
CHAPTER 2

THEORY OF THE ARTIFICIAL  
NEURAL NETW ORK

2.1 Introduction
T h is  c h a p te r  c o v e rs  th e  b a s ic  th e o r y  o f  th e  a r t i f ic ia l  n e u r a l  n e tw o rk  

w h ic h  a re  its  d e f in i t io n ,  n e tw o rk  s t r u c tu r e ,  t r a n s f e r  fu n c t io n  a n d  a p p l ic a t io n s .

A r t i f ic ia l  n e u ra l  n e tw o r k  is  o n e  b r a n c h  o f  th e  a r t i f ic ia l  in te l l ig e n c e  
(A I) . N o w  it  is  w id e ly  u s e d  fo r  s o lv in g  p r o b le m s  th a t  a r e  d i f f ic u l t  fo r  c o m p u t in g  w i th  
c o n v e n t io n a l  c o m p u te r s  o r  h u m a n . A r t i f ic ia l  n e u ra l  n e tw o r k  is  in s p i r e d  b y  b io lo g ic a l  
s y s te m s  so  it im ita te s  h u m a n 's  b ra in . A n  a r t i f ic ia l  n e u ra l  n e tw o r k  is  c o m p r is e d  o f  
n o d e s  o r  e le m e n ts  a n d  th e i r  c o n n e c t io n s . W e  c a n  t r a in  a n  a r t i f ic ia l  n e u ra l  n e tw o r k  to  
p e r f o r m  a  p a r t i c u la r  f u n c t io n  b y  a d ju s t in g  th e  v a lu e s  o f  th e  c o n n e c t io n s  o r  th e  w e ig h ts  
b e tw e e n  e le m e n ts .

T h e  n e tw o rk  w ill  b e  a d ju s te d  b a s e d  o n  th e  c o m p a r i s o n  o f  o u tp u t  a n d  
ta r g e t  u n t i l  th e  o u tp u t  m e e ts  th e  ta rg e t .  L e a rn in g  p r o c e s s  o f  th e  a r t i f ic ia l  n e u ra l  
n e tw o r k  is  s h o w n  in  F ig u re  2 .1 .

F ig u re  2.1: Learning Process of the Artificial Neural Network
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2.2 Définition
S in c e  a r t i f ic ia l  n e u ra l  n e tw o rk  h a s  b e e n  d e v e lo p e d  fo r  m a n y  d e c a d e s , 

m a n y  p e o p le  h a v e  d e f in e d  it.

M e d s k e r ,  T u r b a n  a n d  T r ip p i  ( 1 9 9 3 )  d e f in e d  a r t i f ic ia l  n e u ra l  n e tw o rk  as 
a n  in f o rm a t io n -p r o c e s s  s y s te m  th a t  im ita te s  b io lo g ic a l  n e u ra l  n e tw o rk .

S k a p u r a  (1 9 9 5 )  d e s c r ib e d  th a t  a  n e u ra l  n e tw o r k  is  c o l le c t io n  o f  s im p le , 
a n a lo g  s ig n a l  p r o c e s s o r ,  c o n n e c te d  th r o u g h  l in k s  c a l le d  c o n n e c t io n .

2.3 Applications of neural network
N e u ra l  n e tw o rk  h a v e  b e e n  f o u n d  th a t  it  is  w id e ly  u s e d  in  m a n y  f ie ld s  

s u c h  a s  A e r o s p a c e ,  A u to m o tiv e , B a n k in g , D e f e n s e ,  E le c t r o n ic s ,  E n te r ta in m e n t ,  
F in a n c ia l ,  I n d u s tr ia l ,  I n s u ra n c e , M a n u f a c tu r in g ,  M e d ic a l ,  O i l  &  G a s , R o b o t ic s ,  
S p e e c h  R e c o g n i t io n ,  S e c u r i t ie s ,  T e le c o m m u n ic a t io n s  a n d  T ra n s p o r ta t io n .

