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Abstract. Th is p ap er p resents a w ay for d istributed  p rog ram  synth esis.  W e use 
J av a p rog ram m ing  l ang uag e as a base l ang uag e th at is ench anted  w ith  
d ecl arativ e sp ecifications.  P rog ram  synth esiz er th at p erform s autom ated  
p rog ram  construction uses th ese sp ecifications.  S ev eral  asp ects are p resented  on 
h ow  in th is fram ew ork  a new  p rog ram  can be synth esiz ed  and  ex ecuted ,  tak ing  
ad v antag e of th e d istributed  com p uting .  

Introduction 

D i stri b ute d  p roc e ssi n g  i s use d  to sp e e d  up  c om p utati on al  p roc e sse s al re ad y  f or 

d e c ad e s.  S ti l l ,  the se  c ap ab i l i ti e s are  use d  on l y  b y  a l i m i te d  n um b e r of  p rog ram m e rs.  

T he re  are  tw o m ai n  re ason s w hy  d i stri b ute d  p roc e ssi n g  i s n ot w i d e l y  use d  are :  

1 .  A v ai l ab i l i ty  of  the  H i g h- P e rf orm an c e  C om p uti n g  ( H P C )  f ac i l i ti e s ( sup e r-

c om p ute rs)  i s l i m i te d  b e c ause  of  m on e tary  or p ol i ti c al  re ason s.  

2 .  W ri ti n g  a p rog ram  to b e  e x e c ute d  i n  a d i stri b ute d  m an n e r i s f ar m ore  c om p l e x  
than  d oi n g  i t f or se q ue n ti al  c ase .  

T he  f i rst re ason  i s q ui c kl y  f ad i n g ,  as i t i s p ossi b l e  tod ay  to b ui l d  a c om p ute r c l uste r 

w i th q ui te  af f ord ab l e  p ri c e  an d  take  ad v an tag e  of  H P C  an d  G R I D  c om p uti n g .  

I t i s m ore  c ruc i al  w i th sof tw are  d e v e l op m e n t –  the re  are  sti l l  n o w i d e l y  ac c e p te d  

sol uti on s al l ow i n g  on e  to d e v e l op  sof tw are  f or d i stri b ute d  c om p uti n g .  S ti l l  the re  

e x i sts stron g  d e m an d  f or an  e asy  to use  sof tw are  d e v e l op m e n t e n v i ron m e n t.  

I n  thi s p ap e r w e  c on c e rn  m ai n l y  i ssue s re l ate d  to m od e l i n g  an d  si m ul ati on  

e n v i ron m e n ts.  S c i e n ti sts an d  e n g i n e e rs use  m od e l i n g  an d  si m ul ati on  of te n  i n  the i r 

re se arc h.  G e n e ral l y ,  the se  ac ti v i ti e s are  c om p utati on al l y  d i f f i c ul t.  I t c an n ot b e  

e x p e c te d  that p e op l e  w ho n e e d  si m ul ati on s i n  the i r w ork are  al so c om p ute r sp e c i al i sts 

c ap ab l e  to d e v e l op  l ow  l e v e l  c om p l e x  p rog ram s that take  ad v an tag e  of  H P C .  
[ Kotkas0 2 ]  d e sc ri b e s an  arc hi te c ture  of  a p rog ram  sy n the si z e r,  w he re  the  m ai n  

ke y w ord s to hi g hl i g ht the  p rob l e m  d om ai n  w e re   

−hi g h l e v e l  sp e c i f i c ati on s 

−f ul l y  autom ati c  p rog ram  c on struc ti on  

−p rog ram  re usab i l i ty .  

T he se  f e ature s are  ad d re sse d  to re se arc he rs an d  e n g i n e e rs w ho are  n ot c om p ute r 

sc i e n ti sts or ski l l e d  p rog ram m e rs an d  n e e d  an  e asy  to use  tool  f or m od e l i n g  an d  

si m ul ati on .  
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T h e  p r o g r a m  s y n t h e s i z e r  a l l o w s  o n e  t o  s p e c i f y  t h e i r  p r o b l e m s  w i t h  h i g h - l e v e l  

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

s o l v e  t h e i r  p r o b l e m .   

B a s i c a l l y ,  o n e  h a s  t o  d e s c r i b e  t h e  p a r t s  o f  m o d e l e d  s y s t e m  ( m o d u l e s  o r  o b j e c t s ) ,  t i e  

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

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

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

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

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

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

I n  t h i s  p a p e r  w e  d e s c r i b e  t h e  p o s s i b i l i t i e s  t o  t a k e  a d v a n t a g e  o f  H P C  i n  t h e  g i v e n  

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

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

m a i n  p a r t  o f  t h e  f r a m e w o r k .   

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

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

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

Declarative Specifications 

D e c l a r a t i v e  S p e c i f i c a t i o n s  a r e  e m b e d d e d  i n t o  a  J a v a  c l a s s  a s  a n  a r r a y  o f  S t r i n g s .  

E a c h  e l e m e n t  o f  t h e  a r r a y  r e p r e s e n t s  o n e  c l a u s e  o f  t h e  s p e c i f i c a t i o n .  T h e s e  

s p e c i f i c a t i o n s  c a n  b e  a c c e s s e s  e a s i l y  w i t h  J a v a  r e f l e c t i v e  t o o l s  w h e n e v e r  a n  o b j e c t  o r  
c l a s s  i s  a c c e s s i b l e .  E v e r y  c l a s s  t h a t  s h o u l d  b e  i n c o r p o r a t e d  i n  t h e  p r o g r a m  s y n t h e s i s  

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

o f  t h e  c l a s s  a s  i t  d e s c r i b e s  t h e  i n t e r f a c e  v a r i a b l e s  a n d  t h e i r  i n t e r r e l a t i o n s  t h a t  c a n  b e  

u s e d  i n  t h e  s y n t h e s i z e d  p r o g r a m .  

