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ABSTRACT

This research presents an application of ART neural network model on Thai printed
character recognition. To reduce the training time and the percentage error of recognition, the
original ART model is modified. Additionally, the comparition between ART , Self-Organizing
Maps, Back Propagation and CPN in terms of training time, number of node used and reconition
efficiency is reported. This improveing ART model is obtained by training 6 times with 1,500
characters of 75 Thai Character patterns. With 15,000 samples of 75 different Thai character
pattern of 12 point Angsana UPC font, the percent recognition of this model is 99.13%. The

“overall training time is 20 minutes.
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3.4 dano3nuN 1 nlyunaou ART

The notation

n number of components in the input vector.

m number of cluster that can be formed.

p Threshold value

I  binary input vector (an n-tuple).

X activation vector for F1(b) layer.

[[X]| norm of vector X, defined as the sum of the components Xi.

Step 0 Initialize parameter L and Threshold (p)

L>1, P=0.75
Initialize weight b and t
0<b, (0)<L/(L-1+n) , t, (0)=1
Step 1 While stop condition is false
Step 2 For each training input

Step 3 Sending input signal I from F1(a) to

F1(b) and compute the norm of I |[I||

bottom-up weights (From F1(b) unit Xi to F2 unit Yj).

top-down weights (From F1(b) unit Yj to F1 unit Xi) .

22
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i=1

Step 4 Find winning Node Y,
a
Y= 2‘ b,X,

Y, > Y; Forall nodes j

Step 5 Recompute activation X of F1(b)

n

X= %L XI= 2 4o

i=]

Step 6 Test the resemble of Input and Winning Node
ratio = |[X]|/ ||1]]
IF ratio >
THEN
goto step8
ENDIF
Step 7 Find another winning node Y, with
max Y; andratio> )
IF possible
THEN
goto Step 8
ELSE

create new node to learn this pattern with

b, (NEW) = L*1,/ (L-FH{I})
ENDIF
Step 8 Update the"weight for Node J
by (NEW) = L*X,/ (L-1+/[X])
t, (NEW) =X,

Step 9 Test for stopping condition

23
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3.5 Supplemental Units
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@ 3 ] LY @ 1 $ =1 Y ' @ 1 ¥
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Yo o a o =& 3 o @ ] =
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o 4 2 o 1 a v H
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ar 4

TasSudyaruinmwes Fl(a) uAvaizirawes F2 ueadid ieimwes F1(b) 145y
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Fuyananszdu walsamlumioss F2 92 on mmzwﬁwﬁ‘lﬁ'%"uﬁnumunmmnﬁmawe{ F2
{18y Input Unit m etnelsmulumsinusie welszamme$aine: (vioneural)
Taegaiues ligunsasadule ldhaonzinadusomsuuvlatazasiednls  miw
ﬁi%’ﬂauﬂuﬂﬁﬁﬂﬁu%ﬁwi’:ﬁa Supplemental Units(Gain Control Units) ~ #at/sznouday

MU0 G1 Az G2 AgUR 3.3

gﬂﬁ 3.3 UEAINIININHYBY Supplemental Unit (G1, G2)

F2 Layer
{ Cluster Units)

F1{b) Layer

{ Interface Units )

F1(a) Layer
( input Units }
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Supervised ART (ARTS) Wumsfnliuvuaeadimsysmiminlusnvazidosu

et 9 3 A [} <2 a A a Ay 9
ART uatifouanaanelugamsin ssmunsnaasunduyniu Inuasusiiainnuadio

14 ¥ v
du p udludisnusifeanuneli ARTS spimsliuhminmme Tnusrusiitisan

b 4
adofuml P uay pattern vodUNNIEABAUTUANALINY patten TuTnunSou Fauiums
b4 5

FouveaTnuaruzeziunmsdfuihminamnzdsaysuuudoadumnin— Truasslign

YSumedndnn miloudnyaiznsi3ouiiny unsupervised ART

4.1 dane3nunlvaeu ARTS

Step 0 Initialize parameter L and Threshold (D)
L>1, P=0.75
Initialize weight b and t
0<b, ()<LAL-1+n) , t, (0)=1

Step 1 While stop condition is false

Step 2 For each training input

Step 3 Sending input signal I from F1(a) to F1(b) and compute the norm of I [[I}|

Xi =Ii ’ III” = 2 Ii
i=I



Step 4 Find winning Node Y,

Y,= ; b, X,

Y, > Y; Forall nodes j

Step 5 Recompute activation X of F1(b)

n

X;=t*L IX|= 2 A"

i=]

Step 6 Test the resemble of Input and Winning Node

ratio = | X/ ||T}
IF ratio >
THEN

IF Input-Pattern = Node-Pattern
goto step8
ELSE
goto step7
ENDIF
ELSE
go to step7
ENDIF

Step 7 Find another winning node Y, with maxY; and ratio>
IF possible
THEN
goto Step 8
ELSE
create new node to learn this pattern with
=1
b, (NEW) = L*L,/ (L-1+|[I]})
ENDIF
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Step 8 Update the weight for Node J
b; (NEW) =L*X./ (L-1+X{])
t, (NEW) =X,

Step 9 Test for stopping condition

4.2 MsnaasauenfdnEIN¥l Inalasly ARTS

msnaasuondsnusn Inelaold ARTS deanedfinsunldowilu ARTS
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Step 0 Initialize parameter L and Threshold (D)



L>1, Pp=075
Initialize weight b and t

0<by (0)<L/(L-1+n) , t,(0)=1

Step 1 While stop condition is false
Step 2 For each training input
Step 3 Sending input signal I from F1(a) to F1(b)

and compute the norm of I ||I}|

X=5 M= 2 I;
i=1
Step 4 Find winning Node Y,
-3

Y, > Y, Forall nodes j

Step 5 Recompute activation X of F1(b)

