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D e v i c e R e p r e s e n t a t i o n f o r  M o d e l i n g I m p r o v i s a t i o n i n 

M e c h a n i c a l  U s e S i t u a t i o n s 

Jack Hodges 

Compute r  Scienc e Departmen t 

Universit y o f  California ,  Lo s Angele s 

ABSTRACT 

Improvisation requires an understanding and ap-
plicatio n o f  mechanica l  object s i n broa d contexts . 
The capacit y t o interpre t  a  situatio n i n term s o f 
an object' s capabilitie s require s th e integratio n o f 
functiona l  an d behaviora l  objec t  representations . 
A mode l  i s  presente d whic h describe s th e integra -
tio n o f  causa l  interaction s betwee n thes e level s o f 
abstraction .  Th e mode l  maintain s bot h inten -
tiona l  an d behaviora l  representation s t o allo w in -
ferencin g a t  eac h level ,  bu t  integrate s the m b y 
applyin g a n infcrencin g mappin g betwee n th e 
two .  Thi s mode l  i s use d t o reaso n abou t  simpl e 
mechanica l  object s i n th e domai n o f  improvisa -
tiona l  mechanics . 

INTRODUCTION 

When people have to resolve problems involving me-
chanica l  object s i n real-lif e situations ,  the y mus t 
make decision s base d o n conflictin g goal s an d con -

straint s a t  bot h th e functiona l  an d behaviora l  leve l  ̂ . 
Even thoug h a  problem-solve r  ma y recogniz e a  be -
haviora l  advantag e o f  on e objec t  ove r  another ,  thei r 
higher-leve l  persona l  goal s ma y caus e the m t o tr y ob -
ject s base d o n functiona l  capabilities .  Conside r  th e 
followin g exampl e o f  improvisatio n wher e thes e dif -
ference s lea d t o a  goa l  failure : 

Broken Knife 

A ma n want s t o polis h on e o f  hi s silve r  can -
dlesticks .  H e mus t  therefor e pr y ope n a  ca n o f 
silve r  polis h i n th e kitchen ,  bu t  doesn' t  wan t 
t o brav e winte r  weathe r  t o ge t  a  screwdrive r 
fro m th e garage .  H e reason s tha t  h e ca n us e a 
screwdriver-lik e objec t  an d decide s t o tr y a  carv -
ing-knife .  Wha t  h e doesn' t  realiz e i s th e knif e 
i s no t  stron g enoug h i n th e dimensio n relevan t 
fo r  prying .  Th e knif e blad e breaks . 

'Functiona l  description s refe r  t o th e intende d us e 
of  objects ,  a s oppose d t o behaviora l  descriptions , 
whic h describ e physica l  interaction s betwee n ob -
jects . 

Ther e ar e man y representationa l  issue s i n B r o k e n 
Knife ,  spannin g th e situational ,  intentional ,  func -
tiona l  an d behaviora l  reasonin g levels .  A t  th e situa -
tiona l  level ,  plannin g choice s ar e dictate d b y th e rela -
tionship s betwee n th e m a n an d suc h contextua l  ele -
ment s a s th e winte r  weathe r  an d object s availabl e i n 
th e kitchen .  O n th e intentiona l  plannin g level ,  th e 
man ha s chose n th e POLISH-METALLI C pla n t o pre -
serv e hi s candlesticks .  Thi s pla n require s tha t  h e hav e 
silve r  polis h o n hi s rag ,  a  stat e whic h i s blocke d b y 
th e fac t  tha t  th e silve r  polis h ca n i s closed .  Recog -
nizin g tha t  th e onl y resolutio n i s t o pr y th e ca n open , 
he realize s tha t  th e too l  h e usuall y use s fo r  thi s func -
tion ,  a  screwdriver ,  i s i n th e garage .  Ther e i s no w a 
goal  conflict :  betwee n hi s goa l  o f  preservin g th e can -
dlestick s an d hi s goa l  t o preserv e hi s o w n comfort . 

Here the functional level becomes significant. A 
screwdrive r  work s a s a  pryin g too l  fo r  th e silve r  pol -
is h ca n becaus e i t  fits  int o th e slo t  betwee n th e ca n 
and li d an d i s stron g i n relatio n t o th e forc e necessar y 
t o pr y ope n th e lid .  A  carving-knif e wil l  fit  int o th e 
slo t  an d wa s stron g enoug h fo r  th e function s tha t  i t 
was use d fo r  i n th e past .  Th e knif e therefor e appar -
entl y matche s th e constraint s fo r  P R Y - O B J E C T ,  s o 
th e ma n use s it . 

Finally there is the behavioral level. The knife is in-
deed strong ,  bu t  onl y i n th e contex t  o f  carvin g an d 
alon g th e widt h o f  th e knife' s blade .  Alon g th e 
thicknes s o f  th e knife' s blade ,  wher e th e forc e o f  pry -
in g wil l  b e borne ,  th e knif e i s no t  stron g no t  i n re -
latio n t o th e frictio n forc e holdin g th e li d ont o th e 
can .  Th e knif e blad e therefor e breaks . 

