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Abstract

CARMA is a decision-support system for grasshopper infestations that has been
successfully used since 1996. Rising treatment costs coupled with shrinking rangeland
profit margins increasingly demand accurate selection of the most cost-effective
responses to grasshopper infestations, and CARMA fills that need. In the process
CARMA provides advice regarding grasshopper population management options in an
environmentally and economically sound fashion, and is the only pest management
software that includes the more environmentally-friendly Reduced Agent-Area
Treatments (RAATs) as a treatment option and an open-ended capacity for user-based
treatment updates. This paper describes the most recent changes to CARMA with
particular attention to the new architecture which demonstrates an approach to
integrating an artificially intelligent LISP reasoner with a Java graphical user interface
(GUI) in a way which combines the strengths of the two languages (i.e., LISP for
artificial intelligence and Java for graphical user interfaces) in order to provide a strong
reasoner while at the same time producing an appealing user interface which is platform
independent and web capable.

Keywords: decision support, case-based reasoning, architecture, grasshopper pest management, LISP,
Java

1 Introduction
CARMA is a decision-support system for grasshopper infestations that has been successfully used since 1996 (Hastings et al.
2002, Branting et al. 2001). CARMA demonstrates an approach to providing advice concerning the behavior of a complex

biological system by exploiting multiple, individually incomplete, knowledge sources (Hastings et al. 1996) including
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utilization of a technique known as model-based adaptation which integrates case-based reasoning with model-based
reasoning (Branting et al. 1997, Hastings & Branting 1995, Hastings et al. 1995, Branting & Hastings 1994).

Originally developed for rangeland grasshopper infestations in the state of Wyoming, in 2003 CARMA was extended
with a cropland grasshopper advising module comprised mainly of a set of expert advising rules and a corresponding user
interface (Hastings et al. 2003). Most recently, CARMA has undergone several changes including an extension of its advising
abilities beyond Wyoming to include the states of Nebraska and South Dakota, a revamping of the graphical user interface,
and a change to the underlying architecture.

This paper describes the most recent changes to CARMA with particular attention to the new architecture which
demonstrates an approach to integrating an artificially intelligent LISP reasoner with a Java graphical user interface (GUI) in
a way which combines the strengths of the two languages (i.e., LISP for artificial intelligence and Java for graphical user
interfaces) in order to provide a strong reasoner while at the same time producing an appealing user interface which is
platform independent and web capable.

Section 2 describes the need for a grasshopper infestation advisor. The environmental contributions of CARMA are set
forth in Section 3. Section 4 provides a overview of CARMA'’s consultation process. Section 5 describes improvements to
CARMA’s interface along with the corresponding architectural challenges and modifications.

2 The Need for a Grasshopper Infestation Advisor

The need for accurate and reliable advice on the management of rangeland grasshoppers appears to be substantial and
growing in the western states. Inflation and the restructuring of the USDA cost-share program have tripled the cost of
rangeland grasshopper management for ranchers, compared with the control cost during the late-1980s. Most states no longer
subsidize grasshopper programs; therefore, the cost of traditional tactics usually will exceed the benefits. Even though certain
federal or state subsidies for grasshopper control are becoming available in some states, the expenses of a management
program remain largely a producer’s burden because of high insecticide and treatment costs. Rising treatment costs coupled
with shrinking rangeland profit margins increasingly demand accurate selection of the most cost-effective responses to
grasshopper infestations.

CARMA is a decision-support system which addresses the need for proper grasshopper infestation response by giving
advice about the most economical and environmentally benign responses to grasshopper infestations based on 140 combined
years of entomological expertise shared among experts in the 17 western states. As such, CARMA’s grasshopper forage
consumption predictions and treatment recommendations very closely approximate those of the experts. CARMA gives
advice by comparing the current infestation to previous infestations (i.e., cases) and adapting recommendations accordingly.
Infestation probabilities and treatment efficacies are used to predict re-infestations (Branting et al. 1997, Zimmerman et al.
2004); statistical methods are used to predict the economic benefits; and rules are used to select the treatments. Currently the
geographic extent of CARMA covers grasshopper infestations in Wyoming, Nebraska, and South Dakota.

