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Abstract

In this paper we derive an integrated supply chain model for deteriorating
inventory items with backorder through just in time in fuzzy approach using
Yager ranking method. Usually, the vendor and the buyer problems treated
discretely. But in this paper, we confer a joint integrated vendor buyer model
in both crisp and fuzzy sense. Nowadays the integrated vendor-buyer
production inventory models are gaining much consequence. Supply Chain
Management revolves around competent integration of vendor and buyer, if
encompasses the firm’s activities at many levels, from the premeditated level
through the tactical to the operational level. Here shortages are allowed and
lead time is zero. Finally, a numerical example and sensitivity analysis are
given to illustrate this model. Yager ranking method is used to defuzzify the
results.

Keywords: Supply Chain, Just — In —Time, Quality Assurance, Backorder,
Deteriorating items, Integrated Vendor — Buyer, Trapezoidal fuzzy numbers,
Yager Ranking Method.


mailto:maruguevr@yahoo.co.in

5246 J. Jayanthi and M. Maragatham

1. INTRODUCTION

Supply chain management plays a pivotal role in ensuring goods, and services are
delivered on time to consumers. In supply-chain management, inventory management
plays an essential role. Inventory involves various cost, investment, space
management, etc. Also there are chances that stored inventory may get smashed or get
stolen adding to extra cost to the company. Therefore, it is important to have a
vigorous inventory management for an organization.

Numerous established inventory models have focused on deriving optimal order
quantities for the consumer. Such models ignore two opportunities. First, it may be
possible to decrease costs without altering the ordering policy. Second, the firms can
find an order quantity that is jointly optimal for the buyer and vendor.

Supply chain management is principally concerned with the efficient integration of
suppliers, factories, warechouses and stores so that product is produced and scattered in
the accurate quantities to the right locations and at the correct time, and so as to
reduce total cost subject to fulfilling service necessities. Supply chain integration is a
new kind of organizational model, taking energetic alliance of supply chain as a
subject to grasp global resource integration through interactive collaborate operation
of supply chain.

Just-in-time (JIT) is an inventory strategy companies employ to increase competence
and decrease waste by receiving goods only as they are needed in the manufacturing
process, thereby minimizing inventory costs. This method requires producers to
anticipate demand accurately.

Just-in-time inventory control has numerous advantages over conventional models.
Production runs remain short, which means manufacturers can move from one type of
item for consumption to another very easily. This method reduces costs by
eliminating warehouse storage needs. Just in time inventory is intentional to avoid
situations in which inventory exceeds demand and places increased burden on your
business to deal with the extra inventory. Manufacturers using JIT processes want to
use materials for production at levels that convene distributor or retailer demand but
not in excess. Retailers only want to acquire and carry inventory that meets immediate
customer demand. Excess inventory requires storage and management costs.

Banerjee [1] developed a joint economic lot size model for a single vendor with finite
production rate. Goyal [2] first introduced the idea of a joint total cost for a single
vendor and a single buyer assuming an infinite production rate for the vendor and lot
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policy for the shipments from the vendor to the buyer. Ha and Kim [3] obtained the
JIT system between the vendor and the buyer using geometric programming. Hwang
et all [4] suggests that the climate of increasingly strict regulations for energy
efficiency, material composition, waste reduction and product recycling. Kao, C and
Hsu, WK [5] investigated that a single period inventory model with fuzzy demand. Li
- Hsing Ho and Wei — Feng Kao [6] derives that a supply chain model with inventory
and waste reduction considerations. Lee, HM and Yao, J.S [7] developed an
economic production quantity for fuzzy demand and fuzzy production quantity.

