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Preface

Stochastic local search (SLS) algorithms enjoy great popularity as powerful and
versatile tools for tackling computationally hard decision and optimization prob-
lems from many areas of computer science, operations research, and engineering.
To a large degree, this popularity is based on the conceptual simplicity of many
SLS methods and on their excellent performance on a wide gamut of problems,
ranging from rather abstract problems of high academic interest to the very spe-
cific problems encountered in many real-world applications. SLS methods range
from quite simple construction procedures and iterative improvement algorithms
to more complex general-purpose schemes, also widely known as metaheuristics,
such as ant colony optimization, evolutionary computation, iterated local search,
memetic algorithms, simulated annealing, tabu search and variable neighborhood
search.

Historically, the development of effective SLS algorithms has been guided to
a large extent by experience and intuition, and overall resembled more an art
than a science. However, in recent years it has become evident that at the core
of this development task there is a highly complex engineering process, which
combines various aspects of algorithm design with empirical analysis techniques
and problem-specific background, and which relies heavily on knowledge from a
number of disciplines and areas, including computer science, operations research,
artificial intelligence, and statistics. This development process needs to be as-
sisted by a sound methodology that addresses the issues arising in the various
phases of algorithm design, implementation, tuning, and experimental evalua-
tion. A similarly principled approach is key to understanding better which SLS
techniques are best suited for particular problem types and to gaining further in-
sights into the relationship between algorithm components, parameter settings,
problem characteristics, and performance.

The aim of SLS 2007, Engineering Stochastic Local Search Algorithms —
Designing, Implementing and Analyzing Effective Heuristics was to stress the
importance of an integration of relevant aspects of SLS research into a more
coherent engineering methodology and to provide a forum for research in this
direction. The workshop brought together researchers working on various aspects
of SLS algorithms, ranging from fundamental SLS methods and techniques to
more applied work on specific problems or real-life applications. We hope that
this event will lead to an increased awareness of the importance of the engineering
aspects in the design and implementation of SLS algorithms, and that it will
help to tie together existing activities and to seed new efforts in this promising
research area.

The importance and the timeliness of the topic of SLS engineering is wit-
nessed by the more than 50 submissions we received for this workshop. From
these submissions, the 12 full and 9 short papers contained in this volume and



Vi Preface

presented at the workshop were chosen based on a highly selective and rigorous
peer-reviewing process; each of them reports results of very promising, ongoing
research efforts from, or highly related to, the budding area of SLS engineer-
ing. The workshop program was complemented by the Doctoral Symposium on
Engineering Stochastic Local Search Algorithms, which was organized by Enda
Ridge and Edward Curry, and five tutorials on important topics in SLS engi-
neering given by well-known researchers in the field.

We gratefully acknowledge the contributions of everyone at IRIDIA who
helped in organizing SLS 2007. Special thanks go to Enda Ridge and Edward
Curry for their enthusiasm in organizing the doctoral symposium. We thank
all researchers who submitted their work and thus provided the basis for the
workshop program; the members of the Program Committee and the additional
referees for their help with the paper selection process; the Université Libre de
Bruxelles for providing the rooms and logistic support; and, more generally, all
those who contributed to the organization of the workshop. Finally, we would
like to thank COMP2SYS,! the Belgian National Fund for Scientific Research,
and the French Community of Belgium for supporting the workshop.

June 2007 Thomas Stiitzle
Mauro Birattari
Holger H. Hoos

! A Marie Curie Early Stage Training Site funded by the European Commission; more
information is available at http://iridia.ulb.ac.be/comp2sys.
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The Importance of Being Careful

Arne Lgkketangen

Molde University College, Molde, Norway
Arne.Lokketangen@himolde.no

Abstract. Metaheuristic (and other) methods are often implemented
using standardized parameter values. This is most often seen when com-
paring a favorite method with competing methods, but also when inex-
perienced researchers implement a method for the first time. Often the
(hidden) correlations between the search method components and para-
meters are neglected or ignored, using only standardized templates. This
paper looks at some of these pitfalls or hidden correlations, using the
mechanisms of tabu search (TS) as examples. The points discussed are
illustrated by examples from the authors experience.

1 Introduction

When designing and implementing heuristics for discrete optimization problems,
there are many choices to be made. These include search paradigms, search
mechanisms, search parameters, test sets, etc. Often these choices are treated
as independent of each other, even though most researchers acknowledge some
interdependence between the different search mechanisms and associated para-
meter settings. Our experience is that the search mechanisms and parameters
often interact, and at times in unforeseen ways. This is a difficult problem to
disentangle, and often even to discover.

