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Abstract

Anificial inlelbigence or Al has comea 10 its era of popularity since its inlroduction in
19305, The era of Al started as the theorctical concept, later implemented in various
apphications. Imitial research in Al concentrates on emulaiing human ability and
thinking, ta mor: advanced study of Al the potentigl of baman “technology™ were
further eaploited.  Howewver, as human "technology™ uses a large amoant ol
knowledge (gathered [fom one’s experience), intelligenit system could fail i
knowledge provided to the system is insufficicnt. This paper discusses Lthe important
of kitowledge in intelligent systom development. Based on our rescarch in developing -
intelligent systems, problems i gathering knowledge wre addressed.  Salulions [or
futiere research in this area arve proposed.



1.0 Introduction

Anificial Inmtelligence or Al is one of the preatest lpunding in compuler science. A
number of computer science fields and technologies have been used in developing
inteliipent sysiems, starting from (raditional informakion systeins and databascs, 1o
modem distributed sysiems and Intemet.  In Al 1he technology is developed based
on the combination of knowledge lrom warious disciplines such as biology, physies,
mathetnatics and statistics. Arlificial Neural nevwork for example, was established by
a combination of knowledge [rom siatistics, mathematics. biology and pliysics.
Thercfore, knowledge is a very imporant component in Al [t resides in many
different places such as: dalabases. knowledge bascs. filing cabincis and peoples’
heads,

In early 1940s, researchers siarted 10 review the potentials of human technology and
the ability of compuicr programs 1o act incctligently, In [950s Alan Turiag prescots
an experimeni called Turing Test ta demonsitiate the ability of machine acting like
human. The expetraments sncourzged many other rescarchers e investigale {he
polentials of buman techaonlogy in machine. However, human lechnology runs based
on knowledge. Human knowledge on the other hand is gathersd from one’s
cxpericnce or from wriflen knowledge (writien documents such @5 books, magazine,
news paper and ¢te)).  Written knowledge is writtien by cxpert or someone wilh
experienee or knowledge in the targeted fickl,  Most of the written knowledge s
highly struciured where docunients are usually well organized and indexed. Wrinen
knowledge is wvery useful but in some cases it requires funther explanation or
Hlustration, which can be done by human. Human knowledge is a wery complex
knowledge thal is some kind of tdeit knowledge where people accumulate as they do
their jobs,

Knowledge gathering is one of the ways to oblain expert knowledge. [ts aims is o
make 1acil knowledge explicit and is well suiled to cliciiing iformation for a clearly
define purpose.  The ubiimaic geoal of knowledge gathering is 1o caplure am
individual"s decision-making process with enongh clanty thal someane ¢lse guided by
it could repeat the steps of the process and achieve the same result (Eisenhant, 20015
This paper discusses the imponance of knowledge in intelligent system development.
Based on our research in developing intelligent sysiem, problems in gathering
knowledge ane addressed.  Solutions for Tuture research in this area are also proposed,



2.0 Knowledge and Bequirements

Knowledpe basc constitutes of different kinds of knowledge, namely Conirol
Knowledge (O Knowledge), Domain Knowledge (I Knowledge), Explanatory
Knowledge (E Knowledpge) and System Knowledge (5 Knowledpge). C Knowledge
refers 1o system’s problem solving sirategies and its funclional model. D Knowledge
refers to application domain facts, thecorics and heouristics. E knowledge defines 1the
contenis of explanations and justilications of the sysiem™s reasoning process, a5 well
ay the way they are generaled. S Knowledge deseribes the contents and structure of
the knowledge base. In some intelligent systems, system knowledge also defines user
modelz and sirategies for the systen’s cominunication with Hs users,
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Figure 1: Knowledge Base conlents

The development of knowledge processing in Al is governed by the development of
the knowledge processors and the intcgration of tradilional programming languages
with knowledge-processing capabiliies,  The rest of this paper discusses several
ongoing researches at School ol Information Technodogy, Northetn University of
Malaysia.

2.1 Iatelligent Tutoring System
Intelligent Tutoring Systems (ITS) is one of the Al techmiques that has been
developed as an allernative to Compurer-Assisied Instruction (CAIY (Tbrabim e7 of.,
1989; Meenakiman and Radhakrishea, 1991} TS exhibits intelligent in the
following ways {Meenskumari and Radhakrishna, 1991y

» TS has knowledge of 1he subject being thought {Domains Experlise).

# ITS has current information regarding the student knowledge (Student Madet).



+ §TS can articulate the solution or the thinking process and can communicale
with the students (Communication Expertise).

» IT5 possesses the knowledge regarding the pedagogical aspects of teaching
and be able o choose the best texching sirategy {(Teaching Knowledge
Expentise).

