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ABSTRACT

This research presents back-propagation neural network designed using Genetic
Algorithm (GA) to find the connection between nodes, the number of hidden nodes, the relevant
initial weight and the bias of neural network in order to increase learning effective and reduce the
probability of local minima problem in network learning. This method evolves both structure and
weights by applying network partial training and genetic operators. We set many variables of the
objective function in order to measure learning efficiency of the network. We expect that the
selected neural network will learn faster and success when it is fully trained. To verify the
effective of the proposed method, we tested it with peak function approximation and Mackey-
Glass Chaotic Time Series. Then we compared the results with the standard back-propagation
neural network and with the traditional neuron network which was designed by Genetic

Algorithm. The results show that the proposed method gives the better accuracy.
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T

Il 12 H H3
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5.1 Yoyanl¥lumsnaaes

ci 5 a ad ] = ol
WoNEATINaRY (Verify) Usza@ninmuesdtmsoonuuy Inseiolseamiioud
o < q Yy A . i :
vnane leveyavesdynininsgiu 2 Jan1 Ao Peak Function Approximation 1@y

Mackey-Glass Chaotic Time Series MMIHnToutaznaaey Inssvwlssamion

5.1.1 Peak Function Approximation [2]

i v o d ' 1 & a i
Peak function AOAMNFURUTIENINAM x Ay y  Fauaadlddaaumsn (5.1)

Z=3(= x? ebs=0my) _ IO(% -x - ySJe("‘z“yZ) - %e('(x”)z'yz) + noise (31)

A

TaofiAves x uag y oglurae [-33] nie (-3<x<3,-3< y<3)

=

S = 1 I's '
dunnved Insevielszanifiond) 2 Suynden x uaz y w1viynvealnsatie
4 ' | 1

Yszaminionsl 1 e mnnaea Z doyanldlumsinaeunaznaaenTaseviodsyammioy
A v = o Y A &

mor IaseadvedInssieimingay dunsafimualdnaumsi (5.1) Fafems
UsENUAIOY Peak Function 390AUAYYINTUNIURTMIATZOUUDUNA  (Normally
Distributed Noise) IaoiAURas (Mean) 10U 0 A1AU51U591 (Variance) 10U 1 @9
waraslugli 5.1 naghuoudeyanlddmsulnaenuuasnaaen Tnssiinlszamifoumiiy

441 %A LAY 400 FAMNAIAY
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d’- 1 o o i a
31U 5.1 A998 Peak Function 590AY daygasuniuiiinisnsznenuulnd

5.1.2 Mackey-Glass Chaotic Time Series [3]

1
- =

Mackey-Glass Chaotic Time Series fAoaumsnoglugluvuvesaumsanivessa

%o (Differential Equation) faaaa ldaeaunsn (5.2)

dx(r) _ 0.2x(t—7)
dt  14+x"(-1)

~0.1x(¢) (5.2)

P Y I 1
sewnsaasdeyaednasunaznaaey lasshnlssamion vinaumstiadu
18 1a01935 4-th Order Runge-Kutta @201 Step Size WAV 0.1 uaziouluiudune

x(0)=1.2,x(r)=0 dmsv 1 <0 uaz £ =100 Tavlddoyalu 250 Furiiusn (Joya 250

1

) ~

==y 1 LY @ = = =
gausn) lumsnasuIaseiie uaglddoyanansin 250 Turfinsaladn 250, 800, 2,000 naz

Y“

3,000 3110 Tumsnaaov InsselseamiAony (Testing Errorl- Testing Error4)

= ) - ‘§
dunnveslassnilszamiiond 4 Sunn ¥alsznoulildrodoya w. 4 yado
x(t), x(t - 6), x(t —12)ung x(r-18) 1w 1viynvealaseiioil 1101viynAedoyaiiya

x(t +6)

5.2 MynaasseenuuvlasivglszmmnaumnuIsminaus Insnageviudeya

mmﬂtym Peak Function Approximation
@ 9 dy 1 =& o 1 =Y 4 1 = 9
TuatefiagnanfinsnaaaMmuanInNIines (Parameter) 7199 N1F U3

A, NINABBINMUATININToUVEIMSHRaeu TaTavelseamimonuiadIy wazns
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3199 5.1 Wavedn1snaasuldsundasaianuinziulunisnsealenes Ay

4 v
wwzihulumsdaedu uazmoraiminismua i sunsasduds luaunisen

o w
Hadgwdmue

MSE of | MSE of
Pe Pm / /2 % Training Testing Number. N
(w] ) (Wz) (w3) _ Data Connections
0.6 0.4 0 0.0306 0.0430 128
0.6 0.3 0.1 0.0300 0.0415 113
0.01 0.6 0.2 0.2 0.0359 0.0455 105
0.6 0.1 0.3 0.0343 0.0428 98
0.6 0 04 | 00317 | 0.0419 95
0.6 0.4 0 0.0312 0.0422 121
0.6 0.3 0.1 0.0310 0.0401 119
0.03 0.6 0.2 0.2 0.0337 0.0435 101
0.6 0.1 0.3 0.0323 0.0420 93
0.1 0.6 0 0.4 0.0315 0.0427 86
0.6 0.4 0 0.0292 0.0375 104
0.6 0.3 0.1 0.0281 0.0351 106
0.05 0.6 0.2 0.2 0.0311 0.0415 103
0.6 0.1 0.3 0.0302 0.0418 98
0.6 0 0.4 0.0318 0.0421 95
0.6 0.4 0 0.0292 0.0342 112
0.6 0.3 0.1 0.0272 0.0311 97
0.09 0.6 0.2 0.2 0.0288 0.0329 100
0.6 0.1 0.3 0.0319 0.0403 95
0.6 0 0.4 0.0305 0.0400 92
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dr 1 A 1 ' d
11971490 5.1 (A0) waﬂummsmaﬂuﬂaﬂuuﬂmmmmm%mﬂulumsmmﬂanas LRI NRY

