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Abstract. With increasing concerns about the personalized digital li-
braries (e.g., blogs), people need to share relevant information and knowl-
edge with other like-minded users. In this paper, we aim at building a grid
environment for information recommendation, in order to support users’
information searching tasks. By thoroughly analyzing the social linkage
and social interaction patterns, we want to extract the meaningful rela-
tionships between the unknown users by co-occurrence analysis. There-
fore, social grid environment can be constructed by aggregating a set
of virtual hubs discovered from the hidden connections. For implementa-
tion and evaluation, we exploit the proposed method to blogosphere. The
BlogGrid framework is proposed to provide efficient information pushing
service to bloggers without requesting any user intervention.

1 Introduction

Since personalized information spaces (e.g. blog) were introduced, the usage
has been spread to many fields [II2]. More importantly, each blogger can make
explicit connections with other acquaintances (e.g., family members and friends),
and take social activities such as information (or knowledge) sharing, respond-
ing to answers, and referring to further information [3]. Thus, they can organize
communities in a form of socialized information space. On blogosphere, however,
we have been facing on two problems. Firstly, a large amount of information
overwhelming to users means that users are getting much more overloaded to
search for relevant information related to a certain topic and, more specifically,
the like-minded users. Next problem is network isolation phenomenon. Com-
munities tend to be initially organized from the private relations among users.
But, the number of members in this community may keeps constant over time,
because social interactions between different community members are rarely oc-
curred. We find out the limitation of information flows caused by not only the
community policy for protecting the privacy of members but also the topological
isolation of social structure.

! This is the shorten expression of “weblogs,” and this paper uses only “blog”.
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In order to solve these problems, we exploit the grid computing paradigm
[4] to personal information spaces and users, supporting an efficient framework
of information and knowledge sharing between heterogeneous sources. Thereby,
each user’s behaviors should be captured and analyzed to extract meaningful
context (e.g., what topics he is (or they are) interested in and, more exactly,
what he has been trying to search for). In particular, we implement a grid en-
vironment (called BlogGrid [5]), in order to provide information pushing service
on blogosphere. The goal of this service is efficient information diffusion on blo-
gosphere. It means that a certain information should be delivered to the bloggers
who have been looking for the information as quickly as possible, regardless of
the social distances and topologies.

We exploit co-occurrence analysis between user activities to predict the re-
lationships between the corresponding bloggers. Virtual hubs built by shortest
paths are applied to adapting the strength of hub centrality of personal infor-
mation space.

The outline of this paper is as follows: Section 2 describes modeling user be-
haviors on blogosphere and analyzing social interactions. In section 3, we explain
the main steps of BlogGrid framework. Section 4 addresses implementation with
experimental results and some important issues. Finally, in section 5, we draw
some conclusions and explain future work.

2 Analyzing Social Interactions Between Users

In order to recognize the relationships between users, we want to model each
user’s behaviors and measure the distance between them. We can fomulate the
behavior of users on social network SN = {U;,Us,...,Ux} where N is the total
number of users participating in this social network.

2.1 Modeling Behaviors on Blogspace

We assume that each action taken by users have implicit meaning and be able
to be applied to extract useful information about their preferences. Also, this
information should be used to recognize the relationships between users. We
classify the behaviors B = {A, L,N,R,C};

1. Posting articles A. Users input various information and enrich their own
spaces. This action explicitly represents the corresponding user’s preferences.
A set of articles of U; is denoted as A; = {aj,as,...,ax}.

2. Linking with other blogspaces L. It is for explicit construction of a social
network. More importantly, in order to share information about a particular
topic, people can organize a community and actively participate it. We as-
sume this link to be directional. Thus, the neighbors of U; is represented as
L; combining two links £ (pointing to others) and £Z (pointed by others).

L =LY+ LE={U,}0 +{U} (1)

Reversely, Equ. [ can also be represented as {U,,|U; € £Z } +{U,|U; € LO}.
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3. Navigating N. In order to get relevant information within personal informa-
tion spaces, people should visit other spaces, by the following two methods;
— Random browsing. A blogger randomly jump into other blogspaces.
— Accessing to neighbors on social network. By referring to the list
of neighbors, a blogger easily moves into the blogs of his neighbors. In
the same way, he can access to the blogs of his neighbors’ neighbors.

