
Domain- S p e c if ic  L ang u ag e  A g e nt s  

Merik Meriste1,  T õ n is K el d er1,  J ü ri H el ekiv i1,  L eo  Mo tu s2 

1 University of Tartu, Estonia 
{Merik.Meriste, Tonis.Kelder, Jyri.Helekivi}@ut.ee 

2 Tal l inn Tec h nic al  University, Estonia 
Leo.Motus@dcc.ttu.ee 

Abstract. M ul ti- ag ent system s are p rop osing  a new  d esig n c onc ep t for softw are 
–  th e k enetic  softw are d esig n –  b ased  on th e c onc ep t of interac tive ag ents.  O n 
th e b asis of th is c onc ep tual  view , interac ting  ag ents ap p ear as an ap p rop riate 
c onc ep tual  tool  for th e d evel op m ent of d om ain- sp ec ific  l ang uag es.  D om ain-

sp ec ific  l ang uag e w il l  b e c onsid ered  as a c onsensual  c ol l ec tion of interrel ated  
autonom ous notions and , th e l ang uag e p roc essor as a c l uster of interac ting  
ag ents i. e.  a multi- a g e n t rep resenting  l ang uag e notions.  Th is p ap er sug g ests an 
ag ent- b ased  m od el ing  fram ew ork  as a p ossib l e m eth od ol og ic al  b asis for D S L  
d esig n and  d evel op m ent.  

1   Introduction 

A n  in terestin g  a sp ec t in  d o m a in - sp ec if ic  l a n g u a g es ( D S L )  is th a t o f  f o rm a l  m o d el s 

a n d  f ra m ew o rks f o r D S L  d esig n  a n d  f o r th e d ev el o p m en t o f  a p p ro p ria te m o d el s o f  

l a n g u a g e n o tio n s a n d  l a n g u a g e c o n stru c ts.  T o  w h a t ex ten t th e f o rm a l  m eth o d s a p p l ied  

su p p o rt th e rea so n a b l e stru c tu rin g  o f  in f o rm a tio n  o b j ec ts a n d  p ro b l em  so l v in g ,  is a  

c ru c ia l  a sp ec t o f  m o d el in g .  T h e ef f ic ien t im p l em en ta tio n  a n d  a c c o rd a n c e o f  th e m o d el  

w ith  p ro b l em  a rea  sp ec if ic a tio n  l a n g u a g e c o n c ep ts a re u su a l l y  v a l u ed  m o st in  th is 

p ro c ess.  A  rea so n a b l e f ra m ew o rk is ex p ec ted  to  p ro v id e to o l s f o r D S L  m o d el in g  a n d  

im p l em en ta tio n  o n  a  c o n c ep tu a l l y  c l ea r b a sis.  T h e v a riety  o f  c o n tex tu a l  v iew s a n d  

a p p l ic a tio n  a rea s a c c en tu a te th e c o m p l ic a ted  n a tu re o f  th e ta sk.  T h e su c c ess o f  sy stem  

m o d el in g  d ep en d s o n  th e ex tra c tio n  o f  su rf a c e a n d / o r d eep  ( reg u l a r o r c o n tex tu a l )  
su b stru c tu res f ro m  th e in f o rm a tio n  en v iro n m en t a n d  th eir su b seq u en t a tta c h m en t to  

c o m p u ta tio n a l  a c tiv ities. Mu l ti- a g en t  sy stem s a re p ro p o sin g  a  n ew  d esig n  c o n c ep t f o r 

so f tw a re –  th e k e n e t i c  p r o g r a m  d e s i g n  –  b a sed  o n  th e c o n c ep ts o f  in tera c tio n s a n d  

a g en ts. I n  th is p a p er w e c o n sid er th e id ea  o f  ken etic  d esig n  o f  D S L  p ro c esso rs.  D o -

m a in - sp ec if ic  l a n g u a g e is trea ted  a s a  c o l l ec tio n  o f  in terrel a ted  a u to n o m o u s n o tio n s 

a n d ,  its l a n g u a g e p ro c esso r a s a  c l u ster o f  in tera c tin g  a g en ts i. e.  a  m u l t i - a g e n t  rep re-

sen tin g  th e d o m a in - sp ec if ic  l a n g u a g e b y  n o tio n s.   

O n  th e b a sis o f  th is c o n c ep tu a l  v iew  th e in tera c tiv e a ttrib u ted  a u to m a ta  c o n c ep t is 

c o n sid ered  a s a  p o ten tia l  p a rtic u l a r f ra m ew o rk f o r D S L  m o d el in g  a n d  im p l em en ta -

tio n .  A ttrib u ted  a u to m a to n  is a  sta te tra n sitio n  m a c h in e in tro d u c ed  a n d  a p p l ied  in i-

tia l l y  f o r p u rp o ses o f  stru c tu rin g  a n d  c o n c ep tu a l  sp ec if ic a tio n  o f  kn o w l ed g e o n  th e 
b a sis o f  reg u l a r a ttrib u ted  stru c tu res [ 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 ] .  T o  su p p o rt th e d ec o m p o si-
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t ion of  a s p e c if ic at ion or  c omp u t at ional t as k  int o a ne t w or k  of  c omp one nt s ,  an at t r ib -

u t e d  au t omat on h as  f init e  me mor y  d is t r ib u t e d  t o it s  s t at e s ,  as  w e ll as  c omp u t at ions  

and  c ommu nic at ion ac t ions  at  t r ans it ions .  I nt e r ac t iv e  c omp os it ions  of  A t t r ib u t e d  

A u t omat a ( A A )  s e r v e  as  a t ool w h ile  t r e at ing  A A  as  c omp le x  c omp u t at ional ag e nt s .  

