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Abstract. The variability inside classes of individuals, categories (defined by a
categorical variable) or concepts (defined by an intent and an extent, like species
for example), is expressed by the use of intervals, histograms, distributions, se-
quences of weighted values and the like. In this way we obtain new kinds of data
called "symbolic". The aim of "Symbolic Data Analysis" (SDA) is to study and
extract new knowledge from these new kinds of data by an extension of Statistics
and Data Mining to symbolic data. We show that SDA is a new paradigm opened
to a vast field of research and applications. Then, we give a way for obtaining
discriminate symbolic descriptions by an original discretisation method, which
is illustrated by a financial application.

1 Introduction

The usual data mining model is based on two parts: the first concerns the observations
(i.e., observed entities), the second contains their description by several standard numerical or
categorical variables. The Symbolic Data Analysis (SDA) model (see (Diday, 1987), (Billard
and Diday, 2006), (Diday and Noirhomme, 2008)) needs two more parts: the first concerns
higher level units defined by classes of observations, categories (i.e. a name given to a class)
or concepts (defined by an intent and an extent) and the second concerns their description by
"symbolic data" which may be standard categorical or numerical data but moreover intervals,
histograms, sequences of weighted values and the like, in order to take care of the variability
of the observations inside each class. These new kinds of data are called "symbolic" as they
cannot all be manipulated like numbers.

Based on this model, new knowledge can be extracted by new tools of data mining extended
to this higher level units considered as new kinds of observations. Inspired by "The Structure
of Scientific Revolutions" (Kuhn, 1962), the second section of this paper tries to show that the
"Symbolic Data Analysis" framework is a new scientific paradigm by answering the following
questions: what is the failure in the actual practice? What is the paradigm shift? What is to
be observed and scrutinized? What kind of questions are there, and how are they structured?
What are the principles and the theoretical development? What is the applicability domain?

In order to build symbolic data from an initial standard data table, a discretization process is
needed and constitutes a fundamental part of the aggregation process which leads to histogram
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valued variables. Discretization is the process of converting numerical values of an attribute
to categorical. Therefore, in the third section we present a method, called "HistSyr", which
converts a continuous attribute to histograms. The main purpose of this method is to discover
the discretization of the continuous variable that will provide the most different histograms,
from one higher level unit (class or category) to another, after the aggregation to symbolic
data. In the last section, the paper is illustrated by an application on financial data for the
classification of investment funds (described by symbolic data), as a decision support.

2 The SDA paradigm

2.1 What is the actual failure which has produced the SDA Paradigm?

The failure is that in the actual practice only the "individual" kind of observations is con-
sidered. Moreover, these individual observations are only described by standard numerical and
categorical variables.

What is the SDA paradigm shift? It is the transition from the analysis of "individual ob-
servations" (e.g. a player of soccer, a stock, a pig etc..) described by standard variables of nu-
merical and categorical values, to the analysis of "classes of individual observations" (a team
of players, a fund of stocks, a farm of pigs, etc..) considered as higher level observations de-
scribed by variables whose values take into account the variability inside the classes: intervals,
probability distributions, sets of categories or numbers, random variables, etc..

These new kinds of values are called "symbolic" and the variables of symbolic values are
called "symbolic variables". For example, if we want to know what makes a team win, the
units to be considered are the teams and not the players. Moreover the description of a team
needs the use of symbolic data since for example, the age of a player is 24 years old, the age
associated to a team of players is for example the [min, max] interval or a histogram of the ages
of the players of the team. More generally, this transition is needed in the case of "complex"
data as it will be explained hereunder.

2.2 What is to be observed and scrutinized?

First, standard data tables where standard numerical and (or) categorical variables induce
categories which can be considered as "higher level observations". These categories can be de-
scribed by symbolic variables taking into account of their internal variability. The obtained
symbolic variables are more or less discriminating these categories depending on the dis-
cretization process (section 4), used on the variables of the initial standard data table.

Second, "native symbolic data" represented by tables where the observations are of higher
level and the ground level of observations is not known (for example, species of birds or species
of mushroom are higher level observations, described by their interval of height, age, distribu-
tion of colors etc., well defined in specialized books where the ground level of the specimens
is not given).

