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Abstract.   Basic issues to be addressed in a new project aimed at
developing a web-based advisor for integrated plant protection
which uses Case-Based Reasoning techniques are described and
discussed. The integrated protection problem and the decision
making process underlying the problem solving are presented.

Some of the critical aspects in applying case-based reasoning
techniques to support this decision making problem are discussed.

Two more issues, dealing mainly with methodological aspects,
are analyzed: system requirement specifications and  maintenance
problems.

1 INTRODUCTION
Integrated Protection (IP) consists of a set of practices aimed at
favoring the set up of an agricultural development model
characterized by a reduced environmental impact.

Among the basic principles of IP in plant diseases management:

•  a tolerance threshold under which plant disease damages can
be economically accepted;

•  a classification of chemicals and techniques, with respect to
their impact on the environment, including growers and
consumers. A list of authorized chemical products is provided
by the International Organization for Biological Control,
further revised by the local government.

So, the application of IP practices in plant disease management by
growers and agronomists requires:

•  a large knowledge of plant diseases evolution, in order to be
able to estimate the risk of  overcoming the tolerance
threshold disease;

•  updated information on chemicals and techniques.

Our interest at IRST in this application domain dates back to 1990.
The goal was that of verifying the usefulness of Artificial
Intelligence (AI) techniques for setting up decision support systems
for the use of agronomists and growers. This work was conducted
in collaboration with the Istituto Agrario S. Michele all'Adige
(IASMA) and,  in particular, with the lab doing research on plant
disease defensive techniques.

Our approach, following to the state of the art of knowledge-
based applications to agriculture [1], was that of identifying a
precise problem and of building a specific knowledge-based
system that could help find solutions for it. We concentrated on
Integrated Pest Management (IPM) problems separating the pest
diagnosis problem from the remedy actions planning problem.

We developed a pest diagnosis advisor for apple orchards, for
the use of farmers [2] and extended it with a module that gives
advice to growers on seasonal pest control activities to be
performed in order to monitor and control the presence of serious
pests in the orchard [3]. The system was validated by thirty expert

technicians of the Agriculture Advisory Service of our province
[4]. Among the most relevant results of this work is a set of
requirements for a decision support system for technicians.

Recent approaches of AI applications to agriculture, and more
generally to environmental problems, tend to adopt a “systemic”
approach (e.g. [5]).

That is to say a problem is considered for its impact on the
involved organizations and the proposed applications aim to be
integrated in larger information systems exploiting the fact that
different organizations may manage information sources and
resources that are relevant to problem solutions.

This basically has a twofold effect in applying AI techniques to
environmental problems: first, an organizational analysis becomes
a necessary step when specifying application requirements; second,
different AI techniques need to be integrated resulting in hybrid
systems and integrable with specialized software technology, such
as DBMS, Geographical Information Systems and WEB
technology [6].

The current project is aimed at developing a web-based advisor
for the use of technicians when giving advice to growers in plant
disease management.

In the following section I will describe the application domain
by considering an example of IP application in the case of apple
pests. The different knowledge and information sources that enter
into the decision making process are also described together with
the roles of different domain stakeholders: the farmer, the advisory
center technician, the expert in IP directives and in plant diseases.

In section 3 I shall briefly recall the basic features of the Case-
Based Reasoning (CBR) approach to problem solving and discuss
the motivations that led to the choice of this technique as the most
promising in supporting the IP problem discussed here.

In section 4 I shall point out some important methodological
issues that will be addressed in the project: first the specification of
system requirements, a critical aspect in developing effective
software systems, second the CBR system maintenance problem.

2 THE APPLICATION DOMAIN

2.1 Applying integrated protection. An example in apple
pest management

Plant pest control - according to IP directives - is to maintain pest
damage on crop under the tolerance threshold. That is an
economically acceptable number of damaged fruits.

For instance, for the "Aphis Pomi", an important pest for apple
orchards in Trentino - a region in Northern Italy -, an acceptable
tolerance threshold in May can be expressed as 10% of damaged
blossom and a set of defensive actions should be performed in
order to approach 0% of damaged fruit by the end of August. This
approach requires controlling the orchard  every 15 days.

