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ABSTRACT

A knowiedge-based system has been developed from wxCL PS, an expert system shell delivered by

NASA, to be used as a supporting system in the management of sa ne soil ln Northeast Thailand. Ths system

ncorporates knowledge-based with reference to appropr ate a ternative methodologles n the renewal of salife soil

including support ve data and information that are useful to sutaby and susta nedly manage soil and water

resources and eventua y improve corfmunity economics. System knowledge-base comprises of knowledge derved

from research outcomes, nterv ewifg domain expens, data and irformat on of government and pr vate sectors The

system developed consists of I modues, .e. 1) Saline So, 2) Soil-Ferti l izer Techno ogy, 3) Cutting off Zone,
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4)  Po lyv iny l  A lcoho l :  PVA,5)  Ind igenous Vegeta ton ,6)  An ima,  T)  Green Manure  and,8)  Po lder  Sys tem Each

module is an opened-based component that s able to be edited independently.

Key words: K1owedge Based Systen . aro qFsoJrcps lVa rage'ne'rr Salrre Sorl

INTRODUCTION

nformation technology, and n particular, the ntegration of data base Tnanagement system, simulation and

optimisatron models, expert systems, geograph c nformation system and computer graphics, provide some of the

tools to support environment assessment. The features of an information system to be used as a too n env ron-

mental assessment studes have been explalned in detail n Bosio et al. (1992) . A know edge based system

approach has been adopted, as lt allows stor ng and integrating the ab ties necessary in environmental assessment,

such as scientifc knowledge and technical skil ls, and makng them operational to non-experts. The deal complete

computer system should provrde a Jo nt Iniormatron and documentatron system, w ih tool & tor consu trng specrfrc

knowledge, readng, tfeatng and editng text. lt also includes consdering models and applyng them, readng and

preparing graphics, storing numercal data or data base, and linking computations, tables, graphcs, etc. In addtion,

Awad (1996) gives the outl ine for the fi le stfucture requirements for a m crocornputer base informaton retreva

svstem There are two possible designs that consist of examining space economy and practica ty of implementa-

tion.

Expert Systems and its parent fred Alrif icial Intellgence, which were then bareV known outsde a lew

specialist academic nstitutions, are now accepted as parts of most degree courses in computer soence (Durkin,

1994) . Exped systems are ntended to help so ve those prob ems that are traditionaly solved using expert human

judgement and experience. Expert system requires a knowledge base wthif which such expertise is represented,

an inference engine to process the knowledge, and an nterface to users and developers {Chen, and Sharpe. 1993)

. Expert systems are typically classif ed according to the type of problems to whrch they are applied. Expert system

performed a generic set of tasks, when solving cenain types of problem such as prediction or nterpretat on.

Regardless of the application area, given the type of problem, the expert col ects and reasons w th nformation in

s milar ways (Crowe and N,4utch,1994) . Expert systems likewise are designed to accornplish generic tasks on the

basls of the problem type. lvlany expert systerns are smal -scale, developed in a few rnonths and often compr sing

just hundred rules. However, even relatively straightfor\/r 'ard expert syslems can sti I frequentiy be of great pract cal

and commercial value (Hart, 1996) . Expear system represent an emerg ng techno ogy that offers to prov de such a

solution. Wde range of expert systems applicaton have been created n deve oplng countres rn various, feds

namely, geograph c informatron system and hea th (N4ccraw and Harb son Br ggs, 1989; Loh et al., 1994) . App ca-

t on of know based system n environmenta management has been carried out by l\4ongkon et a . (l 998; 1 999) and

Sutt pong et a . (T 998) to investigate groundwater pollutiof potentia from the impact of agricultural actrvit es and the
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predict on of f lash flood due to deve opment in urban areas. The literature as mentioned indicated that applying the

knowledge-based system is suitable to solve some prob erns n environmenta and agricultural management.

The aim of this study is to develop a Know edge-Based System whch integrate wth various sources of

knowledoe that can be used to guide users rn prepar ng the way of saline land management and help ng in decision

mak ng process for appropriate agr cultural activittes.

SYSTEM DEVELOPMENT APPROACH

The study is d vided nto two parts. The frst part ncudesthe collection of necessary information and the

second part s the codng of knowledge for the probem domain. Burding up the expert system s an evolutionary

process that invo ves contnuous improvement of the system. The deve opment of the expen system matnly

consrsts of three stages: knowledge acquistion, knowledge representation and software implementation.

Knowledge Acquisit ion

Knowledge acquisit ion is the process of gathering necessary information for the expert system. The

objectve is to gain knowledge to comprehend sa ne land management in and to encode t into the system.

