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I Introduction

The sharing and reuse of farming knowledge and
experience is very useful and helpful for farmers,
especially between those farmers who grow the same
crops. By using other's experience, farmers can solve
a problem efficiently, or documents describing
questions and answers between farmers and
extension advisers could give the farmer a good clue
as to the solution. This approach to decision-making,
experience utilization, is a common way of human
problem solving. Actually, farmers have been taking
this approach for many years and they will continue
to do so. We have, therefore, developed a system,

called Agriculture Case Base (ACB), which shares
knowledge and experience among farmers and
advisers. In this paper, farming knowledge and
experience are referred to as agricultural cases. The
system retrieves agricultural cases described in
textual documents to support user's decisions.

A computer system based on this approach is
known as a Case-Based Reasoning (CBR) system.
CBR systems were first proposed in the 1980's and
much research on CBR and application development,
including successful operational systems, was done
in the 1990's. Among them, there were some projects
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in the agricultural domain. Chiriatti and Plant
developed a prototype crop fertilization planning
system using the CBR techniques of the CHEF
system . The Chiriatti's system is a case-based
planning system, not a system that finds a solution to
a problem. The latter is our target. Hasting et al. @
developed a system with multiple reasoning
paradigms for advising ranchers about the best
response to rangeland grasshopper infestation. It
uses CBR to estimate forage loss by grasshoppers
and it treats cases as collection of attributes with
values. In our system, as mentioned before, we
handle cases in text style. This is called Textual CBR.

In recent years, there have been a number of
Textual CBR works, e.g. FALLQ @ , FAQFINDER @ |
SPIRE ® | and etc. All these systems use textual
documents as their cases. It is quite natural to

address the issue of textual documents from a CBR
perspective because many human experiences are
stored as texts and used manually in a similar way as
in a CBR. We follow the text-based approach.

In the following sections, firstly a definition of
agricultural cases and some concrete examples are
presented. To determine a favourable structure for
ACB, features of the knowledge space that contains
all farming knowledge and experience are discussed.
Based on the discussion, the system design is
presented in the third section. ACB consists of three
components and each component is described in
detail. In the forth section, various aspects of ACB
are discussed, including two types of human
decision-making, system performance, and system

applicability to the user's community.

I Agricultural Case

In general, a case is defined as a conceptualised

piece of knowledge representing an experience that

teaches a lesson fundamental to achieving the
goals of the reasoner . Here, we define an
agricultural case (AC) by using this definition with
“added restriction that the knowledge is related to
farming, and the reasoner here is a farmer or

extension adviser.

1. AC Categories
Examples of ACs include:

¢ Farmer's experience

e Frequently Asked Questions between farmers
and extension advisers

¢ New farming challenges (both successful and
unsuccessful attempts)

¢ Information on newly developed technology

¢ Basic farming technologies current farming
practices

¢ Damage information of a meteorological
disaster such as the typhoon attack

¢ Damage information of disease and pest.

Thus, ACs cover a variety of agricultural topics.

2. Anexample of an AC
An example of an agricultural case is shown in this
section. The example was drawn from a monthly
report called Local Information, which is compiled
from reports written by local offices of the Ministry of
Agriculture, Forestry and Fisheries (MAFF) © . The
report presents a variety of nation-wide information
related to agriculture, forestry and fisheries in local
villages.
Pest control with pheromone
Mr. K. Takada (42), who grows rice and apples,
has been using pheromones for pest
management since last year, under the guidance
of the Kasumi Local Extension Center.
This is one of the activities in the center's
"Environment Conservative Agriculture
Guidance Program". The pheromone used,
"Confewza A", is a kind of sex pheromone for
apple pests. The pheromone prevents pest
After 200
pheromones per 10a are put on branches of

reproduction. stick-shaped

apple trees, pheromone diffuses throughout the
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orchard. It's effects last until harvest.