Natural plant protection techniques must be known - for example
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the use of antagonists or low impact pesticides - in order to find the
actions capable of reaching the 0% damage threshold goal.

2.2 Skills and information sources. The role of the advisory
service technicians.

We analyzed the IPM problem by separating the disease diagnosis
problem from the remedy actions planning problem. A further
characterization of this second problem shows that it calls for two
basic types of decisions.

The first one, corresponds to the choices, made by growers at the
beginning of the year, concerning plant disease management
strategies to be applied to specific orchards.

These choices rest on risk estimations of plant diseases, derived
from a careful analysis of historical data, and on economical goals.

The technician of the advisory center supports the grower in
making this decision. Strategic plans are defined taking into
account evolution models of plant diseases provided by the IASM
labs and tested on the field by the technicians.

These plans combine actions aimed at assessing disease extents
and remedy actions.

Figure 1:  Stakeholders are represented as actors: the farmer  that has the
goal of making profits and having a healthy working environment; the
advisory service that has a soft goal of providing good services to the
farmer; the plant disease experts having the goal of improving their
knowledge on diseases and defense techniques; the local government that
has two related soft goals: that of protecting the environment and that of
promoting a sustainable agriculture approach. Graphical symbols are used
according to the i* Strategic Dependency model notation.

So, for this type of decisions, the most critical information are: a
correct evaluation of historical data, disease evolution models and
precise data on chemicals and on their side effects.

When applying a strategic plan  growers and technicians are
periodically required to evaluate the data  gathered on the field and
to find specific remedy actions in case of unforeseen, critical
situations due to particular weather conditions or by anomalous
disease manifestations. This concerns the second type of decisions.

In this case the most important information are: the weather
forecast and the expertise on the application of agronomic
techniques.

The technicians of the advisory center record their activities and the
main events in reports that are discussed at the end of the season
during a collective debriefing meeting.

These reports provide a valuable memory also for the next years
activity.

Figure 1 depicts IPM problem stakeholders, their basic goals and
dependencies, in i* notation, explained in section 4.1.

3 REASONING TASKS AND AI
TECHNIQUES

So far I've described two types of decision making problems
related to the IPM problem at issue: the disease diagnosis problem
and the remedy actions planning problems.

In this section I'm interested in discussing AI techniques that suit
the reasoning tasks that growers and technicians perform while
solving one of the two problems.

I shall briefly analyze these reasoning tasks and focus on those
that seem to better match CBR technology.

Plant disease diagnosis. Solving this problem requires facing two
reasoning tasks that we respectively called damage observations
classification, and diagnosis.

•  Damage observations classification consists in associating a
set of observed damage manifestations to diseases. This
process results in a list of candidate diseases. In [2] we faced
this reasoning task by exploiting a discrimination tree of
damage descriptions whose leaves correspond to specific
damage descriptions and identify a particular set of diseases
that, without any further data, can all be responsible for the
observed damages. This system can be seen as an electronic
practical booklet for growers.

•  Diagnosis consists in finding the disease responsible for the
observed damages among those in the list. In [2] we exploited
the Parsimonius-Covering theory of Peng and Reggia [7] to
support an incremental abductive process where newly
observed damages could be taken into account, once
classified,  resulting in a more precise diagnosis.

Planning remedy actions. From the analysis presented in section
2.2 we can reach the following main reasoning tasks: defining a
strategic plan, currently the responsibility of the technician of the
advisory service, choosing a strategic plan for a specific farm at
the beginning of the year, managing an unforeseen disease crisis.

The last two reasoning tasks are the responsibility of each single
farmer, but currently, they involve the advisory service technicians.

•  Strategic plan definition. As discussed in section 2.2 strategic
plans are defined taking into account evolution models of
plant diseases and specialized defense techniques. We
approached this problem in [3] by applying "skeletal plan"
techniques [8].

•  Choice of a strategic plan. A farmer has to choose, among a
set of predefined strategic plans, the most appropriate to
his/her case.

•  Managing disease crisis. When an unforeseen event occurs
and an appropriate remedy action must be search it can be
critical to have information, as quickly as possible, by
someone who has managed similar situations as well as by
experts in specific defense techniques.

