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reliability and basic properties used in the analysis of
reliability. Lam [42] calculated the rate of occurrence of
failures for continuous-time Markov chains with application
to a two-component parallel system.

Abstract— Reliability analysis of k-out-of-n: G system have
seen a tremendous growth in the last few decades. This paper
presents an overview of the research on reliability studies
of k-out-of-n: G systems. Methods for reliability evaluation,
lifetime distributions of failure rate of components and systems
with different types of components are presented.

1. Reliability of k-out-of-n system

Index Terms — reliability, k-out-of-n: G systems, availability,
MTTF

She and Pecht [65] studied reliability of a k-out-of-n: warm
standby system. Joseph and Manoharan [28] had given an
explicit solution of a Markovian k-out-of-n system. In that
paper the transient probabilities and steady state probabilities
are obtained using Markov model formulation and Matrix
method. Jinsheng Huang studied a generalized multi-state
k-out-of-n:G Systems. Huamin Liu [25] had given his
discoveries on the reliability of a load sharing k-out-of-n: G
system: Non i.i.d. components with arbitrary distributions.
Kuo and Zuo [38,39] presented a comprehensive review of
research work on repairable k-out-of-n system models with
independent and identical components. The optimal design of
k-out-of-n:G
subsystems
subjected
to
imperfect
fault-Coverage have given by Suprasad V. Amari[72]. Xiahu
Li et al [78] derived the reliability of a repairable k-out-of-n
system with some components being suspended when the
system is down. Srinivas R. Chakravarthy [70] had given his
research on the influence of delivery times on repairable
k-out-of-N systems with spares.

I. INTRODUCTION
The k-out-of-n system structure is a very popular type of
redundancy in fault tolerant systems with wide applications
both in industrial and military systems. Fault-tolerant systems
include the multi display system in a cockpit, the multiengine
system in an airplane and the multi pump system in a
hydraulic control system. In a data processing system with
five video displays, a minimum of three displays operable
may be sufficient for full data display. In this case, the display
subsystem behaves as a 3-out-of-5: G system. Systems with
spares may also be represented by the k-out-of-n system
model. In k-out-of-n systems, system consists of n
components, in which k of the n components must be good for
the system to operate (k<n). A bridge with n cables, where a
minimum of k cables are necessary to support the bridge is an
example of k-out-of-n system. In k-out-of-n system, when an
operating component fails, a standby component gets
replaced automatically. The special case k=n corresponds to
the series system while k=1 corresponds to the parallel
system. A system of n components works (or is “good”) if and
only if at least k of the “n” components work (or are “good”)
is called a k-out-of-n: G system.
The analysis of reliability models have been a subject of
interest for the last few decades. Rau [27] in his book has
made a fine analysis on the basics of reliability. He derived
the reliability of many systems has given the results for
reliability of standby systems, (m,n) systems with repair,
systems with spares, reliability allocation, repair as renewal
process, Markov techniques etc. For a repairable k-out-of-n
system, it fails only if the total number of failed components at
any instant of time reaches n-k+1. Assume that all of the
system’s components are working at time zero. Thus, the
system is in the up state at time zero. As components fail,
repair work is performed on the failed components. If the
number of failed components in the failed state reaches the
state n-k+1, the system makes a transition from the up state to
the down state. When the system is down, repair work
continues on the failed components and the system will return
to the up state as soon as the number of failed components
becomes lower than n-k+1. It is obvious that the behavior of
the system constitutes a delayed alternating renewal process.
Ramakumar [59] in his book, “Engineering reliability:
Fundamentals and Applications” has given the basics of

