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I n t e r a c t i v e R e a s o n i n g a b o u t  S p a t i a l  C o n c e p t s 

Marc Goodman, Scott Waterman, and Richard Alterman 

Computer Science Department, Center for Complex Systems 

Brandei s University ,  Waltham ,  M A 0225 4 

Email :  goodman@chaos.cs.brandeis.ed u 

Abstrac t 

Spatial relations and spatial language form an 
importan t  par t  o f  everyda y reasoning .  Thi s pa -
per  describe s SPATR,  a  syste m whic h addresse s 
th e labeUin g o f  component s o f  object s an d th e 
interpretatio n o f  spatia l  relation s betwee n ob -
ject s withi n th e framewor k o f  adaptiv e planning . 
S P A TR implement s a  mode l  o f  spatia l  reasoning , 
whic h mediate s amon g language ,  memory ,  an d 
perception .  Usin g a  case-base d approac h fo r  rea -
sonin g fro m pas t  experience ,  S P A T R make s us e o f 
spatia l  relationship s correspondin g t o close d clas s 
terms ,  a s wel l  a s a  3D ,  hierarchica l  representatio n 
of  object s fo r  retrievin g relevan t  pas t  experience . 

Introduction 

An agen t  usin g instruction s t o interac t  wit h a  devic e 
must  resolv e severa l  type s o f  Natura l  Languag e refer -
ence s t o spatia l  concepts .  Fo r  example ,  whe n usin g 
an Airphon e ( a specia l  typ e o f  payphon e foun d o n air -
planes) ,  a n agen t  m a y b e instructe d t o 'inser t  credi t 
card ,  fac e up ,  wit h car d n a m e t o th e right '  int o th e 
Airphone .  Full y understandin g th e spatia l  aspect s o f 
thi s instructio n require s th e syste m t o decid e wha t  i s 
meant  b y "insert "  (i.e. ,  i s  i t  th e kin d o f  inser t  on e use s 
when on e wishe s t o inser t  a  ke y int o a  lock ,  a  pi n int o 
a voodo o doll ,  a  ban k car d int o a n A T M ,  etc.) ,  wha t  i s 
meant  b y th e "face "  o f  a  credi t  card ,  wha t  "up "  mean s 
wit h respec t  t o thi s face ,  wher e th e "car d name "  i s 
and whethe r  righ t  refer s t o th e agent' s righ t  ( a deic -
ti c  reference )  o r  som e intrinsi c righ t  o f  th e car d o r  th e 
Airphone . 

We vie w m a n y o f  thes e problem s withi n th e frame -
wor k o f  Adaptiv e Plannin g [Alterman ,  1986 ;  Alterman , 
1988] .  Adaptiv e Plannin g suggest s tha t  engagement , 
or  interactin g wit h a n environment ,  i s a  memor y inten -
siv e tas k wherei n a n agen t  confronte d wit h a  'typical ' 

'Thi s wor k wa s supporte d i n par t  b y th e Defens e Ad -
vance d Researc h Project s Agency ,  administere d b y th e 
U.S.  Ai r  Forc e Offic e o f  Scientifi c  Researc h unde r  contrac t 
#F49620-88-C-0058 . 

situatio n wil l  behav e i n a  manne r  consisten t  wit h pre -
viou s experience s o f  tha t  situation ,  an d tha t  a n agen t 
confronte d wit h a  nove l  situatio n wil l  attemp t  t o adap t 
strategie s use d i n a  previou s simila r  experience .  A n im -
plicatio n o f  thi s approac h i s  tha t  experienc e serve s t o 
guid e th e directio n o f  attentio n withi n th e environmen t 
(i.e. ,  yo u loo k fo r  thing s yo u expec t  t o find  fro m pas t 
experience )  an d tha t  noticin g nove l  feature s o f  th e en -
vironmen t  guide s th e retrieva l  an d adaptatio n o f  expe -
rienc e (e.g. ,  noticin g a n airpor t  shuttl e sig n whe n yo u 
need t o ge t  fro m on e airpor t  gat e t o anothe r  t o mak e a 
connectio n suggest s takin g a  shuttl e rathe r  tha n walk -

ing) -
Withi n th e contex t  o f  th e Airphon e example ,  w e 

vie w th e proces s a s follows : 

