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A b s t r a c t  
 

A c la s s i f i c a t i on of  d ep end enc e rela t i ons  rep res ent i ng  ex a c t  d ep end enc es  i n 
p rog ra m  loop s  i s  p res ent ed . T h e c la s s  of  a  rela t i on c a u s es  t h e c h oi c e of  
t ec h ni q u es  f or p rog ra m  loop  p a ra lleli z a t i on. T ec h ni q u es  t o rec og ni z e t h e 
c la s s  of  a  rela t i on a re p res ent ed . T h e i m p lem ent a t i on of  t h es e t ec h ni q u es  
b y m ea ns  of  t h e O m eg a  li b ra ry i s  d i s c u s s ed . R es u lt s  of  a n ex p eri m ent a l 
s t u d y a i m ed  a t  rec og ni z i ng  c la s s es  of  d ep end enc e rela t i ons  ex t ra c t ed  f or 
p op u la r b enc h m a rk s  ( L i verm ore L oop s , N AS , a nd  U T D S P)  a re ou t li ned . 
 
K e y w o r d s :  a f f i ne loop s , d ep end enc e rela t i ons , p rog ra m  t ra ns f orm a t i on, 
p a ra lleli z a t i on. 
 
T ec h n ik i iden t y f ik a c j i k l a s  rel a c j i za l eż n oś c i  
w  p ę t l a c h  p rog ra mow y c h  

 
S t r e s z c z e n i e  

 
W  a rt yk u le d ok ona no p od z i a ł u  rela c j i  z a leż noś c i  w ys t ęp u j ąc yc h  w  p ęt la c h  
p rog ra m ow yc h . N a  p od s t a w i e p rz ep row a d z onyc h  ob s erw a c j i  w yod ręb ni ono 
s z eś ć  p od s t a w ow yc h  k la s  t a k i c h  rela c j i . T ra f ne roz p oz na ni e d a nej  k la s y 
rela c j i  op i s u j ąc ej  z a leż noś c i , d et erm i nu j e d ob ó r od p ow i ed ni ej  t ec h ni k i  
t ra ns f orm a c j i  p ęt li  p rog ra m ow ej  i  t ym  s a m ym  p oz w a la  na  u z ys k a ni e 
z na c z ni e w i ęk s z eg o j ej  s t op ni a  ró w noleg ł oś c i  w  p oró w na ni u  z  m et od a m i  
b a z u j ąc ym i  na  roz w i ąz a ni a c h  p rz yb li ż onyc h . R oz w i ąz a ni a  t a k i e, z a w i era j ą 
z d ec yd ow a ni e w i ęk s z ą li c z b ę z a leż noś c i , a ni ż eli  i c h  f a k t yc z na  li c z b a  
w ys t ąp i eń . W  c elu  u ł a t w i eni a  p roc es u  i d ent yf i k a c j i  p os z c z eg ó lnyc h  k la s  
rela c j i  z a leż noś c i , p rz ed s t a w i ono s z ereg  f orm a lnyc h  m et od  i c h  roz p oz na ni a  
w yk orz ys t u j ąc yc h  s z erok i  w a c h la rz  m ec h a ni z m ó w  z a w a rt yc h  w  b i b li ot ec e 
O m eg a . N a  p ot rz eb y p rz ep row a d z onyc h  b a d a ń  z a i m p lem ent ow a no 
na rz ęd z i e, w  ra m a c h  k t ó reg o p rz ea na li z ow a no z es t a w y p ęt li  t rz ec h  
p op u la rnyc h  b enc h m a rk ó w  :  L i verm oore, N AS  i  U T D S P. U z ys k a ne w yni k i  
p oz w oli ł y w yc i ąg nąć  w ni os k i  od noś ni e p roc ent ow eg o u d z i a ł u  rela c j i  
z a leż noś c i  w  z a p rop onow a nyc h  p rz ez  a u t oró w  k la s a c h . 
 
S ł o w a  k l u c z o w e :  p ęt le a f i ni c z ne, rela c j a  z a leż noś c i , t ra ns f orm a c j e p ęt li , 
p rz et w a rz a ni e ró w noleg ł e. 
 
