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Abstract—Cost efficiency and the issue of quality are pushing 

software companies to constantly invest in efforts to produce 

enough quality applications that will arrive in time, with good 

enough quality to the customer. Quality is not for free, it has a 

price. Using the different methods of prediction, characteristic 

parameters will be obtained and will lead to the conclusions 

about quality even prior the beginning of the project. The 

Weibull distribution is by far the world’s most popular statistical 

model for life data. On the other hand, exponential distribution 

and Rayleigh distribution are special cases of Weibull 

distribution. If we want to model and predict software 

component quality with mentioned distribution we should take 

some assumption regarding them. Prediction of component 

quality will take us to preventive and corrective action in the 

organization. Based on the results of prediction and modeling of 

software components faults prior the project start, during project 

execution and finally during maintenance stage of the component 

lifecycle some conclusion can be made. In this paper software 

component prediction using different mathematical models will 

be presented. 

Keywords: software component, common component, Weibull 

distribution, software quality, quality prediction 

I.  INTRODUCTION  

Is it possible to model the amount of reported errors in 
software components and application in general? Is it possible 
upon the results of modeling to predict number of faults in 
software component? Is it possible to influence current project 
plans with proposed actions that will lead us in better quality? 
It is possible to monitor and change parameters that affect the 
observed model over time, and improved the component 
quality through a variety of different applications? Oh yes it is! 
For this purpose we use the distribution models based on 
distribution such as Weibull, Rayleigh, Normal and 
Exponential distributions. Appearance and quantity of errors in 
the modified program components, which is based on existing 
software components can be predict if we have enough 
historical data. 

ISO 9126 [18] decomposed software quality into six 
factors: functionality, reliability, efficiency, usability, 
maintainability, and portability. 

Early feedback on software component quality is something 
which we need very early in the project. Software quality 
prediction has a significant role in easing the maintenance of 
software. In short, the prediction is helpful in software 
development, testing and maintenance activities.  

Predictions can either be made on the basis of historical 
data collected during implementation of same or similar 
projects, or it can be made using the design metrics collected 
during design phase [19]. 

During the different development stages the quality of the 
software component must be tracked and visible. There are a 
number of the applied  techniques but most important is the 
one which are tracking the number of faults for the software 
component [20]. 

But the quality is not for free. The quality does cost. So the 
key is to focus on evaluating the cost of quality and return on 
quality [21]. 

This article deals with implementation of the Weibull 
mathematical model in the software component quality 
prediction in the Ericsson Nikola Tesla R&D. It describes 
actual application of the discussed principles for the current 
running projects in Wireline. Some of the applications are new, 
and some are further development of the existing applications. 
The project duration is also different, some of the projects were 
running for 3 years, but some of the projects are only 4 months 
last. The importance of cost of quality is stressed, together with 
other factors that influence quality of a software product at the 
production side. 

II. RELATED WORK 

During the analysis of over 20,000 electronic products 
manufactured throughout 1980s and 1990s, [1] Weibull 
distribution with shape parameter β (beta) values close to 1, or 
very similar to the exponential distribution shown as the most 
appropriate form of distribution for modeling in avionics. 

Upadhya & Srinivasan [2] questioned the reliability of 
modeling with Weibull shape parameter β value of 1.1. 
Although it was concluded that a more accurate is exponential 
distribution, probability density function associated with 
advanced technologies in all areas of software engineering has 
shown that the Weibull distribution is actually the most 
representative distribution between the other distribution [3]. 

 Research on the incidence of errors and their causes [4] 
showed that in fact software system has deterministic behavior 
and that the errors in the programming unit is function of the 
deterministic and not a stochastic process (although there are 
some indications, they are negligible). Weibull, Gamma and 
exponential distributions are used for modeling systems which 
have also proved successful. 



In fact, common to all models, the reliability of the 
assumption that the occurrence of errors, and debugging to be a 
random process that can be presented as a probability density 
function or a realization of stochastic process [5]. 

Rinsaka and Dohi [6] pay a special attention to the 
maintenance phase of the product life cycle and quantity of 
people needed to maintain the same product because it is 
impossible to detect and remove all errors within the 
programming of products before delivery to the buyer. They 
used the Geometric, Binomial and Weibull distribution for 
modeling systems. 

Zhou and Davis have been empirically confirmed the 
reliability of models for open source software [7]. Among other 
things, they confirmed that the occurrence of errors follows the 
Weibull distribution, and that does not follow the usual 
Rayleigh distribution, accepted in a non-FOSS software 
industry. Also, the authors suggested that each project has its 
own distinctive shape parameter β and the parameters can 
change over time and projects.  

