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Abstract: There are several multi-server failure models in the literature. However, no systematic
comparisons between models are available. This research tries to compare three types of multi-server
failure models by categorizing if there are common failure and repair cycles and if repairman is
allowed for vacation. Machine interference problems may arise when no common failure and repair
cycles are allowed. We study the aggravated effect of machine interference problems that may arise if

repairman is allowed for vacation. We derive and extend necessary mathematic models for our
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comparative study. Through numeric studies our models provide decision makers quantitative
information about the vacation effect. Finally, we state how the optimal policy may be obtained from

the viewpoint of operations management.
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(3)

g‘)_,l'.j 1 = Jfé‘v" ‘l S :" S C.,
Q. =ymin(r.c—j),0< j<c—1, o)

(3)

Q,,=—j¢{—ymin(r.c—j),0= j<c
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G:G1®G2®"'@Gr,

A:AI@AZ @"‘@Ar.
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=(6,6) F'ATH (6+1D)* (2" -(6+1)) =847 JEHT NP R R Fs o A 1Y
(PR SUSE A e 4 PSRN PSR 2% PSS SR e 2 S P aint 1
GRS A IR A ARG R TR
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# 1 REfSE Ml?e%'F 1A Iﬁ%ﬁﬁ TSRS
c T p O L F \Y
2 2 0.7143 0.7000 5.3041 0.7000 1.0000
3 2 0.5753 0.8692 3.4628 0.8692 1.0000
3 3 0.4449 1.1240 1.7322 1.1240 1.5000
4 2 0.5256 0.9514 3.1638 0.9514 1.0000
4 3 0.3820 1.3089 1.5288 1.3089 1.5000
4 4 0.3205 1.5602 1.0607 1.5602 2.0000
5 2 0.5079 0.9845 3.1007 0.9845 1.0000
5 3 0.3536 1.4139 1.4710 1.4139 1.5000
5 4 0.2849 1.7549 0.9975 1.7549 2.0000
5 5 0.2495 2.0042 0.7995 2.0042 2.5000
6 2 0.5022 0.9957 3.0877 0.9957 1.0000
6 3 0.3412 1.4656 1.4537 1.4656 1.5000
6 4 0.2665 1.8760 0.9742 1.8760 2.0000
6 5 0.2267 2.2057 0.7720 2.2057 2.5000
6 6 0.2038 2.4537 0.6724 2.4537 3
Note: Whenr=1 > L approaches infinite for all settings of ¢
Fo2 SEFSEIRSEIAC S e 4
c r p E[CC] E[W(C] E[FC] E[VC] E[TC]
2 2 0.7143 54.0000 212.1640 14.0000 20.0000 260.1640
3 2 0.5753 57.3840 138.5120 17.3840 20.0000 193.2800
3 3 0.4449 82.4800 69.2880 22.4800 30.0000 144.2480
4 2 0.5256 59.0280 126.5520 19.0280 20.0000 184.6080
4 3 0.3820 86.1780 61.1520 26.1780 30.0000 143.5080
4 4 0.3205 111.2040 42.4280 31.2040 40.0000 144.8360
5 2 0.5079 59.6900 124.0280 19.6900 20.0000 183.4080
5 3 0.3536 88.2780 58.8400 28.2780 30.0000 145.3960
5 4 0.2849 115.0980 39.9000 35.0980 40.0000 150.0960
5 5 0.2495 140.0840 31.9800 40.0840 50.0000 162.1480
6 2 0.5022 59.9140 123.5080 19.9140 20.0000 183.3360
6 3 0.3412 89.3120 58.1480 29.3120 30.0000 146.7720
6 4 0.2665 117.5200 38.9680 37.5200 40.0000 154.0080
6 5 0.2267 144.1140 30.8800 44.1140 50.0000 169.1080
6 6 0.2038 169.0740 26.8960 49.0740 60.0000 185.0440
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£ B1 T B

