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Improvement in TF-IDF scheme for Web
Pages and its Retrieval Accuracy
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In IR (information retrieval) systems based on the vector
space model, the tf-idf scheme is widely used to characterize
documents. However, in the case of documents with hyper-
link structures such as Web pages, it is necessary to develop
a technique for representing the contents of Web pages more
accurately by exploiting that of their hyperlinked neighbor-
ing pages. In this paper, we first propose some methods for
improving the tf-idf scheme for a target Web page by using
the contents of its hyperlinked neighboring pages, and then
compare retrieval accuracy of our proposed methods.

1. Introduction

The WWW (World Wide Web) is a useful resource for users to ob-
tain a great variety of information. However, since the number of
Web pages continues to grow, it is getting more and more difficult
for users to find relevant information on the WWW. Under these
circumstances, search engines are one of the most popular meth-
ods for finding valuable information effectively. Recently, in order
to obtain more higher retrieval accuracy, the hyperlink structures of
Web pages are taken into account in IR systems. For example, IR
systems based on the concept of “Optimal Document Granularity”
using the hyperlink structures of Web pages [1, 2, 3] are proposed.
However, as for these works, we do not believe that users could un-
derstand the search results intuitively because the multiple query
keywords disperse in several hyperlinked Web pages. In addition,
although HITS (Hypertext Induced Topic Search) [4] and PageRank
[5] achives higher retrieval accuracy using the hyperlink structures
of Web pages, these algorithms have shortcomings in that (1) the
weight for a Web page is merely defined; and (2) the relativity of
contents among hyperlinked Web pages is not considered. As a re-
sult, the problem of Web pages irrelevant to user’s query often being
ranked higher still remains. Therefore, in order to provide users
with relevant Web pages, it is necessary to develop a technique for
representing the contents of Web pages more accurately. To achieve
this purpose, we have proposed some methods for improving a fea-
ture vector for target Web page [6]. Our proposed methods, however,
also have a problem in that only Web pages out-linked from a tar-
get Web page are exploited to generate the feature vector of target
Web page. Therefore, in this paper, we propose three methods for im-
proving the tf-idf scheme [7] for a target Web page using both its in-
and out-linked pages in order to represent the contents of the target
Web page more accurately. Our method is novel in improving tf-idf
based feature vector of target Web page by reflecting the contents of
its hyperlinked neighboring Web pages.

2. Proposed Method

On the basis of the problems of IR systems described in Section
1, in order to represent the contents of Web pages more accurately,
the feature vector of a Web page should be generated by using the
contents of its hyperlinked neighboring pages. We, therefore, pro-
pose improving the tf-idf scheme for a target Web page by using the
contents of its hyperlinked neighboring pages. Unlike the works de-
scribed in Section 1, our method is novel in improving tf-idf based
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feature vector of a target Web page by reflecting the contents of its
hyperlinked neighboring Web pages.

In the following discussion, let a target page be py. Then, we
define i as the number of the shortest directed path from pyg. Let
us assume that there are N; Web pages (pi,, pi,, -, PiNi) in the ith
level from pg. Moreover, we denote the feature vector wPe of pg as
follows:

whtgt = (Wﬁ‘g’,wg‘g‘,---.wt‘ff’), (1)
where m is the number of unique terms in the Web page collection,
and tg(k = 1,2,---, m) denotes the each term. Using the tf-idf scheme,
we also define the each element wf:g" of wPtet as follows:

pgt (b Pgt) log Naeo

Y = STt (G pg) 0 A1) @

where tf(t, pgt) is the frequency of term ty in the target page pig,
Nwep is the total number of Web pages in the collection, and df (k) is
the number of Web pages in which term tx appears. Below, we refer
to wPet as the “initial feature vector.” Subsequently, we denote the
improved feature vector wP¢ as follows:

7Pt 7 Pt 7 Pt
whet = (thm,Wtzm,“‘,thm)v (3)

and refer to this wPet as the “improved feature vector.” As we de-
scribe below, we propose three methods for improving the “initial
feature vector” based on the tf-idf scheme defined by Equation (2).

