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A hardware implementation design of Fuzzy Adaptive Resonance Theory (ART) based
partially paralld clustering system in FPGA reconfigurable computing architecture is
presented. The category choice and resonance is proposed to perform in parallel. In particular,
it is suggested to compute in parallel the choice functions. M oreover, the KWTA neural circuit
based rank-order filters (ROFs) are proposed to use for computing largest values of the choice
functions instead of the WTA unit. In addition, the vigilance condition is also suggested to
verify in parallel. In this way, repeating sequential processes for the category choice and
resonance can be replaced with one parallel process. This allows to reduce a computational
timerequired for the clustering.

Keywords: Fuzzy Adaptive Resonance Theory, reconfigurable computing architecture,
hardware description language, rank-order filter.

IMPOEKT CXEMOTEXHIYHOI PEAJII3AIIIL B LABVIEW YACTKOBO
MAPAJIEJIBHOI CUCTEMHU KJIACTEPU3AIII, IKA OCHOBAHA HA
HEUYITKIA TEOPII ATAIITUBHOI'O PE3SOHAHCY

HaBeneno mpoekT cxXeMOTexXHiYHOI peanizanii 4YacTKOBO NapajiebHOI  CHCTeMH
KjIacTepu3amii, sika OCHOBaHAa Ha HewiTKiii Teopii amanTuBHOro pesonancy (TAP), Ha
NporpaMoBaHuX  Jioriyamx  iHrerpaasHux cxemax (IJIIC) i3  pexongirypoBanorw
004N CITIOBATBHOIO apXIiTEKTYPOIo. BuOupaTn kareropiro Ta pe3oHaHC NMPONOHYETHCS MapasiesibHO,
30KpeMa napajiesbHO oouncaoBaTi pyHkuii Buoopy. Kpim unoro, 1ist o0uncieHHss HaioLILIIMX
3HaYyeHb (QyHkmid BuGopy 3amictb Winner-Takes-All (WTA) koMipkm  NponoHYeThCsI
BHKOPHCTOBYBATH NapasieibHi pamkyBaabHi piibTpu (P®), mo rpyHTYyIOTHCSI HA HEHPOHHHX
cxemax tumy K-Winners-Take-All (KWTA). Ha moagaTtok, Tak 3BaHy yMOBY MOMIOHOCTI TAKOK
NMPONOHYETHCS MPOBIPATH y MapajieJJbHOMY peskuMi. OTrke, IOBTOPIOBAJILHI MOCTIA0OBHI Npouecu
BUOOpPY KaTeropii i pe3oHaHcy MOKHA 3aMiHMTH HA OJUH mapaJejsHuii mpouec. Ile nacTs 3Mory
CKOPOTHTH Yac 004YncyIeHb, HeOOXiHMIA 1151 KJIacTepu3aiii.

KarouoBi cjoBa: HewiTka Teopisi aJanTHBHOIO pe30HAHCY, peKOH(pIryposana
004HnCcaI0BAJIBHA apXIiTEKTypa, MOBa ONUCY aNlapaTypH, PaHKyBaJIbHHI QLILTP.

Introduction

Adaptive Resonance Theory (ART) is a cognitive and neural theory of how the brain autonomously
learns to categorize, recognize, and predict objects and events in a changing world. There have been
developed many ART based unsupervised learning methods as well as supervised learning methods.
Numerous variants of ART algorithms have been used in various engineering and technological
applications. However, the processing time can be too high to satisfy real-time demands [1].

The Fuzzy ART network consists of two layers of computing cells or neurons F; and F,, and a
vigilance subsystem controlled by an adjustable vigilance parameter pe [0,1] (Fig. 1). Layer F; isthe input

68



layer composed of N input cells. Each input cell receives a component Iic[0,1], i=1,...,N of the input
vector I=(I,...,I). Layer F; is the category layer. It is composed of M cells, each one representing a
possible category. Each category cell receives an input T;, j=1,...,N. Each ith neuron of F, layer is
connected to each jth neuron of F, layer by a synaptic connection of weight zi,-b“. Each jth neuron of F,
layer is connected to each ith neuron of F; layer by a synaptic connection of strength zji“’ . In the Fuzzy
ART z;"'= z;*. Consequently, from now we will refer to the weights as ;= z;™ =z;"“.

F2 (WTA)

DO000a

Fig. 1. Topological structure of the Fuzzy ART architecture

The flow diagram of the Fuzzy ART operation is presented in Fig. 2. Initially, all the interconnection
weights z; are set to ‘1’. When an input vector 1=(l,....,Iy) is applied to the system, each category cell of F;
layer receives a component 1;€ [0,1]. Then each category cell of F, layer receives an input T;, i=1,...,N
which is a measurement of the similarity between the input pattern | and the weight template zj=(zy;, ..., z;)
stored in category j.

