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Abstract—To realize web search engines with considering
meaning of query phrases for each user, we have studied a
method to extract hierarchical and synonymous relationships
among tagged phrases on a social bookmark (SBM) for an
individual SBM user. It detects the relationships from webpage
clusters with same tagged phrases derived from the bookmarks
shared in the target and his similar SBM users. However,
noisy tagging violating personal phrase meaning degrades its
detection accuracy. This paper proposes a method to improve
such drawback. The proposed method classifies webpages based
on its content concordance as long as based on sameness of tagged
phrases. Analyzing webpages belongingness to content-based and
tag-based clusters, the relationships are detected more accurately.

We compared the detection accuracies of the proposed and
traditional methods through an experiment. For hierarchical
relationships, the F-measure improves by 7.41% and the precision
improves by 20.94% under guaranteeing more than 20% recall.
For synonymous one, the F-measure does by 4.17% and the
precision does by 21.80% under more than 10% recall.

I. INTRODUCTION

WWW users want to find desirable many and only web-
pages from the vast numbers of webpages on WWW through
web search engines. General web search engines generate
search results based on correspondence between query phrases
and the phrases in webpages. Such search engine do not
consider an individual user’s phrase meaning. As an example,
suppose that WWW user A and B search for webpages by the
query phrase “Web application”. User A uses the phrase with
the implicit meaning “Wiki” and “BBS”. On the other hand,
User B does with the meaning “Web mail” and “Web-based
office software”. A general search engine presents both of them
the webpages including the text “Web application”. User A
receives the search result including the webpages about “Web
mail” and “Web-based office software”. User B similarly does
those about “Wiki” and “BBS”. The search result includes the
webpages which is not relevant to the query phrase in each
user’s mind, which is undesirable for users.

In order to realize a search engine accounting for personal
phrase usage, the search engine must firstly obtain the phrase
meaning of each user by a formal description. This research
deal with an ontology defining hierarchical and synonymous

relationships between phrases as the formal description. Such
ontology can present a user’s personal phrase meaning. The
authors have proposed a method to extract personal phrase
meaning from the phrases tagged to bookmarked webpages in
a Social Bookmark (SBM)[1]. It detects the hierarchical and
synonymous relationships among tagged phrases based on tag-
based clusters of the webpages shared among the target and
his similar users. However, it has a drawback that the detection
accuracy becomes poor if there exist tagging violating the
personal phrase meaning by tag omission, invalid tag selection,
and label spelling error.

This paper proposes an extension of the traditional
method[1] to treat such invalid tagging. The proposed method
classifies webpages based on concordance of contents as long
as tagged phrases. Extending tag-based webpage clusters by
content-based one, it eliminates size reduction of tag-based
clusters by invalid tagging and improves detection accuracy.
The proposed method has the following characteristics: (1)
It does not extract general meaning of a phrase but personal
phrase meaning, (2) it extracts personal meaning of a phrase
based on the webpages tagged with the phrase by the target and
his similar users in SBM, and (3) it extracts personal phrase
meaning against noisy information caused by invalid tagging.

We conducted an experiment to compare the detection
accuracies of hierarchical and synonymous relationships be-
tween the proposed and traditional methods. The experimental
result showed that detection of hierarchical relationships by
the proposed method improves the F-value by up to 7.41%
and improves the precision by up to 20.94% under the recall
more than 20%. For extraction of synonymous ones, the F-
value is improved by up to 4.17% and the maximum precision
is done by up to 21.80% under the recall more than 10%.

The rest of this paper is organized as follows. Section
II describes related work. Section III reviews the traditional
method[1]. Section IV proposes a novel method against the
drawback of the traditional one. The experimental result is
shown in Section V. Section VI concludes this paper.

II. RELATED WORK

A SBM, such as Hatena Bookmark[2] and Delicious[3],
is instantiated as a tool which we can utilize for automatic



extraction of personal phrase meaning. In a SBM, a user
manages and organizes his bookmarks by freely tagging one
or more phrases to them. Which phrase is tagged to which
webpage is determined by him according to his desirable
manner. It leads that his personal phrase meaning may be
implied by the tagging to the bookmark. Analyzing tagged
phrases from the viewpoint of tagged webpages will enable
automatic estimation of his personal phrase meaning.

