







































































CHAPTER 2. THE THEORY OF MULTIDIMENSIONAL SCALING 9

to the matrix of proximities, it is not so much an exact procedure as rather
a way to rearrange the points (objects) in an efficient manner so as to arrive
at the configuration that best approximates the observed distances. The fol-
lowing example is trivial, and merely serves to demonstrate the relationship
between proximity data and visual mapping. Table 2.1 demonstrates the
distances, measured with an Euclidean metric, between five points. These
points have been labeled from A, B, C, D, E. Since the proximities in this
case are specifically distance based, the proximity type is clearly dissimilar-
ity. A Classical Scaling procedure with p equal to two, when performed with
this data as an input, produces the graphical results shown in Figure 2.1

with corresponding vectors in Table 2.2.

Table 2.1: Distance Matrix Example

A B C D E

0 3 3 424 05
3 0 424 3 277
3 424 0 3 2.7
4.24 3 3 0 3.74
0.5 277 277 374 0

2O Qw»

Table 2.2: Coordinate Vectors: p = 2

V1 V2
A | -1.802 0.000
B | 0.346 2.120
C | 0346 -2.120
D | 2429 0.000
E | -1.285 0.011

The MDS procedure reveals that the data describes a perfect square with
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5. Steps two to four are repeated until either:

(a) Stress has reached an acceptably low point, or
(b) The value of stress has converged given the set tolerance.
(¢) The value of stress has not converged given the set tolerance, but
the maximum number of iterations have been reached
In the case of 5(b) or (c) where stress is unacceptably high, do 6.

6. Perform one or more of the following.

Tolerance value decreased.

(a)
(b) Starting configuration altered.
(c)

)

(d) Or alternatively, MDS is abandoned.

p is increased.

2.4 Stress & Strain

The previous Section made extensive reference to the functions collectively
known as “stress” in the computation procedure during the Multidimen-
sional Scaling algorithm. While there do exist other measures to evaluate
the degree of correspondence between the distance among points implied
by the MDS map and the observed proximity matrix, the various forms of

stress have become the norm within Multidimensional Scaling.

2.4.1 General Form of Stress

The general form of the various stress functions is as follows:

ni i (f(0i5) — dij)?

i=1 j=i+1

2.2
scale (2.2)

In the equation d;; refers to the i 4t element of the n x n observed proximity

matrix A, and f(d;;) is some smoothing function of this data (Cox and
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STRESS1 =

2.4.3 STRESS-2

STRESS-2 is an alternative to STRESS-1 and differs only with regards to the
scaling factor in its calculation. The scaling factor becomes >~ Y (d;; —d..)?
where d.. is the overall mean distance of all pairs of points combined in the

ordination configuration. The equation 2.3 shows the complete formula for
STRESS-2.

ni 2 (f(6ij) — dij)?
i=1 j=i+1

1 n
-1 n

STRESS2 =

! (2.4)
> > (dij—d.)?

i=1 j=i+1

The scaling factor of STRESS-2 places more of a restriction on the con-
figuration and results in higher stress values (Cox and Cox, 2001) and for

this reason is often considered less desirable than STRESS-1.

2.4.4 Normalised Raw Stress

Normalised Raw Stress (NRS) is another form of Stress that is widely used.
It is defined as the squared version of STRESS-1 and thus has the following

formula:

(2.5)

The effect of squaring the STRESS-1 value results in normalised raw stress
scores being much lower than those of STRESS-1. This version of stress can

thus be considered to be less strict than others.
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2.4.5 Strain

STRAIN is a loss function that is specifically applicable to Classical Scaling.
While the stress values already discussed may be used on Classical Scaling
examples with the same interpretation as other MDS methods, the option
of Strain is also applicable. The STRAIN formula is given by equation
(2.6), where the n x m data matrix is given by Z and the matrix of MDS

configuration coordinates is given by X.

STRAIN = tr[(ZZT — XXT)T(ZZ" — XXT)] (2.6)

2.4.6 Interpretation of Stress

As stated, a stress value of zero indicates a perfect fit of points from the
MDS procedure; however it is not necessary for an MDS based mapping to
have zero stress in order to be informative or useful. Stress values close to
zero are also tolerable due to an allowable amount of distortion in the model.
The cut off value for what range of stress is permissible is largely subjective
and may vary depending on the type of data being used or the level of
accuracy desired by the researcher. It is also important to note that stress
is expected to be higher on data with more samples and more variables,
so extreme care must be taken when comparing stress values of data sets
with different sizes. There are however, a few broad rules of thumb which
may be useful for researchers to remember when performing this method of

ordination. The following table summarizes the suggested rules when using
STRESS-1.

Table 2.3: Interpretation of STRESS-1

Interpretation | Stress Value
Ideal 0-0.1
Acceptable 0.1-0.15
Unacceptable 0.15-1

Of course, even when stress values are sufficiently low to be counted as
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acceptable, a certain amount of care must be exercised when interpreting
the configuration of points. By definition, any amount of stress that is
present is due to at least one of the distances between a pair of points
being distorted on the MDS configuration (possibly all to some degree).
This means that whenever one wishes to make certain conclusions based on
specific pairings, it is wise to first check on the accuracy of that specific
element of the configuration. Necessary diagnostic tools do exist for this
type of checking, and will be elaborated on in Section 2.6. On the other
hand, in general, even mappings with higher stress values are potentially
able to provide some sense of what small scale patterns exist within the
data. That is to say, only patterns when viewing the configuration from
a zoomed out perspective might be reliable. Zoomed in observations of
intricate details (large scale patterns) would not be reliable. This is due
to the fact that longer distances tend to be more accurate than shorter
distances on a relative scale. This claim can be verified with the aid of a
simple example.

Figure 2.2 demonstrates how longer distances are generally more accu-
rate. In the figure we see the lengths between two different point pairings.
These pairings are A-B and D-E with the true distances between points
seen to be 3 units and 10 units respectively. The distances between points
A-C and D-F however represent the lengths between the original points as
seen from an MDS ordination configuration. The MDS calculated lengths
for the pairings are 2 and 9 units respectively. In both cases, therefore, the
ordination distance is exactly 1 unit short of the true distance. It is simple
then to see that in the case of this ordination result, A to C is 66% accurate
of A-B while D to F is 90% accurate of D-E. The greater distance therefore
exhibits greater accuracy than the shorter when faced with the exact same
error.

Using Normalised Stress (NRS) as an example, the effect on the two

scenarios is

(3-2)°
22

(10 — 9)2

g = 0.012

NRSAB(C) = =0.25 and NRSDE(F) =

Clearly the stress value for the longer distances is much smaller, even
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input of any MDS procedure. This Section will discuss the derivation of both

similarity and dissimilarity’s within the context of Multidimensional Scaling.

2.8.1 Measuring Dissimilarities

The use of dissimilarities as the proximities in MDS is probably the most
common. For the sake of generality, dissimilarities as proximities will be
the primary form of proximity referred to in this dissertation and will be
used exclusively in the MDS-GUI to be discussed in Chapters 5 and 6.
Dissimilarities between objects of interest can be measured directly and
therefore a dissimilarity matrix constructed manually. It is, however, quite
possible and more common to calculate the distances between objects in an
n X m data set with one of a number of different dissimilarity measures. A
selection of these measures of dissimilarities are presented here, and will be

referred to regularly throughout the remainder of this dissertation.

2.8.1.1 Euclidean Distance

The Euclidean Distance measurement is the measure that most people as-
sociate with the word “distance”. The derivation of the formula is based on

the Pythagorean principals.

m
5rs = (xri - -Tsi)2
=1

The Euclidean Distance is, as stated, the most common form of measurement
used when calculating distance proximities from data for MDS methods. In
addition, it is the measurement most often used for evaluating the resulting
MDS configurations in terms of calculating the D matrix used in the various
formulas of stress. This, as with so many of the calibrations of MDS, is the
norm but not the rule. The Euclidean Distance as a measurement is simply
used most often due to its mental visualization and ease of use to most

researchers.
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2.8.1.2 Weighted Euclidean Distance

The Weighted Euclidean distance measurement is, as the name suggests, an
extension of the Euclidean Distance. The Weighted Euclidean measurement
formula incorporates an additional factor in its calculation, being a weight
component where each of the m variables in the data have an individual

weighting.

m
57"5 = Z Wy ($7‘i - fljsi)2
=1

This feature may be useful in a number of different ways. Firstly, it allows
the researcher to place more or less importance on certain variables if it
is appropriate to the situation. Alternatively in the event that there are
variables with very high variance, a lower weighting may be applied and

vice versa for when variance is very low.

2.8.1.3 Mahalanobis Distance

The Mahalanobis Distance was developed by an Indian statistician, Maha-
lanobis (1936). The measurement makes use of the covariance matrix and
therefore has uses when there are suspected patterns based on the correla-

tions between variables in the data.

Ors = \/(Xr:(nxl) - st(nxl))TZ(—nlxn) (Xr:(nxl) — XS:(nxl))

This measurement of distance has a wide range of applications, but has
been found to be particularly useful in cluster analysis and the detection of
outliers (Mahalanobis, 1936).

2.8.1.4 City Block Metric

This distance measure was initially conceptualized by Minkowski in the early
1900’s, (Evans, 2010) and has alternative names, such as the Manhattan Dis-
tance and, more recently the L1 distance (Cha, 2007). It will however be
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referred to as the City Block distance in this dissertation and has the form
shown below. The City Block Metric assigns importance to only mutually
orthogonal distances, unlike the Euclidean Distance which assigns equal im-

portance to all directions (Heiser, 1988).

m

Ors = E |$m' — Tsj

=1

A property of this metric is that a set of points with equal distances to a cen-
tral point creates a square; whereas the corresponding Euclidean situation

reveals a circle.

2.8.1.5 Minkowski Metric

Another of Minkowski’s metric distance conceptualizations was named after
himself, and is called the Minkowski metric. This metric has generalised
properties of both the Euclidean Distance and Minkowski’s own City Block
Metric.

m
— A
57“5 = 5 wi|$ri — Tsg A
=1

This measure of distance has had particularly noteworthy use in the area
of equations of motion in the field of Physics (Evans, 2010).
Further observation reveals that three special cases of the Minkowski

Metric exist. These three special cases are as follows:

1. In the event that A\ = 2 and w; = 1, the Euclidean Distance formula

is achieved.

2. In the event that A = 2 and w; # 1, the Weighted Euclidean Distance

is achieved

3. In the event that A = 1 and w; = 1, the City Block Metric is achieved.



CHAPTER 2. THE THEORY OF MULTIDIMENSIONAL SCALING 36

2.8.1.6 Canberra Metric

The Canberra Metric was first conceptualised by Lance and Williams (1966).

The measurement of distance is a weighted version of the City Block Metric.

The metric is defined only when z,; and x,; are non-negative, and most
importantly when x,; + z¢; # 0. The measure of distance has particular use
in the measure of disarray for ranked lists, with most notable applications

in functional genomics (Jurman et al., 2009).

2.8.1.7 Bray-Curtis Distance

This measure of distance, developed by Bray and Curtis (1957), is specif-
ically a non-metric measurement. This means that the dissimilarity mea-
surement does not preserve the ratios and intervals of the distances, only

the order.

m
> T — s

5 13

rs — ;B m
Z(Qjm + l'sz)
=1

The Bray-Curtis Distance is known for its robust and reliable results with

applications mostly in ecology and other natural sciences (Schulz, 2007).

2.8.1.8 Soergel Distance

The Soergel metric is strictly for non-negative data.

NE

|xm xsi‘

Il
N

M3

ma:c(a:ri, xsi)
1

.
Il
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The metric has had its most notable application in discovering efficiency
hammock paths (Hossain et al., 2010).
2.8.1.9 Bhattacharyya Distance

A. Bhattacharyya was a colleague of Mahalanobis and developed this metric

measurement in 1943 (Bhattacharyya, 1943).

The measure has use for comparing samples in a wide range of fields of

application, including computer science and biology.

2.8.1.10 Wave-Hedges Distance

The Wave-Hedges metric assigns higher weights to large relative distances.

m
Z ( min $r17$52)>
max xr'w xsz)

=1

’GM—‘

The metric has been found to have uses in content based image retrieval

systems (Kamiechetty et al., 2002).

2.8.1.11 Angular Separation

Angular Separation has a slightly different take on distance measurement.
The form of measure usually observes the distance between two points mea-

sured from a single reference point.
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Angular Separation is most commonly used in the measures of the distance
between celestial bodies from the Earth. For astronomical applications, the

result is usually converted to degrees or radians.

2.8.1.12 Divergence

The Divergence formula is given by:

where x,; + x5 # 0. Applications for the Divergence distance have been
found in using it as a discrimination measure for hidden Markov mod-

els (Silva and Narayanan, 2006).

2.8.2 Measuring Similarities

Proximities in the form of similarity matrices are also possible within the
scope of Multidimensional Scaling. It is more common to accumulate the
proximity data manually when measuring the similarities between objects
than when gathering information for dissimilarities. This is usually done by,
preferably objectively, assigning each pairing a score from a range where,
say, a high score indicates very similar and a low score indicates not at all
similar. Once again, the resulting proximity matrix is often symmetric, but
this need not be the case.

It is often desirable for a researcher to transform the similarity matrix
into a dissimilarity matrix for ease of the MDS computations. As mentioned
before, in the MDS-GUI transformation will always be desirable and is au-
tomatically performed (to be discussed later). A number of ways exist that
allow for this transformation. In the event that the scoring of the similarities
is done on a range between 0 and 1, a direct conversion can be made. For

example the following three conversions are possible.

Ops =1 — 5.4
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Ors = V1 — 5p4

Ops = /1 — S%s
where s, is the similarity score between the rt" and st objects. This of
course preserves the 0-1 range for the dissimilarity scores. If on the other
hand the similarity scoring is not done on a range between 0 and 1, there are
further options. The researcher is able to scale the proximities to between

0 and 1 and proceed as before, or else they are able to use the maximum

score as the upper bound, thus:

Ors = max(s) — Sps

This transformation only holds when Vs,s; > 0 as should be expected when
gathering similarity data.

Similarity measures are also often appropriate when dealing with binary
data. Similarity coefficients from binary data are calculated with any of a
number of different methods, two of which will be discussed in this Section.
Before these coefficient formulas are addressed, a brief explanation of the
terms in the formulas must be provided. This is done using the following

simple table, which has been formulated by (Cox and Cox, 2001).

