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A b s t r a c t  
 

E x tr ac ti ng  s y nc hr oni z ati on-f r e e  p ar al l e l i s m  b y  m e ans  of  the  I te r ati on 
S p ac e  S l i c i ng  F r am e w or k  c ons i s ts  of  tw o s te p s .  F i r s t,  r e p r e s e ntati v e  l oop  
s tate m e nt i ns tanc e s  of  s l i c e s  ar e  e x tr ac te d .  N e x t,  s l i c e s  ar e  r e c ons tr u c te d  
f r om  the i r  r e p r e s e ntati v e s  and  p ar al l e l  c od e  s c anni ng  s l i c e s  and  e l e m e nts  
of  e ac h s l i c e  i s  g e ne r ate d .  I n thi s  p ap e r ,  w e  p r e s e nt how  to b e ne f i t f r om  
thi s  te c hni q u e  i n p r ac ti c e .  W e  e x p l ai n how  to e x tr ac t r e p r e s e ntati v e  l oop  
s tate m e nt i ns tanc e s  of  s l i c e s  b y  m e ans  of  the  O m e g a L i b r ar y  e nl ar g e d  b y  
f ou r  ne w  f u nc ti ons  al l ow i ng  u s  to s i m p l i f y  the  p r oc e s s  of  e x tr ac ti ng  s l i c e  
r e p r e s e ntati v e s .  R e s u l ts  of  e x p e r i m e nts  w i th the  N AS  and  U T D S P 
b e nc hm ar k s  ar e  p r e s e nte d .  
 
K e y w o r d s :  s y nc hr oni z ati on-f r e e  s l i c e s ,  p ar al l e l i s m ,  r e p r e s e ntati v e  l oop  
s tate m e nt i ns tanc e s .  
 
E k s t ra k c j a  in s t a n c j i in s t ru k c j i f ra g men t ó w  
k odu  p ozb a w ion y c h  s y n c h ron iza c j i  
w  p ę t la c h  p rog ra mow y c h  

 
St r e s z c z e n i e  

 
R oz w ó j  ar c hi te k tu r  w i e l or d z e ni ow y c h w y m u s z a p os z u k i w ani e  
al g or y tm ó w  au tom aty c z ne g o z r ó w nol e g l e ni a ap l i k ac j i .  W  ar ty k u l e  op i s ano 
z r ó w nol e g l e ni e  p ę tl i  p r og r am ow y c h z a p om oc ą  e k s tr ak c j i  ni e z al e ż ny c h 
f r ag m e ntó w  k od u .  E k s tr ak c j a r ó w nol e g łoś c i  w  p ę tl ac h p r og r am ow y c h 
p oz b aw i ony c h s y nc hr oni z ac j i  z a p om oc ą  p od z i ału  p r z e s tr z e ni  i te r ac j i  
s k ład a s i ę  z  d w ó c h k r ok ó w .  N aj p i e r w  z naj d ow ane  s ą  i ns tanc j e  i ns tr u k c j i  
b ę d ą c e  p oc z ą tk am i  f r ag m e ntó w  k od u .  N as tę p ni e  f r ag m e nty  k od u  
u z u p e łni ane  s ą  o w s z y s tk i e  i ns tr u k c j e  i  g e ne r ow any  j e s t k od  r ó w nol e g ły .  
W  ar ty k u l e  p r z e d s taw i ono k or z y ś c i  w y ni k aj ą c e  z  tak i e g o p od e j ś c i a.  
W y j aś ni ono s p os ó b  p os z u k i w ani a i ns tanc j i  i ns tr u k c j i  f r ag m e ntó w  k od u  z a 
p om oc ą  b i b l i ote k i  O m e g a r oz s z e r z one j  o now e  f u nk c j e  u p r as z c z aj ą c e  
p os z u k i w ani e  i ns tr u k c j i  nal e ż ą c y c h d o f r ag m e ntó w  k od u .  O p i s  
p r op onow ane g o p od e j ś c i a u z u p e łni ono o z b i ó r  e k s p e r y m e ntó w  na p ę tl ac h 
te s tow y c h N AS  i  U T D S P.   
 
