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BEYOND FEATURES

Traditional pattem recognition fechnigues are centered on
the notion of Teature™. According fo this view, each object
s described in lerms of 3 vecior of numernical attribules
and is therefore mapped fo a point in a Euclidean
{geometric) vector space so that the distances between
the points reflect the obsenved {dissimilarities between
the respective objects.

Diespite its potential, the geomeinc approach suffers from
3 majer intnnsic  limitaton, which concems the
representational power of feature-based descriptions. In
fact, there: are numerous appbcation domains whene either
it is not possible to find satisfactory features or they are
mefficient for leaming purposes. Most commonly, this is
typically the case when objects are descrbed in terms of
structural properfies., such as pars and relafions
betwesn paris, as s the case in shape recognition

This project aims at bringing to full maturation a paradigm
shift that = cumently just emerging within the pattem
recogniion and machine leaming domains, where
researchers are becoming increasingly aware of the
mpartance of similarity information per s2, as opposed
o the classical featwre-based approach. Indesd, the
nmoten of simitanty (which appears under different names
such  as proximity, resemblance, and  psychofogical
distance) has kong been recognized to lie 3t the very hean
of human cognitive processes and can be considered as a
conpection behween  perception and higherdesel
knowledge, a crucial factor i the process of human
recognition and categorization.

WHY SIMBAD?

By departing from wvector-space representations one is
confronted with the challenging probiem of deafing with
(@similarites that oo not necessanly possess  the
Euclidean behawior or not even obey the requirements of a
metric. The lack of the Euclidean and'or metric properties
undermmnes the wvery foundations of traditional pattemn
recognition theories and algorthms, and poses totally new
theareticalicomputational questions and challenges

We aim at undertaking a thorough study of several aspects
of similarity-based patten analysis and recognition methods,
from the theorefical, computatonal, and applcatve
persgectve, with a view to substantally advance the state of
the amt in the field, and contribute towards the long-term goal
of organizing this emenging field info a more coherant whole.

The whole profect will revolve around two main themes,
which basically comespond to the bwo fundamental questions
that anse when abandoning the realm of featwe-based
representafions:

1. How can one obtain suitable similarty information from
object representations that are more powerful than, or
simply different from, the vectonal?

2. How can one use smiarity information n onder to pariom
leaming and classification tasks?

According to this perspective, the wery nobion of similarity

becomes the pivol of non-wectorial paitem recognition in the
same way as the notion of feature-vector plays the role of
the piwot in the classical {geometric) paradigm.

SIMBAD AT A GLANCE

From a methodological perspective, SIMBAD will be
structured around the following strands:

Dieriving similarities for non-vectorial data
(structural kemnels), to dewelop computational
models for generating similarites for non-vectorial
data, with particular emphasis on structured and
sem-sinuctured descriptions

Foundations of non-{pecimetric similanties, to
study both the causes of the lack of [geoimetnicity in
the similarity data and itz =fects ower traditional
machine leaming algorithms

Imposing gpeomelricity on  non-peometric
similarities (embedding). to develop alnonthms for
fransforming the onginal simaanty data into proper
vectorial representations sufable for traditional
leaming algorithms

Learning with non-{gecimetric similarities, fo
dewslop nowel. gensral learning models which do
not require the (geoimetric assumpion

An mmportant part of SIMBAD will concem the validation
of the developed technigues. focusing mainly on
biomedical problems

Analysis of issue micro-array [TMA) images of
renal cell carcinoma, fo validate the technigues
developed by applying them to the analysis of
Tissue Micro Amay (TMA) images of renal cell
carcmoma

Analysis of brain magnetic resonance (MR}
scans for the diagnesis of mental illness, to
vaidate the technigues developed by appiying them
o the analysis of brain MR scans in the confext of
mentzl health research
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