Table 2.4: Binary Data Similarity Coefficient Key

Object r Object s

1 0
a b a+b

0 c d c+d
a+c¢c b+d| | m=a+b+c+d

Table 2.4 shows how the components a, b, ¢ and d are made up for any
two objects, say r and s, when the total number of binary variables in the
data is equal to m. They are defined as follows: a is defined as the number
of variables that have 1 for both s and r; b is the number of variables that

are 1 for s and 0 for r; ¢ is the number of variables that have 0 for s and
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1 for r; and finally d is the number of variables that have a score of 0 for
both s and . With these definitions established, the following similarity

coefficients may now be discussed.

2.8.2.1 Jaccard Coefficient

The Jaccard Coefficient is defined as the intersection between two sets di-
vided by the union of the sets. In terms of binary data with the descriptions
demonstrated by Table 2.4, the Jaccard Coeflicient is given by the following

formula:

B a
a+b+c

ST’S

The coefficient is widely used in measuring the similarity of data sets and
does so with the proportion of positive matches over total instances. The
Jaccard Coefficient is thus applicable to cases where only positive matches

are relevant.

2.8.2.2 Simple Matching Coefficient

The Simple Matching Coefficient is an extension of the Jaccard Coefficient
and differs by the fact that while the Jaccard Coefficient only accounts for
shared positives, the Simple Matching Coefficient accounts for both positive

and negative matches. The formula is given below:

a+d
a+b+c+d

Srs =

The formula demonstrates the Simple Matching Coefficient is comprised
of the ratio of total matches (positive and negative) over total instances.
The Simple Matching Coefficient is applicable when any form of match is

significant.
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2.8.2.3 Correlation

A form of measurement that has proven to be popular when using MDS
is that of the correlation between objects. This popularity no doubt stems
from the fact that the concept of correlation is known widely throughout all
scientific fields and is very easy to calculate for large sets of data, thanks
to modern software. Correlation is another statistic that is often referred
to generally, however a number of forms of correlation do exist: three of
which will be discussed. These three correlation methods are: Pearson’s
Correlation, Spearman’s Rank Correlation and Kendall’s tau. The Pear-
son’s Correlation is defined as the covariance of two variables divided by the

product of their standard deviations.

m

(xri - fr)(xsi - xs)
=1

m
(xri - 3_77’)2 (xsi - j'5)2
i=1 i=1

The Spearman’s Rank Correlation is an extension of Pearson’s Correla-

/
Pearson's : 5,5 =

tion and has been adapted to specifically deal with ranked data. The format
of the formula is unchanged from the Pearson’s Correlation, with the only
difference being that all raw data is converted to rank scores. The following
equation is exactly the same as before, with the exception that R(z,;) is de-
fined as the rank of the i*" element of the 7" variable and R(z,) is defined

as the mean rank of the 7" variable.

5> (R(wei) — R(we)(R(2s:) — R(z3))

i=1

\/::nl(R(ﬁm) - R(l'r))g Zé(R(xSZ) — R($s))2

SpearmansRank : 8,5 =

The Kendall’s Tau Coeflicient is used in testing for independence be-
tween variables and is applicable to ranked data. The formula below re-

quires some explanation. The term ‘concordant pairs’ refers to the number
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of corresponding joint pairings between two ranked vectors that are in agree-
ment. For example (Bolboaca and Jantschi, 2006) if the pairs, (z,i, 2, )
and (xs;,2s;), are compared between variable r and variable s, they are
said to be concordant if either R(x,;) > R(xr;) and R(xs;) > R(xsj) or
R(zy;) < R(zyj) and R(zs) < R(zsj). Conversely, the pairs are termed
‘discordant’ if neither of these hold. The total number of concordant pairs
is given by C and the total number of discordant pairs is given by D. The

resulting Kendall’s Tau Correlation formula is given by:

C-D

Kendall'sTau : sps = +———
sn(n—1)

The values of the resulting proximity matrices from all three of these
formulas will be between 0 and 1, with higher values indicating greater
similarity between objects. It can therefore be treated exactly the same as

any other similarity matrix with that range of values.

2.9 Setting up of MDS Procedure

Section 2.3, entitled The General MDS Algorithm, made reference to a num-
ber of adjustable parameters that are involved in most Multidimensional
Scaling procedures. While most of these parameters have been elaborated
on in previous sections, this Section will summarise the decisions a researcher
will need to make when performing MDS procedures. This will be done with
particular emphasis on the choices that must be made before a first attempt
at MDS. Each of these parameters is expected to affect the final coordinate
configuration in some way, albeit some tend to have a greater influence than
others.

Firstly, before any form of ordination can be attempted, it is naturally
important that the multidimensional data be decided upon. Referring to
Section 2.8, it can be seen that there are a number of choices that must be
made with regards to the proximity matrix used in the MDS process. These
choices are namely: deciding whether to form the proximity matrix directly
(manual counting) or indirectly (proximity calculations); having the prox-

imities as similarities or dissimilarities; and finally accepting a symmetric
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2.10.2 Interpreting Axes and Dimension

Section 2.9 made reference to what are called ‘axes of variation’ in the scope
of interpretation of MDS results. The example given was of in the case of
breeds of dog being analysed and a possible axis of variation being aggres-
siveness. These axes should not be confused with the scaffolding axes in
which the configuration is plotted, which will be equal to p. In fact the axes
of variation are usually defined exclusively by the m variables in the original
data set. The presence of these axes is therefore only applicable when the
proximity data is based on a n X m matrix Z and not from a predefined
D matrix. These m possible axes are defined in terms of the points and
are thus affected by the orientation of configuration. They are defined with
the use of a multiple linear regression model which is explained by Kruskal
and Wish (1978) and elaborated on by Cox and Cox (2001). The regression
prediction biplot axes method is used to construct these axes. For more in-
formation see Gower and Hand (1996), Section 3.3.2. The regression model
has the dependent vector variable k as the k" column from the data Z. The
independent variables are the coordinates of the points in the final configu-
ration. These coordinates are in the form of matrix X. The regression model

for original variable k is then:
z, = XB + €

An estimate of B;, the parameter vector, is defined using the the least

squares estimate given by:
B = (X"X)"'X"z;

These axes are then defined to pass through the origin of the configu-
ration based on the directional cosines, /@k / Z[Ai’fk, and calibrated in the
original units of measurement.

If each of the m axes are illustrated on the configuration, the plot will
have m lines passing through the origin in different directions, with each
line representing a variable from the data. The visualisation of these axes
of variation consequently allow the observation of how each object in the
configuration is influenced by each variable by assessing its orthogonal pro-

jection onto the axis. These axes have positive and negative ends, and the
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The result of this manipulation is that the configuration can be plotted over
the other in such a way that the corresponding points from the separate
sets are lined up with each other as closely as possible. Inspection of this
mapping thus allows the researcher to observe the nature of any dissimilar-
ities. The algebra behind such a process is quite complicated, however a
practical summary of the steps of the procedure are provided by Cox and
Cox (2000). The four step algorithm given below describes the process of
matching configuration Y:nxp to configuration X:nx ¢ when p = ¢: (The
case where p # ¢ requires some level of projection. The reader is referred to

the literature of Cox and Cox for detail on this alternative.)

1. Subtract the mean vectors for the configurations from each of the

respective points in order to have the centroids at the origin.

2. Find the rotation matrix A = (XTYYTX)%(YTX)*1 and rotate the
X configuration to XA

3. Scale the X configuration by multiplying each coordinate by p, where
p=tr(XTYYTX)? /tr(XTX)

4. Calculate the minimised and scaled value of

B2 =1— {tr(XTYYTX)2}2/{tr(XTX)tr(YTY)} Where R? assesses
the match of the two configurations and is referred to as the ‘Procrustes

Statistic’.

In Figure 2.11 a Procrustes Analysis is performed on the Sammon Map-
ping and Classical Scaling configurations of Figures 2.8 and 2.9. The output
demonstrates the result where the points corresponding to the Sammon
Mapping are in purple and those corresponding to the Classical Scaling are
green. Inspection of this combined plot suggests that both methods have
produced similar results in that all of the points have the same positioning.
The Sammon Mapping, however, appears to have given greater spread in
the axes, that is, in this case, vertical. Since the STRESS1 value associated
with the Sammon Mapping and Classical Scaling is roughly 0.18 and 0.4
respectively, it can safely be determined that the greater vertical spread has

contributed to a more accurate fit.


















Chapter 3

Mathematics of

Multidimensional Scaling

Chapter 2 gave an overview of Multidimensional Scaling from a theoretical
perspective and explained the general concepts behind the range of ordina-
tion methods. Chapter 3 will be focused on the mathematical perspective of
the multivariate techniques. Multidimensional Scaling can be divided into
two main categories, being Metric and Non-Metric. The second and third
Sections of this Chapter will therefore correspond to these two categories,
where each will describe some of the key MDS techniques of that category.
Finally a noteworthy independent method of MDS will be discussed.

3.1 General Mathematical Results

Before embarking on a discussion of the different MDS techniques a general

mathematical result used throughout this Chapter will be given.

3.1.1 Differentiation of Euclidean Distances

The elements of the matrix D is given by

P 3
drs = [Z(l'm - xsi)zl

i=1

The following cases need consideration:

60
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od 1|<& 1
Pr 2 Ll(x”' - >] (@)@ = 2) = 7= (k= )
» -3
od 1 -1
W‘:Z = 5 LZl ($ri - xsi)Ql (2)($rk - xsk)(_l) = Tm(xrk - xsk)
od
855:;:. =0 if t#rs
1, ifr=s.
Define the indicator function I =
0, otherwise.
Now it can be written that
od 1
al':]j = T(xrk - xsk)(ITt - ISt) (3'1)
Ts

fort=1,...nand k=1,...,p.

3.2 Metric MDS

Section 2.2.1 gave a brief description of the idea behind Metric Multidi-
mensional Scaling. The techniques of Metric Multidimensional Scaling are
structured in such a way that there is an assumption of metric qualities
in the measurement of the proximities. That is to say that the extent of
the (dis)similarities between points are taken into account. Thus the dis-
tances in metric MDS space preserve the intervals and ratios as well as
possible (Wickelmaier, 2003). The use of Metric Multidimensional Scal-
ing is only valid when the assumption of metric distances can be justified.
Continuing with the notation defined in Chapter 2, all methods of Metric
Multidimensional Scaling aim to do the following (Cox and Cox, 2001):
With n objects and the subsequent proximities 6,5, Metric MDS at-
tempts to find a set of points in a p dimensional space such that the distances
between these points, d,.; resemble as closely as possible d,.;. Formally this

is done in such a way that
drs ~ f(&"s)
where f(0,5) is a continuous parametric monotonic function. This function

is commonly in the form of the identity function, or alternatively attempts to
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The elements of B are then defined as b,s = z,” 5. Also, since it is desirable
to place the configuration in such a way that the centroid is at the origin,

n
> xy; = 0. Following this, it can be shown that

r=1

1 1 1 1 -~
brs = —3 (dis - rzldfs - n;dis +— Tzlszlcl%fs) (3-3)

It thus follows that
B =HAH (3.4)

where A is defined as —1d2, from (3.3) and H is a centering matrix

H=1-n1117 (3.5)

with 1 being the vector of 1’s. The double centered B is then written in

terms of its spectral decomposition
B = VAVT

where A is the diagonal matrix of eigenvalues of B and V is the matrix of
corresponding normalised eigenvectors. The number of p* positive eigenval-
ues are then ordered in the convenient manner, such that Ay > Ao > A3 >

...Ap= > 0. And hence, B can be re-written as
B; = ViA V]

with Ay = diag(M1...\p) and Vi = [vy,...,v:]. Since B = XX’ X can be
found by (3.6)
1
X = ViA? (3.6)

The appropriate coordinates for a desired p number of dimensions is thus
the X corresponding to the p largest eigenvalues and associated eigenvec-
tors. A useful feature of Classical Scaling is that of the nested dimensions
property. This means that, unlike other forms of MDS, the first p—1 dimen-
sions of a p dimensional result will correspond exactly to the result when a
p — 1 dimensional case is sought. A useful four step formula for performing

Classical Scaling is given by Borg and Groenen (2005).

1. Compute the matrix of squared dissimilarities, AZ.
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2. Apply double centering to this matrix. Thus B = HAH, where A =
{-i*} and H=1-n"'117

3. Compute the eigendecomposition of B, thus giving B = VAVT,

1
4. With the means of the resulting equation, X = VA7, find the coor-

dinate matrix X corresponding to the user’s desired p.

3.2.1.1 Classical Scaling using Optimisation

The Classical Scaling method just described is a strictly algebraic and non it-
erative process and does not find a solution through optimising any loss func-
tion. Alternative Classical Scaling solutions however have been developed
where Classical Scaling is viewed as a problem solved by optimisation. Car-
roll et al. (1976), de Leeuw and Heiser (1982) and Ter Braak (1992) discussed
Classical Scaling with linear constraints imposed. Borg and Groenen (2005)
describes this process.

The solution X:n X p is found as a set of linear constraints on the input

objects by variables matrix Z:n x m such that
X =ZC

where C:m X p are weights to be optimised.

The minimising strain function is given by

S =tr[(B - XXT)(B - XX7)T]
= tr[(B — ZCCTZ")(B - zCcCcTz")T] (3.7)
Let the singular value decomposition of Z = P®Q”. Then X = P®Q’C =

PD where P:n x m has mutually orthonormal columns, PTP = I,,,, and
D = ®Q’C.



CHAPTER 3. MATHEMATICS OF MULTIDIMENSIONAL SCALING65

Now

S =tr[(B — PDDPT)(B — PDD’PT)T]

tr

[
(BB — BPDD'P? — PDDTP’B + PDD’P PDD? P’]

tr(BB + PDD’ DD’ P’ — 2BPDD”P7]

tr(BB +DD'DD” — 2P"BPDD” + P"BPP'BP — P"BPP’BP]
tr(BBT — (PTBP)(PTBP) + (P"BP — DD”)(P"BP — DD7)]

tr(BBT) — tr[(PTBP)(PTBP)T| + tr[(PTBP — DD)(P"BP — DD”)7]
(3.8)

Only the final term in (3.8) depends on D. (3.8) will be a minimum when
P"BP = DD”

ie. PTVAVTP = DD” = (PTVAZ)(PTVA2)T

Now PTVAZ is an m x n matrix and D is m x p. It follows from
the Eckart and Young theorem (Eckart and Young, 1936) that (3.8) is a
minimum when D = PTVlAl% with V7 and Al% the first p columns as
defined in (3.6)

The weight matrix C is then given by solving

1
»Q C =PIV A2

yielding C = qulPTVlAl% .

The process repeats until the difference in loss statistics between itera-
tions is negligible and thus the optimised C has been found.

For an alternative method of Classical Scaling with optimisation,
see Lewis and Trosset (2009) who show a method of variable alternation and
non-convex duality. It should be noted that the MDS-GUI will only supply
the Classical Scaling method described in 3.2.1.

