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Abstract

This study develops a joint optimal inventory strategy
for both the buyer and the vendor when the expired
stocks have salvage value, and are subject to constant
rate of deterioration. It is shown numerically that the
joint approach results in a significant cost reduction
when compared with an individual decision by the
buyer. We also observed that although the joint total
cost decreases, the buyer’s cost increases due to larger
order. To motivate the buyer to continue to replenish
larger order quantity, a permissible delay in payments is
offered by the vendor to the buyer. A negotiation factor
is introduced to share the benefits of both the parties; the
vendor and the buyer.

Keywords : Joint total cost, Deterioration, salvage value,
permissible delay in payments.

1 Introduction

In the existing literature, most of the inventory models are
derived from the buyer’s point of view. This optimal
decision policy may not be advantageous in economic
terms for the vendor. Thus, there is need to derive a joint
policy which turns out to be win-win strategy for both;
the vendor and the buyer. Clark and Scarf (1970) studied
the vendor-buyer integration for the first time. Banerjee
(1986) extended Clark and Scarf’s model by introducing
finite replenishment rate. Goyal (1988) extended
Banerjee’s model by relaxing the assumptions of the
lot-for-lot production.

The above stated models assumed that the units in
inventory remain in utility for the period under review.
However, blood components, fruits and vegetables,
alcohol, medicines, fashion goods etc looses its utility
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with the passage of the time. The loss of utility, spoilage,
decay or evaporation is categorized as deterioration.
Raafat (1991), Shah and Shah (2000), Goyal and Giri
(2001) gave up-to-date review of the research articles on
deteriorating inventory.

In the preceding review articles, the models assumed that
deteriorated units have no sale value. They are considered
lost. However, in practice, vendor can offer to his buyer
reduced unit cost for the deteriorated stocks. In this
article, the joint vendor-buyer inventory system for
deteriorating items with salvage value is developed. A
negotiation factor is used to facilitate benefit sharing
through offering permissible trade credit to the buyer;
thus making cooperation relationship more realistic and
mutually beneficial.

2 Mathematical Model

The mathematical model is developed on the basis of the
following assumptions:

1. A system consists of single vendor and single

buyer.

The demand rate is deterministic and known.

The replenishment rate is infinite.

Lead — time is zero or negligible.

Shortages are not allowed.

The deterioration rate is

proportional to on hand inventory.

7. There is no repair or replacement of the
deteriorated units during the cycle time.

8. The permissible credit period is used to motivate
the buyer to cooperate in the joint inventory
system.

ANl el N

constant and

The following notations are used

© : Deterioration rate (0 < 86 <1)
d :  Demand rate

C, : Vendor’s unit cost

C, : Buyer’sunitcost (C, > C,)

aCy Salvage value associated with deteriorate units

for the vendor (0 < o <1)

aCy Salvage value associated with deteriorate units
for the buyer
A, : Vendor’s ordering cost



A, : Buyer’s ordering cost

h, : Vendor’s annual holding cost per time unit
hy :  Buyer’s annual holding cost per time unit
T :  Vendor’s replenishment cycle time

Ty : Buyer’s replenishment cycle time

n :  Buyer’s order times during [0, T]

L(t) Vendor-buyer combined inventory level
In(t) Buyer’s inventory level

TC, Vendor’s annual total cost per time unit
TG, Buyer’s annual total cost per time unit

TC : Annual total cost for both the vendor and the

buyer

The stocks on hand are depleted due to demand and
deterioration. The instantaneous states of inventory for
both the vendor and the buyer at any instant of time ‘t’
can be represented by the following differential
equations:

db® L g1, (1)=—d,0 < t <

dt

T
- 2.1)

and

dr, (9

T+elv(t)=—d,0 <t<T (2.2)

With the boundary conditions

|
Lz—¢=0, L (T) =0, I, (0) = L (maximum
i

inventory carried by the buyer) and I, (0) = I,
(maximum inventory carried by the vendor), the
solutions of the differential equations are

T
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1(t) = %[ee(T_t) —1}, 0<t<T (2.4)

Hence, the maximum lot-sizes for the buyer and the
vendor are

e
Imb(t) =—len —1 (25)
0
and
_droer
0 = 5[ e ~1] (2.6)
respectively.

During [0, T], the total inventory holding cost for
the buyer is given by

T/n

IHC, = nhy j Io(t)dt
0
oT
= nh iz en —e—T—l 2.7)

n

The actual vendor inventory level in the integrated
two-echelon inventory model is the difference between
the vendor-buyer combined average inventory level and
the buyer average inventory level. Hence, the actual
vendor’s holding cost in the interval [0, T] is

T T/n
IHC,=h, | J T (t)dt-n | T (t)dt
b
0" 0
d ot
=h, —|e” —1-n|en -1 (2.8)
0

In the time period, [0, T], the deterioration cost for the
buyer is

CDb = an |:Imb - d—T:|

n

oT

=nC, 9 en —e—T—l (2.9)
0 n
and for the vendor is
CD, =C, [Imv—dT—n(Imb—d—Tﬂ
n
q ot

:CVE T —1-n|en -1 (2.10)

The salvage value of the deteriorated units for the buyer
during [0, T] is

noT #
de — IT
SVy,=naC, — %" & — &1%
'$ n %
and the salvage value of the deteriorated units for the
vendor during [0, T] is

(2.11)

q ot
svvzélcv6 M —1-nlen -1 (2.12)
The ordering cost for the buyer is

OC, =nA, (213)



and for the vendor is

OC, = A, (2.14)
The buyer’s total cost per time unit is given by
1
TC, = T [THCy + CDy, + OC, — SV
0T
= nhb i e n _ ﬁ — 1
6’T n
0T
— A
+nCy(1 —a)i en —G—T—l + D%
0T n

(2.15)

Similarly, the vendor’s total cost per time unit is
1
TC, = T [IHC, + CDy + OC, — SV,]
oT
~h, i T —1-n|en -1
0T
$IT o,
HC(1-8) 8e'T * 1% ELen * 13' + v
' T
(2.16)

The annual joint total cost; TC is the sum of TC, and

TC,. Since, T, = I, TC is a function of continuous
variable; Ty, and discI:ete variable; n.

