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Introduction
Early this century was marked by a
series of major changes in the field of
information
and
communication
technology (ICT), but also in the field of
economics, leading to the creation and
development of a new type of economy,
generally named most often, the new
economy.
The role of informatics in the new
economy, as producer and consumer of
information, is crucial. All economic
activity is strongly influenced by the
evolution of the informatics context and
vice versa.
Under these facts, it is appropriate the
research of decision-making solutions
development,
built
with
advanced
technologies, such as relational, object
oriented and XML.
Decision support systems (DSS) form a
distinct class of computer systems. It
integrates specific IT tools to assist
decision and general purpose tools to form
a constituent part of the organization's
overall information system. Any DSS is
designed to provide IT support required to
minimize the effects of restrictions
(cognitive, communication, time, etc.) with
which is facing the human decision maker
during his activities. Decision support
systems have become a real presence in the

IT world. Web technologies, advanced
databases and methods for accessing them,
flexible user interfaces, are all pressing
needs of IT technology. Therefore, today’s
decision support systems, in order to be
efficient, integrate many of these
technologies. The DSS proposed in this
paper will use spatial, multimedia and
XML data stored in object-relational
databases.
about
object2.
Considerations
relational databases
The attempts to model the complex
elements of the economic activities have
caused the reorientation to the objectoriented technology. Thus, in the late 80s
has appeared the third generation of
databases, namely the object-oriented ones.
As stated in [2], the development of objectoriented data model was due to limitations
of the relational model to handle efficiently
massive amounts of data, with high
complexity, found in new types of
applications
(multimedia,
Internet,
Geographic Information Systems, etc.).
Although object-oriented databases appear
to meet the needs of applications required
by the new economy, the market they use
remains relatively low, often the invoked
reason being the difficulty to query data
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and the high consumption of computing
resources [10].
Currently, the solution that combines the
advantages of relational and objectoriented data models, comes with a hybrid
data model, the object-relational one,
which involves object-oriented facilities
(especially the fundamental characteristics
of objects: encapsulation, inheritance,
polymorphism) as extensions of relational
model.
The object-relational data model was
designed as result of the research in the
90s, by extending the concepts of relational
databases with object properties. In the
center of the new model architecture, the
researchers decided to keep the declarative
query language based on predicate
calculation.
Thereby, the object-relational databases
(ORDB) are the result of applying features
of object-oriented technology in data
storage and retrieval. Unlike objectoriented databases, the object-relational
ones provide the ability to represent
complex data structures through objects,
while retaining the advantages of relational
databases.
Broadly, we can define an object-relational
database as a set of tables of objects, linked
logically, organized in the external
memory and accessible to multiple users in
a timely manner.

The main features of object-relational
databases are given by the flexibility and
the structure of the used data model and
refer mainly to the following:
- Treating consistently the entities, by
modeling both the properties of objects
and their behavior;
- Providing communication between data
and among programs;
- Simplifying the data structure that
provides ease of use and high
portability of the resulting systems;
- Modeling and flexible storing the real
world objects, which helps to address
the complex areas and to use different
types of data;
- Integrating
the
structural
and
behavioral description of the entities,
which gives a dynamic aspect to the
object;
- Inheriting the properties of object
types, which provide the opportunity to
realize complex operations and
processing over the data.
Concepts
used
in
object-relational
databases are borrowed from the objectoriented terminology, but also from the
relational one, and they were presented at
defining the structure of the objectrelational data model. Figure 1 illustrates
the combination of these concepts in order
to develop the object-relational databases.

