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Application Domain . Agriculture

Abstract : This paper describes the eperience of the development and deployment of an expert system for
cucumber production management under plastic tunne (CUPTEX). CUPTEX isintended to be used by agricultural
extension servicewithin the Egyptian Ministry of Agriculture (MOA), and by private sedor. The main oljedive of
developing such systems is to transfer new tedhnology in agromanagement to farmersthrough packaging this
technology using expert systems. Thiswill | ead to increasing the production and hencethe national income, from
one hand, and reducing the production cost from the other hand. CUPTEX was developed using a methodology
based on KADS. CUPTEX is composed of three epert systems for fertigation, plant care, and disorder
remediation. The validation of CUPTEX has revealed that it over performs a group of experts in different
spedadlities.  Although thedirea payoff isnot the main objedive of the development, experimenting CUPTEX in
two research sites has revealed that approximately 26% increasein the production, and 15% deaeasein dired cost
have been attained. These results $ow that CUPTEX could pay off approximately 60% of the development cost
in 4 months if it is used to manage the plastic tunnels cultivating cucumber in the five sitesin which it was
deployed. CUPTEX could also pay off its cost by charging nominal pricefor each copy deployed to private sedor
farmers. Maintenance was amain concern from the very beginning . In our case the main source of knowledge for
farmers is MOA. Therefore, the ommitment of MOA to expert systems technology helped and will helpin
keegping the knowledge base of CUPTEX up-to-date. The Central Lab. for Agricultural Expert Systems (CLAES) is
the responsible body within MOA to maintain the system. The methodolgy developed whil e building CUPTEX
have been and will be used for other crops. CUPTEX is now available under DOS on a 486 based machine.
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I ntroduction

Expert systems was identified eight years ago ,by the Egyptian Ministry for Agriculture(MOA) , as an appropriate
technology for transferring knowledge and expertise of agriculture spedali sts to extension service[Rafea, 1987. In
1989 the Expert Systems for Improved Crop Management (ESICM) projed was initiated with two main
obedives: building an expert system laboratory within MOA that has the @pacity to identify, develop, and
maintain expert systems, and seand developing two expert systems for the production management of cucumber
under plastic tunndl, and citrusin the open field. Sincethat time several expert systems for these two crops were
developed, [Rafea,1991], [Rafea, 1997, and[El-Dessouki, 1993 .In addition a knowledge engineaing methodology
was evolved starting by waterfall-like methodology [Rafea,1993], and ending by aKAD S-like methodology
[Rafea, 1993], [Rafea,1994. A knowledge representation ohjed language (KROL) on top of Prolog
[ESICM, 1997 was also devel oped to implement the production versions of these expert systems.

The paper consists of seven sedionsin addition to the introduction. Thefirst sedion describe the aop management
problem. The second sedion presents the development methodology. The third sedion describes CUPTEX. The
fourth sedion discusses the deployment methodology. The fifth sedion shows how the appli cation can pay off its
development cost through a real experiment conducted inthesitesin which CUPTEX was deployed. The sixth
sedion introduces the maintenance methodology appli ed, and finally the seventh sedion includes the anclusion.

Problem Description

The application described in this paper isthe expert system developed for Cucumber Production Management
under Plastic Tunned (CUPTEX). Plastic tunnels are like green houses but made of plastic. Crop production
management can be defined as the set of agricultural operations done to producethat crop. Advises about these
operations are given by spedalists in: soil and water management, plant pathology, entomology, production,
breading, and horticulture. Analysis of these operations has revealed that an expert system for crop management is
a family of expert systems that work together to generate a schedule for agricultural operations. The functionality
of these operations was analyzed and consequently classfied into these ategories: fertigation, plant caring, and
disorder remediation.

The main objedive of this application is to gotimizethe production of cucumber which isranked as the first
vegetable aop, in production, cultivated under plastic tunnels.

This ohjediveis achieved by transfering the expertise of highly spedalized human expertsin different agricultural
spedalities to the extension workers who are agricultural enginee's working in proteded culti vation sites at the
digtrict level. These extension workers advise the farmers regularly when they come to get advises about their
cultivation. Some aggresive farmers are also provided by the expert system developed to useit diredly.

