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Preface

This volume contains the papers presented at the 29th International Conference on
Database and Expert Systems Applications (DEXA 2018), which was held in
Regensburg, Germany, during September 3-6, 2018. On behalf of the Program
Committee, we commend these papers to you and hope you find them useful.

Database, information, and knowledge systems have always been a core subject of
computer science. The ever-increasing need to distribute, exchange, and integrate data,
information, and knowledge has added further importance to this subject. Advances in
the field will help facilitate new avenues of communication, to proliferate interdisci-
plinary discovery, and to drive innovation and commercial opportunity.

DEXA is an international conference series that showcases state-of-the-art research
activities in database, information, and knowledge systems. The conference and its
associated workshops provide a premier annual forum to present original research
results and to examine advanced applications in the field. The goal is to bring together
developers, scientists, and users to extensively discuss requirements, challenges, and
solutions in database, information, and knowledge systems.

DEXA 2018 solicited original contributions dealing with any aspect of database,
information, and knowledge systems. Suggested topics included, but were not limited
to:

— Acquisition, Modeling, Management, and Processing of Knowledge
— Authenticity, Privacy, Security, and Trust

— Auvailability, Reliability, and Fault Tolerance

— Big Data Management and Analytics

— Consistency, Integrity, Quality of Data

— Constraint Modeling and Processing

— Cloud Computing and Database-as-a-Service

— Database Federation and Integration, Interoperability, Multi-Databases
— Data and Information Networks

— Data and Information Semantics

— Data Integration, Metadata Management, and Interoperability

— Data Structures and Data Management Algorithms

— Database and Information System Architecture and Performance
— Data Streams and Sensor Data

— Data Warehousing

— Decision Support Systems and Their Applications

— Dependability, Reliability, and Fault Tolerance

— Digital Libraries and Multimedia Databases

— Distributed, Parallel, P2P, Grid, and Cloud Databases

— Graph Databases

— Incomplete and Uncertain Data

— Information Retrieval
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— Information and Database Systems and Their Applications

— Mobile, Pervasive, and Ubiquitous Data

— Modeling, Automation, and Optimization of Processes

— NoSQL and NewSQL Databases

— Object, Object-Relational, and Deductive Databases

— Provenance of Data and Information

— Semantic Web and Ontologies

— Social Networks, Social Web, Graph, and Personal Information Management
— Statistical and Scientific Databases

— Temporal, Spatial, and High-Dimensional Databases

— Query Processing and Transaction Management

— User Interfaces to Databases and Information Systems

— Visual Data Analytics, Data Mining, and Knowledge Discovery
— WWW and Databases, Web Services

— Workflow Management and Databases

— XML and Semi-structured Data

Following the call for papers, which yielded 160 submissions, there was a rigorous
review process that saw each submission refereed by three to six international experts.
The 35 submissions judged best by the Program Committee were accepted as full
research papers, yielding an acceptance rate of 22%. A further 40 submissions were
accepted as short research papers.

As is the tradition of DEXA, all accepted papers are published by Springer. Authors
of selected papers presented at the conference were invited to submit substantially
extended versions of their conference papers for publication in the Springer journal
Transactions on Large-Scale Data- and Knowledge-Centered Systems (TLDKS). The
submitted extended versions underwent a further review process.

The success of DEXA 2018 was the result of collegial teamwork from many
individuals. We wish to thank all authors who submitted papers and all conference
participants for the fruitful discussions.

We are grateful to Xiaofang Zhou (The University of Queensland) for his keynote
talk on “Spatial Trajectory Analytics: Past, Present, and Future” and to Tok Wang Ling
(National University of Singapore) for his keynote talk on “Data Models Revisited:
Improving the Quality of Database Schema Design, Integration and Keyword Search
with ORA-Semantics.”

