


4 N. Turken et al.

function Fi(·). The quantity Qi is purchased by the buyer for a fixed price per unit
vi
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similar distribution. The second case is when the demand for each item follows
a uniform distribution. The first heuristic (H1) is optimal when all of the items
have a similar cost structure and similar shaped demand distribution and requires
only the mean and variance of each demand distribution and the cost data. The
second heuristic (H2) is optimal when the demand is uniformly distributed for each
item. The third heuristic (H3) is a modification of (H1) to account for general cost
structures based on the form of (H2). The authors use computational experiments to
show that (H2) is the most effective one, especially at higher levels of capacity.

Zhang et al. (2009) developed a binary search method to obtain the optimal solu-
tion. They defined the marginal benefit function as ri(xi) = (vi −Bi +

(gi+Bi)Fi(xi)
vi

),
where ri(xi) is a nondecreasing function of xi, when xi ≥ 0 and its inverse is a
strictly increasing function of ri when 1− Bi

vi
≤ ri(xi) < 0. The authors find that

the optimal solution to the constrained problem is the same as the unconstrained
optimal solution when the budget constraint is not binding and is less than the
unconstrained optimal solution when the budget constraint is binding. If there are
nonzero optimal solutions, their marginal benefits should equal each other. When

the budget constraint is binding, the optimal solution is x(∗∗)i , and r(∗∗) = ri(xi)

is the marginal benefit at x(∗∗)i . Zhang and Hua showed that 1 − Bi
vi

≤ r(∗∗) < 0

and r(∗∗) can be found using a binary search between these values. The algorithm
they developed first finds the solution to the unconstrained problem and assesses
whether the optimal value leads to a binding budget constraint. If this solution does
not satisfy the condition, a binary search procedure is applied. This algorithm can
provide an optimal or a near optimal solution to MPNP under any general demand
distribution and it can also provide a good approximate solution under discrete
demand distributions.

Zhang and Du (2010) studied the MPNP with a capacity constraint, where the
products can be outsourced to an external facility at a higher cost. They considered
zero-lead time (ZO) and nonzero lead time (
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In order to find the optimum, they first find the Q∗
I that satisfy (1.24) for the single

item case. The results show that when QI = Qi the individual and global optimal
values are the same. Otherwise, if P∗

T < PI , the optimal for individual products
do not give the global optimum. If P∗

T > PI and QI �= Qi, a reward policy can be
implemented to drive the subordinates to achieve the maximum global probability.
The authors applied this procedure for normally distributed demands as well. While
deriving the mathematical expression for PT in approach 3, they introduced two
different situations. Situation B happens when piQi ≥ T + v1Q1 + v2Q2 for both
products and Situation A happens if piQi ≥ T +v1Q1 +v2Q2 holds for one product,
and piQi < T + v1Q1 + v2Q2 holds for the other.

• Situation A

Range 1: 0 ≤ x1 ≤ L1
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Similarly, Choi et al. (2011) considered a risk-averse MPNP under the
law-invariant coherent measures of risk. They have shown that for heterogeneous
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Consistent with the previous multidimensional newsvendor models, the
newsvendor networks are defined by a linear production technology, which
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demand at the jth discount price and the demand at the nondiscount price. If the
demand for the product at the nondiscount price is high, then discounting the price
of the product results in a proportionally high additional demand. Observations on
the solution to the constrained problem show that storage (or budget) constraint
in an MPNP reduces the service levels (i.e., probability of satisfying demand)
and order quantities of all products, when compared to the corresponding levels
for the unconstrained problem. Furthermore, the numerical examples that compare
multiple and single discount solutions indicate that using multiple discounts instead
of discounting just once to the salvage value may result in a different optimal
solution.

Shi and Zhang (2010), Shi et al. (2011) and Zhang (2010) investigated the MPNP
with supplier quantity discounts and a budget constraint, and the effect of these two
features on the optimal order quantities. In this line, Zhang presented a mixed integer
nonlinear programming model to formulate the problem. The proposed Lagrangian
relaxation approach is demonstrated by means of numerical tests. Finally, the
problem is extended to multiple constraints, including space or other resource
limitations. It is assumed that suppliers provide all-quantity discounts, and the
newsvendor faces uncertain demand for multiple products. Besides, the probability
density function for each product is assumed to be given.

