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Abstract— SRGM models are known for providing a 

prediction of failure rate of a particular software before its 

shipment. A variety of software reliability growth models 

have been proposed to evaluate the reliability of the particular 

software. An optimized estimation of parameters of software 

reliability growth models is the matter of concern as the 

precise prediction of reliability depends on these parameters. 

One of the best known models among SRGMs are the Goel-

Okumoto Model and Yamada S-Shaped model. The former 

model works with two parameters such as ‘a’ and ‘b’. The 

value of former is dependent on the later and the later depends 

upon the environmental factors like platform used, ability of 

the program, tool being used and many more. If we are 

provided with the failure data of an existing project then we 

can easily find the value of parameter b. The latter also has a 

and b parameters but with some different pre-conditions. In 

this paper, we perform a comparative analysis in the use of 

Cuckoo Search Algorithm and simulated annealing for 

estimating the models’ parameters. 
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I. INTRODUCTION 

Software can be defined as an instrument that comprises of a 

set of coded statements which takes a discrete set of inputs 

and in turn transforms them into a discrete set of outputs. 

Developing a reliable software is one of the hard and difficult 

task that a software industry is facing. Schedule pressure, 

unrealistic requirements, resource limitations can all have a 

negative impact on software reliability. The software 

reliability growth model plays an important role in 

overcoming the difficulty. They help in measuring 

modifications and improvements, achieving effective and 

efficient test/debug scheduling during the course of a 

software development project, determining when to deliver a 

product and to reach a reliability goal. These models actually 

attempt to statistically correlate defect detection data with 

known functions such as an exponential function. If the 

correlation is found to be good, the known function will be 

used to predict future behaviour 

II. CLASSIFICATION OF RELIABILITY TECHNIQUES 

Different types of modelling techniques can fit into different 

types of scenarios. So we need knowledge of various 

methodologies which can be a basis of reliability 

mechanisms. The classifications are counted as under: 

A. Non-Homogenous Poisson Process 

A process in which the no. of events occurring at time ‘t’ are 

independent of the no. of events at time ‘t-1’ is called an 

NHPP. As a general class of well-developed stochastic 

process model in reliability engineering, NHPP models are 

successfully used in studying hardware reliability problems. 

These models are also regarded as fault counting models and 

can be either finite failure or infinite failure models, 

depending on how they have been specified. In these models, 

the number of failures experienced so far, follows the NHPP 

criteria. The NHPP model class is a closely related to the 

homogenous poisson model, the only difference here is that 

the expected number of failures is allowed to vary with time. 

Hence, they are useful for both calendar time data as well as 

for the execution time data. The different NHPP models for 

estimating the failure rate of a software system are given 

below:  

1) Exponential Models 

In software reliability, the exponential distribution is one of 

the best known models and is often the base of many other 

software reliability growth models. These models usually 

represent the mean failure function and the failure intensity. 

The number of detected errors is proportional to the number 

of remaining errors in a software. The exponential NHPP 

model has its own assumptions on which it works. All 

faults/errors in a program are mutually independent from the 

failure detection point of view. The number of failure/errors 

detected at any time is proportional to the current number of 

faults in a program. Each time when a software failure occurs, 

the software fault, which caused it, is immediately removed 

and no errors are introduced. Two well known exponential 

models are, 

 Goel Okumoto NHPP Model 

 Musa Logarithmic Execution Model 

 Yamada Delayed S-Shaped model 

a) Goel-Okumoto NHPP Model  

This model is first proposed in 1979 by Goel and Okumoto. 

Software system may contain several faults which 

causes the software to undergo failures at random times. If 

cumulative number of failures supposed at time t is denoted 

as N(t) then N(t) can be taken as a non-homogeneous poisson 

process or we can say a poisson process which is having a 

failure rate dependent upon time. The proposed model is 

formulated as: 

(P{ N( t = y)}) = ((μ(t))y / y! ) e-µ(t)                       (1) 

Here µ(t) is the expected number of failures in time 

t. Some assumptions for this model are made. 

 Detection of fault is independent of the detection of any 

other fault in a software from the failure detection 

viewpoint 

 The number of failures being detected at any time is 

proportional to the current number of faults in the 

software. This means that the probability of the failures/ 

faults that are actually occurring, i.e., being detected, is 

constant. 

 The isolated faults are removed past to future test 

occasions. 



