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ABSTRACT 

Th i s  t h e s i s  d e s c r i b e s  a d e s c r i p t i o n  matcher f o r  t h e  RL-ONE 
knowledge r e p r e s e n t a t i o n  language t h a t  i s  incrementa l  and can p e r f o n  
p a r t i a l  matches. The matcher i s  incremental  i n  t h a t  i t  can be suspended 
a t  any t ime,  producing p a r t i a l  r e s u l t s ,  and l a t e r  r e s t a r t e d .  The 
matcher i s  p a r t i a l  i n  t h a t  i t  has  a formalism f o r  measuring t h e  degree  
t o  which two d e s c r i p t i o n s  match. Both f e a t u r e s  a r e  supported by us ing  
f o u r  d i f f e r e n t  s c a l a r  m e t r i c s  f o r  t he  degree  of match of two 
d e s c r i p t i o n s :  a lower bound, an upper bound, a base va lue ,  and a 
c u r r e n t  e s t i m a t e .  
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CHAPTER 1 

INTRODUCTION 

Th i s  t h e s i s  d e s c r i b e s  a d e s c r i p t i o n  matcher f o r  t h e  KL-ONE 
knowledge r e p r e s e n t a t i o n  language t h a t  i s  incrementa l  and can  perform 
p a r t i a l  matches. The matcher i s  w r i t t e n  i n  Franz L i s p  and u s e s  Franz 
L i s p  t r a n s l a t i o n s  of I n t e r l i s ~  KL-ONE func t ions  ( F i n i n ,  1982).  The 
matcher i s  incrementa l  i n  t h a t  i t  can  be suspended a t  any t ime,  
producing p a r t i a l  r e s u l t s ,  and l a t e r  r e s t a r t e d .  The n a t c h e r  i s  p a r t i a l  
i n  t h a t  i t  has a fo rna l i sm f o r  measrlring t h e  degree t o  which two 
d e s c r i p t i o n s  match. Both f e a t u r e s  a r e  supported by us ing  fou r  d i f f e r e n t  
s c a l a r  m e t r i c s  f o r  t h e  degree of  match of two d e s c r i p t i o n s :  a lower 
bound, a n  upper bound, a base va lue ,  and a c u r r e n t  e s t ima te .  

1.1 PREVIOUS MATCHERS 

Matching p l ays  a c e n t r a l  r o l e  i n  d e s c r i p t i o n  manipulat ion systems. 
Evans (Evans, 1968) and Winston (Winston, 1975) used matchers t o  so lve  
analogy and l e a r n i n g  problems. ?lany of t h e  match methods used i n  t h i s  
matcher a r e  r e l a t e d  t o  techniques  implemented o r  proposed i n  f4ERLIN 
(Moore, 1973),  KRL (Bobrow, 1977a,b) ,  and FFRL ( F i n i n ,  1980) matchers ,  
a s  w e l l  a s  a r e c e n t  s tudy  of  t h e  p a r t i a l  match problem (Holmes, 1981). 
Rela ted  s p e c i f i c a l l y  t o  t h e  KL-ONE language, Woods (Woods, 1979) 
proposed a Most S p e c i f i c  Subsumer and o t h e r  a lgor i thms t o  s o l v e  a 
v a r i e t y  of  " s i t u a t i o n  r ecogn i t i on"  problems and L i p k i s  (L ipk i s , l 981)  has  
developed a KL-ONE c l a s s i f i e r .  The fo l lowing  s e c t i o n s  o u t l i n e  some of 
t h e  s i g n i f i c a n t  f e a t u r e s  of t h e s e  matchers and c l a s s i f i c a t i o n  
a lgor i thms.  

1.1.1 KRL 

The d e s c r i p t i o n  matcher proposed and descr ibed  i n  t h e  KRL paper  
addressed a number of  i s s u e s  involved i n  matching i n t e n s i o n a l  pro to type  
d e s c r i p t i o n s .  The act of comparison, fundamental t o  matching, i s  a l s o  a 
key p r i n c i p l e  of  t h e  KRL r e p r e s e n t a t i o n  which "emphasized t h e  importance 
of d e s c r i b i n g  a n  e n t i t y  by comparing i t  t o  ano the r  e n t i t y  desc r ibed  i n  
t h e  memory" (Bobrow, 1977a, ~ 7 ) .  The match process  i nvo lves  determining 
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i f  a  d e s c r i p t i o n  o b j e c t  f i t s  a p a t t e r n  d e s c r i p t i o n .  Each "un i t "  
d e s c r i p t i o n  is  composed of a  number of s l o t s .  The s l o t s  of  t h e  D a t t e r n  
and o b j e c t  a r e  a l i gned  and t h e i r  f i l l e r s  a r e  matched a s  sub-task 
matching processes  a r e  set up. There i s  a n  " a b i l i t y  t o  a t t a c h  
s p e c i a l i z e d  matching procedures  t o  d e s c r i p t i o n s  and u n i t s "  
(Bobrow,1977a,p25) and p a r a l l e l  p rocess ing  of sub-tasks,  cons ide r ing  
computat ional  r e sou rce  a l l o c a t i o n  p r i o r i t i e s  i s  poss ib l e .  A "forced 
match" c a p a b i l i t y  i s  proposed, where a  l i s t  of c o n d i t i o n s  t o  s a t i s f y  t o  
a l low a s u c c e s s f u l  match would be r e tu rned .  A d i v i s i o n  of knowledge 
i n t o  d i s j o i n t  "basic"  c a t e g o r i e s  a l lows  i n i t i a l  checking of d e s c r i p t i o n  
r e l a t i o n s .  

The KRL matcher can be suspended when r e sources  have been dep le t ed  
t o  r e t u r n  a  p a r t i a l  match r e s u l t .  There i s  a sugges t ion  f o r  a "goodness 
measure" and r e l i a b i l i t y  measure f o r  p a r t i a l  matches,  a l though t h e  e x a c t  
scheme f o r  determing such q u a l i t y  e v a l u a t i o n  terms i s  n o t  d e l i n e a t e d .  

1.1.2 FFRL 

The process  of semantic  i n t e r p r e t a t i o n  of compound non ina l s  a s  
descr ibed  i n  (Finin, lgRO) i s  match i n t e n s i v e .  There a concept  matcher 
"determines whether t h e  f i r s t  (concept )  d e s c r i b e s  t h e  second and,  i f  i t  
does,  how well"  (Finin,1980,p2)  . Frames, i n s t e a d  of u n i t s ,  a r e  used t o  
r ep re sen t  concepts .  A s  w i t h  t h e  KRL matcher ,  s lo t -a l ignment  and 
r e c u r s i v e  s l o t  f i l l e r  matches a r e  performed. Alignment i s  by p a i r i n g  
s l o t  names, a l though t h e r e  i s  a sugges t ion  f o r  t h e  use  of a  more gene ra l  
s t r u c t u r a l  alignment i f  t h e  s l o t s  a r e  h i e r a r c h i c a l l y  organized.  The 
FFRL matcher a l lows  invoca t ion  of s p e c i a l i z e d  match procedures ,  as w e l l  
a s  a  most gene ra l  "fms-recurse" r e c u r s i v e  approach. There a r e  match 
procedures  t h a t :  

1. check f o r  e q u a l i t y  

2. check i f  t h e  t a r g e t  i s  a sub-concept of t h e  p a t t e r n  

3 .  check i f  t h e  match w a s  performed p rev ious ly  

4. d i s c o v e r  mismatches because of "bas ic"  c a t e g o r i z a t i o n  

5. match s l o t s  wi thout  va lues  

6 .  preven t  i n f i n i t e  looping  s e l f - r e f e r e n t i a l  matches 

7. match s l o t s  w i t h  one o r  more v a l u e s  

8. match i n t e n s i o n a l  "requirements"  o f  s l o t s  

9. perform r e c u r s i v e  matches 

Match s c o r e s  r e s u l t  from match a t t e m p t s  and i n d i c a t e  i f  a  p o s i t i v e  
match o r  a  mismatch occu r red ,  a  s co re ,  b ind ings ,  and t h e  match type  
used. The s c o r e  i s  based on f a c e t  matching. For  example, d e f a u l t  and 
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t y p i c a l  s l o t  v a l u e s  t h a t  match s c o r e  h ighe r  t han  p re fe red  s l o t s .  Face t s  
marked w i t h  vary ing  degrees  of s a l i e n c e  c o n t r i b u t e  a s c o r e  i n  accordance 
w i t h  t h e  s l o t ' s  prominence w i t h  r e s p e c t  t o  t h e  concept  as a whole. The 
t o t a l  s c o r e  r e f l e c t s  a degree of match and mismatch as a s i n g l e  number, 
s i n c e  s u c c e s s f u l  s l o t  matches increment t h e  s c o r e  and unsuccessfu l  ones 
decrement t h e  score .  

1.1.3 HOLMES PROJECT 

A s e n i o r  p r o j e c t  by P e t e r  Holmes (Holmes,l981) proposes a p a r t i a l  
matcher t h a t  r e t u r n s  f o u r  q u a l i t y  s c o r e s  t h a t  measure t h e  degree of 
match of  a t a r g e t  concept t o  a p a t t e r n  concept.  A uniform r e c u r s i v e  
match procedure i s  descr ibed  i n  which s l o t s  a r e  a l i g n e d  and r e c u r s i v e l y  
matched. Mul t ip l e  a l ignments  of  t a r g e t  r o l e s  t o  p a t t e r n  r o l e s  may occu r  
as a s l o t  t r e e  a t t a c h e d  t o  a concept  t r e e  i s  assumed t o  e x i s t .  Rest 
s l o t  a l ignments  a r e  determined by f a c t o r i n g  i n  match s c o r e s  and 
subsumption d i s t a n c e s  between t h e  p a t t e r n  r o l e  and t h e  a l t e r n a t i v e  
t a r g e t  r o l e s .  

Weights a r e  ass igned  t o  s l o t s ,  s i m i l a r  t o  t h e  s a l i e n c e  measures o f  
t h e  FFRL matcher.  I n  t h i s  c a s e ,  however, t h e  sum of a concept's s l o t  
weights  i s  1. C e r t a i n  s l o t s  may be marked a s  o b l i g a t o r y ,  meaning those  
ro l e s '  c o n t r i b u t i o n s  a r e  added only  i f  t h e i r  f i l l e r s  match e x a c t l y .  The 
fou r  s c o r e  measures used a r e  a lower bound, base ,  e s t i m a t e ,  and upper 
bound. These a l s o  s e r v e  as the  b a s i s  f o r  t h e  match sco res  used i n  our  
p a r t i a l  matcher. Match-Task s c o r e  and s t a t u s  informat ion  i s  maintained 
f o r  each p a t t e r n  concept  matched and match r e s u l t s  found from "bottomed 
out"  r e t u r n s  a r e  t r i g g e r e d  up t o  t h e  h igher  l e v e l  Hatch-Tasks. The 
match may be suspended i f  p rocess ing  c o n s t r a i n t s  s o  r e q u i r e .  

The g e n e r a l  o u t l i n e  o f  a match process  developed i n  Holmes' paper 
has  served  a s  a s i g n i f i c a n t  b a s i s  f o r  t h e  match approach f u r t h e r  
d e t a i l e d  i n  t h i s  t h e s i s .  

1.1.4 KL-ONE CTiASSIFICATION ALGORITHMS 

Work by Woods (Woods,1979) and L i p k i s  (L ipk i s , l 981)  d i s c u s s e s  
" a s s i m i l a t i n g  new concepts  i n t o  t h e  network". I n  t h e  Drocess of f i n d i n g  
t h e  c o r r e c t  p l ace  f o r  a new d e s c r i p t i o n ,  r e c u r s i v e  subsumption 
techniques  , s i m i l a r  t o  t hose  i n  t h i s  p a r t i a l  matcher ,  a r e  used. 

Woods d e s c r i b e s  a number of subsumption a lgo r i thms ,  i n c l u d i n g  MSS 
(Most S p e c i f i c  Subsumer), MGS (Most General  S p e c i a l i z e r ) ,  and YSMGU 
(Most S p e c i f i c  Most General  U n i f i e r )  a lgor i thms.  The MSS a lgo r i thm i s  
in tended  t o  f i n d  t h e  most s p e c i f i c  g e n e r a l i z a t i o n  of t h e  i n p u t  concept;  
t h i s  i s  t h e  p l a c e  where t h e  new concept should be a t t ached .  A concept 
subsumes another  concept i f  SuperC l i n k s  j o i n  them o r  i f  a l l  r o l e  V/RS 
of t h e  p a t t e r n  concept  subsume corresuonding r o l e s  of t h e  t a r g e t  
concept.  

L i p k i s  ex tends  t h i s  d e f i n i t i o n  o f  subsumption t o  i nc lude  number 
r e s t r i c t i o n  and s t r u c t u r a l  d e s c r i p t i o n  subsumption. Both L i p k i s  and 
Woods a r e  concerned w i t h  e f f i c i e n t  means of  s ea rch ing  knowledge networks 
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t o  d i s c o v e r  concepts  most c l o s e l y  r e l a t e d  t o  a n  i n p u t  concept.  The 
p a r t i a l  match problem i s  concerned w i t h  t h e  deg ree  of match between two 
concepts  whose p a r t s  and r e l a t i o n s h i p s  have a l r e a d y  been made e x p l i c i t  
through such c l a s s i f i c a t i o n  schemes. 

1.2 OVERVIEW 

Our matcher  r e t u r n s  p a r t i a l  s c o r e s ,  from 0 t o  1, a s  measures o f  
t h e  degree  t o  which some " t a r g e t  d e s c r i p t i o n "  may be  viewed as a g iven  
" p a t t e r n  desc r ip t ion" .  A p a t t e r n  concept matches a t a r g e t  concept  as 
i t s  r o l e s  a r e  pu t  i n  f u n c t i o n a l  correspondence wi th  t h e  t a r g e t  concept's 
r o l e s  and i t s  r o l e  f i l l e r s  a r e  r e c u r s i v e l y  matched a g a i n s t  t h e  t a r g e t  
r o l e  f i l l e r s .  The r o l e s  of a p a t t e r n  can be ass igned  weights  which 
i n d i c a t e  t h e  importance o r  s a l i e n c e  of each r o l e  w i t h  r e s p e c t  t o  t h e  
concept  a s  a whole. When two r o l e s  a r e  matched, t h e  amount c o n t r i b u t e d  
t o  t h e  s c o r e  of t h e  o v e r a l l  match i s  a f u n c t i o n  of t h e  p a t t e r n  role 's  
s a l i e n c e ,  a  de t e rmina t ion  of f u n c t i o n a l  a l ignment ,  and t h e  degree  o f  
match of t h e  r o l e  f i l l e r s .  

The degree t o  which two d e s c r i p t i o n s  match o r  can  na tch  i s  
r ep resen ted  by f o u r  s co res .  Two of t h e s e ,  a  lower and upper bound, a r e  
r e l a t e d  t o  t h e  " e v i d e n t i a l  p r o p o s i t i o n a l  c a l c u l u s "  (Garvey,l981) hased 
on Shafer 's  theory  of  evidence (Shafer ,1976) .The lower bound i s  
evidence f o r  a  match, and t h e  upper bound i s  1 - evidence a g a i n s t  a  
match. 

Scores  of a  p a r t i a l l y  completed match process  a r e  c u r r e n t  b e s t  
e s t i m a t e  s c o r e s  s i n c e  a l l  s c o r e  informat ion  found a t  t e rmina t ion  o b j e c t s  
a t  t he  bottom of t h e  network a r e  t r i gge red  t o  t h e  t o p  of  t h e  network. 
Match-Tasks, which a r e  types  of meta-descr ipt ions r ep re sen ted  i n  t h e  
KL-ONE formalism, c o n t a i n  match sco re  and s t a t u s  informat ion .  A 
Match-Task i s  c rea t ed  and maintained f o r  each p a t t e r n  concept  reached i n  
t h e  match process .  I n  t h i s  way t h e  match process  may be  suspended and 
r e s t a r t e d  from i t s  previous  s t a t e  of comparison. 



CHAPTER 2 

KL-ONE REPRESENTATION 

2.1 INTRODUCTION 

The RL-ONE knowledge r e p r e s e n t a t i o n  languaoe, a  semantic networ!~ 
formalism b u i l t  on t h e  use  of ep i s t emolog ica l  p r i m i t i v e s  
(Brachman,l979a), i s  used t o  d e s c r i b e  i n t e n s i o n a l  d a t a  c o n s t r u c t s .  
Gener ic  concepts ,  which r e p r e s e n t  gene ra l  i n t e n s i o n a l  d e s c r i ~ t i o n s ,  form 
t h e  s k e l e t a l  s t r u c t u r e  of t h e  network. Conventions f o r  concept  
s t r u c t u r i n g ,  r o l e  i n h e r i t a n c e ,  i n t e r - r o l e  r e l a t i o n s h i p s ,  and concept  
i n d i v i d u a t i o n  a r e  p a r t  of t h e  r u l e s  f o r  t h e  language. Thus a system f o r  
concept  d e s c r i p t i o n  e x i s t s  independent of a  p a r t i c u l a r  domain's semantic  
i n t e r p r e t a t i o n .  

