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ABSTRACT

Q u a n t i t a t i v e  a n a l y s i s  and d e c i s i o n  a n a l y s i s  h a v e  b o t h

b ee n  a p p l i e d  t o  t h e  e v a l u a t i o n  o f  l e g a l  p r o b l e m s . A common 

e x a m p l e  i s  t h e  a p p l i c a t i o n  o f  t h e s e  t h e o r i e s  t o  q u e s t i o n s  

c o n c e r n i n g  w h e t h e r  t o  l i t i g a t e  an i s s u e ,  o r  i f  s e t t l e m e n t  

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

s e t t l e m e n t  p u r p o s e s .  Us ing  a d e c i s i o n  t r e e  f o r m a t  and 

s i m p l e  B a y e s i a n  p r o b a b i l i t y  t h e o r y ,  e a c h  o p t i o n  f o r  t h e  

c a s e  a s  d i agrammed on a d e c i s i o n  t r e e  can  be g i v e n  an 

e x p e c t e d  v a l u e  and t h e  c a s e  i t s e l f  t h e n  g i v e n  an e x p e c t e d  

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

t h e  amount  o f  money t o  be s p e n t  on d i s c o v e r y  and

p r e p a r a t i o n  f o r  t h e  c a s e ,  o r  a s  a s t a r t i n g  p o i n t  f o r  

s e t t l e m e n t  n e g o t i a t i o n s .  T h i s  s y s t e m  works  w e l l  f o r  an 

i n d e p e n d e n t  c a s e ,  t h a t  i s ,  o ne  which i s  s e l f - c o n t a i n e d .  

A l l  t h e  n e c e s s a r y  p a r t i e s  a r e  r e p r e s e n t e d ,  a l l  t h e

p e r t i n e n t  f a c t s  a r e  c o n t a i n e d  w i t h i n  t h e  i n s t a n t  f a c t  

s i t u a t i o n  i t s e l f ,  and no o t h e r  c a s e  h a s  a w e i g h t y  i n f l u e n c e  

on t h e  ou t come o f  t h i s  c a s e . T h e r e  i s  i n  l a w ,  h o w e v e r ,  

a n o t h e r  k i n d  o f  c a s e  which  i s  n o t  i n d e p e n d e n t .

i  i  i
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B e c a u s e  o f  t h e  d o c t r i n e  o f  c o l l a t e r a l  e s t o p p e l , some 

c a s e s  a r e  e i t h e r  e x t r e m e l y  p r e j u d i c e d  b y ,  o r  s o l e l y  

d e t e r m i n e d  b y ,  t h e  o u tcome  o f  some o t h e r  c a s e .  I f  an i s s u e  

a l r e a d y  d e t e r m i n e d  i n  one c a s e  i s  s u f f i c i e n t l y  s i m i l a r  t o  

t h e  i s s u e  s o u g h t  t o  be  l i t i g a t e d  i n  a s u b s e q u e n t  c a s e ,  

l i t i g a t i o n  o f  t h a t  i s s u e  i n  t h e  f o l l o w i n g  c a s e  can  be 

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

T h i s  s i t u a t i o n  a r i s e s  when a common f a c t  s i t u a t i o n  a f f e c t s  

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

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

e x p e c t e d  v a l u e .  Some met hod  i s  n e c e s s a r y  t o  q u a n t i f y  t h e  

i m p o r t a n c e  o f  t h e  f i r s t  c a s e  when i t s  d e t e r m i n a t i o n  w i l l  

a f f e c t  one  o r  more  s u b s e q u e n t  c a s e s .  A method  t o  q u a n t i f y  

t h i s  k i n d  o f  v a l u e  i s  t h e  s u b j e c t  o f  t h i s  t h e s i s .
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C h a p t e r  1

LITERATURE REVIEW

T h i s  c h a p t e r  r e v i e w s  l i t e r a t u r e  on d e c i s i o n  a n a l y s i s ,  

and on q u a n t i t a t i v e  a n a l y s i s  and d e c i s i o n  a n a l y s i s  a s  

a p p l i e d  t o  t h e  l e g a l  p r o f e s s i o n .  For  p e r s o n s  n o t  f a m i l i a r  

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

b r i e f  summary o f  p e r t i n e n t  a r t i c l e s  i s  p r e s e n t e d .  The 

f o l l o w i n g  s e c t i o n  w i l l  e xa m i n e  l i t e r a t u r e  a p p l y i n g  d e c i s i o n  

a n a l y s i s  t o  t h e  l e g a l  p r o f e s s i o n .

1 .1 D e c i s i o n  A n a l y s i s

S i n c e  n e a r l y  e v e r y  a c t i o n  t a k e n  by an i n d i v i d u a l  or  an 

o r g a n i z a t i o n  i s  t h e  r e s u l t  o f  making  a c h o i c e  among a 

number  o f  a l t e r n a t i v e s ,  c o n s i d e r a b l e  e f f o r t  h a s  b ee n  made 

t o  d e v e l o p  s e l e c t i o n  p r o c e s s e s  which w i l l  h e l p  t h e  s e l e c t o r  

b e s t  s a t i s f y  g o a l s .  The s e l e c t i o n  p r o c e s s e s  r a n g e  from 

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

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

d e p e n d e n t  on t h e  i m m e d i a t e  g o a l ,  any known c o n s t r a i n t s ,  and 

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

i s  a c c o m p l i s h e d ,  w he n e ve r  c h o i c e s  a r e  a v a i l a b l e ,  a d e c i s i o n
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m u s t  be m a d e .

D e c i s i o n  a n a l y s i s  i s  a f o r m a l i z e d  f ramewor k  o f  

p r o c e s s e s  a v a i l a b l e  t o  d e c i s i o n  m a k e r s . The p u r p o s e  o f  

d e c i s i o n  a n a l y s i s  i s  t o  a i d  i n  d e t e r m i n i n g  wh i ch  

a l t e r n a t i v e  w i l l  max imi ze  g a i n  ( o r  m i n i m i z e  l o s s ) .  D e c i s i o n  

t h e o r y  d o e s  n o t  make d e c i s i o n s  f o r  t h e  d e c i s i o n  m a k e r . I t  

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

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

and i d e n t i f i e s  t h e  m o s t  s e n s i t i v e  c o m p o n e n t s  o f  t h e  

d e c i s i o n .  In f a c t ,  t h e  b a c k b o n e  o f  d e c i s i o n  t h e o r y  i s  t h e  

t a k i n g  o f  a p r o b l e m ,  b r e a k i n g  i t  i n t o  componen t  p a r t s ,  

a n a l y z i n g  e a c h  p i e c e ,  and t h e n  p u t t i n g  p i e c e s  b ack  t o g e t h e r  

so  t h a t  t h e  o v e r a l l  p r o b l e m  can  be s e e n  more  c l e a r l y .

1 . 2  D e c i s i o n  T r e e s

The u s e  o f  d e c i s i o n  t r e e s  i s  a p a r t i c u l a r  a r e a  o f  

d e c i s i o n  t h e o r y .  T r e e s  were  one  o f  t h e  e a r l i e s t  f o rm s  o f  

d e c i s i o n  t h e o r y .  In i t s  m o s t  b a s i c  f o r m , d e c i s i o n  t r e e s  a r e  

l i t t l e  more t h a n  a s k e t c h  s howi ng  t h e  i n t e r r e l a t i o n s h i p s  

among a l t e r n a t i v e s .  In t h e  e a r l y  19 60s ,  t h e  use  o f  

d e c i s i o n  t r e e s  became more f o r m a l i z e d ,  and p r o b a b i l i t y  

t h e o r y  was combi ned  w i t h  t h e  s k e l e t o n  f r a m e w o r k .  In 1964,  

d e c i s i o n  t r e e s  were  t e r m e d  a ” r e c e n t  d e v e l o p m e n t , "  and were
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c h a r a c t e r i z e d  a s  h a v i n g  ” t r e m e n d o u s  p o t e n t i a l ” a s  a 

d e c i s i o n - m a k i n g  t o o l .  "The d e c i s i o n  t r e e  can  c l a r i f y  f o r  

m a nag emen t ,  a s  can  no o t h e r  a n a l y t i c a l  t o o l  t h a t  I know o f ,  

t h e  c h o i c e s ,  r i s k s ,  o b j e c t i v e s ,  m o n e t a r y  g a i n s , and 

i n f o r m a t i o n  n e e d s  i n v o l v e d  i n  a . . .  p r o b l e m "  (Magee,  

1 9 6 4 ) .  Us ing  i n v e s t m e n t  a l t e r n a t i v e s  a s  an e x a m p l e ,  Magee 

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

t h e  r o l l b a c k  p r o c e d u r e  f o r  d e t e r m i n i n g  t h e  e x p e c t e d  v a l u e  

o f  e a c h  o p t i o n .  He a l s o  i n c l u d e d  t h e  c o n c e p t  and 

m e t h o d o l o g y  o f  d i s c o u n t i n g  c a s h  f l o w s  t o  a c h i e v e  t h e  m os t  

r e a l i s t i c  e x p e c t e d  v a l u e s .

B u i l d i n g  upon t h e  f r a me wo r k  l a i d  by M ag ee , Hammond 

( 1 9 6 7 )  i n t r o d u c e d  t h e  c o n c e p t  o f  a d d i n g  r i s k - t a k i n g  

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

d e c i s i o n  t r e e . Hi s  p o i n t  was t h a t  t h e  h i g h e s t  e x p e c t e d  

v a l u e  i s  n o t  a l w a y s  t h e  m o s t  i m p o r t a n t  c r i t e r j  r  t o  c o n s i d e r  

i n  c h o o s i n g  among a l t e r n a t i v e s .  The o p t i o n  w i t h  t h e  

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

a l a r g e  l o s s . An i n d i v i d u a l  or  a company may p r e f e r  t o  

c h o o s e  an o p t i o n  w i t h  a s l i g h t l y  l o w e r  e x p e c t e d  v a l u e  and a 

l o w e r  e x p o s u r e  t o  l o s s .  T h i s  " p r e f e r e n c e  t h e o r y "  can  be 

i n c o r p o r a t e d  i n t o  d e c i s i o n  t r e e  a n a l y s i s  by d e f i n i n g  r i s k  

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

m a k e r .  Hammond a l s o  d i s c u s s e d  t h e  z e r o  i l l u s i o n  and i t s
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i m p l i c a t i o n s  f o r  d e c i s i o n  m a k e r s . The z e r o  i l l u s i o n  i s  a 

p a r t i c u l a r  form o f  p r e f e r e n c e  g r a p h  showi ng  a s t e e p  d r o p

o f f  i n  w i l l i n g n e s s  t o  a c c e p t  r i s k  when t h e r e  i s  a

p o s s i b i l i t y  t h a t  t h e  a s s e t  p o s i t i o n  ( o r  w h a t e v e r  c r i t e r i o n  

i s  u s e d ) may go n e g a t i v e  ( F i g u r e  1 . 1 ) .  The z e r o  i l l u s i o n  

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

p o i n t ,  and l e s s  c o n s e r v a t i s m  f o r  o p t i o n s  which c o u l d  be 

s l i g h t l y  p o s i t i v e  o r  s l i g h t l y  n e g a t i v e .

In t h e  1 97 0 s ,  e m p h a s i s  was p l a c e d  on d i s t i n g u i s h i n g  

b e t w e e n  r i s k  and u n c e r t a i n t y  i n  a n a l y z i n g  d e c i s i o n s .  R i s k  

i s  d e f i n e d  a s  t h a t  s i t u a t i o n  in  which  one o r  more o u t c o m e s  

o r  s t a t e s  o f  n a t u r e  a r e  p o s s i b l e .  A p r o b a b i l i t y  o f  

o c c u r r e n c e  i s  a s s i g n e d  t o  ea ch  p o s s i b i l i t y  ( P a r s o n s ,  

1 9 7 2 b ) .  U n c e r t a i n t y  i s  d e f i n e d  a s  t h e  s i t u a t i o n  in  which

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

be a s c e r t a i n e d ,  o r  when t h e  c o n f i d e n c e  a s s o c i a t e d  w i t h  any  

p r o b a b i l i t i e s  a s s i g n e d  i s  so  low a s  t o  be m e a n i n g l e s s  

( P a r s o n s ,  1 9 7 2 c ) .  At l e a s t  one  c o m m e n t a t o r  has  s t a t e d  t h a t  

t h e  d i s t i n c t i o n  b e t w e e n  r i s k  and u n c e r t a i n t y  i s  n o t  

c r i t i c a l  ( Rudawsky ,  n . d . ) . Rudawsky p l a c e s  t h e  e m p h a s i s  on 

t h e  c a u s a l  r e l a t i o n s h i p  b e t w e e n  t h e  two : r i s k  i s  t h e

c o n s e q u e n t i a l  e f f e c t  o f  p o s s i b l e  u n c e r t a i n  o u t c o m e s .  

P a r s o n s  ( 1 9 7 2 b , c , d , e )  worked w i t h  m a t r i c e s  and d e v e l o p e d  

f o r m u l a s  f o r  u s i n g  known, u nk no wn , and p a r t i a l l y  known
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p r o b a b i l i t i e s  i n  a n a l y z i n g  p r o b l e m s . Even a f t e r  t h i s  work

on c l a r i f i c a t i o n , h o w e v e r , t h e  a p p l i c a t i o n  o f  r i s k  and 

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

I t  was a l s o  i n  t h e  1970s  t h a t  a r t i c l e s  a p p e a r e d  

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

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

w o r l d  p r o b l e m s  ( C o n r a t h ,  1 9 73 ) .  C o n r a t h  d e s c r i b e s  an 

i n f o r m a l  e x p e r i m e n t  w i t h  a g r o u p  o f  t o p  m a n a g e r s .  In e a c h

p r o b l e m ,  t h e  d a t a  were  p r e s e n t e d  i n  s e v e r a l  d i f f e r e n t  f o rm s

and t h e  d e c i s i o n s  r e a c h e d  were  c o m p a r e d .  The d e c i s i o n s  

v a r i e d  d e p e n d i n g  on how t h e  d a t a  were  p r e s e n t e d ,  d i f f e r e n t  

p r e s e n t a t i o n s  c r e a t i n g  d i f f e r e n t  e mp has es  o f  t h e  d a t a .  The 

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

i n  a p p r a i s i n g  r i s k  i n  t e r m s  o f  a p r o b a b i l i t y  r a n g e  r a t h e r  

t h a n  a p o i n t  e s t i m a t e .  In  a d d i t i o n ,  t h e  m a n a g e r s  wer e  

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

r e a s o n ,  t h e y  were  r e l u c t a n t  t o  us e  a s o p h i s t i c a t e d  model  

when t h e  d a t a  r a r e l y  w a r r a n t e d  s u c h  s o p h i s t i c a t i o n .  The 

t r a n s i t i o n  b e t w ee n  t h e o r y  and p r a c t i c a l  a p p l i c a t i o n  

c o n t i n u e s  t o  be a m a j o r  f o c u s  f o r  d e c i s i o n  a n a l y s i s  

r e s e a r c h .

An i n t e r e s t i n g  o b s e r v a t i o n  in  t r a c i n g  t h e  l i t e r a t u r e  

o f  d e c i s i o n  t r e e s  i s  t h a t  t h e i r  u se  seems t o  be f o r g o t t e n
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and t h e n  r e v i v e d  a t  r e g u l a r  i n t e r v a l s .  As m e n t i o n e d , Magee 

i n  1964 w r o t e  a c o m p r e h e n s i v e  a r t i c l e  d e s c r i b i n g  t h e  use  o f  

d e c i s i o n  t r e e s  f o r  man ag em en t .  In 1973,  i n  an 

a d m i n i s t r a t i v e  management  p e r i o d i c a l , d e c i s i o n  t r e e s  were  

d e s c r i b e d  and h e r a l d e d  a s  a new and w o n d e r f u l  t o o l  ( M a l i ,  

1 9 7 3 ) .  In 1978,  an a r t i c l e  a p p e a r e d  in  an a c c o u n t i n g  

p e r i o d i c a l  s howi ng  t h e  a p p l i c a t i o n  o f  d e c i s i o n  t r e e s  t o  t a x  

p r o b l e m s  as  t h o u g h  i t  were  a new c o n c e p t  ( V a n e c e k ,  1 97 8) .  

T h i s  c o n t i n u e d  i n  o t h e r  s y s t e m s  j o u r n a l s  ( C r o n i n , 1979; CPA 

J o u r n a l ,  1 9 82 ) ,  and i n  1982 d e c i s i o n  t r e e s  were  a p p l i e d  t o  

t h e  r e a l  e s t a t e  management  f i e l d  a s  an i n n o v a t i o n  in  

a n a l y s i s  ( G oodh e i m, 1 9 8 2 ) .  E i g h t e e n  y e a r s  a f t e r  Magee’ s 

a r t i c l e  a p p e a r e d  i n  t h e  H a r v a r d  B u s i n e s s  Review,  t h a t  

p e r i o d i c a l  a g a i n  p u b l i s h e d  an a r t i c l e  showing  t h a t  b u s i n e s s  

m a n a g e r s  were  b e g i n n i n g  t o  us e  d e c i s i o n  a n a l y s i s  on a 

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

p r i m a r y  me th ods  employed  ( U l v i l a  and Brown,  19 82 ) .  The 

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

q u a n t i t a t i v e  a n a l y s i s  and d e c i s i o n  a n a l y s i s  t o  l e g a l  

pr  o b l e m s .

1 . 3  A p p l i c a t i o n  o f  Qu a n t i t a t i v e  

Methods  To L e g a l  P r o b l e m s

Some a r t i c l e s  whi ch  show q u a n t i t a t i v e  a n a l y s i s  o f
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l e g a l  p r o b l e m s  do n o t  u se  d e c i s i o n  a n a l y s i s . A summary o f  

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

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

v e r s u s  g o i n g  t o  t r i a l  a p p e a r e d  i n  1969 ( F r i e d m a n ,  1 9 6 9) .  

T h i s  a r t i c l e  d i d  n o t  u s e  d e c i s i o n  t r e e s  o r  any  o t h e r  method 

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

a l g e b r a i c  e v a l u a t i o n  o f  a l a w s u i t  f rom b o t h  t h e  p l a i n t i f f ' s  

and d e f e n d a n t ' s  p o i n t s  o f  v i e w ,  and d e s c r i b e d  t h e  

c o n d i t i o n s  u n d e r  which  s e t t l e m e n t  was p o s s i b l e  and t h u s  

p r e f e r a b l e  t o  l i t i g a t i o n .

The a r t i c l e  r e q u i r e s  o n l y  t h e  b a s i c  economi c  

a s s u m p t i o n s , t h a t  i s ,  t h a t  b o t h  p a r t i e s  a r e  m o t i v a t e d  by 

e c o no m ic  g o a l s  and w is h  t o  max i mi ze  g a i n s  and m i n i m i z e

l o s s e s ,  t h a t  b o t h  p a r t i e s  a r e  w i l l i n g  t o  make d e c i s i o n s

b a s e d  on p r o b a b i l i t y  e s t i m a t e s ,  and t h a t  a l l  f a c t o r s  

r e l e v a n t  t o  s e t t l e m e n t  mu s t  be  q u a n t i f i a b l e  i n  d o l l a r s .  

B r i e f l y ,  i f  a p l a i n t i f f  i s  s u r e  o f  d e f e n d a n t ' s  l i a b i l i t y ,  

p l a i n t i f f ' s  r e c o v e r y  w i l l  be h i s  damage award mi nu s  h i s  

c o s t s ,  and i f  o f f e r e d  a s e t t l e m e n t ,  he  w i l l  n o t  s e t t l e  f o r  

l e s s  t h a n  t h a t  a mo un t .  I f  one  d e f e n d a n t  i s  a l s o  s u r e  o f  

h i s  l i a b i l i t y ,  h i s  e s t i m a t e d  c o s t  w i l l  be t h e  amount  o f  t h e

damage award p l u s  h i s  c o s t s ,  and he w i l l  n o t  pay more  t h a n

t h a t  i n  s e t t l e m e n t .  M a t h e m a t i c a l l y ,  t h i s  t y p e  o f  s e t t l e m e n t  

i s  w r i t t e n  as  f o l l o w s :
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D = d e f e n d a n t ’ s e s t i m a t e  o f  t h e  amount  o f  p l a i n t i f f ’ s 
d

award ;

D = p l a i n t i f f ' s  e s t i m a t e  o f  h i s  awar d ;
P

C = d e f e n d a n t ’ s e s t i m a t e d  l i t i g a t i o n  c o s t s  ; 
d

C = p l a i n t i f f ' s  e s t i m a t e d  l i t i g a t i o n  c o s t s ;  and 
P

X = amount  o f  u l t i m a t e  s e t t l e m e n t .

T h e r e f o r e ,  r a t i o n a l  p a r t i e s  w i l l  s e t t l e  i f

D + C 
d d

> X > D -  C , 
P P

( 1 . 1 )

and w i l l  n o t  s e t t l e  i f

D + C < D — C .  
d d p p

( 1 . 2 )

The s e t t l e m e n t  r a n g e  or  b a r g a i n i n g  s pa n  i s  shown by

(D + C ) -  (D -  C ) > 0.  
d d p p

( 1 . 3 )

C o n t i n u i n g  i n  t h i s  v e i n ,  F r i e d m a n  c o n s i d e r e d  t h e
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s i t u a t i o n  where  t h e  l o s i n g  p a r t y  mu s t  pay t h e  w i n n e r ' s  

l i t i g a t i o n  c o s t s  and t h e  e f f e c t  o f  t h a t  s i t u a t i o n  upon t h e  

b a r g a i n i n g  s p a n . He a l s o  c o n s i d e r s  t h e  e f f e c t  o f  

m i t i g a t i o n , an e v a l u a t i o n  o f  f u t u r e  d a m ag es ,  and a

m a t h e m a t i c a l  e v a l u a t i o n  o f  i n j u n c t i o n s  v e r s u s  damage 

a w a r d s . In 1972,  a s l i g h t l y  d i f f e r e n t  a p p r o a c h  was t a k e n  by 

T e r s i n e  and J o h n s t o n .

Ter  s i n e  and J o h n s t o n  a t t e m p t e d  t o  d e t e r m i n e  a 

b r e a k e v e n  n u m b e r . B r e a k e v e n  i s  d e f i n e d  a s  t h e  p o i n t  a t  

wh ic h  a c l i e n t  i s  a m b i v a l e n t  a b o u t  a c c e p t i n g  a s e t t l e m e n t  

o r  g o i n g  t o  t r i a l .  T h i s  number  was d e r i v e d  f rom a 

s t a n d a r d i z e d  mode,  and b e t a  c u r v e s . The a r t i c l e  c o n t a i n s  

no p r o o f s ,  e x p l a n a t i o n s ,  o r  j u s t i f i c a t i o n  f o r  i t s  m e t h o d ,  

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

i n  t h e  h i s t o r y  o f  q u a n t i t a t i v e  a n a l y s i s  a p p l i e d  t o  t h e  

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

p r o b a b i l i t y  t h e o r y  t o  l e g a l  p r o b l e m s .

Weeks ( 1 9 7 5 )  d i s c u s s e d  t h e  a p p r o p r i a t e  and

i n a p p r o p r i a t e  a p p l i c a t i o n s  o f  p r o b a b i l i t y  t h e o r y  t o  t h e

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

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

t h e o r y  i n  s e v e r a l  i n s t a n c e s  h a s  been  used  i n  d i f f e r e n t

c o n t e x t s  i n  t h e  l e g a l  p r o c e s s .  T h e r e  a r e  o n l y  a few s u c h
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e x a m p l e s ,  and t h e y  h a v e  b een  i n c l u d e d  h e r e  f o r  a c o m p l e t e  

l i t e r a t u r e  r e v i e w .  Over t h e  y e a r s ,  p l a i n t i f f s 1 a t t o r n e y s  

and p r o s e c u t o r s  h ave  a t t e m p t e d  t o  win s e v e r a l  c i v i l  and 

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

i n  a r o b b e r y  c a s e  a t t e m p t e d  t o  p r o v e  t h a t  t h e  d e f e n d a n t s  

had in  f a c t  c o m m i t t e d  t h e  c r i m e  b e c a u s e  t h e  p r o b a b i l i t y  o f  

a n o t h e r  s i m i l a r  p a i r  o f  d e f e n d a n t s  b e i n g  i n  t h a t  a r e a  a t  

t h e  same t i m e  was 1 i n  12 m i l l i o n .  The c o u r t s  w i l l  n o t  

a l l o w  s t a t i s t i c s  t o  be u s e d  i n  s u c h  f a s h i o n .  Such a 

c o n v i c t i o n  would be b as e d  upon s p e c u l a t i o n  and n o t  upon 

o b s e r v a t i o n  (Weeks,  1 9 75 ) .  Weeks t h e n  showed,  h o w e v e r ,  how 

p r o b a b i l i t y  t h e o r y  c o u l d  be  used  by t h e  p r a c t i c i n g  a t t o r n e y  

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

h e l p f u l n e s s  o r  h a r m f u l  n e s s  o f  a p o t e n t i a l  w i t n e s s  t o  h i s  

c a s e .  The a r t i c l e  c o n t a i n s  a good g e n e r a l  e x p l a n a t i o n  o f  

B a y e s i a n  t h e o r y , an e x p l a n a t i o n  s i m p l i s t i c  enough f o r  even  

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

In 1979 more r e c o g n i t i o n  o f  w o r t h y  u s e s  o f  s t a t i s t i c s  

i n  l i t i g a t i o n  a p p e a r e d  ( C u r t i s  and W i l s o n ,  1 9 7 9) .  

S t a t i s t i c s  were  us ed  i n  a n t i - t r u s t  c a s e s  t o  e s t a b l i s h  

r e l e v a n t  m a r k e t s  and m a r k e t  s h a r e .  S t a t i s t i c a l

p r e s e n t a t i o n s  were  a l s o  used  i n  d e c e p t i v e  a d v e r t i s i n g  c a s e s  

and t r a d e m a r k  i n f r i n g e m e n t  c a s e s  ( C u r t i s  and W i l s o n ,  1 9 7 9 ) ,  

and s t a t i s t i c s  h a v e  been  c r i t i c a l  i n  a n a l y z i n g  employment
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d i s c r i m i n a t i o n  c a s e s  ( W i l s o n  and C u r t i s , 1 9 7 9) .  F i n a l l y ,

W i l s o n  and C u r t i s  c o n c l u d e d  by u s i n g  an a d d i t i o n a l  ex amp l e  

wher e  s t a t i s t i c s  were  used  t o  show t h a t  t h e  l o w e r  a v e r a g e  

egg p r o d u c t i o n  i n  a f u l l y  i n t e g r a t e d  p r o d u c t i o n  f a c i l i t y  

was t h e  r e s u l t  o f  a g e n e t i c  f l a w  i n  t h e  b r e e d e r  f l o c k  a t  

t h e  t i m e  t h e  f l o c k  was p u r c h a s e d . The d i f f e r e n c e  i n  egg 

l a y i n g  was shown t o  be s i g n i f i c a n t  a t  t h e  .001 l e v e l  and 

damages  were  awarded  b a s e d  on t h e  n a t i o n a l  mean and t h e  

p a r t i c u l a r  d e v i a t i o n .  The n e x t  a d v a n c e  was i n  m o d e l i n g .  

J e n s e n  and H o r v i t z  ( 1 9 7 9 )  b u i l t  a model  showi ng  t h e  

d e c i s i o n - m a k i n g  p r o c e s s  o f  a j u d i c i a l  o p i n i o n  and t h e n  

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

mo s t  c r i t i c a l  i n p u t s .  The a r t i c l e  l a c k s  p e r s u a s i o n ,  and 

d o e s  n o t  p r e s e n t  a t o o l  t h a t  i s  r e a d i l y  u s e f u l  f o r  t h e  

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

A l t h o u g h  he d i d  n o t  c i t e  Weeks,  G r e e n b e r g  ( 1 9 76 )  b u i l t  

upon t h e  f o u n d a t i o n  l a i d  by Weeks.  G r e e n b e r g ,  h o w e v e r ,  

c o n c e n t r a t e d  on i n c o r p o r a t i n g  t h e  t i m e  v a l u e  o f  money i n t o  

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

h a v e  i n  f a c t  used  d i s c o u n t i n g  in  c o m p u t i n g  damages  f o r  many 

y e a r s  ( G r e e n b e r g ,  197 6) .  The f i r s t  m e n t i o n  o f  a p p l y i n g  

d e c i s i o n  a n a l y s i s  by d i a g r a m m i n g  d e c i s i o n s  w i t h  s e v e r a l  

o p t i o n s  by d e c i s i o n  t r e e s  was made by G r e e n b e r g .  He 

i n c l u d e d  an e x am p le  whi ch  showed how a t t o r n e y s  c o u l d  g i v e  a



T-2782 13

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

by u s i n g  i n d e f i n i t e  w o r d s .  The l a c k  o f  q u a n t i f y i n g  

o p i n i o n s  was by t h i s  t i m e  b e g i n n i n g  t o  be a r e c u r r i n g  

c o m p l a i n t  a g a i n s t  a t t o r n e y s ,  b u t  no f u r t h e r  p a r t i c u l a r  

a t t e n t i o n  was p a i d  t o  t h i s  p r o b l e m  u n t i l  1979.

R e s p o n d i n g  t o  c o m p l a i n t s  v o i c e d  a t  a c o n f e r e n c e  (A 

B u s i n e s s m a n ' s  View o f  L a w y e r s , 1 9 7 8 ) ,  V a g t s  ( 1 9 7 9 )  w r o t e  a 

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

g e n e r a l  r e l u c t a n c e  o f  l a w y e r s  t o  employ q u a n t i t a t i v e  

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

r e l u c t a n c e ,  showi ng  p o s s i b l e  c o n f l i c t s  b e t w e e n  t h e  l a w y e r s '  

Code o f  P r o f e s s i o n a l  R e s p o n s i b i l i t y  and t h e  q u e s t i o n s  

a s k i n g  f o r  q u a n t i t a t i v e  r e s p o n s e s .  T h i s  a r t i c l e  i s  q u i t e  

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

r e s o l u t i o n  s h o u l d  be p o s s i b l e .

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

p r o f e s s i o n  c o n t i n u e d  t o  be d i r e c t e d  p r i m a r i l y  t o  d e c i s i o n s  

r e g a r d i n g  w h e t h e r  t o  s e t t l e  o r  go t o  c o u r t .  B o d i l y  ( 1981 )  

w r o t e  an e x c e l l e n t  a r t i c l e  u s i n g  a s p e c i f i c  c a s e  e xa m p l e  t o  

show t h e  f i n a n c i a l  s a v i n g s  t o  be  g a i n e d  by u s i n g  d e c i s i o n  

a n a l y s i s .  As i s  common, t h e  o n l y  p a r t i e s  who won in 

B o d i l y ' s i n i t i a l  e x am pl e  wer e  t h e  a t t o r n e y s . D e c i s i o n  

a n a l y s i s  o f  t h e  p r o b l e m  b r o u g h t  a r e l a t i v e l y  p r ompt
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s e t t l e m e n t  and s a v e d  many d o l l a r s  i n  l e g a l  f e e s .  An 

a d d i t i o n a l  b e n e f i t  o f  t i m e l y  r e s o l u t i o n  which  B o d i l y  p o i n t s  

o u t  i s  t h e  f a c t  t h a t  b o t h  c o m p a n i e s  i n v o l v e d  i n  t h e  l a w s u i t  

had t o  i s s u e  a n n u a l  r e p o r t s  and f i n a n c i a l  s t a t e m e n t s  f o r  

s e v e r a l  c o n s e c u t i v e  y e a r s  s howi ng  t h i s  p o t e n t i a l l y  l a r g e

u n r e s o l v e d  s u i t .  One company f e l t  t h a t  r e p o r t i n g  a l a r g e  

u n r e s o l v e d  l a w s u i t  f o r  s e v e r a l  c o n s e c u t i v e  y e a r s  was a 

d e c i d i n g  f a c t o r  i n  i t s  b e i n g  r e f u s e d  a m a j o r  l o a n .  

B o d i l y 1s a r t i c l e  l i s t s  s e v e r a l  good c r i t e r i a  f o r  d e c i d i n g  

when t o  i m p l e m e n t  d e c i s i o n  a n a l y s i s ,  and e x p l a i n s  t h e  v a l u e  

o f  e f f e c t i v e  u s e  o f  t o p  l e v e l  e x e c u t i v e s  f rom s e v e r a l  

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

A l t h o u g h  he d i d  n o t  use  d e c i s i o n  a n a l y s i s ,  Nagel  

( 198 2)  w r o t e  on l a w y e r  d e c i s i o n  making  and t h r e s h o l d  

a n a l y s i s .  Hi s  e m p h a s i s  was in  f i n d i n g  b r e a k e v e n  p o i n t s  f o r  

t h e  number  o f  h o u r s  an a t t o r n e y  s h o u l d  d e v o t e  t o  a c a s e ,  

t h e  b r e a k e v e n  amount  o f  money f o r  s e t t l e m e n t  p u r p o s e s ,  and 

an a t t o r n e y ' s  b r e a k e v e n  f e e ,  t o  c i t e  a few e x a m p l e s .  Hi s  

a p p r o a c h  u s e s  s i m p l e  a l g e b r a  and e l e m e n t a r y  g r a p h i n g . He 

u s e s  good e x a m p l e s  t o  show t h r e s h o l d  a n a l y s i s  ( b r e a k e v e n  

p o i n t )  w i t h  o n e , t wo ,  o r  t h r e e  unknown v a r i a b l e s .