T =Y 7 i 1 uy ar d'o 9 e 1 LY
u1mmﬂu°lyn13mm%u uazmmaumuﬂmmwuﬂ“lwﬂmmazmuﬂﬂu

U ¢ @
aunamieanFuthvine

MSE of | MSE of
Pc Pm A 1. S5 Training Testing Number‘ of
(wl) (Wz) (w3) - s Connections
0.6 0.4 0 0.0286 0.0340 105
0.6 0.3 0.1 0.0271 0.0334 102
0.01 0.6 0.2 02 0.0300 0.0414 96
0.6 0.1 0.3 0.0299 0.0309 93
0.6 0 0.4 0.0308 0.0356 80
0.6 0.4 0 0.0306 0.0390 120
0.6 0.3 0.1 0.0284 0.0383 117
0.03 0.6 0.2 0.2 0.0310 0.0394 109
0.6 0.1 0.3 0.0301 0.0379 115
0.3 0.6 0 0.4 0.0287 0.0406 97
0.6 0.4 0 0.0296 0.0371 108
0.6 0.3 0.1 0.0280 0.0353 117
0.05 0.6 0.2 0.2 0.0285 0.0374 97
0.6 0.1 0.3 0.0310 0.0395 92
0.6 0 0.4 0.0307 0.0411 91
0.6 0.4 0 0.0316 | 0.0410 113
0.6 0.3 0.1 0.0301 0.0405 107
0.09 0.6 0.2 0.2 0.0325 0.0444 94
0.6 0.1 0.3 0.0314 0.0421 92
0.6 0 0.4 0.0310 0.0417 81
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o J A 1 v d 1
AN 5.1 (AD) Nﬂ“&lﬁlﬂﬂ’]i‘l’lﬂﬁ'ﬂ\ﬂ!JJﬁﬂullﬂﬁQﬂ'lﬂ'J'lllu'li]&’lﬁucluﬂ?ﬁﬂiﬂﬁi@ﬂﬂi AT

1 =Y o [ U 3’ o d‘o Y w 1 @
uw:sﬂu“lummam%u Lmsmmaumumﬂmﬂuﬂ%ﬂmmmmuﬂﬂu

1 o o
ﬁllﬂ’ﬁﬂ"lﬁﬁﬂ“b’ulﬂ’]ﬂll"lﬂ

MSE of | MSE of
Pc Pm K 12 /s Training | Testing Numbelj o
(w] ) (Wz) (w3) -_ i Connections
0.6 0.4 0 0.0269 0.0385 103
0.6 0.3 0.1 0.0261 0.0352 95
0.01 0.6 0.2 0.2 0.0278 0.0404 91
0.6 0.1 0.3 0.0270 0.0368 86
0.6 0 0.4 0.0285 0.0376 80
0.6 0.4 0 0.0282 0.0420 110
0.6 0.3 0.1 0.0258 0.0372 97
0.03 0.6 0.2 0.2 0.0262 0.0394 95
0.6 0.1 0.3 0.0260 0.0389 90
0.6 0.6 0 0.4 0.0288 0.0386 92
0.6 0.4 0 0.0252 0.0370 108
0.6 0.3 0.1 0.0233 0.0341 101
0.05 0.6 0.2 0.2 0.0240 0.0364 94
0.6 0.1 0.3 0.0265 0.0379 99
0.6 0 0.4 0.0271 0.0357 90
0.6 0.4 0 0.0266 0.0370 115
0.6 0.3 0.1 0.0251 0.0365 106
0.09 0.6 0.2 0.2 0.0305 0.0404 99
0.6 0.1 0.3 0.0294 | 0.0409 90
0.6 0 0.4 0.0328 0.0397 86
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ci 1 ~ ' ' .
M990 5.1 (AD) Nﬁﬂlﬂﬂﬂ"ﬁ‘l’lﬂﬂ’ﬂﬁlﬂﬁﬂuuﬂﬁ\?ﬂ']ﬂ’l']llu'li]%&']:ju!luﬂﬁﬂ‘iﬂﬁi’m’lﬂﬁ AT

