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Abstract - The variety of document ranking algorithms
have developed te provide efficient mining results for user's
query on the web environment. The typical ranking
algorithms are the Vector-Space Model based on the text,
PageRank and HITS algorithms based on the hyperlink
structures and other several improvement algorithms. All
these are for the user's convenience and preference.
However, these algorithms are usually developed on the
horizontal and non-hierarchial web environments and are
not suitable for the hierarchial web environments such as
enterprise and defense networks. Thus, we must consider
the special environment factors in order to improve the
ranking algorithms. In this paper, we analyze the several
typical algorithms used by hyperlink structures on the web
environment. We, then suggest a configuration of the
hierarchical web environment and also give the relations
berween agents of the web mining system. Next, we propose
an improved ranking algorithm suitable to this kind of
special environments. The proposed algorithm is considered
both the hyperlink structures of the decuments and the
iocation of the user of the hierarchical web.

I INTRODUCTION

Many researchers have studied on the various
document ranking algorithms, which endow priorities on
web documents, to provide more proper information to
of web-based These

ciassified into several ways according to the experts of

users internet. algorithms are

wzb. The most widely-used way is to classify into
text-based and hyperlink-based one. Moreover, the latter
c:n be classified into two ways whether it is dependent
Q7. query or not.

In general, these document ranking algorithms are
usually developed by considering user's preference and
crnvenience. The major points

developing a general

ranking algorithm, which is

reputation of the source, page updating frequency, the

suggested in [l], are
popularity, degree of authority, degree of hubness, and
speed access, and so on. Most of them are related with
contents of web documents directly. The last, speed
access, is done with only the location of web documents.

The facts above explains followings. Most of ranking
algorithms have developed in the environment of
horizontal and non-hierarchical web. However, they have
not included the environment of hierarchical web with
complex functional structure such as enterprise or defense
networks. We need more efficient algorithm for the users
of hierarchical networks. It means that the location of a
document in a hierarchical network can be used as a
weighting factor to the priorities of web documents for
efficiency, which is separated from the web contents.

For developing an improved ranking algorithm for
user's convenience, we organize this paper as follows: In
chapter 2, we survey the related works on ranking
algorithms. In chapter 3, we explain the hierarchical
web-based environment as mentioned above and suggest
the whole functionality of web mining system for the
hierarchical web. In chapter 4, we propose an improved

ranking algorithm on the hierarchical web environment.

I RELATED WORKS

In web mining system, endowing priorities to
documents means to consider user's preference and
convenience. Almost ranking algorithms have usually
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used to analyse the contents of documents or hyperlink
structures. Among the algorithms, the typical examples
are Vector-Space Model[2] based on the text, HITS[3]
and PageRank[4] based on the hyperlink structures.

Here hyperlink algorithms can be classified into the
and the The
query-dependent cases are HITS, HITS extensions[6],[7]

query-dependent query-independent[5].
which use the weighted version of the update rule
comparing query term with anchor text, and SALSA[S]
which uses two matrices as the stochastic approach for
link analysis. And the
PageRank, Focused PageRank[9],[10] which compute a

relative ranking of pages focusing on a specific topic,

query-independent ones are

and so on. PagaRank algorithm executes approximative
and iterative computation to decide the rank for each
page, not to do the rank for whole site because of the
actual size of site. The equation for the PageRank of
page A is given by[4]

PR(T)
c(n)

ot )

PR(4)= (1~ d)+ d[ PR(T,,)]

C(Ty)

where PR(T;) is the PageRank of pages Ti which links
to page A, C(T) is the number of outbound links on
page T; and d is a damping factor which can be set
between 0 and 1.

The Focused PageRank is not an existing horizontal
search like the PageRank algorithm used by Google[4],
but a vertical (focused) search. However, this algorithm
also does not use the location of document, in other
words user's location, even though it considers the
contents of a document. Recently, an approach has tried
by Yoon et al[ll] develop a web mining system
considering the location of a document in a hierarchical
web environment such as enterprise network. In this
paper, four agents cooperating and fourteen functional
modules for web mining are suggested as the major
components of an efficient

web mining system.

Moreover, it proposes the methods of the crawling,
indexing and merging with respect to a entire network
structure. However, the paper does not mentioned about
the ranking algorithm which provides documents which
are collected by robot agents, to users in an efficient

way.

456

M HIERARCHICAL WEB ENVIRONMENT

The conceptual configuration for a hierarchical web
environment such as enterprise network or defense network is
given as follows. The hierarchical network has a central core
node such as headquarters at the center, several regional core
nodes executing major tasks within the region under the
central core node, functional core nodes doing core functions
under the regional node, and branch nodes doing separate
functions such as education, management, personnel, and so
on. The hierarchical network forms a tree structure.

