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Today, flight delays caused by various factors are one of the most
fundamental challenges in the air transportation system. One of
the main factors of these delays is the breakdown of planes and
the time-consuming nature of replacing them with another plane.
Finding the best airports to deploy these replacement planes can
help reduce the time it takes for them to arrive at the requesting
airports and thus reduce flight delays. On the other hand, meta-
heuristic algorithms, including the bee algorithm, have been used
in recent years and have shown their high abilities in solving
problems and optimizations in various fields. Therefore, in this
research, it was decided to use the bee meta-heuristic algorithm
in order to find suitable airports for the deployment of
replacement planes as a problem with discrete variables. On the
other hand, in the local search mechanism section of the bee
algorithm, a change to improve the performance of the algorithm
has been given and suggested as the main goal of the research. The
proposed algorithm has shown a significant performance
improvement in the convergence parts of the algorithm, the
repeatability of the results, and the average number of repetitions
to achieve the best result. Of course, the proposed algorithm was
also applied to the traveling salesman and knapsack problems,
which showed a suitable performance improvement. For
modeling and simulation, Anylogic, a powerful simulation
software, has been used for agent-based simulation of the air
transport network.
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EXTENDED ABSTRACT

Introduction

Today, one of the most important factors in flight delays is the breakdowns of planes
and the time-consuming nature of replacing them with other planes. Finding the best
airports to deploy these replacement planes (RP) can help reduce flight delays.
Therefore, it was decided to conduct an agent-based simulation to can deploy RPs at
different airports and obtain their average flight time to the requesting airports, or the
same average flight delay, during the simulation. On the other hand, in this study, the
honey bee algorithm (HBA) was used as one of the famous meta-heuristic algorithms to
find the best airports for the deployment of RPs. The primary purpose of this study was
to make a heuristic change in the local search process of the HBA and to evaluate its
effect on improving the performance of this algorithm. Also, the data of Qeshm Air
airline has been used in this study.

Methodology

According to the main purpose of this research, an agent-based simulation of the air
transportation system was performed with four intelligent agents, including the main
agent, the airport agent, the principal planes agent, and the RPs agent. The main agent
can run a series of functions for different agents and make a series of computations. For
example, it can specify the nearest RP for any of the airports. As soon as the simulation
begins, the principal planes will move to their destination based on their flight times
per week and then return to the airport of origin. Then, airports will send a message to
their dedicated RP to perform an alternative flight if needed, according to the possibility
of the plane's failure. The RP immediately departs to the requesting airport. After
reaching it, it moves to the destination of the canceled flight and then returns to its
airport of origin. Also, the number of RPs and airports, have been considered to be six
and 18, respectively.

Regarding the use of the meta-heuristic HBA, a string or chromosome with 6 genes
was considered to solve the problem, where each gene can assign real numbers
between 0 and 17 to itself in proportion to the 18 airports mentioned. In this study, the
initial population of bees and the number of top bees are considered to be 50 and 25,
respectively. The superior bees are obtained by sorting the population of bees
according to the lowest target function. The target function of each chromosome or
wasp is the same as the average time it takes for the RPs located in the cities of that
chromosome to arrive at the airports requesting the RP, which is obtained by running
the simulation. Of the top 25 bees, 15 bees with the lowest target function are
considered as the top selected bees, and the other 10 bees are considered as the top
remaining bees, and a local search is done around them with a neighborhood radius of
3. The number of local searcher bees in the vicinity of the selected and remaining top
bees have been considered 3 and 2, respectively. The other 25 bees with the bigger
target function will also be eliminated, and another chromosome will randomly replace
them. In each iteration of the algorithm run, for each of the bees in the population,
according to the number of each of the 6 genes of that bee, 6 RPs are placed at the
airports of their cities. Then, the simulation is executed at the highest speed, and the
target function of that bee is obtained. This work is done for all bees, and therefore, the
top and non-top bees will be updated. The important point in using the HBA is an
innovative suggestion for how to perform the local search of the algorithm in which
local searcher bees, instead are obtained with adding a random integer in the range [-
3,3] to the genes of the superior bees, are obtained using the genes of the superior bee's
neighbor bees at a maximum distance equal to the intended neighborhood radius.
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Figure 1 shows the proposed local search mechanism, for example, for the eighth top
bee.
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Figure 1. The proposed local search mechanism for each one of the top bees

Results and discussion

In this study, it was decided that in all runs and for both the proposed and modified
algorithm as well as the initial HBA, the algorithm parameters as well as the bees'
primary population should be used in the same way to compare their performance
under the same conditions. On the other hand, both algorithms were run 50 times, and
the results of their performance were examined in the sections of algorithm
convergence, repeatability of the results, and the number of iterations to achieve the
best results. In all 3 sections, the proposed modified algorithm has shown a significant
improvement over the initial HBA. Of course, the proposed algorithm was also applied
to the traveling salesman and knapsack problems, which showed a suitable
performance improvement. Finally, using the improved HBA and a 1-year simulation,
the best airports for the deployment of RPs were obtained: Tehran, Mashhad, Qeshm,
Shiraz, Zahedan, and Ahvaz airports.

Conclusion

The main purpose of this study was to make an Innovative change in the local search
process of the HBA and to evaluate its effect on improving the performance of this
algorithm in finding the best locations for RPs. The meta-heuristic HBA showed a
significant improvement over the original algorithm in all criteria with the proposed
change in the local search section. According to the experiences gained from this
research, we can say that the combination of agent-based simulation and modeling and
meta-heuristic algorithms can be used to solve many problems and optimizations,
especially in complex and dynamic environments, including aviation.
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