Knowedge on the probem that is used to guide the development effort is acquired. In short, it is the process of

acquiring knowledge from the expeds Therefore, t includes meetings held with experts to dlscuss problems. Key

concepts and general problem-solvrng methods used by expens are uncovered in the knowledge acqu sit on stage.

Knowledge acquisit ion is a bottleneck in the construction of expert systems. The knowledge eng neefs job s to act

as a go-between to help build an expert system, since the knowedge engineer has far ess knowledge of the

domain than the expert. However, communication problems impede the process of transie(ing expertise into the

program. The domain expen is the most important source of the knowledge base for establ sh ng the expert system.

l\,4oreover, books and other documents are genera 1y available to extract knowledge and also general f ield observa-

tion Books and established literature frorn l ibraries and dornain expelrs from universit ies and government services

were sought as the sources of knowledge.

Knowledge Representation

Producton rules are used n the question and sub-menu with knowledge to be expressed in IF/THEN

(cond tion action) statements. lt is a widely used method that has been devised for representing iniormatlon. in the

expert system, all knowledge is stfuctured as ru es. Domain know edge is captured n a set of rules and entered in

the system knowledge base. When the lF portion of the rule matches information contained in the working memory,

the system performs the action specified in the THEN part of the ru e.
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Software lmplementation

In this study, CLIPS (C Language Integrated Production System) was selected for developing the Know

ledge-based System. CLIPS was designed at NASA (Nat onal Aeronaut c and Space Administrat on) Johnson Soace

Center with the specfic purpose of provlding high portabil lty, ow cost, and easy integration wth an external system

(Giarrantano and Riley, 1994) CLIPS enables users to work wth object-orented programming capabil it ies ncluding

c asses with multiple inheritance, abstraction, encapsulat on, poly-morphism, dynamic bind ng and message passing

with message handlers, and to define functions, over-oaded functions and gobal varabes interactivey. Further-

more, CL PS a ows a set of constructs to be grouped together to maintain exp cit control and to restrict the access

of constructs by other modules.

General Features of the Knowledge-based System

One of the features of th s Knowledge-based System s that the program is created us ng menu bar and

message box faciit ies. By using the menu window, answer options to the question have been arranged rn a

systematlc manner lor simplicity and the user wil l f ind it easier to go through the questioning procedure. The system

has several advantages such as the user does not need to know any command names. He ls alwavs presented with

a valid command list. Ny'eaningful command names, such as "qu t", imply the command function. Typing is m nimal.

This is important for occasiona system user who cannot type quickly. The user interface is the most impoftant

component ot any applicatton lf the ntedace is wel designed, the appllcation wil l be easy, a most intuit ive to use.

lf the nterface ls designed poorly, then the user wil l start looking else where for an easier way to use the product.

The system graphical user interface supports high reso ution colour screen and interact ng with the mouse as well

as keyboard. t has multiple windows, which allow different information to be displayed simultaneous V on the user's

screen. System commands are selected from the menu rather than typing them out.

t

The Knowledge-based System Structure

The design of the Knowledge-based System structure for supporting land resources management: sal ne

soii in Northeast Thailand comes wrth more attractive knowedge representation. By experience, an expert forms

several sets of ruies on a g ven problem. These sets of rules reflect the sk of the expert on the given problem. Fol

this reason, a set of rules may be applied to the given task when needed, which on the other hand means that the

same set of rules s inapplicable to other probems. These, in the case of recommendation on soil resources. a

modulat structure is implemented in the system as shown n Figure T. An advantage of the modular structure ts that

it provides a natural ordering of the domarn rule set by a top down approach, where a spec fic module is used when

appropriate. To satisfy this goal, the wxCLlPS is used in the system. The wxCLlPS development uses the fast

pattern matching algorthm, developed by G arratano and Riley (1994) , to implement the forward chainlng inference

enoine.
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The KBSLM deve opment is carrled out after wxcLlPs (c Language Integrate Production system) is

selected as the software that best meets the requirements of ths prolect. The purpose of this prototype is to

va date the Knowledge-based system approach, to confirm the choice of knowledge representatlon tecnnlque an0

control strategy, and provide a vehice for knowledge requsiton. Dlfferent shells use different mechanrsms tor

representing and hand ng know edge; some mechan sms' are appropriate for some type of expert system appllca-

tions but tota y inappropriate for others (]\.4cKinney et al , 1993) . The wxcLlPS is ideal for the inrtial prototype of

KBSLlvl. Just as any conventiona software, system prototypes n expert system a ow useTs t0 expenment wltn

requlrements and to see how the system supports their work Prototyptng in expert system software development

s a means o1 requirement va dation, The benefits of developing a prototype early n the software process have been

e aborated by Awad (1996) . Accord ng to them, m sslng user sery ces rnay be detected' problemat c tunctions may

be dentif ed and ref ned, any incons stent/ifcomplete requlfements can be ideftif ied, and the feasibil l ty and usetul-

ness of the applicatlon can be demonstrated to management The prototype a so can be used as a basis for writ lng

the spec f catron.