3.2.2 Least Squares Scaling

Metric Least Squares Scaling attempts to approximate 6,s with d,.s by means
of minimisation of a loss function. The method was first suggested by Sam-

mon (1969) and can be seen as a Metric form of the Non-Metric Sammon
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Mapping which will be discussed in Section 3.3.2. Similar to the Classi-
cal Scaling above, the following is derived from Cox and Cox (2001) which
should be referred to for further discussion on the topic. The minimising
loss function is called S and is given in the following equation:
Z 5r_sl (drs - 57“8)2
S =" 3.9
> b (39

r<s

The numerator of the equation uses 0! as a weighting factor and has the
effect of giving smaller dissimilarities in the configuration a greater weighting

in the loss function. In addition the summed component, _ 4,5 is used as
r<s
a normalising term and serves the purpose of making S scale free.

Using the result of (3.1) the following is shown:

256, Mdrs — 6rs)

oS _ r<s 8drs
8.I'tk Z 57‘5 8$tk
r<s
2 drs — Ors Trk — Tok; t t
S I -1
O DR S S G
<5 r<s
2 - (dls - 515)(931k - %k) 1t t
_ s
Z 5rs {Z 6lsdls ( )
r<s §=2
(dos — 02s)(Tak — Tsk) , 1o t
It -7r
" Z Sads ( )
+ ...
n Z dp—2 5 On—2 s)(xn*lk — xSk‘) (In—z,t o Ist)
Pt n 2 sdn—Z,s
dnf n 5717 n n— - 4s n— S
+ ( 1, : 1, ;(IE 1,k — X k) (I 1t I t)} (3'10)
n—1nln—1n

but (I" — I") = 0 if t # r, s so that
ift=1:

8S . 2 r (dls — (518)(1‘1k — xsk)
axtk B Z 5rs {SE; 615dls + 0

r<s
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ift=2:
oS 2 (d12 — (512)(1‘1k — .%'Qk dgs — (538 xlk — l’sk)
= —|' +0
Oz, > Ors { 012d12 Z d2sd2s
r<s
ift=n—1:
oS _ 2 { (din—1 = 61;n—1)(Z1k — Tp_14) (—1)+
axtk Z 61”5 6l,n—1dl,n—l
r<s
n (dn—Z,n—l - 5n—2,n—1)($n—2,k - xn—l,k) (_1)
5n—2,n—1dn—2,n—1
T (dn—lm, - 6n—1,n)(xn—1,k - Jjn,k)
5n—1,ndn—1,n
ift=mn:
05 _ 2 { (di -1 — O01n—1)(T1k — Tp—1k) (—1) +
Oy, > Ors 01n—1d1,n—1
r<s
dn— n—1 7" 571— n— n— — dn—
+ ( 2,n—1 2, 1)(30 2k — T 1,k) (71)
5n72,n71dn72,n71
(dn—l n 5n—1 n)(xnfl k— Tn k)
’ ’ : —(—1
+ 5n71,ndn71,n ( )
(3.11)
which can be simplified to
aS 2 — (dts — b1s)
= Tl — Tg 3.12
oxyy, Z Ors ; Otsdis ( tk k) ( )
r<s

In order to minimise the function, the 6%1 = 0 must be solved with ¢t =
1,...,n;k = 1,...,p. A number of methods have been suggested for this
calculation, the most common of which is a method of steepest descent

(m)

by Sammon. The following formula assigns x,. "~ as the mt" iteration and

therefore mgzﬂ_l) is the iteration following it.
2
(m+1) _ (m) _ MF 95 0”5 3.13
xtk 8xtk 82.’Etk ( ’ )
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satisfied. The goodness-of-fit of these configurations are still measured with
the use of the Stress formulas as loss functions discussed in Section 2.4, where
the iterative procedures attempt to minimise the Stress. However, unlike,
Metric MDS, the f(x;;) = cZij and thus the sum of squares component is
based on the differences between the distance of points in the configuration

and their corresponding fitted values, thus > > (JZ] —d;;)?.

3.3.1 Kruskals MDS

The Non-Metric MDS method proposed by Kruskal (1964) makes use of
STRESS-1 (Kruskal’s Stress) as the loss function to be minimised in finding
an accurate MDS based configuration. This was the first version of MDS to
use a loss function of this nature. The transformation used in the method
is specifically in the form of an isotonic regression which is nonparametric
monotonely increasing. The reader is referred to Cox and Cox (2001) for a

proof of the fact that

N N

D (di—dp)* =D (di — dy)?

i=1 i=1
where {d} is any arbitrary set of distances and {d;} are the fitted values
from the isotonic regression. The following discussion of Kruskal’s method
is also from Cox and Cox (2001).

For convenience, the loss function, in the form of STRESS-1, will be

S = ﬁ (3.14)

with §* = 3 (dys — dys)? and T* = 3. d2,.

From (3.14) it follows that S? = S*T*~! and the differential equation

written in the following format
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follows as

S  9S* .1 o . o OT*

al'm' - (9$m'T + S (_T )&vm

oS 1 1 [oS* S*o0T*
C1VYTES*[1 08 1 9T

28

1 1 05" 1 0T™
==-5|— - — 3.15
where gx—‘i =2>(dvs — cirs)ggz and gg:: =2 "ds ggz
Once again, using result (3.1), (3.15) becomes
68 1 2 7 adrs 2 adrs
=3 drs - drs ~ e drsi
drs - drs drs 1
_ drs —drs s\ L\ — 1
drs - drs drs |$ri - xsi’
= T sy | /=2 - 1
s;< = 7| (3.16)

The minimum is then found using a method of steepest descent with the

following iterative formula

95 sl

0X
Xm+1 = Xm - 95
|ox

(3.17)

with X,,, being the m!" configuration and the initial X being some starting
configuration Xy. The sl term in the formula refers to, what Kruskal de-
scribed as, the ‘step length’. This step length component is itself iterative

in nature and has the following form.
Slpresent = Slprevious X (angle factor) x (relaxation factor) x (goodluck factor)

With the angle factor = 4.0°5°% where 6 = the angle between the present and

&)

previous gradients (§3). The relaxation factor W where the ‘5

+
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step ratio’ is = min [1, ( presentsiress )} Finally the ‘good luck factor’

stressbiterationsago

1 presentstress

) Dreviousstress |- This process can be summarised

is defined as the min

with the following step by step formula.
1. Choose xg
2. Find {d,s}, the Euclidean distances between points in X.
3. Fit the d, using an isotonic regression of the d,s on d,.

4. Find the gradient g—)s( If ‘g—)‘y < € where epsilon is a predefined toler-
ance value, the minimum stress has been achieved by the n*" configu-

ration and the process can stop. If not, proceed to step 5.
5. Compute the ‘step length’; sl.
6. Find configuration n+1 using (3.17)

7. Go to step 2.

3.3.2 Sammon Mapping

Sammon Mapping, also developed by Sammon (1969) is closely affiliated
with Metric Least Squares Scaling, which is discussed in Section 3.2.2. Many
texts refer to ‘Sammon Mapping’ as a Metric MDS process, and in these
cases the MDS in question is precisely Metric Least Squares Scaling. This
dissertation however will refer to Sammon Mapping in a Non-Metric MDS
sense, which is in accordance with the sammon function of the M ASS pack-
age. This function performs the primary calculations of Sammon Mapping
within the applications of the MDS-GUI. Details of this function and pack-
age can be found in Section 4.2.2.2.

The Non-Metric loss function associated with Sammon Mapping can

then be seen to be (3.18) which is clearly a Non-Metric version of (3.9).

Z ‘ir_sl (drs - sz)2
S == . (3.18)
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Following the logic given in Section 3.2.2, (3.18) is minimised by the

following.

~

S 2 " (dypt — dyg)
= . ~ " — 3.19
By S d. Z dod (Trk — T4;) (3.19)

r<s

r=1
This is solved by the steepest descent method first introduced in (3.13)

028
0?x4y,

m—+1 m aS
f‘/’gk )= xgk ) - MFiaxtk/

Once again, the MF component refers to the ‘Magic Factor’ developed
by Sammon (1969).

3.4 SMACOF

The SMACOF methods of Multidimensional Scaling are considered by many
to be one of the most accurate and convenient ways of performing MDS. The
name is an acronym for “Scaling by Majorising a Complicated Function”. As
the name suggests, SMACOF techniques aim to attain the minimum of the
appropriate loss function by means of a majorisation algorithm. SMACOF
has both Metric and Non-Metric formats, both of which will be discussed
in this Section. Firstly however, the majorisation algorithm must be sum-

marised.

3.4.1 The Majorisation Algorithm

The use of majorisation as a minimisation technique is one that is ever in-
creasing in popularity (Borg and Groenen, 2005). Borg and Groenen (2005)
describe a feature of iterative majorisation to be generating a monotonically
non increasing sequence of function values. The idea behind the method is
that each of these generated auxiliary functions be less complicated than the
original loss function to be minimised. This allows an iterative procedure
of minimisation of the current auxiliary function, where minimisation of the
simple function is less complicated. Figure 3.2 will aid the explanation of
the process where the minimum of some function f(x) must be located.
The function to be minimised, f(z), is shown in purple of Figure 3.2.

The majorisation process uses some appropriate auxiliary functions g(z,y),
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is actually at a local minimum. Improvements on the optimisation tech-
nique, with specific SMACOF applications, have been developed, but are
beyond the scope of this dissertation. For an example of one such method,
refer to Groenen and Heiser (1996), where the Tunneling method for global

optimisation is discussed.

3.4.2 Metric SMACOF

The following procedure is taken from Borg and Groenen (2005) and Cox
and Cox (2001). The loss function to be minimised by SMACOF will be in

the following form:

S = Z((srs - drs)2

r<s

=Y h D dr(X) =2 6sdrg(X) (3.20)

r<s r<s r<s

The first term in (3.20) is independent of X. Next

ngs(x) = Z {Z(wm - xsi)g}

rs 7

= 3" (X" A, X) = tr(XTAX) (3.21)

rs

where the matrix A, : n X n contains entries a,, = ass = 1, @rs = Qg =

—1 and all other entries zero. The matrix A has entries a,s = —1 if r # s
n
and apr = — Y aps.
1,r#s
Furthermore
1

Z 5rsdrs(X) = Z 67“3(2(-%"72 - -Z'sz')Q)E = z 6rs\/<xr - XS)T<X7‘ - Xs)
r<s r<s 3 r<s

The Cauchy-Schwarz inequality (Johnson and Wicheren, 2007) states
that (b7f)2 < (bTb)(fI'f) for any two equal length vectors b and f with

equality if and only if b = cf for some constant c.

Now

(%7 — XS)T(Yr - yS)]2 < [(xr — XS)T(XT —x)][(y, — Ys)T(.'Yr —¥s)]
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and

o — %) (% — x (xr — %) (y, — )
\/[( o bl V= vy, =)
tr(XTA,Y)

drs(Y)

Therefore Y 0,5drs(X) > Z T (Y)tr(XTATSY)
r<s
Define the matrix B(Y):n >< n with elements

) —ﬁ&), for r # s and d,s(Y) # 0.
0, for r # s and d,5(Y) =0

n

and by, = — > by
1,r#s
Then — 3~ §,5ds(X) < —tr(XTB(Y)Y)
r<s
The minimum obtained by the Cauchy-Schwarz inequality is given by

X =Y so that

= Orere(X) = —tr(X"B(X)X) < —tr(X"B(Y)Y) (3.22)

r<s

Combining (3.21) and (3.22) the majorisation inequality is given by

S =65+ tr(XTAX) — tr(X"B(X)X)

r<s
< o+ tr(XTAX) — tr(X"B(Y)Y) (3.23)
r<s

The minimum of the right hand side of (3.23) is obtained by setting the

derivative equal to zero.

B,
7% = 2AX —2B(Y)Y =0

AX =B(Y)Y
(3.24)

Since the matrix A is not of full rank the system of equations is solved

by the ‘Guttman Transform’ (Guttman, 1968) which in this case reduces to
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1
X=-B(Y)Y
n
The SMACOF algorithm guarantees a series of non-increasing Stress

values. In the initial step set Y = X© the starting configuration. Then

xm+1) = Lgxm)yxm
n

The algorithm terminates when S(X (™) — §(X(™*+1D) < ¢ or the maxi-

mum number of iterations is reached.

3.4.3 Non-Metric SMACOF

The theory behind Non-Metric SMACOF is virtually identical with only a

few subtle differences. Firstly, as expected the loss function S becomes.

S = Z(Cirs - dr5)2

r<s

This change has the effect of the method requiring two separate min-
imisations. The first minimisation is respective of d,; and can be done
with majorisation as shown in Section 3.4.2. The second minimisation is
respective of d,s which may be performed using isotonic regression. At each
iteration both minimisation steps are performed.

In general, the process goes as follows: From the starting configuration
Xy, the d,s and the corresponding drs are calculated. S is then minimised
with respect to d,s and then to az,«s, resulting in a new configuration Xj.

The process repeats until convergence.

3.5 Unidimensional Scaling

Unidimensional Scaling is the term used to describe Multidimensional Scal-
ing in only one dimension. The graphical result of such a process is all n
points on a single line, with the similarity or dissimilarity between ob9jects
being observed by the distance between them on the line. Some authors,
including Borg and Groenen (2005) and Cox and Cox (2001), consider Uni-

dimensional Scaling to be an unreliable method. This is due to the fact that
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it is habitually prone to converging on local minima. Many MDS methods,
including those already discussed, are able to make provisions for Unidi-
mensional Scaling by simply setting p = 1. Unidimensional Scaling specific
methods do exist, however, and the metric version of one of these will be
discussed here.

The function to be minimised is given by (3.25) (Cox and Cox, 2000).

S=> (0rs — |z — a4])? (3.25)

r<s

where d, is represented by |z, — x4/, the distance between the points r and
s on the straight line. Guttman (1968) shows that x is a local minimum of
S if and only if

1 @& ,
Ty = — Z Orssign(z, — xs) (3.26)
n s=1
With sign(x, —zs) = + when z, > zs and sign(x, —zs) = — when z, < x5.

Guttman then goes on to propose the following algorithm for finding minima.

n
a1 = % Z Srssign(zi™ — (M) (3.27)
s=1

The 2™ in (3.27) is the value of z, at the m!" iteration. In the event
that 2™ = xé’") and r # s, sign(x, — xs) is then denoted by + and
the corresponding sign(zs — ) becomes —. The algorithm continues until
$£m+1) - x$m+1) < e. Since the procedure is likely to be susceptible to many
minima, a number of starting points are considered with the hope that the

global minimum will be achieved.
Other approaches are suggested for performing Unidimensional Scaling,
including methods using dynamic programming and methods using linear
programming. The reader is referred to Cox and Cox (2000) for a summary

of these.

