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Abstract

Web navigation and search are vital research fields in which efficient ways for

indexing and downloading pages are required.

Due to the tremendous growth of the web documents and high rate of changes (updates);
traditional crawling methods are becoming less efficient as specially as the network

traffic it causes.

In this project a multi agent system is used to realize mobile crawlers using the agent
messages technology so that the crawling process is done at the web server side, pages
parsed and processed locally then the result messages returned back to the crawler

manager side to be integrated into the database.

A monitoring agent will be used in these web servers to detect changes in their

documents and tells the search engine for immediate updates.

A new idea is introduced in this project that is to have a hybrid system which
encompasses the agent technology with traditional crawling method, to solve the problem
of overloading the web server resources when the crawling processes are done there, to
achieve that we will use high power computers as Coocrawlers to handle the crawling
process of the web server suffering from resource utilization under specific conditions

tested by performance Tester agents.
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Chapter One

Introduction

1.1  Preliminaries

Indexing the Web has become a challenge due to its growing and dynamic nature,
the directly accessible Web (also mentioned as surface Web) exceeds 2.5 billion
documents (in 2007) while the indirect Web (dynamically generated documents) is
almost three orders of magnitude larger, moreover the Web is changing 40% of its
contents every month while no search engine succeeds coverage of more than 16% of the
estimated web size [22].
Suppose you want to make a search about a sudden event or result that has been recently
published to the web, a question rises here can search engines detect these newly

published documents? if that the case what are the effects over the network?.

“Even search engines such as Google or Altavista cover only a limited part of the Web,

and the majority of their archives are not updated”[23].

A web crawler (also known as a web robot or spider) is a program for
downloading web pages. Given a set (s) of “seed” Uniform Resource Locators (URLS),
the crawler repeatedly removes one URL from s, downloads the corresponding page,

extracts all the URLs contained in it and the keywords for index goals, and adds any

(Googlebot) as our example, suppose you are an administrator of the university web site
www.ppu.edu, and you want the Google search engine to index your web pages to be
queried by any user, then you have to go to the link “http://www.google.com/addurl” and
add your site there, after that Googlebot (crawler) will visit your web site , download

pages, extract all URLs included in your site ,and continue.



Another option that is your web site may be already included in other popular
sites as a hyperlink so it will be crawled (i.e. www.ppu.cdu is included in the
international universities union web site).

By this way the indexer of Google will be rich of thousands of websites, figure

1.1 demonstrates this example.

",

Po%h

Q),,'
Queries

Google user

Registration process
.ppu.edu \ )

Google seed URLs server

\ o
URLs o\
=~
PPU web admin NS
/j Google index
j HTTP request ‘\:
°
§ Retrieve pages X Keywords (i.e. PPU staff)
o
S Google Crawler

host
WwWWw.ppu.edu

Figure 1.1 Google's crawler example at PPU.

Although the web crawling algorithm is conceptually simple, designing a high
performance web crawler comparable to the ones used by the major search engines is a
complex endeavor. All the challenges inherent in building such a high performance

crawler are ultimately due to the scale of the web [11].

Mobile Agent (MA) is an executing program that migrates during execution and presents

methods for maintaining and using distributed system [13].

In this project we will use mobile agent as crawler (mobile crawler) to crawl the web

servers locally and return the results back to the crawler manager.



1.2  Project vitality

The World Wide Web is an essential organ in the body of information explosion
running these days.

The most important element in this organ is the search service which has piles of
usefulness to the web user as specially as the researchers.

Going further in more details the most crucial part of search infrastructure is the web

crawler which is our game in this work..

The surveys of researches related to this topic have shown several drawbacks of

the traditional crawlers which will be discussed in more details.

Overcoming these drawbacks, mobile agent introduces itself attempting to have
an efficient, high performance mobile crawler.
The most important measure for a search engine is the search performance,

quality of the results and ability to crawl, and index the web efficiently [1].

1.3  Project goals
e To design and implement a multi agent system that performs the crawler
responsibilities in an efficient way.
e To overcome some of the drawbacks of current web crawlers related with
performance, bandwidth and relevance.
e To keep the search engine's index updated in an approximate real time without

much overload on the network.



1.4

Literature review
“UCYMICRA”

Is a distributed indexing using migrating crawlers , UCYMICRA extends
the concept of mobile agent as a crawler to build a fully distributed system based
on mobile agent, its goals are to keep up with document changes rapidly, to
minimize network utilization and to be upgradeable at run time [22]. We noticed
that this system requires form the web administrator to specify the peak-off hours
of his server while it is more accurate to implement a simple program to test
whether it is appropriate to crawl locally or to give up the responsibility to other
helping factor (i.e. Coocrawlers in AWCMA), we noticed also that UCYMICRA
got use only from mobile agents while stationary agents can do communicate and
exchange information(i.é. configurations and results) through asynchronous
messages, finally we suggest not to transmit the web contents even they are
filtered and compressed, however only keywords and URLs are needed in
AWCMA system to be indexed.

The owners of UCYMICRA recommended in their future work portion to
implement a hybrid crawling system that borrows form both the traditional and
the fully distributed crawling system, we say to them is it possible to have a
hybrid crawling system that borrows from both the traditional and the multi-agent

crawling system? This will possibly be answered through our research.

“USING THE WEB EFFICIENTLY: MOBILE CRAWLERS”

In this paper a use of mobile agents is introduced to crawl the web servers
, the main goal was there to minimize the load over network by filtering, and
selecting the wanted relevant pages only from the web server, then returns with

compressed results to crawler manager system [24].

“Multi-Agent System for Specific Domain Search Engine Based on Distributed

Classification Approach” (2007)

H. Arafat Ali used multi agent platform to achieve parallelism in focused

crawling to overcome bandwidth and resource utilization in web server hosts.



This paper shows also how this way decreased the execution time of crawling and
speed it up, after that a comparison was conducted between the client-server

paradigm and mobile agent paradigm in crawling technology [25].

e “Mercator” Allan Heydon and Marc Najork

Is an extensible , scalable , high performance web crawler that are entirely
written in java , it discussed the main components of any crawler and alternative
design options for each component , Mercator is scheduled to be included in the next
version of the AltaVista Search Intranet product a version of the AltaVista software

sold mostly to corporate clients who use it to crawl and index their intranets [5].

1.5 Requirements

.
WO A w g wmn

1.5.1 User requirements
e The system should have Graphical User Interface (GUI) in the host of crawler
manger to control and monitor the crawling process.

e The GUI in crawler manager must show the extracted URLs and keywords.

1.5.2 System requirements
1.5:2:1 Functional requirements
e The system should take the seed URLs specified by the crawler
manager user.
e The system should supply crawling configurations (i.e. max memory
utilization, monitoring time and crawling strategy , ...).
e The system should send Performance Tester Agent (PTA) with the
specified URLSs to the web servers.
e In serial strategy only one Crawling and Monitoring Agent (CMNA)
is employed so the user has to select the URL.
e In parallel strategy the user should select the URLs to be crawled .
e The system should create and dispatch CMNA to the specified web

Server.



e The mobile agent should read the pages specified, parse them, extract
URL:s ,titles and key words.

e The CMNA should send massages to the crawler manager with the
crawled pages, new URLs titles and keywords of the pages to be
indexed.

1.5.2.2 Non -Functional requirements

e Performance: the system must obey high performance measures (i.e.
processes a large number of pages within a reasonable time).

o Efficiency: the system of crawling should be efficient in terms of

network load and web servers’ resources.

1.6 Time table
Table 1.1 distributes the tasks of project to IDs so that each one has its own time line.
In accordance table 1.2 shows clearely tasks’ time plane managed over 16 weeks

Table 1.1. Tasks description

Task ID Description

T1.1 Selecting the project

T1.2 Information gathering ,literature review ,reading
T1.3 System analysis , requirements determination
T1.4 Start designing

T1.5 Documentation writing

Table 1.2. Time plan

Task/week [1 (2 |3 (4 |5 (6 |7 (8 |9 (10 |11 |12 13 |14 | 1S | 16

T1.1

T1.2

T1.3

T1.4

T1.5




Table 1.3. Tasks description- second semester

Task ID Description
T2.1 Design and analysis
T2.2 Components implementation
T2.3 Component testing
T2.4 Integrity testing
T2.5 Documentation writing
Table 1.4. Time plan- second semester
Task/week |1 |2 (3 |4 |S (6 |7 (8 |9 |10 {11 |12 |13 |14 |15 |16
T2.1
T2.2
T2.3
T2.4
T2.5




1.7. Estimated Cost

1.7.1. Software resources

The following table show the estimated costs for software components and tools used

during our work.

Table 1.5. Software resources cost

Software component Cost
$250

Microsoft Windows Vista

Microsoft Office 2007 enterprise $170

Microsoft Office Visio $200

Net Beans IDE Free

JADE Package Free

NSClient4j Free

Total $620

1.7.2. Hardware resources

Table 1.6. Hardware resources cost

Hardware component Cost

1 PC with core 2 duo CPU 2.6 GHz, 160 GB HDD, 2 GB RAM, monitor, | $2000

keyboard and mouse.

4 PC Pentium 4 (1500-3000) MHz,80 GB HDD, 512 MB RAM, monitors,

keyboards and mouses.

A LAN with 10 computers (for testing) Free

Total $2000
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1.8. Project Risk Management

The project may face some problems and risks that we have to declare in the early time of

the project analyzing and manipulation, and we must avoid those problems so that the

system could work in its high efficiency, so when we find a risk we will try to solve it

without affecting the total project as much as we can..

Table 1.7 Risks analysis

Risk ID | Description Probability Impact ID
RA One of the teamwork is absent 50% 1
RB Little experience in using some | 40% 3
programming tools
RC Hardware or network failure 20% 3
RD Extend the project time than determined | 40% 2
RE Closure of university (suspension) 10% 4
RF Irrelevant results 40% 2

Table 1.8 Risk impact IDs

Impact ID Type of impact
1 Catastrophic

2 Critical

3 Marginal

4 Negligible

10




Table 1.7 Risks effects minimization strategies

Risk ID

Strategies to decrease the side effects of the risk

the plane that if one is absent the other do his duty

Read more tutorials about the tool and ask available experts

Main failures have to be mended by specialists , backup plan

Try to neglect some irrelevant sides of project

Meet in other places

2| E| 8 B & &

Try to make the testing at each stage of project

11




1.9. Road Map
The work comsists of seven chapters, each chapter talks specifically a

project.

Chapter One: “Introduction”, this chapter gives an introduction about the system, its

importance, other related systems, project time plan, project cost and risk management.

Chapter Two: “Theoretical Background”, this chapter gives a clear picture about the
system theoretical background related to the main concepts of crawling, agent, mobile

agents, and web services , security related to mobile crawlers

Chapter Three: “Conceptual design”, this chapter shows system block diagram, design
options that can be used in the system, and how each system components interface with

each other.

Chapter four: “detailed design”, this chapter shows a detailed lens view to the design

and modeling of the system including flowcharts , AUML , and GUI design.

