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ABSTRACT 

Reliability engineering plays an important role to improve the software quality. Before 

delivering the software in the market, it is thoroughly checked and errors are removed. 

Software reliability growth models help the software industries to develop such software 

which is error free and reliable. In this paper we consider three queuing disciplines. 

Though purely preemptive and non-preemptive priority disciplines may be suited for 

other groups, our data was best fit by a mixed discipline, one in which only the most 

severe defects preempt ongoing service activities of lesser severities.  

 

We discusses a reliability model, which has been successfully used for predicting 

reliability of a software system and general discrete SRGM is proposed for errors of 

different severity in software systems using the change-point concept. Then, the models 

are formulated for two particular environments. The models were validated on two real-

life data sets. The results show better fit and wider applicability of the proposed models 

as to different types of failure datasets. Several software reliability growth models 

(SRGM) have been developed to monitor the reliability growth during the testing phase 

of software development. In most of the existing research available in the literatures, it is 

considered that a similar testing effort is required on each debugging effort. 

1. INTRODUCTION 

With the growth in demand for zero 

defects, predicting reliability of software 

products is gaining importance. 

Software reliability models are used to 

estimate the reliability of a software 

product. A number of software 

reliability growth models (SRGM) have 

been developed in the literature, under 

different sets of assumptions and testing 

environments.  In the last three decades 

several SRGMs have been developed to 

estimate the fault content, failure rate 

and fault removal rate (FRR) per fault in 

software and to predict the reliability of 

the software at the release time. Most of 
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these are characterized by the mean 

value function of a non-homogeneous 

Poisson process (NHPP) and utilize 

historical failure data collected during 

the testing phase to evaluate the quality 

of the software.  

It has been assumed in the above models 

that the FRR remains constant over the 

entire testing period. However, it is 

observed that the FRR may not be 

constant and can change as the testing 

progresses. Due to the complexity of the 

software system and the incomplete 

understanding of the software 

requirements, specifications and 

structure, the testing team may not be 

able to detect the faults at the same rate. 

As the testing progresses the FRR 

changes[1]. The time at which FRR 

changes is called change-point. There 

can be multiple change-points in the 

testing process. The idea behind the 

change point concept is that it divides 

the testing period into intervals and 

assumes that during a particular interval 

the testing strategy and testing 

environment are more or less similar and 

are slightly different from the other 

subintervals. The FRR is either assumed 

to be constant or a function of number of 

test cases executed during each 

subinterval but varies from the other 

subintervals. The concept of change 

point was started by Zhao[2] who 

introduced the change-point analysis in 

hardware and soft- ware reliability. 

Shyur[3] and Kapur et al.[4,5] also made 

their contributions in this area. Shyur[3] 

has developed an SRGM for multiple 

types of faults incorporating the concept 

of change point keeping the FRR 

constant and different for different types 

of faults. 

2. FAULT IDENTIFICATION AND 

FAILURE CORRECTION DURING 

SOFTWARE DEVELOPMENT 

The following procedure is adapted to 

design and implements the Error 

detection and structural data base 

construction for Software development 

environment 

• Study the Basic functional process of 

design and deployment of Expert 

system 

• Study the applications of Expert 

system and various design models 

and on going researches in the 

Expert system 

• Study the design procedure of Expert 

system using layer based approach 

• Study of Expert system Architecture 

• Adopt Expert system architecture for 

Software development environment 
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to design Error detection and 

Correction  

• Define he Error detection procedure 

for Integrated 

• Development Environment (Visual 

Studio) 

• Design Expert system Architecture 

for Software development 

environment to design Error 

detection and Correction 

The model is based on the following 

framework: 

1. Errors are introduced into a software 

component at each stage of 

development. The 

rate of insertion is dependent on a 

number of factors endogenous to the 

software 

process, including: 

- size and complexity of the component; 

- skill level of personnel; 

- size of development team; 

- stage of development and task being 

undertaken; 

- technique(s) being used. 

2. Errors are detected and removed 

during all stages of development at a 

rate which is 

primarily dependent on the detection 

technique employed. 

3. Errors that are not detected during one 

stage of development may result in 

multiple 

errors in succeeding stages. 

4. When an error which results from an 

error in a preceding stage is detected, all 

related 

defects are not necessarily detected. The 

proportion of resultant errors found will 

depend on the depth of the defect tree. 

5. When an error is corrected, there is a 

non-zero probability that new errors will 

be 

Introduced[6]. 

Each stage in the development process 

can be viewed as being comprised of 

parallel processes of translation and 

validation. Error insertion occurs during 

the translation process; error detection 

occurs during the validation process. 