Prototype DeveloPment

l n t h i s s t u d y , t h e p r o t o t y p e O f K B s t | V s U s t r a t e d i n F i g u r e 2 ' t i S d i v i d e d L n t o e i g h t m a l n p a r t s :

ntroduction, soil-tert lzer technology, cutt ng-off zone, Polyvinyl Alcoho: PVA' indgenous vegetation' animal farrn'

g r e e n m a n u r e g u d e a n d P o | d e r S y s t e m ' T h e i n t r o d u c t i o n p a r t w i | | h e l p a l i n t e r e s t e d p e o p | e t o p r o d u c e e x | s t | n g

sa ine soil introduction, to understand affectifg salt to p ant gfoMh The ast seven main parts: soiJertilizer technology,

cutting-off zone, Polyvinyl Alcohol: PVA, indigenous vegetation, animal farm, green manure guide and Poder sys-

| e m , w l b e i n c o r p o r a t e d ] n t o t h e k n o w e d g e - b a s e d s y s t e m t o h e | p a n d p r e p a r e i n m a n a g e s a | i n e | a n d ' t o p r o p o s e

the poss ble mitigation measures and to approach the sallne management program'

Working memory

Interence engtne

Knowledge base
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Figure 2. The prototype of knowedge-based system for supporting land resources rnanagement (KBSLi\.4)

Rule Base System

The human expert then reasons about the problem by combining the shod-term memory (S1lvl) fact with

the long-terrn memory (LT[,4) knowledge. Using this process, the expert infers new probem information and

eventua y arrves at concusions about the probem Figure 2 shows a backng diagram of the probem solving

approach used by an expert. KBS Ll\,4 s re ated to know edge representation techn que that best matches the way

the expert mentally models the problems of predicting saline affect. n th s study, wxcLlPS expert system she uses

ru es-based representation. The IFTHEN rue has a goa to look for corrective acton of a prediction mode where

Act on is a parameter that appears n the "then" part of the rules i.e. all the rules that provide a recommendation to

the user.

The rules of know edge-based system expen system in the form of questions, choice, rad o-box, s de ru e,

button or frame are transiated into lF-THEN rules. The rules ncluding vafiables, types, domains and descriptions are

used by wxcllPS. These are the vafiables shown n table T The rule topics used ior KBSLM, comprise six parts as

ah^M,n  n  f id ,  ro  ?  rn r l  t rh la  ?

t r - r o j q 6 . 1 6 r 1  l l l , .  " o ' z o '  .  l l l e n - " , . - Polder System

ndr! lenous Vegelat ion
Gfeen [ / ]anure Guide

Sor -Fert i  zer  Technology Po yviny A coho :  PVA
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Table 1: Local and Global Variables Used bv KBSLI\,,I

Description

I |\4K_TA global all functions sub{rame variables

2 panell global all functions panel variables

3 tex-w n] global a I functions text-win variab es

4 save,quit,clear local button, choice save, exit, clear function

5 dialog local dialog-box questons function within

0ralog Dox

6 choice loca chorce-create question function within

chorce lrst

7 bitmap global all function image variables

I button local frame-button l ist inforrnation

9 check local check-box l ist information

10 radio local radio-box question functon within radio box

System Operation and Description

A well structured, nturtive user interface a ows users to easily access the power of the system. This

knowledge-based systern provides the same interface ph osophy for signal integrity simulation, radiation s mulation,

and board screening and with multiple leve s of user-dialogue and help, an inexperienced user is guided through the

design process. Switching to 'expen-mode' allows the experienced user to uti l ize all of the system without the

distraction of actrve help texts. Th s aiows fast and easy learning on the iob, together with maximum productivity.

A Windows "look and fee " pfovides a large working area with a fresh, uncluttered feel, w th W ndows dialog boxes

when running under W ndows environment. The flowchart of system operation showing steps to predict soil erosion

rate before suggesting users for soil conseryat on and management can be shown in Figure 3.

No.  Var iab le  Name Type Domain
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What is your land/Tenain?

Lower Fluvial Terrace

What is Geology in your land?

Mahasarakham FormationQuaternary

What s your tand cove(o/o) ?

Ansr User se/ecls a choice from 4 inteNals

What is your groundwater quantrty( m3/hr. ?

