
of the fnodes is then Friend(X ,Y ) < Smokes(X ) <
Smokes(Y ) < Cancer(Y ).

4.2.2 Relationship Chains

To computationally represent sets of relationship
functors, we represent them as lists without re-
peating elements. Assuming an ordering of re-
lationship functors, a relationship set R =
{R1(τ 1), . . . , Rk(τ k)} translates into a relation-
ship list [R] = [R1(τ 1), . . . , Rk(τ k)]. For order-
independent concepts we refer to sets rather than
to lists. A relationship list [R1(τ 1), . . . , Rk(τ k)]
is chain if each functor Ri+1(τ i+1) shares at
least one variable with the preceding terms
R1(τ 1), . . . , Ri(τ i).2 A relationship set forms a chain
if the corresponding list is a chain. All sets in the lat-
tice are constrained to form a chain.

For instance, in the University schema of Figure 2,
a relationship chain is the list

[RA(P ,S ),Registered(S ,C )].

If an fnode TA(C ,S ′) is added, we may have a three-
length chain

[RA(P ,S ),Registered(S ,C ),TA(C ,S ′)].

The subset relation defines a lattice on relationship
sets. Figure 5 illustrates the lattice for functor nodes
in the University schema of Figure 2.

4.2.3 The Join Data Table

With each relationship R is associated a join data
table !"R. The table represents the frequencies (suffi-
cient statistics) with which combinations of attribute
values occur, conditional on all relationships in R be-
ing true. Let Ri denote the data table associated with
relationship functor Ri(τ i). For relationship functors
R = {R1(τ 1), . . . , Rk(τ k)} let X1, . . . ,Xl be the 1st-
order variables that occur in the k relationship func-
tors, and write Ej for the entity data table associated
with the population variable Xj . Then the join ta-
ble for the relationship set, or relationship join, is
given by

2Essentially the same concept is called a slot chain in PRM
modelling [15].

!"#$%&"'!() *+#,-%'*() .,+/%--+,'.()
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0%12-"%,%$'!3*(3)45'!63*(3)4%789%-'.3*()

Figure 5: A lattice of relationship sets for the Uni-
versity schema of Figure 2 (without the RA relation).
Links from entity tables to relationship tables corre-
spond to foreign key pointers. The list representa-
tion of the sets is determined by the functor ordering
Registered < TA < Teaches.

!"R≡!"k
i=1 Ri !"l

j=1 Ej .

If two or more variables are associated with the
same population, then the same descriptive attribute
will appear at least twice in the relationship join. In
this case we disambiguate the names of the descrip-
tive attributes by adding the variable as their argu-
ment. Similarly, we add variables to disambiguate
repeated occurrences of descriptive link attributes.
Thus each column label in the relationship join cor-
responds to exactly one fnode. (Columns in the re-
lationship join that do not correspond to any node
in the fixed set F are omitted from the join.) For
each relationship set R = {R1(τ 1), . . . , Rk(τ k)}, the
functor nodes in the associated BN BR are the col-
umn labels in !"R, plus Boolean relationship indicator
nodes R1(τ 1), . . . , Rk(τ k).

Examples. For the relationship chain
[RA(P ,S ),Registered(S ,C )], the join data table is
given by

RA !" Registered !" Professor !" Student !" Course.
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