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Learnin g i n C o m p l e x Environments :  Biologica l  an d Artificia l  Adapt iv e 

Behavio r 

Maja J Mataric 
Vole n Cente r  fo r  Comple x System s 

Compute r  Scienc e Departmen t 
Brandei s Universit y 

Waltham ,  M A 0225 4 
maj  aQcs.brandeis.ed u 

I n th e las t  decade ,  th e problem s bein g treate d i n Ar -
tificia l  Intelligenc e an d Robotic s hav e witnesse d a n in -
creas e i n complexit y a s th e domain s unde r  investigatio n 

hav e transitione d fro m theoreticeill y  clea n scenario s t o 
more comple x dynami c environments .  Agent s tha t  mus t 
adap t  i n environment s suc h a s th e physica l  world ,  a  fac -
tor y floor,  a n activ e ecolog y o r  economy ,  an d th e Worl d 
Wid e W e b ,  challeng e traditiona l  assumption s an d ap -
proache s t o learning .  A s a  consequence ,  nove l  method s 
fo r  automate d adaptation ,  actio n selection ,  an d ne w be -
havio r  acquisitio n hav e becom e th e focu s o f  muc h re -
searc h i n th e field. 

Thi s worksho p wil l  focu s o n situate d agen t  learnin g i n 
challengin g environment s tha t  featur e noise ,  uncertainty , 
and comple x dynamics .  I n al l  case s w e wil l  consider , 
learnin g an d adaptatio n occur s durin g th e lifetim e o f  a 
complet e agen t  situate d i n a  dynami c environment ,  an d 
must  dea l  wit h man y th e followin g challenges : 

• learning from ambiguous perceptual inputs 

• learning with noisy/uncertain action/motor outputs 

• learning from sparse, irregular, inconsistent, and noisy 
reinforcement/feedbac k 

• learning in real time 

• combining built-in and learned knowledge 

• learning in complex environments requiring general-
izatio n i n stat e representatio n 

• learning from incremental and delayed feedback 

• learning in smoothly or discontinuously changing en-
vironment s 

The goal of this workshop is to bring together four 
researcher s dealin g wit h jus t  thos e problems .  Th e 
fou r  speaker s o f  th e worksho p ar e Simo n Giszter ,  Maj a 
Mataric ,  Andre w Moore ,  an d Sebastia n Thrun .  Eac h 
has experienc e wit h differen t  aspect s o f  adaptiv e behav -
io r  an d learning ,  an d wil l  eac h presen t  thei r  wor k an d 
insights .  Al l  wil l  shar e a  c o m m o n threa d o f  dealin g 
wit h comple x adaptiv e agent s an d domains ,  bu t  eac h 
wil l  introduc e a  differen t  methodolog y t o dealin g wit h 

th e m a n y challenge s o f  learnin g an d adaptiv e behavio r 
i n comple x environments . 

• Simon Giszter will give a biological perspective, 
overviewin g th e comple x mechanism s involve d i n bi -
ologica l  moto r  contro l  an d learning . 

• Maja Mataric will overview the issues involved 
i n learnin g i n a  complex ,  multi-robo t  domain ,  an d 
presen t  th e result s o f  applyin g a  behavior-base d ap -
proac h t o contro l  an d learnin g i n tha t  domain . 

• Andrew Moore will describe the issues involved in 
applyin g integrate d reinforcemen t  learnin g t o a  com -
ple x factor y domain . 

• Sebastian Thrun will present a framework for life-
lon g learning ,  a n approac h t o reusin g knowledg e fro m 
what  th e agen t  ha s previousl y learned . 
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