The center said, "By using this pheromone,
apple damagé by the pest is reduced. It also
reduces the amount of chemicals applied to
apple trees, which is favourable for both farmers
and consumers who want to buy safe apples.
Last year we reduced the number of chemical
sprayings from 7 times to only one time. Product
condition was good. We are going to promote
this effective method intensively this year too."
Contact: 1 Mutsukida, Hanawa,** City, Kasumi
Local Extension Center, 0186-23-****

The case describes a successful experience in
applying pheromones to protect apple trees. The case
has a title and content. The content is divided into
four parts: problem (excessive pesticide use),
solution (use of the pheromone), result (pesticide
reduction) and contact information (address and
phone number). Though the case is compactly
described, it meets the case definition. The
paragraph of problem description specifies which
Kkind of problem the case deals with. The solution and

result paragraphs give the approach taken and its

result. The case could give a possible solution or a -

hint to users with similar problem. The contact
information in the last section is essential to the case,
because users can obtain further information on the
case from there. The case description cannot be
expected to answer all the questions a user has.
"Another source of AC is Research Information
written by researchers in agricultural research
institutes in Japan. Agriculture, Forestry and
Fisheries Research Council (AFFRC) provides the
research reports at a web site ® . A case in Research
Information contains a recent major research result.
All cases have a uniform format: title, abstract,
background, research result, remarks and contact
information. The cases mainly cover well-developed

technologies.

3. Case Coverage of Knowledge and Experience

Although we believe that the textual CBR approach
could assist in solving farming problems, these cases
constitute only a small part of all farming knowledge
and experience. That is because ¥ most cases are
still in farmer's brain and adviser's brain and are not
written out in text, and ® new knowledge and
experience are being generated continuously. A
computer cannot deal with such knowledge and
experience. Generally speaking, as the case base
stores limited amount of knowledge and experience,
its problem-solving. ability is also limited. Our
approach to overcome this case shortage problem is
to present a user with a list of specialists related to
the user's problem area. Specialist here means
advisers and researchers. When the system does not
have a relevant case, it presents a list of relevant
specialists. It is rather easy to make a list of
agricultural specialists because the number of the
specialists is smaller than the number of the
agricultural cases. For this reason, we developed an
agriculture case base that has two retrieval systems:
Case Retrieval System and Specialist Retrieval
System.

4 . Farmers' participation

The cases described in section II- 2 were made by
local offices of MAFF, or by researchers. They,
therefore, cover a wide variety of topics and advanced
technology. They do not have much farmer-oriented
information, or information connected closely to
farming fields. From the user's point of view, ACB
needs to store cases that are more closely related to
actual farming activity. In order to collect farmer-
oriented cases, we linked a-farmers' mailing list
group into the ACB system. This component is
known as the Mailing List System. In the mailing list,
farmers are actively exchanging farming information.

These emails contain field-oriented cases.
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I Agriculture Case Base

Figure 1 shows a schematic diagram of ACB. Itis a
web-based system. A user accesses the system using
any commonly available web browser and email
software. As described in section II, ACB stores
three kinds of cases, stored in the Case Retrieval
System, Specialist Retrieval System or Mailing List
System. Each of these three components is described

-in the following sections.

1. Case Retrieval System

Boolean and exact matching approaches to
information retrieval have been widely used. These
methods return documents with exactly the same
words as in your query. But you might sometimes fail
to find what you want because the search words don't

match those in the documents that you needed. To-

make matters worse, a document without query
words is not retrieved by the boolean method even if
the document is conceptually related to the query.

To overcome this problem, we used Latent
Semantic Indexing (LSI), which is a vector-space
model of best matching approach © .

1)LSI method

The Case Retrieval System has been implemented
using LSL It uses the statistical structure of terms in
the agricultural case.

The LSI method is briefly described. At first, the
term-case matrix X is made from the case base. The
element (i, j ) of X is TFIDF (Term Frequency
Inverse Document Frequency) of the term 7 in the
case j , where \

TFIDF = (term frequency in document)* ((total
number of documents) /log (document frequency
for the term))

The term weighting has some variations, but we
used a simple and well-established one. Then the
term-case matrix is decomposed by the singular

value decomposition into the three matrices:
X=T,8,D,*

Here, T stands for a matrix of the left-singular

vectors, Do a matrix of the right-singular vectors and
Soo a diagonal matrix of singular values. Matrix X is
then approximated by keeping only the first 100 to
300 larger singular values and the corresponding
columns from To and Do matrices. The operation

reduces the matrix dimension.
X=TSD*

Row vectors of matrices T and D represent term
vectors and case vectors, respectively. The vector
dimension depends on the dimension of the matrix
X. The vectors construct a conceptual space of the
cases. A query vector is basically calculated as sum of
the term vectors that appear in the query.