Nage l  had p r e v i o u s l y  w r i t t e n  on d e c i s i o n  a n a l y s i s

i t s e l f  and i t s  a p p l i c a t i o n  t o  t h e  l e g a l  p r o f e s s i o n  ( Nage l
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and N e e f ,  1979; N a g e l ,  1 9 8 3 ) .  Hi s  a p p l i c a t i o n  h a s  been  t o  

s y s t e m - w i d e  p a r t s  o f  t h e  p r o f e s s i o n , f o r  e x a m p l e ,  j u r y  

s e l e c t i o n ,  and t o  c o s t - b e n e f i t  a n a l y s i s  o f  r e q u i r i n g  bond ,  

v e r s u s  f r e e i n g  d e f e n d a n t s  on t h e i r  own r e c o g n i z a n c e .  His  

p r i m a r y  f o c u s  h a s  b een  in  c r i m i n a l  l aw a l t h o u g h  e a c h  book 

c o n t a i n s  a s e c t i o n  on a p p l y i n g  h i s  method o f  a n a l y s i s  t o  

c i v i l  c a s e s .

A l t h o u g h  t h e  a c c e p t a n c e  o f  d e c i s i o n  a n a l y s i s  by t h e  

l e g a l  p r o f e s s i o n  h a s  b een  s l o w ,  t h e  m e t h o d s  h a v e  been  

p r e s e n t e d  i n  s e m i n a r  form i n  r e c e n t  y e a r s  by L i t i g a t i o n  

R i s k  A n a l y s i s  (TM) h ea de d  by Marc V i c t o r  ( 1 9 8 2 ) .  V i c t o r  

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

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

a t t o r n e y s  would n o t  s hy  away f rom i t s  u s e .  His  f i r s t  p i t c h  

i s  t h e  o f t  r e p e a t e d  e x p e r i m e n t  where  s e v e r a l  p e r s o n s  a r e  

a s k e d  t o  a s s i g n  t h e i r  a s s e s s m e n t  o f  a p p r o p r i a t e  

p r o b a b i l i t i e s  t o  a s e r i e s  o f  s t a t e m e n t s  s u c h  a s  " v e r y  

l i k e l y , "  "a good c h a n c e , " e t c . The v a r i a n c e  i s  a l w a y s  

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

a s s i s t  t h e  a t t o r n e y  i n  l e a r n i n g  t o  t h i n k  i n  q u a n t i t a t i v e  

t e r m s .  At l e a s t  one l a r g e  n a t u r a l  g a s  company h a s  

i n s t i t u t e d  s u c h  l i t i g a t i o n  r i s k  a n a l y s i s  on a c omp an y- wi de  

b a s i s  and i s  p l e a s e d  w i t h  t h e  r e s u l t  (Brown,  1 9 8 3 ) .  As i s  

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

a s s i s t a n c e  i t  g i v e s  i n  g e n e r a l  o r g a n i z a t i o n  o f  t h e  p r ob le m 

i n t o  a m a n a g e a b l e  form ( V i c t o r ,  1 98 2) .

A n o t h e r  l a r g e  company e mpl oy s  an i n - h o u s e  p r og ram 

whi ch  u s e s  p r o b a b i l i t y  t h e o r y  i n  a s s e s s i n g  t h e  v a l u e  o f  

c a s e s  ( H a g g a r t y , 1 9 8 2 ) .  A p a r t i c u l a r  a d v a n t a g e  f o r  t h i s  

company i s  t h a t  t h e y  a r e  i n v o l v e d  i n  an a r e a  o f  law 

( m e d i c a l  i n s u r a n c e  d e f e n s e )  w her e  a s u f f i c i e n t  body o f  d a t a  

a r e  a v a i l a b l e  t o  g e n e r a t e  o b j e c t i v e  p r o b a b i l i t i e s .  

H a g g e r t y ’ s p a p e r  seems t o  p r e s e n t  a v e r y  f a v o r a b l e  r e a c t i o n  

t o  t h e  s u c c e s s  o f  t h e  p r o g r a m .

Most  r e c e n t l y ,  a g e n e r a l  a r t i c l e  on q u a n t i t a t i v e  

a n a l y s i s  f o r  t h e  a t t o r n e y  a p p e a r e d  ( G r e e n b e r g , 1983) whi ch

f o c u s e s  on t h e  n e c e s s i t y  o f  u s i n g  t i m e  v a l u e  o f  money 

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

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

t i m e  v a l u e  o f  money i n t o  a c c o u n t  when a s s e s s i n g  t h e  v a l u e  

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

t h i s  i m p o r t a n t  c o n c e p t  w i l l  be r e m e d i e d .  The n e x t  c h a p t e r  

e x p l a i n s  t h e  l e g a l  p r o b le m  t o  be s o l v e d  by t h i s  t h e s i s  and 

t h e  l e g a l  t h e o r y  n e c e s s a r y  t o  u n d e r s t a n d  t h e  p r o b l e m .
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C h a p t e r  2

WHY DEVELOP ECONOMIC DECISION ANALYSIS OF RELATED CASES?

T o d a y ' s  c o u r t s  a r e  f a c e d  w i t h  a g e o m e t r i c  i n c r e a s e  in  

t h e  amount  o f  l i t i g a t i o n  f rom j u s t  a few y e a r s  a g o .

L i t i g a t i o n  i s  s u p p o s e d  t o  be a l a s t  r e s o r t ;  t h a t  i s ,  

p a r t i e s  s h o u l d  go t o  t r i a l  o n l y  i f  no o t h e r  r e s o l u t i o n  o f  

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

and p e r s o n a l  r e s o u r c e s .  A n o t h e r  way t o  c o n s e r v e  would be 

t o  a v o i d  r e - l i t i g a t i o n  o f  a l r e a d y  d e t e r m i n e d  i s s u e s .

2 . 1  A n a l y s i s  o f  I n d e p e n d e n t  C a s e s

The t h r u s t  o f  t h e  l i t e r a t u r e  t o  d a t e  ha s  be en  on

a i d i n g  p a r t i e s  and t h e i r  l a w y e r s  i n  n e g o t i a t i n g  a 

s e t t l e m e n t  r a t h e r  t h a n  g o i n g  t o  t r i a l .  T h i s  i s

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

s i d e ,  and s e e i n g  i f  t h e r e  i s  a r a n g e  o f  d o l l a r s  w i t h i n

wh i ch  s e t t l e m e n t  c o u l d  be r e a c h e d . Bec ause  t h i s  t y p e  o f  

a n a l y s i s  i s  n o t  u t i l i z e d  a s  f r e q u e n t l y  a s  i t  s h o u l d  b e ,

t h e r e  c o n t i n u e s  t o  be t o o  much l i t i g a t i o n .  Case e v a l u a t i o n  

t o  d a t e , h o w e v e r ,  h a s  f o c u s e d  on what  i s  t e r m e d  h e r e  t h e

i n d e p e n d e n t  c a s e ,  a c a s e  which i s  i s o l a t e d  i n  i t s
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c i r c u m s t a n c e s  and e f f e c t s . No o t h e r  p a r t i e s  t h a n  t h o s e  

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

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

d e t e r m i n a b l e  f rom t h e  f a c t s  and f i g u r e s  a s c e r t a i n a b l e  f rom 

t h e  i n s t a n t  c a s e .  Th e r e  i s  a n o t h e r  t y p e  o f  c a s e ,  h o we v e r ,  

wh i c h  i s  n o t  i n d e p e n d e n t . T h i s  s e c o n d  t y p e  o f  c a s e  i s  t h e  

f o c u s  o f  t h i s  t h e s i s .  Some l e g a l  t h e o r y  i s  n e c e s s a r y  a s  

p r e l i m i n a r y  m a t e r i a l .

2 . 2  A n a l y s i s  o f  R e l a t e d  Ca s e s

In l aw t h e r e  i s  a d o c t r i n e  c a l l e d  c o l l a t e r a l  

e s t o p p e l .  In e s s e n c e ,  t h i s  d o c t r i n e  h o l d s  t h a t  any f a c t  o r  

i s s u e  wh i ch  ha s  been  l i t i g a t e d  and whi ch  has  had a f i n a l  

j u d g m e n t  i s s u e d  upon i t  c a n n o t  be  r e - l i t i g a t e d  i n  a l a t e r  

c a s e .

Where t h e r e  i s  a s e cond  a c t i o n  b e t we e n  t h e  
same p a r t i e s ,  o r  t h e i r  p r i v i e s ,  who a r e  
bound by a j u d g me n t  r e n d e r e d  i n  a p r i o r  
s u i t ,  b u t  t h e  s e c o n d  a c t i o n  i n v o l v e s  a 
d i f f e r e n t  c l a i m , c a s e  o r  demand,  t h e  
j u d g m e n t  i n  t h e  f i r s t  s u i t  o p e r a t e s  a s  a 
c o l l a t e r a l  e s t o p p e l  a s  t o ,  b u t  o n l y  a s  t o ,  
t h o s e  m a t t e r s  o r  p o i n t s  whi ch  were  i n  i s s u e  
o r  c o n t r o v e r t e d  and upon t h e  d e t e r m i n a t i o n  
o f  whi ch  t h e  . i n i t i a l  j u d g me n t  n e c e s s a r i l y  
d e p e n d e d  ( Mo o r e ’ s F e d e r a l  P r a c t i c e ,  p a r a .  
0 . 4 4 1 [ 2 ] ,  a t  3777 [2d e d . 1 9 8 0 ] ) .

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



T-2782 19

p h i l o s o p h i c a l .  T h e o r e t i c a l l y ,  a f i n a l  j u d g me n t  by any  

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

any o t h e r  j u r i s d i c t i o n .  Thus t h e  r e s o l u t i o n  by one  c o u r t  

o f  a p a r t i c u l a r  i s s u e  i s  i n  f a c t  f i n a l  and b i n d i n g  upon 

o t h e r  c o u r t s .  R e - l i t i g a t i o n  would be r e d u n d a n t . From a 

p r a c t i c a l  p o i n t  o f  v i e w ,  r e - l i t i g a t i o n  o f  a f i n a l l y  

r e s o l v e d  i s s u e  woul d be a w a s t e  o f  j u d i c i a l  r e s o u r c e s  a s  

w e l l  a s  t h e  r e s o u r c e s  o f  t h e  p a r t i e s .  Th e r e  i s  a c o r o l l a r y  

l e g a l  d o c t r i n e ,  h o w e v e r ,  wh i c h  mu s t  be  d i s t i n g u i s h e d  f rom 

c o l l a t e r a l  e s t o p p e l .

Res j u d i c a t a  i s  a d o c t r i n e  whi ch  p r e v e n t s  

r e - l i t i g a t i o n  o f  a c l a i m  o f  a c t i o n  whi ch  h a s  a l r e a d y  be en  

t r i e d  and d e t e r m i n e d . For  e x a m p l e ,  an a u t o m o b i l e  a c c i d e n t  

may l e a d  t o  s e v e r a l  d i f f e r e n t  c a u s e s  o f  a c t i o n ,  p e r s o n a l  

i n j u r y  and p r o p e r t y  damage b e i n g  t h e  mos t  o b v i o u s  t wo.  

C o l l a t e r a l  e s t o p p e l  a p p l i e s  t o  an i s s u e ,  o r  q u e s t i o n  o f  

f a c t ,  s u c h  a s ,  was p a r t y  B n e g l i g e n t ?  The r e s o l u t i o n  o f  one  

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

f rom t h e  above  e x a mp l e  o f  t h e  a u t o  a c c i d e n t .  C o l l a t e r a l  

e s t o p p e l  i s  o f t e n  r e f e r r e d  t o  as  i s s u e  p r e c l u s i o n  t o  more 

c l e a r l y  d i f f e r e n t i a t e  i t  f rom r e s  j u d i c a t a  whi ch  o p e r a t e s  

upon c l a i m s  o f  a c t i o n . T h e r e  a r e  s e v e r a l  s t r i n g e n t  

r e q u i r e m e n t s  f o r  i n v o k i n g  c o l l a t e r a l  e s t o p p e l , h o we v e r ,  so 

t h a t  i t s  u s e  i s  n o t  a s  w i d e s p r e a d  a s  t h e  d e f i n i t i o n  mi g h t
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l e a d  one  t o  b e l i e v e .

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

i s  t h e  s t r o n g  Amer i can  t r a d i t i o n  t h a t  e v e r y  c i t i z e n  i s  

e n t i t l e d  t o  due p r o c e s s ,  o r  h i s  day i n  c o u r t .  T h u s , 

c o l l a t e r a l  e s t o p p e l  used  t o  be i n v o k e d  o n l y  when t h e  

p a r t i e s  wer e  e x a c t l y  t h e  s a m e . Thus i f  p a r t i e s  A and B had 

be e n  t o  c o u r t  and had r e c e i v e d  a f i n a l  j u d g m e n t ,  t h e n , f o r  

c o l l a t e r a l  e s t o p p e l  t o  be a p p l i e d  i n  a s u b s e q u e n t  

l i t i g a t i o n ,  A and B mu s t  a g a i n  be t h e  p a r t i e s .  Th i s  

m u t u a l i t y  o f  p a r t i e s  made t h e  a p p l i c a t i o n  o f  c o l l a t e r a l  

e s t o p p e l  v e r y  l i m i t e d .  In 1942,  h o we v e r ,  t h e  Supreme Co u r t  

r e l a x e d  t h i s  e x a c t  m u t u a l i t y  r e q u i r e m e n t  ( K r o i l , 1979) .

Fa ced  w i t h  i n c r e a s i n g  number s  o f  t r i a l s  and a l s o  f a c e d  w i t h  

c a s e s  i n  whi ch  s e v e r a l  p l a i n t i f f s  were  a f f e c t e d  by 

b a s i c a l l y  t h e  same s e t  o f  c i r c u m s t a n c e s ,  t h e  C o u r t  r e a s o n e d  

t h a t  i f  t h e r e  was a n e x u s  b e t we e n  t h e  o r i g i n a l  p a r t y  and 

t h e  new p a r t y , c o l l a t e r a l  e s t o p p e l  c o u l d  s t i l l  be f a i r l y  

a p p l i e d .  The c o u r t ,  f a c e d  w i t h  a mo t i o n  t o  a p p l y  

c o l l a t e r a l  e s t o p p e l ,  mu s t  we i gh  t h e  r i g h t  o f  a p a r t y  t o  h i s  

day  i n  c o u r t  a g a i n s t  t h e  p r o s p e c t  o f  r e - l i t i g a t i n g  an 

a l r e a d y  d e t e r m i n e d  i s s u e .  T h i s  doe s  a s sume  t h a t  t h e  i s s u e  

i n  q u e s t i o n  i s  t h e  same i n  b o t h  i n s t a n c e s .

B e s i d e s  t h e  r e q u i r e m e n t  o f  m u t u a l i t y  o f  p a r t i e s ,  o r  a
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n e x u s  b e t we e n  p a r t i e s ,  c o l l a t e r a l  e s t o p p e l  a l s o  r e q u i r e s  

t h a t  t h e  i s s u e  i n  q u e s t i o n  mu s t  be  i d e n t i c a l  t o  t h e  p r i o r  

i s s u e ,  mus t  have  been  f u l l y  and a c t u a l l y  l i t i g a t e d ,  and t h e  

i s s u e  mus t  have  been  n e c e s s a r y  t o  t h e  p r i o r  j u d g me n t  

( Kempke s , 1 9 8 1 - 8 2 ) .  The s e  c o n d i t i o n s  a r e  t o  i n s u r e  t h a t  t h e

d e f e n s e  had t h e  o p p o r t u n i t y  t o  p r e p a r e  i t s  c a s e  o r  d e f e n s e

and i s  n o t  b e i n g  bound on an i s s u e  i t  d i d  n o t  h a v e  t h e

o p p o r t u n i t y  o r  i n c e n t i v e  t o  p u r s u e .  Some f a c t o r s  

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

r e q u e s t e d  damages  i n  t h e  f o r me r  c a s e  were  m i n i m a l ,  a 

d e f e n d a n t  mi g h t  n o t  h a v e  be en  m o t i v a t e d  t o  p r e p a r e  t h e  b e s t  

d e f e n s e . I t  would be u n f a i r  t h e n  t o  b i n d  t h e  d e f e n d a n t  in 

a s u b s e q u e n t  l i t i g a t i o n  w i t h  p o t e n t i a l l y  s u b s t a n t i a l  

damages  when i t  had n o t  f u l l y  l i t i g a t e d  t h e  q u e s t i o n  i n  t h e  

f o r m e r  c a s e .  A l s o ,  and o f  i m p o r t a n c e  t o  t h i s  t h e s i s ,  i f

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

wher e  c o l l a t e r a l  e s t o p p e l  m i g h t  be  i n v o k e d ,  a g a i n  he mi g h t  

n o t  ha v e  f u l l y  d e f e n d e d  t h e  i s s u e  i n  t h e  f o r me r  a c t i o n .  I t  

i s  n o t  j u s t  d e f e n d a n t s  who a r e  a f f e c t e d  by t h i s  d o c t r i n e .

So f a r  o n l y  o f f e n s i v e  c o l l a t e r a l  e s t o p p e l  h a s  been  

d i s c u s s e d .  The o f f e n s i v e  u s e  i s  when a new p l a i n t i f f  i n  an 

a c t i o n  u s e s  a j u d g me n t  f rom a p r i o r  a c t i o n  a g a i n s t  t h e  same 

d e f e n d a n t .  When a d e f e n d a n t  u s e s  a p r i o r  j u d g me n t  a g a i n s t  a 

new p l a i n t i f f ,  i t  i s  c a l l e d  d e f e n s i v e  c o l l a t e r a l  e s t o p p e l .
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I t  i s  t h i s  a p p l i c a t i o n  whi ch  r u n s  up a g a i n s t  t h e  r i g h t  o f  

due  p r o c e s s  by d e p r i v i n g  a p a r t y  o f  h i s  day  i n  c o u r t  

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

p l a i n t i f f .  In much o f  t h e  r e c e n t  i n c r e a s e  i n  m u l t i - p a r t y  

l i t i g a t i o n  comi ng t o  c o u r t ,  t h e r e  a r e  u s u a l l y  many 

d i f f e r e n t  p l a i n t i f f s ,  b u t  t h e  d e f e n d a n t s  r e ma i n  t h e  same.  

Thus ,  t h e  us e  o f  d e f e n s i v e  e s t o p p e l  would d e p r i v e  t h e  new 

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

In 1971,  h o we v e r ,  t h e  Supreme Co u r t  p e r m i t t e d  t h e  d e f e n s i v e  

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

and p r a c t i c a l i t y .

A p p l i c a t i o n  o f  c o l l a t e r a l  e s t o p p e l  c o n s e r v e s  
j u d i c i a l  t i m e  and r e s o u r c e s ,  p r o t e c t s  a 
l i t i g a n t  f rom t h e  u n n e c e s s a r y  e x p e n s e  and 
p o t e n t i a l  h a r a s s m e n t  o f  r e p e t i t i v e
l i t i g a t i o n ,  and a v o i d s  c o n f l i c t i n g  r i g h t s  
and d u t i e s  t h a t  c o u l d  r e s u l t  f rom 
i n c o n s i s t e n t  j u d g m e n t s  ( P o l i c k , 1980) .

F i n a l l y ,  t h e r e  i s  a l a s t  p o s s i b i l i t y  t o  be  

c o n s i d e r e d .  I t  i s  p o s s i b l e  f o r  a s i t u a t i o n  t o  a r i s e  where  

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

s i t u a t i o n  c o u l d  a r i s e  when a p r i o r  c o u r t  r e f u s e d  t o  a l l o w  

c o l l a t e r a l  e s t o p p e l  t o  be i n v o k e d ,  and t r i e d  t h e  s u b s e q u e n t  

c a s e  on i t s  m e r i t s .  T h i s  would c r e a t e  two j u d g m e n t s . In 

t h e  a s b e s t o s - r e l a t e d  c a s e s  t o d a y ,  t h e r e  a r e  t e n s  o f  

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

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

t o  a l l o w  t h e  new c a s e  t o  be t r i e d  on i t s  m e r i t s  and n e i t h e r  

s i d e  wi n s  by c o l l a t e r a l  e s t o p p e l  b e c a u s e  t h e  c u r r e n t  c o u r t  

w i l l  n o t  s e c o n d  g u e s s  t h e  p r i o r  c o u r t s .  "We d e c l i n e  t h e  

i n v i t a t i o n  t o  d e c i d e  wh i c h  c a s e  was t h e  b e t t e r  t r i e d ,  i n  

whi ch  c a s e  t h e  e v i d e n c e  more t r u l y  p r e s e n t e d  t h e  f a c t s ,  and 

wh i c h  ' f u l l  and f a i r  o p p o r t u n i t y '  by d e f e n d a n t  r e s u l t e d  i n  

t h e  ' c o r r e c t ’ d e c i s i o n . "  ( S t a t e  Farm F i r e  & C a s u a l t y  

Company v . C e n t u r y  Home Componen t s ,  I n c . ,  550 F 2d 1185,  

Oregon 1976) .  T h u s , c o n f l i c t i n g  j u d g me n t s  a r e  h a n d l e d  by 

t h e  c o u r t s  a s  i f  t h e r e  wer e  no c o n t r o l l i n g  j u d g m e n t s  on 

e i t h e r  s i d e .

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

i n  c o u r t , no one r e a l l y  knew t h e  m a g n i t u d e  t h e  l i t i g a t i o n  

woul d l a t e r  a s s u m e . T h u s , when t h e  e a r l y  c a s e s  were  h e a r d ,  

t h e  c o u r t s  d i d  n o t  f o r e s e e  t h e  mass  o f  l i t i g a t i o n  and d i d  

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

r e p e t i t i o u s  l i t i g a t i o n .  Now, t h e  number  o f  c a s e s  i s  i n  t h e  

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

e a r l i e r  j u d g m e n t s  and a r e  t h e r e f o r e  e s s e n t i a l l y  p r e v e n t e d  

f rom i n v o k i n g  c o l l a t e r a l  e s t o p p e l  on e i t h e r  s i d e .  P a r t l y  

b e c a u s e  o f  t h e  a s b e s t o s  s i t u a t i o n ,  t h e  use  o f  o f f e n s i v e  and 

d e f e n s i v e  c o l l a t e r a l  e s t o p p e l  i s  p r e d i c t e d  t o  i n c r e a s e  t o
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p r e v e n t  new s i t u a t i o n s  w i t h  t h e  p r o b l e ms  c a u s e d  by m u l t i p l e  

c o n f l i c t i n g  j u d g m e n t s  ( B r o s s e a u ,  1983) .

2 . 3  Why t h e  Use o f  Co l l a t e r a l

E s t o p p e l  Wi l l  I n c r e a s e

Wh a t e v e r  t h e  u n d e r l y i n g  r e a s o n s ,  t h e  t o t a l  amount  o f  

l i t i g a t i o n  h a s  i n c r e a s e d  e n o r mo u s l y  i n  r e c e n t  y e a r s . 

A n o t h e r  r e c e n t  phenomena i s  t h e  a w a r e n e s s  o f  t h e  number  o f  

p e r s o n s  who can  be a f f e c t e d  by a p a r t i c u l a r  s e t  o f  

c i r c u m s t a n c e s ,  f o r  e x a mp l e ,  b l a c k  l u n g  d i s e a s e ,  o r  

a s b e s t o s - r e l a t e d  d i s e a s e s ,  o r  t h e  v e r y  r e c e n t  a c t i v i t y  i n  

p e r s o n a l  i n j u r y  s u i t s  by s and  and g r a v e l  w o r k e r s  f o r  l u n g  

d i s e a s e s .  I n  e a ch  o f  t h e s e  i n s t a n c e s , t h e r e  a r e  f a c t o r s  

wh i c h  a r e  common t o  a l l  p o t e n t i a l  p l a i n t i f f s .  The us e  o f  

c o l l a t e r a l  e s t o p p e l  i s  one  way t o  p r e v e n t  d u p l i c a t i v e  

l i t i g a t i o n  on t h e  common i s s u e s .  The p r ob l e m t o  be 

r e s o l v e d  by t h i s  t h e s i s  i s  now d e s c r i b e d .

2 . 4  The Pr ob l em

When f a c e d  w i t h  a l a w s u i t ,  t h e  d e f e n d a n t  mu s t  f i r s t  

d e t e r m i n e  w h e t h e r  i t  i s  an i n d e p e n d e n t  c a s e  o r  w h e t h e r  i t  

i s  t h e  f i r s t  o f  a number  o f  r e l a t e d  c a s e s .  As o f  A p r i l  

1982,  1 6 , 0 0 0  a s b e s t o s - r e l a t e d  l a w s u i t s  had been  f i l e d  and
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400 t o  500 new s u i t s  e a c h  month were  p r e d i c t e d  ( Gu n n , 

1 9 8 2 ) .  When M a n s v i l l e  C o r p o r a t i o n  d e c i d e d  t o  s e e k  r e f u g e  

u n d e r  C h a p t e r  XI o f  t h e  b a n k r u p t c y  c o d e ,  i t  made n o t e  o f  a 

s t u d y  e s t i m a t i n g  t h a t  5 2 , 0 0 0  a s b e s t o s  s u i t s  c o u l d  be f i l e d  

a g a i n s t  i t .  When s u c h  a company mus t  p l a n  i t s  d e f e n s e  o f  

t h e  f i r s t  c a s e ,  t h e  c a s e  g a i n s  i m p o r t a n c e  beyond  i t s  own 

p o t e n t i a l  damages  i n  t h e  h e l p f u l  or  h a r mf u l  p r e c e d e n t  t h e  

j u d g me n t  may c r e a t e .  One a t t o r n e y  s t a t e d  t h a t  he a s s u me s  he 

h a s  an u n l i m i t e d  b u d g e t  t o  use  when p l a n n i n g  h i s  i n i t i a l  

d e f e n s e . To d a t e ,  no q u a n t i t a t i v e  me t hod  h a s  been  

d e v e l o p e d  f o r  e v a l u a t i n g  t h e  m o n e t a r y  v a l u e  o f  a 

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

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

d e v e l o p  s u c h  a q u a n t i t a t i v e  mo d e l .

C h a p t e r s  3,  4,  and 5 w i l l  d e s c r i b e  t h e  q u a n t i t a t i v e  

me t hod  d e v e l o p e d  t o  s o l v e  t h e  p r ob l e m o f  e v a l u a t i n g  

p r e c e d e n t  s e t t i n g  c a s e s .  C h a p t e r  6 w i l l  a p p l y  t h e  met hod 

t o  two h y p o t h e t i c a l  p r o b l e ms  i n  t h e  m i n e r a l s  f i e l d .
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C h a p t e r  3

DEVELOPMENT OF ASSUMPTIONS, NOTATION, AND PROBABILITIES

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

upon t h e  l e g a l  t h e o r y  d i s c u s s e d  in C h a p t e r  2 .  The b u l k  o f  

t h i s  c h a p t e r  d e v e l o p s  t h e  n o t a t i o n  n e c e s s a r y  t o  combi ne  t h e  

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

t h e o r y .  The l a s t  s e c t i o n  o f  t h e  c h a p t e r  e x p r e s s e s  t h e  

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

p o l y n o m i a l  form and a s  a f u n c t i o n  o f  a p a r t i c u l a r  

v a r i a b l e .

3 . 1  A s s u m p t i o n s  f o r  t h e  Mo d e l

Four  a s s u m p t i o n s  c o n c e r n i n g  t h e  a p p l i c a b l e  c a s e s  mus t  

be  made f o r  t h e  model  d e v e l o p e d  i n  t h i s  t h e s i s .  The f i r s t  

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

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

model  i s  n o t  a p p l i c a b l e .  T h i s  a s s u m p t i o n  r e l a t e s  t o  t h e  

p o r t i o n  o f  t h e  d i s c u s s i o n  i n  C h a p t e r  2 c o n c e r n i n g  

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

e s t o p p e l  i s  p o s s i b l e .  T h i s  a s s u m p t i o n  c an  be w r i t t e n
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P(o ) /  0,  ( 3 . 1 a )
i j

P(d ) i  0 ,  ( 3 . 1 b )
i  j

V i  < J ,

where

P(o ) i s  t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e
i j

d e c i s i o n  i n  o f f e n s i v e  c a s e  i  e s t o p p e d  c a s e  j , 

and

P(d ) i s  t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e
i j

d e c i s i o n  i n  d e f e n s i v e  c a s e  i  e s t o p p e d  c a s e  j .

The s econd  a s s u m p t i o n  i s  t h a t  i f  c o l l a t e r a l  e s t o p p e l  

i s  n o t  a p p l i e d  and a c a s e  i s  b r o u g h t  t o  t r i a l  on t h e  

m e r i t s ,  t h e  p r o b a b i l i t y  o f  wi n n i n g  o r  l o s i n g  any one  c a s e  

i s  e q u a l  t o  t h e  p r o b a b i l i t y  o f  w i n n i n g  o r  l o s i n g  any o f  t h e  

o t h e r  c a s e s . T h i s  a s s u m p t i o n  i s  b a s e d  on B e r n o u l l i ’ s 

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

o f  any i n f o r m a t i o n  t o  t h e  c o n t r a r y ,  one  s h o u l d  as sume t h a t  

a l l  s t a t e s  o f  n a t u r e  a r e  e q u a l l y  l i k e l y .  He r e ,  t h i s  means  

t h a t  t h e  l i k e l i h o o d  o f  w i n n i n g  o r  l o s i n g  i s  e q u a l l y  

l i k e l y .  I f  t h e r e  wer e  any r e a s o n  t o  as sume o t h e r w i s e ,  s u c h  

as  a s i g n i f i c a n t l y  d i f f e r e n t  f a c t  s e t ,  t h e n  t h a t  c a s e  would
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n o t  be s u f f i c i e n t l y  r e l a t e d  t o  t h e  o t h e r s  t o  be i n c l u d e d  i n  

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

p r o b a b i l i t y  o f  w i n n i n g  o r  l o s i n g  any one c a s e  on t h e  m e r i t s  

i s  t h e  same a s  t h e  p r o b a b i l i t y  o f  w i n n i n g  or  l o s i n g  any 

o t h e r  c a s e  on t h e  m e r i t s .  T h i s  d o e s  n o t  s a y  t h e  

p r o b a b i l i t y  o f  w i n n i n g  i s  0 . 5  and o f  l o s i n g  i s  0 . 5 .  I t  

s a y s  o n l y  t h a t  w h a t e v e r  t h e  p r o b a b i l i t y  o f  wi n n i n g  one c a s e  

i s ,  t h e  p r o b a b i l i t y  o f  w i n n i n g  any o t h e r  c a s e  i n  t h e  poo l  

i s  t h e  same.  A l s o ,  t h e  c o n d i t i o n s  o f  win or  l o s e  a r e  

m u t u a l l y  e x c l u s i v e  so t h a t  t h e  p r o b a b i l i t y  o f  w i n n i n g  and 

t h e  p r o b a b i l i t y  o f  l o s i n g  mus t  sum t o  1.  T h i s  s e cond  

a s s u m p t i o n  can be w r i t t e n

P(M ) = P(M ) ,  V i  and j ,  ( 3 . 2 )
i  j

where

P(M ) i s  t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  
i

c a s e  i  w i l l  be won on t h e  m e r i t s .

S i n c e  t h e  p r o b a b i l i t i e s  o f  w i n n i n g  on t h e  m e r i t s  i s  t h e  

same f o r  a l l  c a s e s  i  = 1 , 2 , . . . ,  t h e  s u b s c r i p t  c an  be 

o m i t t e d  .

A l s o ,  we have
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P ( M)  + P C M ' )  = 1 ( 3 . 3 )

wher e

P ( M) = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e  c u r r e n t  

c a s e  w i l l  be won on t h e  m e r i t s , and

P(M’ ) = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e  c u r r e n t  

c a s e  w i l l  be l o s t  on t h e  m e r i t s .

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

( one o f f e n s e ,  one  d e f e n s e ) ,  t h e  p r o b a b i l i t y  o f  a j u d g me n t  

i n  any one  o f  t h e  c a s e s  b e i n g  d e t e r m i n a n t  when a p p l i e d  t o  

a n o t h e r  c a s e  i n  t h e  poo l  i s  t h e  same f o r  a l l  c a s e s  i n  t h a t  

p o o l .  In t h e o r y ,  a j u d g me n t  f rom any c o u r t  o f  c o m p e t e n t  

j u r i s d i c t i o n  i s  o f  e q u a l  v a l i d i t y  a s  a j u d g me n t  o f  any  

o t h e r  c o u r t  and s uc h  a j u d g m e n t  i s  b i n d i n g  upon any  o t h e r  

c o u r t  t h r o u g h  t h e  F u l l  F a i t h  and C r e d i t  C l a u s e  o f  t h e  

C o n s t i t u t i o n .  In p r a c t i c e ,  a j u d g me n t  f rom a s t a t e  c o u r t  

o f  New York or  C a l i f o r n i a  m i g h t  be  more p e r s u a s i v e  t h a n  a 

j u d g me n t  f rom a n o t h e r  j u r i s d i c t i o n  b e c a u s e  o f  t h e  g e n e r a l  

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

c o n s i d e r a t i o n  can  be i n c o r p o r a t e d  w i t h i n  t h e  mo d e l .  The 

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

c o l l a t e r a l  e s t o p p e l  b e i n g  i n v o k e d  w i l l  r e f l e c t  h i s  

c o n s i d e r a t i o n  o f  t h e  j u r i s d i c t i o n s  f rom whi ch  h i s  p o t e n t i a l
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d e t e r m i n a n t  j u d g m e n t s  a r i s e .  T h i s  t h i r d  a s s u m p t i o n  c a n  be 

s t a t e d  m a t h e m a t i c a l l y  a s

P(o ) = P(o  ) V i  < j ,  k < m, ( 3 . 4 a )
i  j  km

P(d ) = P(d ) V i  < j ,  k < m. ( 3 . 4 b )
i  j  km

Be c a u s e  o f  E q u a t i o n s  ( 3 . 4 a )  and ( 3 . 4 b ) ,  t h e

s u b s c r i p t s  c an  be  d r o p p e d ,  and P(o ) w i l l  be
i j

d e n o t e d  by P ( o ) , and l i k e w i s e  P(d ) w i l l  be
i j

d e n o t e d  by P ( d ) .

