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ABSTRACT of the important quality characteristic. Cohesion is degree to

Aspect-oriented system is a new emerging technique of
software development that provides mechanism for
implementing cross-cutting concerns. Quality assessment of
important characteristics like cohesion, coupling, complexity,
reusability, maintaibility, etc. is fairly unexplored for Aspect-
oriented systems. Through this research work we have tried to
find out the correlation between some of the quality
characteristic of aspect-oriented system. We have established
correlation between cohesion and complexity, Cohesion and
Changeability. Then we have find out that whether cohesion
metric can be used as indicator for assessing complexity and
changeability of aspect oriented system. Then will find out
that whether cohesion metric and complexity can be used as
indicator for assessing reusability of aspect oriented system
through finding the correlation between cohesion and
reusability, and complexity and reusability.
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1. INTRODUCTION

Aspect-oriented is new programming approach to develop
software. There are various existing approaches like modular
and object-oriented but these approaches suffer from
limitation in properly separating crosscutting concerns.
Examples of cross cutting concerns are caching, tracing,
logging, security, resource pooling, synchronization,
exception handling etc. Code related to these concerns is
generally duplicated within several modules. This code must
be properly encapsulated as well as must be scattered
throughout the code. This is limitation in object-oriented and
module-oriented system. Aspect-oriented approach provides
efficient way for separating cross cutting concerns. Through
Aspect-oriented system tangling of code will be reduced
which makes it easier to understand core functionality. Also
reusability and maintenance can be increased. An aspect
contains some code and instructions about when to invoke the
aspect, where to invoke and how to invoke. Cross cutting
concerns are implemented as aspects. Aspect), AspectC,
AspectC++, AspectXML, Casear], Hyper/J etc are various
languages for aspect-oriented system. Different terms are
introduced in respective aspect oriented language. [1]

There are various metrics to measure quality characteristics of
object-oriented system and module-oriented system but very
few metrics are for aspect-oriented system. Various quality
characteristic are cohesion, coupling, complexity, size,
reusability, changeability, maintainability etc. Cohesion is one

Cohesion,  Changeability, Complexity,

which elements of module belong to each other. High
cohesion is desirable for any system. Coupling is degree of
relatedness among the modules that is connection between
modules. Low coupling is desirable. Complexity is efforts
needed to analyze code, efforts needed in modification and
modification of modules. Maintainability is modification of
software product after delivery. Reusability is using the
module again to reduce the coding. Changeability is capability
of a program to allow modification to be implemented. There
are various metrics to measure quality characteristics of
object-oriented system and module-oriented systems but very
few metrics are for aspect-oriented system. [2] Through this
research work we have tried to find out the correlation
between some of the quality characteristic of aspect-oriented
system. We have established correlation between cohesion
and complexity, Cohesion and Changeability. Then we have
find out that whether cohesion metric can be used as indicator
for assessing complexity and changeability of aspect oriented
system. Then will find out that whether cohesion metric and
complexity can be used as indicator for assessing reusability
of aspect oriented system through finding the correlation
between cohesion and reusability, and complexity and
reusability.

2. CORRELATION BETWEEN
COHESION AND CHANGEABILITY

Software changes are common task that is performed to
improve software quality, changeability is an important sub-
characteristic out of four sub-characteristics that are
analyzability, changeability, stability, and testability of
maintainability in ISO/IEC 9126 (I1SO, 2001) [3]. Lot of work
has been done for assessing changeability for legacy systems
like OOA, MOA but seldom work is done in context of AOS
as it’s a new emerging technique. Change impact analysis is
the activity through which assessment of the extent of the
change, i.e. Impact of the change on others or impacted of the
change on self. Change impact analysis is technique to handle
the problem by identifying the likely ripple-effect due to
changes in software and using information to re-costruct the
software system design so that software system should work
without any problem (Chaumun et al., 2002) [4]. For
computing the changeability code level changes have been
considered but from the viewpoint of separation of concerns
in aspect-oriented software development, change impact
analysis can be performed as at the specification level, design
level, architecture level and code level.
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2.1 Change Impact Analysis

It is not feasible to perform all possible changes to evaluate
ACI for a big Aspect-oriented system. For evaluating ACI,
some random changes of different patterns have been made.
Minimum number of random changes required in a
component need to be defined to get approximately same
value of ACI. To define minimum required number of random
changes of different patterns in a component, we used the
results of the experiment on samples of Aspect) of different
size components performed by Kumar et al. [5]. Criteria have
been defined on the basis of these results for deciding the
minimum number of random changes.

