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Abstrac t 

This study deals with the interpretation of verbal 
commands fo r  action .  Afte r  a n experimenta l  stud y o f 
human interpretatio n o f  instruction s fo r  drawin g 
geometrica l  figures ,  w e hav e devise d a  mode l  whos e 
computerize d versio n i s  calle d SIROCO.  Thi s mode l 
represent s a n attemp t  t o simulat e different s mechanism s 
implie d i n interpretatio n o f  verba l  commands .  Thes e 
mechanism s exploitin g contextua l  information s allo w 
clarifyin g an d completin g proposition s expresse d i n 
natura l  language .  I n th e model ,  first,  th e constraint s 
expresse d i n presen t  command ,  i n environnemen t  (alread y 
presen t  figures),  an d i n backgroun d communication ,  ar e 
represente d wit h fuzz y subset s an d circumstantia l  semanti c 
network s (wel l  suite d fo r  flexible  an d dynamica l 
representations) .  Subsequently ,  a n optimizatio n procedur e 
integratin g al l  thi s constraint s allow s finding  a  relevan t 
respons e t o th e command .  Finall y a  simulatio n whic h 
consist s i n translatin g instructor' s verba l  command s i n a 
defme d minima l  languag e an d makin g i t  interprete d b y th e 
syste m show s quit e goo d result s fo r  th e model . 

Introduction 

W h en yo u loo k a t  th e conten t  o f  verba l  commands ,  the y 
appea r  t o b e poor ,  ambiguou s an d elliptic .  Nevertheless ,  the y 
ar e i n fac t  efficien t  a s measure d b y th e fi t  o f  operato r  (th e 
perso n w h o execute s commands )  action s t o th e instructor' s 
(th e perso n w h o formulate s th e c o m m a n d )  intende d goal .  I n 
summary ,  a  fe w word s ar e enoug h t o elici t  comple x an d 
precis e actions .  H o w ca n th e powe r  o f  utterance s b e 
explained ? 

A partia l  explanatio n lie s i n th e fac t  tha t  th e operato r  ha s 
menta l  model s o f  situations ,  scenario s an d procedure s a t  hi s 
disposal .  Thes e compris e a  genera l  knowledg e whic h allow s 
hi m t o complet e th e informatio n received ,  t o activat e othe r 
knowledg e i n orde r  t o understan d wha t  i s bein g aske d o f  hi m 
and  finally,  t o carr y ou t  th e action .  W h e n ,  fo r  example , 
someone i s aske d t o pos t  a  letter ,  h e know s tha t  th e lette r 
need s a  stamp ,  a n address ,  tha t  i t  shoul d b e droppe d i n a  mai l 
box o r  take n t o th e pos t  office .  Modellin g th e operator , 
(here ,  th e perso n aske d t o mai l  th e letter )  call s fo r  describin g 
and  representin g th e kin d o f  genera l  knowledg e w e hav e jus t 
described .  Thi s i s  wha t  a  numbe r  o f  recen t  system s hav e 
attempte d t o do ,  includin g C A R A M EL (Saba h &  Briffault , 

1993 )  fo r  understandin g stories ,  C A M I L L E (Hastin g & 
Lytinen ,  1994 )  fo r  describin g scenarios . 

Pragmati c explanation s migh t  als o b e usefu l  i n 
explainin g th e powe r  o f  utterances .  Sperbe r  an d Wilson' s 
communicationa l  implication s (1986 )  an d Grice' s max im s 
(1975 )  c o m e t o mind .  Thus ,  i n th e abov e example ,  lackin g 
any indicatio n a s t o th e cos t  o f  th e stamps ,  th e operato r 
migh t  rightl y assum e tha t  th e lette r  shoul d b e sen t  a t  a 
standar d rate ;  becaus e i f  i t  wer e t o b e sen t  expres s o r 
recommended ,  thi s ver y relevan t  bi t  o f  informatio n woul d 
surel y hav e bee n provided .  Modellin g th e operato r  thu s call s 
fo r  integratin g pragmati c rule s a s wel l  a s genera l  knowledg e 
int o th e comprehensio n system .  Thi s i s wha t  ha s bee n don e 
wit h D I A B O L O ,  a  syste m fo r  analysin g an d generatin g 
dialogu e (Vilnat ,  1995) . 

Th e fu-s t  explanatio n a s t o w h y utterance s ar e s o powerful l 
i s  abou t  share d genera l  knowledge ,  th e secon d concern s th e 
interna l  logi c o f  communication .  Th e situate d actio n 
approach ^  provide s a  mor e circumstantia l  w a y o f  explainin g 
th e efficienc y o f  speech .  Th e proponent s o f  situate d actio n 
plac e les s emphasi s o n th e notio n o f  interna l  representatio n 
and mor e o n situationa l  cue s an d action .  Fo r  Olso n (1970) , 
w ho reject s th e linguisti c approac h t o studyin g th e 
comprehensio n o f  verba l  utterances ,  th e meanin g o f  a n 
utteranc e shoul d no t  b e looke d fo r  i n th e proposition ,  bu t  i n 
th e situatio n t o whic h th e utteranc e refers .  Thi s i s  th e 
approac h w e ar e takin g here :  th e powe r  o f  languag e reside s i n 
it s relatio n t o a  give n situation .  Importan t  clue s tha t  allo w 
completin g vagu e an d elliptica l  utterance s ar e provide d b y (i ) 
th e environment ,  (ii )  th e informatio n tha t  ha s alread y bee n 
communicate d (wha t  w e wil l  cal l  th e "background" )  an d (iii ) 
th e tas k (wha t  mus t  b e don e wit h th e element s provide d b y 
th e environment) . 

