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Abstract
We present ADE-4. a multivariate analysis and graphical display soft
ware. Multivariate analysis methods available in ADE-4 include usual
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réaliser automatiquement des collections de graphiques correspondant
à des groupes de lignes ou à des colonnes du tableau de données, of
frant ainsi un outil très efficace pour les graphiques multi-tableaux ou
les cartes géographiques. Un module graphique dynamique autorise des
opérations interactives comme la recherche, l'agrandissement de parties
du graphe. la sélection de points. et la représentation de valeurs sur des
cartes factorielles. t:interface utilisateur est simple et homogène pour
tous les modules; cela contribue à faire d'ADE-4 un outil accessible aux
non-spécialistes en statistiques, analyse de données ou informatique.

1. Introduction

ADE-4 (THIOULOUSE et al., 1997) is a multivariate analysis and graphical dis
play software for Apple Macintosh and Windows 95 or NT microcomputers.
It is made of several stand-alone applications, called modules, that feature a
wide range of multivariate analysis methods, from simple one-table analysis
to three-way table analysis and two-table coupling methods. Ir also provides
many possibilities for helpful graphical display in the process of analyzing
multivariate data sets. Ir has been developed in the context of environmental
data analysis, but can be used in other scientific disciplines where data analysis
is frequently used. ADE-4 is developed by J. Thioulouse (computer science), D.
Chessel (statistics), S. Dolédec (ecology) and J.-M. Olivier (contact & distribu
tion). The whole software, including documentation and sample data sets are
is freely available on the Internet network. Here, we wish to present the main
characteristics of ADE-4, from three point of view: (1) data analysis methods,
(2) graphical display capabilities, and (3) user interface.

2. Data analysis methods

2.1. Mathematical basis of the computation

The data analysis methods available in ADE·4 are based on the duality diagram
(CAILLIEZ & PAGÈS, 1976), introduced in ecology by ESCOUFIER (1987) in
which a raw data table is considered as a statistical triplet composed of a
transformed table of the same dimensions and two weight matrices, one for
the lines, the other for the columns. Depending on the transformation and the
weights, alllinear data analysis methods can be defined.

In many modules, Monte-Carlo tests (GOOD, 1994, chapter 13) are available
to study the significance of observed structures.
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The PCA module offers several options, corresponding to different duality
diagrams: correlation matrix PCA, covariance matrix PCA, non centered PCA
(NoY-MEIR, 1973), decentered PCA, partially standardized PCA (BOUROCHE,
1975), within-groups standardized PCA (DOLÉDEC Ile CHESSEL, 1987). See
OKAMOTO (1972) for a discussion of different types of PCA.

The COA module offers six options for correspondence analysis (CA):
classical CA, reciprocal scaling (THIOULOUSE Ile CHESSEL, 1992), row weighted
CA, internaI CA (CAzEs et al., 1988), decentered CA (DOLÉDEC et al., 1995).

The MCA module offers rwo options for the analysis of tables made
of qualitative variables: Multiple Correspondence Analysis (TENENHAUS Ile

YOUNG, 1985) and Fuzzy Correspondence Analysis (CHEVENET et al., 1994;
CASTELLA Ile SPEIGHT, 1996).

A fourth module, HTA (homogeneous table analysis) is intended for homo
geneous tables, i.e., tables in which ail the values come from the same variable
(for example, a toxicity table containing the toxicity of sorne chemical com
pounds toward several animal species, see DEVILLERS Ile CHESSEL, 1995).

Lastly, the DDUtil (duality diagram utilities) module provides several inter
pretation helps that can be used with any of the methods available in the first
four modules, namely: biplot representation (GABRIEL, 1971, 1981), inertia
analysis for rows and columns (particularly for COA, see GREENACRE, 1984),
supplementary rows and/or columns (LEBART et a/., 1984), and data reconsti
tution (LEBART et al., 1984).

2.3. Partitioning and classification methods

The Clusters module provides a partitioning algorithm using moving centers
near to the k-means c1ustering method, and five algorithms for computing
hierarchies from a distance matrix including average linkage, simple linkage,
complete linkage, Ward's method and second order moment divisive algorithm
(Roux, 1985, 1991).

2.4. One table with spatial structures

Environmental data very often include spatial information (e.g., the spatial
location of sampling sites), and this information is difficult to introduce
in classical multivariate analysis methods. The NGStat module provides a
way to achieve this by using a neighbouring relationship berween sites. See
LEBART (1969) for a presentation of this approach and THIOULOUSE et al.
(1995) for a general framework based on variance decomposition formulas.
Also available in Distances module are the Mantel test (MANTEL, 1967), the
principal coordinate analysis (MANLY, 1994), and the minimum spanning tree
(KEVIN Ile WHITNEY, 1972).

