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Abstract

This paper presents a tabu search approach to minimize total tardiness for the job shop scheduling problem. The
method uses dispatching rules to obtain an initial solution and searches for new solutions in a neighborhood based on the
critical paths of the jobs. Diversification and intensification strategies are suggested. For small problems the solutions’
quality is evaluated against optimal solution values and for large problems the tabu search performance is compared with
two heuristics proposed in the literature. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The classic job shop environment can be defined
by a set of M machines and a set of J jobs, with
each job consisting of an ordered sequence of
M operations. Each operation is processed on
a single machine and preemption is not allowed.
Each machine can process only one operation at
a time, with different operations of the same job
processed on different machines. The problem is to
find a schedule, i.e., an assignment of the operations
to time intervals on the machines to minimize one
or more criteria.

It is well known that the scheduling problem in
a job shop can be represented by a disjunctive
graph [1]. The graph can be described as follows.
For each operation of each job, there corresponds
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a node with a weight equal to the processing time
involved. For each job a set of arcs is created to
represent the ordered sequence of operations of
that job. Two artificial nodes with zero weight are
included to represent the initial and final opera-
tions. These nodes are linked to the nodes corre-
sponding to the first and last operations of each
job, respectively. The nodes corresponding to the
operations to be executed on the same machine are
connected by disjunctive arcs. The direction of such
arcs define the precedence of operations on the
machines. Fig. 1 shows a disjunctive graph for
a problem with three jobs and four machines M,
M,, M5 and M,.

When the direction of the disjunctive arcs is
chosen, a directed graph is obtained. It is then
possible to calculate the critical path for each job,
which corresponds to the longest path from node
0 to its final node, for example, the final node for
job 2 is node 8. This path determines the comple-
tion time of the job, and consequently any tardiness
involved.
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Fig. 1. Disjunctive graph.

The objective of this paper is to determine
a schedule which minimizes total tardiness in rela-
tion to job due dates. A heuristic method, which
starts from an initial solution obtained through the
application of dispatching rules and tries to find
new and better solutions through the tabu search
method, is developed. Diversification and intensifi-
cation strategies are used in order to obtain better
solutions.

Since the classic problem of job shop scheduling
is one of the most difficult problems of combina-
torial optimization [2], research has been directed
to heuristic methods of solution. Various heuristic
methods have been developed for problems in
which the makespan is considered to be a measure-
ment of performance, including tabu search [3-6],
simulated annealing [7], and genetic algorithms
[8,9] as well as others designed specifically for the
problem [10,11].

For problems involving due dates and, conse-
quently with tardiness, however, the literature is
quite scarce. Dispatching rules are frequently utili-
zed because they are fast [12-16], although their
performance is generally unpredictable. More elab-
orate heuristic methods are suggested in [17,18].
He et al. [17] proposed an improvement method
which starts from an initial solution and tries to
move backwards specific operations of tardy jobs
in order to reduce total tardiness. The method
stops when no improvement moves exist. Tests
were performed on problems involving 60, 70, 80,
90, 100 jobs and 30 machines and the gains in

relation to the initial solutions, given by five dis-
patching rules, ranged from 1.8% to 4.3%. Raman
and Talbot [18] present a procedure to improve
the initial solution generated by the modified
operation due date (MOD) dispatching rule [13].
For each machine, an attempt is made to improve
the solution through an appropriate alteration
of the operation due dates relative to tardy jobs.
For each alteration, a new schedule is then
obtained by the application of the same rule.
The method stops when the solution can not
be improved or a prescribed computational time
is reached. Tests were carried out for problems
with 15, 35 jobs and 5, 10 machines and the
average improvement over six dispatching rules
was 12.7%.

The present paper suggests a new approach to
the problem of minimizing total tardiness in a job
shop using the technique of tabu search. For small
problems involving up to seven jobs and five ma-
chines the solutions’ quality is evaluated against
optimal solutions. For larger problems the tabu
search performance is compared with the heuristics
methods proposed by He et al. [17] and Raman
and Talbot [18].

The paper is organized as follows. The applica-
tion of tabu search to the job shop problem sugges-
ted in the literature is presented in Section 2. The
method developed is described in Section 3. Section
4 presents diversification and intensification strat-
egies as well as computational tests. Conclusions
are presented in Section 5.
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