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A n In te rna l  C o n t r a d i c t i o n o f  C a s e - B a s e d R e a s o n i n g ! 

David B. Skalak^ 
Departmen t  o f  Compute r  an d Informatio n Scienc e 

Universit y o f  Massachusett s 
Amherst ,  M A 0100 3 

SBCALAK@cs.umass.edu 

Abstract 
I n a  case-base d reasonin g system ,  on e simpl e approac h t o assessmen t  o f 

similarit y o f  case s t o a  give n proble m situatio n i s t o creat e a  linea r  orderin g o f  th e 

case s b y similarit y accordin g t o eac h relevan t  domai n factor .  Usin g Arrow' s 

Impossibilit y  Theorem ,  a  resul t  fro m socia l  welfar e economics ,  a  parado x i s 

uncovere d i n th e attemp t  t o fin d a  consisten t  overal l  orderin g o f  case s b y similarit y 

tha t  satisfactoril y  reflect s thes e individua l  rankings .  Th e implication s o f  th e parado x 

fo r  case-base d reasonin g ar e considered . 

1. Introduction 

1.1 Framework for this Paper 

Thi s pape r  attempt s t o demonstrat e tha t  on e underlyin g mode l  o f  case-base d 

reasonin g ("CBR" )  i s internall y contradictory .  Thi s model ,  calle d th e "Simpl e 

Model "  here ,  assume s tha t  case s ca n b e ranke d i n orde r  o f  thei r  similarit y t o a 

curren t  proble m situation .  Th e conclusio n t o b e draw n fro m thi s wor k i s tha t  th e 

model  o f  C B R use d b y a  syste m mus t  tak e car e t o avoi d th e assumption s tha t  giv e ris e 

t o th e contradiction ,  o r  mus t  us e a n entirel y differen t  approach ,  suc h a s on e base d o  n 

numeri c weightin g o f  cases ,  whic h ha s it s ow n well-trodde n pitfalls . 

The pat h t o thi s resul t  i s  somewha t  circuitous ,  fo r  i t  involve s translatin g a  result . 

Arrow' s Impossibilit y  Theorem^ ,  fro m socia l  welfar e economic s t o C B R .  Bu t  firs t  a s 

background ,  case-base d reasonin g i s briefl y reviewed ,  an d th e problemati c mode l  i s 

the n presented .  A n exampl e o f  a  possibl e C B R contradictio n i s given . 

The firs t  le g o f  thi s circuitou s pat h i s th e presentatio n o f  Arrow' s Theore m i n it s 
origina l  form .  I n broa d scope ,  th e Theore m yield s a  contradictio n tha t  arise s i n th e 

followin g circumstances .  A  grou p o f  peopl e ran k thei r  preference s fo r  som e se t  o f 

candidate s o r  good s o r  som e othe r  resource .  Th e goa l  i s  t o deriv e a n overal l  rankin g 

fo r  th e grou p o f  individual s a s a  whol e tha t  consistentl y reflect s th e individua l 

rankings .  Certai n apparentl y reasonabl e condition s ar e place d o n th e compromis e 

orderin g an d ho w i t  shoul d reflec t  th e individua l  rankings .  Th e Theorem' s 

conclusio n i s tha t  i t  i s  impossibl e withi n certai n limitation s t o creat e a  preferenc e 
procedur e t o deriv e th e "social "  orderin g fro m th e individua l  rankings . 

Arrow' s original ,  surprisin g resul t  i s  phrase d i n term s o f  a n "individual " 

"preferring "  on e "socia l  state "  t o another .  T o establis h th e contradictio n fo r  C B R ,  i t 

^Thi s wor k wa s supporte d i n par t  b y th e Nationa l  Scienc e Foundation ,  contrac t  IRI -

8908481 ,  th e Offic e o f  Nava l  Researc h unde r  a  Universit y Researc h Initiativ e Grant , 

contrac t  N00014-87-K-0238 ,  an d a  gran t  fro m G T E Laboratories ,  Inc. ,  Waltham ,  Mass . 

^Copyright © 1990. David B. Skalak. All rights reserved. 

