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CHAPTER I  

INTRODUCTION

What f a c t o r s  a r e  i m p o r t a n t  and r e l e v a n t  i n  d e te r m in in g  

th e  m ark e t  v a lu e  o f  common s t o c k s ?  I f  o b t a i n i n g  an  an sw er  to  

t h i s  q u e s t io n  was such  an e a sy  t a s k ,  t h e n  many c o u n t l e s s  h o u rs  

and d o l l a r s  have  b een  s p e n t  i n  v a i n ,  by b o th  i n d i v i d u a l s  and 

v a s t  in v e s tm e n t  i n s t i t u t i o n s .  As s to c k  p r i c e s  a r e  s u b j e c t  t o  

t h e  i n f l u e n c e  o f  many v a r i a b l e s ,  i t  i s  n o t  s u r p r i s i n g  to  f i n d  

a  m u l t i t u d e  o f  a p p ro a c h e s  to  s to c k  e v a l u a t i o n .  D o l l a r - c o s t  

a v e r a g i n g ,  c o n s t a n t  and v a r i a b l e  s to c k -b o n d  r a t i o  p l a n s ,  t r e n d  

and b u s i n e s s - c y c l e  a n a l y s i s ,  t h e  l o w - p r i c e  e a r n in g s  o u t - o f 

f a v o r  a p p ro a c h ,  and r e s i s t a n c e  p o i n t s  o r  t h e  p r i c e  and volume 

f o r m a t io n s  a n a l y s i s  a r e  b u t  a few o f  t h e  num erous in v e s tm e n t  

s t r a t e g i e s  t h a t  h av e  been  used  by i n v e s t o r s  f o r  common s t o c k  

s e l e c t i o n  and in v e s tm e n t  s t r a t e g y  t im in g .

• Many in v e s tm e n t  p e o p le  on W all S t r e e t  b e l i e v e  t h a t  t h e  

c a p i t a l i z a t i o n  o f  e a r n in g s  i s  t h e  m ost im p o r ta n t  b a s i s  f o r  

in v e s tm e n t  d e c i s i o n s  r e l a t i v e  t o  common s t o c k s .  The q u a l i t y ,  

o r  v o l a t i l i t y ,  and t h e  g row th  r a t e  o f  e a r n in g s  d e te r m in e  t h e  

c a p i t a l i z a t i o n  r a t e  and th e  p r i c e - e a m i n g s  r a t i o  t h a t  i n v e s 

t o r s  a r e  p r e s e n t l y  w i l l i n g  to  pay f o r  a  s t o c k .  T h is  c u r r e n t  

a p p r a i s a l  o f  t h e  company, i n  r e l a t i o n  t o  a l l  o t h e r  co m p an ie s ,  

by a l l  i n t e r e s t e d  b u y e rs  and s e l l e r s ,  d e te r m in e s  t h e  m a rk e t  

v a lu e  o f  t h e  s to c k  a t  any g iv e n  p o i n t  i n  t im e .  As o u r  economy
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I s  dynam ic and c h a n g in g ,  t h e s e  a p p r a i s a l s  v a r y ,  c a u s in g  t h e  

p r i c e  o f  any g iv e n  s t o c k  to  c h an g e . I t  i s  t h e  p r e s e n t  e v a lu 

a t i o n  o f  a company t h a t  i s  o f  s i g n i f i c a n c e  and to  w hich  m a jo r  

c o n s i d e r a t i o n  sh o u ld  be g iv e n .

A lth o u g h  many i n v e s t o r s  b e l i e v e  t h a t  p r i c e  s h o u ld  be 

t h e  p r im a ry  c r i t e r i o n  f o r  s to c k  s e l e c t i o n  and t h a t  s u b s t a n t i a l  

c a p i t a l  g a in s  can be made by i n v e s t i n g  i n  m a jo r  com panies 

w i t h i n  m a jo r  i n d u s t r i e s  t h a t  h ave  w i th s to o d  t h e  t e s t s  o f  com

p e t i t i o n ;  o t h e r  i n v e s t o r s  b e l i e v e  t h a t  a  com pany 's  d iv id e n d  

p o l i c y  sh o u ld  be o f  p r im a ry  c o n c e rn .  The u t i l i t i e s  i n d u s t r y  

i s  a c l a s s i c  exam ple o f  t h e  e f f e c t  t h a t  d iv id e n d  p o l i c i e s  can 

have  on t h e  p r i c e  o f  a  s t o c k .  Many i n v e s t o r s ,  due to  a g e ,  

in c o m e - ta x  s t a t u s ,  o r  a v e r s i o n  to  r i s k ,  b e l i e v e  t h a t  d iv id e n d s  

sh o u ld  be t h e  m a jo r  f a c t o r  f o r  common s to c k  s e l e c t i o n .  T h is  

i s  a v e ry  v a l i d  c o n s i d e r a t i o n ,  b u t  f o r  p u rp o s e s  o f  t h i s  p a p e r ,  

a  com pany 's  d iv id e n d  p o l i c y  h a s  been  e x c lu d e d  from any  o f  t h e  

a n a l y s i s .

I t  i s  f e l t  t h a t  m ost i n v e s t o r s  a r e  c o m p e t i t iv e  and 

become d i s i l l u s i o n e d  i f  t h e i r  p o r t f o l i o s  a r e  n o t  p e r fo rm in g  

a s  w e l l  a s  t h e  m a rk e t  a v e r a g e s ,  su ch  a s  t h e  bow Jo n e s  o r  th e  

S ta n d a rd  and P o o r ' s  i n d e x e s .  % e n  t h i s  o c c u r s ,  t h e y  w i l l  a t 

tem p t t o  im prove  t h e i r  p e r fo rm a n c e  by e l i m i n a t i n g  p o o r  peaformers 

and b u y in g  i n t o  s t o c k s  t h a t  a r e  p e r fo rm in g  b e t t e r  th a n  a v e r a g e .  

T h is  means t h a t  t h e y  w i l l  n o t  be lo o k in g  f o r  o t h e r  " l o s e r s "  i n  

which to  i n v e s t ,  b u t  r a t h e r  w i l l  lo o k  f o r  a  company w hich  th e y  

f e e l  w i l l  im prove  t h e i r  o v e r a l l  p o r t f o l i o  p e r fo rm a n c e .  At 

l e a s t  one b a s i c  m o tiv e  l i e s  b e h in d  a l l  i n v e s t o r s ,  no m a t t e r
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what m ethod o r  c r i t e r i a  th e y  may u se  f o r  i n v e s tm e n t .  They a r e

a l l  a t t e m p t in g  to  make money o r  t o  m axim ize t h e  p r o f i t  on

t h e i r  i n v e s tm e n t ,  g iv e n  an a c c e p t a b l e  l e v e l  o f  r i s k .  They do

n o t  l i k e  t o  l o s e  and w i l l  a t t e m p t  t o  e s t a b l i s h  some m ea su re  o f

s u c c e s s .  Or, a s  N o rb e r t  W einer s t a t e d  i n  God and Golem. I n c .  ;

The c h i e f  c r i t e r i o n  a s  t o  w h e th e r  a  l i n e  o f  
human e f f o r t  can be  embodied i n  a  game i s  
w h e th e r  t h e r e  i s  some o b j e c t i v e l y  r e c o g n i z 
a b l e  c r i t e r i o n  o f  t h e  m e r i t  o f  t h e  p e r fo rm a n c e  
o f  t h i s  e f f o r t  . . . [ i f  t h e r e  i s  no s t a n d a r d  
then) Under t h e s e  c i r c u m s ta n c e s ,  to  h a s  
no m ean in g , and a s u c c e s s f u l  p o l i c y  c an n o t  be  
l e a r n e d ,  b e c a u se  t h e r e  i s  no c r i t e r i o n  o f  
s u c c e s s .

l o t  w is h in g  to  engage i n  any  fo rm a l  d e b a te  a s  t o  w hich  

m easu re  o r  c r i t e r i a  i s  t h e  b e s t  o r  m ost f r e q u e n t l y  c i t e d  in d e x  

f o r  c o m p a r iso n ,  t h i s  w r i t e r  h a s  ch osen  t h e  S ta n d a rd  and P o o r ’ s 

5 0 0  Com posite  S to c k  In d e x .  T h is  in d e x  r e p r e s e n t s  a p p r o x i 

m a te ly  9 0  p e r c e n t  o f  t h e  m a rk e t  v a lu e  o f  a l l  common s to c k s  

l i s t e d  on th e  New York S to c k  Sbcchange. I t  i s  com prised  o f  425 

i n d u s t r i a l  common s t o c k s ,  25 r a i l  s t o c k s ,  and 50 u t i l i t y  

s t o c k s .  In  com puting  t h i s  i n d e x ,  t h e  m a jo r  com panies a r e  

h e a v i l y  w e ig h te d  a s  t h e  p r i c e  o f  each  s h a r e  i s  m u l t i p l i e d  by 

t h e  num ber o f  s h a r e s  o u t s t a n d i n g  i n  d e te r m in in g  t h e  t o t a l  

m ark e t  v a l u e .  The m ain r e a s o n  f o r  t h e  c h o ic e  o f  t h i s  in d e x  

was i t s  b road  o v e r a l l  r e p r e s e n t a t i o n  o f  t h e  m a jo r  i n d u s t r i e s  

w i th in  t h e  American economy.

I n v e s t o r s  o f t e n  do n o t  a p p e a r  to  a c t  i n  a  r a t i o n a l ,  

l o g i c a l  m anner when i t  comes t o  an e v a l u a t i o n  o f  a  company 

d u r in g  t im e s  o f  e i t h e r  p r o s p e r i t y  o r  b u s i n e s s  r e c e s s i o n .  At 

e i t h e r  end o f  t h e  sp e c t ru m , t h e  p r i c e  o f  a company’ s s t o c k  can
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be pushed  to  a  l e v e l  t h a t  d oes  n o t  a p p e a r  j u s t i f i a b l e  i n  r e l a 

t i o n  t o  t h e  p r i c e  o r  v a lu e  o f  o t h e r  s t o c k s  t h a t  a r e  i n  a  

se e m in g ly  co m parab le  s t a u s .  I n v e s t o r s  ten d  to  s h i f t  from 

l e v e l s  o f  op tim ism  o r  p e s s im ism , d r i v i n g  p r i c e s  t o  u n re a so n a b le  

l e v e l s  when compared to  t h e  p r e s e n t  v a lu e  o r  w o rth  o f  t h e  

company.

STATEMENT OP PURPOSE

I t  i s  due to  t h e  e m o t io n a l  o v e r - r e a c t i o n a r y  t e n d e n c y  

o f  many i n v e s t o r s ,  t h a t  i t  was f e l t  t h a t  a  m a th e m a t ic a l  model 

o r  some o t h e r  m e c h a n i s t i c  a p p ro a c h  f o r  f o r e c a s t i n g  t h e  s t o c k  

m ark e t  sho u ld  be t e s t e d  and e v a l u a t e d .  A t o o l  o f  t h i s  s o r t  

would n o t  be s u b j e c t  t o  p e r s o n a l  b i a s  and e m o t io n a l is m  and 

would o n ly  o u tp u t  what i t  was programmed to  do . T h is  i s  i n  no 

way a d v o c a t in g  t h a t  p e r s o n a l  judgm ent sh o u ld  be ex c lu d ed  i n  

f a v o r  o f  m e c h a n ic a l  r u l e s .  I t  i s  j u s t  s t a t i n g  t h a t  t h i s  a p 

p ro a c h  cou ld  be used a s  an a id  i n  s i g n a l i n g  to  t h e  i n v e s t o r  

t h a t  a  c e r t a i n  s to c k  sh o u ld  be e v a lu a te d  f o r  f u r t h e r  i n v e s t 

ment c o n s i d e r a t i o n .

D i f f e r e n t  m a th e m a t ic a l  o r  t e c h n i c a l  m ethods were 

s t u d i e d  and c o n s id e r e d  f o r  a d e t a i l e d  e v a l u a t i o n  o f  t h e i r  

u s e f u l n e s s  a s  a f o r e c a s t i n g  t o o l .  The t h r e e  main m ethods 

c o n s id e r e d  w e re ;  m u l t i p l e  r e g r e s s i o n ,  d i f f e r e n c e  e q u a t i o n s ,  

and e x p o n e n t i a l  sm o o th in g .  A l l  t h r e e  a r e  somewhat i n t e r 

r e l a t e d  and cou ld  be used  t o g e t h e r ,  d e p e n d in g  on t h e  a p p ro a c h  

t h a t  one w anted  to  p u r s u e .
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E x p o n e n t ia l  sm ooth ing  was f i n a l l y  chosen  a s  t h e  method 

w hich  would be t e s t e d  f o r  e v a l u a t i o n  due to  t h e  f o l lo w in g  

r e a s o n s  :

1. T h is  method was new and i n t e r e s t i n g  to  t h e  w r i t e r ,  

and an a r e a  in  w h ich  a b e t t e r  u n d e r s t a n d in g  was d e s i r e d .

2 .  T h is  m odel h a s  t h e  c a p a b i l i t y  to  respo nd  t o  change 

and seemed more a p p r o p r i a t e  f o r  f o r e c a s t i n g  t h e  s t o c k  m ark e t  

w here r a d i c a l  p r i c e  changes  do o c c u r .

3 .  The number o f  t im e  p e r i o d s  w hich have an e f f e c t  on 

t h e  f o r e c a s t  co u ld  be  v a r i e d  by c h an g in g  th e  sm oo th ing  con

s t a n t .  T h is  method a l s o  p l a c e s  more em phasis  on p r e s e n t  d a t a  

th a n  i t  does  on o l d e r  d a t a  f o r  f o r e c a s t i n g  p u r p o s e s .

4 .  T h is  method can r e l y  s o l e l y  on p a s t  p r i c e  d a t a  and 

d oes  n o t  r e q u i r e  t h e  f o r e c a s t i n g  o f  e a r n i n g s  o r  o t h e r  fu n d a 

m e n ta l  f a c t o r s  t h a t  may i n f l u e n c e  s t o c k  p r i c e s .

The m ain o b j e c t i v e  o f  t h i s  a n a l y s i s ,  a f t e r  many d i f 

f e r e n t  a p p ro a c h e s  and i d e a s  w ere  t e s t e d  o r  d i s c a r d e d ,  became 

one o f  t e s t i n g  and e v a l u a t i n g  e x p o n e n t i a l  sm ooth ing  w i th  t h e  

q u a d r a t i c  model a s  a method f o r  f o r e c a s t i n g  th e  p r i c e  o f  

common s t o c k s  f o r  a v a r i a b l e  number o f  t im e  i n t e r v a l s .
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CHAPTER I I  

DATA DESCRIPTION AND ADJUSTMENT

B e fo re  any  fo rm a l  t e s t s  o f  t h i s  model cou ld  be u n d e r 

t a k e n ,  i t  was f i r s t  n e c e s s a r y  to  d e te rm in e  what company p r i c e  

d a t a  was a v a i l a b l e  and f o r  w hat t im e  i n t e r v a l  t h e  d a t a  was to  

be  c o l l e c t e d .  D a i ly ,  w eek ly , and m o n th ly  d a t a  was a v a i l a b l e ,  

b u t  t h i s  model t e n d s  to  a m p l i fy  n o i s e  t h a t  m ig h t be  p r e s e n t  

w i t h in  l a r g e r  t im e  i n t e r v a l s  and i t  was f e l t  t h a t  s i g n i f i c a n t  

ch an g es  m ig h t  be o b sc u re d  when l a r g e r  d a t a  sam p lin g  p e r i o d s  

w ere u s e d .  The n o i s e  w i th in  t h e  d a t a  w i l l  be d e f in e d  a s  t h e  

d i f f e r e n c e  be tw een  t h e  t r u e  u n d e r l y i n g  p r o c e s s  o f  p r i c e  move

m en ts  and t h e  a c t u a l  p r i c e  d a t a  u sed  to  r e p r e s e n t  t h e  s y s te m .
%

I t  was a l s o  f e l t  d e s i r a b l e  t o  t e s t  t h i s  model th r o u g h  

many b u l l  and b e a r  m a rk e ts  t o  d e te r m in e  i t s  p o t e n t i a l  u s e  f o r  

t h e  l o n g - te r m  i n v e s t o r ,  r a t h e r  th a n  j u s t  f o r  t h e  s h o r t - r u n  

t r a d e r  o r  s p e c u l a t o r .  I t  th e n  became a  compromise be tw een  

d a t a  t h a t  would co v e r  a  r e a s o n a b le  p e r io d  o f  t im e  and w hich  

would a l s o  show many o f  t h e  s i g n i f i c a n t  p r i c e  c h an g e s .

Weekly d a t a  was chosen  f o r  t h i s  a n a l y s i s .  The c l o s i n g  

p r i c e  f o r  t h e  l a s t  t r a d i n g  day o f  t h e  week f o r  f i v e  i n d i v i d u a l  

com panies was c o l l e c t e d  f o r  t h e  t im e  p e r io d  from F e b ru a ry  5 , 

i 9 6 0  th r o u g h  June  5 , 1970.

The d a t a  was c o l l e c t e d  from  t h e  f i n a n c i a l  s e c t i o n  o f  

t h e  New York Times v i a  t h e  m ic r o f i lm  m ach ine  a t  t h e  U n i v e r s i t y
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o f  Montana l i b r a r y .  The a c c u ra c y  o f  t h e  d a t a  i s  n o t  g u a ra n 

t e e d ,  a s  t h e r e  w ere  many o p p o r t u n i t i e s  f o r  e r r o r s  to  o c c u r ,  by 

e i t h e r  m i s p r i n t s  o r  copy ing  e r r o r s .  An a t t e m p t  was made to  

m in im iz e  t h e s e  e r r o r s  by a d d in g  t h e  w eek ly  n e t  p r i c e  change  to  

t h e  p r e v i o u s  w e e k 's  p r i c e  t o  compare w i th  t h e  n e x t  w e e k 's  

l i s t e d  c l o s i n g  p r i c e .

The f i v e  com panies s e l e c t e d  f o r  a n a l y s i s  w e re :

A l l i e d  C h e m ica ls ,  American M o to rs ,  Anaconda Company, B o e in g ,  

and U n i te d  A i r  L in e s .  These com pan ies  w ere  cho sen  by a  ju d g 

m ent sa m p le ,  i n  t h a t  th e y  w ere s e l l i n g  a t  a  low p r i c e - e a r n i n g s  

r a t i o  and t h a t  t h e y  r e p r e s e n t e d  d i v e r s e  i n d u s t r i e s .  I f  t h e  

d a t a  had been  more e a s i l y  a c c e s s i b l e  and more a d e q u a te  com

p u t e r  f a c i l i t i e s  had been  a v a i l a b l e ,  more fo rm a l  and r e l i a b l e  

s t a t i s t i c a l  t e s t s  would have b een  p e r fo rm e d .

I n f o r m a t io n  i n  r e g a r d  to  s t o c k  s p l i t s  and s to c k  

d iv id e n d s  f o r  eac h  company was o b ta in e d  from Moody's F i n a n c i a l  

S e r v i c e s .  The p r i c e  d a t a  was t h e n  a d j u s t e d  f o r  s t o c k  s p l i t s  

and d iv id e n d s  i s s u e d  by t h e  com p u te r  p rogram  l i s t e d  i n  

A ppendix  A. The a d j u s t e d  p r i c e  d a t a  f o r  each  o f  t h e  f i v e  

com panies  i s  g iv e n  i n  Appendix B. The d a t a  has  been a d j u s t e d  

backw ard i n  t im e  so t h a t  a l l  d a t a  i s  com parab le  t o  t h e  m ost 

r e c e n t  o b s e r v a t i o n .