I n  o r d e r  f o r  t h e  cons t ruc t ed  networks t o  be i n t e r p r e t a b l e  w i t h  
r e s p e c t  t o  a  p o s s i b l e  world,  i t  i s  t h e  r e s p o n s i b i l i t y  of t h e  Knowledge 
Engineer  t o  make correspondences between network concepts  and p o s s i b l e  
o b j e c t s  and network r o l e s  and p o s s i b l e  o b j e c t  a t t r i b u t e s .  

2.2 CONCEPTS 

2.2.1 INTRODUCTION 

Concepts a r e  i n t e n s i o n a l  i n  t h a t  t hey  d e s c r i b e  a  c l a s s  of 
p o t e n t i a l  o b j e c t s .  They a r e  n o t  a s s o c i a t e d  wi th  a c t u a l  world o b j e c t s  
and e v e n t s ,  which a r e  r ep re sen ted  by o t h e r  means (Woods,1975). 
I n d i v i d u a l  concepts  a r e  a l s o  i n t e n s i o n a l ,  b u t  r ep re sen t  unique concepts  
t h a t  i n d i v i d u a t e  Generic  Concepts. Generic  Concepts may be  s a t i s f i e d  by 
a l a r g e  number of  I n d i v i d u a l  Concepts. These I n d i v i d u a l  Concepts can  be 
considered a s  unique v a r i a n t s  of a g e n e r i c  pro to type .  They remain 
i n t e n s i o n a l  s i n c e  t h e r e  i s  no t  n e c e s s a r i l y  a  real-world e x t e n s i o n a l  
o b j e c t  a s s o c i a t e d  wi th  each of them and two i n d i v i d u a l  concepts  may 
r e f e r  t o  t h e  same e x t e n s i o n a l  o b j e c t  . 
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2.2.2 GENERIC CONCEPTS 

Generic Concepts may be  r e l a t e d  t o  each o t h e r  i n  a graph network 
where nodes a r e  the  gener ic  concepts  and the  l i n k s  a r e  SuperC a rcs .  A 
sub-generic concept s p e c i a l i z e s  a super-generic concept. The 
sub-concept "is . a "  r e s t r i c t e d  case  of the  s u p e r c o n c e p t .  The 
sub-cancept may be l inked t o  more than one super-concept, t h u s  t ak ing  on 
a conjunction of those  s u p e r c o n c e ~ t s '  proper t ies .  

F igure  (1) exempl i f ies  a gener i c  concept h ie ra rchy ,  where a 
gener ic  concept may have more than one ances tor  and ind iv idua l  concepts 
appear a s  l ea f  nodes a t t ached  t o  gener i c  concepts.  The key of  f i g u r e  
(8) , which fo l lows Brachman's graphic  s i g n  convent ions  
(Brachman,l978c), se rves  a s  a guide  f o r  the  KL-ONE network diagrams i n  
t h i s  t h e s i s .  F igures  (7) and (22) se rve  a s  r e fe rence  examples from 
which may be observed t h e  KL-ONE o b j e c t  o rgan iza t ion  and r e l a t i o n s h i p s  
a s  t h e  formalism i s  described i n  t h e  following sec t ions .  

Figure (1) Generic Concept Hierarchy with 
Ind iv idua l  Concept Leaf Nodes 

A r ecurs ive  d e s c r i p t i o n  may not  be  cons t ructed  hy using SuperC 
a r c s  t o  make a concept both a sub-concept and super-concept of another  
concept,  a s  shown i n  f i g u r e  (2 ) .  
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Figure (2)  I l l e g a l  Recursive Descript ion 

2.2.3 INDIVIDUAL CONCEPTS 

An individual  concept i s  a  s p e c i f i c  case  of i t s  gener ic  concept, 
where p a r t i c u l a r  p a r t s  of t h e  gener ic  concept are f i l l e d  by o t h e r  
individual  concepts. They a r e  n e c e s s a r i l y  l e a f  nodes i n  the  graph, 
s i n c e  they may not  be f u r t h e r  modified. A s  discussed i n  t h e  next 
s e c t i o n s ,  the  f u l l  meaning of concept s p e c i a l i z a t i o n  and ind iv idua t ion  
Is seen wi th  respect  t o  t h e  r o l e s  and s t r u c t u r a l  d e s c r i p t i o n s  of the 
concepts . 

2.3, ROLES 

2.3.1 INTRODUCTION 

Roles serve  t o  c h a r a c t e r i z e  t h e  p a r t s  o r  a t t r i b u t e s  of a  concept. 
There are gener ic  r o l e s  f o r  gener ic  concepts and ins tance  r o l e s  f o r  
ind iv idua l  concepts. Roles e x i s t  on ly  a s  p a r t s  of t h e f r  owning 
concepts; they may not  be defined ou t s ide  of t h e  context  of a concept. 

2 -3.2 GENERIC ROLES 

Generic r o l e s  are i n t e n s i o n a l  o b j e c t s  t h a t  desc r ibe  t h e  c l a s s  of 
concepts t h a t  can  serve  i n  t h a t  funct ion,  t h e  number of those  concepts, 
and t h e  need f o r  those  f i l l e r s  t o  properly desc r ibe  t h e  owning concept. 
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2.3.3 ROLE FACETS 

A Generic Role has t h r e e  r o l e  f a c e t s :  

1. VALm RESTRICTION (v/R) 

2. NUMBER 

3. MODALITY * 
Figure  (3) shows the  components of a gener ic  ro le .  

CONCEPT =? 
V / R  

name 
< l i s p  atom> 

modality 
<ohl,ont.,inb> 

num he r 
r e s t r i c t i o n  

< min max > 

Figure ( 3 )  Role Facets  

2.3.3.1 Value R e s t r i c t i o n  - 
A gener ic  concept's value r e s t r i c t i o n  i s  a gener ic  concept. This  

is  t h e  type of f i l l e r  the r o l e  is expected t o  have. 

* The use of a r o l e  modality has  been dropped from t h e  cur ren t  version of  
KL-ONE. 
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2 .3 .3 .2  Number - 
A gener ic  concept's Number is a  p a i r  of non-negative in tegers  t h a t  

des ignate  t h e  minimum and maximum bounds of t h e  number of ind iv idua l  
concept value r e s t r i c t i o n s  a  s a t i s f y i n g  ins tance  r o l e  must have. 

2 . 3 . 3 . 3  Modality - 
A gener ic  role's modality s p e c i f i e s  whether a  v a l i d  individuator  

must o r  may have an ins tance  of t h a t  ro le .  Obligatory gener ic  r o l e s  
must be s a t i s f i e d  by a n  ins tance  r o l e  whose value is an individual  
concept t h a t  individuates  t h e  generic value r e s t r i c t i o n ' s  gener ic  
concept. This means t h a t  t h e  generic role's Number's minimum bound must 
be g r e a t e r  than 0. An op t iona l  generic r o l e  al lows the  p o s s i b i l i t y  of 
an ins tance  r o l e  e x i s t i n g ,  but  i t  need not  be present  t o  form a v a l i d  
individuator .  This  impl ies  t h a t  the  opt ional  gener ic  role 's  Number may 
be thought of a s  a  s e t  containing 0 and t h e  values , i n c l u s i v e ,  from t h e  
minimum t o  t h e  maximum. 

2.3.3.4 Role N a m e s  - 
Each r o l e  has one o r  more r o l e  names. The names of r o l e s  serve  a s  

i d e n t i f i e r s  f o r  t h e  user .  Di f fe ren t  r o l e s  may have the  same name. For 
example, a  sub-concept's r o l e  may serve t h e  same funct ion a s  a  
superconcept ' s  r o l e  and the re fo re  be most n a t u r a l l y  r e f e r r e d  t o  with 
t h e  same name. A r o l e  may have mul t ip le  names i f  i t  i s  i n h e r i t e d  from a  
number of super ro les .  

An ins tance  r o l e  is a  bottom-level KL-ONE objec t  t h a t  i s  l inked t o  
a  gener ic  r o l e  t h a t  i t  s a t i s f i e s  and has a  value t h a t  i s  a  bottom-level 
ind iv idua l  concept. An ins tance  r o l e  may not  be f u r t h e r  spec ia l i zed ,  
and i s  a t tached t o  an ind iv idua l  concept. 
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2.3.5 ROLE INHERITANCE 

2.3.5.1 I n t r o d u c t i o n  - 
St ruc tu red  i n h e r i t a n c e  i s  a  key mechanism of  KL-ONE . It i s  t h e  

means by which p a r t s  of a more gene ra l  d e s c r i p t i o n a l  network become t h e  
d e s c r i p t i o n a l  framework of a  more s p e c i a l i z e d  network. There a r e  t h r e e  
b a s i c  ways t h a t  r o l e s  may b e  connected t o  t h e i r  a n c e s t o r  r o l e s :  
mod i f i ca t ion ,  d i f f e r e n t i a t i o n ,  and s a t i s f a c t i o n .  When a sub-generic 
concept  s p e c i a l i z e s  a  super -gener ic  concept ,  t h e  sub-roles  may he  i n  a 
mod i f i ca t ion  o r  d i f f e r e n t i a t i o n  r e l a t i o n  wi th  t h e  super-roles .  When an  
i n d i v i d u a l  concept I n d i v i d u a t e s  a  gene r i c  concept ,  t h e  i n s t a n c e  r o l e s  of 
t h e  i n d i v i d u a l  concept S a t i s f y  t h e  g e n e r i c  r o l e s .  Any g e n e r i c  r o l e s  of 
a  super-concept t h a t  a r e  n o t  e x p l i c i t l y  modified o r  d i f f e r e n t i a t e d  a t  a  
sub-concept w i l l  be i n h e r i t e d  a s  exac t  " v i r t u a l  copies"  (Fahlman,1979). 

2.3.5.2 Modif ica t ion  - 
When a  sub-role  i s  i n  a mod i f i ca t ion  r e l a t i o n  t o  a super - ro le  , 

some of i t s  f a c e t s  a r e  f u r t h e r  r e s t r i c t i o n s  of  the  super-role 's f a c e t s .  
The sub-role's va lue  r e s t r i c t i o n  may be a  g e n e r i c  concept t h a t  i s  a  
s u b s e t / s p e c i a l i z a t i o n  of t h e  super-role's v a l u e  r e s t r i c t i o n .  For 
example, from f i g u r e  (7), File-Copied-To-New-Directory's Loca t ion  r o l e  
modi f ies  Object-With-Dir-Location's Locat ion  r o l e  and 
Dif fe ren t -Direc tory  i s  a  r e s t r i c t i o n ,  o r  subse t  of t h e  Di rec to ry  
concept .  The sub-role's Number may cover  a  range t h a t  i s  a subse t  of 
t h e  super-role 's Number. 

2.3.5.3 D i f f e r e n t i a t i o n  - 
A sub-role  i n  a  d i f f e r e n t i a t i o n  r e l a t i o n  w i t h  a  super - ro le  may 

a l s o  have l o c a l  r e s t r i c t i o n s  t h a t  o v e r r i d e  t h e  super-role 's f a c e t s ,  a s  
i n  t he  mod i f i ca t ion  r e l a t i o n .  D i f f e r e n t i a t i o n  i s  used p r i m a r i l y  t o  form 
a  s e t  o f  sub- ro les  of a  super-role.  The d i f f e r e n t i a t e d  sub-roles  may be 
a t t a c h e d  t o  super - ro les  and considered as owned by t h e  super-concept.  

2.3.5.4 S a t i s f a c t i o n  - 
Thi s  r e l a t i o n  e x i s t s  between a n  i n s t a n c e  r o l e  of a  sub-concept and 

a g e n e r i c  r o l e  o f  a  super-concept. It s e r v e s  as a  p l ace  from which t o  
r e f e r  t o  i n d i v i d u a l  concept f i l l e r s .  
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2.3.5.5 Multiple Role Inheritance - 
When a sub-concept has multiple ancestors, two or more functional 

r o l e s  of the ancestors may be described as  a s i n g l e  functional r o l e  of 
the sub-concept. The default  interpretation of the sub-role's value 
r e s t r i c t i o n  i s  a conjunction of the super-roles' value res tr ic t ions .  
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2.4 STRUCTURAL DESCRIPTIONS 

The formalism, a s  p r e s e n t l y  desc r ibed ,  h a s  r o l e s  which a r e  
e x p l i c i t  o b j e c t s  t h a t  r e f e r  t o  concepts .  Roles  a r e  meant t o  be a  
f u n c t i o n a l  p a r t  o f  a concevt  o r  a  r e l a t i o n  i n  which a  concept  i s  
involved.  There i s  some s t r u c t u r e  i n  t h e  way t h a t  r o l e s  a r e  formed 
s i n c e  sub  r o l e s  a r e  connected t o  s u p e r  r o l e s .  However, t h e  n a t u r e  of 
t h e  r e l a t i o n s h i p  o r  f u n c t i o n  t h e  r o l e s  r e p r e s e n t  i s  n o t  c l e a r ;  i n  a  
s ense  i t  is  l e f t  up t o  t h e  knowledge eng inee r  o r  u s e r  t o  a t t a c h  meaning 
t o  t h e  r o l e  by us ing  t h e  r o l e  name's evoca t iona l  sense .  K L d N E  
addres ses  t h i s  i s s u e  by a l lowing  t h e  u s e  of s t r u c t u r a l  d e s c r i p t i o n s  t o  
make e x p l i c i t  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  i n  which r o l e s  a r e  involved.  
A s t r u c t u r a l  d e s c r i p t i o n  may be  thought  of as a way t o  ove r l ay  t h e  r o l e s  
o f  a  s e p a r a t e  concept's r o l e s  ove r  s p e c i f i e d  r o l e s  of t h e  gene r i c  
concept  being descr ibed .  The formal  o b j e c t s  used t o  c o n s t r u c t  a 
s t r u c t u r a l  d e s c r i p t i o n  a r e  a n  SD o b j e c t ,  a pa ra ind iv idua l  concept ,  and 
co re fe rence  r o l e s  of t h e  pa r ind iv idua l .  The SD i s  analogous t o  a r o l e  
and the  p a r a i n d i v i d u a l  is analogous t o  a  va lue  r e s t r i c t i o n .  The 
para indiv idua l ' s  co re fe rence  r o l e s  have l i n k s  which show how t h e  
pa ra ind iv idua ted  concept's r e l a t i o n a l  r o l e s  correspond w i t h  t h e  owning 
concept's r o l e s .  The i n t e r p r e t a t i o n  of  a  s t r u c t u r a l  d e s c r i p t i o n  i s  t h a t  
any i n d i v i d u a l  concept of t h e  owning concept must have i n d i v i d u a l  
concept  r o l e  f i l l e r s  t h a t  s a t i s f y  t h e  s ~ e c i f i e d  s t r u c t u r a l  c o n s t r a i n t s  
of t h e  owning concept.  

The p a r a i n d i v i d u a l  i s  parameter ized i n  t h e  sense  t h a t  i t  i s  
a p p l i c a b l e  on ly  t o  i t s  owning concept .  It is  a s p e c i a l  type of 
i n d i v i d u a l  concept i n  t h a t  i t  i s  s p e c i f y i n g  r e l a t i o n s  t h a t  must hold f o r  
p a r t i c u l a r  i n d i v i d u a l  r o l e  f i l i e r s .  A s p e c i a l  l is t  s t r u c t u r e ,  c a l l e d  a 
r o l e  cha in ,  i s  r equ i r ed  t o  make e x p l i c i t  t h e  f u n c t i o n a l  connect ion of 
t h e  r o l e s  being cons t r a ined  t o  t h e  o t h e r  r o l e s  of t h e  owning concept .  

The s t r u c t u r a l  d e s c r i p t i o n  shown i n  f i g u r e  ( 4 )  p l aces  a  c o n s t r a i n t  
on t h e  f i l e  body r o l e s  t o  r e q u i r e  t h a t  any i n d i v i d u a l  f i l l e r s  of t h e  two 
r o l e s  be t h e  same ob jec t .  
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f i l e  
name 

name hody 

Figure (4) K L a N E  Representation of Copy Command, 
Using a Structural Description 



CHAPTER 3 

NETWORKS TO BE MATCHED 

Assumptions a r e  made about  what type  of  networks w i l l  be  matched, 
and what a d d i t i o n a l  datum informat ion  i s  a s s o c i a t e d  w i t h  t h e  concepts  
and r o l e s  i n  t h e  network. The matcher p r e s e n t l y  does n o t  handle  
s t r u c t u r a l  d e s r i p t i o n s .  

3.1 VALIDATED CONCEPTS 

To some e x t e n t  KL-ONE en fo rces  r u l e s  f o r  b u i l d i n g  knowledge 
networks by r e j e c t i n g  KL-ONE func t ions  c a l l s  i f  t h e  arguments a r e  not  of  
t h e  proper  type.  The fo l lowing  r e l a t i o n s  between concepts  and r o l e s  are 
enforced a u t o m a t i c a l l y  when t h e  KL-ONE func t ions  a r e  c a l l e d .  

- I n d i v i d u a l  concepts  may o n l y  have i n d i v i d u a l  r o l e s  a t t ached .  Those 
i n d i v i d u a l  r o l e s  nay have a r c s  on ly  t o  i n d i v i d u a l  concepts .  
- Gener ic  concepts  may have g e n e r i c  r o l e s  a t t ached .  
- I n d i v i d u a l  concepts  may n o t  be f u r t h e r  i nd iv idua ted .  

