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Abstract 
\\'v ~ ~ ( ~ s ( , n t  a conlponent 1al)elirrg algorithm for a coarse-grained 
I ) ; I ~ ; I I I I > I  ;~ rc l~ i tcc tnrc~  rr;1111ctl OPSII,,\. OPSIL:\ i h  an r s p e r i n ~ r r ~ -  
I ; I I  g(>n(~r;rI 1)11r1)ow n111ltil)rocessor \vIricI~ nses t\vo tlifferent for~ns  
of ~ ~ ~ r i ~ l l r l i s n r .  'I'l~r first, on(, is a well known SI.\II) mode ( S ~ I I -  

~ I I ~ ~ ) I I O I I S  ~ ~ ~ o t l r )  and rlrr sccootl onr  is called SI'.\IIl (single I'ro- 
: ~ ; I I I I  S111Itiple 1)iita s t r o a ~ n )  \vIriclr is a11 a s y ~ ~ c l i r o ~ r o ~ ~ s  I I I O ~ ~ .  \YP 
Ilavi. sl~o\vn OI'SILl\'s rffict.ivcnrss for the low-level i ~ n a g r  pro- 
voshing [ I ) I I ~ R H ~ I ]  and \vo d(~111011st~ri1te Irere its effectiveness for 
t I I P  i ~ ~ l e ~ r ~ n ( ~ ( l i i ~ t o  l(>vel ~vitli a co1111)one11t 1al)eli11g i ~ ~ ~ ~ ) l e ~ i ~ e ~ r l a t i o ~ l .  
I'lrr ainr of tile inlplenle~rtation is ol~tained after processi~rg the 
I)c.x~ loatl 1)alanring efficiency. So. \ve propose a loatl tlistribu- 
lion illgoritl~nl \vliic11 i1icor1)orates a tolerance factor on the load 
f l~nclio~l .  'l'l~is a l g o r i t l ~ n ~  call take illto consideration tlrc initial lo- 
c.ali~i~tion of region ant1 tve slioiv it is the better choice l o  the loatl 
I ) a l i ~ ~ ~ c i u g  clficiency vcrst~s tlrc cost. of list tranhfer. Some r e s ~ ~ l t s  

1 Introduction 
111 C'o~ul)c~tcr \.ision, inrage interpretation is ~ i i i ~ t l e  rougl~ly in three 
"pil)(4inrtl" stel)"IlaniP]. At each step corresl)onds a d a t a  struc- 
1 I I ~ C . .  'I'hr I,o\v 1,rvc.l vision tlcals tvitl~ iconic structrrrc (pixel array 
11.\.(>1). .I'll(. I l  i g l~  I,(.veI ~ ~ r o c e s s i ~ r g  {~or l i s  t v i l l r  t r c ~ ,  ant1 grapli st rnc- 
t l r r c  ( h y ~ r ~ l ) ~ l i c  IcveI). T h e  I~rtlernietliate Lrvrl ])rocc.;sil~g ~ I I I I S  

I)! t;tking ;IS inj)nl ~nirtl.ix of pixrlh ~ I I I ~  ereatin:: its O ~ I I ~ ) I I I  li\ts of 
4y1111)o1s (1)ix~I ~ ~ ~ i r t . r i x  3 list se t ) .  'l'l~(' typical aIgoritl1111 of the 
I n t ( ~ r l ~ ~ ~ ~ ( l i ; ~ t ( ~  I,t,v(,l is t l~ t ,  co~npon(~nt  la l )e l i~~g algoritlr~n [13aIX2]. 
'I'll(, ( . O I I I ~ ) O I I ( > I I ~  li~I)<~ling goill is to o1)tirin :I srt ofrc>gio11 lists fro111 
;I 1)isc.l i ~ ~ ~ i ~ g v .  :\ rrgion is a set of eon~rectctl pisrls wlricli are 110- 

I I I O ~ I ~ I I ( > ~ I I ~  for ;I givr11 crit(srio~~s. 111 gen(>ral. tl~(,se lists arc S O I I I ~  

I . ( ' I ) ~ I ' ~ ( > I I ~ ~ I ~ O I I ~  of i~n;ige featr~rcs like regions. contours. lines etc ... 
SO. ~ ) ; ~ r ; ~ l l ~ l i z a t i o ~ r  of intcrlnediate procrss is an i ~ n p o r t a n t  

