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Abstract. In this paper, we define a method that enables to: (i) exploit
ontologies and terminology to represent concepts into specific domains,
(ii) extract information from deep web pages, and opinions from social
and community networks, (iii) semantically query information by using
natural language interface. The method has been applied to query the
touristic domain. This use case has shown the effectiveness of the method
that can be easily extended to other domains.
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1 Introduction

Tourism is one of the most dynamic and web-based industries worldwide. It is
an information-intensive market where tourists can use and leverage a plethora
of sources having heterogeneous formats. To plan and organize touristic travels
tourists navigate e-commerce web sites and social networks for accommodation
and reservation, forums and blogs, holiday resort and points of interest web sites,
comments on topics related to tourism. But searching and querying such a Big
Data by standard search engines may result unsatisfactory, especially on mobile
systems, whereas, by using formal languages results too complex for end-users.
In this scenario, the usage of natural language interface for querying the web
and existing knowledge bases offers opportunity to bridge the technological gap
between end-users and systems that make use of formal query languages.

Several researchers and practitioners are working on the definition of algo-
rithms and systems capable to translate natural language questions into formal
languages able to query structured data. Question Answering systems (QAs)
have attracted extensive attentions in both NLP [4,5] and database communities
[6,7]. Different surveys are presented in literature [1,2]. But only few approaches
worked on the tourism domain and defined a complete approach from the knowl-
edge representation, data acquisition and information extraction, to the natural
language processing and question answering.

In this paper, we present a method that enables to query, in natural language,
knowledge bases populated by touristic information extracted from the web. This
use case has shown the effectiveness of the proposed method that can be easily
extended to other domains.
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2 Proposed Method

This section describes a method for querying in natural language knowledge
bases populated by using information extracted from the web. The proposed
method is tailored to be flexible, scalable and general. It is constituted by three
phases: (i) Definition of the ontology and terminology representing concepts
into the specific domain. (ii) Extraction of information from deep web pages,
from social and community networks. (iii) Semantic querying by using natural
language processing, ontologies, and the Semantic Web tools. Figure 1 shows
modules of the proposed method.

Fig. 1. Architecture of the proposed method

Knowledge Representation. The knowledge of the target domain can include
ontologies, as well as thesauri, dictionaries and semantic networks. In our tourism
domain, we created all such instruments by observing information existing on
the Web and by including concepts from existing open linked data and by using
top-level ontologies. The implemented ontology describes classes and properties
of places (Places), objects and events (e.g. Facility, PointOfInterest, and Event).
It includes extracted and computed reputation information (SocialObject). It
maintains data about sources where the information has been extracted in order
to be able to compute the reliability of the obtained information.

Web Data Extraction. Instances of the knowledge base are dynamically cre-
ated by monitoring and extracting semi- and unstructured information (such as
data, descriptions and comments about accommodations) by connecting to APIs
of social networks, or by implementing smart crawlers and wrappers of deep web
pages. To extract data from booking websites (e.g. booking.com, venere.it, and
tripAdvisor), we modeled wrappers by using a visual interface1 that records nav-
igation actions performed by users into websites. In order to process comments
and analyze opinions we implemented the sentiment analyzer writing rules in the
MANTRA Language [3]. The MANTRA Language represents grammar-based

1 MANTRA Web Extractor (MWE) http://mwe.altiliagroup.com/.

http://www.booking.com
http://www.venere.it
http://www.tripAdvisor
http://mwe.altiliagroup.com/
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programs combined with logic predicates to identify concepts and their relations
belonging to specific knowledge domains, and to compute sentiment polarities
and opinion-targets. We can monitor websites and social networks scheduling
workflows that populate the knowledge base (e.g. a graph database).

Natural Language Querying. We created a Natural Language Interface (NLI)
that allows users to query knowledge bases through natural language expressions
that are dynamically translated into formal queries (e.g. SPARQL and Cypher
Query) to exploit various knowledge bases (i.e. ontologies and graph databases).
Users write questions expressed in natural language by using a web-based GUI,
shown in Fig. 2. The query in natural language is preprocessed to recognize
linguistic constructs (such as, pos-tag, chunk, relations between chunk). The
MANTRA Language Module takes as input MANTRA Language Programs to
identify concepts, properties, and relationships that occur in the users questions.
Patterns expressed in MANTRA Language allow for recognizing in a bottom-
up fashion ontological information by exploiting natural language constructs,
dictionaries, semantic networks, and thesauri. To match recognized concepts
extracted from the natural language text to the knowledge base concepts, we
use an external resource locator that maps ontological concepts to specific URI.
The submodule Formal Query Builder creates a query in SPARQL or Cypher
Language by using recognized objects, properties, and relationships. The formal
query is then submitted to the knowledge base endpoint and results are visualized
to users.

Fig. 2. Web-based graphical user interface for natural language querying

3 Discussion and Conclusion

In this paper, we presented a modular method that enables to query information
extracted from the web. The main contribution of this paper consists in the defin-
ition of a proposed method that enables to: (i) exploit ontologies and terminology
to represent concepts of specific domains; (ii) extract information and opinions
from deep web pages, social and community networks; (iii) semantically query
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information by using a natural language interface. The modular method enables
to easily create specific domain solutions. We tested our method for querying
tourism information. More in detail, we focused on extracting and querying both
descriptive data and opinions about accommodations. In particular, we collected
descriptive data from booking websites, user ratings and comments from both
booking websites and social networks. In our test, we extracted more than 3000
Italian hotels offering more than 20 different types of services from booking.com
and venere.it. In addition, we monitored more than 5000 comments from around
1600 users. We collected 100 different questions written by a group of heteroge-
neous persons in Italian or English natural language. Questions adopted in the
test considered services, nearby points of interest and opinions about the hotel.
Example of questions are: “I would like to eat in a very good restaurant of an
hotel in Cosenza” “I’m looking for a 4 star hotel in Amantea with free parking,
swimming pool and elevator. Furthermore, I’d like to play tennis and read some
books in a library.” We compared obtained results with the computed Ground
Truth obtaining precision 1. This approach works well for domain specific knowl-
edge, like the considered touristic domain. Experimental applications, involving
real user questions on touristic domain, demonstrate that our system provides
high-quality results. In the future, we intend to evaluate our approach on a larger
scale, and we plan to conduct an intensive usability study. In addition, our goal
is to provide robust question answering interface that exploits some innovative
algorithms based on deep neural networks.
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