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Preface

The series of East European Conferences on Advances in Databases and Information
Systems (ADBIS) is an established and prestigious forum for the exchange of the
latest research results in data management. It provides unique opportunities for
database researchers, practitioners, developers, and users from East European
countries to explore new ideas, techniques, and tools, and to exchange experiences
with colleagues from the rest of the world. This volume contains the proceedings of
the 11th ADBIS Conference, held in Varna, Bulgaria, September 29 — October 3,
2007. The conference included 3 keynote talks, 36 research papers in 13 sessions, and
2 tutorials. Twenty-tree of the research papers as well as papers or extended abstracts
for the keynote talks are included here; the remaining papers appear in local
proceedings.

Distinguished members of the database and information-retrieval communities
delivered the three keynotes. Timos Sellis, an expert in the area of multidimensional
indexing and data warehousing, analyzed the entire lifecycle of ETL workflows, from
specification to optimized execution, offering solutions as well as future challenges.
Gerhard Weikum, a leader of several efforts falling at the intersection of databases
and information retrieval, discussed the emergence of several “Webs” and how these
may be harvested and searched for knowledge. Finally, Paolo Atzeni, well-known for
several contributions to database theory, addressed the perennial problem of schema
and data translation in the context of emerging model management systems and
outlined several research challenges that emerge.

The Research Program Committee consisted of 55 members and was chaired by
Yannis Ioannidis (University of Athens, Hellas) and Boris Novikov (University of St.
Petersburg, Russia). It accepted 36 papers (23 for the Springer proceedings and 13 for
the local proceedings) out of 77 submissions coming from 29 countries. The
reviewing process was administrated by the Conference Management System
developed and supported by Yordan Kalmukov (University of Rousse). Boris Rachev
(Technical University of Varna), Irena Valova (University of Rousse) and Yordan
Kalmukov (University of Rousse) edited the proceedings.

The program and social activities of ADBIS 2007 were the result of a huge effort
by many hundreds of authors, reviewers, presenters, and organizers. We thank them
all for helping to make the conference a success. In particular, we want to thank Peter
Antonov (Technical University of Varna) and Angel Smrikarov (University of
Rousse) for the smooth local organization.

July 2007 Yannis Ioannidis
Boris Novikov
Boris Rachev
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Abstract. In this paper, we present our work on a framework towards the mod-
eling and optimization of Extraction-Transformation-Loading (ETL) workflows.
The goal of this research was to facilitate, manage, and optimize the design and
implementation of the ETL workflows both during the initial design and deploy-
ment stage, as well as, during the continuous evolution of a data warehouse. In
particular, we present our results which include: (a) the provision of a novel con-
ceptual model for the tracing of inter-attribute relationships and the respective
ETL transformations in the early stages of a data warehouse project, along with
an attempt to use ontology-based mechanisms to semi-automatically capture the
semantics and the relationships among the various sources; (b) the provision of
a novel logical model for the representation of ETL workflows with two main
characteristics: genericity and customization; (c) the semi-automatic transition
from the conceptual to the logical model for ETL workflows; and (d) the tuning
of an ETL workflow for the optimization of the execution order of its operations.
Finally, we discuss some issues on future work in the area that we consider im-
portant and a step towards the incorporation of the above research results to other
areas as well.

1 Introduction

Successful planning and decision making in large enterprises requires the ability of effi-
ciently processing and analyzing the organization’s informational data. Such data is typ-
ically distributed in several heterogeneous sources and stored under different structures
and formats. To deal with such issues, as well as performance issues, and to support
the functionality of On Line Analytical Processing (OLAP) applications and Decision
Support Systems (DSS), Data Warehouses (DW) are employed to integrate the data
and provide an appropriate infrastructure for querying, reporting, mining, and other ad-
vanced analysis techniques. The procedure of designing and populating a DW has been
characterized as a very troublesome and time consuming task with a significant cost in
human, system, and financial resources [13].

In the past, research has treated DW as collections of materialized views. Although
this abstraction may suffice for the purpose of examining alternative strategies for view
maintenance, it can not adequately describe the structure and contents of a DW in real-
world settings. A more elaborated approach is needed (a) to represent the population of
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the DW with data stemming from a set of heterogeneous source datastores, and (b) to
take into consideration that during their transportation, data may be transformed to meet
the schema and business requirements of the DW. This procedure normally composes
a labor intensive workflow and constitutes an integral part of the back-stage of DW
architectures.

Hence, to overcome the above problems, specialized workflows are used under the
general title Extraction-Transformation-Loading (ETL) workflows. ETL workflows rep-
resent an important part of data warehousing, as they represent the means in which data
actually gets loaded into the warehouse. Their generic functionality and most prominent
tasks include:

— the identification of relevant information at the source side,

— the extraction of this information,

— the transportation of this information to the Data Staging Area (DSA), where, usu-
ally, all transformations take place,

— the transformation, (i.e., customization and integration) of the information coming
from multiple sources into a common format,

— the cleansing of the resulting data set, on the basis of database and business rules,
and

— the propagation and loading of the data to the DW and the refreshment of data
marts.

Figure 1 depicts a generic architecture of the DW environment.

Several research approaches have studied the modeling part of ETL processes. On the
other hand, several commercial tools already exist in the market and all major DBMS
vendors provide such functionality. However, each individual effort follows a different
approach for the modeling and representation of ETL processes, making essential the
adoption of an unified formal description of such processes. For a further discussion
on the importance of ETL processes and on the problems existing due to the lack of a
uniform modeling technique, along with a review of the state of the art in both research
and commercial solutions, we refer the interested reader to [7].

