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Abstract
We present a heuristic approach to solve a complex problem in production planning, the multistage lot-sizing
problem with capacity constraints. It consists of determining the quantity to be produced in different periods in a
planning horizon, such that an initially given demand forecast can be attained. We consider setup costs and setup times.
Due the complexity to solve this problem, we developed methods based on evolutionary metaheuristics, more
speciﬁcally a memetic algorithm. The proposed heuristics are evaluated using randomly generated instances and wellknown examples in the literature.
r 2003 Elsevier B.V. All rights reserved.
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1. Introduction
Material Requirements Planning (MRP) is a
procedure used in industry for planning the
production of the end items, as well as the
production (or purchase) of its components. By
taking the anticipated build schedule from the
Master Production Schedule (MPS) and ‘‘exploding’’ it through the Bill of Materials, the purchase
and/or the production of the items and its
components is established, in order to create a
demand forecast.
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Although they are commonly used in practice,
MRP systems suffer from some criticism. One of
them is that in its basic form it does not take into
account the limitations of the production resources
(Tempelmeier, 1997). If the resources are exceeded,
part of the production is transferred or capacity
additions (overtime) are made to try to adjust the
plan. However, such transfers can cause infeasible
plans. In addition, in general, the plan generated
by the MRP system does not provide an optimal
production plan in the sense of its cost being the
least possible (Franc,a et al., 1997).
The multistage capacitated lot-sizing (MSCLS)
problem that we consider in this paper takes into
consideration all these issues. This means that its
objective is to determine the lot-size production
that minimizes the costs involved (production,
inventory and setups) subject to a group of
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constraints (inventory balance with demand and
capacity limitations). It determines the quantity
and the period to produce each item in order to
satisfy a given demand forecast in a planning
horizon. In multistage production systems the
planning of each item also depends on the
planning of other items, lower in the product
structure hierarchy.
When capacity constraints and setup costs are
considered the MSCLS problem is NP-Hard
(Florian et al., 1980), even with equal demands,
zero inventory costs and zero setup times. Bitran
and Yanasse (1982) showed that several cases of a
single item can be solved with a polynomial-time
algorithm, and that the problem turns to be NPHard when a second item with an independent
setup is introduced. When we consider non-zero
setup times, the feasibility decision problem
becomes NP-Complete (Maes et al., 1991).
There is a vast literature on lot-sizing problems,
which can be reviewed by Bahl et al. (1987) and
Kuik et al. (1994). Due to the computational
complexity of solving the MSCLS problem in an
exact way, researchers have chosen to use heuristics (Katok et al., 1998; Fran@a et al., 1997;
Tempelmeier and Derstroff, 1996; Ozdamar and
Barbarosoglu, 2000). Katok et al. (1998) developed a heuristic based on the work of Harrison
and Lewis (1996). Their results are compared with
IBM’s Optimization Subroutine Library (OSL,
http://www.research.ibm.com/osl/) solution with
limited time of execution. Fran@a et al. (1997)
presented a heuristic composed of four procedures
based on shifts of production between periods.
The method starts with a solution given by the
Wagner–Whitin (1958) heuristic, which returns a
solution that is generally infeasible. After this,
different procedures are used with the aim of
ﬁnding a feasible solution or one with lower cost
or even a new initial solution. We use this heuristic
as one component of the memetic algorithm (MA)
and we compare our results with it since it
provides a good benchmark. Tempelmeier and
Derstroff (1996) developed a Lagrangean heuristic. They also started with a Wagner–Within
solution and then used a smoothing procedure to
try to ﬁnd a feasible solution. We also compare
our results with theirs. Ozdamar and Barbarosoglu

(2000) presented another heuristic using Lagrangean Relaxation and Simulated Annealing. They
compared their results with the one proposed by
Tempelmeier and Derstroff (1996). Unfortunately,
the new heuristic did not get better results.
The main objective of this paper is to present
heuristic methods based on evolutionary algorithms to address the MSCLS problem, including
setup costs and setup times. More speciﬁcally, we
developed a MA, an evolutionary algorithm that
makes use of local search techniques. This
technique has been shown to be highly effective
for several problems in production planning and
scheduling (Moscato, 1999; Fran@a et al., 2001;
Mendes et al., 2002; Moscato and Cotta, 2003).
The local search techniques that we used are the
procedures of the heuristic found in Franc,a et al.
(1997).
This paper is organized as follows. In Section 2
we present a mathematical model for the MSCLS
problem. The heuristic found in Franc,a et al.
(1997) is described in Section 3, due to the fact that
it has been used in our MA. In Section 4 we
describe the MA that we developed. Finally, in
Section 5, we present the results we obtain and we
compare it with the heuristics found in Franc,a
et al. (1997) and Tempelmeier and Derstroff
(1996).

2. Problem formulation
The lot-sizing problem we considered in this
paper can be described as follows. We have N
items to be produced in T periods in a planning
horizon such that a demand forecast would be
attained. In a multistage production system, the
planning of each item depends on the production
of other items, which are situated at lower
hierarchical levels (Fig. 1). When we decide to
produce one item, a ﬁxed cost and time are
incurred (setup cost and time). The resources for
production and setup are limited. Lead times are
assumed to be zero.
Let N be the number of types of items
(i ¼ 1; y; N), T the number of periods in the
planning horizon (t ¼ 1; y; T), K the number of
types of resources (k ¼ 1; y; K), cit the unit