( . I I ; I I I ~ ~ I I ~ ( ~  i l l  ro1111)ntor vision I )c~i r l~sr  of t l r ~  111ixc>(1 ( i c o ~ ~ i c -  
~ ! 1 1 1 I ) ~ > l i i ~ )  I I ; I ~ ; I  5t1,11el11rc> in 1)roccshi11g, lIi111y i111t110rs Irave 
, ~ I I ( I I ( Y I  1 1 1 ~  ~ ~ i ~ r ; ~ l I ( ~ l i s ~ ~ r  of conipo~rent 1aI)rling [Sl1iX2], [ H I I I I ~ ~ ~ ] .  
[1)11fl'S(i]. [('yI)"!)]. [I.;IIII)X!)] 011 hIlhll) o r  fine grain SI.\tD arclii- 
11'1.t11ri'h. 11111 C O I I I ~ ) O I I ~ I I ~  1al)c~lilrg is j11s1. ;I stol) lo\vards tlrr final 
.( i.11i. i ~ l t ~ ~ r l ~ ~ ~ ( ~ t ; r t i o ~ ~  i111t1 the da ta  s t r l ~ c t r ~ r e  cfficirncy li)r t l ~ r  nrst  
\ l c s i )  I I I I I S ~  I ) ( \  t i 1 1 i ~ 1 1  into ;~cconnt for ;I glol)i~l oplinlization of conl- 
I I I I I V ~  visi011 ~)rocrss.  

\\.c. ~)r( \srnt  i l l  this pal)cr, a conrl)onent lal)eling algorithm de- 
vcsIo1)1)(~I i l l  198s [DucSSl)] for a coarse-grainrtl parallel arcl~itec- 
1 11rc I I ; I I I I C Y I  OPSllr:\. OI'SILI-\ is an exl)erinrr~rt;rl general purpose 
I I I I I I I  ii)roc(\hsor tlo\-c~lol)l)c~l ant1 l,nilt 1)y tlrc I,.-\SS\- ant1 snpportctl 
1 ) ) .  t l ~ i >  1 ) I t l~ ; ' l '  ( r t w i ~ r r l ~  I I ~ ~ I I ~ ~ ~ I I I ~ ~ I I ~  of f rc~rc l~  : I ~ I I I ~ ) .  Ol'SIL:\ 
I I i f r t  o r  o a r a l l c l i s ~ ~ i  l i e  ' S  [ S i e ]  Tlre 
lirst I ) I I ( .  is ;I \vrll kllO\Yll STMI1 lnotlc ( S ~ I I C ~ I I . ~ I I O I I ~  nrotle) ant1 
111o ~ ~ ~ c . o n t l  one is called SI'lID (single 1'ropl.i\111 Sll~ltiple Data 
+ t r c i r ~ ~ ~ )  \ \ - l ~ i v l l  i h  ~ I I I  asy11chro11011h nrotle. .\Ian! ;~l)plications Irave 
I ) c 5 c > 1 1  i ~ u l ) l r ~ ~ ~ c ~ r t , c ~ t l  o ~ r  OI'SILA lilic finite e l e ~ u c ~ ~ t s  [Sl~nXi]. ray 
11;tcillg algoritlr~n [ForSX] or particule accc,lerator [IlaiPS]. For tlre 
( ' o ~ ~ i l ) ~ ~ t r r  \,.ision. \ve ]rave sIroi~~11 OPSIL:\'s effc>ctiveness for the 
lo\v-Ii~v~~l i~n;rg(, procc>ssi~~g [1)11cHSa] ;111(l \v(, ~Ic~~~rc)~rhtr;rt(, lrrrr its 
i s f [ i ~ l  i\.rnrss for Ill(, int , rr~nctl i i~te love1 witli a co~nponc~n t lal~el-  
illy ~ I I I ~ ) ~ ( ~ I I I ( ~ I I ~ ~ ~ ~ O I I .  '1'11(, ail11 of t111t i~nplrnrr~rtat ion is oI)tainrtl 

after p rocess i~~g tlre I)est loacl balancing efficiency. If wt, hay t11(, 
processor load t lepe~~t l s  on the n u ~ n b e r  of region pisrls. we want 
ilftrr processing tlie same ~rnrnber of pixels i r r  each prorrssor. 111 

gen(>ral. this involves that  \ve W O I I ' ~  get the salnc I I I I I I I ~ ) ~ ~  of rrgio~r 
in e a c l ~  processor ant1 therc~forr involves a commnnication rost he- 
t ~ v c ~ c ~ ~ ~  processors wliicl~ must be taken into account. 

So. ivc 1)roposr a load tlistribution algoritl~rn \v l~ ic l~  incorl)o- 
ratcs a tolerance factor on tlre load function. Tlris a l g o r i t l ~ ~ n  can 
take into consitleration t11(, initial localization of rrgion i~ntl wr 
s11o\v it is the I)rtt.er cl~oicc to  tlrr loatl I ) a l a ~ r c i ~ ~ g  efficiency vrrsll:, 
tlre cost of list transfer. Sorne examples and results are given on 
reill inrage. 