• The agent approaches the Airphone for the first 
time .  A t  thi s poin t  i n th e interaction ,  th e agen t  ha s 
not  conducte d a n exhaustiv e visua l  inspectio n o f  th e 
device ,  an d therefor e ha s onl y a  skeleta l  representa -
tio n fo r  th e Airphone , 

•  Th e agen t  i s  instructe d t o inser t  th e credi t  card , 
fac e u p wit h car d nam e t o th e right .  Th e 'figure ' 
of  th e inser t  (se e [Talmy ,  1983 ]  fo r  explanation s o f 
th e term s 'figure '  an d 'ground' )  i s  th e credi t  card , 
and a n appropriat e geometri c representatio n o f  th e 
car d i s retrieve d fro m memory .  T h e groun d o f  th e in -
ser t  i s th e Airphone ,  an d th e skeleta l  representatio n 
fo r  th e Airphon e i s  used .  Th e semantic s o f  'insert ' 
sugges t  tha t  a n 'into '  relationshi p i s desire d an d thi s 
cause s th e retrieva l  o f  a  likel y previou s experience , 
base d o n know n feature s o f  th e figure,  an d know n 
and assume d feature s o f  th e ground .  Fo r  example , 
th e agen t  m a y b e reminde d o f  insertin g a  ban k car d 
int o a n A T M . 

•  Insertin g a  ban k car d int o a n A T M consists ,  i n part , 
of  finding  a  slo t  o n th e fron t  o f  th e A T M ,  an d thi s in -
formatio n i s use d t o constrai n visua l  searc h fo r  suc h 
a slo t  o n th e fron t  o f  th e Airphone . 

•  Thi s visua l  searc h fail s an d a  ne w retrieva l  i s  per -
forme d base d o n difl'eren t  assumption s abou t  th e 
groun d (an d perhap s additiona l  know n feature s 
gaine d throug h th e visua l  search) .  Th e agen t  m a y 
the n b e reminde d o f  insertin g a  librar y boo k retur n 
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car d int o th e envelop e o n th e fron t  o f  a  Hbrar y hook . 
Thi s suggest s a  verticall y oriente d slo t  witi i  a n o|)(> n 
in g alon g it s  top ,  int o whic h th e car d i s insc i  le d wi (  l i 
a downwar d motion . 

•  Visua l  searc h succeed s fo r  thi s featur e an d thi s expe -
rienc e o f  inser t  i s  chose n a s th e cas e t o b e adapted . 

•  'Face '  o f  a  car d metaphoricall y refer s t o th e fron t  o f 

th e card .  W e d o no t  provid e a  mode l  fo r  linguis -
ti c  metaphor ,  howeve r  w e fee l  tha t  [Martin ,  1990 ] 
i s mor e tha n adequat e fo r  thes e purposes .  I f  th e 
agent  doe s no t  alread y kno w whic h sid e o f  a  credi t 
car d i s it s front ,  the n thi s decisio n coul d b e han -
dle d b y retrievin g previou s case s o f  labelling ,  an d 
adaptin g thes e cases .  Fo r  example ,  th e agen t  ma y 
be reminde d o f  a  playin g car d wher e th e fron t  o f  th e 
car d i s th e sid e wit h th e pictur e an d writin g o n it , 
and labe l  th e credi t  car d accordingly . 

•  Fac e 'up '  actuall y mean s fac e toward s th e agent , 
give n tha t  inser t  require s a  downward ,  slidin g mo -
tio n wit h th e car d oriente d i n a  vertica l  position . 
Thi s coul d b e handle d a s a  metaphori c meanin g o f 
up,  a n adaptatio n o n th e insert ,  o r  a s a  proble m sim -
ila r  t o th e selectio n o f  th e prope r  meanin g o f  insert . 

