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Abstract—When retrieving information, a user generally uses
search engines or social communication services on the web.
The advantages of search engines such as Google and Yahoo!
are high speed search and high coverage. However, search
results do not satisfy all users because they may have different
needs and different levels of knowledge. On the other hand, the
advantage of communication services such as SNS is to provide
high quality information by means of user communication.
However, it takes longer time than search engines. We develop
a search system combining the merits of searching and social
communication. This system includes a page ranking algorithm
based on the analysis of a hyperlink structure and a social link
structure, and a communication interface attached to a page
which allows real-time users to communicate with each other.
By our system, users can quickly search not only for popular
web pages but also for other users currently accessing them.

Index Terms—web search, social communication, real-time
processing, link analysis

I. INTRODUCTION

SEARCH engines and social networking services are
commonly used in daily life. Both types of services have

some advantages as well as several problems.
Search engines such as Google and Yahoo! can search

for and almost instantaneously find web pages from among
the huge volume of web pages, but long complex queries
can result in bad results, important information on the web
may not be immediately obvious, and the results may not
be suitable for the user’s knowledge level. A long complex
query, such as a sentence, generally does not result in useful
search results. Therefore, the user has to scan the entire
search engine results page (SERP) to find results of interest.
If the user comes across unknown keywords on a page and
he or she is not an expert on the topic, more searches must
be conducted and more, possibly irrelevant, pages must be
read in order to understand the meanings of the words.

In contrast, submission of a long complex query to a social
networking service based on human communication such as
Facebook, Mixi, and Twitter can result in more useful results.
Communication of human knowledge through such services
can overcome the problems described above. However, the
response time is much longer than from a search engine
because when to be able to get a reply depends on other
users’ behaviors. Furthermore, the data coverage is much
lower than from a search engine, which can access billions
of pages.

We have developed a system that combines the merits
of search and social communication. It can be used to
quickly search not only for web pages but also for other
users currently accessing those pages (“real-time users”).
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Conventional web searches (Fig.1.(a)) retrieve web pages and
rank them based on hyperlinks. Social networking services
(SNS) (Fig.1.(b)) gather information about the users, and
users make use of this information to find experts. Our hybrid
search with real-time user communication (Fig.1.(c)) gathers
both web pages and user information, and connects the users
through the accessed pages.

Our system offers the following advantages:
1) Our ranking method based on both hyperlinks and

social links can provide a list of pages which are
important and attractive.

2) Each hyperlink on a page (a SERP or a common page)
is annotated by the number of users currently accessing
its corresponding linked page.

3) Our communication interface attached to a page en-
ables users to talk with other users in real time, or
browse the past communication logs asynchronously.

4) Users are allowed to highlight and share important
information of a page, so that other users can imme-
diately find the key portion of the page.

5) In summary, our hybrid search system with social
communication service can provide users with the
information of high quality and high coverage.

In this paper, we describe our hybrid search system and
its implementation. Section II presents related work and
Section III gives an overview of the system. Section IV
explains the page ranking algorithm and Section V presents
the real-time communication function. Section VI describes
the implementation of our system. Section VII presents the
experimental evaluation. We conclude with a summary of the
key points and a mention of future work in Section VIII.

II. RELATED WORK

There have been many studies on search and social com-
munication [1], [2], [3]. For example, a recently proposed ap-
proach for combining search and social network [1] searches
not only for web pages but also for experts. The user can
send queries using a communication tool such as email.
Another approach [2] identifies popular pages on the basis
of users’ browsing histories. The result is a SERP with links
to websites frequently visited by other users with similar
queries. Although these approaches may be able to locate
expert users for each type of content, they do not solve the
fundamental problems described in Section I.

Other approaches are to use community-based recommen-
dations [4], [5], [6]. For example, [4] and [5] proposes
a small community of searchers to do the collaborative
filtering. These searchers search for target information or web
pages by collaboratively improving the queries. However, a
purpose-built interface is needed for real-time processing,
and the searchers cannot use people outside their community
in the collaboration process.