2.4 Neuron Model
2.4.1 A simple neuron
O n e  n e u ra l  n e tw o rk  is  c o m p r is e d  o f  s e v e ra l  n e u ro n s .  A  m o d e l  o f  a  

s im p le  n e u r o n  th a t  e x p la in s  th e  c o m p u ta t io n  o f  a  n e u ro n  is  i l lu s t r a te d  in  F ig u r e  2 .2 .

Input Neuron with bias
เ r --------------------

P  -

V.
a -  f(wp + b)

F igu re  2.2: A simple neuron model



T h e  s c a la r  o u tp u t  "a"  o f  a  n e u ro n  is d e m o n s t r a te d  b y  th e  e q u a t io n

a = / (พ/?+๖) (2.1)

W h e re  "p" is  a  s c a la r  in p u t ,
"พ "  is  a  w e ig h t ,
"b " is a  b ia s ,
y  is  a  t r a n s f e r  f u n c t io n
a n d  "a "  is  a n  o u tp u t  o f  th e  n e tw o rk .

T h e  s u m  o f  w e ig h te d  in p u t  a n d  b ia s  w il l  b e  c o m p a r e d  w i th  th e  
th r e s h o ld  a c t iv a t io n  v a lu e  b y  th e  t r a n s f e r  fu n c t io n . I f  th e  s u m  m e e ts  th e  th r e s h o ld  
v a lu e ,  th is  n e u ro n  w ill  t r a n s f e r  a n  o u tp u t  to  its  n e ig h b o r .

2.4.2 A neuron with vector input
A  m o d e l  o f  a  n e u ro n  w i th  v e c to r  in p u t  is  s h o w n  in  F ig u r e  2 .3

Input Neuron พ Vector Input
r S  r ----------------------

a  - . / ( W p

F igu re  2.3: A N euron w ith Vector Input

T h e  s c a la r  o u tp u t  "a"  o f  a  n e u ro n  is  d e m o n s t r a te d  b y  th e  e q u a t io n

a  = j (ท) (2 .2 )

ท = พ1/?1 + พ2/?2 + พ3/ะ,3 + . . . + WRPR + b (2.3)
W h e re  "p" is  a  v e c to r  in p u t ,
" พ '' is  a  m a tr ix  o f  w e ig h t  o f  e a c h  in p u t ,
"b "  is  a  b ia s ,
"ท'' is a  s u m  o f  w e ig h te d  in p u t  a d d e d  w i th  b ia s ,
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a n d  " f  is  th e  t r a n s f e r  f u n c t io n .

A  n e u ro n  w i th  v e c to r  in p u t ,  l ik e  a  s im p le  n e u ro n ,  th e  s u m  o f  w e ig h te d  
in p u t  a n d  b ia s  w i l l  b e  c o m p a re d  w i th  th e  th r e s h o ld  a c t iv a t io n  v a lu e  b y  th e  t r a n s f e r  
f u n c t io n .  W h e n  th e  s u m  m e e ts  th e  th r e s h o ld  v a lu e , th is  n e u r o n  w ill  t r a n s f e r  a n  o u tp u t  
to  its  n e ig h b o r s .

2.5 Characterization
A n  a r t if ic ia l  n e u ra l  n e tw o rk  is  c h a r a c te r iz e d  b y  th r e e  c h a r a c te r i s t ic s ,  

w h ic h  a re  a s  fo l lo w s :  N e tw o r k  A r c h i te c tu r e ,  T r a n s f e r  F u n c t io n ,  a n d  L e a r n in g  P ro c e s s .  
T h e  d e ta i ls  o f  n e tw o rk  a rc h i te c tu re ,  t r a n s f e r  f u n c t io n  a n d  le a r n in g  p r o c e s s  a re  
d e s c r ib e d  in  s e c t io n s  2 .5 , 2 .6  a n d  2 .7  r e s p e c t iv e ly .

