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Abstract: In this paper we present a new visualisation approach in the effort of improving the evaluation strategy of
space-time trellis code (STTC) generator matrix G. To our knowledge, although visualisation is widely used to handle a
variety of problems, it has never been employed specifically to solve complexity problems that are related to generator matrix
G evaluation. Most approaches are either mathematically or algorithmically inclined. As such, they tend to offer a series of
refinement that enhances the current available method, but do not provide fresh insight on the problem at hand. By
comparing it with the enhancement strategy that was discovered via the normal approach (i.e., by analysing algorithm) it was
discovered that visualisation had inspired an entirely different pruning technique that outperformed the common approach by
20%.
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To improve the design of evaluation, most approaches [4]
rely on the analysis of algorithm, equation, matrix etc. As
such they are mathematically or algorithmically inclined.
This is only expected given the nature of the problem.

The analysis of heuristic algorithms could face the
challenge of visibility. As such, analysing the behaviour
via the pseudocode per se, may not reveal the actual
behaviour of the algorithm. This is due to the fact that
heuristic algorithms are not completely deterministic,
where the algorithm can progress in a direction totally
unforeseen by analysis.

Visualisation can help in resolving this visibility issue.
In fact, it can contribute to the solution finding process in
three aspects [5]:

1. Introduction

Great effort has been directed toward the search for
optimal STTC code and the reduction of computational
burden in calculating the minimum determinant. Fukuda
etal [1] and Lisya et al. [2] have developed high-speed and
improved algorithm which is based on tree structure in
calculating the minimum determinant effectively in
obtaining optimal generator matrix G. As for now the
improvement of the algorithm is done via the analysis of
the pseudocode. This is not a productive way of
understanding the actual impact of the design that is
heuristically inclined. In the attempt of finding an
effective solution of improving the performance of the
current approach, the potential of visualisation is explored. 2.1. Measuring the Impact of Change

Knowing the impact of changing a certain parameter is
not an easy task. Visualisation can offer a concrete and
1t controllable display of impact, in which it can interact at
any desired level-of detail. There are a number of existing
visual representations, which include scatterplots, parallel
coordinates and starplots, tree visualizations, node-link
diagrams and to name a few [6]. Although it is possible to
do research by relying entirely on the theoretical foundation

2. Visualisation

Visualisation is not a new approach in engineering.
has been employed widely in the process of analysing
algorithms [3]. To our knowledge however, the effort to
enhance the evaluation of generator matrix G in STTC has
never been approached with visualisation.
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and the algorithm per se, a quick and effective way of seeing
the impact of making a particular innovation to a heuristic
search algorithm is by visualizing the tree generated during
the search process. Thus, in this paper tree visualizations
representation has been used to measure the impact of
change of the parameters.

2.2. Testing of What-if Scenarios

Once the impact of change has been understood, it is
possible to test varying what-if scenarios without much
complication and get the result immediately. The key of
devising better solutions to search depends on how well it is
understood.  Research has shown the potential of
visualization tool in learning the behavior of search under
varying situations [7].

The motivation behind the development of a visualization
tool goes beyond aesthetic functionality. Heuristic search
for example, is useful for complex problem space but it
cannot be analyzed theoretically. Instead, the heuristic
search can only be observed empirically via visualization
tools [8].

2.3. Simplification of Processing

Visualization tools can assist in the extraction of novel
knowledge for a particular discipline that is not achievable
previously [9]. Reason being, the complexity of
information is simplified with visualisation. This way, it
is easier for us to process it.

As some may argue, certain problems are just not
innately visual. It must be remembered however that a
design problem that is mathematical or algorithmic by
nature need not remain that way. It is possible to re-frame
[10] the mathematically-algorithmically inclined problem
(MIP) into a visually inclined problem (VIP) that is more
stimulating perceptually, as shown in Figure 1.

Visualising the problem instead of just analysing the
equation can promote an entirely different perspective on it.
For instance, it could make research more sensitive to
patterns that are readily apparent through visual means [11]
but completely cryptic when analysed algorithmically.

3. Dimension of Analysis

The essential reason of using a visualization tool when
dealing with heuristic search lies in its capacity to act as a
bridge that connects our cognitive perception of the heuristic
algorithm with the actual computation that occurs during the
search process. This is highly imperative given the nature of
heuristic search that is not entirely deterministic through our
conception.

To analyse the heuristic search based on the visualisation
tool, these dimensions or features are given the emphasis

[8]:
3.1. Size of Search Space

The most fundamental way of analysing the efficiency of

search is by studying the size of the search space. Search
space corresponds to the amount of effort performed by an
algorithm to search for the solution given a particular
problem. The space expands in proportion to the number
of trials made by the algorithm, as well as the mistakes.
In effect, the higher the efficiency, the smaller the space
would be.
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Figure 1. Effect of Re-framing.
3.2. Space Structure

The space structure is defined by its branching factor and
depth. Branching factor is the number of branches made
by a particular node during the search process. Depth on
the other hand, refers to how deep the search must progress
to find a solution or cease from trying. Two other
measures are also important. They are:

3.2.1. Depth-node Count

Depth-node count is the total number of nodes expanded
for each level of the search tree. It reflects when the
search is most active in term of tree level. The count is
considered good when it is high at earlier level of the tree.
This implies that the algorithm discriminates potential
paths from trivial ones at early stages of the search instead
of later.

