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This paper involves determining an optimal cycle service level for continuously
stocked items that explicitly considers storage space capacity. Inventory management
is under a continuous review policy. The total inventory management cost consisting
of ordering cost, inventory holding cost, shortage cost, and over-capacity cost.
Shortage items are assumed to be backlogged. A numerical example is provided to
demonstrate the method.

Continuous Review; Cycle Service Level; Storage Space Capacity; Over-
Capacity Cost

At present, distributors, wholesalers, and retailers have to manage and control inven-
tories of items that are continuously stocked, such as detergent, soap. An important
decision in their inventory management is to set a proper cycle service level in order to
optimally meet customer demand. Setting an optimal cycle service level is a trade-off
between inventory holding cost, ordering cost, and shortage cost. In addition to these
three major cost components, this paper considers explicitly another cost component,
which is over-capacity cost. In other words, finding an optimal service level, in this
paper, also considers a storage space capacity that is prespecified and limited for an
item.

The inventory management system under study is a widely used continuous
reviewed (R, Q) policy, where an order quantity @ is placed for replenishment, when
the inventory position level is on or below the reorder point R. When demand arrives
and items are not available, shortage would occur. Shortage items are assumed to
be backlogged, which means that customers are willing to wait for the items. When
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items are available, there would be backlog cost charged on a per unit basis. This cost
represents the costs of expedite delivery, or some discount given to the customers.

In addition, storage space capacity for an item is limited such that if the item is
ordered in a quantity that makes the on-hands inventory exceed the storage capacity,
an over-capacity cost would incur on a per unit basis. The over-capacity cost represents
the cost of keeping the over-capacity unit at an external storage space. Naturally, a unit
over- capacity cost is higher than the unit inventory holding cost at internal storage
space. Under this problem setting, it is important that the cycle service level during
replenishment lead time is optimally determined.

Numerous research has been studied on continuous review (R, Q) policy, for exam-
ple, Farvid and Rosling [3]; Kouki et al. [5]; Tamjidzad and Mirmohammadi [7]; Braglia
et al.[1]. Farvid and Rosling [3] considered Poisson demand and stochastic lead-times.
Tamjidzad and Mirmohammadi [7] considered a single product with stochastic demand
and lead time being discrete and constant. Braglia et al. [1] considered a normal
demand during lead time and constant lead time. All studies set the objective function
to minimize inventory management cost consist of ordering cost, inventory holding
cost, and backorder cost. Kouki et al. [5] proposed a single stage perishable product
with deterministic lead time to minimize total inventory cost which are fixed ordering
cost, holding cost, purchasing cost, and lost sales cost.

Most relevant research studies on the continuous review (R, Q) policy inventory
problem that consider limited storage space are Zhao et al. [8], Zhao et al. [9], and
Hariga [4]. Zhao et al. [8], Zhao et al. [9] considered single item and multiple items by
a continuous review (R, Q) policy with limited storage space with the objective function
to minimize the total inventory cost. Hariga [4] proposed a single item (R, Q) continuous
review stochastic demand under a space restriction. The study only focused on limited
storage space but do not consider over-capacity cost.

Regarding cycle service level, Tajbakhsh [6] proposed a continuous review (R, Q)
inventory policy with a service level constraint that the service level is more than
50%. All unsatisfied demand can be backordered. The inventory cost only considered
ordering cost and inventory holding.

This paper focuses on finding a method for setting an optimal cycle service level for
continuously stocked item under the continuous review (R, Q) inventory policy with
storage space restriction. The method aims at balancing between customer service
level and inventory cost consisting of ordering cost, inventory holding cost, backlog
cost, and over-capacity cost.
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The notation used in this paper are as follows.
Q replenishment order quantity, unit
R reorder level, unit
¢, Inventory holding cost, THB/(unit-period)
C, Backorder cost, THB/unit
C, Over-capacity cost, THB/(unit-period)
[1 Average daily demand, unit/period
L Average lead time, period
W Storage space capacity, unit
(SL Cycle service level

(5L, Cycle service level considering W

Chopra and Meindl [2] provides a method for setting an optimal service level for con-
tinuously stocked item under backlog case. The method is based on the concept that
increasing the level of safety stock by one unit, will result in one unit of saving in terms
of backlog cost, at a cost of additional inventory holding.

Consider a replenishment cycle with an expected cycle length of %, the cost incurred
from an additional inventory item in the safety stock is equal to %. Potential saving in
the backlog cost for one unit is C,, which occurs with a probability of stockout = 1-CSL.
Therefore, the expected savings is equal to (1-CSL)C;.