Sł o w a  k l u c z o w e :  f r ag m e nty  k od u  p oz b aw i one  s y nc hr oni z ac j i ,  
r ó w nol e g łoś ć ,  i ns tanc j e  i ns tr u k c j i  p ę tl i  p r og r am ow y c h.  
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1 .  I n t rodu c t ion  
 

I n ou r re ce nt  w ork  [ 2 , 3 , 4 ]  w e  h av e  p rop os e d  s e v e ral  
al g orit h m s  t o e x t ract  coars e -g raine d  p aral l e l is m  re p re s e nt e d  w it h  
s y nch roniz at ion-f re e  s l ice s  cons is t ing  of  t h e  l oop  s t at e m e nt  
ins t ance s  by  m e ans  of  t h e  I t e rat ion S p ace  S l icing  F ram e w ork  
(I S S F ).  T h e  g oal  of  t h os e  p u bl icat ions  w as  t h e  f orm al iz at ion and  
t h e ore t ical  re p re s e nt at ion of  t e ch niq u e s  e x t ract ing  
s y nch roniz at ion-f re e  s l ice s  by  m e ans  of  I S S F .  E x p e rim e nt al  
re s u l t s  w it h  N A S  be nch m ark s  (t h e  nu m be r of  s l ice s  e x t ract e d  f rom  
l oop s  as  w e l l  as  p rog ram  p e rf orm ance : s p e e d u p  and  e f f icie ncy  of  
p aral l e l  cod e ) are  p re s e nt e d  in p ap e r [ 2 ] .  

I n t h e  cu rre nt  p ap e r, w e  f ocu s  on t h e  p robl e m  of  t h e  au t om at ic 
e x t ract ion of  re p re s e nt at iv e  l oop  s t at e m e nt  ins t ance s  of  
s y nch roniz at ion-f re e  s l ice s  in p ract ice , be cau s e  t h is  p robl e m  is  not  
t riv ial  and  re q u ire s  a s p e cial  at t e nt ion.  

I n ord e r t o im p l e m e nt  ou r al g orit h m s , w e  h av e  ch os e n t h e  
p u bl ical l y  av ail abl e  O m e g a L ibrary  [ 1 1 ] .  A l t h ou g h  O m e g a 
p rov id e s  m any  u s e f u l  h ig h -l e v e l  f u nct ions , it  l ack s  s om e  v e ry  
im p ort ant  f u nct ions  t o be  abl e  t o g e ne rat e  s p e cial iz e d  re l at ions  
e nv is ag e d  by  ou r al g orit h m s .   

I n t h is  p ap e r, w e  s h ow  h ow  t o e x t ract  l oop  s t at e m e nt  ins t ance s  
of  s y nch roniz at ion-f re e  s l ice s  by  m e ans  of  bot h  av ail abl e  
f u nct ions  of  t h e  O m e g a L ibrary  and  ne w  ad d it ional  f u nct ions  
w h ich  w e  h av e  im p l e m e nt e d .   

 
2 .  B a c k g rou n d 
 

I n t h is  p ap e r, w e  d e al  w it h  af f ine  l oop  ne s t s  w h e re : 
i)  f or g iv e n l oop  ind ice s , l ow e r and  u p p e r bou nd s  as  w e l l  as  array  

s u bs crip t s  and  cond it ional s  are  af f ine  f u nct ions  of  s u rrou nd ing  
l oop  ind ice s  and  p os s ibl y  of  s t ru ct u re  p aram e t e rs  (i. e . , 
p aram e t e riz e d  l oop  bou nd s ), and   

ii) t h e  l oop  s t e p s  are  k now n p os it iv e  cons t ant s .  
A  ne s t e d  l oop  is  cal l e d  p e rf e ct l y  ne s t e d  if  al l  it s  s t at e m e nt s  are  

com p ris e d  w it h in t h e  inne rm os t  ne s t .  O t h e rw is e , t h e  l oop  is  cal l e d  
im p e rf e ct l y  ne s t e d .  A n arbit raril y  ne s t e d  l oop  can be  bot h  
p e rf e ct l y  and  im p e rf e ct l y  ne s t e d .  

