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A CENTRAL PROBLEM I N REPRESENTING HUMAN KNOWLEDGE 
I N ARTIFICIA L SYSTEMS:  TH E TRANSFORMATION O F 

INTRINSI C INT O EXTRINSI C REPRESENTATIONS 

*  «  r 
Gerhar d Dir l ic h ,  Chr is t ia n Freks a ,  Ulr ic h Furbac h 

Max-Planck-Institut fur Psychiatrie, Munich, West Germany 
Hochschul e de r  Bundesweh r  Munchen ,  Neub iberg ,  Wes t  German y 

THREE PROBLEM SOLVIN G SITUATION S 

Progre s 

Ther e ar e tw o vers ion s o f  th e SPM.  On e vers io n al low s phys ica l 
manipulat io n o f  th e solut io n set ,  i.e. ,  pape r  card s ca n b e phys ica l l y in -
serte d int o a  slo t  i n th e tes t  patter n (si tuat io n A ) .  I n th e othe r  ve r -
s ion ,  tes t  patter n an d solut io n se t  ar e pr inte d o n th e sam e pag e o f  a 
book le t ,  s o tha t  th e subjec t  ca n visual l y inspec t  tes t  pat ter n an d so lu -
tio n se t  (si tuat io n B ) . 

Let us consider an hypothetical situation where an artificial prob-
le m solvin g syste m play s th e puzzl e (si tuat io n C ) . 

In all three situations the problem is given in the physical world. 
I n s i tuat io n A ,  th e proble m ca n b e solve d b y physica l  manipu la t io n o f  th e 
ob ject .  Th e subjec t  ha s solve d th e proble m a s soo n a s h e ha s obta ine d a 
"goo d f igure "  (c.f .  ANDERSON 1980 ,  pp .  5 3 - 5 4 ) .  Not e tha t  th e subjec t 
doe s no t  necessar i l y  nee d a  representat io n o f  th e problem ,  a s such ,  i n 
hi s mind .  Tha t  is ,  h e ma y manipulat e eac h o f  th e eigh t  ob ject s an d onl y 
perceiv e th e problem ,  pos t  hoc .  I n cont ras t ,  s i tuat io n B  requi re s som e 
menta l  representat io n o f  th e problem .  B y apply in g cogni t iv e p rocedures , 
th e physica l  proble m solvin g proces s ca n b e mental l y s imula ted .  Then , 
th e menta l  solut io n tr igger s a n appropr iat e act io n i n th e physica l  p rob -
le m world .  I n s i tuat io n C ,  th e proble m mus t  b e represente d i n th e domai n 
of  th e art i f ic ia l  system . 

In the present paper we will discuss the general structure of situ-
atio n C  i n th e l igh t  o f  cogni t iv e representat io n theor y (PALME R 1 9 7 8 ) . 
We bel iev e tha t  thi s ca n clari f y som e aspect s o f  th e representa t io n o f 
human knowledg e i n ar t i f ic ia l  sys tems .  We sugges t  issue s i n knowledg e 
representat io n whic h requir e furthe r  stud y fo r  a  bet te r  unders tand in g o f 
intel l igen t  behavior . 



MEDIA O F REPRESENTATION 

A close-up look at the structure of the problem solving procedures 
i n s i tua t ion s A ,  B ,  an d C  reveal s som e importan t  d i f fe rence s (Fig .  2 ) . 

They differ with respect to the structure of the problem solving proce-
dure ,  espec ia l l y wit h th e type s o f  representa t io n involved .  Th e proble m 
so lv in g procedur e i n s i tuat io n C  ca n b e broke n u p int o a  sequenc e o f 
sub tasks :  1. )  th e creat io n o f  a  symbol i c representa t io n o f  th e phys ica l 
prob le m ( c i n F ig .  2 C ) ,  an d 2. )  it s t ransformat io n int o a  computat iona l 
represen ta t io n ( d i n F ig .  2 C ) .  I n cas e a  symbol i c representa t io n o f  th e 
prob le m i s genera te d outs id e th e symbo l  process in g syste m (soli d bo x i n 
F ig .  2 C ) ,  th e tas k o f  th e syste m i s a  c lassica l  symbo l  process in g task . 
The preced in g genera t io n o f  th e symbol i c representa t io n o f  th e real -wor l d 
proble m mus t  st i l l  b e don e b y a  human . 

Is it possible to move the interface of the system in between real-
wor l d proble m an d it s symbol i c representa t ion ? I n othe r  words :  i s i t 
poss ib l e t o creat e symbol i c representa t ion s o f  real -wor l d problem s auto -
mat ica l l y ? I n th e fo l lowing ,  w e wil l  d iscus s thi s quest io n fro m th e 
perspect iv e o f  representa t io n theory . 
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Fig .  1 : 
Proble m C7 fro m th e Standar d Progressiv e Matrice s 
intelligenc e test .  Uppe r  part :  tes t  pattern , 
missin g fiel d a t  lowe r  righ t  corner . 
Lower  part :  multipl e chois e solutio n set . 

