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Abstract

The voluminous and readily available information on the Internet has given rise to
exploration of intelligent technologies; for accessing, filtering, evaluating and integrating
published information.

Because of the daily increase of electronically available information on the internet, an
additional burden has been placed on the implementers of information gathering systems.

The set of data that represents the best response to a user's query may be the aggregation of
data acquired from distributed, heterogeneous information sources. We have begun a
project to build a cooperative agent for information gathering in the initial domain of
computer science and medical topics.

There is a need to develop an information gathering agent to work as an advisor to his
owner in a special topic. This agent should be expert in this topic and his experience is
increasing with time as well as his price too.

The agent should use and make advantage from every piece of information published about
the topic in the internet. His dictionary (knowledge) of this topic is re-indexed frequently
with the time.

This agent should be ready all the time to give his owner the hottest documents that are
much related to his topic without stopping his job in searching or any of his activities. The
agent should build his own queue of targets in the internet to search and knows all the time
his next step.

Our contributed system has four agent-roles:

Document Fetcher: This Agent Role uses "wget" utility for document downloading from

the internet. The link of this document is taken from a storage volume which contains a
queue of links to be fetched. Links queue starts from a set of start Links presented by the
administrator.

Topic Analyzer: Using PLSI (probabilistic latent semantic indexing) arithmetic method.
This role deals with every term and estimate's it’s weight in the topic. This weight might be
change up or down in the runtime of the system.

Document Evaluator: This role is responsible to calculate the relevance of the document,
and the weight of it.

It contains filters with threshold to let the system decides if a document is accepted to be
added to the relevant document collection or not. This filter and threshold are calculated
and estimated in this thesis.

This role is also helpful in (document-ranking) phase of the system, especially after
calculating the weight of each document.



Links Filter: This role has to make sure that all attracted links are useful and not repeated
(already checked before) in order to increase performance.

Increasing precision and recall was our main result in this work, especially after using
filters in addition to PLSI method. And it helps us a lot to select and determine the best
threshold value in system's filter according to the target topic.
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Chapter 1

Introduction

1.1 Information Retrieval

A continuous growth of the internet usage with billions of published documents and data
distributed around the world, demands a useful, fast, accurate and intelligent search system
that satisfies users needs and queries. We noticed from IWS (Internet world statistics)

website[9], the rapid growth specially the last few years. We can see on Mar-2007 that the

internet population grows up to 6,574,666,417 documents. while the internet latest data
usage was about 1,114,274,426 documents. This indicates the huge amount of document

that is distributed around the world [9].

It’s well known that search engines with centralized architecture can’t index the whole
Internet because the exponential growth of the number of documents published in the
Internet. Search engine with distributed architecture is scalable solution of this problem

13].

Our system is based on Intelligent Information gathering Agent, aims to help the user, and
its main roles are melting together to help the topic searcher to find his targets in an open
system that contains other multi-agent system (MAS) and many other information access
technologies, by investigating to what extent methods from IR mathematical methods,
Intelligent search systems.

Data storage Systems and Information Retrieval (IR) can be applied to information
discovery by themes of information agents in the Internet and the World Wide Web[8], [1].

In the framework of our suggested architecture, we use a set of topic target collections of
electronic documents published in the Internet. These collections belong to different
owners who are responsible for their content, indexing and quality of search.
Administrator’s demand is automatically propagated to one or more collections with topics

relevant to his target topic [1], [2], [4].

This thesis describes architecture of an autonomous agent that gathers information from
distributed environment, as Internet, to build subject-specific collection, and to extract
information from documents using probabilistic latent semantic indexing algorithm.

It also describes techniques for developing distributed and adaptive agent that coordinate to
retrieve, filter and recommend information relevant to the owner, from various web
sources. The knowledge of agent based on semantic indexing by analyzing multiple topics
in HTML pages, with the help of probability mathematical method which is called PLSI.

In contrast to most current research that has been investigated single-agent approaches, we
are developing an agent with a collection of four major roles that team up on demand,
depending on the user's query, topic and links queue, to access, filter and integrate
information distributed in the internet.
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We are investigating techniques for developing distributed adaptive roles of an information
agent that coordinate to retrieve, filter and fuse information relevant to the user's query,
topic and links queue, as well as anticipate user’s information needs.

In our system, information gathering is seamlessly integrated with search support. In this
thesis we present the distributed system architecture, agent collaboration interactions, and a
reusable set of software components for structuring agents.

We have implemented most of this system framework and get successful output results
compared to similar traditional systems. By developing collaborating agent's roles, using
JAVA language, in diverse complex real world tasks, such as organizational document
searching, and topic indexing management.
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1.2 Agent theory.

An agent is a computational entity such as a software program or a crawler[2] that can be

viewed as perceiving and acting upon its environment and that is autonomous in that its
behavior at least partially depends on its own experience. As an intelligent entity, an agent
operates flexibly and rationally in a variety of environmental circumstances given its
perceptual and effectual equipment. Behavioral flexibility and rationality are achieved by
an agent on the basis of key processes such as problem solving, planning, decision-making,

and learning. [11].

The study of multi-agent systems began in the field of distributed artificial intelligence
(DAI) about 20 years ago. Today these systems are not simply a research topic, but are also
beginning to become an important subject of academic teaching and industrial and

commercial application [5], [7].

Our agent is expected to establish new cooperation among research groups in the related
areas mentioned above, but also to strengthen existing contacts and focus scattered efforts

for research on and development of intelligent information agents.

In particular, managing and controlling such networks, the services provided, and the
communications involved, is crucial to keep Internet a useful tool in the future. However,
there is a growing awareness that current centralized IR architectures will soon reach the
limits of their scalability. Some Scientifics argue that distributed but coordinated
mechanisms that support adaptation and self-optimization of Information Agent societies

can be an answer to this problem. [8],[4].

IR Agent Agent's

(Topic X) ~ Communication

.
Document's
Collection

Figure 1.1 system environment

Agent's
sphere of
influence
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1.3 Thesis Motivation.

Recent developments in agent-based computing and software engineering have revealed a
significant potential and urgent demand for a close interaction among these disciplines.

On the one hand, as the number of special-topic agent-based software systems grows it
becomes important to build IR systems that use software engineering technology that is
specifically tailored for agent systems.

Thus software engineering is crucial to the textual and search application success of agent-
based computing.

On the other hand, as today’s and tomorrow’s standard software systems are required to
operate in increasingly complex — distributed, large, open, dynamic, unpredictable,
heterogeneous and highly interactive — IR application environments, it appears to be very
promising and natural to build these systems in terms of agent and multi-agent technology.

Thus agent orientation can serve as a useful paradigm in software engineering. The field
emerging as a result of this mutual demand for interaction has been referred to as Agent-

Oriented Software Engineering (AOSE)[12].
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1.4 Thesis Outline

In the next chapter, we are going to analyze existed Algorithms and architectures that are
related to such systems.

We have analyzed existed programming models such as traditional programming in
addition to OOP & AOP. And programming approaches like UML & AUML with its latest
progresses and developments.

Also, we have analyzed existed arithmetic IR Algorithms that is related to our agent
system, like Vector space algorithm, LSI and Probabilistic models. And justify why we
have chosen PLSI model in our agent.

Chapter three introduces the design of agent architecture. Using AUML including its main
four major roles which are, Role A (Document Fetcher), Role B (Topic Analyzer), Role C
(Document Evaluator), and Role D (Links Filter).

And we will discuss the major job of each role and how it works according to its position
in the system.

In chapter four we are going to discuss in details the development of the agent algorithm
which depends on PLSI methods and how it works in our agent system. We will present
the mathematical functions we used in it.

The implementation of our agent will be presented in chapter five. Using JAVA
programming language we are going to preview our agent's major classes starting from
main class, moving to WGET class, stemming class, Getlinks class and the arithmetic filter
of the system which is PLSI class.

Two experiments were applied to our agent system, concentrating on one topic. The first
experiment used traditional PLSI method without our contributed filter, while the other
experiment was with the filter. Then we got results from each one and note the difference
between them.

These results were analyzed, summarized and presented in the chapter six. Then, our
conclusions and further work presented too.

By the end of the thesis, references with our published paper including Java code in the
appendix were presented.
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Chapter 2

Analysis of existing Algorithms and architectures

2.1 Introduction

Agents can be defined in many ways and there is no one universally correct or acceptable
definition. An agent can be defined (simply) as an autonomous entity that can sense and act
upon its environment. Such simple agents are analogous but not equivalent to orthodox
automata [28]. More sophisticated descriptions draw on concepts such as intentionality,
social ability, adaptation, learning, communication etc. Agent environments vary
considerably, from synthetic worlds to those which robots inhabit through to more abstract
worlds consisting of information and knowledge [11].

Also, agents are a very promising technology for information retrieval. Some applications
are intelligent IR interfaces, mediated searching and brokering, and clustering and
categorization. An agent-based approach means that IR systems can be more scalable,
flexible, extensible, and interoperable, using agents that route information, broker requests,
and share metadata.

The architecture and composition of an agent typically reflects its environment and the
role(s) it plays within that environment; i.e. the challenge of an agents problem or niche
space. Our current research relies heavily on the concept of agency across a number of
different domains, and categories of processes, agencies and agents. For example, we can
consider our ongoing research into decision support systems as that of an investigation into
tightly-coupled agent communities making use of modern but relatively orthodox Al
techniques [28].

One of the threads that draw this work together is that of investigating computational
architectures that allow or help to support computational intelligent methods on IR
applications.
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2.2 Programming models analysis.

Hardware

Operating System

System Funtime \
Programming Languages \

/ Deesign Languages \
Y

Figure 2.1: Levels of abstraction that affect programming model
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Programming models are affected by different aspects at different level of abstraction.
Figure 2.1 shows these levels of computing abstraction. The triangle shape shows the
abstraction level that dominates the others. For instance, hardware plays a dominant factor
on operating systems, while operating systems abstract factors related to hardware, and so

on[11].
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2.2.1 Traditional Programming.

We can note the differences between programming models with the traditional
programming in the runtime system which provides the environment for program
interpretation. These environments can be radically different between different paradigms.

These environments may be restricted to administrative tasks or they may also provide
slightly more elaborate services. At this level of abstraction, “agents” have distinct
behavior from “objects”. In an object-oriented runtime system, the objects are statically
represented by the objects’ architecture.

This architecture contains the current state of any object and objects’ relations to the object
classes, which subsequently determine the operations that can be performed by this object.
An object is usually represented as a collection of data elements with associated functions
and the granularity of objects is potentially not limited.

The object management system is responsible for managing the relations between objects
and classes (e.g. the inheritance relation) and for the manipulation of objects (e.g. objects
creation or destruction). Furthermore, the object management system is also responsible
for dynamic aspects, such as method selection of polymorphous objects, exception
handling and garbage collection.

In an agent-oriented runtime system, things are distinctly more complicated. Agent
architectures are far more complex than the object architecture, especially because of the
dynamic aspects that agents deal with. Each agent perceives the state of its environment,
integrates the perceived facts in its knowledge base, forms beliefs, desires, goals and
intentions to act and finally executes the planned activities (possibly in coordination with

other agents)[11].
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2.2.2 OOP & AOP.

To sense differences between OOP & AOP at programming language level of abstraction,
the syntax and semantics of a programming language for the manipulation of entities at the
system runtime level is defined.

The programs that are written in a particular programming language are interpreted at the
system run-time level. In the programming language level, as well as it is at the runtime
level, there is a differentiation between objects and agents, as it is shown in the following
table (Table:2.1)

Table 2.1: Differentiation between agents and objects at the programming level[11]

OOP AOP
Abstract class Generic role
Structural Class Domain specific role
Elements Member variable Knowledge, belief
Method Capabilities, (complex and primitive) actions

Collaboration(uses) | Negotiation

Composition (has) | Institutionalized agents, groups of agents

Relation & 151 ritance (is) Role multiplicity

Communication Instantiation Domain specific role and individual knowledge

Polymorphism Service matching
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2.2.3 UML & AUML.

Design languages are further abstractions from a particular programming language that aim
at the conceptual modeling of a system at a more coarse grained level. Design languages
often use graphical notations that make it easier for the designer to use and manipulate the
overall system structure.

In the object oriented community UML is a well established design language being
supported by case tools such as the Rational Rose Software®, which can transform the
object architecture into class code in Java or C++, in conjunction to other useful design

utilities.

Table 2.2: The relation between programming paradigms, modeling techniques and
programming languages (updated from [11])

Programming languages, and Software Modeling Techniques
Programming language Analysis Design
Top down | Assembly High level | Textual, Flowcharts Algorithms
2 | (Monolithic) | language Algorithms
.g’ structural H|_gh _Ievel Ianguage_s with | Dataflow diagram Dgta Structure
< built-in support routines HIPO Chart Diagram and Structure
< | (Modular)
a Chart
2 Obiect Object Oriented high- | UML: Use Case | UML: Class diagrams
E Ori ejnte d level languages, Object | & Collaboration | and its relations, State
3 support libraries. Diagrams Machine...
I Agent Agent Platform, an Agent | AUML: Use Case | AUML Class diagrams
a Oriented | Oriented Language does | & Collaboration | and its relations, State
not exist yet. Diagrams Machine. ..

In the agent-based world there is no uniform design language mainly due to the ellipsis of
an agent oriented programming paradigm. However, there is a large number of design
toolkits for special kind of agent architectures and platforms. But lately AUML is starting
to be a new step toward a complete design language as well as UML As shown in Table
2.2.

To know the goal behind moving from UML to AUML we should understand that Multi-
agent systems (MAS) are often characterized as extensions of object-oriented systems. So,
this overly simplified view has often troubled system designers as they try to capture the
unique features of MAS systems using "object oriented” tools. In response, an agent-based
unified modeling language (AUML) is being developed.

Instead of reliance on the UML, we used AUML in our system which is based on IR
(Information retrieval) agent where it makes sense. We do not want to be restricted by
UML,; we only want to capitalize on it where we can. The general philosophy, then, is:
"When it makes sense to reuse portions of UML, then do it; when it doesn't make sense to
use UML, use something else or create something new." [11]

Since generating agents come as part of the software engineering process, they have to be
consistent and complement other models built during this process. This system shows how
our agent can be integrated within UML towards AUML.
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Figure 2.2 Three Agent's Roles of the system

Our agent roles are integrated with other UML diagrams for specifying agents’ interaction.
Returning to our Agent Architecture, let us consider the specification of the roles
functionality. Starting from the UML Use Agent's roles diagram in Figure 2.2, interactions
among interdependent roles are specified by means of AUML. So we can specify the
agent's roles given in Figure 3.1 that represents the interaction among agent's roles
communicating with each other. Which shows a combination of simple, agent instantiation,
and spanning role couples.

This new development on Agent view can be integrated with UML, reaching to AUML
that supports object classes, as well as agent and role classes. By this way an agent entity is
free from any role “burden”, it can move from one role to another without any pre-assigned
agent-role mapping, agent entities can be instantiated to perform atomic roles, agents can
move freely and be instantiated according to system functionality constrains ( agent —role

switching constrains) or according to agents’ internal state[10].
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2.3 Arithmetic IR Algorithms analysis.

Our agent target is focused on Information Retrieval (IR) which is devoted to finding
relevant documents, not finding simple matches to patterns. Yet, often when information
retrieval systems are evaluated, they are found to miss numerous relevant documents.
Moreover, users have become complacent in their expectation of accuracy of information
retrieval systems.

We'll show the critical document categories that correspond to an issued topic. Namely, in
the collection there are documents which are retrieved, and there are those documents that
are relevant. In a perfect system, these two sets would be equivalent; we would only
retrieve relevant documents.

In reality, systems retrieve many non-relevant documents. To measure effectiveness, two
ratios are used: precision and recall.

Precision is the ratio of the number of relevant documents retrieved to the total number
retrieved. Precision provides an indication of the quality of the answer set. However this
dose not considers the total number of relevant documents. A system might have a good
precision by retrieving ten documents and finding that nine are relevant (a 0.9 precision),
but the total number of relevant documents is also important. If there were only nine
relevant documents, the system would be a huge success, however if millions of

documents were relevant and desired, this would not be a good result set[1].

All Documents Relevant Retrieved

Relevant Retrieved

Relevant _Retrieved
Retrieved

Precision =

Relevant _Retrieved

Relevant
Figure 2.3 Precision & Recall

Recall =

Recall considers the total number of relevant documents; it is the ratio of the number of
relevant documents retrieved to the total number of documents in the collection that are
believed to be relevant. Computing the total number of relevant documents is non-trivial.
The only sure means of doing this is to read the entire document collection. Since this
clearly not feasible, an approximation of the number is obtained.
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Next we will focus on the current strategies to find relevant documents quickly. The quest
to find efficient and effective IR algorithm continues as well as on our agent.

A retrieval strategy is an algorithm that takes a query Q and a set of documents D;,Do, ...,
D, and identifies the Similarity Coefficient SC(Q,D;) for each of the documents 1 <i <n.
We will focus on the following arithmetic algorithms:-

Vector Space Model (VSM) — Both the query and each document are represented
as vectors in the term space. A measure of similarity between the two vectors is
computed.

Latent Semantic Indexing — The occurrence of terms in the documents is
represented with a term document matrix. The matrix is reduced via Singular Value
Decomposition (SVD) to filter out the noise found in a document so that two
documents which have the same semantic are located close to one another in a
multidimensional space.

Probabilistic Retrieval — A probability based on the chance that a term will appear
in a relevant document is computed for each term in the collection. For terms that
match between a query and a document, the similarity measure is computed as the
combination of the probabilities of each matching terms.
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2.3.1 Vector space algorithm.

A vector space model computes a measure of similarity by defining a vector that represents
the query. The model is based on the idea that, in some rough sense, the meaning of a
document is conveyed by the words used. If one can represent the words in the document
by a vector, it is possible to compare documents with queries to determine how similar
their content is.

If a query is considered to be like a document, a Similarity Coefficient (SC) that measures
the similarity between a document and a query can be computed. Documents whose
content, as measured by the terms in the document, correspond most closely to the content
of the query are judged to be the most relevant. Figure 2.4 shows the basic notion of the
vector space model in which vectors are that represents a query and multiple documents
are shown.

This model involves constructing a vector that represents the terms in the document and
another vector that represents the terms in the query. Then, a method should be chosen to
measure the closeness of any document vector to the query vector.

One could look at the magnitude of the difference vector between two vectors, but this
would tend to make any large document appear to be not relevant to most queries. Which
typically are short.

The traditional method of determining closeness of two vectors is to use the size of the
angle between them. This angle is computed by using the inner product (or dot product);
however, it is not necessary to use the actual angle. Any monotonic function of the angle
suffices. Often SC is used instead of an angle. Computing this number is done in a variety
of ways, but the inner product generally plays a prominent role.
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Figure 2.4 Vector Space Model

To construct a vector that corresponds to each document, consider the following
definitions:-
e t=number of distinct terms in the document collection
e tfi; = number of occurrences of term tj in document D;. This referred to as the term
frequency.
o dfj = number of documents which contains t;. This is the document frequency.

e idfj=log ( %) where d is the total number of documents. This is the inverse df.
1

The vector of each documents has n components and contains an entry for each distinct
term in the entire document collection. The components in the vector are filled with
weights computed for each term in the document collection. The terms in each document
are automatically assigned weights based on how frequently they occur in the entire
document collection and how often a term appears in a particular document. The weight of
a term in a document increases the more often the term appears in one document and
decrease the more often it appears in all other documents.

A weight computed for a term in a document vector is non-zero only if the term appears in
the documents. For large document collection consisting of numerous small documents,
the document vectors are likely to contain mostly zeros.

The weighting factor for a term in a document is defined as a combination of term

frequency, and inverse document frequency. That is, to compute the value of the jth entry
in the vector corresponding to document i, the following equation is used [26]:

dij = tfij x idfj
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When a document retrieval system is used to query a collection of documents with t
distinct collection-wide terms, the system computes a vector D (dig, diz, ... , dif) of size t for
each document. The vectors are filled with term weights as described before. Similarly, a
vector Q (Wq1, Wep, ... , Wgr) is constructed from terms found in the query.

A simple SC between a query Q and a document Di is defined by the dot product of two
vectors. Since a query vector is similar in length to a document vector, this same measure
is often used to compute the similarity between two documents [26].

SC(Q,Di) = iwqj xd,

j=1
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2.3.2 LSI & Probabilistic IR.

Latent Semantic Indexing (LSI) — Matrix computation is used as a basis for information
retrieval in the retrieval strategy called LSI. The premise is that more conventional
retrieval strategies like VSM all have problems because they match directly on keywords.
Since the same concept can be described using many different keywords, this type of
matching is prone to failure. The authors cite a study in which two people used the same

word for the same concept only twenty percent of the time[26].

Searching for something that is closer to representing the underlying semantic of the
document is not a new goal. Applied here, the idea is not to find a canonical knowledge
presentation, but to use a matrix computation, in particular Singular Value Decomposition
(SVD). This filters out the noise found in a document, such that two documents that have
the same semantic (weather or not they have the same matching terms) will be located
close to one another in a multi-dimensional space.

The process is relatively straightforward. A term document matrix A is constructed such
that location (i,j) indicates the number of times term i appears in document j. A SVD of

this matrix results in matrices U > V' such that »_ is a diagonal matrix. A is a matrix

represents each term in a row. Each column of A represents documents. The values in
Z are referred to as the singular values. The singular value can be then stored by

magnitude and the top k values are selected as a means of developing a "latent Semantic"
representation of the A matrix. The remaining singular values are then set to 0. Only the
first k columns are kept in Uy; only the first k rows are recorded in a V. After setting the

results to 0, a new A' matrix is generated to approximate A = U z VT [26].

Comparison of two terms is done via an inner product of the two corresponding rows in U.
Comparison of two documents is done as an inner product of two corresponding rows in
Vi'. A query-document similarity coefficient treats the query as a document and computes
the SVD. However, the SVD is computationally expensive; so, it is not recommended that

this be done as a solution. Techniques that approximate Z and a void the overhead of the

SVD exist. For infrequently updated document collection, it is often pragmatic to
periodically compute the SVD.

The Probabilistic model computes the similarity coefficient (SC) between a query and a
document as the probability that the document will be relevant to the query. This reduces
the relevance ranking problem to an application of probability theory.

Probability theory can be used to compute a measure of relevance between query and a
document. All of the work on probabilistic retrieval stems from the concept of estimating a
term's weight based on how often the term appears or doesn’t appear in relevant documents
and non-relevant documents, respectively.

Simple Term Weights — The use of term weights is based on the probability ranking
principle (PRP), which assumes that optimal effectiveness occurs when documents are
ranked based on an estimate of the probability of their relevance to a query. The key is to
assign probabilities to components of the query and then use each of these as evidence in
computing the final probability that a document is relevant to a query.
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The terms in the query are assigned weights which correspond to the probability that a
particular term, in a match with a given query, will retrieve a relevant document. The
weights for each term in the query are combined to obtain a final measure of relevance
[26].