We thu s propos e suc h a  syste m an d calle d i t  S I R O C O . 
Thoug h i t  i s currentl y outfitte d t o interpre t  verba l  command s 
fo r  drawin g geometrica l  figures ,  i t  coul d b e adapte d t o 
interpre t  othe r  kind s o f  verba l  commands .  W e hav e use d i t  t o 
stud y h o w operator s interpre t  command s an d m a k e decisions . 
I n th e cas e o f  incompleteness ,  th e syste m ha s t o identif y th e 
instructor' s intende d categories .  I n th e cas e o f  imprecision ,  i t 
has t o defm e th e fuzz y boundarie s o f  th e categories .  T o thi s 

^See Norma n (1993) ,  fo r  a n introductio n t o thi s situate d actio n 
approac h . 
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end ,  w e use d tw o tool s fo r  representin g informatio n tha t  i s 
incomplet e o r  imprecise ,  namely :  circumstantia l  semanti c 
network s an d fuzz y subsets . 

Th e stud y w e presen t  her e wa s don e i n thre e phases :  A n 

experimenta l  phas e i n whic h a  huma n subject-operato r  wa s 
aske d t o interpre t  an d carr y ou t  instruction s fo r  drawin g 
geometrica l  figure s give n i n natura l  languag e b y a  subject -
instructor .  Th e secon d phas e consiste d i n designin g a  mode l 
of  th e subject-operator .  Finally ,  a  simulatio n allowe d 
comparin g SIROCO' s response s t o thos e o f  th e subject -
operator .  Thi s pape r  i s organise d followin g thes e thre e 
differen t  phases . 

Experiment 

Objective s 

The objectiv e o f  thi s experiment  wa s t o provid e empirica l 
dat a o n th e degre e o f  precisio n wit h whic h peopl e interpre t 
verba l  command s fo r  drawin g geometrica l  figures .  Mor e 
importantly ,  i t  aime d a t  providin g informatio n o n ho w 
missin g informatio n i s complete d and ,  mor e generally ,  o n 
h o w concret e situation s influenc e th e precisio n wit h whic h a 
c o m m a nd i s carrie d out .  Al l  dat a relativ e t o instructo r 
commands an d operato r  action s wa s collecte d automaticall y 
t o provid e a  precis e recor d o f  inpu t  an d outpu t  fo r  th e 
simulation . 

Method 

Participant s Thirt y fiv e instructor s wo- e recruite d fro m th e 
undergraduat e populatio n o f  th e Universit y Pari s 8 ,  St.Denis -
Vincennes .  A  singl e opwato r  wa s recruite d from  th e sam e 
population ,  hi s response s provide d th e dat a w e analysed . 

Materials A set of 35 drawings (8,2 cm large and 14,8 cm 
high) ,  on e fo r  eac h instructor ,  wer e create d wit h drawin g 
software .  Eac h drawin g wa s compose d o f  thre e simpl e 
geometrica l  figures .  Th e se t  wa s designe d t o provid e a  wid e 
rang e o f  propert y combination s fo r  th e geometrica l  figures . 
The differen t  figure-propatie s wctc :  rectangle ,  circl e an d 
square ,  fo r  th e shape ;  red ,  gree n an d blue ,  fo r  th e color ; 
small ,  med iu m an d large ,  fo r  th e size ;  top ,  cente r  an d botto m 
fo r  th e vertica l  position ;  and ,  fmally ,  left ,  middl e an d righ t 
fo r  th e horizonta l  position .  Th e compute r  apparatu s consiste d 
of  tw o larg e monitor s place d bac k t o bac k o n a  lon g tabl e 
(Figur e 1) .  Th e instructo r  coul d onl y communicat e throug h 
verba l  commands ,  th e operato r  coul d no t  se e th e origina l 
drawin g th e instructo r  ha d i n hi s hand . 

General Procedure Each one of the 35 drawings was 
give n t o a n instructor .  Th e instructo r  wa s aske d t o mak e th e 
op«^to r  reproduc e thi s pictur e throug h vaba l  command s 
only .  Afte r  th e operato r  ha d finishe d carryin g ou t  a 
command,  th e instructo r  coul d correc t  th e drawin g wit h a 
ne w verba l  c o m m a n d an d s o on ,  unti l  th e instructo r  wa s 
satisfie d wit h th e drawin g th e operato r  ha d produced . 

