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ABSTRACT
In this paper, a fuzzy inventory model for time-degenerating items using penalty cost under the conditions of
infinite production rate is formulated and solved. Here, the penalty cost is assumed under two cases such as
linear and exponential. The holding cost and setup cost and the demand rate are assumed to be fuzzy. In fuzzy
environment all related parameters are assumed to be hexagonal. Representing these three costs by hexagonal
fuzzy numbers, the optimum order quantity is calculated using signed distance method for defuzzification
.Numerical examples have been given in order to show the applicability of the proposed model.

Keywords: Fuzzy inventory model, Hexagonal fuzzy number, Penalty cost, Defuzzification.

l. INTRODUCTION

Inventory control is essential for our day-to-day life problems and theoretical research oriented problems. In
conventional inventory models, the uncertainties are treated as randomness and handled by using probability
theory. The most widely used inventory model is the economic order quantity (EOQ) model. This model was
developed by Harris [3], Wilson [13].Later Hadley [2] analyzed many inventory systems. But uncertainties due
to fuzziness primarily introduced by Zadeh [15].Zadeh et al [15] proposed some strategies for decision making
in fuzzy environment.Kacpryzk et al [5] discussed some long-term inventory policy making through fuzzy-
decision making models.

Products like fresh vegetables, fruits, bakery items etc. do not deteriorate at the beginning of the period but they
continuously deteriorate after some time. As a result, the selling price of such product decreases which can be
considered as a penalty cost.Srinivastava and Gupta [10] have proposed an EOQ model for time-deteriorating
items using penalty cost.

Fujiwara and Pereira [1] have proposed an EOQ model for time continuously deteriorating items using linear
and exponential penalty cost.Pevekar and Negara [9] developed an inventory model for timely deteriorating
products considering penalty cost and shortage cost. Park[8 ] and Vujosevic et al [8] developed the inventory
model is fuzzy sense whereas ordering cost and holding cost are represented by fuzzy numbers.Maragatham and
Lakshmi Devi [6] have proposed a fuzzy inventory model for deteriorating items with piece dependent demand.

In this paper, fuzzy EOQ model for time deteriorating items using penalty cost is considered where holding cost
setup cost and demand rate are assumed as hexagonal fuzzy numbers. For defuzzification of the total cost
function, signed distance method is used.

II.  DEFINITIONS

Hexogonal fuzzy numbers

A fuzzy number on M is a hexagonal fuzzy number, denoted by

A = (a,3,,8,38,,a,8) where (a<a,<a;<a,<a;<a;) are real numbers satisfying
a,—a, <a;—a, and a;—a, < a; — a5 and its membership function zz,(X) is given as
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0,x<aq

R <x<
2(a2_61],a1_x_a2

ugX)=1La, <x<a,

- L Xz a8, <x<a,
2\ a;—a,

1 a; — X <x<a
2\ a, —a, 8 S X8
0,x>a,

Fuzzy arithmetical operations
Suppose Al = (a,,a,,a;,8,,8;,a,) and B = (b,,b,,b;,b,,b.,b,) are two hexagonal fuzzy numbers, then
the arithmetic operations are defined as

1. Ao B%(a +b,a,+b,,a,+b,a, +b,a +b;,a,+by)
2. A«Bt(ab,ab, ab,ab,, ab,,ab;)
3. AeB%(a -b,a,-b,a b, a,-b,a b, a -b)

. E@_{ﬁ&%&%&j
B (b,'b,'b,'b,"b, b
T aa,,ad,,ad,,0d,,a3;,ad,,a =0
aag,aa;,ad,,ad,,0d,,ad,a <0
1. SINGNED DISTANCE METHOD

Let A = (a,b,c,d,e,f) be a hexagonal fuzzy number then the signed distance method of M is defined as

d (o) -2 [(A. Ba

0

where A, :[AL (a), Ay (), Ay (a)]
A, =[a+(b-a)a,d+(d—c)a.e+(e-f)a ] aec[0]]

Assumption
(i) Assingle product is considered over a prescribed period of T unit of time.
(ii) The replenishment occurs instantaneously at an infinite rate.
(i) No back order is permitted.
(iv) Delivery leads time zero.

