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Abstract — In this paper, Fuzzy Economic Order Quantity (FEOQ) model is studied to determine the
optimal order quantity, discount backordered cost and lead-time. Whole of the study is performed in
fuzzy environment. Even today, most of the researchers are ignoring this concept, just for the sake of
simplicity of their models. But due to globalization and cut throat competition, it is the need of the hour to
study the inventory model in fuzzy environment. So that they can accurately analyze inventory
parameters and hence increase the goodwill of the organization in market. This paper is a part of my
Ph.D. thesis and included in my thesis as Chapter-4

4.1 INTRODUCTION:

Now-a-days managers of every organization
recognize the fact that by managing risks associated
in their business, they can successfully manage their
inventories. One of the most common risks that have
attracted significant attention of managers is supply
uncertainty, especially the risk associated with direct
material supplies and deliveries. This type of risk has
escalated as fortune of 500 companies has sourced a
great proportion of products from areas of the globe
with low labor costs, such as China an India. Most of
the companies recognize the significance of response
time as a competitive weapon and have used time as
means of differentiating themselves in the market
place.

Lead-Time is the time difference between the
placement of the order and receipt of it. In the
competitive business environment, if a decision-
maker can apply some means to reduce the lead-
time, it would result in efficient service from the firms'
point of view and it also improved the customer
satisfaction. The lead-time reduction should be
considered as a very significant variable in inventory
control. Although, the lead-time can either be a
constant or a variable, it was often treated as a
prescribed parameter in most of the inventory model
and consequently not controllable. Generally, it
consists of the following components: order
preparation/ processing time, order transit time to the
supplier, supplier lead-time, items transit time from
the supplier, and the time taken from the order receipt
to its availability on the shelf. By optimizing these
variables the lead-time can be reduced to its
minimum level. This task can be achieved by

&
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inventing extra crashing cost. By shortening lead-
time, the normal safety stock requirement can be
reduced, and it is turn can minimize the out-of-stocks
losses, improve the customer service level; and all
these factors provide competitive advantages in
business. Very few researchers have modified the
traditional inventory models by incorporating
reduction of lead-time by an extra crashing concept.

Generally, when the system is out of stock, cost and
operations of inventory depends on what happens to
demand, especially, for products with high sales
value and/or high direct profitability, the cost of lost
demand is high. The intention of a good modeler
should always be to explore the possibility of
improving the current system behaviors so as to
minimize the total cost of maximize the total profit.
Therefore, in addition to the traditional methods of
using safety stock, certain possible ways that may
prevent the loss caused by stock outs should be tried.
There are many factors that affect the customer's
willingness in accepting the backorder. It is well
known fact that for some most desirable products or
fashionable goods such as certain brand gum shoes
and clothes, customers prefer to wait, in order to
satisfy their demands. Another factor can be the price
discount offered on the stock out items. It is observed
that higher the price discount from the retailer, higher
the advantages of the customer, and hence a large
number of backorder ratio may result.

Table-4.1: Major Characteristics of
Models by Selected Researcher:
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The above survey and survey performed in chapter-2
revealed that most of the inventory practitioners used
Minimax-distribution free procedure to solve their
problems. A Chebyshev approach for solving the
problems has been present by EI-Gindy et al. (1995).
This technigue is based on the expansion of the
controllable variable in Chebyshev series with
unknown coefficients. Very few inventory practitioners
apply Chebyshev approach in inventory control
system. In literature it was found that Maity et al.

(2007) used that approach for solving as constraint
optimization problem. Jaggi and Arneja (2011)
developed a continuous review inventory model in
crisp environment by assuming that demand
distribution during lead-time is unknown and solved
the model by two different approaches: Minimax-
distribution free approach and Chebyshev inequality.

In the chapter, a mixed inventory model has been
developed by applying the fuzzy set theory to deal
with the impreciseness of demand rate. By doing so
the proposed inventory model captures the inventory
situation better. In fact, the application of fuzzy set
concepts on EOQ inventory models have been
proposed by many authors. However, their studies
were almost concentrated on the simple EOQ models
with restrictive assumptions. Most of them assumed
lead-time as a constant and took shortages either
completely backorder or totally lost. Because of that,
those models have very few applications in inventory
system. To increase the applicability of proposed
model, a combination of backorder and lost sale with
backorder price discount is considered. Crashing
cost is also considered in this chapter to reduce the
lead-time and setup cost. Cost expression is fuzzy
due to the impreciseness in demand. Equivalent
crisp expression is obtained by employing signed
distance and centroid method. The backorder price
discount, the lead-time and the order quantity are
taken as decision variables (whereas the probability
distribution of lead-time demand is unknown but its
first two moments are known). Chebyshev inequality
and Minimax-distribution free procedure are
employed to minimize the annual cost.

