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ò�HJIGOPO�M
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ò�FG]NnpõgOdCEFG] \�óaCEOdZPO�I2ïLFk]NðÍò�HEIkOjOj\^O#NNVDOÍI2]Yh>S [ ¾�å³ÙLÔZÎ
äTV]Ø�Í6âhÙLÔZÎ�ä�I2]YhnØ�Í6â56*ÍZÙ)¿³\�M
ú9F�ðkcPIGñNûNCJò�IGH¿HEü�CEH¿HEõgOdZjc?ITZP\>ZjûN\8ò�Fk]anpõgOjC¿Fk],I2ïLFG]gðÌZjûN\�Od\8ò�HJIGOPOd\�O�VGOPò�I2ZdZP\�cPñNH¿FGZPOÕý�\^cj\
ñNcjFahaõYò�\^h%OjûNFTý>C¿]gð.ZPûN\>cj\^HEI2ZjCEFG]gOjûNCEñ�QR\�Zbý(\�\^]�ZPûN\>C¿]gñNõaZPOÕI2]gh�ZjûN\>FkõaZjñgõaZPO [ �³CEðgM�I
I2]gh
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m�ûNC¿HE\,FGZjûN\^c%ò�HEIkOjOj\^O�I2cP\�cP\^IGhNC¿HEü�hNC43~\�cP\�][ZjCJI2QgH¿\kV9ZPûN\^Oj\�ò�HEIkOjOj\^O�]N\�\�hçOdñR\^ò�CEIGH
ITZdZP\�][ZjCEFG]�CE]�FkõNc'ò�HJIGOPOjC�øYò^ITZPC¿Fk]�OjüoOdZj\^ï�M

ú9Fç\^]gOjõNcj\�I2] I2ñgñNcjFkñNcPCEI2Zj\�]N\�Zbý�FkcjD�ObZPcjõgò�ZjõNcP\×npFkc�ò�HEIkOjOjC�øRò�ITZPC¿Fk]*V!HE\^IGcj]NCE]Nð
I2]ghÒñgcjõN]gC¿]Nð�ï�õgOdZ�QR\�øY]N\�HEüÒQgI2HJI2]Yò�\^h%ZPF�\^]gOdõgcj\8Odõaÿ�ò�C¿\^]kZ(ðG\^]N\�c?I2HECEOPITZPC¿Fk]%ZjF�õg]aö
Zjc?I2CE]N\^h�hgITZPIgM[úWûg\.ñgIGcPIGï%\�Zj\^cPO
ZPûgITZWHEC¿ïLC¿Z�ZPûN\Öò�cj\�ITZjCEFG]ÒFGn*cjõgH¿\Ö]NFaha\^O�FGc(C¿]gC�ZPCEI2Zj\



ñNcjõg]NC¿]gð�I2]gh%ZPûN\�cP\�Qoü%C¿ïLñNcPFTSG\>ðk\�]N\^cPIGH¿CJOPITZjCEFG]ÒIGcj\'IGðG\GV[Od\^]gOjC�ZPC¿SoC¿ZbüGVG\^cjcPFGc
ZPûNcP\^Ojûaö
FGHJhÄV:IG]gh ñNcPõN]NCE]Nð�cPI2Zj\GMh�.O�Zjûg\�IGðG\ÒZPûNcj\�OdûgFGHJh C¿]Yò�cP\^IGOj\^O^V*ZPûN\�]N\�Zbý(FGcPD�cP\�Z?I2CE]gO
ý>ûgITZ�C¿Z�ûgIkOÌH¿\�I2cP]N\^h�FTSG\^c4I�H¿Fk]NðG\^cÌZjCEï%\kM��!cPõN]NCE]Nð�CJO4H¿\�OjO�H¿CEDG\^H¿üÐZjF�Faò�ò�õNc^VÄQgõaZ
ZjûN\%]N\�Zbý(FGcPD�ý>C¿HEH³QR\%H¿\�OjOÖH¿CEDG\^H¿ü�ZPF,cP\�ðG\^]N\�c?ITZP\4C¿]NnpFGcPïLI2ZjCEFG]�ZPûgITZÌC¿Z8ûgIkO.IGH¿cP\^Ikhaü
ñNcjFaò�\^OPOd\�hÄVgCE]×F2ZPûN\�cÖý�FkcPhgO�VYC�Z8CEO.H¿\�OjOÖH¿CEDG\^H¿ü�ZjF�cj\^ñNcPFohNõgò�\�I�cjõNHE\�]NFaha\�ZjûgI2ZÖûgIkO
ñNcj\^SoC¿FkõgOdHEü�QY\^\�]ÐñgcjõN]g\^hÄMÄúWûN\�ñNcjõg]NC¿]gð,c?ITZj\�CEO8I�ý(\�CEðGû[ZPC¿]Nð�ñgI2c?I2ïL\�Zj\�c8I2ñNñgH¿CE\^h
ZjFÒñNcPõN]NCE]NðLcjõgH¿\kM

