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ABSTRACT
In this paper, we propose an ant colony optimization (ACO)
to solve a realistic variant of flowshop problem. The consid-
ered scheduling problem is a hybrid flexible flowshop prob-
lem with sequence-dependent setup times under the objec-
tive of minimizing the makespan. The proposed approach
uses concept from multi-objective evolutionary algorithms
and look-ahead information to enhance solutions quality.
We also introduce new constructive heuristic used in the
ACO local improvement. Numerical experiments were per-
formed to compare the performance of the ACO on different
benchmarks from the literature. The results indicate that
the ACO is very competitive and enhances solutions of the
known reference sets.

Categories and Subject Descriptors
F.2.2 [Nonnumerical Algorithms and Problems]: Se-
quencing and Scheduling; I.2.8 [Problem Solving, Con-
trol Method and Search]: Scheduling—Heuristic meth-
ods

Keywords
ant colony optimization; sequence-dependent setup; flow-
shop; makespan; hybridization

1. INTRODUCTION
In many industries including pharmaceutical, metallurgi-

cal production, electronics, ceramics and automotive man-
ufacturing, there are frequently setup times on equipment
between two different activities. These setup times can be
or not sequence dependent. [3] reported that 70% of indus-
trial activities include dependent setup times. Production
of good schedules often relies on management of these setup
times [1].
Furthermore, the real production systems rarely employ

a single machine. Therefore, in many times, the regular
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flowshop problem is extended with a set of usually iden-
tical parallel machines at each stage, i.e., instead of hav-
ing a series of machines, we have a series of stages. The
goal here is to increase the capacity and the outflow of the
production system and to reduce the impact of bottleneck
stages on the overall shop efficiency. It is also frequent in
practice to have optional treatments for products, like pol-
ishing or additional decorations in ceramic manufacturing
as an example [6]. In this latter case some jobs will skip
some stages. Thereby, we obtain the hybrid flexible flow-
shop. This present paper considers the sequence dependent
setup times hybrid flexible flowshop problem (SDST/HFFS)
with the objective of minimizing the makespan and noted as
((PM)(i))

m

i=1/Fj , sijk/Cmax.
In this work, to solve the SDST/HFFS problem, we intro-

duce a new ant colony optimization algorithm (ACO) which
incorporates a transition rule that having feature using look-
ahead information based on heuristic and past information
based on archive concept such as the multiobjective evolu-
tionary computation. The body of this paper is organized
into five sections.

2. THE ACO ALGORITHM
Only a few papers addressed SDST/HFFS problem where

different approaches have been proposed to solve the studied
problem such as simulated annealing (SA),integer program-
ming (IP), random keys genetic algorithm (RKGA), immune
algorithm (IA) and iterated local search (ILS) [5] which rep-
resents the best approach.

In this paper we adapt the ACO of [2] including a mod-
ified transition rule called the pseudo-random-proportional
rule, global and local trail updating rules, use of restricted
candidates list and the use of local improvement rules. The
defined transition rule uses past (pheromone trail), present
(visibility) and future (look ahead) informations. Indeed,
the past information is introduced by a matrix built from an
archive that stores the best solutions throughout the evolu-
tion process as in some cases in multi-objective evolutionary
algorithms using the Pareto-optimal concept. The visibil-
ity is represented by the relative setup times between jobs.
Whereas the look ahead information use an heuristic that
anticipates the choices in the transition rule. This heuristic
is based on an upper bound of the makespan. This heuristic
will be also used in the local improvement step.
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3. COMPUTATIONAL RESULTS AND DIS-
CUSSION

The benchmark problem set consists of 960 problem tests
available from http://soa.iti.es. The instances are combina-
tions of N and M, where N = {20, 50, 80, 150} and M = {2,
4, 8}. The processing times are generated from a uniform [1,
99] distribution. The setup times are generated according
to four distributions [1, 25], [1, 50], [1, 99] and [1, 125]. This
corresponds to a ratio between setup and processing times
of 25%, 50%, 100% and 125%, respectively. Concerning the
number of parallel machines at each stage, there is a group
with two parallel machines per stage and groups where the
number of parallel machines at each stage is sampled from a
uniform distribution in the range [1, 4]. The probability of
skipping a stage for each job is set at 0.10 and 0.40. All the
experiments were run on an Intel Core 2.4 GHz processors
and 4 GB of main memory with a stopping criterion set to
n2 ×m× 1.5× 0.78 ms elapsed CPU time [4].
Table 1 compares the results of different approaches. All

the presented results show the average deviation to the best
known solution grouped by n×m and where the best aver-
age results are bold. The ILS and GAR columns show the
results of the iterated local search of [4] and the genetic algo-
rithm of [6], respectively. The ACO and the ACO I column
present the ACO algorithm with and without the transition,
respectively.

Table 1: Comparison of different approaches

Instance ILS GAR ACO ACO_I

 !" 1.39  #$%  #!& %#&'

 !"( 1.27  #)( %#)& %#*%

 !"+ 1.49 *#&! %#&$ %#&*

&!" 1.26  #&%  #(& %,(&

&!"( 1.85 (#!* %#)' %#++

&!"+ %#'& *# ! %#'+ 1.71

+!"  #!$  #%&  #%( 2.02

+!"(  #) (#$( *#!& 2.88

+!"+ &#($ (#&% (#$& 4.33

% !" *#*+ *#( *,*& 3.32

% !"( $#'( &#)' &,)( 5,88

% !"+ )# & &#%) $, % 5.02

Average *# * *#' *,%! 2.95

The first observation is that the ACO algorithm outper-
form the GAR algorithm on all the instances except for the
80 × 8 and 120 × 8 group instances where the deviation is
very small. Also, the ACO algorithm perform better than
the ILS on the larger instances. Our hypothesis for these
results is that the two elements explore more search space
when they have more information. Indeed, the two elements,
i.e., the look ahead and the past information, allow to take
into account the job positions on the next stages and the job
position on the best found sequences.

As can be seen, the ACO I algorithm which embeds the
new local improvement heuristic provides better results among
all the other algorithms except for the 20 jobs instance group
where the ILS performs little better. Furthermore, the ACO I
algorithm obtain the best average for eight instance groups.
Comparing to the ILS algorithm, the ACO I found results
very close to the ILS results on the smaller instance groups.
Moreover, the ACO I algorithm have the best average (2.95).
So, we can conclude that, in general, the local improvement
heuristic is effective.

4. CONCLUSION
In this work, we have introduced an ACO algorithm that

integrates archive concept in the transition rule and look-
ahead information to solve the hybrid flexible flowshop prob-
lem with sequence-dependent setup times minimizing the
makespan. Also, we introduce a new constructive heuristic
used as improvement method in the ACO. The proposed ap-
proach is essentially based on adapting the transition rule
to the specifics of the studied problem. The numerical ex-
periments allowed us to demonstrate the efficiency of the
proposed approach for this problem, especially for large in-
stance groups.

A perspective of this work is to use this proposed ap-
proach for other scheduling problems in particular and other
optimization problems in general, specially real-world prob-
lems. Also, we will work on the refinement of the look-ahead
heuristic to enhance results quality.
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