Thus

P(o)  = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e  d e c i s i o n  

i n  a p r i o r  o f f e n s i v e  c a s e  w i l l  e s t o p  t h e  

c u r r e n t  c a s e ,  and

P( d)  = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e  d e c i s i o n

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

c a s e  .

The f o u r t h  a s s u m p t i o n  i s  t h a t  t h e  p l a i n t i f f  and
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d e f e n d a n t  have  d i f f e r e n t  p o o l s  o f  c a s e s  and may h a v e  

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

i n v o k e d . T h i s  a s s u m p t i o n  i s  b a s e d  on t h e  f a c t  t h a t  c o u r t s  

a r e  more r e t i c e n t  a b o u t  i n v o k i n g  d e f e n s i v e  c o l l a t e r a l  

e s t o p p e l  t h a n  t h e y  a r e  o f f e n s i v e  e s t o p p e l .  When d e f e n s i v e  

c o l l a t e r a l  e s t o p p e l  i s  i n v o k e d ,  i t s  e f f e c t  i s  t o  d e p r i v e  a 

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

s t r o n g  Amer i can  t r a d i t i o n ,  d e f e n s i v e  c o l l a t e r a l  e s t o p p e l  i s  

s i m p l y  n o t  s e e n  i n  p r a c t i c e  a s  o f t e n  a s  o f f e n s i v e  

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

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

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

c o n s i d e r a t i o n s  a r e  t h o s e  c a s e s  whi ch  may n o t  i n  f a c t  be  

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

i s  n e v e r  f o r g o t t e n , h o w e v e r .  T h i s  was r e f e r r e d  t o  i n  t h e  

d i s c u s s i o n  i n  C h a p t e r  2 when i t  was me n t i o n e d  t h a t  a t  l e a s t  

one  d e f e n s e  c o u n s e l  t r e a t e d  any s u c h  c a s e  a s  i f  he had an 

u n l i m i t e d  b u d g e t  w i t h  whi ch  t o  d e f e n d  b e c a u s e  o f  t h e  

p o s s i b i l i t y  o f  e s t o p p e l .  B a s i c a l l y ,  t h i s  means  t h a t  t h i s  

d o c t r i n e  i s  i n  f a c t  c o n s i d e r e d  and c o n s i d e r e d  q u i t e  

s e r i o u s l y  i n  t h e  d e f e n s e ' s  e v a l u a t i o n  even  t h o u g h  i t s  

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

a s s u m p t i o n  can be s t a t e d  m a t h e m a t i c a l l y  a s
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P(o)  i  P ( d )  , and ( 3 . 5 a )

P[0 | ( i  , r ) ] /  P[D ! ( i  , r ) ] ,  ( 3 . 5 b )
i+1 i+1

wher e

P(o)  i s  d e f i n e d  f o l l o w i n g  E q u a t i o n  ( 3 . 4 a ) ;

P(d)  i s  d e f i n e d  f o l l o w i n g  E q u a t i o n  ( 3 . 4 b ) ;

P[0 ! ( i , r ) ]  = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e
i+1

o f f e n s e  has  a t  l e a s t  one d e t e r m i n a n t

c a s e  i n  i t s  p o o l  whi ch  w i l l  e s t o p  t h e

c u r r e n t  c a s e  ( i + 1 )  g i v e n  t h a t  s t a t e

( i , r )  h a s  o c c u r r e d  ( s t a t e  ( i  , r ) has

o c c u r r e d  means  t h a t  i  c a s e s  ha ve  been

c o n c l u d e d  and r  o f  t hem have  been  won

by t h e  d e f e n s e ) ;  and ^

P[D ,' ( i  , r  ) ] = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  t h e  
i+1

d e f e n s e  ha s  a t  l e a s t  one  d e t e r m i n a n t  

c a s e  i n  i t s  poo l  whi ch  w i l l  e s t o p  t h e  

c u r r e n t  c a s e  ( i + 1 )  g i v e n  t h a t  s t a t e  

( i , r ) ha s  o c c u r r e d .

The i m p o r t a n t  d i s t i n c t i o n  b e i n g  made h e r e  i s  t h a t  P(o)  and 

P ( d )  r e f e r  t o  i n d i v i d u a l  c a s e s ,  and P[0^ +  ̂ J ( i  , r ) ] and 

P [ D i + i ! ( i , r ) ]  r e f e r  t o  t h e  t o t a l i t y  o f  t h e  c a s e s  i n  t h e
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p o o l .

3 . 2  P e r t i n e n t  P r o b a b i l i t i e s

When a c a s e  comes  t o  c o u n s e l ' s  a t t e n t i o n  ( r emember  t h e  

a s s u m p t i o n  i s  t h a t  c o l l a t e r a l  e s t o p p e l  i s  p o s s i b l e ) , t h e r e  

a r e  f o u r  i mme d i a t e  p o s s i b i l i t i e s . Bot h  p l a i n t i f f  and 

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

n e i t h e r  p l a i n t i f f  n o r  d e f e n d a n t  ha s  a d e t e r m i n a n t  c a s e ,  o r  

p l a i n t i f f  h a s  one  and d e f e n d a n t  d o e s n ' t  o r  v i c e  v e r s a .  

T h i s  can  be p i c t u r e d  a s  i l l u s t r a t e d  i n  F i g u r e  3 . 1 .  The 

e f f e c t  o f  t h i s  f i g u r e  i s  t h a t  t h e  c o u n s e l  can  s e e  t h e  

s i t u a t i o n s  wher e  he w i l l  be g o i n g  t o  t r i a l  on t h e  m e r i t s ,  

o r  w h e t h e r  one  s i d e  s h o u l d  win by r e a s o n  o f  c o l l a t e r a l  

e s t o p p e l . The "0" shows t h e  s i t u a t i o n  when t h e  o f f e n s e  o r  

p l a i n t i f f  s h o u l d  win by c o l l a t e r a l  e s t o p p e l ,  t h a t  i s ,  he  

h a s  a d e t e r m i n a n t  c a s e  and t h e  d e f e n s e  d o e s n ' t .  The "D" 

shows t h e  o p p o s i t e  s i t u a t i o n .  De f e n s e  has  a d e t e r m i n a n t  

c a s e  and t h e  o f f e n s e  d o e s n ' t  and t h e r e f o r e  t h e  d e f e n d a n t  

s h o u l d  wi n .  The s i t u a t i o n s  when t h e  c a s e  w i l l  go t o  t r i a l  

a r e  t h o s e  wher e  b o t h  p a r t i e s  ha v e  a d e t e r m i n a n t  d e c i s i o n  

and wher e  n e i t h e r  p a r t y  h a s  a d e t e r m i n a n t  j u d g me n t  and a r e  

r e p r e s e n t e d  by " T . "  T h i s  r e f e r s  t o  t h e  d i s c u s s i o n  in  

C h a p t e r  2 wh e r e  t h e  p o s s i b i l i t y  o f  b o t h  p a r t i e s  h a v i n g  a 

d e t e r m i n a n t  c a s e  was d i s c u s s e d .
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O f f e n s e  O f f e n s e

Has Case Has No Case

Def ense

Has Case T D

Def ense

Has No Case 0 T

F i g u r e  3.1 

V i s u a l i z a t i o n  o f  When T r i a l  Wi l l  Occur  

and When Case  W i l l  Be Won By C o l l a t e r a l  E s t o p p e l
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Assume t h a t  d e f e n s e  c o u n s e l  has  a p o o l  c o n s i s t i n g  o f  n 

c a s e s .  For  t h e  ( i  + 1 ) t h  c a s e ,  wher e  ( i + 1 )  _< n and wh'ere r  o f  

t h e  p r e c e e d i n g  i  c a s e s  ha v e  be en  won by t h e  d e f e n s e  (0 _< r

< i ) t h e  s e t  o f  a t  l e a s t  one o f  t h e  r  p r e c e e d i n g  c a s e s  

b e i n g  d e t e r m i n a n t  and t h e  s e t  o f  none  o f  t h e  c a s e s  b e i n g  

d e t e r m i n a n t  a r e  c o mp l e me n t s  o f  e a c h  o t h e r ,  t h e  c ompl ement  

s e t  b e i n g  d e n o t e d  by a p r i me  ( ' ) ,  and t h e i r  p r o b a b i l i t i e s  

mus t  sum t o  1.  S i n c e  1 -  P ( d )  i s  t h e  p r o b a b i l i t y  t h a t  any 

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

no c a s e  b e i n g  d e t e r m i n a n t  P + ̂  î ( i , r  ) ] i s  a j o i n t  

p r o b a b i l i t y  o f  r  i n d e p e n d e n t  e v e n t s  h a p p e n i n g  t o g e t h e r .  

T h i s  can  be w r i t t e n  as

r

i  + 1
(1 -  P ( d ) ) ,  ( 3 . 6 )

j  = 1

o r
r

PCD' ! ( i  , r ) ]  
i+1

[1 -  P ( d ) ] , ( 3 . 7 )

where
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P[D ’ ! ( i  , r ) ] i s  r e a d  a s  t h e  p r o b a b i l i t y  o f
i+1

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

w i l l  n o t  e s t o p  c a s e  ( i + 1 )  g i v e n  t h a t  s t a t e  

( i , r )  h a s  o c c u r r e d .

The s e t  o f  a t  l e a s t  one  c a s e  b e i n g  d e t e r m i n a n t  i s  t h e  

c o mpl eme n t  o f  t h e  s e t  o f  no c a s e s  b e i n g  d e t e r m i n a n t  b e c a u s e

any c a s e  i n  t h e  p o o l  e i t h e r  i s  o r  i s  n o t  d e t e r m i n a n t ,

t h e r e f o r e ,  t h e  c o n d i t i o n s  a r e  m u t u a l l y  e x c l u s i v e  and t h e

p r o b a b i l i t i e s  o f  e a c h  s e t  mus t  sum t o  1.  T h i s  can  be

e x p r e s s e d  m a t h e m a t i c a l l y  a s  f o l l o w s :

PCD ! ( i  , r  ) ] + PCD'  ! ( i  , r  ) ] = 1,  o r  ( 3 . 8 )
i+1 i+1

PCD ! ( i , r ) ] = 1 -  PCD'  i ( i  , r ) ] .  ( 3 . 9 )
i+1 i+1

S u b s t i t u t i n g  f rom E q u a t i o n  ( 3 . 7 )  i n t o  E q u a t i o n  ( 3 . 9 )  

g i v e s
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r
PCD ! ( i , r  ) ] = 1 -  [1 -  P ( d ) ] . ( 3 . 1 0 )

i+1

S i n c e  r  o f  t h e  i  p r e c e e d i n g  c a s e s  wer e  won by t h e  

d e f e n s e ,  ( i - r ) wer e  t h e r e f o r e  won by t h e  o f f e n s e .  By an 

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

i - r
P[0 ! ( i , r )  ] = 1 -  [1 -  P ( o ) ]  , ( 3 . 1 1 a )

i+1

and

i - r
PCO' ' ( i , r  ) ] = [1 -  P ( o )  ] , ( 3 . 1 1 b )

i+1

wher e

P[ 0  ' ( i  , r ) ] = t h e  p r o b a b i l i t y  t h a t  t h e  o f f e n s e  h a s  a
i+1

c a s e  whi ch  w i l l  e s t o p  c a s e  ( i + 1 )  g i v e n  

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

be  i n v o k e d  on e i t h e r  s i d e , c o u n s e l  can  c a l c u l a t e  t h e  

p r o b a b i l i t y  o f  g o i n g  t o  t r i a l  on t h e  ( i + 1 )  c a s e  g i v e n  t h a t  

s t a t e  ( i , r )  h a s  o c c u r r e d ,  P[T^  ̂ ! ( i , r ) ] .  T h i s  p r o b a b i l i t y  

o f  g o i n g  t o  t r i a l  i s  e q u a l  t o  t h e  j o i n t  p r o b a b i l i t y  o f  

n e i t h e r  o f f e n s i v e  no r  d e f e n s i v e  c o l l a t e r a l  e s t o p p e l  b e i n g  

i n v o k e d  , P [0^ +  ̂ ! ( i  , r  ) ]P[D ! + <j î ( i  , r  ) ] p l u s  t h e  j o i n t  

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

P [ 0 i+1 J ( i  , r  ) ] P[Di  + 1 i ( i  , r-) ] , whi ch  c an  be  e x p r e s s e d  i n  

e q u a t i o n  form as

P [T ! ( i  , r ) ] = P[0* i ( i , r ) ] P [ D *  { ( i , r )  ] 
i+1 i+1 i+1

+ PCO ! ( i , r ) ] P [ D ! ( i  , r ) ] .  ( 3 . 1 2 )
i+1 i+1

T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  3 . 2 .  The a r e a  o u t s i d e  

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

d e t e r m i n a n t  c a s e  and t h e r e f o r e  t h e  c a s e  woul d  go t o  t r i a l ,  

t h i s  i s  r e p r e s e n t e d  by t h e  f i r s t  t e r m on t h e  r i g h t  hand 

s i d e  o f  E q u a t i o n  ( 3 . 1 2 ) .  The c i r c l e s  r e p r e s e n t  t h e  

d e t e r m i n a n t  c a s e  o r  c a s e s  o f  t h e  p l a i n t i f f  and t h e
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Mo p r i o r  j u d g m e n t s

O f f e n s e  Has
P r i o r  Judgment

De f e n s e  Has
P r i o r  J udgment

F i g u r e  3 . 2

Second V i s u a l i z a t i o n  o f  When T r i a l  Wi l l  Occur  and 

When Case  Wi l l  Be Won By C o l l a t e r a l  E s t o p p e l
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d e f e n d a n t .  When b o t h  s i d e s  ha v e  a d e t e r m i n a n t  c a s e ,  t h e

c u r r e n t  l a w s u i t  ( i + 1 )  w i l l  go t o  t r i a l  j u s t  as  i f  t h e r e  

we r e  no d e t e r m i n a n t  c a s e  a t  a l l ,  t h i s  i s  r e p r e s e n t e d  by t h e  

s e c o n d  t e r m on t h e  r i g h t  hand s i d e  o f  E q u a t i o n  ( 3 . 1 2 ) .  

T h i s  s i t u a t i o n  i s  shown i n  F i g u r e  3 . 2  by t h e  i n t e r s e c t i o n  

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

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

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

r e p r e s e n t  t h e  p r o b a b i l i t y  t h a t  one s i d e  o r  t h e  o t h e r  s h o u l d  

win by c o l l a t e r a l  e s t o p p e l .

De f e n s e  c o u n s e l  can  now a l s o  comput e  t h e  p r o b a b i l i t y  

o f  wi n n i n g  t h e  ( i  + 1 ) t h  c a s e ,  P [Ŵ  +  ̂ | ( i  , r  ) ] ,  a s s u mi n g  r  o f  

t h e  p r e c e e d i n g  i  c a s e s  wer e  won by t h e  d e f e n s e .  The 

p r o b a b i l i t y  o f  wi n n i n g  t h e  ( i + 1 ) t h  c a s e  i s  e q u a l  t o  t h e  

p r o b a b i l i t y  o f  g o i n g  t o  t r i a l  m u l t i p l i e d  by t h e  p r o b a b i l i t y  

o f  w i n n i n g  on t h e  m e r i t s  p l u s  t h e  p r o b a b i l i t y  d e f e n s i v e  

c o l l a t e r a l  e s t o p p e l  w i l l  a p p l y  m u l t i p l i e d  by t h e

p r o b a b i l i t y  t h a t  o f f e n s i v e  c o l l a t e r a l  e s t o p p e l  w i l l  n o t

a p p l y .  T h i s  can be w r i t t e n
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PCW ! ( i , r ) ] = P(M)P[T ! ( i  , r ) ]  
i+1 i+1

+ PCD ! ( i , r ) ] P [0 1 } ( i  , r ) ] .  ( 3 . 1 3 )
i  + 1 i+1

S i m i l a r l y ,

PEL ! ( i , r ) ] = P ( M1) P[T ! ( i , r  ) ] 
i+1 i+1

+ PCO ! ( i , r ) ] P [ D *  î ( i , r ) ] ,  ( 3 . 1 4 )
i+1 i+1

wher e

PCW I ( i  , r ) ] = p r o b a b i l i t y  o f  t h e  e v e n t  o f  wi n n i n g  c a s e  
i+1

( i + 1 )  g i v e n  t h a t  s t a t e  ( i , r )  h a s  o c c u r r e d ,

PEL i ( i  , r ) ] = p r o b a b i l i t y  o f  t h e  e v e n t  o f  l o s i n g  c a s e  
i  + 1

( i  + 1) g i v e n  t h a t  s t a t e  ( i  , r ) h a s  o c c u r r e d , 

and

P (M) = t h e  p r o b a b i l i t y  o f  w i n n i n g  any c a s e  on i t s  m e r i t s  

a t  t r i a l .

Bu t ,  when r  < 0 ,  and when r  > i ,  t h e n

PCW ! ( i , r ) ]  = 0,  ( 3 . 1 5 a )
i+1

PEL ! ( i  , r  ) ] = 0 .  ( 3 . 1 5 b )
i+1
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T h e r e  a r e  a l w a y s  two s i d e s  i n  any  l a w s u i t ,  t h e  

p l a i n t i f f  and t h e  d e f e n d a n t .  For  a c o m p l e t e  a n a l y s i s  t h e n ,  

t h e r e  s h o u l d  be a p r o b a b i l i t y  o f  w i n n i n g  and l o s i n g  

c a l c u l a t e d  f o r  e a c h  s i d e ,  P[WO^+  ̂ ! ( i , r ) ]  and

P [WDi+ ^ ‘ ( i , r ) ] ;  0 f o r  t h e  o f f e n s e  and D f o r  t h e  d e f e n s e ,  a s

an e x a m p l e . S i n c e  t h e  mos t  l i k e l y  o c c u r r e n c e  f o r  t h i s  k i nd  

o f  a n a l y s i s  woul d a r i s e  when a m i n i n g  company o r  

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

r e m a i n d e r  o f  t h e  a n a l y s i s  w i l l  be p r e s e n t e d  f rom t h e  

d e f e n d a n t ' s  p o i n t  o f  v i e w and t h e  s u b s c r i p t  D t o  d e n o t e  

d e f e n s e  w i l l  be a s s u me d ,  i . e . ,  P[WD^+ ^ i ( i , r ) ]

=P[W.+ 1 ! ( i , r ) ] .

I f  a d e c i s i o n  t r e e  wer e  drawn t o  r e p r e s e n t  t h e  r e l a t e d  

c a s e s  b e i n g  a n a l y z e d ,  i t  woul d  be t o o  cumber some t o  us e  

b e c a u s e  t h e  t r e e ' s  b r a n c h e s  i n c r e a s e  a t  a r a t e  o f  2n . For  

s i m p l i f i c a t i o n ,  t h e  t y p i c a l  d e c i s i o n  t r e e ,  F i g . 3 . 3 a  can be 

drawn as  i n  F i g  3 . 3 b .  S i n c e  t h e r e  a r e  two ways t h a t  t h e  

s t a t e  ( 2 , 1 )  can be r e a c h e d , ( and t h e  i m p o r t a n c e  i s  i n  t h e

number  o f  t h e  c a s e  ( i ) and t h e  number  o f  wi ns  ( r ) ,  n o t  t h e

met hod by whi ch  t h a t  s t a t e  i s  r e a c h e d ) ,  t h e  two b r a n c h e s

r e s u l t i n g  i n  ( 2 , 1 )  a r e  r e d u c e d  t o  o n e .  T h i s  w i l l  c u t  t h e

number  o f  c a l c u l a t i o n s  s i g n i f i c a n t l y ,  whi ch  w i l l  s a v e  

c o mp u t e r  t i me  when t h e  p r o g r a m i s  i n t r o d u c e d  l a t e r  i n  

C h a p t e r  6.



F i g u r e  3 . 3 a  

T y p i c a l  D e c i s i o n  Tr e e
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( 3 , 3 )

( 2 , 2 )

( 3 , 2 )( 1 , 1 )

( 2 , 1 )( 0 , 0 )

( 3 , 1 )( 1 , 0 )

( 2 , 0 )

( 3 , 0 )

F i g u r e  3 - 3b

S i m p l i f i e d  D e c i s i o n  T r e e
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So f a r ,  a met hod  o f  e v a l u a t i n g  t h e  p r o b a b i l i t y  o f  

w i n n i n g  o r  l o s i n g  c a s e  ( i + 1 )  g i v e n  ( i  , r ) ha s  been  

d e v e l o p e d . On t h e  t r e e  d i a g r a m ,  t h i s  i s  shown by node  

( i , r )  and t h e  p r o b a b i l i t y  o f  w i n n i n g  i s  t h e  p r o b a b i l i t y  

a s s o c i a t e d  w i t h  t h e  b r a n c h  showi ng  t h a t  t h e  c a s e  was won,  

t h a t  i s ,  t h e  b r a n c h  l e a d i n g  t o  ( i + 1 , r + 1 ) .  To i l l u s t r a t e , 

i f  c o u n s e l  wi s he d  t o  know t h e  p r o b a b i l i t y  o f  w i n n i n g  t h e  

t h i r d  c a s e  i f  one  o f  t h e  two p r i o r  c a s e s  had been  won,  

P[Wg1 ( 2 , 1 ) ] ,  c o u n s e l  would f i n d  node  ( 2 , 1 )  and a s c e r t a i n  

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

( 3 , 2 ) .

T h e r e  i s  a n o t h e r  e v a l u a t i o n  c o u n s e l  m i g h t  wi s h  t o  

make.  T h i s  would be t h e  p r o b a b i l i t y  o f  some node  ( i , r )  

o c c u r r i n g .  To e v a l u a t e  t h e  o c c u r r e n c e  o f  any  c a s e  ( i , r ) ,

t h e  o n l y  p e r t i n e n t  c a s e s  a r e  t h e  two c a s e s  i m m e d i a t e l y

p r e c e e d i n g  i t .  T h i s  c o n c e p t  i s  t h e  same a s  t h e

s i m p l i f i c a t i o n  made i n  t h e  d e c i s i o n  t r e e ,  F i g u r e  3 . 3 b .  As

an e x a mp l e ,  c o u n s e l  m i g h t  want  t o  c a l c u l a t e  t h e  p r o b a b i l i t y  

o f  c a s e  ( 1 0 , 8 )  o c c u r r i n g  ( t h e  10 t h  c a s e  b e i n g  c o n c l u d e d  

w i t h  8 o f  t h e  p r i o r  10 c a s e s  b e i n g  won) .  T h e r e  a r e  o n l y  two 

ways t o  g e t  t o  ( 1 0 , 8 ) ,  b e i n g  a t  ( 9 , 8 )  and l o s i n g ,  o r ,  

b e i n g  a t  ( 9 , 7 )  and w i n n i n g .  T h e r e  a r e  many ways t o  g e t  t o

( 9 . 8 )  and ( 9 , 7 ) ,  b u t  t h o s e  a r e  t h e  o n l y  two ways t o  r e a c h

( 1 0 . 8 ) .  The p r o b a b i l i t y  o f  ( i , r )  o c c u r r i n g  i s  w r i t t e n
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P ( i  , r  ) = P ( i - 1 , r ) P [ L  ! ( i - 1  , r ) ]
i

+ P ( i - 1 , r - 1 ) P [ W  ! ( i - 1 , r - 1 ) ] ,  ( 3 . 1 6 )
i

wher e

P ( i  , r ) = t h e  p r o b a b i l i t y  o f  e v e n t  ( i  , r ) o c c u r r i n g ,

P[L ! ( i - 1 , r ) ]  = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  c a s e  i  
i

i s  l o s t  g i v e n  t h a t  t h e  s t a t e  ( i - 1 , r ) ha s  

o c c u r r e d , and

P[W ! ( i - 1 , r - 1 ) ] = t h e  p r o b a b i l i t y  o f  t h e  e v e n t  t h a t  c a s e  
i

i  i s  won g i v e n  t h a t  t h e  s t a t e  ( i - 1 , r - 1 ) 

h a s  o c c u r r e d .

The u n c o n d i t i o n a l  p r o b a b i l i t y  o f  wi n n i n g  any c a s e  

( i + 1 )  can  be d e t e r m i n e d  u s i n g  t h e  above  i n f o r m a t i o n . The 

p r o b a b i l i t y  o f  w i n n i n g  c a s e  ( i + 1 )  woul d be t h e  s ummat i on  o f  

t h e  j o i n t  p r o b a b i l i t i e s  o f  t h e  ( i + 1 )  p r i o r  n o d e s . Those  

p r o b a b i l i t i e s  a r e  t h e  p r o b a b i l i t y  o f  b e i n g  a t  any 

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

w i n n i n g  g i v e n  t h a t  t h a t  s t a t e  had o c c u r r e d .  T h i s  c a n  be
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w r i t t e n  a s

P(W ) 
i+1 ■I

r  = 0

P ( i , r ) P [ W  ! ( i  , r ) ] 
i+1

( 3 . 1 7 )

The p r o b a b i l i t y  o f  l o s i n g  i s  o f  c o u r s e  t h e  c ompl ement  o f  

PCWi+i> o r  P(W| + i ) .  By p a r a l l e l  r e a s o n i n g ,  t h i s  i s  w r i t t e n  

a s

P(L ) 
i+1 ■ E

r  = 0

P ( i , r ) P [ L  ! ( i  , r  ) ] 
i+1

( 3 . 1 8 )

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

c a s e  2:
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P(W ) = P ( 1 , 0 ) P [ W i ( 1 , 0 ) 3  + P ( 1 , 1)P[W ! ( 1 , 1 ) 3 .  ( 3 . 1 9 )
2 2 2

One way t o  t h i n k  o f  t h e s e  c u m u l a t i v e  p r o b a b i l i t i e s  i s  

t o  p i c t u r e  a d e c i s i o n  t r e e  drawn f o r  t h e  ( i + 1 ) t h  c a s e .  To 

comput e  t h e  p r o b a b i l i t y  o f  wi n n i n g  c a s e  ( i + 1 ) ,  one  would 

sum up a l l  t h e  b r a n c h e s  p o i n t i n g  i n  an upwar ds  d i r e c t i o n  

f rom node  ( i , r )  b e c a u s e  t h e y  r e p r e s e n t  a l l  t h e  p o s s i b l e  

ways o f  r e a c h i n g  w i n n i n g  c a s e s .  For  e x a mp l e ,  on F i g u r e  3 . 3 b  

t h i s  would be t h e  b r a n c h  l e a d i n g  f rom ( 1 , 1 )  t o  ( 2 , 2 )  and 

t h e  b r a n c h  f rom ( 2 , 1 )  l e a d i n g  t o  ( 3 , 2 )  and s i m i l a r  b r a n c h e s  

showi ng  t h a t  t h e  p r i o r  c a s e  had been  won. C o n v e r s e l y ,  t h e  

summat i on  o f  a l l  t h e  downward b r a n c h e s  f rom node ( i , r )  

e n c o m p a s s e s  a l l  t h e  ways o f  g e t t i n g  t o  l o s i n g  c a s e s .  In 

F i g u r e  3 . 3 b ,  t h i s  would be t h e  b r a n c h  l e a d i n g  f rom ( 1 , 0 )  t o  

( 2,' 0 ) and t h e  b r a n c h  f rom ( 2 , 1 )  l e a d i n g  t o  ( 3 , 1 ) ,  e t c .

By e x a mi n i n g  F i g u r e  3 . 3 b ,  whi ch  i s  a d e c i s i o n  t r e e  

drawn t o  r e p r e s e n t  t h i s  a n a l y s i s ,  i t  can  be s e e n  t h a t  t h e  

c a s e s  r e p r e s e n t e d  by t h e  i n t e r i o r  n o d e s  a r e  t h o s e  w i t h  

whi ch  l a w y e r s  a r e  mo s t  c o n c e r n e d  b e c a u s e  t h e y  r e p r e s e n t  t h e  

s i t u a t i o n s  i n  whi ch  some o f  t h e  p r i o r  c a s e s  h a v e  be en  won 

and some l o s t .  T h i s  makes  p r e d i c t i n g  t h e  n e x t  o u t come  more 

u n c e r t a i n . By i n t e r i o r  n o d e s  a r e  meant  t h e  n o d e s
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r e p r e s e n t i n g  c a s e s  s u c h  a s  ( 2 , 1 )  and ( 3 , 2 ) .  The c a s e s

a l o n g  t h e  t o p  and b o t t o m e d g e s  a r e  n o t  so d i f f i c u l t .  Thos e  

c a s e s  a r e  ( 2 , 2 )  o r  ( 3 , 0 )  a s  e x a m p l e s . They r e p r e s e n t  t h e  

s i t u a t i o n s  where  t h e  p r i o r  c a s e s  have  e i t h e r  a l l  been  won 

o r  a l l  been  l o s t .  S i n c e  E q u a t i o n  ( 3 . 1 6 )  i s  d e s i g n e d  t o

r e p r e s e n t  any a r b i t r a r y  c a s e ,  some n o n s e n s i c a l  r e s u l t s  

o c c u r  when t h e  edge  c a s e s  a r e  e v a l u a t e d .  I t  i s  p o s s i b l e  t o  

o b t a i n  r e s u l t s  s u c h  a s  ( 0 , - 1 )  o r  ( 5 , 6 )  whi ch  a r e  i m p o s s i b l e  

s t a t e s  s i n c e  (0 _< r  _< i ) by d e f i n i t i o n .  Th r e e  s p e c i a l  

r u l e s  a r e  used  t o  e v a l u a t e  t h e  p r o b a b i l i t y  o f  t h e  

o c c u r r e n c e  o f  edge  c a s e s  j u s t  as  was done  in  E q u a t i o n s

( 3 . 1 5 a , b ) .  E q u a t i o n  ( 3 . 1 6 )  i s  r e p e a t e d  b e l ow.

P ( i  , r ) = P ( i - 1 , r ) P [ L  i ( i - 1 , r ) ]
i

+ P ( i - 1 , r - 1 )P[W ! ( i - 1  , r - 1  ) ]  ( 3 . 1 6 )
i

and t h e  s p e c i a l  r u l e s  a r e  added :

P ( 0 , 0 )  = 1, ( 3 . 2 0 )

i f  r  > i ,  t h e n  P ( i , r )  = 0 ,  and 

i f  r  < 0,  t h e n  P ( i , r )  = 0 .

( 3 . 2 1 )

( 3 . 2 2 )

Some e x a mp l e s  o f  edge  c a s e s  a r e
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P ( 1 , 0 )  = P ( 0 , 0 ) P [ L  ! ( 0 , 0 ) ]  + P ( 0 , - 1 ) P [ W  | ( 0 , - 1 ) ] .  ( 3 . 2 3 a )
1 1

But  s i n c e  P[W I ( 0 , - 1 ) ]  and P ( 0 , - 1 )  a r e  i m p o s s i b l e  s t a t e s ,
1

u s i n g  E q u a t i o n s  ( 3 . 1 5 a )  and ( 3 . 2 2 )  t h e  f o l l o w i n g  r e s u l t s

P ( 1 , 0 )  = 1 x P[L 1 ( 0 , 0 ) ]  + 0 x 0  ( 3 . 2 3 b )
1

= PEL i ( 0 , 0 ) ]  ( 3 . 2 3 c )
1

whi ch  makes  s e n s e ,  b e c a u s e  i f  no o t h e r  c a s e s  ha ve  be e n  

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

t h e  p r o b a b i l i t y  o f  l o s i n g  c a s e  1.

As an a d d i t i o n a l  e x a mp l e  c o n s i d e r  c a l c u l a t i n g  P ( 3 , 3 )  

u s i n g  E q u a t i o n  ( 3 . 1 6 ) :

P ( 3 , 3 )  = P ( 2 , 3)PEL ! ( 2 , 3 ) ]  + P ( 2 , 2 ) P [ W I ( 2 , 2 ) ] .  ( 3 . 2 4 a )
3 3

S i n c e  i t  i s  i m p o s s i b l e  t o  ha v e  t h e  s t a t e  ( 2 , 3 ) ,  u s i n g

E q u a t i o n s  ( 3 . 1 5 b )  and ( 3 . 2 1 )  t h i s  s i m p l i f i e s  t o

P ( 3 , 3 )  = 0 x 0  + P ( 2 , 2 ) P EW ! 2 ( , 2 ) ]  ( 3 . 2 4 b )
3

= P(2, 2)PEW | ( 2 , 2 ) ] ,  ( 3 . 2 4 c )
3
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wh i c h  a g a i n  makes  s e n s e , s i n c e  t h e  p r o b a b i l i t y  o f  e v e r  

g e t t i n g  t o  t h e  p o s i t i o n  o f  h a v i n g  t r i e d  and won t h r e e  c a s e s

( 3 , 3 )  i s  s o l e l y  d e p e n d e n t  upon h a v i n g  been a t  ( 1 , 1 )  and 

( 2 , 2 ) .