2.6 Network Architecture
T h e  a rc h i te c tu re  o f  a  n e tw o rk  c o n c e rn s  w i th  th e  n u m b e r  o f  la y e r s  in  

th e  n e tw o rk ,  la y e r 's  t r a n s f e r  f u n c t io n  a n d  n u m b e r  o f  n e u ro n s  p e r  la y e r .

2.6.1 A layer of neurons
A  la y e r  o f  n e u ro n s  is  c o m p r is e d  o f  s e v e r a l  n e u ro n s  p o s i t io n e d  in  

p a r a l l e l .  I ts  m o d e l  c a n  b e  d e s c r ib e d  a s  s h o w n  in  F ig u r e  2 .4 . N o te  th a t  n o w  th e  o u tp u t  
"a"  is  a  v e c to r  o u tp u t .

2.6.2 Multiple-layer network
A  n e u ra l  n e tw o rk  c a n  c o n ta in  m a n y  la y e r s  o f  n e u ro n s . A  n e tw o r k  

s h o w n  in  F ig u re  2 .5  is  a n  e x a m p le  o f  m u l t ip le - la y e r  n e tw o rk .  F ig u r e  2 .5  p r e s e n ts  a  
n e tw o r k  w i th  tw o  la y e rs  o f  n e u ro n s . T h e  f i r s t  la y e r  o f  n e u r o n s  is  c a l l e d  th e  h id d e n  
la y e r  b e c a u s e  its  p o s i t io n  is  b e tw e e n  th e  in p u t  la y e r  a n d  th e  o u tp u t  l a y e r  so  th a t  it  h a s  
n o  c o n n e c t io n s  to  th e  o u ts id e .
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Input Layer of Neurons 

p,

k

V__J ________J
a f (พ p ฯ- b)

F igu re  2.4: A layer of neurons

Input Hidden Layer Output Layer

ai = tansig flWupi +bp a? =purelin fLWzial +bv

F ig u re  2.5: An example of a two-layer network

2.7 Transfer functions
T h e re  a re  m a n y  t r a n s f e r  f u n c t io n  o r  a c t iv a te d  f u n c t io n .  M a th e m a t ic s  

f u n c t io n s  th a t  a re  c o m m o n ly  u s e d  a s  t r a n s f e r  f u n c t io n  a re  d e s c r ib e d  a s  fo l lo w s :



2.7.1. Hard-Limit Transfer Function
T h e  h a rd  l im it  t r a n s f e r  fu n c t io n  a s  s h o w n  in  F ig u r e  2 .6  ta k e s  th e  in p u t  

a n d  l im i ts  th e  o u tp u t  to  b e  e i th e r  0 i f  th e  v a lu e  o f  "ท'' is  le s s  th a n  0 ; o r  1 w h e n  "ท'' is  
m o re  th a n  o r  e q u a l  to  0.

a
/ K +  l

0  >
-1

a = hard/  ill] (ท)
F igu re  2.6: Hard Limit Transfer Function

2.7.2 Linear Transfer Function
L in e a r  T ra n s f e r  F u n c t io n  a s  s h o w n  in  F ig u r e  2 .7  ta k e s  th e  in p u t  a n d  

p r o d u c e s  o u tp u t  a s  its  in p u t. T h e  r a n g e  o f  in p u t  is  a n y  v a lu e  f ro m  m in u s  o f  in f in i ty  to  
in f in i ty  a n d  th e  r a n g e  o f  o u tp u t  a ls o  c a n  b e  a n y  v a lu e .

a

a =  pur cl in (ท)
F igu re  2.7: Linear Transfer Function

2.7.3. Log-Sigmoid Transfer Function
L o g - S ig m o id  T r a n s f e r  F u n c t io n  a s  s h o w n  in  F ig u r e  2 .8  t a k e s  th e  in p u t  

th a t  c a n  b e  a n y  v a lu e  a n d  g e n e ra te s  th e  o u tp u t  th a t  r a n g e s  f ro m  0  to  1.
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a = logsig(n)
F igu re  2.8: Log-Sigmoid Transfer Function