2. Reliability and cost analysis of k-out-of-n system
Cost effectiveness is a measure of the combined effects of
system cost and system effectiveness. Some work has been
done on the optimal operating policy for a queuing system
with linear cost structure. So many authors have solved
queuing problems with additional service facility. The
queuing system with additional service channel was studied
by Philips [54], Murari [47], Bindhi Singh [6] and Arulmozhi
[4]. Cost
analysis of two unit system is done by
Parthasarathy [50]. The cost models applied to reliability
have been considered by Goel et al [19]. The cost analysis of a
two-unit repairable system subject to online preventive
maintenance and/or repair is discussed by Gopalan et al [20].
M/M/R machine repair problem with warm standbys under
steady state conditions is studied by Wang [76]. A profit
model in order to determine the optimal value of number of
spares and the number of repairmen simultaneously have been
developed by them. K-out-of-n:G system with cost
considerations is studied by Ronold [61]. The economic
analysis of (M, N) reliability model with threshold value was
analyzed by Arulmozhi [3]. As proposed by this model, if the
number of failed lines exceed some number say M where M <
(n-k+1), the automated additional sensor comes online and
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additional service facility is introduced. This will maintain the
required minimum lines.
3. Consecutive k-out-of-n system
A consecutive- k-out-of-n: F system (C(k,n:F) system)
consists of a sequence of ordered components along a line or a
circle such that the system is failed if and only if at least k
consecutive components in the system are failed. It has been
first introduced by Kontoleon [32]. Antonopoulou et al [2]
derived a fast recursive algorithm to evaluate the reliability of
a circular consecutive-k-out-of-n: F system. Kuo et al [39]
had studied the relation between consecutive-k-out-of-n: G
system and consecutive -k-out-of-n: F system and presented
in his paper “A consecutive- k-out-of-n: G system: The mirror
image of consecutive-k-out-of-n: F system”. To improve the
availability of the system, Zhang et al [85] introduced the
concept of key components and adopted a more reasonable
queuing discipline for repair, which assigns a higher priority
to key components. They analyzed a repairable circular
consecutive-2-out-of-n system with priority in repair. Also,
the exact reliability formula for consecutive-k-out-of-n
repairable system is derived by Liang et al [79]. However, in
all these research works, the authors considered only the
system with one repairman. Recently, Yueqin Wu and
Jiancheng Guan [83] analyzed repairable linear or circular
systems with r repairmen and provided a general formula to
calculate M-i, the number of different cases when the system is
in state-i. The state –i indicates that the system is working
with i failed components in total.
4. k-out-of-n system with fault coverage
In all studies on k-out-of-n systems, the reliability and
availability analysis is based on the failure rate and repair rate
of the system. But the failure of a component may be covered
or uncovered. In practical the failures of the system may not
be covered always because of the non availability of
repairmen in repair facility. Shakil Akhtar [64] studied
reliability of k-out-of-n system with imperfect fault coverage.
In his paper both possibilities of a k-out-of-n model with
sensor in which all the failure can be repaired and another
model in which the failures can lead to an absorbing state in
which there is no transmission is possible to a functional state
is discussed. Krishnamoorthy et al [33,34,35] studied
k-out-of- n:G systems with various repair various repair
policies. Hoanpham [24] has presented a handbook on
reliability engineering. Optimal design of k-out-of-n: G
subsystems subjected to imperfect fault coverage is given by
Suprasad Amari [72]. Yamamoto et al [23] given some
recursive formulas for the reliability of multi state
consecutive-k-out-of-n: G systems. Transient analysis
reliability with and without repair for k-out-of-n: G systems
with two failure modes is done by Moustafa [45].