4.2 ASSUMPTIONS AND NOTATIONS:
To develop in inventory model in this

chapter, the following notations and assumptions are
used.

4.2.1 Assumptions:

1. Time horizon is finite.

2. Shortages allowed and backlogged partially.

3. The reorder point r = expected demand

during lead-time + safety stock, where safety stock =

k* (standard deviation of lead-time) i.e., r = DL + k
|Il_

oL where K is the safety factor.

4. The lead-time L; conS|sts of n mutually

independents components The j component has a
minimum duration & and normal distribution b;, and
crashing cost per unit time ¢;, ¢; have arranged such
that c;< ¢y <........... < ¢, for the sake of convenience,
since it is clear that the reductions of lead-time
should be first on component |, because it has the
minimum unit crashing cost and then on component,
2, and so on.
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n
5. Letly= Z b}- and L, be the length oflead — time of retailer with component 1,23,
j=1

n

crashed to their minimum duration, then L can be expressed as er b;-

PRt
The lead-time crashing cost per cycle is C(L) for a

) E [LF,LH_] )
given L and given by C(L)

= c(Ly-L) + Z(bj-a}-) e (41)
=1
6. The setup cost K consists of m mutually

independents components. The jth component has
normal cost e; and minimum cost d;, and crashing
cost per unit f;. f, have arranged such fi;<f,<........... <fn
for the sake of convenience, since it is clear that the
reduction of setup cost should be first on component
1, because it has the minimum unit crashing cost and
then on component 2, and so on.

7. LetK = Z ¢; and K; be the setup cost with component 1,23,...........j crashed to
j=1

m J

their minimum cost, then Kican be expressed as K= Z g -Z[et- d)j=12..,m
=

=1 i
;

The crashing cost per cycle is C(K) for a given KJE[KJ,Kr_l] and given by C(K) Z f;
i=1

=
8. Assuming that a fraction B(O=F<1) of
the demand during the stock out period can be

backordered so the remaining fraction (1- IEl') is lost.

B

to the price discount Tx offered by the retailer per

The backorder ratio © is variable and is in proportion

. I, f T LTI = T
unlt.ThusB:B“‘ (s / IE":]whereo—'x = "o
4.2.2 Notations:

xt : Maximum value of x and 0, i.e., x” =max {x,0}

E() : Mathematical expectation

D Average demand per year

Q : Order quantity (decision variable)

K Setup cost per cycle

h Inventory holding cost per unit item per year

(b,).

Ty : Gross marginal profit per unit

my : Backorder price discount offered by the retailer per unit (decision value)
B : Backorder ratio

[SD : Upper bound of the backorder ratio

Length of lead-time(decision variable)
Safety factor

r : Reorder point

Lead-time demand, having probability density function fy(x) with finite

mean DL and standard deviation ¢
EAC : Expected annual cost for retailer

EACY : Least upper bound of expected annual cost

4.3 MATHEMATICAL
FORMULATION:

MODEL

In the model developed here, the inventory level of
retailer is reviewed continuously. The inventory level
of retailer declines due to customer demands only
and when it is declined to a reorder point r, a lot size
of Q is ordered. After lead-time L, order arrives at
retailer's place. This process is continued in each
cycle. During lead-time there are shortages. With

backorder ratio B, the expected number of
backorders per cycle is I?'E(X—r)+, the expected

demand lost per cycle is (1- IEI') E(X-r)*. Therefore the
annual stock out cost of retailer is

D
D 1-
Q [ﬁ?ID‘F( ﬁ)ﬂ:o] E(X-r)". The expected net

inventory level just before the order arrives is r —
DL+(1- B JE(X-r)" and the expected net inventory level

at the beginning of the cycle is Q + r-DL+(1- I3)E(X—r)+
Therefore, the expected holding cost per year

=h[Q/2+r-DL+(1- |3)E(X-lf)+]

The objective of the problem is to minimize the total
expected annual cost of retailer, which is the sum of
setup cost, holding cost, stock out cost, lead-time
crashing cost, and setup crashing cost.