2.7.4. Tan-Sigmoid Transfer Function
T a n - S ig m o id  T r a n s f e r  F u n c t io n  a s  s h o w n  in  F ig u r e  2 .9  ta k e s  th e  in p u t  

th a t  c a n  b e  a n y  v a lu e  a n d  g e n e ra te s  th e  o u tp u t  th a t  r a n g e s  f ro m  -1 to  1.

a = tansig(n)

F igu re  2.9: Tan-Sigmoid Transfer Function

2.8 Learning process
L e a rn in g  p r o c e s s  o f  th e  n e u ra l  n e tw o r k  c a n  b e  d iv id e d  in to  tw o  s ty le s ,  

w h ic h  a re  b a tc h  t r a in in g  a n d  in c re m e n ta l  t r a in in g .  In  b a tc h  t r a in in g  th e  w e ig h ts  a n d  
b ia s e s  a r e  a d ju s te d  fo r  th e  e n t ir e  s e t  o f  in p u ts  a n d  ta rg e ts .  In  in c r e m e n ta l  t r a in in g , 
t r a in in g  th e  w e ig h ts  a n d  b ia s e s  a re  a d ju s te d  fo r  e a c h  in p u t  th a t  is  p r e s e n te d  to  th e  
n e tw o rk .
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2.9 Backpropagation
It c a n  b e  s a id  b a c k p r o p a g a t io n  is  th e  m o s t  c o m m o n ly  u s e d  n e tw o r k  fo r  

p r o b le m s  s o lv in g  in  th e  f ie ld s  o f  a r t i f ic ia l  n e u ra l  n e tw o rk . I ts  a b i l i ty  to  le a r n  th e  
c o m p l ic a te d  r e la t io n s h ip s  b e tw e e n  th e  t r a in in g  in p u t  a n d  i ts  ta r g e t s  m a k e s  it  b e c o m e  a  
s ta n d a r d  n e tw o r k  fo r  fo re c a s t in g .

2.9.1 Principle
T h e  o p e ra t io n  p r in c ip le  o f  b a c k p r o p a g a t io n  is  g r a d ie n t  d e s c e n t  th a t  is 

u s e d  to  u p d a te  th e  w e ig h ts  a n d  b ia s e s .  D e m u th  a n d  B e a le  ( 2 0 0 0 )  h a v e  d e s c r ib e d  
g r a d ie n t  d e s c e n t  a s  th e  p r o c e s s  o f  m a k in g  c h a n g e s  to  w e ig h ts  a n d  b ia s e s  w h e r e  th e  
c h a n g e s  a r e  p r o p o r t io n a l  to  th e  d e r iv a t iv e s  o f  n e tw o rk  e r ro r  w i th  r e s p e c t  to  th o s e  
w e ig h ts  a n d  b ia s e s .

2.9.2 Architecture
B a c k p r o p a g a t io n  n e tw o rk  is  a  m u l t i - la y e r  n e tw o r k  th a t  m o s t ly  c o n s is t s  

o f  th e  in p u t  la y e r ,  h id d e n  la y e rs  a n d  th e  o u tp u t  la y e r . T h e  n u m b e r  o f  in p u ts  to  th e  
n e tw o r k  is  th e  n u m b e r  o f  v a r ia b le s  th a t  is  c o n s id e re d  to  b e  th e  in p u t  o f  th e  p r o b le m  
n e e d e d  to  b e  s o lv e d . T h e  n u m b e r  o f  n e u ro n s  in  th e  o u tp u t  la y e r  is  d e te r m in e d  b y  th e  
n u m b e r  o f  o u tp u ts  d e s i r e d  b y  th e  p r o b le m . T h e  n u m b e r  o f  h id d e n  la y e r s  a n d  th e  
n u m b e r  o f  n e u r o n s  in  th e  h id d e n  la y e r  a r e  u p  to  n e tw o rk  d e s ig n e r .