4. Responding R. A user can respond to a certain information by two ways;
i) comment and 1) trackbaclfl. Moreover, not only a free-text sentence but
also numeric rating format (e.g., from 0 to 5) and voting format (e.g., “Yes”
or “No”) can be applied to reflect the degree of the corresponding user’s
interests and opinions. Another feature is that the responding can be nested.
It means that bloggers can respond to a certain comment already attached
to articles. Thus, the responses by user U; is given as R; = {rf”m?ﬂaa €
Aj,rg € Ri} where A;j and Ry mean a set of articles by user u; and a set
of responds by user ug, respectively.

5. Categorizing blogspaces C. Each blog can be labeled with topics, which is
represented as hierarchical path on taxonomies. It is represented as C; =
{ci|e; € O} where O is a hierarchical taxonomy (e.g., ODP and TopicMap).

2.2 Virtual Hub Generation by Co-occurrence Analysis

Co-occurrence analysis between their behaviors can generate a set of virtual hubs
(VH). Tt is play a role of alternative channels to communicate among potential
users. In our previous work [6], we found out that responding behaviors R has
shown more significant effects rather than other ones. For the moment, this
paper is considering only responding behaviors R to measuring co-occurrence
between two users. (Of cause, the others’ co-occurrence patterns can be easily
discovered, as extending according to B = {A, L, N, R,C}.) Two arbitrary users
who commonly respond to a certain article ag (€ A, ) of personal space of user
U, are regarded as like-minded users. For example, let two users Uy and Up
respond to a certain article in Ug’s blog. Even though they are geometrically far
away on social network, their preferences are probably similar with each other.
In order to make them closer, we formulate some measurements. Simply the
(geodesic) distance D between two users can be measured by

D(U;, U;) = shortest path(U;,Uj;)
= min(path(U;, Uj)). (2)

It is the length of linked path between U; and Uj;, and it is computed by counting
all the edges on the shortest path.

Next, we need to recognize the “power” from social linkage patterns in SN,
we deploy the hub (HUB) and authority (AUT H) weighting scheme [7] to mea-
sure the centralities of every users. Similar to the betweenness [§], hub weight
indicates the structural position of the corresponding user. It is a measure of

2 Movable Type. http://www.sixapart.com/movabletype/.
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the influence that people has over the spread of information through the net-
work. On the other hand, authoritative weight is a measure of the information
quantity that people occupies These weights can be iteratively computed by
HUBYY — Yujeco ,AUTHt 1 and AUTH™ — Yu,ect HUB ) where
AUT H, is 1n1t1ahzed with 1. Additionally, for the equlhbrlum Values of the
weights, iteration process should be conducted.

Now, we propose a novel similarity (or distance) measurement based on the
“hub” weights of neighbors. By using the response 7% co-occurred by a group of
users Uco, the hub similarities Sy 5 is represented as a square matrix of which
size is |[Uco| X |Uco|, and each element is given by

D(U;, Uj) 1

X 3
Sy, HUBYs " exp(|Ucol) ©

Srun(i, j) =
where Uy, € shortest path(U;,U;) and U;,U; € Ugo. If D(U;,Uj) is less than
two (e.g., the diagonal elements), Syy5(7,7) is zero. We assume that the longer
distance and the lower hub weights between two users indicate the higher sim-
ilarity. In the second term, we express that the higher number of co-occurring
users exponentially decays the hub similarity among them. The VH among
the corresponding users, therefore, is generated, as shown in Fig. [[l Then, as

Stu 0 SHub

o > Stup0
M patterns Virtual hub layer of
od o o “responding” behaviors
Qé{ Hub

Hub Hub

Fig. 1. Measuring hub similarities with common responses and aggregating with others

accumulating the V'H’s generated by all co-occurred response patterns, we can
construct the VH layer (VHL). In case of this paper considering only patterns
from “response” behaviors, it can be denoted as VHLyz. This is simply based
on matrix concatenation tasks, but we have to focus on the duplications. Here,
for adaptability, Sz between the repeated pairs of users U; and U; have to be
reinforced twice by

Srus(i, k) = Swus (i, k) W
1+ A if k = j;
X {1 ATlfﬂuB(i’k) otherwise;
col-1 ’

and Sy (k,j)’, which can be obtained by exactly opposite way to Equ. Bl A is
the coefficient of learning rate in (0, 1], and Uco = Uco, U...UUco, - Of cause,
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instead of the adaptation scheme based on Hebbian learning that we apply for
simplicity, the other various learning methods are exploitable.