The fo l lowing  r e l a t i o n s  between concep t s  and r o l e s  should be enforced by 
t h e  knowledge engineer  t o  form v a l i d  KL-ONE s t r u c t u r e s :  

- A sub-concept's role 's  V/R i s  a  s p e c i a l i z a t i o n  o f  t he  super-concept's 
role 's  V/R when t h e  sub-role  modi f ies  o r  d i f f e r e n t i a t e s  t h e  supe r  r o l e .  
- A sub-concept's role 's  Number i s  a  sub-range of t h e  super-concept's 
ro le ' s  Number when t h e  sub-role modif ies  o r  d i f f e r e n t i a t e s  t h e  super  
r o l e .  
- A sub-concept's role 's  modal i ty  i s  more cons t r a ined  than  i t s  
supe rconcep t ' s  ro l e ' s  modal i ty  when t h e  sub-role modi f ies  o r  
d i f f e r e n t i a t e s  t h e  supe r  r o l e .  
- A subconcept's r o l e s  o n l y  modify o r  d i f f e r e n t i a t e  r o l e s  of a n c e s t o r  
concepts  . 
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3.2 CLASSIFIED CONCEPTS 

Lipkis '  work, ( L i p k i s , l 9 8 l ) , a s  mentioned e a r l i e r ,  d e s c r i b e s  a 
procedure f o r  au toma t i ca l ly  p l ac ing  new concepts  i n  t h e i r  b e s t  
c l a s s i f i e d  p o s i t i o n  i n  an e x i s t i n g  KL-ONE network. For t h e  p a r t i a l  
matcher i t  i s  assumed t h a t  t h e  p a t t e r n  knowledge i s  b e s t  c l a s s i f i e d ,  
e i t h e r  manually by t h e  Knowledge Engineer ,  o r  w i th  an  au tomat ic  system 
s i m i l a r  t o  Lipkis'. 

I n  a c l a s s i f i e d  network, i n  t h e  sense  t h a t  L ipk i s  u ses ,  a g e n e r i c  
t a r g e t  r o l e  a l i gned  by subsumption t o  a g e n e r i c  p a t t e r n  r o l e  need n o t  
have i t s  V/R r e c u r s i v e l y  matched, s i n c e  a sub-generic concept may n o t  
have any r o l e s  cance l l ed  t h a t  o r i g i n a t e d  from i t s  super-generic  
concepts .  However, t h e r e  a r e  t h r e e  main c a s e s  where a r e c u r s i v e  match 
of  r o l e  V / R s  may b e  r equ i r ed  t o  de te rmine  t h e  proper  match sco re .  They 
are : 

( 1 )  - non-validated network 
- network wi th  UNKNOWN concept  
-network wi th  concepts  no t  y e t  c l a s s i f i e d  

( 2 )  - t h e  t a r g e t  r o l e  i s  an  i n s t a n c e  r o l e  
( 3 )  - a subsumption d i s t a n c e  i s  of i n t e r e s t  

From t h i s  p o i n t  on, any matching t a s k  o r  network i n  which any of t h e s e  
cond i t i ons  ho lds  t r u e  w i l l  be  r e f e r r e d  t o  a s  a r e c u r s i v e  problem. Any 
problem i n  which any o f  t h e s e  cond i t i ons  i s  not  t r u e  w i l l  be r e f e r r e d  t o  
a s  a non-recursive problem. 
Non-Validated Network 
When new informat ion  i s  being acqui red  o r  l ea rned ,  i t s  d e s c r i p t i o n  
evolves  from a l e s s  complete and c o n s i s t e n t  s t a t e  t o  a more complete and 
c o n s i s t e n t  one. A t  t he  bottom of t h e  network i n c o n s i s t e n t  and/or  
incomplete d e s c r i p t i o n s  may e x i s t .  For example, Woods s t a t e s  
(Woods,l978,p39) "At some po in t  s u f f i c i e n t l y  low i n  t h e  l a t t i c e ,  one can 
begin  t o  form i n c o n s i s t e n t  d e s c r i p t i o n s  by t h e  conjunct ion  of 
incompatible  concepts ,  t h e  impos i t i on  of impossible  r e s t r i c t i o n s ,  
e t c . .  ." 
Unknown Concepts 
Incomplete informat ion  may be  s imulated i n  KL-ONE by us ing  a 
d i s t i n g u i s h e d  concept ,  t h e  UNKNOWN concept ,  which i s  a THING, and has  no 
f u r t h e r  s p e c i a l i z e r s .  The UNKNOWN concept must be s p e c i f i c a l l y  
ass igned ,  o r  e l s e  t h e  V / R  d e f a u l t s  t o  be t h e  top- leve l  THING concept .  
An example of i t s  use is t h e  r e p r e s e n t a t i o n  of t h e  RENAME command of 
f i g u r e  (7), where RENAME'S syn tax  i s  UNKNOWN. Perhaps a novice u s e r  has  
f o r g o t t e n  t h e  exac t  syntax  needed. 

Concepts Not Yet C l a s s i f i e d  -- 
I f  a subconcept has  a r o l e  whose V / R  i s  a concept that does not  

s p e c i a l i z e  t h e  superconcept 's  role 's  V/R, then  t h e  subconcept has  not  
been f u l l y  c l a s s i f i e d .  F igure  (5)  i l l u s t r a t e s  t h i s  case .  S ince  a 
SuperC a r c  does not  connect Sub V/R and Super V/R , a match of t hese  
r o l e s  would f a i l .  
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Coneep t 

Figure (5) Mon-Classified Net 

Ins tance  Target Role 
The in tens iona l  na tu re  of KL-ONE desc r ip t ions  al lows f o r  the  

c r e a t i o n  of ind iv idua l  concepts t h a t  do not  have r o l e s  corresponding t o  
op t iona l  gener ic  r o l e s  of t h e  individuated gener ic  concept. For 
example, t h e  t a r g e t  role's va lue ,  of f i g u r e  ( 6 ) .  does not have a r o l e  
corresponding t o  R2.  When Rp's V / R  s e t s  up a sub match t a s k ,  R2 w i l l  
f a i l  i ts  match. 
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Figure (6) Network with Ins tance  Target Role 

Distance Measure Used - 
I f  a conceptual d i s t a n c e  between a subsumer and subsumed concept 

can be measured i t  may depend on recurs ive  measurements. A t  the  l e a s t  
i t  w i l l  involve examining weights o r  datum at tached t o  KL-ONE o b j e c t s  
between the  t a r g e t  and p a t t e r n  ro les .  Sect ion 8.2.1.1 presents  a 
poss ib le  d i s t a n c e  measure. 

The networks t o  be matched f o r  t h e  presented matcher may be  
non-validated. Present ly ,  a d i s t ance  measure i s  not ca lcu la ted .  

3.3 WEIGHTING 

Roles of p a t t e r n  concepts a r e  weighted t o  i n d i c a t e  the  r e l a t i v e  
importance of t h e  concept a t t r i b u t e s  with respect  t o  the  owning concept. 
For example, i n  f i g u r e  (7 ) ,  t h e  c r e a t i o n  of File-Copied-To-New-Directory 
i s  considered t o  con t r ibu te  60 percent  of t h e  meaning of t h e  COPY 
command. It is assumed t h a t  the  sum of the  weights of t h e  r o l e s  of any 
p a t t e r n  concept w i l l  not exceed 1. I f  t h e  sum of t h e  weights is less 
than 1 i t  may be i n t e r p r e t e d  t o  mean t h a t  t h e  knowledge engineer i s  on ly  
a b l e  t o  p a r t i a l l y  desc r ibe  t h a t  concept. 

3 -4 MINIMUM ROLE SCORE 

I n  order  t o  a l low more n a t u r a l  p a r t i a l  match s p e c i f i c a t i o n s ,  a 
minimum score  requirement f o r  a role's va lue  r e s t r i c t i o n  is  used. I n  
f i g u r e  (7),  t h e  RENAME command's Create r o l e  must have a V/R  match of a t  
l e a s t  30 percent  f o r  t h e  Renamed-File concept i n  order  t o  be p a r t i a l l y  
successful .  The minimum score's range is t h e  same a s  a concept score  
range, from 0 t o  1. A minimum s c o r e  requirement of 0 means t h a t  any 
p a r t i a l  match is  acceptable t o  desc r ibe  t h e  role's va lue  r e s t r i c t i o n .  
I f  t h e  value r e s t r i c t i o n  match does not achieve the  minimum score ,  t h e  
r o l e  match f a i l s  completely. A minimum score  of 1 means t h a t  t h e r e  must 
be a n  exact  match o r  else t h e  match at tempt f a i l s .  
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3.5 MODALITY 

The matcher  assumes t h a t  i noda l i t i e s  of Ob l iga to ry  o r  Opt iona l  a r e  
ass igned  t o  r o l e s  of concepts .  An i n s t a n c e  r o l e  e x i s t s  i n t e n s i o n a l l y  
and i s  t r e a t e d  similar t o  a n  o b l i g a t o r y  r o l e ,  a s  explained i n  s e c t i o n  
5 . 4  . 

3 . 6  EXAMPLE DESCRIPTION NETWORK 

F igure  ( 7 )  shows a  RL-ONE r e p r e s e n t a t i o n  of a  rename and copy 
command. F i g u r e  (8) i s  a key t o  t h e  KL-ONE o b j e c t s  and r e l a t i o n s  used 
i n  F i g u r e  ( 7 )  (Brachman, 1 9 7 8 ~ )  . More d e t a i l e d  r e p r e s e n t a t i o n s  of 
commands a r e  poss ib l e ;  t h i s  f i g u r e  s e r v e s  t o  i l l u s t r a t e  t h e  types  of 
d a t a  and correspondences d e a l t  w i t h  by t h e  matcher.  The RENAME and COPY 
concepts  have r o l e s  t h a t  match i n  t h r e e  ways: 

1. EQUAL r o l e s  a r e  i n h e r i t e d  i n t a c t  e .g .  F i le ' s  Body r o l e  i s  
i n h e r i t e d  by Renamed-File 

2 .  SUBSUMED r o l e s  e.g. Copy's F i l e ' s  Nane subsumes Rename's F i l e ' s  
Name 

3 .  GENERALIZED r o l e s  e.g. e.g a  g e n e r a l i z a t i o n  of COPY'S Word 
subsumes RENAME'S Word 

I n t e r p r e t a t i o n s  of  t h e  rename and copy commands a r e :  
COPY- A command wi th  syntax  and a  COPY command word. It c r e a t e s  a  f i l e  
w i th  a  f i l e  name, a  f i l e  body, and a new d i r e c t o r y  l o c a t i o n .  

RENAME- A command wi th  a  RENAME command word, unknown syntax ,  and g iven  
f i r s t  i n  order .  It c r e a t e s  a  f i l e  w i t h  a  new f i l e  name, a  f i l e  body and 
a  d i r e c t o r y  l o c a t i o n .  

Weights and moda l i t i e s  have been added t o  t h e  r o l e s  by t h e  
knowledge engineer  t o  t a i l o r  t h e  d e s c r i p t i o n s  as des i r ed .  For  example, 
t h e  RENAME Command must have a command word RENAME, and i t  r e c e i v e s  a 
maximum s c o r e  of . 3  when t h a t  r o l e  matches. 
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Figure (7) File command Descriptions 
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0 generic concept 

a individual concept 

SuperC 

individuate 

0 ~ e n e r i c  role 

8 instance role 

sat i s fv  

value descr. 

* =* obligatory role 
(<#>) == weight 

( < # > I < # > )  == (weight/minimum role score) 

Figure (8) KL-ONE Key 



CHAPTER 4 

MATCH PROCESS 

4.1 INTRODUCTION 

The problem of de te rmining  t h e  degree  t o  which one conceptua l  
d e s c r i p t i o n  may be viewed a s  a n o t h e r  conceptua l  d e s c r i p t i o n  i s  a n  
important  element of many c o g n i t i v e  processes .  It i s  a  fundanental  
means by which new informat ion  i s  a s s i m i l a t e d  i n t o  frameworks of 
prev ious  knowledge. Bobrow and Winograd make t h e  fo l lowing  s ta tement :  
"Reasoning is  dominated by a process  of r e c o g n i t i o n  i n  which new o h j e c t s  
and e v e n t s  a r e  compared t o  s t o r e d  s e t s  of expected p ro to types ,  and i n  
which s p e c i a l i z e d  reasoning  s t r a t e g i e s  a r e  keyed t o  t hese  pro to types"  
(Bobrow,1977a,p5). It is a l s o  a  means of  comparing known d e s c r i p t i o n s  
i n  o r d e r  t o  make e x p l i c i t  r e l a t i o n s h i p s  i m p l i c i t  i n  t h e  d e c l a r a t i v e  
s t r u c t u r e .  

The matching process  i nvo lves  t r a v e r s i n g  t h e  nodes and a r c s  of t h e  
knowledge network r e p r e s e n t i n g  a  p a t t e r n  concept  and de termining  t o  what 
degree  a t a r g e t  concept's nodes and a r c s  may be  plit i n  correspondence 
w i t h  t h e  p a t t e r n .  The process  proceeds wi th  two-stage c y c l i c  r e c u r s i v e  
c a l l s  f o r  r o l e  alignment and concept  matching. 

A simple "succeed" o r  " f a i l "  match r e s u l t  does not  provide 
s u f f i c i e n t  i n fo rma t ion  t o  compare and c o n t r a s t  d e s c r i p t i o n s  i n  a  n a t u r a l  
manner. P a r t i a l  s c o r e  r e s u l t s  g i v e  a b e t t e r  i n d i c a t i o n  of t h e  degree  
and n a t u r e  of t h e  match. P a r t i a l  s c o r e s ,  i nc lud ing  a  b e s t  e s t i m a t e ,  
lower bound, and upper bound, a r e  updated a s  corresponding p a r t s  of t h e  
p a t t e r n  and t a r g e t  concept  a r e  compared. 

The matcher handles  d e s c r i p t i o n  informat ion  of t h e  fo l lowing  kind:  

1)CLASSIFICATION KNOWLEDGE: 
- e q u a l i t y ,  subsumption, o r  g e n e r a l i z a t i o n  r e l a t i o n s  

between concepts  and - r o l e s  of concepts  
- g e n e r i c  o r  i n d i v i d u a l  concept  and r o l e  t ypes  

2)MODALITY STATE : 
- o b l i g a t o r y ,  o p t i o n a l ,  e x i s t i n g  

3)PARTIAL DESCRIPTION: 
- minimum s c o r e  t o  d e s c r i b e  a  concept  
- r o l e  weights  
The matcher  is  incrementa l  and may b e  r e s t a r t e d  a f t e r  a match i n  
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process  is suspended. A s  soon a s  a match s c o r e  i s  determined a t  t h e  
bottom l e v e l  of  t h e  network, s c o r e s  of concepts  t h a t  pointed t o  t h a t  
concept  a r e  updated. I n  t h i s  way t h e  s c o r e s  a t  t h e  o r i g i n a l  r o o t  
p a t t e r n  concept  r e f l e c t  t h e  l a t e s t  b e s t  e s t i m a t e  of t h e  match progress .  
Match s t a t u s  datum is a t t ached  t o  each p a t t e r n  concept  be fo re  and d u r i n g  
t h e  match process .  The match process  can  be  r e s t a r t e d  by examining t h e  
s t a t u s  of t h e  p a t t e r n  concepts  u n t i l  a p a t t e r n  concept  i s  found t o  be i n  
a n  o r i g i n a l  match state. 

A ranked r o l e  list i s  formed by o r d e r i n g  t h e  r o l e s  wi th  r e s p e c t  t o  t h e i r  
modal i ty  and weight.  For example, Copy-Command's r o l e s  ,from f i g u r e  
( 7 ) ,  would form a ranked l ist :  

ROLES: Create*(.6),  Com-Word*(.3), Syntax( . l )  . 
P o i n t e r s  and l a b e l s  a r e  maintained t o  i d e n t i f y  t h e  t a r g e t  concept and 
how t h e  concept was reached. The match process  ~ r o c e e d s  i n  a 
d e p t h - f i r s t  manner, matching r o l e  va lue  r e s t r i c t i o n s  i n  t h e  o r d e r  
determined by t h e  ranked r o l e  l i s t .  

4 .3 ROLE ALIGNMENT 

Role al ignment  i s  t h e  process  by which f u n c t i o n a l  correspondences 
a r e  made between t h e  p a t t e r n  and t a r g e t  r o l e s .  The e x p l i c i t  
mod i f i ca t ion  and d i f f e r e n t i a t i o n  l i n k s  t h a t  e x i s t  between sub-roles  and 
super - ro les  a r e  used. Two main i s s u e s  of r o l e  al ignment  a r e  t h e  types  
of a l ignment  and t h e  de t e rmina t ion  of a b e s t  alignment when m u l t i p l e  
al ignments  of  t a r g e t  r o l e s  t o  a p a t t e r n  r o l e  e x i s t .  

