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Abstract

Visibility Algorithms and their studies have a prominent place in Computational
Geometry and Robotics. Visibility algorithms mainly rely on visibility graphs.
Geometric algorithms problems can fall in three categories for points and geo-
metric structures: offline algorithms, online and dynamic algorithms and kinetic
systems. Offline algorithms are those where the points or geometric structures
are given; online and dynamic algorithms are such that the points or geometric
structures can be added or deleted from the system; and kinetic systems are
when the points or geometric structures move while trying to maintain a basic
geometric system.

In this work, we present an algorithm for visibility detection between a mov-
ing source and a fixed destination in presence of n randomly moving points and
static convex polygonal obstacles in a map. It is shown through a probabilis-
tic analysis that the proposed algorithm runs with O(n2) generally but runs in
O(n) as time progresses.
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Chapter 1

Introduction

Visibility detection and finding optimal shortest path is a well known problem
in the field of robot motion planning. Extensive studies and research have
already been done in this regards. Visibility detection in many cases requires
the construction of visibility graph. Visibility graph is a graph data structure in
which the vertices are points or robots in motion and there is an edge between
two vertices if the robots are visible to each other.

Most of the visibility graph algorithms runs in O(n2) and the optimal algo-
rithm runs in O(n log n) + E ,where E is the number of edges in the visibility
graph which in worst case can be O(n2) when all robots are visible to each other.
Since this problem is more about visibility rather than path it chooses not to
build visibility graph rather use some clever technique which runs in O(n2) in
general but as the robots moves randomly and proceed with time the algorithm
takes O(n) in most of the timestamp which will be proved by probabilistic anal-
ysis of the algorithm.

Visibility analysis has a long history in the architecture and urban planning
fields. [2] suggested that isovists and isovist fields are related to [5] model of
visual perception because they capture the variation of visual fields that in-
forms the spatial understanding of a person moving in an environment [5]. [1]
offered a computational scheme for defining and measuring isovist. [13] proposed
an innovative visibility analysis method, visibility graph analysis, by drawing
on graph-based representation from space syntax [6] and social network the-
ory [14]. Researchers from the fields of geography, architecture, and urban
planning have also explored 3D isovist. Several studies have developed the 3D-
isovist algorithms and assessment tools [4] [9]. Visibility analysis is of particular
interest in museum studies. Such studies have often focused on the relationship
between museum layout and the structure of visitor paths [3] [7] [11]. Some
studies reported that the museum layout and display setting influence visitors’
exploration patterns and potential narrative understanding [12]. Patterns of co-
visibility were also the focus of attention in an analysis of the changing interior
design of the second floor of the High Museum of Art in Atlanta, GA [15]. [10]
showed that visitors’ assessment of the clarity of the presentation of a pictorial
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theme is associated with the degree of co-visibility of member works in virtual
exhibition environments

Despite advances in the methodology and algorithms of visibility graph anal-
ysis, previous studies have two major limitations. First, visibility graph analysis
and the corresponding software Depth map developed by Turner cannot deal
with 3D environments. [8] tried to overcome this constraint by manually linking
vertical connections.

This work presents an algorithm for visibility detection of n moving points
in a map in presence of convex polygonal obstacles. The points can be consid-
ered as moving robots among which one is considered as source. The goal is to
conclude if this source robot can communicate with a fixed tower called desti-
nation point. The objective is not to find any shortest path of communication
but rather a Boolean question that if the source is visible to destination ?
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Chapter 2

Proposed Algorithm

Suppose there are n randomly moving points (including the source) in 2D plane
and a fixed destination point along with some convex polygonal obstacles. Here
the algorithm below detects whether the source is visible to the destination
directly or indirectly.

Figure 2.1: The map

The step by step flow of the algorithm is as follows:
STEP 1: All the convex polygonal obstacles and the points are enclosed in

a bounding rectangle which divides the map in three sub rectangles R1, R2 and
R3.

