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ABSTRACT 

This study on prototype se lf-learning knowledge based system is focu sed on evaluat ion of loan 

app lication (request) and is carried out to overcome the cha ll enges that resu lted from lack of doma in 

experts and poor loan eva luations. 

The research attempts to design and develop a prototype se lf- learn ing knowledge based system that 

can provide adv isory services for any cred it customers and assists the domain experts in eva luation of 

customer's requests for the loan. To develop this prototype system, knowledge was acq uired using 

sem i-structured interview from domain experts wh ich are selected using purposive sampling technique 

from Commerc ial Bank of Ethiopia and critique the acquired knowledge. Explic it knowledge is 

acq uired by analyzing the secondary source of knowledge by method of document analysis. Then, the 

acqu ired knowledge is modeled using decision tree that represen ts concepts and procedures involved in 

credit eva luation and production rules are used to represent the domain knowledge. The prototype 

system is implemented using SW I Prolog editor tool. 

To determine the app licability of the prototype system In the domain area, the system has been 

eva luated and tested by the domai n experts. Eighteen ( 18) test cases were selected pu rposively. Test 

cases are equa lly se lected from both inel igible and eligible cases. 

The overal l total performance of the prototype system is 77.7 1 %. The performance o f the prototype 

system is hopeful and meets the object ive of th e research. 

The study concludes that the major credit production type that advanced to customer is import letter of 

credi t fac ility, export cred it faci lity, pre-shipment credi t facility and merchandise. The eligibility of 

application is focused on general and spec ific criteria. Credit customer is classified as business, 

corporate and commercia l based on the score sheet they ach ieved. 

Generally, in this stud y, the applicability o f knowledge of prototype sel f- learn ing knowledge based 

system is proved as hopeful approach in bank ing industry for credit evaluat ion. The researcher also 

recommends furth er work ; - like credit scoring, dec ision support system in credit eva luation and credit 

analysis. 

Keywords: know ledge based system, se lf-learn ing, credit (loan). 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background of the study 

Banks arc financial institutions that accept deposit and make loans. It s role in the economy of any 

country is very significant. Availing credi t to borrowers is onc means by which banks contribute to the 

growth of economy. Commercial bank of Ethiopia extends credit (loan) to different Iypes of borrower 

for many different purposes [1]. When , banks extend credit to the borrowers, it is important to eva luate 

borrower's credit application carefully to reduce risks that come due to poor loan assessment. 

Credit eva luation and approval is the process a busi ness or an individual must go through to become 

eligible for a loan or to pay for goods and services over an extended period. It is a lso the process 

businesses or lenders undertake when evaluating an applications. Granting credit approval depends on 

the wi llingness of the creditor to lend money in the current economy. It al so depends on assessment of 

the abi lity and wi lli ngness of the borrower to return the money or pay for the goods obtained and 

interest in an appropriate manner [2]. 

According to [21, the granting of credit depends on the confidence of the lender in the borrower's credit 

worthiness. Cred it worthiness which includes th e borrower's abi lity and willingness to pay is one of 

man y factors defining a lender's cred it criteria. Borrowers and lenders utilize a number of financial 

too ls 10 evaluate the credit worthiness of a potential borrower. When both lender and borrower are 

businesses, more of the assessment relics on anal yzing the borrower's balance sheet, cash now 

statements, inventory turnover rates, debt structure, management performance, and market conditions. 

Cred itors favor borrowers who generate net earnings in excess of debt obligations and any 

contingencies that may arise. There are various factors lender take into consideration when eva luating 

an individual or business that is seek ing credit such as Credit val ue, Frequency of borrowing and the 

like [2]. 



• 

In doing such boring and complex tasks, a bank has a high probability expose to risks, because of 

credit scoring evaluat ion process depends on doma in experts, who are accountab le for assessment of 

the credi t app licat ions and making decision to accept or to reject it. The problem appears, when there is 

lack of such human experts on the labor market. Besides, the assessment made by human expert cou ld 

be subject ive to some extent. The human expert may also commit some mistakes due to fati gue, stress 

or other negat ive factors. As consequence, the banks can fall under the cred it ri sk [3). 

• 

The credit ri sk has long been an important and widely studied topic in Banking. For lots of 

Commercial Bank, the cred it ri sk remains the most important and diOicult ri sk to manage and eva luate. 

In the last years the advances in information technology have lowered the costs of acquiring, managing 

and analyzing data, in an effort to build more robust and efficient tech ni ques fo r cred it ri sk 

management. Therefore, bank suffers from these ri sks when a mechanism and contro l techniques arc 

take place [4]. 

As Bryant (5] noted, implement ing computing technology for deli vcry o f financial services is one way 

banks can reduce cost and possibility of loan defau lts. Art ific ia l Intel ligence (A I) systems, particularly 

expert systems, a re computer-based technology find ing a place in the banking industry. Expert systems 

are compute ri zed advisory programs that try to imitate or substitute the reason ing processes and 

knowledge of experts in problem solving. 

According [471 ,knowledge based system is applicable in domain of med ica l di agnosis, plant disease 

diagnosis, crop management prob lem di agnosis, credit evaluation and authorizati on, financial 

eva luation, ident ification of software and hardwa re problems and the like. 

The use of knowledge based systems should encourage the systematic and thoughtfu l assessment of 

loan applicat ions without the need for time consuming superv ision by more experienced officers . 

Fina lly, the knowledge base is easily updated and main tained the basic information of borrowers. In 

thi s stud y, the researcher wants to develop a low-cost automated se lf-learning knowledge-based system 

lilting in the skill s of credit evaluator experts to help domain experts within evaluat ion of loan 

applicat ion and provide advisory services fo r any credi t customers. 
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1.2. Problem statements 

Banks and micro finance have great role in growth of one county. In developing counties like 

Ethiopia, Bank plays great role in growth by encouraging sav ing cuhure as well as lending to 

individual or sector in order to run the business. Current ly the banking bus iness is so scny rivc because 

more of their income (revenue) wi ll be generated from credit (loan) given to their customers II) ·This 

credit creation process exposes the banks to high cred it ri sk which leads to loss . Without e ITccti ve 

credi t risk management good bank performance or profit will be unthinkable. 

According to Bryant [5] , all Bank loans necessaril y contain an element of risk. In order to minimize 

thi s ri sk, it is essential that procedures and control mechanisms are in place to ensure that each loan is 

objectively assessed and the bank 's total loan portfolio docs not comprom ise the bank 's overall 

integrity . That is, the financial soundness of a Bank is largely dependent on the ri skiness of its loan 

portfolio. 

In the case of Commercial Bank of Ethiopia, each individual loan appl icant is assigned to customer 

relationship manager for the purpose of evaluation of their applicat ion. This is very difficult and time 

consuming in the case of more applicants. Moreover, these problems become worse due to the scarcity 

of domain ex perts. As a result, bank can lose a lot of customers due to lack of domain exPerts in the 

areas. 

According to Nassali [7] , banks and micro finance in sti tutions onen rely on information to screen loan 

app licants and for monitoring borrowers through repealed interaction with their customers. This 

normall y appl ies to the subsequent borrowers than the new entrants s ince it requires ample lime to 

determine the true credit worthiness of individual borrowers. 

Besides, in Eth iopia, the case of commercial bank of Ethiopia, loan appl icants can be issued only at 

head office and district level. As a result, customers are expected to travel long distances to their 

nearest head office or bank district level in order to get loan service. Most of the rural people of 

Ethiopia trave l along distances to reach their nearest bank di stri ct level. Since they travel a distance, 

they are forced to spend cost. This problem is occurred due to absence of domain expert at Branch 

level , who can provide loan services and advisory services. Due 10 this. lots arpeople in rural areas are 

3 
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limited from these serv ices. So that, it is nceded to develop knowledge based system which is usc to 

overcome thi s problem. 

Implementing comput ing technology fo r del ivery of financial serv ices is one way banks can reduce 

cost and possib ility of loan defaults. Expert systems arc of great interest to business and scientific 

commun it ies because of their potentia l to enhance producti vity and to boost work forces in arcas where 

human experts are becoming harder to find and reta in . Such systems can also be expected to improve 

the qual it y of the bank's asset base and increase overall profitabi lity [5]. However, in Ethiopia, in the 

case of Commerc ial Bank o f Ethiopia, th ere is no such li ke knowledge based system currentl y 

implemented. In the rural areas of Ethiopia, most o f the peop le are not aware about loans. Lack of 

awareness of about loan hinders the banks to lose lot o f customer which has a great impact on benefits 

comes from cred its. 
, , 

Because of persona l impression and inconsistency, bank can be ex posed to risks. These problems 

occurred due to personal bias and knowledge gap. According to Bryant [51, the major advantage in 

automati ng loan evaluat ions is the im provement in the bank's lending record through the uni fo rm 

application of cred it and security guidel ines. That is, the system wi ll ensure awareness of and 

adherence to re levant bank policies. Decision-making is more consistent and evaluations arc more 

accurate that may resu lt in more applicat ions being accepted and fewer losses through defaults. 

Hence, to overcome the above problem, the researcher initi ated to design and develops self-l ea rning 

knowledge based system incorporatin g the skills of domain experts to assist credit eva luator or o fficer 

in a cred it evaluati on as well as, provide advisory services fo r cred it applicant requirements. 

General research quest ion 

To this end, the study attempts to explore and find soluti on fo r the fo llowing general research question. 

,,4-. What is the common credit producti on types advanced to the customer? 

~ What are the main criteria used in evaluation of each credi t production type? 

.. I-low to model and represent the acq uired knowledge fo r developing self- learn ing knowledge-

based systems? 

-l. I-Iow to des ign prototype self-learning knowledge based system for credi t evaluation? 



..J.. Is a self-learning knowledge based system providing acceptable performance 111 credit 

evaluation in Commercial bank of Ethiopia? 

\.3. Objective of the study 

The general and specific objectives of this study are described here under. 

1.3.1. General objectivc 

The main object ive of this study is to explore applicability of se lf- learn ing knowledge based system 

and to develop a prototype self- learn ing knowledge based system for cred it eva luation of loan 

application and to prov ide advisory service for any credit customer. 

1.3.2. Specific objccti\'cS 

The foll owing specific objectives are incorporated fo r achieving the general object ive of the study. 

• To rev iew literature in order to have basic concepts, techniques, tools and principles of sclf­

learning knowledge based system in credit eva luation. 

• To explore tacit and explici t knowledge from the domain experts and written documents using 

suitable techniques. 

• To identify the suitable models, representation techniques and implement ing tools for the 

proposed se lf-learning knowledge base system. 

• To develop a prototype sel f - learning knowledge based system for cred it evaluation. 

• To test and evaluate the perfo rmance of the deve loped prototype wi th domain experts. 

• To forward further research direct ion in the area of KBS fo r credit evaluat ion 

1.4. Methodology of the study 

Methodology prov ides an understanding of how a research is conducted and organized in order to 

obtain informat ion that is helpful fo r developing the design of a research and achieving objective of 

the study. The methods used in thi s study lire desc ribed as fo llows. 
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1.4.1. Literature Review 

In order to have the deep understanding on the problem of this study, it is important to review severa l 

li teratures such as books, art icles, journals, Internct, website and research works to acqui re the 

concepts, domain knowledge , princip les and methods thal arc essentia l for developing self-learnin g 

knowledge based systems for credit evaluat ion. 

1.4.2. Methods of knowledge co llection 

Knowledge acquisition is the process of acquiring knowledge from a human expert or a group of 

experts fo r the development of knowledge-based systems. It comprises a SCi of techniques and methods 

thal attempt to elicit knowledge of domain experts through some fo rm of di rect interaction with the 

expert . 

In this research to acq uire the req uired knowledge. both secondary and primary (codi fied and non­

codified) sources of knowledge are used. Primary or non-codi fied knowledge is collected from credi t 

evaluator experts, credit advisors and customer re lat ionship manager, in Commercial Bank o f Ethiopia 

by il ltcrv iewing and critiqu ing knowledge eli citation methods (eva luat ing th e acqu ired knowledge). In 

a simi lar way, secondary or codified sources of kn owledge are acqu ired by using document ana lys is. 

Semi-structured interview is used to gather tacit knowledge from the doma in experts. In add iti on, 

analyzi ng elic itation methods are used to cleanse the acq uired kn owledge. The knowledge is validated 

wi th the consul tati on of the experts. Moreover, cod ifi ed (documented) sources of knowledge are 

gathered from documented sources such as Internet, credit evaluation produces, research papers and 

website of the organization by using document analysis technique. 

In this study, pu~sive sampling technique is used in order to select domain experts fo r knowledge 

acq uisition. Purposive sampling is one of the most common sampling techn iq ues in qualitati ve 

research in which parti ci pants are decided to preselected criteria re levant to a particul ar research 

question l61 ]. The selection criteria o f domai n experts for the study are based on the ex pert s: -

professional/expert ise, educational qualification Icvel and experience o f work on credit evaluation. 

From twe lve ( 12) domain experts. eight (8) domain experts were se lected purpose ly from credi t 

eva luator experts, credit adv isors, and customer relationship manager to discover re levant tacit 

knowledge and for furth er consultations througholll 1he study. 

6 
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1.4.3. Knowledge Modeling and RCI>rcscnhllion Methods 

After Ihe knowledge is gathered, the next step is modeling and representation. There is several 

knowledge modeling techniques. These tech niques arc decision tree. ladder, network diagrams, table 

and grids are some of knowledge modeling techniques. Ladders are hierarchical tree-like diagrams. 

Laddcring techniques inc lude the creat ion, reviewing and modification of hierarchica l knowledge in 

the form orladders. Network diagrams modeling techniques shows nodes connected by arrows and its 

nodes can represent concept, attribute, value or task and the arrows between Ihe nodes any types of 

relationship. Table and grid modeling Icchniques arc tabular representations make use of tab le or grids. 

For this study, decision tree knowledge modeling technique has been selected. The reason that the 

researcher select decision tree modeling technique, decision tree is used to model both taci t and 

expli cit acq uired knowledge. Decision tree is structure that can be used to divide a large collection of 

records into success ively sma ll er sets of records by applying a sequence of simple decision rules. It s 

model consists of a set of ru les for dividing a large heterogeneous population into smaller, morc 

homogeneous groups with respect to a particular target variable. In addition, decision tree is su itable 

for rule based know ledge modeling. Decision trees models by constructing a tree based on training 

instances with leaves having class labels is used. There easy to interpret (can be represented as ir - then 

--e lse rule). 

The acquired know ledge is organized in a useable way. There are various techniques used to represen t 

acquired knowledge in knowledge base system. Some of them are logic, frames, semantic network, 

production rule or rule·based knowledge representations, etc. The researcher se lect a rule based 

knowledge representation method to represent the relationship between facts and rules in the form of 

IF.THEN, which shows condition·action relationships. The reasons that, rule based knowledge 

represen tation is se lected by researcher are that: 

>- It is easy to understand the knowledge content, 

>- Uncertainty can be incorporated, 

> Easy to maintain or modify. 
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1.4.4. Implementation Tool 

There are many programming tools used to develop knowledge based system. Among these, pro log, 

Lisp and expert system shells like CLIPS arc widely used to develop knowledge based system. Also 

there is a too l used to develop case based recommender system which is called jCOLIBRI. For tbis 

research SW I- Prolog programming language is used to develop the prototype self-learn ing knowledge 

based system. Pro log (programming in logic) is onc o f the most widely used programming language, 

especially in the artifi cial intelligence research, natural language processi ng, system deve lopment, and 

so on. It is very useful especia lly on those mentioned arcas to spec ify the si tuat ion (rul es and fac ts) and 

the goal (qucry).The reason of the selection of thi s programming language is the fea tures and abil it ies 

of the language that incorporate it. Prolog is a declarat ive language (we specify what problem we want 

to so lve rather than how to so lve it) and has the capac ity to describe the rea l world. 

According to Jasinski [3], SWI-Prolog ed itor has debugging tool and flexib le help system as we ll as 

the code is readable and easier to update and ma intain . Also, it offers backward reasoning capab ility. 

In add ition, 

~ it is easy to learn the design too ls; 

~ it has ru le based programm ing and bu ilt in pattern matc hing featu res; 

~ it has comprehensive help system on each fcatu re and 

~ It is readab le code that will a lso make updating of th e system a relati vely manageable task. 

SW I Prolog is the most inclusive and widely uscd Prolog deve lopmen t environment. 

It has flexib le and fast interface. In addi tion, it is portable to many platfonns, in cludi ng almost all 

UN IXlLinux platfonns and Windows Vista. Add itionall y, it is non-commerc ial version o f Prolog. So, 

it can be easily accessed. Therefore, the prototype self- learning knowledge based system is developed 

in SWI Prolog. 

1.4.5. Testing and Evalualion 

The evaluation of knowledge based system is an important aspect of knowledge based system 

development that is requ ired to va lidate whether a system ful fill s the desired objective. The developed 

prototype self- learning know ledge based system is extensively tested and evaluated includ ing both 

performance of the prototype system and user's accepwnce. To do th is, six (6) domai n experts were 
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selected from cred it evaluator, credit advisor and customer relationship manager by usi ng purposive 

sampling technique. 

User acceptance measu rements are deal with issues how wel l the system addresses the needs of the 

user, whereas va lidation measurement determ ine if the system perform the required object ive 

successfu ll y or not. The system eva luators use visua l in teract ion methods together with questionnaire. 

l3ascd on that, they evaluate the acceptance of prolotype system by using questions. 

Likewise validation process of the prototype se lf-learning knowledge based system has been tested 

using eighteen ( 18) test cases. Evaluators from the domain experts interacted with the system by laking 

a sample of test cases. Each case are selected purposively and used to test th e performance of the 

prototype. The testing procedure is carried out by identifying correct and incorrect categorization of 

cases into their respecti ve category. The com parison has been the deci sion made by system agai nst 

evaluators. Decisions without significant difference between the domai n experts and the knowledge 

based system wou ld be accepted as good performance. After assessing the results concluded by system 

aga inst human expert decision, then system eva luator has been measure its performance. 

1.5. Scope and Limitation of the study 

The study is intended to deve lop a prototype self-l earning knowledge based system for domain expert 

and for any cred it customers who want to appl y or request for loan. There are about eight credit 

production types such as overdraft cred it fac ility, import letter o f credit fac ility, revolv ing export credi t 

fac ili ty, merchandi se, and pre-shipment export cred it faci lity, Letter of guarantee Facil ity, term loan 

and consumer loan. The research concerns on ly on overdraft cred it fac il ity, import leiter of credit 

facility, revolvi ng ex port credit facility, merchandise and pre-shipment export credi t faci lity. The 

reason that the researcher selects on ly these credi t production types is due to the time lim itat ion and 

due to high ri sks that came from these loan types as the researcher acquired the knowledge from 

domain experts. 

The deve loped prototype self-learning knowledge based system gives adv isory serv ices for new and 

ex isting customer and helps to assist credit evaluators by eva luatin g the customer's req uest or 

app licat ion. The prototype evaluates the customer requests whether it is el igible or ineligible for the 

loan. Even though most eligib ility is eva luated. some like general el igibi lity. spec ific e li gibi lity. etc. 
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However, the developed prototype system did not evaluate credi t ana lysis and credit scoring all at To 

evaluate the credi t risk of the customer's requests, it needs a serious eva luation. It needs detail study on 

those eva luation. Due to the short time avai lable for the research, thc study does nol address al l Ihc 

credit ri sk analysis of the customer's request and credit scoring. Add itionally, due to conlldcnlial ily (to 

keep thc pri vacy of the bank) some data are not exposing to other person, i.e. for the purpose of 

keeping confident iality of data. 

Clcarl y, the deve loped prototype sel f-learning knowledge based system helps \0 assist Ihc credit ofli ccr 

in evaluating applicat ion of the customer whether eligib le or ineli gible for the loan based on the 

criteria. The developed prototype also classifies the customer based on the specified criteria. Further, 

the system provides advisory services for both new and existing customer based on their request about 

req uirements and criteria' s that must be fulfilled. As knowledge based system, it a lso ena bles to 

remem ber the customer information from experience and update its knowledge. 

1.6. Sign ificance of the study 

The im mediate benefic iaries of thi s study arc primary cred it customer and cred it eva luators or a 

domai n ex pel1 who evaluates customcr's req ucsts. The prototype has greal sign ifi cance 10 teach 

primary c red it eva luator ex perts and credit customer in order to have we ll understanding about credi t 

requirements and cri teria. As a result , those credi t evaluator experts can lise the system for credi t 

evaluation of customer's app lication based on rule and procedure o f th e loan. The deve loped prototype 

self. learning knowledge based system is used to give adv ising serv ices fo r both new and ex isting cred it 

customer. The prototype self-learn ing knowledge based system is deve loped using th e knowledge o f 

credit evaluator o r credit officer domain experts, customer relationship manager, credit advi sors and 

credit procedure documentary sources which is used as organi zational memory. In addition to these 

benefits, the developed prototype can use an input for further research conducted in the areas. 
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1.7. Organization of the Thesis 

The study is organized in to five chaplers. 

Chapter one is the introduction part, which con ta ins the background, statement of the problem and 

justification, objectives, scope and limitations of Ihc study, significance of the stud y and methodology 

10 carry ou l the research. 

Chapter two is overv iew of knowledge based system, about knowledge, Iypes of knowledge, 

architecture of knowledge based system, concepts o f self·lcarning, knowledge acquisition , modeling, 

and representation , advantage and disadvantage o f knowledge based system, expert system and related 

work are present in thi s chapter. 

Chapter Ihree 

Chapler three di scusses the core parts of the research such as knowledge acquisi tion, knowledge 

modeling and knowledge representation of credit applicat ion. 

Ch:lpter four 

Is dea ls about the deve lopment of the prototype system the undcr study, results found in the evaluation 

and testing process of the prototype sclf - learning KBS. 

Chapter Five foc uses on the conclusion and recommendation based on the finding of th e research and 

recommendations are proposed for future work. 
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Chapter Two 

2.0. Literature Review 

2.1. Introduction 

Under thi s Chapter, the researcher provides a brief overv iew of the field of knowledge based system. 

The architecture and the approaches used to represent and model knowledge arc rev iewed and 

presented. The applicati on areas of knowled ge based system, the concept o f self -l earn ing knowledge 

based system are a lso reviewed and presented . Method of knowledge acqui sition, tools used in 

knowledge based development are also presented in this chapter. 

2.2. Overview of knowledge based system 

A Knowledge base is o rganized Repository of infonnalion consi sting of concepts, data, rules and 

spccilicat ions fo r e fficient knowledge management. It is a repos itory where infonllation cun be 

co llected , organi zed, shared and searched. Knowledge bases can be classified into Machine readable 

knowledge bases that la rgely consist of Artificial intelligence (A I) or ex pert system based retrieva l 

~echniques and Human readable knowledge bases tbat comprise of ph ys ical documents and textual 

information such as Tutorials [8]. 

In machi ne readab le knowledge bases, the knowledge is in a computer readable form, main ly fo r the 

purpose of having an automated deductive reasoning applied to it. They consist of a primi tive set of 

data, one n in the form of rules that describe the knowledge. These rules are then extended to deduce or 

derive a logica l conclusion. 

A knowledge base comprises of large amount o f deta il about the confi gurati on and facts pertai ning to a 

specific domai n or subject of interest. If the domain knowledge is encoded in a computer, the 

knowledge based system should be able to answer some questions that nonnally require human 

experti se. Further, the encoding should also be understandable by a human. so that it can be used, 

veri fi ed and ex panded. In Order to develop such knowledge based systems, one needs to be ab le to 

effiCientl y model the knowledge and a lso be ab le to rcpreserH it. Knowledge based system (KBS) 

prov ides in te lli gent dec is ions with justificat ions and uses A I fo r problem solving and to support human 
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learning and action. It is part of an expert system that contai ns the facts and rules needed to solve a 

problem. It con tains an underlyi ng set of concepts, assumptions and rules, which a computer system 

has avai lable to so lve any problem. 

Therefore, know ledge based systems are basicall y computer programs that con tain large amounts of 

information, rules and a reasoning system for making intelli gent inferences [8]. 

2.3. Knowledge 

Knowledge is "a fluid mix of framed experience, contextual in fonna tion, va lues and expert insight 

that provides a framework for evaluating and incorporat ing new experiences and in formation" [9J. 

Knowledge is a lso defi ned as information that changes something or somebody ei ther by becoming 

grounds fo r actions, or by mak ing knowledge an ind ivid ual or an institution capable of different or 

more effective action [10]. Phi losophers have been thin king about knowledge for thousands of years. 

I)art of the ir activit ies has been the identi fication of various Iypes of knowledge and classificati on 

system. These typologies have been adopted by knowledge engineers when analyzing texts and 

constructing knowledge mode ls [91. 

2.4. Types of knowledge 

According to Pan. SL and Scarbrough H [9] , th ere are various types of knowledge wh ich is discussed 

as follows. 

I. Dcclanltive vs. Procedural knowledge 

The ma in difference between declarat ive knowledge (knowledge of facts) and procedura l knowledge 

(knowledge of how to do things, or what has been called "knowing that "and "knowin g how". Within 

knowledge engineering, these two types of knowledge are often referred to as object knowledge and 

process or task knowledge. 

Declarative knowledge is a descriptive representation o fknowledge. It tells us facts what things are . It 

is expressed in a factual statement, such as " there is a pos it ive associat ion between smoking and 

cancer." Domain experts tell us about truths and associations. 

This type of knowledge is considered shallow or surface level , information that experts can verbal izc. 

Declarative knowledge is espec ially essentia l in the initia l stage of knowledge acq uisition [1 q. 
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In contrary, procedural knowledge considers the manner in which things work under different sets of 

situation. For instance, "compute the ratio between the price of a share and the earnings per share. If 

the rat io is large r than 12, stop your investigation. Your investmen t is 100 ri sky. If the ratio is less than 

12, check the ba lance sheet". Thus, procedura l knowledge incl udes step-by-step sequences and how-to 

Iypes of instructions; it may also include exp lanations. It involves au tomatic responses to stimuli and it 

may also tell us how to use declarati ve knowledge and how to make inferences [I I]. 

II . Tac it vs. Ex plici t Kn owledge 

Another we ll-known types of knowledge is that of tac it knowledge (cannol be arti culated easi ly) and 

explicit knowledge (can be articulated easil y}.This is particul arl y important for knowledge engineers, 

as special techn iques have to be used with an expert to try to elicit tacit knowledge, which is the 

hardest and o ften the mosl valuable knowledge to obtain. 

Explicit knowledge can be eas ily express in words or numbers and shared in the fonn o f data, 

scientific fonnu lae, product specifications, manua l and uni versa l principles. It is more fonnal and 

systemati c. In another ways, tacit knowledge is the knowledge stored in subconscious mind of experts 

and not easy to document. It is highl y personal and hard to formalize, and hence difficult to represent 

formally in system subjecti ve insights, intu itions, emotions, mental models, values and actions arc 

examples o f tac it knowledge [12]. 