As a f i n a l  e x a mp l e  o f  c a l c u l a t i n g  t h e  p r o b a b i l i t i e s  o f  

edge  c a s e s  c o n s i d e r  P ( 3 , 0 ) :

P ( 3 , 0 )  = P ( 2 , 0 ) P [L ! ( 2 , 0 ) ]  + P ( 2 , - 1 )P[W ! ( 2 , - 1 ) ] .  ( 3 . 2 5 a )
3 3

Agai n  u s i n g  E q u a t i o n s  ( 3 . 1 5 a )  and ( 3 . 2 2 )

P ( 3 , 0 )  = P ( 2 , 0 ) P [L ! ( 2 , 0 ) ]  + 0 x 0  ( 3 . 2 5 b )
3

= P ( 2 , 0 ) P [L | ( 2 , 0 ) ] ,  ( 3 . 2 5 c )
3

whi ch  i s  l o g i c a l  f o r  a b o t t o m edge  c a s e .  Wi t h  t h e s e  r u l e s  

f o r  e v a l u a t i n g  E q u a t i o n  ( 3 . 1 6 ) ,  one  c a n  now t u r n  t o  

c o mb i n i n g  any n c a s e s  and a s c e r t a i n  an e x p e c t e d  v a l u e  f o r  

a l l  n r e l a t e d  c a s e s .
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3 . 3  C a l c u l  a t  i on  o f  Ex p e c t e d  Va l u e s

The e x p e c t e d  v a l u e  o f  r e l a t e d  c a s e s  a p p l i c a b l e  t o  t h i s  

model  i s  t h e  summat i on  o f  t h e  p r o b a b i l i t i e s  o f  l o s i n g  c a s e s  

1 t h r o u g h  n t i m e s  t h e  e x p e c t e d  amount  o f  t h e  damages  p l u s  

t h e  c o s t s  o f  l i t i g a t i o n .  T h i s  i s  w r i t t e n

n

EV [A P ( L ) + C ] ,
i  i  t

i

( 3 . 2 6 )

i

wher e

EV e x p e c t e d  v a l u e  o f  a l l  n c a s e s ,

A e x p e c t e d  award ( o r  damages )  f o r  c a s e  i ,
i

P (L ) = p r o b a b i l i t y  o f  l o s i n g  c a s e  i 
i

C c o s t s  o f  t r i a l  o f  any  i n d i v i d u a l  c a s e .
t

i

I t  i s  a s sumed t h a t  C i s  t h e  same f o r  a l l  c a s e s
t

i

and t h u s  C w i l l  be d e n o t e d  by C .
tt

i
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A s m a l l  d i g r e s s i o n  i s  n e c e s s a r y  h e r e  t o  d i s c u s s  

l i t i g a t i o n  c o s t s  and a wa r d s  o r  d a m a g e s . A d i s t i n c t i o n  i s  

g o i n g  t o  be made b e t we e n  two t y p e s  o f  l i t i g a t i o n  c o s t s . 

The d e f e n s e  i s  g o i n g  t o  be f a c e d  w i t h  a d e c i s i o n  a s  t o  how 

much money t o  p u t  i n t o  p r e p a r a t i o n , e t c . ,  t o  f i g h t  t h e  

f i r s t  c a s e  ; t h e  p r o p e r  amount  t o  pay f o r  t h i s  w i l l  be 

d e v e l o p e d  i n  C h a p t e r s  4 and 5.  Much o f  t h i s  i n i t i a l  w o r k , 

h o we v e r ,  w i l l  be us ed  i n  l a t e r  c a s e s  a s  w e l l  a s  t h e  f i r s t  

c a s e .  Any mo d e l s  d e v e l o p e d ,  o r  e n g i n e e r i n g  s t u d i e s  made,  

woul d  be a v a i l a b l e  f o r  a l l  l a t e r  c a s e s  and woul d n o t  need 

t o  be d u p l i c a t e d .  Th e s e  c o s t s  w i l l  be d e n o t e d  a s  . A 

s e c o n d  k i n d  o f  c o s t  i s  t h a t  c o s t  a s s o c i a t e d  w i t h  t h e  

d e f e n s e  o f  any c a s e .  Once t h e  s t u d i e s  a r e  done  and 

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

i t  i s  as sumed h e r e  t h a t  t h e  c o s t  t o  d e f e n d  ea c h  c a s e  i  i s  

a p p r o x i m a t e l y  t h e  same.  T h i s  c o s t  w i l l  be d e n o t e d  by as  

i n  E q u a t i o n  ( 3 . 2 6 ) .

E q u a t i o n  ( 3 . 2 6 )  i s  t h e  f i r s t  t i m e  t h a t  Â  f o r  damages  

o r  a wa r ds  h a s  a p p e a r e d .  The r e a s o n  f o r  t h i s  i s  t h a t  Â  

w i l l  v a r y  f o r  e a c h  c a s e .  Once l i a b i l i t y  o r  t h e  l a c k  

t h e r e o f  i s  e s t a b l i s h e d , i t  i s  t h e  same f o r  a l l  i n d i v i d u a l s  

i n v o l v e d .  T h i s  i s  t h e  b a s i s  f o r  c o n s i d e r i n g  " r e l a t e d ” 

c a s e s .  In t h e  e x a mpl e  o f  a mi n i n g  d i s a s t e r ,  i f  a 

m a n u f a c t u r e r  o r  t h e  m i n i n g  company i s  l i a b l e  f o r  t h e
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i n j u r i e s  o f  one  p a r t y ,  o ne  o r  t h e  o t h e r  i s  a l s o  a l m o s t  

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

The damages  t h e m s e l v e s ,  h o w e v e r ,  may v a r y  g r e a t l y .  The 

amount  p a i d  f o r  a b r o k e n  l e g  i s  n o t  t h e  same as  t h a t  due  

f o r  t h e  l o s s  o f  a l e g ,  o r  a d e a t h , e t c . T h e r e f o r e ,  e a c h  

c a s e  mus t  have  i t s  own Ai t o  be used  i n  t h e  c o m p u t a t i o n  o f  

t h e  o v e r a l l  e x p e c t e d  v a l u e .

E q u a t i o n  ( 3 . 2 6 )  l o o k s  a t  f i r s t  g l a n c e  t o  be an 

e x p e c t e d  v a l u e  e q u a t i o n  f o r  any c a s e ,  b u t  t h e  c o m p u t a t i o n  

o f  P(L^)  d e p e n d s  upon p r e v i o u s  c a s e s ,  so E q u a t i o n  ( 3 . 2 6 )  i s  

s p e c i f i c  f o r  c a s e s  f o r  whi ch  c o l l a t e r a l  e s t o p p e l  i s  

p o s s i b l e .  T h i s  e q u a t i o n  f o r  e x p e c t e d  v a l u e  c a n  be a d j u s t e d  

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

E q u a t i o n  ( 3 . 2 6 )  c o n t a i n s  t h e  t e r m whi ch i s  s p e c i f i c  

f o r  any c a s e  i . S i n c e  some p a r a m e t e r s  o f  t h e s e  c a s e s  a r e  

b e i n g  e s t i m a t e d  on an i n d i v i d u a l  b a s i s ,  i t  i s  e a s y  t o  

i n c l u d e  a t i m e  e s t i m a t e  as  w e l l  f o r  when t h e  damages  would 

mos t  l i k e l y  ha ve  t o  be p a i d .  T h i s  t i m e  e s t i m a t e  ( t )  i s  

u s e d  i n  c o n j u n c t i o n  w i t h  t h e  d i s c o u n t  f a c t o r  (d)  t o  a d j u s t  

E q u a t i o n  ( 3 . 2 6 )  t o  a c c o u n t  f o r  t h e  t i m e  v a l u e  o f  mo n e y . 

T h i s  would be w r i t t e n  as  f o l l o w s  f o r  an i n d i v i d u a l  c a s e  and 

f o r  t h e  o v e r a l l  e x p e c t e d  v a l u e :
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- t
i

PEV = [A P(L ) + C ] (1 + d) , ( 3 . 2 7 )
i  l i t

and

n - t

PEV = )  [A P(L ) + C ] (1  + d) . ( 3 . 2 8 )
i  i  t

i  = 1 i

Where

PEV = p r e s e n t  e x p e c t e d  v a l u e  f o r  c a s e  i ,  t h a t  i s ,  
i

t h e  e x p e c t e d  v a l u e  a d j u s t e d  f o r  t i m e  v a l u e  

o f  money ;

PEV = p r e s e n t  e x p e c t e d  v a l u e  o f  a l l  n c a s e s , t h a t  i s ,  

e x p e c t e d  v a l u e  a d j u s t e d  f o r  t i me  v a l u e  o f  money ; 

d = d i s c o u n t  f a c t o r ;  and

t  = t i m e  i n  f u t u r e  when damages  f o r  c a s e  i  w i l l  be p a i d  
i

E q u a t i o n  ( 3 . 2 8 )  ends  t h e  d e r i v a t i o n  o f  t h e  e x p e c t e d  v a l u e  

o f  n r e l a t e d  c a s e s  f o r  t h e s e  c o s t s .  A m a j o r  b r e a k  i n  t h e  

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

t h i s  c h a p t e r  w i l l  t a k e  t h e  e q u a t i o n s  d e r i v e d  above  and show 

a n a l y t i c a l l y  t h a t  t h e y  a l l  r e d u c e  t o  p o l y n o m i a l s  i n  t e r ms
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o f  P(M) .  C h a p t e r  4 w i l l  d e v e l o p  a f o r m u l a  t o  e v a l u a t e  t h e  

a p p r o p r i a t e  amount  o f  money t o  be s p e n t  on i n i t i a l  

p r e p a r a t i o n  c o s t s ,  C , and t h e n  show t h a t  t h o s e  e q u a t i o n s  

a l s o  r e d u c e  t o  p o l y n o m i a l s  i n  t e r m s  o f  P (M) . C h a p t e r  5 

w i l l  t h e n  u s e  t h e  e q u a t i o n s  f rom C h a p t e r s  3 and 4 and w i l l  

show t h e  r e a d e r  how t o  o p t i m i z e  C^ .

3 . 4  Dev e l o p m e n t  o f  Ge n e r a l  

Po l y n o m i a l  Form

For  p u r p o s e s  o f  t h e  o p t i m i z a t i o n  d e v e l o p e d  i n  C h a p t e r  

5,  t h e  e q u a t i o n s  d e r i v e d  i n  S e c t i o n s  3 . 1 ,  3 . 2 ,  and 3 . 3  mus t  

be  e x p r e s s e d  a s  f u n c t i o n s  o f  P ( M) . Appendi x  A shows  t h e  

a l g e b r a i c  d e t a i l s  o f  how E q u a t i o n s  ( 3 . 1 2 ) ,  ( 3 . 1 3 ) ,  ( 3 . 1 4 ) ,  

( 3 . 1 6 ) ,  ( 3 . 1 7 ) ,  ( 3 . 1 8 ) ,  ( 3 . 2 6 ) ,  ( 3 . 2 7 ) ,  and ( 3 . 2 8 )  can be 

e x p r e s s e d  as  f u n c t i o n s  o f  P(M) and t h e  p a r a m e t e r s  P ( o )  and 

P ( d ) .

The t e r m s  P( o)  and P ( d )  f rom E q u a t i o n  ( 3 . 4 )  a r e  t h e  

a t t o r n e y ' s  e s t i m a t e  o f  t h e  c h a n c e s  o f  any c a s e  b e i n g  

c o l l a t e r a l l y  e s t o p p e d .  A l t h o u g h  t h e s e  e s t i m a t e s  a r e  formed 

by t h e  a t t o r n e y ,  t h e  t e r m s  a r e  e s s e n t i a l l y  c o n s t a n t  

i n a s mu c h  a s  t h e  a t t o r n e y  can  do l i t t l e  t o  c h a n g e  o r  a f f e c t  

t h o s e  p r o b a b i l i t i e s .  S i n c e  P ( o )  and P ( d ) can be t r e a t e d  as  

c o n s t a n t s ,  E q u a t i o n s  ( 3 . 6 )  t h r o u g h  ( 3 . 1 1 b )  a r e  a l s o
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c o n s t a n t s  b e c a u s e  t h e y  a r e  o n l y  c o mp l e me n t s  a n d / o r

s u mma t i o n s  o f  P ( o )  and P( d)  ( s e e  Appendi x  A) .

The o r i g i n a l  o f  E q u a t i o n s  ( 3 . 1 2 ) ,  ( 3 . 1 3 ) ,  and ( 3 . 1 4 )

and t h e  e q u i v a l e n t  f o r ms  d e v e l o p e d  i n  Appendi x  A a r e

r e p e a t e d  b e l o w.

E q u a t i o n  ( 3 . 1 2 )

P [T ! ( i , r )  ] = P [ 0 ’ ! ( i , r ) ] P [ D '  ! ( i  , r  ) ]
i  + 1i+1 i+1

+ PCO ! ( i , r ) ] P [ D  
i+1 i  + 1

( i  , r ) ] .  ( 3 . 1 2 )

The e q u i v a l e n t  form i s

i - r r
P [T ! ( i  , r  ) ] = [ 1 - P ( o ) ]  [ 1 -P ( d ) ]

i+1

i - r r
+ {1 — [ 1 —P ( o ) ] } {1 - [ 1 - P ( d ) ]  }.  ( A . 1)

E q u a t i o n  ( A. 1 )  e x p r e s s e s  P [ T^ + 1 ' ( i , r ) ]  i n  t e r m s  o f  t h e  

p a r a m e t e r s  P( o)  and P ( d ) .
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Equat ion  ( 3 . 1 3 )

PCW ! ( i , r ) ] = P ( M) P[T ! ( i , r  ) ]
i+1 i+1

+ PCD ! ( i , r ) ]P CO 1 ! ( i  , r ) ] .  ( 3 . 1 3 )  
i+1 i+1

The e q u i v a l e n t  form i s

PCW ! ( i  , r ) ] = P( M) (PCO’ ! ( i , r ) ] P CD * i ( i , r ) ]  
i+1 x i+1 i+1

E q u a t i o n  ( A . 2) shows PCŴ  +  ̂ j ( i  , r ) ] i n  t e r ms  o f  P(M) ,  P(o)  

and P(d)  .

E q u a t i o n  (^ •1 Ü )

PCL ! ( i , r )  ] = P(M' )PCT ! ( i , r )  ]

+ PCO ! ( i , r ) ] P [ D  : ( i , r ) ] J
i+1 i+1 7

+ PCD ! ( i , r ) ] P CO ’ ! ( i , r )  ] .  ( A . 2)
i  + 1 i  + 1

i + 1 i+1

+ PCO
i+1

( i , r ) ] P [ D1 ! ( i  , r ) ] .  ( 3 . 1 4 )
i+1

I t s  e q u i v a l e n t  form i s
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PCL ! ( i , r ) ]  = P(Mf ) ( p [ 0 ’ ! ( i , r ) ] P [ D 1 ! ( i , r ) ]
i+1 x i+1 i  + 1

+ PCO ! ( i , r ) ] P [ D  ! ( i , r ) ] )
i+1 i+1 z

+ PCO ! ( i , r ) ]PCD 1 ! ( i , r )  ] .  ( A . 3)
i+1 i+1

E q u a t i o n  ( A . 3) e x p r e s s e s  P[L^ + (j ! ( i  , r  ) ] a s  a f u n c t i o n  o f  

P ( M) , P( o)  , and P ( d ) .

Havi ng  t h e  form o f  a l l  t h e  p a r t s  o f  E q u a t i o n  ( 3 . 1 6 )  

a l l o w s  one  t o  show t h a t  f o r  any ( i , r ) , E q u a t i o n  ( 3 . 1 6 )  i s

an i t h  o r d e r  p o l y n o m i a l  o f  P ( M) . F i r s t , c o n s i d e r  t h e  c a s e  

whe r e  i  = 1,  whi ch  g i v e s  ( 1 , r  ) . S i n c e  by d e f i n i t i o n  r  i s  

t h e  number  o f  p r i o r  c a s e s  won , r  mu s t  e q u a l  e i t h e r  0 o r  1. 

The s t a t e s  ( 1 , 0 )  and ( 1 , 1 )  w i l l  be t a k e n  one  a t  a t i m e ,  b u t  

i n  e a c h  c a s e  a p o l y n o m i a l  o f  d e g r e e  1 i n  P(M) r e s u l t s .
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For P( 1 , 0 ) ,  Equat ion  ( 3 . 1 6 )  becomes

P ( i , r )  = P ( i - 1 , r ) P (L ! ( i - 1 , r ) ]

+ P ( i - 1 , r - 1 ) P [ W  ! ( i - 1  , r - 1  ) ] ( 3 . 1 6 )

P ( 1 , 0 )  = P ( 0 , 0 ) P [L 1 ( 0 , 0 ) ]  + P ( 0 , - 1  )P[L I ( 0 , - 1 ) ]
1 1

= 1 x P[L i ( 0 , 0 ) ]  + 0 x 0
1

PCL 1 ( 0 , 0 ) ] ,
1

wh i c h  by E q u a t i o n  ( A . 3) i s  a l i n e a r  f u n c t i o n  o f  P (M) . 

S i m i l a r l y , f o r  P ( 1 , 1 ) ,

P(1 , 1) = P ( 0 ,  1 )P[L 1 ( 0 , 1 ) ]  + P ( 0 , 0 ) P [ W 1 ( 0 , 0 ) ]
1 1

0 x P[L ! ( 0 , 0 ) ]  + 1 x, P[W ! ( 0 , 0 ) ]
1 1

= P[W ! ( 0 , 0 ) ] ,
1

wh i c h  i s  d e f i n e d  by E q u a t i o n  ( A . 2) wh i c h  shows P ( i , r ) as  a 

l i n e a r  f u n c t i o n  o f  P(M) wh i c h  a g a i n  i s  e q u i v a l e n t  t o  a
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p o l y n o m i a l  o f  d e g r e e  1.  The c o n c l u s i o n  i s  t h a t  f o r  t h e  two 

p o s s i b l e  c a s e s  when i  = 1,  ( 1 , 0 )  and ( 1 , 1 ) ,  t h e  r e s u l t s  a r e  

a l s o  p o l y n o m i a l s  o f  d e g r e e  1.

N e x t , a s sume  t h a t  any  P ( i - 1 , r )  i s  a p o l y n o m i a l  o f  

d e g r e e  ( i - 1 ) .  The t e r m s  P ( i - 1 , r ) and P ( i - 1 , r - 1) a r e  

p o l y n o m i a l s  o f  d e g r e e  ( i - 1 )  by a s s u m p t i o n . The t e r ms  

P [ L i + i ! ( i - 1  , r )  ] and P[W^+ ^ ! ( i - 1 , r - 1 )]  a r e  l i n e a r  f u n c t i o n s  

by E q u a t i o n s  ( A . 2) and ( A . 3 ) .  The p r o d u c t s  o f  t h o s e  

P ( i - 1 , r ) P [ L . + 1 ! ( i - 1 , r ) ] and P ( i - 1 , r - 1 ) P [ W . + 1 ! ( i - 1 , r - 1 )]  a r e  

p o l y n o m i a l s  o f  d e g r e e  i  and t h e i r  s u m, whi ch  i s  P ( i , r )  i s  a 

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

p a r a g r a p h s  i s  t h a t  f o r  any i , P ( i , r )  i s  a p o l y n o m i a l  o f  

d e g r e e  i .

Now t h a t  t h e  p o l y n o m i a l  form o f  P ( i , r )  h a s  be e n  

e s t a b l i s h e d ,  E q u a t i o n s  ( 3 . 1 7 )  and ( 3 . 1 8 )  a r e  f a i r l y  

s t r a i g h t f o r w a r d .  The d e t a i l s  a r e  shown i n  Appendi x  A and 

t h e  o r i g i n a l  and f i n a l  f o r ms  a r e  r e p e a t e d  b e l o w.
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Equat ion  ( 3 . 1 7 )

P(W ) 
i  + 1 - Y .

r  = 0

P ( i , r ) P [ W  ! ( i  , r  ) ] , 
i+1

and a f t e r  t h e  s u b s t i t u t i o n s ,

P(W ) 
i+1 - Y .

r  = 0

D( i , r )

( 3 . 1 7 )

P ( M ) ( p [ 0 '  ! ( i , r ) ] P ( D  ' ! (
i  + 1 i + 1

+ P[0 ! ( i , r ) ] P [ D  ! ( i , r ) ] )
i+1 1+1 7

PCD ! ( i , r ) ] P [0 ' ! ( i , r ) ]
i+1 i+1

( A . 4)

E q u a t i o n  ( 3 . 1 8 )

P(L ) 
i+1 ■ Y

r  = 0

P ( i , r ) P [ L  ! ( i  , r ) ] , 
i+1

and a f t e r  t h e  s u b s t i t u t i o n s

62

i  , r  ) ]
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P (L ) 
i  + 1 - 1

r  = 0

P ( i  , r  ) ( P [ 0 f ! ( i , r ) ] P [ D  ! ( i , r )  ]
x i+1 i+1

+ PCO ! ( i , r ) ] P [ D  ! ( i  , r  ) ]
i  + 1 i+1

+ P[ 0  ! ( i  , r  ) ] P  [D ' ! ( i , r  ) ] )
i+1 i+1

-  P(M) ( p [ 0 '  ! ( i , r )  ]P[D'  ! ( i , r )  ]
x i+1 i+1

P[ 0  ! ( i  , r  ) ] P [ D ! ( i  , r  ) ])
i+1 i  + 1

. ( A . 5)

E q u a t i o n s  ( 3 . 2 6 ) ,  ( 3 . 2 7 ) ,  and ( 3 . 2 8 )  c a l c u l a t e  t h e

e x p e c t e d  v a l u e  o f  c a s e  i  and n r e l a t e d  c a s e s . The o r i g i n a l  

e q u a t i o n  o f  E q u a t i o n  ( 3 . 2 6 )  i s  r e p e a t e d  b e l o w.  The t e r m s  

o f  E q u a t i o n s  ( 3 . 2 6 ) ,  ( 3 . 2 7 ) ,  and ( 3 . 2 8 )  ha ve  t h e  same

c o mp o n e n t s  and so o n l y  o ne  s e t  o f  s u b s t i t u t i o n s  i s

n e c e s s a r y .  The f i n a l  e q u i v a l e n t  form o f  E q u a t i o n  ( 3 . 2 6 )  i s  

r e p e a t e d  b e l ow,  t h e  d e t a i l s  f o r  a l l  t h r e e  e q u a t i o n s  a r e  in 

Append i x  A.

Eq u a t i o n  ( 3 . 2 6 )  

n

EV = )  [A P(L ) + C ] .
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Equat ion  ( 3 . 2 6 )

EV

i  = 1

P [ 0 '  ! ( i , r )  ] P [ D'  ! ( i , r )  ]
i+1 i+1

+ P[ 0  ! ( i , r ) ]P[D ! ( i , r )  ]
i+1 i+1

+ P[ 0  ! ( i , r ) ]P[D ' ; ( i , r ) ] )
i+1 i+1 '

-  P ( M ) ( P [ 0 '  ! ( i , r ) ] P [ D ' ! ( i  , t  ) ]
x i+1 i+1

i , r ) ] ) )+ P [ 0  ! ( i , r ) ] P [ D  I ( i
i+1 i+1

+ C . ( A . 6)
t

i

The n e x t  c h a p t e r  w i l l  d e v e l o p  a f o r m u l a  f o r  e v a l u a t i n g  

i n i t i a l  p r e p a r a t i o n  c o s t s  , and w i l l  show t h a t  t h o s e  

f o r m u l a s  a r e  a l s o  p o l y n o m i a l s  o f  P(M) .  The i n f o r m a t i o n  

f rom t h i s  c h a p t e r  and t h e  n e x t  w i l l  be combi ned i n  C h a p t e r  

5 whe r e  a met hod i s  d e v e l o p e d  f o r  e v a l u a t i n g  t h e  whi ch  

w i l l  g i v e  t h e  l o w e s t  t o t a l  e x p e c t e d  v a l u e ,  TEV.
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C h a p t e r  4

GENERAL PREPARATION COSTS

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

p r e p a r a t i o n  o f  t h e  d e f e n s e  o f  c a s e  1 o f  n r e l a t e d  c a s e s .  

Th e s e  c o s t s  p r o d u c e  r e s u l t s  t h a t  a r e  common t o  o r  p r o v i d e  

i n f o r m a t i o n  u s e f u l  t o  a l l  t h e  r e l a t e d  c a s e s , n o t  j u s t  t h e  

f i r s t  c a s e  ( Ki mbl e  and L e s h e e , 1979) .  These  c o s t s  a r e

d i s t i n g u i s h e d  f rom o r  t h o s e  c o s t s  whi ch  a r e  i n c u r r e d  i n

t h e  a c t u a l  d e f e n s e  o f  an i n d i v i d u a l  c a s e .  As e x a m p l e s ,  i n  

t h e  a s b e s t o s  c a s e s ,  t h e  g e n e r a l  p r e p a r a t i o n  c o s t s  would 

i n c l u d e  t h e  e a r l i e s t  m e d i c a l  s t u d i e s  whi ch  d e t e r m i n e d  t h a t  

a s b e s t o s  was i n  f a c t  h a r m f u l  t o  h u ma n s . Those  s t u d i e s ,  

o n c e  c o m p l e t e d ,  a r e  a p p l i c a b l e  t o  any c a s e  r e g a r d i n g  

s i m i l a r  i n j u r i e s . For  a mi ne  e x p l o s i o n ,  t h e  r e - c r e a t i o n  o f  

t h e  mi ne  e n v i r o n m e n t  l e a d i n g  t o  o r  p r i o r  t o  t h e  e x p l o s i o n  

woul d be a p p l i c a b l e  t o  e a c h  and e v e r y  s u i t  r e g a r d i n g  

i n j u r i e s  s u s t a i n e d  d u r i n g  t h e  e x p l o s i o n .  The p o i n t  i s  t h a t  

t h e  s i m u l a t i o n  o f  t h e  mi ne  e n v i r o n m e n t  would n o t  be 

r e p e a t e d  f o r  e a ch  c a s e ;  o n c e  d o n e , t h e  r e s u l t s  a r e  used  i n  

e a c h  r e l a t e d  c a s e .

The opt imum amount  t o  be s p e n t  on t h e s e  g e n e r a l
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p r e p a r a t i o n  c o s t s  i s  t h e  u l t i m a t e  q u e s t i o n  t o  be ans wer ed

i n  C h a p t e r  5.  By opt i mum i s  meant  t h a t  amount  o f  g e n e r a l  

p r e p a r a t i o n  whi ch  l e a d s  t o  t h e  l o w e s t  t o t a l  e x p e c t e d

c o s t s .  T h i s  c h a p t e r  w i l l  f o c u s  on t h e  co mp o n e n t s  o f  t h e s e  

p r e p a r a t i o n  c o s t s  and t h e  e f f e c t  t h a t  v a r y i n g  t h e  amount

s p e n t  on g e n e r a l  p r e p a r a t i o n  ha s  on t h e  p r o b a b i l i t y  o f  

w i n n i n g  a c a s e .

P r i o r  r e s e a r c h  i n  t h e  a r e a  has  a p p r o a c h e d  t h i s  p r o b l e m 

f rom t h e  p e r s o n a l  i n j u r y  p l a i n t i f f ’ s p o i n t  o f  v i e w.  The 

p l a i n t i f f  e x a mi n e s  how t h e  amount  o f  h i s  p o t e n t i a l  award

w i l l  i n c r e a s e  w i t h  i n c r e a s e d  e f f o r t  i n  p r e p a r i n g  t h e  c a s e .  

The d e f e n s e  p o i n t  o f  v i e w woul d be t h e  o p p o s i t e ,  i . e . ,  how 

low can  t h e  damages  be  k e p t  by i n c r e a s i n g  e f f o r t s  i n  

d e f e n d i n g  t h e  a c t i o n .  I n t u i t i v e l y , o ne  can  s e e  how a g r a p h  

o f  t h i s  woul d be a p p r o x i m a t e l y  S - s h a p e d  i f  t h e  p o t e n t i a l  

damages  a r e  p l o t t e d  on t h e  v e r t i c a l  a x i s  and t h e  h o u r s

s p e n t  i n  p r e p a r a t i o n  wer e  p l o t t e d  on t h e  h o r i z o n t a l  a x i s

( Nage l  , 1982b;  F i g u r e  4 . 1 ) .  I f  z e r o  h o u r s  a r e  s p e n t

p r e p a r i n g  t h e  c a s e ,  t h e  l i k e l i h o o d  o f  r e c e i v i n g  any award 

i s  a l s o  z e r o .  But  t h e  v e r y  f i r s t  few h o u r s  s p e n t  a l s o

r e s u l t  i n  o n l y  a z e r o  o r  e x t r e m e l y  low c h a n c e  o f  m a x i mi z i n g  

t h e  damage award b e c a u s e  t h e  r e s u l t s  o f  j u s t  a few h o u r s  o f  

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

s i g n i f i c a n t l y  i n c r e a s e  t h e  p r o b a b i l i t y  o f  s u c c e s s .  A f t e r
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Amount
o f

0 B i l l  a b l e  Hours

F i g u r e  4 . 1  

R e l a t i o n s h i p  Be t ween Amount o f  Award 

and Hour s  o f  P r e p a r a t i o n
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some i n i t i a l  few h o u r s , h o w e v e r , t h e  i n c r e a s e  i n  award w i t h  

e a c h  a d d i t i o n a l  hour  r i s e s  v e r y  q u i c k l y  u n t i l  some opt imum 

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

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

p o t e n t i a l  r e t u r n  do e s  c o n t i n u e  t o  r i s e  s l o w l y .

T h e r e  a r e  more  f a c t o r s  i n v o l v e d  i n  i n c r e a s i n g  o n e ' s  

c h a n c e s  o f  s u c c e s s  t h a n  j u s t  h o u r s  o f  a t t o r n e y ' s  t i m e . 

C l e r m o n t  and C u r r i v a n  ( 1 9 7 8 )  s a y s  t h a t  " v a r i o u s  and 

s u b s t a n t i a l "  c o s t s  w i l l  o c c u r  d u r i n g  t h e  c o u r s e  o f  a c a s e .  

The s e  c o s t s  i n c l u d e  e x p e n s e s  o f  i n v e s t i g a t i o n  and e x p e r t s .

The v a r i a b l e C a 
P

s used  i n t h i s t h e s i s  i n c l u d e s t h e s e

e xpen s e s  a s  we1 1 a s a t t o r n e y t i me used i n p r e p a r a t  i o n .

A l t h o ugh t h e i n c l u s i o n  o f  o t h e r c o s t s as w e l l  as h o u r s

s h i f t s t h e  S - s h aped c u r v e , C l e r mo n t and Cur r i v a n s t a t e t h a t

t h e r e i s  no a l t e r a t i o n  t o any c o n c l u s i o n s drawn from a

c u r v e whi ch  i nc l u d e s t h e  e x t r a c o s t s and on e wh i c h  in e l u d e s

j u s t h o u r s  o f a t t o r n e y  t i m e . T h u s , t h e  ho r i z o n t a l  sc a l e  o f

F i g u r e 4 . 1  whi c h ha s h e r e t o f o r e been h o u r s o f  b i l l a b l e t i m e

w i l l be  r e ­ l a b e l ed a s  C
P

t o i n c l u d e a 11 c o s t s  o f

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

A l t h o u g h  r e s e a r ch h a s  cone e n t r a t e d  on a ppr c a c h i n g t h i s

t y p e o f  a n a l y s i s  f r om t h e  p e r s o n a l i n j u r y p l a i n t i f f ' s p o i n t

o f  v i ew r e s u l t i ng i n f i g u r e s l i k e F i g u r e 4. 1 , t h e same
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a n a l y s i s  a p p l i e s  t o  o t h e r  a r e a s  o f  c o n c e r n .  From a 

p r o s e c u t o r ' s  p o i n t  o f  v i e w , t h e  v e r t i c a l  s c a l e  o f  F i g u r e  

4 . 1  c o u l d  be r e p l a c e d  by t h e  p r o b a b i l i t y  o f  c o n v i c t i o n .  