Chapter five: “implementation and validation”, this chapter speaks freely about
implementational issues and testing the application under various conditions with
validation features, it speaks also about the sofiware packages used and the development

model adopted to carryout the work.

Chapter six: “Results, Conclusions and future work™, this chapter explains how much
we achieved from our goals through experiments and resulted figures , statistics , and
numbers, this chapter included the mathematical description of the system and the future

work to be done.

12
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Chapter Two

Theoretical background

Preface

In this chapter we explored the theoretical background of the web crawler and its

proprieties, policies, components and a survey on many crawler systems.
An introduction for mobile agents was included in this chapter.
2.1. Web crawler

It is considered the most essential component in search engines, it is challenging
task as tricky reliability, performance, and other issues [29].
“Crawling is the most fragile application since it involves interacting with hundreds of
thousands of web servers and various name servers, which are all beyond the control of

the system.” [1]

2.1.1. How crawler works

Before proceeding in crawler’s life cycle we have to explore lightly the basic components
from which it consists.

e A component (called the URL frontier) for storing the list of URLs to download.

e A component for resolving host names into IP addresses (DNS).

e A component for downloading documents using the HTTP protocol.

e A component for extracting links from HTML documents.
These are the main components of any crawler used in search engines.

Hear we can show the crawler as a part of search engines.
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Figure 2 .1. Search engines architecture [1]

By describing the full function of each component we can easily draw the life cycle of the

crawling process.

2.1.1.1 URL frontier
A single URL Server serves lists of URLs to a number of crawlers [2], the URL frontier
at a node is given a URL by its crawl process, it maintains the URLSs in the frontier and

regurgitates them in some order when it is needed.

15



Whenever a crawler thread seeks a URL, Two important considerations govern the order
in which URLs are returned by the frontier. First, high-quality pages that change
frequently should be prioritized for frequent crawling.

The second consideration is politeness: we must avoid repeated fetch requests to a host
within a short time span; as a result a URL frontier implemented as a simple priority
queue might result in a burst of fetch requests to a host. This might occur even if we were
to constrain the crawler so that at most one thread could fetch from any single host at any
time. A common heuristic is to insert a gap between successive fetch requests to a host

that is an order of magnitude larger than the time taken for the most recent fetch from that

host.
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Figure 2 .2. URL frontier [1]
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Figure 2.2 .The URL frontier .URLSs extracted from already crawled pages flow in at atop
of the figure. Crawler requesting URL extracts from the bottom

The two major sub modules are F: front queues in the upper portion of the last figure and

B: back queues (FIFO QUEUES) in the lower portion of the figure.

The front queues implement the prioritization, while the back queues implement
politeness. [3].

Each URL is assigned an integer between 0-15 based on its fetch history

2.1.1.2 DNS (Domain Name Service) resolver

Each web server, host connected to the internet has a unique IP, which generally consists
of four integers, for instance 207.142.131.248 is the numerical IP address associated with
the host www.wikipedia.org, the process of mapping the URL to IP address is called
DNS resolution or lookup, the program (component of crawler) contacts the DNS server
to achieve the desired IP, the entire process may need recursive calls for other DNS
servers, For a more complex URL such as en.wikipedia.org/wiki/Domain Name System ,
the crawler component responsible for DNS resolution extracts the host name — in this
case en.wikipedia.org —and looks up the IP address for the host en.wikipedia.org.

DN resolution is known for causing bottlenecks over the network in crawling because of
its distributed nature, another difficulty may appear in crawling that is the library
implementation of the DNS lookup as a part of crawling software is synchronous (one
request to the DNS other crawler threads are blocked) to solve the DNS lookup is

considered as a component of crawling process [3].

2.1.1.3 HTTP module

This component is responsible for requesting and fetching the pages specified by the
supplied URLs using HTTP protocol, while the web pages and documents are increasing
rapidly the excessive use of HTTP get requests affected the overall network performance

and utilization.

2.1.1.4. Download module

To have polite crawlers, downloading from one domain must be in a reasonable rate,

while URLSs from different domains shall be downloaded in parallel to maximize network
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usage, to implement that two approaches are used 1.to use multithread each take a URL

at a time from to do list 2. to use one process that asynchronously poll hundred of

connections (like Google)[4], using multi thread make the program structure simpler

because the duty of switching between threads are left to OS thread scheduler rather than

to be coded in the program[5].

These are generally the main component of any crawler; simply we can summarize the

process

The URL frontier feeds the crawler manager with seed URL/s.

Crawler manager resolves the URL/s to IP/s to connect with its server.

Crawler makes the HTTP request and access the specified server.

Crawler manager downloads the page/s wanted and start parsing, analyzing and

extracting new URL/s and Keywords for indexing.

Pages downloaded go to repository, URLs go to URL frontier for further

crawling, and keywords go to indexer for search use.

Web pages

Mului-threaded
downloader

Text and

URLs
Scheduler e
ueue
& URLs

mctadata

Storage

Figure 2.3 .high level architecture of a standard web crawler [2]
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2.1.2.

Essential features of crawlers [4].

The crawlers in general must obey many features to have a good web crawling these are:

1l

2.1.3.

Politeness: Web servers have both implicit and explicit policies regulating the rate
at which a crawler can visit them. These politeness policies must be respected as

we will show later.

Robustness: Some web servers create what is called “spider trap” which cause the
crawler to fetch infinite number of pages from a particular domain, crawlers must

be able to resilient such trap.

Scalable: The crawler architecture should permit scaling up the crawl rate by

adding extra machines and bandwidth because of the vast increasing in web size.

Performance and efficiency: The crawl system should make efficient use of

various system resources including processor, storage, and network bandwidth.

Quality: the crawler should harvest the useful pages that are related rather than

gathering a huge fraction of web with no use to user query

Freshness: In many applications, the crawler should operate in continuous mode:

It should obtain fresh copies of previously fetched pages.

Extensible: Crawlers should be designed to be extensible in many ways — to cope
with new data formats, new fetch protocols, and so on. This demands that the

crawler architecture be modular

Policies of crawling

The behavior of crawler is characterized by several polices [9]:

A selection policy that states which pages to download next.

A re-visit policy that states when to check for changes in pages.
A politeness policy that states how to avoid overloading websites.

A parallelization policy that states how to coordinate distributed web crawlers.
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2.1.3.1 Selection policy

This policy simply decides which page to process next; Selection policies are
based on graph exploration algorithms.
The most common used search algorithms are breadth first search (BFS), search with
Page rank calculations, focused crawling strategy, OPIC (online page importance
computation) strategy and depth-_first search (DFS) [9], web crawler generally
implements breadth-first based on local site priority.
Breadth-first crawl has a higher probability of visiting pages with a high page rank,
breadth first strategy Visits all URLs pointed by the first page before visiting any URLSs

pointed to by pages fetched later so it crawl pages as they are discovered[7] .

Back-links selection based on page rank metric, pages with higher page rank crawled
first, page rank take the ingoing links to the web site in its function calculation [9].

Focused crawling tries to seek, crawl, and index pages in specific topic which invest the

network resources and achieve respectable coverage at a rapid rate [8].

OPIC (Online Page Importance Computation) Here, each pages given an amount of
“cash” that is distributed equally among the set of pages that it points to. From a given
page, the crawler assigns download priority among neighboring linked pages based on

the amount of cash that they have [6].

2.1.3.2. Re-visit policy

The web is dynamic with lots of additions, deletions and modifications happening
frequently. This puts additional pressure on the search engines from the freshness and
relevance standpoint [6], the crawler should be able to crawl a page based on the

frequency of its change and must operate continuously [3].
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2.1.3.3. Politeness policy

The web crawler comes with cost include [9]:
e Network resources. Crawlers require considerable bandwidth,
e Server overload.
e Poorly written crawlers.

e Personal crawlers.

The partial solution of this problem is the use of robots exclusion protocol or
(robot.txt) which is the responsibility of administrators to indicate the parts of their
servers not allowed to be accessed by the crawler [2], also another protocol rose on
the surface to avoid multiple visits to the same domain that is to use delay between
visits to the same site this point is very important especially to the servers visited

many times a day [11].

2.1.3.4. Parallelization policy
This policy aims to run multiple processes to carry out crawler responsibilities, it will
achieve [10] :

e Maximizing download rate.

e Minimizing network overhead.

e The central manger assigns dynamically new URL\s to each crawling process.

e This will allow the central server balance the load over crawlers. [2].
While this policy serves a lot, it has some disadvantages that many processes crawl the
same pages (overlap), and the communication bandwidth which could be utilized highly
in processes communication among each others, and the quality of pages (their

importance) that is not taken in processes consideration when run multiply [12].
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2..2. A survey on web crawlers [4,5,11,26,27]

The first web crawler was born in spring 1993 [5], because of the comparative natural of
search engines, the designs of these crawlers have not been publicly described, we can
say that we have some exception such as Google crawler , internet archive and
Mercator.

e Original Google crawler : consisted of five components :

a) URL server process. reads URLs from a file and distribute them to
multiple crawler machines.

b) Crawler process: ran on a different machine, was single thread, used
asynchronous I/O to fetch up from 300 servers.

c) Store server process: to which the downloaded pages are stored and
compressed.

d) Indexer process: This reads the pages from the store server, extract the
links from HTML pages and save them to different disk file.

e) URL resolver process: which reads the links file, normalize the URLs and
save the absolute URLs to be read again by the URL server.

o (Heritrix) Internet archive crawler: also ran on multiple machine crawling, each
machine was assigned to crawl up to 64 sites, used asynchronous I/O to fetch
pages, once the pages downloaded the links extracted [4,27],”If a link referred to
the site of the page it was contained in, it was added to the appropriate site queue;
otherwise it was logged to disk. Periodically, a batch process merged these
logged “cross-site” URLSs into the site-specific seed sets, filtering out duplicates
in the process” [5].

® Mercator: very popular implementation of web crawler it consists of the
following :

a) A component (called the URL frontier) for storing the list of URLSs to
download.

b) A component for resolving host names into IP addresses.

¢) A component for downloading documents using the HTTP protocol.

d) A component for extracting links from HTML documents.
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e) A component for determining whether a URL has been encountered

before [26,5].

2.3. Mobile agents

2.3.1. Definition of an agent
It can be defined as: a software object that is situated within an execution environment.
Taken that there is no commonly agreed definition of exactly what an agent is [18]
While transferring to another definition says: "The term agent is used to represent two
orthogonal concepts. The first is the agent's ability for autonomous execution. The second
is the agent's ability to perform domain oriented reasoning."[20]

The proprieties of such agents can be described as following:

e Autonomy: has its control over itself.

e Social ability: through communicating with other agents.

e Reactive: to act as a sensor for the environment changes and respond
accordingly.

e Pro activeness: initiative to directed goal behavior.

e Learning: through previous experience.

Continuity: continuous running process [20], [15].

2.3.2. Definition of mobile agent
A mobile agent is a program or object (code and data) that can migrate from host
to host in a network of heterogeneous computer systems and fulfill a task specified by its

owner using the resources of the hosts [19].