1 .  I n t rodu c t ion  
 
D ep en den c e rel at io n s  p ermit  f o r an  ex ac t  rep res en t at io n  o f  

dep en den c es  in  p ro gram l o o p s  t hat  al l o w s  f o r ex t rac t in g mo re 
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f in e- an d c o ars e-grain ed p aral l el is m in  p ro gram l o o p s  in  
c o mp aris o n  w it h t ec hn iq u es  b as ed o n  o v er-ap p ro x imat io n s  o f  
dep en den c es . D ep en den c e o v er-ap p ro x imat io n s  des c rib e mo re 
dep en den c es  t han  t ho s e ac t u al l y  ex is t in g in  p ro gram l o o p s . This  
redu c es  ex t rac t ed p aral l el is m. D ep en den c e rel at io n s  c an  b el o n g t o  
dif f eren t  c l as s es , an d it  is  v ery  imp o rt an t  t o  k n o w  w hat  is  t he c l as s  
o f  a p art ic u l ar rel at io n  b ec au s e t his  af f ec t s  t he c ho ic e o f  
t ec hn iq u es  b ein g u s ed t o  ex t rac t  p aral l el is m av ail ab l e in  p ro gram 
l o o p s , e.g. a w ay  o f  c al c u l at in g t he t ran s it iv e c l o s u re o f  a rel at io n . 
I n  t his  p ap er, w e p res en t  c l as s es  o f  dep en den c e rel at io n s , 
t ec hn iq u es  t o  rec o gn iz e t he c l as s  o f  a giv en  rel at io n , an d res u l t s  o f  
an  ex p erimen t al  s t u dy  f o r t he t hree p o p u l ar b en c hmark s : 
L iv ermo re L o o p s , N A S , an d U TD S P . The go al  o f  ex p erimen t s  
w as  v erif y in g s u gges t ed t ec hn iq u es  f o r rec o gn iz in g c l as s es  o f  
dep en den c e rel at io n s  an d c o l l ec t in g dat a an s w erin g t he q u es t io n  
w hat  is  t he n u mb er an d p erc en t age o f  rel at io n s  b el o n gin g t o  
p res en t ed c l as s es  o f  rel at io n s . 
 

2 .  D ep en den c e rel a t ion s  
 
I n t eger t u p l e rel at io n s  c an  c o n c is el y  s u mmariz e man y  t y p es  o f  

in f o rmat io n  gat hered f ro m an  an al y s is  o f  s c ien t if ic  c o des .  
F o r ex amp l e, t hey  c an  b e u s ed t o  p rec is el y  des c rib e w hic h 
it erat io n s  o f  a s t at emen t  are dat a dep en den t  o f  w hic h o t her 
it erat io n s . The f o l l o w in g is  an  ex amp l e o f  a rel at io n  f ro m  
1-t u p l es  t o  2 -t u p l es  : 
 { }njiijii ≤==≤→ ''1:]','[][  

 
The rel at io n  ab o v e des c rib es  dat a dep en den c es  amo n g in s t an c es  o f  
s t at emen t  1 an d in s t an c es  o f  s t at emen t  2  f o r t he l o o p  p res en t ed 
b el o w : 
 

 do  2  i =  1, n  
s 1: a(  i, i )  =  0  
 do  2  j  =  1, i 
s 2 : b (  i, j  )  =  b (  i, j  )  +  a (  i, j  )  

 
W e u s e t he t erm dependence relation rat her t han  t u p l e rel at io n  
w hen  t hey  des c rib e dat a dep en den c es . There is  a dat a dep en den c e 
f ro m s t at emen t / in s t an c e o f  s t at emen t  s1 t o  s t at emen t / in s t an c e o f  
s t at emen t  s2 ( s t at emen t / in s t an c e o f  s t at emen t  s2 dep en ds  o n  
s t at emen t / in s t an c e o f  s t at emen t  s1 )  if  an d o n l y  if : 
 
2 .1 b o t h s t at emen t s / in s t an c es  o f  s t at emen t ( s )  ac c es s  t he s ame 

memo ry  l o c at io n  an d at  l eas t  o n e o f  t hem s t o res  in t o  it , 
 