3 Arrow originally referred to the theorem as the General Possibility Theorem (Arrow 

1963) .  Consisten t  wit h c o m m o n usage ,  I  hav e calle d i t  th e "Impossibility "  Theorem . 
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wil l  remai n t o sho w tha t  Arrow' s Theore m ca n b e dul y translate d t o th e real m o f  C B R 

and th e Simpl e Model .  Th e ter m "individual "  i n th e Theore m i s translate d int o 

"domai n factor" ,  "preference "  int o "rank s a s mor e simila r  t o th e curren t  proble m 

case" ,  an d "socia l  state "  int o "case" .  Translate d i n thi s way ,  th e condition s o f  Arrow' s 

Theore m ar e show n t o apply .  Thu s th e conclusio n o f  th e Theore m i s yielded :  tha t 

ther e exist s n o functio n t o achiev e a  consisten t  overal l  rankin g o f  case s b y eac h 

individua l  facto r  tha t  appropriatel y reflect s th e individua l  rankings .  Afte r  thi s 

resul t  i s  established ,  it s implication s fo r  C B R ar e discussed . 

1.2 Case-Based Reasoning 

Case-Base d Reasonin g i s usin g pas t  problem-solvin g episode s t o analyz e o r  solv e a 

ne w problem .  I f  necessary ,  a  previou s analysi s o r  solutio n wil l  b e adapte d t o reflec t 

th e difference s betwee n th e ne w an d ol d cases . 

C BR involve s severa l  steps ,  including :  (1 )  accep t  a  ne w experienc e an d analyz e i t 

i n orde r  t o retriev e relevan t  case s fro m cas e memory ;  (2 )  orde r  th e retrieve d case s t o 

selec t  a  se t  o f  "best "  case s fro m whic h t o craf t  a  solutio n o r  analysi s o f  th e proble m 

case ;  (3 )  deriv e th e solutio n b y modifyin g tha t  o f  th e mos t  simila r  cas e o r  formulat e 

an analysi s o f  th e proble m cas e i n vie w o f  th e mos t  "on-point "  cases ;  an d (4 ) 

optionally ,  stor e th e newl y solve d o r  interprete d cas e i n cas e memory ,  adjustin g 

indice s int o memor y a s appropriate . 

1.3 The Relevance of this Result to CBR 

W h en confronte d wit h a  situatio n wher e a  variet y o f  conflictin g factor s ar e a t 

work ,  on e ma y appea l  t o C B R .  I n thi s circumstance ,  i t  i s  difficul t  t o assig n blam e o r 

credi t  fo r  th e result s o f  a  cas e t o a  singl e facto r  o r  eve n t o cluste r  o f  them .  Case s ma y 

be viewe d fro m conflictin g vantag e point s tha t  ca n poin t  t o differen t  result s (Ashle y 

1989b) .  W h e n viewe d fro m th e perspectiv e o f  on e factor ,  on e cas e ma y see m t o b e 

th e mos t  similar ;  anothe r  facto r  ma y poin t  t o anothe r  cas e a s bein g mor e salient .  Or , 

i n a  mixe d paradig m syste m o r  blackboar d architectur e tha t  use s a  variet y o f 

knowledg e source s t o sugges t  list s o f  simila r  cases ,  thos e knowledg e source s wil l 

probabl y yiel d differen t  ranking s o f  case s b y similarity .  Cf .  (Risslan d an d Skala k 

1989) .  Accordin g t o Arrow' s Theorem ,  dul y translated ,  n o collectiv e rankin g proces s 

tha t  meet s it s precondition s ca n tak e th e linea r  ordering s o f  case s b y th e individua l 

knowledg e source s an d combin e the m int o a  consisten t  collectiv e similarit y ordering . 

I n th e variet y o f  C B R sometime s calle d "problem-solving "  C B R ,  on e cas e i s usuall y 

selecte d a s th e mos t  similar ,  an d it s solutio n (plan ,  diagnosis ,  etc. )  i s  modifie d t o solv e 

th e origina l  proble m posed .  I f  modifyin g tha t  cas e turn s int o a  dea d end ,  th e nex t 

most  simila r  cas e ma y b e processe d an d it s solutio n modified .  I n th e variet y o f  C B R 

referre d t o a s "interpretive "  o r  "precedent-based "  C B R ,  case s ar e usuall y presente d 

i n a n orderin g accordin g t o thei r  similarit y t o th e curren t  proble m case .  Bot h 

varietie s o f  C B R requir e tha t  case s b e ranke d b y similarit y i n som e fashion .  Tha t 

differen t  ranking s ar e availabl e t o th e system ,  eithe r  b y virtu e o f  distinc t  knowledg e 

source s o r  contrastin g facto r  vantag e points ,  necessitate s collectin g thes e ranking s 

int o a  singl e ranking .  Applyin g Arrow' s Theore m t o a  simpl e C B R mode l  suggest s 

tha t  thi s attemp t  t o construc t  a n overal l  orderin g m a y involv e interna l 

contradictions .  Eithe r  n o procedur e wil l  b e abl e t o creat e suc h a  ranking ,  o r  w e shal l 

hav e t o giv e u p som e o f  th e requirement s normall y place d o n th e individua l 

ranking s an d h o w th e collectiv e rankin g i s t o reflec t  them . 

