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Abstract:

In this study, each complex network component's allocation and optimization
of reliability were calculated. The allocation problem should be solved, system
dependability should be increased, and the system's overall cost should be
calculated using techniques (such the genetic algorithm and particle swarm
optimization). The three cost functions—the exponential behavior model with a
feasibility factor, the exponential behavior model with logarithmic behavior—
that were previously explained are also used. The significance of each system
component's reliability was computed after the assignment problem was solved.
This article's goal was to evaluate the outcomes of PSO and GA in terms of
assigning and maximizing reliability, overall cost, precise reliability, relevance
of reliability, and which is more efficient.

Keywords: Particle swarm optimization, Reliability allocation, Genetic
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1. Introduction
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The reliability of the complicated network was examined in the current article
[1-25]. The reliability of this system was found by making use of the
communication matrix's shortest paths. Boolean algebra is used to analyze all
pathways and to generate minimal tracks [4-7]. The genetic algorithm was one
of the algorithms used by John Holland, his colleagues, and students at the
University of Michigan in the middle of the 1970s to solve the issue of allocation
and optimization system reliability [7, 8]. GA frequently offers quite challenging
solutions to a variety of issues. GA employs a variety of biological strategies,
including recombination, mutation, cross-section, inheritance, and selection. In
order to choose and produce people who are adapted to their surroundings, the
General Assembly applies the "survival of the fittest" approach. When nonlinear
functions, constraints, discrete and continuous variables, and both can be
handled without the need for extra information, GA is used to address
complicated design improvement problems. Fundamentally, an idea known as
"optimization” makes it simple to address difficulties using optimization
(Particle Swarm Optimization). An intelligence squadron was first proposed by
Gerardo Penny and Wang Jing in 1989. They were motivated by ant colonies, fish
education, grazing animals, and owing birds. The particle swarm optimization
was created in the middle of the 1990s by Kennedy and Eberhardt [9]. Every
particle in the PSO is considered a potential solution, and it is updated based on
the right decision-making procedure. Although the PSO lacks evolutionary
elements like junction and mutation, particles are given the capacity to fly
through the problematic area by seeking the best present molecules. PSO has a
wide range of advantages, including effectiveness, durability, simplicity, and use,
which have led to its widespread use. PSO was discovered to need less
arithmetic work than other random methods [10, 11]. While PSO has
demonstrated its ability to tackle a variety of optimization problems, [12, 13]
large-scale engineering problems still take a lot of time to solve. The comparison
scale and the PSO vs. GA are also displayed. Included are closing remarks. The
comparison of PSO and GA outcomes, as well as the efficiency of both algorithms,
were the two main objectives of this research.

2. Optimization of the complex network

Consider an complex network consisting of components [14, 15]. We use the
following notes:

C;(R;) = elementi cost;
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0 < R; < 1 =reliability i component;

R, =reliability of the system;

C(Ry, ..., Ry) = X1 a;ci(Ry) is the total system cost, in which q; is greater than
0;

RG = objective of systems reliability.

The modular structure of the system and the distinct operation of each
component allow for a wide range of potential outcomes. Numerous system
components offer us the same capability with varying levels of dependability.
The ultimate goal is to have the system reliably distribute resources to all or
particular components. Nonlinear programming depends on problems [9, 16,
17]. Although it is not linear, the restriction has a purpose and a cost that may
be investigated:

Minimized C(R;, ..., R;) = Y™, a;C;(R;), a; > 0,

Subject to:
Ry = R

0<R;<1l,inwhichi=1,..,n (D)

3. Problem description

Any complicated network must first be reduced to a smaller network, like one
whose components are connected in series or parallel, in order to compute its
reliability. The outcomes show that a series network with n components is
more dependable than a parallel network:

Ry = T R; 2)

Ry =1-is;(1—-Ry) (3)

here Ry represents to the reliability network and R; is the reliability of the
component i [6,8].

From equations (1) and (2) we will compare the reliability of each complex
network with p minimum paths that is given via

Ry =1—[I;-,(1 ~TIiLa By) (4)
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here « is the index of first component and w is the index of last component of a
minimal path z.

Now, let's look at Fig. 1's complicated network reliability, below can be
calculated by equation (3).
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Figure 1: Complex Network

The sets:
S = {{R; R4yRg },{R,RsRs}, {R,R7Rg}, {R1R3Rs R}, {R,R3R4Re}, {R1R3R7 R}

Ry =1 - [1 = p,(Ry RaR)] X [1 = Py (RoRsRe)] X [1 = 1y (RyR,Ro)]
X [1 —pr(RiR3R5Rs)] X [1 — pr-(RyR3R4Rg)] X [1 — pr.(R{R3R7Rg) ] (5)

Note: When the i — th component succeeds, then R; = 1 and when it fails, then
R;,=0Vi=1,--,8, theseleads to
R =R; [79].
Equation (5) becomes the following polynomial when the note above is used.
R _R; R4Rg R,R<Rs + R,R7Rg + R{R3RsR; + R,R3R,Rg + R{R3R,Rg
— R{R,R3R:R,
—R;R,R3R,Rg — R{R,R3R7Rg — R{R,R,R7Rg — R{R3R, R, Rg
— R,R3R,R-Rg
—R,RsR¢R7Rg + 2R{R,R3R4,R7Rg — R{R,R,RsRgRg — R{R3R,RsRRg
—RyR3R,RsRcRg — R{R3RsR,R7Rg + 2R{R,R3;R,RsR¢Rg
+ R{R,R3RsRcR,Rg
+R;R,R,R:R,R7 + R{R3R4RsRsR7Rg + RyR3R,RsRgR7Rg —

2R{R,R3R,R:R,R7Rg

4. Implementation of PSO
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An evolutionary algorithm called PSO needs random number generation. The
quantity and caliber of statistics produced have an impact on the PSO
algorithm's outcome. The first iteration covers the whole search area. The
fundamental PSO implementation is shown in the following figure.