Océanis • vol. 24 nO 4 • 1998



398 M. SIMIER et al.

2.5. One table with groups of rows

When a priori groups of individuals exist in the data table (figure lB), the
Discrimin module can be used to perform a discriminant analysis (DA, also
called canonical variate analysis), and between-groups or within-groups anal
yses (DOLÉDEC & CHESSEL, 1989). These three methods can be performed after
a PCA, a COA, or an MCA, leading to a great variety of analyses. For example,
in the case of DA, we can obtain after a PCA, the classical DA (MAHALANOBIS,
1936; TOMASSONE et al., 1988), after a COA, the correspondence DA, and
after an MCA the DA on qualitative variables (SAPORTA, 1975; PERSAT et al.,
1985). Monte-Carlo tests are available to test the significance of the between
groups structure.

2.6. Linear regression

Four modules provide several linear regression methods (figure lC). These
modules are UniVarReg (for univariate regression), OrthoVar (for orthogonal
regression), LinearReg (for linear regression) and PLSgen2 (for second gen
eration Partial Least Squares regression). Here also, Monte-Carlo tests are
available to test the results of these methods.

The UniVarReg module deals with two regression models: polynomial
regression and Lowess method (locally weighted regression and smoothing
scatterplots; CLEVELAND, 1979; CLEVELAND & DEVLIN, 1988).

The OrthoReg module performs multiple linear regression in the particular
case of orthogonalexplanatory variables. This is useful for example in PCR
(principal component regression; NiEs, 1984), or in the case of the projection
on the subspace spaned by a series of eigenvectors (THIOULOUSE et al., 1995).

The LinearReg module performs the usual multiple linear regression (MLR),
and the first generation partial [east squares (PLS) regression (LINDGREN,
1994). See also GELADI & KOWALSKI (1986); HOSKULDSSON (1988) for more
details on PLS regression.

The PLSgen2 module performs second generation PLS regression (TENEN
HAUS, 1997).

2.7. Two-tables coupling methods

The Projectors module is dedicated to two-tables coupling methods (figure 10)
based on projection onto vector subspaces (TAKEUCHI et al., 1982). The first
six options allow to build orthonormal bases on which the projections can be
made. The following five options provide several two-tables coupling methods,
and mainly PCAN (PCA on Instrumental Variables) methods. The "PCA on
Instrumental Variables" option can be used with any statistical triplet from the
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PCA, COA and MCA modules, which corresponds for example to methods
like CAIV (correspondence analysis on instrumental variables, LEBRETON et
al., 1988a,b, 1991) or CCA (canonical correspondence analysis, TER BRAM::,
1987a,b). This last method can also be performed using CCA module, which
is especially dedicated to it.

2.8. Coinertia analysls method

There are two modules for coinertia analysis. The Coinertia module, which
performs the usual coinertia analysis (figure lE) (CHESSEL & MERCIER, 1993;
DOLÉDEC & CHESSEL, 1994; THIOULOUSE & LOBRY, 1995; CADET etaI., 1994),
and the RLQ module, which performs a three-table generalization of coinertia
analysis (figure IF) (DOLÉDEC et al., in press).

2.9. k-table analysis methods

Collections of tables (three-ways tables, or k-tables, figure 1G, H, 1) can be
analyzed with the STATIS or the KTA-MFA modules. STATIS module features
three distinct methods: STATIS (ESCOUFIER, 1980; LAVIT, 1988; LAVIT et al.,
1994), the partial triadic analysis (THIOULOUSE & CHESSEL, 1987; BLANC

et al., 1998), and the analysis of a series of contingency tables (FOUCART,
1978). Two other k-tables methods are provided by the KTA-MFA module:
Multiple Factorial Analysis (ESCOFIER & PAGÈS, 1994) and Multiple Co-inertia
analysis (CHESSEL & HANAFI, 1996) which is a generalisation of the two
tables co-inertia analysis. The KTabUtil module provides a series of three
ways table manipulation utilities : k-table transposition, sorting, centering,
standardization, etc. Using KTabUtil and Statis modules, one can also perform
extensions of STATIS to COA Analysis (GAERTNER et al., 1998) and to Co
inertia Analysis for the analysis of k pairs of tables (SIMIER et al., 1999).