In addition to rangeland infestations, grasshoppers also routinely invade cropland, prompting a similar need for proper
and accurate advice. In 2003, as a result of the collaboration between scientists from the University of Wyoming and the
University of Nebraska-Kearney, a special module dealing with grasshopper infestations in cropland was developed for
CARMA. The crop module handles several situations where grasshopper populations can develop at the rangeland-cropland
interface including the frequently encountered situation where grasshopper infestations spread from rangeland into cropland,
especially small grains. In addition, the module addresses grasshopper emergence within cropland, a scenario which has
become more prevalent as of late with the adoption of “no-till” practices which create favorable conditions for grasshopper
breeding within crops. Depending on the severity of an infestation and its potential to spread further into cropland, CARMA
classifies cropland infestations according to economic damage potential and provides an explanation as to the source of the
cropland grasshoppers (e.g., “Grasshoppers that prefer grasses or legumes are moving from the range through broadleaf
weeds in the fence row area to get to vulnerable crops”). The addition of the crop module represents one more step in
CARMA'’s continuing evolution to provide advice based on the most up-to-date pest management strategies. It is also an
important asset for the potential expansion of the CARMA’s geographic coverage beyond Wyoming, Nebraska and South
Dakota.

During Grasshopper Train-the-Trainers workshops in 2003 through 2006 in Nebraska, Colorado North Dakota, South
Dakota, New Mexico, Oregon and Montana, as well as during public meetings on grasshopper control in several Wyoming
counties, land managers and pest control specialists expressed a great interest in CARMA. The attendees of these meetings
were provided with free CD-ROMs containing updated versions of CARMA with the crop module. CARMA’s demonstration
by the University of Wyoming scientists was received with great attention during the Annual Meeting of the National
Grasshopper Management Board in January 2004. Currently, CARMA'’s capabilities are being expanded to cover Montana
and North Dakota, in addition to Wyoming, Nebraska and South Dakota which were covered before.
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3 Environment Contributions of CARMA

CARMA provides the end-user with advice regarding grasshopper population management options in an environmentally and
economically sound fashion. Historically, rangeland infestations were considered treatable when grasshoppers occurred at
densities of eight or more grasshoppers per square yard. While this treatment threshold was thought to make sense from a
protectionist point of view (i.e., protect the existing forage at all costs so as not to risk forage shortages), it did not always
make economic sense (Lockwood & Schell 1995). CARMA conducts detailed analysis of infestations looking at a number of
factors including grasshopper densities as well as range productivity in order to provide an economic analysis of an
infestation. In cases where treatment costs will outweigh the estimated value of forage saved by treatment, CARMA advises a
“no treatment” option, which provides the greatest environmental savings of all.

In addition to conventional, blanket applications of broad-spectrum insecticides like malathion and carbaryl, CARMA
considers an option called Reduced Agent and Area Treatments (RAATSs) (Lockwood & Schell 1997). RAATS is a method of
integrated pest management (IPM) for rangeland grasshoppers in which the rate of insecticide is reduced from conventional
levels as untreated swaths (refuges) are alternated with treated swaths. RAATs works both through chemical control,
meaning grasshoppers are killed in treated swaths and as they move out of untreated swaths, and conservation biological
control, which allows predators and parasites preserved in untreated swaths to suppress grasshoppers.
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Figure 1: Elicitation of Grasshopper Type Information in CARMA.

Less insecticide in the environment lowers the risk to native species (including fish and wildlife), water quality, and
humans. The untreated swaths provide a refuge for organisms with lower mobility than grasshoppers, and even those
organisms that move into the treated swaths will be largely unaffected unless they feed on the foliage. The untreated swaths
harbor species essential to rangeland ecosystems, including bio-control agents of grasshoppers and weeds. Low densities of
surviving grasshoppers allow predators and parasites in the untreated refuges to re-colonize and thereby reestablish natural
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regulation of grasshopper populations. For these reasons, RAAT programs also may sustain higher densities of birds than
blanket applications.

