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Abstract. Software metrics are employed in software development and mainte-

nance to assess different quality attributes, support processes of software de-

sign, testing, and reengineering. We overview software metrics used with re-

gard to design patterns, especially these dealing with object-oriented program 

features. Metrics of this kind have also supported certain approaches to refac-

toring to design patterns. However, code refactoring to design patterns requires 

selection of suitable code parts and taking decisions about pattern application. 

In order to make this process partially or fully automated, specialized relevance 

metrics have been proposed. They were designed as a structure-based assess-

ment of an adequacy of code to be transformed into a given design pattern. Rel-

evance metrics for refactoring to selected design patterns (Replace Type Code 

with Class, Replace State-Altering Conditions with State) are presented in the 

paper. The metrics were tested in a prototype tool for automated refactoring of 

Java programs to design patterns, giving satisfactory results.  

Keywords: Design patterns, Code refactoring, Software metrics, Object-

oriented metrics. 

1 Introduction 

Design patterns tend to encode good design practices and experience of developers. In 

this paper we focus on “classical” design patterns (DP in short) applied in object-

oriented software [1]. DP propose solutions to common design problems. An idea is 

described by a structural design, in which individual components, i.e. classes, objects, 

relations, operations, are associated with specific roles to be taken in a pattern. 

Software metrics have a wide-ranging application in software development and 

evaluation [2,3,4,5]. They can be used for assessment of impact of design patterns on 

code quality, as well as in code transformation to design patterns [6]. 

While design patterns, like other architectural solutions, could be simpler applied 

in a newly developed software than in a reengineered one, the latter case is common 
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in practice. A need for usage of DP may emerge due to maintenance of a long living 

software and extension of its functionality. Therefore, DP are introduced into extend-

ed code or, in particular, a part of code is refactored to a selected design pattern [7]. 

Refactoring is a kind of a reengineering transformation dealing with systematic 

changes in object-oriented models or programs [8]. It is aimed at enhancement of 

software maintainability, while external behavior of a program remains unaffected. 

Refactoring can be applied during a new software development, as it is promoted in 

the TDD process. It can also be used during further evaluation of a program, includ-

ing reengineering of legacy systems [9]. Refactoring is often inspired by software 

quality monitored by a developer, evaluated by software metrics, and suggested by 

specialized code analyzers [10,11,12].  

Recommendation of standard refactoring [8] is primarily based on recognition of 

code smells, i.e. catalogued code shortcomings. General software metrics can also be 

used in software evaluation that supports introduction of DP into existing code. How-

ever, general metrics cannot accurately assess capability of a code to be refactored 

into a specified design pattern [13]. Therefore we have recommended design of rele-

vance metrics that support developers in DP determination and code transformation. 

In this paper, we have surveyed different software metrics used in code evaluation 

of applications with design patterns. Moreover, in order to automate code refactoring 

to design patterns, support for decisions on pattern introduction has been proposed. 

The approach is based on metrics that assess relevance of a code extract to given de-

sign patterns. Detailed metrics for selected design patterns have been presented. The 

solution was implemented in a prototype tool for refactoring Java programs to design 

patterns and tested in case studies [14].  

Next section gives an overview of metrics used in evaluation of code with design 

patterns. A metric-based approach to code refactoring to design patterns as well as 

detailed metrics of selected design patterns are presented in Section 3. We conclude 

the paper in Section 4. 

2 General Software Metrics and Related Work 

Different software metrics can be employed in various phases of software lifecycle 

[2-5,9,15]. Program analysis is often based on sets of metrics dealing with object-

oriented program features, such as MOOD [3], Chidamber&Kemerer [4], or QMOOD 

[5]. Therefore, these sets are also applied in context of design pattern utilization. The 

same metrics could have been components of different models, or metrics of the same 

names were associated with a different meaning. Therefore, primary software metrics 

applied in solutions concerning design patterns are summarized in Table 1. 

Different metrics are used in assessment of impact of design pattern on selected 

quality attributes [16-19], e.g., software maintability, flexibility to change introduc-

tion, performance, fault susceptibility, etc. One of quality models of object-oriented 

software is QMOOD [5]. Different object-oriented features are associated to quantita-

tive measures, such as SIZE, NOC, DIT, DAM, CBO, CAM, MOA, MFA, NOP, 

RFC, WMPC (Table 1). QMOOD has been applied in research aimed at quality im-
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provement of projects that use DP [17]. Directions of changes of object-oriented de-

sign for selected DP were determined, e.g., Observer lowers project coupling, Strate-

gy tends to increase polymorphic features, whereas Iterator rises encapsulation. 