X,= 4] |Xu—2 t*

Step 6 Test the resemble of Input and Winning

Node
ratio = || X/ [T}
IF ratio >
THEN

IF Input-Pattern = Node-Pattern
goto step8
ELSE
p=p-o
goto step?
ENDIF
ELSE
p=p-c
go to step7

ENDIF



Step 7 Find another winning node Y, with max
Y, and ratio > 0
IF possible
THEN
goto Step 8
ELSE
create new node to learn
this pattern with
=L
b (NEW)=L"*L,/ (L-1+41D
ENDIF
Step 8 Update the weight for Node J
b; (NEW)=L*X./ (L-1+(X]])
t; NEW) =X,

Step 9 Test for stopping condition

Step 10 If stop condition is False increase P of
unerringly training nodes
FOR(I=1TON)
IF NODE I, IS UNERRINGLY TRAING NODE
p, =p+B
ENDIF
ENDFOR
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Tvua #

Fadous | a1ph | Touad | ddows | mpi | Twuad | ddnws | s p# mua | ddnus 1 pil
Viuuds PIETTIT Y Yimdz # IETIIE:)

0 n 0.53 43 5 0.60 36 1 0.49 129 8 0.49
1 n 0.68 44 u 0.56 87 9 0.49 130 8 0.60
2 ¥ 0.59 45 y 0.49 88 q 0.56 131 9 0.49
3 v 0.86 46 u 0.60 89 ° 0.49 132 9 0.56
4 % 0.53 47 J 0.49 9% o 0.69 133 f 0.60
5 Q 074 7| a8 o 0.53 91 ® 0.49 134 ¥ 0.67
6 f 0.70 49 # 0.53 92 ® 0.69 135 3y 0.54
7 f 0.77 50 d 0.49 93 lo 0.49 136 f 0.72
8 f 0.53 51 " 0.76 94 w 0.78 137 f 0.67
9 f 0.72 52 | 0.49 95 @ 0.49 138 % 0.60
10 u 0.56 53 f 0.53 9% & 0.49 139 9 0.50
1 W 0.65 54 n 0.69 97 P 0.59 140 v 0.60
12 3 0.53 55 u 0.53 98 & 0.49 141 n 0.66
13 ) 0.53 56 v 0.56 99 & 0.69 142 ¥ 0.54
14 ) 0.7 57 3 0.49 100 b 0.49 143 o 0.69
15 ) 0.56 58 3 0.65 101 b 0.53 144 o 0.60
16, n 0.86 59 9 0.53 102 o 0.49 145 1y 0.60
17 ¥ 0.56 60 a 0.53 103 o 0.60 146 9 0.57
18 ¥ 0.31 61 f 0.72 104 < 0.49 147 ) 0.73
19 ¥ 0.49 62 1 0.56 105 o 0.49 148 1 0.60
20 @ 0.66 63 1 072 106 & 049 149 3 0.67
21 ol 0.59 64 ¢) 0.49 107 & 0.49 150 € 0.54
2 o 0.87 65 0] 0.68 108 0 0.49 151 @l 0.70
23 o 0.49 66 ft 0.64 109 0 0.53 152 o 0.60
24 o 0.62 67 ¥ 0.53 110 1 0.49 153 f 0.61
25 ) 0.53 68 Y 0.81 m | 0.49 154 a 0.54
26 2 0.80 69 o 0.49 12 1 0.53 155 f 0.79
27 19 0.53 70 o 0.69 13 2 0.49 156 0 0.66
28 9 0.88 7 " 0.49 14 2 0.49 157 n 0.57
29 ) 0.71 7 W 0.62 115 2 0.49 158 5 0.57
30 ) 0.53 7 ® 0.49 116 3 049 159 U 0.69
31 @ 077 74 ® 0.56 17 3 0.49 160 v 0.61
32 @l 049 75 ] 0.59 18 3 0.53 161 H 0.67
33 o 0.69 76 4 0.49 19 4 049 162 d 0.61
34 o 0.49 77 H 0.49 120 4 0.53 163 n 0.70
35 o 0.63 78 ] 0.49 121 5 0.49 164 f 0.70
36 f 0.53 7 1 0.49 122 5 0.49 165 v 0.57
37 f 0.78 80 1 0.60 123 5 0.49 166 3 0.57
38 f 0.61 81 1 0.56 124 6 0.49 167 9 0.64
39 f 0.78 82 1 0.57 125 6 0.49 168 n 0.54
40 0 0.56 83 1 0.59 126 7 0.49 169 f 0.67
a1 ) 0.78 34 1 0.74 127 7 0.49 170 f 0.79
a2 n 0.67 85 1 061 128 7 0.49 17 Y 0.58
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Tnuadt | #dnus fsy | Twuedl | dasnus fsy Tnuad | dadows | il Tnued | #dows | fdfuuda
uds udn ud

m " 0.70 183 & 0.61 194 1 0.61 205 a 0.65
173 " 0.67 184 0 0.50 195 3 0.65 206 fl 0.71
174 ) 0.67 185 2 0.50 196 o 0.65 207 u 0.61
175 ] 065 186 7 0.50 197 w 0.59 208 n 0.62
176 : 0.54 187 9 0.60 198 f 0.71 209 ) 0.55
177 1 0.61 188 f 0.80 199 f 0.62 210 1 0.62
178 1 0.64 189 f 0.70 200 0 0.64 211 1 0.58
179 1 065 190 f 0.7 201 n 0.58 212 b 0.55
180 1 0.50 191 o 067 202 1\ 0.51 213 2 0.51
181 ® 0.70 192 o 0.64 203 " 0.71 214 9 0.60
182 < 0.60 193 B 0.64 204 q 0.62 215 a 0.56

