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Analysis of M/M/1/N working vacation queuing system with setup times
and repairable service station
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Abstract: The paper analyzes the M/M/1/N single working vacation queueing system with setup time and server
breakdowns. In this system, the server works at a lower service rate instead of stoping working completely during the
vacation period. It is assumed that the server is subject to breakdown. The server stops services for customers and is
repaired immediately when a breakdown occurs. Both the breakdown time and the repair time for the server follow
exponential distributions, and they have different values in the working vacation period and regular busy period
respectively. Meanwhile, the setup time from shut down period to regular busy period follows exponential distribution
too. We establish the finite quasi birth and death (QBD) process of the system. Matrix-geometric approach is utilized to
develop the interdependent rate matrix of the QBD, which helps to get the steady state probability vector. The
fundamental matrix and covariance matrix of the system are obtained through the infinitesimal generator of the finite
QBD and the steady state probability vector. With the fundamental matrix and covariance matrix, the steady state
performances of the system, such as the output variance, availability, throughput, the queue length and fault frequency of
the system, are obtained. Numerical analysis shows the effectiveness and feasibility of the proposed approach.
Meanwhile, sensitivity analysis studies the influence of the parameters on the performances of the system, which
provides a good theoretical basis for the practical application of the proposed model.

Keywords: repairable service station; finite capacity; working breakdown; quasi birth and death process;

matrix-geometric approach; performance analysis
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t 38 (4) 1T 75, AR A s =
Pt = P(0.1,1) = A+sP(1 1) = [0.8250 —1.1250 0.0500 0 0
del — y - /\ ] -
Ats —0.3375 0.8875 —0.40000 0.0250 0
P 0 0 55625 —1.0625 0 |,
4 Hlantr kLR 0 0 42500 2.2500 0
1 BHIEIiTRE
41 BHISHEEE 0 0 —4.2500 0.2500 2.0000]
WHEMX A= N = 5P TR & 48,
KINFER ., TAERER IS5 Bainmsssm B2 =
A =2.0=02%s = 2. HLEMAEEBT MR TIE 14062 —2.1313 02750 —0.0125 0
PR A ) AR 25 3 2R | 2 RAIF TR FMIE 2L s ] 78 3% 1+ %71 —0.6394 1.3469 —1.2137 0.1500 0
. 51 EESNE 0 0 14.6406 —3.5156 0 |,
X = X
—14.0625 5.562
MRSEE  EHE fEEERE 0 0 0625 55625 0
pEo— S ——— 0 0  —14.0625 1.5625 4.0000
7 b — b — . b — - -
TIERES e =1  aw=03 Bu=1 Ry —
N %W sk 15 N N N N B T
AR 1 ) 2L ARG HEFR Gy DL CL AL C —0.0629 —0.6280 0.1559 0.0195 —0.0001
HTPEER,(i=1,2,...,5) 7%
& ?ﬂi (@ 5) S i ~0.1658 —0.5837 —0.8213 —0.1027 —0.0806
-3 1 0 0 0
2.8944 13.8043 10.1751 12719 1.1355

0.3833 —2.6667 0.2 0 0.0833
0.3333 3.3333 —6.5 0.5 0.3333],
0 0 2 -4 0
0 0 2 0 -4

—2.7802 —13.2592 —9.7733 —1.2217 —1.0907
| —2.7802 —13.2592 —9.7733 —1.2217 —1.0907
MRS 2.2 R AL T i, T LA AR ST R
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RN
7 = (0.0122,0.0681,0.031 5,0.003 9, 0.004 0,
0.0146,0.064 3,0.043 8,0.007 4, 0.002 0,
0.0171,0.074 3,0.0475,0.009 7,0.001 0,
0.0229,0.114 3,0.046 2,0.010 6, 0.000 5,
0.114 3,0.228 5,0.040 1,0.020 6,0.000 5).

WRiEEHIRBRARESTHEMT ER
Avai = 0.7586,V = 0.3509.

B RGBT T = 2000445, Avai - T =
1517 24 [0, 7] IF 18] 9 il 55 6 IR 55 B4 Dot %% 1) <1~ 343 A
B.HV - T = 701.8 ] FIFRMEZEH 26.49. H & #E
2 0[5 RGAE [0, T B 18] P AR 55 i 2% B0 ) BAE FE N
95 % [ X [ At it (Avai - T — 1.96V/V - T, Avai - T +
1.96VV - T) = (1465,1569).