2 Presentation of OPSILA 
OI'SILA is a general purpose parallel arclritecturr belo~rging to 
tlrc ~i l ised cla.ss (see [i\ugSi] for Inore tlrtails). It rnns \vitli two 
tlilfcrent forlrrx or ~ ) i ~ r i r l l e l i ~ ~ ~ i .  The  first one is the \vcll ! ~ I I O \ V I I  

SlhlD l~rotle ( a  sync l~ronot~s  form of parallelism) [ReeXl]. Tlre see- 
ontl one is callrtl SPhlD (single P r o g r a n ~ .  S I ~ ~ l t i p l c  Data Strea111) 
wlriclr is an a s y ~ ~ c l ~ r o ~ r o u s  triode. Tllesc tv.0 ~notlcs a re  tly1ia111- 
ically configurable in one ~nachinc  cycle. OPSILA is colnposctl 
of t,wo pa.rts : ;I centr;~l cont;.ol nnit and a parallel coirrl)~~tation 
tunit. ~vlricli cont.ains p = ICi processors. 1) mcniory nnits i ~ n d  an 
Omega./Benes ir~terco~lnection nct~vork [FengHl]. 111 SI l ID ~notlc. 
Illc~mory is ~lli1I'Otl : (Yrcll I)rOresSOr Ci l l l  arC1~SS ill illly i l d d l ' ~ ~ ~  of 
Inelnory. In Sl'hlD ~ ~ r o t l r .  c>i~ch procrshor acccssrs only at its lorill 
nren1ory. 

TIIF scalar-CCJIII rol 1111it perfor1115 ov(,rall n~anirgenient of t I I V  
system. I t  consists in two processors : the  Scalar I'rocessor (Sl ' )  
ant1 the Ilrstrnct,ion I'roccssor ( I P ) .  ' l ' l~r I P  Inanages t h r  vrctor 
unit (menrory. ~~c, twork.  vrct.or instrnctions and s y ~ r c l ~ r o ~ ~ i s i ~ t i o ~ ~ s  
I)et.ween SIMD and SI'blD ~nodes) .  

The  vector unit. consists of p=2"= l (i Ele~nentary l'roccssors 
( PEs) ,  each associatctl wit11 a I I I C I I I O ~ ~  l)i\~lk ( . \ In ) .  t\ s y ~ ~ e I r r o n ( ~  
Omega/nenes in te rco~rncc t io~~ nc,t\vork is rlsrtl to  perfor~n da ta  
cxchangcs. Particnlar facilities are providetl as  any length vec- 
tors, a l~ tomat ic  Inerrlory ant1 nc~t\vo~.li I I I ~ I I I ~ ~ ~ ~ I I I C I I ~ .  and indir(\ct 
parallel adtlrc,ssing C~:\'l'IIIC11 and SC':\'l'TI~It. OE'SIL.\ is I ) r ~ i l t  
with bit slice teclrnology. The  processors are X l I D  29116. Each 
MB capacity is 96 1il)ytes. T h e  base cycle t ime of t l ~ e  machine is 
700 ns. Operantls can l)e integers of 16 or 32 bits o r  32 hits real 
numbers. (see figure 1 for OPSIL:\ I)locli tliagram) 
The SIMD operating m o d e  : 
In SIhID ~ ~ r o t l c .  t l ~ c  i~l)l)lic;~tion progra111 is entirely .tor<-(l i l l  t l ~ r  
S51 ant1 managt,tl Ily the Sl'. Tlic tlata (vectors ant1 matrix)  a rc  
loc;rted in the  vcxctor ~~renrory.  ;\t tlie same t i ~ n e .  eacll processors 
executes tlie salllr i ~ r h t ~ . l r c t i o ~ ~  011 tlifferc>nt tlata. Two consccr~tivr 
atltlrcsses in v c ~ t o r  ~ncnrory are in adjare~rt  n i e l r r o ~  1)anlis. .\ 
liliear vector i sl~cli Illat tlic atltlrcsses of snccessivc~ conrl)onents 
arc in ari t l l~netic  ~)rogression. Each vector is tlescril)cd in S.\I 1)y 
a pair (E, R).  E is tlie adtlress of the first element in the vector 
nlelnory. and R is the conllnon addresses difference for consec- 
~ r t i v r  clen~c~nts.  In ortlcr to rxcrn t r  operations I)rt\vrrn vrctors 
of ally Irngtlr. 1 1 1 ~  11' sc~g~nc~nts  at rnnning t i ~ n r  t l ~ r  vcctot.s into 
subvectors of ir lrngtlr at 111ost rclnal to the ~rnnrl)c>r 1, of El's. 