The e x p o n e n t i a l  sm oo th ing  p rogram  i s  g iv en  i n  A ppendix  

0. W ith  t h e s e  t h r e e  a p p e n d ix e s ,  t h e  r e a d e r  may check  o r  r e 

p ro d u c e  any  p a r t  o f  t h i s  a n a l y s i s ,  i f  d e s i r e d ,  to  v e r i f y  t h e  

r e s u l t s .  I t  would be  n e c e s s a r y  to  p l o t  g r a p h i c a l l y  t h e  com

p u t e r ' s  o u tp u te d  r e s u l t s  f o r  each  o f  t h e  f o r e c a s t i n g  p e r i o d s
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c o v e re d .  The two p rogram s were w r i t t e n  i n  B a s ic  FORTRAN I I  

and were p r o c e s s e d  on t h e  IBM 1620.

D ata  f o r  t h e  number o f  s h a r e s  t r a d e d  p e r  week f o r  eac h  

company was a l s o  c o l l e c t e d  f o r  t h e  e v a l u a t i o n  p e r i o d .  T h is  

d a t a  was a d j u s t e d  f o r  s to c k  s p l i t s  and s t o c k  d iv id e n d s  so t h a t  

t h e  number o f  s h a r e s  t r a d e d  each  week would be com parab le  to  

t h e  t o t a l  number o f  s h a r e s  a v a i l a b l e  t o  be t r a d e d  a s  o f  th e  

m ost r e c e n t  o b s e r v a t i o n .  The mean, v a r i a n c e ,  and s t a n d a r d  

d e v i a t i o n  o f  t h e  num ber o f  s h a r e s  t r a d e d  p e r  week w ere a l s o  

c a l c u l a t e d  f o r  eac h  company. T h is  v a r i a b l e  was d ropp ed  from 

t h e  a n a l y s i s  a t  t h i s  p o i n t  and no f u r t h e r  t e s t s  were made w i th  

volume f i g u r e s .

D ata  f o r  t h e  S ta n d a rd  and P o o r ' s  500 Com posite S to c k  

In d e x  was a l s o  c o l l e c t e d  f o r  t h e  e v a l u a t i o n  p e r i o d .  As i t  

was f e l t  t h a t  i n v e s t o r s  a r e  c o m p e t i t i v e ,  t h e s e  f i g u r e s  were 

a l s o  t o  be a d j u s t e d  i n t o  a  form i n  w hich  t e s t s  c o u ld  be 

c o ndu c ted  to  d e te r m in e  i f  t h e y  would be u s e f u l  t o  an i n v e s t o r .  

T h is  d a t a  was t e s t e d  th ro u g h  t h e  e x p o n e n t i a l  sm ooth ing  and 

f o r e c a s t i n g  s e c t i o n  o f  t h e  a n a l y s i s ,  b u t  a t  t h i s  s t a g e  i t  was 

d e c id e d  to  e x c lu d e  t h i s  v a r i a b l e  and no f u r t h e r  t e s t s  w ere 

made w i th  t h e  in d e x .
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CHAPTER I I I

THE QUADRATIC MODEL MD EXPONENTIAL SMOOTHING*

The model chosen  to  r e p r e s e n t  o r  d e s c r i b e  a s p e c i f i c  

sys tem  may be  b u t  an a b s t r a c t i o n  o r  s i m p l i f i c a t i o n  o f  t h e  r e a l  

w orld  c o n c e p t  w hich  i t  p u r p o r t s  t o  d u p l i c a t e .  One can  d e v e lo p  

a  m odel a s  com plex o r  a s  s im p le  a s  d e s i r e d ,  d e p en d in g  on t h e  

system  t h a t  i s  t o  be r e p r e s e n t e d .  A model shou ld  be judged  

m a in ly  by i t s  r e l a t i v e  m e r i t s  r e g a r d in g  i t s  p r a c t i c a l  u s e f u l 

n e s s  i n  r e p r e s e n t i n g  th e  b e h a v io r  o f  t h e  a c t u a l  sy s te m .

In  a t t e m p t in g  to  d e v e lo p  a  m odel t o  d e s c r i b e  t h e  

system  u n d e r l y i n g  t h e  movement o f  s t o c k  p r i c e s  one m ig h t  want 

an e l a b o r a t e  m odel g iv in g  v a r i o u s  w e ig h ts  to  th e  many v a r i a b le s  

d e te rm in e d  i m p o r t a n t  i n  a f f e c t i n g  th e  sy s te m . T h is  a p p ro a c h  

co u ld  be fo l lo w e d  b u t  one sh o u ld  r e a l i z e  t h a t  an a d d i t i o n a l  

c o s t  would be in v o lv e d  f o r  e s t i m a t i n g  t h e  e x t r a  c o e f f i c i e n t s  

o f  a  more e l a b o r a t e  m odel. T h is  a d d i t i o n a l  c o s t  sh o u ld  be 

b a la n c e d  a g a i n s t  t h e  b e n e f i t s  d e r iv e d  from more a c c u r a t e  f o r e 

c a s t s .

I f  one w ere  i n c l i n e d  to  b e l i e v e  t h a t  th e  sys tem  was 

p e r i o d i c  o r  o rd e re d  s e q u e n t i a l l y ,  a  t r i g o n o m e t r i c  model

N o te ;  R e fe re n c e  sh o u ld  be  made to  R obert  G oo de ll  
Brown’ s b o o k . Sm oo th ing . F o r e c a s t i n g  and P r e d i c t i o n  o f  D isc re te  
Timm S e r i e s . P r e n t i c e - H à l l ,  New York; 1963, f o r  a  more f o r m a l ,  
t h e o r e t i c a l  a p p ro a c h  to  e x p o n e n t i a l  sm o o th in g ,  a s  many o f  t h e  
b a s i c  c o n c e p ts  o f  t h i s  c h a p t e r  a r e  t a k e n  from  h i s  book .
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composed o f  s i n e  and c o s in e  f u n c t i o n s  would be a p p r o p r i a t e .

By t a k i n g  enough te rra s  o f  t h e  F o u r i e r  s e r i e s ,  i t  i s  p o s s i b l e  

t o  malce t h i s  model conform  a s  c l o s e l y  a s  d e s i r e d  to  a  system  

o f  t h i s  n a t u r e .  B e fo re  u s in g  a  m odel o f  t h i s  t y p e ,  t h e  number 

o f  d a t a  o b s e r v a t i o n s  p e r  c y c le  o r  p e r i o d  m ust be known.

As n e i t h e r  o f  t h e  two c l a s s e s  o f  m odels m e n t io n e d  

a b o v e ,  a p p e a re d  p r a c t i c a l  o r  r e a s o n a b l e  f o r  t h i s  a n a l y s i s ,  we 

w i l l  c o n c e rn  o u r s e l v e s  w i th  t h e  p ro b lem  o f  a p p ro x im a t in g  a  

g iv e n  f u n c t i o n  P = f ( T )  by means o f  a power s e r i e s  o f  p o l y 

n o m ia ls  o f  t h e  g e n e r a l  form

P N
Pjj(T )=aQ +aiT+a2Î + . . .

W ith t h i s  f u n c t i o n  we a r e  a ssum ing  t h a t  p r i c e  i s  t h e  

d e p e n d e n t  v a r i a b l e  and i s  a  f u n c t i o n  o f  t h e  in d e p e n d e n t  v a r i 

a b l e  t im e .  L e t  u s  assum e t h a t  t h e  o r i g i n  o f  t im e ,  T = 0 , i s  

t h e  p r e s e n t  t im e  a t  w hich  we have  a  new d a t a  o b s e r v a t i o n .  We 

now want t o  d e te r m in e  t h e  c o e f f i c i e n t s  o f  t h e  p o ly n o m ia l  

c u rv e  w hich  b e s t  r e p r e s e n t  t h e  p r i c e  f u n c t i o n .

More s p e c i f i c a l l y ,  what p o ly n o m ia l  o f  d e g re e  n ,  comes 

c l o s e s t  to  f i t t i n g  t h e  g iv e n  c u rv e  n e a r  Ï .  We d e s i r e  t h a t  

a p p ro x im a t in g  c u rv e  w hich  p a s s e s  th r o u g h  T and w hich  h a s  t h e  

h i g h e s t  p o s s i b l e  d e g re e  o f  c o n t a c t  w i th  t h e  g iv en  c u rv e  a t  T. 

T h is  i s  a c c o m p lish e d  by ex p an d in g  t h e  f u n c t i o n  a ro u n d  t h i s  

p o i n t  T. To expand t h e  f u n c t i o n  P = f ( T )  around  t h e  p o i n t  T, 

means to  t r a n s f o r m  t h a t  f u n c t i o n  i n t o  a  p o ly n o m ia l  fo rm  i n  

w hich  t h e  c o e f f i c i e n t s  o f  t h e  v a r i o u s  te rm s  w i l l  be e x p re s s e d  

i n  te rm s  o f  t h e  a p p r o p r i a t e  d e r i v a t i v e  v a l u e s ,  a l l  e v a l u a t e d
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a t  t h e  p o i n t  o f  e x p a n s io n  T.

I t  can  he  p ro v e n  t h a t  t h e  c o e f f i c i e n t s  o f  t h e  a p p ro x 

im a t in g  p o ly n o m ia l  w hich  h a s  t h e  h i g h e s t  d e g re e  o f  c o n t a c t  

w i th  th e  g iv e n  c u rv e  a r e :

a Q = ? (0 ) , a , = P ' ( 0 ) ,  a2 =-^^— » • • • »  au=

By s u b s t i t u t i n g  t h e s e  v a l u e s  i n t o  o u r  g e n e r a l  m o d e l,  we th e n  

have  f o r  o u r  a p p ro x im a t in g  p o ly n o m ia l  o f  d e g re e  n :

P y ( T ) = 2 ( 0 ) + P '( 0 ) T + f " ( 0 )  . . .
21 m

T h is  p o ly n o m ia l  s e r i e s  i s  known a s  M a c l a u r i n 's  s e r i e s  f o r  a 

g iv e n  f u n c t i o n  P ( T ) ,  expanded a ro und  t h e  p o i n t  T = 0.

More g e n e r a l l y ,  we may be c o n ce rn ed  w i th  e x p an d in g  t h e  

p o ly n o m ia l  f u n c t i o n  a b o u t  some v a lu e  o f  T n e a r  A, r a t h e r  t h a n  

a ro u n d  t h e  p o i n t  T = 0. I t  h a s  been  p ro v e n ,  i n  an  a n a lo g o u s  

m anner to  t h a t  u sed  f o r  t h e  M a c l a u r i n 's  s e r i e s ,  t h a t  t h e  p o l y 

n o m ia l  f u n c t i o n  can be  expanded a ro u n d  any  p o i n t  A, n o t  

n e c e s s a r i l y  z e r o .  T h is  i s  known a s  t h e  T a y lo r  s e r i e s  expan

s i o n  o f  t h e  p o ly n o m ia l  f u n c t i o n  P( T)  a b o u t  t h e  p o i n t  T = A.

The g e n e r a l  form  o f  t h i s  e q u a t io n  i s :

P » (A )= P (A )+ P (1 )(A )(T -A ) (T-A )^+ . . .  ( T - A ) \  . . .
i'l 21 *

w here p ( ^ ) ( A)  d e n o te s  t h e  v a lu e  o f  t h e  Nth d e r i v a t i v e  o f  t h e  

f u n c t i o n  P(T)  a t  T = A. The e q u a t io n  g iv e n  above r e q u i r e s  thd: 

t h e  f u n c t i o n  p o s s e s s  f i n i t e  d e r i v a t i v e s  o f  a l l  o r d e r s  a t  T = A.

The M a c la u r in  and T a y lo r  p o ly n o m ia l  power s e r i e s  have  

shown t h a t  a  f u n c t i o n  can  be r e p r e s e n t e d  by an  e x p a n s io n  a b o u t

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

any p o i n t  d e s i r e d ,  so lo n g  a s  t h e  c o e f f i c i e n t s  o f  t h e  m odel 

can  he  a p p ro x im a te d  by t h e  a p p r o p r i a t e  o r d e r  d e r i v a t i v e s .  The 

r e s u l t s  o f  t h e s e  s e r i e s  were d e v e lo p e d  f o r  c o n t in u o u s  f u n c 

t i o n s  u s in g  d i f f e r e n t i a l  c a l c u l u s ;  b u t  t h e s e  r e s u l t s  can a l s o  

be a p p l i e d  to  d i s c r e t e  t im e  s e r i e s .  A d e t a i l e d  t h e o r e t i c a l  

d i s c u s s i o n  on t h e  a n a l o g i e s  be tw een  D i f f e r e n c e  E q u a t io n s  and 

D i f f e r e n t i a l  C a lc u lu s  w i l l  n o t  be g iv e n .  R e ad e rs  i n t e r e s t e d  

i n  a  c o m p a ra t iv e  a n a l y s i s  o f  t h e  o p e r a t o r s  o f  t h e s e  two m ath

e m a t i c a l  d i s c i p l i n e s  may r e f e r e n c e  a book i n  t h i s  a r e a ,  such  

a s  Samual G o ld b e rg ’ s book . I n t r o d u c t i o n  to  D i f f e r e n c e  Equa

t i o n s .

At t h i s  s t a g e  o f  t h e  a n a l y s i s ,  i t  was n e c e s s a r y  to  

d e te rm in e  t h e  o r d e r  o f  t h e  p o ly n o m ia l  model t h a t  would be 

u s e f u l  i n  d e s c r i b i n g  and f o r e c a s t i n g  t h e  u n d e r l y i n g  sy s tem  o f  

p r i c e  c h a n g e s .  F o r  any  g iv e n  p e r io d  o f  t im e ,  t h e  p r i c e  o f  a  

s t o c k  m ig h t  be  v e r y  s t a b l e  and a  c o n s t a n t  model would be 

a d e q u a te  f o r  f o r e c a s t i n g  p u r p o s e s .  At o t h e r  t im e s ,  th e  p r i c e  

m igh t be c h an g in g  a t  a  c o n s t a n t  r a t e  and  a  l i n e a r  model would 

be a p p r o p r i a t e .  I f  t h e  p r i c e  was a c c e l e r a t i n g  a t  a  c o n s t a n t  

r a t e ,  t h e n  t h e  q u a d r a t i c  model would be more a p p r o p r i a t e .  A 

c u b ic  f u n c t i o n  o f  t im e  would be p e r t i n e n t  i f  t h e  a c c e l e r a t i o n  

was c h an g in g  l i n e a r l y .

T h e o r e t i c a l l y , i f  t h e  d a t a  can  be r e p r e s e n t e d  by a 

s im p le  a v e ra g e  o v e r  t im e ,  th e n  th e  f i r s t  d i f f e r e n c e s  be tw een  

s u c c e s s iv e  o b s e r v a t i o n s  sh o u ld  f l u c t u a t e  random ly  a ro u n d  z e r o .  

I f  a  s t r a i g h t  l i n e  would be a  b e t t e r  m odel, th e n  t h e  f i r s t  

d i f f e r e n c e s  w i l l  have  a n o n - z e r o  a v e r a g e ,  b u t  t h e  second
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d i f f e r e n c e s  w i l l  f l u c t u a t e  a ro u n d  z e r o .  I n  g e n e r a l ,  i f  t h e  

p r o c e s s  u n d e r l y i n g  t h e  o b s e r v a t i o n s  i s  e x a c t l y  r e p r e s e n t e d  by 

a  p o ly n o m ia l  o f  d e g re e  n ,  t h e n  i t  i s  p o s s i b l e  to  f i n d  t h a t  

d e g re e  by s u c c e s s iv e  d i f f e r e n c e s .  The n  + 1 d i f f e r e n c e  w i l l  

be i d e n t i c a l l y  z e r o ,  i f  t h e  p o ly n o m ia l  i s  o f  d e g re e  n .  U s u a l 

l y  one n e v e r  h a s  d a t a  o f  t h e  u n d e r l y i n g  p r o c e s s  i t s e l f ,  b u t  

o n ly  n o i s y  o b s e r v a t i o n s  and t h e  ( a  + 1 ) s t  d i f f e r e n c e s  w i l l  

a v e ra g e  z e r o .

The p rob lem  o f  d e te r m in in g  t h e  c o r r e c t  m odel was even 

f u r t h e r  c o m p l ic a te d  b e c a u se  t h e  c o e f f i c i e n t s  i n  t h e  u n d e r l y i n g  

p r o c e s s  a r e  n o t  l i t e r a l l y  c o n s t a n t ,  b u t  may undergo  a  s low  

random w alk  i n  t im e .  I t  i s  assum ed t h a t  t h i s  change i s  s m a l l  

enough so t h a t ,  a t  any  one p o i n t  i n  t im e ,  t h e  c u r r e n t  e s t i 

m a te s  o f  t h e  c o e f f i c i e n t s  %flll p r o v id e  a  s a t i s f a c t o r y  f o r e c a s t .

The q u a d r a t i c  model was c h o sen  f o r  t h i s  a n a l y s i s .  I t  

was f e l t  t h a t  t h i s  p o ly n o m ia l  m o d e l ,  i n  r e g a r d s  to  a c c u ra c y ;  

was t h e  m ost p r a c t i c a l  and a d e q u a te  one t o  u s e  i n  r e p r e s e n t i n g  

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

m odel c o n f i rm s  t h e  t h e o r e t i c a l  r e s u l t s ,  a s  i t  i s  g e n e r a l l y  

a c c e p te d  t h a t  t h e  t h i r d  d i f f e r e n c e s  o f  s to c k  p r i c e s  hav e  a 

z e ro  a v e r a g e .

T h is  m odel i s  o f  th e  seco n d  o r d e r  and i n c l u d e s  t h e  

f i r s t  t h r e e  te rm s  o f  t h e  T a y lo r  s e r i e s .  F o r e c a s t s  a r e  made T 

p e r i o d s  ahead  -with t h i s  model by t h e  f o l lo w in g  e q u a t i o n :

S(T)=A+BT+l/2 o f
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w here S( T)  i s  t h e  f o r e c a s t  o f  t h e  f u t u r e  p r i c e  T p e r i o d s  ah ead  

o f  t h e  p r e s e n t  t im e  on w hich  d a t a  i s  a v a i l a b l e  t o  d e te r m in e  

t h e  c o e f f i c i e n t s  A, B, and 0 o f  t h e  m odel. One o f  t h e  p r i n c i 

p a l  o b j e c t i v e s  o f  an a d a p t i v e  sy s tem  i s  to  r e v i s e  t h e  c o 

e f f i c i e n t s  o f  t h e  model a f t e r  each  new d a t a  o b s e r v a t i o n .

Then new f o r e c a s t s  a r e  made b a sed  on t h e  r e v i s e d  c o e f f i c i e n t s .

T k n o n e n t ia l  Sm oothing i s  t h e  p r o c e s s  w hich  h a s  been  

c h o sen  f o r  r e v i s i n g  t h e  c o e f f i c i e n t s  o f  t h e  q u a d r a t i c  m odel 

a f t e r  e a c h  new d a t a  o b s e r v a t i o n .  T h is  method i s  a p p r o p r i a t e  

f o r  f o r e c a s t i n g  th e  p r i c e  o f  s t o c k s  a s  t h e  d a ta  i s  from  a  

d i s c r e t e  t im e  s e r i e s .  The p r i c e s  a r e  i n  d i s t i n c t ,  s p e c i f i c  

l e v e l s  and t h e  d a t a  may be g a th e r e d  o r  o b ta in e d  a t  t h e  end o f  

a  s p e c i f i e d  t im e  i n t e r v a l .

