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Using the proper search engine is crucial for efficient and effective web search. The
objective of this thesis is to develop methodologies to evaluate search engines in a
systematic and reliable manner. A new model for evaluation and comparison of search
engines is proposed. This hierarchical model classifies the most common features found
~in search engines and search results into groups and subgroups. To illustrate the
usefulness of the proposed model, several Chinese search engines are evaluated and
compared as a case study. It is also very important to evaluate the performance of a
search engine over time. Three performance measurement metrics are formulated for this
purpose. Performance results for English and Chinese search engiﬁes are represented by
histograms for visual inspection. The histograms are classified into groups to facilitate
the interpretation of the performance metrics and examination of the associated
behaviours of the search engines. An automated classification method is developed that

eliminates the subjectivity and ambiguity found in visual classification of the histograms.



iv

Table of Contents

Supervisory Committee ii
Abstract iii
Table of Contents , sV
List of Tables vi
List of Figures......cceccveeenunes vii
Chapter 1
D O O OEIIIIG «ooscossracsnommcsonssassonsasmamsasessnsbossesesesssabonriiie se s Ss eI VRSO N OISO AT RSS
1.1 Internet Search ENZINES .........ccvvueriiiiieiiiiireeeirieiteeseeeeecaeessaeeseeseesseesseesnessneessseens
1.2 Motivation in the Evaluation of Search Engines............cccceeeuveevveeeeeeeeeeereeseeennnens
1.3:0ujcchives ol ContEbMHBES ... iwousisisssspissimsisssmsseiaiissuaasismesadsssnses
1.4 Outhine 0f ThiS TReSIS....c.ceceeruiriiieereeieireereecteeteeae e eaeeaesseessesasessessessessassseessesnns
Chapter 2
An Introduction to Search Engine Evaluation.....
2.1 The Importance of Search Engine EValUation.............c.cecccreerueniveesessassesassnssassnssonss
2.2 Search Engine Evaluation Criteria .........ccceevueerueevurerreeieesieressaeeseesssssssesseesssesssssenes
2.3 Review of Search Engine Evaluation ...........ccccceeeveeueeieeeieeeeececeseeeceeeseeeseeseeenenns 11
D4 ORI cu5cscsvvnsssassaassvs ssissscmsshanssnsbnstanssansnomersssasms e Arn AR RS SRR R RS PSS RS ST RS RS RS 00 13
Chapter 3 ; 14
A Search Engine Evaluation Model 14
3.1 Overview of Our Evaluation Model..........ccccoevueeueeeeieiereceereeeeseesressesseessesseesnne 14
3.2 Weighed Parameters and Summary SCOTE........c.cevvevveereeereerrrereereesreesiesneseeesnessnenns 15
3.3 Feature Paraieters. ...coiocuussssivinsssssssissanesion Y O SUOE. SN 17
34 Palormanee POIRIIOIIES . .uiusiomssosismonissission messonissssmmsossssiovsspeavssstosssuseasssasss 21
3.4.1 Performance GIOUPS ......c.ceeeueeeerierreerireeeseeeiseeessseeessseesssseessssesssessssessassesssnes 21
3.4.2 Evaluating Relevance Using a Common List...........ccocveeveereereeeeesneesseerseeenns 22
3.5 Morec on QUaHES BISHEE .. msmmanmmi s s s sarssaitsress s 24
£ M0 T BSOS SR ST 24
T s S e N VIR | O SO 2D
Evaluation of Chinese Search Engines: A case Study.......cccecerseesenssncsassassansasassosssnas 25
4.1 Overview of the Chinese WEDb...........cccicoeeeeerereresesessesessasesessessesssssssessessesnns 25
4.2 Overview of Chinese Search Bngines:. . usssomssessisssssssssisiussssnsssiissssssismsssess 26
4.3 Previous Works on Chinese Search Engine Comparison ...........c.cceceevererereerreenenas 27
4.4 Methods for Data Collection and Search Engine Evaluation.............cccccveveerveennenns 28
- 4.4.1 Selection of Search ENGINES..........ccecevererierirrenieeriereerensesseesseessessseessessesns 29
4.4.2 Sclection of Chinese KeyWOrds:......ceussssivsssssmsovsssssssssisosrsossiassssospassstoss 33
4:4.3 Data Collecltion MetHodoIORY v assiossmssssssrmassissesimeioss 33
4.4:4 Methtds oL BVAINAEIDA ..o cocvecosmvssssssssssslisnssnsdioessmssssnsssssvopsssis e fasasssasss 34
4.5 Analysis OF RESUIS ......cooiriiiiiiececeeeceeee et sre et sae e sse e s ns 35
4.5.1 Chinese Language SpecifiC ISSUES........c.cvveerierreeeerrereesseesesseesseeessesseeseesseens 35
4.5.3 Featares COMPATISON. ... ssrasisisnminmsmivsmsiisarmisaisim bt s 37
4.5.4. Performance and Overall Comparison Based on Human Evaluation............. 43

4.5.5. Search Engine Comparison Based on the Common List ....................... p— 45



4.5.6 Comparison of Results Obtained from Different Methods..............ccoen........

4.6 Conclusions..
Chapter S ..

.......................................................................................................

Analysis and Comparison of Search Engine Performance over Time ......................
5.1 Previous Work and MOtiVAtion ..........cc.eeeuieeeeeueeeereeieeeeeeeeeeeeeese e eeseeseeseesesseneo.

5.3.1 Daily Duplication FIEQUENCY ..........ceeueeueeeereeeereeeeeeeeeeeeeeeeeeeeeeeeeeseesesennns
5.3.2 Period Duplication FTEQUENCY ..........c.eeveueeveeeeeeeeeeeeecieeeeeeeeeeeeeeeeseeeeeeeseenns
5.3.3 Daily Rank Change FIOQUENCY cc.......swissssmssississisnssssssenasssssnssnsssmssronsonssesnssnase
b e T S R S SIS O OSSN
5.4.1 Daily Duplication FTEQUENCY ........c..cevveureuiuieieeieeeeeeeeeeseesessesseesessessesesseesennns
5.4.2 Period Duplication FIEQUENCY ..........ceeueurereeieieeeeieeeeeeeeeeeeeeeeeteeeeeeeeeeesenesnns
5.4.3 Daily Rank Change FIEqUENCY ..........c.ceerereereueeeeeeeeeaeeeeeeeeesessesessesessesssesenns
5.4.4 Concloding Remams. ... .ciuoscismsissimisiisionsossssirisssensansmbonsarsnsmpesentrommsnabos
5.5 A Quantitative Method for Comparing and Classifying Histograms....................
5.6 Validation of the Proposed Method..........c..cvevueeeeeeueeeeeereeeeeeeeeeeeeer oo eneenns
5.7 Application of the Proposed ClassifiCation........coueeeeeeuereeeeecieecees e

5.8 Conclusions..
Chapter 6

.......................................................................................................

Conclusions and Future Work

6.1 Conclusions..

Bibliography

.......................................................................................................

.......................................................................................................

Appendix

47
48
49
49
49
51
51
52
53
54
55
55
58
61
63
63
68
795
75
76
76
76
77
78



List of Tables
Table 2.1 Web coverage of some major SEArch @NGINEs.............cueceeeeeeeeveereereereeseeeesseesesesssesssesen 9
Table 3.1 Feature parameters: USer Preferences .............ocvuerrerresrerressessessesseseesessesssssssessessenes 18
Table 3.2 Feature parameters: datQBAsSe ....................ceeeeeeeeeeeeeeeeeseeeeeesessesesssssssssssseseesens 19
Table 3.3 Feature parameters: ROMepage fEAIUIEs ...........uueeeeeueeeeeeeeereeeeeeeseessessessessessasssssnens 19
Table 3.4 Feature parameters: reSults fEAUUFe ..............couueeeeeeerereeereeeesessesessesessssssesessssssesens 19
Table 3.5 Feature parameters: search options......................... P N~ RS P 20
Table 3.6 Feature parameters: keyWord entry OPIIONS ...........c.ceveeeeereeeeesreeseesessesssssessessssessessnns 21
Table 3.7 Performance parameter: description, value, subjectivity and sign of the weight.......... 22
Table 4.1 Chinese web development according to CNNIC'S SUIvVey reports...........ccevuereuenes ghsisedD
Table 4.2 A list of popular general-purpose Chinese Search engines................cooeeevveveveeveseeesnns 31
Table 4.3 Keywords used in this CASE STUAY............cweeeeeeereeereeeeeeeresesssseessessssesssssssessessssssssssssn 33
Table 4.4 AAitioNal KEYWOFAS .........c..coueeeueereeeecreeeeeeeeeeeeiaeeseieeaeeiseeeessesasesssssssiassssssessssasanas 36
Table 4.5 Values of the feature parameters — homepage features..................oveeeeeeeeeeseevesseiveruins 37
Table 4.6 Values of the feature parameters — dQtabaSe.................oceeeeeeeeeveeeceeeeeeeereeeeeeeeeeseennns 37
Table 4.7 Values of the feature parameters — USEr Preferences...........c.uouveveeeevesesessesessesisssenns 38
Table 4.8 Values of the feature parameters — keyword entry OPHONS..............ccuveeeeeeereerereereseens 39
Table 4.9 Values of the feature parameters — FeSUlLs.............uueceeeeceeeeeeeaeeeeeieeeeeeeeeeseeessseesseens 40
Table 4.10 Values of the feature parameters — search options ......................... ST S 42
Table 4.11 FeQIUFE GTOUD SCOTE.......c.ecueeeeeeereeeeresreeseesesssesaessessesssessesssesssssssssesssssssssessssseseens 43
Table 5.1 Summary of data collection for the Chinese search engines.................ccocuvevveveereeeeens 51
Table 5.2 Summary of data collection for the English search engines ................cocceeveeeeeveevenene. 51
Table 5.3 Comparison for Google-Tsunami between 2005 and 2006.................ccooeveveeeeveeeanne. 58
Table 5.4 Benchmark histograms for daily duplication frequency ................ccoveveevreeeeereeseesens 65
Table 5.5 Benchmark histograms for period duplication frequency ................occeoeeeveeeerereernsenns 66
Table 5.6 Benchmark histograms for daily rank change frequency..............coeouveeeeceeeeeereeennne. 67
Table 5.7 Statistical parameter values for the daily duplication frequency benchmark...............67
Table 5.8 Statistical parameter values for the period duplication frequency benchmark............. 67
Table 5.9 Statistical parameter values for the daily rank change frequency benchmark.............. 67
Table 5.10 The weights used for different kinds of RiStOZrAMS ..........ceeeeeeeeeveeeeeeeeeeeeeeeeeeerenne 68
Table 5.11 Daily duplication frequency: TSURGMI...............c.eeeeeeeeeereeeeeeseessessesesseesessssssseessnes 69
Table 5.12 Period duplication frequency: TSURAMI..................c.cccucveevsueueencsesssenensessssesssenes 69
Table 5.13 Daily rank change frequency: TSURGM .............c.eeeeeeeeeeeereeeeeeeeseseessessesessssssssses 70
Table 5.14 Corresponding histograms for table 5.11, 5.12 and 5.13 ..........cooeeeeveeceeeeeecereeennnnn 71
Table 5.15 Daily duplication frequency: New OFICaNS ...............c.eeeeeeeeeeeeeeeeeeeeeseeerssssssssssessenes 72
Table 5.16 Period duplication frequency: New OFIEANS .............eceeeeeeeeeeeeeeeeeeeeeeserseeesesssessens 72
Table 5.17 Daily rank change frequency: New OFIEaRS ............c.eceeueeeeeeeeeeeereeeereerersseessensenne 73

Table 5.18 Corresponding histograms for tables 5.15, 5.16 and 5.17 ...........eeeeeeeeeeeeeeereerenanns 74



vii

List of Figures

Figure 1.1 General structure of a query-based search engine ................cccoveeeeercenscvirinessueessunenens 2
Figure 2.1 Number of document distributions for a given query showing the inverse relationship
between: Precision ani Retall. ......cussuesssamsssmmsissiaissimmssistssss s s eissssssessmessessssssesessss 8
Figure 2.2 Billions of textual documents indexed by different search engines ..................c......... 9
Figure 3.1 Feature paramelers considered .........civisisssssisisisisssssssssasssssssusssssenssssssssssss 17
F10UT6:3.2 Performhance DAvAIBIETS: sssvisossssvsisisssssmeiisitosss s ssssassssmmsssssssssovsssssissssissstunas 21
Figure 4.1 Trend of Chinese web development according to CNNIC'’s (China Internet Network
Information Center) SUTVEY TEPOTES .x s wisssssisissssssssssocssnssssssassssvasisssssssssasissssssssiessesssssssssvuvons 26
Figure 4.2 Response time versus NuUmber Of FESUILS ...........ccucoueveeeecuecueererieereessesasssesssssessnesanens 36
Figure. 4.3 Fealure Sroup SCOTE ...« .ssssascsssssssssissssssssssssisisssssasssssoissssosssssssssssssssmsssssssnsoornnavoss 43
Figure 4.4 Performance with human evaluation......................eueecceeceecssesssssessssesssosssessssesssssssans 44
Figure 4.5 Overall comparison of the SEarch eNgines................ccccceeeeeeeeresseesesesseesssssssssssnsanes 45
Figure 4.6 Relevance rating based on a Ruman [iSt ...............cc.coovueeveueeeceeeiruenssiessseeseesesseesssnens 46
Figure 4.7 Relevance rating based on an algorithmic [ist...............ccoeeeveereecuesceesiussseesssesssnennns 47
Figure 4.8 Relevance comparison of the search engines using different evaluation methods....... 48
Figure 5.1 Histograms for daily duplication frequency: Yisou-TSURGMI .........coeeeeeecueeeuecceennne 53
Figure 5.2 Histograms for period duplication frequency: Google- Chao Nv............cccceeeeeuueenneee. 54
Figure 5.3 Histograms for daily rank change frequency: Yisou- TSURGM.............ccceeeueeeceesuvennne. 55
Figure 5.4 Histogram for daily duplication frequency: Baidu-TSUNQMI ............cccecueeeeeceeecueenanenns 56
Figure 5.5 Histogram for daily duplication frequency: Zhongsou: CRao Nv...........cccceeueeeeenne. ...56
Figure 5.6 Histogram for daily duplication frequency: Tianwang-HUrricane ................c..ceu..... 57
Figure 5.7 Histogram for period duplication frequency: Google-(a) Hu Jintao, (b)Katrina........ 59
Figure 5.8 Histogram for period duplication frequency: Google-Rita ............cccoveeeeeeueeevcueennnnns 60
Figure 5.9 Histogram for period duplication frequency: Lycos-Katring ..............cccceeeeeeevueennnen. 60
Figure 5.10 Example of very high Bar #: Tianwang-HUrricane................ccoeeeeeeeeeueensrveesueeesnnes 61
Figure 5.11 Example of very high Bar 0: Zhongsou-CRA0 Ny..............cccuevervuenvuesiuensuenseesnesnnns 62
Figure 5.12 Example of Bar # and Bar 0 both have high height: Zhongsou-Hurricane............... 62

Figure 5.13 Histogram for daily rank change frequency: Google-New Orleans.......................... 75



viii

Acknowledgments

I would like to express my heartiest appreciation to my supervisor Dr. Kin Li for his
continuous guidance and encouragement shown throughout this research work and the
process of writing this thesis. I cannot thank you enough for your patience and
forbearance with me.

I wish to express my gratitude to Z. Alam for his help and support during my
research. Without his help, I could not have finished this thesis. I also wish to thank my
aunty Yunxia and my cousin Lily for their continuous help and support. Thanks to all my
friends, especially Lynn, Xiao, Wei, and my Chachi, who made me feel that Victoria is
my second home.

Finally I want to thank my parents for their continuous care and support.



