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ABSTRACT

This paper presents a novel approach to recognize research trends
in a particular domain of research (i.e. Agent development) that is
based on the number of data extracted from search engines.
Several well-known mathematical and statistical theories have
been used, from which a mathematical model has been derived to
predict the agent development. The proposed solution attempts to
convert the raw resulted number of documents found on the
Internet (in PDF format) into useful information, and fit a curve
representing the number of searched data of every year. A
prototype has been designed, to search multi-keywords at the same
time and collect the required data automatically to eliminate the
useless data, before converting it into usable data.
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1. INTRODUCTION

The information available online today is growing rapidly, so that
the main challenge is how to extract real volume of data in a
specific field. The resources of data are spreading and easy to
obtain them. Search engines are designed to search for information
on the Internet and FTP servers, and use regularly updated indexes
to operate efficiently [10]. A search engine is a program that
searches documents for specified keywords and returns a list of the
documents where the keywords were found. The search engine
allows one to ask for a content meeting specific criteria and
retrieving a list of files that match those criteria [11]. When a
query submitted into a search engine, it examines its index and
provides a set of best-matching pages according to its criteria, with
information about the documents that user needs. The most popular
engines currently available are Google and Yahoo [10].

Information extraction from search engine results is a promising
approach to grasp the research trends. Search engines mine data
available in large databases or open directories [10]. This creates
opportunities for new techniques to collect the required data from
the Internet.
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There are many ways used in search engines to search for
documents based on keywords relevant to a specific topic.
Moreover, prototype systems can be developed as tools
incorporated with common research engines in order to use the
collected data from such engines. These tools can inspect and
analyse data for research publications in any field of knowledge to
recognize the challenges facing the developing research areas.

This paper presents a method which recognizes research trends
based on the number of data by search engines. It argues the
challenges that face the development of agent and agent research
information. An agent is a computational system that sense and act
autonomously in a complex dynamic environment to satisfy a set
of goals or tasks for which it is designed [12]. The collected raw
data is processed using mathematical and statistical theories to
convert it into a useable data. A mathematical model is formulated
based on several well-known mathematical and statistical theories
to predict the agent development. The method attempts to fit a
curve to the number of searched data of every year. The
information format is extremely varied; however, we focus on
documents in PDF format, as it becomes the most popular standard
for document publishing. The actual noisy data are analysed and
computed from the collected data to reduce the noise affects. A
prediction system is designed, based on mathematical models for
researching topics and find out the number of their PDF documents
stored in the Internet.

This paper is structured as follows. Section 2 reviews briefly the
related work. An overview of the proposed method is presented in
Section 3. Section 4 concludes the paper.

2. RELATED WORK

With the rapid development of internet and the continuous increase
of the information, introducing the web extraction technology into
traditional search engines becomes one of the most important
challenges in information retrieval and artificial intelligence fields.
Many studies have been proposed on web search result extraction
and the trend of web-based search engines [10, 11, 13, 17].
Existing approaches in automatic web extraction can be classified
into three categories, which are: wrapper, automatic template
generation and a hybrid approach [17]. Earlier works in
information extraction are mainly semi-automatic or even manual
[14, 15], which are relied on training and human assistance to
generate extraction rules for web pages. Many new applications
such as building large-scale meta-search engines [16] require fully
automated wrapper generation techniques. However, existing work
does not appear to provide a solution for using the resulted number
of search query to predict the development trends of the research in
a specific field.
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Compared to existing approaches, we emphasis on information
retrieved from search engine not on the search engine itself. We
propose a new method, which detects automatically results for
searching of multi-keywords without user interaction and manual
process.

3. OVERVIEW OF PROPOSED METHOD
The method described here uses the Internet's search engines as a
tool for data collections. The interested results of the search
process are the number of items found for pre-defined requirement
searched using the search engine. This requirement is defined as a
set of keywords and logical relations (e.g., "or", "and") among
them and constraints on them. Note that the data source of this
study is the Internet. The collected data require empirical studies to
apply the idea and predict the empirical formula for the phenomena
under study. Each and every search engine has a specific set of
rules that can be used to define the user requirement. This method
of data collection is different from the others, such as questionnaire
and interviews. These methods require different treatment to
extract the needed data for study. Data is collected in this research
as follows:
1. The keywords and their relation structure are defined
firstly.

2. The defined keywords and relation structure is fed to the
selected search engine, then the search engine is executed
to search for the required task, which the number of
items found.

