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Abstract

This thesis describes a new technique to solve the problem of complex networks

in addition to the methods of network reliability that have been studied in the past

decades, which is the method of partition complex - series networks into several parts

and describing the relationship between them and the partial systems of them. We will

study the reliability of some well-known systems such as complex and mixed systems,

which are often defined by minimum path set (MPS) and minimum cut set (MCS) to

evaluate the network reliability of sub-systems. And the generalization of the method of

partitioning complex - series networks to include an infinite number of networks and an

infinite number of MPS intertwined with each other. This method has been generalized

on different networks and similar (repeated) networks. We shed light on the redundancy

methods (element and unit redundancy), as these methods are very effective for increasing

the reliability of complex networks, then the results of the series network were compared

with the partial systems of them. In addition, we have studied some techniques to assess

the importance of reliability (Birnbaum’s scale of importance) to improve the reliability

of the system, and a comparison has been made between the results of the importance

of series networks and partial systems to find out the relationship between them. Also,

the Birnbaum importance scale was applied to a mixed system to see the strength of the

results obtained by partition the system.

x



CHAPTER 1

INTRODUCTION AND SOME BASIC MATHEMATICAL

CONCEPTS



1.1. Introduction

Reliability remained undeveloped until the 1940s. As a result of World War II needs,

the military began using a lot of innovative electrical items. These included electronic

detonators, portable radios with vacuum tubes, electronic switches, and portable radios

with radar. The electronic tube computers began near the conclusion of the war but

were not finished until after the war [42]. The larger reliability issue was discovered

at the beginning of the 1950s, and solutions were being developed [59]. The study of

large-scale graphs known as complex networks has gained in popularity over the past ten

years as interest in small-scale graph analysis has declined. In many scientific fields, such

networks have become a coherent representation of a complicated system. Often, they

are utilized to represent systems with nontrivial topologies and plenty of vertices [1]. Up

until the 1970s, nothing was known about using graph theory to analyze reliability. The

popular 1968 book Probabilistic Reliability was the only significant work on the topic. The

creation of signal flow graphs is regarded as a significant advancement in the assessment

of network reliability. Many algorithms, strategies, and methodologies were then put out

in the literature. Graph theory is now a crucial component of determining the reliability

of a network [10,75].

From the 1980s (Albert et al. 1999). Several academics from a variety of disciplines are

interested in researching complex networks. The research’s findings not only explain the

traits and causes of complex systems but also explain why a system is complicated and

practical applications [43].

Complex network-based machine learning and data mining methods are gaining

popularity. This is because many real-world issues may be directly modeled as networks

since networks are so pervasive in nature and daily life. A suitable network shaping

technique can also be used to create network representations from a wide variety of

different data sets. A complex network representation also integrates the dynamics,

functions, and structure of the system it depicts. He explains how vertices interact (the
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structure) and how these interactions change over time (the dynamics), as well as how

these interactions affect how a complex network functions as a whole [28, 70]. Network

reliability, then, is a probabilistic metric that indicates whether a network can continue

to run even if one or more of its components fail randomly [50]. network reliability

presents significant potential as a unifying factor. framework for investigating a variety

of problems that occur in complicated network situations [16].Can distinguish complex

networks and more complex networks, as the degree of complexity of the network is not

limited to the size of the network, but rather to how the components are interconnected,

ramified, and intertwined with each other.

Now in our thesis, used a complex-series network and tried to extract the reliability of this

network, so thought if split the complex-series network into two subsystems and extract

the reliability of each subsystem, what results will get.

The current study consists of six chapters.

The first chapter, present several parts, in which the first part includes the most important

basic definitions of the graph and its contents, the second part includes the basics of

polynomial reliability, the third the structure functions, the fourth includes the contents

of reliability, and the fifth includes the complex reliability system.

The second chapter contains some important methods for evaluating the reliability of

complex-series network, such as the methods of MPS, MCS, and PTM.

The third chapter contains the method of partition of the complex - series network and

the application of the methods of MPS and MCS on partial systems and obtaining a

relationship linking the complex - series network and partial systems.

The fourth chapter in which used one of the methods of improving reliability, which is

the redundancy method (element redundancy and unit redundancy), and applied it to

the network of complex - series and subsystems

The fifth chapter used the method of the Birnbaum scale to find the importance of the

component for the network of complex-series as well as for the sub-systems, as well as
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the importance of applying the scale of Birnbaum on a mixed system before and after

partition.

The sixth chapter contains the conclusions that got from the method of partition of the

complex - series network and includes future studies

1.2. Objective of Thesis

The goal of this thesis is to find a new method for the complex network problem

(the complex-series network partition method) and thus generalize this method, and then

calculate the increase in network reliability using redundancy and importance methods

and apply them to the partition method.

1.3. Contributions

1. Developed new method to simplify the analysis of complicated networks and the

reliability evaluation of complex systems.

2. The network partition method is a new method whose implementation requires the

design of a network consisting of two systems connected in series.

3. Through this advanced method, the reliability assessment of the complex network

of series is obtained by means of partition systems, on which some methods are

applied, such as the MPS and MCS.

4. Generalize the partition method to take N of complex systems.

5. The researcher generalized calculating the total number of minimum path sets from

complex-series networks with different sub networks.Is also generalized in the case

of similar complex networks.

6. The researcher generalized calculating the total number of minimum cut sets from
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complex-series networks with different sub networks.Is also generalized in the case

of similar complex networks.

7. Applied the two redundancy methods to the sub-systems and studied the

relationship between them and the network of complex - series.

8. Used the Birnbaum scale of importance on the sub-systems and concluded the

relationship between them and the original network, also studied the relationship

between the importance of each component in the network of complex -series and

the importance of the components in the sub-systems.

9. Applied the Birnbaum scale on a mixed system that was taken in the form of three

systems linked in a series and applied Birnbaum on the partial systems, to produce

a relationship between the original system and the partial systems and also between

the importance of the components in the partial systems and the importance of each

component in the original system, and this results in the effectiveness of the method

of partition in networks complex.

1.4. Related Works

One of the primary concerns of the early computer circuit designers was reliability.

The issue of building trustworthy circuits was initially raised by John von Neumann in

1952, although it is fair to claim that the work of Moore and Shannon from 1956 onward

helped the subject become a field of study. E.F. Moore and C.E. Shannon published a

ground-breaking paper in 1956 [56]. That marked the beginning of the research on

network dependability. They presented a probabilistic model of network reliability in

which the links or edges had a chance to fail separately but the network’s nodes were

assumed to be completely dependable [45]. The challenge is to ascertain the likelihood

that the network will remain connected under these circumstances. This results in what

is known as the network’s dependability polynomial if each edge has the same failure
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probability. The original challenge has been studied in many different ways over the

past 60 years, resulting in a large body of study on the subject. In the sixty years after

this foundational work, networks have proliferated across contemporary society, and the

ground-breaking theories of Moore and Shannon have been applied to a wide variety of

networks besides computer circuits [10, 56]. There have been studies on increasing

reliability. The Kuo et albook is among the newest works on the subject. Just a few

researchers have focused on series-parallel systems, even though many have been done to

enhance parallel-series systems. These studies primarily focus on Jensen’s 1968

redundancy allocation system [19]. Van Sylke and Frank assumed that failed nodes were

reliable in 1971 and used networks with random components and failed nodes, providing

a comprehensive analysis of when the nodes were reliable. Applications for computers,

big networks, and decomposition methods for equal components [62, 75]. A method for

anticipating the failure rate of parallel networks is introduced by Limnios in 1987.

Relationships are created to reach a steady state with a time-dependent failure rate, and

it is shown how to leverage these relationships to determine the steady-state failure rate

for complex networks [52]. In 1988, Eagle Technology was given a contract by the David

Taylor Research Center in Card Rock, Maryland, to create a handbook of reliability

prediction procedures for mechanical equipment [45]. Pham goes into great detail about

two sorts of failures that can increase network resilience in 2006. Suppose that each

component of the network is independent and identical since there is no restriction on

the total number of components. Also, it increased the dependability of networks that

are series, parallel, parallel-series, and series-parallel [60, 65]. A novel method to

determine the reliability of communication networks with similar links was introduced in

2009 by Altiparmak et al. They use two techniques, taboo search, and annealing

simulation, to improve network dependability [3]. Padmavathy and Sanjay examined the

Ad-Hoc Mobile Wireless Network’s (MANET) dependability in 2013, and then they used

Monte Carlo simulation to improve the network’s dependability [61]. The dependability

and failure probability of electric vehicles equipped with wind turbines were researched
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by Feng, Zhao, and Li in 2018, who also used the Particle Swarming (PSO) approach to

boost reliability and identify the main causes of failures [27]. A study of mathematical

models in network dependability was published in 2019 by Sulaiman, H.K., and Hassan,

Z. A. H, [64]. To calculate the reliability of the electromagnetic system within airplanes

and some engineering features, researchers have developed precise methods for

complicated systems. Also, the researcher has investigated various methods for

allocating reliability to the subsystem. Together with researching reliability allocation,

particle swarm optimization, and genetic algorithms are used to optimize the

dependability of the electromagnetic system within an airplane [77].

1.5. Some Definitions of Graph Theory

In this section consists of initial concepts that will be used in subsequent chapters.

First, the basic concepts, required background, and relevant definitions of this thesis were

addressed, and discuss graph theory and related concepts, and also explain the function

of the structure and some related concepts in the first part. As for the second part of this

chapter, the basic definition of a complex system was dealt with some of the characteristics

that we need. Also touched on the importance of reliability. Given the importance of

the MPS and the MCS of blocks for the reliability of networks, they were also explained

in the second part [63].Graphs are used to model a wide range of scenarios and are seen

in many different contexts. Seeing the various, varied ways in which mathematicians

have affected the expansion and advancement of computer science may be the simplest

approach to adjust to this variety. They first contributed to the creation of computers

in order to streamline complicated mathematical processes. The demands of computer

scientists started to influence the type of mathematics that was done as a result of the

devices’ role [66].