2.3.3. Mobile agent components
The three basic components of mobile agent are:
o The code: it is the executed aspect of mobile agent; simply mobile agent holds

single code.
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The state: it is the data execution environment of the agent such as stacks,
program counter.

The data: variables, identifiers, knowledge [15].

State Data

Figure 2.4 Basic structure of mobile agent[15]

2.3.4. Mobile agent life cycle

An agent, as a physical software process, has a physical life cycle that has to be

managed by the agent platform [19].

This life cycle can be drawn through figure 2.5 and the following points.

Creation: the agent is created (installed).

Invoke: The invocation of a new agent.

Destroy: The forceful termination of an agent.

Quit: the termination

Suspend: no thing to do.

Resume: resume from a suspended state.

Wait: Puts the agent in a waiting state, agent initiated.
Wake Up: Brings the agent from a waiting state.
Move (Migrate): moves the agent to another system.

Execute: to execute in the active state.
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2.3.5. Mobile agent security requirements

The mobility nature of agent exposes it to many threats: agent to platform, agent to
agent, platform to agent and other to agent threats so mobile agents have to provide
essential requirements for security [20].

e Confidentiality: means all the activates and information are hidden.

Integrity: ensure that no unauthorized agents or process can modify the data
or the code.
e Authentication of origin: ensure the originality of communication from its
claimant.
e Availability: ensure that to provide the communication, data and services to
agents in a timely manner.
e Non-repudiation: the originating entities are not allowed to deny their

communications [15].
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2.3.6. [Fault tolerance in agent system
The fault tolerance can be defined as the ability of system to respond gracefully
to an unexpected hardware and software failures [13], there are many levels of

fault tolerance the lowest one is the ability to continue work under power failure

[21].

2.4. Indexing
Simply we can define the indexer that is a program which reads the downloaded
HTML pages by crawler; it includes back-of-book-style indexing. It has several
responsibilities to do [1]:
a) It can decide what is the page about
b) Parse the code of HTML and recognize the words giving the priority to the
italic, bold and header tag words.
c) Creates a metadata vocabulary (keywords) for search engine queries.
It is considered challenging task as the web page contains a large number of words,

and imagine thousands of pages!

2.4.1. Methods of indexing [1,2].

1) Full text indexing: Google, Alta vista, Excite are example of full text indexing
as it implies from its name it store each word parsed and found in HTML page
in the search engine’s database.

2) Keyword indexing: Lycos is the example; here only the important phrases or
words are stored.

3) Human indexing: Yahoo, while the spider was responsible for indexing hear
the human interact to index, a person chooses some words and phrases that

describes the page.

So indexing the web includes building of a web category that contains the words

found in the page parsed and their occurrences.

The indexers have to be updated periodically as new contents are being crawled.
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The success of search engines relies heavily on building and organizing the

indexers efficiently.

2.5. Software description

2.5.1. The JADE
“JADE (Java Agent Development Framework) is a software development
framework aimed at developing multi agent systems and applications conforming to
FIPA standards for intelligent agents” [12].
It is fully implemented in java programming language [15].

2.5.1.1. JADE architecture
The JADE platform consists of agent containers which are distributed over

the network, agents live there which could be described as Java process that

provides the JADE runtime and all the services needed for agents [14].

There is a special container, main container which is the first one launched and

represents the bootstrap point of the platform.

All other containers register to the main container and they are given logical names

A G rtta e Cantatnoe ate T191
e.g. Container-1, Container-2...etc. [12].

The following figure shows the main architectural elements of JADE platform .
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Figure 2.6 .The main architectural elements of JADE platform [15]

2.5.1.2. FIPA ( Foundation of Intelligent Physical Agents)

FIPA is an international organization established in 1996 [15] that aims to
promote the industry of intelligent agents by adopting specifications that support
interoperability among agent systems, the heart of FIPA’s model for agent systems
is agent communication that is how the agent semantically can pass message to

others agents to execute what are they required for [19].

2.5.2. Java programming language

It is an object oriented programming language that was released by Sun
Microsystems in 1995; it derives much of its syntax largely from C++ with simpler object
model.
Java applications are compiled to java bytecode that can run on any Java Virtual
Machine (JVM) which guarantees the portability of this programming language and
platform independence without caring to the architecture and operating system in which it
is run, this capability referred to as “Write once, run everywhere” [2].

Java facilities data and applications (Applet) distribution over the internet [13].
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2.5.3.

Java platform, standard edition (Java SE)

There are two main products in Java SE family: Java SE Runtime Environment

(JRE) and Java Development Kit (JDK) [16].

Java runtime environment (JRE)

The JRE provides the libraries, Java virtual machine, and other components

necessary for you to run applets and applications written in the Java programming

language [16].

Java development kit (JDK)

It contains everything in JRE in addition to some tools such as the compilers and

debuggers needed for developing applications, figure 2.5 will show the whole

components of Java SE platform [16].
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2.5.4. NetBeans IDE (Integrated Development Environment)

Is a free, open source IDE for software developers. You get all the tools you need to
create professional desktop, enterprise, web, and mobile applications with the Java
language, C/C++, and even dynamic languages such as PHP, JavaScript, etc... , it can
run on many platforms including Windows , Linux, Mac OS X and Solaris , add to

that its ease of install and use [17].
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2.6. Summary

A web crawler is a program that downloads the pages from web servers using
HTTP protocol, extract the pages to find URLs and Keywords, store the pages in
caches and indexers for further search queries.

Web crawlers have many features and polices, many algorithms were developed to

achieve high performance and efficiency in crawling

Indexing is an essential part of search operation to have a powerful search engine.

A mobile agent is a program or object (code and data) that can migrate from host to
host in a network of heterogeneous computer systems and fulfill a task specified by its

owner.

There are many features and security issues related with mobile agents that make any

related work on agents extensible and upgradeable .
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Chapter Three

Conceptual Design

This chapter involves the issues related with the conceptual design of the project, brows

the architectural design, the system modeling in addition to go deep in project objectives.

3.1.

project objectives in details

To design and implement multi-agent system that does the crawler responsibilities
in an efficient way.

Our goal in this system is to use the technology of JADE agents to do the
responsibilities of web crawlers, in other words the mobile agent will be sent to
the web servers, select the pages, parse and analyze the pages, monitor the
changes and updates, and return the result massages (keywords, Titles and URLSs)
to the search engine side to be manipulated and saved to the database.

To overcome some of the drawbacks of current web crawlers related with
performance and bandwidth utilization.

During our search on web crawlers we noted that they suffer from many
drawbacks as specially as issues related with the network over which they work,
and some problems in updating the web search engines’ indexes in approximate

real time.

These drawbacks were put in mind to be solved; multi-agent technology is

suggested trying to overcome some of them.
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e To keep the search engine's index updated in an approximate real time without
much overload on the network.
This could be achieved by employing the crawling agent as a monitoring
agent , with time ticker depending on the configurations done at crawler
manager, the light weight of the message and transferring only the changed

contents are two main factors to save the bandwidth over the network.

3.2. Architectural Design

3.2.1 exploration of the system (definition)

AWCMA (Autonomous Web Crawler using Multi Agents) takes the advantage of mobile
agents to migrate to web servers over Internet and make all the processes related to any
traditional crawler at the side of web server (filter, extract keywords and URLs,
compress)then returns the results back to the crawler manager of the specified search
engine ,and keep a monitoring agent so that to detect any changes or updates either by
time, after that the crawler manger integrate the payload of mobile crawlers into the
database of the search engine to be queried later. The figure 3.1 below demonstrates the

general idea of the system.
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Figure 3.1. General idea of the AWCMA

AWCMA (Autonomous Web Crawler using Multi- Agent) System uses three strategies to
achieve an efficient approximate real time information retrieval via crawling the web by
taking the advantages of agent technology.

The crawler manager agent which resides in crawler manager host dispatches Crawling

and Monitoring Agent which is created and resides in web servers.
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The first strategy adopts the parallelism in crawling by sending agent\agents to the
specified web servers, retrieves their URLSs, keywords and sending them via messages in
parallel, the crawling agent also takes the rule of monitoring these web servers for
updates and changes by either time or event triggers and sends these updates to the home

to be integrated into the search engine database.
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Figure 3.2. The first strategy of AWCMA (Parallel)
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The second strategy adopts the serial paradigm to carryout crawling, by sending
agent\agents to a seed web server and processes its contents then transfers to another
server till the last one.

Taking in consideration that the agent doesn’t carry the information retrieved, rather the
contents are also sent via messaging technology to the crawler manager.

The updates are taken in mind here by repeating the process to the specified web servers

3
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every N time unit (i.e. minutes) configured in advance.
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Figure 3.3. The second strategy of AWCMA (Serial)
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3.2.2. System block diagram
As shown in figure 3.2 the block diagram of the AWCMA system which can be

explained in this following sub sections.

AWCMA System
User User interaction Multi-agents Web Servers
(Web developer)[® Crawler Manager)[<—————] system B 7

Figure 3.4. Block diagram of the AWCMA

1. User (web developer)
We call the user of our system "web developer" as the ordinary users of computer are
not usually concerned with crawler applications as the web or search engines developers
do.

2. User interaction (crawler manger)
This subsystem provides the user with the GUI that enables him to select these
options.
e URL:s of the Desired web servers to be crawled.
e The time sleeps of the two successive crawling operations to monitor the updates
and changes of the web server.
e The maximum memory utilization allowed for a specific web server.
e The user will receive a performance report after (Performance Tester Agent) PTA
did his work.
° The user will notice the end of crawling of each web server by receiving the

results (URLSs, keywords) to be stored in the database.
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Figure 3.6. User interface of the AWCMA- prototype 2
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Figure 3.7. Results of AWCMA- prototype 3
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Figure 3.8. Results of AWCMA- prototype 4

AWCMA provides the user to interact with mobile agent for each participating web
server (web site) through:

e Creating Name Resolver Agent (NRA)

e Creating Crawling and Monitoring Agent (CMNA).

e Supply the CMNA with monitoring time of crawling for each web server.
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3. Mobile agent

Mobile agents interact with the crawler manager user and the web servers
where they migrate, mobile agent once created in the crawler manger system, it is
uploaded with some parameters (number of agents, sleep time, time span).
Before crawling process, the crawler manager dispatch Name Resolver Agents for
identifying the participated web servers within the system.
While in web servers mobile agents will have the rule of any traditional crawler
except of some enhancements that will be discussed later.
A monitoring agent will be employed depending on participant’s restriction so that
any changes in his documents will be noticed immediately. Finally the Crawler Agent
packages the results in a message envelope (Crawling Payload Message) and sends it

to the crawler manager to be integrated into the database.

o Justification for using Mobile agent

Traditional crawling systems generally use client-server paradigm which
yielded many problems related to network overload, bandwidth utilization and
bottlenecks, mutli-agent systems have many proprieties [24] that encouraged us to
select this technology to build AWCMA.

e Reduce the network load: instead of having the whole process of crawling to
be done in search engine site, mobile crawler will do this responsibilities
locally in web servers, find the results and send them to the crawler manager.

e They overcoming network latency: that will enable a scalable web crawler
with reasonable time.

e They adapt dynamically: this will serve in changes detection in web servers.

e They are robust and fault-tolerant: web crawlers are generally exposed to

many failures (i.e. platform, web server, DNS).




