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Agent  con t ro l  i s  a  ho t  bu t  cha l l eng ing  r e sea rch  top ic  wh ich  cove r s  ma ny  
r e sea rch  f i e lds ,  such  a s  evo lu t iona ry  computa t ion ,  mach ine  l ea rn ing ,  neura l  
ne tworks ,  e t c . .  Va r ious  approaches  have  been  p roposed  to  gu ide  agen t s '  
ac t ions  in  d i ffe ren t  env i ronmen t s .  Evo lu t iona ry  Computa t ion  (EC)  i s  o f t en  
chosen  to  con t ro l  agen t s '  behav io r s  s ince  i t  can  gene ra t e  t he  bes t  con t ro l  
po l i cy  th rough  evo lu t ion .   
 
Gene t i c  Ne twork  Programming  i s  a  newly  deve loped  EC me thod  which  
chooses  the  d i r ec ted  g raph  s t ruc tu re  a s  i t s  ch romosome .  High  expres s ion  
ab i l i t y  o f  t he  g raph  s t ruc tu re ,  r eusab i l i t y  o f  nodes  and  r ea l i za t ion  o f  pa r t i a l ly  
obse rvab le  p rocesses  enab le  GNP to  dea l  wi th  many  complex  p rob lems  i n  
dynamic  env i ronment s .  One  o f  the  d i sadvan tages  o f  GNP i s  t ha t  i t s  gene  
s t ruc tu re  may  become  too  compl i ca t ed  a f t e r  gene ra t ions  o f  t he  t r a in ing .  In  
t he  t e s t i ng  phase ,  i t  migh t  no t  be  ab l e  t o  adap t  t o  t he  new env i ronmen t  ea s i ly  
and  i t s  gene ra l i za t ion  ab i l i t y  i s  no t  good .  Th i s  i s  because  the  imp l i c i t  
me mory  func t ion  o f  GNP i s  no t  enough  when  dea l ing  wi th  dynamic  agen t  
con t ro l  p rob lems .  The re fo re ,  exp l i c i t  me mory  should  be  a ssoc i a t ed  wi th  GNP 
in  o rde r  t o  exp lore  i t s  fu l l  po ten t i a l .  
 
Var ious  r e sea rch  has  r evea led  tha t  me mory  schemes  cou ld  enhance  EC in  
dynamic  env i ronmen t s .  Th i s  i s  because  s to r ing  the  use fu l  h i s to r i ca l  
i n fo rma t ion  in to  the  me mory  cou ld  improve  the  sea rch  ab i l i t y  o f  EC.  Insp i r ed  
by  th i s  i dea ,  a  GNP-based  me mory  sche me  named  "Gene t i c  Ne twork  
Programming  wi th  Ru le  Accumula t ion"  (GNP-RA)  i s  p roposed  in  th i s  t hes i s .  
Focus ing  on  th i s  i s sue ,  i t  i s  s t ud ied  in  t he  fo l lowing  chap te r s  o f  t h i s  t hes i s  
how to  c rea t e  ac t ion  ru l e s  and  use  them fo r  agen t  con t ro l ,  how to  improve  the  
pe r fo r mance  fo r  agen t  con t ro l  i n  Non-Markov  env i ronmen t s ,  how to  p rune  the  
bad  ru l es  t o  improve  the  qua l i t y  o f  t he  ru l e  poo l ,  how to  bu i ld  a  ru l e  poo l  
adap t ing  to  the  env i ronmen t  changes  and  how to  improve  the  robus tness  o f  
t he  ru l e  poo l  by  c rea t ing  more  gene ra l  ru l e s .  The  o rgan iza t ion  o f  th i s  t hes i s  
i s  a s  fo l lows .  
 
Chapter 1  desc r ibes  the  r e sea rch  background ,  p rob lems  to  be  so lved  and  
ou t l i ne  o f  t he  t hes i s .  Some  c l as s i ca l  me thods  in  t he  domain  o f  evo lu t iona ry  
computa t ion  and  r e in fo rcemen t  l ea rn ing  a re  r ev iewed .   
 
