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Preface

The 12" International Symposium on Distributed Computing and Artificial Intelli-
gence 2015 (DCAI 2015) is a forum to present applications of innovative techniques
for solving complex problems in these areas. The exchange of ideas between scientists
and technicians from both the academic and industrial sector is essential to facilitate
the development of systems that can meet the ever-increasing demands of today’s so-
ciety. The present edition brings together past experience, current work and promising
future trends associated with distributed computing, artificial intelligence and their ap-
plication in order to provide efficient solutions to real problems. This conference is a
stimulating and productive forum where the scientific community can work towards
future cooperation in Distributed Computing and Artificial Intelligence areas.

Nowadays it is continuing to grow and prosper in its role as one of the premier con-
ferences devoted to the quickly changing landscape of distributed computing, artificial
intelligence and the application of Al to distributed systems. This year’s technical pro-
gram will present both high quality and diversity, with contributions in well-established
and evolving areas of research. Specifically, 62 papers were submit-ted to the main
track from over 18 different, representing a truly “wide area network" of research ac-
tivity. The DCAI’15 technical program has selected 46 papers, the best papers will
be selected for their publication on the the following special issues in journals such as
Neurocomputing, Frontiers of Information Technology & Electronic Engineering, Jour-
nal of Artificial Intelligence (IJAI), the International Journal of Imaging and Robotics
(IJIR) and the International Journal of Interactive Multimedia and Artificial Intelligence
(IJIMALI). These special issues will cover extended versions of the most highly regarded
works.

Moreover, DCAT’ 15 Special Sessions have been a very useful tool in order to com-
plement the regular program with new or emerging topics of particular interest to the
participating community. Special Sessions that emphasize on multi-disciplinary and
transversal aspects, such as Al-driven methods for Multimodal Networks and Processes
Modeling and Multi-Agents Macroeconomics have been especially encouraged and
welcome.
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Review Process

DCAI welcomed the submission of application papers with preference to the topics
listed in the call for papers.

All submitted papers followed a thorough review process. For each paper was be
refereed by at least two international experts in the field from the scientific committee
(and most of them by three experts) based on relevance, originality, significance, quality
and clarity.

The review process took place from January 20, 2015 to February 18, 2015 and was
carried out using the Easychair conference tool.

The review process granted that the papers consisted of original, relevant and previ-
ously unpublished sound research results related to any of the topics of the conference.

All the authors of those papers requiring modifications were required to upload a
document stating the changes included in the paper according to the reviewers’ recom-
mendations. The documents, together with the final versions of the papers, were revised
in detail by the scientific committee chairs.
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A Natural Language Interface
to Ontology-Based Knowledge Bases

Mario Andrés Paredes-Valverdel, José Angel N oguera—Arnaldosz,
Cristian Aarén Rodriguez-Enriquez’, Rafael Valencia-Garcia',
and Giner Alor-Herndndez’

! Departamento de Informética y Sistemas,
Universidad de Murcia, Campus de Espinardo, 30100, Murcia, Spain
2PROASISTECH, S.L.
Edificio CEEIM, Campus Universitario Espinardo s/n, 30100, Murcia
3 Division of Research and Postgraduate Studies, Instituto Tecnoldgico de Orizaba, Mexico
{marioandres.paredes,valencia}@um.es, jnoguera@proasistech.com,
crodriguezen@gmail.com, galor@itorizaba.edu.mx

Abstract. The aim of the Semantic Web is to improve the access, management,
and retrieval of information on the Web-based. On this understanding, ontolo-
gies are considered a technology that supports all aforementioned tasks. How-
ever, current approaches for information retrieval on ontology-based knowledge
bases are intended to be used by experienced users. To address this gap, Natural
Language Processing (NLP) is deemed a very intuitive approach from a non-
experienced user's perspective, because the formality of a knowledge base is
hidden, as well as the executable query language. In this work, we present
ONLI, a natural language interface for DBpedia, a community effort to struc-
ture Wikipedia’s content based on an ontological approach. ONLI combines
NLP techniques in order to analyze user’s question and populate an ontological
model, which is responsible for describing question's context. From this model,
ONLI requests the answer through a set of heuristic SPARQL-based query pat-
terns. Finally, we describe the current version of the ONLI system, as well as an
evaluation to assess its effectiveness in finding the correct answer.