Third, "Complex" data where several different sets of individuals are described by different
variables. The next section describes this case into more detail.
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2.3 From complex data to symbolic data table: the fusion process

"Complex" data cover all sets of data which cannot be reduced to a simple standard data
table. For example, hierarchical data, multisource data, specific data like text or images. In
practice, often complex data are more or less based on several kinds of observations described
by standard numerical or (and) categorical variables contained in several multisource related
data tables. In this case the higher level units are obtained by means of a "fusion process".

For example, in the study of the degradation problems occurring on nuclear power plant
cooling towers, we can consider, for each tower, three standard data tables of different obser-
vations and different variables. The observations of the first data table are cracks described by
their length, thickness orientation etc. In the second standard data table the observations are
vertices of a grid obtained on the tower and described by the gap deviation at different periods
compared to the initial model position. In the third standard data table, corrosion positions are
described by corrosion variables. In order to compare the towers, a fusion process is applied.
It consists first of an aggregation process on the three data tables of each tower considered as
a higher level observation and then of a concatenation of the obtained aggregated tables. Tab-
Syr software is used to create, fusion and visualize symbolic data table. Figure 1 illustrates an
example of graphical illustration of symbolic data table obtained after the fusion process (see
(Afonso et al., 2010) for more details).
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FI1G. 1 — Visualization of the symbolic data table (rows are sorted from the most to the less
damaged towers thanks to a model that combines different kinds of symbolic variables such as
histograms, intervals, standard variables...).

2.4 What are the main principles?
2.4.1 The general methodology: four approaches

The methodology can be decomposed into four cases, depending on the initial data (stan-
dard or symbolic) and the used method (standard or symbolic). The observed entities can be
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natively described by symbolic data, for example, after a fusion process as shown in the section
2.3. If the initial data are standard, for sure standard methods may be applied for describing
individuals (for example, allocating individuals to the labelled leaves of a decision tree). Nev-
ertheless, it is also possible to transform these standard data using clusters (after a clustering
process) or categories (given or obtained after a discretization process). Then, these clusters
or categories are considered as new units to obtain symbolic data (by an aggregation process).
Then, an SDA method in order to solve the same question can be used (for example, allocating
individuals to the labelled leaves of a symbolic decision tree). For example, having players
described by standard numerical and categorical data, if the question is to find what explains
that a player is good, a standard decision tree method can be applied. Nevertheless, we can
also solve the problem after the transformation of the initial data in categories or clusters, con-
sidered as new units, described by symbolic data and then apply a Symbolic Decision Tree
method.

If the initial data are natively symbolic, we can solve the problem by also two approaches:
first, the standard approach which transforms the symbolic data in standard data and then
applies a standard method; second, by using an SDA method on the symbolic data themselves.
For example, if the question is "what makes a team win?", the initial data are symbolic in order
to describe the variability inside the teams considered as units. Then, a standard or an SDA
method can be applied on these new units.

2.4.2 Symbolic data express variability

non

There are at least two kinds of uncertainty: "imprecision”, "vagueness".Both concern in-
dividuals value variables. "Variability" concerns individuals value variables variation inside a
class of individuals. For example, Zidane (the famous football soccer player) has a height of
1.80 cm with 1 cm of "imprecision", we can say "vaguely" that "frequently" he shoots goals,
his age was precisely 32 years old but the age of his team at the football World Cup "varies" be-
tween 23 (exact age of the younger player of his team) and 34 (exact age of the older player).
More generally, this means that the variability can be expressed with exact information (i.e.
without imprecision or vagueness). For sure, it is possible to have measures mixing the three
notions as for example: the variation of the age of the players of Zidane’s team where the ages
of the players are known with imprecision or (and) vagueness.