4.3.1 TYPES OF ALIGNMENT 

4.3.1.1 E q u a l i t y  - 
The r o l e s  of t h e  super-concept a r e  i n h e r i t e d  i n t a c t  by t h e  

sub-concept i f  t h e r e  a r e  no e x p l i c i t  l i n k s  from t h e  sub-concept's r o l e s  
t o  t h e  super-roles .  Th i s  could be t h e  case  when t h e  t a r g e t  concept i s  a 
s p e c i a l i z a t i o n  of t h e  p a t t e r n  concept .  I n  f i g u r e  ( 7 ) ,  t h e  Renamed-File 
i n h e r i t s  F i l e ' s  Body r o l e  i n t a c t .  Such r o l e s  w f l l  be shown wi thout  
t h e i r  V / R s ,  a l though they  a r e  assumed t o  be v i r t u a l l y  p r e s e n t  and equa l .  
When bo th  t h e  p a t t e r n  and t a r g e t  concept  a r e  s p e c i a l i z a t i o n s  of a common 
a n c e s t o r  concept ,  such a s  t h e  Renamed-Fi l e  and 
File-Copied-To-A-New-Directory, each concept may have equal  r o l e s .  The 
Body Role f o r  t h e s e  concepts  i s  such a ca se .  
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4.3.1.2 Subsumption - 
A p a t t e r n  r o l e  i s  considered t o  subsume a t a r g e t  r o l e  i f  t h e  

p a t t e r n  r o l e  can be reached from the  t a r g e t  r o l e  by t r avers ing  one o r  
more sa t i s fac t ion(on1y  one would be i n  t h e  path)  d i f f e r e n t i a t i o n ,  o r  
modificat ion l inks .  An i n t e r p r e t a t i o n  is  t h a t  a subsumed r o l e  is 
playfng a s i m i l a r  r o l e  a s  t h e  suhsumer r o l e ,  but  a t  a lower l e v e l  of 
abs t rac t ion .  I n  Figure ( 9 ) .  f o r  example, R l  subsumes R2,R3,and R4, R2 
subsumes R3 and R4 and R 3  subsumes R4.  

Figure (9 )  Role Suhsumption Rela t ions  

4.3.1.3 Genera l iza t ion - 
If the  p a t t e r n  concept does not subsume t h e  t a r g e t  concept, but 

they do have a common ances to r  concept, a genera l i za t ion  type alignment 
may e x i s t  between t h e i r  r o l e s .  An i n t e r p r e t a t i o n  of t h i s  alignment is  
t h a t  i f  we genera l i ze  the  pattern 's  funct ion t o  be t h e  ances to r  
funct ion,  then t h e  general ized r o l e  subsumes the  t a r g e t  ro le .  For 
example, i n  f i g u r e  (7) ,  i f  t h e  Word r o l e  of t h e  COPY command i s  
genera l ized t o  t h e  Word r o l e  of the  Command concept, i t  subsumes 
RENAME'S Word ro le .  

4.3.2 UNALIGNED ROLES 

Afte r  t h e  r o l e  alignment process, t h e r e  may be p a t t e r n  r o l e s  l e f t  
t h a t  could not be al igned wi th  any t a r g e t  ro les .  This r e s u l t s  i n  a 
c a ~ p l e t e  match f a i l u r e  of those  r o l e s .  This  could occur i f  t h e  p a t t e r n  
concept owns r o l e s  t h a t  t h e  t a r g e t  concept does not  own. I n  f i g u r e  (7), 
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t h e  RENAME command h a s  an  Order r o l e  l o c a l l y  a t t ached .  The COPY command 
does  no t  have such a  r o l e ;  i f  i t  i s  a  t a r g e t  f o r  t h e  RENAME concept ,  
t h e  Order  r o l e  w i l l  be unal igned and f a i l  i t s  match. I f  a  t a r g e t  r o l e  
i s  una l igned ,  i t  is  ignored.  I f  COPY i s  t h e  p a t t e r n  then  t h e  Order r o l e  
does  no t  e f f e c t  t h e  match sco res .  

4 . 3 . 3  BEST ALIGNMENT 

The alignment of t a r g e t  r o l e s  t o  p a t t e r n  r o l e s  may have r e s u l t e d  i n  t h e  
al ignment  of more t h a n  one t a r g e t  r o l e  t o  a s i n g l e  p a t t e r n  r o l e .  A b e s t  
a l ignment  i s  de f ined  t o  be t h e  one t h a t  r e s u l t s  i n  t h e  h i g h e s t  match 
s c o r e  between a p a t t e r n  r o l e  and one of  t h e  a l t e r n a t i v e  t a r g e t  r o l e s .  

4 . 3 . 3 . 1  Subsumption - 
I f  t h e  t a r g e t  concept i s  subsumed by t h e  p a t t e r n  concep t ,mu l t ip l e  

t a r g e t  r o l e s  may d i f f e r e n t i a t e  o r  modify a  p a t t e r n  r o l e .  For  exanple ,  
i n  f i g u r e  ( l o ) ,  f f  Super i s  considered a s  t h e  p a t t e r n  concept ,  t hen  R t l ,  
Rt2, and Rt3 a l l  a l i g n  wi th  R s u ~ e r .  I f  t h e  network i s  "non-recursive" , 
t h e n  any t a r g e t  r o l e s  match e x a c t l y  and t h e r e  is  no need t o  find a  b e s t  
match. I f  t h e  network i s  " r ecu r s ive" ,  t hen  i t  i s  necessary  t o  de te rmine  
each p a t t e r n l t a r g e t  r o l e  match sco re  and choose t h e  h i g h e s t  s co re .  

4 . 3 . 3 . 2  Genera l i za t ion  - 
Figure  (10) a l s o  shows a  c a s e  where m u l t i p l e  t a r g e t  r o l e s  a l i g n  

through g e n e r a l i z a t i o n  w i t h  a  s i n g l e  p a t t e r n  r o l e .  Tn t h a t  case  i t  i s  
necessary  t o  f u l l y  t r a v e r s e  t h e  va lue  r e s t r i c t i o n s ,  even i f  t h e  network 
i s  non-recursive,  i n  o r d e r  t o  f i n d  the  h i g h e s t  match score .  Th i s  i s  
because t h e  V/RS o f  t h e  p a t t e r n  r o l e  may have i n h e r i t e d  r o l e s  t h a t  may 
not  have been i n h e r i t e d  by any o r  a l l  of t h e  t a r g e t  r o l e  V / R s .  For 
example, t h e  p a t t e r n  concept  V/Rp i n h e r i t s  Rp' from the  a n c e s t o r  concept  
A. R t l  is  t h e  o n l y  t a r g e t  r o l e  whose V/R  a l s o  i n h e r i t s  t h a t  r o l e  and is  
t h e r e f o r e  t h e  o n l y  r o l e  t h a t  w i l l  c o n t r i b u t e  towards the  Rp' match 
sco re .  F o r  t h i s  ca se ,  on ly  through r e c u r s i v e  t r a v e r s a l s  of each p a t t e r n  
and t a r g e t  r o l e  V/R networks can t h e  h i g h e s t  s c o r i n g ,  b e s t  a l i gned  r o l e  
be found. 
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Figure (LO) Multiple Role Alignments 
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4.3.3.3 Mult iple Genera l iza t ion Alignment - 
Because concepts may have more than one ances tor  and a r o l e  may 

modify o r  d i f f e r e n t i a t e  more than one super-role, a p a t t e r n  r o l e  could 
a l i g n  wi th  a t a r g e t  r o l e  through mul t ip le  ances tor  ro les .  For example, 
i n  f i g u r e  (ll), Rp a l i g n s  with R t  by g e n e r a l i z a t i o n  through both R1 and 
R2. For t h e  present  matcher, t h e  mul t ip le  genera l i za t ion  alignments 
simply serve a s  a l t e r n a t i v e  paths t o  al low matching between t h e  same 
p a t t e r n  and t a r g e t  r o l e .  The f i r s t  genera l i za t ion  path i n  t h e  alignment 
t a b l e  i s  chosen ; it allows alignment of t h e  p a t t e r n  and t a r g e t  r o l e  a s  
w e l l  a s  any o t h e r  path i n  t h e  sense  considered here. The use of 
s t r u c t u r a l  d e s c r i p t i o n  information f o r  choosing a bes t  alignment i s  
considered i n  s e c t i o n  8.2.2.5 . 

Figure (11) Mult ip le  Generalization Alignment 
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4 .4  ROLE FACET MATCHING 

The t h r e e  f a c e t s  of a  r o l e  a l l  c o n t r i b u t e  towards t h e  ro le ' s  and 
owning concept's i n t e n s i o n a l i t y .  V/R and modal i ty  r e l a t i o n s  a r e  
considered f o r  t h e  matcher. Number matching i s  considered i n  s e c t i o n  
8.2 .1 .3 .  

4.4 .1 VALTlE RESTRICTION 

Value r e s t r i c t i o n  matching i s  performed by r e c u r s i v e  c a l l s  t o  t h e  
matcher ,  matching t h e  t a r g e t  V/R t o  t h e  p a t t e r n  V / R .  

4.4.2 MODALITY 

The d e s c r i p t i o n s  being matched have a t t r i b u t e s  t h a t  must, may, o r  
do e x i s t .  These p o s s i b i l i t i e s  correspond t o  g e n e r i c  o b l i g a t o r y ,  g e n e r i c  
o p t i o n a l ,  and i n s t a n c e  r o l e s .  When matching modal i ty  t y ~ e d  i n t e n s i o n a l  
o b j e c t s ,  i t  is  impor tan t  t o  c l a r i f y  t h e  meaning of a  match when t h e  
p a t t e r n  and t a r g e t  have v a r i o u s  modal i ty  combinations. The 
modality-based s c o r i n g  process ,  t o  be descr ibed  i n  s e c t i o n  5.3, r e f l e c t s  
t h i s  meaning. 

The type of ques t ion  t h a t  a r i s e s  i s  exemplif ied by a sk ing  what i t  
means t o  s a y  t h a t  a  t a r g e t  a r c h  t h a t  must have a  l i n t e l  can he viewed a s  
a p a t t e r n  a r c h  t h a t  may have a l i n t e l .  Here ambiguity a r i s e s  s i n c e  some 
i n d i v i d u a l  p a t t e r n  a rches  may l a c k  a  l i n t e l  and f a i l  t o  match t h e  
t a r g e t ,  whi le  o t h e r  i n d i v i d u a l  p a t t e r n  a r c h e s  w i l l  have a  l i n t e l  and 
w i l l  succeed w i t h  t h a t  ro l e ' s  match. To circumvent t h i s  ambigui ty,  t h e  
i n t e r p r e t a t i o n  f o r  o p t i o n a l  g e n e r i c  r o l e s  w i l l  be t h a t  they  r e f e r  t o  
g e n e r i c  terms, and no t  p o s s i b l e  i nd iv idua to r s .  I n  t h i s  way an  o p t i o n a l  
r o l e  t h a t  i s  p r e s e n t  can be i n t e r p r e t e d  t o  mean t h a t  i t  i s  p o s s i b l e  t o  
d e s c r i b e  t h e  owning concept  a s  having t h a t  r o l e  f i l l e d .  It w i l l  be 
shown i n  s e c t i o n  5.3 t h a t  t h e  u s e  of an a d d i t i o n a l  lower bound s c o r e  
could provide  informat ion  about  p o s s i b l e  match f a i l u r e  of a  concept's 
o p t i o n a l l y  p re sen t  r o l e .  

I n s t a n c e  r o l e s  a r e  matched i n  a manner similar t o  o b l i g a t o r y  
r o l e s .  T h i s  i s  because a  r o l e  t h a t  does e x i s t ,  whether s a t i s f y i n g  a n  
o b l i g a t o r y  g e n e r i c  o r  o p t i o n a l  g e n e r i c  r o l e ,  i s  r equ i r ed  f o r  t h e  
d e s c r i p t i o n  of t h a t  unique i n d i v i d u a l .  
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4 .5  ROLE-LESS CONCEPT MATCH 

A t  some point  i n  t h e  t r a v e r s a l  of t h e  p a t t e r n  and t a r g e t  concepts, 
concepts t h a t  do not have any r o l e s  w i l l  be reached. These a r e  
p r imi t ive  d e s c r i p t i o n a l  u n i t s ,  represent ing t h e  smal les t  "gra in  s i ze"  
concepts i n  t h e  network. I f  e i t h e r  t h e  p a t t e r n  o r  t a r g e t  concepts do 
not  have r o l e s ,  then a bottomed-out score  r e s u l t  can he determined. 
There a r e  t h r e e  separa te  cases  where t h e  p a t t e r n  o r  t a r g e t  concept may 
not have r o l e s ,  as i l l u s t r a t e d  i n  f i g u r e  (12)  and l i s t e d  i n  the  
following t a b l e  . 

PATTERN ----- 
1) no r o l e s  
2 )  r o l e s  
3) n o r o l e s  

TARGET ---..- 
r o l e s  
no r o l e s  
no r o l e s  

Figure (12) Concepts Without Roles 

Case 1 r e s u l t s  i n  success i f f  t h e  p a t t e r n  concept is t h e  top l e v e l  
THING concept. Case 2 i s  assumed t o  always f a i l .  Case 3 w i l l  be 
considered i n  d e t a i l  i n  t h e  follow in^ sec t ions .  

4.5.1 EQUALITY 

The s imples t  type of concept match occurs between two i d e n t i c a l  
gener ic  concepts o r  two i d e n t i c a l  individual  concepts. I n  the  KL-ONE 
formalism, concepts can be i d e n t i c a l  t o  each o t h e r  only i f  they a r e  
exac t ly  t h e  same object .  
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4 . 5 . 2  SUBSUMPTION 

A p a t t e r n  concept  subsumes a t a r g e t  concept i f  t h e  t a r g e t  concept  
i s  l i nked  t o  t h e  p a t t e r n  concept through one o r  more SuperC 
s p e c i a l i z a t i o n  l i n k s .  A g e n e r i c  concept  i s  a l s o  considered t o  subsume 
a n  i n d i v i d u a l  concept .  The subsumed g e n e r i c  concept  can be seen  a s  a 
kind of super-concept and t h e  subsumed i n d i v i d u a l  concept i s  a unique 
r e p r e s e n t a t i o n  of t h e  g e n e r i c  concept.  

I f  t h e  p a t t e r n  concept  does n o t  e x p l i c i t l y  subsume t h e  t a r g e t  
concept  through SuperC a r c s ,  bu t  the  two concepts  have a common 
a n c e s t o r ,  t h e r e  may s t i l l  be a p a r t i a l  suhsumption r e l a t i o n  between t h e  
p a t t e r n  and t a r g e t  concept .  The concepts  could belong t o  over lapping  
concepts  i f  t h e y  are no t  mutual ly exc lus ive  concepts .  The implemented 
matcher does not  handle t h i s  c a s e ,  b u t  does  e s t a b l i s h  a g e n e r a l i z a t i o n  
r e l a t i o n  between t h e  p a t t e r n  and t a r g e t  concept .  

4.5.3 GENERALIZATION 

A g e n e r a l i z a t i o n  type  match can  be i n t e r p r e t e d  t o  mean t h a t  a 
g e n e r a l i z a t i o n  of t h e  p a t t e r n  concept  subsumes t h e  t a r g e t  concept .  One 
c a s e  i s  when a sub-generic p a t t e r n  concevt  has  a super-generic  ances to r  
concept  t h a t  subsumes t h e  sub-generic t a r g e t  concept .  Another ca se  i s  
when t h e  p a t t e r n  concept  i s  a n  i n d i v i d u a l  concept .  The ind iv idua ted  
g e n e r i c  concept  o r  a n  a n c e s t o r  of t h a t  g e n e r i c  concept  may subsume t h e  
t a r g e t  concept .  

4.6 PREVIOUS MATCH INFORf-fATION 

Match-Task s c o r e  and s t a t u s  informat ion  remains a t t a c h e d  t o  t h e  
p a t t e r n  concepts  a f t e r  t h e  match p roces s  has  been p a r t i a l l y  o r  t o t a l l y  
completed. Th i s  approach is  u s e f u l  f o r  avoiding match c a l c u l a t i o n s  t h a t  
were previous ly  performed. 



CHAPTER 5 

MATCH SCORING 

5.1 INTRODUCTION 

Match sco res  a r e  recorded as p a r t  of Match-Task me tadesc r ip t ions  
a t t ached  t o  a l l  reachable  p a t t e r n  concepts .  The s c o r e  t r i g g e r i n g  
p roces s  and t h e  incrementa l  match r e s t a r t  p rocess  acces s  t h i s  s t o r e d  
match information.  When a p a t t e r n  and t a r g e t  concept  a r e  put i n  
correspondence f o r  a  match, t h e  p a t t e r n  conceptcs  Match-Task i s  checked 
t o  determine i f  t h e  match was p rev ious ly  performed. I f  n o t ,  t h e n  t h e  
s c o r e  and s t a t u s  informat ion  a r e  i n i t i a l i z e d .  

Match sco r ing  involves  two s t e p s ,  a  t e rmina t ion  match a t  a  
sub-level ,  and m u l t i p l e  match s c o r e  t r i g g e r i n g s  t o  super- levels .  Exact 
match sco res  of 1 o r  0 a r e  determined when t h e  match process  reaches  
t e rmina t ion  o b j e c t s .  A t e rmina t ion  o b j e c t  is a KL-ONE p a t t e r n  o r  t a r g e t  
o b j e c t  t h a t  has  no sub-parts ,  a n  o b j e c t  whose sub-parts  a r e  not  f u l l y  
s p e c i f i e d ,  o r  equa l  o b j e c t s .  Such cases  t e rmina te  t h e  r e c u r s i v e  match 
process  and r e t u r n  a  match s c o r e  f o r  t h e  p a t t e r d t a r g e t  p a i r .  