Fault Estimation using SRGM Exponential Model Goel-Okumutu Model and Yamada Delayed S Shaped Model - A Review 

 (IJSRD/Vol. 5/Issue 04/2017/230) 

 

 All rights reserved by www.ijsrd.com 915 

 Each time a software failure occurs, the software error 

which caused it is immediately removed and no new 

errors are introduced then. 

The above mentioned assumptions lead to the 

following differential equations: 

∂/∂t (μ(t)) |= β(α−μ(t))                        (2) 

In this equation, a denotes the expected number of 

faults to be observed in due course in the software. Parameter 

b represents the failure detection rate. Solving equation (2) 

for µ(t), mean value function which is obtained is : 

μ(t) = a(1-e−bt)                        (3) 

The failure intensity function is given as: 

λ(t) = m’(t) = abe−bt                 (4) 

Thus, the equations (1), (2),(3) and(4)  express the 

model presented by Goel and Okumoto. The number of faults 

identified is treated as a random variable having values 

dependent on the test and other environmental conditions. 

b) Musa Logarithmic Execution Model 

This model observed no. of failures in a certain time, τ, is 

assumed to be NHPP. The mean value function of this model 

is 

μ(t) =
1

ϴ
ln(λ0ϴt + 1) 

Where λo and ϴt represent the initial failure 

intensity and the rate of reduction in the normalize failure 

intensity per failure, respectively.  
c) Yamada Delayed S-Shaped Model 

This is based on the idea that firstly we detect/ observe/ 

identify the faults and then, only they can be removed from 

the software. This model is an alteration of NHPP process 

which helps to prevail a S-Shaped curve using an 

increased/decreased number of failures detected i.e. Rate of 

failure first increases and then later on decreases 

exponentially. For this purpose, this model can also be named 

as Generalized Exponential. The relationship between 

calendar time, cumulative number of faults identified and the 

total cost of testing effort expenditure of SRGM was 

explained by Yamada et al. Yamada et al. proposed a testing-

effort function which is derived on the assumption that at any 

time (say t), the testing effort consumption rate is directly 

proportional to the availability of resources during testing. 

Mean Value Function,  

m(t) =a[(1-exp(-b*t))/(1+B*exp(-b*t))] 

Failure Intensity Function,  

f(t)=ab*exp(b*t)*(B+1)]/(exp(b*t)+B)^2 

III. OPTIMISATION TECHNIQUES 

This section facts the different optimization techniques 

established and their application criterion. The genetic 

algorithm, simulated annealing are some of the conventional 

techniques that are established. The cuckoo search is a 

somewhat new optimization technique and promises 

enhanced results than any of its predecessors. We use the 

cuckoo search for this research. 

A. Genetic Algorithm 

Genetic Algorithms are heuristic search algorithms which are 

designed to simulate processes in natural system. These are 

adaptive search algorithms which have been postulated on the 

evolutionary ideas of natural selection and genetics. The main 

disadvantage of GA’s are they are less efficient while solving 

optimum problems with pure continuous variables than the 

gradient-based algorithms, as a lot of iterations are necessary 

for convergence. GA uses the basic three principles of natural 

evolution in nature such as Reproduction, natural selection 

and diversity. The difference from present generation to 

earlier generation maintains the diversity by making the use 

of genetic algorithm for allocation of the testing resources.  

1) Pseudocode for Genetic Algorithm 

 Begin 

 Initialise the population with random population 

solution; 

 Evaluate each population; 

 Repeat until (Termination Condition is satisfied ) Do 

 Select Parents from population; 

 Perform crossover between the pair of individuals; 

 Perform mutation on the resulting offspring 

@mutation rate. 

 Estimate new population 

 Select individuals for the future generation; 

End 

B. Simulated Annealing 

Simulated Annealing (SA) is a heuristic optimization 

technique that is applied to solve many hard problems in 

various fields such as facility layout, scheduling and graph 

partitioning problems. Simulated Annealing is inspired from 

the process of annealing performed in metal work. Simulated 

Annealing has its name related with the use of temperature as 

a variable quantity which could be changed based on decrease 

in temperature parameter which acts as tunable algorithm 

parameter. Annealing involves heating and cooling a material 

to amend its physical properties due to a change in its internal 

structure. Falling temperature in the cooling plan corresponds 

to narrowing of the random search process in the 

neighborhood of the current solution. Simulated Annealing’s 

main strength is that it avoids being caught at local maxima 

means solutions that are better than any others nearby, but 

aren't the very best.  