3 Computational Algorithm

There are two cases to be discussed.

Case 3.1When the buyer and the vendor make strategic
decision independently.

For the buyer to minimize TCy,, obtain T, by setting

JTC,
JT,

=0.

For the vendor, minimum TC, can be obtain by putting T
=nT, and also satisfying

TCy(n— 1) > TCy(n) < TCy(n + 1) (3.1)

Then the total annual cost (say) TCy; without considering

integration is

TCny = min {min TC,) + TC, } 3.2)
n n

Case 3.2When the buyer and the vendor make decision

jointly.

The optimum value of cycle time T, and n can be
obtained by following necessary conditions.

JTC

ﬁ =0 (3.3)
and

TCn—1)>TC(n)<TC(n+1) 3.4)

The total cost considering joint decision (say) TC;, is

TC; = rTmn (TCy + TCy) (3.5)

Since TC;j is less than TCyy, there is total cost saving
(say) Sy = TCyy — TC;. Let the buyer’s cost savings, Sy, be
defined by S, = aS; where 4 is the negotiation factor for
benefit sharing. When & = 1, all total cost savings benefit
the buyer only, for & = 0, total cost savings benefit the
vendor only and when 4 = 0.5 the total cost savings are
equally distributed between the buyer and the vendor. If r
is the interest rate, the present value of the unit cost after
time M is e™. The length of the buyer’s credit period M
can be computed by solving the equation

dCy, (1 —e™) =S5,

which gives

M=l 9%
r dCb BSJ

The percentage of the joint total cost reduction (PJCR) is
defined as

(3.6)

PJCR = x100 (3.7)

NJ
4 Numerical Example and Sensitivity Analysis
Consider the following parametric values in proper units.
[d, CV, Cb, AV, Ab, hV, hb, O(a ea ra [3] =

[40000, 10, 12, 3000, 600, 1, 1.32, 0.2, 0.1, 0.03,
0.5]

Cases  Without joint With joint decision
decision

n 3 1

Ty 0.1145 0.2795

T 0.3435 0.2795

TGy 1047291 14959.58

TC, 17047.68 10734.51

TC 27520.59 25694.09

PICR - 6.64 %

M (yr) - 0.0635

Table 4.1: The optimal solution without and with
joint decision



a 0.0 0.2 0.3 0.4

TCns 28966 27520 26768 25995

TC, 27002 25694 25014 24316

PJCR 6.78 6.63 6.55 6.46

(in %)

M 0.0683 = 0.0634 0.0609 0.0584
Table 4.2: Sensitivity analysis of the proportion

salvaged (o)

© 0.05 0.10 0.15 0.20

TCns 24323 27520 30378 32986

TG, 23448 | 25694 28279 300644

PJICR  6.21 6.63 6.91 7.10

(in %)

M 0.525 0.0634 0.0729 0.0814

Table 4.3: Sensitivity analysis of the deterioration
rate (8)

d 24000 32000 40000 48000

TCns 21335 24623 27520 30139

TG, 19918 22988 | 25694 29008

PJCR (in %) 6.645 6.640 = 6.63 6.634

M 0.0822 0.0710 | 0.0634 0.0579

Table 4.4: Sensitivity analysis of the demand rate
(d)

hy, 0.792 1.056 | 1.32 1.584

TCyy 26330 26906 27520 28156

TG, 22516 24158 @ 25694 17142

PJCR (in %) 1448 10.21 | 6.63 3.601

M 0.1327 0.0955 @ 0.0634 0.0352

Table 4.5: Sensitivity analysis of the buyer’s holding

cost (hy)

In Table 4.1, the comparative study of two cases without
and with joint decision. For the joint decision with
deterioration, it is observed that the buyer’s total annual
cost and cycle time increases. The vendor benefits § 6313
while the buyer looses $ 4487 (when o = 0, it is less than
Yang and Wee (2005). Therefore, the buyer will be
reluctant to go for joint strategy. To motivate the buyer to
cooperate, the vendor offers the buyer a credit period of
23 days. The joint total cost is reduced by 6.64 %.

The sensitivity analysis of the proportion salvaged (o) is
carried out in Table 4.2. It is found that the total annual
cost and credit period for both the strategies decreases.
Thus, increase in salvage value decreases permissible
delay period. This is because instead of throwing away
deteriorated units, the vendor is disposing them at a lower
price and the buyer can reduce his total cost and so
decreasing the permissible delay period is justified. For
Table (4.3) and Table (4.4), i.e. increase in deterioration

rate forces the buyer to buy more to fulfill his demand
and hence to optimize his total cost, so delay period
should be increased. The same applies for the case when
there is a decrease in demand. Thus, for these two
scenarios, the buyer-vendor should go for joint strategy. It
is also shown that increasing the buyer’s holding cost
decreases the trade credit significantly (Table 4.5).

5 Conclusions

In this article, we develop a joint optimal vendor-buyer
inventory strategy for deteriorating items with salvage
value. It is observed that incorporating the salvage value
results in a reduced joint total annual cost of the vendor
and the buyer. However, the buyer’s cost increases more
when the joint decision is taken. To motivate the buyer’s
co-operation, trade credit offered to the buyer is
incorporated in the model. With increasing holding cost,
deterioration rate and decreasing salvage value, joint
decision is especially beneficial to both parties.
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