T h e  s p e c i f i c a t i o n  l a n g u a g e  c o n s i s t s  o f  t w o  s e c t i o n s  - -  var a n d  re l  s e c t i o n .  T h e  var 

s e c t i o n  s p e c i f i e s  t h e  c o m p o n e n t s  o f  c u r r e n t  c l a s s  -  J a v a  p r i m i t i v e s  a n d  o b j e c t s  -  u s e d  

i n  t h e  re l  s e c t i o n .  M u l t i p l e  i n s t a n c e s  o f  t h e s e  s e c t i o n s  c a n  b e  u s e d  i n  a  s p e c i f i c a t i o n  i n  

r a n d o m  s e q u e n c e .  

T h e  var s e c t i o n  i s  a n  o b l i g a t o r y  s e c t i o n  i n  t h e  m e t a - i n t e r f a c e .  I t  i s  f o r m a l l y  

s p e c i f i e d  a s  f o l l o w s   

var a_1, a_2, ..., a_n : type 

w h e r e  a _ i  ( i  =  1 . . n )  a r e  d e c l a r e d  v a r i a b l e s .  I f  t y p e  i s  r e p r e s e n t e d  w i t h  t h e  k e y w o r d  

any,  t h e  d e c l a r e d  c o m p o n e n t  a l r e a d y  e x i s t s  i n  t h e  J a v a  c l a s s  a n d  t h e  e x a c t  t y p e  o f  t h a t  

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

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

s y n t h e s i z e d  p r o g r a m .  

T h e  re l  s e c t i o n  d e f i n e s  r e l a t i o n s  o f  t h e  d e c l a r e d  c o m p o n e n t s  i n  t h e  f o r m  o f  

c o m p u t a b i l i t y  s t a t e m e n t s  o r  c o m p u t a t i o n a l  c o n s t r a i n t s .  I n  s i m p l e r  w o r d s ,  re l  

s t a t e m e n t s  s h o w  h o w  s o m e  c o m p o n e n t s  c a n  b e  c a l c u l a t e d  o u t  o f  o t h e r  c o m p o n e n t s .  
T h e  s t a t e m e n t s  a r e  w r i t t e n  a s  f o l l o w s :  

rel Label: RelStatement 
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T he RelStatement sp ec ifies an eq uiv al enc e,  eq uation,  ineq ual ity or method 

dec l arations.  T he L ab el is a giv en name to the c urrent sp ec ific ation statement that c an 

be referred for debugging or is used to modify inherited sp ec ific ations.  

A s J av a c l asses inherit p rop erties from their sup erc l asses,  al so the sp ec ific ations of 

meta-interfac es are inherited.  M eta-interfac e in a subc l ass ov errides the sp ec ific ation 

statements of the sup erc l ass,  if it defines a new  rel ation w ith the same l abel .  

M ethod dec l aration p resents either a c l ass method or an instanc e method.  I t 

desc ribes the inp ut and outp ut p arameters req uired for the method inv oc ation and 
ex c ep tions if needed.  I n other w ords,  the method dec l arations show  how  the methods 

and c omp onents of the c urrent c l ass are interrel ated.  A  general  M ethod dec l aration 

c onstruc tion is the fol l ow ing:   

[SubtaskSpec][InputSpec] -> OutputSpec { MethodName } 

H ere the sq uare brac k ets denote that the Su b tas k Sp ec  and I np u tSp ec  are op tional .  

Su b tas k Sp ec  defines a c omma-del imited l ist of Su b tas k s.  E ac h Su b tas k  is 

surrounded w ith sq uare brac k ets and denote a c omp utational  p robl em of typ e x  ->  y,  
w hic h sol v abil ity is treated as inp ut for the method,  w here x  and y are l ists of 

c omp onents of c l ass C las s N ame.  T he Subtask  dec l aration c onstruc tion is the 

fol l ow ing:  

[ClassName |-] [InputSpec] -> OutputSpec 

I n c ase of Subtask  is p resent in the M ethod dec l aration the synthesiz er c reates a 

new  p rogram that sol v es the c omp utational  p robl em on a sep arate obj ec t of the giv en 

c l ass C las s N ame w here x  and y are l ists of c omp onents of this c l ass.  
I n c ase the C las s N ame is omitted the c urrent c ontex t obj ec t ( obj ec t in w hic h the 

dec l aration is p resent)  is used w here x  and y are c omp onents of the obj ec t.  

T he synthesiz ed p rogram c an be c al l ed from w ithin the method body in the 

fol l ow ing w ay:  

SSP.subtask(1, input, output); 

H ere the SSP . s u b tas k  is a method from the SSP  c l ass that automatic al l y finds the 
c orresp onding synthesiz ed p rogram matc hing to the first subtask  ( see p arameter 1  in 

the method c al l )  of the c urrent M ethod.  I f there are more than one subtask  

sp ec ific ations in the M ethod dec l aration they c an be ac c essed using their number of 

order in the SSP . s u b tas k  c al l .  T he inp ut and outp ut are struc tures of inp ut and outp ut 

p arameters for the synthesiz ed p rogram that w ere defined in the M ethod dec l aration 

Su b tas k Sp ec  sec tion.  C l ass SSP is a c ol l ec tion of methods that c an be c al l ed from 

w ithin the J av a p rogram.  T he name is giv en referring to Struc tural  Synthesis of 

Programs p aradigm on top  of w hic h the p rograms synthesiz er op eration l ies.  

T he I np u tSp ec  c onsists of tw o l ists of c omp onents sep arated by &-symbol .  

