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DATA VISUALISATION SYSTEM AND METHOD

FIELD OF INVENTION

The invention relates to a data visualisation system and method, particularly but not
solely designed to identify patterns in time-variant data, for example stock exchange
trading data. The invention is particularly suitable in identifying patterns in time-variant

multivariate data.

BACKGROUND TO INVENTION

One of the biggest challenges in the financial markets is managing and interpreting the
huge amounts of data and the limitation of existing tools to handle that data. Data
associated with financial markets is usually time-variant. The price of stocks and shares
is associated with a particular time interval, and significant price movements, both

upward and downward can occur at different time intervals.

It is particularly important to identify patterns in price movements over time in order to
predict short term future movements in the data. Such movements generally depend on
several variables which include price, volume and spread and are particularly difficult to

identify.

SUMMARY OF INVENTION

In broad terms in one form the invention comprises a data visualisation system
comprising time-variant data maintained in computer memory; a time series analysis
component configured to create one or more vectors from the time-variant data; a self-
organising map component configured to generate and display a two-dimensional
representation including one or more vector representations; and a contour generator
configured to generate and display one or more contour lines around each vector

representation,
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In broad terms in another form the invention comprises a method of data visualisation
comprising the steps of maintaining time-variant data in computer memory; creating one
or more vectors from the time-variant data; generating and displaying a two-dimensional
representation including one or more vector representations; and generating and

displaying one or more contour lines around each vector representation.
BRIEF DESCRIPTION OF THE FIGURES

Preferred forms of the data visualisation system and method will now be described with

reference to the accompanying figures in which:

Figure 1 shows a block form of a system in which one form of the invention may be

implemented;
Figure 2 shows the operation of the time series analysis component of Figure 1;

Figure 3 shows a two-dimensional representation generated by the self-organising map

component of Figure 1; and

Figures 4, 5 and 6 illustrate the application of the invention to different forms of time-

variant data.
DETAILED DESCRIPTION OF PREFERRED FORMS

Figure 1 illustrates a block diagram of the preferred system 10 in which one form of the
present invention may be implemented. The system could include one or more
interactive client workstations 20 on which data can be displayed. The system 10
includes time-variant data 30 maintained in computer memory, for example historical
market data representing stock exchange trading data. The data could also represent

fixed interest/bonds, futures, options, foreign exchange or any other tradable instruments.
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The time-variant data could be stored in a relational database or object-oriented database.
Each stock trade is associated with a price value and a time value. The database 30 is
configured to enable time-variant data to be retrieved from it. Examples of retrieved data
could include a series of data values representing the price of a particular stock at
different time intervals. The time-variant data could also include, for each trade, a trade
price, a trade size, time of trade, a trade type (for example on market or over the counter),

a current bid price and a current ask price.

The system 10 also includes a time series analysis component 40 configured to create one
or more vectors from the time-variant data, as will be described below with reference to
Figure 2. The time series analysis component is preferably implemented as a computer
program installed and operating on a computing device. Alternatively, it is envisaged

that the time series analysis component could be implemented in hardware form.

The system 10 further includes a self-organising map (SOM) component 50 which is
configured to generate and display a two-dimensional representation which includes
representations of one or more of the vectors obtained from the time series analysis
component 40. The self-organising map component 50 is preferably a software program
or hardware equivalent which implements one or more artificial neural networks to map

one or more of the vectors obtained from the time series analysis 40 into two dimensions.

A self-organising map is a neural network or neural network combination in which the
parameters that are trained are a set of cell vectors that exist in the same high dimensional
space as the input data vectors. Each of these represents a transformation between one
cell on the self-organising map and the high dimensional space. To train the self-
organising map, each data vector is assigned to the cell whose vector is closest to it in the
high dimensional space. The cell vectors are then iteratively moved around the high
dimensional space so that each cell vector is moved towards the average of the vectors
assigned to it and each cell vector is moved to a lesser extent towards the average of the

vectors assigned to neighbouring or nearby cells. The effect of this is that the vectors
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mirror the data and that neighbouring cells in the two-dimensional space are near each

other in the higher dimensional space.

A contour generator or visualisation engine 60 is configured to generate and display one
or more contour lines around each vector representation as will be described below with

reference to Figure 3.

The system 10 optionally includes a cluster analysis component 70 to determine trends or

properties in the output from the self-organising map component 50.

The output of this cluster analysis can be exported for further analysis if required, or the
properties of a cluster can be used to define a leading key performance indicator or

indicators 80.

