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Abstract

With the growing number of association rules, it becomes more
and more difficult for users to explore interesting rules due to
its nature complexity. Studies base on human perception and
intuition show that graphical representation could be a better
illustration of how to handle data by using the capabilities of
the human visual system to seek information. The 3D matrix-
based approach visualization system of association rules called
3DMVS was implemented in present study. The main visual
representation employed the extended matrix-based approach
with rule-to-items mapping to general transaction data set. A
novel method merging rules and assigning weight is proposed
to generate new rules to reduce the dimension of the
association rules, which will help users to find more important
items in the new rule. Additionally, several interactions such
as sorting, filtering, zoom and rotation, facilitate decision
makers to explore the rules they are interested in various
aspects. Finally, various evaluation techniques have been
employed to assess the system from a logical reasoning point
of view.

Keywords: 3D, matrix-based approach, visualization system,
association rules
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Introduction

Motivation and problem statement

Data mining is a process where a variety of data analysis tools as
used to discover patterns and relationships in data that cloud be
used to make valid predictions [1]. One of the most important and
well-known techniques of data mining is association rule mining.
This technique mainly aims to look for interesting correlations,
frequent patterns, associations, information structures among
sets of items or objects in large transaction databases and/or other
data repositories. Moreover, the analysis of association rules has
contributed to various areas, including market basket analysis,
merchandise stocking, insurance fraud investigation and climate
prediction.

In spite of its great success is demonstrating the relationship
between items, it is not easy for users to find the rules they are
most interested in from a large number of extracted rules. Since
mining association rules often result in a large amount of rules all
of which are listed in one file, the researchers is given the task to
go through the results to discover which are of interest. Increasing
the threshold of minimum support or minimum confidence is a
good way to reduce the numbers of the rules. However, there is a
risk this will to decrease the possibility of finding meaningful
rules that do not have very high support or confidence. By setting
low thresholds in practice, users have to seek for interesting ones
in a corpus consisting of hundreds or even thousands of resultant
rules, which could be difficult and time-consuming.

Based on human perception and intuition, graphical
representation could be more illustrated to seek information by
using the capabilities of the human visual system[2]. Such visual
representations have been developed since the 1990s, allowing
users to evaluate and interpret what rules from a large number of
discovered rules. Lots of visualization techniques have been
employed to provide a graphical representation of the results.
Recently, related studies demonstrated support for the analyses
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of the association rules, however, it should be noted that
illustrating association rules graphically is not easy when
applying visualization methods. The main reason for this
problem is that the multiple relational nature of association rules
is difficult to show in a explicit way especially when there are a
large quantity of rules or when the rules have many interrelated
items. In addition, the interestingness measures such as support
and confidence which are important aspects of association rules,
should be represented along with the relations. Thus, increasing
the complexity of visualizing a large number of rule.

Although several methods have been applied to visualize the
association rules, many of these methods have failed to manage
the large number of rules. As a result, a large number of data is
often displayed in a single image without further details about
the rules, which makes it difficult for knowledge managers to
evaluate and interpret the rules. What makes it difficult is the
screen clutter and lack of suitable design to display a large
number of rules and relations.

Overall aim

This study attempts to implement a 3D visualization system of
association rules based on a matrix-based representation which
gives users an overview of whole sets of rules and relations
intuitively. Generating new rules with the new measure weight
of an item is proposed to reduce the number of rules. Basic
functions of interactivity are also provided. The purpose of this
system is to provide a convenient and understandable tool to
facilitate for data managers to explore interesting rules.

Research question

Since the main factors of association rules need to be
understandable and interpretative in the graphical representation,
various visual techniques have been studied. One of the popular
approaches is the matrix-based method, which usually maps the
item-to-item relations between items and shows the measures by
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color or shape. However, considering most of the resultant rules
have multiple antecedents in reality, item-to-item mapping
involves a clutter problem.

Instead of item-to-item mapping, this 3D visualization system
employed the rule-to-item mapping method representing the
relations between items. Could rule-to-item mapping be a way to
tackle the clutter problem? By increasing one dimension, could
the association rules become more comprehensible for users
through 3D matrix-based representation?

The visualization of association rules are facing a challenge in
terms of an increasing number of association rules which are
becoming more difficult to be manage on a single screen. There is
a method that cloud be used to improve the representative ability
of the visual tools, but it shows little improvement because it
struggles to handle the various features of the rules and depict all
rules in one graph at the same time. Reducing the number of
discovered rules could be an another alternative, but the accuracy
and interesting rules could be lost as a consequence. A new
method to generate new rules with weight was proposed in
present study to decrease the number of rules. Does the new
method reduce the number of rules? Does this method lose any
accuracy and does it retain the degree of representative ability?

Although graphical representation could facilitate exploration of
interesting rules for the users, the most important step is
supporting user interactivity with the visualization system.
Sorting and filtering of the main measures of the association rule
is the basis of exploring the rules with higher support or
confidence. A real-time interactivity is highlighting selected items
and displaying the details in a visual system at the same time. Are
the users’ interactivity appropriate for exploration? Does this
mechanism cope with the display of details without losing the
overview?
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Research hypothesis

The 3D visualization system employed uses the rule-to-items
mapping method instead of item-to-item, and only focuses on the
association rules with unique consequence. The rule-to-item
mapping method mainly solves the clutter problem when the
rules have multiple antecedents. In addition, the graphical
representation should show the relations between the items
including important measures, which is useful for exploring
interesting rules.

A new measure of weight was put forward to reduce the number
of association rules. Merging the rules with the same consequence
to one and assigning weight to each item could maintain the
completeness of the original sets of rules and reduce the number
of discovered rules. However, the worst case scenario is when all
the resultant rules have different consequences. Since a merging
method does not drop any association rules and provides a novel
way to explore the interesting items, this kind of visualization
could have the same representative ability as the original data sets.