Automatic Data Collection All action related to writing 
verba l  command s (o n th e wor d processor )  an d drawin g figure s 
(o n th e graphi c interface )  wa s recorde d wit h "spy "  software . 

A ' k ^ ^ r t J B 

Figur e 1 :  Th e instructo r  wa s place d i n A  an d ha d i n hi s hand s 
a drawin g (F) .  Th e operato r  wa s place d i n B . 

Results and Discussion 

T h e P o w e r  o f  Utterrance s O n average ,  9  command s 
wer e necessar y fo r  a  satisfactor y reproductio n o f  th e origina l 
drawing .  Th e min imu m wa s 4 ,  th e maximu n wa s 1 8 fo r  a 
singl e drawing .  O n average ,  3  command s wer e require d fo r 
reproducin g eac h figure .  Mor e precisely ,  2  command s wer e 
sufficien t  t o correc t  th e firs t  attemp t  t o dra w a  figure . 

The Precision of Commands for Discrete 
Propertie s Th«ew«-ejus t  a  fe w lateralisatio n error s ("no t 
on th e left ,  I  sai d o n th e right") .  Thoug h informatio n o n siz e 
and colo r  wa s no t  alway s given ,  thes e wer e correctl y 
reproduce d b y th e operator .  Th e hypothesi s tha t  th e semanti c 
structur e o f  th e propertie s o f  th e figure s akead y i n plac e (se e 
Model  section )  allow s completin g th e missin g propert y 
informatio n i n a  c o m m a n d wa s globall y satisfied . 

The Precision of Commands for Continuous 
Propertie s Fro m a  statistica l  poin t  o f  view ,  ther e wer e n o 
significan t  diffwence s betwee n th e figure-value s fo r  th e 
continuou s propertie s o f  th e opoator' s finishe d drawing s an d 
th e corrrespondin g value s o f  th e origina l  drawings :  fo r  th e X 
coordinate s o f  th e figure' s top-lef t  come r  p>.96 ,  fo r  th e Y 
coordinate s (o f  th e sam e point )  p>.17 ,  fo r  widt h p>.9 4 an d 
fo r  heigh t  p>.08 .  Th e rat e o f  correlatio n betwee n th e 
operator' s drawing s an d th e original s on e wa s .8 6 fo r  th e X 
coordinat e (p<.0001) ,  .9 3 fo r  th e Y  coordinat e (p<.0001) ,  .7 0 
fo r  W (width )  an d .8 6 fo r  H  (height )  (p<.0001) .  Th e averag e 
correlatio n fo r  eac h o f  th e firs t  seve n command s i s give n i n 
tabl e 1 . 

Table 1: The average rate of correlation for each of the first 
seve n command s 

X: 
Y: 
W: 
H: 

CI 
.7 5 
.8 8 
.9 6 
.9 4 

C2 
.9 5 
.9 9 
.7 6 
.9 3 

C3 
.7 0 
.7 6 
.2 7 
.8 0 

C4 
.8 0 
.9 7 
.5 5 
.5 0 

C5 
.9 1 
.9 8 
.5 3 
.9 3 

C6 
.9 1 
.9 4 
.9 6 
.9 7 

C7 
.9 1 
.9 7 
.5 0 
.8 8 

I t  i s  clea r  tha t  th e operato r  faithfull y reproduce d th e origina l 
value s quit e rapidly ,  becaus e from  th e firs t  tr y on ,  th e 
commands wer e execute d wit h a n overal l  precisio n o f  4  % fo r 
X,  1 % fo r  Y ,  3  % fo r  W an d 2 % fo r  H .  W h e n th e operator' s 
figure s di d no t  full y  correspond ,  a  fe w mor e verba l  command s 
wer e al l  tha t  wa s neede d t o correc t  them . 
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Model 
The result s o f  th e experimen t  sho w tha t  th e situatio n i s 
indee d a n ai d i n intopretin g commands .  Th e presen t  mode l 
replicate s th e wa y i n whic h th e situatio n provide s 
informatio n b y takin g advantag e o f  th e dynamicit y o f 
circumstantia l  semanti c network s an d th e flexibilit y  o f  fuzz y 
subsets . 

Incompleteness Processing with Semantic Networks 

The prepositiona l  meanin g o f  a n instructio n i s first  analyse d 
as t o th e object s an d thei r  associate d p r o p ^ e s . 
Subsequently ,  object s an d propertie s ar e use d i n orde r  t o 
construc t  a  semanti c networ k whic h reflect s a n understandin g 

of  th e propositio n (Poitrenaud ,  1995) .  I n thi s network , 
propertie s ar e groupe d togetha -  whe n the y ar e share d b y 
severa l  object s i n orde r  t o constitut e categorie s (Figur e 2) . 

Correspondin g semanti c networ k 

smal l 

blac k (an d small )  circl e (an d small ) 

/ (circle and black and small) X 

squar e (an d blac k an d small ) whit e (an d circl e an d small ) 

o 
Presen t  object s 

Figur e 2 :  Exampl e o f  a  semanti c networ k constructe d 
fro m th e objec t  propertie s o f  th e situation . 