B as ic  int e r ac t iv e  A A  c omp os it ion t e c h niq u e s  ar e  imp le me nt e d  in int e r ac t iv e  A A  

v is u al d e v e lop me nt  e nv ir onme nt  p r ot ot y p e  d e s c r ib e d  in t h is  p ap e r .  A t t r ib u t e d  

au t omat on and  int e r ac t iv e  at t r ib u t e d  au t omat on w e r e  lat e r  on id e nt if ie d  as  a k ind  of  

W e g ne r ’ s  s e q u e nt ial int e r ac t ion mac h ine  and  mu lt i-s t r e am int e r ac t ion mac h ine  r e -
s p e c t iv e ly  [ 1 1 , 1 2 , 1 3 ] .  

T h e  int e g r at e d  p r e s e nt at ion and  s p e c if ic at ion of  k now le d g e  w ill ob v iou s ly  r e main a 

r e s e ar c h  and  t e c h nolog ic al d e v e lop me nt  p r ob le m,  f or  DS L  t oo.  T h u s ,  on t h e  one  

h and ,  t h e  d e v e lop me nt  of  mod e ls  f or  c onc e p t u al,  e x p e r t  and  p r oc e d u r al k now le d g e ,  as  

w e ll as  of  ap p r op r iat e  me t h od s  f or  k now le d g e  p r e s e nt at ion and  manag e me nt  is  e s s e n-

t ial f or  t h e  s u c c e s s f u l u s e  of  d e f init e  DS L  in p r ac t ic e .  O n t h e  ot h e r  h and ,  w e  w ou ld  

lik e  t o f oc u s  in t h is  c ont e x t  on t h e  d omain-s p e c if ic  lang u ag e  as  an e nv ir onme nt  f or  

mod e ling  and  manag ing  inf or mat ion ob j e c t s  and  p r ob le m s olv ing  ac t ions  f or  t h e  p r e s -

e nt at ion of  ling u is t ic  not ions .  T h e  ne x t  s e c t ion w ill c ons id e r  d if f e r e nt  v ie w s  of  a d o-

main-s p e c if ic  lang u ag e  –  as  a p r ob le m-s olv ing  e nv ir onme nt  ( i. e . ,  a k ind  of  c ommu -

nit y  of  p r ac t ic e ) ,  a c olle c t ion of  int e llig e nt  ag e nt s  [ 1 4 ] ,  and  as  a c lu s t e r  of  int e r ac t ion 

mac h ine s .  S e c t ion 3  w ill p r e s e nt  t h e  A A  c onc e p t .  S e c t ion 4  w ill c onc e nt r at e  on t h e  
int e r ac t iv e  A A  ap p r oac h  as  a DS L  d e v e lop me nt  and  imp le me nt at ion t ool b as e d  on t h e  

p ar ad ig m of  int e r ac t iv e  c omp u t at ions .  

2   Agents, Interactive Computations and Communities of Practice 

De s ig n and  imp le me nt at ion me t h od s  f or  s of t w ar e -int e ns iv e  s y s t e ms  h av e  u nd e r g one  a 

r e mar k ab le  e v olu t ion d u r ing  t h e  las t  d e c ad e s .  A lg or it h mic  ap p r oac h  in c omp u t e r  

s c ie nc e  and  s of t w ar e  e ng ine e r ing  h as  b e e n s u b s t it u t e d  b y  int e r ac t ion-c e nt e r e d  p ar a-

d ig ms .  I n ar t if ic ial int e llig e nc e  a s imilar  s h if t ,  f r om log ic -b as e d  t o ag e nt -b as e d  mod -

e ls ,  h as  t ak e n p lac e .  I nt e r ac t ion-c e nt e r e d  s y s t e ms  ap p e ar  t o b e  mor e  p ow e r f u l p r ob le m 

s olv e r s  t h an alg or it h m c e nt e r e d .  I t  is  als o s u g g e s t e d  t h at  alg or it h mic  mod e ls  alone  d o 

not  s u f f ic e  t o e x p r e s s  c e r t ain e x p e c t e d  as p e c t s  of  b e h av ior  of  t od ay ’ s  s y s t e ms  –  e . g .  

ab ilit y  t o s e lf -or g aniz e  t h e  int e r ac t ion of  it s  c omp one nt s ,  t o ad ap t  it s  b e h av ior  t o t h e  

c h ang e s  in it s  e nv ir onme nt ,  or  in it s  g oal f u nc t ion.  M u lt i-ag e nt  ap p r oac h  or  kenet i c s  

[ 1 5 ] ,  is  p r op os ing  a ne w  d e s ig n c onc e p t  f or  s of t w ar e  –  t h e kenet i c  p r o g r a m  d es i g n –  

b as e d  on t h e  c onc e p t  of  int e r ac t ing  au t onomou s  ag e nt s .  C onc e p t u ally ,  e ac h  c omp o-
ne nt  of  a s y s t e m c an b e  e nv is ag e d  as  a n a g ent  w it h  it s  s k ills  and  it s  g oals  and  w it h  all 

t h e  ag e nt s  at t e mp t ing  t o r e s p ond  t h e  ne e d s  of  t h e  u s e r  of  t h e  s y s t e m.  

