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Abstract Fuzzy set theory is primarily concerned with how to quantitatively deal with imprecision and uncertainty, and
offers the decision maker another tool in addition to the classical deterministic and probabilistic mathe matical tools that are
used in modeling real-world problems. The present study investigates a fuzzy economic order quantity model for
deteriorating items in which demand increases with time. Shortages are allowed and fully backlogged. The demand, holding
cost, unit cost, shortage cost and deterioration rate are taken as a triangular fuzzy numbers. Graded Mean Representation,
Signed Distance and Centroid methods are used to defuzzify the total cost function and the results obtained by these methods
are compared with the help of a numerical example. Sensitivity analysis is also carried out to explore the effect of changes in
the values of some of the system parameters. The proposed methodology is applicable to other inventory models under
uncertainty.
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1. Introduction

In conventional inventory models, uncertainties are
treated as randomness and are being handled by applying the
probability theory. However, in certain situations
uncertainties are due to fuzziness, and such cases are dilated
in the fuzzy set theory which was demonstrated by Zadeh
in[12]. Kauffmann and Gupta[1] provided an introduction to
fuzzy arithmetic operation and Zimmermann[4] discussed
the concept of the fuzzy set theory and its applications.

Considering the fuzzy set theory in inventory modeling
renders an authenticity to the model formulated since
fuzziness is the closest possible approach to reality. As
reality is imprecise and can only be approximated to a certain
extent, same way, fuzzy theory helps one to incorporate
uncertainties in the formulation of the model, thus bringing it
closer to reality.

Park[10] applied the fuzzy set concepts to EOQ formula
by representing the inventory carrying cost with a fuzzy
number and solved the economic order quantity model using
fuzzy number operations based on the extension principle.
Vujosevic et al.[15] used trapezoidal fuzzy number to
fuzzify the order cost in the total cost of the inventory model
without backorder, and got fuzzy total cost. Yao and Lee [7]
introduced a backorder inventory model with fuzzy order
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quantity as triangular and trapezoidal fuzzy numbers and
shortage cost as a crisp parameter. Gen et al.[14] expressed
their input data as fuzzy numbers, and then the interval mean
value concept was introduced to solve the inventory problem.
Chang et al.[20] considered the backorder inventory problem
with fuzzy backorder such that the backorder quantity is a
triangular fuzzy number.

Chang[21] discussed the fuzzy production inventory
model for fuzzify the product quantity as triangular fuzzy
number. Lee and Yao[5] proposed the inventory without
backorder models in the fuzzy sense, where the order
quantity is fuzzified as the triangular fuzzy number. Yao et
al.[9] assumed to be the order quantity and the total demand
rate as triangular fuzzy numbers and obtained the fuzzy
inventory model without shortages. Wu and Yao[l1]
fuzzified the order quantity and shortage quantity into
triangular fuzzy numbers in an inventory model with
backorder and they obtained the membership function of the
fuzzy cost and its centroid. Yao and Chiang[8] considered
the total cost of inventory without backorder. They fuzzified
the total demand and cost of storing one unit per day into
triangular fuzzy numbers and defuzzify by the centroid and
the signed distance methods. Dutta et al.[17] developed a
model in presence of fuzzy random variable demand where
the optimum is achieved using a graded mean integration
representation. Chang et al.[3] developed the mixture
inventory model involving variable lead-time with
backorders and lost sales. First they fuzzify the random
lead-time demand to be a fuzzy random variable and then
fuzzify the total demand to be the triangular fuzzy number
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and derive the fuzzy total cost. By the centroid method of

defuzzification, they estimate the total cost in the fuzzy sense.

