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a b s t r a c t
This paper examines the multiple period inventory control problem of a single product
with multiple (two) prices, depending on service level, in which optimal pricing and ordering decisions are made in each period. Traditional inventory and pricing models consider
only single products, single prices, and single service levels. However, this research paper
ﬁnds that a seller can improve inventory control and revenue by offering multiple prices
depending on service level. This research considers a single product with multiple (two)
pricing policies corresponding to service level as follows: if the customer is willing to delay
the shipment, he/she will be offered a lower regular price. Otherwise, the customer will
pay the regular price plus extra charges for express service. In this paper, I show the following: (1) there is an optimal pricing and replenishment policy that can control inventory and
(2) there exists a ﬁnite threshold for inventory levels such that if the inventory level at the
beginning of each period is higher than the threshold, the customer will be offered the
express service at the regular price, without any extra charge.
Ó 2010 Elsevier Inc. All rights reserved.

1. Introduction
In many cases, you are offered a low price if you are willing to accept slower service. For instance, consider online stores
such as Amazon.com and Buy.com. If you are willing to accept delayed shipping of your order, you are commonly offered a
lower price than that for faster shipment. In other words, you pay more for the faster shipment of your order. In this paper, to
identify how to control the inventory problem herein, single products whose inventory levels and selling prices are reviewed
periodically and decided dynamically are considered as having two prices, depending on service level. The two service levels
consist of express service and regular service. In many practical cases, a customer will respond to the offered service level
depending on the price in the following sense. When ordering an item from a seller, some customers might be willing to
delay shipment if they are offered a lower price. This provides the seller with advance demand information to apply to
the next production/ordering period so that inventory can be controlled more efﬁciently. Other customers require the ordered item to be shipped as soon as possible, even if that necessitates paying an extra charge. This is called express service.
Therefore, depending on the customer’s willingness to delay the shipment, service level can be classiﬁed into regular and
express level and discriminated by price. Suppose that at period t there are two types of customers. One orders an item with
regular service and the other orders an item with express service. The items will be shipped as shown in Fig. 1. The model in
this paper is similar to the model outlined in Ref. [1] except that Ref. [1] considers single products with a single pricing policy, whereas the model in this paper considers single products with a multiple (two) pricing policy depending on the service
level. Ref. [2] shows the properties of an optimal pricing schedule depending on the customers own surplus. Ref. [2] assumes
that total amount of demand for all service levels does not depend on the price. However, this paper assumes that total
amount of demand depends on the price. Ref. [2] uses the demand model in which each customers demand level depends
on their willingness-to-pay for shipment delay. This paper, however, uses that in which customers proportionally react to
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Fig. 1. Timeline of ordering and shipping.

given prices by moving dynamically between service levels: if the price for the express service increases, some portion of
express service customers moves to regular service. Otherwise, some portion of regular service customers moves to express
service. Refs. [3,1] consider the dynamic inventory control model with single priced products and single service levels, showing the (s, S, p)-policy and the base stock policy as the optimal policies, respectively. Ref. [3] considers that the ﬁxed order cost
for each replenishment occurs, whereas Ref. [1] does not. They assume that customers will select only one service level,
whereas the customer in this paper may select one of a number of service levels. Ref. [4] assumes that each customers order
will be shipped at some future time after the order is placed. This delay is referred to as demand lead-time, and it is equivalent to service level in this paper. However, this demand lead-time is ﬁxed for any given order, resulting in only one service
level choice. Each customer in Ref. [4] cannot select this lead-time, whereas each customer in this paper can select the leadtime depending on the price.
2. Assumptions and notations
Notations:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

c  per unit purchase or production cost.
R .
pR  price charged for regular service for all periods on ½c; p
pE,t  price charged for express service for period t.
.
pt = pE,t  pR  extra charge for the express service at period t on ½0; p
t  random term with a known distribution.
DE,t = dE,t(pt, t)  demand for the express service.
DR,t = dR,t(pt)  demand for the regular service.
xt  inventory level at the beginning of period t before replenishment.
yt  inventory level at the beginning of period t after replenishment.
ht(I)  inventory (or backlogging) cost at the end of period t.
Ht ðyt ; pÞ  Et ½ht ðyt  dR;t1 ðpt1 ; t1 Þ  dE;t ðp; t ÞÞ.
For convenience, Et is written as just E.

Assumption 1. Replenishment becomes available instantaneously.
Assumption 2. Excess demand is backlogged.
In the area of Economics and Operations Research, the demand has been frequently assumed to be a concave and decreasing function or a linear and decreasing function in the price. Moreover expected demand is assumed to be ﬁnite and strictly
decreasing in the price. Since this decreasing demand, which is either concave or linear function in price, can be negative as
the price is sufﬁciently large, another assumption has been made such that the set of feasible price level is conﬁned in the
ﬁnite interval to avoid the negative demand Refs. [1–3,5]. Thus for technical reasons, the following assumption regarding the
demand function is made.
, and
Assumption 3. For all t = 1, 2, . . . , T, the function dE,t(p, t) = a(pR, t)  bp is a linearly decreasing function in p 2 ½0; p
dR,t(p, t) = bp is a linearly increasing function in p, where a(pR, t) is the possible maximum demand and a nonincreasing
R , where values for p
 and p
R are taken such that aðp
R ; t Þ  bp
 is positive w.p.1, and b is
linear function of pR 2 ½c; p
deterministic.
Assumption 3 is established from the following perspective. Suppose that the price for the regular service is set at pR. Total
number of customers including the regular service and express service in period t, DR,t(p, t) + DE,t(p, t), is equal to a(pR, t)
and all customers will be divided into either regular service or express service depending on the price difference p. This
implies that initially all customers are enticed at regular service and then decide which service to select depending on
the price difference p = pE  pR between regular and express service. The larger the price difference will be, the less the cus-