Table 1.1 Criteria for Minimum Number of Random

Changes
No. of operations in the | Minimum  number of
component random changes required
to evaluate ACI
1 4
2 7
3 12
4 18
5 21
6 23
7 25
>7 >25

Average change impact can be evaluated as sum of the
number of affected operations (of the same component or of
another component) due to changes made in the code, and
dividing by total number of changes made, which can be
formulized as:

ACI(Ci) = ) NAOj(Ci)/N

where ACI is average change impact of component ¢; , N is
the number of changes made based on the minimum number
of random changes required in a component and NAQj(c;) is
the number of affected operations by jth change in a
component ¢; .

Table 1.2 Values of ACI calculated
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In order to validate proposed changeability measurement
technique, dependency of a component on other components
has also been measured. Number of dependencies can be
measured with the help of adjacency matrix, which is one of
the existing techniques.

2.2 Cohesion Calculation

Cohesion is degree of relatedness among elements of the
module. High cohesion is desirable feature of any software
program. Various metrics are available for cohesion
measurement. Sant Anna et al. (2003) [6], Zhao and Xu
(2004) [7], Gelinas et al. (2006) [8], Kumar et al. (2008a)
[9,10] proposed various cohesion metrics for aspect-oriented
system. In our research work we have used UACOH metric
proposed by Kumar et al which is derived from metric given
by Gelinas et al [8]. They identified different connections in
aspect oriented system and used as base for cohesion
measurement. Metric includes directly and indirectly
connected components but excluded the access operations.
UACOH (Ci) metric is defined as actual number of
connections between members by maximum number of
possible connections of interest between members of Ci.

UACOH(Ci) = ANC(Ci)/MNC(Ci) € [0,1]

Where ANC (Ci) is actual number of connections between
members and MNC (Ci) is maximum number of possible
connections of interest between members of Ci.

We have taken different programs in Aspect) language for
calculation of cohesion. Value of cohesion metric calculated
for various programs are as follows

Table 1.3 Values of Cohesion calculated

Component Cohesion

BasicSimulation

BillingSimulation 0.4

Local

Longdistance

Timing 0
TimingSimulation 0.2
Customer 0
Connection 1
TimerLog 0.43

Component ACI No. of
depedencies
BasicSimulation 0.26 1
BillingSimulation 1.78 3
Local 0.59 1
Longdistance 0.97 2
Timing 0.46 1
TimingSimulation 1.84 3
Customer 0 0
Connection 0 0
TimerLog 1.02 2

2.3 Correlation Calculation

Correlation is measure of association between two or more
sets of data. Example: How sales is related to price, How sale
of item A is related to sale of item B.

Correlation and Regression are generally performed together
[11,12]. Regression explains the variation in one variable i.e.
dependent variable due to variation in other variable i.e.
independent variable. Example: Variation in sale of sale of
product because of variation in advertising. There can be
simple linear relation, Non-linear and multiple regression.

In our paper we have tried to establish correlation between
two variables, therefore, that will be linear Regression. Simple
Linear Regression is based upon slope-intercept equation of
line y = bOx+b1 where b0 is slope of the line and bl is y
intercept of line. In deterministic model, all Points are
assumed to be on the regression line, therefore, equation is
y = boX + b1l
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Where as in probabilistic model includes the scope of error,
therefore, equationis y = boX + bl + ¢

€ (epsilon) is also referred to as residual.

To find out the regression model first step is to draw a scatter
plot and confirm the linear relationship between variable x
and y variable.

Next step is to develop the Linear Regression model. For
which regression coefficients b0 and bl, values of >x, >y,
>'x2, Yxy are calculated through the following formula

SSxy = Ty — (ZxI)V(Zy)

SSxx = Yx? —
SSxy
SSxx
%y b1(ZX)

X n

n

bl =

bo =

Then after calculating the values simple regression line can be
computed y = boX + b1

Various tools can be used for developing simple linear
regression like MS Excel, Minitab, SPSS, etc. In this paper we
have used SPSS tool developed by IBM for creating scatter
plot as well as finding correlation between cohesion and
complexity.

Using the same tool SPSS and same procedure correlation
between cohesion and changeability can be established
[11,12]. To calculate the correlation manually and performing
Statistical inference about correlation coefficient equation
written above number can be used.

