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Defaul t  Defeater s i n Explanation-Base d Reasonin g 

Gilbert Harman, Department of Philosophy, Princeton University 

Richar d Cullingford ,  Informatio n an d Compute r  Science ,  Georgi a Institut e o f  Technolog y 

Mari e Bienkowski ,  Bel l  Communication s Research ,  Morristown ,  N e w Jerse y 

Ken Salem ,  Departmen t  o f  Compute r  Science ,  Princeto n Universit y 

Ia n Pratt ,  Departmen t  o f  Philosophy ,  Princeto n Universit y 

The purpose of this paper is to illustrate an approach to the theory of reasoning 

tha t  take s al l  reasonin g t o b e "explanation-based" .  I n particular ,  w e conside r  ho w t o 

trea t  "defaul t  reasoning "  a s a  specia l  cas e o f  explanation-base d reasonin g an d w e indi -

cat e wha t  implication s thi s treatmen t  o f  defaul t  reasonin g ha s fo r  handlin g case s wher e 

th e legitimac y o f  defaul t  reasonin g i s defeate d b y specia l  considerations . 

We ar e particularl y intereste d i n th e followin g questio n abou t  defaul t  reasoning . 

Give n a  defaul t  principl e o f  th e form ,  "Normall y A' s ar e B's, "  on e ca n normall y infe r 

tha t  a  give n A  i s a  B .  Bu t  sometime s furthe r  informatio n abou t  a n A  ca n bloc k thi s 

inference .  Th e questio n is :  H o w shoul d th e rule s o f  inferenc e accommodat e thes e 

exceptiona l  cases ? 

One metho d tha t  i s use d i n certai n productio n system s i s t o hav e severa l  rules , 

one fo r  th e defaul t  rul e an d on e fo r  eac h o f  th e exceptiona l  cases :  "Fro m x  i s a n A , 

infe r  x  i s a  B. "  "Fro m x  i s a n A  an d x  i s a  C ,  infe r  x  i s no t  a  B. "  Etc .  Furthermore , 

a restrictio n i s place d o n th e rule s o f  inferenc e sayin g that ,  i f  th e lef t  han d sid e o f  a 

rul e R  i s satisfied ,  on e ca n us e R  onl y i f  ther e i s n o satisfie d rul e whos e lef t  han d sid e 

include s al l  th e condition s o f  R' s lef t  han d sid e plu s som e furthe r  conditions .  Give n A 

only ,  on e ca n the n us e th e firs t  rul e t o infe r  B .  Bu t  give n A  an d C  on e canno t  us e th e 

first  rule ,  sinc e th e secon d rule' s lef t  han d sid e i s no w satisfied . 

Thi s metho d suppose s tha t  on e ha s alread y discovere d whethe r  th e cas e i s excep -

tiona l  befor e decidin g whethe r  t o infe r  fro m " x i s a n A "  t o " x i s a  B "  usin g th e defaul t 

rule .  Thi s doe s no t  accoun t  fo r  th e cas e i n whic h th e curren t  evidenc e woul d allo w 

th e inferenc e tha t  x  i s a n exceptio n bu t  thi s ha s no t  ye t  bee n inferred .  McDermot t  an d 

Doyl e (1980 )  handl e thi s cas e b y usin g rule s o f  th e followin g form :  "Give n tha t  x  i s 

an A  an d tha t  x  canno t  b e inferre d t o b e a  C ,  infe r  tha t  i t  i s  a  B. "  Bu t  eve n thi s 

approac h doe s no t  handl e a  cas e i n whic h th e evidenc e indicate s tha t  ther e i s a 

significan t  chanc e tha t  x  i s a  C ,  withou t  bein g s o stron g a s t o allo w th e inferenc e tha t 

X i s a  C . 