Maragatham, M and Jayanthi, J [8] discusses an integrated supply chain model in
deteriorating inventory items and waste reduction contemplations through jit with
fuzzy approach. Maragatham, M and Jayanthi, J [9] determine an integrated supply
chain model for deteriorating inventory items and waste reduction contemplations
through JIT with price dependent demand in fuzzy environment. Miltenburg [10]
constructed that the term JIT could be adopted to signify techniques, improving
quality products and reduce costs by eliminating all waste from the production
system. Nagoor Gani and Sabarinathan [11] made an optimal policy for vendor-buyer
integrated model with Fuzzy environment situation. Ritha, W and Sagayarani [12]
derived a determination of optimal order quantity of an integrated inventory model
using yager ranking method. Roy, M.S. and Sana, S.S and Chaudhuri,K [13]
discussed an integrated producer buyer relationship in the environment of EMQ and
JIT production systems. Yang and Wee [14] derived an integrated approach on
economic order policy of deteriorated item for vendor and buyer. Yang, P.C , Wee,
H.M and Yang, H.J [15] developed a global optimal policy for vendor-buyer
integrated inventory system within just in time environment.

This paper considers a simple and practical situation and derives the minimum
optimal solution with deteriorating items which integrates inventory and quality
assertion in a JIT supply chain. This model assumes that manufacturing will produce
some defective items and those products will not impact the buyer’s purchase policy,
shortages are allowed and lead time is zero. The vendor absorbs all the scrutiny cost.
This approach deals with a single batch, at the end of the 100% screening process, if
defective items are found; duplicate costs must be paid by the vendor.

We focus here on one particular ranking method introduced by Yager. This ranking
method is based upon the idea of associating with a fuzzy number to a crisp value.
Then we will see how to compute the valuation of a trapezoidal fuzzy number. We
will analyze and interpret the results to obtain a deeper understanding of the process.
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2. METHODOLOGY
2.1 Fuzzy Numbers
Any fuzzy subset of the real line R, whose membership function u, satisfied the

following conditions, is a generalized fuzzy number A.

(1)  u,1s a continuous mapping from R to the closed interval [0, 1].

(1) p,= 0, -0 <X < a,

(iii) u, = L(x) is strictly increasing on [a1, az]

(iv) u, = wa, 8, <X<a,

(v) u, = R(x)is strictly decreasing on [as, a4]

(vi) o= 0,8, <X<x®

Where 0 < w, <1 and ai, as, a3 and a4 are real numbers. Also this type of

generalized fuzzy number be denoted as A = (a,a,,a,,a,:W,),; When wa = 1,

LR °

it can be simplified as A = (a,a,, a,, a, )LR

2.2 Trapezoidal Fuzzy Number
A trapezoidal fuzzy number 4 = (a, b, c, d) is represented with membership function
Lz as:

L{x) = E, when g < x < b

1 s when b = x = ¢
uplx) = Rix) = E whene =x =d;
0 . otherwise
1
rd
Lix) Rix}

W

Fig. 1 Trapezoidal Fuzzy NMombwes
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2.3 The Function Principle

The function principle is used for the operation of addition, subtraction, multiplication
and division of fuzzy numbers.

Suppose 4 = (a1, a2, a3, as) and E = (b1, b2, b3, bs) are two trapezoidal fuzzy
numbers, then arithmetical operations are defined as:

1.LA®E =(a1+ b1, ax+ b2, a3+ b3, as + bs)

2. A ®E = (aib1, axba, aszbs, asbs)

3.AOE =(a1—bs,aa— b3, a3 — b2, as — by)

4408 =(2 2, 2 2

- LY ? ? -
by Dbz bz by

5004 = |

(eeat, ma?, qad, owasy o = 0
(oas, mal, qaz, oaly,a = 0

2.4 Yager’s Ranking Method

If the a cut of any fuzzy number A is [AL (o), Ar ()], then its ranking index I( Z\)
18,

TTA @) + Ay (@) dac

2.5 Notations and Assumptions
The mathematical model in this paper is developed on the basis of the following
notations and assumptions.

