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Abstract

The methodology presented in this paper isthe result of accumulated experience gained through
many yeas of developing several expert systems in the ayricultural domain by the Central
Laboratory for Agricultural Expert Systems (CLAES). We have alopted aspiral model for the
overal life cycle of expert systems development. As will be eplained in this paper, the
development methodology of an expert system has two aspects. Knowledge engineeing, and
Software engineeing. From the knowledge engineeing aspect, we alopted the CommonKADS
methodology, and model driven approach has been applied.  From the software engineaing
aspect, there ae four activities for expert system devel opment: requirements gecification, design,
implementation, and testing. This paper will include adetail ed specification of each of these
activities. Theinternal organization of CLAES s planed to cope with the technical requirements
for expert systems development. The workflow among participating teams is explained.

| INTRODUCTION

Expert systems development is a complex and expensive process that needs to beappliedin an
organized manner. Many approaches have been introduced for this purpose eg. CommonKAD 1],
Components of expertisg[2], and Generic tasks[3], but theoretical approaches must be supported by
practical guidelines in order to apply these methodologiesin real life applications. The adopted
methodology presented in this paper is based on a spiral model that guides the overall li fe o/cle of
expert systems development (Fig.1). Acoording to this model, the development methodol ogy consists
of two main components:. Knowedge Engineering, and Software Engineering. These two
components are interacting with each other. In other words, they are not sequential in nature.
Some phases of the software engineering methodology may be applied before the completion of the
knowledge engineaing part and viceversa.

ITKNOWLEDGE ENGINEERING METHODOLOGY

The adapted methodology include threemain activities, that are direded in iterations asill ustrated in
(Fig.1), to produce successve versions of the expert system, starting from research prototype and
ending by the production version. These activities are:

» Knowledge acquisition,
» Knowledge analysis & modeling, and
» Knowledge verification.

The rest of this sdion is a detailed description of the applied methodology for each of these
activities.
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[1-1  Knowledge Acquisition

Knowledge acquisition isconsidered the battlened of the expert system buil ding process One of the
major difficultiesat this dageisto explicitly identify and capture knowledge relevant to the intended
application. The Central Lab for Agricultural Expert Systems (CLAES) has gained a considerable
experience in building expert systems in the agricultural domain. Accordingly, CLAES has

succeeled in building a set of interpretation models' (IM) for agricultural expert systems[6] that can

be reused for building new applications. The developed models help in defining the set of domain
models to ke acquired from the domain expert, hencedeaement unfruitful knowledge dicitation
efforts, and dred the process in an organized manner.  Acocordingly, thetask of a knowledge
engineg is to sded the appropriate modd for the intended appli cation, and determine the domain
models required by each sub-task, and conduct knowledge di citation sessonsto acquire the required
knowledge.

[1-2  Knowledge M odeling Steps

We followed the Select-and-Modify[7] approach for expertise modeling, where a complete generic
model is seded from a set of predefined modds, and subsequently modified to suit the needs of the
intended application, giving a complete aistomized expertise model, after additional domain
knowledge acquisition. This modding approach distinguished KAD S-1 [8] from other modd driven
approaches of the late 80, like Generic taskg 3] and Role Limiting Methods [4], where the generic
model s were hardwired into tods, and could not be modified.

The Sdled-and-modify approach is divided into the foll owing four activities:
1-Select-IM:  Seled an interpretation model acoording to a set of sdedion criteria (task features
according to CommonKAD S terminology). In our situation, we have devel oped a domain spedfic

'An interpretation modd as defined by KAD S methodology isa high level, skeletal structure that
describes the reasoning method (inference and task structure).



library that contains models covering most of the agricultural problems, eg., Irrigation,
Fertili zation, Diagnosis, Treatment, and Plant caring.

