
184

was used as the solution.

variable manufacturing, inventory and shipping costs and a mixed integer linear programming model
existence of physical items, fixed costs of existence of facilities, resource lines, shipping channel, and
another study, Lamothe et al. (2006) focused on minimizing the total cost comprising fixed cost of

an optimal transshipment policy, using a linear programming/network flow framework. Indetermine

could be calculated using a sample-path-based optimization procedure and how toquantities
transshipment and replenishment quantities. They demonstrated how the values of the order-up-to

and penalty costs with the objective of finding thethe replenishment, transshipment, holding,

transhipments, Herer et al. (2006) focused on minimizing the expected long-run average cost including
comprising the pure non-linear programming model as a solution. On replenishment strategies and
the supplier

including net price, storage, transportation and ordering costs, Ghodsypour and Brien (2001) studied

selection (Lamothe et al.,2006). Taking into account the minimization of the total cost of logistics,
(Herer et al.,2006) delivery scheduling and distribution (Torabi et al.,2006) and product family
including supplier selection (Ghodsypour and Brien,2001); determining transshipment quantities

Optimization in the supply chain network environment has been studied from different perspectives

Literature Review

trans-shipments. Next we discuss the effectiveness of the decision model.

that are encountered in inventory replenishment by wholesalers and develops the decision rules for
mathematical model for total costs, including purchasing costs, backordering costs and holding costs

The next section briefly review the relevant literature followed by the dvelopment of the proposed

approach mainly based on predicted holding and backorder costs in different time periods.
calculations. Our approach handles the cost difference issue raised above using an alternative
rule that can be conveniently used by inventory managers without performing complex mathematical

managers. We extend the objectives of Axsater (2003) but deviate from them in deriving a decision

mathematical analysis and probability assumptions may not be easily understood by ordinary

(2003) put a significant focus on future cost difference for a certain initial state and the highly
important alternative decisions for the wholesaler to consider in lateral trans-shipments. Axsater
propsoed by this study extends the work done by Axsater (2003), who developed a number of

practice. There remains a need for simpler rules for lateral trans-shipment decisions. The method
Previous research into wholesaler inventory management been problematic to adopt in real-world

requirement to minimize the total cost involved.
or partly from a supplier and partly from another wholesaler. Such decisions are influenced by the
orders should be placed with a supplier or another wholesaler, and further, whether it should be in full

expensive than sourcing from general suppliers. Inventory managers need to determine whether
the same region. The latter response is known as lateral transshipment which is faster but more

minimized storage cost. Eventhough cost competitiveness has become an imperative in inventory
maintain the inventory at a low level and face the challenges of satisfying customer expectation for
warehouses in turn, cannot plan inventory easily. For cost competitiveness, warehouses tend to
of goods. The stochastic nature of retailer demand makes precise demand forecasts impossible,
developments and applications of various supply chain management strategies to streamline the flow
With the intense competition in the wholesale business sector, there have been significant
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d; (0) = the initial retailer demand at t=0 appearing at Wi,

= the maximal lead time of Sij,

Lija lead time of Sij with duration equal to Lij times unit time interval,

= delivery lead time probability mass function of Sij,

To = start of the scheduling period, t=0,

hi = unit holding cost for Wi per unit time,

bi = unit back-order cost at Wi per unit time,

9 ik = the unit intra-shipment cost for Wi to intraship from Wk,

Pis = the unit selling price by Sij to Wi,

Si = the ith supplier of the wholesaler Wi,

Ni = the total number of suppliers to the wholesaler Wi,

Wi = the ith wholesaler,

We define the following notation used in the model development.