Generally, similarity is defined as an inner
product of two normalised vectors. (A product value
of the inner product and 1,000 is used as similarity in
the following figures.) Saying that two terms are
related to each other therefore means that the
corresponding vectors point out almost in the same
direction in the conceptual space. The query result is
sorted by the values of similarity between the query
and cases. - _

2) System Description

Case Retrieval System is implemented as shown in
Figure 1. The system is a web-based system. A query
submitted by a user is transferred to the case
retrieval servers that calculate the simiiarity of cases
and return a list of cases with higher value of
similarity. Figure 2 shows the user interface of the
system. Words and phrases in the interface are
translated into English and the original interface is in
Japanese. The user can submit both keywords and
sentences in Japanese natural language and receives
the list of the relevant cases. An example of a query
result is shown in Figure 3.

3) Retrieval Evaluation

To evaluate the retrieval method, we used 2,690
cases from Extension Information that was written
by the nation-wide extension centers in 1996 @ .

These extension centers are about 600. The centers
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Fig. 1 . Schematic diagram of Agriculture Case Base.

report their activities every March. The report format
is uniform. The followings are common items:
file name, serial number, 40 kinds of
categorisation codes, 28 kinds of information
codes, date, title, prefecture, address, reporter,
extension center, abstract, descriptions of
activity and result
The cases cover every aspect of farming activities.
In the case processing, we firstly had to make a
term-case matrix. Only nouns were extracted from
the cases to make a term-case matrix. The tool
"ChaSen" developed by Nara Institute of Science and
Technology was used to analyse Japanese
morphological structure of the sentences V.
"ChaSen" correctly divided sentences into
morphemes with the exception of some technical
terms. To improve the analysis, we developed
Agriculture Term Dictionary, a dictionary of 57,000
agricultural technical terms “? . Each term has its
representation in Kanji characters and phonetic
pronunciation. The combined system dictionary
contained about 200,000 terms.

‘Submit ;ﬁl‘fCénerl«ﬁ ] ’

A note for writing que

| The case is the'Local Information by the Ministry of
| Agriculture; Forestry and Fisheries. = !
T N

B[ Document Dore S e G w® £

S @D 2]

Fig. 2. User interface of the Case Retrieval System.

S Netscape
File Edit - View -Go: Communicator ;Help. .
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Result of Agricultural Case Retrieval

Back to retrieval
The result is sorted by similarity: value,

Similaritv:588 Development and extension of new technologies: A
wireless detection of monkevys, Tovarma Prefecture ‘

Similarity: 547 Develobment and extension of new technologies’a
crop.damage measure with a digital camera, Saitama prefecturei

Similan‘ty'ss Local village 'aotivating‘ a measure of deer damage
by a PET bottle and human hairs: Qjta prefecture

Similarity: 491 Local village activating’ A good tool to gapture
crows, Kagawa prefecture ' S ’

Simnilarty. 484 Development and extension of new:technologies:
Development of a method to repel crows, Qkinawa prefecturs

Similarity. 473 Development and extension of new technologies. a

new ool using &' laser disk for crow defeatin o fecture

Similarity:473 Rural development: Turkeys drive daganeéé —
monkevs back, Mivazaki Prefecture

i == {Document: Dane

Fig. 3. An example of the case retrieval result by the query
" | want a case related to a measure of crow
damage" in Japanese.

The morphological analysis processed the cases
and extracted 27,111 nouns. After singular value
decomposition of the matrix, the dimension was
reduced to 300.

System performance was evaluated by the
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Fig. 4 . An evaluation result of the retrieval method.

Table 1. An example of the case retrieval. Similarity value
here is a product of cosine value and 1,000.

Similarity:544 [Title] :Heat control measure of cows
| Similarity:421 [Title] :Heat control measure of cows
Similarity:344[Title] :Effect of a heat measure in dairy farming

Similarity:230[Title] ‘Restructuring of production center in
oyster production

Similarity:187[Title] :Establishment of cultivation of flower in
west-south warm region

Similarity:175[Title] :Investigation of feed production, feed
supply and quality of milk

Similarity:170[Title] :Improvement of management of dairy
farming by heat measure )

Similarity:165[Title] :Measure to summer drought for orange

Similarity:162[Title] :Sustainable measure of pig breeder

Similarity:160[Title] :Measure to root disease for Cruciferae

vegetable

Retrieval of Specialists at National
Agricultural Research Center

~ ~Forvisitors

Input:your query.

want buél{Whéat reseérchers.l ” Sy

A noie for writing.query.. -

;o

e S @S 2

A4 - B 5
- 7" [Doctment Bore

Fig. 5. User interface of the Specialist Retrieval System.

