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Abstract. In this paper a multi objective and multi item E@@del with stock dependent
demand for deteriorating items under the spaceraretment constraints is considered
in fuzzy environment. Various inventory costs, tierage area and the amount of
investment are taken as triangular fuzzy numbeisedr membership function is
considered for fuzzy objective. The aim of this @ajs present a method in which a
fuzzy inventory model is reduced to crisp usingkiag function and then the crisp EOQ
is solved by fuzzy programming technique. The mettwoillustrated with a numerical
example.
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1. Introduction

Inventory problems are common in manufacturing, ntesiance service and business
operations in general. Often uncertainties may ssodated with demand, various
relevant costs. Generally demand rate is congideree constant, time dependent, ramp
type and selling price dependent. However in presgmimpetitive market stock-
dependent demand plays an important role in inergaglemand. Deterioration is one of
the factors in inventory system. Some items likedfgrains, vegetables, milk, eggs etc.
deteriorating during their storage time and retasigffers loss. In an inventory system
available storage space, budget, number of ordersage always limited hence multi-
item classical inventory models under these comtsrhave great importance.

In conventional inventory models, uncertainties &meated as randomness and are
handled by probability theory. Furthermore, wherdradsing real world problems,
frequently the parameters are imprecise numericantities. However in certain
situations, uncertainties are due to fuzziness ianduch cases the fuzzy set theory
introduced by Zadeh [13] is applicable. There aeesal studies on fuzzy EOQ model.
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Lin et al. have developed a fuzzy model for praurcinventory problem. Katagiri and
Ishii [4] have proposed an inventory problem witlogage cost as fuzzy quantity.

In fuzzy optimization the degree of acceptamf objectives and constraints are
considered here. In this paper, under limited g®rarea and investment, a multi-item
multi-objective inventory model of deterioratingerit with stock-dependent demand is
formulated in crisp and fuzzy environment. We idtroed a method in which a fuzzy
inventory model is first reduced to crisp inventompodel using ranking function
suggested by Robust’'s and the resulting one iseddby fuzzy programming technique
of Zimmermann [14] . The model is illustrated nuioalty and the results are obtained
from different methods.

1.1. Review of literature

In recent years inventory problems in fuzzy envinent have received much attention
Lin et al. have developed a fuzzy model for prosurctnventory. Katagiri and Ishii [4]
have proposed an inventory problem with shortage & fuzzy quantity. Roy and Maiti
(1995) considered a fuzzy inventory model with ¢riet. Srinivasan and Dhanam
(2006) have considered cost analysis on a detestitingingle item fuzzy inventory
model with shortage. Also they have consideredublii4itern EOQ inventory model with
three constraints in a fuzzy environment. The mddekolved by fuzzy non-linear
programming method using Lagrange multiplies. Dédfe kinds of inventory problems
are solved in the papers [9,10,15] Zimmermann fi&4 introduced fuzzy programming
approach to solve crisp multi objective linear peagming problem.

2. Preliminaries

Definition 1. A fuzzy set is characterized by a membership fonathapping elements of
a domain, space or universe of discourse X to tiinterval [0,1].(i.) A={X,t(X):Xe
X},here pa:X— [0,1] is a mapping called the degree of memberg&hiption of the fuzzy
set A and W(x) is called the membership value ofe X in the fuzzy set A. These
membership grades are often represented by reddersmanking from [0,1].

Definition 2. (Triangular fuzzy number)
For a triangular fuzzy number A(X),ciain be represented by A(a,b,c:1) with
membership function 4{x) given by

M;as X< b
(b-a)
[ (x) = x= b
A - -
(c X);bs X< C
(c - b)
0 ;otherwise

Definition 3. (a-cut of a fuzzy number)
Thea-cut of a fuzzy number A(x) is defined asod€{x: 1 (X)>a, ae[0,1]}

3. Ranking function for fuzzy number
Assume that R:F¥) —R be linear ordered function that maps each fuzayber in to
the real number, in which R} denotes the whole fuzzy numbers. Accordingly day

two fuzzy numbersi andb we have
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We restrict our attention to linear ranking funatiohat is a ranking function R such that
R( ka+ B) = kK "3+ I{f)) for any & andb in F(R) and any k R.