In each timestamp the remaining step are followed.
STEP 2: If the source is in R3 it is readily visible.
STEP 3: If the source is in R1 or R2 check visibility with R3.
STEP 4: If STEP 3 fails check visibility of the source through R1.
STEP 5: If STEP 4 fails check visibility of the source through R2.
STEP 6: If STEP 5 fails check visibility of the source through R1 and R2.
STEP 7: If STEP 6 fails check visibility of the source through R2 and R1.
STEP 8: If STEP 7 fails there is no visibility between the source and

destination.
STEP 9: Move all the n points randomly and follow STEP 2 to STEP 8

again.
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The description of the above methodology for the proposed algorithm is as
follows:-

All the convex polygons are enclosed in a bounding rectangle R. The bound-
ing rectangle is constructed as follows:- Let xmin and xmax are the minimum
and maximum x-coordinates and ymin and ymax are the minimum and maxi-
mum y-coordinates of the convex polygons. Then the height of the bounding
rectangle will be |(ymax + ϵ) − (ymin − ϵ)| where ϵ > 0 and the length will be
|xmin − δ|+ δ + |xmax + δ| where δ = |xmax − xmin|.

The length is chosen like this to make the area of all the three sub-rectangles
equal to each other. Now as it can seem in below picture there are three sub-
rectangles which are referred to as regions. Let the left most region be R1 the
middle one be R2 and the right most be R3.

All the concerned points are initially inside the bounding rectangle R and
they move randomly in each timestamp inside R. So, without loss of generality
let the fixed destination D is in the region R3. And for all other points are
separated according to their region. Any point (x, y) is in R1 if x < xmin, in
R2 if xmin ≤ x ≤ xmax and in R3 if x > xmax.

Orientation of three points P (x1, y1), Q(x2, y2) andX(x3, y3) is denoted here
by (P,Q,X). Orientation can be of three types counterclockwise, clockwise and
collinear as shown below.

Figure 2.2: Orientation

Any three points always have any one these three orientation which is verified
by the following quantity τ = (y2 − y1)(x3 − x2)− (y3 − y2)(x2 − x1). If τ = 0
then (P,Q,X) are collinear, if τ > 0 then (P,Q,X) are clockwise and if τ < 0
then (P,Q,X) are counterclockwise.

The visibility of two points is being concluded by checking intersection of
the line segment through these points with all the edges of all polygons. There
is visibility if the line segment do not intersect with any edges of the all the
polygons or is collinear with any edge. Intersection checking is done by verifying
orientation of the points. Let P (x1, y1) and Q(x2, y2) are the points whose
visibility is to be determined. Let A(xk, yk) and B(xp, yp) makes an edge of
any polygon. Now, the line segment PQ intersects with AB if and only if
orientation of (P,Q,A) and (P,Q,B) are different and orientation of (A,B, P )
and (A,B,Q) are also different i.e, τPQA ̸= τPQB and τABP ̸= τABQ. In this
case there is no visibility between P and Q and in all other cases either PQ
and AB do not intersect or they are collinear. Hence P and Q are visible in all
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other cases.

Figure 2.3: Visibility

Clearly, in the above figure the points P and Q are not visible in the first
case and are visible in the other two cases.

If the source is R3 then the source are destination are readily visible.
If the source is in R1 or R2 at first the visibility is checked directly with R3.

Then through R1 or R2, R1 and R2 and R2 and R1.
Let the source lie in R1. Then the following checks are followed for visibility

detection between source and destination.

1. First check the visibility of the source with each points in R3 and if it is
visible with at least one point in R3 then the source and destination are
visible else proceed to next step.

2. The visibility of source and destination through R1 is now checked. Since
the source is in R1 the source is visible with each point in R1 and let
there are α number of points in R1. Now the visibility of these α points
with each point in R3 is checked. If any one of the α point is visible with
at least one point in R3 then the source and destination are visible else
proceed to next step.