EAc(Q, Ly
%+ [+ 7L+ (1-pJECE-)*] +

? [ + (11 +

gm} )]
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or EAC(Q,T["’ L) =
KD

—+

Q

h[o/2 +r-DL+ (N—) E(X-

r)*l+

D

Q
[L + (1L)n0] E(X-n)* +
HEGRK(Y

Here C(L), C(K) are calculated from equation (4.1)
and equation (4.2) and E(X-r)" is given by

NN SV O

4.3.1 Fuzzy Model and Solution Procedure:

In the real situation, due to various uncertainties, the
annual demand may have a fluctuation, especially, in
a perfect competitive market. Therefore, it is difficult
for the decision-maker to assess the annual demand
by a crisp value D but easier to determine it by an

interval [D—-4,D+ ﬂz]. Taking a value D* from
[DI B &1, D+ ﬁf] then if D* = D, the error relative to
|D*—D| =0

D (demand in crisp case) is . Therefore
in fuzzy sense, the confidence level is largest. On the

— =
other hand if D’ < [D ﬁl’D)DrD € (D,D+ A,]

then the error is greater than 0 and the confidence

D-A,

level will be less than |. When D’ or D =

D+ 4, then the error will attain to the largest and the

confidence level be smallest. Therefore,

D-A,, D+ A,
corresponding to the interval [ vD+ ‘]
following triangular fuzzy number is set

" the

D (D-4,,D,D+A,)

i

The membership grade of Dis | at D, decreases
continuously as the point deviates from D, and

reaches to zero at D=4, and D+ &2. If the
confidence level is treated as the membership grade,
[D' A;,D+ 52]
easy to set the above triangle fuzzy number D. Two
different methods of defuzzification are employed:
one is signed distance and other is centroid method.

corresponding to the interval , it is

By the signed distance method

.=d(D,0) =D+ (4,-4,)

D
....... (4.4)
By the centroid method
ey 1
D0 c [D) =D+3 (Az-44)
....... (4.5)

Both D" and D° are regarded as the values of annual
demand in the fuzzy sense.

When annual demand of the retailer becomes fuzzy,
then fuzzy annual cost of the retailer is

EA
tQm,L)=
(beQ) @
[ke {E— 8(10 “—j w5 @
LT

ra Bomx +
h[r,;',fz @ koVL & (10 =) E(x-1) ]

o

..... (4.6)
Where ®, ‘I', and & are the fuzzy multiplication,
division, subtraction, and addition respectively

between two fuzzy variable as well as fuzzy with
another real variable by Function Principle.

Theorem 4.1: The values of total expected annual
cost in the crisp sense are as follow:

(a). Using the signed distance method to
defuzzify equation (4.6) results in

eacs(@me L)_pac
QL)+
e

Ty

o)+ c(xj}

(b). Using the centroid method to defuzzify
equation (4.6) results in

eace@mo L) _gac

(Qm,L)+
2ty [ (Bt (- o JECx-1)* +

3Q Ty

C(L)+ C[K]]
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Theorem 4.2 : Total annual inventory cost obtained
by signed distance is less than centroid method if

A< 4, and if A= 4, than total annual cost

obtained by centroid method is lesser.

proof : EACC(@ 1) gacs(Q 7w L)

i B
CL+ C(K)}

¢ 8158 peneaccQ e L) | pacs(Q M L)

t 817 8 peneacc(Q@ e L) ( pacs(Q e L)

Remark- 4.1: If ﬂ < ﬁﬂ then EACC(Q’TEX’ L] —
EACS[:Q'TJ{’ Lj EAC(Q’TX" Lj
the special case of fuzzy case.

i.e., the crisp case is

If the demand is more irregular or fluctuating then it is
not necessary (as stated in Tersine, 1982) that
demand during lead-time to follow normal distribution
always. So the case of unknown distribution of
demand during lead-time has to discuss. During that
case, obviously, shortages will occur more frequently
as the nature of demand is more varying. In the lead-
time, demand having unknown distribution, solution
can be find by two different approaches. On the basis
of this, two cases are raised as:

1. Solution by using Minimax-distribution free
procedure.
2. Solution by using Chebyshev inequality.

Case-1. When the lead-time demand has unknown
distribution then the minimax distribution procedure
can be used. Then, the upper bound to the expected
shortages during lead-time can be given as:

For any distribution F

E(X-n)*
|
<1 {JGEL + (r —DL)? — (r-DL) }
T
< = { 1+ k2- k}
or E(X-n)* = N

Hence, equation (4.7) and equation (4.8) can be
reduced as follows to minimize it.