3 Information Delivering on BlogGrid

Each information should be pushed (more exactly, notified) to the users who are
interested in and searching for it. A facilitator agent has to conduct this service,
and it is simply composed of two main processes; i) ranking-based organization
of user group, and #i) propagation of relevant information. Thereby, when a
response behavior B; (e.g., in this paper, r; € R;) by user U; is detected, this
facilitator should predict the candidate users U, who is potentially close to U;
by ranking Syyp(i, ) from the VHL. As measuring the hub similarity between
two users by the given response patterns, we can infer their relationship and
make a decision whether they should be participated in a same article together
or not. Especially, this task should be transparently done, which means it has
to be performed without user’s intervention and realization.

Along with the established VHL, the relevant pieces of information should
be pushed actively. Information pushing service proposed in this paper is re-
mote and synchronous because this is based on web-based blogging system and
information is promptly propagated according to the participant’s interests ex-
tracted from his own behaviors. Figure 2] shows the whole system architecture.

Blogger BlogGrid Server
Set of Links Facilitator
BloggerGrid Communication Query
Set of Browser Module Generator
Categories
VHL
| Blogger Constructor
| Blogger Data Repository
| Blogger r' List of Log of Blogger
Bloggers Actions

Fig. 2. System architecture of BlogGrid

It consists of two main parts, which are a facilitator located between the users
and the client-side blogspace browser that communicates with the facilitator.
We embed autonomous and proactive agent module into this system. Every
communication between agents is conducted, regardless of user’s interventions.
Also, while browsing blogspaces to search information, users can be “implicitly”
recommended from the facilitator in the following two ways:
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— By querying specific information for the facilitator. After the information
about a particular topic is requested, the facilitator can determine who has
the maximum weight value of that topic by scanning his yellow pages.

— By broadcasting new information of like-minded bloggers from the facilitator.
Every time a user responds a new comment, this fact, after normalization,
is sent to the facilitator. Users thereby can obtain information related to the
common concepts in their own preferences from neighbors.

Each blogger needs personal agent module. This agent initializes and man-
ages the preference of the corresponding blogger based on blogspace repository.
Through personal agents’ reporting responding activities of bloggers, the facili-
tator agent can automatically generate queries and recommendations.

4 Experimental Results

For evaluating the performance of adaptive socialization on BlogGrid, we ran-
domly divided the students into two groups, named Alpha (75 students) and Beta
(75 students). Only students in a group Beta could use BlogGrid browser. The
students within the same group were able to make linkages with their acquain-
tances for constructing social networks, access to the other blogspaces, and share
information with each other for ten weeks (from 14 February, 2005 to 23 April,
2005). We monitored all bloggers’ activities in these two groups with respect to
the following issues;

— Information propagation and convergence patterns on social network
— Network traffic on blogspaces

First experiment is to recognize the particular patterns for information prop-
agation on social network. We measured the duration of each article from the
moment firstly posted on social network to the finally posted in any blogs. In fig-
ure 3, we are told that information propagation on the Beta group is much more
dynamic rather than the Alpha. The Alpha needed approximately 54 days to be
settled. In contrast, it took only 34 days for any articles to be propagated and
converged. As a result, BlogGrid made about 37% of time cost saved through
efficient recommendation. Next test is measuring the network traffic of bloggers
(Alpha and Beta) during ten weeks. It proves the performance of BlogGrid’s
information pushing service. To do so, we counted the total number of HTTP
requests related to URL’s of our testing bed. As shown in Fig. @l after 21 days,
the network traffic of Beta group was kept to be lower than that of Alpha. Spe-
cially, after 34 days, we have seen that the number of HTTP requests in Beta
was only 61% of Alpha’s.