The researc h reporte d her e wa s supporte d i n par t  b y a  researc h gran t  fro m th e Jame s S .  McDonnel l  Foundation ,  b y a 

researc h gran t  (487906 )  fro m IBM ,  b y th e Defens e Advance d Researc h Project s Agenc y o f  th e Departmen t  o f  Defens e 

and b y th e Offic e o f  Nava l  Researc h unde r  Contrac U Nos .  N00014-85-C-045 6 an d N00014-85-K-0465 ,  an d b y th e Na -

tiona l  Scienc e Foundatio n unde r  Cooperativ e Agreemen t  No .  DCR-842094 8 an d unde r  N S F gran t  numbe r  IST8503968 . 

The view s an d conclusion s containe d i n thi s documen t  ar e thos e o f  th e author s an d shoul d no t  b e interprete d a s neces -

saril y representing  th e officia l  policies ,  eithe r  expresse d o r  implied ,  o f  th e McDonnel l  Foundation ,  IBM ,  th e Defens e 

Advance d Researc h Project s Agenc y o r  th e U.S .  Government . 
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I n som e case s o f  thi s sort ,  th e possibilit y  o f  x' s bein g a  C  i s relevan t  becaus e th e 

reaso n wh y A' s ar e normall y B' s i s tha t  A' s ar e normall y C's ,  an d C' s ar e alway s B's . 

We sugges t  tha t  i n orde r  t o infe r  fro m x' s bein g a n A  t o x' s bein g a  B  on e mus t  b e 

abl e simultaneousl y t o infe r  tha t  x  i s a  C .  I f  th e evidenc e indicate s tha t  ther e i s a 

significan t  chanc e tha t  x  i s no t  C ,  the n i t  wil l  no t  b e possibl e t o conclud e tha t  x  i s C , 

and tha t  wil l  preven t  th e inferenc e tha t  x  i s B .  A s w e wil l  no w indicate ,  thi s wa y o f 

handlin g certai n defaul t  defeater s fits  i n wit h a  genera l  framewor k o f  explanation-base d 

reasoning . 

REASONING 

A preliminar y accoun t  o f  explanation-base d reasonin g occur s i n Harma n (1986) . 

Reasonin g i s identifie d wit h a  nonmonotoni c proces s o f  "chang e i n view" .  Suc h a 

chang e occur s cml y i n th e presenc e o f  a n interes t  o r  goa l  o f  th e agent ,  fo r  example ,  a n 

interes t  i n th e answe r  t o a  particula r  question .  Tli e proces s o f  reasonin g trie s t o 

respon d t o thi s interes t  o r  goa l  b y makin g a  minima l  chang e i n th e agent' s belief s tha t 

improve s th e explanator y coherenc e o f  th e whol e se t  o f  belief s b y additio n t o an d sub -

tractio n fro m tha t  set .  Th e proces s i s subjec t  t o a  numbe r  o f  constraint s discusse d i n 

Harman (1986 )  tha t  wil l  no t  b e discusse d here . 

We envisio n a  compute r  program ,  A R (fo r  Artificia l  Reasoner) ,  tha t  modifie s 

representation s o f  belief s i n accor d wit h th e principle s o f  explanation-base d reasonin g 

(CuUingford ,  e t  al. ,  1985). .  W h e n A R draw s a  ne w conclusion ,  thi s conclusio n wil l 

normall y tak e th e for m o f  a  comple x explanator y structure ,  i n whic h belief s ar e linke d 

togethe r  b y relation s o f  intelligibility .  Sometimes ,  explanation-base d reasonin g wil l 

involv e ne w belief s tha t  ar e inferre d a s th e bes t  explanatio n o f  th e trut h o f  certai n ol d 

beliefs .  Fo r  example ,  whe n docto r  A R infer s tha t  a  patien t  ha s a  particula r  disease , 

AR' s conclusio n i s tha t  th e patient' s havin g thi s diseas e explain s wh y th e patien t  ha s 

suc h an d suc h symptoms .  Sometime s explanation-base d reasonin g wil l  introduc e ne w 

belief s whos e trut h i s inferre d t o b e explaine d b y certai n ol d beliefs .  Fo r  example , 

when predicto r  A R predict s tha t  a n agen t  wil l  d o a  particula r  action ,  AR' s conclusio n 

i s tha t  suc h an d suc h motive s wil l  lea d th e agen t  t o d o tha t  actio n an d s o wil l  explai n 

th e agent' s action .  Othe r  mor e comple x case s ar e discusse d i n Harma n (1986) . 

