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Parameters, |nventory and Lot Size as Fuzzy
Numbers
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Abstract: In general, the demand rate and the unit cost of the
items remains constant inspite of lot sizein inventory models. But
in reality, the demand rate and the unit cost of the items are
connected together. In this research, demand dependent unit cost
inventory model is considered where different cost parameters,
maximum inventory and thelot size of the model are taken under
fuzzy environment. First an analytic solution of the crisp model is
obtained by the method of calculus where the inventory
parameters are exact and deterministic. Later, the problem is
developed with fuzzy parameters where inaccuracy has been
introduced through triangular membership function.Then the
defuzzfication of the model is done by using the method of
Graded mean integration. An optimal solution is obtained using
Karush Kuhn-Tucker conditions approach. An illustrative model
is done and an analysis of total cost for different measures of
possibility are performed and tabulated.

Keywords: Demand dependent on unit cost, Graded mean
integration, Karush Kuhn-Tucker conditions technique,
Triangular fuzzy number.

I. INTRODUCTION

Inventory management is an efficient approach to sourcing,
storing, and selling inventory. Most commonly, an optimum
Economic order quantity model is assumed with fixed
demand rate.But in redlity, this assumption is quite
impossible. If the demand is high, the production increases
and hencethe price of an itemwill reducein nature. Hencethe
demand rate is inversely related to the unit prize of an item.
With this assumption, Cheng (2) developed an inventory
model and applied Geometric Programming approach to
optimizeit. Jung and Klein (4) also used the same concept to
solve a profit maximization EOQ model using GP technique.
Harris (3) and Abou-el-ala (1) devel oped an inventory model
with imprecise inventory cost and solved by GP method. In
the changing economic scenarios the cost parameters and the
decision variables are considered as fuzzy numbers rather
than constants or crisp values. Manna and Chaudhuri(7)
developed EOQ models with demand rate depending on both
items availability and advertising expenditures. An EOQ

Revised Manuscript Received on October 20, 2020.
* Correspondence Author
Dr.R.Kasthuri*, Department of Mathematics, Sri
Engineering College, Coimbatore, India.
Dr.P.Vasanthi, Department of
Engineering College, Coimbatore, India
Dr.S.Ranganayaki, Department of Mathematics, Sri Ramakrishna
Engineering College, Coimbatore, India.

Ramakrishna

Mathematics, Sri  Ramakrishna

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number: 100.1/ijeat.A18931010120
DOI:10.35940/ijeat.A1893.1010120
Journal Website: www.ijeat.org

365

model with demand dependent on stock for deteriorating
items with partial backordering is proposed by Yang, Zeng
and Cheen.(10). Lee and Yao (5) also formulated a demand
dependent on stock with partial backordering and a
controllable deterioration rate. Mandal, Bhunia and Maiti(6)
also formulated inventory model with deteriorating products.
In most of the research works, the demand rate is assumed to
be dependent on both the stock level and the selling price. In
this investigation demand dependent on unit cost is
considered.

II. FUZZY PRELIMINARIES

The uncertainty of a decision making process can be
portrayed by a tool called Fuzzy set theory. Triangular and
Trapezoida fuzzy numbers can be used to fuzzify the input
parameters and decision variables.

A.DEFINITION 2.1

A fuzzy set Ain X (Universe set) is characterized by a
membership function, which is associated with each element

X€[0,1] . The function value of £, (X) is termed as the

grade of membership of x in A.

B.DEFINITION 2.2

The membership function of a triangular fuzzy number A,
which is determined by (ay,a,as) Of crisp humbers such that
a<ap<agisdefined by

ﬂ=m(x),a13x3a2
() = =), 8, < X< 8, (= =—> (1)
0, otherwise

C.DEFINITION 2.3
Let A = (ay,&,383) and B = (by,b,,bs) with the following properties.

A+B=(a +b,a,+b,,a,+h,)
—-B=(-h,,—b,,-h)
A-B=(a-b;a,-b,,a,-h)
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AeB=[min(ab,ab, ab,ah).ab,
max(a)b;, ab;, ab;, a;;)]

é:[ﬁ a z}

B \b'b b

I11.  GRADED MEAN INTEGRATION (GMI) METHOD

Decision makers mostly use crisp values rather than fuzzy
values. Therefore, in order to defuzzify the fuzzy values to
crisp values, Graded Mean Integration (GMI) representation
method has been introduced by Chen and Hseih.