4. Web servers
This module represents the ordinary web servers which contain the whole
pages and documents, in AWCMA each web server has to have a platform for hosting
mobile agents that would be supplied after subscription.
An important point that should be noticed here that the crawling process

would be done locally at these web servers.

3.3. Design options

e Mobility of agents: this point shows two clear choices, to have stationary
agents in each participating web server that do the crawling process and
notify any changes, send them to the crawler manager through massages.
Or to have mobile agents that migrates to the participating web servers
and do the crawling processes locally, create a monitoring agent and
return the results back to the crawler manager also by messages.

e Mobile agent platforms: we have three choices to adapt the most
convenient platform for creating, marinating, dispatching and killing the
agents. These alternatives are:

o Aglets software development kit (ASDK): which we found
through searching [30] that it is a good way for crawling thanks to
its 1. Supporting the "data push" model which reduces the
network latency and notice rapidly the changes in web documents
2. The crawling important issue is the graph- traversal problem-
the web can be seen as a graph and there is many alternative paths
for nodes with different cost estimation- aglets has the ability to
clone, to have an initial itinerary and react to local conditions that
perimits numerous traversal strategies to be

unfortunately no new versions have been released, no more

complete tutorials and materials available, beside the low
activities related with this platform nowadays.

o JADE: it is also one of promising platforms for developing agents,

the encouraging points that lead us to choose this platform is the
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following: 1)the fertile soil of updated resources and releases with
a very high level of activity, its support to web services so you
can easily manipulate your agents from any appropriate web
application [31], in addition to the measurements that show the
good performance of JADE in message system and its ability to
be candidate for developing heavy load distributed systems [32]

e Number of agents:

o The initial imagination was to employ only a single agent for each
participating web server to handle crawling process.

o The later imagination was to employ multi-agents for each
participating web server specified by its administrator; this will
affect the money paid for subscription.

o The appropriate choice was to separate the use of agents number

to the strategy adopted.

e Crawling paradigm
o Distributed paradigm that distributes the whole crawling process
over multi-agents employed. In fact no fully distributed paradigm

is presented because of crawler manager still centralized .
3.4. AWCMA proposed algorithm

Input : 1. The URLSs of the participated web servers
2. Maximum memory usage allowed
4. Monitoring time
5. Crawling strategy.
Output: 1. performance report.
2. Keywords
3. New URLs
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Symbols : URLs within URL box :B
The crawler manager :CM
Performance Tester Agent :PTA
Participated Web Server : WS
Maximum memory usage: MU, CPU Usage : CU
Monitoring time Mt
Crawler and monitoring agent: CMNA
Time unit :
Maximum memory and CPU utilization :x ,y .
Start time of operation: t.
Process :
If (a new participant in AWCMA)
While (B is not NULL)
{
CM do
e Specify MU and CU
e Dispatch PTA for the specified web server
e Creates a monitoring and crawling agent..
PTA at WS do
e Check the performance.
o IfMU <x && CU<y) {
Returns with safe mode.
}
At CM again // safe mode
Re Choose the strategy and monitoring time
If ( strategy= serial )
Allow created CMNA to be dispatched to the first web server
While (t=Mt){
While (WS< number of web servers){
DispatchTo (WS)
WS=WS+1
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t=t+(

Return messages
}
Else{ // parallel
For each WS selected
DispatchTo(WS)
While (t=Mt){
Return messages
t=t+(

}
Dispose (CMNA)

}
Else {

Switch on coocrawlers.

}
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3.5. System Modeling
3.5.1. Data flow diagrams

Crawler Subscriber URL's
Manager web server
User + configurations

keywords for
indexing, New

URLS Read HTML

files

Crawling Process

Web Server

Figure 3.9. Data flow diagram- Level O

Figure 3.9 shows the Data flow diagram which describes the data flow within the system,
the core processes which is shown in the circle is the crawling process which indicates

the hole process and how it interacts with the system entities.
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Figure 3.10 Data flow diagram- Level 1

Figure 3.10 show refined data flow — level one which gives details for the crawling

process to explicitly describe each sub process .
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3.5.2. Use cases

Crawler Manager

«uses»

\> Subscriber URL\s

«uses» 2
Crawling

configuration

Crawler managel
user
«uses» :
Crawling
e} «uses»

Mobile agent

crawling results

Figure 3.11 Use case at crawler manager

Web server

«uses» Vo

.-

Mobile agent

«uses»
Get HTML pages

«uses»
Crawl pages
Monitor changes

«uses»

A\

Figure 3.12. Use case at web server
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3.5.3. Sequence diagram

Crawler manger

user

e ) e o e e e e e e

Crawler
Manager
Mobile agent
|
|
1
s : Create Name
J0pUisIURL |~ Resolver Coordinator Agent™

——Activate and Send NRA—p>|

¢——Send WS Name——
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Web server

Request HTML
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t¢———HTML pages———
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L
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I<¢-Show results to be indexed—

l¢—Refum Results——

Figure 3.13. Sequence diagram
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Chapter Four

Detailed System Design
4.1. Overview

In this chapter we are going to describe the whole design for the system, describe the
project components in detail, the interface, and the flow charts for the system also we
introduce in the last section the proposed design improvements to the system which were

initiated due to some challenges will be discussed in details.

4.2. AWCMA Block diagram in details

AWCMA System
User User interaction ;
Multi-agents
(Web developer)[™ Crawler Manager)[< ' systgm = wl WERISEREn

Figure 4.1. Block diagram of the A WCMA

4.2.1. User (web developer): the user of the system is generally a web developer who is
responsible for giving the requested configurations from participated web servers in the

system; mostly he will be an administrator within a search engine

4.2.2 User interaction (Crawler Manger): which consists of:
4.2.2.1 GUI (Graphical User Interface) unit :
1. Configuration tab includes:
a. A combo box for selecting the seed URL(s) for the participated web

server(s).
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b. A radio button group for selecting the strategy plan of the crawling

mission (i.e. serial, parallel).

c. A text box for entering the sleep time between two successive crawling

process assured by a set time button.

d. A text box for entering the maximum memory utilization allowed for a

specified web server.

e. A text box for displaying the crawling completion time.

f. A button to start crawling.

2. Results tab includes:

a. Two text areas to display both the extracted and absolute URLs with
indicating labels.

b. Another text area to display the titles and keywords of the web servers'
pages.

3. Statistics tab includes:

a. A text field to show the CPU usage of the specified web server.
b. A text field to show the Memory usage of the specified web server.

4. System info tab includes:

The link for downloading the JADE packages.
b. The user manual which demonstrates the right installation and use of
system.

c. The ethics of use see Appendix A.

4.2.3 Multi-agent system consists of the following:.
1. Crawler manger agents( home agents):
a. Name Resolver Coordinator Agent (NRCA): this agent is responsible
for creating and dispatching the Name Resolver Agents (NRA)

according to the existence of participating web servers.




This agent uses the cyclic behavior to receive the names of the web
servers read by the NRA, analyses the names and displays them within
the Combo Box, it is valuable to say that this agent also interacts with
agent management system to be aware of the existing web servers'
containers.

b. Crawler Manager Agent (CMA): this is responsible for receiving the
data messages retrieved by the crawler agents and integrating these
messages into the database, this agent uses the advantages of the cyclic
behavior to be prepared for receiving the data messages cyclically
whenever ready.

c. Performance Receiver Agent (PRA): this agent acts as a receiver for
the performance checking results examined by the Performance Tester
Agent (PTA) which will be discussed later, then displays the results
(CPU, Memory usage) within the GUL

2. Mobile agents

a. Name Resolver Agent (NRA): this mobile agent transfers to each web
server, reads the root name there, sends the name (i.e. www.ppu.edu) to
the NRCA to be displayed, the number of NRAs to be dispatched is
predetermined through the NRCA according to the existing web
servers as mentioned previously.

b. The Crawling and Monitoring Agent (CMNA): which acts as the most
important agent within the system that is responsible for doing the
whole crawling process by extracting the relative and absolute URLs
and extracting the page keywords and description from the following
important places:

ii The URLs are extracted from the <href="http\THE
URL.EXTENSION"> tag.
ii. The header title of the pages is extracted from <title>THE
TITLE OF THE PAGE </title> tag.
iii. The Meta keywords tag <Meta content = "THE KEYWORDS
ARE HERE" name=keywords>




iv. The Meta description tag <Meta content= "THE
DESCRIPTION IS HERE" name=description>

c. The Performance Tester Agent (PTA) : to get use of the Cocrawlers

we have to test the main resources of the web servers indented to be

crawled (i.e. CPU and Memory) so that this agent uses the NSClient4;]

API and its library which allows a full access to the machine resources

and retrieve their values continuously.

3. Web servers
The web servers entity is a crucial component from which the information is retrieved
to feed the search engines, in AWCMA there are some constrains on these web
servers to be participated in the system:
a. The HTML files (i.e. the contents) are located in a folder named www
in turn this is within the web server name folder (i.e. ppu), under the
domain name (i.e. com, org...etc) folder and finally all are under the

root folder. This hierarchy is shown in the figure below.

Root

domain

Web server name

WWW

Figure 4.2. Web servers directory hierarchy




4.3. Agent messages and behaviours in JADE

4.3.1 Agent messages

| Transport
Envelope T information
Encoded
Payload message
Message > Message
parameters
Content <+ ey
content

Figure 4.3. Message structure in JADE [15]

The figure above show the basic structure of Agent messages which is used for agent

communication either within the same AP (Agent Platform) or different APs, the

communication paradigm is based on asynchronous message passing.

The agent messages consist of these basic components:

b.
c.
d.

€.

i

o

The sender of the message.

The list of the receivers.

The communicative act (i.e. inform, request).

The content of the message.

The content language.

The ontology (i.e. vocabulary of the symbols used)

The message in JADE is implemented as objects of the jade.lang.acl. ACLMessage

class to see what goes behind its implementation see this example.

