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Abstract—There are many object-oriented software quality
I t teck One of them is CK metric. This paper
utilizes CK metrics to measure qualities per version of an open
source software namely Statcato. Measurements are done in each
class, each version of the software. The measurement is used to
analyze the quality of the software. This paper concludes that the
quality of software has improved during its lifecycle, although its
features increase.

Keywords—  object-oriented  software metric; chidamber-
kemerer metric; software quality; Software measurement; Software
Size

L. INTRODUCTION

In software engineering, there are at least two concepts of
developing software, which are traditional and object-oriented.
Software development using Object Oriented concept has
become popular. It facilitated the developers to build and
maintain their software products easily since it is reusable,
secure, and efficient as it decreases the size of system and
number of logical construets [1].

The more complex the software is developed, the harder it
becomes to measure the quality. Software metrics are required
to measure the quality of the developed software and also to
estimate the cost and effort of software projects [2].
Radjenovic, et. al. concluded that object-oriented metrics 49%
were used, compared to traditional source code metrics in 27%
or process metrics in 24% [3]. There are many existing object-
oriented software metrics [4]. One of measurement metrics
was developed by Chidamber and Kemerer [5], which is often
called as CK metrics suite [0]. This is called as metric because
it 1s an indicator of system performance [7].

CK metrics suite were most widely referred and used by
researchers [1], [3]. It was used in half of the 106 studies that
Radjenovié, et. al. did [3]. CK metrics has been recognized by
numerous studies in which said that these metrics were
effective at measuring the concepts they represent [6]. [7]. [8].
[9] and as the backbone for object-oriented design metric [10].

Today, open source software becomes popular and
important in many applications, such as scientific and
business. Many companies use this software in their own
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work. Open source software was developed with different
management style than the industrial, the quality and
reliability of the code have to investigated [11].

One of open source software is Statcato, an open source
and Java-based application which is naturally an Object-
Oriented Software. It requires Java Runtime Environment
(JRE) 1.6 or higher. Once any machine has Java installed.
whether the computer runs Windows, Mac, Linux, or UNIX, it
can be run [12]. The aim of this study is to evaluate Statcato to
investigate the quality of this software during its lifecycle. The
calculated metric values for various releases are used as a
basis to evaluate the software quality of Statcato. We use
Spinellis’s tool namely CKJM to calculate CK metrics [13]. It
1s a great tool for this purpose.

II.  RELATED WORKS

Gupta, et. al. in [7] reviewed some of metrics for
measuring Object Oriented software and gave conclusion that
software metrics always was always needed to the
performance of the system. Malhotra & Khanna in [14],
studied the relationship between Object Oriented metrics and
the vulnerability of open source software classes based on
Java. Fereira, et. al. in [4] provided a threshold definition for a
set of object-oriented software metrics. They argued that the
use of metrics for software quality measurement was less
effective because many studies did not specifically investigate
the threshold for object-oriented software metrics. This
threshold can be applied to other metric software. Benlarbi, et.
al. in [15] provided a threshold on the CK metric to make it
easier to interpret the measurements. They had experiment on
object-oriented in C++. Malhotra & Bansal in [9] built
predictive models to identify software parts which have a high
probability of generating errors. They calculated the threshold
values of CK metrics by using a statistical model derived from
logistic regression. Shaik, et. al. in [1] did assessment in
Object Oriented design and found that there were many
metrics to measure software quality. but CK metrics was the
most widely used. Subramanyam & Khisnan in [16] provided
empirical evidence that supported the role of Object-Oriented
complexity metrics in determining software defects,
particularly CK metrics. Yadav, et. al. [17] did analyze CK




metrics and their impact on object-oriented software. Suresh,
et. al. in [6] argued that CK metrics were used to compute the
system reliability, also gave an idea for future study about
applying neural network to predict system reliability using CK
metrics. Shawky & Abd-El-Hafiz in [8] utilized CK metric as
one of their metrics to study some metrics that related to the
quality of the generated code affected by development
methodology, especially in agile approach. Suri and Singhal in
[10] experimentally analyzed the influence of CK metric in
object-oriented classes. Singh in [18] used CK metrics as one
of metrics to measure the quality per version of open-source
software namely JFreeChart. Some study utilized CKJM tool
to calculate the CK metrics of the classes are in [9], [10], [13].

[19]. [20]. [21].

III. CHIDAMBER & KEMERER METRICS

Chidamber and Kemerer (CK) metrics used to measure
object oriented software. It consist of 6 metrics which are
calculated for each class in Object-Oriented software, which

are: WMC, DIT, NOC, CBO, RFC and LCOM.

A WMC (Weighted Method per Class)

The more methods in class, the more specific the class
becomes. It also affects the derived class because it will inherit
all of those methods. Keep WMC value low. It is because
when WMC value is high. the class is harder to reuse and
maintain [6], [7], [11], [18], [20]. WMC value must be less
than 25 although it is still acceptable if it is more than 25 (but
less than 40) [22].

B.  DIT (Depth of Inheritance Tree)

The deeper the class hierarchy, the greater the number of
methods inherited so that the class becomes more complex.
However, it also becomes increasingly potential for inherited
reuse methods. It affects the quality of the software directly as
it increases reusability and the complexity at the same time
[6]. [7]. [11]. [18], [20]. The value 0 of DIT shows "root". If
the DIT value is 2 or 3, it indicates higher usage. The DIT
value of less than 2 can be said to be less good, in terms of
advantage using object-oriented design and inheritance. On
the other hand, a DIT value that is greater than 3 will provide
high complexity, but it is expected from object-oriented design
[22]. Suri & Singhal, however, in [10] said that all classes
must mherit from existing class, so the DIT value, at least, 1s
1.