Query q ts, t
Documents Retrieved
D> Relevant
D to
1 D,
t; Ds
Ds ER )
t
ty

P(ty | Dj is relevant) = 1/2
P(ty | Dj is relevant) = 2/3
P(t; | Diis relevant) = 1

P(ty | Dj is relevant) = 1/3

Figure 2.5 Training data for Probabilistic Retrieval

The terms in the query can be viewed as indicators that a given document is relevant. The
presence or absence of a query term A can be used to predict whether or not a document is
relevant. Hence, after a period of observation, it is found that when term A is in both the
query and the document, there is an x percent chance the document is relevant. We then
assign a probability to term A. Assuming independence of terms, this can be done for each
of the terms in the query. Ultimately, the product of all the weights can be used to compute
the probability of relevance.

In Figure 2.5, we will show the need for training data with most probabilistic models. A
query with two terms, t; and t,, is executed. Five documents are returned and an
assessment is made that the documents two and four are relevant. From this assessment,
the probability that a document is relevant (or non-relevant) given that it contains term t; is
computed. Likewise, the same probabilities are computed for t,. Clearly these probabilities
are estimates based on training data. The idea is that sufficient training data can be
obtained so that when a user issues a query, a good estimate of which document are
relevant to the query can be obtained.

Consider a document, d;, consisting of t terms (wy, Wo, ... ,W;), where w; is the estimate that
term i will result in this document being relevant the weight or "odds" that document d; is
relevant is based on the probability of relevance of each term in the document. For a given
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term in a document, its contribution to estimate of relevance for the entire document is
computed as:
P(w, | rel)
P(w; | nonrel)

Given our independence assumption, we can multiply the odds for each term in a
document to obtain the odds that the document is relevant. Taking the log of the product

yields:
|og[f[ P(w, | rel) Jzilog( P(w; | rel) J

in P(w, |nonrel) ) % P(w; | nonrel)

We note that these values are computed based on the assumption that terms will
independently in the relevant and non-relevant documents. The assumption is also made
that if one term appears in a document, then it has no impact on whether or not another
term will appear in the same document.

The means of estimating the individual term weights by the following two
assumptions[26]:

11: The distribution of terms in relevant documents is independent and their distribution in
all documents is independent. It indicates that terms occur randomly within a document —
that is, the presence of one term in a document is no way impact the presence of another
term in the same document. This states that distribution of terms across all documents is
independent unconditionally for all documents — that is, the presence of one term in a
document is no way impacts the presence of the same term in other documents.

I2: The distribution of terms in relevant document is independent and their distribution in
non-relevant documents is independent. It indicates that terms in relevant documents are
independent — that is, they satisfy 11 and terms in non-relevant documents also satisfy I1.

They also presented to methods, referred to as ordering principles, for presenting the result
set:-

O1: Probable relevance is based only on the presence of search terms in the documents. It
indicates that documents should be highly ranked only if they contain matching terms in
the query (i.e., the only evidence used in which query terms are actually present in the
term.

0O2: Probable relevance is based on both the presence of search terms in documents and
their absence from documents.

Four weights are then derived based on different combination of theses ordering principles
and independence assumptions. Given term, t, consider the following quantities:

- N = number of documents in the collection.

- R =number of relevant documents from a given query q.

- n=number of documents that contain term t.
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- r = number of relevant documents that contains term t.
Choosing 11 and O1 yields the following weight:

| =

wl=log| —-

Z|>

Choosing 12 and O1 yields the following weight:

| =

w2 =log

Choosing I1 and O2 yields the following weight:

R—r
n
N—n

Choosing 12 and O2 yields the following weight:
r

R-—
n—

(N=n)-(R-r)

w3 =log

w4 = log

The claimed advantage to the probabilistic model is that it is entirely based on probability
theory. The implication is that other models have a certain arbitrary characteristics. They
might perform well experimentally, but they lack a sound theoretical basis because the
parameters are not easy to estimate. Either complete training data are required, or an

inaccurate estimate must be made[26].
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2.3.3 Probabilistic Latent Semantic Indexing (PLSI).

Probabilistic Latent Semantic Indexing is a novel approach to automated document
indexing which is based on a statistical latent class model for factor analysis of count data.
Fitted from a training corpus of text documents by a generalization of the Expectation
Maximization algorithm, the utilized model is able to deal with domain-specific synonymy
as well as with polysemous words.

In contrast to standard Latent Semantic Indexing (LSI) by Singular VValue Decomposition,
the probabilistic variant has a solid statistical foundation and defines a proper generative
data model.

Retrieval experiments on a number of test collections indicate substantial performance
gains over direct term matching methods as well as over LSI. In particular, the
combination of models with different dimensionalities has proven to be advantageous [27].

Compared to standard latent semantic analysis which stems from linear algebra and
downsizes the occurrence tables (usually via singular value decomposition), probabilistic
latent semantic analysis is based on a mixture decomposition derived from a latent class
model. This results in a more principled approach which has a solid foundation in statistics.

Considering observations in the form of co-occurrences (w,d) of words and documents,
PLSI models the probability of each co-occurrence as a mixture of conditionally
independent multinomial distributions:

Plwd) = > PEIP(d | A)P(w] ¢) = P(d) 2, Plc | dhP(w] )
o

C

The first formulation is the symmetric formulation, where w and d are both generated from
the latent class ¢ in similar ways (using the conditional probabilities P(d | ¢) and P(w | c)),
whereas the second formulation is the asymmetric formulation, where, for each document
d, a latent class is chosen conditionally to the document according to P(c | d), and a word is
then generated from that class according to P(w | c).
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Figure 2.6 Precision-recall curves for the 4 test collections with term weighting by PLSI
compare to other methods[27].




Chapter 2: Analysis of existed Algorithms and architectures.

Although there are words and documents in PLSI experiments, the co-occurrence of any
couple of discrete variables may be modeled in exactly the same way.

It is reported that the aspect model used in the probabilistic latent semantic analysis has
severe over-fitting problems. The number of parameters grows linearly with the number of
documents. In addition, although PLSI is a generative model of the documents in the
collection it is estimated on, it is not a generative model of new documents [27].

PLSI was proved to be the best mathematical method in such systems compared to LSI and
vector space (tf.df) as shown in Figure 2.6 which shows precision and recall for traditional
centralized search system in different topics including medical and computer science[27].
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2.4 Summary & Conclusion

In this chapter, we have presented existing Algorithms and architectures that are related to
IR systems.

We have analyzed existed programming models such as traditional programming in
addition to OOP & AOP. And programming approaches like UML & AUML with its latest
progresses and developments. We found that our system should be programmed and
developed using agent oriented programming approaches according to its features which
are not found in OOP. But there is no AOP language, so, we tried to build our agent using
JAVA language with AUML architecture.

Also, we have analyzed existed arithmetic IR Algorithms, which is related to our agent
system, like Vector space algorithm, LSI and Probabilistic models. And justify why we
have chosen probabilistic model in our agent which have been proved in some researches.
And we will show that clearly in Chapter 4.
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Chapter 3

Design of Agent architecture.

3.1 Introduction

Due to advances in technology, diverse and voluminous information is becoming available
to decision makers. This presents the potential for improved decision support, but poses
challenges in terms of building tools to support users in accessing, filtering, evaluating and
fusing information from heterogeneous information sources.

Most reported research on Intelligent Information Agents to date has dealt with a user
interacting with a single agent that has general knowledge and is capable of performing a

variety of user delegated information finding tasks[19].

For each information query, the agent is responsible for accessing different information
sources and integrating the results. It is believed that, given the current computational state

of art, a centralized agent approach has many limitations[19]:

(1) A single general agent would need an enormous amount of knowledge to be able to
deal effectively with user information requests that cover a variety of tasks.

(2) A centralized information agent constitutes a processing bottleneck and a “single point
of failure”.

(3) Unless the agent has beyond the state of the art learning capabilities, it would need
considerable reprogramming to deal with the appearance of new agents and information
sources in the environment.

(4) Because of the complexity of the information finding and filtering task, and the large
amount of information, the required processing would overwhelm a single agent.

Because of these reasons and because of the characteristics of the Internet environment, we
employ a distributed collaborative collection of agents for information gathering.

We are currently working on a system where each user is associated with a set of agents
which have access to the internet and select topics and keep track of the current state of the
links, query, environment and user information needs.

Based on this knowledge, the agents decide what information is needed and initiate
collaborative searches with other agents to get the information. During search, the agents
communicate with each other to request or provide information, find information sources,
filter or integrate information, and negotiate to resolve conflicts in information and task
models.

The returned information is communicated to display agent or agents that possibly
combine it with information from other sources (e.g. the user) and/or filter it for
appropriate display to the user.

This Chapter focuses on the design of such agent for the task environment of special topic,
and on the key issues that we will be addressing.
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3.2 Agent Architecture

In a distributed agent framework, we conceptualize a dynamic community of agents, where
multiple agents contribute services to the community. When external services or
information are required by a given agent, instead of calling a known subroutine or asking
a specific agent to perform a task, the agent submits a high-level expression describing the
needs and attributes of the request to a specialized Facilitator agent. The Facilitator agent
will make decisions about which agents are available and capable of handling sub-parts of
the request, and will manage all agent interactions required to handle the complex query.

The advantage of such distributed agent architecture allows the construction of systems
that are more flexible and adaptable than distributed object frameworks. Individual agents
can be dynamically added to the community, extending the functionality that the agent
community can provide as a whole. The agent - system is also able to adapt to available
resources in a way that hard-coded distributed objects systems can't.

Using AUML (Agent UML) we will capture the MAS complexity by role decomposition
and controls MAS environment dynamicity by role/agent entities separation. In terms of
modeling, AUML supports the idea of UML extension toward Agent UML, which results

to the integration of agent classes, role classes and interaction protocols to UML[10],[2].
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3.2.1 Role A (Document Fetcher)

This Agent Role uses "wget" utility for document downloading from the internet. The link
of this document is taken from a storage volume which contains a queue of links to be
fetched. Links queue stars from a set of start Links presented by the administrator.

Every link from this queue is assigned estimation of usefulness of this link for seeking of
new relevant documents. At the first step the newly included to this queue link is assigned
number 1 as its usefulness.

The next stage of this role is the stemming stage, which leads to a logical view of
documents from full text to a set of indexed terms. This stage includes Accent-spacing,

noun-grouping, Stop-words-removing ... until reaching index terms from a full text.

After that, the index terms of the fetched document will be handed to Agent role C, which
is responsible to figure out if the document is relevant or not.

If the document is relevant, Agent role A starts to extract all links from this document
because the probability of relevance of these links is high. These links is handed directly to

Agent Role D.
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3.2.2 Role B (Topic Analyzer)
Using PLSI arithmetic method, this Role is responsible for two major stages:-

Stage 1 includes receiving main target topic terms that is produced by the Administrator
and stored in the topic input volume. PLSI method is used to give a weight these terms, in
addition to index topic's terms that come from relevant documents stored in the Index core
documents collection. Target topics terms weights are continuously modified when each
new relevant document is added to the collection, at the same time these modifications are
saved in Topic Input storage volume, and this loop increases the smartness of the agent.
These modifications are also handed to Agent Role C, which is responsible to figure out if
the document is relevant or not.

Stage 2, starts when Agent Role C decides that the fetched document is relevant, it starts to
analyze the topics of document index terms using PLSI and the global frequency of topic
index terms before adding the relevant document to the collection.
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3.2.3 Role C (Document Evaluator)

This role is responsible to receive index terms from Role A, and Topic index from Role B,
and starts to calculate the relevance of the document, and the weight of it. And then
determine using special filter and comparing with a target threshold, whether the document
Is relevant or not. If the result is positive, then both of roles A and B start their mission on
this new gift. But for negative result Role C ends its job on this not useful document.
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3.2.4 Role D (Links Filter)

At every next step Role A chose from queue a link with maximum value of estimation of
its usefulness, downloads it and evaluates it. If this document is accepted by evaluator then
at next steps agent randomly chose links presented in its text and includes them into Links
queue with usefulness estimation equal 1. If a downloaded document isn’t accepted by
evaluator, then estimation of usefulness of a link of a document, where link to this
document occurs, is decreased. As a result, estimation of the Link usefulness is
approximation of probability of relevance of a link from the document to the collection
topic.

This role has to make sure that all attracted links are useful and not repeated (already
checked before) in order to increase performance. And this is done with help of the stored
documents collection description. So every link has to be filtered and the role decides

whether to add it to Queue or not (which means to end role).
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3.3 Summary & Conclusion

In this chapter we introduced the design of the agent's architecture. Using AUML
including its main four major roles which are, Role A (Document Fetcher), Role B (Topic
Analyzer), Role C (Document Evaluator), and Role D (Links Filter).

And we have discussed the major job of each role and how it works according to its
position in the system.

We noticed the importance of the integrated job of all of the roles to perform the objectives
of the system. AUML was very helpful in describing the flow of data and task handling
between every role of the agent.
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Chapter 4

Development Agent Algorithm.

4.1 Introduction

With the advent of digital databases and communication networks, huge repositories of
textual data have become available to a large public.

Today, it is one of the great challenges in the information sciences to develop intelligent
interfaces for human machine interaction which support computer users in their quest for

relevant information [27].

Although the use of elaborate ergonomic elements like computer graphics and
visualization has proven to be extremely fruitful to facilitate and enhance information
access, progress on the more fundamental question of machine intelligence is ultimately
necessary to ensure substantial progress on this issue.

In order for computers to interact more naturally with humans, one has to deal with the
potential ambivalence, impreciseness, or even vagueness of user requests, and has to
recognize the deference between what a user might say or do and what she or he actually

meant or intended [27].

One typical scenario of human machine interaction in information retrieval is by natural
language queries: the user formulates a request, e.g., by providing a number of keywords
or some free-form text, and expects the system to return the relevant data in some

amenable representation, e.g., in form of a ranked list of relevant documents [27].

Many retrieval methods are based on simple word matching strategies to determine the
rank of relevance of a document with respect to a query.

Yet, it is well known that literal term matching has severe drawbacks, mainly due to the
ambivalence of words and their unavoidable lack of precision as well as due to personal
style and individual deference's in word usage [27].

Latent Semantic Indexing (LSI) is an approach to automatic indexing and information
retrieval that attempts to overcome these problems by mapping documents as well as terms
to a representation in the so called latent semantic space.

LSI usually takes the high dimensional vector space representation of documents based on
term frequencies as a starting point and applies a dimension reducing linear projection.

The specie form of this mapping is determined by a given document collection and is
based on a Singular Value Decomposition (SVD) of the corresponding term/document
matrix.
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The general claim is that similarities between documents or between documents and
queries can be more reliably estimated in the reduced latent space representation than in
the original representation.

The rationale is that documents which share frequently co-occurring terms will have a
similar representation in the latent space, even if they have no terms in common.

LSI thus performs some sort of noise reduction and has the potential benefit to detect
synonyms as well as words that refer to the same topic.

In many applications this has proven to result in more robust word processing.

Although LSI has been applied with remarkable success in different domains including
automatic indexing (Latent Semantic Indexing, LSI), it has a number of deficits, mainly

due to its unsatisfactory statistical foundation[27].

The primary goal of this chapter is to present a novel approach to LSI and factor analysis
called Probabilistic Latent Semantic Analysis (PLSI), that has a solid statistical foundation,
since it is based on the likelihood principle a proper generative model of the data [27].

This implies in particular that standard techniques from statistics can be applied for
questions like modulating, model combination, and complexity control. In addition, the
factor representation obtained by PLSI allows to deal with polysemous words and to
explicitly distinguish between different meanings and different types of word usage.
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4.2 PLSI Method:-

Using PLSI arithmetic method, Roles B and C is responsible to analyze the whole set of
documents from this collection and create the collection description which reflects the
main subjects presented in this collection. We’ve used for this propose probabilistic latent
semantic indexing [3],[5].

The goal of the latent semantic indexing is extraction of latent factors which reflect a set of
narrow topics presented in the given collection.

Letz € Z = {z4,..., z} be set of these factors.

Let denote

e P(z) — probability that randomly selected document from the collection best of all
corresponds to the topic z

e P(d|z) — probability that for the given factor z; this factor best of all corresponds to
the document d;

e P(t|z) — probability that for the given factor z; this factor best of all corresponds to
the word t;.

Here deD={d;,...,d\} is set of all documents from the collection and teT ={ti...., tm} is
set of all terms from this collection.

Functions P(z)), P(d|z) and P(t|z) can be estimated in the process of a likelihood function
maximization. This function is presented in the following form

L=t (d,t) log(P(d,t)),.

Standard Expectation Maximization algorithm is used for maximization of this function.
Two steps are executed on every iteration of this algorithm. The first one is Estimation

P(z)P(d[2)P(t|2)

T SR @pEl )Pl 2)

The second one is Maximization

>.n(d,HP(z|d,t)

Pt]2) = >, AP [d,1)

> n(d,t)P(z|d,t)
>N )P(z|d"1)

P(d|2) =

P(2) :%Zn(d,t)P(z 1d.t), R=n(d

To generate the collection filter we’ve selected the heaviest terms from T. Weight of the
term t is calculated as
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weight(t) = 3" P(2)P(t| 2)

zeZ

In our system we have used the same PLSI method to calculate the weight of every word in
the (core index terms) wc; which is considered to be a dictionary for the topic filter. On the
other hand, we have developed a formula which is considered to be an additional formula
to calculate the weight of every document Wy inside the collection, which is:-

Wd - Z ft,d 'W(t:i
t

This filter describes the Agent's associated Collection topic and is used to quickly calculate
an approximate relevance score for retrieved documents. The goal of the Wy filter is to
extract relevant pages, and abandon junk pages, recommended to the Collection, where the
final arbitrator of relevancy is the collection itself .

Also, this filter monitors a stream of incoming documents and selects those that match a
certain query. The initial topic filter is set by the Collection, Wy basically consists of a term
vector and a recommendation threshold t. The term vector contains terms t with associated
term weights wg;. The threshold t is a positive number used to decide whether a document
is judged relevant enough to be recommended to the Collection .

A document profile as well as a filter name is delivered to the Document Evaluation role.

If f; 4 is the frequency of term t in document d, then the document weight Wy is calculated
by the Document Evaluation Role using mentioned formula.

Only if Wy > 1, then the document d is recommended to the Collection .

This Filter is responsible for the following:
e Recommend document.
e Abandon document.
e Rebuild core terms.
e Automatic refinement a filter on the basis of accurate Wy from the Collection to
improve the quick initial evaluation made by the document evaluation role.
¢ Rank the relevant documents output.

To better reflect the Collection's information needs, the Agent can automatically refine its
filter based on relevance feedback from the Collection. Since the Collection feedback
arrives continuously, the topic filter needs to be iteratively refined .

When any document succeeds in passing throw the filter and threshold the system is
supposed to use this document to modify and re-index the core terms according to the
global frequency (gf) of each term which is calculated too.

We mean by global frequency (gf) by the number (count) of repetition of a term among
succeeded documents and not inside document (local frequency — If). The increase of (gf)
for any term should increase the weight of this term. A suggested formula could be helpful
in rebuilding the core index terms of the agent.
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If a term shows up in a new relevant document weight will be:
w(t) = w(t) + 1/Np

Or
w(t) = w(t) - 1/Np

w(t) : current weight of the term.

w'(t) : new weight for the term.

Np : number of all accepted documents.

The range of the weight is in[0..1] , but this formula is not implemented yet in this work. It
is one of our future works. We recommend this part to be studied carefully.
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4.3 How it works?

The goal of using PLSI method is to analyze the whole set of Administrator’s queries
which reflects information need of him.

This analysis can be used to find new subjects which are interested to him but poorly
presented in the collection core index.

In order to do so we’ve used the following approach. At first graph of all words used in the
Administrator's terms was created. Every word was presented as a vertex of this graph.
Two vertices are joined with an edge if and only if the pair of corresponded words occurs
in the same query.

Every vertex should have a weight which reflects the role of this word in the collection
subject. Some of these words are presented in the collection core and we can use
probabilistic latent semantic indexing to calculate their weights. But a part of words
presented in the queries can be new (not presented in the collection core). To estimate their
weights we’ve used the following method.

We suppose that weight of every new word should be equal to the average value of weights
of words which are neighbors of this word. We’ve used iteration algorithm to estimate
weights of all new words according to this proposal. All information about queries words
and their weights is stored as queries statistics.
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4.4 Summary & Conclusion

In this chapter we have discussed in details the development of the agent algorithm which
depends on PLSI methods and how it works in our agent. We have presented the
mathematical functions that we used inside the agent.

Calculating weights for documents and terms in both document and topics using PLSI
method and threshold formula, was very helpful in estimating the relevance of each
document to agent's object topic.

PLSI was proved to be the best mathematical method in such systems compared to LSI and
vector space (tf.df) as shown in Figure 2.6 which shows precision and recall for traditional
centralized search system in different topics including medical and computer science[27].
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Chapter 5

Implementation and testing.

5.1 Introduction

Intelligent Agents are currently the subject of research by a wide and varied community
worldwide. Intelligent agents have received various, if not contradictory, definitions; this is
not surprising, given the wide variety of goals set by different researchers.

In general, researchers agree that an agent is a complex object that shows some degree of
autonomy and social ability, and combines pro-active and reactive behaviors[16].

To help put agents into a correct engineering perspective, we have included some general
considerations regarding what has been called ’agent oriented programming” AOP [12].

Broadly speaking, our agent can be seen as a process that pursues a number of goals over a
long period of time (relative to the application domain), and somehow reacts and adapts to
the evolution of its environment. A multi-agent system attempts to pursue some kind of
common goals by a combination of cooperation, negotiation and competition among
agents.

From an engineering perspective, our agent-based systems differ from traditional
distributed systems because of their emphasis on distributed problem solving;
programming is at a higher level of abstraction than is currently allowed by mainstream
languages and methodologies.

Distributed object oriented applications are commonly developed by creating or
customizing classes at different levels of abstraction and stacking them, starting from some
communications infrastructure at the lowest layer.

Typically, a traditional system does not incorporate any representation of 2 global or per-
process goals, which remain in the minds of its designers and are somehow lost in the
process of top-down decomposition and distribution over the network.

In contrast, building our agent-based system commonly follows a process that is the
reverse of what is described above. Our agent is described in terms of its high-level
objectives, which usually consist of handling certain messages and events and achieving
given goals; multi-agent frameworks may allow the declaration of objectives for the whole
system.

At runtime, it is possible to trace the reasons (that is, the high-level objectives) that
triggered the observed behaviors of an agent.

Furthermore, agents can often choose between different courses of actions (that is, scripts,
rules, plans, and so on) in order to pursue their objectives, and can try many of them

sequentially or concurrently, depending on their state and that of the environment[16].
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In many instances, agent development frameworks are based on, or allow access to, other
Al technologies (for example, logic or functional programming, knowledge bases, fuzzy
logic, and so on) [16].

Our agent-based system could be seen as little more than an application of patterns such as
the Active Object. However, its development process and tools are different from
conventional distributed programming.

These tools enable the declaration of the objectives and behavior of agents at a higher level
of abstraction and support a corresponding view of the activity of the system at run-time.

