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R e a d i n g I n s t r u c t i o n s * 

Richard Alterman and Tamitha Carpenter 

Compute r  Scienc e Departmen t  an d Cente r  fo r  Comple x System s 

Brandei s University ,  Waltham ,  Massachusett s 0225 4 

tamitha@chaos.cs.brandeis.ed u (617 )  736-271 8 

Abstrac t 

This  paper describes a model for reading instruc-
tions .  Th e basi c framewor k i s tha t  a n agen t  en -
gages i n a n activit y an d resort s t o usin g instruc -
tion s onl y whe n "al l  els e fails" .  Tha t  is ,  b y readin g 
th e instruction s durin g th e perio d o f  engagement , 
th e meanin g o f  th e instruction s ca n b e clarifie d b y 
feedbac k fro m th e world .  Thi s mode l  ha s bee n 
implemente d i n a  compute r  program ,  IIMP .  IIM P 
i s th e instructio n readin g componen t  o f  F L O A B N 
(Alterma n e t  al. ,  1991) ,  a n integrate d architectur e 
whose domai n i s reasonin g abou t  th e usag e o f  me -
chanica l  an d electroni c devices . 

In t roduct io n 

In general, instructions can convey a variety of informa-
tio n t o a n agent ,  rangin g fro m shor t  fixe s t o a  give n pla n 
(imagin e encounterin g a  detou r  sig n o n th e road) ,  t o 
th e specificatio n o f  a n entirel y ne w pla n (e.g. ,  instruc -
tion s fo r  assemblin g a  piec e o f  furniture) .  Instruction s 
ar e difficul t  t o understan d i n th e abstrac t  becaus e the y 
ar e schematic .  Mos t  instruction s (writte n o r  verbal ) 
omi t  a n enormou s numbe r  o f  share d details ,  wit h th e 
assumptio n tha t  a n agen t  sharin g genera l  backgroun d 
and a n understandin g o f  th e situatio n ca n fill  the m i n 
(e.g. ,  LeFevr e k  Dixon ,  1986) .  Outsid e o f  th e contex t 
of  use ,  th e agen t  ca n gras p onl y th e genera l  sens e o f 
what  th e instruction s mea n an d th e operation s the y de -
pict .  Example s o f  previou s computationa l  approache s 
t o instructio n usag e includ e Manne s &  Kintsch ,  1991 ; 
Kiera s t  Bovair ,  1986 ;  an d Chapman ,  1990 . 

Thi s pape r  develop s a  mode l  o f  instructio n usag e 
wher e instruction s ar e use d afte r  th e agen t  engage s i n 
th e activity .  Th e basi c ide a i s tha t  instruction s ar e use d 
onl y whe n "al l  els e fails" .  Thi s mode l  ha s bee n imple -
mente d i n a  compute r  progra m calle d IIMP .  IIM P relie s 
on th e fac t  that ,  b y readin g th e instruction s durin g th e 
perio d o f  engagement ,  th e meanin g o f  th e instruction s 
can b e clarifie d b y feedbac k fro m th e world .  IIM P i s 

'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 . 

th e instructio n readin g componen t  o f  F L O A B N ^ ,  a n in -
tegrate d architectur e fo r  a n inteUigen t  agent .  Th e cor e 
of  F L O A B N i s a n adaptiv e planne r  whic h interact s i n 
a situatio n largel y b y a  proces s o f  constructin g a n in -
terpretatio n o f  tha t  situatio n (Alterman ,  1988) .  Whe n 
IIM P i s invoked ,  i t  ha s acces s t o th e interpretatio n o f 
th e curren t  stat e o f  th e situatio n o f  engagemen t  tha t 
was constructe d b y th e adaptiv e planner . 

