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C Automatic Generation of Modular BNs

In order to expose the proposed verification algorithms to a variety of Modular BNs we
use automatically generatedModular BNs. Automated construction of Modular BN can
be achieved by using the graph transformation algorithm that is used in the junction
tree algorithm [Jen01, Xia02] where a BN is transformed into a junction tree [Xia02]
(also called join tree [Jen01]). The cliques in this computed junction tree represents the
modules. By gradually combining these cliques together we can simulate the process
of gradually combining modules (see Definition 4.2) to form a Modular BN and run
the verification algorithms, i.e. the detection algorithm (Algorithm 2) and discovery
algorithm (Algorithm 3).

To generate a faulty Modular BN, i.e. one or more inter-module dependencies are
not correctly captured, we can take the original BN and delete one or more directed
edges in this network. Form this mutilated BN we can compute the junction tree using
the graphical junction tree transformation algorithms. Because an edge was eliminated
from the original graph the junction treewill not represent all conditional independencies
between variables correctly, i.e. an inter-module dependency is not captured correctly.

Unfortunately, automated construction of Modular BNs might sometimes result in
computed cliques (BN modules) that do not satisfy the local I-map property. However,
for the verification algorithms this is not problematic as long as the two variables of a
deleted edge do not end up in the same clique. The algorithm only tests conditional
independencies between variable pairs where each variable of the pair is in a different
module (see Algorithm 2 and Definition 4.4). Generated Modular BNs where the two
variables of the deleted edge only appear together in the same clique are excluded from
the experiments.

Moreover, computed cliques might represent local disconnected subgraphs of the
monolithic BN or are too small to assert enough d-separations that can be used to
estimate a good threshold. Nevertheless, this can be solved by merging a clique with
a neighboring clique till the merged variables of the cliques represent a connected local
subgraph of the monolithic BN and represent enough d-separations for the estimation
of a good threshold. For example, in Figure 4.7a the ALARM network is depicted. From
the ALARM network we can compute a junction tree shown in Figure 4.7b. Because
some of the cliques in this junction tree are very small (two variables) we can merge
neighboring cliques to build larger modules (see Figure 4.7c) which can be used as BN
modules in a Modular BN.
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