Market data as a real time feed 90 is transmitted to a short term data store 100 and/or a
dynamic template 110. Data is transmitted from the short term data store 100 and/or
dynamic template 110 to a visualisation engine 120 and/or real time or near real time
visualisation engine 130. The visualisation engine 120 is connected to a further
interactive client 140 whereas the real time visualisation engine 130 could be configured
to broadcast images to real time clients 150, for example 1504, 150B and 150C. Semi-
static reference data, for example market structured data, could also provide input to the

dynamic template 110A.

Figure 2 illustrates a sample vector created by the time series analysis component 40 of
Figure 1. Raw trading data 200 is obtained from the historical market database 30 from
Figure 1. The time-variant data could be multivariate data, having associated with it one
or more variables. These variables could include, for example, the price of shares or
stocks, the volume traded and the spread in prices. The time series analysis component
obtains from the raw trading data values for the variables price 210, volume 220 and
spread 230 at a particular time value or snapshot 240. Values of these variables at

preceding time values are also obtained.
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The resulting vector 250 represents a series of values for one or more variables, for
example values 212 for price variable 210, values 222 for volume variable 220 and values

232 for spread variable 230.

Preferably, the number of values 212 equals the number of values 222 and 232.
Furthermore, value 214, based on the value of price at a particular time value, is
preferably sampled at the same time value for value 224 and value 234. Values 216, 226
and 236 are preferably all sampled at the same time value but at a preceding time value to

the time value associated with values 214, 224 and 234.

Only three variables are shown in Figure 2 for simplicity, and it will be appreciated that
the number of actual variables could be many times this number. Furthermore, only nine
different time values are shown for simplicity and it will be appreciated that the number

of time values in practice could be many times this number.

The resulting vector is a trading history vector in n-dimensional space where n can be in
the hundreds or even thousands corresponding to the snapshot or current time value. By
sampling thousands of such snapshots of different stocks at different times, the time
series analysis component is able to create a large space of high-dimensional vectors.
Within this space, there are likely to be significant structures, representing recurrent
patterns in the trading data, but the vast dimensionality of the space makes it impossible

for humans to discover these structures unaided.

Where necessary, the data in one or more of the resulting vectors is transformed, scaled
and statistically normalised to ensure that comparisons between the often disparate
variables are meaningful. Every dimension can be scaled to have a range fromOto1l—a
continuous variable z has its values z scaled by z; > (Zi — Zmin)/(Zmax — Zmin) (where z; are
the values of a dimension z across the varying data points, indexed i; Zmin (Zmax) is the

minimum (maximum) of the z;).
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A bistate or Boolean variable (male/female, true/false) is transformed to values 0,1 and a

. multi-state discrete variable with N+1 values is transformed to (1/N) {0,1,2,...,N}. More

complicated order-preserving transformations, involving the expected or known variance,
or higher order modes of the variable distribution can be used to normalise the variable to

a uniform, normal or other standard distribution within the unit interval.

The vector or vectors resulting from the time series analysis component 40 is then passed
to the self-organising map component 50. Figure 3 illustrates an example 2-dimensional
representation generated by the self-organising map component. Each data point
represents a representation of a vector created by the time series analysis component 40.
The two-dimensional representation 300 for example includes data points 310, 320, 330
and 340. Preferably the mapping is performed in such a way that vectors which are
similar in the high dimensional space remain close together in the 2-dimensional output.
On this basis, vectors 310 and 320 are expected to be more similar in high dimensional
space due to their close proximity in the representation 30, whereas vectors 310 and 340
are expected to be more dissimilar due to the spacing between these vectors in the

representation 300.

The visualisation engine 60 and/or the self-organising map component 50 is configured to
calculate, for each vector, the price movement occurring in a given time interval after the
snapshot or current time associated with each vector. The absolute value of price
movement is a numerical value which is associated with the individual data points
representing individual vectors. Vectors 310 and 320 have no associated price movement
and are shown as such in the representation. Vector 330 has some price movement and

vector 340 has a larger price movement.

The visualisation engine/contour generator treats the price movements associated with
each data point as a maximum value and generates and displays one or more contour lines
around each data point representing a vector. Each contour line represents data values
which are less than the price movement associated with the data point around which the

contour line is displayed. The preferred form technique for contouring is described in
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patent specification WO 00/77682 to Compudigm International Limited entitled “Data
Visualisation System and Method”.

The use of contouring in this manner enables a viewer to rapidly determine patterns
which precede consistent price movements. If certain clusters show strong subsequent
price movements for all the trading history vector within, then that cluster represents a

trading pattern that is a powerful predictive tool.

The viewer may then use a cluster analysis tool 70 to determine the properties of a
particular cluster under consideration, resulting in a formula that can produce, for any
trading history vector, a value that represents how strongly that vector would belong to

the selective cluster.

