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ABSTRACT 

Knowledge represented as generalizations is insufficient for problem solving in many domains, 

suc h a s lega l  reasoning ,  becaus e o f  a  ga p betwee n th e languag e o f  case-description s an d th e 

languag e i n whic h generalization s ar e expressed ,  an d becaus e o f  th e grade d structur e o f 

domai n categories .  Exemplar-base d representatio n addresse s thes e problems ,  bu t  accurat e 

assessmen t  o f  similarit y betwee n a n exempla r  o f  a  categor y an d a  ne w cas e require s reasonin g 

bot h wit h genera l  domai n theor y an d wit h th e explanatio n o f  th e exemplar' s membershi p i n 

th e category .  G R E BE i s a  syste m tha t  integrate s generalization s an d exemplar s i n a 

cooperativ e manner .  Exemplar-base d explanation s ar e use d t o bridg e th e ga p betwee n 

case-description s an d generalizations ,  an d domai n theor y i n th e for m o f  genera l  rule s an d 

specifi c  explanation s i s use d t o explai n th e equivalenc e o f  ne w case s t o exemplars . 

INTRODUCTION 

In many important domains, knowledge expressed as generalizations is insufficient for such 

importan t  task s a s determinin g membershi p i n domai n categorie s an d evaluatin g domai n 

predicates .  On e reaso n fo r  th e insufficienc y o f  generalization s i n suc h domain s i s tha t  ther e ma y 

be a  "gap "  betwee n th e languag e i n whic h case s ar e describe d an d th e languag e i n whic h 

generalization s ar e expresse d [PBH89] .  A  secon d reaso n i s tha t  domai n categorie s ma y exhibi t  a 

gradien t  o f  centralit y o r  typicalit y [Bar85 ]  whic h generalization s expresse d a s rule s ar e ill-suite d t o 

represen t  [SM81] . 

Bot h o f  thes e factor s ar e illustrate d b y th e domai n o f  lega l  reasoning .  Determinin g th e lega l 

consequence s o f  a  se t  o f  fact s ma y requir e determinin g whethe r  a  surgeo n acte d wit h "reasonabl e 

care, "  a  kille r  acte d wit h "malice, "  o r  a n employe e wa s actin g "i n furtheranc e o f  employment, " 

sinc e thes e term s appea r  i n genera l  lega l  rule s fo r  determinin g guil t  an d liability .  However ,  th e 

term s "reasonabl e care, "  "malice, "  an d "i n furtheranc e o f  employment "  d o no t  appea r  i n cas e 

descriptions ,  an d th e domai n theor y provide s n o genera l  rule s fo r  determinin g whethe r  suc h term s 

ar e satisfie d unde r  th e fact s o f  a  give n cas e [vdLG84] . 

Grade d structur e i s illustrate d b y th e categor y "activitie s i n furtheranc e o f  employment. "  A n 

employe e workin g o n a n assembl y lin e i s clearl y actin g i n furtheranc e o f  hi s employment ,  bu t 

what  abou t  a n employe e carryin g equipmen t  fro m hi s ca r  t o th e shop ,  drivin g fro m h o m e t o work , 

or  shavin g i n preparatio n fo r  work ? I t  i s  problematica l  t o determin e a t  wha t  poin t  a n activit y i s 

sufficientl y remot e fro m wor k tha t  i t  i s  n o longe r  a  categor y instance .  Thi s exampl e illustrate s a 

gradien t  o f  possibl e cases—fro m clea r  categor y instance s throug h unclea r  case s t o clea r 

noninstances—tha t  canno t  easil y b e expresse d b y an y singl e genera l  rule . 

