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Abstract: In this paper we have developed a fuzzy continuous review inventory
model for deteriorating items. We discussed only the without shortage case.
Demand rate is constant and the cycle time is uncertain and it is possible to
describe it by triangular fuzzy number (symmetric). The results are illustrated
with the help of numerical example. We have discussed the percent of increase if
the uncertainties are accounted for in appropriate manner. A sensitivity analysis
is carried out to demonstrate the effects of changing parameter values on the
optimal solution of the system.
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1. Introduction

Inventory control plays an important role as the total investment in inventories of various kinds
IS quite substantial. Almost every business must carry out some inventory for smooth and
efficient running of its operation. The problem is to take decisions that how much should be
stocked and when should be stocked for un-interrupted production. Bellan and Zadeh [2] first
introduced fuzzy set theory in fuzzy decision making process. Zadeh ([22], [23]) showed that for
the new products and seasonal items it is better to use fuzzy numbers rather than probabilistic
approaches. Tanaka et al. [15] applied the concepts of fuzzy sets to decision making problems by
considering the objectives as fuzzy goals over the o« -cuts of a fuzzy constraints set and
Zimmermann [24] showed the classical algorithms can be used to solve multi-objective fuzzy
linear programming problems. Liberatore [6] showed that sometimes the uncertainties can be
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captured stochastically. Chang, Yao and Lee [4] developed economic reorder point for fuzzy
backorder quantity. Yao and Lee [20] established fuzzy inventory model with backorder for
fuzzy order quantity. Ouyang and Wu [8] discussed about a minimax distribution free procedure
for mixed inventory model with variable lead time. Ouyang and Yao [7] developed a minimax
distribution free procedure for mixed inventory model involving variable lead time with fuzzy
demand. Yao et. al. [21] established a fuzzy inventory of two replaceable merchandises without
backorder based on the signed distance of fuzzy sets. Salameh and Jaber [11] model was
modified by Chang [3] in which the author developed an application of fuzzy sets theory to the
EOQ model with imperfect quality items. Yao and Chiang [19] developed inventory model
without backorder with fuzzy total cost and fuzzy storing cost defuzzified by centroid and signed
distance. TUtuncu et al. [16] developed new models of continuous review inventory control with
or without backorder in the presence of uncertainty. They used fuzzy set concepts to treat
imprecision regarding the costs of continuous review inventory control.

The effect of deterioration is very important aspect of inventory systems. Deterioration refers to
decay or damage or spoilage or vaporized such that the item can not be used for its original
purpose. Food items, drugs, pharmaceuticals, radioactive substances are examples of that kind of
items. This kind of real life situation was first captured by Whitin [17] who considered fashion
goods deteriorating at the end of a prescribed storage period. Ghare and Schrader [5] developed
an inventory model with a constant rate of deterioration. An order level inventory model for
items deteriorating at a constant rate was discussed by Shah and Jaiswal [14]. Aggarwal [1]
reconsidered this model by rectifying the error in the work of Shah and Jaiswal [14] in
calculating the average inventory holding cost. Roy and Samanta [9] discussed about an EOQ
model for deteriorating items with stock-dependent time varying demand. Samanta and Roy [12]
developed a deterministic inventory model of deteriorating items with two different types of
rates of production. Samanta and Roy [13] explained a production inventory model with
deteriorating items. Roy and Samanta [10] introduced an inventory model of deteriorating items
with time-varying demand.

In this paper we are developing a fuzzy continuous inventory model without shortage for
deteriorating items. We have assumed that the demand rate is constant. To capture the real life
situation we are considering that the cycle time is uncertain and it is possible to describe it by
triangular fuzzy number (symmetric). Below is the list of assumptions we have considered to
develop the model.

2. Notations and assumptions

The following notations are used for developing the model.
0] f(t) =a is the demand rate at time t defined in the interval (0,T)where a is positive

constants.
(i) his the holding cost per unit per unit time.
(iii)  Ais the replenishment cost per cycle.
(iv)  C is the unit cost of the item.
(V) Replenishment is instantaneous and lead-time is zero.
(vi)  No shortage in inventory is allowed.
(vii) T isthe length of a cycle and it is uncertain.
(vii) A constant fraction € (0<@<<1), of the on-hand inventory deteriorates per unit time.
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3.  The mathematical model and its analysis