III. Ceneric vs. Speci fic Knowledge 

A further way of classify ing knowledge is to what extent it is generic (applies ac ross man y s ituations) 

or specific (applies to one or a few situations). Developing ways in whi ch specific knowled ge can be 

made more generic, and generi c knowledge can be made more specific, has been a major effort in 

knowledge engineerin g. 

Iv. Fac tu al vs. Heuristic Knowledge 

According to R. S.E and Edward, F [13] , knowledge is class ified as factual and heuristic. Factual 

knowledge is knowledge of the lask domain that is widely shared, typically found in textbooks or 

journal, and commonly agreed upon by those knowledgeab le in the particular field. 

Heu risti c knowledge is less accurate, more empirical and judgmen tal knowledge o f per formance. In 

COn trast o f fac tual knowledge, heuristic knowledge is rare ly di scussed. and is largely ind ividual istic. 
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It is the knowledge of good practice, judgment, and plausible reasoning in the fie ld . It is knowledge 

that underli es the "art of good guessing" . 

2.5. Level of knowledge 

Knowledge can be represented at differen t level s. According to [Ill , there are two type levels of 

knowledge whi ch is di scussed as follow. 

Shallow knowledge (surrace knowledge): is the representation of surface - leve l information that can 

be used to dea l with very spec ific conditions. The shallow knowledge basically represents input/olltput 

relationship o f a system and its representation is lim ited, i.e. a set o f rules by itself may have little 

meaning for the user. It may have littl e to do with the manner in whi ch experts view the domain and 

solve problems. This may limit the capability of the system to provide appropriate explanati ons to the 

user. Its knowledge may also be insufficient in describing complex s ituations. Therefore, a deeper 

presentation is often required. 

Dccp know ledge: is the interna l and causal structure ofa system and involves the in teracti ons between 

the system's components. It can be applied to various tasks and various situations. It is also hard to 

automate th is kind of knowledge. The system developer shou ld have a complete intellectua l ability of 

the main components and their re lations. 

2.6. Architecture of Knowledge based System 

KBS incorporates the fo llowing major components to accomplish it mission which is establi shed for. 

These parts are discussed below both diagrammatically and theoret ica lly. 

• 

• 

• 

• 

The knowledge base 

The inference engine 

The user interface 

The exp lainer and the knowledge acqu isit ion subsystem 

Figure 2.1 below illustrates the building blocks of knowledge based system arch itecture 
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Figure 2. 1 : Components of KBS Architecture l62] 

2.6.1. Kn owledge base 

Knowl edge based is the heart of the KBS, conta ins the specific knowledge about the system of 

expertise in the form of fac ts and rule. The ru le uses the facts in drivi ng the conclusion ( 14). The 

knowledge base comprises specific knowledge on a certain domain that makes human an accu rate 

expert on the specific domain. This knowledge is extracted from human expert and encoded in the 

knowledge base us ing d iffe rent knowledge representation techniques. In a knowledge·based system, 

the main techn iques used for representing the knowledge are rule, first order predicate logic, frame and 

network [15]. 

2.6.2. Inferen ce Engine 

The purpose of the inference engine is to seek information and relationships from the knowledge base 

and to provide answers, predict ions, and suggestion the way a human expert would. It IllUSt find the 

right facts, interpretation, and rules and assemble them correctly [16] . Inference engine compares the 

user's info rmation with the knowledge in knowledge base. and deri ves whatever conclusions may 
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logically follow. There are two common inference methods. These are backward and fo rward chaining 

inference eng ine. Backward chaining inference engine: guesses a conclusion and then atlempts to 

prove that this guess is correct i.e., is the process of starting wi th conclusions and work ing backward to 

the su pporting facts [16]. 

Fonvard chaining inference engine compares the fac ts with the If part of a rul e and fires a conclus ion 

from the Then part of that rule [17]. Forward cha ining starts with the facts and works forward to the 

conc lusion. According to [181, the inference engine uses one o f severa l avai lable form s of inference. 

Oy inference we mean the method used in knowledge based system to process the suppli ed data, and 

the stored knowledge, so as to procedure correct conclusions. Fonvard chaining Sometimes ca lled 

the data driven approach which works from the facts to a conclusion. To chain for word, match data in 

working memory aga inst conclusions of rules in the rule based. Backward chaining which is called 

goa l driven approach works from the conclusion to the facts. To chain backward, match a goa l in 

working memory against conclusions' of rules in the ru le based. Here are the two rules : 

If corn is grown on poor soi l, then it will rot. 

If soi l hasn' t enough nitrogen, then it is poor soil. 

f onvard chaining: thi s soi l is low in nitrogen; therefore this is poor soil ; therefore corn grown on it 

will rot. 

Il:lck word chaining: this corn is rotten; therefore it IllUSt have been grown on poor soil; therefore the 

soi l must be low in nitrogen [18]. 

2.6.3. User Interface 

According 10 Cast il lo el a l. 1191 noted that, user interface is a channel for communication between the 

KBS and the end-user. Therefore, in order for the KBS to be an interact ive too l, it should include a 

means to show and retrieve infonnation in a s imple manner. Examples of in fonnation to be shown are 

the consequences made by the inference engine, the justi fications for such consequences, and an 

ex planation fo r the act ions made by the KBS. The user interface offers a mechani sm for atta ini ng the 

desired in format ion from the end-user. Therefore, an insufficient implementation of the user interface 

that does not assist this process wou ld hinder the im portance of the KBS by the end-users. Moreover, 

the reason for the significance o f the user interface component is that end-users usuall y eva luate KBSs 

based on the quality of the user inlerface instead of the K BS itse lf 11 91· 
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The user interface is basically a language processor which allows the end-user to communicate with 

the KBS in a problem so lving, usuall y some restricted variant of English. Typically. the user interface 

parses and interprets user quest ions, commands and volunteered infonnation. On the olher hand, the 

interface formats information's generated by KBS, including answers to questions, explanati ons and 

justifications for its behav ior and requests for informat ion [20]. 

2.7. Self-Learning 

Self-learning is one of the elements of KBS which tries to imitate thc learning capabi lity of human 

beings. It is possible to update the knowledge base of the KBS ei ther manually or automat ica lly using 

machine learning algorithms 121) . According to Akcrkar and Sajja 1221. " Self-leam ing" is a scient ific 

task that enables the knowledge-based system to learn automatica ll y from the inference process, cases 

executed. To carry out such tasks, one needs to have a control mechanism that discovers general 

conjectures and knowledge from specific data and ex perience, based on sound stati stical and 

computational principles" . One of the key characteristics of KBS is the capability to learn. Accordi ng 

to Castillo ct al. 11 9\, there are three methods of learning. These are structural learnin g, parametric 

learning and learning by memorization. According to Saxena L23], learn ing is the most eril icn l 

attribute o f intelli gence and an evo lving knowledge base. The system should learn from ex peri ence 

about how the environ ment behaves and should create a model of thi s environment. So that, if the 

env ironment changes, system should be able to recogn ize the changing behavior and adapt to new 

behavior of the environment [23]. 

Structural learning denotes to certain features assoc iated to the structure of knowledge such as rules 

and probability distributions. For example, finding new related criteria for a certain appl ication or 

incorporating a new rule in the knowledge base. 

Paramctric learning denotes to conjecturing the parameters required to bu ild the knowledge base. 

Learning by memorization denotes the capabi lity of KBS to learn from experience based on the 

existi ng data. Using this method, KBS can carry out different activities such as stori ng or memorizing 

knowledge, and leam ing from the facts base. The following figure 2.2 shows a program that learns by 

memori zat ion method 1241. 
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? • start. 

Type names all in lower case, followed by period. 

Type "stop." to quit. 

Please en ter the name of stale? England. 

The capital city of England is London. 

Please enter the name of state? China. 

r do nol know the capital city oClhat state. 

Please tell me. 

Please enter the name of capital city? Beij ing. 

Thank you. 

Please enter the name of state? Egypt. 

The capita l city of Egypt is Cairo. 

Please enter the name of state? China. 

The capital city of china is Beijing. 

Please enter the name of state? Stop. 

Saving the facts base ... 

Done. 

Figure 2.2: A program that shows se lf-learning [24] 

As shown in above fi gure 2.2, the program has learned what the capita l city of china is. The learn ing 

process is cont inuous, i.e. when we run the program at the next session and question for the capi tal city 

of china, the program repli es the righ t answer. As one can easi ly understands from the above figure 

2.2, the program learns the capita l ci ty of china after the user told to the system. The capital city of 

china is stored in knowledge base of the program and the program memorize when the user inserts the 

state china. 

2.7.1. Data Storing Strategies 

According to Covington et a!. [241, there are three places you can store data in a prolog program. 

These are: In the instantiation ofa variable. This is the least permanent way of storing inform at ion, 

because a vari able exists onl y within the clausc that defines it. Further. variables lose their va lucs upon 
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backtracking. That is, if a part icu lar sub goal instantiates a variable and execution then backs up past 

that sub goal, the variable will revert to being uninslan liated. 

In a rguments of predicates. The argument list is the onl y way a Prolog procedure normally 

communicates with the outside world. (Input/output pred icates and predicates Ihal modify the 

knowledge base are except ions, of course.) By passing arguments to itself when ca lli ng itself 

recursive ly, a procedure can perform a repetiti ve process and save information from one repet ition to 

the next. 

In the knowledge basco Th is is the most permanent way of sloring info rmation. Informat ion placed in 

the knowledge base by asserta or assertz remains there unti l explicitly retracted and is unaffected by 

backtracking. A simple example of storing knowledge in the knowledge base is the predicate 

2.7.2. Rule- learning 

According to [25], there are two type of rule learning. These are Inductive and Deductive rule learning. 

Inducti ve rule learn ing creates rule about a domain, not derivable from any previous ru le. The best 

example of induct ive rule learning is neural network. 

The second one is Deductive ru le learning which enhance the emciency of a system's performance by 

deducting addit ional rules from previously known domain rules and facts. Exp lanation-Based 

Generation (EBG) is the best example. 

2.8. Knowledge Engineeri ng Process 

The process of acquiring knowledge from experts and bui lding a knowledge base is ca ll ed Knowledge 

Engineering [II]. According to (I I], the knowledge engineering process includes five major act ivit ies 

as described as follows. 
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Figure 2.3: process of knowledge Engineering P I]. 

I. Knowledge Acquisition: knowledge acquisition involves the acquisition of knowledge 

from human experts, books, documents sensory, or computer files. The knowledge may be 

specific to the problem domain or to the problem solving procedures, it may be general 

knowledge (knowledge about busi ness), or it may be Meta knowledge (knowledge about 

knowledge). 

II. Know ledge Representation: Acqu ired knowledge is organ ized so thaI it will be ready for 

use in activity call ed knowledge representation. This activity includes preparation o f a 

knowledge map and encoding of the knowledge in knowledge base, 

III. Knowledge va lidation : Knowledge va lidation or verification involves va lidating and 

verify ing the knowledge. This is done by using test cases until its quality is acceptable. 

Testing results are usually shown to a domain expcrt(s) to verify the accuracy of the ES. 

IV. Inference: This activity includes the design of software to enable the computer to make 

in ferences based on the stored knowledge and specifics of a problem. The system can then 

provide advice to non-expert users. 

V. Explanation and justification: This step involves the design and programming of an 

exp lanat ion capability (e.g., programm ing the ability to answer question such as why a 

spec ific piece of in formation is needed by the computer or how a certain conclusion was 

derived by the computer). 
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The above knowledge engineering processes arc discussed detailed as following. 

2.8.1. Kn owledge AC(IUisilion 

Knowledge can be collected from different sources of knowledge sources such as book, Internet , 

website, doma in experts, documented and non-documented SOUfces of knowledge. According to 

chakraborty [26], Knowledge acquisition involves the elicitation , collection, ana lysis, mode ling and 

va lidation of knowledge. During this process take pIClCCS, there arc various problem/issues occurred. 

These are: 

• Knowledge is in the head of experts 

• Experts have enorm ous amounts of knowledge 

• Experts have lots of tac it knowledge; Experts do nol know all that Ihey know and usc. The 

tacit knowledge is hard (impossible) to describe . 

• Experts are very busy and val uable people 

• One expert does not know every th ing 

2.8.2. Techniques of knowledge acquisition 

As chakraborty [26J noted, there are basic techniques ncquiring, ana lyzing nnd modeling knowledge 

arc: protocol generation techniques, protocol analysis techniques, hi erarchy generati on techni ques, 

matrix - based techniques, sorting techniqu es, and diagram based techniques. 

Protocol-generation techniques 

This techniq ue engages man y types o f interviews (unstructured, semi-structure and structured) 

reporting and observati on techn iques for knowledge gathering. 

Protocol analysis techniques 

The protocol analys is technique used with transcripts of interviews or text-based infomlation to 

identify basic knowledge objects within a protocol , such as gonls, decis ions. relationships and 

attribu tes. These act as a bridge between use of protocol- base techniques and knowledge modeling 

techniques . 
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Ilicrarchy ge neration techniques 

It involves creation , reviewing and modification of hierarchica l knowledge. Hierarchy·gcneration 

tcchniques, such as laddering, are used to build taxonomies or other hierarchica l structures such as goa l 

trees and decis ion networks. The Ladders arc of various form s like concept ladder attribute ladder , , 
compositi on ladders. 

Matrix·based techniques 

The matri x·based knowledge acqu isition techniques involve the construction and filling. in a 2·1) 

matrix (grid, table), indicating such things, as may be, fo r example, between concepts and properties 

(attributes and values) or between problems and solutions or between tasks and resources, etc. The 

clements within the matrix can contain: symbol s (ticks, crosses, and question marks), colors, num bers, 

and text. 

So rlin g Techniques 

Sorting knowledge acq uis ition tech niques used for captu ring the way peop le compare and order 

concepts; may reveal knowledge about classes, properties and prioriti es. 

Di:lgram-based teChniques 

Thi s method of knowledge acquisition inc lude generation and use of concept maps, state trans ition 

networks, event diagrams and process maps. 

These are particularly important in capturing the "What, how, when, who and why" of tasks and 

event s. 

2.8.3. Methodology for KDS Develol}menl 

2.8.3.1 CommonKADS 

Common KADS is considered the leading methodo logy to support structured knowledge engineering. It 

has been gradually developed and has been val idated by many companies and universities in the 

COntext of the European ESPRIT IT program. CommonK ADS enables the recogniti on of opportunit ies 

and how organizat ions develop, distribute and appl y their knowledge management. It al so provides the 
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methods to perform a detailed analysis of knowledge- intensive tasks and processes and supports the 

development of knowledge base system [ II ]. 

According to [63] commonKADS methodology is contains of a number o f clements. These clements 

are shown in the form of a pyramid . The methodological pyramid has live layers (as illustrated in 

figure 2.4 below). Regarding to these layer, there arc a number of principle and ru les. These principles 

are: 

• Knowledge engineering is not some kind of "mining from the expert's head" however 

consists of constructing different aspect mode ls of human knowledge . 

• In knowledge model ing, first concentrate on the conceptual structure of knowledge, and 

leave the programming detai ls for later. 

• Knowledge has a stable in ternal structure that is ana lyzable by di stingui shing specific 

knowledge types and ro les. 

aresu:ifs feed:BcX 
<¢iaiknpr:jms use 

(ACEta:JS tads .. 
irrprmrlElialmJra17Bts 

r I 
lifeG}de 1TlJ:#, p= 1TlJ:#, rrethxls .. 
gictJire3, fiidtEliaJ tfJ:iTiqH; 

gqfiaiItOOEirdElirrs treay .. 
vok::iI£ts, ctwret $z.due L 

rrrrtJ-I:a:a:I kroIIe:J;p erjrreirg v.o1dview .. 
rare d kroIIe:J;p pitfJT"5 

Figure 2.4: Methodologica l pyramid (63) 
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2.8.3.2 CommonKADS model structure 

Figure 2.5 be low shows the CommonKADS model structure that is the practical expression o f the 

pri nciple underlying knowledge analysi s. It includes different sect ion of the CommonKADS 

knowled ge-engineering methodology which shou ld be developed in order to create a comprehensive 

knowledge management system. 

Context 

concept 

Artifact 

Organization 
Model 

Knowledge 
Model 

Task 
Model 

DeSign 
Model 

Figure 2.5: the common KADS model structure l64] 

Commumcanon 
Model 

Agent 
Model 

Accord ing to l64], commonKADS has a predefined set of models, each of them focusing on a limited 

aspect, but together providing a comprehensive view: 

)- Organizat ion model: The organizat ion mode l analyzes the mam characteri stics of an 

organizat ion in order to find out the problems and opportunities for knowledge systems. 

Furthermore, it includes the feasibil ity study and the impacts of the intended knowledge system 

on the organizat ion. 
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);> Task model: Tasks are the sub-processes of a business process. The task model analyzes the 

task layout, its input and output, precond itions and pcrfonnances criteria and the nceded 

resources and competences. 

);> Agent model: Agents are executors of a task. An agen t can be human, an inform<ltion system, 

or any other entity which are able to pcrfonn a task. The agent model descri bes the featu res o f 

agents, in particular their compctcnces, authority to act, and constraints in thi s respect. 

Moreover, it lists the communication links between agents in carrying Qu i a task. 

);> Knowledge Model: The aim orthe knowledge model is to determine the lypes and structure of 

knowledge used in executing a task. Also it identifies all the roles of knowledge-system 

components contributing in problem-so[ving. This makes the knowlcdge model an important 

tool to communicate with experts and users about the problem-solving features of a knowledge 

system, during both development and system execution. 

~ Communication model: Since several agents may participate in a task, it is important to have 

communication protocol to present a[ 1 the transactions between the agents. This is done by the 

commun ication model , in a conceptual and implementation independent way, just as with the 

knowledge model. 

~ Design model: the above Common KADS models together can be seen as const ituting the 

requirements spec ification for the knowledge system, broken down in dirTeren t aspects. The 

des ign model presents the specification of the knowlcdge syste m in term of architecture, 

implementation platform, software modules, representational constructs, and computational 

mechan isms which are necessary to implement the functi ons in knowledge and communicati on 

models. 

Togelher, the organization , task, and agent models analyze the organi zati onal environment and the 

corresponding critical success factors for a knowledge system. The knowledge and communicat ion 

models create the conceptual description of problem-solv ing functions and data that are to be 

handled and delivered by a knowledge system. The design model converts this into a techn ica l 

specificat ion that is the basis for software system implcmentation. Thus process is depicted 111 

above fi gure 2.5. It should be noted, however, it is nOI necessary to construct a[ llhe models [641· 

26 



~1IIiiII7 _____ _ -

2.8.4. Difficulties in knowledge acquisition 

Knowledge acquis ition is not an easy task. It includes identi fyi ng the knowledge, representing the 

knowledge in a proper fonnat, structuring the knowledge, and transferri ng Ihe knowledge to a 

machine. The process of knowledge acqui sition can be great ly innucnccd by the roles o f the three 

major partic ipan ts: the knowledge engineer, the expert , and the end user l27J.Thc fol lowing arc some 

facto rs that add to the complexity of knowledge acquisi ti on from experts and ils transfer to a computer: 

:> Ex perts may not know how to articulate their knowledge or may be unable to do so. 

:> Experts may lack time or may be unwilling to cooperate. 

:r Testing and refining knowledge is complicated. 

:> Methods for knowledge elicitation may be poorly defi ned. 

}:> System bu ilders tend to collect knowledge from one source, but the relevan t knowledge may be 

scattered across several sources. 

}:> Bui lders may attempt to collect documented knowledge rather than use experts. The knowledge 

collected may be incomplete. 

>- It is difficult to recognize specific knowledge when it is mixed lip with irrelevant data . 

}:> Experts may change their behav ior when they are observed or interviewed. 

2.9. Knowledge Modeling 

Knowledge models are v iews of knowledge based using diagram and other structured representat ion 

like trees, maps, matrices and annotation pages [1 3]. Models are applied to express the important 

characteri st ics of real-time systems to understand in a simple way by di vid ing them into small part s. 

Models are more related with problem domain they represent 1281· Real-time systems are huge objects 

comprising of interconnected elements doing in complications as teamwork . Mode ls assi st individuals 

to weigh-up and know such complicat ions by supporting them to ex plore every specific area of the 

system. Models are applied in the construction process of systems to draw the architecture of the 

syslem and 10 s implify the exchange of informat ion between several individuals in the group at various 

levels o f abstraction. Individuals have several understandi ngs o f the system and models can ass ist them 

to know these understandings in a coordinated way. 
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The generation and modification of a knowledge model is an essential aspect of knowledge 

acquisition , as the model helps to clarify the language being used and quickly convey infonnulion for 

validation and modification where necessary. Thus, the use of knowledge models is of great important 

duri ng knowledge elicitat ion from an ex pert, va lidation with the s,,1.me expert, cross-va lidation with 

another expert, knowledge pub lication, maintenance and updating of the knowledge 11 3]. 

Different techn iques can be used in modeling the domain knowledge, fo r example, decision trees, 

hierarchical structure and maps. Decision trees can help steps (decisions) to lind a solut ion for a certain 

problem domain. Decision trees playa crucial role in the knowledge modeling process. A deci sion tree 

is a graph ical representat ion of the search space o f a certain problem domain. It carries out 

classilication by building a tree based on trai ning instances with leaves having class labels. A node in 

the tree represents a decision rule on one or more attributes when solving the problem and the leaf 

nodes growing out from the node represen ts the predicted class label s of the deci sion [291 · 

J-licrllrchicaJ st ruct ure hierarch ical structured knowledge is easy to lind and understand by the, easy 

to use by software ' s and easier fo r maintenance, management and re-use [59] . In hierarchical structure, 

cach com ponent in a system belongs at a certain conceptua l layer. More complex components are 

designed starting from simpler components from the same layer or from the lower layers. Drawing a 

hierarchica lly organ ized tree of components that spans a across multiple layers can represent the 

architecture of the system [59]. 

2.1 0. Knowledge Representa tion 

Knowledge representation is the process of encod ing formalizing and organi zing the knowledge 

acquired into rul e or cases or patterns for use by expert system l13]. Common knowledge 

representation methods include First Order Predicate Logic (FOPL), production rules, frame, semantic 

network and onto logy. One widely used representation is the production rul e. Expert systems whose 

knowledge is represented in the rule form arc rule- based system. As [30 1 noted that, there are four 

basic techniques fo r representing the acqui red knowledge in a knowledge base. These are Logic, 

Semantic networks, Frames and production rule. Each of them is described as follows. 

28 



7 

Logie Knowledge and reasoning could be represen ted using predicate logic . This is the bas is of the 

programm ing language PROLOG. Prolog is an abbreviation for PROgramming in LOGic. It is 

designed basica ll y to handle/man ipulate knowledge representat ion using FOPL (3 1). 

The express iveness of Prolog is due to three major features of the language: rule base programming, 

bui lt in pattern matching, and backtrack ing excision. The ru le·based programming allows the program 

code 10 be written in a form which is more declarative than procedura l. This is made possible by th e 

bu ilt.in pattern matching and backtracking which automati call y prov ide for the now o f control in the 

program . Together these features make it possible to elegan tl y implemen t many types of K BSs 132], 

Semanti c networks: is illustrates the natural relat ionships between objects, concepts and used to 

represent declarat ive or descriptive knowledge. Semantic networks arc constructed using nodes linked 

by dircctiona l lines called arcs. Nodes represent a fac t description of physical object, concept, event 

and arcs or links represents rel at ionships between nodes. 

As Sowa [33] noted, semant ic network or net is a graphic notat ion for representing knowledge in 

pallcrns of interconnected notes and arcs. It is basically a graph where the nodes are labeled by atomic 

formu las, and arcs represent re lat ions between them. Thc nodes of this graph thcn represent ent it ies 

and classes of entities. 

Fnune is a data structure contai ning typ ical knowledge abou t a concept or object. It reprcsen ts 

knowledge abou t rea l world things (or cntities). Frame encompasses both semantic and procedural 

knowledge and contains descriptions of attributes and procedural detail s. Ex pert (knowledge base) 

systems that use frames as their fundamental knowledge represen tat ion scheme are ca lled frame·based 

systems. Frame contains two key clements; slot and facet Slot is set of anributes fo r spec ifi c object 

being described and facet extended knowledge about the attribute in a frame . 

Production rulc consist of conditional statements and expresses relationsh ips betwcen parameters and 

variables. It is easy to understand, express heuri stic knowledge and incorporates uncerta inty and also 

expressed in module. Expert systems that use a knowledge base consist ing of production ru les are 

ca lled ru le.based systems. It is one of the most popular and widely used knowledge represen tation 

languages. Rules represent a very human friendly knowledge representation. They arc composed o f 

simple if - then clauses that are act ivated usual ly according to a custom heuri stic fu nction . One of the 

cited advantaoes of rul e. based systems is their modul arity. simplicity and good pcrformance. 
o 
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Disadvantages of production ru les as a knowledge representation language includes: ineffic ient (not 

suitable for model ing complex world relationships) and less expressive [14]. Example fo r rule based 

knowledge representation as adopted from [33]. 

For two color lights green and red : 

If the ' traffic li ght ' is green, thcn the action is go 

If the ' traffic light ' is red, then the action is stop. 

The fo llowing table 2. 1 summari zes the advantages and disadvantages of knowledge representat ion 

techniques 

Scheme Advantages Disadvunhlges 

Production Simple syntax. easy to understand , simple I-lard to fo llow hierarchies, inefficient fo r 

rule interpreter, high ly modular, fl ex ible (easy large system, not all knowledge can be 

to add to or modify) ex pressed as ru le, poor at representing 

structured descripti ve knowledge. 

Semantic Easy to follow hierarchy, easy to trace Meaning attached 10 nodes might be 

nctworks associat ions, fl exi ble ambiguous, exception handling is 

diflicu lt, diflicultto program. 

Frames Expressive power, easy to set up slots for Difficulty 10 program, difficulty 10 

new properties and re lations, easy 10 in ference, lack of inex pens ive software. 

create spec ial ized procedu res, easy 10 

include default information and detect 

missing va lues. 

Formal logie Facts asserted independen tl y of usc, Separation of representation and 

assurance that only va lid consequences processing, inefficient with large data sets, 

are asserted(precision), completeness very slow with large knowledge bases . 

Table 2. 1 : Advantages and Disadvantages of knowledge representation techn iques (34 1· 
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2.11. Advantage of knowledge B:1SC System 

The mai n benefits of knowledge based system depicted as fo llows (1 2]: 

)> When intelligent assistance and/or training arc req uired for the dec ision mak ing for problem 

solving. 

}> When more than one experts' knowledge have to be grouped at one platform . 

,.. knowledge based systems integrate knowledge of different expertise's in a parti cular domain 

and provid ing in one place the union of what seve ral difTcrcllt experts know about a particular 

domain. 

}> In addition, knowledge based systems provide a clear record of the best knowledge ava ilable 

for handl ing a spec ific problem. Hence, knowledge based systems arc the best technology to 

preserve expertise knowledge for future use. 

They he lp to distribute widel y rare human knowledge and minimize human expertise needed at a 

number of locat ions at the same time, and wi th less amount of time. When expert ise is unavai lable, a 

kllowledgl;! based system can act as an expert on demand to save lime. Knowledge based systems can 

save money by leveraging expert, and allowing users to function 

~ At higher level and promoting consistency. Additionall y, knowledge based systems can 

increase cost-effecti veness in the transfer and di sseminat ion of existing knowledge. 