216 f 0.52

217 1 0.52
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Tvuad Y ) ratio
85 (1) 1.9694 0.61 0.59
179() 1.9378 0.65 0.71
g4 (D 1.8823 0.74 0.66
210(1) 1.8555 0.62 0.76
82 (1) 1.8043 0.57 0.38
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d’ = w o s 1 "
3N 5.3 naasdunm 11 vazTnuavuzveaadnys | 1dui 85 nazaad intersect 32174
dunniulnuayuz

1000000000000 0000000000000 +
1110000000000 0100000000000 +1+
1110011111000 0110001111000 +11  +1111
1111111111000 0110111111000 +11+111111
1111111111100 0111111111000 +111111111+
1111111111100 0111111111000 +111111111+
1111111111100 0111111111000 +111111111+
1111111111100 0111111111000 +111111111+
1111111111100 0111111111000 +111111111+
1111111111100 0111111111000 +111111111+
1111111111100 0000000111000 1114+
0111101111100 0000000011000 +HH+ 11+
0000000111100 0000000011000 +11+
0000001111100 0000000011000 +11+
0000001111100 0000000011000 +11+
0000001111100 0000000011000 ++11+
0000001111100 0000000001000 -1+
0000000111100 0000000011000 +11+
0000000111100 0000000011000 +11+
0000000111100 0000000011000 +11+
0000000111100 0000000011000 +11+
0000000111100 0000000011000 +11+
0000001111100 0000000011000 il f
0000001111100 0000000001000 +H+1+
0000000111100 0000000001100 ++11
0000000111100 0000000011100 +111
0000000111100 0000000011100 +111
0000001111100 0000000011100 ++111
0000001111110 0000000011100 +111+
0000001111110 0000000011110 +1111
0000001111110 0000000011111 +1111#
0000001111111 0000000011111 ++11111
0000001111110 0000000011110 ++1111
0000000111110 0000000000110 +H+11
0000000011100 0000000000000 -+
a y A
aumn 11 Tnuewug (1) @2uf intersect

ouwnfe 11 ART NODE Ao Tvupueadionys 1 safulnuadwuinss my =
1.9694 Threshold =0.6100 1@ ratio = 0.5917 vz 13911 ratio 11083171 Threshold
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Ui 5.4 uaasdunn 11 vazlnuaruzvesdisonws 1 16ui 179 azga intersect 52113
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Ul HUAY U

1000000000000 0000000000000 +
1110000000000 1100000000000 11+
1110011111000 0110001111000 +11  +1111
1111111111000 0111111111100 +1111111114#
1111111111100 0111111111100 +1111111111
1111111111100 0111111111100 +1111111111
1111111111100 0111111111100 +1111111111
1111111111100 0111111111100 +1111111111
1111111111100 0111111111100 +1111111111
1111111111100 0111111111100 +1111111111
1111111111100 0011100111100 +1114++1111
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0000000111100 0000000011100 +111
0000000111100 0000000011100 +111
0000000111100 0000000011100 +111
0000000111100 0000000011100 +111
0000000111100 0000000011100 +111
0000001111100 0000000011100 ++111
0000001111100 0000000001100 +++11
0000000111100 0000000001100 =t 10
0000000111100 0000000011100 +111
0000000111100 0000000011100 +111
0000001111100 0000000011110 ++1114
0000001111110 0000000011110 ++1111
0000001111110 0000000011110 ++1111
0000001111110 0000000011111 +1111#
0000001111111 0000000011111 ++11111
0000001111110 0000000011111 +1111#
0000000111110 0000000001110 ++111
0000000011100 0000000000000 +H+
a ' A
auwn 11 Twuarug (1) @210 intersect

a =1 A v @ d! o w d' 1
dunndo 11 ART NODE fio Inuaveadisnus 1 suihuTuuadduin 179 a1y =
1.9378 Threshold = 0.6500 118 ratio = 0.7158 21U 14311 ratio ¥INNIIAT Threshold
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M7 5.5 HaFAIMSBBIMAUYB InUATUZ B 10nYS 114

T‘H‘Hﬂ"?; Y p ratio
84(D) 1.8823 0.74 0.8121
86(7) 1.8806 0.49 0.3575
85(D) 1.8625 0.61 0.6906
82(D) 1.8478 0.57 0.4861
217(1) 1.8103 0.52 0.5966
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110000000000 000001000000 +H+ #
111001111100 001111110000 +H 1 1+
111011111100 011111111000 +11#11111+
111011111100 011111111100 +11#111111
111111111110 011111111100 +111111111+
111111011110 111111111100 111111#111+
111111111100 111111111100 1111111111
111111111100 011111111100 +111111111
111111111100 001111111100 ++11111111
111110011100 000000111100 -+ #111
011100011100 000000011000 +H+ 11+
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
000000011100 000000011100 111
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000000011100 000000011100 111
000000011100 000000011100 111
000000011110 000000011100 111+
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000000111110 000000011110 +1111
000000111111 000000011110 +1111+
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Abstract
This research presents an application of ART neuron network model on Thai printed character recognition. To reduce
the training time and the percentage error of recognition, the original ART model is modified..  This improving ART model is
obtained by training 6 times with 1,500 characters of 75 Thai Character patterns. With 15,000 samples of 75 different Thai
character patterns of 12 point Angsana UPC font, the percent re:cognition of this model is 99.13%. The overall training time is 20

minutes.,
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MAN 2(a): WFAINISITHUMDNYES YDNYAUINUN t
** HamAam 0
** FerdAea 1