Fo r  t h e  mi n i n g  company d e f e n d a n t  in a p e r s o n a l  i n j u r y  

a c t i o n ,  t h e r e  c o u l d  be a q u e s t i o n  o f  l i a b i l i t y ,  so t h e  

v e r t i c a l  s c a l e  o f  F i g u r e  4 . 1  woul d be r e p l a c e d  by t h e  

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

d e f e a t i n g  t h e  c l a i m  o f  l i a b i l i t y .  The same i n t u i t i v e  

r e a s o n i n g  whi ch  r e s u l t s  i n  an S - s h a p e d  c u r v e  a p p l i e s  i n  a l l  

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

c o n v i c t i o n  and t h e  c h a n c e  o f  a d e f e n d a n t  d e f e a t i n g  a c l a i m  

o f  l i a b i l i t y  w i l l  be z e r o  w i t h  z e r o  h o u r s  and d o l l a r s  o f  

p r e p a r a t i o n ,  w i l l  i n c r e a s e  s l o w l y  and t h e n  w i l l  show l a r g e  

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

p r e p a r a t i o n  a d d e d .  The v e r t i c a l  a x i s  t h e n  w i l l  be r e p l a c e d  

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

P(M) ,  shown i n  F i g u r e  4 . 2 .  Now t h a t  t h e  g r a p h  ha s  been  

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

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

At t h e  o u t s e t  o f  any  i n v e s t i g a t i o n ,  some a r e a s  o f  

r e s e a r c h  a r e  o b v i o u s  w h i l e  o t h e r s  do n o t  become a p p a r e n t  

u n t i l  l a t e r  i n  t h e  p r e p a r a t i o n  p r o c e s s .  At t h e  o u t s e t ,  

c o u n s e l  w i l l  know t h e  n a t u r e  o f  t h e  p e n d i n g  a c t i o n ,  and 

w i l l  ha ve  f i n i s h e d  h i s  i n i t i a l  l e g a l  r e s e a r c h  whi ch w i l l
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P(M)
P r o b a b i l i t y
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. 0
C i n  $ 1 , 0 0 0 ’ s 

P

F i g u r e  4 . 2

R e l a t i o n s h i p  Bewe en D o l l a r s  o f  G e n e r a l  P r e p a r a t i o n  

and P r o b a b i l i t y  o f  Wi nni ng  On M e r i t
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h a v e  shown him t h e  a p p l i c a b l e  l e g a l  r u l e s  and t e s t s ,  

a v a i l a b l e  d e f e n s e s ,  e t c . Now w i t h  t h e  h e l p  o f  a s e p a r a t e  

d e c i s i o n  t r e e  o r  some s i m i l a r  a n a l y s i s  t o o l ,  c o u n s e l  can  

b e g i n  t o  s e e  whi ch  e l e m e n t s  i n  t h i s  c a s e  a r e  g o i n g  t o  be 

mos t  c r u c i a l ,  whi ch  f a c t s  woul d be mos t  h e l p f u l  t o  t h e  

d e f e n s e  i f  t h e y  c o u l d  be d e t e r m i n e d . Co uns e l  t h e n  mus t  

make some a d d i t i o n a l  s u b j e c t i v e  e s t i m a t e s .  I f  $ 4 0 0 , 0 0 0  i s  

s p e n t  on p r e p a r a t i o n ,  wha t  a r e  t h e  c h a n c e s  o f  s u c c e s s  

l i k e l y  t o  be? I f  $ 6 0 0 , 0 0 0  o r  $ 8 0 0 , 0 0 0  i s  s p e n t , how d o e s  

t h e  c h a n c e  o f  s u c c e s s  c h a n g e ?  The se  p o i n t s  t h e n  ca n  be 

us e d  t o  d e t e r m i n e  t h e  s p e c i f i c  e q u a t i o n  o f  t h e  S - c u r v e .  

Once t h e  e q u a t i o n  i s  d e t e r m i n e d  t h e n  one ha s  P(M) e x p r e s s e d  

a s  a f u n c t i o n  o f  , a s  shown i n F i g u r e  4 . 2 .  I t  i s  

i m p o r t a n t  t o  r emember  t h a t  t h i s  S - c u r v e  i s  n o t  n e c e s s a r i l y  

g o i n g  t o  t o p  o u t  o r  f l a t t e n  o u t  n e a r  t h e  1 . 0  p r o b a b i l i t y  o f  

w i n n i n g . In some c a s e s ,  r e g a r d  l e s s  o f  t h e  amount  o f  money 

s p e n t  i n  p r e p a r a t i o n ,  t h e  c h a n c e s  o f  wi n n i n g  o r  d e c r e a s i n g  

an award may n e v e r  e x c e e d  0 . 5  o r  0 . 3  o r  0 . 7 ,  f o r  e x a mp l e .  

T h e r e f o r e ,  t h e  c u r v e  mu s t  be  r e a d  a s  f l a t t e n i n g  o u t  and 

t e r m i n a t i n g  a t  ? (M)max whi ch  i s  t h e  maximum v a l u e  o f  t h e  

p r o b a b i l i t y  o f  w i n n i n g  on t h e  m e r i t s  a s  e s t i m a t e d  by 

c o u n s e l .  To p a r a l l e l  C h a p t e r  3 h o w e v e r ,  t h e  c u r v e  s h o u l d  

show Cp a s  a f u n c t i o n  o f  P ( M) . By r e v e r s i n g  p o s i t i o n s  on 

t h e  a x e s , t h i s  same c u r v e  c a n  be drawn t o  show Cp a s  a
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f u n c t i o n  o f  P(M),  as  shown in F i g u r e  4 . 3 .

The c u r v e  in  F i g u r e  4 . 3  can be r e p r e s e n t e d  by a c u b i c

o f  t h e  form a P ( M ) ^ + bP(M)^ + dP(M) + e = C . Not e  t h a t

e=0 s i n c e  t h i s  c u r v e  p a s s e s  t h r o u g h  t h e  o r i g i n .  I f  z e r o

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

w i n n i n g  i s  a l s o  c e r t a i n l y  z e r o .  Co u n s e l  can  e s t i m a t e

P (M) and a n o t h e r  p o i n t  on t h e  c u r v e ,  and t h e  d o l l a r s  max
n e c e s s a r y  t o  be s p e n t  on g e n e r a l  p r e p a r a t i o n  c o s t s

a s s o c i a t e d  w i t h  t h o s e  c h a n c e s  o f  w i n n i n g ,  and t h e  S - c u r v e  

can  t h e n  be d r a w n . The p r o g r a m ESTOP ( d i s c u s s e d  i n  C h a p t e r  

6 ) ,  s p e c i f i c a l l y ,  s u b r o u t i n e  INPINF,  t a k e s  t h e  two p o i n t s  

e s t i m a t e d  by c o u n s e l  and t h e  p r og r a m e s t i m a t e s  a t h i r d  

p o i n t .  T h i s  p o i n t  i s  f o r c e d  t o  be an i n f l e c t i o n  p o i n t  so 

t h a t  t h e  c u r v e  i s  S - s h a p e d  and t h e  s econd  d e r i v a t i v e  a t  

t h a t  i n f l e c t i o n  p o i n t  i s  a l w a y s  p o s i t i v e .  Co u n s e l  w i l l  now 

h a v e  t h r e e  e q u a t i o n s  w i t h  t h r e e  u n k n o wn s , a ,  b , and d,  

e s t i m a t e d  w i t h  t h e  a i d  o f  t h e  p r og r am ESTOP, and t h e s e

unknowns  can  t h e n  be d e t e r m i n e d .

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

t o  r e s u l t  i n  an i l l o g i c a l  r e s u l t .  Th a t  i s ,  t h e  c u r v e  c o u l d  

p a s s  t h r o u g h  t h e  same Y - c o o r d i n a t e  s e v e r a l  t i m e s . Th a t  

woul d mean t h a t  t h e  same d o l l a r s  o f  p r e p a r a t i o n  c o u l d

r e s u l t  i n  t h r e e  d i f f e r e n t  P ( M ) ’ s .  T h i s  s i t u a t i o n  woul d



T-2782 73

Amount  o f

Award in

$ 1 , 0 0 0 ' s

0
P ( M ). 0 max
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R e l a t i o n s h i p  Bet ween P r o b a b i l i t y  o f  Wi nni ng On t h e  

M e r i t s  and D o l l a r s  o f  G e n e r a l  P r e p a r a t i o n
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make no l e g a l ,  e c o n o m i c ,  o r  common s e n s e . In t h a t  c a s e ,  

t h e  p r ogr am ESTOP mus t  be  programmed t o  f i t  an e q u a t i o n  o f  

a form d i f f e r e n t  t h a n  a c u b i c .  For  p u r p o s e s  o f  t h i s  p a p e r ,  

o n l y  t h e  g e n e r a l  c u b i c  form w i l l  be c o n s i d e r e d .

The n e x t  c h a p t e r  w i l l  combi ne  t h e  c u b i c  e q u a t i o n  

d e r i v e d  above  and t h e  e q u a t i o n s  f rom C h a p t e r  3 t o  d e t e r m i n e  

t h e  opt imum amount  o f  money t h a t  s h o u l d  be s p e n t  on g e n e r a l  

p r e p a r a t i o n  c o s t s , C .
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C h a p t e r  5

OPTIMIZING GENERAL PREPARATION COSTS

In C h a p t e r  3,  E q u a t i o n  ( 3 . 2 8 )  was d e v e l o p e d  t o  

c a l c u l a t e  t h e  e x p e c t e d  v a l u e  a d j u s t e d  f o r  t h e  t i m e  v a l u e  

o f  money f o r  n r e l a t e d  c a s e s .  C h a p t e r  4 d e v e l o p e d  t h e  

r e l a t i o n s h i p  be t wee n  x > t h e  h i g h e s t  p r o b a b i l i t y  o f

w i n n i n g  on t h e  m e r i t s  t h a t  c a n  be  r e a c h e d  , and t h e  amount  

o f  a t t o r n e y  h o u r s  and o t h e r  p r e p a r a t i o n  w o r k , C ^ , 

e x p e n d e d . T h i s  c h a p t e r  w i l l  d e v e l o p  t h e  opt imum amount  t o  

be  s p e n t  on C^ .

When c o u n s e l  g e t s  h i s  f i r s t  one  o r  s e v e r a l  o f  n

r e l a t e d  c a s e s ,  he  mu s t  d e t e r m i n e  how much money t o  spend

d e f e n d i n g  s u c h  c a s e ( s ) .  J u s t  a s  t h e  c o s t s  o f  d e f e n d i n g  an

i n d i v i d u a l  s u i t ,  C , and t h e  g e n e r a l  p r e p a r a t i o n  c o s t s  C ,t  p
a r e  c o s t s  t o  be c o n s i d e r e d ,  so a l s o  a r e  t h e  p o t e n t i a l  

l o s s e s  t o  t h e  company i n  t e r m s  o f  damages  awar ded  a g a i n s t  

i t .  T h i s  e x p e c t e d  v a l u e  was d e v e l o p e d  i n  E q u a t i o n  ( 3 . 2 8 ) .  

The sum o f  t h e s e  c o s t s  a r e  t h e  t o t a l  c o s t s  o f  t h e  n c a s e s .  

T h i s  can  be w r i t t e n
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TC = C + PEV, ( 5 . 1 )

wher e  :

TC = T o t a l  c o s t  ;

0^ = G e n e r a l  p r e p a r a t i o n  c o s t s  ; and

PEV = P r e s e n t  e x p e c t e d  v a l u e  o f  n c a s e s .

The t h r u s t  o f  t h i s  c h a p t e r  i s  t o  d e t e r m i n e  C^ , t h e  

amount  o f  money t o  be s p e n t  on g e n e r a l  p r e p a r a t i o n  c o s t s  t o  

m i n i m i z e  t o t a l  e x p e c t e d  v a l u e . The r e a s o n  t h i s  number  i s  

d e s i r e d  i s  t h a t  i t  i s  e c o n o m i c a l l y  t h e  mos t  e f f i c i e n t  

amount  t o  s p e n d . T h i s  c an  be e s t a b l i s h e d  u s i n g  b a s i c  

ec onomi c  p r i n c i p l e s .  In e c o n o m i c s , maximum e f f i c i e n c y  i s  

r e a c h e d  a t  t h e  p o i n t  where  m a r g i n a l  c o s t  (MC) e q u a l s  

m a r g i n a l  b e n e f i t  (MB),

MC = MB. ( 5 . 2 )

The Cp f u n c t i o n  d e v e l o p e d  i n  C h a p t e r  4 r e p r e s e n t s  

c o s t s  o f  p r e p a r a t i o n  in t e r m s  o f  P(M).  The e x p e c t e d  v a l u e
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f u n c t i o n ,  a l t h o u g h  i t  r e p r e s e n t s  d o l l a r s  p a i d  o u t , i n  f a c t  

r e p r e s e n t s  b e n e f i t s  b e c a u s e  i t  shows r e d u c e d  c o s t s . A 

r e d u c e d  c o s t  i s  e q u i v a l e n t  t o  money s a v e d , o r  a b e n e f i t  t o  

t h e  c o mp a n y . Th a t  i s  an e c o n o m i c a l l y  e f f i c i e n t  p o i n t  

w i l l  be e s t a b l i s h e d  l o g i c a l l y .  i n c r e a s e s  a s  P(M)

i n c r e a s e s , t h a t  i s ,  a s  a d d i t i o n a l  money i s  s p e n t  on g e n e r a l  

p r e p a r a t i o n ,  t h e  c h a n c e s  o f  wi n n i n g  on t h e  m e r i t s  a t  t r i a l  

a l s o  i n c r e a s e  (up  t o  a p o i n t ) .  S i m i l a r l y , PEV d e c r e a s e s  a s  

P (M) i n c r e a s e s .  As t h e  c h a n c e s  o f  wi n n i n g  a t  t r i a l  a r e  

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

i n c r e a s e s ,  o r  t h e  PEV d e c r e a s e s .  I n  t h i s  a n a l y s i s  t h e n , 

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

b e n e f i t  r e p r e s e n t s  t h e  e f f i c i e n t  p o i n t .

MC = MB,

dCp/dP(M)  = -  [ dPEV/ dP( M) ] .  ( 5 . 3 )

E q u a t i o n  ( 5 . 3 )  i s  t h e  d e r i v a t i v e  o f  t h e  f u n c t i o n  w i t h  

r e s p e c t  t o  P(M) s e t  e q u a l  t o  t h e  d e r i v a t i v e  o f  t h e  PEV 

f u n c t i o n  w i t h  r e s p e c t  t o  P(M) .  T h i s  i s  t h e  e q u i v a l e n t  o f  

t h e  f i r s t  o r d e r  c o n d i t i o n  whi ch  e s t a b l i s h e s  t h e  

e c o n o m i c a l l y  e f f i c i e n t  p o i n t .
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d C p / P (M) + dPEV/P(M) = 0,  

i s  t h e  e q u i v a l e n t  o f

dTC/dP(M) = 0,  ( 5 . 4 )

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

*
When t h i s  e q u a t i o n  i s  s o l v e d ,  t h e  v a l u e  o f  P ( M) i s

d e t e r m i n e d  whi ch  g i v e s  t h e  l e a s t  t o t a l  c o s t .  T h e n , t h e  PEV
* *

f u n c t i o n  i s  e v a l u a t e d  u s i n g  P (M) and PEV whi ch  i s  t h e

opt imum minimum v a l u e  i s  d e t e r m i n e d .  S i m i l a r l y ,  t h e
* *

f u n c t i o n  i s  e v a l u a t e d  a t  P (M) and C i s  d e t e r m i n e d .  T h i s
P

0^ i s  t h e  e f f i c i e n t  amount  t o  a l l o c a t e  t o  g e n e r a l  

p r e p a r a t i o n  a t  t h i s  p o i n t  in t i m e .  Thus ,  when c o u n s e l  i s  

f i r s t  c o n f r o n t e d  w i t h  n r e l a t e d  c a s e s ,  he  can  e s t a b l i s h  

some opt imum amount  t o  a l l o c a t e  t o  p r e p a r a t i o n .

At l a t e r  p o i n t s  i n  t h e  p r o g r e s s  o f  t h e  c a s e s ,

r e - e v a l u a t i o n  w i l l  c e r t a i n l y  need t o  o c c u r . I f  some

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

f a v o r a b l e  o r  u n f a v o r a b l e ,  t h e  i n i t i a l  e s t i m a t e s  o f  P ( o ) ,

P( d)  o r  P (M) w i l l  c h a n g e ,  and t h e  c a l c u l a t i o n s  would be max
r un  a g a i n .  Al s o ,  when l i t i g a t i o n  a c t u a l l y  b e g i n s ,  Cp i s  

t h e n  a sunk  c o s t  and P (M) i s  t h e n  more o r  l e s s  f i x e d  and
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mus t  be e s t i m a t e d  by c o u n s e l . T h i s  f i n a l  e s t i m a t e  o f  P (M) 

w i l l  be shown as  P(M) .  A f i n e  t u n i n g  p r o c e s s  can  now

o c c u r .  Wi t h  P(M) e s t i m a t e d ,  EV can  be  c a l c u l a t e d  by

e v a l u a t i n g  EV a t  P(M) and t h i s  amoun t ,  EV, i s  t h e  f i n a l

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

At t h i s  p o i n t  s e v e r a l  d e c i s i o n s  can be made b a s e d  upon 

t h e s e  f i g u r e s .  I f  an o f f e r  i s  made t o  s e t t l e  a c a s e  o u t  o f  

c o u r t ,  t h e  c a s e  i n  q u e s t i o n  can  be r emoved f rom t h e  p o o l

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

o r i g i n a l  EV and t h e  EVf (EV w i t h o u t  t h e  c a s e  p e n d i n g

s e t t l e m e n t )  r e p r e s e n t s  t h e  amount  f o r  whi ch  c o u n s e l  s h o u l d  

be  w i l l i n g  t o  n e g o t i a t e  a s e t t l e m e n t .

Co u n s e l  can  a l s o  r u n  c o m p u t a t i o n s  w i t h  v a r y i n g

c o m b i n a t i o n s  o f  c a s e s  f rom t h e  p o o l .  A l a r g e  p o t e n t i a l

award can be p u l l e d  o u t ,  t h e  c o m p u t a t i o n s  r u n  and t h e  

r e s u l t s  c o mp a r e d .  Co u n s e l  may f i n d  t h a t  i t  i s  a d v a n t a g e o u s  

t o  s e t t l e  a l a r g e  c a s e  b e f o r e  any p r e c e d e n t s  have  been

s e t .  B a s i c a l l y ,  t h e s e  a r e  r u d i m e n t a r y  s e n s i t i v i t y  s t u d i e s

o f  t h e  model  t o  h e l p  c o u n s e l  d e t e r m i n e  t h e  mos t  i n f l u e n t i a l  

v a r i a b l e s .

C h a p t e r  6 w i l l  p r e s e n t  two h y p o t h e t i c a l  c a s e s  t o

i l l u s t r a t e  t h i s  me t hod  o f  a n a l y s i s  f o r  r e l a t e d  c a s e s .
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C h a p t e r  6

APPLICATIONS OF THE METHOD

To i l l u s t r a t e  t h e  a p p l i c a t i o n  o f  t h i s  me t h o d ,  a 

h y p o t h e t i c a l  p r ob l e m w i l l  be u s e d .  Assume t h a t  a company 

owned p i c k u p  t r u c k  o v e r t u r n s  w h i l e  e x i t i n g  an open p i t  

b a r i t e  mi n i n g  o p e r a t i o n .  Th r e e  m i n e r s  were  i n  t h e  t r u c k ,  

Mr.  J o n e s  b r o k e  h i s  l e g ,  Mr.  Smi t h  l o s t  a h a nd ,  and Mr.

Brown was k i l l e d .  T h r e e  s u i t s  a r e  f i l e d  a g a i n s t  t h e

company a l l e d g i n g  l i a b i l i t y  and c l a i m i n g  damages  o f  

$ 1 0 , 0 0 0 ,  $ 7 5 , 0 0 0 ,  and $ 3 5 0 , 0 0 0  r e s p e c t i v e l y .  A f t e r  some

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

p r o b a b i l i t y  o f  o f f e n s i v e  c o l l a t e r a l  e s t o p p e l ,  P(o)  i s  0 . 5 ,

and t h e  p r o b a b i l i t y  o f  d e f e n s i v e  c o l l a t e r a l  e s t o p p e l ,  P( d)  

i s  0 . 1 .  The b e s t  c o u n s e l  e s t i m a t e s  t h a t  c o u l d  be done  a t  

t r i a l  i s  a 0 . 6  p r o b a b i l i t y  o f  w i n n i n g  on t h e  m e r i t s .

When t h e  co mp a n y ’ s a t t o r n e y  f i r s t  r e c e i v e s  t h e  t h r e e  

s u i t s ,  c o u n s e l  woul d l i k e  t o  know t h e  e x p e c t e d  p o t e n t i a l  

l o s s  t o  t h e  company,  how much g e n e r a l  p r e p a r a t i o n  s h o u l d  be 

d o n e ,  i . e . ,  how many d o l l a r s  s h o u l d  be e xpe nde d  f o r  g e n e r a l  

p r e p a r a t i o n ,  and how much t h e  e x p e c t e d  l o s s  can  be

mi n i mi z e d  by g e n e r a l  p r e p a r a t i o n .
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Appendi x  B c o n t a i n s  t h e  c o mp u t e r  p r og r a m d e s i g n e d  t o  

s o l v e  t h i s  p r o b l e m , ESTOP. Appendi x  C c o n t a i n s  t h e  i n p u t  

d a t a  f i l e s ,  e x a mp l e  p r o g r a m e x e c u t i o n , and t h e  r e p o r t  

g e n e r a t e d  f o r  t h e  e x a mp l e  p r o b l e m d e t a i l e d  above  wher e  n = 3 • 

T h i s  o u t p u t  i n c l u d e s  t h e  c o m p u t a t i o n  o f  a l l  t h e  

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

f o r  n = 3 , and t h e  c a l c u l a t i o n  o f  t h e  f u n c t i o n .  As can  be 

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

numer ous  and r e p e t i t i v e .  T h i s  met hod o f  a n a l y s i s  w i t h o u t  a 

c o m p u t e r  i s  n o t  p r a c t i c a l .  The p r og r a m ESTOP p r i n t s  a 

g r a p h  o f  t h e  f u n c t i o n  v e r s u s  P (M) . T h i s  g r a p h  i s

g e n e r a t e d  f rom t h e  p o i n t s  e s t i m a t e d  by c o u n s e l  a s  d i s c u s s e d  

i n  C h a p t e r  4.  ESTOP a l s o  g e n e r a t e s  a g r a p h  o f  t h e  t o t a l

c o s t  f u n c t i o n  p l o t t e d  a g a i n s t  t h e  P(M) e s t i m a t e s .  As w i l l

be s h o wn , t h e  g r a p h s  c o n t a i n  a l l  t h e  i n f o r m a t i o n  c r i t i c a l  

t o  t h e  a t t o r n e y ' s  a n a l y s i s .  The f u l l  o u t p u t  f o r  o t h e r  

e x a m p l e s  w i l l  be i n c l u d e d  t o  show t h e  d e t a i l s  o f  t h e

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

p r a c t i t i o n e r ,  o n l y  t h e  g r a p h s  need  t o  be g e n e r a t e d .

F i g u r e s  6 . 1  and 6 . 2  show t h e  g r a p h s  r e s u l t i n g  f rom t h e  

e x a mp l e  p r ob l e m d e t a i l e d  a b o v e .  F i g u r e  6 . 1  i s  t h e  g r a p h  o f  

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

v e r t i c a l  l i n e  r e p r e s e n t s  p W max a s  e s t i m a t e d  by c o u n s e l .  

F i g u r e  6 . 2  i s  t h e  g r a p h  o f  t o t a l  e x p e c t e d  c o s t s  (EV p l u s
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Cp) v e r s u s  P ( M) . Ag a i n ,  t h e  v e r t i c a l  d a s h ed  l i n e  i s

P (M) . The t o t a l  amount  o f  awa r d s  r e q u e s t e d  i s  shown onmax ^
t h e  v e r t i c a l  a x i s  by a s m a l l  x on F i g u r e  6 . 2 .  T h i s  i s  t h e  

amount  t h e  company would pay i f  i t  d i d  no p r e p a r a t i o n ,  d i d  

n o t  d e f e n d  t h e  a c t i o n s ,  and j u s t  p a i d  t h e  r e q u e s t e d  a w a r d s .  

The amount  o f  t h e  awa r ds  p l u s  t h e  f i x e d  c o s t s  o f  i s  t h e

( 0 , TC) p o i n t  on t h e  v e r t i c a l  a x i s .  The a t t o r n e y  can t e l l  

f rom i n s p e c t i o n  how much t o t a l  c o s t s  a r e  e x p e c t e d  t o  be a t  

any P (M) by r e a d i n g  t h e  g r a p h .  Th e r e  a r e  t h r e e  g e n e r a l  

c a t e g o r i e s  o f  r e s u l t s  t o  be r e a d  f rom t h e  g r a p h  o f  TC

v e r s u s  P ( M) .

The minimum p o i n t  on t h e  g r a p h  can  be above  t h e  x

r e p r e s e n t i n g  t h e  t o t a l  a w a r d s .  T h i s  woul d mean t h a t

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

t h e  awa r ds  s h o u l d  be p a i d .  The minimum p o i n t  c o u l d  be

be l ow x and t o  t h e  l e f t  o f  P(M) . T h i s  r e p r e s e n t s  t h emax
p o i n t  wher e  m a r g i n a l  c o s t  e q u a l s  m a r g i n a l  b e n e f i t s ,  and i s

*
d e s i g n a t e d  as  P ( M) . At t h a t  p o i n t ,  t h e  a s s o c i a t e d  amount  

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

e x p e c t e d  l o s s  t o  t h e  company .  The amount  o f  C^ i s

d e t e r m i n e d  by a s c e r t a i n i n g  t h e  P (M) a s s o c i a t e d  w i t h  t h e  low 

p o i n t ,  P* ( M) ,  and l o o k i n g  a t  t h e  g r a p h  o f  C^ v e r s u s  P ( M) t o  

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

p o s s i b i l i t y  i s  t h a t  t h e  minimum p o i n t  i s  t o  t h e  r i g h t  o f
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P(M) . T h i s  means  t h a t  a h i g h e r  P(M) t h a n  t h e  P ( M)max ma x
e s t i m a t e d  by c o u n s e l  mus t  be  p o s s i b l e  i n  o r d e r  t o  mi n i mi z e

t o t a l  e x p e c t e d  c o s t s . In t h a t  c a s e , t h e  p o i n t  where  t h e

c u r v e  c r o s s e s  P (M) ( t h e  v e r t i c a l  d a s h e d  l i n e )  i s  used  .max
I f  t h a t  p o i n t  i s  b e l o w t h e  x r e p r e s e n t i n g  t o t a l  a w a r d s ,

t h e n  t h e  amount  o f  p r e p a r a t i o n  d o l l a r s  a s s o c i a t e d  w i t h

P (M) s h o u l d  be expe n d e d  f o r  t h e  l o w e s t  a c h i e v a b l e  t o t a l  max -------------------
e x p e c t e d  c o s t .

In F i g u r e  6 . 2  i t  can  be s e e n  t h a t  t h e  l o w e s t  p o i n t  i s  

t o  t h e  r i g h t  o f  p ’ t h e  t h i r d  g e n e r a l  c a t e g o r y  o f  

r e s u l t s ,  so t h e  p o i n t  o f  ? (M)max i s  u s e d .  Ex p e c t e d  c o s t s  

can  be mi n i mi z e d  by s p e n d i n g  $ 9 0 , 0 0 0  on g e n e r a l  p r e p a r a t i o n  

( $ 9 0 , 0 0 0  i s  f ound f rom F i g u r e  6 . 1 ) .  The a d v a n t a g e  o f  t h i s  

met hod o f  a n a l y s i s  i s  s ummar i zed  by t h e  f o l l o w i n g  r e s u l t s .  

I f  t h i s  a n a l y s i s  wer e  n o t  d o n e ,  c o u n s e l  c o u l d  spend more  o r  

l e s s  t h a n  $ 9 0 , 0 0 0  on p r e p a r a t i o n  and t h e r e f o r e  n o t  m i n i m i z e  

t o t a l  e x p e c t e d  c o s t s .  By knowi ng t h e  p o i n t  where  m a r g i n a l  

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

c o m p a n y ' s  l o s s e s  t o  t h e  l o w e s t  p o s s i b l e  d o l l a r  a m o u n t ,

$ 3 5 0 , 0 0 0 .  I f  no p r e p a r a t i o n  wer e  d o n e ,  t h e  company l o s s  

c o u l d  amount  t o  t h e  t o t a l  o f  t h e  a wa r d s  p l u s  t h e  c o s t s  o f

g o i n g  t o  t r i a l  i f  t h e  a c t i o n s  were  d e f e n d e d ,  $ 4 4 7 , 0 0 0 ,  an 

amount  h i g h e r  t h a n  t h e  minimum c a l c u l a t e d .  T h i s  i s  a 

s a v i n g s  t o  t h e  mi n i n g  company o f  $ 9 3 , 0 0 0 .
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By c h a n g i n g  p ^M̂ max f rom 0 . 6  t o  0 . 3 ,  and maki ng  

a s s o c i a t e d  c h a n g e s  t o  t h e  f u n c t i o n  as  shown i n  F i g u r e

6 . 3 ,  t h e  c u r v e  shown i n  F i g u r e  6 . 4  r e s u l t s .  T h i s  shows 

t h a t  t h e  minimum p o i n t  on t h e  c u r v e  i s  now a bove  t h e  x on 

t h e  v e r t i c a l  a x i s ,  t h e  f i r s t  g e n e r a l  c a t e g o r y  o f  r e s u l t s .  

T h u s , c o u n s e l  l e a r n s  b e f o r e  e x p e n d i n g  any money on g e n e r a l  

p r e p a r a t i o n  t h a t  i t  i s  l e s s  e x p e n s i v e  t o  pay t h e s e  s u i t s  

i m m e d i a t e l y  r a t h e r  t h a n  i n c u r  f i x e d  c o s t s ,  , and 

p r e p a r a t i o n  c o s t s ,  . T h i s  i s  an i m p o r t a n t  p i e c e  o f

i n f o r m a t i o n  and c r e a t e s  i mme d i a t e  s a v i n g s .  The o n l y  

e x p e n s e  t o  t h e  company i s  t h e  t i m e  t o  run  t h e  p r og r a m whi ch  

i s  t r i v i a l .

F i g u r e s  6 . 5 ,  6 . 6 ,  and 6 . 7 ,  c o n t a i n  t h e  r e s u l t s  f rom a

f i n a l  s e t  o f  e x a m p l e s .  Assumi ng t h a t  10 men were  i n j u r e d  

o r  k i l l e d  i n  a mi ne  e x p l o s i o n ,  two r u n s  were  made u s i n g

ESTOP. P ( o ) , P ( d ) , and P (M) wer e  c h o s e n  t o  r e p r e s e n t  a

p r o - d e f e n s e  and t h e n  a p r o - o f f e n s e  p o i n t  o f  v i e w .  F i g u r e  

6 . 5  i s  t h e  p r e p a r a t i o n  c o s t  f u n c t i o n .  F i g u r e  6 . 6  shows a 

p r o - o f f e n s e  p r o b a b i l i t y  o f  c o l l a t e r a l  e s t o p p e l , and shows 

t h a t  t h e  minimum EV i s  a bove  t h e  s m a l l  x.  The r e q u e s t e d  

a mo u n t s  s h o u l d  be p a i d .  F i g u r e  6 . 7  shows a p r o - d e f e n s e  

p r o b a b i l i t y  o f  c o l l a t e r a l  e s t o p p e l . In t h i s  i n s t a n c e ,  t h e
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company c o u l d  s a v e  $ 1 , 6 2 0 , 0 0 0  o f  t h e  amount  j u s t  r e q u e s t e d

i n  t o t a l  awa r ds  by i n v e s t i n g  $ 1 , 0 0 0 , 0 0 0  i n  g e n e r a l

p r e p a r a t i o n ,  and ,  would need o n l y  a 0 . 3 3  p r o b a b i l i t y  o f

wi n n i n g  on t h e  m e r i t s  t o  a c c o m p l i s h  t h i s  s a v i n g s .

The n e x t  c h a p t e r  i n c l u d e s  a b r i e f  summary o f  t h i s

t h e s i s  and some s u g g e s t i o n s  f o r  f u r t h e r  r e s e a r c h .
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C h a p t e r  7

SUMMARY AND SUGGESTIONS FOR FURTHER RESEARCH

T h i s  t h e s i s  b e gan  w i t h  a r e v i e w  o f  p r i o r  l i t e r a t u r e  in 

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

q u a n t i t a t i v e  me t hods  o f  a n a l y s i s  had p r e v i o u s l y  be en  

d e v e l o p e d  t o  e v a l u a t e  s e t t l e m e n t  v e r s u s  l i t i g a t i o n  

a l t e r n a t i v e s .  Some d e c i s i o n  a n a l y s i s  h a s  a l s o  been 

d e v e l o p e d  and a p p l i e d  t o  s y s t e m - w i d e  c o n c e r n s  w i t h i n  t h e  

l e g a l  f i e l d .  No p r i o r  work ha s  bee n  done  r e g a r d i n g  

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

C h a p t e r  3 began  w i t h  t h e  d e v e l o p m e n t  o f  f o u r  b a s i c  

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

u n d e r l y i n g  c o l l a t e r a l  e s t o p p e l  i n  C h a p t e r  2.  The 

a s s u m p t i o n s  a r e :

1. The n c a s e s  b e i n g  c o n s i d e r e d  a r e  r e l a t e d  t o  e ach  

o t h e r  and c o l l a t e r a l  e s t o p p e l  i s  p o s s i b l e .

P(o)  i  0, ( 3 . 1 a )

P (d ) i  0 ( 3 . 1 b )
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2.  The s e c ond  a s s u m p t i o n  i s  t h a t  i f  c o l l a t e r a l  

e s t o p p e l  i s  n o t  i n v o k e d , t h e  p r o b a b i l i t y  o f  w i n n i n g  on t h e  

m e r i t s  a t  t r i a l  i s  t h e  same f o r  a l l  n r e l a t e d  c a s e s .