Ler A = (a,a,3) beatriangular fuzzy number and m™, n* are
respectively the inverse functions of m and n. The graded a

level value of A isrepresented as
1 -1 -1

x o)+ o
[ @+ @],

2

e

1
[ el

o

8(4) =2

a[m™(a) +n"(a)]
2

number A can be found as

- ja[m‘l(a) +n(a)]dag—————— >(2)

. Then the GMI representation of fuzzy

Hence &(A) = é (a,+4a,+a,)

IV. CRISPAND FUZZY INVENTORY MODEL

The scope of thisresearch work isto minimize thetotal annual
cost of an inventory model by considering the following
characteristics.

The setup costs, holding costs and the penalty costs are the
input parameters.

Lot size, maximum inventory level and the unit price of an
item are the decision variables.

D. NOTATIONS

TC - Tota annual cost

Q- Order size

| — Maximum inventory level

S— Set up cost per cycle

D — Demand rate per cycle

H — Unit holding cost per item

m — Shortage cost per time

p — Unit price per unit of item

V. ASSUMPTIONSAND LIMITATIONS

The following assumptions are taken under consideration for

the proposed model.

e Production isinstantaneous (i.e., Production isinfinite)

¢ The relation between demand rate and unit cost of an item
is D=Ap®, A>0 and 0< p <1 are constants and real
numbers.

o Shortages are allowed and fully backlogged.

o Leadtimeis zero.
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e The inventory systems involve only one item and one
stocking point and the inventory planning horizon is
infinite.

VI. EOQ MODEL

An EOQ model is formulated and solved using Karush
Kuhn-Tucker conditionstechnique. The purpose of the model
is to minimize the total annual cost of an item with demand
dependent on unit price.

Let p, Q and | are the decision variables to be determined,
then the total annual cost of an itemisgiven by

Tota cost = Production cost + Setup cost + Holding cost +
Penalty cost

TC= pD+§+ I°H +(Q—I)2m
Q 2Q 2Q

pg s S PH L @-1’m
TC=Ap "+ 9 +2Q+ 20 > (4)

VII. SOLUTIONALGORITHM

This section involves the procedure to optimize the proposed
model under crisp and fuzzy environment provided the real
constant 3 is assumed to be fixed.

VIII. CRISP MODEL

An analytical solution of the crisp model is obtained by
solving the equations

oT __oT __aT

—=0—=0—=0
op | oQ al
The optimum values of the unknowns are given by equations
1
2 25
_ mMHSS B > (5)
2A(H +m)(1- B)
= i ______ > (6)
p(-3)
Qm
= >
H+m ()

IX. FUzZZY EOQ MODEL

The input parameters namely the order cost, holding cost,
penalty cost and the decision variables namely the maximum
inventory level, lot size and the unit cost are assumed as
triangular fuzzy numbers as follows.

Order cost: S=(S-6,,5,5+6,),S> 9,
Holdingcost: H =(H -6, H,H +J,),H > &,

Shortage cost: M= (M—3J,, MM+ J,),M> J;
Decision Variables
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Maximum Inventory level: 1 = (1 =&,,1,1 +8,),1 > &,
Order size: Q=(Q—-0,,Q,Q+,,),Q> ¢,

Unitcogt: p=(pP—9,, P, P+y,), P>y

The total annual cost function after fuzzifying the input
parameters and decision variablesis as follows:

TC= (Cp C2’C3)
Where

_ A(S-6, + 0. -p
C 1= A(p_éll)(p+512) A + ( 1)(p 12)

Q+9y
n (H _53+ m_55)(| _57)2 n (Q_59)(m_55)
2(Q+6y) 2
—(1 + 5g)(M+65)
C,=Ap" + AT (HEmI® Qm o,
Q 2Q 2
AS+3,)(P—-6,) "

C.=A ) -6.)"
= A(p+0,)(p-0,) " + Q-0

. (H +6,+m+8,)(1 +6,)°
2(Q-0,)
0I5 )m-a1)

The method of graded mean integration (GMI) is then
introduced to remove the impreciseness of the total annual
cost function which is given by

o(TC) :%[c:1+4c2 +C)]

