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Abstract

\
~ Real-time épplications based on imag!lgc processin.g -afi_: both computationally
and data intensive. This fact presents real-time'lt image processing as a strolng qandidate
for parallelism. In this thesis, real-time image processing is exploited for paralle]l
computing from two different views. The first is‘ loop parallelization sincel loops are
the dominant control structure existing in imagl'lna processing algorithms, The second is
1 volume visualization which is taken as a real-tirne image processing workload.
: ll.
Céncgming the loop parallelization aspeé_t, a loop fusion algorithm is proposed.
. The objective is to fuse loops of the same ]?ype (either DOALL or DO loops)
éonsidering identical and overlapping bounds. Data locality is enhanced by bringing
: refprences to the same data in different lgﬁps intcl;\[ a _singlc loop and therefore the need
for communication and data replication is reduocdl. In this work, the iteration spaces of
‘loops before and aﬁer using the proposed lo'op fusion algorithm are executed
' sequentlally and on a multlprocessor computer |based on message-passing . The
proposed loop fusion algorithm proved to be effectwe for both scquentlal and: parallel
‘execution, fully and partially ovcrlappcd iteration -spaces and different types of
_'dcpendenmes Increasmg either thc shift size (negatwc dependence) or the peel size
- (posnnc depeudencc) increases the execution time for the same number of PrOCEssors
due to Lhe. resultmg reduction in the fused Iteranon space. The Perfomance _

on algorithm mcreases with the increase in the tnp

& improvement achleved by the fusi
verlap. As the overlap decreases, the gain
1 . .

ount of the fused, xtlE anon spacé i.e. larger 0
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|
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_ Abstiact

' Real-tiri’ne :applications based on imiage processing .a@ both compﬁtationally
fand data intens:ive’l- This fact presents rea]-tir’ne image processing as a stro.ng candidate
: for parallehsm In this thesis, real-time 1mage processing is exploited for paraliel -

computing from two different views. The ﬁrst is loop parallclization since loops are
the dominant qontrol structure existing in 1mage processing algorithms. The second is

volume visualization which is taken as a rea|l-lime image processing workload.

Céncgming the loop parallelization faspt:(ﬁ, a loop fusion algorithm is proposed.
The objective is to fusc loops of the same type (either DOALL or DO loaps)
considering identical and overlapping bounds. Data locality is enhanced by bringing
references to the same data in different lf?ﬁps into a single loop and therefore the need
for communication and data replibation is reduced. In this work, the iteration spaces of
‘loops before and after using the propused loop fusion algorlthm are executed
'sequentlally and on a multiprocessor computer based on messagc-passmg The
proposed loop fusion algorithm proved to lbe effectwe for both sequential and parallel
exccution, fully and partially overlappéd iteration -spaces and different types of
dependencies. Increasing either the shift size (negatwe dependence) or the peel size
‘(positive dependence) increases the cxccution time for the same number of processors
-due to the resulting reduction in 1he fused itcration space. The performance

improvement achieved by the fusion algci}nthm increases with the 1ricrcasc in the t',rip'

count of the fused iteration space i.e. iargpr overlap. As the overlap decreases, the gain
of fsion diminishes. B !

L00p skewmg is a loop transforr|nat10n that reshapes the iteration space of a

loop nest. Some loop nests cannot be parallellzed if kept in their ongmal farm: An

analysis and investigation of loop skewmg is performed for the objective. of exposing

; j parallellsm Unimodular transfonnatlon |malr1ccs are used to reprcsent loop skcwmg '
Loop bounds of a loop nest are represemed as a lincar system of mequahtles Th.lS

linear system of inequalities is solved after applying the transformation to oblam the_

hew ‘loop bounds using the Fourier Motzkm algorithm. A detalled analysns 1s

Iperformed in terms of the shape of the skewed itcration space which is divided into




operated on a simulated message-]‘:assmg parallel computer An
syl spaee 0 tw‘o nested loops containing 5000 iterations is used i.e. m*n—SUGO

:-@@@ and mrepresent the number of iterations of the two loops Nme d1fferent

Thes.aim of three-dimensional v15ualuat1on| is to effectively d15play and

|
e 3D nature of objects so as to ;])row]de for better means for their

:1‘
N wh16h is slices-based, is compared to the existing scanline-based technique
st

imulation and a set of performance measures such as execution time, speedup,

Faverage # processor utlhzatmn average processor walt time, average interconnection

K
ne ork U lization and average memory ﬁllzatlon Four different image sizes (647,

2563 and 98x34 ) and three groups o typmal machme simulation parameters are
o 4,05

"'*9)5 rcﬂectmg variations m viewing angles, are expenmented A hlerarch.lcal S

chltecture with four clusters and four processorslcluster is simulated as well

s-based techmque and the seanlme-based techn.lque Comparing
—based techmque and the ex1stmg scalﬂme-bascd technique,

the: proposed slice

the roposed sllces

e da e 1 a4y B &
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