•  W e ar e assumin g tha t  th e geometri c representatio n 
of  th e credi t  car d ha s adequat e tie s t o semanti c mem-
or y t o find  th e 'car d name '  o f  th e card . 

•  'T o th e right '  require s th e agen t  t o resolv e whethe r 
'right '  refer s t o deicti c o r  intrinsi c right .  Fo r  a  ful l 
discussio n o f  thi s proces s th e reade r  i s referre d t o 
[Alterma n e t  al. ,  1991] . 

SPATR 

This paper will describe SPATR (pronounced "spat-
ter") ,  a  SPATia l  Reasone r  whic h model s th e abov e pro -
cesses .  SPAT R i s implemente d a s a  distribute d case -
base d reasonin g syste m buil t  o n to p o f  Cognitiv e Sys -
tems '  C B R Shel l  [Goodman ,  1989 ;  Goodman ,  1990] . 
Ther e ar e thre e component s t o SPATR:  th e I/ D La -
beller ,  CLTER ,  an d SPACL .  Thes e component s com -
municat e throug h a  blackboard .  Eac h componen t  i s 
geare d t o handl e a  specifi c  typ e o f  spatia l  problem . 

Geometric Representations of Objects 

In [Marr, 1982] a model for the geometric representa-
tio n o f  object s base d o n a  hierarchicall y organize d 3 D 
model  i s presented .  Fo r  example ,  th e overal l  shap e o f 
a perso n i s cylindrica l  wit h a  generatin g axi s runnin g 
fro m to p t o bottom ,  an d thi s overal l  shap e ca n b e de -
composed int o a  cylinde r  fo r  th e torso ,  cylinder s fo r  th e 
arms an d legs ,  etc .  Arm s ca n b e furthe r  decompose d 
int o forearm s an d biceps ,  forearm s ca n b e decompose d 
int o hands ,  whic h ca n b e decompose d int o fingers,  an d 
soon .  [Biederman ,  1987 ]  advocate s a  simila r  hierarchi -
cal  decompositio n int o 'geons '  whic h ar e a  fundamenta l 
set  o f  conies .  Bot h approache s allo w th e recognitio n 
and categorizatio n o f  perceptua l  informatio n t o occu r 
at  bot h coarse-graine d an d fine-grained  levels . 

^  >x^uw^| ' 

Figur e 1 :  Pictoria l  Representation s o f  Key ,  Lock ,  an d 
Key int o Lock . 

I n [jackendof f  an d Landau ,  1990 ]  a  se t  o f  extension s 
t o Biederman' s approac h t o accoun t  fo r  certai n Unguis -
ti c  term s i s given .  Thes e extension s allow : 

• The addition of secondary directing axes in addition 
t o a  mai n generatin g axi s t o accoun t  fo r  character -
isti c orientatio n o f  objects . 

•  Two-dimensiona l  a s wel l  a s three-dimensiona l  sub -
component s o f  object s (whic h offer s a  qualitativ e 
distinctio n betwee n thing s whic h ar e fundamentall y 
'sheet-like '  a s oppose d t o "ver y thin') . 

•  Hollo w object s (a s oppose d t o shape s wit h slightl y 
smalle r  negativ e shape s inset) . 

•  Textur e o r  characte r  fo r  object s (suc h a s smooth , 
rough,jagged) . 

•  Surfac e marking s and/o r  colo r  o n object s (fo r  exam -
ple ,  writin g o n on e sid e o f  a  credi t  card) . 