] =Y ) 1 1 u” w dl.a Yo I @
Wvzilulumsduedy  wazaior0imdnisnualdsuunazduslu

1 < o
ﬁﬂﬂ15ﬂ1ﬁﬁﬂ‘ﬁutﬂ1ﬁm'}ﬂ

MSE of | MSE of
Pc Pm A % s Training | Testing Number_ of
(wl) (w2 ) (w3) e _— Connections
0.6 0.4 0 0.0207 0.0321 79
0.6 0.2 0.2 0.0216 0.0326 72
0.6 0.1 0.3 0.0283 0.0407 65
0.6 0 0.4 0.0281 0.0420 64
0.6 0.4 0 0.0247 0.0330 82
0.6 0.3 0.1 0.0201 0.0319 79
0.03 0.6 0.2 0.2 0.0225 0.0337 75
0.6 0.1 0.3 0.0231 0.0397 71
0.6 0 0.4 0.0272 0.0450 60
0.6 0.4 0 0.0227 0.0348 85
0.6 0.3 0.1 0.0210 0.0327 81
0.05 0.6 0.2 0.2 0.0226 0.0395 78
0.6 0.1 0.3 0.0243 0.0414 73
0.6 0 0.4 0.0253 0.0390 68
0.6 0.4 0 0.0239 0.0378 93
0.6 0.3 0.1 0.0213 0.0330 88
0.09 0.6 0.2 0.2 0.0263 0.0448 85
0.6 0.1 0.3 0.0250 0.0406 76
0.6 0 0.4 0.0271 0.0397 71




59
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10M15199 5.1 wuhmanwdinziulumsasealenes manuizdulumsis
o ' ' ny s E;n Y w 1 [ 1 o o P P
Wiy wazannimiinidimualdsuuaazaauls luaumsaidesngudmuie Agniden
o kY a ¢ o A ! 1w J oo
il 14 lunszuaumsmesiugmansiduauofes Pe 170 0.9 A1 Pm  1M1AV0.01
L :I LY ! Q o T o w
uazmornhminimngandmsudwds £, £, wez £, luaumsailandudhwinode 0.6,
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0.3 1201 Mud1aY iesnnmdenandlusminiinesidanalwldaanuAanainlums

] = 5 :i
ﬂﬂﬁ@uuﬁﬁiﬂﬂﬁﬂﬂiﬂiﬂ‘iﬂﬂﬂ55’51"17]17!8111!‘681’@@
o ¥ a d 1 4
5.2.2 m*sﬂmummwwmma‘smaqﬁ’!ﬂumsmam
1 asd o o 1 = a1
ﬂ?iﬂﬂﬂtlﬂﬂiﬂﬁﬁ‘ﬂ’lﬂ‘ﬂSzﬁ']ﬂLﬁUNﬂ’ln’J‘ﬁﬂuHﬁuBﬁﬂﬁﬂ?‘ﬂuﬂfﬂ‘wWS"IEJLG]@SG]N“]

LEAIAINITIAN 5.2

1:; 1 =Y ot 9l
A15199 5.2 AWITINNDIN IF IUN1TNATDY

ACRITCCH NUIU
1. 9199581105 (Population Size) 30
2. anueziiulumsasealenos (Probability of Crossover : Pe) 0.9
3. Aanunetiulumsiiingy (Probability of Mutation : Pm) 0.01
4. UM TMUAYDITUWN (Number of Input Node) 2
5, i°nmu'1ﬁumammﬁvm (Number of Output Node) 1
6. i}QWHQuTHUQQQfEﬂiW]?wﬁBH (Maximum of Hidden Node) 30
7. MUIUTOUUDINTIIAUING (Number of Generation) 100
8. $nunsIvesmInAreYTETINAID 3

o o H =1 1 = T
5.2.3 ManaasamnuaIuseunlylumsinaeulasevnelszammenuisaiu
y ° ) S o { Vo @ Y
fisannmsaamlansuthunemuaunmsn @.1) ladmuadanls 1 luaums
Y] 1 " a é 1 [ a A =8 T
AINa17 3 AU Salszneuda £ Ae Avesmsialszaninmlumsinaeuniediu
' a Ay A A v oA = o |
yodlassnwdszanifion Milooiiqe, £, A9 AWAAIINUINAGAYDY £ 8 AHUIUBY
o = Sfci o o [N o 1 A o 3 d’l 1 1
Puseumsisoudniimue idndudesdumia uag £, Ae SuiuveudureuaeIenI1
2 Ay A G St s s A o e
Tnuananuavedlnssiie Nlsenga Aaumnaaesiaaliaglssaeamemsiiiuseun
H ] 1 3 ar 1 as 4
mzauildlumsinaoulnseisdseammouuneduudiaa MSE asuaadluaunish
(3.14) tofum £ uazmdmauseumsinaeuInsavioundinfims auiisniy

o 1 Q' s 1 1 1 H T [ o ] a H U Ey
ﬂ’lLL‘H‘LNL‘iMﬁu%’ﬂﬁﬂ’]‘iiﬂﬂWWﬂﬂN“ﬂﬂﬂﬂ1 MSE ﬁll%ﬂﬂ?ﬁﬂﬂﬁﬂﬂﬂTLlﬁuQﬂﬂﬁﬂﬂ131?1u
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= 3 ! o o 1 = c;d.
TUTIDYAVDINITAIUIUAN f2 Iﬂﬂ‘ﬁ&"l’l'lﬂ']ﬁﬂﬂﬁf’NﬂTHuﬂiﬂ‘i\‘l"lﬂﬂﬂiﬁﬁﬂ’lmﬂuﬂh

¥ 4 " w
Tﬂidﬁ‘iwﬂmﬂgﬂLﬁ.l‘lJLﬁE]FJﬂﬁ’e‘JuIﬂ‘iﬁ’ﬂﬂﬂﬂ%ﬂyjﬁmmﬂﬂgﬂ1 Peak Function Approximation

