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Abstract— Evaluation of Software reliability plays 

significant role in the development of software, but the 

conventional software evaluation method generally aims at 

evaluation by use of failure data which is gained only after 

testing or handled in the last phase of the software life cycle. 

So people expect to get each stage’s information about the 

software’s reliability which is taken as the reference to guide 

the software’s design, analysis and testing and so on. A 

software reliability evaluation method is put forward in this 

paper, which focuses on lots of information correlative with 

reliability during the entire software life cycle. At last an 

application is put forward to demonstrate the viability of this 

method.  
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I. INTRODUCTION 

Software reliability evaluation is important part of normal 

system reliability tests and trials, to minimize costs and to 

exercise the software in the system environment. This 

process also ensures information taken as the reference or 

accordance to guide the software’s design, analysis and 

testing and so on. Lastly it will provide the quantitative 

estimation outcome for the issued software product.  

 In recent years, software reliability evaluation 

based on number of factors like number of defect found, 

failure recovery rate etc., as the main means of software 

reliability estimation. Numbers of software reliability 

growth models have been proposed [1-5]. But with the 

inadequacy of not very good assessment quality, many new 

models and technique were proposed to effectively progress 

the reliability evaluation performance, such as Neural-

Network-based model presented by N.Karunanithi[6], chaos 

deduce model[7], Bayes networks model[8], fuzzy theory 

model[9] and so on. Newer technologies are also proposed, 

such as the failure data trend analysis and prediction quality 

improvement [10-11]. Based on the statistical theory, David 

et al. [12-14] proposed many software reliability assessment 

methods which recognized the sampling theory for software 

reliability evaluation. With the deficiency of only applied in 

the delayed phase of the software life cycle, such as testing 

and maintenance process, its application is mired. Whether 

it can be used in the early phase of software development 

becomes an important question. Li et al [15-17] provided the 

software reliability broad evaluation method from the 

outlook of system theory. IEEE standard 982.1 confirmed 

that different factors related to the product, process and 

resource of software in the complete software life cycle will 

have big influence on software reliability [18]. Reference 

[19] presented the findings of empirical research from 13 

firms involved in software development to identify the 

factors that may affect software reliability. Some software 

engineering professional want to use frequently used 

software metrics to forecast software reliability in a straight 

way, so whether these can give new ideas for software 

reliability estimation?  

II. ANALYSIS OF SOFTWARE RELIABILITY EVALUATION 

FACTORS 

Reference [19] presents the findings of empirical research 

from 13 companies involved in software development 

including AT&T, Bell Core, Chrysler and MCI International 

to identify 32 factors that may affect software reliability. 

These factors are analyzed and ranked in terms of their 

impact on software reliability. Based on [4] and [17], this 

paper presents 28 regular factors as the objectives to be 

further studied, which is shown in Table 1, also these factors 

are classified into product factors, process factors and 

resource factors. 

1) Product factors: Product factors are software attributes 

which have something to do with software size, 

document and structure. It is a static constraint which 

can be collected from software design documents etc. 

2) Resource factors: Resources factors can be divided 

into: human, reusable software component, software 

and hardware environment. 

3) Process factors: Process factors refer attributes and 

behaviors in every phase of software development. 

III. EVALUATION METHOD 

Here the software reliability evaluation method refers 

distinguished hardware reliability demonstration method 

[20,21], whose principle is to use factors’ information to 

give an assessment for reliability, then according to grading 

scores to determine the evaluation value. The steps are given 

as follows: find out factors used for auditing; list the 

detailed contents required to audit; design professional grade 

table, collect information of factors and choose software 

specialist; arrange experts to audit and grade according to 

information and contents; combine the experts’ grading 

results to obtain the integrated evaluation results.  

 Thus software reliability evaluation is a process of 

auditing and demonstration, which not only presents 

evaluation results but also finds the hidden defects in the 

process of software development and testing to guide and 

improve the process accordingly. 