SPATR's representational scheme for objects is 
adopte d fro m thi s approach .  Fo r  example ,  SPATR' s 
representatio n fo r  a n (asymmetric )  ke y woul d b e a 
fram e tha t  coul d b e represente d pictoriall y  a s show n 
i n Figur e 1 .  Th e representatio n specifie s tha t  th e over -
al l  shap e o f  th e ke y i s strip-like ,  wit h a  directe d mai n 
generatin g axis .  Fo r  convenience ,  w e arbitraril y  labe l 
thi s axi s a s a  "Front^Back "  axi s (w e wil l  designat e 
directe d axe s fro m X  t o Y  a s " X ^ Y "  an d undirecte d 
axes a s "X*-^Y") .  Th e shap e i s furthe r  decompose d 
int o a  dis k fo r  th e "back "  par t  (actually ,  on e en d o f 
th e mai n axis )  an d a  stri p fo r  th e "front "  part .  Thi s 
"front "  stri p itsel f  contain s a  secondar y directe d axi s 
whic h w e arbitraril y  labe l  th e "Top—+Bottom "  axis . 
The "top "  o f  th e stri p i s a n edg e whos e characte r  i s 
straigh t  an d th e "bottom "  o f  th e stri p i s a n edg e tha t 
i s  jagged . 

Similarly ,  a  loc k coul d b e represente d ci s show n i n 
Figur e 1 .  Thi s representatio n consist s o f  a  generi c 
(o r  unspecified )  3 D shap e whic h contain s a  negativ e 
stri p (i.e .  th e hol e wher e th e ke y fits).  Thi s stri p 
has a  directe d mai n generatin g axi s (whic h w e la -
bel  "Front-^Back "  fo r  convenience) .  Th e "front "  o f 
thi s stri p i s a  negativ e edg e whic h ha s a n undirecte d 
"Top•-•Bottom "  axis .  Not e tha t  sinc e ou r  representa -
tio n mus t  accoun t  fo r  worl d knowledg e whic h i s no t 
necessaril y  perceptua l  i n natur e (fo r  example ,  tha t 
ther e is ,  i n fact ,  a  negativ e stri p insid e th e loc k rathe r 
tha n a  spherica l  shap e o r  a  slab ,  whe n onl y th e lead -
in g edg e o f  tha t  stri p i s visible )  S P A T R mus t  eithe r 
deduc e o r  explicitl y  represen t  th e distinctio n betwee n 
what  i s know n throug h direc t  observatio n (e.g .  tha t  a 
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loc k ha s a  negativ e edge )  an d wha t  i s know n throug h 
othe r  method s (e.g .  tha t  a  loc k ha s a  negativ e strip) . 

Motion and Change in Orientation 

Takin g actio n i n th e worl d require s a  representatio n o f 
motio n an d chang e i n orientatio n ove r  time .  Insertin g 
th e card ,  lowerin g th e doo r  handle ,  removin g an d in -
sertin g th e handset ,  an d removin g th e car d al l  requir e 
specifyin g path s betwee n object s (a s i n [Jackendof f  an d 

Landau ,  1990 ]  o r  [Talmy ,  1983]) .  Representin g thes e 
path s ma y requir e specifyin g startin g point s (a s i n re -
movin g th e handse t  an d credi t  card) ,  on e o r  mor e mid -
point s (a s i n insertin g th e credi t  car d int o it s holde r 
and th e handse t  int o it s  cradle) ,  and/o r  en d point s o f 
th e pat h (a s i n lowerin g th e doo r  handl e ove r  th e car d 
and th e locatio n t o whic h th e handse t  i s  returned) . 
An exampl e o f  chaingin g th e orientatio n o f  a n objec t 
i s  specifyin g th e rotatio n o f  a  credi t  car d s o tha t  i t  i s 
"fac e u p wit h nam e t o th e right. " 

Action s require d t o plac e a  figur e int o a  groun d ar e 
decompose d int o specification s o f  axiz J alignment ,  ro -
tationa l  ahgnment ,  an d movemen t  alon g path s i n a 
manner  aki n t o [Herskovits ,  1985] .  Fo r  example ,  in -
sertin g a  ke y int o a  loc k i s represente d a s a  fram e 
whic h specifie s tha t  th e "Front—>Back "  axi s o f  th e 
key mus t  b e aligne d wit h th e "Front—•Back "  axi s o f 
th e negativ e stri p o f  th e lock ,  th e ke y shoul d b e ro -
tate d unti l  it s  "Top—•Bottom "  axi s i s paralle l  t o th e 
'Top—'Bottom "  axi s o f  th e negativ e edg e o f  th e lock , 
and th e ke y shoul d b e move d alon g th e pat h specifie d 
by it s "Front—i-Back "  cixis .  Thi s proces s ca n b e repre -
sente d pictoriall y  a s show n i n Figur e 1 . 