3. The visibility of source and destination through R2 is now checked. If
the source is not visible to any point in R2 proceed to next step else let
the source is visible with β number of points in R2. Now the visibility of
these β points with each point in R3 is checked. If any one of the β points
is visible with at least one point in R3 then the source and destination
are visible else the visibility of these β points with other points of R2 are
checked. If they are not visible with any other point in R2 proceed to
next step else let these β points are visible to β1 points in R2. Then the
visibility of these β1 points with all points in R3 is checked. If any one of
these β1 points is visibility to at least one point in R3 then the source and
destination are visible else proceed to next step.

4. The visibility of source and destination through R1 and R2 is now checked.
If α = 1 i.e, only source is there in R1 then this step is skipped and proceed
to the next one. If α > 1 then the visibility of these α points with all points
in R2 is checked. If there is no visibility proceed to next step else let these
α points are visible with β2 points in R2. Now the visibility of these β2
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points with all points in R3 is checked. If any one of these β2 points is
visible with at least one point in R3 then the source and destination are
visible else the visibility of these β2 points are checked with other points
in R2. If there is no visibility then proceed to next step else let these β2

points are visible with β3 points of R2. Then the visibility of these β3

points with all points in R3 is checked. If any one of these β3 points is
visibility to at least one point in R3 then the source and destination are
visible else proceed to next step.

5. The visibility of source and destination through R2 and R1 is now checked.
If β = 0 it is finally concluded that the source and destination are not
visible. If β ̸= 0 then the visibility of these β points with all points in R1

is checked. If there is no visibility it is finally concluded that the source
and destination are not visible else let these β points are visible with at
least one point in R1. Now all points are visible with all other points in
R1. So, the visibility of all points of R1 with all points of R3 is checked. If
any one point of R1 is visible with at least one point of R3 then the source
and destination are visible else it is finally concluded that the source and
destination are not visible.

Let the source is in R2. Then the following checks are followed for visibility
detection between source and destination.

(i) First check visibility of the source with each points in R3 and if it is visible
with at least one point in R3 then the source and destination are visible
else proceed to next step.

(ii) The visibility of source and destination through R2 is now checked. If
the source is not visible to any point in R2 proceed to next step else let
the source is visible with β number of points in R2. Now the visibility of
these β points with each point in R3 is checked. If any one of the β point
is visible with at least one point in R3 then the source and destination
are visible else the visibility of these β points with other points of R2 are
checked. If they are not visible with any other point in R2 proceed to
next step else let these β points are visible to β1 points in R2. Then the
visibility of these β1 points with all points in R3 is checked. If any one of
these β1 points is visibility to at least one point in R3 then the source and
destination are visible else proceed to next step.

(iii) The visibility of source and destination through R1 is now checked. If the
source is not visible to any point in R1 proceed to next step else let the
source is visible with α number of points in R1. Now since all points in
R1 are visible to all other points in R1 the visibility of all points in R1

is checked with each point in R3. If any one of the point in R1 is visible
with at least one point in R3 then the source and destination are visible
else proceed to next step.
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(iv) The visibility of source and destination through R1 and R2 is now checked.
If α = 0 this step is skipped and proceed to the next one. If α ̸= 0 then
the visibility of these α points with all points in R2 is checked. If there
is no visibility proceed to next step else let α points are visible with β2

points in R2. Now the visibility of these β2 points with all points in R3 is
checked and if any one of these β2 points is visible with at least one point
in R3 then the source and destination are visible else the visibility of these
β2 points are checked with other points in R2. If there is no visibility then
proceed to next step else let these β2 points are visible with β3 points of
R2. Then the visibility of these β3 points with all points in R3 is checked.
If any one of these β3 points is visibility to at least one point in R3 then
the source and destination are visible else proceed to next step.

