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Ilkovičova 3, 842 16 Bratislava, Slovakia
majtas@fiit.stuba.sk

Abstract

1.

Design patterns introduced very useful way of improving
the quality of the software development processes. There
were introduced several solutions trying to support developers with their utilization. In our work we will describe two approaches supporting their employment: first
one is dealing with their instantiation, the second one
is dealing with their recognition in the existing source
code. Our first approach presents the support for pattern instance creation in semi automatic way. The main
idea of this approach is that the developer should suggest
the pattern occurrence and specify the desired variants
of the pattern he wishes to employ. The valid pattern
instance customized to meet all user requirements in the
most ideal way will be created by the CASE tool. The
second approach focuses on improvement of the recognition processes that often suffer by too high false-positive
recognition ratio (they mark some code fragments as the
pattern instance, but in reality they are not). To reduce
this ratio we have incorporated the dynamic analysis that
is being focused of examination of the system execution
into the overall recognition process.

Design patterns [6] became very interesting topic in the
computer engineering science. Inspired by the work of
architect Christopher Alexander [2], they try to present
novel approach in software development process. Alexander was dealing in his work with fundamentals of the architecture processes that are being applied for centuries.
He described the general knowledge shared between the
builders as patterns which are defined as three part rules
connecting the context of the problem, offered solution
and consequences in which the solution results. As the
situation of common knowledge is similar in different disciplines (including the architecture and the computer science), the idea of patterns (considered are three part rule)
was adopted also in software engineering. Among others, there became very popular the work of GoF [6], who
identified and formally defined 23 design pattern dealing the object oriented software design and development.
The original ideas of Christopher Alexander are dealing
with the pattern language which offers the possibility to
form ( = design and build) the building only by connection of cooperating patterns that together form the whole.
The patterns defined by the GoF also offer the possibility
to cooperate together, but such possibility is not crucial
while in the most pattern occurrences they are standing
alone integrated only with the other parts that do not
represent any pattern. Therefore we have to say that due
the introduction of software patterns, the idea of the pattern language has not been fulfilled yet in the software
engineering.
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Introduction

However the pattern introduction even without fulfillment
of pattern language is very important step in the software
engineering. It formalizes the way of some knowledge
sharing which contributes to the efficiency and quality of
the overall software development process. When the developers are familiar with patterns, they are familiar not
only with the widely used and verified solutions, but also
with consequences of such solutions’ applications. Therefore the utilization of the design patterns between the
developers became preferred. Even modern programming
languages like Java of C# accompanied several patterns
into their structure (e.g. Iterator, Observer, Prototype).
Soon there were introduced structured descriptions of patterns that could stand as a basis for automation of the
typical pattern processes which are:
• Creating of pattern custom instances
• Recognizing pattern instances in existing codes
• Validating existing pattern instances
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concretization process. When the pattern instance is correctly specialized, its concretization is often based more
on pattern structure description than on developer’s skills.
It means that there is a space for automation of this process.

2.1.1

Figure 1: Two dimensional space of generality and
abstraction [12]
In our work we are focusing on first two processes. We will
introduce our approach dealing the pattern instance creation driven by the developer’s suggestion of the pattern
presence. Later we will describe the pattern instances
recognition approach that presents the improvement of
the overall process by application of the dynamic analysis.

