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Abstract. We present a framework for interactive visual pattern min-
ing. Our system enables the user to browse through the data and pat-
terns easily and intuitively, using a toolbox consisting of interestingness
measures, mining algorithms and post-processing algorithms to assist in
identifying interesting patterns. By mining interactively, we enable the
user to combine their subjective interestingness measure and background
knowledge with a wide variety of objective measures to easily and quickly
mine the most important and interesting patterns. Basically, we enable
the user to become an essential part of the mining algorithm. Our demo
currently applies to mining interesting itemsets and association rules,
and its extension to episodes and decision trees is ongoing research.
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1 Introduction

Data mining is an inherently iterative process; the results of one analysis often
lead to new questions, requiring more analysis. In an ideal world, this process
is streamlined. That is, data mining is not only iterative, but also interactive:
the user can give such feedback immediately, and easily browse the results. In
traditional pattern mining, however, algorithms typically produce large amounts
of patterns, many of which are not interesting to the user [8], and the results are
typically only given in a flat text file, making it hard to analyze the results. By
instead providing an iterative and interactive process, the user would be able to
explore and refine the discovered patterns on the fly.

In this demo, we present a framework in which we allow the user to in-
teractively mine a database for interesting itemsets and association rules. Our
system visualizes all patterns discovered so far, yet, importantly lets the user
interactively explore and dynamically modify these in an intuitive manner [2,
9]. By the visualization, users can browse through the mined data more easily
and so quickly discover important information. Essentially, in our framework
visualization strengthens the interactive mining process, and vice versa.

Basically, our framework, MIME (Making Interactive Mining Easy), draws
from user knowledge and interest to improve the collection of patterns discov-
ered by the mining algorithms, by letting the user take control during the mining



process, and allowing to adapt the results and so create useful collections of pat-
terns. To assist the user, MIME offers an extensive toolbox of interestingness
measures, mining techniques and visualizations. Using these, the user can eas-
ily identify and remove uninteresting or redundant patterns, extend or reduce
existing patterns, or apply various post-processing techniques. As such, in our
framework the user becomes an essential part of the mining algorithm.

2 Description of the System

We consider transactional (supermarket) databases where a transaction contains
a number of items. Here, a pattern is an itemset or an association rule [7].

Most pattern mining techniques produce an amount of output that due to
size is difficult to post-process. One could try to reduce the number of results by
making the quality thresholds more strict. Unfortunately this does not guarantee
the usefulness of the produced patterns. To this end, more is required.

MIME combines the knowledge of the expert and the computational strength
of a computer to increase the probability of finding interesting patterns. This
is achieved in a visual framework where the expert can create his own pattern
collection. In order to evaluate the created/mined patterns, MIME implements
many interestingness measures. This way the user can select a number of mea-
sures that are important for his purpose/domain. These measures improve the
knowledge of the user. Our tool also contains a number of standard mining and
post-processing algorithms such as Fclat and Apriori. The mining algorithms
can be used to construct a starting set of patterns a user can play with and can
further construct his collection of useful patterns from.
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Fig. 1. MIME Workflow

The overall workflow of MIME is shown in Figure 1. Data is read from a
database file and can be used by a user or by mining algorithms to create rules



and itemsets. From the created patterns a user can make a decision which pat-
terns are useful, based on the provided interestingness measures. The user may
also apply post-processing algorithms to the created collection of patterns.

An important aspect of MIME is the way in which the user interacts with the
current state of the system. All interactions made by the user have a direct im-
pact on its current state (i.e. the items, itemsets and association rules). Thereto
MIME contains 4 different panes a user can interact with: the source dock, the
work dock (or workspaces), a toolbox and the global overview. The source dock
visualizes items in the dataset. All items are ranked in decreasing order based on
an active interestingness measure. The work dock shows mined patterns. Pat-
terns can be altered, deleted, expanded, etc. The toolbox contains measures,
mining algorithms and post-processing algorithms which can be applied. The
global overview provides more general information about the workspaces.

All information provided by MIME is computed on-the-fly. When selecting
new measures from the toolbox, it computes the corresponding ranks of the dis-
covered patterns and shows them as soon as they are available. Extending or
reducing patterns also reflects in an immediate recalculation of the applied mea-
sures. The nature of any-time algorithms applies to our framework in the sense
that partial information is shown when available. Therefore, we have made exten-
sive use of caching and threading in our system. Using caching, MIME minimizes
the number of computations that are made by reusing previously computed in-
formation. Threading is used to compute information in the background.

An important feature is the Best Pattern Extension. This feature allows the
user to immediately see the individual impact of remaining items on an exist-
ing pattern, i.e. a pattern is repeatedly extended by one of the remaining items
in the dataset and the ranks (based on the active measure) are computed and
shown in the source dock, again using rank decreasing order. Other functionali-
ties for generating patterns based on existing patterns, are the generation of all
subsets, subsets of given size, closed supersets, etc. Mining algorithms can also
use discovered patterns to filter the mining output. All these features (including
mining and post-processing algorithms) provide the user with a toolbox for easy
and fast generation of possibly useful patterns.

From the workflow notice the FExternal nodes indicating the use of exter-
nal/plugin functionality in the tool. In order to provide a widely applicable and
easily extensible tool, we have equipped our tool with a plugin system, such
that existing mining and post-processing algorithms can be used. The produced
patterns are automatically loaded into the MIME framework.

A demonstration video introducing the basic functionalities of MIME can be
found on the webpage of our research group®.

3 Related Work

A lot of work has been done comparing and evaluating different objective inter-
estingness measures [6, 10]. In our tool several objective interestingness measures
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have been incorporated, but it is the combination of user-knowledge and objec-
tive measures enabling subjective interestingness criteria to be applied.

Also in the context of Inductive Databases several interactive constraint-
based mining frameworks have been studied [3]. Our framework could be built
on top of such an inductive database implementation.

Most similar to the system presented here, Ankerst et al. proposed a frame-
work for mining decision trees [1]. The user and computer work together in
this process such that in each step either the user can make the decision for a
new split or the computer can make this decision. The computer also provides
extra computational power by showing the best split, look-ahead information,
purity measures etc. Our approach is similar, but applies to frequent itemsets
and association rules, instead of decision trees.

Some methods for visualizing patterns exist [4,5]. These visualizers present
the output of mining algorithms in a compact and graphical format, and allow
to further filter the output using queries. They do not provide means to mine the
database interactively using subjective criteria and also do not allow to further
explore existing patterns.
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