\ \ ' I I ~ I I  t l ~ r  I(11rgtl1 of sr~bvrctor  is less tlra~r 1). tllc El's c o n t a i ~ ~ i ~ r g  
1 1 0  hig~~ificir~rt ( I i i t i i  irrc I I I ~ I S I < C < I .  the 11' ~ra~rt l les  ally access ro~rflicts 
( I <  is otltl) to t l ~ r  vcctor nlelnory. I ~ ~ t l i r c c t  vector atltlressir~g in- 
\ ~ r ~ ~ c t i o ~ ~ s  C;;\'L'HE;II ant1 SCATTER have I)COII  t l r f i ~ ~ c ~ l  to rx t r~ l t l  
tlolii;\in al)pIic;itions of tlie SlMD ~ n o t l r  [SIIIIS~]. 
T h e  S P M D  o p e r a t i o n  i n o d e  : 
S ~ I I I I I ~ I R I I ( > O I I B  a ~ i d  s(q)arate e x e c ~ ~ t i o ~ l  of srvrral i~rs t r r~c t io~rs  flo\v:, 
i. t111, I I I O S I  t~ f l ic ic~~~t  way for I~antlling apl) l icat io~~s or part of ap- 
~~lirnt iolrs  tlrat iire allnost s e q ~ ~ e ~ ~ t i a l l y  ~) rocess~( I  011 1111re1y S l l I D  
or ~ ~ i l ) e l i ~ ~ r  ~narlr i~ies.  In SPMD mode, tl~cb sa.nlr program is drl- 
plicatt~tl i l l  r;rc.l~ .\In. OI'SILA is tlrc~n conrl,osetl of a set of I(; 
in t lc~ l )c~~r t l i~~~l  h c ~ ( l ~ ~ r ~ l ~ i a l  ~ ) r o ~ e s s o r s .  (lac11 associaled \\.it11 tll(' S ~ I I I C  

I I I I I I I ~ ) ~ ~ ~  I I I P I I I O ~ ~  1)nnk. Iin(Icr SI'hlD ~notle. I'Es c;ililrol esclriingc~ 
i ~ i f o ~ . ~ ~ l ; r ~ i o l r .  l)at(> csclr;r~iges can only occur iu SlSII) n ~ o t l r  via 
t \I( .  s y n c l i r o ~ ~ c ~  i ~ l t c r c o n ~ i c ~ c t i o ~ ~  ~ ~ r t . w o r k .  

S P l I I )  ~ ~ r o t l c  is i~~itializetl I)y t l ~ r  1P \vlliclr 1)rovitlrs c a c l ~  PI.: 
I I I C  h l i ~ r t i ~ ~ g  SI'lII) code atltlress. T h e  n~aclrinc call I](, t l y ~ i a ~ ~ r i c a l l , ~  
co~~figi~rc>tl i l l  SIlIL) or SPhID ~notlc.  This allorvs 11s to process 
\.(,(.tor 01. ~ n i ~ t r i s  glol~ally in SIhID ~ ~ r o d c  a ~ i d  locally ill SPSID. 
'l'llr synelrro~rizatio~is reqniretl for ilritializi~lg the SPSID ~not le  
ant1 for returlii~rg to  SIR~II) mode are a fork-join operating over 
t11e set of YES. . i s  the synclrronization lnecanism is sinlple. its 
ol)oraIiol~ is v c v  elficient : tra~rsition fro111 Sl'AlD lo SISID motlr 
is ~ ~ r n t l r  i l l  o ~ i e  I I I R C I I ~ I I C  cycle after tllc- clrtl of esc~c i~ t io~i  of the P E  
\vi l l~ tlrr Ia rgc~t  ~vork  load. 
P r o g r a m m i n g  a n d  e n v i r o n m e n t :  
. . 
IIIC. i ~ ~ r ~ , l r ~ r r r ~ r t a t i o ~ i  of parallel algorithnr 011 OPSII,>\ is car- 

r i c ~ l  out \vi t l~ a lrigl~ level s t r l ~ c t ~ ~ r e d  Iangl~agc ~ i n n ~ e t l  HELI,ES..\ 
[.I(szS(j]. :I P.ISC*:\I, like. i~ i~prove( l  by : 

\ . c ~ ~ o r  i ~ i s t r ~ ~ c t i o ~ r s  tlcfinctl l)y e s t e r ~ d i ~ ~ g  snclar opcratio~rs to  
a1.1 a!. of scalari (I)? o\.crIoatli~rg of ol)erato~,s)  ant1 rsecr~tetl i l l  

S l I l I )  n ~ o t l r  
nln(.k illstr~~ctiolrs 11sct1 to  enter arid to leave 1Ire SI'lID n~otlc.  

