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Using Model-Driven Pattern Matching to Derive Functionalities in
Models

Garcia-Rodriguez de Guzman, 1., Polo, M. and Piattini, M.

Abstract— Today, software engineering is evolving from
source code to the model realm. As objects have been considered
“atomic units” in software development and maintenance,
models are becoming first order citizens in the well-known MDA
paradigm. New languages and metamodel families are appearing
to support the management of models and the new capabilities
arising from this techmological evelution. In this paper we
present the MDPEM (Model-Driven Patiern Matching)
technique and a possible application for models.

Index Terms— MDA, Model instrumentation, Model-Driven
Pattern Matching, OCL, QVT

L. INTRODUCTION

m oftware evolution is fumning classic artefacts into
models as a first order element in the development
process. Current development paradigms are going through a
change from object orientation to model-driven trends [1].
This evolution is partially supported by many proposals such
as standard languages and metamodels. Perhaps one of the
most popular initiative is OMG (Object Management Group),
consisting of UML2 (Unified Modelling Language) [2], OCL2
(Object Constraint Language) [3], MOF2 (Meta-Object
Facilityy [4], CWM (Common Warehouse Specification) [5]
and the recently appeared KDM (Knowledge Discovery
Metamodel) [6] (intended to support the Architecture-Driven
Modernization process [7]).

Since languages such as Java, SmallTalk and C++ met the
new requirements when object orientation appeared, other
kinds of languages are currently appearing to fulfil the new
requirements of the MDA (Model-Driven Architecture) [8]
paradigm. These languages are capable of managing models
and metamodets as other languages, such as Java or C++, deal
with objects and classes.

The MDA philosophy is creating new opportunities for
software engineering. For example, software development can
be supported by means of models [9, 10], reengineering for
software modernization [11], system integration [12], etc.
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One of the most popular (and one of the most ambitious
bets) to deal with models is QvT
{Query/View/Transformations) [13]. This language, proposed
by the OMG, is intended to perform operations with models.
Using QVT, it is possible to throw queries against models,
create views from models and of course, carry out
transformations among models, One of the most common
operations in QVT is pattern matching. For any operation,
QVT expresses models as searching patterns. The QVT
specification [13] establishes in which context pattemn
matching is used, but is does not make clear what to do when
it is only necessary to look for occurrences of a given pattern.

Computer science has used pattern matching in many
domains, such as lexical and syntactical analyzers, data
mining, information retrieval, etc. But in most of them, pattern
matching is carried out against text, files or other media. Our
proposal is to use the latest advances in model technology to
facilitate the application of the well-known technique of
pattern matching.

This paper is organized as follows: Section Il gives an
overview of QVT and some related works; Section [II
introduces the concept of MDPEM; Section 1V depicts what
MDPEM could be useful for; Section V tackies a possible
application of MDPEM in the apgregation of services to a
gystem; and Section VI gives some conclusions and outlines
some future lines of work.

If. BACKGROUND

A. Abowt QVT

QVT is an initiative of the OMG. In 2002, it was published
the QVT RFP. One year later in March 2003, the QVT-
Partners published the “Initial submission for MOF 2.0
Query/Views/Transformations RFP” [14]. In November 2003,
QVT-Partners published the *Revised submission for MOF
2.0 Query / Views / Transformations RFP” [15]. This
specification showed a more complete specification along
with the declarative and imperative QVT’s languages. In
November 2005, OMG published the “MOF QVT Final
Adopted Specification” [13].

In spite of the popularization of this language, there is no
available any QVT engine implementing the declarative QVT
language (up to now). Some projects in the academic world
[16] are now underway. There are other initiatives such as the
MODELWARE QVT Tool [17], based on the OVT Operational
language, the other sublangnage of QVT.
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B. Pattern Matching

Traditionally, patterns have been used for many purposes. For
example, in some works [18, 19], patterns have constituted the
cornerstone of the migration process from one kind of system
to another, In other studies [20], the authors use a pattern-
oriented language to intcgrate databases. Additionally,
patterns have been used to reduce the inherent complexities
that arise when applications must be connected to databases
[20-22],

Patterns have been widely used to reengineer legacy
systems [23], and particularly, patterns are very useful in the
reverse engineering stage [24-26]. The well-known patterns of
Gamma [27] have been used nrot only in the system design
stage, but also with the aim of refactoring or restructuring
legacy systems.