2.9.3 Transfer Function
L o g -S ig m o id ,  T a n - S ig m o id  a n d  L in e a r  T r a n s f e r  F u n c t io n s  a r e  m o s t  

c o m m o n ly  u s e d  in  b a c k p r o p a g a t io n  n e tw o rk . T h e  s e le c t io n  o f  t r a n s f e r  f u n c t io n  
d e p e n d s  o n  th e  d e s i r e d  o u tp u t  o f  th e  p r o b le m s .

2.9.4 Algorithm
F o r  th e  a lg o r i th m  o f  b a c k p r o p a g a t io n ,  w e ig h ts  a n d  b i a s e s  a r e  u p d a te d  

in  th e  d i r e c t io n s  o f  th e  n e g a t iv e  g ra d ie n t ,  w h ic h  c a n  b e  d e m o n s t r a te d  b y  th e  e q u a t io n

Xk+ 1  = xk - (Xkgk (2.4)

w h e re  x k =  a  v e c to r  o f  c u r r e n t  w e ig h ts  a n d  b ia s e s  
g k =  th e  c u r r e n t  g r a d ie n t  a n d  
a k =  le a r n in g  r a te



14

L e a rn in g  a lg o r i th m s  th a t  w i l l  b e  u s e d  in  th is  e x p e r im e n t  a re  b a tc h  
g r a d ie n t  d e s c e n t  a n d  b a tc h  g r a d ie n t  d e s c e n t  w i th  m o m e n tu m .

1. B a tc h  g r a d ie n t  d e s c e n t
B a tc h  m e a n s  th a t  w e ig h ts  a n d  b ia s e s  w ill b e  u p d a te d  w h e n  a ll o f  th e  

in p u ts  a r e  a p p l ie d  to  th e  n e tw o rk .  S o  in  b a tc h  g ra d ie n t  d e s c e n t  l e a r n in g  s ty le ,  th e  
u p d a te  o f  w e ig h ts  a n d  b ia s e s  b a s e d  o n  n e g a t iv e  g r a d ie n t  w i l l  b e  m a d e  w h e n  a ll e n t i r e  
s e t  o f  in p u ts  a re  p r e s e n te d  to  th e  n e tw o rk .

2 . B a tc h  g r a d ie n t  d e s c e n t  w i th  m o m e n tu m
B a tc h  G r a d ie n t  D e s c e n t  w i th  M o m e n tu m  is  th e  a d d i t io n  o f  b a tc h  

g r a d ie n t  d e s c e n t .  M o m e n tu m  h e lp s  a  n e tw o r k  to  r e s p o n s e  to  th e  r e c e n t  t r e n d  in  th e  
e r ro r  s u r fa c e  n o t  j u s t  to  th e  lo c a l g ra d ie n t .  T h e  im p o r ta n t  b e n e f i t  o f  m o m e n tu m  is  to  
p r e v e n t  n e tw o r k  f ro m  s e t t l in g  in  th e  lo c a l m in im u m  th a t  is  o n e  m a jo r  p r o b le m  o f  
b a c k p r o p a g a t io n  a lg o r i th m . B a tc h  g r a d ie n t  d e s c e n t  w i th  m o m e n tu m  a ls o  p r o v id e s  
f a s te r  th a n  t r a in in g  th a t  b a tc h  g r a d ie n t  d e s c e n t  d o e s .

M o m e n tu m  c o n s ta n t  r a n g e s  f ro m  0  to  1 w h e re  0  r e p r e s e n ts  th e  u p d a te  
o f  w e ig h ts  b a s e d  o n  j u s t  th e  g r a d ie n t  a n d  1 r e p r e s e n ts  th e  u p d a te  o f  w e ig h ts  b a s e d  o n  
j u s t  th e  r e c e n t  tr e n d . U n iv e r s a l ly ,  th e  m o m e n tu m  c o n s ta n t  is  s e t  to  0 .9 .