A. Determine Factors for Auditing 

Factors listed in Table 1 can be considered as objectives for 

auditing. Before assessment, factors can be selected as the 

auditing set according to the actual requirement. For 

example, in the early stage of development, factors affect 

software reliability can be selected just involved in that 

stage. 

B. Determine Contents To Be Checked 

Contents to be tested are those requirements for factors 

involved in software design, development and testing 

process and characteristics of software, e.g. software 

reliability design method as fault-tolerance, fault-avoidance 

and control of software complexity. The contents should be 
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simple and correct, distinguishing and casing all 

characteristics. Some examples are shown in Table 2. 

C. Devise Grading Table for Expert Auditing 

Based on hardware reliability qualitative demonstration 

method [20], the following four type grades are given as 

follows: 

1) Excellent:  

The work assigned has been done very well and fulfilled the 

requirement entirely even surpass the demand to some 

extent, which is equal to 90-100;  

2) Good: 

The work assigned has been done well and fulfilled the 

requirement apart from some mistakes with less effect on 

software reliability and could be corrected easily, which is 

equal to 75-90;  

3) Normal: 

The work assigned has been done and fulfilled the 

requirement for the most part except a lot of serious 

mistakes are made affecting software reliability to some 

extent and have to to be corrected with lots of efforts, which 

is equal to 60-75;  

4) Bad: 

The work assigned has been done poorly and not fulfilled 

the requirement with a lot of serious mistakes affecting 

software reliability rigorously, which have to be done over 

again to avoid more severe losses, whose score is below 60.  

Expert auditing grading table can be designed as Table 2. 

D. Auditing and Grading: 

1) Hypothesis and Notation:  

Suppose m is the number of factors and n is the number of 

experts. Ei is the i
th

 considered factor, where i = 1 ~ m. Let pi 

be the number of contents under Ei , Sij be the j
th

 content of 

factor Ei , therefore j = 1 ~ p .Suppose every expert has the 

same significant impact, then let weight for Ei is wi and 

weight for every expert is 1/n. Let uijk be the score of Sij 

given by Ei  will is used for evaluation and based on 

software itself and all factors’ impact; every factor is 

assigned a highest score as the basis to integrated marks. Let 

Ai be the basic mark of Ei where ∑   
 
       . The 

simplest method of ascertaining basic score is in terms of 

weight as follows  

Ai= Wi ×100    (1.1) 

Take Ei for example, expert k gives a mark uijk after careful 

auditing for every content, then expert k gives a total mark 

for  Ei,  i.e.  Uik is ： 

 ik Ai ×
∑     
  
   

      
                 (1.2) 

By Eq. 2, one can get the total mark Ui for Ei by all experts 

such that  

 i  ∑
 

 
   

 

   
   (1.3) 

By Eq. 3, one can get the final grading score Ui for factor Ei  

Software reliability incorporated evaluation outcome 

The integrated evaluation result of software reliability R is 

as follows:  

R= ∑   
 
    (1.4) 

04-grading method is used to give the weight of factor Ei. 

The principle of 04-grading method is given  as follows: 

1)Expert grades independently without conversation amid 

each other; 2)When the importance of two  factors matched, 

the comparing method is adopt  and the following three 

steps can be used such that: i) Between two factors, the 

more important one gets the score of 4 and the other gets 0; 

ii)Between two  factors, the relatively important one gets the 

score of  3 and the other gets 1; iii)If two factors are of the 

same  importance, they all get 2; 3) The two factors cannot  

both get 4 or cannot both get 0. Examples are given as Table 

4.  

IV. APPLICATION 

Here gives a simple application. 

1) Determine factors for auditing For convenience, take 7 

factors from Table 1 noted as A, B, C, D, E, F, G for 

example. 

2) Determine contents to be checked：The contents to be 

checked are shown as Table 2. 

3) Design grading table for expert auditing：The table is 

shown as Table 3. 

4) Auditing factors：Suppose seven software experts are 

invited to audit 7 factors and the weights are calculated 

as Table 4. E.g. expert A gives an auditing result as 

which is shown in Table 5.Take factor A (software 

complexity) for example, the score from expert A is 

computed as follows, then final result is shown as 

Table 6. 

