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ABSTRACT

We give a short survey of the use of hyperlink analyssis in
web search engine ranking. Additionally we sketch other
applications of hyperlink analysis in the web space.

Categories and Subject Descriptors

H.5 [Information Interfaces and Presentation]: Hy-
pertext/Hypermedia; H.3 [Information Storage and Re-
trieval]: Information Search and Retrieval

General Terms
Hyperlink Analysis, World Wide Web

1. INTRODUCTION

Pre-web information retrieval ! showed that retrieval tech-
niques based only on statistics of words in the document text
perform well on relatively homogenous collections of high-
quality papers, like collections of news paper articles and
collections of scientific articles. With the web a huge num-
ber of documents of various quality levels became available.
Still the first web search engines employed the “classic” text-
only retrieval strategies as these were the dominant methods
in the literature. However, it soon became clear that they
performed very poorly in this setting for the following rea-
sons: (1) Some authors of web pages deliberately tried to
manipulate the information retrieval strategies to list their
pages first. For text-only strategies this was often straight-
forward: For example, simply repeating terms could improve
the ranking of the page on the results page. (2) There were
often a very large number of documents containing the query
terms so that it became impossible for the user to review all
such documents. Thus, the result set needed to be restricted
to the most authoritative documents on the query topic. (3)
The users of web search engines do not issue long, carefully
crafted queries. The average query consists of about 2.5
terms and 80% of the queries do not use any operators[22].

1See e.g. [20]

The web, however, has additional information that most pre-
viously studied collections did not have: Web pages can ref-
erence each other using hyperlinks. Both, Brin and Page [4]
and Kleinberg [16] proposed independent of each other to
exploit the hyperlink structure of the web to improve the
quality of search results of web search engines. As they and
various papers since then showed the hyperlink structure is
very useful in finding the most authoritative documents for
a query.

Why are hyperlinks useful? The hyperlink functionality
(bringing the web surfer from one page to the next) by itself
is not useful for finding the most authoritative documents.
However, the way web page authors tend to use hyperlinks
can make them valuable. Authors usually create hyperlinks
to either help their readers navigate their site or to augment
the content of their page by the material in the referenced
pages. In the latter case the authors tend to reference au-
thoritative pages that are on the same topic as the source of
the hyperlink. Thus, this kind of hyperlink can be seen as a
recommendation of the page that the hyperlink points. The
basic idea behind using hyperlinks for web information re-
trieval is simply that the more hyperlinks of the latter type
a web page has the more authoritative it is. The approach
by Brin and Page simply adds recursion to this idea: The
PageRank score of a page depends on the number of hyper-
links and of the PageRank scores of the pages containing the
hyperlinks.

Even though this idea seems simple, it is very powerful:
PageRank has been used in the Google search engine since
its inception and a large field of research of the analysis
of the hyperlink structure of the web and its use for web
information retrieval has developed.

2. ASSUMPTIONS

There are different approaches for analyzing the structure
of the hyperlinks. Common to them is that they all assume
that authors tend to create hyperlinks in a specific way.
Specifically, they make either one or both of the following
assumptions:

e Assumption 1. A hyperlink from page A to page B is
a recommendation of B by the author of A.

e Assumption 2. If page A contains a hyperlink to page
B then the two pages are on related topics.



Note that Assumption 1 basically implies that all hyperlinks
are created to augment the content of the page and none are
created to navigate the site. This does obviously not hold.
However, Assumption 1 still seems to be “close enough” to
the truth so that techniques that are based on it work well
in practice.

The main use of hyperlink analysis in Web information re-
trieval is in ranking search results. When a user sends a
query to a search engine, the search engine determines all
documents match all terms®. Ranking is the process of or-
dering the these documents in decreasing order of relevance,
that is, so that the documents that best answer the query
are on top. We will describe other uses of hyperlink analysis
in Section 4

3. HYPERLINKANALYSISFORRANKING
IN WEB SEARCH ENGINES

Any ranking algorithm that is based purely on information
controlled by the author, like the text of the page, is suscep-
tible to manipulation by the page author. The strength of
hyperlink analysis comes from the fact that the ranking of a
page is dependent on the content of other pages and, thus,
hopefully dependent on information not controlled by the
creator of the page. However, the longer hyperlink analysis
has been used, the more have creators (or companies hired
by the creators) started to manipulate the hyperlink struc-
ture pointing to their pages. Wu and Davison [24] recently
showed how to identify common forms of this manipulation.