Chapter 1
Introduction

Since its inception, the Internet has rapidly expanded in size and complexity. The World
Wide Web (hereafter refers to as the web in this work) now consists of billions of web
pages in many different languages. Web search engines have become indispensable tools
for the users. A search engine has to search through a massive amount of information and
to provide users the most relevant results in a reasonable short time. The challenge in the
design of novel web search engines has generated a great deal of interest in both industry

and academia.

1.1 Internet Search Engines

A search engine is the software used to retrieve information from a database or from the
Internet. Among the search engines available today, two basic designs are employed:
directory based and query based. Yahoo is one of fhe best known directory-based search
engines and it also has the ability to perform query-based search. Other commonly used
search engines, such as Google, AlfaVista, and HotBot, have adopted the qﬁery based
approach. .

Directory-based search engines feature a hierarchically organized subject tree, and
often the tree is formulated by humans. Users can either traverse the subject index via
links, or search against the index using a simple keyword query. Entries in the index are
created manually by human reviewers. This is unlike in systems such as Google where
internal indices are created automatically and searched via queries. There are two ways to
locate pages to index. One is based on submissions by individuals and corporations to
the search engine provider, and the other is using an automated system that searches the
web and returns appropriate documents.

Query-based search engines have become more popular. In this research, the
focus is on query-based search engines. A typical qﬁery—based search engine consists of |

spiders or crawlers, web collection, indexer, index, and query analyzer as shown in
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Figure 1.1 [12]. In order to provide efficient search performance, a search engine

generally includes features to enhance its search capability, such as Boolean operators,

search fields, search modifiers, etc.

Figure 1.1 General structure of a query-based search engine

The spiders collect information from the web and save it in the web collection. An
indexer is used to index the information tracked by the spiders. The indices are saved in
an index database. When a user wants to search information using a search engine, he/she
would input keywords in the user interface. The query analyzer then goes to the index
database to find the most relevant results that match the keywords, and presents them to

the user.

1.2 Motivation in the Evaluation of Search Engines

A survey shows that around 85% of the Internet users employ search engines to find

information on the web [34]. Finding the right information in a short time with the least
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effort is very important for both corporate and individual users. An efficient search

engine could mean a great saving of money, time and effort. Evaluating the search
engines and finding the appropriate ones to use is therefore of great importance.

When searching the web, most people rely on a few search engines only. For
searching in English, Google, Yahoo and MSN are the most widely used search engines.
The performance of a search engine depends on many issues, such as coverage of the
databases, index strategies, query features, ranking algorithm, etc. Currently, Google
" dominates the search engine world; however there is no clear indication or proof that
Goggle is superior to other search engines in every way. Internet users are a very diverse
group with very different preferences and priorities. For some users, finding up-to-date
information in an easy manner may be most important. For others, finding in-depth
analyses may be more important than finding recent information. It is therefore very
difficult to select one single search engine that all users would find satisfactory.

Developing models and methods to evaluate search engines in a reliable and
consistent manner can assist users to choose the most suitable search engine serving their
purposes. This could result in great savings of money and resources. The evaluation can
also provide insight into the characteristics of the search results and therefore is useful to

the search engine providers to develop and improve their engines.
1.3 Objectives and Contributions

The objective of this research work is to develop methodologies to evaluate search
engines in an easy and reliable manner. An evaluation model for search engines is
proposed. In this model, the most common features found in search engines are classified
into groups and subgroups. These feature parameters are given scores according to the
specified criteria, thus enabling the evaluation of a search engine. To illustrate the
usefulness of the proposed model, an evaluation of several Chinese search engines is used
as a case study.

It is important to evaluate the performance of a search engine over time. Three
performance measurement metrics are formulated and the results are represented by
histograms for visual examination. Data from both English and Chinese search engines

are collected over several time periods. The patterns of the histogramé generated from the
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collected data show some similar properties. The histograms are classified into groups for

easy interpretation of the performance metrics and the associated behaviour of the search
engines. In addition, an automated classification method is developed that eliminates the

subjectivity and ambiguity found in visual classification by humans.

1.4 Outline of This Thesis

The rest of this thesis is organized as follows.

Chapter 2 presenté background information on search engine evaluation and
existing work in the literature. Factors that influence a search engine’s performance are
also addressed.

Chapter 3 introduces a model for search engine evaluation. Characteristiés of
search engines and properties of search results are classified into groups and subgroups
for further in-depth evaluation and comparison.

Chapter 4 presents a case study of the proposed model: the evaluation of several
major Chinese search engines. The characteristics of Chinese search engines are also
discussed.

Chapter 5 investigates the variation of search results from different search engines
over time. Three performance measurement metrics are formulated. Data collected for '
English and Chinese search engines are presented using histograms. Classification of the
resulting histograms is discussed. A deterministic classification scheme is introduced.

Chapter 6 summarizes the contributions of this thesis and sﬁggests some possible
future work. '



Chapter 2
An Introduction to Search Engine Evaluation

With the explosive growth of web, the importance of and the interest in search engine
evaluation have greatly increased in recent years. This chapter aimé at providing the
relevant background information necessary in order to follow the work presented in later
chapters. The importance of search engine evaluation is discussed and the evaluation

criteria are introduced. Relevant works performed by other groups are reviewed.

2.1 The Importance of Search Engine Evaluation

With the rapid growth of the web, users demand to find the right information from the
web efficiently and effectively, with minimum effort. This phenomenon has inspired the
development of search engine technology. There are numerous search engines available
satisfying both general-purpose and specialized requirements [34] [50]. Therefore,
selecting the most appropriate search engine for their particular search can result in
saving a great deal of time and effort for the users. In addition, research on search engine
evaluation can assist the search engine providers to gain insight to their products and
improve the quality of service. Many search engines claim to use novel information
retrieval (IR) techniques and their evaluation is also of interest to the IR research
community. Search engine evaluation is therefore becoming a very important field of

research.

2.2 Search Engine Evaluation Criteria

For any evaluation method, the natural first step is to choose the proper evaluation
criteria. Since search engine evaluation is a rather new area of research, there are still
debates on the proper evaluation criteria to be used.

The web is in fact a huge database and a search engine is a special type of IR

system. Therefore, it is reasonable to use the same evaluation criteria to compare search
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engines as used in IR systems [18] [19] [48]. Lancaster and Fayen [17] listed six criteria
for the evaluation of an IR system: coverage, recall, precision, response time, user effort
and form of output. Additional evaluation criteria were introduced by others. Cooper et
al. proposed the use of expected search length [58],‘ novelty ratio and relative recall [31].
Some researchers combined precision and recall in a single measure [56].

Search engines, however, differ significantly from that of other IR systems in
terms control. The web has no rules and no central administrator. This can be seen as one
of the great advantages of'the web. On the other hand, this has made information retrieval
from the web a formidable task. Traditional IR systems are highly controlled, centralized
and operated in a relatively stable environment. The web on the other hand is
uncontrolled, distributed and highly dynamic. Chakrabarti et al. [47] rightly commented
that “the Web has developed into a global mess of previously unimagined proportions”.
The changes on the web are continuous and the search engines are not always aware of
them. The search engine has to search billions of web pages and gather the information
from this chaotic environment. The relevant number of pages can be enormous but the
user usually spends very little time to go through the retrieved pages. Silverstein et al.
found that about 85 percent of the users look at the results on the first page only [9].
These challenges have made the working principles of search engines and their
evaluation criteria significantly different from those of the traditional IR systems.

There is no unanimous agreement on the evaluation criteria for search engines.
Various research groups have used different criteria for ranking search engines. Some of

the most widely used criteria are described here.

Precision

Precision or precision ratio P of a search engine is defined as [37]

where D, is the number of relevant documents retrieved and D, is the total number of
retrieved documents. Relevance or precision is somewhat subjective. Two searchers can
look for the same information on the same topic. The third-ranked document may appear

relevant and useful to searcher A but not useful at all to searcher B. In spite of
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subjectivity and inconsistency, precision is still one of the most important criteria for

search engine evaluation.

Average precision [37] is a common measure used to assess the retrieval
performance. Let r; denote the number of relevant documents up to and including
position i in the returned list of documents. The recall at the i™ document in the list
(assuming the first document is most relevant) seen thus far is R, =i, where 7, is the

’ / A
total number of relevant documents in the collection. The precision at the i document, P;
is defined as the proportion of documents up to and including position i that are relevant

to the given query. The pseudo-precision at a recall level x is then defined as
P(x)=max(P) (2.1)

r ]
where x<-- andi=1, 2, ..., n
T

Using Eq. (2.1), the n point interpolated average precision for a query is given by
P = 1 ni: f)(;')
Y n n—1

i=0

(2.2)

As it is common to observe retrieval at recall levels k/10, for k=0, 1, ..., 10, an n=11
point average precision (P,) is typically used to measure the performance of information
retrieval for each query. If a single measure is desired for multiple queries, the mean or

median P,, across all queries can be used.

Recall
Recall or recall ratio R of a search engine is defined as [37]
D, (2.3)

where D, is the number of retrieved relevant documents and A, is the total number of
relevant documents in the collection. Recall ratio is difficult to obtain since the total
number of relevant documents is very often unknown. Nevertheless, recall remains a very
useful concept.

There is always a tradeoff between precision and recall [40]. If a searcher wants

only the precise documents that fit his/her exact needs, the query will require very
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specific terms. However, in that case, there is a risk of missing relevant documents.
Therefore, the search must be broadened to include more relevant documents in the
search result. On the other hand, the precision of the broadened search will drop, and the
user has to wade through many irrelevant documents. Figure 2.1 illustrates this boint

more clearly.

Number of documents

Precision

Recall Number of documents

Figure 2.1 Number of document distributions for a given query showing the inverse relationship

between Precision and Recall

From the figure, it can be observed that the larger the number of documents is retrieved

(Recall), the fewer the number of those documents is relevant (Precision).

Coverage

The web is already huge in size and is growing at an enormous pace everyday. Estimates
from multiple research groups in April 2005 put the indexed web at 11.5 billion pages
with other estimatés citing an additional 500-plus billion non-indexed and invisible web
pages yet to be indexed [14]. Estimates in April 2005 from Google.com, Yahoo.com,
Cyberatlas and MIT[14] had 45 billion web pages being publicly available and another 5 '

billion pages being available within private intranet sites.
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Figure 2.2 Billions of textual documents indexed by different search engines

Key : GG = Google ATW = AllTheWeb INK = Inktomi (now Yahoo!) TMA = Teoma (not Ask Jeeves)

AV = Alta Vista (now Yahoo!) Source: Search Engine Waich, January 28, 2005.

The number of web pages indexed by search engines is increasing rapidly. Figure

2.2 [14] shows the increasing rate in the number of web pages indexed by some of the

major search engines. There is a considerable amount of the web that is not indexed or

covered by any search engine. Gulli [3] estimated the visible web (uniform resource

locators or URLSs the search engines can reach) to be more than 11.5 billion pages. Table

2.1 [3] presents the web coverage by some of the top search engines in 2005.

Self-Reported

Estimated Size

Coverage of

Coverage of

Search Engine | o . Billions) |- (Billions) Inde’;f,f)web Total Web (%)
Google 8.1 8.0 762 69.6
Yahoo 42 (est) 6.6 69.3 57.4
Ask 2.5 53 57.6 46.1
MSN (beta) 5.0 5.1 61.9 443
Indexed Web N/A 9.4 N/A N/A
Total Web N/A 11,5 N/A N/A

search engines.

Note: “Indexed Web” refers to the part of the web considered to have been indexed by

Table 2.1 Web coverage of some major search engines
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Relative coverage is more commonly used for search engine comparison. When

comparing a number of search engines, relative coverage is defined as the total number of
relevant URLSs returned by a search engine divided by the total number of URLs returned
by all search engines [22]. This measure has two major limitations. First, even if all the
databases of all search engines are merged, it does not cover the entire web. According to
a study in 2000, 8% of the web is composed of disconnected components, which are very
difficult to reach by the crawlers [1]. Second, several URLs can be textualiy different but
point (or redirect) to the same physical location. As a result, the number of relevant URLs
returned by a search engine may be an overestimate. Nevertheless, relative coverage is

still widely used to compare the coverage of different search engines.

User Effort

In contrast to traditional IR searchers, the majority of the web users are laypersons who
are more sensitive to the time and effort spent on finding information [4] [9]. Korfthage
[45] pointed out that users usually do not tolerate more than three or four attempts of
feeding back information to the system. The ability to optimize search order thus
becomes an even more salient dimension of search engine performance. The notion of
Expected Search Length (ESL), first proposed by Cooper (1968) some 30 years ago,
seems to be ideal to test how well a search engine is able to deliver the most relevant
documents at the top of the retrieved sets [53], [29], [8], [33]. According to Cooper, the
primary function of a retrieval system is to save users as much labour as possible in the

search for relevant documents by perusing and discarding irrelevant ones.

Form of Output

The interface of a search engine is a critical issue from the user’s perspective. Since there
are so many search engines available, the attractiveness of each search engine is
expressed, to its users, to a great extent in its documentation and interface. Users may not
feel interested to use a search engine unless they are comfortable with its interface, and
are able to read and comprehend its documentation when necessary. This evaluation
component should be examined from two perspectives. One is the number of output

options a web search engine offers, whereas the other deals with the actual content of the
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output. Sometimes, one search engine may appear quite impressive in one aspect, but it

has weakness in other evaluation facets.

2.3 Review of Search Engine Evaluation

In literature, there are two approaches for search engine evaluation: testimonials and
shootouts [32] [11] [23] [2] [60]. Testimonials are casual studies and state the general
impression obtained after a few queries. Shootouts are rigorous studies and follow the
information retrieval measures in the evaluation process.

The work done by Gordon and Pathak is considered as one of the earliest and
most extensive work based on testimonial method [32]. Thirty-three volunteers
participated in the experiment. The top 20 results generated by the search engines were
then returned to the volunteers for relevance assessment. They found that the search
effectiveness was low, there were significant differences between the engines, and the
rankings of the engines were to some extent dependent on the strictness of the relevance
criterion. They mentioned the following 7 desirable features of a web search evaluation
process [32]:

1. Searches should be motivated by genuine user’s need.

2. If a search intermediary is employed, the primary searcher’s information need
should be as fully captured as possible and transmitted in full to the
intermediary.

3. A large number of search topics must be used.

4. Most major search engines should be included.

5. The most effective combination of specific features of each search engine
should be exploited, i.e., the queries submitted to the engines need not be the
same.

6. Relevance judgment must be made by the individual who needs the
information.

7. Experiments should be well designed and conducted.

There are some disagreements about the importance of some of these features.

Hawking et al. [11] pointed out that features 1 and 6 would limit the scope of the

evaluation process. As for feature 5, they argued that public search engines are designed
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to produce a list of results with a set of query words in the search box provided.

Therefore, it makes more sense to compare the quality of search engine results by
identical input queries.

Almost all evaluation studies involve human interaction and judgement, which is
very time consuming and costly. More importantly, subjectivity'makes a study less
reliable. So it is highly desirable to automate the evaluation process. Chowdhury et al.
[2] proposed one of the earliest automated methods. It is based on searching items in the
Open Directory Project (OPT), and comparing their relative ranks in the search engines’
returned lists. They compared five well known search engines (Lycos, Netscape, Fast,
Google, HotBot) and concluded that the performance of the engines are statistically
almost equivalent. Liu et al. [60] proposed click-through data analysis. They used the
click-through data collected for a set of queries. The mean reciprocal rank is used as the
evaluation criterion. Here reciprocal rank is the reciprocal of the correct answer’s ranking
in a search engine’s result list. They compared five popular search engines (Baidu,
Google, Yisou, Sina, Zhongsou) using this method. The performance of Baidu was the
best and Google was also very satisfactory.

