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Abstract

Purpose: The study aims to develop a new Bayesian estimation approach, termed the E2-Bayesian method, for
estimating the traffic intensity parameter in the multi-server M/M / ¢/ queueing system. Given the crucial role of
accurate efficiency estimation in optimizing service systems, this research addresses the need for more reliable
inference under uncertainty.

Methodology: The M/M / ¢/ queueing model, characterized by ¢ setvers, exponential interatrival times with rate
parameter A, and exponential service times with rate parameter y, is considered. The traffic intensity parameter is
estimated using Bayesian, E-Bayesian, and the newly proposed E2-Bayesian methods under the general entropy loss
function. The performance of the proposed estimator is assessed through Monte Carlo simulation and validated using
a real dataset.

Findings: Simulation results and empirical analysis demonstrate that the proposed E2-Bayesian estimator
outperforms the traditional Bayesian and E-Bayesian estimators in terms of efficiency and accuracy. The estimator
that minimizes the mean waiting time of customers in the queue is identified as the optimal choice.
Originality/Value: This research introduces a novel E2-Bayesian estimation approach that enhances the precision
of parameter estimation in queueing models under uncertainty. The integration of the general entropy loss function
provides a flexible and robust framework, contributing to the advancement of Bayesian inference in stochastic

systems.

Keywords: E2-Bayesian estimation, General entropy loss function, M/M / ¢/o0 queueing model, Mean waiting
time.
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Table 1- Different estimates of p by different methods and forc=3.

P AV(,) AV,  AV(L) AVEL)

-25 0.2519 0.2818 0.2544 0.2581
-2 0.2512 0.2816 0.2548 0.2583
-1.5  0.2480 0.2715 0.2453 0.2488
-0.5 0.2285 0.2521 0.2271 0.2305
05 0.2173 0.2408 0.2173 0.2205
1.5 0.1968 0.2208 0.1985 0.2016
2 0.1995 0.2246 0.2024 0.2054
25 0.1962 0.2192 0.1979 0.2008
3 0.1952 0.2235 0.2022 0.2049
4 0.1763 0.1978 0.1780 0.1808

.c=4 &5‘5' Qsdl’iﬁu‘slbuﬁs)dg (Y] dk"u&sl.{bo)gi)g-" J,u\?-
Table 2- Different estimates of p by different methods and for c=4.

P AV(py) AV(Pw) AV(L) AV(DL,)

-25 0.2582 0.2659 0.2327 0.2419
-2 0.2575 0.2694 0.2406 0.2460
-1.5  0.2424 0.2529 0.2248 0.2301
-0.5 0.2286 0.2401 0.2127 0.2179
0.5 0.2206 0.2345 0.2079 0.2130
1.5 0.2182 0.2274 0.2021 0.2069
2 0.2150 0.2239 0.1992 0.2039
25 0.2082 0.2168 0.1917 0.1965
3 0.2029 0.2135 0.1894 0.1940

4 0.1993 0.2085 0.1851 0.1895
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Figure 1- W, diagram for different ¢ and different p .
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Table 3- Different estimates of p by different methods and for c¢=5.

P AV(py)  AV(Pw) AV, AV(.,)

-25 0.2464 0.2582 0.2278 0.2339
-2 0.2494 0.2571 0.2274 0.2332
-1.5 0.2421 0.2535 0.2242 0.2300
-0.5 0.2352 0.2438 0.2164 0.2219
0.5 0.2274 0.2229 0.2060 0.2114
15 0.2167 0.2249 0.1994 0.2045
2 0.2165 0.2251 0.1997 0.2047
25 0.2071 0.2182 0.1929 0.1979
3 0.2149 0.2231 0.1983 0.2032
4 0.1999 0.2072 0.1832 0.1879
pP=-3.5

TIP.EEB1=0.4279
TIP.EEB2=0.5987
TIP.B=0.6342
TIP.EB=0.7885
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Figure 2- W_ 's diagram for different cs and different estimates of p .
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Table 4- W, values under different p estimation methods and forc=3.
A A A1 ~2
P AV(ps) AV(pm) AV(p.,) AV(pL,)