3. The result number is
independent variables.

4. The recorded data is treated by using proper number of
methods to extract information and knowledge needed.

The resulted data stored in a text file that contains the number of
searched items, which satisfy the required keywords and their
relation years as independent variables. Based on the internet usage
in research work publication, it can be used as a tool to collect and
monitor data about the research publications in any field of
knowledge. This study is based on the following assumptions:

recorded against selected

1. The number of research papers that are in PDF file
format is proportional to the real number of papers and
publications in some certain fields. Increasing the
publications in a field increases the number of PDF files
in the same field.

2. The percentage of the number of PDF papers to the
number of PDF format papers in the interval of years is
proportional to the percentage of the real publications in
that specified year to the specified interval of years for
the same subject.

3. Growth function and other mathematical functions are
used to model the change of publications number, where
some characteristics can be retrieved using such
functions.

3.1 Problem Definition

Because an agent system [5] is a new and evolving rapidly, this
might arise some problems related to this important discipline of
software engineering, which can be formulated as questions:
e What are the best practice methods to measure the
development of agent?

e  What are the trends of academics agent-researches (both
successful and unsuccessful) in past, current and future?

e What are the major challenges that affect agent
deployment?

e How can we imagine the reasons for success and failure
of some agent-aspects in a period of time?

e  How can we help industries to protect their investments
and smoothly evolve agent-based services, solutions,
systems and products?

The majority of Internet search users use Google and Yahoo
engines. Google still appears to have the largest database of Web
pages, including many other types of Web documents. Yahoo is
getting the second rank of search engines [1]. The data for this
work is collected through the internet via search engine using
suitable keyword based on a hypothetical idea about the relation
between the number of published papers and their corresponding
number of PDF files found. The keywords and their relational
structure are designed to represent the required information. These
keywords have the general structure: "Keyword" + "Year" + PDF,
where: Keyword is the searching martial; it may be one word or
many words. Year is the year of publications, and PDF is the type
of data format [6]. Figure 1 shows the headers of Google and
Yahoo engines after search process, the used keywords in the
textbox and the resulted number of items in marked places.
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3.2 Mathematical background and basic model

We have derived our model from a number of mathematical
formulas. The mathematical model is used to represent the
collected data by fitting it to the mathematical formula. A
mathematical model is found by computing the best coefficients,
and then it can be used to trace the behaviour of the system, which
gives the collected data. The mathematical expressions are used as
model that represents the collected data and given in the following
subsections.

3.2.1 Growth function and activity growth

Research activity in a certain area is starting with single or some of
the basic research that guide the research to unsolved problems.
The old points open the gate to other new points, so the number of
research work in that area will grow exponentially. This type of
growing is represented mathematically using a formula that is
known as a mathematical growth function or an expression. In this
type of mathematical expression, the increase of the number of
items is depending on the actual number before the growth
process. That is:

N =N,(1+a)" (1)

Where Ny is initial number, N is new number after an interval,
x is the length of interval and a is the growth rate per interval. The
differential of such system is:
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dN

dt
Note that this expression for growth rate or the change of the
growth with time and depending on & growth factor and the
actual number of items. If N represents the number of research
work at a certain time, then the new number of researches can be

found if the growth rate is known, by using Euler Method [7] for
solving numerical differential equation of the form:

N =N,(+ha) @)

This is of one interval, if the new number is used as initial value
for the coming interval, then the new forms as:

N=N,l+ha) /Q+ha) @
3.2.2. Steady state activity

Any balanced system reaches the steady state due to the interaction
with other factors that work against its growth in unlimited case.
The balance between interacting elements leads to this steady state
or balance, in which the rate of growth is nearly equal to the rate of
decreasing due to the other factors. This type of system can be
expressed in the mathematical expressions given below:

oN O]
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In such system, the growth of N is depending on the change of
N and the change of M values. The two variables are working
against each other. In the case of our study, the research work is
increasing with the increase of the number of research work, but
this decreases by the effect of the obstacles found in research work.
If the increasing and decreasing rates are equal, then the rate of
growth is equal or nearly equal to zero, and it will stay on fixed
level until something changes the balance. Because of this, it
decreases or increases depending on the direction of growth rate,
either positive or negative.

