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1. INTRODUCTION  

Redundancy allocation for Reliability maximization is a pressing problem and many researchers came out with many solutions to this problem 

under different types of coherent structure. However, under real life distributional framework solutions to this optimization problem become 

analytically hard. As a result, heuristic algorithms have crept into this field to provide with near optimum solutions as may be seen from the literature. 

Thus, development of the subject depends on distributional and structural assumption and on optimum and heuristic solutions. These have made the 

problem wide open and call for a unified approach.  

Earlier Works  

Attempts to solve the problem of redundancy allocation and reliability maximization started in 1950s. Optimal redundancy of a complex 

system was addressed by Black and Proschan in 1959. After that, Nakagawa and Nakashima (1977) tried to heuristically find out the method for 

determining optimum reliability allocation of n-stage series system. Tillman et al. (1977) worked on component reliability and redundancy for arriving 

at optimum system reliability. In 1978, Nakagawa et al. allocated reliability optimally by branch-and-bound technique. Bulfin and Liu (1985) used a 

maxi-min approach to allocate redundancy for series-parallel systems. Their work focused on obtaining the optimal allocation of components so that the 

least reliable subsystem is as reliable as possible. Next Optimal Allocation of Components in Parallel-Series and Series-Parallel Systems was addressed 

by Neweihi et al.(1986). Boland et al.(1988) introduced a new measure of component importance, called redundancy importance, in coherent systems. 

This helped in active redundancy allocation in coherent systems. The component redundancy allocation for maximizing reliability of a boiler feed-

water treatment plant has been analyzed by Khadke (1989) where the main constraint is the cost of the redundancy components. Revyakov (1993) 

allocated components for a distributed system for reliability maximization.  

 A bound heuristic algorithm for solving reliability redundancy optimization was proposed by Jianping (1996). Rao et al. (1999) addressed the 

optimal allocation of reliability among components that are to be assembled into a system.  Coit(2001) described Cold-standby redundancy 

optimization for nonrepairable systems and in the same year Prasad et al. introduced the idea of maximization of a percentile life of a series system 

through component redundancy allocation. Lyu et al.(2002) optimally allocated test resources for software reliability growth modeling in software 

development. 

Lin and Kuo (2002) worked on reliability importance and invariant optimal allocation. Coit(2003) choose redundancy strategies for maximization of 

system reliability.  

 In the recent past, Henin(2006) worked on Optimal allocation of unreliable components for maximizing expected profit over time. Thereafter in 2007, 

Liang et al. used Variable neighbourhood search for redundancy allocation problems. Pandey et al. (2007) studied a multi-objective reliability 

application. Mori et al. (2007) developed a hybrid algorithm based on simulated annealing and genetic algorithm to reliability redundancy optimization. 

Saha and Dhillon (2007) presented stochastic models representing redundant three-state device systems with critical human errors and common-cause 

failures. Bhattacharya and Samaniego (2008) addressed the problem of identifying optimal allocation(s) of independent components with varying 

individual reliabilities to specific locations within a given coherent system. Coelho (2009) designed Reliability–redundancy optimization by means of a 

chaotic differential evolution approach. In 2010, Coelho et al. used a Chaotic Differential Harmony Search Algorithm for redundancy optimization. 

Wang wt al. (2010) introduced maulti-objective approaches to optimal testing resource allocation in modular software systems. Defence and attack of 

systems with variable attacker system structure detection probability was stydied by Levitin and Hausken (2010). Then Sahoo et al.(2010) used a 

genetic algorithm based reliability redundancy optimization when reliability values are in interval domain.  

 

References and further reading may be available for this article. To view references and further reading you must purchase this article. 

Soylu and Ulusoy (2011) preferred ordered classification for a multi-objective max–min redundancy allocation problem and Mahapatra and Mahapatra 

(2011) used Intuitionistic Fuzzy Multi-Objective Programming for Redundancy Optimization. 

http://www.springerlink.com/content/?Author=David+W.+Coit
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VC5-52BPK71-1&_user=10&_coverDate=03%2F09%2F2011&_rdoc=1&_fmt=full&_orig=gateway&_origin=gateway&_cdi=5945&_sort=d&_docanchor=&view=c&_searchStrId=1704391573&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=27ed1cecb226f35125230a524da9d380&searchtype=a
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Thus, it may be noted that there is a two-fold attack for reliability optimization. Operations Research techniques have made in road into the literature, 

which was earlier dominated by heuristic algorithms like Equal Apportionment technique, the ARINC Apportionment technique, the AGREE 

Allocation method and Effort Minimization algorithm for reliability apportionment. 