-25 0.02189 0.02777 0.02004 0.2151
-2 0.02158 0.02772 -0.01988 0.02072
-1.5 0.02187 0.02482 0.01916 0.020198
-0.5 0.01549 0.02009 0.01484 0.01511
0.5 0.01752 0.01759 0.01306 0.01324
1.5 0.01051 0.01368 0.00991 0.01005
2 0.01109 0.01437 0.01019 0.01063
2.5 0.01039 0.01334 0.00971 0.00996
3 0.01102 0.01417 0.00958 0.01060
4 0.00767 0.00995 0.00713 0.00733
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Figure 3- W, diagram for different cs and different p estimates.
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Table 5- W, values under different p estimation methods and perc=4.
P AVG) AVGw) AVRL,) AVRL,)

-25 0.02153 0.02345 0.01592 0.01782
-2 0.02136 0.02436 0.01754 0.01871
-1.5  0.01792 0.02028 0.01441 0.01542
-0.5 0.01513 0.01744 0.01228 0.01317
0.5 0.01364 0.01435 0.01149 0.01233
1.5 0.01332 0.01402 0.01059 0.01113
2 0.01267 0.01424 0.01016 0.01065
25 0.01154 0.01298 0.00908 0.00976
3 0.01071 0.01241 0.00878 0.00941
4 0.01016 0.01151 0.00821 0.00879

c=2
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Figure 4- W, diagram for different ps and different p estimates.
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Figure 5- W, diagram for different ps and different p estimates.
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Table 6- W_ values under different p estimation methods and perc=5.

P AV(,) AV(m) AV(L) AV(L,)

-2.5 0.01879 0.02153 0.01497 0.01614
-2 0.01947 0.02129 0.01489 0.01603
-1.5 0.01786 0.02042 0.01429 0.01539
-0.5 0.01643 0.01823 0.01291 0.01388
0.5 0.01430 0.01597 0.01119 0.01206
1.5 0.01296 0.01443 0.01019 0.01096
2 0.01292 0.01447 0.01023 0.01098
25 0.01138 0.01322 0.00925 0.00996
3 0.01265 0.01409 0.01002 0.01076
4 0.01026 0.01138 0.00797 0.00858

<SSl Jlo oyl yiien ( HNgie (glodgy9 oy (Sloy Juolgd -V Jgiz
Table 7- Time intervals between consecutive customer arrivals, bank example.
239 214 140 09 057 098 208 1.65
258 117 1.01 198 158 169 215 265
234 064 336 120 273 135 139 152
048 141 326 019 238 1.30

Sl JUo o pridie gt (sloodds g o (Sloy Jeolsd -A Jgozr
Table 8- Time intervals between consecutive service of bank customers.
0.34 014 1.00 100 0.21 042 100 042
041 026 076 1 014 1 0.63 0.42
036 110 034 015 021 192 162 1.10
0.13 0.77 0.29 029 050 041

.c=4 LS‘)' Q9 SSb JL:A Lngo-b'é LS‘J'.' p alizo ‘sLbé”Tﬁ -4 J,J.?
Table 9- Different estimates of p for the bank example data and forc=4.

PPy Pen Py P

-25 01172 0.1206 0.1098 0.1165
-2 0.1164 0.1194 0.1129 0.1154
-1.5 01182 0.1236 0.1143 0.1149
-0.5 0.1148 0.1159 0.1121 0.1127
0.5 01138 0.1142 0.1099 0.1106
15 01168 0.1186 0.1079 0.1085
2 0.1106 0.1163 0.1069 0.1075
25 0.1065 0.1096 0.0987 0.1059
3 0.1074 0.1086 0.1049 0.1057
4 0.1067 0.1112 0.1031 0.1037
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Table 10- W, values for different p estimates and for c=4 for the bank example data.

P f)B f’EB FA);B f);zn

-25 0.00217 0.00236 0.00180 0.00214
-2 0.00213 0.00230 0.00195 0.00208
-1.5 0.00223 0.00254 0.00202 0.00205
-0.5 0.00205 0.00210 0.00191 0.00194
0.5 0.00200 0.00202 0.00180 0.00184
15 0.00215 0.00225 0.00171 0.00174
2 0.00184 0.00213 0.00166 0.00169
2.5 0.00164 0.00179 0.00132 0.00162
3 0.00168 0.00174 0.00157 0.00161
4 0.00165 0.00187 0.00149 0.00152
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