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ABSTRACT 

Value Added Tax (VAT) has become a major tax instrument worldwide. In Ethiopia, it is 

a new tax system introduced since Jan. 2003 and an essential component of the tax 

reform programs which are currently undertaken. The existing VAT systems do not 

provide a simplified access to and clarification on information of the tax laws, tax payers 

lack awareness on tax rules and regulations. These problems have a great impact on the 

practicability of the regulations. 

This paper examines VAT administration in Ethiopia and identifies key problems 

including lack of public awareness, efficiency, effectiveness, peljormance and gaps in the 

administration of VAT rejimding, fraud and invoice. It is worth clarifYing the Ethiopian 

VAT system and the rationales behindfor the business owners through easy, effective and 

accessible systems using the KBS technology. 

In this research work, a KBS is design in support of VAT administration in order to solve 

the problems identified specially in the area of VAT refunding. Both tacit and explicit 

knowledge for the KBS is acquired through interviewing domain experts and document 

analysis. The knowledge is modeled in a hierarchical tree structure. The knowledge 

representation is done using a rule based system. 

For the prototype development Prolog preprogrammin.~ language has been used. The 

peljormance of the prototype system is evaluated by implementing continual as well as 

summative evaluation techniques on qualitative basis. The result is encouraging to design 

a practical a KBS for VAT administration. The finding in terms of accuracy, efficiency 

and effectiveness is discussed and jilrther research areas are recommended. 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background of the Study 

One of the mechani sms in which countries rai se revenue to finance governm ent spending 

on the goods and services that most c itize ns demand is taxation (Abraham, 2003). A tax 

system can contribute not only for sustainab le deve lopment but a lso for ethica l and politica l 

success. That is why it is seen as one of the key issues raised during presidential e lecti on in 

most countries rang ing from developing to industrialized once (James, 2005). 

"The best tax system far any cauntry reflects its economic structure, its 

capacity to administer taxes, its public service needs, and its access to other 

sources of revenue like aid. In addition it must also take in to account 

imprecise but important factor as tax lIIorality, lax cultllre and above all the 

level of trust existing between people and their government "(Richard, 2008). 

Va lue Added Tax (VAT), one type of tax, is a broad-based consum ption commod ity tax 

that is charged at mUltiple stage of production (Lepheto, 2003). It is an indi rect tax that is 

charged as a percentage of prices, whi ch means that the actua l tax burden is visible at each 

stage in the producti on and distri bution cha in . It is co llected fractiona ll y, via a system of 

deductions whereby taxable persons (i.e., VAT -registe red businesses) can ded uct amoun t 

of VA T they have paid to other taxable persons on purchases of products/services fo r their 

business activities from their VAT li ability (Bekure, 2004). 

VAT is now becomin g a uni versal form of consumption tax operationa l in around 150 

International Monetary Fund (IMF) member countries (David, 2007). The VAT revenue 

averages 27% of the total tax revenue or 1%-1 0% of the Gross Domesti c Product (GDP). 

The standard rate of charge varies from 3% to 25% of the pr ice in diffe rent countr ies 

(Chri stophe, 2003). 

In Ethi op ia, VAT proc lamation No 285/2002 which has replaced the sa les and exc ise tax 

proc lamation No. 68/ 1993 (as amended) has come into effect as of January l SI, 2003 

(Bekure, 2004) . The VAT law contains two VAT rates. One is the sta nda rd 15% rate and 

the other is at 0% (zero rate). Taxable transactions such as the export of goods and services 

are charged with VAT at a rate of zero. It means no VAT has to be charged , however, you 
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are permitted to reclaim the VAT on all the goods and services purchased to produce the 

good or service (FNG, 2002). 

Fo llowing the tax proclamation No. 285/2002, the tax reform program is designed to 

refurbi sh the tax system and improve the legacy tax ad mll1i strati on by introd ucing a new 

computerized informatio n system (FNG, 2002). Th is attempt made by the revenue 

authority to use Information Technology (IT) for the financia l act ivity and data 

management has paramount importance in de livering better service for the tax payers as 

wel l as making the tax collecting activity efficient, effect ive and relatively corruption free 

(MoR, 2005). 

Among the tax reform programs, one of the first attempts is the introduction of 

computerized taxpayers' registration system. For the purpose, the Federal Inland Revenue 

Authority (FlRA) has designed a database called Taxpayers Identification Numbe r (TIN). 

Currently further modi fications that identify tax payer with photograph picture and finger 

prints are integrated in this system . The other is Standard Integrated Government Tax 

Adm inistration System (S IGTAS). These databases a re limited to registration of tax payers 

to produce unique identifications called T IN and VAT 10, monthly dec laration of VAT, 

assessment of VAT, VAT audit, payment and reports ' generation (MoR, 2005) . Some more 

specific purpose databases that support the collection of d ifferent tax types are also 

designed and im plemented by Addis Ababa city administration tax authority independently. 

Artificial inte ll igence (A I) can be integrated into a variety of software in order to make the 

software more responsive to user needs (Haro ld, 1990). For instance, one of the major 

benefits of KBSs is increasing capabilities of other app lication systems. Integration of KBS 

with other systems makes the systems more effective; they cover more appl ications work 

faster and produce high quality res ult. More specifically, "if there is a mess of rules (e.g. 

tax and auditing), then the KBSs can "unravel" the mess." (Caro l and Danie l, 1995) 

KBSs specially deve loped for auditing and taxation purposes have become an integra l part 

of the accounti ng profess ion's decision making a rmor~ ' (Porter, 1994). For instance, 

ExperTAX, AOD, Audit Risk, FlowEval, TAXMAN I and I1 ,TAXADV ISOR are now 

used to tackle such diverse problems as audit risk analysis, tax planning, business control, 

aud it-opinion ass istance and tax accruals (Carol, 1995) . 
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1.2. Problem Statement and Justification 

Although the contribution to the tota l government expenditure and GOP varies from time to 

time and fro m country to country, tax is cons idered to be the bac k bone o f the economy 

(James, 2005). However, most developing countri es in c luding Eth iopia are currently 

dependent on externa l financ ial resources to fund the ir development ac ti vities (BekLlI'e, 

2004). For a country to be developed (Richard, 2008) it needs to co llect 25-30% of the 

GOP in taxes. Similarly, the UN millennium proj ect (2005) was advising deve lop ing 

countries to mobilize on an average for an additiona l 4% GOP in tax revenue per an num 

beyond the ir current average level of 18%. 

The case in our country is di fferent from the recommendations above. Tax contributes onl y 

14.3 % to the GOP, which is be low the average of deve loping co untries by 3.7% (N BE, 

2004/05); and the growth rate is be low 2% nearly for the last two decades (G irma, 2006). 

Prior studies conducted on the performance of the tax syste m of Ethiopia are wide ly argued 

to be unsatisfactory, ineffic ient and not effecti ve (Esubalew, 1998 ; Yoseph , 1998 ; 

Abraham, 2003; Girma, 2006; Getu , 2007; Wo llela, 2008). The cause mentioned fo r its 

weakness as a ll the researchers agreed incl ude' : narrow tax base, tax evas ion and tax 

avoidance, deterioration in tax administration, low public awareness about tax and 

corrupti on among others. 

The pre liminary discussion made with tax offi cers at the revenue authority Mex ico ma in 

branch, Arada and Lafto sub c ity offi ces of Addis Ababa and Awassa regional offi ce has 

a lso strengthen the above po int as we ll. In addition, the peri od ical reports (an nua l, semi­

annu a l and quarterly) also show that the mai n problems o f the tax system in Ethi opia for 

the last severa l years inc lude: 

• 
• 
• 
• 

Tax avoidance, 

Inadequate tax adm ini stration, 

Low tax culture 2 

Low public awareness about tax 

I Tax evas ion is a fraudulent activity made on taxation, and lax avoidance is an aHempt to escape from tax 
net. 

