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I m p r o v i n g Evo lve d C o m m u n i c a t i o n wit h Imitatio n 

James Newkir k (jnewkir@Indiana.Edu ) 
Compute r  Scienc e Department ,  Indian a University ;  Lindie y Hal l  21 5 

Bloomington .  I N 4740 4 U S A 

Abstractin g th e proces s o f  communicatio n a s a  serie s o f 
exchange s i n a  gam e whereb y on e o r  bot h partie s m a y profi t 
has le d t o a  numbe r  o f  informativ e model s o f  emergen t 
communication .  Move s transacte d i n thi s gam e ar e th e 
selectio n o f  a  topi c an d a  signa l  t o represen t  i t  b y th e 
speaker ,  an d th e interpretatio n o f  thi s signa l  a s a  topi c b y 
th e listener ;  rewar d t o eac h i s  base d o n th e agreemen t 
betwee n topics .  Thi s framewor k ha s bee n adapte d fo r  us e 
i n a  forma l  analysi s o f  evolve d communicatio n (Oliphant , 
1997) ,  i n modelin g emergen t  communicatio n i n a  simulate d 
populatio n wher e th e "topic "  i s  a  comple x o f  loca l  an d 
globa l  state s (MacLenna n &  Burghardt ,  1994) ,  an d a s a 
protoco l  b y whic h situate d autonomou s agent s lear n t o 
communicat e (Steel s &  Mclntyre ,  1997) .  I n al l  thes e 
varietie s o f  models ,  successfull y sustaine d communicatio n 
arise s unde r  th e condition s o f  symmetri c reward :  speake r 
and listene r  benefi t  equall y whe n the y agre e o n th e topi c o f 
a signal . 

I n man y natura l  situations ,  however ,  th e benefi t  t o bot h 
communicatin g partie s i s no t  s o evidentl y symmetric ; 
typica l  example s ar e alar m call s an d foo d announcements , 
whic h ar e apparentl y altruistic .  I n general ,  an y signalin g 
favor s th e receive r  becaus e th e sende r  contribute s som e 
informatio n withou t  requirin g a  subsequen t  reward .  Thi s 
pape r  describe s tw o implementation s o f  simulate d evolutio n 
wit h jus t  suc h one-sided ,  receiver-onl y benefit .  I n th e first , 
stabl e communicatio n evolves ,  bu t  wit h fa r  belo w optima l 
quality ,  o r  wit h unnatura l  characteristics .  Th e populatio n 
m ay b e partitione d int o disjoin t  subset s whic h understan d 
members o f  th e opposin g set ,  bu t  no t  thei r  own ,  o r 
exploitativ e receiver s aris e whic h profi t  b y listening ,  bu t 
sen d n o signal s o f  thei r  own .  A n improve d mode l  i s sough t 
whic h stil l  retain s th e natura l  rewar d bia s fo r  receivers . 

Underlyin g th e abstractio n o f  th e signa l  exchang e gam e i s 
th e assumptio n tha t  signa l  productio n an d recognitio n ar e 
independen t  processes ,  separatel y represented ,  an d 
incapabl e o f  influencin g th e othe r  excep t  indirectl y throug h 
thei r  mutua l  contributio n towar d evolutionar y fitness .  A n 
alternativ e assumptio n i s  tha t  signa l  for m an d conten t  ar e 
not  independent ,  bu t  linke d i n a  bidirectiona l  (Saussurian ) 
relationshi p whic h permit s eac h proces s t o mor e directl y 
determin e th e other .  Hurfor d (1989 )  showe d tha t  usin g thi s 
relatio n alon e a s a  learnin g strateg y (wit h n o rewar d 
required )  i s  stron g enoug h t o giv e ris e t o good ,  i f  no t 
optimal ,  communication .  O n e mechanis m tha t  m a y realiz e 
thi s bidirectiona l  relatio n i n natur e i s  observationa l 
imitation :  th e pre-communicativ e youn g observ e adul t 
signal-respons e pair s an d repea t  the m i n late r  life . 

A weaker ,  "unidirectional "  for m o f  thi s Saussuria n 

assumptio n i s  propose d here ,  an d examine d i n a  secon d 

implementation .  A  signal' s conten t  i s permitte d t o conditio n 
th e validit y o f  it s  form ,  bu t  onl y whe n th e signa l  i s received . 
Thi s i s  don e b y modifyin g th e initia l  mode l  s o tha t  th e 
sende r  select s a  signa l  a s usua l  fo r  a  topic ,  an d agreemen t  i s 
the n measure d b y h o w wel l  i t  matche s wha t  th e receive r 
woul d hav e sen t  i n th e presenc e o f  th e sam e topic .  I n efFect , 
th e receive r  take s th e perspectiv e o f  th e sende r  i n orde r  t o 
selec t  it s response .  Rewar d i n th e for m o f  increase d fitnes s 
accrue s t o th e receive r  i n proportio n t o agreement ;  th e 
sende r  i s  alway s unaffected .  Th e amoun t  o f  thi s content -
for m dependenc e evolve s alon g wit h th e othe r  aspect s o f  th e 
system ,  rangin g fro m non e a t  al l  (th e sam e conditio n a s th e 
origina l  model )  t o complet e (th e relatio n i s  alway s 
enforced) . 

Thi s revise d implementatio n alway s evolve s towar d 
maxima l  content-for m dependenc e o n th e par t  o f  th e 
receiver ,  whic h result s i n quantitativ e an d qualitativ e 
improvement s t o th e communicatio n whic h emerges . 
Optima l  communication ,  los t  whe n symmetri c rewar d wa s 
removed ,  i s  n o w consistentl y achieved ,  an d anomalou s 
pattern s o f  communicatio n n o longe r  appear :  a  mor e typica l 
syste m o f  communicatio n emerge s from  mor e typica l 
condition s o f  reward .  Th e pronounce d improvemen t  i s 
likel y du e t o th e fac t  tha t  th e receive r  i s  no t  onl y th e 
principa l  beneficiar y i n communication ,  bu t  i s  als o 
responsibl e fo r  helpin g secur e consistenc y betwee n signa l 
and content .  I n a  natura l  syste m thi s imidirectiona l  relatio n 
m ay b e realize d b y perspective-takin g imitatio n (White n & 
H a m,  1992 )  rathe r  tha n observationa l  imitation .  Th e 
evolutio n o f  thi s typ e o f  imitation ,  then ,  m a y enabl e th e 
developmen t  o f  effectiv e communicatio n withou t  relianc e 
on symmetri c rewards . 
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