The uni t  o f  inferenc e i s a n explanator y structure .  W h e n A R i s considerin g 

whethe r  o r  no t  t o accep t  a  give n conclusio n C ,  A R mus t  conside r  whethe r  ther e i s 

some explanator y structur e A R ca n accep t  o f  whic h C  i s a  part .  So ,  A R wil l  hav e 

some principle s fo r  determinin g wha t  possibl y acceptabl e explanator y structure s ther e 

are .  A R wil l  als o hav e principle s fo r  decidin g amon g competin g explanator y struc -

ture s (e.g .  fo r  choosin g th e bes t  explanation) .  (Thes e principle s nee d no t  b e wholl y 

separate ,  becaus e th e possibl y acceptabl e explanator y structure s migh t  b e produce d i n 

an orde r  tha t  indicate s ho w goo d the y are .  Fo r  example ,  ther e migh t  b e a  preferenc e 

fo r  explanator y structure s tha t  involv e fewe r  rathe r  tha n mor e ne w beliefs .  Ther e 

migh t  als o b e a  preferenc e fo r  explanator y structure s tha t  accoun t  fo r  mor e rathe r  tha n 

less. ) 
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S P  i s i n a  positio n t o kno w whethe r  S . 

P know s tha t  S  P  i s sincer e 

P say s tha t  S 

HGURE 1: A (SLIGHTLY) COMPLEX EXPLANATION 

STRUCTURES 

I n thi s view ,  belief s ar e organize d int o comple x explanator y structures .  Th e basi c 

link s i n suc h structure s ar e immediat e explanations .  Immediatel y intelligibl e link s 

represen t  connection s tha t  A R grasp s withou t  havin g t o not e intermediat e links .  A n 

immediat e explanatio n o r  e-nod e ha s tw o components ,  a n explanan s o r  lis t  o f  (pointer s 

to )  immediatel y explainin g belief s an d a n explanandu m o r  (pointe r  to )  somethin g 

immediatel y explained .  Ever y belie f  i s  associate d wit h explaine r  link s t o e-node s o f 

whic h th e belie f  i s  th e explanandu m an d explaine d link s t o e-node s o f  whic h th e belie f 

i s  on e o f  th e explanans . 

A comple x explanatio n i s a  structur e o f  immediat e explanations ,  perhap s a  tree , 

wit h th e ultimat e explanandu m (thin g explained )  a t  th e root ,  wher e i t  an d othe r  propo -

sition s i n th e tre e hav e a s immediat e descendent s e-node s o f  whic h the y ar e th e 

explananda ,  wher e thes e e-node s hav e a s thei r  descendent s th e proposition s tha t  ar e th e 

explanan s o f  th e e-nodes .  (Figur e 1 ) 

Some e-structure s ar e mor e comple x tha n this ,  sinc e a  ne w hypothesi s migh t 

allo w th e explanatio n o f  mor e tha n on e thing .  Fo r  example ,  docto r  A R shoul d prefe r  a 

diagnosi s tha t  account s fo r  severa l  o f  a  patient' s symptom s ove r  a  diagnosi s tha t 

account s fo r  onl y on e symptom .  Tha t  involve s a n explanator y structur e wit h mor e 

tha n on e root .  S o w e hav e t o allo w fo r  case s i n whic h ther e i s mor e tha n on e e-nod e 

belo w a  proposition .  I t  i s  no t  clea r  wha t  t o cal l  thi s structure ,  bu t  i t  consist s basicall y 

i n link s amon g proposition s an d e-nodes . 

So,  w e assum e tha t  A R ha s \  ocedure s tha t  produc e possibl e explanator y struc -

ture s o f  thi s sor t  containin g th e propositio n i t  i s  "considering "  an d minimizin g th e 

number  o f  ne w belief s i t  add s an d ol d belief s i t  get s ri d of . 

