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ABSTRACT
Analyzing high dimensional time series data can be challenging, especially when the data consists of a large number
of long time series. The task involves supporting interactive analysis of the data in both global and local fashion.
In this paper we introduce a novel visual data analysis tool,
which facilitates such type of tasks. The tool advances existing visualization techniques by integrating a pixel based
visualization technique, which can display a large volume of
data without overlaps, and line graph visualization, which
provides an intuitive understanding of patterns and trends
in the time series data.
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1.

INTRODUCTION

A time series is a sequence of observed values ordered in
time. Such data exist in many application domains such as
finance, communication and science. Extracting trends and
patterns from time series data provides essential knowledge
for many data analysis tasks such as performance analysis,
fraud detection and decision support. Various visualization
techniques have been proposed and applied in many application scenarios [5][4][10][12][3][11][6][8][1][13] to help extracting patterns from time series data. However, challenges still
exist: for example preserving global views of long sequences
of observations while displaying details-on-demand information, showing multiple time series data while avoiding a cluttered screen, or supporting a comparison of different time
series.
In this paper we introduce a novel visualization system for
analyzing share performance from historical stock price time
series and sector indices data. Typically, the stock price data
contains time series which record the share price measured
over a long period of time. Each dataset contains the time
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series of a large number of shares. Analysts often look at
the risk and return of the shares by comparing the performance of individual share prices against the sector index
which records the average performance of all shares in the
sector. Performance of different shares is often compared to
support decision making in financial investments. During
the explorative analysis process, the focus of interest may
switch between the global view of all share performance and
performance of individual shares over a specific time period.
To facilitate such analysis tasks, we design our system in
such a way that the users can easily filter the data, switch
the focus of the exploration, compare share performance,
and see the volatility (the deviation of the share performance) of shares. Our tool starts with a pixel based view
which shows a global picture of the whole market performance. Each pixel unit represents the performance of one
share at one time point and each row represents one share.
Analysts can click on a pixel unit to see the detailed view
of the selected share prices as line graph(s) lying on top of
the colored background. Various user interactions are implemented to allow analysts to see the correlations, filter the
data, change time intervals and to zoom into a particular
time period to obtain detailed information.
The main contributions are: 1) integration and extension
of pixel based visualization and line graph visualization for
the analysis of share performance; 2) an interactive data
analysis system for analyzing stock market time series data.
The tool is developed for financial time series data analysis,
but the proposed visualization techniques can be applied to
other time series visualization applications. The paper is
organized as follows: In Section 2 we introduce background
and discuss related work, the design and implementation of
the system is shown in Section 3, and Section 4 shows the
benefits by use cases on real world applications. In Section
5 we draw conclusions and discuss future work.

2.

RELATED WORK

Time series analysis plays an important role in stock market trading, where trading prices change every second. These
changes are recorded in a database as time series. The data
is often used to extract trends and patterns to support decision making in trading and investment. Typically, given
historical stock market data, analysts want to look at the
risk and return of individual shares as well as evaluate the
performance of a share against the average performance of
shares of a similar type. In the past decades various visual-

ization techniques have been proposed to support time series data analysis. For example, spiral techniques [11], cluster and calendar based visualization techniques [12], VizTree
[6], TreeMap [8] and displays based on Self-Organizing Mapbased clusterings [7]. In this section, we focus on three visualization techniques, TimeSearcher[1, 2], Recursive Pattern
[4] and Growth Matrix [13] which are used to visualize financial data and closest to the techniques we applied in our
system design. We discuss the strengths and weaknesses of
each technique which motivate our system design.
TimeSearcher is designed for interactive querying and exploration of time series data. The software applies traditional line graphs to display time series as a river-plot view.
The interactive query facilitates the explorative analysis on
the time series, and the pattern based search makes it possible to forecast the development of a time series. However
with large multiple time series the overlap between lines can
obscure individual time series and makes it difficult to find
patterns.
Recursive Pattern is a pixel based approach which was
designed to avoid the over plotting problem when visualizing large time series. The technique combines the ratio
between the stock price and the sector index into a single
input variable and maps this ratio to colors. Each value is
visualized as a colored pixel in the display. The advantage of
the pixel based technique is its ability to visualize the global
view of a large volume of share performance data without
cluttering the display. Some patterns can easily be detected
in such a visualization, for example we can observe maxima
or minima at certain time stamps. The disadvantages of this
technique are that it lacks comparison on some detailed information such as the separate share price and sector index,
and the static view makes it difficult to compare individual
shares.
Growth Matrix visualization is proposed to avoid large
data volumes causing an over plotted display. This technique provides an effective way for analyzing financial data,
since it allows the identification of strong and weak periods of assets as compared to global market characteristics,
and thus allows a more encompassing visual classification
into “good“ and “poor“ performers than existing chart techniques. Like most other pixel based visualization techniques,
the drawback of Growth Matrix is the visualization stays as
static views and the implementation does not support dynamic queries. The quantities of differences between values
are hard to estimate.