I nt e r ac t ing  au t onomou s  ag e nt s  as  a p ar ad ig m f or  s of t w ar e  d e s ig n s u g g e s t  t h e  ob v i-

ou s  id e a t o mod e l DS L  as  a c olle c t ion of  ag e nt s ,  i. e .  as  a d is t r ib u t e d  ( ar t if ic ial)  int e lli-

g e nt  s y s t e m.  E ac h  c omp one nt  of  a s y s t e m c an b e  e nv is ag e d  as  a n a g ent  w it h  it s  s k ills  

and  it s  g oals  and  w it h  all t h e  ag e nt s  at t e mp t ing  t o r e s p ond  t h e  ne e d s  of  t h e  u s e r  of  t h e  

s y s t e m.  T h is  int e r e s t ing  ap p r oac h  le ad s  t o t h e  p r ob le m of  k e ne t ic  d e s ig n of  a DS L  

p r oc e s s or .  W e  w ill c ons id e r  a ( d omain-s p e c if ic )  lang u ag e  as  a c olle c t ion of  int e r r e -

lat e d  au t onomou s  not ions  and ,  t h e  lang u ag e  p r oc e s s or  as  a c lu s t e r  of  int e r ac t ing  p e r -
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s i s t e n t  a g e n t s  i . e .  a  multi- a g e n t  o f  l a n g u a g e  n o t i o n s .  W e  c o n s i d e r  t h a t  k i n d  o f  m o d e l -

i n g  f r a m e w o r k  a s  a  m e t h o d o l o g i c a l l y  s u i t a b l e  b a s i s  f o r  D S L  d e s i g n  a n d  d e v e l o p m e n t  

t o o l s  

O n  t h e  o t h e r  h a n d ,  a  ( d o m a i n - s p e c i f i c )  l a n g u a g e  c e r t a i n l y  i s  a  c o n s e n s u a l  c o l l e c -

t i o n  o f  n o t i o n s  w h i c h  f o r m s  t h e  b a s i s  o f  t h e  p r o b l e m  s o l v i n g  e n v i r o n m e n t  f o r  p a r t i c u -

l a r  c o m m u n i t i e s  o f  p r a c t i c e .  T h e  c o n c e p t  o f  c o mmun ity  o f  p r a c tic e  i s  a  c e n t r a l  c o n -

c e p t  o f  t h e  t h e o r y  o f  s o c i a l  l e a r n i n g  [ 1 6 ] .  I n  t h i s  a p p r o a c h ,  t h e  p r i m a r y  u n i t  o f  a n a l y s i s  

i s  n e i t h e r  t h e  i n d i v i d u a l  n o r  s o c i a l  i n s t i t u t i o n  b u t  t h e  i n f o r m a l  c o m m u n i t y  o f  p r a c t i c e  
t h a t  i s  f o r m e d  f o r  s o m e  a c t i v i t y .  T h e  p a r t i c u l a r  p r o b l e m - s o l v i n g  e n v i r o n m e n t  ( h e r e  

D S L )  w i l l  s e r v e  a s  a  h a n d y  t o o l  t o  t h e  e x t e n t  t h a t  i t  s i m u l a t e s  a n d  s u p p o r t s  t h e  b a s i c  

n o t i o n s ,  p r i n c i p l e s  a n d  e x t e n s i b i l i t y  o f  t h e  l a n g u a g e  a n d ,  t h e r e b y ,  i n t e g r a t e s  t h e  k e y  

c o m p o n e n t s  o f  t h e s e  c o m m u n i t i e s  o f  p r a c t i c e .   

I n  t e r m s  o f  i n t e r a c t i v e  c o m p u t a t i o n s ,  t h e  c o m p u t a t i o n a l  a g e n t s  a n d  c o m m u n i t i e s  o f  

p r a c t i c e  a r e  a  k i n d  o f  i n t e r a c t i o n  m a c h i n e s ,  a s  i n t r o d u c e d  b y  P e t e r  W e g n e r .  “ T h o u g h  

i n t e r a c t i o n  m a c h i n e s  a r e  a  s i m p l e  a n d  o b v i o u s  e x t e n s i o n  o f  T u r i n g  m a c h i n e s ,  t h i s  

s m a l l  c h a n g e  i n c r e a s e s  e x p r e s s i v e n e s s  s o  i t  b e c o m e s  t o o  r i c h  f o r  m a t h e m a t i c a l  m o d -

e l s .  I n t e r a c t i o n  m a c h i n e s  h a v e  s i n g l e  o r  m u l t i p l e  i n t e r a c t i o n  s t r e a m s  a n d  s y n c h r o n o u s  

o r  a s y n c h r o n o u s  a c t i o n s  a n d  c a n  d i f f e r  a l o n g  m a n y  o t h e r  d i m e n s i o n s ”  [ 1 1 ] .   

