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FUZZY PROGRAMMING APPROACH FOR A COMPROMISE ALLOCATION
OF REPAIRABLE COMPONENTS
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ABSTRACT

The present paper, considered the allocation problem of repairable components for a parallel-series system as a multi-objective optimization problem for
two different models. In the first model, the reliability of subsystems are considered as different objectives. While in the second model, the cost and time
spent on repairing the components are considered as two different objectives. Selective maintenance operation is used to select the repairable
components and a fuzzy programming algorithm is used to obtain compromise allocation of repairable components for the two models under some given

constraints. A numerical example is also given to illustrate the procedure.
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1. INTRODUCTION

In every industry, systems are used in the production of
goods. If such systems deteriorate or fail, then effect can
be wide spread. System deterioration is often reflected in
higher production cost, time lower product quality and
quantity. The system maintenance decision is taken on
the basis of the state condition of the system (i.e. whether
the system is good or bad). The aim is to present a model
of reliability improvement maintenance policies that
minimizes the total cost and time spent on maintaining a
system. For this purpose, we consider a system which is
a series arrangement of m subsystems and performing a
sequence of identical production runs.

Suppose that after completion of a particular production

run, each component in the system is either functioning
or failed. Ideally all the failed components in the
subsystems are repaired and then replaced back prior to
the beginning of the next production run. However, due
to constraints on time and cost, it may not be possible to
repair all the failed components in the system. In such
situation, a method is needed to decide which failed
components should be repaired and replaced back prior
to the next production run and the rest be left in a failed
condition. This process is referred to as selective
maintenance (See Rice et al. 1998). In the selective

maintenance the number of components available for

the next production run in the i subsystem will be

(n, —a,)+d,, i=12,...m 1)

The reliability of the given system is defined as

R =ﬁ{1—(1—ri)”i‘a'+d'} @)

i=1
The repair time constraint for the system is given as

iti [di +6Xp(9idi)]STo 3)
i-1

where t; is the time required to repair a component in

| —th subsystem and exp(é; @,)is the additional time

spent due to the interconnection between parallel
components (Wang et al. (2009)).
The repair cost constraint for the system is defined as

ici[di +eXp(ﬂidi)]SCo 4

i=1
where eXP(f; @;)is the additional cost spent due to the

interconnection between parallel components (Wang et
al. (2009)).

However, in the event when the reliability of each
subsystems are of equally serious concern. Let us
consider, for instance, the following multi-objective
problem (see Ali et al. (2011c)):

Maximize (R, Ry, ..., R, ) (i)

subject to

Zti [d; +exp(6,d;)]< T, (i) (5)
i=1

Y ci[d; +exp(B, d))]<C, (iii)

i=1

0<d, <a,i=12,.., mand integers (iv)
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where R, ={1— @- ri)ni_a‘+d‘ }, i=12,..m.
Ali et al. (2011c) also discussed the situation in which
time taken and the cost spent on system maintenance are
minimized simultaneously for the required reliability
R " (say). The mathematical model of the problem is
defined as:

MinC => "¢, [d, +exp(5,d, )]

i=1
and

MinT = iti [d; +exp(6.d;)]

= (6)
subject to
m
[T2-@-r)ia+ >R
i=1

0<d, <a,i=12,.., mand integers

The selective maintenance operation is an optimal
decision-making activity for systems consisting of
several components under limited maintenance
duration. The main objective of the selective
maintenance operation is to select the most important
component in subsystem. Rice et al. (1998) were the first
to deal with the selective maintenance problem. Ali et al.
(2011a, 2011b, 2011c) and Faisal and Ali (2012)
considered the problem of optimum allocation of
repairable and replaceable components for series-
parallel system by using selective maintenance.

Fuzzy programming offers a powerful means of
handling optimization problems with fuzzy parameters.
Fuzzy programming has been used in different ways in
the past. In (2010), Mahapatra et al. studied the fuzzy
programming approach to stochastic transportation
problem and many others. In reliability Park (1987),
Mahapatra and Roy (2006), Huang (1997), Dhingra
(1992), Rao and Dhingra (1992) and Ravi et al. (2000)
have used fuzzy multi-objective optimization method to
solve reliability optimization problem having several
conflicting objectives.

