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Abstract
This is a sequel of an earlier paper entitled ‘‘Exact, approximate, and generic iterative models for the multi-product
newsboy problem with budget constraint’’ (Abdel-Malek et al., 2004) that appeared in this journal. Motivated by Lau
and Lau’s (Eur. J. Oper. Res., 94 (1996) 29) observation where infeasible ordering quantities (negative) were obtained
when applying existing methods, the extension here examines the solution space of the problem in order to provide the
necessary insight into this phenomenon. The resulting insight shows that the solution space can be divided into three
regions that are marked by two distinct thresholds. The ﬁrst region is where the budget is large and the solution is the
same as the unconstrained problem. The second region is where the budget is medium and the constraint is binding,
however the newsboy can order all the products on the list. The third region is where the budget is very tight and if the
non-negativity constraints are relaxed negative order quantities may be obtained, and therefore some products have to
be deleted from the original list. We show how the values of the thresholds that divide the regions are computed and
extend the previous methods, when necessary, to cover each of the three-solution’s domains in order to determine the
optimum order quantity for the various products. Numerical examples are given to illustrate the application of the
developed procedures.
r 2004 Elsevier B.V. All rights reserved.
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1. Introduction
The newsboy problem, also known as the single
period stochastic inventory model, is found to be a
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suitable tool for decision-making regarding stocking issues in today’s supply chains. Motivated by
the interest of the community, in an earlier
publication entitled ‘‘Exact, approximate, and
generic iterative models for the multi-product
newsboy problem with budget constraint’’
(Abdel-Malek et al., 2004), we developed models
to determine the optimum lot size for the
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capacitated situation. The model formulation used
is as follows:
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where E is the expected cost; N the total number
of items; t the item index; ct the cost per unit of
product t; xt the amount to be ordered of item t
which is a decision variable; ht the cost incurred
per item t for leftovers at the end of the speciﬁed
period; Dt the random variable of item’s t
demand; f t ðDt Þ probability density function of
demand for item t; vt the cost of revenue loss per
unit of product t; and BG the available budget.
This model is based on the classical one that was
developed originally by Hadley and Whitin (1963).
The solution is obtained using the Lagrangian
method and it is as follows:
F ðx
t Þ¼
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,
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where x
t is the optimal solution under budget
constraint; F ð Þ the cumulative distribution function (CDF), and l the Lagrangian multiplier.
As can be seen, this approach ﬁrst ignores the
budget constraint and ﬁnds the optimum values of
the lot size for each product. Then, these values are
plugged into the budget to see if they satisfy its
constraint, otherwise the inequality constraint is
set to equality and the Lagrangian approach is
used. It should be also noted that Hadley and
Whitin’s model relaxes the non-negativity constraints of the order quantities. In fact most of the
existing Lagrangian based models regarding the
capacitated newsboy problem do not pay too
much attention to the lower bounds of the order
quantities (non-negativity constraints), see for
example, Abdel-Malek et al. (2004), Ben-Daya
and Abdul (1993), Erlebacher (2000), Gallego and
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Moon (1993), Khouja (1999), Moon and Silver
(2000), and Vairaktarakis (2000). One should
mention that if, when tackling a three-product
problem, the non-negativity constraints are not
relaxed and Kuhn–Tucker conditions are applied,
the number of nonlinear equations to be solved
simultaneously is more than 20. This could be one
of the reasons that most existing models relax the
lower bounds to make the problem tractable.
Nevertheless, in doing so and as Lau and Lau
(1995, 1996) were among the ﬁrst to observe, this
could lead to infeasible order quantities (negative)
for some of the considered products. While
modeling a case study for a large bakery, Lau
and Lau experienced this phenomenon and offered
a conceptual explanation for its occurrence.
To address the aforementioned situation, we
extend the previous paper by Abdel-Malek et al. to
efﬁciently solve the capacitated multi-product
newsboy problem (CMPNP) and to help the
decision-maker in recognizing the implications of
the available budget. Hence, the decision-maker
can avoid infeasible (negative) order quantities by
deleting products from further consideration when
the constraint is too tight. Additionally, this
extension provides a means to conduct sensitivity
analysis, when necessary, for increasing the budget
to include desired products if the initial amount
does not allow for their consideration.
Our taxonomy in this article is as follows. After
this introduction, in Section 2, we present the
problem and give some insights into its solution
space. Section 3 follows where a general approach
for solving the CMPNP and the necessary proofs
are shown. Afterwards, Section 4 shows numerical
examples to illustrate the application of these
methods. Finally, Section 5 presents the conclusion of this paper.

2. The problem
As mentioned in the introduction many of the
existing methodologies for solving the newsboy
problem with budget constraint have used the
Lagrangian approach that was originally implemented by Hadley and Whitin (1963) as the underpinning for further developments. The problem with