3.6 INDSCAL

The following method of MDS is not at present available in the MDS-GUI. It

is however intended to be the first method to be added in the next iteration of



CHAPTER 3. MATHEMATICS OF MULTIDIMENSIONAL SCALINGT79

the software. Steps have already been made towards its inclusion, including
a study of the method, which is described below.

INDSCAL was developed for types of data with more than two ways
(refer to Section 2.7.2 for description of ways). The proximities associated
with the data are thus denoted d,5; where the i specifies the index of the
set of observations, when N sets of observations exist. INDSCAL, being an
acronym for ‘Individual Differences Scaling’, was developed by Carroll and
Chang (1970).

The Metric INDSCAL method requires the derivation of two separate
spaces, both with p dimensions. The first space, as usual, depicts the config-
uration of n points relating to the objects and is called ‘The group stimulus
space’ (Cox and Cox, 2001). The second space, however, relates to the the
N individuals (‘The subject space’). These spaces are related in such a way
that the coordinates of the individuals in the subject space are the weights
in the weighted Euclidean distances between objects in the group stimulus
space. This ensures that each individual’s contribution to the proximities
score is preserved. The weighted distance between points in the configura-

tion is then defined by

1
p 2
drs,i = {Z wit(x'rt - xst)2} (328)
t=1

with wy; referring to the coordinate of the pt" dimension of the point relating
to individual ¢ from the subject space.

The algorithm for solving this problem proposed by Carroll and Chang
(1970) proceeds as follows: The distances measured between points in the
subject space are doubly centered producing matrix B;. Following the logic

shown in Equations (3.2) and (3.3) in Section 3.2.1, it is shown that

p
brs,i = Z Wit Tyt Lst
t=1
= HAH (3.29)

with H once again defined as H =1 —n"'117 and [A;],s = —%d%syi. S, the

loss function is then used to minimise the least squares estimates of {wj}
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including scroll bars to a table. As the software of this project makes
extensive use of tables and requires them to have numerous formats,

the Tktable add-on is essential.

¢ BWidget

The next add-on package, being the BWidget package, gives the tcltk
user access to further general tools of many different applications. The
expansion is also essential to a user who is creating a GUI with mul-
tiple levels, i.e. has software that allows additional toplevel windows
to be opened from the main toplevel window. Without the BWid-
get expansion, opening secondary toplevel windows tends to result in

errors. More on toplevel windows in Chapter 5.

The following three packages, being tkrplot, rpanel and tcltk2 are all
individual packages that are linked to the use of tcltk in R. While these three
packages are similar to Tktable and BWidget in that they are extensions
to the basic tcltk capabilities, they are different in that they are stand alone
packages that are not included in the default R library.

4.2.2.4 tkrplot package

The tkrplot package is essential to any tcltk user developing user interfaces
that incorporates R plots as graphics. Any software dealing with Multi-
dimensional Scaling will aim to output a graphical representation of the
ordination result, which is why the tkrplot package is required for this ap-
plication. The package tkrplot was written and is maintained by Tierney
(2011). Development of the MDS-GUTI utilised tkrplot_0.0-23.

The package makes use of two primary functions. These two functions
are tkrplot and tkrreplot. The first function, tkrplot, is called when
a tcl plot object is to be created. When a new tcl plot object is defined,
it usually entails naming the object and providing the method describing
the plot with a relevant R plotting function. Vertical and horizontal scaling
options are also available to the user. This plot object may be displayed
almost anywhere in the GUI with the use of the tkplace function. The

second function, tkrreplot, was created as a means of updating tcl plot
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objects that have already been created using the tkrplot function. For
instance, consider a plot object being created with the parameters being to
plot object X versus object Y. If at some point the values of X and/or Y
change, using the tkrreplot function will plot the new values on the same
plot object under the same configuration under which it was created. This
feature is particularly useful when graphically portraying the results of an

iterative procedure, such as MDS.

4.2.2.5 rpanel package

Rpanel provides a set of functions to build simple GUI controls for R func-
tions. These are built on the tcltk package. Uses could include changing a
parameter on a graph by animating it with a slider or a “doublebutton”, up
to more sophisticated control panels. Development of the MDS-GUI utilised
rpanel_1.0-6.

4.2.2.6 tcltk2 package

The tcltk2 package, written and maintained by Grosjean (2011), is an im-
portant add-on for the tcltk package and should also been seen as an up-
grade to it. While tcltk2 does have new features and offer widgets not
included in the standard package, it also provides upgraded versions on a
number of the existing widgets. Similar to the functions and widgets associ-
ated with the tcltk package, these will be elaborated on as needed through-
out Chapter 5. Development of the MDS-GUI utilised tcltk2_1.1-5.

4.2.2.7 RColorBrewer package

Not all packages used in the practical application had intense computational
purposes. The RColorBrewer package was put to use from a visual per-
spective. The package was authored and is maintained by Erich Neuwirth
and specialises in providing palettes of colours for graphical purposes with
emphasis on thematic maps (Neuwirth, 2011). These palettes are based
on the palettes compiled by Brewer and Harrower (2002) which were de-
signed with various applications in mind. There are three types of palettes

in the package, sequential, diverging and qualitative. Sequential palettes
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are appropriate when the visualisation is required to indicate the level of an
attribute. This is usually done with light colours indicating low values and
darker colours indicating higher values. Diverging palettes will give visual
indication of objects that are at either extreme of a spectrum. That is, mid
range values will be light, where low and high values will both be darker.
Finally, Qualitative palletes have no sequential relationship between the
gradient of the colours and are thus appropriate for categorical data. These
palletes are specifically designed to hold colours where each is as different
as possible to any other in the pallete so as to be distinguishable.

Three specific palettes were utilised, namely Set1, Paired and Dark2,
all three of which are Qualitative by design. Setl and Paired, comprising
9 and 12 colours respectively, were combined to form a larger palette for
representing objects with categories in MDS configurations. The Dark?2
palette, having eight colours, is used to distinguish between the underlying
variable axes shown on the MDS configuration. Development of the MDS-
GUI utilised RColorBrewer_1.0-5.

4.2.2.8 boot package

The boot package offers a host of data sets and functions related to the
bootstrapping procedure. Boot was written and is maintained by Canty
and Ripley (2010) and the content of the package is based almost entirely
on the book “Bootstrap Methods and Their Applications” by (Davison and
Hinkley, 1997). Development of the MDS-GUT utilised boot_1.3-4.

While no bootstrapping related functions were relevant to this applica-
tion; the package does contain a useful function for calculating the weighted
correlation coeflicient between two sets of data, corr. This was found to be
a convenient and appropriate way of calculating the correlation coefficient
between the input proximity matrix and the ordination distance matrix.
This correlation figure is then used as an alternative to the stress value in
terms of determining the goodness-of-fit of a configuration. This statistic is
of course interpreted in an inverse manner to that of stress, in that higher

values indicate better fit, with a maximum value of one.
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4.2.2.9 RGL package

OpenGL is an open source group of softwares that specialise in 2D and 3D
renditions of plots. The product is available as a stand alone program and
has also been incorporated and integrated into other environments. RGL
is the R based interface of the widely used OpenGL (SGI, 2012) and acts
as a 3D engine for the R-environment. The R version was written by Adler
and Murdoch (2011) and is maintained by Murdoch. Development of the
MDS-GUI utilised rgl_0.92-798.

The capabilities of rgl within R is vast and itself is the subject of multiple
research papers. As a result, the use of the 3D visualisation capabilities
in the scope of this application was minute. In the event that the MDS
configuration is produced with p equal to three, an option to output the
configuration in an interactive 3D format is given. In this case, a simple
3D scatterplot is created by the rgl package. This is done using the plot3d
function. Furthermore, if this is to be done using the text labels as points

on the graph, the text3d function is used.

4.2.2.10 scatterplot3d package

scatterplot3d is a visualisation package that creates a 3D rendition of
scatterplots on a 2D plane. The scatterplot3d package was written and
is maintained by Ligges and Méchler (2003). The three dimensional effect
on a two dimensional plot is achieved with the use of a grid like plane and
adjustable angles between axes. There is also the option to highlight points
depending on their depth in the third dimension. Therefore, objects closer
on the 3rd dimension will be lighter and those further away will be darker.
The sole function of the package is itself called scatterplot3d, however the
function has a possible 41 adjustable parameters which may be tweaked until
the visualisation most appropriate to the user is achieved. Development of
the MDS-GUI utilised scatterplot3d_0.3-31.

4.2.3 Other R-Packages of Interest

All packages mentioned to this point were used throughout all practical

software development. There are, however, a few other packages that have
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default and only transformation is an isotonic regression, as represented by
the step-function line on the Non-Metric Shepard Diagram. Alternative
options will include spline based transformations.

The intention of taking the MDS-GUI to further levels of development is
coupled with the understanding that this feat is likely to require a restruc-
turing of the code behind the GUI. As it stands, the GUI is governed by
global variables, which become messy and clutter up a workspace. Future
developments will require a class system be created which will use methods
and objects specific to the MDS-GUI. Although far more complicated, this
will improve the performance and reliability of the software.

Currently the MDS-GUI does not make provision for missing values.
Missing values can be accounted for in any of the MDS techniques based on
minimising some form of stress by incorporating weights. As an example,

the general stress function of equation (2.1) becomes

nil i wij (f(0ij) — dij)?

i=1 j=i+1

scale

1, if d;; is not missing.
where w;; =
0, if §;; is missing.
Further extensions are possible for other values of w;; as long as w;; > 0.
Future versions of the MDS-GUI will incorporate this technique into all

available methods of MDS.

5.7 Similar Software

Multidimensional Scaling capabilities are available in many mainstream an-
alytical software packages, such as STATISTICA (Statsoft, 2012) and the
SAS software package (SAS Institute Inc., 2011). These suites are however
not open source and require payment for licenses by the user. The pack-
ages are also not solely intended for Multidimensional Scaling and have been
found to have steep learning curves. The MDS-GUI will be the first publicly
available MDS specific performing GUI for the R environment. It is however

not the only MDS user interface that is freely available to the public. Two
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Figure 6.7: True Gene Association Network

6.2.1 SynTReN Microarray: General Analysis

The structure of microarray data is asymmetric and non-square, meaning
that uploading the data set into the MDS-GUI requires use of the Load
Dataset option in the Data menu. Once loaded, the n x n dissimilarity ma-
trix, A, is calculated automatically using whichever calculation measure is
under current selection (Euclidean Distance by default). Since this data re-
quires the dissimilarity calculation, a comparison of different MDS methods
and different proximity calculations can be performed. Table 6.2 gives the
Normalised Raw Stress (NRS) values, when p = 2, for each of the Metric
and Non-Metric MDS methods when performed using a proximity matrix de-
rived using a selection of four dissimilarity calculation measures (Euclidean
Distance, City-Block Metric, Canberra Metric and Wave-Hedges). In all
non-Classical Scaling cases, the starting configuration supplied is the Clas-

sical Scaling result.

Table 6.2: NRS Values on Microarray Data

Method Euclidean City-Block Canberra Wave-Hedges
Classical Scaling 0.055 0.040 0.119 0.201
Metric SMACOF 0.014 0.011 0.018 0.032
Met. Least Squares Scaling 0.045 0.029 0.097 0.170
Non-Metric SMACOF 0.004 0.004 0.004 0.005
Kruskal’s Analysis 0.004 0.004 0.004 0.005
Sammon Mapping 0.011 0.007 0.014 0.026
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shows the STRESS-2 values for each of the metric and non-metric MDS
methods of the MDS-GUI for p = 2. STRESS-2 has been selected as the
accuracy measurement criteria for this case-study in order to demonstrate
the use of a version of STRESS that is notably stricter than the Normalised
Raw Stress criteria. The four measurement methods selected for this study
are the Euclidean Metric, Angular Separation, Bray-Curtis Distance and
Bhattacharyya Distance. As before, the starting configuration for each case
is the configuration produced by Classical Scaling using the same proximity

matrix input. The tolerance is the default value of 0.00001.

Table 6.3: Stress-2 Values on Cereal Data

Method Euclidean AngularSeparation Bray-Curtis Bhattacharyya
Classical Scaling 1.000 0.452 0.617 1.000
Metric SMACOF 0.522 0.390 0.424 0.515
Met. Least Squares Scaling 0.695 0.419 0.459 0.718
Non-Metric SMACOF 0.304 0.332 0.310 0.310
Kruskal’s Analysis 0.304 0.332 0.310 0.310
Sammon Mapping 0.414 0.349 0.357 0.412

Inspection of the table suggests that, once again, Kruskal’s Analysis and
Non-Metric SMACOF produce the best results. Strictly, the dissimilarity
matrix calculated with the Euclidean Metric is most appropriate, however
in order to maintain a level of variety, the result using the Bray-Curtis mea-
sure will be carried through the case study. The difference in STRESS-2
values is a mere 0.007 and so the analysis can be made without any signifi-
cant loss of accuracy. The Bray-Curtis measure should technically be used
exclusively in non-metric studies, which rules out the use of the first three
MDS methods. In order to determine which of the Kruskal’s Analysis and
Non-Metric SMACOF should be used in the study, the respective Shepard
Diagrams are observed. These are provided in Figures 6.15(a) and 6.15(b)

The Shepard Diagram for the Kruskal’s configuration (Figure 6.15(a))
is reasonably well spread out. The Shepard Plot for the Non-Metric SMA-
COF, however, has very little visual spread with all the points lying within a
small horizontal range. From a Multidimensional Scaling point of view, this
has no effect in the accuracy of the model due to the fact that the method

is non-metric and therefore it is only the distance between the transformed
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Table A.1: Skull Variables

A.1-2

Variable Variable
Greatest Length L Breadth B
height H Auricular height OH
Circumference U | Sagittal Circumference | S