B *Untitled1 [DataSet0] - SPSS Data Editor

File Edt View Data Transform Analyze Graphs
EHS [ oo 4 # i
10: ACI 1.02
Cohesion | ACI var

1 0.00 0.26 a

2 0.40 1.78

3 0.00 0.59

4 0.00 0.97

5 0.00 0.00

6 0.00 0.46

7 0.00 0.75

8 0.20 1.64

9 1.00 0.00

10 S —

11 |

Figure 1: Values for cohesion and ACI variables
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Figure 2: Scatter Plot for Cohesion and ACI
Variables EnteredRemoved®
Mode Variables Variables
| Entered Removed Method
1 Cohesion? . Enter
a. All requested variables entered.
h. Dependent Variable: ACI
Model Summary
Mode Adjusted R Std. Error of
| R R Sguare Squire the Estimate
1 0202 .000 -125 .69288
a. Predictors: (Constant), Cohesion
ANOVA®
Sumof
Squares df Mean Square F Sig
1 Regression 002 1 o0z 003 8572
Residual 3841 8 480
Total 3.842 9
a. Predictors: (Constant), Cohesion
h. Dependent Variable: ACI
Coefficients®
Standardized
Unstandardized Coeflicients Coeflicients
| Model B Std. Error Bela t Sig.
1 (Constant) 775 261 2.965 018
Cohesion -.039 702 -.020 - 056 957
a. Dependent Variable: ACI
Figure 3: Correlation output through SPSS
2.4 Result

The output shows the value of r2 to be .000 and adjusted r2 to
be -0.125 which indicates variation in dependent variable
complexity cannot be explained by variation in independent
variable cohesion. The standard error computed is .69 which
is relatively high and is indication of weak prediction model.
The low value of r2 and high value of standard error provides
a foundation for weak estimator. We can say that cohesion
metric cannot be used as indicator for assessing changeability
of aspect oriented system.
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These values are high enough to indicate that in high
dependent AO system, change impact will be high. That
means, a highly dependent AO system will absorb low
changes. It has been seen from the existing literature that
highly dependent systems lead to poor maintainability, which
is also proved by the present work. Also we verified the
results given by Kumar et al.

3. CORRELATION BETWEEN
COHESION AND REUSABILITY

Reusability is how wider an component can be reused in other
components and in terms of aspect-oriented system reusability
is how wider an AO component can be reused in other AO
Components. As reusability reduces development time,
efforts, cost for developing software, therefore, reusable
software are in high demand. Module-oriented, Object-
oriented, component-based software developed are some of
the used approaches for developing reusable software. These
approaches provide different level of reusability like
functional, code design reusability, sub-system and system
reusability. The code for any feature scatters throughout,
which is limitation of traditional software development
approaches. But in AO approach, aspects are created which
integrates with primary concerns, therefore, through this code
is better modularized. There are various metrics for
calculating reusability for traditional approaches but those
metrics are not appropriate for AOS because of extra features
and not much exploration is there in this field. In this chapter
we will find out the correlation between cohesion and
reusability. For calculating correlation SPSS tool has been
used.

3.1 Calculation of Reusability

For calculating reusability of software we should first know
the characteristics on which reusability depends. According to
study conducted by National Institute of Standards and
Technology (NIST) [13] researchers identified ten
characteristics on which reusability depends. These
characteristics are maintainability, modularity, reliability,
flexibility, portability, efficiency, completeness,
understandability, generality expandability. The
characteristics identified are indirect characteristics on which
reusability depends. The ten characteristics on which
reusability depend cannot be measured directly and few of
these are not as much important for reusability. Kumar et al.
conducted survey to determine the importance of the various
characteristic for assessing reusability. On the basis of survey
result found to be maintainability, understandability,
adaptability and modularity as the important characteristics.
To assess the value of reusability they proposed the model in
which these four external characteristics and internal
characteristics are calculated. On the basis of the trend
obtained from the values of these characteristics show,
reusability is assessed.

We conducted the survey to determine the values of these four
characteristics and then correlated cohesion with these values
to find out reusability. Values obtained for these four
characteristics are given in the table below.
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Table 1.4 Values of characteristics on which reusability

depends

Compone | Understan | Modul | Maintain | Adapta

nt dability arity ability bility
BasicSimul | 2.67 2.83 2.50 2.33
ation
Connection | 2.17 3.17 3.00 2.67
BillingSim | 2.83 3.17 3.33 2.17
ulation
TimingSim | 3.17 3.67 2.83 3.67
ulation
TimerLog 3.83 4.50 3.83 4.0
Local 1.83 2.0 2.17 1.67
Timing 1.17 1.0 1.3 15