We have been interested in modeling improvisation 
situation s lik e B r o k e n Knif e i n hope s o f  bette r 
understandin g th e creativ e proces s durin g problem -
solving .  Improvisatio n i s a  kin d o f  inventio n wher e 
th e problem-solve r  i s constraine d b y circumstance . 
Improvisatio n thu s encompasse s th e scop e o f 
EDISON,  a n on-goin g projec t  t o mode l  th e knowledg e 
and reasonin g o f  naiv e inventors ,  peopl e whos e 
knowledg e an d plannin g i s base d o n experienc e rathe r 
tha n technica l  expertis e [Dyer ,  Hodge s &  Flowers , 
1986] .  Ou r  clai m i s  tha t  an y approac h t o real-lif e 
problem-solvin g an d decision-makin g mus t  integrat e 
eac h o f  th e abov e level s o f  abstractio n int o a  com -
plet e system .  Previou s objec t  model s hav e empha -
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size d objec t  rcprcscntalio n a t  th e functiona l  o r  behav -

iora l  level ,  bu t  non e hav e integrate d th e tw o int o a 
singl e representatio n an d processin g mechanism . 

EDISON ha s bee n designe d t o achiev e thi s integration , 

and t o suppor t  th e associate d multi-leve l  reasoning . 

R E P R E S E N T I NG O B J E C T F U N C T I O N A N D 

BEHAVIOR 

Intentional representation models have traditionally 
describe d object s wit h a n emphasi s towar d thei r  in -
tende d uses ,  whil e behaviora l  model s hav e emphasize d 
thei r  behaviora l  capabilities .  Eac h mode l  typ e ha s 
bee n successfu l  i n it s respectiv e domain ,  bu t  eithe r 
coul d benefi t  fro m th e capabilitie s o f  th e other . 

Intentional and Functional Object Models 

Intentional object models, such as conceptual-depen-
denc y (CD )  [Schan k &  Abelson ,  1977] ,  describ e ob -
ject s b y a n agent' s intention s an d ho w a n object' s 
functio n affect s th e outcom e o f  thos e intention s (i.e . 
object s ar e blac k boxes) .  Usin g C D notation ,  th e ac t 
of  throwin g a  bal l  i n a  gam e o f  catc h i s represente d 
by th e throwe r  P  rop e lin g th e bal l  towar d th e catche r 
whil e unGraspin g it .  Th e resultin g stat e enable s th e 
bal l  t o Ptran s fro m th e thrower' s locatio n t o th e 
catcher' s location .  Wit h thi s kin d o f  mode l  inference s 
can b e mad e abou t  th e relationshi p betwee n th e peo -
pl e playin g (e.g .  "Joh n thre w th e bal l  t o Bill. "  vs . 
"Joh n thre w th e bal l  a t  Bill.") ,  bu t  no t  abou t  th e bal l 
involve d (e.g .  wha t  i f  th e bal l  neve r  reache s Bill) . 
Thi s limitatio n present s a  proble m fo r  predictin g an d 
explainin g ho w plan s ar c affecte d b y objec t  functio n 
and behavior . 

Lehnert's object primitives [Lehnert, 1978] and 
Rieger' s c o m m o n sens e algorith m (CSA )  [Rieger , 
1985 ]  integrate d objec t  functionalit y int o C D t o de -
scrib e ho w an d whe n object s ar e used .  Thes e model s 
introduce d th e ide a o f  a  functiona l  representatio n 
level ,  betwee n intentiona l  an d mechanica l  levels , 
whic h ha d propertie s foun d i n both .  Unfortunately , 
bot h model s ha d wea k behaviora l  representation s an d 
blurre d th e distinctio n betwee n objec t  functio n an d 
behavior .  The y wer e therefor e unabl e t o tak e ful l  ad -
vantag e o f  thei r  functiona l  representations . 

Behavioral Object Models 

Behavioral  object models describe objects' physical 
compositio n an d interaction s i n lie u o f  thei r  intende d 
purpos e o r  context .  Instea d o f  actio n primitive s 
base d o n som e for m o f  agency ,  th e primitive s i n be -
haviora l  model s ar e simpl e qualitativ e physica l  pro -
ces s description s [Forbus ,  1985 ]  whic h describ e ob -
ject s an d thei r  interactions .  Th e actor' s Prope l  an d 
Gras p action s (i n a  gam e o f  Catch )  resul t  i n Forc e 

and Constrain t  state s whic h enabl e th e process . 