This edition of DEXA also featured three international workshops covering a variety
of specialized topics:

— BDMICS 2018: Third International Workshop on Big Data Management in Cloud
Systems

— BIOKDD 2018: 9th International Workshop on Biological Knowledge Discovery
from Data

— TIR 2018: 15th International Workshop on Technologies for Information Retrieval

We would like to thank the members of the Program Committee and the external
reviewers for their timely expertise in carefully reviewing the submissions. We are
grateful to our general chairs, Abdelkader Hameurlain, Giinther Pernul, and



Preface VII

Roland R. Wagner, to our publication chair, Vladimir Marik, and to our workshop
chairs, A Min Tjoa and Roland R. Wagner.

We wish to express our deep appreciation to Gabriela Wagner of the DEXA con-
ference organization office. Without her outstanding work and excellent support, this
volume would not have seen the light of day.

Finally, we like to thank Gtinther Pernul and his team for being our hosts during the
wonderful days in Regensburg.

July 2018 Sven Hartmann
Hui Ma
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Data Models Revisited: Improving the Quality
of Database Schema Design, Integration
and Keyword Search with ORA-Semantics
(Extended Abstract)

Tok Wang Ling', Mong Li Lee', Thuy Ngoc Le?, and Zhong Zeng®

! Department of Computer Science, School of Computing, National
University of Singapore
{lingtw, leeml}@comp.nus.edu.sg
% Google Singapore
le.thuy.ngoc@gmail.com
3 Data Center Technology Lab, Huawei
zengzhong4@huaweil .com

Introduction

Object class, relationship type, and attribute of object class and relationship type, are
three basic concepts in the Entity Relationship Model. We call them ORA-semantics.
In this talk, we highlight the limitations of the common database models such as the
relational and XML data model. One serious common limitation of these database
models is their inability to capture and explicitly represent object classes and rela-
tionship types together with their attributes in their schema languages. In fact, these
data models have no concepts of object class, relationship type, and their attribute.

Without using ORA-semantics in databases, the quality of important database tasks
such as relational and XML database schema design, data and schema integration, and
relational and XML keyword query processing are low, and serious problems may
arise. We show the reasons that lead to these problems, and demonstrate how
ORA-semantics can be used to improve the result quality of these database tasks
significantly.

Limitations of Relational Model

In the relational model, functional dependencies (FDs) and multivalued dependencies
(MVDs) are integrity constraints; many of which are artificially imposed by organi-
zation or database designers. These constraints have no semantics, and cannot be
automatically discovered by data mining techniques.

FDs and MVDs are used to remove redundancy and obtain normal form relations in
database schema design. During normalization, we must cover the given set of FDs
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(i.e., the closure of the set of FDs remain unchanged), and we want to remove all
MVDs. However, MVDs are relation sensitive, and it is very difficult to detect them.
The existence of MVDs in a relation is because some unrelated multivalued attributes
(of an object class or a relationship type) are wrongly grouped in the relation [10]. Key
in relation is not the same as OID of object class. There is no concept of
ORA-semantics in the relational model.

ORA Semantics in Database Schema Design

There are three common approaches for relational database schema design:

a. Decomposition. This approach is based on the Universal Relation Assumption
(URA) that a database can be represented by a universal relation which contains all
the attributes of the database and this relation is then decomposed into smaller
relations in some good normal forms such as 3NF, BCNF, 4NF, etc. in order to
remove redundant data using the given FDs and MVDs. The process is
non-deterministic, and the relations obtained depend on the order of FDs and MVDs
chosen for decomposition, which may not cover the given set of FDs.

b. Synthesis [1]. This approach is based on the assumption that a database can be
described by a given set of attributes and a given set of functional dependencies. It
also assumes URA, and a set of 3NF and BCNF relations is synthesized based on
the given set of dependencies. The process is non-deterministic, and depends on the
order of the redundant FDs found to generate 3NF relations. It does not consider
MVDs and does not guarantee reconstructibility.

c. ER Approach. An ER diagram (ERD) is first constructed based on the database
specification and requirements, and then normalized to a normal form ERD. The
normal form ERD is then translated to a set of normal form relations together with a
set of additional constraints that exist in the ERD but cannot be represented in the
relational schema [11]. Multivalued attributes of object classes and relationships
will be in separated relations. Users do not need to consider MVDs which are
relation sensitive. ERD can use relaxed URA, i.e. only object identifier names must
be unique, which is much more convenient than using URA.