Fig. 1. The main concepts of the object-relational databases
(Source: Authors)
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Defining the type of objects represents the
mechanism for specifying the database
schema.
Type
definitions
include
inheritance relationships (which generate
supertypes and subtypes) and structural
relationships between them.
A complete schema of the object-relational
database consists of relational tables and
object tables. The object tables can present
inheritance relationships between types of
objects that were the basis for creating
these tables.
Can be identified two types of changes in
an object-relational database schema.
Thus, we can discuss about changes on
how to define an object type, which can
lead to changes in the specification of
attributes and methods defined (e.g.
changing the domain or the name of an
attribute; adding or deleting an attribute or
a method). Updates in the schema can also
appear in the case of some changes in the
hierarchy
of
types
or
in
the
supertype/subtype relationships. However,
this version of modifying the schema is
limited, depending on manufacturer.
According to [11], a fully object-relational
database must necessarily meet the
following four characteristics:
- Allowing the creation of extensions
from basic types. Refers to the ability
to create extensions of data types by
defining abstract, simple or complex,
data types;
- Enabling management of complex
objects. There is a major difference
between the ability to manipulate
complex data using an object-oriented
database and using relational database.
The set of basic types of relational
databases is very poor compared to the
existing
set
of
object-oriented
databases. In this respect, [11] states
that a database, to be considered
object-relational should support a rich
collection of complex data types,
including mandatory: complex types,
SET
constructors,
RECORD
constructors, REF constructors;
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Accepting the inheritance property. In
an object-relational database, a table is
seen as a container used to hold
instances of a type that can use the
inheritance feature. This can refer both
to the data and methods inheritance.
Data inheritance applies only to the
data types, but the property also can be
propagated upon the tables built over
these data types. Instead, methods
inheritance apply to the user-defined
functions and methods included in the
types of objects. Also, according to
[11], a fully object-relational database
must support multiple inheritance,
required in many applications;
- Using a system of rules. In a fully
object-relational database should not
miss a system of rules and triggers,
necessary
especially
to
ensure
consistency of the database.
In conclusion, based on the objectrelational data model, we can define an
object-relational database as a collection of
tables, relational or object, persistent,
stored in the external memory through a
system of rules, consistently organized,
ordered in hierarchies and providing shared
access to competing users. As a hybrid, the
object-relational
databases
combine
flexibility, scalability and security in using
existing relational systems with objectoriented properties such as: abstraction,
encapsulation,
inheritance
and
polymorphism.
3. Integration of XML technology into
object-relational databases
eXtensible Markup Language (XML) was
designed as a standard for information
exchange over the Internet. In [13], W3C
offers an abbreviated definition for XML:
„XML is a markup language for
structuring arbitrary data. XML documents
are made up of storage units called entities,
which contain either parsed or unparsed
data. Parsed data is made up of characters,
some of which form character data, and
some of which form markup. Markup
encodes a description of the document's
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storage layout and logical structure. XML
provides a mechanism to impose
constraints on the storage layout and
logical structure.”
Databases and XML offer complementary
functionality for storing data. While
databases store data, ensuring their rapid
retrieval, XML enables easy exchange of
information, which allows interoperability
between applications due to data
encapsulation with metadata.
XML allows designers to create their own
tags, allowing the definition, transmission,
validation, and interpretation of data
between applications and between
organizations. In Romania there are several
systems based on XML standard (e.g.
Labour Inspection, Bucharest Stock
Exchange) [9].
Can be identified two approaches in order
to store XML data: we can use native
XML databases, or we can map XML data
and queries into a relational or objectrelational database [6]. The advantage of

using object-relational databases is that we
can get the benefits of both relational and
object-oriented technologies, while the
disadvantage
translates
into
lower
performance due to XML data mapping to
the relational data, which can produce a
database schema with many relations.
When used in object-relational databases,
XML data must be mapped into relations.
In order to transfer the data between XML
documents and object-relational structures
are used specific mapping methods. The
study [8] makes a basic classification of
these mapping methods, as follows:
- Generic methods – that are not using
any schema of stored XML documents;
- Schema-driven methods - that are based
on existing schema of stored XML
documents;
- User-defined methods - that are based
on user-defined mapping.
The mapping process is represented in
Figure 2 and detailed in [6]:

Fig. 2. The mapping process
Source: [6]

An algorithm for mapping XML schema to
object-relational database schema is
proposed in [7]. Also, in [5] are presented
mapping algorithms and correspondences
between object-relational databases and
XML schema for the description and
validation of the data. The correspondence
is observed in reverse and includes in

addition to abstract data types (those
defined by the user, which corresponds to
XML schema elements), persistent objects,
specific to databases, in general.
Starting from [5], in table 1 we have
completed the set of mapping rules, as
follows:

Table 1. Mapping rules: ORDB – XML Schema
Source: adapted from [5] and completed

Object-relational database
element

Table

XML Schema element

Complex type whose sequence contains elements
corresponding to the table columns, including the
constraints
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Simple attribute, without constraints

Element of the complex type sequence, which is
represented through a simple type

Attribute with primary key
constraint

Attribute of the complex type having the property
use="required"

Attribute with not null constraint

Element of the complex type sequence having the
property nullable="false"

Attribute with uniqueness constraint

Element of the complex type sequence, with the
attribute xs:unique

Attribute with referential constraint

Element of the complex type sequence, with the
attribute xs:keyRef

User defined object type

Complex type having the elements corresponding to
the attributes of the object type

REF type attribute

Reference specified directly as a property of the
XML schema element ref="pointer"

ROW type attribute

Complex type whose elements represent attributes of
type ROW

Collection type attribute

Complex type which contains a sequence of the
element associated with the collection type, that has
the property maxOccurs equal with the collection
dimension

Inheritance

Complex type having complex content and the type
extension

The DSS that we propose will use XML
documents containing data which may
influence wind park performances, like
meteorological data. These XML data need
to be stored in object-relational databases,
in order to realize further analysis,
necessary for decision making.
4. Conceptual model for a decision
support system with object-relational
databases implementation
Organization
management
involves
different types of activities and therefore
requires different types of information. For
better manage, transform, process and
analyze this information, it is needed a
decision support system (DSS), seen as “an
information system that draws on
transaction processing systems and
interacts with the other parts of the overall
information system to support the decision-