Graph theory is a prime illustration of this shift in thought. Graphs are studied by

mathematicians due to their inherent mathematical elegance, with topological relations,
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algebra, and matrix theory sparking their interest. In addition, they investigate graphs’

numerous applications in computation, such as data representation and network design.

Network-like structures can be found in technical systems such as telecom networks and

Electromagnetic systems and computer networks that consist of two main components:

computers and computer transmission lines such as copper cables. In view of all of the

above, it is necessary to understand the basic ideas of the diagram on which this thesis is

based [75].

Definition 1.5.1. [50] A graph: G= (V, E) is defined through the ordered pair (V, E),

where V is a non-empty set that has elements named nodes (vertices) and E is a set of

pairs of elements. The elements are referred E to as the edges or (lines, arcs) of graph G,

as shown in Fig 1.1.

Figure 1.1: Graph G

Definition 1.5.2. [46]. Subgraph is a graph whose node set N(S) is a subset of the set

of N(G) nodes, that is N(S) ⊆ N(G), and whose edge set E(S) is a subset of the set for

edges E(G), i.e., E(S) ⊆ E(G), see Fig. 1.2.
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Figure 1.2: Subgraph S of G.

Definition 1.5.3. [30]. Graphs are usually represented by uppercase letters, such as G

or H. Edges will be indicated by pairs of lowercase letters such as uv for the edge between

nodes, u or v representing nodes.

Definition 1.5.4. [22]. Adjacent Vertices are two vertices that connected by an edge.

Definition 1.5.5. [44]. A directed edge is an edge between two ordered nodes (u, v)

in E, and it is thought to go from nodes u to v.

Definition 1.5.6. [44]. An undirected edge is an edge without an arrow used to

indicate bidirectional communication links between nodes.

Definition 1.5.7. [75]. If every edge of graph G points in the same direction, then G is

called a Directed graph, see Fig. 1.3.
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Figure 1.3: Directed Graph.

Definition 1.5.8. [46]. A graph G is undirected if and only if every edge in G is an

undirected edge, see Fig. 1.4.

Figure 1.4: Undirected Graph.

Definition 1.5.9. [30]. A simple graph is one that does not contain multiple edges

and loops, see Fig 1.5.
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Figure 1.5: Simple Graph.

Definition 1.5.10. [23]. Multigraph is a graph with the potential for more than one

edge between any pair of vertices, see Fig. 1.6.

Figure 1.6: Multigraph.

Definition 1.5.11. [31]. A Mixed graph is a graph in which some of its edges are

directed and others are not. It is introduced by (V, E, D). V denotes the set of nodes, E

denotes the set of undirected edges, and D denotes the set of directed edges,see Fig 1.7.
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Figure 1.7: Mixed Graph.

Definition 1.5.12. [70]. A complete graph is one in which each and every vertex pair

is linked to the other pair. The complete graph may also be put into two groups: those

with self-loops and those without, see Figs. 1.8 and 1.9.
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Figure 1.8: Complete Graph.

Figure 1.9: Undirected, Self-looping Graph.

Definition 1.5.13. [42]. If a graph has a finite number of edges and vertices, then it is
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said to be finite.

Definition 1.5.14. [55]. The number of edges of a given graph is indicated by the size

of the graph, indicated by E.

Definition 1.5.15. [20]. When two vertices in a graph are connected, they are known

as adjacent vertices because there is an edge between them.

Definition 1.5.16. [73]. The adjacency matrix (also called the connection matrix) of a

simple graph is a two-dimensional array where each row and column represent a vertex

in the graph and a 1 or 0 is placed in the corresponding cell (u, v) based on whether or

not the two vertices are adjacent., see Fig. 1.10.

Figure 1.10: A Simple Graph’s.
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1.6. Fundamentals of Reliability Polynomial

This section includes several initial concepts of reliability polynomials. Of which

Polynomial reliability, reliability block diagrams, MPS, and MCS.

Definition 1.6.1. [4]. The Reliability function is the probability of successful

performance under given conditions of use and time. symbolizes it as R(t), which is also

called the survival function. where T is a random variable, which is the time until the

system fails:

R(t) = Pr{T > t}

Definition 1.6.2. [15]. Reliability block diagram RBD is a graph whose edges

are components of the system, and there are a pair of peripheral nodes in the power

supply diagram. Connecting them is a path that contains only functional edges, showing

the functional relationship between the components. The entire system is functional.

Otherwise, it does not work, see Fig 1.11.

Figure 1.11: Reliability Block Diagram.
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Definition 1.6.3. [28]. A complex network is a network made up of interconnected

or inter- woven pieces (components) that makes it difficult to assess its reliability or solve

a specific problem due to the limitations imposed by present techniques, algorithms, and

software (such as programming languages and operating networks) , see Fig. 1.12.

Figure 1.12: Complex Network.

Definition 1.6.4. [63]. A Path set is a set of components that, when working together,

ensure that the system is working.

Definition 1.6.5. [34]. Path set is called minimum path set MPS if they can’t have

diminished without losing their Path set status.

Definition 1.6.6. [60]. A Cut is a collection of components such that the failure of any

one of them causes the system to fail.

Definition 1.6.7. [57]. A minimum cut setMCS is the set of pieces that cannot be

reduced to a minimum lowered without losing its status as a cutting group.
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1.7. Structure Function

Let’s say we have r component in a system S ei = 1, 2, . . . , r.

First, we pair a state variable Xi with every component ei in such a way that

Xi =


1 If the condition of the component ei, is work

0 If component ei fails

If e = {e1, e2, . . . , er} is the set of components, (X1, X2, · · · , Xr) will also be referred to

as the ”state of the set of components” and represented by the symbol (X) [42].

(X) = (X1, X2 . . . . . . , Xr) .

Let Y represent the system’s state variable so that

Y =


1 if the system is functioning properly,

0 if the system fails.

it is clear, Y depends on (X), This function will be referred to as a ”structure function”

within the system.

1.7.1 Series Structure

Let

Y = φ (X1, X2 . . . , Xr)

= X1 ·X2 · · · · · · · ·Xr

=
r∏

i=1

Xi
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This structure function is just compatible with systems that run beneath. The condition

is that all of its components are in good working order [70].

(∀i, Xi = 1) ⇒ (Y = 1),

(∃i : Xi = 0) ⇒ (Y = 0).

This type of construction is known as a (series structure), and the components are said

to be in series [57].

1.7.2 Parallel Structure

Let

Y = φ (X1, X2 . . . , Xr)

= 1− (1−X1) · (1−X2) · · · (1−Xr)

= 1−
r∏

i=1

(1−Xi) .

This structure function is only compatible with systems that run beneath. A situation

exists when at least one of its components is in excellent working order:

(∃i : Xi = 1) ⇒ (Y = 1),

(∀i, Xi = 0) ⇒ (Y = 0).

Such a structure is referred to be a (parallel structure), and the components are said to

be parallel. [12].

1.8. Some Concepts About Reliability of Systems

A System refers to a collection of components that execute a specific function; how

a system is decomposed into components depends on a number of variables [45].
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Practically speaking, a component is typically an element that is readily available on the

market and may be substituted affordably if it fails. For instance, when a computer

system fails due to a malfunctioning computer module, seldom replaces the complete

computer unit. Instead, efforts are made to identify the component within the computer

device that caused the failure. For instance, they may replace the hard drive to restore

the computer’s functionality. Hierarchical analytics are frequently used to assess system

reliability of complex systems. Consequently, and because the performance for a system

is dependent on the performance of its components, the significance of constituents can

vary. in reliability analysis of systems [28].

1.8.1 System

A group of compounds arranged in a precise sequence that interacts with one other

and with external components or other structures in order to achieve a certain function

[47].

1.8.2 Subsystem

A combination of several groups that perform a function within a system and are one

of the main subdivisions of the system [47].

1.8.3 Series System

Reliability-wise, a series system (Fig. 1.13) is one in which the entire system fails if

even a single component does. If a motorcycle’s engine, petrol tank, chain, frame, front

wheel, rear wheel, or anything else fails, the machine won’t go anywhere. Therefore,

these components form a sequential list. Screws and other fasteners are also examples of

elements. The dependability of a system is equal to the sum of the reliabilities of its parts
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if the failure of any part does not affect the operation of any other part [66].

Rs = R1 ×R2 ×R3 × · · · ×Rn =
n∏

j=1

Rj (1.1)

The practical result is that ”the dependability of a series system is always less than that

of any of its components”

Figure 1.13: Series System.

1.8.4 Parallel System

To ensure the success of a parallel system, at least one of its components must be

successful. For a system with n statistically independent, parallel parts, the probability

of failure or instability is the chance that part 1 fails, component 2 fails, and all other

components in the system fail. In other words, the system is successful if either component

1 or component 2 or any of the n components succeed. In a parallel system, the best part

has the biggest effect on how well the whole thing works, because the component with

the highest level of security is the least likely to malfunction. As the number of parts in

a parallel setup goes up, the stability of the system goes up [58]. See Fig. 1.14.
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Figure 1.14: Parallel System.

RS = 1−
n∏

i=1

(1−Ri) . (1.2)

1.8.5 Series-Parallel System

Is made up of m discontinuous modules connected in series, whereas module i for

1 ≤ i ≤ m is made up of ni components connected in parallel [77]. This system’s

reliability is

RS = R1 ·R2 . . . .Rn =
n∏

i=1

Ri

See Fig. 1.15.
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Figure 1.15: Series-Parallel System.