2.4.3 The SDA basic principles

When SDA is applied to numerous standard data in order to solve a standard decision
problem, in many cases, in comparison with a standard method, the SDA approach has the
advantages to produce simpler and efficient results, easier to explain than those obtained by a
standard method. From the ground level (individual observations) to a higher level of obser-
vation (classes, categories or concepts), an aggregation process which produces the symbolic
data is needed. The aggregation process must discriminate as much as possible the Symbolic
Data obtained at the higher level observations by using a "good" discretization process of the
initial variables. When SDA is applied to symbolic data, in comparison with the transformation
of the symbolic data in standard data, the advantages are that:

— The variables taking symbolic values are not lost. For example, if a team is described by

a vector of two intervals expressing the height and the age of its players, in the standard
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space we are in the R* space where each team is represented by a point associated to
four numerical variables (min and max of the height and min and max of the age), but in
the symbolic space we have only two variables the symbolic variables height and age of
interval values easily representable by a rectangle of R?. Therefore, a standard decision
tree applied in R* will concern the variables min or max of height or age and will lose the
variables height and age as a symbolic decision tree (see (Quantin et al., 2011)) applied
in R? will do.

— The standard space fails to represent graphically the variability. For example, a standard
PCA (see (Jolliffe, 2002)) applied in R* will represent the teams by points. At the con-
trary in a Symbolic PCA (see (Douzal-Chouakria et al., 2011)), the teams are represented
by a surface better expressing the variability than just a point.

So, in summary we can say:

— Work in the Symbolic space (without transforming symbolic data into standard data) as
much as possible. The symbolic data has to be treated as they are as their transforma-
tion into standard numerical or categorical data, loose the symbolic variables and the
variability that they express. For more details see (Billard and Diday, 2006) (pages 63 to
65).

— Represent as much as possible, the graphical visualization of the variability of the higher
level observations in the output.

— Do not reduce the output to just numerical results and try to remain in the same or more
general kind of symbolic data than in the input.

2.5 What is the theoretical development?

Like for standard Statistics or standard Data Mining there is not a general theory but spe-
cific problems to solve. All needed theoretical development in Statistics or Data Mining for
analyzing standard data can be extended to symbolic data. Moreover, specific theoretical de-
velopments are needed. For example, in the case where the ground data are given and the
histogram valued variables are built, after a "well discriminating” (see section 3) discretization
process, the stochastic convergence of any SDA method has to be proved when the histograms
converge towards their associated laws when they exist (see for example, (Diday and Emil-
ion, 2003) in the framework of Galois lattice theory). More generally, there are three kinds
of theoretical developments depending on the input (standard or symbolic data), and the out-
put (standard or symbolic). For example, what links, advantages or inconvenients are there in
applying a standard method (PCA, decision tree, clustering, mixture decomposition, etc.), on
standard data and using the associated symbolic method by transforming these data to sym-
bolic data? This strategy can be at least useful in the case of Big Data. What links between a
parametric model induced from symbolic data transformed in standard data and a parametric
model induced from the model associated to each of these symbolic data (see for example: (Le-
Rademacher and Billard, 2011), (Diday, 2011))? The question of aggregating standard data in
order to obtain discriminating symbolic data (see section 3, the case of histograms) remains
open. The question of aggregating (by capacities, for example) symbolic data and crossing (by
copulas, for example) symbolic variables also remains wide open.
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2.6 What is the SDA applicability domain?

The applicability domain is huge, as it is the case for Data Mining and any domain where
multidimensional data are massively collected: medicine, biology, socio-demography, eco-
nomics, text mining, images, web data, social networks, etc.

3 Discretization of continuous variable

In this section we present the state of the art of a continuous variable discretization. Then
we explain the notion of discrimination. After this, we present the "HistSyr" software. Finally,
we give a comparison between HistSyr and other discretization methods.

In the literature, we find many works which treat discretization problematic especially to
resolve the problem of the data mining methods that accept only categorical variables in input
like decision tree and naive-Bayes (see (Yang and Webb, 2001)).

There are two types of discretization ((Dougherty et al., 1995)):

— Unsupervised discretization in which we do not take into account the value of the classes
of the objects, like Equal Width Discretization (EWD), Equal Frequency Discretization
(EFD) and the Fisher’s algorithm (Fisher, 1958) which gives the best bounds by opti-
mizing the intra-class inertia of the continuous variable.