I f  in format ion  i s  missing o r  unknown, i t  i s  s imula ted  by us ing  a n  
UNKNOWN concept  V/R.  I f  e i t h e r  t h e  p a t t e r n  o r  t a r g e t  V/R is  UNKNOWN, 
t hen  no change i s  made t o  any s c o r e s .  I f  an UNKNOWN concept i s  t h e  V / R  
o f  an  o b l i g a t o r y  r o l e ,  then  t h e  lower bound of t h e  owning concept's 
lower bound is  set and always remains a t  0. 

5.2 MATCH SCORES 

The f o u r  concept  match s c o r e s  a r e  maintained such t h a t  they  a r e  
always i n  t h e  fol lowing r e l a t i o n s h i p :  

lower bound <= base <= e s t i m a t e  <= upper bound . 
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5 . 2 . 1  ESTIMATE 

A c u r r e n t  b e s t  e s t i m a t e  of t h e  concept's s c o r e ,  based on p a r t i a l  
s c o r e  r e s u l t s  of t h e  concept's r o l e s ,  i s  maintained. The e s t i m a t e ,  o r  
s c o r e  , i s  i n i t i a l l y  0 and may b e  increased  t o  a maximum s c o r e  o f  1 .  

5 . 2 . 2  LOWER BOUND 

Th i s  is t h e  minimum s c o r e  p o s s i b l e  f o r  a concept ,  cons ide r ing  t h a t  
p a r t i a l  r o l e  s c o r e s  may b e  r e tu rned  and t h a t  a l l  r o l e s  may n o t  have been 
processed y e t .  The lower bound i s  i n i t i a l l y  0 and remains t h e r e  a s  long 
a s  a s  o b l i g a t o r y  r o l e s  remain unmatched, s i n c e  t h e  f a i l u r e  t o  match any 
one of t h e  concept's o b l i g a t o r y  r o l e s  w i l l  cause t h e  e n t i r e  concept  t o  
f a i l  t o  m t c h .  When a l l  o b l i g a t o r y  r o l e s  a r e  s u c c e s s f u l l y  matched, t h e  
lower bound i s  incremented t o  be equa l  t o  t h e  concept  s co re .  Tdhen t h e  
l a s t  o b l i g a t o r y  r o l e  i s  being processed,  a l l  o b l i g a t o r y  r o l e s  of  t h a t  
role 's  V/R must have been s u c c e s s s f u l l y  matched, a s  w e l l ,  i n  o r d e r  t o  
i n c r e a s e  the  lower bound. A role 's  s co re  must exceed i t s  minimum r o l e  
s co re  f o r  t h e  lower bound t o  be incremented. 

5 . 2 . 3  UPPER BOUND 

Th i s  i s  t h e  maximum s c o r e  p o s s i b l e  f o r  a concept .  The upper bound 
i s  i n i t i a l l y  1 and i s  decremented whenever r o l e s  o r  reachable  r o l e  
components f a i l  a match a t tempt .  The upper bound f a l l s  t o  0 when an  
o b l i g a t o r y  r o l e  f a i l s .  A concept's upper bound i s  used a s  a comparison 
th re sho ld  f o r  determining i f  a r o l e  t h a t  p o i n t s  t o  t h a t  concept  through 
a V / R  l i n k  should f a i l  i t s  match. Whenever a ro le ' s  V / R  concept's upper 
bound i s  l e s s  than  t h e  role 's  minimum s c o r e ,  t h e  r o l e  should  f a i l  i t s  
match. 

5 . 2 . 4  BASE 

The base s c o r e  i s  r e l a t e d  t o  t h e  lower bound hu t  d i f f e r s  i n  t h a t  
t h e  base s c o r e  i s  incremented whenever a r o l e  s c o r e  exceeds t h e  minimum 
r o l e  s c o r e  and t h e  role 's  V/R has  completed i t s  o b l i g a t o r y  r o l e  
matching. The base s c o r e  may i n c r e a s e  be fo re  t h e  lower bound does  
because i t  may be  incremented even i f  a l l  o b l i g a t o r y  r o l e s  of t h e  owning 
concept  a r e  no t  completed. 
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5 . 2 . 5  ROLE SCORE 

Each r o l e  of a concept  has  i t s  own score .  The r o l e  s c o r e  is  t h e  
s c o r e  o f  t h e  role 's  v a l u e  r e s t r i c t i o n ' s  concept .  The r o l e  s co re  i s  
i n i t i a l i z e d  t o  0 and i s  incremented a s  t h e  va lue  r e s t r i c t i o n  concept  
s c o r e  i s  incremented. The concept s c o r e  i s  equa l  t o  t h e  sum of  t h e  
product  of 
( r o l e  s c o r e )  * ( r o l e  weight)  f o r  a l l  r o l e s  processed.  

5.3 MODALITY P A I R I N G S  AND SCORE EFFECTS 

Match succes ses  o r  f a i l u r e s  of  a p a t t e r n  concept's r o l e  e f f e c t  t h e  
o v e r a l l  concept  s c o r e  d i f f e r e n t l y  depending on  t h e  modal i ty  and type  of 
t h e  p a t t e r n  and t a r g e t  r o l e s .  F igu re  (13)  summarizes t hese  e f f e c t s .  
The t a b l e  shows t h a t  f o r  a p a r t i c u l a r  p a i r  of modality-typed r o l e s  match 
successes  o r  f a i l u r e s  r e s u l t  I n  d i f f e r e n t  e f f e c t s  on  t h e  o v e r a l l  concept  
s co res .  The f o u r  match sco res  implemented a r e  l b ,  base ,  e s t i m a t e ,  and 
ub. The code < S  o r  F><#> means t h a t  a s u c c e s s f u l  match(S) o r  f a i l e d  
match(F) r e s u l t s  i n  s c o r e  updat iag  a s  i qd ica t ed  by  t h e  keved numher. 
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p a t t e r n  t a r g e t  lb '  l b  base e s t .  ub 

1 o b l  o b l  S1 S l  F l ,  S2 Fl,S3 F 1 
I 

21 o b l  o p t  S4 Sl Fl , S2 F1 ,S3 F 1 
I 

31 o p t  o b l  S4 S2 F2, S2 F2, S3 F2 
I 

4 1  o p t  o p t  ( same a s  3) 
51 o b l  i n s t  ( same as 1 )  
61 o p t  i n s t  ( same as 3) 
71 i n s t  o b l  ( same as 1) 
81 i n s t  op t  ( same a s  2) 
91 i n s t  i n s t  ( same as 1) 

I 

SUCCESS: --------- 
S 1  i n c r e a s e  i f  r o l e  s c o r e  > min ro l e  sco re  , 

a l l  o b l i g a t o r y  r o l e  of t h e  owning concept  have been matched, 
and a l l  o b l i g a t o r y  r o l e s  of t h e  V/R have been matched 

S2 i n c r e a s e  i f  r o l e  s c o r e  > min r o l e  s c o r e  
and a l l  o b l i g a t o r y  r o l e s  of t h e  V/R have been matched 

S3 i n c r e a s e  s c o r e  

S 4 s c o r e  remains same 

FA1 LURE : 

F1 s e t  s c o r e  t o  0 and f a i l  concept 

F2 reduce s c o r e  

F igu re  (13)  Modality Score E f f e c t s  
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I n  a d d i t i o n  t o  s co r ings  handled by t h e  implemented matcher,  t h e  
t a b l e  shows a  second lower bound s c o r e  . T h i s  s c o r e  provides  
i n fo rma t ion  p e r t a i n i n g  t o  t h e  s i t u a t i o n  desc r ibed  i n  s e c t i o n  4.4.2. 

5.4 STATUS DATUM 

5.4.1 STATUS 

The s t a t u s  c o n d i t i o n  t a g  i n d i c a t e s  i f  a  concept's match process  i s  
i n  any of t h r e e  s t a t e s :  o r i g i n a l ,  p a r t i a l ,  complete.  The o r i g i n a l  
s t a t e  e x i s t s  be fo re  t h e  match process  begins.  The p a r t i a l  s t a t e  e x i s t s  
wh i l e  t h e  match process  i s  ongoing, b u t  no t  complete. The match s t a t u s  
i s  i n  t h e  complete s t a t e  a f t e r  a l l  r o l e s  have been processed.  

5.4.2 SUPER MATCH - 
The super  match datum i s  a  p o i n t e r  hack t o  t h e  owning p a t t e r n  

concept ,  whose role 's  V/R l i n k  pointed t o  t h e  concept .  Th i s  datum i s  
en te red  i n  t h e  Match-Task a t  t he  t ime a p a t t e r n  and t a r g e t  va lue  
d e s c r i p t i o n  a r e  put  i n  correspondence and a r e  about  t o  be matched. 

5.4.3 SUPER ROLE - 
Thi s  i s  a p o i n t e r  back t o  t h e  owning r o l e  whose V / R  l i n k  p o i n t s  t o  

t h e  conceot.  

5.4.4 TARGET 

Th i s  i s  t h e  t a r g e t  concept  a g a i n s t  which t h e  p a t t e r n  concept  i s  matched 
f o r  t h e  Match Task. 

5.4.5 ALIGNMENT TABLE 

The r o l e  al ignment  t a b l e  is  s t o r e d  a s  match datum i f  t h e  match 
s t a t u s  i s  p a r t i a l .  P r e s e n t l y ,  t h e  match process  may n o t  be suspended i n  
t h e  middle of t h e  al ignment  process ,  s o  o n l y  f u l l y  determined al ignment  
t a b l e s  a r e  s t o r e d .  
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5 .4 .6  OBLIGATORY MATCH COMPLETE 

T h i s  f l a g  i n d i c a t e s  whether a l l  o b l i g a t o r y  r o l e s  have completed 
t h e i r  matching. 

5.4.7 EXAMPLE OF MATCH SCORING PROCESS 

F i g u r e  ( 1 4 )  shows succes s ive  p a r t i a l  match s c o r e s  as concepts  of 
f i g u r e  (7 )  a r e  matched: a t a r g e t  d e s c r i p t i o n ,  t h e  RENAME command, i s  
matched a g a i n s t  a p a t t e r n  d e s c r i p t i o n ,  t h e  COPY command. The f o u r  match 
s c o r e s  change as succes s ive  t e r m i n a t i o n  o b j e c t  match r e s u l t s  a r e  
t r i g g e r e d  t o  t h e  top  l e v e l  COPY concept.  The main s t e p s  involved i n  
t h i s  match a r e :  
I )  The p a t t e r n  Match-Task s c o r e s  a r e  i n i t i a l l y :  
~ T l b ,  base ,  estimate, ub] = M[O, 0 ,  0 ,  11. 
The p a t t e r n  COPY command's r o l e s  a r e  ordered and t h e  t a r g e t  RENAME r o l e s  
a r e  a l igned:  

PATTERN ROLES: Create*( .6) ,  Corn-Word*(.3), Syn tax ( . l )  
TARGET ALIGN TYPE : GEN GEN SUB 

- The v a l u e  r e s t r i c t i o n s  of t h e  Crea t e  r o l e s  of t h e  p a t t e r n  and t a r g e t  
concepts  a r e  matched. Again t h e r e  i s  a r o l e  o rde r ing  and al ignment:  

PATTERN ROLES: Body*(.2), Locat ion( .4)  Name(. 4 ) ,  
TARGET ALIGN TYPE : EQ UNALIGNED SUB 

2)  The Body r o l e s  a r e  equa l  s o  a s c o r e  is  t r i g g e r e d  upwards: ( .2 ) ( .6 )  = - 
1 . 2  . Match-Task s c o r e s  a r e  a t t a c h e d  t o  t h e  p a t t e r n  conceDt: 
M ( 0 ,  0 ,  .12, 11 
The lower bound and base a r e  not  increased  because t h e  minimum s c o r e  o f  
.6 f o r  t h e  V/R has  not  been exceeded. A l l  o b l i g a t o r y  r o l e s  of the V/R , 
t h e  s i n g l e  Body r o l e  , have completed t h e i r  matching a t  t h i s  po in t .  
3 )  The Locat ion  p a t t e r n  role 's  Loca t ion  r o l e  i s  subsumed by t h e  t a r g e t  
r e  so t h e r e  i s  a match f a i l u r e  r e s u l t i n g  i n  a dec rease  of t h e  upper 
bound : 
M[O,  0 ,  , .12 , .76]. 
4 )  - The F i l e  Name concept subsumes t h e  New F i l e  Name concept:  ( .4)( .6)  + 
-12 = .36 and t h e  top-level  s c o r e s  a r e  updated to :  
M[O, .36, .36, .76]. 
The base  is  incremented because t h e  minimum requ i r ed  r o l e  s co re  = t h e  
V / R O s  upper bound = .6 . The lower bound remains a t  0 because a l l  
o b l i g a t o r y  r o l e s  of  t h e  COPY-Command have not  y e t  been matched. 
5) The Corn-Word r o l e  va lue  r e s t r i c t i o n  i s  s u c c e s s f u l l y  g e n e r a l i z a t i o n  
matched : 
M[ .66, .66, .66, .76] . 
The s c o r e  and base  a r e  i nc reased  and now, s i n c e  a l l  necessary  cond i t i ons  
a r e  s a t i s f i e d ,  t h e  lower bound i s  incremented a s  w e l l .  
- The t a r g e t  r o l e  v a l u e  r e s t r i c t i o n  f o r  t h e  Syntax r o l e  i s  unknown, s o  
t h e  s c o r e s  s t a y  t h e  same. 
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T I 
E .81 Upper Round 
R 1 
N -71 

1 
.a I 

c I 

S I Estimate / ' 
, tower 

.2 1 a Round 

C .11 2-d ' ~ a s e  
/ 8 

R 0 . 0 1 6 - X -  --do 0 - Y  
I? 1 2 3 4 5 

MATCH STEPS --> 
Figure (14)  Incremental ?latch Scores of COPY command 

Description a s  the ~ a r ~ e t  RENAME description i s  
Matched 



CHAPTER 6 

INCREMENTAL SCORE UPDATES THROUGH TRIGGERING 

Scor-e t r i g g e r i n g  i s  t h e  means by which a t e rmina t ion  object ' s  
match s c o r e  r e s u l t s  a r e  t r a n s m i t t e d  t o  i t s  h i g h e r  l e v e l  concepts  . I n  
t h i s  way t h e  o r i g i n a l  p a t t e r n  concept 's  s co re s  a r e  t he  c u r r e n t  b e s t  
e s t i m a t e  based on a l l  known match r e s u l t s  a t  lower l e v e l s .  

Score  informat ion  i s  a t t ached  a s  p a r t  of a  p a t t e r n  c o n c e ~ t ' s  
me tadesc r ip t ion  Match-Task whenever s c o r e s  a r e  updated. Th i s  s co re  
informat ion  i s  accessed a s  the  t r i g g e r  s i g n a l  proceeds upwards. A 
succes s fu l  match a t  t h e  net ' s  bottom l e v e l  causes a  s c o r e  change of a 
ro le ' s  v a l u e  d e s c r i p t i o n .  The s c o r e  change is m u l t i p l i e d  by t h e  role 's  
weight  and t h e  r e s u l t  i s  added t o  t h e  owning concept's s co re .  Th i s  
p roces s  proceeds upwards u n t i l  t h e  o r i g i n a l  p a t t e r n  concept  i s  reached. 

I f  a  match f a i l s ,  upper bounds a r e  decremented, ~ o s s i b l y  caus ing  
r o l e  match f a i l u r e s  a t  upper l e v e l s .  I f  a  r o l e  f a i l u r e  does occur ,  a 
r eco rd  is  kep t  of t h e  proper  next  r o l e  f o r  process ing  when t h e  t r i g g e r  
s i g n a l  i s  completed. 

F igure  (15) shows t h e  r e l a t i o n s h i p s  of t h e  sco r ing  and t r i g ~ e r  
o b j e c t s .  A sub-concept V / R  is  matched a t  t h e  bottom of t h e  network, and 
t h e  s c o r e  of i t s  owning SuperC concept  i s  updated. Scores  a r e  t r i g g e r e d  
t o  any Tr iggered  Concepts a t  r e c u r s i v e l y  h ighe r  l e v e l s ,  u n t i l  t h e  t op  
l e v e l  r o o t  p a t t e r n  concept  i s  reached.  
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P a t t e r n  C Q 
Tr i ~ g e  red A 
P a t t e r n  C 

k G - - P  

Figure (15) Tr igger  Chain 

6.1 TRIGGER CONDITIONS 

The fol lowing terminat ion  o b j e c t  matches r e s u l t  i n  the  p a t t e r n  
concept's match s t a t u s  being changed t o  complete, s i n c e  f i n a l  match 
s c o r e s  have heen determined. 

6.1.1 CONCEPTS WITROUT ROLES 

If an e q u a l i t y ,  subsumption, o r  g e n e r a l i z a t i o n  r e l a t i o n  is found 
between the  p a t t e r n  and t a r g e t  concepts  without r o l e s ,  t h e  p a t t e r n  
concept i s  given an exact  score  of 1, which is t r iggered  upwards. 
Otherwise a match f a i l u r e  score  of 0 i s  t r iggered  upwards. 

6.1.2 UNKNOWN CONCEPTS 

Unknown concepts  do not change any scores  so  no t r i g g e r i n g  i s  
performed. 