Cross-Circumference | Q Upper Face Height G’'H

Nasal Breadth NB Nasal Height NH

Cephalic Index B/L Height/Length H/L

Table A.2: Skulls Data

L B H OH U S Q G’H NB NH B/L H/7L
5F -2.27 -0.781 -1.74 -1.33 -1.89 -0.902 -1.48 -1.9 -1.41 -1.06 1.412 0.496
™ 0.0364 0.3764 -0.966 -0.685 0.3166 -0.652 -0.922 0.1855 -0.453 0.4895 0.2161 -1.12
10F -0.707 1.557 -0.327 0.1476 -0.418 -0.401 1.124 0.511 0.6635 -0.8 1.718 0.3807
13M 0.928 1.439 -0.675 -0.096 1.261 0.1838 1.557 1.357 2.577 0.7475 0.2161 -1.66
26M 1.671 1.676 1.163 1.621 2.171 1.52 2.053 0.4459 0.9187 0.2315 -0.213 -0.465
32M -0.558 0.8488 -1.93 -1.07 -0.278 -1.4 -0.364 -0.856 -0.293 1.263 1.074 -1.58
43F -1.45 0.2583 -1.55 -1.01 -1.01 -1.15 -0.488 -0.596 -1.09 -0.026 1.442 -0.196
45F -0.409 -0.45 -1.45 -2.63 -1.05 -1.57 -1.11 -0.596 -0.772 -2.09 0.0015 -1.2
46F -1.38 1.085 -0.675 -0.173 -0.208 -0.401 0.8756 -1.77 -0.453 -0.284 1.994 0.7268
52M -0.558 -0.096 -0.579 -0.173 -0.313 -0.401 -0.116 0.4459 -0.134 0.7475 0.3694 -0.081
58F 0.2593 -1.04 0.1955 0.1476 0.3516 0.1838 -0.24 1.227 1.142 0.7475 -0.979 -0.081
59F -0.112 -2.06 -0.772 0.7241 -0.733 -0.067 -0.612 -1.51 -1.41 0.2315 -1.41 -0.734
63F 0.5565 0.7307 0.4858 1.236 0.8414 1.604 1.247 -1.25 -0.772 0.2315 0.0322 -0.081
64F -1.75 -1.04 -0.579 -1.84 -1.75 -2.53 -2.35 -1.25 -0.453 -1.32 0.5839 1.265
66M -0.409 1.203 -0.966 0.0836 -0.068 -1.49 0.8756 1.227 0.6635 2.295 1.197 -0.658
70F -1.87 -0.923 -0.385 -0.493 -1.96 -1.15 -1.11 -1.12 -2.37 -0.026 0.9211 1.611
83F 1.077 1.557 -0.385 0.2117 1.191 1.103 0.3797 0.4459 1.381 -0.8 0.1854 -1.5
85M 0.8537 0.8488 0.1955 -0.557 0.9464 0.3091 -0.364 -1.64 -0.772 -0.8 -0.121 -0.658
86M -0.186 0.0221 0.9696 0.3398 -0.033 0.3091 0.1317 0.7062 -0.293 -0.8 0.1548 1.265
93bM -1.15 0.6126 -1.35 -1.07 -0.558 -1.24 0.2557 -0.465 0.6635 -1.06 1.442 -0.311
96M 1.002 1.321 1.744 1.749 1.261 1.771 2.115 -0.596 -0.453 0.7475 0.0935 0.8037
97F -1.6 1.085 0.0019 0.1476 -1.36 -0.735 -0.116 0.5761 0.6635 0.8764 2.209 1.765
99M 0.928 0.3764 0.9696 1.365 0.6665 0.6015 0.7516 -0.205 -1.25 -1.06 -0.52 0.0731
102M 0.185 0.1402 0.1955 -0.813 -0.488 -0.15 -0.488 0.4459 1.142 -1.32 -0.06 -0.004
112M 0.4822 -2.22 0.8342 -0.045 -0.488 -0.234 -0.86 0.6411 1.302 -0.284 -1.96 0.3807
120M 2.191 0.4945 0.9696 0.2117 2.451 0.8521 0.5036 1.748 1.302 2.295 -1.38 -1.16
121F 0.0364 -0.45 -1.16 -1.33 -0.418 -0.902 -0.86 -0.335 -0.453 -0.284 -0.366 -1.31
125M -0.261 -0.686 1.647 1.236 -0.313 0.1838 0.9995 -0.856 -0.612 -1.45 -0.305 2.073
136M 1.225 -1.04 -0.385 0.7241 0.8414 1.103 -0.116 1.097 0.5838 -0.026 -1.72 -1.66
137F 0.185 -0.923 -0.385 -0.557 -0.208 0.3091 -1.23 1.487 0.1053 0.2315 -0.826 -0.619
138M 0.3336 -0.332 -0.192 0.2117 0.0367 0.1838 -0.116 -0.856 -0.772 0.7475 -0.52 -0.581
139M 0.0364 -0.923 -0.385 0.0836 -0.698 -0.067 -0.364 -0.335 0.504 1.005 -0.703 -0.465
140F 0.7794 0.0221 0.9696 1.749 0.7714 0.9356 1.619 0.7062 0.823 -1.83 -0.642 0.2269
143M 0.185 0.0221 0.7761 -0.429 0.1067 0.1002 -0.116 0.3157 -0.214 -0.542 -0.152 0.6499
144F 1.077 -0.521 0.9696 1.493 0.9114 1.144 0.2557 0.8364 -0.772 1.005 -1.22 -0.081
145F 0.185 -0.096 1.744 0.7241 0.1417 1.855 0.5036 -0.075 0.504 0.6443 -0.244 1.688
146F 0.0364 -0.509 0.389 -1.33 -0.908 0.1002 -1.48 0.7062 -0.772 -0.155 -0.428 0.3807
148M 0.185 -1.75 0.2922 0.3398 0.0717 -0.15 -0.488 -0.856 -0.772 -0.026 -1.41 0.1115
151M -1 -0.805 0.389 0.0836 -0.628 -0.15 -0.86 -0.075 0.0255 0.2315 0.2468 1.496
152M 1.225 0.9669 1.937 0.9803 1.436 1.395 0.9995 2.008 1.78 1.263 -0.336 0.8037
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A.2 DMorse-Code Data

Morse-Code is a universal, non spoken, means of transmitting messages. The
code uses a series of long and short ‘beeps’ where every letter and number
has its own sequence. These long and short signals are described as ‘dashes’
and ‘dots’ respectively. Table A.3 gives the code sequences for each letter

of the alphabet and number from zero to nine.

Table A.3: Morse Code Symbols

Symbol | Code | Symbol | Code | Symbol | Code
A - M - - Y - -
B - N - Z -
C - (0] --- 1 ----
D - P - - 2 ---
E Q - - 3 - -
F - R - 4 -
G - - S 5 | ...
H T - 6 -

I U - 7 - -

J --- A\Y - 8 ---
K -.- w - - 9 ----
L - X - 0 |-----

The data collected by Rothkopf (1957) has become well known and some-
what associated with Multidimensional Scaling. The study set out to obtain
confusion data by asking 598 subjects to identify whether two signals, played
consecutively, were the same or not. Each subject were presented each of
the 362 pairs of signals. The data shown in Table A.4 gives the asymmetric
results, where each element gives the percentage of subjects that perceived
the pairing to be the same. The data is thus in the form of the n x n

similarity matrix.
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Many Multidimensional Scaling procedures assume that the similarity/
dissimilarity matrix is symmetric. The adapted data is shown in Table A.5.

Each element of the symmetric similarity matrix is of the asymmetric

Tij+Tj
2
data. The diagonal scores have been made zero as many MDS procedures
also assume the dissimilarity of an object with itself to be zero. The format
of the data in Table A5 is in the form which it is uploaded and used by the

MDS-GUI.
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A.3 Breakfast Cereal Data

The Breakfast Cereal data used in this dissertation comes from the 1993
Statistical Graphics Exposition organised by the American Statistical Asso-
ciation (Cox and Cox, 2001). The data was made available for any interested
party to analyse and present their findings at the exposition. The original
data consisted of eleven measurements for seventy-seven different breakfast
cereals. For convenience, the subset of the data used by (Cox and Cox, 2001),
and this dissertation, consisted of only the 23 cereals (Table A.6) manufac-
Table A.7

provides the variable information for the data set shown in Table A.8.

tured by the Kellogg brand and ten of the eleven variables.

Table A.6: Kellogg’s Breakfast Cereal

Cereal Cereal
All Bran AllIB Just Right Fruit&Nut JRFN
All Bran: Extra Fiber AllF Meuslix Crispy Blend MuCB
Apple Jacks AppJ Nut & Honey Crunch Nut&
Cornflakes CorF | Nutri Grain Almond Raisin | NGAR
Corn Pops CorP Nutri Grain Wheat NutW
Cracklin Oat Bran Crac Product 19 Prod
Crispix Cris Raisin Bran RaBr
Froot Loops Froo Raisin Squares Rais
Frosted Flakes FroF Rice Crispies RiKr
Frosted Mini Wheats FrMW Smacks Smac
Fruitful Bran FruB Special K Spec
Just Right Crunch Nuggets | JRCN
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Table A.7: Breakfast Cereal Variables

Variable

Number of Calories
Protein(g)
Fat (g)

Sodium (mg)
Dietary Fiber (g)
Complex Carbohydrates (g)
Sugars (g)

Display Shelf

Potassium (mg)

Vitamins & Minerals

Cal
Prot
Fat

DF

CC

Sug
Shelf

V&M

Table A.8: Kellog’s Cereal Data

Cal Prot Fat Na DF CccC Sug Shelf K V&M

AllB 70 4 1 260 9 7 5 3 320 25
AllF 50 4 0 140 14 8 0 3 330 25
AppJd 110 2 0 125 1 11 14 2 30 25
CorF 100 2 0 290 1 21 2 1 35 25
CorP 110 1 0 920 1 13 12 2 20 25
Crac 110 3 3 140 4 10 7 3 160 25
Cris 110 2 0] 220 1 21 3 3 30 25
Froo 110 2 1 125 1 11 13 2 30 25
FroF 110 1 0 200 1 14 11 1 25 25
FrMmw/ 100 3 0 0 3 14 7 2 100 25
FruB 120 3 0 240 5 14 12 3 190 25
JRCN 110 2 1 170 1 17 6 3 60 100
JRFN 140 3 1 170 2 20 9 3 95 100
MucCB 160 3 2 150 3 17 13 3 160 25
Nut 120 2 1 190 0 15 9 2 40 25
NGAR 140 3 2 220 3 21 7 3 130 25
Nutw 90 3 o] 170 3 18 2 3 90 25
Prod 100 3 0 320 1 20 3 3 45 100
RaBr 120 3 1 210 5 14 12 2 240 25
Rais 90 2 0 0 2 15 6 3 110 25
RiKr 110 2 0 290 0 22 3 1 35 25
Smac 110 2 1 70 1 9 15 2 40 25
Spec 110 6 0 230 1 16 3 1 55 25

A.3-2
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A.4 SynTReN EColi Microarray Data

The SynTReN (Synthetic Transciptional Regulatory Networks) Java soft-
ware package is a useful tool for generating, microarray like, gene expression
data. The data set here is generated from an Ecoli source network which
comes as a default standard for the SynTReN package. The generated data
was set to have fifty genes and one hundred samples, with the default values
for all noise parameters. In microarray experiments, genes are the subjects
and samples are the variables. Therefore, the data is 50x 100 in size. Due to
the magnitude of this data set, only the names of the 50 genes are included
here and can be found in Table A.9.

Table A.9: Microarray Ecoli Genes

lon rpoH clpP dnaKJ
grpE hfiB htpG htpY
ibpAB mopA mopB dnaA
nrdAB rpoE_rseABC ecfl htrA
skp_lpxDA fabZ | xprB_dsbC_rec] cutC dapA_nlpB_purA
ecfABC ecfD ecfF ecfG
ecfH ecf] ecfK ecfLM
fkpA ksgA _epaG_epaH lpxDA fabZ mdoGH
nlpB_purA ostA_surA_pdxA rfaDFCL rpoD
uppS_cdsA _ecfE yhdG fis sdhCDAB_b0725_sucABCD aldB
proP adhE pdhR_aceEF_1pdA alaWX
argU argW argX_hisR_leuT_proM aspV
leuQPV leuX
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Supporting Documentation

The three documents provided in this Appendix Chapter have been written
to accompany the MDS-GUI and will all be available to the public when
downloading the software. Each one is a stand alone document. The three
documents are: the Reference Manual, the User Manual and the package
Vignette. A description of each will be given before the document itself
which will inform on its purpose. It should be noted that each document
has a Bibliography included in their stand alone versions, but these have

been omitted from this complete dissertation.

B.1 CRAN Package Reference Manual

The following pages show the reference manual required to be provided
as part of the submission of an R package to the CRAN database. The
general outline of the required document is that it first provides details of
the package and its developers and then goes on to describe all functions
and datasets found within the package. The MDSGUI package has one sole
function, being the MDSGUI function and so only gives information on this
function. The package holds no data sets since data is uploaded to the GUI
from outside the R-Environment. The format requirements of the reference

manual are very strict and were not subject to the author’s preferences.
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Package ‘MDSGUI’

July 13, 2012
Type Package
Title A GUI for interactive MDS in R.
Version Version 0.1
Date 2012-07-13
Author Andrew Timm, Sugnet Lubbe and code contribution by NJ le Roux.
Maintainer Andrew Timm <t immand@gmail.com>

Depends R (2.13.0 preferable) otherwise (>=2.15.1), rgl(>=0.92), tcltk2 (1.1-5 preferable), tkrplot
(>=0.0-23).

Imports tkrplot, tcltk2, tcltk, MASS, boot, RColorBrewer, rgl and scatterplot3d.

Description A graphical user interface (GUI) for performing Multidimensional Scaling applications
and interactively analysing the results all within the GUI environment. The MDS-GUI provides
means of performing Classical Scaling, Least Squares Scaling, Metric SMACOF, Non-Metric
SMACOF, Kruskal’s Analysis and Sammon Mapping with animated optimisation.

License GPL

OS-type Windows

LazyLoad yes

Repository CRAN

Date/Publication ...

R topics documented:
MDD S GUI .. e 3

Index 4
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MDSGUI

MDSGUI A GUI for interactive MDS in R

Description

A graphical user interface (GUI) for performing Multidimensional Scaling applications and
interactively analysing the results all within the GUI environment. The MDS-GUI provides means of
performing Classical Scaling, Least Squares Scaling, Metric SMACOF, Non-Metric SMACOF,
Kruskal’s Analysis and Sammon Mapping with animated optimisation.

Usage
MDSGUI ()

Details

MDSGUTI is the sole function of the MDSGUI package. Data used in the GUI is not input as an
argument of the function like some other R GUIs. Instead the data is uploaded directly into the GUI
when it is running by means of the native Windows load file window. All functions, features and
parameter adjustments are done within the MDS-GUI itself and therefore no coding is required by the
user apart from creating an instance of it. The software features and menu navigation manual is
accessed via the Help menu in the MDS-GUI. A vignette demonstrating its use may also be found
there. At present, MDSGUI is only available on the Windows operating system.

Author(s)

Andrew Timm <timmand@gmail.com> & Sugnet Lubbe

References
Cox, T. F. and Cox, M. A. (2001). Multidimensional Scaling: Second Edition, Chapman and Hall, Boca
Raton.
Borg, I. and Groenen, P. F. (2005). Modern Multidimensional Scaling: Theory and Applications
Second Edition, Springer, New York.