C ommas sep arate the c omp onents desc ribed on both l ists.  T he c omp onents of the l ist 

before & are handl ed as method' s formal  p arameters and the c omp onents after & 

resp ec tiv el y define instanc e v ariabl es that the method uses.  I f the l ist after the symbol  
& is emp ty,  &-symbol  must be disc arded.  

T he O u tp u tSp ec  has a simil ar struc ture to the I np u tSp ec .  T he onl y differenc e is that 

before the &-symbol  onl y one c omp onent is al l ow ed,  bec ause an arbitrary method in 

J av a may return onl y one v al ue in time.  I n c ase there is no el ement sp ec ified before 

&,  the method is of typ e v oid.  
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A d d i t i o n a l l y ,  t h e  o u t p u t  p a r a m e t e r  l i s t  m a y  e n d  w i t h  a  | s e p a r a t e d  l i s t  o f  

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

F o r  e x a m p l e   

rel [compClass|-k,l->m] a, d.y & c.x, d.x -> c.y & d.y | e {doIt} 

i l l u s t r a t e s  t h e  u s a g e  o f  c o n s t r u c t i o n s ,  w h e r e  InputSpec =  a ,  d . y &  c. x ,  d . x  a n d  

O utputSpec =  c. y &  d . y |  e.  C o m p o n e n t  a  a n d  d . y a r e  f o r m a l  p a r a m e t e r s  f o r  l o c a l  

m e t h o d  d o It  w i t h  s i g n a t u r e  type( c. y)  d o It( type( a ) ,  type( d . y) ) ,  a n d  c. y i s  t h e  o u t p u t  o f  

t h a t  p a r t i c u l a r  m e t h o d .  G l o b a l  c o m p o n e n t s  c. x  a n d  d . x  a r e  u s e d  i n  t h e  c o m p u t a t i o n s  

a n d  d . y i s  m o d i f i e d  a s  a  s i d e - e f f e c t  o f  t h i s  m e t h o d .  T h e  c o m p o n e n t  e r e p r e s e n t s  a n  

e x c e p t i o n  t h a t  m a y  b e  t h r o w n  b y  t h e  m e t h o d .  T h i s  m e t h o d  i s  a p p l i c a b l e  o n l y  i n  t h e  

c a s e  a  c o m p u t a t i o n a l  p r o b l e m  k, l- >  m i s  s o l v a b l e  o n  c l a s s  co mpC la s s  o r  i n  t h e  o t h e r  

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

o b j e c t  o f  c l a s s  co mpC la s s  i s  c r e a t e d .  
E q u i v a l e n c e  d e f i n e s  a  p a i r  o f  c o m p o n e n t s  t h a t  s h o u l d  s t a y  e q u a l  a t  a n y  s t a g e  o f  a n  

e x e c u t e d  s y n t h e s i z e d  p r o g r a m .  O n e  c a n  t h i n k  o f  e q u v a l e n t  c o m p o n e n t s  a s  o f  o b j e c t s  

t h a t  a r e  s t o r e d  i n t o  t h e  s a m e  m e m o r y  l o c a t i o n .  E q u i v a l e n c e s  a r e  u s e d  a s  c o n n e c t o r s  

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

e x a m p l e  o f  a n  e q u i v a l e n c e  d e f i n i t i o n  m a y  b e  t h e  f o l l o w i n g :  r el a . x  = =  b . y.  O n e  

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

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

E q u a t i o n s  a n d  i n e q u a t i o n s  i n  t h e  R elSta tement  a r e  u s e f u l  w h e n  o n e  s o l v e s  a n  

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

s o l v e r  t h a t  h a n d l e s  e q u a t i o n s  a u t o m a t i c a l l y  a n d  t h e  s o l v e r  f o r  t h e  e q u a t i o n s  h a s  t o  b e  

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

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

c o m p u t a t i o n s .  

An example of specification language usage 

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

s i m p l e  m o d e l i n g  s y s t e m  Sys tA ,  w h i c h  u s e s  2 s u b c o m p o n e n t s :  M o d elA  a n d  M o d elB  

t h a t  i m p l e m e n t  2 a l g o r i t h m s .  U n f o r t u n a t e l y  t h e s e  m o d e l s  a r e  b u i l t  t o  u s e  d i f f e r e n t  

m e a s u r e m e n t  s y s t e m s  – t h e  M o d elA  u s e s  f e e t ’ s  a n d  m i l e s  w h i l e  t h e  M o d elB  u s e s  

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

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

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

b e e n  p r e p a r e d  t o  b e  u s e d  w i t h  t h e  s a m e  m e a s u r e m e n t  s y s t e m .  

I n  o r d e r  t o  s o l v e  t h e  m o d e l i n g  t a s k  w e  h a v e  t o  e x e c u t e  t h e  c o m p u t a t i o n s  i n  M o d elA  

a n d  M o d elB  s e q u e n t i a l l y  s o  t h a t  s o m e  o f  t h e  o u t p u t  p a r a m e t e r s  o f  M o d elA  w o u l d  b e  

i n p u t  p a r a m e t e r s  f o r  M o d elB .  A s  t h e s e  m o d e l s  a r e  u s i n g  d i f f e r e n t  m e a s u r e m e n t  u n i t s ,  
w e  h a v e  t o  t r a n s l a t e  t h e  m e a s u r e m e n t  u n i t s  i n  b e t w e e n .   
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T yp ic al l y the al gorithms ( c reated by engineers)  giv en in the form of p rogram c ode 

w oul d l ook  the fol l ow ing :  

publ i c cl ass Model A {  

 / /  i n1 and i n2 gi ven i n NMI ,  out 1 and out 2 gi ven i n f eet  

 publ i c doubl e i n1,  i n2,  out 1,  out 2;  

 publ i c doubl e comput eOut 1( doubl e i nput 1,  doubl e i nput 2)  {  

  / *  i mpl ement at i on f ol l ows her e * /  

 }  

 publ i c doubl e comput eOut 2( doubl e i nput 1,  doubl e i nput 2)  {  

  / *  i mpl ement at i on f ol l ows her e * /  

 }  

}  

publ i c cl ass Model B {  

 / /  i n1 and i n2 gi ven i n km,  out  gi ven i n cm 

 publ i c doubl e i n1,  i n2,  out ;  

 publ i c doubl e comput eOut 1( doubl e i nput 1,  doubl e i nput 2)  {  

  / *  i mpl ement at i on f ol l ows her e * /  

 }  

}  

Fig. 1 . Initial source of the ModelA and  ModelB  im p lem enting  som e alg orithm s 