By definition, the optimal cycle service level is where the saving from keeping an
additional item is equal to the cost that the item incurs. Therefore, equating the saving
and the cost would result in the optimal cycle service level according to Eq. (1).

0C,
HCi

CSL* =1-

(1)

Now consider the case where the storage space is limited. The over-capacity cost
would incur at the beginning of a replenishment cycle, i.e. the peak of inventory on-
hands exceeds the storage space capacity. At the end of a replenishment cycle, the
level of inventory on-hands is equal to R-LIL, the reorder point minus the average
demand during replenishment lead time. At the beginning of a replenishment cycle,
the level of inventory on-hands is, therefore, Q+R-LIL. With this level, the expected
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Figure 1: Inventory level in a replenishment cycle.

over-capacity unit at the beginning of a cycle is Q+R-LI1L-W. Keeping an additional item
in the safety stock would raise the inventory on-hands profile by one unit, thus, the
expected overstock unit becomes Q+R-LIL-W+1. This additional unit would be charged

for duration of &+R-ul-W+l period. The additional over-capacity cost is, therefore,

(Q+R-uL-W+1)C,
0.

With the over-capacity cost, the total cost of keeping an additional item in the safety
stock becomes ok 4 @HRZUE-WADG  Setting this cost equal to the saving of one-unit
backlog cost, (1-CSL)C,, the optimal cycle service level under storage space capacity is
according to Eq. (2).

ocC, 4 (Q+R—-uL-W+1)C,
uC uC

N N

CSLy, =1- (2)

Given the value of @, R, and W, inventory levels, both inventory position and inventory
on-hands, in a replenishment cycle, the expected backlog amount, and the expected
over-capacity amount are shown in Figure 1.

In addition, the probability of stockout and probability of over-capacity can be shown
in Figure 2.

From Figure 2, for illustration purpose, suppose the distribution of demand dur-
ing lead time is normal. The probability of stockout, which occurs at the end of a
replenishment cycle, depends on the value of the demand during lead time. That is,
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Figure 2: Probabilities of stockout and over-capacity.

TABLE 1: Data for numerical example.

Parameter Data
¢, 0.015 THB/unit/day
C, 5 THB/unit

0.2 THB/unit/day

O 110 Units/day
L 2 days
w 3,000 units

it is the probability that the demand during lead time exceeds R at the right tail of
the distribution. In addition, the probability of over-capacity that would occur at the
beginning of the next replenishment cycle would also depend on the value of the
demand during lead time of the previous cycle. It is the probability that Q+R-LL > W,
or LI < Q+R-W, i.e. demand during lead time is less than Q+R-W at the left tail of the
distribution.

A numerical example to demonstrate the use of Eqgs. (1)-(2) to determine the opti-
mal cycle service level with and without storage space capacity. Demand, lead time,
storage space capacity, and cost parameters as shown in Table 1.

Table 2 shows the optimal cycle service level when varying Q and R parameters.
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TaBLE 2: Optimal cycle service level with and without considering storage space capacity.

Q = 1,400 Q =1,600

R L CSL L st

2,000 96.2% 89.6% 95.6% 81.8%
2,200 96.2% 82.3% 95.6% 74.5%
2,40096.2% 75.1% 95.6% 67.2%
2,600 96.2% 67.8% 95.6% 60.0%

2,80096.2% 60.6% 95.6% 52.7%

From Table 2, for the given Q of 1,400 and R of 2,000 units, the (SL is 96.2%. This
indicates that there is only a 3.8% probability of backlog. When considering storage
space capacity, the optimal cycle service level is reduced to 89.6%, i.e. the probability
of backlog increases to 10.4%. This is an adjustment to the additional over-capacity
cost that is considered. Increasing Q for 200 units to 1,600 units, CSL and (5L, decrease
by 0.6% and 7.8%, respectively. This is as expected, because increasing Q will increase
the expected length of a replenishment cycle, which in turn increase the cost of keep-
ing an additional item. With increased cost, while savings remain the same, it is only
natural that the optimal cycle service level is decreased. In addition, when the over-
capacity cost is considered, increasing Q will also raise the probability of over-capacity,
which lead to a more dramatic reduction in the optimal cycle service level.

As R increases, CSL remains the same when the storage space capacity is not con-
sidered, because (SL is not a function of R. However, (5L, decreases significantly
according to Eq. (2) and Figure 1 that increasing R would increase the probability of
over-capacity and thus the over-capacity cost, which leads to reduction in €5, .

This paper presents a new method for determining the optimal cycle service level
for the (R, Q) inventory policy under storage space capacity. The numerical example
shows clearly the effectiveness of the method. Further study is to develop a method
to determine the optimal inventory policy parameters under storage space capacity.
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