1Az
"oat|z | @
N

where A isafuzzy MIN operator defined by (XA Y), =min(X;, Y;), |X] isan i; norm |X|=Z|Xi|, andaisa

i=1
positive parameter called ‘ choice parameter’. The j-th F, cell provides an output y; which is* 1’ if thiscell is
receiving the largest T; input and ‘0" otherwise. This way, the F, layer (which acts as Winner-Takes-All
(WTA)) selects the category J whose stored template z; most closely resembles input pattern | according to
the similarity criterion (1).

Initialize weights:

ad Input Pattern:

Winner-Takes-All:

=1 if T, = max{T }«—
=0ifj=J

Update weights:
ew)= B(l1z,(old))+(/-B) z;(old)

Fig. 2. Flow diagram of the Fuzzy ART operation
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For the winning category J, the vigilance subsystem checks the condition
plTEINT Az )

where # is a vigilance parameter. If condition (2) is not true, category J is discarded by forcing T;=0.
Layer F, will again select the category with maximum T;, i=1,...,N and the vigilance criterion (2) will be
checked again. This search process continues until layer F, finds a winning category which fulfills the
vigilance criterion (2).

When a category J that meets the vigilance condition (2) is activated, its weights z; are updated
according to the rule

2, (new) = A(1 A z;(0ld))+ (L~ B)z,(old) 3)

where f€[0,1] isthe learning rate parameter.

Partial parallelization of fuzzy adaptive resonance
theory based clustering using rank-order filters

The category choice of the Fuzzy ART is performed by sequential computing choice functions of the
cluster. Moreover, this step requires sequential recursive identification those of the functions which have
largest values satisfying a vigilance condition. Furthermore, vigilance condition verification is also fulfilled
sequentially. This can lead to time consuming process of clustering especially for large data sets[1].

In this paper, to increase a speed of the clustering in the Fuzzy ART, the category choice and
resonance is proposed to perform in parallel. In particular, it is suggested to fulfill parallel computing of the
choice functions. Moreover, the K-Winners-Take-All (KWTA) neura circuit based rank-order filters
(ROFs) are proposed to use for computing largest values of the choice functions instead of the WTA unit
[2]. In addition, the vigilance condition is also suggested to verify in paralel. In this way, repeating
sequential processes for the category choice and resonance can be replaced with one parallel process. This
allowsto provide areducing of computational time required for the clustering.

The partialy parallel clustering system based on Fuzzy ART can be implemented in an up-to-date
hardware (Fig. 3) [3-6]. In such hardware signals are received through the input system unit Simulate
Signal which is capable to operate in two modes: internal signal generation and acception of signals from
the outside. Then the signals are fed to the input Summation block the output of which is connected to the
MathScript element that describes the function of selecting the maximum value by the high-level language.
After processing input signals, al inputs summed up on the general combiner systems and MathScript
element whose output signals are passed through the converter and displayed on an Waveform Graph. All
operations are combined in a cyclic structure whose parameters are set in the project properties. In such the
system all structural elements are integrated in one subproject. The design contains summers, multipliers,
integrators, switchers and external power sources which are described in top entity of the project. The
system uses MathScript Integrator Technology and summation functions are implemented as a subsystem
based on the shift-registers and trigger elements. Since the system should operate in a rea-time,
arithmetical tasks are fed into mathscript subblocks that are being parts of Softprocessor technology
realized in appropriate environment.

The software platform of the system allows two levels of definition of the logic functions. In
particular, thefirst level is defined by an electric schematic diagram, second level is described by hardware
description languages [6]. The system uses hardware-defined graphical language. Each its functional block
stored in visua HDL-blocks is realized by Verilog language. A data scalability and real-time signal
processing are provided. The input-output block possesses communication possibilities outside of the
system. Programmabl e interconnection block connects the different levels of the system and allows them to
communicate each with other. All the modules of the system are compiled for performing Analysis and
Synthesis check, Place and Route check, Assembler check and Classic Timer Analyzer check. The input
signals are being preprocessed using a standard STM8 microcontroller unit and simulated using hardware
potentiometer block. Since the magnitude of the signal level should not exceed the level of the applied
voltage, there is realized a voltage limiter that runs the algorithm of voltage divider. Data transaction are
implemented using serial interface protocol RS-232.
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Conclusion
A hardware implementation design of Fuzzy ART based partially parallel clustering system by using
FPGA is presented. The category choice and resonance is suggested to perform in parallel. As a result, a
possibility of replacing repeating sequential processes for the category choice and resonance with one
paralel processis appeared. This provides a possibility to decrease a computational time necessary for the
clustering. The clustering system is implemented by using a virtual instrumentation environment. The
presented system is suitable for different applications.
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