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Abstract

Consider various host systems that consist of both hardware and software. There is an IT center
which governs the activities of all of those host systems including the reported failures. The center's
major concern is deciding the proper level of repair capacity for various kinds of failures due to
hardware, software, and operator related problems where corresponding failure and repair times may
exhibit fairly large variations. In this paper, we use Monte Carlo simulation in order to decide the
optimal repair capacity when both failures and repair times of individual host systems exhibit long
range dependent (LRD) property. In terms of both utilization rate and the maximum waiting time, we
suggest optimal capacity. Various sensitivity analyses follow.
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1. Introduction

Allocation of optimal resources for software/ hardware maintenance is an important topic in the era
of Information age. In the typical Information software/ hardware maintenance problem, classical
lifetime distributions such as exponential, Weibull and lognormal have been used to model both the
failures and repair times.

Subsequently, queueing models are formed according to both failure and repair distributions and the
number of servers for repair. Traditional queueing models, and many simulation models of queues,
assume that such failure/ service times are independent and identically distributed. However, it is now
well known that some queueing systems exhibit long-range dependence property. Long-range
dependence (LRD) property is characterized by very slowly decaying autocorrelations and by sample
means whose variance decreases with sample size n at a rate slower than 1/n (Beran et al.1995).

In this paper, we apply LRD property to input distributions for failure/repair times of
software/hardware. The main purpose is to find the optimal resources for IT system maintenance in

consideration of the LRD failure/repair distribution. We perform various sensitivity analyses due to



changes in both performance measures and identification of input distributions.

2. Long Range Dependence

It is interesting to note that the Pareto distribution can be derived from a random effects model
context where the arrival/service times are assumed to follow exponential distributions for given rates
where they are the outcomes of gamma distribution.

Suppose that for given arrival rate Ay and service rate [, the i-th inter-arrival time (Uy, i=1,...,n)
and the j-th service time (Vi j=1,...,m) for the failure reported from system k follows exponential
distributions:
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We assume that the arrival rate Ay and service rate Wy would vary due in part to the surrounding

conditions of each system, represented by 1 x p covariate vectors, X; and z; , respectively. The random

variations in the Ay and ;. that cannot be explained by these conditions are assumed to be related to a
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where ey ~ Gamma ( a+1 , a ), dx ~ Gamma ( B+1, B ). The reason of specific parameterization in
Gamma distributions for both e and dj is to ensure the expected values of both arrival and service to
be 1/exp(X; V) and 1/exp(z,0), respectively. Use of a gamma prior distribution in (2) may be
considered subjective. But the choice of associated parameters such as (a,B,y,0) can give ample
flexibility of modeling random patterns.

Based on (1) and (2), the joint distribution of  (a,3,y,0) can be obtained as follows:
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It shows that the probability density functions of uy and v are sometimes called Lomax distribution
or Pareto type VI distribution, where E(uy)=E(E(uy | ew))=E(1/Ay) and Var(uy )= Var(E(uy | ei)) +
E(Var (uy | ex)) =Var(1/Ay) + E(I/Xikz). Note that 1/Ay ~ Inverse gamma (o+1, a/exp(Xiy)) with mean
1/exp(xyy) and variance 1/ [exp(xik)]2 (a-1). Therefore both the expected arrival time and variance can

be derived as follows:
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Therefore according to (5), Pareto with covariates becomes LRD, when a is less than 1.
For the simulation of Pareto random variables uy and vy the following cumulative distribution for uy

and vy can be applied:
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F(u) and F(v) in (6) follow uniform distributions and one can generate Pareto random variables uy

and v;, as follows:
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In particular, LRD Pareto distribution can be simulated by adjusting the ranges of a and 3 to be
less than 1(Sohn 2002).

3. Design of Experiment

We first describe a motivating case. Consider various host systems that consist of both hardware and
software for seven branches.

There is a center that governs the activities of all of those host systems including the repair of
reported failures. The center's major concern is assessing the proper level of repair capacity for those
failures. Failures might be due to hardware, software, or operator related problems. In this paper, we
use Monte Carlo simulation based experimentation in order to decide the optimal repair capacity when
both failures and repair times of individual host systems exhibit long range dependent (LRD) property.

For simulation design, we assume the following, based on the observed data in IT center of S group
in Korea:

1. A total number of host systems is seven (k=1,...,7).

2. Sources of failures are three: hardware, software, and operator. Composition of these failures is

25%, 54% and 21% for hardware, software and operator, respectively.



3. The i-th inter-failure time reported by host system k, uy, follows Pareto distribution with
E(ug)=1/exp(xiy ) and Var(uy)= E(ux)*(a +1)/(a -1). Based on the previous year’s experience at S
group, we assume the following:

E(uy)=72, 51.4, 24, 8.2, 36, 7.3, 22.5 days for the seven companies respectively.

Accordingly, xi in (7) is a 1 x 7 vector distinguishing the seven company effects: we consider the
company with as E(uy)= 72 as a reference group and set intercept as —7.455 so that the mean arrival
time to be 72days x 24 hours=1/exp(-7.455). The remaining y values in (7) are set 0.624, 1.099,
1.511, 0.756, 2.08 and 1.163, respectively. To set the variance of x;, values for a need to be assigned.

In view of the fact that LRD appears when 0 < a < 1, we consider a to be the first factor with
two levels: 0.5 and 1.5, where 0.5 is used of LRD and 1.5 is for non-LRD.

4. The j-th service time for the failure reported from system k, vy, follows Pareto distribution with
E(vj)=1/exp(zx0 ) and Var(vy)= E(vi)’(B +1)/(B -1). We assume that E(vy)= 4 hours, if the j-th
service was for hardware or software failure; and it is 2 hours, if the j-th service was for operator
related failures. This assumption also reflects the previous experience in S group in Korea. Again we
set operator as a reference group and let exp(zy© ) =exp(-0.693-0.693z1;) where z1 is indicator
variables representing additional effects of hardware and software to operator respectively. Next, we
consider 3 to be the second factor with two levels (0.5 and 1.5) to represent LRD and non-LRD
service distribution.

All these settings are based on the current repair system used in S group. In order to consider the
changes in repair capacity for hardware, software and operator related failures, we consider them as
additional factors to a and 3. Note that the two factors a and 3 are typically uncontrollable

while the remaining three are controllable.
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