= ITS has learming capability {Leaming Expenisc)

» ITS has the heuristic prablem solving capability.

ITS has the capability to diagnose difficulties, misconceptions or lack ol
understanding and provide appropriate remediation (Kit er of, 19915 It consists ol”
Expert Systems maduale, pedagogy module, stodent mode]l and user interface (sce
Figure 2}. Expert Syslem is the main component in ITS (Clancey, 1981 dan Clancey,
1986). [t has the ability 10 goide the stadent in solving the problems asd measure the
student’s performance. Pedagogy module is used o control the interaciion between
the student and the system. Student modcel is used to determine students® levels ol
understanding with regard o the subject being thowghl and their progress during ihe
teaching and leaming process. Communication between siudent and systems is
through the interface. ITS will provide the students with a suitallle course materials
and guides the studenis 1o increase their performance (see Warendorf and Tan, 1997;
Stern and Wooll, 1998). The utilization of ITS for icaching and {earning could also
reduce insiructor workloads (Koedinger er af.. 1797),
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Figure 2¢ Components of Intelligent Tutoting Systern (MeArthur e, al., 1993)

Tutor (sometimes i< relerred as instrucior) in context ol student and tutor ipteraciion
is referring lo the “rator” and human taor. Stadent will have direct communication
with the "wtor", however, there might be some problems that the ITS cannot solve.
The performance of TTS mainly depends on the knawledpe: knowledpe aboul the
student background, pedagogical knowledge and expert knoivledge. AL this siage
hwnan twtor will have o play his part. The ansolved problem will show the current
weakness of the "ulac™ reasoming module and the human tator could take the
appropratc action to updale the “tutor” knowledge. 1n this case, human (utor or the
organization seol to work lgether with system developer o make sure that [TS
provides the best perlormance at all times.

2.2 Natural Language Processing
Natural language processing is a process that can make computer uadersiands naturak
tanguage, 16 can be divided into two parts namely natura] Iangoage understanding and



mittural  fanguage generation {(Cawsey, 1997). The scope of npatural language
undersianding invokbves symax of spoken or written sentences, as well as its semanfic,

According to Alleo (1295) there are seven different forms of knowledge relevant for
natural lmguape understanding, wiz;
» Phonetic and phonolegical knowledge - concerus how words are relatesd (o
the sounds
= MMomphological knowledge concems how words are constencted from
basic meaning units called morphemes. A morpheme is a primitive unit of
meaning in a language.
= Syntactic knowledge - concems how words can be put fogether 1o form
correct sentences and determines whal structural role each word plays in
the semtence and what phrases are subpans of what other phrases.

*  Semantic knowledge concerns what words mean and how these
meanings combine in a senience 10 fHNN SCRICHCC Meanings.

®  Prygmatic knowledge - roncerns how senlence is wsed o differen)
situations and how use iAs meaning affects the interpretation ol the
sentence.

= Discourse knowledpe - concdems how lhe immodiately proecding sentence
affects the imerpretation of the nexl séntence.

»  World knowledge - includes the general knowledge about the siructune of
1he world.

Phanetic and phonalogical knowledge are veéry important in developing speech
recognition system. Using this knowledpe, the system can identify what are the users
want to gay by the sound that 1he user's made. To identify this. first the system gets
the sound [rom the user in analogical signal, This signal will be convenied o digital
signal before the svstem could process the signal. Without this knowledge it will be
impassible for the system to know what the sounds are.

The rest of the knowledge is important because to understand natural lanpuage, we
will need to know the roois of the words. This is achicved by having ihe
morphologics] knowledge. The syntactic knowledge wall then look al the collection
of words that formed & sentence, | also lopks at the grammar ip order to determing
the structure of the sentence. The meaning of the sentence will be acquired from
semantic knowledge. Hence, the semantic knowledge alone cannot determine the true
meaning of the senicnee. In natural language, there arc seniences that give different
meanings in different situations. For example the utterance “Do you know what lime
it 57T could be s caticism or a4 genume guestion, When facing this problem,
pragmatic knowledpe is very imporiant 1o handle it

Natural Language processing has been proposed as onc of the component in
intetligent interface in Fadzilab and Wan Hussein (2000) and Fadzilah er of. (2000a).
Far mare discussion an the intelligent imterface the readers could refer w Fadzilah e
al. (20Q0b). In Fadzilah ef af. (2000c), we discuss the model of nawral Janguage
processing as an interface to T8 o support distance learning. From the explorstory
study, we conclude that naleral language processing is onc of 1he most potential
iechniques M conjunction with the currend input pracessing icchnique.  Figure 3
ilustrates the imporlance of knowledge in natum] language processing as ao interface
For ITS.
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Figure 3: Natural Langnage Understanding as an Interface for ITS