Transmit ,  o f  forc e t o th e ball .  Th e bal l  unGraspin g 
i s parallele d b y a  Cons t ra i n process ,  an d th e 

resultin g Forc e an d Constrain t  state s enabl e a 
M o v e process .  Behaviora l  model s ar e usefu l  fo r 
predicting ,  explainin g an d simulatin g th e ball' s 

behavio r  (e.g .  whe n th e ball' s  weight ,  forc e an d di -
rectio n ar e known) ,  bu t  no t  fo r  describin g ho w o r 
why i t  wa s throw n i n th e firs t  place .  Anothe r 
proble m wit h behaviora l  model s i s  tha t  the y don' t 
utiliz e contextua l  an d intentiona l  informatio n fo r 
disambiguating ,  o r  predicting ,  objec t  functio n durin g 
problem-solving . 

Representing Objects In Edison 

EDISON is an object-based representational model for 
reasonin g abou t  situation s lik e B r o k e n Knif e b y 
integratin g objec t  knowledg e derive d fro m intentiona l 
and behaviora l  point s o f  view .  Th e intentiona l  par t 
of  EDISON' S bi-leve l  mode l  consider s th e objec t  a s a n 
instrumen t  t o achievin g specifi c  goal s i n specifi c  con -
texts .  Th e behaviora l  par t  o f  EDISO N consider s th e 
objec t  an d it s behaviora l  dependencie s wit h othe r  ob -
jects .  Thi s integratio n i s achieve d b y considerin g th e 
structura l  continuit y whic h mus t  b e maintaine d t o 
suppor t  inference s betwee n thes e abstractio n levels , 
and b y considerin g a  third ,  functional ,  par t  whic h 
overlap s th e intentiona l  an d behaviora l  abstractio n 
level s an d provide s fo r  a  continuou s inferenc e pat h be -
twee n them . 

The objects described in EDISON arc simple mechani-

cal  devices ,  suc h a s screwdrivers ,  hammers ,  knives , 
can openers ,  an d nai l  clippers .  I n EDISON ,  th e repre -
sentationa l  emphasi s i s o n th e physica l  qualitie s an d 

relation s whic h suppor t  a n object' s functiona l  descrip -
tion .  Mos t  o f  th e reasonin g i n E D I S O N i s don e a t 
highe r  levels ,  s o th e simulato r  i s onl y use d fo r  diag -
nosi s an d explanation .  Thi s contrast s t o detaile d qual -
itativ e simulators ,  suc h a s [Doyle ,  1988] ,  designe d 
fo r  thi s purpose .  Th e E D I S O N mode l  represent s al l 
object s a s combination s o f  primitiv e device s (suc h a s 
levers ,  springs ,  an d wheels )  whic h effec t  th e leverag e 

mechanis m throug h th e T r a n s f o r m proces s 
[Hodges ,  Dye r  &  Flowers ,  1987 .  Al l  objec t  behavio r 
can thu s b e describe d i n term s o f  th e transmission , 
translation ,  o r  magnificatio n o f  forc e an d motion . 

Object functions refer to the tasks an object has been 
or  coul d b e applie d t o i n a  particula r  context ,  an d hav e 
bot h intentiona l  an d behaviora l  qualities .  Usin g a 
knif e t o carv e turkey ,  t o threate n someone ,  t o tighte n 
screws ,  o r  t o pr y ca n lid s al l  describ e knif e functions . 

At  th e intentiona l  leve l  objec t  function s describ e thi s 
contex t  sensitivit y throug h attributes ,  whic h ar e qual -
itie s associate d wit h a n object' s functiona l  capabilit y 
relativ e t o othe r  objects .  Fo r  example ,  i f  w e wan t  t o 
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carv e a  turkey ,  the n w e nee d a n objec t  whic h ha s a 
shar p an d lon g blad e relativ e t o th e turkey . 

Figur e 1 :  Knowledg e structure s an d thei r  causa l  rela -
tionship s ar e isomorphi c fo r  intentiona l  an d me -
chanica l  representations . 

An object's attributes direct planning choices in con-
tex t  b y constrainin g applicabl e functions .  A t  th e be -
haviora l  leve l  function s organiz e th e processes  (a s 
process-stat e sequences )  whic h effec t  th e object' s be -
havior .  Processe s ar e constraine d b y a n object' s  phys -
ica l  propertie s an d it s relationship s wit h othe r  ob -
jects . 

Intentional-Behavioral Representational 
Continuit y 

The relationship that object function plays in inte-
gratin g intentiona l  an d behaviora l  model s i s depicte d 
i n figur e 1 .  Whethe r  viewe d intentionall y o r  behav -
iorally ,  th e sam e objec t  functio n i s represente d i n a 
give n situation .  Eac h poin t  o f  vie w provide s differen t 
inference s abou t  th e object ,  s o i n E D I S O N th e causa l 
relationship s ar e kep t  distinct .  Fo r  example ,  i n th e 
game o f  catc h w e m a y wan t  t o m a k e inference s abou t 
th e bal l  Ptransin g (suc h a s w h y i t  wa s thrown) ,  o r 
it s  Mov in g (suc h a s h o w an d wher e i t  wil l  go) ,  de -
pendin g o n ou r  goals .  I f  w e simpl y merg e th e repre -
sentatio n level s on e se t  o f  inference s i s lost . 