A  s t at e m e nt  ins t ance  s(I) is  a p art icu l ar e x e cu t ion of  a l oop  
s t at e m e nt  s  f or a g iv e n it e rat ion I .  

T w o s t at e m e nt  ins t ance s  s1(I) and  s2(J) are  d e p e n d e n t  if  bot h  
acce s s  t h e  s am e  m e m ory  l ocat ion and  if  at  l e as t  one  acce s s  is   
a w rit e .  s1(I) and  s2(J) are  cal l e d  t h e  s ou rce  and  d e s t inat ion of   
a d e p e nd e nce , re s p e ct iv e l y , p rov id e d  t h at  s1 (I) is  l e x icog rap h ical l y  
s m al l e r t h an s2(J) (s1(I) p  s2(J), i. e . , s1(I) is  al w ay s  e x e cu t e d  
be f ore  s2(J)).  

T h e  ap p roach  t o e x t ract  s y nch roniz at ion-f re e  p aral l e l is m  in 
p rog ram  l oop s  by  m e ans  of  t h e  I t e rat ion S p ace  S l icing  F ram e w ork  
re q u ire s  an e x act  re p re s e nt at ion of  l oop -carrie d  d e p e nd e nce s  and  
cons e q u e nt l y  an e x act  d e p e nd e nce  anal y s is  w h ich  d e t e ct s   
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a dep endenc e if  and only  if  it ac tually  ex ists1. T o desc ribe and 
imp lement our alg orith ms,  w e c h oose th e dep endenc e analy sis 
p rop osed by  P ug h  and W onnac ott [8 ] w h ere dep endenc es are 
rep resented by  dep endenc e relations w h ose c onstraints are 
desc ribed in th e P resburg er arith metic  (built of  af f ine eq ualities 
and ineq ualities,  log ic al and ex istential op erators) ;  th e O meg a 
library  is used f or c omp utations ov er suc h  relations [1 1 ]. 

A  dep endenc e relation is a tup le relation of  th e f orm 
 
 { [input list] →  [ o utput list] :  c o nstra ints} ;  (1 )  
 
w h ere input list and o utput list are th e lists of  v ariables and/ or 
ex p ressions used to desc ribe inp ut and outp ut tup les and 
c o nstra ints is a P resburg er f ormula desc ribing  c onstraints imp osed 
up on input list and o utput list. 

W e use standard op erations on relations and sets,  suc h  as 
intersec tion (∩ ) ,  union (∪ ) ,  dif f erenc e (-) ,  domain of  relation 
(domain(R ) ) ,  rang e of  relation (rang e(R ) ) ,  relation ap p lic ation 
(g iv en a relation R and set S,  R(S)  =  { [e’ ]:  ∃e ∈  S,  e→ e’ ∈R ) ,  
p ositiv e transitiv e c losure (g iv en a relation R ,  R+ =  { [e] →  [e’ ]:   
e →  e’  ∈  R | |  ∃ e’ ’  s. t.  e →  e’ ’  ∈  R &  e’ ’ → e’ ∈R+ } ) ,  transitiv e 
c losure (R* = R+ ∪  I ,  w h ere I is th e identity  relation) . T h ese 
op erations are desc ribed in detail in [1 1 ]. 

I teration S p ac e S lic ing  [7 ] tak es dep endenc e inf ormation as 
inp ut to f ind all statement instanc es th at must be ex ec uted to 
p roduc e th e c orrec t v alues f or th e sp ec if ied array  elements. 

