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Abstract

Monitoring the arrival rate, service rate, or system utilization of the queuing system can increase or
decrease service counters in a targeted manner, improve service efficiency, prevent system conges-
tion, and avoid resource waste. From the perspective of statistical process control, a general frame-
work for online monitoring of M/M/1 queuing systems is presented. Convert commonly used queue
length data into independent arrival count data. Constructing an adaptive EWMA control chart
(AEWMA") based on likelihood ratio test, calculating weight functions according to the estimated
drift, and improving the performance of the control chart. By introducing the Relative Mean Index
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(RMI) and Average Sample Size (ANOS) as evaluation criteria, the experimental results show that
compared with the comparative method, AEWMA" has a lower RMI value, indicating that the
AEWMA* control chart has faster abnormal response speed and comprehensive detection advantages
in different drift scenarios.
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Table 1. The CL value of the simulated AEWMA” control chart
< 1. 1 AEWMA ' ¥25IERY CL &

ANOS
Po
200 300 370 500 800 1000 2000
6=0.05
0.3 0.9430 1.1810 1.3160 1.5130 1.8090 1.9310 2.2383
0.5 0.5875 0.6260 0.6485 0.6832 0.7387 0.7650 0.8337
0.7 0.7182 0.7428 0.7606 0.7950 0.8510 0.8742 0.9540
6=0.1
0.3 1.3360 1.6280 1.7850 2.0065 2.2988 2.4164 2.7327
0.5 0.6600 0.7170 0.7465 0.7900 0.8553 0.8825 0.9586
0.7 0.6860 0.6920 0.6970 0.7085 0.7308 0.7461 0.7972
6=02
0.3 1.8250 2.2200 2.4345 2.7070 3.0280 3.1600 3.5523
0.5 0.7792 0.8557 0.8957 0.9496 1.0264 1.0590 1.1524
0.7 0.6785 0.6965 0.7068 0.7200 0.7469 0.7606 0.8054

B, =00, 73 p,=0.5F p, =0.7 BFAIEIL, BOKBIEAR 2 AR AR B AR A 3 3 R 58 H
K p RAMMER, H AEWMA 6B, EWMA #%6] KA AEWMA £ 6] & # ANOS F1 RMI.
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HEFIEASIE /& ISR , AEWMA # i| El 1) ANOS, {E#55:/N o 451 T, 24 p = 0.7935 i), AEWMA™ 5 AEWMA.
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M AEWMA #61 E f) RMI /o ISR R, AEWMA™ %] B 1 ISR AE AN . RIERT
Wit RSB T HoAbdsh 7k, LG R

Table 2. Comparison of ANOS; when 0, =0.7
2. Y p, =0.7 FF ANOS: BIEEER

EWMA-1 EWMA-2 EWMA-3 AEWMA AEWMA’
F il Fa il P Fa il & F il & Fa il P
. 9 =0.05 0.1 0.2
CL = 1.1687 1377 1.6527 1.2811 0.70675
0.7 370.09 370.05 370.01 370.13 369.82
0.7177 321.63 328.40 334.61 33147 301.204
0.7585 241.41 251.65 270.76 271.73 200.164
0.7935 194.65 208.69 226.28 231.60 150.139
0.85 145.32 158.61 180.02 180.49 100.5125
0.945 99.22 108.41 125.38 129.26 60.687
1.145 57.09 61.77 72.96 78.31 30.4265
22 22.37 20.77 21.77 24.64 10.2795
15 11.20 9.15 8.14 10.74 5.38
RMI 0.5983 0.6067 0.7321 0.8616 0.0000

4 p, = 0.5 1, AFEFEH EIF ANOS Al RMIEUNE 3 Fir. X p KRA/NEFEE, AEWMA™ 6] & 1)
ANOS, fHE /M. #lhn, 4 p=0.5263 Ff, AEWMA"5 AEWMA. EWMA-1. EWMA-2 fl EWMA-3 %]
BN ) ANOS, 731 288.06. 300.37. 286.53. 299.72 A1 310.49. It4h, 5 AEWMA ML,
AEWMA™ #Z | EAERT I L /NEEAS 7 TR VLT o BN, 4 p=0.7430 B, AEWMA™5 AEWMA F1il
] ANOS; 43738 93.47. 99.96. M RMI {Ek%E, AEWMA Lt AEWMA # | B I 3R E4F. N3 3
AT LU, EWMA 6l B R IZ 6 S50 2. JelE S50 8/, EWMA £l BT NEF R I
LT, S E OB, EWMA $2 ] B % KRS 2 BB AT o

Table 3. Comparison of ANOS: when p, =0.5
% 3. 34 p, =0.5 K ANOS: BIELH

EWMA-1 EWMA-2 EWMA-3 AEWMA AEWMA*
kil EatHls) it Il kil |
» 6 =0.05 0.1 0.2
CL = 1.003 12195 15195 1.9015 0.89565
0.5 369.88 369.89 370.10 369.65 370.05
0.5263 286.53 299.72 310.49 300.37 288.06
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o
0.5895 170.08 183.87 203.56 200.32 183.77
0.6470 117.90 128.36 147.05 150.16 134.91
0.7430 76.83 83.80 97.22 99.96 93.47
0.9350 4581 45.83 53.47 60.14 58.07
1.45 24.32 22.21 23.84 29.84 32.29
30 9.48 7.43 6.43 10.29 10.94
RMI 0.0814 0.0661 0.1476 0.2939 0.2672
5. &g

AR T —ANEIERE MM/ HEA R A M HIEN. EWMA 6 E(AEWMA"). B EBR LRSI St it
FAH EWMA HE &, (3B HuE gt B, MM S, i EWMA K% Rt 24
ARSI FEARRMDMIE B E R AL, &R FES &, ARSI S BEIRE, Y RGFH R
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TR SEAMAE T B M/M/s. M/G/1 ZHEBN R G R MR I M) 8. M/M/s HERA 2 40 i1 & 8 R 45 % 1) M/M/1
R4, M/G/1 HEBN RGERIAK T2 D /R B Ak . AEXHX AN RS, T LR 58 4 filiRE 7 RARYEHERA
WRBA R E(Z7 Chen A Zhou 2015 [9]), SR )5 FRAE AR SCI 75168 57 H & . EWMA 511l

E&WH
E X AR RS FIH (12271271).
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