IIM P combine s marke r  passin g (e.g. ,  Norvi g 1989 , 
Charnia k 1986 ,  an d Hendle r  1986 )  wit h summariza -
tio n an d importanc e technique s (e.g. ,  Lehnert ,  1981 ; 
Kintsc h &  va n Dijk ,  1978 ;  Graesser ,  1981 ;  Trabass o & 
van de n Broek ,  1985 )  t o mak e th e connectio n betwee n 
tex t  an d situation .  Thi s yield s tw o results .  First ,  i t 
build s a  representatio n o f  th e instruction s whic h th e 
planne r  ca n proceduraliz e an d the n ac t  upon .  Second , 
IIM P learn s th e 'purpose '  o f  th e instruction s an d add s 
thi s t o semanti c memor y t o ai d futur e interpretation s 
i n simila r  situations . 

Domain and an Example 

Thi s pape r  explore s a  mode l  o f  tex t  understandin g i n 
th e domai n o f  learnin g fro m instructions .  Thi s mode l 
i s develope d i n th e contex t  o f  F L O A B N,  a n integrate d 
syste m fo r  reasonin g abou t  electroni c an d mechani -
cal  devices .  Th e cor e o f  th e syste m i s a n adaptiv e 
planne r  an d plan-learnin g system ,  S C A V E N G ER (Zito -
Wolf  &  Alterman ,  1990) .  Whe n al l  o f  SCAVENGER'S 
plan-adaptin g technique s fail ,  th e secon d componen t  o f 
F L O A B N,  IIMP ,  interpret s th e instruction s provide d 
on o r  nea r  th e device .  Th e capabilit y  t o us e thi s sor t  o f 
human interventio n greatl y reduce s th e possibiht y fo r 
failur e an d th e amoun t  o f  problem-solvin g th e syste m 
must  d o a s i t  deal s wit h real-worl d situations .  Thi s i s 
augmente d b y a  thir d component ,  S P A T R (Goodman , 
Waterman ,  &  Alterma n 1991) ,  whic h use s a  case-base d 
approac h t o reaso n abou t  th e spatia l  conten t  o f  th e in -
structions . 

IIM P use s marke r  passin g technique s t o buil d a  co -
herenc e analysi s o f  th e relationshi p betwee n th e on -
goin g activit y an d th e instructions .  IIM P the n use s 
a summar y o f  th e instruction s t o lear n th e mai n ide a 
the y ar e tryin g t o express .  I f  thi s ide a i s no t  alread y 

'Fo r  Lac k O f  A  Bette r  Name.  Se e [Alterma n e t  al ,  1991 ] 
fo r  furthe r  detail s 
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1.  Pleas e han g up , 
2.  liste n fo r  dia l  tone , 

3.  deposi t  th e require d coin , 
4.  dia l  you r  cal l  again . 

Figur e 1 :  Th e instruction s hear d o n th e pa y phone . 

i n semanti c memory ,  IIM P add s it .  B y doin g so ,  IIM P 
wil l  b e abl e t o us e th e curren t  instruction s t o eas e th e 
understandin g proces s fo r  futur e examples . 

The centerpiec e exampl e i n thi s pape r  wil l  b e a 
F L O A BN simulatio n o f  a n agen t  interactin g wit h a  pa y 
telephon e fo r  th e firs t  time .  Whe n h e approache s th e 
pay phone ,  th e agen t  ha s a  semi-complet e se t  o f  pro -
cedure s fo r  usin g a  hom e phon e an d th e assumptio n 
tha t  th e procedure s fo r  usin g th e pa y phon e wil l  b e 
similar .  Th e sequenc e o f  step s tha t  occur s i s a s fol -
lows :  th e agen t  lift s  th e receiver ,  dial s a  number ,  an d 
hear s tw o ring s followe d b y a  beep .  Immediatel y follow -
in g th e beep ,  a  recordin g give s th e instruction s show n 
i n Figur e 1 .  Durin g thi s sequenc e o f  events ,  SCAV-
E N G ER i s buildin g a  representatio n o f  th e ongoin g ac -
tivit y i n semanti c memory ,  whic h i s availabl e t o IIM P 
when S C A V E N G ER ask s fo r  help .  Usin g thi s represen -
tation ,  th e recorde d instructions ,  an d th e instructio n 
'Fo r  loca l  cas h call s deposi t  te n cent s befor e dialing ' 
fro m th e fron t  o f  th e pa y phone ,  IIM P i s abl e t o ac -
complis h tw o things .  First ,  i t  build s a  representatio n 
of  th e conten t  o f  th e instructions ,  whic h S C A V E N G ER 
i s the n abl e t o proceduralize' ^  an d incorporat e int o it s 
plain .  Second ,  i t  learn s tha t  th e mai n poin t  o f  th e in -
struction s is :  "paymen t  o n a  pa y phon e involve s insert -
in g a  coin" ,  whic h IIM P add s t o semanti c memory .  I n 
subsequen t  encounter s wit h th e pa y phone ,  thi s concep t 
i s use d an d refine d (e.g. ,  refinement s includ e differen t 
type s o f  paymen t  o n a  pa y phone) . 