The underlying mathematical structure of this property 
networ k i s th e Galoi s lattic e (Barbu t  &  Monjardet ,  1970) . 
Thi s networ k allow s differen t  logica l  operations .  Fo r 
example ,  i f  amon g differen t  geometrica l  coloure d figures,  al l 
th e square s ar e black ,  i t  i s  possibl e t o predic t  th e blac k 
propert y from  th e squar e propert y becaus e o f  th e inherite d 
propertie s o f  th e squar e categor y i n th e semanti c network . 
For  example ,  i t  i s  alway s a  proble m t o categoris e a n 
incompletel y describe d n e w object .  A  goo d solutio n (fro m 
th e poin t  o f  vie w o f  modelisation )  consist s i n choosin g o r 
constructin g a  categor y tha t  doe s no t  alte r  th e structur e o f  th e 
networ k (a s fa r  a s possible) .  Fo r  example ,  i f  a  whit e squar e 
has t o b e drawn ,  withou t  an y specificatio n a s t o it s  size ,  i n 
th e situatio n describe d i n Figur e 2 ,  i t  wil l  b e small .  M o r e 
generally ,  thi s circumstancia l  semanti c networ k ca n b e ver y 
usefu l  fo r  modellin g actio n takin g th e situatio n int o accoun t 
(Richard ,  J.F. ,  Poitrenaud ,  S. ,  &  Tijus ,  C.A. ,  1993) . 

Representing a Command with Fuzzy Subsets 

A drawin g c o m m a n d specifie s size ,  sh^)e ,  colou r  an d 
positio n categories .  Excep t  fo r  colou r  categorie s whic h ar e 
precisel y define d (ther e i s jus t  on e kin d o f  blue ,  gree n an d re d 
available) ,  th e otha -  kind s o f  categorie s (fo r  example ,  large , 

rectangle )  hav e imprecis e boundaries .  TTiu s a n elemen t  (lik e a 
valu e correspondin g t o a  surfac e i n squar e centimetres )  ca n 

hav e a n intermediat e degre e o f  membershi p betwee n 0  an d 1 
i n a  category .  S o w e hav e chose n t o represen t  thes e 
categorie s wit h a  fuzz y subset .  Th e concep t  o f  fiizz y subse t 
(Zadeh ,  1965 )  i s a  generalisatio n o f  th e concep t  o f  set ,  i t  i s 
characterise d b y it s membershi p functio n (Figur e 3) . 

d̂egre e o f 
membershi p 

"mediu m size " 

suppor t  :  aiirfar ^ 
are a (cm2 ) 

Figur e 3 :  Membershi p functio n o f  a  fuzz y subse t 
representin g "mediu m size "  category .  Not e tha t  th e "core "  i s 
comprise d o f  element s whic h belon g t o th e fuzz y subse t  wit h 
a membershi p degre e equa l  t o 1 ,  an d tha t  th e "support "  i s 
comprise d o f  element s whic h belon g t o th e fuzz y subse t  wit h 
a non-zer o degree . 

As we are focusing upon general principles, we chose 
simpl e variable s (lik e surfac e are a fo r  siz e categories ,  an d 
absciss a fo r  horizonta l  position )  an d trapezoida l  fuzz y 
subsets .  W e represen t  a  c o m m a n d b y associatin g a  fuzz y se t 
t o eac h dimensio n o f  th e description .  Zade h (1975 )  introduce d 
th e concep t  o f  linguisti c variable s whic h consis t  o f  a 
variable ,  a  univers e i n whic h th e variabl e i s define d (rea l 
number s fo r  example) ,  an d a  se t  o f  fiizzy  subset s whic h 
represen t  differen t  characterisation s o f  th e variabl e (fo r 
example ,  smal l  med iu m an d larg e fo r  a  siz e variable) .  Her e 
we us e fou r  linguisti c variable s t o represen t  a  command :  (i ) 
th e siz e linguisti c variabl e whic h i s th e surfac e are a o f  th e 
figure  an d whic h i s characterise d b y "small" ,  "medium "  an d 
"large" ,  (ii )  th e shap e variabl e whic h i s th e width/heigh t 
quotien t  an d whic h i s characterise d b y "upright "  "equal "  an d 
"reclining" ,  (iii )  th e horizonta l  positio n o n th e absciss a 
whic h i s characterise d b y "left" ,  "middle "  an d "right "  and , 
finally,  (iv )  th e vertica l  positio n whic h i s o n th e ordinat e an d 
whic h i s characterise d b y "top" ,  "centre "  an d "bottom" .  T w o 
discret e variable s complet e thi s representation :  th e colou r 
whic h ca n b e blue ,  gree n o r  re d an d th e software' s shap e 
tools ,  on e fo r  drawin g rectangle s an d th e secon d fo r  drawin g 
ellipses . 

