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U s i n g A n a l o g i e s i n N a t u r a l  L a n g u a g e G e n e r a t i o n 

Vibhu O. Mittal and C6cile L. Paris 

USCyinformatio n Science s Institut e 

467 6 Admiralt y W a y 

Marin a de l  Rey.C A 9029 2 

U.S.A . 

Abstrac t 

Any system with explanatory capabilities must be able 
t o generat e description s o f  concept s define d i n it s 
knowledg e base .  Th e us e o f  analogie s t o highligh t 
selecte d feature s i n thes e description s ca n greatl y en -
hanc e thei r  effectiveness ,  a s analogie s ar e a  powerfu l 
an d compac t  mean s o f  communicatin g idea s an d de -
scriptions .  I n thi s paper ,  w e describ e a  syste m tha t 
ca n mak e us e o f  analogie s i n generatin g descriptions . 
We outlin e th e difference s betwee n usin g analogie s i n 
proble m solvin g an d usin g the m i n languag e genera -
tion ,  an d sho w h o w th e discours e structur e kep t  b y ou r 
generatio n syste m provide s knowledg e tha t  aid s finding 
an acceptabl e analog y t o express . 

I n t roduc t i o n 

G o od explanatio n capabilitie s ar e crucia l  fo r  man y systems , 
includin g exper t  systems ,  intelligen t  tutorin g system s an d 
othe r  Knowledge-Base d System s (e.g. ,  t o provid e on-lin e 
documentation) .  M a n y suc h system s ca n alread y c o m m u -
nicat e concq>t s o r  processe s coherentl y an d effectivel y t o 
thei r  users .  Communicatio n woul d b e enhance d furthe r  i f 
a syste m coul d emplo y analogie s t o hel p describ e concept s 
and highligh t  it s  features .  Thi s pape r  describe s a  syste m tha t 
ca n emplo y analogie s i n generatin g descriptions . 

Analogie s hav e lon g bee n recognize d a s a  valuabl e too l  i n 
proble m solving ,  an d i t  i s  mainl y i n thi s perspectiv e tha t  the y 
hav e bee n studie d i n artificia l  intelligence-e.g. ,  (Carbonell , 
1986 ;  Prieditis .  1988 ;  Falkenhaine r  e t  al. .  1989) ;  thei r  us e i n 
explanatio n ha s largel y bee n overlooked .  I n thi s paper ,  w e 
addres s th e proble m o f  finding  an d usin g appropriat e analo -
gie s efficientl y t o describ e conc^ts .  Findin g a n analog y i s 
computationall y expensive :  th e proces s essentiall y  involve s 
an attemp t  t o find  a  consisten t  mappin g betwee n tw o con -
cept s an d thei r  associate d relations ,  sometime s wit h onl y a 
partia l  an d fragmented  knowledg e abou t  on e concept .  I t  i s 
especiall y expensiv e i f  a n exac t  mappin g i s desired ,  a s i n 

'Th e author s ca n b e contacte d throug h electroni c mai l  at : 
{MnTAL,PARIs}@ISI.EDU .  Vibh u Mitta l  i s als o i n th e Compute r 
Scienc e Departmen t  o f  th e Universit y o f  Souther n California . 

th e cas e o f  mos t  analogica l  proble m solvin g (APS )  systems . 
However ,  i f  approximat e matche s ar e deeme d acceptable , 
th e cos t  o f  finding  a n analog y ca n b e substantiall y  reduced . 
We illustrat e wit h a n exampl e tha t  a  generatio n syste m doe s 
not  i n fac t  requir e th e sor t  o f  exac t  matche s tha t  mos t  AP S 
system s require . 

Our  framewor k i s designe d aroun d a n alread y existin g ex -
planatio n facilit y  (Moor e &  Paris ,  1989 ;  Moor e &  Swartout , 
1991 ;  Paris ,  1991) ,  whic h i s par t  o f  th e Explainabl e Exper t 
Syste m (EES )  framewor k (Neche s e t  al. ,  1985 ;  Swartou t  e t 
al. .  1991) .  W e sho w h o w th e knowledg e abou t  th e utteranc e 
t o b e generate d an d it s hierarchica l  structurin g i n th e for m o f 
rhetorica l  goal s ca n hel p u s identifyin g an d usin g analogie s 
i n th e contex t  o f  explanatio n generation . 