Xo\�]gOjC¿ZjCES[C¿ZbüùI2]ghù\^cjcPFGcÌZPûNcj\�OdûgFGHJh�IGcj\�haC¿cP\^ò�ZjHEüÐcP\�HJITZP\^h�ZjF×ZjûN\�ðk\�]N\^cPI2ZjCEFG]ùF2n
]N\�ý cPõNHE\Ö]gFohN\^O^M��ÖO�ZjûN\ÌOd\^]gOjC�ZPC¿SoC¿ZbüÒQY\�Zbý�\^\�],CE]NñNõNZWñYITZdZP\�cP]gO(C¿]Yò�cP\^IGOj\^O^V2ZPûN\Ì]N\�Zjö
ý�FkcjDLCJO�ïLFkcj\8H¿CEDG\^H¿ü%ZPFLò�cj\�ITZP\.]N\^ý cjõgH¿\8]NFaha\^O^MK�.O�ZPûN\Ì\�cPcjFkc!Zjûgcj\�OdûNFkHEh,QY\�Zbý�\^\�]
ZjûN\�IGò`ZPõgI2H�FGõaZPñNõaZLI2]gh�ZPûN\�ò^I2HJò�õNHJITZP\^hùFGõNZjñNõaZ%cj\�haõgò�\^O^V*Zjûg\,]N\�Zbý�FkcjD�CEO�I2ðkIGC¿]
ï%Fkcj\�H¿CEDG\^H¿ü�ZPF,cP\*�[õNCEcj\%IGhNhNC�ZPC¿Fk]gI2H:cjõgH¿\%]NFaha\^O^MÄi(F2ZjûÐF2n!ZPûN\^Oj\�ñYI2c?I2ïL\�ZP\�c?O>Zj\^]gh
ZjFLnpFGc?ò�\ÖZjûg\4]N\�Zbý(FGcPD�CE]kZPFLFTSG\�c?OjñY\�ò�C¿øYò�I2ZjCEFG]*M

úWûN\'HE\^I2cP]NCE]Nð�c?ITZP\'C¿]�<gõN\�]Yò�\^OÕZjc?I2CE]NCE]Nð�IG]ghLFTSG\^cj\�ObZPC¿ïÒITZPC¿]gð4ý>ûgITZ�I�]NFaha\'ûgIkO
H¿\�I2cP]N\^hÄM³úWûN\,HE\^IGcj]NCE]Nð�c?ITZP\LZj\�]YhNO�ZPF×FTSG\^cj\�ObZPC¿ïÒI2Zj\Lý>ûgITZ%I�]NFaha\�ûgIkO�HE\^IGcj]N\�hÄM
�.O�Ojõgò?û*V³IGO4ZPûN\�HE\^IGcj]NCE]Nð�c?ITZP\ÒC¿]gò�cj\�IGOj\^O^V~ZjûN\,]NFaha\^O�ý>C¿HEH�OPITZPõNcPI2Zj\Ln»IkObZP\�c4ZPûgI2]
\�óañY\�ò`ZP\^hùI2]gh�ZP\�]gh�ZjF×ò�cj\�ITZP\%HJI2cPðG\^cÖ]g\�Zbý(FGcPDoOÖZPûgITZ�cP\^hNõgò�\%Zjûg\ÒðG\�]g\�c?I2HECEOPITZPC¿Fk]
ò�I2ñYI2QNCEH¿C¿ZjCE\^O^M