Keywords: natural language processing, ontology, semantic web.

1 Introduction

The aim of the Semantic Web is to provide well-defined and understandable informa-
tion not only by humans, but also by computers, allowing these last ones to automate,
integrate and reuse high-quality information across different applications. Ontologies
are considered a technology which supports all aforementioned tasks. In the context
of computer and information sciences, an ontology defines a set of representational
primitives allowing to model a domain of knowledge or discourse [1]. Nowadays,
data stored in ontology-based knowledge bases has significantly grown, becoming in
an important component in enhancing the Web intelligence and in supporting data
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integration. Indeed, ontologies are being applied to different domains such as biome-
dicine [2], finance [3], innovation management [4], cloud computing [5] [6], medicine
[7], and human perception [8], among others.

At the same time, Wikipedia, a free-access and free content Internet encyclopedia,
has become one of the most popular Web-based knowledge sources, maintained by
thousands of collaborators. DBpedia [9] has emerged as a community effort to struc-
ture Wikipedia’s content and make it available on the Web. Currently, the English
version of DBpedia describes 4.22 million of things in a consistent ontology, includ-
ing persons, places, creative works, organizations, species and diseases.

The most known formal query language for information retrieval from semantic
knowledge bases is SPARQL (Simple Protocol and RDF Query Language). The use
of SPARQL demands a high level of knowledge and expertise about technologies
such as RDF (Resource Description Framework) and query language expressions.
Because of this, several research efforts have been carried out in order to make ac-
cessible the Semantic Web information to all kind of users. From this perspective,
NLI (Natural Language Interface) is deemed to be a very intuitive approach from a
user point of view [10] in order to address the gap between knowledge bases systems
and end-users. A NLI allows users to access information stored in any repository by
formulating requests in natural language [11]. In this work, we present ONLI, a NLI
for DBpedia. ONLI processes user’s question by means of Natural Language Tech-
niques in order to obtain semantically meaningful words. These elements are queried
against knowledge base in order to establish a context. All information obtained is
organized in an ontological model, from which the possible ambiguities are managed.
Finally, the answer search is carried out, this search is based on a set of heuristic
SPARQL-based query patterns. Once possible answers are obtained, these ones are
organized and shown back to the user.

This paper is structured as follows: Section 2 presents a set of related works about
NLI for knowledge bases. The architecture design, modules and interrelationships of
the proposed approach are described in Section 3. Section 4 presents the evaluation of
the ONLI system. Finally, conclusions and future work are presented.

2 Related Works

In recent years, several research works concerning to NLI for knowledge bases
(NLIKB) have been carried out. These works provide to end-users a mechanism to
access knowledge in ontologies, hiding the formality of ontologies and query lan-
guages. In this context, there are works focused to query Wikipedia content such as
[16] where authors presented a search interface for Wikipedia, which enable users to
ask complex queries based on a faceted approach. On the other hand, there are works
focused on a specific context such as QACID [12], an ontology-based Question Ans-
wering applied to the Cinema Domain. QACID groups user queries into clusters
which are associated to a SPARQL-based query. Then, QACID’s infer engine deduc-
es between a new query and the clusters in order to associate the query with its cor-
responding SPARQL-based expression. Other works are focused on portable NLI
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development. NLP-Reduce [11] identifies triple structures contained in user’s ques-
tion and match them to the synonym-enhanced triple store previously generated from
an OWL knowledge base. The identified triples are translated to SPARQL-based
statements. Then, NLP-Reduce infers implicit triple statements by using the Pellet
Reasoner. Finally the results are displayed to the user. NLP-Reduce issue is the li-
mited set of natural language processing techniques used to process question, which
limits the identification of triples. ORAKEL [10] is an ontology-based natural lan-
guage system which works with input queries that contain wh-pronouns. The query is
parsed to a query logical form, which in turn, is translated to a knowledge representa-
tion language. Then, ORAKEL evaluates the query with respect to the knowledge
base and presents the results to the user. The main issue of ORAKEL is the need for a
lexicon engineer to carry out the adaptation process for a specific domain. Aqualog
[13] takes natural language queries and an ontology as input. Then, Aqualog trans-
lates queries into ontology-compatible triples. Aqualog takes into account features
such as voice and tense in order to facilitate the reasoning about the answer. Aqualog
identifies 23 different linguistic categories of intermediate representations of queries.
This classification is based on the kind of triple needed. Querix [14] is a domain-
independent NLI for the Semantic Web. It processes query and obtains a syntax tree
and a query skeleton of word categories such as Noun, Verb, among others. Then, a
synonym search is performed for each element contained in the syntax tree, Querix
matches the query skeleton with a small set of heuristic patterns. Next, Querix
searches for all matches between synonym-enhanced query, with the resources and
their synonyms in the ontology. Finally, Querix composes SPARQL-based queries
from the joined triples. SWSNL [15] uses ontologies for storing the domain structure
and the description of user queries. SWSNL analyses query by using NLP techniques
and then built a semantic and KB-independent representation of query which is trans-
lated to a query language.

