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Abstract

We consider an M/E, /1 queueing model where customers arrive at a facility with a single server according
to a Poisson process with customer service times assumed to be independent and identically distributed with
Erlang distribution. We concentrate on the overshoot of the workload process in the queue. The overshoot
means the excess over a threshold at the moment where the workload process exceeds the threshold. The
approximation of the distribution of the overshoot was proposed by Bae et al. (2011); however, but the
accuracy of the approximation was unsatisfactory. We derive an advanced approximation using the property
of the Erlang distribution. Finally the newly proposed approximation is compared with the results of the

previous study.
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Figure 3.1. The expected value of the overshoot depending on K
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Table 3.1. The coefficient of variation of the overshoot (simulated results)
S ~ Gamma(2,1/2) S ~ Gamma(3,1/3) S ~ Gamma(5,1/5)

P K=1 K=3 K=5 K=7 K=1 K=3 K=5 K=T7 K=1 K=3 K=5 K=T7
0.1 9396 9786 9786 .9795 8944 9595 .9623 .9610 8702 .9404 .9384 .9933
0.5 9306 9513 .9481 .9546 8913 9191 9181 .9185 .8523 .8746 .8825 .8761
0.9 9197 9396 .9364 .9389 8776  .8989 .8989 .8959 8424 8516 .8511 .8463
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Figure 3.2. An overshoot caused by the 1st subservice
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Table 4.1. The values of §, a, and b under the various values of p and distributions of S

S ~ Gamma(2,1/2) S ~ Gamma(3,1/3) S ~ Gamma(5,1/5)

p 0 a b 0 a b 0 a b
0.1 1.5000  2.4000 —1.9200 1.8936 1.8316 1.6773 2.3663 1.5526 1.2053
0.2 1.2597  2.5403 —1.8541 1.5419 1.9301 1.8626 1.8655 1.6288 1.3265
0.3 1.0610  2.6391 —1.7958 1.2733 1.9986 1.9972 1.5096 1.6815 1.4137
0.4 0.8835 2.7164 —1.7434 1.0447 2.0524 2.1062 1.2202 1.7228 1.4840
0.5 0.7192 2.7811 —1.6949 0.8405  2.0969  2.1985 0.9701 1.7569 1.5434
0.6  0.5642 2.8362 —1.6503 0.6529  2.1351 2.2792 0.7462 1.7861 1.5951
0.7 0.4161 2.8841 —1.6092 0.4775 2.1677 2.3495 0.5411 1.8119 1.6415
0.8 0.2734  2.9209 —1.5759 0.3113  2.2010  2.4223 0.3503 1.8338 1.6815
0.9 0.1349  2.9665 —1.5330 0.1527  2.2163  2.4559 0.1706 1.8576 1.7253

Table 4.2. The values of p and d under the various values of p and distributions of S

S ~ Gamma(2,1/2) S ~ Gamma(3,1/3) S ~ Gamma(5,1/5)
’ p d p d p d

0.1 0.8333 —0.6667 0.6523 —0.3190 0.4441 —0.1220
0.2 0.7873 —0.5746 0.6105 —0.2772 0.4140 —0.1070
0.3 0.7578 —0.5157 0.5839 —0.2505 0.3947 —0.0974
0.4 0.7363 —0.4726 0.5642 —0.2308 0.3805 —0.0902
0.5 0.7191 —0.4383 0.5487 —0.2153 0.3692 —0.0846
0.6 0.7052 —0.4103 0.5359 —0.2026 0.3599 —0.0799
0.7 0.6935 —0.3869 0.5253 —0.1920 0.3519 —0.0760
0.8 0.6847 —0.3694 0.5148 —0.1815 0.3453 —0.0727
0.9 0.6742 —0.3484 0.5102 —0.1768 0.3383 —0.0692

20 = p+ (i — 1)dol T B(R:) = ifol B2 9] 5 A2
2np +n(n —1)d = 2,
3Bn(n+1)p+2pn(n—1)(n+1)d = 6¢

Z £ F 9tk 283 o] YA AL pst doll Bste] Eof
4 6c
P=—= 70—
n  Bn(n+1)

= o (ﬁ(nzi s 1)

fu

Q.

