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I n t r o d u c t i o n  ------------ 
T h e  p r o b l e m  o f  r e p l a c i n g  c a p i t a l  e q u i p m e n t  i s  o n e  o f  t h e  

m o s t  i m p o r t a n t  f  i s c a l  d e c i s i o n s  f a c i n g  p u b 1  i c  t r a n s i t  p r o p e r t i e s .  
S u c h  d e c i s i o n s  a r e  q u a l i t a t i v e l y  c h a n g i n g  d u e  t o  r e d u c e d  f e d e r a l  
i n v o l v e m e n t  i n  f u n d i n g  a n d  r e g u l a t i o n  o f  c a p i t a l  p r o c u r e m e n t  
p r o j e c t s .  The p r o b l e m s  f a c i n g  p r o p e r t i e s  now a r e  much c l o s e r  t o  
e q u i p m e n t  r e p l a c e m e n t  p r o b l e m s  f o u n d  i n  t h e  p r i v a t e  s e c t o r .  

T h e  r e p l a c e m e n t  m e t h o d s  m o s t  c o m m o n l y  u s e d  i n  t h e  p u b l i c  
t r a n s i t  i n d u s t r y  a r e  l o w e s t  b i d  a n d  l i f e  c y c l e  c o s t i n g .  L i f e  
c y c l e  c o s t , i n g  i s  t h e  o n l y  r a t i o n a l  a l t e r n a t i v e .  The l o w e s t  b i d  
t e c h n i q u e  i s  m a t h e m a t i c a l l y  e q u i v a l e n t  t o  a s s u m i n g  t h a t  f u e l  
e f f i c i e n c y ,  m a i n t e n ; . n c e ,  a n d  o t h e r  o p e r a t i n g  e x p e n s e s  h a v e  n o  
f i s c a l  i m p a c t .  C a s e s  a r e  a b u n d a n t  w h e r e  l o w e s t  b i d  s e l e c t i o n  
l e a d s  t o  u n e c o n o m i c a l  d e c i s i o n s - - f o r  e x a m p l e ,  w h e n e v e r  t w o  
r e p l a c e m e n t  a l t e r n a t i v e s  h a v e  s u b s t a n t i a l l y  d i f f e r e n t  f u e l  o r  
m a i n t e n a n z e  c o s t s .  H o w e v e r ,  l i f e  c y c l e  c o s t i n g  i s  much m o r e  
d i f f i c u l t  t o  i m p l e m e r i t  d u e  t o  g r e a t e r  d a t a  r e q u i r e m e n t s  and d a t a  
u n c e r t a i n t y .  

As t h e  f e d e r a l  g o v e r n m e n t  r e d u c e s  i n v o l v e m e n t  i n  c a p i t a l  
p r o j e c t s ,  i t  b e c o m e s  i n c r e a s i n g l y  i m p o r t a n t  t h a t  v a l i d  
e n g i n e e r i n g  e c o n o m i c  c r i t e r i a ,  i . e . ,  l i f e  c y c l e  c o s t i n g ,  b e  u s e d  
i n  d e c i s i c n  m a k i n g .  F a i l u r e  t o  do  s o  may l e a d  t o  g r e a t  f i n a n c i a l  
l o s s e s  f o r  p u b l i c  t r a n s i t  p r o p e r t i e s .  

R e s e a r c h  o n  t h i s  p r o b l e m  m u s t  t h e n  c o n c e n t r a t e  o n  t h e  
p r o b l e m s  a s s o c i a t e d  w i t h  l i f e  c y c l e  c o s t i n g .  B e s i d e s  t h e  d a t a  
u n c e r t a i n t y  m e n t i o n e d  a b o v e ,  t h e  s t a t e  of t h e  a r t  i n  e n g i n e e r i n g  
e c o n o m i c  t e c h n i q u e s ,  p r i o r  t o  t h i s  s t u d y ,  was  u n a b l e  t o  s o l v e  
p r o b l e m s  w i t h  t h e  g e n e r a l i t y  f o u n d  i n  t h e  t r a n s i t  i n d u s t r y .  
S p e c i f i c a l l y ,  n o  t e c h n i q u e  w a s  a b l e  t o  h a n d l e  b o t h  c h a n g i n g  
t e c h n o l o g i e s  ( i m p r o v e d  f u e l  e f f i c i e n c y ,  i n c r e a s e d  m a i n t e n a n c e  on 
m o r e  s o p h i s t i c a t e d  s y s t e m s ,  e t c . )  a n d  c o n s i d e r  a  t i m e  f r a m e  
s u f f i c i e n t  t o  a c c u r a t e l y  b a l a n c e  e f f e c t s  s u c h  a s  h i g h  p u r c h a s e  
c o s t  v e r s u a  r e d u c e d  f u e l  c o s t .  B o t h  o f  t h e s e  a b i l i t i e s  a r e  
n e c e s s a r y  t o  make  e c o n o m i c  d e c i s i o n s  i n  t h e  p r o b l e m s  f a c e d  by 
t r a n s i t  p r o p e r t i e s .  

E v e n  i f  a 1 1  o f  t h e s e  s h o r t c o m i n g s  a r e  s u f f i c i e n t l y  
a d d r e s s e d ,  e n g i n e e r i n g  e c o n o m i c s  c a n n o t  h o p e  t o  p r o v  i d e  a  



c o m p l e t e  s o l u t i o n  t o  t h e  c a p i t a l  r e p l a c e m e n t  p r o b l e m .  T h e s e  
d e c i s i o n s  a r e  m a n a g e r i a l  i n  n a t u r e .  T h a t  i s ,  t h e y  a r e  a f f e c t e d  
by  t w o  c l a s s e s  o f  p r o b l e m  c h a r a c t e r i s t i c s :  q u a 1  i t a t i v e  
c o n s t r a i n t s  a n d  e f f e c t s  s u c h  a s  p o l i t i c a l  a n d  s o c i a l  
c o n s i d e r a t  i o n s ,  and q u a n t i t a t i v e  e f f e c t s  s u c h  a s  e c o n o m i c  i m p a c t .  
F o r  t h e  f o r s e e a b l e  f u t u r e ,  t h e  q u a l i t a t i v e  a s p e c t s  o f  t h e s e  
d e c i s i o n s  a r e  b e s t  made by e x p e r i e n c e d  m a n a g e r s  a n d  a r e  n o t  
a d d r e s s e d  i n  t h i s  s t u d y .  We r e s t r i c t  o u r s e l v e s  t o  t h e  
q u a n t i t a t i v e  p a r t s  o f  t h e  p r o b l e m .  I f  we c a n  d e v e l o p  a  c o m p u t e r  
b a s e d  s y s t e m  t o  e v a l u a t e  t h e s e  i m p a c t s  q u i c k l y  a n d  a c c u r a t e l y ,  
t h e  m a n a g e r  i s  f r e e d  t o  d e v o t e  m o r e  t i m e  t o  t h e  q u a l i t a t i v e  
a s p e c t s  o f  t h e  p r o b l e m .  The o v e r a l l  e f f e c t  s h o u l d  b e  a  b e t t e r ,  
more  i n f o r m e d  e q u i p m e n t  r e p l a c e m e n t  d e c i s i o n .  

The o b j e c t i v e s  o f  t h i s  p r o j e c t  w e r e :  

1 )  E x t e n d  t h e  s t a t e  o f  t h e  a r t  i n  e n g i n e e r i n g  e c o n o m i c s  t o  t h e  
p o i n t  w h e r e  p r o b l e m s  w i t h  t h e  c o m p l e x i t y  f o u n d  i n  t h e  t r a n s i t  
i n d u s t r y  c a n  b e  s o l v e d  q u i c k l y  a n d  a c c u r a t e l y  o n  a  m i c r o -  
compu t e r .  

2 )  D e s c r i b e  a  m e t h o d  by w h i c h  t h i s  s y s t e m  c a n  b e  u s e d  t o  d e a l  
w i t h  u n c e r t a i n  d a t a .  

3 )  D e v e l o p  a  p r o t o t y p e  m i c r o c o m p u t e r  c o d e  i m p l e . m e n t i n g  t h i s  
r e s e a r c h  t o  p r o v e  t h a t  t h e  t e c h n i q u e s  d e s c r i b e d  i n  1 )  c a n  b e  
i m p l e m e n t e d  t o  r u n  f a s t  e n o u g h  t o  b e  o f  u s e  i n  2). 

S e c t i o n  t w o  f o l l o w s  w i t h  a  d i s c u s s i o n  o f  t h e  e n g i n e e r i n g  
e c o n o m i c  b a c k g r o u n d  o f  t h e  e q u i p m e n t  r e p l a c e m e n t  p r o b l e m .  
S e c t i o n  t h r e e  d e a l s  w i t h  a n  a p p r o a c h  t o  d a t a  u n c e r t a i n t y .  T h e  
f o u r t h  s e c t i o n  d e s c r i b e s  t h e  p r o t o t y p e  c o d e  d e v e l o p e d .  F i n a l l y ,  
s e ~ t  i o n  f i v e  p r e s e n t s  a  summary and c o n c  l u s i o n s .  

2. The E q u i g m e n t  R e ~ l a c e m e n t  P r o b l e m  --- - -- ---- -- -------- ------- 
E q u i p m e n t  r e p l a c e m e n t  h a s  b e e n  s t u d i e d  i n  t h e  f i e l d  o f  

e n g i n e e r i n g  e c o n o m i c s  s i n c e  t h e  1 9 4 0 ' s .  I m p o r t a n t  c o n t r i b u t i o n s  
t o  t h i s  p r o b l e m  i n c l u d e  T e r b o u g h  L '19491  and A l c h i a n  [ 1 9 5 2 ] .  The 
i n i t i a l  m o d e l s  a s s u m e  t h a t  t e c h n o l o g y  i s  s t a t i o n a r y .  T h a t  i s ,  
t h e  e q u i p m e n t  a v a i l a b l e  t o m o r r o w  i s  i d e n t i c a l  t o  t h a t  a v a i l a b l e  
t o d a y .  T h e  q u e s t i o n  w a s  s i m p l y  when  d o  m a i n t e n a n c e  c o s t s  g e t  
s u f f i c i e n t l y  h i g h  t o  w a r r a n t  r e p l a c i n g  t h e  e q u i p m e n t  w i t h  a n  
i d e n t  i c a  1, t h o u g h  newer  , copy .  

F o r  m o s t  p r o b l e m s  f a c e d  t o d a y  t h i s  s i m p l e  a s s u m p t i o n  i s  t o o  
c o n s t r a i n i n g .  F o r  e x a m p l e ,  i n  d e c i d i n g  when a n d  w h a t  m i c r o -  
c o m p u t e r  t o  b u y ,  t h e  d r i v i n g  f a c t o r  s t h e  a n t i c i p a t e d '  
o b s o l e s c e n c e  o f  any m a c h i n e  p u r c h a s e d .  I n  b u s  r e p l a c e m e n t ,  n e w e r  



b u s e s  c a n  be  e x p e c t e d  t o  h a v e  b e t t e r  f u e l  e f f i c i e n c y .  As t h e  
f e d e r a l  g o v e r n m e n t  i m p o s e d  many d e s i g n  r e s t r i c t i o n s  o n  b u s  
m a n u f a c t u r e r s  i n  t h e  1 9 7 0 t s ,  i n  m a i n t e n a n c e  c o s t s ,  t h i s  i n d u s t r y  
f a c e d  t h e  o p p o s i t e  o f  t e c h n o l o g i c a l  i m p r o v e m e n t  c a l l e d  
t e c h n o  l o g  i c a l  d e g r a d a t i o n .  T h a t  i s ,  t h e  new b u s e s  a v a i l a b l e  c o s t  
m o r e  t o  ma i n t a i n .  T ~ ? c h n o l o g i c a l  d e g r a d a t i o n  a l s o  r e q u i r e s  t h e  
a b i l i t y  t o  m o d e l  c h a n g i n g  t e c h n o l o g y .  

