
FORECASTING OF W ATER DEMAND  
USING BACKPROPAGATION

4.1 Introduction
T h is  c h a p te r  c o v e r s  th e  e x p e r im e n t  o f  w a te r  d e m a n d  f o r e c a s t in g  u s in g  

b a c k p r o p a g a t io n .  N e tw o r k  d e v e lo p m e n t  p r o c e s s  w il l  b e  d e s c r ib e d  in  d e ta i ls .  
D i f f e r e n t  d a ta  s e ts , le a r n in g  r a te , n u m b e r  o f  n e u r o n s  a re  u s e d  to  o b ta in  th e  m in im u m  
m e a n  s q u a r e d  e r ro r  o f  te s t in g  d a ta . M e a n  s q u a r e d  e r ro r  ( M S E )  p r o v id e d  in  T a b le s  3 .2 ,
3 .3  a n d  3 .4  is  s e le c te d  a s  th e  p e r f o r m a n c e  f u n c t io n .

4.2 Network development process
N e tw o r k  d e v e lo p m e n t  p r o c e s s  f o r  w a te r  d e m a n d  f o r e c a s t in g  f ro m  d a ta  

s e le c t io n  to  th e  c o m p a r i s o n  w ill  b e  d e s c r ib e d  in  s e c t io n  4 .3  to  4 .1 3 .

4.3 Data selection and preparation
4.3.1 Variables selection

W h ile  th e  o u tp u t  o f  th e  a r t i f ic ia l  n e u ra l  n e tw o r k  is  c le a r ly  th e  w a te r  
d e m a n d , it  is  v e r y  im p o r ta n t  to  c h o o s e  th e  a p p r o p r ia te  v a r ia b le s  to  b e  u s e d  a s  th e  
in p u t  o f  n e u ra l  n e tw o rk .

Vasinpongvanit (1999) recommended in his study about water demand
of people in the MWA's responsible area that, by the multiple regression analysis,
there are three factors concerning water demand. These factors are Gross Provincial
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P ro d u c t  ( G P P ) , w a te r  ta r i f f s ,  a n d  p o p u la t io n  p e r  h o u s e h o ld . H e n c e , w a te r  d e m a n d  
f o re c a s t in g  w i th  n e u ra l n e tw o rk  in  th is  s tu d y  w il l  u s e  th e s e  v a r ia b le s  w ith  s o m e  
m o d if ic a t io n s  a s  th e  in p u t  o f  th e  n e tw o rk . M o d i f ic a t io n  o f  e a c h  v a r ia b le  is  d e s c r ib e d  
a s  fo llo w :

1. G ro s s  P ro v in c ia l  P r o d u c t  (G P P )
U s in g  G ro s s  P ro v in c ia l  P ro d u c t  is  n o t  p o s s ib le  b e c a u s e  s o m e  o f  th e  

d a ta  n e e d e d  to  b e  c o l le c te d  h a s  n o t  b e e n  is s u e d  y e t. A t th e  m o m e n t ,  th e  N a t io n a l  
E c o n o m ic s  a n d  S o c ia l  D e v e lo p m e n t  B o a rd  h a s  j u s t  i s s u e d  th e  G r o s s  P ro v in c ia l  
P r o d u c t  o f  th e  Y e a r  1 9 9 9  w h ic h  is  n o t  e n o u g h  fo r  th is  s tu d y . S o  in  th is  s tu d y , G r o s s  
D o m e s t ic  P r o d u c t  w i l l  b e  u s e d  in s te a d  o f  G r o s s  P ro v in c ia l  P ro d u c t .

2 . W a te r  ta r if f s
I t is  d i f f ic u l t  to  c a lc u la te  th e  a v e r a g e  w a te r  ta r i f f s  b e c a u s e  th e  r a te s  o f  

t a r i f f s  a re  p ro g re s s iv e .  T h e  m o re  w a te r  th e  c u s to m e rs  u s e , th e  m o r e  e x p e n s iv e  t a r i f f  
r a te  th e y  h a v e  to  p a y . T h e  ra te s  o f  ta r i f f s  a r e  a lso  d i f f e r e n t  d u e  to  d i f f e r e n t  ty p e s  o f  
c u s to m e r  th a t  a r e  r e s id e n t ia l  a n d  n o n - r e s id e n t ia l .  U s in g  e a s ie r  to  c a lc u la t e  d a ta  s u c h  
a s  in c r e a s e d  w a te r  ta r if f s  m ig h t  b e  m o r e  a p p ro p r ia te .

3 . P o p u la t io n  p e r  h o u s e h o ld
P o p u la t io n  p e r  h o u s e h o ld  c a n  b e  c a lc u la te d  b y  d iv id in g  th e  n u m b e r  o f  

p o p u la t io n  b y  th e  n u m b e r  o f  h o u s e h o ld .  S in c e  s o m e  h o u s e h o ld s  in  r e m o te  a r e a  h a v e  
n o t  b e e n  r e a c h e d  b y  th e  d i s t r ib u t io n  s y s te m  o f  th e  M W A  y e t ,  it  m ig h t  b e  u n f a i r  to  
in c lu d e  p o p u la t io n  p e r  h o u s e h o ld . T h e  n u m b e r  o f  c o n n e c t io n s  o r  th e  n u m b e r  o f  
c u s to m e r s  o f  th e  M W A  w il l  b e  u s e d  in s te a d .

D e ta i l s  o f  s e le c te d  v a r ia b le s  a r e  d e s c r ib e d  a s  fo l lo w s :

1 G ro s s  D o m e s t ic  P r o d u c t  ( G D P )
G r o s s  D o m e s t ic  P r o d u c t  D a ta  f ro m  th e  F is c a l  Y e a r  1 9 9 3  to  2 0 0 1  a t  th e  

Y e a r  1 9 8 8  P r ic e s  is  c o l le c te d  to  b e  th e  in p u t  o f  th e  n e tw o rk .

2  In c r e a s e d  W a te r  T a r i f f s
S in c e  th e  F is c a l  Y e a r  1 9 9 3 , w a te r  t a r i f f s  h a v e  b e e n  in c r e a s e d  f o r  th r e e  

t im e s  in  O c to b e r  1 9 9 6 , M a r c h  1 9 9 8  a n d  J u ly  1 9 9 9 . E a c h  t im e  th e  w a te r  ta r i f f s  a re  
in c r e a s e d  b y  0 .2 5  B a h t  p e r  m o n th  f o r  s ix  c o n s e c u t iv e  m o n th s  o r  1 .5 0  B a h t  p e r  o n e
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in c re a s e . I n c r e a s e d  w a te r  ta r i f f s  d a ta  f ro m  th e  F is c a l  Y e a r  19 9 3  to  2 0 0 1  a t  th e  F is c a l  
Y e a r  1 9 9 3  p r ic e s  a re  c o l le c te d  to  b e  th e  in p u t  o f  th e  n e tw o rk .

3 N u m b e r  o f  c o n n e c t io n s
T h e  n u m b e r  o f  c o n n e c t io n s  is  th e  n u m b e r  o f  m e te r s  u s e d  fo r  c u s to m e rs  

o f  th e  M W A . O n e  m e te r  n o t th e  p o p u la t io n  in  th e  h o u s e h o ld  is  c o u n te d  a s  o n e  
c o n n e c t io n .  N u m b e r  o f  c o n n e c t io n s  d a ta  f ro m  th e  F is c a l  Y e a r  1 9 9 3  to  2 0 0 1  is  
c o l le c t e d  to  b e  th e  in p u t  o f  th e  n e tw o rk .

4.3.2 Training data and Testing data
D a ta  f ro m  th e  F is c a l  Y e a r  1 9 9 3  to  2 0 0 0  is  s e t  a s  D a ta  S e t  1 a n d  d a ta  

f ro m  th e  F is c a l  Y e a r  1 9 9 9 , 2 0 0 0  a n d  th e  f i r s t  s ix  m o n th s  o f  th e  F is c a l  Y e a r  2 0 0 1  is  s e t  
a s  D a ta  s e t  2 .

1. Data Set 1
D a ta  S e t 1 h a s  to  b e  d iv id e d  in to  tw o  g r o u p s . D a ta  f ro m  th e  F is c a l  

Y e a r  1 9 9 3  to  1 9 9 8  is  se t a s  t r a in in g  d a ta  a n d  d a ta  f ro m  th e  F is c a l  Y e a r  1 9 9 9  to  2 0 0 0  
is  s e t  a s  te s t in g  d a ta .

T ra in in g  d a ta  c o n ta in s  in p u t  a n d  o u tp u t  d a ta . I n p u t  d a ta  c o m p r is e s  o f  
G D P , in c r e a s e d  w a te r  ta r i f f s  a n d  n u m b e r  o f  c o n n e c t io n s  w h i le  th e  o u tp u t  d a ta  is  w a te r  
d e m a n d . G D P , in c re a s e d  w a te r  ta r i f f s ,  n u m b e r  o f  c o n n e c t io n s  a n d  w a te r  d e m a n d  
f ro m  th e  F is c a l  Y e a r  19 93  to  1 9 9 8  a re  s h o w n  in  T a b le s  4 .1 , 4 .2 ,  4 .3  a n d  4 .4  
r e s p e c t iv e ly .

Table 4.1: GDP (Million Baht) o f  the Fiscal Year 1993 -  1998

M o n th /Y e a r 1993 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8

1 1 9 0 ,2 1 4 2 1 8 ,7 6 4 2 4 1 ,3 1 3 2 5 4 ,6 9 1 2 6 6 ,7 3 2 2 5 4 ,5 2 5
2 1 9 0 ,2 1 4 2 1 8 ,7 6 4 2 4 1 ,3 1 3 2 5 4 ,6 9 1 2 6 6 ,7 3 2 2 5 4 ,5 2 5
3 1 9 0 ,2 1 4 2 1 8 ,7 6 4 2 4 1 ,3 1 3 2 5 4 ,6 9 1 2 6 6 ,7 3 2 2 5 4 ,5 2 5
4 2 0 1 ,1 5 6 2 2 4 ,1 9 7 2 4 4 ,6 0 5 2 5 5 ,4 7 8 2 5 8 ,9 1 9 2 3 9 ,3 1 4
5 2 0 1 ,1 5 6 2 2 4 ,1 9 7 2 4 4 ,6 0 5 2 5 5 ,4 7 8 2 5 8 ,9 1 9 2 3 9 ,3 1 4
6 2 0 1 ,1 5 6 2 2 4 ,1 9 7 2 4 4 ,6 0 5 2 5 5 ,4 7 8 2 5 8 ,9 1 9 2 3 9 ,3 1 4
7 1 9 6 ,1 6 9 2 1 4 ,1 6 1 2 4 2 ,1 0 0 2 5 8 ,2 5 1 2 5 6 ,7 7 2 2 2 0 ,2 9 9
8 1 9 6 ,1 6 9 2 1 4 ,1 6 1 2 4 2 ,1 0 0 2 5 8 ,2 5 1 2 5 6 ,7 7 2 2 2 0 ,2 9 9
9 1 9 6 ,1 6 9 2 1 4 ,1 6 1 2 4 2 ,1 0 0 2 5 8 ,2 5 1 2 5 6 ,7 7 2 2 2 0 ,2 9 9
10 2 0 8 ,1 9 7 2 1 8 ,8 0 0 2 4 0 ,6 8 8 2 5 9 ,4 1 3 2 5 4 ,6 5 6 2 1 9 ,1 5 2
11 2 0 8 ,1 9 7 2 1 8 ,8 0 0 2 4 0 ,6 8 8 2 5 9 ,4 1 3 2 5 4 ,6 5 6 2 1 9 ,1 5 2
12 2 0 8 ,1 9 7 2 1 8 ,8 0 0 2 4 0 ,6 8 8 2 5 9 ,4 1 3 2 5 4 ,6 5 6 2 1 9 ,1 5 2