11, MODEL-DRIVEN PATTERN MATCHING

A. What does MDPEM consist of?

Model-Driven Paftern Matching is simply a taditional
concept which has evolved together with software trends. The
basic idea behind pattern matching is to find oceurrences of a
given pattern in a data set. Thus, MDPEM uses models to
specify both the patterns and the target data set.

According to [28], “the essential idea behind pattern
matching is to allow the succinct expression of complex
constraints in an input data type, data which maiches the
pattern is then picked out and returned to the invoker”. In the
MDPEM centext, the pattern model specifies the complex
constraints and the target model represents the data.

B. A framework for MDPEM

As noted above, this paper focuses on the MDPEM concept in
the QVT language; thus the developed framework to perform
MDPEM is based on this model-oriented language.

The QVT language uses the concept of pattern matching in
every action that its constructors perform intensively. But due
0 the novelty of QVT, there is neither foundation nor theory
about how to use this language to perform pattern matching,
and, additionally, the QVT specification [13] is confusing in
this respect.

For this reason, a basic framework has been developed to
support {at least on a theoretical level) the MDPEM process.
Fig. 1 depicts the framework. For the sake of simplicity all the
involved artifacts are located in an MOF-like pyramid. Level
M2 of Ew” 1 represents the metamodels for patterns and target
meodels, as well as the model transformations involved in the
process; Level M1 represents all the models invelved in the
MDPEM process, namely the patterns, the target model, and
the matchings (occurrences of the pattem in the target model).
Since all the steps are developed in M2 and M1, M3 and MO
are not explaingd. Table [ summarizes the elements
represented in Fig. 1. For each element (*Level 27 column in
TABLE I) on the M2 level, there exists a conforming model
(“Level M1” column in TABLE T} on the M1 level.

The ParternToOVTPattern transformation, not included in
Table I, plays an important role in the MDPEM process. As

noted above, any pattern (PatternModel) must be transformed
into a different representation that QVT imposes: the QFT
Template (shown as QVTPartern Model in Fig. 1). The QFT
Template is the structure that QVT uses to represent any
pattern that needs to be matched. As a consequence, any
pattern we want to match should be transformed to this
representation. Therefore, a transformation
(PatternToQVTPattern in Fig. 1, Level M2) involves both the
pattern metamodel (PatternMModel) and the QVTPattern
MModel (QVT Template Metamodel).

Fig. 1. MDPEM Framework
TasLel

Patterns {medels) are constrained by 2
given metamodel.  This  must  be
compatible with the largel model w0 be
able to find matchings.

Patterns must be ranslaled into a QVT
paticrn  representalion (QVT Template
[13]), so thc QVT Templale melamodel
(QVTPMM) should be taken  into
accounl. As a ¢onscquence, cach patiem
model is transformed to a QVT Template
(QVTPM)

QVTPMM QVTPM

Bocause in any MDA process models are
called PIM or PSM (according 1o the
PIM/PSMM | abstraction level of the model), we
supposc that the targel model will be a
PIM ora PSM

PIM/PSMMM

After MDPEM is applicd, matchings may
be found. This maichings can be seen as
fragments of the farget model, so the
metamodel for these clements can also be

- Maiching

e S IR PSR PN
The MDPEM process
1. Pattern model and target model are defined.
2. QVT Template model is obtained from Pattern
Model.
3. MDPEM is carried out.
4. Matchings (sub-models) are returned to the
invoker.
For a deeper explanation of MDPEM and examples of
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patterns, please sec [29].

IV. FINDING/DEFINING DEFINING PATTERN ON MODELS

The previous section outlined the MDPEM technique, but
the main goal of this technique is not only to find occurrences
for a given pattern. MDPEM can be also used to undertake
more detailed operations over those models acting as target
models.

This technique was conceived as a tool to support some
parts of an MDA process to extract services from relational
databases [30]. In this process, patterns are used to extract
functionality from relational databases. That led us to the
guestion: how to use MDPEM to do something more than find
matchings?

