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ABSTRACT

Metrics extent assured properties of a software system by representing them to numbers (or to other symbols)
rendering to well-defined, objective measurement rules. Examining aspect-oriented systems in order to
estimate their quality advances its significance as the paradigm remains to increase in popularity. Subsequently,

numerous aspect-oriented metrics have been proposed to estimate different aspects of these systems. Aspect

Cognitive Complexity Metric are the newly arisen area of complexity metric. This paper describes AOP-
CCMAT (Aspect Oriented Programming - Cognitive Complexity Metric Analysis Tool) that is meant for

automatically calculate the Cognitive Complexity metrics. Evaluating the AO metrics based on cognitive

complexity is supportive for expecting the maintainability of the software. The measurement of Cognitive

Complexity is also necessary to calculate the software quality.
Keywords: Aspect Cognitive Complexity Metric Analysis Tool, Cognitive Complexity, Software metrics,

Software quality.

I. INTRODUCTION
Aspect-oriented  paradigm has developed a
protruding software development technology these
days. The quality of AO software is measured by
means of numerous AO metrics proposed by various
researchers in the past. The existing metrics do not
reveal the real complexity of AO systems, because,
they did not reflect the cognitive complexity in
computing such metrics. Hence, it leads to the
development of cognitive complexity metrics in AO
system. Many researchers have proposed various
cognitive complexity metrics in AO system. In order
to use these metrics, a new tool has to be proposed
for data collection, data analysis, and metrics
validation [4]. Unfortunately, there is a lack of such
tools. Thus, effort must be devoted to development
such tool [6]. Manual implementation of software
metrics data collection development is a time

consuming and laborious task for software engineers.
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Hence, to overcome the above problem, a new tool is
developed, namely, Aspect Cognitive Complexity
Metrics Analysis Tool (AOP-CCMAT). The AOP-
CCMAT is used to measure the cognitive complexity

of AO software.

II. EXISTING TOOLS

Growth of software initiates from data collection,
data analysis, design and implementation. Quality of
software can be measured using metrics. These
metrics can be calculated through various metric
tools. This section provides a set of AO metric tools
that are already available. In a cloud environment,
scheduling of resources and security of data are the
vital disputes. Researchers challenge to resolve these
issues by designing efficient algorithms. However,
they are supposed to satisfy the cloud software

metrics.
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A. Java NCSC

It is a simple command line utility that processes two
the
programming language [Met, 03]. Metrics are:
e LOC (Lines Of Code)

e NOC (Number Of Classes)

The metrics are composed globally for each class and

standard source code metrics for Java

function. JavaNCSC can optionally present its output

with a little graphical user interface.

B. CCMAT - Cognitive Complexity Metrics Analysis
Tool

CCMAT is a mindless computational tool to regulate
the quality of software. Firstly, the tool parses the
given project file to accumulate the metric data.
Secondly, the composed metrics data are deposited in
the general repository. Thirdly, the object oriented
and cognitive complexity metrics are calculated in a
builtin framework. Finally, user interface is used to

view the results graphically.

II1. PROPOSED TOOL

Aspect Oriented Programming - Cognitive
Complexity Metric Analysis Tool (AOP-CCMAT)

A. Broad Architecture

The broad architecture of the proposed tool involves
of three important components, namely java parser,
built-in framework and user interface as shown in
Figurel. The three components are briefly explained

in the following sub sections.

B. Java Parser

In software engineering, several metrics are used to
estimate the quality of software. Data collection is a
significant aspect to determine any software metrics.
The parse engine is used to mine the information and
it aids to calculate the metrics of the given aspect
oriented system. In the proposed system, a new parse
engine namely, Java parser is developed. The Java
parser is used to assemble the metrics data for any

Java project file.
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Figure 1. General Architecture of AOP-CCMAT

C. Built-in Framework

The built-in framework is used to estimate the
aspect-oriented  metrics, existing cognitive
complexity metrics and the proposed cognitive
complexity metrics. This framework encompasses
two modules, namely, existing AOP metrics, and
proposed AOP-Cognitive Complexity metrics which
are portrayed in Figure 2. The Metric tool encloses

methods to compute the following:

Existing AOP metrics

e Weighted Method per Class (WMC)

¢ Coupling on Advice Execution (CAE)

e Weighted Pointcut per Aspect (WPA)

e Coupling on Attribute Reference (CoAR)

Proposed AOP-Cognitive Complexity metrics

e Cognitive Weighted Method per Class (CWMC)

e Cognitive Weighted Coupling on Advice
Execution (CAE)

e Cognitive Weighted Pointcut
(CWPA)

e Cognitive Weighted Coupling on Attribute

Reference (CWCo0AR)

per Aspect
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Figure 2. Metrics Built-in Framework

D. User Interface

The graphical user interface is used to show the
computed metric outcomes in the graphical form. It
assembles all the metrics value from the built-in
framework. This interface supports the user to know

the complexity of the given Java project file.

IV. COMPARISONS OF TOOLS

Most of the existing tools support C++ software
measurement, while the offered tool ropes Aspec]
software measurement. Unlike the accessible AOP-
CCMAT, existing tools do not maintenance any
cognitive complexity metrics. As an alternative they
upkeep simple AOP metrics, such as Weighted
Method per Class (WMC), which are also maintained
by the accessible CCMAT. The presented tool divides
the depiction of the system from the design
procedure.

V. COMPARATIVE STUDY

The AOP-CCMAT is established and used to extent
all the metrics of three different programs. The
consequences are shown below in the Table 1 and

the graphical demonstration is shown in Figure 3.
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The AOP-CCMAT tool is used to bring out
assessment between AOP metric suite and AOP
Cognitive Complexity Metrics. AOP metrics are used
since it has been extensively recognised by the
researchers as typical metrics for aspect oriented
system. This amendment is used to demonstrate the
efficiency of the proposed Cognitive Complexity
Metric Suite.

Table 1. Complexity values for various classes for

their relevant metric

Proposed

Metrics PRG1 | PRG2 | PRG3
WMC 1 2 6
WPA 3 3 7
CAE 1 1 4
CoAR 2 2 7
CWMC 233 | 4 10
CWPA 453 |8 14
CWCAE 2.8 3

CWCoAR 5.2 5
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Figure 3. Comparison of metrics and their values
VI. IMPLEMENTATION

A. Aspect Oriented Programming - Cognitive
Complexity Metric Analysis Tool (AOP-CCMAT)

In this paper the proposed tool AOP-CCMAT is used
to implement the metrics such as CWMC, CWCAE,
CWPA and CWCoAR. There are many metric tools
available to automatically compute the traditional

aspect oriented metrics. But, the proposed tool AOP-
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CCMAT is used to compute various cognitive

complexity metrics of aspect oriented design.

The AOP-CCMAT

complexity metrics for aspect oriented program. The

collects various cognitive
aspect cognitive complexity metrics data that can be
collected using the tool are Cognitive Weighted
Method per Class (CWMC), Cognitive Weighted
Coupling on Advice Execution (CWCAE), Cognitive
Weighted Pointcut (CWPA),

Attribute

Designator and
Cognitive ~ Weighted Coupling on

Reference (CWCo0AR).

B. Eclipse and Cloud

Eclipse is an integrated development environment
(IDE). It contains a vile working area and an
the

environment. Eclipse is engraved mostly in Java and

extensible plug-in system for adapting
its primary use is for mounting Java applications, but
it may also be used to progress applications in other
programming languages through the use of plugins,
including: Ada, ABAP, Aspect], C, C++, COBOL,
Fortran, Haskell, JavaScript, Lasso, Lua, NATURAL,
Perl, PHP, Prolog, Python, R, Ruby (including Ruby
on Rails framework), Scala, Clojure, Groovy,
Ssscheme, and Erlang. It can also be used to progress
packages for the software Mathematica. Expansion
environments include the Eclipse Java development
tools (JDT) for Java and Scala, Eclipse CDT for C/C++
and Eclipse PDT for PHP, among others.

Nowadays Cloud Computing has become an
inevitable technology. The organizations are quickly
migrating from existing technology to Cloud services.
As the cloud solutions are economical and having
complexity, the proposed tool will be highly useful
for measuring the software complexity on the

deployed solutions.