Some researchers have studied extraction of relationships
between tagged phrases in a SBM[1], [4], [5]. In the method
proposed in [4], relationships between tagged phrases is ex-
tracted from the data on user, resource and tags derived by
using Probabilistic Latent Semantic Indexing. The research of
[5] has proposed a method to represent relationships between
tagged phrases by directed acyclic graph. These methods
derive relationships from the viewpoint of the general tendency
among entire SBM users.

As the method focusing on the phrases’ relationships in
personal mind, the authors have proposed a method to extract
individual phrase meaning of a SBM user based on webpage
clusters tagged with an identical tag. However, its detection
accuracy becomes poor in the case that a SBM user tags
phrases to some webpages by the way unconsciously violating
the phrase meaning for him. Improvement against such tagging
is required for accurate dextraction of the ontology.

III. OVERVIEW OF THE TRADITIONAL METHOD

This research aims to improve the drawback of the tra-
ditional method[1]. We firstly review its overview. It extracts
personal phrase meaning based on the idea that a meaning of
a phrase is regarded as the set of webpages to which the target
user tags the phrase. In below, the set of bookmarked webpages
with an identical tagged phrase is called as the tag cluster
for the tag. Suppose tags Tx and Ty given by the target user.
Denoted by C(Tx) and C(Ty) are the tag clusters of Tx and Ty ,
respectively. Comparison between the tag clusters C(Tx) and
C(Ty) detects hierarchical relationship between Tx and Ty: If
C(Tx) is almost included in C(Ty), it is said that the label
phrases of Tx and Ty have the hierarchical relationship where
the former represents fine-grained and partial (lower level)
meaning, and the latter does more general and comprehensive
(upper level) meaning. On the other hand, suppose the tags
Tx given by the target user and Tz done by his similar user.
The synonymous relationship between the label phrases of
Tx and Tz is detected if C(Tx) and C(Tz) are almost the
same. It is reasonable since similar users may have similar
classification of meanings of objects even if the words for
calling the objects somewhat differ. Similar users in SBM can
be identified through the method proposed in [6], for example.

The traditional method[1] has the drawback that hier-
archical and synonymous relationships cannot be correctly
detected if the target user tags phrases to webpages by the way
disagreeing with his personal phrase meaning. Such tagging is
tag omission, invalid tag selection, and label spelling error.
The tag omission refers that the target user forgets to give a
tag Tx to a webpage relevant to the label phrase. The invalid
tag selection does that the target user incidentally gives another
tag Ty to a webpage instead of the tag Tx which must be tagged
originally. In this case, the user uses Ty for other webpages

validly by the original meaning. Ty is invalid tag which must
not be tagged to the webpage. The label spelling error refers
the similar situation where a phrase Tz is tagged incidentally
by spelling error instead of the phrase Tx which the target
user wanted to tag in actual. These invalid tagging reduce the
tag cluster C(Tx) compared with the tag cluster which must
be generated in origin. The tag cluster C(Ty) broadens out
invalidly in contrast. The tag cluster C(Tz) is generated as a
set of only one webpage incidentally.

The traditional method[1] cannot eliminate the negative
effect by these tagging, especially on the tag cluster C(Tx)
in the above-mentioned example. The reduction of C(Tx) can
be more significant and serious than broaden out of C(Ty)
and generation of C(Tz). It may cause more often because
Tx is tagged consciously by the target user while broaden out
C(Ty) and generation of C(Tz) cause incidentally. Correct
detection of hierarchical and synonymous relationships on
Tx is prevented by this factor. The tag omission, invalid
tag selection, and label spelling error are noisy information
which disables accurate detection of personal phrase meaning.
Additionally, such tagging by similar SBM users also degrade
the detection accuracy. Thus, accurate extraction of personal
phrase meaning from SBM requires excluding the negative
effect by the such noisy tagging.

IV. EXTRACTION OF PERSONAL PHRASE MEANING OF
SBM USER CONSIDERING SAMENESS OF CONTENTS

A. Method overview

We propose a method by extending the traditional one[1] in
order to eliminate the size reduction of tag clusters caused by
the noisy tagging. The proposed method extracts not only tag
clusters based on the sameness of the tags but also the content
clusters from the sameness of the content of the webpages. A
content clusters is defined as a set of bookmarked webpages
whose contents are concordant. Extending tag cluster based
on content clusters improves detection accuracy against the
size reduction of tag clusters. The conception considers that
even if two webpages are tagged with different phrases, they
should belong a same tag cluster in actual if their contents are
concordant. Including webpages with different tagged phrase
but with the same content to a tag cluster, the size of the
tag cluster is modified under guaranteeing invariant implied
meaning to the corresponding phrase.

