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ABSTRACT

In order to solve user’s problem of searching pssfenal information quickly and correctly, a praEsal search
engine is designed and realized. In the first pldlce web pages are collected by the means ofa@adeHeritrix web
crawler. The data extracted from web pages basegdaip is saved to the local. In the second pl&tenese words
segmentation, inverted index, index retrieval amgprioved web page ranking algorithm technology aieh to
handle the collected data. At last, a professicsedrch engine is designed and realized. The expatahresults
show that this professional search engine enhaacesracy and efficiency of web page informationiegtl in great
degree.

Keywords: professional search engine; Lucene; Heritrix; imfation retrieval, PageRank; web page ranking; €gn
word segmentation; jsoup

INTRODUCTION

How to obtain the required information accuratelfthe massive level of internet resources is arortapt research
guestion in computer science. To some extent, pipearance of general search engines has solvgatabem of
information retrieval from internet. Although geaksearch engine is more powerful, its retrievafgrenance is not
good in professional field. The ambiguity of Chiee®cabulary cause the results searching by gesesath engines
now often cover the relevant network informatiomlirfields including key words. For the user whants to search the
key information in relevant professional field aately, the workload of filtering and searching tiesults is huge
certainly.

In this paper, we have analyzed the overall archite of professional search engine system angmuiedithe function
of each module based on Heritrix and Lucene. At las have achieved a professional search engsieray

INTRODUCTION

General search engine and professional search engine

The general search engine searches for informatiothe web with a certain degree of strategy. éspnts the
information to the user after building indexes, oing duplicates and sorting. Its work includes tyarts:
information crawling and information retrieval.

The work of information crawling is completed bylyage capture program (spider, also known as nktsyder)
and indexer. Network spider traversals and cradvdsitebpage information along the hyperlinks intledpage on the
basis of scanning strategy. The indexer proce$ges/ébpage information including word segmentatiemoving
duplicates and sorting. Then it will establish adex database. Information retrieval is work bygsharcher and the
user interface. When the user input query keywdtassearcher will delete meaningless charactetstan find the
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relevant information from the index database te@n¢to the user on the basis of sorting stratBlgg.user interface is
an interactive interface between search engineis@ic. Its function is for users to input keywaadd view the results.
Professional search engine and general searcheshgire the same working principle basically but different:
(1)When the spider crawled the webpage informafiostly it will filter the information with the hig of professional
lexicon, and then establish an index database;(2gtls to consider professional relevance of taeceaesults in
ranking algorithms[1].

Lucene

Lucene is a free, open-source information retriéNhry written in Java and supported by the Apa&8oftware
Foundation. It is suitable for any application whiequires full-text indexing and search, and j@pular choice for
consumer and business web applications, singless#eching, and enterprise search. It can indextrax a range of
content types including HTML, PDF, Microsoft WorddaExcel, XML [2]. All the source code of Lucenedivided
into 7 packages and each package will completeeifsgpfunction.

The function of Lucene is more powerful, but theibavork is two main parts: (1) Use algorithm foe tChinese word
segmentation on webpage information and then ciedéx. (2) Match the information in the index ti@ecording to
the query keywords inputted by the user and theksr¢ghe results properly.

Heritrix

Heritrix is the internet archive's open-sourcegagible, web-scale, archival-quality web crawlejgct [3]. Heritrix
has good scalability, so the developer can exparmbmponents to realize their own crawl tactickewHeritrix was
starting, it selects a URI from URI queue and doadk files from remote server. Next, Heritrix vahalyze page
content and extract new URI to join URI queue fowdloading. The architecture of Heritrix is showrFig. 1:
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Fig. 1.The architecture of Heritrix

There are some components included in Heritrix:

(1)CrawlOrder. This component is starting poingisping job. It can be set up with various methdtie simple way
is setting by file order.xml.

(2)CrawlController. It is the core component ingpilg job. This component controls the beginningd te end of
grasping job. It gets URI from component Fronthesrt transfers it to ToeThread component.

(3)Frontier. The function of this component is gairg URI for ToeThread component. It decides wHitI will be
put in process chain by using specific algorithm.

(4)ToeThread and ToePool. ToeThread is a grashiegd. ToePool is thread pool which manage alpimgghreads.
Heritrix can grasp web page effectively by usindtithreading.

(5)Processor. The function of this component mamlyownloading web pages and extracting URI.
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Jsoup

Jsoup is an html parser developed with java.dtdava library for working with real-world HTML. firovides a very
convenient API for extracting and manipulating dasing the best of DOM, CSS and jquery-like methgsisup
implements the WHATWG HTMLS5 specification, and pggHTML to the same DOM as modern browsers do[4].
Jsoup can scrape and parse HTML from a URL, fitestong. It find and extract data using DOM trasadror CSS
selectors.