ACLMessage msg = new ACLMessage (ACLMessage.INFORM) ;
msqg.addReceiver (new AID("Peter”, AID.ISLOCALNAME)) ;
msg.setLanguage ("English") ;

msg.setOntology ("Weather-forecast-ontology") ;
msg.setContent ("Today it’s raining");

send (msg) ;

after sending the message the receiving agent has to receive and process the message as

following:

ACIMessage msg =

receive () ;

if (msg != null) {
// Process the message
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Get the message
Prepare the __ from the message
message for A2 e / "\ gueue and process it

At ceal ()
K S\

Send the message Post the message in
A2's message queue

Distributed JADE run-time

Figure 4.4. The JADE asynchronous message passing paradigm [12]

4.3.2 Primary Agent behaviors

setupl) f A
| - Initializations
i’ — Addition of initial behaviours

/ ‘\5__
= =

_~Agent has been Killed™_ YES
—><_ {doz=l=te!) Method called)? ~—

. —~

SN

\\\\\ f//_x
lno

Get the next behaviour (b) from |
the pool of active behaviours i
! %
I Paso | L — Agent life’ {execution of

l { behavioursi

0

|

Remove b from the pool of j
active behaviours
|

-

I takeDown () l l> — Clean-up operations

Figure 4.5. Agent thread path of execution [12]
Figure 4.5 will save time and effort in explaining the whole technology of agent

behaviors which is very crucial in agent science, rather in few words we can

summarize the primary types of these behaviors:




‘One-shot” behaviours are designed to complete in one execution phase; their
action() method is thus executed only once.
The jade.core.behaviours.OneShotBehaviour class already implements the done()

method by returning true.

‘Cyclic’ behaviours are designed to never complete; their action() method
executes the same operations each time it is called.

The jade.core.behaviours.CyclicBehaviour class already implements the done()
method by returning false. Because we are interested in our research in this kind
of behaviors we will show a small example of its implementation.

public class MyCyclicBehaviour extends CyclicBehaviour {

public void action() {

// perform operation Y

}
}

Here Y executes repeatedly until the agent that executing the behavior terminates

or die.

Generic behaviors, we didn’t give any attention to this type so we advise you to

see [12] for more information.
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4.4. Detailed modeling

Web Servers
name
resolving

!

1.Seed URL
2.Crawling
Strategy
3.Sleep time

]

Web servers
Performance
Checking
round

No

Crawling
Strategy

Switch on Dispatch agent\s gisriitch age_?t\s
the C For each web or the specified
e Cocrawlers Wabasrvar

servi
o And start working

HTTP request
For the suffering
Web server\s

Transfer to the
next web server

!

Al

Crawl the web
server

Finished
Crawling?

Send the result
messages

Figure 4.6. General flow chart of AWCMA system

Figure 4.6 describes the general algorithm of AWCMA and how the crawling process

is done from the initial step of stating the application.
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Table 4.1. CMNA description (URLSs) e
Name of agent | Crawling and monitoring agent
Input HTML documents
Output Absolute and relative URLs <l
Location Web servers
Description The process of extracting the sliehed |

URLSs within the pages
pag

Encapsulate the
temp payload
Into the message

end

Figure 4.7. CMNA flow chart for URLs
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Table 4.2. CMNA (Titles)
Name of agent | Crawling and monitoring agent
Input HTML documents
Output Web pages Titles > 4
Location Web servers NO fhinished:
Description The process of extracting the
Titles of the pages YES

l

Encapsulate the
temp payload
Into the message

end

Figure 4.8. CMNA flow chart for web
pages titles
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Table 4.3. CMNA description (Keywords)

Name of agent | Crawling and monitoring agent
Input HTML documents

Output Web pages Keywords

Location Web servers

Description The process of extracting the

NS

Keywords in the pages

Finished
Documents?

YES

l

Encapsulate the
temp payload
Into the message

end

Figure 4.9. CMNA flow chart for
web pages Keywords
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Table 4.4. CMNA (Description) L—no o
Name of agent | Crawling and monitoring agent
Input HTML documents YES |
Output Web pages Description l

z Encapsulate the
Locatlon Web servers temp payload
Into the message

Description The process of extracting the

Description of the pages

Figure 4.10. CMNA flow chart for
web pages Description




Table 4.5. Monitoring time description

No

Start

v
User inputs
The

monitoring
time
T

N

A

Display error
message
Itis not a valid
integer

Name Monitoring time set

Input Monitoring time T

Output The time between successive
crawling.

Location Crawler manager

Description Repeat the process of crawling

after T seconds

Tinteger?

Yes

|

Set the monitoring
time T

3

o

Figure 4.11. Monitoring time flow chart
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Table 4.6. Serial crawling description M=M#1
Name Serial crawling strategy
Input participated web servers
Output Result messages
Location From home to Web servers o
Description One agent sent for all web

servers starting from seed URL

Figure 4.12. Serial crawling flow chart
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N
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URLs
N
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N
Table 4.7. Parallel crawling description M=M+1
Name Parallel strategy
Input Participated web servers |
Output Message results |
Location From home to web servers 0
Description What we get is what we need , according
to the user selection of N web servers g
es
dispatch N agents

Figure 4.13. Parallel crawling flow
chart
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Table 4.8. Crawling strategy description craving sategy No ;

Name Selecting crawling strategy

|

Input Crawling strategy |
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Output Serial , Parallel paradigm o (|

Location Crawler manager ,GUI

Description Allow the user to select serial or parallel No
b

Figure 4.14. Crawling
strategy flow chart




4.4.1. Crawling and monitoring agent

As we explained in section 4.2 that this CMNA is responsible for doing the whole
process of crawling the web pages in servers and index their URLSs and keywords , it
can start after two requirements that should be available 1)the name of the destinati’on
web server supplied by the name resolver agent 2) the monitoring time which gives
the time between two successive crawling,

After reaching the web server it starts extracting and retrieving the most important

information of the page then it leaves this web server and sends the result message to

the home (i.e. crawler manager).

crawler manager | web server 1 web server2 gy v o grmmp—
? |
‘ ~ ledtract keyword$
\f i~ 1 andURLs
get web setvers f

names !

Crawling Mcm!o:l‘rlg time
And .T :
Monitoring
Agent I &

dispatch
% i
OO e

result message resull message
|

1

«ACL mescage: |«ACLmeszage

Figure 4.15 Crawling and monitoring agent activity diagram




AMS

NRC/|\ agent

request web servers on platform

return available web servers o i)

A

Figure 4.16 Interacting with AMS

Table 4.9. NRCA Sequence diagram description

Name Available containers , Name Resolver Coordinator Agent
Input Request of available web servers
Output Available web servers on the platform.

Location | This resides in crawler manager and interact with AMS

Symbols | NRCA: Name Resolver Coordinator Agent
AMS : Agent Management system

The system needs strongly to interact with AMS (Agent Management System)
through the NRCA which send request to know the locations and containers (i.e. web
servers) available on the platform (i.e. remote platform) and then migrates their to
have the names of these web servers.

Fortunately FIPA specifications allow us t0 do that by implementing the AMS as an

agent with capabilities of sending and receiving messages [15].




4.4.2. Name Resolver Agent

be displayed in the combo box.

In our design we took an Important issue in consideration that is the web server name

may be changed or modified based on its administrator so we included that in
monitoring beside the contents.

Crawler Manager Web server n
th
Name Resolver Agent Dispatch < cet thﬁ:ﬁebsservﬂ

Web servers' names

message

Figure 4.17 NRA activity diagram
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4.4.3. Performance Tester Agent

resources (i.e. CPU, Memory, Hard Disk, ...etc) and then encapsulate the CPU and

the Memory Usage at a specified time range. We will demonstrate here a small
example of its implemer_ltation and powerful simplicity.
ERYA
NSClientdj client = new NSClientdj (M127 (0,015
CReport=client. getPerfMonCounter ( "CPU") ;

MReport=client.getPerfMonCounter("\\Memory\\% Committed Bytes
in Use");
} catch (NSClient4JException e) {
System.err.println("Exception Getting Stat:" + e);

}

‘erform
-ance
Tester
Agent

crawler manager | web server 1 web server2 = | web servern

th

th

performance

erformance
B 4 checking

checking

get web servers
names

suffering ?

suffering ?

dispatch

: warning message
warning message 2

«ACL message»
«ACL message» inform

inform
i

Figure 4.18 PTA activity diagram
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4.4.4. Crawler Manager Agent (CMA)

Crawler Manager
Agent

Crawler Manager (Home)
,

Crawl| the ®
web server
Wait
signal

Receive the resuti of crawling

«ACL message»

:

Figure 4.19 CMA activity diagram
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4.4.5. Performance Receiver Agent (PRA)

Performance
Receiver
Agent

Crawler Manager (Home)

N
&rformance checkingj

/
Wait
signal

Receive performanie measurements

Analyze i
the measurments

«ACL message»

:

Figure 4.20 PRA activity diagram

In the figure above the sub activity "analyze the measurements" include a judgment

processes to indicate a suffering web server and request a coocrawlers management.
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4.4.6. Name Resolver Coordinator Agent

responsible for collecting and resolving the web servers' names. Again the NRCA waits,

receives the messages which encapsulates the names and displays that in a combo box
within the application.

Crawler Manager (Home)

Get the available
locations (i.e. web servers)

Etart Name Resolver Agentﬂ
Name Resolver

Coordinator Receive web servers' name
Agent :

«ACL message»

Figure 4.21 PRA activity diagram
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4.5.

GUI design
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The web servers.
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Figure 4.22 Configuration phase
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Figure 4.23 Results phase
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Figure 4.25 System info and ethics view

77




4.6. Challenges and improvements

coocrawlers) to handle the Crawling responsibilities instead of the suffering web
servers, using the HTTP of file System request for the contents retrieval and then the
results are sent via agent messages, so in this way we claim the encompassing of the
traditional methods(i.e. HTTP request) and the agent technology taking in mind not to
harm our goal in reducing the load over the network sO we suggest to switch off the

coocrawlers only in peak time hours in the network.

The following figure will show and demonstrate the first design of this idea.

Search engine
Indexer

web developer gy

Crawler manager
With JADE platform

A

; 3 pca
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: c@ = O

Web server 2
o g
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@i; Web server n

Agent Mo t —
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Web server 1

A
|
|
l by
1 S
l
|
\
\

HTTP Request
For Web Server 2

COcrawlers

Result Messages e e e

Figure 4.26 Cocrawlers
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5.1 Development Environment Overview.

5.2 Implementation development and phases.
5.3 Testing and validation.

3.4 Challenges.
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Chapter five

In this chapter we demonstrate the implementation phase of developing the system and

the testing conditions upon which the validation was done

5.1. Development Environment overview

The lower case tools which we used in developing the System can be explained as the

following:

e NeatBeans IDE 6.5 : which we found flexible and free, we used it for both

developing the GUI of the application and naturally for writing the source code

duation Projectt AWEMS Noti atna B i S S s 3 - T
Fle Edt View »Navigale Scume_ﬂelnclox Run Deb.lg Profle  Versioning Tools Window Hep = L5
P e s : : <
BT el S : ﬁd@f;utqgr»ﬂ_o>h: 28 P Ep-B Q:
Prol.. 4 x| Fles  Services 100 117 JFramsava  x ' [ PerformanceTesterAgent.ava x | | namesResolver.java  x = namesResolverCoordnator... (< ¥](>}(T]
= (¥ Graduation_Project_AWCM e | Design s S . S
=} Source Packages '3 STl
B2 AWCHA "5 Usa the Connection Mode button (in the toolbar) to establish a connection between components. X
i ] CrawlerManagerAgent.java
= CrawingAndMonioringAgent.jav
[ JFrame.java | Fie About
‘- |&] PerformanceReceiverAgent.java ; o -
k) PerformanceTesterAgant.java 1 gurations ' Results | Statistics | System Info
‘- k2] namesResolver.java <User Code>
- [%.{ namesResolverCoordinator.java — NI
+ ..} TestPackages i Websites
| 4 3 Libraries i3
| # 4y TestLlibraries } S ; :
% % Graduation Project_AWCM Sleep time: |texiField2 i Settime ] Crawling Strategies
= =2 haitham &
e :
Navigatar ‘Inspector 41 x
B Form JFrame SRANRFEN

textField1 (» Paralel craviing messages
+ L33 other Components i
4 5 () Serial crawing

Figure 5.1. NetBeans IDE
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JADE packages: installed op both the crawler manager and web servers (i.e.

testing computers) to enable an agent platform there and ¢

i ontainers to accept the
migrating agents to carry out the whole process

JDK: to compile java source code into byte code then to machine code to be

executable fine. In ours we used JDK 6 update 11 which we found suitable.

