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1. Project Goal

Recent advances in the Web including social media 
and linked data have made it possible to widely obtain 
information about entities (e.g., people, organization, and 
location) and their relations. Such information is forming 
very large-scale entity-relation graphs. Given the large 
amount of information about networked entities, searching 
for entities currently becomes a task not only for enterprise 
(c.f., expert search) but also for end users. 
In entity search, ranking entities and their relations is a 
key issue. Most ranking approaches in entity search solely 
relied on IR-based textual features. However, given large 
amount of link structural data of entities in addition to 
their semantic data, the following key challenges in entity 
search raise:
1. How to aggregate entity-relation graphs from 

heterogeneous Web information sources
2. How to rank entities on large-scale entity-relation graphs 

using textual and structural features 
In this project, we aim to develop a method for aggregating 
and rank entities on large-scale entity-relation graphs 
obtained from the Web. Our project contributes to 
searching large amount semantic linking data on the Web 
by developing a general ranking method in entity-relation 
graphs and its applications.

2. Technical breakthrough

Aggregating entity-relation graphs
We developed a novel graph representation for modeling 
multinomial relational data. The graph is a bipartite graph 
that edges connect an “action node” to its involving entities 
(Fig. 1). The action node represents user activities as 
high-dimensional or multinomial relations. Using social 
media data, we empirically evaluated the proposed graph 
structure. Our experimental results show that the proposed 
method improves the accuracy in a task of predicting user 
interest by outperforming several baselines including 
standard tensor analysis, a previously proposed state-of-
the-art LDA-based method and other graph-based variants. 
Moreover, the proposed method shows robust performances 
in the presence of sparse data. 
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Ranking on entity-relation graphs
We developed a novel ranking method on large-scale entity-
relation graphs. Fig. 2 shows an overview of the proposed 
method. We first obtain relations between entities from 
several Web sources such as search engines, Web APIs, 
social media, and linked data. The relation has several types 
of it. Given a query, we build an entity-relation graph for 
each type of relation where the entity is represented with a 
language model based on its textual semantic data. Then, 
a Markov random walk is applied to respective graphs 
in the way that walking on the graph is biased towards 
entities that have relatively high conditional probability 
in relation to the query. Finally, ranking of entities from 
each graph is aggregated. The ranking aggregation is based 
on an optimization problem. Our experimental results in 
ranking of people search show that the proposed method 
outperforms several baselines. 

3. Innovative Applications 

Our proposed method that gives a general framework 
for raking on large-scale entity-relation graphs can be 
potentially applied to entity search systems. Given a query, 
an entity search system returns a ranked list of the entities 
(e.g., person, organization or location) and their relations 
relevant to the query. For example, EntityCube developed 
by Microsoft Research is one of such entity search systems. 
Indeed, searching for a user on a certain topic in social 
media such as Twitter and Facebook can be considered as 
one entity search task. To exemplify the applications, we 
have developed two of entity search systems: people search 
and firm search.
People search 
SPYSEE (http://spysee.jp) is the largest people search site 
in Japan. It currently gains nearly half a million PV per a 
day. In SPYSEE, given a person’s name, it automatically 
extracts information from the Web including Homepage, 
Social Media, and Wikipedia and then creates a summary 
of the person and his or her relationships with other 
people. It currently has about 1 million entries of people 
and their relationships. Therefore, it contains very large 
entity-relation graphs. We applied our method to people 
search in SPYSEE which basically returns a ranked list of 
people relevant to a user query (Fig. 3). We designed a key 
performance indicator (KPI) to evaluate how much a user 
is satisfied with the search results on his or her query. As 
show in Fig. 3, the KPI significantly rises after our new 
search engine is introduced. We are currently preparing for 

Fig. 1. Graph representation for modeling multinomial relational data.

Fig. 2. Ranking on entity-relation graphs
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making data such as social graph and click log on the site 
available for research communities so that researchers in 
this domain can easily conduct an experiment on the basis 
of common dataset. In addition, the English and the Chinese 
version of SPYSEE are currently under development so 
that the system can be widely used.