3.

DESIGN AND IMPLEMENTATION

None of the existing visualization techniques on its own
solves all the problems in visualizing large-and-long time series. Hence, in the design of the tool we take advantage
of several visualization techniques and integrate them such
that the large-and-long time series can be analyzed in both
global and local fashion without losing information or over
plotting the display.
Performance measure: Given a particular time frame, we
define the performance measure to be the ratio of the share
price against the corresponding sector index over the same
period of time. This new variable is mapped into the visualization by using color. We use a red and green color map
based on the convention in the financial domain that red
indicates negative performance and green indicates positive
performance. Thus no extra cognitive load is needed while

Figure 1: Overview of the system: GUI interface
with a global view of stock price time series visualization and details-on-demand option for a selected
share.

examining the graphical representations. The performance
measures are mapped to the background of the line graph in
vertical strips corresponding to the respective time stamps
(see Figure 1).
Visualization of an individual share price series: We
use a dynamic line graph to visualize a stock price series for
good and easy understanding of trends and changes. The dynamic line graph visualization allows the analyst to zoom in
or out of a particular time period or to change time intervals.
The performance measures are mapped to the background
of the line graph (see Figure 1). Red colour means that the
share performs worse than the sector average; green means
that the share performs better than the sector average.

Figure 2: Two different visualizations (trapezoid
and triangle slope polygons) for correlation analysis and pattern detection.
The correlation within a time stamp between the share price
and the sector index is visualized as yellow or violet “slope
polygons“ which lie on top of the line graph. This design decision is taken because yellow and violet are complementary
colors. A yellow polygon means that there is a positive correlation between the share and the sector index; in return violet means that there is a negative correlation between these
two. Two types of slope polygons are implemented: trapezoid slope polygons and triangle slope polygons (see Figure
2). The triangles have the advantage of visualizing the quantitative differences between a share price and its sector index
(the length of the polygon line from the start to the end of
a time interval indicates the difference). However, when the
change is small, the slope polygons can be too small to see.
Hence the trapezoid slope polygons are also provided. The
analyst can switch between the two slope polygon types to
look for the information they need. For example, in Figure
2(b), one can see although the share price has dropped be-

Figure 3: (left): Overview of 222 stocks over 5 years in the oil sector in the World-Datastream Oil and Gas
producers Index with weekly intervals; (right): The line graph appears on top of the pixel based visualization
on a mouse click, here with focus on “Oil & Gas Exploration & Production“.

tween the 5th and the 6th time point (down trend in the line
graph), the performance of the share is still better than the
sector index (green background). From 6th to 7th time unit,
there is a sharp increase in the share price whilst the sector
index behaves very differently (big negative correlation).
Global and detailed view visualization: In global view
visualization the performance of each share at each time
point is shown as a colored pixel. The detailed values of
each pixel can be seen in a tooltip with mouse over action.
The line graphs of stock price time series are laid on top of
the pixel based visualization. Although the line graphs are
hidden in the global picture, the analyst can easily click on
any of the pixels and see the details of the price series in the
line graph (see Figure 3 (right)). The selected share takes
the major part of the available space and the other shares
are squeezed together, keeping their relative positions, so
that they are still visible and can be considered for a comparison.
Filtering, zooming, and details-on-demand: A colormap slider is implemented as a data filter such that the
analyst can select a performance range. The data that fall
outside of the range will be removed from the visualization.
While filtering, the number of colors in the colormap is reduced or the colors are renormalized according to the remaining data values. For example if the performance range
is set from -50% to -10% by the colormap slider, a share
with -10% performance measure has the “best“ performance,
hence it is colored green. This technique allows the analyst
to see the relative performance of shares compared to its
peers and amplifies the differences between data values such
that some hidden patterns or outliers are discovered more
easily. The system allows the analyst to change time intervals and specify time frames.
A horizontal zooming function is provided. The analyst can
adjust the level of details in the line graph by zooming in
and out of the view horizontally. This is especially useful
when the analyst needs to study the correlations between
the share price and the stock index and see the quantitative
differences. The analyst can also select a time series in the
visualization panel to expand a particular line graph. While
more details of the selected share become visible in the expanded line graph and the other parts become smaller (see
Figure 1), the visualization still provides the global picture
of the whole dataset.