}:> Similarly, knowledge based systems can be used to di stribute experts' knowledge in a 

structured manner. Particularly, they provide beginner with expert advice on a specific subject 

and aids in training new em ployees. As a resu lt, knowledge based systems bring greater 

innovation by allowing creative professionals to explore, understand; di scard and rework many 

alternative paths to a needed solu tion. 

In general, wi th the proper utili zation of knowledge, the knowledge-based systems increase 

product ivity, document rare knowledge by capturing scare expertise, and enhance problem solving 

capabi lities in most fl exible way. Such systcms also document knowledge for future use and 

training. Th is leads to increased quali ty in problem solving process. 
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In addi tion to the above listed advantages, there are some better features of knowledge base system to 

identi fy from the o ther system. The following table 2. 1 summ arizes the main difTerence between 

knowledge based system, human experts and conventional program [351. 

1·11I1II3n Experts Know ledge based system Convcntiona l pfogntlll 

Usc knowledge in the form Process knowled ge ex pressed Process data and lISC 

of thumb or heuristic to in algorithms in a series o rwell 

solve problems in a narrow the form of rules and lISC defined opcmtions to solve 

domain symbol ic reasoning to solve genera l numerical prob lems 

problems in narrow domain 

In human brain, knowledge Provide a clear separation of Do not separate knowledge 

ex ists in a com piled fonn knowledge From its processing from the control structure to 

process this knowlcdge 

Use inexact reasoning and Permit inexact reasoning and Work only on problems 

can deal with incomplete, can deal with incomplete, where data are complete and 

uncertain and fuzzy uncertai n and fuzzy data exact 

informat ion 

Can make mistakes when Can make mistakes when Provi de no solution at al l, or 

inform ati on is incomplete inFormation is incom pl ete or wrong one, when data are 

or fuzzy fuzzy incomplete or fll zzy. 

Enhance the quality of problem Enhance the quality of problem Enhance the qualit y of prob lem 

solving via years or learnin g so lving by addin g new rul es or solv ing by changing the 

and practical traini ng. Th is adj usting old ones on the program code, which affects 

process is slow, inefficient and knowledge base. When new bot h the knowledge and its 

Expensive knowledge IS acqu ired, process mg, making changes 

changes are easy to difficult 

accomplish. 

Table 2.2: Comparison of Human Experts. KB and COll ven tiona l programs 
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2. 12. Limitation of Knowledge B:ase System 

Even though the knowledge based system has benefi ts, it has also its own drawbacks which arc 

ill ustrated as fo ll ows [1 2] . The scarcity and nature of knowledge make the KBS deve lopment process 

difficult an d complex. The transparent and abstract natu re a fknowledge is ma inly responsible for this. 

In add it ion, this fi e ld needs mo re gu ide lines to acce lerate the development process 

• Acquisition, representat ion and manipulation ori lle large vo lume of 

the datalinfonnation/knowledge arc very complex. 

• High-tech image of the A I field . 

• Abstract natu re of the knowledge. 

• Lim itations of cognit ive science and other scientific methods. 

• the ir knowledge is from a narrow fie ld, don' t know the limits. 

• the answers are not a lways correct (advices have to be anal ysed). 

• don ' t have common sence (greatest restriction) --t al l of the self-evident checki ng have to be 

defi ned many except ions --t increase the size ofKI3 and the runn ing time). 

2.13. Expert system 

Ex pert system is computer app lications which represent some non-a lgorit hmic experti se fo r solving 

certain types o f problems. It is an in teracti ve computer based dec ision too l that uses both facts and 

heurist ics to solve difficult decision making problem based on knowledge acqu ired from domain 

expert . Expert system is a model and associated procedu re that exhi bits within a spec ific domain , a 

degree of experti se in prob lem solving that is comparable to that of a human ex pert [26]. 

An expert (knowledge based) system is a problem so lving and dec ision making system based on 

knowledge of its task and logical rules or procedures for using knowledge. It is a program that 

em ulates the interact ion a user mi ght have with a human expert to solve a prob lem [36]. 

Expert system is a computer program that represents and reason with knowledge of some specia list 

subject with a vicw to so lving problems or giving advice. To solve expert system level prob lems, 

expert systems will need effi c ient access to a substa nt ia l dom ain knowledge based. and reasoni ng 
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mechanism to apply the knowledge to the problems they are given. The expert system will generally 

build upon the ideas of knowledge representation, production rules, sea rch and the like [37]. 

2.13.1. Characteristics of expert systems 

Expert system (ES) di stinguished from traditional computer system in different ways. As Tripalhi 1381 

noted that, expert system is different from traditional computer system in that : 

;, Expert system simulates human reasoning about the problem domain, rather than simulating the 

domain itsel f. 

;, It performs reasoning over representations o f human knowledge and contains corresponding 

di stinct models referred to as the infercnce engine and knowledge. 

;, Probl ems tend to be solved using heuristics or approximate methods or probabili stic methods 

which, unlike algori thmic s01 ution, arc not guaranteed to result in a correct or optimal solut ion. 

;, It usually has to provide explanations and justi fications of their solutions or recommendations 

in order to convince the user that their reasoning is correct. 

According to chakraborty [261, expert system is characterized as operates as an interactive system 

and make logical inference based on knowledge stored as wel l as it has the ability to explain 

reasoning and update knowledge based on a continuing basis. 

2.13.2. Architecture of Expert system 

--------- - _.-- - .. - _ . .. --_. _. ---- ----- -- - - - ---· Que.tlons · · Explanatory · · system working • Ex pl_n-,Ions 

( · memory · User 
User • · Interface Facts , ~.tlon. · • Inference · · R •• ul t s engine · · · · Knowledge · -~--

Knowledge base Expert & · · Ex pert base Knowledge · interface 
debuQOing Info 

editor engineer · · • - ----- - -- - --- - -- -- - ------ - --- - - - --- --- ----- -- -----

Figure 2.6: Architecture of ES 130] 
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The infe rence cngine and knowledge base arc separated because of the reasoning mechanism needs to 

be as stable as possible and the knowledge base must be able to grow and changed, as knowledge is 

added. Any pract ical expert system needs an explanatory faci lity. It is esscntia lthat an ES should be 

able 10 exp la in its reason ing because of it gives the user confidence on the system and it makes easier 

10 debug the system 130).The main architecture of ES is described as follows 1381. 

Knowledge base: the knowledge base contains the knowledgc necessary for understanding, 

form ulatin g and for solving prob lem. It is a warehouse of the domain specifi c know lcdge gathered 

from domain expert thorough the knowledge acqui sition methods. The knowledge basc o f expcl1 

system conta ins both factua l and heuristic knowledge. Factua l knowledgc is the knowledge of the lask 

domain that is wide ly shared. Heuri stic knowledge is the Icss rigorous, more experiential and more 

judgmental knowledge of perfonnance. It is the knowledge of good practica l. judgmental and plausible 

reasoning in the field. 

Inference Eng ine: inference engine is a brain of expert systelll . It uses the control structure (rule 

interpreter) and provides methodology for reasoning. The major task of inference engine is to draw is 

ways through a forest of rules to arrive at a conclusion. Here two approaches forward chaining and 

backward chaining are used. 

Expl:lll ution: it is a subsystem that explains the system 's actions. The explanation can range from how 

the fina l or intermed iate solutions were arrived at to justifying the need for additional information . 

Here user wou ld like to ask the basic question. 

Use r interface: it is a means of communication with the user, and used to make the dialog user 

friend ly. 

2.14. Development Tools in Knowledge-Based System 

A KBS tool is a co llection of so ftware instructions and utilities taken to be a software package 

designed to support the development of knowledge-based systems. KBS can be built using 

programming languages name ly LISP and Prolog. John McCarthy (381 publi shed an outstanding paper 

Showing a handful of s imple operators and a notation for functions. one can develop a full 

program ming language. He named this languagc Ll SI) (List I)roccssing) because one of hi s main 

personal vicws was to use a sim ple data structurc ca lled a list lor bOlh code and data. 
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2.14. t. SWI Win-Prolog Programming 1:lII guagc 

WIN-I>ROLOG provides a complete development environment including casy-Io-usC pull -down 

menuS, support fo r multiple edit wi ndows and rich edit (e.g. automatic syntax coloring. multiple fonts 

in a window, ctc.).WIN.PROLOG has incremcnlal and opti mized comp ilat ion, together wit h a hashed 

compilation mode which allows a matching clause to be found almost instantly. 

WIN-PROLOG all ows you to create polished Windows applications; it provides an extensive range of 

graphics predicates allowing convenient access to a large number of Windows Graphical User 

Interface (GU I) functions [39]. 

WIN Prolog is a programming language which is completely different from other Innguagcs. 

Programming language such as BASIC, C, C++ and PASCAL uses thei r main techniq ues or methods 

to splitting a problem into discrete steps and rollowing those steps in sequen tial order 140]. 

Prolog is attracti ve logic programming language ror proressionals in the area or knowledge 

Engi neering and Arti fic ial Intelligence. Indeed it has been used in a various rea l worl d applications. 

Some or the most common domain areas arc environmental modeling, sales model ing, medicnl 

domain, rungus identification, image recognition, managemen t consultancy, etc. [41 J. 

In Prolog the data and the program arc the two dinerent ways or looking at the Prolog objects. Prolog 

has the ability to change its program whi lst that program is runnin g. Another important aspect or 

Prolog is that it re lates to a logic ca ll ed predicate calculus. This gives Prolog a number o r di stinct 

properties it inherits rrom logic and gives better roundations than other conventional progrnmming 

languages. One of the properties is that prolog is a decla rat ive language. This nllows one to deve lop a 

program by concentrating on "what" needs to be done instead of "how" it is done . 11 can also allow a 

programmer to understand without the need or foll owing through its dynamic execution [421· 

2.15. Testing and Evaluation of the KBS 

Testi ng and evaluat ing of a knowledge based system requires elaborate methodology than a simple 

iterative test and refines cycle. At the design stage an adequate knowledge base structure is required to 

permit focused modificat ion of the knowledge base whe n errors afe happened. 

Evaluation of a knowledge base system by domain experts is very useful 10 determine the qual ity and 

interacti ve reat ure of Ihe kn owledge based system. Furthermofe. verilication and va lidation o r a 
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knowledge base system is to demonstrate the consistency, completeness and correctness of the 

knowledge base system so as to make users confident enough in using it. According to Berry D. and 

Hart E [43], the success of a system not on ly about the system matching user needs and support ing 

users in their tasks, but also deals with the match between the system and the social and poli tica l 

factors within the host organizal ion. Th is is pcrfonned by give em phasis to Ihe usabi lity. th rough 

interviews, questionnaires, formal observation while users inlcmct with the system, system logging, 

simple testing and experiments. 

According to C.J and 0 [44] , there are two most common and general approaches which are used to 

eva luate know ledge base system. These are object ive and subjective approach. The subjecti ve 

approach employs qualitative compari son of perfonnance and it assumes observation results that 

depend on contex t and observati on. Due this, a system va lue depends on an individual's perform ance 

and opinion .The second approach is objecti ve approach , it focused on import attributes o f syslem 

which can be measured and interpreted. This qualitative approach uses statistical experts. Both 

approaches compri se many knowledge system evaluation methods. 

According to Burkle et a1. [45], stated thaI knowledge based system evaluat ion may be d ivide into 

various phases. In the most cases, the evaluation process of knowledge based system starts during the 

development of the system and can be split into verifi cation, validation and assessment of human 

factors. 

Vc rifi c~ltion : it is a knowledge based system evaluation process, whi ch is employed during the 

development o f the knowledge based system. It is also used to answer the question "Did we build the 

system correctly?" In addit ion, verification is the work o f rev iewing, examining, testing, checking, 

documenting of a system. It ensures whether the system has been developed according to the 

predefined specificat ions and objecti ves and verifies consistency, completeness and correctness of the 

system [45]. 

To verify a knowledge based system, it is possible to use ei ther a program proof or a test strategy. The 

first methodology proves the tOlal correctness of the program logic with mathematical methods 

whereas the later methodology checks partial correctness of the program with gi ven test cases. 

Va lidation: Validation is an eval uation process that is implemented after a program developed to 

answer the question "Did we build the ri ght systemT It checks whether the system performs the tasks 
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for which it has been designed in the real working environment or not. This process is vcry esscnliallo 

test Ihc accuracy of knowledge based systems. 

AsscssmCII1 of Human Factors: this phase IS a vcry essen tial part of knowledge based system 

evaluati on process. There are varieties of methods to assess human factors of a knowledge based 

system. Some of the most commonly used methods include in terviews, questionnaires, log studies, 

reaction studies and visual interaction. Among these visual in teraction is thc moSI commonl y method 

which allows the experts or domain users to make comments whi le interacting with the system. 

2.16. Application of Knowledge n:lsed Systems 

Knowledge based systems have many diffe ring functions Hnd application areas. The area of 

applications fo r knowledge based system technology ranges from high ly cmbedded tumkcy expert 

systems for controlling certai n funct ions in a car or in a home to systems that provide fi nancial, 

medical , or navigation advice to systems that con trol spacecraft [46],l471.Thc following tab le shows 

major types of problems, which can generally so lve by using knowledge based systems. 

I' roblcm Type Kn owledge Based Syslem AI>I)lica lioll ArcOls 

Diagnosis Inferring System Mal function from observables 

Design Configuring Objects under constrain t 

Control Goveming system behavior to meet specifications 

Instruction Diagnosi ng, debugging, and repai ring student behavior 

interpretation Inferring situation description from data 

Monitoring Comparing observations to expectations 

Plann ing Designing actions 

Prediction Inferring like ly consequences of given situation 

Prescript ion Recommending so lution to system mal fu nction 

Selection Identifying best choice from a li st of possib il ities 

1·luman resources In training and ed ucat ion 

Finances In assessment report 

Table 2.3 : Appl ication Areas of Knowledge Based Systems 1471 
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As indicated in the above table, there arc many dilTerent types of problems Ihat can be so lved by using 

knowledge based system technology. Some of the application of knowledge based system technology 

was in the financial industries, which, with il s highly intangible products, is especially we ll suited 10 its 

usc. The knowledge based system technology can be employed to reduce money laundering by 

identifying suspicious patterns in money transfer, to assess loan ri sk and for app lication decisions 1481· 

Recent ly, a number of financial inst itutions and consulting firm s have been investi gating artificial 

intell igence techn iq ues to address problems that have been mlher dimcult to solve using conventional 

computer technology. Such problems include the evaluat ion and sclection of a wide range of 

commercial ri sks, and the monitoring of various services over a period of time. The application of 

art ificial intelligence techn iques to such problems looks very promising for a number of reasons. One 

is that art ifi cia l intelligence systems are very Oexible and they ofTer signifi ca nt new capabi lit y [48 1· 

2.16.1. Knowledge base System in Fin:lll ci:1 1 sen'ices 

As 1491 agreed that, KBS has found a horne in fi nancial services and is recognizcd as a valuable 

addition to numerous business applications. Sophisticated technologies encompass ing neural networks 

and business ru les alollg with KBS based techniques are compl ian t positive results in transaction­

oriented scenarios for financial services. It has been widely adopted in such areas of risk management, 

compliance, and securities trading and monitoring, wi th an extension into customer relationship 

management (CRM). Knowledge base system can be applied in fi nanc ial decision makin g. The 

financial serv ices arc the vigorous user of knowledge base system techniques. Advisory programs have 

been created to assist bankers in dctennining whether to make loans to businesses and individuals. 

Insurance companies to assess the ri sk presented by the customer and 10 determine a price for the 

insurance [26). In the field of Finance, knowledge base system has long been used. Some applications 

of knowledge base system arc: 

• Credit authorizat ion screening 

• Mortgage ri sk assessment 

• Project management and bidd ing strategy 

• Financial and economic forecasti ng 

• Ri sk rating ofexchange-lraded, fi xed income investments 
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• Detection of regu larities in security price movements 

• Predict ion of default and bankruptcy 

• Security/and or Asset Portfo lio Management. 

2. 17. Related works 

Since there is no local research done in our country on knowledge based system for credit eva luation, 

the researcher rev iew foreign researches on the use of expert systems and how it aITect banking sector 

and also review loca l researches related to business area. Some of the related work s conducted by 

foreign and local researches related to business have been rev iewed as fol lows. 

There is a number of works that attempted to show the use of expert system, how this technology is 

performed and how it affects the banking industry. According to [501 survey conducted in British 

banking industry, areas that are using expert systems are debt counsel ing, bad --control decision, 

behayioral scoring, branch ri sk assessmen t, busi ness advice. commercial loans. corporate 10..1n 

applicat ion, credit evaluati on and control , financia l advice, Fraud detection , Lending ri sk analys is, 

loan decision, mortgage selection, security perfection and system fault diagnosis. The main objective 

of th is research project was to find ou t how extensive expert system technology is being used in 

banking sector and how it affects bank ing organ il.1Iions. Accordi ng to this work , 66.7% where usc 

expert system in bank ing; which is take high percentages and 23.8% arc not using thi s technology in 

banking. The rest percent wh ich is 9.5% arc planning to usc ESs. As the results of th is study indicate 

50% secretarial staff is actual ES users. The next arc middle management. In thi s resea rch, Ihe 

researcher recommended for further work ways! methods to deyelop expert systems used by banking 

ind ustry and neura l networks in this sector. In general , Ihis study indicates a poss ibility o f knowledge 

base system in the areas. 

Kay Bryant [5], has done research study on the integration of qualitative facto rs into ESs for evaluating 

agricuhura l loans. The main goal of this study is to examine whether ES technology is an effective and 

efficient means of prov iding advice and support fo r the agricu ltura l loan evaluation process. The 

research was conducted in Austral ia. The rcsearcher tries 10 incorporate qualitative f"ctor sllch as a 

loan officer's in tuiti on, cxperience and judgment as well as quantitati ve factors. According to thi s 

stUdy. the subjective knowledge is extract from IWO bank institution of loan oOicers through 

questionnai res and the acq uired knowledge is representcd using dependency diagram. The developed 
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ES system enables the loan offi cer's to make decision easil y in agricullUral loan evaluation. Arter the 

ES is developed the perfonnance testi ng oftne system was made with 45 loan applications of two bank 

institution and 73% perfonnance were achi eved. 

The author concludes that, ex pert system is required to lower operat ing costs and increase producti vity 

as \Veil as profi ts. All of the loan offi cers regarded the ES highly, that is as being useful and effectivc. 

This finding has particul ar relevance for the less experienced loan officers who found the expen 

system most useful [5]. 

Desalegn [5 1], has done research on designing a knowledge based system for VAT (Va lue Add Tax) 

admini strat ion. The main focus of the rescarchcr is to explore and design an applicable knowledge 

based system that suppon the stakeholders of tax by providing appropriate VAT related advice based 

on the tax law of the country and working procedures of the concerned bodies. The developed 

prototype knowledge is extracted from documented and non-documcntcd sources of knowledge .md 

from domain experts of VAT admi nistration. The knowledge b'lse of the system contains the domai n 

knowledge for solving VAT refund related problem. The knowledge is represented as a set of rules and 

facts. Each rule spec ifics a rcla 'ion~hips, recommendation. directive, strategy or heuristic and has the 

IF (condition) THEN (act ion) structure. In this study, the researcher use SWI prolog tool to develop 

rule based knowledge based system because of its suitabi lity fo r the production rule and capac ity to 

minimize the complexity of the problem. Arter deve loping the prototype of the system, testing of the 

prototype rul e based system for VAT admini strati on was done to eva luate the performance of the 

system . The researcher fou nd accuracy of 82.5%. The researcher recolllmcnded fo r further sllldy issues 

like assessment, audit, custom case of VAT, in telligence tasks of VAT; tax types like turnover and sure 

tax. 

Wondirnagegneh u [52], has conducted research study on determi nants of nonpcrforming loans the case 

of Ethiopian Banks. The objective of this study was to identify and investigate the detcnninants of 

nonpcrform ing loans of Banks. In thi s study the survey technique were used. The two approaches o f 

research qual itative and quantitative approach were app lied. As the researcher found out. the factor that 

neglect loans o f banks to borrower are poor credit assessment. failed loan monitoring. underdeveloped 

credit culture, weak inst itutional capacity. unfai r competition among banks. relaxed credit tenll and 

condition and default by borrowers and their kn owledge limi tation. The researcher also recommends 

thm banks shou ld put in place a vibrant credit process that ensures proper customer se lecti on. robust 
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cred it analysis, authentic authorizing process, proacti ve monitoring and clear recovery strategies for 

sick loans; formulate a clear pol icy framework that addresses issues of conflict o f interest, eth ica l 

standard and check and balance in credit process; organi zational capacity enhancement of banks; 

del iberate e ffort to devetop culture of the pub lic towards cred it and its management by banks and 

ensuri ng prudent policies that govern bank loans. 

Josephi ne Nassali[39], has conducted a research on a Loan Assessment System for Centenary Rural 

dcvelopment Bank . The main objectives of the stud y is to design a loan assessment system that can be 

used to overcome the challenges be in g experi enced in Uganda 's fin ancia l instit utions as a result of lack 

of good decision mak ing mechani sms in disbursing loans. In order to address the problem, a structu red 

approach to analysis and design of systems was fo llowed in the deve lopment of the prototype in the 

study. 

The mai n methodology used in the study was the research approach where an in terview guide was 

designed to e licit data required on critical issues towards establishing a loan assessment system for 

Centenary Bank. The qualitat ive research methods were lIsed in the study and to exam ine the nature o f 

loan assessment system in Ugandan fi nancia l institutions. In the study different methods o f data 

collection were involved . These included , an interview guide. observation and reviewing of ex isting 

data on the loan assessment system. 

The fi ndings of the study showed that, the loan assessment system in place is time consum in g as it 

takes too long (up to a month) for a loan to be approved and the amount approved is too litt le 

(sometimes less than 50 percent) compared to what a client app lies for. As the result of the study 

showed that, the officers al so identi fied these as complaints ra ised by a big percentage o f customers 

and revealed that this is as a result of bias which is inheren t in individua ls .. 

Martin Omara l53], has conducted study on credi t assessment process and repaymen t of Bank Loans in 

Barclays Bank Uganda Ltd. The main objcctive of the study was to exami ne the appropriatcness of 

credit assessment process used by Barclays Bank Uganda Ltd ; to estab li sh the levcl o f loan default on 

13arelays Bank perfomlance and to design strategies on how credit assessment and repayment of Bank 

loans can be im proved. The research was a case study o f Barclays Bank Uganda Ltd wi th a sample size 

of 73 respondents comprising staff and customers of Ba rc lays. As the researcher found Ollt. there was 

delay by Barclays Bank in scoring loans. The 13arclays charged commitment fces \0 both new and 

eX isting borrowers. As resul t found impl ies that Dank was foulld to charge higher interest rate thall the 
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competitor. The Bank also did not do proper monitoring and follow up of loans once disbursed. The 

resul t found shows that Barclays was not to have a central reference point where records about 

customer borrowing from other financial institutions arc kept. 

The researcher recommends based on the result found . The bank needs to fasten the credit assessment 

process by putting appropriate mechan ism to attract more business. The researcher al so recommends 

proper monitoring and follow-up of loans di sbursed and credit reference bureau be instituted where 

credit inrormation on borrower can be required. 

From the review made, one can understand that there is no rese:trch conducted to design self-learning 

KBS for credit evaluation. However, international experiences show that [51 on the integration of 

qual itative factors into ESs for evaluating agricultural loans. This research was conducted using rule 

based representation techniques to show the efTectiveness and efficiency of expert system in 

agricultura l loan evaluation. In thi s study, the researcher attempted that as expert system is lower 

operating costs, increase productivity and profit. Th is stud y is limited onl y 10 agricultural loan 

evaluation and the stud y not covered about se lf- learning Knowledge Based System, 

Josephi ne Nassali[39] , has conducted a research on a loan asscS~lIl cn t system ror cent enary rural 

development Bank. Even though, the study was conducted on loan assessment system, there many 

things Ihat makes differ from this study. These arc the researcher uses structured approach to des ign 

and analys is Ihe loan assessment which is quite different from method used in thi s stud y. Another thin g 

that makes di rferent is the researcher uses procedural programm ing language which is diOc rent from 

this study wh ich uses a declarative programming language. The main thi ng that makcs dirfcr is the 

study not consider about self-learning which is cove red in thi s study. 

So, the proposed a prototype self-learning knowledge based systems in thi s study is conducted to 

explore the applicabi lity of a self-leaming knowledge based system ror cred it eva luation of loan 

applications. The main objective of the research study is to eva luate loan appli cation or requests ali gn 

within the rule and procedure o r credits. Therefore, the proposed se lf-learning kno\\ ledge based can 

asSist ' domain expert during loan evaluation process and cred it customer by provid ing advisory 

serv ices. This work wil l also be used as an input for further development of cred it evaluation in 

banking industry and mi cro financial instituti ons. 
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Chapter Three 

3.0. Knowledge Acquisition, Modeling and Representation 

3.1. Knowledge Acquisition 

In knowledge engineering, there are two basic important sleps during the deve lopmen t of knowledge­

based systems that every knowledge engineer should consider. The first and the most importan t one is 

acquiring the requ ired knowledge from domain expert s like, custOlller relationship rnanagcr{CRM), 

credit anal yst, cred it adv isor and other relevan t documents. The second one LS representing the 

acqu ired knowledge with the appropriate knowledge representation technique. 

Knowled ge acquisi tion is the process of acqu iring relevant knowledge from domain expert and other 

sources o f infonnat ion such as books, databases, guidel ines, manual s, journals articlcs, computer files, 

etc. knowledge acquisiti on is the proccss of eliciting , structuri ng and representing (formalizing) 

domain knowledge acq uired from different sou rces. Knowlcdge acq ui sition is the first step and tim e 

consuming task in the development of knowledgc based system!541 · 

The acqu is ition of knowledgc is the most important and critica l phase in bui ld ing knowledge-based 

systems. However, it is an extremely hard and capable of makin g an crror task that knowledge 

eng ineer does while developing a knowledge- based system. As a result o f the cha ll enges and 

difficu lties faced in the transfer of expertise knowledge, knowledge acquisit ion has bcen depicted as 

the difficulty o f knowledge based syslCms developmellt lll J. 

3.1.1. Steps in Knowledge Acquis it ion 

Knowledge acqui siti on process has many steps. Some ofthclll arc: selecting a problem to be solved by 

the program, interviewing an expert, questionnaires, observation, record reviews, codifying th e 

knowledge in some representation language, and refining the knowledge base by testin g it and 

extending its capability 1551 . This process is generall y called knowledge elicitat ion . 

