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Abstract:  Object oriented design and development are well-known conceptions in today’s software development 
environment. Object oriented design supports number of design properties such as coupling, cohesion, inheritance and 

encapsulation. The proposed study will deliver a method for reliability measurement of object oriented design in term 

of complexity perspective. The four metrics namely Inherited Complexity Metric, Cohesion Complexity Metric , 

Encapsulation Complexity Metric ,Coupling Metric, are identified for each of object oriented design properties such as 

inheritance, cohesion coupling, and encapsulation respectively. Complexity and reliability measurement approach is 

presented in this research paper. On the basis of identified metrics a multiple linear regression equation has been 

established for measuring the complexity of design structure. Complexity is directly affects reliability of object oriented 

designs in opposite direction. Finally a multiple regression equation has been applied to measure reliability with respect 

to complexity. Comparative analysis between metric values, reliability and complexity has been done in this study.  
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I. INTRODUCTION 

There are numerous approaches to makes the system very 

much reliable. Among several available methods object 

oriented design is one of the important method to 

measures reliability with respect to complexity perspective 

[1, 2]. Object oriented design signed itself as an essential 

approach for resolving mainly of the software problems [3, 

4]. In an object oriented approach, the data is considered 

as the most significant element and it cannot move freely 

around the system [16]. Increase in the size of program, 

increases needless effort and complexity. Software 
complexity always increases with error handling functions. 

Software with high complexity generally produces 

software with faults [5]. High complexity always 

decreases reliability of software. Though, software faults 

vary noticeably with respect to their severity. A failure 

occurred by a fault may go ahead to a complete system 

crash or an incapability to open a file [12, 13].  

 

Therefore, there is an urgent need to develop a model that 

can be applied to identify those classes that are prone to 

have serious faults. From the abovementioned discussion, 

it appears that reducing unwanted complexity early in the 
development process leads to the development of high 

quality reliable end products. A metric based model may 

be used to quantify complexities and their expansion for 

object oriented design. On the basis of the model, 

reliability of the object oriented software at an initial stage 

of development life cycle can be improved. None of such a 

model is presented to be used near the beginning of 

development cycle and there is in big demand to produce a 

complexity perspective model for object oriented software 

to be used in design stage. These object oriented concepts 

have an ability to adjust complexity of object oriented 
design by maintaining software reliability [6,7].  
 

The proposed research work provides a model for 

reliability measurement of object oriented design with  

 

respect to complexity perspective. Complexity of design 

can be maintained by adjusting object oriented properties 

such as coupling, cohesion, inheritance and encapsulation. 

Reliability of a software design increases by developing 

the system less complex. In section 2 studies identified 

four metrics. Complexity measurement and reliability 

measurement model is covered in section 3 and 4 

respectively. In section 5 Comparative analysis is 

performed. Findings and significance are incorporated in 

section 6.At final study is concluded in section 7.  
. 

II. IDENTIFIED METRICS 

An A lot of metrics were proposed by number of 

researchers and practitioners for object oriented software. 

Metrics are the quantitative measure of the degree to 

which a software component possesses a specified 

attribute [8, 9, 11]. The ultimate objective of object 

oriented metrics is the identification and measurement of 

the essential parameters that affects software development 

process. Object oriented metrics are broadly classified into 

product metrics and process metrics [14, 15, 17].  
 

Object oriented metrics are the rank of quantifiable 

measurement for which a system element possess a given 

software measurement. Object oriented reliability metrics 

are used for software reliability ranking and self-assurance 

and they are very significant for software reliability for the 

reason that quantification, reliability, forecasting, 

validation, cost and schedule [16,18] Reliability metrics 
are helpful to know the possibility of software failure or 

the failure rate at which system errors will occurs [19]. 

The following metrics are identified during the research 

work:  

1. Inherited Complexity Metric. 

2. Cohesion Complexity Metric. 

3. Encapsulation Complexity Metric. 

4. Coupling Metric. 
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III. COMPLEXITY MEASUREMENTS 

The generic quality model [10, 20] has been considered as 

a source to develop the Complexity Measurements model 

for OOD.This model used the design metrics namely 

Inherited Complexity Metric. Cohesion Complexity 

Metric. Encapsulation Complexity Metric. Coupling 
Metric. In order to establish a relationship between 

reliability attribute complexity and design properties, the 

relevant influence of design properties on software 

complexity and reliability are being examined on the basis 

of relevant literature survey [20]. It was observed from 

literature survey that each of the design properties affects 

software complexity and complexity affects software 

reliability of object oriented design. The wide-ranging 

review of object oriented development literature discloses 

that object oriented properties positively or negatively 

affects software complexity and complexity always 

negatively affects overall software reliability. Object 
oriented design properties such as high coupling and 

inheritance, negatively affects software reliability and 

positively affects software complexity [21, 22]. In same 

approach high encapsulation and cohesion increases 

software reliability and decreases software complexity. 