precision-recall curve, which is commonly used for
the evaluation of retrieval systems (Fig. 4). The
precision is defined as (number of correct documents
retrieved by the system)/(number of retrieved
documents). The recall is defined as (number of
correct documents retrieved by the system) /
(number of all correct documents in the document
set). For comparison, an evaluation curve of a simple
boolean retrieval system was plotted. The result
shows that averaged precision of LSI approach was
20 percent better than the boolean system. The next
example shows typical features of the retrieval
response. Table 1 shows that some document titles
without the query term were retrieved for a Japanese
query "BfiZ" (heat control). The first and second
cases have the query term. Although the third and
seventh cases have no query term, these cases were
related to the query by their contents. This never
happens in the boolean system. This feature of the
case retrieval improved recall. The feature is

discussed more in section IV.

2 . Specialist Retrieval System

The Specialist Retrieval System presents a list of
the specialists related to user's problem, which
complements the Case Retrieval System as
mentioned in section II-3. The specialists currently
are researchers in National Agriculture Research
Center (NARC). As explained in the previous section,
a case was characterised by the terms in the case. In
the Specialist Retrieval System, the specialist was
characterised by the terms in the paper titles that
he/she wrote in recent 10 years “ ., The LSI method
was used to index the specialists. The system
configuration is almost the same as the Case
Retrieval System. Figure 5 shows an interface of the
system. A retrieval result is a list of researcher's
names as shown in Figure 6. When one of the names
is clicked, a list of their papers is presented to
illustrate the kind of knowledge and experience the
specialist has (Fig 7). By using the retrieved
information, the user may choose either to read

related papers or to ask the specialist about the
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Similaritv:327 Ysisuo O gawa
Similaritv325 Katsuve Tekehashi
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’Similarityji% Sen Qizumi
Similarity:175 Michitaka Furumvoii
Similarity.161 Kivoshi Wada

e =0=] {Document: Done

=
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‘Fig. 6 . An result of the specialist retrieval by the query of
"I want buckwheat researchers” in Japanese.

problem.

3. Mailing List System

As a result of the prevalence of personal computer
among farmers, some mailing list (ML) groups have
emerged to discuss specific crops. An example is a
mandarin orange ML that collaborated with this
research. The mefnbers consist of farmers, extension
advisers and researchers and company workers
mainly in Wakayama prefecture. Emails exchanged
in the ML focuses on various things related to the
mandarins and Japanese apricots grown in this area.

The emails consist mainly of questions, replies to

Intemationalization of it _IA_ariﬁult‘uragl 36521 i e
« buckwheat production - ... 519((&';'00@95 i

31996 |Hiroshi Honca

Eadnsayéﬁiq * Characteristics of a

: A ; tetraploid Summer: Current Advances
1995 (et Horda: . lpuclhoat line “Hokkai .. in Budkwheat

Serdmurai- EO.Q” depeloped in Research 1.
okl

Masayoshi Kimura
TR " |Japanese Buckwheat @ {Agricultural g
Statistics of demand and |Fratémal Insurarice

supply - - |Newspaper
Japanese Buckwheat @ [Agricultural
Gultivation arnd Fratemal Insurancs
Harvesting - |Newspapsr
Japanese Buckwheat @ égitg:;t:lr?rl]sum nos
Cases of superior farmers, Nowepopor

Agricultural '
Fratemal Insurance
Newspaper
Varieta| difference of the [Current.Advances
content;of vitamin E; ity Buickwheat:
homologues in:buckwheat |Research -
= 4

11995 |Hiroshi-Honda

—1711995 |Hiroshi Fonda

11995 |Hiroshi Elonda

‘Japanese Buckwheat ©®

{11995 |Hiroshi Honda Biickwheat dishes

1995 |Hiroshi: Horda

B PementToe

Reports in Japanese

Reports in English

Fig. 7. Alist of papers that is linked from the specialist
name of Hiroshi Honda.

them and administrative communications to
members. They are practical, concrete and field-
oriented, and are very useful to the members.

The Mailing List System consists of two
components: a mailing list server and a full-text
retrieval system as shown in Figure 1. The mailing
list delivers a new email to all the members. The
email is also sent to the full-text retrieval system and
is stored automatically. The member can retrieve
past emails from a password-protected web site that
is accessible only by the members. At present, more
than 3,000 emails are stored and reused among the

members.

