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Abstract: This paper studied the effects of using of link information for Web IR in TREC experiment,
including link anchor text, link structure and the combination of fink-based retrieval and traditional content-based
retrieval. Several conclusions are drawn: Firstly, anchor text can represent precisely the topic of web page, but
insufficient in describing the web page content. Secondly, comparing with traditional content-based IR technique,
using link-based approach on homepage finding task can get more than 96% improvement, while it is not helpful
on ad hoc task. Finally, combining link-based and content-based techniques makes consistent improvement on
homepage finding task and a little progress by result re-ranking on ad hoc task.
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Introduction

One of the most important characteristics of Web Information Retrieval (IR) compared with traditional IR lies
in the hyperlink structure. This motivates the so-called link-based retrieval techniques for web IR. Former
researches showed that using link information can help the retrieval in web environment! PPl This conclusion,
however, almost never works in Text Retrieval Conference (TREC) web track experiments up to now, except for
one research on effective site finding ¥ In this paper, we investigated the use of two kinds of link information,
namely link anchor text and link structure, using TREC10 collection which contains over 1.69 million web pages.

In the remainder of this paper, we first introduce the concept of anchor description document and discuss the
use of link anchor text in Web IR in section 1. Then we observe the effect of using link structure in section 2. After
that, three different approaches of combing link information and content information are exploited in section 3.
Results of TREC experiments are described in each section to help explore the issues. Finally, we give our
conclusions and present the firture work.

1 Using Anchor Text

1.1 Anchor description document

In former researches, it is claimed that texts around links to a page p are descriptive of contents of page o
Therefore anchor text of a link describes its target webpage while not the source page. This is the important
assumption that our anchor-description-oriented approaches based on.

We firstly extracted all the anchor texts of each webpage that are used when the page linked by other pages in
the whole collection. Then each page’s anchor texts were merged into a new document which is called anchor
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description document. It represents the role of one page in the collection, and stands a good chance to be longer if
there are more pages linked to this page. At the same time, the more centralized the topic of one page is, the more
prominent the anchor description document is.

1.2 Experimental results of Using Anchor Text

In this method, anchor description documents are used alone to build the index. The original collection is
about 10G, while the anchor description document collection is only 250M or so.

It is easy to understand that in this way, we lost too many information so that the results were bad for web
track ad hoc task as shown in Table 1, compared with the content-based retrieval result 22.08% (11-point average
precision). The parameter QF(x,)) in the table means top y term(s) in top x document(s) got by first retrieval result
is selected for pseudo relevance feedback. The reason is due to the data sparseness problem ®l. Statistics showed
that about 28% web pages in the web collection have no anchor description at all. 47% anchor description
documents are less than 10 words. Therefore the information that anchor text provided for ad hoc retrieval is quite
limited. It is most unlikely that queries have chances to match words contained in such a short description.

While for web track homepage finding task, the result is astonishing. Using anchor text only performs much
better than content based retrieval, ie. about 96% improvements on average reciprocal rank and 48%
improvements on top-10 precision, shown in Table 2. The result is reasonable. We observed that many anchor text
are names of home pages (i.e. URL, or URL-like terms). Intuitively, they could be effective for page finding task,
in which most queries are also a bunch of URLs or URL-like terms. Our results confirmed the intuition.

Table 1 Average precision of using anchor text only for TREC web track ad hoc task

One-step refrieval QE(5,5) QE(5,10) QE(520) | QE(530)
Using anchor text " 312% 297% 494 % 448 % 4.85%

Table 2 Performance of using anchor text only for TREC web track homepage finding task

Average reciprocal rank Top 10 precision Not-found proportion

Content based retrieval 22.46% 44.1% 2552%

Using anchor text 44.06% 65.5% 25.52%

2 Using of Link Structure

21 Spreading activation

On using link structure, the important assumption is links between documents indicate useful semantic
relationships between web pages. Depending on that, we tried spreading activation (SA) approach ©10 and
observed the effects of using this method on TREC10 web track ad hoc task. In SA method, the degree of match
between a web page D, and a query ), as initially computed by the IR system (denoted SIM(D; Q)), is propagated
to the linked documents through a certain number of cycles using a propagation factor . Our experiments showed
that considering outgoing links will give negative effect on retrieval results. Therefore only the most similar
incoming link is considered in our method. In this case, the final retrieval value of a document D; with % incoming
linked documents is computed as:

SAscore(D, )= SIM(D,,Q) + A-max{SIM(D,,Q)| j =1,..n} (1)
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22 Experimental results of SA