B x p o n e n t ia l  sm o o th in g ,  a l t h o u g h  n o t  e x a c t l y  t h e  same, 

i s  v e r y  co m parab le  to  a  w e ig h te d  moving a v e r a g e .  The sm ooth

i n g  f u n c t i o n  i s  a  l i n e a r  c o m b in a t io n  o f  a l l  p a s t  o b s e r v a t i o n s  

w i th  t h e  sm oo th ing  c o n s t a n t  d e te r m in in g  t h e  w e ig h t  g iv e n  to  

e ach  o b s e r v a t i o n .  The h e a v i e s t  w e ig h t  i s  g iv e n  to  t h e  m ost 

r e c e n t  o b s e r v a t i o n  and t h e  w e ig h t  g iv e n  to  p r e v io u s  o b s e r v a 

t i o n s  d e c r e a s e s  e x p o n e n t i a l l y  'w ith  a g e .

l^hen t h e  sm oo th ing  c o n s t a n t  i s  s m a l l ,  t h e  f u n c t i o n  

b e h a v e s  s i m i l a r l y  to  a m oving a v e ra g e  t h a t  i n c l u d e s  a  l a r g e  

num ber o f  o b s e r v a t i o n s .  The l a r g e r  t h e  sm ooth ing  c o n s t a n t ,  

t h e  fe w e r  a r e  t h e  number o f  o b s e r v a t i o n s  t h a t  have  a s i g n i f i 

c a n t  e f f e c t  on t h e  f o r e c a s t  and t h e  f u n c t i o n  w i l l  r e sp o n d  

v e r y  r a p i d l y  to  a  change i n  t h e  p r o c e s s ,  blien a  sm o o th in g  

c o n s t a n t  i s  to  be s e l e c t e d ,  one i s  b a s i c a l l y  f a c e d  w i th
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d e te r m in in g  w h e th e r  t h e  p r o c e s s  i s  r e l a t i v e l y  s t a b l e  and a 

lo w e r  v a lu e  w i l l  s u f f i c e ,  o r  -whether t h e  p r o c e s s  i s  c h a n g in g  

and a h i g h e r  v a lu e  o f  t h e  c o n s t a n t  i s  r e q u i r e d .

In  t h i s  p a p e r ,  e x p o n e n t i a l  sm o o th in g  u s e s  a  l e a s t -  

s q u a r e s  c r i t e r i o n  o f  a c c u r a c y .  The v a lu e s  o f  t h e  c o e f f e c i e n t s  

a r e  computed i n  such  a  way a s  t o  m in im iz e  t h e  sum o f  t h e  

s q u a r e s  o f  t h e  d i f f e r e n c e  be tw een  th e  a c t u a l  o b s e r v a t i o n  and 

t h e  v a l u e  t h a t  was f o r e c a s t e d  by t h e  m o d e l .  These d i f f e r e n c e s  

a r e  a l s o  r e f e r r e d  to  a s  r e s i d u a l s .

I k p o n e n t i a l  sm o o th in g  i s  t h e  o p e r a t i o n  p e rfo rm ed  on 

any  se q u e n c e  o f  o b s e r v a t i o n s  i n  o r d e r  t o  o b t a i n  r e c u r s i v e  

r e v i s i o n s  t o  t h e  p r e v i o u s  e s t i m a t e s  o f  t h e  c o e f f i c i e n t s  o f  t h e  

m o d e l .  The sm oo th ing  f u n c t i o n  u se d  i n  t h i s  a n a l y s i s  r e q u i r e s  

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

The f i r s t  f o r e c a s t  i s  made b ased  on t h e s e  i n i t i a l  c o e f f i c i e n t s .  

Once t h e  n e x t  d a t a  o b s e r v a t i o n  i s  o b ta in e d  t h e  sm oo th ing  

p r o c e s s  t o  r e v i s e  t h e  c o e f f i c i e n t s  can  b e g in .

S in g le  e x p o n e n t i a l  sm o o th ing  i s  t h e  method u se d  to  

e s t i m a t e  t h e  v a lu e  o f  t h e  c o n s t a n t  te rm  o f  t h e  m o d e l .  The 

new sm oothed v a lu e  i s  e q u a l  t o  t h e  -p rev ious  sm oothed v a lu e  

P lu s  a  f r a c t i o n  ( th e  sm oothi n g  c o n s t a n t )  o f  th e , d i f f e r e n c e  

be tw een  . t h e  new o b s e r v a t i o n  and t h e  p r e v io u s ,  ■smoothed v a l u e .

D ouble  e x p o n e n t i a l  sm oo th ing  i s  t h e  p r o c e s s  u sed  to  

o b t a i n  t h e  new e s t i m a t e  o f  t h e  l i n e a r  te rm  o f  t h e  m o del.

Double sm ooth ing  i s  t h e  r e s u l t  o f  a p p ly in g  th e ,  sm oo th ing  

p r o c e s s  t o t h e  single.._smoQthed r e s u l t ^ .

T r i p l e  e x p o n e n t i a l  sm oo th ing  i s  j u s t  t h e  sm o o th in g
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p r o c e s s  a p p l i e d  to  t h e  d o u b le  sm oothed r e s u l t s ,  and i s  u se d  to  

e s t i m a t e  t h e  q u a d r a t i c  te rm  o f  t h e  m o de l.

W ith t h e s e  t h r e e  new e s t i m a t e s  o f  t h e  c o e f f i c i e n t s ,  

t h e  n e x t  f o r e c a s t  i s  made. The sm oo th ing  p r o c e s s  i s  r e p e a t e d  

a s  e ac h  new o b s e r v a t i o n  i s  r e c e i v e d .  T h is  i s  t h e  e x p o n e n t i a l  

sm o o th in g  se q u en c e  t h a t  was used  f o r  t h i s  a n a l y s i s  and t h e  

com p u te r  p rogram  l o c a t e d  i n  A ppendix  0.

T h is  m o d e l ,  l i k e  many o t h e r  m a th e m a t ic a l  m o d e ls ,  f o l 

low s c e r t a i n  b a s i c  a s s u m p t io n s  r e g a r d i n g  i t s  fo rm . I t  i s  

g e n e r a l l y  assumed t h a t  t h e  a c t u a l  d a t a  o b s e r v a t i o n s  c o n t a i n  

n o i s e  and a r e  n o t  e x a c t l y  e q u a l  t o  t h e  u n d e r l y i n g  p r o c e s s .  I t  

i s  a l s o  assum ed t h a t  t h e  r e s i d u a l s  o r  f o r e c a s t  e r r o r s  a r e  

n o r m a l ly  d i s t r i b u t e d  w i th  a mean o f  z e ro  and a  c o n s t a n t  v a r i 

a n ce  and  t h a t  t h e  a c t u a l  d a t a  sam p les  a r e  n o t  s e r i a l l y  

c o r r e l a t e d .
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CHAPTER IV 

AHALISI3 OP THE MODEL

In  o r d e r  to  t e s t  t h i s  m o de l,  some o b j e c t i v e  m easu re  o f  

s u c c e s s  o r  f a i l u r e  had to  be e s t a b l i s h e d .  I t  i s  p r o b a b ly  

g e n e r a l l y  a c c e p te d  t h a t  one would d e s i r e  a  model t h a t  a c c u 

r a t e l y  f o r e c a s t e d  th e  f u t u r e  p r i c e  o f  a  s to c k .

VHien u s i n g  an e x p o n e n t i a l  sm o o th in g  f u n c t i o n ,  i t  was 

b e l i e v e d  t h a t  i f  to o  many o b s e r v a t i o n s  w ere i n c l u d e d ,  due to  a  

low  sm oo th ing  c o n s t a n t ,  t h e  f o r e c a s t  e r r o r  would be l a r g e  a s  

t h e  m odel would n o t  re sp o n d  to  a  change i n  t h e  sy s te m . Con

v e r s e l y ,  i f  t h e  sm oo th ing  c o n s t a n t  was to o  l a r g e ,  t h e  model 

would re sp o n d  to  m in o r  c h a n g e s ,  c a u s in g  th e  e r r o r  to  i n c r e a s e .  

Due to  t h i s  b e l i e f ,  i t  was d e c id e d  to  v a ry  t h e  sm oo th ing  

c o n s t a n t  to  d e te r m in e  th e  e f f e c t  t h a t  t h i s  would hav e  on t h e  

f o r e c a s t  e r r o r s .

The mean o f  t h e  r e s i d u a l s  i s  one c r i t e r i a  o f  a c c u ra c y  

t h a t  m ig h t  be  em ployed. As t h i s  m ea su re  i s  d e te rm in e d  by 

summing a l l  t h e  f o r e c a s t  e r r o r s ,  l a r g e  p o s i t i v e  e r r o r s  would 

be o f f s e t  by l a r g e  n e g a t i v e  e r r o r s .  T h is  would c a u se  t h e  

mean o f  t h e  f o r e c a s t  e r r o r s  to  be a  r a t h e r  m e a n in g le s s  m easu re  

f o r  c o m p a r iso n .

In  o r d e r  to  overcom e t h i s  l i m i t a t i o n ,  t h e  minimum 

v a r i a n c e  e s t i m a t o r  o f  th e  sm oo th ing  c o n s t a n t  was u se d  a s  t h e  

m easu re  o f  a c c u ra c y  f o r  t h i s  p a p e r .  A no the r  q u a l i t y  o f  t h i s
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m ea su re  i s  t h a t  i t  g i v e s  more w e ig h t  t o  l a r g e  e r r o r s  w h ich  

one would l i k e  to  e l i m i n a t e .

The o r i g i n a l  e x p o n e n t i a l  sm o o th in g  program  u se d  was a  

s c i e n t i f i c  s u b r o u t i n e  w r i t t e n  by IBM. T h is  program  was mod

i f i e d  so t h a t  t h e  sm o o th in g  c o n s t a n t  c o u ld  be  v a r i e d  th ro u g h  

any  ra n g e  from 0 to  1 .0  by any  t h r e e - d i g i t  d e c im a l  change

t h a t  was d e s i r e d  by t h e  u s e r .

The f i r s t  t e s t  t h a t  was c o n d u c te d  was a one week f o r e 

c a s t  f o r  each  o f  t h e  f i v e  co m p an ie s ,  i n  i n i t i a l  v a lu e  f o r  t h e  

c o n s t a n t  te rm  o f  t h e  q u a d r a t i c  m odel was r e a d  i n t o  t h e  com puter 

a lo n g  i f i t h  th e  a c t u a l  d a t a  to  b e g in  t h e  sm oo th ing  and f o r e 

c a s t i n g  p r o c e s s .  The co m p u te r  program  was a l s o  m o d i f ie d  so 

t h a t  t h e  f i r s t  100 o b s e r v a t i o n s  w ere  u se d  to  p e r m i t  t h e  m odel 

t o  s e t t l e  and t o  a d j u s t  t h e  c o e f f i c i e n t s  so t h a t  t h e y  would be 

a  b e t t e r  r e p r e s e n t a t i o n  o f  t h e  a c t u a l  p r o c e s s .  440 o b s e r v a 

t i o n s ,  f o r  t h e  t im e  p e r i o d  from  J a n u a ry  5 , 1962 th ro u g h

June  5 , 1970, w ere  u s e d  i n  t h e  a n a l y s i s  to  d e te r m in e  t h e

minimum v a r i a n c e  e s t i m a t o r  o f  t h e  sm oo th ing  c o n s t a n t .

The sm o o th in g  c o n s t a n t  was i n i t i a l l y  v a r i e d  by an  

in c r e m e n t  o f  .0 5  t h r o u g h  t h e  r a n g e  from 0 .0  t o  0 .5 0  f o r  one 

company. The m odel r e a c t e d  a s  e x p e c te d  w i th  th e  e r r o r  l a r g e  

f o r  a  v e ry  s m a l l  c o n s t a n t ,  t h e n  d e c r e a s i n g  a s  th e  c o n s t a n t  

was i n c r e a s e d  u n t i l  i t  r e a c h e d  a  sm o o th in g  c o n s t a n t  o f  .3 0 0 .

At t h i s  p o i n t  t h e  e r r o r  i n c r e a s e d  a s  t h e  sm oo th ing  c o n s t a n t  

was i n c r e a s e d .

I t  was t h e n  d e c id e d  to  t e s t  a l l  f i v e  com panies f o r  

t h i s  one week f o r e c a s t  by v a r y in g  t h e  c o n s t a n t  by an  in c re m e n t
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o f  .0 2 5  th r o u g h  t h e  ra n g e  from ,2 7 5  th r o u g h  .3 5 0 ,  In  a l l  

c a s e s ,  t h e  m o d e l ,  r e a c t e d  a s  e x p e c te d  and a  sm ooth ing  con

s t a n t  o f  e i t h e r  .300  o r  .3 2 5  p ro d u ce d  t h e  minimum v a r i a n c e  

e s t i m a t e .  In  t h i s  ra n g e  t h e r e  d id  n o t  a p p e a r  to  be a s i g n i 

f i c a n t  d i f f e r e n c e  i n  t h e  r e s u l t s  f o r  e i t h e r  o f  t h e s e  two 

v a l u e s .  The f o r e c a s t s  and r e s i d u a l s  b a sed  on a  sm oo th ing  

c o n s t a n t  o f  -325 were s e l e c t e d  f o r  f u t u r e  a n a l y s i s .

In  o r d e r  to  a n a ly z e  t h e  o u t p u t  o f  t h e  model f o r  t h i s  

sm o o th ing  c o n s t a n t  and f o r e c a s t  p e r i o d ,  i t  vjas n e x t  n e c e s s a r y  

to  g ra p h  t h e  r e s u l t s .  The number o f  s h a r e s  t r a d e d  e ach  week 

and t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  t r a d i n g  a c t i v i t y  w ere  a l s o  

e n t e r e d  on eac h  g ra p h .  At t h i s  p o i n t  o f  t h e  a n a l y s i s  i t  d id  

n o t  a p p e a r  t h a t  t h e  one week f o r e c a s t  a lo n e  would be  a  u s e f u l  

a id  t o  an  i n v e s t o r .  W ith a  sm o o th in g  c o n s t a n t  o f  .325  f o r  

t r i p l e  sm o o th in g ,  o n ly  two d a t a  o b s e r v a t i o n s  have a  s i g n i f i 

c a n t  e f f e c t  i n  d e te r m in in g  t h e  n e x t  f o r e c a s t .

The n e x t  c o n c lu s io n  r e a c h e d  was t h a t  t h i s  same 

a n a l y s i s  co u ld  be ex te n d ed  by f o r e c a s t i n g  f o r  p e r i o d s  f u r t h e r  

i n t o  t h e  f u t u r e .  I t  was a l s o  assum ed t h a t  t h e  f u r t h e r  one 

f o r e c a s t e d  a h e a d ,  t h e  l a r g e r  t h e  minimum v a r i a n c e  e s t i m a t o r  

would become. L a t e r  t e s t s  have  v e r i f i e d  t h e  v a l i d i t y  o f  

t h e s e  a s s u m p t io n s .

B e fo re  t h i s  a p p ro a c h  cou ld  be t e s t e d ,  t h e  com puter  

p rogram  had to  be m o d if ie d  to  (1 )  i n c l u d e  t h e  c a p a b i l i t y  o f  

f o r e c a s t i n g  ah ead  f o r  a  v a r i a b l e  num ber o f  t im e  p e r i o d s ,  and 

(2 )  to  i n c l u d e  ex p o n en t n o t a t i o n  f o r  ev e ry  v a r i a b l e  t h a t  

m ig h t  I n c r e a s e  to  a  q u a n t i t y  to o  l a r g e  to  be o u tp u t  on t h e
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e x i s t i n g  com puter a v a i l a b l e .  T h is  i s  t h e  f i n a l  E x p o n e n t ia l  

Sm oothing program  t h a t  i s  g iv e n  i n  Appendix  0 a t  t h e  end o f  

t h i s  p a p e r .

I n i t i a l l y ,  one company was t e s t e d  by v a ry in g  t h e  

sm o o th ing  c o n s t a n t  th r o u g h  t h e  r a n g e  from  .050  th r o u g h  .3 0 0  

by in c r e m e n t s  o f  .0 50  f o r  each  f o r e c a s t  p e r io d  2 th r o u g h  6 

i n c l u s i v e .  Prom t h i s  i n i t i a l  t e s t ,  a  s e p a r a t e  ra n g e  f o r  t h e  

sm o o th in g  c o n s t a n t  was e s t a b l i s h e d  f o r  each  f o r e c a s t  p e r i o d ,  

so t h a t  f u r t h e r  t e s t s  c o u ld  be c o n d u c te d  on a l l  f i v e  com panies. 

T h is  p ro c e d u r e  d oes  re d u c e  t h e  o p e r a t i n g  t im e  and n a r ro w s  

dovra t h e  number o f  sm oo th ing  c o n s t a n t s  to  be  t e s t e d .

D uring  t h e  i n i t i a l  t e s t  when f o r e c a s t i n g  f o r  s i x  

weeks a h e a d ,  t h e  f o r e c a s t  e r r o r  f o r  e v e ry  sm oo th ing  c o n s t a n t  

t e s t e d ,  a p p e a re d  to  become to o  l a r g e  to  be o f  any  v a lu e  to  an 

i n v e s t o r  so t h i s  f o r e c a s t  p e r i o d  was d i s r e g a r d e d  from  any 

f u r t h e r  a n a l y s i s .

The summary r e s u l t s  f o r  eac h  f o r e c a s t  p e r io d  (T) f o r  

th e  f i v e  com panies  t e s t e d  and t h e  sm ooth ing  c o n s t a n t  (AL) f o r  

w hich t h e  d e v i a t i o n  o f  t h e  f o r e c a s t  e r r o r s  was a  minimum a r e  

g iv e n  i n  T ab le  1 . A d e t a i l e d  a n a l y s i s  o f  t h e s e  r e s u l t s  w i l l  

n o t  be g iv e n ,  b u t  a few  p o i n t s  o f  s i g n i f i c a n c e  i f i l l  be men

t io n e d  .

T h is  model was b ased  on t h e  a s su m p t io n  t h a t  t h e  f o r e 

c a s t  e r r o r s  w ere n o r m a l ly  d i s t r i b u t e d  v rith  a  mean o f  z e ro  and 

a  c o n s t a n t  v a r i a n c e .  For t h e  f o r e c a s t s  up t o  t h r e e  p e r i o d s  

a h e a d ,  t h e s e  a s s u m p t io n s  do n o t  a p p e a r  t o  be v i o l a t e d ;  b u t  

when f o r e c a s t i n g  f o u r  and f i v e  p e r i o d s  a h e a d ,  t h e  f o r e c a s t s
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do n o t  a p p e a r  t o  m eet t h e  e s t a b l i s h e d  c r i t e r i a .

A cco rd in g  to  e x p e c t a t i o n ,  t h e  d e v i a t i o n  o f  t h e  f o r e 

c a s t  e r r o r s  i n c r e a s e d  t h e  f u r t h e r  one f o r e c a s t e d  i n t o  t h e  

f u t u r e .  T h is  i n c r e a s e  vras n o t  l i n e a r  i n  r e l a t i o n  to  t h e  

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

l a r g e s t  i n c r e a s e  i n  t h e  d e v i a t i o n  o f  t h e  f o r e c a s t  e r r o r s  o c 

c u r r e d  b e tw een  t h r e e  and f o u r  f o r e c a s t  p e r i o d s  a h e a d .