(v) The visibility of source and destination through R2 and R1 is now checked.
If β = 0 it is finally concluded that the source and destination are not
visible. If β ̸= 0 then the visibility of these β points with all points in R1

is checked. If there is no visibility it is finally concluded that the source
and destination are not visible else let β points are visible with at least
one point in R1. Now all points are visible with all other points in R1. So,
the visibility of all points of R1 with all points of R3 is checked. If any
one point of R1 is visible with at least one point of R3 then the source
and destination are visible else it is finally concluded that the source and
destination are not visible.

Probabilistic analysis of the Algorithm: The orientation checking and
intersection checking (as mentioned in Section 3) between two line segment runs
in O(1) time. But to check visibility of any two points intersection checking with
all the edges of all the polygons are conducted and so visibility checking between
any two points takes O(q) time. So, checking visibility of one points with n other
points runs in O(qn) which is asymptotically O(n) as q << n. So, in this whole
discussion visibility checking will involve a constant factor of q which is ignored
as q is almost constant and O(q), O(qn) and O(qn2) are asymptotically O(1),
O(n) and O(n2) respectively.

This analysis aims to find how much of time the algorithm runs in O(n2) in
a long run with some Assumptions which are as follows:

(a) In any timestamp no points is outside the bounding rectangle.

(b) The total number of vertices (say k) of all the polygonal obstacles are very
less compared to the number of points, i.e, k << n.

(c) The total number of edges (say q) all the polygons combined is also very
less as k is less. Hence, q << n.

(d) The chance of source appearing in R1, R2 and R3 is equally likely.

(e) The chances of occurrence of the three events (mentioned below) is equally
likely.
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(i) All three regions R1, R2 and R3 contains points proportional to n

(ii) Any two regions contains points proportional to n and the other one
contains constant (compared to n) number of points.

(iii) Any one region contains points proportional to n and other contain
constant (compared to n) number of points.

Let A, B and C denotes the event that the source lies in the region R1, R2

and R3 respectively. Since, A, B and C are equally likely. (Assumption (d))

∴ P (A) = P (B) = P (C) =
1

3

Let Y be the event that the algorithm runs in O(n2). Then Y can occur in one
of the three mutually exclusive ways A ∩ Y , B ∩ Y and C ∩ Y . Since, these are
mutually exclusive it can be written,

P (Y ) = P (A ∩ Y ) + P (B ∩ Y ) + P (C ∩ Y )

= P (A)P (Y |A) + P (B)P (Y |B) + P (C)P (Y |C)

=
1

3
P (Y |A) +

1

3
P (Y |B) +

1

3
P (Y |C)

=
1

3
[P (Y |A) + P (Y |B) + P (Y |C)] (2.1)

Finding the conditional probabilities P (Y |A), P (Y |B) and P (Y |C) which
denotes the probability that the algorithm runs in O(n2) where it is already
known that the source is in R1, R2 and R3 respectively.

1. Calculating P (Y |C) : If the source is R3 in destination which can be
verified by the check xsource > xmax and if so it is concluded that the
source and destination are visible. This is O(1) operation.

∴ P (Y |C) = 0

2. Calculating P (Y |A) : If the source is in R1 then to conclude visibility the
following steps are followed,

(A) First check visibility of the source with each points in R3 and if it is
visible with at least one point in R3 then the source and destination
are visible else proceed to next step. This operation runs in O(n) in
worst case.

(B) The visibility of source and destination through R1 is now checked.
Since the source is in R1 the source is visible with each point in R1

and let there are α number of points in R1. Let there are γ points
in R3. Now the visibility of these α points with each point in R3 is
checked. If any one of the α point is visible with at least one point
in R3 then the source and destination are visible else proceed to next
step. Now three situations arises here.
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i. If both α and γ are proportional to n then the algorithm runs in
O(n2).

ii. If one of α or γ is proportional to n and the other is constant the
algorithm runs in O(n).

iii. Both α and γ are constant then the algorithm runs in O(1).