This IPM approach (RAATS) can reduce the cost of control and the amount of insecticide applied to our rangelands from
50 to 75% (Lockwood et al. 2002). RAATS is the preferred option in the USDA-APHIS EIS when grasshopper control is
required (USDA 2002). CARMA is the only pest management software that includes RAATS as an option and an open-ended
capacity for user-based treatment updates.

4 CARMA'’s Consultation Process

CARMA'’s primary task is to help end users (e.g., ranchers, land managers, pest control specialists) determine the most cost-
effective responses to rangeland grasshopper infestations. Determining the most cost-effective responses requires, in part,
estimating grasshopper forage consumption. Producing such an estimate requires predicting the behavior of a rangeland
ecosystem. Because the complexity of the domain prevents precise modeling and simulation, CARMA'’s objective is to
closely emulate grasshopper pest management experts who utilize a reasoning approach which is accurate, fast, explainable,
and tolerant of inaccuracies in data. In predicting forage consumption, experts appear to use a form of case-based reasoning
(CBR) by comparing new cases to prototypical cases, and adapting the consumption previously seen in the prototypical cases
to account for any differences. For example, if the population density of emerging grasshoppers in a cool, wet spring is high
(rather than moderate), an expert might predict moderately low (rather than low) forage consumption because a higher
density generally means more consumption.
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Figure 2: Forage Loss Estimation in CARMA.

CARMA’s consultation process consists of the following steps:

1. Determine the relevant facts of the infestation case such as the species, population density, and developmental phases
of the grasshoppers from information provided by the user by means of heuristic rules. CARMA uses multiple levels
of rules for inferring each case feature, ordered by a qualitative estimate of each rule’s accuracy or reliability. The
rules are applied in succession until either the user can provide the necessary information or a default rule is reached.
A typical interface window for determining the observed grasshopper type distribution appears in Figure 1. This
interface window illustrates CARMA'’s revamped interface which will be described in Section 5.

2. Estimate the proportion of available forage that will be consumed by each distinct grasshopper population (i.e.,
subcase) by matching and adapting the prototypical infestation cases that best match the facts of the current case. The
consumption predictions for each subcase are summed to produce an overall consumption estimate which is presented
to the user along with an explanation of the estimated forage loss including the aggravating and mitigating factors
(i.e., factors tending to increase or reduce the estimated forage loss, respectively). Figure 2 presents a typical window
explaining estimated forage loss.
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3. Compare total grasshopper consumption with the proportion of available forage needed by livestock. If the proportion

of available forage that will be lost to grasshoppers and the proportion needed for livestock (and wildlife) exceeds
100% of the forage available, CARMA concludes that grasshoppers will cause economic losses.

4. If the predicted forage consumption will lead to economic loss, determine what possible treatment options are
excluded by the case conditions (e.g., “Will it be hot at the time of treatment?” If so, exclude malathion).

5. Provide an economic analysis for each viable treatment option (including “no treatment”) by estimating both the first-
year and long-term savings. From the estimated savings, CARMA recommends the treatment or treatments that are
most economical. CARMA also produces estimates of future reinfestation for each treatment option. A typical
treatment recommendation window including estimates of future reinfestation and economic savings appears in
Figure 3. CARMA lists both worst- and best-case scenarios for most calculations. Note that the analysis includes “no
treatment” as an option and that negative savings indicate a loss.

Following a consultation, the user can then save and/or rerun the consultation with one or more case facts or treatment
parameters altered. For example, the user can vary insecticide coverage and application rates to determine the best return on
investment, and perhaps negotiate a price for a pesticide that is economical given the current infestation level and price of
substitute forage. For a more detailed description of the rangeland grasshopper infestation advising task and the
implementation of the consultation process within CARMA, the reader is referred to Hastings et al. (2002).

