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ABSTRACT

CRAWLING THE WEB USING APACHE NUTCH AND LUCENE

ABDULWAHID, Nibras
M.Sc., Department of Mathematics and Computer Science
Supervisor: Assist.Prof. Dr. Abdiil Kadir GORUR
July 2014, 61 Pages

The availability of information in large quantities on the Web makes it
difficult for user selects resources about their information needs. The good link
between the internet users and this information is Search engine. Search engine is
kind of Information Retrieval (IR). It works on data collection from the Web by
software program is called crawler, bot or spider. Most of Search Engines users don't
know the mechanism of action the Search Engine, like how Search Engine works and
how it catch information in the Web and how it rank the results to users. For this
reason in this thesis used the open-source Search Engine is researched in detail.

In this study, we used each of (Apache Nutch and Lucene) to clarify work of
Web crawling open source. They are released under the Apache Software
Foundation. Nutch is a web Search Engine working to search and index Web Pages
from the World Wide Web (WWW). Nutch is based or built on top of Lucene. It uses
in the information retrieval technology. It has more software libraries to indexing of
large-size data. Lucene doesn't care about information existing in the Web, like PDF,
TEXT, and MS Word. It is working to indexing these documents and convert them to
the data can be utilized. The benefit of using both Nutch and Lucene in this study,
they are free and we can their development. The Nutch and Lucene are written by
Java language, it is a computer programming language. Furthermore, we used Tag

Cloud Technology to analysis and view the Lucene content or its index.

Keywords: Web Crawling, Open Source Web Search Engine, Tag Cloud, Apache
Nutch, Apache Lucene.
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APACHE NUTCH VE LUCENE KULLANARAK WEB TARAMA

ABDULWAHID, Nibras
Yuksek Lisans, Matematik-Bilgisayar Bolimi
Tez Yoneticisi: Yrd. Dog. Dr. Abdiil Kadir GORUR
Temmuz 2014, 61 Sayfa

Webde yer alan genis boyuttaki bilgilerin varligi, kullanicilarin ihtiyaci olan
bilgiyi se¢mesini zorlastirmaktadir. Bu bilgiler ile internet kullanicilar1 arasindaki
baglant1 yolu arama motorlaridir. Arama motorlari. Crawler, bot veya oriimcek adi
verilen yazilimlar araciligiyla web'deki veri koleksiyonlari lizerinde galisir. Bircok
arama motoru kullanicisi arama motorlarinin ¢aligma mekanizmasini bilmezler.
Ornegin arama motorlar1 nasil ¢alisir veya web iizerinde bilgiyi nasil yakalar yahut
bilgiyi nasil siralar. Bu calismada acgik kaynak tabanli arama motorlarinin nasil
calistigin1 detayli incelenmistir.

Bu c¢alismada, a¢ik kaynak kod tabanli Web Crawler programlarini izah
ederken apache nutch ve lucene yazilimlarini tek tek kullanilmistir. Bunlar Apache
yazilim kurumu tarafindan yaymlanmistir. Nutch bir web crawler olup, world wide
web Uzerinde indeksleme yapabilmektedir. Nutch bir lucene mimarisi Uzerinde
gelistirilmistir. Bilgi erisimi teknolojileri kullanir. Biiylik boyuttaki verileri
indeksleyebilmek igin bir¢ok yazilim kiitliphanesi mevcuttur. Lucene web {izerinde
var olan PDF, TEXT veya MS WORD gibi bilgiler ile ilgilenmez. Bu ddkimanlari
indeksleyerek, faydali olabilecegi tiire doniistiiriir. Bu c¢alismada Nutch ve
Lucene'nin birarada kullanilmasimin faydasi, birbirinden bagimsiz olmalarinin
yanisira Nutch ve Lucene'nin ikisinin de Java ile gelistirilmesidir. Ayrica Lucene
icerigini veya indeksini goruntilemek ve analiz edebilmek igin Tag Cloud

Technology'i kullanilmalidir.

Anahtar Kelimeler: Web Crawling, A¢ik Kaynak Kodlu Web Arama Motoru, Tag
Cloud, Apache Nutch, Apache Lucene.
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CHAPTER 1

INTRODUCTION

1.1 Web Search: Users Face Problems with Search on the Web

The World Wide Web has become the largest source for the providing of
information to Internet users around the world. Because of the considerable
increasing of information of the Web makes it difficult for user selects resources
about their information needs. User gets this information from the Web by "search
engines”. At the heart of all "Search Engines" there is a program called "Web
Crawler". It works to fetch URLs from the Web in large quantities. For example
"Web Crawler" is fetching more topics not relevant, but the user need to fetch few
pages of topics relevant.

Open source search engines has more benefits are no cost, can be developed and

give the same functionalities of commercial search engines.

1.2 Aim of the Thesis

In this study we used open source search engine is "Apache Nutch", developed by
Apache Foundation and it written by java. The Nutch search engine has more
advantages are rich crawl, crawling can be biased to fetch "important or related” web
pages first and it works up Lucene. Nutch use Lucene to indexing. Lucene open
source project and it developed by Apache Foundation. Lucene features are field
based indexing and search and use inverted index to store content of crawled
documents. Furthermore, Lucene doesn't care about format data in the web, it
capable of indexing (HTML, PDF, MS document).



1.3 Thesis Structure

In this section we review thesis structural:-

In Chapter 2, we introduce background about the Internet and the World Wide
Web, and history all of them.

In Chapter 3, we present history of search engine, web crawler and the relation
between them. Furthermore, we presents how search engine work to retrieval
information to users from the WWW and how it sort the result, in this chapter we
used PageRank formula of Google to clarify the mechanism the sort the web pages.
We present work of web crawler to fetch URLs from the WWW, and work of web
crawler and the strategy followed.

In Chapter 4, we introduce overview "Focused Crawler" through previous studies
conducted by researchers.

In Chapter 5, we introduce overview about "Apache Nutch and Lucene". We
explain Nutch and Lucene architectures and how Nutch and Lucene are working.
Furthermore, we explain why used these programs to crawl the web.

In Chapter 6, we introduce requirements for creating an environment for work
"Nutch Web Crawling". These requirements are java environment, tomcat server and
Cygwin environment, when completed from these requirements then we can run the
"Nutch Web Crawler”. Finally we display the web crawling result by tomcat server.
It has search interface, which user can deal with it easily.

In Chapter 7, we introduce two parts conclusion and future work, in the first part,
we have included, the work of each of Search Engine and Web Crawler by use Web
Crawler open source and we got functionalities and results close of commercial
search engines, and in the second part as you know the Nutch is open source, this
means that we can develop it. We are trying to train "Nutch Web Crawling” to
become more high-quality to fetch URLs from the web and make it focus in its work
to fetch the Web pages from the Web according what we want fetch under specific

keywords.



CHAPTER 2

BACKGROUND

2.1 What is the Internet?

We can definition the Internet is a worldwide set of machines or (computer
networks) that join very many of state agencies, educational faculties, businesses,
and businesses, as shown in the (Figure 1). We can the exchange of information
between these the networks in the around the world. Whatever the different
computers used in the network [1]. More detail about internet is a global system that
includes a wide range of interrelated computers networks that use the standard
Internet Protocol Suite (TCP/IP) to cover the serve very many of users worldwide. In
the world the internet service connects between very many of computers jointly
globally. Which computers in the network can connect with other computers in the
other networks they are connected to the Internet? [2]. Despite the differing
computers in the world, but users can access any information, and permits your own
computer to get pieces of information stored on another computer away, because of
standard protocols that allow computers to communicate with each other [3, 4].
Different networks, in terms of the number of computers in the each network. Some
networks have thousands of computers. A few networks have only a few computers.
They are connecting to the Internet via telephone and cable systems like fiber optic
[4]. Huge firms, governments and many organizations own intranets. Intranet is
technologies used behind the corporate firewall or in private environment. The
computers on an intranet are link to the Internet. However people that are officials at
the organization which possess the intranet have an access to it. Other people who
use the internet service are incapable of seeing the information on the intranet

computers [4, 5]. Figure 1 show us contact the computers by internet.



Internet

Figure 1 Internet: Collection of millions of computers around the world that all are
connected by one another is the internet. We can change information with each other

by the internet like E-mail, regardless of the difference computers [6].

2.1.1Getting to the Internet: (Browsers)

A browser is a set of software application. The users use it to display the web
pages. The three most well-known browsers are (Google Chrome, Microsoft Internet
Explorer, and Firefox) [7], as shown in the Figure 2.

Figure 2 The browser: is a part of software (S/W) that runs on our PC [8].

Figure 3 below shows us Internet users in the World distributors by geographic
Regions.

11.4% 10.4% W Asia 44.8%

.l Europe 21.5%

M Horth America 11.4%

M Lat Am / Caribb 10.4%
_| Africa 7.0%

Ul Middle East 3.7%

M Oceania / Australia 1.0%

Figure 3 Internet Users in the World by Geographic Regions (Source:

http://www.internetworldstats.com/stats.htm accessed on June 30, 2012).
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2.1.2 The Internet: Uniform Resource Locator (URLS)

There is an address on the Web for each document like videos, images and text
that is called the URL (“Uniform Resource Locator"). Every URL owns sundry parts:
the host name, domain name and the protocol.

The URL to locate Shopping is http://www.shopping.com/ [7]. More detail about the
URL above:

(http:// and https ://) hypertext transfer protocol identifies the document as a web
page. It is the standard used to connect, communicate and transfer data on the Web.
Most web browsers will automatically add this prefix to the address. The “s”
indicates a “secure” version of http and is usually used by web pages that ask for
personal information. (W3) document on the World Wide Web. Some web sites
require this. Google host name. (.com) domain name that identifies type of the web

page [7], below additional example about URL. Figure 4 below shows parts of URL.

[PROTOCOL]:/HOST]:[PORT]/[PATH][FILE]?[QUERY]
http://edition. cnn.com/search/query=1RAQ

Figure 4 This example above explain to us parts of URL

The "URL" parts have the following meanings [9]:
e The "PROTOCOL'": http is a gate to enter to the web
e The "HOST": each URL has a space in the Web Server Side.
e The "PORT": Is the protocol used to communication process
e The "PATH and FILE": it can create via a content management
system or either automatically.

e The "QUERY" User Query, about what a user searches the web.

So, each Webpage has unique URL, and it has space in the Web, and Internet
users can access to the URLSs by use the Web Browser, like Google Chrome, Internet

explorer and Firefox.


http://www.shopping.com/
http://edition.cnn.com/search/query=IRAQ

2.1.3 Other Typical Domain Names Include the [7]:

e (.gov) Abbreviation for the two words (Government Agencies).

e (.edu) Educational institutions.

e (.org) Abbreviation for the word "Organizations™ (nonprofit).

e (.mil) Abbreviation for the word "Military".

e (.com) Abbreviation for the two words "Commercial business”.

e (.net) Abbreviation for the two words "Network Organizations".

e (.iq) Abbreviation for the word "lraq".

2.1.4 Where did the Internet Come From?

The first internet has been discover or emerges by the computer network, it has
called (ARPANET). Furthermore, developed country like United States of America,
also the military sector was the responsible of that invention at the era 1960s. Just a
small number of scholars and employers were able to use it and that in period
between 1970 and 1980. The year1980, witness approval of the government to use
the internet networks at the universities, Schools, libraries, local and state
governments, houses. In fact at that time it was not easy to get information from the
internet, may you can get only ordinary information by using the computer. In 1980 a
British commuter scholar called Timothy Berners-Lee, invents the World Wide Web,
as it now known as (WWW) [4].

2.2 History of World Wide Web (WWW)

The W3 has become recently with its history diverse internet users or people in
world. A large number of people all over the world utilize the Web daily because of
the urgent requirements, Foundations, Ministries and Banks are working to evolve a
system is as better as possible that retrieve information the Web, it to contain a wide
range of information. Expansion and growth of the World Wide Web (WWW), and
of available more information on this network, making difficult for users of this
network to determine the sites around specific topics and Topics of benefit. Another
growth in the (WWW) includes an increase in the number of users and the amount of
several of documents like PDF, PPT, DOC and TXT, making the search and
determines interesting topics are difficult. So when the user requests a particular

topic, search engines have a difficult challenge for fetch interesting topics and



relevance by user's request. The major and big search engine such as "Google.com”
that crawls, more millions of web pages per day takes weeks to crawl the whole web,

each page have more links [10, 11, 12].

2.2.1 What is the World Wide Web (WWW)?

The W3 is a big group of web pages, that large software sub of the Internet ad hoc to
broadcasting content in the form of (HTML pages). Access the Web through of using
free software called Web Browsers like Google chrome, internet explorer and etc.

It was Born in 1989, the Web is based on http, the language that lets us to access
(hyperlink) to any other public (web page). It is quite known that there are more

billion public web pages of public Web pages nowadays on the Web [4, 13, 14].

2.2.2 The Web and the Internet are Different

We can make comparison between the web and the internet, such kind of
comparison can be given through comparing delivery service and streets the cars
which are used to deliver service use streets to transport the cargo from place to
place. The delivery service is similar to the Web. the internet is as the same as the
streets .the information of traffic transfers from the web by using the internet sites
include locations in the web by utilizing particular computer programs, internet users
create the sites .the web servers is the name for the sites which are stored on the
computers, the web pages may include more documents such as video, text, images
and so on "uniform resource locator" is denoted for every web page.
http://www.shopping.com/ is an instance. As "computer experienced personages"
believe that the internet become quite famous simply because of the Web, the
internet is more difficult to than the web .More than 80% of all traffic on the internet
high way came from the Web, by the end of 2000 [4].

2.3 Question: What are the Difference Between the Internet and Web?

The relationship between the Internet and the Web are very close. The Internet is
the big space like (container), and the Web is a part inside the container. To clarify
more of the relationship between the "Net" and the "Web", the Web is the most
popular dish on the menu and the Net is the restaurant [15], below the definition of

"Internet" and "Web":



2.3.1 What is the Content of the Internet?

The Internet is a Big Collection of "Computers and Cables", connected with each

via wires made of copper and wireless connections [15].

2.3.2 What is the Content of the Web?

The WWW is a large group collection of interrelated documents and another
resource, linked via hyperlinks and Uniform resource reference locator or URLS, that
great software group of the Internet devoted to broadcasting content in the form of
HTML pages. The "WWW" is one of the service accessible via the internet, along
with various others including email file sharing, online gaming and others
applications. However, the "internet" and the "Web" are commonly used
interchangeably in non-technical settings. [15]. Figure 5 shows the contents of the

Internet.