2 .2  t here is  a f eas ib l e ru n -t ime ex ec u t io n  p at h f ro m s1 t o  s2. 
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Each pair of d epend ent  st at em ent /inst ances is cal l ed   
a dep en den c e. A ny  ord ering-b ased  opt im iz at ion t hat  d oes not  
v iol at e d epend ences of a program  d oes not  change t he ou t pu t  of 
t he program . D epend ences represent  t wo d ifferent  k ind s of 
const raint s on program  t ransform at ions. F irst  t here are const raint s 
d esigned  t o ensu re t hat  d at a is prod u ced  and  consu m ed  in t he 
correct  ord er. T he d epend ences t hat  arise from  t hese const raint s 
are cal l ed  da t a  dep en den c es. T he ot her const raint  t hat  giv es rise t o 
d epend ences is a cont rol  fl ow. A  d epend ence t hat  arises d u e t o  
a cont rol  fl ow is cal l ed  a c o n t ro l  dep en den c e. A l t hou gh b ot h d at a 
and  cont rol  d epend ences m u st  b e consid ered  when correct l y  
paral l el iz ing a program , we wil l  concent rat e ex cl u siv el y  on d at a 
d epend ences. T here are t hree way s t hat  a d epend ence can arise in 
a program  [ 5 ] : 
 
T r u e  d e p e n d e n c e  – t he first  st at em ent /inst ance of st at em ent  
st ores int o a l ocat ion t hat  is l at er read  b y  t he second  
st at em ent /inst ance of st at em ent . T he st at em ent s b el ow ex pose 
su ch a d epend ence. 
 

S 1  X   =  …   
S 2  …  =   X  

 
A n t i d e p e n d e n c e  – t he first  st at em ent /inst ance of st at em ent  read s 
from  a l ocat ion int o which t he second  st at em ent /inst ance of 
st at em ent  l at er st ores. S u ch a d epend ence t ak es pl ace for t he 
fol l owing st at em ent s.  
 

S 1  …  =   X  
S 2  X   =  …  

 
O u t p u t  d e p e n d e n c e  – b ot h st at em ent s/inst ance of st at em ent s 
writ e int o t he sam e l ocat ion. T he st at em ent s b el ow originat e su ch 
a d epend ence. 
 

S 1  X   =  …  
S 2  X   =  …  

 
D epend ences can b e represent ed  b y  d epend ence rel at ions which 

are m u ch m ore powerfu l  ab st ract ion t han t he t rad it ional  
d epend ence d ist ance or d irect ion ab st ract ions. T he l oop ab ov e has 
d epend ence d ist ance (0 ), b u t  t hat  d oes not  t el l  u s t hat  onl y  t he l ast  
it erat ion of l oop j present ed  ab ov e is inv ol v ed  in t he d epend ence. 
T his t y pe of ad d it ional  inform at ion is cru cial  for d et erm ining t he 
l egal it y  of appl y ing ad v anced  l oop t ransform at ions. F or t hat  
reason we d iv id ed  t he d epend ence rel at ions int o six  m ain grou ps 
d escrib ed  in t he nex t  su b sect ion. 
 

3. C l a s s e s  o f  d e p e n d e n c e  r e l a t i o n s  
 
B el ow, we consid er t he cl asses of param et eriz ed  affine int eger 

t u pl e rel at ions and  present  t echniq u es perm it t ing u s t o recogniz e 
t hem . T hese t echniq u es can b e im pl em ent ed  b y  m eans of m any  
wel l -k nown pu b l ic av ail ab l e t ool s, b u t  we chose t he fu nct ional it y  
av ail ab l e in t he O m ega proj ect  soft ware. B el ow we present  cl asses 
of d epend ence rel at ions b eing consid ered  in t his paper.  