_x]�FkcPhN\�cLZjFçò�FGïLñgIGcj\�ZjûN\ÐõgOd\�npõNHE]N\^OPOÒF2n8Zjûg\Ê2^�gõgB.B1ZPF \�C¿ZjûN\^cÒZjûN\�i(I�ük\^O
FGñaZPC¿ï�õNï ò�HJIGOPOjC�øg\^c [ �:C¿ðYM O�\ÖFGcÌ\�óaCJObZPC¿]Nð�npõK7*7�ü×]g\�õNc?I2H
]N\�Zbý�FkcjDaO [ �:CEðgM�SP\`V*IG]�Ikhoö
haC�ZPC¿Fk]gI2H@ñgcj\^ñNcjFaò�\^OPOdCE]Nð�ObZP\�ñ�ý(IkOÌcj\��kõgC¿cP\^hÄM�1ÖcPC¿ðkC¿]YI2HEH¿ükVYZPûN\LZjc?I2CE]NCE]Nð�hNITZ?I�ý�\^cj\
cPIG]ghaFGïLHEü�OjFGcjZj\�hÄM~úWûN\�\�óaCEOdZjCE]Nð�npõ�7L7�ü�]N\^õNc?I2H:]N\�Zbý(FGcPDaO'c?I2]ghaFkïLH¿ü�Od\^H¿\�ò`ZP\^h�ZPûN\
Zjc?I2CE]NC¿]gð,OjIGïLñNH¿\�O.ý>C¿Zjû�IÒõN]NC¿npFGcPï�haCJObZPcjCEQNõaZPC¿Fk]*M~úWûN\�ò�õNcjcP\�][ZH2��NõgBÖB hNF[\�O.]gF2Z
ò�FG][Z?I2CE],ZPûNCEO>npõN]gò`ZPC¿Fk]*VYOjF%ZjûN\ÌZPcPIGC¿]gC¿]NðÒhNI2ZPILý(\�cP\Öc?I2]YhaFGïLHEü,OdFkcdZP\^h�OdF%ZPûgITZ'ZPûN\
I2ðG\WñgIGcPIGïL\�Zj\^c
ý(IkO³]gF2ZÕIÖnpõN]gò�ZjCEFG]LF2n~FGõaZPñNõaZÕò�HEIkOjO^MTú9F4FkQaZPIGC¿]�ZjûN\>FkõaZjñgõaZ!ïL\�ï%ö
QY\^cPOjûNCEñgO�VoZPûN\4FGõNZjñNõaZ?O>]N\^\^ha\�h,ZPFLQY\4õN]YOjò�cPIGï�QNHE\^hÄM
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úWûN\�\�óañY\^cjCEïL\�][ZPO�IGOPOdFaò�CEI2Zj\^hÞý>C¿Zjûs2^�gõgB.B ý�\^cj\�ha\^OjC¿ðk]N\^h C¿]NC¿ZjCJI2HEHEüÞZjFþcP\�ñgH¿C¿ö
ò�ITZP\WZjûN\>ñR\�cjnpFGcPïÒI2]gò�\WF2nÄI4ò�FG]oSk\�][ZjCEFG]gIGH/�NõgBÖB�ý>ûNCEH¿\'ûgC¿ðkûNH¿CEðGû[ZPC¿]NðÌC¿ZPO@CEïLñNcPFTSG\^h
OdñR\�\�hÄM0Ó³ITZj\^c!\�óañR\�cPC¿ïL\^]kZ?O@ý(\�cP\>ñY\^cdnpFkcjïL\^h�ZPF�ha\�ïLFG]YObZPcPI2Zj\WZjûg\d2^�gõgB.BM� O�ò�I2ñYITö
QNC¿HEC¿ZjCE\^OÄZPF'CEï%ñgcjFTSk\@ïLIGñNñNCE]Nð'ñR\�cjnpFGcPïÒI2]gò�\GM�_¶Z9ý>CEHEHGQR\�OjûNFTý>]8ZjûgI2Z9npõaZPõNcj\Õcj\�Od\�I2c?ò?û
ý>C¿HEH9ha\^SG\�HEFGñ�Zj\�ò?ûN]NC³�[õN\^O(ZPF%ïLCE]NCEï%CJOj\�hNITZ?ILïLIG]NCEñNõNHJITZjCEFG]9M