Three Stages of IIMP: An Overview 

IIM P work s i n thre e stages .  Th e first  stag e o f  IIM P is : 

•  Us e semanti c memor y t o buil d a  coherenc e represen -
tatio n tha t  charjicterize s th e relationshi p betwee n th e 
instruction s an d th e ongoin g activity . 

IIM P construct s a  'copy '  o f  a  coherent ,  internall y 
consisten t  piec e o f  instantiate d semanti c memor y tha t 
represent s th e coherenc e o f  th e instruction s i n rela -
tio n t o th e ongoin g activity .  Eac h nod e i n th e coher -
enc e grap h (o r  'interpretatio n graph' )  i s  eithe r  explic -
itl y  mentione d i n th e tex t  o f  th e instruction ,  a  concep t 
encountere d durin g th e buildin g o f  th e coherenc e repre -
sentation ,  o r  a  concep t  develope d i n th e understandin g 
of  th e ongoin g activit y a s develope d b y th e adaptiv e 
planner ,  S C A V E N G E R. 

The secon d stag e o f  I IM P is : 

•  Reaso n abou t  thi s grap h usin g summarizatio n tech -
nology . 

The se t  o f  procedure s tha t  accomplis h thi s ar e base d 
on th e summarizatio n technique s o f  th e program ,  SS S 

^To conver t  th e "understanding "  int o pla n modifications . 

(Alterma n k  Bookman ,  1991) .  IIM P use s thes e tech -
nique s t o find  th e conceptua l  root s o f  th e interpretatio n 

grap h buil t  i n th e first  stage ,  generat e a  grade d lis t  o f 
th e relativ e importanc e o f  eac h nod e i n th e graph ,  and , 
i n stag e 3 ,  t o produc e a  base-lin e summar y o f  th e in -
terpretatio n graph . 

The thir d stag e o f  IIM P is : 

•  Buil d a  ne w concep t  i n semanti c memor y whic h rep -
resent s wha t  i s learne d fro m th e instructions . 

Thi s stag e use s a  modificatio n o f  Explanation -
base d Learnin g (EBL )  (e.g. ,  DeJon g k  Mooney ,  1986 ; 
Mitchel l  e t  al. ,  1986) .  Sinc e n o goa l  concep t  i s  provide d 
wit h instructions ,  IIM P use s th e informatio n foun d i n 
stag e 2  t o find  th e goa l  concep t  o f  th e instructions . 

Stage 1: Building a Coherence Graph 

Artificia l  intelligenc e treat s tex t  understandin g a s a 
proble m o f  representation ;  a  machin e 'understands '  a 
piec e o f  tex t  t o th e exten t  t o whic h i t  ca n us e it s rep -
resentatio n fo r  suc h task s a s summarizatio n an d ques -
tio n answering .  IIM P build s thi s representatio n b y us -
in g th e 'marke r  passing '  schem e describe d i n Norvig , 
1989 .  (Othe r  example s o f  marke r  passin g method s fo r 
inferencin g o n tex t  ar e describe d i n Charnia k 198 6 an d 
Hendle r  1986. ) 

IIMP' s marke r  passin g techniqu e work s fro m a  se -
manti c memor y structure ,  recognizin g genera l  classe s 
of  inferenc e a s follows : 

1.  Fo r  eac h nod e N  i n semanti c memor y representin g 
th e ongoin g activit y an d eac h wor d i n th e tex t  o f  th e 
instructions ,  do : 

(a )  Fin d th e node s relate d t o N  vi a an y o f  a  relativel y 
smal l  numbe r  o f  predefine d pattern s o f  connectiv -
it y (pat h shapes) . 

