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Abstract

This paper proposes an efficient heuristic to solve the redundancy allocation problem (RAP) of series-parallel
multi-state systems (MSS). The objective is to determine the minimal-cost series-parallel system structure subject
to the reliability constraints. The proposed heuristic method gives a new way to solve a difficult large-scale of RAP
of non-homogenous series-parallel MSS where different elements can be used in parallel. A universal generating
function technique is applied to evaluate MSS reliability. The optimal solutions obtained by the proposed algorithm
for nine test instances are compared with the best-published results previously presented in the literature for
homogeneous series-parallel MSS. The solutions found by our algorithm are all better than or in par with the
well-known test solutions.
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1 Introduction

The reliability optimization of series-parallel MSS is well known as the “Redundancy allocation problem
(RAP) of series-parallel MSS”. The system is considered to have a range of performance levels from
perfect functioning to complete failure and it is called a multi-state system (MSS). The MSS consists
of several components connected in series. For each component there are different versions of elements,
which are proposed by the suppliers on the market (for example, these elements can represent machines
in manufacturing systems). These elements are characterized by their cost, performance and reliability
according to their version. Each element may experience only two possible states: perfect functionality
and complete failure. Failed elements are repaired and the elements reliabilities are known. The MSS is
reparable and its reliability is defined as its ability to satisfy consumer demand which is represented as a
piecewise cumulative load curve. The universal generating function (UGF) technique is used to calculate
MSS reliability.
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