Billinton and Allan, 1983 confirmed that the Weibull 
distribution can be used for modeling the problems associated 
with aging, wear and deterioration of mechanical components 
[8]. In a series of surveys conducted in the area of rail transport 
industry and the accompanying industry, analysis of errors are 
made in order to find the best distribution model [9], [10], [11], 
[12]. The vast majority of observed cases, the Weibull 
distribution proved to be most successful [13]. 

Among the other things because the Weibull distribution 
has an important feature and that is that one does not advance a 
particular, typical form and that depending on the values of 
parameters can be closer to other distributions (e.g. Lognormal 
or exponential). For example, the shape parameter β has an 
impact on the frequency of errors observed components. Value 
for β less than 1 represents a phase of "infant mortality", while 
a value of 1 observed a consistent component of the error rate, 
and follows an exponential distribution. This phase is actually a 
normal phase of the operation components or components 
useful life. If the value is greater than 1 is the phase of wear 
components. The parameter η measures common characteristic 
component of life is defined as the moment at which the 
components have a 63.2% error [14].  

Error prediction based on the complexity and size of 
software components written in the Java programming 
language has shown that in fact the size of monitored 
programming code are following lognormal distribution, 
distribution of errors in software components sorted by the 
number of lines of code follows Weibull distribution and the 
size of software components is important fact in understanding 
the magnitude and complexity of programming applications 
[15].  

Benčić and Šestan 2002 have been successfully applied 
Weibull distribution with shape parameter β = 1 (special form 
Weibull distribution which represents exponential distribution) 
to model the ship's energy system with uniform frequency of 
errors [16]. Weibull distribution was used in the prediction 
error, i.e. the modeling of two IBM systems during phases of 
commercial use of the same [17].  

III. WEIBULL DISTRIBUTION 

The Weibull distribution is by far the world’s most popular 
statistical model for life data. Weibull distribution is also used 
in many other applications, such as weather forecasting and 
fitting data of all kinds.  

Among all statistical techniques it may be employed for 
engineering analysis with smaller sample sizes than any other 
method. The Weibull distribution was first published in 1939, 
over 60 years ago and has proven to be invaluable for life data 
analysis in aerospace, automotive, electric power, nuclear 
power, medical, dental, electronics, and every industry. 

In the paper 2-parameters Weibull distribution is used. 
Weibull distribution parameters related to this paper are 
Weibull parameter η = scale parameter and β = shape 
parameter (or slope). The third parameter γ (location 
parameter) is 0, because in the research the start of distribution 
in time is in 0 point. Detailed explanation about Weibull 
distribution and parameters can be found in [22]. Correlation 
coefficient (cc) is used for evaluation of proposed model [23].  

Weibull Probability Density Function (pdf) is presented in 
following equation:  
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A. Rayleigh distribution 

Rayleigh pdf is presented in following equation:  
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The Rayleigh distribution is a special case of the Weibull 
distribution since Rayleigh (α) = Weibull (2, η√2). A 
mathematical statement, usually applied to frequency 
distributions of random variables, for the case in which two 
orthogonal variables are independent and normally distributed 
with unit variance The Rayleigh distribution is frequently used 
to model wave heights in oceanography, and in communication 
theory to describe hourly median and instantaneous peak power 
of received radio signals. 

B. Exponential distribution 

Exponential pdf is presented in following equation: 
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The Exponential distribution is a special case of the 
Weibull distribution: Exponential (α) = Weibull (1, η). 

C. Normal Distribution 

The Normal pdf is presented in following equation: 
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The Normal distribution is very close to the Weibull 
distribution: Normal (σ,µ) = Weibull (η, 3.25). 



IV. CASE STUDY 

Trouble reports (customer service requests) in Wln 
applications using BICC protocol complex which includes 
several monitored software components were observed. 
Weibull, Normal, Rayleigh and Exponential distributions are 
presented, used to model TR appearance and evaluated for 
every single application. It should be noted that among 
observed software components are actually their enhanced 
versions, working in several applications over a 9 years time 
period. For example one software component are developed 
and deployed for several applications. On the other hand there 
are software component consists of only 2 applications within 
the monitored period. Of course, one of the key factors is the 
complexity of the software component based on the number of 
interactions with other software components and the 
functionality within the entire BICC complex through several 
applications and architecture.  

A. Weibull model 

A change in the scale parameter η has the same effect on 
the distribution as a change of the abscissa scale. In the 
observing applications it can be seen that value of η is 
decreasing while the β and γ are kept very much the same. 
Since the area under a pdf curve is a constant value of one, the 
"peak" of the pdf curve will also increase with the decrease of 
η. The faults distribution gets pushed in towards the left (i.e. 
towards its beginning or towards 0 or γ), and its height 
increases, as indicated in Figure 1. The parameter η has the 
same units as T, such as hours, miles, cycles, actuations, etc. 