Chapter 2  des igns  t he  gene ra l  f r a mework  o f  GNP-RA,  which  con ta ins  two  
s t ages .  In  the  t r a in ing  s t age ,  t he  node  t r ans i t i ons  o f  GNP a re  r eco rded  a s  
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ru l e s  and  s to red  in to  the  ru l e  poo l  gene ra t ion  by  gene ra t ion .  In  the  t e s t ing  
s t age ,  a l l  t he  ru l e s  i n  t he  ru l e  poo l  a r e  used  to  de t e rmine  agen t s '  a c t ions  
th rough  a  un ique  ma tch ing  degree  ca l cu la t ion .  The  very  d i f fe ren t  po in t  o f  
GNP-RA f rom the  bas i c  GNP i s  tha t  GNP-RA uses  a  g rea t  number  o f  ru le s  to  
de t e rmine  agen t s ’ ac t ions .  However,  GNP cou ld  use  on ly  one  ru l e  
co r re spond ing  to  i t s  node  t r ans i t i on .  The re fo re ,  t he  gene ra l i za t ion  ab i l i t y  o f  
GNP-RA i s  be t t e r  t han  tha t  o f  GNP.  Moreove r,  GNP-RA cou ld  make  use  o f  t he  
p rev ious  expe r i ences  in  the  fo rm o f  ru l e s  to  de t e r mine  agen t s ’ cu r ren t  ac t ion ,  
wh ich  means  tha t  GNP-RA cou ld  l ea rn  f rom agen t s ’ pas t  behav io r s .  Th i s  a l so  
he lps  the  cu r ren t  agen t  t o  t ake  cor rec t  ac t ions  and  improve  i t s  pe r fo rmance .  
S i mula t ions  on  the  t i l e -wor ld  demons t r a t e  t ha t  GNP-RA cou ld  ach ieve  h ighe r  
f i t nes s  va lues  and  be t t e r  gene ra l i za t i on  ab i l i ty.   
 
Chapter 3  a i ms  to  so lve  the  pe rcep tua l  a l i a s ing  p rob lem and  improve  the  
pe r fo r mance  fo r  agen t  con t ro l  i n  non-Markov  env i ronmen t s .  The  pe rcep tua l  
a l i a s ing  p rob lem re fe r s  t o  t ha t  d i ff e r en t  s i t ua t ions  seem iden t i ca l  t o  agen t s ,  
bu t  d i ff e r en t  op t imal  ac t ions  a r e  r equ i red .  In  o rde r  to  so lve  th i s  p rob lem,  a  
new ru l e -based  mode l ,  "GNP wi th  mul t i -o rde r  ru l e  accumula t ion"  
(GNP-MRA)  i s  p roposed  in  th i s  chap te r.  Each  mul t i -o rde r  ru l e  r eco rds  no t  
on ly  the  cu r r en t  env i ronment  i n fo rmat ion  and  agen t ' s  ac t ions ,  bu t  a l so  the  
p rev ious  env i ronmen t  in fo rma t ion  and  agen t ' s  ac t ions ,  wh ich  he lps  agen t s  to  
d i s t ingu i sh  the  a l i a s ing  s i tua t ions  and  t ake  p rope r  ac t ions .  S i mula t ion  r e su l t s  
p rove  the  e ff ec t iveness  o f  GNP-MRA,  and  r evea l  t ha t  t he  h ighe r  t he  ru l e  
o rde r  i s ,  t he  more  in fo rma t ion  i t  c an  r ecord ,  and  the  more  eas i ly  agen t s  can  
d i s t ingu i sh  d i ffe ren t  a l i a s ing  s i tua t ions .  
 