3.2 Cohesion Calculation

Cohesion is degree of relatedness among elements of the
module. High cohesion is desirable feature of any software
program. Various metrics are available for cohesion
measurement. Sant Anna et al. (2003) [6], Zhao and Xu
(2004) [7], Gelinas et al. (2006) [8], Kumar et al. (2008a) [9,
10] proposed various cohesion metrics for aspect-oriented
system. In our research work we have used UACOH metric
proposed by Kumar et al which is derived from metric given
by Gelinas et al [8]. They identified different connections in
aspect oriented system and used as base for cohesion
measurement. Metric includes directly and indirectly
connected components but excluded the access operations.
UACOH (Ci) metric is defined as actual number of
connections between members by maximum number of
possible connections of interest between members of Ci.
UACOH(Ci) = ANC(Ci)/MNC(Ci)e[0,1]

Where ANC (Ci) is actual number of connections between
members and MNC (Ci) is maximum number of possible
connections of interest between members of Ci.

We have taken different programs in Aspect] language for
calculation of cohesion. Value of cohesion metric calculated
for various programs are given in the table 1.5

Table 1.5 Values of Cohesion calculated

Component Cohesion
BasicSimulation 0
BillingSimulation 0.4

Local 0

Timing 0
TimingSimulation 0.2
Connection 1
TimerLog 0.43
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3.3 Correlation Calculation

Correlation is measure of association between two or more
sets of data. Example: How sales is related to price, How sale
of item A is related to sale of item B.

Correlation and Regression are generally performed together
[11, 12]. Regression explains the variation in one variable i.e.
dependent variable due to variation in other variable i.e.
independent variable. Example: Variation in sale of sale of
product because of variation in advertising. There can be
simple linear relation, Non-linear and multiple regression.

In our paper we have tried to establish correlation between
two variables, therefore, that will be linear Regression. Simple
Linear Regression is based upon slope-intercept equation of
line y = bOx+b1 where b0 is slope of the line and bl is y
intercept of line. In deterministic model, all Points are
assumed to be on the regression line, therefore, equation is

y = bOx+b1

Where as in probabilistic model includes the scope of error,
therefore, equation is y = bOx+bl+ ¢

€ (epsilon) is also referred to as residual.

To find out the regression model first step is to draw a scatter
plot and confirm the linear relationship between variable x
and y variable.

Next step is to develop the Linear Regression model. For
which regression coefficients b0 and bl, values of }'x, Dy,
>'x2, ¥xy are calculated through the following formula

SSxy = Ty — Z0E

N
2
SSxx = ¥x? — Z;
SSxy
1= Somx
ho— ZY _ P1ED)
o= 2L _ &7
X n

Then after calculating the values simple regression line can be
computed y=b0x+b1

Various tools can be used for developing simple linear
regression like MS Excel, Minitab, SPSS, etc. In this paper we
have used SPSS tool developed by IBM for creating scatter
plot as well as finding correlation between cohesion and
complexity.

Using the same tool SPSS and same procedure correlation
between cohesion and changeability can be established [11,
12]. To calculate the correlation manually and performing
Statistical inference about correlation coefficient equation
written above can be used.

Cohesion Undeirl?lt:nda" Modularity mamiaylnabnllt Adaptability
0.@] 267 283 250 233
1.00 217 3.7 3.00 2.67
0.40 2.83 3.17 333 217
0.20 3.17 367 283 3.67
0.43 3.83 4.50 3.83 4.00
0.00 1.83 2.00 217 1.67
0.00 1.17 1.00 1.33 1.50

Figure 4: Values for cohesion and external characteristics
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The scatter plot obtained between Cohesion and
understandability on the basis of values obtained.
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Figure 5: Scatter Plot for Cohesion and
Understandability

The scatter plot obtained between Cohesion and Modularity
on the basis of values obtained.

