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Compositional models

• an effective representation of multidimensional distributions

• an alternative to graphical models (e.g. Bayesian networks)

• perfect sequence models and Bayesian networks are equivalent – there
exist transformation algorithms

• multidimensional distribution is directly composed from a system of
low-dimensional distributions
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Basic notions

Distribution π(xK) – |K|-dimensional table of numbers from [0; 1].

Marginal distributions (L ⊂ K, M = K \ L): π(xL), π↓{L}, π−M

Definition 1 For any two distributions π(xK), κ(xL) their composition is

π(xK) . κ(xL) =

{
π(xK)κ(xL)

κ(xK∩L) when π(xK∩L) � κ(xK∩L),

undefined otherwise,

where symbol π(xM) � κ(xM) denotes that π(xM) is dominated by

κ(xM): ∀xM ∈ XM (κ(xM) = 0 =⇒ π(xM) = 0).
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Iteration of compositions:

π1 . π2 . π3 = (π1 . π2) . π3 6= π1 . (π2 . π3)

Compositional model:

π1 . π2 . π3 . . . . . πn−1 . πn = (. . . ((π1 . π2) . π3) . . . . . πn−1) . πn.

Perfect sequence model:

Sequence π1, π2, . . . , πn is perfect iff π1, . . . πn are marginals of π1 . π2 . . . . . πn.
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Marginalization

• Crucial algorithm – need of effective computation.

• Classical approach – equivalent to Bayesian networks – deletion of variable appearing

only once in the sequence (deletion of childless node) and procedure for marginaliza-

tion of one general variable (edge reversal and node deletion).

• Marginalizing of multiple variables in one step – developed in framework of compo-

sitional models.
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Visualization

(π1 . π2 . π3 . π4 . π5 . π6 . π7 . π8 . π9 . π10 . π11)
↓{8,11,16}
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Persegrams

• Simple visualization of distributions and their variables.

• Independence and conditional independence relations (not implemented yet).
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Piece of information theory

Shannon entropy (for π ∈ Π(N)):

H(π) = −
∑

x∈XN :π(x)>0

π(x) log π(x)

Informational content (for π ∈ Π(N)):

IC(π) =
∑

x∈XN :π(x)>0

π(x) log
π(x)

Πj∈Nπ(xj)

Kullback–Liebler divergence (for κ, π ∈ Π(N)):

Div(π ‖ κ) =


∑

x∈XN :π(x)>0

π(x) log π(x)
κ(x) if π � κ,

+∞ otherwise.
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Thank you for your attention.
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