6.1.3 EQUAL CONCEPTS 

There a r e  two cases  t o  cons ide r  here. I f  both concepts  a r e  
UNKNOWN then t h e  procedure described i n  the  previous s e c t i o n  is  used. 
Otherwise an exac t  match is scored and t r iggered  upwards. The equal  
concepts  could each conta in  e x a c t l y  t h e  same r o l e s  and match i n  t h i s  
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way. The concepts a r e  n e c e s s a r i l y  e x a c t l y  t h e  same ob jec t  f o r  e q u a l i t y  
matching t o  succeed. 

6 . 2  TRIGGERING DURING BEST SLOT ALIGNMENT 

When m u l t i p l e  t a r g e t  r o l e s  a l i g n  wi th  a  s i n g l e  p a t t e r n  r o l e ,  the  
b e s t  a l igned t a r g e t  r o l e  i s  found by f inding t h e  b e s t  scor ing  t a r g e t  
r o l e .  A problem a r i s e s  i f  t h e  usual  t r i g g e r i n g  process i s  used s ince  
more than one r o l e  would t r i g g e r  through the  same role/V/R path. 

To handle t h i s  case ,  t h e  t r i g g e r  s i g n a l  terminates when i t  reaches 
t h e  mul t ip ly  a l igned p a t t e r n  role 's  V/R i n s t ead  of the  top-level  p a t t e r n  
concept. I f  N Match-Tasks a r e  c rea ted  a t  the  lower l e v e l ,  N s co res  a r e  
compared t o  f i n d  the  b e s t  match. The h ighes t  score  i s  then t r iggered  t o  
l e v e l s  above the  "alignment" p a t t e r n  concept l e v e l .  
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6.3 PROCESS1 NG F T A W  UPON FAILURE 

During a f a i l e d  match s c o r e  t r i g g e r i n g  process t h e  upper bound of 
a V/R concept may f a l l  below t h e  minimum r o l e  score  of t h e  r o l e  t h a t  
p o i n t s  t o  t h a t  V/R. Figure (16) shows how an  owning role's minimum 
score  requirement se rves  a s  a threshold  f o r  f a i l u r e  a s  t h e  V/R concept's 
r o l e s  a r e  matched. As soon a s  r o l e  R 2  f a i l s ,  t h e  owning role 's  sco re  
f a i l s  as w e l l .  

Sub 
Concept 
Upper 
Bound 
A s  
Roles 
F a i l  

Sub Concept Roles 

+ 
1 
1 
I 
I C + 

Figure (16)  Minimum Score Threshold 

I-- - -0 -- -- -- 
I 
I 
I .  

This  r o l e  f a i l u r e  could occur many l e v e l s  above t h e  termination ob jec t  
from which the  t r i g g e r  s i g n a l  emanated. I f  the  f a i l e d  role 's  modali ty 
i s  o p t i o n a l ,  t h e  owning concept's sco re  must be reduced by the  c u r r e n t  
r o l e  score.  I f  t h e  f a i l e d  role's modali ty i s  ob l iga to ry ,  t h e  owning 
concept's sco re  is reset t o  0 ,  s i n c e  t h e  e n t i r e  match f a i l s  when an  
ob l iga to ry  r o l e  match f a i l s .  

A f t e r  a s c o r e  t r i g g e r i n g  process,  f low of c o n t r o l  would normally 
r e t u r n  t o  the  r o l e  fol lowing t h e  te rminat ion  r o l e  on the  ranked r o l e  
l ist ,  o r  t h e  next  r o l e  on the  super-concept's ranked r o l e  list i f  t h e  
sub-concept had j u s t  completed matching a l l  r o l e s  on its ranked r o l e  
list. I f  t h e  preceding score  t r i g g e r i n g  caused a r o l e  f a i l u r e  a t  a 
h igher  l e v e l ,  t h i s  is  not  t h e  appropr ia t e  processing flow. The next 
r o l e  t o  be processed should be based on h i g h e r l e v e l  r o l e  f a i l u r e  
requirements, i f  t h e r e  were any. I f  a f a i l u r e  involving a n  op t iona l  
r o l e  t h a t  was not  t h e  l a s t  r o l e  of i ts owning concept's ranked r o l e  list 
occurred,  next  concept is  set t o  t h e  owning concept. I f  an ob l iga to ry  
r o l e  o r  the  l a s t  r o l e  on t h e  owning concept's ranked r o l e  list f a i l e d ,  
next concept i s  set t o  be t h e  next  h igher  concept. F igure  (17) 
i l l u z t r a t e s  t h e s e  ac t ions .  

Min Score Of Super Role 
*- -- -- -- -- -- 0- -- - -- -- 

I 
I 
1 
1 
i 
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Optional  Role F a i l u r e  Obligatory Role F a i l u r e  

Figure ( 1 7 )  Processing Flow Upon F a i l u r e  

The bottom-level checking process i s  implemented by examining a 
g l o b a l  v a r i a b l e ,  ' t r igge redfa i lu re .  I f  a t r igge red  f a i l u r e  d i d  occur ,  
then  a g loba l  v a r i a b l e  next  concept would have been re-assigned t o  be 
t h e  s u p e r c o n c e p t  from wh%h processing should proceed. The V/R match 
r o u t i n e  makes s u r e  i t  is  opera t ing  a t  t h e  proper l e v e l .  I f  n o t ,  e x i t s  
a r e  made u n t i l  t h e  r ecurs ive  process pops up t o  t h e  des i red  next  concept - 
l e v e l .  The appropr ia t e  next  r o l e  w i l l  then be processed a s  normal 
cycl ing  through t h e  ranked r o l e  l i s t  occurs. 

Concepts between t h e  te rminat ion  o b j e c t  and t h e  concept owning the  
f a i l e d  r o l e  w i l l  be l e f t  with a match s t a t u s  of  complete s o  the  r e s t a r t  
procedure w i l l  not  t r y  t o  rematch them. 



CHAPTER 7 

MATCH SUSPENSION AND RESTART 

7.1 INTRODUCTION 

There a r e  a  number of s i t u a t i o n s  involv ing  r ecogn i t i on  and 
i n t e r p r e t a t i o n  of d e s c r i p t i o n s  where i t  i s  advantageous t o  be a b l e  t o  
suspend process ing  and r e s t a r t  a t  a  l a t e r  t ime.  Suspension of the  match 
be fo re  completion i s  u s e f u l  i f  t h e r e  a r e  time c o n s t r a i n t s  a p p l i c a b l e  o r  
i f  one i s  w i l l i n g  t o  accept  t h e  match a s  soon a s  i t  reaches a minimum 
accep tab le  s co re  l e v e l .  It i s  conce ivable  t h a t  s t a t e  changes i n  t h e  
problem domain may occur  dur ing  t h e  match p roces s ,  f o r  example changing 
a  ro l e ' s  modal i ty  from o b l i g a t o r y  t o  o p t i o n a l .  It may then be 
advantageous t o  immediately r e o r d e r  t h e  r o l e  match sequence and suspend 
process ing  on t h e  p re sen t  r o l e  because i t s  p r i o r i t y  has  been reduced. 

By r e t a i n i n g  informat ion  d e s c r i b i n g  previous  p a r t i a l  match 
p rog res s ,  suspended matches may be r e s t a r t e d  without  r epea t ing  the  work 
t h e  n a t c h e r  p rev ious ly  performed. 

7 . 2  MATCH SUSPENSION CONDITIONS 

Match suspens ion  may be  s p e c i f i e d  t o  occur  i f  t h e  pa t te rn ' s  s c o r e  
exceeds a  t h re sho ld  o r  i f  a  t i m e  l i m i t  has been exceeded. The sco re  
th re sho ld  and t i m e  l i m i t  cond i t i ons  a r e  checked whenever s c o r e  
t r i g g e r i n g  reaches  t h e  p a t t e r n  concept .  

7 . 3  STORED DATUM 

A l l  r equi red  p a t t e r n  match s c o r e  and s t a t u s  informat ion  i s  
c o n t i n u a l l y  updated and r ea t t ached  whenever s c o r e  changes a r e  t r i g g e r e d  
through t h e  network. I n  t h i s  way t h e  p a t t e r n  concepts  r e t a i n  
informat ion  such t h a t  they  a r e  always "ready" f o r  a  match suspension.  
It i s  assumed t h a t  t h e  match process  may be suspended any t ime a f t e r  an  
alignment t a b l e  has  been determined. I n  a d d i t i o n ,  i f  t h e r e  i s  more than  
one t a r g e t  r o l e  t h a t  a l i g n s  w i t h  a  p a t t e r n  r o l e ,  i t  is assumed t h a t  t h e  
b e s t  a l ignment  has  been found be fo re  suspension t a k e s  p l ace .  The 
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implemented matcher examines a l l  poss ib le  t a r g e t / p a t t e r n  r o l e  p a i r s  t o  
f i n d  t h e  h ighes t  match score.  Other s t r a t e g i e s  would be t o  q u i t  
processing a s  soon a s  one t a r g e d p a t t e r n  match r e s u l t  i s  obtained o r  t o  
q u i t  processing immediately and assume no a t tempts  have been made f o r  
t h a t  role 's  match. 

Other s t a t u s  and p a r t i a l  r e s u l t  information i s  s to red  when a match 
i s  suspended. The alignment t a b l e  i s  s t o r e d ,  s o  i t  need not  be  
r eca lcu la ted  i f  t h e  match is  r e s t a r t e d .  A s  r o l e s  a r e  va lue  matched, 
they a r e  removed from the  alignment t a b l e .  I n  t h i s  way t h e  t a b l e  se rves  
a s  a record of remaining r o l e s  t o  va lue  match. A t h r e e  s t a t e  s t a t u s  
i n d i c a t o r  i s  s to red ,  t o  show i f  t h e  match i s  i n  i t s  o r i g i n a l ,  p a r t i a l ,  
o r  completed s t a t e .  Each Match-Task i s  tagged wi th  a po in te r  t o  t h e  
t a r g e t  concept. 

7.4 RESTART PROCEDURE 

The r e s t a r t  procedure i s  a c a l l  t o  match the  same p a t t e r n  and 
t a r g e t  concepts t h a t  were e a r l i e r  suspended. The p a t t e r n  concept's 
a t tached datum i s  searched f o r  a ?latch-Task with t h e  same t a r g e t  concept 
po in te r .  If none e x i s t s ,  a new Match-Task i s  crea ted  and score  and 
s t a t u s  information i s  i n i t i a l i z e d .  

I f  the  des i red  t a r g e t  tagged Match Task i s  found, t h a t  
Match-Task's s t a t u s  i s  examined t o  see  i f  i t  i s  p a r t i a l  o r  complete. 
F igure  (18) i s  an example of the  s t a t u s e s  of p a t t e r n  concepts i n  a 
network a f t e r  suspension and before  r e s t a r t  has begun. 
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Figure  (18) Example S t a t u s  S e t t i n g s  f o r  a Network 
t o  be R e s t a r t  Matched 

I f  the  s t a t u s  i s  complete, t h e  scores  s tored  i n  t h a t  Match-Task 
have a l ready been t ransmit ted  t o  the  r o o t  p a t t e r n  and recurs ive  matching 
f o r  t h a t  p a t t e n d t a r g e t  p a i r  need not  be performed. I f  t h e  s t a t u s  i s  
p a r t i a l ,  then  a tree search  i s  i n i t i a t e d  t o  f ind  the  previous point  of 
match suspension. The following a lgor i thm desc r ibes  t h e  search process. 

Find Suspension Point :  - - 
BEGIN 

Find t h e  f i r s t  r o l e  on the  ranked r o l e  l i s t  whose V / R O s  
s t a t u s  is  not ' c o m ~ l e t e  

IF  t h e  s t a t u s  is 'o r ig ina l  THEN 
return t h a t  concept a s  t h e  
suspension point  

ELSE 
Find Suspension P o i n t  of  t h e  concept 
, its s t a t u s  beTng ' p a r t i a l  

EM) IF 

END 

When t h e  restart r o l e  i s  found, t h e  match proceeds a s  i f  i t  had 
j u s t  reached t h a t  point  i n  t h e  processing.  

There a r e  ways t o  make the  r e s t a r t  p o s i t i o n  e a s i e r  t o  e s t a b l i s h .  
One would be t o  s t o r e  the  suspension point  concept and r o l e  a s  p a r t  of 
t h e  top-level p a t t e r n  concept's Match-Task when a suspension t akes  
place.  This  would r e q u i r e  passing of o r i g i n a t i o n  po in te r s  wi th  score  
t r i g g e r  s igna l s .  



CHAPTER 8 

CONCLUSION 

8.1 SUMMARY 

Th i s  t h e s i s  h a s  descr ibed  a d e s c r i p t i o n  matcher f o r  t h e  KL-ONE 
knowledge r e p r e s e n t a t i o n  language t h a t  i s  incrementa l  and can  perform 
p a r t i a l  matches. Matches may be  performed inc remen ta l ly  by sumending  a  
match p roces s ,  based on s c o r e  o r  time t h r e s h o l d s ,  and s t o r i n g  t h e  
necessary  s t a t u s  and sco re  informat ion  f o r  a l a t e r  match r e s t a r t .  The 
matcher i s  p a r t i a l  i n  t h a t  i t  has  a formalism f o r  measuring t h e  degree  
t o  which two d e s c r i p t i o n s  match. Lower bound and upper bound sco res  a r e  
s een  t o  be analogous t o  t he  p r o p o s i t i o n a l  suppor t  measures of Shafer's 
theory .  The p a r t i a l  s c o r e  c a p a b i l i t y  and incrementa l  n a t u r e  of t h e  
matcher complement each o t h e r .  Four s c o r e s  determine t h e  degree  and 
confidence of a suspended match and t h e  p a r t i a l  s co re s  may be observed 
t o  be inc remen ta l ly  updated as new match informat ion  i s  found. 

The match process  f o r  an  example network has  been expla ined  and 
f o u r  s c o r e s  compared g raph ica l ly .  The informat ion  provided by t h e  match 
s c o r e s  could provide  u s e f u l  i n fo rma t ion  f o r  a n a l o g i c a l  reasoning  and 
gene ra l  d e s c r i p t i o n  comparison and r e c o g n i t i o n  systems. 

P a r t i c u l a r  c o n t r i b u t i o n s  of t h i s  t h e s i s  inc lude :  

1. A more d e t a i l e d  examination of  t h e  sco r ing  and t r i g g e r i n g  processes  
desc r ibed  i n  t h e  Holmes paper ,  i n c l u d i n g  ex tens ions  such a s  a  
minimum r o l e  s c o r e  requirement ,  g e n e r a l i z a t i o n  matching, and a  
r e d e f i n i t i o n  of t h e  base  sco re .  

2. Determinat ion of t h e  match process  i m p l i c a t i o n s  w i t h  r e s p e c t  t o  t h e  
KL-ONE knowledge r e p r e s e n t a t i o n  language. 

3 .  Implementation bf t h e  p a r t i a l  matcher i n  Franz L i s p ,  u s ing  
t r a n s l a t e d  Franz L i s p  KL-ONE func t ions .  



CONCLUSION Page 8-2 

8.2 FUTURE WORK 

The matcher's power could be extended by r e t u r n i n g  more d e t a i l e d  
match informat ion .  For example, t h e  r e l a t i v e  degrees  o f  e q u a l i t y ,  
subsumption, and g e n e r a l i z a t i o n  involved i n  a match i s  of i n t e r e s t .  A 
d i s t a n c e  measure could be used t o  show d i f f e r e n c e s  between subsumption 
depths .  The match p roces s  could be extended t o  handle KL-ONE s t r u c t u r a l  
d e s c r i p t i o n s .  It would a l s o  be u s e f u l  t o  combine a weight adjustment  
and g e n e r a l i z a t i o n  mechanism t o  a d a p t i v e l y  l e a r n  a b e s t  d e s c r i p t i o n  of  
t a r g e t  d e s c r i p t i o n s .  

The match process  i s  assumed t o  be a top-down one where p a t t e r n  
d e s c r i p t i o n s  gu ide  t h e  o r d e r  of r o l e  comparison. I n s t e a d ,  a bottom-up 
r e c o g n i t i o n  process  could proceed through a "spreading a c t i v a t l o n "  
( Q u i l l i a n ,  1968) from i n p u t  d e s c r i p t i o n s .  Higher l e v e l  concepts  wi th  
h i g h e s t  p a r t i a l  s co re s  could  then  be recognized.  The fo l lowing  s e c t i o n s  
provide  more d e t a i l  f o r  p o s s i b l e  matcher ex tens ions .  

8.2.1 ADDITIONAL SCORE INFORMATION 

8.2.1.1 Dis tance  Y e a s u r e  - 
Semantic d i s t a n c e  measures have been cons idered  by psycho log i s t s  

(Tourangeau,l978) a s  a means of measuring t h e  s i m i l a r i t y  between 
concepts .  Tourangeau sugges t s  t h a t  " d i f f e r e n c e s  i n  s a l i e n c e "  may b e  
f a c t o r e d  i n t o  t h e  formula t ion  wi th  a n  equa t ion  such a s :  

EQUATION (1): 
Dk(A,R) = [(sum i t o  m): Wik( a ( i )  - b ( i )  )**2 ] * * . 5  , 

where Wik i s  t h e  r e l a t i v e  weight of f e a t u r e  i i n  context  k. Tversky 
sugges t s  a d i s t a n c e  measure t h a t  d i s t i n g u i s h e s  between f e a t u r e s  unique 
t o  and shared between t h e  concepts  being compared. H i s  equa t ion  i s :  

EQUATION (2 ) :  
D(A,B) = bl*f(a-b) + b2*f(b-a) + b3*f(a INT b) , 

where a-b a r e  f e a t u r e s  unique t o  a ,  b-a a r e  f e a t u r e s  unique t o  b,  and a 
INT b a r e  f e a t u r e s  a and b have i n  common. 