2.5.1 Notations

Q - Order Quantity of the buyer

R - Annual demand rate

P - Production rate

n - Total number of shipments per lot from the vendor to the buyer
nQ -  Vendor’s lot size per delivery

Hv - Vendor’s holding cost per unit per unit time
Hs - Buyer’s holding cost per unit per unit time
Sv - Production cost paid by the vendor

S -  Purchasing cost paid by the purchaser

r - Annual inventory holding cost

K - Backordering ratio

1-K - Non-backordering ratio

I1s - Unit backordering cost of the buyer

TCv -  Total annual cost of the vendor

TCg -  Total annual cost of the buyer

JTC - Joint annual total cost of the vendor and the buyer
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- Screening cost per unit
- Reworking cost per unit

- Percentage of defective items

- Fuzzy annual demand rate

- Vendor’s fuzzy holding cost per unit per unit time
- Buyer’s fuzzy holding cost per unit per unit time
Fuzzy Production cost paid by the vendor

Fuzzy Purchasing cost paid by the purchaser

- Fuzzy annual inventory holding cost

- Joint fuzzy integrated total annual cost of the vendor and the buyer

2.5.2 Assumptions

The integrated system of a single vendor and single buyer for a single product
is considered.

The vendor and the buyer have complete knowledge of each other’s
information.

Production rate is uniform and finite.

Demand rate is constant over time.

Both the production and demand rates are constant and the production rate is
greater than the demand rate.

Buyer’s shortages are allowed.

Lead time is zero.

Inventory is continuously reviewed.

Transportation cost is not considered.

Sequential conveyances are delivered so that the next one arrives at the buyer
when stock from previous freight has just been finished.

Screening cost and reworking cost is constant.

In screening process, if defective items are found, then the duplicate costs is
paid by the vendor.

The vendor transferred the extra cost to the purchaser if shortened lead time is
entreated.

Demand rate (R), holding cost of the vendor (Hv), holding cost of the buyer
(Hg), production cost of the vendor (Sv), purchasing cost of the buyer (Sg),
annual inventory holding cost (r) and unit backordering cost of the buyer (I1g)
are taken as a trapezoidal fuzzy numbers.
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3. MODEL FORMULATION

3.1 Proposed Joint Integrated Inventory Model in Crisp Sense

From the above notations and assumptions, total number of shipments, optimal order

quantity and the joint total annual cost for the both vendor and buyer are determined.

Then, the joint total annual cost is given by,
JTC(Q,n) = vendor’s set up cost + vendor’s holding cost +

vendor’s screening cost + vendor’s reworking cost +
buyer’s ordering cost + buyer’s carrying cost +
buyer’s backordering cost

In vendor’s inventory model, the total annual cost of the vendor is given by,

TCv (Q,n) = setupcost + holding cost + screening cost + reworking cost

In buyer’s inventory model, the total annual cost for the buyer is given by,

TCs (Q) = ordering cost + carrying cost + backordering cost

The average inventory for vendor lv is determined as follows ,

an 5 l_l 5 l_l 2 l_i 2 l_l
2P +Q [R Pj +2Q (R Pj +3Q [R F))+...+nQ (R Pj

l, =
"

_ R[nQ nm-nQ’ (1_1J
nQ| 2P 2 R P

Q R 2R
I, = =[n|l—-—— |—-1+— 1
Y 2 P P )
Vendor’s total annual cost is,
S,R rQH R 2R
TC, Q.n)=—"~——+— Y n|l-— | -1+=— | +anQ+BOn 2
v (Q.n) "0 2 [ ( Pj P} anQ+46nQ (2)

Buyer’s total annual cost is,
SeR , r(l — Ky’ QH, . K?Qr,g
Q 2 2
Then, the joint total annual cost is given by,
JTC(Q,n) = Vendor’s total annual cost + Buyer’s total annual cost

TG, (Q) = 3)
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= TG, Qn+TC; (Q)