Analogies in Problem Solving vs in Text 

Severa l  majo r  difference s mak e th e us e o f  analogie s i n dis -
cours e muc h easie r  tha n i n proble m solving : 

First ,  th e feature s t o us e t o find  th e analog y ar e mor e 
clearl y determined .  Unles s a n ap s syste m build s a n expla -
natio n tree ,  ther e i s a  prior i  littl e o r  n o indicatio n o f  whic h 
feature s ar e relevan t  i n differen t  situations .  Yet ,  becaus e 
of  th e computationa l  cos t  (sinc e finding  a n analog y require s 
searchin g throug h a  larg e spac e o f  concept s an d relations , 
th e fewe r  th e constraint s t o satisfy ,  th e faste r  analogie s ca n 
be found) ,  a  m in imu m numbe r  o f  feature s shoul d b e use d 
i n th e matchin g process .  Domain-independen t  theorie s o f 
featur e relevanc e hav e bee n propose d t o addres s thi s iKOb -
lem :  th e us e o f  higher-orde r  relation s i n Genmer' s Structur e 
Mappin g Engin e (SME )  (Genmer ,  1983 ;  Falkenhaine r  e t  al. , 
1989) ;  th e explanation-proo f  tree s b y Kedar-Cabell i  (1988) ; 
th e us e o f  abstraction s (Greiner ,  1988 )  an d justification s o f 
th e proble m solvin g (Carbonell ,  1986) .  I n discours e gen -
eratio n however ,  th e mos t  importan t  feature s t o matc h o n 
ar e given :  the y ar e th e one s th e syste m i s tryin g t o illus -
trate .  Give n a n appropriat e representatio n o f  th e explanatio n 
bein g constructed ,  th e syste m ca n determin e th e feature s t o 
highligh t  o r  elaborat e upon ,  an d us e thes e t o find  a n analogy . 
Thus ,  a  syste m designe d t o emplo y analogie s i n generatio n 
doe s no t  fac e on e o f  th e mor e difficul t  problem s tha t  AP S 
system s hav e t o addres s -  tha t  o f  determinin g th e importan t 
feature s o n whic h t o match . 
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Second ,  shoul d a  syste m no t  fin d a  suitabl e analog y fo r 
al l  th e give n features ,  i t  shoul d b e abl e t o us e analogie s fo r 
subset s o f  th e origina l  features .  Sinc e th e determinatio n o f 
thes e subset s i s quit e domai n specific ,  mos t  ap s system s d o 
not  posses s a  theor y o f  partitionin g th e features .  However , 
an appropriat e representatio n o f  th e tex t  bein g constructe d 
contain s sufficien t  informatio n t o determin e a t  leas t  on e pos -
sibl e subse t  partitionin g fo r  renewe d matchin g attempt s i n 
most  cases ,  an d thu s analogie s fo r  a  subse t  o f  th e origina l 
feature s ca n b e used . 

Finall y an d mos t  importantly ,  expositor y system s ca n 
make us e o f  partia l  matches ,  becaus e peopl e see m t o hav e 
littl e difficult y i n understandin g comple x an d incomplet e 
mappings ,  a s in :  "H e i s big .  an d burly ,  lik e a  bear" ,  withou t 
tryin g t o resolv e h o w thi s mappin g woul d affec t  attribute s 
not  mentione d i n th e sentence .  Thi s i s no t  possibl e i n ap s 
systems .  I n addition ,  i f  ther e i s a  poin t  tha t  i s  likel y t o 
be mis-understoo d i n th e analogica l  mapping ,  th e syste m 
can generat e a n explici t  concessionar y claus e fo r  tha t  poin t 
("Thoug h A  i s lik e B ,  A  i s no t  a.. .  " ) .  A  syste m tha t  need s 
t o find  analogie s fo r  communicatio n purpose s therefor e ha s 
fa r  greate r  leewa y i n finding  potentia l  matche s tha n a n ap s 
syste m whic h need s analogue s tha t  ar e consisten t  i n thei r 
mj^pin g acros s man y mor e features . 

I n summary ,  then ,  expositor y system s ca n hav e mor e guid -
ance a s t o h o w t o find  a n analog y an d mor e flexibility  i n thei r 
choic e an d applicatio n o f  analogie s tha n mos t  ap s systems . 
I n th e followin g sections ,  w e briefl y describ e ou r  generatio n 
framewoii c an d illustrat e ou r  metho d wit h simpl e examples . 

The System 

Our  syste m i s buil t  o n a n extensiv e framewor k fo r  generatin g 
explanation s fo r  exper t  system s i n natura l  languag e usin g th e 
EES exper t  syste m environmen t  (Neche s e t  a i ,  1985 ;  Moore , 
1989 ;  Moor e &  Swartoul ,  1991 ;  Paris ,  1991 ;  Swartou i  e t 
al. ,  1991) ,  th e PENMAN Natura l  Languag e Generatio n sys -
te m (Mann ,  1983) ,  an d th e IjOO M knowledg e representatio n 
languag e (MacGregor ,  1988) .  A  syste m buil t  usin g EE S ca n 
generat e description s o f  th e terminolog y i t  uses ,  becaus e i t 
has a  representation  fo r  al l  it s concept s i n a  terminologica l 
knowledg e base .  Th e qualit y o f  description s generate d thu s 
dq)end s upo n bot h th e detai l  an d th e accurac y o f  th e do -
mai n knowledg e representation .  Th e representatio n o f  th e 
terminologica l  knowledg e i n EE S i s influence d no t  onl y b y it s 
operationalit y i n proble m solving ,  bu t  als o b y th e necessit y 
of  generatin g goo d explanation s i n th e for m o f  description s 
about  th e concqjt s themselves .  Thus ,  on e o f  th e essentia l 
requirement s fo r  an y syste m usin g analogies ,  a  well-detaile d 
domai n model ,  i s provided . 

