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Abstract

In this paper we study M/M/1 retrial queues with two types of breakdowns and delayed repairs.
Under steady-state conditions, we obtain expressions for the probability generating functions of
the server state and the number of orbital customers. A bi-objective optimization model with the
objectives of minimizing the expected cost and minimizing the expected waiting time of the cus-
tomers is developed. The proposed analytical approach allows us to achieve an appropriate bal-
ance between operational costs and service quality.
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Figure 1. Pareto front solution found by genetic algorithm
1. B E LI EIM Pareto BTE

Table 1. The Pareto optimal solutions for various values of A

F 1. AEEH 1 TH Pareto L%

2 5 u v, F,
1.013685239 3.047898338 10.47939618 13.1248014
1.013685239 3.472140762 7531527811 13.51567069
1.265884653 4.156402737 4.548649438 14.91442655
2 1.563049853 5.43597263 2.68099876 17.65367789
2738025415 7.427174976 1.50336452 23.98950303
1.013685239 3.376344086 1277151603 14.41235041
1.095796676 3786901271 8.566595525 1473423676
1.430107527 4.813294233 4291037585 16.69683244
24 1.449657869 6.831867058 2.535452456 20.15018117
2.174975562 8.474095797 1.661489684 24.79362586
1.001955034 3.978494624 12.65447072 15.88314227
1.078201369 4.395894428 8.751180879 16.16272361
1.258064516 5.107526882 5465581314 17.29136247
20 1.926686217 6.044965787 3.183612616 20.15862665
2251221896 8.467253177 1.890007053 25.18239912

M2 FRTLAE Y, A BARE A3 PAEAS /N 0.01, [BIHJTFE F RS P AE/NT 0.01, A,
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Table 2. Regression results
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Figure 2. Histogram and K-S normality test for the regression residuals
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