As the work o f So lomon 16], noted there arc tWO m'lin steps in knowledge acqui sition proccss that arc 

aCcomp lished by the knowledge engineer so as 10 develop knowledge-based systelll . Thesc are 

knowledge e licitat ion and knowledge structurin g. 
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3.1.1.1. Knowledge Eli cil :llion 

It involves extract ing knowledge from domain experts, and/or written documents to bui ld a 

knowledge-based system. In th is stud y, the knowledge required to build a knowledge-based system 

was elici ted from both lacit and explicit sources of knowledge. Tacit knowledge is coll ected from eight 

experts in the domain area from cred it eva luator, and customer relati onship by using semi-structured 

interviews. Domain experts are chosen purposefully for wide-rangin g di scussion lIsing semi-structured 

interviews to understand the domai n know ledge. These experts arc essentially takin g part du ring the 

study and asked to verify the correctness of the acquired knowledge. Moreover, exp lic it source of 

knowledge has been collected from the Internet, manua ls, research papers and journa l articles. etc. 

3.1.1.2. Knowledge Stru cturing 

Knowledge structuring involves using concepts di scovered during the knowledge elicitat ion sess;on to 

bu ild a model or representation of the domain ex perts. It is a process where knowled ge engineer uses 

concepts di scovered du ring the knowledge elicitation phase to build a model of the doma;n . The 

knowledge used for bui lding of the knowledge-based system in thi s study focused on knowledge 

regarding the credit evaluation. 

The process of knowledge acqui sition of thi s research encompasses some bas ic activ ities sllch as 

gatheri ng the desired knowledge, analyzing that know ledge, iden tifying importan t concepts (credit 

evaluation c ri teria) and fi na ll y modeling them in usin g dec ision tree . 

3.1.2. Kn owledge AC<lui sitioll rrolll Domain ex perts 

Primary sou rces of knowledge are co llected from doma in experts in Commercial Bank of Ethiopia at 

cred it management department. The domai ns of intervicw with expert covered issues sllch as how 

credit evaluators assess credit customer requcst, what arc the main poin ts to focus on for cred it 

evaluation and what are the main cri teria for each types of crcdit expected from a credit request (sec 

full interview questi ons in appendix I). During the extensive di scuss ion . the rescarcher trics to acquire 

the re levant tacit knowledge which is significant 10 gencratc thc proposed prototype self - learning 

knowledge based systelll. In addition the domain experts are aClive ly participated th roughout the 

research work end . They are consulted 10 va lid the correctncss of the acquired knowledge. During 
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~ __ 77~ ____________________ _ 

interview, the acqu ired knowledge from domain ex perts has been recorded manually by using pen and 

paper shect. 

3. 1.3. Know ledgc AC(IUisition fro m Rc lc\'anll)oc umcnt 

Docum ent analysis invo lves co llecting knowledge from ex isting documcntations. I-Icnce, doculllent 

anal ysis has been carri ed out to acquire expl icit knowledgc which is found in various secondary source 

of knowledge. In order to e licit knowledge for thi s study relevant document s which arc rclated to credi t 

evaluation have been reviewed. The relevant documents used in thi s rcsearch arc : Arl icles thai arc 

published in different journal s, research papers, manuals, guideline and crit eria that arc used in the 

process of c red it application evaluation . The websitc of CBE especia ll y rclalcd to advance and cred it 

faci lity is a lso reviewed. As the result, relevant and tcchnical knowledge werc extracted and structured 

in a man ner thai suitable for knowledge mode ling and fi nall y knowledge representation. 

The detai l of this knowledge acqui red from difTeren t sources thai focus on credit eva luation is 

discussed; structure and conceptuall y modeled in the next section 3.2. 

3.2. Conccptu111 Knowledge Modeling 

Oncc the requi red and va lid knowledge is obtained from domain ex perts, wcbsites and . othcr relcvant 

docum ents, the next step is modeling the knowledge. Duri ng the knowlcdge modeli ng phase, thc 

acqui red knowledge (elic ited by various techniques) is represented in a knowledge model. A 

knowledge model is a structured representation of knowledge usin g symbols to represent pieces of 

knowledge and the relat ionships between them . Knowledge models include symbolic character based 

languages such as logic, diagrammatic representations such as networks and ladders, tabul ar 

representation such as matrices and structu red text such as hypertext. The generation and modification 

cycle of a knowledge model is an esscntial part of the knowledge model ing phase. 

During the knowledge acqui sit ion stage, knowledge engineer collects both tac it and ex plic it 

knowledge. The knowledge engineer will try to understand both the tac it and the explic it part of the 

knowledge and then sim ple visual diagrams to stimulate discussion amongst user and knowledge 

ex perts. Then knowledge engineer has to construct the conceptua l model from \, hat has been d iscllssed 

du ring the knowledge acq uisit ion. This conHlHlnicatcs the knowledge to the knowledge engin cer who 

tmnsfo rms the model into workable computcr programs or codes. 
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There are difTeren t conceptual knowledge mode ling techniques such as decision tn.."'C and hierarchical 

knowledge modeling. Hierarchica l knowledge modeling 

For this study decision tree is used to model how credit applications/requests arc evaluated. The 

reason that the researcher use thi s modeling technique is, deci sion trcc is very widely used technique 

for conceptual model of knowledge. Accord ing to [56), decision tree learning is one of the most 

widely used and practical method for inducti ve inference. It is a method for approxi mation of di screte· 

va lued functions, in which a tree represents the learned function. Decis ion trcc classifies instances by 

starting at the root node of the tree, testing the attribute spccilied by thi s node, then mov ing down the 

tree branch corresponding to the value of the allri bute. This process is repeated fo r the sub-tree rooted 

at the new node as long as it takes to reach the appropriate leaf node then returning the classification 

associated with th is leaf [50]. The decision tree model for credi t eva luation of each credit type is 

depicted under section 3.2.1 below. Figure 3. 1 bellow summaries credit production type. 
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Figure 3. 1 : Cred it Production Types 

3.2.1. Know ledge of Credit 

As knowledge acqui red from interview and relevant documen t. CBE cx tends the fo llowing cred it 

facil ities to its esteemed customs: 

• 

• 

3.2.1.1. Overd raft (Oil) 

It is a fo rm of cred it facili ty by which customers arc allo\\ed to draw cash beyond the deposits 

o ftlle; r current accounts for the day to day operational needs of business. 

The faci lity ;s ava il ed to customers li p to a maximum period of onc year and it C:l.Il be rcnc\\ cd 

every year based on the request of customcrs. 
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3.2.1.2. Merchandise loan faci lity 

• It is 3. fonn o f cred it fac ility ex tended to customers agai nst merchandise or its documentary 

evidence. Like Ra il way Receipts. Warehouse Receipts, Airway Bi lls. 

• Merc handise loan is a credit faci lity provided by the Bank against which the merchandise is 

held liS co ll ateral for the loall . 

• Merchandise loan facility is extended to customers for a maxi mu m period of one yenr and its 

max imum ndvance rale is 80% of the lImount of t he merchandi se. 

3.2.1 .3. I)rc-shipmcnt Ex port Credit fa cility 

• It is a form o f credit facility ex tended to customers engaged in export busincss fo r purchnsc of 

raw maleri al, processing, warehollsin g. p:leking. transponing the fi nished goods to shipmen t. 

• The facil ity can be granted to customers engaged in expon sector and able to prescnt recei pt s o f 

export proceeds at least United Stnte Dollar (U D) 300.000 or equivalent currencies. or 

engaged in viab le business al least for two years or ofTer collateral. 

• The advan ce rate ranges from 70% to 90% depending on type of goods to be exponed. 

• The fac il ity is ava iled to the maximulll of one year and the lending interest rate is 7.5%. 

3.2.1.4. Re\'olving Export C redit Facilit y 

• It is an ad vance extended to exporters upon presentat ion of accepta ble expon documents except 

bil l of loading. II is to solve worki ng capi tal problems of expon ers wit h continuous ex pon 

transact ion emanating from money tied up in goods in transit ofshipmellt. 

• Customers should submit expon document s indicating the goods arc in transit of shipment to 

port. Like irrevocable leiter of cred it (LC) way bil l. in surance con tract. and olher documents 

specified in Le. 
• The ma.xirnum advance rate is up to 80010 of the va lue orthe document. 

• The fac ility is ava iled to the Ola.xim urn of one ),c3r and thc lending intcrest rate is 7.5%. 
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3.2.1.5.lntport Letter ofCretlil f:lci lit y 

It is 3 cred it product that the CBE extends to applicants engagl.'(! in the import business. or other 

applicants who import fo r various purposes on paymen t of a certain percentage of the vAlue of the 

document while opening a Letter of Credit. Im port Leiter of redi t fac ility shall be renewed every .The 

Bank may ex tend a one-time and/or revolving Import Letter of Credi t Facil ities. 

I. A onc-t ime Import Lettcr of Credi t Faci lity is a non-renewab le letter of credi t faci lity extended 

10 app licants, such as in vestors, importers, and others that have no Im port Letter o f rcdit 

Facility or who want to import over and above the es isti ng Import Leiter of Credit Fac ility 

limit. 

2. Revo lv ing Im port Leiter of Credit Fac il ity is a form of credit faci lity whcre the limit is rene\\ ed 

periodica ll y when the customer fulfills the Oanks requirement. Figures bellow illustmtes the 

conceptual mode o f the above crediltypes. 

To summari ze the abovc cred it type, deci sion tree used to model concept as follow for each types of 

credit production type. 
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Figure 3.2: Decision tree for overdraft credit type 

As shown from the above figure 3.2, the decision tree structure shows the now of knowkdge in the 

eval utlti on for overdmft credit type. At the first Slage, it checks whet her an application or request is 

overdraft or not. If a request is for an oved raft , then it st311S to evalau te the req uest to identify whether 

the appl ictltion is eligible or ineligible. It considers the year 0 f custOlller's business apcration.current 

account , hi stories of tenn loan and repayment of custOlller.customer infonnulion, condition of 

Customer financia l need , etc to decide whether the request or application is eligible or ineligible for the 

loan. if the request is eligible, then further evaluated for credit analysis such risk analysis. financial 

statement etc. 



Application for pre · 

shipment 

Credit 

Pre·sh.ipment 

without ;\'BE 

Eligibilit y set P CI 

the ;\'BE d irect ive 

An appli cati on is 

lnd igible 

Chcck fo r l noth el 

cledil Request 

, 
Applicam engagcd III au v 

e'Cpon . businc ss 0 1 cor~ra.tc 

class . ri sk grade one 01 ~, can 

present ulid salc. conti act 

from fOlclgn bUHI seUm, 

pri ce within acccptabic I lnu 

res 

All application is 

Figure 3.3: Decision tree fo r pre·shi pment credit 

AS sho\\ n from the above figure 3,3. the deci sion t fCC Sl ruclUrc checks \\ hcther the requesl belongs 10 

" re-shipment or nol. If the request is nOI for pre-shipmcnt. it lool..s for another credit production t) PC · 

If the request or applicat ion is checked as request for prc-!o.hipmcnt. thcn It co nsiders "hether the pre­

shipmcnt credi t request is against BI.. or \\ ithoUI 'J BI A fier that. II eon!o. idel'!o. pre-,hlpmenl again <;1 

National Bank o f Et hiopia or pre-shipmcnt rc:..'q llc!o.1 \\Ithout nlional Bank o f llhiopia. lfthc I1!qu~t i!t 

pre-shipment witho ut 01:.. funher il c\a lualc~ cng~gcmcnt of appIlI:ant' s III any c'pon bU ') IIl~!t; 
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ch(..'cks risk grade level of application, checks whcther the customer is corporatc class or n Ol nnd so on . 

Finally. the conclusion is drawn by dec ision tree whether the application is cligible or ineligible for thc 

loan. 

Application tor impoJ1 

lel1~r ot credit tacilit\' 

Yes 

Impon l~tt~r of 

cr~di[ tor one- tilll~ 

Checic fOI a..'l.o .. ~er 
c:ed:. farl;lty 

Yes 

Can present 

cenificate or 

appropriate li cense 

or invoice 

Ye 

:~pp::cat:on 

Customer can 

present impon 

uade li censes 

A.t'). apP:: Cl!:on 
IS not e:!i1b:e 

Figure 3.4: Decision trees for import leHer o f credit I) PC 

Yes 

An appli cation 

is eligible 

The above I1gure 3.4 illustrates the deci sion trec structure for import letter of credi l request. 'I he 

decision tree I1 rst checks for the request \\hether it is a rl.'q ueSI for import letter of credit faeili l) or not. 
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If the request is for import letter of credit, it furthcr checks, whcther requcst for import Icucr of credit 

is for one time or revolving import Ictter of credit. It takes one from them nnd continues to eva luate 

the request a lign within rule and procedure of import leucr of credi t criteria to be fulfilled for the loan 

is eligible. 

.~ :lpplic:l tion for 

Customer has not bad, 

recNd in lhe export 
business , can submit 
penn anent letter of credit. 

waybills, insuran ce 

contract, nlid certiiicate 

requi red document 

An 
appl ication 
is ineligibl e 

:-'!e(chandi se 
credit fa cility 

Yu 

CUSfomel IS tughlv Cltdll 

wonhy 

lin:lnClal 

C:ln submn 

nnemenl 

puttl' Ih:ln 01 tqu:ll 10 

one ye::u , op en :l CCOW11 :It 

the branch ·.·.heft they 

requut loan, can pluent 

cunomel dui:lullon (01 

1!1lPOIted goods nbd 

uwolCe 

Yes 

Chtck (01 

lnother cl tdn 

An appli cation 

is eligible 

An application 
is not eligible 
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Figure 3.5: Decision tree for revolvi ng expon Credit facility 

And Merchandise credit Type 

As shown from the above figure 3.5, shows the combination of dccision tree for both revol ving export 

credi t faci lity and merchandise cred it facil ity type. The d(.'Cision tr(.'C structu re first checks for credit 

request whether the request is for revolving export credit, merchandise cred it type or for other credi t 

type. If the req uest is for revolving export credit facil ity, then it goes fo r evaluation of the record on 

export problem of the customer, ability of customer to present permanent leller of cred it , insurance 

contract, and valid certificate and so on. Likewise, if the application is for merchandise loan Iype, the 

decision tree checks for criteria such as credit won hiness of the request , abili ty of customer to presen t 

financial statement at least more than one yea r, and all criteria of merchandise cr(."<Iit facility. After the 

tree structure evaluates all criteria, it concludes whether the request or appl iC<ltion is eligi ble for the 

loan or not. 

56 



customer 

55 00 <: -score<- 7(f' 0 

y ... ~o 

Busmess c:edn 
cus.ome: 35 0 , <: 

·s.co~e <.-55·. 

y • . 

Corpo~ate 

cred!! 
custome~ 

Comme: C1a: 
c:edlt custo:ner 

" . , 

EltlStmg credli 
customt: 

~ 

60'.< 
- sco:ecSO', 

Score <.60 

YtS 

res 

Busmess 
nt'd:! 
cus:o:ntt 

Yes 
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Com:nerm.: 
c: ed:t rus.o:n~ 

Figure: 3.6: Decision tree for customer ciassificmion based on score shcct 

Key:-

5 -SIOll/ terminatc 

The above figure 3.6. illustratc decision tree that sho\\ s credi t customer classification. redi t customer 

is classified for the purpose o f identifying those customers \\ho contribute hi gher \alue to the 

profi tabi lity and growth of the bank and to enhance ::ten ' icc qual it) and cu~tOlT1er ::.ati ~ faction . Al:o 

57 



shown from the fi gure 3.6 above, the dec ision trcc first checks customer whether they arc new or 

ex isting customer for the bank. If the customer is new, then it checks for score shcct whether it is out 

of seventy (70), and classify them as business, corporate and commercial based on the score sheet 

wh ich is calculated from dilTerent parameters (see table 3. 1 below). 

Likewise, the decision tree works fo r existing customers. It begins with checking score sheet whether it 

is out of hund red or not. Depend on the score, it classify customers as business customer, corporate lind 

commercial as observed from the above fi gure 3.6. 

As the researcher rev iew relevant documen t and the knowledge acquired from the domain experts of 

Commercial Bank of Ethiopia, all new customers has been classified up on lodging their credit request. 

Howeve r, review of the classificat ion on existi ng customer wou ld be made every year during the 4 lh 

quarter of the fi scal year or at any convenient ti me upon approval by the vice president of credit 

manager. As a result, the prototype self-learning knowled ge based system updates its knowledge. 

3.2.2. Knowledge of customer ci:lssific1Ition 

The credi t customer of the bank is classified as commercial, business or corporate for the purpose of 

identifying those customer who contribute hi gher va lue to the profitable and growth of the bank . r he 

other reason needed to classify customer is in order to enhance service quality. To do thi s. customer is 

classified based on various criteri a. Some of criteria are di scllsscd in section 3.2.2. 1 bel low. 

3.2.2.1. CI1Issification criteria 

The credit customer is class ified into the categories based on score sheet calcu lated from dilTerent 

parameters shown below from table 3. 1. The criteria to classify them into thei r class are : 

I. Class ification of cred it customer shall be done based on the parameters and score sheetS listed 

under thi s section table 3.1 and 3.2. 

2. Data to be considered for each of the parameters shall be an average of the recent three years 

data. However, if the business is new and I or relationship is less than three years. average of 

the avai lab le data shall be considered. 

3. The follow ing annotati ons on the interpretation of the parameters shal l be considered while 

conducting the classification process: • o 
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No 

I 

2 

J 

4 

I. Income generated from customer - refers to the yearly income thot the bank collected 

from individual credit customer in the fonn of interest, commission and loan 

processing charges. 

II. New customer shall not have score in relation to income generated from customer. 

III. Total loan credit exposure: shall refer to the sum of l<X1Il faci lity limills and outstanding 

balance of tenn loanls for existing credi t customers and the amount of loan requested 

for the new customers. 

IV. Sale Volume: refer to report sales proceed for existing business/projected sales for 

newly established businesses. 

j)arameters Condition 

Income generated the A> I 0.000,000 

customer(A) 5,ooo,ooo<=A <-10.000,000 

2,ooO,ooO<=A<=5.000.0oo 

A<2.0oo.0oo 

Totn l Credi t Exposure(B) B> I 00.000.000 

50,000,000<=13<- 100,000.000 

25.000.000<=Il<=50.0oo.000 

13<25,000.000 

Customer' s credit Risk C- I 

Grnding(C) C- 2 

C=3 

C=4 

0>=5 

Sales vo lume Registered by D>-50.ooo.ooo Audi ted 

customer (0) 
Un audited 

25.000.000<=1)<50.00 Audited 

0.000 Un audi ted 

1)<25.000.000 Audited 

Un audited 

ia (Source: COl1llllcrcwll3,lIlk ofEthlop ) 
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20 

15 
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15 

10 
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20 

13 

15 
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Table 3. 1: Cred it customcr classification criteria 

As shown from thc abovc table 3. 1. Various parametcrs arc considered to "hich hclps classify 

• . Ir III le c)'lstmg customcr, l otal customer in to their classification. This involves income generaled '0 11 .. 

loan credi t exposure, sales volume registered by customer and customer' s credi t gmding risk. rhe 

value is assigned to it depend on the condi tion as observed in the above whlc). l . 

Aftcr the toW I score obta in ed, ratin g th e customer based on the score sheet under wblc 3.1 cvo luotcd as 

po.: r the fo llowi ng matrix in ordcr to classify the customers as Business, orporotc or Olllmercini 

Custoillcr. 

Score (X) -
Customcr classification New custolllcr170 Exist ing custolller/ i 00 

Business 55% <-X<::70% 80% <- X<' 100% 

Corporate 35% <-X<55% 60% <. X<80 

COllllllercial X<35% X<60% 

Tab le 3.2: credit customer classification based on score achiev(.-d 

As shown from table 3.2 above, cred it customer classifi ed as business. corporole nnd cOl1ullerciu l 

based on score shect obtained from di ffcrent paramcters as indicuted in table 3.1 above. If customer is 

new, the score sheet is calculated out of sevent y percent (70%). In the contrary. if the credit customer 

is ex isting customer, score sheet is cal culated out of hundred l>ercen t (100%). lrlhe customer is new 

customer and the score is greater than or equal to fifty five perccnt (55%) and less than or equal to 

seventy percent (70%), the customer is classified as business. For the custOlller is e).i sling customer 

and score greater than or equal to eight percent (80%) and less or equol tO hundred percent(IOO%). 

lhen the customer is classified as business. New customer is classified as corporatc. if the score is 

greater than or equal to thirty five percent (35%) ond less than fiO) fi\c percent (55%). In different 

ways. existing customer is classified as corporate if hi slher score is greater than or equal to sixt) si' 

percent (66%) and less than eighty percent (80010). For the customer scoring 10\\ score. the class is 

commercia l. New customer is classified as cOlTllllerciai is the score is less than thirty fi\e percent 

(355). For ex isting customer to be classified as cOl1lmercial. the calculated score .. heet must less than 

Sixty perccnt (60%). 
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3.2.3. Concept of Credit Criteria 

There are various credit criteria 's to evaluate loan applications/requcsts. A cording to (571. nn 

organization can sct the credit criteria in order to manage ri sks due to loan. This includes: 

, An insti tut ion should establ ish speci fic credi t criteria to define the types and charactcri stics of 

its preferred obl igors. These criteria would include the fo llowing: 

• business track record vis-a.-vis ind ustry peers; 

• key financ ia l ind icators such as equity, profi tabi lity, turnover. infl uence and debt servicing 

abi lity; 

• Target obligor risk grade (where available) and terms and conditions under \\ hich the 

institution is prepared to extend cred it, such as quantum of financing, maximum amount of 

clean exposure and acceptable collateral. 

, To ensure that the obligor meets the credit criteria. the institution should have sunicient 

infonnation about the obligor, the source of repayment. and the purpose of the credit. redit 

should not be granted on the basis of casual familiarity or gener.l l perceptions about the obligor. 

, An institution's credit criteria shape the risk profile of its credit portfolio. As such . deviations 

from the criteria should be flpprovcd by the appropriate authority. Such credi t criteria ~hould be 

subject to periodic review to be in line with the institution's credit risk management strategy 

[57) . As (58] noted, there are five basic credit components of analysis. These arc; 

Ch:l l"acter is the general impression of the customer makes on the prospt..'Ctive lender or 

investor. The lender wi Jl fonn a subjcctive opinion as to whether or not the company is 

sufficiently trustworthy to repay the loan or generate a return on funds invested in the company. 

The background, experience in business and in the industry wi ll be considered. 

Ca pacity 10 repay is the most critical factor of credit anal) sis. It is the primary source of 

repayment cash inflows and cash generated by company. The prospective lender will want to 

know exactly how the borrower intends to repay the 100'1n. 

Ca llit:11 is the money personally invested in the business b) the shareholdcr borro\\ cr and is an 

indicator of how much the shareholder has al risk should the business fail. Intcn..--sted lenders 
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and investors will expect a contribution from borro\~er 's o\~n asscts and 10 ho\e under taken 

persona l financial risk to establish Ihe business before asking them to o l1unit nny funding. 

Colla teral (or guarantees) are additional fomls of security the customer cnn provide the lender. 

I' roviding a lender collateral means that an own asset is mortgaged. such ns n propcny, to the 

lender with the agreement that it wi ll be the repayment source ill casc the loan is not repaid 

from the established sources as per terms and conditions ngreed fo r the financing. 

Conditions describe the intended purpose of the loan and the condit ions under \~hi ch the credit 

being granted. Check in g the lender will be used mOlley for \~ orkin g capita l, addi tiona l 

equ ipment, and investor or for long tenn investment. 

3.2.4. Eligibility of euch C redit Type 

As the information obtained from both interview and relevant document of BE. every credit 

application/request must be e ligible to general and specific eligible criteria. As the lIpplication loan 

request cOl11e to the bank , the credit 'Idvisor adviccs the applicant about general eligibility (see genera l 

eligibi lit y fo r every cred it type in appendix II ) and other consultation b;.1:.cd on the credit request. As 

the knowledge obtained, the specific eli gi bility for each credit productS type <Ire illustrated be llow in 

different respective table. 
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Cred it Product Types 

Ol'erd raft(OD) 

E ligible criteria 

To be eligible for the facility/for the loan, customers should mcet thc 

fo llowing conditions/criteria's: 

• 

• 

The business must bc in operation for at least 1\\ 0 )ears. 

Applican ts should have II record of satisfac tory lItilil.OIion of 

current accounts for at least the year preceding thci r 

application for overdrafi fac ility. 

• Applicants must have scttl ed at least one term loan with a 

good repayment record . 

• 00 requests will not be considered for businesses with n n­

performing credi t status andlor currcntly blacklisted by the 

CBE or any other bank . 

• Customers' seasona l or tcmporary financ ial necds will not be 

cn tertained by an ovcrdra ft . 

• Exi sting customcr, who has 0 0 facilities in different banks 

(i ncludi ng CBE) and applies for increment orthe 00 faci lity 

amount, shall al so ofTer additional coll atera l to cover at least 

100010 of the increment amount, regardless o f the risk grade . 

• The outstanding ba lance of the 00 facil ity shall be within the 

approved limit at time of processing the renewal request. 

• Customers' 00 "ccounts may be cancelled or converted 10 a 

term loan (part ia ll y or full y) if they fail to properly utili7e the 

fllcility. 

T"ble 3.3: Eligibility cri teria of 00 ercdit production T)pc 

As shown from the above table 3.3," requcst or application for overdraft credit facility to be eligible. it 

must go through both general and spec ific cligiblc criteriA . As sho\\11 from thc wblc 3.3 abo\ e. 

applican ts should have a rC{;ord o f sati sfactory ut ili l."tion of current accounts for at least the )car 

preced in g thc ir application lor overdr"fj credi t facility and . In addition 10 specific eligible criteria thc 
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applicant nlust fu lfi ll thc general (see in appendix II of this stud y) cri teria to be eligible for the loon. In 

the contrary if, thc req uest is fa il to meel the spec ific criteria or general criteria, and then the request is 

ineligible or rejected. 

Credit production Type 

Pre-Shipment Export 

Credit Facility 

Eligible criteria 

I. Pre-Shipment Ex port Cred it Fac ility against ationall3ank 

of Ethiopia (N BE) Guarantee if the facility is avai led 

against the NOE guarantee, the eligibi lity, amoun t, tenure 

and other criteria of the pre-shipment export loan shall be 

set per the NI3E di recti ve. 

2. Pre-Shi pment Export Credi t Faci lity without NBE 

Guarantee 

If the fac il ity is availed wilhout DE Guarantee: 

o The applicant shall be Business or Corporole lass 

customers thai arc engaged in :lIl y export business 

rated as Gmde I or 2. 

o The applicant sha ll present valid sales contractJ:1 

bona-fide order fro lll a foreign buyer. 

o The selling price of the exportable item sh:11I be 

wi thin acceptable range and thi s shall be confirmed 

by the Trade Service process team. 

o Each advance shall not exceed 70% of the sales 

cont ract. 
o The facili ty shall require opening of irrevocable 

Letter of Credit for each ad,ance made by the 

Bank. 
o To help III credit anal) sis of such n..--queslS, the 

applicant shall provide receipt of export proceeds in 

the 12 mont hs preceding the dale of application 

from local banl..~ for Pre_Shipment bpon Credit 



Facility. 