25

Table 4.2: Increased Water Tariffs (Baht) o f  the Fiscal Year 1993 - 1998
M o n th /Y e a r 1993 1 9 9 4 19 95 1 9 9 6 19 9 7 19 9 8

1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .5 0
2 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .2 5 1 .5 0
3 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .5 0 1 .5 0
4 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .7 5 1 .5 0
5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .5 0
6 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .25 1 .75
7 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .50 2 .0 0
8 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .50 2 .2 5
9 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .50 2 .5 0
10 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .50 2 .7 5
11 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .5 0 3 .0 0
12 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .5 0 3 .0 0

Table 4.3: Number o f  Connections (Connections) o f  the Fiscal Year 1993 -  1998
M o n th /Y e a r 19 93 1 9 9 4 19 9 5 1 9 9 6 1 9 9 7 1 9 9 8

1 1,096 ,007 1,146 ,038 1,198 ,060 1,245,231 1 ,292 ,182 1 ,346 ,269
2 1,099,861 1,150 ,698 1,201 ,506 1,248,783 1 ,297 ,048 1 ,351 ,162
3 1,102,491 1,154 ,088 1,205,235 1,252,891 1 ,300 ,894 1 ,355 ,104
4 1,104 ,918 1,157,835 1,208 ,538 1,257 ,249 1,304 ,453 1 ,357 ,357
5 1,108 ,148 1,161 ,122 1 ,210 ,842 1,261 ,210 1,309,791 1 ,359 ,109
6 1,111 ,164 1,164 ,466 1,214 ,805 1,264 ,847 1 ,313 ,429 1 ,360 ,758
7 1,114 ,664 1,170 ,335 1,220 ,444 1,269 ,832 1,317 ,985 1,363 ,055
8 1,117 ,829 1 ,174 ,259 1 ,225 ,592 1,274 ,890 1 ,322 ,589 1 ,365 ,098
9 1 ,120 ,922 1,178,833 1 ,229 ,734 1,279 ,076 1 ,329 ,167 1 ,367 ,138
10 1,128 ,405 1,182 ,856 1,234 ,212 1,282 ,132 1 ,334 ,466 1,368 ,095
11 1,133 ,956 1,188 ,348 1,237 ,158 1,285,615 1 ,337 ,560 1,368 ,803
12 1,139 ,299 1,194,161 1,241 ,380 1,289 ,168 1 ,341 ,838 1 ,369 ,728

Table 4.4: Water Demand (Million Cubic Meters) o f  the Fiscal Year 1993 - 1998
M o n th /Y e a r 1993 1 9 9 4 19 9 5 1 9 9 6 1 9 9 7 1 9 9 8

1 1 0 1 .6 4 0 1 0 6 .2 2 9 1 0 9 .4 4 5 1 2 3 .7 4 6 1 3 9 .9 9 0 1 3 9 .6 9 0
2 9 7 .1 3 0 1 0 2 .4 9 3 110 8 0 9 1 2 0 .3 4 9 1 3 5 .6 8 7 1 3 2 .8 1 6
3 9 9 .7 9 0 1 0 3 .9 5 7 1 1 7 .7 5 8 1 2 4 .9 4 4 1 3 7 .2 2 4 1 3 2 .5 0 7
4 9 9 .6 8 2 1 0 1 .4 1 0 1 1 8 .4 7 3 1 2 3 .2 0 5 1 3 5 .3 1 0 1 2 7 .7 9 1
5 9 2 .1 2 1 9 0 .2 2 1 1 0 2 .6 6 3 1 1 9 .7 0 4 1 2 3 .2 0 6 1 1 5 .6 8 0
6 1 0 5 .0 9 9 9 8 .0 1 8 1 1 8 .7 6 2 1 3 1 .3 4 5 1 3 8 .2 6 4 1 3 1 .8 2 1
7 1 0 1 .4 2 2 9 6 .2 7 4 1 1 3 .9 4 1 1 3 0 .4 8 6 1 3 4 .5 2 0 1 2 8 .6 0 8
8 1 0 7 .3 9 5 1 0 3 .4 2 2 1 2 1 .0 6 7 1 3 4 .6 7 7 1 3 9 .9 9 5 1 3 3 .3 2 5
9 1 0 3 .2 6 2 1 0 6 .4 6 8 1 2 0 .7 4 8 1 3 1 .1 4 6 1 3 5 .0 2 2 1 2 7 .7 7 4
10 1 0 5 .8 3 8 1 1 0 .1 8 7 125 1 2 7 1 3 5 .7 7 9 1 3 9 .1 6 6 1 3 0 .1 8 8
11 1 0 6 .6 0 8 1 0 9 .5 6 3 1 2 4 .9 9 9 1 3 9 .4 8 4 1 3 8 .4 7 0 1 2 9 .8 8 0
12 1 0 4 .8 9 5 1 0 6 .0 1 1 1 2 1 .4 3 3 1 3 4 .4 9 5 1 3 5 .5 3 5 1 2 5 .1 3 0
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T e s t in g  d a ta  a ls o  c o n ta in s  in p u t  a n d  o u tp u t  d a ta . I n p u t  d a ta  c o m p r is e s  
o f  G D P , in c re a s e d  w a te r  ta r i f f s  a n d  n u m b e r  o f  c o n n e c t io n s  w h i le  th e  o u tp u t  d a ta  is 
w a te r  d e m a n d . G D P , in c re a s e d  w a te r  ta r i f f s ,  n u m b e r  o f  c o n n e c t io n s  a n d  w a te r  
d e m a n d  o f  th e  F is c a l  Y e a r  1 9 9 9  a n d  2 0 0 0  a re  s h o w n  in  T a b le s  4 .5 ,  4 .6 ,  4 .7  a n d  4 .8  
r e s p e c t iv e ly .

Table 4.5: GDP (Million Baht) o f  the Fiscal Year 1999 - 2000

M o n th /Y e a r 1 9 9 9 2 0 0 0

1 2 3 5 ,6 8 8 2 5 1 ,0 9 5
2 2 3 5 ,6 8 8 2 5 1 ,0 9 5
3 2 3 5 ,6 8 8 2 5 1 ,0 9 5
4 2 3 9 ,5 5 7 2 5 2 ,2 7 2
5 2 3 9 ,5 5 7 2 5 2 ,2 7 2
6 2 3 9 ,5 5 7 2 5 2 ,2 7 2
7 2 2 6 ,1 3 9 2 4 0 ,5 0 5
8 2 2 6 ,1 3 9 2 4 0 ,5 0 5
9 2 2 6 ,1 3 9 2 4 0 ,5 0 5
10 2 3 6 ,2 6 2 2 4 3 ,1 6 1
11 2 3 6 ,2 6 2 2 4 3 ,1 6 1
12 2 3 6 ,2 6 2 2 4 3 ,1 6 1

Table 4.6: Increased Water Tariffs (Baht) o f  the Fiscal Year 1999 - 2000

M o n th /Y e a r 1 9 9 9 2 0 0 0

1 3 .0 0 4 .0 0
2 3 .0 0 4 .2 5
3 3 .0 0 4 .5 0
4 3 .0 0 4 .5 0
5 3 .0 0 4 .5 0
6 3 .0 0 4 .5 0
7 3 .0 0 4 .5 0
8 3 .0 0 4 .5 0
9 3 .0 0 4 .5 0
10 3 .2 5 4 .5 0
11 3 .5 0 4 .5 0
12 3 .7 5 4 .5 0
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T able  4 .7: Number o f  Connections (Connections) o f  the Fiscal Year 1999 -  2000
M o n th /Y e a r 1 9 9 9 2 0 0 0

1 1 ,3 6 9 ,0 5 9 1 ,3 8 6 ,1 5 1
2 1 ,3 6 8 ,3 7 6 1 ,3 8 7 ,9 0 2
3 1 ,3 6 8 ,3 1 0 1 ,3 9 0 ,1 6 9
4 1 ,3 6 8 ,9 2 4 1 ,3 9 1 ,7 9 6
5 1 ,3 7 0 ,0 3 0 1 ,3 9 3 ,4 5 1
6 1 ,3 7 0 ,9 9 5 1 ,3 9 5 ,8 3 1
7 1 ,3 7 2 ,8 7 3 1 ,3 9 7 ,9 3 1
8 1 ,3 7 4 ,3 2 4 1 ,3 9 9 ,7 6 0
9 1 ,3 7 5 ,4 3 3 1 ,4 0 2 ,1 2 8
10 1 ,3 7 6 ,7 2 5 1 ,4 0 4 ,1 9 9
11 1 ,3 7 8 ,6 7 6 1 ,4 0 6 ,5 9 4
12 1 ,3 8 4 ,9 5 8 1 ,4 1 0 ,1 0 1

T a b le  4 .8 : Water Demand (Million Cubic Meters) o f the Fiscal Year 1999 - 2000
M o n th /Y e a r 1 9 9 9 2 0 0 0

1 1 2 5 .6 1 5 1 1 8 .8 0 9
2 1 2 0 .2 8 8 1 1 4 .8 7 3
3 1 2 2 .1 7 8 1 1 6 .3 0 5
4 1 1 6 .4 7 3 1 1 7 .3 7 1
5 1 0 7 .6 4 0 1 1 2 .2 1 5
6 1 1 9 .8 4 6 1 2 7 .2 9 2
7 1 1 7 .1 4 1 1 2 1 .3 2 1
8 1 2 0 .1 8 8 1 2 3 .6 7 8
9 1 1 4 .4 7 6 1 2 0 .4 7 4

10 1 1 8 .6 6 4 1 2 3 .0 7 1
11 1 1 7 .9 6 2 1 2 4 .0 9 9
12 1 1 4 .7 1 2 1 1 9 .9 0 9

2. Data Set 2
D a ta  S e t 2  h a s  to  b e  d iv id e d  f o r  t r a in in g  a n d  te s t in g .  D a ta  f ro m  th e  

F is c a l  Y e a r  1 9 9 9  to  2 0 0 0  is  s e t  a s  t r a in in g  d a ta  a n d  d a ta  f r o m  th e  f i r s t  s ix th  m o n th s  o f  
th e  F is c a l  Y e a r  2 0 0 1  is  s e t  a s  te s t in g  d a ta . S o  th e  t e s t in g  d a ta  o f  D a ta  S e t 1 n o w  
b e c o m e s  th e  t r a in in g  d a ta  o f  D a ta  S e t 2 .