C. Simulation and Experimentation
In this section, the proposed tool will be described
with inputs and outputs. After running the tool, the

screen is appeared in the following portion:
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When the file is chosen from the file chooser, the
path of the file will be displayed in the input panel of
the AOP-CCMAT. Figure 4 shows by clicking the ok
button the file will be displayed in the input panel.

Figure 4. Screenshot for path choosing Aspect]

program

The Text Area mentions as to the number of rows
and columns, respectively, that the text area should

show the Aspect] program in figure 5.

Figure 5. Screenshot for showing Aspect] program

The metric CWMC is selected. The required file wil
be displayed in the input panel. The output of the
metric CWMC will be displayed in the output panel.
First the existing metric WMC will be calculated and
the value of the WMC metric is 2. Figure 6 shows
that the proposed metric CWMC is calculated and
the value of the CWMC metric is 2.33.

[Cognitive Welghted Mathods per Class

Existing metric
WMC =BFA+AFA+ARA=2

Proposed metric
ICIVMC =(BFA 1 {ARA"WFARA)

[Cognitive Weighted Methods per Class(CWIC) = 2,33

(] I

Figure 6. Screenshot for showing CWMC metric

Figure 7 shows that the metric CWPA is selected.
The required file wil be displayed in the input panel.
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The output of the metric CWPA will be displayed in
the output panel. First the existing metric WPA will
be calculated and the value of the WPA metric is 2.5.
Then the proposed metric CWPA is calculated and
the value of the CWMC metric is 13.03. Here the
CWPA is calculated by adding CWPA and CWMC.

=
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Figure 7. Screenshot for showing CWPA metric

Figure 8 shows that the metric CWCAE is selected.
The required file wil be displayed in the input panel.
The output of the metric CWCAE will be displayed
in the output panel. First the existing metric CAE
will be calculated and the value of the CAE metric is
1. Then the proposed metric CWMC is calculated
and the value of the CWMC metric is 1.4.

B vercs tib
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|6 cwpaCagnisue weighea Pomtzut Designaton)

Existing metric
| (CWCOARMCagnitve Weight=d Couping an Atsibute Ref)

(CAE=MC+CE+FR+FW+CHEH=2.0

| Overail aspece program Metics vaiue

{Proposed metric

ICWCAE = ((MC*WEMC) + (CE'WFCE) + (FR'WFFR) + (FW'CWFW] +
(CPCWC) + (EH'CWEH)

\Cognitive Weighted Coupling on Advice Execution (CWCAE] 2.8

Figure 8. Screenshot for showing CWCAE metric

Figure shows that the metric CWCoAR is selected.
The required file wil be displayed in the input panel.
The output of the metric CWCoAR will be displayed
in the output panel. First the existing metric CoAR
will be calculated and the value of the CoAR metric
is 1. Then the proposed metric CWCoAR is
calculated and the value of the CWCoAR metric is

1.4.
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Figure 9. Screenshot for showing CWCoAR metric

VII. CONCLUSION AND FUTURE WORK

This paper defines about AOP-CCMAT, a tool for
determining cognitive complexity in aspect-oriented
systems. This uses cognitive complexity as its
essential feature which is helpful in measuring the
Software Quality. It is very suitable to get the AOP
metrics and cognitive metrics like CWMC, CWPA,
CWCAE, and CWCoAR. During the testing period,
this tool is experienced with variety of aspectj
programs. The results are confirmed with manual
consequences and by the professionals. Improving or
adapting this tool is not a critical one and the tool is
also not limited for further upgrade because this tool
is developed by java program. The organisation of the
obtainable tool makes it general and these in turn
streamline the support of other aspect-oriented
languages and metrics. This paper has also presented
precipitate of other existing tools. In future, if there
is a need to analyse some other metrics, the CCMAT

tool can be prolonged.

Quality of Service (QoS) metrics are used to measure
the quality in AOP. QoS metrics are alsp playing a
vital role in selecting cloud service providers and
efficient utilization of resources. Hence there is a

necessity for proposing metrics in cloud environment.
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