The Intemet

Figure 5 The internet contains the world wide web [15]



CHAPTER 3

SEARCH ENGINE AND WEB CRAWLING

3.1 History of Search Engine

"Archie" is a faster tool used to search on in the internet. At "McGill
University"” in Montreal, the "Archie" was created by Alan Emtage, who is a student
at that University. The purpose of this program is to download the directory listings
of all the files available at public anonymous File Transfer Protocol (FTP) sites,
creating a database and making information of file names which are searchable. At
the "University of Minnesota", in 1991 "Gopher" was created by the student y Mark
McCahill. The mechanism of action of each program, "Gopher" indexed plain text
documents, "Archie" indexed file names. There are two other programs "Veronica"
and "Jughead”. The programs search the files stored in Gopher index systems.
Wandex was the first search engine created in 1993, by "Matthew Gray" using a Perl
script. This search engine was usable for the World Wide Web. Aliweb is another
search engine which also appeared in 1993 is (Archie like Indexing for the WEB).
The first Web search engine to provide “full text” search was "WebCrawler", 1994.
It different unlike its predecessors, WebCrawler let users put query and search for
any word in any web pages, “this became the standard for all major search engines
ever since”. It was also the first one popular among users. Also in 1994, Lycos
(which started at Carnegie Mellon University) appeared and became an important
commercial endeavor. Soon after, many search engines appeared and became
popular in world. These included Info seek, Excite, Northern Light, Income, and
AltaVista. To some extent, they competed with popular directories such as Yahoo.
Then, the directories added on search engine technology for greater or to improve
functionality. In the late 1990s, search engines were also known for the Internet
investing widely. Many companies entered the market widely, with record gains

during their initial public offerings. "Some have taken down their public search



engine, and are marketing enterprise only editions, for example (Northern Light)". Its
success was based partly on the concept relationship with other Web site through.
Interdependence and PageRank that uses the premise those good web pages are
pointed to more web pages than others. Google, a search engine, has the most
popular interface for users in the world. It began in January 1996 as a research
project by (Larry Page and Sergey Bring) when they were both PhD students at
(Stanford University) in Stanford, California. Google is useful for users of internet,
to find all they needed with their related topics. In 2005, Google indexed more Web
pages than other search engines, which are about 8 billion pages. It also offers to for
its users a number of Web services, like Google Maps, online translation, search
images and videos. In 2002, Yahoo! acquired Income (its corporation was a
California company that provided software for Internet service providers) and in
2003, Yahoo! acquired Overture, which owned (AlltheWeb and AltaVista).
Although, owning its own search engine, Yahoo kept at first, continued using Google
search engine to provide its users with information result. In 2004, Yahoo! presented
its own search engine which consists of an integrated set of technology. MSN Search
is a search engine owned by Microsoft Company. It previously depended on others
for its search engine to show listings. In 2005 it started showing its own search
results, collected by its own spider. Many other search engines tend to be gates that

show the results from another types search engine [16, 17, 18].

3.2 What is a Search Engine (SE)?

The growth in the information in the Web, led to create like or bridge between the
Internet users and these information. Search Engine Solve this problem. Search
Engine is a software program, help the Internet users to search and access to the data
existing in the Web, like PDF, Video, Images, MS word and etc. Search Engine
works according the user query, which means search engine take the keyword from
the user and search in the Web, then search engine return the results to users in the
form of hits. Search engine uses the special software program called Web Crawler. It
works to visit the URLs in the Web and index them. So when user search about
something in the Web via search engine, just put his/her keyword then search engine
send the Web Crawler to collect the information from the data base. Search engine a
good tool in the information Retrieval. Available search engines in the World like

Google, Yahoo, Bing and etc. And also available open-source search engine like
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Nutch, IXE, Web Glimpse and etc. [19, 20, 21, 22, 23]. Search engine has three parts
are:

e Crawler, Spider or robot.

e Search engine software.

e Index, catalog or database.

3.2.1 Search Engine System Architecture

In this section we will talk about how the whole system of a search engine works.
Before a search engine to answer your request where a files or documents are, it must
be found. To search and find information on the hundreds of millions of Web pages
that exist in W3, a typical search engine provides or employs special software robots,
called spiders or crawlers, to build lists of the words found on Web sites, then search
engine displays the results about the information on your keywords. When a crawler
is end of the building its lists, the process is called Web crawling [24]. Figure 6

below shows High Level Search Engine Architecture.

Figure 6 High level search engine architecture (Brin and Page, 1998)
[24].

3.2.2 Where are we Searching?

When we use search engines to search on information about a particular topic,
actually we are not searching on the Web online, but we are dealing with the search
engine's database (off line) of Web pages information. Search engines are working to
take copies, analysis and organize all of the information available on the Web into
their own efficient database via the Web Crawler, and make this information ready

for use by search engines users. This information is ready when requested by the
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users of search engines. Search engines can not to fetch and index all the information
or Web Pages in the Web, so search engines working to include partial or the largest
possible size of Web pages. When we clicking on the hyperlink listed in the search
results led us from the search engine host, to the actual Webpage existing in the

Web. Perhaps each link leads or takes us to another link.

3.2.3 The Search Engine has Three Stages Process

Building a search engine database is three-stage processes are crawl, index, and
information retrieval. Search engines must and important find web pages, organize
the information for fast retrieval, and serve up the information based on your request.
This is an ongoing process because the search engines databases are constantly
change and develop. This constant change happening result to update web pages. In
part a Web crawler will talk about these three important stages of in the search
engines [25].

1. Stage 1 — Crawling.

2. Stage 2 — Indexing.

3. Stage 3 — Retrieving.

3.3 Search Engine Features and Services

Search engines displays search results to the user, according to input keywords
that describe an information need. When users using a search engine to get
information, by entering more than one keywords, the space between the keywords
has a logical meaning that directly affects the search results. This process is known
as (default syntax). Example: when we use one of the search engines like Alta Vista,
Info seek and excite, a search of word ‘bird migration” means that the searcher will
get list of documents that contain either word” Birds’ and the word ‘migration’ or
both. The space between the keywords defaults to the (Boolean OR). This is
probably not what the searcher will get list of documents that contain both the
keywords’ birds’ and ‘migration’. Search engine return list of search results in
"schematic order". Most search engine use different standards to contract a term
relevancy rating of each hit and present the list of search results in this order. When
users use logical words to search about some things in search engines and they use

words like (AND, OR, NOT), they are Boolean features that allow retrieval list of
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documents that contain all the keywords (AND), any of the keywords (OR), exclude
of some words (NOT), or mix of these Boolean operators. The proximity feature
searches for phrases or successive words (usually simple search can do this if the
words are surrounded by double quotes), example: search about "bottle opener” the
result is anything with exact phrase "bottle opener"”. The search can be done only in
particular fields, when a user type into the search box, such as URLs likes
(www.Cankaya.edu.tr) rather than of using (Cankaya University). Limits can be
imposed on the type of retrieved web pages: date, language, file types. Some search
engines also provide or offer services (additional applications): news directories,
image and video search, maps (such as Google Maps and Yahoo!), language tools
(translation tools in all languages), newsgroup search, and other specialized searches
[16, 26, 27].

3.3.1 Use the Boolean Logic [27]

» AND keyword (Requires the entire search terms to appear on a web page).
* OR keyword (Allows any of the search terms to appear on a web page).

* NOT keyword (Requires a search term to not be present on a web page).

3.3.2 What are Boolean Operators?

To linking phrases or two or more words when searching databases or using an
internet search engine such as Google, in this case you need to linking tool called
"Boolean Operators". Using these operations make searching large databases much
more precise [28]. The three main operators are: AND, OR and NOT.

3.3.3 Combining Terms

The use of words and phrases to search for related topics via search engines,
maybe we get the results are not relevant to your search needs. For this reason search
is a waste of time to review a long list of citations for only a few which are directly
relevant to your subject. Linking words and phrases to define the concepts of a
search more clearly can reduce the lost time and find related topics, some examples
about (AND, OR, NOT) [28]:

- (AND) operator work to the finds items which include both groups or search

terms. Use and to combine two or more words or phrases. Figure 7 below

shows "AND" operation.
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Figure 7 (A and B)

- (OR) operator through use of this operator make broadens the search by
finding keywords or items that contain at least one of the search terms

anywhere in the record. Figure 8 below shows "OR™" operation.

(OR_
Figure 8 (A OR B)

- (NOT) operator works to find the first word or phrase but excludes any that

also contain the second. Figure 9 below shows "NOT" operation.

Figure 9 (A NOT B)

3.3.4 Search Engines and Boolean Operators

Google and many search engines also use "Boolean Operators”. In "Google"
Advanced Search they appear as [28]:

e Use AND with all the words.

e Use OR with at least one of the words.

e Use NOT without the words.

3.4 Web Crawler

Inside each search engine there is what is known as Web Crawler or Spider. Web
Crawler is a software program used by search engine to crawl the Web. Web Crawler
known a spider or robot. The Web Crawler starts the fetch from the URL seed like
Cankaya .edu.tr or http://edition.cnn.com/. Web Crawler works to inject all URLSs
from the seed URL, and put them in the queue to fetch one by one, search engine

follows strategy to fetch the URLSs in the queue, like Breadth-First Search algorithm
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(First in First out FIFO). After Web Crawler visited to all URLs in the queue, Web
Crawler works or put all URLs in the frontier. After that Web Crawler works to
extract the important information from the Webpages like Title, Keywords, date and
metadata. Web Crawler re-visit to check each Webpage in the frontier if any change
on the Webpage like put new hyperlink or put new keywords and etc. Web Crawler
does not care about information the Web, it has the ability to catch all information
like Videos, Images and other information in the Web. Web Crawler works to copies
the pages, which it visited, to speed the retrieval the information to user by search
engine. [29, 30].

3.4.1 Why Crawlers? [31]

- Internet has a wide expanse of information, in various fields (e.g., Education,
marketing, etc.).

- Finding relevant "information requires™ an efficient mechanism.

- Web crawlers provide that scope to search engine, in detail.

- Web crawler or Spider helps search engine to widely index the Web pages
existing in World Wide Web.
Figure 10 below shows result of crawl.

Google  web crawing ¢ B

na s for web crawling -

t%‘m '—‘I 7.7 o o]

Figure 10 Web crawler or spider helps search engine to widely index the web pages.

3.4.2 Working of Web Crawler

The Web crawler is works on a specific path, it beginning with start set of
URLSs known as root or seed URLSs, like tree. Web Crawler works to inject the URLSs
from the seed URL, and put them inside queue, after that it works to fetch each URL
from the queue and put them inside frontier. After the fetch stage Web Crawler

works to extract all the information from the Web Pages and store on local desk
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(storage unit), to take advantage of them and make them more flexible to users. Web
Crawler re-crawls or renews the visit to the URLs in the frontier, to check any
change of each the Web Page, like put new link or put new topic. The extracted
URLs from the downloaded Web Page are confirmed to know whether their related
documents have already been downloaded or not. If they are not downloaded, the
URLs are trying again assigned to Web Crawlers for more downloading. This
process is repeated until no more URLs are missing for downloading. Millions of
"Web Pages" are downloaded per day by a “"Web Crawler” to complete the goal [30].
Figure 11 shows us the web crawling processes.

Initialize
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Get a URL <—
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Web Download Page
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reposito
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Extract URLs

Figure 11 crawling process show us represents the process of fetch and indexing

web pages [30]

The working of a "Web Crawler" may be discussed as follows:
e Selecting a starting seed "URL" or "URLs".
e Adding it to the frontier.
e Now selection the URL from the frontier.
e Fetching the "web page" corresponding to that "URL".
e Parsing that "web page" to find new "URL links".
e Adding all the newly found "URLSs" into the "Frontier".

e (Goto "step 2" and repeat till the "Frontier" is empty.

Thus a "Web Crawler” will repeat keep on inserting newer "URLSs" to the database
(DB) store of the "Search Engine". So we can see that the major function of a "Web
Crawler" is to insert new links into the frontier and to choose a "new URL" from the

frontier for more processing after every recursive step [30].
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3.4.3 Crawling Techniques

"Web Crawlers" used Crawling Techniques, below few from it [30] [32]:

A- General Purpose Crawling
A general purpose Web Crawler gathers as many web pages as it can from a
particular set of URL’s and their links. In this case, the crawler is can to
fetch very many web pages from various locations. In this type of crawlers,
"general purpose crawling" network bandwidth and speed can slow down
because it is fetching all the web pages.

B- Distributed Crawling
In this type of crawlers, the "distributed crawling”, is a multiple processes is
used to fetching and download the "Web Pages" from the Web.

C- Focused Crawling
A "Focused Crawler" is designed to fetching specific web pages related by
user query, in this case can reduce the amount of network traffic, and
downloads and no loss in time. In "Focused Crawling"”, the goal is to adapt
the behavior of the "Search Engine" to the requirements of a user. "Focused
Crawler" is to eclectic look for pages that are appropriate to a pre-defined set
of matters, this is purpose of the "focused crawler”. It fetch web pages only
the relevant area of the "Web" and leadership to important store in place of

storage like hardware and network resources.

3.4.4 The Relationship Between Searches Engines and Web Crawler

Before a search engine display you the search result or the information, it must be
found and search engine indexes all the contents or words of web pages and adds
them to a database, then follows all hyperlinks and indexes and adds that information
also to the database. The search engine employs special software program, called
crawlers, internet bot and spiders it works inside heart for search engine, it works to
find topics or words on very many of Web pages that exist in the Web. When a robot
is building its lists of web pages, the method is called Web crawling. Finally, Web
crawler provide that scope to search engine and Web crawler, as an important part of
search engine, mainly answers for collecting web resources to store, to be the speed

of answer and retrieval of data to users faster.
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CHAPTER 4

LITERATURE SURVEY

4.1 Introduction

A challenge faced by search engines, the expansion of the World Wide Web, and
the large number of web pages, resulting in a search engine using a type of web
crawling is a Focused Crawling. The availability of information in large quantities on
the Web makes it difficult for user selects resources about their information needs.
Search engine works on data collection from the web by software program is called
crawler, bot or spider. In this chapter we will cover the types of Web Crawlers like
the general Web Crawler and Focused Crawling, the first one fetch the big URLS
from the Web, a second one fetch or collects relevant or specific Webpages of
interested topics from the Web. It works to reduce the retrieval of web pages,
analysis of the interesting topics, so it obtains large number of high quality web
pages. In this chapter we will explain or see what the previous topics about general
Web Crawler and Focused Web Crawler [33, 64].

4.2 What are the General Web Crawler and Focused Web Crawler?

A general Web Crawler works to fetch a large number of URLs from the
Web but without any goal.

Focused Web Crawler a program or tool used to crawl on the web to collect
web pages related to a particular topic otherwise rejected the web pages not related.
As we know the World Wide Web contains a huge amount of web pages with
multiple fields like sport, art, policy and education ...etc.

As we know the World Wide Web contains a huge amount of web pages with
multiple fields like sport, art, policy and education ...etc. And each field contains
branches as like sport is containing football, handball and basketball. She/he wants

fetch only threads about football. Then the search engine focus search and send
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Focused Crawling to fetch only the topics related to football. Figure 12 below shows
focused crawler works.
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Football Handball Basketball

1- First step fetch web pages.
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Figure 12 Focused crawling
4.3 First Focused Web Crawling

Chakrabarti, introduced the first focused web crawler. It works to download or

fetch related topics only, and avoid catch or download all threads [34].

4.4 Strategies of Focused Crawling

Naming "Focused Web Crawling" was first introduced by "Chakrabarti”. It is a
program working inside heart of search engine. Their advantages focus on to fetch
the web pages that are relevant to a particular topic, according to the user's request.
Focused Web Crawler works to avoid fetch the web pages not related to a particular
topic. After the end of the fetch process, download the web pages related in a place
to be stored and analysis them to be ready for use by the user [34]. Figure 13 below

shows different between the Focused Crawling and Regular Crawling.
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Figure 13 Fetch and Reject Web pages according type of web crawler
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4.5 Algorithms used in Focused Web Crawlers (FWC)

Dependent the focused crawlers on two parts of algorithms to crawl on the web
and keep the crawling scope within a specific field. The first algorithms are Web
analysis, used on an analysis of web pages and quality of the Web pages pointed to
by target URLs. The second algorithms are Web search, used to determine and order
which the target URLSs are visited [35].