 
Definition 1  

 
G iv en a dep endenc e g rap h ,  D ,  def ined by  a set of  dep endenc e 

relations,  S,  a slic e is a w eak ly  c onnec ted c omp onent of  g rap h  D ,  
i.e.,  a max imal subg rap h  of  D suc h  th at f or eac h  p air of  v ertic es in 
th e subg rap h  th ere ex ists a direc ted or undirec ted p ath . 

I f  th ere ex ist tw o or more slic es in D ,  th en tak ing  into ac c ount 
th e abov e def inition,  w e may  c onc lude th at all slic es are 
sy nc h roniz ation-f ree,  i.e.,  th ere is no dep endenc e betw een th em. 

 
Definition 2   

 
A n ultim a te d epend enc e so urc e( d estina tio n)  is a sourc e 

(destination)  th at is not th e destination (sourc e)  of  anoth er 
dep endenc e. U ltimate dep endenc e sourc es and destinations 
rep resented by  relation R c an be f ound by  means of  th e f ollow ing  
c alc ulations:  (domain(R )  - rang e(R ) )  and (rang e(R )  - domain(R ) ) ,  
resp ec tiv ely . 

 
Definition 3  

 
A  so urc e( s)  o f  a  slic e is an ultimate dep endenc e sourc e(s)  th at 

th is slic e c ontains. 
 

Definition 4  
 

A  representa tiv e loop  statement instanc e of  a slic e is its 
lex ic og rap h ic ally  minimal sourc e. 

F urth er on in th is p ap er,  w e ref er to rep resentativ e loop  
statement instanc es as to rep resentativ es. 

 
3. E x t r a c t i n g  r e p r e s e n t a t i v e s  o f  s l i c e s  
 

T h e ap p roac h  to ex trac t sy nc h roniz ation-f ree slic es [2 ] relies on 
th e transitiv e c losure of  an af f ine dep endenc e relation desc ribing  
all dep endenc es in a loop  and c onsists of  tw o step s. F irst,  
rep resentativ es of  slic es are f ound in suc h  a manner th at eac h  slic e 
is rep resented w ith  its lex ic og rap h ic ally  minimal statement 

                                                     
1 A non-e x a c t  r e p r e s e nt a t ion of  d e p e nd e nc e s  is  a l s o p os s ib l e ,  b u t  t h is  w il l  c a u s e  
l os s e s  in s om e  p a r a l l e l is m  b e c a u s e  of  t h e  ov e r -a p p r ox im a t ion of  d e p e nd e nc e s ,  w h il e  
w e  a im s  a t  e x t r a c t ing  m a x im a l  s y nc h r oniz a t ion-f r e e  p a r a l l e l is m .  

instanc e. N ex t,  slic es are rec onstruc ted f rom th eir rep resentativ es 
and c ode sc anning  th ese slic es is g enerated. 

G iv en a dep endenc e relation R desc ribing  all dep endenc es in a 
loop ,  w e c an f ind a set of  statement instanc es,  SU D S  ,  desc ribing  all 
ultimate dep endenc e sourc es of  slic es as SU D S =domain(R )  - 
rang e(R ) . I n order to f ind elements of  SU D S   th at are rep resentativ es 
of  slic es,  w e build a relation,  R U S C ,  th at desc ribes all p airs of  th e 
ultimate dep endenc e sourc es th at are transitiv ely  c onnec ted in  
a slic e,  as f ollow s:  

 
)},(*)'(*,',',:]'[]{[: eReReeSeeeeR UDSUSC ∩∈→= p   (2 )  

 
w h ere R *  is th e transitiv e c losure of  relation R. 