For a good visualization system, it is necessary to investigate
interactivity. The sorting and filtering function of the association
rules were offered to facilitate for users to find useful rules with
higher support and confidence. Highlighting selected item and
displaying the details in a visual system at the same time could
also make the whole sets of rules more clear to users, which
makes it easier for users to understand the basic information of a
specific rule. In addition, weight filters could easily select items
that are more important for the consequence of the rule.

Method

For decades, visualizing association rules have been studied and
many researchers have proposed different methods to obtain an
overview of a large number of rules. Many methods have been
studied to visualize the association rules, such as table-based view,
graph-based view, parallel coordinates, scatter plot and matrix-
based view.
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Comparing all visualization methods of association rules, this
study proposes a modified matrix-based method by taking
advantage of 3D view, which can handle a large number of rules
and interpret rules directly. Instead of using 2D matrix to display
item-to-item association rules, the modified matrix-based view
depicts the rule-to-item relation, which can maintain an overview
of the resultant rules as well as the relation between each item of
the rules.

Considering the large number of rules, this study proposes a
merging method to reduce the dimension of the graph. By
assigning the weight to each item users will get an overview of all
important items, which enables comparing the items within the
same generated rules as well as the consequences of the different
rules.

In order to provide a more interactive system to users, 3DMVS
offers users functions like filtering, zooming and sorting of
support, confidence and weight. These functions could help users
explore the discovered rules to find interesting rules. The details
of the rule selected will show in text with a click of the mouse.

Scope

Data visualization is an important branch of data mining, which
has two different areas of application. Model visualization is the
process of using visual techniques to make the discovered
knowledge understandable and interpretable by humans while
exploratory data analysis aims to identify interesting and
previously unknown patterns [1].

Association rule visualization is employed to offer users an easier
way to understand and interpret the relation between rules. This
study only focuses on visualizing the resultant rules while
ignoring the process of association rules generation.
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Although many studies takes dynamic association rules into
account [3] [4] [5], this study only focuses on statistic association
rules, where each rule has specific interestingness measures. In
order to adapt the new merging method, the association rules
used in this study consist of multiple antecedents with unique
consequences rather than only considering Boolean attributes in
the antecedent and consequences of the rules [2]. Since the new
method merging original association rules is based on unique
consequences, 3DMVS mainly pays attention to transaction data
sets where most of the resultant rules have the same consequence.
From usability and interaction aspects, the evaluation of the
3DMVS were discussed. Moreover, 3DMVS only supports those
files with the xIs filename extension.

Contribution

3DMVS could be a way to visualize the association rules with
multiple antecedents. 3DMVS not only depicts the relations
between items but also the information of each item. Displaying
the matrix-based view in 3D makes the visual graph more vivid
and clear for investigation.

The new method of merging the original rules with a new
assigned measure weight reduces the number of the discovered
rules, which simplifies the problem of the visualization system.
Visualizing the merged association rules with weights provides
an overview of all important items of the rules, making it easier
for users to find a larger number of interesting items.

Interactivity is a necessity for an exploration system. 3DMVS
provides basic sorting and filtering of interestingness measures
including support, confidence and weight. It also provides an
another real-time interactivity: when a user wants to learn more
about a specific rule, a mouse-click is enough to show details
about the selected rule, which keeps a balance between
displaying the overview and showing the details.
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Outline
The remainder of this paper is organized as follows:

Chapter 2 defines fundamental and important concepts of
association rules and visualizations, compares previous work on
visualizations of large number of rules. In Chapter 3, the design
and fundamental features of 3DMVS are described. This is
followed by an explanation of the implementation and how this
system can be useful for finding interesting rules. It also discusses
the impact on the visualization of a large number of rules in
Chapter 4. In Chapter 5, the evaluation of such a system is
discussed. Finally, the study is concluded with a summary of the
primary contributions of this work and an outline of future work
in Chapter 6.
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2 Theory
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This section briefly introduces work related to 3DMVS. The
concepts of association rules are introduced first, followed by
several well-known techniques used for visualization of the
association rules. Next, diversity methods used to reduce the
number of association rules are compared. Finally, an approach
is proposed.

Association rule

Let I={i1, i2, ..., im} be a set of m distinct attributes, T be the
transaction that contains a set of items such that T €I, and D is a
database with different transaction records Ts. An association
rule is an implication in the form of X — Y where X, YcI are sets
of items called item sets, and X N Y = @. X is called antecedent or
left-hand-side (LHS) while Y is called consequent or right-hand-
side (RHS), the rule means X implies Y [4][6].

There are two measures of association rules, support (s) and
confidence (c). As mentioned before, an association rule is applied
to discover the interesting frequent patterns from a large data set
for users. This means the possibility of occurrence should be
greater than or equal to the given threshold as well as the two
thresholds that are minimal support and minimal confidence.

Support

Support of the association rule X — Y is defined as the percentage
of records that contain XY to the total number of records in the
database. The count does not consider the quantities of the items
but the records covered by all items presented in the rule. Hence,
support is also called coverage. Support is calculated by the
following equation:

recordscontains(XNY)
total recordsof transactionin D

Support(X — Y)= (1)
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Based on the above definition, the support of an item is a
statistical value calculated from the records of the database. If it
assumes that the support of an item is 1%, it means only 1 percent
of the records in the transaction dataset contains this item.
Obviously, the items with low support are not attractive enough
for most customers. The retailer will not take interest in such
items, but rather the items with high support. Before the process
of mining association rules, algorithms such as Apriori [7] and FP-
growth [8] require users to specify the minimum support as a
threshold, which means that the users are only interested in
certain association rules with support greater than or equal to the
given threshold. Nevertheless, sometimes association rules
generated from the transaction dataset are still important, but the
support is lower than the given threshold. For example, some
products are expensive and they are not purchased so often. As a
result, the supports of association rules including these products
are lower than threshold. But association rules of this type are as
significant as other frequently brought as items to the retailer.

