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Abstract 

Six-Sigma quality enhancement methodology has received important attention in various 

software development and service organizations. There have been some researches 

recognizing serious software success factors for Six-Sigma execution. Within available 

resource compulsions, an immediate adoption of all serious software success factors may not 

be possible. In order to be able to consolidate resources for some of the most important 

factors, top priority serious software success factors have to be determined. This will enable 

Six-Sigma practitioners and policy makers to understand the relative importance among the 

software success factors and develop improvement ideas for resource provision. The aim of 

this paper is to present fuzzy hierarchy process (FHP) based on methodology with the use of 

triangular fuzzy values for pair wise comparison scale to top priority serious success factors 

for Six-Sigma execution. The weights of success factors are determined by software experts 

including software managers, Six-Sigma Green-Belts and Black-Belts from different 

multinational organizations in the software industry in India. This paper is an attempt to top 

priority to the serious software success factors of executing Six-Sigma methodology by using 

FHP approach. 

Keywords: Serious software success factors, Software criteria, Six-Sigma, Fuzzy logic, 

Fuzzy Hierarchy Process 

 

1. Introduction 

Six sigma as a quality management tool is a useful technique for achieving competitive 

advantage over rival organizations in the competitive environment of both software 

developing and service enterprises [1]. Six sigma may be named as a most powerful and 

comprehensive management tool which is necessary in order to bring changes in organization 

and also in making conformity with customer requirements [2]. Software quality management 

has been considered as an important strategy for achieving competitive advantage over rival 

industries [3]. Continuous improvement towards software performance excellence is the 

competitive edge for commercial companies to survive in highly competitive markets [4]. 

Among the various business improvement approaches available, the Six-Sigma approach has 

been recognized as one of the most effective methods. Many software quality initiatives such 

as total quality management, zero defects and statistical quality control has been used for 

many years, but Six-Sigma is a recent quality improvement initiative that has gained 

popularity and success in many software companies and even in service organizations across 

the world[5]. Software development performance evaluation is very complex and extensive 

related to many definite and indefinite factors [6]. In addition, software developers usually 
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have different strategies and management approaches such as total software quality 

management; optimize production realization to accomplish their goals and targets [7]. 

Several performance measurement systems have been proposed ranging from balance 

scorecard to fuzzy models. However in literature there are few fuzzy logic methods with 

fuzzy integral on measuring software development performance by multi-dimensions.  

Furthermore, in many researches software development performance in a company has been 

compared with other companies, but in our research we compare manufacturing performance 

by means of shift and overtime in a medium size enterprise operating in Indian software 

industry. The main purpose of this research is to guide developers evaluating their own 

companies in fuzzy multi-criteria environment by the ways of working such as single 

resource, binary resource, triple resource and overtime. 

This research is the first attempt to top priority the software critical success factors of 

implementing Six sigma methodology. The knowledge on the top priority of software critical 

success factors of executing Six sigma will lead to better understanding of the operational and 

strategic management in the future. Moreover, this paper enables managers and practitioners 

to focus on some of the most important software critical success factors in successful 

execution of Six sigma. 

 

2. Literature Review 

The Six sigma plan utilizes a very good disciplined approach. The main features of the Six 

sigma approach are as follows: 

 Links and sequence improvement software tools into an overall approach Define-Measure-

Analyze-Improve-Control (DMAIC). 

 More attention to bottom-line outputs and the sustaining of gains over time  

 Collected human and process element for improvement using a Six sigma belt-based 

industries (Champion, Six sigma Black belt, and Six sigma Green belt) [7]. 

Six-Sigma to reduce procurement delay. Six-Sigma is applied using a software project 

management, under resource constraints. The project selection-decision, to maximize the 

financial results, is often challenging for a organization [7]. Software organizations can 

consider four dimensions of the balanced score card, namely financial, software customer, 

internal business process and learning, and growth as the criteria for project selection [8]. Six-

Sigma has the same content with that of the improved performance in both sales and revenue. 