3.2.2. Time Trace Representation of Node Count

Time trace shows the progression of search. Depth first
search shows higher progression comparatively. Breadth
first search shows slower progression.

3.3. Frequency Domain Analysis

Another aspect of search that is crucial is the extent of its
backtracking. Frequency domain analysis shows how far
search backtracks when reaching a dead end. Depth first
search has higher frequency than breadth first search when
it comes to backtracking. It implies that depth first search
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is more focused in the search process.
3.4. Problem — Search Space Evolution

The space evolution is the change undergone by the
search space when the input is changed. In order to
analyse the evolution of a tree in comparison to their input,
a series of similar trees can be analysed. Here, the
concept of tree similarity or tree congruence is really
imperative. The congruence of a tree can be measured via
the external nodes shared by subtrees [12]. It is also
possible to analyse congruence by studying the structural
differences between trees [13, 14, 15]. Other approaches
include the usage of an index to make the comparison
process more economic [16].

The aforementioned methods can be materialised by
visualising the search with a two dimensional tree that is
highly interactive.

4. STTC Visualisation Tool (SVT)

STTC visualisation tool (SVT) is an application that
translates the evaluation of the generator matrix G in STTC
into a visual structure that allows researchers to interact
directly with the elements that determine the minimal
determinant of the tree. SVT was developed with JAVA
and an open source 3" party library JUNG 2 [22].

SVT promotes a variety of interaction to occur [17],
which includes zooming, abstracting, highlighting,
separating etc. Users can immediately see the impact of a
particular generator matrix G on the complexity of search
without being bogged down by details.

The tool is used in a cyclic manner, as shown in Figure 2,
where different generator matrix G is repeatedly generated
and processed to uncover interesting patterns within the
tree. This is performed using a simplified version of the
P-Set Model [18] where variations of the generator matrix
G are iteratively explored and the corresponding
visualisations recorded.
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Figure 2. Iterative Exploration.

The patterns of different constructs for the generator
matrix G can be gathered (as in Figure 2) by studying the

evolution of the search tree from the visual aspect. For
instance, the search tree is first generated for the generator
matrix G [2 03 1 ;0 2 2 3]. To gain insight on how the
pattern could change, an element within the initial
generator matrix G is changed from 3 to 1. The search tree
for the new generator matrix G [2 03 1; 02 2 1] is then
compared to the previous one to capture any subtle patterns
that are inherently difficult to discover through analysis.

In using SVT, the main objective is to identify the
patterns [19] that can assist the development of a high
performance algorithm. That is, to become aware of
insights that were previously elusive [20].

Knowing what to focus is a challenge in using any
visualisation tools. In our context, emphasis is given to
the patterns of interest that practically lies within the
regions of the tree where:

4.1. Solutions are Found Most Frequently

The region where solutions are frequently found is rich
with potential insights. This is where most observation
should focus on, to unveil the possible causality patterns
that can direct the search more effectively towards the
solution without unnecessarily traversal.

4.2. Solutions are Found Earliest

Fast solutions are highly useful in providing insights on
the estimation of the initial upper bound for the search tree.

4.3. Pruning is Employed Most Frequently

Frequently pruned regions can suggest a way of refining
the pruning strategy such that pruning can be performed
earlier to a small number of shallow branches instead of a
high number of deep branches.

An important fact to note is that visualisation is partially
experimental. There is no guarantee that it can improve
the process of discovering better solutions for improving
the evaluation approach of STTC generator matrix G.
However, it posits a compelling alternative to the current
way of perceiving analysis as being a completely sequential
process.

5. Case Study

In the following, the impact of approaching the problem
with visualisation is illustrated. The first tree is generated
via the original algorithm (Figure 3) that evaluates the
minimal determinant of a generator matrix G [1]. It is
quite apparent that the tree spans a large search space.
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Figure 3. Original Algorithm.

./f\/. e . fC\.



22 H. Harun et al.: Improving the Evaluation Performance of Space-Time Trellis Code through STTC Visualisation Tool

To improve the original approach, the common method
of research (i.e., mathematical-algorithmic analysis) was
employed. The algorithm of the original approach was
analysed to identify the areas of which it can be further
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Figure 4. Improved Inspired by Analysis of Algorithm.
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As shown in Figure 4, with the improved approach, the
search space was reduced by approximately 50%. By
analysing the original algorithm, the last layer pruning was
introduced [2, 21].

The improvement inspired by analysing the algorithm
was initially rather impressive. However, with
visualisation, the best enhancement was discovered. By
analysing the visual growth of the tree i.e., comparing the
structural differences [13, 14, 15] between trees of different
constructs of generator matrix G, an entirely new pruning
strategy, called the optimal substructure pruning was
developed. It can reduce a huge portion of the search space
(approximately 70%) with only 3.7% of risk. This is
shown in Figure 5.
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Figure 5. Improvement Inspired by Visualisation.

5. Conclusions

The discovery made by researching the original
algorithm through visualisation is superior to the one done
with algorithm analysis. For instance, the improved
algorithm that was developed through algorithm analysis
reduced the search space by approximately 50% as
compared to the = 70% reduction achieved by the
enhancement found through visualisation. It is quite
intriguing to acknowledge the fact that when the same
problem was analysed visually, the research was suddenly
provided with a set of new and empowering insights that
were not previously visible with the mathematically or
algorithmically inclined analysis. This had given rise to

the formulation of an entirely different pruning strategy that
enabled a more efficient reduction.
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