Table 1. Software metrics used to assess quality of software with design patterns. 

 Metric Meaning (variant) 

DIT Depth of Inheritance Tree Depth of Inheritance Tree 

NOC Number of Children Number of direct descendants of a base class 

NOC* Number of classes Number of all classes in a system/module 

AC Attribute Complexity Sum of complexity of class attributes. (Any attribute type 

has a specific complexity.)  

COF Coupling Factor  Counts  numbers of classes that a class is directly related 

to. 

CF Coupling Factor A fraction, where the numerator represents the number of 

non-inheritance couplings and the denominator is the 

maximum possible number of couplings in a system 

MPC Message-Passing Couple Call number of methods in a class  

CBO  Coupling Between Object 

Classes 

Number of classes coupled with a class (method calls, 

attribute accesses, method arguments, inheritance, method 
arguments, exceptions)  

CAM Cohesion Among Method of 

a class 

Ratio of a sum of different types in parameters of a 

method to a product of types in parameters of all methods 
of the class he method number   

DAM Data Access Metric A ratio of a number of private and protected attributes to a 

number of all attributes of a class 

MOA Message of Aggregation Number of attributes that are instances of classes defined 

in a program. 

MFA Measure of Functional 
Abstraction 

A ratio of a number of inherited methods to a number of 
all methods of a class. 

NOP Number of Polymorphic 

Methods 

Number of polymorphic methods 

RFC Response For a Class A number of local methods and methods called by local 

methods of a class. 

LCOM Lack of cohesion of methods Cohesion of class is calculated for a method pair in 
dependence on an access to common attributes  

DAC Data Abstraction Coupling A number of class attributes that have a type equal to 

another class.  

WMPC Weighted Method per Class A sum of local methods of a class that are weighted by 

their complexity, which can be e.q. number of method 
parameters, cyclomatic complexity of a method body, etc. 

LOC1/ 

SIZE 

Lines of Code Number of lines in a source code file  

LOC1 Lines of code without 

comments 

Number of lines in a source file except white characters, 

comments, and annotations. 

SIZE1 Number of statements Number of statements calculated as a number characters 

„;” that end a statement. 

SIZE2 Number of properties Number of fields and local methods of a class 
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NF Number of files Number of files used by a program 

NM Number of methods Number of methods in a system/module 

DS Declarative Statements Number of statements in a source code (static measure) 

ES Executable Statements Number of executed statements (dynamic measure) 

QMOOD metrics have also been used for assessment of quality parameters, ad-

dressing an issue “to which extend DP help in maintaining of non-functional require-

ments”. For example, Strategy supports a functional requirement of a kind “An object 

represents an algorithm that solves a specific problem”, and a non-functional re-

quirement “Easy substitution of one algorithm with another”. 

In [19], benefits of DP usage have been assessed with a set of metrics: LOC, 

NOC*, AC, WMPC, WMPC*, CF, LCOM (Table 1.). It showed, that in general, 

usage of DP resulted in more comprehensible and easier maintainable code, although 

its size calculated in LOC and number of classes was higher.  

General metrics are used in evaluation of software with and without design patterns 

in order to assess its quality. This approach is applied both in development of new 

software with design patterns, as well as in software refactoring to design patterns.  

In some automated search-based approaches [20-23], common software metrics are 

used to asses a software quality, and serve as a base for a fitness function to decide 

about a refactoring to be performed. 

In [23] software metrics were calculated on pairs of programs with and without a 

design pattern. An impact of a particular metric to a program quality was determined 

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.  

An advantage of general metrics is an easy way to calculate and taking into ac-

count different program features. However, it is questionable weather changes in gen-

eral metrics can sufficiently determine application of selected DP, and reengineering 

of an existing code into a selected pattern. Therefore, refactoring based on code anal-

ysis directed to specified design patterns have been promoted [10-12,24]. Though, 

they still lack on an automated recommendations to code-to-pattern suitability. 

3 Refactoring towards Design Patterns 

In order to automate introducing DP into existing code a refactoring process has been 

proposed [14]. It is based on relevance metrics that support recommendation of pat-

terns. The process consists of three main phases: 

1. code analysis and calculation of relevance metrics,  

2. determination of a refactoring range,  

3.  proper refactoring - i.e. realization of an adequate code transformation.  