2-Evaluate-IM: Investigate, whether the seleded IM is aiitable for the application, or that it needs
some modification. This activity is done by identifying the discrepancies between the required
system behavior and that of the sdeded interpretation model . These discrepancies can be
discovered either by walking through the IM or by trying hypothetical casesto evaluate the

3-Moadify-IM: Modify the IM, to make it suitable for the intended appli cation.
4-Domain-KA: Acquire the domain knowledge acoording to the seleded, and probably modified
interpretation model.

[1-3 Knowledge Verification

Knowledge verification is the stage whereby we make quality assurance of the acquired knowledge.
Actually there are two points of interest: review procedure, and multiple expert conflict resolving
procedure.

11-3-1 Review Procedure

Establishing a review procedureat the knowledge acquisition stage reduces the dfortsto be done
later in the verification and validation of the devel oped system. Knowledgeis reviewed at the end
of different phases. knowledge dicitation, knowledge analysis and modeing, and
implementation.

Reviewing at the elicitation stage, isconducted by letting the domain expertsreview the results of
the knowledge dicitation sessons.

At the analysis and modeling stage, the domain experts review the fill ed forms describing the domain
knowledge. Sincetask and inference knowledge are documented in KAD S notation, which is hard to
be understood by non spedalists, the knowledge enginee performs this activity by walking through
them with the presence of the domain experts.

Reviewing at the implementation stage, is conducted by letting the domain experts review any early
prototype.

11-3-2 Multiple Experts Conflict Resolution

Multiple experts conflict resolution is considered asaway of verifying the acquired knowledge.
Becuse when two experts give different knowledge for the same thing, thentryingto resolve
this conflict yields more reliable knowledge, hopefully, agreed upon by bath of them. If no
consensus is reached the epert who is reaognized to be more speddized in the area of
disagreament is considered.

111 SOFTWARE ENGINEERING METHODOLOGY

As a software, building a knowledge based system entail s doing software engineeing activiti es that
are acoomplished in paralle with knowledge engineging activities that we have discussed in the
previous dion. These activities go through different stages, these stages are: requirements
spedfication, design, implementation, and testing. Aswe mentioned before, these activiti es are done
in successve iterations, each of which endswith the delivery of a new, more mature version of the
expert system, until the production version is deli vered.

The approach we areapplying for software development isacombination of rapid prototyping,
incremental, and traditional methods. Rapid prototyping is used first to reach an agreament on the
initial set of the system requirements. A laboratory prototype then isincrementally devel oped and
tested for maturity. The field prototypeisthen implemented by adding a better user interface and
more eplanation faciliti es to the laboratory prototype, then the field prototype is testedin real
environment.  Once the system is succesdully field tested, it can be @nsidered as the find
requirements spedfication of the production version. As we reach a complete requirements



spedfication, the production version can be developed using traditional software engineaing
methods.

As we have described the general broad linesin our software methodology, the rest of this ®dionisa
more daborate spedfication of each software engineaing activity.

[11-1 Requirements Specification

As down in (Figl), the outcome of the erly knowledge dicitation activity is an initial set of
requirements gedfications. Thisinitial set isthe basis for further knowledge acquisition efforts and
the basis for theresearch prototype preliminary design. The requirements gedfications isrevised
once the research prototype is evolved. This verson of thespedfication isthebasis for
developing the lab. prototype. At the end of thelab. prototype implementation and testing, the
requirements edfication document is revised again if necessry. This smnd revision isthe basis
for developing the field prototype. Thefinal requirements spedfication document isthen produced
after theimplementation and testing of the field prototype. Thisfinal document is the basisfor the
production version of the expert system to be devel oped.

[11-2 Design

A prdiminary design is done just after the set of initial requirements edfication is determined,
and a prdiminary modd of knowledgelayersis edfied. Thisdesign isthe basisfor theresearch
prototype which is used to produce the requirements gpedfication for the lab. prototype. Another
cycle of the design is done after the lab. prototype spedfications are determined, and more
elaboration on the knowledge moddl is conducted. This cycleisrepeated after the implementation
and testing of the lab. prototype to produce the design of the fiddld prototype. Oncethefield
prototype isimplemented and tested, the final design document of the production system isisaued.