Fig .  2 : 
Thre e proble m solvin g situations .  Th e proble m i s 
give n i n th e physica l  world .  I n situatio n A  i t  i s 
solve d b y physica l  procedures .  I n situatio n B  th e 
proble m an d it s solutio n i s mentall y simulated . 
I n situatio n C ,  a  simboli c representatio n o f  th e 
proble m i s generate d whic h the n i s fe d int o a n 
artificia l  proble m solvin g system . 



TRANSFORMATION O F INTRINSI C INT O EXTRINSI C REPRESENTATIONS 

Representation theory appears to be a powerful tool for a more 
detai le d stud y o f  th e generat io n o f  symbol i c rep resen ta t ion s o f  p rob lem s 
i n th e rea l  wor ld .  Fol lowin g Palme r  ( 1 9 7 8 ) ,  a  represen ta t io n syste m 
mainl y cons is t s o f  tw o re lated ,  bu t  funct iona l l y separa te ,  w o r l d s .  I n 
orde r  t o specif y a  representat io n system ,  fiv e aspect s hav e t o b e de -
fine d : 

1. what the represented world is, 
2 .  wha t  th e represent in g worl d i s , 
3.  wha t  aspect s o f  th e represente d worl d ar e bein g modeled , 
4.  wha t  aspect s o f  th e represent in g worl d ar e doin g th e mode l l i ng , 
5.  wha t  th e cor respondence s betwee n th e tw o wor ld s a re . 

The two worlds in such a representation system consist of objects that 
ar e character ize d b y th e re lat ion s amon g them .  Th e cor respondenc e betwee n 
th e represente d worl d an d th e represent in g worl d mus t  preserv e a t  leas t 
some o f  thes e re la t ions .  Tw o fundamental l y d i f feren t  form s o f  rep resen ta -
tio n shoul d b e d is t ingu ished :  intr insi c an d extr ins i c ones .  A  rep resen -
tatio n i s cal le d intr insi c wheneve r  a  represent in g re lat io n ha s th e sam e 
inheren t  constra int s a s it s represente d re la t ion ;  i t  i s  cal le d ex t r ins i c 
wheneve r  th e inheren t  structur e o f  a  represent in g re la t io n i s arb i t rar y 
and tha t  o f  th e represente d relat io n i s not . 

Let us assume here that the creation of a symbolic representation is 
a two-ste p process :  i n th e f irs t  s tep ,  a n analog ,  "natura l  i somorph ism "  -" " 
typ e representat io n (SHEPAR D 1975 )  i s created .  I n a  secon d s tep ,  th e 
analo g representat io n i s t ransforme d int o a  symbol i c represen ta t ion .  A 
symboli c representat io n i s a  preposi t iona l  representa t io n whic h i s su f f i -
cientl y complet e fo r  solvin g th e problem . 

Palmer (1978) has argued that analog representations are intrinsic, 
wherea s preposi t iona l  representat ion s ar e ex t r ins ic .  Thus ,  th e jus t 
state d assumpt io n al low s fo r  a n interest in g conc lus ion :  th e t rans fo rma -
tio n o f  th e analo g representat io n int o a  prepos i t iona l  representa t io n 
require s th e generat io n o f  a n extr insi c representat io n fro m a n in t r ins i c 
one ;  thi s proces s i s a  crucia l  ste p i n generat in g a  symbol i c rep resen ta -
t ion . 

The entire problem solving process is now segmented into three major 
subtasks .  On e subtas k i s th e t ransformat io n o f  a n analo g representa t io n 
int o a  prepos i t iona l ,  i.e .  symbol ic ,  representa t ion .  We hav e jus t  c la r i -
fie d tha t  thi s proces s transform s a n intr insi c representa t io n int o a n ex -
trinsi c one .  Th e othe r  tw o subtasks ,  th e generat io n o f  th e ini t ia l 
analo g representat io n (cf .  MARK 1976 )  an d th e symbol i c proble m solv in g 
procedur e (cf .  SIMO N 1978 )  ar e relat ivel y wel l  unders tood . 