Confidence

The confidence of an association rule is defined as the percentage
of the records containing all the items in the rule compared to the
number of records only containing the antecedents. If the
percentage is greater than the threshold of confidence, rules will
be generated as a result. The following is the formula of
confidence:

Support(XNY)
Support(X)

Confidence(X — Y)= (2)

With respect to the transaction dataset, the confidence of the rule
X — Y is the proportion of transactions that contain X as well as
Y; and the rule’s specified minimum confidence is predefined by
users

In addition, confidence can be interpreted as an estimate of the
conditional probability, the possibility of finding the RHS of the
rule in transactions under the condition that these transactions
also contain the LHS [9] [10].

9
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Association rule visualization

Mining association rules always results in a large number of rules
[11] [12], including support and confidence, which should be
organized in such a way making them comprehensible to users.
By taking advantage of human perception and intuition, the
visualization of the association rules could be more
comprehensive for executives and other knowledge workers to
dramatically improve their ability to grasp information found in
the data.

The visualization of association rules needs to make the
relationship between the antecedents and consequence more
easily accessible to users. In general, users lack in knowledge of
data mining. The visualization also needs to clearly depict the two
main measures support and confidence at the same time.

The visualization of association rules has been studied for more
than forty years [13]. Several techniques have been developed to
visualize association rules; they can be categorized into five
different groups: table-based, graphs, parallel coordinates, scatter
plots and matrix.

Table-based view

Tables have been used as a tool to store data since the 1970s [14],
but it is also an alternative way for data visualization. The table-
based view is the most common and traditional way of
representing association rules.

Based on the definition of table-based visualization, each variable
of the association rule can be represented in one column,
including rule IDs, items in the LHS and RHS, support and the
confidence measures.

In this illustrative technique, each row represents a specific
association rule. An example of a table-based visualization of the
association rules is shown in Table 2.1. It is useful for users to
consider the features and relations of the specific rules, even with
querying and sorting mechanisms. Due to its simplicity, the table-

10
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based view has remained popular in visualizing association rules
[3] [15]. However, with a growing number of rules, it is not easy
for users to look for interesting items, rules, and relations within
the table because of its textural representation.

Table.2.1 Sample of table-based visualization

ID LHS RHS support confidence
1 {CityStay=nonurban,Cyber_Victi |{Cyberbullyi 0.332 0.931
m=No} ng=No}
{TrainingUsagelnternet=No,Feel .
2 |SafeUselnternet=Enough,Cyber_ (Cyberbullyi 0.257 0.897
L ng=No}
Victim=No}
{UsagelnternetPersonalCapabilit
ies=b,FeelSafeUselnternet=Enoug {{Cyberbullyi
3 h,TheftPersonalData=No,Cyber_ | ng=No} 0.252 0.895
Victim=No}
{FeelSafeUselnternet=Enough,Th
eftPersonalData=No,Cyber_Victi {Cyberbullyi
4 m=No,discr_YearsStartUseIntern | ng=No} 0.292 0.894
et=(5,10]}
5 {C1tyB1rth=n9nurban,Cyber_Vlct {Cyberbullyi 0.287 0.892
im=No} ng=No}
{CityBirth=urban,FeelSafeUselnt .
6 |ernet=Enough, TheftPersonalDat {C}r]lbe:ﬁl;;lyl 0.287 0.892
a=No,Cyber_Victim=No} &
{TrainingUsagelnternet=No,Feel
7 |SafeUselnternet=Enough,Cyber_ (TheftPerson 0.272 0.948
. . alData=No}
Victim=No}
{UsagelnternetPersonalCapabilit
8 ies=b,FeelSafeUselnternet=Enoug [{Cyber_Victi 0.252 1
h, TheftPersonalData=No,Cyberb m=No} '
ullying=No}
{CityStay=urban,CityBirth=urba .
9 |n,TheftPersonalData=No,Cyberb {Cyber_Victi 0.272 1
. m=No}
ullying=No}
{CityBirth=urban,FeelSafeUselnt ..
10 |ernet=Enough, TheftPersonalDat || Y2=Vict | o7 1
. m=No}
a=No,Cyberbullying=No}

11
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Graph-based view

Another widely used technique for the visualization of
association rules is the graph-based view [15] [16]. The
visualization of association rules in the form of graphs, vertices in
the graph typically represent the items or item-sets, and edges
indicate the relation between the LHS and the RHS. Interesting
measure support is usually added to the graph by increasing the
area of a vertex, while the confidence is depicted by color or width
of the arrows displaying the edges. For example, in Figure 2.2,
one resulting association rule is that the items represented by
green 6 and green 8 imply the items represented by red 1 and red
9. The example rule has a darker and wider edge, which indicates
the higher support and confidence of the rule. But how much
higher is difficult to tell.

Although this kind of visualization represents association rules in
a more vivid and concise manner than table-based view, the
graph-based visualization has a cluttering problem and is
difficult to interpret when the number of items and association
rules increase [17]. In addition, since there are a large number of
rules and items, the most important disadvantage of a graph-
based view is finding a specific item or rule in the graph. Thus,
the graph-based view is only available for small sets of rules.

Figure 2.2 shows a subset of the association rules in the graph-
based view, connecting the antecedents and consequences
through the blue vertex. The edges in the graph encode the
support (darkness of lines) and confidence (width of lines) of the
rules. While in Figure 2.3, around 10,000 association rules are
displayed, which will make it more difficult for the data manager
to explore its information to any greater extent.

12
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Fig 2.2 Example of the graph-based view of association rules (5 rules) [2]

Fig 2.3 Example of the graph-based view of association rules (9,785 rules)
(17]

13
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Parallel coordinates

Parallel coordinates [18] [19] [20] [21] as a visualization technique
is another way of representing individual high-dimension data
in two dimension [15]. In parallel coordinates, each dimension of
the data is displayed separately as a parallel coordinate line (x-
axis) and each item is represented as a multiple segment line that
intersects the parallel coordinates.

