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Abstract:

This paper focuses on calculating the allocation and optimal reliability
distribution for each component of a complex system by estimating a
polynomial reliability function using the shortest path method and applying
matrices to find the most successful path for the device. Most studies, with
their development, rely on increasing closed-loop functions to link cost and
its direct relationship to reliability that is, a direct relationship between
reliability and cost, meaning that the cost of a component increases with its
reliability. However, these relationships can sometimes be complex,
ambiguous, or difficult to construct. In this study, the reliability function of
the complex system was extracted using MATLAB version R2020a, and the
correlation between cost and reliability was examined across several datasets.
In addition to determining the overall cost and reliability of the system, the
Harmonic Search (HSA) algorithm was used to determine the cost and
reliability of each individual component. The performance of this algorithm
was optimized, and an optimal reliability distribution was achieved, by
applying the Behavior model (cost function).

Keywords: Harmony search method, cost reliability model, reliability
allocation, and complex systems.

Introduction

In order to ascertain the efficiency and stability of a complex, composite
system, the dependability of the system was examined using mathematical
techniques (Abed, Sulaiman, & Hassan, 2019) (Dhillon, 1999). Short paths
through connectivity matrices were used to assess the system's dependability.
In order to determine minimal paths that represent the critical paths in the
system, all potential paths were derived using Boolean algebra, and
superfluous nodes were eliminated (Abd Alhasan Hameed Saleh & Hassan,
2023) (Abdullah & Hassan, 2020) (Abdullah & Hassan, 2021) (Yousif,
Ameer, & Sulaiman, 2025). The reliability function of the composite system
was ascertained in order to evaluate its safety. This research tackles the
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mathematical issue of optimal dependability allocation across system
components, despite its historical roots in the study of networks. The goal of
this work is to reduce overall expenses while boosting system lifetime and
dependability by optimizing the reliability levels of each component based on
the significance of each component's location within the system (Govil, 1983)
(Sulaiman et al., 2023). Based on their position and impact on the system
design, these components require the highest reliability allocations possible
in order to contribute to increased overall dependability. Optimizing
mechanical, electrical, and missile systems presents many challenges for
engineers (Abdullah & Hassan, 2020) (Govil, 1983) (Sulaiman, Ali, &
Hassan, 2023). The reliability and distribution of complex systems are the
main topics of the study, and they are directly related. Size, weight, and other
technical and technological factors can be used to describe system cost. Two
key criteria affect component reliability: the model needs to be cost-based
before input element validation. Depending on the features of the system, the
suggested cost factor needs may be changed. This allows engineers to
evaluate component cost allocations and prepare each system component to
fulfill minimum reliability requirements. Since simple systems can cause
major issues when applied to larger, more complex systems, the model must
also consider a mathematical analysis of the system's overall reliability. The
Harmonic Search Algorithm (HSA), a powerful technique for resolving
optimization problems in complex systems, was used to produce the results.
Additionally, a behavior model (cost function) was used in the cost
computation to guarantee an accurate representation of the cost-reliability
connection.

Allocation of reliability and Complex Network optimization

Think about a sophisticated system that has elements linked to dependability.
(Kuo, Way, & Zuo, 2003) (Sulaiman, Ali, & Hassan, 2023). We make use of
the following notes:

C;(R;) = element i cost;
0 = R; = 1 = dependability of the component;
R, = dependability of the system;
[C(R4,...,R,) = X1, a;c;(R;)]is the entire cost of the system;
in which (a;) is greater than 0;
RG stands for system reliability goal.
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There are many possible outcomes because of the system's modular design
and the functions that each component performs. The same operational
capacity can be achieved by using a variety of system components, each with
varying degrees of dependability. Making it feasible for the system to
distribute resources across all or specific components in an optimal manner is
the ultimate goal. These problems are fundamental topics in nonlinear
programming (Sulaiman, Ali, & Hassan, 2023) (Sulaiman et al., 2025)
(Yousif, Ameer, & Sulaiman, 2025). Even though the linked constraint and
cost functions of the system do not follow a linear relationship, they can be
carefully studied and analyzed.
Minimized C(R,, ..., R;) = X, a;C;(R;), a; > 0,
Subject to:
R. =R

0 =R; < l,inwhichi=1,..,n (@D
Let C;(R;) satisfy certain constraints (Yousif, Ameer, & Sulaiman, 2025),
and let the partial cost function be reasonable. These are positive,

differentiated functions that increase from[::v % = U].
]
dzﬂ'f

dRr?