I A(p-a,)(p+ é‘12)_ﬂ
L AS-5)(p+8,)"

Q+0y
(fe(pQ =g +F -é;(g;c;o)(l -5)
N (Q—59)2(m— 5;)

—(1 + 55)(M+ )
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2| ppo AP (Hm)® +Qm—|m}
i Q 2Q 2

A(p+3,)(P-5,)"

+ A(S+5z)( p_é‘n)iﬁ +

Q-4

1 (H+6,+m+5)(1 +6,)°

6 2(Q-6)

L (Q+8)(M+6)

2
—(1 =67)(m=5;)

Now let Us choose 1,=1-87, 1,=1, 15=1+8 ; Q1=Q-84 Q,=Q.
Qs=Q+81 ; P1=p-611, P=p, Ps=p+b1, so that the above
equation becomes

ppp, 4 AS=8)R
Q

J(H=G+m-g)I7
2Q,

Ql(rnz_ 65) _ |3(m+56)

Fe(p.a.f ))=%

-B 2
2 Apzl_ﬁ+A302 +(H+m)|z +sz_|2m
3 Q, 2Q, 2

-5
Apsp[ﬂ N A(S+90,)p N
Q
1| (H+38,+m+35,)1.° . Q,(m+46,)
2Q, 2
_|1(m_55)

ol

O<p,;<p,<p; ad

where 0<I|, <I,<I,

0<Q=<Q,<Q,
The constraints under consideration are
l,-1,<0,1,-1,<0,-1,<0

P—P,<0,p,-P;<0,-p, <0 and
Q-Q,<0Q,-Q<0,-Q<0

The proposed model with the above mentioned constraints is
then investigated by KK T conditions technique.

The solution of the decision variables that optimizes the
objective function after defuzzification is
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1

B°(H=5,+4H +H +6,)(S+5, +4S+S-¢6)) [@A
(M= +4m+m+ ;)

| 7280 57)
(H-0,+m-5,+4(H +m)+H +0,+m+)

p(S+0, +45+S-0,)
6p(-4)

Q=

P(S+0, +4S+S-9))

(M-, +4m+m+5,)
6pd-4 )(H-5,+m-5;
+4H+m)+H +J,+m+0;)

X. OPTIMAL SOLUTION CALCULATION

The following values are assumed § = 0.86 and A = 100.

By choosing the input parameters like the setup cost, holding
cost and the penalty cost astriangular fuzzy numbers, the rate
of the decision variables (maximum inventory, lot size and
unit cost) are calculated. The total annual cost function for
different values of S, H and m as triangular numbers are
calculated and the optimum solution table is given below.

|.OPTIMAL SOLUTION TABLE

p Q I D TC
4.41 181.08 | 172.22 27.91 163.06
471 179.33 | 170.85 26.38 164.66
5.03 173.01 | 164.56 24.93 166.22
5.23 17325 | 164.86 24.10 166.92
5.66 164.61 | 156.60 2252 168.84

The demand D in each case is obtained from the unit cost
price value.

XI. SENSITIVITY NALYSYSAND DISCUSSION

The relative impact of the input parameters as different
triangular fuzzy numbers over the decision variables are
assessed here. The corresponding total annual cost function
has also been calculated for the given input parameters and
the effect of these parameters on the objective function is
noted. The optimal solution table revealsthat as the unit cost
priceincreases, the ot size value and the maximum inventory
level reduces and therefore the price of the objective function
also increases. Clearly the table shows that the optimal
solution is obtained for the least value of the unit cost price.

XIl.  CONCLUSION

An EOQ model is developed with unit price dependent
demand. The input and decision variables are considered as
triangular fuzzy numbers. The aobjective function is
defussified using GMI representation and then the model is
resolved by KKT conditions technique. An efficient soluyion
of the model is obtained by varying the triangular fuzzy
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numbers and the impact of the cost parameters over the
decision variables and the objective function is noted. The
most appropriate total annual cost isattained at the lowest unit
price value. The research work can be widen by varying the
demand parameters A and B. The model can also be solved by
using Geometric Programming method to obtain the optimal
solution. A better solution can also be obtained by using
trapezoidal membership function and the Gaussian
membership function.
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