Wee et al.[6] developed an optimal inventory model for
items with imperfect quality and shortage backordering.
Lin[23] developed the inventory problem for a periodic
review model with variable lead-time and fuzzified the
expected demand shortage and backorder rate using signed
distance method to defuzzify. Roy and Samanta[2] discussed
a fuzzy continuous review inventory model without
backorder for deteriorating items in which the cycle time is
taken as a symmetric fuzzy number. They used the signed
distance method to fuzzify the total cost. Gani and
Maheswari[16] developed an EOQ model with imperfect
quality items with shortages where defective rate, demand,
holding cost, ordering cost and shortage cost are taken as
triangular fuzzy numbers. Graded mean integration method
is used for defuzzification of the total profit. Ameli et al. [13]
developed a new inventory model to determine ordering
policy for imperfect items with fuzzy defective percentage
under fuzzy discounting and inflationary conditions. They
used the signed distance method of defuzzification to
estimate the value of total profit. Nezhad et al.[22]
developed a periodic review model and a continuous review
inventory model with fuzzy setup cost, holding cost and
shortage cost. Also they considered the lead-time demand
and the lead-time plus one period’s demand as random
variables. They use two methods in the name of signed
distance and possibility mean value to defuzzify.
Uthayakumar and Valliathl[19] developed an economic
production model for Weibull deteriorating items over an
infinite horizon under fuzzy environment and considered
some cost component as triangular fuzzy numbers and using
the signed distance method to defuzzify the cost function.

In this paper, an inventory model for deteriorating items
with shortages is considered where demand, holding cost,
unit cost, shortage cost and deterioration rate are assumed as
a triangular fuzzy numbers. For defuzzification of the total
cost function, Graded Mean Representation, Signed Distance
and Centroid methods are used. By comparing the results
obtained by these methods, we get the better one as an
estimate of the total cost in the fuzzy sense.

2. Preliminaries

In order to treat fuzzy inventory model by using graded
mean representation, signed distance and centroid to
defuzzify, we need the following definitions.

Definition 2.1 (By Pu and Liu[18, Definition 2.1]). A

fuzzy set aon R = (—00,0)is called a fuzzy point if its
membership function is
lx=a
AL(X)={ } (1)
a 0,x=a

where the point a is called the support of fuzzy set a.

Definition 2.2 A fuzzy set [aa,ba] where 0< ¢ <1

and a < b defined on R , is called a level of a fuzzy interval
if its membership function is

Hia p1(X) = {

Definition 2.3 A fuzzy number A = (a,b,c) where a <

a,a<x<b
)

0, otherwise

b <c and defined on R, is called a triangular fuzzy number
if its membership function is

—— . a<x<b
b-a

My = C_—:J(,bSXSC (3)
0, Otherwise

When @ = b = C, we have fuzzy point(C,c,C) =C.

The family of all triangular fuzzy numbers on R is
denoted as

F, :{(a,b,c) | a<b<cV a,b,CER}.

The o -cut of Az(a,b,c) eF,,05a<] is
A@) = [A (o) As(a)]

Where A (a)=a+(b-a)a
A; (@) =c—(c—b)a are the Ieft and right endpoints of
Alx).

and

Definition 2.4 If A=(a,b,c) is a triangular fuzzy
number then the graded mean integration representation of
A is defined as

Wa -1 -1
L~ (h)+ R (h
jh[ (h) ; ( )]dh

P(A) = -

Wy !

jhdh
0

with 0 <h<W, and0< W, < 1.

. j[h[a+h(b—a)+c—h(c—a)]dh
P(A)=1/23

jhdh - (4)
0

_a+4b+c
6

Definition 2.5 If A=(a,b,c) is a triangular fuzzy
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number then the signed distance of A is defined as

d(A,0) =jo|([AL (@), A, (a)a],éj:i(a+2b+c)(5)

Definition 2.6 The centroid method on the triangular

fuzzy number A = (a, b, C) is defined as

- a+b+c

C(A) = 6
(A) 3 (6)

v
w

a Al b A (el C

Figure. & -cut of atriangular fuzzy number

3. Assumptions and Notations

The mathematical model in this paper is developed on the
basis of the following assumptions and notations.

3.1 Notations

@i~ D(t) is the demand rate at any time t per unit time.

(i)— A is the ordering cost per order.

(iii)— @ is the deterioration rate, 0 < 8 << 1
(iv)— T is the length of the Cycle.

(v) — Q is the ordering Quantity per unit.

(vi)— h is the holding cost per unit per unit time.
(vii) = S is the shortage Cost per unit time.
(viii) =~ C is the unit Cost per unit time.

(ix) — K(tl,T) is the total inventory cost per unit time.
(X) — D is the fuzzy demand.
(xi) — @ is the fuzzy deterioration rate.