Fig. 1. (a) Conventional web search (b) Social networking service (c) Hybrid web search

The detection of user characteristics and their application
to news and auction sites have also been studied [7], [8], [9].
The detection analysis uses the history of a user’s behavior
such as the click history. However, this analysis cannot detect
an appropriate expert for a particular page or query.

The use of chat for user communication is another kind
of approaches [10], [11], [12]. These services support con-
nections between users, and users accessing the same page
can chat. However, because only communication service is
provided, the users have to find interesting and popular pages
for connecting with other users.

Our hybrid search system not only identifies other users
accessing the same page but also provides high-quality
information by analyzing the structure of hyperlinks and
real-time user links. Furthermore, it shows the number of
users currently accessing each page, and the users can
communicate with each other.

III. SYSTEM OVERVIEW

The flow of hybrid web search with social communication
is as follows:

1) After a user submits a query, he or she receives a SERP
ranked by the values of the hyperlinks and the social
links (Fig. 2).
The pages are first ranked based on the analysis of
the hyperlink structure, and then re-ranked based on
the analysis of the social links. The hyperlinks on
the SERP are also annotated by the number of users
currently accessing the corresponding page.

2) When the user clicks a hyperlink on the SERP, the
corresponding page is shown with a communication
window on the right for chat (Fig. 3).
The users currently accessing this page are represented
by avatars. The user can directly ask another real-
time user a question by using the communication
window. The communication window also has logs of
previous communication, i.e., the history of communi-
cation between users, which can provide the answers
to previous, possibly similar, questions. The important
information can also be highlighted by a user and
shared to other users, which can help them efficiently
detect the key portion of the page.

3) Our system also provides each hyperlink on the ac-
cessed page with the number of users currently ac-
cessing its corresponding page, so that the user can

recursively find and communicate with more users
through the links (Fig. 4).
Using our system, a user may reach a communication
with a user with an appropriate level of knowledge by
following the link structure (Fig. 5).

Fig. 2. Search results with the number of access users

Fig. 3. Web page with a communication window



Fig. 4. Recursive user communication through deeper links

Fig. 5. Flow of finding a suitable expert

IV. RANKING BASED ON HYPERLINKS AND SOCIAL

LINKS

Our ranking method uses both hyperlinks and social links.
Social links are the links from the real-time users to the
pages. Page ranking has two major steps. First, the weight
of each page is calculated considering the hyperlink structure.
Then, each page is re-ranked based on the quality and
quantity of the users currently accessing it. In this section,
first we explain the method for calculating the weight of
hyperlinks, and then describe the method for calculating the
weight of social links.

A. Ranking based on hyperlinks

Our ranking method is based on the idea of PageRank [13].
Each page has a pagerank deriving values equally divided by
the number of outlinks from its parent pages (Fig. 6). The
pagerank value is given by

PRp =
∑

q∈parent(p)

PRq/Nq (1)

where p is a target page, q is a page which links to p,
parent(p) represents the set of q, PRp and PRq represent

Fig. 6. Ranking based on the hyperlink structure

Fig. 7. Ranking based on the social link structure

the pagerank values of p and q respectively, and N q is the
number of outlinks from q.

B. Ranking based on social links

As described above, our ranking method uses the hyperlink
and social link structure, and is based on the PageRank
algorithm. Each page has two values: one is the weight of the
hyperlinks calculated using Equation (1), and the other is the
weight of the social links (Fig. 7). The weight of the social
links includes the weights based on the quality and quantity
of users currently accessing a page, and the weights derived
from the page’s parents. Each page has a UR (UserRank)
weight value given by

URp =
∑

u∈user(p)

Wu +
∑

q∈parent(p)

URq/Nq (2)

where u is a user currently accessing page p, user(p)
represents the set of those users accessing p, Wu is the
quality of user u, q is a parent page of p, URp and URq are
the UR weight values of p and q respectively, and Nq is the
number of outlinks from q. Wu is initiated as 1. Considering
that a user’s effect decreases as the access time increases,
we calculate Wu by the following equation:



Wu =
{

1 − (Tnow − Taccess)/T if (Tnow − Taccess) < T
0 if (Tnow − Taccess) � T

(3)
where T is the useful-life of users, Tnow is now, and

Taccess is the time when the page was accessed.