Fuzzy assessments and multiple expert opinions can be considered. Human opinions are often 

in conflict because of group decision-making in a fuzzy environment. Different approaches to 

various aspects of decision problems with uncertain data have been published, and a 

significant amount of literature is available on fuzzy multiple criteria and decision making [9, 

10]. 

In addition to the preceding performance measurement methods and models, there are 

some researches based on fuzzy logic [14]. A model for software development experts and 

software managers to assess software development risks via two additive fuzzy logic 

approach for multi-criteria supplier measurement problem in order to obtain more effective 

outcomes [15]. How to deal with an organizational quantified performance aggregation 

process in a industry based on a fuzzy logic [16]. Using a fuzzy logic for assessing and 

deciding fourth party logistics operating models [17]. A quantitative model due to monitoring 

the overall performance of an enterprise based on a fuzzy logic aggregation operator and the 

model is applied to a organization [18].  
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In this study each linguistic parameter is defined by standardized trapezoidal fuzzy number 

[19]. A triangular fuzzy number should possess the basic features. In this paper fuzzy logic 

theory is deals with the extraction of the expected results from a different types of software 

data expressed in vague and imprecise terms [20]. Fuzzy logic treats to express vague 

information as certain distribution which can be executed for logical distribution reasoning, in 

terms of membership functions [21]. 

Fuzzy hierarchy Method not being able to overcome the deficiency of the fuzziness during 

decision making, This method have evolved the traditional into triangular  fuzzy number of 

the fuzzy set theory into the pair-wise comparison matrix of the hierarchy process, for the 

purpose of solving not certain problems, which occur during the analysis of criteria and 

judgment process [22, 23]. In this method extent analysis method [24, 25] is applied to the 

evaluation the software critical success factors since the steps of this approach is similar to 

the traditional hierarchy process and relatively easier than the other fuzzy hierarchy process 

approaches [26, 27]. Standardized triangular fuzzy logic numbers are used to represent 

subjective pair-wise comparisons of Six sigma experts’ verdicts. In this paper, the 

standardized triangular fuzzy logic conversion scale is used to convert such linguistic scales 

into fuzzy logic scales in the investigation model as shown in Table 1. 

Table 1. Fuzzy Scales with its Membership Function 

Fuzzy Scales Fuzzy Membership Function 

Equally important 1,1,3 

Weakly important 1,3,5 

Essentially important 3,5,7 

Strongly important 5,7,9 

Extremely important 7,9,9 

 

3. Research Methodology 

In this study, the fuzzy matrix is constructed. In this research the standardized triangular 

fuzzy number is brought into the pair-wise comparison matrix of the fuzzy hierarchy process 

is described as follows: 

 

Step 1: Problem Definition and Objective: The top priority of software serious success 

factors for Six sigma execution. This can be achieved by the effects of the software serious 

success factors on the software criteria. 

Step 2: Build a Fuzzy Hierarchical Model: An effective method for analyzing complicated 

problem can be applied for constructing weights in hierarchical diagram of environmental 

effects at each stage. We constructed a hierarchical diagram for top priority of software serious 

success factors for Six- sigma execution as shown in the following Figure 1. 
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Figure 1. The Hierarchical Diagram for Top Priority of Serious Success Factors 
for Six Sigma Execution 

The above hierarchical diagram depicts a three level fuzzy hierarchical model of top 

priority of software serious factors of executing Six sigma methodology, by presenting the 

relationship between the software success criteria’s and serious software success factors.  

Software criteria’s are as follows: 

Where SC1 = software company financial status 

SC2 = Customer Satisfaction about software     

 SC3 = Software Product improvements 

Serious software success factors are as follows: 

SSF1= Software Top Management Involvement 

SSF2 = Infrastructure and Environment of the   

           Software Company  

SSF3 = Software Training and Education 

SSF4 = Six sigma to Software business strategy 

SSF5 = Six sigma to Customer 

The level 1 of the fuzzy hierarchical model expresses the aim of this research, which is top 

priority of software serious success factors for six sigma executions. The effects of software 

serious success factors on the software success criteria’s. The level 2 expresses the three of 

software success criteria’s. The last level features the software serious success factors. 