4.5.1 Web Analysis Algorithms

These kinds of algorithms can be classification into two parts:
1- "Content based Web analysis algorithms".
2- "Link-based Web analysis algorithms".

The first "content-based analysis algorithms™, are working on analysis content the
web page to know it among the related topics or not. Most often the URLS content
good information on the web page.

For example, http://tubitak.gov.tr/en/announcements/graduate-scholarship-

programme-for-international-students/ shows us that URL come from

http://tubitak.gov.tr/ and information on scholarship for graduate students. The
second algorithms are "Link-based Web analysis", include PR "PageRank algorithm"
is part of Google search engine [36] and HITS "Hyperlink-Induced Topic Search
algorithm” Is now part of the ask search engine and it works inside the
(www.Ask.com) [37]. We can know from the URL structure important details about
server, web page language and information. For example the URL below show us the
URL come from server in Turkey ".tr" and the web page language is English "/en"

.Figure 14 below shows URLSs structure.
] tubitak.gov.tr/en
i tubitak‘gov.tr er/announcements/qraduate-Scnofarsnip-program me-for-international-students

Figure 14 URLs structure
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4.5.2 Web Search Algorithms

These algorithms "Breadth-first Search and Best-first Search™ are used in focused
crawling to determine system credited to visit URLs. These algorithms are used to
search trees and graphs; there are two types of ordered trees or graphs and unordered
trees or graphs. There are two algorithms used in focused crawling, they are
"Breadth-first Search and Best-first Search” are used for unordered trees or graphs.
But when we have ordered tree or graph we used binary search tree (BST). Breadth-
first Search, its work principle is first-in-first-out (FIFO/Queue). When we use this
method to tree search we must start from the root then we scan each node in the
level, but first we take left side in search, this means that visit all nodes in the each
level without jumping to another level. Figure 15 below shows us (FIFO) method
[36, 37, 38].

| Output: ABSCGDEFH

Figure 15 Breadth-First search algorithm

The aim of this algorithm is that it does not focus on which URL to visit next, but
trying to collect from URLs in same level, this means that must visit all URLs in
same level in the order then jump to next level to visit URLs there. It is considered
well to collect web pages for search engines in general. After that other studies have
shown to make the Breadth-first search used to build domain-specific collections.
Probability here if starting search for relevant URLs in first level then the second
level has relevant URLs. Can be fetch web page with domain-specific in breadth-first
search with reasonable quality, this appeared in previous studies [40]. Example use
"Breadth-First search” to crawl the web. When web crawler visit seed URL, add the
URL to queue, then it visit each child in the second level, this means that visiting
level after level, and each URLs it visited it works to take them out the queue for no-
repetitive [39]. Figure 16 shows the Breadth-First search queue and figure 17 shows

Breadth-First search code.
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proc Breadth-First(starting urls)

for each url(starting urls) do
enqueue(frontier, url);

od

while (visited < max pages & frontier not empty) do
url := dequeue(frontier),

page .= fetch(url),

visited .= visited + 1;
enqueue(frontier, extract links(page));
od

end

Figure 17 Breadth-First search code [35]

The crawlers that have been built to fetch small web pages from the web, they
cannot fetch large web pages. Breadth-first search algorithm start lose focus to fetch
large web pages with noise to collection them. The researchers tried to collect
breadth-first and Web analysis algorithms together to build Focused Web Crawling
[39]. In their study, breadth-first algorithm search fetch web pages first, then comes
the Web analysis algorithm to filtering the related topics or irrelevant Web pages for
non-related topics. Summary using breadth-first search alone, this method build and
fetch large domain specific collections with less noise. However, Web analysis
algorithms fetch irrelevant Web pages for processing during the crawling process;
this method has low efficiency [35].

Best-first Search, the principal thought is considering a forefront of URLs, for

some assessing standards, the most reliable URL is chosen for the purpose of
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creeping (crawling). The forefront can be used as a precedent line. Such equipment is
directed by what is extracted from the native database the lexical resemblance of the
subject's basic vocabulary and the original sheet of the URL. This rate has been
calculated with the help of the Combine crawler. Hence the resemblance of a sheet p
and the vocabulary of the subject are exploited to assess the relation that is existed
among all the links which belongs to p. Figure 18 shows the Best-First search queue

and figure 19 shows Best-First search code [35].

Links
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/' URL
@ | v
TML - Link estimator
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Priority Queue

Figure 18 The Best-First search queue

proc Best-First(starting urls)

for each url(starting urls) do
enqueue(tfrontier, url, max score);

od

while (visited < max pages & frontier not empty) do
url .= dequeue(frontier),

page .= fetch(url);

score = getTopicScore(page);

visited .= visited + 1;

enqueue(frontier, extract links(page), score),
od

end

Figure 19 Best-First search code [35]

Best-first search, now the algorithm or method most frequently used is focused
crawlers. Best-first search method is characterized by breadth-first search, it fetch

only relevant web pages and avoids fetching or visiting relevant web pages. Best-
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first search has advantages but in same time it has problems. It misses some relevant

Web pages during crawl the Web [35].

4.6 More algorithms of Web Crawling

Different search techniques are used in we page search. The goal is to find a
sequence of steps that will get us from some root node to some goal node(s) and to
cover large number of websites in search engines. The focus here is on computation
by exploring the web pages. There are many fields of artificial intelligence, like
artificial neural networks, biologically inspired computation, fuzzy intelligence and

metaheuristics.

4.6.1 Depth First Search Algorithm:

The big advantage of DFS is that it has much lower memory requirements than
BFS, as you only need to store nodes on the current path. The aim of DFS algorithm
is to traverses the search by starting at root node and explores as far as possible along
each branch through the child nodes. The priority is used in case you have more than
one left child, then priority is given to the left most child and continue to go deeper
until no more child find then you backtrack to each subsequent parent node and
traverse it's children [46]. Stack is used in the implementation of the depth first
search to store nodes from the root node to the current node. When a depth-first
search succeeds, the path to the objective is on the stack. This algorithm well suited
for search problems, but it takes end up in infinite loop when the branches are big
[45].

4.6.2 Genetic Algorithm:

Genetic algorithm is adaptive heuristic search algorithm that their techniques
inspired by ideas of natural evolution, such as inheritance, mutation and selection.
Fitness is what guides the genetic algorithm’s search. Fitness function is used in the
algorithm to evaluate the quality of all the proposed solutions to the problem. The
idea behind genetic algorithm is to find the best solution from search space solutions
in specified time but there is no guarantee to find the optimal solution [47]. Genetic
algorithms differ from traditional search methods in genetic algorithms operate on a
whole population of solutions while almost all traditional methods search from single
point or solution [48,49, 50, 51, 52].
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4.6.3 Naive Bayes Classification Algorithm:

Naive bayes classification algorithm represents a statistical method based on
applying bayes theorem with independence assumptions [28]. That allows us to
capture uncertainty about the model. The efficiency of this algorithm has been
proved over many other methods [53]. An efficient way for crawler proposed by
Wenxian Wang et al [54]. Peter Flach and Nicolas Lachiche presented Naive bayes
classification of structured data [55].

4.6.4 HITS Algorithm:

Hyperlink-Induced Topic Search (HITS) algorithm is a page ranking algorithm
used by search engines to perform page rank calculation. This was developed by Jon
Kleinberg. It was a precursor to page rank algorithms [56]. In this algorithm, all the
web pages are classified into two sets called Hubs and Authorities. This method is
not often used [44].

Proposed modification by Joel C. Miller et al on adjacency matrix input to HITS

algorithm which give insightful results [57].

4.7 Google Search Engine and PageRank Algorithm

How the Google search engine in the order or sequence of web pages? As in

figure 20 below show us order the web pages.

Atilim University

Cankaya University

Figure 20 Google search engine with order web pages
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4.7.1 Google Search Engine

Is a tool that helps users to access information on the W3. Search engines use
keywords or phrase entered by users find or fetch Web sites which contain the

information sought [41].

4.7.2 PageRank

Is a “vote”, by all the other web pages on the Web, about how important a web
page is? The web page has a number of more votes or links be arranged at the top of
the order in list. A link to a web page counts as a vote of support. Increase the rank
of the web page on the Web whenever refers to it by a group of web pages [41].
Figure 21 shows add vote or link to web page.

Figure 21 Add vote or link to web page

Published two papers to describe their innovative and patented "PageRank"
algorithm by "Larry Page and Sergey Brin" at Stanford University. The PageRank of
a web page is essentially its importance (or rank) with respect to the other web pages
on the internet. Below formula that calculates the PageRank of each web page [41].

PR(A)=PR(T1)/C(T1)+...+PR(Tn)/C(Tn)T1,.T

Below details of this equation:
e d: damping factor, normally this is set to 0.85.
e TI, ..., Tn: pages pointing to page A.
e PR(A): PageRank of page A.
e PR(Ti): PageRank of page Ti.
e C(Ti): the number of links going out of page Ti.
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4.7.3 Link Structure of the Web

e Every web page has some number of forward links and back links.
e el and e2 are Backlinks from webpages A and C of web page C.
e The more backlinks, the more important the web page [41]. Figure 22 below

explain the back link.

Figure 22 Backlinks from web pages A and B to web page C
4.7.4 PageRank Votes

Is an algorithm used by the Google web search engine to arrange or rank websites
in their search engine list results. Increasing rank web page of the more backlink to

it. Figure 23 below show you the web page votes and we can deduce from this figure

the back link is important of web page [41].

A E

Figure 23 Web page A has 6 votes and web page B has 4 voes

The PageRank display of the Google web search engine toolbar. Toolbar
PageRank is given a 1-10 scale. Figure 24 below show you Google real PageRank.
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Figure 24 Real PageRank

4.7.5 High PageRank Backlinks

The web page (B) occupies the first rank because it contains a wide range of
backlinks from more web pages. For web page (C) occupies the second rank, in the
figure 25 we show the web page (C) contain only one backlink but this backlink high
rank. These PageRank were calculated via PR(A) =PR(T 1 )/C(T 1) +...+ PR(T n
YC(Tn)T1,.,T.

Figure 25 High PageRank backlinks
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4.8 Open Source Search Engines and Commercial Search Engines

Search engines are part from Information Retrieval (IR), the rapid growth of
information in the Web, led to the increase in commercial search engines like
Google, Ask, Yahoo and MSN Search, this led to the increase of Internet users by
using this kind of search engines. This led to the generation of reaction in non-
commercial search engines designers, to work on the development of non-
commercial search engines like Nutch. It open source and it product by Apache
Foundation, Nutch written by Java (Programing Language). Nutch contains in its
heart a software program is called Lucene, it work like Web crawler, Lucene works
to index the documents after the Nutch fetched the URLs from the Web, Lucene
works on parser the documents, it works to extract the title, metadata, keywords and
author. Nutch and Lucene are free applications available in the internet, and can any
internet users or information retrieval technology users, used them. In same time we
can their development. Nutch and Lucene requirements are simple to install them in
our machine, like Windows 7, Cygwin Linux, and Java environment. Nutch has more
benefits are Flexibility, Scalability and Transparency [62]. The availability of
information on the web dramatically, leading to difficulty to indexing all these
information via the search engines, Nutch is framework for specific works to fetch
the Web pages relevant and ignore another Web pages.

4.9 Search Process is Mostly Invisible

Search engines in these days are became important part from Information
Retrieval Technology. And because the Search Process is mostly invisible, so more
people or Internet users do not know how Search Engines work. In the next chapters,
we will explain about using the open-source search engine, to show to the people or
Internet users how the search engine and Web crawler work. Figure 26 below shows

the Search Process.
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Figure 26 Search Process
4.10 Advantages to Use Focused Web Crawling

Through our study about each of web crawling and focused web crawling,
and through the used algorithms to development work the web crawling to make it
more focused. We found the focused web crawling best than regular web crawling.
Where the focused web crawling focuses only fetch the web pages related to a
particular topic. Many methods to training focused web crawling to crawl the web.
For example one of focused crawling focuses on the URLs and what its content,
another focused web crawling focuses on the content web pages or on the keywords.

In our study we show the work of Nutch Web Crawler, in the framework of a
specific, it works to fetch only the related topics and ignore another. The benefits to
using this type of Web Crawler, it is free-open source and it index the Web pages via

the Lucene. It has more libraries software Information Retrieval.
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CHAPTER 5

APACHE NUTCH AND LUCENE

5.1 What is a Nutch

Is a web search engine working to search and index web pages from the Web.
Nutch search engine is free/open source based on Lucene, which is an "API"
application programming interface for text indexing and searching and they are
created by Java. It creates copy of all visited web pages without duplicating. It
Developed by Apache Software Foundation. Nutch consists of three stages are fetch,

index and search. in figure below shows figure 4.1 Framework of Nutch.

5.2 Nutch Architecture

Functions of Nutch divide into three parts are fetch, index and searcher. The fetch
process fetches web pages and turns them into an inverted index. Second stage the
index process first, converts the Web pages or other files into the text-document,
second divides them into groups called "segments”, then process of filtering
unwanted stuff, finally configure "inverted index" storing groups from keywords or
numbers. Last stage the search process takes the words that are put in the search box
by users and information retrieval is based on the basis of the order of these words. It
starts from seed of URLs. In the next chapter will talk more about Nutch
architecture. In the indexing process the Nutch depends on the Lucene. It written by
java, it open source and supported by ASF "Apache Software Foundation”. Lucene is
information retrieval library for the searching and indexing. It provides a web

crawler program, an Index engine and a Query engine [42].
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Seed URL
www._Cankava edu.tr
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JURL 6
] (5) User use these files indexing
by use Nutch interface

Figure 27 Framework of Nutch

The figure 27 above shows, the Nutch Web Crawler uses the Breadth-First search
strategy, when it fetch the URLs from the Web, that mean the Crawler visit all thee
Web pages in each level and jump to next level. And so for the levels of other.

5.2.1 Nutch Crawling Process

The diagram below illustrates the sequential process to work Nutch. Three
important steps are fetch, indexing and search [42]. In chapter V more detail about

Nutch crawler.

Cankaya y’j‘.lu.tr
:'. A\ 5- Update Crawl DB with new Extracted
F \
5

{nde
< S\ 2/
1- Inject Start URLs Conlent Parse T—i\‘ —

Indexing
2- Generate Segment 4- Parse Content
(Content URLs scheduled) Lucene Query
| Fetch List l | Fetched Content | Parsed text & Data | @\
/

/ Apache
Tomcat Server
Web Browser@

World Wide Web Query

3- Fetch Content

Figure 28 Crawl diagram to understand the crawling process
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The Nutch starts the crawling from seeds URLs as shown figure 28 above and
then fetch which web page it visited to store it on local disk. Then creating indexing
come, it is a program works to convert the web pages into text, then filter some
useless information then configure index content key words or inverted index.
Finally, search process is a program displays the results to the user according to
his/her query [42].

5.2.2 Why Use Nutch

There are a lot of advantages to using use Nutch more than others search engines
like Yahoo, Google, Bing and Ask these factors are [43]:

1. Extensibility: - Nutch is flexible. It can be customized and incorporated into
your application.

2. Understanding: - We do not have the source for search engines such as
Yahoo, Ask, Google and Bing. Nutch is the best we have to see how search
engines work. Nutch users can development it and add new algorithms. It
being an open source.

3. Transparency: - The important factor to use Nutch is open source. We can see
all the algorithms that used to it work. Furthermore so anyone can see how
the ranking algorithms work to view the search results.