T h e c ondition (e p  e’)  in th e c onstraints of  relation R U S C   
means th at e is lex ic og rap h ic ally  smaller th an e’. S uc h   
a c ondition g uarantees th at th e lex ic og rap h ic ally  smallest element 
f rom e and e’ w ill alw ay s ap p ear in th e inp ut tup le,  i.e.,  th e 
lex ic og rap h ic ally  smallest sourc e of  a slic e (its rep resentativ e 
sourc e)  c an nev er ap p ear in th e outp ut tup le. T h e intersec tion 

)(*)'(* eReR ∩  in th e c onstraints of  R U S C  g uarantees th at 
elements e and e’  are transitiv ely  c onnec ted,  i.e.,  th ey  are th e 
sourc es of  th e same slic e. 

S et Sr e p r  c ontaining  rep resentativ es of  eac h  slic e is f ound as 
Sr e p r =  SU D S - rang e(R U S C ) .  

E ac h  element e of  set Sr e p r  is th e lex ic og rap h ic ally  minimal 
statement instanc e of  a sy nc h roniz ation-f ree slic e. I f  e is th e 
rep resentativ e of  a slic e w ith  multip le sourc es,  th en th e remaining  
sourc es of  th is slic e c an be f ound ap p ly ing  relation (R U S C ) *  to e ,  
i.e.,  (R U S C ) * (e ) . I f  a slic e h as th e only  sourc e,  th en (R U S C ) * (e ) = e. 
T h e elements of  a slic e rep resented w ith  e c an be f ound ap p ly ing  
relation R*  to th e set of  sourc es of  th is slic e:  Ss l i c e =  R* ((R U S C ) * (e ) ) . 

 
4 . E n l a r g i n g  t h e  O m e g a  L i b r a r y  
 

T h e O meg a L ibrary  [5 ,  1 1 ] is a set of  C + +  c lasses f or 
manip ulating  integ er tup le relations and sets. S ets and relations in 
th e O meg a library  are imp lemented as a sing le c lass,  Rela tio n ,  
mark ed as being  eith er a set or a relation. A  P resburg er f ormula 
desc ribing  th e c onstraints imp osed up on inp ut and outp ut tup les of  
a relation is rep resented as a tree of  f ormula nodes th at c an h av e 
z ero or more c h ildren. C h ildren c an be eith er oth er f ormula nodes 
or “ atomic ”  c onstraints (sing le eq uality ,  ineq uality ,  or stride 
c onstraints) . F o rm ula  is an abstrac t c lass and a p lain F o rm ula  
node c an nev er be used in a tree. T h e subc lasses of  f ormulas are 
F _ A nd ,  F _ O r,  F _ N o t,  F _ Dec la ra tio n,  F _ F o ra ll,  F _ E x ists. 
C h ildren c an be added to any  subc lass using  th e f ollow ing  
member f unc tions th at return p ointers to th e new ly  c reated c h ild 
node:  F _ A nd *  F o rm ula : : a d d _ a nd () ,  F _ O r*  F o rm ula : : a d d _ o r() ,  
F _ E x ists*  F o rm ula : : a d d _ ex ists() ,  etc . 

I n order to be able to rep resent th e c onstraint ( )(*)'(* eReR ∩ )  
of  relation R U S C   in O meg a,  w e redef ine it as an eq uiv alent 
c onstraint of  th e f orm:   
 

))'(*''&)(*'''&''&''&'':''( eReeReeeeeDee ∈∈≠≠∈∃   (3 )  
 

w h ere )()( RRangeRDomainD ∪= ,  meaning  th at tw o sourc es of  
a slic e,  e and e’ ,  are transitiv ely  c onnec ted if  th ere ex ists suc h  an 
element,  e’ ’ ,  in th e sp ac e of  dep endent statement instanc es D th at 
belong s to both  R* (e )  and R* (e’) . 

N one of  th e c onstraints of  relation R U S C  c an be rep resented in 
O meg a direc tly . T h at is w h y ,  to p ermit f or f orming  th e c onstraints 
of  relation R U S C ,  w e imp lemented th e f ollow ing  f unc tions. 