(xii)— h is the fuzzy holding cost per unit per unit time.

a ab

1(t)=Qe ™™ + (-~

0 0%

and

10 = a0+ 22 1)

(xiii)— S is the fuzzy shortage Cost per unit time.

(xiv)— C is the fuzzy unit Cost per unit time.

wv)— K (tl,T) is the total fuzzy inventory cost per unit
time.

(vi)— K g (tl,T) is the defuzzify value of K (tl,T)
by applying Graded mean integration method

(wii)~ K (t,, T) is the defuzzify value of K (t,,T)
by applying Signed distance method

(wiii)—~ K (t,, T) is the defuzzify value of K (t,,T)
by applying Centroid method.

3.2 Assumptions

(i)~ Demand D(t) = a(l+bt) is assumed to be an
increasing function of time i.e. where a and b are positive
constants anda > 0,0<b <1.

(ii) — Replenishment is instantaneous and lead-time is
zero.
(iii)— Shortages are allowed and fully backlogged.

4. Mathematical Model

Let 1(t) be the on-hand inventory at time t with initial

inventory Q . During the period|[0, t, 1the on-hand inventory
depletes due to demand and deterioration and exhausted at
time t, . The period[t,, T] is the period of shortages, which
are fully backlogged. At any instant of time, the inventory
level |(t) is governed by the differential equations.

4.1. Crisp Model
%Hﬂ(t):—D(t) 0<t<t (41
with 1(0)=Q and I(t,) =0.
¥:_D(t) t,<t<T (42)
with I (t,) =0.

The solution of equation (4.1) and (4.2) is given by

ot ab a

+?—5(1+ bt) (4.3)

(4.4)
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By using I (t;) = 0, we have

a ab a ab
=12 @+bt) - e | 222 45
{2 o) - 22 len(3-22) 45)
Now, (4.3) becomes

N PR Y o G0t 0 e Oy
I(t)_a{(tl t)+2(tl t) }+ab{t1(tl t) ; +2t1(t1 t) 6(t1 t)} (4.6)

(Neglecting higher powers of @).
Total average no. of holding units ( | y ) during period[0, T] is given by
t 2 3
¢ t, 6 t, o
=J'I(t)dt = a{i+—tf}+ab{i+—tf} 4.7)
) 2 6 3 8
Total no. of deteriorated units ( | p ) during period[0, T] is given by

o = Q —Total Demand

ty
=Q—ja(1+ bt)dt =%a6’tf +%ab0tf 4.8)
0
Total average no. of shortage units (I ) during period[0, T] is given by
T 3
a ab T 2
S :—Jl(t)dt:E(tl—T)z —7(th—?—?3] (4.9)

Total cost of the system per unit time is given by

K(tl,T)=T£[A+h|H+C|D+S|S]
- 2 3 7
A+h tLJerf +hab ti+gtl“ +C(la0tf+lab9tfj+
2 6 3 8 2 3

1
T 3
(t ~-T)? »_2b ZT—T——gt
2 3 3
4.2. Fuzzy Model

Due to uncertainly in the environment it is not easy to define all the parameters precisely, accordingly we assume some of

K(t,,T)= (4.10)

these parameters namely a,b,C,S,8,h may change within some limits.

Let a=(a,8,,a,),b=(b,b,,b,),C =(C,,C,,C,),S = (S,,5,.,5,),0 = (6,,0,,0,),h = (,, h,, h, ) are as

triangular fuzzy numbers.
Total cost of the system per unit time in fuzzy sense is given by

B ) — - [ +3 - - o
A+ha t— 2t +hab ti+9 +C[1a49t +1ab¢9t j
2 6 3 8! 2 3

- 3
s18, -T)? ,_ab i LY
2 2 3 3

k(tl,T):i (4.11)

We defuzzify the fuzzy total cost K(tl,T) by graded mean representation, signed distance and centroid methods.
(i) By Graded Mean Representation Method, Total Cost is given by
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Kas (tllT): %[qu (tl’T)’ ch;2 (tl’T)’ ch53 (tl’T):|