Research Gap 

Many of these solutions are problem dependent and need to be generalized for addressing a general problem. In fact some of them are 

distribution dependent too and can not be used under a variation in the stochastic description of the components. Our aim is to address these gaps and 

try for an unification and generalization of these approaches to translate the overall system performance, including reliability, into component 

performance in terms of component reliability. The process of assigning reliability requirements to individual components to attain the specified system 

reliability will be referred as reliability allocation. This allocation of strengths to components is very complex in nature. A component may play a 

crucial role for the functioning of the system. In particular, the method of accomplishing this function, the complexity of the component, and the 

reliability of the component changing with the type of function to be performed are to be addressed in details. 

Objective of the Study 

 To be more specific our objectives are  

1. Address fundamental coherent structures for reliability optimization where cost constraints are non operative. 

2. Address fundamental coherent structures for reliability optimization where cost constraints are operative. 

3. Consider alternative agenda for optimization based on management principles to strike a balance between value and cost. 

4. Make an attempt to arrive at decision rule based solutions under life distributional class properties.  

Proposed Methodology 

Allocation of specified system reliability   to the component reliability requires solving the following inequality 

             

where  

             is the reliability allocated to ith unit 

 f  is functional relationship between the components and the system. 

 Tools to be used for that purpose are 

1. Optimization techniques reported so far in Operation Research like non-linear programming, dynamic programming, geometric 

programming etc.  

2. Any new technique to be developed by the researcher to suit the general purpose. 

3. Statistical treatment to describe the stochastic behavior of the component lives like describing the component lives in terms of normal, 

Weibull and exponentional distribution. 

4. Redundant components allocation with the help of numerical method.  

Relevance of the Study 

This study will enrich us with the ideas of 

1. Economy in manufacturing time and better production control. 

2. Better product design, manufacturing methods and testing procedure, which will lead to customer satisfaction. 

3. Fulfillment of mission leading to scientific achievement. 

4. Development of the relationship between component, subsystem and system reliabilities. 

5. Understanding of the basic reliability problems inherent in the system design. 

6. Understanding of software reliability for better software design. 

 



                                    

                                       International Journal of Research Publication and Reviews, Vol 3, no 4, pp 2522-2525, April 2022                                      2524 

REFERENCES 

[1] Black, G. and Proschan, F., 1959, On Optimal Redundancy, Operations Research, 7(5), 581-588.  

[2] Boland, P. J., El-Neweihi, E. and Proschan, F., 1988, Active Redundancy Allocation in Coherent Systems, Probability in the Engineering 

and Informational Sciences,  2, 343-353  

[3] Bhattacharya, D. and Samaniego, F. J., 2008, On the optimal allocation of components within coherent systems, Statistics & Probability 

Letters, 78(7), 938-943. 

[5] Bulfin, R. L., and Liu, C. Y., 1985, Redundancy allocation for series-parallel systems using a max-min approach, IEEE Transactions on 

Reliability. 34, 241-247. 

[6] Coelho, L. S., 2009, Reliability–redundancy optimization by means of a chaotic differential evolution approach, Chaos, Solitons & Fractals, 

41(2), 594-602. 

[8] Coelho, L. S.,  Bernert, D.L. and  Mariani, V.C., 2010, Reliability-Redundancy Optimization Using a Chaotic Differential Harmony Search 

Algorithm, Adaptation, Learning, and Optimization, 8(4), 503-516 

[9] Coit, D.W., 2001, Cold-standby redundancy optimization for nonrepairable systems, IIE Transactions, 33(6), 471-478. 

[10] Coit, D.W., 2003, Maximization of System Reliability with a Choice of Redundancy Strategies, IIE Transactions,  35(6), 535 – 543.  

[11] El-Neweihi, E., Proschan, F. and Sethuraman, J., 1986, Optimal Allocation of Components in Parallel-Series and Series-Parallel Systems, 

Journal of Applied Probability, 23(3), 770-777.  

Henin, C.G., 2006, Optimal allocation of unreliable components for maximizing expected profit over time, published online: 21 NOV 2006 

DOI: 10.1002/nav.3800200304. 

[12] Jianping, L., 1996, A bound heuristic algorithm for solving reliability redundancy optimization, Microelectronics and Reliability, 36(3), 

335-339. 