Applying a Linguistic Modifier We aim here to 
represen t  utterance s lik e "ver y large "  o r  "towar d th e left "  (a s 
oppose d t o "o n th e left") .  Linguisti c ar e mathematica l 
transformation s whic h allo w constructin g n e w fuzz y subset s 
from  initia l  ones .  Th e initia l  fuzz y subse t  represent s a n 
initia l  categor y ("large") .  Th e ne w fuzz y subse t  represent s a 
modifie d versio n ("ver y large" )  o f  a n initia l  category . 
Numerou s modifier s exist .  Here ,  w e us e thos e introduce d b y 
Boucho n an d Y a o (1992 )  whic h exploi t  th e distributio n o f 
define d categorie s i n a  singl e univers e (size ,  fo r  example) . 
Th e mathematica l  transformatio n o f  thes e linguisti c variable s 
correspond s t o a  shif t  (se e Figur e 4) . 
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.degre e o f  membershi p 

CI 
(small ) 

ver y 

centra l  categor y 
C2 

(medium ) 

rathe r 

maximal 
shif t 

C3 
(large ) 

athe r 
maximal 

shif t 
ver y 

fuzz y subset s representin g differen t 
characterisation s o f  a  sam e variable . 

shifted fiizzy subset representing 
'rathe r  small "  fo r  example . 

Figur e 4 :  Illustratio n o f  linguisti c modifie r  mechanisms . 

From a given characterisation and a given modifier, these 
mechanism s allo w deducin g th e shif t  (define d b y a  directio n 
an d a n amplitude )  t o b e applied .  Thus ,  fo r  modifier s lik e 
" voy "  th e directio n o f  th e shif t  i s towar d a n extrem e an d fo r 
modifiw s lik e "rather "  th e directio n i s towar d th e coitr e 
(Figur e 4) .  T h e amplitud e o f  th e shif t  i s  define d a s a 
proportio n o f  th e maxima l  shif t  whic h correspond s t o th e 
distanc e betwee n initia l  categor y cores .  Thu s a  modifie d 
categor y wil l  neve r  overla p a  neighbourin g category . 
MoreovCT ,  th e maxima l  shif t  automaticall y define s a  scal e 
regardles s o f  th e typ e o f  variable .  Finally ,  i t  i s  possibl e t o 
us e modifio- s wit h diffwen t  strengths .  Thu s "ver y very "  i s a 
modifie r  o f  th e sam e kin d a s "very "  bu t  th e amplitud e o f  th e 
shif t  associate d t o i t  i s  larger .  T o b e mor e precise ,  th e 
coefficien t  associate d t o "ver y very "  i s large r  tha n th e on e 
associate d t o "very " 

Applying a Fuzzy Relation We aim here to represent 
utterance s lik e "larger "  o r  " a littl e bi t  les s t o th e left" .  T h e 
concep t  o f  fuzz y relation s i s a  generalisatio n o f  th e concep t 
o f  relatio n a s i t  allow s intermediat e degree s (betwee n 0  an d 1 ) 
of  relatio n betwee n elements .  I t  correspond s agai n t o a  fuzz y 
subset .  Unlik e th e modifiers ,  thi s fuzz y se t  wil l  no t  b e 
constructe d from a  fuzz y se t  bu t  from a  valu e (th e surfac e are a 
of  th e figure,  i f  th e c o m m a n d i s "larger") . 

A degre e o f  membershi p 

TargCT*  "muc h larger " 

5^cm2 
(figur e surface ) 

surfac e are a 

Figur e 5 :  Illustratio n o f  fuzz y subse t  constructio n fo r 
utto-ance s containin g "larger "  a n d " m u c h larger" . 

We can divide this kind of command into two parts: the 
relatio n par t  w h i c h is ,  fo r  e x a m p l e " m u c h m o r e " ,  "less "  o r 

" s a m e "  an d a  categor y par t  w h i c h is ,  fo r  e x a m p l e "o n th e 
left "  o r  "large" .  I t  i s  possibl e t o defin e m e c h a n i s m s suc h tha t 
f ro m a  give n relatio n an d category ,  th e fuzz y se t  representin g 
th e utteranc e ca n b e constructed .  L ik e modifier s ,  differen t 

coefficient s ar e associate d wit h eac h relatio n expressin g a 
differen t  strength .  " M u c h m o r e "  indicate s a  stronge r  variatio n 
tha n " m o r e "  (Figur e 5 ) . 

Background communication 

At  an y poin t  i n a  verba l  exchang e involvin g commands , 
what  ha s alread y bee n sai d an d done ,  th e exchange' s 
background ,  i s decisiv e fo r  interpretation .  Fo r  example ,  wha t 

i s mean t  b y "larger "  ca n var y accordin g t o whethe r  i t  i s  a n 
initia l  correctio n whos e ai m i s t o ge t  th e operato r  t o dra w a 
figure  o f  roughl y th e right  siz e o r  whethe r  i t  i s  a  final 
correctio n aime d a t  precision . 