Thearchitecture of professional search engine system

Considering the characteristic of searching forfggsional field and the operational efficiency lud system, we can
realize the professional search engine system basédicene and Heritrix. The architecture of prsiesal search
engine system based on components is shown ir2Fig.

Based|on jsoup |

Based on|Lucene

Internet user interface
- — _— I
| | I Searcher I
I Webpage I
I crawling I : I
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Fig. 2.The architecture of professional search engine system

The function of webpage crawling module is realibgdneans of expanding Heritrix. Crawling strategippted first
best algorithm. The gathered data are stored @ fdes. The function of information extraction thde is realized
based on jsoup. Information index module is opérdtased on Lucene. It creates index for documetigptang
inverted index technology after Chinese word sedai@m. The index files will be stored on local .["gearcher
module searches information in index files accaydmkey words input by users and returns the tesolusers after
sorting.

Strategy of focused crawling

Focused web crawler filters links which has nothimgheme according to specific web analysis atgori It reserves
the links related the topic and push them intdiR& queue. Then, focused web crawler will selddRA. for crawling
on the basis of search strategy. This procespéated until the end. Focused web crawler neestsite four problems:
(1) How to describe the professional topic? (2) Howdecide the sequence of URLs which will be sekbdor
crawling? (3) How to judge the correlation betweeweb page and professional topic? (4) How to imprihe
coverage of focused web crawler?

Researchers have proposed some strategies of tbctameling and related algorithm. In this paper,describe the
professional topic and adopt best first searchratguo for focused crawling.

Professional topic description

In this paper, we describe professional topic whihracteristic words which are selected by comgyltie experts in
this professional field. Each characteristic wasdsndowed with a weight used to represent itsgasbnal distinction
and important degree. The sum of these weightsl dqiy this method, we have a reference documectiov which
represents the professional topic. Each comporfettiteovector is the weight of every characteristmrds and the
dimension of vector is the number of characteristicds.
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Best first search algorithm

The priority of a URL waiting for crawling is callated with the correlation degree of web pagerawled and the
professional topic. The higher the correlation éegs, the higher the priority of a URL which isedited byp is. It
decides the crawling order of URLS in queues by théthod. The calculation formula of correlatiogrie between
web page and professional topic is shown in equations (1):

> f fo

Sim(g, p) = —-22 (1)
silze

Among themg expresses the professional topic prisithe web page crawlefiy expresses the occurrence frequency
of wordsk appearing im. fy, expresses the occurrence frequency of wkiaspearing irp.

Web information extraction

A web page includes many contents such as navigaiiormation, content, copyright information udyalf we store
and index the whole web page, the accuracy oenettresults will be decreased. We must extraaisieéul content for
correctly judging the web page.

In this paper, we adopt jsoup component to extrdatmation and URLs from a web page. The file jgdu7.3.jar can
be downloaded on its company website. We need paiitit into eclipse. Jsoup is an open source tbdikveloped
with java. It not only can obtain HTML code of wphge according to URL, but also provides many tomksxtract
useful information from HTML code. We extract titeontent and URLS and at last save these to tterfoy txt file.

Chinese wor ds segmentation

The Chinese word segmentation machines of lucemed& JKAnalyser is difficult to achieve ideal etledNe must
redesign the Chinese word segmentation module i€y At present, there are three mature word Setgiien

algorithms: based on string matching, based onukage understanding and based on statistics. Eatieof has its
own advantages and disadvantages.

In this paper, we adopted the combination of fodvaaximum matching algorithm and backward maximuetcfming
algorithm for Chinese word segmentation. This d@thor matches the document positively and backwandsthen it
compares the results. It can eliminate the ambjigffectively [6]. Forward maximum matching algbrit is a word
segmentation algorithm based on the dictionargcadns a string from the front to the back. For eemtd scanning, it
finds the longest matching in the dictionary. Baakivmaximum matching algorithm is similar to foredianaximum
matching algorithm but it scans a string from tlaelbto the front. The webpage document is segmeatedrds by
two word segmentation algorithms respectively. THensegmentation results are merged after remaldpgjcate.
Authoritative dictionary has a direct impact on #féect of segmentation for the maximum matchingnsentation
algorithm based on dictionary. In this paper, thdiachary we used includes two parts: universatidiary and
professional dictionary.

Design of searcher

The function of searcher module includes key wamgreatment, synonym expansion, query optimizaiwhlucene
index retrieval [7]. First, pretreatment moduleliiter and split the query submitted by usemdioves meaningless
character words. Then, searcher module will exghadynonyms of key words. At last, it realizessigarch function
basis for API which provided by Lucene.

