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Bayesian networks: junction tree propagation
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Original model of a student




Evidence model of a task

Th & MT&CL&ACL& SB& ~-MMT3 & ~-MMT4& ~-MSB

P(X1|T1)



Original model + one evidence model
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This is the problem ...

... all parents get inter-connected.




Parent divorcing (Olesen et al., 1989)

P(X1|T1)
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Parent divorcing
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Factorized evidence model

w(T1, MSB,SB,CL,ACL, MT, MMT3, MMT4) =

> ( o(T1, R1) - o(R1, MSB) - o(R1, SB) - o(R1, CL)- )

—~ \ ©(R1,ACL) - o(R1, MT) - p(R1, MMT3) - o(R1, MMTH4)
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Functional dependence

Y is functionally dependent on X;,..., X, If

b # ey 0 (21, . = BS)

RO, =" 4 FX, = 3} =
0 otherwise.

Example - a model with independence of causal influence




Factorization of MAX

y = f(r1,72) = max {z1, 72}
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Proper difference and disjunctive union

o If A D B then proper difference of A and B is defined as

AeB={xec ANx ¢ B}.
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e If AN B = () then disjunctive union of A and B is defined as
AeB={xec AVxeB}.




Special case of symmetric difference

If AD Bor AN B = () then previous two operations can be replaced
by a single operation of symetric difference of A and B defined as

{xe ANx¢B} U{xeBAxgA} .

Example when symmetric difference can not be applied:
A




Minimal generator of rectangles (MGR)

For a given partition Vy,...,Y, of X = x| X}
find a set {R1,Ro,...,Ri} of minimal cardinality such that:

o forj=1,...,ksetR; is arectangle,
l.e. RJ = X?:lpz', (Z) 7& Dz (A Xi;

e cach element ),/ =1,2,...q of the partition can be generated
from the generator {R4, ..., R} using operations © and &.



Factorization of MAX: problem reformulation
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Correspondence of MGR and factorization for MAX
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Hidden variable R has one state for each rectangle
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Minimal generator of rectangles for ADD
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Correspondence of MGR and factorization for ADD
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A Boolean function

YW — (X1VX2):>(X2/\X3)
= <—|X1/\—|X2)\/<X2/\X3>
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Open questions and problems

A general algorithm that for a given function finds its minimal
generator.

Generalization of the method so that tables
g1(X1, R),...,9,(X,, R) need not contain zeroes and ones only

A method for approximation of any probability table by a product
of two-dimensional tables.

Links to communication complexity.



...and it is time to end.
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