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NEW SELF—ADAPTIVE PROBABILISTIC NEURAL NETWORKS IN
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V. L. Georgiou, K. E. Parsopoulos, N. G. Pavlidis, Ph. D. Alevizos, M. N. Vrahatis

Department of Mathematics, University of Patras Artificial Intelligence Research Center (UPAIRC),
University of Patras

During the past few years, computational intelligence methods have found numerous
applications in the fields of Bioinformatics and Medicine. An effective approach for
addressing classification tasks encountered in these fields are the probabilistic neural net-
works (PNNs). They constitute a class of neural networks that combine some of the best
attributes of statistical pattern recognition and feedforward neural networks. PNNs are the
neural network implementation of kernel discriminant analysis. The classical PNN can be
viewed as an “intelligent memory” since each training pattern is stored as a neuron of the
network. PNNs require small training times and produce outputs with Bayes posterior
probabilities. These desirable features come at the expense of larger memory require-
ments and slower execution speed for the prediction of unknown patterns.

The performance of PNNs is largely influenced by the spread parameters. To alleviate this
influence, we propose a self—adaptive PNN model, which incorporates an optimization
algorithm to set the spread parameters of the network to appropriate values. The selection
of appropriate spread parameters involves the minimization of a non—differentiable error
function. To this end, we employ only algorithms that do not require gradient information.
When considering PNNs that employ a single spread parameter (homoscedastic PNNs) we
consider the golden section search method as well as a swarm intelligence algorithm,
namely the Particle Swarm Optimization (PSO) algorithm, and compare their performance
to exhaustive search. For the PNNs that employ a number of spread parameters equal to
the dimensionality of the input space (heteroscedastic PNNs) we consider only the PSO
method.

The proposed model is applied on two Bioinformatics data sets, namely the E.Coli and
Yeast data sets, as well as, on the Breast Cancer and Diabetes medical data sets. The per-
formance achieved through different sampling techniques, namely Stratified Random
Sampling, Cross—Validation, and the Train—Validation—Test Partitioning is investigated.
The performance of the new model is compared to that of feedforward neural networks
and support vector machines and extensive statistical tests are conducted to justify the
significance of the results.
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NEA AYTO—-IPOZAPMOZOMENA MIOANOTIKA NEYPQNIKA
AIKTYA XTH BIONAHPO®OPIKH KAI THN IATPIKH

B. A. lewpyiou, K. E. Napodnoudog, N. I. MauAidng, ®. A. AAeBiZog, M. N. Bpaxdtng

Tunpa Madnpartikav, KEvipo Epeuvac Texvnti¢ Nonpoouvng, Maveniotripio Matpdv (UPAIRC),
Mavemotipio Natpwv

Ta teAeutaia xpovia ol HEBOSOL TEXVNTAC VONPOOUVNC €X0UV BPEL MANBWPA EPAPUOYWY
0TOUC TOE(C TC BloAoy(ag Kat TS latpikng. Mia anoTEAESPATIKN PEBOSOC UNOAOYIOTIKNAG
VONHOOUVNC yla TNV AVTIPETWION NPOBANPATWY Katnyoplonoinong eival ta Meavotika
Neupwvika Aiktua (MNA). Ta NINA anoteAolv pia KAAoN VEUPWVIKWY SIKTUWV Nou ouvaud-
Jouv KAnola ano ta KAAUTEPA XOPAKINPLOTIKA TNC GTATIOTIKNG AvayvweIong npotinwy
KO TWV VEUPWVIKWV SIKTUWY EPNPOo8lac tpopoddtnong. Ta NMNA e{val pla udonoinon tng
kernel discriminant analysis ota nAaicla TwWV TEXVNTWV VEUPWVIKWY SIKTUWV. ‘Eva MNA
unopel va BewpnBel oav pia «€Eunvn pvnpn» and m oTypn nou KABe NpdTuUNo ToU CUVO-
Aou €KMA{SEUONC ANOONKEUETAL WC VEUPWVAC Tou dikTUou. Ta MNA anattolv eAdxioto
XpOVo £KNA(SEUONC KA NAPAYOUV ANOTEAEOPATA PE XPNON TWV EK TWV UCTEPWY MOAVOTNA-
Twv (posterior probabilities) katd Bayes. Ta NA€OVEKTAPATA AUTA AVTIOTABH{ZoVTaL ANd TIC
HEYOAUTEPEC ANAITNCELC OE PVAPN KAL TO HEYOAUTEPO XPOVO EKTEAEONC.

H anddoon Ttwv MNA ennpedZetal onpavtikd and Tic napapétpouc Agiavong (spread
parameters). £'aut v PEAETN NPOTE(VOUNE £Va QUTO—NPOCAPHOZOPEVO POVTEND TINA TO
ono{o nepAapBAvel €éva aiyopt8po BEATIOTONONONG yla TOV KABOPIOHO TwV BEATIOTWY
Napap€Tpwy Aclavong. H entAoyn aut cuvendyetal  BEATIOTONO(NON MIAC PN—Nopayw-
y{OPNC QVTIKEIMEVIKNC oUVAPTNONG.

To NPOTEWOUEVO POVTEAO £POPUOZETAL 08 SU0 OUVOAA SESOPEVA AMG TO XWPO TNC
BlonAnpo@opikng, ouykekpipéva To E.Coli kat To Yeast, KaBw¢ Kal 0Ta GUVOAQ SESOPEVWV
yla ToV KapK(vo Tou paoTol Kat To 31aBNTn and 1o xwpo T latpikng. Eniong peAetdtat n
and300n Mou EMTUYXAVETAL ANd SIAPOPETIKES TEXVIKEC SElYHatoAnyiac. H anddoon tou
NPOTEIVOUEVOU POVTEAOU OUYKPIVETAL PHE QUTA TWV VEUPWVIKWY SIKTUWY EUNPO0OLag Tpo-
(030TNoNC KAt Twv Support Vector Machines kat napéxovial enepLOTATWHEVOL OTATIOTL-
Ko{ €Aeyxol yla TNV eNBEBAIWON TNC ONPAVTIKOTNTAC TWV ANOTEAETPATWVY.
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