3. The Pre-Shipment Export Crcdit Faci lity availcd b) thc 

Bank without BE Guarantee shall be revie\\ cd cvcry )car 

unlcss the Bank demands it to be revic\\{.'<1 by the credit 

approving tcam for any remedial action " hcn Ihe 

performance of the account is deteriorating. The ad vance 

shall be settled from the proceeds of the respective 

irrevocable LCllerof Credil. This is ullcnti vely follo\\cd up 

by Customcr Relationship Manager/Customer Relationship 

OmccrlBrancll Manager to avo id di vcrsion of fund and 

ti mely settlcment of the advancc. 

Table 3.4 : specific eligible criteria for pre-shi pmcnt export redit 

As one can understand from the above tab le 3.4. there arc t\\O types of pre-shipment crcdi t facilit), . 

Thesc arc pre shipment credi t facility against n<ltiona l bank of Ethiopia and pre shipment credit facili ty 

without Imliona1 bank of Eth iopia. The pre shipment credit facility agai nst national bank of l:.thio"i:1 

gU<lrantec if the facility is availed against the NBE guarantec, the eligibil ity, amount. tenure [lnd other 

cri teria of the pre-shi pment export loan shall be set per the NilE directi ve. Every el igible criterion 

should bc set pcr the national Bank Ethiopia. The second onc is pre shipmcnt crcdit facil it ), without 

NnE. It is availed without NBE Guarantee. I>re shipment without Nn E to be eligible, it must fulfill 

both general and specific criteri a which set per the CI3E. 



p 

wanl to import over and above the ex isting import leiter of credi t faci lity limit. lloth nrc must go 

through its specific criteria and general criteria that sct per bank to be eligible or qualified for the I an. 

Credil 

Kc\'olving Export 

Credit F:lcili ty 

Eligible Criteria 

A revolvi ng export cred it faci lity can be approved onl y for exporters 

with a clean track record in the ex port business is an ad vnnce extended 

to exporters upon presentation of acceptable export documeTlts, except 

a bill of lading. 

• The loan amount to be advanced \0 the customer is up to a 

maximum 0(90% depending on the financial strength and truck 

record or the customer. 

• The facil ity shall be avai led for one year bu t nn be rcnc\\cd 

every year unless the Bank demands it to be rcvic\\ cd by the 

credi t approvlIl g tcam for any rcmcdial action \\ hcn the 

performance of the {Iccount is deteriorating. 

• The customcr should submi t the fo llowing export documen ts, 

indicating the shi pment of goods to the port : 

o Irrevocable Letter of Credi t; 

o Waybil ls such as truck way, rai lway 

o Insurance con tract; 

o Cert ificate of cleanliness (qual ity ccrt ificate) from appropriate 

organ; and 
o Other documents as spec ified in the Letter of Credi t. 

Table3.6: Eligibi lity cri teria for Revolving Export Credit 

Rev 1 . cd · c ·1· . 1 0 another cred il production I>-PC \\ hich is advanced 10 credit 
o vlTlg export cr IlIaCI Il y IS as 

CUstomer of the bank. It can be eli giblc only for cxportc~ with a clean trad-. record in the cxport 

btts
., d d d to e- po·ers ll pon prcscnttl tion of acceptablc export documents. 
ness are an a vance extcn e .> " 



Additi n 10 Ihi s, the customcr muSt fulfill general (sec appendix II ) and specific cl igible flteria as secn 

from thc abovc tablc 3.6, to be eligible for the loa n. 

redit 

Mrnr,;;;;(iiSc:-tTh~<YP;;-Oin;o;;;-rSig;;'r;'~n,j(C~dit.,o>ip;rT.i,~ncc~c~,;"stOincrs or 10 cuStomcrs arc 

considered by thc Bank as being highl y credit-\\onhy and should mect the 

fo llowing conditions: 

• Subm it financ ial statcmcnts, including projected cash-flow statement , 

for at least onc ycar. 

• Opell an account at the branch whcre they rcqucslthc loan. 

• Submit plans that justify the purpose and utili/nlion ofthc 10.1n. 

• Prepare tcmporary financial SUUClIlcn tS on :1 regular oosis or as 

requestcd by the Bank . 

• Present nn o\\nership title for the mcrchand ise to be otTCf( .. -d as 

col latcra l. i.e .. 

o Customs dl"C laration for imported goods. 

o Valid invoices checked with rcspccli\c supplicrs for 'oca ll y 

purchased merchandi se . 

o Internal doculllen ts like production report for manufactured 

goods. 

Table 3.7: Eligibi lity critcria for mcrchandise 

3.2.5. Concepl or oll:llcnll 

o llmcrn l is onc of thc crcdit criteria borro\\ cr otTer Ihe Icnder. rh is collalernl must be \alid and 

Ilcccptabic as Ihc Icnder requircmcnt. As CBF acceptablc collatcrnl arc: 

• Building! houscs. The building/housc~ should be con~tru\Jed \\ ililin the ci l 's limits: and Ihe) 

can be u"ed for rc<; idcnlial purpo<..C"_ a\ \\ crc hou'-C" or hU'iinc\\ orga ni/ation" 
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• Motor vchic lcs; this includes trucks. tonkers. troilcrs. combinc". public transpon. bu 

automobiles 

• Bank guarantee 

• Loca l bank gua rantee 

• Fore ign bank guarantcc 

and 

As knowledge acqui red, CBE's co llateral criteria, some of the goods thm ore nOt [lccepwble os securit y 

for merchand ise loan arc: Chcmica ls, Packed foods, PhamH1CCuticals, Iloll crics. BUlIcr. Oi l. )C3\t and 

ot her similar products. These and the likc me not ~Icceptable collmemb by 131:. (b to s run ting loan. 

3.3. Knowledgc Rcprcsent:ltion 

Knowledge representation is the process of encoding formoli.ling ond orgoni .. ing the I.no\\ledge 

oc<lu ired inlo ru les or cases or pallers for usc by the expcn system 11 61. It i ~ [llso defined as the process 

of describing and mappi ng expcn knowledge using u sct of s) mbol und anuching meaning to the 

syntax. 1 here arc various techniques to represent expcn kllo\\ ledge \\ hich includes scmuntic net. 

fmmes, logic .Ind ru le as di scussed earlier in chapter t\\o. 

The knowlcdge represen tation tcchnique lIsed lor th is siudy is the production rule or rule based. rhe 

rcason is rules arc relat ively easy to understand and generated from the acquired kno\\ ledge. 

According to 1591, nOled a ruled- based expcn system lends itsclf \\ell to solving undcl"\\riling 

problems. A rul e withi n a rule- based system can naturall y express nn undel"\\rit ing guideline . With in a 

rule - based system. rules call be added or modified easily and quickly. allo\~ ing new releases to be 

made on demands, somcti mes immediatcly- an irnponant consideration in an indust!) \\herc 

condi tions change rapid ly. The system is also predictnble. and regression tc~t ing can be pcrfonned ot 

the rule level , module level. and system level to veri fy that the decisions ore consistent \\ith the 

requiremellts 159). 

Kno\\ledgc is represented in the fonn of condition-action p.lirs: II this condition (or antccedent­

condition or prem ise) occurs. T HEN some action (or conclusion or consequence) \\ill occur. 

Once the requ ired knowledge is acquired from \ [uious sources ofkno\ .. lcdge. \alidatcd. modcled and 

the next slep is represe ntat ion of thc kno\\ ledge. The follo\~ ing rules in the I.no\\ Icd~e b.1<;C of the 
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prototype are expressed with nalurallanguagc rules IF ... TII EN ... Ihe production rules for each cn..-dit 

producltypc arc illustrated as follows. 

Production rule for Overdraft Credit production Type 

Ru le I : I F the application/request is for Overdraft loan 

AND the customer' s business operation >=2 year 

AN D the customer' s current account >"'" I year 

AN I) the customer have advanced teml loan at least>" 1 

AN D have good repayment record 

1'1-1 EN the applicant is Eligible for overdraft credit facility. 

Rule 2: IF the customer currentl y blacklisted by C\3E or any other bank 

AND seasonal or temporary financial needs 

TH EN the app li cant is ineligible for Overdraft Credi t Facility 

Rule 3: IF the appl icant is ex isting customer 

AND has Overdraft cred it facilities in different bank (including OE) 

AND app lies for increment of the 00 [ .. cil ity amount 

'1'1.\ EN the customer ofTer addi tional coll .. teral >= 100010 or lhe incrcment amount 

Rule 4: IF customer fail s to properly utilize the f .. cility 

'1' \-1 EN customers' 01) accounts cancelled or convcrted to tenn loan (partially or full ») 

Rule 5: I F the customer request for 00 credit facility 

AN D can present .. cceplable collmeral 



AND can present required document 

THEN the applicant is eligible for overdraft loan. 

Rule For pre-shipment export credit fa cili ty 

Rule I: I F the request is fo r pre-shipment 

AND request is pre-shipment without the Nationaillank ofElhiopia 

AND applicant is engaged in any export business 

AN D applicant is business or corporate class 

AND risk grade level 1 or 2 

A D can present val id sales contract from foreign buycr 

AND the export item selling price with in acceptable range 

TH EN the applicant is eligible for pre-shipment loan 

Rule 2: IF the request for pre-shipment 

AND request is pre-shipment againsllhe NilE 

TH EN the applicant ' s el igibility is sct per the NilE dircctive 

Rille for Im porl Lei ter of Credit facility 

Ru le 1: I F the req uest for import letter of credit 

A D request is import leiter credi t for one-time 

A D the customer can present investment certi ficate or appropriate license or invoice 

TH EN the customer is eligible for import lettcr of credit 

Ru le 2: IF the customers apply for import letter of credit 
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A D application is for Revolving Import LctterofCrcdit 

AND can presen t import trade licenses 

AND can present requ ired documents 

THEN the customer eligible for Revolvi ng import leiter of credi t 

l)roduetion rule for Revolving Export Credit Fueility 

Rule I: I Ii' request is for revolving export credit 

AND the customer has clean track record in the export business 

AN D can submit permanent Leiter of Credi t 

AND Waybills such as truck way, railway 

AND Insurance contract 

AN D acceptable certificate from appropriate organ 

AN D requ ired documents 

TH EN the customers Eligible for revolving export credit f:lCility 

I~ule 2: I F customers apply for revolving export cred it 

THEN the loan amount advanced is maxi mum of90% 

Rule 3: I F the requests for revolving export cred it 

TH EN the credi t faci lity is offered for one year 

Production rule for mcrehundisc 

I~u l e I: IF request is for merchandise 

AND application is highl y credi t \.,.orlh 
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AN D customer can prescnt financia l statement >:: 1 year 

AND open account at the branch where they request loan 

AND can present plan that justi fy the purpose and ut il ization of the loan 

AND prepare temporary financial statement as request by bank 

AND present customs declaration fo r imported goods. 

AN D can present va lid in vo ices 

AND present internal product ion report for manufactured goods 

TII EN the request is eligible for merchandise loan 

Ru le for customer classificat ion 

Ru le I: IF' customer is new AN D 55% <=score<=:70% 

TI-I EN customer is business category 

Rule 2: IF' customer is new AN D 35% <=score<55% 

Tn EN customer is corporate category 

Rille 3: IF customcr is new AND score <35% 

THEN customer is commercia l 

Ru le 4: IF' customer is ex isti ng AND 80% <=scorc<= IOO% 

T J.I EN customer is business 

Rule 5: IF' customer is ex isting AND 60% <=scorc<80 

1'1-1 EN cll stomcr is corporate 

Pttl" G IF · .. AND seor" < X<60% Til EN cu~tomcr i~ cla!)~ilied as commercial 
\ .. : customer IS eX lstlllg ... " 
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Chapter Four 

4.0. Knowledge Based System Design :lmllmplcmcntalion 

The knowledge has been extracted from its source of knowledge. Tacit knowledge CXll1Ictcd from 

domain experts by interv iew and exp licit knowledge is extracted through relevant docum en t analysis. 

Once the knowledge is acquired, modeled and represented in prev ious chapler Ihe next step is coding 

the represen ted knowledge using prolog progrmnrn ing Imlguagc inlo a suitable formal thaI is 

understandable by the inference engine. The inference engine simulates the domain experts reasoning 

process. It works from the facts in the worki ng memory and stored knowledge in the knowledge based 

to generate the ru le. 

4.1. Architecture or the system 

Architecture is a blueprint showing how the componcnts of the prototype se lf-learning knowledge­

based system interacts and interrelates. I)rototype is concrete rcprescnwtion of part or nil of an 

interact ive system. A prototype is a tangible artifact, not an :Ibstract dcscription that requires 

interpretation. Designers, as wc ll as managers. dcvelopers, customcrs and end-uscrs. can use thi s 

arti fact to visua lize and renect upon the fi nal systcm. Figure 4.1 il luSlr:IICS the architecture of thc 

prototype system. 
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Figure 4.1: Architecture of the prototype self-learning knowledge-based system 

As shown in fi gure 4.1 , the developed prototype systelll functions by asking questions \\hich C31lle for 

borrowing money from the Bank. The developed prototypc used both for customer or credit applicants 

who came for loan by advising the basic requirement or criteria 's' of credit :md for domain experts. 

The prototype provides the customer with advising such as genernl eligibility of the credit. document 

requirements and priority sectors that bank provides the loan to the customer. Dc\ eloped proto
t
) pc 

s),stem served both new and ex isting customer by providing consultation services. The second function 

of developed prototype system is evaluating the credit customers' applications/requests. 1 he credit 

evaluator or credit officer uses thi s developed protot)pe S) stcm to e\uluatc "helher the customer 

application or request for credi t arc eli gible or ineligible. The protot~ pc asks the credi t evaluator to 
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insert the name of the applicant and request type of applicant. Then the prototype evaluates the request 

or application as per rule and criteria's settled by bank. The protot)pe alens those of \\ho arc eligible 

for thc loan request and not el igible . Besides, the prototype di splays the messages for those "ho \\ere 

not eligible in order to complete the requirements and appl y aga in and displn)s messages those \\ho 

wcrc qualilied or eligib le for the loan. Finally, the prototype system learns from experience and 

IIpc1ntes its knowledge. 

The third funct ion of developed prototype system is classifyi ng a credi t customer into their busine~s 

class based on the score sheet they scored. This classilication is ci rculated in a certain period oflerms. 

4.2.1. Knowledge Ilusc 

Knowledge base is used to store facts and rules. In order to solve problems. the computer needs an 

internal model of the world . This model contains, for example, the description of relevant objecls und 

the relations between these objects. All infonnation must be stored in such way Itml il is rC~ldily 
accessible . Knowledge base contains the knowledge necesSl.Iry for understanding. ~ rmutating, and 

solvi ng problems. Knowledge base basically, contains facts l.Ind special heuristics, or rules thnt direct 

the usc of knowledge [34]. 

Knowledge base is a set of rules or the encoded knowledge about credit evaluation of the protot)pe 

syslCtn . The validated knowledge is represented in the form of fules by rule-based reprcsentalion 

tcchniq ue and the rules arc codilied to the knowlcdge base of Ihc prototype system using Prolog 

programming language. Sample rules in Ihe knowledge base of the prototype system :IfC discussed as 

fo ll ows. 

Rule: _ Rule for overdraft credil production Iype: 

(The applicant 's business operation is >: 2 ycars}AND 

(The applicant'S current account>:1 year) AND 

(Applicant ' s advanced a term 10an>: I), write (' Ihe applicant is Eligible for Q\erdrafi Credit"). asscn7 

(request (Name, Type», 

Icll(' bes!. p I"}, write(' : -d yna III ic( req uesll2}. '}. I iSI i ng( r"'quest ).Iold: \\ ri tc(' the app I icant is 
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nOI el igible For Overdraft cred il'),asscnz(n .. 'quesl( ame,rypc»,tcll(·bcsl.pl ' ), 

write(, : -d yn am ic( req uestl2). ' ),1 ist i ng( requesl ).Iold. 

In the above rule, the proto type req uests the credit evaluator or credit oni er to insert the )ear of 

appl ican t's bus iness operat ion, current account and the lImount of tcrm loan ad \(lIlccd to the 

appl icant 's be fore req uest for overdraft credit. After Ihe credi t evn luator ft'Cd the )ear of business 

operated , current account , the am ount of term loan ad vanced to the applican t's bc fl re the request f 

overdraft and other rul es, if ill serted in fo rrnation fulfills the condition, the system automatica lly c!r(l\\n 

the conclusion (' the llpp licant is Eligible for Overdraft Credit' ). or if one or rnorc in serted dow do 

not satisfy the cond ition, then Ihe prototype automatica ll y dr~l\\n the concl usion (Ihe apll liclIlIl l~ nOI 

Eligible For Ovcrdnlft credil'). 

After the system drawn the conclusion whether the request is eligible or not, then oppcnds name of 

applic<llll and type of credit requested by the applicnnt in to the fact base request ( ame. I) pc). I his 

helps to store or kecp the information about opplic:Ull for the future use. I he ne~ 1 se lion 4.2.2 

illustrates detail s about the fac t base. 

4.2.2. Fllct B:lsc 

The fact base is database which is used to accu mulate the set of fac ls \\ hi ch is used by the rules of the 

prototype system. It contai ns facts abou t the specific case of the problem being evalumed. Initial ly. the 

facts base can comprise known facts by the prototype system \\hich is used by the inference engi ne to 

acquire facts and match them with the rules of the protot)pc systcm . 'he focls about the prob lem 

solved arc add ed 10 the facls basc by using rules of the protot)pc s) stem. 

The contents of the fac ls base changes wi th each problem circumstances. rhercfore. it is the d)nnlllic 

componcnt of a knowled ge-based system. i.e., the contents of factS base updated \\hen required . In this 

resea rch, Ihe researcher uscd clements of the facts base of the protot)pc s) stcm in the rollo\~ing 

5.'lm plc format : 

Requcst(Name, Type) %% predicate of fact base 

requesl(hailu , overdraO) %% 10 represent the fac t thai hailu n .. 'quc.3u, or opply for O\ crdroO !';roo lt 

producti on type. 
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rcquCSI(abcbc. pre-shipment) %% to represent the fnci Ihat nbcbc n .. "qucslS for prc-!thlprncnt credll 

production type. 

USI_das(Nnmc,Blypc) %% predicate of fac t base for credit custolller clnssifi ali n 

uSI_clas(abcl , business) %% to represen t the fac( lhm nbc l is classified n business 

credi t customer. 

Accord ing 10 the above sam ple formal, Ihe rcscnrchcr rcprcscllIcd the facts (loom the problem in the 

focts base of the sclf-tc:lrning knowledge-bilsed sy:,lcm for cn...'<Iil cVilhmlion. 'I he fllCIS base of 

prototype is ul>datcd as the information or the credi t customer. 

-' ,2.3. I"ferell ce engine 

Ihe inference engine simulnlcs the domain cxpen reasoning process. It "arks from the fuelS in the 

\\orking memory (fact base) and stored knowledge in the kllo\\ ledge base to draw the rule. It aehie\ es 

the goa l by search ing through knowledge base to lind rules \\hose premises malch \'ith the gi\en f[lCl\ 

in ,\-orking memory. The searching procc"s continues ulltilthc infcrenee engine is ullnble to mUlch 1111) 

premise wi th Ihe facts in the worki ng mcmory. According to 1601, the inference engine is responsible 

for combining the knowledge stored in the knowledge b;ISC and the problem case stored in the \\orking 

memory. 1\ guides the search from the problem case to its so lution; apply the l1ecessnry kno\\lcdgc 

from base as needed. The search engine checks the kno\\ ledge base for rule \\hose premise or 

conditions malch the contentS of the \\orking memory. 

Inference engine con tains the control slrategy that orders the search for on inferential solution. 

Inference engine is a generi c control mechanism Ihal applies the 3.,iornatic kno\\lcdge in the 

knowledge base to the task specific dma to orri\ e at some solution or conclusion. II al so seeks 

information and relationships from the kno\\ledgc base and prmiding ::mS\\crs. predictions. and 

suggestions in the way a human expert \\ould 1611. Inference engine contains both fomard and 

b.1dmard reasoning mechanisms. Fon\ard chain reasoning mechanism i method of reasoning Ih31 

starts with the facts and \\orks fon\ard 10 the conclusions \\hercas b.'1ek"nrd chain reasoning 

mechanism is method of reasoning that starts \\ilh conciu!'ions and \\ ork back\\ Jrtlto the c;uppon ing 

facts. As the result, the proposed protol)J>C s) stem USC) bad..\\ ard ch:lIning reasoni ng mcchanlw 

During Ihe reasoning process. the inference engine starts from the rc,ullln ~ (t) pe of crcdll ) and ehc..'d , 
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"Ilcria') or requirements of Ihl rcquc I Pr f.:n:dll I)J'IC' II ,rn.aan ttln, ... ..s rcquNC"C1It .... 

('I3lu:ued liS true, then 11 IOYI all) lollo\~ the multln, arc rn,\ed. lben the' lnfcrrn« rltt 
conclu\ion~. 

' \ I11cnltoncd in <,cc l ion~ 4, I III thl \ (h.lpter. Ihe pnll.oC)J'IC ) \Iern " UtN I"t' bnm 1M u~'1 '"~ 

of the bank ond credi t e\a1umor or erwl l ollif.:cr \~I"I c, .. tu.lie the' arrh\.1I"1ftI ul lbe cU"iltmt'l' lhe' 

de\ clopcd prOlot) l>C S)'\ICIll pro\ idc\ IId\I \IIlW, ,",Ile\ 1(. hulh ~" aIhJ ('\IWlne l lomen ul lhe' 

I1Jllk I he cu .. tOlllcr~ of the bM~ WOl IIlh I\lnll 1111 rC\lum:lncllt alld lIlle"" "hkh ., ('\rn-Ic.J hum 

thelll I iwurc 4,2 be tO\\. &ho\\ \ achl\()r) \Cl"\llC h.,~" UI'lolfIcr 

1 ,. uart 
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I '" I h. you a no .. or .IUSlln9 'In\ "I 1 I ,t... ~ ~II.' 
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bill of quenli l y and s~1f1 lIrn elf I.~ P01..e;;1 '.'101 t CIOft" .... 'iOII 
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(nc.t IIIxce.Kh~ Iva IIIOIIlh1l)EquHy tnbuliOil by, C.I' ... , 

Curucu!u. wHee of lhe ... n ."!CIt ,rOl<p 
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As shown from the above figure 4.2, the system asks the user to enter their name. Arter the customer 

inserts hislher name, the prototype asks Ihe customer "Do you want to sec somc req uirements of Loan 

or counsel serv ice? Answer by writing (yes/no)". IF the custolller wants to acqui re somc criteria and 

requirements of cred it before request for loan inserts ·'yes". Since there are adv ice services for both 

new and existing customer, the system asks the customer" Are yOll new or ex isting customer fo r the 

bank? Answer by writing (new/exist)". If the customer is a new customer for the bank, he/she in serts 

"new", and then the prototype provides answers by displaying requirements and criteria which is 

expected from the new custolller that is fulfilled before application or request. Fina lly, the system asks 

the customer " Do you want to see the priority sector? (yeslno)" .There is priori ty sectors that bank 

gives loan priority. If the customer needs to see, he/she inserts "yes". 

Thi s helps to aware the customer wh ich credit type is advanced to the credit customer. If the customer 

inserts "no" the system is logout and displays "Good bye". 

1 1- s t.art. . 
% bes t pi cOMpiled 0 00 sec. 752 bytes 

ijelco.e To ~ Se lf -Iearnlng Knowledge 8&sed SysteM For Credl t Evaluatlon l 

writ.ten by lIesenu Bekele Apprll .20 14! ! 
Please Enter your naMe :: a l eMu 

Do you 
Answer 
I ' yes 
! Are 
Answer 

want to s ee SOMe requ l reaents o f LO'n " l eau? 
by writing(yes/no) : 

you a new or e l<isti ng custOMer for the & nk 
by writi ng (new/el<ist) el<ist 

••• To be e ligible for the 100n . you aus t COMe up Wit h the fol l OWi ng thlngs-- I I 

A feas lbilit.y study . Audlted flnanClal stateMent s . 
a li s t o f f i:.:ed assets whl c h Inc lude t he i r book value and a.!Iorket v&llle . 
A llst of the Market value of flXed &ssets to be purchased , 
ProJected fin~ncia l st&teMents . vltho ut proJec t expansion and 
vith proJect expansion 

IF you want to see the prolrl ty sector 
t ype yes or no to exi t 
1 no 
Good bye! I 
% Break l eve l 1 

Figure 4.3: Sample Dialogue Windows wi th existi ng customer counsel 
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Similar to the new cllstomer, if the customer is an existing custOlller for bank and inscrts "exist", 

automatica ll y, the system responds to the answer by di splayi ng the requirements and criteria's that 

b..1nk expected from the ir existing custolller 10 be eligible/qualified for reappl)ing or increase the 

amounl of loan. Then the user visits the requirement, cri teria and lastly the s)stem wails the uscr to 

insert either "yes" or "no" in order 10 sec the priory sector or logoulthc s)stetll . Iflhe customer inserts 

;·yes", the system responds by displaying priori ty sectors or if the customer inserts '·no'" the protot),pc 

di splays "Good bye" and the system log out. 

The second and the ma in purpose of Ihi s prototype system arc lIsed for applicant 'S credit evalumion. 

The developed prototype system evaluates the customer's request \\hcther the application for loan is 

eligible/quali fied or inel igible. 
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1 1- start 
X best pI COMPlIed 0 02 sec . 1 060 bytes 

Wel coMe To a self-learnIng Know l edge Based SysteM f or CJedlt Ev.lu.llonl 

written by Wesenu Bekele Appr1I . 20 141 1 
Please Enter your naae saason 

00 you want ~o see soae requIreMent s o f Loa n saa.an1 
Ansver by Yrlt lng(yes/ no) 
I no 
We l lCOMe to credi t evaluat l on l 
Ente r saMsons request f r oa the fo llovlng Cl ed lt t ype pleosoll 

« Overdra f t Credit » 
« lapor tlet ter o f cred I t » 
« presh lPaent Expor t » 
« Kerchandlse » 
« RevolvIng Export » 
I overdraf t 

Please Ansver the f o llovlng QuestIon Inorder to c heck 
the ElIgIbI lI ty o f the saason Loan request I 

Hov long does the custoaer bUSIness oper a ted1 3 

Hov lo&ng does custoaers c uurent accoun t 1 2 

For hov aany applI cant adva nced a terM loan1 3 

Does the c us t Oaer has good repayaent record on terM l~n 1(yes/no) yes 

Does the custo.er current l y blacklIs ted by CBE or any othe r 1(yelVno) no 

Does apphcant need aOlley for seasonal o r teaporory1(ye..,no) no 

Col lateral o ((e rred by app l lca nt 1 (aocep~eble/unaocePtable ) accepteble 

Docuaents ReqUired f rOM the <!Ipphcan t ? (coM pletedhncoJlopleted ) COJlopleted 

«<!IaSon a re El I gI ble For overdra f t 
Then t he next step I S CredIt An<!llys l sl 

Figu re 4.4 : Dialogue windows for credit production t>J>C evol u:ltion 

From figure 4.4 above. the system requests the credi t evoluntor to enter the namc of applicant. I hen thc 

s) stem olTered or asks the credit eva luator for advising scl'\ices and the C\:lluntor skips this part b) 

inscrting "no" . As loon evaluator inserts "no". the system displa)s " Welcome to redlt c\oluotion' 

Enters the amson's request fromlhe follo\\ing credit t)PC plcasc" and thc s)stem di<plo) the 1i~IS of 

credit production type. The evaluator may insert requcsts of the customer from the displ3)cd lic,u of 

credit type . For example. from fi gure 4.4 . the evaluator inserts "o\ erdmn" \\hich is requc,,"lcd b) 

Customer ca lled Samson. As soon os Ihe e\aluator in<;e r1 'i the o\-crdmfi credit t)PC· the dc\clopN 

prOtOIYpe system int eracted wi th the eva luator by o<;k lll8 vuriou'i cntena and reqUIrement .. Inc .. )'tcm 
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accepts nil the infonnat ion from the cva luator. then dra\\n Ihe conclusion. If Ihe entered datn is 

quali fied o r fulfill s thc condition the systcm aUlommicall) dr.m s lhc conclusion b) dl.) pla)lng 

"Samson is eligiblc for ovcrdran . and then the nc;\t step is crt-dit ono l) si5" . On the contrary. if one or 

morc condi tion is not ful fil lcd the prototype dawns the negmive conclusion (as 5ho\\11 bel \\ in the 

fi gure 4.5), which indicates thatl he applicant is not eligible for the request In order to c\olume other 

requests such as import leiter of credi t, preo!,hipmcnt export, merchandise nnd revolvi ng e\ port the 

smllc were as ovcrdran cred it , . 