] o 0.0400 | 0.0400 | 0.0400 | 0.0400 ] o

o 0.0400 | 0.0400 | 0.0400 | 0.0400 | 0.0400 | 0.0400 o
0.0400 | 0.0400 | 0.0400 ] o 0.0400 | 0.0400 | 0.0400
0.0400 o o 0 o o o 0.0400
0.0400 0 0.0400 | 0.0400 | 0.0400 o o 0.0400
0.0400 0 0.0400 ] 0.0400 o o 0.0400
0.0400 o 0.0400 { 0.0400 | 0.0400 o o 0.0400
0.0400 o L 0.0400 | 0.0400 0 o 0.0400
0.0400 | 0.0400 o 0.0400 | 0.0400 o 0 0.0400

o 0.0400 | 0.0400 | 0.0400 o o 0 0.0400

o 0.0400 | 0.0400 o o o o 0.0400

o 0.0400 o ] o o 0 0.0400
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MWH 2(b) : UIMEMIINUN b 283 ART Node Funu
pattern 18908NHS O

o o 0.0476 | 0.0476 | 0.0476 | 0.0476 ° o

o 0.0476 | 0.0476 o o 0.0476 | 0.0476 o
0.0476 ° o 0 [ o ] 0.0476
0.0476 [ o ] o o o 0.0476
0.0476 L] 0.0476 | 0.0476 | 0.0476 o o 0.0476
0.0478 ° 0.0476 o 0.0476 o o 0.0476
0.0476 o 0.0476 | 0.0476 | 0.0476 o o 0.0476
0.0476 o o 0.0476 | 0.0476 o o 0.0476
0.0476 o o 0.0476 o o 0 0.0476

o 0.0476 | 0.0476 o o o o 0.0476

o 0.0476 | 0.0476 o o o o 0.0476

] 0.0476 o o o o o 0.0476
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3. danasiuiiligeu ART
Step 0 Initialize parameter L and Threshold (D)

L>1, P=0.75

Initialize weight b and t

0<b; (0)<L/(L-1+n) , t, (0)=1
Step 1 While stop condition is fasle

Step 2 For each training input
Step 3 Sending input signal I from F1(a) to



F1(b) and compute the norm of I lllligg

X, =1, ,||1||=X 1

i=]
Step 4 Find winning Node Y,

Y > YJ. For all nodes j
Step 5 Recompute activation X of F1(b)

X, = t,*1 Xl = X E¥ L

i=1
Step 6 Test the resemble of Input and
Winning Node

ratio = [IXIl/ NIl

IF ratio > P
THEN
goto step8
ENDIF
Step 7 Find another winning node Y, with
max Y, and ratio > 0
IF possible
THEN
goto Step 8
ELSE
create new node to learn this

pattern with
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b, (NEW) = L*I, 7. (L=1+llll)

ENDIF
Step 8 Update the weight for Node J

b, (NEW) = L*X, 7 (L-1+IXIl)

t, (NEW) =X,
Step 9 Test for stopping condition
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Step6 Test the resembile of Input and Winning Node
ratio = |IXII/ lITit
IF ratio > D
THEN
IF Input~Pattern = Node-Pattern
goto step8
ELSE



goto step7
ENDIF
ELSE
go to step7
ENDIF
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10. Sana3finiildaau ARTS

Step 0 Initialize parameter L and Threshold ()
L>1, p=0.75
Initialize weight b and t
0<b, (0)<L/(L-1+n) , t;(0)=1

Step 1 While stop condition is fasle
Step 2 For each training input

Step 3 Sending input signal I from F1(a) to F1(b)

and compute the norm of I Il

X, =1 Il = i I

=1
Step 4 Find winning Node Y,

Y= 2 b, X;

i=1
Y, > Y; For all nodes j
Step 5 Recompute activation X of F1(b)

X, = %] '||xn=2 t* 1,

i=]
Step 6 Test the resemble of Input and Winning
Node
ratio = 1IXI/ i

IF ratio > PO



THEN
IF Input~Pattern = Node-Pattern
THEN
goto step8
ELSE
p=p+o
goto step7
ENDIF
1. ELSE
p=p+o
go to step7
ENDIF '
Step 7 Find another winning node Y, with max
Y; and ratio > 3
IF possible
THEN
goto Step 8
ELSE
create new node to learn
this pattern with
t=1
bu.(NEW)=L“Ii / (L-1+1101)
ENDIF
Step 8 Update the weight for Node J
b, (NEW) = L*X, / (L-1+IXl)
" (NEW) = X,
Step 9 Test for stopping condition
Step 10 If stop condition js False increase P of
unerringly training nodes
FOR (I = YTON)
IF NODE I, IS UNERRINGLY TRAING NODE
p.=p-B
ENDIF
ENDFOR
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Program trining ART model

Programmer Penpun C.

R e e L L e Y]

#include <stdio.h>
#include <stdlib.h>
#ifdef _ TURBOC__
#include <alloc.h>
flelse

#include <malloc.h>
#endif

#include "art.h"

struct putstruct{
int putcluster;
int wrongcluster;
char putpattern;

float putthres;

long: TotalAllocate = 0;
voidi"mymalloc(size_t size, char *s);

FILE *myfopen(char *s, char *mode);

float (*b)[MAXNUMBER][MAXCLUSTER];
int *0[MAXNUMBER]{MAXCLUSTER];
struct putstruct (*put] [MAXCLUSTER];

main()
{
FILE *infile, *outfile;
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FILE *boutfile, *toutfile, *dinfile;

