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Abstract

In this paper, we present a redundancy allocation problem (RAP) with series-parallel sub-systems and repairable
components. The repairmen will go on multiple vacations. In repairable systems, a fundamental aspect to be considered
is to predict the reliability of the systems under study. Set a reliability model for repairable systems, however, is still
a challenging problem when considering the dependency This paper aims to evaluate the number of components and
repairmen in each sub-system. Because this RAP belongs to Np. Hard problems, also, a Genetic algorithm to solve
the presented model.
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1 Introduction

In this paper we work on a RAP with series sub-system and repairable components. Also, the repairmen will go
to multiple vacations. This model aims to maximize system reliability by determining the number and components in
addition to determine the number of the repairmen in each sub-system.

Fyffe [4] in 1968 presented RAP for the first time and Chern [1] proved that RAP belongs to Np. Hard problem,
so we used Genetic algorithm for solving the presented model. Table 1 contains some research conducted on RAP.

Table 1: Classification of the Studies on RAP

Author(s) Decision/Subject
Study Objectives

Year Ref.
Single multiple

Fyffe et al. RAP and a Computational Algorithm (Dynamic
Programming)

• 1968 [4]

Nakagawa and Miyazaki Surrogate Constraints Algorithm for Reliability
Optimization Problems with Two Constraints

• 1981 [9]

This paper has four parts. The first part is introduction. In the second part, we present the mathematical model.
Third part deals with the solving method and the fourth part presents a numerical example. The fifth part is conclusion
and further studies.
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Coit and Smith Optimization approaches to the redundancy allocation to the re-
dundancy allocation problem for series – parallel systems

• 1995 [3]

Liang and Smith An Ant Colony Optimization Algorithm for RAP • 2004 [6]
Yun and Kim Multi-Level Redundancy Optimization in Series Systems • 2004 [15]
Liang and Wu A Variable Neighborhood Descent Algorithm (VNA) for RAP • 2005 [7]
Coit and Konak Multiple Weighted Objectives Heuristic for the RAP • 2006 [2]
Tavakkoli-Moghaddam,
Safari and Sassani

Reliability Optimization of Series-Parallel Systems with a Choice
of Redundancy Strategies Using a Genetic Algorithm

• 2008 [13]

Zaretalab et al. Redundancy allocation problem with multi-state component sys-
tems and reliable supplier selection

• 2020 [16]

Sun et al. On the optimal redundancy allocation for multi-state series–parallel
systems under epistemic uncertainty

• 2019 [12]

Salmasnia et al. A redundancy allocation problem by using utility function method
and ant colony optimization: trade off between availability and
total cost.

• 2019 [11]

Ouyang et al. An improved particle swarm optimization algorithm for reliability-
redundancy allocation problem with mixed redundancy strategy
and heterogeneous components

• 2019 [10]

Mahdavi-Nasab et al. Water cycle algorithm for solving the reliability-redundancy allo-
cation problem with a choice of redundancy strategies

• 2020 [8]

2 Mathematical model

2.1 Nomenclatures

λ : Failure rate of components,

µ : Repair time of components,

ν : Idle time rate of repairmen,

Ri : Number of repairmen in sub-system i,

s : Number of sub-systems,

ci1 : Price of the component in sub-system i,

ci2 : Price of hiring repairmen in sub-system i,

C : Maximum system acceptable cost,

wi : Weight of the component in sub-system i,

W : Maximum system acceptable weight,

Ki : Minimum components in sub-system i,

ni,max : Maximum components in sub-system i

2.2 System with R repairmen with multiple vacations

Consider a system with n identical repairable components and R repairmen. The repairmen have multiple vacations.
The state-space diagram of this model is presented in Figure 1.

The system reliability of this model has been driven by Yuan and Zhen-Dong [14] as A(t, n,R).

