CS340 Machine learning

Mixture priors




Conjugate priors

 We have used conjugate priors for computational
convenience.

e But sometimes our prior beliefs cannot be
expressed Iin this way.

e Eg coin is either 1/3 prob heads or 2/3 prob heads
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Mixture of conjugate priors
e Zc{1,...,K}Is a latent variable which specifies

which prior mixture component to use
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U p(Z =klm) = m

2 p(0|Z =k.a) = p(flay)

J p(zld) = p(z(0)
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Example: Beta(6|10, 20) or Beta(8 | 20, 10)



Posterior is also a mixture

p(x|0)p(0)

p(flz) = o)
— p(z|0) >, p(Z = k)p(0|Z = k)

[ 0(a16) Sy p(Z = K)p(01Z = )b

Y up(Z =k)p(x,01Z =k)
> p(Z =F) [p(x,0|Z = k')d6
> 1 P(Z =k)p(O|z,Z = k)p(z|Z = k)
D P(Z =K )p(x|Z = k')

) ; [Zk/p(z = k’)]7(q;|Z — k’)] p(0|z, Z = k)

- pwf,z — k)
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PDSI’(/lor//) U M&es (nal Likeel | foo/
oz =Fk) = /p(f’f’")az = k)p(0|Z = k)db



Sequence logos

————————— +++++++++
98765432101 23456789
................ - - - bits
1 tat g =t tat 18
2 t g = g = y = 18
3 t y = 19
4 ttatctct tgtt 19
5 ttat g =t tt 16
6 T tct g =t y = 16
7 tat y = 18
8 ttat tt g = y = 18
o g =l g =t taott 10
10 +— taogtt 10
11 £t tct g = y = 22
12 ttat y = 22
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12 ILambda ¢l and cro binding sites
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sample

location

41324421423 443124424




Generative model

Inference goals:
Infer p(Z,[X,., 0,19
and p(6/X,.,,a,)
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p(Zi|w) = discrete(rr)
p(gt‘Zt = k, a) = D’I/)"(Ot‘ak)
p(Xit|0:) = discrete(X;:|0:)
ar = (50,1,1,1), a0 = (1,50,1,1), 3 = (1,1,50,1), 0 = (1,1, 1,50)

T, = 1/4 v



Posterior

Sufficient statistics

N, = (i (X = 1), iI(Xit = 2), iI(Xit —3), iI(Xu — 4))

Posterior on Z
p(Dt‘Zt = k)p(Zt = k)

Pl =kD) = = D7 = k)p(Zs = )

p(Dt‘Zt = k) - Z(I;Izo—l_k)ak)
Hj I'(e;)

2 = Fay)
Posterior on 6
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p(6:/D;) = Y p(Z = k|Dy)Dir(6|ou, + Ny)

k=1

E[6,|D;] = ) E[0Dy,Z = klp(Z, = k|Dy)
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Which locations are conserved?
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Generative model
Pe Ce \
_ J

= 5% B p(Cy) = discrete(Cy|(pe, 1 — pe))
. 1 111
‘ p(Z|Cy =1) = dlscrete(Zt](Z, 1T Z,O))
oA V p(Z:|Cy =0) = discrete(Z|(0,0,0,0,1))
< ~ g p(6:Z, =k) = Dir(6lay)
Je=i: g t p(X|0:) = discrete(X;:|0¢)
S ) as =(1,1,1,1) O, ...,04 =1
O
ct
L7tnl)
=T
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p(Ct = 1’Dt) —

p(Dt\Ct = C)

p(Cy = 1)p(Dy|Cy = 1)

Z};:o p(Ct = ¢)p(Dy|Cy = )

Zp(Dt’Zt = k)p(Zy = k|C = ¢)
k=1
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