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Abstract - Adequate metrics of object-oriented software 
enable to determine the complexity of a system, estimate the 
effort needed for testing, and even locate some parts in the 
design that could be error prone or should be redesigned. 
The measurements and metrics are not widely used in the 
development of software. Contemporary systems are 
complex and adequate measuring tool is necessary in the 
design and in the evolution process. In this paper we present 
how software metrics can be used in assessing software. 
Next, a case study – an evaluation of three versions of a well 
known open source software – jEdit, is presented. To 
measure this application Metrics 1.3.6, an Eclipse plug-in, 
was used. The correlation of metrics values and real quality 
attributes of software is described. On the basis of metrics 
values some conclusions concerning the quality of the design 
of each version and some general trends in the evolution of 
jEdit  project evolution are derived. 

 

I. INTRODUCTION 

Measurement, metrics, and statistical analysis of data 
are the basic tools of science and engineering. When the 
software industry began in the early 1950’s the first 
metric developed for quantifying the output of a software 
project was the metric named „lines of code” or LOC. 
Almost at once some ambiguity occurred, because a „line 
of code” could be defined either: a physical or logical 
one. Enough has been said about the inability of LOC to 
predict the complexity of software, even the traditional 
one. The function point metrics proposed by Albrecht’s 
team and consisting of five key elements: inputs (screens, 
signals, etc.), outputs (screens, reports, checks, etc.), 
inquiries, logical files, interfaces are not of good use for 
object-oriented software as well. Other traditional metric 
the McCabe Cyclomatic Complexity [26] can be used to 
determine the cyclomatic complexity only of the methods 
of a class, not of the whole software. The object-oriented 
literature abounds with descriptions of metrics for 
measuring multitude aspects of object-oriented designs 
and software 

With the aid of metrics and heuristics the whole 
software project or part of it (e.g. classes) can be assessed 
[21, 27]. Design heuristics are rules of thumb that can 
guide designers as they choose between various 
alternatives, they capture the experience of skilled 
designers. A high degree of agreement between different 
authors in the literature might increase confidence in the 
validity of their heuristics. The utility of metrics will be 
questioned until sufficient number of empirical 
validations are performed. The experiments should enable 
to establish a relationship between metrics and real 

quality attributes of a system, such as reliability, 
testability, maintainability, etc. 

Adequate metrics of object-oriented software enable one 
to determine the complexity of a system and estimate the 
effort needed for testing already in the early stage of 
system development. The metrics values enable to locate 
parts of the design that could be error prone. Changes in 
these parts could significantly improve the quality of the 
final product and decrease testing complexity. 

Software metrics research is an important topic, but not 
yet a well-formed or mature one. Each of the major 
software metrics candidates has splintered into a number 
of competing alternatives, often following national 
boundaries. There is no true international standard for any 
of the more widely used software metrics. Furthermore, 
the adherents of each metric variant claim remarkable 
virtues for their choice, and often criticise rival metrics. 
No conclusion has been reached yet about a good set of 
metrics for object-oriented systems. 

Considerably research has been conducted on software 
metrics, some are described in monographs [13, 20, 31] 
others in separate papers e.g. [1, 4, 6, 8, 9, 20, 22, 23]. 
Several authors have shown the usability of object metrics 
in predicting test efforts or finding error prone parts in a 
program [4, 5, 6, 8, 10, 15, 19, 21].  

There are also several works on assessing programs, 
especially Java programs, by object metrics. Some 
authors are assessing small students programs [2, 3], 
others are applying metrics to complex programs [12, 15, 
19]. In [12] the results of measurements of several 
standard java libraries (J2SE, J2EE, J2ME, JWSDP) are 
presented. According to the author’s knowledge, recently 
few works have been done on the assessment of software 
evolution [14].  

The goal of this paper is to present how software 
metrics can be used in assessing software. Metrics for 
object programs are briefly described in section II. Next, 
in section III, a case study i.e. an evaluation of three 
versions of a well known open source software - jEdit 
[32] is presented. To measure this application Metrics 
1.3.6, an Eclipse plug-in, was used. The correlation of 
metrics values and real quality attributes of a system are 
described. On the basis of metrics values conclusions 
concerning the quality of the design of each version and 
some general trends in jEdit project evolution  are 
derived. Some conclusions are given in section IV. 
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II. SOFTWARE METRICS 

In recent years many researchers and practitioners have 
proposed metrics for object oriented software [1, 4, 6, 8, 
9, 20, 22, 23]. Almost all research has been dedicated 
towards associating a complexity number either to a class 
or to the whole system. In sub-section A some “class-
level”, and in sub-section B “system-level” metrics are 
described. Some of the proposed metrics are based on the 
general object-oriented features, so they can be applied to 
any object-oriented software, others are dedicated to only 
one programming language like C++ [22]. The language 
dependent metrics comprise class-level and system-level 
metrics. 