(b )  Identif y node s wher e thes e path s mee t  (collisions) . 

Pat h shape s ar e define d b y th e type s an d orde r  o f  link s 
betwee n th e nodes .  Onl y a  fe w collisio n type s ai e de -
fined  o r  needed ;  al l  undefine d collision s ar e ignored . 

Again ,  conside r  th e pa y phon e example .  Thi s stag e 
begin s wit h a  semanti c memor y containin g relevan t 

backgroun d knowledge ,  includin g knowledg e abou t  th e 
curren t  situatio n o f  engagement ,  bu t  wit h n o represen -
tatio n o f  a  pa y telephon e (sinc e thi s i s th e first  tim e 
IIM P ha s encountere d a  pa y phone) .  IIM P passe s 
marker s fro m eac h significan t  wor d i n th e instruction s 
(i.e. ,  word s othe r  tha n 'please' ,  'the' ,  an d 'and') ,  a s 
wel l  a s fro m th e curren t  pla n bein g adapted :  'tele -
phon e plan' .  'Han g up '  i s  foun d t o indicat e tha t  th e 
cal l  shoul d b e restarted .  'Liste n fo r  dia l  tone '  an d 'dial ' 
ar e foun d t o b e step s fro m th e origina l  plan . 

The instructio n 'deposi t  th e require d coin '  cause s a 
collisio n a t  th e 'payment '  node ,  a s illustrate d i n Fig -
ur e 2 .  Th e pat h betwee n 'insert-coin '  an d 'payment ' 
i s  labelle d a s a  'goa l  o f  action '  pat h shape .  Th e pat h 
betwee n 'telephon e plan '  an d 'payment '  i s  labelle d a s 
a 'goa l  o f  plan '  pat h shape .  Th e collisio n define d b y 
thes e tw o pat h shape s i s calle d a  'ne w step '  collision . 
Thi s indicate s tha t  'inser t  coin '  i s  vali d a s a  'ne w step ' 
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cut "tim Iffimtciz' e 
FJymer  t 

p a y m e n t aym. 

crIMv mcrf l 
t»ym»r t 

telephon e pla n 

ti n x;;- '  4 

till 

((hang-u p :typ e instructio n :is a restart-cal l 
:modifie r  ((momentarily)) ) 

(listen-for-dial-ton e typ e instructio n :step-o f  telephone-plan ) 
(insert-coi n typ e instructio n :is a paymen t  :wit h 

((valu e *  ten-cents)) ) 
(dia l  typ e instructio n :modifie r  ((again) )  :8tep-o f  telephone-plan) ) 

Figur e 3 :  Th e result s produce d fo r  S C A V E N G E R. 

Figur e 2 :  Th e collisio n betwee n telephone-pla n an d in -
sert-coi n 

fo r  th e 'telephon e plan' ,  becaus e i t  satisfie s th e goa l 
of  'payment' ,  whic h wa s satisfie d i n th e 'hom e phone ' 
situatio n b y payin g a  monthl y bill . 

When th e marke r  passin g i s completed ,  al l  th e path s 
tha t  wer e involve d i n define d collisions ,  suc h a s thos e 
i n Figur e 2 ,  defin e th e episode :  a  relevan t  subse t  o f 
semanti c memor y whic h represent s th e coherenc e rep -
resentatio n o f  th e text .  Th e episod e wil l  b e use d i n th e 
next  tw o stages .  Thi s representatio n ha s thre e feature s 
tha t  ar e importan t  fo r  th e functionalit y  o f  th e followin g 
stages :  unconnecte d feature s wil l  no t  b e included ,  sinc e 
the y caus e n o collisions ,  thu s eliminatin g irrelevan t  in -
formation ;  i t  i s  a  'copy '  o f  a  piec e o f  semanti c memor y 
(i.e. ,  th e representatio n i s buil t  fro m th e 'vocabulary ' 
and 'structure '  o f  semanti c memory) ;  an d i t  i s  i n th e 
for m o f  a  directe d acycli c grap h (DAG) . 

