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1. Project Goal

In this project, we develop a cross-language relational 
Web search engine. Relational search is a novel search 
paradigm where users can search for relations that exist 
between named entities. For example, given the query 
(Apple, Tim Cook), (Microsoft, ?), a relational search 
engine is expected to return Steve Ballmer as the answer. 
In relational search, users specify a relation R that they 
want to search by providing two entities between which 
R holds (e.g. the relation CEO-of-COMPANY exists 
between the two entities Apple and Steve Jobs). Then, the 
relational search engine retrieves other entities, which have 
the same relation R with a third entity (e.g. Microsoft ). In 
this project, we extend relational search paradigm to cover 
queries written in multiple languages. For example, given 
the query (Apple, Tim Cook), (マイクロソフト, ?), we 
aim to extract スティーブ　バルマー　as the result.

2. Technical breakthrough

The main goal in this research project is to detect relations 
across languages. Although extracting semantic relations 
between named entities have been studied well in the 
monolingual setting, it is less explored in the cross-lingual 
setting. To be able to solve the cross-language relational 
search problem, we must overcome several challenges. 
First, we must represent the semantic relations that exist 
between two named entities. The relation representation 
method must scale to the Web, which is the target of this 
project and must be flexible enough to match semantic 
relations that are expressed in different languages. For this 
purpose we proposed the use of lexical-syntactic patterns 
and presented a two-step pattern clustering algorithm. First, 
we build an entity pairs vs. lexical pattern co-occurrence 

matrix. This co-occurrence matrix contains entity pairs 
and lexical patterns written in multiple languages. We use 
a machine translation engine to translate lexical patterns 
from one language to another and included those translated 
lexical patterns also in the co-occurrence matrix. Next, we 
perform Singular Value Decomposition (SVD) on this co-
occurrence matrix to obtain a non-sparse representation for 
the entity pairs. This procedure can be considered as a cross-
lingual version of the Latent Relational Analysis (LRA) 
method first proposed by Turney et al. (Computational 
Linguistics, 2006) for measuring the relational similarity 
between word pairs. However, to our knowledge ours is the 
first attempt to extend this approach to multiple languages 
for the purpose of extracting semantic relations across 
languages.
Once a non-sparse representation is learnt for an entity 
pair, we must identify relationally similar entity pairs. This 
problem can be considered as a clustering task, in which 
the objective is to group entity pairs that express the same 
semantic relation to the same cluster. However, this task 
is further complicated by the fact that the entity pairs we 
must cluster contain entities written in multiple languages. 
We proposed a two-step clustering process to overcome 
this difficulty. In the first stage of our clustering algorithm, 
we capture the semantic similarity between paraphrased 
lexical patterns in the same language. For this purpose, we 
used the sequential pattern clustering algorithm proposed 
by Bollegala et al. (WWW 2009). First, it sorts the 
pattern set in the order of frequency from high to low to 
process high frequency patterns first. For each pattern, the 
algorithm finds the cluster whose centroid has maximum 
cosine similarity with a pattern. If the similarity between 
a pattern and a cluster exceeds a pre-defined threshold, 
then the pattern is appended into that cluster. This is a hard 
clustering algorithm where each pattern is assigned to only 
one cluster.
In the second stage, we use a soft clustering algorithm with 
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a lower pattern clustering similarity threshold to associate 
parallel patterns to the pattern clusters that we obtained in 
the first phase. We consider only patterns that have some 
parallel (translated) partners for clustering in the second 
stage, and allow each of those patterns to be associated 
with multiple pattern clusters.
Both the cross-language SVD and two-step pattern 
clustering are crucial technical breakthroughs of this 
project that enables cross-language relational search. 

We evaluate our cross-language relational search engine 
with eight types of relations that have been frequently used 
in previous research for evaluating Web-based relation 
extraction systems. We downloaded 100 urls for each of 
the entity pairs using a Web search engine. Our final Web 
crawl contains 1.8 GB of text for training purposes and 1.6 
GB of text for testing purposes. We collected documents 
for both Japanese and English languages. We created 16 
query sets for evaluation purposes. Eight of the query sets 
contain English-to-Japanese relational queries and the 
remaining eight query sets contain Japanese-to-English 
queries. Each query has only one correct answer. We 
evaluate the performance of the cross-language relational 
search engine using Mean Reciprocal Rank (MRR). Figure 
1 shows the experimental results for the proposed methods 
and several baselines. The methods compared in Figure 1 
are detailed below.
• SC: This method uses only the first stage sequential 

clustering. 
• Trans+SC: This method first translates all documents 

in the corpus into English. Then it translates all entities 
in the queries into English and performs monolingual 
relational search.

