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Abstract - This paper presents a new complexity metric for
Object-Oriented (OO) design that helps the researchers,
practitioners, and designers to measure the system
complexity of a software system. Theoretical validation
of new complexity metric has been done using Weyuker's
properties. This paper also presents a better correlation of the
new proposal comparatively with some existing complexity
metrics to show better prediction of Complexity (Reusability,
Understandability, Design Complex). A statistical analysis
of two open source system (JFreeChart, JEdit) has been
evaluated.
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1. INTRODUCTION
The development of a large software system is a time and
resource-consuming activity. Even with the increasing
automation of software development activities, resources
are still scarce. Therefore, we need to be able to provide
accurate information and guidelines to managers to help
them make decisions, plan and schedule activities, and
allocate resources for the different software activities
that take place during software development. Software
metrics are, thus, necessary to identify where the resources
are needed; they are a crucial source of information for
decision making (Harrison, 1994). For measuring the
complexity of large systems is one example of a resource
and time consuming activities. Software complexity is
defined as the degree to which a system or component has
a design or implementation that is difficult to understand
and verify (IEEE Std, 1998) i.e. complexity of a code is
directly depend on the understandability. All the factors
that makes program difficult to understand are responsible
for complexity. Software complexity is an estimate of
the amount of effort needed to develop, understand or
maintain the code. It follows that more complex the code
is the higher the development effort and development
time needed to develop or maintain this code. Software
quality is the degree to which software possesses a desired
combination of quality attributes (IEEE Std, 1998). The
purpose of software metrics is to make assessments
throughout the software life cycle as to whether the

software quality requirements are being met. The use of
software metrics reduces subjectivity in the assessment
and control of software quality by providing a quantitative
basis for making decisions about software quality.
Design Complexity, understandability, and Reusability
depends on the classes, methods of a class, super class
etc (Jagdish, 2002, Munson et al, 1992). More classes or
methods indicates complex design, more effort required
to understand the design and less use of modules in next
version. The metric WMC (Chidamber et al, 1994) and
CC (Class Complexity) (Balasubramanian, 1996) have
been used for comparative study with CM. The use of
WMC and CC metrics are more acceptable in literature,
and industry. So comparing CM with CC and WMC is
more acceptable and useful. Weyuker (Weyuker, 1998)
proposed nine important properties for validating metrics.
Most of the metric in the literature have been validated
using Weyuker's property. CM metric is also validated
using Weyuker's nine properties for acceptning the metric
in literature and research purpose.
Various OO complexity and quality metrics have been
proposed and their reviews are available in the literature.
(Rajnish et al, 2006a, 2007a, 2007b) has studied the effect
of class complexity (measured in terms of lines of codes,
distinct variables names and function) on development time
of various C++ classes. (Kulkarni et al, 2010) presents a
case study of applying design measures to assess software
quality. (DapengLiu et al, 2007) proposed new quality
metrics that measure the method calling relationships
between classes and they also conducted experiments on
five open source systems to evaluate the effectiveness of
the new measurement. Victor (Victor, 1996) presents the
results of study in which they empirically investigated the
suite of OO design metrics introduced in (Chidamber et al,
1994) and their goal is to assess these metrics as predictors
of fault-prone classes and determine whether they can be
used as early quality indicators. (Yacoub, 1999) defined
two metrics for object coupling (Import Object Coupling
and Export Object Coupling) and operational complexity
based on state charts as dynamic complexity metrics. The
metrics are applied to a case study and measurements are

36

Mal et al: Measuring System Complexity using New Complexity Metric

used to compare static and dynamic metrics. (Jagdish,
2002) described an improved hierarchical model for
the assessment of high-level design quality attributes in
OO design. This paper shows how quality factors are
affected by the various metrics. In their model, structural
and behavioral design properties of classes, objects, and
their relationships are evaluated using a suite of OO
design metrics. Their model relates design properties
such as encapsulation, modularity, coupling and cohesion
to high-level quality attributes such as reusability,
flexibility, and complexity using empirical and anecdotal
information. (Mayo et al, 1990) explained the automated
software quality measures: Interface and Dynamic
metrics. Interface metrics measure the complexity of
communicating modules, whereas Dynamic metrics
measure the software quality as it is executed. (Sastry et
al, 2011) presents that metrics have been used to analyze
various features of software component. (Munson et al,
1990) describes the application of a Relative Complexity
Metric for Software Project Management. Complexity of
methods involved is a predictor of how much time, effort,
cost is required to develop and maintain the class. If a
large number of methods can be invoked in response to a
message, the testing and debugging of the class becomes