3 Parallel implementation of the compo- 
nent labeling 

3.1 S e q u e n t i a l  a l g o r i t h l l l  

I 'h r  I I I ~ ~ I I  itlea of tlre algori th~n is t,o assign tliffcre~rt eolnpolrellts 
\ \ i t 1 1  elifTere~lt 1al)rls [BalS2]. ;\ compone~lt  is tlrfi~letl as  a set of 
pisc>ls c o ~ ~ ~ r c c l c t l  i l l  one of the cligllt direct ions (S-coll~rectivity ). 
l l i r  1al)rl.; arc, like cc~uivalence tal)les \vitl~ ec~uivalc~rce relatio~r 
"l)c~longs to the hame co~rl l)onel~t  as". For our propose. the result 
\vr. ~ v a ~ r t  ohtai~r is a identified list for ear11 eq~~iva l rnce  table . . 

l11c. ;~lgoritlr~rr scans image, pixel by pixel, fro111 left to  right 
; ~ ~ i t l  f r o t ~ ~  top to b o t t o ~ u .  wit11 a \vi~rtlow tlcfi~ictl i l l  figure 2. For 
each current pisel. the  algorithm tests the  ~ ~ e i g h h o u r l ~ o o d  config- 
11rati011 a ~ r d  ill f i l ~ ~ c t i o n  of this, luakes some ones of the following 
o l )e ra t io~~s :  

create a netv lahel ( t h e  generated labels start from 1) ant1 a 
new list. 
labelilrg the current pixel and put  the pixel in a list 
if t\vo ne ig l~bo~~rhoot l  pixels have different lal~els  L1 autl LZ 
\vitlr L1 < LZ. ~vr i te  tha t  L Z  is a11 e q l ~ i v a l e ~ ~ t  tahlc to  L1 
.-liter the  sca~ln i~rg ,  the equivalence tables arc reorganised and 

the lists of salnr equivalence are mergiug. So. wit11 this algoritllm. 
\ve ~ r ~ a l i e  a con~ponent  1al)eling in single pass over image. 

The  main tlificnltp of this algorithlll is tlie pixel treat,lllelit 
i h  r o ~ ~ t ~ ~ s t - d e ~ ) e ~ ~ d a ~ ~ t .  Tlie process is not l ~ o n r o g e ~ r o ~ ~ s  and not 
rcgr~lar with a nlacl~ine cycle. So, we can t l ~ i l ~ k  tha t  an asyn- 
clrronoi~s arcl~itecture fits better than a. synchro~rous architecture. 
111 the 11est section. we slro~v an implementa t io~~ \vitlr OPSILA's 
a s y ~ ~ c l r r o ~ ~ o u s  n ~ o d e .  

3.2 P a r a l l e l  i m p l e m e n t a t i o n  

I'or a coiirsr ~)arallel architecture, conlpolrent labeling sets follolv- 
i11g proI)len~s : 

Represc,ntirtio~~ t r c > a t n ~ c ~ ~ t  of t l y ~ ~ a ~ r r i c  s t r ~ t c t ~ ~ r e s  ( l is ts)  
ill a11 11111~iproc(~sso1~ a r c l ~ i ~ ( ~ c t ~ ~ r ~ ~ .  .\!I ol)jet p ; ~ r ~ ~ l l r l i s ~ ~ ~  is ill1 

asynclrrorroi~s ~ ~ ~ o t l c .  'I'lrc.11 \ve \vn~rt :I lorill n ~ a ~ t a g e n l c ~ l ~ t  of 
lists 
1,ist excha~rgrs I)rt\\.ccn IIrocrsnors rrretls a drfirritio~l of c o n -  
11r1111icatin11 tools to iichirvc ol),iot ~ ) a r i l l l e l i s ~ ~ ~ .  
Load balanci~lg cfficirl~cy for lrcst t rcatrnrl~ts .  'l'l~r loi~tl hal- 
a ~ r c i ~ l g  is a glol);il process I)c~car~so it i~irplirs tlrr k~ro\vl(~tlgc~ of 
every processor infor~nation 

111 fact, tl~c.se ~ ) r o l ) l r ~ ~ r s  are ge11t.ra1 prol)lenis ill i ~ ~ t r r n ~ r t l i a t c ~  
i111e1 I1ig11 lt,vol visio11. i111(l \v(> i l l ~ ~ s t r a ~ t t  ~ I I P I I I  OII a partic111;rr c;rscX. 