The fact that its derivatives are comparable = 0 are consistently raised ,

d=¢; =0

dr? —

is the Euclidean convexity's component costs function. [C;(R)].
The prior design aims to achieve an all-out framework cost base, and RG
reduces the system reliability constraint (Sulaiman et al., 2025).
implementation in a complex system

To estimate the complex system, we need to transform it into a more
manageable network, just like we might build a parallel network out of a
collection of items. The following describes the reliability of n-component
parallel and series networks:

R.=1I"_,R (2)

i=1"M

R, =1-II..(1—Ry) (3)

I, e.

In this instance, (R;) is the dependability of component | , and (Ry) is the
reliability network (Govil, 1983) (Kuo, Way, & Zuo, 2003).
Each complex network’s reliability with p minimum paths will be compared.
provided by equations (1) and (2).

Ro=1-TE.,(1- [T R) (4
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In a minimal path z, the index of the first component is represented by a,
while the index of the final component is represented by .

The dependability of the complex network in Fig. 1 below can be ascertained
using the equation (3).

>@nNs

Figure 1. Complex Network

The sets:
5= {{x1x4xﬁ}: {10325 %6 3, {301 X4 X577 3, Deg 3007}, {00 X3 20,206 3, {20, X5 %6 3,
{0x7) {232, %5%7 ], .
R, =[1—[1—p,(rixe%6)] X [1 — 0, (312375 %6 )] X [1 — p, (31 %4 %57) ]
X [1—p,(x3%32;)] X [1 — 0, (323 %,x5)] X [1 — 0, (X5 X5%5) ]
X [1—=p,(27)] X [1 — o, (x2%3%,%5%7)]] (5)

Note: When the i —If that component is successful, then ( R; = 1), and when
it fails, then (R; =0)V i =1,2,---,7, these lead to:

[R? = R;].
Applying the aforementioned note to equation (5) yields the following
polynomial.

R, = R,R, + R,R; + RyRsR, + R,R.R; + RyRyR.R; + R R;R.R, + R R,R.R R.R; + 2R, R,R.R R R~
+R,R,R.R,R,R: + 2R,R,Ry R.R,R> + R,R,R,RsR.R; + R R;R,RR.R; + 2R, RaR,R.R.R-
—R,R,R:R, — R,R,R,R; — RyRcR R, — R,R,R:R:R, — R,R;RyR:R; — R,R,R,R.R-
—R,RyR RsRs — RyRsR RsR; — RyRaRsRyRy — RyRaR,RyRy — RyRaR RsR;
—R,R;R.R.R; — 3R,R,R; R,R.R,R-
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Harmony Search Algorithm (HSA)

Optimization algorithms are a useful tool to overcome the challenges
presented by complex problems that are difficult to tackle with traditional
methods. The technique of musical improvisation, in which musicians
attempt to produce the best possible harmony between musical notes, served
as the model for the well-known harmony search algorithm (HSA). The goal
of the HSA is to achieve the best value of the objective function by
determining the ideal values for the decision variables. In order to arrive at
the optimal global solution, it gradually updates the solutions. This study uses
Boolean algebra and connection matrices to determine the primary paths and
their minimum number in order to assess the reliability of a complex system.
It also considers improving the distribution of dependability across system
components according to their respective relevance in order to extend the
system's life and reduce overall expenses. Optimization is essential to
achieving a balance between cost and dependability since the location of each
component and its impact on overall performance dictate how resources are
distributed.

Gartley Harmonic Pattern

KEY TAKEAWAYS XA could be any move on the chart.

-Gartley patterns are the most common
harmonic chart pattern.

AB should be 61.8% of XA.
BC should be either 38.2% or 88.6% of AB.

If BCis 38.2% of AB, CD should be the 127.2%
extension of BC. ...

