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ABSTRACT

In the first part of our research, a novel computer algorithm has been proposed to generate random path
between two points in space. Random path consists of finite number of randomly generated adjacent points
that satisfy the condition: L(pipn) < L(pi-ipn). Where L(pips) is the length of the path between the two
adjacent points p; and p,. The algorithm has been coded and evaluated. Experiments showed that the
randomly generated points were converged to the target point. The main importance of this method is the
ability to generate paths between two points in real time, which cannot be predicted in advance. Points are
generated, one at a time, where each point brings us closer to the target point. This contribution is
applicable to many fields such as economics, engineering, robotics, computer science, military, and other
fields of applied sciences.

In this part of our research work, we tackled the problem from different aspects. An ontology has been
developed that describes the domain of discourse. The aim is two folds; firstly, to provide an optimized
generation of best points that are closer to the target point. Secondly, to provide sharable, reusable
ontological objects that can be deployed to other projects. The ontology is designed to guide the process of
generating acceptable points based on some criteria described in the ontology. Adding intelligence to the
process has provided us with a better solution, in comparison with our previous results. Ontologies have
been engineered and reused in many research projects across the globe with success. Our contributed
solution can attract many applications in the various fields of applied sciences. One implication of the
utilization of ontologies is that it remains poorly exploited field, which may have an impact on the adoption
of ontology-driven technologies outside the academic community. We underpinned our solution by the
initiation of several case studies that have been designed using and extending our work, and progressing
very well. Initial findings are very encouraging and leading to the applicability of the proposed solution to
real life cases.

Keywords: Ontology, Object-Oriented Paradigm, Random Paths, Mobile Robots, Graph Theory.

1. INTRODUCTION each point brings us closer to the target. This

contribution is applicable to many fields such as

In the first part of our research, a computer
algorithm has been proposed to generate a random
path between two points in the plain. A random
path consists of finite number of randomly
generated points that satisfy the condition: L(pp»)
< L(pi-ipn). Where L(pp,) is the length of the path
between the two points p; and p,. The algorithm has
been coded and evaluated. Experiments showed
that the randomly generated points were converged
to the target point [1]. The main importance of this
method is the ability to generate paths between two
points in real time, which cannot be predicted in
advance. Points are generated, one at a time, where

economics, engineering, military, as well as other
fields of applied sciences.

In this part of the research, an ontology has been
developed that describes the domain of discourse.
The aim is firstly to provide an optimized
generation of best points that are closer to the target
point. The ontology is designed to guide the
process of generating acceptable points based on
some criteria described in the ontology. Adding
intelligence to the process has provided us with a
better solution in comparison with the first part of
our research work. Secondly, the ontology provides
sharable, reusable ontological objects that can be
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deployed to other projects. We have reused and
extended the ontology for other projects, which are
describe in the last section of this paper. The
proposed solution can attract more applications in
the various fields of applied sciences.

Ontology has its roots in philosophy as the
science of existence. Gruber defines an Ontology as
“an explicit specification of a conceptualization”
[2]. In other words, a system can be described by a
standardized set of terminology and relations
between entities. Today, ontology has become a
popular topic in many fields that ranges from
engineering and medicine to business and
enterprise. Many disciplines of computing and
information technology are using ontologies to
solve problems in ways that are more effective and
never done before. This is done by representing
ontologies formally, where they can be understood,
shared, and manipulated by computer programs.
For example, research in information retrieval is
evolving towards semantic information retrieval.
Researchers are using ontologies to improve the
search task by adding intelligence [3, 4, 5]. In
addition, Ontology are used in database marketing
process where contributions are made towards
business intelligence [6]. In the tourism sector,
ontology has been used in the development of
intelligent tourist information services [7]. These
services guide and help tourists in their travels.

As stated in the objectives, the development of
ontology for the domain of random path generation
is desirable to guide the system to which points
should be utilized in the quest of constructing
suitable paths. During the first part of this work, we
have investigated many pathfinding algorithms.
Most of these are concerned with finding the
shortest path between two points. For example,
Breadth-First Search, an algorithm for traversing
points in a graph, which was invented to find
shortest path in mazes [8]. It does that by exploring
neighboring points before moving to the next level.
It finds the shortest path between two points by
measuring the number of edges.  Best-First
algorithm is another algorithm, where it is
concerned with the most promising point to follow
based on some heuristics [9]. One of the most
known algorithms for finding shortest paths is
Dijkstra’s Algorithm [10, 11]. Many variations of
the original algorithm have been developed and
used in many applications. Shortest path
algorithms, like these and many more, are based on
comparisons between all possible paths to reach the
target point. All points in the graph are predefined
and the paths between the starting point and the