2. The Simple CBR Model 

2,1 Description of the Model 

Conside r  th e followin g simplifie d mode l  o f  C B R ,  her e calle d th e "Simpl e Model "  . 

We ar e give n a  se t  o f  cases ,  a  se t  o f  relevan t  factors ,  an d a  proble m cas e calle d th e 
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"curren t  fac t  situation" .  Th e relevan t  factor s hav e bee n pre-designate d t o determin e 

cas e similarit y an d t o serv e a s indice s fo r  retrieva l  o f  simila r  case s fro m th e cas e 

knowledg e base .  I n thi s model ,  th e goa l  o f  C B R i s t o ran k th e case s i n a  linea r 

orderin g i n vie w o f  thei r  "overal l  similarity "  t o th e curren t  fac t  situation . 

The Simpl e Model' s apparen t  solutio n i s t o begi n b y linearl y orderin g th e case s 

accordin g t o similarit y wit h respec t  t o eac h individua l  factor .  "Ties "  ar e permitted : 

tw o o r  mor e case s ma y b e equall y simila r  accordin g t o a  factor .  Onc e thes e factor-by -

facto r  ranking s ar e assembled ,  on e coul d tr y t o combin e eac h factor' s ranking  o f 

case s int o a  singl e orderin g b y overal l  similarity .  I  attemp t  t o demonstrat e tha t  i t  i s 

not  possibl e t o produc e thi s overal l  rankin g withi n certai n apparentl y reasonabl e 

constraints . 

The objectio n ma y b e mad e tha t  thi s Simpl e Mode l  i s unrealisti c — n o curren t 

C BR syste m i n practic e employ s it .  Severa l  response s t o thi s objectio n ma y b e made . 

(1 )  Element s o f  th e Simpl e Mode l  ar e presen t  i n som e systems ,  a s discusse d i n Sectio n 

5.2 .  (2 )  I f  th e Simpl e Mode l  i s no t  use d i n it s pur e form ,  i t  ma y b e usefu l  t o sa y wh y 

thi s obviou s approac h ha s bee n avoided .  (3 )  Th e relevanc e o f  th e Simpl e Mode l  m a y 

be see n mor e realisticall y i n th e contex t  o f  a  blackboar d implementatio n o f  C B R , 

wher e a  numbe r  o f  knowledg e source s ar e availabl e t o ran k cases .  I t  i s  likel y tha t 

individua l  knowledg e source s woul d sugges t  contrastin g similarit y ranking s o f  cases . 

One woul d thin k therefor e no t  i n term s o f  factor s rankin g cases ,  bu t  i n term s o f 

knowledg e source s (tha t  ma y themselve s conside r  a  variet y o f  factors )  rankin g cases . 

(4 )  Th e factor-by-facto r  approac h i s foun d elsewher e i n artificia l  intelligence .  Fo r  a 

recen t  exampl e se e th e analysi s o f  th e Independen t  Credi t  Assignmen t  assumptio n b y 
Subramania n an d Feigenbau m (1986) . 

2.2 An Example of a Similarity Contradiction 

Suppos e w e hav e th e followin g thre e case s an d a  curren t  fac t  situatio n ("CFS" ) 

dealin g wit h whethe r  th e la w permit s a  drive r  t o overtak e a n automobil e travelin g i n 

th e sam e direction .  Le t  u s suppos e als o w e hav e identifie d thre e factor s a s relevant : 

1. type of pavement center line (with values none, dotted, single, and double), 

2.  visibilit y  (poor ,  fair ,  good) ,  an d 
3.  distanc e fro m positio n o f  ca r  t o oncomin g ca r  i n th e opposit e lan e (i n feet) . 