B e fo re  c o n c lu d in g  t h i s  s e c t i o n ,  two f i n a l  p o i n t s  o f  

i n t e r e s t  i f i l l  be  m en tio n ed  a b o u t  t h i s  m o del. F i r s t ,  when f o r e 

c a s t s  w ere  made f u r t h e r  th a n  one week a h e a d ,  th e  sm o o th in g  

c o n s t a n t  a p p e a re d  to  become more s e n s i t i v e .  For a  sm oo th ing  

c o n s t a n t  o f  .200  o r  g r e a t e r  and t h e  f o r e c a s t  p e r io d  2 o r  

l a r g e r ,  t h e  minimum v a r i a n c e  e s t i m a t o r  was g r e a t e r  t h a n  t e n  to  

t h e  f o r t y - f i f t h  pow er, m aking t h e  r e s u l t s  u s e l e s s  to  an  i n 

v e s t o r .  Second, when f o r e c a s t i n g  f o u r  o r  f i v e  p e r i o d s  ahead  

w i th  w eek ly  d a t a ,  t h e  d e v i a t i o n  o f  t h e  f o r e c a s t  e r r o r s  t e n d s  

t o  become s e n s i t i v e  to  sm a l l  c h an g es  o f  th e  sm oo th ing  c o n s t a n t .
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TABLE 1

SUMMARY SHEET FOR PRICE FORECASTING AND FORECAST ERROR

SUM 
TOTAL OF 
FORECAST

TOTAL OP 
SQUARED 

FORECAST

MEAN OF'YÆAkÙB ST. DEV. 6 f
FORECAST OF OF
.ERRORS FORECAST FORECAST

ALLIED CHEMICALS 
T=1 ; A l e .325 1 .977 8 1 9 . 7 5 6 .004 1 .8 6 7 1 . 3 6 6
T=2 A le .  125 - 3 . 2 8 6 3 0 2 2 . 6 2 8 —. 0 0 7 6 .8 8 5 2 . 6 2 3
T=3 A le .  1 00 - 2 5 . 3 2 8 7 2 9 2 . 2 5 5 - . 0 5 8 1 6 .6 1 1 4 . 0 7 5
T=4 ; A l e .040 - 8 3 . 7 6 0 3 8 7 2 1 .441 - . 1 9 0 8 8 .2 0 4 9 . 3 9 2
1=5 A le .  040 -8 1 2 .7 2 6 64702 .839 - .4 8 3 14 7 .387 1 2 .1 4 0

AMH
T=1

aiO A N  MOTORS 
A le .  325 - . 0 6 5 287.661 - . 0 0 0 .655 .8 0  9

T=2 A l e . 125 . 4 9 9 1 3 0 0 . 2 3 5 - .0 0 1 2 . 9 6 1 1 . 7 2  0
T=3 A le .  100 - 3 . 6 8 7 2 3 6 6 . 9 9 5 — . 00 8 5 . 3 9 1 2 . 3 2 2
T=4 A le .  030 2 7 .2 4 8 2 5 4 6 .9 5 5 - . 0 6 2 5 .8 0 2 2 .4 0  9
T=5 A le .  030 6 . 6 6 7 5 0 5 6 . 9 6 6 - . 0 1 5 1 1 .5 19 3 . 3 9 4

ANA!
T=1

30NDA 
A le .  325 - . 6 1 8 1 3 1 5 .2 9 1 - .0 0 1 2 . 9 9 6 1 .7 3  1

T=2 A l= .125 4 . 5 5 8 5 5 7 9 . 5 0 2 .010 1 2 . 7 1 0 3 . 5 6 5
T=3 A l e . 100 6 .0 4 4 1 5 5 5 4 . 7 2 8 . 0 1 3 3 5 . 4 3 2 5 . 95:2
T=4 A le .  040 - 2 8 0 . 2 9 3 56473 .955 .6 3 7 128 .642 1 1 .3 4  2
T=5 A le .  040 - 3 0 1 .3 9 1 1 0 3 6 7 8 . 4 6 0 - . 6 8 5 2 3 6 . 1 7 0 1 5 . 3 6 8

BOEING 
T=1; A l e . 325 3 .1 9 6 3 9 4 5 . 9 2 5 . 0 0 7 8 .9 8 8 2 . 9 9 8
T=2 A le .  125 - 9 . 1 5 4 1 1 0 2 6 . 9 0 5 - .0 2 0 2 5 . 1 1 8 5.01 1
T=3: A le .  100 - 4 0 . 6 6 5 1 6 6 7 9 . 0 9 4 - . 0 9 2 3 7 . 9 9 3 6 . 1 6 3
T=4; A le .  030 - 8 9 . 5 0 5 117375.420 - . 2 0 3 2 6 7 . 3 7 0 1 6 .3 5 1
T=5; A le . 0 3 0 - 1 9 5 . 2 3 3 152498.020 - .4 4 4 3 4 7 . 3 7 6 1 8 . 6 3 8

UNITED AIR LINES 
T=1 ; A l e . 325 4 .1 9 8 2946.351 .010 6 . 7 1 2 2 .5 9  1
T=2; A le . 125 7 . 8 3 8 9 5 0 7 . 7 7 1 .017 2 1 . 6 5 7 4 . 6 5 3
T=3; A le .  100 2 .8 0 8 2 1 7 7 7 . 8 1 2 .0 0 6 4 9 .6 0 7 7 .0 4  3
T=4; A le .  030 2 6 6 .4 0 2 70686 .64 7 .605 1 6 1 . 0 1 7 1 2 .6 8 9
T=5; A le .  030 - 5 9 . 3 5 6 164870.460 - .1 3 5 3 7 5 . 5 5 9 1 9 . 3 7 9

NOTE: T = f o r e c a s t  p e r i o d

AL = sm oo th ing  c o n s t a n t
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CHAPTER V 

TEST FOR PROFITABILITY

I n  any a n a l y s i s  o f  t h i s  t y p e ,  i t  would a p p e a r  to  be 

in c o m p le te  w i th o u t  some t e s t  o f  t h e  p r o f i t a b i l i t y  i n  u s in g  

t h e  r e s u l t s  d e r iv e d  from t h e  m odel f o r  in v e s tm e n t  p u r p o s e s .  

W ith  t h e  f o r e c a s t s  f o r  f i v e  d i f f e r e n t  t im e  p e r i o d s ,  i t  became 

n o t  o n ly  a  p rob lem  o f  e s t a b l i s h i n g  c e r t a i n  c r i t e r i a  f o r  eac h  

f o r e c a s t  p e r io d  t h a t  was s e l e c t e d  to  be u se d  i n  t h e  a n a l y s i s ,  

b u t  a l s o  i n  d e te r m in in g  t h e  s p e c i f i c  t y p e  o f  i n v e s t o r  f o r  

w hich  i t s  u s e  would be b e n e f i c i a l  a s  a  t o o l  f o r  i n v e s tm e n t  

d e c i  s i  o n -m a k in g .

I f  one were i n c l i n e d  t o  be a  s h o r t - r u n  t r a d e r ,  t r y i n g  

to  c a t c h  t h e  m in o r  sw ings  i n  t h e  m a r k e t ,  t h e  one week f o r e 

c a s t  would be more a p p r o p r i a t e .

One method t h a t  c o u ld  be  u se d  f o r  t h i s  t y p e  o f  i n v e s t 

m ent i s  t o  t r e a t  t h e  f o r e c a s t  a s  a  t r a c k i n g  s i g n a l ,  i n  t h a t  

e v e ry  t im e  t h e  f o r e c a s t e d  p r i c e  i s  l e s s  th a n  th e  a c t u a l  p r i c e ,  

a  buy s i g n a l  i s  i n d i c a t e d .  Once t h e  s to c k  i s  b o u g h t ,  i t  i s  

o n ly  s o ld  once  t h e  f o r e c a s t e d  p r i c e  becomes l a r g e r  t h a n  t h e  

a c t u a l  p r i c e .  W ith a sm oo th ing  c o n s t a n t  o f  .3 2 5 ,  t h e  m odel i s  

v e r y  r e s p o n s i v e  and one would be i n  and o u t  o f  t h e  m a rk e t  ex 

c e s s i v e l y .  T e s ts  c o u ld  be ru n  to  d e te r m in e  th e  sm o o th in g  

c o n s t a n t  t h a t  would m axim ize p r o f i t s  a s  t h e  main o b j e c t i v e ,  

r a t h e r  t h a n  t o  m in im ize  t h e  f o r e c a s t  e r r o r .  A reco m m endation
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m ig h t  be  t o  t e s t  t h e  model by v a r y i n g  t h e  sm o o th ing  c o n s t a n t  

by in c r e m e n t s  o f  .0 2 5  th r o u g h  t h e  r a n g e  from . 1 5 0  t o  . 3 2 5  f o r  

w eek ly  d a t a .  By u s in g  t h i s  t e s t  on one com pany 's  d a t a ,  an 

a c c e p t a b l e  r a n g e  c o u ld  be  e s t a b l i s h e d  b e f o r e  t e s t i n g  t h e  

o t h e r  f o u r  co m p an ie s .  T h is  would r e d u c e  t h e  amount o f  o p e r a 

t i o n a l  t im e  r e q u i r e d  and c o u ld  s e r v e  a s  a f u t u r e  g u id e  f o r  

com pan ies  o f  s i m i l a r  homogeneous p r i c e  movem ents.

The tm ) o r  t h r e e  week f o r e c a s t s  cou ld  be t e s t e d  i n  

t h i s  same m anner and would be u s e f u l  to  t h e  i n t e r m e d i a t e  

t r a d e r  who would n o t  be i n t e r e s t e d  i n  ch an g in g  h i s  p o r t f o l i o  

q u i t e  so f r e q u e n t l y .

The f o l lo w in g  f a c t o r s  w ere  c o n s id e r e d  i n  s e l e c t i n g  t h e  

t e s t  f o r  p r o f i t a b i l i t y .  F i r s t ,  w i th  t h e  p r e v io u s  t e s t s  t h a t  

had  a l r e a d y  been  co m p le ted  and t h e  d a t a  p l o t t e d  g r a p h i c a l l y ,  

i t  was f e l t  t h a t  some u s e f u l  c r i t e r i a  co u ld  be e s t a b l i s h e d  

t h a t  would a i d  t h e  lo n g  te rm  i n v e s t o r  i n  s e l e c t i n g  s t o c k s  f o r  

i n v e s tm e n t .  Second , i s  t h e  f a c t  t h a t  t h e  f e d e r a l  incom e t a x  

i s  more f a v o r a b l e  to  t h e  lo n g  te rm  i n v e s t o r ;  t h i r d ,  b r o k e r ' s  

f e e s  can  become a  v e ry  s i g n i f i c a n t  c o s t  to  th e  common s t o c k  

i n v e s t o r .

A f t e r  a n a ly z in g  t h e  d a t a ,  i t  became a p p a r e n t  t h a t  i t  

would be b e n e f i c i a l  t o  u s e  a  c o m b in a t io n  o f  th e  f o r e c a s t s  i n  

e s t a b l i s h i n g  some f i x e d  i n v e s tm e n t  r u l e s ,  r a t h e r  t h a n  u s i n g  

one i n d i v i d u a l  f o r e c a s t ,  su c h  a s  t h e  f o u r  o r  f i v e  week f o r e 

c a s t .  Any o f  t h e  f i v e ,  u se d  i n d i v i d u a l l y ,  d id  n o t  a p p e a r  to  

be p r o f i t a b l e .

At t h i s  s t a g e  o f  t h e  a n a l y s i s ,  i t  was f e l t  t h a t  i t
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irou ld  be a  r a t h e r  s im p le  t a s k  to  e s t a b l i s h ,  some i n v e s tm e n t  

r u l e s ,  b u t  su c h  was n o t  t h e  c a s e .  I t  >ras f i n a l l y  d e c id e d  

t h a t  s e p a r a t e  r u l e s  sh o u ld  be e s t a b l i s h e d  f o r  b u y in g ,  h o l d i n g ,  

and s e l l i n g  s t o c k .

These in v e s tm e n t  r u l e s  w ere  d e te rm in e d  i n  t h e  f o l l o w 

in g  m an ner .  For eac h  company, m a jo r  p r i c e  movements w ere 

i d e n t i f i e d  and c l a s s i f i e d  i n t o  one o f  t h e  f o l lo w in g  c a t e g o r i e s ;  

i n c r e a s i n g ,  d e c r e a s i n g ,  c o n s t a n t  o r  f l u c t u a t i n g .  From t h e s e  

m a jo r  c a t e g o r i e s  o f  p r i c e  m ovem ents, a r e a s  o f  f a v o r a b l e  and 

u n f a v o r a b l e  in v e s tm e n t  p o t e n t i a l  w ere i d e n t i f i e d .  Then, f o r  

each  f o r e c a s t  p e r io d  and t h e  a c t u a l  p r i c e  d a t a ,  m a jo r  i d e n t i 

f y i n g  t r e n d  c h a r a c t e r i s t i c s  w ere t a b u l a t e d  f o r  t h e s e  two 

c a t e g o r i e s  o f  in v e s tm e n t  p o t e n t i a l .  From t h i s  l i s t  o f  t r e n d  

c h a r a c t e r i s t i c s ,  i n i t i a l  i n v e s tm e n t  c r i t e r i a  w ere e s t a b l i s h e d  

f o r  t h e  a c t u a l  d a t a  and t h e  f o r e c a s t  p e r i o d s  to  be u se d  i n  t h e  

t e s t  f o r  p r o f i t a b i l i t y .  I n i t i a l  t e s t s  w ere  made and m o d i f i 

c a t i o n s  w ere  made to  t h e  c r i t e r i a .

The f i n a l  in v e s tm e n t  c r i t e r i a  u se d  a r e  t h e  r e s u l t s  o f  

many t e s t s  and m o d i f i c a t i o n s  t h a t  w ere made i n  an  a t t e m p t  to  

e l i m i n a t e  u n f a v o r a b le  t r a n s a c t i o n s .  They w ere p u r p o s e f u l l y  

made s t r i n g e n t ,  i n  an  a t t e m p t  t o  r e d u c e  t h e  r i s k  o f  l o s s .

These s t r i n g e n t  c r i t e r i a  have  e l i m in a t e d  many f a v o r a o r e ,  a s  

w e l l  a s  u n f a v o r a b l e  t r a n s a c t i o n s .  IIo one i s  a d v o c a t in g  t h a t  

t h e  f o l l o w in g  c r i t e r i a  t h a t  w ere e s t a b l i s h e d  a r e  t h e  b e s t  o r  

t h e  m ost p r o f i t a b l e  o nes  t h a t  co u ld  be u s e d .

O T i t e r i a  f o r  B uy ing . H o ld in g ,  o r  S e l l i n g .  .Stbok

The f i v e  week f o r e c a s t  >ras t h e  one ch o sen  to  be  t h e  main
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c r i t e r i a  f o r  t h e  d e te r m in a n t  o f  in v e s tm e n t  d e c i s i o n  m a k in g . 

B oth  t h e  f o u r  and f i v e  week f o r e c a s t s  te n d e d  to  move t o g e t h e r  

and p e n e t r a t e  o r  c r o s s  t h e  a c t u a l  p r i c e  l i n e  w i t h in  a  few  

t im e  i n t e r v a l s .  At t im e s ,  when t h e  p r i c e  was e i t h e r  i n c r e a s 

in g  o r  d e c r e a s i n g  r a p i d l y ,  b u t  f l u c t u a t i n g  i n  an i n c r e a s i n g  

and t h e n  d e c r e a s i n g  m anner ,  t h e s e  two f o r e c a s t s  te n d e d  to  

d r i f t  a p a r t  and become e r r a t i c .  Anytime t h i s  o c c u r r e d ,  i t  d id  

n o t  a p p e a r  f e a s i b l e  f o r  a  lo n g  te rm  i n v e s t o r  to  buy o r  e n t e r  

i n t o  t h e  m a r k e t .  A one o r  two week f o r e c a s t  would p r o b a b ly  be 

more a p p r o p r i a t e  a t  t h i s  t im e .

T h is  e r r a t i c  b e h a v io r  o f  t h e  m odel a t  l o n g e r  f o r e c a s t 

i n g  p e r i o d s  i s  p r o b a b ly  due to  t h e  s e n s i t i v i t y  o f  t h e  m odel 

e x h i b i t e d  i n  a  l a r g e  change  i n  t h e  t o t a l  f o r e c a s t  e r r o r  f o r  a 

sm a l l  change i n  t h e  sm o o th in g  c o n s t a n t .  T h is  c h a r a c t e r i s t i c  

c o u ld  be  checked  a t  a  com puter  f a c i l i t y  t h a t  had p l o t t i n g  

c a p a b i l i t y ,  by  v a r y in g  t h e  sm o o th in g  c o n s t a n t  by an i n t e r v a l  

o f  . 0 0 5  th r o u g h  t h e  r a n g e  o f  .0 2 5  to  .0 6 0 ;  and th e n  a n a l y z i n g  

t h e  p l o t t e d  o u t p u t .

I n  any c a s e ,  t h e s e  f o r e c a s t s  te n d e d  to  c r o s s  t h e  

a c t u a l  p r i c e  l i n e  a t  p o i n t s  w here  t h e r e  was a  change i n  t h e  

p r i c e  movement o f  t h e  s t o c k .  I n  o t h e r  w o rd s ,  t h e  p r i c e  s y s 

tem was c h a n g in g  from  a  d e c l i n i n g  movement t o  e i t h e r  a  c o n s ta n t  

p r o c e s s  o r  an  i n c r e a s i n g  movement. I t  i s  t h i s  c h a r a c t e r i s t i c  

o f  t h e  f i v e  week f o r e c a s t  t h a t  w i l l  be u se d  i n  e s t a b l i s h i n g  

i n v e s tm e n t  c r i t e r i a .

Anytime t h e  s ig n  o f  t h e  f i v e  week f o r e c a s t  e r r o r  

c h a n g e s ,  from  e i t h e r  p o s i t i v e  t o  n e g a t i v e  o r  v i c e  v e r s a ,  a
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b u y , h o ld ,  o r  s e l l  r u l e  I s  e s t a b l i s h e d .  In  o r d e r  t h a t  random 

c hang es  d u r in g  an e r r a t i c  p r i c e  movement do n o t  s i g n a l  an 

i n v e s tm e n t  d e c i s i o n ,  t h e  f o l lo w in g  r u l e  i s  s e t  f o r  t h e  f i v e  

week f o r e c a s t :  The f o r e c a s t  m ust be i n c r e a s i n g  o r  d e c r e a s i n g

f o r  f i v e  c o n s e c u t iv e  p e r i o d s ,  t h e  f i f t h  p e r io d  to  i n c l u d e  t h e  

p e r io d  i n  w hich  t h e  change i n  t h e  s i g n  o f  t h e  f o r e c a s t  e r r o r  

o c c u r s .  In  a d d i t i o n  to  t h e  above e s t a b l i s h e d  r u l e ,  i n v e s t 

ment d e c i s i o n s  a r e  s u b j e c t  t o  t h e  f o l lo w in g  c o n s t r a i n t s :

Buy C r i t e r i a

1. A c tu a l  P r i c e  D a ta  -  The p r i c e  o f  t h e  s t o c k  i n  

t h e  p e r io d  i n  w hich  t h e  change  i n  t h e  s ig n  o f  f o r e c a s t  

e r r o r s  o c c u r r e d ,  m ust be g r e a t e r  th a n  t h e  a c t u a l  p r i c e  

was s i x  p e r i o d s  p r e v io u s  t o  t h e  change.

2 . T hree  Week F o r e c a s t  -  T h is  f o r e c a s t e d  p r i c e  

m ust be l e s s  th a n  th e  c o r r e s p o n d in g  a c t u a l  p r i c e  was 

i n  a t  l e a s t  f o u r  o f  f i v e  c o n s e c u t iv e  p e r i o d s ;  t h e  

l a s t  p e r io d  i s  to  be t h e  p e r io d  i n  which t h e  change 

o c c u r r e d .

3 . Four Week F o r e c a s t  -  T here  must be one and 

o n ly  one change  i n  t h e  s i g n  o f  t h e  f o r e c a s t  e r r o r s  

f o r  t h i s  f o r e c a s t i n g  i n t e r v a l  w i t h in  s i x  t im e  p e r i o d s  

from  w hich  t h e  change in  t h e  f i v e  week f o r e c a s t  o c 

c u r r e d  .

4 .  F ive  Week F o r e c a s t  -  The s i g n  o f  t h e  f o r e c a s t  

e r r o r s  m ust n o t  have changed w i t h in  t h e  p r e v i o u s  t e n  

t im e  p e r i o d s  from  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n .
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Bold C r i t e r i a

1 . A c tu a l  P r i c e  D a ta  -  T h is  p r i c e  i n  t h e  p e r io d  

i n  w hich  t h e  s ig n  o f  t h e  f o r e c a s t  e r r o r s  c h an g es  m ust 

be g r e a t e r  th a n  t h e  a c t u a l  p r i c e  was s i x  p e r i o d s  

p r e v i o u s .

2 . T hree  Week F o r e c a s t  -  T h is  f o r e c a s t  i n  t h e  

p e r io d  i n  which t h e  change o c c u r r e d  must be e i t h e r  

l e s s  t h a n  t h e  a c t u a l  p r i c e  o x  g r e a t e r  th a n  t h e  p r e 

v io u s  t h r e e  week f o r e c a s t .

