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Automatic relevance determination for
multi-way models

Morten Mgrup®” and Lars Kai Hansen?

Estimating the adequate number of components is an important yet difficult problem in multi-way modeling. We
demonstrate how a Bayesian framework for model selection based on automatic relevance determination (ARD) can
be adapted to the Tucker and CandeComp/PARAFAC (CP) models. By assigning priors for the model parameters and
learning the hyperparameters of these priors the method is able to turn off excess components and simplify the core
structure at a computational cost of fitting the conventional Tucker/CP model. To investigate the impact of the choice
of priors we based the ARD on both Laplace and Gaussian priors corresponding to regularization by the sparsity
promoting /;-norm and the conventional /;-norm, respectively. While the form of the priors had limited effect on the
results obtained the ARD approach turned out to form a useful, simple, and efficient tool for selecting the adequate
number of components of data within the Tucker and CP structure. For the Tucker and CP model the approach
performs better than heuristics such as the Bayesian information criterion (BIC), Akaikes information criterion (AIC),
DIFFIT and the numerical convex hull (NumConvHull) while operating only at the cost of estimating an ordinary
CP/Tucker model. For the CP model the ARD approach performs almost as well as the core consistency diagnostic
(CorConDiag). Thus, the ARD framework is a simple yet efficient tool for the estimation of the adequate number of
components in multi-way models. A Matlab implementation of the proposed algorithm is available for download at
www.erpwavelab.org. Copyright © 2009 John Wiley & Sons, Ltd.
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Fig. 4. Samples from the Prst group of songs, exemplibed by the lyrics of the Bon
JoviOs ONot fade awayO (left), and The MissionOs rendering ofO OLoveO (right).
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Fig. 5. Samples from the second group of songs, exemplibed by the lyrics of NirvanaC
OLove BuzzO (left), and the Therapy? song OStay HappyO (right).
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Fig. 6. Samples from the third group of songs, exemplibed by the lyrics in The Sex
PistolsO rendering of ONo FunO (left), and the Michael Jackson song OJamO (right).
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Fig. 7. Samples from the fourth group of songs, exemplified by the lyrics in Bo Didley’s
rendering of “Diddley Daddy” (left), and the Lou Reed song “The Blue Mask Women”
(right).



HAPPY
FUNNY
SEXY
ROMANTIC
SOFT
MELLOW
COOoL

ANGRY
AGGRESSIVE
DARK
MELANCHOLY
SAD

Fig. 8. Samples from the fifth group of songs, exemplified by the lyrics of The Doors’
“End of the night” (left), and the Yeah Yeah Yeahs’ song “Hello Tomorrow” (right).
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