Method |

In this method, we reflect the contents of all Web pages at levels
up to L(in)‘h in the backward direction and levels up to L(out)‘h in the
forward direction from the target page pg. Based on the ideas that
(1) there are Web pages similar to the contents of py in the neigh-
borhood of pg; and (2) since on one hand such Web pages exist right
near Py, on the other hand they might exist far removed from pg
in the vector space, we reflect the distance between wPe and fea-
ture vector of in- and out-linked pages of py in the vector space on
each element of initial feature vector wPet, For example, Figure 1(a)
shows that w'P¢t is generated by reflecting the contents of all Web
pages at levels up to second in the backward and forward directions
from pgt on wP. In Figure 1(a), pij;, and pijg,,, correspond to the
i page in the i level in the backward and forward directions from
Prgt, respectively. Additionally, Figure 1(b) shows that improved fea-
ture vector WPt is generated by reflecting each feature vector of in-
and out-linked pages of pig on the initial feature vector wPe. In this

method, each element w{f@ of wP¢ is defined as follows:

/Ptgt _ Ptgt
Vﬂk = Vﬂk

- N Pi
1 [L(m) I(in) Wtk”(m) ]

Dim| & & diswpat, wPiin)

L(out) Nicout) ICT
1 Wy
K ol e I

S A diswee o)

If the distance between wPet and wPia  wPiew in the vector space
is very close, the values of the second and third terms of Equation
(4) can be dominant compared with the first term wt'i‘g’. Therefore,
in order to prevent this phenomenon, we also define Dim, which
denotes the number of unique terms in the Web page collection.
dis(wPiet, wPiin ) and dis(wPe, w’ien ) are defined the following equa-
tions, respectively:

m
X Pi
di s(wPtat ’Wplj(m) )= Z(WITQ _ WtkIJ(IH) )2,
k=1
' n pij
diS(Wp‘m,wp”(Om)) - Z(Wtitg‘ - w, O y2
k=1
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Fig.1 The improvement of a feature vector as performed by Method I [(a) in the Web space, (b) in the vector space].
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Fig.2 The improvement of a feature vector as performed by Method 11 [(a) in the Web space, (b) in the vector space].

Method 11
In this method, we first construct Web page groups G, at each
level up to Lgn™ in the backward direction, and Giqy at each level

up to L(out)”‘ in the forward direction from the target page pg. Then,
we generate wPat by reflecting centroid vectors of clusters generated
from Gj;, and Gi,, on initial feature vector wP¢. This method is
based on the idea that Web pages at each level in the backward and
forward directions from p is classified into some topics in the each
level. In addition, we reflect the distance between wP¢ and the cen-
troid vectors of the clusters in the vector space on each element of
the initial feature vector wP¢t. In other words, we first create Web
page groups Gi;, and Gi,, defined as follows:

Gl(in) = {pll(in), p|2(in),‘ T plN,(in) ) (5)
GI(Om) = |P|1(0m) s P|2(0m) PR p|N|(om) ) (6)
(i=12---.1),

and then produce K clusters in each Web page group Giy, and Gi,,

by means of the K-means algorithm [9]. The centroid vectors woicn)
and w¥%w (c = 1,2,-.-,K) are produced in Gigy and Gig,,, respec-
tively. We generate an improved feature vector wP¢ by reflecting the
distance between each centroid vector, w¥in , w¥ew and the initial
feature vector wPet on wPet, For instance, Figure 2(a) shows that we
construct Web page groups Gy, Gz G1o)» @Nd Ga,, at each level
up to second in the backward and forward direction from py, and
generate an improved feature vector wPt by reflecting the centroid
vectors of each cluster produced in each Web page group Gy, Gz,
G1oyy» @nd Gz, ON WP, Moreover, Figure 2(b) shows that improved
feature vector wP¢ is generated by reflecting the centroid vectors of
each cluster on wP¢. In this method, we define each element w{kp‘g‘ of
wPat as follows:

/Ptgt Ptgt
Wtk

X_Hé
I

) gi
1 Lin) K WllC(m)
Dim| & & dis(wptgtngic(ln))

9
1 Lout) K thlc(out)
. )]

Dim| & & disiwhat, w'ou )

We introduce Dim for the purpose of preventing the values of the sec-
ond and third terms from dominating compared with the first term
in Equation (7). diswPe, w9in) and dis(wPe, w¥%w) are defined as

follows:
) i gi
dis(wPrer W% ) = || S % w2,
k=1
m Yic
diS(Wth’,Wg'C(OL")) - Z(Wti@ - W (out) ).
k=1

Method 111

This method is based on the idea that Web pages at levels up to
Lgn™ in the backward direction and levels up to L™ in the for-
ward direction from the target page pg is composed of some topics.
According to this idea, we cluster the set of all Web pages at levels
up to L™ in the backward direction and levels up to L™ in the
forward direction from pyg, and generate wP¢t by reflecting centroid
vectors of the clusters on the initial feature vector wPt. Further-
more, we reflect the distance between wPet and the centroid vector
of the cluster in the vector space on each element of wP¢t; in other
words, we create Web page groups G, and G, as defined by Equa-
tion (8) and (9), respectively,
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Fig.3 The improvement of a feature vector as performed by Method 111 [(a) in the Web space, (b) in the vector space].