S5.2. Implementation development and phases.

5.2.1. Implementation development

Through the survey of the crawler applications

—either traditional or agent based- we

noticed that they differ hugely based on requirements and specifications:

symmetrically when we started to gather the requirements of our system there were

subtle requirements in hand so we suggested to adapt the exploratory model for the

coming reasons:

Initial Specification Development. Using whatever information is immediately
available, a brief System Specification is created to provide a rudimentary starting
point.

System Construction/Modification. A system is created and/or modified
according to whatever information is available.

System Test. The system is tested to see what it does, what can be learned from it,
and how it may be improved.

System Implementation. After much iteration of the previous two steps produce

satisfactory results, the system is dubbed as “finished” and implemented.
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¢ Visio based Prototype
Requirements Only basics
And specifications
Specification outline
Of any traditional crawler
Design and implementation Visio 'a::: t:t;:tfeans
Intermediate

Specification of
Agent based
Crawler

Testing and maintenance

Final prototype
With full details

Figure 5.2. Prototype modeling
Beside that prototype models were generated as shown in the figure (5.2) to allow system

improvements and maintenance coming to the final prototype which generally carries the

full details and requirements desired.
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5.2.2. implementation phases

. e ®

|

Setup and implement

Titles extraction code keywords of the page JADE agents cod
code

Implementation of URLs I\
and Code for extracting the

!

Integration of (1)+(2)+(3) *®

?)

el C ] e | 6y
3
@) \ LEEReE NSClientdj API

Figure 5.3. Implementation phases

The figure (5.3) summarizes the implementation phases by which we brought the system

to reality.

Step 1:
Implementation of URLSs and titles extraction code that reads a set of HTML pages and

write the extracted URLs and titles to a specific file stream.

While ((temp = br.readLine()) != null)

.& temp.contains ("http") &&

£
T

if (temp.contains("href") &
‘temp. contains ("javascript”)) {/

String[] tempString;

83




tempString = temp.split("\"");
e EE v = () Vi < tempString,length; ++y) |

i \tempString[y].contains(nhttp”)) {

iliE (tempString[y],COntai“S(">")) (

tempString[y] = tempString[Y].substring(tempstring[y],indexof<u>">

sheidi; tempString[y].indexof("<")>.

’

Step 2:
Code for extracting the keywords of the page which also reads all HTML pages and

extract these keywords form the Meta tags shown below in the code then writes these

keywords to a specified file stream.

3L (tempo.toLowerCase().contains("<metan>) [

1§

1015 8

tempo. toLowerCase () .contains ("keywords™) | [ tempo. toLowerCase () .contains (
"description")) {

String temp3 = tempo.substring(tempo.indexOf ("\"") + 1,

tempo.length () )
String tempd4 = temp3.substring(0, temp3.indexOf("\""));

Eempd . split (", ") ;

Step 3, 4:
Setup and implement JADE agents' code to carry out a simple data extraction from local

platforms within the same host, encapsulates these data into a message and sends it to the
other platform (i.e. crawler manager).The integration of the this code with agent's code
formed the clear face for our system as specially as the crawling process has now to be

5 ~ 1 A dhnde Anmtannta 4~ ha
L ervers without the need to dowinload their conteiits to be

A sen A snsmnda wvrabh o Far gt
doiie in trie remote weo Seivel

processed.
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Step 5:

R performance checking code using NSClient4j APy (org.nsclient4j package) which

allows going freely into the system's fesources (CPU, Memory, Hard Disk etc)

entering to the area of Windows Performance Monitor (WPM) statistics and retrieving

their measures relative to a specified time period, and can also access to low-level

performance or operating statistics that can be useful in low-level code, such as the

current rate of GETS against IIS (Internet Information Server) Web server.

What is the value of
VM l \System\Context Switches/sec 7 1 AP ReoEes
PRNROMG YADCOWS N Dyelem
‘] NSClient Servics
3,237 ¢

<}— L

NSClient4j

|
L ——

Figure 5.4. NSClient4j service [33]

Step 6:
Integrating the performance testing code with the agent code so that the performance

tester agent can simply travel to the destination web server, do all the checking processes
explained above, and finally sends a report message to the crawler manager to provide
full measurements of participated web servers' resource utilization and in turn allow the

cocrawlers to judge whether to start working or to continue sleeping.
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5.3. Testing and validating

LI i
File About f
| Configurations | Resurs | lee s |
i R S | Statistics | ]
B <orvors. l Eup S Stics | Svrslem»ll_lrfo”‘m” 5
‘Websites iv| ;
| Sleeptime: a e
} . {
| il Setume“ Crawling Strategies
|
|
|
I ﬁ Parallet crawling messages
i o i
! & |
| pisay g ' Serial crawling {
| g |
3 !
| | Start Crawling |
| |
i |
; |
| |
| 4
; |
} {
j |
1 |
{
|

Figure S.S. Entering invalid number

Generally the user may mistake when entering the time avoiding that we suggested to

warn him by this massage window.
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“File About

| Configurations | Resus | Statistics

‘ | { v ‘(e minfo |
| he web servers. : | System Info L _
| | |
. 'Websites ‘ﬁvi
| Sleeplime: 0 T
| | Settime Crawling Strategies
| :
| { T —— ;
; { | Please enter a reasonahie time(.e. >0) 1 3 -/ Paraliel crawling messages |
{ | ;
i bRt !
1’ | OK | }f ’ Serial crawling
L T B z
— 3
| StartCrawling |
£

Figure 5.6. Entering a unreasonable number

The user may also make a mistake during the monitoring time determination, so another

warning message forbids him from entering time less than zero.
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File About

| Configurations | Results |

Statistics | System info |

The web servers,

‘Websites i

Sleep time:
Crawiing Strategies

' Parallel crawling messages

* Serial crawling

EJ_Sﬁ!'«}{tNCrawlibg . |

Figure 5.7. Selecting a invalid URL

Always you have to decide the seed URL as a starting point itinerary for the crawling

process.
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File About
| Configurations _ Results | Statistics | System Inf
The weh servers, | e e SO i
Titmill.com b L
T e R - |
;
| Sleeptime: |44 3 R
| A | Settme | Crawiing Strategies
| 3]
‘ i E N A e ety 2]
E { ,}: ; nleaseSpecifythecrziwlingsna{egv ; i Parallelcrawlingmessaues
! 05( | ; . Serial crawling ‘}
| L il
' Start Crawling
1

Figure S.8. Forgetting to select the strategy

Also it is a strong requirement to select the crawling strategy (serial or parallel) to

complete the trip plan for the CMNA.
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File About

{ :Cmiﬁgumlions | Réstiils

, | Statistics i»Syslem'lnf'o |

The web servers. |
s et o f e A e P

:sill.lliW“ com fer | i [ RET oA renont
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{ ! o ‘ ;
| { | OK | “
i | R | |
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| |
|
I
i :
! CPU Usage: 25

flemory Usage: a2 09454 l s

i . Show performance |

Figure 5.9. Safe mode

ing is
In this case the performance Tester agent returns a report message that says everyth g

: i crawlin
fine the resources are not utilized to the maximum specified, we can select the g
ice in the figure above
strategy to begin the process. In our test for the program you notice in the figu

number of opened applications).
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file About

| Configurations 1 Rgstiils :”Sm!i'slics { System Info |
The weh servers. - .

isunjava.com i~

; | ST
| -"!\A suffelumwehsnesmuava.com J “
F = switch on Coocrawters '

Lok | '

CPU Usage: 1

=y

Memory Usage: iéﬁiagrji]‘: i

i ' Show perfarmance {

Figure 5.10. Unsafe mode ( Switch to the Coocrawlers)

In this case the performance Tester agent returns a report message that warns the
administrator for the suffering web server name and tell him to switch on the coocrawlers
A gain we kept the Start bar to show multiple applications running (i.e. highly utilized

resources relatively).
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Figure 5.11. RMA at program startup

We can notice that when starting the program, two agents are already in the crawler

manager (i.c. Container-16) the crawler manager agent and the performance recciver

agent,
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Figure 5.12. Transferring crawling and monitoring agent

Before transferring crawling and monitoring agent to container-15 the

Tester agent transfers there to test the resources.

performance
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Figure 5.14. Transferring crawling and monitoring agent in serial strategy (step 2)

In figure 5.14. and 5.15.t he serial strategy for example starts here at Container-14 and

after that moves to container -15 and container —n.
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Figure 5.15. Parallel strategy when selecting container -1

When the CMNA and PTA work to gather.
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5.4. challenges

freely and simply.

After intensive searching through forums and sites, we found the great NSClient4]
packages and API which allowed us successfully to implement the PTA.

Other minor challenges related to implementation were acted in extracting the HTML

tags with various formatting depend on the designer of the page.

Finally we faced another challenge which is the heap size of JVM because of the large
size of data to be processed, this was solved by changing some parameters in

netbeans.conf file and project proprieties inside the IDE.

96




Chapter six
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Chapter six

In this chapter we demonstrate the experiments done to test the efficiency and reliability

of the system showing how much we reached the goals previously assigned coming to

the conclusions after these experiments, and finally speak freely about the possible
enhancements that could be done as a future work.

6.1 Experiments and mathematical description.

From the point of view that the experimental metrics which could be measured are
strongly related to the goals assigned to the System, we chose the data size (i.e. for
bandwidth saving) and time as two measurable values in our experiments.

We noticed that over 80% of related works have used mathematical description
(equations and statistics) to show their work under real lens and hence we decided to

make such description to have a reasonable, fair and justified comparison.

6.1.1. The first experiment.
The save in Load relative to the network over which the search engines live is an

essential purpose in AWCMA system, so in this experiment we approached the
proportionality between the web servers’ contents and the save in load as a function of
the content size, the form below demonstrates the experiment in an organized way.