Mode 1s s u c h  a s  t h o s e  o f  Wagner [ 1 9 7 5 1 ,  and  O a k f o r d ,  Lohmann, 
a n d  S a l a z a r  [ I  9 8 4 1  b e g a n  t o  i n c o r p o r a t e  c h a n g i n g  t e c h n o l o g y .  
H o w e v e r ,  t h e  d i s a d v a n t a g e  was t h a t  t h e y  w e r e  u n a b l e  t o  s o l v e  t h e  
i n d e f i n i t e  h o r i z o n  v e r s i o n  o f  t h e  p r o b l e m .  T h a t  i s ,  t h e y  a s s u m e d  
s o m e  f i x e d  s t u d y  h c r i z o n  w i t h o u t  d e t e r m i n i n g  i f  t h i s  c h o i c e  
a f f e c t e d  t h e  s o l u t i o n .  T h e  e f f e c t  o f  t h i s  s h o r t c o m i n g  i s  t h a t  
t h e  m o d e l  h a s  t h e  p o t e n t i a l  o f  m a k i n g  m y o p i c  d e c i s i o n s .  Any 
e q u i p m e n t  r e p l a c e m e n t  m o d e l  e v a l u a t e s  t h e  t r a d e - o f f  b e t w e e n  
p u r c h a s e  p r i c e  a n d  o p e r a t i n g  e x p e n s e s .  I t  i s  a s s u m e d  t h a t  t h e  
m o r e  e x p e n s i v e  t h e  e q u i p m e n t ,  t h e  m o r e  d u r a b l e ,  r e l i a b l e ,  o r  
f l e x i b l e  i t  w i l l  be. I n  o r d e r  t o  a c c u r a t e l y  make t h i s  t r a d e - o f f  
a  s u f f i c i e n t l y  l o n g  s t u d y  h o r i z o n  m u s t  b e  u s e d .  As t h e  s t u d y  
h o r i z o n  i:r s h o r t e n e d ,  t h e  s a v i n g s  i n d u c e d  b y ,  f o r  e x a m p l e ,  b e t t e r  
f u e l  e f f i c i e n c y  a r e  a t t e n u a t e d .  H o w e v e r ,  t h e  h i g h e r  c o s t  o f  t h e  
more  e f f i c i e n t  e q u i p m e n t  i s  n o t .  T h i s  i n d u c e s  a  b i a s  i n  f a v o r  o f  
l e s s  e x p e n s i v e ,  l e s s  e f f i c i e n t  e q u i p m e n t .  I f  a  l o n g  e n o u g h  s t u d y  
h o r i z o n  : IS  u s e d ,  t h i s  e f f e c t  i s  e l i m i n a t e d .  M a t h e m a t i c a l  
t e c h n i q u e s  d e v e l o p e d  i n  t h e  f i e l d  o f  o p e r a t i o n s  r e s e a r c h  c a n  b e  
u s e d  t o  d e t e r m i n e  a  s u f f i c i e n t l y  l o n g  h o r i z o n .  T h e s e  t e c h n i q u e s  
a r e  p r e s e n t e d  i n  Bear1 and  S m i t h  L19841, 

I n  o r d e r  t o  m a k e  a n  a c c u r a t e  a s s e s s m e n t  o f  t h e  e c o n o m i c  
i m p a c t  o f  a 1  t e r n a t  i v e  r e p  l a c e m e n t  s c e n a r i o s  i t  i s  n e c e s s a r y  t o  
m o d e l  b o t h  c h a n g i n g  t e c h n o l o g y  a n d  a n  i n d e f i n i t e  t i m e  h o r i z o n .  
T h e  f i r s t  m o d e l  t o  s u c c e s s f u l l y  a d d r e s s  t h e s e  t a s k s  i s  B e a n ,  
L o h m a n n ,  a n d  S m i t h  [ 1 9 8 5 ] .  T h i s  work w a s  s u p p o r t e d  i n  p a r t  by 
t h i s  g r a n t .  

T h e  b a s i c  t e c h n i q u e  u s e d  t o  s o l v e  t h e  m o d e l  i s  d y n a m i c  
p rogrammir lg  ( s e e  Wagner  [ I  9 7 5 1 ) .  G i v e n  some s t u d y  h o r i z o n ,  t h i s  
t e c h n i q u e  c o n s i d e r s  a l l  p o s s i b l e  s e q u e n c e s  o f  r e p l a c e m e n t s  o v e r  
t h a t  h o r i z , o n  i n  o r d e r  t o  c h o o s e  t h e  m o s t  e c o n o m i c .  The number o f  
s u c h  s e q u e n c e s  i s  v e r y  l a r g e .  H o w e v e r ,  t h e  t e c h n i q u e  c o n s i d e r s  
o n l y  a  s m a l l  s u b s e t  i n  s o l v i n g  t h e  p r o b l e m .  T h e  k e y  t o  t h i s  
t e c h n i q u e  i s  t h e  ------ p r i n c i ~ l e  -- o f  - o ~ t i m a l i t x .  ------- I f  t h e  o p t i m a l  
r e p  l a c e m e l i t  s t r a t e g y  f o r  some h o r i z o n  h a s  a  r e p  l a c e m e n t  i n  y e a r  
n ,  f o r  a n y  n ,  t h e n  t h e  s o l u t i o n  c o n s i s t s  o f  t h e  o p t i m a l  s o l u t i o n  
f o r  y e a r s  1 t h r o u g h  n ,  c o n c a t e n a t e d  w i t h  t h e  o p t i m a l  s o l u t i o n  
f r o m  n  t h i n o u g h  t h e  h o r i z o n .  H e n c e ,  any s e q u e n c e  o f  r e p l a c e m e n t s  
i n c l u d i n g  a  r e p l a c e m e n t  a t  y e a r  n  c a n  b e  d i s r e g a r d e d  i f  i t  i s  n o t  
m a d e  u p  3 f  a  c o n c a t e n a t i o n  o f  t w o  o p t i m a l  s e g m e n t s .  T h e  
a l g o r i t h m  p r o c e e d s  by s o l v i n g  a  o n e 3 p e r i o d  p r o b l e m ,  t h e n  a  two-  
p e r i o d  p r o b l e m ,  e t c . ,  u n t i l  a  p r o b l e m  o f  t h e  d e s i r e d  h o r i z o n  i s  
s o l v e d .  'The i n t e r m e d i a t e  r e s u l t s  a r e  u s e d  t o  s p e e d  u p  s o l u t i o n  
o f  t h e  l a s t  p r o b l e m .  The r e s u l t  i s  a  c o m p u t a t i o n a l l y  e f f i c i e n t  
a l g o r i t h w  f o r  c o n s i d e r i n g  a 1 1  p o t e n t i a l  s o l u t i o n s  t o  p r o b l e m s  
w i t h  t h a t  s t u d y  h o r i z o n .  



T h e  s t u d y  h o r i z o n  c a n  b e  s h o w n  t o  a f f e c t  t h e  s o l u t i o n  i n  
some c a s e s .  H e n c e ,  i t  i s  n e c e s s a r y  t o  c h o o s e  a  s u f f i c i e n t l y  l o n g  
s t u d y  h o r i z o n  t o  c l e a r  t h e  i n i t i a l  r e p l a c e m e n t  d e c i s i o n s  o f  t h e s e  
e r r o r s .  T h e  m o d e l  d o e s  t h i s  a u t o m a t i c a l l y ,  u s i n g  t h e  s t o p p i n g  
r u l e  p r o p o s e d  i n  Bean and S m i t h  C19841. 

Though  t h i s  m o d e l  d o e s  n o t  e x p l i c i t l y  h a n d l e  u n c e r t a i n  d a t a ,  
t h e  f o l l o w i n g  s e c t i o n  d i s c u s s e s  how i t  c a n  b e  u s e d  t o  h e l p  
o v e r c o m e  t h i s  o b s t a c l e .  

D a t a  U n c e r t a i n t y  3. ---- ----------- 
T r a n s i t  p e r s o n n e l  r e p o r t  t h a t  much o f  t h e  d a t a  n e c e s s a r y  t o  

do  l i f e  c y c l e  c o s t i n g  i s  n o t  a v a i l a b l e ,  p a r t i c u l a r l y  f o r  
m a i n t e n a n c e  a n d  f u e l  e f f i c i e n c y .  I n d e e d ,  much o f  t h e  i l l  w i l l  
t o w a r d  l i f e  c y c l e  c o s t i n g  i n  t h e  i n d u s t r y  s e e m s  t o  h a v e  b e e n  
g e n e r a t e d  by t h e  f a c t  t h a t  s u c h  d a t a ,  p r o v i d e d  by s u p p l i e r s ,  h a s  
b e e n  i n a c c u r a t e .  

T h i s  h a s  l e d  many  t o  t a k e  t h e  a t t i t u d e  t h a t  i f  t h e  d a t a a r e  
n o t  known f o r  some a s p e c t  of t h e  p r o b l e m ,  t h a t  a s p e c t  s h o u l d  b e  
i g n o r e d ,  U n f o r t u n a t e l y ,  t h i s  s i m p l i s t i c  v i e w  h a s  u n d e s i r a b l e  
i m p l i c a t i o n s .  F u e l  e f f i c i e n c y  i s  i m p o r t a n t  t o  t h e  e q u i p m e n t  
r e p  l a c e m e n t  d e c i s i o n ,  w h e t h e r  o r  n o t  i t  i s  e x p  1 i c  i t  l y  c o n s i d e r e d  
b y  t h e  d e c i s i o n  m a k e r ,  T h e  d e c i s i o n  t o  i g n o r e  i t  i s  
m a t h e m a t i c a l l y  e q u i v a l e n t  t o  a s s u m i n g  t h a t  t h e  a c t u a l  f u e l  c o s t  
i s  z e r o !  W h i l e ,  f o r  a  new m o d e l  b u s ,  a  t r a n s i t  m a n a g e r  may n o t  
know t h e  e x a c t  f u e l  e c o n o m y ,  i t  i s  k n o w n  t h a t  t h e  f u e l  c o s t  i s  
n o t  z e r o .  I n  f a c t ,  m a n a g e r s  c o m m o ~ i y  know a  r a n g e  i n  w h i c h  i t  i s  
n e a r l y  c e r t a i n  t o  f a l l .  F o r  e x a m p l e ,  o n e  c o u l d  a s s u m e  a  f u e l  
e f f i c i e n c y  b e t w e e n  t h r e e  and f o u r  m i l e s  p e r  g a l l o n .  T h i s  s o r t  o f  
l ' d i s t r i b u t i o n a l "  i n f o r m a t i o n  c a n  b e  u s e d  t o  m a k e  much  m o r e  
e n l i g h t e n e d  d e c i s i o n s  t h a n  c a n  b e  m a d e  b y  i g n o r i n g  f u e l  
e f f  i c  i e n c y  e n t i r e l y .  

T h e r e  a r e  t w o  g e n e r a l  a p p r o a c h e s  t o  d e a l i n g  w i t h  d a t a  
u n c e r t a i n t y .  W h i l e  t h e  a c t u a l  f u e l  e c o n o m y  i s  d e t e r m i n i s t i c ,  
s i n c e  i t  i s  unknown,  some a p p r o x i m a t i o n  m u s t  b e  made, The e r r o r  
i n  t h i s  a p p r o x i m a t i o n  c a n  b e  v i e w e d  a s  a  r a n d o m  e f f e c t ,  T h i s  
r a n d o m n e s s  c a n  b e  i n c o r p o r a t e d  d i r e c t l y  i n t o  t h e  m o d e l  a s  i n  
H o p p ,  B e a n ,  a n d  S m i t h  [ I  9 8 4 1 ,  a n d  B e a n ,  H i g l e ,  a n d  S m i t h  [ 1 9 8 4 1 .  
T h e  s o l u t i o n  t o  t h i s  s t o c h a s t i c  m o d e l  w i l l  I t h e d g e f 1  f o r  t h e  
u n c e r t a  i n t y .  H o w e v e r ,  s u c h  mode 1s g e t  e x t r e m e l y  c o m p l  i c a t e d  and  
a r e  n o t  y e t  t o  t h e  p o i n t  o f  b e i n g  i m p l e m e n t a b l e  i n  t r a n s i t  
p r o p e r t  i e s .  

A 1  t e r n a t i v e l y ,  a  d e t e r m i n i s t i c  m o d e l ,  s u c h  a s  t h a t  p r e s e n t e d  
i n  s e c t i o n  2 ,  c a n  b e  u s e d  t o  d o  s e n s i t i v i t y  a n a l y s i s  o n  t h e  
s o l u t i o n .  F o r  e x a m p l e ,  c o n s i d e r  t h e  u n k n o w n  f u e l  e f f i c i e n c y  
p r o b l e m  f r o m  a b o v e .  T h e  m o d e l  c o u l d  b e  s o l v e d  w i t h  e f f i c i e n c y  
s e t  a t  t h r e e  m i l e s  p e r  g a l l o n ,  a n d  t h e n  a g a i n  w i t h  e f f i c i e n c y  a t  
f o u r  m i l e s  p e r  g a l l o n .  I f  i n  b o t h  c a s e s  t h e  s a m e  r e p l a c e m e n t  
d e c i s i o n  i s  c h o s e n ,  t h a t  d e c i s i o n  w o u l d  n o t  b e  s e n s i t i v e  t o  f u e l  



e f f i c i e n c i e s  i n  t h e  r a n g e  o f  t h r e e  t o  f o u r  m i l e s  p e r  g a l l o n .  
E v e n  t h o u g h  t h e  e x a c t  e f f i c i e n c y  i s  n o t  k n o w n ,  t h e  d e c i s i o n  c a n  
s t i l l  b e  c o n f i d e n t l y  h e l d  t o  b e  o p t i m a l .  I f  t h e  d e c i s i o n s  c h a n g e  
o v e r  t h i s  r a n g e  o f  v a l u e s ,  o n e  c o u l d  c o m p a r e  t h e  e c o n o m i c  i m p a c t  
o f  t h e  c h a n g e .  I f  i t  i s  v e r y  s m a l l ,  t h e  d e c i s i o n  i s  s t i l l  
i n s e n s i t i v e  t o  t h i s  u n c e r t a i n  v a l u e .  