Thefollowing is a description of the main subjeds to be mnsidered in the design document.

[11-2-1 Knowledge Representation

The mode of knowledge produced as an output of the knowledge engineeing activities is used as
a generic representation of knowledge in bath the preliminary design and the lab. prototype design
documents. In the field prototype design document, asedionisincluded describing how to map
this generic design into the knowledge representation schemes supported by the tod to be used.

I11-2-2 Interfaces

The ned for arobust, and mature interfaces increase from one prototype to the next.

In the research prototype, very smpleinterfaces are used (the interfaces provided by the shell). In
the lab. prototype, more enhanced user interfaces are developed. Interfaces to external packages
and databases areincluded in thefield prototype.

The same interfaces are used in the production version after adding any required enhancements.

[11-2-3 Explanation Module

In the research prototype, explanation facilities depend on the apabiliti es provided by the shell,
and are designed primarily for the developer to trace the behavior of the system. In thelab.
prototype, spedal explanation facilities concerning the why the system is asking a cetan
question and how the system has reached a ceatain concluson areprovided. Term
explanation, and detailed information concerning the mnclusions are included in the field
prototype. The production version uses the same explanation capabiliti es of the field prototype after
making the required enhancements.

[11-2-4 Implementation

The first dedsion to be taken after the approval of the design, isthe seledion of the implementation
tod to beused. The aiteria of seledion depend on the faciliti esrequired by the system version being
implemented. Expert system shells are suitable for research, and lab. prototypes. Although expert
system shells peed up the implementation process customized tods provide moreflexibility in
implementation. For this reason, a general purpose knowledge representation ohjed language



(KROL), has been developed, and gudeines for KAD S implementation using thislanguage were
defined[5]

The research prototype implementation starts with the purpose of acquiring the user requirements
spedfications. The primary purpose of the lab. Prototype is to test whether sufficient and
appropriate expert knowledge has been obtained and represented properly for solving the dassof
problems associated with the given application. The sewndary purpose of the prototypeis to
provide a redlistic test of the application's man-machine interface The main purpose of
developing thefieddld prototype isto test the acceptance of the system by other professonals different
from the experts participated in providing the domain knowledge. The prototyping process can be
summarized as foll ows:

An initial stage, in which a research prototype iscreated from initial knowledge @ptured from
experts. This prototypeisathrow away prototypein which the overall skeletal frame of the system
is built with one or more @mplete sedions.

An interim stage, in which amore @pable prototypeis derived from the initial stage prototype by
testing and reviewing the knowledge with experts and prospedive users. A laboratory prototype
is the output of this dage.

A final stage, in which a field prototype is produced from the laboratory prototype Thefied
prototype development  starts oncethe laboratory prototypeis matured. Thefield prototypeis tested
by the actual users for approval.

Once the prototyping stages are succesdully terminated, the implementation of the production
system startsusing the field prototype as a valid spedfication.

IV EXPERT SYSTEM TESTING

Expert system testing, is the procedure by which we @n be @nfident that the developed expert
system is consistent, complete, corred, and satisfies the original requirements and needs of the user.
This procedure evolves through a cycle of three main steps, namely Verification, Validation, and
Evaluation.

Verification ,as defined by Adrien et al. [9], isthe demonstration of consistency, completeness and
correanessof software. et a.[1011,12 Building the system
right ed system is functionally matching the proposed
design, and freeof semantic and syntactic arors.

Validation is the process whereby the system is tested to show that its performance matches the

origina reguirements of the proposed system. It isdefined by Adrian et a.[9 Validation isthe

determination of the correctness of the final program or software produced from a devel opment

project with respect to the user needs and requirements et a. [10],
he right system

Evaluation is the process whereby we ensure the usability, quality, and utility of the expert system
[13]. A completetesting cycleis performed in iterations through which, the expert system is updated
and refined. The following is a detail ed description of the different phases of testing procedure.