E[W]
e i FAE%
2=0.5 3.4032 3.4089 -0.17%
A=l 5.6998 5.7422 -0.74%
A=1.2 8.9786 8.9514 0.30%

31 1. (c, 1)=(3, 2) ; 2. Simulation with ARENA for 10 replications (@100,000 time units)

# B.2 ZHAH BT (Neuts 1BL2°) BREFi@pul (3R&(5EH)

E[W]

s 3 Fr%
A=0.5 2.0451 2.0462 -0.05%
A=1 4.2917 4.3419 -1.16%
A=1.2 8.1868 8.1811 0.07%

31 1. (¢, 1)=(3, 2) ; 2. Simulation with ARENA for 10 replications (@100,000 time units)

# B3 ZHA BRI (Wang & Su f81=%) BPEFEsf@pulsqR GESEIB-MN)

E[W]

B B FrE%
A=0.5 6.9253 6.9247 0.01%
2=0.6 9.5585 9.4435 1.22%
A=0.7 15.2939 15.1320 1.07%

31 1. (¢, 1)=(3, 2) ; 2. Simulation with ARENA for 10 replications (@100,000 time units)
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Bt C : EIE 4 555H
[NEE G £ CTMC > B71 G =0 » fl1(5)

by =da,
b7+ b, (2a) = d(a +(r=1)p),
4(r=1)B+4(3ar) = 4,2 + (= 2) 3).
: (C.1)
¢_BB)+¢_ (r-Da=¢_(r-2)a+2p),
g2 +dra=g¢_((r—1)a+p)
¢ P=dra.

FH(C. BRIy
angﬁr =ﬁi[r—fﬁ,

=0

PR AT A aAS BV o P A+ = r RSN 5 -

ZERK

Haque, L. and Armstrong, M. J., “A Survey of the Machine Interference Problem,” European
Journal of Operational Research, Vol. 179, 2007, pp. 469-482.

Kao, E. P. C. and Narayanan, K. S., “Analyses of an M/M/N Queue with Servers’ Vacations,”
European Journal of Operational Research, Vol. 54, No. 2, 1991, pp. 256-266.

Kelton, W. D., Sadowski, R. F., and Sturrock, D. T., Simulation with ARENA, McGraw Hill, Singapore,
2003.

Levy, Y. and Yechiali, U., “An M/M/s ueue with Server’s Vacations,” INFOR, Vol. 14, No. 2, 1976, pp.
153-163.

Medhi, J., Stochastic Models in Queuing Theory, Academic Press, New York, 1991.

Neuts, M. F. and Lucantoni, D. M., “A Markovian Queue with N Servers Subject to Breakdowns and
Repairs,” Management Science, Vol. 25, No. 9, 1979, pp. 849-861.

Neuts, M. F., Matrix-Geometric Solutions in Stochastic Models: An Algorithmic Approach, Reprinted
Edition, Dover Publications, Inc., New York, 1994.

Patchong, A., Lemoine, T., and Kern, G., “Improving Car Body Production at PSA Peugeot Citroén,”



372 W

Interfaces, Vol. 33, No. 1, 2003, pp. 36-49.

Vinod, B., “Exponential Queue with Server Vacations,” Journal of the Operational Research Society,
Vol. 37, No. 10, 1986, pp. 1007-1014.

Wang, F. F. and Su, C. T., “Supply System Design under Uncertainty Constraint by Using Markov
Modulated Poisson Process Modeling,” Journal of the Chinese Institute of Industrial Engineers, Vol.
23, No. 1, 2006, pp. 20-33.

Yang, T., Lee, R. S., Chen, M. C., and Chen, P., “Queueing Network Model for a Single-Operator
Machine Interference Problem with External Operations,” European Journal of Operational
Research, Vol. 167, No. 1, 2005, pp. 163-178.

Zhang, Z. G. and Tian, N., “An Analysis of Queueing Systems with Multi-task Servers,” European
Journal of Operational Research, Vol. 156, 2004, pp. 375-389.