I n  g e n e r a l ,  i n t e r a c t i v e  c o m p u t a t i o n  i n v o l v e s ,  u n l i k e  a l g o r i t h m i c  c o m p u t a t i o n ,  d y -

n a m i c  i n t e r a c t i o n  s t r e a m s  o f  c o m p u t a t i o n a l  a g e n t s  [ 1 1 , 1 3 ] .  S u c h  a  c o m p u t a t i o n  c a n  b e  
c o n s i d e r e d  a s  a  k i n d  o f  d i s t r i b u t e d  c o n t r o l  o f  i n f o r m a t i o n  s t r e a m s  a n d  a g e n t s  a c t i v i t i e s  

i n  a  d y n a m i c  e n v i r o n m e n t  [ 1 2 ] .  A  c l u s t e r  o f  a g e n t s  o f t e n  s h o w s  a  b e h a v i o r  t h a t  i s  

r a t h e r  c o m p l e x  a n d  o r g a n i z e d ,  d e s p i t e  t h e  s i m p l i c i t y  o f  e a c h  s i n g l e  a g e n t .  I n  t h i s  

a s p e c t ,  e x p l i c i t  a p p l i c a t i o n  o f  i n t e r a c t i v e  c o m p u t a t i o n s  l e a d s  f r o m  s y s t e m s  w i t h  a l g o -

r i t h m i c  b e h a v i o r  t o  s y s t e m s  w i t h  e i t h e r  s e q u e n t i a l  i n t e r a c t i v e  b e h a v i o r  ( a  p a i r  o f  i n -

t e r a c t i n g  a g e n t s )  o r  w i t h  m u l t i - i n t e r a c t i v e  b e h a v i o r .  T h i s  o b s e r v a t i o n  c o n f o r m s  p e r -

f e c t l y  t o  t h e  s o f t w a r e  e n g i n e e r i n g  p r i n c i p l e s  o f  p r o g r a m m i n g - i n - t h e - l a r g e  a n d  p r o -

g r a m m i n g - i n - t h e - s m a l l .  M o r e o v e r ,  t h e  a g e n t - b a s e d  a p p r o a c h  i n  ( d o m a i n - s p e c i f i c )  

l a n g u a g e  d e s i g n  a n d  i m p l e m e n t a t i o n  s e e m s  e x t r e m e l y  i n t r i g u i n g  i n  t h e  c o n t e x t  o f  

t h e s e  o b s e r v a t i o n s .  

3   Attributed Automata 

A t t r i b u t e d  a u t o m a t a  w e r e  i n t r o d u c e d  a s  a  m o d e l  o f  e x e c u t a b l e  s p e c i f i c a t i o n s  b a s e d  o n  

r e g u l a r  s t r u c t u r e s  w i t h  a t t r i b u t e s  a t t a c h e d  t o  s t r u c t u r e  n o d e s .  R e g u l a r i t y  i s  h e r e  t r e a t e d  

i n  t e r m s  o f  f o r m a l  l a n g u a g e s  –  p r i m i t i v e  i t e m s  c a n  b e  c o m p o s e d  i n t o  a  s t r u c t u r e  b y  
m e a n s  o f  c o n c a t e n a t i o n ,  s e l e c t i o n  a n d  i t e r a t i o n  o p e r a t i o n s .  A t t r i b u t e s  s e r v e  f o r  t h e  

p r e s e n t a t i o n  o f  c o n t e x t u a l  r e l a t i o n s ,  a s  w e l l  a s  o f  p r o p e r t i e s  a n d  m e a n i n g  o f  u n d e r l y -

i n g  c o n c e p t s .  

A t t r i b u t e d  a u t o m a t o n  i s  a  s t a t e  t r a n s i t i o n  m a c h i n e  w i t h  d i s t r i b u t e d  f i n i t e  m e m o r y  a t  

i t s  s t a t e s  a n d  s p e c i f i e d  a t  i t s  t r a n s i t i o n s  c o m p u t a t i o n s  a n d  c o m m u n i c a t i o n  a c t i o n s .  I n  

t h i s  a s p e c t ,  a n  a t t r i b u t e d  a u t o m a t o n  i s  s i m p l y  a  g e n e r a l i z a t i o n  o f  a  t r a d i t i o n a l  f i n i t e  

a u t o m a t o n  w i t h  a t t r i b u t e s  a n d  c o m p u t a t i o n a l  r e l a t i o n s  a t t a c h e d  t o  s t a t e s  a n d  t r a n s i -

t i o n s  o f  t h e  a u t o m a t o n ,  r e s p e c t i v e l y .  A t t r i b u t e d  a u t o m a t o n  i n  t e r m s  o f  f o r m a l  l a n -
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g u ag e s  is  c ons id e r e d  as  a r e c og niz e r  b as e d  on r e g u l ar  d at a s t r u c t u r e s ,  t h e  r e s p e c t iv e  

c l as s  of  f or mal  g r ammar s  is  t h at  of  r e g u l ar  at t r ib u t e  g r ammar s  [ 1 7 ] .   