TC@N) = ivg+@%[n (I—EJ—1+§}+anQ+ﬂ9nQ+
Sg R +r(1 —- K)'QH, N K’Qrz, @
Q 2 2

Partially differentiate equation (4) with respect to Q, we get
_ 2
oITC@Q.n) _ SR rHy {n(l—ﬁj—1+£}+an+ﬁ0n—SBR+ r—K)*H,

aQ nQ* 2 P Q’ 2
K’y
2
)
Again, differentiate equation (5) with respect to Q, we get,
aZJTcz(Q,n) _ 2SV3R+ZSB3R 0 ©)
0°Q nQ Q
Now, set the equation (5) to zero and we compute for Q, then,
2 R(SV +S; j 2
Q = - (7)

r(-K)’H, +K?zy + rH, {n[l—sj—niﬂ +20on+2£6n

Substituting equation (7) in (4) , we get,

N | =

2S. R % rH, n(l—Ej—Hﬁ +2on+2£60n+
JTC(n) = Y +2S.R P P (8)
n

r-K)*H, + K>z,

In equation (8), squaring on both sides , we get
2R*S rH,n 4R*S,rH, .
P
2RS rH (1-K)* + 2S,RK* 7, +4RS an +4RS, Séh +
2R*S, rH, _2RS,rH, N 4R°S, rH, N
P n nP
2RS, rH, (1- K)? N 2S,RK’ 7
n n

[aTC ()] = 2RS,rH,n - — 2RS,rH, +

2RS,rH, —

+4RS, o + 4RS, S0
)
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Partially differentiate equation (8) with respect to ‘n’, we have,

2
ATCEM) _ gy, — 2R5e™yv | ops o 42Rs, g0 + M _
on P n
2RS,rH, RS,rH,(1-K)> S,RK’z, 0
n’p - n’ - n’ (10)

Again, partially differentiate equation (10) with respect to ‘n’, we have,

0?JTC(n) 2RS,r 4R?*S,rH, 2S,RK’x
= [Hoa-K)? = H, |+ N e
Now, set the equation (10) to zero and we compute for n, then,
2R %
Syr { HB(I—K)z—HV(l—P) +SVK27Z'B}
n - 12)
Sp {rHV (1 _Pj + 2a +2ﬂ¢9}
The optimal value of n =n* is get when,
JIC(n’ -1 <JTC(n’)  and JTC(n’) < JTC(n* +1) (13)

From (12) and (13), we get,

P
S, [ HB(1—K)2—HV(1—2§j +SVK27Z'B:|

Sg [rHV (1 —Ej + 2a +2,86?}

3.2 Proposed Joint Integrated Inventory Model in Fuzzy Sense using Yager’s
Ranking Method

We consider the joint integrated inventory model in fuzzy environment. Here,
Demand rate (R), holding cost of the vendor (Hv), holding cost of the buyer (Hg),
production cost of the vendor (Sv), purchasing cost of the buyer (Sg), annual
inventory holding cost (r) and unit backordering cost of the buyer (Ilg) are taken as a
trapezoidal fuzzy numbers.

Apply Yager Ranking method to defuzzify the joint total annual cost of the vendor
and the buyer, total number of shipments and optimal order quantity .

n“(n"—1) <

<n'(n"+1)  (14)

Let R, I-NIV , I—N|B,§V,SNB,?, 7 be trapezoidal fuzzy numbers and they are defined as

follows. [(ie) they are described by the a — cuts]

14)
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R(“R):[Lﬁl(%)a Rle(aR)]

Hy (aHV ): [ L_HIV (“HV )’
)

s oy [y ). R )]
Sg (O‘SB ): [ L?B (“SB )’ RS_B1 (O‘SB ) ]

The joint total annual cost is given by,

JTC(Q, n) = vendor’s set up cost + vendor’s holding cost +
vendor’s screening cost + vendor’s reworking cost +
buyer’s ordering cost + buyer’s carrying cost +
buyer’s backordering cost

In vendor’s inventory model, the total annual cost of the vendor is given by,

TGV (Q,n) = setupcost + holding cost + screening cost + reworking cost

In buyer’s inventory model, the total annual cost for the buyer is given by,

TéB (Q) = ordering cost + carrying cost + backordering cost
The average inventory for vendor lv is determined as follows ,
nQ> (1 1 (1 1 (1 1 j ) ( 1 1 j
+ =——|+2 =——[+3 =—— [+..+N =
2P Q [R Pj Q (R Pj Q R P © R P