Cas e 

CFS 
A 
B 

C 

L i n e 

singl e 

singl e 

dotte d 

n o n e 

Visibilit y 

goo d 

poo r 

goo d 

fai r 

D i s t a n c e 

800 
900 

100 0 

850 

R e s u l t 
7 

No 
Yes 
Yes 

Then ,  fro m th e poin t  o f  vie w o f  th e — 

lin e factor ,  cas e A  i s mor e simila r  t o th e C F S tha n cas e B ,  an d cas e B  i s mor e 

simila r  t o th e C F S tha n cas e C  (write :  A p B &  B p C ,  wher e th e relatio n p  m a y b e 

though t  o f  a s "i s preferre d to") ; 
visibilit y  factor ,  cas e B  i s mor e simila r  tha n cas e C ,  an d cas e C  i s mor e simila r 

tha n cas e A  (Bp C &  C p A ) ; 

distanc e factor ,  cas e C  i s mor e simila r  tha n cas e A ,  an d cas e A  i s mor e simila r 

tha n cas e B  (Cp A &  A p B ) . 

A majorit y o f  th e factor s — tw o ou t  o f  thre e i n eac h instanc e — indicat e tha t 

cas e A  i s mor e simila r  tha n cas e B  an d tha t  cas e B  i s mor e simila r  tha n cas e C 

(Ap B &  BpC) .  B y transitivit y o f  th e preferenc e relation ,  a  majorit y o f  th e factor s 
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therefor e woul d sa y tha t  cas e A  i s mor e simila r  tha n cas e C  (ApC) .  However ,  a 

majorit y o f  th e factor s (visibilit y  an d distance )  actuall y ran k cas e C  a s mor e simila r 

tha n cas e A  (CpA) .  Thi s i s a  contradiction .  Thi s theoretica l  contradictio n present s a 

practica l  quandar y fo r  a  driver' s selectio n o f  th e mos t  simila r  cas e i n vie w o f  th e 

opposit e result s o f  cas e A  an d cas e C .  I n cas e A  passin g i s no t  permitted ;  i n cas e 

C,  i t  is . 

3.  Arrow' s Impossibilit y  T h e o r e m 

The abov e case-base d exampl e i s actuall y a  reflectio n o f  a  votin g parado x know n 

fo r  ove r  a  centur y (Nanso n 1882) .  Paradoxe s lik e thi s on e hav e give n ris e t o 

researc h b y Kennet h Arro w t o investigat e th e condition s unde r  whic h th e rankin g 

by individual s o f  preference s fo r  "socia l  choices "  (fo r  example ,  fo r  politica l 

candidates )  m a y fai l  t o yiel d a  satisfactor y "social "  (collective )  rankin g tha t  reflect s 

th e individua l  preferenc e orderings . 

T wo condition s ar e place d o n th e notio n o f  a  preferenc e t o ensur e it s accordanc e 

wit h it s c o m m o n meaning .  A  preferenc e (a )  mus t  b e transitive ,  an d (b )  mus t  permi t 

th e compariso n o f  an y tw o choices ;  tha t  is ,  fo r  an y tw o choice s x  an d y ,  ( x i s 

preferre d t o y )  o r  ( y i s preferre d t o x) ,  o r  w e ar e indifferen t  a s betwee n x  an d y 

(Arro w 1963) . 

Arrow' s Impossibilit y  Theore m o n th e collectiv e rankin g o f  socia l  choice s b y 

individual s i s state d i n term s o f  fiv e condition s tha t  migh t  reasonabl y b e place d o n a 

socia l  preferenc e ordering .  Thes e condition s ar e quote d belo w directl y fro m 

(Muelle r  1979 )  citin g (Vickre y 1960 )  an d ar e mor e transparen t  tha n Arrow' s origina l 

renderings .  Th e exceptio n ma y b e Conditio n IV .  whic h i s state d i n a  mor e plausibl e 

way b y Arrow' s origina l  wor k an d I  hav e use d tha t  formulation' ^  (Arro w 1963) .  Th e 

Theore m denie s th e existenc e o f  a  socia l  welfar e function ,  define d a s " a proces s o r 

rul e which ,  fo r  eac h se t  o f  individua l  ordering s R i  R q fo r  alternativ e socia l  state s 

(on e orderin g fo r  eac h individual) ,  state s a  correspondin g socia l  orderin g o f 

alternativ e socia l  states ,  R" .  (Arro w 1963 ,  p.23) .  A  socia l  stat e i s a  catch-al l  ter m tha t 

woul d includ e suc h divers e person s an d object s a s politica l  candidates ,  governmenta l 

forms ,  welfar e entitlemen t  scheme s an d acces s t o certai n goods . 