In the parallel coordinate view, each item in the dataset provides
a parallel coordinate which means the number of coordinates is
the same as the sum of the items in the LHS and RHS of the
resulting rules, and the association rules are drawn by the
connection of related items within the parallel coordinate
structure [22]. As shown in Figure 2.3, the top line on the top
depicts a rule(soda, popcorn) — (salty snack), where the thickness
represents the confidence.

A number of visualization methods for association rule have been
developed based on this technique [22] [23]. Visualizing
association rules based on parallel coordinates [22], the items
were arranged by item group in order to display the items
belonging to the same group together. To avoid the cluttering
problem, the items within the same group were listed in
descending according to the support. In [23], an association rule
is visualized by connecting items in the rule, one item on each
parallel coordinate with continuous polynomial curves. Each
coordinate can also be used to visualize an item taxonomy tree.

However, it is obvious that such methods have overlapping lines
when there is a large number of rules, which also creates
ambiguity when multiple association rules are included in the
same item.

14
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Parallel coordinates plot for 10 rules

salty snack —
sugar -

butter

soda -

baking powder
four -

ham -
Instant food products

Fig 2.4 Example of visualization of association rules by parallel coordinates
(10 rules) [24]

Fig 2.5 Example of visualization of association rules by parallel coordinates
(774 rules) [17]

15
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Scatter plot

A straightforward visualization technique for association rules is
scatter plot, which is graphical display of sets of data in Cartesian
coordinate system. One coordinate represents the horizontal
distance and the other represents the vertical distance (dependent
variable) of a data point from the coordinate axis [25].

Instead of displaying the items, the scatter plot shows the
dispersion of two important measures of the association rules
with the x-axis representing the support and y-axis depicting the
confidence [26].

Figure 2.6 introduces a special version of a scatter plot called a
two-key plot. Here, support and confidence are used for the x-
axes and y-axes and the color of the points is used to indicate
“order,” i.e., the number of items contained in the rule.

Two-key plot
1 —m=
B order 6
0.9 - {c
u ©
£ W order 5
]
3 08 o8
5
2 % order 4
c ¥ .
8 074 s
3= order 3
0.6 = ‘
- order 2
0.5 —{ s
| I T T
0.005 0.01 0.015 0.02
support

Fig 2.6 Example of scatter plot for the visualization of association rules [24].

16
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The advantage of the scatter plot technique is that it works well
for very large sets of association rules and it is easy to implement
zooming into the plot. However, there is no enough space to
display the labels of the rules, which is time-consuming when
exploring specific rules out of a large number of rules.

Matrix-based view

The matrix-based view is a good solution for the visual
representation the high dimensional nature of association rules.
Within the matrix, rows display the RHS items and columns
depict the LHS items, which means techniques of this type
organize the antecedent and consequent item-sets on the x-axes
and y-axes respectively [5] [27] [28] [29]. Support and confidence
are shown in different colors and shapes at the intersections
between the LHS items and RHS items. If no rule is available for
a antecedent/consequent combination the intersection area is
blank. As shown in Fig 2.7, light green is used for selected LHS
and the dark green is for unselected LHS. While the color red is
used for the RHS. The grey-scale colors are used to code different
values of support.

Although this kind of technique provides an effective overview
of association rules, there are drawbacks. Since the matrix
becomes equally large as the number of the association rule when
the items increase. The multiple antecedents or consequences will
have conflict in the same intersection, it becomes difficult to
decode [30]. Furthermore, it is not easy to find the relationship
between the items even when the data-set is small.

17



3D matrix-based visualization system of
association rules
Biying Wang 2016-06-10

)
T

|
il
Y

Fig 2.7 The matrix view shows the maximum support of the association
rules (encoded as dark grayscale) at the intersection of the LHS (left) and
RHS (top) items [2]

Ong et al. [5], presented another method of mapping the two
measures support and confidence to the rows and columns to
overcome scalability issues. Each cell in this model depicts a
group of rules with same measures. Nevertheless, the issues such
as identifying specific relations and decoding the visual display
are still existing.

Another improved matrix-based visualization view of association
rules is the use of 3D bars at the intersection [5] [24]. An example
is shown in Fig 2.8, the drawbacks are that the number of
rows/columns depends on the number of unique consequents/
antecedents in the set of rules and the size of the colored squares
or the 3D bars become very small and hard to see due to the
multiple antecedents of the discovered rules.

18



2.3

3D matrix-based visualization system of

association rules
Biying Wang 2016-06-10

Matrix with 5668 rules

lift
0

Anlecedent (LHS)

0 5 10 1% 20 25

Consequent (RHS)

Fig 2.8 An example of the matrix-based visualization with 3D bars [31]

Compared to the matrix-based visualization with bar chart in 3D
for text mining [32], a novel method was proposed that represents
a topic by columns and each item belonging to the topic in the
finding rules is displayed on rows in this column. Different colors
are employed to distinguish the LHS items and the RHS items.
Support and confidence is depicted by the bar chart at the back of
the matrix. It not only offers users a more precise portrayal of the
relation between LHS items and RHS items, but it is also easy for
the users to understand and interpret. However, when the items
and the rules increase by a lot, this method is still not scalable.

Reducing the rules

However, all of visualization techniques have a common
weakness. The methods do not work well with a large number of
rules because of the screen clutter problem. One way to solve this
is to reduce the number of rules discovered, which can help tackle
this problem on a large scale.
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Reducing redundant resulting rules was proposed as a good
method to decrease the number of rules, which is done in two
steps, first the rules that have the similar meaning are identified
and then eliminated them [33]. Cover methods processed using
clustering and selecting participants within clusters have been
studied by many researchers, such as cover structure [35] [36],
rule clustering[34], instance cover [34] [35] [37].