As already stated, the current project will focus on these last two
tasks and one of the main efforts will be finding the right way to
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exploit CBR techniques in tackling them.
One of the reasons that make us confident in the choice of CBR

technology is the availability of grower and technician reports on
their seasonal activities which, in our opinion, represent an implicit
model of the combined phenomena: plant disease (environment)
and effects of applied remedy actions. In the following section I
will discuss the current hypothesis of CBR utilization in the
project.

3.1 Case-based reasoning

The CBR approach rests on the idea that a problem-solving
experience can be stored, as a case, in a case memory (called case-
base) and that it can be reused to solve a new, similar problem
upon adaptation [9].

The CBR technology has been successfully  exploited in
different application problems ranging from help desk applications,
to planning and design [10], [11].

Using CBR to a particular application problem requires to
identify parameters relevant for decision making (sometimes called
domain modeling), to acquire cases that are described according to
these parameters and to maintain the quality of the case base over
time.

Three main classes of CBR systems are described in the
literature depending, basically, on the type of knowledge sources
they use.

They are: Textual CBR systems that exploit collections of know-
how documents containing elements useful for  problem solutions;
Conversational CBR systems typically used in help desk
applications where a few questions are needed for decision making;
Structural CBR systems that need a domain model definition.

In [12] these three classes have been characterized and compared
respect to basic issues to be faced in their utilization, like initial
modeling, case creation and knowledge maintenance.

In our project we are currently evaluating two main hypotheses:

•  exploiting the available repository of technician reports on
their seasonal activity on plant disease management to build a
textual CBR system. This choice will require a considerable
initial effort in defining domain terms, synonyms, and stop
world. Measurements of recall and precision of the CBR
system in use will be a critical quality factor. We will consider
the opportunity to exploit existing tools for building textual
CBR [13].

•  defining a domain model of plant diseases and of their IP
compliant management techniques and building a structural
CBR system. In this case, a major effort is required in defining
a suitable case model, the meaningful case features and the
appropriate similarity metrics to be used in similarity retrieval.
The case acquisition process has to be designed and managed
in order to obtain a good case-base in a reasonable time.

In our opinion the first hypothesis will allow to overcome the
acquisition problem, while the second should be pursued in order
to have a system that allows to build solutions more efficiently.

The CBR technology will characterize the application logic level
of the web advisor which rests on a standard distributed system
architecture [14], briefly discussed in section 4.2.

4 SYSTEM DEVELOPMENT METHODS
At this point I shall mention two software development
methodologies, born in the AI community, that will be used in the
project: the i* framework [15] aimed at supporting requirements
specification and the INRECA CBR methodology [12].

4.1 System Requirements Specification with i*

Requirements specification is a critical activity in developing an
application, as largely recognized in software engineering [16].

Underestimating this activity could affect the success of the
project. Moreover, when building innovative applications
particular attention should be paid in considering their impact on
the work organization, that is an analysis of the business process is
required.

This aspect becomes particularly critical when building
distributed software systems (in particular agent-based systems)
and specific methods to support this requirement specification
activity are being developed.

The so called i* framework [15]  offers a graph based language
to model stakeholders (called actors), their intentions in the
business process, modeled as goals, and the network of
interdependencies among actors (i* stands for “distributed
intentionality’’).

Two basic models are provided: the Strategic Dependency
model that describes the different types of relationships among
actors: goal, task, resource dependencies; the Strategic Rationale
Model that describes the reasoning that each actor goes through
concerning its relationships with other actors.

These models have been formalized using intentional concepts
from AI, such as goal, belief, ability, and commitment (e.g., [17]).

Figure 1 illustrates a strategic dependency model of the main
stakeholders in our IPM scenario: the farmers (growers), the
technicians of the advisory service,  the experts in  plant diseases
working at the IASMA labs,  the local government.

These stakeholders are modeled as actors (circles) which are the
nodes of the strategic dependency graph.

The link between farmers and agriculture advisory service
represents the dependency of farmers on the technicians of the
advisory service in attaining their goals that they are otherwise
unable to achieve on their own, or not as easily, or not as well.

In i* notation goals are represented by ovals and soft-goals by
clouds.

Figure 2: Means-ends analysis for agriculture advisory service.