The proposed method, similar to the traditional method[1],
extracts the personal phrase meaning of a SBM user from his
and his similar users’ tagging to bookmarked webpages. The
overview of the proposed method is shown in Fig. 1. The
procedure of the proposed method is as follows:

Step 1: Construction of tag clusters
Step 2: Extension of tag clusters based on the concor-

dance of content
Step 3: Detection of hierarchical relationships based on

extended tag clusters
Step 4: Detection of synonymous relationships based on

extended tag clusters

The traditional method[1] does not include Step 2. Steps 3
and 4 are applied to original tag clusters. The details of Steps
2–4 are discussed in Subsections IV-B, IV-C, and IV-D. In
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below, we call hierarchical and synonymous relationships as
HR and SR for simplicity of notation.

B. Extension of tag cluster

Step 2 in the proposed method generates content clusters by
classifying the bookmarked webpages based on concordance of
contents. A nonhierarchical clustering algorithm can be applied
to this classification. Then the tag clusters extracted in Step 1
is expanded based on the content clusters. If a tag cluster and
a content cluster are similar, these clusters are regarded as the
sets of webpages which should be tagged in actual with the
phrase corresponding to the tag cluster. The union of these
clusters is defined as the extended tag cluster.

Formally describing, suppose that the target user ui

and his similar user set SU i share totally l bookmarks
R = {r1, . . . , rl}. The tags given by ui is denoted by
{Ti1, . . . , Timi} and the label phrase of Tix is Li(Tix). The tag
cluster Ci(Tix) ⊆ R is the set of webpages tagged with Tix.
The proposed method applies a nonhierarchical clustering to R
and they are classified into the content clusters {G1, . . . , Ga}.
If Ci(Tix) and Gj satisfy Eq. (1), Ci(Tix) is extended into
ECi(Tix) = Ci(Tix)∪Gj . ET is a given threshold. Extended
tag clusters are also generated for each similar user suj ∈ SU i.

|Ci(Tix) ∩Gj |/|Ci(Tix) ∪Gj | ≥ ET (1)

C. Extraction of hierarchical relationship

The proposed method regards the extended tag cluster
ECi(Tix) as the meaning of the phrase Li(Tix). If the size
of ECi(Tix) is large, the personal meaning of Li(Tix) is
supposed to be relatively broad for ui. On the other hand,
it may be relatively narrow if the size of ECi(Tix) is smaller.

When extended tag clusters ECi(Tix) and ECi(Tiy) have
common elements, the corresponding phrases Li(Tix) and
Li(Tiy) may be relevant. For two phrases with HR, the upper
level phrase has a relatively broad meaning while the lower
one does a relatively narrow meaning. Naturally, the meanings
of these phrases are associating with each other. Based on this
idea, HR between Tix and Tiy is detected when all of the
following equations hold:

|EC(Tix) ∩ EC(Tiy)|/|EC(Tix) ∪ EC(Tiy)| ≥ θ1, (2)
|EC(Tix) ∩ EC(Tiy)|/min(EC(Tix), EC(Tiy)) ≥ θ2, (3)
2|EC(Tix) ∩ EC(Tiy)|/|EC(Tix)|+ |EC(Tiy)| ≥ θ3, (4)

where θ1, θ2, and θ3 are given thresholds for HR detection.
if |ECi(Tix)| > |ECi(Tiy)|, the label phrase Li(Tix) is
identified as the phrase with upper level meaning while Li(Tiy)
is done with the lower. If |ECi(Tix)| < |ECi(Tiy)|, the upper
and lower level phrases are identified vice versa.

D. Extraction of synonym relationship among tags

Suppose that the target user ui gives the tags
{Ti1, . . . , Timi}. Denoted by SU i is the similar users of ui. For
each user suj ∈ SU i, his tags {Tj1, . . . , Tjmj} are extracted.