5.00

4.00

3.00
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Figure 6: Scatter Plot for Cohesion and Modularity

The scatter plot obtained between Cohesion and
Maintainability on the basis of values obtained.
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Figure 7: Scatter Plot for Cohesion and Maintainability
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The scatter plot obtained between Cohesion and Adaptability Variahles EnteredRemoved®
on the basis of values obtained. Wode | varisbles Variahles
| Enterad Removed Method
1 Cohesion® Enter
4.00 o a. All requested variahles entered
h. Dependent Yariahle: Understandability
Model Summary
2 300 Maode Adjusted R Std. Error of
H | R R Sguare Square the Estimate
£ o 1 238 056 132 83858
=2 2so] a. Predictors: {Canstanf), Cohesion
2,00 ANOVA®
@ Sum of
A | hadel : Squares df htean Square F Sy
r ; ; . . . 1 Regression 264 1 264 289 0
Cohesion Residual 4414 g 883
Total 4578 f
a. Predictors: {Constant), Cohesion
Figure 8: Scatter Plot for Cohesion and Adaptability b. Dependentiariable: Understandabily
The correlation obtained for the values of cohesion, Coeffictents”
ili i i i ili ili Standardized
un_dersstgnsdsabm})g moldulaglty, Irrl;,e:\l/lntamabll|ty and adaptability Unetanarized Coefivierts | omdartizer
using tool deve ope y ' B Std. Error Beta 1 Sig
1 {Constant) 2357 468 5033 004
. Cohegion 576 1.053 238 547 08
Correlations a. Dependent Variahle: Understandaility
Understanda rnaintainabili
[;ohesion hility Wodularity y Adaptahility
Cofesion Pearson Coelafion f 91 197 51 70 Figure 11: Correlation and Regression values for cohesion
5. (2taled) g 27 168 A4 and understandability
N 7 7 7 7 7
Understandabiity  Pearson Canelation m ] LS 20" 884"
Sig. (Haled) 608 01 007 08
N 7 7 7 7 7
Modulsrity Pearson Gonelafion A8 5y 1 RILR 4y Variables EnteredRemoved®
iy, (Halled) 27 i il 04 Wode | Variahles Variables
N 7 7 7 7 7 | Entered Removed Method
1 Cohesion? Enter
mantainabiity  Pearson Conelafion fi] nr " i 6T 5. All requested variables entered.
S\g(?lalled) 169 007 01 8 h. Dependent Variable: Modularity
N 7 7 7 7 7 Mool &
Adantability Pearsan Conelation m e my 750 i e ey
‘ p Mode Adjusted R Std. Error of
Sl (2ailed) 414 g 04 048 | R R Square Sguare the Estimate
N 1 4873 237 085 1.08530
i i i i i a. Predictors: (Constant), Cohesion
* Carralation s sionificant atthe 007 laval (2-talled).
* omelationis significant atthe 0.0 level (2-tailed). ANOWA®
Sum of
hodel Sguares df Mean Square F Siy
1 Regression 1.834 1 1.834 1.887 2672
. . Residual 5.889 a 1.178
Figure 9: Correlation output through SPSS Total 7723 5
a. Predictors: (Constant), Cohesion
h. Dependent Yariable: Modularity
Correlations
Coefficients®
Understanda maintainahilt _ _ Standardized
CDhESiun bmw Mﬂdulam'] v Adaplabl\lﬁ] Unstandardized Coefficients Coefficients
" " Model B St Error Beta 1 Sig
Cohesion Pearson Coelation | 28 7 £ m 1 (Constant) 2.466 541 4557 006
. . Cohesion 1.518 1.216 487 1.248 267
S, (M) £08 267 16 I a Dependent varable Modularity
N f i 7 ] i

Figure 12: Correlation and Regression values for cohesion
Figure 10: Correlation between cohesion and external and modularity

characteristics
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Variables Entered Removed®
Made Variahles ‘ariables
| Entered Removed Wethad
1 Cohesion® Enter

2. All requested variables enterad.
b. Dependent Variable: maintainahility

Model Summary

Nude

& R Sauare

Adjusted R
Sauare

Std. Errorof
the Estimate

1

A8F

340

208

72452

a. Predictors: (Constant), Cohesion

ANOVA®
Surm of
Souares of Mean Square F Sig
1 Regression 1.353 1 1.3583 24877 169
Residual 2625 g 524
Total 3.977 4
a. Predictors: (Constant), Cohesion
b. Dependent Variable: maintainability
Coefficients®
Standardized
Unstandardized Coefficierts | Caefiiciants
B Std. Error Eeta t Sin.
1 (Constani) 233 361 6.465 001
Cohesion 1.303 812 583 1.605 169