The five Preconditions to Arrow's Impossibility Theorem: 

I. Unanimity (The Pareto Postulate). If an individual preference is 

unoppose d b y an y othe r  contrar y preferenc e o f  an y othe r  individual ,  thi s 

preferenc e i s preserve d i n th e socia l  ordering . 

II .  Nond ic ta torsh ip .  N o individua l  enjoy s a  positio n suc h tha t  wheneve r 

he expresse s a  preferenc e betwee n an y tw o alternative s an d al l  othe r 

individual s expres s th e opposit e preference ,  hi s preferenc e i s alway s 

preserve d i n th e socia l  ordering . 

III .  Transitivity .  Th e socia l  welfar e functio n give s a  consisten t  orderin g 

of  al l  feasibl e alternatives .  [Tha t  is ,  th e socia l  rankin g mus t  b e transitive. ] 

IV .  R a n g e .  (Unrestricte d doma in ) .  A m o n g al l  th e alternative s ther e i s 

a se t  S  o f  thre e alternative s suc h that ,  fo r  an y se t  o f  individua l  ordering s T i 

T n o f  th e alternative s i n S ,  ther e i s a n admissibl e se t  o f  individua l  ordering s 

Rl,... ,  R q o f  al l  th e alternative s suc h that ,  fo r  eac h individua l  i ,  x  R i  y  i f  an d 

onl y i f  X  T i  y  fo r  x  an d y  i n S . 

"̂ Mueller' s statemen t  o f  Conditio n I V posit s th e existenc e o f  a  "universal "  alternative , 

whic h assumptio n h e admit s i s no t  crucia l  (Muelle r  1979 ,  p .  186) . 
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V.  iDdependenc e o f  Irrelevan t  Alternatives .  Th e socia l  choic e 

betwee n an y tw o alternative s mus t  depen d o n th e ordering s o f  th e individual s 

ove r  onl y thes e tw o alternatives ,  an d no t  o n thei r  ordering s ove r  an y othe r 

alternatives . 

Arrow's Impossibility Theorem: 

No socia l  welfar e functio n satisfie s condition s I  throug h V . 

The reader is referred to (Arrow 1963) and (Mueller 1979) for proofs of the 

Theorem . 

Arrow' s origina l  renderin g o f  th e Rang e Conditio n ma y benefi t  fro m a  littl e 

explication .  I t  require s tha t  "ever y logicall y possibl e se t  o f  individua l  ordering s o f  a 

certai n se t  S  o f  3  alternative s ca n b e obtaine d fro m som e admissible ^  se t  o f  individua l 

ordering s o f  al l  alternatives. "  (Arro w 1963 ,  p.24) .  Th e assumptio n assure s tha t  th e 

collective ,  overal l  rankin g proces s i s no t  performe d i n a  wa y tha t  necessaril y  rule s 

out  som e possibl e collectiv e ordering s (Muelle r  1979) .  Th e purpos e o f  th e conditio n i s 

t o ensur e tha t  th e socia l  welfar e functio n i s no t  biase d agains t  certai n rankings . 

4. The Application of Arrow's Theorem to the Simple CBR Model 

To establis h th e resul t  o f  thi s paper ,  i t  remain s t o translat e Arrow' s Theore m fro m 

th e real m o f  individua l  preference s fo r  socia l  state s an d socia l  welfar e function s int o 

th e languag e o f  C B R :  th e languag e o f  domai n factors ,  similarity ,  an d cas e rankin g 
procedures . 

Let  CF S b e a  give n proble m case .  Instea d o f  sayin g tha t  a n individua l  prefer s on e 

socia l  stat e t o another ,  sa y tha t  a  facto r  prefer s Cas e 1  t o Cas e 2  i f  considerin g tha t 

facto r  alon e woul d lea d on e t o sa y tha t  Cas e 1  i s "mor e similar "  tha n Cas e 2  t o th e 

proble m CFS .  A  facto r  ma y ran k tw o (o r  more )  case s a s equall y simila r  — i n th e 

languag e o f  publi c choice ,  th e facto r  i s indifferen t  t o them .  Thi s definitio n o f 

preferenc e ma y b e see n t o satisf y th e abov e tw o criteri a place d o n a  preference .  Th e 

translatio n o f  "socia l  welfar e function "  i s t o th e procedur e tha t  rank s case s b y 

overal l  similarit y fro m th e factors '  similarit y orderings . 

