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Abstract—This paper proposes several improvements on the
conventional software reliability growth models (SRGMs) to
describe actual software development process by eliminating an
unrealistic assumption that detected errors are immediately
corrected. A key part of the proposed models is the “delay-effect
factor”, which measures the expected time lag in correcting the

~ detected faults during software development. To establish the
proposed model, we first determine the delay-effect factor to be
included in the actual correction process. For the conventional
SRGMs, the delay-effect factor is basically non-decreasing., This
means that the delayed effect becomes more significant as time
moves forward. Since this phenomenon may not be reasonable for
some applications, we adopt a bell-shaped curve to reflect human
learning process in our proposed model. Experiments on a real
data set for internet-distributed software has been performed, and
the results show that the proposed mew model gives better
performance in estimating the number of initial faults than
previous approaches.

Index Terms— Delay-Effect Factor, Fault Detection/Correction
Processes, Delayed-Time NHPP Model, SRGM.

I. INTRODUCTION

ue to the recent rapid developments of computer and
network technologies, the Internet and World Wide Web
make it possible for users to access a variety of resources and
applications distributed over the world. With its huge
popularity, the Internet has a very important feature that a large
body of software is freely available and widely distributed on it,
and may be obtained from various accessible archives [1-2].
This software includes shareware, free packages and libraries,
and other software programs that the designers contribute for
free. Therefore, a software failure on the Internet could result
in big loss or degradation of service to the sharing components
among the software products.

Moreover, there are some similarities between the Internet
software and traditional software. Firstly, they are extensively
reused. Examples of the former are Java applets, ActiveX
controls, software agents, Javascripts, VBscripts, etc [3,4].
Comparatively, traditional software packages also have reuse
property; e.g., reuse of subroutines and macros [2].
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Furthermore, both hold the primitive nature of software, such as
the original causes resulting in system unreliability, copies from
a software program are identical, the basic strategies of dealing
with fault tolerance, and other inherent properties: no aging, no
wear-out, etc. Therefore, conventional repair and maintenance
policies can be used for the Internet software [2-5].

Since software is embedded in network technologies and
permeates our daily life, the correct performance of
internet-distributed software systems becomes an important
issue of many critical systems. Software reliability can be
viewed as a powerful measure of quantifying software failures
and it is defined as the probability of failure-free software
operation for a specified period of time in a specified
environment [5]. Therefore, in order to achieve desired level of
quality, the software reliability of a software system must be
carefully evaluated.

The fault-detection and fault-correction are critical
processes in attaining good performance of software quality.
During the software detection process, testing cases are run and
ultimately failures are detected. After detection, the debugging
team should analyze the failure, locate the fault, and fix the fauit
[6-8]. Numerous stochastic models for the software failure
scenario have been developed to measure software reliability,
and some of them are based on the Nonhomogeneous Poisson
Process (NHPP). In practice, these software reliability growth
models (SRGMs) are very useful to describe the error-detection
process as a discrete or continuous process with a
time-dependent error-detection rate [5-8]. The general
assumption in conventional SRGMs is that the detected faults
are immediately removed. From a practical point of view, this
assumption is not valid in a real software environment [5-8,16].
We know that the time to remove a fault depends on the
complexity of the detected errors, the skills of the debugging
team, the available manpower, and the software development
environment [8, 17-18]. This phenomenon can especially be
seen when some latent software errors are hard to detect and
they even exist in the software product for a long time after they
are detected. Therefore, the time delayed by the correction
process is not negligible. The objective here is to remove this
assumption in order to make the SRGMs more realistic and
applicable. =~ Schneidewind [6, 16] first modeled the
fault-correction process by using a constant-delay
fault-detection process. Xie [6] extended the Schneidewind
model to a continuous version by substituting a time-dependent
delay function for the constant delay. A key factor of the
continuous version of Schneidewind model is the
time-dependent delay function, which measures the expected



time lag to correct a detected fault. Furthermore, we observe
that the time-dependent delay of the conventional SRGMs has
three possible trends as the processes proceed: constant,
bounded increasing, and unbounded increasing. That is, the
time delayed by the correction activities is increasing as time
progresses and these three trends are not always reasonable in
many applications. We thus propose a new time-dependent
delay function based on the bell-shaped curve to represent the
human learning process.