2 The Concept of Tax Culture emphasis on interaction of the actors and the cultural values like: honesty. 
just ice, sense of duty, and tax mentality that consists of tax moral and tax discipl ine (B irger, 200 1). 
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These problems are interrelated problems. The spread of tax avo idance is because of 

inadequacy of the tax system to overcome the problem. The need and an attempt to escape 

from the tax net is because of the diminished public awareness about the importance of 

paying tax to the overall development. A long history of low public awareness rega rding 

the importance of paying tax honestl y makes the tax cultu re lower. 

The manifestati on of these problem s is evident on omitting the occas ional sales from their 

accounting to systemati c supervi sion of sa les and fa ls i ficati on of in vo ice, creation of fake 

invo ice for purchases never made, usage of two types of in voices, underreporting sa les 

amount, creation o f short-lived enterprises, traders that are liable to VAT but do not 

registe r, de liberate changing of business names and addresses to escape from the tax net 

(Getu, 2007). 

As we can observe, one of the problems arise from lack of proper knowledge about the 

importance of tax for the development. The other problem is that the tax system lacks the 

capacity to give access to tax payers to, learn , know, a;k questions and get consistent 

answers, get adequate and consistent advices. Creating clear awareness on the importance 

of tax obviously encourages the voluntary submiss ion of all the tax required honestly. Thi s 

is evident in developed countries where citizens are re lati ve ly more vol untary and 

responsible to pay tax on time than deve loping countries (Hancock, 1995). 

Th is study is, therefore, intended to explore and develop a KBS that support the VAT 

administration of the country. 

In this work, an attempt is made to answer the following research questions: 

• Can we des ign a KBS capable of creating awareness, giving guidance and 

counseling on tax law, rules, procedures and directives? 

• Can we integrate KBS with the existing systems to best serve the stakeholders3 o f 

tax carry out the ir share efficiently with minimal confusion, anxiety, conflict and 

unwanted penalties than the usual ? 

• Can KBS ass ist tax payers in matters re lated to tax and encou rage the vo lun tary 

subm iss ion of accurate tax returns and payments? 

3 Stockholders of tax include: the tax payers, the V AT officers, the managers, the policy makers, the tax. the 

appealing comm ittees 
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• Can KBS enhance the performance of the ex isting systems and enable effective use 
of the existing systems and in frast ructures even to outreach the taxpayer more 
eas ily and in a cost effective way? 

1.3. Objectives of the Study 
The following objectives are targeted to ach ieve in this research work. 

1.3.1 General Objective 
The general objective of thi s research is to explore and des ign an applicab le knowledge 
base system that support the stakeho lders of tax by giving appropriate VAT related adv ice 
based on th e tax law of the country (Ethiop ia) and work in g procedures of the concerned 
bodi es. 

1.3.2. Specific Objectives 
The spec ific objectives o f the research are: 

I . To review documents so as to understand various laws, rules, procedures 
and directives those are now active in VAT administration. In addition, 
literature is rev iewed to have conceptual understand ing about KBS and 
su itable prototype deve lopment tools. 

2. To acquire the appropriate domain knowledge through interviews and 
di scussion with experts in the area and peLonal observati on of the ex isting 
system. 

3. To represent the acquired know ledge uSin g a rule based know ledge 
representation technique. 

4. To devel op a prototype VAT advising KBS that can work in col laboration 
with the existing systems. 

5. To test the prototype system and eva luate its reliability and performance in 
the rea l context. 

6. To forward further research direction 'n the area of KBS for tax 
admin istration. 
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1.4. Scope and Limitations of the Study 
There are three broad categories of tax payers in th e context of Ethi opia tax law. The first 

that contain the majority is category C. This category inc ludes a ll tax payers that have a 

total annual sa le of less than 100,000 ETB. The second category, category B, includes 

those tax payers that have a total annual sale between 100,000 and 500,000 ETB. The third 

category, category A, is the one that contain large tax payers where the ir tota l annual sale 

exceeds 500,000ETB (FNG, 2002). 

The scope of thi s research work is the category A tax pa j ers. Within the category A tax 

payers, the case of VAT refunding has got special focus . The rules applicable in this study 

cover only those laws, rules and directives appl icable for both federal and regional states in 

common. The research does not consider the laws, rules and directives adopted by the 

regiona l states. 

Moreover, this study has only gone as far as des igning the prototype Knowledge base 

system that can show the case at a glance. This includes Knowledge acquisit ion, know ledge 

representation, system development and a s im ple exp lanation interface designed us in g SW I 

prolog. 

There are lim itati ons in the study. The first one is access to the necessary data directl y 

because of the privacy of tax data. If there is a full and direct access to all the necessary 

data and information, the knowledge acquired wou ld be better. The othe r limitation is the 

non avai labi li ty and affordabi lity of commercia l prototype deve lopment she ll s, as a result, 

using the free programming languages lack some im portant features that help a lot in 

prototype deve lopment. I f these limitations were not the case the result of the study would 

be better. 

1.5. Beneficiaries of the Study 

The output of this study can benefit all the stakeholders compounded around VAT 

collecti ng activity by lift ing up their awareness, giving guidance and counse ling on tax law, 

rules, procedures and directives. These include: 

• The tax payers- any individual or instituti on supposed to ~ay tax from the income 

earned according to the tax law of the country. 
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• The VAT officers- a personne l in charge of V AT assessment, audit, payment and 

re lated j obs in the tax offi ces. 

• The managers at different level, espec ially low level managers. 

• The pol icy makers that have connection with V A T 

• The committees in charge of investigating VAT claims and of course accounting 

finn s and other companies. 

There are severa l adva ntages in using knowledge base systems fo r tax admini strat ion. First 

a tax knowledge base system preserves the knowledge captured in the system's knowledge 

base. The system supplies the correct answer to any difficult tax issue for which the 

knowledge base system is developed. [n case when the laws change, the rul es in the 

knowledge base can be modi fied to renect those changes. 

The second use of the proposed tax knowledge base system is the capacity to distribution of 

the tax expertise stored in the system. It could also qui ckly and inexpensive ly prov ide the 

tax payers with the necessary information to respond to the unusual tax problem. The tax 

knowledge base systems of the proposed type can also benefit businesses and individuals as 

well by determ ining the tax consequences of the ir transactions. 

1.6. Methodology of the Study 
[n order to achi eve the objectives of the study and address the stated problems successfully, 

methods sui tab le for gathering information, knowledge acquisition, knowledge 

representation, KBS development tools selection and system eva luat ion are identi fied. 

Hereunder the deta il is presented. 

1.6.1. Literature Review 

For the purpose of understanding the concepts/princ iples of KBS and identify in g too ls, 

techn iq ues and detai l problem areas of VAT adm inistration books, arti cles, re lated resea rch 

works done by local and international scholars, and other re levant pu bli cations have been 

rev iewed in deta il. 

1.6.2. Knowledge Gathel'ing 

The in formation and knowledge for the study is co llected and acquired from various 

sources. Interviews, discussions and personal observations are made with the intention of 

getting th e tacit knowledge of the experts. Bes ides li terature, the in fo rm ation use for the 
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input of the proposed system is gathered usmg interview, discussion and personal 

observations made. The validity of this instruments wi ll be checked by making a cross 

com parison of ideas ra ised, answers for the questions aLd comments with one another. 

Using observat ions, unstructured interviews, brainstorming and d isc uss ions he ld with a 

sample group of stockholders the knowledge acqu ired is refined. 