3 . In  o r d e r  t o  i n s u r e  s t a b i l i t y  o f  t h e  sys tem  

f o r  a  h o ld  d e c i s i o n ,  i t  i s  f u r t h e r  assumed t h a t  BUY 

O r i t e r i a  No. 3 m ust be  s a t i s f i e d .  I f  t h i s  c r i t e r i a  

i s  n o t  s a t i s f i e d ,  th e n  t h e  s t o c k  i s  to  be  s o ld  a t  t h e  

end o f  t h e  s i x t h  p e r io d  f o l l o w in g  t h e  change i n  s ig n  

o f  t h e  e r r o r s  f o r  t h e  f iv e -w e e k  f o r e c a s t .

Se.U,,,Olltgxla
EITHER 1. A c tu a l  P r i c e  D ata  -  T h is  p r i c e  i n  t h e  p e r io d

i n  w hich  t h e  s ig n  o f  t h e  f o r e c a s t  e r r o r s  chan ges  m ust 

be  l e s s  t h a n  t h e  a c t u a l  p r i c e  was s i x  p e r i o d s  p r e v io u s .

OR 2 . T hree  Week F o r e c a s t  -  T h is  f o r e c a s t  i n  t h e

p e r io d  i n  w hich  t h e  change o c c u r r e d  must be  b o th  

g r e a t e r  th a n  t h e  a c t u a l  p r i c e  and l e s s  th a n  t h e  t h r e e  

week f o r e c a s t  was t h r e e  p e r i o d s  p r i o r  to  t h e  c h an g e .

I n  a c c o rd a n c e  w i th  th e  above e s t a b l i s h e d  In v e s tm e n t  

c r i t e r i a  i t  i s  assumed t h a t  f o r  each  t r a n s a c t i o n  t h a t  t a k e s  

p l a c e ,  t h e  f o l lo w in g  a s s u m p t io n s  a r e  m e t :
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1. One hundred  s h a r e s  o f  s to c k  a r e  t r a d e d  a t  each  

t r a n s a c t i o n ,  w i th  a maximum o f  100 s h a r e s  o f  any  one 

company to  be h e ld  a t  one t im e .  I t  i s  assumed t h a t  

when a  buy d e c i s i o n  i s  u n d e r t a k e n ,  t h e  i n v e s t o r  a l l o t s  

t h e  t o t a l  amount he i s  w i l l i n g  to  i n v e s t  i n  t h a t  com

pany a t  one t im e .

2 .  A one p e r c e n t  b r o k e r ' s  t r a n s a c t i o n  f e e  w i l l  be 

charged  f o r  each buy d e c i s i o n .

3 . A s im p le  a n n u a l  r a t e  o f  r e t u r n  on in v e s tm e n t  

w i l l  be c a l c u l a t e d  f o r  e ac h  t r a n s a c t i o n ,  b ased  on t h e  

d i f f e r e n c e  be tw een  t h e  t o t a l  v a lu e  o f  t h e  s t o c k  a t  

s e l l i n g  t im e  and a t  b u y in g  t im e ,  l e s s  b r o k e r ' s  f e e s .  

T h is  d i f f e r e n c e  i s  f i r s t  d iv id e d  by th e  p u r c h a s e  p r i c e  

o f  t h e  s t o c k ,  and th e n  by th e  number o f  y e a r s  th e  

s to c k  was h e ld  to  y i e l d  t h e  a n n u a l  r e t u r n  on i n v e s t 

m en t.

A n a ly s i s  o f  F i n a n c i a l  T r a n s a c t io n s

Ib-ch o f  t h e  f i v e  com panies  were checked i n d i v i d u a l l y  

to  d e te rm in e  t h e  number o f  t r a n s a c t i o n s ,  i f  an y , t h a t  would 

s a t i s f y  a l l  o f  t h e  a b o v e -m en tio n ed  f i n a n c i a l  c r i t e r i a .

A t o t a l  o f  s i x  t r a n s a c t i o n s  o c c u re d  f o r  t h e s e  f i v e  

c o m p an ie s ,  b u t  one i s  s t i l l  p e n d in g  on th e  f u t u r e  b e f o r e  i t s  

p r o f i t a b i l i t y  can be d e te rm in e d .  Am erican M otors i s  t h e  s o l e  

company f o r  w hich  no t r a n s a c t i o n s  were r e c o r d e d .  T h is  i s  due 

to  t h e  f a c t  t h a t  i t  d id  n o t  have  any s u b s t a n t i a l  ch an g e s  i n  

i t s  p r i c e  o v e r  any p e r io d  o f  t im e .  A l l  o f  t h e  t r a n s a c t i o n s  

a r e  sum m arized i n  T ab le  2 .
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TABLE 2

SUMMARY OF FINANCIAL TRANSACTIONS

COMPANY BUY 
TRANSACTIONS PERIOD

BUY
PRICE

HOLD
PERIOD

SELL
PERIOD

SELL
PRICE

WEEKS
STOCK
HELD

DIFFERENCE 
BUY AND 

SELL

DIFFERENCE ANNUAL 
LESS RETURN 

BROKER'S ON 
FEES INVEST-  

MEOT

AMERICAN MOTORS
1 . NO TRANSACTIONS

ALLIED CHEMICALS 7
1 . 175 46- --- 219 53^ 44 4 16.1%

^CONDA
1 . 267 32^ 310 316 46 49 I 3 l 34 42.8%

2 . 511 31 ? ? ? 7 ? ?

BOEING
1. 214 287 327 - 1 113 50}

4
108.1%

UNITED AIR LINES
1 . 133 ---- 188 2 0 i 55

4
34.8%

2. 256 30]; 316 322 6 9 | 66 3 8 ; 38# 100.1%

TOTALS 145-
8

2 6 l \ 327 1 I 5 | 114

AVERAGES 29^ 6 5 .4 2 3 l 22& 62.1%
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The a n n u a l  r e t u r n  on i n v e s tm e n t  f o r  th e  i n d i v i d u a l  

t r a n s a c t i o n s  ra n g e d  from 16.1 p e r c e n t  t o  108.1 p e r c e n t .  The 

a v e ra g e  a n n u a l  r e t u r n  f o r  t h e  f i v e  t r a n s a c t i o n s  was 62 .1  p e r 

c e n t .  T h is  f i g u r e  i s  b a sed  on t h e  a s su m p t io n  t h a t  t h e  in v e s to r  

re m a in s  f u l l y  i n v e s t e d  f o r  t h e  e n t i r e  t im e  p e r io d  t h a t  s to c k  

±.s h e l d .  T h is  r e t u r n  may be o f  some s i g n i f i c a n c e ,  b u t  i t s  

r e l i a b i l i t y  i n  r e f e r e n c e  to  any  o t h e r  com panies t h a n  t h e  f i v e  

t e s t e d  i s  a  p o i n t  o f  c o n j e c t u r e .  I f  t h e  d a t a  was a v a i l a b l e ,  a 

random sam ple  c o u ld  be  e s t a b l i s h e d  and t h e s e  com panies t e s t e d  

a g a i n s t  t h e s e  c r i t e r i a  t o  d e te r m in e  t h e  p r o f i t a b i l i t y  f o r  any  

t r a n s a c t i o n s  t h a t  o c c u r r e d .

I t  was f e l t  t h a t  some c o m p a ra t iv e  m easu re  sh o u ld  be 

e s t a b l i s h e d  a g a i n s t  t h e s e  t r a n s a c t i o n s  f o r  t h e  t o t a l  t im e  

p e r i o d  t h a t  s t o c k  was h e l d .  The f i r s t  s t o c k  was p u rc h a se d  a t  

t h e  end o f  p e r i o d  133» and th e  l a s t  s t o c k  was s o ld  a t  t h e  end 

o f  p e r i o d  327 .

The S ta n d a rd  and P o o r ' s  500 Com posite  S to c k  In d ex  was 

c h o sen  a s  t h e  mode w i th  w hich  a  c o m p a ra t iv e  m easu re  would be 

e s t a b l i s h e d .  T h is  in d e x  s to o d  a t  5 8 .66  a t  t h e  end o f  p e r i o d  

153» and i n c r e a s e d  to  3 9 .3 9  a t  t h e  end o f  p e r io d  3 27 .

The a n n u a l  r e t u r n  on in v e s tm e n t  f o r  t h i s  in d e x  was 14.0 

p e r c e n t  a s  compared to  62 .1  p e r c e n t  f o r  th e  a v e r a g e  a n n u a l  

r e t u r n  p e r  t r a n s a c t i o n .  These p e r c e n t a g e s  a r e  n o t  d i r e c t l y  

co m parab le  a s  some o f  t h e  t r a n s a c t i o n s  were o v e r l a p p in g  w i th  

more th a n  one com pany 's  s t o c k  h e ld  a t  one t im e ,  b u t  i t  i s  t h e  

b e s t  c o m p a ra t iv e  m easu re  t h a t  was d e v e lo p ed  f o r  t h i s  p a p e r .
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CHAPTER VI 

SUI'MARY

The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  n o t  c o n c l u s i v e .  A l l  

o f  t h e  p o s s i b l e  a p p ro a c h e s  o r  a v en u e s  o f  u s e  f o r  t h i s  model 

have  n o t  been  t e s t e d  n o r  e x h a u s te d .  T h is  a n a l y s i s  h a s  been  

one a p p ro a c h  t h a t  an i n v e s t o r  m ig h t  u s e  a s  a  t o o l  to  a id  i n  

s e l e c t i n g  o r  c h an g in g  h i s  p o r t f o l i o  o f  common s t o c k s .

The p r a c t i c a l  and t h e o r e t i c a l  a p p r o p r i a t e n e s s  o f  t h e  

q u a d r a t i c  p o ly n o m ia l  model a s  t h e  mode f o r  f o r e c a s t i n g  have  

been  d i s c u s s e d .  A lso ,  t h e  r e a s o n i n g  f o r  t h e  c h o ic e  o f  expo

n e n t i a l  sm oo th ing  a s  t h e  means o f  r e v i s i n g  t h e  c o e f f i c i e n t s  

o f  an  a d a p t i v e  model h a s  been g iv e n .

The c r i t e r i a  o f  a c c u ra c y  used  i n  t h i s  a n a l y s i s  was t o  

d e te rm in e  th e  sm oo th ing  c o n s t a n t  f o r  each  f o r e c a s t  p e r io d  

t h a t  was t h e  minimum v a r i a n c e  e s t i m a t o r .  T h is  i s  a  good r e l a 

t i v e  m easu re  o f  f o r e c a s t  a c c u r a c y ,  b u t  one may a l s o  d e s i r e  to  

e s t a b l i s h  a n o th e r ,  c r i t e r i a  o f  in v e s tm e n t  s u c c e s s .  I t  i s  a s 

sumed t h a t  m o st  i n v e s t o r s  would p r e f e r  to  m axim ize t h e  r e t u r n  

on t h e i r  i n v e s tm e n t ,  n o t  j u s t  make a p r o f i t .  T h is  c o u ld  b e 

come t h e  p r im a r y  o b j e c t i v e  o f  a  f u t u r e  s tu d y .

The in v e s tm e n t  c r i t e r i a  t h a t  were e s t a b l i s h e d  f o r  t h i s  

a n a l y s i s  a r e  f o r  t h e  c o n s e r v a t i v e  i n v e s t o r  who h a s  an  a v e r s i o n  

to  r i s k .  Plany more in v e s tm e n t  o p p o r t u n i t i e s  would be a v a i l a b l e  

i f  t h e s e  c r i t e r i a  w ere  r e l a x e d .  T h is  w r i t e r  would n o t  p e r 

s o n a l l y  u s e  t h i s  s e t  o f  in v e s tm e n t  r u l e s ;  b u t  w i th  t h e  u s e  o f
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a d e q u a te  co m puter  f a c i l i t i e s ,  would co n d u c t  more fo r m a l  t e s t s  

to  d e te rm in e  a  c o m b in a t io n  o f  f o r e c a s t  p e r i o d s  t h a t  would 

o p t im iz e  p r o f i t s .

One a p p ro a c h  tow ard  s o l v i n g  t h i s  p rob lem  would be  to  

v a r y  t h e  sm o o th in g  c o n s t a n t ,  u s i n g  e ac h  f o r e c a s t  p e r i o d  i n d i 

v i d u a l l y ,  to  d e te rm in e  t h e  c o n s t a n t  t h a t  would o p t im iz e  p r o f i t s .  

I n i t i a l l y ,  t h e  in v e s tm e n t  c r i t e r i a  c o u ld  be s im p le .  The f o r e 

c a s t  c o u ld  be u sed  a s  a t r a c k i n g  d e v i c e ,  s i g n a l i n g  t h e  

i n v e s t o r  to  buy when t h e  f o r e c a s t  was l e s s  th a n  t h e  a c t u a l  

p r i c e ,  and s e l l  when th e  f o r e c a s t  was g r e a t e r  t h a n  t h e  a c t u a l  

p r i c e .  F u r t h e r  t e s t s  c o u ld  i n c l u d e  t h e  u se  o f  c o m b in a t io n s  o f  

f o r e c a s t  p e r i o d s  o r  a l t e r a t i o n s  to  t h e  in v e s tm e n t  c r i t e r i a .

As t h e r e  a r e  a  m u l t i t u d e  o f  a p p ro a c h e s  t h a t  cou ld  be  u se d  a t  

t h i s  s t a g e ,  t h e y  w i l l  be l e f t  to  t h e  r e a d e r s  d i s c r e t i o n .

One would n o t  have  t o  u se  w eek ly  d a t a  e x c l u s i v e l y ,  b u t  

c o u ld  a l s o  t e s t  t h e  u s e  o f  c o m b in a t io n s  o f  d a i l y ,  w eek ly  and 

m o n th ly  d a t a  f o r  t h e  v a r i o u s  f o r e c a s t  p e r i o d s .  The exponen

t i a l  sm oo th in g  program  g iv e n  c o u ld  be m o d if ie d  o r  changed  a t  

t h e  u s e r ' s  d i s c r e t i o n  i n  o r d e r  t o  t e s t  any a p p ro a c h  deemed 

a p p r o p r i a t e .

As o n ly  f i v e  com panies w ere  t e s t e d ,  th e  r e s u l t s  ob

t a i n e d  from  t h i s  a n a l y s i s  may n o t  be com parab le  t o  t h o s e  t h a t  

would b e  o b t a in e d  from a s i m i l a r  s tu d y  f o r  a l a r g e r  sam ple  

o f  c o m p a n ie s .  Ho a l t e r a t i o n s  o r  m o d i f i c a t i o n s  o f  t h e  d a t a  

h av e  been  made -with th e  i n t e n t  o f  m aking t h e  r e s u l t s  l o o k  

i m p r e s s iv e .

A f i n a l  p e r s o n a l  o p in io n  i n  r e g a r d s  to  t h e  i n v e s tm e n t
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c r i t e r i a  e s t a b l i s h e d  f o r  t h i s  a n a l y s i s  i s  a s  f o l l o w s :  t h e

r e s u l t s  o b ta in e d  from a  l a r g e r  sam ple  u s in g  w eekly  d a t a  would 

be  v e ry  co m parab le  t o  t h o s e  found  i n  t h i s  a n a l y s i s .
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PROGRAM FOR DATA A D J U S T M E N T  FOR S T OC K S P L I T S  AND STOCK D I V I D E N D S

F I R S T  CARD S HOULD I N C L U D E  N S P L I T ,  N D I V ,  AND N X ,  THEN DATA DECK 
MUST READ I N P AR AME T E R  C AR D S  S T A T I N G  MAGNI T UDE  OF  S P L I T S  
AND D I V I D E N D S  AND T I M E  P E R I O D  I N  WHI C H EACH O C C U R R E D .

t a b l e  o f  v a r i a b l e s
C N S P L I T  = NUMBER OF  S T OC K S P L I T S
r  V S P L I T  = VALUE OF  S T OC K S P L I T
' '  NS  = P E R I O D  I N  WHI CH S T O C K  S P L I T  OCCURRED

N D I V  = NUMBER OF  S T O C K  D I V I D E N D S  
V D I V  = VALUE OF S T O C K  D I V I D E N D
ND = P E R I O D  I N  WHI CH S T OC K D I V I D E N D  WAS I S S U E D
NX = NUMBER OF P E R I O D S  OF ACT UAL  DATA

X = O R I G I N A L  DATA
C
C PROGRAM
C

D I M E N S I O N  X ( 6 0 0 ) » N S ( 1 0 0 ) » N D < 1 0 0 ) t V S P L I T ( 1 0 0 ) « V D I V ( 1 0 0 )
100  FORMATt 1 2 , 1 2 , 1 4 )
101 FORMAT( 1 0 ( F 7 . 1 , 1 X ) )
1 0 2  F O R M A T ( F 2 . 1 , 1 4 )
1 0 3  F O R M A T ( F 3 . 2 , 1 4 )
1 0 4  F O R M A T ( 4 0 H  T H I S  I S  END OF  T H I S  C O M P A N Y ' S  DATA DE C K)

1 R E A D  1 0 0 , N S P L I T , N D I V , N X  
READ 1 0 1 , ( X ( N ) , N = 1 , N X )  
I F ( N S P L I T ) 3 5 , 3 5 , 2

2 DO 3 1 = 1 , N S P L I T
READ 1 0 2 , V S P L I T ( 1 ) , N S ( I  )

3 C O N T I N U E
3 5  I F ( N D I V ) 6 , 6 , 4

4  DO 5 1 = 1 , N D I V
R E A D  1 0 3 , V D I V I I ) , N D ( I )

. L O N T I N U E
6  I F I N S P L I T ) 7 , 9 , 7
7 DO 8 1 = 1 , N S P L I T  

NNS  = N S ( I )
V V S P L  = V S P L I T ( I )
DO 8 K = 1 , N N S
X ( K )  = X ( K ) / ( V V S P L )

8 continue
9 I F I N D I V ) 1 0 , 1 2 , 1 0

1 0  DO 11 J  = 1 , N D I V  
NNO = N D ( J )
VV DI V = V D ! V ( J )
DO 11 L = 1 , N N D
X ( L )  = X ( L ) / ( 1 . 0  + V V D I V )

11  c o n t i n u e
1 2  PUNCH l O l , ( X ( N ) , N = 1 , N X )
1 3  PUNCH 1 0 4  

GO TO 1 
END
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A L L I E D  C H E M I C A L S -  ADJUSTED P R I C E  DATA

TIME PERI OD COVERED- FROM FEB 5 , 1 9 6 0 TO JUNE 5 , 1 9 7 0
WEEKLY DATA L I S T E D  BY 1 0  p e r i o d s  p e r ROW
READ BY ROW- STARTI NG AT TOP LEFT FOR FEB 5 , 1 9 6 0