5.3 What is A Lucene

Is a free/open source in the field of information retrieval and it has more software
library, developed and written in Java by Doug Cutting. It is supported by the
Apache Software Foundation. Lucene has been ported and can be used with many

programming languages like Python, C++, Delphi, Perl, and PHP and C #.

5.3.1 Indexing Use Lucene

Inside the search engines there is the concept of indexing. That means it works on
processing the original data, and it works on filtering the "stop word list". This
facilitates the search process. Process analyze the "Nutch's documents™ by lucene. It
free/open source in the field of information retrieval, it written by java and it has
more software library, developed by "Apache Software Foundation™ [42]. In figure

29 below shows Relationship between Lucene and Applications.
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Figure 29 Relationship between lucene and applications

5.3.2 Creating the Index

Three steps to complete the indexing process using lucene are:-
The first step: Document Converting: - The good thing about using lucene doesn't
care about data format, types and their languages, as long as we can convert the data
to text. This means we can use lucene to search and index any type of data, like PDF,
HTML, Microsoft word documents or any other formats we can be analyzed and

extract textual information [42], as shown in figure 30 below.

& W
v

HTML 4

l
¥

e

Figure 30 Document converting
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The second step: Analysis: - After the completion of the process of converting data,
indexing and have created Lucene Documents. Then comes the process of preparing
and sort the data indexed, Lucene makes the data more convenient for indexing. To
do this, Lucene works on the segmentation of textual data into parts. It works on
remove all frequent but have no meaning tokens from the input, such as stop words
(a, an, the, in, on, and soon) in English text. There is an important point about
documents that contain metadata such as the author, the title, the last modified date,
and potentially much more. Metadata refers to "data about data”. We must separate

these information or metadata and indexed as separate section [42].

The third step: Storing the Index: - Lucene works to sort documents, such as
words or numbers, to access to them quickly. Lucene works to break documents
indexed into terms, like this example "This is a red car", Lucene separates it into the
symbols or words: This, is, a, red, car, and then Lucene works filtering stop words,
as shown in figure 31 below.

Break

This is a red car ‘ —) The

Stop words Filter

> | The
] [
[ = ]

E car

Figure 31 Indexing Process

Furthermore, Lucene uses the (Inverted Index Feature) to sort the documents.
Benefits to use inverted index, it is dividing Sentences into Words to speed up and
optimize the search process. For example, we have five documents in the Lucene
index (Docl, Doc2, Doc3, Doc 4 and Doc 5) and only (Docl and Doc 5) has the
University keyword, so Nutch Web Crawler doesn't need to search in the (Doc2,
Doc3 and Doc4), when the user search about the University keyword, for this the

search process and respond be quick.
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CHAPTER 6

IMPLEMENTING A NUTCH WEB CRAWLING

In this chapter we will talk about initialize the "NUTCH and LUCENE" to install

and implementation.

Before explain how install the Nutch Web Crawler, we will remind our goals in this

Crawl on the Web using Nutch Web Crawler.

study are:
1.
2. Indexing via Lucene.
3.

4.

Read the Lucene Indexing using the Lucke Lucene Tool.

View our results using Tag Cloud Technology.

Figure 32 below shows our system.

e —

Crawi) the Web use Nutch
And indexing the data via Lucene

Second Step: Indexing via Lucene

First Step: Crawl

Forth Step: Extract Keywords from the
URL
Sixth Step: Tag Cloud

LB

FILE

Extract Keywords
By
Luke

Third Step:

Read Lucene Indexing and URLs via Luke

Lucepe Tool

Caclzyn
Faase 100: - Covkaon, Tag Cloud
S S0 Edcason
Fifth Step: Word Frequency Lean,
[ —
[T ——
1%

[taguses <
var s(ze = | | = (fontMax — fontMin) + fontM(n

max

Figure 32 Our system fetch and view result by tag cloud
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6.1 Using Nutch

In this section we will explain how to set up the Nutch, we need to download all
about it. The operating system that we use in our work is Win 23-bit is a platform to
install the Nutch. We downloaded the Nutch from Apache Foundation via the link

http://archive.apache.org/dist/nutch/ with all source code, to run it or implemented.

6.2 Installing the Java Environment

Important step that we follow on our project is install the Java Runtime
Environment (JRE) on our machine because the Nutch written in Java program
language. Finally our machine or PC personal can host the Web Search Engine. This
version of the java is good and useful to users of the "Nutch". The Java Development
Kit (JDK), also available by Oracle Foundation, it is more useful for software
developers. This version of java "jdk1.7.0_17" issued from Oracle foundation was
used for the purposes of this study. We can install or run "Nutch” on any version of
Java starting with 33 and the newest version of either release is recommended. All
versions available on this Web page:

"http://www.oracle.com/technetwork/java/javase/downloads/index.html"”. Figure 5.2

below shows download java from the website.

Java SE Development Kit 7u45
You must accept the Oracle Binary Code License Agreement for Java SE to download this
software.

Accept License Agreement @ Decline License Agreement

Product/ File Description File Size Download

Linux ARM v6/7 Hard Float ABI 67.67 MB
Linux ARM vBN7 Soft Float ABI 67.68 MB
Linux x86 115.62 MB
Linux x86 132.9 MB
Linux x64 116.91 VB
Linux x64 131.7 MB
Mac OS X x64 183.84 MB
Solaris x86 (SVR4 package) 139.93 MB
Solaris x86 95.02 MB
Solaris x64 (SVR4 package) 246 MB
Solaris x64 16.23 MB
Solaris SPARC (SVR4 package) 139.38 MB
Solaris SPARC 98.17 MB
Solaris SPARC 64-bit (SVR4 package) 23.91 MB
Solaris SPARC 64-bit 18.26 MB
windows x86 123.49 MB
windows x64 125.31 MB

Figure 33 Download java product windows x86

=
=
. 2

6.3 Selecting a Web Interface

In the previous step has been installed java on our machine which will host the
web search engine. The second step is to create a search engine interface that allows
users to search through it. The application used in our work, is "Apache Tomcat"
ability of filling that role, is one of the applications Apache Software Foundation
project, Apache Tomcat is open source. Apache Tomcat is an appropriate

environment to run Java code, and it provides a Java HTTP web server. In this study
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used Apache Tomcat version 6.0.37 shown in figure 34. Apache Tomcat downloaded
from its home page at URL "http://tomcat.apache.org/".

6.0.37

Please see the README file for packaging information. It explains what every distribution contains.

Binary Distributions

e Core:
zip (pgp, mdsS)
tar.gz (pgp, mds)
32-bit Windows zip (pap, md5)
64-bit Windows zip (pap, md5)
64-bit ltanium Windows zip (pgp, md5)
32-bit/64-bit Windows Service Installer (pap, md5)
e Deployer:
© zip (pap, mds)
o tar.gz (pap, md5)

0 0 0 0 0 O

Source Code Distributions

e tar.gz (pap, mds)
e Zzip (pap, md5S)

Figure 34 Download "Apache Tomcat" supported the 32-bit windows operating

system.

The figure 35 below shows Apache Tomcat through it chooses the search engine

interface.

& c localhost

Apache Tomcat

% N{\pache Software Foundation
/dk\ » http://www.apache.org/
/

If you're seeing this page via a web browser, it means you've setup Tomcat successfully. Congratulations!
Status As you may have guessed by now, this is the default Tomcat home page. It can be found on the local filesystem at
Tomcal Manager
where "$CATALINA_HOME" re seeing this page, and you don't think you should be, then you're either a
user who has arrived at new t got his/her setup quite right. Providing the latter is the case, please
Release Notes on than is found in the INSTALL file
T% using the manager webapp Is restricted to users with certain roles such as "manager-gui”. Users are defined in
users.xml
Included with this release are a host of sample Serviets and JSPs (with associated source code), extensive documentation, and an introductory guide to
Tomcat Online developing web applications
Tomcat mailing lists are available at the Tomcat project web site
EAQ
a5 + users@tomcat.apache.org for general questions related to configuring and using Tomcat
Usms‘MmlmuLlsx . apache.org for working on Tomcat
Developers Mailing List
Thanks for using Tomeat!
Powered by
Senviets Examples TomcAT
JSP Examples Copyright © 1999-2013 Apache Software Foundation
un's Java Server Pages Site All Rights Reserved
|Sun's Serviet Site :

FigureT%S Tomcat interface
6.4 Installing a Shell Environment

The final step to install or setting Nutch a 32-bit Windows environment is the
environment which through it sends or writes commands to the web crawler, this
shell or environment is "Cygwin". By using Cygwin Can is implemented command-
line interface for 32-bit Window. Cygwin is a tools support or provide a Unix-like
environment and command-line interface. We used in our thesis this environment. In

this thesis used Cygwin new version DLL 1.7.25 shown in figure 36. The new

38


http://tomcat.apache.org/

version of Cygwin shell may be available on http://www.cygwin.com/. Win 2000,

win XP, win 2003 Server, win Vista, win 2008 Server, win 7 and 2008 win Server
R2 Supported by Red Hat Cygwin (RHG).

Cygwin

Get that Linux feeling - on Windows

Installing and Updating Cygwin Packages

Installing and Updating Cygwin for 32-bit versions of Windows

Run setup-x86.exe any time you want to update or install a Cygwin package for 32-bit windows. The signature for setup-x86.exe can be used to verify
the validity of this binary using this public key.

Installing and Updating Cygwin for 64-bit versions of Windows

Run setup-x86_64.exe any time vou want to update ot install a Cygwin package for 64-bit windows. The signafure for sefup-x86_64.exe can be used
to verify the validity of this binary usmg this public key.

Figure 36 Installing and updating cygwin environment or packages
6.5 Web Crawling with Apache Nutch

After completing the necessary requirements, to provide an appropriate
environment to "NUTCH and LUCENE", can now use them to crawl in the web. Is
an open source with it written in a java programming language, with using it can
crawl the Web and find Web pages in an automated manner and reduce lots of
maintenance work, the Nutch web crawling can create a copy of all the visited web
pages without duplicating and no SQL. The Nutch Owns two parts of the crawl
search specified and non-specified in the web. Here we chose seed URL, to Nutch

start the crawling from it WWW.Cankaya.edu.tr. The Nutch crawling works to fetch

all URLSs in the cankaya. The Nutch web search engine meaning works on a specific
domain. Example without specific domain is Google search engine. The Apache
Software Foundation launched this kind of crawling to bring specific topics with no
loss of time to catch non-specific topics. The architecture of apache Nutch is shown

in figure 37.
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Figure 37 The architecture of nutch crawling

6.5.1 Preparing Nutch for Crawling

Before testing and evaluation of search engine work on the internet, is
necessary we do some controls to make a focused crawl on the web and not
unfocused large scale web crawler. We used in our thesis a focused crawler on the
web. For start crawling on the web must determine target or domain which should be
crawled on this domain, this crawler called focused crawl. The Nutch contains set of
files, there is a subdirectory called "Conf" inside it contains a search engine's
configuration files, under the name "crawl-urlfilter.txt". By the file located in the
directory consists of lines that can determine or filter URLs for the web crawler.
Each line is a regular expression that preceded by a plus sign "+", which is mean
specifies that any URLSs that match the expression should be included in the crawl, or
a "-". Which precedes an expression who's matching URLs should be reject, these
signs represent processes of fetch and rejection the URLSs. The line "+"http ://( [a-z0-
9]*\.)*Cankaya.edu.tr/" was added to the "crawl-urlfilter.txt" for the purposes of
testing the "Nutch Web Crawling"” and allows the entire "Cankaya.edu.tr" domain to
be included in the list crawl. The Structure of the "crawl-urlfilter.txt" file is shown n

in figure 38.
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4 See the License for the specific language governing permissions and

# limitations under the License.

4 The url filter file used by the crawl command.

% Better for intranet crawling.
% Be sure to change MY.DOMAIN.NEME to vour domain name.

# Each non-comment, non-blank line contains a regular expression
# prefized by '+' or '-'. The first matching pattern in the file
# determines whether a URL is included or ignored. If no pattern
4 matches, the URL iz ignored.

# skip file:, ftp:, & mailto: urls
-*(file|ftp|mailto):

# skip image and other suffixes we can't yet parse
-\. [gif |GIF|ipg| JBG|png|ENG|ico| ICO|cas| sit |eps|wmf | zip |ppt |mpg|xLs | gz | rpm| tgz |mov |MOV | exe | jpeg| JEEG |bup |BME) §

# skip URLs containing certain characters as probable gueries, etc.

~[2v18=]

4 skip URLs with slash-delimited segment that repeats 3+ times, to break loops
A WA A A EANTA QT AN

# accept hosts in MY.DOMAIN.NAME

+*http:// ([a-z0-81*\.) *apache.org,

+°http:// ([a-z0-3]*® .l*cankaya.eda.trA
+*heep:// ([a-z0-31*\.) *edition. cnn. com
+*http:// ([a-20-91*\.) *www.en.uobaghdad. edu.ig

# skip everything else

Figure 38 The structure of the "crawl-url filter.txt" file
6.5.2 Configuring Apache Nutch Crawl

Before being crawl in the web, there is file must be edited, this file is "nutch-
site.xml”. The “nutch-default.xml” this file includes several properties on the
identification of Crawler or behavioral crawl. The file "nutch-site.xml" must be
added to it "http.agent.name", "http.agent.description”, "http.agent.url”, and
"http.agent.ema -il", these steps are "Internet etiquette”. Must give details about this
Crawler, for example must write or mention the name of the organization associated
with the crawler, description shows the purpose of crawling on the World Wide
Web, E-mail should be equipped to communicate the web crawler's handlers and the
URL field should point to a URL offering an explanation of the crawler's purpose.
After the completion of all of this information then comes a step to create URL list.

The configuration "nutch-site.xml" file, shown in figure 39 below.
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<?xml version="1.0"2>
<?xml-stylesheet type="text/xsl" href="configuration.xsl"?>

<!—— Put site-specific property overrides in this file. -->
E<ccnfiguraticn>

-]<property>

<name>http.agent.name</name>

<value>Crawl</value>

E <description>
</description>

F</property>

J]<property>
<name>http.agent.description</name>
<value>Ali Nutch Crawl</value>
<description>Ali Nutch Crawl</description>

-</property>

J<property>
<name>http.agent.url</name>
<wvalue>NUTCH</value>

<description>http://nutch.apache.org/index.html</description>

F</property>

]<property>

<name>http.agent.email</name>

<value>My E-mail</value>

<description>alialosh 2004@yahoo.com</description>
- </property>

-</configuration>

Figure 39 Configuration the "nutch-site.xml" file

6.6 Creating a URL L.ist to Fetch

After the completion of the steps to initialize the crawl, now we will create a list of
URLs. Put these URLSs inside blank text file. Then be crawling on these URLs. The

name of this text file is "urls.txt" or "list.txt". This text file is inside the folder under

the name "urls". By use the shell command to running the crawl, it crawls on the

"urls.txt". In our work we have selected a group of URLSs, "http://www.apache.org/",

"http://www.cankya.edu.tr " and "http://www.tubitak.gov.tr ", we can use one "url"

or more. Figure 40 below shows the list of URLS.

of C\cygwin\NUTCH\urls\urls.txt - NGtepad++

File Edit Search View Encoding Language Settings Mac
o E & % obE_b| & B & :-‘f":l &8 bﬂl
B websanl | B nutchstexml ) udsoa |
1 http://apache.org/
2 http://cankava.edu.tr/
3 http://tubitak.gov.tr/en

Figure 40 The urls.txt file
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http://www.apache.org/
http://www.cankya.edu.tr/
http://www.cankya.edu.tr/

6.7 Performing a Nutch Crawl and Using the Crawl Command

After the completed of the main steps to prepare the crawler, then to start
crawling on the internet we used in our thesis the "Cygwin" to apply the crawl
commands. After we install the "Cygwin™ on our machine, now we are ready to run
or implementation a crawl, figure 41 below shows the parameters command to

crawl:-

{$ bin/nutch

Usage: Crawl

$ bin/nutch crawl

e-dir dir names the directory to put the crawl in.

