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Abstract
Flexible job shop scheduling problem (fJSP) is an extension of the classical job shop scheduling problem, which provides a closer approximation to real scheduling problems. This paper addresses the fJSP problem with three objectives:
min makespan, min maximal machine workload and min total workload. We develop a new genetic algorithm hybridized
with an innovative local search procedure (bottleneck shifting) for the problem. The genetic algorithm uses two representation methods to depict solution candidates of the fJSP problem. Advanced crossover and mutation operators are proposed to adapt to the special chromosome structures and the characteristics of the problem. The bottleneck shifting works
over two kinds of eﬀective neighborhood, which use interchange of operation sequences and assignment of new machines
for operations on the critical path. In order to strengthen search ability, the neighborhood structure can be adjusted
dynamically in the local search procedure. The performance of the proposed method is tested by numerical experiments
on a large number of representative problems.
 2007 Elsevier Ltd. All rights reserved.
Keywords: Flexible job shop scheduling problem; Genetic algorithm; Bottleneck shifting; Neighborhood structure

1. Introduction
Flexible job shop is a generalization of the job shop and the parallel machine environment, which provides
a closer approximation to a wide range of real manufacturing systems. In particular, there are a set of work
centers in a ﬂexible job shop. Each work center has a set of parallel machines with possibly diﬀerent eﬃciency.
An operation can be performed by any machine in a work center. Consequently, this results in two problems.
The ﬁrst one is the routing problem (i.e., the assignment of operations to machines), and the second one is
the scheduling problem (i.e., determining the starting time of each operation). The combination of the two
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decisions presents additional complexity and a new problem called ﬂexible job shop scheduling problem
(fJSP). The fJSP problem is NP-hard since it is an extension of the job shop scheduling problem (JSP) that
has been proven to be NP-hard (Garey, Johmson, & Sethi, 1976).
Bruker and Schlie (1990) developed a polynomial algorithm for solving the ﬂexible job shop scheduling
problem with two jobs. Chambers (1996) developed a tabu search algorithm to solve the problem. Mastrolilli
and Gambardella (2000) proposed two neighborhood functions for the fJSP problem. Yang (2001) presented a
new genetic algorithm (GA)-based discrete dynamic programming approach. Kacem, Hammadi, and Borne
(2002a) proposed the approach by localization to solve the resource assignment problem, and an evolutionary
approach controlled by the assignment model for the fJSP problem. Wu and Weng (2005) considered the
problem with job earliness and tardiness objectives, and proposed a multiagent scheduling method. Xia
and Wu (2005) treated this problem with a hybrid of particle swarm optimization and simulated annealing
as a local search algorithm. Zhang and Gen (2005) proposed a multistage operation-based genetic algorithm
to deal with the fJSP problem from a point view of dynamic programming.
In this paper, a hybrid genetic algorithm (hGA) is used to solve the fJSP problem. The genetic algorithm
uses two representation methods. One is used in initialization and mutation, and the other is used for crossover operation. In order to strengthen the search ability, bottleneck shifting serves as a kind of local search
method under the framework of GA. The local search only investigates neighbor solutions that have possibilities to improve the incumbent one.
The fJSP problem is described in Section 2. Section 3 presents the representation method, decoding procedure and genetic operators of the proposed GA. The details of the bottleneck shifting are presented in Section
4. In Section 5, we present computational study on a number of well-known fJSP benchmark problems and
compare our results with those obtained by previous authors. Some ﬁnal concluding remarks and future
research directions are given in Section 6.
2. The ﬂexible job shop scheduling problem
In the job shop scheduling problem (JSP), there are n jobs that must be processed on a group of m
machines. Each job i consists of a sequence of m operations (oi1, oi2, . . . , oim), where oik (the kth operation
of job i) must be processed without interruption on a predeﬁned machine mik during pik time units. The operations oi1, oi2, . . . , oim must be processed one after another in the given order and each machine can process at
most one operation at a time.
In a ﬂexible job shop, each job i consists of a sequence of ni operations (oi1, oi2, . . . , oini), and each operation
oik can be processed on any machine out of a set Aik of given machines. The processing time of operation oik on
machine j is pikj > 0. The scheduling problem is to choose for each operation oik a machine M(oik) 2 Aik and a
starting time sik at which the operation must be performed. In this study, we consider to minimize the following three criteria:
(1) Makespan (cM) of the jobs, which represents the completion time of all the jobs.
(2) Maximal machine workload (wM), i.e., the maximum working time spent at any machine. This objective
is to prevent a solution from assigning too much work on a single machine and to keep the balance of
work distribution over the machines.
(3) Total workload (wT), which represents the total working time over all machines. This objective is of
interest if machine eﬃciencies diﬀer.

3. Hybrid genetic algorithm for fJSP
3.1. Two-vector Gen et al.’s representation
The GA’s structure and parameter setting aﬀect its performance. However, the primary determinants of a
GA’s success or failure are the coding by which its genotypes represent candidate solutions and the interaction
of the coding with the GA’s recombination and mutation operators.