FILE *putinfile, *putoutfile;

char buf{BUFSIZE];

char pattern([5];

int (*s)[IMAXNUMBER],(*posarr)[MAXCLUSTER];
float (*y)IMAXCLUSTER],(*max)[MAXCLUSTER};
int count,countl,i,j,norms,normx,maxindex,posindex,flag=0;
int loop=1;

float temp, value = 0;

float *rj;

int number,k,valuex,valuey,valueindex=0;

float threshold;

int dflag=0;

float newratio;

float ratio;

int inwalk = 0,flagb=0;

float myvalue=0;

float myratio=0,rb=0;

int mynormx=0;

int tempputl;
char tempput2;
float tempput3;

int Pflag = 0;

int walk=0;
float sumb=0,sums = 0;

int sumt=0, suminter=0;

b = mymalloc(sizeof(*b), "b");

t = mymalloc(sizeof(*t), "t");

y = mymalloc(sizeof(*y), "y");

max = mymalloc(sizeof(*max), "max");
s = mymalloc(sizeof(*s), "s");

putl = mymalloc(sizeof(*putl),"putl");

posarr = mymalloc(sizeof(*posarr), "posarr");

printf("\nTotal allocate = %8u\n", TotalAllocate);
printf("Max cluster = %8d\n", MAXCLUSTER);
printf("Max number = %8d\n", MAXNUMBERY);



/* exit(1); */
binit();

tinit();

infile=fopen(INPUT_FILE,"r");
if(infile == NULL){
printf{"Can't read input file!\n");

exit(1);

else

printf("Open INPUTFILE for read\n");

outfile=fopen(OUTPUT _FILE,"w");
if( outfile== NULL){
printf("Can't write output file\n");

exit(1);

else

printf("Open pj.out for write\n");

boutfile=fopen("binit.out","w");
if( boutfile== NULL){
printf{"Can't write boutput file\n");

exit(1);

else

printf("Open binit.out for write\n");

toutfile=fopen("tinit.out","w");

if{ toutfile== NULL){
printf("Can't write toutput file\n");
exit(1);

}

else

printf("Open tinit.out for write\n");

putinfile=fopen("putin.dat","r");
if( putinfile==NULL){
printf{"Can't read putin.dat \n");
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exit(1);

else

printf("Open putin.dat for read\n");

putoutfite=fopen("putout.out”,"w");
if{ putoutfile==NULL){

printf("Can't write putout.out \n");

exit(1);
}
else

printf("Open putout.out \n");
[ L PO {7 /SRR

read from putin.dat in to putl array
if it has no data (999) in the first, set default to it.

*/

fscanf(putinfile,"%d %c %f",&tempput],&tempput2,&tempput3);

i=0;

if(tempputl!=999){

printf("rl -> %d\n", i);

rewind(putinfile);

while( tempputl !=999){
fscanf(putinfile,"%d %c %f",&tempputl,&tempput2,&tempput3);
printf("%d %c %f\n" tempputl,tempput2,tempput3);
(*put1)[i].putcluster = tempputl;
(*putl){il.wrongcluster = 0;
(*put1){il.putpattemn = tempput2;

(*putl)[i].putthres = tempput3;

j++;
}
printf("r2 -> %d\n", i);
i
)
else
{

for (i=0; i< (MAXCLUSTER -1) ; i++){
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(*put)[i].putcluster=i;
(*put1){il.wrongcluster=0;
(*put1)[i].putpattem="0";
(*put1)[i].putthres=THRESHOLD;

printf("r3 -> %d\n", i);

(*put1)[i].putcluster = 999;

fgets(buf,BUFSIZE-1,infile);
while( !feof(infile)){

while( !feof(infile) &é& flag==0){
switch(buff0]){

case 'p':
count=0;
valueindex=0;
loop=1;
pattern[0]=buf[44];
pattern[1]=buf[45];
if{(buf[46] == ' || buf[46]—="n’) {
pattern[2]=0";

else{
pattern{2]=buf[46];
}
pattern[3}="0";
break;
case '0":
case'l"

while(buffi]!="n"}{
(*s)[count]l=bufli}-'0";
i+

count++;



number=loop*COL-count;
for(k=0;k<number;k++){
(*s)[count]=0;

count++;

loopt++;

break;

case 'C":
flag=1;
break;
}
fgets(buf,BUFSIZE-1,infile);

} /*end second while */
/* append 0 from count untit MAXNUMBER */
countl=count;
for(i=count;i<MAXNUMBER;i++){
(*s){count]=0;

count++;

/* calculate norms */
norms=0;
for(i=0;i<count;i++){
norms=norms-+{*s)[i];
/* calculate y=s*b and find max of (*y)[i] */
for (j=0;j<MAXCLUSTER;j++){
(i =0;
for( i=0; i< MAXNUMBER,; i++){
temp=(*s)[i]*(*b)[i}(j};
(G1=Cy))+temp;

mysort(y, MAXCLUSTER,posarr);

maxindex=0;



posindex=0;

dof

/* Calculate normx=t*s */

normx=0;
maxindex=(*posarr){posindex};
for(i=0;i<count;i++){

normx = normx-+(*s){i]*(*t)[i][maxindex];

ratio= (float)normx/norms;

value = (L*1)/((L-1)+normx);
/***************************'*******‘************’k*/
* new threshold */

/* read from diff.out in to newthreshold array. */
/*****‘**‘******#*****ﬂ*******************#****’i***/
Pflag = 0;

threshold = (*put1)[maxindex].putthres;

[E*E% first cluster *****/
if ( (ratio == 1.0) && ((*putl){maxindex].putpattern == '0") {
(*putl)[maxindex].putpattern = pattern[0];
(*putl)[maxindex].putcluster = maxindex;
(*put1)fmaxindex].wrongcluster = 2;
/* change weight for bottomup and topdown */
for(i=0;i<MAXNUMBER;i++)
(*0)i)[maxindex}=(*s)[i]*(*0)[i][maxindex];

for(i=0;i<MAXNUMBER;i++){
value = (L*(*¢)[i}[maxindex])/((L-1)*+normx);