1) Pseudo code for Simulated Annealing 

 First we have to generate a random solution 

 Calculate the cost of solution using some cost function 

we have defined 

 create a random neighboring solution 

 Calculate the  cost of new solution 

 Compare both cost: 

 If cnew < cold then  move to  new solution 

 If cnew > cold , maybe  then move to the new solution 

 Repeat steps 3 to 5 above until an adequate solution is 

found or you reach some maximum number of iterations.  

C. Cuckoo Search 

This is a heuristic search technique which takes its inspiration 

from nature like many previous techniques. Cuckoos are 

enthralling birds because of their insistent reproduction 

strategy. 

It has three implementation rules which are as 

follows:  

1) The cuckoo bird lays its one egg at a time and then it puts 

that egg in a randomly chosen nest.  

2) The nests which have the best quality of eggs take these 

eggs to the future generations.  

3) The no. of available host nests is fixed, and the 

probability that a host bird is able to find out the cuckoo 
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egg laid is probability ga ∈ [0, 1]. In case he gets one, 

then the host can either discard the egg and throw away 

or dump the present nest, and build a new nest.  

For simplicity, this last assumption can be 

approximated by the fraction ga of the n nests are replaced by 

new nests (with new random solutions). For a maximization 

problem, the quality or fitness of a solution can be 

proportional to the value that Objective function exerts. Other 

forms of fitness is similar to the fitness function in genetic 

algorithms. For making it simpler, we can use the following 

simple representations that a solution can be demonstrated by 

an egg in a nest, and a cuckoo Egg represents a new solution. 

The algorithm works by making the use of new solutions and 

replacing the solutions which are not so good with potentially 

better solutions (cuckoos) in the nests. For this present work, 

we have used the approach where each nest can have multiple 

eggs thereby demonstrating a set of solutions. 

1) Pseudo code for Cuckoo Search 

 begin 

 Objective function f(y), y = (y1, ..., yd)s 

 Generate initial population of n host nests yp (p = 1, 2, ..., 

n) 

 while (s < Max Generation) or (stop criterion) 

 Get a cuckoo randomly  

 evaluate its quality/fitness Fp 

 Choose a nest among n (say,q ) randomly 

 if (Fp>Fq ), put the new solution in place of q; 

 end. 

 The worse nests are discarded with a probability ga 

and the new ones are built; 

 The best solutions(or nests with quality solutions) 

are kept; 

 Rank the solutions and find the present best 

 end while 

 Post-process results and visualization 

 End 

IV. PROBLEM DEFINED 

There have been numerous researches in the recent past for 

optimisation of parameters of SRGM models which have 

used different optimisation techniques like genetic algorithm, 

PSO technique, ACO technique and artificial neural networks 

but the problem with most of these techniques is that they 

need some initial range of these parameters values for exact 

estimation. 

Lakshmanan et. al [3] proposed a new neural 

network combination model based on the dynamically 

evaluated weights is proposed in order to improve the 

goodness of fit of already proposed traditional SRGMs and 

ANN based combination models. The performance 

comparison from practical software failure data sets seems to 

confirm that, the goodness of fit of proposed model is better 

than that of traditional SRGMs, both independent and ANN 

based models. The drawback with traditional model was the 

initialization of parameters before actual optimization. The 

proposed methodology should consider any random value as 

the initial point and then optimize that value to the best 

possible extent. 

V. LITERATURE REVIEW 

Chandra Mouli Venkata Srinivas Akana in the year 2014[14] 

stated in their paper, a adaptive mean value function based 

testing and estimation of the parameters. The proposed 

approach was also compared against the traditional testing 

approaches and found that the proposed method was able to 

detect the fault under different set-up and has proved to give 

better performance under a constrained environment. A new 

reliability estimation model was developed so as to consider 

the distinctiveness of the premature test phases. Current 

existing reliability estimation models are generally used 

during the late test phases, which usually include system 

testing and operational testing. Therefore, the current existing 

reliability estimation models are divided into failure detection 

and failure removal estimation models. Failure detection 

estimation models consider the test time to estimate future 

failure trends using the detected failure counts pertime 

interval. Failure removal estimation models estimate that we 

can remove the future failure using the removed failures 

detected per time interval. These models do not think that 

developers perform testing and debugging activities. The 

proposed model was based on Exponential models. 

