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Abstract

We propose a parallel neural network model in which patterns are clustered and

patterns in a cluster are studied in a parallel neural network. The learning algorithm
used in this paper is based on LVQ algorithm of Kohonen(1990) for clustering and
ADALINE(Adaptive Linear Neuron) network of Widrow and Hoff(1990) for parallel
learning.

The proposed algorithm consists of two parts. First, N patterns to be learned are
categorized into C clusters by LVQ clustering algorithm. Second, C patterns that was
selected from each cluster of C are learned as input pattern of ADALINE(Adaptive
Linear Neuron). Data used in this paper consists of 250 patterns of ASCII characters
normalized into 8x16 and 1124,

The proposed algorithm consists of two parts. First, N patterns to be learned are
categorized into C clusters by LVQ clustering algorithm. Second, C patterns that was
selected from each cluster of C are learned as input pattern of ADALINE(Adaptive
Linear Neuron). Data used in this paper consists of 250 patterns of ASCII characters
normalized into 8x16 and 1124 samples acquired from signals generated from 9 car
models that passed Inductive Loop Detector(ILD) at 10 points. In ASCII character
experiment, 191(179) out of 250 patterns are recognized with 3%(5%) noise and with
1124 car model data. 807 car models were recognized showing 71.8% recognition ratio.

This result is 10.2% improvement over backpropagation algorithm.
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[O2% 1] LU EY TS TR EEIY

T LVQYERYEFL tF 3 sl

[Step 1] Given data set X={xi, X3, ..., X,}C R"
Fix ¢, T, and €>0.
[Step 2] Initialize Vo=(v,,q,..., Vcg)E R’
and learning rate a,=(1,0).
[Step 3] For t=1,2,...,T;
For k=12,...,.ny a. Find winner
Hxx— vie-ill= min{llx,— v -4ll}
1<j<¢

b. Update the winner
Vie= Vigata( xe— vieoy)
c. Next k.
d. Apply the 1-NP(nearest prototype) rule to the data using

u :{1: I xie = vill<Il x —will, 1<i<c, j=i
LVQ. " 10:  otherwise.
1<i€<c and 1<k<n.
Urvo=lurvg,): ¢Xn matrix that defines a hard or

crisp partition of X using the 1-NP classifier
assignment rule.

[Step 4] Compute E,= ‘z; :I Vit~ Vil

==

[Step 5] if E,<¢ then STOP; Else adjust learning rate @; Next t.
a,= ay(1 — ¢ T) update learning r



<
r0

/q

o

oIEY - Al g

e LVQYEl &Y A4S 27) F%g(nitial weight) v; ool B& d&o] AolM %
7] Z<tzte] 4 diojels} Hal "ol oz HAHUE % 9-(outside of convex hull)ol
st¢gro] gud o Aus wEHg v FAePo] ddE vy Ak AAE Pal2
LVQZ e &< o] &3t Fisher? IRISHolE}E Zei2Hy 3 AR 27 A7 =% 9
S8 "ot LEF = dde $7F 170 A 100744 G Reg HE3A 5L

2.2 ADALINE(Adaptive Linear Neuron)

ADALINES Ztzte] qlaivglo] QAR EE Fatd g 2w, P35 Hg4g
otk 8L 03} 159 stz AAFE ADALINEY 85& 9¥-£88 Hoz £33
o2 AAEe fste FYgo ULER AAZEE FAse Ao 1959 Widrowst
Hoff7} A¢s HarxAsex dnFS AHEEcl]. ADALINEY HEAQA F4& [
¥ 2]eb ZoH2]

[22] 2] ADALINE WENA 74

ADALINES] ¢1nel&e ve3 2o
[Step 1] Initialize weights.(Small random values)
Set learnig rate a.
[Step 2] While stoppping condition is false, do Step 3-7.
[Step 3] For each bipolar training pair s't, do Step 4-6.
[Step 4] Set activations of input units, 1=1,2,...,n

x;=S5, (where, s, . training input vector)
[Step 5] Compute net input to output unit :

Yin= b+ inwl

[Step 6] Update bias and weights, 1=1,2,...,n:
b(new) = b(old) + a(1—y,)
wnew) = wlold)+ a(t— y,)x,
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[Step 7] Test for stopping condition:
If the largest weight change that occured in Step 3 is smaller than a specified
tolerance, then stop , otherwise continue

¥ E=FolAt ADALINES £2zte suel dol2z 43 2gA s 2nese
Awste] o8 2 gt
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4.3 HEYRIF
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[Step 1] Initialize weights(Small random values).