more complicated since it requires a greater level of
understanding on the part of the tester.
The rest of the paper is organized as follows: Section 2
deals with the Weyuker’s Properties and limitation of these
properties and brief description of existing OO complexity
metrics for comparative study with other metrics. Section
3 presents proposed complexity metric and its analytical
evaluation against Weyuker’s Property. Section 4 presents
methodology of work and results. Section 5 presents
conclusion and future scope respectively.
2. WEYUKER PROPERTIES AND EXISTING METRICS
2.1 Weyuker’s Property
The basic nine properties proposed by Weyuker (Weyuker,
1998) are listed below. The notations used are as follows:
P, Q, and R denote combination of classes ∑ses P and
Q, µ denotes the chosen metrics, µ (P) denotes the value
of the metric for class P, and P≡Q (P is equivalent to Q)
means that two class designs, P and Q, provide the same
functionality.

TABLE 1: WEYUKER PROPERTY
No Name
1
Noncoarseness
2

Granularity

3
4

Non-Uniqueness
Design Details Matter

5
6

Monotonicity
Non-equivalence of interaction

7
8
9

Interaction among statements
No change on renaming
Interaction increases complexity

Description
( ƎP )( ƎQ ) (µ(P) ≠ µ(Q))
Let c be a non-negative number. Then there are finitely many programs of
complexity c
There are distinct programs P and Q such that µ(P) = µ(Q)
( ƎP )( ƎQ ) (P ≡ Q) and µ(P) ≠ µ(Q)
For all classes P and Q such that µ(P) ≤ µ(P+Q) and µ(Q) ≤ µ(P+Q)
( ƎP )( ƎQ )( ƎR ) such that µ(P) = µ(Q) does not imply that µ(P + R) = µ(Q
+ R)
Not consider for Object-Oriented metrics.
If P is a remaining of Q then µ(P) = µ(Q)
(ƎP )( ƎQ ) (µ(P) + µ(Q) < µ(P+Q)

Analytical evaluation is required so as to mathematically
validate the correctness of a measure as an acceptable
metric. For example, Properties 1, 2, and 3 namely NonCoarseness, Granularity, and Non-Uniqueness are general
properties to be satisfied by any metric. By evaluating the
metric against any property one can analyze the nature of
the metric. For example, property 9 of Weyuker will not
normally be satisfied by any metric for which high values
are an indicator of bad design measured at the class level.
In case it does, this would imply that it is a case of bad
composition, and the classes, if combined, need to be
restructured. Having analytically evaluated a metric, one
can proceed to validate it against data.

2.2 Weighted Method Per Class (WMC) Metric Of Chidamber And Kemerer
Definition. Consider a class C1 with methods M1, M2,
M3…Mnthat are defined in the class. Let c1, c2, c3…cn
be the complexity of the methods.
Then,
WMC (Weighted Method per Class) =

n

∑c
i =1

i
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If all method complexities are considered to be unity, then
WMC = n, the number of methods.
Theoretical Basis. WMC metric relates directly to
complexity of an individual as defined by Bunge as the
“numerosity of its composition” (Bunge, 1997). Thus
it can be said that the complexity of an object is the
cardinality of its set of properties. In OO terminology,
the properties of an object include the attributes and its
methods. As mentioned in (Chidamber et al, 1994), WMC
relates directly to Bunge’s definition of complexity of a
thing, since methods are properties of object classes and
complexity is determined by the cardinality of its set of
properties. The number of methods is therefore, a measure
of class definition as well as being an attribute of the class
since attributes correspond to properties. They further
mention that the number of attributes has not been included
in the definition of the metric since it was assumed that
methods are more time consuming to design than instance
variables.
2.3 Class Complexity (CC) Metric of Balasubramanian
In Balasubramanian’s CC (Class Complexity) metric
(Balasubramanian, 1996), Class Complexity is calculated
as the sum the number of instance variables in a class
and the sum of the weighted static complexity of a local
method in the class. To measure the static complexity
Balasubramanian uses McCabe’s Cyclomatic Complexity
(McCabe, 1976) where the weighted result is the number
of nodes subtracted from the sum of the number of edges
in a program flow graph and the number of connected
components.
CC=
3.