2.3 Redundancy allocation problem

Consider a system with s sub-system that is connected serially together. RAP aims to determine optimal number
of components in each sub-system to maximize system reliability. Because the components are repairable, we want to
calculate the optimal number of repairmen in each sub-system. The RAP mathematical mode is as follows:

maxA(t) =

s∏
i=1

A(t, ni, Ri) (2.1)
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Figure 1: State-space diagram of the system

such that
S∑

i=1

{ci1ni + ci2Ri} ≤ C (2.2)

S∑
i=1

wini ≤ W (2.3)

ki ≤ ni ≤ nimax (2.4)

0 ≤ Ri ≤ ni (2.5)

ni, Ri ∈ W. (2.6)

Equation (2.1) is the objective function that maximizes system reliability. Equation (2.2) is the cost constraint that
contains the cost of purchasing components and hiring repairmen. Equation (2.3) is the system weight constraint and
Equation (2.4) is the lower and upper values of the components in each sub-system. Equation (2.5) is the minimum
and maximum repairmen in each sub-system and Equation (2.6) denotes that the objective functions are integers.

3 Solving method

3.1 Genetic algorithm

Genetic algorithm (GA) was presented by Holland [5] in 1975 for the first time. An overview of this algorithm is
as follows:

� Producing the initial population,

� Calculation of the chromosome’s fitness function,
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� Producing the new population by three operators:

– Crossover,

– Mutation,

– Elitism,

� Substituting the new offspring in new population,

� Using new population for the next algorithm iterations,

Chromosome structure: The chromosome of presented model is a 2×s dimensional matrix that s is the number
of sub-systems. The number of the components in each sub-system appears in the first row and the number of
repairmen in each sub-system appears in the second row. Figure 2 is the problem chromosome structure.

Figure 2: Problem chromosome structure

Initial population: The initial population creates randomly,

Fitness function: The fitness function is calculated as follows:

Fitness Function =

∏s
i=1 A(t, ni, Ri)

1 + max {0,
∑s

i=1{ci1ni + ci2Ri} − C}+max {0,
∑s

i=1(wini)−W}
(3.1)

Parent selection: We used roulette wheel for selecting parents for crossover and mutation operators.

Crossover operator: For crossover, we selected two parents and changed the seven genomes of the chromosomes
with each other randomly.

Mutation operator: For mutation operator, we selected a parent and changed two genomes of parent with each
other’s.

3.2 Parameter tuning

For algorithm parameter tuning, we used Response Surface Methodology (RSM). The upper bound and lower
bound of the parameters and the optimal values of these parameters are presented in Table 2.

Table 2: Lower bound, upper bound and optimal values of algorithm parameters.

L U Optimal
nPop 100 300 300
Pc 0.70 0.90 0.83
Pm 0.10 0.30 0.10

4 Numerical example

We used the numerical example that was presented by Fyffe [4]. The values of the parameters are presented in
Table 3.

The other parameters values are µi = 0.015, vi = 1, W = 250, ci2 = 2× ci1. The optimal chromosome of model
is presented in Figure 3.
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Table 3: Component data for example

Sub-system λi ki ci1 wi Sub-system λi ki ci1 wi

1 0.00532 2 1 3 8 0.0105 3 3 4
2 0.00818 3 2 8 9 0.00268 2 2 8
3 0.01330 3 2 7 10 0.01410 3 4 6
4 0.00741 2 3 5 11 0.00394 2 3 5
5 0.00619 1 2 4 12 0.00236 1 2 4
6 0.00436 3 3 5 13 0.00215 2 2 5
7 0.01050 3 4 7 14 0.01100 3 4 6

Figure 3: optimal chromosome.

5 Conclusion and Further Studies

In this paper, we worked on an RAP with series sub-system and repairable component. Also we considered that
the repairmen would go to multiple vacations. This model was presented by Yuan and Zhen-Dong [14]. We maximized
system reliability and calculated the optimal values of components besides calculating the optimal number of the
repairmen in each sub-system.

For further studies, we propose to consider that each repairman can work on the failed components of all sub-
systems. Also using different available components type for each sub-system may more draw the problem to real world
conditions.
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