Notice here that we used real web pages from different web sites with various size

ranges.
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Name Saved load
Tools Equations and 2 Ccomputers

Input Different sizes of web servers’ contents, number of web servers to be crawled N
In this experiment N=1¢

—Siymbols Sc: size of page contents

L(Sc): the load over the network
S(sc) the saved load for different sizes
Sr: size of HTTP request

Sp: size of HTTP response

Sa : size of agent code

Sm: size of the result message

Output Saved Load S(sc)

Theory We claim that the use of mobile crawlers will reduce the load over the network in
an efficient manner with the following parameters and equations we can prove
L(Sc)traditional=N(Sr+Sp+Sc)
L(Sc) AWCMA=N(2*Sa+Sm)
**We considered that the code of the name resolver agent plus the monitoring and |
crawling agent will be transferred initially so 2*Sa.
By examining the relation between Sc and Sm we concludes that as follows :
Sm=.014 * Sc
S(s¢)= L(Sc)traditional=N* (Sr+Sp+Sc) -L(S¢c)AWCMA=N* (2*Sa+Sm)
Let Sr, Sp=0.1 KB

Sa=10 KB
S(Sc)=9.86*Sc -198
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[The result l

Figure 6.1. Saved Load
@ e 600000
| 4
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conclusion

We can conclude that the relation between the saved Load over the network and |
the different sizes of the web servers’ contents is approximately linear so the
mobile crawler will save the bandwidth in an efficient way in proportional with‘|
the size of contents and that’s what we desire as specially as with the growing
nature of the web. v
We conclude that the difference between the mathematical description and real

estimates via simulation is neglected deviation.

6.1.2. The second experiment. R .
Is a comparison oriented experiment which takes two approaches of crawling in a view of

two mirrors, in other words the two approaches are the traditional and multi agent

strategies while the two mirrors are UCYmicra (i.e. related work used mobile agent) and

AWCMA system respectively.
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Name

Data transferred Comparison

Tools 4 computers, mathematica] description.
Input Data size average of 10 wep Servers, result message size average.
?ymbols TDs: transferred data size.
Sa : size of agent code.
Sm: size of the result message.

Output TDs, comparison figure.

Theory While the use of mobile agents avoid the transfer of all the web contents to the
search engines side to be indexed, the problem of heavy load over the network still |
exist in some mobile crawlers as they carry additional data they can compensate at
home with self intelligent description of the content.

Again the transferred data in AWCMA is:
TDs =N* (3*Sa+2*Sm)
Notice here we included the size of performance Tester agent and its result
message which holds the performance measurements.
** we took the average of 10 web servers to give 55.5 MB and 2.07 MB
The result
Figure 6.2.

80 A
data 40 i » O Traditioanlcraw ling
transfered | lOAWCHA
LU iy
0 1
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[The result

Figure 6.3. e T2y ;
; e ] AN el ‘
5C- g
;4:6‘
£ 404 £
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] / s NS .
@
E 1C- b ad z.3
Traditoral LICY Micra
Cra wiing Crawing

conclusion | The UCYmicra crawling comparison shows that they reduced the data transferred |
18 times over traditional crawling methods. Well we made the same comparison |

|
and showed better result which is approximately 27 times over traditional crawling

methods.

You may ask how and why? We can answer you simply that we extracted the most |
important information within the HTML documents in each web server (i.e. meta)
and encapsulated these data in a light agent message rather than a carrier agent
(i.e. UCYmicra).we introduced the idea of “Ti ransfer the Seed and Generate the
Trees” TSGT, which enables us to extract only the most important and process |

the retrieved data to generate a self intelligent description with synonyms for all

keywords in the crawler manager side.

6.1.3. The third experiment. . :
Which took the serial and parallel strategy of crawling to compare be.tween.them in
terms of time (i.e. performance), the initial requirements of this experiment is only two

computers (i.e. web servers). And also the mathematical description.
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me Serial and paralle] Strategy comparison

Tools 2 computers P4 3.0 GHz Cpy 512 RAM, mathematical description.

Input Processing time P | latency over the network L, N: number of web servers.
SymbOlS Ts: the serial completion time, Tp: the parallel completion time

Output The completion time of seria] Ts and parallel Tp strategies

Theory The serial strategy is claimed to have a less load on the network as it employs onl

one agent for crawling while in parallel we need N agents for N web servers, on th
other hand the time needed for the former is more than the later, the followin

equation computes the completion time of serial strategy:

Ts=2i Pir 251 i€ {0-N} ,j € {0,N+1}

Tp=2*(L)maxt(P)max.. )

Coming to the processing time evaluation which can be derived as follow:

P a Ds=>P=C *Ds where R: constant depends on the process power c

computers (i.e. CPU performance).

Substituting P in equation 1
sl D > 1

And in equation 2
Tp=2*(Lmax*tR *(D)ma

The result T
gure 6.4 | - %
L e 20 £
—=—Parallel| | ~ e 15 S
e senal | - S 10 &
i e N o
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conclusion

We conclude also that R ig constant

relative to a specific host performance in othe
words R will differ depending on ¢

he host upon which it is being crawled or th

performance case at a specific time range

You will say that the seria] is more efficient in terms of load over the netwof
because it uses only one agent while the parallel is much less, this is true in case
that we dispatch N agents for N web servers, while in our system parallel strateg
took a new direction that is the administrator (i.e. the user of the application) wij

choose uniquely the web servers to be crawled; so we don’t have to dispatch 1

agents for N web servers.

** we didn’t include the network latency as it can be neglected within local area network.

6.1.4. The fourth experiment.
We decided to investigate the performance of both strategies on different computers with

different proprieties in terms of CPU and Memory. The differences were applied on both

the crawler manager and web servers respectively the following table will demonstrate in

more details.
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Name

Serial and paralle] strategy comparison

Tools

2 computers 1.5 GHz Cpy 256 RAM, mathematical description.

Input

Processing time P, latency over the network L, N: number of web servers.

Symbols

Ts: the serial completion time, Tp: the parallel completion time

Output

The completion time of serial Ts and parallel Tp strategies

Theory

The serial strategy is claimed to have a less load on the network as it employs onl
one agent for crawling while in parallel we need N agents for N web servers, on th
other hand the time needed for the former is more than the later, the followin

equation computes the completion time of serial strategy:

=) Py 1y 1€ {0-N) eI,

IP=2*(L)maxt(Pmax...2)

Coming to the processing time evaluation which can be derived as follow:

P o Ds2>P=C *Ds where R: constant depends on the process power c

computers (1.e. CPU performance).

Substituting P in equation 1
Bs=R*>.Ds;. > ;13

And in equation 2
Tp=2*(L)maxtR *(DS)max

105




[The result T e i
Figure 6.5. ‘ ST T - ‘60 ‘:
G ey 50 *
——Parallel| | o 40 ;
A Bemm s S ,
—e— Serial 5 e T e 30 !
\\A . J
\ : . 0 (
el 60 40 20 0
Content Size (MB)

conclusion | We concluded that the performance which is acted in the completion time in ou

experiments is affected directly based on the computers used for both the crawle
manager and web servers.

We concluded also that when changing the power capacity of web servers, the siz
of effects is more than when changing the power capacity of crawler manager that i

because the whole process done at the web servers.
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6.2. Conclusions

e we concluded that the use of agent messages as a technique for

transferring the results js efficient in terms of network bandwidth.

e We concluded that there is no restricted fact that the parallel strategy
in doing the operation is more utilizing the bandwidth rather we can
get through to have a good use of term parallel.

e We concluded that the completion time of crawling depends highly on
the web server’s resources over 70

over 25 %.

% and crawler manager resources

e We concluded that parallel strategy took less completion time than

serial with a tangible difference.
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6.3. Future work

We are impassioned to analyze and process the Arabic we
the index and use the Arabic Morphology skills to have a

enhanced the existence of Arabic contents on the web.

b servers' contents arrived to

smart Arabic index toward an

minimize the centralized paradigm effects.

We are interested also to design and implement two advanced modules for security and

fault tolerance to have a universally adopted system that can be easily used instead of
traditional crawling methods.
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6.4. Challenges.

achieved our goals, it was very difficult anq challenging

networks we have to use add-ons packages beside having a real IP for the crawler

manager computer and thanks to Eng. Ghngm al Gaabari who granted us the IP

195.31.188.19 for the crawler manager.

Another challenge faced us which is the difficulty of testing the freshness of the web

page in real values that was because we don’t have real and commercial web servers to

have updated contents.
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APPENDIX A |

Survey and Ethics of Use




Keyword Crawler

like webengines. Count and display broken and internals links. Get Google PageRank for

each file and generate a SiteMaps file in XML format. Keyword Crawler could also

calculate word density in pages and display the metas and observes the directives of the
Robots.txt and 'robot' meta tags

I EwordCran e

=10] x|

Trouvez rapidement les mots-clés de votre site weh

!hnpﬂwm.fdnf.mg ___Explore l

Finish!
i ¥ 21 7 Topmotsclés | | Détails des pages | 3! Liensintemes | ' Liens cassés | ©** Site map l
+ a
3)- b Keywords Crawler - http:f/www.(dnﬂorg &
f_‘ & - 445 visited pages
#-d -]
F e 1067 projects
Fé 2 1004 projets
& 3 326 association
:‘-; 621 projekte
e 5 479 formation
& h 6 456 english
Hi 446 administration
#j 444 frangais
Bk 9 443 deutsch
i 10 442 thomas
;” i1 338 suisse
+H m 12 352 development
Bn 13 351 partenaires
3 14 -
#o = 347 agenda L
#p | < 1 -

A.1 a snap shot from keyword crawler during process
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A.2 configuring the crawler

A powerful web crawler utility to Extract:

e URL

» meta tag (title, description, keyword)

e plain text between <body> to </body> tag
e page size

o last modified date value

High speed, multi-threaded, accurate extraction - directly saves data to disk file. Program

TTRT £ tnt Hlénr A..t

+.
URNL uher, tieXt e, Gawa 1

=

o0 Ny A,
ad

HNUINCSTOUS 1teis W0 T

filter, date modified, etc. It allows user-selectable recursion levels, retrieval threads,

timeout, proxy support and many other options. A must have tool for webmasters who

build Search Directories.
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System Requirements:

e« Windows 95/98/2000/NT/ME/XP/Vista
e 32 MB RAM

e 1 MB Hard Disk Space

¢ Intemnet Connection

Win Web Crawler

Win Web Crawler description
Win Web Crawler is a powerful crawler utility to extract URL, meta tag, body text, page

size, search results

Win Web Crawler will extract URL, meta tag (title, desc, keyword), body text, page size,

last modified date value from web site, search results or list of URLs.

Win Web Crawler will query popular search engines, extract all matching URLs from

search results, remove duplicate URLs and finally visits those websites and extract data

from there.

You can tell Win Web Crawler how many search engines to use. Click "Engines" button

and uncheck

listing that you do not want to use. You can add other engine sources as well.

Win Web Crawler send queries to search engines to get matching website URLs. Next it

Visits those matching websites for data extraction. How many deep it spiders in the

marching websites depends on Depth setting of "External Site" tab.
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High speed, multi-threaded, accurate extraction - directly saves data to disk file. Program

has numerous filters to restrict session, like - URL fifter text filter, data filter, domain

filter, date modified, etc.