Where
_ ) . _
A+h@{%+%tf}+hlalbl[%+%tfj+cl(%aﬁltf+%a1b191t13J+
Ko (6,T) ==
dg, \s V)=
I T a,b T® 3 S,ab, /.,
{ (t,-T)* +2L (3+§t1j}—%(tﬂ-)
) , ; )
A+h,a, ti+&tf +h,a,b, tiJr&tf +C2(1a292tf+1a2b292tfj+
1 2 6 38 2 3
KdGz(tl’T):? a a,b, T3 2
S42(t, —-T)" — 22| t/T-—— -t
z{zu ) 2( 2 ]}
) ) ; }
A+ha, (i + %tfj +h,ab, (i + %tfj +C, (1 a0t + Easbsestfjjt
. (LT)o L 2 6 38 2 3
dG ) =
: T a, T 2., S,ab, /.»
{20 o T2y [ 28 o)

1
Kot T)= E[qu (t.T)+ 4K e, (t.T)+ Ke, (tl’T)J (4.12)

To minimize total cost function per unit time K (tl,T), the optimal value of t,and T can be obtained by solving the

following equations:
aKdG(tl'T)zo (4.13)

0Kye (tl’T)
oT

1
Equation (4.13) is equivalent to

o 7
ma{tﬁ;tfjmalbl(tf +31tfj+cl(aﬂltl +abot; )+
Sl {al(tl _T) + albltlz} - S33-3bst1-|- +
1 h,a, (tl +%th+ h,a,b, (tf +%tfj+cz (azezt1 + a2b292t12)+
o 4 +1=0 (4.14)
Sz {az(tl _T) _azbz (t’lT _t12 )}
3as(tﬁ t2j+h3a3b (ti G ]+C (a,0t, +a0,017)+

Sz {aS(tl -T) + asbatl } - Sla1b1t1T ]

=0 and

and
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1 1 1
Sl {_ai(tl _T) + Ealbsz}_Esaaezbstlz + 432 {_az (tl _T) _Eazbz (tlz -T 2)}

6T 83{—a3(t1—T)+%a3b3T2}—%Slalbltf _
6A+hla1(%+%th+maibl(%3+%tfj+Cl[%aﬂltf+%a1b1<91tfj+
Sl{%(t T)* + aizbl(T; gtfj}—%asb?*(tﬁ)w (4.15)
L h,a, [%+ %tf}r h,a b, (ng %t{‘J +C, (%aﬁztf +%a2b26‘2tf] +
6T? {az (t-T) - ( T—T—;—gth}

haas[ & q]msaeb [t—+ gjm( a303tf+%a3b303tfj+

, ab (T 2.5 Sab .
Ss{ﬁ(ti—T) +a3—(?+§t1]}—%bl(m)

Further, for the total cost function KdG(

T) to be convex, the following conditions must be satisfied
Koty T) o 9°Kao(tT)
5 >0
1

o aT?

>0 (4.16)

@.17)

o (édeG(tl,T)j (adeG (tl,T)J _(adeG (tl,T)J S0

ot? oT? ot,oT
The second derivatives of the total cost function KdG (tl,T) are complicated and it is very difficult to prove the convexity

mathematically. Thus, the convexity of total cost function has been established graphically, (Figure (A)).
(ii) By Signed Distance Method, Total cost is given by

K ()= K (0T e, (7). (7))

Where
Z 0 20 1 1
. A+hla1[%+§tfj+malbl[%+§1t1“j+cl(§a16atf+§a1bﬂltfj+
T 3
alb1 T S;ab
s{3e-rr (T de)|- o8
2 3
. A+h,a, [%+%tfj+h2a2b2 (%Jr%tfjJrCZ (%azezthr%azbz&th]Jr
T a a,b, T3
S vl _T 2_ 2 ZT____ 3
Z{Z(tl ) 2 ( 3 3H]}
2 3
A+h3a3(%+%tf]+h3a3b3(%+%tf]+c3(%a393tf+%a3b303tfj+

1
Kgs (tl,T):—
: T b (T3 2 S
3{%“1‘””%[??@}‘ 22

dei (ti'T) =

K, (t,T)=
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1
Kgs (4.T)= Z[K“Sl (L T)+2Ks, (4. T)+ Ky, (tl,T)} (4.18)

The total cost function de (tl,T) has been minimized following the same process as has been stated in case (i).