Default web pageranking algorithm of Lucene. Sorting the results of search is very importantdne scores results

according to its own scoring mechanism [8]. Foiveeiy queryq, the score of documedtis calculated as shown in
equations(3):

Scordd) = > tf (t 0d)Cidf _t Oboostt. field 0d) ClengthNornft. field Od) 3)

tOd

The meaning of different parameters as follow:
Scordd): the score of documedt
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tf(ted): frequency of query termin queryq appearing in documedt In Lucene, the value is square root of the real
frequency.

idf_t: the number of documents containing query terbbsuallyidf t is calculated by equations(4):

idf _t= |ogz(%[)°cf +1j +1 @)
ocFreq_

Among them,numDaocsis the total number of indexed documertecFreq_tis the total number of documents
including query tern.

boostt.fieldd): It is a motivating factor for query ternm a field which default value is 1. It increaghd importance
of this field. At the same time also increasedithgortance of the document.

lengthNornft.fielded): It is a factor which reflects the size of docunnélhe longer the document is, the lower the
value of the factor and vice versa.

We can find that the location of query in the doeafns not important in Lucene webpage ranking ritigm. The
more the query appears in a document, the higleesdbre of this document is. The disadvantageeofltorithm is
unable to reflect the importance of query positiod the important values of web pages.

Improvement of PageRank algorithm

The PageRank algorithm represents important vatdeseb pages by number. Its basic idea to deterrifiee
importance of web page is based on “a web page bmist high-quality web page if it is linked fromaodimer

high-quality web page [9]". Namely, a web page ithher PageRank value will be on the top of thaeeal results.
PageRank value of the web pagis calculated by equations (5):

., PR(T)

PRU)=(1-d)+d) —4 (5)
2 i)

There in,PR(u) is PageRank value of the web pag®R(T,) is PageRank value df which links tou. C(T;) is the

number of links out of;. dis damp coefficient, 0d <1, and it is generally taken as 0.85[10].

From Eq. 5, we can find that the PageRank algortimes not distinguish whether a web page and etkbrpage
linking in are in the same site. The PageRank #hgaris improved in this papers shown in equations (6):

PR(T,) PR(T)
PRU) = (1-d)+d| uY — L +(1- ) ' (6)
& clr) N E )

There in,V; is the set of web pages which linkuand are in the same site withV, is the set of web pages which link
in u but are not in the same site withiz is weighting factor,0g<1 and it is generally taken as 0. 5.

The initial PageRank values of all web pages aréosk. The PageRank values of web pages will cgevto a fixed
value by about 20 times iterative calculation vitp 6.

Improvement of Lucene web page ranking algorithm based on link analysis
In this paper, we improved Lucene webpage rankiggrithm by the means of introducing PageRank atlgor. It is
shown as equations (7):

newScoréd) = a * Scordd) + S* PageRankd) (7
There in,a andf are empirical coefficients and the exact valudkhei determined through many experiments. In our
experiments, the empirical coefficients are set.to

Analysis of experiment results

We have verified the improved Lucene webpage ran&igorithm based on link analysis algorithm thiodgsigning
twice comparative experiments. First, we adoptuefaeb page ranking algorithm of Lucene and usea2@dom key
words to search information. Then, we adopt impdovecene web page ranking algorithm based on liratysis and
do the same search. At last, we calculate the nisabeligible web pages in the first 100 recoedsieved. The results
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are shown in Fig. 3. Experimental results showphatision ratio is higher when we adopt improveth\ywage ranking
algorithm.
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Fig. 3.The experimental results of improved algorithm contrasting with default algorithm

For contrasting this system with general searclnesgwe input 20 random key words to search idlpa@soogle and
this system respectively. Then we calculate thelarmof eligible web pages in the first 100 recortseved. The
results are shown in Fig. 4. Experimental restiltssthat this system has a higher precision ratjorofessional field
retrieval comparing with general search engine.
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Fig. 4.The experimental results of this system contrasting with general search engines

CONCLUSION

Professional search engine is becoming a reseatspdt now in view of its precise search resutighis paper, we
have analyzed the overall architecture of a pradess search engine system and designed the funatieach module
after researching deeply in Heritrix and Lucene.N&ee extended Heritrix for collecting the web pageurately and
efficiently. Not only that, we have analyzed defautb page ranking algorithm of Lucene and improivdrased on
link analysis. At last, we have designed a professi search engine system and have realized segrcipidly.
Experimental results show that this system haglaehiprecision in professional field retrieval.
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