Notation
Q= Number of items received at the beginning of the period.
D= Demand rate.
H= Inventory holding cost
A= Setup cost per cycle
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4 = Time period at which deterioration of product start.

C(T)= Average total variable cost per unit time.

T= Length of replenishment cycle, which will not exceed product lifetime.
T*= Optimum value of T.

Q*= Optimum value of Q.

I-(V‘: Fuzzy inventory holding cost.

(& Fuzzy setup cost per cycle.

B Fuzzy demand rate b

(EA(T): Average total fuzzy variable cost per unit time.

C,s (T)= Defuzzified value of CEA(T) by applying signed distance method.

V. MATHEMATICAL MODEL

Crisp model
In this context, we have considered two types of penalty cost function of age.

e Linear
o Exponentials penalty cost functions, as a measurement of utility of the product.

A linear penalty cost function

P) ={ﬂ(t—,u),t > U

0, otherwise

which also gives the cost of keeping one unit of product in stock until age t, where g be the time period at

which degeneration of product startsand @ and [ are constants.

The total variable cost per cycle time consists of the inventory holding cost, setup cost and penalty cost. Since,
e The demand rate is D unit per time.
e The total demand is one cycle of time interval is T = DT.
e  The number of items received at the beginning of the period is Q = DT =~ ------- Q)

Inventory model in crisp sense

Case I (When linear penalty cost function is used)
A linear penalty cost function P(T) = 7Z'(t —,u) t > 1 which gives the cost of keeping one unit of product in
stock until age t where 1 be the time period at which degeneration of product starts and 7 is constant.

The cost due to the degeneration of the product delivered during the period (t,t+dt) is given by 7z(t —,u) Ddt .

Thus penalty cost due to the degeneration of the product delivered during the time interval ( £, T) is given by
T 2 2
T
IﬁD(t—y)dt = ﬁD[7—,uT +%}
i

Now, inventory holding cost for the period (O,T) is given by

H%QT:%HDTZ (QQ=DT)
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Therefore, the average total cost per unit time C(T) is given by
2
C(T):${A+ 7Dy }+[ HD + EZD}T —7Du

2 2

The optimal solution is obtained by differentiating C(T) with respect to t and equating it to zero. Then the
optimal cycle time T* is obtained and expressed as

«_ [2A+7Dy’?
= W
+
(z+H) ©)

The optimal economic order quantity Q* is obtained by putting value of T* in equation

o D(2A+zDu?)
- (r+H)

From the above expressions, it is clear that if there is no perishables (i.e.) 7z =0 ,then these two expression
become same as that of the non-perishable lot size model.

Case Il (When exponential penalty cost function is used)
An exponential penalty cost function P(t) = « (eﬂ(tf”) —l),t = 1 which gives the cost of keeping one unit of

product in stock until age t where & be the time period at which deterioration of product starts @ and /S are
constants.

The cost due to the deterioration of the product delivered during the time interval («,T) is given by
T
_ D _
e A (e R
i

Therefore, total variable cost per unit time is given by

CU):$+%HDT+%$U¥“”—Q—ﬂﬁ—yﬂ

By using second order approximation of the exponential

A1 1 1
Weget, C(T)==—+=HDT +=aDAT + —aDu’*B-aD
eget, C(T) =t 5 BT o7 u'p up

The optimal solution is obtained by differentiating C(T) with respect to T and equating it to zero.
Then, the optimal cycle T* is obtained and expressed as,

2
T*— 2A+aDfy” ()
D(H +ap)

The optimal economic order quantity Q* is obtained by putting value of T* in equation (4.1)

D(2A+aDpu?
or_ [PRAT@DEE) o
(H+ap)
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From the expression (5) and (6) it is clear that if 2 =0and ff =TT then these two expressions are same as
(3) and (4).