Most of above presented works were used and tested on different knowledge bases
which vary in their size and complexity. Because of this, it is difficult to establish
which interface provides the best result. Also, each work employs a different set of
natural language processing techniques, in our approach a wider set of these tech-
niques is used in order to obtain a more detailed analysis of the user’s question,
among these techniques are: POS (Part-of-speech) tagging, lemmatizing, synonym
expansion, and NER.

3 ONLI System

In this work, we present a NLI called ONLI, which allows users to obtain answers to
questions concerning to DBpedia’s content. ONLI system is composed of three main
modules: (1) NLP, (2) Question classification, and (3) Answer searching and build-
ing. In brief, ONLI system works as follows: User provides a question expressed in
natural language. NLP module processes the question with the aim of detecting words
potentially belonging to a semantic category. Question classification module queries
the obtained elements against DBpedia in order to obtain all semantic information
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about them, and then, a question’s context is established. All this information is orga-
nized in an ontological model called Question model, whose main purpose is to de-
scribe the user’s question so that subsequent modules can use this information to
search the answer. Next, question is classified based on the information contained in
the Question model. The Answer Searching and Building module looks for an answer
though a set of heuristic SPARQL-based query patterns. Finally, this module filters
the results obtained and provides an answer to the user. The ONLI’s functional archi-
tecture, which is based on the generic architecture for NLI proposed by [17], is com-
posed of three different modules that are described in detail in next sections.

3.1 NLP Module

This module carries out the natural language processing of the question in order to
obtain all semantically meaningful of the words for the system. To this end, POS
tagging, Lemmatization, and Named Entity Recognition (NER) techniques are ex-
ecuted. POS-tagging technique allows annotating all question elements with their
lexical category such as verb, proper noun, and adjective, to mention but a few.
Sometimes the word contained in the question is not the same that defines a know-
ledge entity, e.g. a word could be declared in a different verb time, or in plural.
Lemmatization technique provides the base form for a word, known as lemma. The
lemma can be used instead of the word as mentioned in the original question for link-
ing against the knowledge base. The aim of the NER technique is to detect Named
Entities [18], i.e. entities belonging to a predefined semantic category such as person
names, organizations, locations, among others. This task is performed by using gazet-
teers which identifies entity names in the text based on lists, and annotation patterns
i.e., rules which act on annotations assigned in earlier phases, in order to produce
outputs of annotated entities.

Furthermore, NLP module searches for interrogative particles such as what, where,
when, and who, among others. These particles will help to determine the answer type
expected, thus reducing the search space. Also, NLP module performs a synonym
search for each entity found. This task is supported by the lexical database WordNet
[19]. The synonym search aims to extend the knowledge entities’ search through use
of both the entity’s lemma and the entity’s synonyms.

At the end of NLP phase, there is a set of entities belonging to a specific entity type
(questionType, individual, objectProperty, datatypeProperty, and class or concept),
which in turn have two main properties: originalContent, which refers to the word as
it appears in the question, and lemma. All these information is mapped to the
Question model.