I t  ca n b e see n tha t  eac h o f  th e fiv e condition s i s reasonabl y impose d i n th e 

translate d settin g provide d b y th e Simpl e C B R Model . 

For  example ,  th e translate d Unanimit y Conditio n woul d state :  i f  a  factor' s 

preferenc e betwee n tw o case s {i.e. ,  tha t  factor' s favorin g on e cas e a s bein g mor e 
simila r  tha n anothe r  cas e t o a  proble m situation )  i s unoppose d b y an y othe r  contrar y 

preferenc e o f  an y othe r  factor ,  thi s preferenc e i s preserve d i n th e overal l  rankin g 
of  cases .  I f  eac h facto r  say s tha t  on e cas e i s mor e simila r  tha n anothe r  t o a  proble m 

situation ,  the n th e collectiv e orderin g mus t  preserv e thi s similarit y rating . 

The Nondictatorshi p Conditio n ensure s tha t  n o facto r  ha s s o m u c h importanc e 

attache d t o i t  tha t  i t  alon e ca n vet o th e similarit y assessmen t  o f  th e remainin g 

factors . 

The Transitivit y Conditio n require s tha t  th e collectiv e rankin g o f  case s b y 

similarit y b e transitive .  (Thi s conditio n appear s reasonabl e a t  firs t  glance ,  bu t  m a y 

be suspec t  i n som e applications. ) 

The Rang e Conditio n i s perhap s th e mos t  opaque ,  bu t  seem s t o provid e th e "twist " 

tha t  make s th e proof s o f  th e Theore m work .  I n th e C B R realm ,  i t  require s tha t  ther e 

ar e thre e case s (A ,  B  an d C )  tha t  hav e th e propert y tha t  i n th e overal l  rankin g an y o f 

th e relativ e similarit y ranking s o f  thos e case s i s possibl e fo r  som e conceivabl e 

^  A n admissibl e se t  o f  ordering s i s a  se t  tha t  i s  i n th e domai n o f  th e socia l  welfar e 

function ,  th e proces s tha t  perform s th e collectiv e ranking . 
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individua l  ranking s o f  th e cases .  Thi s conditio n require s tha t  thes e thre e case s m a y 

be ordere d i n an y way ,  a s lon g a s th e individual s ranking s requir e it .  Th e upsho t  o f 

th e Rang e Conditio n i s tha t  th e ranking s ar e unbiase d t o th e exten t  tha t  the y d o no t 

rul e ou t  th e possibilit y  o f  an y relativ e orderin g o f  th e thre e cases .  An y o f  cas e A ,  B 

or  C  m a y b e th e mos t  o n point ;  an y m a y b e th e leas t  o n point .  Thei r  relativ e 

similarit y depend s solel y o n wha t  th e individua l  factor s require . 

The las t  condition ,  th e Independenc e o f  Irrelevan t  Alternatives ,  ca n als o b e see n 

t o reasonabl y appl y t o th e C B R realm .  Th e overal l  relativ e similarit y o f  tw o case s 

depend s onl y o n eac h factor s rankin g o f  thos e tw o case s an d no t  th e facto r  ranking s 

of  othe r  cases .  I f  cas e A  i s mor e simila r  overal l  tha n cas e B ,  tha t  resul t  doe s no t 

depen d o n th e individua l  facto r  ranking s o f  an y othe r  case . 

The powe r  o f  th e Arrow' s resul t  fo r  publi c choic e i s partl y du e t o th e self-eviden t 

natur e o f  it s  preconditions .  Th e condition s retai n thei r  manifes t  attractio n whe n 

translate d t o th e C B R realm .  Onc e on e i s assure d tha t  th e fiv e condition s ar e met ,  th e 

Theorem' s origina l  proof s appl y (dul y translated) ,  an d w e hav e th e 

Impossibility Result for Case-Based Reasoning: Under these 

assumptions ,  ther e i s n o proces s tha t  perform s th e collectiv e rankin g o f  case s b y 

similarit y tha t  satisfie s Condition s I  t o V . 