Firm search 
We have also developed a firm search system by applying 
our method. The system, SMEET (http://www.ipr-ctr.t.u-
tokyo.ac.jp/smeet_dev), is aiming at supporting small and 
medium-sized firms (SMEs) to find potential business 
partners (Fig. 4). Given a company’s name, it automatically 
extracts information from corporate databases and Web 
pages, and creates a summary of the firm and its relationships 
with other firms. The entity-relation graphs partly consist 
of supply chains among SMEs. It currently has about ten 
thousand entries of SMEs and their relationships. The 
system helps a user search for relevant firms with a query 
by returning a ranked list of firms. In addition, for the 
purpose of rebuilding the damaged supply chains after the 
devastating earthquake and tsunami in Tohoku region, the 
system was also utilized to identify key firms on the supply 
chains in cooperation with METI (Ministry of Economy, 
Trade and Industry), Small and Medium Enterprise Agency 
(Fig. 5). 

Fig. 3. People search system: search result (left), social graph 
(right top), and KPI transition (right bottom).
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In addition to above-mentioned two application domains, 
we are currently developing academic search system that 
ranks scholars, papers, journals, and conferences given 
a query. For this, we are cooperating with Microsoft 
Academic Search.

4. Academic Achievement

We have published our research results in multiple research 
domains such as data mining, artificial intelligence, and 
technology management. Nine peer-reviewed international 
journal articles and conference proceedings including 
several high-quality conferences have been published. 
Two invited talks were given at School of Computer 
Science in Tsinghua University and Japan Patent Office. 
In addition, our research results have been also featured in 
two newspaper articles in Nikkan Business Line and Fuji 
Sankei Business. 
The firm search system SMEET, one of applications 
developed during the project, has been highly evaluated 
by several governmental organizations such as METI 
(Ministry of Economy, Trade and Industry), Small and 
Medium Enterprise Agency, and Japan Patent Office. It is 
currently operated by Innovation Initiative Network Japan 
that is NGO supported by METI as a Web service to help 
SMEs search for their potential business partners.

 

Fig. 4. Firm search system: search result (left), firm page (right 
top), and firm-relation graph (right bottom).

Fig. 5. Identifying key firms on supply chains in devastated 
Tohoku regions.
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5. Achievement in Talent Fostering

Several young talented undergraduate and graduate 
students have been involved in this project. Notably, Naoki 
Orii who finished his undergraduate study during the 
project will be successfully enrolled in School of Computer 
Science at Carnegie Mellon University from this summer. 
He is currently doing his internship at Microsoft Research 
Asia under the supervision of Dr. Tetsuya Sakai. 
 Nori Nozomi who is currently in second year of master 
course in Graduate School of Information Science and 
Technology at the University of Tokyo is another note 
worthy student. She has been working on the topic of 
social media analysis during the project. Her papers 
have been already accepted in two of top conferences in 
the filed of Artificial Intelligence, IJCAI (International 
Joint Conferences on Artificial Intelligence) and ICWSM 
(International AAAI Conference on Weblogs and Social 
Media). She will be also starting her internship at Microsoft 
Research Asia from this summer under the supervision of 
Dr. Tie-Yan Liu. 
Takeshi Sakaki who is currently a second year Ph.D student 
is also preparing for his internship under the supervision 
of Dr. Hang Li. As noted here, the project has enormously 
contributed to young talent fostering. And collaborations 
between our lab and Microsoft Research are actively 
promoted through their internships.

6. Project Development

The project is on going with the support from the Grant-in-
Aid for Scientific Research (22700135) from MEXT. And 
a follow-up project entitled “Cross Language Relational 
Web Search” has been also implemented as one of 
Microsoft Research CORE7 projects. The new project led 
by Prof. Danushka Bollegala, one of our CORE6 project 
members, aims at relational search which is a novel search 
paradigm where users can search for relations that exist 
between named entities. Therein, we are applying our 
developed ranking methods effectively so that there would 
be successive technology transitions from our project to the 
follow-up project. 
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