


CHAITER 16 

Integrating Slull and Knowledge 
in Expert Agents 

An empirical charaiterinic of  he drveloyment PC expertise is the trandunna- 
tion of deliberative, "c~mcious" activity to inole autuniatic Corms. In this 
chapter, we wlll discuss knowledge organizatiton and rrpresenlallon for sk~lls. 
and the inregration of skills with knowledge We 1~111 ~ l l u s~ ra t e  our concepts  
by discussing a few implemented agents 111 hadware and soltware ,4n undcr- 
lying  heme for our formal representations is cm17i~drnrnl of knowledge %" 
define embodiment as the riotion that the rep1 t s rn ru ! len  onrl nrcnsron ql r ~3nirpr 5 

is in part determined by the physiology (the b ~ d i l y  lunctinns! of an agent.  and 
in part by the interaction of the agent with its envrrclnment" (Hexmoor, Lam- 
mens and Shapiro 1993, p. 326). With this piior defini~lon. all comyu~er rep- 
rrsentalions are ernbodimcnts o l  their hardware and how ihry art: used in in- 
teraction wlth other agenls. We intend our definiuon tv apply to agents t h a ~  
physically manipulate the environment and themselves have phywcally m 0 ~ -  
ing parts. Furthermure, we use our definition as a prescription Tor de~eloping 
representations ~nstead of a descriplion of all posslble represenlatlons lVt: 

have developed an autonomous agent architecture that incorporales action 
and perception which are embodied in terms oi  the moving parts and the dy- 
namics of the moving parts when the agent interacts with the world. 

It seems clear that book knowledge dlfiers from praclical knowledgr. Fur 
example, an automobile driver uses a combination o l  his book knowledge of 
driving rules and tips as well as practical knowledge in his actual drivlng In 
this chapter, we will not fucus or1 this distinction. Instead, we are concerned 
with the balance of using knowledge and skill over time as two componenls 
of expertise. klenceforth, skills m his chapter refer to motor skills. For us, 































FXeCUte 2 3  and ct4 are two o ~ h e r  cornmand transttionj tha! al-t. learned anrl 
~ h c  tranw~bc>ns al-c self-e171den~ Irorr~ the  hgurc 

Inzltad ol learning through repetluon as 11 rwurs  w t t ~  automaticity map- 
pmgs 101- every nrwel slLuaLIon In PMA were s ~ o r t d  in ~hc PML (1.e , one ~nal 
learning). After ihr. first gamr ended, Gabby hrgarj succeeding Fame3 w ~ t h  

partially learned FMAs and contmued learnmng The game ~nvolvrd tughly r e -  

curnng patterns of mieraclion. inl~racr~ulls  In situa~ions per-ccived a5 11531- 

range and In put-suii werr fa]- morc common than nther parterm ol inlrrar- 
ikon Becausr pltterns oi inieracuon were repealed, novel atua t ions becamc 
raw, anri thr. ralc of learmng was ii~vc~-stly propoi-~lonal tu tlmc 

Wc. nrw turn La Ger~y. in thls agrnL, when the KL d e ~ r i - n ~ ~ n c s  an act~on. 11 

submit!, 11ia1 acuo~: to thc. PML, wherc actions haw a rnt. tr l  onc. Lorrespon- 
dentc w t h  behaviors T!w P M  t cornlnands I~avc. no d ~ r e a  countt.rpai-b In thy 
KL. 11-1 Gerry, w t  assumc thai  a1 [hi PML thew arc a finl~c number o! actualor5 
a l ~ d  corrcspond~ng commnnd~  When tht. KL decides on actlon A, sny all- 
nrrlacli m r  nbn:ci, a1 tht. PML a numbel- oT commancl nansi~ions ai-e LoWtJ-LlCl- 
r d  onc /or t a c h  actuaior ~omrnand. Unlikt Labh) ,  In w h ~ c h  a commantl t lan-  

sirion F, but11 101- each sumulus/responsr pail a \  thc. KL, 111 Gerry iol- each KL 
s~lmulus/respomse pau a set oi  com~nand tmnslnonr. 11; constructed 

In the iollow~ny; subsection, we discus; Icarmng a1 the- I<L as a I-esull 01 
mlgi-ation from rhr PI41 

"Unconscious" LO "Conscious" Migrat~on 

When a recurling pattern ol iniencrlon between an agent and ~ t s  envii-on- 
nlrnr fi de lec~ed  a1 the "unconsc~nus' levtl and thls intrractlon is cons~slent- 
1). bcnrf~cia! ior tlx agent in t h ~  sense that it alwayz put; the agenr in a nlorc 
"deslrable" sLalr. a concrpL can  be constructed a1 thc " C ~ ~ ~ E C I O U ~ ~  Ievel tc rep- 
resent this pattern \Ve comlde~ this type of rniganor~ irom the PM-kvel to 
chc l<L a form of slnlJ aiqu ~ S L L ~ O I I  or habit-{n~nzatio17 

Tv c:lllustl-a~c. a pattcrv 01 inicractlm at the PML consists ol a sequence ai  
commands. C (c.g.. I,, L ? ,  .. . , c,! and the sltuarlons. 5 (E g., 5 , ;  s 2 .  , s,,j [fir 

whrch rhese commands were generaled All commands m thr sequcnLc wert 
generated wh~lc  bchavior B was in efIect E ma!, 01 may nnl haw a p a l  coun- 
Lerpart. C. a: tht. I;L I f  ir h a  a new act. A. 1; crcated LO nalicl Ior L', and  he 
triple -s , , i;. ,4,. 1s ~n~gratecl LO the l iL.  .4! the KL, the knoulledgc r i ~ a r  s !  is the 
pircondi11~71-, oI C 15 consu-uc~ecl Ln case thew is no c r n ~ c s p o ~ ~ t l ~ n ;  goal m 
thc I<L, a 11nmit1ve acl m c l  the siruallnn s! that tnggctrd the jcquencr O F  
commands. C b e . ,  the p r c i - o n d ~ t ~ o ~ ~  {or c,:)  1s migrated Thi: situaaon, 5 , .  

w ~ l l  pln! ~ h c  rolr, of a p r e ~ m ~ d i ~ ~ o r ~  [or the aci 3 From this tr-iplc, knowleds!. 
coi?~r~.ucis arc. cr-ea~ed to rellec~  he lac1 ;ha1 s ,  ts thc p~-econdltlon nl C, ,4150 
Icarned I.; thc ~ ~ l a u r l ~ n g  knowledge 1lla1 ever!, LLmc G needs 10 be achlevecl. A 
shruld I3t ~~c~-~o l -med 
















