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1 Visual Data Exploration

Multi-dimensional data is being generated at an ever in-
creasing rate in practically all modern applications. The
development of techniques and tools to extract useful in-
formation out of such data is one of critical challenges to
be tackled in the 21st century. Visualization is one popular
technique for achieving effective data exploration by ex-
ploiting the visual perception abilities of domain experts.
Visualization involves the graphical presentation of data
and information for the purposes of communicating re-
sults, verifying hypotheses, and qualitative exploration.
In this demonstration, we present our solution to par-
ticular challenges we have been tackling in this area in
the context of our XMDVtool project, a multi-year effort
funded by NSF. These include multivariate data visualiza-
tion to facilitate outlier and pattern discovery via a variety
of displays, visual interaction tools, scalability of these vi-
sualization techniques to large data sets, interaction with
commercial database technology and, more recently, ex-
tensions to handle data of very high-dimensionality.

2 XmdvTool: Multi-Dimensional Vi-
sualization and Exploration

XmdvTool Goals. XmdvTool is a public-domain soft-
ware package we have been developing at Worcester Poly-
technic Institute for the interactive visual exploration of
multi-variate data sets [4, 2]. XmdvTool supports an ac-
tive process of discovery as opposed to passive display.
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The major hurdles we overcome are the problems of dis-
play clutter (too much data at once tends to confuse view-
ers and too many dimensions hinders the users from find-
ind useful data features), intuitive navigation (what tasks
comprise a typical exploration process, and how they can
be made intuitive), and efficient data access for the above
operations over large data sets (to allow for near real-time
interactive exploration).

Multi-Faceted Visualization. XmdvTool incorporates
several distinct display methods for multivariate data visu-
alization that allow the users to view data from different
perspectives. For example, Figures 1, 2, 3, and 4 show
four displays of the Iris data set (Anonymous ftp from
unix.hensa.ac.uk in /pub/statlib/datasets):

e scatterplot matrices, consisting of a grid of all pair-
wise scatterplots of the N-dimensional data (Fig. 1),

e star glyphs, displaying each N-dimensional data
point as an N-sided polygon, with N evenly spaced
rays whose lengths are driven by data values (Fig. 2),

e parallel coordinates, where each dimension is de-
picted as a vertical axis, and each data point mani-
fests itself as a polyline across the axes (Fig. 3), and

e dimensional stacking, a recursive embedding of
pairs of dimensions in which each dimension is dis-
cretized into a small number of bins, (Fig. 4).

The displays are tightly linked, such that visual interac-
tions via one display can be seamlessly refined via other
displays. XmdvTool supports a variety of advanced visual
interaction tools, including brushing in screen space, data



Figure 1: Iris data set in
Flat Scatterplot Matrixe

Figure 2: Iris data set in
Flat Star Glyphs

Figure 3: Iris data set in
Flat Parallel Coordinates

Figure 4: Iris data set in
Flat Dimensional Stacking

space, and structure space, panning, zooming and distor-
tion [4, 2].

Visual Exploration Scale-Up. Most conventional mul-
tivariate visualization techniques, including those four uti-
lized in Figures 1 to 4, generally do not scale well with
respect to the number of objects in the data set. For exam-
ple, directly applying such parallel coordinates displays
from Fig. 3 to large data sets would result in a visualiza-
tion with an unacceptable level of clutter. As illustrated in
Fig. 5, the display of a mass of overlapping lines already
precludes the perception of relative densities present in
the AAUP data set of only 1161 data points.

To overcome this limitation, XmdvTool adopts a hierar-
chical approach [3] that presents a multiresolutional view
of the data. Such hierarchy is achieved by applying hi-
erarchical clustering such as Birch (Wisconsin 1996) to
structure the data set. Then we use a variation on parallel
coordinates, which we call hierarchical parallel coordi-
nates, to convey aggregation information for the resulting
clusters. Lastly, we provide a suite of navigation and fil-
tering tools to facilitate the systematic discovery of data
trends and hidden patterns by seeing the desired focus re-
gion and level of detail. Fig. 6 depicts a pattern identified
in the AAUP data set using the hierarchical approach that
was not discernable in the flat display in Fig. 5.
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Figure 6: Hierarchical Par-
allel Coordinates display
of AUUP: Highlighted
cluster displayed in more
detail than other clusters.