An issu e o f  primau- y importanc e i s whethe r  spatia l 
relationship s shoul d b e represente d a s abstrac t  general -
ization s ove r  relate d meaning s (a s i s practice d b y [Her -
skovits ,  1985] ,  c.f .  [Talmy ,  1983] ,  an d [Chen ,  1987] ) 
or  a s discrete ,  thoug h relate d instance s o f  differin g 
relationship s {Extende d Categor y Structure :  [Lakoff , 
1987]) .  [Badle r  e t  ai ,  1990 ]  us e a n abstrac t  notio n 
of  th e meanin g o f  spatia l  prepositions ,  suc h a s 'on, '  t o 
resolv e specifi c  instructions ,  suc h a s "pu t  th e bloc k o n 
th e table. " 

Thi s approach ,  however ,  require s significan t  wor k 
when give n a n instructio n lik e "pu t  th e pictur e o n th e 
wall, "  o r  "pu t  th e teakettl e o n th e stove. "  Whe n plac -
in g a  pictur e o n a  wall ,  th e supportin g surfac e i s no t 
horizontal ,  an d whe n placin g a  kettl e o n a  stove ,  a  spe -
cifi c  sub-are a o f  th e stov e (i.e .  th e burner )  i s  usuall y 
meant .  SPATR' s approach ,  followin g Lakoff ,  i s  t o trea t 
puttin g a  bloc k o n a  table ,  a  pictur e o n a  wall ,  an d a 
teakettl e o n a  stov e a s distinc t  sense s o f  'on, '  an d t o 
adap t  th e mos t  simila r  sens e give n a  ne w instruction . 

C L T E R,  (pronounce d a s "clutter" )  th e CLosed-clas s 
T E Rm library ,  represent s eac h spatia l  interactio n be -
twee n a  figure  an d groun d a s a  distinc t  case ,  containin g 
geometri c representation s o f  th e figure  an d ground ,  an d 
decomposition s o f  action s require d t o affec t  th e spatia l 
relation .  A  workin g hypothesi s o f  C L T E R i s tha t  thes e 

case s ar e organize d primaril y int o les s tha n 10 0 spatia l 
categorie s o f  interactio n correspondin g t o th e closed -
clas s term s o f  a  languag e (e.g .  preposition s lik e 'in, ' 
'over, '  'at, '  'into, '  etc .  [Talmy ,  1983]) .  Withi n thes e 
spatia l  categories ,  concept s for m a n extende d categor y 
structur e [Lakoff ,  1987 ]  wit h th e lea f  node s fo r  a  cat -
egor y lik e 'into '  bein g case s of ,  fo r  example ,  'insertin g 
key int o lock '  o r  'insertin g pe n int o pocket. '  Th e po -
sitio n o f  a  nod e i n th e extende d categor y structur e i s 
define d b y it s spatia l  characteristic s (i.e .  feature s o f 
th e figure  an d groun d whic h accoun t  fo r  difference s i n 
th e spatia l  relationships) . 

When give n a  complet e spatia l  representatio n o f  a 
figure  an d a  partia l  spatia l  representatio n o f  a  ground , 
C L T ER retrieve s previousl y store d spatia l  relation -
ships ,  whos e ground s ar e use d t o constrai n visua l 
searc h fo r  necessar y component s o f  th e ground .  I f  thi s 
visua l  searc h fails ,  C L T E R retrieve s additiona l  case s 
withi n th e give n spatia l  categor y an d th e proces s re -
peat s unti l  th e searc h succeed s o r  th e possibilitie s ar e 
exhausted . 

