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Algorithm )-Y-1: PATHGREEDY(SS, t)

/* This algorithm takes as input a set S of n points in R? and a
real number ¢ > 1 The algorithm returns a {-spanner for S. x/
Sort the (g) pairs of distinct points in non-decreasing order of their distances (ties
are broken arbitrarily), and store them in a list L;
E :=0;
G:=(S,E);
foreach {p,q} € L do
0 :=length of a shortest path in GG between p and g;
if § > t|pg| then
E:=EU{(pq)}
G:=(S,E);
end
end
return G = (S, E);
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Algorithm )-Y-2: GAPGREEDY(S, 6, w)

/* This algorithm takes as input a set S of n points in the
plane, and two real numbers # and w such that 0< 6 <7/4,
0 <w< (cosf —sinf)/2. The algorithm returns a directed
t-spanner G = (S, FE), for t =1/(cosf —sinf — 2w). */
1 Sort the 2 (g) ordered pairs of distinct points in non-decreasing order of their
distances (ties are broken arbitrarily), and store them in a list L;

2 E =0

3 foreach ordered pair (p,q) € L do
4 add = true;

5 foreach edge (r,s) € E do

/* Let @ be a vector from the origin to the point a. We
define angle(pgq,rs) to be the angle between the vectors
— 5
q—p and s—r1. */

6 if angle (pq,rs) < 6 then

7 ‘ add :=add A(|pr| > wlrs|) A (|gs| > w]|rs|);
8 end

9 end

10 if add = true then

1 | E:=EU(pq);

12 end

13 end

-

4 return G = (S, E);
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Abstract

In this thesis, we propose some algorithms for constructing geometric spanners and improve
some of previous algorithms. We also study some geometric properties of the geometric span-
ners. A geometric (Eucledian) graph is called ¢-spanner, if for every two vertices of the graph,
there exists a path in the graph of length at most ¢ times the Euclidean distance between them.

In this thesis, we first introduce the continuous Yao graphs. A continuous Yao graph is
obtained by rotating a cone around every point and connecting it to the closest point in the cone
during the rotation. Although by considering the cones with a suitable angular diameter the
continuous Yao graphs are ¢t-spanners, the number of the edges of the graph can be quadratic.
But, we show that the continuous Yao graphs are region-fault tolerant ¢-spanner.

Then, we consider the gap-greedy algorithm that introduced in 1997 for constructing
geometric spanners, and reduce the time and space complexity of the gap-greedy algorithm.
Also, we improve the value of ¢ in the results related to the ¢-spanner property of the gap-greedy
algorithm.

Later, we consider the self-approaching graphs and the increasing-chord graphs. A geo-
metric graph is called self-approaching, if for every two vertices of the graph, there exists a path
between them such that by moving on the path, from source to destination, we continuously get
closer to the forward points on the path. We call such a path a self-approaching path. A ge-
ometric graph is called increasing-chord if for every two vertices, there exists a path between
them that is self-approaching from any of the two endpoints to another endpoint. In this thesis,
we show that there exists an increasing-chord plane geometric graph for every point set whose
points are on the boundary of an acute triangle, using at most three Steiner points. Furthermore,
we show that there exists an increasing-chord plane geometric graph for every point set whose
points are on the boundary of an obtuse or right triangle.

Then, we introduce weakly self-approaching graphs by replacing the condition getting
closer to the forward points by getting closer to the destination, and we show that for every
point set in the plane, there exists a weakly self-approaching plane graph.

Later, we propose a divide and conquer algorithm to construct a geometric spanner with

near linear number of edges.

Finally, we consider the angle-constrained geometric graphs. For any 6 > 0, a geometric
graph is called #-angle constrained if the angle between any two edges incident to a vertex is at
least 6. We show that for every 6 > 7/3, a connected #-angle constrained graph does not exist,
necessarily. Moreover, we show that there exists a point set such that for § = 7/3 and every

t > 2/4/3, there is no #-angle constrained ¢-spanner on the point set.
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