— Supervised discretization in which the value of the classes of the objects is essential to
choose the best cutting bounds. In every method of this family there is a criterion of
discretization which is calculated on the values of the classes. For example the multi
interval algorithm (MIA) of Fayyad and Irani ((Fayyad and Irani, 1993)) this criterion is
Shannon Entropy, while it is x? statistic in the ChiMerge algorithm of Kerber (Kerber,
1992) .

3.1 What’s discrimination?

In this context, the meaning of discrimination is differentiation between concepts. In fact
the more the values of an attribute are different the more this attribute is discriminating the
concepts. Figure 2 gives an example of discriminating and not discriminating variables. Based
on this example, we note that the first variable has values that differentiate perfectly the con-
cepts. How can we obtain discriminating histograms from continuous variables? To answer
this question, we have developed a software module called HISTSYR.

Concepts Discriminating variable Not discriminating variable

.
'
I

FI1G. 2 — Discriminating vs. not discriminating variables.

Sl
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3.2 HistSyr

The main purpose of HistSyr is to build discriminating histograms from continuous at-
tributes. Based on the principle of classical supervised discretization methods we construct a
discretization criterion which takes into account the different values of the concept and finds
the bounds that give the most discriminating histograms for the given concepts. This crite-
rion is based on calculating the Euclidean distance between two histograms H; and H;. The
expression of this criterion is:

n—1 n k

1 iy :
Score = m ; Z abs (mod(z,]) — mod(l,])> ey

11=i+1j=1

where n is the number of concepts, k is the number of categories and mod(i, j) represents the
frequency of the category j for the concept .

This criterion evaluates the difference between the constructed histograms. The results are
better as the score is higher. As shown in figure 3 the value of the criterion varies between
0 and 1. It is equal to "1" when the histograms are perfectly different and "0" when they are
identical.

Case 1 Case 2 Case 3

Cll

Concept B

Score 0 <score <1

FI1G. 3 — Examples of calculating the score.

To search for the best bounds which give the best histograms we use Fisher’s algorithm
((Fisher, 1958) ), except that instead of optimizing the internal variation of the continuous
variable we optimize the score presented previously (see equation 1). So we search the bounds
which give the best score. Using Fisher’s algorithm to search bounds we make sure that we
obtain the optimal solution, since this algorithm searches the best solution from all possible
bounds.

3.3 HistSyr Vs other methods

To validate our method it was important to compare it to other methods of discretization.
To do this we have chosen methods that discretize a continuous variable into several intervals
like EWD, EFD and the method of Fayyad an Irani (see section 3.2). We have implemented
the two first methods in HistSyr and the result of the last method was found using the software
Weka Ware (2000). To compare these methods we test them on several machine learning data
sets from UCI (Blake and Merz, 1998)).
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Figure 4 gives an example of results obtained by HistSyr applied to the Iris database. In this
example we take the continuous variable "SepalLength" and we construct histograms resulting
from the four methods ; the first column gives the result of the application of "HistSyr" with 3
categories ; the second column gives the result of the EWD with 3 categories, while the third
represents the results of EFD method with 3 categorie ; finally the fourth coloum gives the
result of the application of Fayyad and Irani’s method. This example shows that the supervised
methods, "MIA" and "HistSyr", produce more discriminating histograms than the unsupervised
ones.

Species SepallLength_Hist3 Sepallength_inter... SepallLength_Area3 SepallLength_limit3
setosa I_
- u
e =2 12 12
versicolor I
i
123 123 123 123
virginica | I
In .
123 123 123 123
Scores 0.71 0.66 0.65 0.70

FIG. 4 — Example of results obtained by the application of four discretization methods to the
attribute "Sepal Length" of the Iris database.

Table 1 resumes the obtained results of these methods with three UCI databases: "Iris",
"Breast cancer Wisconsin" and "Australian".