Error correction involves an iteration of 

the construction activity. The two 

processes occur in parallel, not 

sequentially, so that there is continual 

iteration. The translation process is 

characterized by the level of formality in 

the specification, the implementation 

language, the suite of tools and 

techniques employed, the skill level of 

personnel involved and the maturity 

level of the overall software process. 

The defect insertion rate ii is 
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characteristic of a specific translation 

process, and is measured in defects 

inserted per unit of product 

functionality. Defect spreading, as 

described by Wohlin and Körner[5,7], 

occurs during the translation phase, and 

is defined by a spreading rate, si (>1), 

and the defects remaining at the end of 

the previous phase, Di-1. 

The validation process is characterised 

by the suite of techniques available for 

review and/or testing, the skill level of 

personnel involved and the maturity 

level of the overall software process. 

The defect detection ratio di is 

characteristic of a specific validation 

process and is measured in defects 

detected per defect present. 

During Phase i in a development 

process, let: 

F = product functionality 

Di = defects remaining at end of phase 

ii = defect insertion rate for phase 

si = spreading rate for phase 

di = defect detection rate for phase 

Then during translation, defects inserted 

 =  Di-1.si + ii.F  

during validation, defects detected  

 =  (Di-1.si + ii.F).di 

An assumption is made that all defects 

detected are addressed in one way or 

another; in the initial model expression, 

statement (4) is ignored. It therefore 

follows that defects remaining at end of 

phase  = defects inserted - defects 

detected = (Di-1.si + ii.F) - ((Di-1.si + 

ii.F).di) Thus,  Di  = (1-di)(Di-1.si + 

ii.F) 

It follows that the final number of 

defects present in the completed product 

can be expressed in terms of the various 

insertion, detection and spreading rates, 

as the "initial level" of defects (D0) will 

be zero. This provides the basic 

expression for the model; we can now 

explore how it can be enhanced to 

account for the more detailed definition 

of the model  

3. SOFTWARE RELIABILITY 

MODELING 

In the family of Software Reliability 

models, NHPP Software Reliability 

models have been widely used in 

analyzing and estimating the reliability 

related metrics of software products in 

many applications, such as 

telecommunications [6],[10] etc. This 

model considers the debugging process 

as a counting process, which follows a 

Poisson process with a time dependent 

intensity function. Existing NHPP 

Software Reliability models can be 

unified into a general NHPP function 

proposed by pham etc.[9].The primary 
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task of using the NHPP models to 

estimate Software Reliability metrics is 

to determine the Poisson mean, which is 

known as the MVF. 

 

Following are the assumptions for 

NHPP model: 

• The Occurrence of software failures 

follows an NHPP.  

• The  software  failure  rate  at  any  

time  is  a  function  of  Fault 

detection rate and the number of 

remaining faults Presented at that 

time  

• When a software  failure  occurs,  a 

debugging  effort  will  be initiated  

immediately  with  probability  

.The  debugging  is  S-independent at 

each location of the software 

failures. 

• For each debugging effort, whether 

the fault is successfully removed, or 

not, some new faults may be 

introduced into the software system 

with probability (t) 

Fault removal efficiency is defined as 

the percentage of bugs eliminated by re-

views, inspections, and tests [5]. The 

MVF that incorporates both fault 

removal efficiency and fault introduction 

phenomenon can be obtained by solving 

the system of differential equations as 

follows: 

 

  

(3.1) 

(3.2) 

Where p represents the fault removal 

efficiency, which means p% of detected 

faults can be eliminated completed 

during the development process. 

Therefore (3.1), m(t) represents the 

expected number of faults detected by 

time t and pm(t) then represents the 

expected number of faults that can be 

successfully removed. Existing models 

usually assume that p is 100% 

The marginal conditions for the 

differential equations (3.1) and (3.2) are 

as follows. 

m(0)=0 (3.3) 

a(0)=0  (3.4) 

Where ‘a’is the number of initial faults 

in the software system before testing 

starts. Most existing NHPP models 

assume that the fault failure rate is 

proportional to the total number of 

residual faults. Software system failure 

rate is a function of the number of 

residual faults at any time and the fault 

detection rate (which can also be 

interpreted as the average failure rate of 

( )
( )[ ( ) ( )]

( ) ( )
( )

dm t
b t a t pm t

dt

da t dm t
t

dt dt
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a fault). The expected number of 

residual faults is given by 

x(t)=a(t)-pm(t)        (3.5) 

 Notice, that when P=1 ,the proposed 

model can be reduced to an existing 

NHPP model [17].Equation 3.2 can also 

be deduced from  assumption 3.3 and 

3.4.The fault current rate a t  in software 

time at  t  is  proportional  to  the  

debugging  efforts  to  the  system,  

which m t  equals to because of 

assumption 3.Equation 3.5 can be used 

to derive explicit solutions of 3.1 and 

3.2.By taking derivates on both sides of 

3.5,we obtain 

 

