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ABSTRACT

The purpose of this paper is to discuss the flE2¥) model for a two-stage production — inventorgtesn with
reliability considerations. In this paper we esitbland analyse two Economic order quantities (E@®@) in this model,
some parameters are fuzzy variables. This noteasged on inventory models under total cost minindmatnd profit
maximization that have solved via fuzzy geometrisgpamming. (FGP) techniques by A. Kordi (2010)rdugh FGP and
by Zadeh’s extension Principle, two main Progranesteansformed to a pair of two-level of mathemaltjgrograms. The

upper bound and lower bound of the objective vahaeobtained by solving the pair of geometric paogs.
KEYWORDS: Inventory, Fuzzy Geometric Programming, EOQ

1. INTRODUCTION

Batch Production System are very common in manufengf industries and these industries, dependinghen

type of products, both single and multiple, Produnty be produced using the same production facilit

In single stage production inventory systems, idela single-item inventory systems with non-statigrdemand
process, determination of lot size and order ldoel Single-item inventory model with a determiitigime-dependent
demand, a Single-item periodic review stochastientory system and a Single-item Single-Stagentorg system with
stochastic demand with periodic review where thetesy must order either none or atleast as muchnaigienum order

quantity.

The studies in two-stage production systems inchmtanal lot sizing or minimize the sum of all cesBteady —
State average inventory and an effective produatiaiering policy in a capacity — constrained prdaucand inventory

system and a direct and intuitive way of derivihg lot sizes.

In this paper, two fuzzy inventory models whichend the classical economic order quantity (EOQ) ehade
developed and analysed. One model uses total costization of the other model used profit maxintiaa. In each
models, order quantity (Q) is a fuzzy variable Jamgl Klein [11] developed the crisp model, namelyv&s a crisp
variable, but in this note we assume that Q iszayfwariable and for deriving and analyzing theiropt solution, We
employ Fuzzy Geometric programming (FGP) technidimrere are two main factors for developing these mvodels. The
first factor is the use of FGP to derive the optis@ution. The FGP approach can be effectivelyliagio this model, a
pair of two level mathematical program is formuthte calculate the upper and lower bounds of theative value at

possibility level by Shiang Tailiu.
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The membership function of the fuzzy objective eals derived numerically by enumerating differeatues.
The remainder of the paper is organized as folldwsection 2, we give a brief overview for the ibdsuilding blocks
namely, fuzzy set theory and real time disrupticeinagement for a two-stage batch production invgnégstem with
reliability considerations. Section 3 and sectiodedelops the fuzzy model with the total cost mimation and profit
maximization. Section 5 provides a detailed nunaridustration along with a discussion of key mjisis. Section 6

concludes the paper.

2. PRELIMINARIES

2.1 Definition: Fuzzy Set

'D

. . ~aC g B © . 'p
A fuzzy set® is defined by A = XM X X2 X, Mg X 2 0,1 . In the pair

N o .
XM X, the first element x

belong to the classical set A, the second elen|Le9{1tx“, belong to the interval [0, 1], called membershipdtion or grade
of membership. The membership function is alsogrekeof compatibility or a degree of truth of x fa .

2.2.a - Cut
The set of elements that belong to the fuzzy®ett least to the degreeis called thea level set ora - cut.
LIAN a ~J
Ad’= x2 X:u% X=a .
2.3 Generalized Fuzzy Number

Any fuzzy subset of the real lien R, whose mentliprdunction satisfies the following conditions, &

generalized fuzzy number

i) M, X is a continuous mapping from R to the closed irtkj0,1].

i) py X=0,@1 <x<a,,

i) M, X = L(x) is strictly increasing on [g]

iv) X =1,8<X<a,

V) M, X = R(X) is strictly decreasing ons[aay]

Vi) M, X =0, a<x <o, where g &, a and g are real numbers.
2.4 Trapezoidal Fuzzy Number

a

The fuzzy numbera = a,,a,,a,,a, ,

wherea; < a, < a3 < a4 and defined on R is called the trapezoidal fuzzy

number, If the membership functiol is given by

A0 IX<a,orx>a,
A a
N
& a a,<x<a,
‘Xa_ a,@a,
Ha Al ‘a,< X<a,
A a
A
5 a ‘a,sx<a,

QD
[3)

Q@

D
X
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2.5 Assumptions and Notations

Assumptions:

1. The production rate of the item is greater titmdemand rate.

2. The original production line is perfectly balad¢ that means the production rates for the itesmegual for the
both stages.

3. The recovery Cycle will start just after therdjgtion occurs. The disruption can occur in eitbieigle or both
stages at any point in time.

4. There are equal numbers of cycles in the dismpecovery windows of both stages.

5. All products are inspected and defective proslace rejected

6. The total cost of interest and depreciationgreduction cycle C (A, r) is inversely related tet$ip cost (A) and
is directly related to process reliability (r) acdimg to the following general power function.
C(Ar) = aAr®
Where a, b and c are positive constant choserotade the best fit of the estimated cost function.

Notations:

D — demand per year (Unit Per year)

H; — Holding cost per unit per year at the first stég@nit/Year)

H, — Holding cost per unit per year at the second stffignit/Year)

r — Reliability of the production process — which iwkvn from the historical

date of the production system.

