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The indicator function §

The indicator function 6 compares a value assignment to a (set of)
node(s) with some specific value assignment to the(se) node(s). It results

in 1 if the number of differences is even and in —1 if the number of
differences is odd.
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The indicator function §: example

Consider the ternary variables A and B. Given the value assignment
A = a» and B = by is found that:

5(311)1 | agbg) = +1
5(31[)2 | azbg) =
5(31b3 | agbz) = +].
5(32[)1 | a2b2) =
5(321)2 | agbg) = +1
(5(32[)3 | azbz) =
5(33[)1 | azbg) = +1
6(a3b2 | agbz) =
5(33193 | azbg) = +1
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The parental synergy: definition

The parental synergy of a with respect to ¢; given X = x, denoted as
Y. (a,c), is
Y, (a,c)=> 6(A|a)- Pr(c;| Ax)
A
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The parental synergy: example

AB | Pr(c | AB) | §(AB | axb»)

aibr 0.7 +1

31b2 0.2 -1

aibs 0.4 +1

32b1 0.2 -1 9 @
arbs 1.0 +1

32b3 0.1 -1 @

asb; 0.3 +1

a3b2 0.8 -1

azbs 0.9 +1

Y (azbp,c) = Y 6(AB | azby) - Pr(c | AB) =
AB

07-02+04—-02+10-01+03—-08+09=20
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Interpretation (binary nodes)
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Interpretation (binary nodes)

© Y'(c)=0

9 ' (a,c) =
@ Pr(c | a) — Pr(c| a)

Pre)

o

0 1

oo
Pr(c | 3) =0.2; Pr(c | a) = 0.9
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Interpretation (binary nodes)

© Y'(c)=0

9 ' (a,c) =

@ Pr(c | a) — Pr(c| a)
Pr(c | 3) =0.2; Pr(cprT,a) =0.9
ORI
Pr(c | ab) — Pr(c | ab) —
@ (Pr(c | ab) — Pr(c | ab))

Pr(c | ab) = 0.5; Pr(c | ab) = 0;
Pr(c | ab) = 1; Pr(c | ab) = 0.1
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The prior convergence error

Pr(c) = Pr(ci | A) - Pr(A)
A

Pr(ci) = _Pr(ci | A)-Pr(A')-....Pr(A")
A

The prior convergence error equals
Pr(c;) — Pr(c;)
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The prior convergence error; binary nodes; two parent nodes

Pr(c,-) —
where
| = Pr(d) - Pr(d)?
m = Pr(a|d)—Pr(a]d)
n = Pr(b|d)—Pr(b|d) i
w = Pr(c | ab) — Pr(c; | ab) — Pr(c; | ab) + Pr(c; | ab)
Note that

*
w = Y (ab,c)
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The prior convergence error; binary nodes; two parent nodes; illustration

Pr(d) =0.5
Pr(a|d) =05 Pr(b|d)=0.1
Pr(a | d)=0.9 Pr(b|d)=0.9
Pr(c|ab) =1 Pr(c|ab) =0
Pr(c|ab) =0 Pr(c|ab) =1

Pr(c)—FTr(c):l-m~n~w

where

I = Pr(d) — Pr(d)?

m = Pr(ald)—Pr(a|d)

n = Pr(b|d)—Pr(b]|d)

w = Pr(c|ab) — Pr(c | ab)
— Pr(c | ab) + Pr(c | 3b)
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The prior convergence error; binary nodes; two parent nodes; an alternative

expression

Pr(ci) — Pr(c;) = (Pr(ab) — Pr(a) - Pr(b)) - w

where
w = Pr(ci|ab) — Pr(c; | ab) — Pr(c; | ab) + Pr(c; | 3b)
Note that

w = Y (ab,c)
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The prior convergence error; binary nodes; an arbitrary number of parent

nodes

where
mEP({l, '7n}):{x7 ,}/}
am=3"...3a
am=3%...3
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The prior convergence error; binary nodes; an arbitrary number of parent

nodes; example

*

Pr(c) — Igr(c) = (Pr(efg) — Pr(e) - Pr(f) - Pr(g)) - Y’ (efg,c) +
) Yg(ef,c) +
2

(Pr(ef) — Pr(e) - Pr(f)
(Pr(eg) — Pr(e) - Pr(g)) - Yz (eg,c) +
(Pr(fg) — Pr(f) - Pr(g)) - Yz (fg, )
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The prior convergence error; multiple-valued nodes; two parent nodes

Pr(c;)) - Pr(c)) = 3_ (Pr(AB) — Pr(A) - Pr(B)) - Y (AB, c;)/4
AB
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The prior convergence error; multiple-valued nodes; arbitrary number of

parent nodes

(D)
@ ® ©
©

Pr(ci) — If’vr(c,-) =
3 [Z ((Pr(AX A =PHA) L PHA)) ST Yar anan(A™, c,-))} /2

m o Am AL .. AT\ Am
where

meP{l,....,n})={x,...,y}
AM = A A
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To conclude

The parental synergy is an important factor in the expression of the prior
convergence error. It determines the impact of the degree of dependency
between the parent nodes on the size of the convergence error.
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