For  p r e s e n t  purposes,  we a r e  i n t e r e s t e d  i n  t h e  meaning and 
u s e f u l n e s s  of a d i s t a n c e  measure r e l a t e d  t o  t h e  matching task :  measure 
t h e  degree  t o  which one concept  may be viewed a s  ano the r  concept .  S ince  
match s c o r e s  a r e  not  r e f l e x i v e  wi th  r e s p e c t  t o  t h e  p a t t e r n  and concept  
SuperC p o s i t i o n s ,  w e  expect  t h e  d i s t a n c e  measure t o  be i r r e f l e x i v e  a s  
w e l l .  We a r e  i n t e r e s t e d  i n  d i s t a n c e s  between r o l e s  of t h e  p a t t e r n  
concept  and a l igned  t a r g e t  r o l e s .  The fo l lowing  equa t ion  can  be used: 

EQUATION ( 3 ) :  
d(P,T) = (sum over  p a t t e r n  r o l e s ) :  
ABS( W(Rpi) - (SCORE(Rpi t o  Rti))*W(Rti.) ] / 2 
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where ABS = a b s o l u t e  va lue  and SCORE i s  t h e  p a r t i a l  match sco re  of t h e  
r o l e  V / R s .  Rpi is t h e  i t h  p a t t e r n  r o l e  , R t i  is t h e  i t h  t a r g e t  r o l e ,  
and d(P,T)  i s  t h e  d i s t a n c e  from t h e  p a t t e r n  t o  t h e  t a r g e t  concept.  The 
maximum v a l u e  of t h i s  d i s t a n c e  is  1 i f  t h e  r o l e s  sum t o  1 and t h e r e  a r e  
two o r  more r o l e s .  Assume t h a t  a l l  concepts  w i th  r o l e s  w i l l  have a t  
l e a s t  two r o l e s ,  s o  a t y p e  of no rma l i za t ion  is  enforced.  I f  t h e  p a t t e r n  
and t a r g e t  concepts  do no t  have r o l e s  themselves,  t h i s  equa t ion  is  not  
used t o  c a l c u l a t e  a  d i s t a n c e  measure. 

By mul t ip ly ing  t h e  t a rge t ' s  weight  by t h e  p a t t e r n  t o  t a r g e t  r o l e  
s c o r e  a  s a l i e n c e  w i t h  r e s p e c t  t o  t h e  p a t t e r n  r o l e  i s  formed. T h i s  
a l l ows  comparison wi th  t h e  p a t t e r n  ro le ' s  weight.  One might cons ide r  
u s ing  a n  equa t ion  wi th  a term of  t h e  form: 
SCORE(Rpi t o  R t i )  * [ W(Rpi) - W(Rti) ] , 

b u t  n o t e  what happens when t h e  s c o r e  i s  0: t h e  d i s t a n c e  goes t o  0 a s  
w e l l .  It i s  more reasonable  t o  c o n t r i b u t e  a d i s t a n c e  equa l  t o  W(Rpi) i n  
t h i s  c a s e ,  s o  t h e  o r i g i n a l  equa t ion  i s  used. I f  t h e  s c o r e  term i s  
e l imina ted  completely,  t h e  p a r t i a l  match c o n d i t i o n s  a r e  not  f u l l y  
f ac to red  i n t o  t h e  d i s t a n c e  measure. 

F igu re  (19)  shows an  example gene ra l  network i n  which a  d i s t a n c e  
w i l l  be measured. F igu re  (20)  shows a "Venn Sal ience"  diagram a s  a  
means of ob ta in ing  a  v i s u a l  g ra sp  of t h e  d i f f e r e n c e s  i n  r o l e  s a l i e n c e s  
between two concepts .  Area coverage i s  used t o  r ep re sen t  weight 
magnitude. For  example, r o l e  R 1  of C1 covers  one q u a r t e r  of Cl's a r e a  
b u t  o n l y  one t e n t h  of t h e  a r e a  of t h e  e n t i r e  C2 concept .  It i s  t h i s  
d i f f e r e n c e  i n  s a l i e n c e  a r e a  t h a t  i s  being captured  i n  t h e  d i s t a n c e  
measure. To understand how t h e  SCORE term of t h e  d i s t a n c e  equa t ion  i s  
f a c t o r e d  i n t o  t h e  d i s t a n c e  measure,  cons ide r  t h e  r o l e  a r e a s  of R1 and R2 
of C2 a s  poss ib ly  sh r ink ing  t o  0, depending on t h e  m t c h  sco res .  Then 
t h e  R l  a r e a  could cover  an  a r e a  from 0 t o  .1 and t h e  R2 a r e a  could cover  
a n  a r e a  from 0 t o  . 3 .  

The d i s t a n c e  between C 1  and C2, u s i n g  e a u a t i o n  ( 3 ) ,  and assuming 
t h a t  t h e  V / R  match s c o r e s  of C 1  and C2 a r e  .5 , is: 

Note t h a t  i f  t h e  SCORE term were not  used ,  o r  p e r f e c t  matches were 
assumed , t h e  d i s t a n c e  would be: 

The f a c t  t h a t  o n l y  a  p a r t i a l  match e x i s t s  i n c r e a s e s  t h e  d i s t a n c e  between 
t h e  concepts .  
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Figure (19) Example Net For Distance Measure 

1 R1 1 R 2  
I I 
1 .l-C2 1 . 3 f o r C 2  
I t 
1 .25<1 1 .75 for C1 

Figure ( 2 0 )  Venn Salience,Diagram For Figure (19) 
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Figure  (21) shows a b i r d  concept network t h a t  might exist  a s  an 
a b s t r a c t i o n  i n  someone's mind. Assuming t h a t  pe r fec t  subsumption 
matches occur between t h e  BIRD and EAGLE and BIRD and PENGUIN concepts,  
t h i s  example shows t h a t  a d d i t i o n a l  information is added by a d i s t a n c e  
measure. 

The BIRD t o  EAGLE d i s t a n c e  is: 

The BIRD t o  PENGUIN d i s t a n c e  is: 

I f  t h e  d i s t ance  measure were not  used i n  t h i s  case  both the  EAGLE and 
PENGUIN concepts  would be p e r f e c t l y  subsumed by the  BIRD concept. By 
using the  r o l e  weight information of the  t a r g e t  concepts ,  the  proposed 
d i s t ance  measure shows t h a t  an EAGLE i s  c l o s e r  i n  meaning t o  the  BIRD 
concept than the  PENGUIN concept is. 

F l i e s  S ize  ( .I)  
(04) (-1) 

8.2.1.2 Associa t ion  L i s t s  - 
Data assoc ia t ions  found i n  the  process of matching a t a r g e t  

concept t o  a p a t t e r n  concept could be re turned.  For example, i f  a  
concept marked ? i s  used a s  a  wildcard concept , t h e  concept i t  matches 
could he re turned.  

Genera l iza t ion  matches a l low f l e x i h f l i t y  of a b s t r a c t i o n  reasoning 
t o  the  matcher. However, the  reasoning process may need t o  know what 
genera l i za t ions  were requi red  t o  perform the  match. This  information 
could he accumulated whenever a  p a t t e r n  concept i s  genera l ized  t o  a 
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higher level concept . 
If the reasoning process is to perform intelligent backtracking or 

is to attempt to learn from "mistakes", a list of objects that failed to 
match could be useful. 

8.2.1.3 Number - 
The Number is expressed in terms of the pair <min max> . Consider 
equality, subsumption, and generalization matches: 

EQUALITY 
This condition is satisfied if 

min(pattern) = min(target) 
max( pat tern) = max( target) 
e.g Pattern Target ------- ------ 

(1 5) (1 5) 
( 2  2 )  (2 2)  

SUB SUMPTION 

min( pattern) <= min( target) 

max( pattern) >= max( target) 
e.g Pattern Target ------- ------ 

(1 5) (2 4 )  
(1 5) ( 3  3 )  

G E N E U L I Z  ATION 
A role that is an ancestor of both the oattern and target roles should 
have a range that includes the ranges of both the pattern and target 
Numbers: 

min(gen(pattern) ) <= min( target) 
min(gen(pattern)) <= min(pattern) 
max(gen(pattern)) >= max(target) 
max(gen(pattern)) >= max(pattern) 

8.2.2 ALTERNATIVE MATCH PROCEDURES 

One may put constraints on the recursive match process described 
here and construct a more sensitive matcher. For example, when first 
describing the pattern concepts, one may disallow generalization role 
alignments and generalization concept matches. A distance threshold 
could be added as a role subsumption requirement. Another possibility 
is that one could disallow generalizations if the ancestor concept is 
hierarchically above a "basic" concept level. 
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8.2.2.1 A l t e r n a t i v e  Terminat ion Objec t  Scoring - 
The implemented matcher r e t u r n s  e x a c t  match s c o r e s  of 1 o r  0 when 

t e rmina t ion  o b j e c t s  a r e  reached. Another p o s s i b i l i t y  i s  t o  s p e c i f y  t h a t  
a measurement w i l l  be taken  and t h e  measurement s c o r e  va lue ,  a number 
from 0 t o  1, w i l l  be r e tu rned  a s  t h e  s c o r e  f o r  t h e  p a t t e r n  concept ,  
Q u a n t i t a t i v e  d a t a  such a s  s t a t i s t i c a l  measurements could  then  be 
f a c t o r e d  i n t o  t h e  match process .  A robot  system might i n t e r f a c e  i t s  
pe rcep tua l  sensor  r ead ings  w i t h  a semantic  n e t  r e p r e s e n t a t i o n  of scene  
s t r u c t u r e  i n  t h i s  manner. 

8.2.2.2 Root-Pattern-Tagged Match Tasks - 
The Match-Tasks could a l s o  be tagged by t h e  roo t  p a t t e r n  concept.  

t h i s  i s  necessary  i n  a p a r a l l e l  p rocess ing  environment where more than  
one r o o t  p a t t e r n  Match-Task i s  ongoing. The v a r i o u s  match processes  may 
reach  t h e  same V/R p a t t e r n  concept  and u n l e s s  t h e  proper '  p a r t i a l  s t a t e  
of process ing  w i t h  r e s p e c t  t o  t h e i r  own suspension s t a t e  i s  used, 
improper s co r ing  w i l l  occur .  A datum 'last r o l e  matched could be used 
t o  keep t r a c k  of t h e  last r o l e  matched. I n  t h i s  way t h e  alignment of 
r o l e s  would not need t o  be redone i f  t h e  same pa t t e rn -  t a r g e t  concept 
p a i r  were t o  be matched by two d i f f e r e n t  r o o t  p a t t e r n  concepts '  match 
processes .  

8.2.2.3 Match Queue - 
The FFRL matcher used a match s t r a t e g y  c a l l e d  " fm-reca l l - resu l t " ,  

which checked a queue of  p rev ious ly  s t o r e d  match r e s u l t s  a s  a f i r s t  s t e p  
i n  t he  match a t t empt  (Finin,1980,p80) .  A maximum queue s i z e  was 
maintained and o ld  match r e s u l t s  were dropped o f f  t h e  hottom when t h e  
queue became f u l l .  The presented p a r t i a l  matcher a t t a c h e s  tagged 
Match-Tasks t o  p a t t e r n  concepts .  I f  t h e s e  were s to red  i n  a queue, a 
s i m i l a r  approach could be used. 

8.2.2.4 Weighting - 
A role 's  weight can  be thought of  a s  a p p l i c a b l e  t o  t h e  conjunct ion  

of t h e  f u n c t i o n a l  match a s  w e l l  a s  f i l l e r  match a s p e c t s  of t h e  r o l e .  
One could decompose a ro l e ' s  weight i n t o  i t s  f u n c t i o n a l  and f i l l e r  
components. Fo r  example, i f  a concept  has  a r o l e  w i th  weight w(ro1e) , 
l e t  

 functional) +  filler) = 1 
and a r o l e  s c o r e  i s  determined by: 
w(ro1e) * [ w(funct , )*score( func t . )  + w ( f i l 1 .  ) * s c o r e ( f i l l .  ) ] . 
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8.2.2.5 S t r u c t u r a l  Desc r ip t ions  - 
S t r u c t u r a l  d e s c r i p t i o n s  s e r v e  t o  p l ace  c o n s t r a i n t s  on r o l e  f i l l e r s  

s o  t h a t  t h e  f u n c t i o n a l  meaning of r o l e s  i s  descr ibed .  S ince  t h e  
s t r u c t u r a l  d e s c r i p t i o n  adds t o  t h e  concept  d e f i n i t i o n  i n  a  way s i m i l a r  
t o  t h e  r o l e  d e s c r i p t i o n  f a c i l i t y ,  weights  could be a t t ached  t o  t h e  
s t r u c t u r a l  d e s c r i p t i o n s  f o r  matching purposes.  S t r u c t u r a l  d e s c r i p t i o n  
matching could be modeled a f t e r  t h e  p a r t i a l  match scheme descr ibed  i n  
t h i s  t h e s i s  i f  t h e  p a t t e r n  and t a r g e t  para indiv idua ted  concepts  a r e  
matched. A b e s t  ST) match could s e r v e  as a c r i t e r i a  f o r  choosing a  b e s t  
g e n e r a l i z a t i o n  al ignment  pa th  when m u l t i p l e  p a t h s  e x i s t .  

8.2.3 CYCLE HANDLING 

Although Generic  concepts  may not  form c y c l e s  through SuperC a r c s ,  
r e c u r s i v e  d e f i n i t i o n s  may be cons t ruc t ed  by a l lowing  a  concept's ro l e ' s  
va lue  r e s t r i c t i o n  he t h e  concept i t s e l f .  For  example, i n  f i g u r e  ( 2 2 ) ,  
l i s p - l i s t ' s  c d r  r o l e  has  t h e  l i s p - l i s t  a s  i t s  V!R. 

Less d i r e c t  c y c l e s  a r e  formed whenever t h e  va lue  r e s t r i c t i o n  of a 
r o l e  of a sub-concept reached through t h e  V!R l i n k s  d e s c r i b i n g  a  main 
concept p o i n t s  t o  ano the r  concept  t h a t  i s  p a r t  o f  t h e  main c o n c e ~ t ' s  
d e s c r i p t i o n a l  ne tvo  r k  . For example, i n  f i g u r e  ( 2 2 ) ,  
de l imi t e r -p re f ixed - l i s t  l i n k s  back t o  d e l i m i t e d - l i s t ;  t h e  concepts  
s e r v e  a s  V / R s  f o r  each o t h e r .  The p a t t e r n  network may be  cycled through 
r e c u r s i v e l y  a s  long as t h e  same t a r g e t  concept  taaged Match-Task i s  no t  
v i s i t e d  twice. 
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l e n g t h  

EXAMPLES : 
L i s p  L i s t :  ) , (a  b) 
Del imited L i s t :  (a  , b) 

Figure ( 2 2 )  L i s p  list representation 
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Unless  precaut ions  a r e  taken ,  t h e  matcher  could  g e t  caught  i n  an 
i n f i n i t e  loop i f  presented wi th  a p a t t e r n  and t a r g e t  concept  t h a t  a r e  
both  r e c u r s i v e l y  def ined .  For example, i f  a l i s p  list i s  matched 
a g a i n s t  i t s e l f ,  a n  i d e n t i c a l  concept  inatch i s  a t tempted  when t h e  V / R s  of 
t h e  c d r  r o l e s  a r e  t o  be  matched. Th i s  c a s e  i s  not  handled by t h e  
implemented matcher. The matcher can  no t  simply avoid a match a t tempt ,  
because t h e  match should proceed i f  t h e  concepts  a r e  p a r t i a l l y  matched 
by way of a prev ious  match suspension.  A "previous ly  reached" mark 
could be  a t t ached  t o  each p a t t e r n  concept  reached dur ing  a s i n g l e  na t ch  
a t t empt .  I f  a prev ious ly  reached concept is t o  be rematched, t h e  
matcher  would d e t e c t  a c y c l e  would be en tered  and would q u i t  t h e  match 
process .  A l l  "prev ious ly  reached" marks must b e  removed a f t e r  a s i n g l e  
match process ing  task .  An a l t e r n a t i v e  procedure could be t o  main ta in  a 
dynamic s t a c k ,  a s  was done i n  t h e  FFRL matcher.  
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APPENDIX A 

SHAFER REPRESENTATION 

Work by Garvey used Shafer's mathematical theory  of  evidence a s  a  
b a s i s  f o r  an  " e v i d e n t i a l  p r o p o s i t i o n a l  ca l cu lus" .  I n  t h a t  formalism a  
proposi t ion 's  l i k e l i h o o d  is  r ep resen ted  a s  an i n t e r v a l  [ s (A) ,p(A)] ,  
where s(A) i s  t h e  e v i d e n t i a l  suppor t  f o r  p ropos i t i on  A and p ( 4 )  i s  t h e  
degree  of  p l a u s a b i l i t y  f o r  A .  s ( A )  and p(A) a r e  s i m i l a r  t o  t he  lower 
and upper bound s c o r e  measures , [ I b , u b ] ,  used i n  t h i s  matcher.  F igure  
( 2 3 )  shows t h e  r e l a t i o n s h i p s .  

