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Abstract-This paper proposes a new ranking
algorithm using the hyperlink-based concept with
emphases on the number of hops between web pages.
Our proposed approach takes into consideration both
the importance and the relevance of a web page
associated with a query phrase. Experiments are
carried out to show that the proposed approach shows
great promises.
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For decades, information filtering methods based on users'
behaviors have been developed to improve the relevance of
pages [10]. All these methods consider the relevance from
the users' point of view and push the information that they
believe relevant to the users based on the users' behavior
and the analysis of page content they made.
In this paper, we propose an algorithm which combines
hyperlink-based algorithm and author specification
(HanasRank). Hyperlink-based ranking algorithm measures
page importance by calculating the page weight based on
links in the page and the hops between pages. In order to
rate the weight of relevance in terms of keywords and
phrases of a page, we use an author specification tree to
specify the weight of phrases, which take the authors' say
into consideration due to the fact that the author is the
person who knows his/her pages the best. Then we use the
normalization to prevent the system from being misused.
Finally, the evaluation is presented.

1. Introduction
The amount of information on the Web is increasing
exponentially and far more quickly than our ability to
process it How to return the high-quality search results
according to a user's query has become a challenge. A lot of
research efforts have been made to alleviate this issue,
including Vector Space Model, a classic information
retrieval algorithm introduced in [1]. In that model, each
document or query is represented as a term vector. The term
is a function that increases with the frequency of the term
within the document and decreases with the number of
documents in the collection containing the term. A
downside is that this information retrieval technique can be
easily manipulated by web creators who attempt to make
their sites to have higher rank in search results by adding
text in an invisible font. To remedy this problem, hyperlink
analysis can be employed in that it uses the content of other
pages to rank the current page. One such technique is
Hyperlink Induced Topic Search (HITS) proposed in [2],
classifying pages into two types, "hub pages" and
"authority pages", which mutually reinforce. The hyperlink
analysis has also been well explored in web community
[3][4][5][6]. For example, page ranking algorithm based on
hyperlink analysis has made Google very successful [7].
However, considering only the importance of page is not
sufficient to bring the best search results to the end users.
The page relevance to what the users' searching for in terms
of the search query should also be taken into consideration.
Good information filtering can successfully indicate the
relevance of pages and protect the user from irrelevant
missing
relevant
information
and
without

2. Hyperlink-based Algorithm
Hyperlink between web pages is the main difference
between text documents and web pages. It provides
valuable information ofweb pages. We can view the web as
a directed graph which is composed of nodes and edges
[2][7][12]. Where nodes are web pages and edges are links
between web pages. Figure 1 shows a directed web graph.

Fig 1. Directed web graph

Generally speaking, highly linked pages are more
important than pages with few links. A page with a link off
a very important page should be ranked higher than those
pages with links from obscure places [7]. The less hops
pointed to by a page, the more important the page is. Simple
citation counting has been used to speculate on the future

information[8] [9].
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winners of the Nobel Prize [13].
Based on the theory above, the in-links and out-links
define the importance of a page. Here, we adopt web page
weight to measure the importance of a page in the directed
web graph. By doing so, we give the following definitions:
Defilnition 1. The hops between two page i and j is
defined as h . If page i has a direct link to page j, then
hi-+j 1. If page i has no link (direct or indirect) to page j,

N>'

[14].
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Where n is the total number of pages in the web graph.
Based on N " and Not we further define the weight of
page Ni as follows:

Ni = N
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Nowadays, people are overwhelmed by the huge
amount of information on the Internet. Search engines
return "relevant' search results based upon the analysis of
page content. Despite the fact that approaches of page
analysis are being improved by a great number of
researchers, no machine (search engine) knows what a page
is precisely about more than the author of the page does. So
far, there is no approach of taking author's "say" into
consideration. From this point of view, we propose an
author specification factor. In this approach, author can
submit a header file as a part of HTML code which indicates
the weight of pages in terms of different keywords or
phrases and is defined as follows: 2 (d) = { W k ki E C,
O<=Wk <= 1} (3)
where:
* d denotes a document ID.
* C is a set of all keywords to which the document can be
related.
* k i denotes a keyword.
* W k is the pre-defined weight of the keyword k i.
We represent the author's specification by a hierarchical
tree with weights associated with each branch of the tree.
The author of the page denotes a weight W K, associating
or
with
a
phrase
for
keyword

and Nout respectively in the following formulas:
i=l

ou

N in

3. Author Specification

Pt-*1

n
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To simplify the calculation of the weight of a page, we
use non-linear mapping through Sigmoidal function with
coefficient/I, which is used in neural network to map the
value of N, in the formula 1 to the range between 0 and 1

The iteration continues until a fixed point reaches,
where the weighting value of each page becomes stable.
The in-weight and out-weight vectors are normalized after
each iteration. This algorithm is not simply counting the
number of links in each page, it shows that hyperlink
connectivity between pages affects the importance of pages.
Definition 4. In order to compute the weighting value
of a page, we define the average of N in and N at as N
n