target point are known too. In our work, all points
between the starting point and the target point are
dynamically generated by random function. In other
words, we deploy randomness in generating paths
to reach the target point. Probably, the closest work
to ours is the Random-Walk model (RW), which is
a mathematical object, known as a stochastic or
random process [12]. It works by choosing random
steps until the goal is reached. RW serve as the
fundamental model for the recorded stochastic
activity in many applications, in many scientific
fields such as computer science, economics,
physics, chemistry, biology, and ecology. The RW
model is mostly concerned with the probability of
reaching the target point. For example, the self-
avoiding walk [13] and the reinforced random walk
[14]. In ecology, various forms of the RW model
have been extensively researched to simulate
animal movements (i.e. bird migration) [15, 16, and
17]. While simple RW models does not guarantee
the convergence to the target point with time
constrains, researches extended the model with
correlation and bias abilities to reach acceptable
results. In our model, we used a biased approach
where each generated point is tested and validated
base on some constraints as described below.

We have designed an Intelligence Consultation
Unit (ICU) that provides guidance to the process of
building random paths between the starting point
and the target point. It is possible to link two
specific points in by generating many points that are
converged to the target point.

The importance of this method is reaching the
target point using unpredictable paths. The
ontology provides descriptions of which condition
to consider based on the following criteria:

L(P:P,)<L L(Pi.P,) ), Fori=1,2, ...,n-1

There is unlimited number of paths that satisfy
the previous condition between po and p,. Let po
and p, be two points. Initially we generate a random
displacement at the point po, the ICU considers the
end point of that displacement is p; if it was
acceptable. This means that our ICU decides if this
displacement converges to pn. Otherwise, a new
random displacement is generated. The process is
repeated at point p; to obtain the next point p,, and
so on until a point with a specific distance from pn
is reached. At the end of the process, a set of points
P; for i= 1, 2, ..., n is obtained. The set of points
forms the points of the random path that links
between po and pn.

It can be clearly illustrated that the generated
paths using the proposed method can be useful in
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many applications such as military and economy
that presents confidential pathways with various
costs and different segments. For example, this
method can be applied for wireless sensor networks
and Ad-hoc mobile networks at schools or
universities. In this manner, it is possible to
generate mobile units as points between the initial
mobile station and the final mobile station.
Ontologies allow for the sharing of common
understanding of the structure of information
among these different units.  Other examples
include robot path planning, building and
developing the roads in cities [18, 19, and 20].

The following section presents the ontology
design; in addition, the principles for designing
ontologies are explored. Section 3 presents the
concepts, relations, structures and algorithm used in
our work. In section 4, we provide a discussion on
the assessment and evaluation of our work. The
work is concluded in section 5 and future work is
presented.

2. ONTOLOGY DESIGN

From the time of Greek Philosophers until
recently, ontologies were merely a set of categories
of entities that exist in our world. There were no
systematic methodologies existing for the creation
of ontologies, and it was only based on the
contemplation of the philosophers. The utilization
of ontologies in many disciplines made researchers
realize the need for well-defined principles and
methodologies [21, 22]. The basic methodology of
designing ontologies can be defined as follows:

1. Determine the purpose and the scope of the
ontology.

2. Capture the representative terms (classes) that

exist in the domain of discourse to be used in

the ontology.

Provide definitions for these classes.

4. Organize these classes in hierarchies (similar to
object-oriented paradigms) by defining the
relationships between these classes.

5. Transform the ontology into a formal model
using one of the knowledge representation
languages.

6. Provide evaluation and documentation.

W

We have used this methodology in the
construction of our ontology, which is discussed in
the next section in detail. Point 5 above is stating
that ontologies are expressed in some formal
knowledge representation (KR) languages. Well
known ontologies, for example, the SENSUS