The majority of early works on search engine evaluation found in public literature
do not stress the fact that search engine performance may change over time. The web is
highly dynamic. New web pages and URLs are added continuously. Many web pages are
removed resulting in dead links. A good search engine should be capable of reflecting
these changes quickly in their search results. Bar-Ilan [23] has studied these features
extensively and has proposed several criteria for search engine evaluation:

e Timeliness / freshness — A search engine should show less number of broken links
and it should list even the most recently created web pages.
e Stability over time — the number of results in each query should be stable over
time.
In most search engine evaluation schemes, data are usually collected over a period of
time. A quick way to analyze the variation of the results over time is to represent the data
in histograms or other kinds of graphs. However, analysis of data by visual inspection is
challeﬁging. Bar Ilan et al. [25] have proposed a method to handle this problem in an

automated manner. They used a number of statistical measures to quantify the variation
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of search results including Spearman’s foot rule and Fagin’s measure. They observed

significant difference between the results obtained from different engines.

The performance of a search engine depends crucially on the ability of the user to
provide the appropriate query. A search engine may be very suitable for an expert user to
find some particular information but it may not be the best option for a novice. This point
has been taken into account by some researchers recently [49]. They provided an
economic model for comparing search services based on users’ requirements. This model
can help users to select the search service that minimizes cost, maximizes benefits and
reduces uncertainty. The search services providers can also use the model to enhance

their services and products.
2.4 Conclusion

In the past few years, search engine has become an indispensable tool for Internet users.
Studies on search engine evaluation have become very useful. Still in its early stage of
development, more research effort is needed to investigate search engine evaluation

criteria as well as fully automated and reliable search engine evaluation techniques.
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Chapter 3

A Search Engine Evaluation Model

People can find information very quickly using any one of the existing search engines by
simply entering the desired keywords. The usefulness of the returned hits is open to
question, and is left to be judged by the user. The ‘goodness’ of the results depends on
the choice of the search words as well as the effectiveness of the search engine. There are
many search engines available these days, though only a few dominate. Each search
engine has its own characteristics and effectiveness depending on the user’s keywords
and search criteria. It is not easy for a user to choose the most appropriate search engine
for his/her particular use. In chapter 2, a review on search engine evaluation is given. The
most common criteria for evaluating search engines, such as precision, recall, user effort,
and coverage, are introduced. Existing works in the literature are also described. Most
search engine evaluation works do not include many criteria into their evaluation model.
After analyses of existing evaluation models and search engine characteristics, seventy
evaluation criteria, including some new ones, are categorized into two groups, features
and performance. Detailed descriptions of these two criteria groups and our evaluation

model are given in this chapter.

3.1 Overview of Our Evaluation Model

Most existing search engine comparisons either simply review a few factors, or focus on
certain aspects of the search results, or rate several aspects of the site subjectively. In
order to perform a thorough evaluation of the search engines and make more meaningful
comparisons, we should explore and review as many different factors as possible.
Seventy parameters are identified and used in our evaluation model including commonly
used web metrics as presented in Section 3.3.

The seventy parameters are classified into two major groups based on their

functionality. The “Performance Group” includes features and capabilities that enhance
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the usability of the engine. The “Features group” includes various metrics for evaluating

search results.

Elements in each group can be further subdivided into subgroups and sub-
subgroups, resulting in a hierarchy of evaluation parameters. This provides additional
flexibility to the users. Because of the clear hierarchical structure it is easy for users to
focus on a specific group of evaluation parameters of interest. Users can also compare
several search engines based on the selected features. This is accomplished by the use of
a weighted sum of the parameters as presented in Section 3.2

To evaluate precision and recall of an IR system, the traditional way is to use
public benchmarks such as TREC (Text Retrieval Conference) [15] and NTCIR (NII-
NACSIS Test Collection for IR Systems) [39] for the experiments. Unfortunately,
evaluating the efficiency and effectiveness of web search engines creates many unique
challenges that make a TREC-style evaluation problematic. First, the web can be viewed
as an unbounded database and therefore makes certain evaluation metrics meaningless.
Second, the web is too large to have relevance judgement done by humans. Third, the
web is ‘live’ and is changing continuously, and therefore requires special performance
metrics to make the evaluation meaningful. In this research, we use the concept of a
common list as a baseline for relevance evaluation. The common list is described in

details in Section 3.4.2.

3.2 Weighed Parameters and Summary Score

A hierarchical structure allows us to rate the search engines at various abstraction levels
of details. In general, the mathematical model or score of a collection of parameters can

be expressed as

2 3.1
Score=Y w,P, G-

i
i=1

where w; is the weight assigned to the i parameter of a group with X parameters.
Considering the two major groups of evaluation parameters, the total score of a search
engine is represented as

Score =Wy Progpure +W P 3.2)

performance™ performance
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A very important part of developing the evaluation model is the assignment of

weights to different parameters. The sign for the weight is rather objective. If the
presence of a feature makes the search engine more useful, the sign is positive, otherwise
it is negative. A negative weight can be used to indicate the undesirable impact of a
parameter on the total score. For example, the higher the number of dead links in the
returned results, the worse the search engine is compared to others. Therefore the
parameter indicating the number of dead links should have a negative weight. On the
contrary, the magnitude of a weight is subjective. If one feels that performance is more
important than the features of a search engine, the weights assigned may be 0.6 and 0.4,
respectively.

The scores for features and performance, Prawre and Prerformances in turn, are
derived from subsequent scoring equations at lower levels of ‘the evaluation hierarchy.
The value of a parameter is either a 0 or 1 to indicate whether a feature or capability exist
in that search engine. A range between 0 and 1 is assigned to parameters that have
various degrees of quality. The sum of the weights assigned to all parameters within a
group must be equal to 1. This ensures the consistency of weight distribution among
different groups.

This flexibility of tailoring the scoring system to individual needs, by changing
the weights of the parameters or deleting an unwanted feature or adding a desirable
feature, makes the proposed evaluation model very attractive to search engine users,
subscribers, and providers. As pointed out in a workshop position paper [21], specific
web search engines are effective only for some types of queries in certain contexts. Using
our model and making the proper adjustment as described, a user will be able to find the
particular search engine that suits his/her needs.
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3.3 Feature Parameters

Figure 3.2 Feature parameters considered

We further classified feature parameters into six major categories as shown in Figure 3.1.
This hierarchical structure pools collections of related parameters into subgroups and
sub-subgroups: A |

1. Home Page Features: This category indicates how user friendly the home page
is regarding various help and user selecti_on menus. This feature includes a
subjective user evaluation, the availability and visibility of help links, result
language selection, topic directory selection, and advanced search selection. »

2. User Preferences: This category includes a choice of the home page language,

_ the availability of safe search filtering, the control of the number of results per
page, the choice of displaying the results in a new window, intelligent input
correction, search default setting, search options within the result page, and
news search.

3. Search Options: This category is further divided into subgroups of search
modifier (at least one, case sensitive, etc.), search field (title, url, links, etc.),
search focus selection (web site, web page, directory, etc.), search constraint
selection (language, file format, publication date, etc.), and search meta words

for focused search (specified sites only, similar pages, geographic regions, etc.).
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4. Keyword Entry Options: This category considers the capability of the search

engine in stop word interpretation, case sensitivity, exact phrase specification,
wildcard allowance, search by pronunciation, and Boolean operators.

5.  Database: This category indicates the number of groupings arranged in
directories and the total number of indexed pages of the corresponding search
engine.

6. Result Features: This cétegory reviews display features such as, whether there
is indication for the total number of hits, the number of pages, and search time;
the capability to search within results; whether the results are ordered and
numbered; whether different file formats are allowed in the returned items;
whether a pay listing is allowed (a negative weight); web page snap; further
search for related pages and the presence of hits’ date, size and summarization.

The following tables show the detailed information for each feature group
including the description of each parameter, the possible value of the parameter, whether
the evaluation is subjective or not (if users evaluate according to their own judgement,

the evaluation is subjective; it is objective if the evaluation is based on facts.) , and the

sign of the assigned weight.
5 o Parameter's v Sign of
Description value Subjective Weight
User preferences ' Oto 1
Homepage interface language selection yes=1, no=0 No i
Safe search filtering yes=1, no=0 No R
Number of results (number of results per o=, po=0 No nyn
age)
Results window (in a new window) yes=1, no=0 No i
Intelligent input correction yes=1, no=0 No e il
Set the search default homepage yes=1, no=0 No "
Search option on the result page yes=1, no=0 No e o
News display capability on search result page | yes=1, no=0 No e o

Table 3.1 Feature parameters: user preferences
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Description Par;rllszer's Subjective \S;,%Iilg(ﬁf
Database
Directory: normalized number of categories Otol No i
Database: normalized total number of pages Oto1 No L
Table 3.2 Feature parameters: database
Description Parameter's value |Subjective| Sign of Weight
Homepage features Oto1
ser’s evaluation = average

U(User1+User2+User3) i il el o

Help link yes=1, no=0 No o i

Result language selection yes=1, no=0 No "4

Directory search selection yes=1, no=0 No i 7

IAdvanced search selection yes=1, no=0 No h

- Table 3.3 Feature parameters: homepage features
Description Par‘a:;xllszer's Subjective ‘Shlfililg%f
Results feature Oto1

Total hits indication yes=1, no=0 No s i
Number of pages indication yes=1, no=0 No "+
Show search time yes=1, no=0 No "+
Search within results yes=1, no=0 No s il
Results are ordered yes=1, no=0 No N sl
Results are numbered yes=1, no=0 No ey
Results in various file formats yes=1, no=0 No "
Paid listing/result yes=1, no=0 No "
'Web page snap yes=1, no=0 No i
Related pages yes=1, no=0 No .ol
Check pages in the same hit's website yes=1, no=0 No i 5
Date of the hit yes=1, no=0 No il
Size of the hit yes=1, no=0 No —+*
Comments of the hits yes=1, no=0 No '+

Table 3.4 Feature parameters: results feature
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Description Par:;lnier's Subjective \Shlli?g(l)lf
Search options
Search modifier Oto1
Include all of the following keywords yes=1, no=0 No e 5
Include the following exact phrase yes=1, no=0 No G
Exclude yes=1, no=0 No s
At least one of yes=1, no=0 No "+
Case sensitivity specification yes=1, no=0 No <"
Others yes=1, no=0 No =
Search field (return results where the terms Oto 1 '
oCCur)
Anywhere in the page yes=1, no=0 No "+
In the title of the page yes=1, no=0 No e
[n the text of the page yes=1, no=0 No il
[n URL of the page yes=1, no=0 No i
In the links of the page yes=1, no=0 No "+
Others yes=1, no=0 No "+
Search focus selection -
Web site yes=1, no=0 No el
Web page yes=1, no=0 No "t
Directory yes=1, no=0 No o
Others (e.g., mp3, news, images) yes=1, no=0 No "
Search constraint selection Oto1
Result language selection yes=1, no=0 No Lk
Result file format yes=1, no=0 No i
Time limiting capability yes=1, no=0 No nyn
Search meta words Oto1
Site: return results from the specified URL
—— yes=1, no=0 No "+
Similar: return pages that are similar to the | -
hit yes=1, no=0 No i il
Links: find pages that link to the hit yes=1, no=0 No il
Geographic region: search within the
selecgtreci) rangef yes=1, 100 No e
Others (e.g., inurl, intitle) yes=1, no=0 ‘No 4"

Table 3.5 Feature parameters: search options
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Description Parameter's value | Subjective | Sign of Weight
[Keyword entry options Oto 1
Stop word yes=1, no=0 No 0
Case sensitivity yes=1, no=0 No i
Exact phase (use quotation mark) yes=1, no=0 No npn
Asterisk wildcard (e.g. "*", "?") yes=1, no=0 No g
Search by pronunciation yes=1, no=0 No R i
Boolean operators
/and/"+"/" " yes=1, no=0 No "
OR/or/"["/"/" yes=1, no=0 No T
NOT/not/"-" yes=1, no=0 No bl
Others yes=1, no=0 No "

Table 3.6 Feature parameters: keyword entry options

3.4 Performance Parameters

3.4.1 Performance Groups

There are three major groups of performance metrics as shown in Figure 3.2: the

response time, the total number of hits as indicated on the result page, and the quality of

results.

Figure 3.3 Performance parameters

The Quality of Results group consists of subgroups Problems and Relevance. The

Problems subgroup indicates the severity and frequency of problems encountered when a



22
user tries to access the search engine or the returned hits. This includes the number of

times that the search site is down during trial and experimentation, the number of broken
links such as host not found and connection time out, and duplicates. All these parameters
within the Problems group carry negative weights.

In order to obtain the Relevance score, one can solicit the assistance of humans to
examine the relevance of the returned items with respect to the keywords. The scores are
averaged as an attempt to eliminate any inherent potential bias and subjectivity in human
interpretation. On the other hand, one can eliminate the subjectivity of humans by using a
common list approach as described in Section 3.4.2. In such case, the Relevance
subgroup includes the parameters precision @ N and recall @ M.

The following table shows the detailed information for each performance

parameter including its description, its possible values, whether it is subjective or not, and

the sign of its weight.
Description Parameter's value | Subjective | Sign of Weight

Quality of the results 01
Relevance : . Q== Yes nyn
Precision @ N yes=1, no=0 No "
Recall @ M yes=1, no=0 No - 5
Problems yes=1, no=0 No nn
Response time Normalized number No npn
Number of hits Normalized number No "

Table 3.7 Performance parameter: description, value, subjectivity and sign of the weight

3.4.2 Evaluating Relevance Using a Common List

In order to eliminate subjectivity and the labour intensive process of using humans to
provide the relevance score, an algorithmic approach is desirable. Comparing individual
search engine’s results against a common baseline is a reasonable means to evaluate
relevance. The critical issue is how to generate such a common list. Since all search
engines return what they regard as high ranking items in an ordered list, therefore it
makes sense to combine the individual lists into a single list. This single list can be

considered as the most accurate list as it consolidates the expertise of all the search



23
engines. Matching items to this common list gives a sense of quality as well as quantity

in terms of relevance.
Traditionally, there are three metrics commonly used to measure the relevance of
the matched results in information retrieval of a bounded database:

= Precision: the proportion of the returned items that are deemed relevant.

* Precision @ N: precision evaluated from the top N highest ranked items.

= Recall: the proportion of relevant items returned.

In the context of web search, it is impractical to examine all the returned items of a
search engine, which is in the order of thousands and even hundreds of thousands. Also, it
is impossible to imeasure the total of number of relevant items exists on the web, not to
mention that this number is changing constantly. Therefore the first and the third metrics
listed above are impossible to determine. We need to modify the definition of the above
metrics to fit our current context with some assumptions.

First, an item in a search engine’s list is deemed relevant if it also appears in the
common list. This makes sense as it can be assumed that all the search engines are
experts and the consensual common list derived collectively has a high probability of
holding the truely high-ranked items. Second, extending this argument, we can treat the
number of items in the common list as the total relevant items, since we are interested
only in highly relevant items in most cases. Third, most search engine users are interested
only in the top ten or so items as appear on the first result page, and therefore considering
only the top ten ranked items is sufficient for our purpose.

For the Relevance factor, the following two revised metrics are used:
» Precision @ N = the number of items that also appear in the common list over
N.

® Recall @ M = the number of items that also appear in the common list over the

number of items M in the common list.

In many other relevance evaluations, precision @ N is taken as the ratio of relevant
items as interpreted by humans over that of the top N items, while recall is not measured
at all [18]. Our revised precision @ N concept eliminates human effort and subjectivity
by matching items to a common list. These revised metrics actually measure relevance in

terms of both quantity and quality. Two commonly employed metrics, coverage and
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overlap, are not used in our study because these measures have already been indirectly

incorporated into the common list.

3.5 More on Quality Issues

There are many different types of problems encountered when accessing a web page, for
examples, dead link, page not found, site busy, etc. All these problems are related to how
frequent a search engine re-visits its indexed sites. This is, therefore, a procedural issue
rather than a theoretical issue. | .

From a search engine provider’s point of view, a human can determine how
relevant a page is to the search keyword, though this may be somewhat subjective. Most
search engines nowadays avoid this time consuming process and opt for automated
relevancy determination using ranking algorithms. A successful search engine almost
relies entirely on how effective the ranking algorithm is [46].