The identified relevant metrics are being used for 

measuring   complexity of object oriented design. A 

multiple regression equation has been developed to get 

model coefficients. Thus, the multiple linear regression 

equation takes the following form:  
 

Y= α0+β1X1+ β2X2……………………………. βnXn (1)  

Where  

1. Y is the dependent variable 

2. Xs are independent variables.  

3. α and β are the coefficients, 
 

Putting equation 1, 2, 3 and 4in equation 5 the generated 

equation will be as follows:  
 

Complexity = α+β (ICM) +λ (CCM) +γ (ECM) +δ (CM)     

                                                                          (2) 
Where, complexity is dependent variable, Inherited 

Complexity Metric (ICM), Cohesion Complexity Metric 

(CCM) , Encapsulation Complexity Metric(ECM) 

,Coupling Metric(CM) are the Object oriented metrics 

which are treated as independent variables and α, β, λ, δ ,γ 

are considered as model coefficients. Complexity mainly 

depends on design properties such as coupling, cohesion 

inheritance and encapsulation. Five different equations are 

put for five different case studies. After applying these 

case studies model coefficients for object oriented design 

properties such as inheritance, cohesion, encapsulation and 

coupling are calculated as: 

α=0.4734, β=-0.1869, γ= 0.9506, δ=0.5790, λ=-0.3266 

respectively. Putting values of α, β, γ, δ, λ in equation 2, 

following equation will be generated 

Complexity = 0.4734 -0.1869 (ICM) +0.9506 (CCM) 
+0.5790 (ECM) -0.3266 (CM)               ----------- (3) 

 

IV. RELIABILITY MEASUREMENT 

In order to establish a relationship between reliability and 

complexity, the respective influence of relationship 

between complexity and reliability are being examined on 

the basis of relevant literature survey. It was observed 

from literature survey that complexity and reliability 

closely associated to each other and complexity affects 

software reliability negatively .Studies use the complexity 

of system design to measure reliability of software. 

Software complexity constantly decreases the reliability of 
object oriented design [23, 24]. The developed model 1 is 

being applied for measuring reliability of object oriented 

design. Using SPSS the model’s coefficients are 

calculated. Thus, the multiple regression equation takes 

the following form:  

Z= λ0+Γ 1X1+ Γ2X2…………………………….ΓnXn (4)  

Where  

 Z is the dependent variable. 

 Xs are independent variables 

λ and Γ are the regression coefficients. 
 

Reliability = α+β (Complexity)    

Where reliability is dependent variable and complexity 

worked as independent variables and α, β is considered as 

regression coefficients in model 5. Reliability highly 

depends on complexity. Five different equations are put 
for five different case studies. After applying these case 

studies model coefficients for complexity are calculated 

as: 

α=0.232, β= 0.866. Putting values of α, β, in equation 5, 

following equation will be generated 

Reliability = 0.232+0.866(Complexity)      (5)  
 

V. COMPARATIVE ANALYSIS 

Comparative analysis among identified object oriented 

metrics, reliability and complexity is shown in given 

bellow tables and figures:  
 

Examination of object oriented metrics, complexity and 

reliability values for the designs before complexity 

minimization.  

Table 1: Metric, complexity and reliability values for the designs 

Metric → 
ICM CM CCM ECM Complexity Reliability 

Designs↓ 

Design 1 1.168 3.831 0.990 1.367 0.925 0.5093 

Design 2 0.825 4.06 1.776 1.067 0.976 0.7346 

Design 3 0.7695 3.926 0.853 1.145 0.919 0.367 

Design 4 0.806 2.768 0.721 2.92 1.258 0.821 

Design 5 0.612 0.542 1.990 1.870 1.413 1.379 

Analysis of metrics, complexity and reliability values after complexity minimization 
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Table-2: Metrics, complexity and reliability comparison after Complexity minimization 

Metric     → 
ICM CM CCM ECM 

 

Complexity 

 