Step 3: Construct Fuzzy Logic Matrix: We construct a fuzzy logic matrix for each of the last 

level elements, and then make the relationship of elements using the pair-wise comparison 

approach, the importance of relationship of the elements at same level w.r.t the element of their 

preceding level. In table 1. Taken linguistic elements based on every expert’s judgments, the 

pair-wise comparison of five software serious success factors is more important than preceding 

level software success factors. 

Step 4: Collective Opinions of Various Experts by using Geometric Mean: The informed 

judgments from a experts are collected through geometric mean is used for individual experts 

judgments.  

 

    SC1      SC2      SC3 

SSF1 SSF2 SSF3 SSF4 SSF5 

Top priority of software serious 

success factors for Six sigma 

execution 
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4. Research Output 

As outputs of fuzzy evaluation of software success criteria and software serious success 

factors with respect to SC1. There are other two fuzzy evaluation of software success factors 

with respect to SC2 and SC3, which are the geometric progression mean values of the fuzzy 

logic judgment matrices are shown as follows in Table 2 and Table 3. 

Table 2. Fuzzy Logic Comparison Matrix of Three Software Criteria with 
Respect to the Aim 

 SC1 SC2 SC3 

SC1 
1,1,1 0.425, 0.667, 0.96 0.521, 0.72, 1.581 

SC2 
1.05, 1.49, 2.39 1,1,1 1.25, 1.85, 2.52 

SC3 0.64, 1.45, 2.02 0.40, 0.56, 0.82 1,1,1 

Table 3. Fuzzy Logic Comparison Matrix of Software Serious Success Factors 
with Respect to SC1 

 SSF1 SSF2 SSF3 SSF4 SSF5 

SSF1 1,1,1 0.9, 1.4, 3.2 0.8, 1.2, 2.6 0.9, 1.8, 3.4 0.4,0.7,1.3 

SSF2 0.3,0.7,1.2 1,1,1 0.9,1.2,2.7 0.4,0.5,1.2 0.2,0.2,0.4 

SSF3 0.9,1.2,0.3 0.4,0.8,1.1 1,1,1 0.4,0.7,1.4 0.4,0.7,1.4 

SSF4 0.3,0.5,1.1 0.9,1.9,2.5 0.7,1.4,2.4 1,1,1 0.4,0.6,1.2 

SSF5 0.8,1.5,2.5 2.6,4.5,6 0.7,1.4,2.4 0.8,1.7,2.5 1,1,1 

 

Here we calculate triangular fuzzy number values of three software criteria’s by using the 

fuzzy logic evaluation values as shown in above Table 2. 

Now we calculate Triangular fuzzy logic number values of software criteria are as follows: 

S1
(SC1) 

 =    (1.946, 2.38, 3.541) (* (7.286, 9.73, 13.291)
-1

 

 =   (1.946, 2.38, 3.541) (*) (1/13.291, 1/9.73, 1/7.286) 

 =   (0.146, 0.245, 0.486) 

S2
(SC2) 

 = (3.3, 4.34, 5.91) (*) (7.286, 9.73, 13.291)
-1

 

                    
= (3.3, 4.34, 5.91) (*) (1/13.291, 1/9.73, 1/7.286) 

 = (0.248, 0.445, 0.811) 

S3
(SC3)

 = (2.04, 3.01, 3.84) (*) (7.29, 9.73, 13.29)
-1 
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 = (2.04, 3.01, 3.84) (*) (1/13.29, 1/9.73, 1/7.29) 

 = (0.153, 0.309, 0.526) 

Now we calculate the degree of probability of software criteria as follows: 

D (S1
(SC1) 

 >= S2
(SC2) 

 ) 

    = (0.248 - 0.486) / (0.245 - 0.486) – (0.445 - 0.248) 

                  = 0.543 

D (S1
(SC1) 

 >= S3
(SC3)

) 

                   = (0.153 - 0.486) / (0.245 - 0.486) – (0.309 - 0.153) 

                   = .838 

D (S2
(SC2) 

 >= S1
(SC1)

) = 1     (because 0.445> 0.245) 