Detail re ference on VAT law of the country, rules and d irectives set by the concerned 

bodies fo r the implementation of VAT, research works by international orga ni zations like 

lMF, documents prepared for di ffe rent nationwide and continenta l proceedin gs on VAT 

and periodical reports of the tax authority are a lso used to acquire the expli c it know ledge. 

Other literatures re lated with tax, audit and accou nting related docum ents are also used. 

Most importantly, information and knowledge of experienced human experts are used 

through continua l feed backing mechanisms, vi sual interaction and cross val idat ion of the 

comments and answers. N ine senior and we ll experienced professionals on tax from federal 

office, regional author ity, regiona l branch and Add is Ababa su b c ities are participated. This 

makes the participants more representative o f the whole and the know ledge acqu ired 

comprehensive. 

1.6.3. KBS Design 

A prototype KBS on VAT adm inistration is deve loped by exploring the exist in g VAT 

auditors ' expertise, rules and proced ures used in VAT admini stration as a source of 

knowledge. This approach is chosen because it is suitable to code knowledge base that can 

be tested with a lesser ri sk. It is a most common approach in KBS researches (Graham, 

1989) . Th is research work uses production rule or rule based approach to get advantage of 

its mod ul arity, s implicity, good performance and conven ience fo r the case under discuss ion 

(Saleem and Abba, 1992). 

The production ru le is put in the form of condition-action pair. Rules are created by 

conversion frol11 the hierarchical tree used to model ing knowledge acqu ired durin g 

knowledge acqui sition phase. It is chosen fo r its ease of implementation and the capac ity to 

extract ru le-based knowledge from prev ious cases is faster. To learn 1110re ru les, the 

Predicti ve Aprior i algor ithm is used to generate ru les using some 4067 records o f data th at 

have 12 attr ibutes. III thi s approach the a lgori thm is responsi ble for reason ing and 

consistency checking. However the redu ndancy checking and completeness of the rul es are 
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eva luated in consu ltation with the domain experts and compared the rules with the one 

found from the hierarchical tree conversion. 

1.6.4. Implementation Tools and Techniques 

The prototype system is developed usi ng a programming language Known as SWI prolog. 

It is used for its suitabi lity for the production rule and the capacity to minimize the 

complexity of the problem (max, 2005). Based on production rule, the know ledge acquired 

from all the sources is materialized to the prototype KB~ using the prolog programming 

language. The inferring technique used for the prototype development is a backward 

chaining because the goals are identified and set prior to the inferrin g process. Prolog is 

a lso use a backward cha ining inference mechanism. 

1.6.5. Sampling Technique 

The study area is selected based on the sampling technique that is appropriate to the study 

and manageable with time and budget allocated for the study. The sample contains Add is 

Ababa and SNNP regional state among the regions in the country. Among federa l branches 

Add is Ababa and Awassa federal cranches are considered and among sub cities of Add is 

Ababa Arada, Kolfe Keranio and Lafto are considered. Stratifying data based on the type 

and states of businesses that pay V A T is also used for testing the system. 

1.6.6. Testing and Experimentation 

The re li ab ility and performance of the proposed system is tested usin g 40 test cases. The 

testing is conducted with the adv ice/counseling/guidance serv ices and vis ual interaction 

that can be undeltaken by personnel in tax offices f0 ( the cases usua ll y happen in 

connection with V A T. The test data is collected and refined for the test based on four 

parameters: speci fic case, frequent case, hi storical case and arbitrary cases. Ni ne from each 

of the first three types of cases and thirteen arbitrary cases. The cases are examined and 

eva luated in manual bases first and then in the new system next, then the compress ion or 

the match is observed . The performance is measured by the accuracy measure of the KBS 

against the manual. 
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CHAPTER TWO 

LITERA TURE REVIEW 

2.1. Introduction 
Th is chapter has got three important parts. The first part presents a brief review of literature 

on taxation in general, the tax system of Ethi opia and the V A T introduction and 

adm inistrat ion of Ethiopia. The second part made a rev iew on Artifi cia l inte lli gence (AI), 

Knowledge base system (KBS) and Expert System (ES) - definit ions, evo lution, the ir 

re lationships in meaning, component parts, and benefits of KBS and the application of KBS 

in the fi e lds of taxation. The thi rd part rev iew on related research works. 

2.2. Taxation System 

Tax is among the major sources of governm ent income fo r a country (R ichard M. , 2008). 

As compared to deve loping cou ntries, developed countri es have been ab le to generate 

substantia l revenue through imposing of taxes (Wo lle la, 2008). One of the reasons for this 

has been the e ffi c ient tax system operating in the deve loped countries unlike the developing 

economies which are characterized by weak monetization and the low development of the 

formal sectors. In other words, developed countries have employed a tax system that has 

one or a combination of the following desirable characteristics as economic effi ciency, 

administrative s impl ic ity, fl exibil ity, politica l accountab il ity and fa irness (Abraham, 2003). 

In principle, a tax system need to be economica lly efficient mean ing it shou ld not have an 

im pact on the allocat ion of resources (Richard, 2008). Its adoption should be easy and 

inexpensive to administer, fair in its im pact on a ll indiv idual s and shou ld al so be able to 

respond to changing economic ci rcumstances (Yoseph, 1998). It follows that optimality in 

a tax system requi res absence of di stortion in any econom ic activity (Hancok, 1995). 

Taxpayers should also be able to determine what they are actually paying so that the 

political system can more accurately re flect the preferences of individuals. 

It is expected that people's tax payments is in line with the ir income and they are required 

to pay a tax in proport ion to their leve l of income (Tanzi, 200 I) . On the side of tax 

co llectors, collection of tax should be time consc ious and conven ient and the cost of 

co llecting the taxes should not be high to discourage business. A lternatively, thi s means 

that the ideal tax system in developing cou ntries shou ld ra ise essential revenue without 
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excessive governm ent borrow in g and should do so without discourag in g economic activity 

and without dev iating too much from tax system in other countri es (Tanzi, 200 I) . 

A good tax system should run in harm ony with important nationa l objecti ves and if 

possi ble, sho uld ass ist th e soc iety in achi ev ing them (Bahitia, 1998) . It should try to 

accommodate the attitudes and problems of the taxpayers and should not lose s ight of the 

admini strat ive practi cabi li ty or th e goods of soc ial a nd economi c justice and should a lso 

yie ld adequate revenue for the treasury and should be fl exib le enough to move with th e 

changing requirements of the state and the economy. The dynamism of the tax system is all 

the more re levant for a developing economy where the structure and rates of taxes have to 

be constantl y rev iewed (Abraham, 2003). 

2.3. An Overview of Tax System of Ethiopia 

The first major change in Ethiopia's tax system was initiated in the yea rs 1947-52 

(A lemayehu and Abebe, 2005). These changes were genera lly optiona l, inc luding 

amendm ents to property taxes (land and cattle). Broad-based taxes on goods and services 

were a lso introduced in the mid I 950s. Later in the decade and in the ear ly I 960s, changes 

were also made in the rate and structure of taxes, espec ia lly on income (Es uba lew, 1998) . 

In 1976-79, s ignifi cant changes on the rate and structure of a ll types of taxes were made. 

These invo lved widening the land tax base, introduc ing capital and surplus transfers from 

nationa lized firms, as well as certai n minor arrangements on other taxes (Wogene, 1994). 

Following the 199 1/92 tax reform, the tax ing system in Ethiopia di vided into th ree broad 

categories (A lemayehu and Abebe, 2005): taxes on income and pro fi ts, taxes on goods and 

services and taxes on international trade. 

• Taxes 011 illcome alld profits: This category in c lude tax on employment inco me, 

rura l land and agr icultural in come tax, rental income tax, taxes on bus iness and 

other profits, tax on income from mining acti vities, capita l gain s tax, and taxes on 

other sources of income such as chance win ing. 