2.
2.1

Pattern instance creation
Process of the pattern instance creation

Process of the pattern instance creation means the application of the solution offered by the pattern to the environment of the developed software system. We distinguish two activities that are necessary to follow out while
creating the pattern instance [12]: abstract and general
pattern instance needs to be concretized and specialized.
At the first moment both activities seem to be similar,
but it is not so. Each one moves the first idea of the
pattern application to the final instance, while it is necessary to follow up both, to be able to declare the pattern
instance as the correct one. Differences between these activities are presented in the Figure 1, where the degrees of
generality and abstraction are being presented in two dimensional space (degree of generality horizontally, degree
of abstraction vertically).
The created instance is becoming more concrete when
it contains more building blocks creating the correct instance. To the starting abstract idea of the pattern application there are subsequently being added classes, their
attributes, methods and relations until instance becomes
complete. Specialization of the instance means the movement of the general pattern description to the context
of the developed system. The specialization follows such
modifications of the pattern instance that make the instance domain specific and subsequently specific for the
current software system. As the examples of the specialization steps we can consider definitions of roles’ participants count, naming of the participants or creating the
relations between participants according to the domain.
In our approach we look for possibilities for automation
of the pattern instance creation. We see higher potential
in the process of concretization than in process of specialization. The specialization is based on the ability of
developer to move the pattern to the particular target
software environment. It can be seen as a domain based
pattern description, what we consider as almost impossible to be performed by the machine. There can be found
only minimal space for automation of this process. On the
other hand, there is a potential for tool based support of

Pattern roles, domain dependency

Patterns are often being described as a collection of cooperating roles. These roles can be often divided into two
groups: roles dealing with the domain of the created software system (domain roles) and roles performing the pattern’s infrastructure (infrastructure roles). The domain
roles can be considered as the “hot spots” while they can
be modified, added or deleted according to the requirements of the particular software environment. The roles
performing the pattern infrastructure are not changing
frequently between the pattern instances. Their purpose
is to glue the domain roles together to be able to perform
desired common functionality.
One of the main contributions of the whole pattern approach is that it allows thinking at the higher level of
abstraction. Developers do not have to always keep in
mind all details about the solution, they can work with
the pattern instance as with single unit hiding unnecessary complexity. When the developer thinks about applying the pattern to the project, first thing he needs to
decide is how to connect pattern instance to the context
of the software. He does so be specifying the domain
roles’ participants. The other issues are often second-rate
at that moment. The Table 1 describes selected patterns
and their roles from the perspective of the domain dependency.

2.1.2

Pattern variability

As the pattern variability we understand the possibility to
provide patterns functionality in slightly different ways.
Each variant of the pattern has its own pros and cons
and therefore the decision which variant to select does
not need to be easy. Selecting the proper variant is part
of pattern instantiation process, when the developer customizes the instance according his needs. General understanding of the patterns does not always satisfy the ideas
of their authors. Many developers understand design patterns only as constant templates with strictly specified
purpose of each class, attribute or method. However the
original idea was to discuss a problem and offer a solution. Examples provided with pattern description were
never meant as the only best solutions. Their purpose
was to provide hint, to show one of many possible ways
of idea realization.
From the perspective of tool based support of instantiation, it is very difficult to create support for instantiation
of pattern with very general solutions. It would be very
difficult (if it is even possible) to automatically instantiate fully functional Memento that would fit to the rest of
the system. On the other hand there are minimal difficulties for pattern with strictly defined structure keeping
minimal space for variability. Pattern such as Singleton
can be automatically instantiated with minimal efforts, in
such cases the simple template based instantiation would
be sufficient. For the majority of patterns the simple template based approach cannot cover all known variability,
such approach cannot be considered as sufficient. In the
Table 2 we present examples of possible variabilities of
selected GoF design patterns.
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Pattern
Composite

Domain dependent roles
Leaf and its Operations

Chain of Responsibility

HandleRequest, Ancestor

Decorator

Concrete Component, Concrete Decorator

Description
Leafs and their operations provide all domain dependent
functionality. Everything else is just infrastructure allowing
the hierarchical access to the leaf instances.
The domain dependent is the business logic processing the
event and the ancestor to which should be the unprocessable
event passed.
The domain dependent are the Concrete Component (which
often exists before Decorator pattern application) and functionality of Concrete Decorator participants that provide extended functionality to the Concrete Component.