This diagram represents in Fig. 1.15 a series-parallel system where Ri is the single

component reliability, if place in sets in parallel, where each has m component in

series [37].Thus:

RS =
m∏
i=1

(
1−

n∏
i=1

(1−Ri)

)
. (1.3)

1.8.6 Parallel-Series System

Is made up of m discontinuous modules linked in parallel [27]. And module i for

1 ≤ i ≤ m is made up of ni components connected in series

Figure 1.16: Parallel -Series System.
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Where module 1 is (1, 2 . . . N1),

Module 2 is (1, 2 . . . N2),

Module m is (1, 2 . . . Nm).

This diagram in Fig. 1.16 represents a series-parallel system where Ri is a single

component’s reliability, if m such sets are connected in series, where each set consists of

n parallel components [26]. Then the system’s reliability is determined,

RS = 1−
m∏
i=1

(
1−

n∏
i=1

Ri

)
(1.4)

1.8.7 Complex systems

A complicated system is one that combines series, parallel, R out of N , and standby

components, according to the reliability definition. In order to decompose the original

system (or subsystem) into an analogous one with a known cumulative distribution

function (CDF) or reliability function, relevant mathematical formulations for reliability

computations are provided for each of these models. By continuing the decomposition

process, the decision-maker can eliminate all but one component from the system, each

of which has a known CDF [16, 65]. See (Fig 1.17). There are several methods exist for

obtaining the reliability of a complex system:
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Figure 1.17: Complex Systems.

1.9. Reliability Redundancy

Redundancy is commonly used in systems design to improve system reliability,

especially when it is difficult to increase the reliability of the component itself. [37].

1.10. Reliability Importance Measures

The reliability importance, I of component i in a system of n components is given by:

Ii =
∂Rs

∂Ri
(1.5)

RS, is the system reliability, and Ri, is the component reliability. The value of the

reliability importance given by this equation depends both on the reliability of a

component and its corresponding position in the system. [12].
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CHAPTER 2

RELIABILITY OF COMPLEX – SERIES NETWORKS



2.1. Introduction

In this chapter, will discuss a new system, which is the complex-series network. This

chapter is divided into two parts. The first part talks about the concepts of the minimal

path set(MPS) and minimal cut set (MCS) and how they are calculated for complex-series

network. As for the second part, it contains the two methods are path tracing method

(PTM) and minimal cut method (MCM) [64,65].

2.2. Complex - Series network

A complex - series network (S) is a structure resulting from a group of complex

systems linked together in the form of a series system, see Fig 2.1

Figure 2.1: Complex- Series Network.

2.3. Extract the MPS of S

By adding an adjacency matrix of size (n × n) to the identity matrix (unit matrix)

of size n, a connection matrix (Cm) is constructed in order to find the MPS to get 1 in
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the main diagonal [18].

Cm =



0 a12 · · · a1n

a21 0 · · · a2n

...
...

...
...

an1 an2 · · · 0


+



1 0 · · · 0

0 1 · · · 0

...
...

...
...

0 0 · · · 1


It produces the contact matrix as shown below:

Cm =



1 a12 · · · a1n

a21 1 · · · a2n

...
...

...
...

an1 an2 · · · 1


(2.1)

where the collection of vertices is 1, 2, ... , n, and the edge between two vertices i and j

is indicated by aij = (ij). If vertex i and vertex j are connected, then aij = xij, otherwise,

aij = 0. A system’s MPS vector can be produced by deleting source or sink vertices one

at a time from the (Cm) matrix until only the source vertices and sink vertices are left

in the matrix in order to solve the MPS problem, as a particular example involving two

terminal systems shows [72]. The following equation is used to change the connection

matrix inputs for the remaining vertices when a vertex is removed:

aij = aij + (ail)(alj) (2.2)

if vertex l is removed, where i ̸= j, i ̸= l, j ̸= land 1 ≤ i ≤ n, 1 < j ≤ n for

i = 1, 2, . . . , n . Otherwise aij = 1 iff i = j. While employing this technique,

the source vertex should be the first, and the sink vertex should be the final [59]. After
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eliminating each intermediate node individually, a 2× 2 matrix with an a12 representing

the sum of all MPS is left. Thus, removing node i also implies removing row i and column

j from the initial connection matrix, where 2 ≤ i ≤ n − 1 for a network with n perfect

nodes. For the complex-series network in Fig.2.1 it contains vertices 1,2,3,4,5,6 and 7 and

the edges are numbered from X1 to X10 and the connection matrix (Cm) is 7× 7

Cm =



1 x1 x2 0 0 0 0

0 1 0 x4 0 0 0

0 x3 1 x5 0 0 0

0 0 0 1 x7 x6 0

0 0 0 0 1 x9 x8

0 0 0 0 0 1 x10

0 0 0 0 0 0 1


Now, we remove node 2. The inputs to the original matrix according to the following

equation become as follows:

a113 = x2, a
1
14 = x1x4, a

1
15 = 0, a116 = 0,

a117 = 0, a131 = 0, a134 = x5 + x3x4, a
1
35 = 0,

a136 = 0, a137 = 0, a141 = 0, a143 = 0, a145 = x7,

a146 = x6, a
147 = 0, a156 = x9, a

1
57 = x8, a

1
67 = x10.
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The modified connectivity matrix becomes matrix 6× 6,

Cm1 =



1 x2 x1x4 0 0 0

0 1 x5 + x3x4 0 0 0

0 0 1 x7 x6 0

0 0 0 1 x9 x8

0 0 0 0 1 x10

0 0 0 0 0 1


Remove node 2. The modified input of the original matrix becomes as follows according

to the following equation:

a213 = x1x4 + x2x5 + x2x3x4, a214 = 0, a215 = 0, a216 = 0, a231 = 0, a234 = x7,

a235 = x6, a236 = 0, a241 = 0, a243 = 0, a245 = x9, a246 = x8,

a251 = 0, a253 = 0, a254 = 0 a256 = x10.

The communication matrix becomes matrix 5× 5,

C2
m =



1 x1x4 + x2x5 + x2x3x4 0 0 0

0 1 x7 x6 0

0 0 1 x9 x8

0 0 0 1 x10

0 0 0 0 1


Remove node 2. The modified input of the original matrix becomes as follows according

to the following equation:

a313 = x1x4x7 + x2x5x7 + x2x3x4x7, a314 = x1x4x6 + x2x5x6 + x2x3x4x6,

a315 = 0, a331 = 0, a334 = x9, a335 = x8, a341 = 0, a343 = 0, a345 = x10

The communication matrix becomes matrix 4× 4,
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C3
m =



1 x1x4x7 + x2x5x7 + x2x3x4x7 x1x4x6 + x2x5x6 + x2x3x4x6 0

0 1 x9 x8

0 0 1 x10

0 0 0 1


Remove node 2. The modified input of the original matrix becomes as follows according

to the following equation:

a413 = x1x4x6 + x2x5x6 + x2x3x4x6 + x1x4x7x9+x2x5x7x9 + x2x3x4x7x9,

a414 = x1x4x7x8 + x2x5x7x8 + x2x3x4x7x8,

a431 = 0, a434 = x10

The communication matrix becomes matrix 3× 3,

Remove node 2. The modified input of the original matrix becomes as follows according

to the following equation:

a513 = x1x4x7x8 + x2x5x7x8 + x2x3x4x7x8 + x1x4x6x10+x2x5x6x10 + x2x3x4x6x10 +

x1x4x7x9x10 + x2x5x7x9x10 + x2x3x4x7x9x10

The communication matrix becomes a degree matrix 2× 2,
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MPS sets of S is

MPS = {{x1, x4, x7, x8} , {x1, x4, x6, x10} , {x1, x4, x7, x9, x10} , {x2, x5, x7, x8} , {x2, x3, x4,

x7, x8} , {x2, x5, x6, x10} , {x2, x3, x4, x6, x10} , {x2, x5, x7, x9, x10} {x2, x3, x4, x7, x9, x10}}

They represent all the MPS of S, it shown in Fig.2.2

Figure 2.2: All MPS of S.

2.4. Extract the MCS of S

Using this method, we determine polynomial reliability using the following assumptions:

• The term ”cut vector” is used to describe a state vector x if (x) = 0. Moreover, if

(y) = 1 for every y greater than x, then x is regarded, as a MCS vector.
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� A MCS set, where x is a MCS vector, is the set C = I, xi = 0.

� A MCS set is composed of components whose failure ensures the failure of the entire

system.

� The MCS sets of the provided system are indicated by the letters C1, ..., Ck.

� The indicator function for the jth MCS set, βj(x), is defined as

βj(x) =


1, if the jth MCS at least one component is operational,

0 if none of the jth MCS components are working.

There are four procedures that must be followed in order to generate [66]. MCS sets:

Step1: To determine the MCS sets, create (IM).

Step2: Any column in IM that has an aij ̸= 0 generates a first degree cut.

Step3: By combining two IM columns at once, if ∨i; aij + aik ̸= 0 where

k > j(k = 1, ...., n), then xixk constitutes a second degree cut.

Step4: Repeat step (2) with three columns at a time, deleting MCS that involve first-

and second-degree MCS [47]. Up until the maximum order of MCS is reached. Now, we

begin to implement the above-mentioned steps Fig.2.1, which contains the set of MPS

for the complex - series network. The (IM) of this complex - series network is a 9 × 10

matrix in the following:
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IM =



1 0 0 1 0 0 1 1 0 0

1 0 0 1 0 1 0 0 0 1

1 0 0 1 0 0 1 0 1 1

0 1 0 0 1 0 1 1 0 0

0 1 1 1 0 0 1 1 0 0

0 1 0 0 1 1 0 0 0 1

0 1 1 1 0 1 0 0 0 1

0 1 0 0 1 0 1 0 1 1

0 1 1 1 0 0 1 0 1 1


First order MCS are not available if there isn’t a single column in the IM were all of the

elements are non-zero.