ontology uses Loom, FrameKit, and Prolog. The
GALEN ontology uses the GRAIL language that is
based on description logic. The UMLS ontology
uses semantic networks to represent the concept
and their relationships. In general, ontology formal
languages can be categorized into two types; these
are logic-based and path-based. Many types and
forms of logic have been developed since the fifth
century B.C.; some of these are predicate logic,
propositional logic, modal logic, temporal logic,
fuzzy logic, and finally description logic (DL). DL
allows us to construct complex concepts and roles
from atomic ones. Concepts are equivalent to
classes, which are used to classify the entities in the
domain of discourse. Roles are equivalent to
properties. Objects are called individuals in DL,
which are instantiations of the concepts. Many
computer-programming languages have been
implemented based on DL such as Loom, Classic,
OIL, DAML+OIL, and OWL (The Web Ontology
Language). On the other hand, path-based
languages have been developed during the
seventies and eighties by the Al community. The
most well known path-based languages are
semantic networks, conceptual paths, and the
Unified Modeling Language (UML) that is used to
model object-oriented systems. Finally, the
OntoUML language, a well-defined ontological
language, used for ontology-driven conceptual
modeling. It is an extension of the UML based on
the Unified Foundational Ontology (UFO).

For ontology construction, we need ontology
development environment (ODE). Several systems
have been investigated and compared during this
research. These systems have many features in
common since they all share the same goal, which
is building manageable ontologies. Some systems
provide extra features while others lack some
important ones. Some of these features are:

1. Graphical user interface:  Most ontology
systems present forms, which allow users to
enter information about classes, slots, facets,
and other information.

2. Application Programming Interface (API):
some of these systems provide users
(programmers) with a set of APIs for
integration with their own applications.

3. Import and Export format: One of the most
desirable features is to allow users to import
and export ontologies from and to other
formats. Most common formats are XML,
RDF(s), and OWL.
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4. Extensibility: Some systems allow users to
develop and add new features that can be used
from within the GUI.

5. Merging: very few systems provide facilities
for margining ontologies.

Some of the systems we looked at are OilEd,
OntoEdit, Protégé, UML, and OLED. OilEd has
been developed by the Information Management
Group and the University of Manchester in the UK
[23]. It is small and simple tool based on DL that
can be used to build small scale DAML+OIL
ontologies. It misses some of the features that are
found in full-scale ontology engineering
environments such as collaboration, merging, and
integration. OntoEdit is based on frames and first
order logic (FOL) [24]. It is multilingual ontology
engineering environment developed by AIFB,
University of Karlsruhe. Protégé is being developed
by the medical informatics group of Stanford
University and is one of the most popular ontology
development environments [25]. Protégé is based
on FOL and frames, it has an interactive and
simplified GUI for constructing and managing
ontologies.

The Unified Modeling Language (UML) was
developed in 1997 by the Object Management
Group [26]. The main purpose of UML was to
provide the computing community with a standard
common design language for development and
building computer applications. Its unified
standard modeling notation allowed the computing
community to disseminate structure and design
plans of computer systems and applications.
Finally, the Menthor editor, a free ontology-
engineering system for the development of
OntoUML models. The interested reader may find
comparisons between these various systems that are
more detailed in the literature, which is out of the
scope of this work, for example in [27, 28].

3. ONTOLOGY FOR THE GENERATION OF
RANDOM PATHS

This section presents the main contribution of
this paper. Following the basic methodology for
designing ontologies, which we have presented in
the above section, the purpose of the ontology for
the domain of random path generation is to define
the various concepts used in this work, and to guide
the system as to which points to be utilized in the
quest of constructing random paths. One of the
concept in our work is the ICU, which provides
guidance to the process of building random paths.
There are several concepts (classes) in our domain

of discourse that need to be addressed and defined.
The main concept is a point. A point is a vertex
that has two attributes: x and y. These attributes
represent the location of the point in x-y
coordinates. Once an object of type (point) is
instantiated, we use getter and setter methods to
manage its location. The next concept in our model
is the ICU, which contains a description of all the
information needed for the construction of the
random path between the initial and the final points.
Its responsibility is to insure a correct displacement
of random points along the path to the final point.
In our implementation we used circles, which are
generating random paths within circles centered in
Pn: C1, C2, ..., Cn.1 that passes thru the points pi, pa2,
...,.pn-1 respectively. Therefore, our next concept is
the circle. Point v may approach p, if it takes any
position within circle ¢ centered in p, with radius
ppn. To determine the optimal solution for the task
of generating and selecting random points with
regular distribution in the path starting from point
p, the ICU uses the following procedure:

x =X — L + random(2*L+1);
y =y— L + random(2*L+1);