I t  i s  als o importan t  t o remembe r  tha t  plan s an d func -
tion s i n a  give n situatio n bot h describ e th e sam e be -
havior ,  bu t  simpl y a t  differen t  level s o f  abstraction . 
I n E D I S O N thes e relationship s ar e maintaine d b y a 
structura l  isomorphis m betwee n intentiona l  an d be -
haviora l  knowledg e structures .  Fo r  example ,  conside r 
th e plan-action-stat e relationshi p whic h describe s 
causalit y a t  th e intentiona l  level .  Thi s ha s a  one-to -
one correspondenc e wit h \h e function-process-stat e re -
lationshi p a t  th e behaviora l  level . 

/«Vt-> -
/Plin j 

frjnsmr f lofc e 

rrtnspof i 

Figur e 2 :  Th e bi-leve l  representatio n fo r  a  gam e o f 
catc h show s th e continuous ,  albei t  separate ,  infer -
enc e pat h betwee n intentiona l  an d mechanica l  ab -
stractio n levels . 

The bi-level model is designed to describe situations 
lik e th e g a m e o f  catc h introduce d abov e an d depicte d 
i n figure  2 .  Th e intentiona l  representatio n i s show n 
on th e uppe r  leve l  an d th e behaviora l  representatio n i s 
show n o n th e lowe r  level .  Th e intentiona l  descrip -
tio n ha s a  causa l  "gap "  afte r  th e thrower' s u n G r a s p 
action ,  whereupo n th e bal l  Ptranse s t o th e catcher . 
Th e behaviora l  representatio n overlap s a t  thi s point , 
wit h th e enablin g an d constrainin g condition s fo r  th e 
Transpor t  function ,  an d continue s t o describ e th e 
ball' s  behaviora l  pat h (parallelin g th e Ptran s action ) 
unti l  th e Transpor t  functio n terminate s (i.e .  th e 
ball' s  motio n ceases) .  Th e Transpor t  terminatin g 
stat e i s identica l  t o th e Ca tc h plan' s resultin g stat e 
(arriva l  a t  th e intende d location) .  B y integratin g in -
tentiona l  an d behaviora l  representation s thi s w a y in -
ference s ca n b e mad e abou t  objec t  functio n an d behav -
io r  no t  possibl e wit h eithe r  leve l  alone . 

Intentional-Behavioral Inference Continuity 

There is a difference in generality between intentional 
and behaviora l  reasonin g level s which ,  despit e th e 
structura l  continuity ,  obviate s direc t  inference s be -
twee n th e tw o levels .  However ,  becaus e th e sam e ob -
jec t  i s  considere d a t  bot h inferenc e levels ,  it s  func -
tion s provid e th e necessar y inferenc e continuit y 
throug h th e associate d constrainin g attribute s an d 
properties . 

At the intentional level, attributes describe functional 
capabilitie s o f  a n objec t  learne d throug h experience , 
and ar e specifi c  t o particula r  object s i n particula r  con -
texts .  Knowin g th e attribut e enable s high-leve l  infer -
ence s abou t  it s functiona l  capabilitie s  i f  th e contex t  i s 
reinstated .  Fo r  example ,  knowin g tha t  a  carving -
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Fi/ntynrr- S 
l̂ t/nc/tV!. ? 

Se^ftrt>/» ^ 

Figur e 3 :  Functiona l  attribute s lik e stron g ar e causall y relate d t o pla n applicatio n throug h th e constraint s the y 
plac e o n objec t  functionality .  Likewis e propert y value s constrai n th e underlyin g processes .  Differen t  at -
tribute s wil l  b e associate d wit h differen t  situations ,  an d differen t  propert y value s wil l  suppor t  th e associate d 
functions . 

knif e wa s successfu l  i n transmittin g forc e fo r  carvin g 
a turkey ,  on e migh t  hav e conclude d tha t  th e knif e i s a 
stron g objec t  (w.r.t .  th e turkey) .  T h e stron g attribut e 
of  th e knif e i s a  relativ e ter m betwee n lik e propert y 
value s o f  th e knif e an d bird ,  an d i s onl y vali d fo r  thi s 
situation .  Othe r  situation s requirin g stron g objects , 
however ,  migh t  remin d th e problem-solve r  o f  th e 
carving-knife .  Attribute s thu s affec t  planning ,  pro -
vidin g gris t  betwee n contex t  an d a  problem-solver' s 
associate d interpretation .  Figur e 3  depict s th e rela -
tionshi p betwee n differen t  attributes ,  suc h a s stron g 

an d thin ,  an d h o w the y constrai n Kni fe-Us e vi a th e 
knif e function s Pry-Objec t  an d Slice . 

