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ABSTRACT

This thesis 1is concerned with the study of parallel
algorithmé for some Combinatorial and Computational Geometry
problems. An attempt has been made to solve problems in
parallel as fast as possible with reasonable resource

bounds.

Parallel computation typically entails an environment
in which computations may be carried out at more than one
processor with tne.stipuiation that the processors might
have to communicate to each other. Communication between
processing units may either be through a shared memory or
via an interconnection network. In this thesis Concurrent
Read Concurrent Write (CRCW) Shared Memory Model and
Orthogonal Tree Network (OTN) are used as models for
parallel computers. The parallel éomputer models wused are
described in Chapter 1. The CRCW model is very useful for
studying inherent parallelism present in a problem. It is
independent of technological fan-in limitations. One method
of mapping known algorithms (on CRCW médels) on more
practical models is by sorting on addresses. It is known
that n 1items can be sorted in O(lgzn) time with O(n)
processors on Hypercubes. This would imply that algor:ithms
which take t(n) ﬁime with O(n) processors on CRCW mode! can
be simulatea on Hypercube in O(t(n)lgzn) time. Algcr:ithms
which take O(n) space and t(n) time wi}h O(n) processors,~on

CRCW model with dynamic priority rule for resolving



concurrent writes can also be simulated on n X n OTN in

O(t(n)*1g n) time.

Algorithms on OTN are fast resulting in good AT2

complexity values. Hypercube uses O(n) processors with each
node having 1lg n - 1 neighbors. OIN on the other hand, uses
O(nz) processors but each node has at most three neighbors

and uses about the same area (as that used by Hypercube).

In this thesis, the following representative problems
are studied on deterministic parallel computer models from
time complexity point of view.

A) Addition

B) Sorting

C) Planar Routing Problems
D) List Ranking

E) Delaunay Triangulation

F) Euclidean Steiner Tree

For the first two problems O(lg n) time parallel
solutions are well known. The issues involved for sorting
and adding in o(lg n) time are studied in Chapter 2. It -is

shown that

i) Prefix sums of n numbers of b bits each, can be found
in O(t(n,b)) time with n/t(n,b) processors; here
t(n,b)=min{lg n/lg(lg n),l1g b]. Thus the algorithm achieves
optimal (linear) speed-up and matches the lower bound for

adding b-bit numbers on CRCW amodel. In particular,



O(n*lglg n/lg n) processors are sufficient to add

0(nc/1glg n) bit numbers in O(lg n/lglg n) time.

ii) n numbers of b bits each can be added in parallel on
CRCW model, in which word size ism, 1gn < m < n, in time
O(t(n,m)) with (nb/m)/t(n,m) processors. Thus: n, n-bit
numbers can be added in 0O(lg n/lglg n) time on O(lg n) bit
computers.

Same processor and time bounds also hold for parallel

prefix computations.

iii) n numbers can be sorted 1in O(lg n/lglg m) time wusing
O(n*m) processors (if'lgqm/lglg m > lglg n). Thus, with
ptt(l/1lglg n) processors it is possible to sort in

O(lg n/lglg n) time.

iv) If the numbers are in the range [0..n0(1)]

then they
can be sorted using bucket sort, in time O(lg n) with
O(n 1lglg n/lg n) processors on CRCW model with arbitrary

write rule for resolving write conflicts.

Sequential algorithms for some routing problems are
improved .and modified for parallel execution in Chapter 3.
Presently no parallel algorithm is available for these

problems. The following are some of the results obtained.

Planarity test for non-flippable Modules can be done in
parallel in O(lg n) time on CRCW model. Planarity test for
flippable modules can be carried out in O(lgzn) time on

CREW model. Feasibility test for single row routing problem



without inter-street crossings can be carried out in O(lg n)
time on CRCW model. These algorithms when implemented
sequentially require linear time. These algorithms require

O(n) processors.

Each iteration of the heuristic suggested by Tsukiyama
and Kuh for double row routing problem can be implemented in
_parallel in 0O(lg n*lglg n) time with O(n4/1glg n)
processors, or alternatively, O(r + n 1g n) time with
O(n2) processors. The sequential implementation reported

here takes less time than the one obtfained by them.

List ranking problem has:an O(lg n) time parallel
solution on shared memory model and O(lgzn) time solutions

on bounded degree network. In.Chapter 4 it is shown that

i) If list ranking problem can be solved in O(lg n) time
on bounded fan-in model, or in o(lg n) time on CRCW model,
then so can all problems which can be solved in 1logarithmic
space 1i.e., problems in class L. In other words, if the
list ranking problem can be solved in O(f(n)) time then

L C CRCW(f(n)).

ii) List traversal problem is complete for L under NC1

reducibility.

For Delaunay triangulation problem O(lgzn) time
parallel solution’on shared memory model and O(lg4n) time
solutions on bounded degree network are known in two

dimensions. Ia-Chapter 5 faster solutions in two dimensions



are obtained and parallel algorithms for the problem in

higher dimensions are sketched. It is shown that

i) Tﬁe following upper (time,processor) trade-offs are.

possible for two dimensional Delaunay triangulation :

e .
), where e 1s any

3+
(n,1g n), (lgn,n?), (1glg n,n’), (1,n
arbitrary constant. First two bounds are for CREW and the

next two for CRCW mbdel.

ii) In d dimensions the following upper bound is obtained

(1glg n, n%*1y, (1, ndtl*e),

(..

2n) time algorithm for two dimensional Delaunay

iii) An O(1g
triangulation on n X n OTN resulting in ATZ complekity of
O(nzlgsn) has also been obtained. This is faster than all
known algorithms for this problem on bounded degree
networks. If m 1is the number of tetrahedra in three

0'slg n) time

dimensional Delaunay triangulation then O(m
algorithm on m X n OIN for Delaunay Triangulation in three

dimensions is obtained.

Euclidean Steiner Tree problem is NP-hard and it is
highly unlikely that an efficient sequential or parallel
solution exists. Therefore an attempt is made to come up

with a reasonably efficient parallel heuristic in Chapter 6.

A new iterative improvement heuristic for Planar
Euclidean Minimum Steiner tree problem is proposed. Based on
Student's t-test, with 99 % confidence, it can be said that

the proposed heuristic gives better Steiner Trees after only



three iterations.

More over each iteration of the new heuristic can be
efficiently implemented in parallel'in o(lgzn) time with
O(n) processors on CREW model, or alternatively in 0(lg ﬂ)
time with O(nz) processors on CRCW PRAM. On n X n OTN each

iteration takes 0(lgzn) time.
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