From the perspective of evaluating the relevance of a hit, one can use a rare word
as the keyword. Such search usually returns a limited number of hits and therefore it is
feasible to examine the relevance of each hit manually. This also makes the measurement
of the effectiveness of the ranking algorithm possible by comparing the opinions of the
humans and the ranking algorithm.

3.6 Discussions

In this chapter, we introduce our search engine evaluation model, and describe the
selected parameters in details. The advaﬁtage of this model is that it can be tailored to an
individual’s needs by changing the weight assignment, deleting parameters, and adding
parameters. A user can also focus on the evaluation of a particular aspect easily due to the
model’s hierarchical structure. We introduce the common list as the benchmark in our
model. Currently, we use a simple method to generate the common list, but further
investigations on the concept of the common list and the exploration of more
sophisticated algorithms are necessary. In next chapter, a case study using this evaluation

model is presented.
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Chapter 4

Evaluation of Chinese Search Engines: A case study

The rapid development of the Chinese web has made Chin@ce search engine an
indispensable tool for Chinese Internet users. The Chinese language is very different than
English and as a result Chinese search engines have their own unique features.
Consequently, developing effective Chinese search engines faces many challenges. This
chapter presents a case study of our search engine evaluation model: Chinese search
engine evaluation. The Chinese web and Chinese search engines are introduced. Previous
works on Chinese search engine comparison are described. Evaluations of Chinese search
engines using our model are presented. The results obtained from the automated method

using a common list are compared to those obtained from human evaluation.
4.1 Overview of the Chinese Web

Over the past few years, Internet development in China has been phenomenal. It is
expected that the majority of web pages will be written in Chinese in the very near future.
The numbers of Chinese web pages and Chinese Internet users have increased rapidly. In
1997, there were only 300,000 computers connected to the Internet in China. At the
beginning of 2004, there were 79.5 million Internet users [61]. By the end of 2004 [62],
there were more than 87 million users browsing close to 600,000 web sites and 5.4
million pages, with about 1.2 million domain names [6]. Table 4.1 and Figure 4.1 show
the changes in the number of Internet users, computer hosts and “www” websites from
2004 to 2006 [66] [65] [64] [63] [62] [61].

2004/2 | 2004/7 | 2005/1 | 2005/7 | 2006/1 | 2006/7
Internet Users: (million) 79.50 | 87.00 | 94.00 | 103.00 | 111.00 | 123.00
Computer Hosts: (million) 30.89 | 36.30 | 41.60 | 45.60 | 49.50 | 54.50

"WWW" Websites (including
en, .com, .net and .irg) (*10,000) 59.56 | 62.66 | 66.89 | 67.75 | 69.42 | 78.84

Table 4.1 Chinese web development according to CNNIC'’s survey reports



26

/ —&— H=met U= frilion}

2100 1—¢r
ﬁ_‘_—-:",*___‘———/ — & — Compaler Hosbe: {million)
8009 4 —— "W Webees frcluding O3, COM,
*/_,./'/‘. 2HET and PEHE0000)
403

2099

9.09

2042 20047 20851 20057 20961 20087

Figure 4.1 Trend of Chinese web development according to CNNIC'’s (China Internet Network
Information Center) survey reports

In 2006, China had 123 million Internet users and ranked second in Internet user
population. Yet, that was only 9.4% of China’s population. This projects a huge potential
market for the Chinese Internet [10], and makes Chinese search engine comparison an

interesting exercise.

4.2 Overview of Chinese Search Engines

Web mining involves three main areas: content mining, usage mining and web structure
mining. Of these three, content mining is the most difficult for the Chinese language as
compared to structure and usage mining. This has a direct impact on the quality of the
search results. There are several issues that make Chinese web search and document
processing much more challenging than those for the English web. Unlike English, there
are many different Chinese character sets in use, depending on the geographic region of
the web site and the political preference of the author. Big Five (BIG5) or Dawu, the
traditional Chinese character set, is used in Taiwan and Hong Kong. In China, GB or
Guojia Biaozhun (National Standard) is used to represent simplified Chinese characters.
Increasingly, new web sites either use GBK, Guojia Biaozhun Kuozhan (Extended

National Standard), or the multilingual Unicode Standard, both of which contain a larger
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character set that includes GB and BIGS. Reference [7] gives a comprehensive overview

of Chinese character sets and encoding.

The second problem associated with Chinese language processing is the absence
of white space between words in contrast to English language. Depending on how one
reads a sentence or combines the characters, it is possible to have multiple valid
interpretations of the same phrase or sentence. Therefore, Chinese word (or character;
bigram, a word that is written with two Chinese character; trigram, a word that is written
with three Chinese character, etc.) segmentation is a very difficult problem [16]. The
effectiveness of the term extraction process, the clustering of similar documents and the
categorization of documents, affect the search engine’s capability of indexing its
document database in an optimal fashion [28]. In addition, the white space problem also
occurs at the keyword entry level that directly affects how accurate the matching will be.
Similar issues exist for several other Asiaﬁ languages such as the Japanese Kanji writing

system.
4.3 Previous Works on Chinesé Search Engine Comparison

Currently, there are more than 300 active Chinese search engines. It is very important to
have a reliable method to compare these search engines to ensure efficient and effective
web browsing by different users. However, there are only a few reports in the literature
that discuss Chinese search engine comparison and ranking [55].

One of the first pubﬁcationé was [26] in 1997 where Kingoff observed that the
reviewed Chinese search engines did not have significant overlaps in the first result page.
He concluded that these search engines were different in their search focus, and each had
its own niche.

A more thorough investigation was made by the Shanghai Society for Scientific
and Technical Information [52]. Twenty-one Chinese search engines were studied and
compared based on topic classification, result ranking, hit recentness, page
summarization, and coding support. However, no ranking or scoring was given to the
compared engines. Though this article was published in 1998, it remains as one of the
most complete surveys on Chinese search engines. Another article published in the same

year in eSAS World introduced twenty-six Chinese search engines, and described each
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engine’s features. The author recommended Openfind, TianWang, and Yahoo China [35]

without any rigorous comparison

The Popular Computer Week magazine published a report on five commonly used
search engines in June 2000: Yahoo China, Sohu, Goyoyo, Zhaodaole, and Tonghua [42].
Parameters for comparison included home page features, search options, and keyword
entry options. Yahoo China and Sohu were the top-ranked engines.

In August 2003, PC Computing published a comparison of ten search engines
(Sina, Sohu, Netease, Chinaren, Wander, Excite China, Yahoo China, Cseek, Tianwang,
and Zhaodaole) using various parameters including home page feature, advance search
feature, coding support, dead links, total hits, search speed, search result’s relevance,
precision, and ranking [41]. Sina was ranked the best search engine. An email survey to
Chinese netizens through iUserSurvey in December 2003 found the top three search
engines being Baidu, Google, and 3721 [20].

In a report provided by the Tsinghua IT Usability Lab in July 2004 [54], Google,
Yahoo China, Baidu, and Zhongsou were compared based on search result’s relevancy,
recall, and number of dead links. Baidu and Google excelled in this short and simple
comparison. '

Most of these works showed qualitative comparisons of different features of the
search engines under study, without giving any numerical scoring or ranking. They
focused on specific aspects of the search engines and considered only a few evaluation
parameters. These non-mathematical approaches quite often introduce biased
subjectivity, inconsistency, and non-deterministic results. - Consequently, the
recommendations from these studies regarding the top search engines were very often
differed. A systematic and rigorous approach is necessary to develop a consistent way to

evaluate and rank Chinese search engines.

4.4 Methods for Data Collection and Search Engine Evaluation

Chapter 3 presents a search erigine evaluation model. As an illustration, five popular
Chinese search engines are evaluated and compared using this model. This section
explains the search engine selection process, the keyword selection process, and data -

collection rules.
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4.4.1 Selection of Search Engines

There are more than 300 Chinese search engines and sites, and this number is rapidly
increasing. A search site not only has a search engine’s capability, but also contains other
specialized information such as for entertainment and electronic goods. It would be very
difficult if not impossible to compare all those search engines (in this work, search
engines and search sites are sometimes used interchangeably unless there is a need to
specify the exact term.), as it would require a huge amount of time and effort. In order to
make the comparison manageable, it is important to carefully select only the most
important search engines for illustration purpose.

The most important criterion for the search engine selection is their popularity and
acceptance by the users. We targeted our evaluation for well known and popular search
ehgines from Mainland China (simplified Chinese), Taiwan (traditional Chinese), and
Hong Kong (simplified and traditional Chinese).

Depending on the operation mechanism, search engines can be classified into
three different types: subject directory search engine, full text search engine, and meta-
search engine. The most well known examples of these three types are Yahoo China,
Google China, and Widewaysearch, respectively. In China, there are many portal
websites, for examples, Sina and Sohu, which have an extensive directory structure. In
addition, they also support full text search capability utilizing third party support. For
example, Google China is a full text search engine. It uses its own technology and very
often provides search capability to other web portals. Yahoo China also used Google for
- searching web pages in the past. Now, however, Yahoo China has developed its own
search technology and provides full text search service in addition to subject directory
search. Meta-search engines, though not that many, also exist in the Chinese web. Meta-
search engines do not crawl the web to compile their own searchable database. Instead,
they search the databases of the other search engines simultaneously, and provide the top
ranked results from each search engine to the users. In this work, search engines
belonging to each of these three types were reviewed.

Besides the general-purpose search engines, there are also many specialty search

engines. For example, Cha Jia (http://www.chajia.com/) focuses on searching the price of
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electrical products. This research concentrates on general-purpose search engines and

therefore specialty search engines are not included in our study.

We surveyed the most commonly used search sites and sites that had many
attractive search features. After extensive browsing and searching on the web, as well as
reviewing the many topic directories, we identified forty-two prominent Chinese search
engines. Table 4.2 lists these search engines along with their URL, the host engine used,
and their geographical regions. A “*’ is found in the cell under the ‘Engine used’ column
if the search engine used could not be identified for that search site. Of these 42 engines,
18 have the affix CN (China), 11 have the affix HK (Hong Kong), and 13 has TW

(Taiwan).

Site URL Engine used Region
Google China http://www.google.cn Google CN
Yahoo China http://www.yahoo.com.cn/ Yahoo CN
Bai Du http://www.baidu.com.cn/ Bai Du CN
ZhongGuoSouSuo | http://www.zhongsou.com/ ZhongGuoSouSuo CN
BeiDaTianWang http://e.pku.edu.cn/ Tian Wang CN
Sina http://cha.sina.com.cn/ ZhongGuoSouSuo CN
Sohu http://dir.sohu.com/ ZhongGuoSouSuo CN
NetEase http://search.163.com/ ZhongGuoSouSuo CN
Altavista China http://www.altavista.com/ Altavista CN
Goyoyo http://www.goyoyo.com/ BaiDu CN
BeiJiXing http://www.beijixing.com.cn/ Beijixing CN
21CN.COM http://cha.21cn.com/index.html BaiDu CN
Widewaysearch http://www.widewaysearch.com Me;z—gsienaerch CN
Shalala http://www.shalala.net/ , » CN
Lycos Asia http://cn.lycosasia.com/ Baidu CN
China.com http://www.china.com/ Yahoo CN
3721, 3721 has
MSN CN http://china.msn.com/ been bought by CN
: YAHOO
Net2asp http://www.net2asp.com.cn/ 5:2: ilglso g’\;n CN
Google HK http://www.google.com.hk/ Google HK

Table 4.2 A list of popular general-purpose Chinese search engines (continue on next
page)
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Site URL Engine used Region
Yahoo HK http://hksar.hki.yahoo.com/ Yahoo (YST) HK
Opentind lét]tDp/://cd.openﬁnd.com.tw/HK- Opeibind HK
Lycos Asia HK http://www.myrice.com/ Lycos HK
MSN HK http://search.msn.com.hk/ MSN HK
Sina HK http://cha.sina.com.hk/ Google HK
WebinHK http://www.webinhk.com/ * HK
GreenWorld http://ep.sunup.net/index.php * HK
TimWay http://www.timway.com/ Openfind HK
36it http://36it.com/search/pages/ e HK
engine
Shalala http://www.shalala.net/ Google HK
Google TW http://www.google.com.tw/ Google ™
Yahoo Kimo http://tw.yahoo.com/ Yahoo (YST) ™
Opénfind ?;gé/{zv}gv.openﬁnd.com/tmwan Openfind’ W
Sina TW http://www.sina.com.tw/ Google ™
Yam.com http://www.yam.com/ Google ™
Wasite.com http://www.wasite.com/ dictionary search ™
GreenWorld http://ep.sunup.net/index.php * ™
Pchome http://dir.pchome.com.tw/ Openfind ™
Gais http://gais.cs.ccu.edu.tw/ Gais ™
Formosa http://www.formosa.com.tw/ * ™
Don-Net http://www.don-net.com.tw/ dictionary search ™
Nobel http://www.nobel.com.tw/ * W
Seeder http://www.seeder.net/ Use B Chiomtie and ™

Google results

Table 4.2 A list of popular general-purpose Chinese search engines

The list of forty-two search sites was still too large for a thorough and meaningful

investigation. Some search engines were further eliminated according to the following

criteria:

= Many search engines uses another search engine as the host. For example,

popular sites such as Shalala and Yam use Google’s search engine. All the

engines that do not have their own search mechanism were eliminated.
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Sites that are not readily accessible, either because they are too busy (slow) or

the time to download the home page is relatively long, were eliminated from the
comparison.

Many search sites in Taiwan and Hong Kong are poorly designed and unusable
due to their long response time and limited capability. Furthermore, most of the
short-listed sites in these two regions are powered by their equivalent in
Mainland China. For instance, a search on Google. HK and Google.CN yield
aimost the same results. Therefore, we decided to focus on the evaluation on

search engines from Mainland China.

This process of elimination left five search engines for evaluation. A brief

description of each of the selected engines is given below (statistics cited as of June 21,

2007):

Google China (http:/www.google.com/intl/zh-CN/): established on Septemi)er
12, 2000, it has over 6 billion home pages, 880 million images, 845 million
news, and many search options and features.

Yahoo Yisou (http://www.yisou.com/): with the version released on June 21,
2004, it has over 8 billion web pages, 550 million images, 1 million music

pieces, articles available in 38 languages, and many search options and features.

Zong guo sou suo (http://www.zhongsou.com): founded in September 2002 as

the first Chinese search engine that supports trade classification, it claims to
have 2.8 billion web pages and supports homonym rectification.
Baidu (http://www.baidu.com): founded in 1999, it claims to have more than 8

billion web pages, over 600,000 MP3 and more than 500 news sites; it provides
services such as algorithmic search, enterprise search and pay-for-performance;
it has a large search range including Hong Kong, Taiwan, Macao, Singapore,
and some web sites in North America and Europe; it also supports homonym
rectification.

Tianwang (http://e.pku.edu.cn): founded in October, 1997, it is very popular

among academics; this Peking University site has over 6 billion home pages
and can search other Chinese university sites as well as over 1,000 American

university sites; it also supports ftp search.
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4.4.2 Selection of Chinese Keywords

In order to make the analysis manageable and meaningful, rare words are often used for
search engine evaluation. This limits the number of hits and makes it easier to test the
capability and effectiveness of the search engines. For examples, ‘crumpet’ and
‘polyphenol’ were used in [38], and ten rare words were used in Ljosland’s study [27].
Strong query (query that is designed to strongly identify the page) [36] is often used to
ensure the page containing the match would appear in the search results.

Two phrases and three of their variations were selected as keywords in this study
as shown in Table 4.3. The first one is ‘Chinese Search Engine Comparison’ (b), an
appropriate choice within the context of this work. The second phrase is ‘Bird Flu’ (e), a
hot news item since the beginning of 2004. The variations are used to ‘fool’ the search
engines into finding mismatched items, as a preliminary test on the segmentation

capability of these search engines.