Shaf e r  Theory ------------- 
Term Meaning ---- ------- 
A p r o p o s i t i o n  A 

s ( a )  e v i d e n t i a l  
suppor t  f o r  A 

P a r t i a l  Matcher --------------- 
Term Meaning ---- ------ 
M Match: The t a r g e t  concept  

can be viewed a s  t he  
p a t t e r n  concept .  

lb(?l) concept  match 
success  f o r  ?I 

p ( a )  1 - e v i d e n t i a l  ub(M) 1 - concept  match 
suppor t  f o r  -A f a i l u r e  f o r  ?.I 

Figure  (23)  Comparison of Shafer  and P a r t i a l  Matcher measures 
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When t h e  lower bound i s  n o t  e q u a l  t o  the  upper bound, a  
s u b i n t e r v a l  of u n c e r t a i n t y  e x i s t s .  Examples g iven  i n  (Garvey, 1981) may 
be i n t e r p r e t e d  wi th  r e s p e c t  t o  t h e  I b  and ub n o t a t i o n  of t h i s  p a r t i a l  
matcher ,  a s  shown i n  f i g u r e  (24) .  

Shaf e r  P a r t i a l  Matcher ---- ------------- 
A I O  , 1 ]  no knowledge abdut A M[0,1] i n i t i a l  s t a t e  of match, 

no matching done y e t  

A10.01 A is  f a l s e  

A [ l , l ]  A i s  t r u e  

A[.25,1] p a r t i a l  suppor t  
f o r  A 

A[0,.85] p a r t i a l  suopor t  
f o r  -A 

M[O,O] t h e  t a r g e t  may n o t  be  
seen  a s  t h e  p a t t e r n  a t  a l l  

M[1,1] t h e  t a r g e t  may be  seen 
a s  t h e  p a t t e r n  comple te ly  

M[ .25 , I]  t h e  t a r g e t  i s  p a r t i a l l y  
t h e  p a t t e r n  

?4[0,.85] t h e  t a r 2 e t  i s  p a r t i a l l y  
not  t he  p a t t e r n  

A[ .25, ,851 p a r t i a l  support  Mf.25,.85] t h e  t a r g e t  i s  ~ a r t i a l l y  
f o r  A and -A t h e  p a t t e r n  and the  t a r g e t  i s  

p a r t i a l l y  n o t  t h e  p a t t e r n  

F i g u r e  (24)Comparison of Sha fe r  I n t e r v a l  
t o  P a r t i a l  Match s c o r e s  

The r e s u l t a n t  l h  and ub s c o r e s  From t h e  presented match method may he 
used a s  an  inpu t  f o r  t h e  knowledge i n t e g r a t i o n  technique  used by 7arvey. 

Garvey uses  Shafer's theory  i n  conjunct ion  w i t h  Dempster's Xule of 
Combination t o  determine t h e  most l i k e l y  s i g n a l  e m i t t e r  g iven  d i f f e r e n t  
types  of s enso r  measurements. Two f e a t u r e  measures a r e  used t o  t r y  t o  
de te rmine  which of f i v e  independent e m i t t e r s  i s  t h e  most l i k e l y  sou rce  
of t h e  observed s i g n a l s .  

Posed i n  t h e  KL-ONE framework, f i v e  p a t t e r n  e m i t t e r  concepts  would 
each be matched a g a i n s t  t h e  measured t a r g e t  e m i t t e r  concept .  The match 
s c o r e  process  descr ibed  i n  e a r l i e r  chap te r s  would need t o  be 
supplemented w i t h  a Dempster's r u l e  convent ion i n  o r d e r  t o  o b t a i n  t h e  
lower and upper bound s c o r e s  of t h e  Shafer-Dernpster theory.  One 
s t r a t e g y  would be t o  mark c e r t a i n  r o l e s  a s  " i d e n t i f y i n g "  r o l e s .  The 
concept's s c o r e s  would determined by us ing  Dempster's theory d i r e c t l y  on 
t h e  i d e n t i f y i n g  r o l e  lower and upper bounds and those  r o l e s '  weights  
would not  be  f a c t o r e d  i n t o  t h a t  c a l c u l a t i o n .  T h i s  approach i s  s u i t e d  t o  
d e s c r i p t i o n s  t h a t  become more c e r t a i n  as fnformat ion  i s  syn thes i zed ,  
r a t h e r  than  added toge the r  a s  s e p a r a t e  decomposi t ional  d e s c r i ~ t i o n a l  
u n i t s  of a  concept.  The " i d e n t i f y i n g "  r o l e s  could  a l s o  be l abe l ed  
"whol i s t ic"  r o l e s .  Supporting evidence from t h o s e  r o l e s  i s  f ac to red  
t o g e t h e r  and t h e  s c o r e  of t h e i r  combination i s  g r e a t e r  than  a  sum of  
s c o r e s  from "decompositional" r o l e s .  One might t r e a t  t h e  r e s u l t a n t  l b  
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and ub from a l l  decompositional r o l e s  a s  one whol is t ic  r o l e  and factor  
that resultant  i n  with other whol is t ic  ro les  . That would allow 
combination of both types of information to achieve more accurate 
scores.  
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MATCH EXAMPLE 

R .1 ENTRY METHOD 

The main t o o l  used t o  e n t e r  d e s c r i p t i o n s  i s  a bottom-up p a r s e r ,  
developed by D r .  F in in .  A grammar, s i m i l a r  i n  some a s p e c t s  t o  t h e  
JARGON language developed a t  RBN (Brachman,l979b) a s  w e l l  a s  the  "A" 
language (Finin,198O,pdl) was cons t ruc ted  t o  a l l o w  f o r  n a t u r a l  e n t r y  of  
concepts ,  r o l e s  , and t h e r e  r e l a t i o n s h i p s  , a s  needed f o r  t he  p a r t i a l  
matcher networks. The s t e p s  followed t o  e n t e r  KL-ONE d e s c r i p t i o n s  a r e :  

1. Crea te  a graphic  diagram of t h e  d e s c r i p t i o n ,  i n  terms of  named 
concepts ,  named r o l e s ,  r o l e  weights ,  r o l e  min sco res ,  and a rc s .  
F igu re  (7) i s  an  example. 

2. S t a r t i n g  wi th  t h e  mast genera l  concepts ,  c r e a t e  a n a t u r a l  language 
sentence desc r ib ing  t h e  KL-ONE o b j e c t s .  These sen tences  a r e  grouped 
i n t o  one l i s t  f o r  RUP t r a n s l a t i o n  ( F i n i n  ,1983). F igure  (25) l i s t s  
some of t h e  e n t r y  sen tences  used t o  b u i l d  a network corresponding t o  
F igure  (7 ) .  

3. Run a program which i t e r a t e s  through t h e  l i s t  of e n t r y  sen tences ,  
c a l l s  BUP, and adds t h e  t r a n s l a t i o n ,  which is  i n  t h e  form of a 
KL-ONE func t ion  c a l l ,  t o  an output  gene ra t ion  l i s t .  

4. Run a program which i t e r a t e s  though t h e  gene ra t ion  l i s t  and causes  
eva lua t ion  o f  each KL-ONE func t ion  c a l l .  

5. Crea te  formatted e n t r y  l i s t s  t h a t  a s s i g n  weights and min s c o r e s  t o  
s p e c i f i e d  r o l e s  of concepts .  

6. Run a program which i t e r a t e s  through t h e  l i s t  of weights  and min 
s c o r e s ,  forms a l i s t  of  weights  and min sco res ,  and a t t a c h e s  them t o  
t h e  owning concept.  A ranked r o l e  l ist  is a l s o  determined and 
a t t ached  t o  t h e  owning concept.  
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(a Command 
(a Com-Word 
(a Syntax 
(a Command 

(a Command 

( a PSNAME-Word 
(a COPY-Word 
(an Object-With-File-Name 
(a File-Name 
(an Object-With-File-Name 

(an Object-With-Dir-Location 
(a Directory 
(an Object-With-Dir-Location 

(a File-Body 
(a File 
(File 

(a File 

( a Command-To-Cr ea te-File 
(a Command-To-Create-File 

( a New-Fil e-Name 
( a Renamed-Fi le 
(a Renamed-File 

(Renamed-File 

(a Different-Directory 
(a File-Copied-To-New-Dir 
(a File-Copied-To-New-Dir 

(File-Copied-To-New-Dir 

is a thing) 
is a thing) 
is a thing) 
must have 1 Word which 
is a Com-Word) 
may have 1 Syntax which 
is a Syntax) 
is a Com-Word) 
is a Com-Word) 
is a thing) 
is a thing) 
nay have 1 Name which 
is a File-Name) 
is a thing) 
is a thing) 
may have 1 Location which 
is a Directory) 
is a thing) 
is an Object-With-File-Name) 
specializes 
Ob ject-17% th-D ir-Location) 
must have 1 Sody which 
is a File-Body) 
is a Command) 
must have 1 Created-File 
which is a File) 
is a File-Name) 
is a File) 
may have 1 Name which 
is a New-File-Name) 
has a role Xame 
which modifies 
the role Name 
of Ob ject-Wi th-File-Name) 
is a Directory) 
is a File) 
may have 1 Location which 
is a Different-Directory) 
has a role Location 
which modifies 
the role Location 
of Object-With-Dir-Location) 

Figure (25) Example Entry Sentences 
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B .2 MATCH TRACE 

F i g u r e  (26)  shows a t r a c e  of  t h e  match desc r ibed  i n  s e c t i o n  5.4.7 . Role al ignments  and sco r ing  updates  a r e  shown f o r  each match t a s k  and 
suh ta sk  set-up i n  t h e  match process .  Whereas F igure  (14)  shows t h e  
match p rog res s  on ly  a t  t h e  h ighes t  roo t  node, F igure  (26 )  a l s o  shows t h e  
s t a t u s  and s c o r e  changes a t  t h e  lower l e v e l  concept :  
File-Copied-To-New-Dir. Score changes a t  t h e  t e r m i n a t i o n  o b j e c t  l e v e l  
a r e  not  shown. A t i n e  l i m i t  of 1000 cpu u n i t s  was s e t  f o r  t he  match 
p roces s  t o  i l l u s t r a t e  t h e  suspension and r e s t a r t  c a p a b i l i t y .  

REGIN MATCHING PROCESS ---------------- 
THE TOP-LEVEL MATCH IS  BETWEEN 
THE PATTERN CONCEPT: (CONCEPT: COPY-Command) 
THE TARGET CONCEPT: (CONCEPT: RENAME-Command) 

CONCEPT MATCH (CONCEPT: COPY-Command) and (COWCEPT: RENAME-Command) 

ALIGNMENT TABLE --------------- 
PATTERN ROLE TARGET ROLE ALIGN V P E  

1 (Created-Fi le  TYPE:generic)(Created-File TYPE:generic) q e n e r a l i z a t i o n  
2 (Word TYPE : gene r i c )  (Word TYPE:generic) g e n e r a l i z a t i o n  
3 (Syntax TYPE :gene r i c )  (Syntax TYPE :gener ic )  subsumption 

CONCEPT MATCH (CONCEPT: File-Copied-To-Yew-Pir) and (CONCEPT: Renamed-File) 

ALIGNMPNT TABLE -------------- 
PATTERN ROLE TARGET ROLE ----------- ----------- 

1 (Rody TYPE : gene r i c )  (Body TYPE:generic) 
2 (Locat i o n  TYPE :gene r i c )  unal igned 
3 (Name TYPE:generic) (Name TYPE:generic) 
SUCCESS: EQUAL V/Rs: File-Body 

MATCH-TASK STATUS AND SCORES 
P a t t e r n :  (CONCEPT : Fi le-Copied-To-New-Dir ) 
Targe t  : (CONCEPT: Renamed-File) 
Obl r o l e s  complete t 
Super match (CONCEPT: COPY-Command) 
s u p e r r o l e  - (ROLE: (Created-Fi le  TYPE :gener fc)  ) 
[ l h  base e s t  ub ] 
[ 0.2 0.2 0.2 1 1 

ALTGN TYPE ---------- 
e q u a l i t y  
unal igned 
sub sum^ t i o n  

TRIGGER UPWARDS 
MATCH-TASK STATUS AND SCORES 

P a t t e r n :  (COVCEPT : COPY-Command) 
Targe t :  (CONCEPT : RENAME-Command ) 
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O b l  roles c o m p l e t e  n i l  
Suver m a t c h  n i l  
super-role - n i l  
[ l b  hasees t  ub ] 
[ 0 0 0 . 1 2 1  1 

C u r r e n t  t i m e :  830 
F A I L U R E  UNALIGNED PATTERN ROLE: ( L o c a t i o n )  

MATCH-TASK STATUS AND SCORES 
Pattern: (CONCEPT: F i l e - C o p i e d - T o - N e w - D i r )  
T a r g e t  : (CONCEPT : R e n a m e d - F i l e )  
O b l  ro les  c o m p l e t e  t 
Super m a t c h  (CONCEPT: COPY-Command) 
~ u ~ e r - r o l e  - (ROLE:  ( C r e a t e d - F i l  e TYPE : gener ic)  ) 
[ I h  ba see s t  ub ] 
[ 0.2 0.2 0.2 0.6 1 

T R I G G E R  UPWARDS 
;MATCH-TASK STATITS AND SCORES 

P a t t e r n :  (CONCEPT: COPY-Command)  
T a r g e t  : (CONCEPT : RENAME -Command)  
O b l  ro les  c o m p l e t e  n i l  
S u ~ e r  m a t c h  n i l  
~ u ~ e r r o l e  - n i  1 
[ l b  base est uh ] 
[ 0 0 0.12 0.76 ] 

C u r r e n t  t i m e :  1060 
TFTE MATCH PROCESS HAS PEEN SUSPENDED 
A f t e r  t h i s  m a t c h  process t h e  m a t c h  task  d a t a  i s :  

MATCH-TASK STATUS Ahm SCORES 
P a t t e r n :  (CONCEPT: COPY-Command) 
T a r g e t  : (CONCEPT : RENAP%-Command ) 
O b l  roles c o m ~ l e t e  n i l  
Super m a t c h  n i l  
super ro le  - n i l  
[ l b  base est ub ] 
[ 0 0 0.12 0.76 ] 

B E G I N  MATCHING PROCESS ------------------- 
THE TOP-LEVEL MATCH I S  BETWEEN 
THE PATTERN CONCEPT: (CONCEPT: COPY-Command) 
THE TARGET CONCEPT : (CONCEPT : RENAME-Command) 

CONCEPT MATCH (CONCEPT: COPY-Command) and (CONCEPT:  RENAME-Command) 
The m a t c h  w a s  ~ a r t i a l l y  c o m p l e t e d  and w i l l  be continued 
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CONCEPT MATCH (CONCEPT: File-Copied-To-New-Dir) and (CONCEPT: Renamed-File) 
The match was p a r t i a l l y  completed and w i l l  be cont inued 

CONCEPT MATCH (CONCEPT: File-Name) and (CONCEPT: New-File-Name) 

No r o l e s ,  s o  do  ro l e - l e s s  concept match 
SUCCESS : File-Name SURSIJMES New-File-Name 

MATCH-TASK STATUS AND SCORES 
P a t t e r n :  (CONCEPT: File-Copied-To-New-Dir) 
Ta rge t  : (CONCEPT: Renamed-File) 
Obl r o l e s  c o m ~ l e t e  t 
Super match (CONCEPT: COPY-Command) 
s u p e r r o l e  - (ROLE: (Created-Fi le  TYPE:generic)) 
[ l b  base e s t  ub 1 
[ 0.6 0.6 0.6 0.6 ] 

TRIGGER UPWARDS 
MATCH-TASK STATUS AND SCORES 

P a t t e r n :  (CONCEPT: COPY-CommanE) 
Targe t  : (CONCEPT: RENAME-Command) 
Obl r o l e s  complete n i l  
Super match n i  1 
super-role - n i l  

I b  b a s e e s t  uh ] 
[ 0 0.36 0.36 0.76 ] 

Current  t i m e :  619 

CONCEPT MATCH (CONCEPT : COPY-Word) and ( CONCEPT : RENAME-Word) 

No r o l e s ,  s o  do ro l e - l e s s  conceDt match 
SUCCESS : COPY-Word GENTRALIZES TO SUBSUME RENAME-ThJord 

MATCH-TASK STATUS AND SCORES 
P a t t e r n :  (CONCEPT: COPY-Command) 
Ta rge t  : (CONCEPT: RENAME-Command) 
Oh1 r o l e s  complete t 
Super match n i  1 
supererole - n i l  
r l b  hase  e s t  ub 1 
[ 0.66 0.66 0.66 0.76 ] 

Current  t i m e :  1059 
An UNKNOWN V/R w a s  found 
Af t e r  t h i s  match Drocess t h e  match t a s k  d a t a  is: 

MATCH-TASK STATUS AND SCORES 
P a t t e r n :  (CONCEPT: COPY-Command) 
Targe t  : (CONCEPT: RENAME-Command) 
Obl r o l e s  complete t 
Super match - n i l  
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Super role - n i l  
[ l b  base est uh ] 
[ 0 . 6 6  0 . 6 6  0 . 6 6  0 . 7 6  ] 

Figure ( 2 6 )  Example Match Trace 
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