A t  t i m e s  t h e  r a n g e  i n  w h i c h  s o m e  d a t u m  f a l l s  w i l l  b e  w i d e  
e n o u g h  t h a t  t h e  s o l u t i o n  i s  s e n s i t i v e .  T h i s  i s  a n  i n d i c a t i o n  
t h a t  m o r e  r e s e a r c h  m u s t  b e  d o n e  t o  g e t  a  b e t t e r  e s t i m a t e  o f  t h e  
t r u e  v a l u t ? .  E v e n  i f  no b e t t e r  v a l u e  i s  a v a i l a b l e ,  a t  l e a s t  t h e  
m a n a g e r  i s  a w a r e  o f  t h e  p o t e n t i a l  c o n s e q u e n c e s  o f  t h i s  
u n c e r t a i n t y ,  r a t h e r  t h a n  i g n o r i n g  i t ,  a s  i s  d o n e  i n  t h e  l o w - b i d  
a p p r o a c h .  

R e a l i s t i c a l l y  t h e r e  a r e  m a n y  u n c e r t a i n  v a l u e s .  T h e  m o d e l  
c a n  b e  r e r u n  w i t h  c o m b i n a t i o n s  o f  t h e s e  v a l u e s  t o  d e t e r m i n e  
s e n s i t i v  i t y  t o  t h e i . r  u n c e r t a i n t y .  W i t h  a  n o n - c o m p u t e r - b a s e d  
s y s t e m  f o r  e c o n o m i c  a n a l y s i s ,  t h i s  a p p r o a c h  i s  p r o h i b i t i v e l y  t i m e  
c o n s u m i n g ~ ,  H o w e v e r ,  w i t h  a m i c r o c o m p u t e r  s y s t e m  s u c h  a s  t h a t  
p r e s e n t e d  h e r e ,  d o z e n s  o f  s c e n a r i o s  c a n  b e  e v a l u a t e d  i n  t h e  t i m e  
i t  w o u l d  t a k e  t o  do  o n e  by h a n d .  T h i s  p o i n t s  o u t  t h e  n e e d  f o r  a n  
e f f i c i e n t  c o d e ,  a s  m e n t i o n e d  i n  o b j e c t i v e  n u m b e r  3. 

A p p e n d i x  A c o n t a i n s  a  p r i n t o u t  o f  BUSREP, a  c o d e  t o  s o l v e  
b u s  r e p l a c e m e n t  p r o b l e m s .  T h e  c o d e  i s  w r i t t e n  i n  BASIC f o r  a n  
I B M  P C .  T h i s  l a n g u a g e  i s  s u f f i c i e n t l y  t r a n s p o r t a b l e  t h a t ,  w i t h  
m i n o r  m o d i f i c a t i o n s ,  i t  c o u l d  b e  r u n  o n  a n y  m i c r o c o m p u t e r  s y s t e m  
t h a t  s u p p c l r  ts BASIC. 

T h i s  c o d e  i n c o r b p o r a t e s  t h e  s t a t e - o f - t h e - a r t  e n g i n e e r i n g  
e c o n o m i c  t e c h n o l o g y  f o r  e q u i p m e n t  r e p l a c e m e n t .  H o w e v e r ,  i t  i s  
i m p l e m e n t e d  i n  s u c h  a  way t h a t  a n y o n e  e x p e r i e n c e d  w i t h  m i c r o -  
c o m p u t e r s  a n d  b u s  r e p l a c e m e n t  p r o b l e m s  s h o u l d  b e  a b l e  t o  u s e  i t  
a f t e r  v i e w i n g  t h e  u s e r ' s  g u i d e  i n  A p p e n d i x  D. 

T h i s  c o d e  i s  d e s i g n e d  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  u s i n g  
s t a t e - o f - t h e - a r t  e n g i n e e r i n g  e c o n o m i c  a n d  o p e r a t i o n s  r e s e a r c h  
t e c h n i q u e s  t o  s o l v e  a c t u a l  t r a n s i t  p r o b l e m s .  To b e  w i d e l y  u s e d  
b y  t r a n s i t  p r o p e r t y  p e r s o n n e l ,  t h e  c o d e  m u s t  g o  t h r o u g h  a  
d e v e l o p m e n t  p h a s e .  T h i s  i n v o l v e s  t a i l o r i n g  t h e  f r o n t  e n d  a n d  
b a c k  e n d  o f  t h e  c o d e  t o  f i t  c l o s e l y  w i t h  t h e  j a r g o n  a n d  
c o n v e n t  i o n s  c u r r e n t l y  u s e d  by t r a n s i t  p e r s o n n e l .  T h e  c o d e  h a s  
b e e n  d e s i g n e d  s o  t h . a t  s u c h  a l t e r a t i o n s  s h o u l d  b e  s t r a i g h t -  
f o r w a r d .  

O n e  a r e a  o f  e x t e n s i o n  i s  t h e  p o t e n t i a l  t y p e s  o f  c h a n g i n g  
t e c h n o l o g y .  T h e  c o d e  c u r r e n t l y  c o n t a i n s  t h r e e  t y p e s  c o m m o n l y  
f o u n d  i n  e q u i p m e n t  r e p l a c e m e n t  p r o b l e m s .  As t h i s  s y s t e m  i s  
f u r t h e r  d e v e l o p e d ,  o t h e r  t y p e s  o f  p a r t i c u l a r  i n t e r e s t  i n  t h e  
t r a n s i t  i n d u s t r y  w i l l  b e  d i s c o v e r e d .  T h e s e  e x t e n s i o n s  c a n  e a s i l y  
b e  a d d e d  t o  t h e  s y s t e m .  



T h e  s y s t e m  c a n  a l s o  b e  u s e d  t o  s t u d y  v a r i o u s  s c e n a r i o s  o f  
f u t u r e  f e d e r a l  a s s i  s t a n c e  p r o g r a m s .  F o r  e x a m p l e ,  t h e  i n p u t  d a t a  
c o u l d  r e f l e c t  o n l y  t h e  t r a n s i t - p r o p e r t y ' s  p o r t i o n  o f  c o s t s  f o r  
e a c h  f u t u r e  y e a r .  E a c h  s c e n a r i o  w o u l d  l e a d  t o  a  d i f f e r e n t  d a t a  
s e t ,  b a s e d  on a  c h a n g i n g  f e d e r a l  c o n t r i b u t i o n .  C u r r e n t l y ,  t h i s  
t y p e  o f  s t u d y  m u s t  b e  d o n e  b y  a l t e r i n g  t h e  d a t a  f i l e  t o  r e f l e c t  
e a c h  s c e n a r i o .  I n  t h e  d e v e l o p m e n t  p h a s e ,  t h e  a b i l i t y  t o  do s u c h  
a n a l y s i s  c o u l d  b e  i n c l u d e d  a s  a n  a u t o m a t i c  f e a t u r e .  

T h e r e  a r e  many o t h e r  p o t e n t i a l  e n h a n c e m e n t s  o f  t h i s  b a s i c  
s y s t e m .  H o w e v e r ,  a s  t h e y  a r e  a d d e d ,  t h e  s y s t e m  w i l l  g e t  s l o w e r  
a n d  l e s s  t r a n s p o r t a b l e .  O n e  o f  t h e  p r i m a r y  t a s k s  o f  a  
d e v e l o p m e n t  p h a s e  w i l l  be  d e t e r m i n i n g  w h i c h  e n h a n c e m e n t s  a r e  
w o r t h  t h i s  c o s t .  

5. Summar l  a n d  C o n c l u s i o n s  ------ --- ---------- 
I n  t h e  p a s t  t w o  y e a r s  we h a v e  a t t e m p t e d  t o  e v a l u a t e  t h e  

e q u i p m e n t  r e p  l a c e m e n t  p r o b l e m s  f a c i n g  t r a n s i t  p r o p e r t i e s ,  and  u s e  
t e c h n i q u e s  f r o m  e n g i n e e r i n g  e c o n o m i c  a  a n d  o p e r a t i o n s  r e s e a r c h  t o  
i m p r o v e  t h e  c a p a b i l i t y  t o  s o l v e  t h e s e  p r o b l e m s .  T h e  p r i m a r y  
d e f i c i e n c i e s  i n  c u r r e n t  s o l u t i o n  m e t h o d s  w e r e  s e e n  t o  b e  d a t a  
u n a v a i l a b i l i t y  and u n c e r t a i n t y ,  and l a c k  o f  s o p h i s t i c a t i o n  i n  t h e  
s t a t e - o f - t h e - a r t  m o d e l s .  T h i s  r e s u l t e d  i n  t h e  u s e  o f  s i m p l i s t i c  
a n d  i n a c c u r a t e  a p p r o a c h e s  s u c h  a s  l o w e s t  b i d .  

New m o d e l s ,  s u c h  a s  t h o s e  o f  B e a n ,  L o h m a n n ,  a n d  S m i t h  
[ 1 9 8 5 1 ,  w e r e  d e v e l o p e d  t o  h a n d l e  b o t h  c h a n g i n g  t e c h n o l o g y  a n d  
i n d e f i n i t e  s t u d y  h o r i z o n s ,  s o  t h a t ,  f o r  t h e  f i r s t  t i m e ,  p r o b l e m s  
o f  t h e  c o m p l e x i t y  f o u n d  i n  t h e  t r a n s i t  i n d u s t r y  c o u l d  b e  s o l v e d  
a c c u r a t e l y ,  

T h i s  m o d e l  c a n  b e  u s e d  t o  do  s e n s i t i v i t y  a n a l y s i s  o n  t h e  
u n c e r t a i n  d a t a  p o i n t s .  I n  t h i s  way d e c i s i o n s  c a n  b e  made by 
k n o w i n g  o n l y  r a n g e s  o f  v a l u e s  f o r  d a t a  s u c h  a s  f u e l  e f f i c i e n c y  
and m a i n t e n a n c e ,  r a t h e r  t h a n  n e e d i n g  e x a c t  v a l u e s .  H o w e v e r ,  t h i s  
t e c h n i q u e  is compu t e r - i n t e n s i v e  a n d  r e q u i r e s  f a s t  m i c r o c o m p u t e r  
c o d e s .  

F i n a l l y ,  a  c o d e  w a s  w r i t t e n  i n  BASIC o n  a n  I B M  PC t h a t  i s  
f a s t  e n o u g h  t o  do t h i s  a n a l y s i s .  

F o l l o w i n g  i a  a  l i s t i n g  o f  t h e  c o d e  a n d  a  u s e r ' s  g u i d e .  T h e  
g u i d e  i n c l u d e s  a  g e n e r a l  d e s c r i p t i o n  o f  t h e  c o d e  a n d  a  d e t a i l e d  
r u n - t h r o u g h  o f  t h e  i n p u t  r e q u i r e m e n t s .  A l s o  i n c l u d e d  i s  a  s a m p l e  
o f  i n p u t  and o u t p u t .  

