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ABSTRACT

Metaheuristics are a powerful tool for solving hard optimisation problems. Moreover, metaheuristic hy-
brid optimisation techniques can be applied to develop an improved metaheuristic algorithm for a given
problem. It is known that some metaheuristics perform better than others for each problem. However,
there is a lack of theoretical basis to explain why a metaheuristic performs well (or bad) when solving
a problem, and there is not a general guide to design specific hybrid metaheuristics. In this chapter,
the authors describe the response time variability problem (RTVP), which is an NP-hard combinatorial
optimisation problem that appears in a wide range of engineering and business applications. They show
how to solve this problem by means of metaheuristics and how to design specific hybrid metaheuristics
for the RTVP. This may be useful to managers, engineers, researchers, and scientists to deal with other
types of optimisation problems.
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1. INTRODUCTION

Since Toyota Motor Corporation popularized just-
in-time (JIT) production systems, the problem of
sequencing on mixed-model assembly lines has
acquired high relevance. Mixed-model assembly
lines are production lines that are able to produce
small lots (ideally of size one) of different models
with negligible costs when changing over one
model to another. One of the most important JIT
objectives is to get rid of all kinds of waste and
inefficiency and, according to Toyota, the main
waste is due to inventories. To reduce invento-
ries, JIT production systems require producing
only the necessary components in the necessary
quantities at the necessary time. Because JIT is
a pull production environment, the production
schedule is focused on sequencing the models in
the final assembly process.

The key to reduce inventories, as Monden
(1983) says, is to have constant production rates
and constant consumption rates of the components
involved in the production process. First, the
number of units of each model to be produced
by the mixed-model assembly production line
throughout the production period must be de-
cided. Next, these units must be sequenced as
regularly as possible. Regularity can be sought
in the consumption of the components that arrive
to the production line or in the production of the
models that leave the production line. Depending
on the kind of regularity desired, Kubiak (1993)
classifies these sequencing problems into two
categories, respectively: output rate variation
(ORV) problems and production rate variation
(PRV) problems.

The ORV problem concentrates on the con-
sumption of the components needed by the models
and its aim is to minimise the variations in this
consumption in the production period. On the
other hand, the PRV problem concentrates on the
regularity of the models production. This kind of
regularity is important when production needs
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to be adjusted to demand. Thus, according to the
JIT system, it is possible to satisfy demands for a
variety of models without holding large inventories
or incurring large waits. Regularity in the PRV
problem can be characterized in as many ways as
discrepancy metrics are defined.

Miltenburg (1989) proposed four PRV metrics
based on discrepancies between the real produc-
tion rate and the ideal one (i.e., the one that would
correspond to a constant rate of production). But
other criteria can be use to measure the regular-
ity or fairness of appearance of the models in the
line (Bautista ef al., 1997). For instance, Inman
and Bulfin (1991) considered to minimise varia-
tions with respect to ideal production due dates
for each unit.

The response time variability problem (RTVP)
can be considered a PRV problem in the context
of mixed-model assembly lines. The metric of the
RTVP is based on the regularity, for each model,
of the distances between the appearances of two
consecutive units of that model. The application
ofthe RTVP is not reduced into the mixed-model
assembly lines context, but also includes, among
others, computer multi-threaded systems, peri-
odic machine maintenance, waste collection and
scheduling of commercials.

Itis well known that metaheuristic procedures
are a good technique for solving real-life sched-
uling, combinatorial optimisation problems, as
it is the RTVP. A lot of general metaheuristics
have been proposed in the literature, from which
we can choose the most suitable to solve our
problem. However, we cannot usually know a
priori which metaheuristic is the best to solve our
particular variant of the problem. In this chapter,
we show how we dealt with the solution of the
RTVP in our studies by means of metaheuristics.
We first show how the RTVP is solved by means
of several types of metaheuristics following a
methodology. This methodology helps us to see
which characteristics or components may help
to the metaheuristics to obtain good solutions.
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