(C) The visibility of source and destination through R2 is now checked.
If the source is not visible with any point in R2 proceed to next step
else let the source is visible with β number of points in R2. Let there
are γ points in R3. Now the visibility of these β points with each
point in R3 is checked. If any one of the β point is visible with at
least one point in R3 then the source and destination are visible else
the visibility of these β points with other points of R2 are checked.
If they are not visible with any other point in R2 proceed to next
step else let these β points are visible to β1 points in R2. Then the
visibility of these β1 points with all points in R3 is checked. If any
one of these β1 points is visibility to at least one point in R3 then the
source and destination are visible else proceed to next step. Now six
situations arises here.

i. If β1 is not there and both β and γ are proportional to n then
the algorithm runs in O(n2).

ii. If β1 is not there and one of β or γ is proportional to n and the
other is constant the algorithm runs in O(n).

iii. If β1 is not there and both β and γ are constant then the algo-
rithm runs in O(1).

iv. If β1 is proportional to n and any one or both of β and γ are
proportional to n the algorithm runs in O(n2).

v. If β1 is constant and any one or both of β and γ are proportional
to n the algorithm runs in O(n).

vi. If all β, β1 and γ are constant then the algorithm runs in O(1).

(D) The visibility of source and destination through R1 and R2 is now
checked. If α = 1 i.e, there is only the source in R1 then this step is
skipped and proceed to the next one. If α > 1 then the visibility of
these α points with all points in R2 is checked. If there is no visibility
proceed to next step else let these α points are visible with β2 points
in R2. Now the visibility of these β2 points with all γ points in R3 is
checked. If any one of these β2 points is visible with at least one point
in R3 then the source and destination are visible else the visibility of
these β2 points are checked with other points in R2. If there is no
visibility then proceed to next step else let these β2 points are visible
with β3 other points of R2. Then the visibility of these β3 points with
all points in R3 is checked. If any one of these β3 points is visibility
to at least one point in R3 then the source and destination are visible
else proceed to next step. Now seven situations arises here.
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i. If β3 is not there and β2 is proportional to n and any one or both
of α and γ are proportional to n the algorithm runs in O(n2).

ii. If β3 is not there and β2 is constant and any one or both of α
and γ are proportional to n the algorithm runs in O(n).

iii. If all α, β1 and γ are constant then the algorithm runs in O(1).

iv. If all four of α, β2, β3 and γ are proportional to n then the
algorithm runs in O(n2).

v. If any three of α, β2, β3 and γ are proportional to n then also
the algorithm runs in O(n2).

vi. If any one or both of β2 and β3 are constant then the algorithm
runs in O(n).

vii. If all four of α, β2, β3 and γ are constant then the algorithm runs
in O(1).

(E) The visibility of source and destination through R2 and R1 is now
checked. If β = 0 it is finally concluded that the source and desti-
nation are not visible. If β ̸= 0 then the visibility of these β points
with all points in R1 is checked. If there is no visibility it is finally
concluded that the source and destination are not visible else let any
one of these β points are visible with at least one point in R1. Now
all points are visible with all other points in R1. So, the visibility
of all α points of R1 with all γ points in R3 is checked. If any one
point of R1 is visible with at least one point of R3 then the source
and destination are visible else it is finally concluded that the source
and destination are not visible . Now six situations arises here.

i. If α is proportional to n and any one or both of β and γ are
proportional to n the algorithm runs in O(n2).

ii. If α is constant and any one or both of β and γ are proportional
to n the algorithm runs in O(n).

iii. If all α, β, and γ are constant then the algorithm runs in O(1).

