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Abstract: Maintainability is a key factor of software quality models as mentioned in 1SO 9126 and by other
researchers. Maintainability evaluation at early phase of development life cycle like the design phase is
preferred as it assists the software developers to improve their design before the start of actual coding. This in
turn decreases the maintenance cost.

This paper proposes a Maintainability Evaluation Model (MMOOD) that works at the design phase in the life
cycle of software development. The proposed model evaluates maintainability in terms of its key contributor’s
viz. Changeability and Stability. The experimental validation of the developed maintainability evaluation model
was done using industrial software projects. The proposed model was also compared with the existing models
and the results prove that MMOOD evaluates maintainability in a better way.

Keywords: Software Maintenance, Maintainability, Maintainability Factors, Design Phase, Maintainability
Evaluation, Object Oriented Design Properties.

I.  Introduction

Maintainability has been identified as a fundamental quality indicator in the field of Software
Engineering. Maintainability as per the standard definition stated by IEEE is the effortlessness required for
modifications, fault corrections, increased performance or adaption to new environments of any software system
or its components [12].

It provides guidelines that help in significant decrease in terms of cost and time in the various stages of
software development and components, quality control and quality assurance [1, 3, 8, 19, 21, 23, 35, 37].
Calculating maintainability at a later stage often results in delayed reception of crucial information therefore
causing a holdup in response and implementation about changes in software design [20, 24, 28, 29]. This results
in an increase in terms of cost and additional work. A preference to transform the design so as to recover
maintainability after the coding may turn out to be more costly and prone to errors [ 2, 4, 6, 9 ]. Consequently,
early estimation of maintainability in the software development cycle may improve design quality and decrease
maintenance efforts and cost [5, 11, 13, 19, 25, 31, 34]. For researchers, quality controllers and programmers
planning and evaluation of maintainability in design phase of the software development life cycle is thus of
inevitable importance.

Taking these facts into consideration our research work is thus focused on evaluation of maintainability
at design stage to deliver quality oriented maintainable software. Also after relevant study the quality
characteristic of maintainability has been refined into its important sub-characteristics that have significant
contribution in maintainability evaluation at design phase of software development cycle. It has been concluded
that Changeability and Stability are the two most significant factors affecting software maintainability
evaluation. [9, 7, 10, 15, 18, 27, 30].

The rest of the paper starts with a section on closely related work. Then on taking into consideration
the rank and significance of the influence of sub factors, a maintainability evaluation model has been developed
to evaluate software maintainability at design phase. This has further been empirically validated against
industrial software projects. Also in our latter section we have shown a comparison between two existing
models viz. MEM®°P [30] and Rajendera et.al model [39] and the proposed model. From the comparison results
it can be inferred that though there exists a model based on different sub factors of maintainability, our model is
more comprehensive and efficient for calculating the maintainability of software developed by applying an
object oriented approach.

I1.  Closely Related Work
Work done so far on software maintainability with respect to object oriented software by different
researchers has a huge impact on software engineering field. In the first research on software maintainability by
McCall and Boehm the basis for ISO 9126 model of software quality was laid. ISO/IEC 9126-1 defined a
quality model that stated six factors and many sub factors of software product quality [20, 33]. Though these are
specified in generalized terms, these can be extended and applied to any software product customized for a
specific purpose. Based on this standard four highly related metrics for one of the quality attributes namely
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maintainability were summarized as Analyzability, Changeability, Stability and Testability. Some of the closely
related work done for maintainability evaluation is as described below.

Chidamber et al. (1994) used six metrics of object oriented design for calculating the maintainability of
OO systems [36]. Few metrics were added to these six metrics and used for calculations in Object Oriented
systems developed in C++ and Smalltalk. This C&K suite is popular along with Li and Henry metric suite for
analytical evaluation by many researchers.

Van Koten et.al. (2006) proposed the use of Bayesian Belief Network (BNN) for calculating
maintainability in object oriented systems [22]. They used Li and Henry’s datasets [40] viz. UIMS datasets
consists of 39 classes and QUES consists of 71 classes. These datasets were collected for two separate
commercial object oriented systems. The results obtained by the author after comparison of two systems by
applying frequently used regression based models indicated positive results for one system and moderate results
for the other system. Along with this the inherent limitations of BNN hinders the practitioners in proposing a
model for maintainability high calculated accuracy [16, 26, 28]. The author Koten had thus suggested that
further work was required so that a generalized solution for all object oriented systems for evaluating
maintainability could be built with accuracy.

