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quantity from each supplier requires a steady-state
analysis.

ABSTRACT
A single item inventory model with one retailer and
two suppliers is considered. The retailer does not
receive all the quantity ordered. It is assumed that a
random function of the lot size is actually delivered
by the suppliers. The cases of binomial yield and
stochastically proportional yield are considered. The
retailer responds to the yield uncertainty by ordering
different amounts from the suppliers. In the model
the demand rate is constant, the replenishment is
instantaneous, and backordering is allowed. The
paper emphasizes the nature of the optimal policy (in
its class) and its implications. The conditions under
which diversification between the suppliers is
profitable are discussed with the help of some
numerical findings.
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1. INTRODUCTION
In this paper, we consider an inventory model with
one retailer and two suppliers. The suppliers sell the
same item at different prices and they have different
yield distributions. What is meant by a yield
distribution is a stochastic function that maps the
order quantity to a shipment quantity. For a given
order quantity, the amount shipped by the supplier
has a known distribution.
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The retailer is employing a continuous review
inventory policy. The demand for the item at the
retailer, which drives the whole system, is occurring
at a constant rate, D. It is assumed that when
shortage occurs, the unfulfilled demand is fully
backordered at a constant unit shortage cost per unit
time. The unit holding cost for the inventory is the
same for items obtained from the both suppliers.
This makes sense since the items obtained from both
suppliers are indistinguishable and are sold at the
same retail price.
The retailer pays the suppliers for the quantity he
orders, not the quantity he receives. Although it
makes sense to apply the opposite in many cases, the
results of the model can be readily converted with a
minor modification. The yield distributions of the
suppliers are assumed to be stationary and
independent. Two types of yield distribution are
considered and contrasted in this work: binomial
yield and stochastically proportional yield. The
replenishments are assumed to be instantaneous. The
inventory policy class considered is (Q, r), which
becomes for our model (Q1, Q2, r).
There is vast literature on the yield models in
inventory control. These models are both for the
EOQ setting and the periodic review setting. Our
model is related with the ones with an EOQ setting.
One of the leading papers in this setting is by Silver
[1]. More recently, Mazzola, McCoy and Wagner [2]
consider binomial yield, while Gerchak, Vickson,
and Parlar [3] consider proportional yield. All these
papers assume a single supplier unlike ours. For a
thorough review of the extensive literature on yield
models we relegate the reader to the paper by Yano
and Lee [4].
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Figure 1. The inventory system under consideration
The retailer has to respond to this supply uncertainty
and decide how much to order from each of these
suppliers. The criterion for the retailer is his longrun average cost rate. His objective is to minimize
his cost rate. The determination of the optimal order

Since our work incorporates two distinct suppliers,
we would like to mention previous papers with such
a setting. Anupindi and Akella [5] consider a
periodic review inventory system with two suppliers.
They investigate three different uncertainty scenarios
in deliveries. One of these scenarios corresponds to
stochastically proportional yield. The work by Parlar
and Wang [6] published in 1993, is based on
stochastically proportional yield and incorporates
special cases of some the results presented in this

paper. A recent interesting paper by Erdem and
Ozekici [7] deals with diversification between two
suppliers for a random capacity yield structure.
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In this paper we extend the findings of Parlar and
Wang [6] for the stochastically proportional yield and
provide interesting results for the binomial yield.
The findings for both cases are interestingly very
different in nature. This takes us to the conclusion
that diversification is beneficial only under certain
kinds of uncertainty. In the next section, the
mathematical model that constitutes the basis for all
our findings is presented. Then follows a section on
the generalization of the model to more than two
suppliers. In the fourth section, we discuss some
numerical results. Then, our paper concludes with
the practical implications of our findings.

where u1 and u2

are independent random variables
modeling the random fractions for supplier 1 and 2
respectively. These random fractions have the means μ1, μ2
and the variances σ12, σ22, respectively. Consequently,

E [X ] = μ1Q1 + μ 2Q2 and

Var [X ] = σ 12Q1 + σ 2 2Q2 .

The inventory behavior of the system described is
depicted in Figure 2.
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2. MATHEMATICAL MODEL
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The decision parameters in our model are Q1, Q2, and
i. While Q1 and Q2 represent the order quantities
from supplier 1 and 2, respectively, i represents the
reorder level for the inventory system. The random
variables are X1 and X2, which are the quantities
received from the suppliers. Of course these depend
on the quantities ordered, Q1, Q2. But the mapping
from Q1, Q2 to X1, X2 is stochastic. The total
quantity received is represented by X (X= X1+X2).
The relevant cost parameters are
o K: Fixed cost of ordering
o cH: Unit holding cost per unit time
o cS: Unit shortage cost per unit time
o c1: Unit purchasing cost from supplier 1
o c2: Unit purchasing cost from supplier 2.
We are considering in our work two types of yield
structure: binomial yield and stochastically
proportional yield. The binomial can be defined by
the following distribution function
⎛Q ⎞
P ( X i = x / Q i ) = ⎜⎜ i ⎟⎟ p i x (1 − p i )Qi − x i = 1,2
⎝ x ⎠
where p1 is the probability of producing a good unit
for supplier 1 and p2 is the probability of producing a
good unit for supplier 2. This yield structure is
suitable to model quality problems in the incoming
orders. In this case, p would be the probability that a
given item of the order dispatched is of acceptable
quality, where X would be the total number of items
of acceptable quality. For the binomial yield,
E [X ] = p1Q1 + p 2 Q2 and

Var [X ] = p1 (1 − p1 )Q1 + p 2 (1 − p 2 )Q2 .