~

R

_ RInQ* n(-nQ’ (1_1)
nQ| 2P 2 R P

Iy
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_ Q,(_R)_|.2R
I, = 2[n(1 PJ 1+ P} (15)

Vendor’s total annual cost is,

Q 2

Buyer’s total annual cost is,

TG, (Q, Ny = rQH { [1—%}—“%}@@%9@ (16)

S D F_KYOO 2 =~
1€, Q) = Sz R +r(l K) " QH;, N K Q7, (17)
Q 2 2
Then, the joint total annual cost is given by,
JTc (Q,n) = Vendor’s total annual cost + Buyer’s total annual cost
= TC, QN +TC Q)
~ S,R TQH R 2R
JTJCQ,n) =—~—+—YIn|l-— |-1+=— |[+anQ+ BOnQ +
(Q)nQ 2[[P] P} Q+40nQ
S B FT1_ 2A0 2A =~
S; R +r(l K) QH, N K Qxg (18)
Q 2 2
The above equation can be rewritten as,
~ ~ o~ -
J'FC(Q,n):SVR+(n—1)rQ2HV +(2_n)rQ2HF:,R+SBR_|_r(1 K2) QH,;
" 0 (19)
K Q LA 41N anQ+p6nQ

Using Yaker Ranking Method for equation (19), we have,

1 1 1
K, as ,aR) = {I LSv ag, )dO(SV .J‘L;{l (g e +J.RS_Vl (asv )docsv..[R;{l (aR)daR}
0

1

KZ( aHV) = {J.L;l a, )da, . 1LHlV aH )daH +.|.R a )dar..lfR,]lv (aHV )daHv}
0 0 0
1

[ (@ )da,.
K, (ar,aHv ,aR) = l ‘

L;llv (aH )daH IL (ag)dag

o'—.~

+IR;1 e, . '(i;RHIV ay, )daH jR (ag)da,

0

1 1
K, (aSB,aR) = %{J.L?B (asg)das .[LRI (g ) +jR as, )dOtS J.R aR)daR}
0 0
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1 1 1 1
K (ar,aHB) = {j L' (« r'_[L_Hla (aHB )dozHB +J‘Rr_1 (a,)dar.jRgla (aHB )daHB}
0 0

0

Ks (@,,) { ' (a,,)da, +jR (a,, )da, }

Therefore, equation (19) becomes,
Kl(az’aR)—l—(n—l)QKz(O;r’aHv) ( )QK3(araaHvaaR)+
n

2P

2 2 (20)
K4<ac55 ’aR)+ QU-K) Es(a”aHB )+ A QK;(OC”B )+a nQ+£6nQ

To determine the optimal order quantity,
Partially differentiate equation (20) with respect to Q, we get

GJ-FC(Q,H) T K, (asv 7aR)+(n _1) Kz(ar:aHv )+(2 _ I’]) K3(0‘r:0‘Hv ’aR)
2

JTC(Q,n) = +(2-n

oQ nQ* 2P
K,los org) 1-K)K (o) KK, (e, ) -
A S THe T fan+B6n
Q 2 2
Again, differentiate equation (21) with respect to Q, we get,
23T 2K, (ae 2K, la. ,a
0 JTS(Q,H)Z i ( 1 R)+ 4( 5 R) > 0 (22)
0°Q nQ Q
Now, set the equation (21) to zero and we compute for Q, then,
_ -1
K la. ,a 2
2P(1( 5 R)+ K, (e ,aR)j
n B
Q" = (23)

(N-DPK, (e, e, J+ 2K, la,,ay, ,aq )+ 1-K)*PK (a,,a, )
+K2PK, (e, )+2Pan+2Ppon

Now, to determine the number of shipments,

P
i {PrS s(1-K)? —PrS A, +27S, A, R+ PK?S, ;zB} 24)