To solve the problem, the authors use the Lagrangian heuristic and present
methods to find upper and lower bounds, as well as an initial feasible solution.
They relax the budget constraint (instead of discount constraints that potentially
give a tighter dual bound) as it results in a classical newsvendor subproblem
with discount constraints. The computational results indicate that the algorithm is
extremely effective for the newsvendor model with supplier quantity discounts and
a budget constraint (in terms of both solution quality and computing time). The
computational results for the multi-constraint case also indicate that the proposed
approach performs well for the problems with multiple constraints.

In a different extension, Chen and Chen (2010) developed a multi-product
newsvendor model under a budget constraint with the addition of a reservation
policy. Reservation policies reduce the demand uncertainty of newsvendor-type
products. Under the reservation policy studied in this paper, a discount rate is offered
to consumers in order to induce them to make a reservation and buy in advance.
The authors propose a general algorithm, namely the MCR algorithm, which finds
the optimal order quantity and the discount rate necessary to maximize the total
expected profit under the budget constraint. In order to illustrate the efficiency of
the proposed algorithm, MCR, they solve a numerical example and compare the
classical multi-product budget-constraint newsvendor model (CMC model) with
the multi-product budget-constraint newsvendor model with the reservation policy.
Numerical results show that the total expected profit obtained from the MCR is
greater than that of CMC. This is tied to the reservation policy proposed in the
model. The difference between the profits of these two models is treated as the value
of information. Thus, we can conclude that the decision to adopt the reservation
policy depends on the trade-off between the information value and the cost incurred
to establish the willingness function and extra-demand functions.





20 N. Turken et al.

form of product-mix information and global information. Product-mix information
implies total demand is unknown, but the distribution over products is known
exactly. In this case, the overall optimal order quantity is determined initially,
and then the optimal order quantity for each single item is determined from the
actual value. In the case of global information, total demand is known, but its
distribution over the products is unknown. Then, the optimal order quantity for each
individual item with the given total demand has to be determined. Here, the authors
compute the value of incomplete information by comparing the expected profits of
the two cases, and do not consider the performance criteria. Besides, rather than
the computation of optimal order quantities, results are computed numerically to
provide a research framework for the value of information. Their assumptions are:
(1) demand is normally distributed, (2) demand for different items is independent,
(3) the salvage value for unsold items is zero, (4) there is no penalty for unmet
demand, (5) price, cost, average demand, and standard deviation of demand for all
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prepays a unit reservation cost up-front. Then, the retailer pays an execution cost for
each unit purchased up to the option reservation level. The retailer loses the initial
payment if he does not exercise the option. Related to those, it is further assumed
that:

• The total cost of option contract (reservation plus execution cost) is larger than
the cost of fixed-price contract.

• The reservation cost of option contract is smaller than the pure procurement cost
of the fixed-price contract.

Following the problem formulation, the authors establish the structural properties
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The authors present a greedy algorithm for the allocation problem, and give a
new and compact notation of writing the first differentials of the profit function
with respect to stock levels. They prove that given a starting inventory level, the
allocation algorithm will maximize profits in G(−→y ,

−→
d ). In addition, the profit

function P(−→x ,−→y ) is proven to be concave and submodular. They also propose
an iterative algorithm to compute the order points for a two-product problem, and
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stock stays the same as the general case. Consequently, the expected total relevant
costs with perfect substitution is:

ETRCt
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cases, the expected profit increases when the solution is equal to or higher than the
lower bound. They define upper bounds to be QU

1 and QU
2 , where F3(X3 = QU

1 )≈ 1
and F4(X4 = QU

2 ) ≈ 1, X3 = X1 + t1(X2 −QL
2 ) and X4 = X2 + t2(X1 −QL

1 ). Using
similar arguments to lemma 1, they prove that the optimal solution is lower than the
upper bound. Stricter upper bounds can be found assuming X1 and X2 are normally
distributed; consequently, X3 and X4 can be assumed to be normally distributed.
They prove that any optimal solution will be less than QN

1 and QN
2 , where QN

1
and QN

2 are the solutions to the newsvendor problems with demands X3 and X4.
Numerical tests were run to gain insights to the problem. As a result, it was found
that as t1 increases, Q1 increases and Q2 decreases. This can be explained by the
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