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Farallelism in compubatio can be achisved in &
variaty of ways. Several algorithos designed on sequential
conputers, have parallelism transparsnt in their
structurses. Farallel wversion of such algorithms ocan
easily be designed by esxploiting their parallelism.
Howsver, it is ofbten neces ry bto restructure a sequential
algorithm in order to design & corresponding algorithm
rallel ocomputer, hesnoeforth referred to as  a
goed bhim. The restructuring involves
tion of computation in order to distribute it

Processores. The reorgani sation
cture of the parallel computer.
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Following FLYNM s  [&8%1 classification schems,
parallel computers are broadly olassified into SIMD
(Bingle Instruction Straam Multiple Data Stream) compu
and  MIMD  (Mutliple Instruction  Stream Multiple Data
Gtresam) compubers.  STONE 2141 has pressnted an  overview

: #llel computer architecture. In SIMD computers a
of dnstructions is  exacubtsd by a number of
synohronized processors, each operating uwpon its  own
MEH"Y wample SIMD  computers are  the Burroughs
CILLIAL IV, TCLDAR, CDUSTAR-1G6, Oyber 203, 2853, CRI
Cray—1, TISAC, Burroughs BSP and  PEFE  (Sse [1111). in
MIMD  computers  each BT T S S S OF has & independent
instruction counter and operabtes in a speed independent
manner on sharsd memnories. Examples of MIMD computers are
Burroughs ‘Wind Tunnel Proposal’, Carnegie-Mellon Cmx
Cmmp,  DYNELDORHEFR, Goodys MFF . Lawrence Livemore
aboratory 81, RNASA Langley Finite Element Machine,
SCAUNIVAD Multiple AP-120s and University of Texas TRACG
Ses 11113

&

In order to use parallsl computers most effectively
necessary to design efficient parallel algorithos.
lgorithms have been studied since early sixties
451 although no parallel compubtsr had been built
st hime. Interest in designing parallel algorithms
incresased after the arrival of parallel computers  in
computer field. From an algorithmic point of view, 8IMD
computers have been shtudied most widely.




of thae primary goals in designing sequential
tor solving a problem is to minimize the

3 . time. Likewias, the eszscultion time of a

parallel algorithm is considered as one of the primary

measuraes of the performance of an algorithm. An obvious

of  using parallel compubers rather than

yuhn¥3r1 computers 1s the reduction in  the execution

time for solving a problem. In a sequential algorithm
thmrn 234 :

a trade-off relation belween the number of
parformed  and  the storage reguired by  the

T e  two factors are considered as  the

ymplexity of a seguential  algorithm. Sinoce
ion time of & parallel algorithm is directly
the number of opsrations performed by  =ach
the number of processors uwsed and  the storage
Wﬂqxlrwd hy the algorithm, so it is realistic to consider
these three factors to evaluate the performance of a
parallel algorithm. Thers srists a brade-off relation in a
parallel algorithm  among  these three factors. These
factors are considered as the mgasuwre of complexity of a
algorithm.

sl numsrical and non-numerical problems  have

pean  considered  for designing parallal algorithms.
HMowsvar, only for a few semni-numerical  problems parallel
algorithms are available. The thesis i concernod
gpecifically with th@ design  and analysis of parallel

algorithms for semi -numerical and mnon-numerical

PF“H[PMJ‘ The problems considered in the thesis are some
gensrating problems, & selection problem and a sampling

problem. Thea smputer has been chosen as  the model
of conpubabtion design  parallel algorithms. The
1mporf s o dpﬁiqnimq parallel  algorithms  and the
@1l of wvary few parallel algorithes for the problems
consi dered in the thesis nave motivated this
investigabion.
Generating problemns ooour in combinatorial
mathematics. Problems for  the generation of seguences
as combinations, permutations  with o without
wetitions and arangemsnts  have been considered for
1n«wa+1gat1mnn A good number of sequential algorithms  for

@ach mf thesse problems are avallable. There exists only

' algorithm for a generating problem. MOR  and
- L1497 have propossd & parallel  algorithm  for
rating permutations on a OF ProCcessor. Absence of




any obther work in fthis area is the main reason  for
designing parallel algorithms for generating combinations,
perautations and derangsments.