*-threads threads determines the number of threads that
will fetch in parallel.

*-depth depth indicates the link depth from the root page
that should be crawled.

will be retrieved at each level up to the depth.

Figure 41 parameters command bin/nutch crawl

After run the command "bin/nutch crawl urls -dir crawl -depth 3 -topN 50" to crawl
the web, figure 42 shows the start crawling command. The results of a crawling must
save somewhere on the machine, be crawling on the basis of the location of the
URLs.

/cygdrive/c/cygwin/nutch-1.1
$ bin/nutch crawl : :
Usage: Crawl <urlDir> [-dir d] [-threads n] [-depth 1] [-topN N] [-solr solrURL]

vin/nutch-1.1
-depth 3 -topN 50

=lucene

N =50
Injector: starting
Injector: crawlDb: crawl/crawldb
Injector: url L
Injector: Converting injected urls to crawl db entries.

Figure 42 Run crawl command

In our work chose some URLS to search in the web, as shown in figure 43 below.
This crawler will choose these URLs to crawl in the web. These URLSs stored in the

file under name "urls.txt".
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| urls.txt - Notepad (ool R
File Edit Format View Help | docs

http://cankaya.edu.tr/ . J Flefolder
http://www. en.uobaghdad. edu.iq/

http://www. topuniversities.com/ || webapps
http://wiki.apache.org/nutch/ {l Filefolde
http://apache.org/

http://www.iuj.ac.jp/| defaultpropertes - KEYS

nutch-11,jar

= b

Figure 43 urls.txt

After starting the process of crawling on the web, will generate "crawl folder" shown

in the figure 44 below. This folder contains all the information of crawl.

< Local Disk () » cygwin » nutch-11 » v\', \E’ Search
Organize v [ Open Includeinlibrary v Sharewith v Bum  Newfolder
¢ Favorites bin ot
5] Recent Places File folder File folde
I Desktop
B Downloads crawl ||| cocs
¢} Filefolder fil Fiefolde
3 Libraries
lib
9 Documents i oo i i
e folder segments
3 Music
&) Pictures plogiis T
8 videos (| Filefolder fill Fitefolde
« Homegroup utls ||| webapes
first in "http.r File folder If File folde
1% Computer L. buildxml L CHANGESHt
&, Local Disk (C) g\ ent N
s Local Disk (D) —
s Local Disk (E)

s Local Disk ()

% accesspoint (\M-P(
5

W My Web Sites on M<

NOTICEbt
Text Document
251KB

nutch-11.job
€l Network £ T
18 ALLHP
1% M-pC

Task Object

crawl
File f

- ' ‘
Figure 44 Crawl folder

6.8 Show the Result Crawling (Nutch Data)

After the end of the process of crawling, the "crawl folder" contains the three
folders important are "crawldb folder, linkdb folder and segment folder", as shown in
figure 45 below.
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<« Local Disk (C:) » cygwin » nutch-11 » crawl » - |4 \]I E

—_— Organize v Includeinlibrary v Sharewith v Bum  New folder

Favorites

’ | crawldb index
Recent Places { File folder File folder
B Desktop

18 Downloads ) indexes linkdb

F e ( File folder

A Libraries

3 Documents ) et

&' Music

=) Pictures

B Videos

Homegrou
- sl ¢

1% Computer
&, Local Disk (C)
s Local Disk (D)

s Local Disk ()
s Local Disk (F)
R accesspoint (\M-P(

5
n/nutch-1.1/c 1 §
n/nutch-1.1 N My Web Sites on M¢
n/nutch-1.1,
€ Network
18 ALL-HP
indexes e
indexes/part-C
5 items

Figure 45 Directories created

The figure 46 below shows "crawl folder" components

i - * crawl/crawldb

contains information about every URL known to Nutch, including

e whether it was fetched, and, if so, when
‘ iy © crawl/linkdb
i contains the list of known links to each URL, including both the source
| ' \ URL and anchor text of the link
crawl/segments

Segments are directories with the following subdirectories
a crawl_generate names a set of URLS to be fetched
acraw!_fetch contains the status of fetching each URI
a content contains the raw content retrieved from each URL
a parse_text contains the parsed text of each URL
a parse_data contains outlinks and metadata parsed from each URL

a crawl_parse contains the outlink URLs, used to update the crawldb

Figure 46 Nutch data

Will we remind the most Nutch commands lines important, after run this command

"bin/nutch” we will get commands lines, as shown in the figure 47 below:

45



/cygdrive/c/cygwi

§ cd nutch-1.1

fcygdrive/c/cygwin/nutch-1.1

$ bin/nutch

Jsage: nutch [-core] COMMAND

where COMMAND is one of:
crawl one-step crawler for intranets
readdb read / dump /1
convdb convert cr db from pre-0.9 format
mergedb merge craw vith optional filtering
readlinkdb read / dump b
inject inject new into the database
generate generate n egments to fetch from crawl db
freegen generate segments to fetch from text files
fetch fetch a segment's pages
parse parse a segment's pages
readseg read / dump segment data
mergesegs ner sever segm ith optional filtering and slicing
updatedb "0 ents after fetching
invertlinks o kdb from rsed segments
mergelinkdb merge linkdb-s, with optional filtering
index run the indexer on parsed segments and Tinkdb
solrindex run the solr indexer on parsed segments and linkdb
merge merge several segment indexes
dedup remove duplicates from a set of segment indexes

Trdedup remove duplicates from solr
i Toad a plugin and run one of its classes main()
run a search server

Figure 47 Nutch commands
6.9 Searching the Crawl! Results

When finished the crawling process on the web. The second stage is the search in
Results crawl. To display these results to the user, we used in our thesis "Apache
Tomcat". It is provides this service. Figure 48 below show us directory of crawling

results.

<?xml version="1.0"2>
<?xml-stylesheet type="text/xsl" href="configuration.xsl"?>

| —— Pu

D

e - >

un
O
{

cific property overrides in this fil

P
l<configuration>
| <property>

<name>searcher.dir</name>

<value>C:\cygwin\nutch-1.1\crawﬂ</value>
</property>

</configuration>

Figure 48 Directory the crawling results

This means that we take this directory (C:\Cygwin\nutch-1.1\crawl) as shown in
figure 16 above and we put it in (nutch-site.xml) this file is in (Apache Software
Foundation Folder). The directory is "(C:\Program Files\Apache Software
Foundation\Tomcat  6.0\webapps\nutch-1.1\WEB-INF\classes)". The "Apache
Tomcat Interface"” will be displayed by put this links "http://localhost:8080/" in Web

browser, as shown figure 49 below.
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http://localhost:8080/

Apache Tomeat -
Wpache Software Foundation
http://www.apache.org/

If you're seeing this page via a web browser, it means you've setup Tomcat Cy

As you may have guessed by now. this is the defauit Tomcat home page. It can be found on the local filesystem at:

r
SCATALINA HOME/webapps/ROOT/index.html

wihere "SCATALINA_HOME" i the root of the Tomcat installation directory. If you're seeing this page, and you don't think you should be, then you're either a
user who has arrived at new installaion of Tomcat, or you're an administrator who hasn't got histher sefup quite right. Providing the latter is the case, please

']

Release Notes refer to the Tomcat Documentation for more detailed setup and administration information than is found in the INSTALL file.
Change Log
Tomcat Documentation NOTE: For security reasons, using the manager webapp is restricted to users with certain roles such as "manager-gui”. Users are defined in

SCATALINA HOME/conf/tomcat-users.xml.

Included with this release are a host of sample Senviets and JSPs (with associated source code), extensive documentation, and an introductory guide to

_ developing web applications.

%_A?M Tomcat mailing lists are available at the Tomcat project web site:

Bug Database + users@tomcat apache.org for general questions related to configuring and using Tomcat

Users Mailing List « dev@tomcatapache.org for developers working on Tomcat

Developers Mailing List

RRC Thanks for using Tomeat!

e Powered by
Senvets Fxamples TOMCAT
JSP Examples Copyright © 1999-2013 ware Foundation
Sun's Java Server Pages Site! I Rignts Resened

Figure 49 Apache tomcat interface

This interface above contains options in left side, we will choose from these options
"Tomcat Manager". By choose this option will Interface appears under the name of
"Tomcat Web Application Manager", as shown in figure 50 below.

e Apache o
Software Foundation
http://www.apache.org/

Tomcat Web Application Manager

[ I |
List Applications HIMI Manager Help Manager Help Server Status|
Path Display Name Running Sessions Commands.
St Siop Beload Undeploy
Welcome to Tomeat troe 9 Expia sessions | with idle 2 [30 m
Stat_Stop Reload Undeploy
ures e ] Expire asssions ] with idle > |30 minutes
Sten_Stop Beload Undeploy
Idocs Tomcat Documentation true (] _Expire sessions | with idle > (30 minut
Stat_Stop Reload Undeploy
(examples. Servet and JSP Examples true 2 [ Expire sessions | with idle = 30 minutes
WAR file to deploy

Select WAR file to upload | Choose File | Mo file chosen

Figure 50 Apache tomcat deploy

To add Nutch to Tomcat Web Application, the choose file button under the "Select
WAR file to upload” section should be selected. Then select "nutch-1.1.war" file
there will create a new subdirectory Tomcat's "webapps™ directory under name
"Inutch-1.1 ", as figure 51 below.
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http://localhost:8080/nutch-1.1/

|Start Stop Reload Undeploy

vithide2 30 | mindes

true 0

[nutch-1.1 ‘

Figure 51 nutch-1.1 webapps

After adding "Nutch 1.1 Web" to Tomcat Application correctly, as shown in figure

20 above. Now we can search using "Nutch Web".

6.10 Nutch Web Applications

The search process in the Web comes after the completion of the process of crawling
on the web. From Tomcat Application we choose Nutch 1.1 as shown in figure 19

above, will appear us search interface like the figure 52 below.

' == Nutch: x

= C | [ localhost:8080/nutch-1.1/en

a2

| Search | help

powered by

Figure 52 nutch-1.1

Now user can use Nutch interface through enter of keyword in box search. Then
select or press search button to view the results like hits list, as shown in figures 53
and 54 below.
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€& C | [1 localhost:8080/nutch-1.1/search,jsp?que

7E About | FAQ

cankaya help

Hits 1-10 (out of about 42 total matching pages):

Cankaya Universitesi
«.. 40 78 E-posta: webadmin@cankaya
http/cankaya.edu.tr/ (cached) (explain) (anchors)

Cankaya Universitesi Kiitiiphanesi
.. Katalog Tarama Resimler letisim www.cankaya.edu tr Hakkimizda Yonetmelikler/Yonergeler .. PORTALI  Erisim Adresi : http:/wwiw.cankaya-elibrary.com  Online Veri Tabanlart ...

http:/library.cankaya edu tr/ (cached) (explain) (anchors

Ana Savfa - Cankaya University
Ana Sayfa - Gankaya University Ogrenci Isleri Midiirligi Englich Ana Sayfa Ana Sayfa Ogrenci Bilgi Sistemi Duyurular Ucretler Akademik Takvim ..
http:/foim cankaya edn tr/ (cached) (explain) (anchors)

Cankaya University
Cankaya University CANKAYA UNIVERSITES] Ogrenci {sleri Midirligii / Registration Office Ogrenci Girisi / Student Login Ogrenci Numaraniz ve Sifrenizi Giriniz. Enter ...
http/sql.cankaya edu.tr/ (cached) (explain) (anchors)

Cankaya Universitesi - Akademik Birimler
... 40 78 E-posta: webadmin@cankaya
http://www.cankaya.edu tr/akademik_birimler/index php (cached) (explain) (anchors) (more from wwiw.cankaya edu tr

Cankava Universitesi - Telefon Rehberinde Arama
«.. 40 78 E-posta: webadmin@cankaya
http://www.cankaya edu.tr/aramalrehberara.php (cached) (explain) (anchors) (more from www.cankava edu tr

Cankaya Universitesi
.. 40 78 E-posta: webadmin@cankaya
hitn//eankava edn fr/ (cached) (exnlain) (anchors)

Figure 53 nutch-1.1 web with hits list

&« C' | [ localhost:8080/nutch-1.1/explain.jsp?idx=0&ic query=cankaya&lang=en
page

o title = Cankaya Universitasi

e sszment = 20130802143635

e boost = 1.024295

e digest =dbbl 24426634b522640362558
e tstamp=20130802113647887

e url = http:/cankava.=du.tr

score for query: cankaya

e 0.36521083 = QMATCH) sum of:
© 0.15303703 = QIATCH) weight(url:cankaya”4.0 in 3), product of:
= 0.4475338 = queryWaeight(url:cankaya’4.0), product of:
= 4.0 =boost
= 18237673 = idf(docFraq=42, maxDocs=598)
0.061347436 = quaryNorm
95638 16Waight(url:cankaya in 3), product of:

= 0 = tf(termFrag(urlicankava
= 1.8237 idf(docFraqg=42, maxDocs=08)
= 0. sldNorm(fisld=url, doc=3)
o 0.008124436 = (\MATCH) waizght(contant:cankaya in 3), product of:
= 0.126250235 = queryWaeight(content:cankaya), product of:
- 2.058 f(docFraq=33, maxDocs=98)
= 0.061347436 = queryNorm
= 0.064331464 = VMATCH) fisléWaizht(contant:cankayva in 3), product of:
= 1.0 = tf{termFreq(contant:cankava)=1)
= 2.058 f(docFraq=33, maxDocs=88)
= 0.031 1éNorm(fizslé=content, doc=3)
o 0.20404938 =Q sht(host:cankaya'2.0 in 3), product of:
- 2237669 ht(host:cankaya”2.0), product of:
= 20=
= 1.8237 f(docFrag=42. maxDocs=58)
= 0.061 seryNorm
- 118836
0=
82 73 = idf(docFraqg=42, maxDocs=58)

dNorm(fisld=host, doc=3)

Figure 54 Nutch's score explanation page, matching the query "Cankaya"

Now after we got on the results, we have three important folders, they are crawldb,
linkdb and segments, as shown in figure 5.15 above, we want read each folder via
use Nutch commands and display their content. These commands as shown in figure

55 below. More details in Appendix C.
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1- Dbin/nutch readdb crawl/crawldb -stats

2- bin/nutch readdb crawl/crawldb/ -dump db

3- bin/nutch readlinkdb crawl/linkdb/ -dump link

4- bin/nutch readseg -dump crawl/segments/20131216194731
crawl/segments/201312161
9473 dump-nocontent-nofetch-noparse-noparsedata-noparsetext

Figure 55 Command to read nutch folders content

6.11 Use Luke to Analyze the Lucene and Nutch Indexes

To view the contents of Lucene and Nutch indexes, we used the "Luke Lucene
Toolbar" to view the results of indexes. "The development and tool is useful to
accesses already existing and view the results the Lucene indexes, and allows you to
display and modify their content easily", in figure 56 below Showing results by use
Luke.