W e hav e to add a meta-interfac e ( SSPspec)  to the c l ass in order to tak e adv antage 

of the automated synthesis of p rograms and highl ight the measurement units in use 

i mpor t  ee. i oc. cs. synt hesi zer . *  

publ i c cl ass Model A i mpl ement s SSPI nt er f ace {  

 publ i c st at i c  St r i ng[ ]  SSPspec = {  

  “ var  i n1_nmi ,  i n2_mni ,  out 1_f t ,  out 2_f t  :  doubl e“  

  “ var  i n1,  i n2,  out 1,  out 2 :  any“  

  “ r el  i n1_nmi  - > i n1 { nar r ow} “  

  “ r el  i n2_nmi  - > i n2 { nar r ow}  “  

  “ r el  out 1 - > out 1_f t  { nar r ow}  “  

  “ r el  out 2 - > out 2_f t  { nar r ow}  “  

  “ r el  O1:  i n1,  i n2 - > out 1 { Comput eOut 1}  “  

  “ r el  O2:  i n1,  out 1 - > out 2 { Comput eOut 2}  “  

 }  

 / *  The r est  of  t he cl ass f ol l ows her e * / }  

Fig. 2 . D eclarativ e sp ecification of M od elA  
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H e r e  t h e  r e l a t i o n s  O1 a n d  O2  s h o w  w h a t  p a r a m e t e r s  a r e  a c t u a l  i n p u t s  a n d  o u t p u t s  

t o  t h e  m e t h o d s  C o m p u t e Ou t 1 a n d  C o m p u t e Ou t 2  t h a t  i s  n o t  a s  c l e a r l y  v i s i b l e  i n  t h e  

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

d o u b l e  ->  d o u b l e  a n d  n e e d  n o t  a n y  s p e c i a l  t r e a t m e n t  ( l i k e  c a t c h i n g  p o s s i b l e  

e x c e p t i o n s ) .  

I n  t h e  s i m i l a r  w a y  w e  c r e a t e  t h e  m e t a - i n t e r f a c e  t o  t h e  M o d e l B .  

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

f o r  v a r i a b l e s  i n 1 a n d  i n 2  a n d  c a l c u l a t e  t h e  v a l u e  o f  o u t 1 a n d  p r e s e n t  i t .   

i mpor t  ee. i oc. cs. synt hesi zer . *  

publ i c cl ass Syst A i mpl ement s SSPI nt er f ace {  

 publ i c st at i c  St r i ng[ ]  SSPspec = {  

  “ var  i n1,  i n2,  out 1 :  any“  

  “ r el  [ Model A | -  i n1_nmi ,  i n2_nmi  - > out 1_f t ,  out 2_f t ] ,  

   [ Tr ansl at or  | -  f t  - > km] ,  

   [ Model B | -  i n1_km,  i n2_km - > out _cm]  

   i n1,  i n2 - > out 1 { met hodX}  “  

 }  

 publ i c doubl e i n1,  i n2,  out 1;  

 publ i c doubl e met hodX( doubl e par 1,  doubl e par 2)  {  

  / *  Her e we f or m t he st r uct ur es of  i nput  and out put  
par amet er s f or  t he subt asks and st or e t he val ues of  par 1 and 
par 2 t o i nput  1.  * /  

  SSP. subt ask( 1,  i nput 1,  out put 1) ;  

  SSP. subt ask( 2,  out put 1,  out put 2) ;  

  SSP. subt ask( 3,  out put 2,  out put 3) ;  

  Ret ur n out put 3;  

 }  

 publ i c voi d r un( )  {  

  i n1 = get Val ue( ) ;  

  i n2 = get Val ue( ) ;  

  St r i ng pr ogI D = SSP. synt hesi ze ( “ i n1, i n2- >out 1“ ,  t hi s) ;  

  SSP. execut e( pr ogI D,  t hi s) ;  

  pr esent Val ue( out 1) ;  

 }  

}  

Fig. 3 . Class SystA 
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T he sec ond subtask  refers to c l ass Translator that c oul d be the fol l ow ing:  

i mpor t  ee. i oc. cs. synt hesi zer . *  

publ i c cl ass Tr ansl at or  i mpl ement s SSPI nt er f ace {  

 publ i c st at i c  St r i ng[ ]  SSPspec = {  

  “ var  m,  km,  cm,  mm,  dm :  doubl e“  

  “ var  f t ,  kf t ,  i nch,  nmi  :  doubl e“  

  “ r el  km = m/ 1000“  

  “ r el  km = nmi * 1. 852“  

  … 

 }  

}  

N ow  w hen the method run of c l ass S y stA  c al l s S S P . sy nth e si z e ( )  the p rogram 

synthesiz er is ex ec uted and searc hes for a seq uenc e of ap p l ic abl e methods that sol v e 

the giv en task . N ote that i n1 ,  i n2  and ou t1 ,  used in the p rogram synthesis req uest,  are 

the c omp onents of the c l ass S y stA . T he usage of S S P . sy nth e si z e ( )  method c al l  is 

disc ussed in more detail  in c hap ter “ Distributed Program E x ec ution” . 

