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Figure 13.7 Output for the query searching and Web and engine for the four main
search engines; from top to bottom: AltaVista, HotBot, NorthernLight, and Excite.

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

380 SEARCHING THE WEB

The nser can also refine the gquery by constrneting more complex gueries based
on the previons answer.

The Web pages retrieved by the search engine in response to a nser query
arc ranked, nsnally using statistics related to the terms in the query. In some
cases this niay not have any meaning, becanse relevance is not fullv correlated
with statistics abont term oceurrence within the collection. Some search engines
also taking into account terms included in metatags or the title, or the popularity
of a Web page to haprove the ranking. This topic is covered next.

13.4.4 Ranking

Most search engines use variations of the Boolean or vector model {see Chapter 2}
to do ranking. As with searching, ranking has to be performed withont accessing
the text, just the index. There is not much public information abont the specific
ranking algorithims used by current search engines. Further, it is diffienlt to
compare fairly different scarch engines given their differences, and continnons
improvements. More important. it is almost impossible to measnre recall, as the
mmmber of relevant pages can be guite large for siinple queries. Some inconclusive
studies inchicle :L.M;, 498].

Yuwono and Lee [844] propose three ranking algorithms in addition to the
classical tf-idf scheme (see Chapter 2}, They are called Boolean spread, vector
spreadl, and most-cited. The first two are the normal ranking algorithms of the
Boolean and veetor model extended to include pages pointed to by a page in
the answer or pages that point to a page in the answer. The third, most-cited,
i¢ based only on the terms included in pages having a link to the pages in the
answer. A comparison of these technignes considering 56 queries over a collection
of 2400 Web pages indicates that the veetor model yields a better recall-precision
curwe, with an average predision of 75%.

Some of the new ranking algorithms also nse hyperlink information. This
is an important difference between the Web and normal IR databases. The
mimber of hyperlinks that point to a page provides a measure of its popularity
and gnality.  Also, many links in common between pages or pages referenced
by the same page often indicates a relationship between those pages. We now
present three examples of ranking techniques that exploit these facts, but they
differ in that two of them depend on the guery and the last does not.

The first is WebQuery [148], which also allows visnal browsing of Web
puges. WebQuery takes a set of Web pages (for example, the answer to a query)
and ranks them based on how connected each Web page is.  Additionally, it
extends the set hy finding Web pages that are highly connected to the original
set. A related approach is presented by Li [512].

A better idea is due to Kleinberg {444] and nsed in HITS (Hypertext In-
dieed Topie Search). This ranking scheme depends on the query and considers
the set of pages 5 that point to or arc pointed by pages in the answer. Pages
that have many links pointing to them in § are called anthorities (that is, they
shonld have relevant content). Pages that have many ontgoing links are called
Imbs {they shonld point to similar content}. A positive two-way feedback exists:
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SEARCH ENGINES 381

hetter authority pages come from incoming edges from good hubs and better
hub pages come from outgoing edges to good authorities. Let H{p) and A(p) be
the hub and avthority value of page p. These values are defined such that the
foilowing equations are satisfied for all pages p:

Hip) = Z Afud . Alp) = Z Hiv)
5 ¢ peep

eS| prou v

where H{p; and A(p) for all pages are normalized (in the original paper, the sum
of the squares of each measure is set to onej. These values can be determined
throngh an iterative algorithun, and they converge to the principal eigenvector
of the link matrix of 5. In the case of the Web, to avoid an explosion of the size
of 5, a maximal number of pages pointing to the answer can be defined. This
technique does not work with non-existent, repeated, or automatically generated
links. One solution is to weight each link based on the smrrounding content. A
second problem is that the topie of the result can become diffused, For example,
a particular query is enlarged by a more general topic that contains the original
answer. One solution to this problem Is to analyze the content of each page
and assign a score to it, as in traditional IR ranking. The link weight and the
page score can be included on the previous formula multiplying e¢ach tern of the
surmnation {154, 93, 1531, Experiments show that the recall and precision on
the first ten answers increases significantly {93]. The order of the links can also
be used by dividing the links into subgroups and using the HITS algorithm on
those snbgroups instead of the original Web pages [153].

The last example is PageRank, which is part of the ranking algorithm used
by Google 117]. PageRank simnlates a user navigating randomly in the Wely
who jumnps to a random page with probability ¢ or follows a random hyperlink
(on the current page) with probability 1 — g. Tt is further assumed that this
user never goes back to a previously visited page following an already traversed
hyperlink backwards, This process can be modeled with a Markov chain, from
where the stationary probability of being in each page can be computed. This
valug is then used as part of the ranking mechanism of Google. Let C{a) be the
number of outgoing links of page a and suppose that page o is pointed to by
pages pr to p,. Then, the PageRank, PR{a) of a is defined as

PR{a) =q+(1—g) Y PR(p;)/C{p:)

]

where g must be set by the system (a typical value is 0.15). Notice that the
ranking (weight} of other pages Is normalized by the number of links in the
page. PageRank can be computed using an iterative algorithm, and corresponds
to the principal eigenvector of the normalized link matrix of the Web {which
15 the transition matrix of the Markov chain). Crawling the Web using this
ordering has been shown to be better than other crawling schemnes {163] (see
next section).
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