A process of an automated transformation of an existing code to design patterns 

faces challenges not only of introducing DP but also of deciding about their applica-

bility and a range of modifications to be completed. In order to support decisions we 
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need to express a code suitability in a quantitative way. It can support developer deci-

sions and establish a base of an automated refactoring.  

Detailed processes with their relevance metrics have been specified for the follow-

ing 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). The metrics were imple-

mented in a prototype tool that supports refactoring to design patterns [14]. The tool 

extends the Eclipse environment and transforms Java programs. 

3.1 Relevance Metrics to Support Recommendation of Patterns 

There are various factors that influence decisions in code refactoring and selection of 

elements to be transformed into corresponding DP structures. Therefore, they should 

be taken into account in relevance metrics. An impact of selected factors can be ex-

press quantitatively in different ways.  

If many factors contribute partially to a metric, we can assess their participation 

with a set of coefficients λi which sum should evaluate to 100%. A result value is 

calculated as a sum of components weighed by corresponding coefficients.  

In another situation, many similar factors can influence an overall result only up to 

a certain number of the factors. Existence of more factors of the same type is im-

portant in code transformation but do not change a decision about a pattern selection. 

For this reason, a truncation operation can be applied. It assures that the calculation 

result does not exceed a certain limit, e.g. 100%.  

 trunc(x, limit) = {
𝑥               𝑖𝑓 𝑥 ≤ 𝑙𝑖𝑚𝑖𝑡
𝑙𝑖𝑚𝑖𝑡         𝑖𝑓 𝑥 > 𝑙𝑖𝑚𝑖𝑡 

 (1) 

A given value x usually originates from a sum of different factors. The truncation 

function seems to be suitable in metrics in which dependence of some factors is not 

linear and tends to saturation. 

Different kinds of factors and their coefficients can be defined by standard values 

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

Preconditions of refactoring and appropriate metrics for selected design patterns 

are presented in the following subsections. Relevance metrics of two refactoring 

transformations (RTCC , RSACS) are discussed. The following notation is used: 

X -  a class currently considered as a main class of a refactoring, 

fX - a field in the class X that meets precondition of a refactoring, 

S(fX) - a set of static values that can be assigned to the field fX, 

Card(S(fX)) – number of elements in S(fX) 

k – a refactoring parameter, e.g., k = 3. 

3.2 Relevance Metric for “Replace Type Code with Class” (RTCC) 

During this refactoring, the Type pattern is introduced. It is useful when a variable 

takes selected static values. After refactoring, the variable is represented by an object 
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of a separate class. All values that the variable can hold are defined in this class. In-

stances of the class are responsible for representing the values. 

We can use the Type pattern in order to gather in one place all values characteristic 

for a given field (variable). Therefore, they are better manageable and a set of such 

values can be easily maintained. While modifying a value we only need to change a 

field value in a class, without looking for all occurrences of the value in code. Moreo-

ver, the refactored code appears also to be easier comprehensible. This refactoring is 

often performed as a preparation before other transformations, e.g. Replace State-

Altering Conditions with State (RSACS). 

Precondition. There exists a field fX such as: 

(a) fX can take at least k static values from a set S(fX), 

(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 the class X.  

In a class, there can be more than one field that satisfies the precondition, although 

it is a quite unusual situation. 

Metric. A relevance metric is calculated for each field fX that meets the precondition 

of the refactoring. Two main factors influence a possible decision about this refactor-

ing. The first one takes into account a number of different values that could be as-

signed to fX. The more such values the more reasonable is introduction of the refactor-

ing. The second factor correlates the metric with the number of values with which 

field fX is compared. Therefore, the metric for refactoring Replace Type Code with 

Class (RTCC) is calculated as a sum of two components (eq. 2). Each component 

reflects a value of one factor multiplied by its weight coefficient. The whole sum of 

components is truncated using a limit of 100%. 

 RTCC_Metric(𝑓𝑋) = 𝑡𝑟𝑢𝑛𝑐((𝛳(𝑓𝑋) ∗ 𝜌 + 𝛤(𝑓𝑋) ∗ 𝛾), 100%) (2) 

Where: 

𝛳(fX) is the number of values that could be assigned to fX, 𝛳(fX) ≤ Card(S(fX)), 

𝜌  is a weight coefficient of the first factor, 

Γ(fX) is the number of values that could be compared with fX, Γ(fX) ≤ Card(S(fX)), 

𝛾  is a weight coefficient of the second factor. 

According to this formula, if a certain value is both assigned and compared it is 

counted to the RTCC metric as a sum of coefficients  (𝜌 + 𝛾).  