To minimize total cost function per unit time de (tl,T), the optimal value of t1 and T can be obtained by solving the

following equations:
8de—(tl,T):0 and 8de—(tl,T)=O (4.19)
at, aT

Equation (4.19) is equivalentto
ha, (tl +%th+ hagb, (tf +%th +C, (a0t +abot )+
S{a(t,-T) +abt?}-SabtT +
1, h,a, (t1+%tf)+hzazb2 (tf +%th+02 (3,01, +a,b,0,t7 )+ |, @
S,{a,(t,~T) —ab, (4T -t)}
h.a, (tl +%th +h,ab, (tf +%th +Cy (8,0, +ab,ot’ )+

_Sa {as(t1 -T) + aebatlz} - Sla1b1t1T

and

1 1 1
Sl {_ai(tl _T) +Ea1b1T2}_§Saasb3t12 + 282 {_az (t1 _T) _Eazbz (tlz -T 2)}

4T 1 1
+Ss {_as (tl _T) + E a3b3T 2 } - E Slalbltlz

2 6 3 ¥ 91 4 1 2 1 3
4A+mai[%+glt1]+h131b1[%+§t1j"’Q(Eaﬁltl +§aib1‘91t1j+

Ay A (T 20| S e 421
Sl{z(t1 T) + 5 [3+3t1]} > (tlT)+2 (4.21)

> 6 6 1 1
h,a, [% + Eth}L h,a,b, [% + Ezt{‘j +C, (E a,0,t7 + 3 azbzaztfj+

4T? a a,b T 2
S IZ2(t —T) 22| 2T ———_Z¢8
2{2(1 ) Z[tl 5 3t1]

2 3
h,a, [% + %tlsj +h,a b, (% + %tf] +C, (% a0t +%a3b3‘93t13J +

a . zae_bgT_sgs _Sab .
83{?@ )Y+ > [3+3t1j} > (t'T)

Further, for the total cost function K (ti,T) to be convex, the following conditions must be satisfied

0*Kgs (8, T) -0 *Kgs (,,T) -0

, 4.22
ot? oT? (422
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ot oT? oot

The second derivatives ofthe total cost function de (L_,T) are complicated and it is very difficult to prove the convexity

o [82de (tl,T)j (aZde (tl,T)J _(aZde (tl,T)] o “23)

mathematically. Thus, the convexity of total cost function has been established graphically, (Figure (B)).
(iii)By Centroid Method, Total cost is given by

Kac (tl’T): %[qu (tl’T)’ ch2 (tl'T)’ ch3 (tl’T):l

Where
3

A+hla1(% 4, ]+hla1bl(é+g j ( a0t + > albﬂtj

1
chl(tl,T)z—
! { (t,-T)? +a1b1(? St J}——S%b?’(tﬁ)

_ , - _
. A+ hzaz(t; 6(; t3j+h a,b, (é %t{‘}+cz (%a202g2+%a2b202tfj+
? T3 2

2 T ZT____ 3

2 3
A+ha, [% +%th +hab, [% + %t{‘] +C, (%aségtf +%a3b363tfj +

3 T 2l Sab
{ (t,-T)+ ; (3+3t1]} : (tT)

1
Kol T) =3 K 0 T) Ko, (0,7 Ko 0,7)| (a2

KdC2 (t T) =

—||I—‘

ch3 (t.T)=

The total cost function K 4 (tl,T) has been minimized following the same process as has been stated in case (i).

To minimize total cost function per unit time K. (tl,T), the optimal value of t;and T can be obtained by solving the
following equations:

0Ky (4,.T)
o

0Ky (4.T)

=0 and =0 (4.25)

Equation (4.25) is equivalent to
o 0,

ha, (ti +31tfj+hla1b1 (tf +31tf]+cl(aﬁltl +abot’ )+
Sl {al(tl _T) + a‘lbltlz} - Ssa3b3t1T +

92 2 2 92 3 2
1| |ha, b+ +hab, |t +34 +C, (2,0, +ah,0t’ )+
Sz{az(li_T) _azbz (tlT _tlz)}
h S ) inap [+ % ]ic b0
o8| L+ |+ a2 Gy (a0 +aot )+