Table 1: Specialization of the domain dependent pattern roles
Pattern
Abstract Factory

Chain of responsibility

Flyweight

Variability description
Class structures do not differ much. Majority of variants are dealing with realizations
of ConreteFactories: they can be implemented normally or as Singletons, they can
employ Factory Method or Prototype patterns.
References to the successor can be maintained commonly in Handler or custom for
each ConcreteHandler. Handler can be a class with default forwarding functionality
or just an interface.
The Flyweight interface can be omitted.

Table 2: Examples of possible variants of pattern instances

2.2

Our approach of the tool based support

describes possible solutions, but does not specify directly the only proper. The user will be able to
choose the way of realization of selected pattern features, the proposed approach will be able to identify the most proper realizations of the remaining
features that will correspond to the developer’s decision.

In the previous sections we have described why should we
consider the tool based support for the pattern instance
creation and where are the spots for the automation. In
this section we will describe how can be such automation provided. For our approach we have estimated the
following goals:
• The entire creation process will be based on the
model transformation, based on the principles suggested by the Model Driven Architecture initiative.
In our case we let the user specify the overall system
model where he should suggest the pattern instance
occurrence. The tool will subsequently provide the
transformation that replaces the instance suggestion
by the regular pattern instance created according
the developer’s needs respecting the relations to the
rest of the model.
• The creation process should support the concretization process. We assume that the developer’s suggestion of the pattern occurrence contains its specialization information by presence or suggestion of
particular participants. If he does not specify some
parts, the tool should identify the proper solution
according the pattern description and supplement
it.
• The support for the creation process is not meant
to be a onetime event. The proposed method will
allow repeated processing of the same instance to
be able to provide support also for modifications of
existing instance.
• The tool support will be general, driven exclusively
by the pattern descriptions and developers inputs.
The approach will not contain any pattern specific
solutions.
• The overall process will reflect the variability of possible solutions offered by the patterns. Each pattern

2.3

Proposed method

In this section we will introduce the proposed method of
pattern instance creation fulfilling the goals that we have
set. Basically it can be divided into two quite independent
steps: Identification of the proper pattern configuration
and Supplementation of the missing participants. One of
the outputs of the first step is the concrete template of
the pattern’s solution corresponding the developer’s requirements which is subsequently the important input for
the second step.

2.3.1

Identification of the proper pattern confuguration

As mentioned in previous sections patterns are not simple units with the only one valid template. Most of them
are highly customizable allowing changes in their example
templates in many different ways. Very important part
of the pattern instantiation process is the identification of
the proper pattern configuration. Pattern structure can
be formed in several variants. Each of them results in
some consequences with their own pros and cons. Some
variants are independent from the others, some are not,
for example the occurrence of a variant A can require the
occurrence of a variant B. In our approach we utilize the
feature modelling technique [4] known from the product
line engineering to capture all variants and relations between them.
We do not want to force the developers to provide information about each feature whether he wishes to employ it
or not. We give him a chance to specify which features he
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wishes to employ and the rest of the configuration is set by
the method. The final configuration has to fulfil all constraints defined by the feature model, so if the developer’s
requirements do not meet these constraints, he has to be
asked to change his preferences. Developer specifies desired variants and the tool reasons the entire pattern configuration. The reasoning is performed by the Constraint
Specification Problem (CSP) solver, when the whole feature model and user requirements are transformed into
constraint problem [3] that stands as an input for the
solver. As the CSP solver we chose Choco CSP [1] which
is an open source Java based software.
It is able to return all possible pattern configurations
meeting the developer’s requirements but it is not able
to distinguish which one of them is the most appropriate. For example if the developer does not specify any
variant, the probability of getting the “default” configuration is the same as getting any other configuration. Such
situation would not be acceptable for the real world utilisation of an approach. It is important to return as simple
configurations as possible. When the developer does not
ask for some variant application, he should get the default one. When he asks for some variant, it should be
utilized but the rest of the pattern should stay in default
configuration as much as it is appropriate. To be able to
provide such solution in our approach we have introduced
following features:
• Extension the feature models by the weighting of
particular variants. In this way it is possible to order variants according their appropriateness. Original feature model does not offer possibility to weight
the variants (it only allows specification of “default”
variant) therefore we had to customize it according
our needs. The positive values present the level of
appropriateness to utilize such variant. The negative values mean preference of no application of such
variant - they are being used when we do not prefer
application of some optional variant.
• The reasoning process incorporates the weights captured in the model. The CSP solver counts the fitness level of each plausible configuration and returns
the best one.
Extended feature model by the weights for the Composite
design pattern is depicted in the Figure 2.
The final pattern configuration sets the pattern template
customized for proper situation. It is provided by reduction of the general pattern template which contains all
roles including the conditions specifying when these roles
should be applied (which feature needs to be part of the
configuration to activate the variability dependent role).
The customized pattern template contains only the roles
that are present for all configurations (ones without any
condition) and the roles which’s condition are true (required features belong to the final configuration). The
Figure 3 contains such general template for the Composite pattern. The result of this step is final configuration
and pattern template customized for the configuration.