Ci(R)) = exp[(1 — f) g,

imax —R;
Ri,min S Rl S Ri,max y L= 1,2, e, N

The optimization problem becomes

(S
g;
L:
:0
2 2
= £
it
-
L £
£ O
o
0O w
@ 2
C
-
g

Minimize C(Rl-, e Rl) = ?:1 a; eXp[(l fl) —Rimin ]’

R; imax —R;
inwhichi=1,2,..,n

https://reserchjet.academiascience.org

Subjected to :

1,..,n.
Table 1: Optimum reliability allocation utilizing PSO and GA with an
applied cost function.

Components GA PSO
R, 0.94 0.94
R, 0.94 0.95
R; 0.93 0.93
R, 0.93 0.93
Rs 0.94 0.96
Rg 0.94 0.93
R, 0.93 0.84
Rg 0.95 0.94
Rsystem 0.9896 0.9817
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Figure 2: Allocation of reliability utilizing the given feasibility factor model and
GA and PSO.
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6.2 The model of exponential behavior
Assume the constants a;and b;, in which i=1,2,...nand 0 < R; < 1,in whichi =
1,...,n.[12-16] proposed it in the following format.

(=x)
(Ri)=al-e 1-R; , bi>0,ai>0,
inwhich i =1,2,3,...,n

The optimizing problem emerges as:

b;

Minimizing C(R;, ..., R;) = X1, a; e(l‘Ri),i =123 ...,n.
Subjected to :
R, > R
0<R; <1, inwhichi=1,23,..,n

Table 2 Optimum reliability allocation utilizing PSO and GA with an applied
cost function.
GA PSO

Components
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R, 0.80 0.74
R, 0.86 0.95
R, 0.64 0.90
R, 0.77 0.87
R 0.80 0.88
R 0.81 0.94
R, 0.74 0.86
Rg 0.87 0.96
Rsystem 0.8952 0.9808
Reliability allocation
1.2

8 7 6 5 4 3 2 1

HGA EmPSO Rs

o

8

o

6

o

4

o
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Initialization Parameters a;, b;, f;,LB ,UB and
Rg

Evalate R; ,C(

R;)and total cost (C)
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Termination of
GA

Figure 1.2: Flow chart of Genetic Algorithm
6. Three significant cost models for reliability
6.1 1 An exponential feasibility model based

Assume 0 < f; < 1is a feasibility factor [12], R; 1,4, is maximum reliability, and
R; min is minimum reliability.
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Initialization Parameters a;, b; , f; LB ,UB and
Rg
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Figure 1.1 : Particle Optimization Flow Chart

5. Implementation of GA

GA uses a predefined fitness function after each iteration to create the fittest
members. Figure 1.2. The basic GA flowchart is shown on the front. Figure 3:
Utilizing GA and PSO to allocate reliability using the exponential behavior model.

6.3 The Logarithmic model
Assuming that 0 < R; < 1, and a; are constants, in whichi =1, ...,n. [12,16]
proposed it in the following format.

Ci(R;) =ailn(1_;Ri),ai >0,

inwhichi=1,..,n

The optimizing problem would become:
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Minimizing C(R;, ...,R;)) = XY=, a; ln( ! ),

1-R;

— inwhichi=1,2,3,...,n.
% 2 P Subjected to:
- 6 ©
g -_E g RS > RG
(1} . . .
'3' g g 0 <R; <1, inwhichi=1,23,..,n
S £
3T+
£ 0 § Table 3: Optimum reliability allocation utilizing PSO and GA with an applied
[ .
§ 4 _;2—; cost function.
K 8 & Components GA PSO
<& R, 0.5 0.92
_;3 R, 0.94 0.95
Rs 0.5 0.91
R, 0.5 0.81
Rs 0.5 0.90
Rg 0.51 0.83
R, 0.92 0.96
Rg 0.95 0.96
Rystem 0.8929 0.9804

Reliability allocation

1.2

1
0.8
0.6
0.4
0.2
0

8 7 6 5 4 3 2 1

B GA mPSO Rs

Figure 4: Utilizing GA and PSO to allocate reliability using the provided
Logarithmic model
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conclusions

In this paper, the optimal reliability allocation by to optimally distribute
reliability for each component of the system was calculated using algorithms
(GA and PSO), in addition to calculating the exact reliability Rs. After solving the
problem of system’s component assignment and optimization, the results are
generally better in terms of PSO assignment than GA. The highest component
allocation was through the use of the cost function (Exponential Behavior Model
with Feasibility Factor) where Rs in the genetic algorithm it was equal to
(0.9896), while in the Particle Swarm Optimization algorithm it was equal to
(0.9817), The cost function logarithmic model was used to determine the lowest
allocation to the system's parts; Rs in the genetic algorithm was equal to
(0.8929) and (0.9804) in the particle swarm optimization technique, as
indicated in Table (1, 2, 3).
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