 
A. Class level metrics  

Programmers can use class-level metrics to identify 
error prone classes. The class-level metrics can be also 
used to estimate testing effort, the possibility of code 
reuse, and to improve the quality of the class code as well. 
Some metrics were introduced for measuring different 
aspects of classes. Widely known set of such object-
oriented metrics was introduced by Chidamber and 
Kemerer [9] in 1994 and is presented below – CK 
metrics. CK metrics contain:  

1. WMC - weighted methods per class,  
2. DIT - depth of inheritance tree,  
3. NOC - number of children,  
4. CBO - coupling between objects,  
5. RFC - response for a class,  
6. LCOM - lack of cohesion in methods.  

In their papers [9,10] Chidamber-Kemerer also provide 
an analytical confrontation of their proposed metrics with 
Weyuker’s [30] list of measurement principles. 

The NOC metric is defined as the count of immediate 
subclasses, with greater NOC values the probability of 
improper abstraction of the parent class is greater. This 
metric gives also an idea of the potential influence a class 
has on the design.  

DIT is the length of the maximal path to the root of the 
class hierarchy. It can be observed, that the deeper is a 
class in the hierarchy, the greater is the number of 
inherited methods, so more difficult is the prediction of  
its behaviour, and more time is needed for testing it.  

WMC is the count of methods in a class. The number of 
methods and its complexity can be a predictor of how 
much time and effort is required to develop and maintain 
this class. Classes with large number of methods are 
likely to be more application specific, limiting the 
possibility of reuse. The more methods are defined in a 
class, the greater is its possible impact on children classes. 

The RFC is a measure of the potential communication 
between the class and another classes. If a large number 
of methods can be invoked in response to a message, the 
testing and debugging of this class becomes more 

complicated since it requires a greater level of 
understanding required on the part of the tester.  

The CBO metric is approximately defined as the 
number of couples with other classes (where calling a 
method or using instance variable from another class 
constitutes coupling). The more independent a class is, the 
easier it is to reuse it in another application. To improve 
modularity and promote encapsulation inter class 
coupling should be small. The larger the number of 
couples, the higher is the sensitivity to changes in other 
parts of the design and therefore maintenance is more 
difficult. CBO metric is useful to determine how complex 
the testing of various parts of a design is likely to be. The 
higher the CBO is, the more rigorous the testing needs to 
be. CBO depends on the manner in which methods are 
designed and not on the functionality of the class.  

The LCOM metric is defined as a count of the method 
pairs that do not have common instance variable minus 
the count of method pairs that do. The grater is the 
number of similar methods, the more cohesive is the 
class. If none of the methods of a class display any 
instance behaviour, i.e. do not use any instance variables, 
they have no similarity and the LCOM for the class will 
be zero. Cohesiveness of methods within a class is 
desirable, since it promotes encapsulation. Lack of 
cohesion implies classes should be probably split into two 
or more subclasses. Any measure of disparity of methods 
helps to identify flaws in the design of classes. Low 
cohesion increases complexity, thereby increasing the 
likelihood of errors during the development process 
 
B. System level metric 

The system-level metrics may be used by project 
managers to reduce the complexity of the design at early 
stages and to increase the quality of the design as well. 
Many metrics have been proposed to measure project 
characteristic. Below system-level metrics introduced by 
Brito et al. [8], called MOOD are presented. The metrics 
are evaluated in [16] and contain following metrics: 

• MHF – Method Hiding Factor, 
• AHF – Attribute Hiding Factor, 
• MIF - Method Inheritance Factor, 
• AIF – Attribute Inheritance Factor, 
• CF – Coupling Factor, 
• PF – Polymorphism Factor. 

Other widely known set of system level metrics was 
proposed by Martin [23]. Martin proposed following 
metrics: 
• Ca – Afferent couplings – the number of classes 

outside this category that depend upon classes within 
this category. 

• Ce – Efferent  couplings – the number of classes 
inside this category that depend upon classes outside 
this categories. 
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• I – Instability: (Ce / (Ce+Ca)), range [0,1], I=0 
indicates a maximally stable category while  I=1 
maximally instable one. 

• A – Abstractness: number of abstract classes in 
category / total number of classes in this category. 
A=0 means concrete and 1 completely abstract class 
category. 

