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In this paper, we present a new way to derive the mean cycle time of the G/G/m failure prone queue when the loading
of the system approaches to zero. The loading is the relative ratio of the arrival rate to the service rate multiplied by the number
of servers. The system with low loading means the busy fraction of the system is low. The queueing system with low loading
can be found in the semiconductor manufacturing process. Cluster tools in semiconductor manufacturing need a setup whenever
the types of two successive lots are different. To setup a cluster tool, all wafers of preceding lot should be removed. Then,
the waiting time of the next lot is zero excluding the setup time. This kind of situation can be regarded as the system with
low loading. By employing absorbing Markov chain model and renewal theory, we propose a new way to derive the exact mean
cycle time. In addition, using the proposed method, we present the cycle times of other types of queueing systems. For a queueing
model with phase type service time distribution, we can obtain a two dimensional Markov chain model, which leads us to calculate
the exact cycle time. The results also can be applied to a queueing model with batch arrivals. Our results can be employed
to test the accuracy of existing or newly developed approximation methods. Furthermore, we provide intuitive interpretations
to the results regarding the expected waiting time. The intuitive interpretations can be used to understand logically the characteristics
of systems with low loading.
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<Figure 6> Exact and Approximated Cycle Time for the
G/M/1 and G/M/5 Failure Prone Queues

5.4 E

G/G/m 7|3 E To] A3 Be AFAE] Q)
Ak op A A A A ATl Fek FEE = Foke W
HE AAEA] ekdet, 287] wlZel, G/G/m th7] &=
S BAE mo] g A A S ALEsHA 9
. AR ES Alawlo] B3 -85k FHAQ A4
HE AFAN FALEE S ASshe A2 447 &
7] ol tFEe A9 AlEdeldol shte] AH
2 o]FoiZ wimulet g gE Ryy e PSS
o] &3 Skt

B =R es e wE U% oA AWugds 1
At B A 7] E Aj2wle] A A A Tlel| g
A st e w% A% sl 1 g 5
Aol yold HAY wf, F4 vFE AU} AJAY o]
25 o] g3slo] AA AT #ek AEE FE LS U
o} 9 WA mA o] A =&S JMA S vhau| ok B4
AW Al=Ee] Ago = 48" 4 Q) o]y s WY E
2 H¥E FAI o] e WwEUL JloA 9T
NE Al2Elo] AAA T ] Heto] F-83F HARE A F5}
I Qo FAHEES o|B2H o7 HAE = AlE
H R ) T3k B Ao Ht AA ATk 3
A& AAst 2o e F @A S AFst=H,
ol AlzEe] BEAS =EdoR oF sty & w0l
2 o=z A7
Acknowledgement

This paper has been supported by 2015 Handong Global
University Research Fund (Project number : 20150096). This
study was supported by 2015 Research Grant from Kangwon
National University.

References

[1] Avi-Itzhak, B., A Sequence of Service Stations with
Arbitrary Input and Regular Service Times, Manage-
ment Science, 1965, Vol. 11, No. 5, pp. 565-571.

[2] Avi-Itzhak, B. and Naor, P., Some Queueing Problems
with the Service Station Subject to Breakdown, Ope-
rations Research, 1963, Vol. 11, No. 3, pp. 303-320.

[3] Gaver, D.P., A Waiting Line with Interrupted Service,
including Priorities, Journal of the Royal Statistical
Society : Series B, 1962, Vol. 24, No. 1, pp. 73-90.

[4] Hopp, W.J. and Spearman, M.L., Factory Physics : Foun-
dations of Manufacturing Management, 2nd ed., Mc-
Graw-Hill, New York, 2001.

[5] Kim, C.-O. and Kang, K.-S., A Single Server Queue
Operating under N-Policy with a Renewal Break down
Process, Journal of the Society of Korea Industrial and
Systems Engineering, 1996, Vol. 19, No. 39, pp. 205-
218.

[6] Kim, W.K., Design and Evaluation of Double Ended
Queueing Model Extension by Simulation, Journal of
The Korean Institute of Plant Engineering, 2012, Vol.
17, No. 3, pp. 13-23.

[7] Kim, W.-S. and Morrison, J.R., On Cycle Time Ap-



10 Woo-Sung Kim - Dae—Eun Lim

proximations for the Failure Prone G/G/m Queue :
Theoretical Justification of a Practical Approximation,
Proceedings of the 2011 International Conference on
Control, Automation and System(ICCAS), 2011, pp.
1558-1563.

[8] Kim, W.-S. and Morrison, J.R., On Equilibrium Probabi-
lities for the Delays in Deterministic Flow Lines with
Random Arrivals, IEEE Transactions on Automation
Science and Engineering (IEEE), a special issue on
selected papers from IEEE CASE 2013, 2015, Vol. 12,
No. I, pp. 62-74.

[9] Kim, W.-S. and Morrison, J.R., The Throughput Rate
of Serial Production Lines with Deterministic Process
Times and Random Setups : Markovian Models and
Applications to Semiconductor Manufacturing, Compu-
ters and Operations Research, 2015, Vol. 53, No. 1,
pp. 288-300.

[10] Mitrany, I.L. and Avi-Itzhak, B., A Many-Server Queue
with Service Interruptions, Operations Research, 1968,

Vol. 16, No. 3, pp. 628-638.

[11] Morrison, J.R., Deterministic Flow Lines with Applica-
tions, IEEE Transactions on Automation Science and
Engineering, 2010, Vol. 7, No. 2, pp. 228-239.

[12] Morrison, J.R. and Martin, D.P., Practical Extensions
to Cycle Time Approximations for the G/G/m-queue
with Applications, IEEE Transactions on Automation
Science and Engineering, 2007, Vol. 4, No. 4, pp. 523-
532.

[13] White, H. and Christie, L., Queueing with Preemptive
Priorities or with Breakdown. Operations Research,
1958, Vol. 6, pp. 79-95.

[14] Whitt, W., Approximations for the GI/G/m Queue, Pro-
duction and Operations Management, 1993, Vol. 2, No.
2, pp. 114-161.

ORCID
Woo-Sung Kim | http://orcid.org/0000-0001-9444-2712

Dae-Eun Lim | http://orcid.org/0000-0002-6591-4968