T ra in in g  d a ta  c o n ta in s  in p u t  a n d  o u tp u t  d a ta . In p u t  d a ta  c o m p r is e s  o f  
G D P , in c re a s e d  w a te r  ta r i f f s  a n d  th e  n u m b e r  o f  c o n n e c t io n s  w h i le  th e  o u tp u t  d a ta  is  
w a te r  d e m a n d . G D P , in c r e a s e d  w a te r  ta r i f f s ,  n u m b e r  o f  c o n n e c t io n s  a n d  w a te r  
d e m a n d  o f  th e  t r a in in g  d a ta  a r e  s h o w n  in  T a b le s  4 .5 , 4 .6 ,  4 .7  a n d  4 .8  r e s p e c t iv e ly .

T e s t in g  d a ta  a ls o  c o n ta in s  in p u t  a n d  o u tp u t  d a ta . I n p u t  d a ta  c o m p r is e s  
o f  G D P , in c r e a s e d  w a te r  ta r i f f s  a n d  n u m b e r  o f  c o n n e c t io n s  w h i le  th e  o u tp u t  d a ta  is
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w a te r  d e m a n d . G D P , in c re a s e d  w a te r  ta r i f f s ,  n u m b e r  o f  c o n n e c t io n s  a n d  w a te r  
d e m a n d  o f  te s t in g  d a ta  is s h o w n  in  T a b le s  4 .9 ,  4 .1 0 , 4 .1 1  a n d  4 .1 2  r e s p e c t iv e ly .

T able  4 .9 : GDP (Million Baht) o f  the first sixth months o f  the Fiscal Year 2001
M o n th /Y e a r 20 0 1

1 2 5 9 ,0 5 0
2 2 5 9 ,0 5 0
3 2 5 9 ,0 5 0
4 2 5 6 ,6 9 9
5 2 5 6 ,6 9 9
6 2 5 6 ,6 9 9

T a b le  4 .10 : Increased Water Tariffs (Baht) o f  the first sixth months o f  the Fiscal Year
2001

M o n th /Y e a r 2 0 0 1
1 4 .5 0
2 4 .5 0
3 4 .5 0
4 4 .5 0
5 4 .5 0
6 4 .5 0

T ab le  4 .1 1 : Number o f Connections (Connections) o f  the first sixth months o f  the
Fiscal Year 2001

M o n th /Y e a r 20 0 1

1 1 ,4 1 2 ,4 4 1
2 1 ,4 1 5 ,1 4 6
3 1 ,4 1 7 ,8 0 4
4 1 ,4 2 2 ,0 4 6
5 1 ,4 2 4 ,7 9 6
6 1 ,4 2 7 ,2 2 8

T ab le  4 .1 2 : Water Demand (Million Cubic Meters) o f  the first sixth months o f  the
Fiscal Year 2001

M o n th /Y e a r 2 0 0 1
1 1 2 2 .7 4 7
2 1 2 0 .0 8 3
3 1 2 2 .4 8 4
4 1 2 3 .1 0 9
5 1 1 3 .6 4 4
6 1 2 7 .3 1 2
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4.3.3 Data transformation

A ll d a ta  w il l  b e  t r a n s f o r m e d  to  M A T L A B  r e q u i r e d  fo rm a t .  
N o r m a l iz a t io n  is  u s e d  to  m a p  a ll  d a ta  to  th e  r a n g e  b e tw e e n  0  a n d  1 th a t  is  a p p r o p r ia te  
fo r  th e  c a lc u la t io n .

4.4 Network architecture
N e tw o r k  w i th  tw o  la y e rs  a n d  o n e  h id d e n  la y e r  is  u s e d  h e re .  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  u s e d  a s  th e  t r a in in g  a lg o r i th m . T a n - S ig m o id  a n d  
L o g - S ig m o id  a re  u s e d  a s  th e  a c t iv a te d  f u n c t io n  f o r  th e  h id d e n  la y e r  a n d  th e  o u tp u t  
l a y e r  r e s p e c t iv e ly .  T h e  a r c h i te c tu r e  o f  n e u ra l  n e tw o r k  u s e d  in  th is  s tu d y  is  s h o w n  in  
F ig u r e  4 .1 .

In p u t H id d e n  L a y e r  O u tp u t  L a y e r
r ------------------------------ -------------- r ------------------------- ------------------------- >เ

3 n x 1 ท 1x1 1
\ ______________________________ J  \ _____________________________ /
ส1 = tansig (เพ1,-ipt + bi) ส2 = logsig (LW2.iai + ๒2>

Figure 4.1: Architecture o f  the network used fo r forecasting

F ro m  F ig u r e  4 .1 , " p i"  is  a  v e c to r  in p u t ,  " a i"  is  th e  o u tp u t  o f  h id d e n  
la y e r  th a t  w i l l  b e  t r a n s m i t te d  to  th e  o u tp u t  la y e r . " a 2 " is  th e  o u tp u t  o f  th e  o u tp u t  la y e r  
th a t  is  w a te r  d e m a n d . " I W i ;i" a n d  " L W 2 .1  a re  th e  w e ig h t  m a tr ix  o f  th e  h id d e n  la y e r  
a n d  th e  o u tp u t  la y e r  r e s p e c t iv e ly ,  " b l "  a n d  " b 2 "  a r e  th e  b ia s e s  o f  th e  h id d e n  la y e r  a n d  
th e  o u tp u t  la y e r  r e s p e c t iv e ly .

4.5 Experimental objectives
4.5.1 Comparison on forecasting result from training with 

different learning rate
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D if f e re n t  t r a in in g  r a te  le a d s  to  d i f f e r e n t  r e s u lt s .  T o o  la rg e  le a r n in g  ra te  
c a n  m a k e  th e  n e tw o rk  b e c o m e  u n s ta b le  th a t  le a d s  to  in a c c u r a te  r e s u lt .  T o o  s m a ll  
le a r n in g  r a te  m a k e s  th e  n e tw o rk  le a r n  to o  s lo w  so  th e  a p p r o p r ia te  le a r n in g  ra te  fo r  th e  
n e tw o r k  s h o u ld  b e  fo u n d . T h r e e  te s t  s e ts  a r e  c o n d u c te d  a s  fo l lo w s :

1. T e s t  S e t 1 : D a ta  S e t  1 w i th  th e  le a r n in g  r a te  a t  0 .0 0 5
2 . T e s t  S e t 2 : D a ta  S e t  1 w i th  th e  le a r n in g  r a te  a t  0 .0 1
3. T e s t  S e t 3 : D a ta  S e t  1 w i th  th e  le a r n in g  r a te  a t  0 .0 5

4.5.2 Comparison on forecasting result from training with 
different sets of training data

D if f e re n t  s e ts  o f  t r a in in g  d a ta  a n d  te s t in g  d a ta  le a d  to  d i f f e r e n t  r e s u lt s .  
F ig u r e  4 .2  p r e s e n ts  w a te r  d e m a n d  o f  th e  F is c a l  Y e a r  19 9 3  to  2 0 0 0 .

- ♦ - 1 9 9 3
-------1994

1995 
- X -  1996 
- * - 1 9 9 7  
- • - 1 9 9 8  
— I—  1999 
-------2 0 0 0

Figure 4.2: Graph o f  Water Demand from  the Fiscal Year 1993 to 2000

F ro m  F ig u r e  4 .2 , s o m e  v a lu e  o f  w a te r  d e m a n d  in  s o m e  F is c a l  Y e a rs  
c a n  b e  c a te g o r iz e d  a s  o u tl ie r s .  I n c lu d in g  th e m  in  th e  t r a in in g  d a ta  m ig h t  m a k e  th e  
n e tw o r k  b e c o m e  c o n fu s e d . In  th is  s e c t io n ,  d i f f e r e n t  s e ts  o f  t r a in in g  d a ta  a r e
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c o n d u c te d  b y  e x t r a c t in g  s o m e  t r a in in g  d a ta . T o  f in d  th e  s e t  o f  d a ta  th a t  le a d s  to  th e  
b e s t  f o re c a s t in g  r e s u l t s ,  th e  f o l lo w in g  te s t  s e ts  a r e  p e r fo rm e d .

a n d  1 9 9 6
1. T e s t  S e t 4 : D a ta  S e t  1 e x c lu d e d  th e  d a ta  f ro m  th e  F is c a l  Y e a r  19 95

2 . T e s t  S e t 5: D a ta  S e t  e x c lu d e d  th e  d a ta  f ro m  th e  F is c a l  Y e a r  1 9 9 7
a n d  19 9 8

3 . T e s t  S e t 6 : D a ta  S e t  1 e x c lu d e d  th e  d a ta  f ro m  5 th a n d  6 th m o n th s  o f  
e v e r y  F is c a l  Y e a r

4 . T e s t  S e t 7: D a ta  S e t  1 d iv id e d  in to  4  Q u a r te r s
5. T e s t  S e t 8: D a ta  S e t  2

4.5.3 Comparison on forecasting result from training with another 
variable added as the additional input

T o  c h e c k  th e  e f fe c t  o f  a d d in g  o r d e r  o f  m o n th s  a s  th e  a d d i t io n a l  in p u t  
v a r ia b le ,  th e  f o l lo w in g  te s t  s e ts  a re  c o n d u c te d .

1. T e s t  S e t 9 : D a ta  S e t  1 a d d e d  b y  o r d e r  o f  m o n th s
2 . T e s t  S e t 10: D a ta  S e t  2  a d d e d  b y  o r d e r  o f  m o n th s

4.6 Forecasting using different learning rate
T h is  s e c t io n  c o v e rs  T e s t  S e t 1 , 2  a n d  3 , w h ic h  u s e  d i f f e r e n t  l e a r n in g  

r a te s  a n d  d i f f e r e n t  n u m b e r  o f  n e u ro n s .

T ra in in g  d a ta :  U s e  t r a in in g  d a ta  o f  D a ta  S e t 1 b u t  d a ta  f r o m  th e  F is c a l  
Y e a r  1 9 9 5  a n d  1 9 9 6  a re  r e m o v e d .

T e s t in g  d a ta :  U s e  t e s t in g  d a ta  o f  D a ta  S e t 1
I n i t ia l  p a r a m e te r s :  T e s t  S e ts  1, 2  a n d  3 u s e  th e  l e a r n in g  r a te  a t  0 .0 0 5 , 

0 .0 1  a n d  0 .0 5  r e s p e c t iv e ly .  E a c h  T e s t  S e t h a s  th e  n u m b e r  o f  n e u r o n s  v a r y in g  f ro m  1 
to  5 0 . M o m e n tu m  c o n s ta n t  is  s e t  a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .

T h e  r e s u l t s  a r e  s h o w n  in  T a b le s  4 .1 3 ,  4 .1 4  a n d  4 .1 5

T e s t  S e t 1 : L e a rn in g  r a te  a t  0 .0 0 5
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Table 4.13: Training Result of Test Set 1
No. of Neurons MSE of Training Data MSE of Testing Data

1 0 .0 3 1 1 2 8 1 8 3 .8 7
2 0 .0 2 0 1 9 6 6 2 .9 6
3 0 .0 6 2 2 7 1 4 7 .7 8
4 0 .0 9 5 6 2 9 7 6 .4 3
5 0.043461 28.74*
6 0 .0 2 0 4 8 1 1 3 3 .2 0
7 0 .0 6 4 6 6 3 7 5 .8 9
8 0 .0 3 2 7 2 0 6 1 .2 4
9 0 .1 9 3 1 7 0 1 4 1 .1 9
10 0 .0 1 7 5 9 8 9 8 .7 3
11 0 .0 1 0 1 8 6 1 9 3 .4 8
12 0 .0 8 1 7 1 2 3 3 1 .5 6
13 0 .0 2 4 3 9 3 2 8 4 .3 1
14 0 .0 1 4 1 9 5 1 8 4 .9 5
15 0 .0 2 0 3 7 4 1 1 3 .5 9
16 0 .0 3 6 2 7 5 1 1 3 .2 7
17 0 .0 7 9 3 6 0 1 1 3 .5 5
18 0 .0 1 4 3 6 3 6 2 .7 4
19 0 .0 2 2 2 9 6 1 3 2 .5 5
2 0 0 .0 1 4 6 2 2 1 3 8 .1 4
21 0 .0 2 1 7 5 3 3 6 2 .9 8
2 2 0 .0 3 0 7 8 3 3 8 .6 9
2 3 0 .0 1 4 9 8 0 3 2 1 .6 9
2 4 0 .0 1 9 9 7 7 1 6 5 .0 7
25 0 .0 2 5 8 2 9 1 0 5 .9 3
2 6 0 .0 1 7 1 8 4 13 5 .1 1
2 7 0 .0 1 7 4 8 2 1 7 3 .8 6
2 8 0 .0 1 2 8 8 8 1 6 9 .1 8
2 9 0 .0 1 7 5 7 6 1 4 6 .4 7
3 0 0 .0 2 9 9 5 8 1 2 0 .1 6
31 0 .0 1 7 4 6 6 15 2  9 9
3 2 0 .0 2 4 9 1 1 2 0 6 .4 3
33 0 .0 1 3 9 2 9 2 5 4 .8 8
3 4 0 .0 1 4 4 3 8 1 2 1 .4 8
35 0 .0 1 3 2 5 4 1 5 5 .6 5
3 6 0 .0 1 2 6 1 1 16 5 .0 1
3 7 0 .0 2 6 0 4 7 1 2 8 .3 6
38 0 .0 1 2 8 6 1 1 8 7 .6 3
3 9 0 .0 1 2 0 9 6 2 2 8 .8 5
4 0 0 .0 1 9 3 3 1 5 2 .0 2
41 0 .0 1 3 5 7 1 2 0 7 .2 7
4 2 0 .0 1 8 4 9 6 2 5 9 .7 3
43 0 .0 1 0 7 3 0 1 5 3 .7 9
4 4 0 .0 0 9 4 7 2 2 4 7 .9 9
4 5 0 .0 1 9 0 2 1 13 5 .4 1
4 6 0 .0 1 8 4 8 1 8 3 .4 3
4 7 0 .0 1 3 4 0 3 1 6 7 .9 9
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Table 4.13: Training Result of Test Set 1 (cont.)

No. of Neurons MSE of Training Data MSE of Testing Data
48 0.015393 377.16
49 0.011216 84.95
50 0.014805 55.37

F ro m  T a b le  4 .1 3 ,  a  n e tw o rk  w i th  5 n e u ro n s  in  th e  h id d e n  la y e r  
g e n e ra te s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  te s t in g  d a ta  w h e r e  th e  m e a n  s q u a re d  

e r ro r  is  2 8 .7 4 .

T e s t  S e t 2 : L e a rn in g  r a te  a t  0 .01

Table 4.14: Training Result o f  Test Set 2

No. of Neurons MSE of Training Data MSE of Testing Data
1 0.118129 74.19
2 0.018755 127.95
3 0.048033 23.92*
4 0.017473 117.79
5 0.014440 71.53
6 0 021123 43.19
7 0.020238 48.66
8 0.019866 50.83
9 0.014003 52.16
10 0.012173 119.44
11 0.014357 69.44
12 0.012860 54.59
13 0.020877 129.34
14 0.021227 71.21
15 0 012551 151.02
16 0.014969 135.12
17 0.014895 184.50
18 0.010496 168.04
19 0.015809 45.25
20 0.014052 122.87
21 0.008332 149.21
22 0.013228 175.26
23 0.012822 98.98
24 0.014829 62.72
25 0.010573 87.99
26 0.012382 136.81
27 0.013714 137.85
28 0.016953 121.05
29 0.012570 128.60
30 0.008990 140.23
31 0.019189 133.95
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Table 4.14: Training Result of Test Set 2 (cont.)
No. of Neurons MSE of Training Data MSE of Testing Data

32 0.010214 167.80
33 0.013343 130.20
34 0.017246 184.26
35 0.012183 136.93
36 0.014205 179.72
37 0.017405 128.74
38 0.015925 191.11
39 0.013486 194.02
40 0.010847 35.28
41 0.008873 142.66
42 0.010898 133.98
43 0.016109 86.91
44 0.012377 75.44
45 0.026005 50.59
46 0.015026 99.35
47 0.012398 78.47
48 0.011709 61.96
49 0.013653 151.30
50 0.011052 162.61

F ro m  T a b le  4 .1 4 , a  n e tw o r k  w i th  3 n e u r o n s  in  th e  h id d e n  la y e r  
g e n e ra te s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  te s t in g  d a ta  w h e r e  th e  m e a n  s q u a re d  
e r r o r  is  2 3 .9 2 .

T e s t  S e t 3 : L e a rn in g  r a te  a t  0 .0 5

Table 4.15: Training Result o f  Test Set 3
No. of Neurons MSE of Training Data MSE of Testing Data

1 0.027616 63.44
2 0.011804 153.24
3 0.016235 39.06
4 0.012752 45.60
5 0.016429 60.98
6 0.010209 85.54
7 0.011323 132.95
8 0.009244 81.19
9 0.009686 79.11
10 0.010748 102.18
11 0.010186 80.14
12 0.008667 81.09
13 0.008665 96.45
14 0.008937 71.37
15 0.014165 97.87
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Table 4.15: Training Result of Test Set 3
No. of Neurons MSE of Training Data MSE of Testing Data

16 0 .0 1 1 0 3 0 7 3 .5 6
17 0 .0 1 0 1 5 8 1 8 0 .5 0
18 0 .0 0 9 8 7 1 1 8 1 .2 7
19 0 .0 0 9 5 8 4 9 6 .0 5
2 0 0 .0 0 9 8 8 1 6 6 .1 1
21 0 .0 0 8 9 5 3 1 2 0 .4 2
2 2 0 .0 0 9 3 9 5 1 5 1 .2 5
23 0 .0 0 8 0 3 6 1 2 9 .5 3
2 4 0 .0 1 3 7 1 0 1 1 1 .8 5
25 0 .0 1 2 4 4 6 1 5 4 .1 2
2 6 0 .0 1 4 6 4 0 1 5 0 .9 2
2 7 0 .0 0 9 0 4 8 135 .81
2 8 0 .0 1 6 0 1 9 8 8 .9 4
2 9 0 .0 1 3 2 6 9 1 3 7 .0 2
3 0 0 .0 0 8 5 9 5 14 3 .0 1
31 0 .0 1 5 3 9 0 1 7 6 .0 3
32 0.010801 36.67*
33 0 .0 1 5 3 1 1 6 0 .0 2
3 4 0 .0 0 9 5 5 9 4 3 .4 1
35 0 .0 0 8 9 2 3 1 4 1 .6 2
3 6 0 .0 1 1 1 4 3 8 6 .6 3
3 7 0 .0 0 9 0 7 1 1 4 6 .8 7
3 8 0 .0 1 2 6 1 3 1 3 1 .4 5
3 9 0 .0 0 9 7 0 2 1 3 4 .9 7
4 0 0 .0 1 0 0 3 5 8 3 .2 1
41 0 .0 0 8 6 9 9 9 4 .9 2
4 2 0 .0 1 4 3 5 2 1 2 6 .6 8
4 3 0 .0 0 7 6 1 5 1 6 2 .9 4
4 4 0 .0 0 7 8 1 9 1 0 9 .9 2
4 5 0 .0 0 9 4 9 1 1 6 5 .5 3
4 6 0 .0 0 9 3 3 7 12 4 .7 1
4 7 0 .0 0 8 7 3 8 11 8 .4 1
4 8 0 .0 0 7 4 4 2 1 6 5 .5 7
4 9 0 .0 0 9 0 6 6 1 8 8 .5 0
5 0 0 .0 0 7 8 4 8 7 2 .8 1

F ro m  T a b le  4 .1 5 ,  a  n e tw o r k  w i th  3 2  n e u r o n s  in  th e  h id d e n  la y e r  
g e n e r a t e s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  t e s t in g  d a ta  w h e r e  th e  m e a n  s q u a r e d  
e r r o r  is  3 6 .6 7 .

A m o n g  T e s t  S e ts  1, 2  a n d  3 w h ic h  n e tw o rk s  a r e  t r a in e d  w i th  d i f f e r e n t  
l e a r n in g  r a te ,  T e s t  S e t  2  th a t  u s e s  le a r n in g  r a te  a t  0 .0 1  p r o v id e s  th e  l e a s t  m e a n  s q u a r e d  
e r ro r .  H e n c e  th e  le a r n in g  r a te  a t  0 .01  w i l l  b e  u s e d  a s  a  d e f a u l t  le a r n in g  r a te  f o r  th e  
r e s t  T e s t  S e ts .
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4.7 Forecasting using Data Set 1 excluded data from the 
Fiscal Year 1995 and 1996

T h is  s e c t io n  c o v e r s  T e s t  S e t 4 , w h ic h  u s e s  th e  d i f f e r e n t  d a t a  s e t  a s  u s e d
in  s e c t io n  4 .6 .

T ra in in g  d a ta :  U s e  t r a in in g  d a ta  o f  D a ta  S e t 1 b u t  d a t a  f ro m  th e  F is c a l  
Y e a r  1 9 9 5  a n d  1 9 9 6  is  r e m o v e d .

