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Abstract— The normal software system reliability 

estimation ways typically believe assumptions like statistical 

distributions that are typically unrealistic. The power to 

predict the amount of faults throughout development part 

and a correct testing method helps in specifying timely 

unharnessed of software system and economical 

management of project resources. The normal approach of 

fault prediction using software system reliability growth 

models needs an outsized variety of failures which could not 

be on the market at the start of the testing. During this 

research, Goel-Okomoto Model and Yamada S-Shaped 

models are used and optimization techniques like simulated 

annealing are applied there on to estimate the parameters of 

this model. SA relies on organization techniques having its 

unvarying improvement supported native search. The 

proposed research uses the more contemporary cuckoo 

search technique in comparison to older GA as used by the 

base research. 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 also be used in 

other optimization tasks like job shop scheduling, time table 

scheduling and software cost estimation technique 

parameter estimation jobs. The final analysis done from both 

graphical results and numerical results clearly confirm that 

the optimization technique Cuckoo search is better than 

simulated annealing for all data. The SRGM models when 

compared for results, revealed that the Goel- Okumoto 

model performed better than Yamada S Shaped model for 

estimation of failures for given data. 
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I. INTRODUCTION 

Software refers to one or more computer programs and data 

held in the storage of a computer for some purpose. It is 

necessary to develop techniques that may assist in 

evaluation of the quality of particular software based on the 

defined object-oriented metrics. Software Reliability is a 

measure which defines that a system will operate error free 

in a particular environment for a specific length of time. The 

keen interest of users in Software Reliability models has 

increased since the software component became an 

important issue in many Engineering projects [1].  

Execution time is an important parameter while measuring 

reliability since it affects system usage to a great extent. 

Reliability is not time dependent. Failures occur when the 

logic path that contains an error is executed. Reliability 

growth is observed as errors are detected and corrected.  

Software Reliability Growth Models are nonlinear functions 

which have been proposed by several researchers in the 

literature. Reliability of software is measured in terms of 

Mean Time between Failure (MTBF). 

II. EXPONENTIAL MODELS (EXPM) 

A. NHPP (Non Homogenous Poisson’s process) 

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

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

NHPP. The various NHPP models for estimating the failure 

rate of a software system are given below: 

B. Exponential Models (EXPM) 

These models represent the mean value function and the 

failure intensity function. The number of detected errors by 

the current testing-effort expenditures is proportional to the 

number of remaining errors. The exponential NHPP model 

is based on the following assumptions. All faults in a 

program are mutually independent from the failure detection 

point of view. The number of failure detected at any time is 

proportional to the current number of faults in a program 

(this means that the probability of the failure for faults 

actually occurring i.e., detected is constant).The isolated 

faults are removed prior to future test occasions. Each time a 

software failure occurs the software error, which caused it, 

is immediately removed and no errors are introduced.  

C. Goel-Okumoto model:  

This model has these two formulas for finding error rate. 

Mean Value Function µ (t) = a (l – e-bt) 

Failures Intensity Function λ (t) =abe-bt 

Here µ (t) is the expected number of failures 

observed by time t and λ (t) is the failure rate. In this model, 

a is the expected number of faults to be observed eventually 

and b is the failure detection rate per fault. 

D. Yamada Delayed S-Shaped Model:  

This is based on the idea that firstly us 

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 an 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 µ (t) =a [(1-exp (-b*t))/ (1+B*exp (-

b*t))] 

http://www.wordiq.com/definition/Data
http://www.wordiq.com/definition/Computer_storage
http://www.wordiq.com/definition/Computer
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Failure Intensity Function 𝜆 (t) =ab*exp (b*t)*(B+1)]/ (exp 

(b*t) +B) ^2 

Model 

Name 
Mean Value Function Intensity Function 

1. 

Jelinski-

Moranda 

model 

µ (𝑡)=𝑛0( 1−exp −ф𝑡) 𝜆(t)=(𝑁−𝑘)𝜇 

2. Goel-

Okumot

o Model 

µ (𝑡) =𝑎(1−𝑒𝑥𝑝−𝑏𝑡), 

𝑎>0,𝑏>0 

𝜆 (𝑡)=𝑎𝑏∗𝑒𝑥𝑝−𝑏𝑡 

,𝑎>0,𝑏>0 

3. 

Generali

zed Goel 

NHPP 

Model 

µ (𝑡) =𝑎(1−𝑒𝑥𝑝−𝑏𝑡𝑐), 

𝑎>0,𝑏>0,𝑐>0 

𝜆 (𝑡) 
=𝑎𝑏𝑐𝑡𝑐−1𝑒𝑥𝑝−𝑏𝑡𝑐,𝑎>0,𝑏

>0,𝑐>0 

4. 