Comparison between Wln2.0 Wln2.1 Wln3.0 and Wln3.1 Weibull pdf
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Figure 1.  Weibull model results 

β η γ cc

Wln2.0 1,4459144757 72,4151031064 0,0000000000 0,9017810570

Wln2.1 1,2126547714 74,4784337161 0,0000000000 0,9425752484

Wln3.0 0,9304961966 72,0021842413 0,0000000000 0,9745582467

Wln3.1 1,7028150080 129,0366847815 0,0000000000 0,9714779285  

TABLE I.  WEIBULL DISTRIBUTION PARAMETERS 

B. Exponential model 

The exponential distribution is used to model the behavior 
of units that have a constant failure rate (or units that do not 
degrade with time or wear out). As mentioned before, the 
primary trait of the exponential distribution is that it is used for 
modeling the behavior of items with a constant failure rate. It 
has a fairly simple mathematical form, which makes it fairly 
easy to manipulate. The exponential pdf is always convex and 

is stretched to the right as α decrease in value. The value of the 
pdf function is always equal to the value of α at T = 0 Figure 2.   

Comparison between Wln2.0 Wln2.1 Wln3.0 and Wln3.1 Exponential pdf
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Figure 2.  Exponential model results 

 

α cc

Wln2.0 0,0138390526 -0,9653459822

Wln2.1 0,0123411372 -0,9617960079

Wln3.0 0,0967310225 -0,8543478395

Wln3.1 0,0157407299 -0,9370088725  

TABLE II.  EXPONENTIAL DISTRIBUTION PARAMETERS 

C. Normal model 

The standard deviation σ is the scale parameter of the 
normal pdf. In the observing applications it can be seen that for 
the very much the same value of µ as σ decreases, the pdf gets 
pushed toward the mean, or it becomes narrower and taller 
(Wln2.0, Wln2.1 and Wln3.0 applications). As σ significantly 
increases (Wln3.1 application) the pdf spreads out away from 
the mean, or it becomes broader and shallower as indicated in 
Figure 3.  

Comparison between Wln2.0 Wln2.1 Wln3.0 and Wln3.1 Normal pdf
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Figure 3.  Normal model results 

σ µ cc

Wln2.0 82,9823346864 69,0386533666 0,8353545414

Wln2.1 88,0728668899 74,8268733850 0,8756152877

Wln3.0 81,1831953637 75,5595854922 0,9249526729

Wln3.1 59,4148817639 110,9263157895 0,9848617445  

TABLE III.  NORMAL DISTRIBUTION PARAMETERS 

D. Rayleigh model 

Rayleigh distribution is very similar to Weibull 
distribution (actually the special case of Weibull distribution). 
Shape parameter is constant =2, while skewnes is changed with 
the scale parameter α. The pdf gets pushed toward the left, or it 
becomes narrower and taller (Wln3.0 application). As α 

http://www.weibull.com/LifeDataWeb/the_exponential_distribution.htm


significantly increases (Wln3.1 application) the pdf spreads out 
away towards right as indicated in Figure 4.   

Comparison between Wln2.0 Wln2.1 Wln3.0 and Wln3.1 Rayleigh pdf
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Figure 4.  Rayleigh model results 

α cc

Wln2.0 45,8582767012 0,9017810570

Wln2.1 43,7080855506 0,9425752484

Wln3.0 36,6538679582 0,9745582467

Wln3.1 86,8023338984 0,9714779285  

TABLE IV.  RAYLEIGH MODEL PARAMETERS 

V. CONCLUSION AND FUTURE WORK 

The presented results in BICC applications case studies 
shows that the mathematical models are suitable and are indeed 
a good match for the distribution of TRs over time distribution. 
Estimation of parameter for mathematical models is necessary 
for accurate prediction of expected number of TRs over a 
period of time based on customer service requests and 
operating conditions for developing cost effective maintenance 
projects. This paper is based on collection and analysis of 
trouble reports over a period of time for estimation of 
parameter for models predicting software component life.  

The case studies results show that the correlation 
coefficients for all mathematical models are very high and 
determine the goodness of fit. Weibull or Rayleigh model are 
the preferred among different models due to the fact that the 
correlation coefficient was not below 0.901 for all observed 
applications. The number of different applications, the sample 
of the TRs over the time period implies that and this is not a 
coincidence. Proposed mathematical models for faults 
prediction (Weibull, Rayleigh) should be explored further on to 
find out on the larger sample of the software applications and 
software components the best suitable models for the software 
faults prediction. 
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