( *b)[i][maxindex}=value;

break;

if ( ratio > threshold ){

[¥¥%%*% same pattern *****¥/

if( (*putl)[maxindex).putpattern == pattern[0] ){
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77

/* change weight for bottomup and topdown */
if{ (*putl)[maxindex].wrongcluster ==0 || (*put1)[maxindex].wrongcluster==2){

(*putl)[maxindex).wrongcluster =2;

}
for(i=0;i<MAXNUMBER;i++)
(*9[i][maxindex}=(*s)[i]*(*t)[i][maxindex];
for(i=0;i<MAXNUMBER;i++){
value = (L*(*t)[i][maxindex])/((L- 1 #normx);
( *b)(i)[maxindex}=value;
}
break;
}
else{ /***** difference pattern ******/
(*put1)[maxindex].wrongcluster = 1;
(*putl)[maxindex].putthres = threshold + INCRESE; ’
Pflag=1;
}
}
else{
posindex++;
}
if (Pflag = 1)
posindex++;
Pflag = 0;

/* can't accenpt in every weight */
if(maximiex == MAXCLUSTER -1){
maxindex=-1;
break;
}
}while(maxindex < MAXCLUSTER);
if(pattern[2]!="0"{ ‘
printf("%c%c%c %d\n" pattern[0],pattemn[1],pattern[2], maxindex);
fprintf{outfile,"%c%c%c %d\n",pattern[0],pattern[ 1], pattern[2], maxindex);
}else

printf("%c%c %d\n",pattern[0],pattern[1],maxindex);



fprintf{outfile,"%c%c %d\n",pattern[0],pattern[1], maxindex);
H
flag=0;

} /* end first while */

for(i=0;i<MAXCLUSTER;i++){

N for(j=0;j<MAXNUMBER;j++){
fprintflboutfile,"%f ",(*b)51[1]);
fprintf{toutfile,"%d ",(*0){j1[i]);
if (j%10==9)

fprintf(boutﬁl:, "\n");
}
fprintf{boutfile,"\n");
fprintf(toutfile,"\n");

* N N

save array putl in to putout.out file

i

for( i=0;i < (MAXCLUSTER-1) ;i++){
if ((*putl){il.wrongcluster == 2){
(*put1){i].putthres = (*put1)[i].putthres - DECRESE;
}
fprintf(putoutfile,"%d %c %fn",(*putl)[i].putcluster,(*put1){il.putpattern,(*putl)[i]. putthres);
printf("%d %c %f\n",(*putl)[il.putcluster,(*putl)[il.putpattern,(*put1)[i].putthres);
}
prnt("; —> %d\n",i);

fprintf(putoutfile,"999");
printf("after savearray \n");

printf{("Before falut\n");

fclose(infile);

printf{("Close INPUTFILE\n");
fclose(outfile);

printf("Close pj.out\n");
fclose(boutfile);

printf("Close tinit.out\n");

fclose(toutfile);



printf{"Close binit.out\n");
fclose(dinfile);
printf("Close diff.out\n");

close(putoutfile);

printf("Close putout.out\n"});

free(b);

'free(t);

free(y);

free(max);

free(s);

free(posarr);

int ShellSort(f, Element, pos)
float *f;
int *pos;
int Element;
{
float Max, tmp;

int i, j, MaxIdx, SwpCount;

for (i=0;i<Element;i++)

pos[i] =1;

SwpCount = 0;
{or (i=0;i<Element;i++) {
Max = -9999.0;

MaxIdx = 0;

/* Search for the maximum */
for (j=i;j<Element;j++) {
i (] > Max)
Max = f{j];
MaxIdx = j;
b
} 1> forj*/

/* Exchange value */
if (Maxldx 1=1) {
tmp = f{MaxIdx];
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f[Maxldx] = f[i];

fli} = tmp;

tmp = posfil;
pos[i] = pos[MaxIdx];
pos[MaxIdx] = tmp;

SwpCount++;
}
}

return SwpCount;

}

binit()

{

FILE *binfile,*tinfile;

int i,j,tvalue;

ﬂo'at bvalue;
binfile=fopen("binit.dat","r");

tinfile=fopen("tinit.dat","r");

if(binfile==NULL){
printf{("tinfile\n");
exit(1);
| .
if(tinfile==NULL){
printf("binfile\n");

exit(1);

for(i=0;i<MAXCLUSTER;i++){
for(7=0;j<MAXNUMBER;j++){

fscanf(binfile,"%f",&bvalue);

(*b)(jlli}=bvalue;
fscanf(tinfile,"%d",&tvalue);
(*0[]li]=tvalue;

}
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fclose(binfile);

fclose(tinfile);

2

}

void *mymalloc(size_t size, char *s) {

void *p;

printf("Allocate %15s: %8u\t", s, size);

p = malloc(size);

if (p ==NULL) {
printf("(fai\n", s);
exit(1);

} else {

printf("(ok)\n", s);

TotalAllocate += size;

return p;

FILE *myfopen(char *s, char *mode) {
FILE *fp;

fp = fopen(s, mode);

if(fp == NULL){
fprintf(stderr,"Can't open file %s! (%s)\n", s, mode);
exit(1);
}
return fp;
}
2. TaJsuhsu ART.H

Tsunsuiilfifuadanmlsneg

#define INPUT_FILE  "ti.x1"
#define THRESHOLD  0.55
#define MAXNUMBER 999 /%900 */



#define MAXCLUSTER 550 /*500*/
#define PATTERNNUMBER 200

#define OUTPUT_FILE  "pj.out”

#define BUFSIZE 80

#define NEWRATIO 0.99

#define REDUCE 0.01

#define INCRESE 0.03
#define DECRESE 0.01

#define L 2.0

#define COL 27

#define ROW 37

#define FIRSTLOOP 1

#hifdef_ TURBOC__

#define MAXNUMBER ~ 999
#Cdeﬁne MAXCLUSTER 5 /*50%/
#endif

3. Tsunsn LAST75.C

Tsunsuitl¥usnszaadnys

/***t*##t‘*t*#**#**tt!##l#*‘ttt't‘i‘t*t*#tt*'i#ttt#‘tttt##tt*t

For recognition data

Programmer Penpun C.