To generat e grammaticall y correc t  Englis h text ,  th e do -
mai n mode l  i s anchore d beneat h th e Upper-Model ,  a  com -
putationa l  resourc e fo r  organizin g domai n knowledg e ap -
propriatel y fo r  linguisti c realization s (Batema n e t  ai ,  1989) . 
The Upper-Mode l  i s a  knowledg e bas e o f  genera l  concep -
tua l  categorie s tha t  provide s a  domain -  an d task-independen t 
classificatio n syste m whic h support s sophisticate d natura l 
languag e processing . 

Give n a  to p leve l  intentiona l  (o r  discourse )  goa l  t o b e 
achieved ,  tex t  i s  generate d b y hierarchica l  goa l  decompo -
sition .  T o ensur e th e coherenc e o f  th e text ,  th e tex t  plan -
ner  make s sur e tha t  tw o subgoa l  sibling s ar e relate d wit h a 
rhetorica l  relation ,  whic h indicate s th e functiona l  relation -
shi p betwee n an y tw o tex t  spans .  Suc h relation s include ,  fo r 
example ,  c o n t r a s t , m o t i v a t i o n an d e l a b o r a t i o n . 
Th e rhetorica l  relation s use d i n ou r  syste m ar e base d o n 
Rhetorica l  Structur e Theory ,  a  theor y o f  coherenc e (Man n 
& Thomspson ,  1988) .  A s a  resul t  o f  th e tex t  plannin g pro -
cess ,  a  detaile d tex t  pla n o r  Discours e Structur e Tte e i s pro -
duced .  Thi s tex t  pla n contain s al l  th e intentiona l  goal s an d 
subgoals ,  a s wel l  th e rhetorica l  relation s betwee n subgoals . 
Subgoal s i n th e pla n ar e annotate d a s eithe r  a  N U C L E US o r 
a S A T E L L I T E ,  base d o n thei r  semanti c relationshi p wit h 
thei r  paren t  goal .  Nuclei c subgoal s represen t  th e cor e o r  th e 
focu s o f  th e informatio n t o b e presented ;  satellit e subgoal s 
pla y a  supportin g rol e t o th e nucleus ,  thei r  relationshi p bein g 
indicate d b y a  rhetorica l  relation. ' 

Using the Discourse Structure to Find 

A n a l o g i e s 

Ther e ar e tw o way s i n whic h th e discours e structur e tre e 
(DST)  generate d b y th e tex t  plannin g proces s ca n b e use d t o 
find  analogie s (whic h ar e the n incorporate d int o th e Dsrt) : 
(1 )  t o find  th e feature s o n whic h t o matc h (2 )  t o find  relevan t 
sub-grouping s o f  feature s t o find  partia l  analogies .  M o r e 
specifically ,  th e rhetorica l  informatio n (RS T relation s lik e 
e l a b o r a t e an d c o n t r a s t )  an d th e subgoa l  specificatio n 
( N U C L E US v s S A T E L L I T E )  containe d i n th e ds t  tre e ca n b e 
use d t o focu s th e searc h fo r  analogies .  Thi s sectio n describe s 
th e algorith m whic h make s us e o f  thes e features . 

Our  framewor k use s a  slightl y modifie d versio n o f  S M E 
t o actuall y find  th e analogies .  A m o n g th e differences :  dur -
in g matching ,  onl y th e feature s poste d ar e used ,  an d no t  al l 
th e one s tha t  th e concep t  possesses ;  furthermore ,  th e UppCT -
Model ,  a s a  se t  o f  domai n independen t  abstraction s tha t  lin k 
differen t  knowledg e base s together ,  i s use d a s a n additiona l 
set  o f  constraint s (thi s enable s th e syste m t o find  analogi -
cal  concept s tha t  ar e realize d i n simila r  way s i n language) . 
Sinc e th e syste m i s capabl e o f  handlin g imperfec t  matches . 
an efficien t  bu t  non-optima l  algorith m -  suc h a s th e greed y 
versio n o f  S M E (Forbu s &  Oblinger ,  1990 )  -  ca n b e used .  I t 
i s importan t  t o not e tha t  th e knowledg e base s i n EE S ar e orga -
nize d hierarchically ,  subordinate d unde r  th e Upper-Model . 
Althoug h th e Upper-Mode l  i s b y itsel f  to o genera l  t o wor k 
as a n effectiv e abstractio n hierarch y (a s use d b y Greiner ,  fo r 
instance) ,  i t  i s  ver y usefu l  i n categorizin g concepts ,  relation s 
and propertie s int o classes ,  whic h ca n b e use d t o restric t  th e 
search .  Th e actua l  algorith m i s presente d i n Figur e 1 . 