' 1 = o g a 1 o 1
Tnglasedeunay jluuuezdnaeuiugm 5 a5 wammaaesaanaduand lanannsem 5.3

M3190 5.3 A1 MSE veamsinasundaz InseiolssamifionluseumsiSouianan

e | Anareu 1 MSE vasnnansinaoundaz Tnssolssemiton Tusoumsaiousii
Taseay Tnssvw
—— ﬂ%’,’qﬁ 1 . 50 100 150 200 250 300 350 400
1 0.9136 | 0.9002 | 0.8917 | 0.9228 19835 0.7308 | 0.7176 | 0.7184 | 0.7059
2 0.8864 | 0.9105 | 0.9545 | 0.9125 [0. 0.8261 | 0.8049 | 0.8025 | 0.8010
2-20-1 3 0.9573 | 0.9241 | 0.9638 | 0.9024 0.9027 | 0.9001 | 0.8673 | 0.8681
4 0.7380 | 0.8654 | 0.8503 | 0.8810 08702 0.8223 | 0.8015 | 0.8004 | 0.7995
5 0.8479 | 0.8133 | 0.8027 | 0.8597 | 0 0.8145 | 0.8007 | 0.7867 | 0.7858
1 0.8235 | 0.8896 | 0.8538 | 0.9002 &0 0.8342 | 0.8336 | 0.8125 | 0.8257
2 0.8762 | 0.8554 | 0.8468 | 0.8975 STL 0.8698 | 0.8591 | 0.8497 | 0.8480
2-10-10-1 3 0.8197 | 0.8768 | 0.8802 | 0.8037 [10.84254 0.8412 | 0.8322 | 0.8317 | 0.8304
4 0.8593 | 0.8329 | 0.8011 | 0.8991 [l 21 0.8689 | 0.8650 | 0.8628 | 0.8587
5 0.8759 | 0.8206 | 0.9510 | 0.8834 [0:8( 0.8011 | 0.8003 | 0.7985 | 0.7991
1 0.6327 | 0.6284 | 0.7528 | 0.6448 [20.68¢ 0.6604 | 0.6597 | 0.6304 | 0.6110
2 0.5989 | 0.6128 | 0.5542 | 0.5993 |10.6. 0.6181 | 0.6042 | 0.5658 | 0.5443
2-7-1-7-1 3 0.6012 | 0.5871 | 0.6008 | 0.5537 : 0.5535 | 0.5504 | 0.5473 | 0.5407
4 0.5997 | 0.6351 | 0.6120 | 0.6024 0.5209 | 0.5105 | 0.4951 | 0.4123
5 0.5971 | 0.5810 | 0.6073 | 0.5776 : 0.5317 | 0.5259 | 0.5103 | 0.5004
1 0.6634 | 0.7582 | 0.6320 | 0.7207 0.6535 | 0.6271 | 0.6105 | 0.6073
2 0.6881 | 0.6534 | 0.6423 | 0.6957 0.6287 | 0.6318 | 0.6101 | 0.6011
2-1575:1 3 0.6145 | 0.6381 | 0.6017 | 0.7005 &0 0.6553 | 0.6328 | 0.6102 | 0.6012
4 0.6832 | 0.6539 | 0.6928 | 0.6879 FQI6L 0.6075 | 0.6197 | 0.6001 | 0.5894
5 0.6567 | 0.6335 | 0.6837 | 0.6428 [i( 6 0.6089 | 0.6048 | 0.6011 | 0.5743
1 0.5227 | 0.6682 | 0.5726 | 0.5010 045 0.4507 | 0.4495 | 0.4457 | 0.4401
2 0.5535 | 0.6082 | 0.5339 | 0.6127 |50 0.4897 | 0.4825 | 0.4810 | 0.4804
2-10-6-4-1 3 0.5641 | 0.5028 | 0.5989 | 0.5114 [0 0.5721 | 0.5713 | 0.5702 | 0.5678
4 0.5223 | 0.5021 | 0.5570 | 0.5281 [&( 65| 0.5010 | 0.5158 | 0.5001 | 0.4997
5 0.5349 | 0.5013 | 0.5527 | 0.6283 [F0.59 0.5881 | 0.5721 | 0.5703 | 0.5614
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:;. 1 1 = 1 ] = = 9
M1919N 5.3 (M) A1 MSE mmmsNﬂﬁammazTﬂiwwﬂixmmmﬂmwmisﬁﬂugmm
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MSE of MSE of
Number of Number of Number of
Model Epochs Training Testing
Populations | Generations Connection
Data Data
NN-GAL1 4 25 50,000 0.0307 0.0385 97
NN-GA2 6 16 48,000 0.0285 0.0396 95
NN-GA3 10 10 50,000 0.0280 0.0368 84
NN-GA4 20 5] 50,000 0.0283 0.0382 91
NN-GAS5 30 4 45,000 0.0310 0.0389 93
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Number of MSE of MSE of Testing
Model Epochs
Connections Training Data Data
NN-GA1 50,000 97 0.0307 0.0385
NN-GA2 48,000 95 0.0285 0.0396
NN-GA3 50,000 84 0.0280 0.0368
NN-GA4 50,000 91 0.0283 0.0382
NN-GA5 45,000 93 0.0310 0.0389
BP1 50,000 102 0.0334 0.0518
BP2 50,000 130 0.0331 0.0506
BP3 50,000 119 0.0293 0.0402
BP4 50,000 110 0.0327 0.0489
BP5 50,000 108 0.0290 0.0412
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ninaue
UMUsoU | MSE of MSE of
Number of | Number of Number of
Model NTANAOL Training Testing
Populations | Generations 2 A Connection
[N IRNIAGRA] Data Data
NN-GA6 30 50 10,000 0.0230 0.0337 107
NN-GA7 30 30 10,000 0.0243 0.0341 82
NN-GAS8 30 10 10,000 0.0250 0.0353 94
NN-GA9 10 8 10,000 0.0362 0.0367 115