Inflected 

S-

Shaped 

Model 

µ (𝑡) 
=𝑎∗(1−𝑒𝑥𝑝−𝑏𝑡)1+𝜓𝑟∗
𝑒𝑥𝑝−𝑏𝑡 , 𝜓𝑟 =1−𝑟𝑟 , 

𝑎>0,𝑏>0,𝑟>0 

𝜆 (𝑡) =𝑎𝑏𝑒𝑥𝑝 −𝑏𝑡 1+𝛽𝑡 
1+𝛽∗𝑒𝑥𝑝−𝑏𝑡2 , 

𝑎>0,𝑏>0,𝛽>0 

5. 

Logistic 

Growth 

Curve 

Model 

µ (𝑡)=𝑎(1+𝑘∗𝑒𝑥𝑝−𝑏𝑡), 

𝑎>0,𝑏>0,𝑘>0 

𝜆 (𝑡) =𝑎𝑏𝑒𝑥𝑝−𝑏𝑡 

1+𝑘∗𝑒𝑥𝑝−𝑏𝑡2 , 

𝑎>0,𝑏>0,𝑘>0 

6.Musa-

Okumot

o Model 

µ (𝑡) =𝑎∗𝑙𝑛(1+𝑏𝑡), 
𝑎>0,𝑏>0 

𝜆 (𝑡) =𝑎𝑏(1+𝑏𝑡) , 
𝑎>0,𝑏>0 

7. 

Yamada 

Delayed 

S- 

Shaped 

model 

µ (t) =a[(1-exp(-

b*t))/(1+B*exp(-

b*t))] 

𝜆 (t)=ab*exp(b*t)* 

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

Table 1: Mean value function and Intensity function of 

various models [14] 

III. BASE RESEARCH 

PoonamPanwar and A.K.Lal in the year 2014 [15] proposed 

a method to predict total number of failures in a software 

using NHPP Software Reliability Model. The method was 

applied to a case study containing 3 datasets of defect 

reports from system testing of three releases of a large 

medical record system to see how well it predicts the 

expected total number of failures in software. The proposed 

method was suitable for ranking SRGMs based on a number 

of conflicting criteria when taken all together. The selection 

method was robust in the sense that it was able to adjust to 

the differences in the data. This allowed it to differentiate 

between the models: Different models were selected in the 

releases. At least one model of those investigated was 

acceptable by the time testing was complete enough to 

consider stopping and releasing the software. In the first and 

third release, the S-shaped models performed well in 

prediction of the total number of failures. These two releases 

had defect data that was having an S-shape. The data in 

Release 2 was a form of concave shape, rather than S-

shaped. It was no surprise that the S-shaped models did not 

perform well on the given data. However, other modified 

concave models performed very well on the data from 

Release 2. SRGMs may provide us with good predictions of 

the total number of failures or the number of remaining 

failures. The selection method that is been described in this 

paper helped in choosing an appropriate model. But still we 

would like to caution, though, that this does not guarantee 

universal success. It is always useful to implement 

complementary techniques for assessment. 

IV. PROPOSED METHODOLOGY 

In this proposed model we have considered the traditional 

standard data which is used earlier in various researches. 

This data is the result of optimization results of software 

which worked for 28 weeks. This project is executed weekly 

and the results are collected accordingly. In our proposed 

model we consider new software and our work is to predict 

the number of failures in every week. Historical data is used 

in proposed model to generate new optimized values of ‘a’ 

and ‘b’. The earlier values of ‘a’ and ‘b’ are considered as 

the starting values for the proposed model. As the time 

continues per week the values of ‘a’ and ‘b’ would be much 

optimized values than results obtained in the initial weeks. 

The final result in last weeks is much more accurate when 

compared to the traditional results and the results of 

proposed model in earlier weeks. 

V. ALGORITHM 

1) Load all existing project failure data into a vector p1. 

2) Initialize individual of length N (no. of durations for 

testing) where individual represents values of b during 

all these durations,dist=MAX_VALUE 

3) Create n nests where each nest contains 1random 

individual 

4) Repeat steps 6 to 12 for itr1=1 to N 

5) Repeat steps 6 to 12 for itr2=1 to n 

6) Generate a new individual I1.  

7) Generate all values of a parameter using b parameters 

with formula  

     n 

a= ∑ a/ (1- e -bt) 

     i=1 

8) I2=nest[itr2,:] 

9) Call fit1 = fitness (a, I1, b, p1)     //new individual 

10) Call fit2 = fitness (a, I2, b, p1)     //nest 

11) if fit1< fit2 then 

Nest [itr2,:]=I1 

Fit = fit1 

Else 

Fit = fit2 

[End if] 

12) If fit<dist 

Dist=fit 

[End if] 

13) STOP 
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VI. RESULTS 

 
Fig. 1: Graph result of SA, CS and actual failure using Goel-

Okumoto model based on failures in release 1 and 2 

The graph above displays the failure results of 

simulated annealing and cuckoo search and actual failure 

data of the release 2 based on data of release 1where release 

2 failures need to be predicted. The graph shows that the 

results of cuckoo search are closer to the actual results than 

simulated annealing during the development of project.  