• Taxes 011 goods alld services: This category inc ludes tax on texti les, te levis ion sets, 

a lcoho l, perfumes and automobile. Many bas ic goods such as bread, mil k, 

petroleum gas, transport are exempt from taxation. 

• Taxes 011 illte/'llatiollal trade: Internati ona l trade re lates to levies on imports 

(customs duty, import exc ise tax, import sa les tax) and tax on exports. 
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In the last decade, fo ll ow in g the general 1992's po li cy reForm, most of these taxes have 

been reformed and amended. Some institutiona l reform s a imed at enhanci ng the 

government's capac ity to raise tax revenue have also bee n made (A lemayehu and Abebe, 

2005) . 

T he recent tax re form, im plemented s ince 2001/02, inc ludes changing po licies to address 

insuffi c ient revenue, to correct di stortions that reduce economic we lfare and growth, or 

measures to reduce inequities (A braham, 2003). The reform program has two components: 

overhauling of the tax leg islati on and improv ing the tax admini stration. Th is research work 

has connecti on with the latter component. 

The focus of the reforms inc ludes improving the effi c iency, moderniz ing tax administration 

by enhanc ing technica l capacit ies and re forming indirect taxation. T he main reform to 

indirect taxation, hence, was the introduction of a Valued-added tax (VAT) which is made 

operati onal begi nning January I, 2003 (Abraham, 2003; Alemayehu and Abebe, 2005; 

Wolle la, 2008) . VAT is a category of good and service taxes defined above. 

After a long history of manua l tax administration system, Federa l Inland Revenue 

Authority (FIRA) has exploited the power of inform ation techno log ies in performi ng its 

vario us act iv ities. Fo llowing the new tax proclamat ion of 2002, the tax reform program is 

des igned to tix up the system, improve th e legacy tax admini strati on and deve lop modern 

tax admini strat ion programs by im p;'ov ing the hum an resource management and 

introduc ing a new computerized info rmation system (MoR, 2005). 

The major acti viti es in VAT administrati on are identify ing taxpayers, process ing returns, 

contro lling collecti ons, making refunds, aud iting taxpayers and levying penalties (MoR, 

2005). On the part o f admini strat ion, it is a prior tax to identify the taxpayers. In 

connection with thi s (FNG, 2002), preparation of a s in gle master fil e, based on unique Tax 

Identification N umber (TIN) is crucial and this ensures that each taxpayer's account 

conta ins a ll the re levant tax and payment data for that taxpayer a lone. For thi s pu rpose, 

FIRA introduces a computeri zed nati ona l T IN system to support the strengthening of the 

tax adm ini strat ion as major priori ty areas orthe current tax reform (Abraham, 2003). 

The TIN system is a reg istration mechani sm in which a taxpayer is given a si ngle 

identification number to be used in admini stering all taxes . It encompasses persona l and 

business profil es of the taxpayers incl udi ng full name, address, capita l instal led, bank 
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account, the number of branches conta in, contact address and re lated information (FNG, 

2002). Taxpayer ident ifi cation numbering is a well-des igned numbering system, which 

consists of numbers generated randomly and that have a se lf check digit that is a number 

calcu lated from the dig its forming the basic part of the T IN. It has a power to ho ld tax 

informat ion in nationwide (MoR, 2005). 

For the other activit ies of VAT li sted above i.e. processing returns, contro ll ing co llections, 

making refunds, aud iting taxpayers and levy ing penalties, FlRA has been imp lemented a 

database system ca lled S IGTAS, which stands for Standa rd Integrated Govern ment Tax 

Admin istration System (MoR, 2005). Based on certain mod ules of SIGTAS software, 

wh ich has been installed in different cou ntries to date, the VAT software manages the 

transactions inherent in the tax, including assessment, ver ificat ion, recovery and receipt. 

Cu rrently, thi s software was installed in Add is Ababa and other regions of Ethiop ia since 

24 February 2004 (Alemayehu and Abebe, 2005). 

2.4. AI, KBS and ES 

2.4.1. Evolution of AI, KBS and ES 

Even though there were a num ber of early attempts that can be characterized as AI , it was 

Alan Turi ng who first articu lated a complete vision of A l in 1950 (Russe ll and Norvig, 

2006). They introduced the Turing test, machine lea"ning, genet ic a lgorithms, and 

reinforcement learn in g. 

In the late 1950s, special programming languages that facilitate symbol manipu lat ion were 

invented and the first attempts were game play ing, theorem prov in g and genera l prob lem 

solving (Carol and Danie l, 1995). T he most prominent, at that time, was ca lled LISP (LISt 

Processing). Because of its sim ple elegance and fl exib ili ty, most Al research programs are 

written in LISP, but commercia l appl ications have moved away from LISP (Robert and 

Edward, 1993). 

In the early 1970s another A l programming language was invented in France . It is called 

PROLOG (PROgramming in LOGic) (Max, 2005). It is based on research by computer 

scientists in Europe in the 1960s and 1970s, notably at the Univers it ies of Marsei lles, 

London and Ed inburgh. The first implementation of PROLOG was at the University of 

Marse ill es in the early I 970s. Programs written in PROLOG have had behavior sim il ar to 

ru le-based systems wri tten in LISP. 
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The 1970's was a decade in the history of AI when emphas is was placed on expert system 

with the obj ective o f matching the performance of human expert on tasks that are narrowly 

defined (Russell and Norv ig, 2006). The first knowledge intensive system, DEN DRAL, 

which was deve loped in the mid 1960' s for the purpose of so lvin g the problem of in ferrin g 

a structure of molecules from the information prov ided by a mass spectrometer, become a 

convinc ing concept for the research community in artificia l inte lligence. 

Following thi s pioneer work on expert systems, various expert systems were deve loped in 

diverse fi e lds o f study. Taxman I and II are examples in the fi eld o f accou nti ng and 

taxation (Porter, 1994). In the fie ld of med icine, within a decade from the development of 

DENDRAL, such systems as MYCLN, INTERNIST, PUF F, and QMR were applied in 

medica l prob lems as bacteria l blood infections, interna l medic ine, pulmonary di sorder and 

med ica l diagnosis respective ly (R usse ll and Norvig, 2006). 

In the earl y 1980 's, variety of logic -based program ming languages have arisen; and 

PROLOG, which did not immediate ly become a language of cho ice for AI programmers 

has become generic (Robert and Edward, 1993) . 

2.4.2. Meanings of AI, KBS and ES 

Artifi c ial inte lligence (AI) is simply the d iscipline of building intelligence into computers 

(Carol and Danie l, 1995). Various scholars defi ne AI fro m d ifferent perspect ives with 

varying emphasis (Russe ll and Norvig, 2006): 

• From the perspective of intelligence: AI is making computers "intelli gent" 

enab ling them act as we wo uld expect people to act. 

• From {/ research perspective: AI is the study of hew to make computers do things 

whi ch, at the moment, people do better. 

• From a business perspective: A I is a set of very powerful tools, and methodo logies 

fo r us ing those tools to so lve business problems. 

• From a programming perspective: AI inc ludes the study o f symbo lic 

program ming, prob lem so lving, and searchin g. 

Marvin Winsky, the pioneer in AI, probed the sc ience of mak ing machines do things that 

would requi re inte lligence if done by hum an bei ng (Haro ld and Anna, 1990). They contrast 
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the word "artificial" with the word " real " . He explains artificial lake as "a body of water 

made by man but it is a lake serving the same purpose as real lakes!" 