Thes e problem s ar e addresse d b y a n approac h t o knowledg e representatio n i n whic h ful l 

description s o f  know n instances ,  o r  exemplars ,  o f  variou s categorie s ar e retaine d an d eac h ne w 

cas e i s analyze d b y comparin g i t  t o th e exemplar s tha t  i t  mos t  closel y resembles .  Example s o f  thi s 

approac h includ e M E D I A T O R [Sim85] ,  Proto s [PBH89] ,  Kible r  an d Aha' s system s [KA87] ,  an d i n 
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the legcil reasoning community, HYPO [RA87]. Exemplar-based systems typically use a feature 

vecto r  representatio n o f  case s an d asses s th e degre e o f  similarit y l)elw<'(> n case s b y calculatin g th e 

weighte d su m (o r  product )  o f  feature s o f  th e exempla r  matche d b y th e ne w case . 

A n exemplar-base d representatio n make s i t  possibl e t o reaso n abou t  categorie s fo r  whic h ther e 

ar e insufficien t  generalization s an d i s wel l  suite d fo r  concept s wit h grade d structure ,  sinc e ther e i s 

a rang e o f  possibl e degree s o f  matc h wit h a n exemplar .  However ,  determinin g categor y 

membershi p exclusivel y a s a  weighe d functio n o f  share d feature s ha s bee n criticize d o n th e 

ground s tha t  i t  neglect s th e generalization-base d domai n theor y i n whic h exemplar s ar e embedde d 

[ M M S 5 ] .  Murph y an d Medi n poin t  ou t  tha t  th e relativ e featur e weight s tha t  determin e degre e o f 

similarit y depen d o n th e contex t  an d task .  The y conclud e tha t  exomplar-base d categorizatio n 

require s knowledg e o f  th e relation s amon g feature s an d o f  th e explanator y principle s tha t  connec t 

exemplar s t o th e categorie s o f  whic h the y ar e members . 

Th e us e o f  genera l  domai n theor y t o assis t  i n th e assessmen t  o f  similarit y betwee n case s wa s 

investigate d i n Proto s [PBH89] ,  a  learnin g apprentic e fo r  heuristi c classificatio n i n th e domai n o f 

clinica l  audiology .  Categorie s ar e represente d i n Proto s b y exemplar s embedde d i n a  networ k o f 

causa l  an d associationa l  rule s derive d fro m explanation s o f  categor y membership .  Th e similarit y 

of  a  ne w cas e t o a n exempla r  i s evaluate d b y attemptin g t o construc t  a n explanatio n o f  featura l 

equivalenc e betwee n th e case s fro m thes e rules .  Proto s demonstrate d tha t  us e o f  genera l  domai n 

theor y t o assis t  i n similarit y assessmen t  coul d lea d t o hig h level s o f  performanc e i n audiology . 

Proto s i s nevertheles s inadequat e fo r  mor e comple x domain s suc h a s lega l  reasoning .  Proto s i s 

limite d t o a  feature-vecto r  representatio n o f  case s tha t  i s unsuite d t o th e comple x narrative s tha t 

constitut e th e fact s o f  lega l  cases .  I n addition .  Proto s ca n onl y appl y generalization-base d 

reasonin g i n assessin g similarit y betwee n individua l  cas e features ,  an d ca n onl y appl y 

exemplar-base d reasonin g t o it s top-leve l  goa l  o r  t o infe r  a  ne w cas e featur e necessar y t o matc h a n 

exempla r  feature .  Mor e comple x domain s suc h a s lega l  reasonin g requir e th e abilit y  t o choos e 

betwee n an d combin e exemplar-base d an d generalization-base d reasonin g mor e flexibly  s o tha t 

eac h techniqu e ca n b e use d i n suppor t  o f  th e other . 

For  example ,  i t  i s  sometime s necessar y t o us e domai n generalization s t o reformulat e a  goa l 

int o subgoals ,  som e o f  whic h ar e amenabl e t o generalization-base d reasonin g an d other s o f  whic h 

requir e exemplar-base d reasoning .  Similarly ,  determinin g whethe r  a  featur e o f  a n exempla r  i s 

presen t  i n a  ne w cas e ca n requir e bot h generalization s an d exemplar-base d reasoning . 