T e s t in g  d a ta :  U s e  t e s t in g  d a ta  o f  D a ta  S e t 1
I n i t ia l  p a r a m e te r s :  U s e  le a r n in g  r a te  a t  0 .0 1 . T h e  n u m b e r  o f  n e u r o n s  

v a r ie s  f ro m  1 to  5 0 . M o m e n tu m  c o n s ta n t  is  s e t  a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .
T h e  r e s u l t s  a r e  s h o w n  in  T a b le  4 .1 6

1 9 9 6
T e s t  s e t  4 : D a ta  S e t 1 e x c lu d e d  th e  d a ta  f ro m  th e  F is c a l  Y e a r  1 9 9 5  a n d

Table 4.16: Training Result o f  Test Set 4
No. of Neurons MSE of Training Data MSE of Testing Data

1 0 .0 3 7 7 6 8 2 6 .9 6
2 0 .2 6 7 0 0 9 3 7 .1 2
3 0.146572 20.63*
4 0 .0 2 7 6 9 5 8 0 .0 9
5 0 .0 2 0 6 1 1 1 4 5 .2 1
6 0 .0 1 7 3 8 2 1 1 0 .4 2
7 0 .0 1 5 7 9 0 1 9 3 .7 9
8 0 .0 1 6 0 9 8 1 3 1 .1 3
9 0 .0 1 3 0 6 4 1 4 9 .9 7
10 0 .0 2 8 7 1 9 3 3 .0 6
11 0 .0 1 2 7 5 0 7 6 .0 9
12 0 .0 1 1 6 8 6 1 0 2 .7 5
13 0 .0 1 9 6 6 7 1 1 3 .5 2
14 0 .0 1 2 7 6 2 9 2 .0 0
15 0 .0 1 5 5 9 4 8 6 .6 9
16 0 .0 2 9 6 5 3 1 3 9 .2 7
17 0 .0 1 3 9 7 8 7 5 .2 4
18 0 .0 1 0 9 3 7 7 5 .5 4
19 0 .0 1 1 4 5 1 9 1 .2 9
2 0 0 .0 1 8 5 4 2 1 3 9 .4 4
21 0 .0 1 2 6 5 2 7 0 .8 6
2 2 0 .0 1 5 0 9 6 1 0 1 .1 0
2 3 0 .0 1 6 2 8 0 1 7 5 .6 0
2 4 0 .0 0 9 8 1 6 8 4 .5 0
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Table 4.16: Training Result of Test Set 4 (cont.)
No. of Neurons M S E  of Training Data M S E  of Testing Data

25 0 .0 1 4 7 5 1 1 2 1 .0 8
2 6 0 .0 1 1 9 6 3 9 7 .8 2
2 7 0 .0 1 1 9 1 3 8 0 .3 0
2 8 0 .0 1 7 4 6 1 1 1 1 .0 3
2 9 0 .0 1 4 4 1 7 1 6 0 .9 8
3 0 0 .0 1 1 5 5 9 8 0 .0 0
31 0 .0 1 0 4 7 1 1 0 6 .3 8
3 2 0 .0 1 5 8 2 7 7 6 .4 0
33 0 .0 1 0 2 8 3 9 5 .1 8
3 4 0 .0 0 9 6 9 3 1 6 2 .9 5
35 0 .0 1 3 0 5 7 1 1 1 .5 3
3 6 0 .0 1 3 2 7 4 1 3 2 .5 0
3 7 0 .0 1 1 2 3 3 8 2 .7 8
3 8 0 .0 2 7 5 7 0 3 2 .8 6
3 9 0 .0 2 6 4 6 7 3 5 .2 7
4 0 0 .0 2 1 1 7 4 8 2 .2 6
41 0 .0 1 3 3 6 4 1 4 2 .2 9
4 2 0 .0 0 9 2 8 5 1 0 6 .7 7
43 0 .0 1 2 5 7 9 6 9 .8 7
4 4 0 .0 0 9 4 9 0 7 5 .0 7
4 5 0 .0 1 3 6 4 1 4 8 .7 5
4 6 0 .0 1 1 8 3 9 8 8 .4 5
4 7 0 .0 1 5 3 9 5 9 7 .7 6
4 8 0 .0 1 4 2 0 4 7 2 .1 4
4 9 0 .0 1 2 2 9 7 1 0 1 .1 3
5 0 0 .0 1 3 6 3 7 2 0 0 .7 6

F ro m  T a b le  4 .1 6 ,  a  n e tw o rk  w i th  3 n e u r o n s  in  th e  h id d e n  la y e r  
g e n e r a te s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  t e s t in g  d a ta  w h e r e  th e  m e a n  s q u a re d  
e r r o r  is  2 0 .6 3 .

4.8 Forecasting using Data Set 1 excluded the data of the 
Fiscal Year 1997 and 1998

T h is  s e c t io n  c o v e rs  T e s t  S e t 5 , w h ic h  u s e s  a n o th e r  d i f f e r e n t  d a ta  s e t  a s  
u s e d  in  s e c t io n  4 .6 .

T r a in in g  d a ta :  U s e  t r a in in g  d a ta  o f  D a ta  S e t  1 b u t  d a t a  f ro m  th e  F is c a l
Y e a r  1 9 9 7  a n d  1 9 9 8  is  r e m o v e d .
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T e s t in g  d a ta :  U s e  te s t in g  d a ta  o f  D a ta  S e t 1.
In i t ia l  p a r a m e te r s :  U s e  le a r n in g  r a te  a t  0 .0 1 . M o m e n tu m  c o n s ta n t  is 

s e t  a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .
T h e  r e s u lt s  a r e  s h o w n  in  T a b le  4 .1 7

T e s t  S e t 5 : D a ta  S e t 1 e x c lu d e d  th e  d a ta  f ro m  th e  F is c a l  Y e a r  1 9 9 7  a n d
19 9 8

Table 4.17: Training Result o f  Test Set 5
N o . o f  N e u r o n s MSE o f  T r a i n i n g  D a t a MSE o f  T e s t i n g  D a t a

1 0 .0 2 0 8 4 5 1 3 8 .6 5
2 0.017057 20.30*
3 0 .0 2 1 3 8 9 8 2 .0 8
4 0 .0 9 8 6 4 3 3 3 .8 6
5 0 .0 8 0 1 8 0 5 3 .5 3
6 0 .0 2 0 8 2 1 3 1 .2 1
7 0 .0 1 5 2 7 5 4 1 .1 6
8 0 .0 1 0 4 8 5 2 0 7 .1 2
9 0 .0 1 2 0 5 4 9 1 .1 1

10 0 .0 1 6 5 2 4 9 9 .0 9
11 0 .0 1 1 1 0 8 6 1 .5 2
12 0 .0 3 2 4 2 6 7 5 .0 4
13 0 .0 0 9 9 4 3 8 3 .9 6
14 0 .0 1 8 5 4 2 9 1 .8 7
15 0 .0 1 7 2 1 4 1 1 8 .9 1
16 0 .0 1 2 3 7 7 1 3 1 .5 0
17 0 .0 1 1 5 1 4 1 4 5 .4 9
18 0 .0 0 9 0 1 0 9 4 .4 9
19 0 .0 1 4 0 1 1 6 6 .0 8
2 0 0 .0 1 0 4 9 2 8 7 .6 4
21 0 .0 1 1 0 7 7 1 9 5 .1 5
2 2 0 .0 0 9 3 2 5 4 6 .1 4
23 0 .0 0 8 8 1 1 1 1 1 .3 6
2 4 0 .0 1 0 2 7 9 4 6 .8 0
2 5 0 .0 0 9 1 7 5 9 5 .1 1
2 6 0 .0 0 8 7 9 9 7 4 .8 7
2 7 0 .0 1 5 3 6 8 6 5 .5 8
2 8 0 .0 1 5 5 6 6 3 5 .0 8
2 9 0 .0 0 8 7 9 6 5 6 .1 7
3 0 0 .0 1 0 3 8 7 1 4 3 .7 7
31 0 .0 1 2 6 9 5 1 4 6 .8 0
3 2 0 .0 1 6 0 2 1 6 9 .6 3
33 0 .0 1 1 6 4 5 6 6 .5 9
3 4 0 .0 0 7 1 0 5 1 1 9 .3 9
35 0 .0 0 7 3 9 0 1 4 9 .9 1
3 6 0 .0 1 0 0 1 9 1 4 6 .2 9
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Table 4.17: Training Result of Test Set 5 (cont.)
No. of Neurons M S E  of Training Data M S E  of Testing Data

3 7 0 .0 0 9 4 8 2 9 4 .6 9
38 0 .0 1 0 6 7 3 1 9 2 .4 4
3 9 0 .0 1 1 5 9 0 6 9 .3 5
4 0 0 .0 1 1 6 4 6 4 1 .8 1
41 0 .0 1 0 6 7 3 1 7 9 .9 8
4 2 0 .0 1 0 4 9 2 8 9 .5 7
43 0 .0 1 7 3 3 9 2 6 7 .0 6
4 4 0 .0 1 0 6 4 3 1 0 5 .5 6
4 5 0 .0 0 8 3 7 8 1 6 6 .8 7
4 6 0 .0 3 5 7 7 0 9 9 .8 6
4 7 0 .0 0 8 1 8 7 1 1 0 .4 7
4 8 0 .0 1 7 9 9 9 1 0 6 .6 8
4 9 0 .0 1 4 2 3 5 10 0 .6 1
5 0 0 .0 0 9 1 8 9 1 9 6 .5 2

F ro m  T a b le  4 .1 7 , a  n e tw o r k  w i th  2  n e u ro n s  in  th e  h id d e n  la y e r  
g e n e ra te s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  te s t in g  d a ta  w h e r e  th e  m e a n  s q u a re d  
e r r o r  is  2 0 .3 0 .

4.9 Forecasting using Data Set 1 excluded the data of 5th and 
6th months of every Fiscal Year

T h is  s e c t io n  c o v e rs  T e s t  S e t 6 , w h ic h  u s e s  a n o th e r  d i f f e r e n t  s e t  o f  d a ta . 
D a ta  o f  5 th a n d  6 th m o n th s  o f  e v e ry  F is c a l  Y e a r  is  r e m o v e d  f r o m  b o th  t r a in in g  d a ta  
a n d  te s t in g  d a ta . F ro m  F ig u re  4 .2  i f  th e  d a ta  o f  5 th a n d  6 th m o n th s  is  c a te g o r iz e d  a s  
th e  o u t l ie r s ,  r e m o v in g  it  f ro m  th e  te s t  w i l l  im p ro v e  f o r e c a s t in g  a c c u ra c y .

T ra in in g  d a ta :  U s e  D a ta  S e t 1 b u t  d a ta  o f  5 th a n d  6 th m o n th s  o f  e v e r y  
F is c a l  Y e a r  is  r e m o v e d .

T e s t in g  d a ta :  U s e  D a ta  S e t 1 b u t  d a ta  o f  5 lh a n d  6 th m o n th s  o f  e v e ry  
F is c a l  Y e a r  is  r e m o v e d .

I n i t ia l  p a r a m e te r s :  U s e  l e a r n in g  r a te  a t  0 .0 1 . M o m e n tu m  c o n s ta n t  is  
s e t  a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .

T h e  r e s u l t s  a r e  s h o w n  in  T a b le  4 .1 8
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Test Set 6: Data Set 1 excluded the data from 5Ul and 6lh months of
every Fiscal Year.