This table shows that our method performs better according to our criteria than the unsu-
pervised methods (EWD and EFD). But it gives in some cases the same scores as the method
of Fayad and Irani with a less number of categories like for the attribute "Sing_ epit". We may
conclude that HistSyr lead to the best bounds for histograms that discriminate concepts.
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4 Application: Clustering of investment funds

This section describes an application of symbolic data methods to the classification of
investment funds as a decision support for the establishment of financial portfolios.

HistSyr discretization

Variations_Histd Var_cumul_Hist3 volume_Hist3  Volatiité_Histd
W ooz W an Mo W <00
W -cosc000 M ocnoos [ 27.0tero Il 1000220
M 008 W 0w MWso 220
Fund Day Price Cumul_Var
fundi 13/07/2010 85.18 0.31 0.31 Fund Volume  Volatili Region
16 640 rows| fpngy 14/07/2010 85.43 0.23 0.60 fund1 a1 38 Europe 182
correspondi| |fundy 15/07/2010 85.49 .07 0.67 fund2 103 57 Europe rows,
ng to daily fund3 75 8 Europe one by
wvariations fund2 01/11/2010 83.76 0 11.58 funda 62 5 Europe
for alt il fund2 02/11/2010 84.15 0.47 12.05 funds &0 8 Europe Fund
fund2 03/11/2010 85.02 103 13.08
funds
\ TabSyr
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Fund ——
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133 ¥ 5] E ]
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Symbolic data table

FIG. 5 — Discretization by HISTSYR and then merging of classical data tables in a single
symbolic data table describing the investment funds.The variables describing the funds can be
interval or histogram valued in order to take into account the daily variations of the funds.

Funass

FIG. 6 — Principal Component Analysis (PCA) of investment funds and projection of a k-means
clustering of these funds into five clusters (CI to C5). The PCA and k-means methods are here
extended to symbolic data.

Data refer to 182 non-denominated investment funds described by two data files. The first
data file describes the daily variation of funds during three months. Each row of the file collects
the fund, the trading day, the price in Euros of the fund, the variation from the previous day and
the cumulative variation (Cumul_ Var) from time O (first day of the quarter). This file contains
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16,640 rows, one row by trading day for each fund. The second file gives, for each fund, the
volume of funds traded in the quarter (in millions), the daily volatility (i.e. the variance of the
prices for the period) for the quarter (100) and the original region of the fund. This file contains
182 rows, one by fund. An extract of the tables is given at the top of Figure 5.

To form portfolios of investment funds, the concept "investment funds" was built. Thus, a sym-
bolic data file is built using the module TabSyr for fusion. Tabsyr is applied to the first initial
data file on variations. With this fusion, the values of the variables "Price", "Variations" and
"Cumul_ Var" are aggregated up to intervals describing the min/max variations of a giving fund
over the whole period (see bottom of figure 5). Moreover, in order to take into account the daily
variations in a more informative way, the variables "variations" and "Cumul_Var" are aggre-
gated up into histograms. To perform this aggregation, Histsyr methodology is used to ensure
the definition of relevant histograms, i.e. histograms that discriminate the "investment fund".
"variations_ hist3" describes, for a given fund, the daily variations over the whole quarter in the
classes (<-0.06, -0.06 to 0.09, >0.09). Thus, for a given histogram, the red bar, in the symbolic
data table, expresses the frequency of the number of days were to perform less than -0.06, the
blue bar expresses frequencies of returns between -0.06 and 0.09, and finally the green bar ex-
presses frequencies of daily returns over 0.09. To make it simpler, we may consider that each
histogram expresses the loosing, steady and winning days respectively. Similarly, the "Var_
cumul_ hist3" variable describes the cumulative variations thanks to histograms distributed in
the classes (<0.03, 0.03 to 0.97, >0.97)).

In a second step, the second file on the individual variables is concatenated to the symbolic
data file. The Histsyr method is used again to discretize the quantitative variables "Volume"
and "Volatility" into categories. The three variables "Region", "Volume_ hist3" (<27, 27 to 61,
>61) and "Volatility_ Hist3" (<10.0, 10.0 to 22.0, >22.0) are added to the symbolic data file.
Finally, a symbolic data table merging all variables was created where each cell of the table
does not necessarily contain a single value but interval or histogram values taking into account
the daily variations of the funds. This merging process is illustrated in figure 5.