4. %A 22}
B Aor= S7F S ~ Gamma(2,1/2), S ~ Gamma(3,1/3), S ~ Gamma(5,1/5)4 ] o8 p<2}
K =1,3,5,7°] tiate] =RollA AHek 2 m5ee] Bxdbsol tfdh ZAH] A(y) ek AEd 1S B3l
AL B2 244 A(y)E vimTozM Adst 2AH] A(y)e] AE=E it

2z 2 oy poll thste] A4 6, a, b, p, dE A4S A3E Table 4.12} Table 4.201 ]33] th.
AFE o) g3t A(y)E Ttk =3, SO 74 B2 9 279 p g3t K ghol Foi A%
AR A Bl AE AABo] LM% FEgsol e 244 AT 29k
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S~Gamma(2,1/2), tho=0.1, K=3 S~Gamma(2,1/2), rho=0.6, K=3
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Figure 4.1. The comparisons of A(y) and A(y)

S ~ Gamma(2,1/2) & S ~ Gamma(5,1/5)°]2 p = 0.1 =+ 0.60]2L
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Table 4.3. The maximum differences between A(y) and A(y)

S ~ Gamma(2,1/2) S ~ Gamma(3,1/3) S ~ Gamma(5,1/5)
K=1 K=3 K=5 K=17 K=1 K=3 K=5 K=7 K=1 K=3 K=5 K=17
0.1 .0596 .0082 .0016 .0071 .0608 .0083 .0117 .0105 .0181 .0321 .0285 .0319
0.2 .0468 .0042 .0040 .0153 .0443 .0086 .0073 .0204 .0077 .0205 .0197 .0210
0.3 .0403 .0048 .0030 .0063 0379 .0052 .0053 .0146 .0081 .0165 .0138 .0170
0.4 .0356 .0040 .0027 .0020 .0293 .0057 .0042 .0035 .0133 .0094 .0105 .0128
0.5 .0302 .0036 .0029 .0041 .0266 .0040 .0035 .0047 .0120 .0075 .0093 .0089
0.6 .0263 .0031 .0023 .0025 .0219 .0037 .0021 .0030 .0150 .0075 .0073 .0068
0.7 .0260 .0029 .0019 .0054 .0184 .0027 .0025 .0042 .0181 .0042 .0047 .0083
0.8 .0223 .0018 .0025 .0017 .0179 .0016 .0026 .0035 .0148 .0029 .0053 .0027
0.9 .0207 .0033 .0012 .0027 .0176 .0056 .0032 .0018 .0185 .0026 .0030 .0025

p

Table 4.4. The maximum differences between B(y) and A(y)

S ~ Gamma(2,1/2) S ~ Gamma(3,1/3) S ~ Gammal(5,1/5)
K=1 K=3 K=5 K=7 K=1 K=3 K=5 K=7 K=1 K=3 K=5 K=T7
0.1 .0406 .0143 .0114 .0106 .0214 .0102 .0063 .0127 .0869 .0126 .0124 .0347
0.2 .0352 .0112 .0103 .0061 0173 .0164 .0160 .0135 .0892  .0205 .0198 .0281
0.3 .0323 .0109 .0114 .0100 .0180 .0169 .0199 .0182 .0872 .0265 .0262 .0280
0.4 .0288 .0154 .0124 .0152 .0195 .0230 .0232 .0231 .0856 .0317 .0330 .0321
0.5 .0270 .0154 .0165 .0171 0213 .0234 .0284 .0255 .0850 .0345 .0372 .0364
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ZZ %33 Z o] Figure 4.20|t}.
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Frol AThA] 2 e ohde Fald 4 grk
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