In particular, if we focus on the Internet-distributed software
packages, the users will send messages to report bugs via the
Internet. Occasionally, some users may misuse the software and
send inapplicable messages; other users may report the same
problem, which leads to duplication [1-2]. Therefore, the
debugging team should spend their time to distinguish between
user-error and actual faults. That is, the correction process in
the Internet-distributed software has a more important role than
in the traditional sofiware applications. Our experimental data
will demonstrate this peculiar phenomenon and the results show
that the proposed models give better performance in estimating
the number of initial faults.

In this paper, we also show how several existing SRGMs
[8-11, 14-15,19] based on NHPP models can be completely
derived by applying the time-dependent delay function.
Furthermore, we observe that the time-dependent delay of the
mentioned models has three possible trends as the processes
proceed: constant, bounded increasing, and unbounded
increasing. That is, the time delayed by the correction activities
is increasing as time progresses. Therefore, these three trends
are not always reasonable in many applications. We thus
propose a new time-dependent delay function based on the
bell-shaped curve to represent the human learning process.
Experiments have been performed based on two real data sets,
and the results show that the proposed models give better
performance in estimating the number of initial faults and also
indicate a goodness-of-fit in terms of the mean of squares errors
criterion. Besides, it was observed that the proposed model is
good at predicting the behavior of future failures. On the other
hand, we discuss the relationship between delayed-time and non
delayed-time NHPP models, and derive a general scheme of
delayed-time NHPP models from a new viewpoint [22].

There are six sections in this paper. Section 2 gives a
description of characteristics of the NHPP models with delayed
correction process and shows how some existing NHPP models
can be reinterpreted from a viewpoint of delayed correction
process. Several new NHPP models are proposed in Section 3.
Section 4 provides a general scheme of delayed-time NHPP
models. The experiments and results are presented in Section 5.
Finally, Section 6 concludes this paper.

II. MOTIVATIONS AND BACKGROUNDS

Most existing models under the assumption that the detected
faults are immediately corrected can be regarded as delayed
faunlt-detection models that can model the fault-detection and
fault-correction processes. That is, we can remove the

impractical assumption that the faultcorrection process is
perfect and can thus establish a corresponding time-dependent
delay function to fit the fault-correction process. Thus, we
propose a new model, using the new assumptions:

Definition 1 (Delay-effect factor): Given a fault-detection and
fault-correction process, one defines the delay-effect factor,
@(t) , to be a time-dependent function that measures the

expected delay in correcting a detected fault at any time.
Definition 2 (Delayed-time NHPP model): A sofiware
reliability model is called a delayed-time NHPP model if it
obeys the following assumptions: [5-8,16]
1. The error-detection process follows the NHPP and ali
faults are independent and equally detectable.
2. The software system is subject to exploring the remaining
faults in the system at random times.
3. The rate of change of the mean value function is
exponentially decreasing.
4. The detected error is not immediately removed and lags by
a delay-effect factor, @(f).
Based on the above assumptions 1-3, the original mean value
function of NHPP model is
Morigina (&) =a(—e™™), a>0, b>0 1)
where a = the expected number of initial faults,
and b = the fault-detection rate.
From assumption 4 in Definition 2 and Eq. (1), the new mean
value function is

M) = Mopgingy (¢ — @) =a(l - "e*?P). (2

Theorem 1: Given a delay-effect factor, @(¢), we have
(a) The fault-detection intensity of the delayed-time NHPP
model is

At)=abe e (1-2£0), >0, 5>0. (3)
(b) do(¥)/dt <1

(c) The probability that no errors occur in the interval (s, s+7)
given time s is
R(ts)=exp[-a(e "1l — P (a)
O
As an example, if we assume that the fault-detection intensity is
A= ab%e™, we can get its corresponding mean value
function m(¢) by the integration of A(¢) as shown below:
m(t) = [ A(H)dt = a(1- A+bHe™®), a>0, b>0. (5)
That is, a variation of the G-O model, known as the delayed
S-shape model [8], can be derived. On the other hand, if we

assume the delay-effect factor is @(¥) = %ln(1+bt) , we can

also get its corresponding mean value function by Eq. (2) as
below:



m(t) = a(l-e D)= a1 -1 +b)e™), a>0, b>0.

This example reflects the fact the S-shape model can be

interpreted from various points of view. In other words, by
specifying the fault-detection rate or the delay-effect factor, we
can formulate various models with a new mean value function of
the NHPP.