Sinc e th e numbe r  o f  feature s use d t o constrai n th e matc h 
i s relativel y smal l  a s compare d t o th e numbe r  o f  feature s 
employe d i n ap s systems ,  i t  i s  possibl e t o find a  relativel y 

^  A  detaile d descriptio n o n th e tex t  planne r  i s ou t  o f  th e scop e 
of  thi s paper .  Se e (Moore ,  1989 ;  Moor e &  Paris .  1989 ;  Moor e & 
Swartout ,  1991 ;  Paris ,  1991) . 
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Algo r i t hm : 

1 Take the lexi-plan (or the text to be generated and scan it to see if there is a concept which is llaoged. Concepts are llagoed it they are one of the following: 
(a )  Concept s to r  whic h analogie s hav e bee n use d i n th e pas t  dialogue. ' 
(b )  Concept s whos e parent s hav e bee n describe d usin g analogies . 
(c )  Concept s whic h ar e pan s o t  component s tha t  hav e bee n describe d usin g analogies . 
(d )  Concept s to r  whic h ther e ar e n o lexicaiitems. * 

For  an y tiagge d concepts ,  retriev e th e generate d analog y an d se e i f  i t  ca n b e extende d lo r  thi s cas e too .  I t  i t  cannot ,  se e I t  a  relate d analog y (tha t  i s a n 
analog y (ro m th e sam e domain )  ca n b e use d i n th e curren t  text-plan . 

2.  Traverse tf>e text-plan in a depth-lirsi manner. It there are any contrast or elaboration rhetorical relations between two sub-goals posted, attempt to find 
analogie s a s follows : 

•  ELABORATION:  Conside r  th e elaboratio n relatio n an d th e tw o sub-goal s i t  relaies ,  a s show n i n Figur e 5 ,  Par t  (a) .  Th e sub-goa l  o n th e left-han d sid e 
(goal-1 )  present s som e informatio n abou t  a  concept ,  whic h th e sub-goa l  o n th e right-han d sid e (goal-2 )  elaborate s upon .  Goal- 1 i s referre d t o a s th e 
NUCLEUS,  an d Goal- 2 i s relerre d t o a s th e satellite .  T o generat e analogies ,  th e syste m take s tf> e nucleu s sub-tre e an d gather s al l  th e feature s tfia t  i t  i s 
suppose d t o communicate .  I t  als o collect s al l  th e feature s expresse d b y th e satellit e (t o elaborat e o n th e nucleus) .  Th e nucleu s feature s ar e use d 
t o fin d a n jinatog y (necessar y features) .  Th e satellit e feature s ar e use d a s constraint s  tfiat  ca n b e relaxed .  I f  a n analog y i t  found ,  i t  i s  incorporate d (a s 
describe d bek)w )  int o th e text-plan . 

*  C O N T R A S T.  Th e contras t  relationshi p betwee n th e tw o sub-goal s indicate s tha t  tfi e feature s expresse d b y th e tw o sub-goal s ar e contrastin g ones .  I n 
thi s case ,  on e ca n generat e analogie s fo r  eithe r  o r  bot h o f  th e sub-goals .  However ,  becaus e o t  th e contrastin g natur e o f  th e feature s expresse d i n tti e 
tw o sub-goal s specia l  car e mus t  b e take n i n thi s case .  Th e tw o sub-goal s ar e inter-dependent ,  an d a n analog y to r  on e o f  th e sub-goal s mus t  tak e int o 
accoun t  thi s dependency .  Ther e ar e tw o way s i n whic h a n analog y ma y b e generate d here : 

(a )  A n ainak>g y ca n b e foun d b y usin g th e feature s mentione d i n on e o f  th e sub-goal s an d th e negatio n o f  tf> e feature s mentione d i n tfi e otfie r  sub-goal . 
(b )  Tw o anak)gie s ca n b e found ,  on e fo r  eac h sub-goal .  Usin g suc h a  compoun d analog y i s allowe d onl y i f  th e tw o analogie s generate d belon g t o th e sam e 

domain .  A n exampl e o f  suc h a  compoun d analog y is :  "Eve n thoug h h e wa s a s bi g an d toug h a s a  bear ,  h e wa s a s tende r  an d gentl e a s a  hmb' .  I n thi s 
case ,  th e analogue s bea r  an d lam b ar e bot h fro m th e anima l  domain . 