2.3.2

Supplementation of the missing participants

The developer’s suggestion of the pattern instance occurrence (the intput of the overall process) can be considered as an incomplete instance with missing participants.

Figure 2: Feature model example capturing the
Composite pattern variability
The goal of this final step of the instantiation process is
the supplementation of the missing participants to form
a valid instance meeting user requirements. The supplementation is being driven by the custom pattern template
derived in the previous step that specifies all roles which
participants are necessary in the final instance and all relationships between them. As the roles we do not consider
only ones typically played by classes but also ones which
participants are attributes or methods.
The relations between the roles specify the inner structure constraints that need to be fulfilled in the valid instance. As the example of such constraints we can present
the Composite pattern where the roles Operation of the
Component and Operation of the Leaf are linked together
via overriding/implementation relationship. As the result
for each Component’s Operation participant there has to
exist corresponding Leaf’s Operation participant. Such
constraints are key for the machine based instantiation
process. In this place we need to remark that the roles
can belong to more than one constraint. For example in
the Composite pattern the count of participant of role
Leaf’s Operation is dependent on count of participants of
roles Leaf and Component’s Operation. We say that the
dimension [10] of the Leaf’s Operation is two because it
is part of two different constraints.
Our algorithm of instance supplementation is based on sequential complementation of the missing participants to
meet the custom pattern template and all its constraints.
To store the information about all pattern participants
the algorithm utilizes the n-dimensional structure where
n is the maximum dimension of all pattern roles (the GoF
pattern do not have roles with dimension higher than
2). We call this structure Participant Constraint Matrix
(PCM) while the dimensions of the matrix correspond to
pattern constraints and its concrete lines represent the
instances of such constraints. Example of partially filled
Participant Constraint Matrix is depicted in the Figure
4. It represents the situation when the suggestion of
the Composite pattern contains participants Leaf1 with
method Operation1 and Leaf2 with method Operation2.
The purpose of the algorithm is to add the missing participants to fill each cell of the PCM, the result is a pattern
instance meeting all constraints defined by custom pattern template. It takes these steps:

1. Add participants of non-constrained roles. Create
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Figure 3: General Role based template of the Composite pattern extended by variability roles

Figure 4: Initial Pattern Constraint Matrix for
incomplete instance of the Composite pattern
the participants of the roles that are not concerned
in any constraint and are not yet present in the
model.
2. Create the empty Participant Constraint Matrix according to the definition of constraints resulting from
custom pattern template.
3. Initialize the PCM according the current pattern instance.
4. while (the PCM contains empty fields)
(a) Add participant to fill one empty field of PCM.
Select one empty field of the PCM and create the participant that will fit to this field.
When selecting the empty fields, start with the
ones with lower dimension and prefer class participants then continue with association and
method participants.
(b) Add information related to the added participant and connect it with related participants

The example algorithm’s input and rusult are depicted in
the Figure 5.

