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Etficient Detection of Exchangeable Factors
In Factor Graphs
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Goal: Efficiently detect exchangeable factors to group them

A B ¢41(A,B) A B ¢,(A,B)
true true ¢ true true| ¢
true false true false
false true @3 @ false true 3
false tfalse| ¢ e " false talse| @

C B ¢,(CB) (1 B C ¢,(B,C)
true true @1 @/<P' true true @1
true false > true false 3
false true 3 false true
false false ¢4 false false ¢4

Buckets count occurrences of range values in an assignment
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Properties of buckets:

A B ¢1(AB) b
true true ¢, [2,0
true false 1,1
false true 3 (1,1
false false. ¢, 1[0,2

B C ¢3B,C) b
true true ¢ [2,0!
true false, ¢35 [1,1
false true 1,1
false false. ¢, [0,2]

b | ¢1(b) ¢o(b)
2,0] {1} o4}
:1, 1 1 ,(,03} {(PB» }
0,2] {ps} | {@4}
b gi(b) ¢3(b)
2,0]| (91> | (91
1’1 ( ’(p3> <(P3» )
0,2]| (@) {(pa)

If at least one bucket Is mapped to different multisets of
values by ¢4 and ¢,, then ¢4 and ¢, are not exchangeable

Two factors are exchangeable if and only If there exists a
permutation of their arguments such that each bucket is
mapped to the same ordered multiset of values

[terate over buckets and search for possible rearrangements to
obtain identically ordered multisets within each bucket

b i(b)  93(b)
2,0 (@1 (p1)
1’1 ( ;(,03> <(P3’ )
0,2] (@4 (pa)

A B ¢1(AB) b
true true @1 [2,0
true false 1,1
@ false true ¢3 [1,1
<P1 false false ¢4 |[0,2]
B C ¢»(B,C) b
@% true true ¢ [2,0
true false ¢3 [1,1
false true 1,1
false false ¢4 [[0,2
Possible rearrangements:
Bucket [2,0]: B—{1,2}, C—{1,2}
Bucket [1,1]: B— {2}, C — {1}
Bucket [0,2]: B—{1,2},C—{1,2}

Intersection over all buckets: B — {2}, C — {1}

Result: Locate B at position 2 and C at position 1 in ¢, to ensure
identical potential tables of ¢4 and ¢-

Duplicate potentials in buckets increase complexity
Degree of freedom of a bucket b:

F(b)= I  count(¢™(b).¢)
peunique(¢p~(b))
Degree of freedom of a factor ¢:
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2,1 {@2,93,¢5) (P3,95,P2)

1, 2] {pa, 06 96) (P6,Pa, Pe)
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The number of table comparisons needed to check whether ¢4
and ¢, are exchangeable is in O(d), where d = min{Z (¢1), F (> )}
(i.e., d is factorial)

In many practical settings it holds that d « n!

The degree of freedom Is upper-

oounded by n!

Comparison of run times of DEFT, ACP (previous work), and a
»nalve« approach
Average over exchangeable and non-exchangeable factors with a
proportion of identical potentials in {0.0,0.1,0.2,0.5,0.8,0.9,1.0}
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