Orientation and Labelling of Components 

Many object s hav e seJien t  feature s whic h allo w u s t o 
distinguis h betwee n variou s orientation s an d side s o f 
thos e objects .  Fo r  example ,  th e instructio n whic h re -
quest s tha t  th e credi t  car d b e oriente d "fac e u p wit h 
name t o th e right "  require s u s t o identif y th e card' s 
fac e an d t o orien t  i t  accordingly .  A  furthe r  exam -
pl e i s th e instructio n whic h request s tha t  th e heindse t 
be replace d "hee l  first."  Suc h instruction s refe r  t o th e 
fronts ,  backs ,  tops ,  bottoms ,  an d lef t  an d righ t  side s 
of  objects .  SPACL ,  th e SPAtia l  Componen t  Labelle r 
(pronounce d a s "spackle") ,  maintain s a  cas e Ubrar y o f 
objec t  representation s wit h associate d labelhng s base d 
on th e encodin g of'directin g axes '  i n thos e representa -
tion s (e.g .  th e to p o f  a  bottl e i s generall y th e sid e wit h 
an opening ,  an d th e fron t  o f  a  credi t  car d i s generall y 
th e sid e wit h th e pictur e an d ban k name) .  Thes e case s 
ar e use d t o resolv e th e labellin g o f  component s o f  ob -
ject s base d o n previous ,  simila r  labelling s (e.g .  Th e 
fron t  o f  th e Airphon e i s th e sid e wit h th e phon e hang -
in g o n it ,  base d o n ou r  knowledg e tha t  th e fron t  o f  a 
pay phon e i s th e sid e wit h th e phon e hangin g o n it) . 
More informatio n o n S P A C L ma y b e foun d i n [Alter -
man e t  ai ,  1991] . 

The I/ D (Intrinsic/Deictic )  labelle r  distinguishe s be -
twee n deicti c an d intrinsi c referenc e system s give n a 
reference d object .  Th e I/ D Labelle r  use s a  case-base d 
implementatio n o f  a n algorith m suggeste d b y Mille r 
and Johnson-Lair d [Mille r  an d Johnson-Laird ,  1976 ] 
t o determin e whethe r  spatia l  description s impl y intrin -
si c o r  deicti c referenc e systems .  Semanti c knowledg e o f 
th e reference d objec t  i s  use d t o decid e i f  th e objec t  ha s 
suc h characteristic s a s inheren t  perceptua l  apparatus , 
a norma l  orientatio n wit h respec t  t o people ,  a  charac -
teristi c directio n o f  motion ,  etc .  W h e n thes e criteri a 
indicat e tha t  th e reference d objec t  ha s a n intrinsi c ref -
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Figur e 2 :  Pictoria l  Representatio n o f  Card ,  Airphone , 
and Car d int o A T M . 

eren t  fo r  th e relatio n specified ,  th e intrinsi c syste m i s 
used .  A  deicti c syste m o f  referenc e i s use d whe n n o 
intrinsi c referen t  exists ,  o r  whe n insufficien t  semanti c 
knowledg e i s present .  Additiona l  informatio n o n th e 
I/ D Labelle r  i s  als o i n [Alterma n t t  a/. ,  1991] . 

FLOABN 

S P A TR ha s bee n applie d t o spatia l  problem s withi n th e 
contex t  o f  th e F L O A B N (Fo r  Lac k O f  A  Bette r  N a m e ) 
projec t  {Instructio n Usage :  [Alterma n an d Zito-Wolf , 
1990] ,  Adaptiv e Plannin g an d Learning :  [Zito-Wol f 
and Alterman ,  1990 ;  Alterma n e t  ai ,  1991]) .  T h e 
F L O A BN projec t  attempt s t o adap t  previousl y devise d 
plan s fo r  th e us e o f  device s t o ne w type s o f  devices .  I n 
doin g so ,  i t  m a y nee d t o mak e us e o f  instruction s a s 
wel l  a s generi c semanti c knowledg e o f  devic e use . 

