Journal of Statistical Sciences, Autumn and Winter, 2024 dv.r/@f%
Vol. 18, No. 2, pp 377-393

DOLI: 10.52547/jss.18.2.08

) <
Vg TATisTicAL SOC'E

Stochastic Comparisons of Series and Parallel Systems Com-
prising Modified Additive Hazard Rate Model

Lazam Razzaq, A.1(2, Almasi, 1.1, Saadat Kia, G.2
! Department of Statistics, Razi University, Kermanshah, Iran.
2 Department of Basic Science, Kermanshah University of Technology, Iran.

Corresponding author: I. Almasi, i.almasi@razi.ac.ir

Received: 24/1/2024 Revised: 20/10/2024 Accepted and Published Online: 21/10/2024.

Introduction

The order statistics Xi.p, ..., X, are obtained by arranging the variables
X1,..., X, in increasing order of magnitude. They have found key appli-
cations in reliability studies, auction theory, and actuarial science. For ex-
ample, in reliability applications, X, _g+1., (for & = 1,...,n) corresponds
to the lifetime of a k-out-of-n system, a system that would work when at
least k of the n components work. In particular, when k¥ = n and k = 1,
we have the smallest and largest order statistics corresponding to the life-
times of series and parallel systems, respectively. For an elaborate treatment
of theory, methods, and applications of order statistics (Balakrishnan and
Rao0,1998a,b). Note that the lifetime distribution of produced components
in a factory may differ in many practical cases. For example, populations
of manufactured items in practice often have two aggregated groups: the
“defective” items with shorter lifetimes and “standard” items with longer,
normal lifetimes. Also, when components manufactured at different facilities
are mixed or manufactured at the same facility but changing operational or
environmental characteristics, etc., leading to heterogeneous populations. In
such cases, the lifetime distribution of components differs from each other and
follows a particular family of distributions indexed by a specific parameter.
That is, the lifetime distribution of the components follows a semiparametric
model. This seems reasonable in practice because the same raw materials are
used to produce the products of a factory. Still, due to different work shifts,
different manpower, different production lines, etc., the made products may
not have the same distribution but follow a semi-parametric model.
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Material and Methods

An important semi-parametric model with many applications in reliability
theory is the additive hazard rate model, which has key applications in reli-
ability theory. A random variable X is said to follow an AH (6, 3; F') model
if its survival function is expressed as

F(x;0,8) = 6701}_7(.%;5), x> 0,0 >0.

It is then easy in this case to see that r(z;0, 8) = 0 +r(x; 5), where r(-; ) is
the baseline hazard rate function. Finkelstein (2008) studied the reliability
properties of the AH model and provided some applications of this model.

Results and Discussion

This paper has established stochastic comparisons of parallel and series sys-
tems consisting of independent modified additive hazard rate (MAH) compo-
nents. Establishing hazard rate, reversed hazard rate, and likelihood ratio or-
ders under some conditions on the baseline distribution and the Archimedean
copula as joint distribution will be of great interest.

Conclusion
This paper introduces a new MAH model that replaces the additive hazard
rate distribution in the general proportional add ratio model. Next, when
two sets of random variables follow the MAH model, we establish stochas-
tic comparisons between the series and parallel systems comprising these
components.

Keywords: Modified Additive Hazard Rate Model, Weak Majorization Or-
der, Series Systems, Parallel Systems.
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