C ons id e r  e x amp l e s  of  s y nt ax -d ir e c t e d  r e c og niz e r s  f or  b inar y  nu mb e r s  ( F ig . 1 )  and  

f or  a c ont e x t -s e ns it iv e  l ang u ag e  ( F ig . 2 ) .  A t t r ib u t e d  au t omat on ( F ig . 1 )  r e c og niz e s  

b inar y  nu mb e r s  and  t h e  f inal  at t r ib u t e  v al u e  a r e p r e s e nt s  t h e  d e c imal  v al u e  of  t h e  

b inar y  nu mb e r .  I n anot h e r  au t omat on ( F ig . 2 )  at t r ib u t e s  ar e  in a d if f e r e nt  r ol e ,  t h e y  

c ol l e c t  c ont e x t u al  inf or mat ion u s e d  in s ome  s t at e s  t o s e l e c t  t h e  ne x t  t r ans it ion.  A s  ou r  

e x amp l e s  d e mons t r at e ,  t h e r e  ar e  al t e r nat iv e  p os s ib il it ie s  t o c ons t r u c t  t r ad it ional  s y n-
t ax -d ir e c t e d  c omp il e r s  on t h e  b as is  of  s imp l e  r e g u l ar  at t r ib u t e d  s t r u c t u r e s .   

a

1

0

.

a := a; b := 0; c := 0

a := 2a

a := 2a + 1

1

0
b := 2b; c := c + 1

a, b, c a := a

a := a
b := 2b + 1
c := c + 1

a := a + b·2
-c

a

ee

a := 0

a := a

 

Fig. 1. Recognizer of binary numbers .  

a b c

cb
e

e

k k, l k, l, m k

k = l = m

k := k

k := k
l : = l

m := m + 1

k := k

k := k
l := l + 1

k := k + 1

k := 0 k := k
l := 1

k := k

m := 1
l := l

 

Fig. 2 . Recognizer of t h e cont ex t -sensit iv e l anguage L  =  {  an bn cn |  n ≥  0 } .  

T h e r e  e x is t  s e v e r al  e x t e ns ions  of  t h e  c onc e p t  of  f init e  s t at e  mac h ine  w it h  me mor y .  

A t t r ib u t e d  au t omat on c an b e  d is t ing u is h e d  among  t h e m b y  d is t r ib u t e d  me mor y ,  i. e .  b y  

al l oc at ing  me mor y  t o t h e  s t at e s  of  t h e  c omp u t at ion.  Dis t r ib u t e d  me mor y  t og e t h e r  w it h  

t h e  l oc al  d e f init ion of  d at a t r ans f or mat ion f u nc t ions  h e l p s  t o d e c omp os e / c omp os e  an 

at t r ib u t e d  au t omat on.  N ot e  t h at  h ie r ar c h ic al  c omp os it ion f u nc t ions  as  a t ool  f or  t h e  

ad e q u at e  mod e l ing  of  h ie r ar c h ic al  d at a s t r u c t u r e s  and  h ie r ar c h ic al  c omp u t at ional  
s t r u c t u r e s .  T h is  id e a is  r oot e d  in t h e  int e r p r e t ing  au t omat a c onc e p t ,  ap p l ie d  in V ie nna 

me t h od  f or  d e f ining  p r og r amming  l ang u ag e s  [ 1 8 ] .  

I n t h e  mod e l ing  of  int e r ac t iv e  s y s t e ms  it  ap p e ar s  imp or t ant  f or  t h e  s y s t e m t o r e ac t  

ad e q u at e l y  t o t h e  c h ang e s  in it s  e nv ir onme nt .  T h e s e  c h ang e s  c annot  b e  p r e d ic t e d ,  

s u c h  a s y s t e m is  inh e r e nt l y  i n t e r ac t i v e ,  i. e .  r e s p ond s  t o c h ang e s  in it s  e nv ir onme nt  b y  

p e r f or ming  i n t e r n al  c h ang e s ,  w h ic h ,  in t u r n,  w il l  b e  r e g is t e r e d  b y  t h e  e nv ir onme nt  as  

s ome  int e r nal  e v e nt s  of  t h e  s y s t e m.  W e  c al l  A A  s imu l at ing  int e r ac t iv e  s y s t e ms  i n t e r -

ac t i v e  A A .  I n t h e s e  au t omat a,  t h e  s e q u e nc e  of  int e r nal  e v e nt s  ( t r ans f or mat ions  of  at -
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t r i b u t e  v a l u e s )  w i l l  b e  i n  s o m e  m a n n e r  s y n c h r o n i z e d  w i t h  e x t e r n a l  e v e n t s  i n  t h e  e n v i -

r o n m e n t .  I n t e r a c t i v e  a t t r i b u t e d  a u t o m a t a  r e p r e s e n t  a  c e r t a i n  k i n d  o f  multi- s tr e a m in -

te r a ctio n  ma ch in e s  i n t r o d u c e d  b y  W e g n e r  [ 1 1 , 1 2 , 1 3 ] .   

