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ABSTRACT In real time data streams it is important to analyze the data very
This paper introduces a new approach for visualizing multidimen- fast, usually on the fly, and present the results in a meaningful and
sional time-referenced data sets, call@icle View. TheCircle intuitive way to enable the user to quickly identify the important

Viewtechnique is a combination of hierarchical visualization tech- information, and to react on critical process states or alarming inci-
niques, such as treemaps [6], and circular layout techniques such aslents. Human-computer interfaces based on visual representation
Pie Charts and Circle Segments [2]. The main goal is to compare and analysis of large data sets has evolved rapidly in recent years.
continuous data changing their characteristics over time in order to Presenting data in an interactive, graphical form often fosters new
identify patterns, exceptions and similarities in the data. insights, encouraging the formation and validation of new hypothe-
ses to the end of better problem solving and gaining deeper domain
To achieve this godTircle Viewis a intuitive and easy to understand  knowledge. However, the time dependency of these data sets makes
visualization interface to enable the user very fast to acquire the in- it more difficult to visualize and interact with them.
formation needed. This is an important feature for fast changing
visualization caused by time related data streddicle Viewsup- In this paper, we present a new approach to the problem of an-
ports the visualization of the changing characteristics over time, to alyzing multidimensional time-referenced data sets callédle
allow the user the observation of changes in the data. Additionally View. Our approach combines the popular visualization technique
it provides user interaction and drill down mechanism depending pie chart with a novel arrangement of the time events on circle seg-
on user demands for a effective exploratory data analysis. There isments. The independent variable is plotted around a circle in either
also the capability of exploring correlations and exceptions in the a clockwise direction or alternatively in a counterclockwise direc-

data by using similarity and ordering algorithms. tion. The dependent variable (usually a statistical value) is visual-
ized as a circle segment whose area is proportional to the magnitude
Keywords of the statistical value.

Advanced Visual Interface, Visual data mining, Continuos Data

Streams, Information Visualization The basic idea is to display the data dimensions as segments of a

circle, and each segment is then divided into a number of subseg-
ments in order to visualize the distribution and changes over the

Categories and Subject Descriptors time. If the data consists &fdimensions, the circle is partitioned

H.5 [INFORMATION INTERFACES AND PRESENTATION [: into k segments, each representing one data dimenSiocie View

User Interfaces displays enables both local detail and global context in a single con-
tinuous view.Circle Viewdisplays support detailed inspection tasks

1. INTRODUCTION and, at the same time, help users to find interesting time event pat-

Dynamic processes, arising in business, network or telecommuni- terns. We show, that Circle View provide a unique possibility for

cation, often generate tremendous streams of time related or reaxploring large time referenced data sets in a meaningful, intuitive

time data. Examples are sensor data, web click streams, networkway, notoffered by other approaches, and therefore takes advantage

traffic logs, credit card transactions or Service Level Management Of both the computational and graphics display power of today's

(SLM) analysis. The analysis of this kind of data is an important computers, and the flexibility, creativity, and general knowledge of

and challenging task, since analysts are interested in patterns, corhuman data analysts.

relations or exceptions in the data, in order to identify bottlenecks,

critical process states or any other interesting information hidedin 2. MOTIVATION AND RELATED WORK

the data. This may help to optimize and improve these processesBefore describing our approach in detail, we first discuss three
background topics. Each motivates a different aspect oCingte
Viewdisplays, and each draws on a different discipline in designing
effective visualization interfaces.