Distributed Program Synthesis  

T he S y nth e si z e r ( see F ig. 4 )  handl es the sp ec ific ations and p erforms p rogram 

c onstruc tion. T he Synthesiz er is c omp osed of the fol l ow ing 6  c omp onents:  M anag e r ,  

C om p i le r ,  D e c orator ,  K now le d g e  B ase  &  C om p one nt R e p osi tory  ( K B C R ) ,  P lanne r 

and C od e  G e ne rator. 
A l l  c omp onents of the S y nth e si z e r are running under O bj ec t M anagement G roup ' s 

C ommon O bj ec t R eq uest B rok er A rc hitec ture ( O M G  C O R B A ) ,  w hic h p rov ides a 

fl ex ibl e c ommunic ation and ac tiv ation for distributed heterogeneous obj ec t-oriented 

c omp uting env ironments [ V inosk i9 7 ] . 

W hil e using C O R B A  for c omp onent interc onnec tion w e hav e to serial iz e ( transl ate 

into a byte stream)  al l  the data w e w ant to send ov er the netw ork ,  as C O R B A  is inter 

p l atform and inter p rogramming l anguage c ommunic ation arc hitec ture and entities 

c annot be sent ov er a netw ork . 

M anag e r is the c entral  c omp onent of the S y nth e si z e r that c oordinates the w ork  of 

other c omp onents and manages the c omp utational  resourc es. W hen rec eiv ing a 

req uest for p rogram synthesis from a P rog ram  the M anag e r first c hec k s w hether the 
P rog ram  has issued a simil ar synthesis req uest before. I n this c ase there is no need to 

p erform synthesis again and the suitabl e ( sol v er)  p rogram c an be fetc hed from the 

K B C R . 

K B C R  is a database-l ik e struc ture that al l ow s to store c omp il ed dec l arativ e 

sp ec ific ations for eac h c l ass used in the P rog ram  as w el l  as generated sol utions for 

different p robl ems. T his enabl es the reuse of al ready synthesiz ed p rograms. 
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Messages passed over CORBA: 
Cal l  t o an  ex i st i n g ob j ec t  

I n vo c at i on  of  a n ew  ob j ec t  

Distributed 
ex ec uti o n  

st subta sk  

ex ec  

S S P  

P ro g ra m  

C o de G en era to r  

P l a n n er  

Dec o ra t o r 

C o m p i l er  

K n o w l edg e 
B a se &  

C o m p o n en t  
R ep o sito ry  

S y n t h e s i z e r  

M a n a g er  

 

Fig. 4 . The automated program synthesis environment 

I n  t h e  c a s e  t h e  Program c o n t a c t s  w i t h  t h e  S y n t h e s i z e r f i r s t  t i m e  i t  " i n t r o d u c e s "  

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

f o r w a r d e d  t o  t h e  C omp i l e r .  

T h e  C omp i l e r  f i r s t  f e t c h e s  t h e  d e c l a r a t i v e  s p e c i f i c a t i o n s  o u t  o f  t h e  c l a s s e s  a n d  

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

t o  t h e  h a s h  n u m b e r s  s t o r e d  i n  t h e  K B C R .  I f  t h e  h a s h  n u m b e r s  m a t c h  t h e  c o m p i l a t i o n  
o f  t h e s e  c l a s s e s  c a n  b e  s k i p p e d ,  o t h e r w i s e  t h e  C omp i l e r  p a r s e s  t h e  d e c l a r a t i v e  

s p e c i f i c a t i o n s  o f  t h o s e  c l a s s e s ,  w h i c h  h a s h  c o d e  d i d  n o t  m a t c h  t h e  o n e s  i n  K B C R ,  a n d  

s t o r e s  t h e  r e s u l t i n g  d e s c r i p t i o n  i n t o  K B C R .  

T h e  D e c orat or  c r e a t e s  a  b i p a r t i t e  g r a p h  l i k e  s t r u c t u r e  o u t  o f  t h e  c l a s s  d e s c r i p t i o n s  

s t o r e d  i n  t h e  K B C R .  T h e  b i p a r t i t e  g r a p h  h a s  t w o  t y p e s  o f  n o d e s  -  c o m p o n e n t s  a n d  

r e l a t i o n s .  T h e  r e a s o n  o f  b u i l d i n g  s u c h  a  s t r u c t u r e  i s  t o  g e t  r i d  o f  t h e  o b j e c t - o r i e n t e d  

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

T h e n  t h e  D e c orat or  p a i n t s  t h e  o b j e c t  a n d  v a r i a b l e  n o d e s  i n  t h e  g r a p h .  A  p a i n t e d  

n o d e  i n  t h e  g r a p h  r e p r e s e n t s  t o  a  c o m p o n e n t  w i t h  t h e  s t a t e  " k n o w n " .  A  d i f f e r e n t  

" c o l o r "  i s  u s e d  t o  m a r k  t h e  g o a l ( s ) .  E v a l u a t e d  o r  " k n o w n "  i s  t h e  s t a t e  o f  a  c o m p o n e n t  

w h e n  w e  c o n s i d e r  t h a t  i t  h a s  a  v a l u e  i . e .  i t  i s  n o t  n u l l  i n  c a s e  o f  J a v a .  

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

w i t h  p r o b l e m  s o l v i n g  t h e  Pl an n e r  c h e c k s  f r o m  t h e  K B C R  w h e t h e r  a  s o l u t i o n  a l r e a d y  

e x i s t s  f o r  i t .  I n  t h e  c a s e  t h e  s o l u t i o n  d o e s  n o t  e x i s t ,  t h e  Pl an n e r  s t a r t s  s o l v i n g  i t .  