1 1- s t.a rt. 
% bes t. pI coapll ed 0 00 sec . 1 26 0 byles 

Ve l coJIoC' To a Se lf - l e" rnlng Knowl edge s.,sed Sys l ea Fo r Crecht. Evalua ti o n ! 

vr a t.en by Ves e nu Beke l e Appn l 20 U I ! 
PI_se Enter your naae t.S l on 

00 you vant to see soae r equ l reaent.s o f to. n t a l on ? 
Answer by wr ltlng(yes/no ) 
I no 
Ve l loo~e to c redi t ev" lue tlo n t 
En t.er tSlons reques t froa t he f o ll o wI ng c reda t ype p l_ s el' 

« Overdra ft Cr edl t » 
« l.por tletter o f credit » 
« preshl,pae nt E)( por t » 
« Me r c ha ndise » 
« Revo lving Expor t » 
I r evo l vlnge)(por t 

·Welcoae to Revo l vi ng E)(port Cred I t eval ua ti o n! · 
Pl ease Inter a c t wIt h the foll owing Ques tio n In o r der t o eva l ua t e r cvo lv l n'3c)Cporl 

Doe. the c ustoaer has c l e" n tr"ck r ecor d In the eKpol' t bus l nesa? (yev no) 
I no 

Does the c usto. e r SUb. It peraanent Lett e r o f Credlt ? (yes/ no) 
I no 

Does t he c ustoaer s uba lt lI"ybll ls s uc h as truck wey re d way ?( yes/ no) 
I yes 

Does c us t.oaer s uba i t I ns urance contract ?( yeS/no) 
I yes 

Does " c us toaer have acceptab l e c e rtI fI ca t e f rca "ppr opr late organi:a t l o n '(yes no) 

I Y" 

Sorry1 t s l o n I S I nelIg Ible fo r r evolvi n9 e )C por t l oe n l 

Figure 4.5: Dialogue \\ indo\\ S for credi t e\ nlUal ion sho\\ s inel igibility oflhe request 
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The above fi gufe 4.5 shows the ineligibility of the request. I he system stuns b) nsking the name of the 

applicants. As loan evaluator insens the name of the applicant, the protot)J>C asks the c\nlu:uor "1)0 

)OU want 10 see some requirements of Loan by calling the nnme of customer? Ans\~er b) ~~ri till g 
(yes/no)". The evaluator ignores thi s part by in scrting "no", If thc evaluator inscns "no", thc s)stcm 

automatica ll y takes to the cred it evaluation part nnd di splu)s the lists of menu redit produ ti n t) pc. 

SubsequeTl t, the credit officcr or evaluator inserts request of the customer from the di spla)cd lists. As 

shown from fi gure 4.5 the appl icant 's rcquest is Revolving Ex port red it , thcn the evahmtor insen s 

;;revo lving ex pon '·. Ncxt to thi s, the prototype starts to evaluat e the request that is in serted by 

inl cmctin g within the evaluator. After a ll data afC fed 10 systcm, the system infers knowledge base and 

draws the conclusion by displaying "sorry! tsion is ineligible for revolving export loan". rhis indi cates 

that. there is some or more requiremcnts are rnissin~ and the systcm nlcn s the customcr to fulfill nnd 

carne back again . 

4.2.4. Consult :llion/Es lllan:llion F:lc ilit)' 

Explanat ion facility justifies or makes the systcm more undcrstandnble. It ex plains situations Ih31 the 

user did not expect. The explanation facility involves the design nnd programming of nn exp lan~lIion 
capability. For instance, programming the abilit y to :lIl s\~ er question such 3S \\hy a speCific pil.'Cc of 

information is necded by the com pUler or how a certain conclusion was derived by the computer 1111. 
The ex planation faci lity is the componenl of knowledge based system that provides insight 10 the 

rca~oni n g process. It can suggest which rules were lIsed to ~Icquife results. lfan explanation of how the 

result was achi eved is wanted, the explanation fac ility call provide Ihis suggestion asjustificatiol\ . Th is 

process can uncover insumcient or incorrect knowled~c 1601· 

In th is study. if the customcr is not eli gibl e for the lonn. thc system di sphl.)s ""h)" ror the eva luator 

nnd asks the cred it evalualOr to enter the ""hy" to sec the reasoll that thc request is inel igible . "' hen. if 

cred it evaluator inscns "~~ hy". prototype justifi es or explains Ihe reason thai for the request is 

ineli gible. The fi gure below 4.6 illustrales detail about explanation facilities. 
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1 ?- s tart . 
% best pI COMPlIed 0 00 sec. 1 . 464 bytes 

WelcoMe To a Self-learn ing Knowledge ~sed SysteM For Cred lt Evaluatlon l 

written by Wesenu Bekele Apprll .2014 11 
Pl ease Enter your naae ·: alex 

Do you want to see SOMe requireMents o f l oan a l ex? 
Ans wer by ~riting( yes/no ) : 
I : no . 
Wellcome to cred it evaluationl 
Enter a l e xs request froM the foll OWing c redit type please !! 

« Overdraf t Credit » 
« I Mpor tletter o f credit » 
« preShlpftent Export » 
« Mercha ndise» 
« Revo l v ing Export » 
I overdraf t 

Please Answer the Folloving Question Inor der to c heck 
the Eligibi lity of the a l ex l oan request! 

Hov l ong does the cus tOMer bUS1ness operated? 1 

Hov l oang does cus tOMers cuuren t accou nt ? 3 

For how Many app l icant advanced a tera l oan? 2 

Does the custOMer has good repay.e nt record on terM loan?(yes/no) yes 

Does t he custoaer currently blackllsted by CBE o r any o ther?(yes/I\o) no 

Does a ppl1cant ne ed ~oney for seasona l or teMporary? (yes/no) no 

Collateral of ferred by appl lca nt ?(acceptab le/unaoceptable) acceptable 

Documents Required frOM the a ppl l can t ?(cOMp l eted/ 1ncoMple ted ) . COMpleted 

MESSAGE : lalex i s Ineligible For overdra f t 
vhy? 
Type why if you vant to knov the reason 

why 

a l e x 1S not fulf i ll one or Mor e reqUireMents o f overdra ft 
Tel l to h1ft to COMplete and coae back aga1n 

Figure 4.6: Dialogue window with " Why" Explanat ion Facility 

The above fi gure 4.6 shows the explanat ion facility. The request is evaluated accordingly. If the 

request does not fulfill the requirements. the system gives ans\\er by di splayi ng message of 

ineligib ili ty for the request. At the same time, the system displays ··\\ hy·· and asks cred it evaluator 

"Type why if you wallt to know the reason". The system needs the response of Ihe cred it eva lu:lIor in 
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order to derive a certain conclusion. If the credit eva luator inserts "\\ hy", the protot)'pe dcri\ cs the 

conclusion "A lex did not fulfill onc or morc requircments of ovcrdraft. rel l him to complete and comc 

back again". Thc system ex plains the reason for req uest's incligib le. 

4.2.5. Sclf· lca rnin g 

;\s di scusscd carl icr in section 2.5.4, Self·learn ing is onc of the elemcnts of Knowledge Base ystcm 

which tries to imitatc the learn ing capabili ty of human beings. omputcr chllnges how it functions or 

reactS \0 situat ions based on fccdback. It is possible \0 update the knowledge base of the K 13 ei ther 

manua ll y or automatically using mac hine leaming a lgorithms 12 11 . Adding ncw informat ion to its 

knowlcdge base as it run s, and thcn rcmem bcring that info rmation at thc nex t session is the capabi lity 

of lca rning. 

The learni ng prototype system attempts to storc thc dctails of a spccific ev'lluated credit. The fac ls base 

is stored on a scparated file callcd"bcst2. pl" and becomcs updated \\hcncver thc credi t cva luator cnds 

thc program. Once thc requcst is evaluated and thc el igibility is not approved fo r the loan rind those 

applicants rcqucst is eligiblc, the systcm learns by IllclTloril.i ng or learns from the experiences. Figure 

4.7 below shows a sample dia loguc wilh the prototype systcm. 
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1_ start . 
Yo best2 pi co.piled o 00 sec , 760 bytes 

Yo pep3 pi coMpiled 0 . 00 sec, 2 , ~OO bytes 

VelOOMe To a Self - learning Knowledge ~sed SysteM For Credlt Ev~luatlonl 

written by Ves enu Bekele Appril , 201 41 I 

Please Enter cus toMer na.e . : 
I : a bebe . 

custoMer is new for a bank I 
Do you wan t to see SOMe requireMent s of l~n abebe1 
Answer by wri ting( yes/ no) : 
I : no 
Vellcoae to credit evaluation ! 
Enter abebes request frOM the fol l owlng credlt productlon type please I I or 
classify credit custOMer 

« CustOMer c lassi flcat ion » 
« Overdraft Credlt » 
« l Mpor tletter of cred1t » 
« pres hipMent Export » 
« Merchandise» 
« Revolving Export » 
1 preshlpMent 

Answer the following Ques tion to c heck va lldlty o f the appllcatlon 

Does the apphcation for pre-shlPMent Without the IlBE1(yes/no ) yes 

Does the custo.er engaged 1n any export bus lness1(yeslno) 
1 yes 

Does a n a pplicant is business or corporate class 1(yes/no ) 
I : yes . 

Does custo~er risk grade related as grade 1 or 21(yes/ no ) 
I - yes . 
Does a n applicant presen t valid sa l es contrac t frOM foreign buyer(yes/

no
) 

1 yes 
Does the export IteM selling prlce wlthln acceptable range?(yes/no) 

1 yes . 

abebes request is ellgble 
The next s tep 15 credit anal ys ls 

Figure 4.7: show a sample dialogue with the prototype system for !)re-shipment cred it evaluation 

As shown by figu re 4.7 above, the prototype system evaluates the requests by interacting within the 

credit evaluator. As seen from the figure 4.7. the customer' s request is "pre-shipment expon credit 

facility", and then the eva lualOr inserts "pre-shipment" for evaluation. The requirements and criteria 
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are being eva luated accordingly and the applicant 's requcst was eligible. As secn from the fi gure. the 

system Icams customer as a new customer by di splaying" customcr is ncw for a bank". 

1 7- stert. 
Yo best.2 pI co.pl l ed 0 00 s ec . 860 bytes 

Yo pep) pi co.plled 0 .00 see . 2. 900 bytes 

Ve loo.e To a Se lf - l~rn i ng Kno~ l edge Hosed Syst.e. For Cr ed i t Eva luat lon l 

vr l t l e n by Vesenu Beke l e Apprll . 201( !1 

Please En ter c us t o.er na.e 
I obebe 

custo.er I S e Xi s ting 

Las t TI.e abebe IS Ehg l ble For preshl p.en t Cre<ht Type 

Does t he c us to.er wa nts t o r eappl y or req ues t for a llot her CredI t ' wrl t elyes/ no ) 
I yes 

Ve l loo.e t.o cred I t. eva lua t.l onl 
Enter abebes r eque s t fro. the fo l lovlng Credit product i on t ype p lease'! or 
claSSIfy cred lt. custo.er 

«custo.er ch'SSlfu;atl0n }) 
« Overdra ft Credlt » 
« l_portlet t er of Credit » 
« preshl paen l Ex port » 
«( Herchand l se» 
(( RevolvIng Export » 
I aercha ndl s 
PLEASE RETYPE CORRECTLY I .erchand l se 
can a ppl Ica nt s ubalt f lnanc l a l s t ateaent ) -1 year?(y_/ no) yes 

Does the c us t oMe r open accoun t IH t he bra nc h wher e t hey request loan?(yes/no) no 

Does c us toaer s ub. lt pl " n tha t JustIfy t he purpo~e a nd u t I l Iza t IOn o f the loan ?no 

Does epp h c" nt prep.8re t e . por a r y f In"nC l a l sta te.ent. as reqlles l by bank' (yes/ nye. 

Does CUS t OMer present cus toas dec lara tI on for l .por ted good~?(yes/no) yes 

Does custo.er present Interna l producti on r eport for .enufaclured goods1(yes/noyes 

custOMer IS tlo l Ellglbl e for aer chandl se loan 

Figure 4.8: Dialogue windows for Icams by mcmori7 .. 1t ion or learns from experience 

As shown on fi gure 4.8, the prototype system has learned by memonzlng the dctai ls of the credit 

applicant. As shown by fi gure 4. 7, customer ca lled "abcbc' " is request for pre-shipment credit 

production type. The request is be ing evaluated and eligible. After a cenain time, as sho\\ n from the 

above fi gure 4.8, the customer came to reapply or increase the amount of cred it. The s)stelll learns the 

customer by displaying·' customcr is cxisting Last Timc abcbc is Eligible for pre-shipment credit 

typc" . T hi s is becallse th e system Icarns rrom e.xpcricnce thm the customer appl icd ror th c credi t called 
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prc.shipment before and after a certain time the customer wants to reapply for another credit typc or 

increase the amount of previous credit. To continue, the prototype system asks the credit evoluator by 

sayin g " Does the customer want to reapply or request for another credit? Write (yeslno)'". As can be 

seen from figure 4.8 above, the customer reapp lied for merchandise credit type. The request is 

evaluated accord ingly the prototype system drawn a conclusion which is ineli gible . Then. the 

prototype updates tile request or application of tile customer in the facts base of the prototype systcm. 

Th is learn ing is permanent. When, tile prototype system is run for the next lime and the previous 

request and learned one are saved in fact base. 

The fo llowing fi gure 4.9 below shows self- learning of credit customer classification . 

89 



1 ?- s t art 
% best2 pI cOMpi l ed 0 00 sec. 760 bytes 

% pep3 pI COMPLIed 0 . 00 sec. 2. 772 byt es 

gG ys te a f or Cred 1t Eva l ua tlonl Ve l coae To a Se lf-learning Knovledge o- s ed 5 

wrI tt e n by ~esenu Beke le Appril . 2014 11 

Please En t e r cus toaer naae :: 
1. abel. 

c us t OMer is ne w for a bank! 
Do you want to s ee some requ i re~en ts of loan abe l ? 
Answer by writing (yes/ no) : 
l ' ne 
Uell ceMe to cred it eva l ua t1 on! 
Ent er a bel s reques t froa the foll ovlng c red1t produc t1 on t ype pl easel! or 
claSs1f y credit custoner 

« cust omer c l assif1cation » 
« Overdra ft Credit » 
« Iaportlet t er o f credi t » 
« preshl pMent Expor t » 
« Mercha nd1se » 
« Revo l vi ng Ey.port » 
I c ustOMer . 

Please Ent e r Cus tOMer liaMe 

.be l 

abel 1S a new c r edit Cust OMer fer bank 

Re t ype a c us toner naMe to lns e rt In a fact basel 
1 abe l 

Do you wa n t t o c l ass f y Customer t o Bus 1ness Class? ( yes/no ) 
I yes . 

Please Ent er Scor e s heet out of 70% 
I 60 
abel 1S c lassifIed as bus iness cred1t c us t OMe r 
please Re t ype bus ines class to Inser t 1n a fac t bas e 
1 bus iness 

Good Bye . a be l1S ClasS if Ied as bUSIness 
% Br eak leve l 1 . . . . . 

Figure 4.9: Dialogue windows for self- learning of credit customer classificat ion 

As shown from the above figure 4.9. a new credit customer called."Abe l" comes to a b..1nk. The credit 

evaluator wants to class ify thi s credit customer to the business category. Then the cred it evaluator 

inserts" customer" into a prototype system to classify "Abe l" to business cl3ss. The system asks a 

cred it evaluator " Please enter clI stomer name" and credit ollicer fed the name of the customer into the 

system. Since the customer is new for the bank. the system displays" Abel is a ne\\ credi t customer for 
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bank", then the system asks credit omcer to insert in fact base by displaying ·· Retypc a customer name 

to insert in a fact base". The credit customer is saved into the fact base and the system tlsks ··Do you 

want to class ify customer to business class? (Yes/no)". Credi t omccr respond to the systcm by typing 

yes", since credi t customer is cltlssificd based on the score sheet, the system tlsks to insert credit score 

out of seven ty percent. The value of score sheet is fed into the system and the system classi fies "Abel" 

as business credit customer, and then saved into fact b'lse. 

The existing credi t customer is also reclassified , afler a certain period of terlll s by calcul ating thei r 

score sheets. The fi gurc 4.10 below, illustratcs a reclassification of ex isting crcdit custOlllcr into 

business category after a certain period oftefms. 
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1 1- s t art 
Yo best2 pI c OMpiled 0 00 s ec , 860 by t es 

Yo pep3 p i compiled 0 00 sec. 2 , 836 bytes 

Ve l OOMe To a Self - learning ~novledge Bas ed Sys t eM Fo r Cr edit Eva luat l on l 

vrltt e n by Ve s enu Bekele Apprll , 20 14 1 I 

Please En t e r custo~er na~e 

I abe l 

c us t OMer i s existing 

Las t. T1me a bel 1$ Eliglble Fo r overdraft Credlt Type 

c us toller wants t o rea ppl y or reques t for a no the r Credi t ? vTl le ( yes/no ) 
Does the 
I yes 

Vel l ooae to credlt evaluatlon l 
En t er abel s request fro .. lohe follow1ng c r echl produc tl o n t y pe pleas e I , or 

class l f y credlt custoaer 

« cus tOMe r c laSSl f lca tlon » 
« Overdr a ft Credi t » 
« l Mportl e tter o f credi t » 
« pres hlPllent Export » 
« Mercha ndi s e » 
« Re vol ving Export » 
I . cutOlle r 
PLEASE RETYPE CORRECTLY I C\l s toMer 
Please En t e r Cus tOMer lIa.e 

.bel 

abe l i s e Xl s ting cred1t cus tomer 

Do you ~~ nt to reclassify ~be l ? (yes/no ) 
I ' yes . 

Pleas e Ente r current Scored score s hee t ou t o f 100% 

I 45 abe l 1S Reclass1f ied as cOM~erc1al c redlt c us t OMe r 

p lease e n ter bus iness c lass to save 1n f act ba se 

I co • • e rc1al 

Good Bye . the cus tOMer 1S r ec l ass lf1ed 
::. ~r~a~ level 1 

Figure 4.10: Dialogue window shows reclassilication or existing credit customer. 

As shown rrom fi gure 4. I 0 above, the credit officer wants to reclassiry the credit customer after a 

certai n period or terms based on current score sheet they scored. When this process take place. the 

prototype system learns rrom the experiences and updates it s knowledge. As expl ai ned on ligllre 4.9 

above. the credit customer cal'cd "Abcl" is classilicd as busincss catcgory for thc lirst timc. Aga in . the 



cred it officer wants to classi fy "Abcl" aner a certain period of term based on his current score sheet 

achieved. As observed from figure 4.10, the system ask" Please enter customer name", then the cred it 

offer respond to the system by inserting "abel", since abel is existing customer for bank. the prototype 

system learns from experiences and di splay " abel is existing credi t customer" message to the cred it 

officer. Next to th is, the system asks the cred it officer " Do want to reclassify abel", then cred it oflicer 

responds to the prototype by inserting "ycs". The prototype asks the current score sheet and rec lass ify 

abel as commerc ial cred it customer. The prototype updates its knowledge and the fact base holds abel 

as business and commercial credit customer. 

4.2.6. User Interf~cc 

The user interface is used for effective communication both domain experts and users with prototype 

system. It enab les to communicate easily with the prototype self·lcarning knowledge based system. 

According to [60}, the user interface should a llow the uscr to start the consultation with the s),stem and 

en ter the problem case data. It should also allow the user to ex it the system. The same interface is 

responsible fo r perm itting the user to ask how a result was obtained or why a question was asked or to 

provide answers to the system's questions. The explanation is also given through the same interface . 

The user and the domain experts start to use by writ ing "start": '.", then by pressing "enler key" from 

the key board. For instance, figure 4.9 below shows the interaction between credi t evaluator and 

prototype system for imporl letter of credi t requ est. 
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1 '?- e t.o_rt 
X beSt.2 pi coMpl Ied 0 00 sec . 860 bytes 

X pep3 pI coMp l ied 0 00 sec . 2, 900 bytes 

Ve lcoMe To a Sel f - learnIng Knowledge Based SySl .M f or CredIt Ev.l~tlon l 

wrltt.en by ijesenu 8eke le Apprll . 201 4!! 

Pleose Enter c ust.OMer naMe 
I a.du 

CUs t.oMer IS new for a bank I 
Do you want. to see SOMe reqUIreMent s o f Lobn ae lfu'? 
Ansver by Vrillng(yes/no) 
I no 
VellCOMe to credIt evaluatIon' 
Enter se lfus request. froM t he fol lovlng c recht. produCt ton t ype pl_se" or 
c l .sslfy c redit. cust.OMer 

«CUs t.OMer c lass ification » 
« Overdrof t. Credlt. » 
« laport.let.t.er 0 1 credlt. » 
« presh lpaent. Export. » 
« MerchandIse » 
« Revolv ing Export. » 
I laporllette 

PLEASE RETVPE CORRECTLY ' 
PLEASE RETYPE CORRECTLY I 

l/11. portleter 
IMport l e tter 

Ansver the fo l lovlng Questions Inor der 
to c heck ElIgi bilIty o f app licant loa n Reques t 

Dee
l 

s the request for one tl ae7(yes/no) 
yes 

Does the custoMer have Investaent cer ti fi ca te or 
appropriate license or InVOIce ,?( yes/ no) 
I yes 

The a ppllcont IS eligIble for the request 
Then t.he next. s tep IS CredIt AnalYSIS' 

Figurc 4. 11 : Sam pic dialoguc ror import Icllcr or crcd it requcst. 

From figurc 4.9 above. the request or application c\nluator starts the protot)pc s) stem b) \\nt ing 

.. start .... then press "enter"' kcy rrom the key bo..1rd . After thOl the prototype S)Slem displa)s the 

\\clcoming mcss-1gc and asks thc credit c"alUalor to insert name. Once the credit C\3luator reeds thc 

name, prototype system asks " 00 )OU \\ ant to sec some requirement orlonn?" b) calling thc mlmc _ 

lrthe credit evaluator didn't wan t to sce the advisory serv ices. hclshe insen "no" direct!) m order to go 

to thc credit cvaluation processes. As sho\~ n in figure 1\ q abo ... e. cred it cvaluator an\\\er<i the quc .. tion 

by inscrting "no", AutOnlOl;cally. Ihc prolOt)PC s)stcm displa)s " Welcome to the CredIt e\3Iu3\1on! 
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Enter" th e customer' s request by call ing the namc" from the follo\~ lOg ered ll type please", 

nddi tioll3l1 y, the system displays the lists of cred it production t) PC from \\hieh the Credit c\ luator 

insertS the request that be longs to Ihe customer's requesl. As seen in the 3bo\(~ ii gurc 4.9, the cu!ttomer 

request belongs to import letter of credit fac il ity. 

Whenever the credit evaluator inserts the cred it type, he !shc Illny Iypes on err r, the input valid it), 

checker, asks th e credit evaluator 10 reenter the correct credill)pe by di splu) ing the mcss..'lge "please 

relype correctl y" . The evaluator ret ypes Ihe corrcct credi l prod uction I)PC nnd the protOt) l)C systCI11 

conti nues 10 evaluate the request by interacting with the evn ltlator. Ihe prOIOl) pc sy~t cm u\k ~ "I oes 

the rcqu est for onc ti me? (Yes/no)" . Since there orc t\\O type of import leller of credit : im port letter of 

credit fo r onc lime and revolving import leller of cred it, the protot) I)C s)slcm a!tk the credit c\ln luator 

for which import letter is evaluated . If evaluntor inserts ")CS", the prototype s)stem e\ ~Iumes n requcst 

as one time import letter of credit. If evrl'uator reacts by lll1!t\\ erin g "no", the prolOt) pc S)Mel1l 

evalumes the request as revolving impon leller of credit faci li t)" In fi gure 4.9 abo\ e, the e\lahmtor 

ans\\ crs by inse rtin g "yes". so Ihnt the prototype deals "i th the import leiter of credit for one time. 

Finall y, the prototype drnws a conclusion by in ferri ng the kno" ledge base and displa)"~ ''t he appl icant 

i" eligib le for the requcst. Then the next stcp is credi t anal) sis". I hi s indicates thOl the rcque~ 1 fulfi ll!'! 

the condi tion. 

4,3. Pro1otype Sys1em Testin g, and Ev;t lu;t tion 

Aficr prototype self-learnin g knowledgc bascd systcm is devcloped. it !)hould be te!tted and evaluated 

to make sure thaI the acceplance and the perfonlltlllce of the prOIOI) pc ~) st eT1l is preci se. I esting und 

eva lualion o r the protolYpe self- Ic:lrn ing kno\\ ledge based s)stcm is the final step that assiMS lhe 

knowledge engineer to measure that "hcther the prolot) pc s)stem is met the proposed objec1h e or not. 

4.3. 1. User Accepta nce [v:l1u;l lion 

User acceptancc cvaluat ion is the basic problem for the application of successful and efTcc l i\(~. 
protot) pc se lf-Ieaming kno\\ ledge based systcm. '10 Ihe problcm of user acceptance, the researcher 

uses visual intcr.lction along "ilh chcd.lisl for domain e'pens. I' (6) loan officer "here purposl\c1) 

sck-cted for this purpose. E\-cry domain e,pert 's c\ alU3lOr officer ... arious Credit cu<;\omer arphcation 

((.:quests tCSl to Ihe prol0t
ypc s)slcm and ')Carth dccic;ions made by the protot)pc )Slem redlt 

customer is not participated in uscr tlcccpl3ncc c\ aluation. tx.'Cau~ Credit customer has no right 10 

95 



change criteria and a" requirements of credi t request mthcr the dom3;n e,perts. 1111: domain experts 

evaluate the prototype system performance based on the fo llo\\ing evaluation criteria. 