V. FUZZY MODEL

Case | (When linear penalty cost function is used)
Due to uncertainty in the environment, it is not easy to define all the parameters precisely. Accordingly we

assume some of these parameters I-(}/‘ Mand I%may change with some limit.
Let He=(H,, H,, Hy, H, Hy Hy ), A& (A A, AL A, A, A)and B%(D,,D,,D,,D,, D, D, )are

hexagonal fuzzy numbers. The total variable cost per unit time in fuzzy sense is given by
1 EJ ﬁé%
&(T):?{ﬂ@” 29‘ } { "Q/}T Pasih

We defuzzify the fuzzy total cost (%T) by using signed distance method.

By signed distance method, total cost is given by

Cor(T)=5[Cs (T):Cos, (T):Cos (T).Cos (T).C (T) .o (T)]

where

Ca(1)= 3 A+ 72" | [H0L 2Dl s,

c. () %:Az_i_ﬂDzz,uz]{szDz+7r;)2}T_7Z_D2/u

Cy (T) %:A3+7ZD23'L12}+I:H32D3 7[;)3}T—7Z'D3,U
Cds‘l(T)_%:AﬁﬂD;ﬂz}_H“zD“ 7T54:|T—7TD4,U

Coo (T)—TE:AH”DZS“Z} H52D5 +”§5}T_ﬁosﬂ

Cy, (T) Tl:Aﬁ”DZWZ} H"’2D6 EZDG}T—ﬁDGu
Cds(T)—%[Cdsl (T)+Ce, (T)+C, (T)+Cy, (T)+Cyq, (T)+Cyq, (T)]

To minimize total cost function per unit time Cgs(T);the optimal value of T can be obtained by solving the
following equation

dc‘:j—T(T)zo -------------------- (7)  provided
dc, (T)

U)o

d*(T) g ®
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1 A1+7lelu2]+ H,D, zD,

T? 2 2 2
_Tiz A2+7Z'D22,uz]+ H22D2 +7r;)2
2
- A3+7ID23,u } H32D3 +7r;)3
Equation (7) is equivalent to 31 =0

_Tiz A4+7TD;/,£2 N H42D4 +7r;)4
_Tiz A5+;TD25;12 . H52D5+7r;)5
_iz A6+”D6/”2 4 H D, +7TD6
T 2 2 2 |

After simplification we get the optimal cycle time T* is obtained and expressed as
— 2(A+A+A+A+A+A)+mu’(D,+D,+D,+D,+D,+D;)
(H,D, +H,D, +H,D, +H,D, + H,D; + HD, )+ 7 (D, + D, + D, + D, + D, + Dy )
The optimal economic order quantity Q* is
Q*= BoT*= ( DT* D,T* D, T* D,T* D,T* DT *)

Case Il (When exponential penalty cost of function is used)
Due to uncertainty in the environment, it is not easy to define all the parameters precisely. Accordingly, we

assume some of these parameters I-(V‘ M and Iﬂ(‘ may change with some limit.
Let M= (H,, H,, Hy, H, Hy Hy ) R (AL A, AL A, AL A)) and (D, D,, D,, D,, D, D; )be
hexagonal fuzzy numbers.

The total variable cost per unit time in fuzzy sense is given by
Ao 1 1 1

AT) ==+ AT + ZaOBT + — + B -2 DUp
T 2 2 2T

We defuzzify the fuzzy total cost (SA(T) by signed distance method.

