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In recent decades, one of the country's fundamental challenges in the
fields of defense and security has been the traditional view of the
subject of passive defense. In such a way that planning for the location
of infrastructures at the national level, cities or even construction sites,
has been carried out without considering technological tools such as
artificial intelligence and metaheuristic algorithms and solely based on
the experience of experts in the field of passive defense engineering.
Considering the classification of location problems as an NP-complete
problem, traditional and precise mathematical methods, especially for
medium and large-scale problems, cannot find the optimal solution in a
reasonable time and while respecting all the principles of passive
defense. As a result, researchers and scholars have been looking for
alternative scientific methods to solve these problems that can provide
the best answer at the right time. The best solution to this challenge is
the use of metaheuristic algorithms.New metaheuristic methods have
the potential to provide optimal solutions in a shorter time frame while
respecting all the principles of location. Two case studies have been
selected for this study to demonstrate the usefulness and efficiency of
the TTH metaheuristic algorithm in optimizing location and layout of
construction sites. In the first case study, the best, average and worst
solutions were 12.538, 12.541 and 12.548 respectively, and in the
second case study, the best solutions were 92.758, 96.386 and 100.014,
which are more optimal than the results of the ECBO (Enhanced
colliding bodies optimization), CBO (Colliding bodies optimization)
and PSO (Particle swarm optimization) algorithms. Numerical studies
show that the TTH algorithm can achieve promising results and has
advantages in addressing complex optimization problems.
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Introduction

One of the defense and security challenges of every developing country is to protect critical service infrastructures from enemy
threats. This can be achieved by reducing the vulnerability of infrastructures and increasing deterrence. One of the measures that
can protect infrastructures from enemy threats or reduce their vulnerability is the correct location of this infrastructure. Studies
in the construction industry have shown that adopting a proper location for critical facilities and infrastructure can reduce
resource movement costs by 20 to 60 percent. When the costs associated with moving resources between departments are
directly proportional to the distance traveled and the volume of goods moved, the location problem can be considered as a
quadratic allocation problem (QAP). The quadratic allocation problem is one of the classic combinatorial optimization problems
that is known for its diverse applications. It is considered one of the most challenging problems in classical combinatorial
optimization. QAP problems are classified as non-deterministic polynomial-hard (NP-hard) problems due to their combinatorial
complexity. Due to the complexity of infrastructure location planning problems, several methods have been proposed to address
them. This problem can be effectively solved by researchers using two different approaches: exact algorithms and approximate
algorithms. Exact algorithms, such as mathematical optimization procedures, are designed to find optimal solutions, but these
methods are considered a traditional and time-consuming method. These techniques are not suitable for large projects with a
large number of infrastructures (n>15). Approximate algorithms are classified into two groups: heuristic and metaheuristic
algorithms. These algorithms are developed to obtain near-optimal solutions in a short and reasonable time for managing
complex real-world projects. When the number of critical facilities or infrastructures exceeds 15, the problem is shown to be
NP-complete. As the number of departments or critical infrastructures increases, the computation time increases exponentially (n
2). Since it is not easy to obtain an optimal solution in large projects, researchers have addressed the construction site layout
problem (CSLP) using metaheuristic techniques. Considering the above-mentioned cases, in a developing country like Iran,
many service infrastructures are being built, and their correct location according to the principles of passive defense requires a
lot of time. Therefore, as an innovation, the use of metaheuristic algorithms for the location of critical infrastructures minimizes
this time. In this study, with the aim of taking a scientific look at observing the principles of passive defense in the form of
objective functions using modern technologies, a developed metaheuristic algorithm (MHA) called "Time Travel to History"
(TTH) has been used to solve the location problems of infrastructure facilities in a construction site. Two subproblems with two
objective functions have been defined in the TTH method to solve the CSLP problem. Therefore, in this research, the objective
function of the first problem is to reduce the cost of transferring materials and equipment between infrastructures.The objective
function of the second problem is to reduce the distance employees travel between infrastructures or reduce the amount of
employee traffic between infrastructures with the aim of increasing employee safety and health.

Research Objectives and Questions

The research seeks to answer the following main question:

How can the principles of passive defense, which are presented as multi-purpose functions, be observed in the construction of
critical infrastructure in a developing country?

The objectives are:

1. Introducing a scientific perspective to solving critical infrastructure location problems.

2. Solving non-deterministic polynomial hard (NP-hard) critical infrastructure location problems in optimal time and with
solutions close to optimal.

3. Observing the principles of passive defense in the location of the country's critical infrastructure.

Methodology

The present research method is a quantitative method that is carried out through metaheuristic algorithms as a tool. Optimization
algorithms are computational methods that are used to find the best solution to a given problem in a set of constraints. In fact,
these constraints have complicated these problems and cannot be answered in a traditional and accurate way. These constraints
can be location principles or various passive defense principles that are defined as objective functions in the algorithm. In this
study, an extended genetic algorithm called the TTH algorithm is used for construction site location planning. This algorithm is
efficient and effective in finding the best solution to NP-hard problems, which is used in this paper for the purpose of
construction site location planning. The process of the TTH algorithm is shown in the figure below.
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TTH algorithm process
Findings

The results of this research showed that the use of metaheuristic algorithms can be effective and efficient in the field of passive
defense, and the following results were obtained:

1-The possibility of observing the criteria and principles of passive defense as objective functions in locating critical
infrastructures

2-Reducing the cost and time for observing the principles of passive defense.

3-Proving the applicability of approximate methods and metaheuristic algorithms for solving problems related to passive
defense.

Discussion

In the first case study, 50 runs of self-determining optimization were performed with 200 iterations using PSO, CBO, ECBO,
and TTH algorithms. Compared to ECBO, CBO, and PSO, the best solution, average solution, worst solution, and standard
deviation of TTH were 12.538, 12.541, 12.548, and 1.4813, respectively. The results show that the TTH algorithm, in addition to
identifying the best solution, provides more stable results than other algorithms

In the second case study, the problem was solved by running 30 separate optimization experiments in 1000 iterations to
obtain statistically significant results through PSO, CBO, ECBO and TTH. The results show that TTH outperforms CBO, ECBO
and PSO in terms of mean, worst case and standard deviation, with values of 380.96, 100.002 and 2396.4, respectively. These
results indicate that TTH not only finds a better solution but also has a better convergence rate than the others

Conclusions and Implications

The results of this study show that the TTH optimization algorithm, as a recently developed metaheuristic algorithm (MHA), can
be used to address the construction site location planning (CSLP) problem. In addition to reducing the time and cost of solving
NP-HARD polynomial problems for critical infrastructure location, this method has advantages over other metaheuristic
algorithms such as CBO, ECBO, and PSO.

The results of this study provide valuable insights for policymakers, officials, and managers in various sectors of the
country. A noteworthy point for managers in various sectors of the country is that in optimization issues, the criterion is not the
large difference between the answers, but rather the improvement over previous efforts, and it is not necessary that all goals be
achieved 100%. Here, it is important that infrastructures are located in such a way that their vulnerability is reduced by even 1
percent, considering the objective functions. Therefore, it is suggested that in order to improve work processes, the issue of
optimization should be addressed more than before in all areas of management in the country, especially in the field of passive
defense
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