The objedive of increasing production is actually one of the most important oljedives of the Egyptian Ministry of
Agriculture because of the gap between the food commoditi es produced locally and the ones imported. Different
solutions are followed through training the etension workers, making extension documents, and conducting
reserach to introduce new varieties that produce high yield, using traditonal breeding methods, and advanced ones
like genetic engineeing. The epert system solution lies in the ategory of enhancing the performance of the
extension workers by providing them with an advanced tod. Although we @annot claim that other solutionslike
training and producing extension documents fail ed to enhancethe performance of extension workers, we seehow
expert system can efficiently help in this regard because of the integration of the expertise of different spedaliti es
provided in one package, and how it over performs the usage of traditional extension documentswhich give
general advise, not spedfied to a cetain situation. The epert system also owver performs an individual human
expert spedalized in one domain.

Development M ethodology

The methodology is divided into two main parts: knowledge engineeing, and software engineging. The two parts
of the methodology are interacting through a spiral modd. The output of the knowledge engineaing processis fed
into the input of the software engineaing activities. The main interaction is through feeding the results of the
knowledge analysis phase into the design activity. The methodology also preserves the design model through
introducing a method to transfer the design into an expert system development shell. This methodology
[Rafea, 1993, [Rafea, 1994 has been based on a KAD S [Wielinga, 1991, and [Widlinga, 1997.
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K nowledge Engineering M ethodology

The knowledge engineging methodology included : acquiring the knowledge, analysing and modédlling the
acquired knowledge, and verifying the modelled knowledge.

The knowledge was acquired using structured interview, concept sorting, and protocol analysistechniques. The
knowledge engineging team consisted of two knowledge enginees, and five domain expertsin the foll owing
spedalities: production, irrigation, nutrition, plant pathology, and entomology. The developed prototypes were
also used asan automated tod for refining the acquired knowledge.

The knowledge analysis and moddlli ng procedure included: domain analysis, inferenceanalysis, and task analysis.
Domain analysis. The documented knowledge was analysed aiming at identifying concepts, properties of
these @ncepts, and reations. Therelations are a@ther relations between concepts or relation between expressons.
Concepts, and relations found to be used by more than one subsystem were identified and grouped in a common
knowledge base. Inferenceanalysis. The documents and tapes generated from knowledge acquisition activities
were analysed with the purpose of finding the domain knowledge which the epert wasusingtoreach a
conclusion from spedfic components in the domain layer. So, the inferenceanalysiswas aiming at moddli ng
the acquired knowledge. Thisanalysis was guided by the inference layer structure described by KADS. The
projed has succeeled in developing a set of interpretation models for the aop management domain. These
models can be used later for developing any crop management expert system . Task analysis: Thetask analysis
was aiming at finding the sequence or the procedure which the expert used to reach afinal conclusion.

The knowledge was verified at the knowledge acquisition stage, analysis dage and implementation stage.
Reviewing, at the dicitation stage, was conducted by letting the domain experts review theresults of the
knowledge dicitation sessons. Reviewing, at the analysis and modelling stage, was conducted by letting the
domain experts review the filled forms describing the domain layer. It was difficult for the domain expertsto
review the inference and task layers as described here.  Therefore, the task layer was explained in netural
language and approved by the expert asavalid way for solving the problem. Reviewing, at the implementation
stage, was conducted by letting the domain experts review early any prototype. Multiple experts conflict
resolution was considered as ®ome sort of verifying theacquired knowledge. Thiswas becuse when two
experts gave different knowledge for the same thing, then trying to resolve this conflict yielded morereliable
knowledge. If no consensus was reached the view of the expert recognized to be more spedalized in the area of
disagreament was considered.

Software Engineering M ethodology

The software engineaing team consisted of two software engineas. The approach we proposed for software
development was a combination of rapid prototyping, incremental, and traditional methods. The rapid
prototyping was used first to complete the reguirement spedfications. The incremental model started by
implementing the Laboratory prototype and ended by implementing the tested version of the field prototype. The
tested field prototype was considered the final spedfication for the production version which was implemented in
a shell we have developed on the top of the programming language PROLOG. The development of the production
version was done in thetraditional way as the spedfications were cmpleted and tested using the field prototype.
The software development included a set of activities: requirements gedfications, design, implementation,
and testing.