2. Dependent Variable: maintainability

Figure 13: Correlation and Regression values for cohesion

and maintainability

Variables EnteredRemoved®

Nude

Variables
Entered

Wariables
Remoaved

Method

1

Cohesion®

Enter

a. All requested variables entered
b. Dependent Yariable: Adaptability

Model Summary

Mode
1

R

Ad
R Square

justed R
Square

Std. Error of
the Estimate

1

370

37

-036

6396

a. Predictars: (Constant), Gohesian

ANOVA®
Surn of
Mode] Sguares df Mean Square F Sig.
1 Regression 743 1 743 791 4142
Residual 4.634 g 839
Total 5437 g
a. Predictors: {Constant), Cohesion
b. Dependent Yariable: Adaptability
Coefficients®
Standardized
Unstandardized Coeflicients Coeflicients
Mode] B Std. Ertar Beta t Sig

1

[Canstanty
Cohesion

2.293
Y66

483
1.086

370

4747
480

005
A14

a. Dependent Yariable: Adaptability

Figure 14: Correlation and Regression values for cohesion

and Adaptability
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3.4 Result

The output shows the value of r2 is .56 for the characteristic
understandability and the standard error computed is 0.9395,
the value of r2 for modularity is 0.237 and value of standard
error is 1.08, the value of r2 for maintainability is 0.340 and
value of standard error is .72 and the value of r2 for
adaptability is .137 and value of standard error is 0.96 .
Values obtained for r2 and standard error shows lack in
consistency. Also the values of correlation coefficients for
these characteristics show there is no consistency in values
obtained. As there is no consistency in the measures collected
for UACoh, it is not recommended as being used for assessing
reusability. Therefore, UACoh cannot be used as indicators of
reusability of AO components.

4 CORRELATION BETWEEN
COMPLEXITY AND REUSABILITY

Reusability is how wider an component can be reused in other
components and in terms of aspect-oriented system reusability
is how wider an AO component can be reused in other AO
Components. As reusability reduces development time,
efforts, cost for developing software, therefore, reusable
software are in high demand. Module-oriented, Object-
oriented, component-based software developed are some of
the used approaches for developing reusable software. These
approaches provide different level of reusability like
functional, code design reusability, sub-system and system
reusability. The code for any feature scatters throughout,
which is limitation of traditional software development
approaches. But in AO approach, aspects are created which
integrates with primary concerns, therefore, through this code
is better modularized. There are various metrics for
calculating reusability for traditional approaches but those
metrics are not appropriate for AOS because of extra features
and not much exploration is there in this field. In this chapter
we will find out the correlation between complexity and
reusability. For calculating correlation SPSS tool has been
used.

4.1 Calculation of Reusability

According to study conducted by National Institute of
Standards and Technology (NIST) [13] researchers identified
ten characteristics on which reusability depends. These
characteristics are maintainability, modularity, reliability,
flexibility, portability, efficiency, completeness,
understandability, generality expandability. The
characteristics identified are indirect characteristics on which
reusability depends. The ten characteristics on which
reusability depend cannot be measured directly and few of
these are not as much important for reusability. Again on the
basis of Kumar et al. survey conducted to determine the
importance of the various characteristic for assessing
reusability we used the survey result. We also used
maintainability, understandability, adaptability and modularity
as the important characteristics. To assess the value of
reusability they proposed the model in which these four
external characteristics and internal characteristics are
calculated. We conducted the survey to determine the values
of these four characteristics and then correlated cohesion with
these values to find out reusability. VValues obtained for these
four characteristics are given in the table below.
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Table 1.6 Values of characteristics on which reusability

depends
Componen | Understand | Modul | Maintaina | Adapta
t ability arity bility bility
BasicSimul | 2.67 2.83 2.50 2.33
ation
Connection | 2.17 3.17 3.00 2.67
BillingSimu | 2.83 3.17 3.33 2.17
lation
TimingSim | 3.17 3.67 2.83 3.67
ulation
TimerLog 3.83 4.50 3.83 4.0
Local 1.83 2.0 2.17 1.67
Timing 1.17 1.0 1.3 1.5

4.2 Complexity Calculation

We have used the complexity model proposed by Kumar et al.
(2010) [14, 15] for measuring code complexity as discussed in
chapter 3. Tool is based upon the concept of fuzzy logic [16].

Table 1.7 Values of Complexity calculated

Component Complexity
BasicSimulation 0.71
BillingSimulation 0.51

Local 0.31

Timing 0
TimingSimulation 0.31
Connection 0.51
TimerLog 0.51

4.3 Correlation calculation

Correlation is measure of association between two or more
sets of quantitative data. Example: How sales is related to
price, How sale of item A is related to sale of item B.
Correlation and Regression are generally performed together
[11, 12]. Regression explains the variation in one variable i.e.
dependent variable due to variation in other variable i.e.
independent variable. Example: Variation in sale of sale of
product because of variation in advertising. There can be
simple linear relation, Non-linear and multiple regression.