IV-1 Verification

Verification process evolves through the foll owing two main stages, during the devel opment of the
expert system:

1. Development stage

At this gage, the developers practice different functions of the implemented systems, looking for
potential errors. This can be acocomplished using different techniques. Generally, these techniques fall
into two lroad categories. Non Case-based techniques which include tracing, spying and other
traditional debuggng tedniques, and Case-based verification techniques which are applied by



spelled out in the requirements gedfication document.

2. Examination stage:

Before delivering the system to the user, the expert system is tested to make sure that it isrunning
properly, by testing all the functions of the system trying to examine the performance of the system in
different situations. The output of this dageis the verification report that documents the differences
between system design and. This report serves two aspeds. First, undocumented modifications
applied to the system during development can be addressed. Sewnd, further errors in
implementation can be discovered.

As a dired consequence of this report, the design document isupdated to refled undocumented
modifications in the implementation, and implementation can be revised to match design
spedfications.

IV-2 Validation

The validation process is performed by generating a set of test cases to be solved by bath the expert
system and the domain expert. Test cases are generated using the White-box testing method [10],
where they are seleded acoording to different situations of the expert system.

The output of this gage is the validation report, which identifies the differences between domain
experts lutions, and the expert system results.

V-3 Evaluation

The main goal of the evaluation step isto assessthe quality, usability, and utility of the expert system
from the point of view of human experts other than those domain experts who have participated in
knowledge acquisition phase, and from the point of view of the target users.

The basic idea of the adopted techniqueis to evaluate the behavior of the Expert system, against that
of human experts, by generating a colledion of carefully seleded test cases, and let a number of
human experts in the domain - aswell asthe expert system - solve these test cases. Another human
expert evaluates the generated solutions, and rank them according to their grades. Later on, an open
discusgon isheld to let human experts justify their solutions. According to this discusson, evaluation
of solutions may change, and the final ranking of solutionsisreached. If the expert system isfar from
precaence, the knowledge-base must be updated. The following is a detailed, step by step,
evaluation process

Prepar e case description forms
As a primary step in the evaluation process forms are designed for test cases. These forms vary
acoording to the kind of knowledge to be tested.

Prepare comparison criteria
An evaluation criteria, or aformula, is designed, to enable aformal judgment on solutions generated
by human experts, and the epert syssem. The sdeded criteria provides bath quantitative and
qualitative evaluation basis for judgment. The following is an example for qudlitative and
quantitative evaluation criteria:

Grade Abbr. Points
Excdlent E 3
Good G 2
Acceptable A 1
Unacceptable U 0

P, = 3*NE;+2*NG;+1*NA; 1 0*NU;



Where:
P; the performance score for expert #i

NE; number of cases evaluated as excdl ent
NG; number of cases evaluated as good

NA; number of cases evaluated as acceptable
NU; number of cases evaluated as unacceptable

Gener ate test cases
Test cases are prepared manually by knowledge engineas. The most import criteria of these test cases
isthat it covers bath normal cases, as well asthe most difficult, and rare ases.

Solving test cases

A copy of the sdleded test cases are given to three or four domain experts. The same @ses are
introduced to the expert system. Each of the domain experts aswell as the Expert system works out
the test cases independently

Evaluation of test cases

Solutions of test cases are evaluated in a blind manner, so that distinguishing between solutions of the
expert system and solutions of domain experts beames imposshble. One or two domain experts, other
than those who gave the knowledge acquired by the expert system - and of course other than those
who solved the test cases - are given test cases lutions for evaluation according to the previously
prepared formula.

Theresult
A scoreis given to each solution, and solutions are ranked according to these scores.

Observations and remarks

A meding is held todiscuss slutions. The domain expert who gave the knowledge acquired by the
expert system, domain experts who solved the test cases, evaluators, and the knowledge enginee
attend this meding to analyze solutions and reach the final conclusion about the behavior of the
expert system.