A l s o ,  s i n c e  w i n n i n g  and l o s i n g  a r e  m u t u a l l y  e x c l u s i v e , t h e  

p r o b a b i l i t i e s  o f  t h e  e v e n t s  o f  w i n n i n g  on t h e  m e r i t s  and 

l o s i n g  on t h e  m e r i t s  mus t  sum t o  1 .

3.  The t h i r d  a s s u m p t i o n  i s  t h a t  w i t h i n  e ac h  p o o l  o f  

c a s e s  ( one  o f f e n s e ,  one  d e f e n s e ) ,  t h e  p r o b a b i l i t y  o f  a 

j u d g me n t  i n  any one  c a s e  b e i n g  used  t o  i n v o k e  c o l l a t e r a l  

e s t o p p e l  i s  t h e  same f o r  a l l  c a s e s  w i t h i n  t h a t  p o o l .  The 

b a s i s  f o r  t h i s  i s  t h e  F u l l  F a i t h  and C r e d i t  C l a u s e  o f  t h e  

C o n s t i t u t i o n  whi ch  s t a t e s  t h a t  any s t a t e  s h o u l d  u p h o l d  a 

f i n a l  j u d g me n t  f rom any o t h e r  s t a t e .

P ( M ) ,  V i  and j .  ( 3 . 2 )
j

P ( M) + P( M' )  = 1. ( 3 . 3 )
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P(o ) = P(o  ) ,  V i  < j ,  k < m; ( 3 . 4 a )
i  j  km

P(d ) = P(d ) ,  V i  < j ,  k < m. ( 3 . 4 b )
i  j  km

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

d e f e n d a n t  have  d i f f e r e n t  p r o b a b i l i t i e s  o f  c o l l a t e r a l

e s t o p p e l  b e i n g  i n v o k e d .  The c o u r t s  a r e  g e n e r a l l y  more

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

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

c o u r t .

P(o)  /  P ( d ) ,  and ( 3 . 5 a )

P[0 ! ( i , r ) ] i  P [ D ! ( i , r  ) ] .
i+1 i+1

( 3 . 5 b )

Wi t h  t h e s e  a s s u m p t i o n s ,  t h e  v a r i o u s  p r o b a b i l i t i e s  o f  

w i n n i n g  o r  l o s i n g  c a s e  ( i + 1 )  g i v e n  s t a t e  ( i , r )  and t h e  

p r o b a b i l i t i e s  o f  w i n n i n g  o r  l o s i n g  c a s e  i wer e  d e v e l o p e d .  

The p r o b a b i l i t y  o f  s t a t e  ( i , r ) was a l s o  d e v e l o p e d .  

F i n a l l y ,  t h e  e x p e c t e d  v a l u e  o f  a s i n g l e  c a s e  and o f  a l l  n 

c a s e s  was d e t e r m i n e d .
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C h a p t e r  4 d e v e l o p e d  t h e  r e l a t i o n s h i p  b e t we e n  g e n e r a l

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

t h e  m e r i t s .  T h i s  r e l a t i o n s h i p  can  be r e p r e s e n t e d  by an 

8 - s h a p e d  c u r v e  whi ch  can be e s t i m a t e d  by a c u b i c  e q u a t i o n .  

An e x p l a n a t i o n  o f  how d e f e n s e  c o u n s e l  c o u l d  e s t i m a t e

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

was a l s o  p r o v i d e d .

C h a p t e r  5 showed how t h e  opt imum amount  t o  spend on 

g e n e r a l  p r e p a r a t i o n  C^ ca n  be d e t e r m i n e d . T h i s  opt imum 

amount  i s  t h e  e c o n o m i c a l l y  e f f i c i e n t  p o i n t  whi ch

c o r r e s p o n d s  t o  m a r g i n a l  c o s t  e q u a l l i n g  m a r g i n a l  b e n e f i t .

I t  i s  i m p o r t a n t  t o  r emember  t h a t  a l t h o u g h  e x p e c t e d  v a l u e  i s  

a c o s t  i n  t h a t  i t  i s  t h e  amount  o f  a wa r d s  t h a t  c a n  be

e x p e c t e d  t o  be p a i d ,  i t  i s  a b e n e f i t  t o  t h e  company b e c a u s e  

i t  r e p r e s e n t s  s a v i n g s  by m i n i m i z i n g  t h a t  e x p e c t e d  v a l u e .

C h a p t e r  6 showed two s m a l l  r e p r e s e n t a t i v e  p r o b l e ms

w i t h  t h r e e  and t e n  r e l a t e d  c a s e s  and d e t a i l e d  t h e

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

i n t e r e s t  i n  r e l a t e d  c a s e s  b e i n g  i l l u s t r a t e d  by t h e

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

i n d i v i d u a l l y  and t h e  e x p e c t e d  v a l u e  c a l c u l a t e d  t a k i n g  i n t o  

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

A f i n a l  p o i n t  s h o u l d  be made r e g a r d i n g  t h e  l i m i t a t i o n s
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on t h e  u s e  o f  c o l l a t e r a l  e s t o p p e l  and t h e r e f o r e  t h i s

p a r t i c u l a r  met hod o f  a n a l y s i s .  C o l l a t e r a l  e s t o p p e l  a p p l i e s  

o n l y  t o  i s s u e s  o r  f a c t s ,  n o t  t h e  t h e  way t h o s e  f a c t s  o r  

i s s u e s  a r e  t h e n  r e s o l v e d  o r  i n t e r p r e t e d  by t h e  l a w.  An 

e x a mp l e  s h o u l d  h e l p .  Mr.  Brown and Mr.  Smi t h  l i t i g a t e d  t h e  

i s s u e  o f  who owned t h e  s u r f a c e  r i g h t s  and who owned t h e

m i n e r a l  e s t a t e .  The c o u r t  i n  j u r i s d i c t i o n  A r u l e d  t h a t  Mr.

Brown owned t h e  m i n e r a l  r i g h t s  and Mr.  Smi t h  owned t h e  

s u r f a c e  r i g h t s .  In  j u r i s d i c t i o n  A, t h e  e x i s t e n c e  o f  t h e

f a c t  o f  o w n e r s h i p  o f  t h e  m i n e r a l  e s t a t e  meant  t h a t  Mr. 

Brown c o u l d  empl oy s u r f a c e  mi n i n g  t e c h n i q u e s  even  t h o u g h  

t h a t  would t e m p o r a r i l y  d e s t r o y  Mr.  S m i t h ’ s s u r f a c e  e s t a t e .  

The s e  men a l s o  own a p a r c e l  o f  l a n d  i n  j u r i s d i c t i o n  B. Mr.  

Brown c o u l d  a s k  t h e  c o u r t  t o  a p p l y  o f f e n s i v e  c o l l a t e r a l  

e s t o p p e l  s i n c e  he ha s  a j u d g me n t  d e t e r m i n i n g  o w n e r s h i p  o f  

t h e  s u r f a c e  v e r s u s  m i n e r a l  e s t a t e s  u n d e r  an i d e n t i c a l  deed 

f rom j u r i s d i c t i o n  A. The c o u r t  i n  j u r i s d i c t i o n  B c o u l d  i n  

f a c t  i n v o k e  c o l l a t e r a l  e s t o p p e l  and a f f i x  t h e  m i n e r a l  

e s t a t e  o w n e r s h i p  i n  Mr.  Brown and t h e  s u r f a c e  e s t a t e

o w n e r s h i p  i n  Mr.  S m i t h . Ho we v e r , i n  j u r i s d i c t i o n  B, 

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

t o  employ s u r f a c e  m i n i n g  t e c h n i q u e s  i f  i t  p r o d u c e s  

s i g n i f i c a n t  damage t o  t h e  s u r f a c e  e s t a t e .  Thus ,  t h e  f a c t  

o r  i s s u e  i s  i d e n t i c a l  i n  b o t h  j u r i s d i c t i o n s ,  Mr. Brown owns
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t h e  m i n e r a l  e s t a t e .  The c o n s e q u e n c e s  o f  t h e  e x i s t e n c e  o f  

o w n e r s h i p ,  h o weve r ,  i s  a m a t t e r  o f  s u b s t a n t i t i v e  l aw and i s  

u n i q u e  t o  e ach  j u r i s d i c t i o n .  C o l l a t e r a l  e s t o p p e l  can  be 

v e r y  b r o a d  i n  some r e s p e c t s ,  b u t  i t  i s  a l s o  q u i t e  l i m i t e d  

b e c a u s e  o f  t h e  v a r y i n g  s t a t u t o r y  c o n s t r u c t i o n  and 

i n t e r p r e t a t i o n  o f  l aw i n  d i f f e r e n t  j u r i s d i c t i o n s .  C a u t i o n  

mus t  be us ed  when c h o o s i n g  a p p r o p r i a t e  r e l a t e d  c a s e s  upon 

whi ch  t o  a p p l y  t h i s  a n a l y s i s .

F u r t h e r  r e s e a r c h  in t h i s  a r e a  would i n c l u d e  such  

t o p i c s  as  s e n s i t i v i t y  s t u d i e s  o f  t h e  unknowns  P ( o ) ,  P ( d ) ,  

and P (M) . Th a t  i s ,  i f  c o u n s e l  had an a d d i t i o n a l  $ 1 0 , 0 0 0  t o  

s p e n d , would c o u n s e l  p r e f e r  t o  "buy"  a d d i t i o n a l  P(M) or  

a d d i t i o n a l  P ( d ) ? S t u d i e s  c o u l d  a l s o  be done  t o  d e t e r m i n e  

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

s e t t l i n g  many e a r l y  c a s e s ,  upon t h e  e x p e c t e d  v a l u e  o f  t h e  n 

c a s e s . I t  may a l s o  be p o s s i b l e  t o  d e t e r m i n e  some number  

n ’ , t h i s  would be t h e  minimum number  o f  c a s e s  n e c e s s a r y  t o  

c o n s i d e r  i m p l e m e n t i n g  t h i s  r e l a t e d  a n a l y s i s .  T h i s  met hod 

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

t h e  company a s  l o s t  management  t i m e  and s i m i l a r  r e s o u r c e s .  

Wi t h  s u c h  a d d i t i o n a l  r e s e a r c h ,  t h i s  met hod s h o u l d  p r o v e  t o  

be  a v a l u a b l e  t o o l  f o r  a m i n e r a l s  f i r m  i n v o l v e d  i n  r e l a t e d  

c a s e s  i n  l i t i g a t i o n .
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E q u a t i o n s  ( 3 . 6  -  3 . 1 1 b )  are  r e p e a t e d  below t o

t h a t  t h e y  a r e  a l l  i n  t e r m s  o f  P(M) and t h e  p a r a m e t e r s  

and P ( d ) :

( 3 . 6 )

PCD’ ! ( i  , r  ) ] = (1 -  P (d ) )
i  + 1 1 1

j  = 1

( 3 . 7 )
r

P [ n 1 ! ( i , r ) ]  = [1 -  P(d)  ] ,
i  + 1

( 3 . 8 )

PCD ! ( i  , r  ) ] 
i  + 1

PCD’
i+1

( i  , r  ) ] = 1

( 3 . 9 )

PCD ! ( i , r )  ] = 1 -  PCD’ ! ( i  , r ) ] , 
i+1 i+1

( 3 . 1 0 )
r

PCD ! ( i  , r ) ] = 1 -  [1 -  P ( d ) ] ,
i+1

show

P(o)
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( 3 .  11a)
i - r

P[0  ! ( i  , r ) ] = 1 -  [1 - P ( o ) ] , and
i+1

( 3 . 1 1 b )
i - r

P [ 0 '  ! ( i  , r  ) ] = [1 -  P ( o ) ]
i+1

E q u a t i o n s  ( 3 . 1 2 ) ,  ( 3 . 1 3 ) ,  and ( 3 . 1 4 )  can  be r e d u c e d  t o

e q u i v a l e n t  f orms  i n  t e r m s  o f  P(M) and P( o)  and P(d)  w i t h  a 

few s u b s t i t u t i o n s  a s  shown b e l o w .

S t a r t i n g  w i t h  E q u a t i o n  ( 3 . 1 2 )  wh i c h  i s  r e p e a t e d  be l ow 

f o r  t h e  r e a d e r ’ s c o n v e n i e n c e ,

( 3 . 1 2 )

P[T ! ( i  , r ) ] = P [ 0 ’ ! ( i , r ) ] P [ D ’ i ( i , r )  ]
i+1 i+1 i+1

+ P CO ! ( i , r ) ] P [ D  ! ( i  , r  ) ] ,
i+1 i+1

s u b s t i t u t i n g  from Equat i on  ( 3 . 1 1 b ) ,  y i e l d s
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P [T ! ( i  , r ) ] = [ l - P ( o ) ]  P [ D ' ! ( i  , r ) ]
i+1 i+1

+ P[ 0  ! ( i , r ) ]P[D ! ( i  , r  ) ] ,
i+1 i+1

s u b s t i t u t i n g  f rom E q u a t i o n  ( 3 . 7 )  g i v e s

i - r  r
P[T ! ( i  , r  ) ] = [ 1 - P ( o ) l  [ 1 - P ( d ) ]

i+1

+ P [ 0  ! ( i  , r )  ]P[D | . ( i  , r ) ] .
i+1 i+1

S u b s t i t u t i n g  f rom ( 3 . 1 1 a )  g i v e s

i - r  r
P [ T ! ( i  , r ) ] = [ 1 - P ( o ) ] [ 1 - P ( d ) ]

i  + 1

r
+ {1 — C1 —P ( o ) ] } P [ D ! ( i  , r  ) ] ,

i  + i

s u b s t i t u t i n g  f rom ( 3 . 1 0 )  y i e l d s  t h e  f i n a l  r e s u l t

and

and
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i - r r
P[T ! ( i  , r ) ] = [ 1 - P ( o ) ] [ 1 - P ( d ) ]

i+1

i - r r
+ {1 — [ 1 —P ( o ) ] }{1 - [ 1 - P ( d )  ] },  (A.  1)

whi ch  e x p r e s s e s  P [ T^ +  ̂ ! ( i , r ) ]  i n  t e r m s  o f  t h e  p a r a m e t e r s  

P( o)  and P ( d ) .

A s i m i l a r  p r o c e d u r e  i s  f o l l o w e d  f o r  E q u a t i o n  ( 3 . 1 3 ) .

( 3 . 1 3 )

P[W ! ( i  , r  ) ] = P(M) P[T I ( i , r  ) ]
i+1 i+1

+ PCD ! ( i , r ) ] P [ 0 ’ i ( i , r ) ] ,  
i+1 i+1

s u b s t i t u t i n g  f rom E q u a t i o n  ( 3 . 1 2 )

PEW ! ( i , r )  = P ( M ) ( P [ 0 ’ ! ( i , r ) ] P [ n ' | ( i , r ) ]
i+1 x Î + 1 i+1

and e a c h  o f  t h e s e  t e r m s  has  b e e n  shown t o  be e x p r e s s i b l e  i n  

t e r m s  o f  t h e  p a r a m e t e r s  P( o)  and P ( d ) .

+ PEO ! ( i , r ) ] P E D  ! ( i , r )  ] )
i+1 i+1

+ PED ! ( i , r ) ] P [ 0 '  ! ( i  , r ) ] , ( A . 2)
i  + 1 i+1
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E q u a t i o n  ( 3 . 1 4 )  i s  r e p e a t e d  and a s i m i l a r  p r o c e d u r e  i s  

f o l l o w e d .

( 3 . 1 4 )

P[L ! ( i , r ) ] = P(M' )P[T ! ( i  , r  ) ] 
i+1 i+1

+ PEO ! ( i , r ) ]P[D 1 ! ( i , r ) ] ,
i+1 i+1

s u b s t i t u t i n g  f rom E q u a t i o n  ( 3 . 1 2 )  y i e l d s

PEL ! ( i  , r ) ] = P ( M ' ) ( p [ 0 '  ! ( i , r ) ] P [ D 1 I ( i , r )  ]
i+1 x i+1 i+1

+ PEO ! ( i , r ) ] P E D  ! ( i , r ) ] )
i+1 i+1 7

+ PEO ! ( i , r ) ]PED ' ! ( i  , r ) ] ,
i+1 i+1

s u b s t i t u t i n g  f o r  P ( M 1 ) g i v e s

PEL ! ( i  , r  ) ] = El -  P ( M ) ] ( P E 0 '  l ( i , r ) ] P [ D '  ! ( i , r )  ]
i+1 x i+1 i+1

+ PEO ! ( i , r ) ] P E D  ! ( i , r ) ])
i+1 i+1 7

+ PEO ! ( i , r ) ] P [ D '  ! ( i  , r ) ] ,
i+1 i+1

R e a r r a n g i n g  t e r m s  and s i g n s  y i e l d s
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PEL ( i  , r ) ]  = { P [ 0 ’ ( i , r ) ] P [ D ‘ i ( i , r ) ]
i+1 i+1 i + 1

+ P[0  ! ( i , r ) ] P [ D
i+1 i+1

( i , r ) ]

+ P[0* j ( i  , r ) ]P[D 
i+1 i+1

( i  , r  ) ]}

P ( M ) ( P [ 0 ' ! ( i , r ) ] P [ D 1 ! ( i , r )
i  + 1i  + 1

PCO ! ( i , r ) ] P [ D  
i+1 i+1

( i , r ) l ) ,  ( A . 3)

and e a c h  o f  t h e s e  t e r m s  was e x p r e s s e d  i n  t e r m s  o f  P( o)  and

P(d)  i n  t h e  d e r i v a t i o n  o f  E q u a t i o n  ( A. 1 )  a b o v e .

E q u a t i o n  ( 3 . 1 7 )  u s e s  t h e  i n d u c t i o n  p r o o f  i n  t h e  t e x t

f o r  t h e  r e d u c t i o n  o f  E q u a t i o n  ( 3 . 1 6 ) ,  P ( i , r ) ,  and t h e

f o l l o w i n g  s u b s t i t u t i o n ,

( 3 . 1 7 )

i

r  = 0

s u b s t i t u t i n g  f rom E q u a t i o n  ( A . 2) y i e l d s
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i T

P(W ) = )  P ( i , r  ) P ( M ) ( p [ 0 '  ! ( i , r ) ] P[D 1 | ( i , r ) ]
i+1 L -  x i+1 i  + 1

r  = 0 L

+ P[ 0  ! ( i , r ) ] P [ D  i ( i  , r ) ]
i  + 1 i  + 1

+ PCD ( i , r ) ] P [ 0 '  ! ( i  , r ) ] . ( A . 4)
i+1 i + 1

From t h e  t e x t  we know t h a t  P ( i  , r  ) i s  a f u n c t i o n  o f  P(M) ,

and f rom t h e  a p p e n d i x  we know t h a t  t h e  t e r m s  f o l l o w i n g  P(M)

a r e  a l s o  f u n c t i o n s  o f  t h e  p a r a m e t e r s  P( o)  and P ( d ) , so

E q u a t i o n  ( 3 . 1 7 )  i s  a f u n c t i o n  o f  P(M) and t h e  p a r a m e t e r s  

P( o )  and P ( d ) .

E q u a t i o n  ( 3 . 1 8 )  i s  r e p e a t e d  and E q u a t i o n  ( A . 3) i s

s u b s t i t u t e d  .

( 3 . 1 8 )

i

P(L
i+1

P ( i , r ) P [ L  ! ( i  , r ) ]  ,
i  + 1

r  = 0

s u b s t i t u t i n g  E q u a t i o n  ( A . 3) y i e l d s
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P (L ) 
i+1 ■E

r  = 0

P ( i  , r  ) ( P [ 0 '  ! ( i  , r  ) ] P [ D ’ ! ( i , r )  ]
x i  + 1 i  + 1

+ P[ 0  | ( i , r ) ] P [ D  ! ( i  , r  ) ]
i+1 i+1

+ P[ 0  i ( i , r ) ] P [ D f ! ( i , r ) ] )
i+1 i+1 z

-  P ( M) ( P[ 0»  ! ( i , r ) ] P [ D ’ ! ( i  , r ) ]
i+1 i+1

+ P[0 ! ( i , r ) ] P [ D i ( i , r )  ] )
i+1 i+1

( A . 5)

wh i c h  shows P( L^+ ^) i n  t e r m s  o f  P ( M) , P ( i , r ) whi ch  i s  a 

f u n c t i o n  o f  P ( M) ( f r om t h e  t e x t ) ,  and t h e  r e m a i n i n g  t e r m s  

whi ch  have  been  d e f i n e d  i n  t e r m s  o f  P(M) p r e v i o u s l y  i n  t h i s  

a p p e n d i x .  T h e r e f o r e ,  E q u a t i o n  ( 3 . 1 8 )  i s  a f u n c t i o n  o f  P ( M) 

and t h e  p a r a m e t e r s  P( o)  and P ( d ) .

The r e m a i n i n g  t h r e e  e q u a t i o n s  a r e  t h e  e x p e c t e d  v a l u e  

e q u a t i o n s .  A g a i n , t h e  o r i g i n a l  e q u a t i o n  w i l l  be r e p r o d u c e d  

and t h e  s u b s t i t u t i o n s  made.



T-2782

( 3 . 2 6 )

EV E [A P(L ) + C ] ,  
i  i  t

i  = 1

s u b s t i t u t i n g  E q u a t i o n  ( A. 5 )  g i v e s

EV [A P ( i , r ) f (

i= 1

PCO» ! ( i , r ) P [ D '  ! ( i , r )  ]
i+1 i+1

+ P[ 0  ! ( i , r ) ] P[D ! ( i  , r  ) ]
i+1 i+1

PCO ! ( i , r ) ] P [ D ' ! ( i , r ) ] )
i+1 i+1 z

-  P ( M ) ( p [ 0 '  ! ( i , r ) ] P [ D '  ! ( i  , t  ) ]
x i+1 i+1

+ PCO I ( i , r ) ] P CD ! ( i  , r ) ]  
i+1 i+1 » C , 

t
i

113

( A . 6)

whi ch  shows E q u a t i o n  ( 3 . 2 6 )  e x p r e s s e d  i n  t e r ms  o f  P(M) and 

t h e  p a r a m e t e r s  P( o)  and P ( d ) , and t h e  c o n s t a n t s  Â  and
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C . The t e r m s  w i t h i n  E q u a t i o n  ( A . 6) h a v i n g  been  e x p r e s s e d  
i

i n  t e r m s  o f  P( o)  and P( d)  and P(M) above  i n  t h i s  a p p e n d i x .

The m u l t i p l i c a t i o n  o f  a t e r m by one  o r  more c o n s t a n t s  do e s

n o t  c h a n g e  t h e  f u n c t i o n a l  form o f  t h e  e q u a t i o n , so t h e

i n c l u s i o n  o f  A. and C d o e s  n o t  c h a nge  t h e  f u n c t i o n a l  form
1 i

o f  E q u a t i o n  ( 3 . 2 6 ) .  T h e r e f o r e ,  E q u a t i o n  ( 3 . 2 6 )  i s  

e x p r e s s i b l e  i n  t e r ms  o f  P(M) and P(o)  and P ( d ) .

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

e q u a t i o n  and making s u b s t i t u t i o n s  i s  f o l l o w e d  f o r  E q u a t i o n

( 3 . 2 7 ) .

( 3 . 2 7 )

- t

PEV = [A P(L ) + C ] (1  + d) ,
i  i  i  t

s u b s t i t u t i n g  f rom E q u a t i o n  ( A . 4) y i e l d s  E q u a t i o n  ( A . 6) 

i m m e d i a t e l y  above  w i t h  t h e  m u l t i p l i c a t i o n  by (1+d)  , whi ch

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

i n  E q u a t i o n  ( 3 . 2 6 ) .  S i n c e  t h e  t e r m s  i n  E q u a t i o n  ( 3 . 2 6 )  can 

be e x p r e s s e d  i n  t e r m s  o f  P(M),  P ( o ) , and P ( d ) , t h e  

m u l t i p l i c a t i o n  o f  t h o s e  t e r m s  by a c o n s t a n t  do e s  n o t  c h a n g e  

t h e i r  f u n c t i o n a l  f o r m,  t h e r e f o r e ,  E q u a t i o n  ( 3 . 2 7 )  can  be
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e x p r e s s e d  i n  t e r m s  o f  P ( M) , P ( o ) , P ( d ) .

E q u a t i o n  ( 3 . 2 8 )  i s  o n l y  a summat i on  o f  many E q u a t i o n s

( 3 . 2 7 )  so t h e  t e r m s  a r e  n o t  a l t e r e d  i n  any ma n n e r .  S i n c e  

E q u a t i o n  ( 3 . 2 7 )  can  be e x p r e s s e d  i n  t e r m s  o f  P(M) and P( o)  

and P ( d ) ,  t h e r e f o r e ,  so can  E q u a t i o n  ( 3 . 2 8 )  be e x p r e s s e d  in  

t h e  same way,

( 3 . 2 8 )

n - t
i

[A P(L ) + C ] ( 1  + d ) . 
i  i  t

i  = 1
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***** COMMON *****
T H I S  F I L E  C O N T A I N S  THE F R E QU E N T L Y  A C C E S S E D  COMMONS THAT  

ARE US ED BY THE E S T O P P E L  E V A L U A T I O N  S OF T WA RE .

REAL P O,  P D ,  PMMAX
REAL POLYPM
REAL P E V ,  P C O S T S
REAL T E MP I  , T E MP 2
REAL A C O S T S ,  C C O S T S ,  T F C O S T

I N T E G E R  MXP OL Y,  MXTERM 
I N T E G E R  NTE RMS ,  P E V T R M, PCTERM 
I N T E G E R  N C A S E S
I N T E G E R  C A S F I L ,  P R P F I L ,  R P T F I L

C D E F I N E  MAXIMUM NUMBER OF P OL Y NOMI A L S  WE CAN S T OR E

PARAMETER ( M X P 0 L Y = 1 0 0 )

C D E F I N E  MAXIMUM NUMBER OF TERMS  I N  A POLYNOMI AL

PARAMETER ( M X T E R M = MX P O L Y + 1 )

C T H I S  COMMON HOLDS  I N F O R MA T I O N  ABOUT THE P OL YN OMI AL S  I N  " P ( M ) "
C NOTE THAT THE P OL YN OMI AL S  ARE S T OR E D  BY COLUMN!

COMMON / P O L Y S /  P O L Y P M( MXTE RM, MX P O L Y ) ,  N T E R M S ( MXP OL Y )

C T H I S  COMMON HOLDS  THE E X P E C T E D  VALUE P OLYNOMI AL I N  " P ( M ) " AND
C THE P R E P A R A T I O N  COS T C U B I C ,  AL S O I N  " P ( M ) "

COMMON / C O S T S /  P E V ( MXTERM) ,  PEVTRM , P C O S T S ( 4 ) ,  P CTERM,
$ A C O S T S ( M X T E R M ) , C C O S T S ( MXTERM) ,  T F C O S T

COMMON / T E M P S /  T E M P I ( M X T E R M ) , T E M P 2 ( M X T E R M )

COMMON / P R O B S /  P O ,  P D,  PMMAX

COMMON / C A S E S /  N C A S E S

COMMON / F I L E S /  C A S F I L ,  P R P F I L ,  R P T F I L
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***** E S T O P  *****
BY WAYNE WAL L,  C S M , NOV 1 9 8 3

T H I S  PROGRAM I S  A D R I V E R  FOR THE E S T O P P E L  E V A L U A T I ON  
R O U T I N E S  US ED I N  ANN R H I A N ' S  T H E S I S .

I M P L I C I T  REAL ( A - Z )

I N C L U D E  ' COMMON'

I N T E G E R  T R M I N P ,  TRMOUT,  I ,  R 
I N T E G E R  I P R E V  
I N T E G E R  P OL Y ,  TERM 
I N T E G E R  CAS E

CHARACTER G D E V * 5 ,  G F I L E M O ,  AN S WE R * !

L O G I C A L  E O F ,  I E R R  

D I M E N S I O N  P L ( MXTERM)

C PERFORM I N I T I A L I Z A T I O N  BY C L E A R I N G  OUT AL L THE P OL Y NOMI A L S  I N  ” P ( M ) "

DO 2 0  POLY = 1 ,  MXPOLY

NTERMSC P O L Y )  = 1 

DO 1 0  TERM = 1 ,  MXTERM

P OL Y P M( P O L Y , T E R M) = 0 . 0

1 0  C ON T I NU E

2 0  C O N T I N U E

C A L S O  CLEAR OUT ALL OTHER P OL Y N OMI AL S

DO 3 0  TERM = 1 ,  MXTERM

P E V ( T E R M ) = 0 . 0
T EMP I  ( TE RM)  = 0 . 0  
T E MP 2 CT E R M)  = 0 . 0

3 0  C ON T I NUE

PEVTRM = 1

C A L S O CLEAR OUT THE P R E P A R A T I O N  COST C U B I C

PCTERM = 4

DO 4 0  TERM = 1 ,  PCTERM

PC O S T S ( T E R M) = 0 . 0

4 0  C ON T I NU E
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C A S S O C I A T E  L OGI C A L  U N I T  NUMBERS  WI TH U S E R ' S  T E R MI NA L

T R MI N P  = 1 
TRMOUT = 2

CALL O P N T R M ( T R M I N P , T R M O U T )

C PROMPT THE US ER FOR THE P R O B A B I L I T Y  OF THE EVENT THAT THE O F F E N S E  HAS
C AT L E A S T  ONE D E T E R MI N AN T  CAS E  I N  I T S  POOL WHI CH WI L L  E S T O P  EACH CASE.

CALL PROMPT
$ ( ' E n t e r  p r o b a b i l i t y  o f f e n s e  h a s  a p r i o r  e s t o p p e l  c a s e  P ( o ) : ' )

READ ( T R M I N P , * )  PO

C PROMPT THE USER FOR THE P R O B A B I L I T Y  OF THE EVE NT THAT THE D E F E N S E  HAS
C AT L E A S T  ONE D E T E R MI N A N T  CAS E  I N  I T S  POOL WHI CH WI L L  E S T O P  EACH CASE.

CALL PROMPT
$  ( ' E n t e r  p r o b a b i l i t y  d e f e n s e  h a s  a p r i o r  e s t o p p e l  c a s e  P ( d ) :  ' )

READ ( T R M I N P , * )  PD

C A S S O C I A T E  L OGI C A L  U N I T  NUMBERS  WI TH CAS E I NF OR MA T I ON  F I L E  AND
C THE D I S C O V E R Y  C OS T  I NF O R MA T I O N  F I L E

C A S F I L  = 3 
P R P F I L  = 4  
R P T F I L  = 5

CALL O P N I N S ( C A S F I L , ' E n t e r  n a m e  o f  c a s e  i n f o r m a t i o n  f i l e :  ' )
CALL O P N I N S

$  ( P R P F I L , ' E n t e r  n a m e  o f  p r e p a r a t i o n  c o s t  i n f o  f i l e :  ' )

C A S S O C I A T E  L OGI C A L  U N I T  NUMBER WI TH A R E P ORT F I L E

CALL O P N O T S ( R P T F I L , ' E n t e r  n a m e  o f  f i l e  t o  c o n t a i n  r e p o r t  : ' )

C NOW I N P U T  THE CAS E  I N F O R MA T I O N  AND THE P R E P A R A T I O N  COS T  I NF ORMAT I ON

CALL I N P I N F
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C COMPUTE THE E X P E C T E D  VALUE A S  A F U N C T I O N  OF " P ( M ) ’’ FOR ALL
C P O S S I B L E  S T A T E S .