In the following, we show that several classical SRGMs
[7-10, 14, 15, 17] that are based on NHPP can be directly
derived from Definition 1, Definition 2 and Theorem 1.
Furthermore, we also derive the fault-detection intensity from

Eq. (3) and check the condition of Theorem 1 (i.e. %tt)- < 1)
e  Goel-Okumoto model [9]
Take @(t) =0, then we have
(@) de(t)/dt=0<1,
(b) the mean value function (MVF),
m)=a(l-e*), a>0, b>0,
(c) the fault-detection intensity (FDI),
A)=abe™, a>0, b>0.

e  Gompertz growth curve model [9]
Take @(t) = t+%]n(1—ke'b’) , then we have

@) do@)/dt=1+mkk* e /1-k") <1,

(b) MVF, m(t)=ak®, a>0, >0, 1>k >0,

() FDI, A() = ab(nk)e"k*”, a>0, b>0, 1>k>0.
L Logistic growth curve model {11-13]

Take ¢(t) = —ln , then we have

(2) dp(®)/dt= ke-”‘/1+ke"")<1,

1
MVF, m(t)=a———, a>0, >0, k>0,
®) O=a——

abke™

(c) FDL, A(® =m,

a>0, b>0, £>0.

L Log—logislic growth curve model [7]

Take @(t) = (__},TTM—) , then we have

kﬂk eklnt
BeCl+ AP
n*
1+A*’
akAF e

a+@A"?*’
®  Delayed S-shaped model [8]

(@) do(t)/dt=1-

(b) MVF, m(t)=a a>0, 1>0, k>0,

(c) FDI, A(t)= a>0, >0, k>0.

Take @(t) = %ln(l + bt) , then we have

<l

1
do(t)/ dt =
@ dot)/dt =1

(b) MVF, m(f) =a[l -1 +bt)e ], a>0, >0,
() FDL, /() =ab’te™, a>0, b>0.
° Inﬂected S-shaped model [8]

Take () = —ln( ctl ——), then we have
—bt
ce
a) do(f)/dt=—22 <1
@ dott) (c+D(A+ce™)
(1-e™)
MVF, m(f)=a——o—2, a>0, b>0, c¢>0,
®) ® (1+ce™)
© FDI,/l(t)—-—_b-z—, a>0, b>0, ¢>0.
+ce™)

®  Modified Duane model [14]

Take @(f) = %m(ﬂ—ﬁ;) +1, then we have

B
(a) do(f)/dt=1 e 1,

P -
(b) MVF, m() = afl (,8+

9"} a>0, f>0, >0,

__a’
(c) FDL, A(?) —W,
®  Weibull-type testing-effort function model [15]
Take @(?) =t +aexp(—ft") -, then we have
(@) do()/dt=1-afp"" exp(-pt7) <1,
(b) MVF,
m(t) = a{l—exp[-ba(l—e * )1}, a,b,a, B,7 >0,
(c) FDI,

Mt)=abapp™ e ® expl-ba(l—e? )}, a,b,a, B,7>0.

a>0, >0, y>0,

From the above derivation, we find that the delay-effect
factor can be one of the following three types:

Case 1: (Constant delay-effect factor)
This is the trivial case that the delay-effect factor is a constant
and thus has equal time lag through all the fault-detection
processes. For example, when the delay-effect factor is a
nonzero constant value (A), we have the following mean value
function:
m()=a(l-ke™®), a>0, b>0, 1>k>0,
where a= the expected number of initial faults,
b= the fault-detection rate, and
k=exp(—-bA).



This means that it has ax (1 — k) errors detected (i.e. m(0)=
ax(l1-k)) at the beginning of the software testing process.

Apparently, the G-O model belongs to this type and the original
G-0O model is obtained when the constant is zero.