I f  t h e  s o l u t i o n  i s  f o u n d ,  t h e  a l g o r i t h m  i s  p a s s e d  t o  t h e  C od e  G e n e rat or ,  t h e  p r o b l e m  

s p e c i f i c a t i o n  i n  t h e  K B C R  i s  m a r k e d  a s  s o l v a b l e  a n d  t h e  c a l l e r  Program i s  n o t i c e d  

a b o u t  i t .   

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

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



Synthesis of Distributed Programs 2 9  

l anguage w as J av a.  T he c l ass is c omp il ed and a c omp onent inc l uding a new l y c reated 

instanc e of this c l ass is summoned and added to the KBCR.  T he c omp onent is stored 

into the KBCR w ith its p robl em sp ec ific ation that mak es it p ossibl e to use that 

c omp onent rep eatedl y for sol v ing many simil ar task s.  

Planning Strategies 

I n p rinc ip l e there are tw o k inds of rel ations that may oc c ur in the dec l arativ e 

sp ec ific ation [ T yugu8 1 ] :  

1 .  U nc onditional  rel ations imp l ementing unc onditional  c omp utabil ity statements of 

Struc tural  Synthesis of Programs ( SSP) .  I n suc h rel ations c omp utabil ity of some 

( outp ut)  obj ec t dep ends onl y on some other ( inp ut)  obj ec t( s) .  U nc onditional  rel ations 

of sev eral  typ es as eq uations,  eq uiv al enc ies,  J av a methods ( w ithout subtask s)  etc .  are 

av ail abl e in the sp ec ific ation l anguage.  

2 .  C onditional  rel ations or rel ations w ith subtask s,  imp l ementing c onditional  

c omp utabil ity statements of SSP,  desc ribe more sop histic ated dep endenc ies w here 
outp ut obj ec ts dep end not onl y on inp ut obj ec ts but al so on sol v abil ity of some other 

c omp uting p robl ems.  

T he p robl em sp ec ific ation for Pl anner is of form x -> y,  w here x  denotes the set of 

" k now n"  obj ec ts and y denotes the set of obj ec ts to be c omp uted ( the goal ) .  W hil e 

synthesiz ing p rograms for seq uential  ex ec ution in a non-distributed env ironment the 

Pl anner c reates an al gorithm ( a seq uenc e of rel ations)  that desc ribes how  to c omp ute 

y from x  using the fol l ow ing p roof searc h strategy of Struc tural  Synthesis of 

Programs [ H arf8 0 ] :  

−A n assump tion-driv en forw ard searc h ( l inear p l anning)  sel ec ts unc onditional  

rel ations.  A t eac h step ,  if al l  the inp ut obj ec ts of the rel ation are " k now n"  and at 

l east one outp ut obj ec t is " not k now n" ,  the rel ation is added to the al gorithm.  W hen 
adding a rel ation into the al gorithm al l  its outp ut obj ec ts are set as " k now n"  

obj ec ts.  T he searc h is c omp l eted w hen al l  the nodes mark ed as " goal "  is al so 

" k now n"  or there are no nodes w ith " k now n"  inp uts l eft.  T he searc h is a simp l e 

fl ow  anal ysis on the netw ork  of unc onditional  rel ations.  

−G oal -driv en bac k w ard searc h sel ec ts and sol v es subtask s.  T he searc h is ap p l ied if 

the l inear p l anning c annot be c ontinued.  O nl y suc h rel ations w ith subtask s are 

c onsidered w hic h inp ut obj ec ts are " k now n" .  F irst the K B C R  is c hec k ed for the 

ex istenc e of the sol ution of ev ery subtask  the rel ation hav e.  I f ex isting sol utions are 

not found,  the Pl anner is rec ursiv el y used for sol v ing ev ery subtask  of the rel ation 

c onsidered.  I f al l  the subtask s of the rel ation are sol v ed,  the rel ation is added to the 

al gorithm.  L inear p l anning is used after ev ery inv oc ation of a rel ation w ith 

subtask s in the al gorithm.  

−M inimiz ation is ap p l ied to the resul ting al gorithm of the tw o p rev ious searc h 

strategies.  T he searc h strategies abov e do not guarantee that w e hav e buil t the 

shortest p ossibl e al gorithm for c omp uting the desired goal .  E v en more,  the 

synthesiz ed al gorithm may c ontain rel ations that are not nec essary for c omp uting 

the goal .  M inimiz ation is used to ex c l ude suc h rel ations from synthesiz ed 

al gorithm.  A s a resul t of p l anning w e get an al gorithm that is not nec essaril y the 

shortest,  but it does not c ontain unnec essary rel ations.  
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W e l l - k n o w n  s e a r c h - s t r a t e g i e s  l i k e  d e p t h - f i r s t  o r  w i d t h - f i r s t  c a n  b e  a p p l i e d  h e r e  a s  

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

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

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

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

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

1 .  A  n u m b e r  o f  Planners  i s  e x e c u t e d  i n  p a r a l l e l  t h a t  u s e  d i f f e r e n t  s e a r c h  s t r a t e g i e s .  

M anag er h a n d l e s  t h e  e x e c u t i o n  o f  Planners  a n d  c o l l e c t s  t h e  r e s u l t s  ( s e e  F i g .  5 ) .   
2 .  I n  a d d i t i o n  t o  t h e  Planners ,  t h e  M anag er  s p a w n s  a  S u b t ask S o lv er  ( s e e  F i g .  5 )  

t h a t  f i n d s  f r o m  t h e  g i v e n  s e a r c h  s p a c e  ( c o m p o s e d  b y  t h e  D ec o rat o r )  a l l  i n d e p e n d e n t  

s u b t a s k s  ( s u b t a s k s  t o  b e  e x e c u t e d  o n  a  s e p a r a t e  o b j e c t )  a n d  r e q u e s t s  t h e i r  s o l v i n g  f r o m  

t h e  M anag er.   