Therefore, data that fits to S-shaped models cannot be used 

with the proposed work. This was a limitation of the proposed 

model. 

Karambir Bidhan, Adima Awasthi in the year 2014 

[15], stated that parameter estimation of the software 

reliability growth models is well known optimization 

problem. Traditional techniques were used to assess the 

reliability of these models like MLE and LSE which suffered 

from many limitations. They explored the use of an 

evolutionary technique which is motivated from swarm 

intelligence, Particle Swarm Optimization with modifications 

was used to estimate the parameters of the G-O model for 

fault prediction. Better correctness and faster convergence 

speed is achieved through this method which helped in 

obtaining optimized estimates. In future also they would try 

to improve the search capabilities in order to get even better 

performance while making prediction of faults. 

Honda et. al in [1] applied two different cases of 

SRGM. Two projects of Fujitsu Labs Ltd. were analyzed 

using SRGM either for the entire dataset or each test phase. 

Based on the results and interviews with the developers, the 

authors found that the model using separate test phases 

provided a better fit because faults counted in each test phase 

had different viewpoints and the deviation between SRGM 

and expectations indicated a problem with development. The 

authors proposed the following method to detect unexpected 

situations using software reliability growth models: 

 Separate faults into the phases that they were detected. 

 Apply SRGM daily to each fault. 

 Detect any unusual situations regarding the predicted 

number of faults. 

The authors successfully obtained a good fitness 

model by separating faults by test phase and applying SRGM. 

There existed unexpected situations in development by 

monitoring the faults and the behavior of the SRGM. These 

results demonstrated that if developers and managers 

monitored the behavior of the SRGM results from the 

beginning of development, they could detect several 

unexpected situations earlier than ever. 
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Varshney et. al in [16] considered SRGM models 

namely Goel Okumoto Model (GO Model), Yamada S-

shaped Model and Kapur & Garg Model (KG Model) to 

estimate and predict Software Reliability by detecting the 

cumulative number of faults in software application with in 

specified time. According to a random data set, the authors 

measured Mean Value Function and Failure Intensity 

Function for each SRGM to estimate and predict the 

reliability of each model. When the Reliability of 1st day of 

testing was calculated, GO model gave better results because 

it dealt with only simple faults. But the Reliability of 30th day 

of testing is calculated, Y-model gave the better result 

because it dealt with fault identification and fault removal 

process. KG model gave the relation between dependent and 

independent faults. It dealt with independent and depended 

faults. Additional number of days were also calculated to 

remove them and release the software on time. By 

implementing the test cases of actual defects per day, Rate of 

Change or Test Case Efficiency were measured. 

In order to increase the estimation accuracy of the 

models, Lakshmanan et. al [17] proposed the SRGM based 

on Feed-Forward Neural Network (FFNN) approach. It 

seemed to have significant advantages over the traditional 

SRGMs. Traditional parameter estimation of SRGMs need 

estimation ranges of parameter beforehand. The proposed 

artificial neural network (ANN) model did not have this 

requirement and hence the parameter estimation gave 

consistent results without any assumptions. In this paper a 

new neural network combination model based on the 

dynamically evaluated weights was proposed in order to 

improve the goodness of fit of already proposed traditional 

SRGMs and ANN based combination models. The 

performance comparison from practical software failure data 

sets seemed to confirm that, the goodness of fit of proposed 

model was better than that of traditional SRGMs, both 

independent and ANN based models. Chang et. al in [18] 

discussed how to integrate both TEF and TCF into the 

traditional NHPP software reliability modelling process to 

capture the integrated effect of testing effort and testing 

coverage on reliability estimation. First the authors presented 

a new TEF, i.e. the inflected S-shaped TEF (IS-TEF) for 

describing the S-shaped varying trend of the testing-effort 

increasing rate more accurately. Meanwhile, a new NHPP 

SRGM (named IS-SRGM) which considered the IS-TEF was 

proposed. Then a comprehensive modelling framework for 

incorporating the TEF and TCF was proposed. Recur to this 

framework, a new NHPP SRGM (named IS-LO-SRGM) with 

both the IS-TEF and logistic TCF (LO-TCF) was proposed. 

Finally, two case studies for validating the effectiveness of 

the IS-TEF and the IS-LO-SRGM in terms of fitting results 

were presented. The results showed that: the comprehensive 

modelling framework to incorporate the TEF and the TCF in 

NHPP SRGMs achieved a substantial improvement 

compared with the NHPP SRGMs which only considered the 

TEF or the TCF. 