5. Limitations and Implications of the Result 

5.1 Arrow's Assumption of No Cardinal Utilities 

Ther e i s a  somewha t  obscure d assumptio n t o Arrow' s result s tha t  i s  no t  containe d 

i n hi s statemen t  o f  th e Theorem ,  bu t  i s referre d t o elsewher e i n (Arro w 1963) .  I n hi s 

o wn wor k o n socia l  welfar e functions .  Arro w ha s assume d tha t  on e doe s no t  rel y o n 

"cardinal ,  interpersona l  comparison s o f  utility "  t o obtai n th e socia l  rankin g (Arro w 

1963 ,  p.9) .  I n othe r  words ,  Arro w posit s tha t  on e ma y no t  assig n numerica l  value s t o 

gaug e th e strengt h o f  th e individua l  preferences ,  an d us e a  numerica l  socia l  welfar e 

functio n t o yiel d a  collectiv e preferenc e ranking  fo r  al l  th e individuals .  Thi s 

assumptio n i s roote d i n hi s expresse d desir e t o avoi d th e difficultie s create d b y 

assignin g numerica l  value s t o persona l  preference s an d th e conceptua l  ambiguit y o f 

comparin g degree s o f  preferenc e acros s individuals . 

The upsho t  o f  Arrow' s assumptio n fo r  th e Simpl e C B R Mode l  i s tha t  th e Theore m 

assumes tha t  w e ar e no t  usin g cardina l  assessment s o f  cas e similarit y fo r  eac h factor , 

and the n applyin g a n evaluatio n functio n t o combin e thes e numerica l  assessment s o f 

similarit y int o a n overal l  ranking .  On e suc h constrain t  i s  a  proscriptio n upo n usin g 

cardina l  number s t o gaug e th e degre e o f  eac h factor' s preferences .  Onl y ordina l 

preference s ar e permitte d b y th e Simpl e Model .  Tha t  is ,  i t  ca n b e sai d whethe r  on e 

cas e i s mor e simila r  t o tha n anothe r  t o th e curren t  fac t  situation ,  bu t  n o numerica l 

valu e ca n b e use d t o quantif y th e relativ e similaritie s o f  th e case s t o th e curren t 

problem .  I n particular ,  thi s mode l  woul d no t  permi t  usin g a  numerical  evaluatio n 

functio n tha t  weight s eac h factor' s cardina l  preferenc e fo r  a  cas e an d sum s thos e 

weighte d preference s int o a  rea l  numbe r  tha t  reflect s th e collectiv e preferenc e fo r 

tha t  case . 

Followin g Arrow' s interdictio n agains t  cardina l  utilitie s i s reasonabl e i n man y 

C BR domains .  Numerica l  weightin g scheme s fo r  credi t  assignmen t  ma y b e avoide d i n 

vie w o f  a  litan y o f  conceptua l  an d pragmati c objection s agains t  thei r  use .  See ,  e.g. , 

(Ashle y 1989a) ,  (Ashle y an d Risslan d 1988) ,  (Kolodne r  1988) .  A  numbe r  o f  thes e 

objection s ar e collecte d i n (Ashle y 1990) :  (1 )  lac k o f  cognitiv e validit y fo r  man y 

domain s an d domai n experts ;  (2 )  uncertaint y an d arbitrarines s i n weigh t  assignmen t 

and lac k o f  a n authoritativ e sourc e o f  numerica l  weights ,  wit h th e consequen t 

disagreement  amon g expert s a s t o specifi c  weights ;  (3 )  th e failur e o f  stati c weight s t o 
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reflec t  th e context-dependen t  importanc e o f  factors ;  (4 )  pitfall s  o f  a  prematur e 

commitmen t  t o a  weightin g scheme ;  an d (5 )  reductio n o f  informatio n int o a  singl e 

number  entail s a  representatio n tha t  lose s informatio n tha t  migh t  otherwis e b e use d 

t o advantage . 

5.2 Three Weighting Models 

Ashle y (1989a )  identifie s thre e model s o f  facto r  weightin g tha t  underli e curren t 

C BR systems :  numerical ,  precedent-based ,  an d heuristic .  Th e consequence s fo r  eac h 

of  thes e model s o f  th e Impossibilit y  Resul t  ar e discusse d below . 

One wa y fo r  a  C B R syste m t o avoi d th e parado x o f  th e theore m i s t o us e numerica l 

function s t o asses s cas e similarity .  See ,  e.g. ,  (Kible r  an d Ah a 1987) .  Numerica l 

weight s ma y b e appeale d t o i n domain s wher e a n analyti c o r  statistically-base d mode l 

i s accessible .  Se e (Ashle y 1989a) .  I n domain s wher e numeri c weightin g o f  factor s i s 

reasonable ,  th e Nondictatorshi p Conditio n o f  th e Theore m ma y b e violated ,  however . 