by so many authors (Prakash [52], Nakagawa and Osaki [48],
Keceiogulu and Jian [30], Mustafa [1], Chow [10]. The mean
residual life functions of parallel and k-out-of-n:G system
with non-identical components is studied by Selma Gurlur
[62]. Various systems and their reliability parameters are
given explicitly in the book of Srinath [69]. Reliability of
some redundant systems with repair is given by Chow [11].
The reliability of incomplete k-out-of-n:G systems is analyzed
by Behr [5] and formulas for computing the reliability is given
by the author. Kullstam [37] have given availability, MTBF
and MTTR of repairable m -out-of-n system. Xiaohu Li et al
[78] analyzed the reliability of a repairable k-out-of-n system
with some components being suspended when the system is
down. Recently, Zhang et al [84] studied the general
availability and reliability of k-out-of-(M+N): G warm
standby system. In this, the system is composed of two types
of components Type-I and Type-II. Components of Type-I
have lower failure rate and are preferably repaired. Several
repair facilities are considered. Khatab et al [31] have studied
the availability of k-out-of-n: G systems with non-identical
components subject to repair priorities. In this paper, a
k-out-of-n: G system with N categories of components is
studied. Each component category is characterized by its own
failure and repair rates.
6. Conclusion
In this review article we have discussed k-out-of-n systems
with various cases. There are many real time applications for
k-out-of-n systems. For example, a four-engine aircraft needs
only two engines to perform critical function; the operating
and standby engine may fail in different modes with different
rates. Communication systems with three transmitters having
different types of failures; the average message load may be
such that at least two transmitters must be operational at all
times otherwise critical message will be lost. Here we have
discussed only some works on k-out-of-n systems. These can
be further extended for models with unreliable repairman and
optimal number of standby machines or repairmen.

REFERENCES
[1]

[2]

[3]

[4]

[5]

5. k-out-of-n system with different types of components
[6]

Habib et al [22] presented a newly developed model;
consecutive-(r,s)-out-of-(m,n):F lattice system.The reliability
of systems with imperfect sensing and switching was studied

[7]

22

Alidrisi Mustafa, M. “The Reliability of a dynamic warm standby
redundant system of n-components with imperfect switching”,
Micro electron Reliability, Vol. 32, No.6, pp.851-859, 1992.
Antonopoulou, I and Papastavridis, S. “Fast recursive algorithm
to evaluate the reliability of a circular consecutive-k-out-of-n: F
system”, IEEE Transaction on Reliability, Vol. 36, pp. 83–84,
1987.
Arulmozhi, G. “Direct method for reliability computation of
k-out-of-n: G systems”, Applied Mathematics and Computation,
pp.421-429, 2003.
Arulmozhi, G. “Economic Analysis of (M, N) Reliability Model
with threshold value”, Proceedings of the International
Conference on Stochastic models, Optimization Techniques and
Computer Applications, Wiley Eastern Limited, pp. 178-191,
1994.
Behr, A. and Camarinopoulos, L. “Two formulas for computing
the reliability of incomplete k-out-of-n: G systems”, IEEE
Transactions on Reliability, Vol. 46, No.3, pp. 421-429, 1997.
Bindhi Singh, K. “Cost analysis of a queuing system with two
server facilities”, Journal of Operations Research, Vol. 22, pp.
67-76, 1988.
Chao, M.T. and Lin, G. D. “Economical design of large
consecutive k-out-of-n: F system”, IEEE Transaction on
Reliability, R-33 (1), pp. 411-413, 1984.

www.ijeas.org

International Journal of Engineering and Applied Sciences (IJEAS)
ISSN: 2394-3661, Volume-7, Issue-2, February 2020
[8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]
[28]

[29]
[30]

[31]