1. Ilivitlr t I 1 ( 8  p ict~~rc '  illto I(; vrrtic;~l I)al~tls \\'ill1 ol~c. ( . O ~ I I I I I I I  

overlappi~i:: (SlhlI)  ~ n o t l r ) .  
111 fact. t l ivi t l i~~g i~nagc  ill  r rgi~lar  sclilarc ~ n i ~ ~ i n ~ i z c s  the I o ~ ~ g t l ~  
of fro~~tir>l.s. I ) I I I  i t  i ~ ~ r r r a s c s  ~ O I I I I I I ~ I I ~ ~ ~ ~ ~ O I I  costs \vitl~ 
special 11.c.at111cwt.s for c o r ~ ~ c ~ r s  wliicl~ I)rlo~rg at 4 ~)rocc~hsors. 

2. Run t h r  seque~rtial algorit,hnr into every processor (SPM1) 
~not le ) .  Tlre a l g o r i t l ~ ~ n  runs i l l  single pass. 

3. For each processor, nralie a label merging process by excllangr 
of overlapped vertical columns(SIh1D and SPRID rnodt.) 

-1. C o n ~ l ~ n t c  ;i g1ol);rl lal)clin:, I? a 111ergi11g of 16 e(111ivale11re ta- 
ble ant1 colnputc tlrc loatl d i s t r i l ) ~ ~ t i o ~ ~  I)et \vce~~ ~)roccssors 1.0 

obtain a I~onrogenons loatl bala~rci~rg (seque~rtial ~not lc  rcal- 
ized by scalar ~)rocessor) 

.5. Each processor puts sub-regio~i list i l l  a output  ma.ilbos for 
ot11c.r processor (SP;MD nlotle) i l l  relation to the eqnivalence 
table. hlailboses arc exchange ill SIhlD mode. Then each 
processor n1ergc.s sull-region lists whir11 are in its i ~ l p r ~ t  n~ail-  
110s (se~rtling froln tllc other processors) (SPXID  node). 

3.2.1 O p t i i n a l  a l g o r i t h i n  f o r  l o a d  b a l a n c i n g  

.\ load l)ala~~cirig is ;III i~l)plicatio~r f : O -- P. ~vhere  O is a set 
of11 ol)jects O 1 .  .... 0,, ant1 P is ii sc.1 of 11 ~,rocrssors PI. .... I'l, 11.e 
tlrfine : 

111, as tlrr cost o f  o l~ jcc t  i for i E [ I ,  I , ] .  In our case. the ol)jccl 
is n regio~l-list. atltl \ve c o ~ ~ s i d e r  the cost as  tlrr 11un1I)rr of 
pixels. 
L,  as the cost of processor 11. r r  E [ l , p ] .  wlrert L,, = C, 111,. 

i.e. cq11aI the srlln of o l~ je r t  costs into processor 11. 

So\v the j~roblenr is to ~ ~ ~ i ~ r i n ~ i z e  a glol)al cost from elenrel~tary 
cost associated to ol)ject. ;\ s o l r ~ t i o ~ ~  co~lsists to filrtl 11" soli~tio~rh 
autl to take tlre hest. 

So to avoid this. \ve i ~ r t r o t l ~ ~ c e  a quality criterius of the load tlis- 
trihntion process whiclr nieasures the effiriency Ec of 1oa.d tlistri- 
11111 ion 

Ec = Lt / p . L ~ n a s  
where Lt = total load = CtTl P,, 
Lmax = load of the processor which is the most loaded 
p = number of processor. 
For Opsila, the  hcst load h~nction (F,c=l)  is for 

L ~ I I ( I . ~  = I,, = I,) = L t / l G .  i # j. 1 5 i .  j 5 16 ( 1 )  

So, if q is the n u n ~ b c r  of 01)jects ant1 p the nr~nlbcr of procrh- 
sors. the op t i~na l  algoritlrni is : 

1. Find the proccssor 1'" the least loaded among p 
2. Fintl the ol)jcct 0, tvit,h the I~iglrcst cost among the ol)jels 

remaining 
3.  Put 0, i l l  P,, 
-1. goto 1 until o l~ jcc t  list is e1n1)t.v 

Tlie algoritliil~ complesitp is O(r12 + pq) .  \Ve can retlucr this 
co~nplexit,y by sorting objects before ~)roccssing in fulrct.io11 of oh- 
ject cost. 

But this algoritlrm tloes not take illto accou~rt thc initial local- 
ization of objects vel.sus processors. So. this algoritlrnl tloes not 
minimize da ta  transferts I)etwecn processors as s l ~ o w ~ r  i i r  figure 3. 