(8) | PREFSILLEE A free search on ‘Chinese search engine
comparison’

(b) | “PIBRSIWELE” An exact search of ‘Chinese search engine
comparison’

() | “PIHEEFESIZE” “LLH” | Search using two exact phrases of
‘Chinese search engine’ and ‘comparison’
(@ | BHEE A free search on “bird flu’

(e) | “HmB” An exact search on “bird flu’

Table 4.3 Keywords used in this case study

4.4.3 Data Collection Methodology

There is no unanimous opinion on the methodology of data collection for search engine
comparison. Many researchers argue that data should be collected during off-peak hours
[22]. During peak hours, search engines receive a lot of queries at the same time and the
busy search engines may become slower or even time out before returning the results. We
disagree with this argument. To be attractive to users, a search engine should have

relatively stable performance regardless of the demand. We believe that data collected
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over different periods of time, including both peak hours and off-peak hours, would give

a better indication of the efficiency and effectiveness of a search engine.

To compare and evaluate the five search engines, data were collected over two
weeks, from August 8, 2004 to August 21, 2004. During weekends, data were eollected
on Sundays; during weekdays, data were collected on Wednesdays. For each day, three
samples were collected at Beijing time 10:00 AM, 9:00 PM, and 1:00 AM. The reasons
for selecting these three time instances were to avoid the bias for peak time and off-peak
time collection, and also to avoid the bias for day time and night time samplings. For
each sample, three rounds of search were performed using the five keywords in each of
the five selected search engines. Each round was separated by 30 minutes and only the
first result pages were used for evaluation. The total number of data sets was 3(rounds) X
3(times) X 2(days) X 2(weeks) giving 36 sets, and the total number of searches was
S(keywords) X 5(websites) X 3(rounds) X 12(times) resulting in 900 pages.

4.4.4 Methods of Evaluation

Our search engine evaluation model measures two groups of pérameters: feature and
performance. The parameters in the feature group are qualitative. It is relatively
straightforward to obtain the score for the feature group. Evaluating score for. the
performance is more complicated. The performance criteria selected for the comparison
are relevance, number of hits, response time and number of problems. Relevance is
subjective and needs to be rated by humans. For this purpose, three volunteers were
solicited. The individuals were undergraduate Chinese students at the University of
Victoria. They are comfortable with using search engines but are not experts doing
research on search engines. They can be considered as typical users of Chinese search
engines. The search results from the five search engines were given to them and they
were asked to rate the search engines according to the relevance of the returned results.
No guideline was given as what relevance is in order to maintain the individual’s
subjectivity. We requested the volunteers to assign a score from 1 to 10. All volunteers’
results for each keyword were averaged and normalized for comparison, and used for the

‘quality of result’ parameter in Figures 4.4, 4.5 and 4.8.



35
Instead of using human judgement for the relevance parameter, one can use the

concept of a common list to derive precision and recall scores as described in Section
3.4.2. There are two ways to make up the common list. One way is to use the opinions of
the volunteers to form a “Human list”. A common “Algorithmic list” can also be obtained
using an algorithmic approach. The procedures to generate these lists are described in

Section 4.5.5.

4.5 Analysis of Results

Through the data analysis process, we expect to discover average patterns and the degree
of variations on response time, as well as update frequency as indicated in any changes in
the number of hits in these thirty-six sets of data. The results show that Google and Yahoo
updated most frequently, while Tianwang did not update its database throughout our

experimentation period.
4.5.1 Chinese Language Specific Issues

The results from all five search engines exhibit the peculiarity of the Chinese language.
As expected, results of (b) from Table 4.3 were limited while (a) returned items including
the ones in (b) and (c). In addition, (a) also returned items with the independent phrases
of ‘Chinese’, ‘search’, and ‘engine comparison’, in which engine was interpreted in the
machinery sense. All five search engines exhibit this behaviour. Similarly in (d), retrieved
documents had ‘bird’ (the first character) and ‘flu’ (the second and third character
together) appeared together and also separately. This rendered the results in two
categories either of which may suit the need of the particular user. 'fhis pattern, however,
is valid for all languages to some extent.

To further examine how each engine handles Chinese phrases, we performed
further experiments using additional keywords as shown in Table 4.4. AIDS is a very
specialized word in Chinese and as expected, the free and exact search of AIDS (i)
produced similar results. The left-hand-side word in (ii) is used for ‘angel’ in traditional
literature, while the word on the right hand side is its modern English phonetic
representation. Both forms are widely used these days. The results, as expected, indexed

the two variations into two distinct categories of documents. Similarly, the two variations
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of ice cream (iii), both are English phonetic representations, resulted in two groups of

non-overlapped documents. Finally, in (iv), two sets of documents each referencing a
famous author either by his real name or pen name were returned, with some overlaps.
These results point to the need of a Chinese synonym database to make the search more

effective.

@ | XHA J“30HIR" | A free search and an exact search of AIDS
@) X 1 =)L The two variations of angel
@) | BKERE 1 WK The two vatiations of ice cream
Gv) iR/ ARWA The pen name and real name of a famous author

Table 4.4 Additional keywords

4.5.2. Response Time and Number of Results
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Figure 4.2 Response time versus number of results

Figure 4.2 shows a scatter plot of the response time versus the number of results for all
the keywords used. For each keyword, its response time and number of results are
normalized to the longest response time and the largest number of results among all

keywords’ results. Ideally a good search engine should locate the largest number of



37

documents in the shortest time. This corresponds to the upper-left quadrant in the figure.

For this quantitative measure, Zhongsou and Baidu performed the best.

4.5.3 Features Comparison

In Chapter 3, the hierarchy of the feature parameters group is described. Tables 4.5, 4.6,

4.7, 4.8, 4.9, and 4.10 show the values of the feature parameters for the five selected

engines.
Description Yossble: | Stenof i Zhong| Tian
P values Weight |Google| Yahoo | Baidu soug S
Homepage features
User’s evaluation = aorivilied
number of average b B 1 1 0.84 | 0.73 | 0.77
(U1+U2+U3) s
Help link yes=1,no=0 | "+" 1 1 1 1 1
Result lar}guage yes=1, no=0 nyn 1 1 0 0 0
selection
Divectoty SO, | oy Sompy | mam | 1 1 1 1 1
selection
Advanced. search yes=1,n0=0 | "+" 1 1 1 1 0
selection
Table 4.5 Values of the feature parameters — homepage features
Description Possible | Sign of Resulis 25 -
values | Weight | Google |Yahoo|Baidu |~/ | 138
sou | wang
Database
Directory: normalized |normalized
number of categories | pumber + 0.941 | 0.82 0 1 0.65
Database: normalized |ormalized
total number of pages | pumber + 0.86 1 0.06 | 0.04 | 0.02

Table 4.6 Values of the feature parameters — database
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Desciition Possible | Sign of A Results 7 T
P values | Weight | Google [Yahoo| Baidu | 1" w;‘;
User preferences
Homepage Interface
Language (display the | yes=I, -
tips and message in no=0 N . 0 0 0 0
which languages)
Safe Search Filtering yesil : e 1 1 0 0 0
no=0
Number of Results s
(number of results per y = e 1 1 1 1 0
no=0
page)
Results Window (in the | yes=I, _—_—
new window) no=0 i 1 1 ! : 0
Intelligent input yes=1, -
correction no=0 + 0 0 0 I 0
Set the search default | yes=I, -
homepage no=0 i 0 0 0 ! 0
The Search Option in the| yes=1, -
result's page no=0 i e E i ! :
News display capability | yes=1, =
in search result page no=0 g 0 0 1 0 L

Table 4.7 Values of the feature parameters — user preferences
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: ) Results
et Possible| Sign of Zho Ti
P values | Weight | Google |Yahoo|Baidu ma Wiy
sou | wang
Keyword entry options
yes=L, |y w
Stop word -t 1 1 1 1 1
Case sensitivity yesil 4 " 0 0 0 0 0
no=0
Exact phase (use oo -l " ww
quotation mark) no=0 i ! : : : :
Astens!f v'\'zll:i(':'ard (e.g. yeSfl, o 1 1 1 0 0
) no=0
Search by yes=L, | u 1 1 1 1 0
pronunciation no=0
Boolean operators
AND/and/l'+|l/ll n yesil 2 l'+l| 1 1 1 1 1
no=0
OR/OI'/"I"/"/" Yesil’ nyn 1 0 1 1 0
no=0
NOT/mot/"-" | Y=L |y 1 1 1 1 0
no=0
Others Yesil s | g 0 0 0 0 0
no=0

Table 4.8 Values of the feature parameters — keyword entry options
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. . Results
Description Possible| Sign of Zhong| Tian
values | Weight | Google |Yahoo| Baidu &
sou | wang
Results
Total hits indication | T°> o» |  ny» 1 1 1 1 1
no=0
Number of pages yes=1, s
indication no=0 | ! Lt .
Show search time yerd, e i { 1 1 1 1
no=0
Search within the yeSjl, wyn 1 1 1 1 1
results no=0
Results are ordered yesil, e 1 1 1 1 1
no=0
Results are numbered yerd, e 0 0 0 0 1
no=0
Results in various file yesil, ny 1 0 0 0 1
formats no=0
PRI yes=l, [,
Paid listing/result S0 0 1 1 1 0
yes=1 2 nman
Web page snap 250 + 1 1 1 1 | 1
yes=1 2 nmayn
Related pages =0 + 1 0 0 1 0
Check pages inthe | yes=1, g
same hit's website no=0 * 0 I ) ! 0
Date of the hit ye5j1 s 0 1 1 0 1
no=0 .
Size ofthe hit | Yo &2 | myn 1 1|1 | o 1
no=0
Comments of the hits y;:;z(l), 4 0 0 0 0 0

Table 4.9 Values of the feature parameters — results
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Possible| Sign of

values | Weight | Google | Yahoo | Baidu Zhong| Tian

sou | wang

Description

Search options

Search modifier

Include all ofthe | yes=I,

following keywords| no=0 H 1 ? 1 L 0
Include the St

following exact Y _’ " 1 0 1 0 0
no=0

phrase

Exclude yes=L 1wy 1 0 | 1 1 0
no=0

At least one of yeSTI, e 1 0 1 1 0
no=0

Case s.en51t3v1ty yesil, np 0 0 0 0 0
specification no=0

Others yes=L 1wy 0 o | o | o 0
no=0

Search field (return results where the terms occur)

Anywhere in the | yes=I,

& g 1 1 1 1 1
page no=0
In the title of the yesil N 1 0 1 0 0
page no=0
In the text of the yesil, ny 1 0 0 0 0
page no=0
yes=1l, | wn
In URL of the page ) + 1 0 1 0 0
In the links of the yesil, nyn 1 0 0 0 0
page no=0
Others yes=l, 1w o [ o | o o 0
no=0
Search focus selection
Website yes=L, | wym 1 -1 | 1 i
no=0
yes=l, | wyw
Web page - <3 1 1 1 1 1
. yes=l, | wia '
Directory 10=0 + 1 1 1 | 1
Others (e.g. mp3, | yes=1, | ., 1 1 1 1 1
news, .) no=0

Table 4.10 Values of the feature parameters — search options (continue on next page)



42

Possible| Sign of Results
Deseaption values | Weight | Google | Yahoo | Baidu Zgg::g ;52:;
Search constraint selection
Result language | yes=1, ey 1 1 1 0 0
selection no=0
Result-file Srmat | 7S 2 | wpn 1 1 0 0 1
no=0
Time limiting yes=1, i
capability no=0 - l, i ! 0 0
Search meta words
Site: return results es=1
from the specified };10 :0’ b 1 1 1 1 0
URL or domain
Similar: return -
pages that are yno =0’ g 1 0 0 0 0
similar to the hit .
Links: find pages | yes=1, e
that link to the hit | no=0 * £ . - 1 C
Geographic region: _
search within the yes=l, DR 0 0 1 0 0
no=0
selected ranges
Others (e.g.inurl, | yes=1, i
ntitle,....) | no=0 | . o N

Table 4.10 Values of the feature parameters — search options

Table 4.11 and Figure 4.3 present and compare the results of each major feature group for
the five selected search engine. For illustration pﬁrpose, we assigned different weights to
the six groups as shown in Table 4.11. Following the order listed, the weights assigned
are 0.1, 0.1, 0.3, 0.2, 0.1, and 0.2, respectively. The flexibility of having different search
options is considered the most important factor among the six groups. Table 4.11
tabulates the results of the features group. Figure 4.3 shows the corresponding histograms
for each feature group. It can be seen that different search engine excels in different

search features.
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Parameter value
Weight i
e Google | Yahoo | Baidu Lhoug | Hime
sou wang
Features group score 0.8 0.6 0.6 05 04
Home page features 0.1 1.0 1.0 0.8 0.7 0.6
User preferences 0.1 0.5 04 0.4 0.6 0.0
Search options 0.3 0.9 0.5 0.7 0.4 0.3
Keyword entry options 0.2 0.7 0.7 0.7 0.6 03
Database 0.1 0.9 0.9 | 0.0 0.5 0.3
Result features 0.2 0.6 0.6 0.6 0.5 0.7
Table 4.11 Feature group score
Feature group score
Homepage features
Results features

Database
Keyw ord entry options
Search options

User preferences

Zhong
sou

Tian
wang

Figure 4.3 Feature group score

4.5.4. Performance and Overall Comparison Based on Human Evaluation

As mentioned in Section 4.4.4, volunteers were asked to rate the relevance of the

collected data. Evaluation of the other parameters (problems. response time, number of
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hits) is not subjective and they were obtained easily from the collected data.

Performance comparison

Figure 4.4 shows the scores of the components in the performance group. For
each parameter, the scores from different engines are normalized with respect to the
highest score. Tianwang performs very poorly in response time and number of hits. This
is not very surprising since this engine is intended for a special group, i.e., academics.
Zhongsou excels in response time but ranks very poorly in human-evaluated relevance.
Google and Yahoo have mediocre to good performance in all the categories. Knowing
these characteristics, a user can choose the appropriate search engine to suit his/her
needs.

Performance Score by Human Evaluation

Human evaluation

Number of hits

Response time

Zhongsou

Tianwang

Figure 4.4 Performance with human evaluation

Overall comparison
Figure 4.5 shows a comparison of the overall score with human-evaluated quality
of results (i.e., relevance). Google has the highest score as it is evident that it has many

good features as compared to the other search engines.
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Search Engine Comparison
(Human Evaluation on Quality of Results)
gt T =

Features

Final Score

Performance

Tianwang

Figure 4.5 Overall comparison of the search engines

4.5.5. Search Engine Comparison Based on the Common List

In Chapter 3, the concept of a common list is introduced. Precision and recall are derived
from the common list. To generate the human list, our three volunteers were asked to
create a 25-item list according to their own judgement using the results from the five
search engines, which they thought are relevant to the keyword.

In this research, a simple algorithm is used to compose the common algorithmic
list. To maintain a size of roughly 25 (arbitrarily decided) items in the algorithmic list,
the five top-ranked items from each engine are used. If the total number of items in this
initial attempt is less than 25 due to overlaps, then the top 6 items from each search
engine are considered, and then the top 7 items, and so on. This iterative process
concludes when the common list has 25 or more relevant items. In essence, this common
list is very similar to the recommended list generated by a meta-search engine. Results
from our simple algorithm reported here are for exploratory and illustration purposes. In
real life situations, any of the more sophisticated existing algorithms, such as the ones in

[51] and [30], can be utilized to merge the individual ordered lists into a common ranked
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list. A second common list, the human list, is obtained in a similar fashion using the

individual lists (with 25 items each) as drawn up by the volunteers.

Figure 4.6 shows the relevance rating as discussed based on a human list, while
Figure 4.7 shows the relevance rating based on an algorithmic list. From the histograms,
we can see the results are similar in using these two common lists. This initial and
preliminary experiment shows that an algorithmic list, which can be automated, is

comparable to a human list.