If the tag Tix given by ui and Tjy done by suj have
similar extended tag clusters ECi(Tix) and ECj(Tjy), these
label phrases Li(Tix) and Lj(Tjy) can be judged as synonyms.
The synonym relationship is detected by satisfying all of the
following equations, where δ1, δ2, and δ3 are given thresholds:

|EC(Tix) ∩ EC(Tjy)|/|EC(Tix) ∪ EC(Tjy)| ≥ δ1 (5)
|EC(Tix) ∩ EC(Tjy)|/min(EC(Tix), EC(Tjy)) ≥ δ2 (6)
2|EC(Tix) ∩ EC(Tjy)|/|EC(Tix)|+ |EC(Tjy)| ≥ δ3 (7)

V. EXPERIMENTAL EVALUATION

A. Experimental contents

We conducted an experiment to verify the validity of the
proposed method. This experiment aimed at investigating ad-
vantage of the proposed method compared with the traditional
method[1].

1) Generation of evaluation data by questionnaire: The
examinees were 4 university students, named u1–u4, who
were Hatena Bookmark[2] users. We collected the data for
verification through questionnaire to each examinee.

We firstly prepared the data of a similar user group for each
examinee. We collected the bookmark data of the candidate
similar users {u5, . . . , u1059} from Hatena Bookmark, where
{u5, . . . , u1059} were selected according to analysis of their
bookmarks. For each ui ∈ {u1, . . . , u1059}, we collected his
tagging information consisting of the tagged phrase Li(Tix)
and tag cluster Ci(Tix). We determined the similar user group
SU i for each examinee ui (i = 1, . . . , 4). SU i was the set
of uj ∈ {u5, . . . , u1059} who has at least one tag Tjy which
satisfies |Ci(Tix) ∪ Cj(Tjy)| ≥ 1 for a tag Tix of examinee
ui.

In the questionnaire on HR to the examinee ui, each ques-
tion presents a pair of the tagged phrases (Li(Tix), Li(Tiy))
which satisfy |Ci(Tix) ∩ Ci(Tiy)| ≥ 1. Tix and Tiy were
selected randomly and partially from all pairs of his tags
because number of the pairs was huge. He answered whether
he considers that Li(Tix) and Li(Tiy) have HR where Li(Tix)
is upper level or not, and whether they have HR where Li(Tix)
is lower level or not.

In each question of questionnaire on SR to ui, a pair of
tagged phrases (Li(Tix), Lj(Tjy)) was presented. Tjy is a tag
of a similar user uj ∈ SU i. Since the number of possible
pairs was huge, we preferentially presented the pairs with
high values of |Ci(Tix) ∩ Cj(Tjy)|. He answered whether he
considers Li(Tix) and Lj(Tjy) are synonyms or not.

The number of the presented tag pairs in each questionnaire
is shown in Table I. The examples of the presented tags



TABLE I. THE NUMBER OF PRESENTED TAG PAIRS IN QUESTIONNAIRE

Examinee # of tag pairs
HR SR

u1 329 745
u2 543 497
u3 374 453
u4 549 329

TABLE II. EXAMPLE OF PRESENTED TAGS AND ANSWERS IN HR
QUESTIONNAIRE

Tag pair Answer
Tix Tiy HR (Tix in higher)∗∗ HR (Tiy in higher)∗∗∗

Android Windows no no
Apuri∗ Windows no yes

Puroguramingu∗ Android yes no
*: In Japanese
**: The HR existence where Tix is higher level and Tiy is lower level
***: The HR existence where Tiy is higher level and Tix is lower level

TABLE III. EXAMPLE OF PRESENTED TAGS AND ANSWERS IN SR
QUESTIONNAIRE

Tag pair Answer
Tix Tiy SR existence

Detabesu∗ database yes
dropbox Web sabisu∗ no

Chrome kakucho∗ ado-on∗ yes
*: In Japanese

and answers are also shown in II and III for HR and SR
questionnaires, respectively.

We call HRs and SRs obtained through the questionnaire
as correct HRs and correct SRs, respectively.

2) Generation of evaluation data: We detected HR and
SR by each of the proposed and traditional methods for the
pair of tag presented to each examinee in the questionnaire. In
the traditional method, HR and SR are detected by equations
replacing Ci(Tix) with ECi(Tix) in Eqs.(2)–(4) and Eqs. (5)–
(7). The parameters θ1–θ3, δ1–δ3, and ET were set to the
values from 0 to 1 by every 0.1. We used the Repeated
Bisection method[7] for the nonhierarchical clustering in Step
2 of the proposed method. The number of clusters a in this
algorithm was set from 1000 to 310000 by every 1000 in HR
and from 5000 to 30000 by every 5000 in SR, respectively.
The HR and SR detections were executed in all combination
of the values of θ1–θ3, δ1–δ3, ET , and a. We call HRs and
SRs detected by a method as the detected HRs and detected
SRs by the method.