JOHNSON  and WMIZOGUCHT L1931 have proposed a
sequential algorithm for the problem of selecting the k-th
el emernt rtesian sum of two sels of slemnsnts. This
problem ocows in statistics and oprations research (14513,
This type of problem also arises in some V6ESD  layout
prablens D145, On oritical sxamination of  JOHNSONM  and
MIZ0GLIC s algorithm it has been found that the algorithm
can further  be  lmproved +or sequential computers.
Moreover, parallelism n be exploited efficiently to

2sign a parallel algorithm for this problem.  The scope
for daoprovemsnt of the existing seguential algorithm  and
the availlabili of a parallel algorithm are Lthe basic
for proposing algorithms for  selecting  the k-th
of & carh ian sun of bwo se of slemsnts.

drawing  a random  sample  without
in statistical experiments, quality
control , data processing and gane problems. The problem
may also ocouwr  in compuber  simwlation  studies where
gampling may bs ated many times. ficcording to  the
convientional ion of combinations of n elements outb
of M oelements, the sampling problem can be considered as
the gensrabi af a random combination. Again, the problem
AT treated as the generation of the first n elements
of a ranom perautation of N eslements.  Several sequential
alogorithms  for e ting a Fandom sample without
vl acemant are availlable [&F, B3I, 1147 bubt there dogs nob
ist any parallel sampling algorithm. The interest Jfor

a fast and storage sconomical sampling algorithm

non-availability of parallel  algorithons for
a random sample are the mobtivation of designing
aribhms on both sequential and parallel computers.
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The thesis demnonstrates specially Fiea SIMD
computers can be used effectively in some semi-numerical
and non-nunerical problems. A sequential  algorithm  for
balanced tree arch oand insertion is proposed. Farallel
algorithas  for generating percutations, combinations,
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Lions with repetitions and derangements on  SIMD
are  developed. Each of thesse algorithos
the saguences  in lexicographic order. A
algorithm for a selection problem is designed on
amnory  Model (SMMY of an SIMD compubar.
aguantial algorithms for drawing a random
g oposad.  Some parallel algorithms for drawing
a random sample using SMM are also developed.

The thesis consists of twelve chapters. Chapter I,
the present chapter, is introductory. It dintroduces  the
problems wnder investigetion, exwplains the motivation of
the work and susmarises the resulis.

Chapter 11 gives brisf swvevys of the available
Literalb relative  problems  and existing parallel
algorithms  on SIMD computers. The architecture of
ofi A 1 omodels of SIMD computers such as  Bhared Memory
Modsl  (5MM) , Mesh Connescted Compubter (MOEC), Cube Connected
Computer (DU and Perfect  Shuffle Computer  (FS0) have
besn described dn Chapher 111, This chapter presents  thes
conventions wsed for stating seguential and parallel
algorithms. It also states the assumphtions on the basis
of which an algorithm is analysed

Chapter IV deals with two problems, ore (=T
computers  and  the other on BMH of SIMD
Algorithes presented in this chapter have besan

e cha "5, The first problem is & ranking

~tion problem. Given a Ltable of records which

form & balanced tres and  an argument  k, the algorithm
detarmin ative intsger u, modifies k by k + wu
ancl z bree a node containing k such  that
the rank of the inserted node when records are arranged in
ino sing order of their keyvs is o + 1 and rebalances the
c ary to make the tres balanced. This problem

i similar to the bpalanced ftree search and insertion

problem considered by ENUTH 11231, The algorithn proposad
for  thi problem has  logarithmic time complexity  on
sequential computers.  The second problem considersd  in
this chapter is to compute the cumulative sum of elemnents
af a linear or a two dimsnsional arcray using B5MM of SIMD

More speciftically, given a linear array X =
= Ly@eeey o ¥ oof n slements  or & LW
arcvay M= MA,iry 3 0= 1,30..,m and i =
of & ¥ m elements, the problem is to replacs
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arithmic time complexities.

Chapter V  oconsiders the problem of generating
permutations on SIMD computers. This chapter presents a
; algorithn  for generating permutations  of r

out of n distinct elements in lexicographic
The slgorithm can be wused in  any model of SIMD
The algorithm requires 0(F. ¢ log r/F)  units
g all the distinct perautations where P
numbzer of processors. The algorithes has
tity of O0F. r) o in the I REROE Y
d and of O P ¢/ in  the

rowhen  any  obher model  of ]
i A sxample has  besn  considered to
algorithm.