Relevance based on Human list

Figure 4.6 Relevance rating based on a human list
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Relevance based on Algorithmic list

Figure 4.7 Relevance rating based on an algorithmic list

4.5.6 Comparison of Results Obtained from Different Methods

Finally, we would like to examine whether there is significant discrepancy among the
relevance factors obtained using the three different methods. Figure 4.8 shows relevance
comparison among the five search engines using different evaluation methods. Though
the magnitudes are different, the rankings of the five search engines are similar in all
three methods. This gives us confidence on the validity of the common list approach. It is
worthwhile to pursue further the ideas of generating a meaningful common list and

automating the evaluation process.
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Relevance comparison

Human evaluation

Algorithmic list

Figure 4.8 Relevance comparison of the search engines using different evaluation methods

4.6 Conclusions

This chapter presents a case study of the proposed search engine evaluation model. Five
Chinese search engines are evaluated and ranked. The results show the methodology is
valid and the development of an automated, non-subjective search engine evaluation

process deserves further investigation.
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Chapter 5

Analysis and Comparison of Search Engine Performance over
Time

The web is very dynamic and is changing every moment. The performance of a search
engine depends on many factors, the major ones being the rate at which the database is
updated and the effectiveness of the ranking algorithm. These aspects have not been
investigated in details except for a few relatively recent reports by [22] [25] [13]. The aim
of this chapter is to investigate methodologies to quantitatively compare results obtained
from different search engines over a survey period of time.

Section 1 briefly reviews existing work in the literature on analyzing and
comparing search engine performance over time. Data were collected for both Chinese
and English search engines. The data collection process is summarized in Section 2. The
three metrics used to analyze the data are presented in Section 3. Histograms are
employed to present obtained results using these metrics. Section 4 shows how these
histograms are classified into different groups according to their patterhs, and spéculates
the possible reasons for these different patterns with respect to the database update
frequency and the ranking algorithm of the search engines. Presenting data using
histograms allows visual comparisons, though interpreting and inspecting a large number
of histograms is time consuming and difficult. Section 5 introduces a novel method to
quantitatively compare different histograms within the context of search engine
performance. The merits of the proposed method and its potential applications are-

discussed in Section 6.

5.1 Previous Work and Motivation

Search engine evaluations can be broadly classified into two groups: qualitative and
quantitative. Most studies on search engine evaluation are based on human-based

evaluation method [11], [59] and therefore are qualitative in nature. Data collected over a
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time period are presented as histograms to allow visual inspection and analysis. Recently,

quantitative evaluations of search engines have attracted a lot of interest. These methods
compute one or more numbers that reflect the performance of the search engines under
examination [25].

The most straight forward measure to compare the variation of results over time
of a search engine is to compute the number of overlaps among the top ten items in
different days. However, this simple measure fails to specify when these top-ranked items
are the same but different in their rankings in different days.

Spearman’s footrule [43] [5] is introduced to alleviate this problem. In this

| approach the items that are not common in the two lists are excluded and two new ranked
lists are formed which consist of the common items. The two new lists can be represented
as two vectors of equal dimensions. The “distance” between the two vectors are then
computed [25] [24] for performance comparison purpose. The limitation of this approach
is that it compares only the items common in the two lists and completely disregards the
ranks of fhe items not present in both of the lists.

Fagin et al. proposed a method to correct this problem. In this approach, when
comparing two lists of length », any item presents in one list but not in the other one is
assumed to occupy position #+1 in the latter list. The problem is that the items that are
not common in the two lists have a considerable impact on the performance measurement
in Fagin’s approach [44].

It is clear from the above discussion that a single measure cannot adequately
describe the performance of a search engine. One needs to compute a number of
measures to have a better assessment of the performance. This approach was followed by
Bar-Ilan and coworkers [25]. They used a combination of overlaps, Spearman’s footrule,
Fagin’s method and a few other methods to analyze the collected data.

In this work we take a different approach to analyze search engine performance.
We first derive the update or duplication frequency, and the rank change frequency from
the collected data. We use histograms as a visualization tool to quickly get an idea about
the characteristics and performance of a search engine with respect to these frequencies.
Histograms have been used in previous search engine research work [11], but we use it in

a more systematic way. We classify the histograms into different groups according to
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their shape, to gain a better understanding of the search engines’ behaviour. We also

devise a deterministic, quantitative, and automated method for this classification.
5.2 Summary of Data Collection

To investigate the performance of search engines over time, data were collected for a
number of Chinese and English search engines using various keywords over several tirﬁe
periods.

The research work presented in this thesis started with the aim of evaluating
Chinese search engines and data were collected only for them at the beginning of the
project (2005). Later, the scope of .the research was extended for other search engines.
Data were then collected for both English and Chinese search engines. Tables 5.1 and
5.2 give the summaries of data collection for Chinese and English search engines,
respectively. Chao Nv and Furong Sister were selected only for Chinese search engine,

since they were hot topics in Chinese media in 2005 and 2006.

Name of the Engines Keywords

Chao Nv, Furong Sister,

Data collection period

Google, Yisou, Baidu,
Tianwang, Zhongsou

Hurricane, Katrina, New
Orleanbs, Oil Price, Rita,
Tsunami, Bird Flu, Hu Jintao,
Chen Shuibian, WTO

2005-9-20 to 2005-10-25
2006-9-12 to 2006-11-13

Table 5.1 Summary of data collection for the Chinese search engines

Name of the Engines Keywords Data collection period
Hurricane, Katrina, New
Google, Yahoo, MSN, [ Orleanbs, Oil Price, Rita, '
Lycos, Hotbot, AOL Tsunami, Bird Flu, Hu Jintao, 2000-9-12 1 2006-11-15
Chen Shuibian, WTO

Table 5.2 Summary of data collection for the English search engines

5.3 Performance Measurement Metrics

There are many different parameters used for evaluating a search engine over time,
database updates and rank changes are the most commonly used ones. In this chapter, we

focus on these parameters and derive the following three performance measurement
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metrics from the collected data:

* Daily duplication frequency: Quantifies items common between two
consecutive days.

= Period duplication frequency: Quantifies the occurrence of different items over
a period of time.

= Daily rank change frequency: Quantifies the rank change of different items in

two consecutive days.

5.3.1 Daily Duplication Frequency

For each search engine, the top 10 results for every two consecutive days (days x and
x+1) are compared to determine the number.of common items. The normalized

duplication number (D;) is obtained according to the following equation:
D =1 i=l, ..., 10 (5.1)

Here #; is the number of times that i items are common between the top ten items in two
consecutive days. 7 is the data collection period. Histograms are then used to visualize
this overlap, as shown in Figure 5.1. The height of the bars, i.e., D; corresponds to the
degree of overlap in consecutive days. The histogram in Figure 5.1 is based on the results
obtained from Yisou for the keyword Tsunami. The X-axis shows the possible number of
common items, 0 to 10, from day x to day x+1 over T days, and the Y-axis represents the
frequency of i items common in two consecutive days. The height of bar 9 is 26.09. This
means that during the data collection period, 26.09% of the time, 9 items were common

among the top ten items in two consecutive days.
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Yisou — 3% (Tsunami), Frequency of same items from day x to day x+1

Frequency (percentage)
g
o

4.35

o 1 2 3 4 5 6 7 8 9 10
number of same items from day x to day x*1

Figure 5.4 Histograms for daily duplication frequency: Yisou-Tsunami

5.3.2 Period Duplication Frequency

To obtain useful statistics for this metric, the number of unique items appearing in the
data collection period (7) was identified first. These items can appear several times in 7
days ranging from 1 to 7. Q; is defined as:

M, . (5.2)
=i =1 ., T
Q="

Here, M; is the number of unique items appearing i times during the data collection
périod in the top ten positions. N is the total number of items (N = 10 * 7) that appear in
the top ten positions during the time period 7. A sample histogram is shown in Figure 5.2
for GooAgle using the keyword Chao Nv. The X-axis shows the frequency of occurrence
during the data collection period and the Y-axis represents the number of items in
percentage. The height of bar 3 is 17.31. This means that 17.31% of the  items appeared

3 times in the top ten positions over the period 7.
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Google --- Chao Nv (B %)

Number of Items (percentage)
2
o

1 2 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Freguency

Figure 5.5 Histograms for period duplication frequency: Google- Chao Nv

5.3.3 Daily Rank Change Frequency

A key performance criterion for a search engine is how it ranks the relevant pages. To
investigate this, results from each day (day x) are compared to those of the next day (day
. x+1). If item y is in position m in day x and in position & in day x+1, then the change in
rank is (m-k). If an item in day x is not on the list of day x+1, the rank change is marked
as #, which also indicates that there is a new item on the list. If n items for consecutive
days are compared, the n rank-change comparisons (with #n*n item comparisons) result in
a vector of size 2n by 1. The 2n indicates either a ranking drop in the range of -1 to -(n-
1), no change, a ranking rise in the range of +1 to +(»-1), or a disappearance from the top
n. After finishing the comparison over the data set for a period 7, 7-1 such vectors are
available. From those 7-1 vectors, the number of times M;, for each rank change 7, from
-(n-1) to H(n-1) and #, can be derived. The frequency R; of the daily rank change is
expressed as:

(5.3)

M,
R =—2L,i=-(n-1) ... H(n-1), #
i~ (n-1) ... H(n-1)
Here, N is the total number of rank-change comparisons (N = (7-1)*#n). In this work, we
compare the top ten items between consecutive days. Figure 5.3 shows the daily rank

change fréquéncy for search engine Yisou using the keyword Tsunami. The X-axis shows



55
the rank change from -9 to 9 and # The Y-axis represents the frequency of the

corresponding rank change on consecutive days. The height of Bar 0 is 75.65 which
means that there was no rank change among 75.65% out of the N rank-change

comparisons.

Yisou - Tsunami (&%)

Frequency (by percentage)

6. 52]
[ .87 .—
Pt . s . . s
t + + t t + t
B

N
-9 -8 -T 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 T 8 g
rank change mmber (# is the percentags of new items)

Figure 5.6 Histograms for daily rank change frequency: Yisou- Tsunami

5.4 Analysis of Results

The shape or pattern of the histograms provides important information about the search
engine’s characteristics. After examinihg the shape of all the histograms, they were
classified into different groups. The data collected were rather large in size and the
number of histograms obtained was approximately one thousand. Therefore, only
representative histograms are presented in the following discussions. The complete set of

histograms can be found in Appendix and at http://www.ece.uvic.ca/~wangyl/.

5.4.1 Daily Duplication Frequency

The daily duplication frequency histograms can be classified into three groups according
to their shape.

Group DD-R: The bars at the right end have comparatively higher height. An example
of this is shown in Figure 5.4. This is the duplication frequency for the keyword Tsunami
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from search engine Baidu. This indicates the duplication in two consecutive days is very

high.

Baidu — 35%(Tsunami), Frequency of same items from day x to day x+1

Frequency (percentage)
8
o

0 1 2 3 4 5 6
number of same items from day x to day x+1

Figure 5.7 Histogram for daily duplication frequency: Baidu-Tsunami

Group DD-U: There is no dominant bar at either ends, rather, the bars are distributed
almost uniformly along the X-axis with similar heights. In this case, there are various
degrees of duplication between consecutive days. An example of this is shown in Figure
5.5 for the keyword Chao Nv using search engine Zhongsou.

Zhongsou — #3x(Chao Nv), Frequency of same items from day x to day x+1

70.00

60.00

50.00

40.00

Frequency (percentage)

2.2 2.22

10.00 1 555

0.00 4 + + + -
0 1 2 3 4 5 6 7 8 9 10
number of same items from day x to day x+1

Figure 5.8 Histogram for daily duplication frequency: Zhongsou: Chao Nv
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Group DD-L: The highest bars are concentrated at the left side. An example of this is

shown in Figure 5.6 for search engine Tianwang with keyword Hurricane. In this case

duplication between consecutive days is relatively low.

Tianwang — R R (Hurricane), Frequency of same items from day x to day x+1

100.0

Frequency (percentage)

12.50

1§

[ 1 2 3 4 5 6 7 8 9 10
number of same items from day x to day x+1

Figure 5.9 Histogram for daily duplication frequency: Tianwang-Hurricane

Possible reason for the different shapes:

We speculate that the main reason for the different shapes in the histograms is due to the
variations in the update frequency of a search engine’s database. If a search engine
updates its database on a regular basis, a histogram belongs to DD-L is expected. On the
contrary, if the database update frequency is low (weekly for example) the histogram
would belong to DD-R. Histogram belonging to DD-U represents a situation in between
these two cases.

The query keyword also has an effect on the search results. When a keyword is
related to a widely discussed and recent topic, there are lots of changes almost on an
hourly basis. Therefore, the search results are very different between consecutive days
and a DD-L histogram is expected. For a topic which is relatively outdated, the number
of updates would be less frequent. As a result, the histogram may look like a DD-U, or in
between DD-U and DD-R, or in between DD-U and DD-L. An example is the daily
duplication frequency histograms for Google in 2005 and 2006 as shown in Table 5.3.

Tsunami was a very hot topic in 2005 and therefore the histogram for this time period is a
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DD-R. In 2006, Tsunami was still a hot keyword but less popular than in 2005.

Therefore, the 2006 histogram looks different. It can still be considered as a DD-R but is

becoming closer to DD-U indicating less Tsunami related updates on the web.

2005-9 2006-9

i E
I == — E -
Group DD-R Group DD-R

Table 5.3 Comparison for Google-Tsunami between 2005 and 2006

- Another reason for the change of shape may be related to the ranking algorithm
used by the search engine. It has been shown in previous work [22] that sometimes a
search engine fails to rank web pages in a consistent manner. The ranking of some pages
keep changing over time. These “mishandled URLs” can also affect the shape of the
histograms. |

5.4.2 Period Duplication Frequency

The histografns for period duplication frequency can also be classified into three groups.

Group PD-R: The bars at the right end have comparatively higher height. Figure 5.7
shows two such cases. In Figure 5.7 (a) the bar at the right end is high and the bars to its
left are much lower. This means many items are repeated from one day to another. An
extreme case is shown in Figure 5.7 (b) where the ten items are repeated for everyday

during the data collection period.
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Google — Hu Jintao (339 3F)

Number of Items (percentage)

1 23 456 7 8 9 1011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31 32
Frequency

(@)

Google -— Katrina (£ E8)

Number of Items (percentage)
38
o

1 2 3456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Frequency

(b)
Figure 5.7 Histogram for period duplication frequency: Google-(a) Hu Jintao, (b)Katrina
Group PD-L: The highest bars are concentrated at the left side. Figure 5.8 shows an

example of Google with keyword Rita (the hurricane Rita that hit the U.S. Gulf Coast in
2005).
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Google — Rita (F#5)

Number of Items (percentage)

1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Frequency

Figure 5.8 Histogram for period duplication frequency: Google-Rita

Group PD-M: The bars in the middle are the highest. This represents a situation between
PD-R and PD-L. There are many items which appear during half of the data collection
period but are not on the list all the time. An example is shown in Figure 5.9.

Lycos — Katrina

35.00

Number of Items (percentage)
3
o

...........................
1 23 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Frequency

Figure 5.9 Histogram for period duplication frequency: Lycos-Katrina

Possible reason for the different shapes:
The shapes to a great extent depend on the search engine’s database update frequency and
the popularity of the keyword. If the database is updated frequently and the keyword is a
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very hot topic, there will be many new items and very few repetitions, resulting in a PD-

R histogram. If the topic is outdated and/or the database is updated infrequently, a PD-L
histogram is most probable. Group PD-M represents situation in between these two

extremes.
5.4.3 Daily Rank Change Frequency

One of the most important properties of any search engine is its ability to rank the
relevant pages properly. The shape of the rank-change histogram gives very important
information regarding the search engine. Again, three groups of histograms are identified.
Group DR-N: Bar # is very high as shown in Figure 5.10. This means that there are

many new items on the top ten list from day x to day x+1.