INFERRING STRUCTURES 

Suppos e A R know s tha t  A  i s F  an d A R als o know s that ,  normally ,  x  i s F  onl y i f 

X i s G .  Bu t  A R doe s no t  kno w wh y thi s i s so .  I n particula r  A R doe s no t  kno w 

whethe r  something' s bein g F  i s responsibl e fo r  it s  bein g G ,  whethe r  something' s bein g 

G i s responsibl e fo r  it s  bein g F ,  o r  whethe r  som e othe r  thin g i s responsibl e fo r  thi s 

correlation .  Still ,  A R ca n infe r  tha t  A  i s G .  Bu t  ho w i s tha t  t o b e represente d a s a n 

explanator y inference ? 
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Normally, x is F only if x is G. 

I 
A i s F  onl y i f  A  i s G  A  i s F 

A i s G 

HGURE 2: EXPLANATION USING A DEFAULT PRINCIPLE 

We sugges t  th e followin g answer :  A R infer s tha t  th e existenc e o f  th e genera l 

correlatio n betwee n something' s bein g F  an d something' s bein g G  wil l  accoun t  fo r  th e 

correlatio n i n thi s particula r  case .  Tha t  is ,  A R wil l  ad d a n e-nod e whos e singl e 

explaine r  i s ( a lin k to )  "Normally ,  x  i s F  onl y i f  x  i s G "  an d whos e explanandu m i s ( a 

lin k to )  " A i s F  onl y i f  A  i s G" .  A R wil l  als o ad d a n e-nod e whos e explainer s ar e 

link s t o " A i s F  onl y i f  A  i s G "  an d " A i s F "  an d whos e explanandu m i s " A i s G. " 

Thes e tw o e-node s an d th e proposition s the y ar e linke d t o mak e u p th e explanator y 

structur e tha t  A R infer s o n thi s occasion .  (Figur e 2 )  (Thi s i s no t  t o sa y tha t  A R ha s t o 

retai n thi s structur e i n memor y a s tim e goe s on .  Rather :  thi s i s wha t  A R accept s fo r 

th e moment  i n comin g t o accep t  " A i s G". ) 

H o w doe s A R infe r  fro m " S say s tha t  P "  t o "P" ? Perhap s vi a th e generalization , 

"Usually ,  x  say s tha t  m onl y i f  m. "  The n thi s i s a n instanc e o f  th e sor t  o f  inferenc e 

jus t  discussed . 

However ,  A R migh t  als o hav e a  vie w a s t o wh y th e generalizatio n holds .  A R 

migh t  believ e tha t  th e generalizatio n hold s because ,  usually ,  whe n x  say s tha t  m ,  tha t 

i s  becaus e x  believe s tha t  m an d x  want s t o sa y whethe r  m ,  and ,  furthermore ,  x 

believe s tha t  m becaus e m an d x  i s i n a  positio n t o kno w whethe r  m .  I t  i s  onl y 

becaus e A R accept s suc h a n explanatio n tha t  A R ca n avoi d inferrin g "P "  fro m " S say s 

tha t  P "  o n thos e occasion s o n whic h A R believe s S  doe s no t  wan t  t o sa y whethe r  P  o r 

on thos e occasion s o n whic h A R think s S  i s no t  i n a  positio n t o kno w whethe r  P . 

(EventuaUy ,  w e conside r  ho w AR' s acceptanc e o f  thi s sor t  o f  explanatio n allow s A R 

t o avoi d thes e ba d inferences. ) 

T o represen t  thi s w e nee d t o allo w fo r  explanator y structure s tha t  lin k proposi -

tion s wit h variable s i n them .  Th e relevan t  structur e her e contain s a n e-nod e whos e 

explanandu m i s ( a lin k to )  " x say s tha t  m "  an d whos e explainer s ar e (link s to )  " x 

believe s tha t  m "  an d " x want s t o sa y whethe r  m" .  I t  als o contain s a n e-nod e whos e 

explanandu m i s ( a lin k to )  " x believe s tha t  m "  an d whos e explainer s ar e (link s to )  "m " 

and " x i s i n a  positio n t o kno w whethe r  m. "  (Figur e 3 ) 
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m X  i s i n a  positio n t o kno w whethe r  m 