úWûN\ÕCE]NC¿ZjCJI2H�2^�NõYB.BÍ\�óañY\^cjCEïL\�][Z³ýWIGO³ñR\�cjnpFGcPï%\�hÌý>C�ZPû�ò�FG]gOj\�cPSTITZjCESG\ÕS�IGH¿õg\^OÄnpFkc
ZjûN\(Zjûgcj\�OdûNFkHEhgO:IG]gh�HE\^IGcj]gC¿]Nð8c?ITZj\�O�M�_x]�ZjûNCJO
ïÒI2]N]N\^c^V�ZPûN\>OdüaOdZj\�ïØýWIGO
ò�FG]gOdZjc?I2CE]N\^h
ZjF%FGñR\�c?ITZj\8IGOWI�ò�FG]oSG\^][ZjCEFG]gIGH��gõgB.B7ý>C¿Zjû,Fk]N\8\�óNò�\^ñaZjCEFG]*V[ZPûN\4hNITZ?I�ýWIGOÕZjc?I2CE]N\^h
npFGc@I.OjC¿]gðGHE\�C¿Zj\^cPI2ZjCEFG]*MTXo\�]YOdC¿ZjCESoC�ZbükVT\�cPcjFkc*Zjûgcj\�OdûNFkHEh*V�HE\^IGcj]gC¿]Nð8I2]gh�npFGcPðG\�ZdZjCE]NðÖý�\^cj\
IGOPOdCEðG]N\�h�ZPF�YNM ç SNVKYNM YPY��GVKYNM Y0SNVNI2]gh�YgM Y��Ìcj\�OdñR\^ò�ZjCESG\�HEüGMYúWûN\�I2ðk\4ý(IkO'IGOPOdCEðG]g\^h,ZjF
ZjûN\�OjC87�\4F2n:Zjûg\�\�][ZjCEcP\�hNITZ?IGOj\�Z.OjFLZjûgI2Z.I2HEH9\�óNIGï%ñgH¿\�O>ò�FG][ZPcjCEQNõaZP\^h�\�Sk\�]NHEü,haõgcjCE]Nð
Zjc?I2CE]NC¿]gðgM

_x]ÞIG]�ITZdZP\�ïLñaZÒZPF C¿ïLñNcPFTSG\�ðG\^]N\�c?I2HEC87^ITZPC¿Fk]*V:npFGcPðG\�ZdZjCE]Nð I2]YhÍHE\^IGcj]gC¿]Nðùc?ITZP\^O
ý�\^cj\�\^H¿CEïLC¿]gI2Zj\�hÄM�úWûN\�Od\^]gOdC¿ZjCESoC�Zbü�ýWIGOÒcP\^haõYò�\^hÞIG]gh�ZjûN\Ð\�cPcjFkcLZjFGHE\�c?I2]Yò�\�ýWIGO
C¿]gò�cj\�IGOj\^hÄM6�.]�IGhNhNC�ZPC¿Fk]gI2HN\�óañY\^cjCEïL\�][Z!ý(IkO
ñY\^cdnpFkcjïL\�h�ZPF�ha\�ïLFk]gObZPcPI2Zj\WZPûN\'ò?ûgI2cjö
IGò`ZP\�cPCEOdZjCJò�OLFGnÖCE]gò�cP\^IkOd\�hÍOjñR\^ò�C¿øYò^ITZjCEFG]9M!ú9FùCE]gò�cP\^IkOd\�OjñY\�ò�C¿øYò�I2ZjCEFG]ÍZjûN\�HE\^IGcj]NCE]Nð



cPI2Zj\Ìý(IkO>I2ñNñgH¿CE\^h�ý>C�ZPû�I%OjïÒI2HEHÄnpFGcPðG\�ZdZPC¿]NðYM/�³CE]gIGH¿HEüGVaZPûN\4HJIGOdZW\�óañY\^cjCEïL\�][Z'H¿FoFkDG\^h
ITZ4C¿]Yò�FGcPñRFGc?ITZjCE]Nð�I�SkFGHJITZPC¿HEC�Zbü�\^H¿\^ïL\�][Z�Qoü×cj\�haõgò�C¿]Nð�Zjûg\�I2ðG\%ñgIGcPIGï%\�Zj\^cÖZPF�Zbý�F
ZjCEï%\(ñRFkOjC�ZPC¿Fk]gO�MZ2�IGò?û�ò�Fk]ghaC¿ZjCEFG]gIGH[Zjc?I2CE]NC¿]gð.ñNûNCEHEFkOjFGñNûoüÌý(IkO9IGñNñNHEC¿\�h4ZjF8\^Ikò?û�ò�HJIGOPO
Zjc?I2CE]N\^h�Od\^ñgI2c?ITZP\�HEüGM