D (S2
(SC2) 

 >= S3
(SC3)

) = 1     (because 0.445> 0.309) 

D (S3
(SC3)

>= S1
(SC1) 

 ) = 1     (because 0.309>= 0.245) 

D (S3
(SC3)

>= S2
(SC2) 

 ) = (0.248 -0.526) / {(0.309 - 0.526) –   (0.445 - 0.248)} 

      = 0.67 

Next we calculate least degree probability  

Min{ D(S1
(SC1) 

 >= S2
(SC2) 

 , S3
(SC3)

)} = Min{0.543, 0.838} =  0.543 

Min {D (S2
(SC2) 

 >= S1
(SC1)

, S3
(SC3)

)} = Min(1, 1) = 1 

Min {D (S3
(SC3)

>= S1
(SC1) 

 , S2
(SC2)

)} = Min (1, 0.67) = 0.67 

The weight vector as  

W` = (0.543, 1, 0.67) 
T 

After normalized weight vector as  

W = (0.245, 0.445, 0.309) 
T
 

Now we compute of weights of the software serious success factors with respect to the 

assessing software success criteria’s will not be given in this article because they are same 

calculation as above. The overall weight of each software success factors is computed by 

multiplying its priority weight with the three s/w criteria relative weights. We repeat the 

procedure of the local and overall weights for all levels in fuzzy hierarchy. The same 

procedure can apply for remaining data. Finally the outputs of top priority for software 

serious success factors are shown in Table 4. 

In Table 4, we shown the weights of software serious success factors related to three 

software success criteria and also shown average weight and top priority ranking of each 

software serious success factors. According to experts’ judgments viewpoint through fuzzy 

hierarchical process approach, Six sigma to customer plays an important role in execution of 

Six sigma. Next important factor is software top management involvement, while software 

training and education is the least important. Now we conclude that customer satisfaction is 

most important. 
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Table 4. Software Success Factor Weight Score and Average Weight Score of 
Software Serious Success Factors and their Top Priority Ranking. Brackets ( ) 

Denote the Weight of Each Software Criterion 

Software 

Serious success 

factor 

Software criteria weight score Average 

weight score 

Top 

Priority    

   Rank 
SC1 

(0.245) 

SC2 

(0.445) 

SC3 

0.309) 

SSF1 0.24 0.23 0.23 0.23333 II 

SSF2 0.15 0.17 0.20 0.17333 IV 

SSF3 0.15 0.10 0.14 0.13333 V 

SSF4 0.21 0.19 0.25 0.21666 III 

SSF5 0.30 0.26 0.23 0.26333 I 

 

5. Summary and Conclusions 

This article studies the top priority of the software serious success factors in six sigma 

executions by using a fuzzy hierarchy process approach, which is applied to the software 

industry in India, and this article is to demonstrate efficiency of the proposed approach. From 

literature review, 3 main software criteria and 5 software serious success factors are evaluated 

and used in this study. The top priority of the software serious success factors is very much 

necessary because it is infeasible to devote their efforts to all software serious success factors. 

In promoting the success of executing Six sigma, professionals and management team 

required to devote their efforts to some software serious success factors that have the highest 

ranking such as the linking Six sigma to customer, and software top management 

involvement. In the beginning of executing the Six sigma, professionals and software top 

management team should focus their efforts on the software serious success factor that has the 

highest ranking and gradually attend to the rest of the factors which have running ranking 

afterwards.  

For the software criteria of executing six sigma methodologies, they required to focus on 

customer satisfaction as the first ranking. The ranking of software serious success factors 

enables professionals and policy makers to understand the relative importance among the 

software factors and software development an improvement strategy for an industries 

resource provision. 

For research limitations, the proposed methodology is examined, from 3 software 

industries which is the limitation of this article. The strong point of the methodology can be 

examined by conducting several empirical researches in software industry and comparing the 

outputs with other industries or other existing methodologies. 

Further researches may include sensitivity analysis of the outputs of this research in order to 

determine the influence of these coefficients on the final output. This methodology can applied 

to different companies with more serious factors. 
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