3.3 B e s t  e f f i c i ency  w i t h  t a k i n g  a c c o u n t  t h e  l i s t  t r a n s -  
f e r  c o s t  

'1;) soIv(~ t11r I ) ~ O ~ ) ~ P I I I I I I  sl10tv11 i l l  figure 1%. a s t ~ o ~ ~ t l  rriterius ~rrust 
IN, ~ ~ I I I I ( I  \\.lrirl~ lakrs into ;~c.ror~llt costs of list transf(\rs I ) r t wcc~~  
1)ro(.t's"o "lo ol)lirin ;I c o ~ ~ ~ l ) l c t r  r r g i o ~ ~  in a processor. 170r tlris. 

I I I I I ~ ~  1i111itrtI t l ~ e  t ra l~sf tw.  
So. \v(- 1)ro1)0w a loat1 t l i s l r i l )~~t io l~  algoritll~lr \vlticl~ i~reorl)oratrs 
;I tol(~r;~r~c.c~ factor on t l ~ r  lo;ltl f11nrtio11. 'This algoritl~~rr ~ ; I I I  talir 
illlo c.o~~sitlrratiot~ t.lrr i11it.ii11 loral i~ation of rrgion itn(l i t  is the 
I)(>\! c,ltoicc. to 111(, lo;~tl l ) a l i ~ ~ ~ c i ~ ~ g  rfficir~rcy ver>11s t l ~ e  rost or list 
I r;1115f('r. So. \VC i n l r o ( l ~ ~ c ~ '  a ~ ~ o t i o ~ t  or tolcrance 0 1 1  Ec c~xprcsscd i n  
~ ) t ~ ~ ~ . ( ~ t r t .  rl'l~is tolcra~lcc~ givc.s a set of the least loatlrtl processors 
; I I I ( I  \ \ ( I  c;rll ( ' 1100h?  anlolrg tlrii. ~ I I C  procehsor for \~lrirlr the t1.atrs- 
1'1.1.t cost i h  t ~ ~ i ~ r i ~ l r a l .  TIIC o1)timal algorithnl 1vitl1 load tolerance 
I \  : 

I. I,'intl t l ~ c  s ~ t  S of tllc least loatletl processors among p proces- 
h0 l . h  \\ . i t  11 ;I load tolrranct t 

2 .  I.'intl tlrr ol),jt>ct 0, witl~ the I~iglrrst cost alnolrg the objets 
I , ( > I I I ~ ~ I I ~ I I ~  

: I .  (iivc 0, to 1)rocrssor 1'. P E .S. if the rlroice I' ~ n i ~ ~ i ~ n i z e s  
c ~ s c l ~ i ~ ~ ~ g e  cost. 

I .  ( ioto I 11ntil ol)jret list is rlnl)ty. 

4 Results 
111 tlris srct io~r.  \CP give two kinds of r r s ~ ~ l t s  a11o11t compo~lent 
l i~l)( ' l i~~g i~~rj) lerl~e~rtat , ion.  firstly a11 inrpleme~ltatio~l on OPSILI\ 
wi I 11 t lrc first algori ~ I I I I I  of loatl I ) a l i~c i~~g .  Secontlly. 1r.r present a 
s i ~ t l ~ ~ l i ~ l i o ~ ~  to ill~~stratc, 1.11~. I)ctl~avior of rnotlifirtl algoritli~u of load 
I);~l;~ring. 

4.1 hardware c o n s t r a i n t  

OI'SIl,i\ is a prototype of a parallcl arclritectr~re. I%ecal~sc caclr 
~ ~ ~ r ~ l ~ o r y  1);11ik Ilolds only 49kb of nrcxnlory, we l i r ~ ~ i t  t h r  sizr of in- 
pr~t  i~n;rgc to I ) ?  less tlra~r 25Gx25G ~)ixtls .  111 a t ld i t io~~.  Inelnory 
silt ~ ~ r i ~ t e s  \vi t  11 200 l is1.s per ~)rocessor ( repr~sen  t i~ rg  ahortt 800 pix- 
(,Is). So. wo I~avt. cllosc~n to  rcvtlizc a ronlpolrent 1al)elilrg on a edge 
111it1) of a i ~ ~ t a g r .  0 1 1  OI'SILI\. \vr have cornl)~~tct l  an edge tletec- 
t i o ~ ~  \\.it11 11011 ~ ~ l i r x i ~ ~ r i ~  sr~ppression ant1 taken 20 per cent of these 
c~lgrs.  11liti;ll i l r~ ;~gr  is t!lr well k11on.11 image of girl Lena. For this 
i~lri\g(>. \ve I I ~ V C  t.he follo\viug clraracteristics (wit11 16 processors): 

Sumllocr of etlge-pixels is 6273 representing 396 different lists 
:\\.(,rage le~rgtlr of list,s : 13.S 
.\vcr;~ge ~ r n m l ~ c r  of lists per processor 24 
.\vcrage cost per 1)rocessor : 392 