3.  W h e n e v e r  s o m e  o f  t h e  i n d e p e n d e n t  s u b t a s k s  a r e  f o u n d  t o  b e  s o l v a b l e ,  t h e i r  

s o l v a b i l i t y  i s  m a r k e d  i n  t h e  K B C R ,  t h e  a l g o r i t h m  i s  p a s s e d  t o  t h e  C o d e G enerat o r  a n d  

t h e  Planners  a r e  i n f o r m e d  a b o u t  i t .  T h e  w o r k  o f  t h e  Planners  i s  l i m i t e d  t o  t h e  g i v e n  

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

f r o m  t h e  K B C R .  

Subtask Sol ver 

 
M an a g er 

K n ow led g e 
B ase &  

C om p o n en t  
R ep osi tory  

P lan n er 

P lan n ers 

P lan n er 

 

Fig. 5 . Distributed planning 

4 .  T h e  i n d e p e n d e n t  s u b t a s k s  a r e  c o n s i d e r e d  " s i m i l a r "  t o  t h e  o r d i n a r y  i n p u t s  o f  a  

m e t h o d  i . e .  w h e n e v e r  t h e  i n d e p e n d e n t  s u b t a s k s  a r e  m a r k e d  s o l v a b l e  a n d  t h e  i n p u t  

v a r i a b l e s  a r e  " k n o w n "  t h e  m e t h o d  c a n  b e  a p p l i e d  i n c l u d e d  i n t o  t h e  a l g o r i t h m .  H e n c e  

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

o f  l i n e a r  p l a n n i n g .  
5 .  T h e  d e p e n d e n t  s u b t a s k s  ( s u b t a s k s  t o  b e  e x e c u t e d  o n  t h e  c o n t e x t  o b j e c t )  a r e  

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

r e l a t i o n s  c a n  b e  a p p l i e d  b y  l i n e a r  p l a n n i n g .  

6 .  T h e  p l a n n i n g  i s  c o n s i d e r e d  f i n i s h e d  w h e n e v e r  f i r s t  o f  t h e  P l a n n e r s  h a s  f i n i s h e d .  

T h e  o t h e r  P l a n n e r s  a r e  t h e n  t e r m i n a t e d .  

I n  o r d e r  t o  s o l v e  a n  i n d e p e n d e n t  s u b t a s k  t h e  S u b t ask S o lv er  h a s  t o  c r e a t e  a  n e w  

i n s t a n c e  ( o b j e c t )  o f  t h e  c l a s s  C lassN am e a n d  t h e n  m a k e  s i m i l a r l y  t o  t h e  Pro g ram  a  

s y n t h e s i s  r e q u e s t  t o  t h e  S y nt h esi z er.  T h i s  i s  n e c e s s a r y  b e c a u s e  t h e  c o n s t r u c t o r  o f  t h e  
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ClassName may ev al uate some of the c omp onents that may ap p ear imp ortant for 

sol v abil ity.  

Distributed Program Execution 

Dep ending on the sourc e data the synthesiz ed p rogram c an be ex ec uted l oc al l y,  

p artial l y remotel y or remotel y.  I n the c urrent framew ork  w e c onsider remote 

ex ec ution usabl e onl y on a distributed p l atform.  T he l oc al  ex ec ution is needed in the 

c ase our sourc e data c annot be serial iz ed and there are no indep endent p arts of the 

p rogram that c an be ex ec uted remotel y.  

T here are three p ossibl e c ases w here distributed ex ec ution of the synthesiz ed 

p rogram c an be ap p l ied:  

1 .  E x ec ution of the subtask s 
2 .  Sol v ing eq uation and ineq uation systems 

3 .  Paral l el  ex ec ution of the main synthesiz ed p rogram 

W e aim to mak e the env ironment as user-friendl y as p ossibl e and try to hide al l  the 

distribution rel ated task s into the system.  H ow ev er,  in c ase of subtask  ex ec ution,  user 

stil l  has to dec ide how  the ex ec ution is p erformed.  

I n engineering c omp utation and esp ec ial l y in c ase of model ing and simul ation one 

needs q uite often to p erform simil ar c omp utations on an array of data.  I t may be a 

number of measurement resul ts,  different p arameters of giv en model  or a number of 

c ase inp uts for an op timiz ation task .  

I n those c ases suc h c omp utations c an be dec l ared as subtask s.  T he benefit of the 

subtask s is that w e do not need to imp l ement needed p rograms beforehand and l et the 
synthesiz er to do it.  I n the p rogram w e hav e to j ust p ass p rop er data to the synthesiz er 

p rogram and get our c omp utations done.  

H ow ev er,  p assing the data to the subtask  p rogram is somew hat c omp l ic ated.  A s w e 

need to mak e a c al l  to an ex isting J av a method,  w hic h then forw ards the inp ut data to 

the real  p rogram,  the subtask  c al l  is general iz ed to the form:  

SSP.subtask(specNo, InputPars, OutputPars); 

H ere the I n p u t P ar s and O u t p u t P ar s are struc tures that must be c omp osed before 
the c al l  for subtask  ex ec ution.  I n c ase w e w ant p aral l el  ex ec ution of the same subtask  

on mul tip l e data the subtask  c al l  is sl ightl y different:   

SSP.subtasks(specNo, InputPars[], OutputPars[]); 

I n other w ords w e need to send an array of inp ut p arameters and rec eiv e an array of 

resul ts.  H enc e the tw o fol l ow ing J av a p rogram fragments yiel d to the same resul ts:  

 for (int i=0;i<inputs.length();i++) { 

  input = inputs[i]; 

  SSP.subtask(1, input, output); 

  outputs[i] = output; 

 } 

 SSP.subtasks(1, inputs, outputs); 



32 V a h u r  K o t k a s  

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

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

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

1 .  T h e  s u b t a s k  i s  i n d e p e n d e n t  ( c a n  b e  e x e c u t e d  o n  a  s e p a r a t e  o b j e c t )  

2.  T h e  s u b t a s k  i s  d e p e n d e n t  ( m u s t  b e  e x e c u t e d  o n  t h e  c o n t e x t  o b j e c t )  a n d  t h e  c o n t e x t  

o b j e c t  i s  s e r i a l i z a b l e .  