From equation (4.7)

EAC

sy (Qm.L) =
©.h [§+ mz(ﬂg)(g& T

(ag-8,)
129

Ee (o L)}(z (vmfk)) +

clLy+ c(}o]

[+

From equation (4.8)

EA

\| Q;"[L

s

D[Byx [ By i
oS

ot {Q[H—

+g[c( (K] +

(85-4y) Boﬂi Boﬂx U\E —
Loy 101 22 22 (T k) [ +0) +O(R
TR e HUTE’Z(H J |00+
........ (4.10)

w
Where EACS“ (Qm, L) and EACC (Qm, L) are

w
the least upper bound of EACS“ (Qm,.L) and

w
EACC (Q’Tx’ L) respectively.

Case-2. When the probability distribution of X is
unknown and has only first two moments then it is
difficult to get the exact value of E(Eg-r)’ i.e
expected shortages during the lead-time. By using
Chebyshev inequality, the real fluctuation in
shortages during the lead-time is captured by
Providing the better bound. Moreover, the inequality
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is valid for all distributions for which the standard
deviation exists.

Since, it is known that expected stock out quantity
during the lead-time is

X -Df()dx

E(X-n" =
Using Chebyshev inequality
E(X-1)" =

[o 8 — (0 - k)l f(0)dx = ZE (L +

ptks

1 1 )
(k+1)%  (kt+2)®
Furthermore, the above inequality holds for any
distribution.

Hence, equation (4.7) and equation (4.8) can be
reduced as follows to minimize it.

From equation (4.7)

s¥ (Qu,L)= —+h
EAC ¢

[Qf 2+ Uk\,ff(l_ﬂ;_-‘:x)

aﬁ(1+ 1 . 1 ) +D
2 Wk k2| T

'J'II2 T
()
Ty i

oL /1 1 1 D
T(F+(k+1)9+(k+2]9) g b+l
(A;-4y) Bu- ﬂi Bﬁﬂx
TTaq |*7 { T +(1_ o )ﬁ”}
wlil 1 1
Hk_ (k+1)9+(k+zlf) e =410

From equation (4.8)
s (Qm,L)= = +h
AC Q

[Qf 2+ Uk\,ff(l_ﬂi_:x)

oL /1 1 1 D [B, n B,y
(T (F+ T +2j2))l e [KJF (1' T )“f’]

CW"'E 1 1 1 D
(T (@ zj:)) g [Cw+ ol

A,—-A B w2 B.m
+u K+ b x +[1- 0 T
3Q Ty Ty
/I71 1 1
(% (& RS +z)2)) oL+ CUQ] e (412)
W w
Where EACS': (Q’ﬂx’ L) and EACCC (Q;fo; L)
and the least upper bound of EACS (Qm,L) and
EACS (Q’ﬂx’ L) respectively.
J1+k -k m=1
e, =171 1 1
" (—n + >+ ) =
k2 (k+1)2 (k+2)?

and

B, =k+ 228 o (k)+ (L) +C(K)

r

E, = Kko L+

h:?z'\.'.{- q}m (I{]

We define

TCm| =

g (D+ﬂ)q—§— kB7y 7 Toy (K) _

E 143 @ Iy

B2 L ()
Imy

(D ﬂ)ﬁ_ﬁuﬂ@m(’ﬂ (D+
143/ 0 n,

M) n
) tE

Where m=1,2and1=0, 1
Where

TCyo = Total expected inventory cost for retailer
when defuzzification is done by using centroid
method and Minimax-distribution free procedure is
used for solution. (expression is given by equation
4.10))

TCy;, = Total expected inventory cost for retailer
when defuzzification is done by using signed
distance method and Minimax-distribution free
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procedure is used for solution. (expression is given by
equation 4.9))

TC, = Total expected inventory cost for retailer when
defuzzification is done by using centroid method and
Chebyshev inequality is used for solution. (expression
is given by equation 4.12))

TC,; = Total expected inventory cost for retailer when
defuzzification is done by using signed distance
method and Chebyshev inequality is used for
solution. (expression is given by equation 4.11))

Theorem 4.3: For fixed (Q, ﬂx), TC,,is concave in L
€ [LL. Ll—l.].