Figure 5: Example models before and after the
overall process execution

2.4

Realization

The presented approach was realized as the plug-in of the
Rational Software Modeler which is based on open source
platform Eclipse. It was enhanced by the special view
that enables the developers to specify their requirements
dealing the pattern variability. The view contains list of
all variants with the combo boxes allowing the user to
set the required value. Each combo box also contains the
value “I do not care” by which the developer let the tool
select proper realization of the variant. The view also
shows the actual configuration containing the values for
each variant, so the developer can se eafter each change of
his preferences how this change influenced the remaining
configuration. The tool also provides code source code
generation for pattern participants which we have created by utilization of the Java Emitting Templates (JET)
framework . The screenshot of the customized CASE tool
is depicted in the Figure 6.

2.5

Evaluation

Metric that would precisely and plausibly present how the
approach improves software development process probably does not exist. For this reason we have decided to
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code for further changes. However, if the developer
is not aware of this possibility, it can happen that
when he tries to complement the similar functionality he will not utilize the convenience of their presence, but he will create own solution representing a
parallel one to an existing instance. This may again
increase the complexity of the solution without any
positive aspect.
• The threat of damage of the pattern instance’s structure - the other risk of ignoring the pattern presence
in the project is that the inappropriate interventions
may damage its internal structure and thus the sense
of its employment. In that case, the presence of the
damaged instance can be considered as complication
rather than an asset.

Figure 6: Screenshot of the customized CASE tool
present the opportunities and improvement of the proposed approach by the case study and experiment. The
case study proved that the approach is applicable not even
for first time instance creation but also during the maintenance phase to provide changes in the existing pattern.
It also showed that the approach is suitable even for cooperating pattern instances.
The main objective of the experiment was to prove the
usability of the approach. We have asked IT skilled professionals to accomplish the programming task with and
without the tool. We were monitoring the time they
needed to accomplish both tasks and the count of written and generated lines of code. The experiment proved
that tool shortened the time needed to finish the task,
and generated considerable amount of code that was utilized in the final solution. Together the case study and
experiment proved that the proposed approach satisfied
the goals we have estimated and represents good solutions
for pattern instantiation process.

3.

Keeping the presence of these risks in mind together with
increasing complexity of software systems which is directly increasing the likelihood of threats arising from
those risks, recognition of pattern instances in existing
software became one of the most important initiatives
around the design pattern issues.

3.1

Existing approaches

There were presented several approaches dealing the recognition of pattern instances in the existing source code.
Each one introduced its own method or improvement dealing the recognition process. In general we can say that the
overall process can be divided into two phases: analysis
of the existing system and analysis evaluation.
During the analysis of the existing system there is being formed the model representing the examined system
tracking the important values for the system description.
Analysis forms can be divided into these groups:

Recognition of the design pattern instances

Another equally important activity concerning the design
patterns is recognition of their instances in the existing
software. With the rise of pattern initiative popularity
their utilization in the real world software grows. In certain situations (eg failure to comply name convention)
pattern instance can blend with the rest of the system so
it becomes unidentifiable “at the first sight”. If such situation happens together with other negative factors such as
lack of documentation at the design or source code level,
or changes of the key project persons, it can easily happen that the instance of the pattern will remain hidden for
other developers. With the increasing size and complexity of nowadays software we cannot underestimate similar
scenarios, while the probability of their occurrence is not
inappreciable. The absence of information about the presence of design patterns instances in the code increases the
risk of these complications:
• Unnecessary complexity - solutions offered by design patterns are not straightforward, they are more
complex preparing the code for possible changes in
the future. If these positive pattern aspects are not
utilized, their presence only increases unnecessary
complexity and understandability of the overall solution without further positive effect.
• Ignoring the benefits resulting from the pattern presence - as mentioned previously, one of the advantages that pattern solutions offer is readiness of the