For cover structure method, the [36] formed cluster of rules based
on the structure distance of antecedent. A cover structure is to
select the most representative rule from each cluster. While [35]
define a structure cover as a subset of the original set of rules.
Such rule cover contains the most general rules of the original rule
set.

The rule clustering was processed by selecting highly ranked
association rules one by one and forming clusters of objects
covered by each rule until all the objects in the data set were
covered [34].

In the instance cover in [37], the author employed hierarchical
clustering to partition the initial rule set into thematically
coherent subsets, which was able to group and summarize large
sets of association rules according to the items contained in each
rule.

However, when the discovered rules have been reduced by the
methods above, there will be still a large number of rules
considering the extreme dispersion of the rules. Taking all
interesting measures into account, pre-processing the rules by
selecting high ranking rules (less than 50% of the total amount)
before running the cover algorithm, shows that a small number
of rules can produce a similar result as whole association rule set
[38].

However, discarding rules using above methods may risk losing
rules that could be of interest to users. Since the threshold of
support and confidence was pre-set by data owners, increasing
the threshold of support and confidence could easily and simply
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reduce the number of rules. But considering the worst case
scenario where decentralization of all items, the support could be
set to a lower value, which means that even the discarded rules
could be valuable for users. A new method merging is proposed
in this study without excluding any discovered rules.
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Method

In this section, a brief introduction to the data set is introduced,
followed by the methods employed by 3DMVS.

Data Set

The association rule data set used in this study has 19 attributes
and 134 rules. The objective of these resulting association rules
refer to a student questionnaire on the internet usage,
cyberbullying and cyber-victimization.

Overview

In Chapter 2 several popular techniques were introduced. The
table-based view is the simplest one but only useful for a small
number of association rules and specific rules. Graph-based
visualization techniques are more intuitive but only can deal with
small data sets, because of the cluttering. The parallel coordinates
view is also intuitive but the overlapping problem cannot be
avoided when there is a large number of rules. Another
alternative method to visually represent association rules is the
matrix-based view, which can provide an effective overview of
the rules but it is hard to understand the relations between items
and there is also an overlapping problem.

In other words, the most common problems are displaying a large
number of association rules on a single screen without cluttering,
clearly showing the relation between the antecedents and the
consequents and making the visualization easier for users to
understand.

Hence, 3DMSV employs an extended matrix-based approach
with rule-to-items mapping depicting association rules in 3D
graphical representation with various interactions. There are four
areas of display: the Visual Representation Area, the Interaction
Area, the Rules Information Area, and the Information of Selected
Rule Area. The Visual Representation Area not only provides an
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overview of all association rules, but also varies following the
different users interactions. The Interaction area provides
different functions like sorting, filtering, zoom, rotation and real-
time highlighting of selected cell for user to explore the interesting
rules as shown in Fig 3.1. The Rules Information Area shows the
basic information of the rule set, such as the number of items
involved and the number of association rules etc. The Information
of Selected Rule Area offers complete details of the visual rules of
the selected cell, which provides users with clear information
about the specific rule. When applying novel methods” merging
and weighting, users can find more important items within the
generated rule, and discover the more frequent consequence items
of the new rules.
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Fig 3.1 A screenshot of the 3D visualization system with three displaying

areas and interaction area

Extending matrix-based view in 3D

Taking multiple antecedents into consideration, the 2D item-to-
item matrix mapping was replaced by extending the rule-to-items
mapping from visualizing topics in text mining [5] in order to
visualize the general association rules in the transaction data set.
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Item-to-item 2D matrix visualization often result in clutter
problems if the rules have multiple antecedents. To tackle this
problem, this study extends rule-to-items mapping in general
transaction data set, where one column depicts one rule with
different cells displaying the antecedents and consequents Also,
the two important measures support and confidence are depicted
along with the rules. All main features of a rule are distinguished
by different colors. An extended 3D matrix-based visualization of
this type offers a more comprehensible and understandable
overview of all the association rules.

Merging rules and assigning weight

With a growing number of data sets, the association rules mining
always results in a large number of rules, which is a main
challenge for current visualization tools. As mentioned in
Chapter 2, some reduction methods like selecting part of
discovered association rules and then visualizing them using
clustering may increase the risk of losing interesting rules for
users. Thus, a new merging method based on the former rules is
proposed in this study.

The merging processes is shown as follows:

(1) Scan and group all the association rules by consequent
(2) Merge the rules in each group

(3) Assign the weight of each item in the new rule

Since this study only focuses on visualizing directly from
resultant association rules rather than the generation process of
association rules, the novel merging method is based on the rules’
known information, the relation between antecedents and
consequence, support and confidence. Support is defined as the
coverage of the item sets in the transaction data set, which could
also be regarded as the frequency of item sets that appear in the
transaction data set. Confidence is defined as the probability of
the consequents appearing in the records at the same time as
antecedents. In other words, it can be considered as the
importance of the rule.
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However, the support and the confidence are generated by the
generating process of the association rules. If focus is on the
resultant association rules only, these two measures are not of
relevance to each other.

By taking the frequency of the different consequents and
importance of the rules into consideration, a new measure
assigned by the novel merging method, which can be called the
frequent-confidence of the generated rules. Weight or frequent-
confidence is the frequency with which one item appears in
antecedents combined with the confidence of the rules, which can
show how important this item is to the rules. Since the group
generation only takes consequence into consideration and
confidence is an important measure, the calculation of weight
relies on the appearance of each item compared to its consequence
and the confidence of the rules.

To clarify the process of the weight calculation, the representation
of association rules are changed so that all items in the LHS are
connected to each other with “ +’. Thus an association rule can be
denoted as };;=; X; = Y, where n is the total number of the items
within the LHS. The processes of weight calculation is shown as
follows:

(1) Scan the association rules set, group the rules with the same
RHS into the same group
(2) For each group, repeat (3),(4)
(3) Within the group, the weight of each item in the LHS is the
sum of confidence of the LHS containing this item. This is denoted
Wi
(4) Within the group, the weight of the consequent is the sum of
all the confidence values belonging to this group. This is denoted
W.

