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A B S TR A CT 
T h e prob l em of  d esig ning  a g iv en 

col l ect iv e b eh av ior ( e.g . cooperat ion, 
neg ot iat ion, al t ruism)  in a M ul t i-Ag ent  Sy st em 
( M AS)  is a wel l  k nown issue, st il l  t h ere is no 
g eneral  approach  t o sol v e it . In f act , t h ere is no 
g eneral  and  compreh ensiv e t h eory  rel at ing  t h e 
ind iv id ual  b eh av ior of  ag ent s wit h  t h e 
col l ect iv e b eh av ior of  t h e M AS, wh ich  woul d  
enab l e unif orm anal y sis and  sy nt h esis of  such  
sy st ems in g eneral . T h e current  art icl e 
proposes a new approach  t o t h is prob l em b ased  
mainl y  on g ame t h eory . 
 

I N TR O D U CTI O N  
 M ul t i-Ag ent  Sy st ems ( M AS’s)  mod el  
d ist rib ut ed  sy st ems wit h  a col l ect iv e of  
aut onomous ag ent s emb ed d ed  in an 
env ironment . An agent “ can b e any t h ing  t h at  
can b e v iewed  as perceiv ing  it s env ironment  
t h roug h  sensors and  act ing  upon t h at  
env ironment  t h roug h  ef f ect ors”. [ 1] T h e 
prob l em of  d esig ning  a g iv en col l ect iv e 
b eh av ior in a M AS is st il l  an unsol v ed  issue in 
g eneral . N onet h el ess t h ere are t h eories, wh ich  
capt ure some prof ound  aspect s of  t h e prob l em 
( e.g . d ist rib ut ed  AI [ 2], g ame t h eory  [ 3], 
t h eory  of  impl ement at ion [ 4], sat isf icing  
g ames [ 5]) . T h ese t h eories are most l y  
anal y t ical , and  d if f er in t h eir l ev el  of  
ab st ract ion. By  comb ining  t h em it  woul d  b e 
possib l e t o d esig n and  anal y z e M AS’s in a 
unif orm, g eneral  way  f rom t h e d et ail ed  l ow 
l ev el  represent at ion of  sing l e ag ent s up t o t h e 
h ig h  l ev el  represent at ion of  t h e col l ect iv e. 
Import ant  propert ies of  t h e sy st em ( rat ional it y , 
ef f iciency , et c)  coul d  b e ex amined  in g eneral . 
Al so univ ersal  crit eria ( resource consumpt ion, 
opt imal it y , et c)  coul d  b e sat isf ied  f ormal l y . 
 As promising  as it  seems, it  h as al so 
it s pit f al l s. T h e d if f erent  represent at ions of  
M AS’s d if f er f und ament al l y . T h ey  d if f er in: 
 
• or i gi n: e.g . g ame t h eory  is an economical  

t h eory , wh il e d ist rib ut ed  AI is part  of  
comput at ional  science; 

• as s u m p ti ons : e.g . t h eory  of  
impl ement at ion assumes ag ent s t o act  
accord ing  t o some k ind  of  g ame t h eoret ical  
sol ut ion concept , wh il e d ist rib ut ed  AI 
mod el s t h eir d ecision mech anism 
ex pl icit l y ; t h e f ormer assumes common 

k nowl ed g e of  t h e ag ent -env ironment , 
wh il e t h e l at t er usual l y  d oesn’t ; 

• f or m al i s m : e.g . g ame t h eory  proposes a 
g eneral  mat h emat ical  f ramework , wh il e 
d ist rib ut ed  AI proposes many  d if f erent , 
ev en ad -h oc represent at ions ( e.g . [ 6], [ 7]) ; 

• l ev el  of  ab s tr ac ti on: e.g . g ame t h eory  
d oesn’t  consid er t h e ph y sical  aspect s of  t h e 
ag ent -env ironment , wh il e P DDL  [ 8] 
f ocuses mainl y  on t h at , l eav ing  b eh ind  t h e 
issue of  represent ing  t h e h ig h  l ev el  
st rat eg ic int eract ion among  ag ent s; 

• i m p l em entab i l i ty : e.g . g ame t h eory  is 
d escript iv e, i.e. it  is used  primaril y  f or 
analys is , wh il e d ist rib ut ed  AI aims at  t h e 
d esig n of  g roups of  ag ent s, i.e. s ynthes is . 

 
 Al l  t h ese issues need  t o b e cov ered  t o 
b rid g e t h e g ap b et ween t h e d if f erent  
represent at ions red ucing  t h em t o a common 
d enominat or. In t h e f ol l owing  a sol ut ion is 
proposed : a new concept  b ased  on g ame t h eory . 
Af t er t h at , a M AT L AB-b ased  impl ement at ion 
is out l ined , f ol l owed  b y  t h e concl usions. 
 