NN-GA10 10 3 ' 10,000 0.0365 0.0380 103
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Number of MSE of Training MSE of Testing

Model
Connections Data Data
NN-GA6 107 0.0230 0.0337
NN-GA7 82 0.0243 0.0341
NN-GAS 94 0.0250 0.0353
NN-GA9 115 0.0362 0.0367
NN-GA10 103 0.0365 0.0380
NN-GA 73 0.0191 0.0314
SMNN ) 75 0.0308 0.0422
NN-GA1 97 0.0307 0.0385
NN-GA2 95 0.0285 0.03%96
NN-GA3 84 0.0280 0.0368
NN-GA4 91 0.0283 0.0382
NN-GAS 93 0.0310 0.0389
BP1 102 0.0334 0.0518
BP2 130 0.0331 0.0506
BP3 119 0.0293 0.0402
BP4 110 0.0327 0.0489
BPS 108 0.0290 0.0382
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ﬁl@@ﬁﬁyﬁl Mackey-Glass Chaotic Time Series
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Handutimug
Training | Testing | Testing | Testing | Testing
Pc | Pm fl fz f3 Error Errorl Error2 Error3 Errord Number of
(wl ) (w2 ) (w3 ) (SSE) | (SSE) | (SSE) | (SSE) | (SSE) Connections
0.6 0.4 0 1.3935 | 1.8287 | 3.0053 | 5.0278 | 6.7297 92
0.6 0.3 0.1 1.4040 | 1.8189 | 3.0691 | 4.9909 | 6.7623 98
0.01 ]| 0.6 0.2 0.2 1.4334 | 1.8720 | 3.2594 | 5.1315 | 6.7895 79
0.6 0.1 0.3 1.4633 | 1.9034 | 3.3593 | 5.1095 | 6.9386 93
0.6 0 0.4 1.5168 | 1.8890 | 3.4125 | 5.2418 | 6.9279 78
0.6 0.4 0 1.3954 | 1.8306 | 3.0072 | 5.0297 | 6.7316 80
0.6 0.3 0.1 1.4059 | 1.8208 | 3.0710 | 4.9928 | 6.7642 86
0.03| 0.6 0.2 0.2 1.4353 | 1.8739 | 3.2613 | 5.1334 | 6.7914 89
0.6 0.1 0.3 1.4652 | 1.9053 | 3.3612 | 5.1114 | 6.9405 104
0.1 0.6 0 0.4 1.5187 | 1.8909 | 3.4144 | 5.2437 | 6.9298 90
0.6 0.4 0 1.3975 | 1.8327 | 3.0093 | 5.0318 | 6.7337 106
0.6 0.3 0.1 1.4080 | 1.8229 | 3.0731 | 4.9949 | 6.7663 125
0.05] 0.6 0.2 0.2 1.4374 | 1.8760 | 3.2634 | 5.1355 | 6.7935 114
0.6 0.1 0.3 1.4673 | 1.9074 | 3.3633 | 5.1135 | 6.9426 120
0.6 0 0.4 1.5208 | 1.8930 | 3.4165 | 5.2458 | 6.9319 118
0.6 0.4 0 1.4003 | 1.8355 | 3.0121 | 5.0346 | 6.7365 103
0.6 03 |.0.1 1.4108 | 1.8257 | 3.0759 | 4.9977 | 6.7691 117
0.09 ] 0.6 0.2 0.2 1.4402 | 1.8788 | 3.2662 | 5.1383 | 6.7963 108
0.6 0.1 0.3 1.4701 | 1.9102 | 3.3661 | 5.1163 | 6.9454 98
0.6 0 0.4 1.5236 | 1.8958 | 3.4193 | 5.2486 | 6.9347 106
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Training | Testing | Testing | Testing | Testing
Pc | Pm fE f2 f3 Error Errorl Error2 | Error3 | Errord Number of
() | Go) | COns) ss) | (ssE) | (ssE) | (ssE) | (ssm) | e
0.6 0.4 0 1.3913 | 1.8265 | 3.0031 | 5.0256 | 6.7275 94
0.6 0.3 0.1 | 1.4018 | 1.8167 | 3.0669 | 4.9887 | 6.7601 78
0.01 | 06 0.2 0.2 | 1.4312 | 1.8698 | 3.2572 | 5.1293 | 6.7873 92
0.6 0.1 0.3 | 1.4611 | 1.9012 | 3.3571 | 5.1073 | 6.9364 107
0.6 0 04 | 1.5146 | 1.8868 | 3.4103 | 5.2396 | 6.9257 104
0.6 0.4 0 1.3930 | 1.8282 | 3.0048 | 5.0273 | 6.7292 79
0.6 0.3 0.1 | 1.4035 | 1.8184 | 3.0686 | 4.9904 | 6.7618 95
0.03 | 06 0.2 0.2 | 1.4329 | 1.8715 | 3.2589 | 5.1310 | 6.7890 82
0.6 0.1 | 03 | 1.4628 | 1.9029 | 3.3588 | 5.1090 | 6.9381 76
0.3 0.6 0 0.4 | 1.5163 | 1.8885 | 3.4120 | 5.2413 | 6.9274 90
0.6 0.4 0 1.3941 | 1.8293 | 3.0059 | 5.0284 | 6.7303 108
0.6 0.3 0.1 | 1.4046 | 1.8195 | 3.0697 | 4.9915 | 6.7629 113
0.05| 0.6 0.2 0.2 | 1.4340 | 1.8726 | 3.2600 | 5.1321 | 6.7901 116
0.6 0.1 0.3 | 1.4639 | 1.9040 | 3.3599 | 5.1101 | 6.9392 102
0.6 0 0.4 | 1.5174 | 1.8896 | 3.4131 | 5.2424 | 6.9285 96
0.6 0.4 0 1.3956 | 1.8308 | 3.0074 | 5.0299 | 6.7318 96
0.6 0.3 0.1 | 1.4061 | 1.8210 | 3.0712 | 4.9930 | 6.7644 78
0.09 | 0.6 0.2 0.2 | 1.4355 | 1.8741 | 3.2615 | 5.1336 | 6.7916 105
0.6 0.1 | 0.3 | 1.4654 | 1.9055 | 3.3614 | 5.1116 | 6.9407 92
0.6 0 0.4 | 1.5189 | 1.8911 | 3.4146 | 5.2439 | 6.9300 101
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Training | Testing | Testing | Testing | Testing