Thi s pape r  describe s a n approac h t o flexible  integratio n o f  generalization-base d an d 

exemplar-base d reasoning .  Thi s approac h i s applicabl e t o comple x case s tha t  d o no t  len d 

themselve s t o feature-vecto r  representatio n an d permit s reasonin g step s use d i n assessin g 

similarit y t o b e reuse d i n subsequen t  cases . 

OVERVIEW OF GREBE 

GREBE (Generator of Recursive Exemplar-Based Explanations) is a system that uses 

knowledg e i n th e for m bot h o f  generalization s an d categor y exemplar s t o determin e th e 

classificatio n o f  ne w cases .  G R E B E integrate s generalization-base d knowledg e wit h exemplar s i n 

tw o ways .  First ,  exemplar-base d reasonin g i s use d t o hel p evaluat e antecedent s o f  lega l  o r 

common-sens e rule s fo r  whic h ther e ar e n o applicabl e generalizations .  Second ,  genera l  domai n 

rule s an d specifi c  explanation s o f  categor y membershi p b y exemplar s ar e use d i n th e assessmen t 

of  similarit y betwee n cases .  I n thi s manner ,  generalization-base d reasonin g an d exemplar-base d 

reasonin g ar e treate d a s complementar y processes ,  eac h o f  whic h i s necessar y fo r  th e succes s o f 

th e other . 
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GREBE uses a semantic network representation of cases in which individual facts correspond 

t o relation/unit/valu e triple s an d th e fact s o f  a n entir e cas e correspon d t o a  labele d graph . 

W h en G R E B E i s querie d abou t  whethe r  a  certai n conclusio n applie s t o a  case ,  i t  trie s t o fin d 

th e conclusio n i n th e cas e description .  I f  i t  i s  unabl e t o d o so ,  i t  attempt s t o construc t  eithe r  o f 

th e followin g type s o f  explanation s o f  th e conclusion : 

• Gen€rali:ation-basccl explanation. The conclusion is the consequent of a general domain rule 

al l  th e antecedent s o f  whic h ar e themselve s explained .  Thi s for m o f  explanatio n i s simila r  t o 

'"explanatio n a s proof"  [M0088 ]  [KC85] . 

• Exemplar-based explanation. The conclusion is justified by the similarity between the new 

cas e an d th e relevan t  aspect s o f  a n exempla r  t o whic h th e conclusio n applied . 

In exemplar-based explanation, not all of the facts of an exemplar case are necessarily relevant 

t o a  give n result .  Fo r  example ,  i f  severa l  explanation s appl y t o a n exemplar ,  i t  m a y b e tha t  onl y a 

subse t  o f  th e fact s ar e relevan t  t o eac h explanation .  Th e fact s o f  a  cas e tha t  ar e use d t o explai n a 

give n resul t  ar e th e exemplar' s cnteria l  fact s wit h respec t  t o th e result .  Th e criteria l  fact s o f  a n 

exempla r  for m a  labele d subgrap h o f  th e grap h tha t  represent s al l  th e fact s o f  th e exemplar . 

The criteria l  fact s o f  a n exempla r  ar e necessaril y  quit e specific .  Eve n thoug h i t  i s  th e patter n 

of  relation s an d no t  th e particula r  individual s i n a  preceden t  tha t  mus t  b e matche d i n a  ne w case , 

ne w case s nevertheles s seldo m contai n exactl y th e sam e patter n o f  relation s a s an y precedent . 

The solutio n t o th e proble m pose d b y th e specificit y o f  exemplar s i s t o us e generalization-base d 

and exemplar-base d explanation s t o explai n ho w individua l  criteria l  fact s ar e matche d i n a  ne w 

case .  Thi s permit s multipl e source s o f  knowledg e t o b e exploite d i n orde r  t o explai n th e 

equivalenc e o f  a  ne w cas e t o a n exemplar . 