Case 2: (Unbounded increasing delay-effect factor)

In this case, the delay-effect factor is increasing as the software
test process proceeds and approaches an unlimited value as time
reaches infinity. This means that the delayed-time phenomenon
is more serious as testing progresses, and the time lag is infinite
as time approaches infinity. This phenomenon, however,
contradicts the human learning process. The delay-effect
factors of this kind in Section 2 are listed as follows:

. t+%ln(l—ke'b')
. %ln(1+bt)

° Z]n(i) +

b f+t
o ttaexp(-ft")-a
bt
o l]n __._e—)

b 1+ AFeF

Case 3: (Bounded increasing delay-effect factor)
The delay-effect factor is lower at the beginning of the software
testing and increases as testing proceeds. Unlike the unbounded
increasing case, the time lag is restricted to a constant value
beyond which it cannot increase. In other words, the time-lag
effect is under control. This may be due to the deadline for the
delivery of the software product, for example. The delay-effect
factors of this kind in section 2 are listed as follows:

1 c+l
o —In(———m

b 14ce™

Intuitively, the cotrection process can be viewed as a

learning process that the software testing teams become familiar
with the debugging environments and tools as time progresses,
and these teams' skills gradually improve and thus the amount of
time lag will be smaller. In other words, the delay-effect factor
is non-increasing under the above circumstances.

II. INCORPORATING BELL-SHAPED DELAY-EFFECT
FACTOR INTO SRGMs

In Section 2 we reconstructed some conventional NHPP
models based on the delay-effect factor instead of the unrealistic
assumption that the detected errors are instantly corrected.
Moreover, from the derived NHPP models we conclude that the
above delay-effect factors are non-decreasing (i.e. constant,
unbounded increasing or bounded increasing). In reality, the
delay-effect factor is a function of the complexity of program
modules, the manpower, the skill of testing teams, the deadline
for the release of the software, etc. At the beginning of the
software detection and correction process, the programmers
could remove easy-to-detect errors in their own programs and

thus the extent of delayed effect is limited. As time goes, it is
relatively more difficult for the debugging team to correct more
errors.  That is, the delay-effect factor is increasing in this
testing phase. As time passes further, the debugging team
becomes acquainted with the software-testing environment,
with better skills, techniques and tools. These improvements
may speed up the testing activities [5,11-13,17-18]. That is, the
time lag that resulted from the correction process becomes
decreasing. In order to incorporate the above inference and
make the fault-detection and fault-correction models more
practical, we adopt the bell-shaped delay-effect factor, which
reflects the human learning ability, to fit the
increasing-then-decreasing  scenario of the delayed
fault-detection process. In addition, we introduce the
bell-shaped functions, i.e., Gamma curve, Rayleigh curve and
Weibull curve, to describe the testing/debugging activities. For |
a Gamma curve, we often denote it by
x
GAM@,K)=cx*e ¢, ¢>0, k>0, 8>0
where the parameter x is called the shape parameter because
it determines the basic shape of the graph of the curve. In
particular, there are three basic shapes, depending on whether
k<1, x=1and x>1. In this paper, we focus on the
bell-shaped curve with shape parameter k=2, 3 and 4.
Similarly, a Weibull curve has the following notation:
X
WEI(6,x) = e @ | >0, k>0, 650
where the parameter x is also called a shape parameter and
has three basic shapes, depending on whether x¥ <1, x =1 and
kx >1. The special case with x = 2 is known as the Rayleigh
curve. Note that when ¥ < 1 the curve is not bell-shaped: it
behaves like an exponentially decaying function. Therefore, we
consider the bell-shaped curve with shape parameter, x >1.
Without loss of generality, we focus on constant shape
parameter, ¥ =2, 3 and 4 for simplicity. The simulation
results in Section 5 demonstrate the concept that the
increasing-then-decreasing scenario of delayed fault-detection
process is more appropriate. That is, the bell-shaped factor can
be well fit into the modeling the fault-correction processes. In
the following, some classical bell-shaped functions that can be
used as the delay-effect factor in Eq. (2) are proposed and the
mean value functions are also derived. Furthermore, we
observe that there are four types of correction processes that are
classified by the growing speed of delay-effect factors and the
results are listed in Table 1.

®  Gamma-type delay-effect factor

Take the delay-effect factor, o(f)= ctr_‘e_; , then we have

m() =a(l-e*e®?D)y=a(-e™ exp(bct™ %)) (6)

®  Rayleigh-type delay-effect factor

Take the delay-effect factor, @(f) =cte™*®)", then we have
m() = a(l—e 2 e?®) = g(1— e exp(bete 9" )) (7)



®  Weibull-type delay-effect factor
Take the delay-effect factor, @(f) =ct*'e™*/®)" , then we have
m(f) =a(l—e e’ ) =a(l-e™ expbct* e /9" )).(8)

Table 1: Classifications according to the speed of various delay-effect

factors in all the testing phase.
I ige Model
IBell-shaped [Proposed model
|Constant __|Goel-Okumoto model
|Unbounded |Gompertz growth curve model
increasing |Delayed S-shaped model
IModified Duane model