Sa {as (t1 _T) + a’sbstlz} - Sla‘lbltlT

oo (4.26)
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and

1

2

3A+ hlai(%+

ab

a 2 L
S 2t -T) + —+=
1{2(1 ) 2(3

3 1
2 3
h,a, (% + %tf] +h,a,b, (% + 0
aZbZ

5 [th -

Y

o,
+€3th+ hgasb{3

T3

a
Sz {?2 (tl _T)z -
t2
h 1
o4

s,
2

83 {% (tl _T)2 +

1 1 1
sl{—ai(tl—T)+§a1bJ2}—§saasb3tf+282 {—az(tl—T)—Eazbz (tf—TZ)}
! +Ss {_a3(t1 _T) +%a3b3T2}_%Sla1b1t12
6 3
gltfj+hla1bl[%+
J
ot

_2p
53
+ %t{‘] +C, (% a,0.t! +%a3b36’3tfj +

550

89

(7 1 1
Elth + C1 (E ‘5‘191':12 + § albleltfj +

_ Ssasbs

4.27
5 (4.27)

(tT)+

J +C, (% a,0,t> + % azbzﬁztf)+

_Sab
2

(£7)

Further, for the total cost function K. (L_,T) to be convex, the following conditions must be satisfied

*Kye (8,T) -0

*Kye (1, T)

>0

6t12

0*Kye (4,T)

e 4.28)

O*Kye (4.T)

and (

0Ky (n,T)J(

ot} oT?

e

oot

The second derivatives of the total cost function ch (L_,T) are complicated and it is very difficult to prove the convexity

mathematically. Thus, the convexity of total cost function has

5. Numerical Example

Consider an inventory system with following parametric
values.

Crisp Model, A=Rs200 /order, C=Rs20 /unit,
h =Rs. 5/unit/year, a =100 units/year, b =.1 units/year,

6 =.01/year, S =Rs 15/unit/year.
The solution of crisp model is

K(t,,T) = Rs 404.3429, t,=. 7149 year, T = .9636 year.
Fuzzy Model,

a = (60,100,140), b = (.06,.10,.14),
C = (16,20,24),S = (12,15,18),

0 = (.006,.010,.014), h = (3,5,7)

The solution of fuzzy model can be determined by
following three methods.

been established graphically, (Figure (C)).

By Graded Mean Representation Method, we have

1.When a,b,C, S, 8,h all are triangular fuzzy numbers

Ko (t;, T)= Rs 414.6096, t, = .6908 year, T= .9383
year.

2.When a,b,C,S, @ are triangular fuzzy numbers

K, (t, T)= Rs 406.9852, t, =. 7135 year, T = .9560
year.

3.When a,b,C, @ are triangular fuzzy numbers

Ko (t, T) = Rs 4055274, t,=. 7115 year, T= .9596
year.

4.When a,b and @ are triangular fuzzy numbers

Ko (t, T)= Rs 4052250, t, =. 7120 year, T = .9603
year.
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5.When aand b are triangular fuzzy numbers
K, (t,, T) = Rs 404.8978, t,=. 7131 year, T = .9611

year.
By Signed Distance Method, we have

1. When a,b,C,S,8,h all are triangular fuzzy numbers

Kgs(t,,T) = Rs 419.6059, t,=. 6797 year, T = 9266
year.

2.When a,h,C,S, @ are triangular fuzzy numbers
K (t,, T)=Rs 408.2810, t,=. 7128 year, T= 9523 year.

3.When a,b,C, @ are triangular fuzzy numbers
K (t,, T)=Rs 406.1163, t,=. 7093 year, T= 9576 year.

4, When a,b and @ are triangular fuzzy numbers

K(t,T)= Rs 405.6640, t, =. 7106 year, T = .9587
year.

5.When aand b are triangular fuzzy numbers

Kys(t,T)= Rs 405.1742, t,=. 7122 year, T = .9599

year.
By Centroid Method, we have

1.When a,b,C,S,8,h all are triangular fuzzy numbers

K (t, T)= Rs 4245173, t,=. 6691 year, T = 9153
year.

2.When a,b,C,S, @ are triangular fuzzy numbers

K,c(t,, T)= Rs 409.5606, t, =. 7121 year, T = .9487
year.