Requirements Spedfication: An initial set of requirements Pedfications was determined as aresult of early
knowledge dicitation activity. Thisinitial set was the basis for further knowledge acquisition efforts and the basis
for the preliminary design of theresearch prototype. The requirements edfications wererevised regularly after
each prototype implementation.

Design: A preliminary design wasdone just after the set of initial requirements gpedfications were determined,
and a preliminary model of knowledge layerswas $edfied. Thisdesign was the basis for the research prototype
which was used to producethe requirements pedfications for the lab. prototype. The design was revised after the
implementation of each prototype. Major areas, to be mnsidered in the design, were : therepresentation of
knowledge, interfaces, explanation, data base, control strategy, and tod spedfication.

Implementation : Thefirst dedsion taken after the approval of the design was the seledion of the implementation
tod. This dedsion was based on: the knowledge representation supported, interfaces to external modules,
explanation facilities, the primitives, provided, to code the @mntrol medanism, and hardware and software
needs for system delivery. Although using a shell speads up theimplementation process the projed experience
identified these two maor constraints on using shells: Implementing a spedal explanation module and/or a
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spedal control medhanism is unfeasible in lessexpensive tods,and the delivery of a developed system needs a
runtime license for expensive tods that give the user the environment to customize an appli cation, which may cost
about $120Q Therefore, the programming language PROLOG was remmmended for the production version. For
research & laboratory prototypes the NEXPERT/ Objed shell was used for implementation.

Verification & Validation: The epert system verification and validation went through four distinct stages:
verification of the laboratory prototype through domain experts participated in the development, validation of the
field prototype through external domain experts, validation of thefield prototype through the end users, verifying
the production version using all the ases used whil e testing the field prototype.

Development Cost

In effed, when we started this projed in the mid of 1989 an initial cost was needed to huild the physical
infrastructure, and human resources. At the end of 1991, these dforts have resulted in establi shing the Central
Lab. for Agricultural Expert Sysytem (CLAES) within the Ministry of Agriculture, and a research prototype was
produced. The serious efforts for building CUPTEX started at the beginning of 1992 The lab. prototype ended
after one year, and the field prototype was completed and fielded by the end of 1993 During 1994 fied
validation, and lab. validation were mnducted. Therefore, the development cost is given at threedifferent stages:
lab. prototype, field prototype, and production version, taking into consideration the following items: the domain
experts, knowledge enginees, software enginees, and overhead. The st of the domain expertsis calcul ated
from the financial record we keep for each domain experts, asal of them works under what we cll When Actually
Employed contract. The st of knowledge, and software engineasis calculated based on their salaries and the
time they dedicate to CUPTEX development. The overhead isadded as 20% of the dired cost. Figure-1 depicts
the development cost distributed over the development stages.

B Research Prototype
ELab. Prototype
HField Prototype
OProduction

50000p

40000

30000f

20000f

10000f

<Figure-1> Development Cost(in $)

As can be seen from figure-1 the total cost is approximately $100,000, and the st of the first two years represents
about 40% of the total cost. This amount could beactually considered astraining cost. It isalso interesting to
notice that the st of developing the production version was mainly for vali dating the system with domain experts
who did not sharein the development process

Application Description

Figure-2 depicts the overall structure of CUPTEX. Knowledge about plantation, water, soil, and climate are shared
by the three expert systems. We all such knowledge a common knowledge base. The static data éout plantation,
water, soil, and climate of a user farm are stored in data base to be retrieved when needed. CUPTEX was
implemented in KROL running under DOS on a 486 based machine. In the following subsedions, abrief
description is given for each of these expert systems

Disorder Remediation Expert System

The main function of this expert system is to generate a prescription to proted a certain disorder or a set of
disorders. In case that the user suspeds the cuse of disorder(s), he/she an provide the system with hig’h
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Diagnosis Treatment Plant Caring Fertilization Irrigation
Report Operation Report Schedule Schedule

<Figure-2> Overall Structure of CUPTEX

er suspicion, and the system confirms or rgeds this suspicion. If the user has no suspicion, he/she @n provide the
system with the symptoms of the disorders, and the system identifies the ause(s) of the disorder(s). A sample of
disorder remediation output is iown in figure-3.