[Weibull-type testing-effort function model
Log-logistic growth curve model

Bounded Inflected S-shaped model
increasinjgr Loglﬂgrowth curve model

IV. INTEGRATION OF DELAYED-TIME AND
NON-DELAYED-TIME MODELS

Many existing software reliability models can be integrated
under a general formulation. Model integration is helpful for
the generalization of models without making many assumptions.
From our studies, some model integration schemes are derived
in the literature [21-23]. Recently, Hou et. al. [20] proposed a
unified theory for several NHPP models, which applied the
concepts of weighted arithmetic, geometric, harmonic, or
quasi-arithmetic means to derive several existing and new
NHPP models. Many existing software reliability models based
on NHPP models can be derived as special cases of this general
NHPP model. We quote the theorem in [20] as follows:

Theorem 2: Given a mean value function, m(f), its
corresponding  fault-detection intensity, A(f) and let
dg(m(r))/ ot = A(t){g(a) — g(m(r))}, where g is a real-valued,
strictly monotonic, and differentiable function. We have

m() = g™ {g(a) +[gm(0) - g(@)lexp(-B(®)}, (9)
where g is the expected number of initial faults and
B(@) = j{, Aw)du [20]. .

In the following, we discuss a general continuous NHPP
model from the viewpoint of delayed-time correction
phenomenon and propose a general framework of the modeling
of the fault-detection and fault-correction processes. First,
according to the above assumption of delay-effect factor, the
mean value function of delayed-time NHPP models can be
described by m(f)=a(l-ee®??), a>0, b>0. (ie.
Eq.(2)). Secondly, without loss of generality, we cite the
general form of the mean value function of NHPP proposed by
Hou et. al., i.e. m(t) = g " {g(a) +[g(m(0)) - g(a)] exp(—B(1))},
to be any desired type of the mean value function under

discussion. The objective here is to give an appropriate
delay-effect factor, @(f), so that Eq. (2) and Eq. (9) can be
treated as identical. Therefore, we extend the unification theory
of the general NHPP model to the delayed-time case by the
following theorem.

Theorem 3: Given a general form of NHPP mean value
function,

m(f) = g7 {g(a) +[g(m(0)) - g(a)lexp(~B(©))},
where g is a real-valued, strictly monotonic, and differentiable
function. We have the general delayed-time form of the mean
value function,

m(t) = a(l—e e’?®)

(10)

" where

P() =t +$In{l-L g7 {g(a) +[g(m(0)) ~ g(a)lexp(-B ()} }
Proof:
We know that g is a real-valued, strictly monotonic, and
differentiable function. It implies that the inverse function
g 'exists. Let both right sides of Eq. (9) and Eq. (10) be
identical, then

e "V =1-1 g7 {g(a) +[g(m(0)) - g(a)l exp(-B())} ,i.e.
@) =t +$In{l-L g7 {g(a) +[g(m(0)) - g(a)lexp(-B(®))}} -

O
From the above theorem, we know that even other existing
software reliability models based on NHPP can also be treated
as special cases of this general delayed-time model. Namely,
we may specify both functions g(x) and B(#) in Eq. (9), and
then solve them for m(f) to get a new model. On the other
hand, we can also specify the delay-effect factor, ¢(f), in Eq.

(10) and solve its corresponding delayed-time form of mean

value function to get another new delayed-time correction

process model. Furthermore, based on various functions for

g(x) in Eq. (10), we can derive its corresponding () .

Specifically, we focus on identical function (ie., g(x)=x),

inverse function (i.e., g(x)=1), and logarithm function (i..,

g(x)=Inx). Table 2 shows the relationship between various

models that can be derived by choosing proper @(f), g(x) and

B(@).

From the above derivation, we make the following
observations:

1. The general form of the classical NHPP mean value
function that is described in Eq. (9), i.e. assuming the
correction process is perfect, is identical to the general
delayed-time form of the mean value function described in
Eq. (2).

2. By deriving the general NHPP model, many existing NHPP
models for software reliability can be derived as special
cases of this general framework.