A c k n o w l e d g e m e n t  -------- ----- 
We w o u l d  l i k e  t o  t h a n k  K o t h  G a n e s h  f o r  c r e a t i n g  t h e  c o d e  

BUSREP. 
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L l s t t n g  of BUSREP a t  1 5 : 3 6 : 3 7  on J U N  24.  1985 f o r  C C l d = K 8 6 K  P a g e  2 

570 P R I N T  "**ERROR+* M a x l m u m  n u m b e r  of defenders m u s t  be t w o ( 2 ) "  
580 P R I N T  " C u r r e n t  value t s  * NUM : B E E P  : GOT0 5 4 0  
590 P R I N T  W1.NUM 
600 P R I N T  "How m a n y  bus vendors are I n v o l v e d 7 ( m a x l m u m  of 4 ) "  
610 I N P U T  NUMCHALL : NOMC =NUMCHALL + NUM 
620 P R I N T  #l .NUMCHALL 
630 CLS 
640 FOR J = NOMC TO 1 STEP -1  
650 I F  J > NUMCHALL THEN 790 
660 P R I N T  E n t e r  n a m e  of prospective bus f o r  servlce" 
6 7 0  I N P U T  T I T L E S f J )  : P R I N T  
680 P R I N T  Y l . T I T L E S ( J )  
690 P R I N T n E n t e r  m a x l m u m  service l i f e  of  the bus(ln y e a r s . b e t w e e n  0 a n d  100)" 
7 0 0  I N P U T  N A G E ( J )  : P R I N T  
7 1 0  I F  N A G E ( J )  > 0 THEN 7 4 0  
7 2 0  P R I N T  ""ERROR** S e r v i c e  L i f e  m u s t  he a  n o n - z e r o .  p o s l t l v e  ent ry"  
730 P R I N T  " C u r r e n t  v a l u e  of servlce l i f e  I s  " NAGE(J) :BEEP:GOTO 690 
7 4 0  P R I N T  # l . N A G E ( J )  
7 5 0  P R I N r  " E n t e r  p u r c h a s e  c o s t s  o f  the n e w  bus" 
7 6 0  I N P U T  F C O S T ( J )  : P R I N T  : I F  FCOST < 0 THEN 7 5 0  
7 7 0  P R I N T  # 1. FCOST ( J) 
7 8 0  G O i O  890 
7 9 0  P R I N T  * E n t e r  n a m e  of current b u s  In operation " 
800 I N P U T  T I T L E S ( J )  : P R I N T  
810 P R I N T  I 1  . T I T L E S (  J) 
8 2 0  PRINT * E n t e r  m a x i m u m  servlce l l f e  of current bus ( In  y e a r s . b e t w e e n  0 and 1 0 0 1 "  
830 I N P U T  N A G E ( J )  : P R I N T  : I F  N A G E t J )  0 THEN 850 
8 4 0  P R I N T  " C u r r e n t  value of servlce l l f e  I s  * N A G E ( J )  : 8EEP:GOTO 8 2 0  
850 P R I N T  Y l . N A G E ( J )  
860 P R I N T "  E n t e r  s a l v a g e  value of current bus ( I f  any)" . 
870 I N P U T  S V ( J )  : P R I N T  : I F  S V ( J )  < 0 THEN 860 
880 P R I N T  # 1 , S V ( J )  
890 P R I N T  ' E n t e r  costs w h l c h  occur p e r l o d t c a l l y  ( N o t  year ly  costs)"  : P R I N T  
900 P R I N T  E n t e r  n u m b e r  of  per lodlc c o s t s  ( M a x l m u m  of 3 ) "  
9 10 I N P U T  PERCOST( J) 
9 2 0  P R I N T  I t ,  PERCOST( J) 
930 FOR I = 1 TO P E R C O S T ( J )  
9 4 0  P R I N T  . E n t e r  n a m e  of per iodic c o s t  n u m b e r  " I 
950 I N P U T  COSTS( J. I )  
960 P R I N T  # l . C O S T S ( J . I )  
970 P R I N T  * E n t e r  current " C O S T S ( J . 1 ) "  cos ts . In te rva l ( l n  y e a r s l b e t w e e n  e x p e n d i t u r e  " 
980 I N P U T  B T C F ( J . I . O ) . N ( I . J )  : I F  B T C F ( J . I . 0 )  < 0 THEN 970 
990 I F  N ( 1 . J )  > 0 THEN 1 0 2 0  
1000 P R I N T  " **ERROR*+ In te rva l  should be a non-zero. p o s l t t v e  entry " 
I 0 1 0  P R I N T  " C u r r e n t  value of In te rva l  IS " N(1 ,d ) :BEEP:GOTO 9 7 0  
1 0 2 0  P R I N T  # l . B T C F ( J . I . O ) . N ( I . J )  
1030 P R I N T  " E n t e r  " C O S r $ ( J . I ) "  cost a t  future periods 
1 0 4 0  I N P U T  VALIJE(1.J) : P R I N T  : I F  V A L U E ( 1 . J )  < 0 THEN 1 0 3 0  
toso PRINT II.VALUE(I.J) 
1060 FOR T  = N ( 1 . J )  TO N A G E ( J )  STEP N(1.J) 
$ 0 7 0  BTCF(J .1 .T)  = V A L U E ( 1 . J )  
1080 NEXT T  
1090 NEXT I 
1  1 0 0  FOR I = 1 TO PERCOST( J) 
1 1  1 0  B T C F ( J . I . N A G E ( J ) )  = 0 
1 1 2 0  NEXT I 
1 1 3 0  P R I N T  " N o w  enter O p e r a t l n g  C o s t s ,  w h l c h  occur year ly"  : P R I N T  
1 1 4 0  P R I N T  * E n t e r  n u m b e r  of  a n n u a l  costs ( M a x l m u m  of 3 ) "  



P a g e  3 

1 1 5 0  I N P U T  ANNUALCOST(J) 
1 1 6 0  P R I N T  X l . A N N U A L C O S T ( J )  
1 1 7 0  TOTCOST(J)  = P E R C O S T f J )  + ANNUALCOST(J)  
1  180 FOR I = (PERCOST(J)+I) TO TOICOST(J) 
1 1 9 0  P R I N T  " E n t e r  n a m e  of a n n u a l  cost n u m b e r "  ( I .- PERCOST( J) ) 
1 2 0 0  I N P U T  C O S T S ( J . 1 )  : P R I N T  
1 2 1 0  P R I N T  # I  .COSTS( J. I) 
1 2 2 0  P R I N T  * E n t e r  * C O S T S ( J . 1 )  " costs " 
1 2 3 0  I N P U T  B T C F ( J . I . l )  : P R I N T  - I F  B T C F ( J . I . 1 )  < 0 THEN 1 2 2 0  
1 2 4 0  P R I N T  X l . B T C F ( d . I . 1 )  
1 2 5 0  FOR T  = 2 TO NAGECJ)  
1 2 6 0  B T C F ( J . 1 . T )  = B T C F ( J . 1 . T - I )  
1 2 7 0  NEXT T  
1 2 8 0  NEXT I 
1290 R E M : + + + + + * + + + + + + + + * * + ~ + * I * + + + + * + + * C * + + + + * + + * + * + * + * * + +  
1 3 0 0  R k M  ENTER FUNCTIONAL R E L A T I O N S H I P S  FOR SUCCESSORS 
I 1  1 0  R I M  I N I T I A L I Z E  FUNCTIONS 
l J l O  R t M  
1 3 3 0  IF J >NUMCHALL THEN 1 6 3 0 : ' ~ 0 ~  DEFENDER(S).SKIP FUNCTIONAL EQUATIONS 
1 3 4 0  P R I N T  " D o  C o s t  H i s t o r i e s  r e p e a t  ( V / N ) *  
1 3 5 0  I N P U T  R J ( J )  : P R I N T  
1 3 6 0  P R I N T  W l . R $ ( J )  
1 3 7 0  I F  R S ( J ) = " N "  THEN 1 4 4 0  
1 3 8 0  FOR T  = 0 TO STUDYPER 
1 3 9 0  FOR I = 0 TO T O T C O S T ( J )  
1 4 0 0  F U N ( J . 1 . T )  = 1  
1 4 1 0  NEXT I 
1 4 2 0  NEXT T  
1 4 3 0  GOT0 1 6 3 0  
1 4 4 0  P R I N T  " E n t e r  techriologlcal c o e f f i c i e n t s ( a s  a d e c i m a l ) "  : P R I N T  
1 4 5 0  I N P U T  " 00 P u r c h a s e  costs have c o e f f i c t e n t s ( Y / N ) "  ;P$ 
1 4 6 0  P R I N T  X 1 , P S :  I F  P S  = " N "  THEN 1500 
1 4 7 0  P R I N T  E n t e r  coe f f l c len ts  f o r  P u r c h a s e  costs " . P R I N T  
1 4 8 0  I N P U T  A ( O . J ) . G ( O . J ) . B ( O . J ) . C ( O . J )  
1 4 9 0  P R I N T  X l . A ( O . J ) . G ( O . J ) , B ( O . J ) . C ( O . J )  
1500 FOR I = 1 TO TOTCOST(J) 
1 5 1 0  P R I N T  " D o  " C O S T t ( J . 1 )  " costs h a v e  c o e f f i c t e n t s ( V / N ) "  
1 5 2 0  I N P U T ' C )  : P R I N T  #1 .C$ 
1 5 3 0  I F  CS = "N" THEN 1 5 7 0  
1 5 4 0  P R I N T  " E n t e r  coe f f i c i en t s  fo r  " C O S T S ( J . 1 )  * costs " 
1 5 5 0  I N P U T  A(I.J).G(I.J).B(I.J).C(I.J) : P R I N T  
1 5 6 0  P R I N T  YI.A(I.J).GfI.J).B(I.J).C(I.J) 
1 5 7 0  NEXT I 
1580 FOR T  = 0 TO STUDYPER 
1 5 9 0  FOR I = 0 TO TOTCOST(3)  
1 6 0 0  FUN(J.I.T)=(~+A(I.J)*T)*((~+G(I.J))~T~*(~+~~I.~~*(~-C(I.~)~T)) 
1 6  I0 NEXT I 
1 6 2 0  NEXT T  
1630 NEXT J 
1 6 4 0  CLOSE U 1  
1650 GOT0 1 7  10 
1660 R E M : + * + + l F  DATA ALREADY EXISTS.READ I T  FROM APPROPRIATE DATA F I L E  
1 6 7 0  GOSUB 3 8 2 0  
1 6 7 2  GOT0 1 7  1 0  
1 6 7 4  REM:***+GO TO CHANGE ROUTINE I F  ONLY SOME DATA I S  TO B E  ALTERED 
1 6 7 5  GOT0 5000 
1 6 7 6  REM :WRITE A L L  DATA BACK I N T O  T I L E  
1 6 7 7  GOSUB 6000 
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1 6 7 8  GOSUB 3 8 3 0  
1680 R E M : + + * * + + f * f + * * + * + * + * + + + + + + + t + + * * * * + + t + + + + + + + + + + * + + + * + * + +  
1690 REM:ECHO I N P U T  D A T A  FOR A L L  BUSES 
1 7 0 0  REM 
1 7 1 0  L P R I N T  T A B ( 1 0 ) : L P R I N T  C H R S ( l 4 ) + C H R $ ( 2 7 ) + C H R $ ( 7 1 ) ; *  B U S  REPLACEMENT A N A L Y S I S  " :  L P R I N T  C H R $ ( 2 7 ) + C k i R S ( 7 2 ) :  L P R I N T  L 
P R I N T :  L P R I N T  
1 7 2 0  L P R I N T  T A B ( 1 0 ) : L P R I N T  C H R f ( 2 7 ) : " E n ; *  D e p a r t m e n t  of  I r i d u s t r l a l  and O p e r a t i o n s  E n g i n e e r i n g  " :  L P R I N T  T A B ( 1 0 ) :  L P R I N T  
" T h e  Un lve rs i t y  of  M t c h i g a n  " 
1 7 3 0  L P R I N T  T A B ( 1 0 )  : L P R I N T  * A n n  A r b o r .  M l c h l g a n  4 8 1 0 9 .  * : L P R I N T  C H R S ( 2 7 ) : " F " :  L P R I N T  : L P R I N T  
1 7 4 0  L P R I N T  ' D A T E  OF R U N  : " D A T E S  : L P R I N T  
1 7 5 0  L P R I N T  . T l M E  OF R U N  : " T I M E S  : L P R I N 1  : L P R I N T  
1 7 6 0  L P R I N T  * * + + + + + + * * + + * * f + + C + + + + + * + + * + + * * * * "  

1 7 7 0  L P R I N T  C H R S ( 1 4 ) ;  ' I N P U T  D A T A  ECHO " 
1 7 8 0  LPRINT * + + + + + * + * + + + ~ + * * * + + + * * * + + t ~ + + + + + + + + * + + + * + * + + + * * + ~  

1 7 9 0  L P R I N T  
I 8 0 0  L P R I N f  * NUMBER OF B U S E S  : * .NOMC : L P R I N T  
1 8 1 0  l P R l N l  " STUDY P E R I O D  : " .STUDYPER " Y e a r s "  : L P R I N T  
I L I ' H I N T  " I N T E R E S T  RATE : " .RATE : L P R I N T  
1 8 3 0  FOR J = 1  TO NOMC 
$ 8 4 0  LPRINT " * + + + * + * * + * + C + * * + * * * + * * + + + * + + * * + + + * * + * L + * + * + + + * * + ~ ~  
1 8 5 0  L P R I N T  
1 8 6 0  L P R I N T  " NAME OF B U S  : " . T I T L E $ ( J )  : L P R I N T  
1 8 7 0  L P R I N T  " S E R V I C E  L I F E  OF B U S  : " . N A G E ( J )  ' Y e a r s "  L P R I N T  
1880 I F  J <=  NUMCHALL T H E N  1 9 1 0  
1890 L P R I N T  " SALVAGE VALUE OF 8 U S  : " . S V ( J )  " D o l l a r s "  : L P R I N T :  L P R I N T  
1 9 0 0  GOT0 1 9 2 0  
1910 L P R I N T  " PURCHASE COST OF B U S  : " . F C O S T ( J )  " D o l l a r s "  : L P R I N T . L P R I N T  
1 9 2 0  L P R I N T  T A B ( 3 5 )  P E R I O D I C  COSTS " 
$ 9 3 0  L P R I N T  T A B ( 3 5 ) " - - - - - - - - - - - - - - - - - "  