Clearly, to conclude the visibility of source with destination where it is
known that source is in R1 the algorithm runs all or some of the steps
mentioned through in A to E. Now the algorithm runs in O(n2) if any
one of the steps runs in O(n2) and in O(n) if all of them runs in O(n). So if
the source is in R1 there are only two possibilities either the algorithm runs
in O(n2) or in O(n). Since it is assumed that the events of distribution of
points are equally likely (Assumption (e)),

∴ P (Y |A) =
1

2

3. Calculating P (Y |B) : If the source is in R2 then to conclude visibility the
following steps are followed,
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(A) First check visibility of the source with each points in R3 and if it is
visible with at least one point in R3 then the source and destination
are visible else proceed to next step. This operation runs in O(n) in
worst case.

(B) The visibility of source and destination through R1 is now checked.
If the source is not visible with any point in R1 proceed to next step
else let the source is visible with α number of points in R1. Let there
are γ points in R3. Now since all points in R1 are visible to all other
points in R1 the visibility of all points in R1 is checked with each
point in R3. If any one of the point in R1 is visible with at least one
point in R3 then the source and destination are visible else proceed
to next step.

i. If both α and γ are proportional to n then the algorithm runs in
O(n2).

ii. If one of α or γ is proportional to n and the other is constant the
algorithm runs in O(n).

iii. Both α and γ are constant then the algorithm runs in O(1).

(C) The visibility of source and destination through R2 is now checked.
If the source is not visible with any point in R2 proceed to next step
else let the source is visible with β number of points in R2. Now the
visibility of these β points with each point in R3 (γ) is checked. If
any one of the β point is visible with at least one point in R3 then the
source and destination are visible else the visibility of these β points
with other points of R2 are checked. If they are not visible with any
other point in R2 proceed to next step else let these β points are
visible to some β1 points in R2. Then the visibility of these β1 points
with all points in R3 is checked. If any one of these β1 points is
visibility to at least one point in R3 then the source and destination
are visible else proceed to next step. Now six situations arises here.

i. If β1 is not there and both β and γ are proportional to n then
the algorithm runs in O(n2).

ii. If β1 is not there and one of β or γ is proportional to n and the
other is constant the algorithm runs in O(n).

iii. If β1 is not there and both β and γ are constant then the algo-
rithm runs in O(1).

iv. If β1 is proportional to n and any one or both of β and γ are
proportional to n the algorithm runs in O(n2).

v. If β1 is constant and any one or both of β and γ are proportional
to n the algorithm runs in O(n).

vi. If all β, β1 and γ are constant then the algorithm runs in O(1).

(D) The visibility of source and destination through R1 and R2 is checked.
If α = 0 this step is skipped and proceed to the next one. If α ̸= 0
then the visibility of these α points with all points in R2 is checked.
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If there is no visibility proceed to next step else let these α points
are visible with β2 points in R2. Now the visibility of these β2 points
with all points in R3 (γ) is checked. If any one of these β2 points is
visible with at least one point in R3 then the source and destination
are visible else the visibility of these β2 points are checked with other
points in R2. If there is no visibility then proceed to next step else
let these β2 points are visible with β3 other points of R2. Then the
visibility of these β3 points with all points in R3 is checked. If any
one of these β3 points is visibility to at least one point in R3 then
the source and destination are visible else proceed to next step. Now
seven situations arises here.

i. If β3 is not there and β2 is proportional to n and any one or both
of α and γ are proportional to n the algorithm runs in O(n2).

ii. If β3 is not there and β2 is constant and any one or both of α
and γ are proportional to n the algorithm runs in O(n).

iii. If all α, β1 and γ are constant then the algorithm runs in O(1).

iv. If all four of α, β2, β3 and γ are proportional to n then the
algorithm runs in O(n2).

v. If any three of α, β2, β3 and γ are proportional to n then also
the algorithm runs in O(n2).

vi. If any one or both of β2 and β3 are constant then the algorithm
runs in O(n).

vii. If all four of α, β2, β3 and γ are constant then the algorithm runs
in O(1).