3. Graphical representations

ADE-4 graphical modules fall broadly in five categories: one dimensional
graphies, curves, scatters, geographical maps and dendrograms. Most modules
have the possibility automatically to draw collections of graphies, correspond
ing to the columns of the data file (one graphie for each variable), to groups
of rows (one graphie for each group), or to both (one graphie for each group
and for each variable). This feature is particularly useful in multivariate anal
ysis, where one always deals with many variables and/or groups of samples.
Moreover, several modules have two versions, according to the way they treat
the collections: e1ementary graphies can be either simply put side by side, or

Océanis - vol. 24 nO 4 - 1998



400 M. SIMIER et al. 1

superimposed. Superimposition is done in the modules with a name ending
with the "Class" suffix.

3.1. One dimensional graphies

The GraphlD module is intended for one dimensional data representation,
such as the values of one factor score. It has four options: Histograms,
Labels, Stars and Bars. The Histograms option computes the distribution of
the values into classes and draws the corresponding histogram, with optionally
the adjusted Gauss curve superimposed over it (figure 2A). The Labels option
simply draws regularly spaced labels (that can be chosen by the user) vertically
or horizontally along an axis; these labels are conneeted by lines to the
corresponding coordinates on the axis. The Bars option draws bars along an
axis, according to corresponding coordinates (figure 2B). The Stars option is
specially designed for circular data such as monthly measurements (figure lC).
For every option, the columns and groups of rows corresponding to each
elementary graphie of a collection can be chosen by the user.

The GraphlDClass module is also intenâed for representing one dimensional
data, but, as the "Class" suff1x indicates, for groups of rows and with the
corresponding graphies superimposed instead of placed side by side. The only
available option is GaussCurves, which draws a collection of Gauss curves
along an axis (figure lD), each curve corresponding to a group a rows.

3.2. Curves

The Curves module draws curves, i.e. a series of values (ordinates) are plotted
along an axis (abscissa). It features five options: Lines, Bars, Steps, Boxes and
Eigenvalues. Here also, columns and groups of rows can correspond to the
elementary graphics of a collection. Values can be presented as dots joined
by a line with the Lines option (figure 3A), or as separate bars with the
Bars option (figure 3B), or as steps with the Steps option. The Eigenvalues
option is dedicated to drawing of the eigenvalues diagram after a factorial
analysis (figure 3C). Boxes are classical "box and whiskers" display, showing
the median, quartiles, minimum and maximum.

The CurveClass module acts in the same way as the Curves module, except
that the curves defined by the qualitative variable are superimposed in the same
elementary graphie instead of being displayed in several graphics. Two options
are available: Boxes (figure 3D) or Lines (figure 3E)

The CurveModels module allows fitting models to observed series of values.
This module automatically fits a mode! for each e1ementary graphic in a
collection. Polynomial models (figure 3F) and Lowess models (figure 3G)
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@
3

Figure 2: One dimensional graphies drawn by ADE-4. A: Histograms and adjusted Gauss
curves (optional) are automaticaJly drawn for each variable with Graph1 D, option His
tograms. B: Bars position values aJong an axis, with Graph1 D, option Bars. C: Star eharts
are used for plotting of circular data. D: Gauss curves, corresponding to groups of rows,
are superimposed on the same graph with Graph1DClass, option GaussCurves.

ean be fitted and superimposed to observed values with the Polynomials and
Lowess options.

3.3. Scatters

The most classieal graphie in multivariate analysis is the faetor map. The
Seatters module is designed to draw sueh graphies, with several options. For

Océanis • vol. 24 nO 4.1998
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Figure 3: Graphs obtained with the Curves, CurveClass and CurveModels modules: for
each of them, a series of values (ordinates) are drawn along an axis (abscissa). A: The dots
are joined with Curves, option Lines. B: Values are drawn as separate bars with Curves,
option Bars. C: An eigenvalue diagram is obtained by Curves, option EigenValues. D: Box
Plots corresponding to different groups of rows are drawn side by side by CurveClass,
option Boxes. E: Lines corresponding to different groups of rows are superimposed on
the same axis by CurveClass, option Unes. F: A polynomial model (Iine) is fitted to an
observed series of values (dots) with CurveModels, option Polynomials. Observed values
can be optionnally related to the predicted ones (right). G: A Lowess model is fitted to the
same series of values as in F. The highest the number of neighbours is, the smoothest the
line (trom left to right, respectively 4,6 and 12 neighbours are used for the computations).
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aIl options, the user can interactively select the columns and the groups of
rows that will be used to draw the e1ementary graphics that make a collection.
The simplest option is Labels. For each point, it only draws a characters string
(label) on the factor map (figure 4A).

The Trajectories option underlines the fact that the e1ements are ordered (for
example in the case of time series) by linking the points with a line.

The Stars option computes the gravity center of each group of points and
draws lines connecting each element to its gravity center.