Hyperlink-based ranking algorithms come in two classes:

o query-independent algorithms, which assign a score to
each page independent of a specific query; and

o query-dependent algorithms, which assign a score to
each page dependent on a specific query

The advantage of query-independent schemes is that the hy-
perlink analysis need to be done only once, namely right af-
ter the collection of web pages was compiled. The analysis
assigns a score to a document and this score is then used for
all subsequent user queries. Query-dependent schemes on
the other side require a hyperlink analysis for each query.
However, the advantage of query-dependent schemes is that
they can take the query into account, for example, by per-
forming the hyperlink analysis only on the pages that are
related to the query. Thus, unlike the query-independent
schemes, query-dependent schemes do not require a com-
bination with query-dependent approaches like the above
text-only ranking.

Both schemes model the web in the following way as a graph:
Each page is modeled as a node in the graph. There is a
directed edge from page A to page B if and only if page
A has a hyperlink to page B. Query-dependent schemes
restrict the nodes in the graph to pages that are related to
the query, while query-independent schemes use all available
pages.

2Some search engines also return documents that contain
only some of the query terms.

3.1 Query-independent ranking

The goal of query-independent ranking is to assign a score
to each page that measures the intrinsic quality or authority
of the page. At query time, this score needs to be combined
with some query-dependent ranking criteria to rank all doc-
uments matching the query. For example, it can be used
together with the “classic” text-only ranking algorithm.

According to the assumptions behind hyperlink analysis a
page A to which many hyperlinks point is likely to be more
authoritative than a page to which few hyperlinks point.
However, an approach that just counts the hyperlinks can
be easily manipulated and it ignores the fact that the pages
pointing to A also can be different quality. Brin and Page [4]
proposed instead the following recursive approach: The au-
thority score, called PageRank, of a page A depends on the
authority scores of the pages pointing to B. More specifi-
cally, the PageRank R(A) of page A is defined as

R(A)=6/n+ (1-16) >

hyperlink (B,A)

R(B)/outdegree(B),

where § is a constant usually chosen between 0.1 and 0.2, n
is the number of pages in the collection, and outdegree(B)
is the number of hyperlinks on page B.

This formula implies that each page A collects some PageR-
ank from every page pointing to A and each page B “dis-
tributes” an equal amount of its PageRank to all the pages it
references. Note that each page generates one linear equa-
tion. To compute the PageRank for all pages on the web
a huge set of linear equations, one per page, needs to be
solved.

Even though the formula is fairly simply and can be obvi-
ously improved upon in various ways it works surprisingly
in distinguishing high-quality from low-quality web pages,
i.e., in determining authoritative pages.

3.2 Query-dependent ranking

In query-dependent ranking each page is assigned a score
that measures its quality as well as its relevance to the user
query. This score can but does not have to be combined
with further query-dependent approaches. The basic idea is
to build for each query a small subgraph of the whole web
graph, called a neighborhood graph, and perform hyperlinks
analysis on it. How to construct this graph is crucial as
only documents contained in the graph will be returned for
the user query. Ideally, this graph contains the most au-
thoritative pages on the query topic and few pages on other
topics.

Carriere and Kazman [6] propose the following approach to
construct a neighborhood graph:

o A start set of documents matching the query is deter-
mined. Specifically, they propose to choose the top 200
matches returned by a search engine for the query.

e This start set is augmented by its “neighborhood”,
which is the set of documents that either contain hy-
perlinks to a document in the start set or are referenced
by documents in the start set.



e Each document in the start set and its neighborhood
is modeled by a node in the neighborhood graph. Two
nodes are considered to be unaffiliated if they are on
different web hosts. There exists an edge from node A
and node B if and only if A and B are unaffiliated and
document A has a hyperlink to document B. Edges
between affiliated nodes are not allowed to limit the
manipulation of the score.

Given the neighborhood graph various ranking approaches
were suggested. Carriere and Kazman proposed simply to
count the number of hyperlinks in the neighborhood graph.
Computing the PageRank on the neighborhood graph pro-
duces a very similar ranking [1], mostly because the neigh-
borhood graph is usually small (on the order of a thousand
nodes) and the impact of the global web is lost.