 
1 . void S_Add_Constraint (Set S, Relation R, F_And *fex_and, 

V ariab le_I D  ex [  ] ) w h ic h  substitutes th e v ariables of  set S f or 
th e v ariables rep resented by  ex [ ] and inserts th e c onstraints 
rep resented by  S into th e c onstraints of  relation R. 
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2. void R_Add_Constraint (Relation R1,  Relation R2,  F _And 
* f ex _and,  V ariab le_I D  ex [ ] ,  int f lag )  w h ich  s u b s t it u t es  t h e 
v ar iab les  o f  t h e inpu t  o r  o u t pu t  t u ple o f  r elat io n R1 o r  t h e 
v ar iab les  r epr es ent ed  b y  e x [ ]  and  ins er t s  t h e co ns t r aint s  o f  
r elat io n R1  int o  t h e co ns t r aint s  o f  r elat io n R2. 

 
3 . void Add_L ex ic og rap h ic _O rder (Relation R,  F _And 

* f ex _and), o r  void Add_L ex ic og rap h ic _O rder (Relation R,  
F _And * f ex _and,  T u p le< V ariab le_I D >  lef t,  T u p le 
< V ariab le_I D >  rig h t) w h ich  ins er t s  t h e lex ico g r aph ic o r d er  
co ns t r aint  int o  t h e co ns t r aint s  o f  r elat io n R. 

 
4 .  void D if f _Add Constraint (Relation R,  F _And * f ex  and,  

V ariab le_I D  ex [ ]) w h ich  ins er t s  co ns t r aint  “ inp u t_ tu p l e ≠ tu p l e  
&  o u tp u t_ tu p l e ≠ tu p l e " ,  w h er e “ tu p l e "  is  d ef ined  b y  e x [  ] ,  int o  
t h e co ns t r aint s  o f  r elat io n R . 

 
Tab. 1.  G e ne rat io n o f  RUSC 
Tab. 1.  O bl ic z anie  RUSC 
 
Step C o n s tr a i n ts  C o d e 
1 R_ U S C  =  { [ e ] → [ e ’]  Re l at io n R_ U SC ( n, n) ; 

2 e , e ’∈ U D S  S_ A d d _ C o ns t raint ( U D S,  R_ U SC ,  f and ,  e ) ; 
S_ A d d _ C o ns t raint ( U D S,  R_ U SC ,  f and ,  e ’ ) ; 

3 e  p  e ’ A d d _ L e xic o g rap h ic  O rd e r( R_ U SC ,  f and ) ; 
4 Dee ∈∃ '':''  S_ A d d _ C o ns t raint ( D ,  R_ U SC ,  f e xand ,  e ’’ ) ,  
5 '''&'' eeee ≠≠  D if f _ A d d _ C o ns t raint ( R_ U SC ,  f e xand ,  e ’’ ) ; 

6 &)(*'' eRe ∈  
))'(*'' eRe ∈  

R_ A d d _ C o ns t raint ( R* ,  R_ U SC ,  f e xand ,  e ’’ ,  
1) ; 

R_ A d d _ C o ns t raint ( R* ,  R_ U SC ,  f e xand ,  e ’’ ,  
0 ) ; 

 
 

T h e lib r ar y  o f  t h e ab o v e f u nct io ns  w it h  t h eir  d et ailed  
d es cr ipt io n can b e f o u nd  in t h e s ect io n “ D o w nlo ad "  at  
h t t p: / / d et o x .w i.ps .pl/ S F S _ P r o j ect . T ab le 1 d emo ns t r at es  h o w  
r elat io n RUSC can b e f o r med  in 6  s t eps  b y  means  o f  t h e 
implement ed  f u nct io ns . A s  w e can s ee,  u s ing  t h e implement ed  
f u nct io ns ,  w e can g ener at e RUSC b y  t h e 8  lines  o f  t r ans par ent  co d e. 
H av ing  RUSC g ener at ed ,  it  is  impo r t ant  t o  s implif y  it  u s ing  
O meg a' s  s im p l if y  f u nct io n. 
 