*f*t**i*t*!***###*‘tii*t*#***#tt##t‘tt****ttttlt‘t#tt###*ttttl[

#include <stdio.h>
#include <stdlib.h>
#ifdef _ TURBOC__
#include <alloc.h>
telse

#include <matloc.h>

#endif
#ihclude "last75.h"
struct tstruct

{

int putcluster;



char putpattern;
float putthres;
b

struct tstruct (*put1)[900];

long TotalAllocate = 0;

void *mymalloc(size_t size, char *s);

FILE *myfopen(char *s, char *mode);

float (*b)[MAXNUMBER]}[MAXCLUSTER};
int (*t)[MAXNUMBER][MAXCLUSTER};

main()

{

FILE *infile, *outfile;

FILE *boutfile, *toutfile, *dinfile;

FILE *putinfile, *putoutfile, *errfile;

FILE *finalfile;

char buf[BUFSIZE];

char pattern[5];

int (*s)[MAXNUMBER],(*posarr)[MAXCLUSTER};
float (*y)[MAXCLUSTER],(*max)[MAXCLUSTER];
int count,countl,i,j,norms,normx,maxindex,posindex,flag=0;
int loop = 1;

float temp, value = 0;

float *rj;

int number,k,valuex,valuey,valueindex=0;

float threshold;

int dflag=0;

float newratio;

float ratio;

int ccount=0;

float cpercent=0,tpercent=0;

int tempputl;

char tempput2;

float tempput3;

int Pflag = 0;

int Ipercent=1;

b = mymalloc(sizeof(*b), "b");
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t = mymalloc(sizeof(*1), "t");

y = mymalloc(sizeof(*y), "y");

max = mymalloc(sizeof(*max), "max");

s = mymalloc(sizeof(*s), "s");

putl = mymalloc(sizeof(*putl),"putl");

posarr = mymalloc(sizeof{(*posarr), "posarr”);
printf{"\nTotal allocate = %8u\n", TotalAllocate);
printf("Max cluster = %8d\n", MAXCLUSTER);

printf("Max number = %8d\n", MAXNUMBER);

binit(};
infile=fopen(INPUT_FILE,"r");
if(infile == NULL){
printf("Can't read input file'\n");

exit(1);

else

printf("Open INPUTFILE for read\n");

outfile=fopen(QUTPUT _FILE,"w");
if( outfile== NULL){
printf{"Can't write output file\n");

exit(1);

else

printf("Open pj.out for write\n");

boutfile=fopen("binit.out","w");
if( boutfile== NULL){
printf("Can't write boutput file\n");

exit(1);

else

printf{"Open binit.out for write\n");

toutfile=fopen("tinit.out","w");
if( toutfile== NULL){
printf("Can't write toutput file\n");

exit(1);
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else

printf("Open tinit.out for write\n");

putinfile=fopen("putin.dat","r");
if( putinfile==NULL){
printf("Can't read putin.dat \n");

exit(1);

else

printf{("Open putin.dat for read\n");

putoutfile=fopen("putout.out","w");
if( putoutfile==NULL){
printf("Can't write putout.out \n");

exit(1);

else

printf("Open putout.out \n");

errfile=fopen("errfile.out”,"w");
if( errfile==NULL){
printf{"Can't write errfile.out \n");

exit(1);

else

printf("Open errfile.out \n");

finalfile=fopen("final.out","w");
if( finalfile==NULL){
printf{"Can't write final.out \n");
exit(1);
3

else

printf("Open finalfile.out \n");

/#

read from putin.dat in to putl array
if it has no data (999) in the first, set default to it.
*/
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fscanf(putinfile,"%d %c %f",&tempputl,&tempput2,&tempput3);
i=0;

if(tempput1!=999){

printf("rl -> %d\n", i);

rewind(putinfile);

while( tempput1 != 999){
fscanf(putinfile,"%d %c %f",&tempput],&tempput2,&tempput3);
(*put1)[i].putcluster = tempputl;
(*put1){i].putpattern = tempput2;
(*put1)[il.putthres = tempput3;
i+t

}
printf("r2 > %d\n", i);

LN

}
else
{
for (i=0; i<549; i++){
(*putD[i].putcluster=i;
(*puti)fi].putpattern="0";
(*put1)[il.putthres=THRESHOLD;
}
}

printf("r3 -> %d\n", i);

(*put1)[i].putcluster = 999;

fgets(buf,BUFSIZE-1,infile);
while( !feof(infile)){

while( !feof(infile) && flag==0){
switch(buf[0]){

case 'p":
count=0;

valueindex=0;
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loop=1;

pattern{0}=buf{44];

pattern[1]=buf[45];

if((buf[46] =="")]| buf[46]=="n") {
pattern[2]="0";

else{
pattern[2]=buf{46];
}
pattern[3]=\0";
break;
case '0":
case '1":

1=0;

while(buffi}!="n"){
(*s)[count)=bufli]-'0";
s

count++;

number=loop*COL-count;
for(k=0;k<number;k++){
(*s)[count]=0;

count++;

}

loop++;
break;

case 'C":
flag=1;
break;
}
fgets(buf, BUFSIZE-1,infile);

} /*end second while */
* append 0 from count untii MAXNUMBER */

countl=count;

for(i=count;i<MAXNUMBER;i++){



(*s)[count}=0;

countt++;