3.2  Question Classification Module

Once question has been processed, each entity contained in the Question model is
queried against DBpedia in order to establish the question’s context. According to the
entity type, a SPARQL-based query is executed. In this query, entity’s lemma and
entity’s synonyms are compared against rdfs:label property of each knowledge entity.
The rdfs:label property can be used to provide a human-readable version of a resource
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name. Hence, each class, property and instance, contained in the knowledge base
must have the rdfs:label property defined, in order to ensure the correct functioning of
the ONLI system. It must be noted that the final result, i.e. the answer, depends of
quality of these labels. The knowledge entities’ search needs to be flexible, i.e., it
does not require to retrieve only entities with a high level of similarity because of this,
the present module assigns a score to each knowledge entity using the Levenshtein
distance metric. This score determines the similarity level between the entity’s lemma
and the knowledge entity’s label. The knowledge entity with highest score probably is
the most crucial to find the correct answer. The question’s context establishing does
not require all information about a knowledge entity, because these entities are only
the base for future queries. Based on this understanding, the properties recovered of
each knowledge entity are: URI, rdfs:label, and rdf:type.

On the other hand, most questions contain interrogative particles which provide a
guide about the desired response, thus reducing the search space. For instance, when
the question contains the interrogative particle who, user is generally searching for a
person or an organization. In the same context, the interrogative particle where makes
reference to a location, therefore, the search space can be reduced to knowledge enti-
ties belonging to semantic categories such as country, city, and buildings, among
others. Taking this into account, this module classifies the question according to the
classification of question proposed in [20], furthermore, it determines the answer type
expected, which in turn is mapped to the Question model as an answerType entity.
The answer type can be an instance of any class contained in the knowledge base, a
set of instances, a date, or a number, among others. All information recovered in this
phase is organized in the Question model.

3.3  Answer Searching and Building Module

Once question has been processed, and all the entities found have been organized into
the Question model, the search for an answer is carried out. This module extracts the
knowledge entities contained in the Question model and it includes each of them in a
set of heuristic SPARQL-based query patterns. According to the knowledge entity’s
type and question’s type, a query pattern is selected. For instance, if the following
query is processed: “How many films has Christian Bale done?”, a total of two know-
ledge entities are found, Film and Christian Bale corresponding to the entity types
Concept and Individual respectively. Also, the “How many” question type has been
identified, therefore, the user is looking for an amount, i.e. the answer expected cor-
responds to a number. Taking into account the aforementioned information, the An-
swer Searching and Building module include the entities found in the next heuristic
SPARQL-based query pattern:

SELECT count (distinct ?uri) as ?count
WHERE {
?2uri rdf:type <http://dbpedia.org/ontology/Film>.
?2uri ?prop <http://dbpedia.org/resource/Christian_Bale>.
?uri rdfs:label ?label.
FILTER langMatches( lang(?label), 'EN' )
}
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Finally, the result obtained from the SPARQL-based query above presented, is
shown to the user, i.e. according to the DBpedia’s content, Christian Bale has been in
34 movies. It should be noted that each pattern used by this module is focused in dif-
ferent contexts in order to retrieve results consistent with the answer type expected.

4 Evaluation and Results

In order to assess the effectiveness of the present work, we conducted an evaluation
focused on the capability of ONLI to provide the correct answer to user queries. For
this purpose, we performed the study with a set of five students of Computer Science.
The students were introduced to the DBpedia knowledge content, and then they were
asked to express 20 queries in natural language. The questions used in this study had
to meet the following constraints:

1. The query must be able to be answered through DBpedia’s content.

2. The questions must begin with Wh-pronouns such as who, what, where and which,
or contain the expressions “How many” and “How” followed by an adjective.

3. The question must not have orthographic errors.

Examples of the questions generated are: “What is the height of Lebron James?”,
“Where were Rafael Nadal and Roger Federer born?”, “What are the movies of
Michael Caine?”, and “How many astronauts born in Spain?”

Once natural language queries were defined, these queries were executed by using
the ONLI system. The answer provided by ONLI was compared to the correct answer
provided by the SPARQL-based query previously built by an experienced user on
SPARQL and DBpedia. In this evaluation, we employed the precision and recall
metrics, as well as their harmonic mean, known as F-measure. These metrics are
commonly applied to information retrieval systems and researches in the context of
NLI [10].