PROPOSED METRICS AND ITS ANALYTICAL
EVALUATION AGAINST WEYUKER’S PROPERTY

From literature survey , one can say complexity of a class
depends on method, instance variable, no of class related
with the class etc. Based on this the Complexity Metric
(CM)has been proposed for measuring complexity of a
software system and is defined as follows:
CM= NOM + INST + EXT + NSUP + TCC + NSUB
Where,
NOM = Number of methods in a class.
INST = Number of instance variables in a class.
EXT = Number of external variable in a class.
NSUP = Number of super class of a class.
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TCC = Total Cyclomatic Complexity of a Class
NSUB = Number of subclass of a class.
Complexity metric CM is based upon the following
intuitive ideas:
•

Number of methods, number of instance variables,
number of external variables, number of super class,
number of subclass, and total Cyclomatic Complexity in a class is important for the creation of the class
in an Object-Oriented Design (OOD) because the
complexity of the information hiding gives an indication of the amount of time needed to design, and
implement the class.

•

CM directly relates to the time needed to design and
implement a class. Higher the value of CM, the more
the mental exercise is required to design and code the
class and vice versa with low CM.

•

Larger the number of methods in a class the greater
the potential impact on the subclass, since subclass
will inherit methods and variables defined in the superclass.

3.1 Theoretical Evaluation of CM against Weyuker’s Property
From assumption 1, the number of methods, number of
instance variables, number of external variables in class
P and another class Q are independent and identically
distributed, this implies that there is a nonzero probability
that there exist Q such that CM (P) ≠ CM (Q), therefore
Property 1 (Non-coarseness) is satisfied. Similarly, there is
a nonzero probability that there exist R such that CM (P)
= CM (R). Therefore Property, Non-uniqueness (notion of
equivalence) is satisfied. There is finite number of cases
in the system having the same CM values for classes.
Since CM is measured at the class level so Property 2,
Granularity is satisfied. The choice of number of methods,
number of instance variables, number of external variables,
number of super classes, and number of subclasses is a
design decision and independent of the functionality of
the class, therefore property 4 design details matter is
satisfied. From assumptions 1, 2, and 3 and let CM (P) =
XP and CM (Q) =XQ, then CM (P+Q) = XP + XQ –y, where
y is the number of common methods, number of common
instance variables, number of common external variables,
cyclomatic complexity of the common method, same
number of subclasses at any level between P and Q, so the
maximum value of y is min (XP, XQ). Therefore CM (P+Q)
≥ XP + XQ–min (XP, XQ). It follows that CM (P+Q) ≥ CM
(P) and CM (P+Q) ≥CM (Q), thereby satisfying property
5(monotonicity).Now, let CM (P) = x, CM (Q) = x and
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there exist a class R such that it has a number of common
methods, number of common instance variables, number
of common external variables, Cyclomatic Complexity of
the common method, same number of subclasses at any
level α in common with Q (as per assumption 1, 2 and 3)
and μ methods, variables, external variables, Cyclomatic
Complexity, same number of subclasses at any level in
common with P, whereα ≠ μ. Let CM (R) = r;

4. METHODOLOGY AND RESULTS
4.1 Data Collection and flow of proposed quality model
We have collected two open source software system
(JFreeChart, JEdit) for validating and analyzing proposed
complexity metric [22] [23]. JHawk automated tool has
been used to find out NOM, INST, EXT, NSUP, TCC,
NSUB.

CM (P+R) = x + r – μ

4.2 Algorithm

CM (Q+R) = x + r – α,

Proposed work of finding Quality of a software system has
been given in the following steps:
Step 1 : Propose Quality Metric.
Step 2 : Identify Quality factors to be effected.
Step 3 : Collect data of open source software system.
Step 4 : LOOP: every class of every version of JFreeChart
and JEdit
		 Generate metric value of CM, CC, WMC using
JHawk automated tool
		 End LOOP
Step 5 : LOOP: every version of JFreeChart and JEdit
		 Find Average Quartile (Average of 25%, 50%,
75%), Mean, and Median.
End LOOP
Step 6 : LOOP: every Software System
		 a) Find the R2, Spearman Correlation, of CM,
CC, WMC with no of classes for three cases
(Average Quartile, Mean, Median).
		 b) Plot graph and Analysis of statistical data
			 End LOOP

Therefore CM (P+R) ≠CM (Q+R) and property 6 (nonequivalence of interaction) is satisfied. Property 7 requires
that permutation of program statements can change the
metric value. This metric is meaningful in traditional
program design where the ordering of if-then-else blocks
could alter the program logic and hence the metric. In OOD
(Object-Oriented Design) a class is an abstraction of a real
world problem and the ordering of the statements within
the class will have no effect in eventual execution. Hence,
it has been suggested that property 7 is not appropriate
for OOD metrics. Property 8is satisfied because when the
name of the measured entity changes, the metric should
remain unchanged. For any two classes P and Q,
XP + XQ –y< XP + XQ i.e. CM (P+Q) < CM (P) + CM
(Q) for any P and Q. Therefore, property 9 (Interaction
increases complexity) is not satisfied.