L Luke - Lucenendex Toolox, 40 ALPRA QU010 T 0 b/ BT R, . B e =T X

Eile Tools Setings Help
4 Overvew B Documerts ) Search (5 commits| < Plugins|

Enter search expression here: Analysis | QueryParser | Similarity Colletior

conertoankr Anayzer to use for query parsing:
NOTE: us ully quaiied clas same hese Defaut e
ory apache hicene analysi ar Arabicanalizet v anchor v

Opional consrustor angument

Query details: [Update. | Bplainstuctee
contentrankaya Passd

Reiten
Lastsearch fime: 340 us 1) Search repeat [t 31 imes | 5 Delele Al

Resulls: (Hist Dosbleolickon esuo diplay all feds) 4 Byplain| B3oocfe) (013 & B
#  Soe Docld eachor koot conent  Ggest  host  segment sk ge i

0 00643 3 1024295 cabfedesice 2013080214 piiankaya eduts

1| noass 8 03385035 cb30da5B1b: 2013080214 itpibearycankaya.eduss

2| po7s a7 025687268 aaed5es7es! 2013080214 itpwere cankapa edusiniversterietsim

3| 0161 u 027185677 2013080214

4| 0otet % 02793612 5 2013080214

5| 00161 [ TedT0aTR7E 2013080214

6| 00161 [ 025741136 105874035 2013080214 Kampiiste Yagam | 20130¢

7| 00141 B 02387437 o1 30a71a28: 2013080214 Gar

8| 00121 b5 027890095 B33adorde) 2013080214 (2 HademiTakim 7

3| o012t u 01871425 6445849e08! 2013080214

10 00114 [ 01769283 52072060 2013080214

1) 00101 0 017611998 ofb183713c 013080214

12 00101 9 017781903 2013080214

13 00101 12 01730571 2 2013080214

14 00101 b 017554222 193473043 2013080214

15 00101 1 01844975 31o62ed3bit 2013080214 pil @

16, 00101 10 018852846 e753a%e 013080214 20130302113728442 i cankpa edu sisersles

17, 00101 B 01828344 1daaD2855a! 2013080214 2 2013080211403802 it cankapa edu siouuindex php
Indezame: Ceygwininutch1.{crasindexes 840us I

Figure 56 Luke result
6.11.1 Search about Keywords in Lucene and Nutch indexes use Luke

We used "Luke Toolbar" to search about keywords, they are in Nutch indexes. As
example we used "Universite Hakkinda" after search about it we found more URLs
Contains it. These URLs are stored in Nutch indexes. In figure 57 below shows

"Cankaya Universite and Universite Hakkinda keyword".
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I
—
Figure 57 Cankaya University web page

After search about this "Universite Hakkinda" keyword we got result as shown in

figure 58 below.

i

Figure 58 Search result about "Universite Hakkinda" keyword use Luke Lucene

6.12 Analysis the Lucene Indexing Using Tag Cloud Technology

Tag Cloud is used to identify the topics easily through the expression of
words color and different font sizes makes easy to recognize on topic by the most
prominent words. We have two important parts to view Tag Cloud, are highest
frequency and lower frequency [61]. We can read the Lucene content using the Luke
Lucene tools, we mentioned this earlier in the part 5.11, and these tools provide us
details about what we fetched from the Web.

We can view our results using Tag Cloud two ways, first way the URL and
second way the TEXT.

In the first method, must analysis the URL and take and taking their content
(paragraph), we can found the paragraph between Tag this tag is <p></p>, these
details are detailed in paragraph 5.12.1.

In the second method, just we take the text and put it in the Tag Cloud and

display the results, these details are detailed in paragraph 5.12.2.
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6.12.1 Analysis the URL and Word Frequency

In this part, we took a sample example to explain the word frequency that
means how many times each word appears in the Web page. We use python
Programming Language to count the frequencies to each word in the Web page [59].
Our work is divided into two parts first part, read the Web page and take all the
words appears in the Web page, second part, filter the words into two parts
(Meaningful words and stop words). The meaningful word like University and the
stop word like the, to, an and etc. The meaningful words are Important [58]. That
words which will calculate, then removing all stop words. In this study we took
Cankaya University Web page to calculate all words. Figure 59 below shows
Cankaya history Web page with words.

About Gankaya » His

Figure 59 Cankaya history web page

We took sample example to test our code to read some sentences, figure 60 shows
list of words.

76 pnon shen_ R T N W ==
File Edit Shell Debug Options Windows Help B
Python 2.7.4 (default, Apr 6 2013, 19:54:46) [MSC v.1S500 32 bit (Intel)] on win =]

Tyvpe "copyright”, "credits" or "license ()" for more information.
>>> RESTART

Y. *in®, .
# A3s grwerxrc,
. (*Tfielas",

Figure 60 List of words
So, our code is working correctly to read list sentences. We start to read the Cankaya
history Web page and index all words in the Web page. The words of Cankaya
history exist between this tag <p align=justify> </p> [60], figure 61 shows source

code of Cankaya history Web page.

52



<p ali

gn=justify>aAfter

spending over forty years in the field of
School and Ari High School, an investment
as well became inevitable. This endeavour
and genuine contribution of all the teack
well as the thousands of young people who have attended these schools and

also their parents. In fact, this was the source of the motivation that

led to the establishment of Cankaya University, the last link in our educational
project. On 9 July 1997, Sitki Alp Education Foundation was ratified through

the Turkish National Assembly decree number 4282 which was published in

the Official News Paper number 23050, dated 15 July 1997. The official establishment
of Cankaya University was finalised through the Higher Education Council

decision number 16641, dated 27 August 1997, and the university commenced

its functions in the autumn of the same year. In an age of competition when
civilisation and technology have reached their zenith, borders between nations

have diminished and now are almost invisible. Each nation is trying to be

a centre of excellence. Education, reliable and efficient education, is

undoubtedly the basis for such excellence. With this goal in mind, a community

of educators trained at academic institutions of high reputation all over

the world have been set up. This goal is to train, the students of Cankaya
University in the best way possible through well-developed curricula in

various fields., This academic institution will also provide its graduates

with a solidly founded future, where employment opportunities at large will

be open. As the founders of the University, it is our sincere hope and desire

to interact with all academic and administrative members as well as with

the students as members of the same family, that is, Cankaya University.

We wish you all great success in your academic pursuits.

education, next to Ari Primary

in higher education and research

was realized through the collaboration
ng and administrative staff as

</p>

Figure 61 Python code to indexing words

Now we can call or put the URL

(http://www.cankaya.edu.tr/universite/tarince en.php) in our code and return all the

words with

frequency for the Web page, sorted in order of descending frequency

with print the list of words. Figure 62 below shows the Words- frequency.

hon Sh (o | (- S
File Edit Shell Debug Options Windows Help
Python 2.7.4 (default, Apr 6 2013, 19:54:46) [MSC v.1500 32 bit (Intel)] on win 4~
32
Type "copyright"™, "credits" or "license ()" for more information.
>>> RESTART
>>>
(24,
(1s,
@aa. =
(11,
s
(6, 'university')
(6, 'education')
(6, 'academic')
(5, *"\xc7ankava')
(5, 'was"')
(5, 'to')
(5, "this")
(5, "mbsp')
(5, *is*)
(4, 'wicth')
(4, "well")
(4, *"through')
(4, "have')
(4, *alil‘)
(4, "312°*)
(3, *'students’')
(3, "numbexr’)
(3, '"administrative')
(3, *a*)
(3, *'90°")
(3, "1997")
(2, "will"*)
(2, ‘webmail"')
(2, "unics')
(2, 'turkey')
(2, °"theirxr’)
(2, "thact')
(2, °"tel’)
(2, *s\xfdck\xfd")

Figure 62 Words- frequency

After run the code above, now we will be removing all stop words and keep only the

meaningful words, figure 63 shows the stop words from the list.
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http://www.cankaya.edu.tr/universite/tarihce_en.php

]
stopwords += ['again', 'against', 'all', 'almost', 'alone', 'along']
stopwords += ['already', 'also', 'although', 'always', 'am', 'among']
stopwords += ['amongst', 'amoungst', 'amount', 'an', 'and', 'another']

stopwords = | 'a’', 'about’', 'above', 'across', 'atter’', 'atterwards’
stopwords += ‘any ', 'anyhow', 'anyone', 'anything', 'anyway', 'anywher
. -

stopwords += are’', 'around', 'as', 'at', 'back’, ' 'became’]
stopwords += 'because’, 'become', 'becomes', 'becoming', 'been']
stopwords += ['before’', 'beforehand', 'behind', 'being', 'below']
stopwords += ['beside', 'besides', 'between', 'beyond', 'bill’', 'both']
stopwords += *hottom®, ““hbut®, by, *call®, "can', ‘cannet', "cant‘']

stopwords +=
stopwords +=
stopwords +=
stopwords +=
stopwords +=
stopwords +=
stopwords +=
stopwords +=
stopwords +=
stopwords +=
stopwords +=

co', 'computer', 'con', ‘could', 'couldnt', ‘cry’', ‘'de’']
'describe’', ‘'detail', 'did', 'do', 'done', 'down', ‘'due']
'‘during', 'each', 'eg', 'eight', 'either', 'eleven', 'els
'elsewhere', 'empty', 'enough', 'etc', 'even', 'ever']
'every', 'everyone', 'everything', 'everywhere', 'except’
‘Tew®; *Tifteen’; “Fifty*; "fill®, “"find*; "fice'; "firsy
? 'for', 'former', 'formerly', 'forty', 'found']

. ‘from®, "front', °'full’, ‘'further’, 'get', ‘'give'
*go’;,. *had®,. "has" 'hasnt', 'have', 'he', 'hence', 'her’
'here', 'hereafter 'hereby’', 'herein', 'hereupon', 'her
'herself', 'him', imself', 'his', 'how', 'however']
stopwords += 'hundred', 'i', 'ie', 'if', 'in', 'inc', 'indeed']
stopwords += *Interest’; *inte’; ‘is?, TaEY; Titst; Tdatself%; ‘keep’]
stopwords += ['last’', 'latter’', 'latterly', 'least', 'less', 'ltd', 'msz

Nt

)

stopwords += many', 'may', 'me', 'meanwhile’', 'might', 'mill’', ‘mine’
stopwords += more', 'moreover', 'most', 'mostly', 'move', 'much']
stopwords += must', 'my', 'myself', 'name', 'namely', 'neither', 'ne\
stopwords += nevertheless', 'next', 'nine’', 'no', ‘'nobody', 'none']
stopwords += noone', 'nor', 'not', 'nothing', 'now', 'nowhere', 'of']
stopwords += off*, *“often', "on',‘once’; 'one', ‘only', ‘onto’', ‘or"]
stopwords += other', 'others', 'otherwise', 'our', 'ours', 'ourselves
stopwords +=

= 'part', 'per', 'perhaps', 'please']
stopwords +=

out', 'over', 'own
stopwords +=

put', 'rather', ‘'re’, s', 'same', 'see', 'seem', 'seeme
seeming', 'seems', 'serious', 'several’ 'she', 'should'

>
stopwords += show', 'side', 'since', 'sincere', ‘six', 'sixty', 'so']
stopwords += some', 'somehow', 'someone', 'something', 'sometime']

stopwords += sometimes', 'somewhere', 'still', ‘'such', 'system', 'tak

stopwords += ["ten', 'than', 'that', 'the', 'their', 'them', 'themselve
stopwords += ['then', 'thence', 'there', 'thereafter', 'thereby']

ctanunrdes a= [ "tharafara’ "tharain "tharsiinan' 'theca' "+thawv'l

Figure 63 stop words list

Figure 64 and table 1 below shows the list of meaningful words after removing all
stop words after this step we will draw the chart of meaningful words with each

repetition of the word in the Web page.

=y

File Ede Shel Debug Options Windows Help

2 Word Frequencies

Figure 64 Meaningful words and chart

54



Table 1 List of word-frequencies

Seq. Word Frequencies
1 university 6
2 education 6
3 academic 6
4 Cankaya 5
5 students 3
6 administrative 3
7 turkey 2
8 staff 2
9 schools 2

10 research 2
11 official 2
12 information 2
13 higher 2
14 campus 2
15 Ankara 2
16 foundation 1
17 family 1
18 developed 1

We view the result the table above using the www.wordle.net, it open source to

display the keywords in the form of Tag Cloud. Figure 65 below shows the result.
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Figure 65 Tag cloud using www.wordle.net

6.12.2 Analysis the Text and Word Frequency

In this part we took the text from the Luke Lucene Tools and analysis it, we
put filter to check all words in the text and this filter works to keep all meaningful
words like (Education, Cankaya and University) and removing all stops words or
common words like (a, an and etc.). In this part we used formula to calculate how
many times each word appears in the Web page, where the word that is repeated over
(Word Frequency) will show a large font size.

tagUses

var size = ( ) * (fontMax — fontMin) + fontMin

max

e Var size: The result of font size of the word.
e Tag uses: Word frequency in the Web page.
e Max: The proportion of word frequency expected in Web page.
e Min: Lowest rate.
e Font max: Larger font size.
e Font min: Smaller font size.
The next example will explain the work of this formula.
var max = 100;
var min =1,
var fontMin = 10;
var fontMax = 20;
We took some words and we apply this formula on them, and then got these results

below:
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100
var size (Applcation) = (100) * (20 —10) + 10 = 20

The result of Cankaya Word || 100 || font-size: 20

75
var size (Resarch) = (W) *(20—10)+ 10 =175

The result of Education Word || 75 || font-size: 17.5

30
var size (Cankaya) = (ﬁ) *(20—10)+10 =13

The result of Academic Word || 75 || font-size: 13
After applying this formula, we'll show our results via Tag Cloud, first we will view
the result with meaningful and common words, and figure 66 below shows the

result.

ogretmenler
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€28 yolu qualifications Center research calendar 2

e ommittee bus cu continuing graduate

> centers g e o
webonline . women revelotuniary innovation  clustering f2 page
common S€Nato education  ana administration
. environment
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Figure 66 Tag cloud before removing common words
Figure 67 below shows the result after removed the common words.
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Figure 67 Tag cloud after removing common words
And we have another option is a black list, some time we want remove words like

(tto,7u60) and Figure 68 below shows the result after removed the black words.
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Figure 68 Tag cloud after removing black words

Beauties to use Tag Cloud:
In use Tag Cloud has many benefits, it can analysis of text responses and display that
text in various forms (font types, font size, color and different positions), another

benefits Tag Cloud has option to remove the account the word frequency and remove

the common words.
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CHAPTER 7

CONCLUSION AND FUTURE WORK

7.1 Conclusion

The search engines open source available on the Web we can use them to
build own search engine to crawl the Web with reduced cost.

The aim of our thesis was to build search engine open source and display
result. In this study we used Apache Nutch is an open source search engine. It is
contains and rich many libraries that can be used to information retrieval from the
Web and it support multiple languages. The important reason to use Nutch is works
over Lucene. It open source written by java. It doesn't care about types of data like
PDF, MS Word and HTML. After Nutch fetch web pages, Lucene works to index
and analysis these data, then convert them to text. Biggest advantages to use Nutch
search engine, it contains high transparency we can be developed it because it open
source.

