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Abstract. Design patterns can be introduced into an existing code by a code re-

structuring. It is counted to one of goals of code refactoring. This paper presents 

a process that automates this kind of refactoring. The approach is based on a 

structural code analysis aimed at design pattern relevance. The process consists 

of three main phases: code analysis, determination of a refactoring range, and 

realization of code restructuring. The latter is a complex code2code transfor-

mation, which comprises a series of code refactoring steps. A decision about a 

range of a design pattern application is taken by a user or can be automated. In 

both cases, it is supported by a software relevance metric. A framework for the 

whole process has been implemented as an extension of Eclipse. Code refactor-

ing to exemplary design patterns can be performed in a prototype tool for Java 

programs.  
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1 Introduction 

Design patterns are often brought into an application during not only initial design or 

coding phases, but also later during program evolution and maintenance [1]. There-

fore, they can be a target of a refactoring process, a technique to improve maintaina-

bility of software by changing its structure without altering its external behavior [2].  

Kerievsky presented many transformation scenarios that combine refactoring with 

the practice of designing with patterns [3]. Different kinds of refactorings: to, towards 

or from, describe transformations that provide an application of a given pattern, a 

code modification in direction to a pattern usage, or eliminate a pattern, accordingly.  

Contemporary development environments (Eclipse, IntelliJ IDEA, NetBeans, Vis-

ual Studio) support realization of a limited set of basic refactorings [2] working on 

code elements (e.g. rename, move, extract), class inheritance hierarchy (e.g. pull up, 

push down), but scarcely approaching towards design patterns (introduce factory). 

They assist also creation of a script of refactorings, but are still insufficient to perform 

complex refactorings targeting design patterns.  



 

 

Realization of complex refactorings, including towards/to many design patterns, is 

more difficult than the basic ones. Some solutions are based on search-based refactor-

ing [4] and also deal with design patterns [5,6,7]. Another resent and the most wide-

ranging approach has been presented by Kim at all [8]. Implementations of refactor-

ings to selected patterns have also been proposed [9,10,11]. 

Recommendation of basic refactoring actions [2] is primarily based on recognition 

of code smells, i.e. catalogued code shortcomings in an object-oriented design. Refac-

toring is often stimulated by software quality observed by a developer, implied by 

measurement of software metrics [12,13,14] and suggested by specialized code ana-

lyzers [15,16,17]. However, even in case of a simple refactoring, it has been observed 

that many developers faced selection problems [18]. 

Usage of design patterns can be associated with removal of some code smells [3], 

but in general, it is often aimed at more complex restructuring of a program and im-

proving its flexibility, scalability, extensibility, testability, etc. Necessity and adequa-

cy of utilization of design patterns might be more arguable than application of simple 

refactorings, e.g. an increase in code size could be observed. In some automated 

search-based approaches [5,6,7], common software metrics are used to asses a soft-

ware quality, and serve as a base for a fitness function to decide about a refactoring to 

be performed. In dependence of different quality measures, we could obtain a code 

with, for example, lower coupling and higher cohesion. However, there seems to be 

no evidence that a design pattern is introduced according to a semantically confirmed 

architectural concept. In the similar context, Tokuda & Batory have noticed “Relating 

two arbitrary classes via inheritance relations can be meaningless” [19]. In another 

approach [8], a focus is on scripting high-level refactorings and not on recommending 

when and which refactoring to apply.  

It should be noted, that what is the most challenging is not a direct code manipula-

tion in order to introduce a desired design pattern, but taking a decision which part of 

the code should be used and correspond to a target design pattern. Moreover, refactor-

ing to design patterns could be performed in large and nontrivial software systems 

written by other developers, especially in legacy systems [20]. 

Therefore, in a refactoring process proposed in this paper, we take into account not 

only a code transformation, but also analysis of structural dependencies and pattern-

related decisions. Those decisions are based on our original software metrics that 

evaluate relevance of a given code extract to a pattern under concern. They are not 

general quality metrics [12,13,14], as typically used in other approaches, although 

such quality metrics could be additionally used in further extensions of the process. 