The term intelligence covers many cognitive skills, inc luding the abi lity to solve problems, 

learn, and understand language (Robert and Edwa rd, 1993). Sim ilar ly, intelligence is 

exp lained by Ronald and Hector (2004) as one of the most complex and mysterious 

phenomena thaI clearly cond itioned by know ledge for a very wide range of activ ities. 

According to Ronald, we make decision about what to do based on what we know or 

believe about the world . Putting these terms together Ronald defines A I as a study of 

illtelligellce behavior achieved thl'Ough compU!atiolla/lI1ealls. 

KBSs are primary subdivis ions of AI that a llow large reasoning steps and can more easily 

handle typically occurring cases in narrow domain specific knowledge (Russell and 

Norvig, 2006). These systems are being used in problem 'i iagnos is, planning, information 

interpretation, design, monitoring, debugging, prediction and in struction (Harold and Anna, 

1990). KBS abi lity drives partly from reasoning over expl icitly represented know ledge 

(Ronald and Hector, 2004) . The author a lso tr ies to di stingui sh between KBS and KB using 

Know ledge representation hypothesis. The hypothesis impl ies that "We will want to 

construct system fo r which our intentional stance is grounded by design in symbolic 

representations. We call such system a KBS and the symbolic representation involved there 

a KB" Various scholars al so define KB simply as a collection of facts and rules in the 

KBS (Bessie, 1990; Tadele, 2005) . 

More often than not, ES and KBS are used synonymously. Taken together, they represent 

the most widespread type of AI application (Robert and Edward, 1993). However, some 

research works made a distinction between KBS and ES (Rediet, 2006). They see ES as 

system that contains a human expelt tacit know ledge, whereas KBS as that contain both 

tacit and explicit knowledge. "" .Knowiedge is often derived from experts in a particular 

field ". As Bessie (1990) notes 

" .. . ES is more modestly described as programs which incOIporate expertise in to 

its knowledge base. Any seemingly intelligent behaviol is a result of human experts 

who create a program, not a machine learning facts and creating new Knowledge" 

Ronald and Hactor (2003) ca ll ESs as a very c lear case of KBS. However, ESs may be 

defined from different perspective with various emphases as follows: 
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• ES is a computer programs that are derived from a branch of compute r sc ience 

research ca ll ed Artific ial Inte lligence (Robert and Edward, 1993) . 

• ES is a computerized, problem solvi ng process which emulates human decision 

makin g and furni shes expert consultations in a we ll-defined domain o f experti se 

based on the experts' experiences and heuri stics (Russell and Norvig, 2006). 

• ES is a compu terized in fe rence/intuition a id for humans, differing fro m 

conventional computing in that it usua ll y dea ls with 'knowledge' in add ition to 

data and in fo rmation (Harold and Anna, 1990). 

• ES is a computer program which is designed to so lve problems and make 

decisions in bounded and we ll-defined knowledge in a spec ific applicati on area 

(Frank, 1994). 

As Sallem and Abba ( 1992) po ints out ESs are computer programs that mimic the 

behav ior of human expelts with in some spec ific domain of Knowledge. 

Lakner (200 I) sumerizes the relati onship o f the three term s, AI, KBS and ES by drawing a 

model shown in figure 2. 1. 

AI progra::.m~s __ ~ 

nowledge-based system 

Expert systems 

Figure 2. 1: The relationship between A I, KBSs and ESs. 

Accord ing to Lakner (200 1), the bas ic d iffe rence between the three terms is scope 

and he descri bes the terms as: 

• Arti fic ial Inte lligence programs are Inte lli gent problem solving too ls that 

encompass knowledge base system and expert system. 
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o Know ledge Base Systems are Art ific ial Intell igence programs with special program 

structure separated knowledge base. 

o Experet Systems are Knowl edge Base Systems appl ied in a specific narrow fi e ld . 

In s imple terms, expert system is a subset of knowledge based system and knowledge based 

system is a subset of Artificial Intelligence. This is descr iption is one and the same with the 

idea d iscussed above. 

As we can understand from the above di scussion and definiti ons ofES, the basic, if not the 

only, difference between AI, KBS and ES is the domain of problem and the scope of a field 

they cover. Domain here refers to the area within which the task is being performed. A 

thorough analysis shows that one is the subdivi sion of the other i.e., ES is a sub division of 

KBS and KBS in turn is the subdi vision of AI. Bess ie (1990), strengthening thi s idea, says 

that an expert system, wh ich deal s with a quite finite and bounded scope in a given field , 

uses programming techniques wh ich grew out of the fie ld of artific ial inte ll igence. 

2.4.3. Knowledge 

Knowledge is "a fluid mix of framed experience, contextual information , va lues and expert 

insight that provides a framework for eva luating and incorporating new experiences and 

information." (Pan and Scarbrough, 1999) . Knowledge is a lso defined by Scarborough, 

Swan and Preston (1999) as information that changes somethin g or somebody e ither by 

becom ing grounds fo r actions, or by making an individua l (or an institution) capa ble of 

different or more effecti ve action. 

Philosophers have been thinking about knowledge fo r thousands of years. Part of thei r 

activities has been the identification of vari ous types of knowledge and classification 

systems. These typo logies have been adopted by knowledge engineers when analyz ing 

texts and constructing knowledge models (Bechhofer, 2006; Robert and Edward, 1993). 

These are: 

i. Declarative vs. Procedural Knowledge 

One well -known distinction is between declarative knowledge (knowledge of facts) and 

procedural knowledge (knowledge of how to do things), or what has been ca lled "knowing 

that" and "knowing how". Within knowledge engineering, these two types are otten 

referred to as object knowledge and process or task know ledge. 
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ii. Tacit vs. Explicit Knowledge 

Another well-known classification of know ledge is that of tacit know ledge (cannot be 

articulated eas ily) and explicit know ledge (can be articulated eas ily). This is particu larly 

important for knowledge engineers, as specia l techniques have to be used with an expert to 

try to elicit tacit knowledge, which is the hardest and often the most va luab le knowledge to 

acquire. 

iii. Generic vs. Specific Knowledge 

A further way of classifying knowledge is to what extent it is generic (applies across many 

situations) or specific (applies to one or a few situations). Developing ways in which 

specific know ledge can be made more generic, and generic knowledge can be made more 

specific, has been a major effort in knowledge engineering. 

iv. Factual vs. Heuristic Knowledge 

According to Robert and Edward ( 1993), knowledge is classified as fact ual and heuri stic . 

Factual knowledge: is that knowledge of the task domain that is widely shared, typically 

found in textbooks or journals, and commonly agreed upon by those know ledgeable in the 

particular field. Heuristic knowledge: is the less rigorous, more experiential and judgmental 

knowledge of performance. In contrast to factua l knowledge, heuri stic knowledge is rarely 

discussed, and is largely individualistic. It is the knowledge of good practice, good 

judgment, and plausible reasoning in the field. It is the knowledge that underlies the "art of 

good guess ing". 

2.4.4. KBS Building Components 

Figure 2.2 shows the building blocks ofa general KBS. The main components of the KBSs 

are user interface, knowledge base, inference eng ine, that help the system to interact with 

users, accumulate knowledge and accordingly reason out to generate new facts or solve a 

given problem. The details of these components are presented as follows. 
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Explanation Case specific 
subsystem database 

• V-I User 
User ! interface / 

Inference 
engine 

Knowledge 
base 

~ Knowledge Developer's 
Knowledge 

engineer interface 
acquisition 
subsystem 

Figure 2.2: Components of KBS arch itecture, Lakner (200 I). 

User interface is the component that allows the user to query the system and receive the 

results of those queries (Graham, 1989) .The User interface component of an ES fa cilitates 

communication between a user and the ES. An impOltant feature of thi s interface is, one it 

allows the system to exp lain why specifi c information is be ing sought from the user; in 

other words it exp lains relevance of th is in formation in reaching an intermed iate or fina l 

conclusion. The other is it a ll ows the system to exp lai n the line of reasoning, rule or 

algorithm that it in reaching conclusion (Saleem and Abba, 1992). 

