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1 Introduction

Our work aims at assessing what Evolution-
ary Algorithms (EAs) are good for in the con-
text of combinatorial optimization with re-
gards to other search methods (both exact and
non exact). We think that stochastic local
search algorithms can bring something to this
field. Exact methods are limited in the size
of the problems they can handle because of
their time/space requirements. We are per-
fectly aware of some limitations in the theo-
retical results to assess solutions found with
local search. However, we think that hybrid
algorithms might provide some useful meth-
ods, able to handle large instances.

To achieve our goal, we concentrate our-
selves on the resolution of the job-shop-
scheduling problem (JSP), the traveling sales-
man problem (TSP), and the quadratic as-
signment problem (QAP), and we investigate
how the evolutionary paradigm may be used
(see [BPT96] for the QAP).

In this paper, we will restrict ourselves to
the JSP. There are several variants of the JSP
(see [P94]). We consider here the simple JSP
where .J jobs, each composed of M operations
are to be realized on M machines. Each job

*Laboratoire  d’Informatique  du Littoral,

duvivier@lil.univ-littoral.fr

BP 719,

has an operation which has to be performed
on each machine. Then, the aim of the search
is to find a planning of occupation of the ma-
chines that minimizes the total time of real-
ization of the J jobs (makespan). In section 2,
we present the encoding of solutions. In sec-
tion 3, we detail the algorithms we have used
so far. Section 4 gives our current results. Fi-
nally, we will discuss these results and give our
perspectives.

2 Encoding schemes

In this section, we present the encoding of so-
lutions that we have used in our algorithms.

We have tested several encodings. Better
results have been obtained with direct encod-
ing (the data structure actually represents a
planning). We use a two-dimensional direct
encoding: for each machine, we have the list
of operations that are performed with their
time slot. This encoding makes it easier to
detect available time slots. Using this encod-
ing, we can detect the critical operations of
a planning. A critical operation is one that,
if started earlier, would reduce the makespan.
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Hence, critical operations are good target for
local optimization of a planning.

The major drawback of such an encoding
is the complexity of operators that have to be
designed to maintain validity of solutions.

3 Algorithms

We have mainly worked with three classes of
primitive algorithms: hill-climber, tabu search
and evolutionary algorithms. We have also
investigated hybrid algorithms tinkered with
these three algorithms as building-blocks. Let
us now turn to a brief presentation of these
algorithms.

3.1 Multi-start Hill-climber

The hill-climber is considered as a very sim-
ple heuristic that does not require heavy com-
putational resources. However, it may eas-
ily be trapped in a local optimum. We also
use a variant of the basic hill-climber, namely
a multi-start hill-climber (MSHC). Starting
at a random point, the hill-climber tries to
move uphill. When, after a certain amount
of attempts, it always fails to climb, the cur-
rent best point is recorded and the climbing
is restarted from another point in the space,
chosen at random.

The delicate part in using a hill-climber
lies in the choice of the local move operator.
Using our direct encoding, the basic move is
an exchange of two operations on a randomly
chosen machine.

3.2 TaBU search

The TABU search is a hill-climber which is able
to escape from local optima [Glo89a, Glo89b)].
The basic move swaps two critical operations
of two different jobs. The size of the TABU-list
varies dynamically during the run according

to [HW95].

No intensification/diversification mecha-
nisms have been implemented. In fact, as the
size of TABU-list varies dynamically, a short
list favors intensification, while a long list im-
proves the diversification mechanism.

3.3 Evolutionary algorithm

Evolutionary Algorithms (EAs) are stochas-
tic search methods inspired by the biological
evolution of living beings.

The operators, the objective function, the
basic scheme of the algorithm have been tai-
lored for the resolution of the JSP.

We use a recombination operator largely
inspired by the GA/GT crossover introduced
in [NY92]. This operator relies on Giffler and
Thompson’s algorithm [GT69].

The mutation performs a swap of two op-
erations on a randomly chosen machine, and
re-schedule operations as soon as possible in
the planning. This mutation operator always
produces (valid) semi-active plannings.

For the simple JSP, aiming at optimizing
the makespan, the usual idea is to design the
objective function as returning the makespan
of a planning. However, close observation of
the behavior of the EA in this case led us to
work further the objective function. The num-
ber of critical operations may be used as a clue
of the goodness of an individual: the less crit-
ical operations it has, the better it is. Hence,
we use an objective function which combines
the makespan and the number of critical op-
erations. Using this new objective function,
the heuristic can be better guided while seek-
ing the optimum, and the results have been
improved substantially.