IV Discussions

1. Decision making

There are two types of human decision-making.
One is the normative approach, and the other is the
descriptive approach . The normative approach is
based on logic, and it generally is said to be scientific.
Decision making with a variety of agricultural crop
models is categorised in this type. On the other hand,
the descriptive approach is based on everyday
experience. Decision-making by heuristics is an
example of this approach. The approach of ACB is

also descriptive because it is based on farming
experience. ’

It has to be emf)hasised that they are
complementary each other and both are important at
the same time, especially in agriculture. Agriculture
deals with complex crop ecosystem where many of
factors interact each other. A natural characteristic of
agriculture, therefore, is that it is complex and hard
to predict. In another words, the normative approach

alone is limited and insufficient.
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2 . Retrieving related cases without query terms

This section discusses a characteristic of the
retrieval method. A simple retrieval system is usually
a boolean system that returns document containing a
query term. In order to retrieve relevant documents,
such a system forces a user to input an appropriate
query, which is often difficult when the user is not
familiar with the content of the database. In other
words, the user has to find a good query for its
retrieval requirements. On the other hand, the ACB
system has its particular retrieval character. That is,
the system returns cases that do not include the
query term, because the cases are related to the
query. This never happens in the boolean system.
This increases the recall value.

Figure 6 shows output resulting of the Specialist
Retrieval System from a query for "V 73" (the
Japanese word for buckwheat). Like the boolean
system, the three highest ranked specialists had the
query term in their paper titles. The 4th and 5th
specialists are not related to. the query. But the 6th
specialist named "Hideyuki Funatsuki" had only
"buckwheat" in English in his paper title (therefore
the specialist is correct result for the query). At first
glance it looks strange. This happens because the
specialist vector was compressed in dimension
keeping its dimensions with larger singular values
while indexing @ . Hence some specialist vectors
became relevant based on the new vector structure.
In this case, the first specialist has an English title
with a term "buckwheat" among Japanese titles. On
the other hand, the 6th specialist has only English
title with the term "buckwheat". It is thought that the
indirect relationship between buckwheat in Japanese
here and English one there makes the specialists
relevant each other.
~ The result indicates that the retrieval method of
the system is advantageous to users who are not
much familiar with the content of the case base. To
some extent, the system decreases the burden on the
user by taking into account different expressions
with the same meaning while performing a query,

because it automatically calculates similarity between

these expressions.

3. Applicability

The specialists were characterized by the titles of
their papers. For indexing, one only needs some
characterizing description of a specialist. Therefore
the approach can be applied to othe.r types of
specialist, such as extension advisers, because they
usually make reports on their projects, which
probably characterize them well.

Researchers in our institutes were indexed in this
paper. In fact, we have other national institutes in
Japan. We are preparing to index all the researchers

in them.

4 . Integration of Model Base retrieval and ACB

There is an ongoing Model Base project to develop
agricultural crop models that run on Internet © . The
Model Base stores and provides such models. Once
many models become available, then the models
have to be retrieved properly by users. But users
don't know what kinds of model are available.

This means a model retrieval system is necessary.
We developed thé model retrieval system, using the
same indexing method. A short description of each
model written by a model scientist was used for
characterisation.

Figure 8 shows a retrieval result. The result
contains three kinds of information at the same time:

results of model retrieval, case retrieval and specialist

3 Hetacson
Eils Edit - View . Go:; Communicater Help
e —

Conceptual Retrieval Result

iev:
The result is sorted by similarity value.

This list consists of agricultural models, agricultural cases and ists related to your query.
Result of Spacialist
Retriaval
and i imilarity 769 Masumi Amano |
‘of new. : ion of direct |
seeding of rice. Saga prefecture. Similarity 753 Akio Honda

i .
s iSimilarity 487 D n ion ‘Similarity 725 Takashi Watabe
f ies: Rice di

Result of Case Retrieval

i
| Result of Model Retrieval |

imilarity ment Direct |
L . P N h |
nlant growth mode! by genetic  hegining of winter. Yamagata nrefecture Sirilarity 717 Nobuvuki Hanakj

algorithm,
imilarity :372 Rural devel: A new Similarity 695 Takashi lchikawa
This is & general plant growth manuring hnol r labor-saving rice
Imodel based on the lized ‘ulture, Shiga prefectur: Similarity 693 [kuo Ando,
Lotka-Volterra equation. !
] Similarity 369 D and ion Similarity 678 Fumio Tns
imation of DVI f new technologies: Increase in |
model by GA b ion dua t ving Similarity 869 Kou Sude
by rice direct seeding. Tochigi
A rice growth model by DVL. Similarite §61 Kazuo Terashima |
Similarity :366 Promotion of recruit; A new
Prediction of rice heading time seedling raising center, Aichi ‘Similarity §42 Keisyuke Nemot
s e Y 9 B N

Fig. 8. Anintegration of Model Base and Agriculture Case Base.
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retrieval. Model Base and ACB are integrated by the
common retrieval method. By this integration, the
user can easily obtain considerable information with
only one query. This framework is derived from the
fact that the approaches of Model Base and ACB are
complementary each other as discussed in the
section IV- 1. This is important from the viewpoint of

user convenience.