The stochastically proportional yield can be defined
by the following equation.
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Figure 2. The inventory behavior at the retailer
The cycles are times between the arrivals of the
orders. The control policy stipulates ordering of Q1
and Q2 from each supplier respectively every time the
inventory level hits the level i. We can easily notice
that each time of order arrival is a regeneration point
for the process.
We have developed an approximate algorithm to find
the optimal values of Q1, Q2, and i, minimizing the
long-term average cost rate. Our algorithm works
both for the binomial yield and stochastically
proportional yield cases. We will not go into the
details of our algorithm in this paper, but discuss the
implications of our findings.

3. NUMERICAL RESULTS AND
DISCUSSION
Our theoretical development stipulates the relation
between model parameters and optimal values of
decision variables that is summarized in Table 1.
Table 1. The effect of input variables on decision
variables
K↑

Q1* ↑

Q2* ↑

⎪i*⎪ ↑

CR* ↑

cH ↑

Q1* ↓

Q2* ↓

⎪i*⎪ ↑

CR* ↑

cS ↑

Q1* ↓

Q2* ↓

⎪i*⎪ ↓

CR* ↑

The effects of changing input parameters are visible
in Table 2, where the optimal results are tabulated for
a range of input parameters for the model with
binomial yield. All the results supports the relations
manifested in Table 1.
Table 2. Binomial yield case
(c1 = 96, c2 = 120, p1 = 0.6, p2 = 0.8)

This switching behavior is demonstrated more clearly
in the Figure 3. In that figure, a subset of the input
parameter space is partitioned into regions where
different suppliers are preferable. As we can clearly
observe, we are indifferent between suppliers over a
line, which actually never happens in real life. Thus,
ordering from the two suppliers simultaneously does
not make sense when the yield structure is binomial.

The results given in Table 3 are interesting because
they demonstrate how the retailer responds to the
changes in his environment by switching the source
from which he orders. We see, for example, how the
retailer switches from retailer 1 to retailer 2 as
retailer 2 becomes more reliable.
Table 3. Binomial yield case
(K = 500, c1 = 108, c2 = 120, cH = 20, cS = 50)

Figure 3. Optimal Choice of Supplier
(c1 = 80, c2 = 100, cH = 20, D = 1)
Similar behavior is observed in the stochastically
proportional case, as it can be observed in Table 4.
In the parameter range depicted in this table supplier
2 is always preferred. But there is also a range of
parameters at which it is wise to order from both
suppliers as in can be seen in Table 5. This is not
something that is observed in the binomial yield case.
This is due to variance reduction that is effective in
the stochastically proportional case, when more than
one supplier is used. This is similar to portfolio
effect in finance that is used to reduce the risk. But
this effect is not at work in the binomial yield case.
This is due to the fact that the variance of the yield
distribution is linear in binomial case, while it is
quadratic in the stochastically proportional case.
Thus, the variance reduction occurs as the order
quantity is increased from a single supplier. Thus,

there is no reason to diversify the orders using
different suppliers.
Table 4. Stochastically proportional yield
(c1 = 120, c2 = 135, μ1 = 0.6, μ2 = 0.8, σ12/ σ22 = 1.5)

Figure 3. Optimal Choice of Supplier
(K = 500, cH = 20, cS = 50, μ1 = 0.8, μ2 = 0.6,
σ12= 0.164, σ22 = 0.148)

4. SUMMARY AND CONCLUSION

Table 4. Stochastically proportional yield
(c1 = 90, c2 = 120, μ1 = 0.6, μ2 = 0.8, σ12/ σ22 = 1.5)

In this paper, we report on the implications of a
method we developed to find the optimal order
quantities from two suppliers and the optimal reorder
point for a continuous review inventory system. The
discussion of the implications is based on a set of
numerical findings that we present.
The determination of order quantities from the
suppliers directly relates to the important problem of
supplier selection in supply chain management. The
suppliers are basically modeled with their order yield
structures and unit prices. We see that the optimal
strategy can be quite different depending on the
setting. In the case of binomial yield, there is always
a preferred supplier. This is what is actually
advocated in the supply chain literature, although for
different reasons. They usually claim that a close
integration with a few trusted partners should bring
tangible benefits to the enterprise. This makes a lot
of sense from our paper’s perspective, if it is to bring
down the yield uncertainty.
But, we also observe that there may sometimes be a
benefit to diversify the supply sources. This can be
used to decrease the uncertainty by creating a
portfolio effect on the variation. Thus, there is no
single answer to the “existential” question, “To
diversify or not to diversify?” It all depends on the
setting considered.

Thus, the switching behavior in the stochastically
proportional case is of a more complex nature. There
is a region between single supplier regions, where it
is profitable to use both suppliers in order to create a
smaller variation in the yield. This is graphically
manifested in Figure 4.
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