By signed distance method, total cost is given by

Cor(T)=5[Ce, (T).Ce (T).Cys (T),Cos (7). (T).Cos (T)]

where
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Cds,(T)= ? ;H DT+ l,b’T+ aDl,uz,B—aDly,B

1 1 1
CdS?_ (T):%-i‘z H2D2T +§aD2ﬂT +EaD2,u2,B—aD2,uﬂ

Cds,(T)= A lvpr+lepsr L abylp-abDup
Cu(T) = T 2 2 2T

Cds, (T)= :

A4 1 1
—H,D,T +=aD +—aD aD
2 5 BT oT WM IB WP
CdSS(T):% 1 —H DT+;05D5/3’T+ ]_'I_aDsluzﬂ—aDsluﬂ

H DT+;0(D,BT+ L aD,u’B—aDyuf

l\)lHI\J

Cds, (T )_%

Cpo(T)= é[ . (T)+Cy (T)+Cy, (T)+Cy, (T)+C (T)+Cy (T) ]

To minimize total cost function per unit time Cgs(T)the optimal value of T can be obtained by solving the
following equation

oM o ©
dT
provided
d’cy (T)
—==22>0 10
a*m 4o

Equation 9)is equalent to

A 1 1 , }
+ = H D, +-aD,f-—aD +
T2 R
CA 1L 1 1 ) }
-—+—-H,D,+—-aD —aD +
T2 L WD~z oot p
' 1 1
. —_%+2H D, + > Dy~ aDSuZ,B}L
= —| _ =0
Ol AL lyp,+iap,p-—LaD Zﬁ}
T2 g HHaP T Ak
AL 1 1 2 }
-—+—=H,D,+=aDb aD +
I Tz > 2 5 — o7 2 54
AL 1 1 ,
D L ZH.D, +=aD,f-—aD
1273 5 @Dh 57 abut’p

After simplification we get the optimal cycle time T* is obtained and expressed as

— 2(A+A+A+A+A+A)+au’f(D,+D,+D,+D,+ D, +Dy)
- (H,D,+H,D,+H;D,+H,D, + H,D, + H,D; )+ af(D, + D, + D, + D, + D; + D;)
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The optimal economic order quantity Q* is
Q* = %1/ = (D.,T", D,T", DsT", D4T", DsT", D6T)

Numerical example
Crisp model
Let P=50 units per day, D=32 units per day, H=Rs.0.03 per day, £ =6 days,

a =12, B =1, A=110.

Case |
When linear penalty cost function is used, then
e  Optimum cycle time T*=6.14 days.
e  Optimum order quantity Q*=196.8 units.
Case Il

When exponential penalty cost function is used, then
e  Optimum cycle time T*=6.04 days.
e  Optimum order quantity Q*=193.2 units
Fuzzy model

Let P=50 units per day. & =6 days, & =12, f# =1
H= (0.01, 0.02, 0.03, 0.04, 0.05, 0.06)
A= (90, 95, 100, 105, 110, 115)
B (23, 26, 29, 32, 35, 38)

Case |
When linear penalty cost function is used, then
e Optimum cycle time T*= 6.14 days.
e  Optimum order quantity Q*= (14119, 159.61, 178.02, 196.44, 214.86, 233.27) units.
Case Il

When exponential penalty cost function is used, then
e  Optimum cycle time T*=6.04 days.
e  Optimum order quantity Q* = (138.85, 156.96, 175.07, 193.18, 211.29, 229.40) units.

VI. CONCLUSION

In this paper, a fuzzy EOQ model for time-degenerating items using penalty cost is studied. The demand rate,
holding cost and set up cost are represented by hexagonal fuzzy numbers. It has been also fuzzified by using
signed distance method. With the increased value of parameter g will also result in increase of optimal cycle
time and optimal order quantity. Similarly, with the decreased value of parameter u will also result in decrease
of optimal cycle time and optimal order quantity. It is concluded that the value of the optimal cycle time and
optimal order quantity are not much sensitive to change in the value of the parameter u implying that fuzzy
model permits flexibility in the system inputs. The outcome of this research can be extended in future to the case
of discount models.
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