1 9 4 0  L P R I N T  
1950 L P R I N T  T A B ( 3 0 )  " CURRENT FUTURE I N T E R V A L "  
1960 L P R I N T  T A B ( 3 0 )  " ( D o l l a r s )  ( D o 1  t a rs )  ( Y e a r s )  
1 9 7 0  FOR I = 1 TO P E R C O S T ( J )  
1980 L P R I N T  T A B ( 5 )  
1 9 9 0  L P R I N T  USING1 ' \  \ " ; C O S T $ ( J . I ) ; : L P R I N T  U S I N G  " ##.U#U";BTCF(J.I.O);:LPRINT U S I N G  " 

UU,#UI-;VALUE(I.J)::LPRINT USING w .+U-;N(I,J) 
2000 L P R I N T  
2 0  10 NEXT I 
2 0 2 0  L P R I N T  T A B ( 3 5 ) "  ANNUAL COSTS " 
2 0 3 0  L p R I N T  T A B ( 3 5 ) " - - - - - - - - - - - - - - "  
2 0 4 0  L P R I N r  
2 0 5 0  L P R I N r  T A B ( 3 O )  " CURRENT" 
2060 L P R I N T  T A B ( 3 O )  " ( O o l l a r s ) "  
2070 FOR I = PERCOST(J)+ l T O  TOTCOST( J) 
2 0 8 0  L P R I N r  T A B ( 5 )  
2 0 9 0  L P R I N T  U S I N G  '\ \ " ; C O S T S ( J . I ) ; : L P R I N T  U S I N G  " # # . # # U n : B T C F ( J . I . 1 )  
2 1 0 0  L P R I N T  
2 1 1 0  NEXT I 
2 1 2 0  NEXT J 
2 1 3 0  F H  = 1 : I T I M  = 1  
2  1 4 0  NMAX = NAGE ( 1  ) 
2 1 5 0  FOR J = 2  TO NOMC 
2 1 6 0  I F  N A G E ( J )  <= NMAX T H E N  2 1 8 0  
2 1 7 0  NMAX = N A G E ( J )  
2 1 8 0  N E X T  J 
2 1 9 0  R E M : + + f + * f + + f + * * + * + * + t . I * + + * * C * * * * * * * * * * I * * * * * * * * * * *  

2 2 0 0  REM: COMPUTE D I S C O U N T  FACTORS 
2 2 1 0  REM 



of BUSREP a t  1 5 : 3 6 : 3 7  on J U N  2 4 .  1 9 8 5  

2 2 2 0  P W F ( 0 )  = 1 
2 2 3 0  FOR T - 1 TO STUOYPER : P W F ( T )  = P W F ( T - 1 ) / ( 1  + RATE)  : NEXT 
2 2 4 0  RE#:**+***********S***~****+**********+**********~* 
2 2 5 0  REM MAKE A L L  COSTS N E G A T I V E  
2 2 6 0  FOR J = 1 TO NOMC 
2 2 7 0  FOR I = 1 TO TOTCOST(J)  
2 2 8 0  FOR T = 0 TO NAGE( J) 
2390 UTCF!J.I.T! - - (BTCF!J. : .T) )  
2 300 NEXT T 
2 3 1 0  NEXT I 
2 3 2 0  NEXT J 
2330 REM:++***f***+***++*****+**t+**++*L************+*** 
2 3 4 0  REM:COMrUTE PRESENT VALUES OF CASH FLOWS 
2 3 5 0  P R I N T  
2 3 6 0  P R I N T W E E G I N  COMPUTATIONS OF PRESENT WORTH " : P R I N T  
2 3 7 0  FOR J = I TO NOMC 
2380 I F  F C O S T f J )  > 0 T H F N  FCOS+!J! = -!FCOST!J!! 
2390 C R C ( J )  = F C O S T ( J )  + S V ( J )  
2 4 0 0  R E M : + + + * * + * + ~ * + + + * + * * + * * * * + * * * * * * * + * + * * * * * * * * + * * * *  
2 4 1 0  REM:COMPUTE PRESENT VALUE OF C A P I T A L  RECOVERY AND COSTS 
2 4 2 0  REM 
2 4 3 0  B T C F ( J . O . 0 )  = C R C ( J )  : N P V ( J . 0 )  = B T C F ( J . O . 0 )  
2 4 4 0  FOR T = 1 TO N A G E ( J )  
2 4 5 0  FOR I = 0 TO T O T C O S T ( J )  
2 4 6 0  ETCF(J.I.T) = BTCF(J.I.T-1) + BTCF(J . I .T ) *PWF(T)  
2 4 7 0  NPV(J.T)  = N P V ( 3 . T )  + B T C F ( J . 1 . T )  
2 4 8 0  NEXT I 
2 4 9 0  NEXT T 
2 5 0 0  I F  J <=NUMCHALL THEN 2 5 2 0  
2 5 1 0  FOR T = ( N A G E ( 3 )  + 1 )  TO STUOYPER : N P V ( J . 1 )  = - 1 E + 3 1  : NEXT T 
2 5 2 0  NEXT J 
2 5 3 0  PRINT'ENO COMPUTATIONS OF PRESENT W 0 R T t i " : P R I N T : P R I N T  
2 5 4 0  REM:*+++++f*****++********I****+*******************++* 
2 5 5 0  REM 
2 5 6 0  REM:USE DYNAMIC PROGRAMMING AN0 COMPUTE RESULTS 
2 5 7 0  REM 
2 5 a o  IF (NFLAGS = - v n )  AND (NUM = I) THEN 2 6 4 0  
2 5 9 0  I F  (NFLAGf = " Y N )  AND (NUM = 2 )  THEN 2 6 8 0  
2 6 0 0  FOR T = 0 TO STUOYPER 
2 6 1 0  JSEQ(T)  = 0 : TSEQ(T)  = 0 : P X S T M ( T )  = - 1 E + 3 1  : NEXT 
2 6 2 0  N J  = NOMC 
2 6 3 0  GOT0 2 7 8 0  
2 6 4 0  FOR T = 0 TO STUOYPER 
2650 JSEO(T) NOMC : T S E Q ( T )  = - 1  : P X S T M ( T )  NPV(N0MC.T) : NEXT 
2 6 6 0  N J  = NOMC - 1 
2 6 7 0  GOT0 2 7 8 0  
2 6 8 0  FOR T = 0 TO STUDYPER 
2 6 9 0  T S E O ( T )  = - 1  
2 7 0 0  I F  NPV(N0MC.T)  <= NPV( NOMC- 1 . T )  THEN 2 7 4 0  
2 7 1 0  J S E O ( T )  = NOMC 
2 7 2 0  P X S T M ( T )  = NPV(NOMC.T) 
2 7 3 0  GOT0 2 7 6 0  
2 7 4 0  J S E Q ( T )  = NOMC - I 
2 7 5 0  P X S T M ( 1 )  = NPVtNOMC -1.1) 
2 7 6 0  NEXT T 
2 7 7 0  N J  = NOMC - NUM 
2 7 8 0  P X S T M ( 0 )  = 0 
2790 ~ ~ " : * * * * ~ * . * " * * L " * * * * * . * . ~ L f * * * t t * * - * t * * * * - ~ -  



L i s t i n g  of  BUSREP a t  15:36:37 on JUN 24. 1985 fo r  C C i d = K 8 6 K  

2800 REM:COMPUTE V A L U E S  OF J S E Q ( T ) . T S E Q ( T ) . P ( X S . T . M )  
28 t0 REM 
2820 P R I N T  " C O N S I D E R I N G  P E R I O D  NUMBER. " 
2830 PRINT w - - - - - - - - - - - - - - - - - - - - - - - - - - w  

2840 FOR TA = 1 T O  S l U D Y P E R  : P R I N T  TA ; 
2850 FOR J = 1 T O  NJ 
2860 I F  ( T A  - N M A X )  < 0 T H E N  X = 0 E L S E  X = ( T A  - NMAX) 
2870 FOR TR = X TO ( T A  - 1) 
2880 N = T A  - TR 
2890 I F  R $ ( J )  = "N '  T H E N  2920 
2900 PJTN = P X S T M ( T R 1  + N P V ( J . N ) * P W F ( T R )  
29 10 GOT0 2960 
2920 P J T N  = PXSTM(  r R )  
2930 FOR I = 0 TO TOTCOST( J )  ' 
2940 PJTN = P J T N  + BTCF(LJ.P.N)*(FUN~J,I.TR))*PWF(TR) 
2950 NEXT I 
:"3(,$) IF P ~ T N  <= P X S T M ( T A )  TIEN 2990 
.) '> r 1 ) PXSTM( r A )  = P J r N  
23.30 J S E Q t l A )  = J T S E Q ( T A )  = TR 
2990 NEXT TR 
3000 NEXT J 
3010 REM.+*+*++*+~**+**+~***+'+,**+******* 

3020 REM S T O P P I N G  RULE 
3030 REM 
3040 I F  S L F H $ = " N "  T H E N  3170 
3050 K = T A  
3060 I F  T S E Q ( K )  <= 0 T H E N  3090 
3070 K = T S E Q ( K )  
3080 GOT0 3060 
3090 I O E C ( T A )  = J S E Q f K )  
3100 I F  ( I D E C ( F H )  < > I D E C ( T A ) )  OR ( I T I M  <>K)  T H E N  3140 
3110 I S T P = T A - F H +  1 
3120 I F  I S T P  = NMAX T H E N  3210 
3130 GOT0 3160 
3140 ~ H = T A  
3150 I T I M  = K 
3160 I F  T A  = STUDYPER THEN 3210 
3170 NEXT T A  
3180 REM 
3190 REM:ENO OF S T O P P I N G  RULE 
3200 REM:*f+***++***+*f******,+++****+*+**** 
3210 PH = TA 
3220 STUDVPER = PH 
3230 P R I N T  : P R I N T : P R I N T  " C A L C U L A T I O N S  OVER" : P R I N T  : P R I N T  
3240 B E E P  
3250 R E M : f f * f + * + + * + f * * * * * * * + * * + * * * * t * * * * * * * * * * * * * * * * * * * * * * *  
3260 REM:PRINT R E S U L T S  OF THE D Y N A M I C  PROGRAM 
3270 REM 
3280 I O E C ( 0 )  = 0 
3290 I F  LONG$ = "N" T H E N  3400 
3300 L P R I N T  CHRS ( 12) 
3310 L p R l N T  ~ + + + + * * * + + * * * + * * f * + * + * * + L I * * + + * * * * * * * * * * * * * * * * * * * * * * * * * * + + ~  

3320 L P R I N T  CHRS( 14): " R E S U L T S  " 
3330 L P R [ N T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3340 L P R I N T  : L P R I N T  C H R S ( 2 7 ) ;  " E "  
3350 L P R I N T  " T I M E  ASSET T I M E  I N S T A L L E D  PRESENT VALUE ' 
3360 L p R I N T  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3370 FOR T = 0 TO STUDYPER 















APPENDIX B.: SAPPLE DATA INPUT 

bJELCCIP1E TO BCISRE:F', A F'ROGR,At'I THAT A I US T i4 REF'I-RCEMENT ECONOMY DEE I S  I ON MAI::: I NG 
.... __.__----_-__-____----------,----- ........................................................ 