Treatment Operation
Detailed Operation I nfor mation

Date: 28/6/94

Disorder : white fly
Material Name:  actdlic 50%
Mode of entry :  contact

Quantity : 300 ml/100L
Method : foliar application
Tod : Sprayer

Application Time: avoid high temperature during spraying
Advice: nstall nets before transplanting, spray only when number of

inseds reaches 2-3 per leaf, make degp harvest before spraying

<Figure-3> Typical Output Screen of the Disorder Remediation Expert System

Plant caring expert system mainly predicts from the last previous crop and plastic tunnd characteristics the
posshility of a pest probdem. Based on this information it produces a schedule of operationsto be done for
protedion of the proted from any pest. The main function of this expert system is to generate threetypes of the
caring agricultural operationsto proted plants from weels, inseds and diseases, and to keep the plantation in an
optimal condition. The first type of operations must be done before altivation, the second typeisthe routine
operations that should be done after cultivation, and the third typeis the preventive demical operations, if any.
The generated operations and how to be donevariesaccordingto the environment, soil, water, and pantation
properties. The pre-cultivation operations are scheduled, whereas the post-cultivation routine operations are not
ordered asthey should be done during the lifetime of the plant The post-culti vation preventive spraying operations
are generated and scheduled by predicting first the disorders that may appear . The human experts participated in
building this gstem are entomologist, plant pathologist, and production spedalist. A sample of plant caring
output is sown in figure-4.
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Chemical Operation Schedule
Date Disorder Method Material name Quantity
8/2/95 roa_leson_nematode, spray vidate 500 gm/100lt
roat_knot_nematode
152/95 rod_lesion_nematode, spray vidate 500 gm/1001t
roat_knot_nematode
16/2/95 fungi, spiders dusting agricultural_sulphur, dithane m45  100gm + 100gm
3/3/95  fungi, spiders dusting agricultural_sulphur, dithane_m45  100gm + 100gm
16/3/95 fungi, spiders dusting agricultural_sulphur, dithane m45  150gm + 150gm
1/4/95  fungi, spiders dusting agricultural_sulphur, dithane m45  150gm + 150gm
16/4/95 fungi, spiders dusting agricultural_sulphur, dithane m45  200gm + 200gm
1/5/95  fungi, spiders dusting agricultural_sulphur, dithane m45  200gm + 200gm
[Navigation keys] move around [ESC] exit [ENTER] detail ed information

< Figure-4> Typical Output Screen of Plant Caring Expert System

Fertigation Expert System

The main function of this expert system is to give the user aremmmendation about the quantity of different
fertili zers and the optimum irrigation water quantity that fits his/her situation at any cultivation stage. This model
takes number of inputs representing the aurrent situation of the environment. Including, plant age, soil type, water
sdinity,,  climate, and some factors related to the plantation itself such as the drainage quality, the soil
sterili zation, the sequence of grown cucumber in the sametunndl, thetype of fertili zersto be applied, and others
factors related to the fertili zers to be used and the expeded yield. A sample of fertigation output is siown in figure-
5.

Soil Texture: Sand  Expeded Yield = 3.88 ton
Pre Cultivation gm/540 m? 3057N | 7962K50g| 1417MgO
Fertili zation Schedule gm /540 m?
Week No. | Starting D N P>Og | KoOg | MgO | Water Qty (It] Interval i
1 1/9/94 882 1
2 8/9/94 147 |0 82 7 830 1
3 159/94 (182 |0 102 8 1030 1
4 22/9/94 | 329 |58 184 10 1240 1

[ESC] exit [ENTER] detail ed information
< Figure-5> Typical Output Screen of Fertigation Expert System

Design and implementation

Domain L ayer

The domain layer consists of the domain concepts and their properties, relations between concepts, and relations
between expressons. Common concepts sich as climate, soil, and plant, wereincluded in the aommon knowledge
base. Relation between concepts sich as the disorder concepts were also included in the ommon knowledge base.
Relation between expressons were mostly related to each expert system except few relations related to reason about
soil characteristics which areincluded into the ammon knowledge base.

The domain concepts were implemented in KROI as ohjeds. Figure-6 shows a sample of an implemented concept.
The relations between expressons were implemented as rules. Figure-7 shows a sample of an implemented
relation.