Then add two columns of IM at a time, we get two MCS of order two which are:

MCS = {{x1, x2} , {x2, x4} , {x3, x4, x5} , {x6, x7} , {x7, x10} , {x8, x9, x10}}

Note, when adding three columns, four columns, and five columns, it also produces MCS,

but these cuts, if they are partial from the large MCS, these cuts are deleted, leaving only

the original cuts that lead to the failure of the system.

Figure 2.3: All MCS of S.
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2.5. Reliability Calculation Methods

There are different methods for calculating the reliability of systems. In this part,

path trucing and minimum cut to calculate the complex-series network.

2.5.1 Path tracing method (PTM)

In this method, the following procedures are used to determine a complex system’s

reliability:

1. List the system’s MPS (tie-set).

2. The success of all segments in MPS ways determines the system’s success (tie-set).

3. The series’ elements are connected, as evidenced by this.

4. The effectiveness of the system is produced by each set of minimal paths.

5. It indicates a parallel connection between the minimal tie sets.

6. Use a parallel and series reduction to draw an equal system and determine the

system’s dependability [32]. The system’s dependability is determined by the

likelihood of merging these shortest MPS. The union of MPS can be calculated

using the generic equation shown below. Pi:

pr (p1 + p2 + · · ·+ pn) =pr(
n∑

i=1

pi)

=
n∑

i=1

pr(pi)−
n∑

i<j=2

pr(pi.pj) +
n∑

i<j<k=3

pr(pi.pjpk)

= − · · ·+ (−1n+1)pr(p1.p2 · · · pn)

(2.3)

The reliability that at least one MPS will work for n independent MPS [64]. As a result,

we end up with.

pr

(
n∑

i=1

pi

)
= 1− [1− pr (p1)]× [1− pr (p2)]× · · · × [1− pr (pn)] (2.4)
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MPS = {{x1, x4, x7, x8} , {x1, x4, x6, x10} , {x1, x4, x7, x9, x10} , {x2, x5, x7, x8} , {x2, x3, x4,

x7, x8} , {x2, x5, x6, x10} , {x2, x3, x4, x6, x10} , {x2, x5, x7, x9, x10} {x2, x3, x4, x7, x9, x10}}

Then the structure function are:

Rs =1− [[1− (x1x4x7x8)] [1− (x1x4x6x10)] [1− (x1x4x7x9x10)] [1− (x2x5x7x8)]

[1− (x2x3x4x7x8)] [1− (x2x5x6x10)] [1− (x2x3x4x6x10)] [1− (x2x5x7x9x10)]

[1− (x2x3x4x7x9x10)]]

Rs =R1R10R4R6 +R10R2R5R6 +R1R4R7R8 +R2R5R7R8 +R10R2R3R4R6

+R1R10R4R7R9 +R2R3R4R7R8 +R10R2R5R7R9 −R1R10R2R3R4R6

−R1R10R2R4R5R6 −R10R2R3R4R5R6 −R1R2R3R4R7R8 +R10R2R3R4R7R9

−R1R2R4R5R7R8 −R1R10R4R6R7R8 −R1R10R4R6R7R9 −R2R3R4R5R7R8

−R10R2R5R6R7R8 −R1R10R4R7R8R9 −R10R2R5R6R7R9 −R10R2R5R7R8R9

+R1R10R2R3R4R5R6 −R1R10R2R3R4R7R9 −R1R10R2R4R5R7R9

+R1R2R3R4R5R7R8 −R10R2R3R4R5R7R9 −R10R2R3R4R6R7R8

−R10R2R3R4R6R7R9 −R10R2R3R4R7R8R9 +R1R10R4R6R7R8R9

+R10R2R5R6R7R8R9 +R1R10R2R3R4R5R7R9 +R1R10R2R3R4R6R7R8

+R1R10R2R3R4R6R7R9 +R1R10R2R4R5R6R7R8 +R1R10R2R3R4R7R8R9

+R1R10R2R4R5R6R7R9 +R10R2R3R4R5R6R7R8 +R1R10R2R4R5R7R8R9

+R10R2R3R4R5R6R7R9 +R10R2R3R4R5R7R8R9 +R10R2R3R4R6R7R8R9

−R1R10R2R3R4R5R6R7R8 −R1R10R2R3R4R5R6R7R9 −R1R10R2R3R4R5R7R8R9

−R1R10R2R3R4R6R7R8R9 −R1R10R2R4R5R6R7R8R9 −R10R2R3R4R5R6R7R8R9

+R1R10R2R3R4R5R6R7R8R9

(2.5)
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2.5.2 Minimal cut method (MCM)

In this method the following presumptions guide our use of this technique to

determine polynomial dependability [31].

1. Compile a list of all the MCS for the system.

2. With an MCS, the failure of every component leads to system failure. This implies

that there are parallel connections between these components.

3. As every MCS causes the system to fail, this demonstrates the connection between

the MCS in the series.

R = 1− pr(c1 + c2 + ...+ ci). (2.6)

where n represents the overall number of MCS and Ci(i = 1, 2, ..., n) is the situation where

all of the MCS components are in a failure state [29]. Eq. 2.6 in order to evaluate, employ

the inclusion-exclusion principle, which is

pr(c1 + c2 + ...+ cn) =

n∑
i=1

pr(ci)−
n∑

i<j=2

pr(ci.cj) +
n∑

i<j<k=3

pr(ci.cj.ck)

+ ...+ (−1)n+1pr(c1.c2....cn).

The likelihood that at least one MCS will be successful for n independent MCS [62]. Thus,

we obtain

pr(
n∑

i=1

ci) = 1− [1− pr(c1)]× [1− pr(c2)]× ...× [1− pr(cn)] (2.7)

All MCS of S are:

MCSs = {{x1, x2}, {x2, x4}, {x3, x4, x5}, {x6, x7}, {x7, x10}, {x8, x9, x10}}.

Then the structure function are:

Rs = [1 − (1 − x1)(1 − x2)][1 − (1 − x2)(1 − x4)][1 − (1 − x3)(1 − x4)(1 − x5)][1 − (1 −

x6)(1− x7)][1− (1− x7)(1− x10)][1− (1− x8)(1− x9)(1− x10)].

The result that has been obtained is the same in Eq. 2.6.
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CHAPTER 3

PARTITION OF COMPLEX - SERIES NETWORK



3.1. Introduction

In this chapter, we will discuss the method of partitioning the network of complex-

series, the application of MPS, MCS, and PTM methods, and the generalization of this

method to more complex networks [44].

3.2. Partitioning a complex- series network

Start by partition the complex network in Fig 2.1 into two parts of subsystems, the

first part is denoted by the symbol G subsystem, the second part is denoted by the symbol

H subsystem, see Fig.3.1.

Figure 3.1: Subsystems of S.

3.3. Finding MPS and MCS of Subsystems

By applying the same previous steps in two sections (2.3) and (2.4) to calculate MPS

and MCS [63] of subsystems G and H.

38



3.3.1 Calculating MPS of G

The first part of the subsystem is taken G and perform the steps of calculating the

MPS and calculating the MCS, see Fig. 3.2.

Figure 3.2: Subsystem G.

Cm =



1 x1 x2 0

0 1 0 x4

0 x3 1 x5

0 0 0 1


Now, remove node 2. The inputs to the original matrix according to the following equation

become as follows:

a14 = x1x4, a34 = x5 + x3x4
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The communication matrix becomes a degree matrix 3× 3,

C1
m =


1 x2 x1x4

0 1 x5 + x3x4

0 0 1


Remove node 2 . The inputs to the original matrix according to the following equation

become as follows:

a13 = x1x4 + x2x5 + x2x3x4

The communication matrix becomes a degree matrix 2× 2,

C2
m =

 1 x1x4 + x2x5 + x2x3x4

0 1


The MPS of subsystem G is:

MPSG = {{x1, x4} , {x2, x5} , {x2, x3, x4}}

All MPS of the subsystem that represent the success of the system, it shown in Fig. 3.3.

Figure 3.3: All MPS of G.
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RG = R1R4 +R2R5 +R2R3R4 −R1R2R3R4 −R1R2R4R5 −R2R3R4R5 +R1R2R3R4R5

(3.1)

3.3.2 Calculating MCS of G

IM =


1 0 0 1 0

0 1 0 0 1

0 1 1 1 0


All MCS of G are:

MCSG = {{x1, x2} , {x2, x4} , {x3, x4, x5}}

Figure 3.4: All MCS of G.

The result that has been obtained is the same in eq. 3.1
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3.3.3 Calculating MPS of H

Figure 3.5: Subsystem H.

Cm =



1 x7 x6 0

0 1 x9 x8

0 0 1 x10

0 0 0 1


Remove node 2. The inputs to the original matrix according to the following equation

become as follows:

a46 = x6 + x7x9, a47 = x7x8,

a67 = x10.
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The communication matrix becomes a degree matrix 3× 3,

C1
m =


1 x6 + x7x9 x7x8

0 1 x10

0 0 0


Remove node 2. The inputs to the original matrix according to the following equation

become as follows:

a47 = x7x8 + x6x10 + x7x9x10

The communication matrix becomes a degree matrix 2× 2,

C2
m =

 1 x7x8 + x6x10 + x7x9x10

0 1


The MPS of subsystem H is:

MPSH = {{x7, x8} , {x6, x10} , {x7, x9, x10}}

All MPS of the subsystem that represent the success of the system, it shown in Fig. 3.6.

Figure 3.6: All MPS of H
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RH = R10R6 +R7R8 +R10R7R9 −R10R6R7R8 −R10R6R7R9 −R10R7R8R9 +R10R6R7R8R9

(3.2)

3.3.4 Calculating MCS of H

IM =


0 1 1 0 0

0 1 0 1 1

1 0 0 0 1


All MCS of H are:

MCSH = {{x6x7} , {x7, x10} , {x8, x9, x10}}

Figure 3.7: All MCS of H.