Pursuing further the actor-goals analysis other dependencies can be
highlighted, for instance between the local government and the
agriculture advisory service, since the local government delegates
to the advisory service its goal of promoting a sustainable
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agriculture approach and gives it the role of controlling that
authorized chemicals only be used.

Once a goal dependency is established from, say,  farmer to
agriculture advisory service, the goal is now the agriculture
advisory service’s responsibility and the goal needs to be analyzed
from the agriculture advisory service’s perspective.

The recommended  way to do this in i* is by analyzing each goal
relative to the actor who is responsible for its fulfillment, by
pursuing means-ends analysis inside a strategic rational model.

Figure 2 shows  portions of such an analysis from the
perspective of the agriculture advisory service actor.

Conducting means-ends analysis is, for example,  to decompose
goals into sub-goals and tasks needed for their fulfillment.

A goal may have several different tasks that can fulfil it. For
instance the agriculture advisory service goal Promote IPM can be
reach by pursuing the sub-goals Support farmers and Disseminate
IPM concepts. Among the tasks that fulfill the Support farmer goal
that of defining a strategic plan and of analyzing potential
infestation risks, and that of giving advise to farmers on specific
disease situations.

This analysis ends with a set of dependencies between the actor
and other actors through which the goal can be reached. The final
result of this phase is a set of strategic dependencies among actors.

Figure 3 depicts the resulting strategic dependency model that
shows the dependencies between the agriculture advisory service
and the plant disease experts for knowledge and data (resources)
critical to an effective application of IPM, such as updated disease
evolution models and data on the impact of chemicals to the
environment.

Figure 3: i* Strategic Dependency model resulting from early
requirements.

This aspect will be taken into account when designing the web
advisor for technicians.

Applying the i* framework in early requirements analysis allows to
better understand the key needs of the application's users and to
discover possible changes of their roles in the organization and of
the way they will interact upon introducing the software
application in their work environment.

This view is further expanded in a software development
methodology called Tropos [18], where a key role is assigned to
the  analysis of the actors, their goals, and the actors' dependency
relationships arising during goal satisfaction, along all the phases
of software development, from early requirements, to late
requirements, architectural design, detailed design, and
implementation. In particular, it can be seen that pursuing a deep
analysis of soft goals allows to model non-functional requirements.

4.2 System architecture (a preliminary sketch)

The system architecture will result from the analysis of both
functional and non functional requirements.

Figure 4 depicts a preliminary sketch of the system architecture
that takes the emerging requirements of a distributed architecture
into account.

The system architecture, as discussed in [14],  can be organized
along the following levels:

•  Presentation. That is queries and results pages. In a standard
Web architecture it will rests on clients and web server nodes
of the physical architecture.

•  Application Logic. It may include specialized systems that
support the reasoning tasks discussed in section 3.

•  Data. It includes data bases of chemicals, activity reports, and
disease models.

Moreover the system will need to access to services provided by
external systems, such as the regional meteo Web site.

Figure 4: Sketch of the system architecture

4.3 Critical phases in CBR system development process

The INRECA methodology [12] offers a framework to set up a
suitable development process of a CBR system, depending on the
class of CBR system to be implemented.

It suits the needs met in building simple help desk applications
as well as complex equipment maintenance systems based on a
hierarchy of subsystems models.
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It offers a set of guidelines for both the system development
activities and the processes to be activated in order to guarantee a
successful utilization of the system.

Among the technical processes discussed by the INRECA
framework are those related to generic IT-system development (i.e.
system specification, implementation, integration, verification) and
those related to the knowledge repository development (i.e. initial
knowledge acquisition, core knowledge acquisition).

Moreover a specific process, related to the knowledge
repository, is defined for the system use, i.e. the continuous
knowledge acquisition and maintenance process.

Particular care should be taken in designing  this process in order
to take into account changes due to the domain knowledge
evolution (for instance new chemicals, disease models updating)
and  changes induced by the learning mechanism related to the case
acquisition process.

5 CONCLUSION
I have presented a project aimed at developing a web-based advisor
for plant disease management according to Integrated Protection
directives.

A peculiarity of this system will be the integration of current
technologies for distributed software systems with a reasoning
module resting on CBR techniques.

The paper discusses project motivations and basic issues that
will be addressed in the project both at the CBR research level and
at the software development methodological level.
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