2.1 OnDesignChallenges of Time-related Data
Time-related data describes observation in the real world and have
a 1D time semantic. The observations are often called time events.
Time events can be ordered belonging there time semantic. Hence,
the major problem is to find meaningful arrangements of these time
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events on the screen, which preserves their ordering. Based onthei2.2 Focus and History

natural time ordering, many arrangement possibilities arise. TheCircle Viewinterface enables the possibility to present real time
data as well as historical data in a single intuitive visualization. To

One straightforward possibility is to arrange the data items from enhance the data exploration, fiecle Viewinterface involves the

left to right in a line-by-line fashion. On the one hand, such an human in the exploration process, following a three-step process

approach would be very simple, but on the other hand, such an ap-[7]. SinceCircle Viewis a approach for analyzing fast changing

proach occurs overplotting of time events if more than one attribute time dependent data streams, it is important to keep the visualiza-

is visualized. tion simple to avoid confusing the data analyst with too much in-
formation. We suggest visualizing only aggregated or summarized

A spiral visualization technique for visualizing serial periodic data information in a first overview, e.g. critical process states. The

is presented in [3], which avoids overplotting. This approach falls data analysts can than select some interesting pattern or subsets for

to short, because in real world data analysis applications time re- further investigation of the details or internal structure of the aggre-

lated data sets are not necessarily periodic, and it is difficult to iden- gated or summarized data.

tify non-periodic correlations in such visualizations.

- . 2.3 Relevant Concepts from Exploratory Data
A more sophisticated approach are Pixel Bar Charts [5] shown in

figure 1. Pixel Bar Charts visualize each data item without aggre- AnaIyS|s

gation and allows the ordering of the data items belonging more Exploratory Data Analysis often follows a three step process:
than one attribute. Overview first, zoom and filter, and then details-on-demahith

has been called the Information Seeking Mantra [7]. In other words,
in the exploratory data analysis (EDA) of a data set, an analyst first
- ordering atiribute obtains an overview. This may reveal potentially interesting pat-
) . . .. . terns or certain subsets of the data that deserve further investiga-
tion. The analyst then focuses on one or more of these, inspecting
the details of the data.
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> Our Circle Viewprovides an overview of the time related data set
May June July August Se . e . e . . . . .
\ partitining attribute ’ month " using a familiar and intuitive visualization. In this overview, the
data analyst can identify interesting patterns or groups in the data.To

focus on one or more of them, the data analyst can choose differ-

Figure 1: Pixel Bar Charts: Basic Idea (left), Partitioning using ent time scaling functions to view the time events or phenomena
the time attribute and ordering using the additional attribute in more detail. To get detailed access to the data, the data analyst
dollar amount (right) can influence the layout on the circle segment. The goal is to get a

reasonable clustering of the data dimensions.
All these approaches do not address the highly dynamic properties

of time-related data sets. It is very difficult for the human to see 3. CIRCLE VIEW INTERFACE

multidimensional patterns and time correlations in these visualiza- |n this section, we describe ti@ircle Viewinterface in more detail.
tions. In highly dynamic data sets, it would be very useful to show

the actual time pattern in more detail and, at the same time, to keep3 1 Basic Idea of Circle Views
the h|st_ory over all time ev_e_nts. Techniques supportlng clustering The basic idea ofircle Viewdisplays is to divide a circle in a
properties such as space-filling curves and recursive pattern [1] are. \mber of segments, depending on the number of dimensions of

4 ot clear, how to visualize mut-dimensional fme.refated data e 0212 Set. Ech segment s then diided in subsegments n order
sets. The ;,)roblem here is the simple mapping to colored pixels. to_ visualize the dlstrlbut!orj and changes of_thetlme depe_nden_tdata.
In hi.gh dimensional data sets, it would be very useful to see all Figure 2.Sh°.WS the_ basp ideaircle \ﬁewdlspla_ys. The c_|rcle_ n

. . i ) . S figure 2 is divided in 6 circle segments belonging to their priority.
dimensions in a single visualization. . . L . d

Each of the segments is then subdivided in time slots, to visualize

and to compare the distribution and changes of the attribute values
over the time. The color of each subarea shows the aggregated
value of an attribute at a certain point in time. The example shows
very clearly, that a data analyst can easy compare each time slot of

Taking all observations into account, we can extract the following
design challenges:

1. top level view a circle segment with the corresponding time slots of the neighbor
segments. This is very useful to visualize correlations in the data

2. highlighting of important information and compare different attributes at a certain point in time.

