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Abstract: Design patterns are frequently used as a generic solution in software development, as well as in information systems,
because they bring several improvements. In this work, we propose a design pattern that will be used for the generation of data
schemas of spatio-temporal decisional systems. This use is done within the framework of the application of the Multidimensional
Canonical Partitioning (MCP) approach, used for the design of decision-making systems.
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1. INTRODUCTION

Patterns are among the reuse techniques that have been widely
used in the design of information systems. They are presented
as solutions to recurring problems [1, 2, 3, 4]. They help to
reduce the production costs of applications, while ensuring
better quality. They are also used as models.

A design pattern is an approved solution to a recurring design
problem within a defined context [5, 31]. A Multidimensional
Pattern (MP) is a design meta-model, representing a complete
and generic star schema, in a domain of the company's
activity, built from standard real-world entities [6, 7]. Their
construction is based on empirical studies. It facilitates the
task of the architect or designer of the system, by providing
solutions to similar situations already experienced.

Design patterns are defined as abstract (e.g. specified in
UML) and concrete (e.g. implementation archetypes) forms of
general use, whose adaptation to a special development
context is technically straightforward and cost-effective [8].
The abstract form can also be defined in formal language as B

(9.

Design patterns represent expert knowledge, in a form that
can be reused by the less expert. Because of their generic
nature, they are considered microarchitectures that aim to
reduce complexity, promote reuse and provide a common
vocabulary for designers [10].

The purpose of using multidimensional patterns is to provide
a generic solution for a domain decision problem that allows
the design of data stores. It must be understandable and
adaptable to the needs of the decision-makers, comprehensive,
well-trained and produce the expected results. It thus reduces
the time and cost of design, while preparing the way for
implementation. The approach is platform-independent
because it avoids, as much as possible, technological aspects
that are characterized by continuous and rapid evolution [8,
11].
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The research activities carried out by Jamel FEKI's team?
allow us to understand that the problems that have encouraged
the emergence of multidimensional design patterns are:

e the fact that the design always starts from scratch, even
in areas where the needs are known, and the solutions are
mastered;

e the lack of capitalization of the know-how of data
warehousing experts;

e the lack of reusable decision support system design
approaches, and;

e the absence of techniques to assist in the specification of
OLAP (OnLine Analytical Processing) requirements.

There are three types of patterns:

e  creative patterns, which concern the creation of classes
or objects;

e structural patterns, are interested in the composition of
objects or classes to realize new functionalities;

e and behavioural patterns concern class interactions and
the assignment of responsibilities [10, 12, 13].

There are three types of approaches in the use of patterns,
similar to those used in the design of decision-making systems
[14]. These are the bottom-up, top-down and mixed
approaches [1, 8, 11].

Also, three groups of patterns exist [15, 16]. These are the:
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e analysis patterns, which are used in the definition phase
of system needs or requirements;

e design patterns, that define the abstract aspects of the
system;

e and implementation patterns specified in a programming
language for code generation.

In the present work, we specify a bottom-up, structural design
pattern to generate multidimensional and spatio-temporal data
schemas.

The purpose of this article is to introduce this pattern. For it,
after this introduction where we have defined and given the
interest of design patterns, we will present some cases of use
in decisional systems. Then, we will bring up the MCP
approach, which is the application framework of this pattern.
Finally, before the conclusion, we present the profile of the
archetype of the proposed pattern.

2. USE OF PATTERNS IN THE
DESIGN OF DECISION-SUPPORT
SYSTEMS

Several works on Decision Support Systems (DSS) take into
account design patterns.

In [17] documents circulating within the company are used as
Real World Entities (RWE). An association between these
RWE and the Multidimensional Pattern (MP) is then made.
These documents are classified on the basis of an empirical
study. The proposed MP is made up of elements grouped into
three categories (important, recommended and optional),
distinguished on the basis of a graph. The pre-instantiation
and instantiation of the MP entities is done at the logical level.
Operators are defined for the instantiation of the MP. After
this step, the elements that should actually make up the final
data store are selected. At the physical level, relational views
defined from heuristics are implemented. In order to be
exhaustive, the patterns are overloaded. The application of the
approach is made in the commercial domain and a tool that
accompanies the approach is proposed.