The number of rules of the whole system, is about 600, the number of objeds is about 250, the number of attributes
isabout 600, and the number of facesisabout 2400
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roat_observation :: {

super(observation) &

dynamicr_o_color/1 &

dynamicr_o_shape/l &

source_of value(r_o_color/1, [user]) &
source_of value(r_o_shape/l, [user]) &
prompt(r_o_color/1,'what isthe roa color ?') &
prompt(r_o_shape/l, what is the roat shape ?') &
type(r_o_color/1, nomina) &

type(r_o_shape/1, nominal) &

single(r_o_color/1) &

single(r_o_shape/l) &

legal(r_o_color/1, [brown,normal]) &

legal (r_o_shape/1,[decay,thick,'short with few roat hain
}

d_s c verify d::{
super(diagnosis) &
ri([confirmed of verticilli um_wilt ='most likely1)
if confirmed :: verticilli um_wilt =likely,
water_table level_cm :: soil <80,
cur_avg tc: climate<20&

r2([confirmed of fusarium_wilt ='most likely]) if
confirmed :: fusarium_wilt =likely,
water_table level_cm :: soil <80,
cur_avg tc: climate<20&

r3([confirmed of nitrogen_def = 'most likely]) if
confirmed :: nitrogen_def = likely,
ec:sol <2,
water_table level_cm :: soil <80,
eciw :: water <1,
cur_avg tc: climate< 16 &

rd([confirmed of calcium_def = 'most likely]) if
confirmed :: calcium_def = likely,
eciw :: water <1,
€c :: soil <2,
water_table level_cm :: soil > 80,
cur_avg tc:: climate< 16

}

<Figure-6> An implementation of Root C
concept using (KROL)

Inference L ayer

The inference layer consists of

treatment sub tasks, as an example.

The diagnosis ab task finds out the cuses of the user complaint, or verifies the user assumption. The treatment
sub task findsa suitable recommendation to treat a certain disorder taking into consideration the posshle ause of
this disorder if any. The outcome of this model isa set of agricultural operation(s) to be performed in order to treat

<Figure-7> An example of relatio implement:
(KROL)

meta clases,and knowledge sources. A group of meta classes and knowledge
sources were grouped to construct a subtask. For each of the three epert systems an inference structure was
designed. Figure-8 shows theinferencestructure of disorder remediation expert system, which has diagnosis and

the disorder and remove the cuse. Figure-9 shows the inference structure of diagnosis sub task.

user assumption

complaint

\/

__| system ) ) _ -
description | diagnosis P diagnostic disor der
—
J —S|treatmnet H treatment
instantiate )——>{ @ operations
description

<Figure-8> Inference Structure Of Disorder Remediation
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_ system predict complaint

description
\
Instantiate hypothesis User
assumption
case observation

description anlrm

possible
disorder

_— dia_tgnosiic
XX verify disorder

<Figure-9> Inference Structure Of Diagnosis Sub Task

The knowledge sources are implemented in KROL by calli ng a built-in inference method call ed conclude-all. This
method is a spedalized inference engine that works on therelation between expressons. The meta classs are
actually a description of the domain layer components which are the inputs and outputs of the knowledge sources.
No spedal handling for meta clases is donein thisimplementation.

Task Layer

The task layer actually describes the steps of exeauting the knowledge sourcesin the inferencelayer. The tasks and
subtasks Have been implemented using Prolog code.

Verification and Validation

Verification and validation are mnducted as gated in the devel opment methodology. It isinteresting to show here
the results of the validation process The validation methodology was applied by generating typical cases and
ditribute them to three domain experts in a certain spedality. Each subsystem is related to more than one
spedality. For examplein the remediation subsystem, we have threespedaliti es: plant pathol ogy, entomology, and
nutrition. Therefore 9 experts have participated in the validation of this sibsystem. For each spedality, an
evaluator was Fcted to Hindly asss the responses of the threehuman experts and the expert system . After the
evaluation took place the domain expert participated in the development, the evaluator, and the domain experts
participated in the evaluation met together with the knowledge enginee to discussthe esaluation resultstill they
reached to a consensus. The scale used for the evaluation was 3 for excdlent, 2 for goad, 1 for acceptable, and 0
for unacceptable. The scores sown in the table are the total scores of groups of experts divided by the total number
of cases of each subsystem. CUPTEX isnot asingle expert, it isin effed a group of experts. Experts group-1 score
isthe score of the best expert in each spedality, experts group-2 score is the second best, etc..