A hierarchical web structure and its configuration with
multi-agents for web mining system is depicted in Figure 1.
Here, four agents are shown for a web mining system. 1) User
Interface Agent (UIA) analyses user's request information and
provides the result of a retrieval to the users. 2) Merge Agent
(MA) merges the indexed databases of sub-websites with
union function and provides the index words according to the
condition of user's request. 3) Index Agent (IA) stores the
retrieved documents after indexing to a database and ranks
them. 4) Robot Agent (RA) retrieves and collects web

documents from web sites using crawlers.

Figure 1. Overall web mining system on the hierarchical and functional

web environment

Figure 2 shows the relation between agents of the web
mining system and the hierarchical web environment. In
this figure, a crawling strategy and merging method are
shown for a enterprise network with four layer using some
arrow symbols. And three different types of databases are
deployed in each layer. A Merged Index DB is just union of
Index DBs, Index DB has index words with weighting value
according to the order of document identifier, and Ranked DB
has document identifier and it score considering the factors of

a hierarchical web environment.



Figure 2. The relation between agents of the web mining system and

the hierarchical web environment

IV IMPROVED RANKING ALGORITHM

In this
aigorithm which applies a new weighting factor of

paper we suggest an improved ranking
environment considering the location of a document to
the existing PageRank algorithm[4], i.e., this algorithm
uses the hyperlink structure and the actual location of a
document for ranking documents. Figure 3 explains how

ouar algorithm is derived.

location
of user

|zcation
of user

in a direct line

Figure 3. Rearrangement of the whole graph centered on node 4 for
computing the weighting value which is considered the hierarchical

ervironment factor

The left diagram of Figure 3 shows four layers from
layer O to layer 3. Supposed for a user to retrieve some
information at node 4 in layer 2, the user may expect to
show up documents in his/her node first. Of course, if
wrz consider the importance of documents, the documents
r-om node 1, or node 5, or other node shall be the first

cf the list of documents. Hence our algorithm improved
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is to combine the location of documents and the contents
of a document in the existing PageRank algorithm. In
this case, if we rearrange the hierarchy tree into a new
tree with the root of node 4 and a new relation between
parents and children. The right part of Figure 3 shows
the result of rearrangement as a new graph.

The equation, which computes the weighting value
according to the location of a document incorporating the

case like Figure 3, is as follows:

L

iy

W. = 1— |=—=
' ’L+1

@

where W;

location of a document

1s a weighting value computed using the

in node i, ie., the relative
location to a user, in a hierarchical web environment. /Z;
is the location of the layer with the subject node i for
ranking. For instance, the values of /; ranges from O to
3 in the case above. L, is the location of user's layer,
ie., 2 in the case above. And L is the number of layers
of the whole network, i.e., 4 in the case above. Thus,
maximum value of W; in equation (2) is 1. Meanwhile,
an exception case exist in the right part of Figure 3
such that the nodes 3, 5, 6, 7, 10 are arranged under
node 1, i.e., those nodes are not the direct children of
node 4. The equation for the weighting value of them

are as follows:

1

W I+1 3)

, = min(W;) —
where Wo means the weighting value of environment for
a node which is not the direct child node, here o
represents others.

If we compute the weighting value of environment
for the node 4 in Figure 3 by applying equations (2)
and (3) with respect to user's point of view, Wi = 1 -
|(2-2)/(4+1)} = 1.
can be done. For instance 4/5 for node 2, 3/5 for node
1, 4/5 for node 8 and 9, and 2/5 for other nodes.

Finally, we derive the equation of the weighting value in

Similarly the values for other nodes

a given hierarchical web environment after combining

equation 1 and 2 (or 3) as follows:

PR(A)nnpmr'ed: PR (A)X W1 (4)



In Figure 4, we show the results of the comparison
of weighting values with respect to  hierarchical view
(cases (a) and (b)) and functional view (cases (c) and
(d)). In hierarchical cases of Figure 4, we can see that
the difference between the weighting values became
larger as the depth between the layers grew deeper. In
functional cases, the weighting value is not dependent on
the depths but the difference of

weighting values became smaller as the layer goes lower.

in the hierarchy,
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Figure 4. The comparison of weighting values for hierarchical (a and
b) and functional cases (c and d)

V CONCLUSIONS

In this paper we propose an new improved ranking
algorithm considering user's convenience in a hierarchical
web based environment. For the algorithm, we suggest a
configuration of the hierarchical web environment such as
enterprise and defense networks. Moreover, we propose
some equations using graph theory to incorporate user's
real location for mining. Finally we show the
characteristics of the weighting values as changing the
node in each layer using diagrams. We believe that our
algorithm to

hierarchical web environment is tried at first. And we

compute the weighting value in a
expect that the algorithm provides more efficient result to

the users in a hierarchical web environment.
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