Proof:
-1z
dTCm %gz omli)—c, ( AZ—Al)_
a. 9 1+3

iy oy
hBoal M Epm(k) Bool Epm (k)
T, +
41y 47Ty

(D +az—a1)ﬁ_ Boot ™ pm(k) (D +
1+3 /¢ 4

ﬂz—al)ﬁ
I+3 / @

hkagL™1/2  pgL~1/2
4 4

@ (k)

ﬂmﬂwﬂmmmm
dL? Ty Ty

52'51) son WL
8

o) (1_ ﬁﬂ)+

heL L2
=<
8

4

.|.

Ty

0 Since M <1

Ty

= [LL- Ll—l]

Theorem 4.4: For a given value of L

TC,y is convex in (Q, iTf").

Proof: First, the Hessian matrix H is obtained as
follows:

Journal of Advances in Science and Technology

82 TCpm1 QL)

82 TCpm1 (Q.L)

ag2 aQam,
B TCm(Qmpl) 82 TCm(Qmyl)
H = dm,dQ Az

then proceed to evaluate the principle minors of H.

Now, the first principle minor of H is

By T Bome\ | @ (kL3
e et

FTCw(Qm.L)
aQ? -

Ay-A
1+3

(p+

;—3[1{ +C()+C(K))+ (

H )
1l >0, since

B m
1):=~Elsince 02 =1

g

In order to evaluate second principle minor, the
following partial derivatives are required.

B TCm (Qmyl) _ Bool Y iem(k)

gy

@y

B T Oy ( Qg L)

B T Oy ( Qe L)

(0+322)

I+3

Bool ™ g (k)

A, dQ

(2 +557) G-2)

aQom,

_ Q2

The second principal minor of H is

azTle[:Qjﬁx!L:] azTcml(Qﬂ‘-x!Lj
Hol= | 2Q? ) d@adm,

217 |pre@r, L) PTCu@m, L)
om, 0@ om?

ZU\"L;)':UC‘IBU [K + C(L) + C(Kﬂ +
1

)

—_—
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Tcml [Q’HI’L]

Therefore, it is clear that is convex

function in [Q’ HI]

For fixed L €[L; LH], the minimum value of TCy,

will occur at the point (Qm.) which satisfies

AT C(Q7 L)
e = 0 and
OTCm(@Qmxl) _
diT.,

On solving above two system of equation

Boa T (m% (Ap-0q)
) 2 [Ei+—°2\“ (E—“;—Trquﬂm(k]](ﬂ v ]
h@ Mo
b = — =t —
mix (Ap-81) 2
z (D+ I+3 :l

On putting the value of "% in the expression of Q and
after simplifying

- 2 [El+ﬁocx-18qﬂmlik) (D+.:.ai;:j_):l
ml = '
hl1- Boo VI omik)
angl D+I:ﬂ?::ﬂJ
" hQ To
Tnlx = [(Ag=fq) o
2 (o) 2
......... (4.15)
Remark-4.2: Taking m=1, Az= &1, C(K) = 0,

equation (4.15) reduces to

g (4= Bo)a VI (V1 +kZJom(k)

. +C(L]]

* —
Qo = N (1_ hBoa I v1+k? R)

amg

2D|K+

hQ Ty
m= -+
* 2D 2

#

This is same as equation (12) and equation (13) of
Lin (2008). So the present model development here is
more generalized then Lin (2008).

Now, the value of Q*, mx can be obtained
from the equation (4.15) for the known values of the

parameters of the inventory. For each L; (j= O, 1,
24 n), the value of corresponding total expected
annual cost can be obtained.

Algorithm is provided to found the optimal
ordered quality, lead-time and the backorder discount
for given value of safety factor k.

Algorithm:

Step-1. For given value of safety factor k and for
each L;(j=0,1, 2,...... n), perform step (2)-(4).