Kleinberg proposed another approach of ranking pages in
the neighborhood graph. It assumes that a topic can be
roughly divided into pages with good content, called au-
thorities, and pages with good references, called hubs. To
determine the authorities and hubs the algorithm iteratively
computes hub and authority scores for each node. The com-
putation of the hub scores depends on the authority scores
computed in the previous iteration and the computation of
the authority scores depends on the hub scores of the pre-
vious iteration. The intuition is that high authority nodes
should be pointed to by many hubs and especially by the
good hubs. Good hub nodes on the other side should point
to high authority nodes. This leads to the following algo-
rithm.

1. Construct the neighborhood graph with node set V'
and edge set E.

2. For every node A in V, initialize its hub score Hub[A]
to 1 and its authority score Aut[A] to an arbitrary
value.

3. While the vectors Hub and Aut have not converged:
4. For all Ain V, Aut[A] = }_ 5 4)cp Hub[B]

ot

For all Ain V, Hub[A] = }_ 4 pyep Aut[B]

6. Normalize the Hub and Aut vectors to 1.

Using linear algebra it is straightforward to show that the
Hub and Aut vectors will eventually converge, but no bound

on the number of iterations required for convergence is known.

In practice, they converge quickly.

As mentioned before the success of this approach is very de-
pendent on the quality of the neighborhood graph. Specifi-
cally, the neighborhood graph needs to contain high-quality
pages on the query topic. If the majority of the pages is
on a different topic then topic drift can occur where the top
authority pages belong to the different topic. Another dis-
advantage is that adding a few edges to the neighborhood
graph can considerably change the top authority and hub
pages since the neighborhood graph is usually fairly small.
Thus, there is the risk of manipulation of the results by
adding just a few edges.

Many improvements and generalizations have been suggested
to the above two algorithms (see e.g. [2, 3, 18, 8, 23, 25]).

4. OTHERAPPLICATIONS OF HYPERLINK
ANALYSIS

Crawling is the process of collecting pages from the web.
The software which performs this process is called crawler.
All search engines need to crawl the web since unlike in
classic information retrieval no collection of documents is
given to them. Instead, starting from a small set of seed
pages crawlers follow the hyperlinks contained in the already
crawled pages to find new pages to visit and to extract hy-
perlinks from. This process continues until no more hyper-
links to unvisited pages are found or a desired number of
web pages has been visited. Usually the latter is the case.

Since a crawler usually does not visit all possible pages, it
has to determine in which order to visit the yet unvisited
pages to which a hyperlink was discovered. The goal is to
preferentially crawl “high quality” web pages. Hyperlink
analysis provides a means to estimating the quality of web
pages. The first assumption of hyperlink analysis implies
that pages pointed to by many other pages are of higher
quality than pages pointed to by fewer pages. Thus, the
crawler can simply keep track of how often it has seen a
hyperlink to each page and preferentially crawl pages with
a large count. Alternatively, a PageRank score can be com-
puted using all the hyperlinks found so far and then the
un-crawled pages with high PageRank can be preferentially
be crawled [9].

Hyperlink-analysis was also used for a search-by-example
approach to search: given one page find pages related to it.
Kleinberg [16] proposed using the HITS algorithm for this
problem and Dean and Henzinger [10] show that both the
HITS algorithm and a simple algorithm on the co-citation
graph perform very well. The idea behing the latter al-
gorithm is that frequent co-citation is a good indication
of relatedness and thus the edges with high weight in the
co-citation graph tend to connect nodes with are related.
Recently, Fogaras and Récz [12] presented hyperlink-based
similarity algorithms that are scalable to huge graphs.

Extensions of Kleinberg’s algorithm and PageRank were used
by Rafiei and Mendelzon to compute the reputation of a
web pages [19] and by Sarukkai to predict personalized web
used [21].

Gibson et al. [13] and Kumar et al [17] analyzed the graph
structure of the web to find “web communities”, groups of
web pages on the same or closely-related topics.

Chakrabarti et al [7] made first steps towards using the hy-
perlink;j structure for web page categorization.

Henzinger et al [14, 15] used PageRank-like random walks
to sample web pages almost according to the PageRank dis-
tribution and the uniformly distribution, respectively. The
goal was to compute various statistics on the web pages and
to compare the quality, respectively the number, of the pages
in the indices of various commercial search engines.

Buyukkokten et al. [5] and Ding et al. [11] classified web



pages based on their geographical scope by analyzing the
links to point to the pages.
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