       
              

 
          

Result of integrated reliability evaluation：In terms of the 

results in Table 6, by Eq.4, then 

  ∑  

 

   

      

V. CONCLUSION 

A software reliability assessment method based on 

influencing factors was kept forward by means of expert 

evaluation and auditing, in terms of contents to be 

examined, the incorporated evaluation outcome was 

accomplished. From the practice of application, not only 

assessment outcome can be achieved, but also guidance can 

be kept forward to get better the process of software 

development and testing and so on. More appropriate 

factors, association between classification of factors and 

weights, contents to be considered should be further studied 

in future work. 

Type No Factor Name 

Product 

factors 

1 Software complexity 

2 Percentage of reused code and modules 

3 User’s quality objective 

4 Software programming languages 

5 Nature of defects and failures 

6 programmer’s skill 
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Resource 

factors 

7 Development  team size 

8 Programmer organization 

9 User’s skill 

10 Testing tools 

11 Testing environment 

12 Hardware resource 

13 Software development environment 

14 Testing resource allocation 

 

 

 

 

 

 

 

 

 

 

Process 

factors 

 

 

 

 

15 

 

 

 

 

Testing methodologies 

16 Testing coverage 

17 Test case 

18 Fault detecting and removing process 

19 Test efforts 

20 Documentation 

21 Software development design methodologies and technology 

22 Development management 

23 Work standard 

24 Relationship of detailed design to requirements 

25 Frequency of program specification and requirements change 

26 Difficulty of programming 

27 Whole schedule 

28 Programming effort 

Table 1: List Of Ordinary Factors 

Factor Contents to be checked 

software complexity 

Does software have a good architecture system 

percentage of defects caused by source code size 

software McCabe’s complexity 

software functionality 

code readability 

Table 2: Contents Of Factors To Be Checked 

Factor Contents to be checked 

Grading ranks 

Grading results 

ex
ce

ll
en

t 

g
o

o
d

 

n
o

rm
a

l 

b
a

d
 

software 

complexity 

Does software have a good architecture system √    90 

Percentage of defects caused by source code size  √   80 

Software McCabe’s complexity  √   80 

Software functionality  √   85 

Code readability √    90 

Table 3: Grading Tables For Factors Contents 

Factor A B C D E F G Grading score Weights 

A  4 4 3 3 2 1 17 0.20 

B 0  3 2 2 0 0 7 0.08 

C 0 1  1 2 0 0 4 0.05 

D 1 2 3  2 1 0 9 0.11 

E 1 2 2 2  1 0 8 0.10 

F 2 4 4 3 3  1 17 0.20 

G 3 4 4 4 4 3  22 0.26 

Amount        84 1 

Table 4: Statistical Results By 04-Grading Method 

Factor Contents to be checked 

Grading ranks 

Grading results 

E
x
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t 

G
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B
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d
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software 

complexity 

Does software have a good architecture system √    90 

percentage of defects caused by source code size  √   80 

software McCabe’s complexity  √   80 

software functionality  √   85 

code readability √    90 

Table 5: Grading Table Of Expert A 

F
a

ct
o

r 

A
 

B
 

C
 

D
 

E
 

F
 

G
 

G
ra

d
in

g
 

sc
o

re
 

W
ei

g
h

ts
 

A 17.1 17.8 18.8 18.1 18.7 17.6 15.9 17 20 

B 6.5 6 6.3 6.8 7.1 5.7 6.7 7 8 

C 4.3 3.9 4.1 4.4 3.8 4.1 4.3 4 5 

D 9.2 9.9 9.8 9.4 10.1 9.2 10 9 11 

E 9 9.1 8.8 8.6 9.5 9 8.8 8 10 

F 16.4 18.2 18.9 17.3 19.1 18.4 17.4 17 20 

G 21.5 23.6 23.2 24.6 22.7 23.2 24.8 22 26 

Amount        88.3 100 

Table 6: Grading Results Of All Experts 
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