2.9.5 Problems
A lth o u g h  th e  b a c k p r o p a g a t io n  is  th e  g e n e r a l - p u r p o s e  n e tw o r k  fo r  

m a n y  p r o b le m s ,  u s e r s  c o u ld  f in d  s o m e  p r o b le m s  o n  its  u s e .  P ro b le m s  th a t  s h o u ld  b e  
m e n t io n e d  to  n e tw o rk  d e s ig n e r  a re :

1. O v e r f i t t in g
O v e r f i t t in g  o c c u r s  w h e n  th e re  a re  to o  m a n y  n e u r o n s  in  th e  

h id d e n  la y e rs  th a t  c a n  r e s u l t  in  h ig h  f lu c tu a t io n s  a t  th e  f i t t in g  c u rv e s .  In  c o n t r a s t ,  i f  
th e re  a re  to o  f e w  n e u ro n s  in  th e  h id d e n  la y e r ,  u n d e r f i t t in g  c a n  o c c u r .

2 . L o c a l M in im u m
S o m e  n e tw o rk s  c a n  g e n e ra te  w r o n g  r e s u l t s  b e c a u s e  o f  lo c a l  

m in im u m . S in c e  th e re  c a n  b e  m o r e  th a n  o n e  e r ro r  s u r fa c e , in  s o m e  c a s e s ,  a  n e tw o rk  
is  s tu c k  a t  lo c a l  m in im u m  n o t  th e  g lo b a l  m in im u m , u s e r s  h a v e  to  in i t i a l iz e  a n d  t r a in  
n e tw o r k  m a n y  t im e s  to  b e  a s s u r e d  th a t  th e  g lo b a l  m in im u m  is  fo u n d .
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2.10 Development Process of Neural Network Model
D e v e lo p m e n t  p ro c e s s  o f  n e u ra l  n e tw o rk  m o d e l  c o n c e rn s  d a t a  s e le c t io n  

a n d  p r e p a r a t io n ,  n e tw o rk  d e s ig n , t r a in in g  a n d  te s t in g  th e  n e tw o rk .

2.10.1 Data selection and preparation
1. C o n s id e r  v a r ia b le s  to  b e  in p u t  a n d  o u tp u t .
2 . C o lle c t  D a ta  a n d  d iv id e  it in to  tw o  g r o u p s ,  w h ic h  a re  

t r a in in g  d a ta  a n d  te s t in g  d a ta .
3 . T ra n s fo rm  a ll  d a ta  to  a p p ro p r ia te  fo rm a t .

2.10.2 Network design
1. S p e c ify  th e  n u m b e r  o f  in p u t  to  th e  n e tw o r k  a n d  th e  n u m b e r  

o f  o u tp u ts  r e q u i r e d  f ro m  th e  n e tw o rk .
2. S p e c ify  n u m b e r  o f  h id d e n  la y e r s ,  n u m b e r  o f  n e u r o n s  a n d  

t r a n s f e r  fu n c t io n  o f  e a c h  h id d e n  la y e r

2.10.3 Training and testing
1. S p e c ify  t r a in in g  p a r a m e te r s  a n d  th e n  t r a in  th e  n e tw o rk .
2 . T e s t  th e  n e tw o rk .

B e c a u s e  u s e r s  c a n n o t  k n o w  w h ic h  n e u ra l  n e tw o r k  m o d e l  w i l l  b e  th e  
b e s t  f o r  a  g iv e n  p r o b le m s ,  d e v e lo p m e n t  p r o c e s s  o f  n e u ra l  n e tw o r k  m o d e l  s h o u ld  b e  
r e p e a te d  b y  a d ju s t in g  p a r a m e te r s  in  o r d e r  to  o b ta in  th e  m o d e l  th a t  g iv e s  th e  m in im u m  
e r r o r  o f  th e  t e s t in g  d a ta .