úWûN\ÒC¿]gC�ZPCEIGH!Zj\�ObZLò�HJIGOPOdC¿øYò^ITZjCEFG]ùIGò^ò�õNc?IGò�ü�npFGcQ2^�NõYB.B [ D�IGñNñgI�¹�YgM �0YK�	�:CEðgM W0\
ý(IkOLCEha\^][ZjCJò�I2H'ZjF�ZjûN\��NõgBÖB [ DTI2ñgñgI§¹¡YgM �0YK���:C¿ðYM S0\%I2]ghÞOjH¿CEðGû[ZjHEüçý(FGc?Od\�ZPûgI2]
ZjûN\,îÊÓ,¥ [ DTI2ñgñgI�¹ YNM �6O��z�³CEðPO�\`M9úWûg\ÒZjc?I2CE]NCE]Nð×IGò^ò�õNc?IGò�ü×ý(IkO�OjH¿CEðGû[ZjHEü�ûNC¿ðkûN\�c�M
_¶Z8CJO.CE][Zj\^cj\�ObZPC¿]Nð,ZjF�]NF2ZP\�ZPûgITZÖZjûN\%]oõNï�QR\�c8F2nÕcPõNHE\�]NFaha\�O'npFkc.ZPûN\�2^�NõYB.B ý�\^cj\
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training data results
random sort maximum likelihood classifier
hisand lowsand lowzost sums percent

hisand 118 0 4 122 97
lowsand 0 80 2 82 98
lowzost 8 3 72 83 87

270
sum 126 83 74 283
percent 94 96 97 95.41

hisand lowsand lowzost sums percent
hisand 58 0 4 62 94
lowsand 0 34 0 34 100
lowzost 4 7 34 45 76

126
sums 62 41 38 141
percent 94 83 89 89.36
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training data results
random sort (3) 15-10-2 fuzzy neural networks in parallel

hisand lowsand lowzost sums percent
hisand 116 0 1 117 99
lowsand 0 80 2 82 98
lowzost 10 3 75 88 85

271
sum 126 83 78 287
percent 92 96 96 94.43
iterations 200 200 300

test data     results

hisand lowsand lowzost sums percent
hisand 53 0 1 54 98
lowsand 0 33 0 33 100
lowzost 9 8 37 54 69

123
sums 62 41 38 141
percent 85 80 97 87.23
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training data results
(3) 15-x-5 evolving fuzzy neural networks structure

hisand lowsand lowzost sums percent
hisand 120 0 5 125 96
lowsand 1 82 1 84 98
lowzost 5 1 72 78 92

274
sum 126 83 78 287
percent 95 99 92 95.47
rules 279 279 279
sthr=0.95 errthr=.001 lr=0.05 prune=0.1 fgr=0.01

test data     results

hisand lowsand lowzost sums percent
hisand 58 0 6 64 91
lowsand 0 35 2 37 95
lowzost 4 6 30 40 75

123
sums 62 41 38 141
percent 94 85 79 87.23
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training data results
(3) 15-x-5 evovling fnn structure lr=.0, fr=.0 sth=.5 errthr=.5

hisand lowsand lowzost sums percent
hisand 124 0 4 128 97
lowsand 0 82 0 82 100
lowzost 2 1 74 77 96

280
sum 126 83 78 287
percent 98 99 95 97.56
rules 37 23 39

test data      results

hisand lowsand lowzost sums percent
hisand 57 0 8 65 88
lowsand 0 39 2 41 95
lowzost 5 2 28 35 80

124
sums 62 41 38 141
percent 92 95 74 87.94
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training data results
(3) 15-x-5 EFuNN structure lr=.1, fr=.1, sthr =.95, ethr = .05

hisand lowsand lowzost sums percent
hisand 103 8 1 112 92
lowsand 2 32 0 34 94
lowzost 21 43 77 141 55

212
sum 126 83 78 287
percent 82 39 99 73.87
rules 250 249 250

test data      results

hisand lowsand lowzost sums percent
hisand 48 1 0 49 98
lowsand 1 14 0 15 93
lowzost 13 26 38 77 49

100
sums 62 41 38 141
percent 77 34 100 70.92
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training data results prune=.5 old =2 classes 1 and 3 only
(3) 15-x-5 evolving fnn structure lr=.0, fr=.0 sth=.5 errthr=.5

hisand lowsand lowzost sums percent
hisand 100 0 1 101 99
lowsand 1 82 0 83 99
lowzost 25 1 77 103 75

259
sum 126 83 78 287
percent 79 99 99 90.24
rules 123 23 130

test data     results

hisand lowsand lowzost sums percent
hisand 48 0 0 48 100
lowsand 1 39 1 41 95
lowzost 13 2 37 52 71

124
sums 62 41 38 141
percent 77 95 97 87.94
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ý>C�ZPû�ZjûN\�haC�3R\^cj\^]gò�\�O,CE]�Zjûg\ÐCEïLIGðG\�O,I2]Yh�ObZPC¿HEHÖ\�óoZjc?IGò`Z?OÒZPûN\ÐcP\�HE\�STI2][Z�np\�ITZPõNcj\�O
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