The Ellipses option computes the means, variances and covariance of each
group of points on both axes, and draws an ellipse with these parameters: the
center of the ellipse is centered on the means, its width and height are given by
the variances, and the covariance sets the slope of the main axis of the ellipse.

The Convex hulls option simply draws the convex hull of each set of points.
Ellipses and convex hulls are labeled by the number of the group.

The Values option is slightly more complex. For each point on the factor
map, it draws a circ1e or a square which size is proportional to a series of values
(circ1e are for positive values, and squares for negative ones). This technique is
particularly useful to represent data values on the factor map (figure 4B).

Lastly, the "Match two scatters" option can be used when two sets of scores
are available for the same points (this is frequently the case in co-inenia
analysis and other two-table coupling methods). An arrow is drawn connecting
the point in the first set with that same point in the second set.

The ScatterClass module incorporates the Labels, Trajectories, Stars (fig
ure 4C), Ellipses (figure 4D) and Convex hulls options. It superimposes the
elementary graphics corresponding to a collection.

The last module for scatter diagrams is ADEScatters (THIOULOUSE, 1996).
It is a dynamic graphic module, in which the user can perform several actions
that help interpreting the factor map: searching, zooming, selection of sets of
points, interactive display of data values on the factor map. For the moment,
this module is available for Macintosh only.
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3.4. Cartography modules

Five cartography modules are available in ADE-4. They can be used to map
either the initial (raw or transformed) data, or the factor scores resulting from
a multivariate analysis.

The Digit module allows user to digitize points coordinates on a background
map.

The Levels module draws contour curves on the map (figure SA). It can be
used with sampling points having any distribution on the map: an interpolated
regular grid is computed before drawing. Contour curves are computed by

Océanis. vol. 24 nO 4 • 1998
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Figure 4: Examples of scatterplots drawn by ADE-4 (data from BOUCHER, 1985). After a
COA, rows and columns of the data table (here samples and species) are projected on
the factorial axes. Here, the same factorial plane (sampies projected on axes 1 and 2) is
shown with different points of vue. A: Classical factorial plane of the samples obtained
with Scatters, option Labels. B: Projection of an extemal value on the factoriai plane with
Scatters, option Values (here relative abundance of 8 species are projected on the samples
factorial plane in 8 different windows). Circles stand for positive values and squares for
negative values. C: Groups of samples are connected by lines to their gravity centers
(circles) in ScatterClass module, option Stars. D: Ellipses are drawn on the same groups
of samples with ScatterClass. option Ellipses.
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2.7

5.6

Figure 5: Examples of maps obtained with ADE-4 software (data from BELAIR et al., 1987).
A: Grey levels contour curves for 9 environmental variables are automatically displayed on
the background map of the studied zone by the Levels module. B: After a normed PCA
on the data table, coordinates of the 97 samples on the first factorial axis are projected as
squares (negative values) and circles (positive values) on the same background map.

Océanis • vol. 24 nO 4. 1998



4. The user interface

ADE-4 is made of a series of smal! independent modules that can be used
independently from each other or launched through a HyperCard for the
Macintosh version (figure 6) or WinPlus for Windows 95 and NT version
interface. There are two categories of modules: computational modules and
graphical ones, with a slightly different user interface.
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4.1. Computational modules

Computational modules present an "Options" menu that enables the user ta
choose between the possibilities avaitable in the module. For example, in the
PCA (principal component analysis) module, it is possible to choose between
PCA on correlation (Normed PCA) or on covariance matrix (Centred PCA) or
other variants.

Açcording to the option selected by the user, a dialog window is displayed,
showing the parameters required for the execution of the analysis. Values are
set using standard dialog windows. At the end of calculations, a text report
that çontains a description of input and output files and of analysis results is
created.

In addition ta the statistical modules listed above, several ADE-4 modules
deal with file manipulation (importlexpon of files from and ta other softwares,
data recoding, categorical variables manipulation... ). Other modules provide
utilities such as eçological indexes computation (EcolTools module) and radio
tracking (Tracking module).

a lowess regression over a number of neighbors chosen by the user see
THIOULOUSE et al., 1995 for a description and example of use of this technique
in environmental data analysis).

The Maps module has three options: the Labels option simply draws a label
on the map at each sampling point, the Values option draws circles (positive
values) and squares (negative values) with sizes proportional to the values of
the data file (figure SB), and the Neighbouring graph option draws the edges
of a neighbouring relationship between points.

The Areas module draws maps with grey level polygons, starting from a file
containing the coordinates of the vertices of each of the areas making the map,
and a second file corresponding to the grey levels.