• Static analysis is being focused on fundamental
class structure and relations between them (eg. attributes, methods, their parameters and return values, associations between classes, generalizations,
etc.). Problem of the static analysis is that it is focused only on fundamental code structure that regularly does not contain enough information needed
for reliable pattern identification. It is not rare when
the some code that does not represent any pattern
has the same code structure as the solution offered
by the pattern. In such situation the analyzing tool
often marks this code fragment as recognized pattern instance - this situation is being called falsepositive recognition. What is worse, even some design patterns have very similar structure, and therefore it is almost impossible to distinguish them using
the static analysis. The problematic pairs are for example Strategy vs. State or Decorator vs. Chain of
Responsibility.
• Semi-dynamic analysis is being focused on behavioral of the examined methods. It is often followed by the static analysis that identifies candidates of instances, the goal of semi-dynamic analysis is to confirm or disprove the accuracy of the
candidate. The semi-dynamic analysis can evaluate the control flow, where it focuses for example on
specific operation calls or object instantiation. The
realization of this kind of analysis is more difficult
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• The recognition process will be based on all three
analysis phases. The goal of dynamic analysis will
be to confirm or decline the candidates identified by
the previous ones.

than the realization of the static one. The problem is that there exist a lot of different ways how to
write the same method functionality and therefore
the decision whether method provides desired functionality can be ambiguous. Interesting approach
focused on semi-dynamic analysis was presented in
[11].
• Dynamic (run-time) analysis is being focused on
evaluation of program behavior during its execution.
Its goal is again to confirm or decline the candidates
of the previous analyses. The reasons for dynamic
analysis is that previous analysis do not have to give
exact result, while just the source code based analysis do not have to provide enough information about
the method behavior. Only its execution can give
clear results that are indisputable. It is not easy to
realize good dynamic analysis. It is quite difficult
to attach to a process that is being executed due to
standard protection of the operating systems. Also
it is necessary to execute the evaluated method and
execute it repeatedly in different contexts to be able
to capture its real behavior. These are the reasons
why the today’s research does not focus on the dynamic analysis a lot. Dynamic analysis was utilized
in approaches [9] and [14].

The second phase of the pattern instance recognition process is the evaluation of the analysis phase results that often represent large set of values describing the examined
system. It is necessary to compare these values with the
pattern descriptions and identify the similar fragments
that can mean the recognized pattern instances. The typical ways of evaluation are:
• standard value comparison - applicable when the
pattern and analyzed system are being described by
the set of exact values allowing the comparison; example approach presented in [8]
• sub-graph search - applicable when the patterns and
analyzed system are described as graphs
• similarity scoring - means looking for a parameterized level of similarity, the exact similarity is not
necessary; example approach presented in [13]
• logic programming - patterns and analyzed system
are being described as facts and rules, the prolog
based interpret provides the recognition; example
approach presneted in [15]
• machine learning - the tool is permanently learning
from its previous results and expert’s feedback to
improve its results; example approach presneted in
[5]

3.2

Our approach

The previous research earned success in several different
approaches of the recognition process but till nowadays
there was introduced just little effort in dynamic analysis
approach. Therefore we decided to provide improvement
in this field of analysis. We have estimated goals for our
approach that we find as necessary for good dynamic analysis. These goals are:

• There will be estimated such criterions of dynamic
analysis that would allow its automatic realization
without necessity of any human support (except of
regular usage of the analyzed system during its execution). Therefore the values of this criterions have
to be automatically recordable and they have to provide relevant information for recognition process improvement.
• The recognition process will be driven by the pattern descriptions, there will be no custom code for
any pattern.

3.3

The method

The core of the method is based on the graph comparison.
It means that the catalogue contains pattern descriptions
in a form of graph and also the results of the each part of
analysis phase will by graphs describing the analyzed system. Comparison of these graphs leads to the recognition
of the pattern instances in the analyzed code.