As a result, this gives a random displacement
within a square, where the length of its side is (2L)
and its center is at the point p(x,y). Our next
concept is a square. Random displacement is
generated at the point po(Xo,yo) within the square,
and point p; as the end point of that displacement if
it was located within the circle c0. Otherwise, the
procedure is reworked in the opposite case.
Therefore, the generation process is repeated at p;
and within the Circle ¢l centered in p, with radius
pipn to obtain the new point p,. This iteration
comes to halt when reaching a point with a specific
distance from P,. This process will result in
obtaining a set of points pi, p2, ..., Pn-1. The square
that contains the movement is called the square of
displacement. The length of its side limits the
distance value between the generated points. We
should note here that circles and squares are shapes.
In object-oriented terminology, the relationship
between a circle and a shape is the “is-a”
relationship. We can say that a circle inherits the
attributes and behavior of a shape. In the same
sense, a square inherits the attributes and behavior
of a shape too. Circles and squares are special
types of shapes. Shapes are more general, and
squares and circles are more specific. We should
also note here that shapes are abstract concepts; we
do not instantiate objects for shapes directly.
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Circles and squares are used to direct the path of
the generated points towards the ending point. In
this sense, the paths are guaranteed to reach the
target. Our next concept is the path. A path is a set
of adjacent points in path p=pi, p2, », Pa
Therefore, we can say that a random path is
generated from the set of acceptable points.
Distance value between the adjacent points forming
the random path increases by the increase of the
square of displacement side length. According to
the proposed method, the generated points are
converged toward pn, which are satisfying the
following equality [1]:

2 «C# class» 2 «C# class»
OntoGraph::ICU OntoGraph::Point
= Attributes = Attributes
- ¢ : Color : U Point +X: S?ngle
- g : Graphics + Y : Single
- Ib : Label 1 i - x : Single
- p : Point -y : Single
- p0 : Point = Operations
“pens Pgn + Point(a : Single, b :...
- pn : Point + Point()
- r : Random
= Operations Point *
+ findPoint(L : Intege... Path@ 1
+ ICU(pa : Point, pb :... A oo
- ComputeD(al :ASmg\ .| Icu Path OntoGraph::Path
- Computel(d : Single... T @
- NextP(p0 : Point, L :.. T b
- g : Graphics
-icu: ICU
- Ib : Label
- p : Point
- p0 : Point
- path : List<Point>
- pn : Point
-tD : Integer
= Operations

+ drawPath()
+ Path(pa : Point, pb...
+ setPath(L : Integer,...

L(pn-1pn) < L(pn2pn) <. . . < L(p1pn) < L(popn)

We should mention here that ontologies work
well with logical and factual knowledge
representations. It does not fit well in procedural
code, because it forces us to express logical
relationships as a sequence of instructions. In our
work, since we do not have many rules, we decided
to go with UML to describe our concepts and the
relationships. UML is an excellent unified language
for modelling computer systems. Figure 1 shows
the UML class diagram, which presents the various
classes used in our work.

2 «C# class»

OntoGraph::Shape

= Attributes

Point  Shape # v : Point

= Operations
+ getP() : Point
+ setP(z : Point)
+ Shape(z : Point)
+ Shape()

i

1 1

>

«C# class»
OntoGraph::Circle

«C# class»
OntoGraph::Square

= Attributes = Attributes
+ side : Single + radius : Single
- sid : Single - rad : Single

= Operations = Operations

+ Square(z : Point, s :... + Circle(z : Point, r: S...

Figure 1: UML Class Diagram

Note that the point is in the central and connects
all other classes. For example, a path is made of a
list of adjacent points. Each acceptable point must
pass a test defined in the ICU unit. The central
point in a shape is a point that presents its location.
In reality, a shape cannot be instantiated and it is
not a concreate class. It is used for inheritance
only. It is too general to instantiate objects. A
shape must be shaped to a circle or square via
inheritance first before creating the object. We
have shown previously that circles and squares are
shapes. Therefore, when we instantiate a circle, for

example, it contains a point that represents its
location which is inherited from shape.

Figure 2 presents our extended model, which
uses object-oriented paradigms in the quest of
generating random paths. After reading the initial
values, an instantiation of an empty path and an
ICU is performed. Every time a new point is
generated, the ICU is consulted for accepting the
new point to be added to the constructed path. The
process ends when the path reaches the target point.
The output of this process is the set of the adjacent
points that connect the starting point with the target
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point, which are generated dynamically by random

function.
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Figure 2: Random Generation Model

Our ICU is a rule-base engine that is used to
decide which points to accept based on certain
thresholds that is explained previously.

In our experiment, a set of initial values are
needed:

Let Xo =40, X, =542, Yo =348, and Y, = 348.
Then we calculated the distance between (Xo,Y0)

and (X,,Yn) which was equal to 502, using the
following equation:

Distance (Py, B,) = \/"('Xn —Xp)2 + (Y, —Yp)?