3.5. Dendrograms module

The Dendrograms module can draw hierarchical trc::es after a classification
using Clusters module.

Océanis. vol. 24 nO 4.1998
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Figure 6: ADE-4 Hypercard (Macintosh) main interface. Computational modules appear
in bold font and graphical ones in standard font. 1: File utilities, 2: One-table analyses.
3: Linear regression and two-tabJe coupling methods, 4: Coinertia analysis. 5: k-table
methods. 6: Distance and partitions, 7: Cartography modules.

4.2. Graphical modules

Graphical modules also present an "Options" menu to choose the type of
graphie. They have an additional "Windows" menu. This menu can be used to

choose one of the three parameter windows that allow an interactive definition
of the graphical parameters. The user can thus freely modify the values of
ail the parameters and the resulting graphie is displayed in the "Graphies"
window.
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5. Conclusion

The computing power of micro-computers today is such that the time needed
to perform the computations of multivariate analysis methods is no longer
a limiting factor. The time needed to compute aH the eigenvalues and eigen
vectors of a 100 x 100 matrix is only a few seconds. The limiting factor is
rather the amount of field work needed to collect the data. This fact has sev
eral consequences on multivariate analysis software packages. Monte-Carlo
like methods (permutation tests) can, and should be used much more widely
(GOOD, 1994, p. 8). Moreover, it is possible ta use an interactive approach
ta multivariate analysis, trying several methods in just a few minutes. But
this implies an easy to use graphical user interface, particularly for graphic
programs, allowing to explore many ways of displaying data structures (data
values themselves or factor scores). Trend surface analysis and contour curves
are valuable tools for this purpose. We also need a graphical software able to
display simultaneously ail the variables of the dataset, and several groups of
samples, corresponding for example to the experimental design (e.g., samples
coming from several regions). We have tried ta address these points in ADE-4.
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The main dialog window allows to choose the input file and related param
eters. In the "Min/Max" window, the user can set the values of the minimum
and maximum of abscissas and ordinates, the number of horizontal and verti.
cal graphics (for graphic collections), the graphical window width and height,
legend scale options, etc. In the "Row & Col. selection" window, he can choose
the columns and the rows of the data set that will be used to make each
elementary graphic of a collection. The rows can be chosen either through
a selection file containing a qualitative variable which modalities define the
groups corresponding to each graphie, or by typing the number of the rows
belonging to each group.

4.3. HyperCard and WinPlus interface

A HyperCard (Macintosh version) or WinPlus (Windows 95 and NT version)
stack (ADE-4.Base) can be used to launch the modules. This stack also
provides a way to navigate through other softwares and the two other stacks:
ADE-4.Data, and ADE-4.Biblio.

ADE.Data (figure 7A) is a library of ca. 200 example data sets that can be
used for trial runs of data analysis methods (figure 7B). Most of these data sets
come from environmental studies. ADE.Biblio is a bibliography stack with
more than 1200 bibliographic re(erences on the statistical methods and data
sets available in ADE-4 (figures 7C, D, E).
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One of the benefits of having a systematie approach to elementary graphies
collection in modules GraphlD, GraphlDClass, Curves, CurveClass, Seatters,
and SeatterClass is the possibility to draw automatieally ail the graphies of
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Figure 7: ADE-4 Hypercard Interface Data and Biblio stac\<s. A: 202 example data sets are
available by menu on the Data card; B: User can gel data files by elicking on the selected
fields of each data card; C: 1247 bibliographie referenees are available on the Biblio card;
D: A biblio card; E: A bibliographie referenee can be exported to an external software in
text mode,
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Figure 8: The ADE-4 WWW (worfd·wide web) homepage.

a k-table analysis (i.e., the graphies corresponding ta the analyses of aH the
elementary tables).
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6. Availability

Previous versions of ADE-4 (up ta version 3.7) has already been distributed
ta many research laboratories in France and other countries. Now, the whole
software for PC or Macintosh and its documentation (Adobe Acrobat Reader
PDF files) can be obtained freely by anonymous FTP ta pbil.univ-lyon l.fr, in
the Ipub/mac/ADElADE4 directory, or on the WWW (world-wide web) down
loading page, available at: http://pbil.univ-lyonl.fr/ADE-4/ADE-4.html
(figure 8).
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A sub-set of ADE-4 can also be used on line on the Internet, through a
WWW user interface called NetMul (THIOULOUSE St CHEVENET, 1996) at
the following address: http://pbil.univ-lyonl . frlADE-4/NetHul. html. A
discussion list has been created on the internet (140 subscribers in Decem
ber 1997) which is a very useful exchange tool between users and authors of
ADE-4 and also provides access to updates and user support.
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