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Abstract
The explosion of information on the Internet has
made search engine become the main method for users
to find information on the web. In this paper, we
propose a new search model by combining a
hyperlink-based page ranking algorithm with author
inputs. The page ranking algorithm measures page
importance by calculating the page weight based on
incoming and outgoing hyperlinks in the page. The
author input takes into account the weight of relevance
in terms of keywords or phrases of a page specified by
the page creators. Our evaluation shows that the
proposed search method performs better than that
using only the page ranking algorithm.

1. Introduction
With the tremendous growth of information on the
Internet, more and more people are using search
engine as one of the main searching tools. However,
the amount of information on the Web is increasing far
more quickly than our ability to process it. As of
December 2002, the largest search engine claims over
3 billion pages in its index. This figure is exponentially
increasing every year. How to precisely return the
search results to satisfy a user’s interest from such a
great deal of information on the Web has become a
challenge.
One way to alleviate this issue is to utilize
hyperlink-based page ranking algorithm to calculate
page importance by the number of other pages that
link to it. Page ranking algorithm has made Google
so successful [1][2]. The hyperlink analysis has also
been well adopted in Web community [3][4][5][6].
However, considering only the importance of
page is not enough to bring the best search result 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
information and without missing relevant
information [7][8]. Through decade, information
filtering methods based on users’ behaviors are
developed to improve the relevance of pages [9][10].
A link-based method for enhancing relevant
judgments in tree-structured hypertext is developed
in [11]. All these methods consider the relevance
from the users’ point of view and push the
information that they believe relevant to users based
on users’ behavior and the analysis of page content
they made.
In this paper, we propose a new search model
called “combination of hyperlink-based rank
algorithm and author input” (CRANAI).
Hyperlink-based page ranking algorithm measures
page importance by calculating the page weight
based on incoming and outgoing hyperlinks in the
page. The author input is to take the weight of
relevance in terms of keywords or phrases of a page
specified by the page creators into consideration.
This paper is organized as follows: in section 2,
we give the hyperlink-based page weight
measurement. Next, the weighted author input tree
(WAIT) is proposed in section 3. Then the
combination of hyperlink-based page ranking
algorithm and author input is discussed in section 4.
Followed by section 5 is the evaluation based upon
the consideration of both page importance and
relevance using CRANAI. Finally, the conclusions
are drawn and future work is discussed in section 6.

2. Hyperlink-based Rank Algorithm
We can view the web as a directed graph which is
composed of nodes and paths [1][3][12]. Where
nodes are web objects and paths are links between
web objects. Figure 1 shows a directed web graph.
We define this graph as G = (N, P), where N
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represents n nodes in the graph, a path (i,j) ∈ P
indicates the path between node i and node j. Piĺj is
a directed path from node i to node j.

graph. By doing so, we define that each node Ni
in

has two weight vectors. One is N i which measures
the page weight in term of incoming links, the other
out

one N i
which indicates the page weight
associating with outgoing links.
Figure 3 shows that the directed path P A→ B is
the outgoing link of page A, but the incoming link of
page B.

Figure 1. Directed web graph

2.1 Path structure of web graph
The web graph consists of three types of nodes:
hub, head and tail nodes. Hub nodes are those pages
which have many incoming and outgoing links and
playing an important multi-junction role in the traffic
of web as shown in figure 2 (a). Head nodes only
contain outgoing links, but do not have incoming
links shown in figure 2 (b). Tail nodes have incoming
links and do not have outgoing links shown in figure
2 (c).
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 [1]. Simple citation counting has been used to
speculate on the future winners of the Nobel Prize
[13].

2.2 Page weight measurement
Based on the theory above, the incoming and
outgoing links define the importance of a page. Here,
we adopt web page weight to measure the
importance of a page (node) in the directed web

Figure 3. Incoming and outgoing links
Each page has an initial weighting value of 1.
in

out

Then N i and N i are defined in the following
iterative operations [3].
Ni ←
in

∑N

out
j

∑N

in
j

Pj →i
out
Ni

←

Pi → j

The iteration continues until a fixed point reaches,
where the weighting value of each page becomes
stable. The incoming weight and outgoing weight
vectors are normalized after each iteration.
This page ranking algorithm is not simply
counting the number of links in each page, it shows
that hyperlink connectivity between pages affects the
importance of pages.