For each cluster that shows strong subsequent price movements, a leading indicator is
defined. For example, the Euclidean distance between a new data point and the centre of
the cluster in the original high dimensional space produces a value that can be plotted.
Alternatives include setting thresholds on each dimension or more sophisticated

techniques such as analysis of variance (ANOVA).

Referring to Figure 1, as live trading data 90 arrives from a data feed, the recent trading
history of each stock can be turned into history vectors. By applying the leading
indicator definition accordingly, the system can assign each stock a number indicating the
tendency of that stock to move up or down in price in the near future. By plotting this
leading indicator in real time, either on traditional charts or on a contoured visualisation

of the entire market, traders will gain a valuable tool to assist their trading decisions.

The invention has several advantages. It does not attempt to replace human intuition, like
other artificial neural network-based trading tools, but instead amplifies intuition with
visualisations. The contours show patterns more strongly than other visualisation

techniques. The invention combines multiple variables into a single pattern represented
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as the history vector. The invention can also be adapted to work on many different sorts

of time-variant data.

The invention provides an advance upon existing technology as it is a unique hybrid of
time series transformation, self-organising maps, statistical clustering and contouring
techniques. The invention is also able to transform time-variant multivariate data into
history vectors suitable for input to the self-organising map. The invention is also

interactive, enabling analysts to experiment with variable selection and weightings.

It is envisaged that the invention could be applied to any time-variant data in addition to
financial market data. In one form the time-variant data could include revenues from
gaming machines in a casino context. Referring to Figure 4, machines are grouped by
similarity into clusters of a particular nature, in this case denomination, and sub-clusters
for example spend patterns. Onto these groupings, a contoured representation identifying
a key performance indicator, for example turnover, is overlaid to show performance of
groupings based on the customer base of the organisation or a segment of interest within

it.

Figure 5 illustrates the organisation of time-variant data into a series of layers including
mesh block cluster boundary layers or mesh block data layers. This display could also
include a contour layer of market opportunity or any key performance indicator selected
for each mesh block, and a thematic layer showing particular mesh blocks of interest, for
example high value, low value, people that buy a particular product, or any useful profile
per mesh block. The projection could also include a selection layer which indicates the

newly selected mesh blocks.

Figure 6 illustrates the invention applied to data in order to provide knowledge
management. The knowledge management application relies on starting with a corpus
(group) of documents. The documents are put through a lexical analyser system which
finds a lexicon comprising all the non-trivial words (or stems or lexical roots of words) in

the corpus and assigns a value to each {document, word/stem} pair. The value of each
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pair is the importance of that word in that document, e.g., 0 if the word does not appear,
Maximum if it is in the title and occurs in every paragraph. Maximum if the word is the

distinguishing (from the remainder of the corpus) topic of the document.

Typically words that have a high rating in nearly all documents (company name) are
ignored as their discriminating power is limited. The set of values for one document —
one for each word in the lexicon - constitutes the vector for that document that is fed to
the self-organising map. The full input is one vector for each document. Note that each

dimension is of the same type as they all measure the same type of relationship.

The foregoing describes the invention including preferred forms thereof. Alterations and
modifications as will be obvious to those skilled in the art are intended to be incorporated

within the scope hereof, as defined by the accompanying claims.
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CLAIMS:

1. A data visualisation system comprising:
time-variant data maintained in computer memory;
a time series analysis component configured to create one or more vectors from the
time-variant data;
.a self-organising map component configured to generate and display a two-
dimensional representation including one or more vector representations; and
a contour generator configured to generate and display one or more contour lines

around each vector representation.

2. A data visualisation system as claimed in claim 1 wherein the time series analysis
component is configured to create at least one vector based on the value of a variable at a

time value, and a series of values of the variable at preceding time values.

3. A data visualisation system as claimed in claim 2 wherein the time series analysis
component is configured to create at least one vector based on the values of a plurality of

variables at a time value, and a series of values of the variable at preceding time values.

4, A method of data visualisation comprising the steps of:

maintaining time-variant data in computer memory;

creating one or more vectors from the time-variant data;

generating and displaying a two-dimensional representation including one or
more vector representations; and

generating and displaying one or more contour lines around each vector

representation.

5. A method of data visualisation as claimed in claim 4 wherein the step of creating
one or more vectors is based on the value of a variable at a time value, and a series of

values of the variable at preceding time values.
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6. A method of data visualisation as claimed in claim 5 further comprising the step
of creating at least one vector based on the values of a plurality of variables at a time

value, and a series of values of the variable at preceding time values.
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