This paper attempts to highlight some of the interactions experienced by
the author, while implementing the Tabu Search (TS) metaheuristic [3]. Others
will have similar experiences. The reader should at least learn that caution is
required when designing heuristics, and testing should be carried out to verify
the hypothesis underlying each mechanism and parameter choice.

One early example is the publicity in the early days of T'S by people claiming
that the best value for Tabu Tenure (TT) was 7. This was mainly due to the
(somewhat erroneous) linkage to the article The Magical Number Seven, Plus or
Minus Two: Some Limits on Our Capacity for Processing Information by Miller
[1], creating the impression that TS was governed by some of the same rules as
human cognitive abilities. The claim of 7 being the best TT has long since been
abandoned, noticing that good TT values are also correlated to instance size and
neighborhood structure.

Many articles on how to design and test heuristics have been published, in-
dicating that these processes are far from being well-defined. Two much-cited
works are How not to do it by Gent and Walsh [2] and Testing Heuristics: We
have it all wrong by Hooker [4]. These articles contains much good advice, and

T. Stiitzle, M. Birattari, and H.H. Hoos (Eds.): SLS 2007, LNCS 4638, pp. 1-15, 2007.
© Springer-Verlag Berlin Heidelberg 2007



2 A. Lgkketangen

the interested reader should acquaint themselves with them. From the article by
Gent and Walsh, the following advice stands out: Make fast, repeatable code.
That is, make the code fast, so that more tests can be done in the same amount
of cpu-time, and make the code repeatable, as there is very often need to run
tests anew, due to some error, or referee comment, or other. One of Hooker’s
main points is that we should forget much of the competition aspect, as this leads
us to waste time on low-level engineering instead of inventing or discovering new
mechanisms. The engineering part is hardly research, but is often required by
referees who will only accept articles presenting new best results.

One example of unnecessary slow code too often seen is when the TT mech-
anisms are implemented as a (circular) list. This is cumbersome, has a time
complexity of |TT| and is thus very time consuming, especially as the TT can
be implemented in constant time with very little overhead.

The examples used for illustrations in the following sections are only explained
in sufficient detail for understanding the arguments. To get more detail and
background, the authors are referred to the original papers.

This paper is organized as follows. In Section 2 we look at values for the
Tabu Tenure, while the usefulness of Aspiration Criteria is illustrated in Section
3. The question on whether to search in infeasible space or not is addressed
in Section 4. Section 5 treats the Move Selection, Section 6 discusses Learning
and Forgetting, and Section 7 discusses some tradeoff issues when implementing
search methods. Finally the conclusions are summarized in Section 8.

2 The Tabu Tenure

The value for the Tabu Tenure is often given little consideration, and often it
seems like it is taken out of thin air, or by reference to another article. (Occa-
sionally one might even see the 7 +/- 2 argument). There is some controversy
as to wether some randomization in the value of TT should be used, or not,
with current consensus leaning towards some randomization. There are clear in-
dicators, however, that the actual value of TT required is linked to the other
mechanisms used, especially move evaluation, diversification and learning.

It is often stated that the purpose of the tabu status is in stopping the reversal
of recent moves. This is clearly only part of the picture. An important effect of
the tabu status is to block off most of the search space. As an example, in a
bit-flip neighborhood, and a TT of 20, then the search space is reduced by a
factor of 220. It is easy to construct tabu-criteria that are very powerful. As a
different example, consider an edge-exchange neighborhood, often employed in
graph problems. If e.g. the instance size is [N| (same as the number of nodes)
and the total number of edges is |N|?, then both of the following tabu criteria
might seem natural if both edges involved in a move becomes tabu:

1. A move is tabu if both edges of the move are tabu.
2. A move is tabu if either edge of the move is tabu.

The first criterion is very weak, while the second is very strong. These consid-
erations are very often not present when research is presented in articles, but has
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Fig. 1. Tabu Tenure

a large effect on the required values of the search parameters and the resulting
search trajectories.