Cheng, K. and Zhang, Y. L.
“Analysis for a
consecutive-k-out-of-n: F repairable system with priority in
repair”, International Journal of System Science, Vol. 32, pp.
591–598, 2001.
Chiang, D.T. and Niu, S. C.
“Reliability of a
consecutive-k-out-of-n: F system”, IEEE Transaction on
Reliability, Vol. 30, pp. 87–89, 1981.
Chow, D.K. “Reliability of some redundant system with repair”,
IEEE Transactions on Reliability, Vol.R-22, No.4, pp. 223-228,
1973.
Chow, D. K. “Reliability of two items in sequence with sensing
and switching”, IEEE Transaction on Reliability, R-20,
pp.254-256, 1971.
Cox, D. R. Renewal Theory, Methuen and Co. Ltd, London,
1962.
Daniel Beaudry, M. “ Performance related reliability measures
for computing systems”, IEEE Transactions on Computers, Vol.
C-27, pp.540-547, June 1978.
Derman, C., Lieberman, G. J. and Ross, S. M. “On the
consecutive-k -out-of-n: F system”, IEEE Transaction on
Reliability, Vol. 31, pp. 57–63, 1982.
Dhillon, B.S. and Singh, C. Engineering reliability-New
Techniques and Applications, New York, John Wiley- Inter
science, 1981.
El-Damcese, M. “An Analysis of Warm Standby Systems Subject
to Common Cause Failures with Time Varying Failure and
Repair Rates”, Applied Mathematical Sciences, Vol. 3, No. 18,
pp. 853 – 860, 2009.
Fu, J. C. “Reliability of a Large Consecutive-k-out-of-n: F
system”, IEEE Transactions on Reliability, Vol. 34, pp. 127–130,
1985.
Gera, A. E. “A consecutive-k-out-of-n: G system with dependent
elements - A matrix formulation and solution”, Reliability
Engineering and System Safety, Vol.68, pp. 61–67, 2000.
Goel, L. R., Gupta, R. and Singh, S. K. “Cost analysis of a two
unit cold standby system with two types of operation and repair”,
Microelectron Reliability, Vol.25, No.1, pp.71-75, 1985.
Gopalan, M. N. and Bhanic, K.S. and Muralidhar, N. “Cost
analysis of a two unit repairable system subject to online
preventive maintenance and/ or repair”, Micro Electron
Reliability, Vol. 32, No.12, pp. 1675-1679, 1992.
Gopalan, M. N. “Probabilistic analysis of a single server N- unit
system with N-1 standbys”, Journal of Operations Research, Vol.
23, pp.591-595, 1975.
Habib, A. S., Yuge, T., Al-Seedy, R.O. and Ammar, S.I.
“Reliability of a consecutive (r,s)-out-of-(m,n) : F lattice system
with conditions on the number of failed components in the
system”, Applied Mathematical Modeling ,Vol.34, No. 3,
pp.531-538, 2009.
Hisashi Yamamoto, Ming, J. and Zuo. “Recursive formulas for
the reliability of multi-state consecutive-k-out-of-n: G systems”,
IEEE Transactions on Reliability, Vol.55, No.1, pp. 98-104, [].
Hoanpham, Ph.D., Handbook of Reliability Engineering,
Springer-Verlag London Ltd., 2003.
Huamin Liu. “Reliability of load sharing k-out-of-n: G system:
Non-iid components with arbitrary distributions”, IEEE
Transactions on Reliability, Vol. 47, No.3, pp. 279-284, 1998.
James, C. Fu. “Reliability of consecutive-k-out-of-n: F Systems
with (k-1)-step Markov dependence”, IEEE Transactions on
Reliability, Vol.R-35, No.5, pp.602-606, 1986.
John, G. Rau. Optimization and Probability in systems
Engineering, Van Nostrand Reinhold Company, 1970.
Joseph, K. X. and Manoharan, M. “Explicit solutions of a
Markovian k-out-of-n systems”, Statistical Methods in Quality
and Reliability, Educational Publishers and Distributers, pp. 122128, 1998.
Kececioglu, D. Reliability Engineering Handbook, Prentice,
Engle wood Cliffs. N J, 1992.
Kececioglu, D. and Jiang, S. “Reliability of repairable standby
system with imperfect sensing and switching”, Proceedings 1990
Annual Reliability and Maintainability Symposium, pp.
261-267, 1990.
Khatab, A., Nahas, N. and Nourelfath, M. “Availability of
K-out-of-N: G systems with non-identical components subject to
repair priorities”, Reliability Engineering and System Safety,
Vol.94 (2), pp.142-151, 2009.