C S E T U P  P ( 0 , 0 )  I N T O  POLYPM

P OL Y P M( 1 , 1 )  = 1 . 0  
N T E R M S ( 1 )  = 1

DO 6 0 0  1 = 1 ,  N C A S E S

C AS E  = I

C OUTP UT THE P C I - 1 , R )  V A L U E S  TO REP ORT F I L E

DO 1 0 0  POLY = 1 ,  CAS E

WRI T E  ( R P T F I L , 5 0 )  C A S E - 1 ,  P O L Y - 1  
5 0  F O R M A T C I X , ' P C ' , 1 2 , ' , 1 , 1 2 , ' )  = ' , $ )

CALL P O L Y O T C R P T F I L , P O L Y P M ( 1 , P O L Y ) , N T E R M S ( P O L Y >)

1 0 0  C O NT I NUE

WR I T E  ( R P T F I L , * )

C NOW COMPUTE THE P ( L )  VALUE FOR T H I S  CAS E

DO 2 0 0  TERM = 1 ,  CAS E + 1

P L ( T E R M )  r  0 . 0

2 0 0  CON T I NU E

DO 4 0 0  R = 1 ,  CAS E

DO 2 5 0  TERM = 1 ,  N T E R M S ( R )

T E M P I ( T E R M )  = P OL Y P M( T E R M , R )

2 5 0  C ON T I NU E

CALL P B L O S E  ( C A S E - 1 , R - 1 , A L , B L )

CALL MU L L I N ( T E M P I , N T E R M S ( R ) , A L , B L )

DO 3 0 0  TERM = 1 ,  N T E R M S ( R )  + 1 

P L ( T E R M )  z P L ( T E R M ) + T E M P I ( T E R M )

3 0 0  C ONT I NUE

4 0 0  C ON T I NU E
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c

4 1 0  

C

c

500

6 0 0

C

610

NOW OUTP UT THE P L ( C A S E )  VALUE TO THE RE P ORT F I L E

WR I T E  ( R P T F I L , 4 1 0 )  CAS E  
F O R M A T O X , ' P L (  M 2 ,  ' ) = ' , $ )

CALL POLYOT ( R P T F I L , P L , C A S E + 1 )

WRI T E  ( R P T F I L , * )

COMPUTE THE P ( I , R )  V A L U E S  FOR T H I S  CAS E  

CALL C O M P I R ( C A S E )

NOW UP DATE THE R UN NI NG E X P E C T E D  VALUE SUM 

DO 5 0 0  TERM = 1 ,  CAS E  + 1

P E V ( T E R M ) = P E V ( T E R M ) + A C O S T S ( C A S E )  * P L ( T E R M )  

C ON T I NU E

P E V ( 1 )  = P E V ( l )  + C C O S T S ( C A S E )

C ON T I NU E

OUTP UT THE E X P E C T E D  VALUE E X P R E S S I O N

WRI T E ( R P T F I L , 6 1 0 )
F O R M A T ( I X , ’ PEV = ' , $ )

CALL POLYOT ( R P T F I L , P E V , N C A S E S + 1 )
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c

700

PROMPT USER FOR THE P L O T T I N G  D E V I C E

CALL P R O MP T ( *  E n t e r  n a m e  o f  p l o t t i n g  d e v i c e  : ' )
CALL I N P L I N ( T R M I N P , G D E V , E O F )

CALL P R OMP T ( ' S h a l l  I  p l o t  t h e  p r e p a r a t i o n  c o s t  f u n c t i o n ?  ' )
CALL I N P L I N C T R M I N P , A N S W E R , E O F )

I F  ( ( ANS WER . EQ.  ' Y ' )  . O R .  ( ANS WE R . E Q .  ' y ' ) ) THEN

CALL P L O T I T ( G D E V , P C O S T S , P C T E R M , - ! . 0 , ’ P r e p .  C o s t s ' )

E N D I F

ADD THE P R E P A R A T I O N  C O S T S  AND T HE  PEV TO GET THE TOTAL COS T F U N C T I O N  

DO 7 0 0  TERM = 1 ,  PCTERM

P E V ( T E R M )  = P E V ( T E R M ) + P C O S T S ( T E R M )

C ON T I NU E

WRI T E  ( T R M O U T , * )  ' I  w i l l  n o w  p l o t  t h e  T o t a l  C o s t  f u n c t i o n . . . '

CALL P L O T I T  ( G D E V , P E V , N C A S E S + 1 , T F C O S T , ' T o t a l  C o s t s ' )

S T O P
END
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* * * * *  I  N P I  N F * * * * *

I N P I N F : R O U T I N E  TO I N P U T  I N F O R MA T I O N  ABOUT C A S E S  AND P R E P A R A T I O N  C O S T S .  

US AGE : CALL I N P I N F

S U B R O U T I N E  I N P I N F  

I M P L I C I T  I N T E G E R  ( A - Z )

I N C L U D E  ' COMMON'

COMMON / U S R L U N /  U S E R I N ,  U S E ROT  

REAL A ( 3 , 3 ) ,  X ( 3 ) , B ( 3 )

READ ( C A S F I L , * )  N C A S E S

I F  ( N C A S E S  . GT.  MXPOLY ) THEN

CALL F A T A L  ( ' T o o  m a n y  c a s e s  f o r  p r o g r a m  t o  h a n d l e ! ' )

E N D I F

WR I T E  ( R P T F I L , 1 0 )  P O,  P D,  N C A S E S  
1 0  F O R M A T M X ,  ' P r o b a b i l i t y  o f  o f f e n s i v e  e s t o p p e l  = ' , F 6 . 3 , /

$  I X , ' P r o b a b i l i t y  o f  d e f e n s i v e  e s t o p p e l  = ' , F 6 . 3 , /
$  I X , ' N u m b e r  o f  c a s e s  = ' , 1 6 , / / ,
$  I X , ' A w a r d s  F i x e d  C o s t s ' , / )

C NOW I N P U T  THE AWARD C O S T S  AND THE F I X E D  C O S T S  FOR EACH CAS E

C F I R S T  I N P U T  THE NUMBER OF C A S E S  TO BE C O N S I D E R E D

DO 1 0 0  CA S E  = 1 ,  N C A S E S

5 0

READ ( C A S F I L , * )  A C O S T S ( C A S E ) ,  C C O S T S ( C A S E )  
WRI T E  ( R P T F I L , 5 0 )  A C O S T S ( C A S E ) ,  C C O S T S ( C A S E )  
F O R M A T ( I X , 2 F 1 2 . 3 )

T F C O S T  = T F C O S T  + C C O S T S ( C A S E )

100 C O N T I N U E

WR I T E  ( R P T F I L ,  1 1 0 )  T F C O S T  
WRI TE ( U S E R O T , 1 1 0 )  T F C O S T  

1 1 0  F O R M A T ( / , I X , ' T o t a l  f i x e d  l i t i g a t i o n  c o s t s ' , F 1 2 . 3 , / >
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c

c

c

c

c

c

4 0 0

c

410

NOW I N P U T  THE MAXIMUM P O I N T  ON THE P R E P A R A T I O N  COST CURVE  

READ ( P R P F I L , * )  A ( 1 , 1 )  , B ( 1 )

NOW I N P U T  ANOTHER P O I N T  ON THE P R E P A R A T I O N  CURVE NEAR F I R S T  " B E N D "  

READ ( P R P F I L , * )  A ( 3 ,  1 ) , B ( 3 )

F I L L  I N  THE C O E F F I C I E N T  MA T R I X FOR THES E  TWO P O I N T S

A ( 1 , 2 )  = A(  1 , 1 )  * * 2
A ( 1 ,  3 )  = A M  , 1 )  * *  3
A ( 3  » 2 )  = A ( 3 ,  1 )  * *  2
A ( 3 , 3 )  = A ( 3 ,  1 )  * *  3

NOW ADD T H I R D  P O I N T  S O CURVE I S  " S "  S HA P E D

A ( 2 , 1 )  = 0 . 0  
A ( 2 , 2 )  = 2 . 0  
A ( 2 , 3 )  - 3 . 0  * A(  1 , 1 )
B ( 2  ) = 0 . 0

PMMAX = A ( 1 , 1 )

NOW SOLVE FOR THE C O E F F I C E N T S  OF THE P R E P A R A T I O N  CO S T C U B I C  

CALL L I N E ON ( A , X , B , 3 , 3 , I E R R )

I F  ( I E R R  . NE.  0  ) CALL F A T A L ( ’ C a n n o t  f i t  c u b i c  t o  d a t a ! ' )

COPY C O E F F I C I E N T S  I N T O " P C O S T S "

P C O S T S ( 1 )  = 0 . 0

DO 4 0 0  I TEM = 2 ,  PCTERM

P C O S T S ( I T E M ) = X ( I T E M - 1 )

C O NT I NUE

OUTP UT THE P R E P A R A T I O N  COS T  F U N C T I O N

WR I T E  ( R P T F I L , 4 1 0 )
F O R M A T M X ,  ' P r e p  C o s t :  ' , $ )

CALL POLYOT ( R P T F I L , P C O S T S , P C T E R M )

WRI T E ( R P T F I L , * )

RETURN
END
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***** C O MP I R  *****
BY WAYNE WALL ,  CSM,  NOV 1 9 8 3

C O M P I R : R OU T I NE  TO COMPUTE THE P OLY N OMI A L S  I N  " P ( M ) " WHI CH D E S C R I B E
THE P R O B A B I L I T Y  OF REACHI NG ALL S T A T E S  P ( I , R )  FOR A GI VE N  
VALUE OF " I " .  I T  I S  A S S UME D  THAT THE P OL YN OMI AL S  D E S C R I B I N G  
THE P R O B A B I L I T I E S  OF THE P R E V I O U S  S T A T E  ARE ALREADY S T OR E D  
IN COMMON.

U S A G E :  CALL COMPI R ( I )

WHERE:  I  ; I S  THE S T A T E  WE ARE I N T E R E S T E D  I N

S U B R O U T I N E  COMPI R ( I )

I M P L I C I T  REAL ( A - Z )

I N C L U D E  ' COMMON'

I N T E G E R  I  
I N T E G E R  I P R E V  
I N T E G E R  P OL Y ,  TERM 
I N T E G E R  R

C C A L C U L A T I O N S  FOR T H I S  S T A T E  WI L L  BE I N  TERMS  OF THE P R E V I O U S  S T A T E

I P R E V  = 1 - 1

C S E T  " T E M P 2 "  I N I T I A L L Y  TO P ( I P R E V , - 1 )  ( WHI CH I S  = O . O )

DO 1 0  TERM = 1 ,  N T E R M S ( 1 )

TEMP 2  ( T E  RM) = 0 . 0

1 0  C ON T I NU E

C A L S O A C T I V A T E  P ( I P R E V , I ) , WHI CH I S  ALREADY ZERO

N T E R M S ( I  +1  ) = N T E R M S ( I )
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c
c

c

100

c
c

c

c

c

200

300

500

NOW COMPUTE THE P OL Y N OMI A L S  FOR T H I S  S T A T E  " I " ,  I N TERMS  OF 
THOS E FOR THE P R E V I O U S  S T A T E S .

DO 5 0 0  R = 1 ,  1 + 1

COPY P R E V I O U S  S T A T E ' S  P OL Y NOMI AL  I NTO " T E M P I "

DO 1 0 0  TERM = 1 ,  N T E R M S ( R )

T E M P I ( T E R M )  = P O L Y P M( T E R M , R )

C ON T I NU E

NOW GET THE C O E F F I C E N T S  FOR P R O B A B I L I T Y  OF WI N N I N G  AND L O S I N G  
AT THE P R E V I O U S  S T A T E

CALL PBWI N ( I P R E V , R - 2 , A W , B W )
CALL P B L OS E  ( I P R E V , R - 1 , A L , B L )

M U L T I P L Y  " T E M P I "  T I M E S  THE P R O B A B I L I T Y  OF L O S I N G  

CALL MUL L I N ( T E M P I , N T E R M S ( R ) , A L , B L )

M U L T I P L Y  " T E MP 2 "  T I M E S  THE P R O B A B I L I T Y  OF W I N N I N G  

CALL MU L L I N  ( T E M P 2 , N T E R M S ( R ) , AW, BW)

NOW ADD " T E M P 2 "  TO " T E M P I "

DO 2 0 0  TERM = 1 ,  N T E R M S ( R )  + 1

T EMP I  ( T E RM)  = T E M P I ( T E R M )  + T E M P 2 ( T E R M )

C ON T I NU E

NOW COPY " T E M P I "  I N T O  POLYPM AS  NEW P R O B A B I L I T Y  E X P R E S S I O N ,  WHI LE  
AT THE SAME T I M E  MOVI NG OLD S T A T E ' S  POLYPM VALUE I N T O " T E MP 2 "  
P RI OR  TO NEXT I T E R A T I O N .

DO 3 0 0  TERM.  = 1 ,  N T E R M S ( R )  +  1

T E M P 2 ( T E R M )  = P O L Y P M( T E R M , R )
P OL Y P M( T E R M , R ) = T E MP I  ( T E RM)

C ON T I NU E

N T E R M S ( R ) = N T E R M S ( R ) + 1

C ON T I NU E

R E T U R N
END
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PBWI N:

USAGE

WHERE

* * * * *  p g  W I  N * * * * *

BY WAYNE WALL,  CSM,  NOV 1983

FUNCTION TO CALCULATE THE COEFF I CI ENTS OF THE POLYNOMIAL 
A * P ( M) + B,  WHICH DETERMINES THE PROBABI LI TY OF THE EVENT 
OF WINNING A CASE GIVEN THAT STATE ( I , R )  HAS OCCURED.

CALL PBWIN ( I , R , A, B)

THE TOTAL NUMBER OF C A S E S  L I T I G A T E D .
I S  THE NUMBER OF C A S E S  L I T I G A T E D  THAT HAVE B EEN WON BY  
THE D E F E N S E .
( R E T U R N E D )  THE C O E F F I C E N T  OF P ( M)
( R E T U R N E D )  THE CONS T AN T TERM

S U B R O U T I N E  PBWI N ( I , R , A , B )

I M P L I C I T  REAL ( A - Z )

I N T E G E R  I ,  R

I N C L U D E  ' COMMON'

C I F  R < 0 ,  OR R > I ,  THEN P R O B A B I L I T Y  OF WI N N I N G  = 0

I F  ( ( R . L T .  0 )  . O R .  ( R . G T .  I )  ) THEN

A = 0 . 0  
B z  0 . 0

RETURN

E N D I F

C F I R S T  CAL C U L A T E  THE P R O B A B I L I T Y  THAT  THE O F F E N S E  HAS  A CAS E  THAT DOES
C E S T O P .  P R O B A B I L I T Y  THAT THEY D O N ’ T I S  ( 1 . 0  -  P R O B A B I L I T Y  THEY D O ) .

P OF F  = P B O F F ( P O , I , R )
P O F F P  = 1 . 0 -  P OF F

C NOW C AL CUL AT E  THE P R O B A B I L I T Y  THAT THE D E F E N S E  HAS  A CAS E THAT  DOES
C E S T O P .  P R O B A B I L I T Y  THAT THEY D O N ' T  I S  ( 1 . 0  -  P R O B A B I L I T Y  THEY D O ) .

PDEF = P B D E F ( P D , I , R )
P D E F P  = 1 . 0 -  P DE F

CA LCU LAT E " A " ,  THE C O E F F I C I E N T  OF " P ( M ) "

A = P OF F  * P D E F  + P O F F P  * P D E F P

CAL C UL AT E  " B " , THE CONS T A N T  TERM

B = P D E F  * P O F F P

RETURN
END
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***** P B L O S E  *****
BY WAYNE WALL,  C S M , NOV 1 9 8 3

P B L O S E :  F U N C T I O N  TO C AL CU L A T E  THE C O E F F I C I E N T S  OF THE P OLYNOMI AL
A * P ( M) + B , WHI CH D E T E R M I N E S  THE P R O B A B I L I T Y  OF THE EVENT  
OF L O S I N G  A CAS E G I V E N  T HAT  S T A T E  ( I , R )  HAS  OCCURED.

USAGE : CALL P B L OS E  ( I , R , A , B )

WHERE:  I  ; T HE TOTAL NUMBER OF C A S E S  L I T I G A T E D .
R ; I S  THE NUMBER OF C A S E S  L I T I G A T E D  THAT  HAVE BEEN WON BY

THE D E F E N S E .
( R E T U R N E D )  THE C O E F F I C E N T  OF P ( M)
( R E T U R N E D )  THE CONS TANT  TERM

NOTE:  T H I S  R OUT I NE  T A K E S  ADVANTAGE OF THE F ACT  THAT THE P R O B A B I L I T Y
OF WI N N I N G  + P R O B A B I L I T Y  OF L O S I N G  MUST SUM TO 1 . 0

S U B R O U T I N E  P B L OS E  ( I , R , A , B )

I M P L I C I T  REAL ( A - Z )

I NT E GE R  I ,  R

I NC L U D E  ' COMMON'

C I F  R < 0 ,  OR R > I ,  THEN PROB OF L O S I N G  = 0 . 0

I F  ( ( R . L T .  0 )  . O R .  ( R . G T .  I )  ) THEN

A = 0 .  0  
B = 0  . 0

RETURN

E N D I F

C C AL CUL AT E  THE C O E F F C I E N T S  OF THE E X P R E S S I O N  D E F I N I N G  THE P R O B A B I L I T Y
C OF W I N N I N G .

CALL PBWI N ( I , R , AW, BW)

C NOW THE C O E F F I C I E N T S  OF THE E X P R E S S I O N  D E F I N I N G  THE P R O B A B I L I T Y  OF
C L O S I N G  MUS T BE SUCH THAT THE SUM OF THE TWO E X P R E S S I O N S  = 1 . 0

A = -  A W 
B = 1 . 0  -  BW

R E T U R N
E N D
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P B D E F :

#*### P B D E F  *****
BY WAYNE WAL L ,  CS M,  NOV 1 9 8 3

F U N C T I O N  TO CAL CU L A T E  THE P R O B A B I L I T Y  OF THE EVENT THAT THE  
D E F E N S E  HAS  AT L E A S T  ONE DE T E RMI NA NT  CAS E I N I T S  POOL WHI CH  
WI L L  E S T O P  THE CURRENT CAS E G I V E N  THAT S T A T E  ( I , R )  HAS  
OCCUR RED .

USAGE : VALUE = P B D E F ( P D , I , R )

WHERE PD

I
R

I S  THE P R O B A B I L I T Y  OF THE EVENT THAT THE D E C I S I O N  I N  
A P R I OR  D E F E N S I V E  CAS E WI L L  E S T OP  THE CURRENT C A S E .  
THE TOTAL NUMBER OF C A S E S  L I T I G A T E D .
THE NUMBER OF C A S E S  L I T I G A T E D  THAT THE D E F E N S E  
HAS  WON.

REAL F U N C T I O N  P B D E F ( P D , I , R )

I M P L I C I T  REAL ( A - Z )

I N T E G E R  I ,  R

I F  ( ( R . L T .  0 )  . O R .  ( R . G T .  I )  ) THEN  

P B D E F  = 0 . 0

E L S E

P B DE F  = 1 . 0  -  ( 1  . 0  -  P D )  * *  R

E N D I F

RETURN
END
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P BOF F

USAGE

WHERE:

***** P B O F F  *****
BY WAYNE WALL,  CS M,  NOV 1 9 8 3

F U N C T I O N  TO C A L CU L A T E  THE P R O B A B I L I T Y  OF THE EVENT THAT THE 
O F F E N S E  HAS  AT L E A S T  ONE DE T E R MI N AN T  CAS E I N I T S  POOL WHI CH 
WI L L  E S T O P  THE CURRE NT  CA S E  G I V E N  T HAT  S T A T E  ( I , R )  HAS  
OCCURR ED.

VALUE = P B O F F ( P O , I , R )

PO

I
R

I S  THE P R O B A B I L I T Y  OF THE EVENT THAT THE D E C I S I O N  I N  
A P R I OR  O F F E N S I V E  CAS E WI L L  E S T OP  THE CURRENT C A S E .  
THE TOTAL NUMBER OF C A S E S  L I T I G A T E D .
THE NUMBER OF C A S E S  L I T I G A T E D  THAT THE D E F E N S E  
HAS  WON.

REAL F U N C T I O N  P B O F F ( P O , I , R )

I M P L I C I T  REAL ( A - Z )

I N T E G E R  I ,  R

I F  ( ( R . L T .  0 )  . O R .  ( R . G T .  I )  ) THEN 

P B OF F  = * 0 .  0

E L S E

P B OF F  = 1 . 0  -  ( 1 . 0  - P O )  * *  ( I - R )

E N D I F

RETURN
END
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* * * * *  L I  N E Q N * * * * *

BY:  C YN T HI A KRAVER MAY 1 3 , 1 9 8 3

L I N E O N  : T H I S  S U B R O U T I N E  S O L V E S  A S E T OF L I N E A R  E Q U A T I O N S  BY GA U S S  
E L I M I N A T I O N .  A * X = B

USAGE : CALL L I N E Q N ( A , X , B , MROWA, N U M E Q , I E R R )

A T HE ARRAY C O N T A I N I N G  THE C O E F F I C I E N T S
X T HE S O L U T I O N  ARRAY
B THE R I G H T  HAND S I D E  OF THE E Q U A T I O N S
MROWA T HE MAXIMUM ROW D I ME N S I O N  OF THE A ARRAY
NUMEQ THE NUMBER OF E QU A T I ON S  TO BE S OL V E D
I E R R THE ERROR C O D E ( R E T U R N E D )

NOTE:  ERROR C ODE S  A RE :
0 ; A LL  OK
1 ^ S I N G U L A R

S U B R O U T I N E  L I N E Q N ( A , X , B , MROWA, NUMEQ, I  E R R ) 

D I M E N S I O N  A ( MR OWA , N U ME Q)  , X ( N U ME Q )  , B ( N U ME Q )  

I N T E G E R  ROW , COL 

C AS S U ME ALL OK

I E R R = 0

I F  ( NUMEQ . L E .  1 ) GOTO 7 5  

C FORWARD S U B S T I T U T I O N

NUM = NUMEQ -  1 

DO 4 0  COL = 1 , NUM

MCOL = COL + 1



T-2782 132

C CHECK TO S E E  I F  THE ARRAY HAS  A ZERO D I AGON AL  ELEMENT

CHECK = A B S ( A ( C O L , C O L ) )

I F ( CHECK . G T .  0 . 0 )  GOTO 1 5

DO 1 3  MROW = MCOL , NUMEQ

CHECK = A B S ( A ( MROW, C O L ) )

I F ( CHECK . L E .  0 . 0 )  GOTO 1 3

C F OUND A N O N - Z E R O  ROW ELEMENT

DO 1 2  I C OL  = 1 , NUMEQ

TEMP = A ( M R O W , I C O L )
A ( MROW,  I C O L )  = A ( COL , I COL  )
A ( C O L , I C O L ) = TEMP

1 2  C O N T I NU E

TEMP = B( MROW)
B( MROW)  = B ( C O L )
B ( C O L )  = TEMP

GOTO 1 5

1 3  C O N T I NUE

C HERE I F  S I N G U L A R

I E R R  = 1 

RETURN

1 5  DO 3 0  ROW = MCOL , NUMEQ

I F ( A ( R O W , C O L ) . EQ.  0 . 0  ) GOTO 3 0  

CON S T = -  A ( R O W , C O L )  /  A ( C O L , C O L )

DO 2 0  I C O L  = MCOL , NUMEQ

A ( ROW, I C O L ) = A ( R O W , I C O L )  + CONS T  * A ( C O L , I C O L )  

2 0  C O N T I NU E

B ( R O W)  = B ( R O W)  + CON S T  * B ( C O L )

3 0  C O NT I NUE

4 0  CON T I NU E
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I F ( A ( N U M E Q , N U M E Q )  . NE.  0 . 0  ) GOTO 5 0  

C HERE I F  THE L A S T  D I AGON A L  MAKES ARRAY S I N G U L A R

I E R R  = 1 

RETURN

C BACK S U B S T I T U T I O N

5 0  DO 7 0  I C O L  = 2  , NUMEQ

COL = NUMEQ + 2  -  I C O L  

MCOL = COL -  1 

DO 6 0  ROW = 1 , MCOL

C ONS T = -  A ( R O W , C O L )  /  A ( C O L , C O L )

B ( R OW)  = B ( R O W)  + C ONS T  * B ( C O L )

6 0  C ON T I NU E

7 0  ' C O N T I NU E

C S U B S C R I P T  I N T O  THE X ARRAY U S I N G  THE I N D E X E S  AND
C D I V I D E  BY DI A GONA L  E L E ME N T S

7 5  DO 8 0  ROW = 1 , NUMEQ

X ( ROW)  = B ( R O W)  /  A(  ROW,  ROW)

8 0  C ON T I NU E

RETURN

END
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*** **  M U L L I N  *****

BY WAYNE WALL,  CSM, NOV 19 8 3  

MULLI N: ROUTINE TO MULTI PLY A POLYNOMIAL TI MES A LINEAR TERM. 

USAGE:  CALL MULLIN ( C OE F F , NUMTRM, A, B)

WHERE: COEFF
NUMTRM 
A,  B

I S  AN ARRAY OF COEFF I CI ENTS OF THE POLYNOMIAL 
I S  THE NUMBER OF TERMS IN THE POLYNOMIAL 
ARE COEFFS OF LINEAR TERM "B + A * X"

S U B R O U T I N E  MU L L I N  ( C O E F F , NUMTRM, A , B )

I M P L I C I T  REAL ( A - Z )

I N C L U D E  ' COMMON'

I N T E G E R  TERM,  NUMTRM,  NEWTRM

D I M E N S I O N  C O E F F ( * )

D I M E N S I O N  T E MP ( MXT E RM)

C MU L T I P L Y  THE P OLYNOMI AL T I M E S  THE CONS TAN T TERM " B " , S T O R I N G
C THE RE S U L T  I N T O  A TEMP ORARY POLYNOMI AL

DO 1 0  TERM = 1 ,  NUMTRM

T E MP ( T E R M)  = B * C O E F F ( T E R M )

1 0  C ON T I NU E

C NEW P OLYNOMI AL WI L L  HAVE ONE MORE TERM SO ZERO I T  NOW

NEWTRM = NUMTRM + 1 

TEM P ( NEWTRM) = 0 . 0  

C NOW M U L T I P L Y  THROUGH BY " A"  AND ADD THE R E S U L T S  TO PROPER TERMS

DO 2 0  TERM = 1 ,  NUMTRM

TEM P ( TERM + 1 ) = T E MP ( T E R M + 1 ) + A * C O E F F ( T E R M)

2 0  C O N T I NU E

C NOW COPY THE NEW P OLYNOMI AL BACK OVER THE OLD ONE

DO 3 0  TERM = 1 ,  NEWTRM

C O E F F ( T E R M ) = T E M P ( T E R M )

3 0  CONTI NUE

ESI1™".
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c

100

c

2 0 0

* * * * *  P O L Y O T  * * * * *

BY WAYNE WALL ,  CS M,  NOV 1 9 8 3  

P OL Y OT :  ROU T I NE  TO OUT P UT  A P OLYNOMI AL TO SOME D E V I C E .  

U S A GE :  CALL P OLYOT ( L U N , C O E F F , N U M T R M )

WHERE:  LUN
COEF F
NUMTRM

I S  THE L O G I C A L  U N I T  NUMBER TO OUTPUT TO
I S  AN ARRAY OF C O E F F I C I E N T S
I S  THE NUMBER OF TERMS I N  THE POLYNOMI AL

NOTE:  THE P OLYNOMI AL I S  OF THE FORM:
CO + C l  * P ( M ) “ 1 +  C 2  * P ( M ) * 2  + . . .  + CN * P ( M ) ~ N

S U B R O U T I N E  POLYOT ( L U N , C O E F F , NUMTRM)

I M P L I C I T  REAL ( A - Z )

I N T E G E R  L U N ,  NUMTRM,  TERM 

D I M E N S I O N  C O E F F ( * )

I F  THERE ARE NO T E R MS ,  THEN RETURN

I F  ( NUMTRM . L E .  0  ) RETURN

OUTP UT C O E F F I C I E N T S  CO,  C l ,  C 2 ,  . . . ,  CN

I F  ( NUMTRM . L E .  6 ) THEN

WR I T E  ( L U N , 1 0 0 )  ( C O E F F ( T E R M ) ,  TE RM= 1 , NUMTRM) 
F 0 R M A T ( 1 X , 6 ( 1 X , F 9 . 2 ) )

RETURN

E L S E
WR I T E  ( L U N , 1 0 0 )  ( C O E F F ( T E R M ) ,  T E R M = 1 , 6 )

E N D I F

OUTP UT R E S T  OF C O E F F I C I E N T S

WR I T E  ( L U N , 2 0 0 )  ( C O E F F ( T E R M ) , T E R M = 7 ,  NUMTRM)  
F O R M A T ( 1 0 0 0 ( 1 3 X , 6 ( 1 X , F 9 . 2 ) , / ) )

R E T U R N
E N D
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* * * * *  P L O T I T  *****

PLOTI T:  

USAGE : 

WHERE:

BY WAYNE WALL,  CSM, NOV 1983  

ROUTINE TO PLOT A POLYNOMIAL IN " P ( M ) " OVER THE RANGE 0 . 0  -  1 . 0  

CALL PLOTI T ( GDEV, COE F F , NUMTRM, F C OS T S , Y T I T L E )

GDEV
COEFF
NUMTRM
FCOSTS
YTI TLE

HOLDS THE NAME OF THE DEVICE TO PLOT ON
HOLDS THE COEFF I CI ENTS OF THE POLYNOMIAL IN " P ( M ) "
THE NUMBER OF TERMS I N THE POLYNOMIAL
THE TOTAL FI XED COSTS ( < 0 . 0  MEANS DON' T PLOT THEM)
HOLDS THE T I T L E  FOR THE Y AXI S

SUBROUTINE PLOTI T ( GDEV, COEFF , NUMTRM, F C OS T S , Y T I T L E ) 

I MP L I C I T  INTEGER ( A - Z )

PARAMETER ( B L U E = 1 , BLACK=2,  RED=3)

INCLUDE ' GRFCOM'

INCLUDE ' COMMON'

COMMON / U S R L U N /  U S E R I N ,  US E ROT

CHARACTER G D E V * ( * )  , Y T I T L E *  ( * ) , G F I L E M O ,  P T I T L E * 3 0

REAL C O E F F ( * ) ,  X V A L ( I O O ) , Y V A L ( I O O )
REAL PM,  F C O S T S ,  X,  Y ,  X I ,  Y1

L O G I C A L  E O F ,  I E R R

C PROMPT USER FOR THE NAME FOR THE PLOT F I L E

CALL P R O MP T ( ' E n t e r  n a m e  f o r  p l o t  f i l e :  ' )
CALL I N P L I N ( U S E R I N , G F I L E , E OF )

C PROMPT THE USER FOR A T I T L E  FOR THE PLOT

CALL P R O MP T ( ' E n t e r  a t i t l e  f o r  t h e  p l o t  : ' )
CALL I N P L I N ( U S E R I N , P T I T L E , E O F )

CALL G I P L O T  ( G D E V , G F I L E , I  E R R )

I F  ( I E R R  ) CALL F A T A L  ( ' E r r o r  f r o m  G I P L O T ! ' )

C S E T  PEN COLORS  AND A X I S  L E N G T H S .  ( F L A G = 0  MEANS S O L I D  L I N E )

FLAG = 0  
XCOLOR = BLACK  
YCOLOR = BLACK
TCOLOR = BLUE  
LCOLOR = BLUE  
XL EN = 8 . 0



NOW GE NERAT E  THE DATA P O I N T S  TO B E  P L OT TE D  

PM = 0 . 0

DO 1 0 0  I TEM z  1 ,  1 0 0

XVAL( I TEM)  z PM

Y V A L ( I T E M )  = C O E F F ( 1 )

DO 5 0  TERM z 2 ,  NUMTRM

Y V A L ( I T E M )  z Y V A L ( I T E M )  +
COEFF( TERM)  * PM * *  ( T E R M - 1 )

C O NT I NUE  

I F  ( PM . G T .  PMMAX ) GO TO 1 5 0  

PM z PM +  . 0 1  

C O N T I N U E  

I TEM z 1 0 0  

P LOT THE GRAPH

CALL G R A F L N ( X V A L , Y V A L , I T E M , ' P ( M ) ' , Y T I T L E , P T I T L E )

NOW DRAW V E R T I C A L  L I N E  AT P ( M ) m a x  FOR D E C I S I O N  MAKI NG P U R P O S E S

X z XO + (PMMAX-XFSTVL)  * XSCAFC 
Y = YO
XI z X
Y 1 z YO + YLEN

CALL N E W P E N ( R E D )
CALL DAS HLN ( X , Y , X I , Y 1 ,  . 1 )

I F  F C O S T S  ARE >z 0 . 0 ,  THEN MARK TOT AL AWARDS FOR D E C I S I O N  MAKI NG

I F  ( F C O S T S  . G E .  0 . 0  ) THEN  

X z XO
Y = YO + ( ( Y V A L ( 1 ) - F C O S T S ) - Y F S T V L ) * YS C A F C  

CALL GSYMB ( X , Y , . 2 , '  ' , 0 . 0 , 4 )

E N D I F

CALL GP LOT ( 0 . 0 , 0 . 0 , 9 9 9 )

R E T U R N
E N D
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APPENDIX C

I n f o r m a t i o n  Flow,  Program 

I n p u t  Data  F i l e s  and Exampl

S t r u c t u r e , 

E x e c u t  i o n s
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Prep  Cos t  
P l o tCase

F i l e ,

T o t a l  EV 
P l o t

Prep
F i l e

R e p o r t
F i l e

ESTOP

I n f o r m a t i o n  Flow
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POLYOT LINEQN MULLINPBLOSE

PBOFF PBDEF

PBWIN

PLOTIT INPINF COMPIR

ESTOP

GIPLOT
GRAFLN
NEWPEN
DASHLN
GSYMB
GPLOT

OPNTRM
OPNINS
OPNOTS
PROMPT
INPLIN
FATAL

Program S t r u c t u r e
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I n p u t  Da t a  F i l e s

. TYP E C A S E  1 . DAT  
3
1 0 . 4
7 5 . 4
3 5 0 . 4
; T h e  f i r s t  l i n e  o f  a c a s e  f i l e  c o n t a i n s  t h e  n u m b e r  o f  c a s e s  w h i c h  f o l l o w .  
; T h e n  e a c h  s u b s e q u e n t  l i n e  c o n t a i n s  t w o  v a l u e s  f o r  e a c h  o f  t h e  c a s e s .
; T h e  f i r s t  v a l u e  i s  t h e  a m o u n t  o f  t h e  a w a r d  t h a t  m u s t  b e  p a i d  i f  t h e  
{ d e f e n s e  l o s e s  a n d  t h e  s e c o n d  v a l u e  i s  t h e  f i x e d  t r i a l  c o s t s .

. T Y P E  P RE P  1 . DAT  

. 6 , 9 0  

. 2 , 4 0
{ T h e r e  a r e  t w o  p o i n t s  s p e c i f i e d  i n  a p r e p a r a t i o n  c o s t  f i l e .
; T h e  f i r s t  p a i r  i s  t h e  m a x i m u m  P ( M )  a n d  t h e  c o s t  o f  a c h i e v i n g  i t .
; T h e  s e c o n d  p a i r  i s  a P ( M )  a n d  t h e  c o s t  o f  a c h i e v i n g  i t  t h a t  i s  n e a r  t h e  
{ l e f t  h a n d  " k n e e "  o f  t h e  S - s h a p e d  p r e p a r a t i o n  c o s t  c u r v e .