Pc | Pm h /> f3 Error Errorl | Error2 | Error3 | Errord Number of
() | Gw2) | Ons) ssp) | o) | o) | @) | @smy |

0.6 04 |- 0 1.3906 | 1.8258 | 3.0024 | 5.0249 | 6.7268 104

0.6 0.3 0.1 1.4011 | 1.816 | 3.0662 | 4.988 | 6.7594 102

001 0.6 0.2 0.2 | 1.4305 | 1.8691 | 3.2565 | 5.1286 | 6.7866 87
0.6 0.1 0.3 | 1.4604 | 1.9005 | 3.3564 | 5.1066 | 6.9357 80

0.6 0 0.4 | 1.5139 | 1.8861 | 3.4096 | 5.2389 | 6.9250 76

0.6 0.4 0 1.3897 | 1.8249 | 3.0015 | 5.024 | 6.7259 90

0.6 0.3 0.1 1.4002 | 1.8151 | 3.0653 | 4.9871 | 6.7585 91

0.03 | 0.6 0.2 0.2 | 1.4296 | 1.8682 | 3.2556 | 5.1277 | 6.7857 79
0.6 0.1 0.3 1.4595 | 1.8996 | 3.3555 | 5.1057 | 6.9348 76

0.6 0.6 0 0.4 | 1.5130 | 1.8852 | 3.4087 | 5.238 | 6.9241 82
0.6 0.4 ‘0 1.3915 | 1.8267 | 3.0033 | 5.0258 | 6.7277 112

0.6 0.3 0.1 1.4020 | 1.8169 | 3.0671 | 4.9889 | 6.7603 100

0.05] 0.6 0.2 0.2 1.4314 | 1.8700 | 3.2574 | 5.1295 | 6.7875 77
0.6 0.1 0.3 1.4613 | 1.9014 | 3.3573 | 5.1075 | 6.9366 87

0.6 0 0.4 | 1.5148 | 1.8870 | 3.4105 | 5.2398 | 6.9259 78

0.6 0.4 0 1.3940 | 1.8292 | 3.0058 | 5.0283 | 6.7302 105

0.6 0.3 0.1 1.4045 | 1.8194 | 3.0696 | 4.9914 | 6.7628 108

0.09 | 0.6 0.2 0.2 | 1.4339 | 1.8725 | 3.2599 | 5.1320 | 6.7900 104
0.6 0.1 0.3 1.4638 | 1.9039 | 3.3598 | 5.1100 | 6.9391 93

0.6 0 04 | 1.5173 | 1.8895 | 3.413 | 52423 | 6.9284 80
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f2 f3 Training | Testing | Testing | Testing | Testing B o
(wz) (w3) Error Errorl | Error2 | Error3 | Errord ER——
(SSE) | (SSE) | (SSE) | (SSE) | (SSE)