(N

07Now=

then hi-j= .
Definition2. Each page Ni has two weight vectors.
in
N measures the page weight in term of in-links; N out
indicates the page weight associating with out-links.
Definition 3. Each page has an initial weighting value
of 1. Then N'n and N ou' are defined in the following
iterative operations.
out
NJ'. I h
N i eXXn
~Nou'IhNN ou
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Fig 2. An example of author specification

the page that indicates the relevance of the page and a

phrase. Figure 2 shows an example of author specification
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in a domain of a local city council. In this example, it shows
a few pages under the directory of assets which is managed
by the city council. The range of weight is denoted between
0 and 1. The rectangles are web pages, ellipses are
keywords. The page No.2 has a weight value of 0.64,
W K, = 0.64 where k1 is the phrase "Street Chairs" which

and i(d) is the author specification weight and given in
formula 3.
We can also express formula 5 in a matrix form as
follows:
V nxm= (P Xm
(6)
Where
* n is the number of pages.
* m is the number of keywords or phrases in the author
specification
That is,
Vnxm 'p X
.

means the relevance of phrase k1 to the page 2 is 0.64. The
WK1 of page 1 is 0.8x0.64 = 0.512.
By weighting the keywords, the author has prioritized
the relevant keywords of their documents. In this approach,
each page has more than one weight in terms of the
relevance of different phrases. In other words, W K, reflects
the relevant degree of a page with the phrase of Ki. The
bigger W K, is, the more relevant this phrase is to the page.

4P

(2A1

For instance, if W K, = 0.9, W K2 =0.8 and WK3 =0.6, then
the phrase k, is more relevant to the page than the phrase k2.
The phrase k2 is more relevant to the page than k3.
How much a phrase is relevant to a page has made the
value of 2 in formula 3 become crucial. If an author gives
equal value to all phrases, basically, this author is not
prioritizing any phrases. For example, if an author gives all
phrases a weight value of 0.99 in order to get high relevance
in the search result, this leads to misusing the approach. To
tackle this issue, we normalize the weight value as follows:

WK

=

-

92A2

.
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*

2
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From the above matrix, the weight of a page associated
with a particular phrase can be easily located. For example,
the weight of page 13 associated with phrase of "Bus stop
seats" which is phrse No.22 will be V 13x22.

5. Evaluation
The evaluation is carried out in a simulating
environment. There are 150 pages and 7550 links in the web
graph. For simplicity, Max(m) in formula 6 is denoted as 5.
Table 1 shows the result of top 10 pages. (p is the weight of
pages; X. is the author speciflcation weight in terms of
different keywords; Vi represents the weight of the
combination of (p and X. For instance, in the first row of the
table, VI=(p IXI, V2=(p IX2 etc. R reflects the original rank
based on p without considering the author specification
The new ranks based upon V, the value of the combination
of () and X are shown in table 2.
Table 2. Ranks based on V,
R
R1
Page
R2
R3
|R4 R5

WK/

/

2

WK
t=l

Therefore, formula 3 should be re-written as follows:
A (d) = { WK K C, O<= WK <= 1}
(4)
Where 2 (d) is composed of normalized weight W .
For example, page No.5 in figure 4 can have weights as
follows:
A (d)={0.9 K 0.9 K2 ' 0.9K3K' 0.9 '0.9K5 }
By nornalizing the weight value with formula 4, we
prevent the system from being misused.
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4. HanasRank: Hyperlink-based Algorithm
and Author Specification
Based on formula 2 and 4, the HanasRank is defined as
follows:
V = 9)(N ) X 2(d)
(5)
Where HP(N ) is the weight of web page given in formula 2,
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Ri in table 2 is ranked based on Vi in the table 1 For
example, RI is based on VI, R2 is based on V2, etc. As we can
see, the new ranks are different from the original ranks in
column R without considering the author specification.
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Table 1. The weights of web pages
X
Page |
3
V3
V4
V5 R(rankbasedon)
V2
X4 - V1
X2
5
1
0.62 0.74 0.66 0.54 0.83 0.35 0.459 0.409 0.356 0.515 0.217
8
0.421
0.338
0.284
0.372
0.86
0.69
0.58
0.220
0.76
0.45
0.49
2
4
3
0.72 0.62 0.73 0.80 0.58 0.68 0.446 0.526 0.576 0.418 0.490
7
0.55 0.77 0.44 0.51 0.84 0.59 0.424 0.242 0.281 0.462 0.325
4
1
5
0.94 0.85 0.79 0.89 0.92 0.66 0.799 0.743 0.837 0.865 0.620
10
6
0.27 0.35 0.79 0.39 0.68 0.76 0.095 0.213 0.105 0.184 0.205
6
7
0.56 0.65 0.58 0.64 0.73 0.81 0.364 0.325 0.358 0.409 0.454
2
8
0.84 0.93 0.16 0.27 0.61 0.78 0.781 0.134 0.227 0.512 0.655
3
9
0.76 0.82 0.98 0.67 0.65 0.45 0.623 0.745 0.509 0.494 0.342
9
10
0.39 0.84 0.67 0.52 0.34 0.41 0.328 0.261 0.203 0.133 0.160
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