ANALOG - PROPOSITIONAL DUALISM 

Analog and prepositional representations are regarded as the two 
majo r  candidate s o f  representat ion s i n huma n memory .  We wil l  br ief l y 
poin t  ou t  sem e o f  th e impact s o f  th e so-cal le d analo g -  prepos i t iona l 
controvers y i n psycholog y (PYLYSHY N 1973 ,  KOSSLYN 1976 )  e n ar t i f ic ia l 



i n t e l l i gence .  Specu la t ion s abou t  th e natur e o f  represen ta t ion s i n huma n 
memory ,  accord in g t o whic h the y ar e ei the r  analo g o r  p repos i t i ona l ,  ca n 
be t race d bac k t o p re -sc ien t i f i c  t imes .  Psycho log is t s hav e com e u p wit h 
emp i r i ca l  suppor t  fo r  e i the r  typ e o f  rep resen ta t ion .  Th e stat e o f  th e 
ar t  i s  probabl y bes t  descr ibe d a s a  growin g be l ie f  tha t  "ana log "  an d 
"p repos i t i ona l "  descr ib e d i f fe r in g appearance s o f  a  uniqu e under ly in g 
for m o f  r ep resen ta t i on . 

It might be appropriate to view our present understanding of repre-
sen ta t io n i n memor y no t  a s a  cont rovers y bu t  rathe r  a s a n analo g 
p repos i t i ona l  dual is m muc h l ik e th e wav e -  par t ic l e dual is m o f  l igh t  i n 
p h y s i c s . 

If we assume this point of view, some questions are shifted into the 
focu s o f  in teres t  whic h hav e no t  bee n deal t  wit h ex tens ive ly ,  s o far : 
1. )  Wha t  ar e th e cond i t ion s unde r  whic h knowledg e appear s i n analo g o r 
p repos i t i ona l  form ,  respec t i ve ly ? Thi s i s a  quest io n aime d a t  cogni t iv e 
psycho log i s t s ;  2. )  Ho w ca n t rans format ion s betwee n on e for m an d th e 
othe r  b e descr ibe d fo rmal ly ? Thi s i s a  quest io n aime d a t  A I .  Ther e hav e 
bee n a t tempt s t o develo p par t ia l  ad-ho c so lu t ion s wi th i n specia l  domain s 
(e.g .  WINSTON 1 9 7 5 ) .  However ,  t o th e knowledg e o f  th e au tho rs ,  ther e 
hav e bee n n o su f f i c ien t l y genera l  approache s o n th e leve l  o f  rep resen ta -
t io n theory . 

CONCLUSION 

Let us return to the picture puzzle depicted in figure 1. What 
woul d a  p repos i t iona l  representa t io n o f  thi s proble m loo k l ike ? Clear ly , 
many symbol i c rep resen ta t ion s ar e poss ib le .  We out l in e on e o f  them : 

The test pattern consists of 9 fields. The position of each field can be 
p ropos i t iona l l y descr ibe d b y it s ro w (x )  an d it s co lum n ( y ) . 

The position of the black square relative to its field can be described 
wi t h respec t  t o thre e row s (x' )  an d thre e co lumn s ( y ' ) . 

Obviously, the proposition (x' = x) & (y' = y) holds for the 8 complete 
f ie ld s o f  th e tes t  pa t te rn . 

Thus, one must conclude that it should also hold for the missing field. 
The re fo re ,  pa t te r n 5  i n th e so lut io n se t  i s co r rec t . 

The idea behind this representation can be summarized as follows: the 
pos i t i o n o f  th e blac k squar e re la t iv e t o it s f iel d i s th e sam e a s th e 
pos i t io n o f  th e f iel d re la t iv e t o th e ent i r e tes t  pa t te rn .  Obv ious ly , 
th e p repos i t i ona l  representa t io n doe s no t  immediate l y pe p ou t  o f  th e 
p i c tu re .  O n th e con t ra ry ,  onc e th e solut io n o f  th e puzzl e i s foun d i t 
appear s a s a n a r t i f i c i a l ,  no t  easi l y graspabl e pest-ho c jus t i f i ca t io n o f 
th e dec is ion . 

The prepositional depiction of the problem given above is based on a 
number  o f  p roper t ie s whic h ar e in t r ins ica l l y represente d i n th e analo g 
rep resen ta t i o n g ive n b y f igur e 1 .  Th e complex i t y o f  th e prepos i t iona l 
rep resen ta t i o n s tem s fro m th e d i f f i cu l t ie s w e hav e i n t ransformin g 
in t r ins i c rep resen ta t ion s int o ext r ins i c ones .  I n othe r  wo rds ,  i t  ma y 



requir e mor e menta l  ef for t  an d mor e in te l l igenc e t o t rans la t e th e p rob -
le m int o a  representa t io n whic h i s appropr ia t e fo r  ou r  p resen t  s ymbo l -
base d prob lem-so lv in g procedure s tha n t o solv e th e proble m i n othe r  w a y s . 
Two a l ternat iv e approache s ar e conce ivab le :  1. )  t o desig n in te l l i gen t 
device s whic h ca n direct l y operat e o n analo g rep resen ta t i ons ,  o r  2. )  t o 
explor e th e proble m o f  t ransformin g intr insi c int o ex t r ins i c r ep resen ta -
t ion s an d t o develo p a lgor i thm s whic h ca n per for m suc h t r ans fo rma t i ons . 
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