PTS,H, —TS,H,R+2PaS, +2PB6S,

Using Yager Ranking method for the above equation, we get,

| j[L e, ILSV as, )dcxsv Il_ (@, )da,,
0

K, (Ofr’O‘sv’O‘HB =31 .
+IR;1a darIRlaSH)daS IR (@, )day,
0 0
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1 1 1

| J. L' (e, Me, J. Ls, (asH )datSV : J. Ly, (o ey,

Ks(ar’asv’aHv)zg ’ 1 ’ 1 ' 1

+ JR[I (ozr)dar.J‘RS’v1 (aSH )dozSV .J.Rglv (ay, day,
0 0 0

1 1

| jL}l(ar)dar ILS‘ (as )docS J'L (ay, )day, IL (ag)dag

K ( ) 0 0
o \ & A, Ay Az | =

JR rJ.Rsl s, )das IR (ay, )day, Ry (ag)day,

!
e Y, |

1 fLrl a, e, . jle as )dozS J.L (ay,)day, IL (ag)dag
0 0

Kn(“raasBaaHv >aR) = R

+ IR;‘(a,)da

Kislas,) = % {j. Lng (as,) + j.Rs_é (as, )}

Substitute these ranking values in equation (24) , we have

RS (asB }jass IRHV (ay, )daH IR (ag)dag

re

ot_,._.

(PA=KYK, oy, )~ PR (o, 2K, apcts g, g J+ PRCK (st )] 2
" _{ PK,, (ar,asa,aHv)— K]Z(a,,asﬁ,aHV,aR)+(2Pa+2Pﬂ9)KI3(aSB)
(25)
The optimal value of n =n* is get when,
JTC(n" -1 <JTC(n') and JTc(n’) < Jtc(n +1) (26)
From (25) and (26), we get,

n"(n"—1)<
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. P(1-K)’K, (a,,(xsv,aHE)— PK (ar,asv,aHv )+2K9 (ar,asv,aHv,aR)+ PKZKIO(aSV,a”B) %
" - PK,, (o, as,.an, ) - K, la,.as, .0y, sag F2Pa+2PBO)K (as, )

< n*(n* +1) (27)
4, NUMERICAL EXAMPLE

4.1 Numerical Example in Crisp Sense

The annual demand of an item is 840 unit / year and the production rate is 3200 unit /
year. Annual inventory holding cost is Rs. 5 per unit. The holding cost for the vendor
is Rs.14 / unit, the holding cost for the buyer is Rs.20 / unit, the production cost for
the vendor is Rs. 440 / set up and the production cost for the buyer is Rs. 35 / order. If
there is 5 % defective items then the duplicate cost for the defective items is Rs. 2 /
unit and the screening cost is Rs. 3 / unit. Total number of shipments, order quantity,
joint total annual cost for both the vendor and the buyer are determined.

Sol:
R = Rs. 840 unit/year
P = Rs. 3200 unit/ year
r = Rs. 1/unit
Hv = Rs. 14/ unit
Hg = Rs. 20/ unit

Sv = Rs. 440/ setup
S = Rs. 35/order

K = 10%

s =5

0 = 5%

a = Rs. 3/unit
£ = Rs. 2/unit

4.1.1 Total Number of Shipments

)
S,r [ HB(I—K)Z—HV(1—2§) +SVK27Z'B}

Sp {rHV (1 —Ej + 2a +2,80}
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4.1.2 Order Quantity

2
ZR[SV+SBJ
. n
Q" =
) > R 2R
rd-K)*Hg +K*z, + rH, {n[l—Pj—HP} +2an+2460n

Q' = 37.14

4.1.3 Joint Total Annual Cost of the Vendor and the Buyer

JIC@Q,n) = Snvg+%{n (l—%}—l+%}+anQ+ﬁ9nQ+

Sy R +r(1 - KYQH, s K’Qr,
Q 2 2

JTC(Q,n) = Rs. 8217.86

4.2 Numerical Example in Fuzzy Sense

To validate the proposed model consider the data

Let R = (760,780, 820, 840) unit/ year
P = Rs. 3200 unit/ year
r = (Rs.1,Rs.2,Rs.4, Rs.5) unit/year
I-va = (Rs.6, Rs.8, Rs.12, Rs.14) unit/year