z VI deals with the problem of gsnarating
ions on an SMM O of  SIMD  computers. A parallel
which generates a1l distinct combinations of ¢
oul of n elemsnts in lexicographic order has been
in this chaptery the elements are assumaed to be
The C.) combinations contain all possible
arrangamnents made up of elements such that they differ in
3 Wy b ot in the order  of  the =slements. The
lgorithm is further improved for ¢ »n-r. The algorithm
the time complexity of Omin{ "C r log (n-r+13/F, "0
ey Lo (el AP and the storage conplerity of
470 wn) in the common menory where P ois the nusber of
processars avallable.  An sxample bas been considered to
illustrate the algorithm.
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Chapter Y11 considers the problem of generating
2 ations of n alemsnts where elements may not be
ofi t. The problem can be stated as follows: given n
elensnts of which a2 elments are of the First kind, r=
@mlenents of the second kind, ..., and . of the k-th  kind
z0 bthalt vy + re + o.. g = ny, it is  reguired  to
gensrate all  The MNes paermutations of n elaenants
iexicographically using parallel computers. Two parallel
algorithms have been pressnted. The first agorithe can be
used in any model of SIMD computers. The algorithm has
the time complexity of O (Ne n k/7F) when P processors: are
available. The algorithm regquires 0Neon) storagse in the
common nenory whan the SMM is used while it reguivres ONg
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n/F) storage in the local memory of sach  processor  when
any obther modsl of SIMD computers is considered. an
[z 2 is considered to illustrate the algorithm. The
algorithm  can  further be improved when an SrMM is
availabla. Improvements have besn considered in order to
design a second parallel slgorithm in this chapter. The
algorithm requires 0lon log k/M) units of time and O (Nen)
storage locations in the common memory when M.k Processors
are available in the B8MM, M being a positive integer and k
number  of different kinds of elemsnts. The two

[HEF
£ o C parmutations and combinations in
lencicog phiic order which are proposed in Chapter YV and
Chapter VI respectively. '

Chapter VIII deals with the derangemsnt problem.
The problem is to generate the permutations of n elenents
with o in restrictions.  The problem can be stated more
ifically as'follows: given n distinct elements it is
reguired to generate all peroutations in parallel, of n
elemnents lexicographically with the restriction that the
element does not  ocow  in the i-th position. 4
algorithn For ganarating all distinch
3 ts of n elements is proposed in this chapter.
The algorithm can bs used in any model of SIMD  computers.
The algorithm reqguir Oan log /Py units of time where
Dmis the total number of distinct derangements of n
alanants and P is the available number of processors. The
algorithm has the space complexity of 0D H.ond  in the
comman memary when the SHMM is considered and of 0D ..n/F)
in the local memory of sach processor when any other model
of BIMD computers is considered.

:

Chapter IX considers a selection problam. Given
two linear arrays X F (Ka, Hoseesadmd L and ¥ I SV
saass¥Ymd OFf N elensnts s the problem is to sslect  the
k—th aleamant of X+Y Posy € X and vy € Y, i,j -
1200w, F o using an of SIMD computers. The problam
s init 1y besn considered for sequential computers by
JOHNE 0N d  MIZOGUOHD  C1@%1. Certain  improvements on
JOHNSON and MIZOGUCHT s approach have been  suggested  in
this chapter. An algorithe for selsching the k-th slement
of XY oon an BMM has al so been  proposed. The algorithm
time complexity of Odlog k. log nr and the space
O when Dn*27P 3y processors  arae used,p
signed constant lyving betwsen @ and 1.

being a



Algorithm SELECT has
: { 0 first  algorithm. Algorithm
LEET i time complexity of O and the space
ﬂ(mglw ity of (M), Following 1hP principle of Algorithm
SELECT sco more algorithms (546, #1911 are developed. The
b kmown ithm is due to THEUHOLA  and  NEVALATHERN

and has thw 1 m ] ity of O0m) in s wor st
{n? = case; bhe algorithm has  the
. The first  algorithm  presented
the tims comnplexity of O log in

ot

the spacs complexity of Dind.

thoand inssrhtion
drawing a random sample
mant has besn  proposad in this
regquires 0in log n) units of time
wmppl s have been considered

ive paralliel algorithms for
sut replacement. Among bthe

thms, thie algorithms can  be LB
ion ize is nob kEnown in advanoe. The

ha;}r DN o Algorithm TRYAGAIN

SERVOIR (1141, Algorithm BINOMIAL L&HET, Algorithm
LEAEEEDB L &l Algnrlthm SELECT [831 have been used in
i five paralle algorithms. The algorit
ﬁlgnrlthm SELECT is the

3 fAlgorithm

AMON algorithms. This algoriths 5
tha ti af Odnd and the = complerity  of
Odind. i ill b ated w;ih ar sample.