The results obtained from the evaluation indicated that ONLI system obtained an
F-measure score of 0.82. The global experiments results are reported in Table 1.
Despite the fact that the results obtained seem promising, there are yet some issues to
be solved. On one hand, the DBpedia has full narrative labels, however we cannot
guarantee that all knowledge entities contained in this knowledge base are correctly
annotated. On the other hand, once both set of queries (natural language questions
used on ONLI, and their corresponding SPARQL-based queries manually-built by an
expert user) were analyzed, we ascribe the unsuccessfully answered questions to the
complexity of the questions generated i.e., some natural language questions contained
more than two knowledge entities of different types, which in turn required more than
one triple pattern for their representation on SPARQL-based language. Therefore, the
set of heuristic SPARQL-based patterns was a bit limited to deal with this kind of
questions.
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Table 1. Evaluation results

Precision | Recall F-measure
0.81 0.84 0.82

5 Conclusions and Future Work

The main contribution of this research is a methodology for the development of a
question answering system for ontology-based knowledge bases. Specifically, we
present ONLI, an ontology-based NLI developed for answering queries related to the
DBpedia’s content. Although the results obtained seem promising, ONLI needs to be
improved in order to provide a system able to return precise answers to questions,
since ONLI system provides a set of possible answers instead of a unique answer.

As subsequent work we plan to develop a method that allows carrying out the lexi-
calization of the DBpedia ontology, i.e. to obtain a set of words that can be found in
the user’s question, thus improving the identification of potential ontology concepts,
which in turn, can be used to build the SPARQL-based query. Also, we plan to en-
large and enrich the set of heuristic SPARQL-patterns by taking into account a wider
set of question and answer types. Other ONLI issue is the lack of robustness, because
of all input questions must contain Wh-pronouns or expressions “How many” and
“How” followed by and adjective. For solving this, we are considering to extend the
question’s classification and include a wide set of question patterns that allows estab-
lishing the question context and the type of answer expected, avoiding the need to use
aforementioned words to express a question.
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Abstract. Studying the mechanism of retweeting is useful for understanding the
information diffusion in Online Social Networks (OSNs). In this paper, we
examine a number of topological features that may affect the retweeting
behavior. We apply the Follow Model to formulate the user relations and then
propose Relationship Commitment Adjacency Matrix (RCAM) to present the
connectivity between users in OSNs. We define three meta-paths to identify the
people who may retweet. With these meta-paths, various instance-paths are
revealed in the retweeting prediction problem. A framework based on
Conditional Random Field model is developed and implemented with the data
from Sina Weibo. The case study obtains the results of retweeting prediction
with the indices of precision larger than 61% and recall larger than 58%.

Keywords: Follow model, Online Social Network, retweeting prediction,
Weibo.

1 Introduction

Online Social Networks (OSNs) have become important social activities for human
on the Internet [1-5]. They provide great potential utility for both business marketing
and academic research. While business focuses on promoting brand and products, the
academic community is interested in user interactions and evolution of network
technique. Although the OSN data has great value, how to extract valuable knowledge
from the massive data, within a certain time limitation, is still a great challenge.

Many functions have been developed to meet user’s demand and facilitate the
communication, such as activities retweet, mention, like and comment in social
networks. The information produced by these activities could open up a new space in
the study of human behaviors. Retweeting is one of the most popular functions in
OSNs, by which the user could forward the message they concerned about to their
followers, relatives and friends. In this way, the information carried by the message
can spread widely and quickly. The prediction of retweeting action becomes an
intense research area because it can help scientists understand better how the
information will propagate in the online social networks.

In this paper, based on the concept of meta-path from the study of heterogeneous
network [3], we use mention information to help predicting the user’s retweeting
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action. Also the composite relationship between users which are represented by the
Follow Model [4,6] are included to make our approach more effective.

From the conventional graph theory, the relationship between the nodes is
represented by Adjacency Matrix (AM). In this paper, we apply the Follow Model to
formulate the user relations and then propose Relationship Commitment Adjacency
Matrix (RCAM) to present the connectivity between users in OSNs. We define three
meta-paths to identify the people who may retweet. The paper extends the basic idea
of [7] and aggregates the followship relations in this matrix presentation to define
Relationship Committed Adjacency Matrix (RCAM): A;, as Follower Adjacency
Matrix and A, as Followee Adjacency Matrix.