We evaluate the detection accuracy by the pro-
posed/traditional method based on the correspondence between
the detected HRs and SRs, and the correct HRs and SRs.

B. Experimental result and evaluation

1) Hierarchical relationship: Table IV shows the detection
accuracies on HR of the proposed and traditional methods.
It shows the maximum F-measure among all combinations
of parameters setting for θ1–θ3, δ1–δ3, and a, and the cor-
responding precision and recall. It proves that the F-measure
for every examinee by the proposed method exceeds that by
the traditional one. The maximum improvement is 7.41% of
u1. The proposed method can detect HR more accurately under
balancing precision and recall.

TABLE IV. COMPARISON OF F-MEASURE ON HIERARCHICAL
RELATIONSHIP DETECTION

Examinee Method Precision(%) Recall(%) F-measure(%)
u1 Proposed 81.35 70.21 81.13

traditional 78.26 67.81 73.72
u2 Proposed 31.66 60 41.45

traditional 32.33 48.5 38.8
u3 Proposed 19.1 60.14 28.99

traditional 18.83 58.78 28.52
u4 Proposed 72.13 78.34 75.11

traditional 80.14 68.25 73.72

TABLE V. MAXIMUM PRECISION OF HIERARCHICAL RELATIONSHIP
DETECTION UNDER GUARANTEEING MINIMUM RECALL (UNIT:%)

Examinee Method Minimum recall
10% 20% 30% 40%

u1 Proposed 85.71 82.94 82.94 82.94
Traditional 80.90 80.90 80.90 80.90

u2 Proposed 50.46 50.46 44.74 36.40
Traditional 29.52 29.52 29.52 29.52

u2 Proposed 28.57 23.48 22.73 19.13
Traditional 22.69 22.15 21.84 18.87

u3 Proposed 97.44 94.57 93.10 92.67
Traditional 85.35 85.35 85.35 85.35

Examinee Method Minimum recall
50% 60% 70%

u1 Proposed 81.35 81.35 81.35
Traditional 79.78 78.51

u2 Proposed 32.42 31.66
Traditional 29.52

u2 Proposed 19.13 19.10
Traditional 18.83

u3 Proposed 86.22 83.00 77.02
Traditional 85.35 81.89 75.87

This research aims to improve the search performance
of web search engines. If the proposed method can extract
personal phrase meaning with high precision, the webpage
ranking by search engines can be improved for individual
user. Thus, we investigate mainly the precision of the proposed
method, however, under guaranteeing a certain value of the re-
call. Shown in Table V is the maximum precision among all of
the parameter settings satisfying a given minimum recall. Each
raw in “Minimum recall” represents the minimum recall to be
guaranteed. For example, the maximum precision 85.71%, the
proposed method, and the minimum recall 10% for examinee
u1 means that the maximum precision of HR detection by
the proposed method is 85.71% among all of the parameter
settings which achieve equal or more than 10% recall by the
proposed method. Table V proves that the maximum precision
for the proposed method exceeds that for the traditional one,
which means that the proposed method improves HR detection
accuracy in the case emphasizing precision. The maximum
improvement is 20.94% for the minimum recalls 20% in u2.

Finally, we evaluate the change of HR detection result for
each pair of tags. It is desirable that the proposed method
detects many HRs true-positively or true-negatively which are
detected false-negatively or false-positively by the traditional
one. The converse case is undesirable. We investigate how
many desirable changes of HR detection results occur. More-
over, we discuss for which types of users the proposed method
improves the detection accuracy.