Examples
## Not run:
MDSGUT ()
## End(Not run)

B.1-3



Index
+Topic dynamic
MDSGUI, 3

«Topic multivariate
MDSGUI, 3

B.1-4

MDSGUI



B.2 MDS-GUI User Manual

The User Manual for the MDS-GUI, which will be available directly through
the GUI via the User Manual option of the Help menu, is provided here.
This manual describes each of the components of the program from a soft-
ware description point of view. No statistics are discussed in this manual,
but rather each of the menus and areas are described. The document was
designed with the use of hypertext links which provide direct links to the
sections of the document when referenced in other locations. The document
is best viewed electronically as with most online based documentation. The
first pages of the user manual provide further description and explanation

of the format and layout of the document.
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The MDS-GUI Users Manual

This manual serves to provide information regarding the layout and features of the MDS-GUI (Multidimen-
sional Scaling Graphical User Interface). The four sections of this document will cover: the layout of the GUI,
the various plots, the menus and features of the GUI, and finally features of the GUI that are not menu based.
The layout of the document is point form in an indented four tier format. In descending order, the tiers
are represented by the following symbols: e, ¢, *, o. The manual will make use of screenshots of GUI in the
descriptions of menus and features, each of which will be described in the text. The document will also make
extensive use of hypertext links for those reading the manual electronically. To avoid confusion, when menus

are discussed, this will be indicated by ‘MENU’ at the beginning of the paragraph. Discussion of features will
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o File : The first menu option of e Top-Menu.

MENU- The file menu focuses on the handling of the specific files and workspaces of the user.

* New User : Opens the New User Window.

MENU- Provides means of the user inputting their name for convenient research labeling.

& New User |‘:'—|EII—J—&

User Name Entry -

Enter your Mame

Enter

Figure 2: New User Window

Options of New User Window

Enter Your Name : Requires Text Input
FEATURE- Provided name will reflect on the MDS-GUI frontend and the PDF files

when * Export is used.

* Save User Workspace : Opens native operating system Save-File window
FEATURE- Saves all plots, figures and settings to external file of user’s choosing.

* Load User Workspace : Opens native operating system Load-File window
FEATURE- Load all plots, figures and settings from external file of user’s choosing. Replots
automatically.

+x Print : Opens native operating system print options window.
FEATURE- Prints the @ MDS Configuration Plot of the topmost plotting tab of Plotting Tabs

* Clear All : Provides fresh workspace
FEATURE- Clears all plots, details and restores setting defaults.

x Exit MDS-GUI : Opens window asking user whether they would like to save their workspace
before quitting.

FEATURE- Exits workspace safely after either saving or not saving the workspace.

¢ General : The second menu option of e Top-Menu.

MENU- Contains wide range of options concerning the GUI and its internal settings.

* Undo : Available only after the ¢ MDS Configuration Plot has been manually altered in some
way. Either by dragging or ¢ Relocate a Group of Points.
FEATURE- The most recent alteration made to the configuration is reverted back to its previ-
ous state. Changing plot, performing another MDS procedure or making another alteration

removes opportunity to undo the original alteration.

* Appearance Settings : Opens the Appearance Settings window.

MENU- Provides user with means to make colour adjustments to the MDS-GUTI itself.
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Fé Appearance Options o o
-Appearance Changes
Change Primary Background Colour J
Change Secondary Background Colour _‘
Change | Default ‘

Figure 3: Appearance Settings

Options of Appearance Settings

Change Primary Background Colour : Click Colour Box to open native colour choice

window.

FEATURE- Select colour for background of the MDS-GUI.

Change Secondary Background Colour :

choice window.

Click Colour Box to open native colour

FEATURE- Select colour for background of pop out plots and windows.

Change and Default : Buttons to either make selection or revert to defaults.

* General Settings : Opens the e General Settings menu.

+x Export : Uses Sweave (Leisch, 2002) and latex to create a PDF file. Any selection produces the

important instructions shown in Export Instructions

7k

=)

[ “o The following allows you to export your MDS-GUI output into 2 pdf file
¥' using Sweave and latex, In order to use this, you must have some latex

~ software installed on your computer (e.g. Miktex), In addition to this,

the Sweave.sty file must be placed inyour R home directory. This file

can be copied from your R system folder. e.g.

Program Files/R/R-2.13.0/share/textrf/tex/|atex/ Sweave.sty

A Tex file will be created in your home folder which may be run to
obtain the pdf version.

Figure 4: Export Instructions

FEATURE- In all cases, the PDF produced will provide all stress values, MDS configuration,

Shepard Plot and Scree Plot for every included plotting area.

o All : Produces a PDF document with information for all utilised plotting areas.

o Plot (1-5) info : Produces PDF document for specific plotting area.

o Data : The third menu option of e Top-Menu.

MENU- Provides all options relating to the user upload of data on which the MDS procedures are

performed. The data may originally be provided in a number of different forms, all of which are

allowable by the MDS-GUI. The user is able to upload: a samples by variables matrix Z:n X m;
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a distance matrix A:n X n; or an n X n similarity or correlation matrix. In the case where A is
not uploaded, appropriate calculations and transformations are performed automatically in order to

construct A, which is used in all MDS procedures.

* Load Dataset : Opens the New Active Dataset window.
FEATURE-Uploads Z:n x m matrix. A is calculated from this using the selected option from

Dissimilarity Matrix Calculation.

r 5
T New Active Similarity Matrix Options l = ‘ ol x )

Dataset Name i

Enter the name of your DataSet Morse-Code

Dataset Scale
Scaling Data will scale the columns of your data between 0 and 1.

Scale your active data? =

r— Dataset Colours

|| | Deoes tdahe data contain a column of object catagory information?

Yes [{ Which Column?  [EE] =]

| oK

Figure 5: New Active Dataset

Options of New Active Dataset

Enter the name of your Dataset : Requires Text input
FEATURE- The name of the data will appear on Information Panel, all of the resulting
MBDS plots and * Export documents.

Transpose Active Data : Requires checkbox selection
FEATURE- A is created exclusively from a matrix with objects as rows and variables as
columns. If this is the other way round, the dissimilarity matrix will be mxm and treat
variables as objects. Selecting this allows for a correction if the data has variables x
objects.

Scale your Active Data : Require checkbox selection
FEATURE- Provides option to scale each variable column to range between 0 and 1.

Category Information : Only applicable when a column of categories is present. Re-
quires checkbox selection and indication of where category column is in data.
FEATURE- This column is stored only as categorical information and removed from

the data. All objects are assigned a colour according to their defined category.

OK : Executes all specified assignments on data.

* Load Dissimilarity Matrix : Produces window similar to New Active Dataset.
FEATURE- Uploads A directly.

* Load Similarity Matrix : Produces window similar to New Active Dataset.

FEATURE- Uploads S matrix. A is calculated by scaling S and subtracting it from the n x n 1
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matrix.
* Load Correlation Matrix : Produces window similar to New Active Dataset.
FEATURE- Uploads R matrix. A is calculated by n x n 1 matrix - R.

x Data Colour Index : Produces a matrix editor window using a variation of the teltk2 (Grosjean,
2011) tk2edit function.
FEATURE-Each object is displayed with their corresponding colour code. Manual alteration of
this to another legitimate code will change the points display on the e MDS Configuration Plot.
* Colour Categories : Opens the Colour Categories Options window.
MENU- Provides means of making visual adjustments to the way the defined categories are

shown on the ¢ MDS Configuration Plot

74 Catagory Colours Bl e S|

Catagory Colours Options-

If a column of object catagories was included in the uploaded
data, the related catagory colours can be adjusted here

m = N
Change

Figure 6: Colour Categories Options

Options of Colour Categories Options
Category Selection : Use drop down box to select category.
FEATURE-Each category option listed when uploading data will be present in this list.
Colour Box : Click box to bring up native operating system colour selection window.
FEATURE- Whichever colour is selected will be reflected immediately both in the e

MDS Configuration Plot and the * Data Colour Index. This setting holds for all plot-

ting areas.

Change : Select button to make all appropriate changes.

*x Edit Opens the Edit submenu.

MENU- Provides user access to view and make alterations to every applicable form of data in

the MDS-GUI instance.

o Active Data : Produces a matrix editor window using a variation of the tcltk2 (Grosjean,
2011) tk2edit function.
FEATURE- Displays the Z:n x m data matrix (if data uploaded using * Load Dataset option).
Elements of the matrix can be altered. Valid changes are reflected with immediate effect.

o Active Dissimilarity Matrix : Produces a matrix editor window using a variation of the
tcltk2 (Grosjean, 2011) tk2edit function.
FEATURE- Displays the A:n x n dissimilarity matrix of the active plotting area of the Plot-

ting Tabs. Elements of the matrix can be altered. Valid changes are reflected with imme-

diate effect.
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o Least Squares Scaling : Uses original code.
FEATURE- Performs the metric method called Least Squares Scaling on A.
o Non-Metric Symmetric SMACOF : Uses adaptation of contributed code by
lIe Roux (2012).
FEATURE-Performs the non-metric method called Non-Metric SMACOF on A.
o Kruskal’s Analysis : Uses isoMDS function from MASS package (Venables and Ripley,
2002).
FEATURE-Performs the non-metric method called Kruskal’s method on A.
o Sammon Mapping : Uses sammon function from MASS package (Venables and Ripley,
2002).
FEATURE-Performs the non-metric method called Sammon Mapping on A.
x MDS Options : Opens the e MDS Options Menu window.
x Procrustes Analysis : Produces Procrustes Options window.

MENU- Gives user control over the specifics of their desired Procrustes Analysis.

Figure 7: Procrustes Options

Options of Procrustes Options

First Set of Coordinates : Requires selection of applicable plot from drop down list.
FEATURE- The selection will be the coordinates that are transformed.

Second Set of Coordinates : Requires selection of applicable plot from drop down list.
FEATURE- The selection will be the coordinates that are to be matched.

Plot : Selection Button.
FEATURE- When both selections are valid and contain equivalent configurations, this

selection will display the e Procrustes Analysis Plot in the Procrustes tab of Plotting
Tabs.
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Cancel : Selection Button.

FEATURE- Exits the menu with no selections being made.

+ Dissimilarity Matrix Calculation : Opens the Dissimilarity Matrix Calculation submenu.
MENU-The Dissimilarity Matrix Calculation menu is in radiobutton format. That is only one of
the menu options may be selected at a time and the active selection is indicated by a tick mark
on the menu. The menu is only available when data is loaded through * Load Dissimilarity
Matrix.

o Euclidean : Radiobutton menu selection option.

FEATURE- A calculated using the Euclidean Metric.

o Weighted Euclidean : Radiobutton menu selection option.

FEATURE- A calculated using the Weighted Euclidean Metric.

6rs = /ZWi(xri *xsi)z

o Mahalanobis Distance : Radiobutton menu selection option.

FEATURE- A calculated using the Mahalanobis Distance Metric.

8rs= /(% —x)TE ! (x, —x,)

o City-Block Metric : Radiobutton menu selection option.

FEATURE- A calculated using the City-Block Metric.

5rs = Z ‘xri _xsi‘
i

o Minkowski Metric : Radiobutton menu selection option.

FEATURE- A calculated using the Minkowski Metric.

o Canberra Metric : Radiobutton menu selection option.

FEATURE- A calculated using the Canberra Metric.

|-xri _xsi‘

Ss=Yy ————
’ ~ (Xri +Xsi)
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o Divergence : Radiobutton menu selection option. Not available when the uploaded Z ma-
trix contains zeros.

FEATURE- A calculated using the Divergence Metric.

- 1 (xri _)Csi)2
By = LY i)
P (xri +xsi)

o Soergel : Radiobutton menu selection option.

FEATURE- A calculated using the Soergel Metric.

5, = Y oeri — xsi

Ximax(xyi, Xsi)

o Bhattacharyya Distance : Radiobutton menu selection option.
FEATURE- A calculated using the Bhattacharyya Metric.

o Wave-Hedges : Radiobutton menu selection option. Not available when the uploaded Z
matrix contains zeros.

FEATURE- A calculated using the Wave-Hedges Metric.
1 min(Xx,;, Xs;)
Ops = — l— —
“p ; < max(xy;, Xs;)

o Angular Separation : Radiobutton menu selection option.

FEATURE- A calculated using the Angular Separation Metric.

Srs -1 Zixrixsi

TR

o Correlation : Radiobutton menu selection option.

FEATURE- A calculated using Correlation.

Zi (xri - xr) (xsi - Xs)
\/Zi (xri _xr)zzi (xsi _Xs)z

/
Pearson's : s,3 =

o Help : Opens the fifth menu of the e Top-Menu.
MENU- Provides the user with assistance and details regarding the MDS-GUI itself.

* Function Code : Opens the Function Help Menu Window.
MENU- Gives options relating to the code behind the MDS-GUI.
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74 Display Function Code = | = g

Display Function Code
The following list is a select group of functions used

by the MD5-GUL Selecting an item will display the R
code for the respective function for the users interest.

Metric SMACOF ~

External Window ‘ In Motes/Script Tab |

Figure 8: Function Help Menu

Options for Function Help Menu

Choose Function : Drop-down menu selection.
FEATURE- Whichever function name is selected from the list will have its code dis-
played for the users convenience in the environment that they choose. This is purely
for observational purposes and any ‘changes’ made to the code will not have any effect
to the MDS-GUI. User are however able to copy the code in a script file to easily make
their own alterations.

External Window : Section Button.
FEATURE- Selection of this option will display the chosen function’s code in an exter-
nal tcltk popped out text box.

In NotesScript Tab : Section Button.

FEATURE- Selection of this option will display the chosen functions’s code in the e

NotesScript tab in the Secondary Plotting Area.

x Display Pop-Out Code : Acts as a checkbox in the menu. Can be activated or deactivated via
the menu with the result reflected by a checkmark.
FEATURE- When active, hovering the mouse cursor over various areas of the GUI will produce

pop up text boxes that provide help information.
* Vignette : Internet Link
FEATURE-Opens the vignette PDF document. Internet connection required.
*x User Manual : Internet Link
FEATURE-Opens this PDF document. Internet connection required.
x Homepage : Internet Link
FEATURE-Directs user to both the website for the Department of Statistical Sciences for the
University of Cape Town and the CRAN page for the MDSGUI package.

* About : Opens Information Text Box.

FEATURE- Provides information about the software and developers.
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e Main Plot Menu : Menu is accessed via right clicking whilst the mouse is over the Main Plotting Area.
MENU- The menu called is specific to the plotting tab selected in the Plotting Tabs area. The changes and
applications performed from the menu are localised to the active tab from which the menu was called.

The tab to which the menu is connected with is shown at the top of the menu.

< Label Specific Point : Opens the Label Specific Point window.