We ran the program several times using the same
initial values, and every time we obtained a new
group consists of a set of several paths. Figure 3
shows 4 groups where each group has 5 randomly
generated paths obtained from running the
algorithm using the C-Sharp programming
language.
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Figure 3: Four Groups of Random Paths

Table 1: Length of each path in each of the 4 groups
Group1l Group2 Group3 Group4

Path 1 1043 1191 1439 1497
Path 2 876 1029 805 1039
Path 3 994 810 910 958
Path 4 1285 1401 1377 1036
Path 5 1020 1010 1001 1029

Average lengths  1043.6 1088.2 1106.4 1111.8

We tested the algorithm again where the distance

We calculated the length of every edge, and between two points is 200. This time we randomly

computed the length of each path. We repeated this  generated paths in groups of 1, 10, 100, 1000,

process for each group. The results are shown in 10000, and 100000 iterations. We computed the

table 1. The maximum path length shown in the length of each random path, in addition to the

table is closed to 1500, and the minimum is closed  average, the minimum, and the maximum distance
to 805, where the average is approximately 1085. for each group as shown in table 2.
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Table 2: length of each path with various iterations

Number of Length of  Average Max Min
Iterations path

1 200 233 233 233

10 200 272 306 228

100 200 289 401 210

1000 200 297 491 208

10000 200 298 543 202

100000 200 297 617 200

From this table, we can see that the average
stayed below 300, while the minimum distance
converged to 200, which is the distance of the
straight path between the start point and the end
point. The plotted path in figure 4 presents our

700
600
500
400

30

=]

20

o

10

o

II1II II10II n 100“

o

M Distance M Average M Max

findings, where we can see the average is bounded
within the 200 and 300 columns, and the minimum
distance, with the larger number of iterations is
converging towards the 200 column.

"1000" "10000" "100000"

Min

Figure 4: Results

4. DISCUSSION AND EVALUATION

The main objective of this work is the creation
and utilization of the ontology. The purpose of the
ontology is firstly to guide the process of
generating acceptable points that converge to the
target point. Secondly, the ontology provides us
with sharable and reusable objects that can be
shared and reused in other projects. Thousands of

ontologies have been created and used in various
projects. Many of them are reported in the
literature. How can we evaluate the quality of these
ontologies including ours? While there are no
standard approach that has been adopted by
everyone, most evaluation methodologies in the
literature are clustered around two concepts; these
are verification and validation of the ontology.
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Verification is about how well the ontology is
structured. Does it cover all related concepts in the
domain of discourse? How these concepts are
relate to each other’s?

Validation is about how well the ontology is used
in ontology-enabled applications. How well does
the ontology serve its purpose? It is concerned
about the usability of the ontology.

To answer questions about ontology verification,
we have formed a set of quality criteria that are
used with the state of the art in ontology evaluation.
We have consulted several experts in the domain of
discourse. Since “Shape” is an abstract concept on
the top level of our ontology, we have searched the
literature for ontologies about shapes. In [29], there
are two types of shapes; geometric shapes, such as
circles and squares, which have precise
mathematical formalization. The other type is
physical shapes (or organic shapes), such as trees
and clouds which have irregular shapes. In [30],
dimensionality are taken into consideration, for
example, a circle is 2-D Shape, and a sphere is 3-D
shape. In this work, we are mostly concerned with
2-D geometrical shapes like circles and squares,
which are used in the generation of random paths.
Other types have been taken into consideration with
our future work. For example, in the Drone
Navigation System, which presented in section
bellow, some 3-D shapes and physical shapes are
considered obstacles and must be defined in the
ontology.

With these concepts in mind, now we can present
the quality criteria as follows:

1. Clarity: It states in the literature that an ontology
should effectively communicate the intended
meaning of defined terms. Since our ontology
consist of shapes, which are mathematical
objects with well-defined meaning, this does not
leave room for ambiguity.

2. Extendibility: This is another measure of an
ontology with good quality. The ontology
should allow for extendibility. In our work, we
are using pure object-oriented paradigms (OOP).
Inheritance and composition are two concepts in
OOP that are used for software reuse and
extendibility, which our model is based on.

3. Expandability: This refers to the effort required
to add new definitions to an ontology and more
knowledge to its definitions without altering the
set of well-defined properties already
guaranteed. One of the main benefits of using
OOP is that we can add new concepts in the
hierarchy. New concepts can be specialized by
adding new properties.