The solution with selected refactorings has been implemented for Java programs 

working in the Eclipse environment [21].  

The rest of the paper is structured as follows. The next section reviews the related 

work. A process overview is presented in Section 3. Section 4 describes an exemplary 

process based on a selected refactoring. A framework implementing the approach and 

experimental evaluation are briefly discussed in Section 5. Finally, Section 6 con-

cludes the paper.  



 

 

2 Related Work 

Much research has been performed on recommending refactoring operations from the 

basic Fowler set [2], e.g. the mostly used transformations move or extract [15,16,17]. 

Possibility of automated refactoring versus a manual one aimed at an object-

oriented program restructuring has been considered by Tokuda and Batory [19]. They 

suggested benefits of automated transformations, while decisions of refactoring to 

apply were made by a user. The most complete collection of scenarios dealing with 

refactoring towards/to design patterns was gathered by Kerievsky [3]. Refactoring to 

design patterns was also described as a series of minitransformations including their 

pre-, post-conditions and transformation steps [22]. 

Current advances in the domain can be reviewed from two perspectives. State of 

the art on design pattern processing has recently been studied by Mayvan et al. [23]. 

Trends, opportunities, and challenges of the software refactoring have been reviewed 

by Abebe and Yoo [24]. Both reported on some research combining the areas.  

Finding of a best sequence of refactorings to be applied in a software artifact can 

be regarded as an optimization problem that can be solved using search techniques 

[4]. A fitness function of such approaches is usually based on software quality metrics 

[12,13,14], and a transformation process focuses on the improvement of a selected 

quality factor.  

Amoui et al. [5] proposed a search-based evolutionary method, particularly Genetic 

Algorithm, to find a best sequence of valid high level design pattern transformations 

to improve software reusability. Object-oriented software metrics were used for as-

sessing software quality. They suggested that different metrics had been appropriate 

for different applications. However, they did not consider transforming of an existing 

code to design patterns.  

Jensen and Cheng [6] applied genetic programing to automate the use of software 

engineering metrics to generate refactoring strategies that introduce design patterns. 

The QMOOD metric suit [14] helped to determine the optimal set of refactorings. 

Shimomura et al. applied another approach to recommendation of a design pattern 

[7]. Pairs of programs with and without a design pattern were prepared. A set of soft-

ware metrics were calculated for these programs, treating those with design patterns 

as “good” solutions. An impact of a particular metric to a program quality was deter-

mined with a genetic algorithm and expressed as a weight coefficient. Comparison of 

weighted metric outcomes suggested whether a program should be refactored and 

which of design patterns should be applied. However, it was observed that differences 

in metrics between programs were not very big.  

Several solutions have been concentrated on different selected design patterns, and 

therefore, they could be adjusted for code prerequisites to the more extend.  

Refactoring to the Null Object design pattern was thoroughly examined by Gaitani 

et al. [9]. The analysis focused on special cases of null-checking conditionals that 

could be effectively refactored to Null Object. In a broad meaning, it is similar to our 

approach, although it has specialized on a different design pattern and would be not 

easily extensible to others. A logic programming based on use of Prolog-like predi-

cates was applied in refactoring to Abstract Factory [10]. 



 

 

The Strategy design pattern was a target of automated refactoring reported in [11]. 

An algorithm was proposed to identify conditional statements that emulate this design 

pattern. In special cases of conditional statements, a technique for total replacement of 

conditional logic with method calls of appropriate concrete Strategy instances was 

suggested. 

3 Refactoring Process to Design Patterns 

Our aim is to automate a process of introducing design patterns to a code of an exist-

ing program. In order to efficiently use a design pattern a developer should under-

stand a general structure of the pattern, principles of communication between objects 

within the pattern and between its context objects, possible benefits and disadvantages 

following its application. However, all decisions could also be made automatically to 

save up developer time and/or support less experienced programmers.  

A whole process of a design pattern insertion consists of three main phases: 

1. code analysis and calculation of relevance metrics,  

2. determination of a refactoring range,  

3.  realization of a code restructuring - i.e. an adequate code transformation.  