4 8 . 2 4 6 . 9 4 7 . 2 5 0 . 4 4 7 . 6 4 9 . 2 4 6 . 7 4 8 . 5 4 6 . 2 4 7 . 1
4 7 .  1 4 6 . 2 4 6 . 6 4 6 . 7 4 7 . 1 4 8 .  1 4 3 . 8 4 9 . 6 5 1 . 6 5 1 . 9
5 3 . 2 5 3 . 2 5 1 . 1 5 0 . 7 5 0 . 9 5 0 . 9 5 0 . 1 5 0 . 5 5 1 . 4 5 3 . 7
5 3 . 0 5 1 . 9 5 0 . 5 4 7 . 1 4 5 . 1 4 7 .  1 4 6 . 6 4 6 . 2 4 6 . 2 4 8 . 2
4 9 . 0 4 9 . 4 4 9 . 0 4 6 . 9 4 9 . 8 5 1 . 8 5 0 . 9 5 1 . 3 4 3 . 5 5 1 . 0
5 3 . 2 5 3 . 0 5 5 . 8 5 5 . 8 5 5 . 6 5 3 . 0 5 3 . 7 5 4 . 7 5 5 . 2 5 6 .  1
5 8 . 9 5 8 . 0 5 8 . 0 5 7 . 5 5 5 . 2 5 5 . 1 5 5 . 1 5 7 . 9 5 8 . 4 6 0 . 2
5 9 . 9 5 9 . 0 5 7 . 9 5 5 . 4 5 7 . 1 5 8 . 0 5 9 . 6 6 0 . 3 6 1 . 8 6 0 . 3
6 0 . 8 5 8 . 6 5 8 . 2 5 8 . 6 5 6 . 5 5 6 . 0 5 5 . 4 5 8 . 3 5 4 . 7 5 5 . 1
5 3 . 7 5 2 . 8 5 3 . 7 5 2 . 8 4 9 . 9 5 1 . 1 4 9 . 9 5 2 . 0 5 1 . 4 5 2 . 4
5 3 . 1 5 1 . 7 5 0 . 1 4 8 . 5 5 0 . 1 5 1 . 0 4 9 . 4 4 7 . 6 4 8 . 2 4 7 . 5
4 7 . 0 4 5 . 6 4 4  .  1 4 4 . 1 4 3 . 7 4 3 , 3 4 1 . 0 4 2 . 0 4 0 . 0 3 8 . 8
3 7 . 8 3 8 . 8 3 9 . 4 3 6 . 0 3 4 . 1 3 6 . 7 3 6 . 0 3 6 . 7 3 4 . 1 3 4 . 4
3 4 . 7 3 4 . 4 3 5 . 2 3 5 . 8 3 5 . 9 3 5 . 4 3 6 . 8 3 5 . 6 3 5 . 1 3 5 . 1
3 5 . 7 3 4 . 5 3 3 . 8 3 6 . 8 3 8 . 8 3 9 . 0 4 0 . 7 4 0 . 6 3 9 . 8 3 9 . 8
4 0 . 7 4 1 . 5 4 1 . 3 4 2 . 8 4 1 . 1 4 1 . 1 4 2 . 6 4 2 . 2 4 2 . 3 4 1 . 9
4 0 . 0 4 2 . 2 4 2 . 2 4 1 . 9 4 2 , 5 4 5 . 6 4 5 . 1 4 5 . 2 4 6 . 2 4 8 . 2
4 9 . 6 4 6 . 9 4 6 . 4 4 6 . 9 4 6 . 9 4 8 . 2 4 7 . 6 4 5 . 7 4 6 . 4 4 6 . 6
4 5 . 3 4 5 . 0 4 7 . 3 4 7  «6 4 7 . 1 4 7 . 7 4 7 . 1 4 8 . 2 4 9 . 4 4 9 . 1
4 8 . 0 4 7 . 9 4 8 . 4 5 0 . 0 5 0 . 9 5 0 . 8 5 0 . 8 5 0 . 3 4 6 . 2 5 1 . 0
5 1 . 9 5 3 . 0 5 3 . 0 5 1 . 8 5 2 . 8 5 3 . 5 5 2 . 0 5 3 .  1 5 0 . 9 5 1 . 8
5 0 . 9 5 0 . 7 5 0 . 8 5 1 . 4 5 1 . 8 5 3 . 7 5 2 . 9 5 3 . 6 5 3 . 7 5 2 . 0
5 0 . 4 5 0 . 9 5 1 . 5 5 0 . 3 4 9 . 1 5 0 . 4 4 9 . 5 5 0 . 0 4 9 . 9 5 0 . 5
5 1 . 7 5 1 . 1 5 1 . 6 5 1 . 0 4 9 . 8 4 9 . 0 4 8 . 8 4 9 . 8 4 9 . 4 5 0 . 0
4 9 . 1 4 9 . 2 5 0 . 4 5 0 . 5 5 0 . 8 4 8 . 8 4 9 . 0 5 1 . 9 5 2 . 0 5 1 . 4
5 1 . 0 4 9 . 2 5 0 . 1 4 9 . 5 4 9 . 4 4 8 . 8 4 8 . 6 5 0 . 5 5 1 . 3 5 3 . 0
5 2 . 9 5 4 . 8 5 2 . 4 5 4 . 6 5 4 . 6 5 4 . 9 5 4 . 2 5 3 . 1 5 3 . 4 5 3 . 6
5 4 . 2 5 4 . 6 5 4 . 3 5 1 . 8 5 2 . 3 5 2 . 4 5 1 . 7 4 9 . 8 4 8 . 1 4 6 . 9
4 6 . 3 4 6 . 0 4 6 . 7 4 5 . 8 4 5 . 7 4 4 . 8 4 4 . 8 4 5 . 4 4 5 . 4 4 5 . 0
4 5 . 9 4 8 . 2 4 7 . 7 4 9 . 9 4 8 . 0 4 7 . 0 4 7 . 5 4 6 . 7 4 5 . 7 4 5 . 8
4 5 . 8 4 4 . 6 4 5 . 2 4 4 . 7 4 6 . 2 4 5 . 6 4 6 . 1 4 7 . 7 4 8 . 1 5 0 . 8
4 8 . 5 4 7 . 9 4 7 . 8 4 6 . 9 4 6 . 7 4 5 . 9 4 4 . 9 4 5 . 6 4 4 . 9 4 4 . 0
4 3 , 6 4 3 . 3 4 4 . 2 4 3 , 2 4 2 . 7 4 2 . 3 4 0 . 6 4 0 . 2 3 9 . 7 3 9 . 2
3 8 . 6 3 9 . 4 3 9 . 0 3 9 . 1 3 8 . 3 3 9 . 0 3 8 . 2 3 7 . 5 3 7 . 5 3 6 . 9
3 6 . 2 3 5 . 4 3 4 . 4 3 6 . 2 3 5 . 1 3 5 . 7 3 4 . 8 3 4 . 2 3 2 . 5 3 3 . 4
3 3 . 3 3 4 . 4 3 3 . 8 3 3 . 4 3 3 . 7 3 2 . 5 3 1 . 9 3 3 . 8 3 3 . 3 3 3 . 4
3 3 . 0 3 5 . 9 3 7 . 5 3 8 . 2 4 1 . 0 4 1 . 1 3 9 . 1 4 0 . 2 4 0 . 5 3 9 . 6
3 8 . 9 4 0 . 1 4 0 . 9 4 0 . 2 4 0 . 0 4 0 . 0 4 0 . 1 4 2 . 1 4 1 . 8 4 1 . 2
3 9 . 8 3 9 . 2 3 9 . 4 3 8 . 6 3 8 . 8 3 8 . 4 3 7 . 8 3 8 . 4 3 9 . 4 3 9 . 1
3 9 . 2 4 0 . 0 4 1 . 8 4 3 . 4 41 , .  5 4 2 . 5 4 4 . 6 4 5 . 1 4 4 . 2 4 3 . 9
4 3 . 4 4 2 . 6 4 1  . 0 3 9 . 8 3 9 . 0 3 8 . 1 3 8 . 9 3 9 . 2 3 8 . 5 3 9 . 0
3 8 . 5 3 9 . 1 4 0 . 0 4 1 . 8 4 2 . 1 4 0 . 4 3 9 . 4 3 8 . 2 3 7 . 2 3 6 . 5
3 6 . 8 3 6 . 0 3 5 .  1 3 4 . 5 3 4 . 9 3 4 . 9 3 4 . 6 3 5 . 2 3 6 . 8 3 6 . 2
3 8 . 4 3 6 . 9 3 5 . 6 3 5 . 8 3 6 . 0 3 6 . 5 3 6 . 9 3 5 . 4 3 5 . 2 3 5 . 9
3 7 . 0 3 5 . 1 3 5 . 4 3 4 . 9 3 4 . 9 3 5 i 5 3 5 . 4 3 5 . 0 3 7 . 5 3 6 . 0
3 6 . 1 3 6 . 4 3 6 . 0 3 5 . 9 3 5 . 4 3 7 . 8 3 3 . 8 3 4 . 2 3 4 . 0 3 6 . 5
36 .  1 3 8 . 0 3 6 . 2 3 5 . 0 3 5 . 8 3 7 . 4 3 6 . 0 3 5 . 9 3 6 . 0 3 5 . 2
3 4 . 8 3 5 . 0 3 3 . 2 3 1 . 6 3 1 . 9 3 2 . 0 3 1 . 1 3 0 . 8 2 0 . 8 3 0 . 4
3 1 . 4 3 0 . 2 3 3 . 2 3 6 . 0 3 4 . 8 3 3 . 0 3 3 . 5 3 2 . 8 3 0 . 5 2 9 . 5
2 9 . 0 2 9 . 0 2 8 . 9 2 8 . 6 2 7 . 2 2 9 . 0 2 7 . 6 2 7 . 1 2 7 . 0 2 6 . 9
2 6 . 3 2 6 . 0 2 6 . 5 2 6 . 0 2 6 . 0 2 8 . 0 3 0 . 9 3 0 . 0 3 0 . 1 3 0 . 2
2 9 . 4 2 8 . 5 2 8 . 1 2 6 . 8 2 4 . 4 2 4 . 5 2 4 . 8 2 5 . 1 2 6 . 2 2 5 . 2
2 5 . 9 2 3 . 5 2 3 . U 2 3 . 0 2 2 . 9 2 3 . 5 2 4 . 1 2 4 .  1 2 3 . 5 2 4 . 2
2 4 . 1 2 3 . 2 2 1 . 0 2 0 . 6 2 0 . 0 1 9 . 0 1 8 . 2 1 7 . 4 1 9 . 8 1 8 . 4
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AMERI CAN MOTORS-  ADJ USTED P R I C E  DATA

TI ME PERI OD C O V E R E D - FROM FEB 5 . 1 9 6 0 TO JUNE 5 . 1 9 7 0
WEEKLY d a t a L I S T E D  BY 10 P ERI ODS PER ROW
READ BY ROW-■ STARTI NG AT TOP LEFT FOR FEB 5 , 1 9 6 0

2 7 . U 2 5 . 7 2 4 . 0 2 3 . 5 2 5 . 3 2 3 . 0 2 2 . 5 2 4 . 7 2 4 . 9 2 6 . 6
2 8 . 3 2 7 . 3 2 5 . 9 2 6 . 1 2 5 . 9 2 4 .  3 2 3 . 3 2 3 . 7 2 3 . 7 2 2 . 6
2 1 . 6 2 2 . 6 2 1 . 8 2 1 . 0 2 1 . 7 2 2 . 2 2 1 . 0 2 1 . 2 2 3 . 0 2 2 . 5
2 2 . 7 2 2 . 0 2 1 . 4 2 0 . 6 2 1 . 0 2 0 . 6 2 0 . 7 1 9 . 8 1 9 . 5 1 9 . 6
2 0 . Ü 1 9 . 2 2 0 . 0 1 9 . 1 1 8 . 6 1 7 . 5 1 7 . 7 1 7 . 2 1 7 . 6 1 7 . 8
1 7 . 8 1 7 . 6 1 6 . 5 1 6 . 8 1 7 . 5 1 7 . 6 1 8 . 4 1 7 . 3 1 9 . 6 1 9 . 7
2 0 . 5 2 0 . 6 1 9 . 6 1 9 . 4 1 8 . 1 1 8 . 4 1 7 . 8 1 9 . 1 1 8 . 6 1 7 . 8
1 7 . 5 1 7 . 3 1 6 . 7 1 6 . 6 1 6 . 7 1 6 . 6 1 6 . 6 1 7 . 5 1 7 . 2 1 6 . 8
1 9 . 7 1 9 . 1 1 8 . 4 1 7 . 5 1 7 . 5 1 8 . 5 1 7 . 7 1 7 . 5 1 7 . 7 1 7 . 3
1 7 . 5 1 7 . 3 1 8 . 4 1 7 . 6 1 6 . 8 1 6 . 5 1 6 . 7 1 7 . 1 1 6 . 7 1 6 . 5
1 7 . u 1 6 . 8 1 6 . 0 1 5 . 5 1 5 . 9 1 6 . 5 1 6 . 5 1 6 . 5 1 7 . 1 1 6 . 9
1 6 . 5 1 6 . 6 1 6 . 0 1 6 . 5 1 6 . 0 1 6 . 0 1 5 . 5 1 6 . 5 1 5 . 6 1 5 . 8
1 4 . 9 1 4 . 9 1 4 . 5 1 4 . 2 1 3 . 0 1 3 . 5 1 4 . 5 1 5 . 8 1 5 . 0 1 6 . 2
1 5 . 4 1 5 . 6 1 6 . 9 1 7 . 4 1 7 . 4 1 7 . 1 1 7 . 6 1 7 . 1 1 6 . 6 1 7 . 0
1 6 . 8 1 5 . 4 1 4 . 8 1 6 . 0 1 6 . 8 1 7 . 5 1 7 . 1 1 6 . 8 1 7 . 0 1 6 . 4
1 6 . 2 1 6 . 2 1 7 . 2 1 8 . 5 2 0 . 2 2 0 . 8 2 0 . 5 2 1 . 5 2 2 . 5 2 1 . 9
2 0 . 1 2 0 . 6 2 0 . 0 2 0 . 1 1 9 . 4 1 9 . 6 2 0 . 5 1 9 . 9 2 0 . 0 1 9 . 6
1 9 . 4 1 8 . 8 1 8 . 9 1 9 . 6 2 0 . 5 1 9 . 4 1 9 . 1 1 6 . 2 1 8 . 8 1 7 . 9
1 7 . 5 1 7 . 9 1 7 . 9 1 7 . 8 1 8 . 1 1 8 . 0 1 8 . 0 1 9 . 2 1 9 . 1 2 0 . 8
1 9 . 6 2 0 . 4 2 1 . 6 2 1 . 2 2 1 . 5 2 1 . 1 2 1 . 9 2 0 . 8 1 6 . 0 1 9 . 9
1 8 . 8 1 8 . 8 1 8 . 1 1 8 . 1 1 7 . 8 1 7 . 9 1 6 . 9 1 7 . 2 1 6 . 9 1 6 . 9
1 6 . 8 1 6 . 9 1 6 . 8 1 6 . 4 1 6 . 8 1 6 . 9 1 6 . 8 1 6 . 5 1 6 . 2 1 6 . 2
1 6 . Ü 1 5 . 8 1 4 . 6 1 4 . 8 1 4 . 5 1 3 . 9 1 3 . 9 1 4 . 0 1 5 . 0 1 4 , 8
1 4 . 5 1 4 . 8 1 5 . 1 1 4 . 9 1 5 . 1 1 5 . 0 1 6 . 2 1 5 . 8 1 6 . 0 1 5 . 9
1 5 . 8 1 7 . 5 1 7 . 9 1 7 . 0 1 6 . 8 1 6 . 6 1 6 . 6 1 6 . 0 1 6 . 2 1 5 . 9
1 4 . 9 1 4 . 8 1 4 . 4 1 4 . 2 1 4 . 6 1 4 . 1 1 4 . 1 1 4 . 4 1 4 . 4 1 4 . 1
1 4 . 2 1 4 . 6 1 4 . 5 1 4 . 4 1 3 . 8 1 3 . 6 1 4 . 4 1 3 . 8 1 4 .  1 1 3 . 9
1 4 . u 1 3 . 9 1 3 . 5 1 3 . 8 1 2 . 6 1 2 . 6 1 2 . 2 1 1 . 4 1 2 . 5 1 2 . 1
1 1 . 6 1 1 . 8 1 2 . 0 1 2 . 0 1 1 . 8 1 1 . 4 1 0 . 8 1 0 . 0 9 . 9 9 . 9

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

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

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

1 2 . 5 1 2 . 9 1 2 . 4 1 3 . 1 1 4 . 4 J 3 . 9 1 4 . 0 1 3 . 1 1 2 . 9 1 3 . 9
1 4 . 8 1 4 . 9 1 3 . 5 1 3 . 5 1 3 . 0 i 4 .  y- 1 4 . 8 1 5 . 1 1 5 . 1 1 4 . 5
1 4 . V 1 3 . 1 1 2 . 9 1 1 . 5 1 X .  2 - J • 0 1 1 . 5 1 1 . 6 1 3 . 4 1 3 . 1
1 3 . 9 1 3 . 9 1 3 . 4 1 3 . 0 1 3 . 2 12 . 9 1 3 . 0 1 3 . 9 1 2 . 8 1 2 . 8
1 2 . 2 1 1 . 5 1 1 . 4 1 1 . 2 1 0 . 5 1 1 . 5 1 1 . 2 1 2 . 6 1 2 . U 1 1 . 9
1 2 .  V 1 2 . 2 1 3 . 0 1 2 . 8 1 3 . 2 1 4 . 2 1 5 .  1 1 4 . 4 1 3 . 4 1 3 . 5
1 3 . 1 1 2 . 2 1 1 . 8 1 1 . 4 1 2 . 0 1 3 .  1 1 2 . 6 1 2 . 0 1 2 . 6 1 2 . 2
1 2 . 1 1 3 . 0 1 2 . 6 1 3 . 1 1 3 . 9 1 4 .  1 1 3 . 9 1 4 . 4 1 5 . 6 1 5 . 1
1 4 . 8 1 4 . 2 1 3 . 8 1 3 . 4 1 3 . 0 1 3 . 4 1 2 . 6 1 2 . 8 1 2 . 8 1 2 . 4
1 2 . 5 1 2 . 2 1 1 . 9 1 1 . 8 1 1 . 5 1 1 . 1 1 1 . 0 1 0 . 8 1 0 . 8 1 0 . 9
1 0 . 8 1 0 . 1 1 1 . 5 1 1 . 5 1 1 . 0 1 0 . 9 1 0 . 8 1 0 . 8 1 0 . 1 9 . 8

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

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

1 1 . 0 9 . 2 9 . 1 8 . 9 8 . 6 8 . 2 7 . 5 6 . 6 8 . 2 7 .  1
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a n a c o n d a  c o m p a n y -  a d j u s t e d  p r i c e  d a t a

TIME PERI OD COVERED- FROM FEB 5 , 1 9 6 0 TO JUNE 5 * 1 9 7 0
WEEKLY d a t a l i s t e d  by 10 P E R I ODS  PER ROW
READ BY ROW-■ s t a r t i n g AT TOP LEFT FOR FEB 5 , 1 9 6 0