Furthermore, in our new study we made the Nutch works in focused to fetch
the webpages. We trained the web crawler to fetch webpages from the web according
keywords that we identify. Our web crawling work to fetch related topics, this leads
to shorten the time to bring in information from the web and store the all-important
information on the hard disk. And our study we used "Luke Lucene Toolbar" to
display the results of indexing by Lucene. This tool is useful to accesses already
existing and views the results the Lucene indexes, and allows you to display and
modify their content easily. It displays all URLs that have been fetching from the
web according specific keywords. This means the web crawler read the content the
webpage if it finds these keywords, it will fetch this web page and send to Lucene to
indexed, if not finds these keywords, it will ignore this webpage and try to find

another webpage. This type of web crawlers is considered good for Information
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Retrieval, it has its advantages reduce lost time with indexing related topics

according the user query.

7.2 Future Work

Work on the development of Nutch and making the Web Nutch Crawler
works in focus to fetch the web pages. We will work on building filter to check of
each keyword in the web page that we want fetch it from the web. We are building
an algorithm operates similar work for the scanner, that means this algorithm work to
check all words in the web page. General Nutch Crawler work to fetch the URLS
from the Web and send them to Lucene to indexing. In future study after Nutch fetch
the URLs and send them to Lucene to indexing, Lucene work to check all words in
the Web page according what we want. For example we will using this URL
amazon.com and we want just indexes the Web pages include (ipad), so when the
Nutch start to fetch all URLs appears in the amazon.com, then Nutch send them to
Lucene to indexing, if Lucene found the (ipad) in the webpage, it will indexing that
page, otherwise it will ignore it, and check another webpage. Figure 69 shows Nutch

focused web crawling.

(2) Start Fetch
urls from the %
Web e

Else
Reject the url and fetch another url

N

(&) Iﬁcene )
(Indexing)
(5)User Query / /d'@\

ﬂ = Tomcat Server
wad

Figure 69 Nutch focused web crawling
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In our study we cover the general Nutch Web Crawler, in future work we will make
the Nutch Web Crawler, follow the Focused Algorithm. We have two ways to do
that, the first way read the URLs, after Nutch injector the URLs and fetch them one
by one, befor Lucene index the URLs documents, and we will put condition or filter
to check each URL. For example we want fetch and index the URLSs that have the
(IRAQ keyword) in figure 70 below shows the URL with keyword.

| edition.cnn.com/search?query=IRAQ
Figure 70 URL with query

So, if lucene found the IRAQ keyword in the URL, Lucene works to parse the Web
Page and index, else Lucene ignore or reject that URL and check another URL.

The Second way, we will check the Webpage content, that means the Nutch
Web Crawler scan the content of Webpage if found the IRAQ keyword, Lucene
works to index the Webpage, Lucene can found the Webpage content between this
tag <p></p> . So, before Lucene knows if the URL has that keyword (IRAQ), must
Nutch Web Crawler download all URLSs, after that analysis each URL. So, we can
fetch the only the related topics.
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APPENDICES

APPENDIX A - THEN INDEX THIS WEB PAGE

Home Page ) About Cankaya » History

History

After spending over forty years in the field of education, next to An Primary School and An High School, an investment in higher education and research as
well became inevitable. This endeavour was redlized through the collaboration and genuine contribution of all the teaching and administrafive staff s
well as the thousands of young people who have attended these schools and also their parents. In fact, this was the source of the motivation that led to
the establishment of Gankaya University, the last fink in our educational project. On 9 July 1997, Sitki Alp Education Foundation was ratified through the
Turkish Nafional Assembly decree number 4282 which was published in the Official News Paper number 23050, dated 15 July 1997. The official
establishment of Gankaya University was finalised through the Higher Education Council decision number 16641, dated 27 August 1997, and the university
commenced ifs funcfions in the autumn of the same year. In an age of compefition when civilisation and technology have reached their zenith, borders
between nations have diminished and now are almost invisible. Each nation is frying to be a centre of excellence, Education, reliable and efficient
education, is undoubtedly the basis for such excellence. With this goal in mind, a community of educators frained at academic institutions of high
reputation ol over the world have been set up. This goalis fo frain, the students of Gankaya University in the best way possible through well-developed
curicula in various fields. This academic insfitution will also provide its graduates with a solidly founded future, where employment opportunities at large
will be open. As the founders of the University, it is our sincere hope and desire fo interact with oll academic and administrative members os well os with
the students as members of the same family, that is, Gankaya University, We wish you all great success in your academic pursuits,
Sitka Alp

Chair The Board of Trustees

Figure A- 1: Cankaya University Web Page History

[T o - = L

= = € [ view-sourcewww.cankayaedutr/universite/tarince_en,php

<div 1d="inside ni
&nbsp;<a
="http://wiv,cankaya.edu,tr/index en.php">Home Page</a> » énbspi<a

'http://wini,cankaya.edu, tr/universite/index en.php">About Cankaya</a> » History<p class=menucaption>History</p> </divy
stifydafter

o spending over forty years in the field of education, next to Ari Primary

73 School and Ar1 High School, an investment in higher education and research

o as well became inevitable. This endeavour was realized through the collaboration
2 and genuine contribution of all the teaching and administrative staff as

2 well as the thousands of young people who have attended these schools and

n also their parents. In fact, this was the source of the motivation that

led to the establishment of Cankaya University, the last link in our educational
project. On 9 July 1997, Sitki Alp Education Foundation was ratified through
the Turkish National Assembly decree number 4282 which was published in

the Official News Paper number 23050, dated 15 July 1997, The official establishment
21 of Cankaya University was finalised through the Higher Education Council
decision number 16641, dated 27 August 1997, and the university commenced

its functions in the autumn of the same year. In an age of competition when
civilisation and technology have reached their zenith, borders between nations
Kl have diminished and now are almost invisible. Each nation is trying to be

w a centre of excellence, Education, reliable and efficient education, is
undoubtedly the basis for such excellence, With this goal in mind, a2 community
of educators trained at academic institutions of high reputation all over

the world have been set up. This goal is to train, the students of Cankaya

u University in the best way possible through well-developed curricula in
ul various fields, This academic institution will also provide its graduates
43 with a solidly founded future, where employment opportunities at large will

be open, As the founders of the University, it is our sincere hope and desire
to interact with all academic and administrative members as well as with

the students as members of the same family, that is, Cankaya University.

We wish you all great success in your academic pursuits.

</p>

Figure A- 2: Web Page Source
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APPENDIX B - TAG CLOUD WITH OPEN SOURCE WEB SITES WORDLE
(http://lwww.wordle.net/)
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Figure B- 2: Tag CloudArabic
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Figure B- 3: Tag Cloud With Chart for the Repeated Keywords
(Cankaya University Web Page)
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Figure B- 4: Tag Cloud With Chart for the Repeated Keywords
(TubitakWeb Page)
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B- 5: More examples with (http://www.tagxedo.com/)
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B- 6: More example with (http://www.wordle.net/)
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APPENDIX C - DISPLAY NUMBER OF URLS THAT RETRIEVED FROM
THE WEB AND THE ALGORITHM OF FETCH

$ bin/
CrawlD

min sc
avg sc
max sc
status
status
status
status
status

nutch readdb
b statistics s
1 for W

ore:

ore:

ore: 2.0
(db_unfetched):
(db_fetched):
(db_gone):
(db_redir_temp):
(db_redir_perm):

CrawlDb statistics: done

$ bin
Crawl
Crawl
Crawl

; { fcygdrive/
/nutch readdb crawl/crawl
Db dump: starting

Db db: crawl/crawidb/

Db dump: done

= part-00000

btto: acsl105.cankava.edu.tr/
Status: 1 (db_unfetched)
Fetch time: Mon Dec 16 19:48:34

Modified time: Thu Jan 01 02:00:

Retries since fetch: O

Retry interval: 2592000 seconds
Score: 0.0

Signature: null

Metadata:

http: acsl06.cankava.edu.tr/
Status: 1 (db_unfetched)
Fetch time: Mon Dec 16 19:48:34

Modified time: Thu Jan 01 02:00:

Retries since fetch: O

Retry interval: 2592000 seconds
Score: 0.0

Signature: null

Metadata:

http://acs205.cankava.edu.tr
Status: 1 (db_unfetched)
Fetch time: Mon Dec 16 19:48:34

Version: 7

EET 2013
OO0 EET 1970

(30 days)

Version: 7

EET 2013
OO0 EET 1970

(30 days)

Version: 7

EET 2013

Figure C- 2: Command to read crawldb
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‘cyadriv in/crawl

I C:,'g.
$ bin/nutch readlinkdb crawl/l1inkdb/ -dump Tink

LinkDb dump: starting
LinkDb db: crawl/1inkdb/
=] part-00000
http://ACS105.cankaya.edu.tr Inlinks:
fromUrl: http://www.cankaya.edu.tr/dersler/ anchor: Sayfa Linki

http://ACS106.cankaya.edu.tr Inlinks:
fromUrl: http://www.cankaya.edu.tr/dersler/ anchor: Sayfa Linki

http://ACS205.cankaya.edu.tr Inlinks:

fromUrl: http://www.cankava.edu.tr/dersler/ anchor: Sayfa Linki

10 http://ADA103.cankaya.edu.tr Inlinks:
fromUrl: http://www.cankava.edu.tr/dersler/ anchor: Sayfa Linki

13 http://AIIT101.cankaya.edu.tr Inlinks:
14 fromUrl: http://www.cankaya.edu.tr/dersler/ anchor: Sayfa Linki

16 http://ARCH101.cankava.edu.tr Inlinks:
17 fromUrl: http://www.cankava.edu.tr/dersler/ anchor: Sayfa Linki

19 http://ARCH102.cankaya.edu.tr Inlinks:
20 fromUrl: http://www.cankaya.edu.tr/dersler/ anchor: Sayfa Linki

http://ARCH12]1.cankaya.edu.tr Inlinks:
fromUrl: http://www.cankava.edu.tr/dersler/ anchor: Savfa Linki

Figure C- 3: Command to read linkdb

/cygdr W
n/nutch readseg -dump crawl/segm ‘ 312
ontent-nofetch-nopars
r: dump segment: crawl

19 Nov 1981 08:52:00 GMT Location=http://www.cankaya.edu.tr/index -

Figure C- 4: Command to read segments



vin/crawl

nutch readdb cras W topN 10 crawl/crawldb/crawldb_topN

rting (topN=10, min=0.0)

crawldb
ecting topN scores.
CrawlDb topN: done

|=| part-00000

1.0547717 http://www.amazon.com
1.0126582  http://tubitak.gov.tr
1.0 http://www.cankaya.edu.tr/
4 0.20046304 http://www.amazon.com roduct /BOODBYBNEE
0.13302307 http://tubitak.gov.tr/tr
0.10623503 http://www.amazon.com/gp/site-directory

0.10023152 http://www.amazon.com cart/view.html
0.10023152 http://www.amazon.com ourstore/home
0.09996095 http://www.amazon.com/gp/goldbox
0.098968886 http://www.amazon.com registry/wishlist

Figure C- 5: View the first ten URLs

m1. 054777 http://www.amazon.com/
2 1.0126582  http://tubitak.gov.tr/
591.0 http://www.cankaya.edu.tr/

Figure C- 6: View the first three URLs

$ bin/nutch r " an 5 20140402004550_dump-nocontent-n
ogenerate-nop
SegmentReader
SegmentReader :

$ bin/nutch reads n 0140402004550 crawl/segments/20140402004550_dump-nofetch-nog
enerate-nopar text

SegmentReader : crawl/segments/20140402004550

SegmentReader :

$ bin/nutch reads nents 20140402004550_dump-nofetch-nog
enerate-noconter

SegmentReader: dump segment: crawl

SegmentReader: done

Figure C- 7: Read the segments
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| About | Faq |

page: http://www.cankaya.edu.tr/universite/lyonetim.php
incoming anchor text:

Idari Yoneticiler

Miitevelli Heveti

Miitevelli Heyeti

Akademik Yoneticiler
UNIVERSITE YONETIMI
Cankaya Universitesi Y énetimi
Cankaya Universitesi Yénetimi
Akademik Yéneticiler

Idari Yoneticiler

Yonetim

UNIVERSITE YONETIMI

Figure C- 8: incoming anchor text

Nutch Web Crawler follow the (Breadth First Search Algorithm), to fetch the URLs
from the Web, like Queue First in First Out (FIFO), Figure C-9 shows the Breadth
First Search Algorithm.

D
©
O OTD

0 = || URL1 |URL2|URL3 [URL4|URLs RL6+JRL7|L‘RL8|URL9

URLio

Figure C- 9: Breadth First Search Algorithm
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APPENDIX D - QUESTIONNAIRE FOR PARTICIPANTS OF THE SURVEY

Before, | start to write my thesis i took the views of my colleagues (Survey
Questionnaire), about my idea, it is how Search Engine and Web Crawler work does.
Because more people or Internet users use a Search Engine to search about
information, but they don't know how a Search Engine catches the information from
the Web and displayed to users. Number of Survey Questionnaire is 50, who use the
Search Engine .Figure D-1 below shows the rate the Search Engine users, who know
how Search Engine works and who don't know, how does it work. And i took their
opinion about work study, how search Engine, then i got good rate my idea, it is (Use

Open-Source Search Engine). Figure D-2 below shows this rate.

® Know 25

E Unknow 20

BN B

Unknow Know

Figure D 1: Who know and don't know how a Search Engine works

Who Like this idea

Who Like this idea

Figure D 2: Rate of who like this idea
D1



The Table below shows the rate the people, who know and don't know how Search

Engine works.

