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Analysis of an M/G/1/K Queueing System with Queue-Length
Dependent Service and Arrival Rates

Doo-1l Choi * Dae-Eun Lim*

ABSTRACT

We analyze an A7/ G/1/K queueing system with queue-length dependent service and arrival rates. There are a
single server and a buffer with finite capacity & including a customer in service. The customers are served by a
first-come-first-service basis. We put two thresholds Z, and Z,(= Z,) on the buffer. If the queue length at the service
initiation epoch is less than the threshold Z,, the service time of customers follows S, with a mean of y, and the
arrival of customers follows a Poisson process with a rate of ;. When the queue length at the service initiation
epoch is equal to or greater than Z, and less than Z,, the service time is changed to S, with a mean of pu,(= ;).
The arrival rate is still A,. Finally, if the queue length at the service initiation epoch is greater than Z,, the arrival
rate of customers are also changed to a value of \,(=< ),) and the mean of the service times is u,. By using the
embedded Markov chain method, we derive queue length distribution at departure epochs. We also obtain the queue
length distribution at an arbitrary time by the supplementary variable method. Finally, performance measures such
as loss probability and mean waiting time are presented.

Key words : M/G/1/K, Controllable Service Rate, Controllable Arrival Rate, State-dependent Service Rate, State-
dependent Arrival Rate
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Table 1. K and Z; values (L, = L, <K)

K A
5 1,3

10 2, 4,6, 8

15 2, 4,6, 8, 10, 12, 14

20 2, 4,6, 8,10, 12, 14, 16, 18
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3} L, Foldl K7o) W9l Yeld 3 2=s v
o]i= Table 1¢] Zz|3rt.
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Fig. 1. Average system size over offered load
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Table 2. System size (L) and sojourn time (W) over Z; and L, values (/=20 case)

Average System Size  Average System Time Average System Size | Average System Time
(L) (W) (L) (W)

L | L Erlang-5 Exp Erlang-5 Exp L | L Erlang-5 Exp Erlang-5 Exp
2 4 1.5029 1.8388 0.3096 0.3904 8 10 2.7408 3.3190 0.5499 0.6724
2 6 1.5963 1.9969 0.3214 0.4086 8 12 2.7635 3.3908 0.5531 0.6817
2 8 1.6279 2.0875 0.3261 0.4212 8 14 2.7700 3.4270 0.5541 0.6868
2 10 1.6373 2.1346 0.3276 0.4284 8 16 2.7717 3.4437 0.5544 0.6893
2 12 1.6400 2.1575 0.3280 0.4321 8 18 2.7721 3.4506 0.5544 0.6904
2 14 1.6407 2.1682 0.3281 0.4339 10 | 12 2.9568 3.6819 0.5924 0.7427
2 16 1.6409 2.1730 0.3282 0.4347 10 | 14 2.9715 3.7378 0.5945 0.7502
2 18 1.6409 2.1749 0.3282 0.4350 10 | 16 2.9755 3.7648 0.5952 0.7541
4 2.0172 2.3844 0.4085 0.4929 10 | 18 2.9765 3.7761 0.5953 0.7557
4 8 2.0723 2.5036 0.4156 0.5073 12 | 14 3.1039 3.9791 0.6214 0.8005
4 10 2.0894 2.5682 0.4182 0.5163 12 | 16 3.1133 4.0218 0.6228 0.8063
4 12 2.0943 2.6005 0.4189 0.5212 12 | 18 3.1157 4.0403 0.6232 0.8090
4 14 2.0956 2.6157 0.4191 0.5236 14 | 16 3.2014 4.2165 0.6406 0.8468
4 16 2.0960 2.6226 0.4192 0.5247 14 | 18 3.2071 4.2463 0.6415 0.8509
4 18 2.0961 2.6254 0.4192 0.5251 16 | 18 3.2641 43970 0.6530 0.8822
6 8 2.4339 2.8858 0.4898 0.5889 18 | 19 3.2994 4.5100 0.6601 0.9055
6 10 2.4691 2.9779 0.4945 0.6004
6 12 2.4794 3.0258 0.4960 0.6071
6 14 2.4822 3.0490 0.4965 0.6106
6 16 2.4830 3.0596 0.4966 0.6122
6 18 2.4832 3.0639 0.4966 0.6129
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Fig. 3. Average system size over offered load (with or
without the overload control mechanism)
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Table 3. System size (L) with the overload control method
over L, and L, values (K=15 case)

2.07 2.5 10 | 12 | 2.96 3.66

10| 2.09 2.57 10 | 14 | 297 3.7

12| 2.09 2.6 12 | 14 3.1 3.92

L | L,| Erl-5 Exp L | L, | Erl-5 Exp
2| 4 1.5 1.84 6 8 2.43 2.88
216 1.6 2 6 10 2.47 2.97
218 1.63 2.09 6 12 2.48 3.02
2 110] 1.64 2.13 6 14 248 3.04
21 12] 1.64 2.15 8 10 2.74 3.31
2 114] 1.64 2.16 8 12 2.76 3.38
41 6| 202 2.38 8 14 | 277 3.41
4 1 8

4

4
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