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Abstract

This paper studies an M/M/1 + 1 queueing system with two types of failures in a fully observable
environment. The primary server operates under an N policy with a working vacation mechanism,
and a standby server is employed. The primary server is susceptible to two types of failures. The
standby server assists the primary server during its failures and may also experience partial fail-
ures. By establishing a two-dimensional Markov chain model, explicit expressions for the optimal
joining threshold and the steady-state probability distribution of the system are derived. Further-
more, performance metrics such as the average queue length, average customer sojourn time, and
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social welfare are calculated. Numerical simulations are conducted to investigate the impact of key
parameters, including service rates and failure rates, on system behavior and social welfare. Simu-
lation experiments validate the correctness of the analytical results. The findings provide theoreti-
cal foundations and decision support for the operational optimization and resource allocation of
highly reliable and adjustable service systems.
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Figure 1. State transition diagram of the system
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