These nrc : simplic ity to use and interact with protot)pc S)SICm, cas) 10 learn I ooapt \\;th proIOI)PC. 

prototype system efficiency in time, the involvement of adequotc l-n \\ ledgc \0 C\ aluntc requests, the 

ability of the prototyt>C system to remember the uSIOIners' credit informat ion. I he ability of the 

prototype system in advising credit customer, and con tribution of the de\c1opcd prot t)PC s)stem in 

domain area. These evallHllion criteria ' arc odupted from olom n 161. I he questionnaires used 10 lest 

the user performance of the prototype system by credi t eva luator. i.e. domo;n c:\pcrts is found in 

uppendi x IV. 

The researcher set va lues for each attributes of the checl-li st for the purpose of e\U IUUli ng the 

performance of the prototype system by credi t ex pens. '1 he vo lues fI r nil oll ribules nrc fixed ns: 

Excellent ""' 5, Very good - 4, Good - 3, Fair " 2 and Poor - 1. 

Oased on the given sca le. system evaluators provide a val ue for e:lch checklist. Thus. thi mClhod hel ps 

the researcher to manllull y examine the user occc plance based on evalu:tlor's rcspon~ . 1 he uscr 

acceptance oflhe system is measured manually as follo\\ s 162): 

AI'eS = SV I .~ + S1l2. IIr2 +SV3 · ",.3 + .... t SVi · wi/ 
tllr /111· fill' ,.1 I fllr 

Where, A vcS average score. V scale value. T R total number of re::.pondcnt and lR is number of 

respondent. To get the result of user acceptance 3\erage performance is calculated oul 100%. 

AI'p = AreYNS · 100 

Where. NS is number of scale and A vp is ~I\ cra£e pcrfonnance. The follo\\ ;ns table 5urnmariles the 

results obtained from the responden ts'. Table 4.2 ind icntes the results obtained afte r the cvoluation by 

domain expert. The follo\\ ;n£ table 4. 1 illustrates Ihe outcomes ochievcd aftcr c"alualion by domain 

ex perts. 
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No. ~ 
P;Ir:llll elers of evalua tion criteria f Ave r:lt!c 

'" - " "0 
0 - 8 c· " 0 " .!' ~ .. ... t) ~ w -I- -

I Sim plicity to usc and interacti ve with 

prototype system 0 I I 2 2 3.8 

2 Easy to leaOl I adapt with prototype 

0 0 1 2 3 4.33 

- -
3 Docs the prototype system Efficient m " 

time? 0 0 1 3 2 4.16 

-
4 Docs the system include adeq uate knowledge 

to eva luate requests? 1 0 2 1 2 3.50 

-
5 The ability of the prototype system 10 

4.33 
remember the customer information 0 0 1 2 3 

6 l1le ability of the prototype system in 0 0 0 2 4 4.66 

advi sing c red it customer --
7 contribut ion of the developed prototype 

system in doma in areas 0 0 1 2 3 4.33 

TOlll1 1lvc r;l gc 4.16 -
Table 4.1: Performance Evaluation by Domai n Experts 

In table 4.1 above. from the evaluators \\ ho scored the simplic ity 10 usc and interaci \\ ith thc prolOt)PC 

syste m cri teria of evaluation. 33.33% of them scored both os excellent and vcl') good. 16.67% as good. 

and 16.67 % as fair. In relat ion to easy to IcaOl I adapt w;lh the prOIOI) pe s),slcm cri teria of c\ aluation. 

50% of the eva luators scored as cxcellcnt , and 33.33% as very good and 16.67% as good. 1 he critcria 

of eva luation with respect to the prolot) pc system emciency in limc. was c\alu3Ied by 33. 3°;0 as 

excellent, by SO % as very good and b) 16.67 010 as good. In Ihe case of fi fth criteria of C\aiU3Iion. i.c .. 

whether or not the prolot)pc S)stCI1l include adequ3te \.. no\\Jedgc 10 e\aluatc requests or applicauClIl. 

the il was scored by 33.33% 3S excellent, b) 16.67°'c. as \cr) good. b) 50' 03s good and h) 16.67·.3 
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poor. I he e ... alumlon cn1<~n3 \\Ith re"jlttl Itl Ihe ohlht) 01 the pnI4(14)r-: ) lem 10 r'C'fMm~ lhe 

CuSlomer' In fonua tl n \\ 0';; nut(! b) half(Str.) 01 the c\JluJIpf\ It c\f:cllcn! .~) 11 H,. \Cf') llld 

nnd by 16.67000\ Good . Atthc )idc of, the nbillty of II\( prolvt)PC ,)"t("'" In Id\l\ml£ f:rcdll f:U'IIlfllCr, 

66.67% f the e ... o lumo~ )'cored the pr()l()l)pt ,)'tCIll "e \lcllel1t" alld JJ, 'l~ (lllhe," " \cry "nod'· 

1 he IInn l C\nlU:l1 ioll crlterin, i c., I;(lflu:mIl1K the C(llllrihullM 01 the de\clllJ'N rn1tt")J'IC )'Iem In 

domai n oren, hnl f(SO' 0) of Ihe e\ IlIUIIIOr\ ruted "C\I;cllcnl", n n·. of them ' \cl)' 81"'"j'· "..I I h b~. 

of them "good", I innll y. Ihe {I\ emge performonce ollhe pmIOl)f'C ')'tel11 II.;c.:cln,hn8 10 the (,,,tluJllcm 

rc~u lts filled hy the domai n C.,pel' , Iii <11 6 out 01 S. Ihl' r(\ult mdlc.:I IC\ Ih:tlthe (I \cnll I\CB'C 

~rform(\nee of the pmWI)J)C )(: If . \c:lrllllllt kl\('l"lcdlte t'lIt\oCd \)\Icm 1\ ObllUl 812". Ihl\ unpile, IhAI the 

modeled prolOI) 1)( \\11\ pc rforl1l~ u("11 III IIIltkln¥ rI¥ht (" .. :!hlollltln (WI lhe .. redl! c"hj"J!tun CII f:u' t(lmcr 

IIpplleOlion. 

4.J .2. IlrOIUI) lIe SplCII1 I'Cffl)fllHUI I'C I c"i ll J,t 

Performfmcc IC.\olina is Ihe procc\s of c.!etcnn llll nj£ "hether Ihe de\ dor«l rr~('II)J'IC \)'IC," "\uhd (If' 

invol id , that is \\hcthcr it uchic\CJl Ihc requi red ICHI 01 Q(eurncy or 01.1 1(1 IkIdn:\, the i"ue (11 

validation. eighl ccn le!!1 cns.c!t \\crc u\C..-d from Commercial U,mk of I lhl(1Pl3 tredlt 3Pf'1hl;JIIC'IR 'c'r the 

l e~1. three I)PC~ of euse \\ cre <,eh..'(: lcd pU~I\e1)'. Ihco,c eoo,tl arc o\Crdran trC'd11 flkllll)". ImpPf1 

Ictter of credit fu ti lit y and pre·shipment e ... port Credit fodill l or Ihc..c tl;:..l\ (6 If'(101 e:u.h t)PC) I~I 

CIl!tCS \\ cre sc ll.'C1 for Ic!!ting CU,<,C\, 110 11 of Ihclll \Ch..'\.lcd fmlll Ihe rcquc'l or Irpilc.1tl('lll' IhJI an: 

cvo luatcd os ineligible b) human expert and the: rc.,1 Of lhclll from thc rcquc,,-, C'llualcd I elii!lhlc b) 

domai n c~pert!,. I hc reason.., for tnklOS bolh ineligible and cllglblc lot ca'-t WI c'alualcd h) dllOlam 

e"'pert.., nrc 10 check thc corrcctnC\~ e\nluollon from blll.h ides. IOf c:Kh ca.'IoC three 1~ ca from 

inel igible requests ond thfl.'C of them from eligible t"Ct!U('\1 (lr arpli OliO"' "crc ~Icclcd 'cl lhal. cah 

case has equal number of ICSI a~ from bolh Ineligible and dlSlhle cfo:ht cu ... omcr arrltUlt(lIl' ('If 

requests. 

Addili nail). si ... domO l1l c ... pertS or redll C\olualon "ere \oClatC'd 10 c-.,alu.a!c the dc\clorN J"flltuC)f'C 

$),slcm by intern li ng \.,.ilh Ihc dc\doJX-d rmtol)J'IC Ih,,-"I! c\~hlJton ha,c r-tK1r-'llcd In the U'lift 

acccptonce c\ alum Ion I hc rcason \\h) dcU1\:lIn e ... pert"~ IcClc-J kif'lhe onJ lime" lhell the) 



arc famillnr \~ lIh thc s) .,tcm protUl)f'C dunna \ I~JI Intcr:k.ll'''-' c \ a]lIal tun "wi the) tM a'Wl)' 

unde~lAnd bout the pr I Iype . I oble <I 2 bc:lu\\ \hcl\\ Ihc 1('\1 rt' \uh Ivund h) Ic~ c. 

Selectcd CIi'Ctrl lowl number of c.:3~\ f\:umhcr (ll c~tI) ~umhtrtl l In.,;l~ll) t\l(Ur r 

\CII...'Cled for te.,lIIli e\ ltluoilw t ~ C\ ,,1u.&1C\I t.o1 

Ovcrdrnft crcd it 

f I'nc ili! ), 6 
Kl11 .. 

Imp0l1 letter of 

rcdi l fucil il Y 6 
, 2 M i,"" 

Prc·.,hipmcnt 

I xport redl t 6 2 M t,"', 
-h,--18 S 7222-. 

TOI:II 

During the leMi ng procedurc. the M! lec.: ted C\PCrt.li e\-JIUJlccJ ;uld nJcnlllicd corretll) Ind In4..IJfTC\.lI) 

evaluated en.,cs b) comparing Ihc dl.'C i\ lon Illade b) Ihe rrVlnl) JlC \) lem " 11h lhoil II I Ill( c'f'I'1'\ • 

dl.'C i ~ ion on tho~ cu!.C), A) ~ho\\n III lnblc 1,2 aoo\c. lhe hl ghe' lltu:ur<kY nalc I OMJIOC\J h) u\c ul 

o .. crdmO credit fac IIII ),. I he )nmc re.,ult ., \\crc achlc\cd for bulh ImfK'ft Icller 01 cmhl fatlhl), and 

prc-~hipmenl e\pon credit fn illl ), " tHc.:h I., Ie.li\ occ:urolc Ihan o\ crdroll \:InJiI l<kllll)' Ihe o\ crall 

result .li of the Ic.,ti ng hn\c rc\ealed 72.22°. au:umt.) III c\aluJlma the e\ .1luJI!(Jfl 01 t:u,lonu: r l(l.o1n 

req ucst. 

.a.J .J , Ob.cll..,..,ion 

As sho\\n in Ihe above table" 2 ond " I. the aceUrDC) oflhe r mllJt) pc: \)"em 1 akulJlaJ, 72 22% 

and the a\ emge u~r performance e\01U3110n re uh~ fi lled b) lhe dNnJln C\ rcrt' In the domain fICld 1 

8) .2~ o. rcspccti\el) In geneml. the o\emll performance of the r~C't)PC \) lem,' 17.71 %. 

evaluating agricultuml loon'l I hc rc:..carchc:r U\oC tkpc:nd(1X~ dl4 -ram to ICr-'C$Cftt l.nm\1N 

de\.clopcd expert Cj)''Itcm aublC<o the Inan nltKef'S 1(1 m;l c .Jc(1'UClft Iy In qncultUf21 

i 
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As comparing to the result found by Kay llr) ant \\ ilh Ihe result ofthl~ tudy. the rC'U h found In Ihl 

stud y is bener than the result found by Kay Or)an!. Ihe pcrfonnance ac hie\ oo b) Ihl \ lUdy I " realer 

than the work of Kay Bryan t by 4.7 1 % perf< nnances. rhis con be resulted tx."Csuo,.c the mcthod of 

knowledge modelin g and method of kno\\ ledge representat ion. 0 that. il i better 10 usc dechion tree 

for knowledge modelin g :.IIld nIl e b:lse for I.nowledge rcprescnlluion. 

During the study slarti ng from the beginning to end of Ihe re5C.1rch arc \ ariou challenge " ere Co cd 

'I hese cha llenges are d isclissed as follo\ ... s. 

J. Build ing the knowledgc basl..xI systcm is n01 an easy 10.,1. . 10 bUi ld I.no\\ ledge ba~ 

systcm, tacit and ex pl ici t kno\\ ledgc I1lll~ t be c\ tmcu:d from the domain Ci\pcrt,) O~ \\cli a., 

from differen t sources of knowledge that help to de\ elop thc prot I)I>C M! lf· lcaming 

knowledge base sy~ tc lll for loan evaluation. 10 do this. extnlcling Ineil 1.110\\ ledge from the 

domai n cx perts is vcry difficult due to Ihe personal nature of In il I. n \\Iedge. I)e~ide~. 

ex tracting I:Icit knowledge is by itself hard to re\ en l to OIhers. o the rC!ICarcher n faced 

d iffi cult to extract or to obtai n the tacit knowledge of credit evaluators. 

~ The ma in factor that hinders the prototype systcm to reg i~tc r higher aceurney i ~ that the 

alti tudes of the dom:lin experts ' credit eval uators since Ihere is no ~illlilo r I.no\\ledge base 

system for credit eva luulo r or advisory s) stelll in b:lllking industl) and micro financial 

in st itutions in Eth iopia arc adopted curren!!y. 

J,. During coding the rcprcseTlled kno\\ledge about credit eval uation using the SWI-prolog 

editor too l. the facts base of the protol)pc s),stcm is able to update its I.no\\lcdgc 

autoT1l:l lica ll y. Il o\\ c\ er, the resc:lrcher faced a ch:lllcnge to update the rules of the 

knowledge base ofl he protot) pe S),stclll automatieall) . 

Depend ing on the rcsul ls fou nd the main !.lrcngth of the protot) pe s)stem and its appli ab iht) in the 

domain arcas arc : 

y Thc protol)pe se lf-Ieaming kno\\ledge b:lscd s) stem helps 10 sohe problem 1R Ihe domain 

are:lS where an experienced and ski lled man po\\ cr are ulla\(lilablc a~ \\ell ~ hel p" to reduce 

inconsistence . 
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y The prototypc systcm h~s the c~pabililY t leam the hi \lories of cn..-dit cu~omcr from the 

experience and updatcs the knowledge. 

y Thc prototypc is system applicable ever) \\hcre . 

y Prototype systcm stores the fac ts in fuc t base or database \\ hi h helps 10 remember ellsi ly 

du ring credit evaluation. 

Genera lly, ~l l the ev~luation and lesting resul ts of the prot I) pc sh w encoumglng find ing for further 

research work to ful ly implement and apply self· learning I.no\\lcdge b~scd \)\tcm tech nology in credit 

evn luation in banki ng industry and micro finonciol instituti n). As Q result . from the rc)Carch finding . • 

it is possible to conclude thatt hc study achieve its objcctivcs. 
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S.O. o nrlu\io n tlntllh~cOfHnH' f1tl tllio fl ~ 

red ll c'o'Ahllll lOfl iii Ihe procc"I\ :I bu'l lOc \ ur an lf~h"id uJ I ntO'l V" Ihrnu -h ( , .IWlltun hI t"IC" unl( 

cli~ l b lc for 101111 It i'j Itl \(l " rrlXc", Ih.1I (I lender undenukc\ \\hen c, ,,'u.ltlnllil r~lk"\1 I,J(. k ... " 

When "11 -; prOte\'I l'i Ulkin" 1"I' (llC. therc nrc II numhc:r II I Ilk liin IIMt C\rn the Nnk Iht" IOI\.m 

fintlnciul In\ lIIulIon or Ihe IcmJIflIl "h IIlUIIUn 10 n .. ~ ' I he . 131.11'" InduJc 1 __ 1. ti l tk"".,,, c\rcrh I" 

.. h()nfl~e ofLr(:dll e\(llu.llOr. Incon\l ' lenUe' Hnl''' \lem. J'It"f",,\;I1 hit! ~ ,w 1. 011\\1 .t" , .. " In ,,,\kr ht 

r(.'tIm;c Ihe ri ,~ ., Ih;1I comc due 10 Ihe hl(.le,", II I'" e "'Cnllal lh.11 r n,,"-cdufc Md tClf1tnll ma.h~I'U1) 

arc 111 l'lfl(;c 10 CI1, urc Ihal e.ldl 10.111 1\ uh)(. ... II\ tI) e\ ;tluatt'd HUI , In Imr wunl) III the lli 1·1 

ommerciul han~ 01 I lh iOl"l ia. the 10.\1\ .. cr","c i, nnl) ad \ nu:d UI hcJd Cl lliu~ II~ dl\!rI\.I!c\ c!, lhere 

1\ no lo:tllud"'fUlced AI t'lnHKh Ic\ cl 1 hl 'l l,;l\lldllllln IC.ld , Ihe ~.Ink · l,;u'h,lUcr to un un\\ ,mlcd (' \ J"CI}\( 

10 go to head oflkc or d,\ lriel le\C1 I he hilllk'i rna)' 10<0.<: thei r c.:u,h.tner duc In the d ... 'alxc U au\( 

of Ill\!) problem. \lan l.. , ( .lllnot SCI man)' trroll cu\h·mcn 

'cw :..trntcKIC\ \ulh .1"1 c\pcn 1I)'lelll ' urc rl:'~Ulrro 1(1 k) \\ cr Itpcrallntl cO'l .nd Ul\.~II\(, rnlilfc"'t,"t) 

~ \\clI a, profit " I xpcn ~)Mel11 \\ 111 pia) major n~1c: 1M rnc.,I"m u!o.h rnthlcm m ~f'I:\J'l C\ .IUo1hon In 

rceenl )'1:'" ..... , 1001 .,. u..'ChnoloK1C'i :md al'lpll l-allUn, of mh'flnal1«'n h:\.hnClk>V1 ha\C' crnc~cJ 1.\ 

cfTccli"c and efficicnt me3' urc) for up groll.llion of the \\ho le hankm, mdu,tr1c 

l ienee. 1M thi ~ r~arth nn ancmpt h~ hccn made 10 de ... n and de,,·I('P. rn-.t"'H1C ,,( II M'1I·k:wnana 

~no\" lcdgc ooc,cd ~) lem Ihal can r m\l\Je an Ikh KC hlf cred'i cu:\tllft'lcr IIld ~redll c\alualC1f1 Id 

faci liullc the C\a1U311011 of cu~tomer ttlll'll'311('fl Of m.JUC\!\ k,," the 10CIIl 

In dC\oCloping thc prolot) PC 1I)\lcm. ~ oo\\ lcd 'e i'i IkQUlm,1 u ... n, KffII AA.11ImJ ff'!lcn~ _1m 
domain c \pcn~ and from n.: lc\ ant documenl\ Ic l..c 'rNll ('\.1hJ.311'," f'O'I'a,lute h~ 1,1\"" ~umcnl 
anal)sis method 10 find the ~Iullon 01 the: rrob1cm l'he k'lUIn:d ",,,,k\J 1\ rnoJ.tlN I,I:\ln, 

dc..'Ci .. ion tree that model\ (OO(.cpi anJ ~aJurn In\{lh~ In cn:dtl C'\ NMIIOn \Jk1 lhal, Ihc' 

\alidalcd I.. fKl\\ Ic:d~c 1\ t'Cf'fC'C'lIC\l U Ina rulCoha-01 ",,,,led itf'lC"JCflUl-.,n Icdwuqw ... 

1ml"llcmcntc:d u\mg "I" I-pml,,,, cJc\ clc'f'lt,,,'1 10," dc\c"1f'JfI"I It.: rrotaQJ'IC' I-Ic:amms I'IOVI 



based system to prov ide advisor") services both ~ r cu .. t mcr(ne\\ nnd c\i .. tmg c:u .. tomcr) aod , ,,1"1 

domain experts in npplicat ions e\nluntion 

Also in tcsl ing and evaluation of !he protOI)pc 'i)'stCI1l, cighlccn ( 18) C:B'iCS or crcrht rC<lue .. 1 or 

npplic3tion arc selected using purpo!)i \ e sumpling method in order to te .. t Ihe aecurBC) uf the prolOI),pe 

system. The sc lccted C:ISCS include both cnses Ihnt arc e\oluntcd a5. mcliglhk and ellKlhle by human 

experts. The select ion is cq ual for both ofthcm. i.e . nine (9) of a5.(!~ ore eligible C3~'" nnd the rc .. t of 

!hem arc ineligible cases. The correct and incorrect e\'nhlfl tion rc!:>ult .. arc identified by cOlll pannK the 

deci sion made by the evaluators on the ca5.(!S credi t npplicmioll!) nnd \\llh the eondu 'tion, of the 

protOIYpe system. And nlso the proccss of ensuring that the protot)pc ,,), .. tem ""UI .. tiC~ the reqUIrements 

of the uscr is performed. As the teMi ng results !>ho\\. the o\emll performnncc or the protot) pc .. )'\' CI11 

registcrs 77.71 %. 

Furthcrmorc, the study concludes that the major credil production I) pc Ihllt advnnced to cu .. Ulmcr i\ 

import Ictt er of cred it fac ility, export crcdit facility. pre·.,hipment credit fatllll) and mcrc;handl\c . I he 

eligibility of application is focused on general and !:>peeitic cri tcria ' rcdlt c:u!)tomcr i .. da~"lti(.-d as 

business, corporate and commercia l based on the score !:>heet thc) achie\cd. 

General ly, in Ihis study. the applicabi lity of kno\\Iedge of protot)1>c M:lf· lcJnllnG I..no\vlcdge b.1~-d 

systcm is proved as hopeful appro.'tch in banking i ndu~lr") for credi t e\ alualloo. 

5. 2. Rcc0ll1l11cm) a1ions 

The system achieves its objectives by dernonstr.lling Ihe applicability of !!oC lf·leamlOG by dc\c\oping a 

knowledge based s)stem for credit evaluation \~ itll hopeful of pcrfommnce nnd u~r acceptance rhis 

study is the promising Slud) for furthe r rescarch \\ or"s to full) implement the sclf·\eamIllG "no\\lcdge 

based system in the cred it evaluat ion domnin area . As a result. rescarcher recommends Ihe follo\~l ng 

ehallcnges as areas of futurc resenrch \\ orks bascd on Ihis slUd) . 

J.. In thi s study the explanation faci lity gi\en by the proposed .. ) !)tcm is not u~r friend I) The 

intcractive user interface is the 1110s1 significant. As a result. further rc\Carch can be done 10 add 

in teracti\e uscr interface thm C:ln help the user to Interact \\ltl1 the "I) "ICI11 

J.. 1'0 cnhance Ihe performance of the protOI)PC 01 \Clf·lcamlll~ \.no\\lcd~e ro...c ) tern the 

combination stralegy approaches .. hould be dl"tCO\ crcd ~~hl,h C\lmtunc-. (3"": N.~"\I rca)Of1l1lS 
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and rul e based reawning. I he involvement of nscd ba~ rca'tC.ming In thl\ ... utI) help the 

proposed system to handle qunlitnll\ e fa lars of the c'(pcn\ on the CredIt e\31u3t10fl 

J.. The ru les in the kno\\ledge base of the prOIOI)pc »)Iem )oou ld be updUted \\llh the aIm of 

learning fro lll experience so as to updme its kn "ledge 1l1erefore. fun her " rk hould be 

accompli shed to updme Ihe rules of lhe s)stelll tllllomllli all) . 

: Due to the sho rt li me available fo r the resc3rch. the swd) allcmploo to dc\ el p u \t lf· learnlng 

knowledge based system fo r credit evulum ion (abou t five credi t produ lion t)PC). lI ol'c\oer, the 

scope of the self-learn ing kllo\, ledge based system )hou ld be c'tcnded 10 III lude olher Cl'\.-dl t 

prod uction type such as term lonn. ngricullurol 10.'\11 nnd con\Ulllcr 10.1n I hcreforc. further 

investigation should be donc 011 Icml 10.111 . agricultural and con\umcr 10.1n 

.!. The scope o f the prototype is limitcd 10 evn hmting credit production I)PC bao,ed on ¥enem l and 

spec ific ci igible criteria and credit customer clossificati n. I or redl l 3n:lI) !tis ond ~onn¥ dCI.11I 

eva luation of application arc requ ired .. , hercfore. the further "ork ~hould be d nc 011 redlt 

analysis and credit scoring. 
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PI' t:" 1)1 \ 

ppcnd" I 

I he followi ng illle,", lew que~1I0nnJlr~\ on: u~ It) C\ tnv..t tiklt .nJ (' ph\.lt L.nn~ IC\J 'C Inlfn ~'m'ln 

cxpcn~, 

I , Whm nrc Ihe mAin poinl'i 10 ilKU' on hlr Uedll C\ .. lo.lIlon'! 

2. What (lrc credi l -,en iCCi provided h) com,"cr\'lill ~.,"k ulllhu'j'lIoi' 

1. What lire the mnill cri lcriu for c;u;h l)j'IC'i of ucdrl c\ll«tcd Iwrn 1I1,,,ln 'rrl~""I'J 

4, Which (lrc Ihe priorit) loan t)PC'l of the h;jIl~1 

5, Ilowenn redit C\ {1!U:1lcd '~ 

6, What nrc Ihe {lC cpHibie enlcriJ's to 0pj'lm": 10,10 urrht.llion lot (' ... h 1)f\C" tlr u('dln 

7, What ure the problcrny'hn\lcn~e'l faced dunn" traill (,oIluJIIlIfl" 

8 Arc there un) advice) \C('IKC, for the cu'Mlmer leli," helllrc ucdll rn ..... c ," 

9, Whnl me l1{tni~m u~-d for credIt opplieJtlon ( \;llo.llcd" 

10. What is Ihe role o f the cu~torncr rcl;lIion.J1lj'1 mJlld 'er'! 

II , Arc (III {lpplicUlion~ ' reque,t '1ubJCClcd to mtcnJ" "therc an)' e\(crllun
'I 

12. 1)0 cv"lumor.;! domain t\pcn'i ho\e llll)' fal.lor ~llrcd'l C\ llluatlon'l 

A ppcnd i ~ II 

Cell er:. 1 Elilo;i bUity C rilerh. ror c\Cry credit II'OtIU Clloli 

I he Blink otTers n \\ide-mnge of credll produll'i \Urpo~ 10 lit "11h the c""rna (If fulUrc dcllWW t,r 

the econom) ond Its cu.slomc~. (HI nlcnd'i 00(\, medium "oJ 100 IC1T1l kwl and -'\lIKe 10 

borro\\crs \\ ho arc engaged In commercial and n(lfl-(;ommcn::lal .;11\ ,II lhe mSnienaJ (. redll 

Process is cuSlomer focu~d sc'"' ICC rendtrlng. and learn tta...at ul:\J11 I"f'" In", 

All cu .... omers app!) IIlg for an) I)JlC of 100J\.1;K11r1~ mu" rullilllhc rulkw,ln rrncraI dl Jbih1) 

critcrio 

,.. All pcriOn\ engaged III 13\\ful ttadln 0..:11\111 8ftIJ \;.rc,hl",mh\ 

eligible 10 oorro" bu"'IlC, .. I(\3n 
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~ The business credit appl icant should present rcnc'\ cd tradc Ii ensc for the cumnt fl a\ )car or 

investment license and princ ipal registration cenifi at e r. r nc'\ proJ t , 

., All applicants who arc engaged in business must present a 13,'( ident ifi c.'lI ion number ( II ), 

~ The "pplicant "nd/or any of its sh"reholdcr~subsidiarics shall ha\ C no record of previous loss 

to the Bank. To that e ffect, intern,,1 records shall be thoroughl ), checked. 'I he app lic:lIl1 's 

sha reholders sha ll represent all shareholders in Cllse of Pri vate Li mi ted om pan)' (PIX) "hile 

major shareholders Ilop ten! in case of hare Compan y. 