As we @n see from figure-10the maximum score does not reach excdl ent. That is because the group dedson is
better than indivdual dedsions. We @an also noticethat CUPTEX over performs human expert in two subsystems,
and its <ore in thethird oneis0.75 of the best experts-group.CUPTEX can be trained to reach excdlency, and
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this is currently be done. Even with this performance, the field test proved that it is very useful in reducing cost,
and increasing yield asis iown in the appli cation payoff sedion.

B CUPTEX O Experts Group-1 BMExperts Group-2 OExperts Group-3

Fertigation Plant Care Remediation

<Figure-10> Validation Results
Integration with Other Technologies

The epert system developed are integrated with a data base used to keep the static data of end users as the system
was designed to serve the extension workers who receve farmers from differen locations.

Multimedia is alsointegrated with the system. So far we use only images to explain to the user the symptoms of a
cetain disorder. In thefutureit isintended to include video and sound to explain how agricultural operations are
performed.

One unique feature of our system isthat it is bilingual. We first developed CUPTEX in English in order to be able
to communicate with the international communities. Then we were nfronted with the fact that the users prefer
Arabic. Therefore we dedded to include thefacility of interacting with the system bath in Arabic and English.
This nedsitates to include a system software which arabize the keyboard, and the display of Arabic characters. It is
worth mentioning that the internal knowledge representation is the same for bath Arabic and English. We add a
presentation layer which handles the language issue.

Deployment M ethodology

The deployment process sartet by training the users and then diseminate the expert system devel oped.

Training End Users

A training program was developed to train the end users on using the system. This training program included: an
introduction to computers, DOS operating system, commonly used ready made packages sich as word
procesrs, spread sheds, data base management, and experts g/stem shdlls, and finally the usage of the devel oped
expert system. The idea was to encouarage the etension workers to use the wmputer in other activitiesin
addition to the epert system. The training was conducted in three gclesthefirst cycle mvered the subjeds
mentioned here abowe ecept the last subjed concerning the expert system which isdivided into builds. In each
cycle one of the buildsis covered. Thetraining was very useful in testing the devel oped expert system, and getting
someinputs from the trainees which were used for system enhancement.

Expert System Dissemination

At the end of each training cycle, the trainees from each of the five sites got one of the threebuilds of CUPTEX.
As it was dedded that one of the development team should accompany the extension workersto help them in
installing the system for the first time, the first training cycle was conducted two times. Each time the trainees
from sites near each other are grouped such that the software enginee to accompany them can visit the sites at the
sametime. The deployment of thefield prototype took six monthsincluding the training.

Application Use and Payyoff

The CUPTEX expert system isfirstly deployed sinceone year. It isinstalled in five sites for proteded agriclutre for
testing such that it can be distributed to private sedor later on. Some agricultural ingtitutes, and schods also took
the system for experimentation. The trget user of CUPTEX isthe extension worker. However, researchers and
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educted farmers can useit very easily aswell. In the foll owing subsedions, we will describe how CUPTEX payed
off its development cost, and what the potential isfor more benefits in the future.

Application Payoff

The development of such expert system aims at giving the farmers good serviceat the extension offices, as part of
the misdon of MOA, and hencethe national production will i ncrease. Thiswill | ead indiredly to paying off the
development cost. However, the application payoff can be measured in termsof the increase of cucumber yield
and the reduction of production cost in the research locations where aucumber is cultivated for experimentation,
within MOA as thisyield of these locationsis ld.

During the last year, experimentswere mnducted in two sites: El-Bousily, and Mariot, for two purposes: firgt, to
validate the system in thefield, and to measure the impact of using the system. The experiment was conducted by
sdeding two tunnels: one was to be altivated using CUPTEX without any interferencefrom the agriculture
engineg or any spedalist, and the other one wasto ke alltivated as usual, thisisa control tunnel. Theresults of
the two sites gave positive resultsin favor of using the field prototype. The results from Bousily site are shown in
figure-11

So, if CUPTEX isused inthe 170tunnels which are ailtivated with cucumber in the five sites for one season ( 4
months) the benefit gained from the system will be approximately $68,000 ($400x170) which meansthat about
60% of the developmnet cost including the first two years, can be @vered in one season. If the first two years were
excluded ,as the technical staff were beingtrained during that period, the system could pay off the development
cost in one season.