3. For each anaksgy proposed, evaluate it as follows: II all the features to be presented in the nucleus and the satellite clauses map consistently, incorporate 
th e anak)g y i n Di e text-pla n withou t  furthe r  modilications .  If ,  o n th e othe r  hand ,  ther e ar e an y mentione d feature s tha t  d o no t  ma p over ,  generat e a  concessiv b 
claus e t o b e appende d t o th e claus e containin g th e analog y ("but.. .  , "  "except.. .  , "  "althoug h .. .  , "  etc) . 

Figure 1: Algorithm for incorporating analogies with CONTRAST and ELABORATION relations. 

larg e n u m b e r  o f  analogues .  I n suc h a  case ,  ther e ar e t w o 
alternatives : 

1.  T h e sys te m first  check s t o se e whethe r  othe r  analogue s ar e 
mari^e d P O S S I B L E fo r  s o m e othe r  n o d e i n th e discours e 
tree .  I f  th e curren t  n o d e i s relate d (eithe r  a  siblin g o r  a n 
ancestor) ,  th e sys te m prune s th e se t  o f  analogue s possibl e 
fo r  th e curren t  n o d e b y keepin g onl y thos e analogue s tha t 
ar e compat ib l e wit h thos e selecte d fo r  th e relate d node . 

2 .  I f  ther e ar e n o othe r  analogues ,  th e sys te m m a r k s th e 
curren t  se t  a s p o s s i b l e ,  a n d arrange s th e analogue s 
suc h tha t  th e n u m b e r  o f  feature s tha t  m a t c h wit h th e base -
concep t  ar e m a x i m i z e d ,  whi l e a t  th e s a m e t im e min imiz in g 
th e n u m b e r  o f  dis-simila r  features . 

I n cas e n o suitabl e analogue s ar e found ,  th e syste m attempt s 
t o determin e subgroup s o f  feature s t o us e fo r  match in g partia l 
analogies . 

T o clarif y thes e t w o issue s (splittin g feature s an d selectin g 
f r o m multipl e ana logues) ,  conside r  th e followin g e x a m p l e 
f r o m th e d o m a i n o f  loca l  are a ne twork s ( D E C M a n u a l ,  1 9 8 7 ) . 

. . . A communicatio n lin e ca n b e o f  thre e types :  simplex , 
half-duple x a n d full-duple x . . . A simple x lin e support s dat a 

flo w i n on e directio n only.. .  a  half-duple x lin e support s dat a 
flo w i n tw o directions ,  bu t  transmission s ca n onl y occu r  i n 
on e directio n a x a  lim e . . . a full-duple x lin e support s dat a 

flo w i n bot h direction s a t  th e s a m e tim e .. . 

^Our  syste m retain s tex t  plan s i n orde r  t o participat e i n a  dia -
logue ,  a s describe d i n (Moor e &  Paris .  1989 ;  Moore ,  1989) . 

*Our  syste m canno t  currentl y generat e thes e type s o f  analogies . 

I t  i s possibl e tha t  a n attemp t  t o fin d a  suitabl e analog y fo r 
th e c o m m u n i c a t i o n - l i n e fails .  However ,  th e syste m 
can the n attemp t  t o determin e whethe r  partia l  analogie s ca n 
be use d t o describ e th e concept .  Fro m th e DST ,  th e syste m 
determine s tha t  a  communicatio n lin e i s t o b e describe d a s 
havin g thre e sub-types :  simplex ,  half-duple x o r  full-duplex . 
This  raise s th e possibilit y  o f  finding  a n analog y fo r  par t  o f 
th e origina l  concept .  Th e syste m trie s t o find  analogie s fo r 
eac h o f  thes e types ,  usin g th e feature s tha t  ar e mos t  impor -
tan t  fo r  eac h type .  Th e searc h return s a  numbe r  o f  possibl e 
analogue s fo r  th e simple x line :  { e l e c t r o n i c - d i o d e , 
v a l v e ,  o n e - w a y - s t r e e t ,  .. .  } .  Thi s se t  i s marke d 
as p o s s i b l e ,  an d th e syste m attempt s t o find  analogie s 
fo r  th e half-duple x an d full-duple x lines .  I t  finds  th e set s 
{ t w o - w a y - s t r e e t - w i t h - o n e - l a n e - o b s t r u c t e d , 
.. .  }  an d { h o s e p i p e ,  e l e c t r i c - w i r e , 
t w o - w a y - s t r e e t }  respectively .  Th e algorith m con -
strain s th e syste m t o pic k analogie s suc h tha t  related  node s 
ar e expresse d b y relate d analogie s i f  possible .  Sinc e th e 
thre e node s ar e sibling s i n thi s case ,  th e syste m pick s a  se t  o f 
relate d analogie s (i n thi s case ,  siblin g concept s subsume d b y 
th e concep t  o f  s t r e e t ) .  Th e DS T i s the n modifie d b y th e 
insertio n o f  pla n fragment s representing  thes e thre e analo -
gie s i n th e origina l  description .  Th e descriptio n generate d 
woul d b e simila r  t o th e following ,  th e origina l  descriptio n 
take n fro m th e D E C manua l  (1987 )  (p .  2-12) : 