? 9 . 8 2 9 . 8 2 9 . 4 2 9 . 1 2 5 . 3 2 5 . 8 2 6 . 7 2 6 . 0 2 5 . 0 2 6 . 8
7 6 . 5 7 5 . 9 2 5 . 1 2 5 . 1 2 5 . 0 2 5 . 0 2 4 . 6 2 5 . 0 2 8 . 7 2 5 . 0
2 A . 6 2 4 . 1 2 4 . 4 2 5 . 6 2 4 . 3 2 4 . 9 2 4 . 5 2 5 . 7 2 5 . 7 2 7 . 0
2 5 . 5 2 4 . 7 2 3 . 4 2 2 . 6 2 2 . 4 2 2 . 3 2 1 . 2 2 1 . 5 2 1 . 6 2 2 .  1
2 3 . 2 2 2 . 1 2 2 . 3 2 1 . 7 2 2 . 5 2 2 . 5 2 2 . 0 21 . 8 2 3 . 4 2 3 . 5
2 3 . 8 2 4 . 3 2 5 . 1 2 4 . 8 2 6 . 0 2 6 . 3 2 6 . 6 2 5 . 2 2 6 . 4 2 6 . 4
2 7 . 0 2 7 . 3 2 9 . 3 2 9 . 8 3 0 . 3 3 1 . 3 3 0 . 3 3 2 . 3 3 1 . 8 2 9 . 5
3 0 . 1 2 8 . 0 2 9 . 2 2 8 . 3 2 8 . 6 2 7 . 7 2 7 . 5 2 8 . 6 2 8 . 3 2 7 . 0
2 7 . 0 2 6 . 8 2 7 . 0 2 7 . 3 2 6 . 9 2 5 . 6 2 5 . 0 2 5 . 0 2 5 . 6 2 4 . 5
2 4 . 0 2 4 . 4 2 5 . 0 2 5 . 2 2 6 . 0 2 5 .  1 2 4 . 6 2 4 . 3 2 4 . 2 2 4 . 3
2 5 . 5 2 5 . 3 2 5 . 5 2 5 . 1 2 5 . 1 2 5 . 1 2 5 . 6 2 5 . 1 2 4 . 6 2 4 . 4
2 4 . 6 2 3 . 8 2 3 . 5 2 3 . 5 2 2 . 9 2 3 . 3 2 2 . 0 2 2 . 8 2 2 . 3 2 2 . 8
7 1 . 3 7 1 . 6 2 0 . 9 2 0 . 5 1 9 . 6 2 0 .  1 2 0 . 3 2 0 . 9 2 0 . 3 2 C . 3
2 0 . 1 2 0 . 1 2 0 . 5 2 0 . 5 2 0 . 5 1 9 . 8 1 9 . 0 1 8 . 8 1 8 . 5 1 8 . 5
1 8 . 3 1 8 .  J 1 8 . 7 1 9 . 3 2 0 . 1 2 1 . 8 2 2 . 5 2 0 . 9 2 1 . 0 2 0 . 6
2 0 . 3 2 0 . 2 2 1 . 6 2 1 . 8 2 1 . 5 2 2 . 2 2 3 . 6 2 2 . 6 2 2 . 6 2 2 . 5
2 2 . 3 2 1 . 9 2 2 . 2 2 2 . 5 2 2 . 4 2 2 . 9 2 3 . 2 2 3 . 5 2 3 . 8 2 4 . 2
2 4 . 3 2 5 . 3 2 6 . 1 2 6 . 3 7 6 . 7 2 5 . 6 2 5 . 3 2 5 . 1 2 4 . 8 2 4 . 6
2 3 . 5 2 3 . 6 2 3 . 3 2 4 .  1 2 5 . 0 2 5 . 0 2 5 . 0 2 5 . 2 2 5 . 3 2 5 . 4
2 4 . 6 2 5 . 1 2 5 . 0 2 5 . 0 2 4 . 8 2 4 . 3 2 3 . 9 2 3 . 6 2 2 . 5 2 2 . 9
2 2 . 0 2 1 . 3 2 1 . 6 2 3 . 0 2 4 . 1 2 3 . 7 2 4 . 3 2 3 . 5 2 2 . 7 2 3 . 1
2 2 . 8 2 4 . 0 2 4 . 1 2 4 . 0 2 4 . 8 2 4 . 0 2 3 . 8 2 1 . 4 2 2 . 0 2 1 . 6
2 1 . 1 2 2 . 3 2 2 . 4 2 2 . 0 2 1 . 8 2 1 . 4 2 0 . 4 2 0 . 1 2 1 . 1 2 2 . 0
2 1 . 8 2 2 . 5 2 3 . 0 2 2 . 6 2 2 . 5 2 2 . 3 2 3 . 3 2 2 . 5 7 2 . j 2 3 . 3
2 4 . 6 7 6 . 9 2 6 . 4 2 7 . 0 2 7 . 7 2 7 . 1 2 8 . 3 7 8 . 3 2 8 . 0 2 7 . 3
2 8 . Ü 2 8 . 1 2 8 . 0 2 7 . 5 2 6 . 6 2 6 . 6 2 6 . 1 2 8 . 2 2 8 . 3 2 9 . 0
3 0 . 3 3 0 . 0 2 8 . 8 3 0 . 5 3 1 . 5 3 1 . 0 3 2 . 5 3 1 . 4 3 0 . 8 3 0 . 5
3 1 . 1 3 2 . 5 3 1 . 8 3 2 . 5 3 3 . 1 3 3 . 1 3 3 . 6 3 4 . 0 3 2 . 6 3 1 . 3
3 2 . 0 3 0 . 3 3 1 . 3 3 2 . 0 3 1 . 4 3 0 . 3 3 3 . 4 3 3 . 8 3 1 . 5 3 1 . 8
3 1 . 7 3 2 . 1 3 3 . 8 3 4 . 9 3 6 .  1 3 6 . 8 3 7 . 5 3 8 . 5 4 2 . 7 4 2 . 0
3 9 . 5 4 0 . 5 4 0 . 6 4 1 . 0 4 0 . 9 3 9 . 8 4 1 . 6 4 1 . 0 4 0 . 3 4 4 . 0
4 7 . 0 4 7 . 0 4 8 . 5 4 6 . 0 4 6 . 5 4 6 . 0 4 5 . 5 4 3 . 9 4 2 . 7 4 1 . 9
4 4  .  0 4 5 . 1 4 8 . 8 5 3 . 3 4 9 . 3 4 7 . 3 4 4 . 5 4 0 . 8 4 2 . 5 4 4 . 9
4 2 . 6 4 2 . 6 4 4 . 5 4 3 . 5 4 2 . 2 4 3 . 5 4 4 . 6 4 2 . 8 4 0 . 6 3 8 . 0
3 8 . 5 3 5 . 1 3 3 . 1 3 3 . 8 3 6 .  1 3 6 . 3 3 6 .  1 3 5 . 5 3 4 .  1 3 5 . 8
3 6 . 8 3 9 . 0 3 8 . 7 3 9 . H 4 1 . 1 4 1 . 4 3 9 . 0 4 0 . 6 4 0 . 0 4 0 . 6
4 0 . 0 4 1 . 6 4 4 . 8 4 4 . 2 4 5 . 5 4 6 . 5 4 5 . 0 4 2 . 8 4 5 . 0 4 3 . 4
4 0 .  e 4 2 . 5 4 2 . 3 4 1 . 6 4 0 . 9 4 1 . 6 4 1 . 7 4 4 . 0 4 5 . 3 4 4 . 7
4 5 . 1 4 6 . 0 4 6 . 6 4 7 . 0 4 9 .  1 4 7 . 8 4 7 . 6 4 8 . 5 4 7 . 9 4 9 . 7
4 R .  1 5 2 . 5 5 3 . 0 5 1 . 0 4 8 . 6 5 0 . 0 4 9 . 4 5 0 . 6 4 9 . 0 4 8 . 8
4 8 . 4 4 5 . 8 4 6 . 2 4 4 . 9 4 4 . 7 4 6 . 0 4 4 . 5 4 8 . 7 4 5 . 9 4 6 . 6
4 6 . 8 4 6 . 5 4 7 . 4 4 6 . 0 4 6 . 2 ' * 5 .  .̂7 4 7 . 5 4 6 . 0 4 4 . 5 4 3 . 0
3 9 . 9 4 1 . 1 4 2 . 9 4 4 . 9 4 2 . 6 4 1 . 5 4 1 . 1 4 1 . 5 4 3 . 1 4 5 . 8
4 5 . 1 4 5 . 6 4 4  .  5 4 9 . 8 4 9 . 8 5 2 . 2 4 9 . 5 5 1 . 2 5 1 . 2 5 4 . 2
5 1 . 1 4 7 . 9 4 5 . 5 4 6 . 2 4 6 . 5 4 5 . 0 4 6 . 0 4 4 . 2 4 7 . 2 4 8 . 0
4 9 . 0 4 9 . 5 5 0 .  1 5 0 . 0 5 2 . 4 5 3 . 0 5 0 . 5 5 2 . 9 5 2 . 8 5 2 . 4
5 7 . 4 5 6 . 0 6 0 . 5 6 3 . 9 6 0 . 2 6 3 . 9 6 4 . 6 6 1 . 2 6 1 . 2 5 8 . 7
3 8 . 5 5 7 . 5 5 1 . 9 5 2 . 0 5 2 . 0 5 1 . 6 5 1 . 8 5 2 . 1 5 4 . 9 5 5 . 2
5 7 . 8 5 3 . 0 5 3 . 8 5 1 . 1 4 7 . 5 4 3 . 0 4 3 . 2 4 1 . 1 4 0 . 9 3 9 . 9
3 3 . 8 3 7 . 1 3 0 . 2 3 0 . 9 3 0 . 4 3 0 . 2 3 0 . 2 2 8 . 9 2 7 . 9 2 9 . 0
7 8 . 0 2 8 . 2 2 8 . 1 2 7 . 8 2 7 . 7 2 7 . 9 2 9 . 6 3 2 . 0 3 0 . 2 2 9 . 6
3 1 . 0 2 9 . 8 3 0 . 1 2 8 . 8 2 8 . 1 2 8 . 4 2 9 . 8 3 0 . 8 3 2 . 0 2 9 . 0
2 8 . 1 2 7 . 5 2 7 . 9 2 7 . 8 2 8 . 5 2 9 . 5 2 8 . 9 2 7 . 6 2 8 . 0 2 9 . 4
2 9 . 2 2 9 . 1 2 8 . 0 2 7 . 1 2 6 . 9 2 6 . 6 2 5 . 0 2 4 . 5 2 6 . 5 2 5 . 2
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B O E I N G - ADJUSTED P R I C E  DATA

T IME PERI OD COVERED- FROM FEB 5 , 1 9 6 0 TO JUNE 5 , 1 9 7 0
WEEKLY d a t a L I S T E D  BY 1 0  P E R I ODS  PER ROW
READ BY ROW- STARTI NG AT TOP LEFT FOR FEB 5 . I 9 6 0

1 4 . 6 1 4 . 5 1 4 . 5 1 4 . 0 1 3 . 5 1 3 . 5 1 3 . 0 1 2 .  1 1 2 . 0 1 2 . 1
1 1 . 9 1 2 . 3 1 2 . 6 1 2 . 3 1 2 . 1 1 4 . 5 1 3 . 6 1 3 .  1 1 3 . 7 1 4 . 4
1 3 . 5 1 3 . 5 1 3 . 3 1 4 . 3 1 4 . 8 1 4 . 6 1 7 . 1 1 6 . 0 1 6 . 7 1 7 . 0
1 6 . 2 1 5 . 4 1 5 . 0 1 4 . 8 1 5 . 3 1 5 . 4 1 5 . 8 1 5 . 1 1 5 . 6 1 6 . 6
1 7 . 7 1 7 . 3 1 7 . 8 1 8 . 3 1 9 . 1 1 9 . 3 1 8 . 7 1 8 . 4 1 9 . 4 1 9 . 9
1 9 . 5 1 8 . 2 2 0 . 1 1 9 . 5 2 0 , 8 2 0 . 8 2 1 . 0 2 1 . 5 2 3 . 2 2 2 . 9
2 2 . 8 2 1 . 6 2 1 . 6 2 1 . 8 2 2 . 5 2 3 . 3 2 3 . 6 2 2 . 6 2 3 . 3 2 3 .  1
2 2 . 3 2 3 . 0 2 3 . 0 2 4 . 4 2 4 . 6 2 5 . 1 2 4 . 6 2 6 . 3 2 7 . 0 2 6 . 8
2 7 . 6 2 7 . 3 2 7 . 1 2 7 . 7 2 6 . 9 2 6 . 5 2 6 . 5 2 6 . 0 2 6 . 0 2 3 . 3
2 5 . Ü 2 4 . 3 2 5 . 0 2 3 . 9 2 3 . 5 2 4 . 3 2 4 . 6 2 6 . 4 2 5 . 8 2 5 . 1
2 4 . 8 2 5 . 8 2 6 . 5 2 7 . 1 2 7 . 7 2 7 . 8 2 7 . 6 2 6 . 1 2 6 . 3 2 5 . 6
2 5 . 3 2 5 . 2 2 5 . 1 2 4 . 1 2 3 . 8 2 4 . 2 2 3 . 2 2 3 . 5 2 2 . 1 2 2 . 5
2 0 . Ü 2 1 . 8 2 1 . 2 2 0 . 4 1 8 . 9 2 0 . 4 2 0 . 2 2 0 . 7 2 0 . 1 1 9 . 8
2 0 . 5 1 9 . 5 2 1 . 0 2 1 . 0 2 0 . 3 1 9 . 9 2 0 . 6 1 9 . 5 1 9 . 0 1 9 . 6
1 9 . 2 1 8 . 5 1 8 . 8 1 9 . 6 2 1 . 0 2 0 . 9 2 1 . 0 1 9 . 5 1 9 . 5 1 9 . 2
1 8 . 5 1 8 . 5 1 9 . 3 1 9 . 1 1 9 . 5 1 9 . 3 2 0 . 0 1 9 . 6 1 9 . 3 1 8 . 9
1 9 . 2 1 9 . 0 1 8 . 4 1 8 . 1 1 8 . 1 1 8 . 8 1 8 . 5 1 9 . 1 1 8 . 6 1 8 . 9
1 8 . 6 1 8 . 4 1 8 . 6 1 8 . 4 1 8 . 3 1 7 . 9 1 7 . 8 1 7 . 7 1 7 . 8 1 7 . C
1 6 . 7 1 5 . 9 1 6 . 8 1 7 . 2 1 6 . 5 1 6 . 9 1 7 . 5 1 7 . 7 1 7 . 6 1 7 .  1
1 8 . 3 1 7 . 0 1 6 . 8 1 7 . 0 1 7 . 3 1 7 . 2 1 8 . 1 1 8 . 4 1 7 . 3 1 9 .  1
1 9 .  1 1 8 . 2 1 8 . 9 1 8 . 3 1 8 . 7 1 8 . 6 1 8 . 8 1 9 . 1 1 9 . 9 1 9 . 9
2 0 , 1 2 0 . 3 2 1 . 1 2 1 . 3 2 1 . 3 2 1 . 8 2 1 . 8 2 3 . 3 2 2 . 9 2 3 . 0
2 3 . 1 2 2 . 1 2 3 . 3 2 3 . 6 2 5 . 0 2 4 . 6 2 4 . 6 2 5 . 1 2 6 . 4 2 7 .  1
2 7 . 5 2 8 . 1 2 7 . 1 2 7 . 5 2 8 . 0 2 8 . 0 2 7 . 1 2 8 . 6 3 0 . 0 3 2 . 0
3 1 . 5 3 2 . 3 3 2 . 1 3 3 . 1 3 3 . 4 3 1 . 9 3 1 . 7 3 0 . 6 3 2 . 1 3 2 . 5
3 2 . 9 3 4 . 0 3 3 . 6 3 4 . 6 3 5 . 3 3 4 . 1 3 4 . 5 3 4 . 9 3 3 . 9 3 2 . 1
3 3 . 1 3 2 . 6 3 3 . 9 3 5 . 1 3 4 . 0 3 3 . 6 3 2 . 9 3 1 . 5 3 0 . 6 3 1 . 7
3 4 . 6 3 6 . 1 3 7 .  1 3 7 . 2 3 6 . 8 3 7 . 1 3 8 . 1 3 6 . 5 3 6 . 0 3 4 . 5
3 4 . 2 3 3 . 3 3 4 . 6 3 5 . 5 3 6 . 3 3 7 . 1 3 8 . 6 3 9 . 3 4 0 . 0 3 9 . 0
4 0 . 8 4 2 . 2 4 6 . 3 4 6 . 5 4 9 . 0 5 0 . 6 5 1 , 3 5 2 . 2 5 5 . 8 6 1 . 8
6 1 . 3 5 8 .  5 6 6 . 4 6 8 . 0 6 7 , 1 6 8 . 8 6 9 . 0 6 4 . 3 6 5 . 4 6 6 . 9
7 2 . 8 7 5 . 5 8 2 .  3 8 4 . 0 8 2 . 8 8 4 .  1 8 0 . 5 7 8 . 6 7 1 . 8 7 0 . 7
7 7 . 3 7 6 . 5 8 2 . 9 8 8 . 3 7 8 . 1 7 7 . 3 7 1 . 9 6 8 , 8 6 5 . 0 7 1 . 6
6 5 . 9 6 9 . 2 7 7 . 9 7 4 . 5 7 3 . 4 7 2 . 0 7 1 . 2 6 6 . 5 6 0 . 4 6 2 . 8
6 0 . 4 6 1 . 1 5 0 . 5 5 3 . 8 ' 5 3 . 1 6 0 . 4 5 7 . 0 5 1 . 0 4 7 . 2 5 0 . 0
4 7 . 0 4 8 . 8 5 7 . 1 6 0 . 0 6 3 . 0 6 7 . 8 6 3 . 0 6 2 .  1 6 5 . 0 6 4 . 5
6 5 . 6 6 5 . 8 6 6 . 4 7 4 . 1 7 1 . 5 7 0 . 0 7 1 . 5 6 8 . 0 7 1 . 2 8 0 . 6
8 0 . 9 8 2 . 0 8 5 . 6 8 2 . 5 8 3 . 0 8 6 . 5 9 3 . 0 9 5 . 6 9 4 . 2 9 8 . 9
9 7 . 2 9 6 . 1 9 5 . 8 1 0 1 . 0 1 0 6 . 5 1 0 6 . 9 1 0 4 . 5 9 9 . 6 1 0 1 . 9 1 0 1 . 0

1 J 4 . 0 1 0 8 . 5 1 0 5 . 1 1 0 0 . 1 9 0 . 2 9 7 . 0 9 3 . 2 9 2 . 9 8 8 . 8 8 6 . 8
8 4 .  1 8 1 . 5 8 7 . 2 8 3 . 2 8 5 . 6 8 2 . 1 8 6 . 6 9 0 . 2 9 1 . 6 9 2 . 0
3 7 . 2 8 8 . 2 9 0 . 5 8 3 . 0 8 3 . 5 7 8 . 2 8 0 . 9 7 7 . 8 7 5 . 0 7 7 . 0
7 8 . 1 7 4 . 9 7 3 . 9 7 4 . 2 7 0 . 2 6 8 . 5 6 8 . 2 7 0 . 4 7 2 . 2 7 3 . 9
7 9 . 8 7 6 . 2 7 2 . 6 7 1 . 4 6 9 . 5 7 1 . 8 6 7 . 1 6 7 . 4 6 3 . 5 6 3 . 2
6 7 .  1 6 6 . 2 6 2 . 4 5 8 . 2 5 8 . 5 5 6 . 4 5 3 . 8 5 7 . 2 5 6 . 8 5 6 . 8
5 5 . 0 5 4 . 8 6 1 . 2 5 8 . 6 5 6 . 9 5 7 . 8 5 5 . 0 5 3 . 9 5 5 . 2 5 7 . 1
5 9 . 4 5 8 . 4 5 6 . 9 5 7 . 4 5 6 , 0 5 6 . 5 5 5 . 8 5 6 . 9 5 8 . 0 5 9 . 0
5 9 . 4 5 9 . 5 5 5 . 6 5 2 . 6 5 0 .  1 4 8 . 4 4 9 . 5 5 0 . 9 4 8 . 8 5 0 . 2
5 0 . 0 4 8 . 5 4 5 . 0 4 6 . 8 4 5 . 6 4 5 . 1 4 4 . 0 4 3 . 1 4 2 . 6 4 1 . 1
4 1 . 9 4 1 . 0 3 6 . 9 3 6 . 6 3 5 . 8 3 4 .  1 3 1 . 2 3 0 . 6 3 1 . 6 3 7 . 4
3 4 . 9 3 3 . 8 3 3 . 5 3 4 . 2 3 2 . 5 3 2 . 8 3 3 . 2 3 2 . 2 3 1 . 8 3 1 . 8
3 3 . 2 3 1 . 5 3 1 . 1 3 0 . 1 2 8 . 6 2 8 . 5 2 9 . 5 2 9 . 8 3 0 . 2 2 6 . 8
2 6 . 5 2 3 . 0 2 1 . 4 2 0 . 0 2 4 . 5 2 5 . 0 2 3 . 2 2 2 . 8 2 1 . 5 2 3 . 8
2 3 . 1 2 2 . 1 2 0 . 9 2 0 . 2 2 0 . 2 1 9 . 9 2 0 . 0 1 7 . 8 1 8 . 2 1 5 . 8
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U M T F P  A I R  L 1 N F 5 -  ADJUSTED P R I C E  DATA