J
(5) The new rule generated using weight is represented as

n
Z WiXi i W]Y
i=1
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Where w;represents the importance of each item within the rules,
w;shows the coverage of different consequents of the generated
rules.

Following the new rule merging method, weighted association
rules of this type have reduced the dimension of the rules. Not
only has the number of rules decreased, but also the main factors
have replaced the support and confidence with new measure
weight. The weight calculation depends on both confidence and
appearance of different items, where appearance could be
considered the frequency of an item to the rules with the same
consequence. In other words, if merging rules with the method
we propose, all antecedents have their own probability implying
consequent, which means the relation between antecedents is ‘or’
not ‘and’. With ‘or’ relations between antecedents having the
same consequence, the new support and confidence would
approximate to 100%. Displaying these two incomparable
measures becomes redundant.

Interactivity

Exploring interesting association rules requires user interaction,
which is of significance to the visualization system. The
fundamental interactivity is to provide sorting and filtering to the
original support and confidence as well as filter the new measure
weight. Interesting association rules explorers can easily find
rules with high support confidence or weight.

The basic information of the association rules displayed in the
visual graph provides a more concrete overview of the rule sets.
In addition, once the user clicks a cell in the Visual Representation
Area of the 3DMVS, the selected cell is highlighted and the details
are shown in the visual graph. Highlighting mechanisms of this
type allow users to specify one rule out a large number of
discovered rule sets. Displaying the details of the rules helps
users to further identify and understand specific information
regarding these rules. In addition, interactivity such as zooming
in, zooming out, and rotation of three axes is also included.
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Implementation of the visual system

This Chapter provides a brief introduction to 3DMVS, followed
by the process of visualization [39], including mapping, selection,
presentation, interactivity and human factors.

Introduction of the system

The main interface of 3DMVS was shown in Figure 4.1, where the
Visual Representation Area is located to the left while the main
functions can be found to the right. As mentioned in previous
chapters, all of the functions are clearly displaying in our system.
The remaining two areas provide further information from
different aspects of the association rule sets and the selected rule.
Figure 4.2 shows the weighted method part of the visualization
system.
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Fig 4.1 The interface of the 3D matrix-based visualization system, normal

method
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Fig 4.2 The interface of the 3D matrix-based visualization system, weighted
method

Mapping

The first step of visualization process mapping was introduced in
“Data and Information Visualization Methods, and Interactive
Mechanisms: A Survey (2011) “, i.e. how to visualize information
and transform the data representation into visual form. In
3DMVS, the input is a set of association rules stored in an Excel
file, which should be represented in a fixed format. The data
source of the Excel file should have two sheets, one listing all
items included in the resulting association rules. The other sheet
should provide the specific rules in the table-based view, where
all items of the rules are separated into different columns with
titles such as LHS1, LHS2,RHS, Support and Confidence.

To improve the efficiency of this visual system, 3DMVS employs
a Data-table instead of an SQL server database as storage
structure. Using an SQL server as storage structure was tested
and turned out to be time-consuming in the first version of this
system. The scanning time would increase as the number of the
association rules increased. The Data-table method is offered by
Visual Studio 2013, which uses the memory of the computer to
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support formats like common table. By scanning the Excel file, the
new mapped rules were generated in a format where each
column represents one item and each row one rule. The values of
support and confidence are considered one item, which displays
at the end of the 3DMVS.

A simple example is shown in Figure 4.3. The different bars in the
graph represent different factors of association rules. Each item
label is displayed along the axis. Users can easily find the
relations between items by mapping all the items with labels in
one specific rule. This 3DMVS provides users with an overview
of all the rules and offers an additional aspect which allows going
into details of the specific rules.

Fig 4.3 An example of mapping rules

Selection and presentation

The second step of the visualization process is selection, which
means selecting data from the whole resulting set directly
depends on the aim to obtain visual graphics or pictorial
representation [24]. Since there few resultant rules are available,
selection does not have to be applied.

The visualization perspective presentation is the third step, i.e.

how to efficiently manage and organize information in the limited
space on the screen.
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As shown in Figure 4.3, 3DMVS presents the rules with multiple
antecedents and a unique consequent in a 3D matrix-based visual
representation, where the blue bar depicts the antecedent and the
red bar depicts the consequents. Support and confidence bars are
displayed at the end of the matrix in different colors, and the
value of these two measures are explained by the height of the bar.

The right part of the interface is the user exploration zone, where
users can upload Excel files, manage the rules in the normal way,
or the weighted way proposed by this study, and obtain details
about the set of rules or about specific rules.

Interactivity

The next process is interactivity, which refers to provide functions
used to organize, explore, and rearrange the visualization [39].
User-friendly interactivity is always considered of importance for
a visualization system, since such interactivity enables users to
better explore, understand and interpret association rules, which
improves their exploration capabilities.

The 3DMVS provides various interactivity to simplify exploration,
such as sorting and filtering, display of general information of the
rule sets, highlight selected cells in the matrix and depict the
detailed information of the rule at the same time, and offer
zooming and rotation of the 3D display.

When clicking the submit button, visual representation is
displayed immediately in the left visualization zone, and general
information such as the number of items, number of rules,
minimum support and minimum confidence is displayed in the
text box at the same time. This is shown below in Figure 4.4
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Fig 4.4 General information of the association rule sets

Sorting and filtering

For user exploration of interesting association rules, rules with
high support and confidence seems to be more attractive. Sorting
and filtering makes it easier for users to find interesting rules with
high support and confidence. With the highest support and
confidence displayed on the right side close to the items labels,
3DMVS brings a more explicit overview for users.

An example of sorting interesting measures support is shown in
Figure 4.5. An example of sorting interesting measures
confidence is shown in Figure 4.6.