F o r  e x a m p l e ,  t h e  p a r s i n g  o f  D y c k  l a n g u a g e s  [ 1 9 ]  i s  s o l v e d  b y  i n t e r a c t i v e  A A  a s  

f o l l o w s  ( F i g .  3 ) .  T h e  r e g u l a r  s t r u c t u r e  o f  a  s t r i n g  i s  r e p r e s e n t e d  b y  t h e  m o v e s  o f  A A ,  

c o u n t e r s  o f  p a r e n t h e s e s  a r e  r e p r e s e n t e d  a s  a t t r i b u t e s .  A n  i n t e r a c t i v e  a u t o m a t o n  i s  

c o n s t r u c t e d  f o r  c o u n t i n g  c e r t a i n  k i n d s  o f  p a r e n t h e s e s  ( ‘ [ ] ’ .  ‘ ( ) ’ ,  ‘ { } ’ ) .  A u t o m a t a  i n t e r -

a c t  w i t h  e a c h  o t h e r  f o r  r e c o g n i t i o n  o f  a  s t r i n g  o f  p a r e n t h e s e s .   

n, c n, c

c

(

ee
(

e

) )

[ [

n=0

n=n+1; c=c

n=n-1; c=c&(n>0)n=n-1; c=c&(n>0)

c = c&(n=0)

n=n+1; c=c

c = A (c)
[ ] c = A (c)

[ ]

 

a) Accounting  of  p ar e nth e s is  ' ( '  and  ' )' :  c'  =  A( ) ( c) 

n, c n, c

c

[

ee
[

e

] ]

( (

n=0

n=n+1; c=c c = A (c)
( )

c = A (c)
( )

n=n-1; c=c&(n>0)n=n-1; c=c&(n>0)

c = c&(n=0)

n=n+1; c=c

 

b ) Accounting  of  p ar e nth e s is  ' [ '  and  ' ] ' :  c'  =  A [  ]  ( c) 

Fig. 3. G r am m ar :  S  — >  S S  |  (  ) |  ( S ) |  [  ]  |  [ S ]  

4   Interactive  Modeling of Languages 

T h e  c o n s i d e r a t i o n s  d e s c r i b e d  a b o v e  l e d  u s  t o  t h e  d e s i g n  a n d  i m p l e m e n t a t i o n  o f  a  

s y s t e m  f o r  t h e  v i s u a l  d e v e l o p m e n t  o f  i n t e r a c t i v e  A A .  S u c h  a  d e v e l o p m e n t  e n v i r o n -

m e n t  w i l l  s e r v e  a s  a n  i n s t r u m e n t a l  t o o l  f o r  t h e  d e s i g n ,  a s  w e l l  a s  f o r  t h e  i m p l e m e n t a -

t i o n  o f  v a r i o u s  a p p l i e d  s o f t w a r e .  T o  q u o t e  P e t e r  W e g n e r  [ 1 1 ] :  “ T h e  “ n e g a t i v e  r e s u l t ”  

t h a t  i n t e r a c t i v e  b e h a v i o r  i s  n o t  e x p r e s s i b l e  b y  T u r i n g  m a c h i n e s  d e t e r m i n e s  a  “ p o s i t i v e  
c h a l l e n g e ”  t o  d e v e l o p  p r a c t i c a l  m o d e l s  o f  i n t e r a c t i v e  c o m p u t a t i o n ” .  M o r e o v e r ,  w e  a r e  

e n c o u r a g e d  b y  o u r  p i l o t  p r a c t i c e  e x p e r i e n c e .  I n t e r a c t i v e  A A  c o m p o s i t i o n s  a r e  e x p r e s -

s i v e  i n  s o l v i n g  n o n - a l g o r i t h m i c  p r o b l e m s .  S o m e  a l g o r i t h m i c  p r o b l e m s  c a n  b e  m o r e  

e f f i c i e n t l y  s o l v e d  b y  i n t e r a c t i v e  t e c h n i q u e s .  
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T h e  b as ic  int e r ac t iv e  A A  c omp os it ion t e c h niq u e s  ar e  imp l e me nt e d  in a p r ot ot y p e  

s y s t e m p r og r amme d  in J av a.  T h e  c ommu nic at ion t e c h niq u e  ap p l ie d  is  t h at  of  J av a 

M e s s ag e  S e r v ic e  ( J M S ) .  A u t omat a ar e  int e r ac t ing  b y  s e nd ing  me s s ag e s ,  b ot h  p oint -

t o-p oint  and  p u b l is h -and -s u b s c r ib e  me t h od s  ar e  av ail ab l e .  S e nd ing  a me s s ag e  is  

t r e at e d  as  a s e p ar at e  p r oc e s s  t h at  c an af f e c t  t h e  e v al u at ion of  at t r ib u t e s  f or  t h e  ne x t  

s t at e .  A  me s s ag e  c an b e  ac c e p t e d  e it h e r  in t h e  s y nc h r onou s  mod e  –  ac c e p t anc e  in-

c l u d e d  in t h e  s e l e c t ion p r oc e s s  of  t h e  ne x t  s t at e  or ,  in t h e  as y nc h r onou s  mod e  –  an 

ar r iv ing  me s s ag e  init iat e s  a s p e c if ic  s e p ar at e  p r oc e s s  of  ac c e p t anc e ,  w h ic h  in it s  ow n 
t u r n may  af f e c t  t h e  v al u e s  of  at t r ib u t e s .  