Table 2: Classifications according to the speed of various delay-effect

factors in all the hase
al-ke POy | x | B B(®)
GOmodel | x 0 bt
Delayed S-shaped| L+ bt —In(1 + bt)
model b
Tnflected 1. 14c 1+ce™
—In e
Sshapedmodel | * | 7 1ree® | YT
Modified Duane Y1 B B+t
Lin(—E—)+¢ In——
model 1o (ﬂ + t) "8
1 11 k
—_— = | —
kPO | 3 |P 140 5
Logistic growth | 1 l]n_i_ bt
curve model x | b 1+ke™
Log-logistic 1 |1 bt ce”
— |t m—2
gm::d:m x |6 | et -
1 —B(t
t+--In(l1-ke
& max |5 B(?)
[Gompertzgrowthl | |, 1y gty bt
curve model b :
Eq.(6) x ar—le'f!’ ' bt—bct"_le_oL
132 ~(L 2
Eq.(7) x cte @ bt —cte”®
Eq.8) x ct*1e @ bt — ct* e_(%)"

m(t) : The mean value function.
@(t) : The delay-effect factor.
£&(x), B(®) : The notation in Eq. (9).

V. EXPERIMENTAL RESULTS

By using the Maximum Likelihood Estimates, the parameters
of the proposed NHPP models can be determined. Furthermore,
we adopt the evaluation criteria, the mean of squares of errors
(MSE) {8], in the comparison of goodness-of-fit of the models.
A lower MSE indicates better performance of fitting the real
software data. The example real internet-distributed software is
the XbaeMatrix widget, which is a reusable Motif widget that
provides a spreadsheet display capability for X window
programs [2]. During the testing period, about 89 software
faults were discovered. Table 3 shows that the estimated
parameters and MSE of the proposed models described in Eq.
(6)-Eq. (8). Figure 1 depicts the observed curve and the fitted
curves of the cumulative numbers of failures and Figure 2 shows
the estimated time lag using the proposed models. Especially,
Eq. (8) with x =3 has the smallest value of MSE (117.93).
Besides, the MSE value in Eq. (6) with ¥ =2,3 or 4 or Eq. (7)
is less than that in other models; therefore, we can conclude that
the bell-shaped delay-effect factor model gives a better fit in this
experiment

VI. CONLUSIONS

In this paper, we have proposed new delayed-time NHPP
models by incorporating the bell-shaped delay-effect factor to
model the fault detection and correction . processes.
Specifically, the fault-correction process is modeled as a
delayed fault-detection process and it lags the detection process
by a time-dependent delay of a bell-shaped curve. Furthermore,
we have proposed a general delayed-time NHPP model based
on the delay-effect factor, which enables us to derive existing
and new delayed-time NHPP models. Under this framework, an
existing NHPP model can be reinterpreted as a new
delayed-time NHPP model. The new delayed-time NHPP
models can capture constant and non-decreasing time lag during
software testing process, whereas the proposed general model
can capture the increasing-then-decreasing scenario to reflect
the human learning ability. A key factor of the proposed models
is the “delay-effect factor”, which measures the expected
time-lag in correcting the detected faults during software
development. In particular, we adopt the bell-shaped curves,
such as the Gamma curve, the Rayleigh curve, or the Weibull
curve, to fit the various types of fault removal processes.
Furthermore, the proposed models can be extended to model
other fault removal scenarios by introducing different curves.
Experiments on internet-distributed data set have been
performed. The results show that the proposed new models give
a better performance in estimating the number of initial faults,
and they also indicate a better goodness-of-fit in terms of the
mean of squares criterion. On the other hand, based on the
delay-effect factor view of the NHPP, we can eliminate the
unrealistic assumption that detected faults are corrected
immediately. It is noted that more resources are required for the
determination of extra parameters in these new models.
However, this overhead is minimal as the parameter estimation
process is fully automated

Table 3: Comparison results and estimated parameters of the proposed
models.

Model a® | b c 6 | MSE®
Eq. (7) 96.45 [0.117[ 0.028 | 7 | 143.75
Eq. (6) with x=2 | 94.5 ]0.155] 0.066 | 19 | 154.34
Eq. (6) with =3 | 94.24 | 0.13 [ 0.031 | 3 | 134.08
Eq. (6) with x=4 | 95.17 [0.125] 0.013 [ 2 13597
Eq. (6) with x=3 | 95.64 | 0.12 [0.0091| 6 | 117.93
G-O Model [2] [ 105.06 [0.0939] NA | NA | 172.03

(1) The expected number of initial faults.
(2) The mean of squares of errors.
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