...A communication line can be of three types: simplex, half-
duple x an d full-duplex .  A  simple x lin e support s dat a flow  i n 
on e directio n only .  Thi s typ e o f  signa l  flow  ca n b e compare d 
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t o traffi c  dow n a  oru-wa y street .  A  half-duple x lin e support s 
dataflo w i n tw o directions ,  bu t  transmission s ca n ord y occu r 
i n on e directio n a t  a  time .  Thi s typ e o f  signa l  flow  ca n b e 
equate d t o traffi c o n a  tw o wa y stree t  wit h a n obstructio n 
i n on e o f  th e lanes .  Tw o wa y traffi c  i s  possible ,  bu t  driver s 
heade d i n opposit e direction s mus t  alternat e sinc e the y hav e 
onl y on e lan e t o use .  A  full-duple x lin e support s dataflo w i n 
bot h direction s a t  th e sam e time .  Thi s i s simila r  t o traffi c o n 
a two-wa y stree t  wit h n o obstructions . 

As thi s exampl e demonsiraies ,  th e findin g o f  suitabl e 
analogie s i n a n explanatio n framewor k whic h maintain s a 
suitabl e discours e structur e ca n b e don e quit e flexibly,  be -
caus e o f  th e possibilit y  o f  splittin g u p th e concep t  an d usin g 
fewe r  feature s (an d constraints )  wit h whic h t o fin d analo -
gies .  Th e followin g sectio n deal s wit h a  shor t  exampl e tha t 
illustrate s h o w th e algorith m ca n als o mak e us e o f  th e infor -
matio n i n th e rhetorica l  relation s betwee n clause s t o focu s 
th e searc h fo r  analogies . 

Focusing the Search with RST Relations 

The previou s sectio n illustrate d ho w th e algorith m coul d b e 
used t o find  analogie s b y splittin g u p th e numbe r  o f  fea -
ture s require d t o match .  Ther e i s  ye t  a n additiona l  sourc e 
of  informatio n i n th e discours e structur e tha t  ca n b e used : 
th e rhetorica l  relation s tha t  hol d betwee n th e N U C L E US an d 
S A T E L L I T E node s a t  variou s level s o f  th e DST .  W e no w 
illusuat e thi s poin t  wit h a n example ,  which ,  fo r  th e sak e o f 
clarity ,  onl y use s a  smal l  hypothetica l  tex t  plan . 

Suppos e a n exper t  syste m i s aske d t o selec t  a  perso n fo r 
a particula r  task .  Th e terminologica l  knowledg e bas e o f 
th e syste m wil l  includ e description s o f  m a n ,  p e r s o n ,  etc . 
The specifi c  domai n mode l  wil l  includ e specifi c  fact s abou t 
individuals .  A  portio n o f  th e knowledg e bas e togethe r  wit h 
some specifi c  fact s abou t  Mr .  Smit h i s show n i n Figur e 2 . 
I n thi s case ,  Mr .  Smit h i s  show n a s bein g strong ,  burly , 
intelligent ,  etc .  Concept s suc h a s p e r s o n ar e define d i n 
th e Upper-Mode l  (a s indicate d b y th e u m - k b :  prefi x i n th e 
symbol  name) .  Othe r  domai n specifi c  concept s an d role s 
ar e define d i n term s o f  th e Upper-Mode l  t o facilitat e th e 
generatio n o f  appropriat e English . 

Suppos e th e syste m neede d t o communicat e tha t  th e as -
signmen t  neede d tw o feature s -  strengt h an d tactfulness ,  an d 
tha t  Mr .  Smit h ha d thes e features .  I t  coul d generat e th e 
tex t  show n i n Figur e 3 ,  Par t  (a) .  T o generat e thi s text ,  th e 
syste m woul d choos e th e elaboratio n relatio n t o expres s 
thes e propertie s o f  Mr .  Smith ,  a s show n i n th e fragmen t  o f 
th e tex t  pla n i n Figur e 5 ,  Par t  (a) . 