First we will discuss about crisp model. Let Q(t) be the on-hand inventory at time t(0<t<T).
In this model, uniform replenishment rate starts with inventory level q. The inventory level

decreases due to both demand and deterioration. Ultimately the inventory reaches 0 at the end of
the cycle time T . Then the differential equation governing the instantaneous state of Q(t) at any

time t is given by :

%MSQ(D:—& (a>0). Where Q(0)=q and Q(T)=0 1)
Hence [Q(t)] =qexp(-&) — exp(—a)j aexp(éat)dt (2)

Using: Q(T) =0, we have g= {%}exp(HT) —(%J

Now from (2):

[Q()] = %a(exp(&(T _)-1)= (T -tja+ T z_t) Oa+ e%t)zea] @3)

neglecting higher powers of 6. Hence:

Q) =(T —t)a[1+§{‘T ~Dyoa+ {1 ;”2 0] (4)

The inventory I, in a cycle is given by:

T 1, 1.1 1
I, =|Q(t)dt=a[=T?+={=T°0a+—6*aT* 5
' !Q( Ja=al 3% 227 ] (5)
Total deterioration in a cycle:
T a a
D =q—TotalDemand =q —Iadt - ({g}exp(ﬁT) _ (5)) _aT ©)
0

The average system cost:
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C(I')=%[A+CD+hIT] (7
:A+C[1aHT2]+h[EaT +l¢9aT2+ia(92T3] (8)
T 2 2 6 24

4. Fuzzy continuous review inventory model without backorder

Let us consider that the cycle time is uncertain and it is possible to describe it with triangular
fuzzy number (symmetric). Then the cycle timeis T = (T —A,A, T + A).
So from (7) the cost function with fuzzy cycle time is:

<= 1 - o~ A 1 = 1= 1=, 1 =
C(T)==[A+CD+hl. ]==+C[=af@ T?]+h[=aT +=6aT*+—af’T?
(T) T[ ] = [2 1 [2 5 4 1

To defuzzify the cost function we will introduce the signed distance. We know for any a and
0eR, the signed distance from ato 0 is d,(a,0)=a. If a< 0, the distance from ato 0 is —a = -

d,(a,0). Let ¥ be the family of all fuzzy setsB defined on R for which the « -cut
B(a)=[B,(),B, ()] exists for every a €[0, 1]. Both B, (a)and B, («)are continuous

functions on « [0, 1]. Then we can say for any B e W wehave B= U[BL(a)a, B, (@),]-
0<a<l

So for B e W we can define the signed distance of B to 0 (y axis) as:

d(B,0,) =

N |-

T[BL(a) + B, (2)]da

For the triangular fuzzy number K:(a,b,c), thea -cut of A is A(a)=[A (o), A, ()], for
a €[01], where A (a)=a+(b-c)a and A, (a)=c—(c—Db)a, the signed distance of A to
6(y axis) is:

d(A,0,) = %(a+ 2b + )
The signed distance of C(T) and 0 is:
d(C,0)= Ad(1/T,0)+ C[% ad(d(T,0))*]+ h[% ad(T,0)+ é Oa(d(T,0))* + % a6 (d(T,0))°]

From the definition of signed distance we can write:
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d(T,0)=T

and as T e ¥, where ¥ be the family of all fuzzy sets T defined on R for which the « -cut
T(a)=[T (), T, ()] exists for every a €[0,1] and both T, («), T, («) are continuous functions

on « e[0,1]. Then for T e ¥, the signed distance is:

< ool L ea Lo 1 s
d(C,0)= Ad(l/T,O)+C[Ea6?(d(T,O)) ]+h[5ad(l',0)+g¢9a(d(T,O)) +ﬂa¢9 (d(T,0)°7 (9
From the definition of signed distance we can write:
d(T,0)=T (10)

and as T e ¥,where ¥ be the family of all fuzzy sets T defined on R for which the « -cut
T(a)=[T, (), T, ()] exists for every o €[0,1] and both T, (), T, («) are continuous functions

on a €[0,1]. Then for T e ¥, the signed distance is:

AWT.0) =3 [IWT), (@) + Wy @lda =3 [l s = Jda =
0 0 11

1, T+A 4y
=—In(
2N T -A

)

From (8), (9), (10), (11) we can write the defuzzified total cost:

C(T)=d(C ﬁ)ﬁ):iAm(T*A) C[—a¢9T ]+h[—aT+é<9aT +21 0%aT’]  (12)

Theorem 1: The average system cost functionC(T), given by (12), is strictly convex.

acm) _ A, 1 ]+Ca9T+h[—a+:13¢9aT+;a02T 1

Proof. Here =
dT IANT+A T-A

2
And @ C(ZT):2A—2 T a 2+Ca@+h[1¢9a+1<92aT]>0 (13)
dT (T2 -A%) 3 4

Hence C(T) is strictly convex.

