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Evolving Feedforward Neural Networks with Interval Inputs and Interval Outputs

oo od

oo od

Keiga Narita Hidehiko Okada

100000

000D0003000000000000NN)OOOO
00000000000000000000000000
0000000000D0000000000000®BP)1]
000000000000000RID000000000
0000000000000000EA)BO00D0DDO
00000000 OO0ONEO[40000000000NE
0 BPOOOODODOODD000000000000O0O (4]0
0000000 NEODOOOOODOOOOOOOOO000
000000000000

0000000000000000000000000
0000 NNOOODOOOOOOOOOOOO0O0O0000
00000000000000000000000000
NNOOOOOOOO0ODOD00O000000000000
0000000000000000000

20000000000 NE

21 000O0OO0OOOOOCOODOOOOOCO NN

gbobooooooboobob 110o000ob00obaobob
goboobooboooboboooboboooboboooobo
gboboi1boboooooboobogsbabd

1

Output Value
'

0.2

0.1

0
0 01 02 03 04 05 06 07 08 09 1

Input Value

0100000oo0oboobobobo

oboboooooooboobobo1000b00b0ODb
gooboO0 NNOOOoboboooooooobgoD 1
gboobooboooooooboobob oobogooo

22 NEOOOOOOOO

ODO000OO0OEADDDOCOODOOOOODOOOOOO
(GA5]ID000000OES)60000 NEOODODOOGA
0000001000000100,0000 0000000010
00000000004000000000000([7]0a
=100 00000001% 000000 ESO0000000
0000 (10+10)-ESO 0 0 O 0 100,0000 0 O O O [-0.1, 0.1]
0000000O00000GADESOOOOOOOD 10
000000 1,000,00000 NNOOOOOOOOOOOO

000000 O00D0ODOO0OO0O000o, Faculty of Computer
Science and Engineering, Kyoto Sangyo University

gooooobobooooboobobobdr-10.0, 10.0]
gobooooboboobobooobooooboobooobo
gooogoboorosos5j000oboooooobonbO

oboobooooonb neo000000 NNODOODODOD
NNOOOODOOooOoooOooooooooboooooo
g20000s000000000000000D00DO
gobooooboooboobooobooooboooobo
NNOOODODOOooOoooOooooooooboooooo
goobobobooooobD 20 GAODODOODOODOOES
00000000o0U0oUooUuoUOo0 GAD2.0x 1030
ESO28x 1000000

1
0.9

0.8

Output Value
o o
» (8]

0
0 01 02 03 04 05 06 07 08 09 1
Input Value

02zGgA0D0000D00O0O0ONNDODOO

oboob 2000000000000 NNODODOO
gooloboUooOobOODOD300OOODOODONN
goboooobobooboooobooooboooobo
goobobobooooog

1

Output Value

0
0 01 02 03 04 05 06 07 08 09 1

Input Value

U3:cA0b00D00DOO0O0O0ONNDODODOOOO

0ooooooooooooooooon

goboobooboboobobooobobooobooboooo
goboooobobooboobooobooooboooobo
gboboob0obOo NNOODbobobooooobonoboo
gbobob0obO NNODOODboboboooooboDoo



goboobooboooboboooboboooboboooobo
gbooboboooood

gboboooob 4000000000000D0O0ODO
goboobooboooboboooboboooboboooobo
gb 100000000ONNODODODOOOObODO
goboobooboooboboooboboooboboooobo
goboobooboooboboooboboooboboooobo
goobooooobooboobooooboobooboboobd N
goano

ubd AOUNOOOOODOODOoDbOoboooooboonDo
gil1bodboboobooboobobobobooboooon

ugbd BONODOOOOOOOOooooooooboobo
gbob100o0obobobobobooobobonbo
god

ugdb20b0b0o0buoobooobo BOogbooNDOO
ggooboboooobbooooobboooooboo
00 inpu, inpu’0 00000000000 output“, outputV
ggooboboooobobooooobbooooooo
000000000 [inputt, inpuV10 O O 0 O O [output®,
oupuV 0 000000000 AUBOOOOOODOOOO
ggbooboooboooNOoDbhooboobboo A0Do
ggooobobooooobobbooooobbooooobooo
ggbbooo Bbooboobboobooboo
N=40O0O0cAUOUOOOOODLOOOoOoobOoOGAD
ggooboooboobboobooobo AoBUOdOoO
ogggoonb stebbUO0O0OU0M@UuDDOOOUODLDDD
ONNODOODOODOoOooooooooDmwmooooonoo
g0 NNOOboobobooboobobooboooo
Sel(@Uidbb AUBODOOODLOOOODOODOO
ogdb NNOOboobbooboobbooboooo
ggbooboooboobboonbo sbed®wubod BOO
ggooboboooobbooooobboooooboo
gboobboooboobooobouobooboboo
NNOOOoOooboogo Adbboobooboboooo
ggooboboooobbooooobbooooobobo
ggodobbbiooooobbbbbo0ooounbnb NN
ggooboooboobbobob BOooboboooboooo
NNOOOgooooboilioogbboobooboboooo
ggooboboooobbooooobboooooboo
ggbooboooboo 1obooboobbooboooo
ggbooboooboobbobb NNObobooboooo
ggooboboooobbooooobboooooboo
ggooboobboooobobooooobbooooobobo

goboobooboooboboooboboooboboobab

gbobdob NODOobOobobobooooooobooo
gbobobobooboo1oooooooboobabo
gobobobooobobooboboooboboooobo
gbooboboboboooooog

40000

gbooboobooboboooboboooboobooon
gobooboobooobobooobobooobooboooobo
gobooboobooobobooobobooobooboooobo
gobooboobooobobooobobooobooboooobo

gobooboooooboobooobobooboboobaoon

gobooboobooobobooobobooobooboooobo

gobooboboooboboooboboooboboooobo
gobooboboooboboooboboooboboooobo
gobooboboooboboooboboooboboooobo
god

1
0.9
0.8

07 - 4
06 @ﬁ%& ‘-@*
Y

Lo o L

Output Value

0.3
0.2
0.1

0
0 010203040506070809 1

Input Value

U4 0b00o0o0oooboaobab

0 0
0 0.10203040506070809 1 0 010203040506 070809 1

Input Value Input Value

@Ubbooooboooo GyoOoboooaobo
Os:00A00000D000O00O0NNODO

1 1
0.9
0.8

So7
Zos
04
03 \_

0.2 e R RS S
0.1

o 0
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Input Value Input Value

@Uubooooboooo GOOooOoooobo
UelU0BOOOOOOOOODOONNDOOO

googo

[1] D.E. Rumelhart, J.L. McClelland and the PDP Research
Group, Parallel Distributed Processing, Vol.1, MIT Press,
1986.

[2] H. Ishibuchi and H. Tanaka, An extension of the BP-
algorithm to interval input vectors, Proc. of IEEE
International Joint Conference on Neural Networks,
pp-1588-1593, 1991.

[3] A.E. Eiben and J.E. Smith, Introduction to Evolutionary
Computing, Springer, 2003.

[4] X. Yao, Evolving artificial neural networks, Proc. of the
IEEE, 87(9), pp.1423-1447, 1999.

[5] D. Goldberg, Genetic Algorithms in Search, Optimization
and Machine Learning, Addison-Wesley Professional,
1989.

[6] H.-P. Schwefel, Evolution and Optimum Seeking, Wiley &
Sons, 1995.

[7]1L.J. Eshelman and J.D. Schaffer, Real-coded genetic
algorithms and interval-schemata, in D.L. Whitley (ed),
Foundation of Genetic Algorithms 2, pp.187-202, 1993.