Dw OLAP & DSS

Fig. 1. Generic Architecture of Data Warehouse environment
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In this paper, we present our work towards the modeling and optimization of ETL
workflows. Section 2 presents our framework for the formal specification of ETL work-
flows. Section 3 describes our technique for the logical optimization of ETL workflows.
Finally, Section 4 concludes our discussion with a prospect of the future.

2 Formal Specification of ETL Workflows

2.1 Identification of ETL Design Requirements Using Semantic Web Technology

During the initial phases of a DW design and deployment, one of the main challenges
is the identification of the involved sources and the determination of appropriate inter-
schema mappings and transformations from the data sources to the DW. Currently, re-
search and commercial ETL tools mainly focus on the representation and design of ETL
scenarios. The identification of the required mappings and transformations is done man-
ually, due to the lack of precise metadata, regarding the semantics of the data sources
and the constraints and requirements of the DW. Hence, such information is incomplete
or even inconsistent, often being hard-coded within the schemata or metadata of the
sources or even provided in natural language format after oral communication with the
involved parties; e.g., business managers and administrators/designers of the DW. As a
result, designing ETL processes becomes a very tedious and error-prone task. Given the
fact that typical ETL processes are quite complex and that significant operational prob-
lems can occur with improperly designed ETL systems, developing a formal, metadata-
driven approach to allow a high degree of automation of the ETL design, is critical in
employing a Data Warehouse solution.

In our research, we have worked on the aforementioned problem. Earlier work ar-
gues that in the context of a DW application, ontologies constitute a suitable conceptual
model for describing the semantics of the datastores and automatically identifying re-
lationships among them using reasoning techniques [9,11]. The schema of a datastore
describes the way that data is structured when stored, but does not provide any infor-
mation for its intended semantics. Therefore, metadata are required to allow for the
understanding, management, and processing of this data. Semantic Web technologies
provide a means to formally specify the metadata, so that automated reasoning tech-
niques can be used to facilitate further processing.

A graph-based representation, called datastore graph, is employed as a common
model for the datastores. Graphs constitute a generic data model allowing the repre-
sentation of several types of schemas, including relational and XML schemas, thereby
allowing for both structured and semi-structured sources to be handled in a unified way.
A graph representation, termed ontology graph, is introduced for the application on-
tology. Providing a visual, graph-based representation, with different symbols for the
different types of classes and properties in the ontology, makes it easier for the designer
to create, verify and maintain the ontology, as well as use it as a means of communica-
tion between different parties involved in the project.

Annotation of a datastore is accomplished by formally defining mappings between
the nodes of the datastore graph and the ontology graph. These mappings can be rep-
resented as labels assigned to the nodes of the data store graph, i.e., the datastore is
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semantically described by the annotated datastore graph. The mappings may be spec-
ified either (semi-)automatically using results provided by related research efforts [2]
or manually — e.g., by implementing drag-and-drop functionality between the visual
representations of the corresponding graphs. In both cases, the time and effort required
for establishing and maintaining the mappings significantly decreases with respect to
common practice.

Based on the application ontology and the annotated datastore graphs, automated rea-
soning techniques are used to infer correspondences and conflicts among the datastores,
thus, identifying relevant sources and proposing conceptual operations for integrating
data into the DW.

Furthermore, the application ontology along with a common application terminol-
ogy, can be used as a common language, to produce a textual description of the require-
ments of an ETL process. The verbalization of such requirements further facilitates the
communication among the involved parties and the overall process of design, imple-
mentation, maintenance, and documentation. Recent results describe how a common
application terminology can be established semi-automatically, using linguistic tech-
niques [10]. In that work, a template-based technique is introduced to represent the se-
mantics and the metadata of ETL processes as a narrative, based on information stored
in the application ontology, which captures business requirements, documentation, and
existing schemata. In addition, the customization and tailoring of reports to meet diverse
information needs, as well as the grouping of related information to produce more con-
cise and comprehensive output are considered.

The result of the above work is accompanied by a simple graphical model, which
facilitates the smooth redefinition and revision efforts and serves as the means of com-
munication with the rest of the involved parties [13]. A graph-based representation of
the involved datastores and transformations is presented in a customizable and exten-
sible manner. The transformations used in this model follow a high level description
annotated with sufficient information for their ensuing formal specification in the logi-
cal level. (For a further analysis on this issue, we defer to subsection 2.3.)

2.2 Logical Modeling of ETL Workflows

A conceptual model for ETL processes serves as a suitable means for communications
and requirements understanding in the early stages of a DW project during which, the
time constraints of the project require a quick documentation of the involved data stores
and their relationships, rather than an in-depth description of a composite workflow. For
the ensuing stages of the project, a formal and more rigorous logical model is necessary.

In our research, we have extensively dealt with this challenge by presenting a for-
mal logical model specifically tailored for the ETL environment [8,12,14]. The model
concentrates on the flow of data from the sources towards the data warehouse through
the composition of activities (transformations) and datastores. The core of the proposed
model treats an ETL scenario as a graph of ETL activities having interconnected in-
put and output schemata. This graph, which is referred to as Architecture Graph, can
be used as the blueprints for the structure of an appropriate workflow in repository
management, visualization, and what-if analysis tools. Activities, datastores, and their
respective attributes are modeled as the nodes of the graph. Provider relationships that