<conjunction with other form i The genera 1 AD move should be 78.6% of XA.
analysis that can act as confi

Figure 2: Gartley Harmonic pattern
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Implementation of HS Algorithem

The Harmony Search (HS) approach uses the symbol "harmony" to suggest a
workable solution, with each decision variable representing a unique musical
note (Abd Alhasan Hameed Saleh & Hassan, 2023) (Abdullah & Hassan,
2021). One component of the HS method is a harmonic memory (HM),
which stores a set number of harmonics (N). If the objective is to maximize
or reduce a fitness function (f) while accounting for d choice factors, the
optimization equation can be expressed as follows.

Max. (or Min.) f (x4, X5, ..., X,,)

The fitness function is denoted by f in the given context, the decision variable
Is represented by [ x; (i=1, 2,...,n)], and the dimension f problem is denoted
by d. The following actions must be taken in order to apply the Harmony
Search algorithm for optimization:

1. Creating a harmonious memory.

2. Creating new harmony through improvisation.

3. Using Harmony Memory to add or remove new harmonies.

4. Until the specified termination condition is met, steps 2 and 3 are repeated
repeatedly.

5. After completing the pausing requirement, go to Step 6.

6. Since HM has the best harmony, it is the best result.
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Figure 3. Flow chart of Harmony Search Algorithm (HSA)
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Materials and Methods

A. Materials

The following tools and resources were employed in this study:

theory of network reliability.

a model of the logarithmic cost function.

The combinatorial search algorithm (HSA) is one such algorithm.

MATLAB R2020a is a computer and simulation program.

Complex networks were simulated using minimum path sets and connection
matrices.

B. Methods

A mathematical model was developed for the complicated system network in
order to optimize cost savings and dependability allocation.

The optimization task was described as a nonlinear programming problem
with constraints on reliability and cost.

The HSA approach was employed to ascertain the best reliability distribution
among system components.

Reliability performance was assessed using traditional formulas for parallel
and serial systems.

The simulations and outcomes were produced using MATLAB.

Behavior model ( cost function)

Let [0 =R; <1,i=1,2,..,n] and a;, b;, are constants. The most important
aspect of expenditure is its exponential behavior. It was proposed as
(Sulaiman, Ali, & Hassan, 2023).

EJE
(R) = aie(i-_ﬂz'),ai >0,b,>0, i=12,..,n

The optimization problem become
by

Minimize C(R;,...,R;) =X", a; e(i-_ﬂzj, i=12,..,n
Subject to :

Rs = RG
0=<R, <1i=12..,n

Using the Harmonic Search (HS) algorithm to optimize the reliability
allocation

the best allocation for each system component was obtained, along with the
calculation of the total cost, the cost of each component, and the overall
system allocation. A direct relationship was found between cost and
allocation, as shown in the results in the table below.
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Table 1: HSA with an applied cost function for the best dependability
allocation.

Components HSA COST
R, 0.99 598.9235
R, 0.99 598. 9235
R, 0.95 276.3698
R, 0.91 189.3699
R. 0.95 276.3698
R, 0.98 487.4787
R, 0.98 487. 4787
Ryystem 0.99 2427.4352e+04

Conclusion

In order to optimize and enhance the total cost and reliability of a complex
network, this study used analytical engineering approaches to design the
dependability of each system component. To achieve optimal efficiency in
the reliability of complex systems, a nonlinear programming model including
a cost function and operational constraints relating to labor and resources was
used to address the system optimization problem. The Harmonic Search
(HSA) method was used to solve the reliability allocation problem. The
findings demonstrated that the behavioral model (cost function), which was
explained in the paragraphs before this one, produced an ideal value for total
reliability, Rs = 0.99, which represented the system's best performance. When
the system's components were compared, components (1, 2) had the highest
cost and allocation ratio, followed by components (6, 7), (3, 5), and (4),
which had the lowest allocation. The sophisticated system's overall cost was
determined and is displayed in the tables above. This discrepancy results
from the placement of these elements within the complex system design and
their direct impact on overall reliability. The proposed model is important
because it can manage complex mathematical research in a flexible and
efficient way, which makes it helpful for the design and analysis of large
engineering systems that need to balance reliability and cost.
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