The result that has been obtained is the same in Eq.3.2
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3.4. The most important results of MPS and MCS

between G, H, and S

The result of our partitioning study is that we can obtain MPS for a complex-series

network through subsystems. This is done by multiplying each of the MPS terms for the

first subsystem by all the terms of the second subsystem.

MPSG ×MPSH =[{x1, x4} , {x2, x5} , {x2, x3, x4}]×

[{x7, x8} , {x6, x10} , {x7, x9, x10}]
(3.3)

We were also able to obtain the MCS for the complex-series network through subsystems

by combining the MCS for the first subsystem with the MCS for the second subsystem.

MCSG +MCSH = {{x1, x2} , {x2, x4} , {x3, x4, x5}}+ {{x6x7} , {x7, x10} , {x8, x9, x10}}

(3.4)

3.5. The most important results of G, H and S

Now, consider the partial polynomials RG and RH whose products are multiplied

RG ×RH =[R1R4 +R2R5 +R2R3R4 −R1R2R3R4 −R1R2R4R5 −R2R3R4R5 +R1R2R3R4R5]×

[R10R6 +R7R8 +R10R7R9 −R10R6R7R8 −R10R6R7R9 −R10R7R8R9 +R10R6R7R8R9]

(3.5)

That is the same result of Eq. 2.6.

A complex-series network was generated, and we applied MPS and MCS methods. This

network consists of nine MPS, starting upstream and settling downstream. Then partition

the network into two sub-systems, and the same methods are used in each sub-system.

Each partial system consisted of three MPS, and extracted the reliability of each partial

system. Then the polynomial of the subsystem G was multiplied by the polynomial of the
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subsystem H to conclude that the result is the reliability of the complex-series network.

Also, the MCS output of the G subsystem is summed with the MCS output of the H

subsystem to form the MCS of the complex-series network.

3.6. Generalization of calculating the total number

of MPS

The number of MPS is the result of the product of the sub complex-series network:

Let the number of MPS in a complex subsystem(1) = Np1

Let the number of MPS in a complex subsystem(2) = Np2

Let the number of MPS in a complex subsystem(3) = Np3

...

Let the number of MPS in a complex subsystem(n) = Npn

The total number of MPS in the complex-series network:

Npath = Np1 ×Np2 ×Np3 × · · · · · · ×Npn (3.6)

Npath, It represents the total number of MPS in the system, Npi It represents the number

of MPS in the sub system of complex-series, i=1,. . . ,n. for example, see Fig 3.8.

Figure 3.8: S with m subsystems.
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When the sub systems of complex-series are symmetrical, the equation becomes:

Npath = Nm
p (3.7)

Np, It represents the number of MPS in one the sub system of complex-series, m It

represents the number of sub systems of S. See Fig. 3.9

Figure 3.9: Number of MPS of complex-symmetric series network.

3.7. Generalization of calculating the total number

of MCS

The number of MCS is the result of the the sub complex-series network:

Let the number of MCS in a complex subsystem(1) = Nc1

Let the number of MCS in a complex subsystem(2) = Nc2

Let the number of MCS in a complex subsystem(3) = Nc3

...

Let the number of MCS in a complex subsystem(n) = Ncn
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The total number of MCS in the system:

Ncut = Nc1 + Nc2 + Nc3 + · · · · · ·+ Ncn (3.8)

Ncut, represents the total number of MCS in the system, Nci It represents the number of

MCS in the sub system of complex-series, i=1,. . . ,n.

When the sub system of complex-series is symmetrical, the equation becomes:

Ncut = mNc (3.9)

Nc, represents the number of MCS in one sub system of complex-series, m It represents

the number sub system of complex-series.

Example: Consider the total number of MPS and MCS in the complex- series network in

Fig. 3.10 .

Figure 3.10: Total number of MPS and MCS in S.

The number of MPS in a complex subsystem N1, , see Fig. 3.11
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Figure 3.11: (N1) Subsystem of S.

where when using the method of extracting the MPS, it turns out that he has seven MPS

are:

MPS1 = [{x2x7} , {x1x3x7} , {x1x4x6} , {x2x5x6} , {x2x3x4x6} , {x1x3x5x6} , {x1x4x5x7}] .

The (N1) subsystem contains seven MPS.

Also, the number of MPS in a complex subsystem (N2), see Fig. 3.12

Figure 3.12: (N2) Subsystem of S.
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when one performs the steps of the MPS, we get eight MPS as a result are:

MPS2 = [{x1x4} , {x2x4x5} , {x1x3x7} , {x5x6x7} , {x2x3x5x7} , {x1x2x6x7} ,

{x3x4x5x6} {x1x2x3x4x6}]

The N2 subsystem contains eight MPS.

Now, the final number of MPS in a complex- series network product of the two subsystems:

Npath = Np1 ×Np2 (3.10)

7× 8 = 56MPS

The number of MCS in a complex subsystem (N1) where when using the method of

extracting the MCS, it turns out that he has six MCS are:

MCS1 = [{x1x2} , {x6x7} , {x2x3x4} , {x4x5x7} {x1x4x6x7} , {x3x4x5x7}] .

Also, the number of MCS in a complex subsystem N2 when perform the steps of the MCS,

we get six MCS as a result are:

MCS2 = [{x1x5} , {x4x7} , {x1x2x6} , {x1x2x3x7} {x3x4x6} , {x2x3x4x5}] .

Ncut = Nc1 +Nc2 (3.11)

6 + 6 = 12MCS.

50



CHAPTER 4

RELIABILITY REDUNDANCY



4.1. Introduction

In This chapter, discusses one of the ways to improve reliability, which is the

redundancy method. Used two types of redundancy methods: element redundancy and

unit redundancy. They were applied to different systems, such as the series system, the

parallel system, and the complex-series network. It was also applied to systems after

partitioning [37,66].

4.2. General concepts of reliability redundancy

In many practical applications, redundancy is the only way to provide high

dependability, availability, or safety at the equipment or system level. Redundancy is

the presence of multiple methods for carrying out a task that must be done by an item.

Redundancy can frequently be done through code, at the software level, or in another

way [37]. It does not necessarily mean that redundant hardware is used. Redundancy

still shows up in parallel on the dependability block diagram, but to prevent common

mode failures, redundant pieces should be realized independently from one another. The

element that must be connected in series must receive special consideration while setting

up the reliability block diagram. While adding more reliability components is

challenging, we employed redundancy in the system to increase system reliability. By

adding new parallel paths to the system, we were able to increase reliability through

redundancy. According to the procedure, each component in the system is multiplied,

and after redundancy, the results of the compounds and the reliability are obtained [55].
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4.2.1 Element Redundancy

The reliability of each component is improved using the element redundancy method

[22]. And according to the following equations:

R∗
i = 1− [1−Ri]

2 (4.1)

Where R∗
i represent the components’ redundancy and, Ri represent the component to be

redundancy.

4.2.2 Unit Redundancy

It can be calculated unit redundancy from the following relationship:

R∗
Us = 1− [1−Rs]2 (4.2)

Where R∗
US the reliability in unit redundancy , Rs is the reliability system [28].

4.3. Applicability of Redundancy Technique to Series

Systems

There are two methods of redundancy through which the results are obtained, but

there is a better method than the other method [39]. and this is recognized through the

results that we obtain after using the two methods on the same system.

4.3.1 Applicability of Element Redundancy to Series Systems

The shape of the system is as shown in Fig. 4.1,and 4.2.
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Figure 4.1: Series System.

Figure 4.2: Element Redundancy.

As shown in the following example.

Example 4.3.1. Consider series system consist on two paths R1, R2 with reliabilities 0.7,

0.6 respectively. Apply Eq. 4.1.The value of reliability in series system

Ry = R1R2

The value of reliability in series system Ry = 0.42 Now find the reliability value for each

of R∗
1 and R∗

2

R∗
1 = 0.91, R∗

2 = 0.84

The system value after redundancy the element is: REy = R∗
1R

∗
2 = 0.7644

4.3.2 Applicability of Unit Redundancy to Series Systems

The shape of the system is as shown in Fig.4.3.

Figure 4.3: Unit Redundancy.
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We use Eq. 4.2. to extract the reliability of the system after redundancy units

RUy = 1− [1− 0.42]2 = 0.66

4.4. Applicability of Redundancy Technique to

Parallel Systems

The parallel system contains three components. This system is applied to the

repetition method to obtain improved reliability results, because the function of the

repetition of the system is to increase the improvement of the reliability of the system.

As shown in the following example.

Example 4.4.1. Consider parallel system consist on three element 1,2,3 with reliabilities

0.4, 0.5, 0.6 respectively. The reliability of this system:

Rp = 1− [(1−R1) (1−R2) (1−R3)]

= R3 +R1 −R1R3 +R2 −R2R3 −R1R2 +R1R2R3

The value of reliability in parallel system is: Rp = 0.88.

4.4.1 Applicability of Element Redundancy to Parallel Systems

Figure 4.4: Element redundancy parallel system.
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Now the researcher uses the laws of the redundancy element Eq. 4.1. In order to obtain

new values for the compounds and then substitute these values into the basic law of the

redundancy element in order to obtain the new improved system reliability.

R∗
1 = 0.64, R∗

2 = 0.75, R∗
3 = 0.84

REp = 0.985

4.4.2 Applicability of Unit Redundancy to Parallel Systems

Figure 4.5: Unit redundancy parallel system.

Apply the Eq. 4.2.

RUp = 1− [1− 0.88]2 = 0.985
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4.5. Applicability of Redundancy Technique to S

Example 4.5.1. Consider complex network consists of 10 elements with reliabilities

0.6, 0.7, 0.6, 0.5, 0.4, 0.9, 0.8, 0.85, 0.95 and 0.9 respectively.