. TYP E P R E P 2 . D A T

. 3 , 9 0

. 1 , 4 0
{ T h e r e  a r e  t w o  p o i n t s  s p e c i f i e d  i n  a p r e p a r a t i o n  c o s t  f i l e ,
; T h e  f i r s t  p a i r  i s  t h e  m a x i m u m  P ( M )  a n d  t h e  c o s t  o f  a c h i e v i n g  i t .
; T h e  s e c o n d  p a i r  i s  a P ( M )  a n d  t h e  c o s t  o f  a c h i e v i n g  i t  t h a t  i s  n e a r  t h e  
{ l e f t  h a n d  " k n e e "  o f  t h e  S - s h a p e d  p r e p a r a t i o n  c o s t  c u r v e .

. TYP E  C A S E 2 . D A T  
1 0 
1 0 0 , 1 1  
2 0 0 , 1 1 
2 2 5 ,  1 1
3 0 0 . 1 1
3 5 0 . 1 1
3 7 5 . 1 1  
4 2 5 ,  1 1
5 0 0 . 1 1
7 5 0 . 1 1
9 0 0 . 1 1
; T h e  f i r s t  l i n e  o f  a c a s e  f i l e  c o n t a i n s  t h e  n u m b e r  o f  c a s e s  w h i c h  f o l l o w .  
; T h e n  e a c h  s u b s e q u e n t  l i n e  c o n t a i n s  t w o  v a l u e s  f o r  e a c h  o f  t h e  c a s e s .
; T h e  f i r s t  v a l u e  i s  t h e  a m o u n t  o f  t h e  a w a r d  t h a t  m u s t  b e  p a i d  i f  t h e  
{ d e f e n s e  l o s e s  a n d  t h e  s e c o n d  v a l u e  i s  t h e  f i x e d  t r i a l  c o s t s .

. T Y P E  P R E P 3 . D A T  

. 4 , 1 5 0 0  

. 1 , 6 5 0
{ T h e r e  a r e  t w o  p o i n t s  s p e c i f i e d  i n  a p r e p a r a t i o n  c o s t  f i l e .
; T h e  f i r s t  p a i r  i s  t h e  m a x i m u m  PCM)  a n d  t h e  c o s t  o f  a c h i e v i n g  i t .
; T h e  s e c o n d  p a i r  i s  a P ( M )  a n d  t h e  c o s t  o f  a c h i e v i n g  i t  t h a t  i s  n e a r  t h e  
{ l e f t  h a n d  " k n e e "  o f  t h e  S - s h a p e d  p r e p a r a t i o n  c o s t  c u r v e .
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Example E x e c u t i o n s

. RUN E S T O P

E n t e r  p r o b a b i l i t y  o f f e n s e  h a s  a p r i o r  e s t o p p e l  c a s e  P ( o ) :  . 5
E n t e r  p r o b a b i l i t y  d e f e n s e  h a s  a p r i o r  e s t o p p e l  c a s e  P ( d ) :  . 1
E n t e r  n a m e  o f  c a s e  i n f o r m a t i o n  f i l e :  C A S E 1 . D A T
E n t e r  n a m e  o f  p r e p a r a t i o n  c o s t  i n f o  f i l e :  P R E P 1 . D A T
E n t e r  n a m e  o f  f i l e  t o  c o n t a i n  r e p o r t :  R E P 1 . d a t

T o t a l  f i x e d  l i t i g a t i o n  c o s t s  = 1 2 . 0 0 0

E n t e r  n a m e  o f  p l o t t i n g  d e v i c e :  PLOT
S h a l l  I  p l o t  t h e  p r e p a r a t i o n  c o s t  f u n c t i o n ?  Y
E n t e r  n a m e  f o r  p l o t  f i l e :
E n t e r  a t i t l e  f o r  t h e  p l o t :  E x a m p l e  / / I ,  F u n c t i o n  / / I  
I  w i l l  n o w  p l o t  t h e  T o t a l  C o s t  f u n c t i o n . . .
E n t e r  n a m e  f o r  p l o t  f i l e :
E n t e r  a t i t l e  f o r  t h e  p l o t :  E x a m p l e  / / I ,  P ( o )  = . 5 ,  P ( d )  = . 1  
CPU t i m e  1 . 4 1  E l a p s e d  t i m e  1 : 3 2 . 8 2

E X I T

. T Y P E  REP 1 . DAT
P r o b a b i l i t y  o f  
P r o b a b i l i t y  o f  
N u m b e r  o f  c a s e s

o f f e n s i v e
d e f e n s i v e

e s t o p p e l
e s t o p p e l

= 0 . 5 0 0  
= 0 . 1 0 0  

3

A w a r d s F i x e d  C o s t s

1 0 . 0 0 0  
7 5 . 0 0 0  

3 5 0 . 0 0 0

4 . 0 0 0  
4 .  0 0 0
4 . 0 0 0

T o t a l  f i x e d  l i t i g a t i o n  c o s t s = 1 2 . 0 0 0

P r e p  C o s t  = 0 . 0 0 3 7 5 . 0 0 - 1 1 2 5 . 0 0 1 2 5 0 . 0 0

P (  0 ,  0 )  = 1 .  0 0

P L (  1 ) 1 .  0 0 - 1  . 0 0

P( 1, 0) =
P (  1 , 1 )  =

1 .  0 0  
0 .  0 0

- 1  . 0 0  
1 .  0 0

P L (  2 ) 1 . 0 0 - 0 . 6 0 - 0 .  4 0

P (  2 ,  0 )  = 
P (  2 ,  1 )  = 
P (  2 ,  2 )  =

1 . 0 0  
0 .  0 0  
0 . 0 0

- 1  . 5 0  
1 . 4 0  
0 .  1 0

0 .  5 0  
- 1  . 4 0  

0 . 9 0

PL ( 3 ) 1 . 0 0 - 0 . 3 4 - 0 . 5 1 - 0 .  1 5

PEV = 4 4 7 . 0 0 - 1 7 3 . 6 5 - 2 0 7 . 4 5 - 5 3 . 9 0
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. R U N  E S T O P

E n t e r  p r o b a b i l i t y  o f f e n s e  h a s  a  p r i o r  e s t o p p e l  c a s e  P ( o ) : . 5
E n t e r  p r o b a b i l i t y  d e f e n s e  h a s  a  p r i o r  e s t o p p e l  c a s e  P ( d ) :  . 1
E n t e r  n a m e  o f  c a s e  i n f o r m a t i o n  f i l e  : CAS E  1 . DAT  
E n t e r  n a m e  o f  p r e p a r a t i o n  c o s t  i n f o  f i l e :  P R E P 2 . D A T
E n t e r  n a m e  o f  f i l e  t o  c o n t a i n  r e p o r t  : R E P 2 . D A T

T o t a l  f i x e d  l i t i g a t i o n  c o s t s  = 1 2 . 0 0 0

E n t e r  n a m e  o f  p l o t t i n g  d e v i c e :  PLOT
S h a l l  I  p l o t  t h e  p r e p a r a t i o n  c o s t  f u n c t i o n ?  Y
E n t e r  n a m e  f o r  p l o t  f i l e :
E n t e r  a  t i t l e  f o r  t h e  p l o t  : E x a m p l e  / / I ,  F u n c t i o n  / / 2  
I  w i l l  n o w  p l o t  t h e  T o t a l  C o s t  f u n c t i o n . . .
E n t e r  n a m e  f o r  p l o t  f i l e :
E n t e r  a t i t l e  f o r  t h e  p l o t :  E x a m p l e  / / I ,  P ( o )  = .  5 ,  P ( d )  = . 1  
CPU t i m e  1 . 3 7  E l a p s e d  t i m e  1 : 1 8 . 2 0

E X I T

. T Y P E  R E P 2 . D A T
P r o b a b i l i t y  o f  
P r o b a b i l i t y  o f  
N u m b e r  o f  c a s e s

o f f e n s i v e
d e f e n s i v e

e s t o p p e l
e s t o p p e l

= 0 . 5 0 0  
= 0 . 1 0 0

3

A w a r d s F i x e d  C o s t s

1 0 . 0 0 0  
7 5 . 0 0 0  

3 5 0 . 0 0 0

4 . 0 0 0
4 . 0 0 0
4 . 0 0 0

T o t a l  f i x e d  l i t i g a t i o n  c o s t s  = 1 2 . , 0 0 0

P r e p  C o s t  = 0 . 0 0 7 5 0 . 0 0 - 4 5 0 0 . 0 0 1 0 0 0 0 . 0 0

PC 0 ,  0 )  = 1 .  0 0

P L (  1 ) 1 . 0 0 - 1  . 0 0

PC 1 ,  0 )  =
PC 1 , 1 ) =

1 .  0 0  
0 . 0 0

- 1  . 0 0  
1 . 0 0

P L (  2 ) 1 .  0 0 - 0 .  6 0 - 0 .  4 0

PC 2 ,  0 )  = 
PC 2 ,  1 )  = 
PC 2 ,  2 )  =

1 . 0 0  
0 .  0 0  
0 . 0 0

- 1  . 5 0  
1 . 4 0  
0 .  1 0

0 .  5 0  
- 1  . 4 0  

0 .  9 0

PLC 3 ) 1 . 0 0 - 0 . 3 4 - 0 . 5 1 - 0 .  1 5

P EV = 4 4 7 . 0 0 - 1 7 3 . 6 5 - 2 0 7 . 4 5 - 5 3 . 9 0
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. R U N  E S T O P

E n t e r  p r o b a b i l i t y  o f f e n s e  h a s  a p r i o r  e s t o p p e l  c a s e  P ( o ) :  . 5
E n t e r  p r o b a b i l i t y  d e f e n s e  h a s  a  p r i o r  e s t o p p e l  c a s e  P ( d ) : . 1
E n t e r  n a m e  o f  c a s e  i n f o r m a t i o n  f i l e :  C A S E 2 . D A T
E n t e r  n a m e  o f  p r e p a r a t i o n  c o s t  i n f o  f i l e :  P R E P 3 . DAT
E n t e r  n a m e  o f  f i l e  t o  c o n t a i n  r e p o r t  : R E P 3 . D A T

T o t a l  f i x e d  l i t i g a t i o n  c o s t s  = 1 1 0 . 0 0 0

E n t e r  n a m e  o f  p l o t t i n g  d e v i c e :  PLOT
S h a l l  I  p l o t  t h e  p r e p a r a t i o n  c o s t  f u n c t i o n ?  Y
E n t e r  n a m e  f o r  p l o t  f i l e :
E n t e r  a t i t l e  f o r  t h e  p l o t  : E x a m p l e  it2 ,  F u n c t i o n  i t3 
I  w i l l  n o w  p l o t  t h e  T o t a l  C o s t  f u n c t i o n . . .
E n t e r  n a m e  f o r  p l o t  f i l e :
E n t e r  a t i t l e  f o r  t h e  p l o t  : E x a m p l e  it2 ,  P ( o )  = . 5 ,  P ( d )  = . 1  
CPU t i m e  1 . 6 8  E l a p s e d  t i m e  1:  3 0 . 5 8

E X I T

. T Y P E  R E P 3 . D A T  
P r o b a b i l i t y  o f  o f f e n s i v e  e s t o p p e l  = 0 . 5 0 0
P r o b a b i l i t y  o f  d e f e n s i v e  e s t o p p e l  = 0 . 1 0 0
N u m b e r  o f  c a s e s  = 1 0

A w a r d s F i x e d  C o s t s

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

T o t a l  f i x e d  l i t i g a t i o n  c o s t s  = 1 1 0

P r e p  C o s t = 0 . 0 0  1 1 0 8 3 . 3 3  - 5 5 0 0 0 . 0 0

P (  0 ,  0 )  = 1 . 0 0

P L (  1 ) 1 . 0 0  - 1 . 0 0

P (  1 ,  0 )  = 1 . 0 0  - 1 . 0 0
P (  1 , 1 ) = 0 . 0 0  1 . 0 0

P L (  2 ) 1 . 0 0  - 0 . 6 0  - 0 . 4 0

P (  2 ,  0 )  = 1 . 0 0  - 1 . 5 0  0 . 5 0

9 1 6 6 6 . 6 7
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P(  2 ,  1 )  = 0 .  0 0 1 . 4 0 - 1  . 4 0
P (  2 ,  2 )  = 0 .  0 0 0 . 1 0 0 . 9 0

P L (  3 ) 1 . 0 0 - 0 .  3 4 - 0 . 5 1 - 0 . 1 5

PC 3 ,  0 )  = 1 . 0 0 - 1  . 7 5 0 . 8 8 - 0 . 1 3
PC 3 ,  1 )  = 0 . 0 0 1 . 5 8 - 2 . 4 1 0 . 8 3
PC 3 ,  2 )  = 0 . 0 0 0 . 1 5 1 .  2 8 - 1 .  4 3
PC 3 ,  3 )  = 0 .  0 0 0 . 0 2 0 . 2 5 0 . 7 3

PLC 4 ) 1 . 0 0 - 0 .  1 8 - 0 . 4 7 - 0 . 2 9 - 0 . 0 5

PC 4 ,  0 )  = 1 . 0 0 - 1  . 8 8 1 . 09 - 0 . 2 3 0 . 0 2
PC 4 ,  1 )  = 0 .  0 0 1 .  6 7 - 3 . 0 4 1 .  6 4 - 0 . 2 6
PC 4 ,  2 )  = 0 . 0 0 0 .  1 8 1 .  4 9 - 2 . 6 3 0 . 9 6
PC 4 ,  3 )  = 0 . 0 0 0 . 0 3 0 .  3 7 0 . 8 5 - 1  . 2 5
PC 4 ,  4 )  = 0 .  0 0 0 . 0 1 0 . 0 8 0 . 3 8 0 . 5 3

PLC 5 ) 1 . 0 0 - 0 .  1 0 - 0 . 4 1 - 0 . 3 6 - 0 . 1 4 - 0 . 0 1

PC 5 ,  0 )  = 1 .  0 0 - 1  . 9 4 1 . 2 1 - 0 . 3 0 0 . 0 3 0 . 0 0
PC 5 ,  1 )  = 0 .  0 0 1 . 7 1 - 3 . 4 5 2 . 2 9 - 0 . 6 0 0 . 0 5
PC 5 ,  2 )  = 0 . 0 0 0 . 1 9 1 .  6 6 - 3 . 6 1 2 . 1 5 - 0 . 3 8
PC 5 ,  3 )  = 0 . 0 0 0 . 0 3 0 . 4 3 0 .  9 4 - 2 . 3 7 0 . 9 5
PC 5 ,  4 )  = 0 . 0 0 0 . 0 1 0 .  11 0 . 4 9 0 .  3 6 - 0 . 9 7
PC 5 ,  5 )  = 0 . 0 0 0 . 0 0 0 . 0 3 0 .  1 9 0 . 4 3 0 . 3 5

PLC 6 ) 1 .  0 0 - 0 . 0 5 - O . 3 4 - 0 . 3 6 - 0 . 2 1 - 0 . 0 4
0 . 0 1

PC 6 ,  0 )  = 1 .  0 0 - 1 .  9 7 1 . 2 7 - 0 . 3 4 0 . 0 4 0 . 0 0
0 . 0 0

PC 6 ,  1 )  = 0 . 0 0 1 . 7 3 - 3 . 7 5 2 .  8 3 - 0 .  95 0 .  14
- 0 . 0 1

PC 6 ,  2 )  = 0 . 0 0 0 . 1 9 1 .  8 0 - 4  . 4 7 3 . 4 0 - 1  . 0 4
0 .  11

PC 6 ,  3 )  = 0 . 0 0 0 . 0 4 0 .  4 8 1 . 0 7 - 3 . 4 8 2 .  3 7
- 0 . 4 7

PC 6 ,  4 )  = 0 . 0 0 0 . 0 1 0 . 1 3 0 . 5 8 0 . 2 5 - 1 .  8 3
0 . 8 5

PC 6 ,  5 )  = 0 . 0 0 0 . 0 0 0 . 0 4 0 . 2 3 0 . 4 5 - 0 . 0 4
—0 . 6 9

PC 6 ,  6 )  = 0 .  0 0 0 . 0 0 0. 01 0 . 0 9 0 . 2 9 0 . 4 0
0 . 2 1

PLC 7 ) 1 . 0 0 - 0 . 0 3 - 0 . 3 0 - 0 .  3 4 - 0 . 2 6 - 0 . 0 9
0 . 0 1 0 . 0 1
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P (  7 , 0 )  = 1 . 0 0 - 1  . 9 8 1 .  3 0 - 0 . 3 6 0 . 0 5 0 . 0 0
0 . 0 0 0 . 0 0

P (  7 , 1 ) = 0 . 0 0 1 . 7 4 - 3 . 9 8 3 . 3 1 - 1 . 3 1 0 . 2 6
- 0 . 0 3 0 . 0 0

P (  7 , 2 )  = 0 . 0 0 0 . 2 0 1 .  9 4 - 5 . 2 9 4 .  7 4 - 1  . 9 2
0 .  3 7 - 0 . 0 3

P (  7 , 3 )  = 0 . 0 0 0 . 0 4 0 . 5 2 1 . 2 3 - 4 . 7 0 4 . 2 0
- 1 .  4 7 0 .  1 8

P (  7 , 4 )  = 0 . 0 0 0 . 0 1 0 .  1 5 0 . 6 7 0 . 2 1 - 2 . 8 4
2 . 3 1 - 0 . 5 1

P (  7 , 5 )  = 0 . 0 0 0 . 0 0 0 . 0 5 0 . 2 7 0 . 5 1 - 0 .  31
- 1  . 2 3 0 . 7 1

P (  7 , 6 )  = 0 .  0 0 0 .  0 0 0 . 0 2 0 .  1 1 0 . 3 1 0 . 2 8
- 0 . 2 6 - 0 .  4 6

P (  7 , 7 )  = 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 5 0 .  1 8 0 .  3 4
0 . 3 1 0 .  1 1

PL( 8) 1 .  0 0 - 0 . 0 1 - 0 . 2 7 - 0 . 3 2 - 0 . 2 7 - 0 .  1 5
- 0 . 0 1 0 . 0 2 0 . 0 0

P( 8, 0 )  = 1 . 0 0 - 1  . 9 9 1 . 3 2 - 0 . 3 7 0 . 0 5 0 . 0 0
0 .  0 0 0 . 0 0 0 . 0 0

P( 8, 1 ) = 0 . 0 0 1 . 7 4 - 4 . 1 8 3 . 7 6 - 1  . 6 8 0 . 4 1
- 0 .  0 6 0 . 0 0 0 . 0 0

P (  8 , 2 )  = 0 . 0 0 0 . 2 0 2 . 0 8 - 6 . 1 1 6 .  1 9 - 3 . 0 5
0 .  8 0 - 0 .  1 1 0 . 0 1

P ( 8 , 3 )  = 0 .  0 0 0 .  0 4 0 . 5 5 1 . 4 3 - 6 .  0 7 6 . 5 1
- 3 .  1 0 0 . 6 9 - 0 . 0 6

P( 8, 4 )  = 0 . 0 0 0 . 0 1 0 .  1 6 0 . 7 6 0 . 2 4 - 4 .  14
4 . 5 3 - 1 .  8 2 0 . 2 5

P (  8 , 5 ) = 0 . 0 0 0 .  0 0 0 . 0 5 0 . 3 1 0 . 6 0 - 0 . 5 5
- 1  . 9 5 2 . 0 6 - 0 . 5 2

P( 8, 6 )  = 0 . 0 0 0 . 0 0 0 . 0 2 0 .  13 0 .  3 6 0 . 2 6
—0 . 6 1 — 0 . 7 0 0 . 5 5

P( 8, 7 )  = 0 . 0 0 0 .  0 0 0 . 0 1 0 . 0 6 0 .  1 9 0 .  3 0
0 . 0 6 - 0 . 3 3 - 0 . 2 8

P (  8 , 8 )  = 0 . 0 0 0 . 0 0 0 .  0 0 0 .  0 3 0 .  1 2 0 . 2 7
0 . 3 2 0 . 2 0 0 . 0 5

PL ( 9 ) = 1 .  0 0 - 0 . 0 1 - 0 . 2 5 - 0 . 3 0 - 0 . 2 6 - 0 .  1 8
- 0 . 0 4 0 . 0 3 0 . 0 1 0 . 0 0

P (  9 , 0 )  = 1. 00 - 2 . 0 0 1 . 3 3 - 0 . 3 8 0 . 0 5 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

P( 9, 1) = 0 . 0 0 1 . 7 5 - 4 . 3 7 4 . 2 1 - 2 . 0 8 0 . 5 9
- 0 .  1 0 0 .  0 1 0 .  0 0 0 . 0 0

P (  9 , 2 )  = 0 . 0 0 0 . 2 0 2 . 2 1 - 6 . 9 5 7 . 7 9 - 4 . 4 6
1 . 4 5 - 0 . 2 7 0 . 0 3 0 . 0 0

P( 9, 3 )  = 0 .  0 0 0 . 0 4 0 . 5 8 1 .  6 6 - 7 . 6 3 9 . 4 2
- 5 . 5 4 1 . 7 3 - 0 . 2 8 0 . 0 2

P( 9, 4 )  = 0 . 0 0 0 . 0 1 0 .  1 6 0 . 8 6 0 . 3 1 - 5 . 8 1
7 . 7 7 - 4 . 3 0 1 . 1 0 - 0 . 1 1
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P( 9, 5 ) = 0 .  00 0 .  00 0 . 0 5 0 .  34

CM

O

- 0 .  79
- 3 . 0 2 4 . 4 0 - 2 . 0 3 0 . 3 2

P( 9, 6 ) 0 .  00 0 .  00 0 . 0 2 0 .  14 0 . 4 2 0 . 2 9
-1 . 00 - 1  . 06 1 . 6 9 - 0 . 4 9

P(  9 , 7 ) 0 .  00 0 .  00 0 . 0 1 0 .  06 0 . 2 2 0 .  33
- 0 . 0 5 - 0 . 6 5 - O . 3 2 0 . 4 1

P( 9, 8 ) = 0 .  00 0 .  00 0 .  00 0 . 0 3 0 .  12 0 . 2 3
0 .  19 - 0 .  11 - 0 . 31 - 0 .  16

P( 9, 9) 0 .  00 0 .  00 0 .  00 0 . 0 2 0 . 0 8 0 .  20
0 .  30 0 . 2 6 0 .  12 0 . 0 2

P L ( 1 0 ) - 1 . 00 0 .  00 - 0 . 2 4 - 0 . 2 9 - 0 . 2 5 - 0 . 2 0
- 0 . 0 8 0 . 0 3 0 . 0 3 0 .  00 0 .  00

PEV 4 2 3 5 . 0 0 - 4 3 0 . 4 3 - 1 2 7 6 . 1 4 - 1  1 7 6 . 9 9 - 8 0 5 . 8 3 - 4 4 4 . 0 8
- 1 0 1 . 2 2 6 3 . 8 6 4 2 .  17 4 . 2 2 - 0 . 5 6
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RUN E S T OP

E n t e r  p r o b a b i l i t y  o f f e n s e  h a s  a  p r i o r  e s t o p p e l  c a s e  P ( o ) :
E n t e r  p r o b a b i l i t y  d e f e n s e  h a s  a p r i o r  e s t o p p e l  c a s e  P ( d ) :
E n t e r  n a m e  o f  c a s e  i n f o r m a t i o n  f i l e :  C A S E 2 . D A T
E n t e r  n a m e  o f  p r e p a r a t i o n  c o s t  i n f o  f i l e  : P R E P 3 . D A T
E n t e r  n a m e  o f  f i l e  t o  c o n t a i n  r e p o r t  : R E P 4 . D A T

. 1 

. 5

T o t a l  f i x e d  l i t i g a t i o n  c o s t s 1 1 0 . 0 0 0

E n t e r  n a m e  o f  p l o t t i n g  d e v i c e :  PLOT
S h a l l  I  p l o t  t h e  p r e p a r a t i o n  c o s t  f u n c t i o n ?  N
I  w i l l  n o w  p l o t  t h e  T o t a l  C o s t  f u n c t i o n . . .
E n t e r  n a m e  f o r  p l o t  f i l e  :
E n t e r  a t i t l e  f o r  t h e  p l o t :  E x a m p l e  / / 2 , P ( o ) = .  1 ,  P ( d )  = . 5  
CPU t i m e  1 . 2 3  E l a p s e d  t i m e  5 5 . 6 2

E X I T

. T Y P E  R E P 4 . D A T  
P r o b a b i l i t y  o f  o f f e n s i v e  e s t o p p e l  = 0 . 1 0 0
P r o b a b i l i t y  o f  d e f e n s i v e  e s t o p p e l  = 0 . 5 0 0
N u m b e r  o f  c a s e s  = 10

A w a r d s F i x e d  C o s t s

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

T o t a l  f i x e d  l i t i g a t i o n  c o s t s = I K

P r e p  C o s t = 0 . 0 0  1 1 0 8 3 . 3 3 - 5 5 0 0 0 . 0 0

P (  0 ,  0 )  = 1 .  0 0

PL ( 1 )

ooioo

P (  1 , 0 )  = 1 . 0 0  - 1 . 0 0
P (  1 , 1 ) = 0 . 0 0  1 . 0 0

PL ( 2 )

oy1oo 0 .  4 0

P (  2 ,  0 )  = 1 . 0 0  - 1 . 9 0 0 . 9 0
P (  2 ,  1 )  = 0 . 0 0  1 . 4 0 - 1 . 4 0
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P(  2 ,  2 )  = 0 .  00 0 . 5 0 0 . 5 0

P.L ( 3 ) 1.  00 - 1  . 81 0 . 9 7 - 0 . 1 5

P(  3 ,  0 )  = 1 . 00 - 2 . 7 1 2 .  44 - 0 . 7 3
P(  3 ,  1)  = 0 . 0 0 1 . 5 8 - 3 . 0 1 1 . 4 3
P(  3 ,  2 )  = 0 . 0 0 0 .  76 0 . 0 7 - 0 . 8 3
P(  3 ,  3 )  = 0 .  00 0 . 3 8 0 . 5 0 0 .  13

PL ( 4 ) 1 . 00 - 2 . 2 1 1.  65 - 0 . 4 9 0 . 0 5

P(  4 ,  0 )  = 1 . 00 - 3 . 4 4 4 . 4 1 - 2 . 5 1 0 . 5 3
P(  4 , 1)  = 0 .  00 1 . 6 7 - 4 . 5 6 4 . 1 3 - 1 . 2 5
P(  4 ,  2 )  = 0 .  00 0 .  89 - 0 .  63 - 1  . 2 1 0 .  96
P(  4 ,  3 )  = 0 . 0 0 0 . 5 6 0 . 2 9 - 0 . 5 8 - 0 . 2 6
P(  4 ,  4 )  = 0 .  00 0 .  33 0 . 4 8 0 .  17 0 . 0 2

PL(  5 ) 1 . 00 - 2 . 5 5 2 . 3 5 - 0 .  96 0 .  17 - 0 . 0 1

P(  5 ,  0 )  = 1 . 00 - 4 . 1 0 6 . 6 7 - 5 . 4 0 2 .  18 - 0 . 3 5
P(  5 ,  1)  = 0 .  00 1 . 7 2 - 5 . 9 9 7 . 8 0 - 4 . 5 0 0 . 9 7
P(  5 ,  2 )  = 0 . 0 0 0 . 9 6 - 1 .  38 - 1 .  03 2 .  4 1 - 0 . 9 5
P(  5 ,  3 )  = 0 . 0 0 0 . 6 6 - 0 .  13 -1 . 14 0 . 2 3 0 . 3 8
P(  5 ,  4 )  = 0 .  00 0 .  46 0 .  35 - 0 . 4 2 - 0 .  33 - 0 .  05
P(  5 ,  5 )  = 0 . 0 0 0 . 3 1 0 . 4 7 0 .  19 0 . 0 3 0 . 0 0

PL ( 6 ) 1 . 00 - 2 . 8 3 2 . 9 9 - 1  . 47 0 . 3 1 0 .  00
- 0 . 0 1

P(  6 ,  0 )  = 1 . 00 - 4 . 6 9 9 .  09 - 9 .  34 5 . 3 7 - 1  . 63
0 . 2 1

P(  6 ,  1)  = 0 . 0 0 1.  74 - 7 .  30 1 2 . 1 7 - 1 0 . 1 2 4.  19
- 0 . 6 9

P(  6 ,  2 )  = 0 . 0 0 1.  00 - 2 . 1 0 - 0 . 3 7 3 . 9 1 - 3 . 2 9
0 .  85

P(  6 ,  3 )  = 0 . 0 0 0 . 7 1 - 0 .  60 - 1 .  39 1 . 2 9 0 . 4 6
- 0 .  47

P(  6 ,  4 )  = 0 .  00 0 . 5 4 0 . 0 7 —0 . 9 6 - 0 . 1 3 0 . 3 7
0 .  1 1

P(  6 ,  5 )  = 0 . 0 0 0 . 4 0 0 .  37 - 0 . 3 1 - 0 .  35 - 0 .  10
- 0 . 0 1

P ( 6 ,  6 )  = 0 . 0 0 0 .  30 0 . 4 7 0 . 2 0 0 . 0 3 0 . 0 0
0 . 0 0

P L ( 7 ) 1 . 00 - 3 . 0 4 3 . 5 2 - 1 . 8 9 0 . 3 6 0 .  10
- 0 . 0 5 0 . 0 1

P(  7 ,  0 )  = 1.  00 - 5 . 2 2 1 1 . 5 8 - 1 4 .  17 10.  33 - 4 . 4 9
1.  07 - 0 . 1 1

P(  7 ,  1)  = 0 .  00 1.  76 - 8 .  51 1 7 . 0 6 - 1 8 . 1 8 1 0 . 8 6
- 3 . 4 5 0 . 4 6
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P (  7 , 2 ) = 0 .  0 0 1 .  0 2
3 - 7 1 - 0 . 7 1

P (  7 , 3 ) = 0 .  0 0 0 . 7 5
- 1  . 2 9 0 . 5 1

P (  7 , 4 ) = 0 . 0 0 0 . 5 8
- 0 . 2 1 - 0 . 1 8

P (  7 , 5 ) = 0 .  0 0 0 . 4 6
0 .  1 8 0 . 0 3

P (  7 , 6 ) 0 . 0 0 0 . 3 5
- 0 . 0 2 0 .  0 0

P (  7 , 7 ) = 0 . 0 0 0 . 2 9
0 . 0 0 0 . 0 0

P L  ( 8 ) = 1 .  0 0 - 3 .  1 9
- 0 . 2 1 0 . 0 4

P (  8 , 0 ) = 1 . 0 0 - 5 . 7 0
3 . 2 2 - 0 . 6 2

P (  8 , 1 ) 0 . 0 0 1 . 7 7
- 1 0 . 1 1 2 . 5 7

P (  8 , 2 ) = 0 . 0 0 1 .  0 4
9 . 8 3 - 3 . 6 9

P (  8 , 3 ) = 0 .  0 0 0 .  7 7
- 2 . 0 7 2 . 0 9

P (  8 , 4 ) r 0 . 0 0 0 . 6 1
- 1  . 1 5 - 0 .  1 9

P (  8 , 5 ) 0 . 0 0 0 . 5 0
0 . 0 9 - 0 . 2 2

P (  8 , 6 ) 0 . 0 0 0 . 4 0
0 .  21 0 . 0 6

P (  8 , 7 ) r 0 . 0 0 0 . 3 1
- 0 . 0 3 0 . 0 0

P (  8 , 8 ) = 0 . 0 0 0 . 2 9
0 . 0 0 0 . 0 0

P L  ( 9 ) - 1 .  0 0 - 3 . 2 8
- 0 . 6 0 0 .  1 5

P (  9 , 0 ) = 1 .  0 0 - 6 .  1 3
7 . 2 8 - 2 . 0 1

P (  9 , 1 ) = 0 .  0 0 1 . 7 8
- 2 2 . 7 6 8 . 4 0

P (  9 , 2 ) = 0 . 0 0 1 .  0 5
2 0 . 5 9 - 1 1 . 4 2

P (  9 , 3 ) 0 . 0 0 0 . 7 9
- 2 . 3 4 5 . 2 0

P (  9 , 4 ) = 0 .  0 0 0 . 6 4
- 2 .  7 0 0 . 5 3

P (  9 , 5 ) r 0 . 0 0 0 . 5 2
- 0 .  5 6 - 0 . 6 2

- 2 . 7 7 0 . 6 4 5 . 2 4 - 7 .  1 5

- 1 . 0 6 - 1 . 3 7 2 . 6 9 - 0 . 2 3

- 0 . 2 5 - 1 . 3 3 0 . 5 5 0 . 8 4

0 .  1 7 - 0 . 8 0 - 0 .  3 3 0 . 2 9

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

0 . 4 7 0 . 2 0 0 . 0 3 0 . 0 0

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

1 4 . 0 7 - 1 9 . 7 1 1 7 .  11 - 9 .  4 3
0 . 0 5

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

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

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

0 . 2 4 - 0 .  6 6 - 0 . 4 4 0 .  I B
0 . 0 1
0 .  3 7 - 0 . 1 6 - 0 . 3 3 - 0 .  1 5
0 . 0 0
0 . 4 7 0 . 2 1 0 . 0 3 0 . 0 0
0 . 0 0
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