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Introduction
Irrigation planning is a real-life activity with many complexities; good sys-

tem design can demonstrate profound water savings. For the contest problem,
an entire regionmust beminimallywateredbutnot overwatered, and trade-offs
between fixed and periodically moved equipment must be made.
As in any real-life modeling activity, the approaches, metrics, and results

of others can be obtained with little effort—when applicable, this earlier work
should be used, or improved upon. For example, the most widely used mea-
sure of irrigation uniformity in the turf industry is Christiansen’s uniformity
coefficient. Also, manufacturers’ specifications of sprinkler characteristics are
easily obtained.
The components appearing in a solution must be identified. For this prob-

lem, the judges were looking for the following components:

• Defined constraints on the problem, such as the needed water flow rate.
• Subjective constraints on the problem, such as what “optimal” is.
• Created constraints on the problem, such as the water distribution pattern
from a single sprinkler.

• One or more metrics by which a solution can be evaluated.
• A procedure for obtaining an optimal solution.
• A description of the optimal solution.
TheUMAP Journal 27 (3) (2006) 329–332. c©Copyright 2006 byCOMAP, Inc. All rights reserved.

Permission to make digital or hard copies of part or all of this work for personal or classroom use
is granted without fee provided that copies are not made or distributed for profit or commercial
advantage and that copies bear this notice. Abstracting with credit is permitted, but copyrights
for components of this work owned by others than COMAPmust be honored. To copy otherwise,
to republish, to post on servers, or to redistribute to lists requires prior permission from COMAP.



330 The UMAP Journal 27.3 (2006)

Problem Specifics
One of the first considerations is themeaning of “optimal” for this problem.

It could be the number of times that the pipes must be moved, or it could
be related to the distance that the pipes must be moved. Either of these, or
other similarmetrics, are reasonable. Minimizing the actual time ofwatering—
selected as a metric by some teams—does not seem to be as useful; it does not
obviously correlate to cost.
The contest problem was stated without much detail. In fact, the problem

didn’t state exactly where the water outlet was in the field. For this reason, a
high-level model, appropriate for simple problem descriptions, is warranted.
The judging focused on resolving the difficulties—for this problem, the diffi-
culty was in determining the pipe layout. Excessive detail in, say, the distribu-
tion of water from a sprinkler head, is not warranted. Use of either a realistic
model (easily available from manufacturers) or a simple model is appropriate.
In a real situation, the actual sprinkler head water distribution, wind, and

other secondary considerations could be important. A description of how they
affect the high-level model, and its solution, is warranted—even for a high-
level model. However, only if the high-level model solution is complete is it
appropriate to incorporate their effects.

Problem Areas
Most of the teams approached the problem well and identified most of the

components noted in the Introduction. There were two areas, however, that
confused several teams.

• The maximal soaking rate of 0.75 cm/h was intended to be (in the words
of the Colorado team) an “average, not instantaneous overwatering” con-
straint. While mathematically equivalent to 0.0125 cm/min, it was not the
problem’s intent toprohibit a solution thatwateredat the rateof 0.025 cm/min,
if this watering occurred for less than 30 min in an hour.

• Care is needed to determine the flow rate and pressure from the sprinkler
heads when there is more than one. The Duke team had a very clean deriva-
tion of this result (although atmospheric pressure of approximately 100 kPa
is missing in their computations). In summary: When the flow is pressure-
limited (i.e., few sprinkler heads), then energy balance (Bernoulli’s equation)
can be used to determine the output speed. When the flow is volume-limited
(i.e., several sprinkler heads), then mass conservation can be used to deter-
mine the output speed.
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What Made Them Outstanding
The Outstanding papers obtained solutions that could be shown to a cus-

tomer. These papers obtained schedules by using analytical thinking and by
numerical optimizations (using, for example, simulated annealing, genetic al-
gorithms, or methodical searches); some did both. The length of the Out-
standing papers, as submitted, varied from 17 to 60 pages, with an average of
29 pages.

Further Comments and Advice
Some overall comments on the submissions and the judging process:

• The summary should include:

– problem synopsis,

– description of analysis, and

– results.

This section is worth writing, and then rewriting; it gets much attention.

• An ideal paper concluded with an explicit watering/movement schedule
and a statement about the effectiveness of the schedule. While a result may
be exact for a givenmodel, themodel is only an approximation to reality. As
such, it is unrealistic to reportmanydecimal places in the results. In practice,
pipe placementmay be accurate to a foot or so; a placement schedule should
not require centimeter accuracy.

• Many submissions created very detailed models. It is always an advantage
to start with a simple, perhaps idealized, version of the problem. Even an
approximate solution to this idealized problem, perhaps obtained by hand,
can be used as a bound when comparing the results from more detailed
models. Such back-of-the-envelope checks can be vital in checking the rea-
sonableness of a solution.

• When there are different ways to attack a problem, try using several tech-
niques. If they lead to the same answer, then the answer is probably close to
correct. And when computer models are used, sensitivity analysis is espe-
cially important (and it should be relatively easy to carry out). For example,
what happens to the field watering if the pipes are not placed in the exact
right positions?

• “Dead ends” are typically useful only if they lead to an insight or constrain
a model in some way. Details on such “dead ends” rarely contribute to a
paper’s overall ranking; at some point, more is less.
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• Graphics indicating the pipe layout and the resulting water distribution
were created bymost teams. These graphics reveal much information about
a pipe layout and its solution.

• As is usually the case, the judges wanted to see justifications for the assump-
tions made. Reusing standard results (say, those obtained from a book or
from the Web) is appropriate; but justifying their applicability is an impor-
tant aspect of reuse. Note that re-deriving standard results adds little value.
Also, the only assumptions that should appear are those used in the problem
analysis.

• Finally, details must appear somewhere; if they appear in two places, then
error-checking can occur. For example, when a mathematical statement
appears suspect, the judges will often locate the computation in the code to
see exactly what was implemented.
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