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Total customers’ capasity in the multi-server queues
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In this paper we consider queueing system with N servers and unlimited queue. Below we present a review of the work on the studies of resource queuing systems or queuing systems with random capacity of customers.

In the paper [1] an efficient analytical model that evaluates the behavior of the downlink LTE channel with CLA is presented. Since video traffic is resource intensive, it is a challenging issue to stream video over low bandwidth networks, whereas video communication over LTE becomes an open research topic nowadays due to LTE’s high throughput capabilities.

The paper [3] considered a model of a multi-server queueing system with losses caused by lack of resources necessary to service claims. A claim accepted for servicing occupies a random amount of resources of several types with given distribution functions. Random vectors that define the requirements of claims for resources are independent of the processes of customer arrivals and servicing, mutually independent, and identically distributed. ….

Mathematical model

We consider queuing system (QS) M/GI/N/∞. The system arrival process is distributed by Poisson law with rate λ. The system has N servers. Service times on each server are i.i.d. with distribution function A(x). The arriving customer occupies any free server or goes to the queue in case of all servers are busy. Let each customer has some random capacity v > 0 with distribution function G(y). Customers' capacities and service times are mutually independent and do not dependent on the epochs of customers’ arrivals.

Denote by i(t) and V(t) the number of customers in the system at time t and their total capacity, respectively.

Approximation of probability distribution
of the customers’ number in the system

Let P(i) = P{i(t) = i} is the stationary probability distribution of the number of customers in the system. ………
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Simulation and numerical examples

Simulation was performed in the same way as [4]. Its result is the distribution function of the total capacity of customers in this system. Also we obtained the distribution function by (3). Let us compare this results. We will use the Kolmogorov distance as a measure between simulation and approximation results
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Fig. 1. Distributions of the total capacity

Тable 1

Dependence R on parameters c0, c1
Значения параметров
с1 = 0,1
с1 = 0,3
с1 = 0,5
с1 = 0,7
с1 = 0,9
с1 = 1,1
с1 = 1,3
с1 = 1,5

с0 = 6,0
R
0,889
0,888
0,885
0,876
0,852
0,793
0,672
0,496


S0
4,1
3,7
3,3
2,7
1,9
1,1
0,1
0,1

с0 = 5,5
R
0,885
0,884
0,881
0,873
0,849
0,791
0,672
0,496


S0
4,3
3,9
3,5
2,9
2,1
1,3
0,3
0,1

с0 = 4,5
R
0,875
0,874
0,871
0,863
0,842
0,786
0,670
0,496


S0
4,7
4,5
3,9
3,5
2,7
1,7
0,7
0,1

Conclusion

We studied the total capacity of customers in the system M/GI/N/∞. The characteristic function of this distribution was obtained. Simulation has been carried out, it is shown that the approximation has a wide application.
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