T h e  c ol l e c t ion of  int e r ac t iv e  au t omat a d e s ig ne d  t o s ol v e  a p r ob l e m f or ms  a c l u s t e r  

of  ag e nt s ,  i. e .  a mu l t i-ag e nt .  M e mb e r  ag e nt s  of  a c l u s t e r  may  b e  ac t iv at e d  as  one  c om-

p l e t e  t as k  on a c omp u t e r  or ,  as  a d is t r ib u t e d  t as k .  I n t h e  f ir s t  c as e ,  ag e nt s  c an e x -

c h ang e  inf or mat ion b y  c ommon ( c l u s t e r )  at t r ib u t e s  and  me s s ag e s ,  in t h e  s e c ond  c as e  

onl y  b y  me s s ag e s .  A  c l u s t e r  of  ag e nt s  of t e n s h ow s  a b e h av ior  t h at  is  r at h e r  c omp l e x  

and  or g aniz e d ,  d e s p it e  t h e  s imp l ic it y  of  e ac h  s ing l e  ag e nt .  I n t h is  as p e c t ,  ap p l ic at ion 

of  int e r ac t iv e  A A  ( as  int e r ac t ion mac h ine s )  l e ad s  f r om s y s t e ms  w it h  al g or it h mic  b e -

h av ior  t o s y s t e ms  w it h  e it h e r  s e q u e nt ial  int e r ac t iv e  b e h av ior  ( a p air  of  int e r ac t ing  

ag e nt s )  or  w it h  mu l t i-int e r ac t iv e  b e h av ior .  T h is  ob s e r v at ion c onf or ms  p e r f e c t l y  t o t h e  

s of t w ar e  e ng ine e r ing  p r inc ip l e s  of  p r og r amming -in-t h e -l ar g e  and  p r og r amming -in-

t h e -s mal l .  M or e ov e r ,  t h e  ag e nt -b as e d  ap p r oac h  in ( d omain-s p e c if ic )  l ang u ag e s  d e s ig n 
and  imp l e me nt at ion s e e ms  e x t r e me l y  int r ig u ing  in t h e  c ont e x t  of  t h e s e  ob s e r v at ions .   

O u r  p r ot ot y p e  s y s t e m of  int e r ac t iv e  A A  ( an ag e nt -b as e d  p r ob l e m-s ol v ing  e nv ir on-

me nt )  is ,  in a s e ns e ,  a s y s t e m of  p r og r amming  w h e r e  t h e  s of t w ar e  is  c ons t r u c t e d  b y  

me ans  of  c ol l ab or at iv e  ( int e r ac t ing )  c omp u t at ional  ag e nt s .  C omp one nt s  c ons t r u c t e d  

ar e  s av e d  as  it e ms  of  t h e  c ommon d at ab as e  of  au t omat a –  ag e nt s .  F r om t h e  s p e c if ic a-

t ion of  ag e nt s  of  a p ar t ic u l ar  t as k ,  a J av a-p r og r am w il l  b e  c omp il e d .  N ot ions  and  

t e r ms  ap p l ie d  in an au t omat on ar e  s p e c if ie d  b y  me ans  of  t h e  s o-c al l e d  axiom-c l as s e s  

( s p e c if ic  J av a-c l as s e s ,  r e p r e s e nt ing  not ions  of  t h e  p r ob l e m d omain) .  N ot ions  ar e  

imp l e me nt e d  as  p ar t ic u l ar  n ot ion -c l as s e s  d e r iv e d  f r om ax iom-c l as s e s .  T h e  ap p l ic at ion 

is  d e r iv e d  f r om p ar t ic u l ar  not ion-c l as s e s  and  c omp il e d  in t h e  c ont e x t  of  c ons t r u c t s  

( t e r ms  and  not ions ) ,  s p e c if ie d  b y  t h e  u s e r .  S u c h  a s t y l e  of  imp l e me nt at ion s u p p or t s  t h e  
s y s t e m’ s  f l e x ib il it y  –  b y  c h ang e s  in not ion-c l as s e s  ne w  p r op e r t ie s  c an b e  int r od u c e d  

t o t h e  c l u s t e r  as  a w h ol e .  O n t h e  ot h e r  h and ,  at  s ome  l e v e l ,  J av a-p r og r amming  is  

ne e d e d .  

F r om t h e  v ie w p oint  of  l ang u ag e  imp l e me nt at ion w e  t ak e  a ‘ not ion v ie w ’  of  DS L  

d e s ig n,  in t h at  a l ang u ag e  is  d e s ig ne d  as  a s e t  of  int e r r e l at e d  au t onomou s  not ions .  A  

l ang u ag e  p r oc e s s or  w il l  b e  c ons t r u c t e d  as  a c l u s t e r  of  int e r ac t iv e  A A  ( ag e nt s )  of  l an-

g u ag e  not ions .  A n ag e nt  " r e p r e s e nt s "  an ins t anc e  of  a p ar t ic u l ar  not ion,  i. e .  t h e  no-

t ion' s  r e p r e s e nt at ion,  it s  s t r u c t u r e ,  p r op e r t ie s  and  me aning .  T h e  t as k  of  t h e  not ion 

ag e nt  is  t o s e c u r e  t h e  ap p r op r iat e  t r ans l at ion/ int e r p r e t at ion of  e v e r y  not ion ins t anc e  in 

it s  g iv e n s p e c if ic  c ont e x t .  T h e  c ont e x t u al  and  s t r u c t u r al  r e l at ions  of  t h e  not ions  in-

c l u d e d  in a l ang u ag e  ar e  s p e c if ie d  in t e r ms  of  t h e  p r op e r t ie s  of  t h e  not ion ag e nt  and  it s  
int e r ac t ions  w it h  ot h e r  not ion ag e nt s .  I f  ne c e s s ar y ,  t h e  not ion ag e nt s  w il l  ap p l y  ot h e r  