Arsr User se/ects a choice fram 4 groups

Figure 3. Flowchart of saline land predicton
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Table 2 : Examples of Soil and Land Suitabilrty Requirement of Crops ncorporated n the System

SC (Sandy Clay), SiC (Silty Clay), CL (Clay Loam), SiL (Slt Loam), SL (Sandy Loam), L (Loam),

C (Clay), | ( lmperfecty drained), lvlD (Moderately drained), W (Wel dralned)

This Knowledge-based System for understanding soi resources regarding agricultural deve opment in

peninsular l\4alaysia is a very user-friendly program. The system uses the window technique for data entry of

command. The user is directed to what nformation is needed using the mouse wrthout the need to remember the

command to avoid mistakes during data entry. The user selects the questron for the interested informatlon of soil

resources for study. The details of the system can be described as follows.

Main Menu of Knowledge-based System

This Knowledge-based System consists of the following eighte major funct ons: ntroduction, so Jertl l izer

technology, cutting-off zone, Polyv nyl Alcoho: PVA, indigenous vegetation, anima farm, green rnanure guide and

Polder System Figures 4 and 5 show the major functions of an Knowledge-based System. The user s guided

throughout in selecting the interested nformation In ths study, a prototype Knowedge-based System was bu t

conta ning rules drawn primarily from knowledge extracted from established iterature, t ied data, and doman

experts All the facts were first l isted and then the rules were wrtten to form a small prototype program nit ally this

prototype handled a small domain, focussing on only a small portiorl of the system. Such a prototype is used to g ve

a clear ordeal to approach the arger domain. In other words, it serves as a stepping stone to the design of the larger

system. From the srnall prototype, the program was gradua ly expanded either within the prototype tself by add ng

new facts and cleanses locally or by introducing new modu es of program linked to the existing prototype. Finally,

a] these sma I units of program are l inked together to form a single stand alone Know edge based System program.

Crops Soil texture So i l  Dra inage pH Soil Depth S lope c lass

Rice

Oil palm

Bubber

Pine apple

Citrus

l,4alze

Soybean

Sweet potato

SiL-C L

sc-sic
L-C

S L

SiL-SL

SiL-CL

S]L CL

SiL-CL

l-[/lD

MD-W

t\,1D

N/D,W

IVD-W

IV]D-W

5.5,7.5

4.3,6.5

4-6.5

4

6.5-7

5.5-8.2

5.5-7.5

5.2-8.2

>50

>120

> 1 5 0

>60

>1 50

>50

>75

>75

l a t

f at to undu at ng

flat to undulat ng

flat to undulating

flat to undulating

flat to undulating

f at to undu ating
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Knowledge-based System Recommendation

Ths study gves the examples of knowiedge base and rule base, which are developed as a too in the

description of soil characterstics. In this case, the Knowedge,based System developed w ldeal with l-3 man

questions. For each question, the user can seect the answer by using the mouse or keyboard The answer s a

choice (1 , 2,3..) of either YES or N0 depend ng on each quest on as i i lustrated n Figure 6 All informat on s avaitable

n a consistent and p ausible framework that l inks the related factors in a s mp e log cal format of lF-THEN rules. The

user can use the screef and the keyboard or mouse to rntedace w th the system. The Know edge-based System will

ask the user the question and display the set of poss ble answers to be se ected.

CONCLUSION

The rules of functions of this Knowledge-based Systern are transated nto form of questions and choice

selections. Possible answers for al questions choce selecton are shown. Rules for support ng land resources

managementr saline soil in Northeast Thailand il lustrate the principle of factors for predctng saline affect usng

Knowledge-based System questions. In the predcton, KBSLM has dentif ied the significance of affection and the

recommendation.
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Knowledge-based System Recommendation

This study gives the examples of knowledge base and rule base, which are developed as a tool n the

descriptron of soil characteristics n ths case, the Knowledge-based system deve oped wil l dea with 1-3 main

questions. For each queston, the user can select the answer by usng the mouse or keyboard. The answer is a

choice(1,2,3..) of either YES or N0 depending on each question as l lustrated in Figure6 Al information isavallabe

in a consistent and plausible framework that inks the re ated factors n a simple ogica format of lF-THEN ru es. The

user can use the screen and the keyboard or mouse to nterface with the system. The Knowledge-based System w

ask the user the quest on and display the set of possible answers to be selected

CONCLUSION

The rules of functiofs of th s Know edge-based System are translated into form of questions and chorce

seiections. Possble answers for all questions choice selection are shown. Rules for supporting land resources

management: sa ine so in Northeast Thailand I ustrate the principle of factors for pred ct ng saline affect us ng

Knowledge based System quest ons. In the pred ct on, KBSL[,4 has identif ied the sign ficance of affection and the

recommendatr0n.
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Figure 5 Soil afd Fertt zer sub menu

Figure 6 Example of question in pred ct on