Consultation 5ettings Help

CHAWCES OF REIMFESTATION IW FUTURE YEARS:
Mone of the acceptahle treatment twpes reduce the probahilities of future
reinfestations.

TREATMENT RECOMMENDATION:

Without Treatment, grasshoppers will consume an estimated 60 to 1003 of The awailahle
forage. AL the &% consumption lewel, Mo treatment leads to the greatest savings:
$0.00 per acre. AT The 100% consumptTion lewel, Dimilin RAATs-canola oil leads to the
greatest savings: $0.15 per acre.

Because of the unpredictability of infestations from wear To year, Tuture wvear
savwings should be caonsidered only when more than one Treatment might bhe chosen hased
on current wear savings.  MNote: 11 grasshoppers are still hatching on the treatment
date, Carbary] bait, Malathion and Malathion ELATs should not be used.

ESTIMATED ECOWOMIC SAVINGS ($acrel:

Treatment Twpe Current wear Future wears Total sawings
No Treatment 0,00 to 0,00 0,00 To L0 0,00 to 0,00
imilin RAAT=s-canola o1l -0.73 to 0.15 Q.00 To o0 -0.73 to 0.15
Carbary]l RAATs-canola 0,87 to 0,01 .00 o Q00 0,87 to 0.01
Dimilin EasTs-crop o1l -1.00 to -0,12 0,00 o O, 00 -1.00 to -0.12
Malathion RAATs -1.29 to -0.51 Q.00 o Qo0 -1.29 to -0.51
Malathion -2.71 1o -1.83 0.0 To .00 -2.71 1o -1.83
imilin -2.86 to -1.98 Q.00 o Qo0 -2.86 to -1.98
Carbaryl hait -3.92 to -3.04 Q.00 o Qo0 -3.92 to -3.04
carbaryl -4.47 to -3,58 0,00 To L0 -4.47 1o -3.58

Figure 3: Treatment Recommendation and Economic Analysis in CARMA.

5 A Facelift for CARMA

LISP (short for List Processing) is a programming language which was invented in 1958 (Russell & Norvig 2003). LISP was
the dominate artificial intelligence (AlI) application language for approximately 25 years, and is still the favorite amongst Al
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enthusiasts due in part to its ability to support elegant solutions to problems which are too complex to solve with
conventional programming languages. LISP programs generally run within a LISP interpreter rather than being compiled to
executable code which runs native within a specific environment. A variety of different and not entirely compatible LISP
flavors were combined in 1992 to produce ANSI Common LISP (Steele 1990). The core of CARMA was originally written
in Common LISP and was capable of running on a wide variety of platforms (e.g, Linux, Macintosh, Windows) for which a
LISP interpreter was available. A no cost, open-source LISP interpreter, GNU Common LISP (GNU 2007), was available at
the time and many more have been developed since. Although the core of CARMA was capable of running on multiple
platforms, the user interface was capable of running only on Windows through a proprietary and expensive Windows-specific
LISP interpreter. While CARMA operated nicely for several years, problems began to pop up as the Windows operating
system changed, in turn leading to changes in the proprietary LISP interpreter, and finally requiring changes to CARMA.
Avoiding this maintenance expense was combined with our desire to field a product which was available to a wider user base
than just Windows users. Common sense, then, dictated an approach not restricted to a single platform and not tied to an
expensive solution (i.e., a Windows-specific LISP interpreter) for which CARMA would continue to face periodic, expensive
interpreter upgrade fees and time consuming updates in order to continue operating. The challenge was thus to develop an
approach which would make CARMA accessible on a variety of computing platforms while at the same time modernizing
the interface and moving away from the expense of the proprietary LISP interpreter.

5.1 Architectural Challenges

Several approaches to revamping CARMA’s architecture were considered. Each of the solutions include consideration of
Java (Gosling et al. 2000), an interpreted programming language which has superb graphical capabilities and is quite
platform independent due to the availability of Java interpreters (called Java Virtual Machines or JVM’s by Sun
Microsystems) for a wide variety of operating systems including PDA’s.