S P A TR wil l  b e invoke d eithe r  throug h a  failur e i n th e 
adaptiv e planne r  (e.g .  th e planne r  trie s t o inser t  th e 
credi t  car d i n a  certai n way ,  fails ,  an d post s it s failur e 
t o th e blackboar d causin g S P A T R t o sugges t  differen t 
type s o f  insertion) ,  throug h tex t  inferencin g o n instruc -
tion s (e.g .  th e inference r  post s a  partia l  interpretatio n 
of  "Fac e u p wit h car d n a m e t o th e right "  an d S P A T R 
activate s t o resolv e reference s t o th e card' s face ,  an d 
th e orientatio n o f  th e car d [Carpente r  an d Alterman , 
1991]) ,  o r  throug h externa l  referenc e resolutio n (e.g . 
th e tex t  inference r  interpret s "doo r  handle "  t o refe r  t o 
a specifi c  doo r  handle ,  causin g th e referenc e resolve r  t o 
loo k fo r  a  doo r  handle ,  causin g a  reques t  t o provid e a 
schemati c descriptio n o f  a  doo r  handle ,  whic h activate s 
S P A T R ). 

SPATR Example 

Give n a  n e w device ,  suc h a s th e Airphone ,  an d a n in -
structio n t o "inser t  credi t  car d fac e up ,  wit h car d n a m e 
t o right, "  int o it ,  C L T E R start s wit h a  ful l  represen -
tatio n fo r  th e credi t  car d an d a  partia l  representatio n 
fo r  th e Airphon e a s show n i n Figur e 2 .  Thi s represen -
tatio n state s tha t  th e Airphon e i s overal l  slab-shaped , 
wit h directe d axi s fro m to p t o bottom ,  fron t  t o bac k 
an d lef t  t o righ t  (th e directe d aod s follow s fro m th e 
devic e bein g moun te d agains t  a  wall ,  i n a  particula r 
orientation) .  T h e representatio n als o state s th e expec -
tatio n (fro m semanti c m e m o r y )  tha t  th e Airphon e wil l 
hav e a  negativ e spac e o f  undefine d shap e somewher e 
on it s  fron t  wher e th e car d m a y b e inserted . 

Indice s ar e traverse d an d th e mos t  simila r  previou s 
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Figur e 3 :  Pictoria l  Representatio n o f  Retur n Card ,  Li -
brar y Book ,  an d Insertion . 

cas e o f  inser t  i s  retrieved .  T h e indice s use d fo r  retrieva l 
ca n b e interprete d as : 

• The Airphone has a main or secondary axis from 
to p t o bottom .  Thi s i s  tru e sinc e th e Airphon e i s 
moun te d i n a  particula r  orientation . 

•  T h e Airphon e i s thre e dimensional .  Thi s i s tru e f ro m 
a cursor y examinatio n o f  th e Airphone . 

•  Ther e i s a  subcomponen t  o f  th e Airphon e o n it s fron t 
or  back .  Thi s i s  tru e fro m ou r  assumptio n tha t  ther e 
wil l  b e a  plac e o n th e fron t  o f  th e Airphon e i n whic h 
t o inser t  th e credi t  card . 

•  Ther e i s no t  a  subcomponen t  o f  th e Airphon e wit h a 
to p o r  bot to m tha t  ha s furthe r  subcomponents .  Thi s 
inde x serve s t o discriminat e betwee n case s wher e 
ther e i s a  slo t  o r  hol e o n th e to p o f  th e objec t  (e.g . 
a pigg y ban k o r  tras h can )  an d othe r  cases .  Sinc e 
we can' t  k n o w whethe r  th e Airphon e ha s o r  lack s 
thi s feature ,  w e assum e th e Airphon e doesn' t  hav e 
it .  Not e tha t  ou r  strateg y wil l  b e t o j u m p t o conclu -
sion s to  ge t  a  reminding ,  us e th e specifi c  informatio n 
off "  o f  th e remindin g t o tes t  it s  validity ,  an d revers e 
assumption s i f  w e fail . 