Figure 2. Three typical kinds of nodes in web graph
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In order to compute the weighting value of a page,
we define the average of

in
Ni

and

out
Ni

as N

in

and

N out respectively in the following formulas:
n

N in =

∑N

in
i

/n

i =1

n

N out =

∑N

out
i

/n

i =1

Where n is the total number of nodes in the web
in

out

graph. Based on N i and N i , we further define the
as
follows:
weight
of
page
Ni

Ni =

N iin − N in

σN

Where

×

N iout − N out

σN

in

σN

and

in

σN

out

(1)

out

are standard deviations

and defined as:

σN
σN

=

∑ ( N iin − N in ) 2 / n
i =1
n

out

=

∑(N

out
i

− N out ) 2 / n

i =1

To calculate the
non-linear mapping
coefficient β , which
map the value of Ni
between 0 and 1 [14].

ϕ(N )
i

= Erf(

Ni

weight of a
through Error
is widely used
in the formula

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 i is the pre-defined weight of the keyword

Ki .

n

in

query-dependent ranking schemes are proposed in
[3][4][5], in which web pages are ranked by the search
engine according to the relevance of the content of the
page and the query.
However, no search engines can determine what a
page is exactly about better than the author of the page.
To date, there have been no approaches of taking
author’s “say” into consideration. To this end, we
propose a weighted author input tree (WAIT). 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:
λ (d ) = { W Ki | K i ∈ C , 0 <= W Ki <= 1} (3)

page, we use
function with
in statistics to
1 to the range

In WAIT, we represent the author’s input by a
hierarchical tree with weights associated with each
branch of the tree. The author of the page denotes a
weight W K i associating with a keyword or phrase for
the page that indicates the relevance of the page and a
phrase. Figure 5 shows an example of WAIT in a
domain of tourism. The range of weight is denoted
between 0 and 1. In this example, it shows the page of
activities has weights 0.8, 0.62, 0.8 and 0.6 in terms of
keyword skiing, dinner, game room and spa.

β)

Where
Erf(x) =

1
2π

∫

x

e −u

−∞

2

/2

⋅ du

(2)

3. Weighted Author Input Tree
The hyperlink-based rank is also called
connectivity-based ranking schemes which can be
classified into two categories: query independent and
query dependent. The former scheme ranks a page
independent of a given query and the latter scheme
assigns a score to a page in the context of a given query
[21]. We have discussed query-independent ranking in
section 2. Carriere and Kazman [22] propose a
query-dependent ranking with a neighborhood graph,
which only contains pages on the query topic. Other

Figure 5. An example of WAIT
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 keyword
or phrase. In other words, W K i reflects the relevant
degree of a page with the phrase of Ki. The bigger
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W K i is, the more relevant the phrase is to the page.
For instance, the weight of “skiing” is 0.8, “dinner”
is 0.52 and “spa” is 0.6, we can conclude that the
phrase skiing is more relevant to the page of
activities than the phrase spa. On the other hand, the
phrase spa is more relevant to the page than dinner.
How much a phrase is relevant to a page has made
the value of λ 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 rank in the search result, this leads
to misusing the approach. To tackle this issue, we
normalize the weight value as follows:
'

W Ki =

WK i

n

∑WK i
i =1

Therefore, formula 3 should be re-written as follows:

λ

(d )

= { W K i | K i ∈ C , 0 <= W K i <= 1}

Where
'
W Ki

'

λ

(d )

'

(4)

is composed of normalized weight

.

For example, page of activities in figure 4 can have
weights as follows:
λ ( d ) ={0.8 K1 , 0.52 K 2 , 0.8 K 3 , 0.6 K 4 …}
By normalizing the weight value with formula 4,
we prevent the system from being misused.

4. Combination of Ranking Algorithm
and Author Input (CRANAI)

Where

ϕ ( N ) is
i

formula 2, and

the weight of web page given in

λ ( d ) is the author

input weight and

given in formula 3.
We can also express formula 5 in a matrix form as
follows:
V n,m = ĳ n × Ȝ m
(6)
Where
• n is the number of pages.
• m is the number keywords or phrases in the author
input.
That is,

⎡ϕ 1 ⎤
⎢ϕ ⎥
2
V n,m = ⎢ ⎥
⎢ ... ⎥
⎢ ⎥
⎣ϕ n ⎦
⎡ϕ1λ1
⎢ϕ λ
2 1
=⎢
⎢ ...
⎢
⎣ϕ n λ1

× [λ1

λ2 ... λm ]

ϕ1λ2
ϕ 2 λ2
.
.ϕ n λ 2

. . ϕ 1λ m ⎤
. . ϕ 2 λm ⎥
⎥
. .
. ⎥
⎥
. . ϕ n λm ⎦

From the above matrix, the weight of a page
associated with a particular phrase can be easily
located. For example, the weight of page 1
associated with phrase of “Game room” which is
phrase No.3 will be V 1, 3 .