HHERAS ) &, o] oF 5 R G HoA 1 A

TP =1.3861, L = 3.6308,
BF = 0.0804, P,gic = 0.0081.
4.2 HURMSH

NT R RGBS HT KRG MERERI R i, il it
Matlab R2016a ¥ {7 & 1T KRG S LB I £ 5 5L
5. e AN EARAL I B AR 1 A BEA, TR
Gef XA BN KA, H T E AN = 10. L5045
R .

PEE (ns o)~ (), Bp)~ (s Buo) EL THE VS
Avai. BF K& Pgq FIEHESE AR 2 s, ol LG H,
V B () B IS KT HG K, B By(B.) 38 KT
PN TR v () IS KA S0 18 JS IR 35 Avai
BEE f0(th)~ () FIXE KT /N, BEZE By (B.) B3
KRR BEBEA au(ovy, ) IHE KT8 K, B Bo(Buw)
FRYBE K TN Praer BEA oy (ov, ) BIEE KT 60N, BE A
o (taw)~ Bo(Bu) FIBE R THE K. 575 4, R R0 [ i ] T
N R G ARE, N RS A T R IR 28,
BB (8] 7] DL FEAK 2R 42 07 22 A 3R G i WA FE, 14
ARG AT H B, R AT 4 i RS0 55 0. iX— M
S BATN SR L0 AH [F), BIARSS & 10 3 TR 2
By BRR, T 35 R R TR A B 1 s 1/ vy, 1R
AN ARR R ZE I OR, RO IR 55 & Ak T i RoIR 2 1 i 2
78 7, IR 25 RN B AR, Ak T TR R 26 B A T IR 25 &
HEE R IS HL By B UK, T P18 BRI [A] <
1/Bp~ 1/ By 71N, RIAR 55 & 842 2 I HLAR 1S 0, R 5%
G 40 T W RAS B ME 2 B AR, IR 55 & AR 1 v, Ab
T2 PR PR AR 2 184 . 17T 2R 9 R 5% 3k 23 0 ) T 4 K
RGTT 2,080 RGeSl .

®2 RGESHUMRGIEEENTN

1% Avai BF Pigel

0.5 0.4167 0.767 3 0.0843 0.0063
1.5 0.6261 0.6390 0.4208 0.0042
ay 2.5 0.7400 0.5116 1.0947 0.002 4
3.5 0.6322 0.4078 1.9977 0.0012
45 0.4577 0.3288 2.9406 0.0006

0.3 0.4167 0.7673 0.0843 0.006 3
2.3 0.5110 0.428 8 1.2320 0.0015
Qg 4.3 0.5848 0.2982 2.8738 0.0007
6.3 0.5908 0.2310 4.6734 0.0003

8.3 0.5691 0.1877 6.5450 0.0002

0.5 0.7024 0.5950 0.1814 0.004 1

1 0.4637 0.7470 0.096 1 0.0060

By 1.5 0.3907 0.7793 0.0773 0.006 5
2 0.3648 0.7927 0.0694 0.0067

2.5 0.3527 0.8000 0.065 1 0.0069

0.5 0.483 1 0.6710 0.1119 0.0051

1 0.4167 0.767 3 0.0843 0.006 3

Bw 1.5 0.3475 0.8068 0.0728 0.0069
2 0.3033 0.8284 0.066 5 0.007 3

2.5 0.2753 0.8421 0.0625 0.007 6

0.2814 0.7937 0.0970 0.0012

2
4 0.4167 0.7673 0.0843 0.0063
6
8

b 0.4547 0.7582 0.0800 0.008 1
0.4714 0.7543 0.078 1 0.008 8

10 0.4808 0.7521 0.0770 0.0092

0.4167 0.7673 0.0843 0.006 3

0.4231 0.726 8 0.0882 0.0227

Hw 0.4321 0.668 7 0.097 6 0.0478

0.4523 0.6242 0.1059 0.0673

N L

0.4880 0.5920 0.1121 0.0815

B X AR N, &S E N RS F % TP
() 52 175 Ol a0 B 3 B, T LU BE S N 1602
B4R, TP (4B Je 2 3B 3 i 34, X N 35 K B — & fE
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N 3K, TP B SRR R e/ MA, 2 J5 B N (1
4K, TP IR P AN R A2 A8 4K, £l 1] 3(a) AT 3(b) AT LA
E th, TPBEF ap, F auy, FIE KT, BRI g BR vy,
B IR AR A AE B 3(c) M 3(d) Y, TP B S, A
B BIHE RT3 K, B, B B, 8L By, B 56 Bl ik )
B 5 HH P 3(e) AT 3(F) 7T LU HAL B A 6 B s 13K,
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