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1 Introduction

Spatial decision problems are often computationally isitento solve. For many problems that
have multiple objectives, there may not exist a single smuthat is deemed to be optimal by
all stakeholders. To address such decision problems, atyaf solution approaches have been
developed. The literature, however, seems to be less auetavith how to incorporate these ap-
proaches such that a better solution can be ultimately eshcA more interesting question is, if
existing solution approaches can be collectively usedagige high-quality solutions, is it worth
to develop new ones? Moreover, how can we successfullypocate different perspectives of de-
cision makers and stakeholders to generate more robusetable solutions that are satisfactory
to a wider group of people?

The above questions are related to an interesting topicdialsscience: diversity, referring to
a state oflifference exhibited in a system and its components. Recent develdagrhane demon-
strated that diversity may provide better solutions to higlomplex problems in social and eco-
nomic domains such as long-term prediction (Page, 2007.plnpose of this paper is to discuss
how the concept of diversity manifests in spatial decisicakimg. In the remainder of this pa-
per, | first identify the kinds of diversity in spatial de@si making, and then discuss a number of
approaches to incorporating diversity into geographicabfem solving.

2 Kinds of Diversity

Three steps are typically required to complete a (spatet)sion making process (Simon, 1960).
Starting at the intelligence step, the problem must be fdaed so that alternative solutions can
be found in the second step called design. In the third stigdcaehoice, a final decision must
be made based on the alternatives identified. Diversity iquifous in all steps. For example,
diversity occurs when the problem is interpreted and foated by different stakeholders from
different perspectives, solved using different methodsd, @resented to decision makers who have
different preferences. Specifically in this paper, | grougedsity into four categories, according to
the context in which diversity occurs.

¢ Diversity of the solution space. The solution space of a decision problem is formed by all
possible solutions to the problem. For many spatial degiproblems, it is often intuitive
to consider a solution space as a map spacgeagraphical space, which contains all the
maps, each representing a solution to the problem. Thedliyef the solution space for a



spatial decision problem refers to the multiplicity of thedgions, especially in terms of the
spatial configuration.

e Diversity of the objective space. As a dual space of the solution space of a problem, the ob-
jective space is a multidimensional space formed by a sei@mfiinates, each corresponding
to an objective of the problem. These objectives reflecediffit, often conflicting goals. A
consequence of such difference is the trade-off amongnaltiee solutions, meaning there
is no single solution that can be considered to be satigfaativh respect to all goals.

e Diversity of optimality. A fundamental problem of (spatial) decision making is ttre
decision problem may be ill-structured because many soatainomic, and environmental
factors are difficult to be included in problem formulatiomhis feature suggests that the
optimality obtained based on the original problem formiolatmay become sub-optimal
when new factors are considered.

e Diversetoolboxes. Two main types of solution approaches to solving spatieisilen prob-
lems exist. The first type of approach is called exact methbascan guarantee to find
global optimal solutions to the problems, though they maybmoefficient for problems with
large input sizes. The second type of approach, called $ters; are often more efficient,
though they do not guarantee the global solutions to be fotiod each decision problem,
there is often a set of different heuristics developed.

3 Incorporating Diversity

Diversity can be incorporated into spatial decision malpngcesses in a variety of ways. Here, |
identify a number of technologies that can be used to promotxilise diversity discussed above
for the purpose of spatial decision making.

Solution approaches developed in the literature can be nsdifferent fashion. Though the
common way of using these methods independently is usdfealoverall performance can be
improved if these methods are used collectively. Table usithates this point based on solving
thep-median problem using two different approaches: a methtecdc®B developed by Teitz and
Bart (1968), and a method called SA that is based on simugatedaling (Kirkpatrick et al., 1983).
In addition to running these two methods independently; ftrategies were also used. The relay
strategy uses TB first and then the solution found by TB is us&HRA. The consensus strategy is
similar to relay, but the solution found by SA will be used iB &nd so on, until no improvement
can be made. To use the compete strategy, both TB and SAmsdegendently and then, during
each iteration of both methods, the current solutions anepawed and the winner will be used by
both method for the next iteration; the process continugi$ mmimprovement can be made. The
collaborate strategy depends on an exchange mechanisnthsuithe two methods exchange their
current solutions during each iteration.

Forty benchmarkp-median problems (Beasley, 1985) were used to test thestegies. Each
strategy was run 20 times, with the best, worst, and avemregdts of these runs reported in Table
1. The results clearly suggest that some strategies (eltaborate) consistently outperform the in-
dependent use of TB or SA, while some strategies (e.g., ct@np®y not necessarily outperform
the original two methods.



Table 1: Solving thgp-median problem using two methods

Method TB SA Relay Consensus Compete Collaborate
Best case Hits 23 31 30 33 31 34
Better than TB/SA 3 4 5 5
Tied with TB/SA 31 35 30 33
Worse than TB/SA 6 1 5 2
Average Hits 16 9 16 14 9 19
Better than TB/SA 14 20 10 23
Tied with TB/SA 14 15 8 17
Worse than TB/SA 12 5 22 0
Worst case  Hits 16 9 16 14 9 19
Better than TB/SA 13 17 8 20
Tied with TB/SA 19 18 12 20
Worse than TB/SA 8 5 20 0

Extending the above experiment, we can consider each meth@th agent that is equipped
with a particular skill of solving some problems. An ageasbd modelling framework, therefore,
can be regarded as a platform to utilise the diversity ofliorés in spatial decision making. In
addition to such toolbox perspective, agent-based modegisatso incorporate multiple players
(decision makers) that have different belief systems aftelatedifferent preferences to the decision
problem. Simulation results of these models can be used tigide makers to learn interesting
system behaviours.

Finally, it is important to note that evolutionary compuatcan be used to generate a diverse
set of solutions to a decision problem and visualisatiohnegues can be used to help decision
makers examine these solutions (Xiao et al., 2007). In ad@oeontext, public participation ge-
ographical information systems can provide a platform tcoemage a wide range of stakeholders
to participate a decision making process (Sieber, 2006).

4 Discussion and Conclusions

Considering diversity in spatial decision support systeneensistent with the postmodernist view
(see, for example, Macmillan, 1997) that adds to a compartally sophisticated environment
of geocomputation. From a social or political point of viggpmoting diversity in the decision
process is a step closer toward a more appealing democratess. It will be an interesting debate
to see if such an effort will provide us “better” decisiorntse tmeaning of which may be beyond its
methodological domain and of course is another aspect efsliy.
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