Table 4 .1 8 : Training Result o f  Test Set 6
N o . o f  N e u r o n s MSE o f  T r a i n i n g  D a t a MSE o f  T e s t i n g  D a t a

1 0 .0 0 5 6 0 0 4 0 .4 3
2 0.029107 22.92*
3 0 .0 0 8 1 5 1 2 0 3 .3 0
4 0 .0 0 9 4 3 7 9 0 .2 9
5 0 .0 8 1 3 1 1 4 7 .5 4
6 0 .0 0 7 5 8 1 9 0 .0 6
7 0 .0 0 6 2 1 0 1 0 1 .0 7
8 0 .0 0 5 1 5 1 1 2 4 .4 4
9 0 .0 2 8 3 2 7 2 5 .6 1
10 0 .0 0 5 2 8 3 9 3 .7 3
11 0 .0 0 7 0 3 9 3 6 .0 9
12 0 .0 0 8 3 7 5 1 2 2 .2 3
13 0 .0 0 4 5 3 1 4 0 .7 9
14 0 .0 0 5 6 2 9 1 6 3 .4 7
15 0 .0 0 4 4 4 3 1 8 1 .2 4
16 0 .0 0 5 4 0 5 5 0 .3 8
17 0 .0 0 5 9 0 3 1 3 8 .1 8
18 0 .0 0 6 4 8 0 9 9 .0 3
19 0 .0 0 9 3 0 4 4 4 .4 1
2 0 0 .0 0 7 0 1 1 8 3 .4 6
21 0 .0 0 6 3 0 3 1 0 5 .5 2
2 2 0 .0 0 5 3 4 5 3 7 .6 9
2 3 0 .0 0 6 1 0 8 9 7 .8 0
2 4 0 .0 0 6 4 4 8 3 5 .6 9
2 5 0 .0 0 7 7 5 2 1 1 7 .8 0
2 6 0 .0 0 6 4 4 0 1 7 4 .4 0
2 7 0 .0 0 6 0 5 3 1 6 1 .2 2
2 8 0 .0 0 3 9 5 1 1 0 5 .0 4
2 9 0 .0 0 4 1 7 8 8 6 .0 2
3 0 0 .0 0 5 3 8 2 9 8 .8 4
31 0 .0 0 7 3 1 0 4 9 .1 1
3 2 0 .0 0 4 9 1 3 5 4 .2 4
33 0 .0 0 4 6 8 5 8 2 .2 7
3 4 0 .0 0 9 3 5 3 1 0 4 .9 9
35 0 .0 0 6 4 5 1 7 3 .2 0
3 6 0 .0 0 4 3 8 1 1 2 2 .4 0
3 7 0 .0 0 4 4 9 2 7 5 .3 7
3 8 0 .0 0 5 5 3 1 9 2 .5 9
3 9 0 .0 0 8 4 1 6 7 3 .9 7
4 0 0 .0 0 5 1 6 3 4 1 .4 4
41 0 .0 0 4 1 3 6 4 4 .7 9
4 2 0 .0 0 6 1 5 6 5 9 .3 3
4 3 0 .0 0 4 8 9 9 1 0 9 .5 8
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Table 4.18: Training Result of Test Set 6 (coni.)
N o . o f  N e u r o n s M S E  o f  T r a i n i n g  D a t a M S E  o f  T e s t i n g  D a t a

4 4 0 .0 0 4 8 8 0 5 7 .2 1
4 5 0 .0 0 4 8 2 2 2 4 .7 7
4 6 0 .0 0 3 7 5 3 8 5 .3 9
4 7 0 .0 0 4 9 3 9 1 0 9 .6 2
4 8 0 .0 0 4 7 1 7 2 6 7 .2 8
4 9 0 .0 0 6 2 7 3 1 5 7 .1 2
5 0 0 .0 0 3 6 8 5 9 5 .0 6

F ro m  T a b le  4 .1 8 , a  n e tw o r k  w i th  2  n e u r o n s  in  th e  h id d e n  la y e r  
g e n e ra te s  th e  m in im u m  m e a n  s q u a re d  e r r o r  o f  t e s t in g  d a ta  w h e r e  th e  m e a n  s q u a re d  
e r r o r  is  2 2 .9 2 .

4.10 Forecasting result of using Data Set 1 divided into 4 
Quarters

T h is  s e c t io n  c o v e r s  T e s t  S e t  7 , w h ic h  u s e s  D a ta  S e t  1 a s  u s e d  in  s e c t io n
4 .4  b u t  e s p e c ia l ly  fo r  th is  te s t ,  th e  d a ta  s e t  is  d iv id e d  in to  4  Q u a r te r s .  T h e n  e a c h  d a ta  
s e t  is  t r a in e d  a n d  te s te d  s e p a ra te ly .  A l l  r e s u l t s  f ro m  4  e x p e r im e n ts  a r e  c o m b in e d  to  b e  
y e a r ly  r e s u lt .

T ra in in g  d a ta :  U s e  t r a in in g  d a ta  o f  D a ta  S e t 1.
T e s t in g  d a ta :  U s e  te s t in g  d a ta  o f  D a ta  S e t 1.
In i t ia l  p a r a m e te r s :  U s e  le a r n in g  r a te  a t  0 .0 1 . M o m e n tu m  c o n s ta n t  is 

s e t  a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .
T h e  r e s u lt s  a r e  s h o w n  in  T a b le  4 .1 9

T e s t  S e t  7 : D a ta  S e t 1 d iv id e d  in to  4  Q u a r te rs .

Table 4.19: Training Result o f  Test Set 7

N o . o f  N e u r o n s M S E  o f  T r a i n i n g  D a t a M S E  o f  T e s t i n g  D a t a
1 0 .0 5 5 2 8 7 4 8 .1 0
2 0 .0 3 2 0 5 1 8 5 .8 5
3 0 .0 1 3 0 8 6 9 1 .2 6
4 0 .0 3 6 0 0 1 6 9 .8 6
5 0 .0 0 8 8 7 6 6 0 .4 1
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Table 4.19: Training Result of Test Set 7 (cont.)
N o . o f  N e u r o n s M SE o f  T r a i n i n g  D a ta M SE  o f  T e s t i n g  D a t a

6 0 .0 1 3 3 6 6 8 3 .7 4
7 0 .0 6 9 0 7 9 8 5 .5 5
8 0 .0 1 8 4 6 9 5 6 .2 5
9 0.055200 29.51*
10 0 .0 6 0 2 2 2 9 4 .5 8
11 0 .0 1 4 0 7 9 9 0 .1 2
12 0 .0 0 9 6 2 2 1 4 1 .5 4
13 0 .0 1 0 8 6 6 1 4 6 .7 2
14 0 .0 1 1 8 6 7 1 0 6 .6 3
15 0 .0 4 8 5 7 9 1 7 4 .6 6
16 0 .0 2 3 0 7 4 1 4 2 .2 1
17 0 .0 0 9 0 6 4 2 1 3 .8 6
18 0 .0 1 4 5 1 8 9 1 .6 2
19 0 .0 1 2 3 8 4 9 3 .4 6
2 0 0 .0 1 0 2 8 7 1 3 0 .4 3
21 0 .0 1 0 1 6 7 1 8 7 .5 0
2 2 0 .0 0 8 1 8 1 9 0 .6 2
23 0 .0 1 0 9 9 4 8 3 .0 8
2 4 0 .0 1 0 4 0 5 9 7 .0 7
25 0 .0 0 9 2 7 1 8 2 .0 0
2 6 0 .0 1 8 3 1 7 1 0 5 .3 6
2 7 0 .0 1 4 5 6 2 1 6 5 .2 5
2 8 0 .0 3 3 1 2 6 7 5 .1 6
2 9 0 .0 1 1 9 9 3 2 0 3 .9 2
3 0 0 .0 1 0 2 3 3 1 2 2 .2 4
31 0 .0 0 8 7 5 0 9 1 .1 4
3 2 0 .0 8 1 0 5 5 7 1 .6 6
33 0 .0 1 0 1 5 9 1 6 3 .8 6
3 4 0 .0 0 9 3 3 5 5 4 .5 1
35 0 .0 5 3 8 3 0 2 1 3 .6 5
3 6 0 .0 0 7 2 6 1 1 3 5 .3 7
3 7 0 .0 1 0 5 7 2 1 3 0 .0 6
3 8 0 .0 0 8 1 3 0 14 8 .2 1
3 9 0 .0 0 9 4 4 5 1 6 4 .6 5
4 0 0 .0 0 8 3 5 5 1 6 3 .1 6
41 0 .0 1 0 1 6 7 2 4 8 .9 2
4 2 0 .0 1 0 3 8 0 1 6 7 .1 8
43 0 .0 0 7 3 7 4 1 5 2 .3 0
4 4 0 .0 1 0 8 8 3 1 5 9 .6 9
4 5 0 .0 5 2 3 0 3 1 0 7 .7 2
4 6 0 .0 0 9 7 4 5 1 1 8 .1 3
4 7 0 .0 0 9 4 7 8 7 2 .9 9
4 8 0 .0 1 2 1 3 9 1 0 0 .2 5
4 9 0 .0 1 1 3 2 8 4 9 .2 6
5 0 0 .0 0 9 5 1 7 5 4 .3 8
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F ro m  T a b le  4 .1 9 ,  a  n e tw o r k  w i th  9 n e u r o n s  in  th e  h id d e n  la y e r  
g e n e ra te s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  te s t in g  d a ta  w h e re  th e  m e a n  s q u a re d  

e r ro r  is  2 9 .5 1 .

4.11 Forecasting result of using Data Set 2
T h is  s e c t io n  c o v e r s  T e s t  S e t 8 . I t u s e s  th e  n e w  d a ta  s e t  th a t  u s e s  d a ta  

f ro m  th e  D a ta  S e t  2.

T r a in in g  d a ta :  U s e  t r a in in g  d a ta  o f  D a ta  S e t  2.
T e s t in g  d a ta :  U s e  t e s t in g  d a ta  o f  D a ta  S e t 2 .
I n i t ia l  p a r a m e te r s :  U s e  l e a r n in g  ra te  a t  0 .0 1 . M o m e n tu m  c o n s ta n t  is  

s e t  a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .
T h e  r e s u l t s  a re  s h o w n  in  T a b le  4 .2 0

T e s t  S e t 8: D a ta  S e t  2

Table 4.20: Training Result o f  Test Set 8

No. of Neurons MSE of Training Data MSE of Testing Data

1 0.018064 26.42
2 0.011227 51.40
3 0.042233 27.96
4 0.030779 21.31
5 0.022673 49.58
6 0.011064 26.42
7 0.016063 48.79
8 0.014531 42.78
9 0.026121 23.21
10 0 007444 21.56
11 0.021930 18.76
12 0.007009 24.09
13 0.018157 21.48
14 0.010264 30.95
15 0.013592 32.69
16 0.030850 39.23
17 0.021838 83.02
18 0.014165 21.09
19 0.013496 31.14
20 0.008897 54.50
21 0.013874 32.79
22 0.010542 36.63
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Table 4.20: Training Result of Test Set 8 (coni.)
No. of Neurons MSE of Training Data MSE of Testing Data

23 0.013320 19.59
24 0.024962 22.19
25 0.011964 75.85
26 0.012924 17.53*
27 0.018920 56.37
28 0.006987 74.82
29 0.010960 43.49
30 0.010044 62.15
31 0.009817 77.77
32 0.006862 39.45
33 0.008893 25.45
34 0.006109 160.28
35 0.009001 45.05
36 0.016122 44.29
37 0.013404 47.85
38 0.010696 35.00
39 0.005591 46.18
40 0.015518 31.70
41 0.011322 35.78
42 0.007503 19.86
43 0.009877 30.06
44 0.004746 109.29
45 0.007687 51.40
46 0.008879 31.40
47 0.015547 70.23
48 0.009554 19.33
49 0.006761 19.19
50 0.006538 105.79

F ro m  T a b le  4 .2 0 , a  n e tw o rk  w i th  2 6  n e u r o n s  in  th e  h id d e n  la y e r  
g e n e r a t e s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  t e s t in g  d a ta  w h e re  th e  m e a n  s q u a r e d  
e r r o r  is  1 7 .5 3 .

4.12 Forecasting using Data Set 1 added by order of months 
as the additional input

T h is  s e c t io n  c o v e rs  T e s t  S e t 9 .