At the behavioral level the strong attribute is associ-

ate d wit h th e knife' s valu e fo r  th e breaking-strength ' 
property ,  whic h directl y constrain s th e Pry-Objec t 
function' s processes .  Know in g th e knife' s value  fo r 
breaking-strengt h guarantee s inference s abou t  it s ca -
pacit y t o pry .  Th e correspondenc e betwee n th e stron g 
attribut e an d th e breaking-strengt h propert y valu e en -
able s inference s betwee n levels .  T h e differenc e 
betwee n objec t  functionalit y base d o n th e attribute , 
strong ,  an d tha t  base d o n th e property ,  breaking -
strength ,  i s  tha t  dimensionalit y  (i.e .  detail )  i s  lost .  I f 
th e problem-solve r  retrieve s th e knif e base d o n th e 
higher-leve l  functionalit y (fo r  exampl e durin g plan -
ning) ,  the n th e dimensio n o f  strengt h i s unlikel y t o 
be remembered .  I n Broke n Knif e thi s lead s t o failure . 
However ,  th e fac t  tha t  a  screwdrive r  wa s stron g fo r  it s 
intende d functio n fo r  tightenin g screws ,  lead s t o a n 
inferenc e tha t  i t  wil l  b e stron g fo r  othe r  function s a s 
well ,  suc h a s pryin g a  vamish-ca n o r  punchin g a n 
oilca n fo r  whic h i t  i s  a n effectiv e tool .  I f  th e knife' s 

behavio r  i s th e basi s fo r  retrieva l  (fo r  exampl e durin g 
problem-solvin g experimentation) ,  the n dimensio n i s 
remembere d an d predictions ,  inferences ,  o r  explana -
tion s ca n b e mad e wit h confidence . 

Attribute-Property Relationships 

The ability to make correspondences between at-
tribute s an d propert y value s i s importan t  becaus e o f 
th e differen t  inference s tha t  ca n b e m a d e a t  th e func -
tiona l  an d behaviora l  levels ,  respectively .  I f  th e cor -
respondenc e i s made ,  the n th e inference s ca n b e com -
pare d an d behavio r  modified .  Eac h attribut e define s a 
rang e i n a  property' s quantit y space .  Th e tw o at -
tributes ,  tigh t  an d heavy ,  whic h describ e th e weigh t 
propert y o f  a n object ,  illustrat e a  many-to-on e rela -
tionshi p whic h i s characteristi c betwee n attribute s an d 
propert y values .  M a n y attribute s ar e associate d wit h 
objec t  functio n throug h a  specifi c  property ,  suc h a s 
stron g t o strength ,  o r  lon g t o length .  Attribute s ca n 
als o b e describe d b y combination s o f  propertie s o r 
othe r  attributes .  Th e attribut e metallic ,  fo r  example , 
i s  describe d b y th e attribute s shiny ,  smooth ,  col d an d 
hard . 

There are no exact correspondences between an at-
tribut e an d it s associate d propert y value ,  sinc e at -
tribute s ar e context-dependent .  Nevertheless ,  som e 
comparison s ca n b e mad e base d o n h o w propertie s an d 
attribute s ar e represented .  I n E D I S O N propert y value s 
ar e define d a s (property ,  dimension ,  value )  triples ,  an d 
attribute s a s (property ,  reference )  doubles .  Thes e rela -
tionship s ar e illustrate d i n figur e 4  fo r  th e carving -
knife' s stron g attribut e i n B r o k e n Knife . 

'  Th e equivalen t  forc e a n objec t  ca n withstan d 
prio r  t o failure . 
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Objec t  Properl y 
Referenc e Valu e 

Breaking-Strengt h 
Friction-Forc e 

400 b s 

Ouantlty-SpM t 

800 bs 1200 b s 

iii P 
weak stron g 

Attrlbut«-Sp*c « 

F igur e 4 :  T h e attribute s w e a k an d st ron g illustrat e 
th e relativ e breaking-strength s ( show n i n pounds )  o f 
object s an d thei r  contex t  dependency . 

