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ABSTRACT. This paper provides a discussion on validation procedures associated with heuristic solution
approaches used in forest planning, initiated by Bettinger et al. (2008) (Bettinger, Sessions and Boston,

2008.
MCFNS 1(1):26-37). Three issues are addressed.
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A review of the status and use of wvalidation procedures for heuristics used in forest planning.

1 BACKGROUND

Bettinger et al. (2008) promotes a public dialogue
about the academic significance of developed heuris-
tics in solving forest planning problems. As suggested
in their paper, the development, use and evolution of
heuristics to solve forestry problems has been significant
over the past few decades. It is therefore timely to re-
flect on this field of research. Their paper suggests that
there are different cases for considering/evaluating de-
veloped heuristics, making potential research worthy of
publication in many different possible contexts. This is
noteworthy and important as there is sometimes a failure
to understand and appreciate the nuances of a particular
heuristic application. I have seen this as an author, ref-
eree and editor, and have also heard from other journal
editors over the years that research involving advances
in heuristic solution techniques is difficult to assess. In
fact, I recall an editor suggesting in the late 1990s that
formal guidance for assessment in forestry applications
could be helpful.

I have been invited to provide this discussion because
of three observations regarding Bettinger et al. (2008).
First, the issue concerning heuristic research as an im-
portant sub-area has received much attention in the aca-
demic community outside of forestry. Second, statistical
significance is far from established in the application of
heuristics to solve optimization problems. Third, there
are potential problems with suggesting “levels of valida-
tion”. I elaborate on these points below.

2 DISCUSSION

The first issue that comes across in the paper is an ar-
gument that heuristic development to solve forest plan-
ning problems is a valid and publication worthy sub-
field. I believe that it is. In fact, it is recognized as
such in the broader academic community, especially in
the area of operations research. To this end, the paper
is not new or novel in what is being said, but perhaps
this is something that the forestry community needs to
hear. The area of heuristic application and development
has always had to contend with the fact that one can-
not attribute any statistical or qualitative indicator to a
heuristically generated solution(s) as there is generally
no basis for establishing certainty. While this is true,
heuristics continue to be needed to solve difficult plan-
ning problems and may in fact be more prominent in the
future.

The second issue relates to the statistical significance
as discussed with “Level 4” validation. In my opinion the
paper comes across as overly optimistic about establish-
ing an “estimated global optimum solution.” Heuristics
are necessarily biased in sampling solution space because
they generally attempt to identify solutions that are to-
ward the tail of the associated feasible solution distri-
bution, or rather are “close” to optimal. Another issue
that thwarts the possibility of statistical significance is
independence in a sample of solutions. The literature
on heuristics for optimization problems is dotted with
examples where researchers have observed similarity or
overlap in identified solutions. In fact, the more recent
emergence of the so-called heuristic concentration ap-
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Figure 1: Comparative characteristics of feasible solutions identified using alternative heuristic approaches.
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proach of Rosing and ReVelle (1997) is a prime example.
Heuristic concentration works by first identifying a num-
ber of “good” solutions using an approximate (heuristic)
technique, then searches from among the identified de-
cision variables equal to one in value. What is found is
that it is possible to find optimal and near optimal solu-
tions using the approach. A concern related to statisti-
cal significance is validity in the context of optimization.
My own research in the use, development and applica-
tion of heuristics for solving forest planning problems is
that it is virtually impossible to infer statistical signifi-
cance in a general sense. As an example, the compara-
tive study reported in Murray and Church (1995) devel-
oped three new heuristic approaches (interchange, sim-
ulated annealing and tabu search) to solve a forest plan-
ning problem with adjacency, green up, temporal volume
and roading considerations. Results were compared with
the monte carlo integer programming (MCIP) heuristic
approach of Nelson and Brodie (1990) as well as the
optimum derived using mixed integer programming. A
simplified summary of the 1300 derived solutions® for
each heuristic reported in Murray and Church (1995) is
shown in Figure 1. The horizontal axis represents the
objective value of an identified solution, and the verti-
cal axis is the relative frequency of an observed value
in terms of the sample of solutions. Is it possible to
infer anything of value from the observed distributions
in any of the four cases? It is clear that there are dif-
ferences in the performance of the different heuristics,
and higher observed values are better, but does that es-

1 The harvest scheduling problem was to maximize economic
return, having 291 binary decision variable (45 management units,
52 road segments and three 3 periods). Thus, the number of po-
tential solutions is 2291, though many are no doubt infeasible.

tablish any certainty or statistical significance about the
quality of a given solution? Absolutely not in these indi-
vidual cases, and this is precisely the issue that heuristic
solution techniques are faced with. As an example, if
one only applied the MCIP approach and had no other
knowledge, the best solution found might appear to be
of very high quality and statistically significant. How-
ever, compared to the samples identified using the other
heuristics shown in Figure 1 (interchange, simulated an-
nealing and tabu search), this would not be so sensible.
If T disclose that the optimal solution is 5953.20 (indi-
cated on the horizontal axis), then qualitative assess-
ment is possible but not beyond this particular problem
application. Thus, concluding something about solution
quality for a tabu search solution identified for a harvest
scheduling problem, as an example, is not possible and
any attempt to do so would be invalid and misleading
relative to the true optimal solution. It is not possible
to infer any kind of statistical significance because the
actual distribution of feasible (or even infeasible) solu-
tions is not generally known. Further, good heuristics
necessarily sample the tail of the distribution anyway,
so this complicates matters even more.

Finally, the third issue is that the “levels of valida-
tion” reflect an attempt to classify approaches that have
been used in the literature, but some researchers may be
tempted to use them to justify a particular application
or developed heuristic. It really suggests (or concludes)
that if your work falls into one or more of the cases, then
achieving the stipulated levels means it is publishable.
Unfortunately the reality of research is that things are
never so cut and dry. After all, what is a “new” prob-
lem? Is it a “standard” problem with a slight twist, say
one additional constraint of some kind? What about
a “new” heuristic? Does a “standard” heuristic with a


mailto://atmurray@asu.edu
http://mcfns.com

Murray (2009)/Math. Comput. For. Nat.-Res. Sci. Vol 1, No 1, pp. 38—40/http://mcfns.com 40

minor or major change/interpretation qualify as new?
This is not at all clear, and necessarily requires subjec-
tive evaluation.

3 CONCLUSION

While I support the intent and overview provided by
Bettinger et al. (2008), I do feel the above comments
are important issues to keep in mind associated with
the development, use and application of heuristic meth-
ods to solve forest planning problems . In the spirit of
academic dialogue and the fact that evaluating heuris-
tic applications in forest planning is challenging in the
publication process, the review that they provide is po-
tentially useful and valuable for researchers to consider.
Having said this, the fact remains that there are well
established approaches for “validating” heuristic based
research, as noted in Bettinger et al. (2008) as well as
included citations. The paper does a reasonable job de-
scribing potential approaches that have been utilized
in the literature. Nevertheless, the assessment of re-
search (peer review) relies on individuals that may or
may not be qualified, or inclined, to review work, and is
necessarily subjective.
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