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Fig. 8. Autocorrelation of the MAP defined in (24) and (25).
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Fig. 9. Probability that in(0, t] the queue size is below 10 for initial queue
sizes: 9, 5 and 0, counting from the bottom. The MAP defined in (24) and
(25), ρ = 0.75, i = 1.

while for ρ = 0.99:

r0,1(1) = 0.2203.

The difference between these two numbers is to be compared
to the difference between (20) and (21).

A similar behaviour we can observe fori = 2. Namely, for
ρ = 0.75 we have:

r0,2(1) = 0.8660,

while for ρ = 0.99:

r0,1(1) = 0.2200.

A detailed comparison of the level-crossing probabilities for
ρ = 0.75 and 0.99 and the stationary distribution ofJ(0) is
given in Table III, while in Tab. IV the dependence ofr∗0(1)
on the system load is presented.

t r∗0(t) for ρ = 0.75 r∗0(t) for ρ = 0.99
0.1 0.99477500 0.9656587
0.2 0.98078737 0.8475935
0.3 0.96576422 0.7214380
0.4 0.95085467 0.6098449
0.5 0.93616447 0.5147387
0.6 0.92170020 0.4343094
0.7 0.90745933 0.3664187
0.8 0.89343847 0.3091352
0.9 0.87963424 0.2608060
1.0 0.86604330 0.2200322
1.1 0.85266235 0.1856328
1.2 0.83948814 0.1566114
1.3 0.82651748 0.1321271
1.4 0.81374723 0.1114706
1.5 0.80117429 0.0940435
1.6 0.78879561 0.0793410
1.7 0.77660818 0.0669370
1.8 0.76460906 0.0564722
1.9 0.75279534 0.0476434
2.0 0.74116414 0.0401950
2.1 0.72971266 0.0339110
2.2 0.71843811 0.0286094
2.3 0.70733776 0.0241366
2.4 0.69640891 0.0203632
2.5 0.68564892 0.0171796
2.6 0.67505519 0.0144938
2.7 0.66462513 0.0122279
2.8 0.65435622 0.0103162
2.9 0.64424598 0.0087034
3.0 0.63429194 0.0073427
3.1 0.62449171 0.0061947
3.2 0.61484289 0.0052263
3.3 0.60534315 0.0044092
3.4 0.59599019 0.0037199
3.5 0.58678174 0.0031383
3.6 0.57771557 0.0026477
3.7 0.56878948 0.0022337
3.8 0.56000130 0.0018845
3.9 0.55134890 0.0015899
4.0 0.54283019 0.0013413
4.1 0.53444309 0.0011316
4.2 0.52618559 0.0009547
4.3 0.51805567 0.0008054
4.4 0.51005136 0.0006795
4.5 0.50217072 0.0005733
4.6 0.49441184 0.0004836
4.7 0.48677285 0.0004080
4.8 0.47925188 0.0003442
4.9 0.47184712 0.0002904
5.0 0.46455676 0.0002450

TABLE III

PROBABILITIES r∗0(t) FOR ρ = 0.75 AND 0.99 IN EXAMPLE 2.
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Fig. 10. Probability that in(0, t] the queue size is below 10 for initial queue
sizes: 9, 5 and 0, counting from the bottom. The MAP defined in (24) and
(25), ρ = 0.90, i = 1.
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Fig. 11. Probability that in(0, t] the queue size is below 10 for initial queue
sizes: 9, 5 and 0, counting from the bottom. The MAP defined in (24) and
(25), ρ = 0.99, i = 1.

V. CONCLUSIONS

In this paper a study on the level-crossing probability in
a queue with a complex arrival process is presented. It was
motivated by packet buffering processes in Internet routers,
but the general service time distribution and flexible arrival
process make the results applicable in other areas as well.

The main result is a formula for the level-crossing probabil-
ity (Theorem 1) presented by means of the Laplace transform
and generating functions.

In addition to analytical results, two numerical examples
based on two different MAP parameterizations are presented.
These examples reveal a surprising behaviour of the level-
crossing probability. Namely, it may sometimes depend very
little on the system load. This effect is supposed to be con-
nected with the autocorrelated structure of the arrival process
and may have some important practical consequences. For
instance, it is well known that IP traffic is often strongly
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Fig. 12. Probability that in(0, t] the queue size is below 10 forρ = 0.99,
0.95, 0.95 and 0.75, counting form the bottom. The MAP defined in (24)
and (25),n = 0, i = 1.

ρ r∗0(1)
0.30 0.9999968
0.35 0.9999802
0.40 0.9999022
0.45 0.9995964
0.50 0.9985695
0.55 0.9955519
0.60 0.9877046
0.65 0.9695794
0.70 0.9325183
0.75 0.8660433
0.80 0.7627381
0.85 0.6252880
0.90 0.4698837
0.95 0.3206925
1.00 0.1983160

TABLE IV

PROBABILITIES r∗0(1) FOR DIFFERENT VALUES OFρ IN EXAMPLE 2.

autocorrelated. Therefore, the level-crossing probability in an
Internet router may depend very little on the router’s load, or,
equivalently, on the packet transmission time (link speed).
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