Our algorithm has been tested with the
following objective function:

F=Kx CmaX + Ncop

where Ncop is the number of critical opera-
tions in the current planning. K is an up-
per bound for Ncop over all the plannings of



the current instance of JSP, and Cmax the
makespan of current planning. Using this
function, the makespan remains the most im-
portant criteria.

We have observed that, because we are
typically using a high rate of mutation and
a sophisticated recombination operator, the
benefit of the application of the crossover is
often destroyed by the mutation applied af-
terwards. Hence, we use a different scheme
of application of the operators (see [DPT96]
for further details) where crossover and muta-
tion are exclusively applied instead of using a
“serial” scheme.

3.4 Hybrid algorithms

Various hybridization schemes are possible
(see [PT95]). We have currently experimented
one scheme on the JSP, namely the syn-
chronous hybridization which uses a search al-
gorithm as a mutation operator.

We have used a simple hill-climber (HC)
as the search algorithm in the hybrid denoted
EA4HHC below.

4 Results

To be able to compare our results with oth-
ers, we used the ORLIB benchmarks [BEA].
In our benchmark suite, we use the Muth
and Thompson’s instances, the 8 Carlier’s in-
stances, as well as 6 Lawrence’s instances, and
5 Taillard’s instances of big size. The size of
the instances ranges from 6 x6 to 100 x 20.
Generally speaking, EAHHC always per-
forms better than EA alone. The hybrid has
found the optimal planning for some instances
(MT6 x6, MT10 x 10, carl, car2, car3, car4,
car6, car?, la0l, la02, la03, la04, and la05)
while EA only found the optima of the MT6x6,
la01, and 1a05 which are found by all the al-

gorithms.

For their parts, EA+HC, MSHC, and
TABU all achieve the same kind of results, ly-
ing within a few percents from the optimal
planning. When considering the distribution
of points found in a series of experiments with
a given algorithm, it clearly appears that the
standard deviation of makespan of optimal
plannings is very different from one algorithm
to another, and from one series of instances to
another. MSHC, EA and EA+HC have a mod-
erate stardard deviation, the TABU heuristic
quite a high one.

Concerning the mean time of execution of
the various algorithms, the very short time of
execution of MSHC is noteworthy. EAs (both
pure and hybrid) have moderate times of ex-
ecution. For the TABU, no such conclusion
might be easily drawn.

It is noteworthy that for big instances, the
search space is huge and only a small fraction
of it is visited by the algorithm.

We would like to put the emphasis on the
performance achieved by the (multi-start) hill-
climber. The best found plannings are either
the optimal planning or very close to it. This
prompts us with two remarks. First, the de-
sign of the hill-climber is very simple while the
design of the EA is not so easy (notably be-
cause of the recombination operator). Second,
the basic movement of MSHC is similar to the
mutation that was used in the EA. Hence, this
questions the efficiency of the GA/GT opera-
tor.

5 Discussion and perspectives

In this paper, we have compared different
stochastic meta-heuristics on a test-suite com-
posed of JSP instances ranging from small size
to big size. The hybrid algorithm achieves
better results than the pure EA. The TABU
search as well as a simple multi-start hill-
climber often obtains very good solutions.
Given the results obtained with the pure



EA and the hill-climber, we are prompted to
question the efficiency of the recombination
operator as long as this is the real difference
between these two algorithms.

As it was observed in our experiments, dif-
ferent classes of problem hardness seem to ex-
ist. Very pragmatically, we would like to say
that an instance is easy if it can be solved op-
timally with a simple algorithm. This way,
we optimize the trade-off between the time of
design of the algorithm and the quality of so-
lutions it is able to find. In order to define a
workable notion of hardness, we are currently
working on the exhibition of several criteria
to evaluate the hardness of an instance of the
JSP for a given heuristic. Each search method
has its particular way to move in the search
space. This renders a search method more
or less suited to find an optimum in a given
search space. With regards to this, S. Kauff-
man has experimented the ability of recom-
bination of hill-climbers and random search
to find the optima on tailored search spaces
[Kau89]. We hope to explain the performance
of our algorithms with the use of measurable
features of the search space associated to an
instance. This would give us a way to predict,
for a given instance, which algorithm should
perform the best.

In the future, we will continue our study
of hybridization. We will shortly have a hy-
brid EA+TABU. Further, we wish to experi-
ment with the hybridization scheme discussed
in [PT95] relying on the cooperation of search
methods acting concurrently.
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