Tianwang -~ Hurricane (&)

100.00
90.00
82. 50
80.00
= 70.
g 70.00
o
T
$ 60.00
g
g
Z 50.00
g
2 40.00
£l
o
5
£ 30.00
20.00
10.00
2.50 3.75 2.50 2.50
1.25 1.25 1.25 -50 3 25 1.25
AP N TS  ——

9 =8 = =6 =5 =4 =3 =2 =1L 0 1 2 3 4 5 6 7 8 9 #
rank change number (# is the percentage of new items)

Figure 5.10 Example of very high Bar #: Tianwang-Hurricane

Group DR-Z: Bar 0 is very high as shown in Figure 5.11. This means that there is very
little rank change from day x to day x+1.
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Figure 5.11 Example of very high Bar 0: Zhongsou-Chao Nv
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Group DR-N-Z: Both bar # and bar 0 have relatively high height as shown in Figure

5.12. This means that there are many new items in consecutive days, but the common

items have no change in their ranking.

Zhongsou — Hurricane (FER)

40. 00|

Frequency (by percentage)
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o
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3.81
0.95 0.95 0.05 1.90
000 e ey e

< -8 7 6 -5 -4 -3 -2 -1

0

3.33

0.48 0.95 0.48
—

1

2 3 4

5
rank change mumber (# is the percentage of new items)

6

7

8

9

#

Figure 5.12 Example of Bar # and Bar 0 both have high height: Zhongsou-Hurricane

Possible reasons for the different shapes.

It is almost impossible to conclude the specific reasons for the different shapes because

there are so many factors that could affect the ranking: the ranking algorithm used, how

often the search engine changes its ranking algorithm, and the database update frequency.
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5.4.4 Concluding Remarks

From the above analyses, one can conclude that there are many factors contribute to the
observed characteristics of the performance measurement metrics:
e The ranking algorithm of the search engine is modified.
e The database update frequency has changed.
e The search engine has found pages which are more relev@t than the existing
pages in its database. -
e The search engine discovers that the content of the page has changed and it is no
longer relevant.
e The URL disappears from the web or the crawler fails to find the same page
because of communication problem or server failure.

e Some unknown reasons.

5.5 A Quantitative Method for Comparing and Classifying Histograms

The previous sections have presented the performance measurement metrics with the aid
of histograms. The histograms are classified into different groups by visual inspection;
however, this manual process is not practical. This section introduces a method to
compare and classify histograms in a quantitative and deterministic manner. The
proposed method is similar to that used for image processing [57] but is novel in its
application to search engine evaluation.

Histograms are statistical distributions and therefore can be characterized by a
number of parameters such as mean, median, skewness, etc. A vector can be used to
represent a histogram. Let this vector be h={pi.piz, pis ...} where p;’s are the various

statistical parameters for a specific histogram.
| Since histograms can be represented by vectors, therefore different histograms
can be compared by using their corresponding vectors. The most common way to
compare two vectors is to compute the “distance” between them. However, there is one
significant difference between an ordinary vector v; (representing the three-dimensional
velocity of an object for example) and the vector A; representing a histogram. In the

former case each component of the vector represents similar quantity and it is logical to



64
assign similar weight to the different components. Therefore, a measure of distance

between two vectors vI={xI, y1, zI,...} and v2={x2, y2, z2,...} is given by
A=(x1-x2)> +(y1-y2)* +(z21-22)* +.... , (5.3)

In the case of h;, the magnitude of the components pi;, pi2, pi3 etc. can be

significantly different since they represent different properties of the histograms. For

example, the median is usually larger than the standard deviation. Therefore it is

reasonable to scale the different components by appropriate weights. This will make the

comparison more meaningful as all the factors are equally relevant. The same approach

has been taken by previous work in other fields as well [57].

Suppose A; and h, are two vectors representing two histograms.

hy ={Py1> P12> D135} : (5.9
Bs=4D5is Pogs Pigessessse } (5.5)

Based on the description above, the distance between these two vectors (A,_,) can be

calculated as

A, =wi(p, - p21)2 +w,(py _le)z +ws(py _le)2 Tt (5-6)

Here, w;’s are the weights assigned to different parameters to make their significance
similar.

Three commonly used statistical properties, median (p), standard deviation (0)
and skewness (S) are used in our method. Mean is not used since the histograms are
normalized. So the sum of the heights of the bars in any histogram always equals to 1,
rendeﬁng this measure useless. For a data set {x, x, ..., x5} the standard deviation o-and
skewness S are defined as
(5.7)

1 < 24172
U—[N_lé(xiv—ﬂ) ]

NS o

Though median, standard deviation and skewness give important information
about the histogram, to complete the description some additional statistical parameter is
necessary. The concept of expected value is used here to include the bars’ values on the

X- and the Y-axis for consideration. For histograms within the same group, their
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- expected values should be similar. The ExpectedValue is calculated according to the

following equation:
ExpectedValue = i w; * Bar, (59)
i=1

Here, n is the number of bars, w; is the weight for Bar;, and Bar; is the value for
the i™ bar. The values of the weights (w;) for the histograms are w;=k, with k=1 to 11 for
the daily duplication frequency, k= 1 to 20 for the daily rank change frequency, and k= 1
to T for the period duplication frequency.

The proposed method starts with identifying the benchmark histograms for
different groups and determining the values of the statistical parameters for them. Tables
5.4, 5.5 and 5.6 show the benchmark histograms for the different groups in daily
duplication frequency, period duplication frequency and rank change frequency,
respectively. These hiétograms resemble the “ideal” or extreme cases for the different
groups. The relevant statistical parameters for the benchmark histograms are shown in
Tables 5.7, 5.8 and 5.9.

Group DD-R

Fregurey (urstapd
geLEssgLess

Daily Duplication Group DD-U
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...........

Group DD-L
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s 28 B8 LB 8§

...........

Table 5.4 Benchmark histograms for daily duplication frequency
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Table 5.5 Benchmark histograms for period duplication frequency

For Group PD-M, if the frequency scale x; is an even number, the two-bar benchmark is

used. If the frequency scale x; is an odd number (here, x=x;+1), the one-bar benchmark

is used. The values of the four statistical parameter values are the same for these two

benchmarks.
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Table 5.6 Benchmark histograms for daily rank change frequency

Median | Standard Deviation | Skewness | ExpectedValue
Group DD-R 0 0.30 332 11
Group DD-U 0.09 0 -0.66 6
Group DD-L 0 0.30 3.32 1

Table 5.7 Statistical parameter values for the daily duplication frequency benchmark

Median | Standard Deviation | Skewness | ExpectedValue
Group PD-R 0 0.18 5.48 31
Group PD-L 0 0.18 5.478 1
Group PD-M 0 0.13 3.66 15.5

Table 5.8 Statistical parameter values for the period duplication frequency benchmark

Median | Standard Deviation | Skewness | - ExpectedValue
Group DR-N 0 0.22 4.47 20
Group DR-Z 0 0.22 4.47 10
Group DR-N-Z 0 0.15 2.89 15

Table 5.9 Statistical parameter values for the daily rank change frequency benchmark
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The next step is to determine the weights necessary to scale the statistical

parameters to similar magnitude. Through trial and error, the most appropriate weights

used for the histograms are determined and shown in Table 5.10.

Median Star}dgrd Skewness | ExpectedValue
Deviation
Daily duplication frequency 1000 100 1 1
Period duplication frequency 1 100 1 0.1
Daily rank change frequency 1 0.01 1 1

Table 5.10 The weights used for different kinds of histograms

To determine the distance between a histogram and a benchmark, the following

equation is used:

Aengine—standard =W (:lleng - #bench )2 + W, (O-eng & o-bem:.h)2 * Wy (Seng . Sbench )2 (51

2 0)
+w4(leng _zbem:h)
Here leng, Oing, Sengy Xemg are the median, standard deviation, skewness and

ExpectedValue of the histogram under investigation and fsench, Obenchs Sbenchs Xsra are the
median, standard deviation, skewness and ExpectedValue of the benchmark. The

classification of a histogram is based on the shortest distance from a benchmark.

5.6 Validation of the Proposed Method

To validate our approach, a number of cases are presented here. It should be mentioned
that the example cases were chosen at random from the collected data and they represent
tYpical results obtained for all keywords and search engines. For the first two cases, it is
very easy to determine by visual inspection which group the histogram belongs to. The
proposed method was applied to many histograms obtained from the collected data sets.
The results of the distance measure using statistical parameters always match that
obtained from visual inspection. The third example is for a case where it is difficult to
classify the histogram with confidence solely by visual inspection and therefore
illustrates the usefulness of the propésed method.

The first example is for English search engines and the keyword is Tsunami. Data
collection period is from 2006-9-12 to 2006-11-13. Tables 5.11, 5.12 and 5.13 show the

results for the three performance measurement metrics.
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Keyword /
Date / Parameters | Google | Yahoo | MSN | Lycos | Hotbot | AOL
Metric
Median 0.00 0.00 0.00 0.00 0.00 0.00
Standard | 57 00 | 2910 | 18.07 | 24.05 | 19.93 | 28.08
Deviation
Skewness 3.25 3.31 2.42 3.17 2.62 3.29
Tsunami/ | 2P | 1090 | 9.97 | 1035 | 1055 | 1035 | 10.94
Value
2006-09-12 Distance from
to 7.14 9.36 4.37 5.86 4.76 792
Group DD-R
2006-11-13 Dist &
MDaily | ST | 5483 | 4824 | 39.10 | 49.42 | 41.94 | 56.11
duplication = (t)uP fr(-)m
& istance A
equency Group DD-L 105.14 | 88.71 | 91.47 | 96.83 | 91.85 | 106.43
Group to
which the Group | Group | Group | Group | Group | Group
engine DD-R | DD-R | DD-R | DD-R | DD-R | DD-R
belongs
Table 5.11 Daily duplication frequency: Tsunami
Keyword/
Date/ Parameters | Google | Yahoo | MSN | Lycos | Hotbot | AOL
Metric
Median 0.00 0.00 0.00 0.00 0.00 0.00
Standard |14 | 014 | 007 | 010 | 008 | 0.5
Deviation
Skewness 5.28 5.41 3.66 3.92 3.03 5.46
Tsunami / Expected :
2006-09-12 Value 25.83 | 28.80 | 19.50 | 16.74 | 15.14 | 29.09
to Distance from
2006-11-13 | Group PD-R 2.98 0.66 18.25 | 24.02 | 33.09 0.50
/ Distance from
Period Group PD-L 61.98 | 77.46 | 39.25 | 2845 | 27.95 | 79.05
duplication | Distance from
frequency | Group PD-M 12.91 | 20.33 1.85 0.25 0.83 21.29
Group to :
which the Group | Group | Group | Group | Group | Group
engine PD-R | PD-R | PD-M | PD-M | PD-M | PD-R
belongs

Table 5.12 Period duplication frequency: Tsunami
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KCI};‘;:d : Parameters Google | Yahoo | MSN | Lycos | Hotbot | AOL
Metric
Median 0.00 0.00 0.00 0.00 0.00 0.00
, Standard 1944 | 2228 | 17.71°| 20,63 | 2012 | 2064
Tsunami Deviation
/ Skewness 4.43 4.47 433 4.45 4.44 4.45
2006-00- {  [Expested 10.10 | 10.04 | 1037 | 1041 | 10.60 | 10.07
12 Value
to Distance from
2006-11- Group DR-N 101.81 | 104.15 | 97.84 96.24 92.37 | 102.85
13 Distance from
/ Group DR-Z 3.88 4.86 5.25 4.36 4.45 421
Daily rank | Distance from
change Group DR-N-Z 30.07 32.05 26.57 27.75 25.71 30.98
frequenc ;
" ¥ Grglup ::1 v;’nhQCh Group | Group | Group | Group | Group | Group
lfelongg . DR-Z | DR-Z | DR-Z | DR-Z | DR-Z | DR-Z

Table 5.13 Daily rank change frequency: Tsunami

Table 5.14 shows the corresponding histograms for the results shown in Tables 5.11,
5.12, and 5.13.



71

Tsunami

Daily duplication

Period duplication
frequency

Daily rank change

frequency

e =
Google 3~ i':
Eae =
g i =i | >
Yahoo !:: : i
Eee 3 -
: Tl s S ceseeee
MSN i i I
=1 'l'= | ol
e '_'..'..'..'..Ej = = L L 4ot d 5 < ‘i L =
= } §a
- H l...
Lycos %:: ' o
= ! T e
5! | =
YYOrrerrrrer O nnnOnOnone =
§ [ i
Hotbot i Ei ; i
! dae
R ..‘..¥ i ii L S OGO i
! i i
AOL = 1 i
TR TR o 1 = A

Table 5.14 Corresponding histograms for table 5.11, 5.12 and 5.13

The second example is for Chinese search engines and the search word is New Orleans.

Data collection period is from 2005-09-20 to 2005-10-25. Tables 5.15, 5.16, and 5.17

summarize the results for the three perfofmance measurement metrics.
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Keyword/ :
Date/ Parameters Google | Yahoo | Baidu T | Zhotg
- wang sou
Metric
Median 0.00 0.00 0.06 0.11 0.08
Standard Deviation 0.12 0.15 0.09 0.10 0.11
New Skewness 1.17 1.95 1.18 0.41 1.93
Orleans / Expected
2005-09-20 Value 8.94 9.12 7.53 5.89 7.62
to Distance from
2005-10-25 Group DD-R 12.10 7.58 24.61 51.10 22.86
/ Distance from
Daily Group DD-U 21.73 27.19 7.54 2.51 10.77
duplication Distance from
frequency Group DD-L 70.92 69.93 55.20 48.88 55.16
Group to which the Group | Group | Group | Group | Group
engine belongs DD-R | DD-R | DD-U | DD-U | DD-U
Table 5.15 Daily duplication frequency: New Orleans
Keyword/ s
Date/ Parameters Google | Yahoo | Baidu Tian | Zhoug
L wang sou
Metric .
Median 0.04 0.02 0.01 0.06 0.02
Standard Deviation 0.07 0.07 0.10 0.19 0.12
New Skewness 1.56 1.04 2.60 2.66 2.59
Orleans / Expected
2005-09-20 Value 7.12 7.22 3.27 2.33 2.98
to Distance from
2005-10-25 Group PD-R 73.59 77.57 85.79 90.15 87.20
/ Distance from
Perind Group PD-L 20.31 24 .87 9.43 8.10 9.07
duplication Distance from
frequency Group PD-M 11.73 14.08 16.13 18.72 16.82
Group to which the Group | Group | Group | Group | Group
PD-M | PD-M | PD-L PD-L PD-L

engine belongs

Table 5.16 Period duplication frequency: New Orleans
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Keyword/ .
Date/ Parameters Google | Yahoo Baidu e Zhong
Metri wang sou
etric
Median 0.00 0.00 0.00 0.00 0.00
idndaec 13.82 | 1449 | 7.23 6.56 | 12.80
Deviation
New Skewness 4.12 4.05 2.79 4.08 434
Orleans / Expected :
2005-09-20 ilie 12.31 11.25 14.14 | 1546 13.22
to Distance from
2005-10-25 Group DR-N 61.11 78.69 3763 | 21.21 47.64
/ Distance from
Daily rank Group DR-Z 7.30 3.79 20.45 | 30.32 11.95
change Distance from
frequency Group DR-N-Z 10.63 17.44 1.25 ‘ 2.05 6.80
Grt(;:;p ;z Wh;Ch Group | Group | Group | Group | Group
et DR-Z | DR-Z |DR-N-Z | DR-N-Z | DR-N-Z
belongs :

Table 5.17 Daily rank change frequency: New Orleans

Table 5.18 shows the histograms from different search engines for New Orleans.

