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Abstract. Frequent Pattern Mining (FPM) is a very powerful paradigm
for mining informative and useful patterns in massive, complex datasets.
In this paper we propose the Data Mining Template Library, a collection
of generic containers and algorithms for FPM, as well as persistency and
database management classes. DMTL provides a systematic solution to
a whole class of common FPM tasks like itemset, sequence, tree and
graph mining. DMTL is extensible, scalable, and high-performance for
rapid response on massive datasets. Our experiments show that DMTL
is competitive with special purpose algorithms designed for a particular
pattern type, especially as database sizes increase.

1 Introduction

Frequent Pattern Mining (FPM) is a very powerful paradigm which encom-
passes an entire class of data mining tasks. The specific tasks encompassed
by FPM include the mining of increasingly complex and informative patterns,
in complex structured and unstructured relational datasets, such as: Itemsets
or co-occurrences [1] (transactional, unordered data), Sequences [2,29] (tempo-
ral or positional data, as in text mining, bioinformatics), Tree patterns [30, 3]
(XML /semistructured data), and Graph patterns [12, 16, 26, 27] (complex rela-
tional data, bioinformatics). Figure 1 shows examples of these different types of
patterns; in a generic sense a pattern denotes links/relationships between sev-
eral objects of interest. The objects are denoted as nodes, and the links as edges.
Patterns can have multiple labels, denoting various attributes, on both the nodes
and edges.

The current practice in frequent pattern mining basically falls into the
paradigm of incremental algorithm improvement and solutions to very specific
problems. While there exist tools like MLC++ [15], which provides a collec-
tion of algorithms for classification, and Weka [25], which is a general purpose
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Java library of different data mining algorithms including itemset mining, these
systems do not have an unifying theme or framework, there is little database sup-
port, and scalability to massive datasets is questionable. Moreover, these tools
are not designed for handling complex pattern types like trees and graphs.

Our work seeks to address all of the above limitations. In this paper we de-
scribe Data Mining Template Library (DMTL), a generic collection of algorithms
and persistent data structures, which follow a generic programming paradigm/[4].
DMTTL provides a systematic solution for the whole class of pattern mining tasks
in massive, relational datasets. The main contributions of DMTL are as follows:

— Isolation of generic containers which hold various pattern types from the
actual mining algorithms which operate upon them. We define generic data
structures to handle various pattern types like itemsets, sequences, trees and
graphs, and outline the design and implementation of generic data mining
algorithms for FPM, such as depth-first and breadth-first search.

— Persistent data structures for supporting efficient pattern frequency compu-
tations using a tightly coupled database (DBMS) approach.

— Native support for both vertical and horizontal database formats for highly
efficient mining.

— Developing the motivation to look for unifying themes such as right-most
pattern extension and depth-first search in FPM algorithms. We believe this
shall facilitate the design of a single generic algorithm applicable across a
wide spectrum of patterns.

One of the main attractions of a generic paradigm is that the generic algo-
rithms for mining are guaranteed to work for any pattern type. Each pattern is
characterized by inherent properties that it satisfies, and the generic algorithm
exploits these properties to perform the mining task efficiently. We conduct sev-
eral experiments to show the scalability and efficiency of DMTL for different
pattern types like itemsets, sequences, trees and graphs. Our results indicate
that DMTL is competitive with the special purpose algorithms designed for a
particular pattern type, especially with increasing database sizes.

2 Preliminaries

The problem of mining frequent patterns can be stated as follows: Let N' =
{z1,22,..., 2y, } be a set of n, distinct nodes or vertices. A pair of nodes (z;, x;)
is called en edge. Let £ = {l1,l2,...,ln, }, be a set of n; distinct labels. Let L, :
N — L, be a node labeling function that maps a node to its label Ly, (z;) = I,
and let L, : N x A" — L be an edge labeling function, that maps an edge to its
label Le(x;, z;) = lg.

It is intuitive to represent a pattern P as a graph (Py, Pg), with labeled
vertex set Py C N and labeled edge set Pp = {(x;,z;) | z;,2; € Py}. The
number of nodes in a pattern P is called its size. A pattern of size k is called
a k-pattern, and the class of frequent k-patterns is referred to as Fj. In some
applications P is a symmetric relation, i.e., (z;, ;) = (x;, ;) (undirected edges),