CO N N E CTI N G GA ME  TH E O R Y  A N D  

MU L TI -A GE N T S Y S TE MS  
 C onnect ing  g ame t h eory  and  M AS’s 
is not  a new t opic. In t h e l ast  d ecad e g ame 
t h eory  b ecame increasing l y  popul ar among  
d ist rib ut ed  AI research ers. It  is used  most l y  f or 
anal y sis of  special  M AS t ask s ( e.g . 
communicat ion [ 9]) , b ut  t h ere is st il l  no 
g eneral  unif icat ion of  t h e t wo approach es. 
 G ame t h eory  and  M AS’s ad d ress t h e 
same issue at  d if f erent  l ev el s of  ab st ract ion. 
T h e f ormer consid ers t h e ag ent -env ironment  
wit h out  represent ing  it s ph y sical  aspect s nor 
t h e st ruct ure of  t h e ag ent s, wh il e t h e l at t er 
concent rat es mainl y  on t h e rich  d et ail s of  t h e 
ind iv id ual s. A connect ion f ol l ows int uit iv el y . 
 F rom t h e point  of  v iew of  an ex t ernal  
ob serv er an ag ent -env ironment  in g eneral  is 
j ust  an env i r onm ent w i th  i nc om p l ete 
i nf or m ati on [ 4], wh ere ag ent s are p l ay er s ; 
ag ent s’ cond it ional  pl ans are s tr ategi es  of  t h e 
pl ay ers; ag ent s’ possib l e arch it ect ures f or 
running  ag ent -prog rams [ 10] are t h e possib l e 
ty p es  of  t h e pl ay ers; ag ent s’ b el ief s correspond  
t o t h e p r ob ab i l i ty  d i s tr i b u ti ons  ov er t h ese 
t y pes; and  a col l ect iv e b eh av ior in t h e M AS is 
a s tr ategy -c om b i nati on of  t h e pl ay ers. 



 N o w  th e program of an agent c a n  b e 
desc r i b ed i n  th e f o l l o w i n g w a y :  i t models th e 
a gen t-en v i r o n men t a n d th en  – b a sed u p o n  th a t 
mo del  – dec i des w h a t a c ti o n / p l a n  to  ex ec u te. 
T h i s dec i si on  mec h a n i sm c a n  a l so  b e desc r i b ed 
i n  a  ga me th eo r eti c a l  w a y :  th er e i s a  
mec h a n i sm [4] i mp o sed u p o n  th e mo del  o f  th e 
en v i r o n men t, w h i c h  i n du c es a  B a y esi a n  ga me 
[11], f r o m w h i c h  a  N a sh -eq u i l i b r i u m i s 
sel ec ted. A N a sh -eq u i li b r i u m i s a  
str a tegy -c o mb i n a ti o n , w h er e n o  a gen t h a s th e 
i n c en ti v e to  c h a n ge i ts str a tegy  u n i l a ter a l l y . 
Agen ts a c t a c c o r di n g to  th e str a tegy  p r esc r i b ed 
(to  th ei r  sel f -r ep r esen ta ti o n ) b y  th a t 
eq u i l i b r i u m. Fi g. 1 i l l u str a tes th e c o n c ep t. 

L a tel y  i t w a s f o r ma l l y  p r o v en , th a t th i s w a y  
a n y  c o l l ec ti v e b eh a v i o r  i n  a  gen er a l  M AS c a n  
b e i mp l emen ted ex a c tl y  i n  th e sen se o f  
i mp l emen ta ti o n  th eo r y  [12]. 
 
R E A L I Z A T I O N  O F  T H E  C O N C E P T  

 T h e c o n c ep t w a s r ea l i z ed i n  
M AT L AB  p r o gr a mmi n g en v i r o n men t f o r  th e 
mu l ti -a gen t v er si o n  o f  W u mp u s W o r l d 
(W W -M AS) [1]. It ma k es a n  ex c el l en t testb ed 
f o r  i n tel l i gen t a gen ts. T h e test r esu l ts 
su p p o r ted th e ma i n  th eo r eti c a l  sta temen t:  a n y  
c o l l ec ti v e b eh a v i o r  – gi v en  b y  a  So c i a l  Ch o i c e 
Fu n c ti o n  (SCF) [4] – c o u l d b e a c h i ev ed ev en  
i n  th e c a se w h en  ev er y  a gen t sh a r ed th e sa me 
mo del  o f  th e en v i r o n men t. I.e. i f  th e n ec essa r y  
c o l l ec ti v e b eh a v i o r  w a s gi v en , th en  i n  ev er y  
test-c a se th e a gen ts a c ted a s sp ec i f i ed. Fi g. 2 
sh o w s a  sc r een sh o t o f  th i s test-a p p l i c a ti o n . 
 

C O N C L U S I O N S  
 T h e a r ti c l e p r esen ted a  n o v el  meth o d 
to  sp ec i f i c a ti o n  f a c i l i ta ti n g desi gn  a n d a n a l y si s 
o f  c o l l ec ti v e b eh a v i o r  i n  M AS’ s. T h i s w a y  
a r b i tr a r y  c o l l ec ti v e b eh a v i o r  c a n  b e 
i mp l emen ted ex a c tl y  i n  gen er a l . Fu tu r e 
r esea r c h  w i l l  ma i n l y  f o c u s o n  sy n th esi s:  
c o n n ec ti n g th e c o n c ep t w i th  di f f er en t 
l o w -l ev el  r ep r esen ta ti o n s (e.g. P D D L ). 
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Fig. 1 The co n cep t  o f  co n n ect i n g  G a m e Theo r y  a n d  
M u l t i -A g en t  S y s t em s . 

Fig. 2  A  s cr een s ho t  o f  t he M A TL A B  i m p l em en t a t i o n  
o f  t he WW-M A S  i n  t he ca s e o f  a  1 0 * 1 0  g r i d ,  5  
g o l d m i n er  a g en t s ,  4  w u m p u s  a g en t s ,  3  p i eces  o f  g o l d ,  
3  p i t s ,  a n d  1  ex i t  a t  t he t o p  r i g ht  co r n er  o f  t he g r i d . 