Knowledge base is the heart of the KBS, contains the specific knowledge about the 

system area of expertise in the form of facts and rule. The rules use the facts in driving the 

conclus ion (Saleem and Abba, 1992). There are different methods for representing 

knowledge in an ES: producti on ru le, first order predicate logic, frame and semantic 

network (Marek, 2003) . Detailed di scussion of knowledge representation techniques 

presented in sectio n 2.4.5.4. 

Inference engine is a program which manipu lates the knowledge base to reach goa l of the 

query (Bess ie, 1992). This component of an ES is respo nsible for search and pattern 

matching operations (Sa leem and Abba, 1992). It examines the rules w ith the knowledge 

base in a palticular seq uence to seek matches to the contents in the database which consists 

of in formatio n provided by the user as well as intelligent results der ived by the system. As 

the rules matching facts in the database are found, the pdes are fired. A fired rule may 

reference another rul e and for an inference cha in . Also, a fired ru le may add new facts to 
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the database that may trigger firing of another rule. This process continues until a 

conclusion is reached. 

There are three known methods for effic ient inference mechani sms in KB: forward 

chaining, backward chaining and combination of the two (Graham, 1989; Saleem and 

Abba, 1992). 

i. Fonvard cilaining 

Forward chai ning, a data-driven, method is used when data is the starting poi nt. Here, the 

system does not start with a pre-defi ned goa l; rather, it attempts to match the existing data 

with the condition part of the rules in the knowledge base. I f one or more such rule fo und, 

the system formulates the rules. The conc lusion thus derived then become part of the 

database. Th is process continues unti l either of the rules ha lts the process and makes some 

recommendation or the system becomes unable to reach any conc lusion. A drawback of 

this method is that the system would drive every possi ble intermed iate concl u~ ion 

regardl ess of the need for it. 

ii. Backward chaining 

Backward chai ning, a goa l driven method starts with a pre defined goa l as the starting point 

and looks for a rule that has that particul.ar goal in its conclusion part. Once such a rul e is 

defined the system searches the existing database for a match with th e conc lusions in the If 

part of the ru le under cons iderati on. If a match is fo und, the database is updated with the 

conc lusion derived. This matching may a lso resu lt in firin g o f some other ru les to va lidate 

some sub-goa ls, and thus trigger an inference chin. Th is process continues until the goal is 

achieved. A drawback of th is method is that a condition of sub- goa l may result in 

explosion of possibilities. 

iii. The combined methods 

The combined methods strategy employs both the forward and the back ward chaining 

search approaches. This strategy is usua ll y employed to analyze complex problems. It is 

worth nothing that in practice the strategy used by an ES is transparent to the user. 

In addition to the above core components the ES contai n the fo llowing component 

knowledge types and su bsystems: 
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2.4.5. KBS Development Issues 

The maj or issues ra ised in connection with deve lopment of a KBS inc ludes: Know ledge 

acqui sition, knowledge engineering, knowledge models, knowledge representation, 

contro lling reasoning and explaining solution among others. Hereunder a detailed revi ew is 

made on each of them. 

2.4.5.1. Knowledge Acquisition 

Know ledge acqu isition refers to the task of givin g knowledge to expert systems. It is a task 

performed by knowledge engineers (Robert and Edward , 1993). The power of an expert 

system lies in its store of knowledge about the task domain -- the more knowledge a system 

is given, the more competent it becomes. The sources of knowledge may be human experts 

or other sources (e.g. books, manua ls ... etc). Tadele (2005) defines Knowledge e li citation 

as the acti vity of extracting and capturing knowledge from a human expert and any other 

sources (Tadele, 2005). Some people use the term knowledge el icitat ion interchangea bly 

with know ledge acq ui s ition. 

Many techniques have been developed to he lp e lic it knowledge fro m an expert. These are 

referred to as knowledge acqui siti0n (KA) techn iques. The fo llow ing li st gives a brief 

introduction to the types of techniques used for acqu iring, analyzing and modeling 

knowl edge (Yang, 1995): 

• intervi ews (unstructured, semi-structu red and structured), 

• reportin g techniques (such as self-report and in vesti gation) and obse rvat ional 

techniques 

• Transcripts of interviews or other text-based information to identi fy various types of 

knowledge, such as goa ls, dec isions, relat ionships and attributes. 

• Hierarchy-generation techniques, such as tree, are used to build taxonomies or other 

hierarchica l structures such as goa l trees and deci sion networks. 

• The construction of grids indicating such th ings as problems encountered against 

possible solutions. Im portant types include the use of frames for representing the 

properties of concepts 
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• Capturing the way people compare and order concepts, and can lead to the 

revelation of knowledge about classes, properti es and prior ities. 

• Generation and use of concept maps, state transition networks, event diagrams and 

process maps. 

A we ll -known classification of knowledge is that of tac it knowledge -cannot be articulated 

easily and expl icit knowledge-can be articulated easily (Robert and Edward, 1993). This is 

particu larly im portant for knowledge engineers, as special techniques have to be used wi th 

an expert to try to e licit tac it knowledge, whi ch is the hardest and often the most va luable 

knowledge to acqui re. 

Some of the most important issues in know ledge acqu isition are presented as fo llows: 

• Most knowledge is in the minds of experts 

• Experts have vast amounts of knowledge 

• Experts have a lot o f tacit knowledge 

o They don't know a ll that they know and use 

o Tac it knowledge is hard (impossible) to describe 

• Experts are very busy and va luab le people 

• Each expert doesn't know everything 

2.4.5.2. Knowledge Engineering 

Knowledge engineering is a fi e ld within artific ia l inte lligence th at develops knowledge· 

based systems. Such systems are computer programs that conta in large amounts of 

knowledge, rules and reasoni ng mechanisms to provide '1 lut ions to rea l-world problems 

(Robert and Edward, 1993). 

A major form of knowledge-based system is the one designed to emulate the reasoning 

processes of an expert practi tioner (i.e. one having performed in a professional ro le for very 

many years). Since the mid- 1980s, knowledge eng ineers have developed a num ber of 

princ iples, methods and tools that have considerably improved the process of know ledge 

acq ui sit ion. Some of the key prin ciples are summari zed as fo ll ows: 

• Knowledge eng ineers acknowledge that there are different types of knowledge, and 

that the right approach and technique should be used for the knowledge required. 

• Knowledge eng in eers acknowledge that there are different types o f experts and 

expertise, such that methods shou ld be chosen appropriately. 
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• Knowledge engineers recognize that there are di fferent ways of representing 

knowledge, which can aid the acqui sition, val idat ion and re-use of knowledge. 

• Know ledge engineers recognize that there are different ways of usin g know ledge, 

so that the acquisition process can be guided by the project a ims. 

• Knowledge engineers use structured methods to increase the efficiency of the 

acqu is ition process. 

2.4.5.3. Knowledge Models 

Knowledge models are views of knowledge base using diagram and other structured 

representation such as trees, maps, matrices and annotation pages (Robert and Edward, 

1993). Structured knowledge is easy to find and understand by the user, easy to use by 

software 's and easier for maintenance, management and re-use (Bechhofer, 2006). They 

are structured representations of knowledge using symbols to represent pieces of 

knowledge and relationships between them . They inc lude: symboli c character-based 

languages, such as logic; diagrammatic representations, such as networks and ladders; 

tabular representations, such as matrices; and structured text, such as hypertext. 