A comparison of these histograms with the results presented in Tables 5.15, 5.16, and

5.17 shows exact classifications for daily duplication frequency and period duplication

frequency. For daily rank change frequency, the classifications from the proposed method

match that with visual inspection, except for Google and Zhongsou. When the distance

measures show significant difference to different benchmarks, then the classification can

be done easily by inspection. However, if the distances to the benchmarks are similar and

comparable, let say 5 or less, then classification by visual inspection becomes very

subjective and difficult.
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New Daily duplication Period duplication Daily rank change
Orleans frequency frequency frequency
i L -
Google = = ; =
T cnc B o e
I I -
Yisou L : g-
k = i Iz
. i | =
Baidu = i i -
I i iz i
a — = T = 7 ;
e oLl e 8
r ! z
2 ‘ i =
Tianwang 3:; i i-
G e B
r I -
Zhongsou P R = ==

Table 5.18 Corresponding histograms for tables 5.15, 5.16 and 5.17

To illustrate the applicability of the proposed method, the classification of the daily rank

change histogram for Google is examined more closely here. It is difficult to determine

whether the histogram belongs to group DR-N-Z or group DR-Z by visual inspection,

even with an enlarged histogram as shown in Figure 5.13. However, our proposed

method provides a deterministic means that classifies the histogram under Group DR-Z

(distance 7.3) rather than DR-N-Z (distance 10.6), thus eliminating any ambiguity,

subjectivity, and uncertainty associated with human inspection.
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Figure 5.13 Histogram for daily rank change frequency: Google-New Orleans

5.7 Application of the Proposed Classification

The proposed classification method identifies the benchmarks for the different groups
and compares histograms for specific keyword and search engine to those benchmarks. A
user can quickly find out which group a histogram belongs to and get an idea of the
characteristics of that search engine. Furthermore, knowing the characteristics of the
search results for a particular topic enables a user to choose the most appropriate search

engine that suits his/her needs.

5.8 Conclusions

The variation of search results over time for a number of English and Chinese search
engines are investigated using the three performance measurement metrics. The
~ histograms representing the results are classified into different groups according to their
shapes, patterns, and heights. Possible reasons for these groupings are discussed. A
deterministic method to compare and classify histograms quantitatively is presented. The
proposed method, which can easily be automated, is a very useful tool for analyzing and

comparing results from different search engines.
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Chapter 6

Conclusions and Future Work

6.1 Conclusions

The main objective of this thesis is to explore evaluation methods for search engines and
to develop a model for automated evaluation. The main contributions of this thesis are:

= A novel model for search engine evaluation is proposed. Search engine features
are divided into groups and subgroups. This provides a very convenient way to
compare search engines, in whole or in particular aspects. The concept of a
common list is introduced to make automation of the evaluation model possible.
The model is used in the evaluation of several search engines to illustrate its
usefulness for researchers, individual users, and service providers.

* An extensive survey of the existing Chinese search engines has been carried out.
The unique challenges that Chinese search engines are facing are examined. The
most popular engines are identified and their performance is analyzed using
different evaluation methods.

= The variation of search results over time is investigated. Three performance
measurement metrics are introduced to quantify the variation. Data are collected
for several popular English and Chinese search engines. The metrics derived from
the collected results are represented by histograms and classified into different
groups based on the shape of the histograms. Possible reasons for the different
shapes are discussed.

* A method is proposed for quantitative comparison of the histograms based on
their statistical characteristics. This provides a fully automated means to compare
histograms and removes the uncertainty and inaccuracy that may result from

visual inspection.
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6.2 Future Works

Further investigation can be undertaken to improve the proposed evaluation model,
performance measurement metrics, and classification of search results. Possible addition
and modification of the feature parameters would make the evaluation model more
complete and. ensure more meaningful evaluation. The evaluation results shown in this
work are for the purpose of proof of concept only. More research is necessary to make
the model and fhe evaluation methods practical.

The usefulness of the proposed evaluation model depends critically on the
weights assigned to the different features and on the quality of the common list. Finding a
proper scheme to assign appropriate weights to different features is important, though this
weight assignment could be a persohal preference given by individual users. The
common list used in this work is generated by simply merging the search results from
different engines. Further investigation is necessary to ascertain whether a better fusion
algorithm will provide more meaningful and useful information on the search engines

being evaluated.
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Appendix

Results using Tsunami as the keyword are shown here for the three performance

measurement metrics, for both Chinese and English search engines. For the complete sets

of results, please visit: http://www.ece.uvic.ca/~wangyl.

A.1 Daily Duplication Frequency, Chinese Search Engines

Keyword Parameters Google Yahoo Baidu | Tianwang | Zhongsou
Median . 0.00 0.00 0.00 0.00 0.00
i 0.22 0.24 0.21 0.25 0.27
Deviation
Ts - Skewness 2.80 3.12 2.94 3.21 3.24
ExpectedValue 10.69 10.72 10.00 10.74 10.90
From | Distancefrom | g9 0.53 2.06 0.33 0.12
Sep. 12, Qroup DD-R
200610 | Diswncefiom | 4719 | 5052 | 4146 | 5208 | 5470
Oct. 12, TOup DD-U
2006 Distance from
Group DD-L 94.78 95.01 82.06 95.07 98.05
Gl'&lzp :; Wh::h Group Group Group Group Group
ein DD-R DD-R DD-R DD-R DD-R
belongs
| Keyword Parameters Google Yahoo Baidu | Tianwang | Zhongsou
Median 0.00 0.00 0.00 0.00 0.00
Stal.]d%rd 0.22 0.22 0.27 0.24 0.20
Deviation
T . Skewness 2.95 2.95 3.25 3.16 2.84
ExpectedValue 10.68 10.68 10.90 10.69 10.42
Distance from
From
O‘ci OIII;, Group DD-R 0.84 0.84 0.11 0.48 154
e Distance from
2006 to :
i Group DD-U 48.20 48.20 54.95 50.72 44.24
2006 Distance from
Group DD-L 94.39 94.39 98.17 94.33 89.90
Grg;p ;ﬁ V.Vh::h Group Group Group Group Group
- DD-R DD-R DD-R DD-R DD-R
belongs




A.2 Period Duplication Frequency, Chinese Search Engines
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Keyword

Parameters Google Yahoo Baidu Tianwang | Zhongsou
Median 0.00 0.00 0.00 0.00 0.00
Stmcand 0.11 0.07 0.07 0.1 0.15
Deviation
Skewness 4.50 3.04 3.54 2.39 5.28
Tsunami ExpectedValue 22.00 19.06 18.00 10.53 28.09
Distance from
From Sep. Group PD-R 9.59 21.55 21.92 51.99 0.99
12,2006 to | Distance from
Oct. 12, Group PD-L 45.59 39.93 33.92 19.14 73.54
2006 Distance from '
Group PD-M 497 2.03 0.96 4.11 18.54
Grgll;p ;ﬁ Wh::h Group Group Group Group Group
5 i PD-M PD-M PD-M PD-M PD-R
elongs
Keyword Parameters Google Yahoo Baidu Tianwang | Zhongsou
Median 0.00 0.00 0.00 0.00 0.00
Standard 0.06 0.09 0.1 0.1 0.06
Deviation
Skewness 2.99 425 4.96 4.55 2.54
Tsunami ExpectedValue 8.89 6.40 5.42 22.00 9.65
Distance from
Fiom Oct. Group PD-R 25.28 11.74 2.75 9.42 32.66
13,2006 to | Distance from
Nov. 13, Group PD-L 35.94 43.74 66.75 4542 32.66
2006 Distance from
Group PD-M 1.47 3.90 14.20 5.04 1.74
Grt(;lup w V.Vhwh Group Group Group Group Group
e HETe PD-M PD-M PD-R PD-M PD-M
belongs




A.3 Daily Rank Change Frequency, Chinese Search Engines
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Keyword Parameters Google Yahoo Baidu | Tianwang | Zhongsou
Median 0.00 0.00 0.00 0.71 0.45
e 1191 | 1724 | 2058 6.57 12.46
Deviation
Skewness 3.64 4.27 4.35 3.76 427
. | ExpectedValue 10.33 10.27 10.66 10.41 10.10
L Distance from
95.55 97.70 91.38 93.38 99.68
Group DR-N
From Sep. Distance fr
12,2006 to. | = RCHOR, | . 5 {7 3.01 4.60 1.59 1.75
- Group DR-Z
Oct. 12, -
2006 Distance from
Group DR-N- 23.74 27.23 25.15 22.75 27.62
Z
Grt(l)llz:p :1 Wh::h Group Group Group Group Group
& DR-Z DR-Z DR-Z DR-Z DR-Z
belongs
Keyword Parameters Google Yahoo | Baidu Tianwang | Zhongsou
Median 0.00 0.00 0.00 0.71 0.45
L siesas 11.91 1724 | 2058 6.57 12.46
eviation
Skewness 3.64 4.27 435 3.76 427
. | ExpectedValue 10.32 11.29 10.07 10.35 10.59
s Distance from
_ ' 95.84 78.79 102.81 94.56 90.35
Group DR-N
From Oct. Distance fr
13, 2006 to G‘TS cerom | 216 4.61 4.16 1.54 2.09
Nov. 13, oup DR-Z
2006 Distance from_
Group DR-N- 23.88 18.58 30.64 23.31 23.12
Z
Grtc;;;p :; V.Vh::h Group Group Group Group Group
il DR-Z DR-Z DR-Z DR-Z -| DR-Z

belongs




A.4 Daily Duplication Frequency, English Search Engines
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belongs

Keyword Parameters Google | Yahoo | MSN Lycos | Hotbot | AOL
Median 0.00 0.00 0.00 0.00 0.00 0.00
S‘a‘.‘d?rd 2339 | 2616 | 2095 | 19.07 | 1818 | 24.43
eviation
Skewness 3.00 3.19 2.67 2.04 2.08 3.02
Tsunami | ExpectedValue | 10.74 9.61 9.61 10.48 10.42 10.81
Distance from
From Sep. Group DD-R 5.50 8.63 6.61 5.43 5.07 5.95
12, 2006 to | Distance from
Oct. 12, Group DD-U 49.61 43.03 36.77 39.29 38.61 50.90
2006 Distance from
Group DD-L 100.34 | 80.88 78.87 95.10 93.45 102.08
Gr:})llzp ;ﬁ Wh::h Group | Group | Group | Group | Group Group
an DD-R | DD-R | DD-R | DD-R | DD-R | DD-R
belongs
Keyword Parameters Google | Yahoo | MSN | Lycos | Hotbot | AOL
Median 0.00 0.00 0.00 0.00 0.00 0.00
S@@d 27.00 29.10 18.07 24.05 19.93 28.08
Deviation
Skewness 3.25 3.31 242 3.17 2.62 3.29
Tsunami | ExpectedValue | 10.90 9.97 10.35 10.55 10.35 10.94
Distance from
T Group DD-R 7.14 9.36 4.37 5.86 4.76 7.72
13,2006 to | Distance from
Nov. 13, Group DD-U 54.83 48.24 | 40.00 49.42 41.94 56.11
2006 Distance from
Group DD-L 105.14 | 88.71 91.47 96.83 91.85 106.43
Grt(});;p ;g vf’hf:h Group | Group | Group | Group | Group Group
gin DD-R | DD-R | DD-R | DD-R | DD-R | DD-R




A.5 Period Duplication Frequency, English Search Engines

88

Keyword _ Parameters Google | Yahoo | MSN Lycos | Hotbot | AOL
Median 0.00 0.00 0.00 0.00 0.00 0.00
gscand 011 | 011 | o008 | 008 | 008 | o011
Deviation
Skewness 491 3.63 3.59 4.37 4.03 5.10
Tsunami | ExpectedValue | 24.62 24.00 23.75 22.64 21.13 24.62
Distance from
FromSes. Group PD-R 5.05 9.54 10.39 9.59 13.40 4.82
12,2006 to | Distance from Al s
Oct. 12, Group PD-L 56.74 57.54 56.89 49.45 44.20 56.52
2006 Distance from
Group PD-M 9.57 7.28 7.00 5.63 345 10.04
Gl;(;;p ;)1 V.Vh;Ch Group | Group | Group | Group | Group | Group
i PD-R | PD-M | PD-M | PD-M | PD-M | PD-R
belongs
Keyword Parameters Google | Yahoo | MSN Lycos | Hotbot | AOL
Median 0.00 0.00 0.00 0.00 0.00 0.00
Stangard 0.4 | 014 | 007 | 010 | 008 | o015
Deviation
Skewness 5.28 5.41 3.66 3.92 3.03 5.46
Tsunami | ExpectedValue | 25.83 28.80 19.50 16.74 15.14 29.09
Distance from
From Oct. Group PD-R 2.98 0.66 18.25 24.02 33.09 0.50
13, 2006 to | Distance from
Nov. 13, Group PD-L 61.98 77.46 39.25 28.45 27.95 79.05
2006 Distance from
Group PD-M 12.91 20.33 1.85 0.24 0.83 21.29
Grtc;;p ; Wh:h Group | Group | Group | Group | Group | Group
belongg‘: PD-R | PD-R | PD-M | PD-M | PD-M | PDR




A.6 Daily Rank Chang Frequency, English Search Engines
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Keyword Parameters Google | Yahoo | MSN Lycos | Hotbot | AOL
Median 0.00 0.00 0.00 0.00 0.00 0.00
Standzed 20.86 | 2070 | 1944 | 1771 | 1756 | 19.39
Deviation
Skewness 4.46 4.46 443 4.33 4.32 4.42
Ts ) ExpectedValue 10.26 10.43 10.37 10.47 10.53 10.19
Distance from | g5 17 | 9580 | 9658 | 9597 | 9491 | 100.18
Group DR-N
Feom.sep. Distance from '
12, 2006 to s 4.34 4.40 4.04 5.28 5.52 3.99
Oct. 12 Group DR-Z
20'0 6 ’ Distance from
Group DR-N- 29.25 27.56 27.49 25.72 25.06 29.18
Z
Gr&tp ;g V.thh Group | Group | Group | Group | Group | Group
8% | DRZ | DRZ | DRZ | DR-Z | DR-Z | DRZ
belongs
Keyword Parameters Google | Yahoo | MSN | Lycos | Hotbot | AOL
Median 0.00 0.00 0.00- 0.00 0.00 0.00
Stapdard 19.44 | 2228 | 1771 | 2063 | 2012 | 2064
Deviation
Skewness 4.43 4.47 4.33 445 444 4.45
T ) ExpectedValue 10.10 10.04 10.37 10.41 10.60 10.07
Distance from | ;1 o1 | 10415 | 97.84 | 9624 | 9237 | 102.85
Group DR-N -
From Oct. Distance from
13, 2006 to 3.88 4.86 5.25 4.36 4.45 421
Group DR-Z
Nov. 13, :
2006 Distance from
Group DR-N- 30.07 32.05 26.59 27.75 25.71 30.98
Z
Grtci)lup ' Wh::h Group | Group | Group | Group | Group | Group
e ShEi DR-Z | DR-Z | DR-Z | DR-Z | DR-Z | DR-Z

belongs




A.7 Histograms for Daily Duplication Frequency, Chinese Search Engines

From Sep. 20, 2005 to Oct. 25, 2005
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From Sep. 12, 2006 to Oct. 12, 2006
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From Oct. 13, 2006 to Nov. 13, 2006

92

Keyword

Chao Nv

Google

Yisou

Baidu

Zhongsou

Furong
Sister

Hurricane

Katrina

New
Orleans

Qil Price

Rita

Tsunami

Bird Flu

Hu Jintao

Chen
Shuibian

WTO




93
A.8 Histograms for Period Duplication Frequency, Chinese Search Engines

From Sep. 20, 2005 to Oct. 25, 2005
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From Oct. 13, 2006 to Nov. 13, 2006
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A9 Histograms for Daily Rank Change Frequency, Chinese Search Engines

From Sep. 20, 2005 to Oct. 25, 2005
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From Sep. 12, 2006 to Oct. 12, 2006
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From Oct. 13, 2006 to Nov. 13, 2006
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A.10 Histograms for Daily Duplication Frequency, English Search Engines

From Sep. 12, 2006 to Oct. 12, 2006
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From Oct. 13, 2006 to Nov. 13, 2006
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A.11 Histograms for Period Duplication Frequency, English Search Engines

From Sep. 12, 2006 to Oct. 12, 2006
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From Oct. 13, 2006 to Nov. 13, 2006
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A.12 Histograms for Daily Rank Change Frequency, English Search
Engines

From Sep. 12,2006 to Oct. 12, 2006
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