Robust’s ranking function:

The ranking function proposed by Robust’s is defibg
a1t
R(a):EJ'(dE;, ).
0

4. Assumptions and notations

(i) The scheduling period is constant and no lead time.
(i) Replenishment rate is infinite.

(iiif) Selling price is known and constant.

(iv) Demand rate is stock dependent.

(v) Shortages are not allowed.

(vi) Deteriorating rate is age specific failureerat

T : Time period for each cycle for tHeitem.
R, : Demand rate per unit time S¥item. [R = a+hbq]
0; :Deteriorating rate of'iitem.

Qi(®) - inventory level at time t of'iitem.

Cy : Total Holding cost.

Cii : Holding cost per unit offiitem.

Csi : Setup cost fof"item.

Sai : Total deteriorating units ofitem.

P, : Selling price per unit of'iitem.

Q : Initial stock level ofTitem.

N : Number of items.

TC(Q) : Sum of costs of the system

PF(Q) : Sum of profits of the system

WC(Q) : Sum of wastage costs of the system

(wavy bar (=) represents the fuzzification of tlaegmeters)

5. Mathematical formulation

5.1. Crisp model

As Q(t) is the inventory level at time t of"iitem, then the differential equation
describing the state of inventory is given by

d
QM +6Q(H=-(3 +bQ(Y) 0stsT
Solving the above differential equation using bamgdcondition t)= Q at t=0, we get
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)=y g

And using boundary condition;®= 0 at t=T

"o +b.)'°g{“ ? ?)Q}

The holding cost of'litem in each cycle is

CGi=GCiG (Q)
Q
where G (Q) = J%

__Q ., 3 2|09{1+(6’i+b)Q}
(6, +b) (6 +h) 3
By neglecting the higher power terms, we get

GAQJ=L%;{1-2£Q%£?£L}

The total number of deteriorating units of thétemis s_(Q) =6 G(Q)

The net revenue for th8 item is
N(Q)=(RP-C)Q-P.3(Q)
N(Q)=(R-C)Q- Pd.G(Q)
The profit of " item is

PE(Q)=NQ) -G G(Q- G, i=1,2,.....n.
PR(Q)=(P-G)Q- B.3(Q- £4,Q- §  F12un,
PF(Q)=(P-C)Q-(G+ A) A Q- €  EL2n. n.
The cost of {item is

TC(Q)=G G(Q+ G+ CQ =1,2 e n
The wastage cost dfitem is

WC(Q)= Cq G( Q) 21,2, 00

Hence the problem is

Maximize PF(Q) = Zn: PF(Q)
Minimize TC(Q)= Zn: TG(Q)
Minimize WC(Q) = Zn: WC( Q

> fQsF
Subject to: i?

2.CQs<B
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5.2. Fuzzy model

When the inventory parameters such as setup cokting cost, rate of deterioration,

total storage area and maximum amount of investrwentuzzy, the said crisp model (7)
is transformed to a fuzzy model and represented as

M axPF =3[ (R-G)Q- (G + ) B(Q- ¢
MinTC(Q)=Y G G(Q+ G+ £Q
MIRWC(Q) =" A G( Q)

zn:fiQ,slf

Subject to: .
> CcQ<B
i=1

Q20 i=L2, n

Now the above fuzzy multi objective inventory praml (FMIP) can be easily
transformed into a classical form of a multi objeetinventory problem (MOIP) by

considering R as a linear ranking function. By iempénting the R on the above model
(8). We obtain the classical form of MOIP :

MaxPF =Y [(P- G) Q-(RG)+ PRI) & Q- RO]

i=1

(8)

MInTC =3[ RG) G( @+ RG)+ CQ

n
i=1
n

MinWC =3[ GRE) &( Q]

2. Q<R
i=1
n ~
>.CQs<RB
i=1
6. Mathematical analysis
Fuzzy optimization technique:
To solve the MOIP (8) we have used the followingzly programming technique.