3.0625 | 4.9843 | 6.7557 71
02 | 02 1.4268 | 1.8654 | 3.2528 | 5.1249 | 6.7829 70
0.1 0.3 1.4567 | 1.8968 | 3.3527 | 5.1029 | 6.9320 64
0 0.4 1.5102 | 1.8824 | 3.4059 | 5.2352 | 6.9213 61
0.4 0 1.3887 | 1.8239 | 3.0005 | 5.023 | 6.7249 84
0.3 0.1 1.3992 | 1.8141 | 3.0643 | 4.9861 | 6.7575 89
0.2 0.2 1.4286 | 1.8672 | 3.2546 | 5.1267 | 6.7847 99
0.1 0.3 1.4585 | 1.8986 | 3.3545 | 5.1047 | 6.9338 g1
0 0.4 1.5120 | 1.8842 | 3.4077 | 5.2370 | 6.9231 70
0.4 0 1.3899 | 1.8251 | 3.0017 | 5.0242 | 6.7261 98
0.3 0.1 1.4004 | 1.8153 | 3.0655 | 4.9873 | 6.7587 75
0.2 0.2 1.4298 | 1.8684 | 3.2558 | 5.1279 | 6.7859 96
0.1 0.3 1.4597 | 1.8998 | 3.3557 | 5.1059 | 6.9350 78
0 0.4 1.5132 | 1.8854 | 3.4089 | 5.2382 | 6.9243 91
0.4 0 1.3919 | 1.8271 | 3.0037 | 5.0262 | 6.7281 77
0.3 0.1 1.4024 | 1.8173 | 3.0675 | 4.9893 | 6.7607 86
0.2 0.2 1.4318 | 1.8704 | 3.2578 | 5.1299 | 6.7879 79
0.1 0.3 1.4617 | 1.9018 | 3.3577 | 5.1079 | 6.9370 91
0 0.4 | 1.5152 | 1.8874 | 3.4109 | 5.2402 | 6.9263 88
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Wisines UM
1. 91UV 3393103 (Population Size) 30
2. anihvzilulunisnsealones (Probability of Crossover : Pc) 0.9
3. anuiezdiulunsiumdu (Probability of Mutation : Pm) 0.01
4, %”m’minumm%‘unm (Number of Input Node) 4
Sz i‘imfmiwumlmtmﬁnw (Number of Output Node) 1
6. i‘imauiwuﬂqqqﬂ“lu%,:wﬁw (Maximum of Hidden Node) 30
7. FIUIUTDVVBINTIIMUING (Number of Generation) 300
8. SIunfavensnareu3i e 3
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M3190 5.16 M SSE veamsinaeuuaag InssinlseamiiionluseunsGouiaieg

ey Anerou # SSE wean1manosinaeundazTnsastioszanniionlusoumsiGoudi
Thsaty Tasade
.a 2 o 1 50 100 150 200 250 300 350 400
Uszamiiion A39

1 10.0370 | 10.0236 | 10.0151 10.1462 9.8542 9.8410 9.8418 9.8293

2 10.0098 | 100339 90779 | 100359 9.9495 9.9283 9.9259 9.9244

2-20-1 3 10.0807 | 10.0475 | 10.0872 | 10,0258 [0 10.0261 | 10.0235 9.9907 9.9915

4 9.8614 | 0.9888 9.9737 | 10.0044 9.9457 9.9249 9.9238 9.9229

5 9.9713 9.9367 | 10.1273 | 9.9831 9.9379 9.9241 9.9101 9.9092

1 8.9772 | 9.0236 8.9591 8.9576 | 8.9359 8.9491 8.9772 9.0236

2 8.9702 9.0209 8.9944 | 8.9932 8.9731 8.9714 8.9702 9.0209

2-10-10-1 3 9.0036 | 8.9271 8.9659 | 8.9646 & 8.9551 8.9538 | 9.0036 | 8.9271

4 8.9245 9.0225 8.9996 | 8.9923 ; 8.9862 8.9821 8.9245 9.0225

5 9.0744 | 9.0068 8.9276 | 8.9245 : 8.9219 8.9225 9.0744 9.0068

1 8.7561 8.7518 8.8762 9.7682 | 8.7838 8.7831 8.7538 8.7344

2 8.7223 8.7362 8.6776 | 8.7227 |i 8.7415 8.7276 8.6892 8.6677

2-7-1-7-1 8 8.7246 9.7105 8.7242 8.6771 8.6769 8.6738 8.6707 8.6641
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Training | Testing | Testing | Testing | Testing
Number of | Number of Number of
Model Epochs Error Errorl Error2 Error3 Error4
Populations | Generations Connection
(SSE) (SSE) (SSE) (SSE) (SSE)
NN-GA1 4 25 50,000 | 2.8127 3.2957 4.8775 6.1294 7.8460 91
NN-GA2 6 16 48,000 | 2.6995 3.0021 4.4531 6.1260 7.8540 95
NN-GA3 10 10 50,000 | 2.5793 2.9580 41280 59535 7.4301 84
NN-GA4 20 5 50,000 | 2.6502 3.0326 4.4903 6.0023 7.4806 89
NN-GA3S 30 4 45,000 | 2.8591 3.2841 4.8720 6.2031 7.6681 98
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M15199 5.25 mamslSounousennasniuaueny Taseviodseammonuuuuns doundu

