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1 MOTIVATION AND SCOPE

The ability to automatically gain information from unstructured data is an essential task
for the purpose of exploiting the enormous potential of information available on the Web.
In particular, the promise of the Semantic Web, more specifically of being able to automati-
cally capture the meaning of Web content, requires the ability to extract semantic relations
from unstructured text. Semantic Relation Extraction builds upon technologies from Natu-
ral Language Processing (NLP). While NLP techniques have greatly matured throughout
the last decade, improvements are still needed in order to be able to use it fully automatical-
ly. For example, despite significant efforts invested in relation extraction in research areas
such as Ontology Learning and Ontology Population [BCM05], a qualitatively acceptable
procedure for the automatic extraction of ontologies is still a long way off [Zho07]. A main
disruptive factor is the yet insufficient addressing of relations with high textual complexity
in terms of nested or interchanged syntactic structures as well as the presence of multiple
named entities in a sentence. With the biomedical domain in focus, [JVD07] points out the
general relevance of sentence complexity for data misinterpretation. [KKT03], applying
most prevalent NLP techniques for extracting relations in the biomedical domain, state
that 40% of their false negatives are due to the complexity of sentences. Motivated by cur-
rent research presented in [Doe08], we manually validated similar figures also for the task
of recognizing company cooperations in business texts detected by OpenCalais [Reu], a
publicly available system for named entity recognition and relation extraction. Below, we
give an authentic example for such a sentence with a high degree of complexity.

To provide another authorized Web outlet for its assets, Viacom
signed a licensing agreement last month with YouTube rival Joost
to distribute video content from Comedy Central and MTV over
the Internet.

What are the main obstacles when automatically extracting relations from the above sen-
tence? Currently, one limitation of prevalent approaches for relation extraction arises from



the expressiveness of the patterns that they are able to recognize. Most approaches use
shallow pattern matching (in some way similar to regular expressions), that is they are
partly oblivious of the grammatical structure of text sentences. In the above example, they
could wrongly detect a collaboration example between Viacom and YouTube, negatively
influencing precision as well as recall. The shallow patterns are intrinsically dependent on
the order of words in sentences and fail to capture a relation if the relative order of the
words changes, even though the expressed relation remains the same. Uninvolved named
entities even complicate the detection of a relation or the correct assignment entities di-
rectly involved in the relation. We therefore require approaches which abstract away from
the representation of a sentence as a sequence of tokens to representations that are more
stable with respect to the relative order of words as long as the relation stated among the
words or entities of interest remains the same.

One component for the realization of this idea is the exploitation of grammatical dependen-
cies, i.e. linguistic structures that go beyond the flat sentence level, for relation extraction.
Scientific work in this area has increased recently, although most of them either rely on
a trained model or only address narrow types of relations (such as is-a or part-of). We
show that it is possible to achieve improvements in accuracy for relations of high textual
complexity also with a defined unsupervised procedure.

2 OUTLINE OF SOLUTION APPROACH

In order to cope with the challenge of extracting high textual complexity semantic rela-
tions, we elaborated a generalizable hybrid procedure consisting of shallow pattern mat-
ching over word resp. part-of-speech (POS) tokens and the exploitation of grammatical de-
pendencies on the sentence level. With the help of a fixed set of linguistic rules on the tree
level, a parse tree with hierarchical sentence chunks and POS-tagged words can be mapped
to a dependency tree with each word assigned to its governor [DMM06]. For instance, it in-
dicates the dependency of adjectives on the nouns they modify or the dependency of nouns
on their corresponding verbs. In Figure 1, we use a combined representation of the parse
tree together with the dependency tree. The dotted arcs are labeled with the dependency
type and concurrently indicate the direction of a dependency by pointing on the governing
word. For example, the noun ’butterfly’ depends on the verb ’to catch’ via a direct object
relation. Basically, our approach relies on the shortest path hypothesis of [BM05], which
states that the information needed to determine a semantic relation between two entities
in a text lies on the shortest path among them following their grammatical dependency
relations. However, we discovered the need to extend this basic assumption to proper-
ly work with a current state-of-the-art sentence parser from [KM03], since it sometimes
fails to recognize the correct grammatical dependencies. We therefore defined a set of pre-
and postprocessing rules in addition to our matching algorithm handling special sentence
constellations as for example conjunctions or the above mentioned multiple entity occur-
rences.
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Abbildung 1: Example of a deep parse tree with dependency annotations.

The main advantage of the approach is its ability to overcome the interfering impact of

”intermediate“ sentence elements between two candidate entities for a semantic relation in
a very long or complex sentence. In our initial example sentence, the direct object gram-
matical dependency of Joost to Viacom helps detecting the correct semantic relation.

3 RESULTS AND FUTURE WORK

To be able to asses the usefulness of the proposed procedure especially for our particular
application domain of high sentence text complexity, we defined a novel measure for de-
termining the complexity of a semantic relation on the textual level. This metric was used
for the practical application of our approach on a large1 up-to-date dataset consisting of
business news articles. Our evaluation was performed in direct comparison to OpenCalais
with regard to the detection of collaboration relations between companies in the corpus.
We chose the top-150 sentences according to the complexity metric and manually evalua-
ted the correctness of the presence or absence of discovered semantic relations. According
to the chi-square test value with Yates correction for two categories of data (correctly and
wrongly detected relations in the sentences), our presented procedure significantly outper-
forms the results of OpenCalais at a confidence level of 99,9%. We can conclude that our
presented procedure bears potential for improving relation extraction accuracy especially

1550.000 candidate sentences



for relations of high textual complexity.

Some issues remain subject to further research. Testing against a manually built-up gold
standard (consisting of about 200 randomly chosen sentences from the corpus), both sys-
tems yielded relatively low overall precision and recall values (about 35%), partly due to
’hidden’ semantic relations which can only be discovered by a human reader with the use
of context and/or world knowledge. A second issue is that in sentences of low complexi-
ty according to our metric, OpenCalais seems to yield better results. Consequently, it has
to be examined how establish procedures for semantic relation extraction in simple text
corpora can be combined with our approach. Furthermore, a part of the rules and proce-
dures employed by our system were only introduced due to errors and inaccuracies of the
employed sentence parser and thus do not follow any original linguistic motivation. That
means, the improvement of sentence deep parsing performance or the employment of a
different parsing technique may change circumstances and conditions for our system and
therefore might require its adjustment. Additionally, the exploitation of automatic pattern
learning algorithms has not been adressed yet.
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