FIGURE 1: DATA FLOW DIAGRAM OF PROPOSED WORK

4.3 Empirical Data
The R2 (Co-efficient), spearman correlation, summary
statistics, and graph for two systems (JFreeChart, JEdit)

are shown in Table 2, Table 3, Table 4, Table 5 and Table 6,
Table 7 and Figure 2, Figure 3, Figure 4, Figure 5, Figure
6, Figure 7.
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TABLE 2: R2 VALUES FOR COMPLEXITY MEASURE OF JFREECHART
Average
Quartile
Mean
Median

CM

CC

WMC

0.897

0.814

0.915

0.913
0.903

0.626
0.709

0.774
0.473

TABLE 3: R2 VALUES FOR COMPLEXITY MEASURE OF JEDIT
Average
Quartile
Mean
Median

CM
0.812

CC
0.625

WMC
0.585

0.883
0.750

0.915
0.750

0.879
0.107

TABLE 4: SPEARMAN CORRELATION VALUES FOR
COMPLEXITY MEASURE OF JFREECHART
CM
Average
Quartile
Mean
Median

0.947

CC
0.902

WMC
0.903

0.958
0.95

0.807
0.847

0.884
0.688

TABLE 5: SPEARMAN CORRELATION VALUES FOR
COMPLEXITY MEASURE OF JEDIT
CM
Average
Quartile
Mean
Median

0.901

CC
0.791

WMC
0.362

0.945
0.866

0.956
0.866

0.943
0.354

TABLE 6: CM METRIC VALUES OF JEDIT
Version

No of Classes

4.3.0 pre4

957

4.3.0 pre7

1054

0

4.3.0 pre11

1120

4.3.0 pre 14

1159

4.5.1
4.5.2
5.0.0

No of Classes
Remove

No of Classes Complexity Metric(CM)
added
Average Quartile
Mean

Median

19.66667

38.97811

15

97

19.66667

39.19548

15

0

66

19.75

39.23463

15

0

39

19.66667

39.33679

15

1237

0

78

20.33333

40.55496

16

1239

0

2

20.66667

40.96581

16

1280

0

41

20.66667

41.74791

16

Total Classes
added finally
323

0

323

1

2.7698

1

TABLE 6: CM METRIC VALUES OF JEDIT
Version

No of Classes

No of Classes
Remove

No of Classes Complexity Metric(CM)
added
Average Quartile
Mean

Median

1.0.0

774

37.33333

52.46572

35

1.0.0 pre1

668

106

0

34.66667

51.41339

33

1.0.0 pre2

711

0

43

36.66667

52.40141

34

1.0.0 rc1

759

0

48

36.66667

52.06069

35

1.0.0 rc2

775

0

16

37.33333

52.28811

35

1.0.0 rc3

777

0

2

37.33333

52.20232

35

1.0.1

776

1

0

37.33333

52.53032

35

1.0.2

832

0

56

37.33333

52.52106

35

1.0.3

914

0

82

38.33333

53.2895

36

1.0.4

946

0

32

38.66667

53.464

36

1.0.5

961

0

15

38.667

53.669

36

1.0.6

976

0

15

38.66667

53.98667

36

1.0.7

987

0

11

39.33333

54.41663

37
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1.0.8

989

0

2

39.33333

54.71053

37

1.0.8 a

992

0

3

39.33333

54.6004

37

1.0.9

992

0

0

40

54.84763

37

1.0.10

1009

0

17

40.66667

55.36329

38

1.0.11

1029

0

20

40.91667

55.80019

38

1.0.12

1033

0

4

41

56.33915

38

1.0.13

1064

0

31

41.66667

56.74976

38

1.0.14

1081

0

17

41.66667

57.35556

38

Total Classes
added finally
307

107

414

3.3334

1.333

3

FIGURE 2: BAR CHART OF AVERAGE QUARTILE VALUES OF CM, CC, AND WMC METRICS OF JFREECHART

FIGURE 3: BAR CHART OF MEAN VALUES OF CM, CC, AND WMC METRICS OF JFREECHART

FIGURE 4: BAR CHART OF MEDIAN VALUES OF CM, CC, AND WMC METRICS OF JFREECHART
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FIGURE 5: BAR CHART OF AVERAGE QUARTILE VALUES OF CM, CC, AND WMC METRICS OF JEDIT