Among other advantages, this allows a richer set of distributed architectures than client-
server (including cooperation in teams, market-style negotiation for the distribution of
tasks among participants, and so on) and rapid application development.

The implementation of distributed procedures tends to be direct and straightforward. Thus
a framework for intelligent agents is more than just a scripting language or a set of
components for distributed applications.

Such a framework must facilitate correspondence of the observed behavior of our agent to
some high-level objectives. The framework must also take care of tasks being pursued
concurrently and prioritize them when required.

Importantly, it must help in coordinating potentially conflicting tasks, in choosing the best
course of action when alternatives are possible and reacting appropriately on failure.

Managing these aspects is sometimes referred to as ‘meta-programming’, they are first-
order elements of agent programming and represent another important distinction
compared with traditional procedural or object-oriented programming.

Most frameworks currently available in the research environment have shortcomings. For
example, some of them are based on languages or technologies considered (quite rightly)
esoteric by mainstream engineering.

Also, a very high level language or framework is usually not appropriate to solve problems
for which proven, efficient algorithmic solutions are available.

Moreover, agent-based applications require access to existing computing infrastructures
and software in order to re-use components or information already in place and to add new
functionality to legacy systems (by either ‘wrapping’ them into an agent infrastructure or
adding high-level procedures, such as business rules, as an external component).

These considerations are some of the motivations for JAVA, which we have chosen to
program our agent's classes.
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5.2 Agent Major Classes

Programming such agent is not like programming similar software. We tried to use Java as
a programming language to perform the task and the objectives of our agent. We went
through a lot of difficulties in building agent's classes. So, we started from Class "AgentA™
as shown in Appendix Figure 7.1.

In this class, we tried to construct a simple interface frame that will be used as an agent-
user interface. Its main object is to let the user initiates the agent and enter his options. This
interface is not complicated and it appears like a small window in the middle of the screen.
As shown in Figure 5.1.
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Figure 5.1 Agent-User Interface

This Class is surely created by Main method as well as every Java class. Refer to Appendix
Figure 7.2, shows the call for initiating "AgentA" class.

In Java, all related classes should be compiled and loaded to main memory in order to run
the interface frame successfully. In Figure 5.2, we can see the agent's interface running
with related classes to perform the experiments of this thesis.
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Figure 5.2 Agent's Interface with related classes

In the next section we will discuss the main classes of our system that is critical to perform
our experiments.
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5.2.1 Main Class.

In our system, the main class is called "Interfacel”, which contains the main procedure of
the agent, and a reference intelligent point for the system. In Figure 5.3, we show the
description of the class and its contents of sub-classes and parameters, variables, function,
and declarations.
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5 JFrame
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~A% gdisplayScrallPane

_:i:/ takle
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----- i createCutput)

----- W createTablen

----- #* qereateOutput)
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Figure 5.3 InterFacel Class

We will try to describe in details some of these properties of Interfacel class. As we show,
this class is created after it has been called from AgentA class which contains the main
method (Figure 5.4).

=-[z3] Imports

=l @ Agentd
% pgenth(
- % main(Stringl] args)
Iy packFrame

Figure 5.4 AgentA Class

This class starts with constructing the main frame of the interface window that will appear
after AgentA is initiated. It contains the text-fields, text-areas, scroll panels, hash tables,
and some other parameters that is essential for the agent to start building his own
peripherals which he need to perform user's instructions and queries, as shown in
Appendix Figure 7.3.
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All important components like web address, topic terms, term's frequencies, and files are
declared in this class. An important method in Interfacel class is "createTable()".

This method (Appendix Figure 7.4) is responsible for creating a table of term frequencies
contained in the input document (brought from internet). The same steps are done to create
"qtable™ from user's terms in the input-field (Appendix Figure 7.5).

Another important method of interfacel is "createOutput()" which is essential in
performing an output in the window showing table's values (terms and their frequencies) as
shown in Appendix Figure 7.6.

The same steps of this method is used in "gcreatOutput()" which is used in performing an
output in the window showing query's values (terms and their frequencies) as shown in
Appendix Figure 7.7.

We used the same steps in creating an output for the shared terms between table and query.
This job was handled by "ccreatOutput()" method. In other words, it shows the terms of the
query that exists in table and their frequencies in table. See Appendix Figure 7.8.

As well as all Java applications there should be a method considered to be “"component
initiator”. And this Job in handled in our thesis by method called "jbInit()". As shown in
Appendix Figure 7.9.

The most important part of Interfacel class is that to bring internet document from a user-
given website address or from an addresses queue.

An inner class in interfacel class called "ActionEventHandler" which includes an action
that should be handled after an event happened inside the interface frame's components.

When a text field called "WebURL" the program initiates directly a class that is called
"WGET" which its main job is to bring that document from the internet and save it into a
local file inside the computer. As shown in Appendix Figure 7.10.

The brought file in local volume will be named "Website.html*".
Another important part of interfacel class is to call "stemmer" class, to stem every string

inside the brought file. The stemming stage of the document includes ignoring some words
and phrases, before creating the table. As shown in Appendix Figure 7.11.
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5.2.2 WGET Class.

An important class, which helps the agent to bring any document from the internet, and
fetch any web page address. Similar to WGET command in UNIX, we presented the
WGET class. It contains two important method, “creatAFile™ and "get™" as shown in Figure
5.5.

#-[¢3] Imports

= ’ wget
------ Y createAFile{String outfile, String content)
------ * etiString thellrl, String filename)

'{", FS
Figure 5.5 WGET Class

This class is essential to the system as independent class to be initiated and called when it
is needed. It also, saves the retrieved file into a local storage volume. See Appendix Figure
7.12.

The "wget" class uses "createAFile™ method in order to create a local file contains the
contents of the brought website. As shown in Appendix Figure 7.13.
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5.2.3 Stemming Class.

Every loaded document should be put under an essential treatment. All words inside this
document should be stemmed in order to increase the efficiency of the system.

.| Accent .| Stop | Noun R ) .| Indexing
Docs | Spacing [+ | words [ "} groups |1~ Stemming i
1 1 1 1 !
\ / : : : : |
: : : : |
Structure . | | | !
. : : : : !
[} [} [} [} [} !
v v v v v v
Structure Full text =-----cccmmm e e e - » Index Terms

Figure 5.6 Converting full text to indexed terms through stemming

Our object is to get to a logical view of documents from full text to a set of indexed terms
(Figure 5.6). We mean by "Full text (doc)" by logical view of terms (representation)
because modern approach IR agents are making it possible to represent a document by its
full set words.

are steps like:-
1- Eliminate stop words: such as articles and connectives.
2- ldentifications of Noun Groups: verb, adverb, adjectives.
3- Use stemming: Identification grammatical root.
4- Indexing : set of terms.

The "Stemmer" class agent (Figure 5.7) is responsible to do the part of Transformation
(Text Operations) in our system.
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Figure 5.7 Stemmer Class

By implementing the stemmer class in order to transform a word into its root form, the
input word can be provided a character at a time (by calling "add()" method) -shown in
Appendix Figure 7.15, or at once (by calling one of the various stem() methods).

In Appendix Figure 7.14, we can see the declaration and main parameters of stemmer
class.

The same steps in add() method, is used in other case of characters but faster that the
previous one as shown in Appendix Figure 7.16.

After a word has been stemmed, it can be retrieved by "toString()" method. (Appendix
Figure 7.17)

Stemmer class contains the ability of returning the length of the word resulting from
stemming process using i_end variable And "getResultLength()" function. (Appendix
Figure 7.18)

Sometime we need to return a reference to a character buffer containing the results of the
stemming process. This can be done with the help of "getResultBuffer()" method. As
shown in Appendix Figure 7.109.
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Appendix Figure 7.20 shows a part of stemmer that is concerned with consonant cases.

The following function method can measures the number of consonants not vowels in the
word to be treated later on. See Appendix Figure 7.21.

For sure we do need a vowel checker to indicate if or not the word contains vowel. See
Appendix Figure 7.22. Note that this method depends on cons().

In some cases in English language we do need to indicate if there exists a double consonant
in the word or not. This job is handled by "doublec() method " as shown in Appendix
Figure 7.23.

Special cases in English language when some words contains consonant-vowel-consonant
and the second consonant is not w,x, or y, we need the following step to restore an "e" at
the end of the word. (e.g. cav(e), lov(e) ...). See Appendix Figure 7.24.

Appendix Figure 7.25 shows a string's end checker which is helpful in some cases in
English words.

After a word is stemmed we need to take part of word's letters and ignore others. So we use
the following method do this job. See Appendix Figure 7.26 And Appendix Figure 7.27.

The stemming procedure on any word should pass through many steps. We will discuss
these steps in the next methods.

Let us start with step1, which removes plurals and —ed or —ing from the word that is to be
stemmed. See Appendix Figure 7.28.

Step 2, is important to turn terminal y to i when there is another vowel in the string.(
Appendix Figure 7.29).

Step 3, is important to map double suffices to single ones, for special cases. See Appendix
Figure 7.30

Step 4, uses strategy similar to step 3 but deals with cases of words contains —ic-, -full, -
ness. etc. See Appendix Figure 7.31.

Step 5, takes of word's ends like —ant, ence, etc. in some cases. As presented in Appendix
Figure 7.32.

Last step is step 6 , which removes "e" in some word that lasts with it. See Appendix
Figure 7.33

All words that are needed to be stemmed should go through the six steps. The method
called "stem()" applies all these steps in every word. As shown in Appendix Figure 7.34.
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5.2.4 PLSI Class.

In this class, we tried to implement PLSI mathematical method inside our agent. Its main
job is to evaluate (estimate) the weights of documents, topics and terms. We have used
three major C++ language programs to calculate our readings.
Let us start with "mex_EMstep.c™*
step of (T)EM given the parameters
usage: Y = mex_EMstep(X,C,Pw_z,Pz_d)
or Y =mex_EMstep(X,C,Pw_z,Pz_d,beta)
where X' is the term-document matrix, 'C' the normalization constant (evaluated at the non
zero points of 'X', 'Pw_z' the conditional distribution over words given the topics, 'Pz_d'
the document conditioned distribution over the topics. ‘beta’ \elem (0,1) for tempered EM.
(default: 1) 'X'and 'C' have to be sparse (and of the same structure).

(Appendix Figure 7.35). mex_EMstep performs one

Another important C++ program is "mex_Pw_d.c", which computes the normalization
constant during learning for PLSI. The elements are computed only at those positions
needed. See Appendix Figure 7.36.

The third C++ program used in PLSI implementation was "mex_logL.c". Which syntax is
logL = mex_logL(X,Pw_d,Pd)

where X is the term-document matrix, Pw_d the distribution over the words given the

documents and Pd the prior distribution over the documents. X and Pw_d need to be sparse

(and of the same structure). See Appendix Figure 7.37.

! peter Gehler, Max Planck Institute for biological Cybernetics, pgehler@tuebingen.mpg.de, Feb 2006
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5.2.5 Get Links Class.

A very important part in the program, is "Getlinks" class. As mentioned before in chapter
three, if a document passes the threshold condition and found relevance to agent's object
topic, the links inside this document has a good possibility to be relevant too. The agent
should be able to get these links to be fetched in the queue after have been checked by
"Role D". Appendix Figure 7.38, shows this part of our system.

This job is done with the help of "getReader()" methods, which checks all parts of the
document begins with "http:" in order to recognize a link inside a document. See Appendix
Figure 7.39.
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5.3 Testing Experiments

In order to test our system, -using the previously mentioned methods and classes- we have
made a collection of documents about computer science topic. Some of these documents
are relevant to our topic which we have selected to be a test-topic for our system.

The documents we have collected, contains terms and links to each other. The following
table 5.1 shows the relevance of each document in our test-collection. Then we applied two
tests to this collection.

The first test was by applying traditional topic-search system that uses PLSI method on this
collection. In fact we used a duplicate of our system but has no filters or thresholds in it.
Then we calculated precision and recall. The details will be presented later in the next
section.

The second test was by applying our topic-search agent system that uses PLSI method on
this collection with our filter with thresholds inside it. Then we calculated precision and
recall too. The details will be presented later in the next sections.

Comparing the results of both experiments indicate the precision and recall of our
architecture and design is better than the other one. In chapter six, we will discuss in details
the advantages of our system.

As we can see in table 5.1, more than a hundred documents are involved in the collection
and used in both experiments one and two. The relevant documents are selected carefully
to be about a topic that we are familiar with. for example, the first experiment was about
computer science which we can decide whether the document is relevant or not.
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Table 5.1 Relevance of Test Document Collection

Docs Relevant? Docs Relevant? Docs Relevant? Docs Relevant?
D001 FALSE D033 FALSE D065 FALSE D097 TRUE
D002 FALSE D034 TRUE D066 TRUE D098 TRUE
D003 FALSE D035 TRUE D067 FALSE D099 FALSE
D004 FALSE D036 TRUE D068 TRUE D100 FALSE
D005 TRUE D037 FALSE D069 FALSE D101 FALSE
D006 FALSE D038 FALSE D070 TRUE D102 TRUE
D007 FALSE D039 FALSE D071 FALSE D103 TRUE
D008 FALSE D040 FALSE D072 TRUE D104 FALSE
D009 FALSE D041 FALSE D073 FALSE D105 FALSE
D010 FALSE D042 FALSE D074 FALSE D106 TRUE
D011 FALSE D043 FALSE D075 FALSE D107 FALSE
D012 FALSE D044 FALSE D076 FALSE D108 FALSE
D013 FALSE D045 TRUE D077 FALSE D109 TRUE
D014 FALSE D046 FALSE D078 FALSE D110 FALSE
D015 FALSE D047 FALSE D079 FALSE D111 FALSE
D016 FALSE D048 FALSE D080 FALSE D112 FALSE
D017 FALSE D049 FALSE D081 TRUE D113 TRUE
D018 TRUE D050 FALSE D082 FALSE D114 FALSE
D019 TRUE D051 FALSE D083 FALSE D115 FALSE
D020 TRUE D052 FALSE D084 FALSE D116 FALSE
D021 FALSE D053 FALSE D085 FALSE D117 FALSE
D022 FALSE D054 FALSE D086 FALSE D118 FALSE
D023 FALSE D055 FALSE D087 FALSE D119 FALSE
D024 FALSE D056 FALSE D088 FALSE D120 FALSE
D025 FALSE D057 TRUE D089 FALSE D121 FALSE
D026 FALSE D058 FALSE D090 TRUE D122 TRUE
D027 FALSE D059 FALSE D091 FALSE D123 FALSE
D028 TRUE D060 FALSE D092 FALSE D124 TRUE
D029 FALSE D061 FALSE D093 TRUE D125 TRUE
D030 FALSE D062 FALSE D094 FALSE D126 FALSE
D031 FALSE D063 FALSE D095 FALSE D127 TRUE
D032 FALSE D064 FALSE D096 TRUE D128 TRUE

The next step was to select terms in our selected topic and apply our software to get the
document-term matrix (frequencies). Then to calculate the weight of each term in the topic
using methods mentioned in chapter 4. using the following formula:

weight(t) = > P(z)P(t] 2)

The following four tables, Table 5.2, 5.3, 5.4 and 5.5 shows the document-term matrix
with term's weights in the selected topic
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Table 5.2 Document[1..32]-Term matrix with P(w|z)

Weight | 07255 | 0.98855 | 0.40884 | 0.07852 | 0.55437 | 0.18809 | 0.84572 | 0.71445 | 012924 | 0.95807 | 0.86022 | 0.6425
Docst il t2 t3 14 t5 th 7 t 19 t10 111 t12
D1 93 85 95 14 59 B6 50 28 9 73 47 96
D2 58 47 55 32 93 74 96 75 g1 16 87 21
03 k)l 53 9 72 36 3 23 38 a7 55 7 3
D4 77 84 43 B8 70 17 46 3 50 4 99 40
D5 7B 24 43 30 20 12 84 g 54 g9 57 0
D& 54 58 15 51 5] a7 16 20 23 35 4 g4
o7 30 50 29 B0 g 72 27 5 B8 81 17 26
=] 96 5 83 74 25 21 16 7 4 38 42 17
D9 39 g a7 21 e B4 94 95 B0 51 25 18
D10 1 0 g9 58 40 7 43 56 59 ] 3 g5
D11 92 0 12 46 58 10 32 29 2 58 17 35
D12 jala] 27 39 28 91 78 B0 BE 42 97 51 =]
D13 B7 7B 12 71 90 g7 9 g 97 73 56 89
D14 29 N 97 5 30 7 97 73 37 19 52 99
D15 a4 B 3 42 36 ) 32 a7 47 ] o] a1
D16 56 12 59 7B 45 70 37 52 34 41 45 17
D17 42 83 0 84 58 55 il g B4 55 52 0
D15 36 97 25 13 3 71 19 19 97 93 54 7
D18 38 X 1 1 a7 15 95 Jajs] g2 52 97 a7
020 43 5 43 21 19 19 75 16 B4 15 1 20
021 ] 28 55 20 52 34 36 30 45 95 35 3
D22 59 44 2 11 45 B3 30 52 5 51 46 3
D023 3 0 75 80 67 0 97 50 92 51 59 72
D24 51 34 45 51 95 B0 a4 51 20 95 50 31
025 50 5 66 71 32 52 54 12 40 E)l 4 2
D26 42 31 72 7B 83 3 73 54 18 52 93 74
D27 9 B 71 20 7B 14 31 71 18 4 7 24
D23 51 89 0 47 2 2 99 17 X 42 2 13
D29 56 56 79 50 72 15 70 81 4 84 g 1
D30 17 42 21 B4 55 49 99 o] 16 55 o] 70
D31 g4 70 2B 4 33 43 1 87 7 3 58 79
D32 33 75 59 79 95 15 35 54 14 a7 55 59
Table 5.3 Document[33..64]-Term matrix with P(w|z)
| Weight | 07258 | 0.98858 | 0.40884 | 0.07882 | 0.55437 | 0.18809 | 084872 | 071448 | 0.12924 | 0.95807 | 0.86022 | 0.6425

jul t2 t3 14 t5 th 7 t8 t9 t10 11 t12

D33 &3] 55 75 B9 95 &0 49 45 3 55 15 9
034 32 56 13 25 9 79 58 10 19 88 g7 95
D035 80 31 55 g 0 5 32 52 g1 57 7 93
D36 93 92 41 41 B 24 B8 34 7 B3 75 73
D37 9 50 96 ] 45 96 95 84 72 42 37 29
D35 7B 50 5 g2 48 27 9 16 59 26 52 B8
D39 20 a 33 46 10 g7 B9 16 78 95 75 38
D40 B2 58 20 B5 97 7 38 77 a7 41 10 43
D41 94 74 32 27 93 2 N 79 29 29 17 3
D42 21 57 43 18 55 g8 72 g2 &7 24 a3 a9
D43 g7 54 0 g8 &7 X g4 79 90 23 3 95
D44 a7 43 54 53 45 g8 35 14 89 59 10 a7
D45 2 o)) 7 11 42 a2 20 39 34 73 95 37
D46 45 54 7B 40 g2 17 14 21 59 10 73 77
D47 58 56 95 32 a0 40 75 92 16 91 43 2
D45 a9 B3 Al 90 g1 96 a8 33 40 a0 39 34
D49 B2 50 g1 g8 87 32 39 93 92 16 12 56
D50 26 29 21 86 76 10 57 45 44 32 22 5
D51 34 35 27 49 44 ] B0 99 34 49 9 9
D52 45 52 33 B5 38 9 37 4 4 22 84 67
D53 51 10 12 58 77 17 71 35 53 1 &7 47
D54 14 59 o4 70 &7 37 22 o8 78 34 22 17
D55 21 19 85 93 70 35 7 99 14 60 5} g6
D56 25 97 99 93 75 76 99 J&5] 72 70 5] 54
D57 37 58 18 83 k)l 3 86 11 45 49 84 25
D58 43 10 58 55 54 14 13 30 g g7 24 16
D58 58 79 55 38 3 58 38 77 92 27 43 44
D60 a7 Jajs] 7 19 98 b5 23 21 53 7 98 40
D61 29 85 48 2 55 g 23 87 g1 19 36 52
D2 g9 51 &7 7 95 36 83 7 56 54 56 39
DB3 23 53 20 29 39 70 95 98 80 7 45 B6
D64 90 26 0 93 36 39 g7 91 38 g 47 5
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Table 5.4 Document[65..96]-Term matrix with P(w|z)

| Weight 0.7258 0.98858 | 0.40884 | 0.07882 | 0.55437 | 018809 | 0.84872 | 0.71448 | 012924 | 0.95807 | 0.85022 | 0.6425

t1 {2 3 14 t5 th 17 =] ) t10 t11 112
DR5 o] 0 o] 22 0 a1 o] 0 o] 74 0 15
DRE ] [=ta] 18 ] 17 ] jata) 29 ] E5 [=ta] ]
DE7 13 E1 2 (=t 0 0 0 0 0 0 40 o7
(0]=t=] 50 = o] o] 0 o] a7 0 o] o] =] 78
DRS B0 0 48 ] 0 ] 47 [=ta] A0 ] 0 ]
070 ] 29 ] ] 0 g ] 0 o7 ] 71 16
071 39 13 17 (== 0 a7 o] 0 o] o] 0 o]
072 ] 48 ] ] 21 ] ] 77 A3 E7 g3 ]
073 ] 0 =] 53 0 28 B5 0 13 o8 11 ]
074 25 50 o] o] 0 58 93 42 o] a7 0 70
075 52 0 97 ] 45 1 E2 73 ] 23 0 A1
076 ] 24 ] 77 0 11 ] 0 ] 77 7 ]
077 o] 0 35 45 0 o] 91 35 70 75 0 o]
07e 72 0 [=ta] 1] 0 0 0 o2 =i 0 0 0
07e ] 0 ] 31 57 24 ] 49 ] ] 0 ]
0e0 42 0 o8 16 o5 A5 o] 32 95 7 o5 o]
Da1 0 0 0 0 0 0 7B 0 0 41 0 B2
0g2 ] 0 28 BE 38 g ] 0 ] (=13 17 76
0a3 o] 21 14 B0 0 23 a8 0 9 o] B85 o]
0g4 16 0 0 == 42 o7 0 o3 24 0 19 0
(=) o] 0 78 50 38 15 o] 55 o] o] 0 =1l
DEE ] o5 ] BB 0 ] 4 0 ] 23 0 ]
Da7 0 23 13 =] A5 0 0 o3 o3 == 74 o3
0es o] 0 38 o] 0 o] 28 40 30 72 0 o]
0Es ] 0 ] jata) 0 A0 71 20 ] ] 4 =)
090 32 43 38 ] 23 ] [t} 0 71 ] 0 79
09 a7 21 = 1 17 o] o] == o] 4 0 o]
0a2 A0 0 97 g7 45 A1 ] g2 74 ] 0 14
093 ] 32 ] ] [=ta] 28 50 0 ] a7 E5 13
094 o] =51 33 15 0 93 93 A8 a8 54 57 26
095 ] 23 49 53 0 ] ] 0 ] [&t=} 32 ]
D95 ] 71 ] ] 75 ] ] 25 ] ] o5 ]