Q — Combined production lot size per normal cycle wéhability r

A; — Set-up cost per cycle at the first stage ($ peufg

A, — Set-up cost per cycle at the second stage ($qteud

P — Production rate (Units per year) in 100% reliabtstem

The annual cost of the set-up cost and the holdasty which is

107 - et @F by, s
Q 2 P rP

By minimizing the total cost, we obtain the optimalue

www.iaset.us anti@iaset.us



18 S. Chandrasekaran & M. Gomathi

2.6 Geometric Programming

Geometric Programming has been very popular inneeging design research since its inception ineady
1960s. Even though GP is an excellent method teesobnlinear problems, the use of GP in inventopdets has been

relatively in frequent. Kochenberger [12] was thistfto solve the basic. EOQ models using GP.

Consider
P=Q ; P=Q"
an=1 ; a,=-1
yity=1
2
X & =0

a, Y, +ta,y,=0[ y,@y,=0

o _F
[ y1_y2_2

n o Clyn n Cly,

1

3. MINIMIZING MODEL

We have the following mathematical formulation the total cost per unit time (TC) with order qugnQ

becomes the following FGP.
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Where Q is the decision variable and Q would derd@ned.
3.1 Optimal Solution Procedure

According to Fuzzy Geometric Programming Objecfiwection in this model is an Unconstrained Polyrm
with Zero degree of difficulty by Guardiola (200990 by above definition and assumption, we arenfadiy this
mathematical formulation for the total fuzzy cost pnit time from the FGP perspective.

u

cc

b
O H +H

b ¢ b [ .
fC Q =B A +A, Q%+ 05Q pot

r

The objective function in this model is a fuzzycanstrained polynomial with zero degree of difftgulin this

part for easily solving, we use the duality FGFhteques. Suppose thetl and ® are trapezoidal fuzzy number

b B GB GBCB @B G w
S:ZH,DOE Hy JH, B H  H, DY o DY

1
a a a a a

for each TC”H , Db2 S

We denoteTC H ,® to be the objective value of this model. Let“Tahd TC' be the minimum and maximum

of TC H,P on S respectively, namely

. V. b CEb c v
Z'=min TC H,Df #H,,H,,® 2S and

! o] Cl Cc
Z" =max TC H,D M)‘F-Il,@-lz,‘D 259

Which can be reformulated as the following paitwed-level mathematical program.

“ D
L . . b € e, 561 i
TC =, mn mn® A+A, Q +05Q

4 . b2s r

b c N
L =, max . maxb A, + A, Q°'+ 05Q

For solving we use dual based algorithms so are tcansform models to the corresponding dual

geometric program as follows.
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TCh

:b maX c
H.,b2s
Subject to y+y.=0
Vi +¥%.=0
Vi, Y>>0

If we define the'fterm of the optimal primal objective function as U
.B G b c B G
Uui=b, B A+A,BQ

N IfB QJ B ng '
US=08 H, +H, DKP®'Q'/r

a

The optimal order quality can be calculated frdrove as follows.

4. MAXIMIZATION MODEL

We are facing formulation for the profit per utime.

B C b c o fb cep Y
MaxTT Q® =D A+A, Q%+ 05 H +H, D P@lk/r+AD1@“@BD1@B

Where Q and D are decision variables.

v

U B aB a B @ B gW y
S= H foreach H2 S , we denoteTt H to be the objective value of this

+H, <sH<H, +H

ZH 1(1 20_ - lu 2(1
model.

Vb S
m=min m#H[H, H,2S

Vb S
™W=max mH[H, ,H,2S

which can be reformulation as the following pdi2devel mathematical programming.
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\%

b c . a b c
it =min ,min, A®'D°® + A% A +A, D° Q%+ A®BD %+ 05 A% DO gy + ¢y,

H2s 0D

v b c . a b c®
™ =max,max A% D@+ A%T A+ A D Q%+ A% BD®" + 05 A% DOt gy +¢4, P@l/

H2s b

For two modelrt andTt’, we use the dual problem which is usually easieotve, first fort-

Subject to y=1
Yoty1 =0

a@lay1+ay2+ a@B y,+ a@B@1 y,=0
@y,+y,=0

y,>0,i=1234

where A =y, + y,+ y,+ Y,

According to the dual techniques
h i f AT
R W A
AV, B
i
@A _ Agr' o0
« B

Such that
V,=A% A+ A, D Q%
V,=P® A®'BD“®"A
5. NUMERICAL EXAMPLE
Let D =400,000,r=0.90,H1.2, H=1.3
P = 500,000, A=50, A,=30
Q =5366.561
TC (Q) = 11925.6958

Let demand per unit time be a trapezoidal number

#,= 0811416
b c
#,= 09111517

In this model for minimization of cost, we’ve

www.iaset.us

21

w

Pt

anti@iaset.us



22 S. Chandrasekaran & M. Gomathi

= 0.8+ 0.2, 1.6@Ra

H,
b c
#H, = 0.9+ 0.20,1.7@Ra

6. CONCLUSIONS

In this paper, we developed and analyzed two E@&edb inventory models under total cost minimizatow
profit maximization and profit maximization the serparameters are fuzzy. By using FGP techniquesietermined the
order quantity or the total cost minimization andfjt maximization model to transform for main prag in two models

in to two level geometric programs.
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