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A Model for the Optimal Mission Allocation of
Naval Warship Based on Absorbing Markov Chain Simulation
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Abstract The Republic of Korea Navy has deployed naval fleets in the East, West, and South seas to
effectively respond to threats from North Korea and its neighbors. However, it is difficult to allocate
proper missions due to high uncertainties, such as the year of introduction for the ship, the number of
mission days completed, arms capabilities, crew shift times, and the failure rate of the ship. For this
reason, there is an increasing proportion of expenses, or mission alerts with high fatigue in the number
of workers and traps. In this paper, we present a simulation model that can optimize the assignment of
naval vessels' missions by using a continuous time absorbing Markov chain that is easy to model and
that can analyze complex phenomena with varying event rates over time. A numerical analysis model
allows us to determine the optimal mission durations and warship quantities to maintain the target
operating rates, and we find that allocating optimal warships for each mission reduces unnecessary alerts
and reduces crew fatigue and failures. This model is significant in that it can be expanded to various
fields, not only for assignment of duties but also for calculation of appropriate requirements and for

inventory analysis.
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Table 1. Historical research

Researchers Major contents and methods
He divided multiple UAVs operations
into surveillance and reconnaissance
. missions, reflecting reality based on
Kim(2020)i8] extended CBBA, which is the most
well-known decentralized task allocation
algorithm.
They analyzed from mission start to end
Lee et al. with multiple UAVs heterogeneous
(2020)(1] mission allocation methods based on
discrete event models.
. They investigated multi-UAVs
Ning et al. . . . .
collaborative mission planning using
(2019)[7] L .
meta-heuristic search algorithms.
They suggested the hybrid algorithm
Ma and according to combat resource dynamic
Wang(2018)[5] planning could satisfy the real-time
operational needs.
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Define problems |
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| Conduct absorbing Markov chain simulation |
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| Analyze the simulation results |

Fig. 1. Configuration of research model
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Fig. 2. An operation conceptual map of naval
warship by mission
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Table 2. Notations

Symbol Definition
k No. of total warship
m No. of guard warship
r No. of alert warship
p No. of anchor warship
A failure rate during mission
q failure rate during transition
“i transition rate from alert to guard
#2 transition rate from anchor to alert
P success rate from alert to guard
S success rate of mission
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Fig. 3. Transition rate diagram
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Table 3. Rate and time by region for simulation

Warship East West
failure rate (mission) 2/30 3/30
failure rate (transition) 1/10 1/10
mission days 19 days 19 days
transition time 8 hours 12 hours
(alert—guard)
transition time 24 hours 24 hours
(anchor — alert)
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Table 4. Simulation Environments
Category Specification
CPU i5-1035G4 1.50GHz
RAM 8.0GB
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Program Matlab R2020a
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