=N NS =
s LN DHE 5
Latent Relational Web Search Engine Based on

the Relational Similarity between Entity Pairs
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The World Wide Web contains a huge number of Web pages which refer to numerous semantic
relations. When a user wants to search for an entity in a specific semantic relation using a keyword-based
Web search engine, the user must formulate a query with some keywords related to the entity and the
relation. The user then inputs this query into the keyword-based Web search engine to retrieve a set of
text snippets which the user must read to find out the answer. Moreover, when one does not explicitly
know appropriate keywords to formulate a query, one can not get answers by using keyword-based Web
search engines. With the growing number of entities and semantic relations on the Web, Web search
engine users frequently face with such situations. Therefore, new entity retrieval paradigm based on
semantic relations between entities is required to alleviate this problem. In this thesis, we study the
problem of latent relational search, a novel entity retrieval method that enables Web search engine users
to directly retrieve appropriate entities in an implicitly stated semantic relation. Specifically, given a latent
relational search query {(A, B), (C, ?)}, in which A, B, C are entities, a latent relational search engine is
expected to retrieve a list of entities L containing candidate answers to fill in the question mark (?) in the
query. In the list L, each entity D satisfies the condition that the semantic relation between A and B is
highly similar to that between C and D. For example, given the query {(Japan, Tokyo), (France, ?)}, a
latent relational search engine is expected to retrieve and rank the entity ~"Paris" as the first answer in the
result list, because the relation between Japan and Tokyo is highly similar to that between France and
Paris.

To perform latent relational search on the Web, one must overcome several challenges: discovering
entity pairs to build an index for high speed retrieval, exploring and representing the semantic relations
between entities, and ranking the candidate answers according to the degree of relational similarity
between the candidate entity pairs and the input pair. We propose a method for extracting entity pairs
from a text corpus to build an index for a high speed latent relational search engine. Following previous
work on relational similarity measuring algorithms, we represent the relation between two entities in an
entity pair using lexical patterns of the context surrounding the two entities. We propose a lexical pattern
extraction algorithm which enables the search engine to precisely measure the relational similarity
between two entity pairs and therefore to accurately rank the result list of a latent relational search query.
Different from previous work on latent relational search, the proposed retrieval model allows supporting
sentences to be retrieved as evidences for each result. These evidence sentences provide the users of the



search engine with further knowledge concerning the common semantic relations between the input entity
pair and each retrieved candidate entity pair.

Moreover, we propose cross-language latent relational search, an advanced latent relational search
paradigm that allows answering the query {(A, B), (C, ?)} when the input pair (A, B) is written in another
language from the language of the entity C. To capture the similarity between relations across languages,
we must transfer the meaning of lexical patterns from one language to another. We propose a novel
lexical pattern clustering algorithm to recognize paraphrased lexical patterns across languages, thereby
effectively ranking candidates and retrieving evidence sentences for cross-lingual queries.

We evaluate the proposed search engine on both monolingual query sets and English-Japanese cross-
lingual query sets. The experimental results show that, the proposed method outperforms existing latent
relational search engines on monolingual query sets. The search engine also achieves a moderate Mean
Reciprocal Rank (MRR) on cross-lingual latent relational search query sets. Importantly, for the majority
of cross-lingual queries, the search engine retrieves supporting sentences that are semantically similar in
two different languages. This implies that the results of the search engine can be used for building
parallel corpora or for supporting human translators. In particular, when evaluating with an ideal corpus,
the proposed search engine retrieves the correct answer in the Top 1 ranked result for 95% of
monolingual queries in English and 88% in Japanese. When evaluating with Japanese - English cross-
language latent relational search queries, the proposed method achieves an MRR of 0.605 while requiring
an average query processing time less than 10 seconds, which is acceptable for normal search engine
sessions. Finally, we show that the proposed model can be applied to build a large-scale latent relational
search engine with real-world corpora. Specifically, we use seven million articles in the English and
Japanese Wikipedia data dumps to build an index for the search engine and use the search engine to
answer several sophisticated questions in the INEX 2008 Entity Ranking task. The results show that, the
search engine was able to answer 15 (out of 35) queries in monolingual mode, where as, in cross-lingual
settings, the number of successfully answered questions was 12 (out of 35). This demonstrates that the
proposed system could be used for answering sophisticated questions concerning entities and relations on
the Web.

From these results, this work reveals the possibility of latent relational search as a next generation
information retrieval and question answering paradigm on the Web.
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