We made the full study on SA approach applying on TREC10 web track ad hoc task whose results were
shown in Figure 1. When SA weight A is zero, The S4score is the same as that of content-based retrieval. The
performances are worse with increase of A. Therefore the conclusion is this approach could not help to improve the
retrieval effectiveness in TREC web track ad hoc task.

|—e— SA result -----:- source data result]

Ave. Precision

0 0.02 0. 04 0.06 0.08 0.1
SA weight ;

Figure 1 The effect of Spreading Activation approach on TREC10 web track ad hoc task

3 Combine link-based retrieval and content-based retrieval

In what follows, we propose three combination approaches. First, combine anchor description document and
initial source data into a full corpus to build index. Second, combine anchor-description-only retrieval result and
full corpus retrieval result. Third, re-rank the results of full corpus retrieval according to anchor-description-only
result.

31 Combing Corpus

As mentioned before, anchor text of a link describes its target page. This makes it reasonable to index anchor
text as though it occurred in the target document, rather than the source. Based on this viewpoint, we merged the
two kinds of corpus, i.e. anchor description document and source document to build index and retrieve queries.
The influence on web track ad hoc task in TREC data and queries is shown in table 3, which achieved a little
improvement. Results of TREC10’s web track homepage finding task are shown in table 4. It is clear that in
homepage finding tasks combined corpus was also much better than only using source data.

Table 3 Results of combing anchor text and source data on TREC9 web track ad-hoc task

Source data only Anchor description + source data
One-step refrieval 22.08% 2223%
With query expansion 2221% 2284 %

Table 4 Results of combing anchor text and source data on TREC10 page finding task

Average reciprocal rank Top 10 precision Not-found proportion
Source data only 2246 % 44.14 % 2552%
Corpus combing 424 % 65.52% 13.1%
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32 Combing Results

With method 1.1 (anchor text only indexing) and method 3.1 (combine corpus indexing), we can get two
ranking lists to each query. This method is to linear combine these two ranking lists to form the final results.
Suppose scores of documents in the two ranking lists are sa and sc respectively, then the combined score is:

s=A*sc+ (I-A*sa )]
where A (1= A 20) is the combination weight.

The average precision of this method on TREC web track ad hoc task is shown in table 5. Experimental
results of combing ranking list on TREC-10 homepage finding task is shown intable 6.

The conclusion is for ad hoc task, no positive effect was got, while for home page finding task, rich effectiveness
improvement was made.

Table 5 Performance of combing results on TREC web track ad hoc task

A 0 0.1 02 03 0.4 0.5 06 | 07 0.8 0.9 1.0

AP(%) | 2208 | 2155 | 2039 | 19.69 | 18.13 | 1508 | 10.5 | 647 | 529 | 515 | 498

Table 6 Performance of combing results on TREC 10 homepage finding task

Average reciprocal rank Top 10 precision Not-found
Corpus combing 424% 65.5% 13.1%
Corpus combine+ result combine 50.5 % 69.0 % 152%

33  Reranking

This method is based on our observation that although the average precision of the anchor-text-only based
retrieval is not good, the precision of its top-V documents is much higher, especially when N is small enough.
Therefore for each document in the content-based retrieval ranking list which is also contained in the top-N list of
the anchor retrieval result, we set a higher score with proportion A (A>1). Our results showed trivial while
consistent improvement in a belief interval. Results are shown in figure 2.

i . 1
' . —e—re-ranking result :

--=----- combined corpus result i

precision

0.98 1 1.02 1.04 1.06 1.08 1.1 1.12
re-ranking weight_‘

.Figure 2 Effect of re-ranking on TREC9 web track ad hoc task
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4 Conclusion

In this paper, we studied the effect of link-based approaches in web IR on TREC experiments. We firstly
observed the performance of using link anchor text information, then investigate the effect of using link structure,
finally studied three different combinations of link-based retrieval and tradition content-based refrieval. These
link-based experiments carried out that: 1. Anchor text can represent precisely the topic of web page, but
insufficient in describing the web page content; 2. Comparing with traditional content based IR technique, using
anchor text on homepage finding task can get more than 96% improvement in terms of average reciprocal rank,
while it is not helpful on ad hoc task; 3. combining link-based and content-based techniques can make consistent
improvement on homepage finding task and a little progress by result re-ranking on ad hoc task.

In the future, we’ll focus our study to enrich the anchor description by using context information of the
arichor.
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