Gigiry = (P11 » P12y > p1N1(m) ,
P21giny» P22y >+ > Pag -

Pitgry> P2y PNy b (8)
Gijouy = P11y Pr2goury> > PNy -
P21ou) » P22y > pZNz(O )’

Pittouy Pouy> > P 9
(i=12---,L),

and produce K clusters in Gj;, and G, by means of the K-means al-

gorithm. The centroid vectors w® and w%w (c = 1,2, - --K) are pro-
duced in Gj;, and Gi,,, respectively. Then, we generate improved
feature vector wPe by reflecting the distance between each centroid
vector w¥in , w¥ew (¢ = 1,2,---,K) and initial feature vector wPtet on
wPtet, For instance, Figure 3(a) shows that we construct Web page
groups Gy, and Gy, at levels up to second in the backward and
forward direction from pg, and generate improved feature vector
wPat by reflecting the centroid vectors of clusters produced in Web
page group Gz, and Gz, on the initial feature vector wP¢. Fur-
thermore, Figure 3(b) shows that improved feature vector wP¢ is
generated by reflecting centroid vectors of each cluster on the initial
feature vector wPet. In this method, each element w{kp‘g‘ of wPet js

defined as follows:

/Pt Pt
wP g _ Wtkgt
1 (& W
Dim ; di s(wPtat, w¥in) )
9C(out)
K
1 Wy
- —_— | 10
Dim [CZ; dis(wp@,wgc(ou‘))] (10)

As mentioned in Method I and 11, in order to prevent the value of the
second and third term of equation (10) from becoming dominant com-
pared with the original term weight wtitg‘, we introduce Dim, which
denotes the number of unique terms in the Web page collection. We
also define dis(wPet, w¥n ) and diswPet, w¥ew ) as follows:

m

diswPe W) = A S WP - w2,
k=1

m
' g
diswPtet, wou ) = Z(th:@n - Wt:("“‘) )2.
k=1

3. Experiment

3.1 Experimental Setup

The experiments to verify the retrieval accuracy were conducted us-
ing the TREC WT10g test collection [10]. Stop words were elimi-
nated from all the Web pages in the collection and stemming was
performed. We formed query vector Q using the terms contained in

the “title” field in each Topics from 451 to 500 at the TREC WT10g
test collection. This query vector Q is denoted as follows:

Q= (G- Gty» > Chim)s (11)
where m is the number of unique terms in the Web page collection,
and ty(k = 1,2,---,m) denotes the each term. Each element ¢, of Q is
defined as follows:

k=12---,m), (12)

@ =(0.5+ O.5-Qf(tk))' Nueb

o1 Qf(ts) df(t)

where Qf (t), Nwen, and df (tk) is the number of index terms ty, the to-
tal number of Web pages in the test collection, and the number of
Web pages in which the term tx appears, respectively. As reported
in [11], Equation (12) is the element of a query vector that brings
the best search result. We then compute the similarity sim(w’Ptat, Q)
between improved feature vector wPa and query vector Q. The
sim(wPet, Q) is defined as follows:

T _whe-Q
MW Q) = LIl

Based on the value of sim(wPat, Q), we evaluate retrieval accuracy
using “precision at 11 standard recall levels” described in [12, 13].

(13

3.2 Experimental Results

We generated improved feature vector wPe for initial feature vec-
tor we of target page pig using Method I, 11, and 111 described in
Section 2 with respect to the following cases:

Method I

(Ml-a) where the contents of all Web pages at levels up to L(in)th in the
backward direction from pg reflect on the initial feature vector
what |

(MI-b) where the contents of all Web pages at levels up to L™ in the
forward direction from py reflect on the initial feature vector
whtat ,

(Ml-c) where the contents of all Web pages at levels up to L(in)th in
the backward direction and levels up to L(out)”‘ in the forward
direction from py reflect on the initial feature vector whe,