G R E BE assesse s th e degre e o f  similarit y betwee n a  ne w cas e an d a n exempla r  wit h respec t  t o 

a give n conclusio n b y attemptin g t o m a p th e subgrap h representin g th e criteria l  fact s o f  th e 

exempla r  ont o th e ne w case. ^  A  best-firs t  searc h i s performe d amon g possibl e mapping s betwee n 

th e criteria l  fact s o f  th e exempla r  an d th e ne w case ,  usin g fewes t  unmatche d triple s a s th e 

evaluatio n function .  G R E B E i s the n calle d recursivel y t o attemp t  t o infe r  an y fact s missin g fro m 

th e ne w cas e tha t  ar e neede d fo r  a  perfec t  match . 

Missin g fact s ca n b e inferre d b y reusin g th e explanation s fro m previou s exemplars .  Thes e 

explanation s m a y b e eithe r  generalization-base d explanation s o r  exemplar-base d explanations . 

For  example ,  i f  i n a  previou s exempla r  a  common-sens e rul e wa s use d t o infe r  a  give n relation , 

thi s common-sens e rul e i s availabl e t o infe r  th e sam e relatio n i n subsequen t  case s i n whic h th e 

rule' s antecedent s ar e met .  Similarly ,  i f  ther e i s a n exempla r  o f  th e relation ,  the n th e relatio n ca n 

be inferre d i n an y ne w cas e tha t  share s th e criteria l  fact s o f  th e exemplar . 

G R E B E 'S knowledg e bas e currentl y contain s rule s an d a  smal l  (bu t  growing )  collectio n o f 

exempla r  case s concernin g th e compensabilit y  unde r  Texa s worker' s compensatio n la w o f  injurie s 

t o worker s travelin g outsid e o f  th e wor k place .  G R E B E ' s rule s fal l  int o tw o distinc t  categories : 

lega l  rule s an d common-sens e rules .  Lega l  rule s ar e rule s tha t  ar e explicitl y  state d i n statute s o r 

judicia l  opinions .  Common-sens e rule s represen t  reasonin g i n judicia l  opinion s tha t  i s implici t 

becaus e i t  i s  to o obviou s (t o humans )  t o nee d pointin g out .  A n exampl e i s th e inferenc e tha t  i f  a n 

activit y i s a  dut y o f  employment ,  the n eac h ste p o f  tha t  activit y i s a  dut y o f  employmen t  a s well . 

'Thi s proces s resemble s th e structur e mappin g o f  [Gen83] .  I t  differs ,  however ,  i n tha t  th e criteria J fact s o f  a n 
exempla r  ar e a  par t  o f  th e domai n theor y an d canno t  b e recognize d a  prior i  usin g syntacti c criteri a suc h a s relationalit y 
or  systematicity . 
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Figur e 1 :  A  partia l  representatio n o f  th e fact s o f  Jones . 

USING GENERALIZATIONS AND EXEMPLARS TO ANALYZE A NEW CASE 

Consider the following hypothetical case: Jones, a maintenance man employed by Megathon 

Oi l  Company ,  wa s involve d i n a  one-ca r  acciden t  whil e drivin g i n hi s ow n ca r  fro m on e pumpin g 

statio n wher e h e ha d performe d maintenanc e dutie s t o a  secon d pumpin g statio n wher e h e 

planne d t o perfor m additiona l  maintenanc e duties .  Figur e 1  show s a  portio n o f  th e fact s o f  Jones ? 