Table 5.5 Document[97..128]-Term matrix with P(w/|z)
| Weight 0.7258 0.98858 | 0.40884 | 0.078582 | 055437 | 018809 | 0.84872 | 0.71448 | 012924 | 0.95807 | 0.86022 | 0.6425

t1 {2 3 14 t5 th 17 =] ) t10 t11 112
D9y o] 0 o] o] 0 o] 24 0 i) o] =5 38
0as 95 0 ] ] 0 ] ] 0 G4 ] 47 ]
099 52 29 0 28 20 0 0 43 0 B0 48 3
D100 27 0 29 7 79 o] 13 93 o] 32 45 45
D101 ] 0 [=ie] ] 0 11 1 0 ] 77 0 ]
D102 ] =] 7 26 33 ] ] 38 85 48 75 A7
D103 o] 77 G4 o] 0 o] o] 0 a7 o] 12 o]
0104 53 G4 ] ] 0 S5 ] L5 95 58 0 ]
D105 47 2 15 51 0 ] ] 4 a3 11 0 ]
D105 o] 0 o] o] 51 o] 53 29 A0 a7 30 o]
D107 18 0 47 g1 13 =] =[5} 34 26 18 0 ]
D108 ] 0 ] ] 0 85 57 0 o5 ] 0 ]
D109 52 0 A5 o] 27 o] 78 0 77 o] 25 79
0110 ] 0 ] ] 0 A1 ] 0 ] 70 0 ]
D111 B8 o9 30 ] 0 85 ] 0 ] 3 0 57
0112 16 0 16 o] 0 55 o] 71 19 82 32 o]
D113 49 = 0 9 0 0 21 0 0 S5 0 0
0114 ] 0 ] ] 0 56 91 0 ] ] 27 =
0115 o] 0 2 o] E7 ]l 29 [=ta] 41 B4 24 o]
D11E 1] o2 7 14 =] 45 0 [=i=) a7 0 70 0
D117 ] 0 ] =] 31 B0 =] 0 34 ] 44 ]
0118 A6 a5 [as] o] 45 o] 10 B3 o] o] 0 M
D119 17 0 0 48 0 18 0 o4 0 0 53 0
0120 ] 1 21 a1 0 19 ] 1 o3 30 78 G1
0121 o] 53 48 75 0 49 A0 17 o] o] 9 o]
D122 0 [=i=) 0 0 0 0 0 19 84 0 0 0
D123 a7 0 o] 12 0 1] o] 78 o] o] 0 34
0124 53 B85 74 o] 0 o] 13 0 A5 21 0 39
D125 0 o4 0 0 0 =] 0 0 0 0 75 B2
D126 o] 0 o] 72 54 19 56 0 77 14 78 o]
0127 ] 42 ] 4 0 ] 28 0 5] B3 0 ]
D128 0 =] 44 31 0 0 0 0 28 12 20 0
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Using the following formulas, we calculated the weights of each document in the
collection.
t
Wd = Z ft,d Wi
t
we got the following results in tables 5.6, 5.7, 5.8 and 5.9

Table 5.6 Weighted terms and document [1..32] in PLSI

Docurments t1 2 t3 t4 t5 6 7 8 3 t10 t11 12 YWeight

Do1 0.054652 | 0.105432 | 0.048732 | 0.001385 | 0.041035 | 0.015576 | 0.053245 | 0.00454 | 0.1093391 [0.0758791 | 0.050725 | 0.07739 | 0.67094

D02 0.086505 | 0.062367 | 0.035671 | 0.0033586 | 0.069203 | 0.0186583 | 0.109365 | 0.013011 | 0.104166 | 0.018475 | 0.100455 | 0.018111 | 0.609357

D03 0.08625 | 0.130957 | 0.009195 [ 0.014155 | 0.045893 | 0.001411 | 0.048801 | 0.012278 | 0.136525 | 0.146237 | 0.015054 | 0.0045819 | 0.625641

Do4 0.0929589 | 0.1358171 [ 0.029251 | 0.008315 | 0.064569 | 0.005327 | 0.05436 | 0.000645 | 0.079706 | 0.005725 | 01417 |0.042762 0674718

Dog 0.110985 | 0.047738 | 0.035372 | 0.004755 | 0.022309 | 0.004541 | 0.14344F | 0.00205 | 0.104096 | 0.154043 | 0.098657 0 0.728029

DO& 0.090515 | 0.15525 | 0.014163 | 0.009284 | 0.007682 | 0.02476 |0.031361 | 0.00597 | 0.050591 | 0.0695353 | 0.007947 | 0124642 | 0.591955

Doy 0.045051 | 0.122805 | 0.024547 | 0.009791 | 0.009152 | 0.025035 | 0.047444 | 0.001335 | 0.134554 | 014426 | 0.030277 | 0.034586 | 0.632233

Dog 0.140761 | 0.009986 | 0.068553 | 0.0117583 | 0.027995 | 0.00795 |0.027433 | 0.00966 | 0.0759355 | 0.066037 | 0.072955 | 0.022066 | 0.544501

Dog 0.04648 | 0.012956 | 0.065115 [ 0.002715 | 0.024575 | 0.019766 [ 0.131001 | 0.020161 | 0.094391 | 0.086163 | 0.035313 | 0.01899 | 0.557666

D10 0.001646 il 0.05251 | 0.010366 | 0.050253 | 0.002986 | 0.0582755 | 0.016411 [ 0128177 0 0.005852 | 0.123838 | 0.504524

D11 0. 162466 u] 0.011937 | 0.005522 | 0.0752352 | 0.004576 | 0.06608 | 0.009119 |0.051254 [ 0.121394 | 0.035581 | 0.054714 | 0.604205

D12 0.055224 | 0.0536266 | 0.021664 | 0.003105 | 0.058543 | 0.019933 | 0.0691585 | 0.011559 | 0.054672 | 0.113371 | 0.0712595 | 0.078567 | 0.60342

D13 0.066161 | 0102221 | 0.006675 | 0.007614 | 0.067882 | 0.022264 | 0.010392 | 0.001407 | 0.126439 | 0.085437 | 0.065541 | 0.077799 | 0.639532
D14 0.033043 | 0141226 | 0.062257 | 0.000742 | 0.0261058 | 0.002067 | 0.12924 | 0.014811 | 0.055649 | 0.025658 | 0.070222 | 0.099555 | 0.660578

D15 0.082166 | 0.012435 | 0.002571 | 0.00694 | 0.041583%9 | 0.0220582 | 0.056937 | 0.015444 | 0.094401 | 0.009017 | 0.158699 | 0.068695 | 0.57 1226

D16 0.073366 | 0.021413 | 0.050921 |0.010813 | 0.04503 | 0.023766 | 0.086653 | 0.012131 | 0.055799 | 0.063662 | 0.069573 | 0.019716 | 0.506173

D17 0.0573 | 0.154233 0 0.012445 | 0.060439 | 0.019445 | 0.017549 | 0.001543 | 0.115257 | 0.105102 | 0.100251 0 0.643965

D18 0.042003 | 0.154168 | 0.036151 | 0.001647 | 0.027629 | 0.02147 |0.025926 | 0.003945 | 0.145941 | 0.128618 | 0.088511 | 0.02789 |0.707376

D19 0.096773 | 0.040442 | 0.000619 | 0.000115 | 0.047877 | 0.004275 | 0.122164 | 0.017232 | 0.119033 | 0.067775 | 0.126425 | 0.055489 | 0.695225

D20 0.074843 | 0.011853 | 0.048041 | 0.003965 | 0.025259 | 0.00857 | 0.152647 | 0.004959 | 0.147042 | 0.030343 | 0.146464 | 0.0305815 | 0.635407

D21 0.007941 | 0.060569 | 0.060554 | 0.003445 | 0.053079 | 0.013994 | 0.066855 | 0.005454 | 0.094339 | 0.1584467 | 0.071525 | 0.004215 | 0.639761

D22 0.101715 | 0.10332 | 0.001942 | 0.002055 | 0.059256 | 0.025146 | 0.060479 | 0.019033 | 0.011579 | 0.104207 | 0.093991 | 0.004575 | 0.590105

D23 0.003174 0 0.044558 | 0.009192 | 0.054144 0 0.120009 | 0.015072 | 0.128488 | 0.063952 | 0.086524 | 0.067434 | 0.592656

D24 0.065397 | 0.0496458 | 0.027175 | 0.007102 | 0.077792 | 0.01667 | 0.067697 | 0.011645 | 0.025303 | 0.12071 | 0.076235 | 0.02942 |0.5777598

D25 0.077876 | 0.010507 | 0.057904 | 0.012009 | 0.038065 | 0.020989 | 0.116562 | 0.003325 | 0.052238 | 0.057225 | 0.075685 | 0.002755 | 0.555248

D26 0.040163 | 0.105501 | 0.038783 | 0.007592 | 0.060623 | 0.007652 | 0.051629 | 0.0051595 | 0.022721 | 0.070265 | 0.1056402 | 0.062642 | 0.612502

D27 0.01861 |0.016699 | 0.0827 [0.004431 | 0.120035 | 0.007502 | 0.074955 | 0.026143 | 0.049132 | 0.009503 | 0.017155 | 0.043932 | 0.471359

D28 0.09467 | 0.225022 0.009475 | 0.0025836 | 0.000962 | 0.214893 | 0.005619 | 0.066155 | 0.092402 | 0.0044 |0.021362 |0.7377599

0
D29 0.070564 | 0.096112 | 0.056074 | 0.006542 | 0.069236 | 0.004595 | 0.103143 | 0.0158174 | 0.006653 | 0.125443 | 0.011548 | 0.001115 | 0.570268

D30 0.019773 | 0.066539 | 0.013759 | 0.008084 | 0.057747 | 0.01477 |0.134653 | 0.012013 | 0.024566 | 0.089606 | 0.079956 | 0.072075 | 0.593542

D31 0.118383 | 0.13437 | 0.02064 |0.000612 | 0.035523 | 0.015705 | 0.015125 | 0.021833 | 0.013022 | 0.005011 | 0.113582 | 0.095555 | 0.595368

D32 0.032676 [ 0.101151 | 0.035456 | 0.003495 | 0.071545 | 0.003545 | 0.040526 | 0.014811 | 0.018289 | 0.1021 | 0.058067 | 0.073012 | D.578318

Table 5.7 Weighted terms and document [33..64] in PLSI

Docurments t1 2 t3 t4 t5 6 7 8 3 t10 t11 12 YWeight

D33 0.094574 | 0.0523582 | 0.046459 | 0.010625 | 0.0580636 | 0.022799 | 0.063011 | 0.005812 | 0.004355 | 0.075555 | 0.01955 | 0.008761 | 0.517563

D34 0.039975 | 0.1123 | 0.009145 | 0.003392 | 0.008587 | 0.025575 | 0.084726 | 0.002224 | 0.031331 | 0.130251 | 0128811 | 0.105056 | 0.661417
D35 0.099935 | 0.15375823 | 0.045739 | 0.001085 0 0.001619 | 0.046745 | 0.013752 | 0.133565 | 0.099199 | 0.010364 | 0.102544 | 0.692715

D36 0.109934 | 0.145126 | 0.0273 |0.005263 | 0.005417 | 0.007352 | 0.089845 | 0.007157 | 0.0105923 | 0.085264 | 0.108076 | 0.076385 | 0.651048

D37 0.009536 | 0.115455 | 0.057257 0 0.036415 | 0.02636 | 0.117706 | 0.015845 | 0.100702 | 0.052743 | 0.046464 | 0.027201 | 0.605731

D38 0.106253 | 0.095233 | 0.004726 | 0.012453 | 0.051271 |0.0057585 | 0.014718 | 0.003984 | 0.108914 | 0.043094 | 0.056185 | 0.084181 | 0.620836

D39 0.026245 | 0.008596 | 0.023464 | 0.006305 | 0.009641 | 0.025459 | 0.101846 | 0.003596 | 0129964 | 0.146611 | 0.112203 | 0.042461 | 0.635353

D40 0.063529 | 0.095352 | 0.052152 | 0.007267 | 0.076275 | 0.001868 | 0.10594 | 0.014116 | 0.077461 | 0.080027 | 0.012202 | 0.039185 | 0.595716

D41 0.114664 | 0.122343 | 0.0215988 | 0.003577 | 0.091308 | 0.005955 | 0.129804 | 0.01716 | 0.046656 | 0.041927 | 0.024578 | 0.003233 | 0.6245845

D42 0.022886 | 0.099452 | 0.030058 |0.001594 | 0.056602 | 0.024553 | 0.091754 | 0.015912 | 0.0963582 | 0.0309599 | 0.0658456 | 0.056915 | 0.596157

D43 0.089313 | 0.05549 0 0.009511 | 0.052536 | 0.007153 | 0.100835 | 0.014441 | 0.121961 | 0.0279585 | 0.00365 | 0.0586333 | 0.60354

D44 0.058434 | 0.070379 | 0.036552 | 0.006316 | 0.041302 | 0.027404 | 0.043181 | 0.0029596 | 0.141173 [ 0.084025 | 0.014242 | 0.060633 | 0.6033

D45 0.003037 | 0.1536498 | 0.005957 |0.001514 | 0.045871 | 0.020452 | 0.035511 | 0.010545 | 0.065147 | 0.131373 | 0.170964 | 0.049733 | 0.6562752

D4 0.057502 | 0.0935985 | 0.054704 | 0.005551 | 0.050032 | 0.005629 | 0.020918 | 0.004775 | 0.099518 | 0.015145 | 0.110556 | 0.057099 | 0.635419

D47 0.073554 | 0.097237 | 0.058493 | 0.003755 | 0.041309 | 0.011213 | 0.094564 | 0.01772 | 0.022845 | 0.116662 | 0.055126 | 0.001915 | 0.594696

D4g 0.058341 | 0.054551 | 0.080657 | 0.009665 | 0.061177 | 0.0245 |0.067065 | 0.0055811 | 0.052211 | 0.058555 | 0.045707 | 0.029762 | 0.545474

D439 0.060565 | 0.106442 | 0.044571 | 0.009335 | 0.064913 | 0.005101 | 0.044545 | 0.017046 | 0.11863 | 0.018524 | 0.0135893 | 0.045425 | 0.5549595

D50 0.04067 | 0.061756 | 0.018504 [ 0.0148039 | 0.090802 | 0.004054 | 0122652 | 0.012534 | 0.090851 | 0.069326 | 0.040756 | 0.005305 | 0.564752

D51 0.045783 | 0.069696 | 0.02045 |0.007165 | 0.045255 | 0.001745 | 0.094477 | 0.023735 | 0.060435 | 0.075202 | 0.145232 | 0.010725 | 0.602936

D52 0.065716 | 0.103433 | 0.027146 | 0.010305 | 0.042386 | 0.003406 | 0.063154 | 0.010662 | 0.007711 | 0.035078 | 0.145389 | 0.056615 | 0.604035

D53 0.071321 | 0.019045 | 0.009453 | 0.010327 | 0.052245 | 0.006161 [0.116106 | 0.005716 | 0.097538 | 0.0158232 | 0.11105 | 0.055184 | 0.605653

D54 0.017459 | 0.100217 | 0.037934 | 0.00945 | 0.063519 | 0.011958 | 0.032052 | 0.01285 | 0.125401 | 0.124155 | 0.032517 | 0.018767 | 0.559669

D55 0.026616 | 0.031568 | 0.055406 | 0.01232 | 0.06522 | 0.011064 | 0.0099585 | 0.021504 | 0.022543 | 0.056745 | 0.005674 | 0.092866 | 0.446511

D56 0.021247 | 0.112286 | 0.0473595 | 0.0085583 | 0.0458686 | 0.016739 | 0.0953585 | 0.013317 | 0.080774 | 0.07051 | 0.006044 | 0.040626 | 0.564555

D57 0.050669 | 0.108184 | 0.013585 | 0.012344 | 0.032425 | 0.001085 | 0.137717 | 0.002652 | 0.081346 | 0.07953 | 0.136337 | 0.030307 | 0.68549

D58 0.075751 | 0.0235995 | 0.057555 | 0.010522 | 0.07266 |0.006391 | 0.02675 | 0.005411 | 0.015603 | 0.181645 | 0.05011 | 0.024951 | 0.555378

D59 0.068785 | 0.127611 | 0.036742 | 0.004594 | 0.0027158 | 0.017826 | 0.052695 | 0.016261 | 0.144024 | 0.037551 | 0.06044 | 0.046193 | 0.616141

DB0 0.071524 |0.151033 [0.004565 | 0.0026 | 0.03432 |0.021225) 0.03359 | 0.004712 | 0.055156 | 0.010454 | 0.146357 | 0.044615 [ 0.674157

DEB1 0.040092 | 0.160086 | 0.037358 | 0.0003 | 0.058077 | 0.0025866 | 0.037152 | 0.021417 | 0.147517 | 0.031132 | 0.058957 | 0.063635 | 0.655942

DB2 0.087174 | 0.065504 | 0.036967 | 0.00581% | 0.0715821 | 0.008138 | 0.095066 | 0.005453 | 0.072405 | 0.062655 | 0.08501 | 0.0335816 | 0.616768

DB3 0.024019 | 0.075385 | 0.052543 | 0.003285 | 0.03110% |0.015944 | 0116012 | 0.015224 | 0.110251 | 0.008664 | 0.055695 | 0.061014 | 0.575556

DE4 0.116433 | 0.045517 0 0.013066 | 0.035575 | 0.013076 | 0.13162 | 0.020964 | 0.0645596 | 0.012267 | 0.072065 | 0.0065872 | 0.532658
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Table 5.8 Weighted terms and document [65..96] in PLSI
Docurments t1 2 t3 t4 t5 6 7 8 3 t10 t11 12 YWeight
DES 0 0 0 0.009031 0 0.07935 0 0 0 0.331543 0 0.060195 | 047012
DBB u] 0.248607 | 0.022982 u] 0.027883 u] 0.138105 | 0.011089 u] 0165427 | 0173062 u] 0.787155
DB7 0.03394 |0.216919 | 0.002941 | 0.018429 u] u] u] u] u] u] 0123773 | 0.224182 | 0.620184
DEG 0101653 | 0.227069 0 0 0 0 0.20R331 0 0 0 0144575 | 0140573 | 0.820505
DES 0.193171 0 0.06E977 u] u] u] 0.136143 | 0.029994 | 0163493 u] u] u] 0.594778
070 u] 0.1209723 u] u] u] 0.006809 u] u] 0.420581 u] 0.27636 |0.046516 | 0.879918
D71 0127505 | 0.05789 |0.031308 | 0.023433 0 0.0737 11 0 0 0 0 0 0 0.313847
072 u] 0.1355965 u] u] 0.033358 u] u] 0.028514 | 0145495 | 0165143 | 0.20458 u] 0.713054
073 u] 0 0.060479 | 0.012359 u] 0.015581 | 0.213436 u] 0.036849 | 0.249413 | 0.027995 u] 0616113
074 0.042694 | 0.116304 u] u] u] 0.025669 | 018572 |0.012772 u] 0176092 u] 0.105824 | 065074
075 0.09342 0 0.098162 u] 0.061749 | 0.000466 | 0.130249 | 0.023353 u] 0.0485973 u] 0.081108 | 0.537479
D76 u] 0.121051 u] 0.030965 u] 0.010556 u] u] u] 0.337944 | 0.030722 u] 0.531237
077 u] 0 0.040768 | 0.010105 u] u] 0.220039 | 0.012887 | 0.191068 | 0.183808 u] u] 0.658674
078 0.139726 0 0.074335 | 0.011802 u] u] u] 0.031792 | 0.220305 u] u] u] 0.477959
079 u] 0 u] 0.015177 | 0196268 | 0.028038 u] 0.039334 u] u] u] u] 0.278816
Da0 0.050721 0 0.0666ER | 0.002098 | 0.088552 | 0.014396 u] 0.006881 | 0153036 | 0.110211 | 0.140269 u] 0.632831
DE1 u] 0 u] u] u] u] 0.36035 u] u] 0.197034 u] 0.2226542 | 0779926
Da2 u] 0 0.035886 | 0.021249 | 0.066038 | 0.004717 u] u] u] 0177977 | 0.045842 | 0.153072 | 0.504781
DE3 u] 0.086501 | 0.023849 | 0.026273 u] 0.018025 | 0.028291 u] 0.035928 u] 0.304661 u] 0.523528
a4 0.032258 0 0 0.015107 | 0.0R4677 | 0.05058 0 0.033387 | 0.063871 0 0.045401 0 .30538
D85 u] 0 0.108838 | 0.013451 | 0.071898 | 0.009629 u] 0.02426 u] u] u] 0.124991 | 0.353067
(053] u] 0502136 u] 0.027524 u] u] 0.017962 u] u] 0.104683 u] u] 0.652306
Day 0 0.044671 [0.010442 | 0001394 | 0.0501 0 0 0.023614 | 017505 |0.109851 | 0126061 [0.117392 | 0657675
[B]55] u] 0 0.07 4692 u] u] u] 0.114251 | 0.024854 | 0.138183 | 0297768 u] u] 0.649748
(05 u] 0 u] 0.015 u] 0.032542 | 0.208509 | 0.003944 u] u] 0.011906 | 0.197863 | 0474764
D90 0.06617 (0121108 | 0.044262 0 0.03R326 0 016717 0 0.193793 0 0 0.1446083 | 0.763442
Dol 0.208398 | 0.068515 | 0.11739 | 0.00026 | 0.031103 u] u] 0.036682 u] 0.011356 u] u] 0.473705
D92 0.060483 0 0.08262 |0.014286 | 0.051972 | 0.016066 u] 0.022079 | 0147702 u] u] 0.01874 |0.413948
D93 0 0.107968 0 0 0.128655 [ 0.017974 | 0144833 0 0 0.108623 [ 0.190834 | 0.028507 | 0.727403
094 u] 0.132345 | 0.027367 | 0.0023598 u] 0.035481 | 0160103 | 0.012583 [ 0.015547 | 0.094223 | 0.099457 | 0.0338584 | 061339
095 u] 0.101055 | 0.089036 | 0.018566 u] u] u] u] u] 0.250978 | 0122342 u] 0.580973
D96 0 0262331 0 0 0.195722 0 0 0.01210 0 0 0.309293 0 0.739996
Table 5.9 Weighted terms and document [97..128] in PLSI
Docurments t1 2 t3 t4 t5 6 7 8 3 t10 t11 12 YWeight
D97 u] 0 u] u] u] u] 0.095184 u] 0.385019 u] 0.265301 | 0.114089 | 0.859593
Dog 0.334714 u} u] u] u] u] u] u] 0.297653 u] 0.196264 u] 0.82863
099 012456 | 0127243 u] 0.009885 | 0.036592 u] u] 0.018341 u] 0170341 | 0136272 | 0.006361 | 0.629595
0100 0.05157 0 0.04196 |0.001452 | 0.115251 u] 0.029035 | 0.03163 u] 0.07244 | 0.101868 | 0.076086 | 0.521291
0101 u] 0 0.20442 u] u] 0.011624 | 0.004768 u] u] 0.372118 u] u] 0.592929
0102 u] 0.147584 | 0.006782 | 0.004856 | 0.043351 u] u] 0.011638 | 0192976 | 0.097845 [ 0152883 | 0.071558 | 0.729473
0103 u] 0.281928 | 0.142337 u] u] u] u] u] 0.3087 11 u] 0.038232 u] 0.771209
0104 0.08703 | 0.210241 u] u] u] 0.040852 u] 0.01345 | 0.20592 | 0.11288 u] u] 0.670373
D105 0160153 | 0.008282 | 0.028752 | 0.018872 0 0 0 0.002427 | 0.373332 | 0.044425 0 0 [.637283
D106 u] 0 u] u] 0.097493 u] 0.1585111 | 0.012924 | 0.132148 | 0258066 | 0.088985 u] 0.744729
0107 0.03582 0 0.056186 | 0.018668 | 0.021073 | 0.00495 |0.238237 | 0.012848 | 0.072836 | 0.045275 u] u] 0.508272
D108 0 0 0 0 0 0.0R7458 | 0.204123 0 0.384036 0 0 0 (. B55R17
0109 0.09803 0 0.048843 u] 0.038878 u] 0.171948 u] 0.191614 u] 0.058093 | 0.131838 | 0.739249
0110 u] 0 u] u] u] 0.087584 u] u] u] 0 45966 u] u] 0.547243
D111 0176433 | 0.270358 | 0.033882 0 0 0.044165 0 0 0 0.007129 0 0101167 | 0.633138
0112 0.039907 0 0.022479 u] u] 0.03555 u] 0.031533 | 0.062554 | 0242399 | 0.094595 u] 0.529016
0113 0.149429 | 0.253376 u] 0.002931 u] u] 0.07 4887 u] u] 0.354208 u] u] 0.834881
D114 0 0 0 0 0 0.044632 | 0.327261 0 0 0 0.098415 [ 0.168792 | 0.6391
0115 u] 0 0.002363 u] 0107349 |0.016852 | 0.071135 | 0.02584 |0.113529 | 0.20884 | 0.059668 u] 0.605136
D116 0.076833 | 0171927 | 0.00541 (0002086 | 0.072309 | 0016 u] 0.021744 | 0157565 u] 0.113829 u] 0.637703
D117 u] u} u] 0.026541 | 0.058454 [ 0.051181 | 0.017321 u] 0. 110797 u] 0.12874 u] 0.393035
0118 0.09352 |0.238145 | 0.093488 u] 0.069879 u] 0.023774 | 0.022807 u] u] u] 0.037794 | 0.584407
0119 0.053646 0 u] 0.016449 u] 0.01472 u] 0.05282 u] u] 0.198225 u] 0.33586
0120 u] 0.002535 | 0.022014 | 0.01637 u] 0.009163 u] 0.000331 | 0240746 | 0.066171 [ 0172044 | 0.100494 | 0. 629868
0121 u] 0.180051 | 0.067438 | 0.020314 u] 0.031672 | 0116663 | 0.00755 u] u] 0.026605 u] 0.450292
0122 u] 0.4558248 u] u] u] u] u] 0.012789 | 0.419156 u] u] u] 0.890193
0123 0.118302 0 u] 0.004167 u] 0.054687 u] 0.044408 u] u] u] 0.096233 | 0.317798
0124 0114486 | 0.250087 | 0.090042 | 0.001408 0 0 0.032837 0 0.128313 | 0.053764 0 0.074576 | 0.745513
0125 u] 0.392095 u] u] u] 0.004762 u] u] u] u] 0272222 | 016808 |0.837158
D126 u] 0 u] 0.015338 | 0.080908 | 0.009559 | 0128455 u] 0.199382 | 0.032549 | 0.181344 u] 0.647634
D127 0 0.285336 0 [.002189 0 0 0170923 0 0.03592 | 0376346 0 0 0877714
0128 u] 0.317935 | 0.090397 | 0.012278 u] u] u] u] 0.134804 | 0.051873 | 0.086454 u] 0.693741
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5.3.1 Experiment1

