Math Modeling, Week 5

Bayes nets
Simple Bayesian inference

IID sampling (e.g., Bernoulli/multinomial) 0
plates

Kalman filter

Latent Dirichlet Allocation

Hierarchical Bayesian model with latent structure
Used for modeling corpora (topic models)

Observed data: @--»@-»@

Documents d € {1,...,D}, words w,, forn € {1,...,N;}
Latent structure:

Topics k € {1,...,K}, topic—word-type distributions [3;

Document-topic distributions 6,, word-token—topic assignments z,;, € {1,...

Joint distribution:
p(B,6,z,wla,n) = p(BIn) - p(6la) - p(ZIG) p(wlz, B)

K} forn e {1,...

ﬂmrwk.n) 1_[ Dir(8; ) - ﬂ[ed(zdn) Bran(Wan)]

Marginal likelihood (normahzatlon for posterlor on f3, 9 Z) is intractable:

plvanten) = | [l_[mrask,n) [|owe a)]_[Z[ed(zdn) B

n=1zgn

Gibbs sampling in Bayes nets

(Wd,n)]H dedB

p(x; | X)) = p(xi | Xan()» Xpagi)» Xch()» XDe(y) [Ancestors, Parents, Children, Descendants]

oc P(X; | Xan()s Xpa(n) - P(Xcns Xe(o) | Xis Xan()» XPa(i)
= p(xi | Xpa@) * Ijecniyopea) PO | Xpag))
o P(X; | Xpa(i) - [jecni POY | Xpa))
Alternatively, p(x;|x.;) = p(x;,X,)/Zp(x/,X.)
Joint distribution [ ;p(x/[Xpa))
All terms cancel (same for all x;') except j=i and iePa())
LDA

p(z|w,B,6,a,1) x p(ZI(?V) p(w|z,B)

ﬂﬂ[ed(zd,g Bran (W]

d=1n=
D Ng
normalization: HHZ[Gd(z) BZ(Wd n)]
d=1n=1 z

p(8lw,z,B,a,n) °<p(6Ia) p(z|6)
1_[ Dir(04; o + |z41) || = vector of counts
p(Blw,z,6,a,n) x p(BIn) p(wl|z,B)

o« 1_[ Dir(By; M + Iwy=r )
k=1