 
3 . 1  d-f o r m  r e l a t i o n s  [ 4 ]  – a rel at ion R is said  t o b e in d-form  if  
it  can b e writ t en as  
 [ ] [ ]







=−∧≤−≤∃
≤≤∀→

)(..
,1,:,...,,,...,, 2121

ppppppppp

mm

MijUijLts
mppjjjiii

αα
 (1 ) 

 
where Lp and  Up are const ant s and  Mp is an int eger. I f Lp is –∞  
or Up is + ∞, t he correspond ing const raint s are not  incl u d ed   
in t he ab ov e eq u at ion. A s we can see, if a d-form  rel at ion  
is d escrib ed  on an u nb ou nd ed  region, it  has onl y  const raint s on 
t he d ifference b et ween t he correspond ing el em ent s of t he inpu t  

and  ou t pu t  rel at ion t u pl es. O t herwise we shou l d  im pose 
ad d it ional  const raint s on t he d om ain and  range of a rel at ion.  
T he fol l owing is t he ex am pl e of a rel at ion d escrib ed  on t he 
u nb ou nd ed  region  
 

}2'1':]','[],{[ =−∧≥−→= jjiijijiR   (2 ) 
 
and  b el ow t here is t he ex am pl e of a rel at ion d escrib ed  on t he 
b ou nd ed  region: 
 

}2112'1':]','[],[{ −≤≤∧<≤∧=−∧≥−→= mjnijjiijijiR  (3 ) 
 
T o check  whet her rel at ion R b el ong t o t he d-form  cl ass,  

we creat e a rel at ion )),((Re RdifferenceldiffTor =  where 
dif f eren c e(R) is t he fu nct ion from  t he O m ega l ib rary  which ret u rns 
a set  of d epend ence d ist ance v ect ors of rel at ion R. W hen we 
im pose const raint s on t he d om ain and  range of a rel at ion r as 
fol l ows )(/))(\( RrangeRdomainrr = , we can check  t he 
fol l owing cond it ion: 

 
∅=−=− rRRr                   (4 ) 

 
I f it  is t ru e, t hen we can concl u d e t hat  rel at ion R sat isfies t he 

necessary  cond it ion t o b e a d-form  rel at ion. T his cond it ion m eans 
t hat  if rel at ion r const ru ct ed  from  a set  of d epend ence d ist ance 
v ect ors of rel at ion R is eq u iv al ent  t o R,  t hen rel at ion R b el ong t o 
t he d-form  cl ass. 
 
3 . 2  U n i f o r m  r e l a t i o n s  – a rel at ion R is said  t o b e u niform  if it  
j u st  l ik e d-form  rel at ions has const raint s on t he d ifference b et ween 
t he correspond ing el em ent s of t he inpu t  and  ou t pu t  t u pl es and  
t hese d ifferences are al way s const ant s, i.e, 
 [ ] [ ]{ }pppmm Mijmppjjjiii =−≤≤∀→ ,1,:,...,,,...,, 2121  (5 ) 
 
F or a rel at ion b eing d escrib ed  on a b ou nd ed  region, we can ad d  

ad d it ional  const raint s on t he d om ain and  range of t he rel at ion. 
B el ow is an ex am pl e of t he u niform  rel at ion  
 
  }31213'2':]','[],[{ −≤≤∧−≤≤∧=−∧=−→= mjnijjiijijiR   (6 ) 

 
T o check  whet her rel at ion R has a u niform  d ist ance v ect or, we 

creat e t wo set s: m in = m in im iz e (dif f eren c e(R) ) and  m ax  = 
m a x im iz e (dif f eren c e (R)), where m in im iz e and  m a x im iz e are t he 
fu nct ions of t he O m ega l ib rary  which cal cu l at e t he m inim al  and  
m ax im al  d epend ence d ist ance v ect or from  t he giv en set  
dif f eren c e(R). I f t he fol l owing cond it ion is t ru e: 
 

∅=−=− minmaxmaxmin ,            (7 ) 
 
t his m eans t hat  d epend ence d ist ance v ect or dif f eren c e(R) is 
const ant  and  R is a u niform  rel at ion. 

