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ABSTRACT

In a competitive market environment, it is important to consider the integrated
approach to inventory control in a supply chain. The objective of this research is to
consider a deteriorating item in the supply chain to develop an optimal joint total cost
from the perspectives of a single buyer and supplier. A computer code is developed to
derive the optimal solution. Numerical examples and sensitivity analysis are given to
validate the results. It can be shown that the integrated approach results in an
impressive cost reduction compared with an independent decision by the buyer or the
producer.
Key words: Supply chain management, partner relationship, deteriorating items,

integrated inventory model.

1. Introduction

The research in deteriorating inventory is becoming more important, because
decay and deterioration occur in products, such as fish, fruit and vegetables.
Deterioration inventory models have been widely studied by several authors in recent
years. Ghare and Schrader [5] were the first researchers to consider decaying

inventory for a constant demand. Other authors such as Covert and Philip [3], Dave



[4], Elsayed and Teresi [5], Mak [15], Kang and Kim [9], and Heng et al.[8] continued
to refine the model.

There are a number of studies that incorporate the perspectives of both the buyer
and the supplier. Goyal [7] first introduced the idea of joint total cost for the buyer
and the supplier. Chakravarty and Martin [1] derived the optimal order period and
discount price with joint minimum cost for the buyer and the supplier. Kao [10]
considered both the perspectives of buyer and the supplier for deteriorating inventory
with a constant exponential rate. Susan et al. [18] considered the cooperative and the
non-cooperative situation, and obtained an optimal order price and quantity for each
case. Kim and Ha [11] developed an integrated inventory model with JIT concepts
and small lot size to derive the minimal joint total cost. Chou [2] developed an
integrated two-stated inventory model for deterioration items, his research results
shows that the cooperative strategy of the buyer and the supplier results in higher
profit.

Pan and Liao [16] implemented the JIT concept of small lot size to derive the
optimal solution. Their research showed that the use of JIT concept is worth pursuing.
Larson [14] modified the model by Pan and Liao [16] and considered the
transportation cost, the receiving cost, and the quality control cost for small size
deliveries. Kim and Ha [12] applied the small size deliveries concept from the
perspectives of both the buyer and the supplier. Kim and Ha [12] extended the
research to consider the perspectives of both the supplier and the buyer in a JIT
environment. Later, Wee and Jong [19] applied the concept of multiple deliveries and
developed an optimal deterioration production strategy. Lin [13] considered the
perspectives of both the buyer and supplier, and applied a single order and multiple
deliveries in model development. Wu [20] extended the research to consider the
deterioration inventory. Yang and Wee [21] developed an integrated deterioration
inventory model for both buyer and vendor, but they simplified the problem formation
by assuming continuous demand. In this paper, our model assumes discrete demand

and deliveries.

2. Assumption and notation
The mathematical model developed in this paper is based on the following
assumptions:
(1) Planning period is known.
(2) A single buyer and producer are assumed.
(3) Both demand rate and production rate are deterministic and constant.
(4) Production rate is greater than demand rate.

(5) Deterioration rate is deterministic and constant.



(6) Lead-time is assumed to be negligible.

(7) Shortage is not allowed.

(8) Multiple lot-size deliveries per order are considered instead of single delivery
per order.

(9) The same lot-size delivered each time.

The following notations are used :

T Planning period

Tp Ordering cycle

t1 Producer’s starting time for each order cycle Tp

t The period of production quantity ¢

N Delivery times per planning period T

n Delivery times per ordering cycle Tp

Np Delivery times from the producer to the buyer of production period

t3 The period of the product from the point of np to the ending of
producing

D Demand rate on the buyer

q Lot-size per delivery for the buyer

Qs Lot-size per order for the buyer, Qg=n*q

Is(t’) | Inventory level at time t’ for the buyer.

Ipi(t’) | Inventory level at time t” for the producer.

Ap The producer’s total inventory quantity during the period Tp

A Ordering cost per order for the buyer

F Delivery cost per deliver for the buyer

Hs Holding cost per unit for the buyer

Ps Deteriorating cost per unit for the buyer

0 Rate of deterioration for the buyer

P Production rate on the producer

S Setup cost per setup for the producer

Hp Holding cost per unit for the producer

Pp Deteriorating cost per unit for the producer
0p Rate of deterioration for the producer

TCg | Total cost for the buyer.

TCp | Total cost for the producer.

TC Joint total cost for a single buyer and producer.




3. Model development
3.1 The Buyer’s Inventory Model
The buyer inventory model for deteriorating item with multiple lot-size

deliveries can be depicted as in Figure 1.
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Figure 1. Inventory level of a single buyer

The inventory level at time t’, Ig (t”) can be expressed by the following equation

d'z#?o-@l(t') 0<t'<t (1)

This differential equation can be solved as follows

I, () = 62(8930—0 -1) 0<t <t )
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3.2 The Producer’s Inventory Model
The producer inventory model for deteriorating items with multiple lot-size

deliveries can be depicted as in Figure 2.

