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0.1 Definitions:

Given a set of calibrated beliefs Q = {βi}i∈Vτ
∪ {µij}(i,j)∈Eτ

for the clusters and sepsets of a clique tree τ ,

we defined the distribution Q induced by them as Q(χ) = Πi∈V βi(Ci)
Π(i,j)∈Eµij(Sij)

(where 0
0 = 0).

Moreover, we defined the following two “functionals”:

a) The Energy Functional:

F [P̃Φ, Q] =
∑

φ∈ΦEQ[ln(φ)] +H(Q) .

Where P̃Φ(χ) =
∏

φ∈Φ φ(scope[φ]) is the original unnormalized distribution,

ln(.) means the natural logarithm, and H(Q) is the entropy of the distribution Q, using the natural logarithm.

b) The Factored Energy Functional:

F̃ [P̃Φ,Q] =
∑

i∈Vτ
ECi∼βi

[ln(ψi)] +
∑

i∈Vτ
H(Ci ∼ βi)−

∑
(i,j)∈Eτ

H(Sij ∼ µij).

Where Ci ∼ βi means the distribution over the variables of the node Ci , induced by the belief βi (remember

that every belief βi of a node Ci is a distribution over the variables of that node, and same for µij),

Sij ∼ µij means the distribution on the variables of the sepset Sij = Ci ∩Cj induced by µij ,

and ψi =
∏

φ s.t α(φ)=i φ, where α is the mapping from factors in Φ to clusters in τ , which exists since τ is a

cluster tree.

0.2 Questions

0.2.1 Equivalence of functionals

Show that if Q is a set of calibrated beliefs for a clique tree τ , then F [P̃Φ, Q] = F̃ [P̃Φ,Q].

(Hint: what is the relation between a belief βi (or µij) and the distribution Q?)

0.2.2 A bound on the Energy functional for normalized distributions

Suppose our original distribution is normalized (Z = 1).

Show that for every distribution Q, we have F [P̃Φ, Q] ≤ 0.

(Hint: what is the relation between the energy functional and the relative entropy D(Q|PΦ)?)
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