Table VI shows comparison of the HR detection result be-
tween the proposed and traditional methods whose parameter



TABLE VI. CHANGE OF HR DETECTION RESULT

Examinee Detection Result Minimum recall
10% 20% 30% 40%

u1 [TP:TP] 3 150 150 150
[TP:FN] 0 8 8 8
[FN:TP] 27 15 15 15
[FN:FN] 262 119 119 119
[FP:FP] 0 19 19 19
[FP:TN] 1 1 1 1
[TN:FP] 3 1 1 1
[TN:TN] 33 16 16 16

u2 [TP:TP] 61 61 74 106
[TP:FN] 55 55 42 13
[FN:TP] 0 0 1 0
[FN:FN] 84 84 83 81
[FP:FP] 48 48 67 133
[FP:TN] 122 122 103 39
[TN:FP] 0 0 3 0
[TN:TN] 177 177 174 175

u3 [TP:TP] 21 36 55 91
[TP:FN] 40 5 6 3
[FN:TP] 0 0 0 0
[FN:FN] 87 107 87 54
[FP:FP] 35 96 143 276
[FP:TN] 120 12 12 6
[TN:FP] 0 0 0 0
[TN:TN] 240 287 240 113

u4 [TP:TP] 58 82 104 136
[TP:FN] 112 94 72 40
[FN:TP] 5 7 7 8
[FN:FN] 162 154 154 153
[FP:FP] 3 0 3 6
[FP:TN] 15 18 15 12
[TN:FP] 0 0 0 0
[TN:TN] 19 19 19 19

Examinee Detection result Minimum recall
50% 60% 70%

u1 [TP:TP] 150 214 214
[TP:FN] 8 1 1
[FN:TP] 15 10 10
[FN:FN] 119 67 67
[FP:FP] 19 23 23
[FP:TN] 1 0 0
[TN:FP] 1 0 0
[TN:TN] 16 14 14

u2 [TP:TP] 132 140
[TP:FN] 8 8
[FN:TP] 1 0
[FN:FN] 59 52
[FP:FP] 183 223
[FP:TN] 41 20
[TN:FP] 6 2
[TN:TN] 117 102

u3 [TP:TP] 91 109
[TP:FN] 3 0
[FN:TP] 0 0
[FN:FN] 54 39
[FP:FP] 276 323
[FP:TN] 6 1
[TN:FP] 0 0
[TN:TN] 113 71

u4 [TP:TP] 179 228 276
[TP:FN] 1 10 4
[FN:TP] 0 1 2
[FN:FN] 157 98 55
[FP:FP] 17 22 30
[FP:TN] 1 2 2
[TN:FP] 0 0 0
[TN:TN] 19 13 5

settings are of the cases where the maximum precisions in
Table V are achieved. It shows the numbers of tag pairs of
true-positive, true-negative, false-positive, and false-negative
detections in each method. The detection result of a tag pair
is represented by [the result by the traditional method:the
result by the proposed method], that is, [TP:TP], [TP:FN],
[FN:TP], [FN:FN], [FP:FP], [FP:TN], [FN:TP], and [FN:FN].

TABLE VII. COMPARISON OF F-MEASURE ON SYNONYMOUS
RELATIONSHIP DETECTION

Examinee Method Precision(%) Recall(%) F-measure(%)
u1 Proposed 10.45 36.84 16.28

traditional 11.63 26.32 16.13
u2 Proposed 21.92 71.11 33.51

traditional 20.54 84.44 33.04
u3 Proposed 19.51 59.26 29.36

traditional 15.74 62.96 25.19
u4 Proposed 17.7 47.62 25.81

traditional 17.09 47.62 25.16

TP, TN, FP, and FN represent true-positive, true-negative,
false-positive, and false-negative detections, respectively. For
example, [FN:TP] means correct HR of a tag pair is not
detected by the traditional method while it is detected by the
proposed method. [FN:TP] and [FP:TN] are desirable cases
while [TP:FN] and [TN:FP] are undesirable ones. In examinees
u2–u4, the cases of [FP:TN] contribute the improvement of de-
tection accuracy. The proposed method improves the detection
accuracy by mainly eliminating false-positive detection.

We discuss the characteristics of the tag pairs on which
[FP:TN] detection occurs. A tag pair (Tix, Tiy) with [FP:TN]
detection is detected false-positively in the traditional method.
In the traditional method, (Tix, Tiy) satisfies |Ci(Tix) ∩
Ci(Tiy)| ≥ 1 from the viewpoint of being detected as having
HR. Since the tags Tix and Tiy are tagged at least one same
pages, the phrases Li(Tix) and Li(Tiy) have some association
but HR. A pair of tags which associate with each other but do
not have HR may be the cause of [FP:TN] or [FP:FP] detection.
Thus, we discuss more about the difference between [FP:TN]
and [FP:FP] detections.