TIME P ERI OD COVERED- FROM FEB 5 . 1 9 6 0 To  JUNE 5 . 1 9 7 0
WEEKLY DATA L I S T E D  BY 10 p e r i o d s  p e r ROW
READ BY ROW-• s t a r t i n g AT TOP LEFT FOR FEB 5 , 1 9 6 0

1 2 . 1 1 2 . 9 1 3 . 0 1 2 . 9 1 1 . 9 1 1 . 7 1 1 . 7 1 1 . 4 1 0 . 9 1 2 . 4
1 2 . 1 1 1 . 7 1 2 . 2 1 3 . 8 1 3 . 0 1 3 . 4 1 3 . 4 1 2 . 9 1 3 . 8 1 2 . 3
1 3 . 3 1 2 . 9 1 3 . 0 1 2 . 8 1 1 . 5 1 3 . 1 1 3 . 1 1 3 . 8 1 3 . 4 1 4 .  1
1 3 . 4 1 3 . 9 1 2 . 9 1 2 . 2 1 2 . 6 1 2 . 4 1 3 . 6 1 3 . 2 1 2 . 9 1 4 . 2
1 3 . 9 1 3 . 7 1 3 . 4 1 3 . 9 1 5 . 2 1 4 . 9 1 4 , 5 1 5 . 8 1 6 . 1 1 7 . 0
1 6 . 8 1 7 . 3 1 7 . 6 1 8 . 7 1 8 . 8 1 8 . 6 1 8 . 2 1 8 . 3 1 8 . 2 1 7 . 8
1 8 . 4 2 0 . 4 2 0 . 3 2 1 . 0 2 0 . 5 2 1 . 4 2 2 . 7 2 1 . 9 2 1 . 4 2 1 . 3
2 1 . 4 2 0 . U 2 0 . 1 1 9 . 9 2 1 . 6 2 1 . 4 2 0 . 9 2 0 . 9 2 1 . 9 2 1 . 5
2 1 . u 1 9 . 5 1 9 . 8 1 9 . 4 1 8 . 6 1 8 . 5 1 9 . 0 1 8 . 6 1 7 . 7 1 5 . 8
1 6 . 4 1 6 . 5 1 6 . 8 1 7 . 3 1 6 . 5 1 6 . 3 1 7 , 0 1 7 . 1 1 7 . 3 1 7 . 8
1 7 . 4 1 / . 5 1 8 . 4 1 7 . 3 1 7 . 7 1 7 . 4 1 7 . 2 1 6 . 6 1 7 . 2 1 6 . 6
1 6 . 6 1 6 . 2 1 6 . 3 1 5 . 4 1 5 . 5 1 5 . 7 1 5 . 0 1 4 . 9 1 4 . 1 1 4 . 3
1 4 . 0 1 3 . 0 1 2 . 8 1 1 . 2 1 0 . 0 1 1 . 1 1 2 . 0 1 1 . 6 1 2 . 1 1 2 . 3
1 4 . 2 1 4 . 3 1 4 . 6 1 4 . 9 1 5 . 3 1 5 . 1 1 5 . 8 1 4 . 0 1 3 . 2 1 3 .  3
1 3 . 6 1 2 . 7 1 2 . 0 1 3 . 2 1 3 . 7 1 4 . 0 1 4 . 6 1 5 . 3 1 5 . 8 1 5 . 1
1 5 . 3 1 5 . 2 1 5 . 8 1 6 . 4 1 6 . 3 1 6 . 3 1 7 . 2 1 6 . 8 1 7 . 3 1 6 . 9
1 6 .  1 1 6 . 3 1 6 . 5 1 7 . 7 1 7 . 8 1 9 . 2 1 9 . 3 1 9 . 4 1 9 . 4 1 9 . 8
1 9 . 5 2 0 . m 2 1 . 0 2 0 . 6 2 0 . 7 2 0 . 9 2 1 . 5 1 9 . 0 I P .  3 1 8 . 8
1 8 . 4 1 9 . 0 1 9 . 6 1 9 . 8 2 0 . 0 1 9 . 6 2 0 . 0 2 0 . 5 1 9 . 2 1 8 . 5
1 8 . 5 1 3 . 1 1 8 . 5 1 8 . 1 1 8 . 2 1 8 . 4 1 8 . 8 ■ 2 0 . 3 1 7 . 3 2 0 . 3
2 0 . 6 2 0 . 8 2 0 . 7 2 1 . 5 2 2 . 5 2 3 . 8 2 3 . 5 2 4 . 6 2 3 . 8 2 5 . 3
2 6 . 2 2 7 . 8 2 7 . 6 2 8 . 0 2 7 . 9 2 9 . 7 3 0 . 5 3 2 . 1 3 0 . 6 3 0 . 0
2 8 .  1 2 8 . 8 2 8 . 3 2 8 . 1 2 8 . 6 2 7 . 4 2 5 . 3 2 5 . 7 2 6 . 0 2 7 . 1
2 7 . 1 2 6 . 8 2 6 . 1 2 6 . 0 2 5 . 7 2 4 . 6 2 5 . 0 2 4 . 5 2 5 . 3 2 4 .  1
2 4 . 1 2 2 . 9 2 4 . 4 2 5 . 1 2 6 . 3 2 6 . 7 2 6 . 8 2 7 . 1 2 7 . 4 2 9 . 3
3 0 . u 2 9 . 3 3 0 .  0 2 9 . 8 3 0 . 5 3 0 . 2 2 9 . 6 3 1 . 2 3 2 . 6 3 2 . 6
3 0 . 5 3 1 . 7 3 1 . 8 3 4 . 0 3 4 . 8 3 5 . 3 3 6 . 0 3 4 . 8 3 3 . 5 3 4 . 5
3 6 . 1 3 5 . 9 3 7 . 4 3 6 . 7 3 7 . 8 3 9 . 1 3 7 . 0 3 9 .  1 3 8 . 8 3 7 . 1
3 5 . 8 3 4 . 1 3 5 . 8 3 7 . 3 3 7 . 5 3 6 . 0 3 4 . 6 3 5 . 5 3 6 . 8 3 6 .  1
3 8 . 3 4 0 . 1 4 0 . 5 4 2 . 4 4 4 . 1 4 3 . 5 4 3 . 7 4 7 . 1 4 7 . 0 4 9 .  1
5 0 . 4 4 8 . 0 4 7 . 6 5 1 . 1 5 4 . 6 5 8 . 1 5 8 . 8 5 3 . 7 4 2 . 4 5 0 . 5
5 3 . 3 5 4 . 3 5 7 . 9 5 8 . 0 5 9 . 9 5 9 . 5 5 8 . 9 5 8 . 9 5 8 . 3 5 9 . 0
6 5 . 8 6 9 . 1 7 4 . 0 7 3 . 6 6 8 . 0 6 8 . 8 6 3 . 9 6 1 . 9 6 1 . 0 6 1 . 5
6 2 . 0 6 8 . 4 7 1 . 4 6 9 . 0 6 7 . 2 6 8 . 5 6 8 . 9 6 3 . 8 6 4 . 2 6 1 . 8
6 1 . 5 5 8 . 6 4 7 . 9 4 6 . 6 4 7 . 8 5 3 . 0 5 1 . 0 5 1 . 0 4 4 . 4 4 8 . 5
4 6 . 5 4 5 . 9 4 9 . 5 5 1 . 2 5 2 . 0 5 6 . 8 6 0 . 5 6 2 . 5 6 2 . 9 6 2 . 8
6 1 . 0 6 1 . 5 6 7 . 5 7 0 . 1 6 7 .  1 7 0 . 0 6 8 . 0 6 5 . 5 6 7 . 5 7 1 . 6
7 7 . 6 7 9 . 6 7 9 . 9 7 6 . 5 7 7 . 0 8 0 . 1 8 2 . 1 8 2 . 8 8 2 . 9 8 6 . 0
8 o . 5 8 2 . 0 7 7 . 0 8 3 . 6 7 9 . 0 7 5 . 9 7 2 . 4 7 8 . 0 8 1 . 2 7 9 . 6
8 2 . 1 8 0 . 6 7 8 . 6 7 9 . 9 7 7 . 5 7 6 . 0 7 0 . 5 7 1 . 5 6 9 . 4 6 8 . 9
6 5 . 1 6 0 . 8 5 8 . 0 6 1 . 4 5 7 . 2 5 8 . 1 6 3 . 8 6 7 . 0 6 3 . 4 5 8 . 8
61 . 6 6 3 . 9 6 6 . 0 5 9 . 8 6 0 . 2 5 7 . 0 5 4 . 2 5 0 . 0 4 8 . 6 4 9 . 0
4 9 . 6 4 4 . 2 4 3 . 6 4 3 . 9 4 0 . 4 4 1 . 0 4 6 . 5 4 9 . 8 4 3 . 1 4 2 . 9
4 2 . 5 4 2 . 6 4 1 . 2 4 0 . 9 4 0 . 5 4 3 . 1 41 . 6 4 0 . 2 4 0 . 6 4 0 . 6
4 2 . 8 4 1 . 9 3 7 . 8 3 7 . 2 3 5 . 5 3 5 . 6 3 6 . 8 3 5 . 4 3 7 . 5 4 1 . 5
4 3 . 5 4 1 . 6 42  . 9 4 4 . 0 4 5 . 8 4 4 . 8 4 3 . 0 4 4 . 6 4 4 . 5 4 4 .  1
4 4 . 9 4 2 . 2 4 0 . 8 4 3 . 9 4 4 . 4 4 1 . 9 4 2 . 0 4 7 , 0 4 6 . 4 4 7 . 4
4 5 . 8 4 6 . 0 4 2 . 4 4 2 . 8 4 0 . 5 3 8 . 0 3 9 . 8 3 7 . 6 3 6 . 9 3 9 . 6
3 9 . 5 4 0 . 8 4 0 . 6 3 7 . 1 3 8 . 0 3 6 . 5 3 8 . 8 3 7 . 5 3 8 . 0 3 9 . 6
3 6 . 4 3 7 . 5 3 3 . 4 3 1 . 8 2 7 . 9 3 0 . 4 2 9 . 0 2 8 . 8 3 2 . 9 3 0 . 2
2 8 . 1 3 0 . 0 3 1 . 0 2 8 . 5 2 8 . 6 2 7 . 8 3 2 . 6 3 2 . 9 3 3 . 6 3 5 . 6
3 2 . 5 3 2 . 5 2 1 . 9 2 9 . 2 2 9 . 0 2 7 . 5 2 9 . 5 2 8 . 0 2 7 . 6 2 4 . 4
2 3 . 9 2 2 . 1 2 2 . 1 2 4 . 8 2 4 . 2 2 5 . 4 2 5 . 1 2 3 . 4 2 3 . 6 2 3 . 8
2 3 . 2 2 3 . 1 2 2 . 4 2 2 . 0 2 0 . 4 2 0 . 2 1 8 . 5 1 7 . 0 1 8 . 2 1 5 . 0
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APP’M DIX 0
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c  ADJ USTED EXSMO PROGRAM FOR OPTI MAL SMOOTHING CONSTANT
C AND SMALLEST FORECAST ERROR FOR T FORECAST P ERI ODS
C
C PURPOSE- READ THE PROBLEM PARAMETER CARD AND A TIME S E R I E S
C -  CALL SUBROUTI NE EXSMO
C -  PRI NT SMOTHED RESULTS

C r e m a r k s  -  ASMOOTHING CONSTANT S P E C I F I E D  IN THE PROBLEM PARAMETER CARD
r  MUST BE GREATER THAN ZERO AND LES S  THAN ONE TO OBTAI N REASONABLE
c  r e s u l t s .
C -  SUBROUTI NE EXSMO REQUI RED
C
C FOOTNOTE-  BROWN.  R . G . ,  SMOOTHI NG,  F O R E C A S T I NG,  AND P R E DI C T I ON OF DI S CRET E
C TIME S E R I E S , P R E N T I C E - H A L L ,  N . Y . ,  1 9 6 3 ,  P P .  1 4 0 - 4 4 .
C
C REQUI REMENTS -  DI MENTI ON GREATER OR EQUAL TO NUMBER OF DATA P O I N T S .
C

DI MENSI ON X ( 6 0 0 ) , SI  6 0 0 ) , S D I F ( 6 0 0 )
1 0 1  F O R M A T ( A 6 , 1 2 , I 4 , F S . 3 , 3 F 1 0 . 0 )
1 0 2  FORMAT I 1 0 I F 7 . 1 . 1 X ) )
1 0 3  F OR MAT ( 3 4 HT R I P L E  EXPONENTI AL S M O O T H I N G . . .  , A6 ,  I 2 / / 22HNUMBFR OF 

IDATA P O I N T S , 1 4 / )
1 0 4  FORMAT( 1 3 H C C E F F I C I E N T S  , 9 X , I H A , 1 4 X , I HB ,  1 4 X , I H C )
1 0 5  FORMAT I 8 H 0 R I G I N A L , F 1 9 . 5 , 2 F 1 5 . 5 )
1 0 6  FORMAT( 8HUPDATED , 4 X , 3 E 1 5 . 8 / )
1 0 7  F O R M A T ( 2 8 X , 1 3 H S M 0 0 T h ED D A T A / 8 X , 1 OHI NPUT DATA, 8X ,  1 OH( FORECAST 1 , 

1 B X , 1 0 H D I F F E R E N C E , 5 X , 1 2 H D I F F  SQUARED)
1 0 8  F O R M A T ( 5 X , F 1 3 . 5 , 5 X , F 1 3 . 5 , 5 X , F 1 3 . 5 , 4 X , E 1 5 . 8 )
1 0 9  F O R M A T ( 3 1 X , 8 H T O T A L S — , E 1 5 . B , 4 X , E 1 5 . 8 / )
1 1 0  FORMAT I 1 U X , 3 1 H T H E  MEAN OF THE DI F F E R E N C E S  I S  , E 1 5 . 8 / / I
1 1 1  FORMAT I 1 7 X , 3 9 H T H E  VARI ANCE OF THF FORECAST ERRORS I S , E 1 5 . 8 / / )
1 1 2  F O R MAT I 6 X, 5 0 HT HE  DEVI ATI ON OF THE FORECAST ABOUT THF ACTUAL I S  ,

I E 1 5 . 8 / /  )
1 1 3  F O R M A T ( 2 F 5 . 3 , 2 F 2 . 0 )
1 1 5  F O R MA T ( 2 8 X , 2 3 H S M0 0 T H I N G  CONSTANT I S  , F 5 . 3 / )
1 1 8  FORMAT( 3 1 X, 2 UHFGRECAS T PERI OD I S  , F 4 . 0 / )

C
1 READ 1 0 1 , P R , P R I , N X , A L , A , B , C

C
c t a b l e
c  PR= PROBLEM NAME
C PRI  = PROBLEM NUMBER
r  NX = NUMBER OF DATA P OI NT S
C AL=SM0 0 THI NG CONSTANT- READ IN ONE INCREMENT LES S  THAN I N I T I A L  CONSTANT
C A , B , C  = C O E F F I C I E N T S  OF THE P R E DI C T I ON EQUATION
C ALI NC= S M0 0 THI NG CONSTANT INCREMENT CHANGE DESI RED
c a l t e r m =f i n a l  v a l u e  OF s m o o t h i n g  c o n s t a n t  d e s i r e d
C T I = 0 N E  P E R I OD LESS THAN I N I T I A L  FORECAST P ERI OD DESI RED
C T F I N= = L AS 1  FORECAST P ERI OD DESI RED
C MUST READ IN AL , A L I N C ,  ALTERM,  T I ,  AND TF I N

PUNCH 1 0 3 , P R , P R I , NX
PUNCH 1 0 4
PUNCH 1 0 5 , A , B , C
R e a d  1 0 2 , 1x 1 i 1 , 1= 1 , N x i
READ 1 1 3 , A L I N C , A L T E R M , T I , T F I N

5 AL = AL + ALI NC 
AAL = AL
T = TI

6 T = T + 1 . 0
CALL E X S M O I X , N X , A L , A , B , C , S , S D I F , S Q D I F , S U M D F , T )
PUNCH 1 0 6 , A , B , C
PUNCH 1 1 5 , AAL
PUNCH 1 1 8 , T
I F I S E N S E  SWI TCH 4 ) 4 , 7

4  PUNCH 1 0 7
DO 2 1 = 1 0 1 , NX 
XX = S D I F I I ) * * 2
PUNCH 1 0 8 , XI I I , S I I ) , S D I F ( I ) ,XX

2 CONTI NUE
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7 PUNCH 1 Ü 9 . S U M D F . S 0 D 1 P  
ANX = N X - l O O
XMEAN = SUMDF/ ANX
VARXX = ( S Q D I F / ( A N X - 1 . 0 ) )
STDEV = ( V A R X X ) * * . 5 
PUNCH l l ü , X M E A N  
PUNCH 1 1 1 , VARXX 
PUNCH 1 1 2 , STDEV 
I F ( T - T F I N ) 6 , 8 , 8

8 CONTI NUE
C

I F ( A L - A L T E R M ) 5 , 3 , 3  
3 GO TO 1 

END
C
C EXSMO SUBROUTI NE

C T R I P L E  EXPONENTI AL SMOOTHED S E R I E S  OF THE GI VE N S E R I E S  X.
C
C PARAMETERS
C X = I NPUT VECTOR OF LENGTH NX CONTAI NI NG TI ME S E R I E S  DATA
C NX = ELEMENTS OF X
C AL = SMOOTHING CONSTANT ALPHA GREATER THAN ZERO L E S S  THAN ONE
C A = C O E F F I C I E N T S  OF THE P R E D I C T I O N  EQUATI ON
C B WHERE S I S  P R E DI C T E D
C C T P E R I ODS  AHEAD BY A+B* T + C * T * T / 2 ,  AS I N P U T . . .  I F  A = B = C = 0 ,
C PROGRAM WI LL PROVI DE I N I T I A L  VAL UE S .  I F  AT LEAST ONE OF A , B » C  I S
C NOT Z E R O,  PROGRAM WI LL TAKE GI VEN VALUES AS I N I T I A L  VALUES.
C AS OUT P UT -  A , B , C  CONTAI N L A T E S T ,  UPDATED C O E F F I C I E N T  OF P R E D I C T I O N .
C S = OUTPUT VECTOR OF LENGTH NX CONTAI NI NG T R I P L E  EXPONENTI ALLY
C SMOOTHED t i m e  S E R I E S .

SUBROUTI NE EXSMO( X , N X , A L . A » B , C » S » S D I F * SOD I F . SUMDF, T )
C

DI MENSI ON X ( 6 0 0 ) , S ( 6 0 0 ) , SDI  F ( 6 0 0 )
I F ( A )  4 0 , 1 0 , 4 0  

10 I F ( B )  4 0 , 2 0 , 4 0
2 0  I F ( C )  4 0 , 3 0 , 4 0
3 0  C = X ( 1 ) - 2 . 0 * X ( 2 ) + X ( 3 )

B = X ( 2 ) - X ( 1 ) - 1 . 5 * C  
A = X ( 1 ) - B - 0 . 5 * C  

4 0  B E = 1 . 0 - A L
BECUB= BE* BE* BE 
ALCUP=AL* AL* AL 
5 Q D I F = 0 . 0  
SUMDF=O. C 
J  = T
DO 4 2  K = 1 , J  

4 2  S ( K )  = XI K )
NXX = N X + J - 1  
DO 5 0  I = J , N X X  

C F I N D  S ( I )  FOR T P E R I OD S  AHEAD
S ( I ) = A + B * T + 0 . 5 * C * T * T

r
UPDATE C O E F F I C I E N T S  A , B , C
N = I - J + 1
D I F = S ( N ) - X ( N )
S D I F ( N ) = D I F  
I F ( 1 0 0 - N ) 4 5 , 4 8 , A 8  

4 5  S Q D I F = S Q D I F + D I F * * 2  
SUMDF=SUMDF+DI F 

4 8  A = X ( N ) + B E C U B * D I F
B = B + C - 1 . 5 * A L * A L * ( 2 . 0 - A L ) * D I F  

5 0  C = C - A L C U P * D I F

RETURN
END
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