3.2.3 Moving between two steady states

The balanced system at steady state stays unchanged in its current
state until a new event occurs, that will force it to change its state
to new one either higher or lower. In general, the change of the

state has "g" shape or its reverse shape of "¢", so that it can be
modelled using Sigmoid function formula [8] as follows:

y L @)
1+e™
If y is dependent variable or output, x is independent variable or
input, as x is changed from (-oo to ), and the value of y between
(0 and 1). A range of y can be changed to any other range by using
the following formula:

Yo = (Y: - yz)(#] + Y, ®
m 1+

Where Y, is the minimum value and y, is the maximum value. In
the research process, there are many stages, in which the activity is
moving from one steady state to another. The first steady stage is
the basic research stage that represents the interest in new field
research work. After the main stage, next four stages are: basic,

implementation, industry, and Laggards [2]. There are some other
research stages in between appear due to some problems that work
against the growth of research in the field, these stages can be
considered as deflection points in research work history. Such
points are responsible for redirecting research activity to overcome
some problems appear in research growth path. Figure 2 shows a
multi-stages system that can be represented by a mathematical
expression composed of many Sigmoid functions [9], which can be
expressed as:

N
yl = ym1+ym2+""+ymn zzymn (9)
n=1

= i((yln - yOn {]-_i_elanxj + yOnJ (10)

The change of state can be expressed as a peak function, which is
Sigmoid function differentiation.
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Figure 2. Multi stages system

3.3 Numerical and statistical methods

A number of numerical and statistical methods used, which are
needed to predicate the relations and find the parameters of the
best fitting of the resulted data to the designed models. These
methods are described as follows:

3.3.1 Correlation coefficient

Correlation coefficient [3] is a computed factor represents the
strength of the relation between two variables; its value larges
between -1 and 1. The stronger relation has absolute value near to
one, while the weak relation value is near to zero. The correlation
coefficient pX, Y between two random variables X and Y with
expected values py and py and standard deviations oy and oy is
defined as:

Xy _COVXY) E(X =)0 —¥)) gy
oXoY oXoY

Where E is the expected value operator and cov means covariance.
Since uX = E(X), X2 = E(X2) — E2(X) and likewise for Y. The
correlation is defined only if both of the standard deviations are
finite and both of them are non-zero. A correlation between two
variables is the measurement of error around estimates of one or
both variables, in which case attenuation provides a more accurate
coefficient [3].

3.3.2. Least Square Method

Least square method [9] is a statistical approach to estimate an
expected value or function with the highest probability from the
observations with random errors. The highest probability is
replaced by minimizing the sum of square of residuals in the least
square method. Residual is defined as the difference between the
real value and an estimated value of a function. Least square
method is commonly applied for the case measurements (X;, Y;)



are given, the relationship between x and y is estimated by a
function, for example liner relation: y = f (X) = aX + b. By
minimizing the square sum of residuals, the unknown parameters
a and b will be determined [4]. Unknown a and b parameters in
the case of aX + b are determined as follows:

1. Anobserved set of equations; in matrix form is
XA=Y (12)

Where X;and Y; are matrices of the observed points, 4 is the

matrix of coefficients.
2. Multiply both sides of the resulted matrix equation by
transpose matrix of X (X"), we get:

X'XA=X'Y (13)

The resulted matrix X Xt is a square matrix, its inverse can be
computed and multiply by both sides of the above equation, so that
the result will be :

A=(X"X)?X'Y (14)
This is an unknown coefficient matrix. The computed value
(x'x) 1 x " is known as a generalized computed result in matrix
form for the known matrix for line case is:

i BT e
b | vx N | XY

N is the number of data points. This idea can be generalized to
any higher order polynomial or any multi-independent variables.
Non-linear relation needs to be linear by mathematical relation or
approximated as linear to get the coefficients.

3.3.3 Polynomial interpolation

For a given point n there exists a unique polynomial of degree
(n—1), which passes through these points. A continuous function
f(X) of a polynomial of degree n may be used to represent the
‘n+1° data values. The polynomial will pass through all given
points. This polynomial can be used to compute the approximate
values of any points within the given interval of data. If X' falls
outside the range of given data is known as extrapolation. For four
points interpolating polynomial of degree 3 and can be found by
using these step formulae. The points are (Xo, Yo), (X1, Y2), (X3, Y3),
which can be written as in the general formula:

1:[(X—Xi) (16)
Y= i
U(Xj 7Xi)

i=j

This will compute the proper coefficients of a polynomial of N
degree that will pass through all given points of data.

4. CONCLUSION

We have proposed a solution to use fairly raw information from a
range of search engines to examine trends in a particular domain of
research, i.e., Agent research development. In addition, a
mathematical model has been formulated to explore agent research
behavior and its aspects and arguing the challenges that this filled
faces. The approach intends to fit a curve to the number of

searched data for every year. In a part of future work, the prototype
will be implemented for research topics on PDF documents
published on the internet. In addition, the proposed method could
be improved to deal with different types of documents, such as
doc, images, and video.
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