I f  th e syste m i s querie d whethe r  Megatho n i s liabl e t o Jone s fo r  hi s injuries ,  i t  i s  abl e t o creat e 

a partia l  generalization-base d explanatio n fo r  .Megathon' s liability ,  show n i n Figur e 2 .  Megathon' s 

liabilit y  t o Jone s i s explaine d b y statutor y rul e 1  an d b y th e conclusion s tha t  Jone s wa s employe d 

by Megatho n an d tha t  th e injur y wa s "sustaine d i n th e course "  o f  th e job .  Tha t  th e injur y wa s 

"sustaine d i n th e course "  o f  Jones '  jo b follow s unde r  statutor y rul e 2  fro m th e followin g 

conclusions :  th e injur y occurre d durin g Jones '  trave l  t o p u m p statio n 2 ,  thi s trave l  wa s "i n 

furtheranc e of "  Jones '  employment ,  an d Jones '  injur y "originate d in "  th e employment . 

Th e ga p betwee n cas e description s an d domai n generalization s emerge s i n attemptin g t o 

determin e whethe r  Jones '  trave l  wa s i n furtheranc e o f  hi s employment .  Ther e ar e n o genera l  rule s 

fo r  determinin g whethe r  a n activit y i s i n furtheranc e o f  employment ,  s o G R E B E attempt s t o 

construc t  a n exemplar-base d explanatio n o f  thi s predicate .  First ,  a  promisin g exempla r  o f 

travelin g i n furtheranc e o f  employment ,  Jecke r  v .  Wester n Allianc e Ins .  Co. ,  36 9 S.W.2 d 77 6 

(Tex .  1963) ,  i s  identifie d an d retrieved. ^  Then ,  th e degre e o f  similarit y betwee n Jeci*e r  an d Jone s 

i s assesse d b y attemptin g t o creat e a n exemplar-base d explanatio n usin g Jecke r  a s th e exemplar . 

Creatin g a n Exemplar-Base d Explanatio n 

I n constructin g a n exemplar-base d explanation ,  G R E B E begin s b y mappin g th e criteria ]  fact s 

of  Jecke r  wit h respec t  t o trave l  i n furtheranc e o f  employmen t  ont o Jones .  Figur e 3  show s a 

Îtalicize d name s refe r  t o th e cas e involvin g th e perso n named ,  e.g. ,  th e Jone s case ,  wherea s unitalicize d name s 
refe r  t o th e perso n himself ,  e.g. ,  Jones . 

Îdentificatio n an d retriev d o f  appropriat e exemplar s i s performe d i n a  manne r  simila r  t o Protos '  us e o f  differenc e 
link s [PBH89] . 
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Figur e 2 :  A  partia l  generalization-base d explanatio n o f  workers '  compensatio n liability . 

portion of the mapping from these criterial facts (which actually consist of 31 triples) onto the 

fact s o f  Jones .  Sinc e i t  i s  th e patter n o f  relationships ,  an d no t  th e particula r  individuals ,  o f  a  cas e 

tha t  ar e responsibl e fo r  it s  lega l  consequences ,  a  relation/unit/valu e tripl e i n th e exempla r  i s 

considere d t o matc h a  tripl e i n th e ne w cas e i f  th e relation s ar e equa l  an d i f  th e uni t  an d valu e 

mapping s ar e consisten t  wit h thos e o f  othe r  matche d triples .  I n Figur e 3 ,  eac h o f  th e triple s o f 

Jecke r  show n ha s a  matc h i n Jone s unde r  th e mappin g show n excep t  tha t  Jecker' s trave l  wa s a n 

implie d dut y o f  hi s employment ,  wherea s thi s relatio n i s no t  give n a s par t  o f  th e Jone s case . 

G R E BE therefor e attempt s t o infe r  tha t  Jone s ha d a  dut y t o travel . 

G R E BE i s unabl e t o construc t  a  generalization-base d explanatio n tha t  Jone s ha d a  dut y t o 

travel ,  bu t  find s tha t  Jecke r  ha s a n exemplar-base d explanatio n tha t  Jecker' s travelin g wa s a n 

implie d dut y o f  employment .  Thi s exemplar-base d explanatio n wa s use d b y th e cour t  tha t 

decide d Jecke r  a s par t  o f  it s  explanatio n o f  th e similarit y betwee n Jecke r  an d a n earlie r  exempla r 

i n whic h travelin g wa s a n expres s duty . 