Figure 5: Parallel Coor-
dinates display of AAUP
data set: 14-dim. data set
with 1161 records.

Efficient Data Acess Support. Efficient database tran-
scriptions of the operations defined in the visualization
context, such as visual hierarchical drill-down and roll-
up, are critical to allow for the near real-time behavior
required for interactive tools. Typically, such operations
have a recursive definition and require expensive compu-
tation for each step of the recursion. We have shown [5]
that the hierarchical exploration can be reduced to a two-
dimensional exploration by identifying a particular class
of recursive unions of joins and divisions that operate on
hierarchies. Then, using adequate pre-computation (i.e.,
organizing the hierarchical structure as what we called a
MinMax tree [5]), this recursive processing is shown to
be reducible to range queries. MinMax has allowed us to
achieve performance levels required for interactive visual-
ization even when connecting to large persistent data sets
on Oracle.

High-Dimensionality Reduction. When visualizing
data sets with large number of dimensions, existing multi-
dimensional visualization techniques become seriously
cluttered and thus uneffective. One important solution
to this problem is to reduce the dimensionality of the
data while maintaining the relationships between data
points.
such as Principal Component Analysis and Multidimen-
sional Scaling, have the major drawback that the gener-
ated dimensions no longer signify any clear meaning for
the users. We are exploring a new approach to dimension-
ality reduction, that we call visual hierarchical dimension
reduction. For this, we construct hierarchical dimension
cluster trees based on clustering the dimensions, instead

Current dimensionality reduction approaches,



of as done traditionally the data points. Thereafter, we ex-
plore how to construct low dimensional spaces guided by
user interaction of the hierarchical dimension cluster tree.

Prefetching-Driven Caching. Exploration via visual
interaction tools typically results in predictable traver-
sal patterns of the data sets and thus effectively contin-
uous query refinements. Hence customized caching and
prefetching techniques have been shown to be effective
in our tool [5]. In particular, we are employing seman-
tic caching principles [1, 5] to maintain in the local client
buffer not only the relevant results of the previously ex-
ecuted queries but also their query specifications, called
semantic descriptors. When a request R is issued, these
query specifications are used to determine what objects
satisfying R are in the cache and what others need to be
fetched from the server.

To further reduce the response time, we have designed a
speculative prefetcher that brings data into memory when
the system is idle. The prefetcher is based on the prop-
erty of exploratory systems that queries remains local”,
i.e., given the set of currently selected objects we have a
small number of choices of which objects can be selected
next. The property provides therefore "implicit hints” to
the system. XmdvTool incorporates a suite of distinct
prefetching techniques that are applied based on both the
analysis of current user interactions as well as archived
user session history. For the later, XmdvTool incorporates
a session collection feature where entire user sessions are
recorded and can be replayed at a later time (for analysis
and also for experinmentation purposes).

3  XmdvTool mplementation

XmdvTool 5.0 is implemented in C/C++ with TclTk and
OpenGL primitives. Interaction to commercial databases,
in particular Oracle 8i, are written in C with ProcC* em-
bedded SQL primitives. The XmdvTool Home Page at
http://davis.wpi.edu/~xmdv provides for information re-
lated to the software, including multi-platform downloads
of yearly releases of our software.

4 Demonstration of Scenarios

Our demonstration will show the system in action with
multiple real-data sets from distinct application areas, in-
cluding census and traffic accident data sets. Features to
be illustrated include:

e Interactive data exploration processes that illustrate
the linking and consistency among all the flat and
hierarchical displays in the system.

e Real-time drill-down and roll-up navigation through
hierarchical displays, and their effectiveness in help-
ing us to find patterns and outliers in large data sets.

e Dimension reduction with visual interaction tools
that find patterns from high-dimensional data sets.

o lllustration of performance of exploration tasks with
different system settings, including client caching off
and on, and prefetching strategies off and on.

e Automated data exploration simulations that inter-
cept the interactive interface by running real user
traces collected by our session capture tool.
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