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Abstract  The target of named entity relation extraction is to detect explicit and implicit relations
between entities. Most of the existing researches focus on explicit entity relation extraction, but
ignore implicit entity relation extraction. Compared with explicit relations, implicit relations have
no explicit supporting evidence in text and require additional evident from a reading of the document.
Therefore, implicit relations usually need to integrate semantic associations of sentence content
with relevant linguistic information, specific context semantic information and related domain
knowledge for indirect inference. However, because of the ambiguity of semantic relations, the
complexity of sentence structures, the uncertainty of context information and the imbalance of
data, the task of implicit relation extraction is more complicated and more difficult, and it cannot
be implemented using a general model. Therefore, it has been a challenge to infer implicit
relations. Several works related to implicit relation extraction have been performed for European

languages and especially for English. As far as we know, very few studies have been done for

iR H 1 2 2016-06-28 5 ZE £k i IR H 1A - 2017-05-21. AR UREIAE B [ 5 B R FH2= 55 430 H (61562032,61662027,61173146,61363039,61363010,
61462037) JLFEH [ SR EH£ 34 301 H (20152 ACB20003, 2016 1BAB202057) V1.6 44 15 25 2 B B4 % M 3 %1 951 B (KJLD12022, KJLD14035) |
VLV EE TR U5 A (GJJ150819,GJJ160783) JILPGA @A A SCH R WP 52 L B (JC161001) ¥ By, 73 & 3%, W 1 #4=2 h Eit
BHL2 S (CCH AR M &0, BB ITHE N Web £ 45 2L 5 8R40 B 5 72 9 . /5 8 K2 & . E-mail: wanchangxuan@ 263. net. H W0 3 »
WA BB, EEM R T I ARE A G B KR IS, B, R, B 7 ok Web B0 & B RO, IEE,
Wt HE L PR RIS (CCR MR e R EEFROEN Web BIREH fFRMER . AKES LA NEF W+ @B, hEIR
B2 22 (CCE) 23 B, FBWF5 7 10 A5 SRR Bz 4. X .8 Lo A FEPF5RT5 ) Bk 1248,



2796

Y,
&

it B il

Chinese language. In many text domains such as tourism and news domains, there exist many
implicit entity relations triggered by company verbs. In this paper, we study the problem of Chinese
implicit entity relation extraction based on company verbs. This paper proposes a two-stage
scheme that takes into account both explicit relation extraction and implicit relation extraction.
We integrate a machine learning method with rules and use explicit entity relations to infer implicit
entity relations. Firstly, the company verb vocabulary is constructed by using a variety of methods
and is used to select candidates from sentences containing company verbs. Secondly. the sentence
pattern classification algorithm and the corresponding component recognition algorithm are
designed for company candidate sentences. According to different roles of company verbs in the
sentence, we employ dependency parsing to decide company candidate sentence patterns and to
classify them. Due to the different roles of company verbs in different sentence patterns, methods
of recognizing components from entities involved in company actions are also different. Using
dependency parsing, we design corresponding component recognition algorithms for five kinds of
company candidate sentence patterns. Finally, according to whether additional knowledge and the
company verb are in the same sentence, we propose two kinds of inference methods for implicit
relations based on company verbs: one for implicit in-sentence relations and the other for implicit
between-sentences relations, where an in-sentence relation and a between-sentences relation refer
to a relation that is inferred from a single sentence and multiple sentences, respectively. According to
the characteristics of company semantic components and the scope of company verbs, we design three
rules for implicit in-sentence entity relation extraction based on company verbs. Furthermore, by
exploiting the antecedent of the zero anaphora in a company sentence, we establish the associations
between subject and object components in different sentences, which are then used to extract implicit
between-sentences entity relations based on company verbs. In addition, the feature extraction
algorithm of directional core verbs is proposed to improve the effect of the verb feature on the explicit
entity relation extraction. Comprehensive experiments are conducted on real tourism and news texts,
and experimental results show that the proposed methods are effective.
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Background

As a foundation of semantic networks and ontology,
named entity relation extraction has become an interesting
research domain in recent years. It is very useful for many
applications such as web mining, information extraction and
retrieval, automatic databases filling with entities and types,
questions answering task and document summarization.

The target of named entity relation extraction is to
detect implicit and explicit relations between entities. Most
of the existing researches focus on explicit entity relation
extraction, but ignore implicit entity relation extraction.
Implicit relations have no explicit supporting evidence in text
and require additional evident from a reading of the document.
Therefore, it has been a challenge to infer implicit relations.
Several works related to implicit relations extraction have
been performed for European languages and especially for
English. As far as we know, very few works have been done
for Chinese language.

There are a great number of implicit entity relations that

are triggered by company verbs in tourism and news domain
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texts. Therefore, we focus on Chinese named entity implicit
relation extraction which is based on company verbs. This
paper proposes a two-stage scheme that takes into account
both explicit relation extraction and implicit relation extraction.
We integrate machine learning method with rules and use
explicit entity relations to infer implicit entity relations. In
order to improve the effect of verb features on the explicit
entity relation extraction, we propose a feature extraction
algorithm of directional core verbs based on the verb feature
with nearest syntactic dependency. In the implicit relation
extraction stage, company candidate sentences are selected by
POS (Part of Speech) and company verb dictionary. According
to dependency parsing, the sentence pattern classification
algorithm and the corresponding component recognition
algorithm are designed for company candidate sentences. We
propose a novel method that uses explicit relations to infer
implicit relations. According to characteristics of company
semantic components and the scope of company verbs, we

design three rules for implicit entity relation extraction in
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sentences based on company verbs. In addition, by exploiting
the antecedent of the zero anaphora in a company sentence,
we establish the associations between the subject and object
components in different sentences, which are then used to
extract implicit entity relation across sentences based on
company verbs. Therefore, we can effectively handle implicit
entity relation extraction based on company verbs and capture
more implicit entity relations. Because our work combines
the advantage of explicit relation extraction and implicit
relation extraction, it is beneficial to improve the overall
performance of Chinese named entity relation extraction. To
the best of our knowledge, our work is the first solution

towards implicit relation extraction for Chinese language.
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