Step 1: Solve the multi-objective programming problem asirgle objective problem

using only one objective at a time and ignoringrém objectives subject to constraints
of storage space. Let ¥e the optimal solution for th8 single objective problem.
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Step 2: From the results of step 1, determine the cormdipg values for every objective
at each optimal solution derive. Using all the aboytimal values of the objectives in
step-1, construct a pay-off matrix (3x3) as follows

PF(X) TC(X) WC(X)

x1| PF(x*) Tc(x) wd Xx)
x: PF(x?) Tc(x?) wc(x)
XTI PR(x?) Te(x®)  wo(x?)

Here, the Diagonal elements represent the optialakg of the corresponding objectives.
From the pay-off matrix we find lower bounds

Ler =Min  (PF(XY),PFO),PF(F)), Lic =Min (TC(XH, TC(X?),TC(X3)), Lwc =Min
(WC(XH),WC(X3),WC(X3).

And the upper bounds,

Upr =Max (PF(®),PFOA),PE(®), Urc =Max (TC(XY),TC(X?),TC(X?), Uwc
=Max(WC(XY), WC(X?),WC(X?)).

Then the objective summations are estimated as

Lo SPF(X)< U, L. <TC(X)< Upcand Ly SWC(X) < U

Step 3: From step 2, we may find for each objective thieead, and U corresponding
to the set of solutions. For the multi-objectivelgem (8), the membership functions

Hoe (X)), 1 (X)), thyc(X). We have considered linear membership functiohghw
are defined below:

1 PF(X)>U,
PF(X)- Loe
der

0 JPF(X) < L

1 TC(X)< Ly
U;c —TC(X).

drc e

0 TC(X)>U,

Hee (X) = Loe < PF(X)< Ug,

Uro (X) = <TC(X) < Uy,

1 WC(X) < Lye

UWC_—WC(X); Lyc SWC( X) < Uy

X) =
Huc (X) a.
0 WC(X) > U,
Step 4: Use the above membership functions to formulatectriap non-linear
programming model following Zimmermann’s approash a

Max
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, Hee(Q) 2 @
Subject to/UTc(Q) s g
Uyc(Q)za

> 1Q = R(F)

> CQ<R(B

0<a<1Q >0:

IN

7. Numerical example

For the model let us assume

For n=2,

P,=10, G=7, a=110, h=0.5,6,=0.025, B= 10, G=6.75, a=100, =0.5,0,=0.03, G,=2,

C1=2.2, G=65, G,=50, B=1800.
Taking C,, =(2.03,2.05,2.08); C,, =(2.15,2.20,2.3); C,, =(60,65,75); C,,
=(45,50,55);8, =(0.022,0.025,0.03) 8, =(0.025,0.028,0.030); F =(155,165,175),
B =(1700,1800,1900)

PF TC wcC
PF 497.5603 494.5419 495.57978
TC 1994.71144 1994.314 1994.35639
wcC 16.691914 16.27399 16.39939
The optimum value of ,Q* and Q* are
a Qr* Q"
0.5673621 40.59367 180.4920.
Now the optimal values of the objective functioae
Max PF* Min TC* Min WC*
496.2544 1994.486 16.45480.

8. Conclusion

In this paper, a real life inventory problem undiee investment and storage space
constraints in fuzzy environment has been propo¥edious inventory costs, storage

space and the maximum amount of investment arentaketriangular fuzzy numbers.

Initially the model is defuzzified using Robustanking technique. Then using fuzzy

optimization technique the optimum results are iobth Linear membership function is
considered for the fuzzy objective functions.
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