4. Consistency: A given definition is consistent if
and only if the individual definition is consistent
and no contradictory sentences can be inferred
from other definitions and axioms. Natural
Language ontologies that are mainly used with
the semantic web are the most suffering from
consistency, where contradictions can be easily
found. However, in domains such as ours, most
concepts are mathematical objects with well-
formed definition.

5. Completeness: Incompleteness is a fundamental
problem in ontologies. Our ontology is currently
incomplete in the sense that it does not have
definitions for all known concepts of shapes. On
the other hand, it is complete in the sense that it
has definitions for all the shape concepts that are
used in the problem of generating random paths
between two points.

6. Conciseness: The ontology utilized all concepts,
and with no redundancies between concepts.

We have chosen these quality criteria that fits
with our type of ontology, other criteria are more
suited towards other types like domain ontologies
and top-level ontologies.

The other concept used with ontology evaluation
is validation. It is about how well the ontology is
used in our application and other domain-specific
applications. In Section 3, we have performed
extensive testing with thousands of iterations. Our
empirical results have shown that the generation of
random paths are guaranteed to reach the target
point. We also compared the new results with
previous results, which shown that using the
ontology gave us better control over the results.
This has proved the usability of the ontology in the
application of generating random paths between
two points.

5. CONCLUSION AND FUTURE WORK

We have shown the importance of generating a
random path between two points (Po, Pn). The
proposed work demonstrates the generation of the
proposed work demonstrates the generation of
random paths in intelligent way using ontology.
The ontology provided us with a description of the
domain of discourse that contains reusable and
shareable concepts that can be used in other
projects. The original algorithm has been
completely refactored into object-oriented paradigm
and rewritten in the C-Sharp Programming
language. The new organization allowed us to reuse
the various component in new applications and case
studies. Moving from the C language under the
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DOS operating system to C-Sharp under windows
also helped us in the processes of visualization and
comparison of the random generated paths with
ease.

The utilization of the ICU also can with the
advantage of selecting the most desirable paths
based on some criteria that can be set in advanced.
This feature is becoming one of the major factors
when applying to new applications.

This study is also applicable and valuable to
several applications in networks such as WSN, Ad
hoc mobile networks and telecommunication
networks [31].

As stated above and as part of future work, this
algorithm will be extended to calculate the weights
of the best random path between two points to
come to more optimal solution. We are also in the
progress of applying our algorithm to the following
cases:

a. Automated Drone Navigation Systems

Our preliminary study on this subject has
shown that current technologies of the automated
drone navigation systems (ADNS) is still in its
infantry stages [32, 33, 34]. Most drones today use
pilot-controlled navigation systems.

Due to its low cost and low risk of casualties,
many countries around the world are using drones
to preform various tasks ranging from taking
surveillance data to sensing enemy’s targets to
enhance monitoring in disputed territories.

Flying drowns in straight lines would make
them easy targets. On the other side, the utilization
of random paths generation would give drowns the
ability to maneuver intelligently with unpredictable
paths.

b. Computer Simulations

Computer simulations of real-word processes
are commonly used in many computer applications.
For example, in computer games, simulating the
movements of some entities like animals,
characters, and other objects in randomly generated
paths [35, 36]. The aim of such unpredictable
movements is to gain a winning edge in the game.
Some scholars suggest that random movements can
be predictable using some mathematical methods
[37, 38].

A group of our students has initiated a study to
capture the regularities of such movements using
derivations of Markov Chains Model.
c¢. Crawling the World-Wide-Web

The World-Wide-Web is considered a huge
dynamic digraph. Each vertex in the graph consists
of a webpage. Each webpage may contain textual
data, images, and video clips. The edges of the
graph are made of hyperlinks that connect
webpages with other adjacent webpages. Users
search the web for subjects by entering keywords
using search engines.

Search engines deploy some applications,
called crawlers that traverse the web collecting and
processing all types of data they find on webpages,
saving it in databases for later retrieval. Crawlers
use breadth-first graph searching algorithm while
traversing the web. In breadth-first search, the
crawler starts with a webpage, as a seed, and starts
the processing level-by-level using a queue.

Is it possible to crawl the web in random order?
What kind of results we may get? Some scholars
are using random walk theories to visualize subsets
of the web and collect information in order to study
web properties. Crawling the web in random order
is unbiased process, while our algorithm is biased,
because we must converge to the target point.
Random walk models has been used in biology,
physics, ecology, medicine, computer science, and
other scientific disciplines [39, 40, 41, 42].
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