Stage 2: Analysis of the Coherence 

G r a p h 

Durin g thi s stag e o f  processing ,  IIM P analyze s th e co -
herenc e representatio n o f  th e instruction s tha t  wa s pro -
duce d i n stag e 2 .  Thi s i s don e usin g summarizatio n 
technique s describe d i n Alterma n &  Bookma n (forth -
coming) .  Thes e technique s tak e advantag e o f  th e D A G 
structur e impose d o n th e inpu t  a s a  resul t  o f  th e se -
manti c memor y encodin g durin g th e coherenc e buildin g 
stage . 

The first  ste p i s t o find  th e conceptua l  root s o f 
th e coherenc e graph ;  roughly ,  thes e correspon d t o th e 
basi c notion s o f  th e understanding .  Th e conceptua l 
root s ar e th e minima l  se t  tha t  cover s th e interpretatio n 
graph ,  wher e coverag e i s define d i n term s o f  reachabil -
it y i n grap h theory .  Sinc e th e interpretatio n grap h i s a 
DAG,  th e conceptua l  root s ar e simpl y al l  th e node s 
unreachabl e fro m an y othe r  node .  Th e conceptua l 
root s fo r  th e pa y phon e exampl e ar e P A Y M E N T,  IN -
SERT,  RESTART-CALL ,  an d T E L E P H O N E - P L A N. 
Usin g th e conceptua l  roots ,  IIM P i s abl e t o succinctl y 
explai n th e connectio n betwee n eac h instructio n an d 
th e ongoin g activit y (se e Figur e 3) .  Th e adaptiv e plan -
ner  i s the n abl e t o proceduraliz e thi s connectio n an d 
incorporat e i t  int o a  ne w plan . 

Als o derive d fro m th e coherenc e grap h i s a  measur e 
of  importanc e tha t  quantifie s th e conceptua l  empha -
si s o f  th e understanding .  Th e importanc e o f  an y give n 
node i s roughl y th e numbe r  o f  node s tha t  nod e cov -
ers .  Fo r  example ,  th e mos t  importan t  nod e fro m th e 
pay phon e exampl e i s 'payment '  wit h a n importanc e o f 

12,  th e nex t  i s 'inser t  wit h a n importanc e o f  9 ,  an d s o 
on.  Alterma n &  Bookma n (ibid )  prov e tha t  eac h o f  th e 
most  importan t  node s i s eithe r  a  conceptua l  roo t  o r  i s 
covere d b y on e o f  th e conceptua l  roots .  I n th e nex t 
stage ,  th e importanc e measur e wil l  b e use d i n conjunc -
tio n wit h th e conceptua l  root s t o determin e th e goa l 
concep t  o f  th e example . 

Stage 3: Explanation-based Learning 

The instructions provided with a device provide suffi-
cien t  information ,  whe n rea d i n th e contex t  o f  th e situa ^ 
tio n o f  engagement ,  t o perfor m th e tas k required .  How -
ever ,  th e instruction s provid e mor e informatio n tha n 
simpl y mindles s commands .  Tha t  is ,  no t  onl y d o th e 
instruction s sa y ho w t o accomplis h a  goal ,  bu t  the y 
say ,  implicitly ,  wh y th e step s give n wil l  accomplis h tha t 
goal .  Whil e understandin g th e reason s fo r  takin g a  ste p 
i s no t  necessar y t o perfor m th e step ,  thi s understandin g 
makes i t  possibl e t o lear n fro m thi s implici t  informatio n 
i n a  wa y tha t  ca n ai d i n th e us e o f  instruction s i n futur e 
situations . 