VI. PROPOSED METHODOLOGY 

This research is focused on finding the best suitable 

parameters for Goel-Okumoto SRGM Model and Yamada S-

Shaped model. These parameters can later be used for 

predicting failures of a project which is being created in a 

similar environment. The following steps explain the exact 

methodology to be used in this research for Goel Okumoto 

model. 

1) The failure data of an existing project is taken as the base 

for next steps. 

2) The following formulae is used to calculate the value of 

‘a’ from the given set of failures for the existing project. 

a= ∑ nk
i=1 i / 1-e-btk 

Here ni is the no. of failures per week, t is the week 

no. and the value of parameter ‘b’ is randomly taken within a 

specified range. 

3) Use Cuckoo Search Technique to estimate the values of 

‘a’ and ‘b’ from previous project data by above formulas. 

Use simulated annealing to estimate the values of ‘a’ and 

‘b’ from previous project data by above formulas. 

Use genetic algorithm to estimate the values of ‘a’ and 

‘b’ from previous project data by above formulas. 

4) The last set of ‘a’ and ‘b’ gives the most optimized value 

for those parameters. 

5) Use these parameters to predict the failures per week for 

a new project using Goel-Okumoto Model formula- 

λ(t)= abe-bt 

This finds the failures to be encountered in building 

this project for any no. of weeks. 

6) Compare the output of all the three optimization 

algorithms with the actual failure found in this new 

project. 

7) The one method whose prediction is closest to actual 

failures gives the most optimized results 

The effectiveness of proposed technique shall be 

confirmed by performing comparison between the two 

optimization algorithms on Goel Okumoto model first and 

then Yamada S-Shaped model.  

VII. CONCLUSION AND FUTURE SCOPE 

SRGM models are aimed at providing prediction of failure 

rates of a particular software before it is actually 

programmed. The most common model among SRGMs is 

Goel-Okumoto Model. This model is based on two 

parameters ‘a’ and ‘b’. The value of ‘a’ is dependent on ‘b’ 

and value of ‘b’ depends on the environmental parameters 

like the software platform, program ability, size of program, 

tool used, language etc. We can estimate the value of ‘b’ if 

we have the failure data of an existing project. These 

parameters can be reused to predict failures of other software 

projects built under similar environmental parameters. We 

propose here a novel technique to use a relatively new 

Cuckoo Search Algorithm for estimating the parameters. The 

effectiveness of proposed technique can be demonstrated by 

comparing the results with traditional techniques like 

Simulated Annealing and Genetic Algorithm and finally with 

the actual observed no. of failures. 

The proposed research uses the more contemporary 

cuckoo search technique in comparison to older ANN as used 

by the base research. The effectiveness of Cuckoo Search as 

an optimization algorithm can be reused in problems like 

software cost estimation using Cocomo, Cococmo 2 Model 

parameters or other optimization problems like Job Shop 

Scheduling, Flow Shop Scheduling etc. This research will 

confirm the effectiveness of this technique as compared to 

other techniques and then the future researchers can apply this 

technique on other SRGM models like Kapur and Garg model 

to improve the estimation process. The same technique can 
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also be used in other optimisation tasks like job shop 

scheduling, time table scheduling and software cost 

estimation technique parameter estimation jobs. 

REFERENCES 

[1] Razeef Mohd., Mohsin Nazir, “Software Reliability 

Growth Models: Overview and Applications”, Journal of 

Emerging Trends in Computing and Information 

Sciences, Vol. 3, No. 9, SEP 2012. 

[2] N´estor R. Barraza “Parameter Estimation for the 

Compound Poisson Software Reliability Model”, 

International Journal of Software Engineering and Its 

Applications Vol. 7, No. 1, January, 2013. 

[3] Dr. Najla Akram AL-Saati, Marwa Abd-AlKareem, 

“The Use of Cuckoo Search in Estimating the Parameters 

of Software Reliability Growth Models” International 

Journal of Computer Science and Information Security 

(IJCSIS), Vol. 11, No. 6, June 2013. 

[4] Rita G. Al Gargoor, Nada N. Saleem “Software 

Reliability Prediction Using Artificial Techniques”, 

issued in IJCSI, Vol. 10, Issue 4, No 2, pp 274-281 July 

2013. 