making activities of managers and other
knowledge workers in organizations” [4].
For an efficient management of resources
it is necessary to be able to achieve a
prediction of energy produced with
minimal errors.
Currently, as stated in [10], both nationally
and internationally, there are various types
of frameworks, architectures, solutions and
systems to provide economic assistance for
decision making processes and production
environments with a relatively high degree
of certainty.
However, as shown in [1], the existence of
such a system to assist decision making at
national level is necessary because
currently there are no solutions to offer
efficient predictions and with minimal
errors for the environments with low
predictability, such as wind energy, which
depends exclusively by natural factors.
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As shown in [12], in Europe there are some
countries that have been developed
decision support systems in the energy
system for efficient management of wind
resources (e.g. Germany, Spain), but the
costs of building these systems is very high
and the particularities of national energy
potential makes difficult the application of
these methods in Romania.
These issues concerning the impossibility
of prediction accuracy, the precarious data
integration from various local equipment
and systems and the inefficient analysis of
energy resources, lead to the need to
develop solutions for a better prediction of
energy produced, but also an integrated
system, with a component for assisting
decision making in this area.
The data sources provided for the decisionmaking process must be as varied and
require integration. Some of the data
collected within the operational activity
will be stored in the object-relational
database as: spatial data, multimedia data,
Large Objects, user-defined object types.
The spatial data are used in order to
representing them on interactive maps
monitoring the production of energy,
multimedia data and LOB for using and
manipulating large objects.
Also, since data integration from various
sources is mandatory, we will use XML as
a standard for integration and data
warehouses for centralize data from
heterogeneous data sources.

The decision support system will use data
that can influence wind park performances,
like meteorological data or data resulted
from national energy production regular
monitoring. The data will be received like
XML documents and after validating them
with XML Schemas, they will be stored in
object-relational databases, in order to
realize further analysis, necessary for
decision making.
In the following paragraphs, we propose an
architectural model for such a decision
support system based on the typical
architecture of a DSS, but with specific
components of information requirements
identified in the National Energy System
(NES).
In [3] are identified four components of a
decision support system: 1) interface; 2)
database system; 3) system of analytical,
mathematical and statistical models; 4)
component to ensure communication. This
architecture is implemented in most
Business Intelligence solutions made by
major manufacturers.
Starting from these standard DSS
architecture and also based on the
information requirements identified by the
National Energy System, we have
proposed the conceptual model of the
informatics system. Thus, as stated in [10],
the conceptual model contains the four
levels presented above (Figure 3).
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Fig. 3. The architecture of the proposed DSS
Source: [10]

The proposed DSS architecture can be seen
in terms of achievement levels, from the
bottom to the top of the pyramid, on three
levels: the bottom-tier, middle tier and toptier, being interconnected at the level of
telecommunications.
1) The data level will consist of operational
data sources, as well as spatial data and the
data warehouse to be built to facilitate
multi-dimensional analysis.
Some of the data collected on operational
activity will be stored as data in a spatial
DBMS (Database Management System
Data), in order to represent them on maps

for interactive monitoring of energy and
resources.
The data warehouse will be a centralized
repository, organizational, composed of
data marts for each type of activity which
is
analyzed:
operational
(energy
production) and financial. To load data
warehouse from data sources is necessary
to undertake a process of Extract,
Transform and Load (ETL). This process
will automatically run at regular intervals
depending on the technical requirements of
implementation.
2) The models level will include models
for the current financial analysis and
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forecasting of these activities, models for
spatial data representation, and simulation
models, extrapolation, prediction and
analysis of energy production from wind
sources. To achieve models will use new
technologies for Business Intelligence (BI),
such as OLAP, data mining, predictive
analytic functions and algorithms.
3) The interface level will contain the data
presentation elements and specific analysis
and reporting for decision support systems.
The system will be accessible via a Web
interface so users can access reports
without
having
to
install
client
applications. It will choose to integrate all
elements into a portal interface that allows
a single, uniform type of authentication:
Single Sign - On. The portal will integrate
elements of the subsystems and previous
levels, such as OLAP analysis, prediction
and monitoring modules, reporting.
4) The level of telecommunications will
provide support for access the decision
support system both within and outside
NES, using mobile devices. For this level
will use the existing network components
in the NES, where the access is authorized
according to the role and access rights of
each user.
Following analysis of the data sources
provided by the wind power plant units, we
found data heterogeneity, mainly due to the
diversity of wind turbines and measuring
instruments, and computer applications to
process data. For this reason it is essential
to use at data level techniques of data
migration and data integration. In this
manner, data can be loaded in a consistent
manner in a centralized operational
database which can be later used for
prediction, simulation and analysis.
Conclusions and future work
The integration of the special data (like
multimedia, LOB, XML, spatial data) into
object-relational databases is a necessary
characteristic for today’s enterprises that
maintain informatics systems in the
unpredictable environments.

The paper provides a synthetic look at
object-relational database features and
possibilities for integration with XML
technology. Also we have presented an
implementation perspective of a DSS,
which requires decision making in the
wind energy prediction and production.
Our research will continue with the
development and implementation of the
conceptual model proposed in this paper.
For this purpose, will be used specific
technologies for each level of the model
architecture. Thus, the data level will use
solutions for organizing and integrating
data, the models level will use solutions of
multidimensional analysis, forecasting
models, simulation and extrapolation, and
for the interface level will be used
solutions for data analysis and dynamic
presentation of data.
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