Background Construction During communication, 
variou s indication s an d correction s ar e given .  Thi s ca n b e 
represente d b y a  lis t  o f  slope s o f  diffo-en t  constructe d trapezi a 
i n th e prio r  commands .  Fo r  eac h variable ,  ther e i s on e 
background .  Fixin g a  maxima l  lengt h fo r  thi s lis t  allow s 
takin g th e operator' s limite d memor y int o account . 

Taking Background into Account Only two slopes are 
usefu l  fo r  eac h variable .  The y correspon d t o th e mor e 
restrictiv e constraint s (right ,  lef t  constraints ,  fo r  instance , 
respectively ,  muc h les s bi g tha n 10. 3 centimetre s an d large r 
tha n 5. 4 centimetres )  an d allo w constructin g a  fuzz y set .  So , 
backgroun d i s take n int o accoun t  b y intersectin g thi s las t 
fuzz y subse t  wit h th e curren t  comman d associate d t o th e 
fuzz y subset .  W h e n thi s intersectio n i s smal l  (unde r  a  give n 
threshold) ,  w e ca n decid e t o forge t  th e backgroun d i n ordo -  t o 
produc e a n appropriat e respons e despit e contradictor y 
commands. 

Choosing an Appropriate Solution 

Choosin g a  Relevan t  Poin t  Accordin g t o th e specifie d 
positio n i n th e drawin g command ,  th e relevan t  poin t  varies . 
For  example ,  i f  th e c o m m a n d call s fo r  drawin g a  figure  a t  th e 
to p lef t  comer ,  th e to p lef t  come r  o f  th e figure  i s th e relevan t 
point .  F ro m th e 3  vertica l  positio n characterisation s an d th e 
3 horizonta l  positio n characterisations ,  w e define d 9  relevan t 
points . 

Deflning the Degree of Acceptability for all 
Point s o f  th e D r a w i n g Are a Fo r  a  poin t  p  o f  th e 
drawin g area ,  th e acceptabilit y  degre e i s compute d b y 
aggregatio n o f  tw o intermediat e degree s di(p )  an d d2(p) .  W e 
chos e th e mi n operato r  fo r  expressin g conjunctions : 

d(p )  =  min(di(p),d2(p)) , 
w h a e di(p )  indicate s th e degre e t o whic h poin t  p  (th e 
relevan t  point )  i s a  goo d poin t  from  whic h t o begi n drawin g 
th e figure  specifie d i n th e c o m m a n d ("i n th e top-lef t  comer " 
or  "nea r  th e circle" )  an d wha- e d2(p )  indicate s th e degre e t o 
whic h i t  i s  possibl e t o plac e a t  p  a  figure  o f  th e siz e an d 
shap e correspondin g respectivel y t o th e siz e an d th e shap e o f 
th e characterisation s o f  th e command .  I t  i s compute d as : 

d2(p )  =  sup{(mi n (PsizeO) .  MshapeO^)) } 
wit h 0  <  1  <  Imax ,  0  <  h  <  hmax(l ) 

whCTe Ima x an d h m a x ar e respectivel y th e larges t  widt h an d 
heigh t  possibl e takin g int o accoun t  th e figures  alread y 
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presen t  an d Msiz e an d M s h f ^  ar e respectivel y th e m e m b w s h i p 

function s o f  th e siz e an d shap e fiizz y subset s constructe d 
fro m th e c o m m a n d .  C o m p u t i n g d(p )  fo r  al l  drawin g are a 
point s allow s definin g favourabl e area s (Figur e 7) . 

— 

A 

m 

B 

Figur e 7 :  A )  Figure s alread y presen t  B )  Visualisatio n o f 
favourabl e area s fo r  drawin g " a larg e circl e a t  th e centr e o f  th e 
drawin g area" . 

A Solution Suited to the Situation The general 
optimizatio n procedur e allow s choosin g a  solutio n suite d t o 
th e situatio n withou t  explicitl y  describin g th e situatio n 
beforehan d (Figur e 8) . 

o 

"Dra w a  larg e rectangl e 
i n th e top-lef t  corne r  " . 

"Dra w a  circl e nea r  th e 
first  one" . 

Figur e 8 :  I n thes e t w o situations ,  th e optimisatio n 
procedure s decid e respectivel y t o dra w a n uprigh t  rectangl e 
an d a  circl e t o th e righ t  o f  th e firs t  one . 

Validation 

The abov e mode l  ha s bee n computerise d an d calle d S I R O C O. 
Thi s syste m allowe d simulatin g th e operator-subjec t  i n orde r 
t o validat e th e mode l  b y comparin g syste m response s t o th e 
operato r  ones . 