H, = (Rs.12, Rs.14, Rs.18, Rs.20) unit/ year

Sy, = (Rs.360, Rs.380, Rs.420, Rs.440) / setup
S, = (Rs.15,Rs.20, Rs.30, Rs.35) / order

K = 10%

7y = (RS.3,Rs. 4,Rs.6,Rs.7)

6 = 5%
a = Rs. 3/unit
f = Rs. 2/unit
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Sol:
R(ag) = (760+20c, 840—20c)
P = 3200
F(a,) = (1+a, S—a)
A, (@, ) = (6+2a,14-20)
Ay (@, ) = (12+2a,20-20)
S, (a5, ) = (360+20a, 440—200)
S, (as, ) = (15452, 35-50)
K = 10%
7?3(05”8) = (3+a,7-a)
0 = 5%
a = Rs. 3 /unit
y/; = Rs. 2/unit
1 1 1 1
K, (OfsV ’aR) = %{j L;i (asv )dasv I Ly (org Jderg +J‘Rs_\,1 (asv )dasv ~J.R; (aq )daR}
0 0 0 0
= 160450
K2 (ar aH ) - %{1 L;l (ar)dar'j.l‘;ll\, (aHH )jaHv +j‘Rr_l (ar)dar j.ngl (aH )jaH }
0 0 0 0
= 17.25

o

= 7080

K4(aSB,aR)=%{_j: L (as, Mas, jL an daR+jR as, Wa, jR aR)daR}
= 10112.5

K: (o, ) = i{i L' (a, Mda,. ILHIB O, )daHB+jR o, Ma, . iRHIB (aHB)daHB}
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Ke (@) = %{j. L. (2, )da, + j.R;; (a, )daﬂa}
0 0
= 5
-i.L;1 (a, )de, . 1LS1 065 )dozS _[L (@, )day,
19 0
K (ar,asv,aH ):§ . .
+ IR;l(ar)dar IR (aSH )dozSv IR (ay ey
0 0
= 5497.5

Ks (ar’asv ’aHv) :%

98] +
—_ a S —y —
S P

0

IRI ,JRSI a, )das _[R (ay,)da,, IR (ap)day

|
=1

= 1491881.25

Ky (@, a2, ) = {jl:l as, das, jL . Ma, +J‘R (ors, Mz, jR }
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0

0
= 107470.3125
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1 1 1
Kis (asB) = 5 {I Lng (asB) + J.Rs_; (asB )} = 25
0 0

4.2.1 Total Number of Shipments

L _[Pa-kyK, (o s, . )~ P, (@ s, )+ 2K, (@, s, saq )+ PKK (g, @, ) %
- PK,, (a,,asa,aHv )— K, (a,,aSB,aHv , Qg )+(2Pa+2Pﬂ0)Kl3(asE)

nt =3
4.2.2 Fuzzy Order Quantity

2P(K1(a;v’aR)+ K, (aSB’O‘R)J

(N-DPK, (e, a2 -)K, (e, ay, ,oq )+ (1= K)PK (a,,a, )
+K?PK, (e, )+2Pan+2Ppon

N | =

4.2.3 Joint Fuzzy Total Annual Cost of the Vendor and the Buyer

K, (asv »Og )+(n _I)QKz (arﬂaHv )+( )QK3 (ar’aHv » O )+

JTC@.n) = v 5 2-n 2P
K4(a3 ’aR)+ Q- K)2 I;:?(ar’aHB )+ K2QK6(a”B )+C¥ nQ+ AOnQ

JTC(Q,n) = Rs.3762.91

5. SENSITIVITY ANALYSIS

Q" |JTC@.n)

21 3762.91
16.88 3785.40
14.26 3842.41
12.45 3915.56
11.11 3996.85
10.09 4082.32

11
O N[OoO|O| bW

S| S
1
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6. CONCLUSION

In this paper we studied the ranking process based on Yager’s ranking method. In this
model, we develop a Joint integrated total annual inventory cost of the vendor and the
buyer with backorder in the crisp sense as well as fuzzy sense. Annual demand,
Annual inventory holding cost, Holding cost and purchasing cost of the vendor and
buyer are taken as a fuzzy numbers. Here we take the defective items in terms of
percentage. When the number of shipments (n) is increasing, the joint total integrated
cost is increasing. It implies that the dealer will order more number of quantities to
reduce the annual inventory cost. Finally, the proposed model has been verified by
the numerical example along with the sensitivity analysis. In the future study, we
apply the fuzzy concept for all provisions in this proposed model.