( ) ( ) ( ) ( )
( ( ) )

dx t da t dm t dm t
p t p

dt dt dt dt
   

    

or 

( )
( ( ) ) ( )

dx t
t p x t

dt
    

 (3.6) 

With marginal condition. Hence, the 

expected number of residual faults is 

given by 3.6  is 

( ( )) ( )

( )

t

o
p b d

X t ae
      (3.7) 

 

From (3.1),the failure rate function can 

be expressed as follows: 

( ) ( ) ( ( ( ) ( )) ( ) ( )t m t b t a t pm t b t x t    

  (3.8)  

Therefore, the explicit expression of the 

MVF can be obtained as follows: 

0 0
( ) ( ) ( ) ( ( )) ( )

t u

m t x u b u du a p b d      
  (3.9)  

 

Using the result in (8), one can also 

obtain the solution for the fault content 

rate function by taking the integral of 

(2).The fault content rate function is 

given by 

( ( )) ( )

0
( ) (1 ( ) ( ) )

t

o
t p b d

a t a u b u e du
   


     

The Reliability function based on the 

NHPP is, therefore 

 ( ) ( )m t x m tx
R e

t

    
 

 
 (3.10) 

Where m(t) is given by(3.9). 

Thus, the reliability metrics, i.e. the 

expected number of residual faults, 

software failure rate, and Software 

Reliability can be estimated from (3.7), 

(3.8) and (3.10) respectively. 

The fault detection rate function in this 

model, b(t) is a decreasing function with 

inflexion S-shaped curve[11],[12],which 

captures the learning process of the 

software developers. In the existing 

model [3],[13] however the upper bound 

of the fault detection rate is assumed to 

be the same as the learning curve 

increasing rate. This is for the purpose of 

calculation convenience. In this paper, 
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we relax this assumption and use a 

different parameter for the upper bound 

of fault detection rate. The model also 

addresses imperfect debugging by 

assuming faults can be introduced 

during debugging with a constant fault 

introduction probability . That is  

( )
1

( )

bt

c
b t

e

t



 








 (11) 

 

4. EXPERIMENTAL STUDIES AND 

RESULTS 

Software evaluation is a very significant 

phenomenon in quantitative software 

reliability assessment. The software 

reliability function signifies the 

probability that a software failure does 

not occur in time-interval 

( , )( 0, 0)t t x t x   given that the 

testing team or the user operation has 

been going up to time t. In two 

dimensional SRGM, we can assess 

software reliability in an operation phase 

where we assume that the testing 

coverage is not expanded. We can derive 

the probability that the software failure 

does not occur in time-interval 

  , 0, 0s s s      given that 

testing has been going up to s and the 

value of testing coverage has been 

attained up to u by testing termination 

time s as: 

Where  indicates the set of parameter 

estimates of a two-dimension SRGM 

 

The recomputed mean value function for 

the model is given by 

3 3

1 1

( ) ( ) (1 (1 ) )n

i i i

i i

m n m n ap b
 

      

where bi (i = 1; 2; 3) are FRR for the 

simple, hard and complex faults. The 

Shyur0s model[13] uses the mean value 

function (MVF) in (50) with one change 

point. Here bi (i = 1; 3; 5) are the FRR 

before the change point and bi (i = 2; 4; 

6) are the FRR after the change point. 

Since the number of unknown 

parameters is sixteen in the pro- posed 

models, therefore to yield better 

estimates we assume b11 = b12 = b13 = 

b14 = b1, b21 = b22 = b23 = b24 = b2, 

and b31 = b32 = b33 = b34 = b3. The 

FRR for each type of faults in each 

interval are given in Tables 4.1 and 4.2 

 

 

 

 



REDDY KVS, et al, International Journal of Research Sciences and 

Advanced Engineering [IJRSAE]TM 

V- 2, I-4, Pages: 74 - 85, 2013’ OCT - DEC. 

  

ISSN: 2319 - 6106           DECEMBER’ 2013                  PP: 74 - 85 

 

 

Table 4.1: FRR with two change points 

Interval 
FRR 

Simple faults Hard faults Complex faults 

10 n    

 

1 2n    

 

3n   

b1 

 

b1 

 

b1 

2

2

2(1 )

b n

b n
 

b2 

 

b2 

3

3

3

3 3

( ( 1) / 2)

(1 ( 1) / 2)

b n n

b n b n n



  
 

2

3

3

( )

(1 )

b n

b n
 

b3 

 

Table 4.2: FRR with three change points 

Interval 
FRR 

Simple faults Hard faults Complex faults 

10 n    b1 b2 b3 

1 2n    b1 2

2

2(1 )

b n

b n
 

3

3

3

3 3

( ( 1) / 2)

(1 ( 1) / 2)

b n n

b n b n n



  
 

2 3n    b1 b2 2

3

3

( )

(1 )

b n

b n
 

3n   b1 b2 b3 

 

In Shyur’s model[13], the FRR before 

and after the change point are all taken 

to be constant for each type of faults, 

whereas in the proposed SRGM, and 

FRR may change with respect to number 

of test cases for each type of fault in 

each change point interval. The 

proposed SRGM provides better 

goodness of fit for both the datasets due 

to its applicability and flexibility. 