This paper presents a new contribution in the field of
system reliability =~ optimization for compromise
allocation problem of repairable components. A Fuzzy
programming algorithm is used to obtain compromise
allocation of repairable components.

The multi-objective NLPPS are solved by “Fuzzy
programming algorithm” using software package
LINGO. LINGO is a user's friendly package for

constrained optimization developed by LINDO Systems
Inc. A user’s guide- LINGO User’s Guide (2001) is also
available. For more information one can visit the site
http://www.lindo.com.

2. THE FUZZY PROGRAMMING APPROACH

To solve multi-objective allocation problem of repairable
components defined in equation (5), we apply the fuzzy
programming approach (see Mahapatra et al. (2010)). At

first, we find the upper bound U, (best) and lower
bound L, (worst) for corresponding objective
functionZ,, r=1,2,...,m.
Let U, = aspiration level of achievement for objective I,
L, = lowest acceptable level of achievement for
objectiver,
0,= U, — L, = the degradation allowance for
objectiver,
when the aspiration level and degradation allowance for
each objective are specified.
Algorithm:
Step 1: Solve multi-objective allocation problem of
repairable components as a single objective used each
time and all other ignored.
Step 2: Determine the corresponding values for every
objective at each solution derived.
Step 3: Construct a pay-off matrix, according to every
objective w. r. to each solution the pay-off matrix in the
main program gives the set of non dominated solution
which shown in the following table.

d®  z, Z, ... Z
d@  z,  Zy, .. Z,

dam z Z y
whered @ ,d(z),...,d(m) is the ideal solution for the
objective Z,, Z,... Z, respectively.

Let Z;=2Z,(d"),i=12...,mand j=12...,mare

the maximum value (best) for each
objectiveZ;, 1=12,...,m.

ml m2--: mm _|
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Step 4: To find the best (U,)and worst (L, )for each

objectives corresponding to the set of solution i.e.

U, =Z, and ; = Min{Z,,,Z,,,...,Zp, }. To satisfy,
rx1

Z, 2U,, r=12,...,mand constraints (ii), (iii) and (iv)

of NLPP (5).
Step 5: Construct membership function as,
0 Zr < Lr
Z —L
Q, (d;))=1——T" L <Z <U
Zy ( ij ) U - I—r r r r
1 Zr >U r

If Q; (djj) =1; then Z, is perfectly achieved,
=0; Z, is nothing achieved,
0<Q, (dj) <1;thenZ, is partially achieved.
Z . —L
Step 6: Let 5, =———,r=12,...,m
r— I—r
Using max-min/min-max operator, we have

max[min(5,,5,,...,8,)}

then we have; Max ¢
5,26
5,>0

5. 26
Q, (dy);
where § = Max{_ Z“.( i)
rli=)=12,....m&r=12,....m

Finally we obtained the mathematical programming
formulation for equation (5) through fuzzy
programming , as follows:

Maximize o
subject to
{1—(1— ri)nifaﬁdi }—5(Ui L) =L
m

zti [d; +exp(6,d)]< T, 7)
i=1

m

c;[d; +exp(B; d;)]<C,
i=1
60=0
0<d,; <a,i=12,..., mand integers

In a similar way, we solve multi-objective allocation
problem of repairable components defined in equation
(6); we apply the fuzzy programming approach. At first,
we find the upper bound L, (best) and lower bound

U, (worst) for corresponding objective function
Z, where r=12,...,K.
Let L, = aspiration level of achievement for objective I,

U, = highest acceptable level of achievement for
objective I,

0,= U, —L,= the degradation allowance for
objective I,
when the aspiration level and degradation allowance for
each objective are specified.
Now construct membership function for model (2)
defined in equation (6) as,

1 Z, <L,
U, -2z
Q, (d;)=9—"——7=" L <Z <U
r M Ur_l—r r r r
0 Z, >U,

If Q; (djj) =1; then Z, is perfectly achieved,
=0; Z, is nothing achieved,
0<Qy (djj) <1; then Z, is partially achieved.