4.
4.1

APPLICATIONS
Comparison in European banking sector

In this section we show the effectiveness of the system
through its application in the analysis of two real world data
sets. In the first use case we study the performance of the
Deutsche Bank share which belongs to the European bank
sector. The sector includes the shares of 54 big European
banks (STOXX, see [9]). We have the Deutsche Bank share
price time series over 5 years (from 01.08.2005 to 01.08.2010)
on a daily basis. Figure 4 shows a screenshot of our system
displaying the weekly aggregated data compared to the European bank index. There is an obvious turbulent pattern
between the end of 2008 and the beginning of 2009 when the
global crisis in the finance market took place. There were
numerous transactions in the market during that period. On
a daily basis the Deutsche Bank share sometimes developed
very differently from the sector index.

Figure 4: Deutsche Bank and STOXX Europe 600
Banks Index five years performance on a weekly aggregated basis from 01.08.2005 to 01.08.2010; (lower
left): Performance of Deutsche Bank compared
against this Index over the period aggregated quarterly: it has similar performance to the sector except for the first quarter of 2009: here the the stock
records a +6.3% performance which means that the
share outperformed the sector index by 25%.
The aggregation provided by the tool allows us to analyze
the data at different levels by changing the time interval.
Figure 4 (lower left) shows the line graph of the same data

on a quarterly basis. By changing from a small time interval
to a bigger time interval, some price fluctuations in the small
time interval are filtered out and thus the global trends can
be perceived more easily. From the higher level performance
graph we can see an interesting pattern which is hidden in
the previous visualization: During the first quarter of 2009,
Deutsche Bank performed much better than the sector average (see the strong green color in the background, which
means the share performed well and the performance has a
negative correlation to the sector index). The good performance of the Deutsche Bank share during the first quarter
of year 2009 indicates that the bank had a rapid recovery
from the financial crisis and the speed of recovery is faster
than the sector average.

4.2

Explorative analysis of share performance
in international oil and gas sector

In this use case study, we look at international oil and
sector stock market data over 5 years (from 01.08.2005 to
02.08.2010) to see the shares with best and worst performance. To see the shares with bad performance, we set the
displayed range to performances smaller than -10%. Figure 5 gives a global view of the filtering result. The performance values are renormalized after filtering; hence the
performance of -10% is mapped to green and the maximal
negative performance is mapped to red. As shown in the Figure 5, the share with the biggest loss (worst performance)
stands out (the red pixel in blue circle in Figure 5). By
clicking on the red pixel we get a details-on-demand view
of the share (see Figure 3). We see that there was a sharp
fall in the share price which caused the extreme negative
performance value. The same filter function can be used for
analyzing shares with best performance.

Figure 5: Limited to performances below 10% compared to the index. Shares with very bad performance emerge clearly, for example see the red pixel
marked with a blue circle.

5.

CONCLUSIONS AND FUTURE WORK

Visualizing large numbers of long time series faces great
challenges in terms of display space, effective visual representations and interactive visual interfaces. In this paper we
present a visualization system that combines different visual
techniqes for historical stock data analysis. Two novel visual representations, triangle and trapezoid polygons, are
proposed to visualize correlation between individual share
performance and the sector index. A colormap slider is designed to help filtering data base on share performance. The
two use cases analyzing the Deutsche Bank share and Oil
and Gas sector data demonstrate that the system is able to
successfully highlight some interesting patterns in the data

and the visualization techniques scale well to large data sets.
The current version of the system implements a basic sorting
function which allows the analyst to see the shares ordered
by their volatility. We want to further extend this analysis
by implementing a similarity measure based on volatility values and use this measure to group shares that have similar
performance patterns. This will be useful in pattern detection and time series prediction. An evaluation with real end
users will be carried out to improve the design and functionalities of the system. We also want to integrate more
statistics and data mining methods such as clustering, association rules and believe network models to support higher
level data analysis tasks.
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