(E) The visibility of source and destination through R2 and R1 is now
checked. If β = 0 it is finally concluded that there is no visibility.
If β ̸= 0 then the visibility of these β points with all points in R1 is
checked. If there is no visibility it is finally concluded that the source
and destination is not visible else let these β points are visible with
at least one point in R1. Now all points are visible with all other
points in R1. Let there are α1 points in R1. So, the visibility of all
points of R1 with all points in R3 is checked. If any one point of R1 is
visible with at least one point of R3 then the source and destination
are visible else it is finally concluded that the source and destination
are not visible. Now six situations arises here.

i. If α1 is proportional to n and any one or both of β and γ are
proportional to n the algorithm runs in O(n2).

ii. If α1 is constant and any one or both of β and γ are proportional
to n the algorithm runs in O(n).

iii. If all α1, β, and γ are constant then the algorithm runs in O(1).

Clearly, to conclude the visibility of source with destination where it is
known that source is in R2 the algorithm runs all or some of the steps
mentioned through in A to E. Now the algorithm runs in O(n2) if any
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one of the steps runs in O(n2) and in O(n) if all of them runs in O(n). So if
the source is in R1 there are only two possibilities either the algorithm runs
in O(n2) or in O(n). Since it is assumed that the events of distribution of
points are equally likely (Assumption (e)),

∴ P (Y |B) =
1

2

Hence, Equation 1 yields,

P (Y ) =
1

3
[
1

2
+

1

2
+ 0]

=
1

3
× 1

=
1

3

NOTE: All the calculations above are done assuming that the destination is
in R3. But the result remains same irrespective of the position of the destination.
If destination is in R1 then P (Y |A) = 0 and P (Y |B) = P (Y |C) = 1

2 and if the
destination is in R2 then P (Y |B) = 0 and P (Y |A) = P (Y |C) = 1

2 .
Hence in one trial of the experiment (referred to the running of the algorithm)

the probability that the algorithm runs in O(n2) is 1
3 .

Now let X be the random variable denoting that the algorithm runs in
O(n2). Clearly, the algorithm either runs in O(n) or O(n2). So, X follows
Binomial Distribution with probability of success p = 1

3 and probability of
failure 1− p = 2

3 .
Hence, the probability mass function of X is given by,

P (X = k) =

(
x

k

)
pk(1− p)x−k

which denotes the probability of getting exactly k successes in x independent
trial of the experiment.
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Now, the expectation of X is given by,

E(X) =

x∑
k=0

k

(
x

k

)
pk(1− p)x−k

=

x∑
k=1

k
x!

k!(x− k)!
pk(1− p)x−k

=

x∑
k=1

x!

(k − 1)!(x− k)!
pk(1− p)x−k

= xp

x∑
k=1

(x− 1)!

(k − 1)!(x− k)!
pk−1(1− p)x−k

= xp

x−1∑
y=0

(x− 1)!

y!(x− 1− y)!
py(1− p)x−1−y , where y = k − 1

= xp(p+ 1− p)x−1

= xp× (1)x−1

= xp (2.2)

Here, p = 1
3 . So, Equation 2 yields,

E(X) =
x

3

So, if the experiment is conducted x number of time the probability of getting
success ( the probability that the algorithm runs in O(n2) ) is 1

3 which is roughly
equal to 33.33% of x. Hence the algorithm runs in O(n2) in 33.33% of the cases
and runs in O(n) in 66.67% of the cases in long run.
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Chapter 3

Conclusion

The work involves detecting visibility between a moving source and a fixed
destination in presence of some moving points and static polygonal obstacles.
Since the objective is to only determine visibility and no to find shortest path
hence visibility graph is not constructed which takes O(n2) extra space. Since
the points are randomly moving this algorithm exploit this fact and expectedly
runs in O(n) in long run. Further study can be conducted for finding the shortest
path on the same problem. It can also be extended to 3D and running time
analysis could be done. The work also opens the path of not using visibility
graphs where only visibility is concerned. Lastly other computational geometry
problems like closest pair, convex hull etc. of moving points can also be analysed
in this way.
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