To enhanc e thi s tex t  wit h a n analogy ,  th e syste m ca n tr y 
t o find  a  concep t  tha t  matche s al l  th e feature s t o b e c o m m u -
nicated .  Failin g t o d o so ,  th e syste m attempt s t o find  con -
cept s tha t  matc h partia l  set s o f  features ,  a s determine d b y th e 
feature s expresse d i n th e N U C L E US an d th e s a t e l l i t e , 
startin g wit h th e n u c l e u s ,  a s thes e ar e th e mai n feature s 
t o illustrate ,  th e feature s o f  th e s a t e l l i t e bein g consid -
ere d a s desirabl e bu t  no t  mandatory .  I t  doe s find  a n analog y 
(th e bear) ,  bu t  realizin g tha t  th e s o f t s p o k e n featur e i s no t 
presen t  i n th e analogue ,  generate s a  concessiv e claus e an d 

(defconcep t  PERSON 
:i s (:an d UM-KB:Consc lous-Being ) 
:  d is jo int -cover in g 

(UM-KB:Femal e UM-KB:Male) ) 

(defconcept man 
:i s (:an d :primitiv e UM-KB:Male) ) 

(tell m (ma n Smith) ) 
(tell m (:abou t  Smit h 

(rcharacterist ic s 
stron g bur l y 
humorou s tactfu l 
gentl e softspoken ) 

(:UM-KB:ag e 42 ) 
(:UM-KB:siz e big ) 
(rprofessio n scient ist ) 
(:like s caviar ) 

...» 

Figure 2: A fragment of the knowledge base in LOOM 
notation . 

insCTt s i t  int o th e tex t  (instea d o f  th e ei-ABORATION) .  Th e 
tex t  generate d i s show n i n Par t  (b )  o f  Figur e 3 . 

However ,  base d o n th e context ,  th e syste m migh t  tr y t o 
highligh t  th e tactfu l  qualit y o f  Mr .  Smith .  Figur e 4 ,  Par t 
(c) ,  show s wha t  tex t  th e syste m generate s whe n i t  plan s 
th e sam e tex t  usin g a  contras t  rhetorica l  relatio n s o a s 
t o highligh t  th e s o f t s p o k e n feature .  Finally ,  Figur e 4 , 
Par t  (d) ,  show s th e tex t  generate d whe n th e syste m decide s 
t o us e analogie s o n bot h side s o f  th e rhetorica l  relation .  I t 
uses big ,  stron g an d not-tactfu l  a s feature s t o msq )  o n th e 
left-han d sid e (th e N U C L E U S)  an d softspoken ,  not-bi g an d 
nof-stron g a s th e feature s t o matc h o n th e right-hand  sid e 
(th e S A T E L L I T E ) .  Th e syste m finds  man y analogie s fo r  th e 
lef t  right  part s (fo r  exampl e "bi g an d stron g a s a  roc k  . . . " ) , 
but  sinc e th e soft-spoke n propert y map s t o fewe r  targets ,  an d 
th e on e used ,  a  lamb ,  i s a n animal ,  th e othe r  analogu e picke d 
i s th e bear .  Figur e 5 ,  Par t  (d) ,  show s th e relevan t  fragment s 
of  th e skeleta l  tex t  pla n generate d i n thi s case . 

Thi s poin t  illustrate s on e o f  th e difference s betwee n th e 
way thi s syste m use s analogie s an d th e wa y the y ar e use d i n 
APS systems .  Here ,  fo r  instance ,  th e syste m attempt s t o find 
an analog y a t  th e leve l  o f  th e contras t  relation .  No t  finding 
anothe r  concep t  whos e feature s matc h th e desire d character -
istics ,  th e syste m break s u p th e feature s t o b e matche d int o 
smalle r  subset s (bi g an d strong ,  soft-spoke n o r  tactful )  t o se e 
whethe r  a n analog y ca n b e foun d fo r  an y o f  thes e subset s o f 
features .  Thi s i s no t  usuall y possibl e i n ap s systems ,  sinc e 
the y usuall y nee d a n analog y whic h ca n m a p al l  th e neces -
sar y features ,  an d partia l  matche s canno t  b e use d (becaus e 
of  thei r  un-matche d attributes) . 
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System :  Selecte d fo r  assignment :  Joh n Smit h 
User :  W h y ? 

System :  Becaus e th e assignmen t  require s bot h 
strengt h an d uctfulness .  Joh n i s bot h 
stron g an d softspoken . 

Part(a): Noemphasison softspoken. The text is planned using 
th e ELABORATION relation . 

User : 
System : 

W h y? 
Joh n Smit h ha s bee n selecte d becaus e th e 
assignmen t  require s strengt h an d tactfulness . 
He i s bi g an d stron g lik e a  bear ,  bu t  h e i s 
softspoken . 

Par t  (b) :  Usin g a n analog y -  th e bi g an d stron g fea -
ture s matched .  A  CONCESSIVE claus e wa s generate d fo r  th e 
sof tspoke n feaure . 

Figure 3: Generating an analogy in the case of an 
E L A B O R A T I ON relation . 