In our paper we have tried to establish correlation between
two variables, therefore, that will be linear Regression. Simple
Linear Regression is based upon slope-intercept equation of
line y = bOx+bl where b0 is slope of the line and bl is y
intercept of line. In deterministic model, all Points are
assumed to be on the regression line, therefore, equation is

y = bOx+b1

Where as in probabilistic model includes the scope of error,
therefore, equation is y = bOx+bl+ ¢

¢ (epsilon) is also referred to as residual.

To find out the regression model first step is to draw a scatter
plot and confirm the linear relationship between variable x
and y variable.

Next step is to develop the Linear Regression model. For
which regression coefficients b0 and b1, values of Yx, Yy,
>'x2, Yxy are calculated through the following formula
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SSxy = Ty — EOEY

N
2
SSxx = yx? — -
SSxy
b1= SSxx
Xy bl(Xx)
po =2 22T
x n

Then after calculating the values simple regression line can be
computed y = boX + b1l

Various tools can be used for developing simple linear
regression like MS Excel, Minitab, SPSS, etc. In this paper we
have used SPSS tool developed by IBM for creating scatter
plot as well as finding correlation between cohesion and
complexity. Using the same tool SPSS and same procedure,
correlation between cohesion and reusability can be
established [11, 12]. To calculate the correlation manually and
performing Statistical inference about correlation coefficient
equation written above can be used.

Complexity Undeirl?:;ndaﬂ Modularity malntalnablllt‘ Adaptability‘
0.71 267 2.83 2.50 233
0.51 217 317 3.00 267
0.50 283 317 333 217
0.3 317 367 283 367
0.51 383 450 383 4.00
0.31 1.83 2.00 217 1.67
0.00 1.17 1.00 1.33 1.50

Figure 15: Values for complexity and external
characteristics

The scatter plot obtained between Complexity and
understandability on the basis of values obtained.
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Figure 16: Scatter Plot for Complexity and
Understandability

The scatter plot obtained between Complexity and Modularity
on the basis of values obtained.
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Figure 17: Scatter Plot for Complexity and Modularity

The scatter plot obtained between Complexity and
Maintainability on the basis of values obtained.
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Figure 18: Scatter Plot for Complexity and
Maintainability

The scatter plot obtained between Complexity and
Adaptability on the basis of values obtained.
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Figure 19: Scatter Plot for Complexity and Adaptability
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The correlation obtained for the values of complexity,
understandability, modularity, maintainability and adaptability
using SPSS tool developed by IBM.

Correlations
Understanda maintainabili
Campledty Filty Whadularity i Adaptabilty
Compledty Pearson Catrelation | £07 3 72 15
S, (-talled) 148 121 198 A4
N 7 7 7 7 7
Understandabiity  Pearson Carrelation Ll | L8 B0 04"
Siy. (Haled) 148 o il 008
N 7 7 7 7 7
Modulariy Fearsan Carrelafion §39 40" 1 g By
Sig.(Haled) 1n il o il
N 7 7 7 7 7
mairtainahilty — Pearson Carrelation m a0 RILe 1 75
Sig. (Htaled) 048 il [ 048
N 7 7 7 7 7
hilaptabilty Pearson Catrelation 159 e nr T8 i
aig. (Halled) 428 008 004 048
N 7 7 7 7 7

= Correlation is significant atthe 0.01 level (2-iled).
¥, Correlationis significant at the .05 level (2-alled).

Figure 20: Correlation output through SPSS

Variables Entered Removed®
Mode “ariables Variahles
| Entered Rermoved Method
1 Cormplexity? Enter

a. All requested variables entered
h. Dependent Variable: Understandability

Model Summary

Mode Adjusted R Std. Error of
| R R Sguare Square the Estimate
1 6073 369 242 .7HBGE

a. Predictors: (Constanf), Complexity

ANOVA®
Sum of
| hodel Souares df Mean Sguare F Sig
1 Regression 1.724 1 1.724 2.918 1487
Residual 2.954 g A91
Total 4.678 b

a. Predictars: (Constant), Complexity
h. DependentWariahle: Understandahility

Coefficients®
Standardized
Unstandardized Coeficients Coefficients
Model B Std. Errar Eeta 1 Sig.
1 (Constant) 1.858 B30 2.450 [ali1:]
Complexity 2373 1.3849 607 1.708 148

