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Abstract It is essential in various application areas of data mining and bioinformatics to
effectively retrieve the occurrences of interesting patterns from sequence databases. For example, let’s
consider a network event management system that records the types and timestamp values of events
occurred in a specific network component(ex. router). The typical query to find out the temporal casual
relationships among the network events is as follows: "Find all occurrences of CiscoDCDLinkUp that
are followed by MLMStatusUP that are subsequently followed by TCPConnectionClose, under the
constraint that the interval between the first two events is not larger than 20 seconds, and the interval
between the first and third events is not larger than 40 seconds”. This paper proposes an indexing
method that enables to efficiently answer such a query. Unlike the previous methods that rely on
inefficient sequential scan methods or data structures not easily supported by DBMSs, the proposed
method uses a multi-dimensional spatial index, which is proven to be efficient both in storage and
search, to find the answers quickly without false dismissals. Given a sliding window W, the input to
a multi-dimensional spatial index is a n—-dimensional vector whose i-th element is the interval between
the first event of W and the first occurrence of the event type Ei in W. Here, n is the number of event
types that can be occurred in the system of interest. The problem of 'dimensionality curse’ may
happen when n is large. Therefore, we use the dimension selection or event type grouping to avoid
this problem. The experimental results reveal that our proposed technique can be a few orders of
magnitude faster than the sequential scan and ISO-Depth index methods.
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Event Timestamp
CiscoDCDLinkUp 19:08:01
MLMSocketClose 19:08:07

MLMSatusUp 19:08:20
MiddleLayerManagerUp 19:08:37

TCPConnectionClose 19:08:39
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