Zhou et.al (2007) in their work also used the datasets of UIMS and QUES to develop and calculate the
prediction accuracy of maintainability efforts in Object Oriented systems [38]. The authors developed a model
called MARS and after comparing its accuracy with other models arrived at the result that though their model
were fairly accurate for these datasets but better results could be arrived at.

M.O. Elish et. al (2009)[29]also used Li and Henry datasets[40] to develop a model called TreeNets to
estimate maintainability for Object Oriented Systems. The authors developed a model for estimation of
maintainability with 41% for UIMS dataset and 65% with QUES datasets at Pred(0.30) significance levels.
They have empirically validated that their model had better prediction accuracy of maintainability effort in
Object Oriented systems than the one proposed by Zhou et.al. The authors had suggested that for large databases
the methods used for TreeNets model involved computationally intensive work for calculating and cross-
validation. Also, further work was required to hold up the results of this paper, with new datasets so as to
provide additional support to the results of this work. This was required as to realize the full implications and
possible limitations that occurred due to the datasets used.

Jin and JA Liu (2010) proposed a SVM and clustering technique to estimate the effort in software
maintenance. [14].The probability value calculated by the authors showed a significant correlation between the
predicted and actual maintainability efforts. This probability value could be used to predict the inclusion of
modules from incremental releases of similar software for better maintainability. The authors proposed
maintainability analysis at the source code phase of software development.

Rizvi.A.Khan et.al. (2010) proposed a model (MEM®®P) for Object Oriented systems

[30]. They have proposed and validated the model for maintainability in terms of modifiability and
understandability with the help of multiple linear regression at design phase of SDLC. The model proposed by
them is: Maintainability = -0.126 +0.645*Understandability + 0.502* Modifiability [30].

They have proposed the study of other sub factors of maintainability from 1SO-9126 for development
of improved models of maintainability.

At the code level Alisara et al (2012) have proposed models for two sub factors of external quality
attribute: maintainability viz. flexibility and extendibility. [5].They have suggested a tool for calculating
maintainability based on four components viz. UML case tool , XML parser, Metric calculate and display metric
results using the two sub factors of flexibility and extendibility. The proposed tool has not been developed or
validated mathematically or empirically.

R. Malhotra and Chug et. al. (2013) have proposed a new metric suite, an extension of Chidamber and
Kremer metric set [41]. The authors proposed to add two new metrics NODBC and SCCR to the C&K metric
set. They have evaluated and analyzed this metric suite for their effectiveness for predicting maintainability of
Object Oriented softwares. They have validated the model for data intensive softwares. These are implemented
both at design and code stage of Software development life cycle. Five systems for development and validation
of the results for predicting accuracy of maintainability effort have been considered by the authors.. The highest
accuracy of 81% was achieved for “FLM” system. The authors suggest further empirical studies as to support
their findings and mitigate the threats to validity that occur due to specific characteristics that are part of real life
applications and thus hinder generalization. The authors proposed to work on large Object Oriented systems as
the result of this paper was suitable for medium size object oriented systems.

Rajendra et. al. (2015) calculated and validated the model for maintainability based on quality sub
factors of flexibility and extendibility [39]. The model proposed by them is: Maintainability= 4.749 -
.398*Flexibility + 0.023 * Extendibility. The results they arrived were significant but using other factors newer
models for maintainability with improved results could be proposed.
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Ruchika Malhotra et.al. (2016), in their paper compiled a methodical review of studies on software
maintainability between the years 1991 to 2015. [31]The authors arranged and analyzed the work on
maintainability using tangents of design metrics, tools and algorithms, data sources and so on. They summarized
that design metrics was still the most preferred option to capture the characteristics of any given software before
deploying it further in prediction model for determining the corresponding software maintainability.

Celia Chen et al. (2017) in their paper stressed the huge level of cost saving in software by
understanding the importance of software maintainability, and suggested answers to questions of decision
regarding what parts of software to be reused, what parts to be redeveloped, the theoretical estimation of effort
required to do so and thus giving indicators as how to reduce overall costs [32].

All the work done above emphasizes the importance of measuring maintainability, as a major cost
burden occurs due to weakly maintainable softwares. A regular attempt has been made to develop relations and
models for estimating maintainability of softwares by using several metrics and sub metrics of quality attribute.
A better design model would be beneficial and provide huge insight for easy maintenance of software in
situations where decision has to be taken regarding reusability of parts of software, maintaining parts of
software, the estimation of effort and cost that would incur in maintaining parts of software. Therefore, with all
this in view we can conclude that good maintainability model at design phase will help in significantly reducing
the total software maintenance costs. The next section we discuss the proposed model for maintainability
evaluation.