Since C(T) is strictly convex inT, there exists an unique optimal cycle time T that
minimizes C(T) . This optimal cycle time T "is the solution of the equation dC/dT =0.
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From (8) and (12) we can say that if there is no uncertainty (A=0), then the fuzzy model will
convert into the crisp model because (1/ 2A) In[(T + A) /(T — A)]= (U/T)[1+(A/T)? +...] and if

we consider the limit as@ — Othen T =./(2A/ah) which is standard EOQ cycle time. Again

as@ - 0,C(T") > (ahT /2)+(A/T"), which is well known result for the Wilson [18] EOQ
model. If we put b =0 and £ =0 in equation (7) of Roy and Samanta [9], then we get the same

expression of average system cost function as we got in this paper for average system cost (8).
Defuzzified total cost (12) is also same, only we got extra term (1/2A) In[(T +A) /(T — A)] as we

have accounted uncertainties.

5. Numerical

Given A=40, a=5, h=12, #=0.01, A=0.04, C =10.

We obtain for crisp model total cost= 69.74295, cycle time =1.139630 and for fuzzy model total
cost =69.75736, cycle time =1.140322

So the result shows that if the uncertainties are accounted for in appropriate manner the cycle
time would increase 0.06%.

6. Sensitivity analysis

The sensitivity analysis is performed by changing the value of each of the parameters by —50%, -
20%, 20% and 50%, taking one parameter at time and keeping the remaining parameters
unchanged. We now study sensitivity of the optimal solution to changes in the values of the
different parameters associated with the system based on the above example.

A careful study of Table 1: sensitivity analysis reveals the following points:

(i) Cycle time T is slightly sensitive to changes in the values of the parameters@, and A,
and it is moderately sensitive to changes in Cand highly sensitive to changes in
h,aand A.

(i) Crisp system cost is slightly sensitive to changes in the values of the parameters A and
moderately sensitive to changes inC, ¢ and highly sensitive to changes in h,aand A.
(iii)Fuzzy system cost is moderately sensitive to changes in C,8, A and highly sensitive to

changes inh,aand A.

Here we have assumed that insensitive, moderately sensitive and highly sensitive imply %
changes are +10 to —10, +50 to —50 and more respectively.
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Tablel. Sensitivity Analysis

Parameter | % Change | % Change in T | % Change in crisp cost | % Change in fuzzy
cost
C -50 1,45586 69,57987 69,59407
-20 1,42413 69,6779 69,69222
20 1,13825 69,80778 69,82226
50 1,13518 69,90457 69,91916
h -50 1,58405 49,76574 49,77111
-20 1,26964 62,50872 62,51915
20 1,04372 76,30178 76,32056
50 0,93591 85,20578 85,23183
a -50 1,60372 49,44841 49,45359
-20 1,27284 62,42799 62,43835
20 1,04226 76,35609 76,37495
50 0,93355 85,3148 85,34105
0 -50 1,14774 69,51392 69,52804
-20 1,14326 69,65168 69,66597
20 1,13742 69,8338 69,84831
50 1,13313 69,96926 69,98393
A -50 1,13981 69,74295 69,74655
-20 1,14007 69,74295 69,75217
20 1,14063 69,74297 69,7637
50 1,14118 69,74301 69,77536
A -50 0,80987 49,22112 49,24123
-20 1,02147 62,33696 62,35299
20 1,24751 76,44713 76,46032
50 1,39233 85,54231 85,55417

6. Conclusions

In this paper we have developed an inventory model for deteriorating items. To capture the real
life situation we have considered that the cycle time is uncertain and it is possible to describe it
by triangular fuzzy number (symmetric). Numerically we tried to compare the crisp model with
fuzzy model and we concluded that if the uncertainties are accounted for in appropriate manner
the cycle time would increase. Sensitivity analysis is studied to see how far the output of the
model is affected by changes or errors in its input parameters based on the numerical example.
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We only considered the without shortage case in this paper. In future we will study the fuzzy
continuous inventory model with shortage.
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