The attributes weak and strong map onto the material 
propert y describin g breaking-strength .  T h e n u m b e r e d 
lin e s e g m e n t  i n figur e 4  represent s a  portio n o f  q u a n -
tit y spac e describin g breaking-strengt h values ,  wi t h 
it s centra l  va lu e be in g th e F r i c t i o n - F o r c e attribut e 
reference .  T h e r e ar e t w o w a y s tha t  attribute s ar e refer -
ence d t o propert y value s i n quantity-space : 

1. To a known reference point or value (e.g. silver-
polis h can-to-li d frictio n force) . 

2. To a boundary value (e.g. the full-open position of 
a wate r  faucet) . 

The reference point defines the context which an at-
tribut e i s  directl y applicable ,  a n d i s  a l w a y s f oun d i n 
th e situationa l  context .  F o r  instance ,  i n B r o k e n 
K n i f e th e referenc e ca n b e th e can' s o r  screwdriver's , 
breaking-strength ,  o r  th e friction  forc e b e t w e e n th e 
C a n l i p a n d th e Lidlip .  Eithe r  w a y th e knif e i s c o m -
parabl y w e a k .  T h e s h a d e d bar s i n figur e 4  represen t 
attributes ,  a n d s h o w th e variatio n o f  th e te rm s w e a k 
an d stron g wi t h respec t  t o Fr ict ion-Force .  T h e shad -
in g indicate s th e general ize d relationshi p b e t w e e n 
what  th e m a n i n B r o k e n Knif e know s abou t  knif e 
and ca n strength . 

The attribute-property value relationship combined 
wit h th e bi-leve l  structura l  isomorphis m provide s a 
continuou s inferenc e pat h betwee n intentiona l  an d be -
haviora l  level s o f  abstraction .  I f  a  situatio n exist s i n 
memory wher e a  carvin g knif e ha s successfull y bee n 
use d a s a  stron g object ,  sa y t o cu t  meat ,  the n E D I S O N 
wil l  likel y tr y t o us e i t  agai n w h e n th e nee d fo r  a 
stron g objec t  arise s (e.g .  i n B r o k e n Knife) . 

REASONING ABOUT OBJECTS IN CONTEXT 

The Open:varnlsh-can situation shown in fig-
ur e 5  illustrate s th e effec t  tha t  attribute s h a v e a t  th e 
intentiona l  level .  T h e associate d propert y valu e a n d 
behaviora l  effect s h a v e als o b e e n depicte d i n figur e 5 , 

bu t  a  detaile d descriptio n c a n b e f o u n d i n [ H o d g e s , 

1 9 8 9 ] .  A t  th e intentiona l  leve l  varnishin g a  chai r  en -
tail s a  n u m b e r  o f  preparator y steps ,  o n e o f  w h i c h i s 
t o ge t  th e varnis h on t o a  paintbrus h ( a D - C o n t  goa l ) . 
I n figur e 5  this  ste p lead s t o a  pla n fo r  o p e n i n g th e 

varnis h ca n b y pryin g th e li d w i t h th e ti p o f  a  s c r e w -
driver . 

god Pranrv«(dulr ) 
pla n V>rnl#i(<:h>lr |  -.[>-Conl(«irniih ) 

Intentiona l 

^ar > Pry-OpervConlaln*r(vvnlsh'Can) ^ 

(functon Pry-Ob|ect|varnl#>-can.|ld) J 

-handl e 
screwdrive r 

> shaf t 
center 

tip -4 

"leverage " 
»-  Strong /  lon g 

•Si -
narro w /  thi n 

<C s :  ^ l e v e r a g e 
pivo t  app i  rea d 

screwdrive r 

Behaviora l 

•I2 S 
curvatur e 

•lo t 

•I2 S 
widt h 
slo t 

lidli p 
canli p 

Figur e 5 :  Th e attribute s associate d wit h "leverage" ' 
and "fitting "  ar e instrumenta l  i n representin g ho w a 
screwdrive r  i s  use d t o pr y a  varnish-ca n li d i n 
O p e n : v a r n i s h - c a n b y constrainin g it s  applica -
tion .  Attribute s ma p bot h t o objec t  region s (suc h a s 
handle ,  shaf t  an d tip )  an d properl y values ,  whic h 
constrai n functiona l  interactions . 

At the functional level the Pry-Object function is 
governe d b y tw o attribut e groups ,  on e fo r  leverag e 
and on e fo r  fit.  Th e "leverage "  requiremen t  state s tha t 
th e screwdrive r  b e long ,  s o tha t  sufficien t  mechanica l 
advantag e ca n b e gaine d t o overcom e th e frictio n hold -
in g th e ca n an d li d together ,  an d stron g s o tha t  i t 
won' t  brea k unde r  thi s force .  Th e "fit "  requiremen t 
state s tha t  th e ti p o f  th e screwdrive r  mus t  b e thi n an d 
narro w compare d t o th e slo t  betwee n th e canli p an d 
lidlip ,  an d constrain s th e Contac t  an d Magnif y pro -
cesse s i n Pry-Objec t  a t  th e behaviora l  level .  T h e 
leverag e bo x i n Figur e 5  sute s tha t  an y objec t  wit h 
region s o f  forc e application ,  pivot ,  an d forc e reactio n 
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ca n b e use d t o appl y leverage .  Th e screwdrive r  ha s 
thes e region s boun d t o it s handle ,  shaft ,  an d tip .  I n 
term s o f  pryin g thes e screwdrive r  region s ar c th e onl y 
location s o f  interest .  Ther e ar e simila r  region s asso -
ciate d wit h th e ca n (i.e .  th e lid ,  lidlip ,  can ,  an d can -
lip) .  T h e region s o n bot h object s ar e als o use d t o de -
fin e th e attribut e referenc e point s fo r  prying . 