I11.  Maintainability Evaluation Model Development

This paper proposes a maintainability evaluation model named MM®°P for object oriented design. The

development of this model comprises of the subsequent phases.

« Identification of key factors of object oriented software that have significant and positive influence on
maintainability evaluation at design phase of software development life cycle.

The factors were identified as Changeability and Stability.

* ldentification of Object oriented design properties related to Changeability Viz. Polymorphism
Encapsulation, Inheritance and Coupling. Stability viz. Encapsulation, Inheritance and Coupling were
identified.

«  Development of changeability evaluation model (CEM®°P) in terms of Object Oriented properties [27].

«  Development of stability evaluation model (SEM®°P) in terms of Object Oriented properties

«  Development of maintainability evaluation model (MM®°P) in terms of changeability and stability is
presented in this paper.

+ Taking into consideration the association between the maintainability factors and design properties of
Object oriented software, comparative importance of individual factors that have major influence on
software maintainability at design phase is adjusted proportionally (Fig. 1).

Encapsulation q_
ha =

Fg Changeability

Coupling ;
Maintainability
Inheritance
+HL Stability

Polymorphism

Figure 1: Relating design properties with key factors of maintainability
We have used the method of multiple linear regression for calculation of the coefficients for the
development of the Maintainability Evaluation Model [17]. This system gives the association among dependent
variable and multiple independent variables. Multivariate linear equation is given below, in Eq. (1) which is as
follows.
Y=ap+a; X +a,Xo+agXz+-- - -- -+a, X, Eq. (1) Where,

. Y: Dependent Variable.
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o Xg X, Xg-m-m---- Xn: Independent Variables.
@, ay, Ag-------- an.: Respective Coefficients.
* 3 Intercept.

The following Multiple Linear Regression equation has been established:
Maintainability = o + 8; x Changeability + 3,x Stability Eq. (2)

To develop and validate this model the data related to 20 projects was collected from the Industry. The
projects were numbered P1 to P20. This data contains the evaluated maintainability value through ten Industry
experts named as Evaluators. The maintainability estimation model and determine the coefficients of Eq. (2), the
data (P1, P2, P3, P4, P5, P6, P7, P8, P9, and P10) from industry was used and for this we considered the
maintainability value given by Evaluator 1. Using SPSS, correlation coefficients are calculated and proposed
model MM®°P for Maintainability Evaluation is accordingly formulated as specified below in Eq. (3).

Maintainability = 4.467 + 0.190 x Changeability - 0.112 x Stability Eq. (3)

Table 1 displays the coefficients value for Maintainability Evaluation Model. The un-standardized coefficients
part of the result provides the values that we need to write the Eq.

(3). The Standardized Beta Coefficients give a measure of the influence of each variable to the Maintainability.

Table 1: Coefficients values for Proposed Maintainability Evaluation Model (MM©°°P)

Standardized
Unstandardized Coefficients
Model Coefficients it Sig.
B Std. Error Beta
1 Constant) 4.467 513 8.700 000
IChangeability 1190 042 | 783 1.532 1003
Stability 112 1091 213 +1.232 1258

2. Dependent Variable: Maintainability

The Maintainability Evaluation Model summary results as shown in Table 2 are highly significant
when performing multiple regression. Capital R, is the correlation coefficient that shows significance of
relationship or correlation between the multiple independent variables and the dependent variable. R Square
provides the coefficient of determination.

Table 2: Proposed Maintainability Evaluation Model Summary

Model R R Square IAdjusted R Square [Std. Error of the Estimate

1 1949° 1900 1872 23408

a. Predictors: (Constant), Stability, Changeability

IV.  Empirical Validation Of Proposed Model
A crucial stage in every research is to empirically validate it. Based on this requirement we here
provide a realistic validation of our proposed maintainability evaluation model using the sample runs. In order
to validate proposed maintainability evaluation model, the projects P11, P12, P13, P14, P15, P16, P17, P18, P19
and P20 are used to perform statistical test. To validate the model the maintainability values given by evaluators
1 is considered. During tryouts, maintainability value of the projects has been evaluated using the developed
model MM©°P. After this the maintainability ranks have been calculated and compared with the known ranks
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using Charles Spearman’s Coefficient of Correlation. The known Maintainability values and ranks for the given
projects class diagram is shown in Table 3 and Table 4.