a. Dependent Variable: Understandability

Figure 21: Correlation and Regression values for
complexity and understandability
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Variables Entered Removed®
Mode Vatiables Variables
| Entered Remaoved Method
1 Complexit® Enter
a. All reguested variables entered
b. DependentVariable: Modularity
Model Summary
Mode Adjusted R Std. Errar of
| R R Square Sguare the Estimate
1 F3ge 408 .280 45612

a Predictars: (Constant), Camplexity
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Variables Entered Remaoved®
Mode Yariables Yariables
| Entered Femaved fethod
1 Cornplexity® Enter
a. All requested variables entered.
b. Dependent Yariable: Adaptability
Model Summary
Mode Adjusted R Std. Error of
] R R Square Sguare the Estimate
1 3593 128 -044 Araz

a. Predictors: (Constant), Complexity

ANOVA®
Sum of
Squares of Iean Sguare F Sig.
1 Regression 31483 1 3143 3.449 A2
Residual 4.571 5 14
Total 7.7 1]
a. Predictars: {Constant), Camplexity
b DependentVariable: Modularity
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.
1 (Constanty 1.599 7 2.022 .099
Cormplesity 3.209 1.728 639 1.847 32
a. DependentVariable: Modularity
Figure 22: Correlation and Regression values for
complexity and modularity
Vfariables EnteredRemoved®
Mode “ariables WVariables
] Entered Removed Method
1 Cornplexity® Enter
a. All requested variahles entered.
b. Dependent Variable: maintainability
Model Summary
Mode Adjusted R Std. Error of
| F R Sguare Square the Estimate
1 G7 = 452 342 66040
a. Predictors: (Constant), Complesity
ANOWA®
Surmn of
Model Sguares df Mean Sguare F Sig.
1 Regression 1.7a97 1 1.797 4130 .0gg=
Residual 2181 g 436
Total 3.977 5}
a. Predictors: {Constant), Complexity
b. Dependent Variable: maintainability
Coefficients?
Standardized
Unstandardized Coefficients Coefficients
Mode| B Std. Errar Eeta t Sig.
1 (Constant) 1.727 546 3160 025
Cornplexity 2423 1.184 672 2.030 093

a. Dependent Variable: maintainability

Figure 23: Correlation and Regression values for

complexity and maintainability

ANOVA®
Sum of
Squares df Mean Sguare Sig
1 Regression 03 1 J03 T42 428
Regidual 4735 5 947
Total 5.437 [}
a. Predictors: (Constant), Complexity
h. Dependent Yariable: Adaptahility
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
| hiogel E Std. Error Eeta 1 Sig,
1 (Gonstant) 1.956 .B0a 2,430 059
Complexity 1.815 1.7488 358 .B61 428

a. Dependent Variable: Adaptahility

Figure 24: Correlation and Regression values for
complexity and Adaptability

4.5 Result

The output shows the value of r2 is .369 for the characteristic
understandability and the standard error computed is 0.242,
the value of r2 for modularity is 0.408 and value of standard
error is .290, the value of r2 for maintainability is 0.452 and
value of standard error is .342 and the value of r2 for
adaptability is .129 and value of standard error is 0.45. The
values collected for complexity show proportional
relationship with external characteristics understandability,
modularity, maintainability and adaptability. Increase in
value of complexity of any component show increase in
reusability of the component. The correlation coefficient show
high  correlation  between complexity and external
characteristics. Therefore complexity can be used as indicator
of assessing reusability of aspect-oriented systems.

5. CONCLUSION

Correlation analysis between average change impact and
number of dependencies gives a correlation factor value. We
evaluated values of cohesion metric for the different programs
to establish correlation between cohesion and changeability,
to check whether cohesion metric can be used to predict
changeability or not. The results show that cohesion metric
cannot be used to predict changeability of AOS. This result
verifies the result given by Kumar et al in their work.

Values obtained for r2 and standard error shows lack in
consistency for cohesion and external characteristics of
reusability. Also the values of correlation coefficients for
these characteristics show there is no consistency in values
obtained. As there is no consistency in the measures collected
for UACoh, it is not recommended as being used for assessing
reusability. Therefore, UACoh cannot be used as indicators of
reusability of AO components.

The wvalues collected for complexity show proportional
relationship with external characteristics understandability,
modularity, maintainability and adaptability. Increase in
value of complexity of any component show increase in
reusability of the component. The correlation coefficient show
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high correlation between complexity and external
characteristics. Therefore complexity can be used as indicator
of assessing reusability of aspect-oriented systems.
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