A. Patterns plus actions to derive functionalities

In this paper our aim is to provide a mechanism to use
MDPEM undertaking actions associated with the set of
occurrences obtained in the matching process (Fig. 2).

Fig. 2. Extended MDPEM
The basic MDPEM depicted in Fig. 1 can be expressed as a
function fuyppear This function is defined as follows:
Fvorear C& P _SLH Ser(M ), where Mp represents the pattern,

M, represents the source model, and M, represents an
occurrence of M in Mr. Depending on both the pattern model
and the target model, fippry may retum a set of occurrences
(Sef(Mo)).

But according te Fig. 2, the MDPEM basic concept can be
extended to provide an extra functionality. Patterns can be
provided together with a description of an abstract action. The
basic idea behind Fig. 2 is to have not only a pattern (Mp) but
also an associated abstract action, which could be later
transformed into a concrete transformation.

However, MDPEM can be specified in a more powerful
way. First of all, instead of a pattern M, the process takes a
pair <pattern, abstract action>, algebraically represented as
K= @Sd A, w, where M; represents the aforementioned
pattern model, and A4 represents the abstract action.
Therefore, the previously defined function fumeesr must be
redefined according to the new element K. This new function
can be considered as follows: 5 ?\:SLH wﬁ?;c{a w Ay
is then applied to each element in the resulting set of
occurrences. Thus the abstract action, which is defined in
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terms of the abstract elements of the pattern, is then
“materialized” for each actual occurrence obtained in the
MDPEM process.

In Fig. 2, K is represented by the pattemn plus the action (top
of the figure), and My is the source model depicted at the
bottom of figure. After applying MDPEM and obtaining the
occurrences, the specified action is then applied to each
occugrence.

The term “abstract action™ may be very vague, but in fact
any action or structure can be specified to be applied to each
occurrence. As a consequence, certain parts from models
{(MDPEM occurrences) can be updated or modified according
to the instructions given in the abstract action (4 ).

In the following section, we will describe what MDPEM
has been used for: to detect services in databases using
patterns and abstract descriptions for the services attached to
patierns.

V. USING MDPEM TO FIND AND CREATE SERVICES

This section explains the purpose of this technique. As noted,
MDPEM was developed in the context of an MDA process to
extract services from relational databases. The lack of tools
and experience around languages such as QVT prompted the
development of MDPEM to properly manage models and
patterns.

In the context of the process proposed in [30], we can define
a pattern and attach a parficular behavior to this pattern. This
behavior is specified in terms of operations, called services.
Thus, for a given pattern involving a set of entities, a set of
abstract operations invelving these entities can be attached.
Thus, when an occurrence is found, each abstract operation
attached to the pattern is “instantiated” with the entities of the
occuIrence.

A.  Problem definition

MDPEM can be used to discover services in relational
databases. Thus, all the artifacts (patterns and target model)
will be described in terms of tables, columns, foreign keys and
SO Of.

The aim is to start from a database model, define a set of
patterns, find their matches and obtain possible useful
services, This case study fits the example depicted in Fig. 2,
and:

» the database modef plays the role of the source
model,

» a pattern describing a particular database fragment
structure plays the role of the patiern, and

« the abstract description of an operation involving the
elements of the pattern.

B. Pattern model and target model definition

Fig. 3 depicts & fragment from a relational database extracted
from an industrial application. This fragment is composed of
10 tables and will form the targef model for the MDPEM
process. This model has been used to carry out a simple case
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study and illustrates the waork presented in this paper. Due to
the lack of space, the picture does not include any detail such
as columns, primary keys or the like. It can be assumed that a
suitable database metamodel is used (in fact, a summarized

version of the one presented in [31] is used).
ON_METERED_LISAGES

Fig. 4. (a) Pattern mefamodel, (b} DFK (Double Foreign Key) Pattern, and {¢)
DFK patiern conforming 1o pattern metamodel

Fig. 4 (a) represents the pattern metamodel. Since it may
not be sufficiently descriptive, Fig. 4 (b} shows a conceptual
representation. Fig, 4 (b) shows the pattern to be applied in the
MDPEM process.