A code is analyzed in order to decide which refactoring for particular classes can 

be applied. Basic information about a class structure is derived from a syntax tree. 

Information to be collected depends on an anticipated design pattern. Different rela-

tions between code elements are identified that are important for a kind and range of 

the presumed refactoring. During the analysis several conditions and coefficients are 

determined according to selected quantitative parameters.  

There are many issues considered in refactorings to design patterns, for example: 

 static values assigned to class fields, which are often used to control an application, 

 complex conditional instructions, which make a code incomprehensible, 

 a class comprising a lot of functionality, which can result in complex methods and 

hiding an actual purpose of the class, 

 a selection of an appropriate class constructor, which is especially important when 

a class has polymorphic fields. 

Based on the collected data, all elements that point out at the refactoring applica-

tion are recognized. Those design patterns are selected that might be introduced at the 

place of considered elements.  

For each considered design pattern, a relevance metric is calculated. The metric 

should reflect the ability of the code to be transformed to a selected pattern. It takes 

positive values in the range from 0 to 100%. It is designed especially for a given de-

sign pattern. Different factors influence decisions in code refactoring, and selection of 

elements to be transformed. We can express an impact of selected factors in a quanti-

tative way. For example, a final value depends on two factors, one in λ1% and another 

in λ2%, where λ1 + λ2 = 100%. Coefficients are determined as standard values before 

the refactoring process, or could be defined by a user, if demanded. 



 

 

In general, while specifying the first phase of the process the following issues 

should be given: (i) preconditions that should be satisfied by selected elements of a 

class under consideration in order to complete the refactoring, (ii) an algorithm how 

to calculate a relevance metric. 

The second phase has the following goals: to take a decision which design pattern 

(if any) will be built into the code, to determine which parts of the pattern will be 

incorporated, and which parts of the code will be transformed. After a design pattern 

is selected the reasoning about its features can be automated or a user can guide fur-

ther decisions.  

During the last phase, the application structure is modified in a way that has been 

decided during the previous phase. Specification of each refactoring comprises recog-

nition of elements that are added, modified, and deleted during introduction of a new 

design pattern. Detailed actions realized in the process of the refactoring should also 

be defined.  

A user can take their own decisions how to carry out the refactoring. It can be used 

when the user is familiar with the code and would like to adjust the range of changes 

to be performed in the code. In another situation the user would like to make a mock 

refactoring. Proposed changes are visible in the code after the refactoring, and then 

the user can take the final decision whether accept them or not. 

Application of a design pattern can also lead, for example, to an unnecessary in-

crease in a program complexity due to a high number of classes with small methods, 

as in the State design pattern. Therefore, it is important to support an “undo” facility 

that in an easy way could restore a code after a “big” refactoring.  

4 Replace State Altering Conditional with State (RSACS) 

Various transformations of code to design pattern described in [3] have been consid-

ered as subjects of the above general process. We have designed the detailed process-

es and proposed relevance metrics for the following refactorings: Replace Type Code 

with Class (RTCC), Replace State-Altering Conditions with State (RSACS), Replace 

Conditional Logic with Strategy (RCLS) and Replace Constructors with Creation 

Methods (RCCM). As an example, we discuss the second one (RSACS), but its reali-

zation could be proceeded by (RTCC). The target State design pattern is illustrated in 

Fig. 1. 

 

Fig. 1. Class diagram of the State design pattern 



 

 

4.1 Code Analysis of the Refactoring 

Let us consider class X pointed at by a user or selected automatically. We specify how 

an analysis is carried out of this class. Preconditions of the refactoring determine 

whether the class can be used as a source class in the transformation.  

Preconditions. The design pattern will be considered for a class X only when the 

following conditions are met by its properties: 

1. There exists a field fX such as: 

(a) fX can take at least k static values from a set S(fX), which may be finals or not, 

(b) values S(fX) are of a standard primitive type (e.g. in Java int, char, string, etc.), 

(c) the field can take only those values, or values of corresponding fields of other 

instances of class X. 