[13] Kapur, K.C. and Lamberson, L.R., 1977, Reliability in Engineering Design, John Wiley & Sons. 

[14]  Liang Y. C.,  Lo, M.H., and  Chen, Y.C., 2007, Variable neighbourhood search for redundancy allocation problems, IMA Journal of 

Management Mathematics, 18(2), 135-155, 

[15]  Lin, F. and  Kuo, W., 2002, Reliability Importance and Invariant Optimal Allocation, Journal of Heuristics, 8(2), 155-171.    

[16] Khadke, H. Y., Chidambaram, M.  and Gopalan, M. N., 1989, Optimal redundancy allocation of a boiler feed-water treatment plant, Journal 

of Loss Prevention in the Process Industries, 2(3), 171-175. 

[17] Levitin, G. and Hausken, K., 2010, Defence and attack of systems with variable attacker system structure detection probability, Journal of 

the Operational Research Society, 61, 124–133.  

[18]  Lin, F. and  Kuo, W., 2002, Reliability Importance and Invariant Optimal Allocation, Journal of Heuristics, 8(2), 155-171.    

[19] Lyu, M. R., Rangarajan,S. and  Moorsel, A. P. A.V., 2002, Optimal Allocation of Test Resources for Software Reliability Growth Modeling 

in Software Development, IEEE Transactions on  Reliability, 51(2), 183-192. 

[20] Mahapatra, G. S., and Mahapatra, B. S., 2011,Redundancy Optimization using Intuitionistic Fuzzy Multi-Objective Programming, 

International Journal of Performability Engineering, 7(2), 155-164. 

[21]  Mori B. D.,  de Castro H.F. and  Cavalca, K. L., 2007, Development of hybrid algorithm based on  

[22] simulated annealing and genetic algorithm to reliability redundancy optimization,  International  

[23] Journal of Quality & Reliability Management, 24(9), 972 – 987. 

[24] Pandey, M. K., Tiwari, M. K. and Zuo, M. J., 2007, Interactive enhanced particle swarm ptimization: a multi-objective reliability 

application, Proceedings of the Institution of Mechanical Engineers, Part O: Journal of Risk and Reliability,  221(3), 177-191 

[25] Prasad, V. R.,  Kuo, W. and  Kim, K. O., 2001, Maximization of a percentile life of a series system through component redundancy 

allocation, IIE Transactions,  33(12), 1071-1079.  

 