The generation and mod ification of a knowledge mode l is an essential aspect of knowledge 

acqu is ition, as the mode l helps to clarify the language ucing used and qu ick ly convey 

information for validati on and modification where necessary. Thus, the use of knowledge 

models is of great benefit during know ledge elicitation from an expert, validat ion with the 

same expert, cross-va lidation with another expert, knowledge publication, maintenance and 

updating of the knowledge (Robert and Edward, 1993). 

2.4.5.4. Knowledge Representation 

Know ledge representation is the process of encod ing forma liz ing and organizing the 

know ledge acq uired into rules or cases or patterns for use Ly the expert system (Robert and 

Edward, 1993). Common knowledge representation methods include first order predicate 

logic, production ru le, frame semantic network and onto logy. One widel y used 

representation is the production rule, or s imply ru le. Expert systems whose knowledge is 

represented in ru le form are ca ll ed rule-based systems. 

i. Production Ru le: - is one of the most popular and widely used knowledge representation 

languages . Early expert systems used production rule as their main knowledge 
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representati on language. For instance, MYCIN, wh ich is also considered one of the fi rst 

research works in med ica l in fo rm ati cs, has prod uction rules as its know ledge representat ion 

language. TAXADVISOR, TAXMAN I and TAXMAN II are among the rule based 

systems in the area of taxati on (James, 1993) 

Rules represent a very human friend ly Knowledge representation. They are composed of 

simple if-then c lauses that are activated usually accord ing to a custom heuristic function. 

One of the often c ited advantages of ru le-based systems is the ir modu larity, simplic ity and 

good performance. Disadvantages of product ion rul es as a knowledge representation 

language inc ludes: Inefficient (not suitable for mode li ng complex world re lat ionships) and 

less express ive (Marek, 2003). 

Example for rule based knowledge representation as adopted from John (1992) and Penny 

(1993) . 

For two co lor lights green and red: 

IF the ' traffic li ght ' is green 

THEN the act ion is go 

IF the ' traffic light' is red 

THEN the action is stop 

ii. Logic-Based Knowledge Representation: Logic can be defined as the study of correct 

inference, of what fo ll ows fro m what. Logic usua lly cons ists of syntaxes, semantics and 

proof theory (Russe ll and Norvig, 2006). The syntax of logic defines a formal language of 

the log ic. The semantics of logic specifies the meanings of the we ll-formed expressions of 

the log ica l language. The proof theory of logic provides a purely fo rmal spec ification of the 

notion of correct in fere nce. 

The basic notion of logic has been known already to old Greeks . It is a system that de fines 

a fra mework fo r representing re lat ional knowledge and reasoning about it. Un like rule­

based systems, logic is a very suitable too l for representing real world mode ls. It can 

represent very complex relationshi ps among objects, it can represent hierarchi es, and it is 

very extensible. The main problem of reason ing with logic is that infere nce is usua lly an 

NP-complete problem, and there have not been many successfu l methods of express ing 

heuri stic knowledge using logics . T he reasoning is performed according to stri ct ly defi ned 

rules of in fe rence. The various types of log ic are: propos itional logic, first-order-pred icate 

logic and moda l log ics (Max, 2005). 
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Eq uivalent know ledge representat ion of the example given above fo r production rule us ing 

logic based know ledge representation is given as fo llows (John, 1992; Penny 1993): 

Green(light_ co lor) 

Red(l ight_ co lor) 

Green(Traffic Jight) --->Action(Go) 

Red(Traffic Jight) --->Action(Stop) 

iii. Semantic Networks: Semantic network or net is a graphi c notation for representing 

knowledge in patterns of interconnected nodes and arcs (John, 1992). It is basically a graph 

where the nodes are labe led by atomic formu las, and arcs represent relations between them. 

The nodes of thi s graph then represent entities and c lasses of entities. As (Max, 2005), 

these classes then may be hierarchica lly ordered to represent the knowledge. Every 

semantic network can be represented by the language of first order logic. 

Aga in equivalent representation o f the example above us ing semantic network based 

knowledge representat ion looks like the fi gure below (John, 1992 ; Penny 1993): 

Is fo r 

Is for 

Figure 2.3: Sample semantic nel compiled by Sown ( 1992). 

iv. Frame-Based Representation Languages: Frames are structu res that represent 

knowledge about a limited aspect of the world (Caro l, 1995). The princip le of frames has 

been further enhanced and refined in Object Oriented Programm ing parad igm. Like the 

concepts in semantic network representations, fra mes are descriptions of objects. The 

descript ions in a fra me are called slots (Max, 2005). Many knowledge representation 

languages have been deve loped based on th is concept. In med ical informatics, some high 

quality medical vocabularies use frames as their knowledge representation languages. 

Sim il arly, an equ iva lent frame based knowledge representation for the example above is 

shown in tab le 2. J (John , J 992; Penny J 993). 
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Traffic Light Frame 

LighUs Traffic Light 

Is_for Go, Stop 

Li ght_Color_Is 
Green , Red 

Table 2. 1. Sample fl ame based kno wledge replesentatl on 

2.4.5.5. Controlling Reasoning 

Controll ing reasoning simply means planning and controlling what questions to ask and 

what test to perform. Design ing KBS involves paying close attention to the details of how 

knowledge is accessed and applied during the search for a so lution (Bessie, 1992) . This has 

been done using the algorithms integrated in the inference engi ne of the ES tool. 

Ru le·based and case·based reasonin g are two popular approaches used for problem solving 

in inte lli gent systems. They are natural a lternat ives in know ledge representation. Rules 

usua lly represent genera l knowledge, whereas cases encompass know ledge accumulated 

frol11 spec ific or spec ial ized s ituations (Jim, loannis, 2003). Case based reasoning processes 

to combine the so lutions of identical training cases in order to propose a so lution to the new 

cases. If incompatibility a rises with the ind ividual sol utions, then back tracking to search 

for other so lutions may be necessary . Ru le based reasoning processes to re late the facts 

given in the condition part with the facts in the action part for the set of ru les given in the 

rule base (Jiawei and Michel ine, 2001). 

Each approach has advantages and disadvantages. Case· based reasoning (CBR) was 

introd uced as an al ternative to ru le·based reasoni ng (RBR), but there is a growing interest 

in integrating it with other reasoning paradigms, inc luding RBR; which we ca ll it a hybrid 

approaches (Jim, Ioa nni s, 2003). 

2.4.5.6. Explaining Solution 

Explanation facility is o ne of the strong features of an expert system used to comm uni cate 

with the users in natu ra l language (F iore, 1989). It can explain the logic it is using and ask 

questions whenever the needed information is mi ss ing. Each question asked by the system 

is the consequence of its attempt to apply a particular ru le (Graham, 1989). The user 

provides s ingle word answers including unknown when no information is avai lable. The 

27 



user may a lso respond with a number of commands including why/how command. 

Exp lanation faci lity exposes the program 's line of reasoning in a way user can understand 

and critique. The transparency of the program makes for a more accou ntable and credible 

system (Saleem and Abba, 1992). 

2.5. Benefits of KBS 

The benefit of KBSs to users as it is pointed out by Robert S. E. and Edward F ( 1993) is 

briefly summarized as: 

o A speed-up of human profe,sional or semi-pro fess ional work -- typically by a 

factor of ten and sometimes by a factor of a hundred or more. 

o Within companies, major internal cost sav ings . For small systems, sav ings are 

sometimes in the tens or hundreds of thousands of dollars; but for large 

systems, often in the tens of millions of dollars and as high as hundreds of 

millions of do llars. These cost savings are a result of quality improvement, a 

major motivation for employing expert system techno logy. 

o Improved quality of decision making. In some cases, the quality or correctness 

of deci s ions eva luated after the fact show a ten-fold improvement. 

o Preservation of scarce experti se. KBSs are used to preserve scarce know-how 

in orga nizations, to capture the experti se of individuals who are retirin g, and to 

preserve corporate know-how so that it can be wide ly di stributed to other 

factories, offices or plants of the company. 