[18] to replenish from external suppliers.
We assume that all wholesalers apply a periodic review policy described by Rosenshine and Obee

Developing the Model

management.

approach deriving simple decision rules that are conveniently adoptable by wholesaler inventory

studies the sourcing decisions of a wholesaler in fulfilling retailer demand and provides a pragmatic
causing wholesaler inventory managers still using adhoc methods to make decisions. This paper
methods developed in previous studies hinder the application and adoption by logistics practitioners

to the requirement of sound knowledge of mathematics for application. Mathematical complexity of
of how to put it in real practice. Consequently, the practical implications of that model are limited due

practically. The evaluation of the decision rule suggested by Axsater (2003) lacks proper illustrations
The proposed decision rule by Axsater (2003) is difficult to visualize the underlying concept and adopt
aiming to evolve an integrated approach for supporting decisions regarding trans-shipment of goods.

policy of inventory replenishment. His model developed decision rules for lateral trans-shipments,

to a retailer, lateral trans-shipment can take place and he proposed a method for optimizing the control
whether to laterally trans-ship. According to Axsäter (1990), when a wholesaler cannot supply goods

Archibald et al. (1997) proposed using a stochastic dynamic program to optimize the decision of
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t=0
t gij (t)dt

given by

probability mass function of delivery lead time of Sij is git) then the expected lead time of E(Lij) is
If the supplier, Sij of the wholesaler Wi takes Lij lead time to deliver the order and assuming that the

previous scheduling period and that needs to be urgently fulfilled
At t=0, demand with the wholesaler Wi, d; (0) is the outstanding demand carried forward from the

- mfi,m (n)(2; t)"d; (t) = exp-dit Em=1 2m=1

Applying the function of P dit (m) from equation 2,

m=1

di(1) = 2m Pare (m)

The expected retailer demand at Wi wholesaler during a time t is given by

(2)= Em=1 e-dit fim (n) fie)"

Pai, (m) = 2m=1 di¢(m|n)Pdiç(n)

interval t is,

Pai, (m|n) = fi,m then the probability of retailer demands at the Wi wholesaler during the time

If the conditional probability of n number of retailers requires m demand is given by

Pai, (n) = exp-lit 11, tin

at Wi wholesaler during a time interval of length t is Pdic (n),
at the wholesaler at an arrival intensity of 1. Assuming the probability of n number of retailers arriving
Following Axsater [3], we assume retailer demand is a Compound Poisson process and retailers arrive

Di = the expected retailer demand at wholesaler" over limax

d, (1) = the expected retailer demand at wholesaler Wi in the tth time interval,

fim = the probability of n retailers arriving at Wi with a total demand of m,

2; (t) = the retailer arrival intensity during the ith time interval at Wi,
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Figure 1: Diagram of expected demand at the wholesaler Wi

Expected demand during t=4 and t=0, d; (4) - d; (0)
Expected demand during t=5 and t=0, d; (5) - d; (0)

time (t)

·, (5) - d; (4)
Expected demand of

·, (4)

·; (5)

d(t)Expected demand
Table 1: Expected demand at the wholesaler Wi

d; (Lmax) - d; (Lmax - 1)

à; (Liax - 1) - ·; (Lnax - 2)

····..

d; (3) - d; (2)

d; (2) - d; (1)

d; (1)

[tz-tz]

[to-til

Expected demandTime period

(ik:" m fim (n)m=1 ·m=1

From equation 3,

di (k)

demand at Wi during one scheduling period is

. Then the expectedLet's consider that one scheduling period is the maximum lead time of Sij, Li
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presents the back-order time for the unfulfilled demand at the wholesaler, Wi.

Based on the expected retailer demand as shown in Figure 1 and Table 1, the following Table 2

backordering cost depending on the back-order time.
time range of OStSE(Lij)-1 are not fulfilled due to stock-out status and consequently they generate
expected supplier order supply entry day. Subsequent retailer demands expected to arrive during th
ulfilled by the local inventory and intra-shipped orders, generate backordering costs, until th

lead time. Hence, at the beginning of the scheduling period, any outstanding order that cannot be
shipped and others are sourced from suppliers. We also assume that intra-shipped orders have zero
significantly higher than the purchasing cost from suppliers. Hence, only the urgent orders are intra-
arrival time of order from the supplier. We assume that intra-shipping cost from another wholesaler is

For the initial back-ordered quantity of (d, (0) - l, (0) -*, the back-ordering time is the expected

Backordering costs

Where di(0) and li(0) are the outstanding order quantity and the inventory level of the Wi at t=0.