Another evaluation is the degree of user satisfaction about BlogGrid’s rec-
ommendation in group Beta. It is a measurement for how accurately BlogGrid
recommended information to each blogger. We measured the ratio of the num-
ber of posts by BlogGrid’s recommendation to the total number of posts. With
human evaluation by interviewing with bloggers, we verified that
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Fig. 3. Experimental results of the durations of each article posted on blogspace
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Fig. 4. Experimental results of the length of traversal paths of bloggers

47 bloggers, who is 62.67% of total bloggers in Beta, were fully satisfied,
— 16 bloggers, who is 21.3%, were partially satisfied,

8 blogger, who is 10.67%, was partially unsatisfied, and

4 blogger, who is 5.33%, were fully unsatisfied
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with BlogGrid’s recommendations. About 84% of bloggers rated BlogGrid as a
useful system to them. This means that they were been effectively helped and
guided by BlogGrid. On the other hand, only 16% of bloggers complained some
inconveniences such as

— receiving irrelevant information and
— installing stand-alone application.

Particularly, we found out that most users who judged BlogGrid to be negative
have shown very diverse preferences. Also, relatively many users had an opinion
about software installation.

5 Discussion and Related Work

We have claimed that social grid computing environment can be organized for
efficient information dissemination on personal information space, and it can be
adaptive over time.

So far, several RDF languages have been developed to build social networks.
Such languages are FOAF (Friend Of A Friend)d and SIOC (Semantically-
Interlinked Omnline Communities) [9]. While these are based on user’s explicit
assertions, our proposed system is based on implicit relations. From this differ-
ence, our system can detect the relationships between potentially similar users.
In other words, network isolation problem can be dealt with.

In order to maximize the spread of influence on a certain social network, game-
theoretical approach has been proposed. Similar to [10], we have been attempting
on discovering the more influential person (or node) from social network. More
particularly, on our system, the influential weight, meaning the power on social
network, can be incrementally updated over time.

In addition, we have to discuss the scalability of this system. We have tested
three different number of members (25, 50, and 75). The time duration was
measured as shown in Table[Il As the number of participants increases, delivering
a certain information shows better performance. It proves that BlogGrid was
well-organized user communities, even the number of people was larger.

Table 1. Scalability testing

Number of users 25 50 75
Average duration (days)  62.3 56.2 54.3
Ratio - 90.21% 87.16%

Finally, we want to mention privacy issues while propagating information on
distributed environment. A variety of work has been introduced to measure the
reputation (or trust) weight on users [I1]. In our case, we also adopt this kind
approach on each hub node on social network.

3 http://www.foaf-project.org/
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6 Concluding Remarks and Future Work

Asmany information systems have been concerning about the paradigm of personal
information space, efficient information delivering function is desperately neces-
sary to them. We were motivated to enhance this primitive blogspace with coop-
erative computing methodologies. This paper proposes BlogGrid system to help
bloggers and optimize efficiency of information diffusion, by analyzing and recog-
nizing user activity and interests on social space. Most importantly, we propose
an adaptive socialization method by adjusting “Hub” weighting. Therefore, blog-
gers were able to get information pushing service with BlogGrid’s recommendation,
which consists of mainly two steps; 7) organization of virtual communities and %)
information pushing by facilitator. This system can conduct users overcoming the
local minima by putting the effect of simulated annealing into the social network.

We developed BlogGrid system by using Blojsonﬂ libraries and Borland Del-
phi softward?d. BlogGrid browser’s graphic user interface can visualize the com-
munications and relationships between bloggers. More importantly, the facilita-
tor of BlogGrid is capable of

1. investigating the factors which influence relationships,
2. drawing out implications of the relational data, and
3. making recommendations to improve communications between people.

Through two main experimentations and one human evaluation, we have shown
that a relatively large part of bloggers were satisfied with this service.

For short discussion and future work, we have used quite a poor size of testing
bed for experimentation, so we will invite more bloggers and exploit virtual
user models. Also, we are considering the topological features of social networks
mentioned in [7], for recognizing more accurate relationships between bloggers.
Moreover, we are considering to applying natural language processing methods
to free-text articles posted on blogspaces. Similar to [12] and [13], we also plan
to apply semantic information like ontologies. We are expecting it will be very
powerful to interoperate between heterogeneous blogspaces. Moreover, we have
to select the most appropriate domain to which BlogGrid should be applied.
Various personalized or e-bussiness applications such as e-learning domain are
possibly potential. Practically, BlogGrid framework will be embodied with RDF
site summary (RSS)@ service for the usability of users.
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