In this experiment we started by applying traditional topic-search system that uses PLSI
method on this collection. In fact we used a system that is similar to our system but has no
filters or thresholds in it. Then we calculated precision and recall. The details are as shown
in Tables 5.10, 5.11, 5.12 and 5.13. Note that the sequence of documents to be fetched was
according to the links queue and those are inside the documents starting from document
82.

Table 5.10 Experiment 1 results (Precision & Recall) WGET][1..32]

WGET | Documents | Weight | Relevant | R-R | R-N | I-R I-N | Precision Recall
1 D082 0.504781 | FALSE 0 29 1 98 0 0
2 D045 0.682782 | TRUE 1 28 1 98 0.5 0.034483
3 D035 0.692718 | TRUE 2 27 1 98 | 0.666667 | 0.068966
4 D008 0.544601 | FALSE 2 27 2 97 0.5 0.068966
5 D062 0.616768 | FALSE 2 27 3 96 0.4 0.068966
6 D106 0.744729 | TRUE 3 26 3 96 0.5 0.103448
7 D069 0.594778 | FALSE 3 26 4 95 | 0.428571 | 0.103448
8 D072 0.713054 | TRUE 4 25 4 95 0.5 0.137931
9 D043 0.60354 | FALSE 4 25 5 94 | 0.444444 | 0.137931
10 D108 0.655617 | FALSE 4 25 6 93 0.4 0.137931
11 D014 0.660878 | FALSE 4 25 7 92 | 0.363636 | 0.137931
12 D031 0.595368 | FALSE 4 25 8 91 | 0.333333 | 0.137931
13 D070 0.879918 | TRUE 5 24 8 91 | 0.384615 | 0.172414
14 D090 0.763442 | TRUE 6 23 8 91 | 0.428571 | 0.206897
15 D052 0.604035 | FALSE 6 23 9 90 0.4 0.206897
16 D076 0.531237 | FALSE 6 23 10 89 0.375 0.206897
17 D079 0.278816 | FALSE 6 23 11 88 | 0.352941 | 0.206897
18 D015 0.571226 | FALSE 6 23 12 87 | 0.333333 | 0.206897
19 D028 0.737799 | TRUE 7 22 12 87 |0.368421 | 0.241379
20 D047 0.594696 | FALSE 7 22 13 86 0.35 0.241379
21 D024 0.577798 | FALSE 7 22 14 85 | 0.333333 | 0.241379
22 D056 0.564595 | FALSE 7 22 15 84 | 0.318182 | 0.241379
23 D054 0.589669 | FALSE 7 22 16 83 |0.304348 | 0.241379
24 D071 0.313847 | FALSE 7 22 17 82 | 0.291667 | 0.241379
25 D018 0.707376 | TRUE 8 21 17 82 0.32 0.275862
26 D006 0.591998 | FALSE 8 21 18 81 | 0.307692 | 0.275862
27 D068 0.820505 | FALSE 8 21 19 80 | 0.296296 | 0.275862
28 D012 0.60342 | FALSE 8 21 20 79 | 0.285714 | 0.275862
29 D041 0.624845 | FALSE 8 21 21 78 | 0.275862 | 0.275862
30 D114 0.6391 FALSE 8 21 22 77 | 0.266667 | 0.275862
31 D107 0.508272 | FALSE 8 21 23 76 | 0.258065 | 0.275862
32 D089 0.474764 | FALSE 8 21 24 75 0.25 0.275862
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Table 5.11 Experiment 1 results (Precision & Recall) WGET[33..64]

WGET | Documents | Weight | Relevant | R-R | R-N | I-R I-N | Precision Recall
33 D078 0.477959 | FALSE 8 21 25 74 | 0.242424 | 0.275862
34 D075 0.537479 | FALSE 8 21 26 73 | 0.235294 | 0.275862
35 D105 0.637283 | FALSE 8 21 27 72 | 0.228571 | 0.275862
36 D032 0.578318 | FALSE 8 21 28 71 |0.222222 | 0.275862
37 D057 0.68649 TRUE 9 20 28 71 10.243243 | 0.310345
38 D036 0.681048 | TRUE 10 19 28 71 | 0.263158 | 0.344828
39 D127 0.877714 | TRUE 11 18 28 71 | 0.282051 | 0.37931
40 D073 0.616113 | FALSE 11 18 29 70 0.275 0.37931
41 D085 0.353067 | FALSE 11 18 30 69 | 0.268293 | 0.37931
42 D097 0.859593 | TRUE 12 17 30 69 | 0.285714 | 0.413793
43 D081 0.779926 | TRUE 13 16 30 69 | 0.302326 | 0.448276
44 D037 0.605731 | FALSE 13 16 31 68 | 0.295455 | 0.448276
45 D104 0.670373 | FALSE 13 16 32 67 | 0.288889 | 0.448276
46 D033 0.517563 | FALSE 13 16 33 66 | 0.282609 | 0.448276
47 D049 0.554995 | FALSE 13 16 34 65 | 0.276596 | 0.448276
48 D111 0.633138 | FALSE 13 16 35 64 | 0.270833 | 0.448276
49 D044 0.6033 FALSE 13 16 36 63 | 0.265306 | 0.448276
50 D077 0.658674 | FALSE 13 16 37 62 0.26 0.448276
51 D023 0.592686 | FALSE 13 16 38 61 | 0.254902 | 0.448276
52 D050 0.564782 | FALSE 13 16 39 60 0.25 0.448276
53 D026 0.612502 | FALSE 13 16 40 59 | 0.245283 | 0.448276
54 D027 0.471359 | FALSE 13 16 41 58 | 0.240741 | 0.448276
55 D063 0.575586 | FALSE 13 16 42 57 | 0.236364 | 0.448276
56 D029 0.570268 | FALSE 13 16 43 56 | 0.232143 | 0.448276
57 D128 0.693741 TRUE 14 15 43 56 | 0.245614 | 0.482759
58 D121 0.450292 | FALSE 14 15 44 55 | 0.241379 | 0.482759
59 D003 0.625641 | FALSE 14 15 45 54 | 0.237288 | 0.482759
60 D091 0.473705 | FALSE 14 15 46 53 | 0.233333 | 0.482759
61 D030 0.593542 | FALSE 14 15 47 52 | 0.229508 | 0.482759
62 D098 0.82863 TRUE 15 14 47 52 0.241935 | 0.517241
63 D004 0.674718 | FALSE 15 14 48 51 0.238095 | 0.517241
64 D103 0.771209 | TRUE 16 13 48 51 0.25 0.551724
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Table 5.12 Experiment 1 results (Precision & Recall) WGET[65..96]

WGET | Documents | Weight | Relevant | R-R | R-N | I-R I-N | Precision Recall
65 D109 0.739249 | TRUE 17 12 48 51 | 0.261538 | 0.586207
66 D125 0.837158 | TRUE 18 11 48 51 | 0.272727 | 0.62069
67 D039 0.638393 | FALSE 18 11 49 50 | 0.268657 | 0.62069
68 D058 0.558378 | FALSE 18 11 50 49 | 0.264706 | 0.62069
69 D001 0.67094 | FALSE 18 11 51 48 | 0.26087 | 0.62069
70 D113 0.834881 | TRUE 19 10 51 48 | 0.271429 | 0.655172
71 D093 0.727403 | TRUE 20 9 51 48 | 0.28169 | 0.689655
72 D017 0.643965 | FALSE 20 9 52 47 | 0.277778 | 0.689655
73 D051 0.602936 | FALSE 20 9 53 46 | 0.273973 | 0.689655
74 D116 0.637703 | FALSE 20 9 54 45 | 0.27027 | 0.689655
75 D067 0.620184 | FALSE 20 9 55 44 | 0.266667 | 0.689655
76 D115 0.605136 | FALSE 20 9 56 43 | 0.263158 | 0.689655
77 D061 0.658942 | FALSE 20 9 57 42 0.25974 | 0.689655
78 D002 0.609397 | FALSE 20 9 58 41 0.25641 | 0.689655
79 D092 0.413948 | FALSE 20 9 59 40 | 0.253165 | 0.689655
80 D007 0.632233 | FALSE 20 9 60 39 0.25 0.689655
81 D074 0.665074 | FALSE 20 9 61 38 | 0.246914 | 0.689655
82 D038 0.620836 | FALSE 20 9 62 37 10.243902 | 0.689655
83 D083 0.523528 | FALSE 20 9 63 36 | 0.240964 | 0.689655
84 D122 0.890193 | TRUE 21 8 63 36 0.25 0.724138
85 D046 0.635419 | FALSE 21 8 64 35 | 0.247059 | 0.724138
86 D124 0.745513 TRUE 22 7 64 35 | 0.255814 | 0.758621
87 D055 0.446511 | FALSE 22 7 65 34 |0.252874 | 0.758621
88 D119 0.33586 | FALSE 22 7 66 33 0.25 0.758621
89 D101 0.592929 | FALSE 22 7 67 32 | 0.247191 | 0.758621
90 D120 0.629868 | FALSE 22 7 68 31 | 0.244444 | 0.758621
91 D102 0.729473 | TRUE 23 6 68 31 | 0.252747 | 0.793103
92 D088 0.649748 | FALSE 23 6 69 30 0.25 0.793103
93 D025 0.555248 | FALSE 23 6 70 29 10.247312 | 0.793103
94 D021 0.639761 | FALSE 23 6 71 28 | 0.244681 | 0.793103
95 D010 0.504824 | FALSE 23 6 72 27 | 0.242105 | 0.793103
96 D096 0.739996 | TRUE 24 5 72 27 0.25 0.827586
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Table 5.13 Experiment 1 results (Precision & Recall) WGET[97..128]

WGET | Documents | Weight | Relevant | R-R | R-N | I-R I-N | Precision Recall
97 D126 0.647634 | FALSE 24 5 73 26 | 0.247423 | 0.827586
98 D099 0.629595 | FALSE 24 5 74 25 | 0.244898 | 0.827586
99 D053 0.608683 | FALSE 24 5 75 24 | 0.242424 | 0.827586

100 D110 0.547243 | FALSE 24 5 76 23 0.24 0.827586
101 D034 0.681417 | TRUE 25 4 76 23 | 0.247525 | 0.862069
102 D059 0.616141 | FALSE 25 4 77 22 | 0.245098 | 0.862069
103 D080 0.632831 | FALSE 25 4 78 21 | 0.242718 | 0.862069
104 D022 0.590105 | FALSE 25 4 79 20 | 0.240385 | 0.862069
105 D112 0.529016 | FALSE 25 4 80 19 | 0.238095 | 0.862069
106 D123 0.317798 | FALSE 25 4 81 18 | 0.235849 | 0.862069
107 D060 0.674157 | FALSE 25 4 82 17 | 0.233645 | 0.862069
108 D011 0.604205 | FALSE 25 4 83 16 | 0.231481 | 0.862069
109 D086 0.652306 | FALSE 25 4 84 15 | 0.229358 | 0.862069
110 D087 0.657575 | FALSE 25 4 85 14 | 0.227273 | 0.862069
111 D009 0.557666 | FALSE 25 4 86 13 | 0.225225 | 0.862069
112 D020 0.685407 | TRUE 26 3 86 13 | 0.232143 | 0.896552
113 D066 0.787155 | TRUE 27 2 86 13 | 0.238938 | 0.931034
114 D016 0.506173 | FALSE 27 2 87 12 ] 0.236842 | 0.931034
115 D013 0.639832 | FALSE 27 2 88 11 | 0.234783 | 0.931034
116 D100 0.521291 | FALSE 27 2 89 10 | 0.232759 | 0.931034
117 D084 0.30538 | FALSE 27 2 90 9 0.230769 | 0.931034
118 D094 0.61339 | FALSE 27 2 91 8 0.228814 | 0.931034
119 D065 0.47012 | FALSE 27 2 92 7 |0.226891 | 0.931034
120 D040 0.595716 | FALSE 27 2 93 6 0.225 0.931034
121 D005 0.728029 | TRUE 28 1 93 6 0.231405 | 0.965517
122 D064 0.532658 | FALSE 28 1 94 5 0.229508 | 0.965517
123 D118 0.584407 | FALSE 28 1 95 4 0.227642 | 0.965517
124 D042 0.596187 | FALSE 28 1 96 3 | 0.225806 | 0.965517
125 D019 0.698225 | TRUE 29 0 96 3 0.232 1

126 D117 0.393035 | FALSE 29 0 97 2 0.230159 1

127 D095 0.590978 | FALSE 29 0 98 1 0.228346 1

128 D048 0.548474 | FALSE 29 0 99 0 | 0.226563 1
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5.3.2 Experiment 2

The second experiment we started by applying our topic-search agent system that uses
PLSI method on this collection with our filters and thresholds inside it. Then we calculated
precision and recall too. The details will be presented later in the next sections.

We have selected our threshold on document weight to be 0.6 to be able to pass through
role C. This means that some of the documents will be ignored and not be send to the store
volume of relevant documents.

Then we calculated precision and recall. The details are as shown in Tables 5.14 and 5.15.
Note that the sequence of documents to be fetched was according to the links queue and
those are inside the documents starting from Document 82.
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Table 5.14 Experiment 2 results (Precision & Recall) WGET][1..50]

WGET | Documents | Weight | Relevant | R-R | R-N | I-R | I-N | Precision Recall
1 D082 0.504781 | FALSE 0 29 1 98 0 0
2 D045 0.682782 | TRUE 1 28 1 98 0.5 0.034483
3 D035 0.692718 | TRUE 2 27 1 98 | 0.666667 | 0.068966
4 D062 0.616768 | FALSE 2 27 2 97 0.5 0.068966
5 D106 0.744729 | TRUE 3 26 2 97 0.6 0.103448
6 D072 0.713054 | TRUE 4 25 2 97 | 0.666667 | 0.137931
7 D043 0.60354 | FALSE 4 25 3 96 | 0.571429 | 0.137931
8 D108 0.655617 | FALSE 4 25 4 95 0.5 0.137931
9 D014 0.660878 | FALSE 4 25 5 94 | 0.444444 | 0.137931
10 D070 0.879918 | TRUE 5 24 5 94 0.5 0.172414
11 D090 0.763442 | TRUE 6 23 5 94 | 0.545455 | 0.206897
12 D052 0.604035 | FALSE 6 23 6 93 0.5 0.206897
13 D028 0.737799 | TRUE 7 22 6 93 | 0.538462 | 0.241379
14 D018 0.707376 | TRUE 8 21 6 93 | 0.571429 | 0.275862
15 D068 0.820505 | FALSE 8 21 7 92 | 0.533333 | 0.275862
16 D012 0.60342 | FALSE 8 21 8 91 0.5 0.275862
17 D041 0.624845 | FALSE 8 21 9 90 | 0.470588 | 0.275862
18 D114 0.6391 FALSE 8 21 10 | 89 | 0.444444 | 0.275862
19 D105 0.637283 | FALSE 8 21 11 88 | 0.421053 | 0.275862
20 D057 0.68649 TRUE 9 20 11 88 0.45 0.310345
21 D036 0.681048 | TRUE 10 19 11 88 | 0.47619 | 0.344828
22 D127 0.877714 | TRUE 11 18 11 88 0.5 0.37931
23 D073 0.616113 | FALSE | 11 18 12 87 ]0.478261 | 0.37931
24 D097 0.859593 | TRUE 12 17 12 87 0.5 0.413793
25 D081 0.779926 | TRUE 13 16 12 87 0.52 0.448276
26 D037 0.605731 | FALSE | 13 16 13 | 86 0.5 0.448276
27 D104 0.670373 | FALSE | 13 16 14 | 85 |0.481481 | 0.448276
28 D111 0.633138 | FALSE | 13 16 15 | 84 | 0.464286 | 0.448276
29 D044 0.6033 FALSE | 13 16 16 | 83 |0.448276 | 0.448276
30 D077 0.658674 | FALSE | 13 16 17 82 | 0.433333 | 0.448276
31 D026 0.612502 | FALSE | 13 16 18 | 81 | 0.419355 | 0.448276
32 D128 0.693741 | TRUE 14 15 18 | 81 0.4375 | 0.482759
33 D003 0.625641 | FALSE | 14 15 19 80 | 0.424242 | 0.482759
34 D098 0.82863 TRUE 15 14 19 80 | 0.441176 | 0.517241
35 D004 0.674718 | FALSE 15 14 20 79 | 0.428571 | 0.517241
36 D103 0.771209 TRUE 16 13 20 79 | 0.444444 | 0.551724
37 D109 0.739249 | TRUE 17 12 20 | 79 | 0.459459 | 0.586207
38 D125 0.837158 | TRUE 18 11 20 | 79 |0.473684 | 0.62069
39 D039 0.638393 | FALSE | 18 11 21 78 | 0.461538 | 0.62069
40 D001 0.67094 | FALSE | 18 11 22 77 0.45 0.62069
41 D113 0.834881 TRUE 19 10 22 77 | 0.463415 | 0.655172
42 D093 0.727403 | TRUE 20 9 22 77 | 0.47619 | 0.689655
43 D017 0.643965 | FALSE | 20 9 23 | 76 | 0.465116 | 0.689655
44 D051 0.602936 | FALSE | 20 9 24 | 75 | 0.454545 | 0.689655
45 D116 0.637703 | FALSE 20 9 25 74 | 0.444444 | 0.689655
46 D067 0.620184 | FALSE | 20 9 26 | 73 |0.434783 | 0.689655
47 D115 0.605136 | FALSE | 20 9 27 72 | 0.425532 | 0.689655
48 D061 0.658942 | FALSE | 20 9 28 | 71 | 0.416667 | 0.689655
49 D002 0.609397 | FALSE | 20 9 29 70 | 0.408163 | 0.689655
50 D007 0.632233 | FALSE | 20 9 30 | 69 0.4 0.689655
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Table 5.15 Experiment 2 results (Precision & Recall) WGET[51..76]

WGET | Documents | Weight | Relevant | R-R | R-N | I-R | I-N | Precision Recall
51 D074 0.665074 | FALSE | 20 9 31 68 | 0.392157 | 0.689655
52 D038 0.620836 | FALSE | 20 9 32 67 | 0.384615 | 0.689655
53 D122 0.890193 | TRUE 21 8 32 67 | 0.396226 | 0.724138
54 D046 0.635419 | FALSE | 21 8 33 | 66 | 0.388889 | 0.724138
55 D124 0.745513 | TRUE 22 7 33 | 66 0.4 0.758621
56 D120 0.629868 | FALSE | 22 7 34 | 65 | 0.392857 | 0.758621
57 D102 0.729473 | TRUE 23 6 34 | 65 | 0.403509 | 0.793103
58 D088 0.649748 | FALSE | 23 6 35 | 64 | 0.396552 | 0.793103
59 D021 0.639761 | FALSE | 23 6 36 | 63 | 0.389831 | 0.793103
60 D096 0.739996 | TRUE 24 5 36 | 63 0.4 0.827586
61 D126 0.647634 | FALSE | 24 5 37 62 | 0.393443 | 0.827586
62 D099 0.629595 | FALSE | 24 5 38 | 61 | 0.387097 | 0.827586
63 D053 0.608683 | FALSE | 24 5 39 60 | 0.380952 | 0.827586
64 D034 0.681417 | TRUE 25 4 39 60 | 0.390625 | 0.862069
65 D059 0.616141 | FALSE | 25 4 40 | 59 | 0.384615 | 0.862069
66 D080 0.632831 | FALSE | 25 4 41 58 | 0.378788 | 0.862069
67 D060 0.674157 | FALSE | 25 4 42 57 |0.373134 | 0.862069
68 D011 0.604205 | FALSE | 25 4 43 | 56 | 0.367647 | 0.862069
69 D086 0.652306 | FALSE | 25 4 44 | 55 | 0.362319 | 0.862069
70 D087 0.657575 | FALSE | 25 4 45 | 54 | 0.357143 | 0.862069
71 D020 0.685407 | TRUE 26 3 45 | 54 | 0.366197 | 0.896552
72 D066 0.787155 | TRUE 27 2 45 | 54 0.375 0.931034
73 D013 0.639832 | FALSE | 27 2 46 | 53 | 0.369863 | 0.931034
74 D094 0.61339 | FALSE | 27 2 47 52 | 0.364865 | 0.931034
75 D005 0.728029 | TRUE 28 1 47 52 | 0.373333 | 0.965517
76 D019 0.698225 | TRUE 29 0 47 52 | 0.381579 1

Note that only seventy-six document succeeded to pass the threshold and filters, and gave
better results in precision, recall and speed.