Metric example. In case studies the weight coefficients were selected to take values 

equal to 9% and 6%, for 𝜌 and 𝛾 accordingly. The approximation of the weight coef-

ficients was based on tuning of several preliminary examples. The coefficient values 

could be interpreted as in the following calculation. RTCC refactoring is suggested to 

be 100% worthwhile if more than six values are assigned and compared (i.e. 7 * (9+6) 
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= 105 > 100), or eight values are assigned and five compared (i.e. 8 *9+5*6 = 102 > 

100), etc.  

Let us consider a SystemPermission class that includes a field permission of string 

type. The field meets the precondition of the refactoring. It can take six different static 

values: REQUESTED, UNIX_REQUESTED, CLAIMED, UNIX_CLAIMED, 

DENIED, GRANTED. It is also compared to the first four values. Therefore the 

RTCC_Metric of the field is equal to (6 * 9% + 4 * 6%) = 78%. There are no more 

such fields in the class. The relevance metric calculated for the permission field is 

high enough that the RTCC refactoring could be recommended to a developer. The 

refactoring would also be performed in case of an automated decision. 

3.3 Relevance Metric for “Replace State Altering Conditionals with 

State” (RSACS) 

In this refactoring the State pattern will be introduced. It represents different states of 

class objects, while transitions between states depend on a current state of a class 

under concern. Functionalities characteristic to particular states are encapsulated in 

dedicated subclasses. The pattern leads to improvement of state management, alt-

hough increases the number of classes. 

Precondition. The first part of the precondition corresponds to those of RTCC. The 

remaining constraints are as follows: 

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 (in short PS(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 pre-

condition, 

(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. 

Metric. A relevance metric is calculated for each field fX that is accepted after the 

precondition evaluation. It is equal to a weighted sum of two components that esti-

mate an occurrence factor and a profitability factor (eq. 3). The weight coefficients 

specify impact of both components, and their sum evaluates to 1. 

 RSACS_Metric(f𝑋) = (𝛹(𝑓𝑋) ∗ λ1 + 𝛺(𝑓𝑋) ∗ λ2),     where  λ1 + λ2 = 1 (3) 

The first component of the metric takes into account all possible values from the 

set S(fX) (eq. 4). An appropriate component is raised by 𝛼/n, if the field fX is checked 

for a value in at least one P-type statement due to fX. Assignment of the field to the 

value in a P-type statement of such kind or in a constructor causes increase of the 

component by 𝛼/n. The component can reach a maximum value of 100%. 
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 𝛹(𝑓𝑋) = (∑ (𝑐𝑜𝑚𝑝(𝑓𝑋, 𝑠) ∗
𝛼

𝑛
+ assign(𝑓𝑋, 𝑠) ∗

β

n𝑠∈𝑆(𝑓𝑋) )) (4) 

Where n = Card(S(fX)) 

𝛼 + 𝛽 = 100% 

 comp(𝑓𝑋, 𝑠) = {
1  𝑖𝑓 𝑓𝑋is compared to s in 𝑃𝑆(𝑓𝑋) ∈  𝑚𝑋,𝑚𝑋 ∈ 𝑀𝑋(𝑓𝑋)

0                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                         
 (5) 

assign(𝑓𝑋, 𝑠) =

{
1  𝑖𝑓 𝑓𝑋is assigned to s in a 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑜𝑟𝑋 or in  𝑃𝑆(𝑓𝑋) ∈  𝑚𝑋, 𝑚𝑋 ∈ 𝑀𝑋(𝑓𝑋)

0                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                  
 (6) 

The second component of the RSACS metric estimates profitability of the refactor-

ing (eq. 7). Five conditions (c1 to c5) are checked for each method that includes P-type 

statements due to the considered field fX. If a condition is satisfied in a method, a cer-

tain value is added to the second component. The value is equal to 100% divided by 

the number of methods multiplied by 5. Therefore, a final value of the component 

ranges from 0 to 100%. The conditions of a method are devoted mostly to detailed 

situations when a static value of S is assigned to field fX..  