~ The applicant mUSI have never been engaged in lax evasion , or in a brcach of cxchange and 

control regulations, or in any other illegallulll "wful deal ings, if the informntion is nvai labl the 

c irculated record is availab le. 

~ The appl icant must nOI have any record of mlll-Olx:ration of the checking account in the 

banking systelll untillhe rehabi lit:ttion Ix:riod is c~pi red . 

~ The appl icant shaH fulfi ll 31 least the requi red min imulll equit y contribut ion but not froTll debt 

financ ing . 
., The applicant andlor any o f its major shareholders/subsidiaries must not ha\ e any non-

performing loans in any bank . 

}- The applicant has to present all the docuTllcntS/infurmat ion dcmnnded by the rb nk. 

~ Thc appli cant'S business Ill USt be legall y acccptab le. fi nanciaJl y viable. tcchnicall y feasible and 

marketable. 
;. The appli cant llluSt be elass ified as Grade I or 2 or 3. Il o\\ cvcr. in except ional cuses. new or 

additional credi t lllay be considered fo r other Grades. 

~ The customcr has to fulfill the spec ific el igibi lity critcria for cach loalls and advan cs ind icutcd 

in the credit product line. 
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Appendix III 

Sa mple progrOlm code 

start:. consult('bcSI2. pl'),nl ,consull('pcp3.pl').n l. 

nl,writc(,Wc lcomc To <1 Self-learning Knowledge Based YSlcrn I'or redi! L\lolumion!'),nl ,nl , 

IVrilc(,wrillCtl by Wcscnu l3ekelc Appri l,20 14! !'),nl .nl , 

wrilc(,Plcasc Enter customer name: :'),nl,rcad(N amc) ,1l 1 ,:111 5\\ cr I ( little). 

answer! (Name): - requcst(N amc,Typc),nl, writc('cuSIOlllcr is cs islinS')·Il\ , 

lcarni ng(Name,Typc ). 

answer I (Name):- \+ rcqucst(Narnc.J.nl. 

writc('CUSIOTllCr is new for a bank !').nl , wrilc('Do )OU ,q UlI to sec ~mc requiremenl.!t of l o:m 

'), wri lc(Namc), \\'rilc(,?'), nl . writc('A nS\\ cr by \\ riti ng() cslno ):'),nl .rcad(An!t\\ cr ). 

« A nswc r3='yes' ,adv ising(Narnc.A nswcr2» :(A 115\\ cr3 'no' .no:tdv;sing( mne. l ) pc))). 

advising(Namc,Answcr2):- write(, ! Arc YOll a new or existing cu!>tOlllcr ror 

the l3ank '),writc(Namc),writc('?').nl .wrilc('A nswcr by \\rili ng (nc\\ /cxisl):').rcad(AnS\\cr2). 

«A nswc r2= 'nc w' ,ad v icene\\' );(A nswcr2=-'ex i51' ,ad v icccx i 51» . 

%%asscrtz( a nswer(N ame.A nswcr 2) ),Ie ll('besl. pI '). wri le(':-

d ynam i c( answcrl2). '), list i n g% 0/0( an S\\ cr ),10 Id . 

noadv ising(Nalllc.Typc):-

\\fite('Wei lcome to credi t eva luation!'}.n!. \\ritc('Enler ').\Hitc( UIllC).\Hitc('s').\\fi lc(' request rrom 

the rollowing credil production I) pc please! ! or').nl. 

writc('classiry credi t custOlllcr').nLnL 

\\"r i ICC « ell stomer cl assi lical ion» '). n I. 

writc(,« Ovcrdra ft Credit» ').nL 



writcC« importlcltcr of ercdil» ').nl. 

wrilcC« prcshipmell l Expon» ').nl , 

write('« Merchandisc» '},nl. 

wri te('« Revolving Export» '),nl ,rcadr rypc),nl , 

« Typc= 'ovcrdran' ,ovcrdnll f(Namc,Typc}) ;(Typc- 'irn porllcllcr' ,impon(Namc, I ypc» :( [ ype 'prcshi 

pmcn I' ,prcsh i PlllClll1 (Name, Type»; 

(Type=-='revo lvingexport',cxport(Narnc,TYI>c» ;(TYI>C 'rncrchnndisc', ll1crch(Nal1lc, I )pc» :( I) pc 'cu 

stomer' ,customerc 1 assi fi ca! ion» :get _ ok( C). 

gct_ok(C) ;- rcpeal,writc('PLEASE RETYPE ORRE ', LV! ; 

) ,read{Typc),ok(C),«Type= 'ovcrdrall ',ovcrdralf( arne.Type»;( I )pc 'illl ponlcltcr'. 

import(Narnc,Type» ;(Typc= 'prcshipmcnt',prcshiprncnl1( runc. 1 ),pc» ;( I) pc 'rc\ olvingcxpon',c,po 

rt(Namc,Type});(Type= 'rncrchand isc',lllcrch(Namc:1 ) pc» :( r ) pc cll~lotncr,customcrcla~i fi cnt ion» 

I , .. 

ok(overdra fl}. 

ok (i 1ll port let I cr). 

ok(prcsh ipmcnt). 

ok (prcsh i plllcnt). 

ok( revo I v i n gex port}. 

ok(mcrehandisc). 

ok(cll stomcr). 

advicencw:-nl.n l. 

wrilcC- To be eligible for the loan . )OllllluSt come up \\lIh the 101l0\\lI\g things 
!'),nl.nl. 
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wrilc('A feasibility study. Lease agreement and ccrtificmc ,lond holding-ccrtificate :md').nl. 

wri lc('bi ll of quanti ty and specification {iflhe projL'C1 invohcs conSlrl! lion'),nl , 

wri tee A business license from authorized government bodies'),nl . 

writeC Memorandum and Articles of Assoc;olion Proforma invoice').nl , 

write(, (not exceed ing twO rnon lhs)Equity contribut ion by Ihe custOmer),nl , 

wrilc('Curri culutll vi tae or the management group'), n!.nl , 

wrilc('Do you want 10 sec the priorit), scclor?( ycy no).' ),nl.rcad(Vcsno). 

({ Y csno=-='ycs' . pri orscct);( V c5no=--'1I0' . wri (c(,Good \) c'),11 1. orca k» . 

priorSCCI:.nl , 

wrilc('TIlE I'RIOR ITY ECTOR TIIAT IlA 'K IVE Pili RIIII.S I R 1111, 51 RVI I 

ARE:').nl ,nl , 

writc('agriculwralloan ,').n l. 

writc(,Export credit facilihy.').nl. 

writc('prcship11lent cred it facil ity.'),nl , 

writc('mcrclmndise l03n'),nl . 

write(,Loan for manufacturing and').nl. 

write(,import letter of credit'). 

adviccexist:-nl.nl , write(' To be eligible for the loan. )OU must come up \\ ith the follo\\ ing 

th ings=-=!!').nlonl. \Hite(' A fcasibi lit) study. Aud ited fi noncia l statements. 

a list o r fixed assets \\hich incl ude their book vulue and mar~ct \ulue. 

A list or the market value or fj"cd assets to be purcha\Cd . 

ProjeCH . .'d linancial s{atl!11lcn ts:witholll proy.:ct C\p.1n~lon lind 
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I 

wIth project cxpnnsion').nl.nl , 

\\'rilc(, IF you \\3nt to sec the proiril ), SCClor').nl ,\Hilc(")PC )CS or no to eXll').nl,rc:ad( l)rior). 

«Prior~')'cs'.priorscc l);( Prio 'no', \\ ritc(,Good b)c! !'),n l.brc<lk» . 

ovcrdrat f'(Namc,Typc):. 

wri lc(,Plcasc Answer the Following Question inordcr to check '),111 . 

wrilc('lhc Eligibili ty of the '),writc(Namc).wri lc(' LOilll request n,nl ,1I1. 

\\ri lc(' llow long docs the customer business opcrmcd1:'),rc:ld(0).nl, 

\\ri lc(' llow loang docs customers cuurcn l account ?:'}.rcod(C).nl. 

wrilc('For how man y applicarll advanced 1\ term IO:ln?:').rcad( L).nl. 

v •. ritc{' Docs the customer has good fCpa) menl record o n term loan?()c no): ').rcad(A),nl. 

wri lc(' Docs the customer currently blackli sted by 13 E or an) olhcr'?()c~no) : ').rcnd(A I ).nl . 

wrilc(' Docs applicant necd money fo r scasonal or Icmpom r) ?()cslno): ').rcnd(A2).nl. 

wrilc(,Co llatcral o ffcrred by appl ic:IIlI?(acccpwblclullacccplublc}: ').rcad(A3).n l, 

wrilc(,DoclIlllcnls Requircd frorn the applicull l?(COlllplClcdli ncolllpl ctcd): ').rcad(A4).nl . 

cvaillat ion(Narnc. Type. O.C. L.A.A I.A2.1\3.1\4). 

ovcrdra fic rcd it(Namc.Typc.B. .L.A.A I.A2.A3.A4):-

(13) =2),(C>= I),(L >- I ),(A= ')cs'),(A I 'no'), 

(A2 --'no'), (A3- 'ucccplnble').(A4--' omplclcd·). 

c\ulll:nion(Name. r) pc .O.C.L.A.A I.A2.A3.A4):­

O\lcrdraficrcdi l( amc.T) pc.B.C.L.A.A I.A2.A3 .. ·\ 4), 

\ ... ritc( OInc). \\ ritc('is cI ig iblc For' ). \\ rilc( r) pc).nl.\Hlh .. '(' 
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Thcn thc ncxt stcp is Cred it Analysis!'), 

nsscrtz( rcq ucst (Namc.T ypc) ),lcll('bcst2.pl'), \\ ritc(': -<tynam ic( rcqucsl/2). ').1 i 5t ing( rcq uest ),told, 

writc(,M ESSAGE:!'), wrilc(Namc).wri tc{' is Incligiblc I-'or ').\\rillfl )pc).nl,\\ri lc(' \\hy?'),nl,\\rlle(' 

Typc why if you \\'antto know the rcason'),nl,read(Why), 

(W hY::ll:='why'),nl ,wri tc(Namc),writc(' is not fulfil l onc or morc rcquircments 

of '),writc(Typc),nl,writc(Tcli to hillllo completc and comc b:lck again'). 

imporl(Namc,Typc) :-nl ,n l, 

writc(,A nswcr the following questions inorocr'),nl , 

wrilc('to check Eligib il ity of '),wri lc('applicalll lo:lll Request' ), nl ,III, 

writc(,Oocs thc requcst for one ti mc?(ycs/no) :').nl.rcad(P).nl. 

«(Il= 'ycs' ,n l,chcck(Name.Typc »;(I>= 'no' .nl,chcck2( 'mne. I ) pc») . 

chcck(Narnc,Type ):-

write('Oocs the customcr havc investmcnt ccrt ificatc or'),1I1. 

wri tc('appropriate license or invoice ?(ycs/no):').nl .rcad(V), nl. 

«Y= 'yes',n l. writc('The applicant is eligib lc for the rl'qucst'».\Hilc(' :: rhen the ncxt stcp is Credit 

A na lysis! '),asscrtz( req ucst(Name. T ypc», tell('bcst2. pi'). \\ ritc(' :-

d ynam i c( rcqu cstl2). ').1 ist i n g( rcq lIest ).told 

;(Y= 'no',nl.wri te(The cust arc not eligible! !'))). 

chcck2(Namc.Typc) :-

" " d I"e nscs?()'cYno)') ""d(1 icensc).nl. 
wrlIC('OOCS the customer havc IIllport tm e I C ' • 

« Licensc= 'yes'.n l.wrilc('The cust arc eligible'». 

T 
») 11 ('best' pi ') \\ rltc(, :-d) namlc(rcquC"tf.!) .').II'IIng(rcque\l ).told 

asscrtz(rcquest( amc. ypc ,1c _., 
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;(1 iccnsc 'no',nl,\Hilc('Thc eust orc mchSlble'))) 

prc!.hipmcl1l1( nme. I ypc):-

v. nlcC" ns\\cr Ihe follo\\ ins question to check \ " lid!!) of the oppIU.:ltlll'f'j".nl.nl, 

\ ... rilc('Docs the nppl icnt ion ror prc-shipment \\ IthOlil the Nil! ',I() cvno) :').rc:klCl)J.nl , 

« 11 'ycs',nl,wi lhoul(Namc, r ypc» ;(P 'no',ngni\ t(Ncullc. 1 ) 1lC)))· 

wilhout( mne.Type) :-

\HiIC(,OOCS the cuStomer cl1sngcd in rmy (' ron hU\ lI\c, , 'n)C no}:').III .n,'.ldW).nl. 

\HiIC('DocS an app! ic:ml is bu~inc)s or corpornlc cln\'~ ?() c nu) -').nl.rc.td«(' ),nl . 

\HiIC(,I)OCs cu~ IO lllcr ri sk grade rclOl lxl 0) grndc I or 2'?C) c 'no} "),nl,read( Kl.nl. 

\\rilc('Docs nn applicant present \urid ~"Ic) COlHl11l 1 from l orci~n hu)crt)c oo) :').nl .n:Jd<" .nl . 

\\ rilC('Docs the ex port item se lling price \\ 11hll1 o(;(;cplUhlc nlO~c'·() co;. no) :').nl ,rud( I)r).nl. 

prcvo lu01ion(P .C.R.S .Pr). 

wrilc(Nmnc).\\ ri lc('s n:quc~1 is cl igblc::: 

I he ncx l SICP is crcdit nnol )s is:). 

asscn l( requcst ( mnc:1 ypc ».t ell('bc~t2 . pl' ). \\ dtcf : -<.I) nlll1lIC( rcqUC\tI2) .').11 \1 IOie reque<ol ).tuld 

;Mitc('nol eligiblc'). 

prc\n luntiofl (P.C.R .. Pr):-( I' ')c ').(C ')cs'),(R ')C.,·).(~ ')C'\',.CPr ') C 1-

agni st(Nnl1lc.l )PC):-

\\rltc('thc I ligibilit) is sct per 

the Ill . dlrctti\ c' ).nSSCnI(reque\l{1\.amc. 1 ) pel), 

Ie 11 ('bc~l . pi'). \\ n 1(,,(, : -d)' flJIll IC{ requC\lf.!: •. ',.1 1 ... 1 I n~( ~lk.""'l l.hlkJ 
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cxporICN mnc.Typc):-

wrilc("' Wc lco rnc to Revolving Export Cred it cva lumion! '''),nl ,\\rilc(,Plcasc internci \\ Ith the rollo\\ lllg 

question in order to evaluate '),wrilc(Typc).nl. nl , 

wrilc(' Docs the customer has clean track reco rd in Ihe ex port bus incs~?()cslno) : '). nl , rcad( 1),nl. 

wri tc('Docs the customer subm it permanent Leiter o f rcdi l?(ycs/no):').nl,rcad(Pe). n1. 

writc(,Docs th e customer submit Waybil ls such IlS truck wny. 

rai !way ?(ycslno ):'),nl .rcad(W ny).nl , 

\\ ritc('Oocs customer subm it Insurance conlr:tcl'?{) cslno):' ) . nl , rcad( l n~ur). 111. 

wrilc('l)ocs a customer have acceptable cert ifielllc from nppropritllc organilill ion ?()cs/no):' ).n l. 

rcad(Ccr),nl ,cxponcval uation(C I.ll c. Way .Insuf. cr),n l. 

writc(,Thc customcr is Eligiblc for rcvolving export loan '), 

asscrtt( rcq lIest (Namc, T ypc) ),tc II('best .pl'), \\ ri tc(': -d) l1:un ic( rL'q ue~tI2). '} .1 h t i ng( requc~1 }.lold 

;writc('Sorry!'),writc(Namc),writc(' is ineligiblc for rc\ olving C\IXlrt 1<X1Il!'). 

exponcval uation(CI,I)e. \V ay .lnsur ,Ccr):-

(CI_ 'ycs'),(I>c= 'ycs'),(lVay=-'ycs'),(lnslI ')os').( 0 ')os'). 

Illcrch(Narnc.Typc ): -

\\ ritc('can app lican t submit financial stmcmcnt > I )ear1() esloo):'}.rcad(1 }.ol. 

\Hitc('Docs the customer open account at the branch \\here thc) rcquesl loan~()esJno);') . 

rcad(Ac).nl. \\ ritc(' l)ocs customer submit plan thaI justify the purpose and ulilil3Uon of the 

loan?()csloo):'), 

rcad( Plan).nl . \\ rite(' Docs opplicant prepare Icmporory 
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financia l statement as request by bank?()cslno):'),rcad{B).nl. \\flle('Ooc CU\10mcr pre-.cnl ell 10m 

declarat ion for imported goods?(ycs/no):').rcad(Dc).nl. \HIIc('()OCS ell.,1 mer p~nl InlcmJI 

production rCl>Ort 

for manufactured goods?(ycslno ) :').rcad( l'ro }.n! ,me hcvulumion( I' .l\c. I)I['1o.0.l .pro),nl . 

writc('l\n applic:U11 is El igible for mcrclwndisc l<XlII'), 

assert z( fCq uCSI(N am c, Ty pc ) ),1 C l l( 'bcst2. pi '). wri I c(':·d) nnm ic( rcquc.,t/2), '),1 i 511 Itg( rcquc~ 1 ),Iold 

;writc(N:unc), write(, is Not Eligible for merchandise 10.'\1\'), 

[lsscrl z( feq lIcst (N amc, Type», Ie I I('bcsI2. pi '), wri IC(, : -d) n3m i (rcqucst!2). ').1 iSI i n~( rcq ue ." ),Iold 

Illcrchcv a' unt ion( F ,/\ C, P' an. I) . Dc. Pro):· 

(F_ 'yes'),(Ac= 'ycs'),(Pbn 'ycs'),(1) 'ycs') ,(Dc- 'ycS'),(Pro ')es'). 

Icaming(Namc,Typc):-nl , 

, ... rite(, Last Tirne'). write(, '). wri tc(Name). ,\ rile(' is I:.Ii giblc I·or'). \Hite(' '). \';fiu .. -( I ),pc), \Hilc(' redit 

Type').nl ,nl ,wrile(,Oocs the customer "antS to re~lpply or request for another 

Credi t? writc(yeslno ).').n I.re~ld( R e).nl. 

« Rc= 'ycs',noadvising( a1lle,Typc»:(Rc 'no'. \, ritc('good b) c').nl.brcaJ..». 

cust01llcrclassi ficat ion:-

writc(, Plcase En ter Customer Nornc').nl.nJ , 

rcad(Name).nl.ans\\crI 2( 3I11e). 

answcrI2(Nmlle):- clIst_c1as(Nonlc.IlI)PC)· 

"rite(Namc). write(, '). \\ ritc(,is c\isting credit customcr).nl. 

busincssclos OlTlc). 

busincssclllSS( alllc) :-nl.\\rite(' Do )OU "ant 10 recla..,!tlf)').\\ntc(",.\\ntc(. arne). 
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wri Ic{"?{ycslno ): :'),n 1. rcad( Y csno ). n I, 

(Y csno= 'ycs' ,cval uation(Nmne,Otypc)}=(Y csno 'no', \\ rilc(,Good B) c!·).nl .(brc3~» . 

cvnhmtion(Namc,Ot ypc):-writc('Plcasc Erll cr cu rrent Scored sc re shcet OUI o f 100'.;').111. 

read (X) ,CUSICV:I I ua t ion 2(Namc,n t Ylle, X). 

leve l I I (X):-X>=80,X=< I 00. 

Ievc I12(X):-X>=60,X<80. 

levcI1 3(X):- X <60,X>=0. 

IcvcIl 4(X):- X> I OO;X<O. 

custcva I unt ion2(N arne .131 ypc. X) :-

leve l I I (X),wri tc(Namc).writc(' ').write(' is Rcclassifil-d as Business cred it customer').nl . 

wrilc('Please enler business class to inscrt in a faci bascT).nl.rcad(BI ) pc). nl. 

assert z( eust _ c 1 as(Namc. 131 ypc) ).1 cit ('pcp3. pi '). 

write(':- dynamic( ClISI_ clasl2).'). nl. 

listi ng(cuSI_clas),lo ld.writcCGood Oye. the customer is rccl(lssificd').nl.(brcnk); 

Icvcl I2(X).writc(Nam c).writc(' ').wrilc('is Rcclassificd as orpormc credit customer ).n l. 

nl.writc('pl casc entcr bus iness class 10 s..'lVC in fact basc'),n!. 

read(8 t ypc). n I.asscrtz( ClI st_ c las(N allle .131) pc » .lcll(,pcp3.p 1'). 

\\ ritc(':· d) nam ic(cust_ clasf2).'). nl. 

li sting(cuSI_clas).told .\\ rilc(,Good l3) c. thc customcr is rcc lassificd').nl.(brcal..): 

Icve I13(X).wrilc(Narnc).wrilc(' '). \\ rilc(,is Rec lass ified ~ ontmcrcial Credit cu",omcr'1.nl. 

n I. \vritc('pleasc en lcr bus iness class to sa \ e in f;lCI ba-.c').n I.rcad{lll pc).nl. 
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assert I( cust_ cl as(N amc, Btypc »,tcll ('pcp3. pi'), 

writcC: - dynnrn ic( cust_ elnsl2).').nl , 

lisling(cust_clas),lold,write('Good Bye, the customcr is rcclassilil-d'),nl ,(brca)..): 

IcveI14(X),write(, Please Reentcr the number From "0- 1 OO"') , nl ,\~ri t c(' ood B)c!! '),nl ,(brc:lk), 

answer 12(Name) :- \+ cust_cbs(Namc. , 

writc(Narne).write(' '),wrilc(' is a new credi t Customer for bank '),IlI ,IlI . 

write(, Ret ypc a eustomcr flamc 10 insert in a fac t basc! '),n l. 

rcad(N am c ),11 I ,asscrtz( ell st_ e bs(Name.BI )'pc» . 

businessclass I (Namc,l3type). 

businessclass I (Name.BI ypc):-

wri tcCDo you wan t 10 classfy Cuslomer to Busincss Class?()cs/no):).nl.read(Vcsno).nl. 

« Yesno::::a:::'ycs' .critcri:l(Numc.Otypc»:(V csno'-'no'. \~ ri tc(,Good b) '),brca~ ». 

critcria(NClme,BI YPC ):-

wrilc(,I>lcasc En ter Score sheet out of 70%').n l. 

reud( ),custcvaluut ion(Namc.BI ypc.S). 

Ic"cll (5):-5>=55.5=<70. 

Ic"c I2(5):- >=35.5<55. 

Ic"cI3( ):- 5<35.5>=0. 

Icvcl4( ):- >7 1 :5<0. 

euslcvalu3t ion(Name.Ot) pc. ):-

leve l I ( ). \\ rite( i\mc). writc("), \\ rite(, is clrbSi lied ru. bu~lIlC\3 Credit cu ... tomcr'),nl. 
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writc(,plcasc Retype busincs class 10 inscrt in a fOCI basc').nl.rcad(BI),pc).nl. 

assert z( CUSI_ c Jas(N ame, 131 ypc » ,1 C Il('pcpJ . p I'), 

wrlle(':. dynamic(cust_ clos/2}.'),n!. 

1 isting( ClISI_ clas),told, 

writc('Good Byc,'). writc(Nalllc), wrilc{"), wrilc('is class; lied (IS businc!)s').nl ,(brcak); 

IcvcI2(S).wrilc(Namc) ,wriIC(' '),wrilC(,i s categorized as corporate crecl it uSlolllcr'),nl , 

wrilc('plcasc Retype busincs class 10 save in a fac t basc'), ni,rcnd{lJl ) pe),nl. 

asscrtz( cust _ cI lIS(N am c, 131 ypc) ).Icll ('pcp3 .pl'), 

write(, :. elynam ic( cuSI_ ciasl2).'), n I, 

list ing( cuSl_ clas).lOld; 

IcvcI3(S),writc(Namc).writc(").wri IC(' is classified as commercui l cred it cu::, lomcr').n l. 

writc('p lcasc Retype busincs class to in sert in a f~l c l b:lsc').n l.rcad(BI),pc),nl. 

aSSCrlz( cust_ clas(Namc,l3typc»,tcll ('pcp3.pl'). \\ ritc(':- d) nfilnic(eu~ t clasl2).').nl . 

list ing( cust_ clas) ,told; 

Icvcl4(S).writc(,Plcasc Recnter the Number Frorn ~O-70! '''}. nl.nl. 

wrilc(,Good l3ye'}.nl.(brc~lk}. 

Appcntli x IV 

Prototype systcm E,'alualion (IU CSlioIl S for Ihc Domai n E\: I}crt~ 

Descript ion of the parametcr values arc as follo\\ 5 

Excc llcnt=S. very good- . Good""3. Fai~2, P I. 
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--~e .. --------------------------------------------~ ..... 

Instruction: please put(X) on the appropriate value of the corresponding pammclcr of c\oluation 

questi ons of the prototype self·lcaming knowledge based system in credit c\alumion of appll On! 

requests. 

No. 
~ I'u r:l meters of eva Illation crilcri:1 = 
~ -" -

l • ~ C· " " 0 " -... ~ 
.,. 

'" -
1 Simplici ty 10 lISC and interacti ve wi th prototype 

system 

1 Attractiveness of the prototype system/user 

interface 

'J Docs the prototype system Efficien t in a time? 

4 The accuracy of the prolotype system in 

rcaching " decis ion to cvalu'lle n .... qucsls or 

application 

5 Docs the system include adeq uate knowledge 10 

evaluate requests? 

6 The ability of the prototype system to remember 

Ihe customer in formation 

7 Use fulness oflhe prototype system 

8 Contribution of the developed prOIOI) pe system 

in domain areas 



e 

DECLARATIO 

This thesis is my origi nal work and has nOI been submitted flS 0 pani!!1 requirement for II degree of 

master in any olher university. 

Woscnu Bckc 

October. 20 14 

""., ,",",'!!!!!!;, 

124 

-