 
3 . 3  R e l a t i o n s  d e s c r i b i n g  d e p e n d e n c e  c h a i n s  o n l y  [ 1 ] [ 2 ]  –  
a rel at ion R d escrib es graphs of t he chain t opol ogy  onl y  if it  
sat isfies t he fol l owing cond it ion. 
F or each s/d=sou rce/d est inat ion: 

)(Rdomains∈ , )(Rranged ∈ , t here ex ist s t he ex act l y  one 
d est inat ion/sou rce d/s. F or t his pu rpose, we hav e t o check  whet her 
t here ex ist  su ch si and  sj t hat  si ≠ sj and  R(si)=R(sj) as wel l  as su ch 
di and  dj t hat  di ≠ dj, and  R-1(di)=R-1(dj). 
B el ow t here is t he ex am pl e of a rel at ion d escrib ing d epend ence 

chains onl y   
 

}4'3'14'214'2:]',1[],{[ jjjjjiijjnjijiR ≤∧≤∧<+∧≤∧=++→=   (8 ) 
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Relation R desc rib es a g rap h of  the c hain top olog y  only  if  it 
satisf ies the f ollow ing  c ondition: 
 

∅=¬∧¬¬=∧ RRlfRRlf )()( oo    (9 ) 
 
w here l f  is the lexic og rap hic ally  f orw ard relation su c h that 

xyRyx −∈→∀ p0, . T he f irst p art of  the c ondition m eans 
that there does not exist su c h ri and rj, ri ≠ rj, r∈ra ng e (R) that      
R-1(ri)=R-1(Rj), w hile the sec ond p art of  the c ondition m eans that 
there does not exist su c h di and dj, di ≠ dj, d∈do ma in(R) that 
R(di)=R(dj). 
 
3.4 R e l a t i o n s  w i t h  c o u p l e d  i n d e x  v a r i a b l e s  - a relation R has 
c ou p led index variab les if  one or m ore inp u t or ou tp u t tu p le 
elem ents are rep resented b y  an exp ression inc lu ding  tw o or m ore 
index variab les. A n exam p le of  su c h a relation is b elow  
 

}0'2'0
'1:]',1,'[],,{[

kikkk
niloopllkkilkilR
≤∧≤++∧≤
∧<∧≤<≤−−→=         (10 ) 

 
T o c hec k  w hether relation R has c ou p led index variab les w e: 
 
(i) c reate a relations Ri, 1≤i≤m, in the f ollow ing  w ay  
 

})fromsconstraint:],...,,[
fromsconstraint:],...,,[

1..,(:][][{

21

21

Rttt
Rsss

mijtststsR

m

m

jjiii

∧
∧≤≠≤∃→=

        (11) 

 
w here m is the nu m b er of  index variab les of  the inp u t and ou tp u t 
tu p les of  R and all these relations c onsist only  of  the i-th index 
variab le. T he rest of  index variab les w e m ak e to b e existentially  
q u antif ied. 
 
(ii) c reate relation Rc, as the c om p osition of  relations Ri, 1≤i≤m, 

as f ollow s: 
 

}fromonsconstraint
fromonsconstraint

:],...,,[],...,,{[
02121

ii

ii

m

immc

Rt
Rs

tttsssR

∧

∀→=
=                 (12 ) 

 
(iii) if  Rc≠R then w e c an c onc lu de that relation R has c ou p led 

index variab les. L et u s c onsider the f ollow ing  exam p le.  
 
(i) F or the ab ove relation R, w e c reate the f ollow ing  three 

relations  
 

}3'1:]'[]{[
)}0'2'0

'1:',,(:]'[]{[1

nloopllll
kikkk

niloopllkkillR

≤∧≤<≤→
=≤∧≤++∧≤

∧<∧≤<≤∃→=
 

 

}2'1:]'[]{[
)}0'2'0
'11'':',,',(:]'[]{[2

loopniiii
kikkk

niloopllkiikklliiR

≤∧<<≤→
=≤∧≤++∧≤

∧<∧≤<≤∧−−=∃→=
 

 

}'32'00:]'[]{[
)}0'2'0

'1:,',(:]'[]{[3

nkkloopkkkk
kikkk

niloopllillkkR

≤++∧≤∧≤∧≤→
=≤∧≤++∧≤
∧<∧≤<≤∃→=

 

 
(ii) N ext w e c reate relation Rc, as the c om p osition of  relations R1, 

R2, and R3. 
 

