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1) F, = { Frequent itemsets of cardinality=1} ;

2) for(k = 1; Fx # 0;k + +) do begin

w2

) Cg+1 =apriori-gen(Fy); //New candidates

-~

) forall transactions ¢t € D do begin

5)  C| =subset(Ck11,1); //Candidates contained in ¢
6)  forall candidate c € C} do

7) c.count-+-+;

8) end

9)  Fip1 = { ¢ € Cyt1]e.count> minimum support }
10) end

11) Answer= |J, Fx;
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This report introduces graph mining techniques actively explored in a recent datamin-
ing study, and demonstrates its application to gene network analysis in conjunction with
statistical modeling. The study on graph mining was initiated in the mid 1990’s, and
became widely explored after 2000 upon the proposal of its complete search algorithm.
Graph mining is used to find characteristic substructures shared by some graphs in a
given massive graph data. In particular, the exhaustive search of frequent subgraphs
widely seen in the data is a representative task of graph mining. As this task contains
subgraph isomorphism problems, which are known to be NP-complete, its high computa-
tional complexity is essential. Accordingly, the development of a practical fast algorithm
for graph mining is a key issue in the study.

A property for characterizing the substructures is used to mine characteristic sub-
structures in massive graph data. A naive way to search the characteristic substructures
is to check the property on every substructure in the data. However, this approach faces
the combinatorial explosion of the substructures in the check. For efficient mining, most
graph mining approaches limit the property to a “Downward Closure Property (DCP).”
A DCP P is defined as a C b= P(b) — P(a) by using two structures a and b where
P(-) means that the property P holds on a structure. Representative DCPs are a fre-
quent itemset and a frequent graph where any of their subitemsets and subgraphs are
also frequent. By this definition, if P does not hold on a substructure a, P does not hold
on any superstructure of a either. Accordingly, under a set of all substructures of size k
and DCP P, candidate substructures of larger size k + 1 and DCP P are limited to the
join of the substructures in the set. This strongly limits the search space of characteristic
substructures, and enables practical and fast graph mining.

The graph mining technique was introduced to the post processing of the statistical
gene network models obtained from microarray gene expression data. Bayesian network
and nonparametric regression models of the gene network were in greedy manner searched
in the data. We are interested that subnetworks widely appear over searched networks,
since the credibility of such subnetworks are considered to be very high. Basket Analysis
and a connected induced subgraph mining AcGM are applied to mine frequent subnet-
works over searched networks where each network contains 801 genes. In the results of
both Basket Analysis and AcGM, the frequent subnetworks are limited to very small sizes
compared with the total size of the gene networks. This indicates that wide varieties of
interpretations on a gene network structure are obtained from microarray gene expression
data.

In this study, graph mining was applied to the post processing stage of statistical
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modeling to extract credible gene subnetworks. Other possibilities such as direct intro-
duction of graph mining to the search process of statistical model structures should be
explored in future work.

Key words: Graph mining, data mining, statistical modeling, Bayesian network, gene network.