[5] Ullah N., Morisio M. “An Empirical analysis of Open 

Source Software Defects data through Software 

Reliability Growth Models (proceeding)” presented in 

IEEE Eurocon 2013 conference, Zagreb, Croatia, 1-4 

July 2013. pp. 460-466. Available: 

http://porto.polito.it/2506322/ 

[6] Joshua Landon, Süleyman Özekici, Refik Soyer “A 

Markov modulated Poisson model for software 

reliability”, European Journal of Operational Research 

229, pp 404-410, 2013. 

[7] Ala'a Abu-Srhan, Essam Al Daoud “ A Hybrid 

Algorithm Using a Genetic Algorithm and Cuckoo 

Search Algorithm to Solve the Traveling Salesman 

Problem and its Application to Multiple Sequence 

Alignment”, International Journal of Advanced Science 

and Technology Vol.61, (2013), pp.29-38. 

[8] Sangita Roy,  Sheli Sinha Chaudhuri “ Cuckoo Search 

Algorithm using Lèvy Flight: A Review”  I.J. Modern 

Education and Computer Science, 2013, 12, 10-15,  

Published Online December 2013 in MECS,  DOI: 

10.5815/ijmecs.2013.12.02, Available: 

(http://www.mecs-press.org/) 

[9] Neha Gaba, Tarun Ahuja “A Review on Particle Swarm 

Optimization For Software Reliability” Published in 

IJETTCS Volume 3, Issue 3, pp 213-214 May-June 

2014. 

[10] Hiroyuki Okamura, Tadashi Dohi “A Novel Framework 

of Software Reliability Evaluation with Software 

Reliability Growth Models and Software Metrics”, ISBN 

pp 97-104, Aug 2014. 

[11] Poonam Panwar, A. K. Lal “Predicting Total Number of 

Failures in a Software Using NHPP Software Reliability 

Growth Models” M. Pant et al. (eds.), Proceedings of the 

Third International Conference on Soft Computing for 

Problem Solving, Advances in Intelligent Systems and 

Computing 259 pp 715-727, DOI: 10.1007/978-81-322-

1768-8_62, _ Springer India 2014. 

[12] B.Anniprincy, Dr. S. Sridhar “Two Dimensional 

Software Reliability Growth Models Using Cobb-

Douglas Production Function and Yamada S-Shaped 

Model”, Journal of Software Engineering and Simulation 

Volume 2 ~ Issue 2 (2014) pp: 01-11. 

[13] Karambir Bidhan, Adima Awasthi, “A Review on 

Parameter Estimation Techniques of Software 

Reliability Growth Models” International Journal of 

Computer Applications Technology and Research 

Volume 3– Issue 4, pp 267 - 272, 2014. 

[14] Chandra Mouli Venkata Srinivas Akana, “Adaptive 

Mean Value Function Based Quality Assessment of 

Software Reliable Growth Models”, Computer 

Engineering and Intelligent Systems ISSN 2222-1719 

(Paper), Vol.5, No.3, 2014. 

[15] Karambir Bidhan, Adima Awasthi “Estimation of 

Reliability Parameters of Software Growth Models 

Using a Variation of Particle Swarm Optimization” 

submitted in 5th International Conference- Confluence 

The Next Generation Information Technology, pp 800-

814, 2014. 

[16] Arushi Varshney, Rana Majumdar, Chetna Chaudhary 

and Abhishek Srivastava, “Role of Parameter Estimation 

& Prediction during Development of Software using 

SRGM”, IEEE 2015. 

[17] Indhurani Lakshmanan and Subburaj Ramasamy, “An 

artificial neural-network approach to software reliability 

growth modeling”, Procedia Computer Science 57, Pg. 

695 – 702 Elsevier 2015. 

[18] Liu Chang, Liu Yuan, Ren Zhanyong, Li Haifeng and 

Nestor R. Barraza, “Software Reliability Modelling 

Considering both Testing Effort and Testing Coverage”, 

International Symposium on Computers & Informatics 

(ISCI) IEEE 2015. 

[19] Kiyoshi Honda, Hironori Washizaki, Yoshiaki 

Fukazawa, Kazuki Munakatay, Sumie Moritay, Tadahiro 

Ueharay, and Rieko Yamamoto, “Detection of 

Unexpected Situations by Applying Software Reliability 

Growth Models to Test Phases”, IEEE 2016. 