Win Web Crawler allows user-selectable recursion levels, retrieval threads, timeout,
proxy support and many other options,

Requirements:

-32 MB RAM

-1 MB Hard Disk Space
- Intemet Connection
Limitations:

- 15 days tria|

114




@ Win Wek Crawler
File Edit View Help

ey Folder Heb  Eyit

Log Data

URL Queued:
URL Processed:

Finishegl

Total Page Read:
Traffic Received:
Thread Running:

Transfer Speed:

ERXAS

: < Uinks - Misc
Site to Process: meta <

Total Meta Found:
Total URL Found:

isiness - Web
mall, phione,

A3 Win Web crawler ..running
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New

Log Data
FI Save Data

1%

Record: 0

| Base | Domain _ [Tile

Meta Tag | lhrac-tive'S"i.tVe; | B

A.4 Win Web crawler ..data show
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General : External Site Filters

5 Newession T ———
. |
| Yoman | Login | Other | Proxy

%
 Source: s Search Engines - WebSite / Dirs URLs from File |
Keyword: SOFTPEDlY ;
| {
Kevword Generator Engines

Save Datain Folder: c'\program ﬁléé\winrbveb'cré'wlélQ. D\download'\SD i o 5

Save Data Line-by-Line
* Save Data in csv Format ["url","title")

Extract URL, MetaT ag ( title, desc, keyw. ~ body)
Extract External URL

Help ' Cancel 0K

A.5 Win Web crawler ..session configurations
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n example i shy ot
Here a ple of win web crawler on Www.hitmill.com and how they extracted

meta tags from the web site they we put ouy vutput to «
oprare

1 "o Hou M TR 1) Lk 1 s %
"URL","Base","Domain", Tnle"7'DeSC“PUOH","Keyword","LaSt Modified","Content

Length"

" i Hhoos il N I
http://www.hitmill.com/", hltm‘”'Cc’mn~"‘Com","f-htmlll.com - Internet Training and

Technology for Students","Internet Technology Training for Students has original
tutorials in the field of computer programming, Web pages and HTML, networking,
Internet, Web Graphics, Web Services, XML, ASP, Web technologies as well as
information for developers. There is a college courses resource site now with links to
pages about math, English langugage, California History, California Geography and

Geology, Comparative Religions, and more... There are pages interesting to college

1.

students such as news, sports, weather and page of interest to all, such as the Severe

-t

Weather Preparation and Safety Tips.","internet training,technology,students,internet for
students.internet primer, internet tutorial beginning programming,programming

tutorial, computer programming, kerberos,network security,macintosh
computer,mac,networking,computer networking tutorials,browsers, history of the
web,history of computers,simula language, simula,gbasic programming, photoshop
tutortals html tutorials,math links,english links,california geology.california
geography,seismology,sports,css,javascript,asp,web services tutorial,apache
server,linux,introduction,primer”,"","12264"

"http://www. hitmill. com/web_graphics/fabricText.html","hitmill. com",".com","How To
Fill Text With A Fabric","Filling text with a scanned

fabric" "how.to fill text,with,fabric,an,image.how to,text-fill,text
ﬁll,scanner’scanned,fabric,image,photoshop,images,picture,tutorial,primer,Iesson”,””,"53

98"
"http://www.hitmill.COm/Web__graphiCS/Ieﬁerﬁ]IS'html”-"hitmill'con]","-COm","PhotoShop

Tutorial: Pattern Fills for Lettering","PhotoShop Tutorial: Pattern-fills for lettering

explains how to fill letters with texture and pattern-fills made with Adobe
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PhotoShop.","photoshop tutorial,pattem-ﬁll,Free,0111ine tutorial,pattern fills for
lettering, hitmill","" "3217"
"http://www.hitmill.com/about.html","hitmill.comn HeomYs Eimill.com - About

. A " b : S
R o’ "Internet technology training and tutorials for students and developers;

computer networking topics, programmin & resources and tutoring; web technology

tutoring, training and resources for students; htm] training, tutoring and resources and

much more. See home page at www. hitmill.com." "about hitmill, it

training,students,developers,computer,intemet,teohnology,training,students,web
technology,programing networkin g.news,weather, california
history,free,online,hitmill,about",'”',"6658"
"http://wwwxhitmill.com/computers/hoax.html",”hitmill.com”,".com",“Hitmillcom -
Computer Hoax Tutorial","This computer hoax tutorial will help you to not perpetuate
hoaxes by forwarding them in e-mail to anyone else without investigating the hoax threat
to find out if it is on the hoax Iist.","e-mail,hoax,investigation,primer,tutorial,computer
hoax tutorial,hoax list,computer hoaxes,web hoax,e-mail hoax,hitmill"."" "6306"
"hitp://www.hitmill. com/computers/index htm!", "hitmill.com",".com". "Hitmill.com -
Computers, Computer Services”,"Information for students about computers, computer
processing and where to obtan driver updates, device driver or software downloads,
operating systems, Apple and Macintosh computer information, Microsoft links,
computer-related magazines, and more. Easy to navigate and full of information
technology topics, history of computers, history of the Web, links to other Hitmill
tutorials about Programming, Networking, WLANs, HTML, DHTML, CSS and
additional Web technologies.","computer services,where to find device drives,computer
tutorials,computer operating systems,apache server resources,history of the web,history
of computers,computers, introduction to computers,device drivers,find,computer hoax
tutorial,computer hoax,e-mail hoax,virus hoax,hoax vs virus,stop hoax now,internet

; ’ x,bandwidth
hoax.apple computer,macintosh computer.apple and mac,0s x,b

test, linux, monitor resolution,download

software. tucows. nonags,maps,news, traveldriver,update, networking,email,broswers,hitmi
> > O 2

1" 1 ngggs
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"hitp://www.hitmill. com/computers /int, e
P pu elS/m“o'hlml"’”hltm]”'comu’u'com","Imroduction »

tefS"."","fntrod - . \ . .
e o Computers.operatlons ofa computer,computer

introduction tutorial hitmill centra] processing unit,computer operations" " "8504"

,'http://www.hitmill.com/intemet/index.htm[u’nhmnm com”,".com"."Hitmill.com -

Introduction to the Internet","This is a free online Internet tutorial and introduction to the

Internet for students. This page introduces students to the components of the Internet
such as e-mail, browsers, the Web also known as the World Wide Web, how to search the

Web, and a link to the section about HTML. oy Hypertext Markup Language used to make

Web pages. The Internet is a world-wide network of computer networks Jjoined together
by communication lines, wireless connections and satellite connections. The Internet is
not owned by any government nor individual nor corporation.","introduction to the
internet, internet primer, internet tutorial, hitmill, introduction to email introduction to
browsers search tutorial history of the web,history of computers,history of the

internet, what is the internet","","5544"
“http://www.hitmill.com/internet/browsers. htm!", "hitmill.com".".com"."Hitmill com -
Web Browser Tutorial for Students","A Web browser tutorial with discussion about Web
browsers, types of browsers, Google's new Chrome browser,Mozilla.com's Firefox3
browser, Microsoft's Internet Explorer 8 Beta,Mosaic, Opera, Lynx, and the Amaya
editor/browser of the World Wide Web Consortium... and related links.","web
browsers, webbrowsers tutorial,browser article,web browser tutorial about
browsers,chrome browser,chrome,google chrome firefox,firefox3,lynx viewer,ncsa
mosaic,mosaic browser, internet browser,web accessibility,browser compatibility,speech
enabled browser,amaya, w3c,lynx browser,msie,microsoft internet explorer,netscape
navigator,ncsa mosaic,hitmill,opera browser,add-ons,ie,msie,browser plug-
Ins,opera,ie7,ie8,web browser,","","8501"

"http://www.hitmill.com/html/promote/search,htm","hitmill.com","Acom”_."Hitmill.com -

Search Engine Tutorial","This is a free online search engine tutorial for students and
noine. where to find search information, how to search,
o 2

includes what is a search e

- / ! :
Specialized searches, usenet news searches, meta search. Web search, gopher search,

‘ 3 rch engines
music search, how to use search tools,find music and mp3 files, how sea g

work, how they find your Web page, how SEs rank pages, and even search engine ratings
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ome in i S
and search engine information for Wel, masters. In no time at al] you will be searching

the Web, the Internet and learning how to find specific search information on the

"nu 0' ’ | : :
Web.","search engine tutorial what is 4 search engine use search tools search the

internet, web,search,internet, where to fing search information,education search music

"< c2rch.Eopher search,searching the web, web search,search,usenet news,meta

tag,tutorial,hitmill,understandin ginternet,search

tOOIS’mUSiC’mp3’napSter’ﬁnd’Seamhm&toolsagopher,soﬁware,rating,Page rank","","8504"
"hitp:/fwww.hitmill. Com/web~graphiCS/PattemFi1Islhtm] ","hitmill.com",".com”,"Hitmill .c
om - PhotoShop Tutorial: Fill Text With Pattem—Fill","PhotoShop Tutorial: Filling text
with a pattern-fill.","photoshop tutorial fill text with pattern-fill, hitmill pattern-fill
lettering,adobe creative suite 4" ST
"http://www.hitmill.com/web_graphics/!ettering.htmI","hitmill.com",”‘com",”Hitmicho
m - PhotoShop Tutorial: Lettering and Gradient-F ills","Free PhotoShop Tutorial:
Discussion of PhotoShop lettering, and filling text with an image or with a gradient fill,
PhotoShop 6 was used.” "photoshop tutorial, lettering and gradient fills,photoshop
primer,lettering tutorial,photoshop 6,gradient-fill letterin g text,image-fill create text-fills
from an image using photoshop 6,lettering tutorial hitmill”,"" "6889"
“http://www.hitmill. com/internet/url.htm1","hitmill.com",".com","Uniform Resource
Locator Tutorial: What is a URL?","Uniform Resource Locator tutorial: What is a

URL?" "what is a url,uniform resource locator tutorial,uniform resource

indicator, hitmill,ip address,url,url tutorial,uri,intemet address,web address","","9222"

"hitp://www.hitmill.com/college/eq2.htm", "hitmill.com",".com","Hitmill.com -

Seismology - Farthquakes","Seismology-Earthquake quick

reference", "tectonics,earthquake,magnitude,map,shake map,california

earthquake, seismograph,seismogram,earthquakes,report

earthquake,canada,canadian,japan earthquake,world wide earthquakes,temblor,earth
tremor,usgs pacific rim,ring of fire hitmill,geological hazards,fault zones earthquake

faults,seismicity,seismology,safety tips,earthquake preparation.”,™, 13881

http hitmi internet/ nanaz.nes tml" "hi mill‘com",".com","Computer
! //WWW itmill.com/intert magazi html > ot
agazi nd E-z1 compile 1T Iy f computer and network magazines

include topics such as computer technology, networking, processors and hardware,
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programming languagues, robotics, v

' sual basic, NET technology, c++ programming, c#
programming, xml magazines and more. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>