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Abstract Nowadays, semantic web knowledge bases are more and more prevalent because the
wide usage of linking open data (LOD). They play an important role in IR systems, especially in

entity search systems and question answering systems. An intuition is that the entity’s type
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information is very important for IR tasks. For example, an entity search query “movies in which
Tom hanks plays a role” requires results of the type movie. Unfortunately, the lack of type
constraints for entities is very serious in knowledge bases, which affects the correctness and

Our
investigation shows that in DBpedia 2014, 8% entities do not have any type information and 28 %

universality of the use of the knowledge base in the field of information retrieval etc.

entities only have coarse types (such as “Thing”). How to complete the type constraints especially
the fine-grained types for entities in knowledge bases is a critical task. Some studies propose to
complete entity’s type constraints in the knowledge base, such as probabilistic distributional
model-based methods and representation learning methods. Take a probabilistic-based approach
SDType as an example. Firstly, SDType calculates the weight of each predicate for each type
which describes the discriminability of a predicate for a type. Then, the score of a certain type for
an entity is basically an aggregation of the scores of all predicates that the entity has. Such
methods do not consider the mutually reinforcing effect between predicates, which may affects
the accuracy of type completion in the absence of knowledge base. One typical method of representa-
tion learning is TransE which is suitable for simple relations but not for complex relations such as
type. Another problem of representation learning methods is that the training data is difficult to
obtain, especially the negatives. Moreover, due to the large number of parameters in the model,
the efficiency is also a big problem for these kinds of methods. In this paper, we propose a novel
way to complete type information of entities by using a random-walk-based iterative algorithm on
a probabilistic graph. First of all, we calculate the number of entities with a certain predicate, the
number of entities of a certain type, and the number of entities of a certain type and with a certain
predicate within the knowledge base. Secondly, we build a predicate-type probabilistic graph.
There are two classes of nodes in the probabilistic graph which are predicate nodes and type
nodes. The edges can be classified into two categories: predicate-predicate ones and predicate-type
ones. We consider the mutual enhancement between predicates. It is very helpful for the entity’s
type completion, especially when the knowledge base is not complete. Finally, an improved
random walk strategy of the entity type completion in the predicate-type probabilistic graph is
proposed. In order to solve the problem of semantic drift, which is caused by the reasons such as
errors in the knowledge base and so on, we apply PMI (Point Mutual Information) technology to
optimize the results. The experiments on a popular knowledge base show that our algorithm
achieves higher accuracy compared with the existing typical methods.

Keywords knowledge base; type completion; graph model; random walk; big data
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Background

A number of knowledge graphs or structured knowledge
bases, such as DBpedia, Freebase and YAGO2, have been
constructed and released to public. Some proprietary ones such
as Google’ s Knowledge Graph and Microsoft Bing’s Satori
have been applied in search engines to support important Web
search tasks such as entity search and question answering. A
fundamental and essential semantic information of an entity is
its types. The type information of entities plays an important
role in many applications. Unfortunately, the incompleteness
of entity types is very serious in knowledge graphs which
somehow affects the wide and effective applications of
knowledge graphs. We observe that 8% entities are without
any type information among 4 580 000 entities of DBpedia
2014 and only 64 % have fine-grained types. Thus the study
of type completion is important and necessary.

Traditionally, people solve this problem by assigning an
entity to the type that the entity most likely belongs to. The
likelihood can be estimated by the similarity between the
entity and the entities already belong to the type. However,

this method ignores the dependency between types and
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predicates. A number of representation learning methods
have been recently proposed. However, these approaches
rely on the training data that may be difficult to obtain (for
negatives). Moreover, all these methods lack interpretation
since the prediction is based on the vector operations and
reasoning mechanisms are implicit.

In this paper we propose a novel approach to complete
entity type using a random-walk-based iterative algorithm on
a predicate-type probabilistic graph. The experiments results
show that the proposed approaches have better performance.
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