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Neural network (NN) and fuzzy theo 
1)2)3fY have been begun to apply to seismology . 

However, when these technologies are 
applyed to seismology, tltere are two prob-
lems: (1) NN needs much training t皿 e,
because seismology uses large nu1nber of pby-
sical弗ignal. (2) fuzzy reasoning has o曲
hlerist1c method for decision of memberslup 
function (MF), and has no adaptive function. 
I propose two solutions of them and hope 
these teclmologies are applyed to seismology. 

Fast NN Learning Algorithm4) 

• We've formulated backpropagation 
algorithm (BP) using non-linear opthniza— 
tion methods. The problems of ordinal BP 
匹 e:(l)there is no way to decide a learnin 
rate e, (2Jit uses the steepest descent (SD' 
method t at is the best locally but is not 
good globally. Our algorithm can decide 
optimum e dyna.m.ically using 
Dav1es_Swann_Ca.m.pey (DSC) search and 
decid~a learning conjugate gradient (CG) 
direction using Fletcher-Reeves (FR) method. 
When we define E as error at output layer, 1 
w as weight vector, g as SD gradient, and 1> 
as CG direction, the weight modification of 
the n-tl1 iteration is formulated as following: 

△ Wn = _-enPn 
Pn = gn + /3nPnー1
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Furthermore we've proposed ti江eeimprove-
ments for DSC search, one improvement for 
FR method, rutd one criteria for finding bad 
le匹 mngs1tuat1on. 

These techniques are evaluated by 
exclusive-OR problem. I tried this evaluation 
two thousand times and got expected conver-
gence time. When convergence coudition is 
E<lO―5, our algorithm has taken quarter tlte 
con vcrgcncc time less than ordinary one. 

6 NN-Driven Fuzzy Reasoning) 

hi fuzzy theory, the fuzzy number is 
essential concept and is defined by MF. 
Tlteref ore any application of fuzzy theory 
treat MF. Unfortunately there was no way 
to decide it. Moreover, it is itnpossible to 
adapt th e variant environment , of fuzzy 
thebry application. ・Even if we decide MF 

with much trial and error, it becomes to be 
unuseful if the environment is varied. 

The solution of tbes,e problems is to 
血d automatical and adaptive . decision 
method of MF. We propose NN-driven fuzzy 
reasoning that decides MF automatically 
using the learning function and non-linearity 
of NN. Hereafter it is no need to depend on 
heuristics. This proposed method can also 
modify MF dynamically according to the 
dynamical environment using its learning 
function. 

I show you one example of proposed 
method that is applied to the estimation・ 
problem. The task is estimation -of pollu-
tional index COD: ・Chemical Oxygen 
） 
（ 

Dem皿 dht Osaka gull from five parameters 
~water temperature, water transparency, DO 
ensity, salt density, and filtered COD den-
sity). The estimated result is shown in 
Fig.1. First thirty two data are used in 
tr辿血g,皿 dthe other twelve data are used 
as evaluation. 

Tbe NN-driven fuzzy reaso血 g has 
obtained satisfactory estimation. This result 
makes us believe that the proposed method is 
applicable to the seismological esthnation. 
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estnnat1on of COD density Fig.1 . 
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