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Abstract
The dynamic lot-sizing model (DLS) is one of the most frequently used models in production and inventory
system because lot decisions can greatly affect the performance of the system. The practicality of DLS algorithms
is hindered by the huge amount of computer resources required for solving these models, even for a modest
problem. This study developed a parallel algorithm to solve the lot-sizing problem ef®ciently. Given that n is the
size of the problem, the complexity of the proposed parallel algorithm is O(n 2p) with p processors. Numerical
experiments are provided to verify the complexity of the proposed algorithm. The empirical results demonstrate
that the speedup of this parallel algorithm approaches linearity, which means that the proposed algorithm can take
full advantage of the distributed computing power as the size of the problem increases. q 2001 Elsevier Science
Ltd. All rights reserved.
Keywords: Materials requirements planning; Parallel algorithm; Lot sizing models

1. Introduction
The dynamic lot sizing (DLS) model is one of the most frequently used models in production and
inventory system. If the demand for every period in n periods is known, the DLS model is used to
determine the optimal lot size. The objective is to keep production and holding costs to a minimum
(Federgruen & Tzur, 1991). Wagelmans, Hoesel and Kolen (1992) also pointed out that when the
production structure is more complicated, it is essential for MRP software to construct an ef®cient
solution to solve the DLS model. Their arguments can be extended to a modern computerized production
system such as Manufacturing Resource Planning (MRP II) (Kim & Hosni, 1998) and Enterprise
Resources Planning (ERP) (Chung & Synder, 2000). However, under certain special structures, DLS
problems are classi®ed as NP-hard problems.
In general, there are two approaches to solve the DLS problems: optimum solution methods and
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heuristic methods. A heuristic method, such as part-period balancing, applies single stage lot sizing
sequentially to acquire the solution without considering the dependence during processing (e.g. Choo &
Chan, 1989). The heuristic methods cannot reach optimum but require less computer resources. The
optimum solution approach, on the other hand, is applied when calculation resources are abundant or
when the lot decisions can affect the cost structure tremendously. At least three different kinds of
methods (dynamic planning, integer planning, and branch and bound methods) have been proposed
during the past few years (such as Afentakis, Gavish & Karmarkar, 1984; Aggarwal & Park, 1993;
Bitran, Magnanti & Yanasse, 1984). However, all of these methods require enormous calculation time
for even a modest problem. Many researchers (e.g. Evans, Saydam & McKnew, 1989; Saydam &
McKnew, 1987) have therefore proposed algorithms to save computer memory or to reduce CPU time.
The availability of cost-effective parallel computers means the potential for using distributed computing power to solve mathematical programming problems faster and the ability to solve larger problems.
Some previous studies (such as Lyu, Gunasekaran & Kachitvichyanukul, 1995; Romeijn & Smith, 1999)
have found inspiring results in this area. Despite the availability of numerous software tools for the
distributed computing environment, it remains very dif®cult to convert a conventional application into a
parallel application. To develop a parallel algorithm for the lot sizing problem is not easy due to the
communication complexity between processors, which often becomes a bottleneck during the execution
process. To our knowledge, there is no published research in exploiting the parallelism of a DLS
algorithm so far.
The main objective of this paper is to present a parallel algorithm for solving the DLS problem. The
proposed algorithm is implemented in a portable distributed computing environment for empirical
experiments. We will demonstrate the ef®ciency of this algorithm by showing its complexity analysis
and experimental results.
2. Formulation of the problem
Consider a lot sizing problem that can be expressed in the following mathematical formulation:
8
"
#
tX
21 X
t
>
>
< min sj 1
Ih dk 1 G j 2 1
G t  min 1#j,t
hj kh 1 1
>
>
:
st 1 G t 2 1

1

where G 0  0 and G 1  s1 and the following symbols are adopted: st is the ordering or setup cost in
period t, It the inventory carrying cost per unit of ending inventory in period t (note that I0  0), dt the
amount demanded in period t, G t is the minimum total cost for periods 1 through t.
Model (1) is designed to ®nd an optimal ordering policy for the DLS problem where the total cost
comprises the setup cost plus inventory carrying cost for each period from period 1 through period t. The
forward recurrent WW algorithm uses dynamic programming and is the most well-de®ned technique for
®nding the optimal solution for the lot sizing problem (Wagner & Whitin, 1958). However, due to the
dimensions of the problems associated with dynamic programming, its usage has been limited. The
mathematical formulation above can reduce the number of computations required and was proposed ®rst
by Saydam and McKnew (1987). To develop an algorithm to search for the optimal solution for this