I  I 

I 
X believe s tha t  m x  want s t o sa y whethe r  m 

I  I 

I 
x say s tha t  m 

HGURE 3: EXPLANATORY STRUCTURE WITH VARL\BLES 

Cal l  thi s structur e ST ,  the n th e relevan t  belie f  i s  that ,  usually ,  whe n x  say s tha t  m ,  the n 

ST.  Notic e tha t  thi s involve s quantifier s whos e scop e i s th e whol e explanator y struc -

ture .  (Als o th e phrase ,  "usuall y whe n x  say s tha t  m, "  i s a  kin d o f  quantifie r  here .  It s 

scop e i s als o th e whol e structure. ) 

LIMITED REASONING 

The amoun t  o f  processin g require d t o tel l  whetiie r  a  conclusio n i s currenti y infer -

abl e i n N  step s i s a n exponentia l  functio n o f  N .  Furthermore ,  anyon e wh o ha s taugh t 

a logi c cours e know s tiiat  student s ofte n hav e troubl e wit h mor e tha n on e o r  tw o step s 

of  inferenc e a t  a  time.  Proof s hav e t o b e broke n dow n int o manageabl e stages ,  eac h o f 

whic h mus t  b e absorbe d befor e goin g o n t o th e next .  I n general ,  peopl e ar e capabl e o f 

onl y a  fe w step s o f  inferenc e a t  an y give n time.  S o w e wante d A R t o b e subjec t  t o 

th e sam e limitations . 

Our  first  implementatio n o f  thi s ide a wa s t o limi t  A R t o N  step s o f  immediat e 

implicatio n o r  inmiediat e inductiv e projection ,  wher e N  i s 1  or ,  anyway ,  small .  Bu t 

th e reasonin g involve d i n man y elementar y activities ,  e.g .  stor y understanding ,  ofte n 

involve s rathe r  comple x chain s o f  inference . 

Reflectio n o n variou s example s seeme d t o u s t o indicat e tha t  ho w man y step s o f 

immediat e inferenc e ar e possibl e depend s o n ho w familia r  th e are a is .  So ,  ou r  secon d 

implementatio n o f  A R replace d th e limitatio n t o N  step s o f  inferenc e wit h a  se t  o f 

rule s specificall y spellin g ou t  wha t  deduction s o r  projection s A R wa s capabl e o f  a t  an y 

give n time ,  wher e tiiese  rule s migh t  allo w (i n principle )  fo r  unlimite d chain s o f  impli -

catio n an d projection ,  i f  th e chain s wer e o f  a  "familiar "  sort .  (Wha t  chain s o f  reason -

in g wer e t o coun t  a s familia r  dictate d th e choic e o f  rules .  Th e notio n o f  familiarit y 

di d no t  pla y a n explici t  rol e i n th e rules. ) 

Now,  i n orde r  t o mak e furthe r  progres s here ,  w e sa w w e ha d clearl y t o distin -

guis h betwee n a  ste p o f  inferenc e (i.e .  a  ste p o f  belie f  revision )  an d a  ste p o f  implica -

tio n o r  inductiv e projection .  Thi s distinctio n i s eas y t o appreciat e fo r  th e cas e i n 

whic h belie f  revisio n include s th e eliminatio n o f  som e prio r  belief ,  becaus e eliminatin g 

a belie f  i s  clearl y differen t  fro m inferrin g a n implicatio n o r  projectio n fro m prio r 

beliefs .  Bu t  th e distinctio n i s als o importan t  fo r  reasonin g tha t  doe s no t  eliminat e an y 

ol d beliefs ,  i n othe r  words ,  fo r  reasonin g tha t  add s ne w belief s tha t  ar e implication s 
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and/o r  projection s o f  ol d beliefs .  Wha t  get s adde d i n suc h a  cas e i s (w e claim )  a n 

implicational-explanator y structure .  Ther e wil l  ofte n b e a  comple x chai n o f  implica -

tion  an d projectio n i n th e structure .  I n a  sens e thi s represent s a  comple x chai n o f  rea -

soning .  Bu t  i n anothe r  sens e (w e wan t  t o say )  thi s migh t  b e onl y on e ste p o f  reason -

ing . 