4.5.1 Applicability of Element Redundancy to S

Using a separate path for each component of complex - series network , each vector is

repeated in the system from R1 to R10 so the components of the system are the result of

the reliability of each component, and as a result the overall system reliability is improved.

Where R1 represents the value of the component and R∗
1 represents the new value of the

component after repeating the element and also R2 represents the value of the component

and by repeating the element the new value became symbolized by R∗
2 and so on up to

the value of the last component R10 and after repeating the element it became symbolized

by R∗
10 These new values were calculated after iterating the element through the use of

the above equations.

Figure 4.6: Element redundancy of S.

The table 4.1 represents the reliability values of the compounds of the complex - series

and the new values after repetition. the reliability value of the complex - series network

is Rs =0.5188.
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Table 4.1: New values of the components of S after element redundancy.

Ri value R∗
i value

R1 0.6 R∗
1 0.84

R2 0.7 R∗
2 0.91

R3 0.6 R∗
3 0.84

R4 0.5 R∗
4 0.75

R5 0.4 R∗
5 0.64

R6 0.9 R∗
6 0.99

R7 0.8 R∗
7 0.96

R8 0.85 R∗
8 0.9775

R9 0.95 R∗
9 0.9975

R10 0.9 R∗
10 0.99

And by substituting the values in equation (2.5) the researcher gets the value of reliability

after iteration REs = 0.8776 Also, partition the S into two parts from which the reliability

of each is extracted after the redundancy process.

4.5.2 Applicability of Element Redundancy to G

Use the element redundancy method for subsystem G, where redundancy the components

from R1 to R5. Ri represents the value of the component and R∗
i the new value after

redundancy the component.

Figure 4.7: Element redundancy of G.
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Table 4.2 Represents the reliability values of the compounds of G and the new values after

repetition. The reliability value of G is RG = 0.5464.

Table 4.2: New values of the components of G after element redundancy.

Ri value R∗
i value

R1 0.6 R∗
1 0.84

R2 0.7 R∗
2 0.91

R3 0.6 R∗
3 0.84

R4 0.5 R∗
4 0.75

R5 0.4 R∗
5 0.64

And by substituting the values in equation (3.1) the researcher comes our with the value

of reliability after redundancy REG = 0.8785.

4.5.3 Applicability of Element Redundancy to H

Use the element redundancy method for subsystem H, where redundancy the components

from R7 to R10. R7 represents the value of the component and R∗
7 the new value after

redundancy the element.

Figure 4.8: Element redundancy of H.

Table 4.3 Represents the reliability values of the compounds of H and the new values after

redundancy. The reliability value of H is RH = 0.9495.
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Table 4.3: New values of the components of H after element redundancy.

Ri value R∗
i value

R6 0.9 R∗
6 0.99

R7 0.8 R∗
7 0.96

R8 0.85 R∗
8 0.9775

R9 0.95 R∗
9 0.9975

R10 0.9 R∗
10 0.99

And by substituting the values in equation (3.2) the researcher comes our with the value

of reliability after redundancy REH = 0.9990.

4.5.4 Applicability of Unit Redundancy to S

Use the unit redundancy for complex-series network and extract the new value.

Figure 4.9: Unit redundancy of S.

Use the equation (4.2) to find the reliability of the system after redundancy units.

RUs = 1− [1− 0.5188]2 = 0.7684

4.5.5 Applicability of Unit Redundancy to G

Use the unit redundancy for subsystem G, and extract the new value.

60



Figure 4.10: Unit redundancy of G.

Apply Equation (4.2) to G subsystem.

RUG = 1− [1− 0.5464]2 = 0.7942.

4.5.6 Applicability of Unit Redundancy to H

Use the unit redundancy for subsystem H, and extract the new value.

Figure 4.11: Unit redundancy of H.
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Apply Equation (4.2) to H subsystem.

RUH = 1− [1− 0.9495]2 = 0.9974.

4.6. The Relationship Between the G ,H and S After

Redundancy

Use the element redundancy method for the network of complex-series, and the result

of the reliability value was higher than the original reliability value. partitioned the system

and applied the element redundancy method to the subsystem G and the subsystem H.

Also, the result of the reliability of each of the subsystems after element redundancy was

higher than the original value. After that, used the relationship between them, which is

the multiplication of each of the reliability of the partial systems after redundancy the

element with each other, so that the result is the reliability of complex-series network after

redundancy the element.Apply the redundancy unit method to the network of complex -

series and extract the reliability product. Then, after dividing the network into two parts,

apply the redundancy unit method to the sub-systems and extract the reliability output

for each sub-system after the unit redundancy. The product of the reliability of the sub-

systems was multiplied to be higher than the original value of the network of complex -

series after redundancy the unit. conclude that the element redundancy method is more

improved than the unit redundancy method.
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CHAPTER 5

RELIABILITY IMPORTANCE OF THE COMPLEX-SERIES

NETWORK AND MIXED SYSTEM



5.1. Introduction

In this chapter, will also discuss one of the methods of improving reliability, which is

the importance of the Birnbaum scale for compounds. studied this method on the complex

- series network of as well as on its partial systems, and showed the relationship between

them. Then studied the method on another system, the gap of the mixed system, and

applied it also to the partial systems of the mixed system, and studied the relationship

between them.

5.2. Birnbaums Reliability Importance

Birnbaum introduces the reliability importance (B-importance) metric (1969) [14].

as the rate at which system reliability is increasing relative to that of its constituent parts.

Measures of component relevance are crucial for enhancing system design and creating

the best replacement strategies. This measure can be described by a number of identical

formulas if the components are stochastically independent. The independence assumption

is unrealistic in a lot of real-world circumstances, though. It also turns out that different

definitions of Birnbaum’s measure provide distinct conceptions when applied to dependent

components [70]. As a result, when component credibility is independent, the Birnbaum

scale is created by partially differentiating the system’s dependability with regard to pi.

Birnbaum establishes the importance of a system with component reliability.

P = (P1, P2, . . . , Pn) through the next.

IBs(1i, p) = P{ϕ(x) = 1 | Xi = 1} − P{ϕ(x) = 1} (5.1)

IBf (0i, p) = P{ϕ(x) = 0 | Xi = 0} − P{ϕ(x) = 0} (5.2)

Component I’s reliability value ranges from 0 to 1 [40]. And the importance of reliability
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(Ii) is indicated by:

Ii =
∂Rs

∂Ri
(5.3)

Ii for all the components of the complex - series network shown in Fig 2.1 are the partial

derivatives of Rs for the first component of Eq. 2.6 are as follows:

I1,S =R10R4R6 +R4R7R8 +R10R4R7R9 −R10R2R3R4R6 −R10R2R4

R5R6 −R2R3R4R7R8 −R2R4R5R7R8 −R10R4R6R7R8 −R10R4R6

R7R9 −R10R4R7R8R9 +R10R2R3R4R5R6 −R10R2R3R4R7R9−

R10R2R4R5R7R9 +R2R3R4R5R7R8 +R10R4R6R7R8R9+

R10R2R3R4R5R7R9 +R10R2R3R4R6R7R8 +R10R2R3R4R6

R7R9 +R10R2R4R5R6R7R8 +R10R2R3R4R7R8R9 +R10R2R4R5

R6R7R9 +R10R2R4R5R7R8R9 −R10R2R3R4R5R6R7R8 −R10R2

R3R4R5R6R7R9−R10R2R3R4R5R7R8R9 −R10R2R3R4R6R7R8

R9 −R10R2R4R5R6R7R8R9 +R10R2R3R4R5R6R7R8R9.

I2,S =R10R5R6 +R5R7R8 +R10R3R4R6 +R3R4R7R8 +R10R5R7R9−

R1R10R3R4R6 −R1R10R4R5R6 −R10R3R4R5R6 −R1R3R4R7R8

+R10R3R4R7R9 −R1R4R5R7R8 −R3R4R5R7R8 −R10R5R6R7R8−

R10R5R6R7R9 −R10R5R7R8R9 +R1R10R3R4R5R6 −R1R10R3

R4R7R9 −R1R10R4R5R7R9 +R1R3R4R5R7R8 −R10R3R4R5

R7R9 −R10R3R4R6R7R8 −R10R3R4R6R7R9 −R10R3R4R7R8R9

+R10R5R6R7R8R9 +R1R10R3R4R5R7R9 +R1R10R3R4R6R7

R8 +R1R10R3R4R6R7R9 +R1R10R4R5R6R7R8 +R1R10R3R4

R7R8R9 +R1R10R4R5R6R7R9 +R10R3R4R5R6R7R8 +R1R10R4
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R5R7R8R9 +R10R3R4R5R6R7R9 +R10R3R4R5R7R8R9+

R10R3R4R6R7R8R9 −R1R10R3R4R5R6R7R8 −R1R10R3R4R5R6

R7R9 −R1R10R3R4R5R7R8R9 −R1R10R3R4R6R7R8R9 −R1R10

R4R5R6R7R8R9 −R10R3R4R5R6R7R8R9 +R1R10R3R4R5R6R7R8R9.

I3,S =R10R2R4R6 +R2R4R7R8 −R1R10R2R4R6 −R10R2R4R5R6

−R1R2R4R7R8 +R10R2R4R7R9 −R2R4R5R7R8 +R1R10R2

R4R5R6 −R1R10R2R4R7R9 +R1R2R4R5R7R8 −R10R2R4R5

R7R9 −R10R2R4R6R7R8 −R10R2R4R6R7R9 −R10R2R4R7R8

R9 +R1R10R2R4R5R7R9 +R1R10R2R4R6R7R8 +R1R10R2

R4R6R7R9 +R1R10R2R4R7R8R9 +R10R2R4R5R6R7R8

+R10R2R4R5R6R7R9 +R10R2R4R5R7R8R9 +R10R2R4R6R7

R8R9 −R1R10R2R4R5R6R7R8 −R1R10R2R4R5R6R7R9 −R1R10R2

R4R5R7R8R9 −R1R10R2R4R6R7R8R9 −R10R2R4R5R6R7R8R9

+R1R10R2R4R5R6R7R8R9.

