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Abstract

The notion of reliability in software engineering is a key issue targeting
the assurance of proper software performance. This denotes accomplishing its
aimed functions regularly in a correct manner, regardless of the various ongoing
conditions. Reliability in systems attempts to minimize faults, stoppages, or
unanticipated failures, thereby boosting end-user satisfaction, reducing excess
costs, and thus a sounder reputation for the established software and its
developers.

The main feature in the process of achieving high system reliability and
dependability is redundancy. Adding extra components to the system can hugely
elevate its reliability. Maximizing this feature can be made through the
optimization of the reliability redundancy allocation problem (RRAP). This
problem is a combinatorial optimization problem, NP-Hard in complexity, that
seeks to find the most desirable system component configuration in terms of
overall reliability using redundancy. It is subject to constraints that might include
cost, weight, and volume.

In this work, the RRAP is deeply studied and investigated to find better
near-optimal solutions. Being very complex, traditional methods cannot be
employed to efficiently solve the problem. Swarm intelligent algorithms are used
to seek better solutions. RRAPs are treated as Reliability Block Diagrams (RBD)
to deal with each component’s reliability and to manage overall system
configurations. Nine different RRAP instances are used in this work as RBDs.

The Framework presented in this work covers thirteen different Swarm
Intelligent (SI) algorithms in an attempt to solve RRAP instances for the nine
different types of RBDs in varied settings. In addition, two new hybrid algorithms,
namely CSO-WOA and FPA-ABC, are developed to promote robustness and
quality of solutions. The performance of all the above-mentioned algorithms is
measured using statistical measures such as best fitness, mean, standard deviation,
Friedman, and the LSD tests to ascertain significance. Results indicated that the
swarm intelligence-based techniques, and especially the proposed hybrids,
frequently perform better than the most well-known solutions in the literature and
surpass a number of world-best achieved values that already appeared in the
literature, setting new maximum-reliability records in seven out of nine RBD
systems. The largest achieved MPI measure for individual algorithms was
(99.6266546%), and for the hybrid was (99.320859%). Such contributions reveal
successful results of Sl-based optimization in the improvement of reliability
engineering and mark new perspectives in the guidance of future research
concerning RRAP and hybrid algorithms.
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The notion of reliability in software engineering is a key issue targeting the assurance of proper
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b

regardless of the various ongoing conditions. Reliability in systems attempts to minimize faults,
stoppages, or unanticipated failures, thereby boosting end-user satisfaction, reducing excess costs,
and thus a sounder reputation for the established software and its developers.

The main feature in the process of achieving high system reliability and dependability is
redundancy. Adding extra components to the system can hugely elevate its reliability. Maximizing
this feature can be made through the optimization of the reliability redundancy allocation problem
(RRAP). This problem is a combinatorial optimization problem, NP-Hard in complexity, that seeks
to find the most desirable system component configuration in terms of overall reliability using
redundancy. It is subject to constraints that might include cost, weight, and volume.

In this work, the RRAP is deeply studied and investigated to find better near-optimal solutions.
Being very complex, traditional methods cannot be employed to efficiently solve the problem.
Swarm intelligent algorithms are used to seek better solutions. RRAPs are treated as Reliability
Block Diagrams (RBD) to deal with each component’s reliability and to manage overall system
configurations. Nine different RRAP instances are used in this work as RBDs.

The Framework presented in this work covers thirteen different Swarm Intelligent (SI) algorithms in
an attempt to solve RRAP instances for the nine different types of RBDs in varied settings. In addition,
two new hybrid algorithms, namely CSO-WOA and FPA-ABC, are developed to promote robustness
and quality of solutions. The performance of all the above-mentioned algorithms is measured using
statistical measures such as best fitness, mean, standard deviation, Friedman, and the LSD tests to
ascertain significance. Results indicated that the swarm intelligence-based techniques, and especially
the proposed hybrids, frequently perform better than the most well-known solutions in the literature
and surpass a number of world-best achieved values that already appeared in the literature, setting
new maximum-reliability records in seven out of nine RBD systems. The largest achieved MPI
measure for individual algorithms was (99.6266546%), and for the hybrid was (99.320859%). Such
contributions reveal successful results of SI-based optimization in the improvement of reliability
engineering and mark new perspectives in the guidance of future research concerning RRAP and
hybrid algorithms..
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