FIGURE 6: BAR CHART OF MEAN VALUES OF CM, CC, AND WMC METRICS OF JEDIT

FIGURE 7: BAR CHART OF MEDIAN VALUES OF CM, CC, AND WMC METRICS OF JEDIT

4.4 Discussion
The coefficient of determination R2 of metrics value
with no of classes added or removed, provides a measure
of how much of the variation of complexity by various
versions. Table 2 and Table 3 display the values of R2
obtained for each of the complexity measures on all
versions of JFreeChart and JEdit. In each case, CM gives
the largest value of R2, which indicates that it is the better
linear complexity measure of a system as compare to other

complexity metrics (CC, WMC). Though R2 indicates
that CM is a good complexity measure of a system, the
Spearman rank correlation coefficients between the
rankings determined by versions of JFreeChart, JEdit
have been computed in Table 4 and Table 5 and these
results also provides a strong indication that CM is better
predictors of Complexity of a system than the alternatives.
This study shows that if number of class increases then
CM also increases and there is a possibility of increasing
design complexity. So it is hard to understand the design
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also. Increasing of CM denotes CM factors like NOM,
INST, EXT, TCC, NSUB have increased and the class is
less reused.

if a class is divided into more classes. In other words
complexity can increase when classes are divided into
more classes.

From table 7 it is observed that out of 21 version 17
version added new class. Average Quartile value of
CM has increased in 11 versions which indicates 65 %
versions added new classes and also increases complexity
value. Remaining 35% of the versions added very few
classes and introducing new classes does not affect the
complexity value. Finally in 21 version total classes added
is 307. Complexity increases 3.334(Average Quartile),
1.333(Mean), 0.999(Median). On an average one can say
adding every 15 classes, complexity increase 0.15(Average
Quartile), 0.07(Mean) and 0.05(Median). It is also
observed that removing 106 classes from 1.0.0, Average
quartile complexity decrease 2.67 (80%), mean decreases
1.052(79%) and median decrease (67%) the maximum
decrease of complexity as well as maximum removing of
classes. Maximum complexity increases in version 1.0.0
pre2 which has been made from version 1.0.0pre1, which
has minimum classes and also made from a version with
maximum removing of classes. Beside version 1.0.0 pre1,
maximum class added in version 1.0.2 is 82 and Average
quartile complexity increases 1(30%), mean increases
0.77(58%), median increases 1(33.33) the maximum
increasing classes as well as introducing maximum new
classes.

In addition to the proposal and analytical evaluation, this
paper has also presented empirical data on CM along with
CC, WMC from two open source systems. Both systems
are developed in Java. From Table 2 and Table 3 it is found
that the values of R2 obtained for each of the Complexity
measures of all versions of the JFreeChart and JEdit and in
case CM gives the largest value of R2 which indicates that
CM is the best linear Complexity Measure of a system.
From Table 4 and Table 5 it is seen from results, which
provide a strong indication that CM is better prediction of
complexity of a system than the alternatives.

From table 6, it is observed that out of 7 versions all versions
added new class. Average Quartile value of complexity
metric has decreased in version 4.3.0 pre 14, although
classes have been increased. One can say that version
4.3.0 pre 14 is the maturity level. Finally in 7 version total
classes added are 323. Complexity increases 1(Average
Quartile), 2.7698(Mean), 1(Median). On an average one
can say that adding every 46 class, complexity increase
0.14(Average Quartile), 0.396(Mean) and 0.14(Median).
5. CONCLUSION AND FUTURE SCOPE
In this paper, an attempt has been made to define new
Complexity Metric (CM) to measure the Complexity of
a software system at system level. On evaluating CM
against a set of standard criteria CM is found to possess a
number of desirable properties and suggest some ways in
which the OO approach may differ in terms of desirable
or necessary design features from more traditional
approaches. Generally CM satisfy the majority of the
properties presented by Weyuker (Weyuker, 1998) with
one strong exception, property 9 (Interaction Increases
Complexity). Failing to meet property 9 implies that a
Complexity Metric could increase rather than reduce

In This study, the CM is used for predicting the possibility
of reuse a class in a large system, how much easy to
understand and how much complex the design. Through
CM one can chose to measure reusability, understandability
and complex design as simply the number of classes that
were added, modified or deleted in order to release its next
version. The more classes required denotes the lower more
design complex and harder to understand. More CM of a
class denotes less reuse of the class.
The future scope includes some fundamental issues:1.

To analyze the nature of proposed metric with performance indicators such as design, maintenance effort, and system performance.

2.

Another interesting study would be together different Complexity Metrics at various intermediate
stages of the project. This would provide insight into
how application complexity evolves and how it can
be managed/control through the use of metrics.\
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