1. Complete rewrite in Java. A complete conversion of the core reasoner and user interface to Java would provide
platform independence of the resulting application, but given that the CARMA LISP core contained approximately
10,000 lines of code, and LISP and Java are entirely different languages, a complete rewrite would be a time
consuming, if not almost overwhelming, task.

2. Server-side LISP. An Apache server module called mod_lisp (Battyani 2007) would support serving the CARMA
core through Apache and require working out a corresponding web interface (e.g., using Java). An advantage would
be that the core LISP reasoner would likely require minimal changes and additions in order to link with the user
interface. Another advantage would be that CARMA could be updated as needed (e.g., to stay in line with current
grasshopper management practices or to incorporate new data) and the user would simply access the CARMA web
site in order to run CARMA rather than downloading CARMA to gain access to the most current version. The
disadvantages include a dependence on the uptime of the server, and an inability to install and run CARMA locally (a
big disadvantage for users who access CARMA in the field or in remote locations).

3. A LISP interpreter written in Java. A LISP interpreter written in Java would be capable of running the core of
CARMA and could be written to so as to provide access from the LISP code to Java’s graphical capabilities. A
disadvantage of this approach is that the CARMA core would in effect be a program running inside of a LISP
interpreter running inside a Java interpreter, and could suffer in terms of execution speed. Another disadvantage of
this approach is that writing such a LISP interpreter (in Java) would be a daunting task. As with the previous
approach, an advantage would be that the core LISP reasoner would require few changes. Additional advantages
would include support for a modern user interface, and platform independence (i.e., CARMA could run on any
platform for which a Java interpreter is available). In addition, by being wrapped inside a Java-coded interpreter and
not tied to a particular platform, CARMA’s code would be isolated from changes to operating systems (e.g.,
Microsoft) A further advantage of this approach is that CARMA would also be capable of running either as a user-
installed application or through a web browser using Java Web Start, a technology which allows a user to easily
access and run the most current version of a full-featured remote application.

Simple prototypes for the first two options were developed, but were deemed unacceptable based in large part on the
disadvantages previously mentioned. The decision was made to proceed with the third option and in 2003, we began writing
a LISP interpreter in Java. The effort was admittedly slow. Fortunately, someone beat us to the punch. Armed Bear Common
LISP (ABCL) (Graves 2007) is a very capable Common LISP implementation that runs within a Java interpreter. Given the
availability of ABCL, attention turned to developing the Java interface and linking it to the CARMA core through ABCL.
The approach used for the new architecture of CARMA is described in the next section.

5.2 New CARMA Architecture

A general overview of CARMA’s new architecture appears in Figure 4. CARMA is comprised of two distinct parts:
1. A Java graphical user interface which runs as a Java application inside the interpreter (JVM), and
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2. The LISP core reasoner which runs as a LISP application inside the ABCL interpreter (which in turn runs inside the
JVM).

Java VM

CARMA Java GUI ABCL (Interpreter)

CARMA Lisp Core

String evaluate(String sexpr)>

Java Lisp
Bridge » String inquiry(String args) Bridge

Figure 4: A general overview of the architecture of CARMA.

Two way communications between the two components is accomplished by bridge modules. In general, the Java bridge
is responsible for initializing the ABCL interpreter and asking the ABCL interpreter to evaluate LISP s-expressions (i.e.,
calling LISP functions and receiving back results). The LISP bridge directs questions and messages to the Java bridge
whenever such information should be presented to the user through the GUI. A brief overview of this communication
process within CARMA is as follows:

1. During initialization of the CARMA Java GUI, the Java bridge forces loading of the ABCL interpreter by evaluating
a dummy expression through the statement

Interpreter.evaluate("(+ 3 5 )" );

and follows by loading each of the CARMA LISP files into the LISP interpreter.