For  example ,  a  perso n ma y accep t  a s a  backgroun d "belie f  a  comple x genera l 

explanator y structure .  A  singl e ste p o f  inferenc e migh t  involv e th e acceptanc e o f  a 

particula r  instanc e o f  tha t  genera l  structure ,  accepte d a s a n instanc e o f  tha t  structure . 

The n th e conclusio n accepte d ca n involv e a  numbe r  o f  step s o f  implicatio n an d projec -

tion  eve n tiiough  ther e i s onl y on e ste p o f  inferenc e betwee n th e genera l  explanator y 

belie f  an d tha t  conclusion . 

So,  w e ca n combin e th e origina l  ide a tha t  ther e i s a  limi t  t o th e numbe r  o f  step s 

of  reasonin g a  perso n ca n d o a t  an y on e time  wit h th e observatio n tha t  som e reasonin g 

involve s a  comple x chai n o f  considerations ,  onc e w e distinguis h betwee n a  ste p o f  rea -

sonin g an d a  lin k i n a n implicational-explanator y chain . 

DEFAULT REASONING 

Suppos e A R believe s -

Normally, if x is an F, x is a 0. 

Normally ,  i f  x  i s  a n F  an d x  i s a n H ,  x  i s a  Q . 

G an d Q  ar e contraries . 

al  i s  a n F . 

Then AR can accept the conclusion "al is a G." More specifically AR can accept the 

explanator y structur e i n Figur e 4 .  Thi s involve s addin g on e ne w belief ,  namel y "a l  i s 

a G" ,  whic h i s linke d t o belief s previousl y accepted . 

The competin g explanator y structur e involve s addin g tw o ne w belief s (Figur e 5) . 

The tw o ne w belief s adde d her e ar e "a l  i s  a n H "  an d "a l  i s  a  Q" .  Th e explanator y 

power  o f  thi s structur e i s th e sam e a s tha t  o f  th e previou s structure ,  s o th e previou s 

structur e i s preferre d t o thi s one . 

Normally, if x is an F, x is a G. al is an F. 

I  I 

I 
al  i s  a  G . 

HGURE 4: DEFAULT STRUCTURE 
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Normally ,  i f  x  i s  a n F  an d x  i s a n H ,  x  i s a  Q .  a l  i s  a n F .  a l  i s  a  G 

I  I  I 

I 
al  i s  a  Q . 

nOURE 5: COMPETING STRUCTURE 

If AR's evidence included both "al is an F' and "al is an H", then the second 

structur e woul d b e preferre d becaus e i t  link s "a l  i s  a n H "  t o th e newl y inferre d belief , 

wherea s th e first  structur e woul d onl y lin k "a l  i s  F '  t o th e newl y inferre d belief . 

McDermot t  an d Doyl e (1980 )  woul d allo w th e first  inferenc e onl y give n th e 

furthe r  premises ,  " I  hav e n o reaso n t o infe r  'a l  i s  H'" .  Bu t  thi s premis e i s no t  neede d 

on th e explanation-base d reasonin g approach . 

DEFEATERS 

Suppos e A R believe s 

(1) Normally, if x is F, then x is G. 

(2 )  a  i s F . 

Then AR ought to be able to infer a is G. But not if AR also believes: 

(3) (1) holds because, normally, if x is F, then x is H, and any H is G. 

together with other things that prevent AR from using (3) to infer that a is H, either 

becaus e A R believe s thing s tha t  impl y a  i s no t  H ,  o r  becaus e A R believe s thing s tha t 

impl y tha t  ther e i s a  significan t  chanc e tha t  a  i s no t  H  despit e (2 )  an d (3) . 

