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Evolutionary Neural Network with Improving
Fault Tolerance by Redundancy

MasaTo Kupol'® MASANORI SUGANUMA! TOMOHARU NAGAO!

Abstract: In this paper, we propose a new approach to improve fault tolerance of neural networks. There
have been many stuides to obtain fault tolerance to add redundant units. However, no studies consider im-
portance of untis. The degree of influence on the output between units is difference, therefore proper control
is required. We propose a new technique that by duplicate the hidden unit that is the largest influence on
the network, thereby we properly redundant an important unit to output. We use an evolutionary neural
network which automatically acquires structure of the network by evolutionary computation. This allows
redundancy in any structures. We apply the proposed method to the swing-up inverted pendulum problem.
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The results show that the proposed method has more fault tolerance than compared methods.
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Fig. 1 An example of RFCN structure.
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Fig. 2 Duplicating a hidden unit sequence.
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Fig. 3 An example of the proposed method structure.
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Table 1 Network parameters.

To | input hidden output
From 1 2 3 4 5 6 7
output function *® % A C B D A
parameter x % a d a c b
reaction speed x % 1 2 2 2 2
threshold EE T | 0 -1 0 +1
) 1 * % | +1 0 0 0 0
input
2 % 0 0 +1 0 0
3 * ok 0 +1 -1 +1
4 x % 0 -1 0 0 +1
hidden
5 x % 0 +1 0 0 +1
6 * % 0 +1 0 0 -1
output 7 x 0 -1 0 0 0

* : forbidden

K2 TANRATA=X
Table 2 Filter parameters.

hidden 3 4 5 6
filter type | MAX | MIN | MIN | MAX
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BN R FE TV Fig. 5 The simulation program.

Fig. 4 A swing-up inverted

pendulum model.
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Table 3 Environment settings of the simulation program.

parameter value
environment width(m) 3.0
gravity(m/s?) 9.8
cart mass(kg) 1.0
cart width(m) 0.25
pole mass(kg) 0.2
pole length(m) 0.5
friction 0.05
max force(N) 40
max speed(m/s) 16

max angular velocity(m/s?) 10

K4 GADNRTA—X
Table 4 GA parameters.

normal fault tolerant
parameter learning  learning
num. of generation 10000 15000
max step 1000 1000
population size 150 150
children size 30 30
generation alternation model MGG* MGG
crossover rate 0.9 -
mutation rate My, 0.0 0.0
mutation rate M, 0.01 0.05

* Minimal Generation Gap[16]

0 7213 1 IZFEE S N5 stuck-at-0(or 1) fault 2K 5.
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TLES. KREBRTIEI=y MELEICEELTWE Z
LEWEET A0, EEFEE, SRy MR EEE
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MDD ZEIREEIIITD R,
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453 U 72 RECN D3I BB U 7252 &5 9 D YIE St
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&£ 5 RFCN /X7 X —2&
Table 5 RFCN parameters.

parameter value

output function See Table 6.
parameter 0.25, 0.5, 1.0, 2.0
reaction speed fast, slow

threshold

connection weight

41.0,£0.5,4£0.25,0.0
41.0,+0.5,+0.25,0.0

% 6 RFCN OB
Table 6 Output functions of RFCN.

function equation

a (x>0
threshold flz) = ( )

0 (z<0)

1
sigmoid flz) =
exp(—ax)

linear f(z) =ax

0 (<0
piecewise linear  f(z) ={daz (0<z < é)

1 (5 <)

* output unit function is sigmoid or piecewise linear.
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Fig. 6 Stuck-at-0 fault.
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% RFCN5 —— |
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= sl FFNN10 —%— |
v
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0
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B 7 HKEES 1 0BG
Fig. 7 Stuck-at-1 fault.

KT EELETALROEE
Table 7 Rates of acquired filters.

stuck-at-0 fault  stuck-at-1 fault
MAX filter 45% 4%
MIN filter 54% 96%

INBHELZDONWT, 2= bDITEAIC & b ifbEE %
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