Inventory
Level
Oﬂazz—pmd
/ Q;;pﬂ
|
Lo |
|
¥_
A4 |
|
Al ] AN-I
q - | ~—
| Ay
A Q Q, |
0 Time
t, B Jle M Je [ Sl
t t t [€e—> t t
t, ne & 4,
< prod e non-prod —>
< nt=T, >

Figure 2 Inventory level of a single producer

The inventory level by the producer in the first period can be expressed by the

following equation:

di,(t'
%zP—HPIP(t’) 0<t'<t,, t,=t-t (6)

The differential equation is solved as follows
I (t) = eﬁ(l —el)) 0<t'<t, (7)

P

At the extreme points, 1,(0)=0 and 1,(t,) =0, one can derive

ln(P — qepj
t P_)__In(P-q6,)  In(P) )

) 6, 0,

The inventory level for the ith time after the first time delivery is

di Pi (t)

" =P—0,1,(t) 0<t'<t, 0<i<n,+1 )



Producer’s opening inventory before the ith delivery isl;(0)=Q,,. Solving the
differential equation (9), one can derive the inventory level for the ith delivery as

P :
Ipi(t’)ze—(l—e(‘gp”)+Qile‘gf" 0<t'<t, 0<i<n,+1 (10)
P

From (10), one can derive the lot-size of the non-production period

P qe39Pt qe39pt P
Q. . =—+ , - , — , (11)
non—prod (1) 9P eep (t'+tnp +t)(eept . 1) eep (t'+2t) (eapt _ 1) Hpeap (tnp —t+t")

According to Ghare and Schrader [6], the inventory becomes Qnp+1, as derived
from (11) as

QnP+1 = Qnon—prod (1 - HP )t_t3 (12)

One can derive the ending inventory quantity for (np+ i)th time as

QnP+i = (QnPJrifl - q)(l - ep )t ne, + I1<i<n (13)

The producer’s inventory quantity for the nth time is equal to the lot-size per delivery.
From (11), (12) and (13), under the assumed conditions, can derive the lot size at

non-production time t = t3 as

q (1 _ 6 )t’—nt+npt—t _ (1 _ 6 )t'ft
Qnon—prod(2) = ( : (I—HP )71’ _1 . ) (14)

Total cost for the producer per period Tpcan be expressed as the sum of setup cost,
holding cost, and deteriorated cost, i.e.
P, +t(n, —=1)+t;)—nq

*
TCP :i.q_ HP +(P(t2+t(np D+t,) HQ) P (15)
TP Tp TP

3.3 The integrated joint total cost

The integrated joint total cost of the buyer and producer, TC is the sum of (5) and
(15),.e. TC=TC,+TC, (16)

4. Numerical example
Substituting the following parameters into the derived the buyer and producer
inventory model for deteriorating items with multiple lot-size deliveries, a computer

code is developed to derive the optimal solution. T =1 year, D = 12,000 units; A =$25;



F= $25; Hg= $12; Pg = $100; 05 = 0.05. P = 24,000 units; S = $500; Hp= $10; Pp=
$95; 0p = 0.045.

Figure 3 shows the comparison results among three views. Form Figure 3, one
can derive the optimal delivery times n for different viewpoint.
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Figure 3 Comparison among the three views

The main results drawn from the numerical example are as follows: In Figure 3,
the optimal decision using the integrated approach is 7 times delivery per order cycle
and the joint total cost is $12,732; the optimal solution from the buyer’s view is 64
deliveries per order cycle, the joint total cost is $47,034. It will incur an increase joint
total cost of $34,302($47,034-$12,732). On the other hand, from the point of view
form the producer, the optimal decision from the producer’s view is 1 delivery per
order cycle, the joint total cost is $21,097. It will incur an increase joint total cost of
$8,365($21,097-$12,732). In the above results, it can be shown that the integrated
approach results in an impressive cost reduction compared with the independent
decision by the buyer or the producer.

5. Sensitivity analysis

In order to study the how the various parameters effect the optimal solution of
the integrated inventory model, a sensitivity analysis is performed. The value of each
parameter is changed by +10%~+20%~+30% for the joint total cost TC. The results of

the sensitivity analysis of TC for all the parameters are shown in Table 1.

Table 1. Sensitivity of all the parameters to TC

-30% -20% -10% 10% 20% 30%
Op -1.12 -0.75 -0.37 0.37 0.74 1.11
0p -3.54 -2.35 -1.17 1.16 231 3.44
D -10.25 -6.06 -2.60 1.91 3.05 3.37




P -14.27 -7.62 -3.18 2.45 4.25 5.75
A -0.54 -0.36 -0.18 0.18 0.36 0.53
F -4.07 -2.64 -1.26 1.24 245 3.53
Hg -2.79 -1.79 -0.89 0.88 1.76 2.55
Pg -1.12 -0.74 -0.37 0.37 0.74 1.10
S -11.59 -7.48 -3.64 3.51 6.85 10.04
Hp -8.33 -5.41 -2.66 2.59 5.11 7.54
Pp -3.42 -2.02 -1.13 1.11 2.21 3.31

The values of the joint total cost TC are not sensitive to buyer’s order cost A,
slightly sensitive to g ~ 6, ~F *Hg *Ps *Hp *Pp, and very sensitive to D and P.

6. Conclusion

In the past, most researches only consider the viewpoint of either the buyer or the
producer. In a competitive market environment, it is important to consider the
perspectives of both the buyer and the supplier. This study develops an integrated
inventory model of a deteriorating item in the supply chain with multiple lot-size
deliveries to derive an optimal joint total cost. A computer code is developed to derive
the optimal solution. A numerical example and sensitivity analyses are given to
validate the results. This study shows that the optimal policy adopted by the integrated

approach results in consistent lower joint total cost.
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