Both the decomposition and synthesis approaches cannot handle complex rela-
tionship types such as recursive relationship type, ISA relationship, and multiple
relationship types defined among 2 or more object classes. They also do not have the
concept of ORA-semantics and have many problems and short comings. Other prob-
lems and issues that arise when using decomposition and synthesis methods to design a
database include

(i) How to find a given set of FDs in a relational database? Can we use some data
mining techniques to find FDs and MVDs in a relational database?

(i1) If a relation is not in BCNF, can we always normalize it to a set of BCNF
relations?
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(iii) If a relation is not in 4NF, is there a non-loss decomposition of the relation into a
set of 4NF relations which cover all the given FDs?

(iv) 3NF and BCNF relations are defined on individual relations, rather than on the
whole database. Hence, they cannot detect redundancy among relations of the
database and may contain global redundant attributes [13].

In contrast, the ER approach captures ORA-semantics and avoids the problems
of the decomposition method and synthesis method.

ORA Semantics in Data and Schema Integration

In data and schema integration, entity resolution (or object identification) is widely
studied. However, this problem is still not well solved and cannot be handled fully
automatically, e.g., we cannot automatically identify authors of papers completely in
DBLP.

Besides entity resolution, we need to consider relationship resolution which aims to
identify different relationship types between/among same object classes. We also need
to differentiate between primary key vs object identifier (OID), local OID vs global
OID, system generated OID vs manually designed OID, local FD vs global FD,
semantic dependency vs FD/MVD constraint, structural conflicts [9], as well as
schematic discrepancy [3] among schemas. All these concepts are related to
ORA-semantics and they have a big impact on the quality of the integrated database
and schema.

The challenge to achieve a good quality integration remains. Since the ER model
can capture ORA-semantics, it is more promising to use the ER approach for data and
schema integration.

ORA Semantics in Relational Keyword Search

Methods for relational keyword search [4, 5] can be broadly classified into two cat-
egories: data graph approach and schema graph approach. In the data graph approach,
the relational database is modeled as a graph where each node represents a tuple and
each edge represents a foreign key-key reference. An answer to a keyword query is
typically defined as a minimal connected subgraph which contains all the keywords.
This graph search is equivalent to the Steiner tree problem, which is NP-complete.

In schema graph approach, the database schema is modeled as a schema graph
where each node represents a relation and each edge represents a foreign key-key
constraint between two relations. Based on the schema graph, a keyword query is
translated into a set of SQL statements that join the relations with tuples matching the
keywords.

We identify the serious limitations of existing relational keyword search, which
include incomplete answers, meaningless answers, inconsistent answers, and user
difficulty in understanding the answers when they are represented as Steiner trees, etc.
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In addition, the answers returned depend on the normal form of the relational database,
i.e., database schema dependence. We can improve the correctness and completeness of
relational keyword search by exploiting ORA-semantics because these semantics
enable us to detect duplication of objects and relationships and address the above
mentioned limitations [16].

We extend keyword queries by allowing keywords that match the metadata, i.e.,
relation name and attribute name. We also extend keyword queries with group-by and
aggregate functions including sum, max, min, avg, count, etc. In order to process these
extended keyword queries correctly, we use ORA-semantics to detect duplication of
objects and relationships. Without using ORA-semantics, the results of aggregate
functions may be computed wrongly. For more details, see [15, 17].

Limitations of XML Data Model

The XML data model also cannot capture ORA-Semantics [2, 12]. The constraints on
the structure and content of XML can be described by DTD or XML Schema. The ID
in DTD is not the same as the object identifier, ID attribute is OID of the object class,
but OID of an object class may not be able to declare as ID, and a multivalued attribute
of object class cannot be represented directly as an attribute in DTD/XML Schema.
IDREEF is not the same as foreign key to key reference in RDB. IDREF has no type.