2. Once the Java GUI has finished initialization and is available, the user can select from a number of different menu
options. The main (but not only) function of the GUI is to allow a user to run an advising consultation. When the user
instructs the GUI to run a consultation, the Java bridge tells the LISP interpreter to process a new consultation by
calling

Interpreter.evaluate (" (consultation nil)" );

3. When the LISP bridge is instructed to run a consultation, it initializes the LISP to Java communication path as
follows:

(a) If a Java bridge object has not yet been created ' , it is created using the ABCL methods jnew and
jconstructor:

(setg *java-bridge-object* (jnew (jconstructor "Bridge")))

(b) Links to Java bridge methods are made using the ABCL method jmethod, e.g.,

(setg *java-bridge-inquiry-method*
(jmethod "Bridge" "inquiry" "java.lang.String"))

'"The LISP bridge is responsible for creating the Java bridge object to which it will direct its communications.
Prior to this point, the Java bridge code is executed at the static class level.
7



Latchininsky, Hastings and Schell: Good CARMA for the High Plains
4. Once the LISP to Java bridge is initialized, the consultation begins. During its reasoning process, the LISP core will
direct questions or messages to the Java bridge:

(a) When the LISP core has a question for the user, it passes the question along with any additional arguments as
a string (e.g., “location-state” for determining the state of the infestation) to the Java bridge through the LISP
bridge which prompts the appearance of an input window. A typical CARMA Java GUI input window appears
in Figure 1. The user’s response is passed back to the LISP bridge in the form of a string:

(setqg return-string (jcall *java-bridge-inquiry-methodx*
*java-bridge-object* question))

(b) On the Java bridge side, the method signature looks like

public String inquiry (String args)

(c) The LISP core parses the returned string into a list and uses the result in the analysis of the consultation.

5.3 Minor Development Issues

For the most part, the challenges encountered during the development of the new architecture mostly related to determining
how to make the bridge modules communicate properly. In general, very few lines of code within the CARMA LISP core
were touched other than rewriting the code which previously called the Windows-specific LISP GUI code. Once the new
architecture was complete, CARMA ran into some problems with Java stack overflow errors. Java is not as adept at handling
recursion. However, CARMA, like many LISP programs, makes extensive use of recursion as a looping mechanism.
CARMA’s recursion pointed out a slight weakness in the Java (or ABCL) handling of recursion. Rather than trying to
potentially eliminate the issue by increasing the Java stack size or further looking into the ABCL code, just a few recursive
LISP functions were rewritten until a CARMA advising consultation could run to completion without errors on a personal
computer with limited memory. It is possible that this issue could reappear on less powerful computing devices such as
PDA’s.

Another slight issue was the embedding of ABCL within CARMA. The most recent version of ABCL, 0.0.9, contains
compiled LISP modules which create a larger distribution size and longer download times. For this reason, CARMA uses
ABCL 0.0.8 which has LISP modules in plain text LISP source code format. Although this choice might require a slightly
longer time for loading the LISP interpreter (if LISP source modules do indeed take longer to load than compiled LISP
modules), the time needed for downloading CARMA is reduced.

5.4 Availability

The most recent version of CARMA, 5.046, with grasshopper advising capabilities for Nebraska, South Dakota and
Wyoming is available free of charge for noncommercial purposes and can be downloaded and installed from
http://carma.unk.edu or run as a Java Webstart application.

6 Summary

CARMA is a decision-support system for grasshopper infestations that has been successfully used since 1996. Rising
treatment costs coupled with shrinking rangeland profit margins increasingly demand accurate selection of the most cost-
effective responses to grasshopper infestations, and CARMA fills that need. In the process CARMA provides advice
regarding grasshopper population management options in an environmentally and economically sound fashion, and is the
only pest management software that includes the more environmentally-friendly Reduced Agent-Area Treatments (RAATS)
as a treatment option and an open-ended capacity for user-based treatment updates. The most recent changes to CARMA’s
architecture demonstrate an approach to integrating an artificially intelligent LISP reasoner with a Java graphical user
interface (GUI) in a way which combines the strengths of the two languages (i.e., LISP for artificial intelligence and Java for
graphical user interfaces) in order to provide a strong reasoner while at the same time producing an appealing user interface
which is platform independent and web capable.
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