V. COMMUNICATION THROUGH A PAGE

Many search algorithms have been proposed for precision
improving. However, even if users can get a good SERP, they
often find information on a linked page is confusing. This is
because the content of a web page does not have sufficient
information for all users. Our system solves this problem by
enabling the user to communicate with other users currently
accessing the page.

A. Real-time communication

Because the hyperlinks on each page are annotated with
the number of users currently accessing them, the system
enables a user to find even more real-time users. The user can
thus connect with other users by accessing pages deeper from
the SERP. The user can communicate in real time with other
users accessing the same page. If the user has a question
about something on the page, he or she can immediately ask
other users about it by typing a query into the communication
window. The other real-time users see the question in the
communication window and can respond with an answer.

If a page is being accessed by a large number of users and
its communication window has a large number of dialogues,
it is difficult for users to find an expert with an appropriate
level of knowledge. To solve this problem, we design the
system by allowing users to freely create a “room” in which
real-time users can talk with respect to a specific topic.

B. Asynchronous communication

For some unpopular pages, the number of users accessing
them may be small, even zero. In this case, few or no
other users can be communicated with in real time. To
solve this problem, our system is also designed to support
asynchronous communication. The server maintains a com-
munication log for each page, and the log is made available
to the current users of that page. The log is presented on
the basis of content. A user searching this log may find
the answer to a previous query similar to his or her current
question.

C. Text highlighting

A user can highlight text that he or she considers important
by selecting it and clicking a popup command, and other
users can efficiently detect the important parts of the page.
The highlighting remains on the page, and the system can
automatically scroll down and present the highlighted text
after the page is accessed. We also plan to make use of the
highlighting for improving the ranking of pages. If there are
many highlighted text in a page, the page is ranked higher.

VI. IMPLEMENTATION

We implemented our hybrid search system [14] as illus-
trated in Fig. 8. It consists of the server side and the client
side.

Fig. 8. System structure

A. Server side

The server side receives and processes the client requests.
It was built using Apache Tomcat 6.0.18 and Java Servlet
on JDK 1.6. The servlet can perform parallel processing for
multiple requests because it makes a “user thread” for each
request. The servlet consists of two parts: a search servlet
and a communication servlet.

1) search servlet: The search servlet extracts the query
from line of request. It then retrieves web pages by using
the query. Several search engines (Google, Yahoo!, Bing,
etc.) are supported in this implementation. After the servlet
gets the search results’ URLs, it retrieves information about
the URLs: the quality and quantity of current users from the
database. Finally, it sorts the search results by PR values,
extracts the top ones, and re-ranks them based on UP values.

2) communication servlet: The user thread on the com-
munication servlet receives the requests from the clients and
parses them. Table I shows the requests supported by the user
thread, the corresponding action, and the information sent to
the other clients and to the requesting client. The user thread
sends commands to the database objects and room operation
objects in accordance with Table I. Most user requests are
stored as chat room objects. The chat room data includes
the URL, the room name, the communication log, the user
information (avatar name, etc.), and the server response. The
user thread operates the chat rooms by using the room oper-
ation class. Asynchronous communication was implemented
by unblocking the I/O using Commet technology. With this
setup, the server can send the server status to the clients in
real time. The communication logs are stored in the server
database.

B. Client Side

To use this search and communication system, a user
needs to simply install a plug-in. The plug-in was developed
using the expanded functions of Firefox 3.0, a cross-platform
browser. The browser interface was programmed using XUL
(extensible user-interface language), which is an expanded
version of XML (extensible markup language), and the
development was programmed using JavaScript.