5. E x p e r i m e n t s  
 

T h e pr es ent ed  new  f u nct io ns  w er e u s ed  in t h e t o o l,  E S y S ,  
implement ed  b y  u s  and  per mit t ing  f o r  au t o mat ic ex t r act ing  
r epr es ent at iv e lo o p s t at ement  ins t ances  o f  s lices  and  g ener at ing  
co d e s canning  s lices  and  element s  o f  each  s lice. I t  can b e 
d o w nlo ad ed  f r o m h t t p: / / d et o x .w i.ps .pl/ S F S _ P r o j ect . U s ing  E S y S ,  
w e h av e ex t r act ed  r epr es ent at iv e lo o p s t at ement  ins t ances  o f  s lices  
f o r  t h e lo o ps  pr es ent ed  in T ab le 2. T h e g r aph ical r epr es ent at io ns  
o f  s lices  av ailab le in t h e lo o ps  ar e pr es ent ed  in F ig u r es  1 − 4 . F o r  
lo o ps  1,  2,  and  3  t h e co ns id er ed  it er at io n s pace is  t h e s et  {[i, j ] :  
1≤i≤5  &  1≤j≤4 } ,  w h ile f o r  lo o p 4  it  is  t h e s et  {[i, j ] :  1≤i, j≤6 } . T h e 
r epr es ent at iv es  o f  s lices  ar e mar k ed  w it h  t h e b lack  cir cles . 

 
 

  
F ig . 1.  Th e  d e p . g rap h  f o r l o o p  1 
Ry s . 1.  G raf  z al e ż no ś c i d l a p ę t l i 1 
 

  
F ig . 2.  Th e  d e p . g rap h  f o r l o o p  3 
Ry s . 2.  G raf  z al e ż no ś c i d l a p ę t l i 3 
 
 
 

  
F ig . 3.  Th e  d e p . g rap h  f o r l o o p  2 
Ry s . 3.  G raf  z al e ż no ś c i d l a p ę t l i 2 
 
 

 

  
F ig . 4.  Th e  d e p . g rap h  f o r l o o p  4 
Ry s . 4.  G raf  z al e ż no ś c i d l a p ę t l i 4 

 
 

Tab. 2.  E xt rac t ing  re p re s e nt at iv e  l o o p  s t at e m e nt  ins t anc e s  o f  s l ic e s  
Tab. 2.  E k s t rak c j a ins t anc j i ins t ru k c j i f rag m e nt ó w  k o d u  w  p ę t l i 
 
L o o p 1 .  
f o r ( i= 1; i< = n; i+ + )  
f o r ( j = 1; j < = n; j + + )  
     a[ i] [ j ] = a[ i] [ j + 2] ; 
 
RUSC =  φ ; 
Sr e p r = {[ i] [ j ]  1 ≤ j  ≤ n-2,  2 &  1 ≤ i ≤ n}. 
 
L o o p 3 .  
f o r ( i= 1; i< = n; i+ + )  
  f o r ( j = 1; j < = n; j + + )  
a[ i] [ j ] = a[ i] [ j + 1] + a[ i+ 2] [ j + 1] ; 
 
RUSC =  {[ i, 1]  → [ i’, 1] :  
∃  ( al p h a:  0 = i+ i’+  2al p h a &  
1 ≤ i ≤ i’ ≤2 &  i’ ≤n) }; 
Sr e p r =  {[ i, 1] :  1≤i≤2 &  2≤n}. 

L o o p 2 .  
f o r ( i= 1; i< = n; i+ + )  
f o r ( j = 1; j < = n; j + + )  
 a[ i] [ j ] = a[ i] [ j + 2] + a[ i+ 2] [ j ] ; 
 
RUSC =  φ ; 
Sr e p r =  {[ i, j ] :  1 ≤ j  ≤ n-2,  2 &  
1 ≤i ≤ n-2,  2}. 
 
