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INTRODUCTION

extract good solutions to standard problems in a particular

design patterns to reuse best practices and improve the

a generic piece of design that can be instantiated in different

-

design patterns have been applied in many large systems,
pattern-related information is generally not available in

design diagrams can help to understand the original design

In this article, we concentrate on the issues related to
design pattern instantiation, integration, formalization,

BACKGROUND

Formalization

Design patterns are typically described informally for easy

Third, design patterns are generic designs that need to be
instantiated and perhaps integrated with other patterns when

errorsand inconsistencies in the instantiation and integration

errors or inconsistencies early at the design level is more

these processes are commutative at the design level (Dong,

-

The structural and behavioral aspects of design patterns in

propose specifying the structural aspect of design patterns

design patterns and their composition based on the language

Evolution

Mostdesignpatternsdescribesomeparticularwaysfor future
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removecertaindesignelementswithminimal impactonother

When changes are needed, a designer has to read between

of a design pattern may also result in missing parts of the

any inconsistency, any violation of pattern constraints and
-

tant to regularize, formalize, and automate the evolution of

Design pattern evolutions in software development pro-

where software development process is considered as the

as a concern that is separated from the application core

designpatternbyweaving thedesignpatternconcern into the

quality by applying design patterns in existing systems has

selects a design pattern to be applied in a chosen location of
a system, automated application is supported by applying

Visualization

When a design pattern is applied in a large system design,
pattern-related information is normally lost because the
information on the role a model element plays in the pattern

There are several problems when design patterns are implicit

only communicate at the class level instead of the pattern
level because they do not have pattern-related information in

ways for future evolutions, as discussed previously, that are

change the design using relevant pattern-related informa-

-

approaches surveyed can only represent the role a class

Current approaches on visualizing design patterns can be

-

approaches can be further divided into single-diagram (Vlis-

Discovery

the source code that may be changed and migrated over

design patterns may vary in different layouts, which also
pose challenges for recovering and changing these design

design pattern from either source code or design model

-

algorithm to calculate the similarity of two classes in pattern

tree and neural network, have been applied to classify the

FROM THEORY TO PRACTICE

In this section, we present our approaches on the formaliza-
tion, evolution, visualization, and discovery of design pat-

Formalization

Over the past decade, we have applied several formal
temporal logic of action

-
-

structural aspect is described by predicates for describing
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integration of two design patterns is the union of two sets
of the predicates corresponding to the structures of the two

the behavioral semantic of each design pattern in terms of

the behavioral aspect of design patterns in Dong (Dong,

their communications in each pattern are represented in the

and behavioral aspects of design patterns more precise and

Model checking techniques typically include a model

pattern, we used a model checker to check them against the

check the consistencies of the integration of design patterns

mathematical knowledge, formal model abstracts the struc-
ture and behavior of a design pattern, and the operations
between them, which enables us to summarize, predict,
prove, or exclude certain general properties of design pat-

and behavioral aspects of deign patterns, we have proved
several theorems related to the structural integrity, safety,

proving theorems can be tedious and error-prone, we also

While each design pattern needs to be instantiated when
it is applied in a system, it may also be integrated with other

to know whether the instantiation and integration processes

are commutative is important because it can save a lot of

are able to predict the possible outcome of a design and to

has been explored systematically under our formal model

Evolution

The evolution process of design patterns has been initially

The structural aspect of a design pattern is described in terms
-

plication can be achieved by the addition or removal of new

While there are many different ways to evolve design
-

transformations include the addition/removal of an object-
oriented modeling element, such as class, attribute, opera-
tion, association, generalization, aggregation, composition,

are a group of primitive level transformations that reappear

transformations:

1) simple addition/removal of an independent class and
the corresponding relationships between this class and

2) addition/removal of one independent class with at-
tributes and/or operations and the corresponding
relationships between this class and the classes in the

3) addition/removal of an attribute/operation in several

-
tributes or operations in the classes involved in the

design patterns, we are able to automate these evolutions

evolutions can be automated by transforming from the

By semiautomating the evolution process, our tool

code and presenting in a visible manner the pattern-related
system pieces that can be evolved and the possible evolu-
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displayed to ensure no missing information and the integrity

Visualization

-

-

and tagged values are attached to a modeling element to
explicitly represent the role the modeling element plays in
a design pattern so that the user can identify the pattern in

-
tern-related information and allows the user to visualize

Discovery

We propose a novel approach based on matrix and weight

in a matrix with the columns and rows to be all classes in the

“Generalization” relationship can be prime number 2, and

any two classes is the multiplication of each associated

relationships, the cell value is 21 31

The structure of each design pattern is also represented in

-
rect matching results of the structural analysis may include

case, our approach also analyzes the semantic information
-

mated the structural, behavioral, and semantic analyses in

We also apply template matching method to pattern

to calculate the normalized cross-correlation value of two
vectors f and g
cos value, where is the angle between vector f and g
The maximum value is 1 when f and g is an exact match,
that is,  = 0
into one-dimensional vector by appending the following

each other, we are expecting to see a small angel between

encodes both pattern and system knowledge into two overall
matrixes, and calculates their similarity score by cross cor-

exact matches of pattern instances, but also identify their

FUTURE TRENDS

Our future direction on formalization is to use our formal
model and its derivation methodology in security-related
applications, where the correctness of pattern operations is
vitally important to the completeness of a successful sys-

derivation together with model checking, to grasp a deep

We will characterize the constraints of evolutions of
each design pattern, and provide techniques and tools for

are investigating the model transformation techniques based

Ourresearchonvisualizationcanbeextendedfromdesign

visualization that can explicitly display critical architecture

CONCLUSION

In this chapter, we present the research issues related to
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includingformalization,evolution,visualization,anddiscov-

related to these issues and describe the existing solutions to
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KEY TERMS

Design Patterns: Design patterns represent solutions
to problems that arise when developing software within a

dynamic structure and collaboration among key participants

Design patterns are generic design pieces that need to be

describes the process of applying generic design pieces into

The integration of design patterns describes the process
of composing multiple design patterns to solve a number

overlapping common parts from different patterns or adding

The formalization of design patterns is to apply rigor-
ous methods to specify design patterns or to verify their

The evolution of a design pattern is a process to add
or remove design elements to/from existing design pattern

requirements, platforms, technologies, or environments
change and therefore software system need to be adapted

The visualization of design pattern provides techniques
and tools for explicitly visualizing the instances of design

visualization techniquesandtoolscanhelpsoftwaredesigners
for tracing, identifying, and checking design patterns in the
software system design, and making right design decision

Design pattern discovery techniques are used to recover

becomes a key issue for many research areas, such as reverse
engineeringandcoderefractory,because ithelps forprogram