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]
[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]

[55]

[56]

[57]

23

Kontoleon, J. M. “Reliability determination of a
r-successive-out-of-n. F system”, IEEE Transactions on
Reliability, R-29(5), pp.437, 1980.
Kontoleon, J. M. “Analysis of a dynamic redundant system with
non identical units”, IEEE Transactions on Reliability, R-29(1),
pp.77–78, 1980.
Krishnamoorthy, A. and Ushakumari, P. V. and Lakshmi,
“K-out-of-n system with repair; the N-policy”, Asia Pacific
Journal of Operation Research, Vol.19, pp. 47-61, 2002.
Krishnamoorthy, A. and Ushakumari, P. V. and Lakshmi,
“K-out-of-n: G system with repair; the D-policy”, Computers and
Operation Research, Vol. 28, pp. 973-981, 2001.
Krishnamoorthy, A. and Rekha, A. “K-out-of-n system with
repair: T-policy”, Korean Journal of computers and Applied
Mathematics, Vol.8, No.1, pp.199-212, 2001.
Kullstam, P.A. “Availability, MTBF and MTTR for repairable
m-out-of-n system”, IEEE Transactions on Reliability, Vol.
R-30, pp. 393-394, 1981.
Kuo, W. and Zuo, M. J. Optimal Reliability Modeling, Principles
and Applications, John Wiley & Sons, New York, 2003.
Kuo,W. Zhang, W. X. and Zuo, M. J. “A consecutive-k-out-of-n:
G system: The mirror image of a consecutive-k-out-of-n: F
system”, IEEE Transactions on Reliability, Vol. 39, pp. 244–253,
1990.
Lam, Y. “The rate of occurrence of
failures”, Journal of Applied Probability, Vol. 34, pp. 234-247,
1997.
Lam, Y. “A repair replacement model”, Advanced Applied
Probability, Vol.22, pp. 94-97, 1990.
Lam, Y. “Calculating the rate of occurrence of failures for
continuous-time Markov chains with application to a
two-component parallel system”, Journal of Operational
Research Society, Vol. 46, pp. 528-36, 1995.
Lam, Y. and Zhang, Y. L. “Repairable consecutive-k-out-of-n: F
system with Markov dependence”, Naval Research Logistics,
Vol. 47, pp. 18–39, 2000.
Lam, Y and Zhang, Y. L. “Repairable consecutive-k-out-of-n: G
system”, Chinese or Transactions, Vol. 4, pp. 19–32, 2000.
Magdi, S. Mustafa. “Transient analysis of reliability with and
without repair for k-out-of-n: G system with M failure modes”,
Reliability Engineering and System Safety, Vol. 53, Issue-1, pp.
31–35, July 1996.
Majid Asadi. and Ismihan Bayramoglu. “The Mean residual life
function of a k-out-of-n structure at the system level”, IEEE
Transactions on reliability, Vol. 55, No.2, pp. 314-318, 2006.
Murari, K. and Vibha Goyal. “Cost Analysis of a two unit warm
standby reliability system with two types of repair facilities”,
Micro electron Reliability, Vol.25, No.4, pp. 681-689, 1985.
Nakagawa, T. and Osaki, T. “Stochastic of two unit standby
redundant systems with imperfect switchover”, IEEE
Transaction on Reliability, R-24, pp. 143-146, 1975.
Offer Keller. “The threshold policy in the M\G\1 queue with
server vacations”, Naval Research Logistics, Vol. 3, pp. 111-123,
1989.
Parthasarathy, P.R. “Cost analysis for two-unit systems”, IEEE
Transactions on Reliability, R-28, pp.268-269, 1979.
Par, S. Tenbohlen, T. and Stirl, M. Rosner. “Benefit of sensors for
online monitoring systems for power transformers”, Online
monitoring of internet, Online monitoring of power
Transformers, pp.1-5, 2003.
Prakash, S. “Some reliability characteristics of standby
redundant equipment with imperfect switching”, Microelectron
Reliability, Vol.9, pp. 419-423, 1970.
Papastavridis, S. G. “The most important component in a
consecutive-k-out- of-n: F system”, IEEE Transactions on
Reliability, Vol. 36, pp. 266–268, 1987.
Philips, C. R. “A variable channel queuing model with limited
number of channels”, Thesis, Georgia Institute of Technology,
1960.
Prabha, N. and Chandrasekhar, P. “Reliability analysis of a
complex two unit standby system with Erlangian repair time”,
Statistical methods, Vol. 4 (2), pp. 113-121, 2002.
Ragi Krishnan, Somasundaram, S. “The Survival Analysis of
k-out-of-n system”, International Journal of Statistics and
Systems, Vol. 4, No.1, pp. 25-32, 2009.
Ragi Krishnan, Somasundaram, S. “The reliability analysis of
k-out-of-n:G repairable system with sensor and r repairmen”,