Fig. 2: Graph result of SA, CS and actual failure using Goel-

Okumoto model based on failures in release 2 and 3 

The graph above displays the failure results of 

simulated annealing and cuckoo search and actual failure 

data of the release 3 based on data of release 2 where release 

3 failures need to be predicted. The graph shows that the 

results of cuckoo search are closer to the actual results than 

simulated annealing during the development of project.  

Fig. 3: Graph result of SA, CS and actual failure using 

Yamada delayed S-Shaped model based on failures in 

release 1 and 2 

The graph above displays the failure results of 

simulated annealing and cuckoo search and actual failure 

data of the release 2 based on data of release 1 where release 

2 failures need to be predicted. The graph shows that the 

results of cuckoo search are closer to the actual results than 

simulated annealing during the development of project. 

Fig. 4: Graph result of SA, CS and actual failure using 

Yamada delayed S-Shaped model based on failures in 

release 2 and 3 

The graph above displays the failure results of 

simulated annealing and cuckoo search and actual failure 

data of the release 3 based on data of release 2 where release 

3 failures need to be predicted. The graph shows that the 

results of cuckoo search are closer to the actual results than 

simulated annealing during the development of project.  

 
Fig. 5: Result of optimized values of a and b using Goel-

Okumoto model through SA and CS for release 1 and 2 

 
Fig. 6: Results of optimized values of a and b using Goel-

Okumoto model through SA and CS for release 2 and 3 
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Fig. 7: Results of optimized values of a and b using yamada 

delayed S-Shaped model through SA and CS for release 1 

and 2 

 
Fig. 8: Results of optimized values of a and b using yamada 

delayed S-Shaped model through SA and CS for release 2 

and 3 

Algorithm used Execution Time Accuracy 

Simulated Annealing 23.76 ms 60% 

Cuckoo Search 7.98 ms 72% 

Table 2: Comparison between results of SA and CS 

technique for Goel-Okumoto model 

The above table displays the numerical comparison 

between the results of simulated annealing and cuckoo 

search techniques for Goel-Okumoto model. The data shows 

average time taken to produce results for both techniques 

and also their average accuracy compared.  

Algorithm used Execution Time Accuracy 

Simulated Annealing 13.32 ms 63% 

Cuckoo Search 10.26 ms 69.5% 

Table 3: Comparison between results of SA and CS 

technique for Yamada S-Shaped model 

The above table displays the numerical comparison 

between the results of simulated annealing and cuckoo 

search techniques for Yamada S Shaped model. The data 

shows average time taken to produce results for both 

techniques and also their average accuracy compared.  

VII. CONCLUSION 

The proposed research proposes a model to represent a multi 

component software system with each component’s failure 

behavior being modeled by a conditional NHPP. The 

proposed scheme proved to produce refined results than 

traditional model. The traditional technique produce good 

results but the number of iteration required during execution 

were increased which indirectly decreases the efficiency of 

the system. The cuckoo search technique will increase the 

efficiency and reliability of the software. The values of μ 

and λ are much better than earlier model. Distinctive feature 

of this research is that it applies proposed techniques to both 

Goel-Okumoto and Yamada S Shaped models. This 

technique can be applied to various other software reliability 

growth models. New optimization techniques can be applied 

to this model for comparison between results. The proposed 

research uses the more contemporary cuckoo search 

technique in comparison to older GA as used by the base 

research. 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 also be used in 

other optimization tasks like job shop scheduling, time table 

scheduling and software cost estimation technique 

parameter estimation jobs. The final analysis done from both 

graphical results and numerical results clearly confirm that 

the optimization technique Cuckoo search is better than 

simulated annealing for all data. The SRGM models when 

compared for results, revealed that the Goel-Okumoto 

model performed better than Yamada S Shaped model for 

estimation of failures for given   data. 

This technique can be extended so as to increase 

the quality of software model. The objective of new 

technique cuckoo search will be to provide a user an insight 

into the usefulness of such models that will be helpful in 

determining which model to use in a given software 

development environment. In future works this technique 

would be applicable to various real life domains such as 

biometrics, VLSI design, Data mining etc. Distinctive 

feature of this research is that new model can be chosen 

from the collection of latest SRGM models like we used 

Yamada S Shaped model. 
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