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Abstract
This study proposes a heuristic approach for the solution of the dynamic multi-level multi-item capacitated lot sizing
problem (MLCLSP) with general product structures. The di$culty in solving MLCLSP is to provide capacity-feasible
lot-sizes while maintaining the non-negativity of the inventories belonging to the items in the lower levels of the product
structures. The proposed technique aims to resolve this issue by combining the capability of the Lagrangean relaxation to
decompose the hard-to-solve problems into smaller subproblems and the intensive search capability of the simulated
annealing. As the "rst attempt, two Lagrangean relaxation schemes are designed and di!erent versions of simulated
annealing are incorporated into relaxation designs as the Lagrangean heuristic. Then in order to improve the
performance of the heuristic, a Phase-1 procedure is developed as a recursive algorithm to restore capacity feasibility. It is
observed that the best results are obtained by executing "rst Phase-1 procedure and then simulated annealing approach
with only improving moves in each Lagrangean cycle. The performance of these approaches is compared by using the
benchmark problems available in literature.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
This paper addresses the multi-level multi-item
capacitated lot sizing problem (MLCLSP) which
arises very commonly in multi-stage manufacturing
systems. The main issue is to determine the optimal
lot-sizes of all items appearing in di!erent levels of
the product structure where various resources are
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needed and shared by multiple items. In fact the
model developed in this research includes setup
times and setup costs with a general product structure. A lot of research has been directed towards
solving lot sizing problems with di!erent modeling
features. The single stage capacitated lot sizing
problem is shown to be NP-hard in [1], and in case
of setup times even the problem of "nding a feasible
solution becomes an NP-complete problem as
shown in [2]. Naturally it becomes even harder to
solve the MLCLSP with setup times. In early studies addressing the solution of the MLCLSP, certain
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modeling features have been excluded in order to
simplify the solution procedure. Billington et al. [3]
consider general product structures and a single
capacity-constrained resource with setup times,
and Billington et al. [4] assume a linear product
structure and uniform processing times without
setup times. Maes and Van Wassenhove [5,6]
develop heuristics for the linear product structure
case where capacity sharing by multiple levels is not
permitted. Kuik et al. [7] also assume a linear
product structure for which only a single
capacitated stage is assumed to exist among multiple stages without setup times. Tempelmeier and
Helber [8] develop a heuristic procedure for the
general product structure case where the capacity
of multiple resources can be shared by items appearing in di!erent levels of the product structure
whereas Tempelmeier and Derstro! [9] apply
Lagrangean relaxation, Franca et al. [10] develop
a constructive heuristic, and Segerstedt [11] uses
dynamic programming for the general product
structure with setup times.
This study aims at integrating Lagrangean relaxation and global search procedures in solving the
MLCLSP. Lagrangean relaxation is employed to
solve the single stage capacitated lot sizing problem
in [12}16]. Furthermore, Billington [17] and Tempelmeier and Derstro! [9] use Lagrangean relaxation in the solution of the MLCLSP. Lagrangean
relaxation possesses the capability to decompose
a di$cult problem into a number of smaller problems while the global search approaches are
capable to improve both feasibility and optimality
of a given solution by extensive search. Thus the
global search concepts are used in the design of
the Lagrangean heuristic and implemented in the
relaxation in order to generate a feasible solution
with the best objective function value starting from
the solution obtained in each sub-gradient optimization iteration. Simulated annealing as discussed
in [18] and [7] is selected as the search methodology to be implemented in this context.
Two di!erent relaxation schemes are developed
in this study: The hierarchical relaxation is obtained by relaxing only the capacity constraints
while the second one called the non-restricted relaxation is developed by relaxing both inventory
and capacity constraints. Similarly di!erent designs

for the Lagrangean heuristic are developed and
compared. First a simulated annealing procedure
which accepts the non-improving moves with certain probabilities are designed. Then in the design
of the second procedure, the acceptance of nonimproving moves is prohibited in the search, which
is not restricted to the neighborhood of a given
solution, but continues exploding the feasible region intensively. This approach is called simulated
annealing with only improving moves. Then in
order to enhance the solution of the Lagrangean
heuristic, another procedure is developed to attain
capacity feasibility in case of hierarchical relaxation
before the simulated annealing procedures. This is
called a Phase-1 procedure since it acts as an initial
phase of the Lagrangean heuristic. Di!erent combination of relaxation schemes and search procedures
are tested by using the problems given in [9], and
the results indicate that the hierarchical Lagrangean relaxation with Phase-1 and simulated annealing with only improving moves outperforms
the other designs.
The paper is organized as follows: A generic
MLCLSP formulation is provided in Section 2. The
di!erent Lagrangean relaxation schemes are described in Section 3 while the details of simulated
annealing procedures and the recursive heuristic as
the Lagrangean heuristic are provided in Sections
4 and 5, respectively. Computational results are
given in Section 6, and Section 7 states the concluding remarks.

2. Formulation of the basic model
The multi-level multi-item lot-sizing problem with
capacity constraints can be formulated as follows:
Problem P
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