I4,S =R1R10R6 +R1R7R8 +R10R2R3R6 +R1R10R7R9 +R2R3R7R8

−R1R10R2R3R6 −R1R10R2R5R6 −R10R2R3R5R6−R1R2R3R7R8

+R10R2R3R7R9 −R1R2R5R7R8 −R1R10R6R7R8 −R1R10R6R7R9

−R2R3R5R7R8 −R1R10R7R8R9 +R1R10R2R3R5R6 −R1R10R2R3R7

R9 −R1R10R2R5R7R9 +R1R2R3R5R7R8 −R10R2R3R5R7R9 −R10

R2R3R6R7R8 −R10R2R3R6R7R9 −R10R2R3R7R8R9 +R1R10

R6R7R8R9 +R1R10R2R3R5R7R9 +R1R10R2R3R6R7R8 +R1R10
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R2R3R6R7R9 +R1R10R2R5R6R7R8 +R1R10R2R3R7R8R9

+R1R10R2R5R6R7R9 +R10R2R3R5R6R7R8 +R1R10R2R5R7R8

R9 +R10R2R3R5R6R7R9 +R10R2R3R5R7R8R9 +R10R2R3R6

R7R8R9 −R1R10R2R3R5R6R7R8 −R1R10R2R3R5R6R7R9 −R1R10

R2R3R5R7R8R9 −R1R10R2R3R6R7R8R9 −R1R10R2R5R6R7R8

R9 −R10R2R3R5R6R7R8R9 +R1R10R2R3R5R6R7R8R9.

I5,S =R10R2R6 +R2R7R8 +R10R2R7R9 −R1R10R2R4R6 −R10R2R3R4

R6 −R1R2R4R7R8 −R2R3R4R7R8−R10R2R6R7R8 −R10R2R6R7

R9 −R10R2R7R8R9 +R1R10R2R3R4R6 −R1R10R2R4R7R9

+R1R2R3R4R7R8 −R10R2R3R4R7R9 +R10R2R6R7R8R9 +R1R10

R2R3R4R7R9 +R1R10R2R4R6R7R8 +R1R10R2R4R6R7R9

+R10R2R3R4R6R7R8 +R1R10R2R4R7R8R9 +R10R2R3R4R6R7R9

+R10R2R3R4R7R8R9 −R1R10R2R3R4R6R7R8 −R1R10R2R3

R4R6R7R9 −R1R10R2R3R4R7R8R9 −R1R10R2R4R6R7R8R9

−R10R2R3R4R6R7R8R9 +R1R10R2R3R4R6R7R8R9.

I6,S =R1R10R4 +R10R2R5 +R10R2R3R4 −R1R10R2R3R4 −R1R10

R2R4R5 −R10R2R3R4R5 −R1R10R4R7R8 −R1R10R4R7R9

−R10R2R5R7R8 −R10R2R5R7R9 +R1R10R2R3R4R5 −R10R2

R3R4R7R8 −R10R2R3R4R7R9 +R1R10R4R7R8R9 +R10R2

R5R7R8R9 +R1R10R2R3R4R7R8 +R1R10R2R3R4R7R9 +R1

R10R2R4R5R7R8 +R1R10R2R4R5R7R9 +R10R2R3R4R5R7
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R8 +R10R2R3R4R5R7R9 +R10R2R3R4R7R8R9 −R1R10R2

R3R4R5R7R8 −R1R10R2R3R4R5R7R9 −R1R10R2R3R4R7R8R9

−R1R10R2R4R5R7R8R9 −R10R2R3R4R5R7R8R9 +R1R10

R2R3R4R5R7R8R9.

I7,S =R1R4R8 +R2R5R8 +R1R10R4R9 +R2R3R4R8 +R10R2R5R9

−R1R2R3R4R8 +R10R2R3R4R9 −R1R2R4R5R8 −R1R10R4R6R8

−R1R10R4R6R9 −R2R3R4R5R8 −R10R2R5R6R8 −R1R10R4

R8R9 −R10R2R5R6R9 −R10R2R5R8R9 −R1R10R2R3R4R9

R1R10R2R4R5R9 +R1R2R3R4R5R8− −R10R2R3R4R5R9

−R10R2R3R4R6R8 −R10R2R3R4R6R9 −R10R2R3R4R8R9

+R1R10R4R6R8R9 +R10R2R5R6R8R9 +R1R10R2R3R4R5R9

+R1R10R2R3R4R6R8 +R1R10R2R3R4R6

R9 +R1R10R2R4R5R6R8 +R1R10R2R3R4R8R9 +R1R10R2R4

R5R6R9 +R10R2R3R4R5R6R8 +R1R10R2R4R5R8R9 +R10R2

R3R4R5R6R9 +R10R2R3R4R5R8R9 +R10R2R3R4R6R8R9

−R1R10R2R3R4R5R6R8 −R1R10R2R3R4R5R6R9 −R1R10R2R3

R4R5R8R9 −R1R10R2R3R4R6R8R9 −R1R10R2R4R5R6R8R9

−R10R2R3R4R5R6R8R9 +R1R10R2R3R4R5R6R8R9.

I8,S =R1R4R7 +R2R5R7 +R2R3R4R7 −R1R2R3R4R7 −R1R2R4R5

R7 −R1R10R4R6R7 −R2R3R4R5R7 −R10R2R5R6R7 −R1R10

R4R7R9 −R10R2R5R7R9 +R1R2R3R4R5R7 −R10R2R3R4R6R7
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−R10R2R3R4R7R9 +R1R10R4R6R7R9 +R10R2R5R6R7R9

+R1R10R2R3R4R6R7 +R1R10R2R4R5R6R7 +R1R10R2R3R4

R7R9 +R10R2R3R4R5R6R7 +R1R10R2R4R5R7R9 +R10R2R3

R4R5R7R9 +R10R2R3R4R5R7R9 +R10R2R3R4R6R7R9

R1R10R2R3R4R5R6R7 −R1R10R2R3R4R5R7R9

−R1R10R2R3R4R6R7R9 −R1R10R2R4R5R6R7R9

R10R2R3R4R5R6R7R9 +R1R10R2R3R4R5R6R7R9.

I9,S =R1R10R4R7R9 +R10R2R5R7 +R10R2R3R4R7

−R1R10R4R6R7 −R1R10R4R7R8 −R10R2R5R6R7

−R10R2R5R7R8 −R1R10R2R3R4R7−R1R10R2R4R5R7

−R10R2R3R4R5R7 −R10R2R3R4R6R7 −R10R2R3R4R7R8

−R1R10R4R6R7R8 +R10R2R5R6R7R8 +R1R10R2R3R4

R5R7 +R1R10R2R3R4R6R7 +R1R10R2R3R4R7R8 +R1R10R2R4

R5R6R7 +R1R10R2R4R5R7R8 +R10R2R3R4R5R6R7 +R10R2R3

R4R5R7R8 +R10R2R3R4R6R7R8 −R1R10R2R3R4R5R6R7

−R1R10R2R3R4R5R7R8 −R1R10R2R3R4R6R7R8 −R1R10R2R4

R5R6R7R8 −R10R2R3R4R5R6R7R8 +R1R10R2R3R4R5R6R7R8.

I10,S =R1R4R6 +R2R5R6 +R2R3R4R6 +R1R4R7R9 +R2R5R7R9

−R1R2R3R4R6 −R1R2R4R5R6 −R2R3R4R5R6 +R2R3R4R7R9

−R1R4R6R7R8 −R1R10R4R6R7R9 −R2R5R6R7R8 −R1R4R7

R8R9 −R2R5R6R7R9 −R2R5R7R8R9 +R1R2R3R4R5R6−R1R2

R3R4R7R9 −R1R2R3R4R7R9 −R1R2R4R5R7R9 −R2R3R4

R5R7R9 −R2R3R4R6R7R8 −R2R3R4R6R7R9 −R2R3R4
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R7R8R9 +R1R4R6R7R8R9 +R2R5R6R7R8R9 +R1R2R3

R4R5R7R9 +R1R2R3R4R6R7R8 +R1R2R3R4R6R7R9

+R1R2R4R5R6R7R8 +R1R2R3R4R7R8R9 +R1R2R4

R5R6R7R9 +R2R3R4R5R6R7R8 +R1R2R4R5R7R8R9

+R2R3R4R5R6R7R9 +R2R3R4R5R7R8R9 +R2R3R4R6

R7R8R9 −R1R2R3R4R5R6R7R8 −R1R2R3R4R5R6R7R9

−R1R2R3R4R5R7R8R9 −R1R2R3R4R6R7R8R9

−R1R2R4R5R6R7R8R9 −R2R3R4R5R6R7R8R9

+R1R2R3R4R5R6R7R8R9.

Table 5.1 shows the importance of reliability and the level of units for Fig 2.1.

Table 5.1: The reliability importance and level of units in Fig 2.1

Components I (i) Level

R4 0.5059 1

R5 0.3855 2

R2 0.3342 3

R1 0.2222 4

R10 0.1636 5

R6 0.1013 6

R7 0.0953 7

R3 0.0798 8

R8 0.0457 9

R9 0.0059 10
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5.2.1 Reliability Importance of G

The importance of the components of the subsystem G are:

I1,G = R4 −R2R3R4 −R2R4R5 +R2R3R4R5

I2,G = R5 +R3R4 −R1R3R4 −R1R4R5 −R3R4R5 +R1R3R4R5

I3,G = R2R4 −R1R2R4 −R2R4R5 +R1R2R4R5

I4,G = R1 +R2R3 −R1R2R3 −R1R2R5 −R2R3R5 +R1R2R3R5

I5,G = R2 −R1R2R4 −R2R3R4 +R1R2R3R4

The importance of G is:

RG = 0.5464

Table (5.2) shows the importance of reliability and the level of units in Fig 3.2.