3. interactivity Figure 3 shows an example structure of a simgiele Viewseg-
ment. Each segment represents the magnitudes for an attribute over

4. details on demand and drill down a certain number of time periogs. . . ,tn. The number of time slots
nand the time slot interval (e.g. second, minute, hou),depends

5. continuous data stream displays on the application scenario and sometimes on the user demands,
and can therefore choose by the use€ircle View supports user

6. intuitiveness of the visualization method drill down to help the user by choosing a time slot presenting a new

] ) segment with the next smaller time interval (if the corresponding
7. comparison of data stream attributes information is available). For example, a segment is divided into
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Figure 2: Circle View showing the evolution of multiple at-
tributes over time

24 time slots, and each time slot represents one hour, and suppose
the data analyst choose a certain hour, a new segment with a time
slot for each minute of this hour is shown by tGecle Viewinter-

face.

Different orderings of the circle segments are possible. The goal of

Circle Viewdisplays is on the one hand to show past and actual time

events at the same time, but on the other hand, actual time events (b) Evolution of the time events from the cen-

are more importantCircle Viewdisplays provides more space for ter to the edge

the time slots of actual time events. See figure 3 for an illustration

of this idea. One can easily see, that the actual time evegt is ] ) ) ] ]

the oldest time event ig. The length of the corresponding time Figure 3: lllustration of a single Circle View segment

slot, defined by the start radius and the end radius, depends on the

priority of the events belonging their point in time. Note, figure 3 . .

shows also different layouts for actual and past time events. In the it IS €asier to compare segments, which are located very close to
left figure the actual time event is located at the edge of the circle €ach other. The eye of the data analyst can directly compare neigh-

and the past few data items are located in the center of the circle; P0ring time slots, since all segments contained in the same circle
the right figure shows the reverse situation. have the same number and length of subsegments. Therefore the

goal is to find a circular layout that places similar segments close
to each other. To obtain such a useful ordering, the similarity be-

3.2 . Interface Functlonahty o ) ~ tween pairs of segments must be determined. Today, there are a lot
Our Circle ViewInterface supports the following interaction possi-  of techniques for similarity search in data streams, which can very
bilities: easily apply to our approach. In [8] a technique based on discrete

Fourier transformation is described, an approach based on wavelets
1. Relate and Combine the data analyst can relate and combine”@! be found in [4]. Notg that itis very.llkely, that the ordering of
with Circle Viewsthat display the data with identical coordi- seg_ments can change since new data |tem§ come in or the focused
nates attributes changes. Besides the computation of a segment order-

ing based on similarity, the user has the possibility to switch the
2. Navigation data analyst can modify the visualization of the POSition of any circle segment manually, in order to compare any
data onto the screefGircle Viewinterface supports manual ~ Ségments of &ircle Viewdisplay.
and automated navigation methods
3.4 Visualization of continuous data streams
In order to analyze time series da@ircle View visualizes the
changes of attribute values over the time. The visualization works
for real time data as well as for historical data by moving or shifting
. . the segments of the circle from the center to the edge of the circle
3.3 Detection of Correlations and Patterns (or reverse). Figure 4 shows an example with three different points
The ordering of the segments plays an important role in finding cor- in time. In the example the time slots are shifted to the center of the
relations in time-related data sets. From a perceptual point of view, circle and new elements are inserted at the edge of the circle. The

3. Selection provides data analysts with the ability to isolate a
subset of the displayed data for operations such as highlight-
ing, filtering, and quantitative analysis



(a) Evolution of the time (b) Evolution of the time
events at time step 1 events at time step 2

(c) Evolution of the time
events at time step 3

Figure 4: Circle View visualize a continuous data stream over
time
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Figure 5: Combining Multi-level Circle View Displays showing
the evolution of multiple attributes over time
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