4 .2  R e a l  i m p l e r n e ~ l t a t i o ~ l  
\\.(- ~ I I O \ V I I  of figl~rc '1 a co~rrplete ;rnalysis of the loatl balaci~rg. 
11.i1rg tlrr first ;~lgoritlrln. \Vc hho\\. in figurc 1.a processor loatl 
( i . r .  I I I I I I I ~ C ~  of 1)ixel) l~eforc and aftcr shari~rg O I I ~ .  The  eficiency 
;~l'lrr ~)rocossing is O.T(i = 6273110: * 510. wlrerc 510 is the loatl 
of ~)roccssor Yo 13. \\:c show ill figure 4.11 list t l is tr ib~~tion after 
I;~l)c~ling (first step), ant1 after glol~al distril~lrtion in relation with 
1ig11rv .I.;I. ' l ' l~r  I I I I I I I ~ I ~ ~  of list is rc(111ce(l l)ec:111st$ of list ~ i i e r g i ~ ~ g .  
I. ' ig~~rr .1 .r I ) ~ C S ( \ I I ~ S  rrsl~lts  a l ~ o l ~ t  r~rrittrtl and receivtvl ~)isels for 
(~;I(.II ~) ro( . (~sc) r .  \\'t, Ir:~vc> fort~~tl tl1;11 3935 pixels (62 per cc~r t  of 
1)isrlx) ~ r r l ) r r s r~~ t i ng  173 list,s lravr 11rc11 ~rrovetl. 

\Co prt'wnt(. 011 figure 5 run time in f r ~ ~ ~ c t i o n  of 11111llber of pro- 
c.c~sso~.s \\.(, It;~vc ;~ctivatctl. Time is given i l l  1Irgaryclr of OPSILt\ 
(cy(.Iv = 700 11s). C:o~nl~onr~r t  Ia l )c l i~~g time tlrcreasrs as we use 
I I I O ~ ( >  ~ ) roc~s so r s .  ' I ' I I P I I .  tvitl~ I(i J ) ~ O C C S S O ~ S .  \ve o l ~ t a i ~ ~  al)ol~t  2 sec- 
o ~ ~ ( l t ~ h .  \\'it11 I5 ~)roc(~ssors.  \vr have a bat1 loc:~lizatio~~ of pixels, 
i.(> ;I I I O I I  I I O I I I ~ ~ O I I ~ I I ~  ( l i s t , r i l )~~ t i o~~  1)rforr Ia1)elin~. The  14 proces- 
yorh I I I I I ~ ~  \\.;lit t11(1 I T , I l r  \vlric11 is t11v 1 1 1 0 ~ 1  loatlrcl ~)roccssor (luring 
I ;~ l ) r l i~~g .  ' I ' l ~ i h  rlrc~ct c.;rll I)r r r t l ~ ~ c r  I)? all atlapt ivc, coll~urn cut. 

1.3 C o m l ~ a r i s o ~ i  b e t w e e n  b o t h  a l g o r i t h m s  o f  l o a d  
I ~ a l n n c i n g  

\ \ 'v  I )~~WII"III  fig111.c (i a rcs1111 of a hi~~irtlation bct\vccn the opt i~nal  
;~I;oritl~~rr of lontl 1)alatrring a~ rd  t l ~ c  al~oritl1111 \vitl~ tolerance of 

loatl. \Ve sholv tlrr loatl I ) a l a ~ ~ c i ~ ~ g  cfiice~lcy is co~ r s t a~ l t  ant1 t l ~ r  
cost of transfer tlec~~cirses i n  f ~ ~ n c t i o ~ r  of t ,o le ra~~cr  ~)ara.~net.'r. 

5 Conclusion 
\\'e Iravr tle~nonstratrtl in this paper t.lre elfectivr~irss of general 
p ~ ~ r p o s c  ~)arallcl a r ch i t e c t~~ rc  OPSII,i\ for the irrtrr~lrrtliate lcvcl 
\ v i t l ~  a C O I I ~ I I O I I C I I ~  lal)cli~rg i ~ n p l r ~ ~ r r ~ ~ t i ~ t . i o n .  So. we have proposrtl 
t\vo algoritllr~ls of loatl d i s t r i b l ~ t i o ~ ~  ant1 sllown thr  benefit t o  in- 
trotlr~ce a toleri~~rcc factor on the loatl fu~lct io~r for a bet.ter loatl 
I)alancir~g eflicie~rcy. \Ye Irave rr~atlr an i~r~l)lrnreutation ant1 tcstetl 
t l~c, algoritl~nls 011 rr;~l i n ~ i ~ g r .  
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Figure no 5 : Run time versus number of processors 
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