/* calculate norms */
norms=0;
for(i=0;i<count;i++)

norms=norms+{*s)[i];

/* calculate y=s*b and find max of (*y)[i] */
for (7=0;j<MAXCLUSTER;j++){
C(yfil=0;
for( i=0; i< MAXNUMBER; i++){
temp=(*s)[i*(*b)il(i};
(*y)[l=(*y)}+temp;

mysort(y, MAXCLUSTER,posarr);

maxindex=0;

posindex=0;

do{
/* Calculate normx=t*s */
normx=0;

maxindex=(*posarr)[posindex];

for(i=0;i<count;i++){
normx = normx-+(*s)[i]*(*t)[i)[maxindex};
}
ratio= (float)normx/norms;
™ new threshold */

/* read from diff.out in to newthreshold array. */

/#*'#‘#*###t#t#'##‘* ok

Pflag = 0;
threshold = (*put1)[maxindex].putthres;

~
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if ( ratio > threshold ){
break;
}
else{
posindex++;
}

/* can't accenpt in every weight */
ifltmaxindex == MAXCLUSTER -1){
maxindex=-1;
break;
}
}while(maxindex < MAXCLUSTER);

if (pattern[0] == (*puti)[maxindex].putpattern){
cpercent=cpercent+1.0;

}

ccount++;

if(pattern{2)1="0"){
if(pattern[0] = (*putl)[maxindex].putpattern)
fprintf(errfile,"%c%c%c %d %c\n" pattern[0],pattern{ 13, pattern[2],
maxindex,(*putl)[maxindex].putpattern);

}

else{

if(pattern[0] != (*put]){maxindex].putpattern)
fprintf{errfile,"%c%c %d %c\n",pattern[0],pattern[1],
maxindex,(*put1)maxindex].putpattern);

}

flag=0;

/**#**#*t***t####it‘**i##t‘tt###t*#“‘**###**#t*t*##*

Check percent

*#*‘***#*‘*‘*t‘**‘*##‘###ﬁ*‘##****‘*#i******#*##ti##/

if{ccount == 200){

fprintf(errfile,"Pattern %c percent %f\n",pattern[0],cpercent/2.0);
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printf("Pattern %c percent %f\n",pattern[0],cpercent/2.0);
tpercent=tpercent+cpercent;
Ipercent++;
printf("cpercent %f tpercent %f Ipercent %d\n",cpercent, tpercent, Ipercent);
ccount = 0;
cpercent = 0.0;

1

} /* end first while */

for(i=0;i<MAXCLUSTER;i++){

for(j=0;j<MAXNUMBER;j++){
fprintf{boutfile,"%f ",(*b)(jI[i]);
fprintf{toutfile,"%d ",(*0[j][i]);
if (1%10==9)

fprintf(boutfile, "\n");

}

fprintf{boutfile,"\n");

fprintf{toutfile, \n");

save array putl in to putout.out file

*/

for( i=0;i < 549;i++){
fprintf{putoutfile,"%d %c %f\n",(*putl)fi].putcluster,(*putl)[i].putpattern,(*put1)[i].putthres);
}
fprintf{putoutfile,"999");
printf{errfile,"total percent = %f\n",tpercent/150.0);

fprintflerrfile,"total percent = %An",tpercent/150.0);

free(b);

free(t);

freely);

free(max);

free(s);

free(posarr);

fclose(infile);

printf("Close INPUTFILE\n");
fclose(outfile);

printf("Close pj.out\n");
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fclose(boutfile);
printf{"Close tinit.out\n");
fclose(toutfile);
printf("Close binit.out\n");
fclose(dinfile);
printf{"Close diff.out\n");
}

int ShellSort(f, Element, pos)
float *f;
int *pos;
inttlement;
{
float Max, tmp;

int i, j, MaxIdx, SwpCount;

for (i=0;i<Element;i++)

pos[il =1i;

SwpCount = 0;

for (i=0;i<Element;i-++) {
Max = -9999.0;
MaxIdx = 0;

/* Search for the maximum */
for (j=i;j<Element;j++) {
if (f[j] > Max) {
Max = f[j];
MaxlIdx = j;
}
} /¥ forj*/

/* Exchange value */

if (MaxIdx }=1) {
tmp = f[Maxldx];
f[MaxIdx] = f[il;
fli] = tmp;

tmp = pos[i];
pos[i] = pos[MaxIdx];
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pos[MaxIdx] = tmp;

SwpCount++;
}
}

return SwpCount;

}

binit()

{

FILE *binfile,*tinfile;

int i,),tvalue;

float bvalue;
binfile=fopen("binit.dat","r");

tinfile=fopen("tinit.dat","r");

if(binfile==NULL){
printf("tinfile\n");
exit(1);
}
if(tinfile==NULL){
printf{("binfile\n");

exit(1);
}
for(i=0;i<MAXCLUSTER;#+){
for(j=0;<MAXNUMBER;j++){
fscanf(binfile,"%f",&bvalue);
(*b)[j][i]=bvalue;
fscanf(tinfile,"%d", &tvalue);
(*v)[j]liJ=tvalue;
}
}
fclose(binfile);
fclose(tinfile);
}
tinit()
{

92



void *mymalloc(size_t size, char *s) {

void *p;
pri9tf(”A1]ocate %]15s: %3u\t", s, size);
p = malloc(size);

if (p == NULL) {
printf{("(fai\n", s);

exit(1);
} else {
printf("(ok)\n", s);
TotalAllocate += size;
}
return p;
}

FILE *myfopen(char *s, char *mode) {
FILE *fp;

fp = fopen(s, mode);

if(fp == NULL){
fprintf(stderr,"Can't open file %s! (%s)\n", s, mode);
exit(1);

}

retum fp;

}
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