REFERENCES

[1] Banerjee, A., 1986. A joint economic-lot-size model for purchaser and vendor.
Decis. Sci., 17: 292-311. DOI: 10.1111/.1540-5915.1986.tb00228

2] Goyal, SK., 1977. An integrated inventory model for a single supplier-single
customer problem. Int. J. Prod. Res., 15: 107-111. DOI:10.1080/
00207547708943107

[31 Ha, D. and S.L. Kim, 1997. Implementation of JIT purchasing: an integrated
approach. Prod. Plan. Control, 8: 152-157. DOI: 10.1080/095372897235415

[4] Hwang, J.S., Z. Guo and H. Koenigsmann, 2001. A high performance lead-
free solder-the effects of in on 99.3Sn/0.7Cu, Solder. Surf. Mt. Tech., 13: 7-
13.DOI: 10.1108/09540910110385194.

[51 Kao, C and Hsu, WK, A single period inventory model with fuzzy demand,
Computer Mathematic with Application, 2002, 43, pp: 841-848

[6] Li-Hsing Ho and Wei-Feng Kao, Applying a just-in-time integrated supply
chain model with inventory and waste reduction considerations, American
Journal of Applied Science 10(7): 751-759, 2013.DOI: 10.3844/ajassp.2013.

[71 Lee, HM and Yao, J.S, Economic production quantity for fuzzy demand and
fuzzy production quantity, European Journal of Operqtional, 1998, 109, pp:
203-211

[8] Maragatham, M and Jayanthi, J , International Journal of Current Research
Vol. 8, Issue, 09,pp. 37871-37883, September 2016, ISSN: 0975-833X ,
Integrated supply chain model in deteriorating inventory items and waste
reduction contemplations through jit with fuzzy approach.

[9] Maragatham, M and Jayanthi, J, Integrated Supply Chain Model for
Deteriorating Inventory Items and Waste Reduction Contemplations through
JIT with Price Dependent Demand in Fuzzy Environment” Aryabhatta Journal
of Mathematics and Informatics, Vol 8, Issue 2, July — Dec 2016, ISSN: (o)



5264

[10]

[11]

[12]

[13]

[14]

[15]

J. Jayanthi and M. Maragatham

2394-9309, pp: 0975 -7139, Imfact factor 4.866.

Miltenburg, J., 2001. U-shaped production lines: A review of theory and
practice. Int. J. Prod. Econ., 70: 201-214. DOIL 10.1016/S0925-5273
(00)00064-5.

Nagoor Gani. A & Sabarinathan. G. (2013). Optimal policy for vendor-buyer
Integrated inventory model within just-in-time in fuzzy environment, Fuzzy
Mathematical Archieve, Vol. 2. 2013, 26-35.

Ritha, W and Sagayarani, A, Determination of optimal order quantity of
integrated an inventory model using yager ranking method, International
Journal of Physics and Mathematical Sciences ISSN: 2277-2111(0), Vol.3
(1) January — March pp.73-80.

Roy, M.S. and Sana, S.S and Chaudhuri,K, An integrated producer buyer
relationshipin the environment of EMQ and JIT production systems,
International Journal of Production Research, 2012, doi:10.1080/00207543.
2011.650866.

Yang , P.C and Wee, H.M, Economic ordering policy of deteriorated item for
vendor and buyer: an integrated approach, Prod. Plan. Control, 11(5) (2000),
474— 480.

Yang, P.C , Wee, H.M and Yang, H.J, Global optimal policy for vendor-buyer
integrated inventory system within just in time environment, Journal of Global
Optimization, 2007, 37, pp: 505-511.