Traditiona l  E B L i s unabl e t o cop e wit h th e possibil -
it y  o f  learnin g fro m instructions .  Thi s i s becaus e E B L 
1)  begin s wit h a  functiona l  descriptio n o f  a  goa l  con -
cept ,  the n 2 )  build s a n explanatio n o f  wh y a  trainin g 
exampl e demonstrate s thi s goa l  concept ,  an d 3 )  gen -
eralize s thi s explanation .  Th e proble m wit h directl y 
applyin g th e E B L approac h i s that ,  frequently ,  instruc -
tion s d o no t  explicitl y  provide d a  goa l  concept .  IIM P 
deviate s fro m E B L b y first  performin g tex t  inferencin g 
t o construc t  a n explanation ,  i n th e for m o f  a  coherenc e 
graph .  IIM P the n determine s th e goa l  concept ,  usin g 
th e mos t  importan t  conceptua l  roo t  fro m thi s graph . 
Moreover ,  th e summar y o f  th e coherenc e grap h serve s 
as th e generalization . 

Generalization as summarization 

Many techniques have been used for forming the gener-
alizatio n i n th e EB L literatur e {partia l  evaluation :  va n 
Harmele n k  Bundy ;  goa l  regression :  Mitchel l  e t  al. ; 
explanatio n patterns :  Schan k fc  Leake) .  Th e ke y t o 
generalizatio n i s t o determin e th e relevan t  feature s o f 
th e trainin g exampl e whil e buildin g th e explanatio n — 
whic h i s exEictl y th e rol e o f  summarization .  Base d o n 
th e result s fro m stag e 2 ,  IIM P construct s a  summarize d 
versio n o f  th e basi c even t  conten t  o f  th e instruction s 
and treat s  i t  a s th e generalization .  Thi s summar y con -
sist s o f  thos e conceptua l  root s wit h abov e averag e im -
portanc e (and ,  implicitly ,  th e subse t  o f  th e D A G whic h 
thes e conceptua l  root s cover) .  Alterma n &  Bookma n 
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(1991 )  empiricall y sho w tha t  thi s summar y ha s fou r  in -
terestin g properties : 

•  coherence :  Th e summar y hold s togethe r  an d mak e 
sense . 

• coverage: The summary covers, at least implicitly, 
many o f  th e event s o f  th e origina l  text . 

• importance: The summary includes the important 
part s o f  th e text . 

•  workload :  I t  take s les s wor k t o construc t  a n inter -
pretatio n o f  th e summar y tha n o f  th e origina l  under -
standing . 

Each o f  thes e propertie s ha s significanc e fo r  th e gen -
ercdizatio n stag e o f  EBL .  Ensurin g tha t  th e generaliza -
tio n constructe d b y E B L provide s coherenc e an d cover -
age mean s tha t  th e generahzatio n wil l  includ e th e im -
portan t  point s o f  th e trainin g exampl e an d wil l  hav e 
interna l  consistency . 

Creatin g a  generalizatio n tha t  decrease s th e work -
loa d fo r  th e syste m i s importan t  fo r  ensurin g th e op -
erationaht y o f  th e result .  Operationalit y require s tw o 
properties :  usabilit y  an d utility .  Tha t  is ,  th e resultin g 
concep t  definitio n mus t  b e usabl e b y th e system ,  an d 
th e resul t  mus t  improv e th e system' s performance .  I t 
i s  importan t  t o explicitl y  sho w operationalit y i n tradi -
tiona l  E B L systems ,  s o th e fina l  resul t  wil l  b e strictl y 
distinguishabl e fro m th e origina l  statemen t  o f  th e goa l 
concept .  Fro m th e perspectiv e o f  summarization ,  th e 
propert y o f  utilit y  i s see n a s equivalen t  t o th e propert y 
of  reduce d workload .  Thus ,  th e utilit y  o f  th e explana -
tio n i s assure d b y th e 'simplification '  propert y o f  th e 
summary . 

