 ey {PICs =1|Xs =1,S = s]P[S = 5| C13 = c13]}
P[Cy=1[C1:3 = c1:3]
a{(l-—ye+t1(1-¢)}
¢

PXs=1|Cs=1,Ciz=ci3] =

= 0.327