Another applications of natursl language processing is in information absirsction. The

“applicativn reads through the whole article ov story and summaries the anticle, Tt is
important 1o ideniify whether the sentences in the article are related 1o each other.
Hence, the discourse knowledge will be used to handle these problems. In addition,
the world knowledge is very important to understand the true meaning of natural
tanguage, The bigger the world knowledge is, lhe better the system will be, However
the bigger knowledyge means the biguer space 1s require to store them,

2.3 Information Retrieval

Information Retricval {IR) plays an increasingly in applications that range from
retrieval of texiual information from detabases, o navigation in 8 network of
infbrmation sources such as Internet. IR is a branch of caomputer science that searches
for relevant documents from document databases (Keim ef ol., 1¥97). The purpose ol
information retricval system is to ideatify published documents that relevance ta the
user's necds,  Accordingly, an intelligent information retaieval system must be able o



represent user’s need aid be able o estimate the relevance of a panicular documenlt.
In a typical IR sysiem, the user expresses the necds by entering the query, cither in
frec text or in some specialized query language. The syslem atterapts lo salisly the
query by Mnding docaments that are similar or match the query,

The IR project has three [undamental components: data gatherning, system
developiment and cvaluation. Data galhering is the most impontance ssage in IR, Data
can be gathered from any respurces such of literature review, gbservation, insfrumenis
or dafa warehouse, Collected data will become knowledge, Knowledge is imponance
in IR research. Knowledpe has their own function according to how Lhey will be
implemented. Florescu er al. (199¥) reveal three classes of tagk related to infermation
management on the WWW such as modeling and querying the web. information

" extraction and inlcgration, and web site constraction and restructuring. T modeling
and querving the web stage, the web acls ay a direcied graph whaose nodes are web
pages and edges are links between pages. The gueries can be based on the content off
the desired page and on the link structure connecting the pages. CGenerally, a datasbase
concepts and lechnology can be apphied in building. restriucturing asnd manage web
siles at a final stage.

Catarci ef af, (1998) develop Web - At - a - Glance (WAG) which exploil a suitable
integration of ideas and 1echnigues coming from both the database and the knowledge
representation arcas, WAG is bascd on three key issues mamcly, the building of
conccptual representation for any domain of imcrest, which is populaied with daia
extracted from the web, the availabilny of a visyal interface 1o easily query such a
matetialized view and the adoption of both an intermal modeling of the information
and several acquisition mechanisins based on Description Logic.

Our research in IR locuses on feedback agent thal wilize neural network lecaming
capability (Figure 4). The knowledge for the ageat is a colleclion of documents in
document database, Extracling the knowledge forn the database involves several
steps; atinibutes identification, knowledge extraction and knowledge representation.
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Figure 4; General Architecture Intelligent Information Retrieval

24 Medical Applications



To daee. 1most of the medical systems developed were standalone applications with
specilic databascs for certain discases, This implies thal patients information in one
syslem can only be used by that particular system. On the other hand, other systems
requare anoher databases for olher patienis or for the same palients whose reconds
were kept in other databases. Another problem with standalose database is thay, the
database for the same system in another places would differ as the number of patients
using the systems increases. This problem allecis the knowledge acquites from ihe
databases and thus influcnces 1the decision made by the system. ' When the number of
patients is high, indirectly the system will praoduce more sccurate results compired to
the system with less number of patients.

The patients records sre valuable information for the knowledge-based system, In
fact, the curment patients dala wouwld enhance and strengthen the validity of the svstem
rensoning {(Manickam and Abidi, 1999).  Faor example, health-care providers oould
access the electrotic record and the data could be stored and updated frequently. By
using this method, the system knowledge will always be updated. In intelligent
medical system, knowledge gathering is & very challenging lask. As the system is
highly depended on the knowledge, insolficient knowledge would cause the system
Jai] 1o perfonm in specific ks
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Figure 5: A model lor Web-Based Medical Diagnosis and Prediction

The propascd model for Web-Bascd medical diagnosis and prediction (see Figurc 3)
consists of four components, they are databases, prediction madule, diagnosis madule
and user interface. The databases consist of patients database and patients-disease
database. Patients database will be used to store patient’s information such as name,
addresses, and others particulars details.  Patients-discase database stored all
information about paticats and their illness. The information siored in the database
includes types of discases, the treatments amd olher details aboul the test and
administering therapy. Patients information are separated in a different database 1o
enhance the patients records storage, so that other depariments could use the records
when the patients are referred 1o them, This method could prevent other departments



or unaumhotized uzers from aocessing the information aboul patients diseases and
provide a ceptralized information sceess for the paticats records,