Table D 1 Survey Questionnaire

E o you Like the idea (use
nown, ;
how Search Engine open-
NO. Name Affiliation Search STUlRE D clarlfy
Engine mechanlsrr_\ of action
Search Engine & Web
elzs Crawler)
work?
1 Ali Adil Ali Ministry of Education/ IRAQ NO YES
2 MAHER UPM-Remote Sensing & GIS NO YES
IBRAHIM /Malaysia
3 Ahmed Erciyes University/Computer NO YES
Abdulrahman Engineering
. Florida Institute of NO YES
4 Sarah A. Al Doori Technology/ Electrical
Engineering
5 Wedean AL Florida institute of technology/ NO YES
Hadban biology
6 Ya:g;}ls(sj?m Ministry of Education/ IRAQ NO YES
. Cankaya Uni/ English NO YES
7 Farah Qasim Literature
8 Omer Nizer Cankaya University NO YES
9 Hussain Mahdi UKM University NO YES
10 | Smed AL Diyala University/IRQ NO YES
11 Ali Nihad Ministry of Education/ IRAQ NO YES
12 Ali Alrukaby Mustansiriya University NO YES
13 Emad Alhadithi Ministry of Finance NO YES
14 Omer Ahmed Ministry of Education/ IRAQ NO YES
15 Emad Elhashimi Cankaya University NO YES
16 Omar Saad Ministry of Education/ IRAQ NO YES
17 Wesam Raad Al-Mansour University NO YES
18 Ali Majid Cankaya University NO YES
19 Abd't&llrl?:tr:ga ns. Cankaya Universitesi NO YES
20 Ahmed Rada Ministry of Education/ IRAQ NO YES
21 Hussam Eaisal Al-Rafidain University/ NO YES
College
Duraid Yehya Al-Masour University/ NO YES
22
Mohamm College
23 | Mohamed Adil Ali College of Medicine/IRQ NO YES
24 Sarah Othman Baghdad University NO YES
25 Ali Raad Technology University NO YES
26 Abdul Rahman Mnistry of Health NO YES
Alazawee
27 Firas Al-tememi Cankaya University NO YES
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https://www.facebook.com/yaserissamhamodi
https://www.facebook.com/yaserissamhamodi
https://www.facebook.com/farah.qasim.3
https://www.facebook.com/sarmad.zaheem
https://www.facebook.com/sarmad.zaheem
https://www.facebook.com/pages/Baqubeh-Diyala-Iraq/104717336234244?ref=br_rs
https://www.facebook.com/ali.nihad.92
https://www.facebook.com/ali.alrukaby.7
https://www.facebook.com/emad.alhadithi
https://www.facebook.com/omaltaee
https://www.facebook.com/omar.dia.71
https://www.facebook.com/omar.saad.100
https://www.facebook.com/wesam.Black.lover
https://www.facebook.com/Abd.S.Alkateb?hc_location=timeline
https://www.facebook.com/Abd.S.Alkateb?hc_location=timeline
https://www.facebook.com/Cankaya.Univ?ref=br_rs
https://www.facebook.com/ahmed.rada.961
https://www.facebook.com/hussam.faisal
https://www.facebook.com/pages/Al-Rafidain-University-College/171189869635584?ref=br_rs
https://www.facebook.com/pages/Al-Rafidain-University-College/171189869635584?ref=br_rs
https://www.facebook.com/duraid.mohammed
https://www.facebook.com/duraid.mohammed
https://www.facebook.com/pages/masour/102101586498557?ref=br_rs
https://www.facebook.com/alawy.samer.baaz
https://www.facebook.com/abdo.alazawee
https://www.facebook.com/abdo.alazawee
https://www.facebook.com/pages/Mnistry-of-Health/194372697409118?ref=br_rs
https://www.facebook.com/firas.altememi

28 Haider Bander Cankaya University NO YES
29 Dr-MFoaILaZr?med AL-Nahrain University/IRQ NO YES
30 Asaad Qasim Ministry of Education/ IRAQ NO YES
31 Janan Farjo Cankaya University NO YES
Emad Majed Al . NO YES
32 Zebari Cankaya University
33 Omer Subhi Cankaya University NO YES
34 Hamadalla Al-Masour University/ NO YES
Alsultany College
35 Ziyad Abbas Al-Rafidain University NO YES
36 Yahya Arslan Gankaya University NO YES
37 Hayder Kubba Ministry of Education/ IRAQ NO YES
38 | Ammar Abotabek Cankaya University NO YES
39 Dr. Mazin AL- Al-Mustansiriya College of NO YES
Leheibe Medicine
40 Othman Subhi Cankaya University NO YES
41 Raad Ali Ameen Cankaya Universitesi NO YES
42 Ali Muneer Al-Masour University/ NO YES
College
43 Sara Mohammed Technology University NO YES
44 Hajer Othman Baghdad University NO YES
- Florida Institute of NO YES
45 Maysaa Adil Ali Technology/ biology
Ahmed faris al- Baghda_d College.of Eponomlc YES YES
46 Kaisi Sciences University \
aisi ;
Computer Science
47 Alaa najah Baghdad mass media/IRQ YES YES
48 | Ahmed Al-Azzawi Cankaya Uni — IT YES YES
49 Mor;'amm.ed K. IT /Cankaya University YES YES
ussein
50 Harith Mahdi Cankaya University/ Turkey YES YES
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https://www.facebook.com/haider.bander.3
https://www.facebook.com/asaad.qasim.12
https://www.facebook.com/iamjanancs
https://www.facebook.com/pages/%C3%87ankaya-University/109792625706701?ref=br_rs
https://www.facebook.com/emad.zebare.9
https://www.facebook.com/emad.zebare.9
https://www.facebook.com/pages/%C3%87ankaya-University/109792625706701?ref=br_rs
https://www.facebook.com/omersubhi87
https://www.facebook.com/pages/%C3%87ankaya-University/109792625706701?ref=br_rs
https://www.facebook.com/hamadalla.alsultany
https://www.facebook.com/hamadalla.alsultany
https://www.facebook.com/pages/masour/102101586498557?ref=br_rs
https://www.facebook.com/ziyad.abbas
https://www.facebook.com/pages/Al-Rafidain-University-College/171189869635584?ref=br_rs
https://www.facebook.com/arslanyahya
https://www.facebook.com/pages/%C3%87ankaya-University/109792625706701?ref=br_rs
https://www.facebook.com/hayder.kubba.3
https://www.facebook.com/ammarqays
https://www.facebook.com/pages/%C3%87ankaya-University/109792625706701?ref=br_rs
https://www.facebook.com/profile.php?id=100001123065179
https://www.facebook.com/profile.php?id=100001123065179
https://www.facebook.com/pages/Al-Mustansiriya-College-of-Medicine/129582963740502?ref=br_rs
https://www.facebook.com/pages/Al-Mustansiriya-College-of-Medicine/129582963740502?ref=br_rs
https://www.facebook.com/pages/%C3%87ankaya-University/109792625706701?ref=br_rs
https://www.facebook.com/eefa.tataeefa
https://www.facebook.com/Cankaya.Univ?ref=br_rs
https://www.facebook.com/ali.muneer2
https://www.facebook.com/pages/masour/102101586498557?ref=br_rs
https://www.facebook.com/BaghdadCollegeofEconomicScienceUniversity
https://www.facebook.com/BaghdadCollegeofEconomicScienceUniversity

APPENDIX E — LUCENE SUPPORTS PAGERANK

The important part in Search Engine is ranking the results to the users. After
storage the documents by Lucene on local disk or hard disk, Lucene works to
removing the stop words and stemming words. Then Lucene works to give ID and
location to each document were stored. Lucene has the IndexSearcher. It is created
using an analyze. By it Lucene take the user's query and analyze it, to find out where
the user is seen. The IndexSearcher can access to the documents and ranking the

results according user's query. Figure E-1 below shows the user's query [63].

Search Application

Lucene Core

IndexSearcher
Search Results

1 1

A

2.

3.

Figure E-1: Process of Search Results

We used this URL (http://www.edmunds.com/) this Website about car selling, and
we chose three different keywords are (Car, Ford and BMW), and we used logical
operation like (AND, OR and NOT), and we got on results in figures below. In

Figure E-2 below shows the Lucene made ranking results only about "Car Keyword"

2ﬂl@di AAAAA t | FaQ

Cal Search | help

Hits 1-10 (out of about 47 total matching pages)

Car Selling Car Selling Buying Leasing Financing Safety ... ...
(cached) (explain) (anchors)

ic Crossover Hatchback Diesel Car Research New Cars Car ...

er Compare New Cars Find ... Get the latest deals, ...

nder Compare New Cars Find ... Get the latest deals, ...

ompare New Cars Find ... In Home > Appraise Your ...

sel Car weh
cach d? (explain) (anc]
r Hatchback Diesel Car Research New Cars Car Finder Compare New Cars Find ... In Home > New Cars > New Car ...
rating cached) (explain) (anchors)
nd Road Tests

r Hatchback Diesel Car Re: nrcl\ w Cars Car Finder (omp\rs\ w Cars Find ... Log In Hon
sd-tests html (cached) (explain) (anchors)

Flgure E 2 Search Result about "Car Keyword"
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In Figure E-3 below shows the Lucene made ranking results only about "BMW
Keyword"

Adout | FAQ
Buw Search | help

Hits 1-10 (out of about 28 total matching pages)

Diesel Center — Edmunds.com

.. Porsche Ford Valkswagen Chevrolet Audi BMW GMC *The 15 ... to-understand letter grade. 2014 BMW $ Series Diesel - Rating Details ...
oy edmunds conydiesel/ (cached) (explain) (anchors)

Coupe Center — Edmunds.com
. Al Makes Nissan Audi Ford BMW Lexus Honda Hyundai Dodge Chevrolet ... Forte Koup - Rating Details 2013 BMW M3 Coupe - Rating Details 2014 ...
WY com/coupe’ (cached) (explain) (anchors)

. See Luxury Vehicles by Make BMW Audi Infiniti Tesla Hyundai Lexus ... Acura Aston Martin Audi Bentley BMW Buick Cadilac Chevrolet Chrysler Dodge ...

s ury’ (cached) (explain) (anchors)

Sedan Center — Edmunds.com
. Toyota Nissan Mercedes-Benz Ford BMW Volkswagen Honda Mazda Audi *The ... 2014 Kia Rio Review 2014 BMW ALPINA BT Review 2014 Hyundai ...
edmmnds com 'sedan’ (cached) (explain) (anchors)

Incentives and Rebates
. Acura Aston Martin Audi Bentley BMW Buick Cadillac Chevrolet Chrysler Dodge ... Acura Aston Martin Audi Bentley BMW Buick Cadillac Chevrolet Chrysler Dodge
c (cached) (cxplain) (anchors)

ified Pre.0 cars - CPO
. General* Aston Martin® Audi Bentley BMW Bugatti* Buick Cadillac Chevrolet Chrysler ... Toyota Ford Honda Chevrolet Nissan BMW Mazda Hyundai Mercedes-Benz Volkswagen ...
(sached) (sxplain) (anchors)

w.edmunds com’

Convertible Center — Edmunds.com
... Convertibles by Make All Makes BMW Audi Ford Mazda Lexus Chevrolet ..
btn/wwvw edmunds.con cached) (sxplain) (anchors)

Figure E-3: Search Result about "BMW Keyword"

In Figure E-4 below shows the Lucene made ranking results only about "Ford

Keyword"

FORD Search | help
Hits 1-10 (out of about 31 total matching pages):

htto:/Arww.edmund: ford/s hybrid/2014/
... Log In Home / Ford / C-Max Hybrid / Wagon / 2014 ... C-Max Hybrid Wagon 2014 Ford C-Max Hybrid Wagon Is ...

http.//www.edmunds. com/ford/c-max-hybrid/2014/ (cached) (sxplain) (anchors)

Hatchback Center — Edmunds.com
... Chevrolet Hyundai Toyota Nissan Volkswagen Ford BMW Lexus Honda Mazda Subaru ... of hatchback candidates. 2014 Ford Focus ST 2014 Mazda Mazda3 ...
http://www.edmunds. com/hatchback’ (cached) (explain) (anchors)

Hybrid and Electric Center — Edmunds.com
... Mercedes-Benz Toyota Nissan Volkswagen Ford BMW Audi Honda Hyundai Lexus ... list of hybrids. 2014 Ford Fusion Hybrid 2014 Honda Accord ...
http/www.edmunds comhybrid/ (cached) (explain) (anchors)

Sedan Center — Edmunds.com
... Hyundai Toyota Nissan Mercedes-Benz Ford BMW Volkswagen Honda Mazda Audi ... candidates. 2013 Audi A4 2014 Ford Fusion 2014 Mazda Mazda3 More ...
hitp//svww. cdmunds. com/sedan’ (cached) (explain) (anchors)

Incentives and Rebates
... Cadillac Chevrolet Chrysler Dodge FIAT Ford GMC Honda Hyundai Infiniti Jaguar ... Cadillac Chevrolet Chrysler Dodge FIAT Ford GMC Honda Hyundai Infiniti Jaguar ...
http://www.edmunds. com/car-incentives’ (cached) (explain) (anchors)

Certified Pre-Ovned Cars - CPO
... Chrysler Daewoo* Dodge Eagle* Ferrari* Ford Geo* GMC Honda HUMMER Hyundai
hitp://www . edmunds.com/cestified-cars/ (cached) (explain) (anchors)

inbox! Most Visited Makes Toyota Ford Honda Chevrolet Nissan BMW Mazda ...

Wagon Center — Edmu
.. Subaru Toyota Mercedes-Benz Acura Ford Volkswagen Kia Nissan Audi Cadillac ... Soul Wagon - Rating Details 2013 Ford C-Max Energi Wagon - Rating ...

Ytborcereirss acdesmle: rewnsranrnd Coarhad\ favelatn) fannhors

Figure E-4: Search Result about "Ford Keyword"

In Figure E-5 below shows the Lucene made ranking results only about "Ford and
BMW Keywords" with use logical operation is (AND).
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FORD and BMW | Search | help
Hits 1-10 (out of about 26 total matching pages):

Sedan Center — Edmunds.com
.. Hyundai Toyota Nissan Mercedes-Benz Ford BMW Volkswagen Honda Mazda Audi *The ... candidates. 2013 Audi A4 2014 Ford ...
hitp://www.edmunds com/sedan/ (cached) (explain) (anchors)

Coupe Center — Edmunds.com
-.. Make All Makes Nissan Audi Ford BMW Lexus Honda Hyundai Dodge Chevrolet ... Forte Koup - Rating Details 2013 BMW ...
http-//www.edmunds_com/coupe’ (cached) (explain) (anchors)

Hatchback Center — Ed = A
... Chevrolet Hyundai Toyota Nissan Volkswagen Ford BMW Lexus Honda Mazda Subaru *The ... of hatchback candidates. 2014 Ford ...
http//www.edmunds. com/hatchback/ (cached) (explain) (anchors)

Hybrid and Electric Center — Edmunds.com
... Mercedes-Benz Toyota Nissan Volkswagen Ford BMW Audi Honda Hyundai Lexus *The ... list of hybrids. 2014 Ford ...
http=//www_edmunds_com/hybrid’ (cached) (explain) (anchors)

Crossover Center — Ed ds.com

.. Hyundai Toyota Nissan Mercedes-Benz Ford BMW Volkswagen Honda Mazda Audi *The ..
hitp://www.edmunds com/crossover/ (cached) (explain) (anchors)

Diesel Center — Edmunds.com
... All Makes Mercedes-Benz Porsche Ford Volkswagen Chevrolet Audi BMW GMC *The 15 ... 2014 Porsche Cayenne Diesel 2014 ...
http-//www.edmunds_com/diesel’ (cached) (explain) (anchors)

SUV Center — Edmunds.com
... Toyota Mazda Chevrolet Jeep Nissan BMW Ford Subaru Hyundai *The 15 ...
httn//www.edmunds. com/suv/ (cached) (explain) (anchors)

Figure E-5: Search Result about "FORD and BMW Keywords"

Web Crawler jumps or moving from Webpage to another one to catch more
Webpages and it works to index them. Figure E-5 below shows the Web Crawler

path.

T 9

N
Link DY
/ k\
Link 4 Link
Link ; e
Link = Link Link 3
Lnk Link 3
9 Link
. N
Link
Link Link
Link 3

Figure E-6: Web Crawler Path
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APPENDIX F-SYSTEM REQUIREMENTS

To run this Search Engine and Web Crawler in this study, we used software and

Hardware requirements, they are:

Software Requirements:-
1- Nutch 1.1: http://www.apache.org/dyn/closer.cgi/lucene/nutch/.
2- JAVA JDK 6 update 3: http://java.sun.com/javase/downloads/index.jsp/.
3- Apache web server 6: http://tomcat.apache.org/download-60.cgi.
4
5

Cygwin: http://www.cygwin.com/.

Operating System (Windows 7).

Hardware Requirements:-
1- Processor 2.20 GHz.
2- RAM 2.00 GB.
3- Hard Disk 298 GB.

€

=&K&

Figure F-1: System Software Requirements
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http://www.apache.org/dyn/closer.cgi/lucene/nutch/
http://java.sun.com/javase/downloads/index.jsp/
http://tomcat.apache.org/download-60.cgi
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