Below ,  w e wil l  sho w tha t  th e questio n o f  importanc e 
has additiona l  significanc e fo r  EBL :  th e mos t  importan t 
concep t  o f  th e generadizatio n provide s valuabl e informa -
tio n fo r  determinin g th e goa l  concep t  whe n on e i s no t 
explicitl y  provided . 

Finding the goal concept 

The informatio n tha t  IIM P need s t o deriv e th e goa l 
concep t  come s fro m th e analysi s o f  th e coherenc e grap h 
and th e summarization .  Wha t  remain s o f  th e tas k o f 
finding  th e goa l  concep t  i s t o giv e i t  a  nam e an d decid e 
wher e i t  belong s i n semanti c memory . 

T h e mos t  importan t  concep t  i s relate d t o th e 
goa l  concept .  Th e goa l  concep t  fro m an y tex t  i s  go -
in g t o b e relate d t o th e mos t  importan t  concept .  Thi s 
i s assure d b y th e importanc e measur e itself ,  whic h wa s 
develope d t o choos e th e mai n thrus t  o f  a  piec e o f  text . 
For  th e pa y phon e example ,  th e relationshi p betwee n 
th e goa l  concep t  an d th e mos t  importan t  conceptua l 
roo t  i s  tha t  'paymen t  o n a  pa y telephone '  i s  a n ad -
justmen t  fo r  th e ongoin g activit y o n ho w 'payment '  i s 
achieved . 

T h e mos t  importan t  concep t  i s no t  th e goa l 
concept .  W h e n IIM P bega n reasonin g abou t  th e pa y 
phon e instructions ,  th e notio n o f  paymen t  an d it s con -
nection s t o th e telephon e pla n an d coi n insertio n wer e 
alread y i n semanti c memory .  Analyzin g th e coherenc e 

Instr t 
coi n ^ ' 

ste p 

AT 
servic e 

is a 

payment 
telephon e 

;7p i ^ 

\ situated 
•  pla n 
I 
I 

telephon e pla n 

Figur e 4 :  T h e result s o f  operationalizin g an d classifyin g 
th e goa l  concep t 

grap h identifie d 'payment '  a s th e mos t  importan t  con -
ceptua l  root ,  bu t  I I M P doe s no t  nee d t o lear n abou t 
payment .  W h a t  I I M P doe s nee d t o lear n abou t  i s pay -
m e nt  o n a  pa y telephone ,  an d h o w i t  i s  relate d t o usin g 
a phon e a t  h o m e .  I f  thi s notio n wer e alread y i n se -
manti c m e m o r y ,  th e grap h buil t  i n stag e 1  woul d hav e 
a differen t  character ,  an d th e E B L mechan is m woul d 
ac t  differently .  Alternately ,  i f  th e backgroun d knowl -
edg e wer e to o specific ,  wher e s o m e E B L system s migh t 
buil d a n entirel y n e w concep t  fo r  th e n e w example ,  thi s 
syste m woul d relat e th e n e w exampl e t o th e too-specifi c 
piec e o f  m e m o r y . 

I t  i s  tru e i n genera l  tha t  th e mos t  importan t  con -
cep t  i s no t  th e goa l  concept .  Simpl y put ,  I I M P alread y 
k n o w s abou t  th e concep t  expresse d b y th e conceptua l 
root ,  sinc e i t  wa s copie d directl y f ro m IIMP' s origina J 
m e m o r y .  T h e concep t  I I M P i s  tryin g t o lear n shoul d 
be a  n e w concep t  tha t  s o m e h o w encapsulate s th e un -
derstandin g o f  th e example .  I n othe r  words ,  semanti c 
m e m o ry ha s a  ga p tha t  I I M P need s t o fill. 

Technique . 
IIMP' s E B L techniqu e use s th e result s fro m th e pre -

viou s stage s a s follows : 

1.  Le t  N  b e th e mos t  importan t  concep t  a s determine d 
i n stag e 2  (e.g. ,  'payment') . 

2.  Le t  C  b e th e collisio n occurrin g a t  N  (thi s include s 
th e piec e o f  semanti c networ k define d b y th e collisio n 
as wel l  a s th e collisio n type ,  e.g. ,  'ne w step' ) 

3.  i f  C  i s a  'ne w step '  collision : 

(a )  Le t  N l  b e th e beginnin g o f  th e 'goa l  o f  plan '  pat h 
shap e (e.g. ,  'telephon e plan') . 