www.ijeas.org

Reliability Analysis of k-out-of-n: G System: A Short Review

[58]

[59]
[60]
[61]

[62]

[63]

[64]

[65]

[66]
[67]

[68]

[69]
[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

International Journal of Quality and Reliability Management,
Vol. 28, No.8 and 9, pp. 894-908 with Impact Factor 0.34 , 2011.
Ragi Krishnan, Somasundaram, S. “The Reliability and Profit
Analysis of k-out-of-n: G systems with Sensor”, European
Journal of Scientific Research, Vol. 67, No.2 pp.215-222 with
Impact Factor 0.02, January 2012.
Ramakumar, R. Engineering Reliability Fundamentals and
Applications, Prentice Hall, New Jersey, 1993.
Ross, S.M. Applied probability models with optimization
applications, Holden-Day, San Francisco, 1970.
Ronald, C. Suich, Richard, L. Patterson. “K-out-of-n: G
Systems: Some Cost Considerations”, IEEE Transactions on
Reliability, Vol. 40, No. 3, pp.259- 264, 1991.
Selma Gurler., Ismihan Bairamov. “Parallel and k-out-of-n: G
systems with non identical components and their mean residual
life functions”, Applied Mathematical Modeling, Vol.33, pp.
1116-1125, 2009.
Serkan Eryilmaz. “Reliability properties of consecutive
k-out-of-n systems of arbitrarily dependent components”,
Reliability Engineering and System Safety, Vol. 94, pp.350-356,
2009.
Shakil Akhtar. “Reliability of k-out-of-n: G systems with
imperfect fault coverage”, IEEE Transactions on Reliability, Vol.
43, No. 1, pp.101-106, 1994.
She, J. and Pecht, M.G. “Reliability of a k-out-of-n
Warm-Standby System”, IEEE Transactions on Reliability,
Vol.41, No.1, pp. 72-75, 1992.
Shooman, M.L. Probabilistic Reliability, An Engineering
Approach, Mc. Graw-Hill Book Co., New York, 1968.
Singh, J. “A warm standby redundant systems with common
cause failures”, Reliability Engineering and System Safety, Vol.
26(2), pp.135–41, 1989.
Somasundaram, S. “Analysis of system reliability with stress,
strength and switching”, Ph.D Thesis, Bharathiar University,
Coimbatore, India (1999).
Srinath, L.S. Reliability Engineering, Third edition, Affiliated
East-West Press Pvt. Ltd., New Delhi, 1991.
Srinivas, R. Chakravarthy. and
Gómez-Corral, A. “The
influence of delivery times on repairable k-out-of-N systems with
spares”, Applied Mathematical Modeling, Vol.33 (5),
pp.2368-2387, 2009.
Stavros, G. Papastavridis. and Markos, V. Koutras. “Bounds For
Reliability of Consecutive k-within-m-out-of-N: F Systems”,
IEEE Transactions on Reliability, Vol. 42, No. 1, pp.
156-161,1993.
Suprasad, V. Amari. “Optimal design of k-out of-n: G
Subsystems subjected to imperfect fault coverage”, IEEE
Transactions on Reliability, Vol.53, No.4, pp. 567-575, 2004.
Suprasad, V. Amari. “Generic rules to evaluate system-failure
frequency”, IEEE Transactions on Reliability, Vol.49, No. 1, pp.
85-87, 2000.
Suprasad, V. Amari. “Bounds on MTBF of systems subjected to
periodic maintenance”, IEEE Transactions on Reliability,
Vol.55, No.3, pp. 469-474, 2006.
Ushakumari, P. V. and Krishnamoorthy, A. “K-out-of-n system
with repair: the max (N,T) policy”, Performance Evaluation An
International Journal , Vol. 57, pp. 221-234,2004.
Wang, K.H. and Sivazlian, B.D. “Reliability of a system with
warm standbys and repairmen”, Micrelectron Reliability, Vol.29,
No.5, pp.849-860, 1989.
Wu, Y. Q. and Guan, J.C. “Reliability of consecutive–k-out-of-n
: G systems with r repairmen”, IEEE Transactions on Reliability,
Vol. 54, No 2, pp. 328-337, 2005.
Xiaohu Li, Ming, J.Zuo. and Richard, C. M. Yam. “Reliability
analysis of a repairable k-out-of-n system with some components
being suspended when the system is down”, Reliability
Engineering and System Safety, Vol. 91, pp.305-310, 2006.
Xiaolin Liang, Y. Xiong and Zehui Li. “Exact reliability formula
for consecutive k-out-of-n repairable systems”, IEEE
Transactions on Reliability, Vol. 59, No.2, pp. 313-318, 2010.
Yam, R.C.M., Zuo, M. J. and Zhang, Y. L. “A method for
evaluation of reliability indices for repairable circular
consecutive-k-out-of-n: F systems”, Reliability Engineering and
System Safety, Vol. 79, pp. 1–9, 2003.
Yonit Barron, Esther Frostig and Benny Levikson. “Analysis of
R-out-of- N systems with several repairmen, exponential life
times and phase type repair times: An algorithmic approach”,