Notic e tha t  w e canno t  captur e thi s withi n a  "nonmonotoni c logic "  b y assertin g 

that ,  whe n somethin g lik e (3 )  i s believed ,  (1 )  mus t  b e replace d wit h 

(4) Normally, if x is F and it is not inferable that x is not H, then x is G. 

This is not enough of a modification in (1), because it would not prevent the inference 

i n certai n case s i n whic h th e inferenc e shoul d b e prevented ,  namely ,  thos e i n whic h i t 

i s  no t  inferabl e tha t  x  i s no t  H  bu t  i t  i s  als o no t  inferabl e fro m (3 )  tha t  x  i s H  (e.g . 

becaus e w e hav e othe r  evidenc e tha t  indicate s a  significan t  likelihoo d tha t  x  i s no t  H 

(fo r  exampl e th e evidenc e migh t  indicat e tha t  ther e i s a  50-5 0 probabilit y  tha t  x  i s no t 

H) . 

ALGORITHM 

Her e i s a  quasi-algorith m tha t  A R uses ,  give n a n interes t  i n answerin g a  question . 

I t  first  form s a  lis t  o f  possibl e e-structure s i t  migh t  infe r  tha t  contai n a n answer .  I t 

order s thi s lis t  i n term s o f  ho w goo d thes e explanation s ar e a s measure d b y th e exten t 
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of  chang e require d (th e mor e chang e th e wors e th e explanation )  an d effec t  o n explana -

tor y connection s (th e mor e th e better) .  Thi s i s discusse d i n Harma n (1986 )  withou t 

settlin g o n a  precis e measure .  W e d o no t  hav e spac e her e t o discus s possibl e meas -

ures .  I n an y event ,  cal l  th e ordere d lis t  L .  A R take s th e first  ite m fro m L.  Cal l  thi s 

ite m I .  A R form s a  lis t  o f  competin g e-structure s tha t  migh t  b e inferred .  I t  consider s 

whethe r  I  i s  bette r  tha n an y e-structur e i n thi s las t  list .  I f  so ,  i t  infer s I .  I f  not ,  i t  con -

sider s th e nex t  ite m i n L  an d goe s bac k thre e steps .  I f  L  i s empty ,  n o answe r  t o th e 

questio n ca n b e inferred . 

INTERSECTION EXAMPLE 

We conclud e wit h a  differen t  sor t  o f  exampl e whic h w e hav e bee n examining . 

Suppos e A R start s wit h a n interes t  i n answerin g th e question ,  "D o th e tw o street s 

Harriso n an d Aike n intersect? "  I t  collect s a  lis t  o f  e-structure s i t  migh t  infe r  tha t  con -

tai n a n answer ,  usin g backwar d chaining .  I n thi s cas e th e possibl e answer s ar e ye s an d 

no,  i.e .  "Harriso n an d Aike n d o intersect "  an d "Harriso n an d Aike n d o no t  intersect" . 

A R discover s th e followin g possibl e e-structur e tha t  i t  migh t  infer :  Harriso n an d 

Aike n d o intersect ,  becaus e Harriso n an d Aike n ar e nea r  eac h othe r  an d perpendicula r 

t o eac h other ,  and ,  normally ,  whe n road s ar e nea r  eac h othe r  an d perpendicular ,  the y 

intersect .  Thi s e-structur e i s inferabl e onl y becaus e A R akead y believe s (1 )  tha t 

Harriso n an d Aike n ar e nea r  eac h othe r  an d perpendicula r  t o eac h othe r  an d (2 )  nor -

mally ,  whe n road s ar e nea r  eac h othe r  an d perpendicular ,  the y intersect . 

A R discover s n o othe r  inferabl e e-structure . 

A R nex t  consider s whethe r  ther e ar e competin g e-structure s tha t  migh t  b e inferre d 

and discover s none .  S o A R infer s tha t  Harriso n an d Aike n intersect . 