Reliability 
Designs  ↓ 

Design 1 0.886 3.138 0.505 1.020 0.355 0.549 

Design 2 0.285 1.510 1.410 0.870 0.770 0.899 

Design 3 0.636 3.009 0.470 0.980 0.385 0.566 

Design 4 0.268 2.275 0.5625 1.08 0.8403 0.959 

Design 5 0.523 0.427 1.880 1.082 1.349 1.400 

 
 

Fig 1: Comparing metric values after complexity minimization for design 1 

  

Fig 2: Comparing metric values after complexity minimization for design 2 

 

 
Fig 3: Comparing metric values after complexity minimization for design 3 
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Fig 4: Comparing metric values after complexity minimization for design 4 

 

 
Fig 5: Comparing metric values after complexity minimization for design 5 

 

 
Fig 6: Line graph for complexity analysis after before complexity minimization 
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Fig 7: Complexity and reliability analysis before complexity minimization 

 

 
Fig 8: Analysis of complexity and reliability after complexity minimization 

 

 
Fig 9: Line graph analysis for reliability before and after complexity minimization 
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Fig 10: Line graph analysis for reliability and complexity before and after complexity minimization 

 

 
Fig 11: Analysis for reliability and complexity before and after complexity minimization 

 

VI. FINDINGS 

 Complexity is an important factor for reliability 

measurement. High complex software frequently 

decreases the software reliability. Some of the 

important and key findings are as listed below:  

 

 Inherited Complexity Metric, Cohesion Complexity 

Metric, Encapsulation Complexity Metric, Coupling 
Metric, are identified for each of object oriented 

design properties such as inheritance, cohesion 

coupling, and encapsulation respectively.  

 
 Complexity and reliability measurement models have 

been developed.  

 
 Comparative analysis among identified object 

oriented metrics, reliability and complexity is the 

major part of the proposed research work has been 

done.  

 
 It if found after study of object oriented metrics, 

complexity and reliability values for the designs  

 
before design complexity minimization is that high 

values of complexity and  decreases the values of 
reliability. Therefore, higher the complexity value, 

lower is the reliability of object oriented design.  

 

 It if found after study of object oriented metrics, 

complexity and reliability values after design 

complexity minimization is that complexity has lesser 

values than reliability. For this reason, smaller the 

complexity value, greater the reliability of object 

oriented design. 

  

 Object oriented Metrics values are compared with 

each other before and after complexity minimization 
for all five design case studies. It is recognized that 

values of design complexity before complexity 

minimization has greater  

 
 Values than after complexity minimization for the 

designs. Hence, complexity values are minimized for 
five designs shown in tables and figures.  
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 Complexity has been examined for five design case 

studies, after and before complexity minimization for 

the designs shown in table 8 and figures 6 and 7.  

 

 It is found that before design complexity 

minimization that reliability is smaller than 
complexity values. Hence, greater the complexity 

smaller is the reliability of designs. Table 9 and figure 

8 depict the comparative analysis between them.  

 
 It is found that after design complexity minimization, 

complexity values are smaller than the values of 

reliability. Hence, smaller the complexity greater is 
the reliability of the designs. Table 10 and figure 9 

depict the analysis after complexity minimization for 

the designs.  

 

 Reliability study after design complexity 

minimization is shown in table 11 and represented in 

figure 10. It is found that reliability values are high 

after complexity minimization.  

 
 Reliability and complexity study before & after 

complexity minimization for the designs are given in 

table 12 and figure 12 and 13. It is found that design 

complexity decreases and reliability of designs 

increases.  

 

VII. CONCLUSION 

The four metrics namely Inherited Complexity Metric 

(ICM), Cohesion Complexity Metric (CCM), 
Encapsulation Complexity Metric (ECM), Coupling 

Metric (CM), are identified for each of object oriented 

design properties such as inheritance, cohesion coupling, 

and encapsulation respectively. Complexity and reliability 

measurement models have been developed to measure the 

complexity and reliability of software design. Comparative 

analysis among identified object oriented metrics, 

reliability and complexity is the major part of the proposed 

research work has been done.  

 

It if found after study of object oriented metrics, 
complexity and reliability values for the designs before 

design complexity minimization is that high values of 

complexity and  decreases the values of reliability. 

Therefore, higher the complexity value, lower is the 

reliability of object oriented design. Hence above tables 

and graphical illustration shows the systematic 

comparative analysis between complexity and reliability 

after and before complexity minimization. 
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