}0'3'0
'1'1:]',','[],,{[

}'32'00

2'1

3'1:]',','[],,{[

3

2

1

fromsconstraint

fromsconstraint

fromsconstraint

knkkk
niiloopllkilkil

nkkloopkk

loopnii

nloopllkilkilR

R

R

R

c

≤∧≤++∧≤
∧<<≤∧≤<≤→

=≤++∧≤∧≤∧≤

∧≤∧<<≤

∧≤∧≤<≤→=

4444444 34444444 21

4444 34444 21

4444 34444 21

 

 
∅≠− RR c , i.e. a relation R has c ou p led index variab les. 

 
3.5 R e l a t io n s  w it h  n o n -c o u p l e d  in d e x  v a r ia b l e s  - a relation R 
has non-c ou p led index variab les if  eac h its tu p le elem ent is 
rep resented b y  an exp ression inc lu ding  one index variab le. F or 
this ty p e of  relations w e c an ap p ly  the sam e ap p roac h as desc rib ed 
ab ove f or relations w ith c ou p led index variab les, and if  the 
f ollow ing  c ondition is tru e: 
 
(i) Rc=R, then w e c an c onc lu de that relation R has not c ou p led 

index variab les, i.e, 
 { }mjjniijijiR ≤∧≥∧≤<≤→= 21'1:]2,'[],[      (13 ) 
 
3.6  R e l a t io n s  w it h  d if f e r e n t  n u m b e r s  o f  in d e x  v a r ia b l e s  o f  

in p u t  a n d  o u t p u t  r e l a t io n  t u p l e s  
 
T he exam p le of  su c h a relation is as f ollow s: 
 

}1'1:],'[]{[ mjniijiiR ≤≤∧≤<≤→=   (14 ) 
 
T o c hec k  w hether relation R has dif f erent nu m b ers of  index 
variab les of  inp u t and ou tp u t relation tu p les, w e u se the f u nc tions 
R. n_inp () and R. n_o u t () f rom  the O m eg a lib rary  w hic h retu rns the 
nu m b ers of  inp u t and ou tp u t index variab les. I f  the f ollow ing  
c ondition is tru e 

()_.()_. outnRinpnR ≠ , 
 
this m eans that relation R has the dif f erent nu m b ers of  index 
variab les of  the inp u t and ou tp u t relation tu p les. 
 

4. E x p e r i m e n t s  
 
T he tec hniq u es rec og niz ing  c lasses of  dep endenc e relations 

p resented in S ec tion 2 .1 w ere im p lem ented in a tool b ased on the 
O m eg a lib rary  [ 3 ] . U sing  this tool, w e have c arried ou t 
exp erim ents w ith L iverm ore [ 7 ] , U T D S P  [ 9 ] , and N A S  [ 8 ]  
b enc hm ark s. P etit [ 6 ]  w as u sed to extrac t dep endenc e relations f or 
these b enc hm ark s. Resu lts of  exp erim ents are p resented in T ab le 
1. F or eac h su ite u nder exp erim ents (L iverm ore loop s, U T D S P , 
N A S ), the m ost relations b elong  to d-f orm s. N u m erou s relations 
are u nif orm . Relations w ith the dif f erent nu m b ers of  index 
variab les of  inp u t and ou tp u t tu p les of ten oc c u r in b enc hm ark s 
u nder exp erim ents. Relations desc rib ing  dep endenc e c hains w ere 
disc overed f or N A S  b enc hm ark s only  (no su c h relations in the 
L iverm ore and U T D S P  su ites). T here are less than 1%  relations 
w ith c ou p led index variab les. 
 
Tab. 1.  W y n i k i  bad ań  
Tab. 1.  R e s u l t s  o f  e x p e r i m e n t s  
 

B e n c h m ar k  A l l  r e l at i o n s  d-f o r m  %  d-f o r m  
 1. 2 . 3 . 