G R E BE fetche s th e criteria l  fact s o f  Jecke r  wit h respec t  t o thi s explanatio n (represente d a s 1 9 

triples )  an d perform s a  mappin g fro m thi s se t  o f  criteria l  fact s ont o Jones .  Unde r  th e bes t 

mappin g ( a portio n o f  whic h i s show n i n Figur e 4 )  a  criteria l  fac t  fo r  Jecker' s implie d dut y t o 

travel—tha t  th e travelin g occurre d durin g hi s wor k hours—i s unmatche d i n Jones .  However , 

G R E BE construct s a n explanatio n tha t  Jones '  trave l  occurre d durin g hi s wor k hour s (show n i n 

Figur e 5 )  b y reusin g a  common-sens e rul e fro m a n earlie r  exemplar .  Brown .  Thi s rul e provide s 

tha t  i f  a n employe e determine s hi s ow n hours ,  the n an y tim e h e spend s performin g jo b dutie s is , 

i n effect ,  workin g hours . 

G R E BE return s a n explanatio n structur e showin g tha t  ther e i s a n actua l  o r  inferrabl e fac t  i n 

Jone s correspondin g t o eac h criteria l  fac t  o f  Jecke r  wit h respec t  t o trave l  i n furtheranc e o f 

employment ,  wit h th e sol e exceptio n tha t  th e maintenanc e sit e t o whic h Jone s wa s travelin g wa s 

not  unde r  th e employer' s direc t  control .  Jone s i s therefor e strongl y analogou s t o Jecker .  Th e 

exemplar-base d explanatio n tha t  Jones '  trave l  wa s i n furtheranc e o f  hi s employmen t  satisfie s th e 

anteceden t  o f  statutor y rul e 2  (i n Figur e 2 )  an d complete s th e explanatio n tha t  Megatho n i s liabl e 

t o Jone s fo r  hi s accident . 

I f  Jone s wer e modifie d t o provid e tha t  Jone s wa s travelin g hom e fro m a  maintenanc e sit e 

rathe r  tha n betwee n tw o maintenanc e sites ,  G R E B E woul d find  tw o additiona l  fact s t o b e 

unmatched :  ther e woul d b e n o employmen t  activit y performe d a t  Jones '  destination ,  an d bein g a t 

th e destinatio n woul d no t  b e a  prerequisit e fo r  a n employmen t  activity .  G R E B E ' s analysi s i s 
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employmen t 

/ ^  Jones '  ^ 

" \ e m p l o y m e m / 

Figur e 4 :  Unde r  th e mappin g betwee n a  portio n o f  th e criteria l  fact s o f  Jecke r  wit h respec t  t o 

implie d dutie s an d fact s o f  Jones ,  th e fac t  tha t  th e trave l  occurre d durin g workin g hour s i s un -

matched . 

consistent with the assessment of human experts that the original hypothetical is strongly 

analogou s t o Jecker ,  bu t  tha t  th e modifie d hypothetica l  differ s significantl y fro m Jecke r  [Bra88] . 

Explanatio n Reus e 

Th e accurat e assessmen t  o f  similarit y betwee n Jone s an d Jecke r  depende d o n reus e o f  th e 

explanatio n tha t  Jecker' s trave l  wa s i n furtheranc e o f  hi s employment .  Thi s exampl e illustrate s 

tha t  exemplar-base d explanation s ca n b e reuse d i n tw o ways . 