T r a in in g  d a ta :  U s e  t r a in in g  d a ta  o f  D a ta  S e t  1 b u t  o r d e r  o f  m o n th s  
r a n g e d  f ro m  1 to  12 a re  a d d e d  a s  4 th in p u t  d a ta .
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T e s t in g  d a ta :  U s e  te s t in g  d a ta  o f  D a ta  S e t 1 b u t  o r d e r  o f  m o n th s  r a n g e d  
f ro m  1 to  12 a re  a d d e d  a s  4 th in p u t  d a ta .

In it ia l  p a ra m e te r s :  U s e  le a r n in g  r a te  a t  0 .0 1 . M o m e n tu m  c o n s ta n t  is  s e t 
a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .

T h e  r e s u lt s  a r e  s h o w n  in  T a b le  4 .2 1

T e s t  S e t 9 : D a ta  S e t 1 in c lu d e d  o r d e r  o f  m o n th s  a s  th e  a d d i t io n a l  in p u t.

Table 4.21: Training Result o f  Test Set 9

No. of Neurons MSE of Training Data MSE of Testing Data

1 0 .0 3 7 8 7 7 5 5 .7 8
2 0.091589 23.08*
3 0 .1 0 4 0 8 2 4 4 .5 3
4 0 .0 3 2 7 1 9 1 0 4 .1 4
5 0 .0 2 0 7 2 8 1 0 3 .7 7
6 0 .0 2 9 2 0 6 6 8 .1 6
7 0 .0 7 1 4 2 8 1 1 0 .6 6
8 0 .0 3 6 0 8 3 1 1 7 .2 9
9 0 .0 4 2 0 6 1 5 7 .6 6
10 0 .0 4 3 7 9 1 4 1 .9 0
11 0 .0 2 1 6 4 4 1 1 0 .8 1
12 0 .0 2 7 6 5 2 7 0 .6 2
13 0 .0 2 7 0 8 9 1 8 4 .0 0
14 0 .0 2 7 4 8 3 1 3 5 .8 3
15 0 .0 1 8 1 4 3 1 3 1 .9 3
16 0 .0 4 0 5 7 3 8 4 .3 6
17 0 .0 3 2 7 2 4 1 4 7 .4 9
18 0 .0 2 0 0 4 3 7 7  95
19 0 .0 1 4 0 7 2 1 0 3 .8 8
2 0 0 .0 2 2 2 9 8 1 7 6 .8 0
21 0 .0 1 7 9 9 3 2 2 5 .1 1
2 2 0 .0 1 3 1 6 5 9 0 .3 6
23 0 .0 1 1 0 2 0 1 0 8 .0 2
2 4 0 .0 1 6 7 7 0 9 0 .4 1
2 5 0 .0 1 1 6 3 9 9 0 .4 7
2 6 0 .0 1 4 8 4 2 1 4 5 .0 6
2 7 0 .0 1 3 1 8 2 1 8 9 .2 1
2 8 0 .0 1 3 7 9 8 1 4 1 .7 2
2 9 0 .0 1 6 7 8 6 2 3 8 .2 4
3 0 0 .0 1 7 3 9 1 1 4 4 .6 8
31 0 .0 1 7 5 3 8 3 2 3 .9 2
3 2 0 .0 1 2 5 6 6 1 2 7 .6 8
33 0 .0 1 6 1 4 4 6 4 .4 6
3 4 0 .0 1 7 1 4 8 1 4 9 .2 5
35 0 .0 1 0 4 8 3 6 0 .9 9
3 6 0 .0 1 7 9 9 3 1 3 1 .9 2
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Table 4.21: Training Result of Test Set 9 (cont.)
No. of Neurons MSE of Training Data MSE of Testing Data

3 7 0 .0 1 8 7 4 4 8 8 .7 9
38 0 .0 1 2 4 1 8 1 3 1 .9 2
3 9 0 .0 1 5 4 0 2 5 9 .2 8
4 0 0 .0 1 6 4 7 4 2 1 1 .7 8
41 0 .0 1 4 6 0 4 1 5 1 .8 0
4 2 0 .0 0 9 5 3 8 1 8 1 .2 3
4 3 0 .0 1 5 7 2 9 1 6 6 .9 5
4 4 0 .0 1 4 3 4 3 17 9 .3 1
45 0 .0 1 4 9 0 7 1 0 7 .9 7
4 6 0 .0 1 3 5 1 5 13 4 .1 1
4 7 0 .0 1 1 8 8 1 1 9 8 .2 8
4 8 0 .0 1 1 6 7 9 2 6 6 .2 9
4 9 0 .0 1 3 1 8 4 1 3 3 .9 2
5 0 0 .0 1 5 3 2 3 1 3 4 .2 2

F ro m  T a b le  4 .2 1 , a  n e tw o r k  w i th  2  n e u r o n s  in  th e  h id d e n  la y e r  
g e n e ra te s  th e  m in im u m  m e a n  s q u a r e d  e r r o r  o f  te s t in g  d a ta  w h e r e  th e  m e a n  s q u a re d  
e r ro r  is  2 3 .0 8 .

4.13 Forecasting of using Data Set 2 included order of 
months as the additional input

T h is  s e c t io n  c o v e rs  T e s t  S e t  10.

T ra in in g  d a ta :  U s e  t r a in in g  d a ta  o f  D a ta  S e t 2  b u t  o r d e r  o f  m o n th s  
r a n g e d  f ro m  1 to  12 a re  a d d e d  s e t  4 th in p u t .

T e s t in g  d a ta :  U s e  te s t in g  d a ta  o f  D a ta  S e t 2  b u t  o r d e r  o f  m o n th s  r a n g e d  
f ro m  1 to  12 a re  a d d e d  a s  4 th in p u t.

I n i t ia l  p a r a m e te r s :  U s e  l e a r n in g  ra te  a t  0 .0 1 . M o m e n tu m  c o n s ta n t  is  
s e t  a t  0 .9 . E p o c h  is  s e t  a t  2 ,0 0 0 .

T h e  r e s u l t s  a re  s h o w n  in  T a b le  4 .2 2

T e s t  S e t 10: D a ta  S e t 2 in c lu d e d  o r d e r  o f  m o n th s  a s  th e  a d d i t io n a l
in p u t.
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Table 4.22: Training Result of Test Set 10
No. of Neurons M SE  of Training Data M SE  of Testing Data

1 0.008567 38.54
2 0.008832 23.53
3 0.018084 26.50
4 0.012990 34.23
5 0.012614 24.29
6 0.029977 19.26
7 0.025259 19.98
8 0.037689 19.93
9 0.010057 20.21
10 0.010080 83.22
11 0.010199 34.91
12 0.021942 19.02
13 0.006657 40.01
14 0.008241 32.50
15 0.010434 43.69
16 0.012420 32.44
17 0.014547 53.25
18 0.015050 120.44
19 0.019675 43.85
20 0.014370 33.46
21 0.007689 65.14
22 0.008799 101.23
23 0.011932 48.26
24 0.007412 40.13
25 0.006745 37.22
26 0.012354 17.99*
27 0.008830 42.68
28 0.014175 65.77
29 0.013165 30.75
30 0.006398 37.61
31 0.007896 47.55
32 0.010645 74.08
33 0.006193 36.82
34 0.007587 32.41
35 0.023354 28.59
36 0.016985 39.58
37 0.008360 55.75
38 0.013915 29.45
39 0.004926 67.20
40 0.006115 108.20
41 0.010666 35.16
42 0.008023 33.74
43 0.008841 33.93
44 0.009675 53.94
45 0.007241 46.66
46 0.005463 79.03
47 0.017472 45.20
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Table 4.22: Training Result of Test Set 10 (cont.)
No. of Neurons MSE of Training Data MSE of Testing Data

48 0.010157 44.54
49 0.011752 34.52
50 0.009814 40.57

F ro m  T a b le  4 .2 2 , a  n e tw o r k  w i th  2 6  n e u r o n s  in  th e  h id d e n  la y e r  
g e n e ra te s  th e  m in im u m  m e a n  s q u a re d  e r ro r  o f  te s t in g  d a ta  w h e r e  th e  m e a n  s q u a re d  
e r r o r  is  1 7 .9 9 .

4.14 Analysis of the results
4.14.1. Forecasting results of the Fiscal Year 1999 and 2000

T h e  b e s t  r e s u l t s  o f  a l l  T e s t  S e ts  th a t  u s e  d a ta  f r o m  D a ta  S e t 1 a r e  
s u m m a r iz e d  in  T a b le  4 .2 3  a s  fo l lo w s :

Table 4.23: The best result o f  all Test Sets that use data from  Data Set 1

Test set No. MSE of Testing Data

T e s t  s e t  1 2 8 .7 4
T e s t  s e t  2 2 3 .9 2
T e s t  s e t  3 3 6 .6 7
T e s t  s e t  4 2 0 .6 3
Test set 5 *20.30

T e s t  s e t  6 2 3 .0 8
T e s t  s e t  7 2 2 .9 2
T e s t  s e t  9 2 9 .5 1

W h ile  th e  M S E  o f  w a te r  d e m a n d  f o r e c a s t in g  u s in g  a c c r u a l  m o v in g  
a v e r a g e  f ro m  T a b le  B . l  is  8 9 .1 9 , it  is  n o te d  th a t  a ll  T e s t  s e ts  in  T a b le  4 .2 3  p r o v id e s  
th e  v a lu e  o f  M S E  m u c h  le s s  th a n  8 9 .1 9 .

F ro m  T a b le  4 .2 3 , T e s t  S e t  5 g e n e ra te s  th e  m in im u m  m e a n  s q u a r e d  
a m o n g  a ll T e s t  S e ts  th a t  u s e s  d a ta  f ro m  D a ta  S e t  1. S o  f o r e c a s t in g  r e s u l t  o f  T e s t  S e t  5
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is  n o w  s e le c te d  a s  th e  r e p r e s e n ta t iv e  o f  a ll  r e s u l t s  f ro m  th e  a r t i f ic ia l  n e u ra l  n e tw o rk .  
T h e n  it  is  c o m p a re d  w i th  th e  r e s u l t s  f ro m  a c c r u a l  m o v in g  a v e r a g e  te c h n iq u e .

T a b le  4 .2 4  p r e s e n ts  th e  c o m p a r i s o n  b e tw e e n  a c tu a l  w a te r  d e m a n d  a n d  
f o re c a s t in g  r e s u l t  f ro m  T e s t  S e t  5 w h ic h  g iv e s  th e  b e s t  r e s u l t  a m o n g  a ll  r e s u l t s  f ro m  
a r t i f ic ia l  n e u ra l  n e tw o rk  te c h n iq u e .