• Main sequence: |1| −+= IADn represents categories 

whose abstractness is balanced with stability.  
Martin’s metrics measure the quality of object design in 
terms of interdependence between subsystems. Designs 
which are highly interdependent tend to be hard to 
maintain and difficult to reuse. Interdependence is 
necessary if subsystems collaborate so some forms of 
dependency are desirable. 
To estimate and compare software projects “size” metrics 
are also used e.g.: 

• TLOC - total lines of not commented code,  
• NOCL – number of classes,  
• NOI- number of interfaces,  
• NOP- number of packages,  
• NOA - number of all attributes,  
• NSA – number of static attributes,  
• NOM – number of methods,  
• NORM - number of overridden methods,  
• NPAR – number of parameters in methods,  

• NBD – nested block depth in a method.   
 
C. Metrics measuring tools 

There are many programs calculating object metrics, 
some of them are stand alone e.g.: jMetrics [17], Essential 
metrics [11], Understand 2.0 [29], others are Eclipse plug-
in e.g: XRay [33], Eclipse Metrics Plugin [24], Borland 
Together 2008 [7], Metrics 1.3.6 [25].  

We decided to use Metrics 1.3.6 [25] for the assessment 
of evolution of several complex, open source, 
applications. Metrics 1.3.6 is an Eclipse plug-in 
calculating many metrics. In Fig. 1 the screen with 
metrics for jEdit [32] is shown. The time to calculate 
metrics depends on the number of files in a project and is 
acceptable even for complex applications such as jEdit or 
Vuze [34]. We discovered some inconveniencies in the 
calculation of CK metrics DIT and NOC. In the 
calculation of DIT metric, the inheritance of classes in 
standard Java libraries is also considered. Calculating 
NOC (number of children) Metrics 1.3.6 counts all 
instances.    

Below, some results obtained for three versions of jEdit 
program are presented. Measurements of several versions 
of programs Junit and Vuze[34] can be found in [28]. 
 

 

Fig.1. Screen of Metrics 1.3.6 calculating metrics for jEdit 
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III.  jEdit EVALUATION ON THE BASIS OF 

METRCIS VALUES 

Three versions of jEdit program i.e. 3.2, 4,0 and 4.3.1 
were measured with Metrics1.3.6 plug-in. At the 
beginning there were problems in compilation of the first 
two versions, more than 1000 warnings and more than 
sixty errors were issued. Some warnings were probably 
caused by inappropriate Java environment. The 
compilation errors were caused by a variable named 
enum. The name enum is a keyword in Java used for 
enumeration type. In version 4.3.1 this variable was 
renamed as e. Second reason of compilation errors was 
caused by references to class SplashScreen. This 
class is present in standard Java package java.awt and 
in internal jEdit package org.gjt.sp.jedit.gui. 
Both packages were imported into jEdit application. 
When the references to class SplashScreen were 
preceded with package name, the compilation ended 
successfully and metrics values were calculated.  

Some metrics values are given in table I, II and III. The 
values of metrics in table I show, that the size of 

examined versions significantly increases. From version 
4.0 to 4.3.1 the number of classes and code lines 
increased by 60%, whereas from version 3.2 to 4.0 only 
about 15%. Calculating metrics values with the Metrics 
plug-in does not take into account libraries. Similar 
regularity can also be seen in the number of packages 
(NOP). From version 3.2 to 4.0 the increase in NOP is 
more than 70%, whereas from version 3.2 to 4.0 only 
about 11%. The version numbers suggest, that the 
changes from version 3.2 to 4.0 should be greater.  

In all three jEdit versions the same metrics: NPAR, 
NBD and Mc Cabe cyclomatic complexity (MCCC), table 
III, are beyond acceptable limits. If NBD (nested block 
depth) is high, it is difficult to understand the code and 
modify it. The accepted value for NBD is 5 and it was 
exceeded in 16 methods in the oldest jEdit version 3.2, in 
21 methods in version 4.0 and in 39 methods in the 
newest version. The maximal value of NBD in jEdit is 15, 
16. It is almost impossible to understand and modify code 
with so many nested blocks (if instructions). 

 

 

TABLE I  

 SIZE METRICS OF THREE VERSIONS OF jEdit PROGRAM  

jEdit TLOC NOCL NOP NOA NSA NOM NORM NSM 

3.2 53735 430 17 1265 432 2869 266 439 

4.0 61918 504 19 1506 525 3348 321 510 

4.3.1 103237 853 33 2558 787 5523 435 986 

 
TABLE II 

CK METRICS OF jEdit PROGRAM 

jEdi

t 

NO

C av. 

NO

C max 

LCO

M av. 

LCO

M  max. 

WM

C av. 

WMC 

max 

DIT 

av. 

DIT 

max 

3.2 0.29

5 

35 0.227 1.33 30.15

1 

3398 2.507 8 

4.0 0.29

6 

35 0.229 1.33 29.26

6 

3434 2.458 8 

4.3.1 0.27

4 

38 0.222 1.25 24.05

4 

2031 2.317 8 

 

TABLE III 

 OTHER METRICS OF JEDIT PROGRAMS 

jEdit Ca Ce A I NBD 

av. 