Main prugr-am inemu 
Run new da ta . . . . . . .En%er  1 
R ~ t n  o l d  da ta . .  . . . .  .Er i ter -  2 
Change o l d  data . .  . . E n t e r  3 

Enter -  number uf  your c h l ~ i c e  ': 1. 
En te r  name of  f i l e  i n  w h i r h  d a t a  w l i l  Sr s t o r e d  ? BUS.DAT 

E n t a r  Study per- i  od f o r  .the anal v s i  s ! i n  year-8, between 0 and 100) 
58 

En te r  I n t e r e s t  r a t e  t o  be  used i n  cs. lc l , ! lat ions(~as a dec ima l )  
? m l  

1:)o you want sav ings  r e p o r t e d  (Y/N) 
3 Y 

i r n t e t -  Study p e r i o d  f o r  . t h e  +rnalsy,si s i i n  ,years ,between 0 and 100) 

t l r? ter  l'ni-.ere.;t r a t e  t.o he c!sed in c a l c u l a t i o n s ! a s  a dec ima l )  
7 . I  

.-. i-!o yoi.\ want ?=avi ngs r e p o r t e d  ( ' f i ' N )  
'7 y 

Uo yoLi want t o  use t h e  ,s%apping r u l e  !Y /N I  
':" 'u' 

E,:, vau want t.he l o n g e r  v e r s i o n  of: t h e  oc!tpt!t pr-i.r!%zd (YJ'N) 
> .  .", . 1 

Ijoes a clef ender e:.: i st f slr % h i  .+; ana l  y.si c; (\i"'N) 
7 y 

I f  w defender  e:. : is%s,i tcj  d a t ,  i s  r c a d  f i r s t  . 
Enter- number- o f  defender- ls) , !ma:.: i m u m  oi 2 )  



,En te r  name o f  c u r r e n t  bus i n  o p e r a t i o n  
7 OLDBUS 

Enter  ma:,:imum s e r v i c e  l i f e  o f  c u r r e n t  bus ( i n  year5,between 0  and 100) 
? 7 

Enter  sa lvage va lue  o f  c u r r e n t  bus ( i f  any) 
? 2800 

Enter  c o s t s  which occur p e r i o d i c a l l y  iNat y e a r l y  c a s t s )  

Enter  nc.\mber o f  p e r i o d i c  ~ o i t s  iMa:,:im~cm o f  3) 
? 1 

Enter  name a f  p e r i o d i c  c o s t  number 1  
? ENGINE OVERHAUL 

Enter  c u r r e n t  ENGINE OVERHAUL c o s t s , I n t e r v a l ( i n  years)between expend i tu re  
? 5000,5 
Enter  ENGINE OVERHAUL c o s t  a t  f u t u r e  p e r i o d s  
3 5000 - - 

En ter  number o f  annual c o s t s  (Maximum o f  3) 
T.l :- 1 
Enter  name o f  annual c o s t  number 1 

? FUEL 

Enter  FUEL c o s t s  
3 30000 

En te r  name o f  p r o s p e c t i v e  bus f o r  s e r v i c e  
? GM 

Enter  ma:<imum s e r v i c e  l i f e  o f  t h e  b u s ( i n  years,between 0 and 100) 
? 1s 

Ente r  pccrchase c o s t s  o f  t h e  new bus 
? 150000 

Enter  c o s t s  which occur p e r i o d i c a l  1  y (Not year1 y c o s t s )  

Enter  number of  p e r i o d i c  c o s t s  (Maximum o f  3)  
? 1 

Enter  name o f  p e r i o d i c  cost number 1 
? ENGINE OVERHAUL 

Enter  c u r r e n t  ENGINE OVERHAUL r u s t s , I n t e r v a l ( i n  years)between expend i tu re  
? 0,s 

Enter  ENGINE OVERHAUL c o s t  a t  f u t u r e  p e r i o d s  
? 50Cil0 



Now en ter  Oper-ating Costs, w h i c h  occur y e a r l y  

Enter  number af annual ccrsts (Ma:,:i~num of  5 )  

Enter  name of ann~ta l  cost  number 1 
? FUEL 

Enter  FUEL cos ts  
,? 24.~300 

Do Cost H i s t o r i e s  repeat  !Y/N)  
7 

Enter  number crf  annual cos ts  (Ma:timccm o f  3) 

Enter  name o f  annual c o s t  number 1 
? FUEL 

Enter  FUEL c o c t s  
? 24000 

Do Cost H i s t o r i e s  repeat  (Y/'N) 
7 N 

Enter  t echnn lag i ca l  c o e f f i c i e n t s ( a s  a  decimal)  

Do Purchase c a s t s  have c u e f f i c i e n t s ( Y / N ) ?  Y 
Enter  c o e f f i c i e n t s  f o r  F'u,rchase cos ts  

'.' 0, .05,0*0 
Do ENGINE OL'ERHALIL c o s t s  lhave c o e f f i c i e n t s  (Y /N)  

? N 
Do FUEL cos ts  h a v e  cne f f  i c i c n t s  ( Y / N )  

? 'y' 

Enter  c o e f f i c i e n t s  f o r  FUlZL c o s t s  
? 0,-.05,0,0 





APPENDIX C :  SAMPLE OUTPUT 

Depar-tment o f  I n ~ d u s t r i a l  and operat ions Engineering 
The lfni ve rs i  t y  o f  M i  ch i  gan 
Ann Arbor, Michigan 48109. 

DATE OF RLtN : 86-24-19g5 

TIME OF RUN : 00:1T:27 

*******~******Y***WYiC*****+**+.Y*******y*iC******* 

I t d F ' U T  D A T A  ECHO 
.***~*****+************+*******yy*.y.*****y******** 

STL.!DY F'EF:IDD : 5@ Years 

INTEREST RATE : . I  

NAME OF BUS : G M 

SERVICE LiFE OF EiUS : 20 Years 

ENGINE OVERHAUL 

CURRENT FUTURE 
( D o 1  lar.;) (Duj,  1 .at-si 

0 5.0QIQ 

FUEL 



PJAP1E CIF ElJS : 13I..DFUS 

iZUEEEP.iT' FI_!TI_IF.:E 
11 I:J ?, l .:3, r 5 (DL21 1 .2.t-5) 

ENS I NE OVERHRUL "; QO(J 5 ,  
(Years)  

E. 
4 



~ .~ . , f iY*~ .+ ,~ .M. i ; .T . .Y . f :+ )C* *+Y+*~ ' ) *+~ . * f  + Y ~ . ~ Y Y ~ . ~ ~ + ~ + ~ + + * ~ ~ * ~ + + + + + . * ~ ~ . ~ , +  

RESULTS 
*.~~~+~.+~.*.~.y.y*.**~~*y*****~***,**y.~.yy~y.~y.**~*.*i(**.++*******y**+* 

TIME ASSET TIME INSTALLED PRESENT VALUE 
-------------------------.-------------------------------- 
0 2 -1 0 
1 2 - 1 -30272.73 
2 2 -1 - -55066.1 1 
.J 2 -1 -77605.56 
4 2 -1 -98095.95 
5 2 -1 -1 19828.2 
6 2 -1 -136762.4 
7 2 -1 -152157.2 
8 1 4 -264949.9 
9 1 6 -274995.2 
10 1 6 -28 1797 
11 1 7 -287729.5 
12 1 7 -294662.9 
13 1 7 -29951 7.8 
14 1 7 -383931.2 
15 1 7 -307943.4 
16 1 7 -31 1590.9 
17 1 7 -315896 
18 1 7 -318910.5 
19 1 7 -321650.9 
20 1 7 -324142.2 
21 1 7 -326407 
22 1 7 -329080.1 
-7 

.-a 1 7 -330951.8 
24 1 7 -332653.4 
25 1 7 -334200.3 
26 1 7 -335606.6 
27 1 7 -336885 
28 1 27 -3800 18.4 
29 1 27 -380397.2 
30 1 27 -380741.5 

SAVINGS(Do1larsf --------------- 
Buy Bus OLDBUS versus buy Bus GM 117,790 

Do you want t a  run more data ? 





A P P E N D I X  D: BUSREP U s e r ' s  G u i d e  

INSTRUCTIONS FOR USING B U S R E P  

I N T R O D U C T I O N  ---------.-- 
BUSliEP i s  a  c o r n p u t e r  p r o g r a m ,  w r i t t e n  i n  BASIC f o r  t h e  I B M  

P C ,  t h a t  c a n  be  u s e d  i n  r e p l a c e m e n t  e c o n o m y  s t u d i e s  i n v o l v i n g  
b u s e s .  

P u r c h a s e  O p t i o n s  ------- -----.- 
A l l  r e p l a c e m e n t  o p t i o n s  a r e  c o n s i d e r e d  t o  be i n  o n e  o f  t h r e e  

c a t e g o r i e s .  A d e f e n d e r  i s  t h e  b u s  c u r r e n t l y  b e i n g  u s e d .  One --------- 
o p t i o n  i :s  t o  c o n t i n u e  u s i n g  t h e  o l d  b u s .  A r e h a b i l i t a t e d  o l d  b u s  
i s  c o n s i d e r e d  a n o t h e r  t y p e  o f  d e f e n d e r ' .  A c h a l l e n g e r  i s  a  new ---- ------ 
b u s  t h a t  may b e  choisen t o  r e p l a c e  t h e  d e f e n d e r .  B u s e s  a v a i l a b l e  
i n  t h e  f u t u r e  a r e  c a l l e d  s u c c e s s o r s .  T h e y  may d i f f e r  f r o m  ---------- 
c h a l l e n g e r s  b e c a u s e  o f  l o w e r  f u e l  c o s t s  o r  d i f f e r e n t  m a i n t e n a n c e  
c h a r a c t e r i s t i c s .  S u c h  c h a n g e s  a r e  c a l l e d  --em-----H--- t e c h n o l o g i c a l  
i m p r o v e m e n t  ( i f  t h i n g s  a r e  g e t t i n g  c h e a p e r )  o r  t e c h n o l o g i c a l  -------_--- ------------- 
d e g r a d a t l o n  -------.--- ( i f  they '  a r e  g e t t i n g  more  e x p e n s i v e ) .  S u c c e s s o r s  a r e  
i m p o r t a n t  b e c a u s e  t h e  c h o i c e  t o  k e e p  a n  o l d  b u s  i m p l i e s  a  f u t u r e  
p u r c h a s e  o f  some s u c c e s s o r .  

. E a u i  ~ m e n t  L i  v e a  

T h e r e  a r e  t w o  t y p e s  o f  l i v e s  i m p o r t a n t  t o  e q u i p m e n t :  
p h y s i c a l  l i f e  and  e c o n o m i c  l i f e .  P h y s i c a l  l i f e  i s  t h e  l e n g t h  o f  
t i m e  t h e  e q u i p m e n t  i s  c a p a b l e  o f  p r o v i d i n g  t h e  d e s i r e d  s e r v i c e .  
T h i s  i s  a  known c h a r a c t e r i s t i c  o f  t h e  e q u i p m e n t .  The  e c o n o m i c  
l i f e  o f  e q u i g m e n t  i s  t h e  l e n g t h  o f  t i m e  u n t i l  i t  i s  e c o n o m i c a l l y  
s u p e r i o r  t o  r e p l a c e  t h e  e q u i p m e n t .  T h i s  l i f e  c a n  b e  l e s s  t h a n  o r  
e q u a l  t o  t h e  p h y s i c a l  l i f e .  Economic l i f e  i s  a  d e c i s i o n  v a r i a b l e  
t h a t  m u s t  b e  d e t e r m i n e d  a s  p a r t  o f  t h e  e q u i p m e n t  r e p l a c e m e n t  
p r o b l e m .  

BUSREP s o l v e s  e i t h e r  f i x e d  o r  i n d e f i n i t e  h o r i z o n  d y n a m i c  
p r o g r a m ! s  t o  d e t e r m i . n e  w h i c h  b u s  s h o u l d  b e  i n  s e r v i c e  a t  a n y  t i m e ,  
i t s  p u r c h a s e  t i m e  a n d  i t s  e c o n o m i c  s e r v i c e  l i f e .  

BUSREP i s  a n  i n t e r a c t i v e  p r o g r a m  w h i c h  p r o m p t s  t h e  u s e r  f o r  
a l l  r e q u i r e d  d a t a .  The d a t a  i s  t h e n  s t o r e d  i n  a  p e r m a n e n t  f i l e .  
G i v e n  b e l o w  i s  a  l i s t i n g  o f  e a c h  p r o m p t  by  BUSREP, a  b r i e f  
e x p l a n a t  i o n  and  a p p r o p r i a t e  r e p l i e s  by t h e  u s e r .  

G E T T I N G  STARTED ----- 
A f t e r  i n i t i a t i r . g  t h e  8USREP p r o g r a m ,  t h e  u s e r  w i l l  b e  a s k e d  

t o  c h o o s e  b e t w e e n  o i d  d a t a  and  new d a t a .  



The c o m p u t e r  g i v e s  t h e  menu :  

R U N  N E W  D A T A . .  . . . E N T E R  1 
R U N  O L D  DATA,....ENTER 2 
C H A N G E  O L D  DATA. . E N T E R  3 

New d a t a  m e a n s  t h a t  t h e  d a t a  w i l l  b e  r e q u e s t e d  f r o m  t h e  t e r m i n a l  
a n d  s t o r e d  a u t o m a t i c a l l y .  I n  o r d e r  t o  r e c a l l  s u c h  a  f i l e ,  
r e q u e s t  o l d  d a t a .  T h e  t h i r d  o p t i o n ,  c h a n g e  o l d  d a t a ,  p u t s  t h e  
u s e r  i n  t h e  b u i l t  i n  e d i t o r .  

I f  t h e  u s e r  c h o o s e s  new d a t a ,  t h e  s y s t e m  a s k s :  

ENTER N A M E  OF F ILE  IN W H I C H  DATA I S  T O  B E  STORED 

The  u s e r  s h o u l d  i n p u t  a n y  f i l e  name l e g a l  on t h e i r  s y s t e m ,  

I f  t h e  u s e r  c h o o s e s  o l d  d a t a ,  t h e  s y s t e m  a s k s :  

ENTER N A M E  OF FILE IN W H I C H  D A T A  I S  STORED 

To c h a n g e  o l d  d a t a  t h e  u s e r  i s  t h e n  a l l o w e d  t o  a l t e r  
i n d i v i d u a l  d a t a .  T h i s  p r o c e s s  i s  d e s c r i b e d  i n  a  l a t e r  s e c t i o n .  