C. NOC (Number Of Children)

Increasing children classes means increasing reuse classes,
which means the greater of abstraction of the parent class.
Therefore, more testing is required [6], [7]. [11], [18], [20].
There 15 no "good" or "bad" value for the NOC. The value
becomes important if the class has a high value for other
metrics. The complexity of the class will be passed to all child
classes and the entire system [22].

D.  CBO (Coupling Between Object Classes)

An increase of CBO indicates decreasing of class
reusability, so this values should be kept as low as possible

[6]. [7]. [11]. [18], [20]. CBO values should be less than 5.
High values of CBO indicate that classes are difficult to
understand, reuse or maintain. The higher value of CBO
indicates that classes are more sensitive to change in other
sections of design. Therefore, this makes maintenance more
difficult. Low CBO values make the class easier to
understand, less prone to spawning errors, encourage
encapsulation and increase modularity [22].

E. RFC (Response For a Class)

RFC measures the number of methods that are invoked to
respond messages received by an object. It shows how many
classes communicate with other classes. The greater the
number of classes giving the method, the greater the
complexity of the class [6], [7]. [11], [18], [20]. RFC value
should be less than 50. If the RFC is high, the complexity
increases and class becomes elusive [22].

F. LCOM (Lack of Cohession in Method)

Cohesion is the extent to which methods are
interconnected with one another. High LCOM values imply
that classes are better divided into two or more separate
classes, so it will keep LCOM value low [6], [7]. [11]. [18].
[20].

IV. ANALYSIS METRICS

CKIM tools are used to collect data from all classes in
Statcato software and we calculate the mean of it as show in
Table 1. By calculating the mean of data, we intend to show
the movement of software development from version to
version.,

TABLEL MEAN VALUES OF METRICS FOR VARIOUS RELEASES OF
STATCATO

versorMetric) wimc | pir | noc | ceo | Rec |Lcom
0.91 3.884] 0.974] 0.018] 2.681] 15.03] 70.37

0.92 4309] 0932] 0932] 2832 1835 5934

0.93 4.341] 0.945] 0.029] 2.835] 18.75| 65.38

0.94 4.228] 0.933] 0.022] 2.825] 18.8] 52.09

0.95 4.379] 0.952| 0.032| 2.833] 1821 70.97

0.96 4.388] 095 003 283 182 70.61

0.97 4.395| 0.948] 003| 2.838] 18.29] 70.65

0.98 4.37] 0.945| 0.028] 2.822] 18.1] 71.74

0.99 4.381] 0.944] 0.028] 2.825| 18.16] 71.89
0.910 4.38] 0.943] 0.03] 2.821] 18.11] 72.54
0.911 4.357] 0.941 003 2.83] 18.13] 742
0.912 4.368] 0.931] 0.026] 2.817 18.58] 67.2

1.0 4.368] 0.931] 0.026] 2.817] 18.58] 67.21

1.01 4.368] 0.931] 0.026] 2.817] 18.59] 67.21

1.02 4.39] 0.935] 0.026] 2.851] 18.72] 67.59

A WMC (Weighted Method per Class)

Fig. 1 shows that WMC is starting stable on version 0.95
upwards. In a negative view, the software does not have
significant development. Positively, the software is close to
stable for further development. In [23], it does seem that not
many new features are developed.




B.  DIT (Depth of Inheritance Tree)

In the data that has been collected in Table 1, mean values
of DIT are close to 1. in fact if mode and median are
calculated and rounded then value of both of them is 1.
Therefore, it can be concluded that DIT in this case is 1 and
satisfies [10]. Fig. 2 shows the changes intemnal software for
DIT. It appears that the trend is decreasing which indicates the
class is less complex. Less complex class means easier to
maintenance but less reusable.

WMC

Fig. 1. Graphic of WMC

oIt

F T T SRR
Version
Fig. 2. Graphic of DIT
NOC

Value

51 D92 0.93 0.94 0.95 096 0.97 098 0.99 090091092 10 LO1 102

Version

Fig. 3. Graphic of NOC

C. NOC (Number Of Children)

Fig. 3 shows that NOC is starting stable on version 0.93
upwards. Referring to WMC metric above, in negative view,
the software does not have significant development, or in

positive view, the software is close to stable for further
development.

D. CBO (Coupling Between Object Classes)

Fig. 4 shows that CBO is starting stable on version 0.95
upwards. The highest value of CBO is less than 4. It satisfies
[22], so classes easy to understand and easy to maintain.
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E. RFC (Response For a Class)

Fig. 5 shows that CBO is starting stable on version 0.94
upwards. Referring to WMC and NOC metric above, in
negative view, the software have not significant development,




but positively, the software is close to stable for further
development.

F. LCOM (Lack of Cohession in Method)

Fig. 6 shows that LCOM value is decreased since version
0.912. It means that developers care about the cohession for a
better development.

V. CONCLUSION

We can say that the quality of the latest version of Statcato
is better than the predecessor, although the feature is
increasing. It can be summarized that in positive view, the
value of WMC, NOC, and RFC metrics is stable, which is a
good condition. While DIT and CBO metrics show ease to
maintain and LCOM metric indicates developer concerns.
Therefore, it can be concluded that Statcato has good quality
and has a good development to continue improving during its
lifecycle, although its feature 1s increasing. For future works,
we recommend to calculate the threshold per metric to better
clarify the assessment of the metrics.
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