User :  W h y ? 
System :  Joh n Smit h ha s bee n selecte d becaus e th e 

assignmen t  require s strengt h an d tactfulness . 
Even thoug h h e i s bi g an d strong ,  h e i s ver y 
softspoken . 

Part (c): Using the CONTRAST rhetorical relation to highlight 
sof tspoken . 

User : 
System : 

W h y? 
Joh n Smit h ha s bee n selecte d becaus e th e 
assignmen t  require s strengt h an d tactfulness . 
Even thoug h h e i s bi g an d stron g lik e a  bear . 
he i s  a s softspoke n a s a  lantb . 

Par t  (d) :  Generatin g analogie s fo r  bot h clause s relate d b y a 
CONTRAST relation ,  t o highligh t  th e sof tspoke n feature . 

Figure 4: Analogy in the case of an CONTRAST relation 

C o n c l u s i o n s 

Generatin g effective ,  understandabl e description s o f  con -
cept s an d term s i n th e knowledg e bas e i s a n importan t  re -
quiremen t  fo r  task s suc h a s explanation ,  intelligen t  tutorin g 
an d automati c documentation .  I n thi s paper ,  w e hav e de -
scribe d how ,  b y keq)in g a n appropriat e representatio n o f 
th e discourse ,  a  genoatio n syste m ca n m a k e us e o f  analo -
gie s withou t  incurrin g al l  o f  th e overhea d tha t  ap s system s 
normall y do . 

Th e majo r  differenc e betwee n generatin g expositor y 
analogie s fo r  explanatio n an d findin g analogie s fo r  prob -
le m solvin g lie s i n tw o facts :  (1 )  tha t  expositor y analogie s 
nee d t o b e consisten t  onl y abou t  a  ver y smal l  regio n o f  th e 

featur e spac e an d stil l  b e understood ,  an d (2 )  a n appropriat e 
discours e representatio n provide s informatio n l o partitio n th e 
set  o f  feature s t o searc h fo r  partia l  analogie s an d t o determin e 
whic h feature s ar e mandator y a s oppose d t o desirabl e i n th e 
searc h fo r  th e analog y (feature s i n th e N U C L E US a s oppose d 
t o feature s i n th e S A T E L L I T E ) .  I n generation ,  then ,  a  sys -
te m ha s mor e informatio n t o allo w i t  t o fin d analogie s an d 
mor e flexibilit y  i n it s us e o f  analogies .  O u r  us e o f  analogie s 
i n generatin g discours e als o demonstrate s th e importanc e o f 
havin g tas k specifi c  criteri a fo r  findin g an d usin g analogie s 
efficientl y an d effectively . 

We hav e show n h o w th e relevan t  feature s m a y b e ex -
tracte d fro m th e informatio n availabl e t o th e tex t  planner . 
We hav e als o show n tha t  th e localit y o f  th e informatio n i n 
discours e togethe r  wit h th e rhetorica l  structur e ca n provid e 
informatio n a s t o th e importanc e o f  th e feature s t o b e use d 
i n th e matc h proces s an d ca n thu s hel p focu s th e search . 
Whil e ther e ar e som e unresolve d question s abou t  whethe r 
th e analogie s shoul d b e generate d an d integrate d wit h th e 
res t  o f  th e tex t  whil e constructin g th e tex t  plan ,  o r  a s ou r 
syste m currentl y does ,  b y super-imposin g th e analog y i n th e 
tex t  an d modifyin g th e tex t  plan ,  ou r  syste m demonstrate s 
tha t  i t  i s possibl e t o us e analogie s i n generatin g discours e i n 
a practica l  an d effectiv e manner . 
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(describ e John-Smith ) 

NUCLEUS 

(INFORM S H 
(BIG-and-STRONG) ) 

•John Smth is big and strong' 

P an (a) . 

SATELLITE 
toal-2) 

(ELABORATE 
(SOFTSPOKEN)) 

'an d sottsfxiken ' 

(describ e John-Smith ) 
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(goal-1 ) 

(DESCRIBE (CHAR 
(STRENGTH))) 
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(INFORM S  H 
(8IG-«nd-STR0NG) ) 

"John Smith is big and strong' 

SATE LUT E 
(go.(-2 ) 

(CONCESSIVE 
(SOFTSPOKEN)) 

-bu t  h e i s soltspoken ' 
SATELUTE 

(ANALOGY 
(BIG-and-STRONG) ) 

like a bear' 

Par t (b ) . 

(describ e John-Smith ) 

N U C L E U S /̂ 
( V ) i \ \ ^ 

(INFORM S  H 
(8IG-W)d-STR0NG) ) 

•moug h Joh n Smit h 
i s bi g an d strong ' 

•^~"-\SATELUT E 
^\(go»i-2 ) 

(CONTRAST 
(SORSPOKEN)) 

7 m i s sottspolien ' 

Par t  (c) . 

(desoib e John-Smith ) 
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