TABLE I
REQUESTS THAT THE SERVER CAN PROCESS

request action info sent to other users info sent to requesting users
Log in add user data to room and DB notification other users’ data and chat log
Log out delete user data from room and DB notification –

Chat write store query in room log message –
Chat read store reply in room log – –

Get room info provide room data – room data
Change room delete user data from room and DB notification new room’s user data and chat log

Change user name change user name notification –
Share text – highlighted text –

Fig. 9. toolbar interface

TABLE II
REQUESTS THAT THE CLIENTS CAN SUBMIT

request (command format) info sent
roomsInfo room name and number

of users accessing the same URL
usersInfo data on users in the same room

logs room chat log
enter data on newly entered users
exit data on users recently logged out

message message in new comment,
data on user who wrote it

newRoom data on newly created room
changeName modified user data

shareText locations of highlighted text

1) basic operation: A user connects to the server using
an asynchronous communication program running in an Ajax
script. After the user logs in to the server, the client program
sends the user’s requests to the server. Table II shows the
supported client requests. The client program continuously
polls the read buffer. If the server is to reply immediately
after receiving a request, request with polling is used. This
polling operation reduces network traffic because the client
does not have to periodically send requests to confirm
the server’s up-to-date. We implemented a toolbar (Fig. 9)
supporting five basic operations. The user can (1) perform a
hybrid search, (2) login and logout for communicating with
other users, (3) get the information of the number of users
accessing the current page, (4) set the avatar display on or
off, and (5) configure his or her properties such as the name
and the color of input text, etc.

2) highlighting of important information: As described
above, the highlight function can be used to both indicate
important information and draw the attention of other users.
The user can highlight the target text by, for example, left-
clicking, dragging and right-clicking to select the interested
parts of the page (Fig. 10. This highlighting helps subsequent
users to identify the important information because it remains
on the page, and the hybrid search system can automatically
scroll down and present the highlighted text after the page
is accessed.

3) ranking by the number of current accesses: When
a user gives a query, our system ranks the search results

Fig. 10. Notable information shared by highlighting

related to the query. When no query is given, our system also
provides a function for ranking all the pages in the access log.
An example of this ranking is shown in Fig. 11. The URL at
the top has the most users currently accessing it. The pages
with higher ranks are considered popular pages because they
are more frequently accessed by users. By accessing such
ranking page, a user can find the popular topics and connect
to more people.

VII. EVALUATION

We compared the ranking given by a conventional search
engine and the one given by our system. During the period
from April 1 2010 to April 30 2010, there were 3 million
access users and 16 million queries.

We selected eight popular queries from the stored data
and calculated spearman correlation of the top 20 ranking
between the conventional search engine and our system. The
result is shown in Table III. A value close to 1 means a
high correlation, and 0 means a low correlation. As we can,
the relatively long term topics have high correlation and the
temporarily hot topics have low correlation.

Figure 12 shows the ranking given by the conventional
search engine and the ranking by our system are different.



For viewability, we only plot the top 10 ranking for three
queries. For example, for the query “Sportsman A”, the page
with rank 7 given by the conventional search engine is ranked
as rank 2 by our system. This indicates that ranking pages
based on the information of access users is necessary and
useful.

Fig. 11. Example of ranking based on current accesses

TABLE III
SPEARMAN CORRELATION

query ρ

Sportsman A 0.04
Idol B 0.2
Ipad 0.28
Singer C 0.54
Idol D 0.55
Song E 0.62
Idol F 0.77
Bean Diet 0.93

VIII. CONCLUSION

We developed a hybrid search system with social commu-
nication service. The hyperlinks are used to obtain search
results, and the social links are used to re-rank the results. A
user can communicate with other users currently accessing
the same page, and possibly find an expert with appropriate
knowledge. Since the hyperlinks on each accessed page are
annotated with the number of users accessing them, a user
can connect to even more users by accessing deeper pages.
Evaluation of our ranking method using eight queries showed
its usefulness.

We intend to further evaluate users’ quality by analyzing
the communication logs and the access history. A user
study will be done for evaluating the performance of the
communication service. The capacity of the system will also
be expanded.

Fig. 12. Ranking by a conventional search engine vs. ranking by our
system
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