However, the increased accuracy 

achieved shows the capability of the 

model to capture different types of 

failure datasets. Two real time data sets 

DS 1 and DS 2 are used for estimation. 

DS 1. This data is cited from an online 

communication system (OCS) project at 

ABC software company [14]. The data 

was collected over a period of 12 weeks 

during which 136 faults were removed. 

The parameter estimation result and the 

goodness of fit results for the proposed 

SRGM are given in Tables 5 and 6. The 

goodness of  fit curves for DS 1 are 
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given in Figs. 1 - 4. In this dataset we 

have taken 1 = 3 and 2 = 5 for the 

proposed SRGM 1, and 1 = 3, 2 = 5, 3 

= 9 for the proposed SRGM 2. The 

values of p1, p2 and p3 are computed 

from the actual data set since data was 

available separately for each type of 

faults on the basis of severity. 

DS 2. This data is cited from [15]. The 

software was tested for 38 weeks during 

which 2 456.4 computer hours were 

used and 231 faults were removed. The 

parameter estimation result and the 

goodness of fit results for the proposed 

SRGM are given in Tables 7 and 8. The 

goodness of fit curves for DS 2 is given 

in Figs. 5 - 8. In this dataset we have 

taken 1 = 18, 2 = 36 for the proposed 

SRGM 1, and 1 = 10, 2 = 18, 3 = 36 

for the proposed SRGM 2. The values of 

p1, p2 and p3 are computed from the 

actual data set since data was available 

separately for each type of faults on the 

basis of severity. It is evidently seen 

from the tables that the proposed SRGM 

fits better than discrete version of both 

Yamada’s modified exponential SRGM 

(50) and Shyur’s model[13,16]. The 

proposed SRGM 2 gives better results 

than the pro- posed SRGM 1 because of 

the flexibility in curve in capturing the 

relevant actual data points. In Figs. 1 - 8, 

model 1 indicates the discrete version in 

(50), model 2 indicates discrete version 

of Shyur’s model [13], model 3 indicates 

proposed SRGM 1, and model 4 

indicates the proposed SRGM 2. 

 

Table 4.3: Parameter Estimation for DS 1 

Model Parameter Estimation 

a b1 b2 b3 b4 b5 b6 p1 p2 p3 

Yamada SRGM (50) 153 0.10 0.10 0.18 - - - 0.41 0.40 0.19 

Shyur SRGM [13] 148 0.06 0.11 0.09 0.17 0.83 0.28 0.41 0.40 0.19 

Proposed SRGM 1 185 0.06 0.13 0.99 - - - 0.41 0.40 0.19 

Proposed SRGM 2 155 0.16 0.18 0.09 - - - 0.41 0.40 0.19 
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Table 4.4: Goodness of ¯t metrics criterion for DS 1 

 

Model Parameter Estimation 

R2 MSE Bias Variation RMSPE 

Yamada SRGM (50) 0.942 391.1 -5.7 208.9 209.1 

Shyur SRGM [13] 0.970 352.5 -14.5 153.9 154.5 

Proposed SRGM 1 0.989 158.7 3.4 160.7 160.7 

Proposed SRGM 2 0.993 134.6 -3.2 135.4 135.5 

 

5. CONCLUSIONS 

This model can be of use in the 

definition and evaluation of process 

models. The cost of failure - primarily 

expressed as cost of rework - is a major 

cost factor in software development. It is 

quite possible, from use of this model, to 

explore the impact of different life cycle 

models, and different construction and 

validation techniques. Basic estimates of 

the various factors involved can be 

derived from collected defect data, even 

for quite immature development 

practices [17]. With more advanced 

management practices, the model can be 

integrated with the results from defect 

analysis and defect prevention exercises. 

By applying cost factors, models 

indicating the cost effectiveness of 

various detection and correction 

techniques can be derived from this 

basic model 

 

The proposed discrete time models have 

been validated and evaluated on actual 

software reliability data cited from real 

software development projects and 

compared with existing discrete time 

NHPP based models [18]. The results 

are encouraging in terms of goodness of 

fit and predictive validity due to their 

applicability and flexibility. Hence, we 

conclude that the two proposed discrete 

time models not only fit the past well but 

also predict the future reasonably well. 
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