http://journals.cambridge.org/action/displayFulltext?type=1&fid=2593360&jid=PES&volumeId=2&issueId=03&aid=2593352
http://journals.cambridge.org/action/displayFulltext?type=1&fid=2593360&jid=PES&volumeId=2&issueId=03&aid=2593352
http://www.sciencedirect.com/science/journal/01677152
http://www.sciencedirect.com/science/journal/01677152
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235672%232008%23999219992%23687340%23FLA%23&_cdi=5672&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5b108f524af3ddd2b0f169fd9492bdfc
http://www.entrepreneur.com/tradejournals/article/120969930_3.html
http://www.sciencedirect.com/science/journal/09600779
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235300%232009%23999589997%231130489%23FLA%23&_cdi=5300&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=22e1cc21b24fc69f763a67551e2c26b9
http://www.springerlink.com/content/?Author=Leandro+dos+Santos+Coelho
http://www.springerlink.com/content/?Author=Leandro+dos+Santos+Coelho
http://www.springerlink.com/content/?Author=Leandro+dos+Santos+Coelho
http://www.springerlink.com/content/?Author=Leandro+dos+Santos+Coelho
http://www.springerlink.com/content/1867-4534/
http://www.springerlink.com/content/?Author=David+W.+Coit
http://www.springerlink.com/content/0740-817x/
http://www.springerlink.com/content/0740-817x/33/6/
http://www.informaworld.com/smpp/title~db=all~content=t713772245~tab=issueslist~branches=35#v35
http://www.informaworld.com/smpp/title~db=all~content=t713772245~tab=issueslist~branches=35#v35
http://www.sciencedirect.com/science/journal/00262714
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235751%231996%23999639996%2363329%23FLP%23&_cdi=5751&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=ff0743cf91ab87a40d8c73bc7f6c527b
http://imaman.oxfordjournals.org/search?author1=Yun-Chia+Liang&sortspec=date&submit=Submit
http://imaman.oxfordjournals.org/search?author1=Min-Hua+Lo&sortspec=date&submit=Submit
http://imaman.oxfordjournals.org/search?author1=Yi-Ching+Chen&sortspec=date&submit=Submit
http://imaman.oxfordjournals.org/
http://imaman.oxfordjournals.org/
http://imaman.oxfordjournals.org/content/18/2.toc
http://www.springerlink.com/content/?Author=Fen-Hui+Lin
http://www.springerlink.com/content/?Author=Way+Kuo
http://www.springerlink.com/content/1381-1231/
http://www.springerlink.com/content/1381-1231/8/2/
http://www.sciencedirect.com/science/journal/09504230
http://www.sciencedirect.com/science/journal/09504230
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235255%231989%23999979996%23259303%23FLP%23&_cdi=5255&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=ecf2deefaa8f60941af372182578fe5c
http://www.springerlink.com/content/?Author=Fen-Hui+Lin
http://www.springerlink.com/content/?Author=Way+Kuo
http://www.springerlink.com/content/1381-1231/
http://www.springerlink.com/content/1381-1231/8/2/
http://www.emeraldinsight.com/search.htm?ct=all&st1=Bruno+Dalanezi+Mori&fd1=aut&PHPSESSID=j195mc8j2jhdgqsgjp3uvcv2s5
http://www.emeraldinsight.com/search.htm?ct=all&st1=H%C3%A9lio+Fiori+de+Castro&fd1=aut&PHPSESSID=j195mc8j2jhdgqsgjp3uvcv2s5
http://www.emeraldinsight.com/search.htm?ct=all&st1=Katia+Lucchesi+Cavalca&fd1=aut&PHPSESSID=j195mc8j2jhdgqsgjp3uvcv2s5
http://journals.pepublishing.com/content/119859/?p=f020a33f70ba41a59b85d61357412ee3&pi=0
http://www.springerlink.com/content/?Author=V.Rajendra+Prasad
http://www.springerlink.com/content/?Author=Way+Kuo
http://www.springerlink.com/content/?Author=Kyungmee+O.+Kim
http://www.springerlink.com/content/0740-817x/
http://www.springerlink.com/content/0740-817x/33/12/


                                    

                                       International Journal of Research Publication and Reviews, Vol 3, no 4, pp 2522-2525, April 2022                                      2525 

[26] Rao, S., Majety, V., Dawande, M. and Jayant Rajgopal, J., 1999, Optimal Reliability Allocation with Discrete Cost-Reliability Data for 

Components, Operations Research, (6), 899-906.  

[27] Revyakov, M., 1993, Component Allocation for a Distributed System: Reliability Maximization, Journal of Applied Probability, 30(2), 471-

477.  

[28] Sahoo, L., Bhunia, A.K. and Roy, D., 2010, A genetical algorithm based reliability redundancy optimization for interval valued reliabilities 

of components, Journal of Applied Quantitative Methods, 5(2), 270-287 

[29] Shah, A. and Dhillon, B. S., 2007, Reliability and Availability Analysis of Three-state Device Redundant Systems with Human Errors and 

Common-cause Failures, International Journal of Performability Engineering, 3(4), 411 – 418. 

[30] Soylu, B. and Ulusoy, S. K., 2011, A preference ordered classification for a multi-objective max–min redundancy allocation problem, 

[31] Computers & Operations Research, Available online 9 March 2011. 

[32] Tillman, F. A., Hwang, C. L. and Kuo, W., 1977, Determining Component Reliability and Redundancy for Optimum System Reliability,  

IEEE Transactions on Reliability, R-26(3), 162 – 165. 

[33] Wang, Z., Tang, K. and Yao, X., 2010, Multi-Objective Approaches to Optimal Testing Resource Allocation in Modular Software Systems, 

IEEE Transactions on Reliability, 59(3), 563 – 575. 

[34] Yuji, N. and Kyoichi, N., 1977, A Heuristic Method for Determining Optimal Reliability Allocation, IEEE Transactions on Reliability, R-

26(3), 156 – 161. 

Yuji, N., Kyoichi, N. and Yoshio, H., 1978, Optimal Reliability Allocation by Branch-and-Bound Technique, IEEE Transactions on 

Reliability, R-27(1), 31 – 38.  

 

http://www.sciencedirect.com/science/journal/03050548
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=24
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=24
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=24
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=24
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5559603
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=24
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5220093
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=24
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5220219

	1. Introduction