The rule s o f  backward s chainin g applicabl e i n a  cas e lik e thi s ar e quit e simila r  t o 

ordinar y backwar d chainin g inferenc e rule s E X C E PT tha t  the y lea d t o a n e-structur e 

containin g al l  th e "premises" . 

I t  migh t  b e goo d t o sa y a  bi t  mor e abou t  "near "  an d "perpendicular" .  I n sayin g 

tha t  Harriso n an d Aike n ar e nea r  an d perpendicula r  wha t  i s mean t  i s tha t  ther e i s a 

poin t  X  o n Harriso n an d a  poin t  Y  o n Aike n suc h tha t  X  i s nea r  Y  an d th e orientatio n 

of  Harriso n a t  X  i s perpendicula r  t o th e orientatio n o f  Aike n a t  Y .  A R migh t  kno w 

abou t  suc h points ,  e.g .  th e intersectio n o f  Aike n an d Princeto n an d th e intersectio n o f 

Harriso n an d Nassau . 

N o w suppos e tha t  A R start s b y believin g this : 

(*) Normally, if 

X i s a  poin t  o n SI , 

Y i s a  poin t  o n S2 , 

X an d Y  ar e nea r  eac h other ,  an d 

th e orientatio n o f  S I  a t  X  i s perpendicula r  t o th e orientatio n o f  S 2 a t  Y , 

then :  S I  intersect s S2 . 
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Then A R come s t o believ e tha t  (* )  hold s becaus e 

(a) the lines going through X and Y with the orientations of S1 at X and S2 at Y inter-

sec t  i n a  poin t  Z  tha t  i s  nea r  o r  a t  bot h X  an d Y  an d 

(b )  normally ,  give n a  poin t  P  o n a  roa d R ,  th e roa d continue s a t  leas t  a  shor t  distanc e 

alon g i n th e sam e directio n fro m tha t  point ,  s o that ,  i f  P '  i s  nea r  o r  a t  P  an d P '  i s  o n 

th e lin e throug h P  tha t  ha s th e sam e orientatio n tha t  R  ha s a t  P ,  the n R  continue s fro m 

P t o R  - -  s o 

(c )  S I  continue s t o Z  an d S 2 continue s t o Z ,  s o 

(d )  S I  an d S 2 ar e bot h a t  Z ,  s o 

(e )  S I  an d S 2 intersec t  a t  Z . 

Now, if AR is considering whether Harrison and Aiken intersect, backchaining leads to 

a muc h mor e complicate d e-structure ,  whic h migh t  b e expresse d i n word s a s follows : 

Harriso n an d Aike n d o intersec t  becaus e ther e i s a  poin t  X  o n Harriso n an d a  poin t  Y 

on Aike n suc h tha t  X  i s nea r  Y  an d th e orientatio n o f  Harriso n a t  X  i s perpendicula r  t o 

th e orientatio n o f  Aike n a t  Y  an d tha t  mean s ther e i s a  poin t  Z  tha t  i s  nea r  X  an d nea r 

Y an d Harriso n continue s beyon d X  t o Z  an d Aike n continue s beyon d Y  t o Z ,  wher e Z 

i s th e intersectio n o f  th e line s goin g throug h X  an d Y  tha t  ar e oriente d a s Harriso n an d 

Aike n ar e a t  X  an d Y ,  an d wher e al l  thi s i s s o becaus e o f  th e generalization s allude d 

t o above . 

Thi s modificatio n o f  backchainin g require s tha t  som e chang e b e mad e t o th e ori -

gina l  generalizatio n linkin g i t  t o it s explanation .  Th e backchainin g rul e ha s t o b e sen -

sitiv e t o thi s lin k i n suc h a  wa y tha t  i t  yield s th e e-structur e jus t  given . 

Thi s mean s tha t  A R wil l  b e unabl e t o infe r  tha t  Harriso n an d Aike n intersec t  i f  i t 

canno t  infe r  th e mor e comple x e-structure ,  perhap s becaus e A R believe s tha t  Aike n 

does no t  continu e o n i n th e indicate d wa y bu t  instea d dea d end s int o a  park . 
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