[82]
[83]

[84]

[85]

European Journal of Operational Research, Vol. 169, pp.
202-225, 2006.
Young, D. N. and Gregary, R. T. A Survey of Numerical
Mathematics, Addison Wesley Englewood Cliffs, NJ, 1973.
Yueqin,
Wu.
and
Jiancheng,
Guan.
“Repairable
Consecutive-k-out-of-n:G systems with R repairmen”, IEEE
Transactions on Reliability, Vol. 54, No.2, pp. 328–337, June
2005.
Zhang, T., Min, Xie. and Michio, Horigome. “Availability and
Reliability of k-out-of-(M+N): G warm standby systems”,
Reliability Engineering and System Safety, Vol. 91, pp. 381-387,
2006.
Zhang, Y. L. and Y. Lam, “Reliability of consecutive-k-out-of-n:
G repairable system”, International Journal of System Science,
Vol. 29, pp. 1375–1379, 1998.

Dr. RAGI KRISHNAN received her B.Sc and M.Sc. degree in
Mathematics from University of Calicut, Kerala, India. She completed her
M.Phil degree in Mathematics from Annamalai University, Tamil Nadu,
India in 2006. She received her Doctorate in Philosophy in Mathematics
from Anna University, Chennai India in 2013. She has more than 14 years of
experience in teaching Mathematics for various engineering colleges. She
has been serving as a faculty member in the Department of Mathematics,
PSG College of Technology, India since 2014. Her research interest includes
Reliability and Graph theory. She has four paper publications in various
National and International Journals.

24

www.ijeas.org