Prediction madule wtilizes neural networks lechnigues to predict patients illness or
conditions based on the previous similar cases. Daia Trom the patients and patienes-
disease dumabase will be used lor wraining and lesting. The weight from (he training
will be stored 10 predict a new data fed into the system.  Diagnosis module consists ol
expert system and fuzzy logic techniqueos (o perform diagnosis tasks, A set of rules
will be defined using the patients and patients-thsease datubases as well as the expert
knowledge on the idisease domain. Expert system uses the rules o diagnose patient’s
Hiness based on their cwrent conditions or symptoms. In addition, fuzzy logic is
integrated 1o cnhance the reasoning when dealing with fuzey data. The cambination
of experl system and Fuzry logic that forms a hybrid (expert-fuzey) system could
increase Lhe system performance,

3.0 Problems and Solutions

Typically, develaopment of intelligent systent and research invoelved bwo aspecis;
knowledge acquisition and knowledge representation (Bielawski and Lewand, 19913
‘Knowledge acquizition is a process of gaining knowledge with cotlaboration between
knowledge engincer and domain cxpen. There are rwo main sources of knowledpge:
expericnce and documeniafion. Expeorience knowledge (tacit knowlcdge) is the most
popular kimd of knowledge being captured in ioteligent systemn  development.
However, Al techniques such as Neural Networks, Experl System, Fuzzy Logic,
Genetic Algorithm, Natwral Language Processing and Intelligent Tuloring System
reguire explicit knowledge rather than iacit knowledge. IExplicit knowledge is the
knowledge that is written down or cxpressed in somc tangible [orms (Skyrme, 1997).
However, as mosl of the knowledge is in a [oom of lacilt knowledse, exlrcling such
knowledge is very difficutt (Eisenhart, 2001). Knowledge representation is anather
issue in intelligent system. According 1o Woods (1986), the representation ol
knowledge is erucial due fo the primitive represenisgtion of knowledpe, limitation ol
computer’s ability 10 perceive, know or understand,

Knowledge modeting is another popular process in inwetligent sysiem that has
received mosl atleation in recemt vears among developers of intelligent systems, Al
practitioners and rescarchers. Any discussion of knowledge modcling sheuld also
include a refcrence to lhe kinds of knowledge that can be represcnted in the
knowletdge base of an imlelligent system, as well as 1o 1the basic represeniation and
design technbques.

H is also difficult and tme consuming io construct new knowledge bascs {trom
seralch. According 1o Cooke and McDonald (1990) the problems arc not because of
lime-consuming s fedious processes but the wesk of kvowledge acgusition
methods typically used. CUn the other hand, it is usuwally difficult 1o share knowledge
encoded in knowledge bases among different knowledge-based systems. The
problcms ansc due 1o large diversity and beterogeneily of knowledge represeniafion
formalisms and the ponability of the protocols that provide interoperzbility between
different  knowledge based systems  and  conventional  soltwares  ay well  as,



mismalching of terminology, taxonomy and higher level modeling of dilferent
systems.

To overoome some problems in developing inlelligent swvstems, standand maodels,
iaxonomies, vocabularies and domain terminologies must he established in order 1o
develop appropriate knowledge and reasoning modules. These models can be reused
for assembling knowlcdge-based systems instead of building the models from scraich.
In other words, there is & need for omologies or explicit representations of domain
concepts us well as, rules for combining terms and relations Lo deline extensions Lo
the vocabulary., Ontologies are paniculaly aselul in collabotation, interopertion,
education and modeling.

4.0 Conclusion
Thers are many problems assaciated with knowledge management the enierprises
have to play important roles such as {Macinlosh, 1999);
= {0 have an caterprisc-wide vacabulary to ensure that the knowlcdge is
correctly widerstood; _
« 10 be able e identify, model and explicitly represent their knowledge:
10 share and re-use their kinowledge among differing applications for varions
Lypres of users; 1his implies being able 1o share existing knowledge sources and
also future ones;
#» 1o create a culture thal encourages knewledge sharing.

Knowledge management m Al system is however, a Tittle bit different with enterprises
knowledse manageoent, The development of alvanced intelligent systems require
suppon {rom other fields such as ocntologies and knowledpe sharing, knowledge
processing, inelligent databases, knowledge discovery and data mining, and
disteibated Al

There is a notable increase in integmtion of AT with other disciplines, This is due 1o
the lact thal advancement in knowledpe modeling and the fact 1thal many research and
development communilies have realized that Al is not only usejul in knowledge-
based swstems, but in all software systems.
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