Fig 4.5 Interestingness measure support sorting (dark green)
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Fig 4.6 Interestingness measure confidence sorting (light green)

Filtering enables users to dynamically adjust the number of
association rules to display, which means decreasing information
quantity that need to displayed. Applying filtering to the
interestingness measures of support or confidence helps users to
select association rules with higher support or confidence. Since
this purpose need some dynamic query values to manipulate are
required, visual widgets can play an important role. The 3DMVS
takes advantage of the track bar to ajust the threshold of support
and confidence.

An example of filtering interesting measures support >0.5 is
shown in Figure 4.7. An example of filtering interesting measures
confidence >0.9 is shown in Figure 4.8. Figure 4.5and Figure 4.6
display the whole rule set; filtered rules are easier to understand
for users.
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Fig.4.8 Interestingness measure confidence filtering ( confidence >0.9)

Applying the weighted method, filtering weight could help users
to find items that are more important to the rules with the same
consequence. The track bar enables quick adjustment of the query
parameters and instantaneous view of filtered results in the
visualization in real time. An example is shown in Figure 4.9.
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Fig.4.9 the filtering of interestingness measure weight

Detail overview

3DMVS provides multiple views that combine a display of the
overview and a detailed view. The overview gives a distribution
for the whole association rule sets, and details are displayed in
text. Highlighting mechanisms help users to specify one rule out
of many the discovered rule sets without zooming. This type of
interactivity makes the overview more accessible by exploring the
rules they are interested in.

When users click the representation generated by the 3DMVS, all
information about the association rules will be displayed in the
text together with the visual representation, including
antecedents, consequents, support and confidence. Since an
association rule is a single entity, if only part of the association
rules is displayed, it is not meaningful for explorers. If the cell
clicked is empty, there is no more detailed information to display.
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Zoom and rotation

The details in text-box enables users to obtain a part view of
specific rules, while the visual interface zoom could facilitate for
users to obtain the part visual representation as well. 3DMVS
supports alternative interface where different details can be
zoomed in and zoomed out take the user back to the overview.
An example is shown in Figure 4.10.
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Fig 4.10 A screen-shot of zooming
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The rotation function supports three different axes, which could
be a way to avoid the occlusion problem. The different aspects of
the overview offers clearer and more accessible view for the
explorer. An example is shown in Figure 4.11.

Fig 4.11 An example of rotation
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Evaluation and discussion

3DMVS can help users explore the rules they are interested in,
which did to produce tangible results. What makes 3DMVS a
good visualization for association rules?

The quality of a visualization system lies in its ability to quickly
and reliably transmit data from source to destination [40]. It is
also mentioned in [ Data and Information Visualization Methods,
and Interactive Mechanisms: A Survey ] [39] that visualization is
the transformation of symbolic representation to geometric
representation. While in [ A Salience-based Quality Metric for
Visualization ] [41], the quality of visualization images depends on
factors such as domain-specific requirements, the user’s needs
and expectations, source data set and techniques used. However,
in the case of a specific visualization system, we need to combine
those evaluation techniques with an individual visualization
system.

Using the results in [ On Evaluating Information Visualization
Techniques ] [42], two sets of criteria are used for the evaluation,
first the usability of visual representations is tested, followed by
testing the interaction mechanisms.

Usability testing

The usability of a visualization system is introduced from four
aspects, including completeness, spatial organization,
information coding and state transition.

Completeness

Completeness is associated with the method of representing all
the semantic contents of the data to be displayed. The data set
used in this study is a set of association rules, consisting of five
factors including antecedents, consequents, the relation between
them, support and confidence. A good visual representation
needs to display all factors clearly in the visualization.
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According to the results, the five factors are represented in their
entirety, each antecedent and the consequent of a rule, as well as
interesting measures support and confidence. The four main
factors are displayed in one column to connect the relationship
between them. The basic information of the whole set of
association rules includes 19 items and 134 rules, which was given
in a text format. The relations between items are imposed by the
visual representation using the rule-to-items method. However,
with a growing number of association rule sets, the visual image
could increase cognitive complexity, leaving users with a
compact visual representation.

Spatial organization

Spatial organization was introduced in [On Evaluating
Information Visualization Techniques] [42], which is related to
the overall layout of a visual representation, which comprises an
analysis of how easy it is to locate information elements on the
display and be aware of the overall distribution of information
elements in the representation [. 3DMVS displays association
rules in 3D visual representation, where one column shows one
rule using different colors to display the features of the rule,
implying the relation between items within the rules. The Z-axis
values are displayed by the bar chart which enables users a clear
overall view of all items of the data set. A smaller value is denoted
items within the rules in order to avoid occlusion problems, since
support and confidence is displayed at the end of the visual
representation.

Codification of information

Additional codification of information is another aspect 3DMVS
uses to evaluate visualization techniques, which means not only
to map data elements to visual elements, but also offer additional
symbols or realistic characteristics to build additional
representation. Since 3DMVS takes advantage of the ability of
obtaining information from human perspective vision system.
The opposite colors are easier to distinguish for human beings.
The additional representation will be taken into consideration in
future studies.
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State transition

Another important aspect of information visualization techniques
is the result of rebuilding the visual representation after a user
action [42]. 3DMVS responds the user’s movements by different
state transitions that are supported by different data tables. Using
different data tables to store the results of the queries, 3DMVS can
maintain all state transitions according to interactivity, such as
sorting or filtering with different interestingness measures. The
time consumed by the technique to maintain all state transitions
and changes in the spatial organization of the resulting image are
also important factors that can affect the perception of
information. Changing the resulting image in spatial organization
requires two-layers of loops, which is unavoidable based on this
matrix-based approach. A disadvantage is that if the number of
the rules increases, the time will increase as well.

Interaction testing

To evaluate the interaction of a visualization system, various
functions are needed to support user tasks in visualization
applications. There are three categories for testing interaction
mechanisms (orientation and help, navigation and querying, and
data set reduction) [39].