A facto r  wit h a  sufficientl y larg e weigh t  ma y determin e th e outcom e o f  th e similarit y 

ranking ,  regardles s o f  th e ranking s b y lesse r  weighte d factors .  However ,  a n 

evaluatio n functio n tha t  i s  use d merel y fo r  it s  ordinal ,  an d no t  it s cardinal , 

propertie s — use d jus t  t o ran k case s b y similarit y i n a  tota l  orde r  — m a y b e subjec t 

t o th e stricture s o f  th e Theore m nonetheless . 

I n som e area s o f  application ,  model s o f  an y sor t  ar e simpl y no t  available ,  an d on e 

must  appea l  t o previou s case s t o asses s th e relativ e importanc e o f  factor s (Ashle y an d 

Risslan d 1988) .  Th e lac k o f  som e domai n model s i s apparentl y a  classica l  impetu s fo r 

th e us e an d developmen t  o f  case-base d reasonin g technique s i n th e firs t  place .  I n 

suc h application s o f  C B R ,  on e mus t  rel y merel y o n th e pattern s o f  combination s o f 

factor s tha t  hav e appeare d i n previou s case s t o perfor m credi t  assignment .  I t  i s 

difficul t  t o identif y th e factor(s )  tha t  determin e th e result s i n suc h instances ,  an d 

one mus t  avoi d embracin g a  rankin g schem e tha t  reduce s t o a  votin g arrangement . 

I n suc h precedent-base d scheme s wher e n o numeri c o r  heuristi c weightin g i s 

available ,  specia l  car e mus t  b e take n t o avoi d th e sire n son g o f  th e Theorem .  Th e 

scheme use d mus t  violat e a t  leas t  on e o f  th e Theorem' s preconditions ,  explici t  o r 

implicit ,  o r  b e potentiall y  subjec t  t o th e paradox .  I n th e wor k o f  Risslan d an d Ashley , 

fo r  example ,  (a )  case s ar e ordere d b y cluster s o f  factor s an d no t  b y individua l  factors , 

(b )  tha t  orderin g i s partia l  an d no t  total ,  an d (c )  th e Rang e Conditio n ma y no t  b e 

satisfied . 

The appea l  t o a n analyti c mode l  provide s a n intermediat e poin t  betwee n numeri c 

weight s an d th e assessmen t  o f  th e importanc e o f  factor s base d o n precedent .  Wher e 

a causa l  o r  othe r  analyti c mode l  i s available ,  i t  ma y b e use d t o ran k goal s an d th e 

feature s tha t  influenc e thei r  attainmen t  (Koto n 1988) ,  (Bareis s 1987) ,  (Kolodne r 

1985) ,  (Hammon d 1987) .  Se e generall y (Ashle y 1989a) .  Wher e factor s ca n b e ranke d 

i n a  preferenc e orderin g accordin g t o thei r  importance ,  th e Theorem' s parado x i s 

circumvente d throug h th e violatio n o f  th e Nondictatorshi p Condition .  Th e similarit y 

rankin g ma y b e dominate d b y th e mos t  importan t  feature .  Fo r  example ,  Kolodner' s 

P A R A D Y ME syste m avoid s th e parado x b y usin g a n ordere d se t  o f  preferenc e 

heuristic s t o choos e th e mos t  usefu l  case s fro m thos e retrieve d fro m a  previou s 

partia l  matchin g (Kolodne r  1989) .  I n general ,  system s tha t  us e a  mode l  t o ran k goal s 

(an d th e factor s tha t  influenc e goa l  attainment )  ma y avoi d th e potentia l  fo r  interna l 

contradictio n b y avoidin g th e Theore m throug h th e violatio n o f  th e Nondictatorshi p 

Condition . 

6.  Conclusio n 
C BR i s inherentl y subjec t  t o a  dilemma .  O n on e hand ,  i t  i s  problemati c t o assig n 

numerical  value s an d weight s t o similarit y preferences ,  an d thereb y hid e th e 

resultin g "value "  judgement s i n tradin g of f  disparat e an d fundamentall y 
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incommensurat e factors .  O n th e othe r  hand ,  on e mus t  avoi d embracin g a  symboli c o r 
implici t  weightin g schem e tha t  ca n b e construe d a s a  votin g procedur e o f  th e sor t 
her e presente d wit h it s attendan t  paradoxes . 
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