Step-2. For given k, find the value of Q from the
equation (4.15).

Step-3. Substitute Q into equation (4.15) and

computer the relative " . Comparing — , with "¢

. = L .
a. if T[X - ﬂo, then solution is feasible, go to
step 4.
. T =T
b. Otherwise set ", o and move to step 4.

Step-4. Computer the corresponding total expected
cost from the equation (4.13). Go to step 5.

Step-5.Find min

i=0.12...0

Step-6.Say TC,,, (Q",7;,L°) = min
i=0,1,2

nay

value for Q,T’EI,EIIld L.

4.3.2 Analysis on the Basis of Theoretical
Results:

1. Notice that if Bo =1, equation (4.15) reduces
to
(Q:;-]_: :] ,E'D =1 =
g+T U {Ap-fiq)
2 [+ 2 (et o )| (2 + 2222)
h

When Bo =0, equation (4.15) reduces to

(@nu) g, =0 _ h
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Hence, for fixed L and T on comparing above two

[:lej,[?n =09 (le],ﬁ’n=1 ie

the order quantity per cycle increases as Bo
decreases. So, order quantity in inversely
proportional to upper bound of discount ratio. This
result is also varified by Table 4.4.

expressions, one gets

2. The effect of Fo on the minimum total expected
annual cost be examined. It has minimum value when

.EI}: ﬁ'}:
<JBD<1

1 and maximum value when 0. Hence for 0

(Tcm!:]%n:l < [Tcm!]if?n < (Tcm!jEDZD

This result can also be seen through Table 4.4

3. For 7 =0 and k sufficiently large, we get

Om (k) > 0,4,= &1, and there is no setup
crashing cost then equation (4.13) reduces to the
result of Ben-Daya and Raouf (1994).

4.4 NUMERICAL EXAMPLE:

In the model, the retailer tries to reduce the lead-time
and setup cost by an extra investment with suitable
price discount to the customers to convert some
portion of lost sale into backorder case. The proposed

model has been illustrated with help of following data
which is taken is taken from the literature:

D=600 units per year, K = $200 per order, 7 = 7 units

per week, To = $150 per unit, h = $20 per unit per
year. The problem has been solved for different upper

The Setup cost has three components with the
respective crashing cost that has been shown in Table
4.3.

Table — 3: Setup Cost Data:

By using the given algorithm, the optimal solution have
been obtained by varying the value of backorder ratio
and corresponding optimal values are tabulated in
Table 4.4

Observations Based on Table 4.4:

With the use of suggested algorithm, the optimal
solution has been obtained by varying the value of
lead-time and the best possible outputs are tabulated
in Table 4.4. Following observations are made from
Table 4.4.

1. From the Table 4.4, it is interesting to

observe that for fixed value of Ay and &9. If the value

of upper bound of the backorder ratio Bo increases,
then the expected annual total cost, the order
quantity, and the backorder price discount decreases.
This shows that retailer can capture the backorders
by increasing the price discount. It observe that if the

value of upper bound of the backorder ratio Bo
increases, it results in an increase in the cost saving.

2. If A4 < A, i.e., the tolerance level of right is
more than left, then the total expected annual cost in
the fuzzy sense obtained by using the signed
distance is less than that of centroid. It this situation,
it is better for the decision-maker to adopt signed
distance method for defuzzification to obtain the

optimal solution. These numerical results verify
bounds of the back order ratio Bo_ 0.2, 0.5, 0.8 and Theorem 4.2.
0.95. The lead-time has three components with the _ ] o
respective crashing cost that has been shown in Tale Table 4-4: Optimal Solution in Different
4.2 Scenarios:
Table — 4.2: Lead-time Data: Setup cost Normal cost Minimum cost Crashing cost f;
component j (days) ¢ (days) d;

Lead-time Normal Minimum | Crashing - _

duration duration cost c; per 1 % 0 %
component j (days) & days 2 80 0 168

(days) by 3 40 10 350
1 20 6 0.4
2 20 6 1.2
3 16 9 5.0
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1. By offering the price discounts a retailer can
fetch a large number of backorder.

2. In the model developed here, inventory cost
per unit item is less than that of Cheng et al. (2004).
This is due to providing price discounts of backorder
which increases the backorders and finally decreases
the total inventory cost which is associated to per unit
of item.