Model Parametrization 

The experimen t  provide d thirt y fiv e communicatio n records . 
Ten record s wer e kep t  i n orde r  t o tes t  th e model .  Th e other s 
wer e use d fo r  teachin g th e fuzz y subset s o f  th e differen t 
characterisations ,  th e modifia- s an d relatio n parameter s t o th e 
system .  Mor e precisely ,  th e firs t  drawing s fo r  eac h 
communicatio n (whic h correspon d t o a  minima l  context ) 
allowe d definin g th e core s fo r  al l  characterisations .  Support s 
wer e the n define d i n orde r  t o construc t  a  fuzz y partitio n fo r 
eac h variabl e (se e above) .  Analysin g experimenta l  result s 
allowe d definin g nwdifia -  an d relatio n coefficients .  Relatio n 
coefficient s expres s similarity ,  thes e similarit y relation s ar e 
not  necessaril y  linear .  Fo r  example ,  fo r  a n equa l  differraic e o f 
surface ,  th e smalle r  di e tw o compare d surface s are ,  th e mor e 
the y ar e pwcqitivel y diffo-ent .  Howeva- ,  w e consido-e d thes e 

relation s t o b e linear ,  an d chos e averag e coefficient s becaus e 
th e experimenta l  materia l  di d no t  allo w inferrin g thei r  exac t 

shape -

Simulation 

A Descriptio n o f  S I R O C O Th e syste m w e develope d i n 
C ++ include s a  graphi c intafac e tha t  allow s visualisin g 
syste m an d subjec t  drawin g responses .  I t  als o allow s runnin g 
a command s file,  typin g command s interactivel y an d 
readjustin g th e system' s response s t o th e subject' s response s 
at  will .  Finall y  i t  allow s visualisin g favourabl e drawin g area s 
(b y creatin g a  matia b file). 

Definition of a Minimal Language The commands 
tha t  wer e kep t  i n orde r  t o tes t  th e mode l  wer e translate d int o a 
minima l  languag e consistin g o f  a  limite d numbe r  o f  word s 
and wit h a  stric t  structure ^  .  Mos t  o f  thes e word s indicat e th e 
linguisti c variabl e characterisations ,  an d also ,  th e modifier s 
and relation s ofte n use d i n commands .  Thi s languag e aim s a t 
representin g command s withou t  interpretin g tiiem.  Fo r 
example ,  "neare r  th e edge "  i s no t  translate d a s "mor e towar d 
th e left "  (i f  th e figure  i s nea r  th e lef t  edge )  bu t  b y "mor e 
extreme "  ("extreme "  i s automaticall y replace d wit h th e objec t 
category ,  i n thi s case ,  th e "left") .  Likewise ,  "mak e th e 
rectangl e longer "  i s translate d b y "mor e extreme" .  Thus ,  i f 
th e shap e categor y i s upright ,  th e heigh t  wil l  b e increased .  I f 
th e categor y i s reclining ,  th e widt h wil l  b e increased .  W e us e 
als o th e O R connecto r  i n orde r  t o expres s utterance s lik e 
"rectangle "  (a n uprigh t  rectangl e O R a  reclinin g rectangle )  o r 
"nex t  to "  (t o th e lef t  O R t o th e right  o f  anothe r  figure). 

Simulation with Readjustment For this simulation, 
th e operator-subjec t  compariso n wa s mad e c o m m a n d b y 
command.  Eac h o f  th e system' s response s wa s automaticall y 
readjuste d t o th e subject's ,  jus t  befor e th e nex t  comman d wa s 
interpreted .  Th e communicatio n backgroun d wa s als o 
readjusted .  Thus ,  fo r  eac h ne w command ,  th e syste m wa s 
place d i n precisel y th e sam e interpretin g situatio n a s th e 
subject . 

Results and Discussion 

I n orde r  t o evaluat e mode l  validity ,  w e compare d th e figures 
th e huma n operato r  dre w wit h th e one s th e syste m drew . 
Mor e precisely ,  w e compare d th e X  an d Y  coordinate s o f  th e 

figure's  top-lef t  comer ,  th e widt h W an d th e heigh t  H .  T h e 

averag e erro r  margi n fo r  th e positio n an d th e siz e o f  th e 
differen t  figures  fo r  th e first  seve n command s i s 0. 3 
centimetres . 

Compare d t o th e figur e varianc e i n th e initia l  drawings , 
ther e i s n o significan t  differenc e betwee n subjec t  an d syste m 
drawing s fo r  th e X  coordinat e (p>.2 )  an d fo r  th e widt h W 
(p>.32) .  O n th e othe r  hand ,  w e foun d difference s fo r  th e Y 
coordinat e (p=.02 )  an d fo r  th e heigh t  H  ( p <.01) .  Position s 

2 Th e command s whic h coul d no t  b e translate d correcti y wit h 
th e minima l  language ,  wer e no t  take n int o accoun t  fo r  th e 
results .  Fo r  mor e expressiveness ,  w e shoul d ad d variable s an d 
object s Oik e edges) .  Indeed ,  i t  seem s mor e appropriat e t o 
translat e "i n th e to p comer "  b y "ver y nea r  th e to p edge "  tha n 
by "ver y ver y a t  th e top" .  Howeve r  th e define d translatio n 
table s allo w expressin g correctl y mos t  o f  th e commands . 
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and size s hav e a  ver y importan t  correlatio n rate :  .93 ,  .84 ,  .9 3 

et  .92 ,  respectivel y fo r  X ,  Y ,  W ,  H . 