Once the source model and pattern are defined, the
abstract operation must be defined (the “Action” in Fig. 2}. In
this context, any service (or operation) against the database is
translated into an SQL query. But in spite of existing
proposals to represent SQL queries in a metamodel-like
representation (PL/SQL Grammar'), there is no standardized
DML metamodel for SQL. Nonetheless, a suitable solution
lies in the OMG’s metamodel family, OCL2, OCL2 is as
expressive as SQL. Furthermore, the OCL2 specification
includes the language metamodel, so that any OCL expression
can be represented as a model [32] and thus used in any MDA
approach as an artifact, For these reasons, OCL was chosen to
describe the abstract operations.

In the pattern (Fig. 4 (b)), table M has two forcign keys:
one to table 4 and one to table 8. The M primary key is
obtained by linking together the foreign key for table 4 and
the foreign key to table B. Thus, for a given value of the B
primary key it is possible to obtain those records from table A
linked to table B. As a consequence, two operations or
services can be attached to the pattern in Fig. 4 (b):

s getd TupleBy B(b:B):bag(d) = Having the values of
the B table tuple, it is possible to obtain a list of tuples
from A by means of table M.

¢ geiB_TupleBy Bfa:A):bag(B} > As in the previous
operation, here it is possible to return a set of tuples to

! https://javace.dev.java netfiles’'documents/17/2959/FormsPISqLji

table B. It is only necessary to pass the value of an 4
table primary key to perform the search.

Fig. 6. (a) includes the required OCL posteondition to
specify the service getd_TupleBy B(b:B):bag(d). Supposing
that these services are allocated in a fagade class [27], the
OCL expression:

1. Recovers all the instances (M is a class representing a
table) of mM property,
2. for each instance:
a. calculate the wvalues or properties which
implement the foreign key to B,
b. calculate the valucs of the properties conforming
the primary key of b (argument of the operation),
c. calculate which of these sets have the same
values, and
3. for each of these sets, return the corresponding mA
attribute in the M context.

The Fig. 6 (b) represents the same expression, but in a
model-like representation. It should be noted that all the
elements referred in the expression belong to the pattern (see
Fig. 4 (b)).

C. QVT Template generation

Once all the elements involved in the process have been
defined, the pattern must be transformed into a suitable
representation to perform the MDPEM process.

Huwﬂnﬂ...wl”. ) o
© ey <clas: 177 €1 <classname ... egrch "
1y zenssocy [eg o) v byrassocg e e} "

Fig. 5. Q¥T Tempiate abstract representation
As noted above, QVT defines its own pattem
representation: the QVT Template [13] (also called QVT
Pattern Model in Fig. 1). A QVT Template (see Fig. 5)
represents a pattern on the basis of the elements involved in
the pattern and the relationships between them. Thus, before
performing the MDPEM process the input pattern must be
transformed into a QFT Template. In the proposed framework
(see Fig. 1), this transformation is carried out by means of a
QVT transformation (PatternToQ VT Template).

This transformation, outlined in Fig. 7, transforms patterns
(based on the metamodel in Fig. 4 (a)) to a QFT Template
representation, Thus, starting from a pattern and then applying
this transformation, a suitable QVT Template is obtained to
perform MDPEM. The Fig. 7 transformation is divided into
five relations. EBach relation is intended to address the
transformation from each part of the original metamodel (Fig.
4 (a)) to other part in the QVT Template one (Fig. 5). See [29]
for a further description of this transformation.

D. MDPEM application and matchings generation

This step depends entirely on the QVT engine that executes
the matching. As can be seen in Fig. 1, the QVT engine takes
the source model (referred in the picture as the “PIM/PSM
Model”) and the QVT Template (obtained from the initial
pattern} as input. Then, the QVT engine executes the
matching and automatically returns the occurrences.
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result = self.mM.oclType.alllnstances
-»select (m:M| foreignKeys (m,mE|] = b.primaryKeys(]).md

£a)

Fig. 6. {a) OCL postcondition for the getd_By B(p:B):Sef(4) and (b) its model-based representation

The obtained matchings can be seen as constrained views of
the target model. These small “sub-models” represent
something interesting from point of view of the engineering
which is supervising the MDPEM process. In this work, we
present one of the possible uses of MDPEM: the inclusion of

operations in the recovered matchings.