In [18, 19], Feki J. et al. describe the application called
Conception Assistée de Magasins de données en Etoiles
(CAME) which implements the approach they propose.
Emphasis is placed on the automation of the conceptual phase.
The approach is divided into three main steps:

e pre-construction from source data schemas;

e automatic construction of the data store schemas to
extract multidimensional concepts;

e and their validation by the designer.

Dimensions, facts and hierarchies are extracted from
relational sources using heuristics.
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The approach presented by Y. Hachaichi et al. in [6] is also
declined in three steps, namely:

e  collection and standardization of RWE;
e their classification into factual and basic entities;
e and the of DSS Schema.

The application of the approach is made in the medical field.
Patterns are specifically used at the logical level, where the
designer adapts the multidimensional pattern to the analytical
needs. A correspondence is then made with the real-world
entities, in order to propose a data store schema that best
meets the business requirements.

Jones M. E. and Song I. Y. in [16] propose to set up a
decision-making information system by using patterns, as
early as the needs analysis phase. This approach is derived
from the Who, What, Where, When, How and Why Quality
Principle (QQOQCP). The approach is declined in two steps.
In the first step, questions relating to the six domain patterns
are asked in order to determine the associated dimensions. In
the second step, questions are asked to determine the
attributes associated with each dimension.

Annoni's thesis [2] proposes a tool to facilitate rapid
development by reusing patterns. Patterns are grouped in a
catalogue that capitalizes the development approach. The
proposed tool is called electronic Business Intelligence
Patterns for Analysis and Design (eBIPAD) and is dedicated
to system administrators and business intelligence designers.
The approach takes into account the tactical and strategic
needs of decision-makers and then, the data sources to
represent them intuitively.

In the present work, we use a multidimensional and spatio-
temporal design pattern to derive the data schema of a
decision system, from the elements of the multidimensional
annotation obtained by applying the first five steps of the
Multidimensional Canonical Partitioning (MCP) approach.
The proposed multidimensional pattern is a continuation of
the decision system design approach defined in [20] and will
be used within the general framework of a model-driven
architecture (MDA). This architecture makes it possible to
implement all the phases (conceptual, logical and physical) of
decision system modelling. The proposed multidimensional
pattern is spatio-temporal in order to better understand,
implement and exploit the studied phenomena.

In order to better understand the position of the proposed
pattern, the following section provides a brief reminder of the
MCP approach for designing and implementing decision-
making systems.
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3. MULTIDIMENSIONAL
CANONICAL PARTITIONING
APPROACH (MCP)

In [20], Batoure et al. propose a supply-driven approach,
called Multidimensional Canonical Partitioning (MCP). It
takes into account, without distinction, Entity/Relationship
(ER) data schema. From universal relations assumption, the
schema is derived into a universal relation (UR). This step
provides a flat schema, where all features are grouped into a
single entity. This entity is then partitioned vertically,
according to characteristics or attributes semantics. To
achieve it, we use a heuristic greedy type algorithm. Resulting
partitions are candidates for being dimensions in the future
data schema. To do this, we use an algorithm that matches the
attributes present in the partitions and those that must actually
be in the dimensions. Obtained dimensions are, if necessary,
snow-flaked (normalized), using the third normal form
algorithm (3NF). Because all the multidimensional elements
are obtained, the data schema is generated using model
transformations from QVT (Query View Transformation)
language and a multidimensional and spatio-temporal design
pattern.

The approach is recapped into six steps:

1. Verification of provided ER schema. If it is on universal
relation form, we go straight to step 2, otherwise we
restructure it according to universal relation assumption;

2. Vertical partitioning by fragmentation and distribution of
attributes in obtained partitions;

3. Transformation of partitions into dimensions;
4. Normalization of dimensions;

5. Construction of facts table;

6. Generation of multidimensional schema.

The proposed multidimensional pattern is used in step six as a
model, to transform by QVT, multidimensional elements to a
data warehouse schema.

In Figure 1 and in step six of the approach, the elements of the
multidimensional annotation, the design pattern and the QVT
transformations are put together to obtain a specific decision
data schema. The model transformations will be the subject of
another work.

QVT Language

<L

Transformations

Multidimensional
Annotation

Data Warehouse
:ll> Schema

Multidimensioal
Pattern

Figure. 1 Design Pattern for Approach Stage Six

We are now going to present the proposed pattern.