The resulting table is then analyzed thanks to data analysis methods extended to symbolic data
and implemented in SYR software. Using the NetSyr module, extending, among other options,
Principal Component Analysis (PCA) to symbolic data (see (Diday, 2010)), the investment
funds are visualized in a factorial plane (see figure 6). The first axis captured 36% of the in-
ertia and the second one, 18%. In this factorial plane, a clustering of the funds into 5 clusters,
calculated with the k-means method for symbolic data (see chapter 11 of De Carvalho and al.
in (Diday and Noirhomme, 2008)), is projected through colored shapes. These five clusters of
funds, numbered from C1 to C5, will be analyzed in the following sections.

To perform this analysis, several visualization tools offered by the NetSyr module were
used. In Figure 7, the quarterly volatility of each fund combined with its region is visualized
using colored rings. The larger the circle, the higher the volatility for a given fund. The colors
in each ring correspond to the regions: Europe (Blue), U.S. (green), World (Red). We find
that the most volatile funds appear mostly on the far left of the graph. We also note that the
five clusters of funds are mixed considering the regions. We can, however, observe, in some
clusters, several small groups (subclusters) of very similar funds originated from the same
region. The projection of a proximity network between funds can bring out these small groups.
Examples were encircled in the graph. Finally, the proximity network allows observing funds
on the frontier between two clusters.
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FI1G. 7 — Visualization for each investment fund of its region - Europe (Blue), U.S. (green),
World (Red) combined with its volatility (circles more or less large). The projection of a prox-
imity network allows highlighting subclusters of very similar funds.

P oo ]

-
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Acxis 1(36.38 %)

FIG. 8 — Projection, for each fund, of its daily variation "Variations_ Hist3" using pie charts.
Clicking on a pie chart displays the histogram in detail. Daily variations amplify from the right
to the left of the graph.

FIG. 9 — Projection, for each fund, of its daily cumulative returns "Var_ cumul_ Hist3" using
pie charts. Clicking on a pie chart displays the histogram in detail. There is a clear separation
between the clusters of profitable funds at the top of the graph and the unprofitable ones at the
bottom.



Diday and al.

In Figure8, the values of the histogram variable "Variation_ Hist3" are displayed. These

values are displayed as pie charts projected on the corresponding funds. Double-clicking on
each pie chart, the details of the histogram will be highlighted. We find that the funds and clus-
ters of funds have very low volatility on the right of the graph and become increasingly volatile
as one moves to the left of the graph. Thus, the funds of clusters C1 and C2 are strongly char-
acterized by steady daily returns (-0.06 to 0.09, the blue category). At the opposite, the funds
of clusters C3 and C5, far left, are characterized by significant variations. These variations are
both positive (green category > 0.09) and negative (red category <-0.06).
Finally, we display the values of the histogram variable "Var_ cumul_ Hist3" on cumulative
variations. A correlation between this variable and the second axis is observed. There is a clear
separation between the clusters C2, C3 at the bottom of the graph with cumulative losses (or
at the best very small gains) and the clusters C1, C4, C5 at the top with interesting cumulative
gains. Thus, the cluster C1 is characterized by low volatility and slightly positive returns. C5
is a cluster of funds with high volatility but with very positive returns. C4 is an intermediate
cluster. C2 contains funds with low volatility, but with a downward trend. Finally, cluster C3 is
the riskiest one with volatile and unprofitable funds.

5 Conclusion

We have shown that SDA is a new paradigm based on the transition from standard indi-
vidual observations to higher level observations described by symbolic data. SDA is a useful
tool for Complex Data Mining. Much remains to be done for extending existing methods of
Data Mining to Symbolic Data. A huge field of research is open as for example: the topology
inside the symbolic space, summarizing graphs, social networks, extending to symbolic data
with stochastic convergence Decision Trees, Factor Analysis, Canonical Analysis, PLS, Ga-
lois lattices, etc.. In the case of Big Data obtaining the symbolic data and analyzing them with
scalable methods in the cloud is also a very open and interesting field of future research.
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