Bi-Level Representation and Situation In-
terpretat io n 

The primary reason for describing object use at vary-
in g abstractio n level s i s t o suppor t  differen t  objec t  in -
terpretation s dependin g o n contex t  W e wan t  a  repre -
sentatio n mode l  whic h describe s h o w a  screwdrive r  o r 
knif e i s use d a s a  utensi l  i n on e circumstance ,  a 
w e a p o n i n another ,  an d a  paperweigh t  i n a  third . 
Eac h o f  thes e situation s call s upo n th e sam e objec t 
propert y (weight) ,  bu t  wit h differen t  require d propert y 
values .  Model s tha t  ar e contex t  independen t  ba r  be -
haviora l  description s fro m addressin g a n actor' s per -
spectiv e i n th e sam e w a y tha t  model s tha t  ar e contex t 
sensitiv e ba r  a  functiona l  descriptio n fro m makin g 
prediction s abou t  behavior .  However ,  eve n whe n a n 
objec t  ha s onl y bee n use d i n a  singl e contex t  (suc h a s 
usin g a  carvin g knif e fo r  slicing) ,  th e atu-ibute s whic h 

enable d it s functionalit y migh t  enabl e it s us e i n othe r 
contexts . 

Knife breaking-strength provides a good example of 
this .  Object s use d t o cu t  mus t  b e stron g enoug h tha t 
the y d o no t  ben d o r  brea k befor e th e cu t  i s completed . 
Of  course ,  knif e strengt h i s onl y meaningfu l  i n th e 
dimensio n o f  th e intende d cut .  However ,  a  perso n 
w ho naivel y use s a  knif e migh t  generaliz e th e exten t 
of  su-cngt h t o al l  o f  it s dimensions . 

Figure 6 illustrates how Broken Knife is repre-
sente d a t  th e situationa l  level .  Th e uppe r  w indo w il -
lusu-ate s th e informatio n given .  Th e lowe r  w i n d o w 
illustrate s a  numbe r  o f  situation s wher e simpl e de -
vice s hav e bee n use d i n standar d ways ,  an d th e at -
u-ibute s whic h consuai n thei r  functionality .  Th e D -
C o nt  goa l  t o ge t  silve r  polis h ont o a  ra g lead s t o a n 
Open-Conta ine r  plan .  Thi s infomfiatio n i s provide d 
t o m e m o r y a s a  retrieva l  cue .  T h e 
O p e n : v a r n i s h - c a n situation ,  wher e a  screw -
drive r  i s use d fo r  prying ,  i s  th e bes t  functiona l  matc h 
but  conflict s wit h th e man' s P-Comfor t  goal .  T h e 
resul t  i s  tha t  screwdriver-use ,  an d screwdriver-relate d 
experiences ,  ar e unavailabl e fo r  plannin g (wit h a 
screwdriver) .  Thi s i s show n wit h circle-ende d dotte d 
lines .  Th e screwdrive r  attribute s whic h ar e pertinen t 
t o pryin g ar e share d (situationally )  wit h othe r  device s 
(e.g .  carvin g knif e i n Sl ice: turkey )  whic h ca n b e 
applie d t o th e P r y - O b j e c t  function .  T h e 
F l i p : p a n c a k e s situatio n i s inappropriat e becaus e 
th e spatul a ha s attribut e broad ,  whic h conflict s wit h 

th e narro w attribut e insu-umenta l  t o Pry-Object . 
T h e carving-knif e i s al.s o applicabl e ba.se d o n 
availability ,  sinc e th e carving-knif e reside s i n th e 
kitche n settin g o f  B r o k e n Knife .  Th e en d resul t 
i s  a  pla n combinin g th e Pry-Objec t  functio n wit h 
th e carving-knif e object . 

BROKEN KNIF E 
Qnnlyp *  U.«(poll.h) ^ 

Flnd(paliili )  *  D4>roi(loo(pallih) )  *  D«onKpollili )  *  l-Pr*p(po«ih )  «  D O 
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] 

fplai-'typ *  Prv-Op«l-ConUln»r(S-P-C«n) 1 
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MEMORY 

Figur e 6 :  Th e B r o k e n Knif e situatio n illustrate s 
situationa l  interpretatio n o f  a  carvin g knif e base d o n 
it s stron g attribute .  Th e Open-Container(S-P-Can ) 
pla n i s indexe d i n memor y t o situation s wher e ob -
ject s hav e bee n use d fo r  opening . 
O p e n : v a r n i s h - c a n i s strongl y associate d bu t 
canno t  b e applie d directl y becaus e o f  a  goa l  conflict . 
The screwdrive r  an d carvin g knif e shar e atu-ibute s 
instrumenta l  t o prying ,  s o tha t  a n alternat e Pry -
Objec t  pla n usin g th e carvin g knif e ca n b e applie d 
t o th e situation . 

