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Fig. 9. The dependence of the cost function J on f2 and f3

The 3D surface plot in fig. 9 demonstrates a clear non-monotonic relationship, indicating the existence of an 
optimal pricing strategy. Initially, as f2 and f3 increase, the profit J rises due to the effective congestion control  
and balanced request acceptance. However, beyond the optimal point, further increases in pricing lead to a sig-
nificant rise in the probability Pjoin loss− , which negatively impacts the total revenue. According to the nume- 
rical analysis, the maximum profit J *

.= 4 1816 is achieved at the optimal values f2

*
1.4=  and f3

*
2.1= .

Conclusions
In this paper, we have developed a comprehensive mathematical model of a multi-server queuing system 

with a MAP, adaptive admission control and a complex server vacation policy. The qualitative analysis of the 
proposed model reveals that the synergy between dynamic pricing and server management is essential for 
maintaining a balance between quality of service and operational efficiency. The adaptive admission control 
mechanism, which regulates a request acceptance based on the current load, proves to be a highly effective tool 
for the congestion management. It ensures system stability by discouraging new arrivals during peak periods, 
thereby preventing the exhaustion of active resources. Simultaneously, the inclusion of both post-service and 
idle server vacation policies allows the system to significantly reduce the energy consumption and operational 
expenditures during periods of low traffic intensity.

Our investigation into the system’s economic efficiency further suggests that the pricing coefficients must 
be carefully optimised to maximise total profit. While increased pricing reduces the probability of loss due 
to busy servers, it simultaneously increases the likelihood of requests being rejected by the admission control 
mechanism. The existence of an optimal pricing strategy indicates that resource providers in cloud data centres 
and next-generation communication networks can fine-tune these parameters to achieve the best economic  
outcome.

The findings of this paper can be extended to the case of a phase-type service time distribution (see [17]).
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