Bl Tunnel using CUPTEX
EControl
M Difference

1800
1600
1400
1200
1000
800
600
400
200

Preparation Fetilization Cost Pesticides Cost Yield Yield - Cost
Cost

-200+

<Figure-11> Production Cost and Yield per Tunnel (in $)
Expected Additional Benefits

In an ewmnomic study conducted by MOA[Zayed, 1997, the total number of plastic tunnelsis estimated as 15018
nation-wide. These tunnels are owned by 905owners. The percentage of tunnelsin which cucumber is culti vated
is estimated as47.5% . This means that the estimated number of plastic tunnelsin which cucumber is cultivated is
approximately 7134 The average number of tunnels per owner is approximately 17 tunnels. Therefore, an
estimated benefit of $680Q the owner can makein one season which covers the priceof purchasing a computer
(486 based) and more. Therefore, another sourceof fund for CLAES can be by charging nominal pricefor each
copy of CUPTEX. If this nominal priceis$300, theincome from CUPTEX could be $126,000 ( The number of
owners culti vating cucumber is estimated to ke equal to 420 owner).

M aintenance

Maintenance wasone of the most important activitiesto be @nsidered in the methodology. The knowledge base
is to be maintained by CLAES. As th knowledge to be updatedis mainly concerning the apperence of new
material: fertili zers, and/or pesticides, and this does not very frequenly happen, the updating of the knowledge
base is dedded to bedone every six months. The update will also include any changes the user may require after
being cleared from a committe formed for this purpose.
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Forms were designed and dstributed with the packaged expert system to assst theusersin documenting their
remarks and feed them back to the epert system lab. Continuous review of the expert system was done by
experts toinclude any new pieceof knowledge. Medings are arranged between the users and the domain experts
to discussthe problems and ideas of the usersin order to reach consensus on what to be added.

In effed, using the KADS methodolgy facilitated the manual maintenanceso far. Thisis because each expert
system is sparated from the others. Interaction between the systems are defined through the common knowledge
base. The divison of the knowledge base into concepts, relation between concepts, and relation between
expressons, and detrmining how the cntrol mecdanism use this knowledge through knowledge sources helps a lot
in determining probemswhen any changesis done. In effed an internal procedure was establi shed such that only
the leader of the dvelopment groupisto be responsible of any changes. He should sign aform prepared to indicate
what the type of changeis, and why the tange should be done, and its urce etc.. A Data base is now being
prepared to facilit ate the job d the team leader to foll ow up these dhanges.

In order to properly manage the maintenace of the system a grouped was formed within the lab. to take are of user
problems, and foll ow up the delivery of the updated version in coll aboration with the devel opment group.

Conclusion

The work presented here shows that how expert system technology can be harnessed to serve devel oping countries
like Egypt in which thereisa scientific infrastrcure capable of recaving this technologiy. The successof CUPTEX
can be described from two aspeds: the development asped, and the depl oyement asped.

From development point of view the team within CLAES has siccealed in building an expert system which
contains apprximately 4000 pieces of knowledge using one of the second generation expert systems methodol ogies,
KADS, which beammes the defacto standard for building knowledge basesin Europe. The development of such
system has trained 8 persons on the knowledge base systems development. Some of the team members have
travelled abroad for studying and replaced with others. In Egypt we have a relative advantage of the avail ahilit y of
human resources. Therefore we developed an on-the-job training program to be able to convert a computer science
graduate to a software enginee or aknowledge enginea under the supervision of the team leader. By this means
we overcome the problem of loosing trained personell either to abroad or to the private sedor.

From deployment point of view, the system wasused in thefield. Although dired paying off isnot the policy of
MOA as it provides srvices to farmers, and consequently these services will contribute to the national income,
experimenting with CUPTEX showed that it could pay off approximately 60% of its devel opment cost in one
season which is four months as explained in the paper. The potential benefit of CUPTEX isvery high wheniit is
used by farmers having pastic tunnels nationwide.

Updating CUPTEX and including other faciliti es by integrating multimedia technology will dramatically enhance
its usage. We are working now on providing a very detail ed explanation faciliti es, and using Machine Trandation
techniques to supprt its bilinguality. The issue of multili ngual will also be addressed such that it can be easily
modified and used at theregional level.
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