2. There exists a set MX(yX) of methods mX under the following constraints: 

(a)  method mX includes at least one P-type statement due to a field yX. A statement 

is of P-type due to a field yX if it is a conditional instruction (e.g. if-else) and 

has a conditional predicate which is determined by the field yX taking a value 

from S(yX), where yX belongs to fields that satisfy the first precondition, 

(b) set MX(yX) contains at least k methods mX  including P-type statements due to 

the same field yX, where k is a refactoring parameter. 

In case of RSACS, we found the refactoring parameter k = 3 as a reasonable bottom 

boundary. It means that there are at least three different cases corresponding to at least 

three concrete substates in the State pattern (Fig. 1). 

Next, sets of methods MX(yX) of class X are examined. Any such method includes 

one or more P-type statements, which are checked whether are suitable for creating a 

new method anticipated in the State design pattern. Two situations are distinguished 

in accordance to the number of local variables modified in a P-type statement: 

─ One local variable is modified at most. This change can be easily realized by tak-

ing the variable as a parameter and returning its new value at the method end.  

─ More than one local variable is modified. This statement is disregarded. 

Metric calculation. A relevance metric should help in assessing usefulness of trans-

formation of appropriate parts of class X into the State design pattern. The metric can 

be calculated for any class X that has field fX satisfying the first precondition and a set 

of methods MX(fX) fulfilling the second precondition. At this stage it is possible, alt-

hough rarely, to have in class X many fields fX with their sets of methods MX(fX) 

The metric for RSACS is a sum of two weighed components that relate to the im-

pact of a quantitative factor (based on numbers of elements) and a profitability factor 

(suitability of the pattern to a code). In case studies, we assumed the range values 

equal to 25% and 75% for the factors, accordingly. We assess a class X with a metric 

above 50% to be reasonable to consider for refactoring. The metric is also used for 

comparison of different fields in a class, or comparison of different classes. The de-

tailed discussion of the metric is beyond the scope of the paper [25]. 



 

 

4.2 Determination of the Refactoring Range 

A way of taking decisions about a refactoring was an important factor that simplify 

automating of the second phase of the process. In RSACS refactoring this decision is 

based on features of fields located in one class. A code located in other classes has 

some influence but only one class is a basic class used in analysis and reasoning. This 

refactoring depends also strongly on appearing of conditional instructions (if-else) in 

methods and constructors of the basic class X.  

We will denote by Ci concreate subclasses that inherit from the base State class in 

the State design pattern (Fig. 1). The following decisions have to be taken: 

─ If RTCC is combined with RSACS, it has to be selected: which field of X is a given 

fX to drive the refactoring in case many fields satisfy the preconditions (in most 

cases there is only one field); and shall we delete static fields in X that represent 

S(fX) values and are not more used after the refactoring. 

─ Are concrete subclasses Ci created for all possible cases, or only for indispensable 

ones? 

─ Which of class X will be modified? 

─ How the selected methods mX will be modified? A whole method can be moved to 

the State class or appropriate small methods are extracted from mX and moved to 

State. The extracted methods are based on the recognized P-type statements.  

If the process is not driven by a user, above decisions and others are taken automati-

cally. For each method mX its P-type statements are examined. A general goal is to 

find extracts of the method that could be used for creation of new methods in the State 

pattern. A selected statement could have a simple logical predicate to be directly 

transformed. Otherwise; closures could be duplicated in various conditional state-

ments and cover a limited part of the whole method.  

Other decisions concern naming conventions for newly created artifacts, such as Ci 

classes and their methods.  

4.3 Code Transformation 

Realization of RSACS is often preceded by RTCC, which can be automatically includ-

ed in the realization phase. Many code elements are modified or refined during the 

transformation. The base State class is created. It includes a general method that is 

either copied from the class X and has an object of X as an additional argument, or it 

is built from a closure. In the latter case its arguments are determined based on local 

variables used in a method mX.. If local fields of X are used in the closure, an X object 

also belongs to the arguments of the general method. 