In OSNSs, the multi-constraint queries such as “who, when and what” are important
for mining analysis and retweeting prediction. This paper proposes and implements
RCAM associated querying and retweeting prediction framework to a real online
social network, Sina Weibo in China (weibo.com). The data involves 58.66 million
users with 265.11 million followship relations and 369.80 million messages, of which
51.62% were retweets.

2 Related Work

Follow Model was proposed by Sandes et al. [4, 6] in 2012 to describe the following
relationship in OSNs, where the terms of followee, follower and r-friends (the users
are their follower and followee with each other) can be represented by three functions:
Joul)s fin(-) and f,(.). Given that objects u and v are associated in the vertices of
network, the directed edge set E: VxV represents the edges:

Joul)={VI(u,v)e E}, is the followee function to present the subset, V*, of all
followees of user u, V—V*, V*cV,

fa)={vI(v,u)e E}, is the follower function to present the subset, V* of all
followers of user u, V—-V*, V¥cV;

S w=f,u(w) N fi,(u), is the r-friend function to present the subset, V*, of all r-
friends of user u, V—-V*, V*CV.

These functions collectively form the Follow Model [4, 6], which has the following
three properties: reverse relationship, compositionality and extensibility.

For retweeting prediction, Peng et al. [8] studied the retweet patterns using
Conditional Random Fields (CRFs) method [9] with three types of user-tweet
features: content influence, network influence and temporal decay factor. They also
investigated the approaches to partition the social graphs and construct the network
relations for retweeting prediction. Hong et al. [10] analyzed the problem of
predicting the popularity of messages as measured by the number of future retweets
and shed some light on what kinds of factors influence the information propagation in
Twitter.

Sun et al. [3] proposed meta-path to describe the relationship in a heterogeneous
network which consists of multi-typed objects and multi-typed relations. The meta-
path can be used to define topological features with different semantic meanings.
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For example, the connection path between user u and v in online social network is
unique, but the relationship can be various, including following, mentioning,
retweeting etc. In order to define the meta-path in this research, we have to identify
the target relation in the retweeting prediction. The target relation is the one we
wanted in the problem space, and here it is the retweeting relationship. We use
R, <u,v> torepresent the action that the user u retweets v.

To establish the target relationship, we also need the similarity relationship g as

a bridge to connect the originate and the terminate. Sun et al. [3] listed three general
forms of meta-path as topological features.
uR, vR, w,means u will R wif v retweets w and u is similar to v.

uR, vR, w,means u will retweet w if u retweet v and v is similar to w.

sim

sim

u R vR,w, in this case, R; and R, are some relations undefined and could be

defined by the researchers in the practical needs, for example R; may be mention etc.
Using meta-path we extended it into OSN with the combination of Follow Model
to define the relationship between users [7], the detail is described in Section 3.

3 Who May Retweet?

In this section, we establish three meta-paths considering the target and similarity
relations to represent who is likely to retweet based on the methods of [7] with
necessary extension.

3.1 The User Re-tweets Others He/She is Concerned with

In the situation of “The user re-tweets others he/she is concerned with”, if two users
belong to the same category, one may retweet another with a high probability. The
formulation of this relation can be represented as follow:

ve f(w)R w

where f{.) is a function to describe the relationship between v and w defined in Follow
Model [4,6], also see section 2. In this case, user v is likely to retweet w’s tweet. We
extend the f{.) in more detailed cases:

1) v € fiu(w) R, w. In w’s follower subset f;,(w), v is likely to retweet w ‘s message.

2) v € f(w) R, w. In w’s r-friends subset f(w), v is more likely to retweet w’s
message.

3) v € my,(w) R,,w. Among the people mentioned by w, m,,(w), v is likely to
retweet w “s message after mentioning.

3.2 The User Re-tweets Others He/She is Similar with

The situation of “The user re-tweets others he/she is similar with” can also be found
in OSNs. If the similar person of a user retweets a message, then this user may also
retweet this message with a high probability. This can be represented as the following:

VR, fOV)R,w