Table 3: Known Maintainability Values

P11 P12 P13 P14 P15 P16 P17 P18 P19 P20

5.3 4.8 .0 5.1 b.5 4.9 5.4 42 QA3 b.3

Table 4: Known Maintainability Ranks

P11 P12 P13 P14 P15 P16 P17 P18 P19 P20

Using the similar group of data for the given projects maintainability values and ranks were calculated using
proposed maintainability evaluation model and the results are shown in Table 5 and Table 6.

Table 5: Calculated Maintainability Values by Proposed Model MM°°P

P11 P12 P13 P14 P15 P16 P17 P18 P19 P20

5.64 533 pB.50 p.65 6.01 5.18 5.78 503 p.30 5.44

Table 6 Calculated Maintainability Ranks by Proposed Model MM©°P

P11 P12 | P13 | P14 P15 P16 P17 P18 | P19 P20

7 4 6 8 10 2 ¢ 1 3 5

Table 7 Calculated Ranks, Known Ranks and their Relations

P1
Projects P11 P12 P13 P14 P15 6 | P17 P18P19 [P20
Calculated Ranks  with
MM©°P 7 | 6 8 0 |9 L B 5
Known Ranks from
Evaluator 1 8 3 5 6 10 4 9 1 P 7
d? 1 1 1 A 0o ulo p 7l
yd? 16
rs 0.90303
rs>+.794

Charles Spearman’s rank relation rs was used to test the significance of correlations between calculated Ranks
of Changeability via proposed model and it’s Known Ranks. The ‘rs’ was calculated by applying the formula
stated below.

Spearman’s Coefficient of Correlation (r) = 1 - 6Xd; -1.0<r; <+1.0  Eq. (4)

n (n%1)
‘di” = gives the variation between Calculated Rank and Known Rank of maintainability .
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‘n” = number of Projects considered in the experimentation.

The correlation values between rank through the proposed model MM°®® and known rank for
evaluator 1 are shown in Table 7. The results showing Correlation value rs evidently display that the model
developed is significant. The correlation is significantly relevant with high degree of confidence, i.e. up to 95%.
It can thus be concluded (with no loss of generalization) that the proposed Maintainability Evaluation Model
MMO®®P is highly reliable and significant.

V.  Comparative Analysis Between Mmood And Related Existing Model
To perform comparative study between proposed model (MM®°P) and related existing model, the
projects P11, P12, P13, P14, P15, P16, P17, P18, P19 and P20 are used. The data contains the maintainability
values given by ten individual experts (here termed as evaluators). Therefore, the Charles spearman’s coefficient
value has been calculated in comparison with ten different evaluatorsTable 8: Rank Correlation Comparison

between: Proposed Model MM®®P to models proposed by Rajendra et al. and MEM®°P
Evaluators
1 2 3 4 5 6 7 8 9 10
Yd? with Proposed
Model-MM©%®  l16
18 14 D0 D4 D8 ) D4 D6 D8
Yd? with model
proposed by
Rajendraetal. 16 74 54 54 04 78 62 130 00 60
Yd? with model
MEMOOD
83 106 86 78 144 142 68 114 04 124

rs  with Proposed
Model-MM©°P

0.903 0.891 0.915 0.879 0.854 0.830 0.879 0.854 0.842
0.830

Is with  model
proposed by

0.539 0.552 0.673 0.673 0.430 0.527 0.624 0.212 0.455 0.636
Rajendra et al.

rs  with  model
M EMOOD
0.467 0.357 0.479 0.527 0.127 0.139 0.589 0.309 0.430 0.248

It is obvious from Table 8, that r, values with the assistance of developed Maintainability Evaluation
Model MM®®P are higher than both related existing model in above Table 8. This specifies that the proposed
model MM®°P has an improved correlation with the maintainability ranks given by the experts and is able to
evaluate maintainability more correctly and appropriately. Therefore, it is clear and evident from the empirical
validation and comparative study that the developed model is more significant and better than both the related
existing model.

VI.  Conclusion

This paper proposes a model for evaluation of maintainability named MM°°® in terms of stability and
changeability at design phase. Considering both the major factors, the statistical results are validated for high
level satisfactoriness. Further comparative study has been done between proposed model MM°°® and other
related existing models. Comparative outcome of the study specifies that the proposed model MM°°P has a
better relationship with the maintainability ranks given by the experts and is able to evaluate maintainability
more correctly. Therefore, proposed maintainability evaluation model for object oriented software design is very
reliable and associated with object oriented design properties. Maintainability evaluation model has been
empirically validated using experimental runs. The empirical validation on the maintainability model
accomplishes that developed model is extremely trustworthy, acceptable and consistent.
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