Chapter 4  f ocuses  on  how to  improve  the  qua l i ty  o f  the  ru l e  poo l .  Two  
improve men t s  a re  made  in  o rde r  to  r ea l i ze  th i s .  One  o f  t hem i s  t ha t  du r ing  
the  ru l e  gene ra t ion ,  r e in fo rcemen t  l ea rn ing  i s  combined  wi th  evo lu t ion  in  
o rde r  t o  c r ea te  more  e ff i c i en t  ru l es .  The  ob ta ined  knowledge  du r ing  the  
runn ing  o f  t he  p rogram cou ld  be  used  to  se l ec t  t he  p rope r  p rocess ing  fo r  
judgment s ,  i . e . ,  be t t e r  ru l e s .  The  second  approach  i s  t ha t  a f t e r  t he  ru l e  
gene ra t ion ,  a  un ique  ru le  p run ing  approach  us ing  bad  ind iv idua l s  i s  p roposed .  
The  bas i c  i dea  i s  t ha t  good  ind iv idua l s  a re  used  a s  ru l e  genera to r s  and  bad  
ind iv idua l s  a re  used  to  f i l t e r  t he  gene ra t ed  bad  ru l e s .  Four  p run ing  me thods  
a re  p roposed  and  the i r  pe r fo rmances  a re  d i scussed  and  compared .  Af t e r  
p run ing  the  bad  ru l e s ,  t he  good  ru le s  cou ld  s t and  ou t  and  con t r ibu te  to  be t t e r  
pe r fo r mances .  S imula t ion  re su l t s  de mons t r a t e  t he  e ff i c i ency  and  e ff ec t iveness  
o f  t he  enhanced  ru l e -based  mode l .   
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Chapter 5  i s  devo ted  to  i mprov ing  the  adap tab i l i t y  o f  GNP-RA depend ing  on  
the  env i ronmen t  changes .  GNP-RA has  poor  adap tab i l i t y  to  the  dynamic  
env i ronmen t s  s ince  i t  a lways  uses  t he  o ld  ru l e s  i n  t he  ru l e  poo l  fo r  agen t  
con t ro l .  Genera l ly  speaking ,  t he  env i ronmen t  keeps  chang ing  a l l  t he  t ime ,  
whi l e  t he  ru l es  i n  t he  ru l e  poo l  r e main  the  same .  The re fo re ,  t he  o ld  ru l es  i n  
t he  ru l e  poo l  become  incompe ten t  t o  gu ide  agen t s ’ ac t ions  in  t he  new 
env i ronmen t s .  In  o rde r  to  so lve  th i s  p rob lem,  Sar sa - l ea rn ing  i s  u sed  as  a  t oo l  
t o  upda te  the  ru l e s  t o  cope  wi th  the  inexpe r i enced  s i t ua t ions  in  t he  new 
env i ronmen t s .  The  bas i c  idea  i s  t ha t  when  evo lu t ion  ends ,  t he  e l i t e  i nd iv idua l  
o f  GNP-RA s t i l l  execu te  Sar sa - l ea rn ing  to  upda te  t he  Q  t ab l e .  Wi th  the  
changes  o f  t he  Q- t ab l e ,  t he  node  t r ans i t i ons  cou ld  be  changed  in  accordance  
wi th  the  env i ronmen t ,  b r ing ing  some  new ru le s .  These  ru l e s  a re  used  to  
upda te  t he  ru l e  poo l ,  so  t ha t  t he  ru l e  poo l  cou ld  adap t  t o  t he  chang ing  
env i ronment s .  
 
Chapter 6  t r i e s  t o  i mprove  the  gene ra l i za t ion  ab i l i t y  o f  GNP-RA by  p run ing  
the  ha rmfu l  nodes .  In  o rde r  t o  r ea l i ze  th i s ,  "Cred i t  GNP-RA"  i s  p roposed  in  
th i s  chap te r.  F i r s t ly,  Cred i t  GNP-RA has  a  un ique  s t ruc tu re ,  where  each  node  
has  an  add i t iona l  " c red i t  b r anch"  which  can  be  used  to  sk ip  the  ha rmfu l  nodes .  
Th i s  gene  s t ruc tu re  has  more  exp lo ra t ion  ab i l i t y  than  the  conven t iona l  
GNP-RA.  Second ly,  Cred i t  GNP-RA combines  evo lu t ion  and  r e in fo rcemen t  
l ea rn ing ,  i . e . ,  o ff - l i ne  evo lu t ion  and  on- l ine  l ea rn ing  to  p rune  the  ha rmfu l  
nodes .  Which  node  to  p rune  and  how many  nodes  to  p rune  a re  de te rmined  
au toma t i ca l ly  cons ide r ing  d i ffe ren t  env i ronme nt s .  Th i rd ly,  Cred i t  GNP-RA 
cou ld  se l ec t  t he  r ea l ly  use fu l  nodes  and  p rune  the  ha rmfu l  ones  dynami ca l ly  
and  f l ex ib ly  cons ide r ing  d i ffe ren t  s i t ua t ions .  The re fore ,  Cred i t  GNP-RA 
cou ld  de te rmine  the  op t i ma l  s i ze  o f  t he  p rogram a long  wi th  the  chang ing  
env i ronmen t s .  S imula t ion  r e su l t s  de mons t r a t ed  t ha t  Cred i t  GNP-RA cou ld  
genera t e  no t  on ly  more  compac t  p rog rams ,  bu t  a l so  mor e  gene ra l  ru l e s .  The  
gene ra l i za t ion  ab i l i t y  o f  GNP-RA was  i mproved  by  Cred i t  GNP-RA.  
 
Chapter 7  makes  conc lus ions  o f  t h i s  t hes i s  by  desc r ib ing  the  ach ievemen t s  o f  
the  p roposed  me thods  based  on  the  s imula t ion  r e su l t s .  
 
 