But, when we tried to increase our threshold to 0.7, the precision increases but did not
recall about 72% of the relevant documents. As shown in table 5.16
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Table 5.16 Experiment 3 results (Precision & Recall) WGET][1..23]

WGET | Documents | Weight | Relevant | R-R | R-N | I-R | I-N | Precision Recall
1 D082 0.504781 | FALSE 0 29 1 98 0 0
2 D106 0.744729 | TRUE 1 28 1 98 0.5 0.034483
3 D072 0.713054 | TRUE 2 27 1 98 | 0.666667 | 0.068966
4 D070 0.879918 | TRUE 3 26 1 98 0.75 0.103448
5 D090 0.763442 | TRUE 4 25 1 98 0.8 0.137931
6 D028 0.737799 | TRUE 5 24 1 98 | 0.833333 | 0.172414
7 D018 0.707376 | TRUE 6 23 1 98 | 0.857143 | 0.206897
8 D068 0.820505 | FALSE 6 23 2 97 0.75 0.206897
9 D127 0.877714 | TRUE 7 22 2 97 | 0.777778 | 0.241379
10 D097 0.859593 | TRUE 8 21 2 97 0.8 0.275862
11 D081 0.779926 | TRUE 9 20 2 97 |0.818182 | 0.310345
12 D098 0.82863 TRUE 10 19 2 97 | 0.833333 | 0.344828
13 D103 0.771209 | TRUE 11 18 2 97 |0.846154 | 0.37931
14 D109 0.739249 | TRUE 12 17 2 97 |0.857143 | 0.413793
15 D125 0.837158 TRUE 13 16 2 97 | 0.866667 | 0.448276
16 D113 0.834881 TRUE 14 15 2 97 0.875 0.482759
17 D093 0.727403 TRUE 15 14 2 97 | 0.882353 | 0.517241
18 D122 0.890193 | TRUE 16 13 2 97 ]0.888889 | 0.551724
19 D124 0.745513 | TRUE 17 12 2 97 | 0.894737 | 0.586207
20 D102 0.729473 TRUE 18 11 2 97 0.9 0.62069
21 D096 0.739996 | TRUE 19 10 2 97 | 0.904762 | 0.655172
22 D066 0.787155 | TRUE 20 9 2 97 | 0.909091 | 0.689655
23 D005 0.728029 | TRUE 21 8 2 97 10.913043 | 0.724138
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5.3.3 Experiment 3

We have repeated all the previously mentioned steps to another collection of documents
that part of them deals with medical-issues. Medical terms were used in the input query.

We have collected a set of medical related documents with the help of specialists in
medical issues. The documents collection contained also non-relevant documents. The
specialists helped us in filling the input query which should help the agent in building his
core index (knowledge) about such topic.

Two tests on the collection were made:-

1- Testing the system with our contributed filter and threshold.

2- Testing the system without (filter and threshold).
In each of those tests we monitored the system output results and recoded all readings
came out in precision and recall after every document fetched from the collection.

This experiment was important for me to compare precision and recall between two
different topics. We 'v calculated the recall and precision of the system output with and
without filter and threshold in order to note difference between topics in multi-agent
system for more than one topic.

The main objective from implementing this experiment is to calculate precision and recall
using our contributed system and to note its behavior. We discovered that, on one hand, the
system gave better results in precision and recall form other systems we have described
before.

On the other hand, the system gave better results in precision and recall from other topic
we have used before which is "computer science".

The different between those two topics will be discussed in more details in the next
section.
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5.4 Summary & Conclusion

Testing and implementation for such system is somehow complicated. We need useful
tools for implementation. Plus, designing and programming such agent with no Agent
programming language is difficult. So we tried to program our own system with the most
required classes and methods which we mentioned before and used in experiments.

A part of our future work we recommend on this system is to complete building the agent
using an agent programming tools that have been made in the recent years like JADE (Java
Agent Development) or any other similar programming tools.

Comparing the results of these experiments indicated progress in precision and recall of
our architecture and design. In chapter six, we will discuss in details the advantages of our
system.

From results of experiment one and two, we can see that our filters and thresholds increase
the efficiency and the speed of our system. If we draw a chart figures for both experiments
as shown for experiment one in Figure 5.8 and experiment two in Figure 5.9, we will note
that precision is kept in a high, stable and reliable values, on the other hand the system
succeeded to recall all relevant document without fetching a lot of non-relevant documents.
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Figure 5.8 Experiment 1 results chart. (traditional system)
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Figure 5.9 Experiment 2 results chart. (Our System)

Selecting documents for the test-collection for experiments 1 and 2 which was made on
"computer science™ topic was handled by us. This was our starting topic, because we
consider our-selves familiar with such topic and have the ability to decide which document
is relevant among all documents.

Results that have been recorded in precision and recall in both experiments 1 and 2 was
very helpful in proving that our contributed filter and threshold where successful in giving
better results in precision and recall on one hand. But on the other hand, it did affect the
speed of the system, which is the factor that because it is not one of the requirements to
this system has been ignored in our agent system,
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Precision & Recall (Medical topic)
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Figure 5.10, shows the implementation of another agent applied to another topic. The new
topic was (medical topic). We wanted to see the system behavior on completely different
topic in order to get some notes and imagine this agent in a multi-agent system.

We got the following notes:-
e Precision in (Medical topic) is much higher than (Computer science topic).
e Medical terms in most cases are very unique and very strong key words and gives
high results.
e Our agent — system (with filter and threshold = 0.6) gives higher precision. But not
as much as in (Computer science).

In "Computer science" topic, a lot of terms that is considered to be related to is related to
other topics at the same time but with different weight. These weights are sometimes
having only small differences in between, which is not in "medical issues". Let's take for
example the term "treatment™ its weight in "medical topic™ was recorded about
(0.6321201) but in "computer science™ was about (0.5214.286). Such term is not absolutely
concerned to be only a medical topic term, it can be a “computer science" topic related too.

As well as "virus", "infection" ... etc. but terms like "medicine", "Aspirin", "cholera™ etc,
have extremely high weights in medical topics.
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Chapter 6

Conclusions and Future works.

6.1 Conclusions

In this chapter we are going to discuss the two experiments which were applied to our
agent system, concentrating on one topic. The first experiment used traditional PLSI
method with no filter, while the other experiment was with filter. Then we got results from
each one and note the difference between them.

We will also analyze, summarize and present the results of the experiments. Then, our
conclusions and further work will be presented too.

From results of experiment one and two, we can see that our filters and thresholds increase
the efficiency and the speed of our system. If we draw a chart figures for both experiments
as shown for experiment one in Figure 5.8 and experiment two in Figure 5.9, we will note
that precision is kept in a high, stable and reliable values, on the other hand the system
succeeded to recall all relevant document without fetching a lot of non-relevant documents.

Testing and implementation for such system was not that easy. Preparing useful tools in
implementation, in addition to designing and programming such agent with no Agent
programming language is difficult. So we have programmed our own tool with the most
required classes and methods which we mentioned before and used in experiments.

As we see that the results of both experiments indicate a progress in the precision and
recall of our architecture and design. In this chapter, we will discuss in details the
advantages of our system.
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As mentioned before. In testing our architecture, we’ve used a collection on the
information retrieval topic. The collection core contains many documents which were
selected by topic administrator (Agent programming topic) relevant documents.

These documents were used to generate the collection topic analyzer. We’ve used a set of
terms as topic-terms archive. These terms were supplied by an administrator also and were
used for topic-analyzer generation.

Agent starts with a set of start Links. This set contains about 5 links on relevant html
documents and was presented by the administrator.

From results of experiment one and two, we can see that our filters and thresholds increase
the precision and recall of our system. If we draw a chart figures for both experiments as
shown for experiment one in Figure 5.8 and experiment two in Figure 5.9, we note that
precision is kept higher and better than traditional system in all the test range from 0% to
100% of document collection, in addition, the system succeeded to recall all relevant
document without fetching a lot of non-relevant documents.

By monitoring and calculating precision and recall after every single document fetched
from the collection until the end of the collection, note that our filter blocked most of non-
relevant documents and not allowing them to pass.

Assume that document dy is related to our topic with weight w = 0.6. this document will
manage to pass through threshold © <= 0.6. but if the threshold increases to ©>0.6, the
document dx will not manage to pass and will be abandoned by agent role C.

For sure increasing t will increase precision, but this will affect recall in a negative way. In
other words, some of relevant documents to the system will not manage to pass through the
thresholds with weight w > 1. This means that the owner should choose in particular point
between precision and recall. In other words, he should decide the target of his agent by
valuing the threshold volume.

Note that if we take the whole range of t:[0,1] and tried to monitor precision and recall we
will note the following:

- For t =0, system is working as traditional search system with no filter.

- For T = 1, system will bring almost no document but those with w = 1.

- For 1 >1>0, system will select document according to its relevance to topic.

The goal of the second experiment test was to find best values for thresholds for document
evaluator and topic-Analyzer. Result of the test shows that in the best case the precision of
the agent is 0.722. This means that our agent downloaded a set of new documents, about
72 % of which were recommended by this agent to the collection, and our topic-
administrator estimate that almost all recommended documents are relevant to the
collection topic. As shown in Figure 6.1 and Figure 6.2.
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6.2 Future works

It was important to implement experiments on our system without filter and record results
and to compare with results that have been achieved by other researchers in similar
systems that use similar PLSI method. Not only similar method but also similar to our
selected-topic. Since we found out that results are almost the same, then it was the suitable
environment to test our filter and threshold.

As we can see that, selecting the best threshold is not an easy job. It depends on the topic
we are searching for. And it depends also on the user himself, and how many documents to
be retrieved to his own collection.

Finally, it was not possible to program a complete agent using Java language to satisfy the
requirements. We programmed small separate tools in Java to complete all roles of the
agent.

Working in this agent will not stop. We hope in the future to continue improving such
agent using an agent programming language, which could help a lot to make it more
powerful, fast and intelligent.

By the end of the thesis we recommend the following future work:

- This agent should be rebuilding using AOP agent oriented programming language.
JADE for example might be helpful in designing such system.

- Developing Agent role A, to be capable of dealing with other languages like Arabic or
any other language in addition to English. This will need more studies in stemming
algorithms. The agent could be a Multilanguage topic searcher. And this will increase
his influence in environment.

- Developing the mathematical method of indexing core terms of target topic. In addition
to indexing terms of fetched documents too.

- Implementing more studies on agent role D and selecting or contributing more
effective mathematical method to indexing links inside relevant document and
selecting more relevant links to be put in the queue, which will make a continuous and
dynamic re-indexing of links inside the queue.

- Developing a better mathematical formula to re-index the terms of the core index terms
taking advantage from every new succeeded document that manage to pass through
filter, in a dynamic way.
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import javax.swing.UIManager;
import java.awt.¥;

public class igentd
{

hoolean packFrame = false:

JFFLonstruct the application® /s
public igentdi)
{
InterFacel frame = new InterFaceli):
/4/Validate frames that hawve preset sizes
//Pack frames that have useful preferred size info, e.qg. from their layout
if (packFrame)

{
frame.pack();
}
else
{
frame.validate();
}

FfCenter the window
Dimension screenfize = Toolkit.getDefaultToolkitc().geticreeniize() !
Dimension frameSize = frame.getSize():
if (frameSize.height > screeniize.height)
{
frame5ize.height = screenfize.height;
}
if (frameiize.width > screenfize.width)
{
framefize.width = screendize.width;

}

frame,setVisible (true);

frame.zsetlocation( (screenfize.width - framelize.width] / 2, [(=zcreenfize.height - framefize.height) / 2):

Figure 7.1 AgentA Class (user interface)

S**Main method*/
public static woid nmain(3tring[] args)
{
try
{
TTManager.setlookdndFeel (TTManager. getiystenlookdndFeelClassNane (1) ;
'
catch(Exception e)
{
e.printitackTrace():
'
new LAgenth():
VA/End Main Method

}// End Class Agentd

Figure 7.2 Agent's Main Method
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public class InterFacel extends JFrame

JPanel contentPane;

BorderLayout bhorderlLayoutl = mew BorderLayout() !

JTextField WebURL = new JTextField(d0); sy Text Field to enter web address to get
JTextField inputField = new JTextField(40):// Text Field to input query terms(topic)
JTexthdrea display = new JTlexthreal( 15, Z0 );// To Display website terms and fredquiences
JTextdrea gdisplay = mew JTextdreal 15, 20 j:// To Display topic terms and walues
ITextdrea cdisplay = mew JTextidreal 15, 20 );// To Display topic terms and frequiences
J3crollPane displayScrollPane = mew J3crollPane| display ):

J3crollPane gdisplayicrollPane = new J3crollPane( gdisplay ):

J3crollPane cdisplayicrollPane = new J3crollPane( cdisplay ):

String term, qUery:

Hashtahle tabhle = new Hashtahle():// file terms

Hashtable gtable = mew Hashtable():// topic terms

Hashtahle ctahle = new Hashtahle():// topic-file terms

S R A T T T AT A AT T FRF T AR TNTFTNS

SEFConstruct the frame® /s
public InterFacel()

1
enahleEvents (AWTEvent. WINDOW_EVENT MaSK):
try

i
jbInit():
VA4 End try
catch(Exception )
i
e.printitackTrace(];
V44 End catchiException e)
1// End InterFaceli)

jf#***#**#***#***#**#*******#**#***#***#**#***#***#**#***#***#**#***#*#*#**#***#

Figure 7.3 Interfacel class (Frame constructor)

ff**##t****####*#*###****###*t***####***###**#*###**#*###*t***##*t***##*#***###*
£ create table frow nser input
private wvoid createTahlel)
{
3tring input = term;
3tringTokenizer words = mew 3tringTokenizer( input, ™ YnYthr™ 1:

while [ words.hasMoreTokens() )
{
String word = words.nextToken().tolowerCase(): 4/ get word
if [ table.containsKey( word ) ) // if the table contains the word

{

Integer count = (Integer) table.get| word ): 7/ get walue [integer number)
table.put| word, mew Integer( count.intWalue() + 1 1 J: /¢ and increment it
VAFEnd IE
else // otherwise add the word with a walue of 1
table.put( word, mew Integer( 1 | 1:

if [ ctable.containsEey( word ) ) // if the fquery tahle contains the word
{

Integer count = (Integer) ctable.get| word ); // get walue [integer numher)
ctable.put( word, mew Integer( count.intValue{) + 1 )} 1; /4 and increment it
VA/End If

V44 end while

v /7 end method createTable
ff**#******#*************##******#******#*************##******#******#******#***

Figure 7.4 Dealing with user input.
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S/ create grable from user input [(InputFeild)
private woid qgcreateTable()
{
Jtring input = query;
StringTokenizer words = new StringTokenizer( input, " \nyeir™ J:

while | words.hasMoreTokens(] )

1
String word = words.nextToken().toLowerCase(): 7/ get word

if [ gtable.containsFey( word ) ) // if the table contains the word
i

Integer count = [Integer) gtable.get| word ); /7 get walue [integer number)
gtable.put| word, new Integer( count.intWalue() + 1 ) J: // and [increment it
VA/End If

else [/ otherwise add the word with a walue of 1
i
gqtable.put| word, new Integer( 1 ] |:
ctable.put| word, new Integer( 0 ] |:
v /4 End else
44 end while
v /7 end method createTahble

A A A A A A A A A AN AT E AT A N T RS INTRNY

Figure 7.5 Creating query table from user's input field

ffﬁﬁﬁﬁﬁﬁﬁt#ﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁWWﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁt#ﬁWWW*WW*###W**W#W#W**

S create string containing table walues
private String createlutput()

{
IJLEing output = "7;
Emmeration keys = table.keys():
A/ diterate through the kevs
while [ kevs.hasMoreElements() |
{
Object currentKey = keys.nextElementi():
S48 output the key—valuk pairs
output += currentEey + "Vt + table.get| currentEey | + "‘\n":
VA4 End While
output += "zize: " + table.zize()] + "\n":
return output:

VoAS end method createlutput
f;wwwwww*wwwwwww*twwwwww*twwwwww*wwwwwww*twwwwww*twwwwww*w#wwwww*w#wwwww*wwwwwww

Figure 7.6 creatOutput() method
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{

J,-'J,-'*?f**?r?r***1‘**##***1‘**#****1‘**##******t#***1‘**###******t#******t#******t*******t

A4 create string containing gtable walues
private String goreatelutput()

rrer o,

String output =
Erumeration keys = gtable.keys();
F# dlterate through the kevs
while [ kevys.hasMoreElements(]) |
{
Object currentEey = keys.nextElement();
A4 ooutput the kev-value pairs
output += currentkKey + "%t + gtable.get| currentEey | + "\n':
1/ End While
output += "gize: " + gtable.size() + "yn';
return output;

Vo4 end method createlutput
J.-'J.-'wﬂrwwwwwwwﬂrmrwwwwwﬁ-.wrwww-nrwwwwwwwwwwwwwﬂmwwwwwwﬂrwﬁmrwwwﬂrwwwwwwwﬂrwwwwﬂmww

Figure 7.7 gcreatOutput() method

{

ffttttttttttttttttt'.\".\".\'W'.’u".\".\".\".\".\".\'t'.\".\".\".\".\".\".\'W'.\".’:'.’u".’r'.’rtttttttttttttttthtttttttttttttttttt

/4 create string containing gtable walues
private String ccreatelutput()

reer
-

SLring output =
Emmeration keys = ctable.keys(]:
A/ diterate through the kevys
while [ kevz.hazMoreElementa(] 1
{
Object currentKey = keys.nextElement(]:
S output the key-walue pairs
output += currentEey + "3 t7 4+ ctable.get( currentEey | + "\n":
VA4 End While
output += "zize: " + ctable.size() + "\n":
return output;

V 4/ end method createlutput
_I.-'_I,-".\".t".\".\".t".\".\".\".t".\".\".t".\'?.".\".t".\".\".t".\'?.".\".\".\".\".t".\".\'t'.\".\".\".t".\".\".t".\".\".\".t".\".\".t".\'?.".\".\".\".\".t".\".\'t'.\".\".\".t'.\'tttttttttttttttttttt

Figure 7.8 ccreatOutput() method
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ffttttttttttttttttttWthttttttttttttWthtttttttttttttttttttttthtttttttttttttttt

A*¥Component initialization®/
private woid jbIniti() throws Exception
1
contentPane = (JPanel) this.getContentPane():
WebURL. setText ("Enter UEL™) ;
inputField. setText("Input Quervyitopic term=]");
contentPane. setlayout (/% bhorderlayoutl */ mew FlowLayout())l:
this.zetiizeinew Dimnension(e00, 45077 :
this.zetTitle ("Agent InterFace™):

contentPane, add (WebURL /%, EBorderLayout,NORTH* /) :
contentPane, add (inputField) ;
contentPane. add (display3crollPane) ;
contentPane. add (gdisplay3crollPane) ;
contentPane. add (cdisplayScrollPane)

S create an instance of inner class ActionEventHandler
ActionEventHandler handler = mew ActionEventHandler():
WebURL. addictionlistener | handler ):

inputField. addactionlistener | handler );

display.setEditable| false ):

gdisplay.setEditable| fal=e ):

cdisplay.setEditable| fal=e ):
147 End jbhInit()

ff******t####****t#******t####***t####****t####***t####***t####****t#******t#***

Figure 7.9 Component initialization.

J,-'Jm-x-n--a-wwx-mrwwx-mrwx-.n-wwx-n-mrwx-mrwa-x-mrwx-a--mrwx-mrwwx-mrwx-x-n-wwxwwwwxwwwwxwwwxwmrwxwwwwx

/4 dimner class declaration for handling JTextField and JButton ewvents
private class ActicnEwventHandler implements ActionlListener
{
47 method to handle action events
public void actionPerformed| ActicnEwent ewent |
{
/¢ user pressed Enter key in WebURL
if | ewent.getiource() == TWebURL )
{
String Web = WebURL.getText(];
Jtring File = "Website.htwl™://Local File where the URL contents to be sawved
Jysten. out.println("Agent will get site >> " 4+ Web + ™ To "™ + File);
try //UGET to bring the URL Contents from the interhet
{
woget httpletfer = mew wget(] !
httpGetter.get| Webh , File §:
VA/ERd try
catch (Exception ex)/ /Error handling while getting the TRL
i
ex.printhtackTrace() ;
1//End Catch

Figure 7.10 bringing a document from internet
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Z.oteml) ;
i

Acring u;

A4 and now, to Test toltringi)
u s.toString () ;

A/ Lo test getBFesultBuffer(),
|
if [(=.getResultlengthi) > 2)

if [('u.equalsIgqnoreCase ("htnl™) =
"i.equalsIgnoreCase ("the™) &
"i.equalsIgnoreCase("haszs™) &

equalzlgnoreCase"they™) &
equalzlgnoreCase("will™) =
equal sIgnoreCase [should™)
equalzIgnoreCase ["you™)
equal sIgnoreCase ("what™)] &
equalzIgnoreCase [ "uhy™)
equalzIgnoreCase ["however™)
erual sIgnoreCase [("when™] &
equalzlgnoreCase"than™) &

M,
M,
[RE
M, &
.
M, &
M,
a.
M,
i
Aysten. out.printlniu) ;
term u;

createTable():

VASERA if
v/ End s.3ten

new Stringls.getBesultBuffer() .,

i, equalsIgnoreCase ("our™)

i, equalsIgnoreCase ("how™)

display.setText| createlutputi)
cdisplay.setText| ccreatelutput()

getResultlLengthi)

0, s.getBesultlength()):

"i.equalsIgnoreCase ("href™) &
i, equalsIgnoreCase ("was™) &
i, equalsIgnoreCase ("have™) &

"i.equalsIgnoreCase ("that'™) &

"i.equalsIgnoreCase ("shall™) &

& '"a.equalsIgnoreCase("would™) &
&
"i.equalsIgnoreCase [("where™] &
&

& "u.equalsIgnoreCase("can™) =
i equalsIgnoreCase [("might™)

"i.equalsIgnoreCase ("buat™) )

3

1
1

Figure 7.11 string's stemming before creating the table.
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public class wget

i
static final String F3

File.s

#%% Thiz method does the actual
W
L
* Fparam filename the local £i
L
L

public wvoid get(3tring thelrl,

{
try
{
URL gotoUrl
InputitreanFeader isr
BufferedReader in

Hexception IOException

StringBuffer sh
String inputLine;

hoolean isFirst = true;

Adgrab the contents at
while [ {inputline
{

in.