3. Table 4.5 shows that the reduction of lead-
time accompanies a decrease of ordering quantity.

Table—4.6: Summary of Cost Saving per Unit:

7 T D Model Minimum Cost perunit | Cost Saving per unit
04 1 i Cheng et al. (2004) Model Bo §22.32
! g o 0.20 §19.999 §2.321
' " . 0.50 $320.006 52314
QOur Proposed model 0.80 $§20.006 S2314
Table-4.5: Comparison of the Minimum Total Cost 005 $20.003 ©317
per Unit with Backorder Discount:
Chengetal. (2004) Inourdeveloped model (4, = 25,4, =0) 45 SUMMARY AND CONCLUDI NG
. . Model .
S Y e T REMARKS:
] L4 L‘.‘. ot

0 EC Lt Per Fer Fer
G |Q 0 FC Ua [Q 0 BT G |Q BT Uit

4, |If A1 Ay i.e., the tolerance level of right is more
than left, then the total expected annual cost in the
fuzzy sense obtained by using the centroid method
is less than that of signed distance method. It this
situation, it is better for the decision-maker to
adopt centroid method for defuzzification to obtain
the optimal solution. These numerical results verify
Theorem 4.2

OBSERVATION BASED ON TABLE 4.5 AND
TABLE 4.6:

The effect of price discounts for backorders by the
retailer to the customer on the total expected cost is
also analyzed. As Cheng et al. (2004) did not consider
backorder price discount, the model developed here is
being compared to the model of Cheng et al. (2004)

In this chapter, Fuzzy Economic Order
Quantity (FEOQ) model is studied to determine the
optimal order quantity, discount backordered cost
and lead-time. Whole of the study is performed in
fuzzy environment. Even today, most of the
researchers are ignoring this concept, just for the
sake of simplicity of their models. But due to
globalization and cut throat competition, it is the
need of the hour to study the inventory model in
fuzzy environment. So that they can accurately
analyze inventory parameters and hence increase
the goodwill of the organization in market.

Most of the researchers assumed that Lead-time
was zero. Needless to say, this is an unrealistic
assumption. Lead-time is controllable which can be
controlled by using extra crashing cost. It is
considered that lead-time and setup cost are not
constant but it can be reduced by an extra crashing
cost. Assumption about the form of probability
distribution of lead-time demand is relaxed and used
the  Minimax-distribution free procedure and
Chebyshev inequality to solve the problem. The
convex nature of expected annual cost functions
helps to determine the optimal values of decision
variables.

To summarize the discussion, it is observed that by
providing suitable discount to customers, the retailer
would be able to convert lost sale to backorder case
and reduce his expected loss. So it can conclude
that backorder ratio depends on backorder discount.
It is also observed from Table 5 of Lin (2008) at pp.

124 that as the value of ' decreases from 0 to -1.0,
inventory cost per unit quantity increases from 23.51

Vijay Gupta

5| www.ignited.in




Journal of Advances in Science and Technology

Vol. IV, No. VII, November-2012, ISSN 2230-9659

to 26.41 which is much more higher than developed
model as it is about 20 (from Table 4.6). This is due to
consideration of crashing cost to reduce setup cost. It
is observed that in proposed model there is a
significant cost reduction per unit items as compared
to the Cheng et al. (2004). The reason behind this is
that they did not apply one of the nature phenomena
such as backorder price discount to motivate their
customers to wait until his/her demand as not fulfilled.
So, it can be concluded that decision-makers focused
his/her decisions with the capital investment in
reducing setup cost and offering backorder price
discount to customers, to lower the system cost, and to
obtain a significant amount of savings increase the
competitive edge in business. The proposed model is
solved with the application of Chebyshev inequality,
well known for its simplicity and generality. Ben-daya
and Raouf (1994) model s deduced as special case,
i.e., the developed model is better and has more
practical applications in comparison to Ben-Days and
Raouf's model. Condition is explored to find the
situation, which method of defuzzification (signed
distance or centroid method) is better in order to obtain
the minimum annual cost theoretically and that result
is also verified through numerical example.

In future research on this problem , it would be
interesting to analyze the non-linear relationship that
exists between crashing cost, lead-time and setup cost
and considering impreciseness in different cost.
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