New Ci classes are created with their argumentless constructors that assign appro-

priate S(fX) values. Moreover, methods of Ci are created. Particular methods of Ci 

have the code specific to a given subtype. All references to elements from X are con-

verted into a reference to an X object passed as a parameter. If there is a method based 

on a closure in which a local variable is modified and the variable is used in the meth-

od, the method returns a value of the modified variable.  



 

 

In the class X a general method from State is called in the context of a field fX. A 

body of the old method from X will be substituted by the new method call if the whole 

method has been moved to the State class. Otherwise, i.e. the method in State has 

been created from closures, the appropriate closures in methods mX. are substituted by 

a call of the new general method.  

Finally, appropriate import closures are added in files with declarations of State 

and Ci classes. 

5 Framework 

Ideas presented in the previous sections were implemented in a framework that ex-

tends the Eclipse environment [21] and supports the Java language. 

5.1 Design 

In Eclipse above 20 refactoring operations are provided for a Java developer. They 

can be used via the GUI or by calling appropriate methods from the API. The availa-

ble transformations correspond mainly to basic refactorings [2]. 

It was intended to make use of some simple refactorings supported in Eclipse. 

However, a primary requirement of the tool was to keep the whole complex refactor-

ing reversible. A user should have a possibility to resign at any step of the refactoring 

process, and undo the entire refactoring recently having been completed. In order to 

have full control over each refactoring step, refactorings are implemented directly in 

the tool and a whole selected transformation can be reversed.  

While building the tool, several facilities provided by Eclipse were applied [21]. 

An infrastructure for building the own refactoring and integrating with the Eclipse 

environment is the Refactoring Framework. It assisted in viewing code modifications 

before are integrated into the final code, adding an applied refactoring to the refactor-

ing history, creating a user interface, etc. Developed plug-in and simple refactoring 

actions existing in Eclipse have identical kind of interface. 

An application code can be viewed in a form of the Abstract Syntax Tree (AST). 

Each program file is represented by its tree. The hierarchy and links between the 

nodes reflect relations between corresponding code elements, e.g. inclusion a method 

in a class, a class in a class. Working on a tree was employed during the code analysis 

phase and the code manipulation. 

The implemented framework consists of two parts: Complex Refactoring Frame-

work (CRF) and Automated Refactoring to Patterns (APRT). CRF is based on the 

standard Refactoring Framework, but it additionally provides means for analysis and 

decision steps. It also specifies a framework for GUI pages responsible for user inter-

action. APRT realizes final Java code transformations.  

The whole framework can be easily extended with other refactorings following the 

described process and applying appropriate relevance metrics.  



 

 

5.2 Case Studies 

The prototype implements two kinds of refactorings: RTCC and RSACS. They were 

used in case studies on small programs (~250 LOC). Program functionality was tested 

with test suites before and after refactorings. All transformations could also have been 

successfully withdrawn. All process phases were verified in experiments. A manual 

refactoring was compared with an automatic one. We checked whether all metric 

components were correctly calculated, a selected element had the highest metric val-

ue, and all required elements were taken into account in transformations. Moreover, 

the employed transformations matched to non-automatic decisions. The results of 

relevance metrics were compared to user expectations expressed quantitatively. The 

values were similar in case of RTCC, and differ in 2% in case of RSACS. 

The preliminary experiments appear to confirm usability of the approach, although 

many threats to validity have to be considered. More complex, third party developed 

applications, are expected to give less promising results. Moreover, the metric coeffi-

cients that were tuned after examination of a range of programs are still a question of 

concern. However, it should be noted that, as in many metric-driven approaches, the 

direct metric values are not of the most importance. The decisions are mainly based 

on relative metric values of different elements that can be compared and the same 

coefficients are used for those elements during calculations.  

6 Conclusions 

In this paper, we presented a process of refactoring of software code to design pat-

terns that can be automated or driven by a program developer. In opposite to other 

approaches, it focuses on assessment of the code relevance to a selected design pat-

tern. Future plans refer to design and implementation of refactorings to other design 

patterns [3] as well as experimental evaluation with bigger real-world applications. 

Further research would be required on calibration of relevance metric and on other 

metric variants [25]. Combining of the process with evaluation of software quality 

with other metrics could also be beneficial.  
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