Figure 9: Label Specific Point

Options for Label Specific Point

Choose the Point Name : Selection is required from drop down list of object names.
FEATURE- This feature is useful when there are many points on the ¢ MDS Configuration
Plot and a specific object needs to be located. Selection of the object will label the point
appropriately.

Enter : Selection Button.

FEATURE- When pressed the selected point will be labeled.

¢ Clear Added Point Labels : Alters the ¢ MDS Configuration Plot.
FEATURE- Any labeled points are cleared.

< Relocate a Group of Points : Changes mouse cursor and enables selection of points by brushing.
FEATURE- The mouse cursor changes to a cross hair. User must then left-click drag a box over their
desired points to move. Upon release of the left mouse button, the user is prompted to select the
central point of the new location, i.e. the new location for the center of the brushed box. The next
left click will select this point and relocate all selected points keeping their internal configuration
intact. The mouse cursor is changed back to its original state. Changes are also reflected in the o

Shepard Plot and stress value in the e Information Table.

< Remove a Point : Enables removal of single point by mouse cursor. Changes are also reflected in the
e Shepard Plot and stress value in the e Information Table.
FEATURE- Upon selection, the mouse cursor will change to a cross hair and the user is prompted
to select the point they would like to remove. Left clicking the button will remove the point and
change the mouse cursor to its original state. All removed points are listed in the © Removed Points

table of the e Information Table.

< Use Coordinates as Starting Configuration : Alters the e MDS Configuration Plot. Only applicable

when active configuration is result of o Metric Symmetric SMACOF, o Least Squares Scaling, o
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Non-Metric Symmetric SMACOF, o Kruskal’s Analysis or o Sammon Mapping.
FEATURE- Will perform the version of MDS used to produce the configuration and use the current

configuration as the starting configuration for the process.

< Rotate and Reflect : Displays the Rotate and Reflect window.

MENU- Provides means of performing rotation and reflection operations on the configuration.

Figure 10: Rotate and Reflect

Options for Rotate and Reflect
Direction : Selection made by scrollbox.
FEATURE- Choice of rotating points either clockwise or anticlockwise
Angle of Rotation : Selection made by scrollbox.
FEATURE- Choice of degrees by which reflection must be. Zero for no rotation.
Reflect about X-Axis : Selection made with checkbox.
FEATURE- Will flip configuration top to bottom.
Reflect about Y-Axis : Selection made with checkbox.
FEATURE- Will flip configuration left to right.

OK : Selection Button.
FEATURE- Upon selection the ¢ MDS Configuration Plot will have the above changes
made.

Cancel : Selection Button.

FEATURE- Exit menu with no changes.

o Advanced Zoom : Displays the Advanced Zoom window.
MENU- Provides user with means of performing the zoom function on the ¢ MDS Configuration Plot

in a more advanced and specific fashion than by using the ‘+” and ‘-’ buttons.

Options for Advanced Zoom

Zoom Ratio : Selection made by scrollbox.
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Figure 11: Advanced Zoom

FEATURE- Determines the amount by which the zoom is performed.
Focal Point: Center : Selection made by radiobutton.
FEATURE- Selection will perform the zoom around the exact center of the configuration.
Focal Point: Cursor Location : Selection made by radiobutton.
FEATURE- Selection will perform the zoom at the point of next left click by the user in the
configuration.
Focal Point: Point Name : Selection made by radiobutton and dropdown menu of point
names.
FEATURE- Selection will perform zoom with a specific point as the focal point. Point is
selected manually.
QOutput Location: Replace Active Plot : Selection made by radiobutton.
FEATURE- Selection will produce the zoom in the Main Plotting Area.
QOutput Loaction: Secondary Tabbed Book : Selection made by radiobutton.
FEATURE- Selection will produce the zoom as a e Zoomed Plot in Secondary Plotting Area.
Popped Out Window : Selection made by radiobutton.
FEATURE- Selection will produce the zoom in a popped out window.
Zoom : Selection Button.
FEATURE- Selection will perform the zoom with specification defined above.
Cancel : Selection Button.

FEATURE- Selection will exit the menu with no alterations performed.

¢ Change Point Colour : Enables selection of points via brushing.
FEATURE- Upon Selection user is prompted to draw a box around the points they would like to alter

the colour of. Releasing the left click will call the native operating system colour selection window
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whereby selection will change the colour of the selected points. This change supersedes the colours

defined according to the object categories.

© Default Point Colours : Reverts to original state.
FEATURE- Will change all point object colours to the default colour specified in the e Plot Options

Menu.

o Display Variable Axes : Alters the ¢ MDS Configuration Plot.
FEATURE- In the case where a Z:n x m matrix was uploaded via * Load Dataset, this feature will
be available. Selection will display the m variable axes through the origin of the configuration.
Each axis is assigned its own colour. Menu item is also a checkbox and indicates activation with a

checkmark. De-selection removes variable axes.

o Remove Axes of Variable(s) : Opens the Variable Axes Removal Options window.

MENU- The menu provides ability to determine which subset of variable axes are displayed.

Figure 12: Variable Axes Removal Options

Options for Variable Axes Removal Options

Variable Selection : Selection by drop down menu.
FEATURE- The variable selected will be removed from the ¢ MDS Configuration Plot. All

removed variables are listed in the ¢ Removed Axes table of the e Information Table.

Remove : Selection Button.

FEATURE- Selection will perform the removal of the selected variable.

< Pop-out Plot : Opens an external plotting window.
FEATURE- The ¢ MDS Configuration Plot will be popped out for external viewing in an external
tcltk window. This second plot will display all visual aspects of the original version in the Main
Plotting Area and reflect changes as they are made, but will lack the full extent of the capabilities

itself.

< Copy Plot to Clipboard : Utilises native operating system clipboard capabilities.
FEATURE- The e MDS Configuration Plot figure is copied from the MDS-GUI to the computer’s

clipboard where it may be pasted and utilised externally.

o Plot Options : Opens the e Plot Options Menu menu.
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e Secondary Plot Menu : Menu accessed via right clicking when the mouse is hovering over any of the plots
housed in the Secondary Plotting Area area. All menus are similar with only slight differences. For
demonstration purposes, only the menu corresponding to the e Shepard Plot will be described. Similar
menus apply to the e Stress Plot, e Log Stress and e Scree Plot.

MENU- The secondary plot menu provide functions relating to the e Shepard Plot. The features utilised

will alter the Shepard Plot itself and in some cases the e MDS Configuration Plot as well.

< Label Specific Point : Opens the Shepard Point Label.
MENU- The menu provides option to label a specific point from the Shepard Plot. Visually selecting
a desired point is impossible since by default the Shepard Plot does not print point labels due to the

inevitable large number of points.

Figure 13: Shepard Point Label

Options for Shepard Point Label

Enter Objectl : Selection is via dropdown list of object names.
FEATURE- Selects the first object name index to be labeled.
Enter Object2 : Selection is via dropdown list of object names.
FEATURE- Selects the second object name index to be labeled.
Enter : Selection Button
FEATURE- Upon selection, the Shepard point relating to the object pairing defined above
will be labled. This highlights the point on the e Shepard Plot and draws the corresponding

line in the same colour between the defined objects on the ¢ MDS Configuration Plot.

¢ Clear Added Labels : Alters the e Shepard Plot and the ¢ MDS Configuration Plot.
FEATURE- Upon selection, all Shepard point labels that have been added will be cleared from the
plot and all other plot features will be reverted to their original settings. In addition, corresponding

object pairing lines will be removed from the configuration plot.

© Pop-Out Enlarged Plot : Opens an external plotting window.
FEATURE- The e Shepard Plot will be popped out for external viewing in an external fcltk window.
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This second plot will display all visual aspects of the original version in the Secondary Plotting

Area and reflect changes as they are made, but will lack the full extent of the capabilities itself.

< Copy Shepard Plot to Clipboard : Utilises native operating system clipboard capabilities.
FEATURE- The e Shepard Plot figure is copied from the MDS-GUI to the computer’s clipboard

where it may be pasted and utilised externally.

< Shepard Plot Options : Opens the relevant e Plot Options Menu.

e General Settings : The menu is recalled from the * General Settings option of the ¢ General menu.
MENU-Controls various technical aspects of the MDS-GUI. The four tabs of the menu are the ¢ General

Tab, ¢ Convergence Tab, ¢ Graphical Tab and ¢ Visualisation Tab.

¢ General Tab : First tab of e General Settings window.
MENU-The first tab of the menu contains Computation Options and Windows Options. By default,
the MDS-GUI will calculate all five major processes automatically, these being: the ¢ MDS Con-
figuration Plot, the e Shepard Plot, the e Scree Plot, and (when applicable) the e Stress Plot and
e Log Stress. In Computation Options the option is available to deactivate any of these computa-
tions for all subsequent use. This option is expected to be exercised when data is sizable and all

computations have proven to be excessively time consuming.

74 General Settings l lplEl é]

General | Convergence | Graphical IVisuaIisation :

Computation Options

Calentations within MDSGUI can be very time consuming
when datasets become large. This computation time can be
decreased if various plots are ommited from the output.
Select below which plots you wish to be included during

the MDS procedure.

MDS Point Configuration &
Shepard Plot &
Stress Plot )
Scree Plot &

~Window Options
Multiple popped-out windows can be messy. Choose below
whether or net to have multiple windows or use only one.

Re-Use Popped Out Window B

oK Default

Figure 14: General Tab of General Settings

Options for General Tab of General Settings

Compute MDS Point Configuration : First option of Computation Options frame. Selection

is made with checkbox.
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FEATURE- When deselected, MDS processes will not compute or display the ¢ MDS Con-

figuration Plot. Default is on.

Compute Shepard Plot : Second option of Computation Options frame. Selection is made
with checkbox.
FEATURE- When deselected, MDS processes will not compute or display the e Shepard
Plot. Default is on.

Compute Stress Plots : Third option of Computation Options frame. Selection is made with
checkbox.
FEATURE- When deselected, MDS processes will not compute or display the e Stress Plot

or e Log Stress. Default is on.

Compute Scree Plot : Fourth option of Computation Options frame. Selection is made with
checkbox.
FEATURE- When deselected, MDS processes will not compute or display the e Scree Plot.
Default is on.

Re-use Popped Out Window First option of Windows Options frame. Selection is made with
checkbox.
FEATURE- When selected, only one popped out plot can be visible at a time. Creating a
new popped out plot will destroy the old and keep the new. When deselected, numerous

popped out plots may exist. Default is off.

o Convergence Tab : Second tab of e General Settings window.
MENU-The Convergence tab contains options relating to the allocation of computational resources

dedicated to the MDS procedures.

—MDS Convergence Settings

MD5 Relative Convergence {1&*5
Mazximurm MDS Iterations 1000

Figure 15: Convergence Tab of General Settings

Options for Convergence Tab of General Settings
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MDS Relative Convergence : Numerical text input required.
FEATURE- When numeric figure is € [0 : 1], the MDS procedure will converge when the dif-
ference between stress values between iterations is less than or equal to the input amount.
Maximum MDS Iterations : Numerical text input required.
FEATURE-This input number must be greater than zero. Defines after how many iterations

the MDS process should stop if convergence has not yet been met.

¢ Graphical Tab : Third tab of e General Settings window.
MENU-The Graphical tab, relates to default options of the visual MDS outputs. Graphical Settings
is used in conjunction with the settings in e Plot Options Menu. Point Label Settings controls point

labels manually added by the user to any relevant plot.

| 3
| General ! Convergence| Graphical !Vl;uall;at|0n|

r— Graphing Settings -
MDS plot defaults with point labels &
MDS plot defaults with points [
MDS plot defaults with Variable fxes (&
Added Shepard points clear with new plot Il

Individual point colours clear with new plot

— Point Label Settings -
Added point labels refer to the labels manually added to the
plot by the nser. By Default these are added sbove the chosen

point and are cleared when a new plot is ereated

Clear labels index for new plots &

Added Point Label Postion Top Bk

Figure 16: Graphical Tab of General Settings

Options for Graphical Tab of General Settings
MDS plot defaults with point labels : Selection is by checkbox.
FEATURE- New e MDS Configuration Plot will by default have labels.
MDS plot defaults with points : Selection is by checkbox.
FEATURE- New e MDS Configuration Plot will by default show points.
MDS plot defaults with Variable Axes : Selection is by checkbox.
FEATURE- New e MDS Configuration Plot will by default display all m variable axes.
Added Shepard Points clear with new plot : Selection is by checkbox.
FEATURE- New e MDS Configuration Plot and e Shepard Plot will by default show no
prior labeled Shepard points.
Individual point colours clear with new plot : Selection is by checkbox.
FEATURE- New e MDS Configuration Plot will by default not carry through manual object

colour changes (excluding category related colours).
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Clear labels index for new plots : Selection is by checkbox.
FEATURE- New e MDS Configuration Plot will by default not show previously labeled
points.

Added Point Label Position : Selection is by dropdown menu.
FEATURE- All point labels on all ¢ MDS Configuration Plot and e Shepard Plot will have
their labels in this position relative to the point. Options are ‘Top’, ‘Bottom’, ‘Left’ or
‘Right’. Default is ‘Top’.

¢ Visualisation Tab : Fourth tab of e General Settings window.

MENU-The Visualisation tab specifies the elements of the MDS procedures that should have its iter-
ative nature depicted visually. This should not be confused with the Computation Options elements
in the General tab. The outputs that have been unchecked will still be processed (provided they
have not been deactivated), but will not have their respective plots updated after each iteration. In

this case, the final result is plotted upon process completion.

1 . - - 5
| General | ConvergenceiGraphlcall Visualisation |

—Visualisation Settings

Many of the MDS procedures in MDSGUI are iterative
processes. Due to this, it is possible to view the changing
results throughout the iterations. This may, in some cases,
be time consuming so these options are adjustable

Update MDS configuration ]

Update Shepard Plot &

Update Stress Plot &

MDS Iterations Progress-Bar 7]

Figure 17: Visualisation Tab of General Settings

Options for Visualisation Tab of General Settings

Update MDS Configuration : Selection is by checkbox.
FEATURE- If selected, the ¢ MDS Configuration Plot is updated after every iteration of the
active MDS process. Default is ‘on’.

Update Shepard Plot : Selection is by checkbox.
FEATURE- If selected, the e Shepard Plot is updated after every iteration of the active MDS
process. Default is ‘on’.

Update Stress Plots : Selection is by checkbox.

FEATURE- If selected, the e Stress Plot and e Log Stress are updated after every iteration
of the active MDS process. Default is ‘on’.
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Updata iterations Progress-Bar : Selection is by checkbox.
FEATURE- If Selected, the Progress-Bar shown at the leftmost side of the Information Panel
progresses throughout every iteration of the active MDS process and in the construction of

the e Scree Plot. Default is ‘on’.

e Data Options Menu : The menu is recalled from the * Data Options option from the ¢ Data menu.
MENU- The menu is similar to the New Active Dataset, with the difference that this menu may be called
at any point and have the settings changed. The displayed tab is associated with an uploaded Z:n x m

matrix or A : n X n matrix.

