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1 Introduction

Multidimensional methods are essential for analyzing complex data (omics, spectral, etc.). Many R
packages exist, but they have different philosophies. This leads users to question their differences in
terms of functionality, maintenance, reproducibility, and results. The R4multidata project aims to
create a standardized and collaborative environment for testing and comparing, with real and
simulated data, the functions of these packages in terms of approach and application. In the event of
algorithmic differences, the associated limitations are studied. The ultimate goal is to provide the
necessary elements for making informed choices about tools.

2 Material and methods

In the statistical analysis and integration of complex heterogeneous data, multidimensional methods
are mainly applied. Among the R packages, mixOmics [1] is one of the most widely used (2,500 to
3,000 downloads of the package per month). Functions in the initial mixOmics package were built
based on methods developed by the authors of the RGCCA package [2], but in a way that simplifies
their use by biologists. Besides, RGCCA was developed for including more methods in a unique and
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general framework [3]. These two packages therefore share a number of basic statistical methods,
such as partial least squares (PLS) regression and its discriminant (“DA”) or variable selection
(“sparse”) versions, Canonical Correlation Analysis (CCA), and their derived multiblock methods
considering more than two blocks of data. However, the two packages then evolved independently,
still with two different philosophies.

In the R4multidata project, eight methods from these two packages were considered: PLS regression
and discriminant, sparse, and/or multiblock variants (PLS, PLS-DA, sPLS, sPLS-DA, mbPLS,
mbPLS-DA, mbsPLS, mbsPLS-DA). Initially, these methods were studied from a theoretical point
of view (optimization problem, initialization, deflation, block weighting, regularization, variable
selection method, missing values handling, prediction methods). Their implementations in the two
packages were compared (inputs and outputs of the main functions, functions to tune or evaluate the
models, plots). At the same time, comparison criteria were determined, and datasets were prepared
using real data from research projects or available in the packages, before the application of the
functions and the comparison of the results.

3 Results and discussion

The conceptual differences that have been identified between the packages, are due to the fact that
different parameters have been set by the developers, or left to the user's choice. For example, four
deflation modes are offered in mixOmics, whereas a single mode is offered in RGCCA. Conversely,
in multiblock methods, the sum of covariances is always maximized in mixOmics, whereas it is
possible to maximize the sum of covariances, the squares of covariances, or the absolute values of
covariances in RGCCA. Moreover, data blocks can be weighted in RGCCA and not in mixOmics.
There are also differences in the strategy applied, particularly for prediction in multiblock methods,
which is done by block in mixOmics before averaging, and which is done from concatenated
components in RGCCA.

Application to the datasets shows that, among other things, with equivalent settings, the first
components obtained with the two packages are often comparable, and differences appear in the
subsequent components.

There are also clear differences in terms of purpose and target users: The mixOmics R package is
intended for use in regression and discriminant analysis (several classification methods and
performance indicators dedicated to regression or discrimination), and/or by novice users.
Conversely, the RGCCA R package is more intended for experienced users, as it allows for a more
rigorous approach (more refined parameterization) and as it allows, through a judicious choice of
parameters, a greater number of methods to be applied.

4 Conclusion

Although based on the same framework, the algorithms and functions of the two packages for
applying PLS or PLS-DA regression with their sparse and multiblock variants have many differences
that should be clearly identified when performing analyses to make the better choices.
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