ag e nt s  f or  t r ad it ional  s u b t as k s  of  s y nt ax -d ir e c t e d  t r ans l at ion and  c od e  g e ne r at ion.  I n 

ot h e r  w or d s ,  an imp l e me nt at ion of  a l ang u ag e  is  s p e c if ie d  as  a mu l t i-s t r e am int e r ac -

t ion mac h ine  [ 1 2 ,  1 3 ]  
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A s  a n  e x a m p l e  o f  t h e  m u l t i - a g e n t  a p p r o a c h  f o r  D S L  i n  t h e  f r a m e w o r k  o f  i n t e r a c -

t i v e  a t t r i b u t e d  a u t o m a t a ,  l e t  u s  c o n s i d e r  a  t i n y  i n t e r a c t i o n  l a n g u a g e  f o r  a n  o n l i n e  t i c k e t  

s a l e s  s y s t e m .  T h e  e x a m p l e  p r o b l e m  i s  b o r r o w e d  f r o m  [ 2 0 ] .  C u s t o m e r s  b u y  t i c k e t s  

f r o m  a  t i c k e t  s e r v e r .  T h e  s e r v e r  c o m m u n i c a t e s  o n l y  w i t h  s a l e s  a g e n t s .  C u s t o m e r s  c a n  

a s k  t h e  a g e n t  f o r  v a r i o u s  s e r v i c e s .  T h e s e  s e r v i c e s  i n c l u d e  r e s e r v i n g  t i c k e t s ,  p a y i n g  f o r  

a n d  g e t t i n g  t h e  r e s e r v e d  t i c k e t s ,  a n d  c a n c e l i n g  r e s e r v a t i o n s .  T h e  l a n g u a g e  o f  c o m m u -

n i c a t i o n  b e t w e e n  t h e  c u s t o m e r s  a n d  a g e n t s  c o n s i s t s  o f  a  c o u p l e  o f  n o t i o n s  o n l y ,  a s  

g i v e n  i n  f i g u r e  4 .  I m p l e m e n t a t i o n  o f  t h e  l a n g u a g e  b y  a u t o m a t a  i s  g i v e n  i n  f i g u r e  5 .  

Agent

Agent Customer

Customer

Ticket
server

Customer –> Agent:
Agent –> Customer:

want to buy, cancel_res, pay
reserved, not approved, canceled, tickets, sold_out,
try_later, too_many, queue_full

 

Fig. 4. 

Wait

Agent

reserve

message not understood

tickets reserved

message not understood

tickets sold out

or pay

message not understood

accept tickets
or reject

message not understood

Request

Pay Ship
reject

pc. 1

Precondition 1: Wait

Precondition 2: Request

Precondition 3: Pay

Precondition 4: Ship

server failure ==> Wait
want to buy ==> Request
otherwise ==> Wait

tickets available ==> Pay
tickets sold out ==> Wait
otherwise ==> Request

request accepted ==>

otherwise ==> Pay

done ==> Wait
otherwise ==> Ship

Ship
request rejected ==> Ship

inme sagesinme agess

inme sages inme sages

pc. 2

pc. 3 pc. 4

 

Fig. 5 . 
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5   Conclusion 

Du r ing  t h e  l as t  de c ade  t h e  p ar adig m f or  de s ig ning  s of t w ar e  s y s t e ms  h as  g r adu al l y  

s h if t e d f r om t h e  al g or it h m-c e nt e r e d t o t h e  int e r ac t ion-c e nt e r e d ap p r oac h .  I de a of  

ag e nt -or ie nt e d s of t w ar e  e ng ine e r ing  is  r ap idl y  s p r e ading .  T h e  c r u c ial  me t h odol og ic al  

as p e c t  of  mode l ing  s of t w ar e  s y s t e ms  is  t o w h at  e x t e nt  t h e  f or mal  me t h ods  s u p p or t  t h e  

r e as onab l e  s t r u c t u r ing  of  t h e  p r ob l e m domain.  I nt e r ac t iv e  ag e nt s  ap p e ar  as  a f e as ib l e  

b as ic  f r ame w or k  f or  t h e  de s ig n and imp l e me nt at ion of  ( domain-s p e c if ic )  l ang u ag e s .  
I nt e r ac t iv e  t r ans l at ion mode l s  e nab l e  t o c r e at e  a s e mant ic al l y  r ic h e r  mode l e d w or l d,  

al s o f or  domain-s p e c if ic  l ang u ag e s .  A s  any  ot h e r  ar t if ic ial  l ang u ag e s ,  t h e  DS L ,  t oo,  

ar e  f ir s t  onl y  p ar t ial l y  de s ig ne d,  e v ol v ing  g r adu al l y  in t h e  p r oc e s s  of  c ommu nic at ion 

and ob s e r v at ion.  A s  an int e r ac t iv e  mode l ,  it  l e ads  t o b e t t e r  s t r u c t u r e d s y s t e m,  b e t t e r  

e x p r e s s iv e ne s s  and r e du c e s  c omp l e x it y .  O n t h e  ot h e r  h and,  t h e  inc omp l e t e ne s s  of  t h e  

mode l  is  inh e r e nt  p r ic e  f or  t h e  f r e e dom of  mu l t i-ag e nt  de s ig n,  i. e .  it  r e mains  an ar t  of  

t r ans l at ion 
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