L i v e m o o r e  114 8  7 6 7  6 6 , 8 1 %  
U TD S P  7 0 0  3 0 1 4 3  %  
N A S  5 2 0 9 8  3 14 17  6 0 , 3 5  %  
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 4 .  5 .  6 .  7 .  8 .  9 .  
L i v e m o o r e  28 0 24 , 39  %  0 0 3 0, 26  %  
U T D S P  1 24  1 7 , 7 1  %  0 0 2 0, 29  %  
N A S  8 35 9  1 6  %  1 0 0, 02%  4 8  0, 09  %  
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 1 0.  1 1 .  1 2.  1 3.  1 4 .  1 5 .  
L i v e m o o r e  1 04 4  9 0, 9 4 %  22 1 , 9 2%  7 6  6 , 6 2 %  
U T D S P  4 23 6 0, 04 %  26  3, 7 1  %  24 4  34 , 8 6  %  
N A S  39 7 38  7 6 , 27 %  7 7 2 1 , 4 8  %  1 1 4 5 9  22 %  

 
T he ex p er im en ta l  r esu l ts dem on str a te tha t f or  m ost l oop s ex p osin g  
d-f or m  a n d u n if or m  r el a tion s,  w e c a n  a p p l y w el l -k n ow n  
tec hn iq u es to disc ov er  p a r a l l el ism  a v a il a b l e in  l oop s. H ow ev er ,  
ther e ex ist r el a tion s w ith c ou p l ed in dex  v a r ia b l es f or  w hic h n ov el  
tec hn iq u es a r e r eq u ir ed p er m ittin g  f or  ex tr a c tin g  b oth f in e- a n d 
c oa r se-g r a in ed p a r a l l el ism .  
 
5. C o nc l u s i o n 
 
W e ha v e p r esen ted a  c l a ssif ic a tion  of  dep en den c e r el a tion s 

desc r ib in g  ex a c t dep en den c es in  p r og r a m  l oop s. T ec hn iq u es 

p er m ittin g  f or  r ec og n iz in g  c l a sses of  r el a tion s w er e in tr odu c ed. 
T hese tec hn iq u es w er e im p l em en ted in  a  tool  tha t w a s u sed to 
c a r r y ou t ex p er im en ts w ith p op u l a r  b en c hm a r k s( L iv er m or e l oop s,  
U T D S P ,  N A S ) . E x p er im en t r esu l ts dem on str a te tha t m ost 
r el a tion s b el on g  to the d-f or m  or  u n if or m  c l a ss of  r el a tion s f or  
w hic h ex tr a c tin g  p a r a l l el ism  c a n  b e f u l f il l ed b y m ea n s of  w el l -
k n ow n  a p p r oa c hes. B u t ther e ex ist r el a tion s w ith c ou p l ed in dex  
v a r ia b l es tha t r eq u ir e dev isin g  n ov el  tec hn iq u es to ex tr a c t 
p a r a l l el ism ,  f or  ex a m p l e,  ther e is the n eed in  dev el op in g  
tec hn iq u es to c a l c u l a te the tr a n sitiv e c l osu r e of  a  u n ion  of  
dep en den c e r el a tion s w her e on e or  m or e on es a r e r el a tion s w ith 
c ou p l ed in dex  v a r ia b l es. D ev isin g  su c h tec hn iq u es is the g oa l  of  
ou r  f u tu r e r esea r c h. 
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I N F O R M A C J E  
 

Książka Wydawnictwa PAK 
 
 

Ks i ą ż k a “Pomiary cieplne (zwężkowe)   
w przemyś le”  p rz ed s t aw i a p rob lem at y k ę  
p om i aró w  s t rum i eni a m as y  i  c i ep ł a p ł y nó w  
p rz ep ł y w aj ą c y c h  w  p rz ew od ac h  p rz y  uż y c i u 
z w ę ż ek  p om i arow y c h . Ks i ą ż k a p rz ez nac z ona 
j es t  d la i nż y ni eró w  i  t ec h ni k ó w  z aj m uj ą c y c h  
s i ę  z ag ad ni eni am i  c i ep lno-p rz ep ł y w ow y m i   
w  p rz em y ś le, energ et y c e i  og rz ew ni c t w i e.  
W  k s i ą ż c e om ó w i ono p rz y rz ą d y  i  uk ł ad y  d o 
p om i aró w  z w ę ż k ow y c h  s t rum i eni a c i ep ł a, 
p rod uk ow ane p rz ez  f i rm ę  M et roni c . 
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