The case retrieved is that of inserting a bank card 
int o a n A T M .  T h e action s represente d b y thi s inser -
tio n ar e show n pictoriall y i n Figur e 2 .  S P A T R post s 
a reques t  t o th e blackboar d fo r  th e (unimplemented ) 
perceptua l  syste m to  find  a  slo t  simila r  t o th e A T M ' s , 
whic h fails .  Base d o n thi s failur e w e revers e ou r  as -
sumptio n abou t  slot s o r  hole s o n top ,  an d re-retrieve . 
T h e resul t  o f  thi s n e w retrieva l  i s  insertin g a  retur n 
car d int o a  librar y book .  A  pictoria l  representatio n 
fo r  thi s insertio n i s  show n i n Figur e 3 .  Base d o n thi s 
retrieval ,  S P A T R ask s th e perceptua l  syste m t o find  a 
slo t  oriente d verticall y o n th e fron t  o f  th e Airphone , 
wit h a n openin g alon g it s top .  Thi s reques t  succeed s 
an d thi s meanin g o f  'into '  i s  chose n a s th e appropriat e 
preceden t  fo r  adaptation . 

Next ,  S P A T R mus t  identif y th e fron t  o f  th e credi t 
cjird .  W h e n give n a  schemati c representatio n o f  a 
credi t  card ,  a s i n Figur e 2 ,  S P A C L retrieve s a  previous , 
labelle d representatio n fo r  a  simila r  objec t  (i n thi s cas e 
a librar y boo k retur n card ,  s h o w n i n Figur e 3) .  T h e re -
tur n car d i s  selecte d sinc e bot h object s ar e sheet s (i.e . 
flat  rectangles )  an d bot h object s hav e word s o n a  sid e 
reference d b y a  directe d axi s (i.e .  ther e i s a  differenti -
atio n betwee n a  sid e whic h ha s word s an d th e opposit e 
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side) .  Th e retur n car d specifie s tha t  th e fron t  o f  th e 
retur n car d i s th e sid e wit h th e word s (retur n dates ) 
on it .  S P A C L use s thi s cas e t o identif y tha t  th e fron t 
of  th e credi t  car d i s th e sid e wit h th e word s o n it . 

FincJly ,  S P A T R mus t  decid e whethe r  "nam e t o th e 
right "  refer s t o deicti c o r  intrinsi c right .  Th e I/ D la -
belle r  [Alterms m e t  al. ,  1991 ]  decide s tha t  righ t  i s  de -
icti c  (i.e .  th e viewer's )  right ,  b y analog y wit h mirrors , 
pictures ,  amd playin g cards ,  al l  o f  whic h ar e sheet-lik e 
object s wit h image s and/o r  word s o n on e side . 

The final  interpretatio n fo r  "inser t  car d fac e up ,  wit h 
name t o th e right "  is ,  therefore ,  orien t  th e credi t  car d 
wit h th e sid e whic h contain s word s toward s th e agent , 
wit h th e edg e o f  th e car d tha t  contain s th e nam e to -
war d th e agent' s right ,  an d inser t  th e car d int o a  ver -
ticcdl y positione d slo t  o f  th e airphon e wit h a n openin g 
toward s th e to p o f  th e slo t  wit h a  downwards ,  slidin g 
motion . 

Conclusions 

We have identified several problems of spatial reference 
and provide d a  framewor k fo r  thei r  solutio n whic h i s 
consisten t  wit h Adaptiv e Planning .  W e hav e imple -
mente d system s t o labe l  component s o f  objects ,  resolv e 
reference s t o intrinsi c o r  deicti c coordinat e systems , 
and choos e appropriat e instance s o f  action s an d spa -
tia l  relationship s t o constrai n visua l  searc h an d driv e 
aiction . 
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