DTD/XML Schema can only represent the hierarchical structures with simple
constraints; they have no concept on ORA-semantics. The parent-child relationship in
XML may not represent relationship type; relationship type (especially n-ary) is not
explicitly captured in DTD/XML Schema. They cannot distinguish between attribute of
object class vs attribute of relationship type.

ORA Semantics in XML Keyword Search

Existing approaches to XML keyword search are structure-based because they mainly
rely on the exploration of the structure of XML data. These approaches can be clas-
sified as tree-based and graph-based search. Tree-based search is used when an XML
document is modeled as a tree, i.e. without ID references (IDREFs), while graph-based
search is used for XML documents with IDREFs.

Almost all tree-based approaches are based on some variations of LCA (Least
Common Ancestor) semantics such as SLCA, MLCA, VLCA, and ELCA [14]. Given
the lack of awareness of semantics in XML data, LCA-based methods do not exploit
hidden ORA-semantics in data-centric XML document. This causes serious problems
in processing LCA-based XML keyword queries, such as returning meaningless
answers, duplicated answers, incomplete answers, missing answers, and inconsistent
answers.

We can use ORA-semantics to improve the correctness and completeness of XML
keyword search by detecting duplication of objects and relationships. We introduce the
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concepts of object tree, reversed object tree, and relative of objects to address the above
mentioned problems of XML keyword search [6, 8]. We also extend XML keyword
queries by considering keywords that match the metadata, i.e., tag names of XML data,
and with group-by and aggregate functions [7].

Conclusion

In summary, the schemas of relational model and XML data model cannot capture the
ORA-semantics which exist in the ER model. We highlight the serious problems on the
quality of some database tasks due to the lack of knowledge on ORA-semantics in the
relational model and XML data model. However, programmers must know the
ORA-semantics of the database in order to write SQL and XQuery programs correctly.
ORA-SS data model [2, 12] is designed to capture ORA-semantics in XML data.

We conclude this talk with suggestions on further research on data and schema
integration, keyword query search in relational databases and XML databases such as
data model independent keyword query search, and the use of ORA-semantics in
NoSQL and big data applications.
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Trajectory computing involves a wide range of research topics centered around spa-
tiotemporal data, including data management, query processing, data mining and
recommendation systems, and more recently, data privacy and machine learning. It can
find many applications in intelligent transport systems, location-based systems, urban
planning and smart city.

Spatial trajectory computing research has attracted an extensive amount of effort
from researchers in database and data mining communities. In 2011 we edited a booked
to introduce the basic concepts and main research topics and progresses at that time in
spatial trajectory computing [6]. This area has been developed at a very rapid and still
accelerating speed, driven by the availability of massive volumes of both historical and
real-time streaming trajectory data from many sources such as GPS devices, smart
phones and social media applications. Major businesses also start to treat spatial tra-
jectory data as enterprise data to support all business units that require location and
movement intelligence. Trajectory data have now been embedded into traffic naviga-
tion and car sharing services, mobile apps and online social network applications,
leading to more sophisticated time-dependent queries [3] and millions of concurrent
queries that have not been considered in previous spatial query processing research.
New computing platforms and new computational and analytics tools such as machine
learning [4] have also contributed the current surge of research effort in this area. As
trajectory data can reveal highly unique information about individuals [1], there are
new research opportunities to address the both sides of the problem: to protect user's
location and movement privacy and to link users from different trajectory datasets.

There are strong industry demands to manage and process extremely large amount
of trajectory data for a diversified range of applications. Our community has developed
a quite comprehensive spectrum of solutions in the past to address different aspects of
trajectory analytics problems. There is an urgent need now to develop flexible and
powerful trajectory data management systems with proper support from data acquisi-
tion, management to analytics. Such a system should cater for the hierarchical nature of
spatial data [2] such that analytics can be applied at the right level to generate
meaningful results (for example, trajectory similarity analysis can only be done using
calibrated data [5]). This is the future direction of spatial trajectory computing research.
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