74 Data Options ‘Elﬂl_]ﬂh

Active Data | Active Dissimilarity MatrixlActive Coord Matrixi

— Transpose

All procedures in this package require that the active data have
ohjects as rows and variables as columns. If your data is not in
this format then please transpose.

Transpose Active Data? r

Change

—Change Name
Current name of active data is:

Enter new name of Dataset |

Change Mame
—Scale Data-

Scaling Data will scale the columns of yvour data between 0 and 1.

Scale your active data? (=}

Change

oK I Cancel

Figure 18: Data Options Menu

Options for Data Options Menu

Transpose Active Data : Selection by checkbox.
FEATURE- Applicable when uploaded data has variables as rows and objects as columns. Se-

lection transposes data such that rows are objects and variables as columns.

Enter New Name of Dataset : Required Text Entry.
FEATURE- Name of data can be changed at any point. Result is reflected in the Information

Panel and future exported documents and ¢ MDS Configuration Plot.

Change Name : Selection Button.

FEATURE- Selection will only change name of data and nothing else.
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Scale Your Active Data : Selection by checkbox.

FEATURE- Selection will scale data such that all columns range from zero to one.

Cahnge : Selection button.
FEATURE- Makes all specified changes.

e MDS Options Menu : The menu is recalled from the *+ MDS Options option of the ¢ Multivariate Tools
menu.
MENU- The purpose of menu is to provide key adjustments to the MDS procedure that effect the output
in a substantial way. The three tabs of the menu are the © Dimensions Tab, the ¢ Starting Configuration
Tab and the ¢ Stress Tab.

© Dimensions Tab : The first tab of the ¢ MDS Options Menu.
MENU-The tab adjusts the user defined p for all subsequent MDS procedures. When a new data set

is added, the selection is populated with the entries being 1,2,...,n — 1.

¢ MDS Options =HEE X

= —— T
Dimensions  Starting Configurations | Stressi

r— Choice of Dimension -

Choose Mumber of Dimensions for MDS

FR—

Please note that only Dimensions 1.2 and 3 can be plotted.
MDS output with 4 dimensions or more will only be in
coordinate format. Otherwise a subset of any 2 or 3 dimensions
will be available for plotting.

Change

oK | Cancel |

Figure 19: Dimensions Tab

Options for Dimensions Tab

Choice of dimension : Selection by drop down list of numbers.
FEATURE- All subsequent procedures will be performed in p dimensions. If p =1 is
chosen, a warning box will be displayed urging the user against it. Default is p = 2.
Change : Selection Button.

FEATURE- Activates the chosen p value. The result is indicated in the Information Panel.

o Starting Configuration Tab : The second tab of the ¢ MDS Options Menu.
MENU-The Starting Configurations tab provides the user the option to change what starting config-

uration is used in the MDS procedures (where starting configuration is relevant). Three options are
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provided, being: the n x p result of Classical Scaling on data; a random configuration, where the
n X p matrix is uniformly distributed and doubly centered around the origin; and finally a configu-
ration in any of the five main plotting tabs may be set as the starting configuration for all subsequent
procedures. Therefore, the user may use, say, the result of a Sammon Mapping procedure as the

starting configuration for a SMACOF procedure.

i Dimensions| Starting Configurations |5tress’i
[EmERsigng) ~TS LT | ——

Starting Configuration Cptions

Many of the MDS procedures in the MDS-GUI make use of
a set of coordinates as the starting configuration. The default
starting configuration is in the form of the result of Classical
Scaling. Please choose your desired starting configuration.

@  Result of Classic 5caling

' Random Configuration

Use Existing Configuration in: Plotl ¥
Change

Figure 20: Starting Configurations Tab

Options for Starting Configurations Tab

Result of Classical Scaling : Selection is by radiobutton.
FEATURE- All MDS procedures requiring a starting configuration will now use the result
of cmdscale with A as input. This is the default setting.

Random Configuration : Selection is by radiobutton.
FEATURE- All MDS procedures requiring a starting configuration will use an X:n x p that
is randomised using the uniform distribution.

Use Existing Configuration in : Selection is by radiobutton and drop down menu of Plotting
Tabs options.
FEATURE- All MDS procedures requiring a starting configuration will use the X:n x p from
the ¢ MDS Configuration Plot from the selected plotting area.

Change : Selection Button.

FEATURE- Selection will change the starting configuration as specified.

¢ Stress Tab : The third tab of the @ MDS Options Menu.
MENU-The final tab of MDS Options is called Stress and controls the measure of stress used to
assess the goodness-of-fit of all configurations. It should be noted that this does not affect the loss
function used within each MDS functions, as each method is usually defined by their specific loss
function. The stress method chosen here simply defines how the accuracy of the final configurations
are measured, in order to compare accuracy of configurations in absolute terms, as they need to

compared on an identical scale.
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iDimension; Starting Configurationsl Stress |

— Choice of Stress Calculation

A number of options exist for the indication of goodness
of fit for an MDS configuration. This measure is referred
to as "Stress’. Select the Stress you would like to use.

Stress Calculation Method

Morm. Raw Stress 5

Change

Figure 21: Stress Tab

Options for Stress Tab

Stress Calculation Method : Selection by drop down menu.
FEATURE- Result will adjust the stress value shown in the © MDS Configurations table of
the e Information Table, and the stress values in the e Stress Plot, e Log Stress and e Scree
Plot. Options for this include: Normalised Raw Stress (Default), STRESS1, STRESS2
and Pearson’s Correlation Coefficient.

Change : Selection Button.

FEATURE-Selection will change the stress calculation method as specified.

e Plot Options Menu : The menu is recalled from the ¢ Plot Options option of the e Main Plot Menu.
MENU- Each plotting area found in the MDS-GUI has a Plot Options menu, which may be accessed via a
right click of the plot and selecting the Plot Options option. These areas include: ¢ MDS Configuration
Plot, e Shepard Plot, e Stress Plot, @ Log Stress, e Scree Plot, ¢ Zoomed Plot, « RGL 3D Plot, e Static
3D Plot and e Procrustes Analysis Plot. Each of these menu’s are set out in a similar way with only slight
differences depending on the nature of the plot itself. The menu associated with the e MDS Configuration

Plot will be used for demonstrative purposes. Four tabs exist on the majority of the menus.

o General Tab : First tab of the e Plot Options Menu.
MENU- The General tab of the plot menu deals with overall settings of the plotting area.

Options for Plot Options: General Tab

Display Main Title : Selection by checkbox.
FEATURE- When active, the ¢ MDS Configuration Plot displays a title at the top center,
indicating the type of MDS performed and the name of the data. Default is ‘on’.

Display Distance Measure : Selection by checkbox.
FEATURE- When active, the ¢ MDS Configuration Plot displays (at the top left) the cur-

rent distance metric used to calculate A, as selected in * Dissimilarity Matrix Calculation.
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7é MDS Configuration Plotting Options o

General |Pointsi LinesiAxesl

—MDS Configuration General -

Display Main Title &
Display Distance Measure )
Display Legend =
Provide Label for ¥-Axis =

Provide Label for X-Axis ([}

Background Colour _J
Change

oK | Defat |

Figure 22: Plot Options: General Tab

Default is ‘on’.

Provide Label for Y-Axis : Selection by checkbox.
FEATURE- When selected, a small dialog box appears prompting user to name the axis.
The result is added vertically along the Y-Axis. Default is ‘off’.

Provide Label for X-Axis : Selection by checkbox.
FEATURE- When selected, a small dialog box appears prompting user to name the axis.
The result is added horizontally along the X-Axis. Default is ‘off’.

Background Colour : Selection by clicking coloured box, calling native operating system
colour selection window.

FEATURE- Selection will cause the entire backdrop of the ¢ MDS Configuration Plot to

change to the desired colour.

Change : Selection Button.

FEATURE- Makes all specified changes.

< Points Tab : Second tab of the e Plot Options Menu.

MENU- The visual effects of the n points making up the configuration are controlled by the Points
tab.

Options for Plot Options: Points Tab

Display Points : Selection by checkbox.
FEATURE- When selected each of the n objects in the ¢ MDS Configuration Plot will
display a specified symbol at the corresponding exact coordinates of the X matrix. Default
is ‘off’.

Display Point Labels : Selection by checkbox.
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MDS Configuration Points-

Display Points

Display Point Labels IEdl

Point Size

Point Type ’m

Point Colour .
Change

Figure 23: Plot Options: Points Tab

FEATURE- When selected each of the n objects in the ¢ MDS Configuration Plot will
display the object name. If points are also activated, the label will be at the position
specified in the ¢ Graphical Tab of e General Settings. If points are not activated, the label
is displayed at the exact coordinates. Default is ‘on’.

Point Size : Selection by scrollbox.
FEATURE- Adjusts the ‘cex’ par function. Default is ‘0.6’.

Point Type : Selection by dropdown menu.
FEATURE- Adjusts the ‘pch’ par function for points (if selected). Options include, ‘Solid
Dot’, ‘Empty Dot’, ‘Solid Block’, ‘Empty Block’, ‘Solid Triangle’, ‘Empty Triangle’ and
‘Cross’.

Point Colour : Selection by clicking coloured box, calling native operating system colour
selection window.
FEATURE- All objects will be changed to the specified colour.

Change : Selection Button.

FEATURE- Makes all specified changes.

¢ Lines Tab : Third tab of the e Plot Options Menu.
MENU- The lines tab controls the various forms of line additions that may be added to the configu-

ration plot.

Options for Plot Options: Lines Tab

Display Regression Axes : Selection by checkbox.
FEATURE- Refers to the variable axes regression lines. Toggles their display on and off.
Seen as an alternative to the ¢ Display Variable Axes option of the ¢ Main Plot Menu.
Default is ‘off’.

Display Distance Lines Between Points Corresponding to Shepard Points : Selection by
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General Points‘ Lines iAxes!

—MD5 Configuration Lines—

Display Regression Axes [l

Display Distance Lines Between
Points Corresponding to &
Shepard Points

Change

Figure 24: Plot Options: Lines Tab

checkbox.
FEATURE- Toggles on and off the display of lines between objects that correspond to the
labeled points on the e Shepard Plot. Default is ‘on’.
Change : Selection Button.
FEATURE- Makes all specified changes.

o Axes Tab : Fourth tab of the e Plot Options Menu.
MENU- The measurement indicators on the axes of the plotting area for the configuration are usually
regarded as irrelevant. This is due to the fact that only the relative distances between points is useful
which may be observed visually. This being said, the option to add the numerical axes measures is

available to the user if that output is desirable to them.

iGenEraI Points |Fes| Axes |

—MDS Configuration Axes

Display Axes Measures =l

Axes Colour .

Change

Figure 25: Plot Options: Axes Tab

Options for Plot Options: Axes Tab

Display Axes Measures : Selection by checkbox.
FEATURE- When selected, the numerical points along both axes are displayed on the e
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MDS Configuration Plot. Default is ‘off’.

Axes Colour : Selection by clicking coloured box, calling native operating system colour
selection window.
FEATURE- Selected colour will be reflected on the axes border of the plot as well as the
measures if they have been added.

Change : Selection Button.
FEATURE- Makes all specified changes.

Other Features

e NotesScript : The Notes and scripting capabilities of the MDS-GUI are housed in the Notes/Script tab of
the Plotting Tabs.
MENU- The tab in the secondary plotting area named Notes/Script serves two purposes within the MDS-
GUI. The first is a note making service available to the user where it acts as a simple text input location.
The area comes complete with copy and pasting functionality, either through a right click menu or the
keyboard shortcuts Ctrl-C and Ctrl-V. The second feature is the interface that has been customised be-
tween the tab and the active R-Environment. This link allows the user to treat the area as a scripting

location, whereby they may write their R code and run it directly from the MDS-GUI to the console.

o Run as Code : Selection Button

FEATURE- Treats all text in the text box as code and runs it through the R console.

¢ Save Notes : Selection Button
FEATURE- Opens the native operating system save file window. Allows user to save contents to a

txt file for external use.

< Load Notes : Selection Button
FEATURE- Opens the native operating system load file window. Allows user to load contents of an

external txt file.

¢ Information Table : the table section of the MDS-GUI summarises all relevant information of each of the
five plotting areas of Plotting Tabs. This allows the user to make direct comparisons from a numerical

point of view.

o MDS Configurations : Every time an MDS procedure is performed, all relevant information is up-
dated on the table in the row corresponding to the active plotting area.
FEATURE- Informs of the MDS method of each plot.
FEATURE- Informs of the distance metric of each plot.
FEATURE- Informs of the Stress value of each plot.
FEATURE- Informs of the MDS method of each plot.
FEATURE- Informs of the tolerance used for the process shown in each plot.

FEATURE- Informs of the number of iterations used in the MDS process for each plot.
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B.3 MDS-GUI Vignette

Some R packages are accompanied by at Vignette, which serves to provide
further information regarding the use of the software. These documents of-
ten are focused more on interpretation of results and include example results
from included data. The following document is the Vignette that accompa-
nies the MDS-GUTI along with the User Manual. This Vignette first provides
brief information on Multidimensional Scaling and then demonstrates the
use of the MDS-GUI with the use of the Morse-Code data and the the Break-
fast Cereal Data. More information is provided in the Introduction of the

document.
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Vignette: MDS-GUI

Andrew Timm

Abstract
The MDS-GUI is an R based graphical user interface for performing numerous Multidimensional Scaling
(MDS) methods. The intention of its design is that it be user friendly and uncomplicated as well as
comprehensive and effective. This document accompanies the MDS-GUI and should be referred to for
demonstration of introductory use. Some basic theory of Multidimensional Scaling is first discussed and then
the capabilities of the GUI are briefly demonstrated with two different data sets. The first set of data deals with
Morse-Code signals and is used to show how the MDS-GUI differentiates between categories of the data. The
second data set focuses on the nutrition content of breakfast cereals and demonstrates analysis with the use of

underlying variable axes.

Draft Version

August 11, 2012
1. Introduction

This document is a companion to the R based program called the MDS-GUI. The purposes of this Vignette are to
provide introductory information on Multidimensional Scaling and the use of the MDS-GUI. It is recommended
that any user that is either new to the MDS-GUI or new to Multidimensional Scaling read this document. The
Users Manual also accompanies the MDS-GUI and it should be referred to for more information on navigation
of the program and descriptions of features and areas. This document is laid out in such a way that it is assumed

that the user is familiar with the content of the Users Manual.
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