4. MULTIDIMENSIONAL AND
SPATIO-TEMPORAL DESIGN PATTERN

The goal in this work is to propose a multidimensional and
spatio-temporal design pattern, to generate data schemas for
decision systems. In order to better exploit this design pattern,
it is defined in a formal way by a profile, and in a concrete
way by an archetype.
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4.1 Design Pattern Profile

For this, we use the Unify Modelling Language (UML),
which is one of the Object Management Group (OMG)
standards [21]. UML enables the definition of the structural
and behavioural aspects of a system via a set of models. These
aspects explain the structure of a system thanks to attributes,
and their behaviours thanks to operations, through classes [11,
22, 23]. The use of these models reduces the effort of the
designer in learning new models and methods. Indeed, class
models are unsuitable for multidimensional modelling. To
overcome this deficiency and to make the semantics of
multidimensional concepts explicit, we propose a UML
profile.

A profile is a set of mechanisms and techniques for adapting
the UML modelling language to a specific application
domain. From a technical point of view, a profile is a set of
stereotypes. A stereotype is defined as a domain-specific
concept [24, 25]. The profile thus enables the extension of the
UML meta-model. A meta-model defines a domain-specific
modelling language and a profile defines a dialect or a variant
of this language [15]. UML profiles involve the central
concept of stereotype. It is described by a meta-class or
package and several stereotypes.

In the proposed profile, stereotypes are used to define the
overall data pattern, facts and their measures, then dimensions
and their hierarchies. A measure in the fact table can be
temporal, spatial, spatio-temporal or thematic. On the other
hand, a dimension can be spatial, temporal or thematic. The
dimension is described by hierarchies that follow the same
characteristic as itself. The term thematic is used to describe
all objects other than temporal and spatial objects [27, 28].
The spatio-temporal profile in Figure 2 has been designed
using the Software Engineering Workshop (SEW) Perceptory
pictograph language, also known as the "repository of user
perceptions” [28, 29]. This SEW follows the UML formalism.

The proposed meta-model includes, in addition to the meta-
class that defines the specific language package, four main
stereotypes. These are the stereotypes on:

o the overall data schema of the decision-making system;

e the facts table (central table of the data schema) which
groups together the different measures. These measures
are the elements of decision-making analysis. To this
main table are linked the dimension tables;

e the measures are the attributes of the fact table. They are
either thematic, spatial, temporal or spatio-temporal;

e the dimensions are the tables connected to the fact table.
They are either thematic, spatial or temporal. The
dimensions can have granularities or hierarchies in order
to give more details on the entities they describe. In this
case, the global data schema is of the snowflake type.
These granularities are of the same type as the
dimensions they describe.

The spatial and temporal dimensions, as well as their
granularity, are automatically added because the phenomena
studied are defined in time and space references.

The abstract form of the design pattern allows its concrete
form to be derived.

213


http://www.ijcat.com/

International Journal of Computer Applications Technology and Research
Volume 9-Issue 06, 211-216, 2020, ISSN:-2319-8656

Schema Information

4.2 Pattern Archetype
The concrete shape of the profile of the multidimensional
design pattern allows us to define an archetype (Figure 3). It is
a generic pattern obtained from the meta-model. This makes
the definition of the multidimensional pattern concrete as
being a standard solution, in a given domain [6, 30].
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Figure. 2 Design Pattern Profile
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This archetype integrates the temporal and spatial dimensions
as well as their granularities. It also includes thematic
dimensions, the facts table and measures. The archetype can
therefore be instantiated according to a specific problem from
the real world. This instantiation is based on the elements of
multidimensional annotation obtained in the previous steps of
the MCP approach, and on models’ transformation.
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Figure. 3 Generic Data Scheme or Archetype
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S. CONCLUSION

In this work, we have presented a multidimensional pattern
needed for decision systems design. After defining and giving
uses cases of patterns in the design of decision systems, we
made a reminder of the MCP approach, which is the
framework for the use of this proposal. Finally, we presented
the abstract form (UML profile) and the concrete form
(archetype) of this design pattern. This result, which is a
continuation of the MCP decision systems design approach
previously proposed and will be used within the general
framework of a model-driven architecture. This architecture
will enable the implementation of all modelling phases
(conceptual, logical and physical) of decision system.
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