2.1 Varying Length TT

This subsection gives an example of when a dynamic TT is better than a fixed
TT. The example is taken from Hvattum et al. [5]. The problem specification is
given below to give the necessary background. The Boolean Optimization Prob-
lem can be regarded as a Satisfiability Problem with a profit on the variables.
This profit is to be maximized.

mar - Z= Z Gity (1)
JEN
s.t.
> aijz; > 1, ieM (2)
JEN
z; € {0,1}, jEN (3)

The TS metaheuristic developed in [5] to solve this problem uses a simple
1-bit flip neighborhood. In Figure 1 is shown the effect, using a single instance,
on the search for various values of the TT, and keeping it either fixed or varying.
For the varying TT, it was set to be a random number between 10 and the
number on the x-axis. With a fixed move evaluation function, the results are
as shown in the bottom pair of curves in the figure. As can be seen, having a
dynamic TT is clearly beneficial, as better results are obtained over a larger
range of values. The same conclusion is supported by the top two curves, giving
the corresponding results using an adaptive move evaluation function (see 2.2).
(Similar results were observed for the other test-cases).
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2.2 Interaction of TT with Move Evaluation

In Figure 1 is also shown how the form of the move evaluation function influences
both the TT and the overall search results. The search in [5] was designed to be
able to search both in feasible and infeasible space. This is done by modifying the
move evaluation function Fjs with a component reflecting the resulting level of
infeasibility. Fiy = AV + w - Az. The range of change in the objective function
value component AV is scaled to +1, and the infeasibility component is the
number of violated constraints multiplied by an adaptive weight, w. The two
components are combined so as to give a balanced view to maintaining primal
feasibility and a good objective function value. The emphasis between the two
components is changed dynamically to keep the search around the feasibility
boundary.

The value of w, the adaptive component, is initially set to 1. It is adjusted
after each move as follows:

— If the current solution is feasible: w = w + AWine
— If the current solution is not feasible, and w > 1: w = w — Awgee

As is illustrated in Figure 1, the effect of using an adaptive move evaluation
function, capable of guiding the search into, and out of, infeasible space, has a
large impact on the acceptable values for TT. The most important aspect of this
is that the T'T can be shorter, and good results are produced over a larger range
of TT, making the search much more robust with respect to this parameter. (For
the actual values used for Aw;,. and Awge, see Section 4).

2.3 Localized Tabu Tenure

This subsection deals with the case when the global constraints can be regarded
as weak. A typical case of this is described in Interactive Planning for Sustainable
Forest Harvesting by Hasle et al. [6]. The object here is to device a sustainable
plan for the treatment of each of a set of connected forest stands, or areas, in
a 200 year perspective. Each stand has its own type of wood, age profile, soil
quality, inclination, etc. giving rise to different growth rates and suitability for
different types of trees. In Figure 2 is shown a typical area of forest, with around
700 stands. A treatment can typically be cut or leave, but there are also numerous
other treatments like thinning and gathering seeds. There are global constraints
of the type requiring yearly harvesting to be approximately equal each year (or
follow a given profile). There are also neighboring constraints, like the 2-meter-
constraint that requires all neighboring stands to be at least 2 meters tall before
harvesting of a given stand. A move is the changing of a treatment for a given
stand, and the tabu criterion is not to make a move in a recently treated stand.

Preliminary testing of a TS heuristic for this problem showed that the best
TT was nearly equal to the number of stands in the instance. This implies that
most stands will have a tabu status at any given time, leaving very little room
for the local search.
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Fig. 2. Example of forest area and its subdivision into stands

The reason for this behavior is the weak nature of the global constraints,
like balancing the harvesting over the years. Whenever the treatment plan for a
given stand has been changed, the search moves to distant (in the geographical
sense) stands. As there are many distant stands, all (or most) of them need to
be tabu for the neighbor constraints to take effect, resulting in the extremely
long required TT.

To remedy this, a device that might be called Localized Tabu Tenure can be
employed. In this case the TT of a given stand is only counted for moves in the
vicinity of the stand, where vicinity can be one or two stands distant. In this
way, the TT will have a more natural length, and the neighboring constraints
dealt with in the usual way.

3 Aspiration Criteria — Why Not Ignore It?

The inclusion of Aspiration Criteria (AC) in a TS is of crucial importance. The
reason for this is that the basic TS mechanism of keeping certain attributes of
the solution tabu for a certain time (i.e. iterations) often is too powerful, and
blocks off attractive solutions. The mechanism called AS is designed to overcome
this, by releasing the tabu status from moves leading to solutions having some
predefined feature. The most common AC is to allow moves that leads to a new,