3.3.1

The analysis phase

During the analysis phase we create the graph that contains all required information needed for further instance
recognition. The graph does not contain only the edges
and vertexes, each vertex can be also extended by the set
of properties that will help to describe it more precisely.
During the static analysis we establish the main structure
of the graph. We set these vertexes: Type - for all classes,
interfaces or enumerations of the analyzed system, Operation - for all methods and constructors, Data - for all
attributes, parameters and return values and Event for
all c# events. These vertexes are being connected between themselves by the edges: Parent (connecting the
class with its methods and attributes), Base type (representing inheritance / implementation relation between
Types), Returned type, Parameter (connecting the Operation and Type), Field type (specifying the Type of Data
vertex). For each vertex there is also kept information
whether the element it represents is the static and the
type of its accessibility (Public/Private/Protected).
The purpose of the semi-dynamic analysis is to extent the
graph by the information about method behavior. We
do not examine the exact order of execution steps, while
such order can differ a lot even when providing the same
functionality. In our approach we focus only on important code elements that will give us relevant information
for pattern recognitions, like operation calls ot attribute
modifications. We also keep information whether these
code elements were part of conditioned or looped block.
Such information can be important for successful recognition of many patterns, for example:
• instance creation within the Singleton’s getInstance()
should be conditioned
• in the Proxy pattern the call for RealSublect within
the Proxy’s Request should be conditioned
• in the Composite pattern the Composite’s Operation calls for Components’ Operation should be
looped
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Metric
Count of instances

Count
of
operation
invokes

Count
of
call invokes

Count
of
attribute
changes

Description
Metric specifies the count of instances
of the type. For example the Singleton
should have only one instance, or the count
of Prototype pattern’s ConcretePrototype
should be higher or equal as the count of
Clone operation invokes.
Metrics specifies the overall count of concrete operation invokes.
This metrics
should prove for example that the conditional execution really lowers the invocation count or the looped execution increases it.
Metrics specifies the exact count of operation A calls from operation B. This metrics is important when its values are being compared with the Count of operation
invokes. For example in the Proxy pattern the count of Proxy’s Request invokes
should be higher or equal as the count of
RealSubject’s Request calls from this operation.
Metrics specifies the exact count of attribute’s value changes. For example the
Singleton’s Instance attribute should be
changed only once.

Table 3: Metrics of dynamic analysis

The examination of conditioned or looped blocks accepts
all possible variants of their implementation. We do not
examine their forms of realization or the condition expressions, because it is quite difficult to identify their real
purpose due the many forms of their possible implementations. We will be satisfied with flag, whether the code
element is being executed in the conditioned or looped
block. In this situation we are aware that such decision
can have negative impact on the preciseness of the analysis but the difficulties associated with more detailed examination force us to accept this drawback.
As the final part of the analysis phase stands the dynamic
analysis. Its purpose is to examine the execution of the
analyzed system to provide additional information that
will be useful for pattern recognition. Again, as there
are many possible ways of programming the same functionality, tracking the execution of the program step by
step would lead to information overload with questionable results. During the execution of the system there are
available lots of information, collecting all of them would
lead to the huge amount of data to be evaluated. This
would be very time consuming, as for analysis as well as
for the evaluation. Therefore we decided to filter all information and track only those that are really relevant
for our purpose. For this reason we have defined several
metrics describing the important parts of the methods
behavior. They are closely described in the Table 3.

3.3.2

Analysis evaluation

The result of the analysis phase is the graph describing
the analyzed system. Purpose of the analysis evaluation
is to identify all pattern instances from this graph. We do
so by sub-graph search in the graph. As the sub-graphs
stand the graph based descriptions of the patterns, as
the graph stands the graph of the analyzed system. For
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the search we utilize standard algorithms provided by the
existing software solutions.