5. Future works

After an AC is selected by a user as a hélpful case
and applied to the user's problem, the result of the
'application becomes a new case. Then the case can
be stored back in ACB. This feedback process is
called a reproductive process. Through this process,
ACB can improve its problem solving ability, storing
new cases Withy different problems, situations,
approaches and results. For the ACB system, the
next step is to implement the reproductive process
and to evaluate its function. Although the mailing list
system collects user's feedback, the email is in free
format, which makes it difficult to extract cases

automatically at present. Emails do not always have

all the factors described in section II - 2. A mechanism
to collect good quality case, particularly field-oriented
cases, has to be developed.

In the ACB system, more than 13,000 cases are
stored now. But the case number might still be
relatively small for users in a specific domain such as
soybean growers, vegetable growers and so on. A
potato farmer might not find any relevant case when
a very specific query was submitted. Specific users
might heed more specific cases. We still don't know
what amount of farming knowledge and experience is
needed for operational use. To handle the issue, one
approach is to provide the farmer with the relevant
specialist's name, which has already been mentioned.
The other is to collect cases for a specific domain.
Such cases include basic farming technologies,
farming experiences, disease and pest information,
etc. for a specific crop. We plan to construct the ACB
for a specific crop and to evaluate it by measuring the
user's response. If a reader is interested in the ACB,
please join us to construct a useful case base in your

working domain.

V Conclusion

Agriculture Case Base (ACB), a descriptive
approach for farming problem solving, was
presented. The main points of the paper are
summarised as follows:

(DFarming knowledge and experience are
described in an Agricultural Case (AC).
Generally an AC describes new farming
challenges, new technologies, FAQs and so
on,

@The Case Retrieval System is a web-based
system and it retrieves ACs with a query in
natural language. Relevant cases are retrieved
in order of their similarity.

(@The Specialist Retrieval System provides a list

of related specialists. Each specialist has
knowledge and experience that are relevant to
the farmer's problem.

@The Mailing List System shares more farmer-
oriented ACs within a farmer-participating
fnailing list group. '

®Integration of Model Base and ACB was
achieved. A system presents the retrieval
results of Model Base and ACB at the same
time.

®The next steps are to develop a reproductive
mechanism and to evaluate the ACB in a

specific domain.
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Summary

Because farming is based on a complex system
where many factors interact each other, it is rather
difficult to construct a crop model that takes all the
factors in account in a "scientific" way. This is why
farmers have been using their own experiences for
their problem-solving so far. The use of heuristics
brings the farmer an effective problem solving
mechanism. This approach is known as a descriptive
approach in the decision making research. We took
the descriptive approach and have developed
Agriculture Case Base, a web-based system to share

and reuse farming knowledge and experience. An

agricultural case is a textual document describing
farming knowledge and experience. Agriculture Case

Base stores and retrieves agricultural cases. The

system consists of three components: the Case

Retrieval System, the Specialist Retrieval System and
the Mailing List System. Characteristics of
agricultural cases and Agriculture Case Base are

presented in detail in this paper. An integration

‘method of a model-based approach that is a

normative decision-making, and Agriculture Case

Base is also proposed.
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BEEZZL DERABHVICBEE LAY BHL Y X F LIZEDINTNWEDT, Tho 2 TOEREERL
7 RIER B E TN AER Z L R KEREETH B, 00, BEEIEROMERRO =D B
DFBRAERNTEZOTH 5. BERAOFHISBES ARG AEREFREEET 5. ZOFHREIER
WEDIHEDE TIZERB FEE LTHON TS, RAZZIDEBR 7 7o —F4 L0, BEHEFINR- X
ARFE L7, BERAN- 2L IEBERIIETAIMBRCER 2 XE LANHETAWEBLOY AT ATH 5.
BEREFL IEBOMMPRRELBL 2T 2 PONETH 5. FHRN-2FZOEF2EHMULREKT 2.
VAT LI DO D, FNIEFIREY AT 4, BPIRRRI AT LEA-Y YTV ANV AT
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