Table 4.24: Comparison between Actual and Water Demand Forecast from  Test Set 5
o f  the Fiscal Year 1999 and 2000

M onth/F iscal
Y ear

A ctual
(m illion cu.m 3)

Forecast 
(m illion  cu.m 3)

E rror
(m illion  cu.m 3)

1 /1 9 9 9 1 2 5 .6 1 5 1 1 6 .0 0 1 -9 .6 1 4
2 /1 9 9 9 1 2 0 .2 8 8 1 1 5 .9 5 6 -4 .3 3 2
3 /1 9 9 9 1 2 2 .1 7 8 1 1 5 .9 5 0 - 6 .2 2 9
4 /1 9 9 9 1 1 6 .4 7 3 1 1 6 .8 6 3 0 .3 9 0
5 /1 9 9 9 1 0 7 .6 4 0 1 1 6 .9 3 1 9 .2 9 1
6 /1 9 9 9 1 1 9 .8 4 6 1 1 6 .9 9 1 -2 .8 5 5
7 /1 9 9 9 1 1 7 .1 4 1 1 1 4 .3 9 0 -2 .7 5 2
8 /1 9 9 9 1 2 0 .1 8 8 1 1 4 .5 0 7 -5 .6 8 1
9 /1 9 9 9 1 1 4 .4 7 6 1 1 4 .5 9 6 0 .1 2 0
1 0 /1 9 9 9 1 1 8 .6 6 4 1 1 6 .5 3 4 - 2 .1 3 0
1 1 /1 9 9 9 1 1 7 .9 6 2 1 1 6 .7 3 4 - 1 .2 2 9
1 2 /1 9 9 9 1 1 4 .7 1 2 1 1 7 .5 7 1 2 .8 5 9

T otal for 1999 1,415.183 1,393.023 -22.161
E rror =  -1.57%

1 /2 0 0 0 1 1 8 .8 0 9 1 1 9 .5 9 8 0 .7 8 9
2 /2 0 0 0 1 1 4 .8 7 3 1 1 9 .9 2 6 5 .0 5 2
3 /2 0 0 0 1 1 6 .3 0 5 1 2 0 .6 4 5 4 .3 3 9
4 /2 0 0 0 1 1 7 .3 7 1 1 2 0 .7 8 1 3 .4 1 0
5 /2 0 0 0 1 1 2 .2 1 5 1 2 0 .8 8 9 8 .6 7 4
6 /2 0 0 0 1 2 7 .2 9 2 1 2 1 .0 4 2 - 6 .2 5 0
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Table 4.24: Comparison between Actual and Water Demand Forecast from  
Test Set 5 o f  the Fiscal Year 1999 and 2000 (coni.)

Month/Fiscal

Year

Actual

(million cu.m3)

Forecast 

(million cu.m3)

Error

(million cu.m3)

7 /2 0 0 0 12 1 .3 21 1 2 1 .9 1 0 0 .5 8 9
8 /2 0 0 0 1 2 3 .6 7 8 1 2 2 .0 8 9 -1 .5 9 0
9 /2 0 0 0 1 2 0 .4 7 4 1 2 2 .3 1 6 1 .8 4 2
1 0 /2 0 0 0 1 2 3 .0 7 1 1 2 2 .1 4 8 -0 .9 2 4
1 1 /2 0 0 0 1 2 4 .0 9 9 1 2 2 .3 4 9 -1 .7 5 0
1 2 /2 0 0 0 1 1 9 .9 0 9 1 2 2 .6 3 9 2 .7 2 9

Total for 2000 1,439.417 1,456.329 16.911

Error = 1.17%

Overall 2,858.600 2,849.351 -5.249
Error = -0.18%

4.14.2. Forecasting result of the first sixth months of the Fiscal

Year 2001

T h e  b e s t  r e s u l t  o f  a l l  T e s t  S e ts  th a t  u s e s  d a t a  f ro m  D a ta  S e t  2  a re  
s u m m a r iz e d  in  T a b le  4 .2 5 .

Table 4.25: The best result o f  all Test Sets that use data from  Data Set 2

Test set No. MSE of Testing Data

Test set 8 *17.53

T e s t  s e t  10 1 7 .9 9

F ro m  T a b le  4 .2 5 , T e s t  S e t  8 g e n e ra te s  th e  m in im u m  m e a n  s q u a r e d  
a m o n g  a ll  te s t  s e ts  th a t  u s e s  d a ta  f ro m  D a ta  S e t 2 . T h is  r e s u l t  is  n o w  c o m p a r e d  w i th  
th e  r e s u l t s  f ro m  a c c r u a l  m o v in g  a v e ra g e .
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W h ile  th e  M S E  o f  w a te r  d e m a n d  f o r e c a s t in g  u s in g  a c c r u a l  m o v in g  
a v e r a g e  f ro m  T a b le  B .3  is  3 8 .9 9 , it  is  n o te d  th a t  b o th  T e s t  s e ts  in  T a b le  4 .2 5  p r o v id e s  
th e  v a lu e  o f  M S E  m u c h  le s s  th a n  3 8 .9 9 .

T a b le  4 .2 6  p r e s e n ts  th e  c o m p a r i s o n  b e tw e e n  a c tu a l  w a te r  d e m a n d  a n d  
f o re c a s t in g  r e s u l t  f ro m  T e s t  S e t 8 w h ic h  g iv e s  th e  b e s t  r e s u l t  a m o n g  a l l  r e s u l t s  f ro m  
a r t i f ic ia l  n e u ra l  n e tw o rk  te c h n iq u e .

Table 4.26: Comparison between Actual and Water Demand Forecast from  Test set 8 
o f  the firs t sixth months o f  the Fiscal Year 2001

Month/Fiscal

Year

Actual

(million cu.m3)

Forecast 

(million cu.m3)

Error

(million cu.m3)

1 /2 0 0 1 1 2 2 .7 4 7 1 2 0 .6 7 4 -2 .0 7 3

2 /2 0 0 1 1 2 0 .0 8 3 1 2 0 .7 3 3 0 .6 5 0

3 /2 0 0 1 1 2 2 .4 8 4 1 2 0 .8 5 7 -1 .6 2 8
4 /2 0 0 1 1 2 3 .1 0 9 1 2 1 .9 3 0 -1 .1 7 9

5 /2 0 0 1 1 1 3 .6 4 4 1 2 2 .8 6 9 9 .2 2 5
6 /2 0 0 1 1 2 7 .3 1 2 1 2 3 .9 5 2 -3 .3 6 0

Total 729.379 731.014 1.635

Error = 0.22%

T a b le  4 .2 7  p r e s e n ts  th e  s u m m a r y  o f  c o m p a r i s o n  b e tw e e n  f o r e c a s t in g  
r e s u l t  f ro m  n e u r a l  n e tw o rk  a n d  th a t  o f  a c c r u a l  m o v in g  a v e r a g e  te c h n iq u e  f ro m  T a b le s
3 .2  a n d  3 .3 .

Table 4.27: Comparison on percentages o f  error from  neural network and accrual
moving average

Fiscal Year Artificial Neural Network Accrual Moving Average

1 9 9 9 -1 .5 7 9 .81
2 0 0 0 1 .1 7 -3 .2 0

F ir s t  S ix th  M o n th s  o f 0 .2 2 -3 .5 5
2 0 0 1



52

F ro m  T a b le  4 .2 7 , th e  c o m p a r i s o n  b e tw e e n  th e  r e s u l t  o f  n e u ra l  n e tw o rk  
a n d  th e  r e s u l t  o f  a c c ru a l  m o v in g  a v e r a g e  p r e s e n ts  th a t  a t  a n y  F is c a l  Y e a r ,  n e u ra l  
n e tw o rk  is  a b le  to  p r o v id e  m o r e  a c c u r a c y  th a n  th e  a c c r u a l  m o v in g  a v e ra g e .

4.14.3. Result on adding order of months as 4th variable input

T h e  r e s u lt s  o f  T e s t  S e ts  9  a n d  10 , w h e n  c o m p a r e d  w i th  th e  r e s u l t  o f  
T e s t  S e ts  2  a n d  8 r e s p e c t iv e ly ,  p r e s e n t  th a t  a d d in g  o r d e r  o f  m o n th s  a s  th e  a d d i t io n a l  
v a r ia b le  in p u t  to  T e s t  S e t  9  a n d  10 d o e s  n o t  g iv e  b e t te r  r e s u l t s .  S o  o r d e r  o f  m o n th s  
s h o u ld  n o t  b e  c o n s id e re d  a s  th e  v a r ia b le  in p u t  to  th e  n e tw o rk .

4.15 Conclusion
F ro m  a ll o f  th e  e x p e r im e n t  m a d e  in  th is  c h a p te r ,  th e  f o l lo w in g  

c o n c lu s io n  c a n  b e  d ra w n .

1. D i f f e re n t  s e ts  o f  t r a in in g  d a ta  g e n e ra te  d i f f e r e n t  r e s u l t s .  U s e r  h a s  to  
c h o o s e  th e  a p p ro p r ia te  s e t  o f  t r a in in g  d a ta  in  o r d e r  to  o b ta in  th e  m in im u m  m e a n  
s q u a re d  e r r o r  o f  th e  te s t in g  d a ta . T h e  t r a in in g  d a ta  th a t  g iv e s  th e  m in im u m  m e a n  
s q u a re d  e r r o r  fo r  w a te r  d e m a n d  f o r e c a s t  o f  th e  F is c a l  Y e a r  1 9 9 9  a n d  2 0 0 0  is  th e  d a ta  
f ro m  th e  F is c a l  Y e a r  19 9 3  to  1 9 9 6 . T h e  r e s u l t  is  a c c o r d in g  to  th e o r y  b e c a u s e  th e  
e c o n o m ic s  r e c e s s io n  h a p p e n e d  in  th e  F is c a l  Y e a r  1 9 9 7  a n d  . S o  r e m o v in g  th e  d a ta  o f  
th e  F is c a l  Y e a r  1 9 9 7  a n d  1 9 9 8  f ro m  in p u t  o f  t r a in in g  d a ta  le a d s  to  th e  b e s t  r e s u l t .

2 . D if f e re n t  n u m b e r s  o f  n e u r o n s  in  th e  h id d e n  la y e r  n e tw o r k  g iv e  
d i f f e r e n t  r e s u l t s .  N e tw o r k  d e s ig n e r  h a s  to  f in d  th e  n u m b e r  o f  n e u r o n s  th a t  g iv e s  th e  
m in im u m  e r ro r  o f  th e  te s t in g  d a ta  f o r  e a c h  t r a in in g  se t.

3 . T o o  la rg e  le a r n in g  r a te  c a n  m a k e  th e  n e tw o r k  b e c o m e  u n s ta b le  a n d  
g iv e  in a c c u r a te  r e s u lt .  In  c o n tr a s t ,  to o  s m a ll  le a r n in g  r a te  c a n  w a s te  th e  t im e  n e e d e d  
fo r  t r a in in g .  F ro m  th e  r e s u l t  a m o n g  T e s t  S e ts  1, 2  a n d  3 , t r a in in g  w i th  le a r n in g  r a te  a t
0 .0 1  g iv e s  th e  le a s t  M S E .
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4 . A d d in g  th e  o r d e r  o f  m o n th s  a s  th e  a d d i t io n a l  v a r ia b le  in p u t  d o e s  n o t  
im p ro v e  a n y  a c c u ra c y  so  it is  n o t n e c e s s a r y  to  in c lu d e  th e  o r d e r  o f  m o n th s  in  th e  
in p u t.

5 . N o t  e n o u g h  n u m b e r  o f  in p u t  fo r  t r a in in g  le a d s  to  th e  in c re a s 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  o f  th e  n e tw o rk . 6

6 . T h o u g h  u s in g  d i f f e r e n t  t im e  p e r io d ,  n e u ra l  n e tw o r k  h a s  p r o v e d  th a t  
it c a n  g iv e  m o re  f o re c a s t in g  a c c u ra c y  th a n  th a t  o f  th e  t r a d i t io n a l  a c c r u a l  m o v in g  
a v e r a g e  te c h n iq u e .
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