transformation SQL9ZSchemaPatternToQVITemplatse
{5¢gl92p: SQLY2SchemaPaticIn, grib:QVTTemplate)

key OhjectTemplataBxp = {name};

kay PropesrtyTemplatelteam = [name}:

top relation BasaTablaToDbjectTemplateExp!..|

top ralation ColumnToObjectTemplateBxpi..}

top ralation UnigqueColumnToObjectTemplateExp (..}

tep realation RaferentialComstraintToObjectTenplateExp(..]
top relation PrimaryKeyToObjectTemplateExp{.}

Fig. 7. QVT transformation to generatc a QVT Template from a patter for
database models

As depicted in Fig. 2, patterns are given together with the
abstract description of an operation (shown, for example in
Fig. 6). After MDPEM is applied and the matchings are
recovered, the abstract operation is applied to each obtained
occurcence. Thus, since the elements of the matchings belong
to the target model, the elements involved the abstract

operation will no longer be abstract.
TABLET]
MATCHINGS OBTAINED IN THE MDPEM rrROCESS
1 CONCEPTS_ CONCEPT_ NON_METERED_
MASTER EQUIPMENT EQUIPMENT
CONSUM_TYPE EQUIPMENT TYPE SECTOR
3 PRORATE_TYPE CONCEPTS_MASTER_| SECTOR

(X3

For the given pattern in Fig. 4 (a), and the target model in
Fig. 3, the set of matchings after applying MDEM are
described in the TABLE 1I, and the resulting services in
TABLE 11

TapLEIIT
SERVICES OBTAINED FROM MATCHINGS AND ABSTRACT OPERATIONS
i o s
_ .mm,nc_,.ﬁmau_ﬁ.ﬂ,mwuwiam.|zcz|§.mam_u|mm53sm5

ge:NON_METERED EQUIPMENT TuplesBy CONCEPTS MASTER
2 - getCONSUM_TYPE_TuplesBy_SECTOR
- getSECTOR_TuplesBy CONSUM_TYPE
~geiPRORATE_TYPE_TupiesBy_SECTOR
- geiSECTOR_TuplesBy PRORATE TYPE

Of course, the names of the services in TABLE IIl are not
intuitive and the names of the abstract operations are just
illustrative. Services created from matchings and abstract
operations must be renamed by the engineer, according to the
service’s funetionality. Therefore, services become infuitive
and easy to use. For each service in TABLE III, references to
abstract elements (namely A, B, and M) are substituted by the
elements in the matching playing this “abstract role” {¢.g., in
TABLE II, in the occurrence with [D = 2, “SECTOR™ plays
the role of B, “CONSUM TYPE"” the role of 4, and
“EQUIPMENT _TYPE” the role of M.

Due to the lack of space, an abstract operation
“instantiated” for a matching could not be shown.

W

V1. CONCLUSIONS AND FUTURE WORK

This paper presents MDPEM, an approach to perform pattern
matchings in the context of models. The proposed framework
focuses on QVT, a particular language to manipulate models
by means of queries, views and transformations.

In addition to MDPEM, this paper focuses on what
MDPEM is able to do with models. The main idea behind
MDPEM is to use the models obtained as a result of the
matchings to perform an action over these models.

Our aim is to use the dual “pattern-abstract operation”
against a target model. Thus, portions of the target model (the
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occurrences of the pattern) can be annotated with operations
or services (described as abstract operations related to the
searching pattern). The instrumentation of models with these
services facilitates the implementation of MDA-based
development processes.

As well as development, MDPEM might be useful in other
areas. Software maintenance in a model-level can be improved
using this technique, e.g., looking for design patiems, as well
as tooking for bad-smells and correcting them (in a model —
level). Every process described as a “search patiern and apply
rule” sequence can be partially automated and then easily
applied.Due to the lack of tools for implementing the QVT
langnage, MDPEM has not been tested in an automated
environment. As soon as a tool is available, this theoretical
proposal will be migrated to a runnable one

For each pattern metamodel, it is necessary to develop a
suitable fransformation to generate the equivalent QVT
Template model. Therefore, it may be useful to automate the
generation of the OVT Templare from some pattern
metamodels.
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