2.11 Literature Survey
R e la te d  s tu d ie s  o n  w a te r  d e m a n d  f o re c a s t in g  a n d  th e  a p p l i c a t io n  o f  

A r t i f ic ia l  n e u ra l  n e tw o rk  a re  s u m m a r iz e d  a s  fo l lo w s :

O u n v ic h i t  (1 9 9 6 )  d e v e lo p e d  n e u ra l  n e tw o r k  m o d e ls  f o r  c r u d e  o i l  p r ic e  
t im e  s e r ie s  p r e d ic t io n .  T h e  d e v e lo p e d  n e u ra l  n e tw o r k  m o d e l  is  a b le  to  le a r n  th e  t a u g h t  
c r u d e  o i l  p r ic e  in f o r m a t io n  a n d  a c c u r a te ly  p r e d ic t  f u tu re  p r ic e .  S ta n d a r d  b a c k  
p r o p a g a t io n  n e u ra l  n e tw o rk  m o d e ls  a r e  u s e d  in  th is  s tu d y . T h e  r e s u l t  s h o w s  th a t  th e
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d e s ig n e d  n e u ra l  n e tw o rk s  c a n  le a rn  c ru d e  o i l  p r ic e  p a t te r n  a n d  c a n  p r e d ic t  th e  p r ic e  
a c c u ra te ly .  T h e  s tu d y  in d ic a te s  th a t  th e  n u m b e r  o f  n e u ro n s  in  in p u t  la y e r  s h o u ld  n o t 
b e  to o  la r g e  o r  to o  s m a ll  a s  it ta k e s  lo n g e r  to  le a rn  a n d  s h o w s  n o  g a in  in  a c c u r a c y  in  
p r e d ic t io n .

R u rk h a m e t  (1 9 9 7 )  d e v e lo p e d  n e u ra l  n e tw o rk  m o d e ls  f o r  f o re c a s t in g  
th e  r e q u i r e m e n ts  o f  n e w  is s u e d  b a n k n o te s .  W id r o w - H o f f  a n d  b a c k p r o p a g a t io n  
te c h n iq u e s  a r e  u s e d  to  f o re c a s t  n e w  is s u e d  b a n k n o te s  o f  th e  y e a r  1 9 9 3 -1 9 9 6  u s in g  th e  
p r e c e d in g  h is to r ic a l  d a ta  o f  1 2 -1 5  y e a r s  to  t r a in  a n d  te s t  th e  m o d e ls .  In  th is  s tu d y , 
b a c k p r o p a g a t io n  te c h n iq u e  p r o v id e s  th e  b e s t  f o re c a s t in g  r e s u lt s .  In  c o m p a r i s o n  w i th  
th e  t r a d i t io n a l  r e g r e s s io n  te c h n iq u e  u s e d  b y  th e  B a n k  o f  T h a i la n d ,  B a c k p r o p a g a t io n  
c a n  g iv e  m o r e  a c c u ra te  re s u lts .

V a s in p o n g v a n i t  ( 1 9 9 9 )  e x a m in e d  th e  v a r ia b le s  th a t  h a v e  e f f e c ts  o n  
w a te r  d e m a n d  to  f in d  o u t  h o w  th e y  a re  r e la te d . F ro m  M u l t ip le  r e g r e s s io n  a n a ly s is ,  
th r e e  in d e p e n d e n t  v a r ia b le s  th a t  h a v e  im p o r ta n t  e f fe c ts  o n  w a te r  d e m a n d  a re  G r o s s  
P ro v in c ia l  P r o d u c t  ( G P P ) , w a te r  p r ic e  a n d  p o p u la t io n  p e r  h o u s e h o ld .

2.12 Conclusion
T h e o r y  o n  a r t i f ic ia l  n e u ra l  n e tw o r k  p r e s e n ts  i t s e l f ,  a s  a  n e w  e f f e c t iv e  

te c h n iq u e  f o r  p r o b le m  s o lv in g  b u t  th e  p e r f o r m a n c e  o f  it is  w h a t  th e  u s e r s  th e m s e lv e s  
n e e d  to  p r o v e .  E x is t in g  a p p l ic a t io n s  h a s  s h o w n  th a t  th e  a r t i f ic ia l  n e u ra l  n e tw o r k  c a n  
b e  u s e d  a s  th e  a l t e rn a t iv e s  to  th e  e x i s t in g  m e th o d .
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