First ,  knowledg e tha t  a  particula r  se t  o f  fact s o f  a n exempla r  i s criteria l  fo r  a  give n categor y i s 

reuse d whe n a  ne w cas e i s classifie d o n th e basi s o f  it s matc h wit h thos e criteria l  facts .  Fo r 

example ,  knowin g th e criteria l  fact s o f  Jecke r  fo r  travelin g i n furtheranc e o f  employmen t  mean s 

knowin g tha t  Jecke r  wa s actin g i n furtheranc e o f  hi s employmen t  becaus e h e wa s drivin g fro m on e 

locatio n wher e h e performe d a  jo b dut y o n a  direc t  rout e t o a  secon d locatio n wher e h e intende d 

t o perfor m a  jo b duty ,  an d th e drivin g wa s a n implie d dut y unde r  th e employmen t  contract .  Thi s 

portio n o f  th e explanatio n i s reuse d i n explainin g tha t  Jones '  trave l  wa s i n furtheranc e o f  hi s 
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Figur e 5 :  A  generalization-base d explanatio n tha t  Jones'trave l  occurre d durin g hi s wor k hours . 

employment because of the similarity between these criterial facts and the facts of Jones. 

The secon d wa y tha t  exemplar-base d explanation s ca n b e reuse d i s tha t  explanation s o f  an y 

inferre d criteria l  fact s ca n b e reuse d i n subsequen t  exemplar-base d explanations .  Th e 

exemplar-base d explanatio n fo r  Jecker' s implie d dut y t o trave l  wa s reuse d t o infe r  tha t  Jone s ha d 

an implie d dut y t o travel .  Similarly ,  th e generalization-base d explanatio n tha t  th e trave l  i n Brow n 

occurre d durin g wor k hour s wa s reuse d t o infe r  tha t  Jones '  trave l  occurre d durin g hi s wor k hours . 

Integratin g Multipl e Explanation s 

Th e Jone s cas e illustrate s ho w generalization -  an d exemplar-base d explanation s draw n fro m 

variou s source s ca n b e integrate d b y G R E B E int o a  singl e explanatio n fo r  th e classificatio n o f  a 

ne w case .  Th e explanatio n o f  Megathon' s liabilit y  fo r  Jones '  injur y combine s tw o statutor y rules . 

exemplar-base d explanation s involvin g tw o differen t  aspect s o f  Jecker ,  an d a  common-sens e rul e 

take n fro m a  secon d exemplar ,  Brown .  Exemplar-base d explanatio n wa s necessar y t o satisf y a n 

anteceden t  o f  a  generalization-base d explanatio n fo r  workers '  compensatio n liability .  Th e 

assessmen t  o f  similarit y betwee n Jecke r  ain d Jones ,  i n turn ,  require d bot h generalization-base d 

reasonin g an d additiona l  exemplar-base d reasoning . 

Such a n explanatio n coul d no t  b e produce d b y a  syste m limite d exclusivel y t o generalization -

or  exemplar-base d reasoning .  Neithe r  coul d i t  b e produce d b y Protos ,  whic h i s unabl e t o appl y 

generalization-base d reasonin g t o it s top-leve l  rul e o r  exemplar-base d reasonin g t o rul e 

antecedents . 

CONCLUSION 

GREBE integrates generalizations with exemplars in a manner that compensates for the 

weaknes s o f  eac h for m o f  knowledg e representation .  Exemplar s hel p bridg e th e ga p betwee n cas e 

description s an d th e languag e o f  generalizations ,  an d ai d i n th e representatio n o f  grade d concepts . 

Genera l  domai n theor y an d specifi c  exemplar-base d explanation s ar e necessar y fo r  accurat e 

assessmen t  o f  similarit y betwee n comple x an d superficiall y  dissimila r  cases . 

G R E BE represent s a n advanc e ove r  previou s exemplar-base d system s i n tha t  i t  retain s an d 

reuse s th e explanation s o f  categor y exemplars ,  use s exemplar-base d reasonin g recursivel y t o assis t 

i n assessmen t  o f  similarity ,  an d allow s bot h generalization -  an d exemplar-base d reasonin g t o b e 

freel y combined . 
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