Table 2: For the first to the third figure, the degree of 
correlatio n 

X: 
Y: 
W: 
H: 

.9 4 

.9 3 

.9 1 

.8 3 

.9 3 

.9 8 

.9 0 

.9 0 

.9 1 

.3 0 

.9 7 

.9 7 

Overall ,  th e result s showe d a  goo d simulatio n o f  a  huma n 
operator .  Th e erro r  o f  margi n wit h whic h th e syste m 
operate d migh t  be ,  bu t  i s no t  necessarily ,  du e t o th e model . 
The syste m chos e on e solutio n fro m a  se t  o f  equall y 
possibl e solution s and ,  unde r  th e sam e conditions ,  a  huma n 
operato r  migh t  als o giv e differen t  responses . 

General Discussion 

Thi s modelisatio n i s  base d o n th e integratio n o f  a  se t  o f 
flexibl e constraint s int o a n optimizatio n procedure .  I t  allow s 
explainin g th e adaptabilit y o f  th e cognitiv e system .  A  smal l 
number  o f  combine d cue s ar e enoug h t o allo w definin g a 
precis e solution .  Th e metho d w e follow ,  first,  determinatio n 
of  fuzz y meanin g fo r  a  se t  o f  variables ,  an d second ,  definitio n 
of  a  solutio n maximizin g th e satisfactio n degre e o f  al l 
variabl e constraint s an d integratin g al l  environnemen t 
constraints ,  seem s wel l  adapte d t o mode l  action .  Compare d 
wit h a  rul e syste m wher e th e rule s hav e t o cove r  al l 
situation s an d hav e t o b e explicited ,  thi s metho d appear s 
mor e adaptativ e an d mor e simpl e t o implement . 

OthCT mor e elaborat e experiment s coul d revea l  othe r 
importan t  cues .  Eve n i n th e particula r  cas e o f  thi s 
ejq)eriment ,  w e d o no t  preten d t o hav e tackle d al l  th e facet s o f 
command interpretation .  Categor y learning ,  tha t  i s t o sa y th e 
adjustmen t  o f  interlocuto r  categories ,  i s  no t  take n int o 
accoun t  here .  Thi s i s no t  ver y importan t  her e becaus e 
communicatio n betwee n th e operato r  an d th e instructo r  too k 
plac e ver y quickl y (th e instructo r  wa s replace d fo r  eac h ne w 
drawing) . 

As w e mentione d i n th e introduction ,  ou r  stud y i s abou t  a 
particula r  contextua l  explanatio n o f  th e powe r  o f  language . 
Thus ,  som e implicit s o f  communicatio n wer e no t  take n int o 
account ,  wherea s thei r  effect s wer e no t  negligibl e firom  th e 
poin t  o f  vie w o f  th e results .  Fo r  example ,  whe n th e 
conmian d wa s t o dra w a  figure  o n th e lef t  an d ther e alread y 
was a  figure  o n th e left ,  th e syste m chos e t o plac e th e ne w 
figure  ver y nea r  th e first  on e (i t  place d i t  a s fa r  t o th e lef t  a s 
i t  could) .  Th e implici t  informatio n i n thi s comman d i s tha t 
th e tw o figures  ca n no t  b e stuc k together ,  becaus e i f  the y 
were ,  thi s informatio n woul d b e given .  T o explai n thi s kin d 
of  implici t  principl e o f  relevanc e introduce d b y Sperbo -  an d 
Wilso n (1986 )  seem s wel l  suited . 

Conclusion and Perspectives 

The ai m o f  thi s interdisciplinar y stud y wa s double .  O n th e 
on e hand ,  ou r  goa l  wa s t o mode l  th e processe s o f  comman d 
intapretatio n (throug h cognitiv e psychology )  an d o n th e 
other ,  i t  wa s t o creat e a  syste m capabl e o f  respondin g 
consistentl y t o verba l  commands ,  o f  detectin g implici t 
informatio n an d o f  adaptin g itsel f  t o a  give n situatio n 
(throug h artificia l  intelligence) .  Thes e tw o aspect s o f  th e 

stud y ar e b y n o mean s oppose d becaus e devisin g a  syste m 
tha t  model s a  huma n subjec t  ha s ever y chanc e o f  bein g a 

syste m whos e behaviou r  i s  adequate .  Thi s i s al l  th e mor e tru e 
give n tha t  verba l  communicatio n i s a  specificall y huma n 
activity . 

Thi s stud y mus t  b e considere d a s a  first  step .  Ou r  fiitu r 
wor k wil l  consis t  i n expandin g th e scop e an d th e analysi s o f 
th e huma n experiment .  I n ou r  first  experiment ,  w e chos e t o 
kee p th e sam e operato r  (i n orde r  t o hav e enoug h dat a fo r 
modellin g him) .  W e coul d no w compar e differen t  operators . 
We coul d als o stud y th e effec t  o f  stronge r  regularitie s (wit h 
drawing s compose d o f  mor e tha n 3  figures).  Finally ,  i t  woul d 
be interestin g t o mak e th e syste m interac t  directl y wit h a 
human instructor . 
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