NBD 

max 

MCCC 

av. 

MCCC 

max 

3.2 17.

412 

8.529 0.077 0.525 1.627 15 3.919 251 

4.0 20 9.316 0.073 0.53 1.631 15 3.823 255 

4.3.1 21.

303 

9.576 0.124 0.621 1.602 16 3.148 255 
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Fig. 2. The percentage of methods exceeding limit of MCCC  

The values of Mc Cabe cyclomatic complexity (MCCC) 
also exceeds acceptable limits, for method jjMoveNfa_0 
from class ParserTokenMana even 25 times. This 
method contains 540 lines of code and no comments at all. 
Many instructions contain bits operations in hexadecimal 
code. This method should be divided into several smaller 
methods with some comments included.  

Another example of a method with high values of MCCC is 
method ForStatement in class Parser. In first two jEdit 
versions the value of MCCC was 80, in the newest version 
increased to 98. This is caused by case instructions in three 
switch constructs. However the value of MCCC is high, 
the code of this method can be easily understood. The 
percentage of methods having values of MCCC above the 
limits (shown in Fig.2) is not high, and decreases in 
consecutive versions. This phenomenon shows, that some 
improvements in the methods code were introduced. 

The average value of DIT (table II) metrics is low. 
Calculating this metric Metrics1.3.6 program counts also 
standard Java class inheritance. The maximal value 8 are in 
classes inheriting from class 
org.gjt.sp.jedt.gui.EnhancedMenu, which is 
the child of javax.swing.JMenu (standard java class).  

The value of Martin metrics A (abstractness) is also low. 
Only in the latest versions of jEdit there are some packages 
with A greater than 0.25 and only one with A equal to 0.5. It 
means that abstract classes, suitable for roots in the 
inheritance hierarchy, are not available. An example is class 
SimpleNode from package bsh. The value of NOC for this 
class is 35 and even 37 in version 4.3.1 while the value of 
DIT is only 1 meaning that this class inherits, as all Java 
classes, from standard Object class. In package containing 
this class, there are more than 70 classes and there are even 
90 classes in version 4.3.1. The value of LCOM for this class 
shows,  that this class should be redesigned. This class 
provides 18 methods and only 6 of them are used in child 
classes so these classes inherit functionality which is useless 
for them.  

Values of A metric is low, below 0.2, in all jEdit measured 
versions. Only in one package, in the latest version 4.3.1, A 
has value 0.75. Many packages are highly instable. In version 
3.2 four packages have maximal instability (I) and one has I 
equal to 0.9. In the latest jEdit version maximal instability is 
in nine packages and 63% of packages have instability 
greater than 0.5. These values are indicators of poor design 
with poor internal structure.  

 
Fig. 3. The percentage of packages with values of Dn metrics in given range 

In Fig. 3 the percentage of packages with Dn values in three 
ranges are presented. The value of Dn improves in recent 
jEdit versions. In Fig. 4 the main sequence (Dn ), balanced 
abstractness with stability, is presented in graphical form. 
Taking into consideration the values of A and I it can be 
noticed that packages that are close to main sequence are 
heading to point (1,0) in Fig.4. It means that the majority of 
packages is instable and there is small number of abstract 
packages. 

In Fig. 5 the comparison of the length of code in methods in 
jEdit and Vuze [34] with the same, and maximal values of 
NBD is presented. It can be noticed that in Vuze the methods 
with high values of NBD are much longer. 

 
Fig. 4. Main sequence (Dn) metric source [23] 

 
Fig.5. Length of code of methods in jEdit and Vuze with the same and 

maximal values of NBD  
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IV. CONCLUSIONS 

In this paper we presented a metric based analysis of three 
versions of an open source software – program jEdit, an 
editor for programmers. Using different metrics we were able 
to locate many flaws in the design. Many packages, classes 
and methods in jEdit should be redesigned. Analyzing the 
metrics values for three jEdit versions we didn’t observe 
significant improvement  in the design. 

Availability of a suitable and adequate measuring tool at the 
early stage of a program development enables early 
prediction of the system complexity, thus reducing the cost of 
making necessary changes. Metrics calculation should also 
accompany the evolution of a project, for the same reasons as 
in the design. Software architects may optimize their design 
for better quality and easier maintenance. Open source 
systems are widely used and often they are developed 
differently than industrial ones. The code of new version 
should be measured by object metrics to observe the changes 
in the design. The correlation of metrics and real quality 
attributes of a system, such as reliability, testability, 
maintainability was studied by several authors but still new 
experiments and research should be conducted.  
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