𝛺(𝑓𝑋) = (∑ ∑ ci(𝑓𝑋, 𝑚𝑋)𝑖=1..5𝑚𝑋∈𝑀𝑋(𝑓𝑋) ∗
100%

𝑞∗5
) (7) 

Where q = Card(MX(fX)) 

𝑐1(𝑓𝑋, 𝑚𝑋) = {
1  𝑖𝑓 (𝑓𝑋is assigned to 𝑠 ∈ 𝑆(𝑓𝑋) in 𝑃𝑆(𝑓𝑋) ∈  𝑚𝑋 )

 0                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                  
 (8) 

𝑐2(𝑓𝑋, 𝑚𝑋) =

{
 
 

 
 

1
  𝑖𝑓 (⋀

((𝑓𝑋 is assigned to 𝑠 ∈ 𝑆(𝑓𝑋) in ℎ) 𝑜𝑟 

(𝑎𝑙𝑙 𝑃𝑆(𝑓𝑋) 𝑛𝑒𝑠𝑡𝑒𝑑  𝑖𝑛 ℎ ℎ𝑎𝑣𝑒 𝑓𝑋 assigned to 𝑠 ∈ 𝑆(𝑓𝑋) )

𝑜𝑟 ( ℎ are called from 𝑃𝑆(𝑓𝑋) 𝑖𝑛 which 𝑓𝑋 is assigned to 

𝑠 ∈ 𝑆(𝑓𝑋) )))

ℎ=𝑃𝑆(𝑓𝑋)∈ 𝑚𝑋,

0          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                                                    
 (9) 

𝑐3(𝑓𝑋, 𝑚𝑋) =

{
1  𝑖𝑓 (⋀ 𝑓𝑋 is assigned to only one 𝑠 ∈ 𝑆(𝑓𝑋) 𝑖𝑛 𝑎𝑛𝑦 𝑐𝑙𝑜𝑠𝑢𝑟𝑒 𝑜𝑓 ℎℎ=𝑃𝑆(𝑓𝑋)∈ 𝑚𝑋  

)

0                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                      
 (10) 

𝑐4(𝑓𝑋, 𝑚𝑋) = {
1  𝑖𝑓 (∃ℎ,𝑔=𝑃𝑆(𝑓𝑋)∈ 𝑚𝑋  

conditions of ℎ and 𝑔 contradicts)

0                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                               
 (11) 

𝑐5(𝑓𝑋, 𝑚𝑋) = {
1  𝑖𝑓 ((⋂ 𝑐𝑜𝑑𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑃𝑆(𝑓𝑋) ∈  𝑚𝑋) ≥ µ ∗ 𝑐𝑜𝑑𝑒 𝑜𝑓𝑚𝑋)

0                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                           
    (12) 
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Metric example. In case studies, the following values of parameters of the RSACS 

metric were assumed: λ1 =0.25, λ2 = 0.75, 𝛼 = 30%, 𝛽 = 70%, µ = 0.75. They were 
selected after a series of experimental refactorings. 

As an example, we are going to calculate the metric for the SystemPermission class 

that has a field permission satisfying the precondition. It can take six values from its 

set S (n=6). Methods of the class and their P-type statements due to the permission 

field have been examined. Hence, we can find comparison of the field with four dif-

ferent values of S, and assignment to 6 different values. In result, the first component 

is equal to: 

4 * 30% / 6  + 6 * 70%  / 6  =  89.6% 

In calculation of the second component, i.e. profitability, three methods are consid-

ered (q=3). In method claimed() two conditions are fulfilled (c1 and c2), in method 

denied() also two conditions are satisfied (c1 and c5), and in method granted() three 

conditions (c1, c2, and c5). Therefore, the second component is equal to: 

(2 + 2 + 3) * 100% / (3 * 5) = 46.7% 

Using the weight coefficients the overall RSACS metric is calculated as: 

0.25 * 89.6% + 0.75 * 46.7% = 57.4%.  

This is a borderline result, but still can be treated as a positive recommendation. 

4 Conclusions 

The main contribution of the paper is a novel metric-based approach to automated 

refactoring to design patterns. Structural code analysis is driven by the specialized 

metrics that assess correspondence of code to selected design patterns and its suitabil-

ity to an automated code transformation. The approach can be used as a recommenda-

tion presented to a user or can provide a partially or fully automated refactoring. Pre-

liminary experiments with the prototype on refactoring of Java programs to design 

patterns have confirmed the approach profitability. However, metric calculation de-

pends on different coefficients that should be carefully adjusted.  

As future research, appropriate relevance metrics for other code to DP refactoring 

could be designed and implemented. Evaluation of relevance metrics needs also fur-

ther verification and calibration experiments. Moreover, the tool-supported refactor-

ing process could be extended with additional recommendations and verifications 

based on general software metrics aimed at software quality assessment. 
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