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

t o  a n y  o f  t h e s e  c r i t e r i a ,  s e q u e n t i a l  e x e c u t i o n  i s  u s e d .  
C o n s i d e r i n g  o u r  e x a m p l e  a b o u t  SystA w e  c a n  t h i n k  o f  a  m o d e l i n g  c a s e  w h e r e  w e  

n e e d  t o  c a l c u l a t e  a  n u m b e r  o f  o u t 1 ’ s  b a s e d  o n  a  n u m b e r  i n 1 ’ s  a n d  i n 2’ s .  I n  t h i s  c a s e  

t h e  m e t h o d s  m e th o d X  a n d  r u n  s h o u l d  b e  o n l y  s l i g h t l y  c h a n g e d :  

 publ i c doubl e[ ]  i n1,  i n2,  out 1;  

 publ i c doubl e[ ]  met hodX( doubl e[ ]  par 1,  doubl e[ ]  par 2)  {  

  / *  Her e we f or m t he st r uct ur es of  i nput  and out put  
par amet er s f or  t he subt asks and st or e t he val ues of  par 1 and 
par 2 t o i nput  1.  * /  

  SSP. subt asks( 1,  i nput 1,  out put 1) ;  

  SSP. subt asks( 2,  out put 1,  out put 2) ;  

  SSP. subt asks( 3,  out put 2,  out put 3) ;  

  Ret ur n out put 3;  

 }  

 publ i c voi d r un( )  {  

  i n1s = get Val ues( ) ;  

  i n2s = get Val ues( ) ;  

  St r i ng pr ogI D = SSP. synt hesi ze ( “ i n1s, i n2s- >out 1s“ ,  
t hi s) ;  

  SSP. execut e( pr ogI D,  t hi s) ;  

  pr esent Val ues( out 1s) ;  

 }  

S e l e c t i o n  o f  p r o p e r  s o l v e r  f o r  a  g i v e n  e q u a t i o n  o r  i n e q u a t i o n  s y s t e m  m a y  b e  c r u c i a l  

t a s k .  W e  s h o u l d  c o n s i d e r  t h e  s p e e d  a n d  a c c u r a c y  o f  t h e  s o l v e r s  a s  w e l l  a s  t h e i r  

c a p a b i l i t i e s .  I n  t h e  c u r r e n t  f r a m e w o r k  t h e  s e l e c t i o n  o f  s o l v e r s  c a n  b e  a u t o m a t e d .   

T h e  e a s i e s t  w a y  t o  s o l v e  t a s k  i s  t o  s e l e c t  a  n u m b e r  o f  s o l v e r s  a n d  e x e c u t e  t h e m  i n  

p a r a l l e l .  W h e n  o n e  o f  t h e  s o l v e r s  h a s  f i n i s h e d  i t s  r e s u l t  i s  u s e d  a n d  t h e  o t h e r s  a r e  j u s t  

t e r m i n a t e d .   

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

s o l v e r s  c a n  b e  c o l l e c t e d  a n d  m o s t  c o m m o n  s o l u t i o n  s e l e c t e d  o r  p a r t i a l l y  s e q u e n t i a l  

e x e c u t i o n  o f  s o l v e r s  c a n  b e  u s e d  w h e n  n o n e  c a n  h a n d l e  t h e  p r o b l e m  a l o n e  
[ M o n f r o y 0 3] [ P e t r o v 0 2] [ C a s e a u 0 1 ] .   

I t  i s  t h e  t a s k  o f  P l a n n e r  t o  f i n d  a p p r o p r i a t e  p a r t s  o f  t h e  s y n t h e s i z e d  p r o g r a m  t h a t  

c a n  b e  e x e c u t e d  i n  p a r a l l e l .  S e a r c h  f o r  t h e s e  p a r t s  i s  m a d e  d u r i n g  t h e  m i n i m i z a t i o n  

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

d i s t r i b u t i o n  o f  t h e  m a i n  s y n t h e s i z e d  p r o g r a m ,  a s  i t  i s  i m p o s s i b l e  t o  p r e d i c t  t h e  
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ex ec ution times of giv en rel ations unl ess some additional  information is av ail abl e.  

T his k ind of information c an be l earned w hil e sol v ing simil ar task s and ex ec uting 

simil ar p rograms many times.  

Summary 

T his p ap er disc usses the p ossibil ities to tak e adv antage from distributed ex ec ution 

of p rogram synthesiz er and synthesiz ed p rogram p aral l el  ex ec ution.  W e desc ribe 

dec l arativ e sp ec ific ations embedded to J av a p rogramming l anguage to sup p ort 

automated p rogram c onstruc tion,  the p rogram synthesiz er that p erforms automated 

p rogram c onstruc tion uses these sp ec ific ations and sev eral  asp ec ts how  in this 

framew ork  a new  p rogram c an be synthesiz ed and ex ec uted in a distributed manner.  

C hanges to the p l anning al gorithm are p rop osed to tak e adv antage of the 
distributed ex ec ution of the synthesiz er and sp eedup  the p rogram c onstruc tion 

p roc ess.  

A s the inp ut data and synthesiz ed p rograms c an be transferred to the l oc ation 

p rov iding satisfac tory c omp utational  resourc es w e bel iev e that this ap p roac h c oul d be 

useful  for G R I D c omp utations.  
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