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A Branch-and-Bound Algorithm for
Extracting Concice and Rare Concepts

TAkEsHI NAKAJIMA |, Makoro HARAGUCHI
and YosHIAKI OKUBO

In this paper, we present an algorithm for finding concepts (closures) with
smaller supports. As suggested by the study of emerging patterns, contrast sets
or crossover concepts, we regard less frequent and rare concepts.

However, we have several difficulties when we try to find rare concepts. In
general, te lengths of rare concepts become longer, involving many attributes
at various levels of generality. Consequently, it becomes harder to understand
what the concepts mean.

In order to solve the above problems, we make a restriction about formation
processes of concepts, where the formation is a flow of adding attributes to the
present concepts already formed. The present concepts work as conditions for
several candidate attributes to be added to them. Given such a present concept,
we prohibit adding attributes strongly correlated with the present concept. As
a result, the detected concepts has lower supports and consist of only attributes
directing at more specific concepts through the formation processes.

We design an algorithm is designed as a top-N closure enumerator using

branch-and-bound pruning rules so that it can reach concepts with lower sup-
ports by avoiding useless combination of correlated attributes in a huge space
of concepts. We experimentally show the effectiveness of algorithm and the
conceptual clarity of detected concepts because of their shorter length in spite
of their lower supports.
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Input :
(G,M,I) : a formal context where
6 : a minimum reduction threshold
R : a rareness threshold
N : an integer for Top-N
Output :
CRC : the set of Top-N maximal concise rare concepts

procedure main() :
CRC «— ¢ ;
current-min = 0 ;
Arrange the attibutes of M in support descending order ;
TopNCRCFind(¢, M, CRC, 0) ;
return CRC;

procedure TopNCRCFind(Y, Cand, CRC) :
Branch « Cand\{m € Cand | %W >1—46};
for each m € Branch such that tail(Y) < m in predefined order do
begin
if CRC tentatively contains N-th ones and
generality(o(y(Y))) < current_min then
break;
endif
CRC — (Y U{m}, (Y U{m}), o(v(Y U{m}))) ;
if support((Y U {m})’) < R then
if ACRC € CRC such that
whose extent properly subsumes ¢(Y U {m}) then
TopNListUpdate(CRC, CRC) ;
endif
else
TopNCRCFind(Y U {m}, Cand\{m}, CRC) ;
endif
end

procedure TopNListUpdate(CRC, CRC) :
CRC «— CRCU{CRC} ;
if CRC tentatively contains N-th ones then
current_min < generality-value of N-th generator ;
Remove M-th ones from CRC such that N < M ;
endif
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