Let us define O, =Ur—_ir,l’=1,2,...,k

r r
Next using max-min/min-max operator, we have

max[min(8,,5,,...,8,)]

then we have; Max &
6,>26
0,26

5, >0
where
s=Max {Q, (d;yi=j=12...,m&r=12,. k|
r

Finally we obtained the mathematical programming
formulation for equation (6) through fuzzy
programming as follows:
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Maximize &
subject to

Zm:ti [d; +exp(6,d)]+8U, - L) <U,

i=1

Yo ld +en(sd)]+0U, - L) <U, b ®)
i=1
ﬁl—(l—ri Ji#tdi > R"

i=1
020
0<d,; <a,i=12,..., mand integers

3. NUMERICAL ILLUSTRATION

Consider a system consisting of 3 subsystems. The
available time between two production runs for
repairing and replacing back the components is 60 time
units. Let the given maintenance cost of the system be 90
units. The other parameters for the various subsystems
are given in table 1.

Table 1: The parameters for the numerical example

Subsystem | 1 2 3
n, 10 | 8 | 12
f 0.55 | 0.45 | 0.50
a, 7 5 8
Ci 8 7 8
t; 3 4 3
o 0.25 | 0.25 | 0.25
Bi 0.25 | 0.25 | 0.25

Solution by Using Fuzzy Programming Approach
Model 1: Using the values given in Table 1 the NLPP (5)

and their optimal solutions d® ;i=1 2 and3 with
the corresponding values of R; are listed below. These
values are obtained by software LINGO.

Maximize R; :{1_ 1- ri)nrai+di }
i=12...,m
subject to

iti [d, +exp(6.d;)] < 60 )

i=1
5
Zci[di +exp(B di)]ﬁgo
i=1
1<d; <gq,i=12,.,5and integers

Using the equation (9) construct a pay-off matrix,
according to every objective with respect to each
solution the pay-off matrix in the main program gives
the set of non dominated solution which shown in the
following table

Zl ZZ ZS
d® 09992433 0.9084938  0.9687500
d®  0.9589938 0.9916266 0.9687500
|d®  0.9589938 0.9084938  0.9990234 |

The upper bounds for the given model 1 are

U, =0.9992433,U, =0.9916266,U, =0.9990234 a

nd lower bound
L, =0.9589938, L, =9084938, L, =0.9687500.

Using the equation (7), we can formulated the model 1as
Maximize o

Subject to
{1- (1-055)®"% | 0,04024955>0.95899
{1- (1-0.45)®+%) }0,08313285 >0.90849
{1- - 0585)®% | 0,03027345>0.96875
m
Zti [d; +exp(6,d;)] < 60

i=1

ici [di +exp (B di)]3130

i=1

(10)

020
1<d; <q,i=12,..., mand integers
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The above problem (10) is solved by the LINGO
Software for obtaining the optimal solution of the
problem. We get 6 =0.7741945 and the compromise
solution asd; =3,d, =4,d; =3. The optimal
reliabilities of each subsystem are

R, =0.9916962, R, =0.9847756, R; =0.9921875.
Model 2: Using the values given in Table 1 the NLPP (6)

for the desired reliability requirement R™>0.97 has
been solved and construct a pay-off matrix, according to
every objective with respect to each solution the pay-off
matrix in the main program gives the set of non
dominated solution which shown in the following table
for

Zl ZZ
d® 6238 141.72
d@ 6466 141.30

The upper bound and lower bond for the_ model 2 are
U, =64.66, U, =141.72
and L, =62.38, L, =141.30.

Maximize o
subject to

> t;[d; +exp(6,d;)]+2.385 < 64.66

i=1

> ¢ [d; +exp(B, d;)]+0.4265 <141.30 (11)

i=1

m
[]2-@-r)" 2% 0097
i=1
020
1<d; <aq;,i=12,.., mand integers

The above problem (11) is solved by the LINGO
Software for obtaining the optimal solution of the
problem. We get 0 =0.0233 and the compromise
solutionas d; =3, d, =4, d; =4.

6. CONCLUSION

This paper is an attempt to utilize Fuzzy programming
approach to the solution of optimum compromise
allocation of repairable components in a system. Further,
a numerical example is presented to demonstrate the

practical utility of the fuzzy programming approach in
system reliability.
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