I f  new d a t a  i s  r e q u e s t e d  t h e  s y s t e m  t h e n  b e g i n s  i t s  d a t a  
q u e r y .  F o l l o w i n g  i s  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e s e  r e q u e s t s .  

R E V 1  EW OF INPUTS ---- -- ---- 
1 ) ENTER STUDY P E R I O D  FOR THE ANALYSIS (IN YEARS, BETWEEN 0 A N D  

1 0 0 )  

T h e  s t u d y  p e r i o d  i s  t h a t  s p a n  o f  t i m e  o v e r  w h i c h  t h e  u s e r  i s  
i n t e r e s t e d  i n  d o i n g  a  r e p l a c e m e n t  a n a l y s i s .  F o r  f i x e d  h o r i z o n  
s t u d i e s ,  t h e  s t u d y  p e r i o d  i s  t h e  n u m b e r  o f  y e a r s  f o r  w h i c h  t h e  
s e r v i c e  i s  r e q u i r e d .  F o r  a n  i n d e f i n i t e  h o r i z o n  s t u d y ,  t h e  s t u d y  
p e r i o d  i s  u s e d  a s  a  c u t - o f f  t i m e  a f t e r  w h i c h  t h e  p r o g r a m  
t e r m i n a t e s  i f  a  f o r e c a s t  h o r i z o n  h a s  n o t  b e e n  f o u n d .  . 
T h e  u s e r  i n p u t s  a  n u m b e r  b e t w e e n  - 0 a n d  1 0 0  ( t h e  m a x i m u m  n u m b e r  --- 
p e r m i t t e d ) .  

E x a m p l e  : 40 

2 )  ENTER INTEREST R A T E  TO B E  USED IN CALCULATION (AS A 
D EC I M A L  ) 

T h i s  i s  t h e  d i s c o u n t  r a t e  o r  c o s t  o f  c a p i t a l  t o  b e  u s e d  i n  
t h e  a n a l y s i s .  



T h e  u s e r  i n p u t s  a  d e c i m a l  b e t w e e n  - 0 a n d  - 1 .  

E x a m p l e  : .I0 

T h i s ,  o p t i o n  p r i n t s  s a v i n g s  ( i n  n e t  p r e s e n t  v a l u e )  a c c r u e d  b y  
c h o o s i n g  t h e  e c o n o m i c a l l y  o p t i m a l  b u s  o v e r  o t h e r  a v a i l a b l e  
a l t e r n a t i v e s .  

T h e  u s e r  i n p u t s  - Y ( = Y e s )  i f  h e / s h e  w a n t s  s a v i n g s  p r i n t e d ,  e l s e  t h e  
i n p u t  i s  - N ( = N o ) .  

4 )  D O  Y O U  WANT TO USE T H E  STOPPING RULE ( Y / N )  

T h e  p u r p o s e  o f  t h e  r u l e  i s  t o  t e r m i n a t e  p r o g r a m  e x e c u t i o n  
w h e n  e n o u g h  d a t a  h a s  b e e n  g e n e r a t e d  t o  g u a r a n t e e  t h a t  t h e r e  i s  n o  
e r r o r  i n  t h e  i n i t i a l  d e c i s i o n  d u e  t o  t o o  s h o r t  a  h o r i z o n ,  T h e  
p r o g r a m  : s t o p s  a t  t h e  h o r i z o n  s p e c i f i e d  i n  1 )  i f  n o t  b e f o r e .  
T h e  u s e r  i n p u t s  Y' t o  u s e  t h e  s t o p p i n g  r u l e ,  e l s e  N .  - I n  
a p p l i c a t i o n s  t h i s  q i i e s t i o n  s h o u l d  a l w a y s  b e  a n s w e r e d  Y. 

T h i s  o p t i o n  p r i n t s  a  l o n g e r  v e r s i o n  o f  t h e  o u t p u t  w h i c h  
i n c l u d e s  t h e  c o n d e n s e d  v e r s i o n  t o o .  I t  i s  r e c o m m e n d e d  t h a t  t h e  
c o n d e n s e d  v e r s i o n  b e  u s e d  f o r  a l l  p r a c t i c a l  p u r p o s e s .  

T h e  u s e r  i n p u t s  Y f o r  t h e  l o n g e r  v e r s i o n ,  N f o r  t h e  c o n d e n s e d  
v e r s i o n .  I n  a p p l i c a t i o n s  t h i s  q u e s t i o n  s h o u l ;  a l w a y s  b e  a n s w e r e d  
N .  

6 )  DOES A DEFENDE:3 EXIST FOR T H E  ANALYSIS ( Y / N )  

As d e f i n e d  a b o v e ,  a  d e f e n d e r  i s  a n y  b u s  t h a t  i s  c u r r e n t l y  i n  
s e r v i c e .  

T h e  u s e r  i n p u t s  Y i f  s u c h  a  b u s  d o e s  e x i s t ,  e l s e  N .  F o r  a l l  
r e p l a c e i n e n t  p r o b i e m s  t h e  a n s w e r  s h o u l d  b e  Y .  N i s  z p p r o p r i a t e  
w h e n  a  n e w  f l e e t  i . s  b e i n g  p u r c h a s e d  s o  t h a t  t h e r e  a r e  n o  o l d  
b u s e s .  

7 )  E N T E R  N U M B E R  OF DEFENDER(S) ,  ( M A X I M U M  OF 2 ) 

N o r m a l l y  t h e r e  i s  o n l y  o n e  d e f e n d e r .  T h e  e x c e p t i o n  i s  i f  
o n e  o p t i o n  i s  r e h a b i l i t a t i n g  t h e  b u s .  T h e n  o n e  d e f e n d e r  c o u l d  b e  
t h e  b u s  r e h a b i l i t a t e d  a n d  t h e  o t h e r  d e f e n d e r  i s  t h e  b u s  
i n  c u r r e n t  c o n d i t i o n .  



8 )  H O W  M A N Y  BUS VENDORS A R E  I N V O L V E D  ( M A X I M U M  OF 4) 

T h i s  q u e s t i o n  r e f e r s  t o  t h e  number  o f  d i f f e r e n t  t y p e s  o f  new 
b u s e s  t h a t  c o u l d  p r o v i d e  t h e  s a m e  s e r v i c e .  F o r  e x a m p l e ,  G M ,  
FLEXIBLE, e t c .  

The  u s e r  i n p u t s  a  number  b e t w e e n  - 1 a n d  4 ,  i n c l u s i v e .  - 

C o s t  D a t a  I n p u t  ---- ---- ---- 
T h e  n e x t  d a t a  s e c t i o n  d e a l s  w i t h  c o s t  d a t a  f o r  t h e  v a r i o u s  

b u s e s .  T h e r e  a r e  t w o  t y p e s  o f  c o s t s :  a n n u a l  a n d  p e r i o d i c .  
A n n u a l  c o s t s  i n c l u d e  d r i v e r ,  f u e l ,  r o u t i n e  m a i n t e n a n c e ,  e t c .  
P e r i o d i c  c o s t s  a r e  l e s s  f r e q u e n t  s u c h  a s  e n g i n e  o v e r h a u l .  T h e  
u s e r  i s  p r o m p t e d  t o  g i v e  n a m e s  a n d  v a l u e s  f o r  p e r i o d i c  a n d  a n n u a l  
c o s t s  f o r  e a c h  d e f e n d e r  a n d  c h a l l e n g e r .  A l l  c o s t s  a r e  i n p u t  a s  
p o s i t i v e  n u m b e r s .  Do n o t  i n c l u d e  d o l l a r  s i g n s .  I t  i s  i m p o r t a n t  
t o  n o t e  t h a t  d a t a  f o r  t h e  d e f e n d e r ( s )  s h o u l d  b e  i n p u t  f i r s t .  
A l m o s t  a l l  p r o m p t s  a r e  t h e  s a m e  f o r  b o t h  d e f e n d e r  a n d  
c h a l l e n g e r s .  

9 )  ENTER N A M E  OF C U R R E N T  BUS IN OPERATION 

T h i s  n o r m a l l y  r e f e r s  t o  t h e  m a n u f a c t u r e r l s  n a m e  f o r  t h e  
d e f e n d e r .  

T h e  u s e r  i n p u t s  t h e  r e l e v a n t  n a m e .  I f  o n e  o p t i o n  i s  a  
r e h a b i l i t a t e d  G M  b u s  t h e n  t h e  u s e r  may i n p u t . , .  

E x a m p l e  : R E H A B / G M  

1 0 )  ENTER M A X I M U M  SERVICE LIFE  OF C U R R E N T  BUS ( I N  YEARS, BETWEEN 
0  A N D  1 0 0 )  - --- 

T h i s  r e f e r s  t o  t h e  r e m a i n i n g  p h y s i c a l  l i f e  o f  t h e  d e f e n d e r  
a f t e r  w h i c h  i t  m u s t  b e  s c r a p p e d .  

The  u s e r  i n p u t s  t h e  r e m a i n i n g  p h y s i c a l  l i f e  o f  t h e  d e f e n d e r .  

E x a m p l e  : 2 0  

1 1 )  E N T E R  SALVAGE V A L U E  OF CURRENT BUS ( I F  A N Y )  

T h i s  i s  t h e  a m o u n t  t h a t  c a n  b e  o b t a i n e d  o n  d i s p o s a l  o f  t h e  
d e f e n d e r ,  f o r  e x a m p l e  a s  s c r a p .  

E x a m p l e  : 2 0 0 0  

1 2 )  E N T E R  N U M B E R  OF P E R I O D I C  COSTS 



These!  a r e  c o s t s  t h a t  d o  n o t  o c c u r  e v e r y  y e a r  s u c h  a s  e n g i n e  
o v e r h a u l .  T h e  maximum n u m b e r  o f  s u c h  c o s t s  i s  - 3 .  

1 3 )  ENTER N A M E  OF PERIODIC COST N U M B E R  

The  name g i v e n  t o  a  p a r t i c u l a r  c o s t  t y p e ,  

E x a m p l e  : E N G I N E  O V E R H A U L  

1 4 a )  E N T E R  C U R R E N T  ---- COSTS,  INTERVAL (IN YEARS) BETWEEN 
EXPENDITURE 

T h i s  a s k s  f o r  t h e  c o s t  ( i n  d o l l a r s )  i n c u r r e d  a t  t i m e  z e r o ,  
a n d  how o:? ten  t h i s  c o s t  i n c u r r e d  ( i n  y e a r s ) .  

F o r  e x a m p . l e  : I f  t h i s  d e f e n d e r  i n c u r s  s a y ,  ENGINE O V E R H A U L  c o s t s  ----- ------ 
o f  $ 5 0 0 0  a t  t i m e  z e r o ,  a n d  t h i s  c o s t  i s  i n c u r r e d  e v e r y  1 0  y e a r s ,  
t h e n  t h e  d a t a  w o u l d  b e  i n p u t  a s  ? 5 0 0 0 ,  1 0 .  I f  n o - 5 o s t  i s  
i n c u r r e d  a t  t i m e  z e r o ,  t h e n  0  s h o u l d  b e  i n p u t .  

1 4 b )  ENTER ----- COST AT FUTURE PERIODS 

T h i s  i s  r e l a t e d  t o  t h e  a b o v e  q u e s t i o n .  T h e ' u s e r  s h o u l d  
i n p u t  t h e  c o s t  ( i n  d o l l a r s )  w h i c h  w i l l  b e  i n c u r r e d  a t  e v e r y  n t i  - 
y e a r ,  w h e r e  n  i s  t h e  n u m b e r  o f  y e a r s  i n p u t  a b o v e .  

F o r  e x a m p l e ,  i f  E N G I N E  OVERHAUL c o s t s  a r e  5 0 0 0  e v e r y  t i m e  s u c h  a  ----- ------- 
c o s t  i s  i n c u r r e d ,  t h e  u s e r  i n p u t s  ? 5 0 0 0 .  T h u s ,  t h e  d a t a  
s t r u c t u r e  f o r  a  p e r i o d i c  c o s t  i s  a s  f o l l o w s :  

C o s t  now,  p e r i o d  o f  o c c u r r e n c e  

C o s t  i n  f u t u r e  p e r i o d s  

T h i s  s e q u e n c e  i s  r e p e a t e d  a s  m a n y  t i m e s  a s  t h e r e  a r e  s u c h  
c o s t  t y p e s .  . 
NOTE: R e l l a b i l i t a t i n l ~ ;  b u s e s  i s  h a n d l e d  i n  t h i s  m a n n e r .  F o r  c o s t  

now i n p u t  r e h a b  c o s t .  F o r  p e r i o d  o f  o c c u r r e n c e  i n p u t  a n y  
p o s i t i v e  i n t e g e l * .  F o r  c o s t  i n  f u t u r e  p e r i o d s  i n p u t  z e r o .  