Orientation and help

Help and user orientation features are defined by a representation
of additional information, such as support for the user to control
level of details, redo/undo user actions.

Orientation and help could help users become familiar with the
visualization system and guide them to the right operation in this
system. All interactions have a short instructions for each
function supported by the 3DMVS, which could provide users to
a better understanding of 3DMVS. When the mouse moves over
the interface in 3DMVS, a description of the area will describe the
functions of each area. If the users do not follow the exploration
instructions a message box will pop up reminding them follow
the instructions.
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Navigation and querying

Following the evaluation process in [39], navigation and
browsing techniques should be analyzed in terms of possibilities
and how easy it is to a data element, change user point of view,
manipulate geometric representations of data elements, and
search and query for specific information. This part of the
evaluation process should be tested by users. However, there is
not enough time to evaluate our system using an online survey.
Meanwhile, not all the users can provide objective evaluations.

Several features are proposed, such as clicking the mouse to
obtain more details of the specific rule from the overview,
zooming provides detail changes for the user, and rotation offers
users different views of the 3D visual representation, which needs
to be further evaluated by users.

Data set reduction

The last subset of criteria of the evaluation process mentioned in
[ Data and Information Visualization Methods, and Interactive
Mechanisms: A Survey | [39] is related to the data set reduction
features provided by the technique. 3DMVS provides filtering
and a merging method allowing a reduction of the information
shown at a certain point in time, which leads to a more rapid
adjustment to the focus of interest.

Filtering of support and confidence enables data explorers to
focus on the subset of the rules that have higher support and
confidence. The new merging method in generating the new rules
with weight reduces the dimension of the association rules, which
also provides a novel way to view more important items of a
specific rule.
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Discussion of the visual ability

This section presents a more concrete discussion about the visual
representation with the same set of association rules. This is
followed by a comparison of the 3D matrix-based view and
weighted merging rules visualization, to show both advantages
and disadvantages.

Comparing the 3D matrix visualization with other methods

Figure 5.1 shows a scatter plot visual representation of the 134
rules. As mentioned in Chapter 2, users can only obtain an
overview of the whole set of rules with the main measures
support, confidence and lift. Discovering relations between items
could be difficult for users; grayscale could contribute to
interesting relations being difficult to find.

Scatter plot for 134 rules

confidence

085+ *
i

suppon

Fig 5.1 Scatter plot of the data set including 134 rules
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Figure 5.2 illustrates the 134 rules in parallel coordinates. All
factors of an association rule is displayed in a single image, where
users can easily find the relations between items as well as the
interestingness measures support and confidence. Thus if the
number of the rules is low, parallel coordinates is a good option.
However, users may struggle to explore interesting one since
color and the width of the lines are unable to convey the
differences between the rules.

Paraliel coordinates plot for 134 rules
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Fig 5.2 Parallel coordinates plot for 134 rules

3DMVS is an interactive system as opposed to visual images.
3DMVS not only provides user interactivity for further
exploration, but also displays all factors of the association rules
needed on a single screen. In such a 3D matrix-based view, the
rules become more understandable and comprehensible.
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Comparison of original visual graph with weighted one
Comparing Figure 4.1 with Figure 4.2, there are some differences.

The visual representation of all association rules mainly focuses
on displaying all factors of an rule in a more understandable and
comprehensible way to support user exploration. Such
visualization depicts the relations between the items of a rule, as
well as support and confidence, which helps user to explore
interesting rules.

A method of weight is proposed to handle a large number of
association rules based on assumptions, which could reduce the
number rules. Moreover, the weight of the item cloud also be
explained as the importance or contribution of one rule with
specific consequence, which also employs the filtering to select
more vital ones. The weight of consequence provide a comparison
of the generated rules, which explains the attendances of a
specific consequent in the data set of association rules.
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6 Conclusion and future work

In this study, a visualization of association rules called 3DMVS
was implemented. 3DMVS employs rule-to-items mapping
instead of item-to-item mapping, and is able to multiple
antecedents. The new measure weight was calculated during
rules merging, which represents probability of an item implying
the same consequence. Necessary interactivity such as sorting
and filtering was also achieved in this system. Moreover, once a
user clicks the a cell in the matrix, the details will be shown
immediately in the visual representation.

3DMVS is able to visualize the association rules with multiple
antecedents, not only depicts the relations between items but also
providing information about each item. It is designed according
to Shneiderman’s visual information seeking metric “overview
first, zoom and filter, then details on demand”. Displaying the
matrix-based overview in 3D makes the visual representation
more vivid and clear for the exploration. The new method
merging the original rules with assigning a new measure weight
reduces the discovered rules reduces the problem with the
visualization system. Visualizing the merged association rules
with weight provides an overview of each item within the rules,
making it easier for users to find more interesting items in the
rules. The interactivity of sorting and filtering interestingness
measures including support, confidence and weight, facilitates
exploring and finding interesting rules. Another real-time
interactivity consists of users being able to learn more about a
specific rule by clicking the visual representation, which helps
users to further identify and understand specific information
about these rules. The results indicate that the design can easily
handle hundreds of multiple antecedents and a large number of
association rules in a 3D display including human interactions,
without occlusion and no screen swapping.

An obvious trade-off in this system is that it only supports Excel

tiles with the xls filename extension. The system is inefficient for
a large number of rules; the system requires two loops to prepare
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rules for visualization. The algorithm for mapping the real rules
with the visual representation needs improvement to decrease
time. The support for different kinds of files needs completion.
Improving the efficiency of the mapping algorithm is also of
significance.

Ethical considerations

The input xIs file of the resultant association rules has been kept
private during this study, not any actual content from the data
source were published.

The xIs file was only used to test 3DMVS. But the result of the
system cloud contain sensitive or valuable information, the use of
which should be limited.
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