(6)
Pijk (x) = Pij (di (O) - L(0) + Dij - x) + 9ik (x)

of Pijk (x) is given by
the wholesaler Wk is qik and the trans-shipped quantity is x units then the purchasing cost
wholesaler. If the unit cost of purchasing from the supplier Sj is pij, the unit cost of trans-shipping from
The purchasing cost has two components depending on the source of supply: supplier or another

Purchasing costs

equal to its inventory position.
the total cost model and decision rules for intra-shipment. So the inventory level of the wholesaler is
will be no outstanding orders from its suppliers at the initial point of a new period, which will simplify
time of the given supplier. So all the orders made should be received in the period. Wi therefore there
wholesaler's decision. In our model, the period to update the wholesaler is set to the maximal leac
We consider the maximum lead time taken by the supplier is the scheduling period for the

(5)Cijk (X) = Pijk (X) + Bijk (X) + Hijk (x)

retailer demands and holding costs of Hijk for carrying inventory for potential demands.

suppliers and intra-shipments from the other wholesalers, backordering costs of Bijk for unfutilled
Inventory costs of a wholesaler consist of three components: purchasing costs of Pijk of the orders to

Costs of Supply

back to these for better understanding.
presents the expected demand for each time period. The calculations in the following sections refer
Figure 1 presents a schematic diagram of the expected retailer demand at wholesaler Wi and Table 1

ICLT2013



189

wholesaler is hi then,

If the total holding cost of Hijk during the scheduling period and the unit holding cost of the Wi

E(Lmax) - E(Lij)
E(Liax - 1) - E(Lij)

Table 3: Holding period of the stock received from the supplier

a,(Lmax) - ·i (Lmax - 1)Lmax - {Lmax - 1}

....

{Lmax -1}- (Lmax-2} d.(Lmax _ 1) - d,(Lmax - 2)

+2)
- ·i(E(Lü)

3·; (E(Lij) +3)
+2}

{E(Lij) + 3} -{E(Lij)
+1)
- ·;(E(Ly)

2d;(E(Lij) +2)
d; (E(Lij) + 1) - d;E(Lij)

+1}
{E(Lij) + 2}-{E(Lij)
{E (Lij) + 1} - E (Lij)

of days)
Holding period (e.g. in numberdemandTime period of demand

following table 3 presents the holding cost for the stock received from the supplier at E (Lij).

. Based on the expected demand as shown in Figure 1 and Table 1, theE(Lij) +1·t · Liax
lead time of the supplier and the outstanding demands are delivered i.e. during the time period of

During the scheduling period, holding costs are incurred after the order is received at the expected

Holding costs

Bijk (x) = bij(d, (O) - 1,(0) - x)E (Li) + bij SEl") (a(t) - a(t- 1)3{E(Lig) - t) dt

intrashipments from the Wk and bij is the unit back-order cost then ,
If Bijk is the backorder cost for the wholesaler Wi for the orders placed with the supplier Sij after the

Table 2: Backorder time period for the unfulfilled demand

1

-2)

- ·i (E(Lij)
·;(E(Lij) - 1)

- 3)
- ·;(E(Li)

·;(E(Lij)- 2)

-2}]
K{E (Lij) - 1} - {E(Lij)

E(Lij) - 3
E(Lij)- 2
E(Lij) - 1

E(Lij)
of days)
Backorder period (e.g. number

d; (3) - di(2)

·;(2) - d; (1)
d; (1)

(di (0) - L; (0) - x)

demand

- 3}]

RE(4i)-2}-{E(Lij)

Itz -t3]

[t1 -tzl

[to-til

at to

Time period of demand
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(10)9ik <Pij + E(Lij)bi

- Pij - E(Lij)bi + 9ik < 0

Hence the decision rule for intra-shipments is
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(9)

1)Kt - E(Lij)} h; dt

Cijk (x) = {-Pij - E(Lij)bij + 9ik}x + Pij (di (0) - 1; (0) + Di) + {d; (0) -

E(Li)} hi dt

Cijk (x) = Pij (di (0) - Li(0) + Dij - x) + 9ik (x) + (d(0) - I(0) - x)ELujbi +

the total cost during the scheduling period is given by,

By substituting the functions of purchasing costs, backordering costs and holding costs in equation 5,

Decision rule for intra-shipment orders

(8)t= (Ly)+11d(t) - d(t-1)){t - E(Li)) hij dt
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