Number of | Training Testing Testing Testing Testing
Model Epochs

Connections Error Errorl Error2 Error3 Error4

NN-GAL 50,000 91 2.8127 3.2957 4.8775 6.1294 7.8460
NN-GA2 | 48,000 95 2.6995 3.0021 4.4531 6.1260 7.8540
NN-GA3 | 50,000 84 2.5793 2.9580 4.1280 5.9535 7.4301
NN-GA4 | 50,000 89 2.6502 3.0326 4.4903 6.0023 7.4806
NN-GAS | 45,000 98 2.8591 3.2841 4.8720 6.2031 7.6681
BP1 50,000 100 3.3498 4.0981 6.0274 7.8269 9.8752
BP2 50,000 150 3.1324 3.8972 5.7781 7.1862 9.1684
BP3 50,000 133 3.0277 3.5895 49218 6.5994 8.6548
BP4 50,000 140 3.0981 3.6873 5.4121 6.9015 8.9978
BP5 50,000 128 3.0198 3.4995 4.6328 6.4297 7.9827
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B Training | Testing Testing Testing Testing
Number of Number of F0UNNT Number of
Model 3 Error Errorl Error2 Error3 Error4
Populations | Generations | *M®¥ Connection
WG (SSE) (SSE) (SSE) (SSE) (SSE)
NN-GA6 30 50 10,000 | 2.0995 2.4460 3.6160 5.4415 6.9181 89
NN-GA7 30 30 10,000 | 2.1592 2.4901 3.9411 5.6140 7.3420 85
NN-GA8 30 10 10,000 | 2.3408 2.7837 4.3655 5.6174 7.3340 91
NN-GA9 10 8 10,000 | 2.8615 2.8016 4.2593 5.7713 7.2496 98
NN-GA10 10 5 10,000 | 2.9903 3.0531 4.6410 59721 7.4371 79
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Training Testing Testing Testing Testing
Number of
Model Error Errorl Error2 Error3 Errord
Connections
(SSE) (SSE) (SSE) (SSE) (SSE)
NN-GA6 89 2.0995 2.4460 3.6160 5.4415 6.9181
NN-GA7 85 2.1592 2.4901 3.9411 5.6140 7.3420
NN-GAS8 91 2.3408 2.7837 4.3655 5.6174 7.3340
NN-GA9 98 2.8615 2.8016 4.2593 5.7713 7.2496
NN-GA10 79 2.9903 3.0531 4.6410 5.9721 7.4371
NN-GA 73 1.3869 1.8221 2.9987 5.0212 6.7231
HGA-NN 75 1.6921 2.0963 3.8527 5.3552 7.1206
NN-GA1 91 2.8127 3.2957 4.8775 6.1294 7.8460
NN-GA2 95 2.6995 3.0021 4.4531 6.1260 7.8540
NN-GA3 84 2:5793 2.9580 4.1280 5.9535 7.4301
NN-GA4 89 2.6502 3.0326 4.4903 6.0023 7.4806
NN-GAS5 98 2.8591 3.2841 4.8720 6.2031 7.6681
BP1 100 3.3498 4.0981 6.0274 7.8269 9.8752
BP2 150 3.1324 3.8972 5.7781 7.1862 9.1684
BP3 133 3.0277 3.5895 49218 6.5994 8.6548
Bp4 140 3.0981 3.6873 5.4121 6.9015 8.9978
BP5 128 3.0198 3.4995 4.6328 6.4297 7.9827
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Abstract

This paper proposes the method of milk yields forecasting
for Holstein Friesian breed. The forecasting will give the result of two-
day in advance milk yields, by the technique of artificial neural
network(ANN) with backpropagation of error algorithms compared to
the technique of multiple linear regressions analysis. The data related to
the milk yields in the past will be trained and tested in the Artificial
Neural Network system and also the data is used for analysis and
building the statistics model to forecasting the milk yields. The
experimental result shows that the technique of using artificial neural
network gives more accurate prediction than the technique of multiple

linear regressions analysis.

Keywords: backpropagation neural network, milk yields, forecast,

multiple linear regressions analy
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Abstract

The objective of this research is to design the backpropagation neural network topology with
determine the number of hidden layer and neural or node by using the genetic algorithm. Generally
there is no uniformity in the pattern of hidden layer and number of neural node being determined. To
achieve the above mentioned objectives, the hidden layer and neural node is identified in term of
chromosome under the objective function and existing constrains. The expected results will be
process according to the genetic algorithm method. In addition the neural network topology ,weight
and bias would be trained. From the experiment, neural network with topology design from best
objective function chromosome has better learning efficiency than neural network with topology

design from lower objective function chromosonie.
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Using Neural Network and Genetic Algorithms to Forecast Milk Yields
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Abstract

This paper presents an approach in forecasting the quality
of Holstein Friesian milk yield. It combines backpropagation neural
network and genetic algorithm (GA) techniques in order to forecasting
the quality of milk production in two-days long. While designing the
network topology, the attempt is made to detect the amount of hidden
layer and that of neuron. This also includes the process of designing
appropriate initial weight of network; all are achieved by using
objective functions in the predetermined condition. In terms of training
and testing process, associated data are typically gathered from the
statistics of the milk production in the past. The finding proves that
designing topology of neural network using GA formulates the new
network that can learn faster, where as the mean of absolute percentage
error (MAPE) of forecasting is slightly acceptable at 6.24%.

Keywords : BANN topology design , genetic algorithm , forecast.
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Abstract

This research presents back-propagation neural network using Genetic Algorithm (GA) to
find the connection between nodes, the number of nodes, the relevant initial weight and the bias of
neural network in order to increase learning effective and reduce the probability of local minima
problem in network learning. This method evolve both structure and weights by applying network
partial training and genetic operator. We set many variable of the objective function in order to
measure learning efficiency of the network. We expect that the selected neural network will learn fast
and success when it is fully trained. To verify the effective of proposed method, we test it with peak
function approximation and Mackey-Glass Chaotic Time Series. Then we compare the results with
the standard back-propagation neural network and with the traditional neuron network which is
designed by Genetic Algorithm. The result shows that this method gives the better accuracy.

Keywords : Genetic Algorithm, Neural Network, Design of Neural Networks
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