We consider why the proposed method improves false-
positive HR detections. The proposed method generates ex-
tended tag cluster ECi(Tix) and ECi(Tiy) in order to derive
correct relationships against noisy tagging. Such process in-
creases the size of tag clusters, that is, |ECi(Tix)| > |Ci(Tix)|
and |ECi(Tiy)| > |Ci(Tiy)|. It is accompanied by |ECi(Tix)∩
ECi(Tiy)| ≥ |Ci(Tix)∩Ci(Tiy)|. In the case that Tix and Tiy

do not have HR, the increment of |Ci(Tix)∩Ci(Tiy)| is smaller
than that of |Cix| and |Ciy|. Eqs.(2)–(4) become not to hold
for ECi(Tix) and ECi(Tiy) even if they hold for Ci(Tix) and
Ci(Tiy). This leads the proposed method correctly judges anti-
HR between Tix and Tiy while the traditional one judges HR
invalidly.

Investigating 1650 tag pairs with [FP:FP] detection in
detail, we found that ECi(Tix) and ECi(Tiy) is larger than
Ci(Tix) and Ci(Tiy) for only 97 pairs. C(Tix) = EC(Tix) and
C(Tiy) = EC(Tiy) hold for the rest 1650 pairs. Moreover, it
was found that the reason of invariance of the size of Ci(Tix)
is because the content texts of the corresponding webpages
were not validly extracted by automatic extraction. Removing
such webpages, the precision is calculated as the rate of 522
[FP:TN] detections in 522+97=619 [FP:*] ones, that is, 84.3%.
The proposed method therefore can significantly improve false-
positive detections than the traditional method. Because false-
positive detections by the traditional method is caused by the
tags which have some relationships except HR, the proposed
method is especially effective for the users who tags to many
webpages with two phrases which have some relationship but
HR.



TABLE VIII. MAXIMUM PRECISION ON SYNONYMOUS RELATIONSHIP
DETECTION UNDER GUARANTEEING MINIMUM RECALL (UNIT:%)

Examinee Method Minimum recall
10% 20% 30% 40% 50%

u1 Proposed 12.50 11.63 10.45 8.13 8.13
Traditional 12.50 11.63 7.50 7.50 7.04

u2 Proposed 21.95 21.95 21.95 21.95 21.95
Traditional 20.54 20.54 20.54 20.54 20.54

u3 Proposed 28.57 28.57 19.51 19.51 19.51
Traditional 21.05 15.74 15.74 15.74 15.74

u4 Proposed 42.86 21.43 19.40 18.28
Traditional 21.05 21.05 19.12 18.09

Examinee Method Minimum recall
60% 70% 80% 90%

u1 Proposed 7.74 7.61 6.06
Traditional 7.04 7.04 6.06

u2 Proposed 21.95 21.95 20.54 19.91
Traditional 20.54 20.54 20.54 18.72

u3 Proposed 18.28 16.24 14.81 13.74
Traditional 15.74 14.62

2) Synonymous relationship: Shown in Table VII is com-
parison of F-measures of SR detection between the proposed
and traditional methods. Each F-measure is obtained as the
maximum F-measure among all parameter settings of θ1–θ3,
δ1–δ3, ET and a. The F-measures of the proposed method
exceed those of the traditional one in all examinees. The
maximum improvement is 4.17% for u3.

For SR detection, high precision is preferable in order to
improvement of the ranking by web search engines. Table
VIII provides the maximum precision under a given minimum
recall. In Examinees u2–u4, the precisions are higher in the
proposed method than in the traditional one. In u1, though
the precisions become poor for the minimum recalls 10%
and 20%, it exceeds the traditional one’s for more than 30%
minimum recall. Similar to HR detection, the proposed method
can improve SR detection performance from the viewpoint of
emphasizing precision. The maximum improvement is 21.8%
for the minimum recall 10% in u4.

We discuss about for which types of tag pairs the proposed
method works well in SR detection. Table IX shows the change
of the SR detection results from the traditional method to
the proposed method. [FP:TN] detection especially contributes
the improvement of detection accuracy. A remarkable fact
compared with HR detection is that the number of undesirable
[TN:FP] detection is large in Examinees u1 and u4.