A D E T A I L E D EXAIUIPL E 

The representation for the functional and behavioral 
inferenc e path s i n B r o k e n Kn i f e i n figure 6  i s 
fleshe d ou t  i n figur e 7 .  Th e behaviora l  descriptio n 
show n i n figure 7  represent s th e proces s interaction s 
supportin g th e Pry-Objec t  functio n wit h th e knif e 
instantiate d a s th e Pry-Object .  Th e representatio n i s 
show n instantiate d wit h th e carvin g knif e afte r  re -
trieva l  fro m m e m o r y an d combinatio n int o th e Pry -
Objec t  function .  Th e atu-ibute/property-valu e rela -
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Attrlbute-Propen y M a p p i n g 

i:\r,v : 
n « e a u objec t 
^  «<k^i C-1 in 
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t l  |«k4 > •nl(. | 
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iT?.« ) 

l u u face d objec t 

([v<>ce«coD«raiD-by-mt(Hi9cnce \ 
OtojKtl:  [Canity l-r-Can) J 

Figur e 7 :  Functional-behaviora l  representatio n fo r  Broke n Knife .  Th e attribute-propert y relationship s con -
strai n th e Pry-Objec t  functio n an d th e processe s whic h compris e it .  Attribute s ar e associate d wit h a n objec t  i n 
contex t  s o th e carvin g knif e strong ,  narro w an d thi n attribute s ar e associate d wit h a  retrieve d situation , 
Slice:turkey .  Som e o f  th e filler s illustrate d (e.g .  [Lidli p S-P-Can] )  ar e simplification s o f  th e actua l  repre -
sentation . 

lionshi p i s s h o w n a s i t  affect s th e func -
tional/behaviora l  descriptio n unde r  th e headin g At -
tribute-Propert y Mapping .  Th e fit  requiremen t  affect s 
Pry-Objec t  i n tw o dimensions ,  s o th e compariso n t o 
siz e i s mad e i n tw o dimensions .  Th e siz e value s con -
su-ai n th e processe s Magnif y an d Transmit-Force . 
The darkene d two-wa y arrow s betwee n attribute s an d 
propert y value s (states )  represen t  a  "many-to-one " 
link .  Th e dashe d an d darkene d two-wa y arro w be -
twee n Pry-Objec t  an d Open-Conta ine r  illustrate s 
th e inferenc e cross-ove r  betwee n th e functiona l  an d 
behaviora l  level . 

The planning and interpretation involved in Broken 
Knif e an d th e othe r  situation s illustrate d i n figur e 6 
ar e currentl y bein g implemente d i n R O B I N ,  a  localis t 
spreading-activatio n mode l  o f  high-leve l  inferencin g 
[Lang e &  Dyer ,  1989] ,  whic h use s th e D E S C A R T ES 
connectionis t  simulato r  [Lange ,  Hodges ,  Fuenmayor , 
& Belyae v 1989] .  I n thi s implementatio n ther e wil l 
be equivalen t  inferenc e path s fo r  othe r  device s whic h 

coul d b e use d a s th e Pry-Objec t  filler ,  suc h a s th e 
candlestic k itself .  Thes e inference s compet e wit h th e 
use o f  th e knif e throug h th e sprea d o f  activation .  Th e 

carvin g knif e inferenc e pat h wil l  wi n ou t  an d b e 
chose n a s th e pla n fo r  pryin g ope n th e container , 
however ,  sinc e it s strengt h an d fi t  attribute s matc h 
th e constraint s o n th e Pry-Objec t  rol e bette r  tha n th e 
othe r  availabl e objects . 

CONCLUSIONS 

Designing a knowledge representation model which 
support s th e inventio n proces s require s a n integratio n 
betwee n intentiona l  an d behaviora l  objec t  descrip -
tions .  Th e mode l  mus t  addres s h o w th e environmen t 
and people' s higher-leve l  goal s an d intention s affec t 
objec t  choic e durin g problem-solving ,  an d h o w ob -
jects '  propertie s suppor t  tha t  functionalit y a t  th e be -
haviora l  level .  Th e bi-leve l  representatio n use d i n th e 
E D I S ON mode l  provide s th e necessar y integratio n an d 
maintain s th e inference s fro m eac h abstractio n level . 
Th e concep t  o f  attribute s i s introduced ,  an d thei r  rela -
tio n t o propert y value s i s discusse d wit h respec t  t o 
h o w the y affec t  inference s betwee n intentiona l  an d 
b)ehaviora l  level s o f  abstraction . 
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