Fiwrite it locally

}

{

wue.printitackTrace () :

}

catch (I0Exception ioe)

{

throw ioe;

eparator;

GET

fparam theUrl The URL to retriewve

le to zawve Lo

Gtring filename) throws I0DException

new URL(theUrl):

new InputitreamFeader (gotoUrl. openftrean|))

new Bufferedfeader(isr):

new StringBuffer():

the TEL

readline()] '= null)

sh.append(inputLine+"yrin™) ;
SAyeten. out.println(inputline) ;

createdFile(filename, sb.to3tring(l):

catch [(MalformedURLException mue)

Figure 7.12 WGET Class (Java code)
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Jicreates a local file
AFF Trites a 3tring to a local file

*

* [param outfile the file to write to

* [param content the contents of the file
* [exception IOException

*/
public static wold createdFile(3tring outfile, 5tring content) throws I0OException

{
Filefutputitream fileoutputstream = new FileOutputitream(outfile);
Datalutputitrean dataoutputstream = new Datalutputitrean(fileoutputstrean) !
dataoutputstiean.writebBytes (content) ;
dataoutputstream. flushi)
dataoutputstream.closel) ;

’

V//End Class Wget

Figure 7.13 createAFile method.

;;wwwﬁwwwwﬁwwwwwawwwwwwawwwwwawwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwrwﬁwwwwawtwwwrwﬁwww
FFF Gtemmer, implementing the Forter Stemming Algorithm

* The 3temmer class transforms a word into its root form. The input

* gord can be provided a character at time (by calling add()), or at once

* by calling one of the wvarious stem(something) methods. */
class Stenmer

{
private char[] b;

private int i, A% offset into b +/
i_end, f* offzet to end of astemmed word *f
i, k2

private static fimal int THC = 50; /% unit of size wherehy b iz increased #/
ff***#t*##****t#***tt##***t*#****t##**##t****t*t#***t##***tt*#**#*##****tt#**#t*
public Stemmer ()
b = new char[INC]:
i=0;
i_end = 0:
VA4 End Stemmeri)
;;*******#************#************#************#************#************#*****

Figure 7.14 Stemmer class's declaration.

ff******t#******t#******t*******t#******t#*******t#******t#******t#******t******

A% add a character to the word being stemmed. When vou are finished

* adding characters, vou can call stem(woid) to stem the word. wF
public woid add(char ch)
i
if (i == bh.length)
{

char[] new_b = new char[i+INC];
for (imnt c = 0; ¢ < i; ct+) new b[c] = b[c]:
b = new_h;
VA4 End if
bl[i++] = ch:
1/4 End add(char ch)
f;tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

Figure 7.15 add() method1l in stemmer class.
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ffﬁﬁﬁﬁﬁﬁt#ﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁWWﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁt#ﬁWWW*WWW*###W**W#W#W*

% adds wlhen characters to the word being stemmed contained in a portion

* of a char[] array. Thiz iz like repeated calls of add(char ch), but
* faster. w4

public void add(char[] w, int wlen)
1
if (itwlen »= b.length)
{
char[] new_b = new char[i+wLen+INC]:
for (int c = 0; ¢ < iy oH+) new h[c] = hic]:
h = new_h;
1/ End if
for (int c = 0; c < wlen; c++) bl[iH+] = wl[c]!
VA4 End add(char[] w, int wlen)

ff******t#*******t#******t#******t#******t*******t#******t#*******t#******t#****

Figure 7.16 add() method2 in stemmer class.

ffﬁﬁﬁt#ﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁWWﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁt#ﬁWWW*WW**###W**W#W#W**W#

A% After a word has been stemmed, it can be retriewved by toStringi) .,
* or a reference to the internal buffer can be retriewed by getResultBuffen

* and getResultlength (which is generally more efficient.) 7
public String toStringi)
{

return new Stringib,0,i_end):
VA4 End toltringl)

ffﬁﬁﬁt#ﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁWWﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁt#ﬁWWW*WW**###W**W#W#W**W#

Figure 7.17 toString() method in stemmer class

f;*****##******###******##******##******##******##******##******###******##*****

/% Returns the length of the word resulting from the stemming process. S
public int getResultlengthi)
{
return i_end:
VA4 End getResultLengthi)

ff*****t####***tt#******t####***t####***t####***t####***t####***tt#******t#*****

Figure 7.18 getResultLength() method in stemmer class

ffﬁt********t#******t*******t#*******t*******t#******t#*******t#******t#******t#

S*% Beturns a reference to a character buffer containing the results of
¥ the stemming process. You also need to consult getFesultLengthi)
* to determine the length of the result. S
public char[] getResultBuffer()
{
return b;
VA4 End getResultEBuffer()

ffﬁt********t#******t*******t#*******t*******t#******t#*******t#******t#******t#

Figure 7.19 getResultBuffer() method in stemmer class
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b o e e i e e o e e e o el e e el ol el ol
iy
ST oocona(i) is true <£=> b[i] iz a consonant. S
private final boolean cons(imt i)
{
switch (b[i])
i
case 'a': case 's'! case 'i': case 'o': case 'u': return false:
case 'y': return (i==0) » truwe : 'cons(i-1):
default: return true;
v/ End switch case

VA4 End consiint i)
ff*t#******t#******t#******t#*****t#******t#******t#******t#******t#******t#****

Figure 7.20 consonant cases method in stemmer class

ffﬁﬁﬁﬁﬁﬁﬁt#ﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁWWﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁt#ﬁWWW*WW*###W**W#W#W**

ST oml) measurez the number of consonant sedquences bhetween 0 and j. if ¢ is
a consonant sequence and v oa wvowel sequence, and <£..> indicates arbitrary
presence,

Eaa et gives
Eaaagalated gives
LCEVOVCINE givesz
LCEVCWCOVCIVr Jgives

LI SN B s

A 7
private final int ni)
{
int n = 0;
int i = 0;
while (true)
{
if (i > j) return n;
if (! cons(i)) break: i++;
VA4 End While
i++;
while (true)
{
while (true)
{
if (i > j) return n;
if (consi(i)) break;
i++;
VA4 End While
i++;
-
while (true)
{
if (i = J) return n;
if ! cons(i)) break;
i++;
VA4 End While
i++;
VA4 End While
VS End mi)

ff#******t####***t#******t####***t####***t####***t####***t####***t#******t#*****

Figure 7.21 consonants counter method in stemmer class
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f*w**ww*w*w#*w***w*w**w**w*w#w***w*w***w**w*w#w*w*w*w**ww*w*w#ww*w*w*w**w**w*w#
S ovowelinstem() is true <=> 0,...] contains a wowel */
private final boolean vowelinstem()
{
int i; for (i = 0; i <= j; i++) if (! conz(i)l) return true:;
return false:
VA4 End wowelinsten )

f*t####***t#*******t####***t####***t#####***t####***t####***t#*******t#******t#

Figure 7.22 vowel checker method in stemmer class

;;wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
A% doubleci]) is true <=> j,(]-1) contain a double consonant. %7
private final hoolean doublec(int j)
{
if (j < 1) return false:
if (b[3] !'= b[3-1]) return false;
return cons(j):
VA4 End doublec({int j)

ffﬁ***t#******t##******t#******t#******t*******t#******t#******tt#******t#******

Figure 7.23 double consonant checker in stemmer class

jjtttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt
A% oocyc(i)] is true <<=> i-2,i-1,1 has the form consonant - wowel - consonant
and also if the second ¢ is not w,x or ¥. this is used when trying to
restore an e at the end of a short word. e.g.
cav(el, lov(el, hopie), crim(e), but

snow, hox, tray. wE
private final boolean cvciint i)
{
if (1 < 2 || 'cons(i) || cons(i-1) || 'cons(i-2)) return false:;

{
int ch = b[i]:
if (ch == 'w' || ch == '®!' || ch == 'y¥'] return false:

VA/ERd if

return true;
VA4 End cwolint i)

ff****t#******t#******t*******t#*****t*******t#******t#******t#******t*******t#*

Figure 7.24 an "e" restore method in stemmer class

ffw*w*w*www*w*w*www*w*w*w*w*w*w*w*w*w*w#w*w*w*w*www*w*w*www*w*w*www*w*w#ww**w*w*
private final boolean ends(3tring =)

{
int 1 2. lengthi) :
int o = k-141;
if (o < 0) return false;
for (int i = 0; 1 < 1; i++) 1if (b[o+i] '= s.charit({i)] return false;
i = k-1:
return true;

VA4 End ends (3tring =)

ffﬁﬁﬁﬁt#ﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁWWﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁtﬁﬁﬁﬁﬁﬁﬁt#ﬁWWW*WW*###W**W#W#W**W#W

Figure 7.25 string's end checker method in stemmer class
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ff****************t**************#*t**************#*t****************t**********

f* setto(s) sets (J+1),...k to the characters in the string =, readjusting k. */
private final woid setto(String s)
{
int 1 = 3.lengthil:
int o = J+1;
for (int i = 0; 1 < 1; i++) b[o+i] = =s.chardt(i):
E = j+1:
VA4 End setto(3tring 3)
;;w*w*w*w*wwwwwwwwtw*w*wwwwwwwwwwwwtw*w*wwwwwwwwwwwwww*w*wwwwwwwwwwwwtw*w*w*wwww

Figure 7.26 setto() method in stemmer class

f;*t#******t*******t#******t#*****t#******t#******t#******t*******t#******t#****

S* ris) is used further dowm. *7
private final woid r(3tring 3)
{
if (mi) >= 0) setta(s):
VA4 End ri3tring =)

j;ttttttttttttttttttttWthtttttttttttWthttttttttttttttttttttthtttttttttttttttt

Figure 7.27 string creator r() method in stemmer class
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j;ﬁﬁw#wﬁwﬁﬁﬁw*wﬁKW?HHHHHHHHHHHHHHHHHHHHEKW?HHHHHHHHHHHHHHHHHHHHEww?HHHHHHHHHHHHHHHr
' oatepli) gets rid of plurals and -ed or -ing. e.d.
caresses -> CAaress
ponies == poni
ties -= ti
CAress -» CAress
cats -» cat
feed == feed
agreed -> agree
disahled -> di=zahle
matting == mat
matirng -»= mate
meeting -> Ieet
milling -» mill
messing -> Ies3
meetings -»> neet®/
private final woid stepl()
{
if (b[k] == 'a')
1
if (ends("szes")) k -= 2: else
if (ends("iez™1) setto("1i"): else
if [(b[k-1] '= 's') k--:
1//End IE
if (ends("ead™))
1
if (mwi) > 0) k-—-:
1//End if
el=se
if ([(endzs("ed™) || ends("ing™)) && wowelinstem())
i
E=13:
if (end=s("at™))] setto(Tate”): else
if (end=s("bl™)) setto("ble™): else
if (end=z("iz"™)) setto("ize™); else
if [doublecik))
{
E--:
{
int ch = b[k]:
if (ch == '"1'" || ch == 's' || ch == 'z'] k++:
1/ /End k--
VA/End If
el=ze if (n() == 1 && cwvc(k)) setto("e™):
VASEnd IE
VA/End Steplil
j;tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

Figure 7.28 stepl in stemming process.
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J,-'_I,-'w*mr*w**wﬂrﬂr*ﬂm*wﬂrwﬂrw*tﬂrw**wﬂrﬂr*ﬂm*wﬂrwﬂrw*wﬂrw**w*w#****w*w#w*w*w*w*w*
A% step2() turns terminal ¥ to 1 when there iz another wowel in the stem. */
private final wvoid step()

{
SAE (ends("¥") && wowelinstemi)) b[k] = 'i':
VA4 End SteplZil)

f}fﬂ'tttttttttttt'.\".\".\'W'.’u".\".\".\".\".\".\'t'.\".\".\".\".\".\".\'W'.\".\".’u".’r'.’rttttttttttttttt'.\'thttttttttttttttttttttt

Figure 7.29 step2 in stemming process

/ |
/% step3() maps double suffices te single ones. so -ization [ = -ize plus
-ation) maps to -ize etc. note that the string hefore the suffix must give
n) » 0.7/

private final void step3()
{
if (k == 0)
return; /* For Buy 1 #/
switch (b[k-1]]
{
case 'a':
if (ends("ational”))
{
ri“ate"]; break;
}//End If
if (ends("tional”))
{

}//End TE
break;
case 'c':
if {ends("enci”])
{
ri“ence”]; break;
}//End TE
if (ends("anci”))
{
riance”]; break:
1/ /End It
break;
case 'e':
if (ends("izer"])
{
ri"ize"): break:
}//End TE
break:
case '1':
if (ends("bli"])
{
ri"ble”]; break:
}//End If
if (ends("alli"])
{
£i{"al"); break:
}//End TE
if (ends("entli”])
{
ri"ent"]; break:
S/End If

£{"tion”]: break:

if (ends("eli"]}
{
r("e"); break;
}//End I
if {ends("ousli"}}
{
r("ous"); break:
}//End I
hreak:
case '0':
if (ends(“ization”))
{
r("ize"): break:
}/FEnd If
if (ends{“ation”)}
{
r("ate"); break;
}/FEnd If
if (ends(“ator”j)
{
ri"ate"); break;
}//End If
break;
case 's':
if (ends("alisn")}
{
r("al"): break:
y//End If
if (ends(“iveness"))
{
r("ive"): break:
}/FEnd If
if (ends(“fulness")}
{
r("ful"): break:
}/FEnd If
if (ends(“ousness"))
{
ri"ous"); break;
}//End I
break;

case 't':
if (ends("aliti"})

{
ri"al"); hreak:
}//End If
if (ends("iviti™))
{
r("ive™); hreak:
V/iEnd TE
if (ends({"biliti"))
{
r{"ble™); break:
V//End If
break;

case 'fg':
if (endsi("logi™))
{
r("log™); break:
V/iEnd TE
/4 End switch (b[k-1])

1//End Stepil)

Figure 7.30 step3 in stemming process
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J.-'J.-'-nrww-.m-.m-nrww-.m-.'rwﬂr-.'rw-.mwwﬂr-.'rwwwﬂrﬂrwmrwﬂrﬂrwmrwﬂrﬂrwmrwwwﬂrwwwwwwﬂrwwwwwwﬂmwmr
A% ostepdi) deals with -ic-, -full, -ness etc. similar strategqy to step3. &7
private fimal woid stepd()

{
switch (b[k])
{
case 'e':
if (ends("icate’™])
{
ri"ic™): bhreak:
VA/End If
if (ends("ative™))
{
ri"": hreak:
VASEnd If
if (endz("ali=ze™))
{
ri"al"™); bhreak:
1//End If
break;
case 'i':
if [ends(“"iciti™))
{
ri"ic™): hreak:
VASEnd If
break:
case 'l':
if [ends("ical™))
{
ri"ic™); hreak:
VASEnd If
if [ends("ful™))
{
ri""; hreak;
VA/End If
break;
case 's':
if (endsi("nezz"))
{
ri"": hreak:
1//End If
break;
VAFAEnd switch (b[k]) Cases
VASERd Stepdl)
J.-'J.-'wwww-.mwﬂrwwmrwwﬂrwwmrwwwwwwmrwwﬂrwwmrwwwwﬂrmrwwwwﬂrmrwwwwwwmrwwwﬂmmrwwwﬂmmrw

Figure 7.31 step4 in stemming process
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'I,I'J.i’W‘ﬂ'W‘ﬂ'WW‘ﬂ'W‘ﬂ'W‘ﬂ'W‘ﬂ"ﬂ'W‘ﬂ'W‘ﬂ'W‘ﬂ"ﬂ'W‘ﬂ'W‘ﬂ'W‘ﬂ'WW‘ﬂ'W‘ﬂ'W‘ﬂ'W‘N‘ﬂ'W‘ﬂ'W‘ﬂ'W‘ﬂ"ﬂ'W‘ﬂ'W‘ﬂ'W‘ﬂ'WW‘ﬂ'W‘ﬂ't‘ﬂ't‘ﬁ‘ﬂ't‘ﬂ't‘ﬂ't‘ﬂ"ﬂ't‘ﬂ't‘ﬂ't‘ﬂ'tt‘ﬂ't‘ﬂ'

/7% steph() takes off -ant, -ence etc., in context <ckvowcaws, ¥/
private final woid stepSi()
{
if (k == 0) return:; /% for Bug 1 */
switch (B[k-1])

i
case 'a':
if i(ends("al"™))] break:
return;
case 'c':
if i(ends("ance”™)) break;
if (ends("ence”™)) break;
return:
case 'e=':
if (ends("er”")) bhreak:
return:
case 'i':
if i(ends("ic")) bhreak;
return:
case 'l':
if iends("able™)) break:
if iends("ible™)) break:
return;
case 'n':
if [ends("ant™)) break;
if (ends("enent™)) break:
if (ends("ment')) break;/* element etc. not stripped before the m */
if [ends("ent”)) break;
return;
case 'o':
if jends("ion™) & J ¥= 0 && (b[1] == 's' || b[1] == 't')) break; /* J »= 0 fixes Bug = */
if f(ends("ou'")) break:
return: /% takes care of -ous */
case 's':
if (ends("isu")) break;
return:
case 't':
if [ends("ate™)) break;
if (ends("iti™)) hreak:
return;
case 'u':
if (ends("ous")) break;
return;
case 'w':
if (ends("iwe™)) break:
return;
case 'z=':
if (ends("ize")) break;
return;
default:
return;

y// End switch (b[k-1]) Cases
if (i) > 1) k = 3;
14 /End 3tepsi)
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Figure 7.32 step5 in stemming process
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;;wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
A% atepol) removes a final -2 if mi) > 1. ¥4
private fimal woid stept()
{
i =k:
if [(b[k] == 'e'}
{
int a = m();
if (a>=1 1] a ==1 && lovcik-1)1 k--:
VAAENDd if (b[k] == 'e!')
if (b[k] == 'l' && doublec(k) && mi() = 1) k--;
V44 End stepg()
ff***t#******t#******t#******t#******t#******t#******t#******t#******t#******t#*

Figure 7.33 step6 in stemming process

f;**##*******##******##******##*******##******##******###******##******##******#

% Sten the word placed into the 3temmer buffer through calls to addi).
* Beturns true if the stemming process resulted in a word different
* from the input. Tou can retriewe the result with
* getBesultlength() /getBResultBuffer|) or toltring().*/s
public void stenf)
{
E=1-1:
if (k= 1)
{
stepl(); step2(); step3(); stepd(); stepS(); stepd():
'
iend = E+1; 1 = 0;
VASENd stem()
jjttttttttttttttttttttttttwtttttttttttttttttttttttttttttttttwtttttttwttttttttttt

144 End class Stenmer
Figure 7.34 stem() method in stemmer class
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#include <math.hs
#include "mex.ht
#include "matrix.h"

unsigned int numnonzeros{comst mxArray®);

o
mex INMstep perforss one step of (T)EM given the parameters

usage: ¥ = mex EMstep(X,C,FPw z,Pz_d)
or ¥ = mex EMstep(X,C,Pw z, Pz_d, beta)

where 'X' is the term-document matrix, 'C' the normalization
constant (evaluated at the non zerc points of 'X', 'Pu_z' the
comditional distribution over words given the topics, 'Pr_d'

the document conditioned distribution over the topics.
‘beta' \elem (0,1] for tempered EN. (defamlt: 1)
X' and 'C' have to be sparse (and of the same structure)

Peter Gehler
ffay Plamck Institute for biclogical Cybermetics
pgehlerdtuebingen.zpg.de
Feb 2006

t

vold mexFunctioniint nlhs, mxhrray *plhs[l, int nrhs,
dowble "XPe_dw, "%, "Pu_g, "Pz_d, *C, swniPz_du;
double *Fz_d_out, *Pw_z_out, *suni:
dounle beta;
MXALTAY D
int *ir x,*ir xy, *ic_x, *ic_xy:
unsigned int inde, indx, hext_indx, element_count, nn,w:
unsigned int nWords,nTopics,nDocs: -
hool temperedElN;

1f ({(!imxIsSparse(prhs[0])])|] (! (mxIsSparseiprhs[1]]))]

I {{nlh VI Cinrhs==4) | | (nrhs==5])]1{

printf ("usage: ¥ = mex_EMstep(X,C,Pw_z,Pz_diin");

printf (" or: ¥ = mex EMstep(X,C,Pu_z,Pz_d,hetalin®):

printf (" where 'X¥' is the data matrix and 'C'
" poth have to be sparsein”):

printf (" 'heta' is the temperature paremeter for TEM or 1 if not givenin"):
printf (" this function performs one step of EM and returns the updatedin®);
printf (" paraweters. \n"):

return;

i

nWords = mxGetMiprhs[0]];
nbocs = mxGetH (prhs[0]);

nTopics = mxGetNiprhs[2]):
je_x = mxGetJe(prhs[0]]:
ir_x = mxGetIr [prhs[0]);
X = mxGetPr (prhs(0]);
[+ = mxGetPr (prhsl1l);

Pw_z = mxGetPr (prhs[2]]:
Pz_d = mxGetPr(prhs(3]);

1f (nrhs == &)
heta = fmxGetPr (prhs[4]):
else

beta = 1;

temperedEM = heta !=1:

/% create ontput matrices */

plhs[0] = mzCreateDoubleMatrix (nfords, nTopics,mxREAL] ;
Fw_z_out = mxGetPr (plhs(0]):

plhs[1] = mxCreateDoubleMatrix (nTopics,nDocs, wxREAL)
Pz_d out = mxGetPr(plhs[i]):

p = mxCreateSparse (nWords, numnonzeros iprhs[0]), mxREAL);
Jo_xy = mxGerde(p):
ir_xy = mxGetIr(pj;:

XPZ_dw = WXGETPL(p):

nbocs,

sumx = malloc (nbocs * sizeof (double));
o

p = mxCreateDoubleMatrix(nBocs, 1, sxREAL) ;
sumX = m¥Getlr(p) .
i

1f (!(vempersdEN]) { /¢ plaim ZM */

for [nn=0;nn<nTopics:nu++l{ /+* Ffor every topic *#/
sumPz_dw = 0

element_count = 0

Je_xy[0] = 0;
indx = 0;

for (indc = 0; indc < nDocs; indo++) { /¢ loop over documents
sweX[indc] = 07

jo_xy[indo+1] = jo_xy[indc];

next_indx = je_x[inde+l]: /* nmext colusn index */

while {indx < next indx) {

const mxArraytprhs[])

the normalizing constantin

L

{

je_xylinde+1] ++;
7+ copy slement of sparse matrix +/
ir_xy[element_count] = ir_x[indx];
2Pz_dw[element_count] = Z[indx] * Pz_d[nn+nTopics¥inde] *
Pw_z[nninWords+ir xy[element_count]] / C[indx]:

/* this works for ome topic */

FHAPE_dw[element_count] = X[imdx] * Pz_alinmdc] *

Pw z[ir xylelement count]] / Clindx]:*/

/* this check might be deleted at some poimt */
1f (mxIsNall (2Fz_dw[element_count])){

printf ("isnan!in");

%Pz_du[element_count] = 0;

H

else

SumXPz_dw += ZPz_dw[element_count]

7% calculate the total sum of the elements in X */
sumX[inde] += X[indx]:

/% update sum over rows and sum over columms */
Pu_z_out[nn*niords+ir_xy[element_count]] += ¥Pz_dw[element_count];
Pz_d_out[nn+nTopicstinde] += XFz_dw[element_count]

indx++;
element_count++:

/% normalize Pw z and Pz d */

for (ww=0;uwu<nliords; w+t)
Pw_z_out[nniniords+un] /= suwFz_dw:
for (ww=0;uw<nDocs; uwh)
Pz_d_out[nn+nTopicsiuw] /= sweX[ww] ;

i
else { /* tempsred EM version - ses comments from above */
for (nn=0;nn<nTopics;nn++){

sumzPz_du= 0;
element_count = 07
Je_xy[0] = O0;
indx = 0;

for (indc = 0O
sumX[indc] = 0;
Je_xvlinde+i] = je_xvlindel:

next_indx = jo_x[indc+1]; /¢ mext column index +/

inde < mboecs: inde++) {

while (indx < mext_indz) {
Jo_xylinde+1] ++;
ir_xy[element_count] = ir_x[indx]:
ZPz_dwlelement_count] = X[indx] * pow(Pz_d[nn+nTopics®inde] ®
Pu_z[nn¥nllords+ir_xylelement_count]],beta) / C[indx]:
1f (mxIsNal (%Pz_dv[element_count]))
ZPz_dwlelement_count] = 0;
else
swnXPz_dw += £Pz_dv[element_count]:
sumX[inde] += Z[indx];
Pw_z_out [nninlords+ir_xylelement_count]] += XPz_dwlelswent_count]
Fz_d_out[nn+nTopics®inde] += XPz_dw(element_count]:
indx++;
element _count++!
)
}
for (ww=0;ww<nlords; )
Pu_z_out [nn*nlords+wn] /= sumXPz_du:
for (ww=0;wu<nbocs; wir+)
Pz_d_out[nn+nTopics*nw] /= sunX[ww] ;

¥

free (sumk) ;
mxDestroyArray (p):
return;

/% count mumber of nonierc emtries */
unsigned 1nt nuMnoOnzZercs (COnst wxArray
unsigned int nnz:

Tprhs){

1f (mzIsSparse (prhs))
nnzE = *(WXGetJe (prhs) HwxGetN (prhs) )
else 1f {mxIsDouble(prhs)){
int s=0, i, n:
double *xr, *xi:
nnz = 0:
n=mxGetNumberoOfElements (prhs) ;
xr=mzGetPr (prhs);
xi=mxGerPi(prhs);
1f (xi!=NULL)
for (i=0:;i<n:i++)i
1f (xr[i] !=0) nnz++
else 1f (xi[i] !=0) nna++:
)
else
for

(i=0;i<n;i++) 1f (xr[i] !=0) nnz++;
}
else

rexErrMsgTXt ("Function not defined for varisbles of input

return(nnzj;

¥

Figure 7.35 "mex_EMstep.c" PLSI implementation.
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#includs <wath.h>

#include "mex.h"
#include "watrix.h"
gt

mex Pw d.c

computes the mormalization constant durimg EW learning for PLSI.
The elements are computed only &t those positions needed, therefore

Peter Gepler
2

unsigned int numnonzeros (const mxArray®);

const mxirray*prhs(l) {

mxirray *plhs[], int nrhs,

"Pz_

wold mexFunction(int nlhs,
double “Pw_d, Tpr_x, FPw_z,
double beta:

int Fir x, prev_ir_x,fir Pw d, *je_x, sJc_Pu_d, “had_indsx:
int element_count, nTopics;

int nn,ii,33:

unsigned int nWords, nbocs, inde, indx, indy, next_ind;

hool temperedEH;
/* sanity check of the parameters */
1f ({!(mxIsSparse (prhs[0])))
LIt {inrhs==3) | | (nrha==4]})] {

i

nWords = mxGetM{prhs[0]];
nbocs = muGetN{prhs[0]];
nTopics = mxGetM(prhs[2]}:
je_x = mxGetde{prhs[0]):
ir_x = mxGetlIr (prhs[0]):
pr_x = mzGetPriprhs[0]);

Pu_z = mxGetPriprhs[1]];
Pz d = mxGetPriprhsl2]):
1f (nrhs == 4)

beta = *mxGetPriprhs[3]):
else

beta = 1;

#* Sanity check of the parameters */

1f ([! { mxGetM{prhs[1]) == nWords)j|| (' ({mxGetN{prhs[1]]

printf ("Dinensions miswatch of Pv_z, should be of size 5d x sdin”
,nllords, nTopics) ;

temperedil = hetals

== nTopics) |

return;

}
1f (! {mxGetvM(prh=[2]]==nTopics)) || (! (mxGetM(prhs[z])==nbocs))}{
printf ("Dimensions mismatch of Pa_d, should he of size $d x $din”
,nTopics, nboes) ;
return;
¥
A

#* create sparse output matrix

plhs[0] = mxCreateSparse (nWords, nDocs, nuwnonzeros (prhs(0]), mxREAL):
Jo_Pu_d = mxGetdo (plhs[0]);
ir Pw_d = mxGetIr(plhs[0]):

Pu_d = mxGetPr(plhs[0]);

element_count =
je_Pu_dfo] = o:
indx = 0:

1f
for

(! {temperedEN] ) { /¢ plain EM */
(inde = 0: inde < nDocs: inde+d]) {

je_Pw_dl[inde+1] = je_Pw_d[inde];

next_indx = jo_x[inde+l]:: /* next column index */

while (indx < next_indx) { /* while nonzerc emtries in the matrix */

jo_Pw_dlindc+1]++; 7+ point to next imdex */

gt
ir_Pw_d[element_count]

copy element of sparse matrix */
= ir_x[indx];

ii = inde:
33 = ir_Pw_d[element_count]:

Pw_d[elsment_count] = O:
sum over all topics */
(nn=0;nn<nTopics; )
Py_d[element_count] += Pz_d[ii*nTepics+nn]

n
for
* Pw_z[jj+nWerdstan] ;

indx++;
element_count++;
¥
¥
¥
else { /¢ tempered EN - see comments in plain EN */
for {inde = 0; inde < nbocs; indetd) {
je_Pw_dlinde+1] = je Pw_dlinde]:
next_indx = jo_x[indcti];
while (indx < next_indx) {
jo_Pu_d[indc+1] ++;
ir_Pw_d[element_count] = ir_x[indx]:

princf(Tusage : C = mex_EStep(X,Fw_z,Fz_d)\in");
printfi{" or : C = mex Estep(¥,Pw z,Pz d,beta)in");
printf (" computes the normalization oconstant 'C' only for those valussin):
printf(" which are needed [nonseros of X.
" If no ‘heta' is given this functionin”]:
printf(" does plain EN, TEN otherwisein"]:
return:

IR

inde;

ir_Pw_d[element_count] ;

Pw_d[element_count] = 0;

for (nn=0;nn<nTopics:nn++
Fu_d[element_count] += pow(Pz_d[ii*nTopics+nn]
Pu_z[jj+nlords*nn] heca)

indut+:

element_count++;

i

®

return;

/% fast implementation of mmi(..) */
unsigned int nummonzerosicomst mxArraytprhs)
{

unsigned int nnz:

1f (mxIsSparseiprhs))
nnez = *{mxGetJc(prhs) +mxGetl (prhs))
else 1f (mxIsDouble (prhs){

int i, n;
double *xr,
nnz = 0;
n=mxGetMumber OFE lement.s (prhs) ;
xr=wxGetPr (prhs):
xi=muGetPi{prhs)

*xiz

1f (xi!=NULL)
for (i=0:i<n;i++){
1f (xe[i] '=0) nnz++:
else 1f (xi[i]!=0) nna++;
+
else
for (i=O;isn;i++) 1f (xr[i] !=0) nnz++;
+
else

mexErcMsgTxt ("Function not defined for varisbles of input

returninnz);

Figure 7.36 "mex_Pw_d.c" PLSI implementation
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#include "mex.h™
#include "matrix.h"

J{’#
loglh = mex logl{X, Fw d,rFd)

where X is the term-document matrix, Iw & the distribution over the words
given the documents and Pd the prior distribution over the documents.
X and Fw_d need to be sparse (and of the same structurs)

Peter Gehler
Mzx Flanck Institute for biological Cybernetics
poehler@tuebingen.wpy.de
Feb 20048
S

rold mexFunction(int nlhs, mxirray *plh=s[], 1nt nrhs, const mxlblrray*prhs[])] {
double *X%, *Pw d, *Pd, *logL:
int *ir_x, *jc_x;
unsigned int nbocs, inde, indx, next_indx:

1f ({i(nlhs!=1)|| (nrhs'=3})
|l (' (mxIsSparse (prhs[0]) 1) ] ¢! (wxIsSparse (prha[1]11)101014

printfi"usage: logl = wex_ logL (X,Pw_d,Pdjin");
printf("vhere 'X' and 'Pw_d' have to be sparses\n®):
return;

¥
nhocs = wxGetM(prha[0])

X = mxGetPr {prh=s[0]);
jo_® = mxGetdc (prhs[0]];
ir_x = mxGetIr(prh=[0]):

Pu d = mxGetPriprha[1]):

Pd = mxGetPr{prh=s[2]):

F* create output matrix */

prlh=s[0] = mxCreateloubleMatrixil, 1, mxREALL):;
logL = mxGetPr (plhs[0]):

logL[O] =0;

F* loop over only nmonzero entries of the data matrix */
indx = 0O:
for (inde = 0; inde < nlocs; indce+4) {
next_indx = jo_x[indc+l]; /* next column index */
while (indx < next_indx] {
logL[0] += E[indx] * log(Pd[indec] * Pw d[indx]):
indx++;

return:

Figure 7.37 "mex_logL.c" PLSI implementation
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=-[3] Imports
-5 Getlinks
- % main{String[] args)

% getReader(String uri)

class GetLinks !

public static wvold naini(3tring[] args) !
EditorEit kit = new HTMLEditorEit():
Document doc = kit.createDefaul tDocument () :

S# The Document class doez not yet

f# handle charset's properly.

doc.putProperty (" IgnoreCharsetDirective™,
Eoolean.TRUE) ;

try {

S# Create a reader on the HTML content.
Reader rd = getReaderiargs[0]):

/¢4 Parse the HTHL.
kit.read(xd, doc, 0);

S4 Iterate through the elements
J4 0f the HTML document.
ElementIterator it = mew ElementIterator (doc);
jawvax. swing. text.Elenent elem;
while [(elem = it.next())] '= null)] {
Simpledttributelet s = [Simpledttributeliet)
elem,gethattributes () .. getittribute (HTHL. Tag. &) ;
if (3 '= null) {
ystem. out.printlng
s.gethttribute (HTML. Attribute . HREF) ) ;

'
} catch [(Exception e] !
e.printitackTrace () :
'
System.exit(l);

Figure 7.38 Getlinks class
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S/ Beturns a reader on the HITML data. If 'uri' begins
SAowith "http:™, it's treated asz a URL: otherwisze,
J4 it's assumed to be a local filename.
static Feader getReader (3tring uri)
throws I0Exception {
if (uri.startsWith("http:™))] !

S Betrieve from Internet.
TRLConnection conh =
new URL(uri).openConnection():
return new
Inputitreanfeader (conn. getInputitreamn() ) ;
I else !

/4 Betrieve from file.
return new FileFeader (uri):;

Figure 7.39 Link Recognizer
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ABSTRACT

This paper describes techniques
for developing distributed and adaptive
agent that coordinate to retrieve, filter
and recommend information relevant to
the owner, from various web sources.

The knowledge of agent based on
semantic indexing by analyzing multiple
topics in HTML pages.

General Terms/Topics/Keywords

Agent, Information Retrieval,
Topic-Analyzer, Latent semantic
indexing, Adaptation, AUML.

1. Introduction

A continuous growth of the
internet usage with billions of published
documents and data distributed around
the world, demands a useful, fast,
accurate and intelligent search system
that satisfies users needs and queries. We
noticed From IWS (Internet world stats)
website, the rapid growth specially the
last few years. We can see on Mar-2007
that the internet population grows up to
6,574,666,417 while the internet usage
latest data was about 1,114,274,426. and
this indicates the huge amount of
document that is distributed around the
world [8,1].

It’s well known that search
engines with centralized architecture
can’t index the whole Internet because
the exponential growth of the number of
documents published in the Internet.
Search engine  with distributed
architecture is scalable solution of this
problem [3].

The study of multi-agent systems
began in the field of distributed artificial
intelligence (DAI) about 20 years ago.

Our system is based on Intelligent
Information Agents aims at helping the
user and melting together the multi-agent
system (MAS) and the information access
technologies by investigating to what
extent ~ methods  from  Artificial
Intelligence, Database Systems and
Information Retrieval (IR) can be applied
to information discovery by themes of
information agents in the Internet and the
World Wide Web.

In the framework of our suggested
architecture, we use a set of topic target
collections of electronic documents
published in the Internet. These
collections belong to different owners
who are responsible for their content,
indexing and quality of search.
Administrator’s demand is automatically
propagated to one or more collections
with topics relevant to his target
topic[1,2,4].

2. Why .. Agent?

An agent is a computational entity
such as a software program or a robot that
can be viewed as perceiving and acting
upon its environment and that is
autonomous in that its behavior at least
partially depends on its own experience.
As an intelligent entity, an agent operates
flexibly and rationally in a variety of
environmental circumstances given its
perceptual and effectual equipment.
Behavioral flexibility and rationality are
achieved by an agent on the basis of key
processes such as problem solving,
planning,  decision  making, and
learning.[11,2]

Today these systems are not simply a
research topic, but are also beginning to
become an important subject of academic
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teaching and industrial and commercial
application.[5,7]

Our agent is expected to establish
new cooperation among research groups
in the related areas mentioned above, but
also to strengthen existing contacts and
focus scattered efforts for research on and
development of intelligent information
agents.

In particular, managing and
controlling such networks, the services
they provide, and the communications
they involve, is crucial to keep Internet a
useful tool in the future. However, there
is a growing awareness that current
centralized IR architectures will soon
reach the limits of their scalability. We
argue that distributed but coordinated
mechanisms that support adaptation and
self-optimization of Information Agent
societies can be an answer to this
problem.[8,4]

topic 2|’ ’

Collection -

- . Environment
““““ organisational relationship

<—= relutionship sphere of influence

] terms

Figure 1 system environment.(Shoham 1996-modified)

3. Agent Architecture
In a distributed agent framework,
we conceptualize a dynamic community

of agents, where multiple agents
contribute services to the community.
When external services or information
are required by a given agent, instead of
calling a known subroutine or asking a
specific agent to perform a task, the agent
submits a  high-level  expression
describing the needs and attributes of the
request to a specialized Facilitator agent.
The Facilitator agent will make decisions
about which agents are available and
capable of handling sub-parts of the
request, and will manage all agent
interactions required to handle the
complex query.

The advantage of such distributed
agent architecture allows the construction
of systems that are more flexible and
adaptable  than  distributed  object
frameworks. Individual agents can be
dynamically added to the community,
extending the functionality that the agent
community can provide as a whole. The
agent - system is also able to adapt to
available resources in a way that hard-
coded distributed objects systems can't.

Using AUML (Agent UML)
we will capture the MAS complexity by
role decomposition and controls MAS
environment dynamicity by role/agent
entities separation. In terms of modeling,
AUML supports the idea of UML
extension toward Agent UML, which
results to the integration of agent classes,
role classes and interaction protocols to
UML.[10,2]

3.1 Role A (Document Fetcher):-



This Agent Role uses wget utility
for document-downloading from the
internet. The link of this document is

contains a queue of links to be fetched.
Links queue stars from a set of start
Links presented by the administrator.

i~ ,/.-'\._
—> [ Links Topic
= ueue Innut
Add 5 Q Agent
. g
probable % % e Role B
- .
important -
Links
Agent Index Core of
Role A Documents
Collection
o,
Document Topic o
Fetcher Analyzer e
i “—|»
1 -
%
Internet Stemming & 1
Analysis Collection's
Topics
Yes Agent Indexing
Role C
Document
— <«
End : Evaluator :
Role | !
| Calculating E
: Document's :
| Relevance :
' Document |
! Pass? X
Receiving i !
Links End: _ No !
Role! !
| |
I 1
I Yes !
| |
d - ]
Links < U >
Filter
A A Topics
Agent :
Rc?le D Attract Indexing
Links For new
document
Figure 2 Agent Architecture AUML (As Presented by Juneidi [10])

taken from a storage volume which
Link from this queue is assigned
estimation of usefulness of this Link for
seeking of new relevant documents. At
the first step the newly included to this
queue Link is assigned number 1 as its
usefulness.

The next stage of this role is the
stemming stage. Logical view of
documents from full text to a set of

Every

indexed terms. This stage includes
Accent spacing, Noun grouping, Stop
words removing ... until reaching index
terms from a full text.

After that, the index terms of the
fetched document will be handed to
Agent role C, which is responsible to
figure out if the document is relevant or
not.



If the document is relevant, Agent
role A starts to extract all links from this
document because the probability of
relevance of these links is high. These
links is handed directly to Agent Role D.

3.2 Role B (Topic Analyzer):-
Using PLSI arithmetic method, this

Role is responsible for two major stages:-

Stage 1, includes receiving main
target topic terms that is produced by the
Administrator and stored in the topic
input volume. PLSI method is used to
give a weight these terms, in addition to
index topic terms that comes from
relevant documents stored in the Index
core Documents collection. Target topics
terms weights are continuously modified
when each new relevant document is
added to the collection, at the same time
these modifications are saved in Topic
Input storage volume, and this loop
increases the smartness of the agent.
These modifications are also handed to
Agent Role C, which is responsible to
figure out if the document is relevant or
not.

Stage 2, starts when Agent Role
C decides that the fetched document is
relevant, it starts to analyze the topics of
document index terms using PLSI before
adding the relevant document to the
collection.

3.3 Role C (Document Evaluator):-

This role is responsible to receive
index terms from Role A, and Topic
index from Role B, and starts to calculate
the relevance of the document, and the
weight of it. And then determine
comparing with a target threshold,
whether the document is relevant or not.
If the result is positive, then both of roles
A and B start their mission on this new
gift. But for negative result Role C ends
its job on this not useful document.

3.4 Role D (Links Filter):-
At every next step Role A chose
from queue a Link with maximum value

of estimation of its usefulness, downloads
it and evaluates it. If this document is
accepted by evaluator then at next steps
agent randomly chose links presented in
its text and includes them into Links
queue with usefulness estimation equal 1.
If a downloaded document isn’t accepted
by evaluator, then estimation of
usefulness of a Link of a document,
where link to this document occurs, is
decreased. As a result, estimation of the
Link usefulness is approximation of
probability of relevance of a link from the
document to the collection topic.

This role has to make sure that all
attracted links are useful and not repeated
(already checked before) in order to
increase performance. And this is done
with help of the stored documents
collection description. So every link has
to be filtered and the role decides whether
to add it to Queue or not (which means to
end role).

4.1 PLSI Method:-
Using PLSI arithmetic method, this
Role B and C is responsible to analyze
the whole set of documents from this
collection and create the collection
description which reflects the main
subjects presented in this collection.
We’ve used for this propose probabilistic
latent semantic indexing [3,5].
The goal of the latent semantic
indexing is extraction of latent factors
which reflect a set of narrow topics
presented in the given collection.
Letz € Z = {z4,..., 7z} be set of these
factors.
Let denote
e P(z) — probability that randomly
selected document from the
collection best of all corresponds
to the topic z

e P(d|z) — probability that for the
given factor z; this factor best of
all corresponds to the document d;

e P(w|z) — probability that for the
given factor z; this factor best of
all corresponds to the word w;.



Here deD={di, ... ,dn} is set of all
documents from the collection and we W
={w1,..., Wy} is set of all words from this
collection.

Functions P(z)), P(d|z) and P(w|z)
can be estimated in the process of a
likelihood function maximization. This
function is presented in the following
form

L=>>tf(d, w)log(P(d,w)),

Standard Expectation
Maximization algorithm is wused for
maximization of this function. Two steps
are executed at every iteration of this
algorithm. The first one is Estimation

PP |2)P(w]2)
Pl =S b e )Pl Z)

The second one is Maximization
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To generate the collection filter
we’ve selected the most heavy words
from W. Weight of the word w is
calculated as

weight(w) = > P(z)P(w|z)

e
4.2 How it works?

The goal of using PLSI method is
to analyze the whole set of
Administrator’s queries which reflects
information need of him. This analysis
can be used to find new subjects which
are interested to him but poorly presented
in the collection core.

In order to do so we’ve used the
following approach. At first graph of all
words used in the Administrator's terms
was created. Every word was presented
as a vertex of this graph. Two vertices are
joined with an edge if and only if the pair
of corresponded words occurs in the
same query. Every vertex should have a

weight which reflects the role of this
word in the collection subject. Some of
these words are presented in the
collection core and we can use
probabilistic latent semantic indexing to
calculate their weights. But a part of
words presented in the queries can be
new (not presented in the collection
core). To estimate their weights we’ve
used the following method.

We suppose that weight of every
new word should be equal to the average
value of weights of words which are
neighbors of this word. We’ve used
iteration algorithm to estimate weights of
all new words according to this proposal.
All information about queries words and
their weights is stored as queries
statistics.

5. Results:-

To test our agent we’ve used it to
generate a collection on the information
retrieval topic. The collection core
contains about 50 documents which were
selected by a topic administrator
(Security topic) relevant documents.
These documents were used to generate
the collection topic analyzer. We’ve used
a set of terms (about 25) as topic-terms
archive. These terms were supplied by an
administrator also and were used for
topic-analyzer generation. Agent starts
with a set of start Links. This set contains
about 5 links on relevant html documents
and was presented by the administrator.

The goal of the test was to find
best values for thresholds for document
evaluator and topic-Analyzer. Result of
the test shows that in the best case the
precision of the agent is 0.722. This
means that our agent downloaded a set of
new documents, about 72 % of which
were recommended by this agent to the
collection, and our topic-administrator
estimate that almost all recommended
documents are relevant to the collection
topic.
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