• LRA: This method does not use clustering. Instead, 
it directly calculates the cosine similarity between the 
two entity pairs using the dimensionality reduced vector 
space after SVD.

• HSC: This is the proposed hybrid sequential clustering 
algorithm. We use cosine similarity between pattern 
frequency vectors as the similarity measure in the 
clustering algorithm.

• HSC+LRA: This is the proposed hybrid sequential 
clustering algorithm in which we use the dimensionality 
reduced pattern frequency vectors.

3. Innovative Applications 

The potential applications that would directly benefit 
from the outcome of this research project are as follows: 
cross-language relational search systems, social network 
extraction systems, statistical machine translation systems, 
and cross-language relational similarity measurement.
As a specific application of the current project, let us 
consider automatic social network extraction. Social 
network systems such Facebook are extremely popular 
on the Web. Figure 2 shows two social network systems. 
However, one drawback in any online social network 
system is the so called cold-start problem, where novel 
users do not have sufficient information/links for the 
system to recommend potential friends for him or her. 
Relation extraction can be used as an alternative approach 
to overcome the cold-start problem encountered with novel 
users in online social network systems because a relation 
extraction system can crawl for the name of the novel 
user on the Web, gather information regarding his or her 
friends, colleagues etc. and use that information to assist 
the friend recommendation algorithm in the social network 
system. The cross-language relation extraction system can 
go one step ahead and find information written in multiple 
languages to identify relations.

Figure 1: Comparison between the MRR of the proposed 
methods (HSC and HSC+LRA) with baseline methods.

As can be seen from Figure 1, the proposed methods (HSC 
and HSC+LRA) outperform SC method by a wide margin. 
This proves that the proposed two-step clustering algorithm 
captures the semantic similarity between paraphrased lexical 
patterns across languages. Moreover, the proposed methods 
outperform LRA and Trans+SC methods. The differences in 
the average MRR are statistically significant under the paired 
t-tests of 400 samples (from eight query sets, each containing 
50 queries). Finally, the difference in MRR between the 
HSC+LRA method and HSC method is also statistically 
significant. This demonstrates that LRA significantly improves 

the performance of the system.
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4. Academic Achievement

The results of this project were published in major 
international venues as follows.
• Nguyen Duc, Danushka Bollegala, and Mitsuru Ishizuka: 

Cross-Language Latent Relational Search: Mapping 
Knowledge across Languages, Proceedings of the 25th 

National Conference on Artificial Intelligence (AAAI 
2011), pp. 1237 – 1242, San Francisco, USA.

• Nguyen Duc, Danushka Bollegala, and Mitsuru 
Ishizuka: Cross-Language Latent Relational Search 
between Japanese and English Languages using Web 
as a Corpus, ACM Transactions on Asian Language 
Processing (TALIP), accepted, to appear in 2012.

5. Achievement in Talent Fostering

In his PhD research work, Nguyen Duc focused on the 
problem of cross-language relational search. He developed 
a search front end for the cross-language latent relational 
search system. He successfully defended his PhD thesis 
and graduated in March 2012.

6. Collaboration with Microsoft Research

The main collaboration point during the course of this 
project was the MSR CORE meeting held in Beijing, China 
in May 2011. Unfortunately, the Principal Investigator was 
unable to attend this excellent opportunity because he was 
on his sabbatical conducting research at University of 
Cambridge. However, a poster was presented on behalf 
of the principal investigator by Dr. Junichiro Mori at the 
meeting and numerous useful comments were received 

during this meeting. The feedback the principal investigator 
received via. Dr. Junichiro Mori was extremely useful in 
making this research project a success.

7. Project Development

The project is on-going under Japanese Society for the 
Promotion of Science (JSPS) research grant for young 
researchers (wakate B) 2012 – 2015.

8. Publications

Paper publication
1) Nguyen Duc, Danushka Bollegala, and Mitsuru 

Ishizuka, Cross-Language Latent Relational Search: 
Mapping Knowledge across Languages, Proceedings of 
the 25th National Conference on Artificial Intelligence 
(AAAI 2011), pp. 1237 – 1242, San Francisco, USA.

2) Nguyen Duc, Danushka Bollegala, and Mitsuru 
Ishizuka, Cross-Language Latent Relational Search 
between Japanese and English Languages using Web 
as a Corpus, ACM Transactions on Asian Language 
Processing (TALIP), accepted, to appear in 2012.

 

Figure 2: Online social network systems. On the left is SPYSEE.
jp, which uses an automatic relation extraction algorithm 
to create a social network among people. On the right is 

Arnetminer, a researcher network.




