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Minimizing the Kullback-Leibler divergence between the true posterior p(6|{wnq}) and the variational distribution ¢(¢) corre-

sponds to maximizing the lower bound on the evidence E,[logp(0|{wna})]

terms in Eq[log p(6|{wnq})] — H(g) into
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and derive the value of each of the terms below.
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1st term 7 are the cluster popularities. ¥ is the digamma function.
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— H(q) where H(q) is the entropy. We expand the



2nd term z, encodes the assignments of observations to clusters.
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3rd term Likelihood.
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4th term i, indicates the presence of group g in observation n.
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5th term: [y is the probability of each group for each cluster.

Eyllogp(Borltor-us)] = Fyllog((Beta(ar, 6,)'r* Beta(an, ) 1~4)) " Beta(a, £,)! 7))

= EylygtgrlogBeta(ay, Bi) + yy(1 — tgr) log Beta(an, By) + (1 — yg)Beta(au, Bu)]

= Eylygter{(ar —1)1log(Bgr) + (B — 1) log(1 — Byx) — log BetaFun(cay, 3;)}
+yg (1 — tgr){(ap — 1) log(Bgr) + (B — 1) log(1 — Bgk) — log BetaFun(cw 3p)}
+(1 = yg){(ow — 1) 1og(Bgr) + (Bu — 1) log(1 — Bgi) — log BetaFun(avy, Bu)]

= Elyg|Eltgr]{(cw — 1)E[log(Bgr)] + (8t — 1) Ellog(1 — Bgx)] — log BetaFun(ay, 5;) }
+Ey,](1 = Eltgr]){(cw — 1) Eflog(Bgk)] + (B — 1) Eflog(1 — By )] — log BetaFun(as, 55}
+(1 = Elyg){(caw — 1) Eflog(Bgk)] + (Bu — 1) Eflog(1 — Bgr)] — log BetaFun(cv, Bu) }

= Ellog(Bgr)] (Elyg] Eltgr](ar — 1) + Efygl(1 — Eltgr])(w — 1) + (1 = Efyg]) (o — 1))
+Elog(1 — Bgk)] (Elyg| Eltgr](Be — 1) + Elyg](1 — Eltge]) (B — 1) + (1 — Efyg])(Bu — 1))
—E[y,)Eltgr] log BetaFun(coy, 8;)
—Ely,](1 — Eftgr]) log BetaFun(ay, )
—(1 — Elyg]) log BetaFun(ay,, f.)

= (U(ogk1) — W(Pgr1 + dgr2)) (NgAgr(ar — 1) +1mg(1 — Agr)(ap — 1) + (1 — ng)(au — 1))
+ (U (dgr2) — U(dgr1 + Ggr2)) (g Agr(Br — 1) + ma(l — Age) (B — 1) 4+ (1 = ng) (Bu — 1))
—ngAgk log BetaFun(ay, Bt)
—ng(1 — Agr) log BetaFun(ay, By)
—(1 — ny) log BetaFun(ay,, B4)

6th term: ¢, is the auxiliary variable indicating from which mode an important £, was drawn.
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7th term: -y, is the proportion of each mode in multimodal distribution.
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8th term: y, indicates whether a dimension is important.

Eyllogp(yy)] = Eyflogp¥(1— p)'~¥s]
Elyg|log p + (1 — Elyg]) log(1 — p)
= nglogp+ (1 —ny)log(l—p)

9th term: f, indicates which formula is associated with group g.
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10th term: [; indicates to which group dimension d belongs.
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11th term: Entropy term.
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