Table 5.2: The reliability importance and level of units of G in Fig 3.2

Components I (i) Level

R4 0.5328 1

R5 0.4060 2

R2 0.3520 3

R1 0.2340 4

R3 0.0840 5

71



5.2.2 Reliability Importance of H

The importance of the components of the subsystem H are:

I6,H = R10 −R10R7R8 −R10R7R9 +R10R7R8R9

I7,H = R8 +R10R9 −R10R6R8 −R10R6R9 −R10R8R9 +R10R6R8R9

I8,H = R7 −R10R6R7 −R10R7R9 +R10R6R7R9

I9,H = R10R7 −R10R6R7 −R10R7R8 +R10R6R7R8

I10,H = R6 +R7R9 −R6R7R8 −R6R7R9 −R7R8R9 +R6R7R8R9

Table (5.3) shows the importance of reliability and the level of units in Fig 3.5.

RH = 0.9495

Table 5.3: The reliability importance and level of units of H in Fig. 3.5.

Components I(i) Level

R10 0.2994 1

R6 0.1854 2

R7 0.1743 3

R8 0.0836 4

R9 0.0108 5

5.2.3 Relation Ships Among IG, IH and Is

Can extract the importance of the components for the complex-series network, for

example, the component R1 located in the complex - series network is obtained through

the R1 a component in the first subsystem G by multiplying it by the reliability importance
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of the second subsystem H,

I1s = I1G ×RH

= 0.2340× 0.9495

= 0.2222.

and also, another example of extracting the importance of the (R6) a component of the

complex - series network by multiplying the importance of the (R6) component in the

second subsystem H by the importance of the reliability of the subsystem The first is G

I6S = RG × I6H

= 0.5464× 0.1854

= 0.1013.

and so on, that is, through these partial systems we extracted the importance of the

components of the large complex system and also the importance of its reliability

accordingly thus this gives us a future dimension We can extract the importance of

reliability and the importance of components for a large complex network containing N

MPS.

5.3. Importance to Mixed System

A mixed system is composed of three connected systems in series. The system

contains 6 tracks, starting from the upstream and ending with the basin, with reliability

0.7, 0.5, 0.9, 0.6, 0.5, and 0.4 respectively, see Fig. 5.1.
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Figure 5.1: Mixed Series System.

Performing the previous MPS steps as they were done in the complex - series network to

extract the data, thus ensuring the reliability of the mixed series system.

All MPS of the mixed system are:

MPSm = {{x1x2x4} , {x1x2x5} , {x1x2x6} , {x1x3x4} , {x1x3x5} , {x1x3x6}} .

Rm =1− [1− (x1x2x4)] [1− (x1x2x5)] [1− (x1x2x6)] [1− (x1x3x4)] [1− (x1x3x5)] [1− (x1x3x6)]

Rm =R1R2R4 +R1R2R5 +R1R3R4 +R1R2R6 +R1R3R5 +R1R3R6 −R1R2R3R4

−R1R2R3R5 −R1R2R3R6 −R1R2R4R5 −R1R2R4R6 −R1R3R4R5

−R1R2R5R6 −R1R3R4R6 −R1R3R5R6 +R1R2R3R4R5 +R1R2R3R4R6

+R1R2R3R5R6 +R1R2R4R5R6 +R1R3R4R5R6 −R1R2R3R4R5R6.

We start by gradually deriving the compounds from R1 to R6

I1,m =R2R4 +R2R5 +R3R4 +R2R6 +R3R5 +R3R6 −R2R3R4 −R2R3R5 −R2R3R6

−R2R4R5 −R2R4R6 −R3R4R5 −R2R5R6 −R3R4R6 −R3R5R6

+R2R3R4R5 +R2R3R4R6 +R2R3R5R6 +R2R4R5R6 +R3R4R5R6 −R2R3R4R5R6.

I2,m =R1R4 +R1R5 +R1R6 −R1R3R4 −R1R3R5 −R1R3R6 −R1R4R5 −R1R4R6

−R1R5R6 +R1R3R4R5 +R1R3R4R6 +R1R3R5R6 +R1R4R5R6 −R1R3R4R5R6.
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I3,m =R1R4 +R1R5 +R1R6 −R1R2R4 −R1R2R5 −R1R2R6 −R1R4R5 −R1R4R6

−R1R5R6 +R1R2R4R5 +R1R2R4R6 +R1R2R5R6 +R1R4R5R6 −R1R2R4R5R6.

I4,m =R1R2 +R1R3 −R1R2R3 −R1R2R5 −R1R2R6 −R1R3R5 −R1R3R6 +R1R2R3R5

+R1R2R3R6 +R1R2R5R6 +R1R3R5R6 −R1R2R3R5R6.

I5,m =R1R2 +R1R3 −R1R2R3 −R1R2R4 −R1R3R4 −R1R2R6 −R1R3R6 +R1R2R3R4

+R1R2R3R6 +R1R2R4R6 +R1R3R4R6 −R1R2R3R4R6.

I6,m =R1R2 +R1R3 −R1R2R3 −R1R2R4 −R1R2R5 −R1R3R4 −R1R3R5 +R1R2R3R4

+R1R2R3R5 +R1R2R4R5 +R1R3R4R5 −R1R2R3R4R5.

Where the importance of reliability in Fig. 5.1 is:

Rm=0.5852

Table 5.4 shows the importance of reliability and unit levels in Fig. 5.1.

Table 5.4: The reliability importance and level of units in Fig. 5.1.

Components I (i) Level

R1 0.8360 1

R3 0.3080 2

R4 0.1995 3

R5 0.1596 4

R6 0.1330 5

R2 0.0616 6

5.4. Partition of Mixed System

We divide the system into three parts, they are, in order, N , V , and D.

Figure 5.2: N System.
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RN = R1, I1,N = 1.

The importance of reliability for this N system is:

RN = 0.7

For the second and third partial systems, in the same way, we extract the importance of

the reliability of the system and the compounds

Figure 5.3: V System.

RV =R2 +R3 −R2R3

I2,V =1−R3

I2,V =0.1

I3,V =1−R2

I3,V =0.5

RV =0.95
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Table 5.5: The reliability importance and level of units in Fig. 5.3.

Components I(i) Level

R3 0.5 1

R2 0.1 2

Figure 5.4: D System.

RD =R4 +R5 −R4R5 +R6 −R4R6 −R5R6 +R4R5R6

I4,D =1−R5 −R6 +R5R6

I4,D = 0.3

I5,D = 1−R4 −R6 +R4R6

I5,D = 0.24

I6,D = 1−R4 −R5 +R4R5

I6,D = 0.2

RD = 0.88
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Table 5.6: The reliability importance and level of units in Fig. 5.4.

Components I (i) Level

R4 0.3 1

R5 0.24 2

R6 0.2 3

5.5. Relation ships Among IN , IV , ID and Is

Took the mixed consecutive system and divided it into three systems. Carried out

the previous operations that were mentioned in the complex consecutive system, and thus

we extracted the reliability for it and for each system. Then we extracted the importance

of reliability for each partial system and the importance for the compounds as well. Then,

after that, we began to extract the importance of reliability for the mixed series system,

by multiplying the importance of the reliability of the systems. The three parts are as

follows

Rm = RN ×RV ×RD

= 0.7× 0.95× 0.88

Rm = 0.5852

Also, we were able to extract the importance of each component in the mixed series system

through the following sub-systems

I1m = I1N ×RV ×RD

= 0.7× 0.95× 0.88

I1m = 0.8360

And

I2m = I2V ×RN ×RD

= 0.1× 0.7× 0.88

I2m = 0.0616
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And so on for the rest of the other vehicles. This conclusion gives us a dimension in

the future that we can generalize this case to N of mixed systems from which we cannot

extract the importance of reliability as well as the importance of its compounds, so this

method was formed for such cases that are difficult to extract

Rz = M × A× F × · · · · · · ×GN (5.4)
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CHAPTER 6

CONCLUSIONS AND FUTURE WORKS



6.1. Conclusions

This thesis proves that can develop a complex network consisting of two complex

systems linked together in the form of a series, and use some methods to calculate the

reliability of the complex network of series, such as the method of minimum paths and

minimum cuts. After that, he studied the relationship between the sub-systems and the

complex network of after applying the methods of minimum cuts and minimum paths.

Equation (3.1) in Figure (3.2) and Equation (3.2) in Figure (3.3) result in Equation

(3.3) in Figure (2.1).After that, the division method was generalized to include N of

complex networks. The total number of minimum paths for complex-series networks

with mismatched partial networks was generalized. Equation (3.4) in Fig. (3.8), and the

total number of minimum paths for complex-series network was generalized with Partial

networks symmetrical to equation (3.5) in Fig. (3.9). Then he generalized the

calculation of the total number of minimum cut sets of complex-series network with

different sub-network, equation (3.6).And we get equation (3.7) in the case of the

sub-networks are symmetrical. The researcher also used one of the methods to improve

the reliability of the systems (element redundancy) and (unit redundancy) methods, and

we studied the relationship between subnetworks and the complex-series network. In the

fifth chapter, can say that the results of the importance of the network of complex

-series coincide with the results of the importance of sub-networks using the Birnbaum

scale, and a relationship was found between the results of the levels of importance of the

components in the sub-networks and the importance of the components of the network

of complex -series.
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6.2. Future Works

1. Advise utilizing different techniques to determine the reliability of complex networks

to investigate the reliability of the network of complicated series depicted in Fig 3.2

2. To increase system dependability on partition technology, advise using

contemporary techniques and examining the outcomes.

3. Propose to apply the partition technique to other systems, such as the parallel

system, and compare the outcomes.
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