Method 11

(Ml1-a) where the centroid vectors of clusters generated by the group of

Web pages at each level up to L(in)th in the backward direction
from pyg reflect on the initial feature vector wPe,

(MI1-b) where the centroid vectors of clusters generated by the group

of Web pages at each level up to L(out)‘h in the forward direction
from pyg reflect on the initial feature vector whet,

(Mll-c) where the centroid vectors of clusters generated by the group of

Web pages at each level up to L(in)th in the backward direction
and each level up to L(out)‘h in the forward direction from pyg
reflect on the initial feature vector wPtt,

Method 111

(Mlll1-a) where the centroid vectors of clusters generated by the group

of all Web pages at levels up to L™ in the backward direction
from pyg reflect on the initial feature vector whtet,
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(MI11-b) where the centroid vectors of clusters generated by the group

of all Web pages at levels up to L(out)th in the forward direction
from pg reflect on the initial feature vector wPe,

(MIl1-c) where the centroid vectors of clusters generated by the group

of all Web pages at levels up to L(in)‘h in the backward direction

and levels up to L(out)‘h in the forward direction from pg reflect

on the initial feature vector wP.
In this paper, the space is limited, therefore, we show only the results
that illustrate the comparison of the best retrieval accuracy obtained
using the Method I, 11, and I1l. The detailed results obtained using
these methods and discussions on them are described in [8]. Accord-
ing to these results, we found that we could obtain the best retrieval
accuracy in comparison with the tf-idf scheme, in the case of gener-
ating improved feature vector by creating a group of all Web pages at
levels up to second in the backward direction from pg and produc-
ing three clusters from the group in Method 111 (Ml11-a). In addition,
Figure 4 shows that, in any case of Method I, 11, and 111, the best re-
trieval accuracy is obtained using the contents of in-linked pages of
a target page. Therefore, it is assumed that more accurate feature
vectors of Web pages can be generated by assigning higher weight to
in-linked pages rather than out-linked pages of a target page.

0.7

average

precision improvement

0.6 fidf ¢ 0.313 -
‘(Ml-a), L(in ‘:3_& 0:342 +0.029
'(MIl-a), L?ng=3, =3 - 0.342 +0.029
in)=2, K=3' ~% 0.345 +0.032

Dy (Mill-a), L
N *\

£r90|sion
< S
w IS

0 0.2 0.4 0.6 0.8 1
recall

Fig.4 Comparison of the best search accuracy obtained using
each Method I, Il and I11.

4. Conclusion

In this paper, in order to represent the contents of Web pages more
accurately, we proposed three methods for improving tf-idf scheme
for Web pages using their hyperlinked neighboring pages. Our ap-
proach is novel in improving tf-idf based feature vector of target Web
page by reflecting the contents of its hyperlinked neighboring pages.
Then, we conducted experiments with regard to the following three
methods:

e the method for reflecting the contents of all Web pages at levels
up to L™ in the backward direction and levels up to Lou™ in
the forward direction from the target page pgt,

e the method for reflecting the centroid vectors of clusters gen-
erated from Web page groups created at each level up to Ljn!"
in the backward direction and each level up to L(out)th in the
forward direction from the target page pgt,

e the method for reflecting the centroid vectors of clusters gen-
erated from Web page groups created at levels up to L(in)th in
the backward direction and levels up to L(out)‘h in the forward
direction from the target page pg,

and evaluated retrieval accuracy of improved feature vector obtained
from each method using recall precision curves. Compared with re-
spective best retrieval accuracy obtained using these three methods,
we found that in-linked pages of a target page mainly affect for gen-
erating feature vector that represents the contents of the target page
more accurately. Consequently, it is assumed that more accurate
feature vector of Web pages can be generated by assigning higher
weight to in-linked pages rather than out-linked pages of a target
page. We plan to verify this assumption in future work.

In this paper, we used the K-means algorithm in order to classify
the features of in- and out-linked pages of a target page. However,
since we have to set the number of clusters initially in the K-means
algorithm, we consider this algorithm to be inappropriate for classi-
fying the features of Web pages that have various link environments.

Therefore, in future work, we plan to devise some clustering methods
appropriate for various link environments of Web pages. Moreover,
in this paper, we focused on the hyperlink structures of the Web aim-
ing at generating more accurate feature vectors of Web pages. How-
ever, in order to satisfy the user’s actual information need, it is more
important to find relevant Web page from the enourmous Web space.
Therefore, we plan to address the technique to provide users with
personalized information.
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