Set learnig rate a.

Given data set X={x,, Xg,..
Determine the teaching data :

[Step 2] While T; #y;, , do Step

., X}

3-4.

[Step 3] Compute net input to output unit :

Yin=0b+ inwz

T:= 1 (PatternLabel),

=
=]

Y¢S dde @olE

AME Thedt 2ol e

i=1,...,n
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if (y,€0) then f=—y;,X coordination rate
if (yin<0) then f=y;,X coordination rate

[Step 4] Update bias and weights, i=1,2,...,n
blnew) = blold) + a(l— y;,)
wynew) = wlold)+ a(T;— yy)x,

[Step 5] Test for stopping condition:
If the largest weight change that occured in Step 3 is smaller than a specified
tolerance, then stop ; otherwise continue

o] 71 %A &(coordination rate)& AN Z 7} 1olA nl(alEl e )82 Hol 7] WE
ol Zzto] 1 WS 2HIYL AL o2 17 nAlo)z Y F YEE AYow
FA Hol Aok B =&dME 974 xF dolelg &5 dot 00013& FRow,
ASCHERE 858 7$olt 0000139 ke FU.
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Ae d™bE F M A7 AL WY 9A i (1<i<n.mx, where, n mx: ¢ T8
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[Step 1] Find the nearest cluster

“ xunknown_vi“ = min{ " xunknown—'viu}
1<j<¢

[Step 2] Find the loaation 1 (1<i<n,..) which is nearest learned pattern vector X

Z = mln{ ” xunknown_xci”}
1<7< 7 max

[Step 3] Calculate the output

= b+ gxunknownwk
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[# 5] 92 AE 5t OlolEte ojzE

Errord A WAl |Error (%)
WEL A
2 66.67
3 77.78
4 88.89
5 100.00
6 3750
9 71.43
21 100.00
22 100.00
23 100.00
24 100.00
26 100.00
27 100.00
28 100.00

S50l ¢ad ¥ ASCHEA dlojetql Z$ol= 25070 el Ao hate] Fxpd 2 3%,
5%9 wolz2& FIlatd Q1A g Al oH, 97) XE dlolEl H ol 1124709 HlolgtE
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aANES vad 23 5 dolet BT ddu stg dnaE Huhis A g9 Fato] g

T & F AUtk A YR g A 24YE wiEH Z eYFe SUE £} 9
M, 18789 FFrUER FAHAS 29 delgo] 28%2 Aavt I 2de MAsY 1
234+= (7 6] 2 [E 71 2.

[E 6] ASCIIHE 22X} Q14| H}

A4 dudF ASCH 2= & QAF

3% ol = 5% xo]=
Backpropagation - -
Parallel Neural Model 76.4% 71.6%

(F) - £ g50| tel Alg

ASCIEA HolElR) 3% st S&dnedFol 4459 4% oo oaigol 32
A4 397bx) v} &g A Raht How vy,
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. - . Backpropagation Parallel Neural Model

A VEANET agas | adE | 9ades | A4e
11E 35 24 0.685714 6 0.171429
15& 108 0 0.000000 &4 0777778
2= 203 0 0.000000 161 0.793103
58 83 41 0.493976 50 0.602410
8= A 0 0.000000 30 0.882353
21 347 339 0.976945 307 0.884726
B A 46 42 0.913043 7 0.152174
=8 250 234 0.936000 153 0.612000
Efdy 18 12 0.666667 9 0.500000
e 1124 692 0.615658 807 0.717972
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