Based on formula 2 and 4, the combination of
ranking algorithm and author input is defined as
follows:
(5)
V = ϕ ( Ni ) × λ( d )
Node
1
2
3
4
5
6
7
8
9
10

ĳ
0.57
0.89
0.72
0.95
0.31
0.69
0.18
0.85
0.63
0.35

Ȝ1
0.76
0.99
0.57
0.88
0.25
0.50
0.33
0.93
0.52
0.34

Ȝ2
0.34
0.69
0.93
0.54
0.79
0.36
0.94
0.11
0.97
0.61

Table 1. The weights of web pages
Ȝ3
Ȝ4
Ȝ5
V1
V2
0.94 0.76 0.79 0.433
0.194
0.45 0.89 0.52 0.881
0.614
0.86 0.22 0.78 0.410
0.670
0.37 0.54 0.91 0.836
0.513
0.81 0.99 0.44 0.078
0.245
0.39 0.80 0.94 0.345
0.248
0.57 0.85 0.90 0.059
0.169
0.20 0.64 0.78 0.791
0.094
0.67 0.68 0.45 0.328
0.611
0.79 0.94 0.27 0.119
0.214

V3
0.536
0.400
0.620
0.352
0.251
0.269
0.103
0.170
0.422
0.277

V4
0.433
0.792
0.158
0.513
0.307
0.552
0.153
0.544
0.428
0.329
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V5
0.450
0.463
0.562
0.865
0.136
0.649
0.162
0.663
0.284
0.095

R
7
2
4
1
9
5
10
3
6
8

5. Evaluation
The evaluation is carried out in a simulating
environment. There are 100 nodes and 5369 paths in
the web graph. For simplicity, Max (m) in formula 6 is
denoted as 5. Table 1 shows the result of top 10 nodes.
ĳ is the weight of pages; Ȝ is the author input weight
in terms of different keywords; Vi represents the
weight of the combination of ĳ and Ȝ. For instance, in
the first row of the table, V1=ĳ 1Ȝ1, V2=ĳ 1Ȝ2, etc. R
reflects the original rank based on ĳ without
considering the author input. As table 1 shows, page
No.4 has the highest rank.
The new ranks based upon Vi, the value of the
combination of ĳ and Ȝ are shown in table 2.
Ri in table 2 is ranked based on Vi in the table 1.
For example, R1 is based on V1, R2 is based on V2, etc.
As we can see, the new ranks are slightly different
from the original ranks in column R which without
considering the author input. The page (node) No.4 is
not the top highly ranked pages in terms of phrases
No.1,2,3 and 4 in columns V1, V2, V3 and V4.
Table 2. Ranks based on Vi
R2
R3 R4
R5
Node
ĳ
R
R1
1
0.57 7
4
8
2
5
6
2
0.89 2
1
2
4
1
5
3
0.72 4
5
1
1
9
4
4
0.95 1
2
4
5
4
1
5
0.31 9
9
6
8
8
9
6
0.69 5
6
5
7
2
3
7
0.18 10
10
9
10 10
8
8
0.85 3
3
10
9
3
2
9
0.63 6
7
3
3
6
7
10
0.35 8
8
7
6
7
10

6. Conclusions and Future Work
In this paper, we propose a new search model by
combining hyperlink-based rank algorithm and author
input. This approach considers the Web as a directed
graph. Hyperlink-based page ranking algorithm
measures page importance by calculating the page
weight based on incoming and outgoing hyperlinks in
the page. The author input takes into consideration the
relevance in terms of phrase. Our proposed approach
considers not only the importance of a page, but also
the relevance of a page associated with query phrase.
Our evaluation shows that the proposed search
method performs better than that using only the page
ranking algorithm.
Other factors besides hyperlinks, also determines
the importance of web pages. The formula 4 and 6 can
be optimized by adding a proper coefficient which is

worth investigating. Our future work also includes
getting users to evaluate the proposed approach
because the quality of a search method necessarily
involves human factors.
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