L o o p 4 .  
f o r ( i= 1; i< = n; i+ + ) { 
  s 1:  b[ i] [ i] = a[ i-3] [ i] ; 
  f o r ( j = 1; j < = n; j + + )  
    s 2:  a[ i] [ j ] = a[ i] [ j -1]  + b[ i] [ i] ; 
} 
 
RUSC =  φ ; 
Sr e p r =  {s 2 [ i] :  1≤i≤n, 3}. 

 
 

A pply ing  E S y S ,  w e h av e s t u d ied  N A S  [10 ]  and  U T D S P [12]  
b ench mar k s  t o  r eco g niz e w h at  is  t h e nu mb er  and  per cent ag e o f  
lo o ps  ex po s ing  mu lt iple s y nch r o niz at io n-f r ee s lices . W e h av e 
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considered only such loops for which Petit [11] was able to carry 
out a dependence analysis.  T able 3  presents the num ber and 
percentag e of loops for which m ultiple slices were extracted and 
those of loops for which only a sing le slice was extracted.  F rom  
the results presented in T able 3 ,  we m ay conclude that for m ost 
loops from  exam ined benchm ark s,  the I teration S pace S licing  
F ram ework  is able to extract coarse-g rained parallelism .  
 
Tab. 3.  R e s u lt s  o f  e x p e r i me n t s  
Tab. 3.  W y n i k i  d la z bi o r ó w  p ę t li  t e s t o w y c h 
 

B e n c hmar k  
The  

n u mbe r  o f  
lo o p s  

L o o p s  w i t h mu lt i p le  
s li c e s  L o o p s  w i t h a s i n g le  s li c e  

N A S  8 0  6 9  8 6 .2 5%  1 1  1 3.7 5%  
U TD S P  2 1  1 6  7 6 .2 %  5 2 3.8 %  
 

 
6. R e l a t e d  w o r k  
 

T he results of the paper are within the I teration S pace S licing  
F ram ework  ( I S S F )  introduced by Pug h and R osser [7 ].  T hat paper 
exam ines one of possible uses of I S S F ,  nam ely how to optim iz e 
interprocessor com m unication.  H owev er,  Pug h and R osser do not 
show how synchroniz ation-free slices can be extracted.  O ur 
prev ious papers [3 ,  4 ] present approaches within I S S F  to extract 
synchroniz ation-free slices of the chain and tree topolog ies that 
are described with non-linear form s.  B ecause slices of the chain 
and tree topolog y always hav e a sing le source,  there is no need for 
calculating  relation RUSC  and the problem  of the com putation of 
representativ e loop statem ent instances does not arise.  Paper [2 ] is 
also within I S S F .  I t is dev oted to the extraction of 
synchroniz ation-free slices described with affine form s,  but it does 
not present any details concerning  the im plem entation of  
a proposed way to expose representativ e loop statem ent instances 
of slices.  
 
7 . C o n c l u s i o n  a n d  f u t u r e  w o r k  
 

W e presented a way how to calculate representativ e loop 
statem ent instances of synchroniz ation-free slices in practice by 
m eans of the enlarg ed O m eg a library.  F our additional functions 
were added to the library to sim plify the im plem entation of 
extracting  synchroniz ation-free slices.  E xperim ents with N A S  and 
U T D PS  benchm ark s were carried out by m eans of a tool 
im plem enting  the presented approach.  W e extracted 
representativ es of synchroniz ation-free slices for N A S  and 

U T D PS  loops for which Petit was able to carry out a dependence 
analysis.  I n our future work  we plan to exam ine m ore popular 
benchm ark s to discov er what is the percentag e of loops exposing  
synchroniz ation-free slices.  
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