3.When a,b,C, @ are triangular fuzzy numbers

K,c(t,, T)= Rs 406.7030, t, =. 7074 year, T = .9557
year.

4, When a,b and @ are triangular fuzzy numbers

K,c(t,, T)= Rs 406.1016, t, =. 7092 year, T = .9571
year.

5.When aand b are triangular fuzzy numbers

Kc(t, T)= Rs 405.4499, t, =.7113 year, T = .9587

year.

6. Sensitivity Analysis

A sensitivity analysis is performed to study the effects of

changes in fuzzy parameters a, b and & on the optimal
solution by taking the defuzzify values of these parameters.
The results are shown in below tables.

Table 1. Sensitivity Analysis on parameter &

a (units/year) tl (year)
60 .8614
80 .7619
100 .6908
120 .6368
140 .5938

T ye) Kgg (tl,T ) (Rs)
1.1755 328.6584
1.0367 374.1864

.9383 414.6096
.8638 451.3349
.8049 485.2219

Tablel indicates that as the value of @ increases, fuzzy cost K,g (tl,T)increases significantly but t, and T decreases

drastically.

Table 2. Sensitivity Analysis on parameter b

b (units/year) t1 (year)
.06 .7041
.08 .6973
.10 .6908
12 .6846
14 .6787

T (yean K (tl,T ) (Rs)
9564 410.3971
9472 4125235
9383 4146096
9299 416.6576
9218 418.6696

Table 2 indicates that as the value of b increases, fuzzy cost K (tl,T)increases regularly but t, and T decreases

gradually.
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Table 3. Sensitivity Analysison parameter &

0 t, (yean) T (year) K (tl,T) (Rs)

.006 .6978 9437 4122687
.008 .6943 9410 4134436
.010 .6908 9383 4146096
.012 .6874 9357 415.7667
.014 .6840 9331 4169151

Table 3 indicates that as the value of @ increases, fuzzy  values of t, and T s.t.t;= .65 to 2 with equal interval T

cost Kyg (tl,T)increases slightly but t; and T decreases = .84 to 1, then we get strictly convex graph of total cost
gradually. function

If we plot the total cost function K (tl,T)with some Kac (ti,T)given below.

values of t; and T s.t.t;= .65 to 2 with equal interval T

= .84 to 1, then we get strictly convex graph of total cost
function

Kis (tl,T) given below.
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Figure (C). Total Fuzzy Cost Ko (tl,T) Vs. fand T
165 1.15 08a

7. Conclusions

This paper presents a fuzzy inventory model for
deteriorating items with allowable shortages in which
demand is an increasing function of time. The demand,
deterioration rate, inventory holding cost, unit cost and
shortage cost are represented by triangular fuzzy numbers.
For defuzzification, graded mean, signed distance and
centroid method are employed to evaluate the optimal time

period of positive stock '[1 and total cycle length T which

minimizes the total cost. By given numerical example it has
been tested that graded mean representation method gives
minimum cost as compared to signed distance method and
centroid method. A sensitivity analysis is also conducted on

the parameters a,b and 6 to explore the effects of
fuzziness.
Fi B). Total Fuzzy Cost K T ) vs tiand T
tgure (B). Total Fuzzy Cost Rras (t1 ) > e Finding Suggest that the change in parameters a,b and
If we plot the total cost function de (tl,T)with some 6 will result the change in fuzzy cost with some changes in

77 222,
LA 7

kH‘r
N
R
R
e
=
o
N
o
2
o
B
o

2

iz

12LL
i

) ) t, and T .With the increases values of these parameters will
values of T and T s.t.t;= .65 to 2 with equal interval T

= .84 to 1, then we get strictly convex graph of total cost re.su.lt n |n(.:rease of fuzzy cost, but decreases I, and T '
. . Similarly with the decreases values of these parameters will

function K (ti,T)gwen below. ) )

result in decrease of fuzzy cost, but increases {; and T .

If we plot the total cost function Ky (tl’T)With some A future study would be to extend the proposed model for
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finite replenishment rate, stock outs, which are partially
backlogged, price dependent demand, stock dependent
demand and many more.
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