(b )  Le t  N 2 b e th e beginnin g o f  th e 'goa l  o f  action ' 
pat h shap e (e.g. ,  'inser t  coin') . 

(c )  Creat e a  ne w node ,  X ,  usin g N l  an d N  (e.g. ,  'pay -
ment  telephon e plan') .  X  i s a  'situate d plan '  o f 
N l ,  an d N 2 i s a  'step '  fo r  X . 

4.  i f  C  i s a  'simila r  action '  collision : 

The ne w piec e o f  semanti c buil t  b y thi s techniqu e i s 
consisten t  wit h th e res t  o f  semanti c memory ,  an d wil l 
maintai n th e integrit y o f  th e marke r  passin g i n late r 
scenarios . 

Classifying the goal concept 

The previou s ste p operationalize d th e goa l  concept , 
'paymen t  o n a  pa y telephone' ,  addin g al l  th e relevan t 
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informatio n fro m th e instruction s t o semanti c memory . 
Thi s involve d givin g i t  a  nam e an d a  plac e i n semanti c 
memory.  However ,  th e structur e o f  semanti c memor y 
provide s som e implici t  informatio n whic h ca n b e mad e 
explici t  now .  Thi s informatio n coul d b e foun d whe n 
doin g tex t  inferencin g (stag e 1) ,  bu t  makin g semanti c 
memory mor e explici t  no w wil l  mak e futur e inference s 
more efficient . 

I n particular ,  IIM P find s th e relationshi p betwee n 
th e goa l  concep t  an d th e node s covere d b y th e mos t 
importan t  concept .  B y passin g marker s fro m th e ne w 
node i n semanti c memory ,  IIM P i s abl e t o lear n mor e 
fro m ho w i t  i s  relate d t o othe r  concept s i n semanti c 
memory.  I n th e cas e o f  th e pa y phon e example ,  th e ne w 
concept ,  'paymen t  telephon e plan' ,  ha s a  relationshi p 
wit h th e origina l  telephon e pla n a t  th e 'service '  node ,  s o 
an 'isa '  lin k i s adde d fro m th e ne w concep t  t o 'service' . 

The final  resul t  o f  operationahzin g an d classifyin g 
th e goa l  concep t  fo r  th e pa y phon e i s show n i n Figur e 4 . 

Summary and Remarks 

The proble m o f  readin g a n instructio n i n th e contex t 
of  th e ongoin g activit y i s a  proble m o f  tex t  inferenc -
ing .  IIM P combine s th e advantage s o f  marke r  passin g 
and summarizatio n t o produc e a  coheren t  interpreta -
tio n tha t  i s  buil t  i n relatio n t o pla n notion s an d ac -
tion s an d i s give n i n a  for m tha t  a  planne r  ca n us e t o 
construc t  a  ne w plan .  Thi s approac h i s abl e t o pro -
vid e informatio n tha t  i s unavailabl e whe n instructio n 
usag e i s separate d fro m action ,  and ,  thereby ,  increase s 
th e domain s i n whic h a  planne r  i s abl e t o act . 

Usin g a n augmente d versio n o f  explanation-base d 
learning ,  IIM P i s abl e t o buil d ne w concept s i n seman -
ti c memory ,  thu s makin g th e conten t  o f  th e instruction s 
availabl e fo r  us e whe n interpretin g futur e instruction s 
fo r  th e device .  Fo r  example ,  a  subsequen t  encounte r 
wit h th e pa y phon e involve s paymen t  fo r  a  lon g dis -
tanc e call .  Rathe r  tha n constructin g th e interpretatio n 
of  paymen t  fro m scratch ,  IIM P simpl y augment s th e 
interpretatio n buil t  durin g th e first  encounte r  wit h th e 
pay phone . 
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