3.4

Method realization

The presented method was realized and aimed for the utilization in the .Net environment. For the static analysis
we have employed the reflexion that is standard part of
.Net framework. Semi-dynamic analysis was realized on
the level of intermediate code written in Common Intermediate Language (CIL) that is being generated by the
.Net family compilers. This code is being similar by its
structure to the standard instruction languages. In this
code we have searched the instructions that are modifying the control flow. By their analysis we were able to
identify the operation calls together with the information
whether they are part of conditioned or looped block.
The biggest challenge was the realization of the dynamic
analysis. We have utilized the Profiling API that is purposed for the monitoring of the .Net family software during its execution. With this API we were able to track the
instance creation and operation invocation based metrics.
To track the “Count of attribute change” metric we had
to employ different approach. We have customized the
Just-in-time compiler (which compiles the CIL code to
the native code) to add a logging code after each attribute
modification. This logging code logs attribute modifications so after finishing the execution we are able to count
all attribute changes.
For the analysis evaluation phase we have utilized the tool
GrGen.Net [7] for the sub-graph search in graphs. The
GrGen.Net is an open source research project focused on
sub-graph search domain.

3.5

Method evaluation

To evaluate the method and its realization by the tool
we have preceded several experiments. In the first one
we used as the inputs sample code of pattern instances
for the c# languages. The tool identified all of them correctly. The second experiment was focused on the pattern recognition among the tool that realizes the analysis.
We decided for such experiment because it is non-trivial
software in which we know about all utilized instances.
Therefore we were able to check whether the tool have
found all instances in the system and whether all identified blocks of code really stand for pattern instances.
To evaluate the positive impact of the dynamic analysis, we ran our experiment in two steps: first one without and second one with dynamic analysis. By comparing these values we were able to distinguish whether the
dynamic analysis helped to reduce the number of falsepositive identifications. The experiment results were following: The semi dynamic analyzes recognized all pattern instances together with 2 false recognitions for the
Composite instances. After the repeated execution with
dynamic analysis, the results were correct: all instances
were recognized and all recognitions were standing for
pattern instance. The dynamic analysis successfully eliminated all false recognitions without harming the correct
ones. In this case the elimination meant only two falsepositive recognitions, but this was also caused by successful semi-dynamic analysis that eliminated more falsepositive recognition earlier.
In the third experiment we have tested our tool on the existing open source software. As the “samples” we chose the
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Paint.Net (software for picture modification) and SharpDevelop (CASE tool). To check the positive impact of the
dynamic analysis we again let the tool recognize instance
without and with the dynamic analysis. The results of
examination with dynamic analysis were again the subset of the results without it. So we can say that its
utilization really led to the result elimination. Subsequently we checked the results for they correctness and we
can confirm that results after the dynamic analysis really
stood for pattern instances and code fragments eliminated
by the dynamic analysis were false-positive recognitions.
However we were not able to check whether the tool had
recognized all instances because they occurrence was not
documented, so we were not able to get the full list of
their presence that could be compared with the results of
the tool.
The experiments successfully prove the positive impact of
the dynamic analysis on elimination of the false-positive
recognitions and consequently on the preciseness of the
entire recognition process. We can say that all three goals
that we set for our approach were successfully met.

4.

Conclusions

In the previous sections we have described approaches introducing the improvements for processes among design
pattern. The first one was dealing with the pattern instantiation driven by the suggestions of the developer.
Utilization of this approach has positive impact in several
aspects. Developers do not need to perform similar activities when instantiating the pattern. They need to focus
only on the instance specialization, the rest is provided
by the tool. The approach also respects the variability of
the patterns; it allows the developers to specify the way of
realization of the selected variants. The tool subsequently
identifies the most proper solution for such requirements
and customizes the final pattern instance according it.
What is more, even the list of all possible variants informs
the developer about the all possibilities and so helps him
to employ the best of the pattern’s solution.
The second approach was dealing with the pattern recognition process where it introduced the improvement by
reducing the false positive recognitions ratio. The approach incorporates the dynamic run-time analysis which
helped to eliminate the false recognitions significantly. Its
positive impact is noticeable mostly for bigger systems
with higher probability of occurrence of the code fragments that results such false recognition. The improvement against the existing approach stands in its universality: it introduced the universal metrics so it can be
driven strictly according the pattern descriptions and its
execution can be automated.
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