1 5 )  ENTER N U M B E R  OF A N N U A L  COSTS 

T h e s e  a r e  c o s t s  t h a t  o c c u r  a n n u a l l y  s u c h  a s  f u e l  a n d  r o u t i n e  
m a i n t e n a n c e .  T h e  u s e r  i n p u t s  a  n u m b e r  b e t w e e n  1 a n d  3. T h e  
maximum n ~ m b e r  i s  2. 

1 6 )  ENTEFl N A M E  OF A N N U A L  COST N U M B E R  ---- 



The u s e r  s u p p l i e s  e name t o  an  a n n u a l  c o s t  t y p e .  

E x a m p l e  : FUEL 

1 7 )  E N T E R  ---- COSTS 

The u s e r  i n p u t s  t h e  a n n u a l  c o s t  ( i n  d o l l a r s )  

E x a m p l e  : 30000 .  

T h i s  q u e s t i o n  i s  r e p e a t e d  a s  many t i m e s  a s  t h e r e  a r e  a n n u a l  
c o s t  t y p e s ,  

T h e  a b o v e  s e q u e n c e  o f  p r o m p t s  a r e  t h e  s a m e  f o r  new b u s e s  
e x c e p t  t h a t  q u e s t i o n  1 1  i s  r e p l a c e d  by 

1 1 ' )  E N T E R  PURCHASE COST OF N E W  BUS 

T h e  u s e r  i n p u t s  t h e  a p p r o p r i a t e  c o s t  a m o u n t ,  a s  a  p o s i t i v e  
number  . 

T e c h n o l o g i c a l  Change  ---------- ----- 
T h e  l a s t  s e c t i o n  o f  d a t a  i n p u t  r e q u i r e s  t h e  u s e r  t o  i n p u t  

v a l u e s  f o r  n t e c h n o l o g i c a l  c o e f f i c i e n t s " .  T h e s e  c o e f f i c i e n t s  
r e p r e s e n t  t h e  e f f e c t  o f  t e c h n o l o g i c a l  c h a n g e  on f u t u r e  new b u s e s  
i n  t e r m s  o f  t h e i r  c a s h  f l o w s .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  
u s e r  c a n  i n p u t  t h e s e  v a l u e s  ---- o n l y  f o r  c h a l l e n g e r s .  F u n c t i o n a l  
r e l a t i o n s h i p s  do n o t  e x i s t  f o r  t h e  d e f e n d e r .  

BUSREP p r o v i d e s  f o r  . f o u r  p r e - p r o g r a m m e d  f u n c t i o n a l  
r e l a t i o n s h i p s ,  The u s e r  c a n  u s e  o n l y  o n e  -- o f  t h e s e  f o u r  f o r  e a c h  
c o s t  f l o w  t y p e .  

T h e s e  r e l a t i o n s h i p s  a r e  b e s t  u n d e r s t o o d  t h r o u g h  e x a m p l e s :  

C o s t  H i s t o r i e s  R e p e a t :  T h i s  o p t i o n  a s s u m e s  t h a t  c a s h  f l o w s  
o f  f u t u r e  b u s e s  a r e  i d e n t i c a l  t o  t h o s e  o f  b u s e s  a v a i l a b l e  t o d a y .  

e 

E x a m p l e :  T h e  p u r c h a s e  c o s t  o f  a  b u s  t o d a y  a s  w e l l  a s  t e n  y e a r s  
f r o m  now i s  $ 1 0 0 , 0 0 0 .  

BUSREP p r o m p t s  t h e  u s e r  t h u s  DO COST HISTORIES R E P E A T  ( Y / N )  

D e p e n d i n g  u p o n  t h e  a s s u m p t i o n s  u s e d  i n  t h e  a n a l y s i s ,  t h e  
u s e r  i n p u t s  e i t h e r  Y o r  N .  BUSREP w i l l  p r o m p t  f o r  t e c h n o l o g i c a l  
c o e f f i c i e n t  v a l u e s  o n l y  ;hen t h e  u s e r  i n p u t s  t o  t h e  q u e s t i o n .  

T e c h n o l o g i c a l  c n a n g e  f s m a n i f e s t e d  e i t h e r  a s  a n  i m p r o v e m e n t  
o r  a s  d e g r a d a t i o n .  The  u s e r  s h o u l d  i n p u t  n e g a t i v e  -------- v a l u e s  f o r  
t e c h n o l o g i c a l  i m p r o v e m e n t  a n d  ------- p o s i t i v e  - v a l u e s  f o r  d e g r a d a t i o n .  
BUSREP u s e s  t h e  f o l l o w i n g  f o r m a t  t o  p r o m p t  f o r  t h e s e  



c o e f f i c i e n t s :  

E N T E R  COEFFIC IEMTS FOR ---- COSTS 

I n p u t  f o u r  v a l u t ? s  r e p r e s e n t i n g  1 i n e a r ,  g e o m e t r i c  and  b o u n d e d  
g e o m e t r i c  c h a n g e  o v e r  t i m e .  E x a m p l e s  o f  e a c h  f o l l o w .  

E x a m p l e s  o f  t h e i r  u s e :  

1 )  L i n e a r  e f f e c t :  T h i s  o p t i o n  a s s u m e s  t h a t  c a s h  f l o w s  o f  f u t u r e  
b u s e s  v a r y  l i n e a r l y  w i t h  r e s p e c t  t o  t h o s e  o f  c u r r e n t  b u s e s .  

E x a m p l e :  S u p p o s e  t h e  p u r c h a s e  c o s t  o f  a  new b u s  t o d a y  i s  
$ 1  0 0 , 0 0 0 .  F u r t h e r  s u p p o s e  t h a t  t h i s  c o s t  i n c r e a s e s  b y  $ 1 0 , 0 0 0  
e v e r y  y e a r ,  e ,  i t  c o s t s  $1 1 0 , 0 0 0  n e x t  y e a r ,  $ 1 2 0 , 0 0 0  two y e a r s  
f r o m  now e t c .  T h e n  t h e  u s e r  w o u l d  i n p u t . a  n o n q z e r o  v a l u e  i n  t h e  
f i r s t  position. S p e c i f i c a l l y  f o r  t h i s  e x a m p l e  t h e  v a l u e  i s  .10 
s i n c e  t h e  c o s t  i n c r e a s e s  e a c h  y e a r  by  . l o  t i m e s  1 0 0 0 0 0 .  I t  i s  
p o s i t i v e  s i n c e  c o s t s  i n c r e a s e .  T h u s ,  t h e  f o r m a t  f o r  d a t a  i n p u t  ------- - -------- 
w o u l d  be  

N o t e :  t h e  u s e r  s h o u l d  i n p u t  z e r o e s  f o r  t h e  o t h e r  t h r e e  
c o e f f i c i e n t s .  I n  g e n e r a l ,  i f  o n e  c o e f f i c i e n t  i s  n o n a z e r o ,  t h e  
o t h e r s  s h o u l d  be  z e r o .  

FIGURE 1: Linear Change 

1 time 

2 )  E x p o n e n t i a l  e f f e c t :  T h i s  a s s u m e s  t h a t  a  c a s h  f l o w  i s  v a r y i n g  
by a  c o n s t a n t  p e r c e n t a g e  e v e r y  y e a r  w i t h  r e s p e c t  t o  i t s  c u r r e n t  
v a l u e .  

E x a m p l e :  L e t  f u e l  c c l s t s  f o r  a  c u r r e n t  b u s ,  made by G M ,  b e  $ 3 0 0 0 0  
a n n u a l l y .  I f  f u e l  c o s t s  f o r  a  new b u s ,  a l s o  made  by G M ,  d e c r e a s e  
b y  1 0 %  e v e r y  y e a r ,  t h e n  t h e  d o l l a r  a m o u n t s  w o u l d  b e  $ 2 7 0 0 0  n e x t  
y e a r ,  $ 2 4 3 0 0  two y e a r s  f r o m  now, e t c .  The u s e r  w o u l d  i n p u t  

T h e  c o e f f i c i e n t  i s  n e g a t i v e  s i n c e  we a s s u m e d  f u e l  c o s t s  -------- 



d e c r e a s e .  ------ 
N o t e  t h a t  t h i s  d o e s  n o t  i m p l y  t h a t  f u e l  c o s t s  a r e  c h a n g i n g  

on t h e  b u s  i n  o p e r a t i o n .  R a t h e r ,  t h e  f u e l  c o s t s  f o r  b u s e s  
s o l d  new i n  f u t u r e  y e a r s  w i l l  b e  l o w e r  t h a t  c o s t s  f o r  t h e  c u r r e n t  
b u s .  

FIGURE 2 : Exponential  Change 

time 

3 )  Bounded e x p o n e n t i a l  e f f e c t :  T h i s  o p t i o n  a s sumes  t e c h n o l o g y  
c h a n g e s  d e c r e a s e  a t  a  g i v e n  r a t e ,  C ,  c o n v e r g i n g  t o  some t o t a l  
c h a n g e  B .  

N o t e  t h a t  C a l w a y s  t a k e s  a  v a l u e  b e t w e e n  0 a n d  1.  I f  B > 0  
t h e n  i t  i s  a n  i n c r e a s i n g  f u n c t i o n ,  e l s e  B < 0 i m p l i e s  a  
d e c r e a s i n g  f u n c t i o n .  

Use of  t h e s e  c o e f f i c i e n t s  i s  i l l u s t r a t e d  t h r o u g h  2 e x a m p l e s :  

Example # I :  Suppose  f u e l  c o s t s  o f  f u t u r e  b u s e s  h a v e  an  o v e r a l l  
d e c r e a s e  o f  2 5 % .  Each  y e a r ' s  d e c r e a s e  i s  9 0 %  o f  t h e  d e c r e a s e  i n  
t h e  p r e v i o u s  y e a r .  

Then,  

Thus ,  t h e  u s e r  would i n p u t  

0 , 0 , * . 2 5 ,  . 9 0 .  

E x a m p l e  / i 2 :  S u p p o s e  f g e l  c o s t s  u l t i m a t e l y  g a i n  1 0 0 %  o f  i t s  
c u r r e n t  v a l u e  ( i . e . ,  d o u b l e ) .  The i n c r e a s e  e a c h  y e a r  i s  8 0 %  o f  
t h e  p r e y  i o u s  y e a r ' s  i n c r e a s e .  

Then ,  

C = .8  
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T h u s  f o r  e a c h  c a s h  f ' l o w ,  i f  t h e r e  i s  a n y  t e c h n o l o g i c a l  c h a n g e ,  
t h e  c o r r e s p o n d i n g  c o e f f i c i e n t s  ' a r e  i n p u t  a s  d e s c r i b e d  a b o v e ,  

I n  ' t h i s  f a s h i o n ,  t h e  e n t i r e  p r o c e s s  i s  r e p e a t e d  f o r  a l l  
b u s e s  i n  t h e  a n a l y s i s .  

Chana ing  O l d  Data ------- --- --.-- 
The o p t i o n  t o  eldit  o l d  d a t a  a l l o w s  t h e  u s e r  t o  c h o o s e  which 

s e c t i o n  o f  t h e  d a t a  ' to examine and t h e n  l e a d s  t h r o u g h  e a c h  datum 
s t a t i n g  t h e  o l d  v a l u e  and a s k i n g  f o r  a  r e p l a c e m e n t .  The i n i t i a l  
menu i s :  

C H A N G E  INITIAL OPTIONS*. . . . . . . , , . . . . E N T E R  1 
C H A N G E  SERVICE LIFE A N D  CASH FLOWS...ENTER 2 
C H A N C E  T E C H .  COEFFICIENTS*, . . . . . . . E N T E R  3 
N O  M O R E  CHANGES ,, . . . . . . . . . . . . . . . . .. . . . E N T E R  4 

T h e  i n i t i a l  o p t i o n s  s e c t i o n  i s  c o m p r i s e d  o f  h o r i z o n ,  
d i s c o u n t  r a t e ,  and number of  d e f e n d e r s  o r  c h a l l e n g e r s .  The o t h e r  
s e c t i o n s  a r e  c l e a r .  

Once a  s e c t i o n  i s  c h o s e n ,  t h e  d a t a  f o r  t h a t  s e c t i o n  i s  r u n  
t h r o u g h  i n  t h e  same o r d e r  a s  t h e  i n i t i a l  i n p u t ,  The f o r m a t  i s :  

C U R R E N T  V A L U E  FOR -- ---- I S  I / # # .  

DO Y O U  W A N T  TO C H A N G E  ------ ? 

I f  N ( = N O ) ,  t h i s  i s  r e p e a t e d  f o r  t h e  n e x t  da tum.  I f  Y 
( = Y E S ) ,  th ,e  u s e r  i s  i . n s t r u c t e d :  



ENTER N E W  VALUE FOR ------- 
When t h i s  p r o c e s s  i s  c o m p l e t e d ,  t h e  s e c t i o n  c h o i c e  m e n u  i s  

d i s p l a y e d  s o  t h a t  a n o t h e r  s e c t i o n  may b e  a l t e r e d .  