The factor of [TN:FP] detection of a tag pair (Tix, Tjy) is
discussed in below. Extension of a tag cluster from Ci(Tix)
into ECi(Tix) increases the value of |ECi(Tix)∩ECj(Tjy)|.
[TN:FP] detection occurs in the case that the left-hand sides
of Eqs. (5)–(7) increase invalidly on Tix and Tjy which do not
have SR. We investigated the reason of such invalid increment
through additional questionnaire about the detailed relationship
of the 57 tag pairs of [TN:FP] detection to Examinees u1

and u4. For 56 of the 57 tag pairs, the examinees answered
the corresponding tags have HR. Moreover, in 42 of the 56
tag pairs, the tag cluster of the upper level tag had only
one element. Poor bookmarking of webpages corresponding to
the upper level tag brings such situation. Thus, the proposed
method works well in SR detection for the users and their
similar ones collecting enough number of bookmarks.

TABLE IX. CHANGE OF SR DETECTION RESULT

Examinee Detection result Minimum recall
10% 20% 30% 40% 50%

u1 [TP:TP] 3 3 5 9 9
[TP:FN] 0 0 0 0 0
[FN:TP] 0 2 2 1 1
[FN:FN] 16 14 12 9 9
[FP:FP] 21 21 39 109 109
[FP:TN] 0 0 2 8 8
[TN:FP] 0 17 21 4 4
[TN:TN] 561 544 520 461 461

u2 [TP:TP] 27 27 27 27 27
[TP:FN] 11 11 11 11 11
[FN:TP] 0 0 0 0 0
[FN:FN] 7 7 7 7 7
[FP:FP] 96 96 96 96 96
[FP:TN] 51 51 51 51 51
[TN:FP] 0 0 0 0 0
[TN:TN] 114 114 114 114 114

u3 [TP:TP] 4 4 15 15 15
[TP:FN] 0 0 1 1 1
[FN:TP] 2 2 1 1 1
[FN:FN] 21 21 10 10 10
[FP:FP] 15 15 65 65 65
[FP:TN] 0 0 21 21 21
[TN:FP] 0 0 1 1 1
[TN:TN] 290 290 218 218 218

u4 [TP:TP] 0 0 13 17
[TP:FN] 3 3 0 0
[FN:TP] 3 3 0 0
[FN:FN] 36 36 29 25
[FP:FP] 0 0 54 77
[FP:TN] 22 27 1 0
[TN:FP] 4 11 0 0
[TN:TN] 380 368 351 329

Examinee Detection result Minimum recall
60% 70% 80% 90%

u1 [TP:TP] 12 15 14
[TP:FN] 0 0 0
[FN:TP] 0 0 0
[FN:FN] 7 4 5
[FP:FP] 143 182 217
[FP:TN] 19 22 0
[TN:FP] 0 0 0
[TN:TN] 420 378 365

u2 [TP:TP] 27 27 38 38
[TP:FN] 11 11 0 0
[FN:TP] 0 0 0 6
[FN:FN] 7 7 7 1
[FP:FP] 96 96 147 169
[FP:TN] 51 51 0 8
[TN:FP] 0 0 0 8
[TN:TN] 114 114 114 76

u3 [TP:TP] 16 19 4 14
[TP:FN] 1 0 0 0
[FN:TP] 1 0 2 11
[FN:FN] 9 8 21 2
[FP:FP] 75 98 27 74
[FP:TN] 25 13 2 6
[TN:FP] 1 0 26 83
[TN:TN] 204 194 250 142

VI. CONCLUSION

This paper proposed a method to extract personal phrase
meaning of a social bookmark user by analyzing his and
his similar users’ tagging to bookmarked webpages. Though
a traditional method[1] also has been studied for the same
purpose, the proposed method in this paper overcomes the
drawbacks of the traditional one that false detection cause
because of noisy tagging. The proposed method generates
content cluster based on the concordance of the contents of
the bookmarked webpages as long as the tag clusters based on
the sameness of the tagged phrases of the webpages adopted in
the traditional method. Extending tag clusters based on content



cluster, personal phrase meaning is validly detected against
noisy tagging as hierarchical and synonymous relationships
between tagged phrases.

The experimental result showed that the F-measure was
improved by 7.41% and the maximum precision under guar-
anteeing at least 20% recall was improved by 20.94% at
most, in detection of hierarchical relationships. For detection
of synonymous relationships, the F-measure was done by
4.17% and the maximum precision under guaranteeing at least
10% recall was improved by 21.80% at most, in detection
of hierarchical relationships. Moreover, the proposed method
could improve mainly false-positive detection by the traditional
method into true-negative.
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