Updating knowledge and implementation
According to the mnclusions reached in the previous gep, the knowledge-base and implementation of
the Expert system must be updated, so the system becomes more robust and valid.

Documentation
A detail ed evaluation report is prepared at the end of evaluation process

V EXPERT SYSTEM MAINTENANCE

System maintenance is one of the most important activitiesto be mnsidered in the methodol ogy.
There are mainly two oljedives of system maintenance Thefirst isto discover bugs, and problems
that may arise during the actual, at site running of the system. The second isto make sure that the
system isup to date, and possessng the most accurate and the most recent knowledge @ncerning the
domain of application.

To fulfill thefirst ohjedive, forms are designed and distributed to all sites, where users of the system
can denote their remarks, complaints, and probdems. These formsare @lleded periodically, and
discussd with domain experts if it isconcerning the knowledge. Modifications to the knowledge-
base are documented and attached to the design document, accordingly, these modifications may
refled some danges to the implementation. Otherwise, if the problem is concening
implementation, the required modifications are made to the development version of the system, and
al modifications are documented and attached to the user manual of the next version of the system.



The seand objedive is achieved by the arrangement for periodical medings with domain experts,
where domain knowledge is reviewed, and the latest updates in the field are discussed, and the
required knowledge are acquired and augmented into the knowledge-base.

VI EXPERT SYSTEM DEVELOPMENT LIFE CYCLE

To place the previoudy described methodology in action, the internal organization of CLAESis
designed acoording to the activities done through the whole expert system development life gscle.
Three teams in CLAES are sharing the responsibiliti es of expert systems devel opment activities:
Methodology & Todsteam, Devel opment team, and Training & Evaluation team.

The Methodology and Tods team hastwo main responsibiliti es: First, setting upthe standards for
bath, knowledge engineaing and software engineaing methodologies. Second, developing the
necessary tods, that are required for theimplementation of the target knowledge based systems.

The Development team, acquires, analyzes, models, and implements the proposed expert systems
according to the standards gedfied by the methodol ogy team, using the devel oped tods.

The Training and Evaluation team, takes the responsibility of expert systems verification, validation,
and evaluation, in addition to arganizing training courses for end users on the devel oped expert
systems.

Verification J
Requirements report
spedfication \ /

Devel opment Training & Validation

Tean Design Evaluation | report
Team

- / Evaluation

Implementation report

(Fig. 2) Expert system devel opment work flow

The actual expert system life g/cle runs between the devel opment team, and the training & evaluation
team. As illustrated in Fig.2, the devedopment team starts the first cycle whose output is the
requirements Pedfication report, thedesign report, and the first implemented version of the expert
system. The training & evaluation team takesthis output and generates threereports: verification
report, validation report, and evaluation report. Verification report includes discrepancies between
the requirements Pedfication report and the design report, and between the design report and the
implemented system. Validation report includes differences between the implemented system
behavior and the behavior expeded by domain experts. Evaluation report includes comments given
by domain experts other than those who participated in knowledge acquisition, to certify that the
system is accepted from their point of view.

The produced reports by thetesting & evaluation team are forwarded to the development team who
analyzes these reports, and starts new cycle based on the mmments documented in these reports.

VIl Conclusion

The methodology presented in this paper ties three main aspeds: theoretical basis, practical
implementation, and workflow organizetion. The theoretical basis are derived from CommonKAD S,
the second generation expert system approaches gate of the art. The practical experiencewas gained
through the development of several expert systemsin the domain of crop production management,
this diredly affeded bath the methodology appli cation, and the workflow organizational structure of
the lab.



A spiral modd for expert systems development is introduced, through this mode, knowledge
engineaing activities and software engineaing activities are described, also we described how the
expert system evolves darting from research prototype, till the development of the production
version.

The internal organization of CLAES, and the workflow is introduced, showing how the
responsibiliti es are assgned to each department, and how they interact through diff erent stages of
buil ding the expert system according to the defined standards.
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