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Abstract

This paper proposes a discrete stochastic logistic equation
that has an exact solution and describes an Software relia-
bility growth model based on this equation. This model con-
serves the property of the deterministic ones and furthermore
yields the distribution of the estimates along with the esti-
mates themselves when an assumption is made. We evaluate
the assumption by using actual data.

1 Introduction

Software reliability growth models (SRGMs) that produce S-
shaped curves are empirically known to be a way of repre-
senting cumulative numbers of software failures or software
faults uncovered over time. The logistic curve provides one of
simplest of such models. The logistic curve model has been
observed in testing software systems [2, 3].

Satoh and Yamada have described SRGMs based on dis-
crete analogs of a logistic equation that have exact solutions.
They yield accurate estimates of parameters, even with small
amounts of input data. These models, however, are deter-
ministic equations, so they do not yield a distribution of the
estimates.

We propose discrete stochastic logistic equations that have
exact solutions and describe SRGMs based on these equa-
tions. These models yield a distribution of the estimates along
with the estimates themselves.

2 A discrete logistic equation

A logistic curve model is described by

dL(t)

dt
=

a

k
L(t) (k − L(t)) (1)

where L(t) is the cumulative number of software failures that
have occurred in testing up to time t.

A solution of Eq. (1) is given by

L(t) =
k

1 + m exp(−at)
(2)

where k > 0, m > 0, and a > 0. Parameter k represents the
total number of potential software failures, i.e., the number
of failures that will occurred over an infinitely long period or
the initial number of faults in the software system.

We show a discrete equation and its exact solution [1] be-
low:

Ln+1 − Ln = δ
a

k
Ln(k − Ln+1), (3)

Ln =
k

1 + m
(

1

1+δa

)n . (4)

SRGM based on this discrete equation yields more accurate
estimates of parameters, even with small amounts of input
data, than the conventional model [4, 5, 6, 7].

3 A discrete stochastic logistic equa-
tion

We propose the following form of discrete stochastic logistic
equation:

Ln+1 − Ln = δ
An+1

k
Ln(k − Ln+1), (5)

where {An : n = 1, 2, . . .} is a sequence of independent
and identically distributed (i.i.d.) random variables. Its exact
solution is described by

Ln =
k

1 + m
∏n

j=0

(

1

1+δAj

) . (6)

We suppose that {Xj : j = 1, 2, . . .} in eq. (6):

Xj =
1

1 + δAj

(7)
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has an i.i.d. power-function distribution. We consider the
probability P{Ln > l} where

l =
k

1 + mx
. (8)

Then, P{Ln > l} is described as follows,

P{Ln > l} (9)

= P{

n
∏

j=1

Xj < x} (10)

= P{
n

∑

j=1

Yj > − log x} (11)

= (exp(γ log x))

n−1
∑

j=0

(−γ log x)
j

j!
, (12)

where Yj = − log Xj , j = 1, 2, . . . have i.i.d. exponential
distribution and

∑n

j=1
Yj is a random variable that follows

Erlang distribution. Therefore, the proposed equation enables
us to obtain a distribution for the estimate at step n.

4 Distribution of actual data

The assumption of power-function distribution stated in the
previous section was evaluated on the same actual data as had
been used in an earlier work [6]. We used the last value in the
data series as the value of k. The distribution of Xj is shown
in Fig. 1. Figure 1 indicates that Xj has a power-function
distribution except at the tail, where the small amount of data
leads to deviation from the power-function distribution.
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Figure 1: Distribution of the actual data

5 Conclusion

A discrete stochastic logistic equation and an SRGM based
on this equation have been proposed. The equation has an ex-

act solution and enables us to obtain a distribution of the es-
timate for any step, which cannot be obtained by the discrete
deterministic models. The stochastic model was evaluated by
using actual data.
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