2.6. Prolog Programming Language 

Prolog is an abbreviation for PROgramming in LOGic. It is designed basica lly to 

hand le/manipulate knowledge representation using First Order Predicate Logic (FOPL) 

(Max, 2005) . The expressiveness of Prolog is due to three major features of the language: 

rule-based programming, built-in pattern matching, and backtracking execution. The rule­

based programming a llows the program code to be written in a form which is more 

dec larati ve than procedural. Thi s i3 made poss ibl e by the built-in pattern matching and 

backtrack ing which automat ica ll y provide fo r the fl ow of control in the program. Together 
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these features make it poss ible to e legantly implement many types of KBSs (Patri ck, Johan 

and Krist in a, 200 I). 

Prolog allows a program to be read either declaratively or procedurally. This dual 

semantics is attractive. Procedural programming requ ires that the programmer tell the 

com puter what to do. That is, how to get the output for the range of required inputs. The 

Programmer must know an appropriate a lgorithm . Declarative programming requ ires a 

more descriptive style. The programmer must know what relationships ho ld between 

various entities (Paul, 200 I). 

There a re a lso arguments in favor of us ing conventional languages, such as C languages, 

for building KBSs. Usually these arguments center around issues of portab ility, 

performance, and developer experience. As newer vers ions of commerc ial Pro logs have 

increased sophi stication, portability, and performance, the advantages of C languages over 

Prolog decrease (Patrick, Johan and Kristina, 200 I). 

2.7. Application ofKBS on Taxation 

There are severa l major application areas of knowledge based systems such as agriculture, 

ed ucation, environment, law, manufacturin g, medicine, power systems, geo logy, telephone 

cable maintenance, ... etc. (Sail em and Abba, 1992). 

Business organizations on the cutting cdge have pursued KBS as a matter of strategy; 

others have been willing to embrace innovation onl y when necessary for survi va l (Harold, 

1990). He identifies the possible business application areas of KBS in decision making. 

The areas include: engi neering, management consu lting, execute buy-sell-hold orders, 

retraining, reviewing law applications, coach ing lawyers, and judges, mon itor ing and 

evaluation, banking and accounts, tax and investment advising and in surance underwriting. 

Hereunder the application of KBS for taxation purpose is briefly reviewed. 

FinancialAdvisor, a KBS developec' in 1985, was the first commerc iall y successful system 

to be used by tax consultants (POIter, 1994). However a number of other ESs that supports 

tax admini stration has been developed before and after FinancialAdvisor (James, 1993, 

Porter, 1994, Carol, 1995, and Haro ld, 1992). 

In 1977, Taxman I was developed to test the consequences of certain corporate 

reorganizati on transactions . This KBS was ab le to represent a complete set of fa cts 111 a 
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corporate tax case and a lso was a ble to represent the full set of statutory rules and concepts 

which c lass ified the vario us tax cases (James, 1993, Porter, 1994). Further, in 1979, 

Taxman II was developed to so lve prob lems invo lving legal concepts and to produce 

human li ke patterns of cognit ive theory for inform ation processing of arguments (James, 

1993, Porter, 1994). 

In 1982, the expert system, TAXADVISOR was devel oped to solve problems deal ing with 

income and transfer tax planning fo r ind ividuals. The system was designed to make 

recommendations, based upon projected future events, for tax-related acti ons wh ich would 

maxim ize the wea lth that an individua l transferred at death (James, 1993). 

World Tax Planner, which is developed by International Tax Planning Expert System 

Delo itte & Touche (Touche Ross), is in use since 1985 . It is used by in ternational tax 

experts, 500 peop le in over 65 offices in 30 countries. 

Since 1986 ExperTAX deve loped by Coopers & Lybrand is in use for Corporate Tax 

Planning, it is used for gathering and data review for corrorate tax plannin g and auditin g 

the deferred tax accrual. In use since 1986 started with 2000 rules - the rules grown to over 

3000 ru les. 

In 1987, a KBS cal led Investor was constructed, which assisted in the se lection of rea l 

estate or oil and gas tax shelters (Porter, 1994). The system recommended the fi rst 

acceptable choice for an individua l. 

In add ition, Harold ( 1992) reviewed as severa l ESs were deve loped in thi s area s ince 

1970 's. Most, if not a ll , of them are dependent on use of shell. These include AUD ITOR 

and CFILE (bad debts allowance app lications used for banking), ExperTAX( tax accrua ls 

and plann ing appli cation and AOD (an aud it-opinion ass istance application). 

2.8. Related Research Works 

In thi s sect ion, among research works on the tax system of Ethi opia those that are close ly 

related with the VAT administration of Ethiopia are briefl y reviewed. 

The first to be reviewed is a working paper conducted by Abraham Tesfaye, who is a senior 

economic and market research officer of NBE, prepared for second internati ona l 

conference on the Ethiopian economy he ld in 2003 in Add is Ababa. The study is on 

problems and prospects of implementing VAT in Ethiopia. The paper attempts to d iscuss 

30 



the problems and prospects of implementing VAT in Ethiopia. The study is made mainl y 

based on literature survey and compari son of good practices of other countries that 

implement VAT successfull y. It makes a discussion on VAT developments including the 

tax system, the need for VAT, VAT admini stration and problems in implementation 

of VAT. 

Fi na lly, the paper highlights the fo llow in g problems of VAT im plementation of Ethiopia: 

• The problems of introducing a V A T depend in large measure on effecti veness of the 

tax administration, the lead in time and the structural features of the VAT (rates, 

exemptions and treatment of small tax payers). 

• Most of the exempt goods and services are disproportionately consum ed by the 

relati ve ly well to do, so the exemptions cannot be justifi ed on equity grounds. 

• The taxpayers re fuse to honor their debt obligati ons to the VAT service while others 

submit their VAT returns without payments. 

• There is al so deliberate submiss ion o f nil returns, 'non-i ssuance of VAT invo ices 

and refu se to use the V AT coupons. 

• Insuffic iency of material and human resources leads adm ini strations to concentrate 

the ir enforcement efforts only on large taxpayers, whi ch can encourage 

noncompliance among other taxpayers. 

The author forwarded the fo llowing two important recommendations for a bright prospect 

fo r effective implementation of VAT in the country among others. 

• A publi city campaign aimed at both taxpayers and consumers is necessary for the 

successful introduction o f a VAT. Where such efforts have been made, as they 

were in Argentina, Korea, and Mexico, for example, the V AT has been introduced 

without great difficulty, 

• The tax authority should carefully prepare regul ations, return fo rms and systems for 

reg istering taxpayers and process ing V AT returns and payments. 

The second related research work is the one conducted by Wo ll ela Abehodie in 2008, who 

is a PhD candidate in the Austra li an School of Taxation at the Uni versity of New South 

Wales and a lecturer at the Addi s Ababa University, Ethi opia. The study is on VAT 

admini strati on of Eth iop ia, Jt foc uses on reflection of major problems. 
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The methodology fo ll owed is in-depth interviews with tax offic ia ls and surveys were used. 

Specifica lly, in-depth interviews were held with tax officials at different times. The surveys 

were conducted usi ng sem i-structured questionnaires designed to el icit both quantitati ve 

and qualitative data on compliance costs and problems in the VAT system. Both surveys 

were conducted us in g face-to-face interview method. 

The findings of the analyses suggested that in Ethiopia there is divergence between the 

effective V A T taxation and the legislation. The main areas where there are gaps and 

prob lems inc lude taxpayers identification and reg istrati on, V A T fil ing and payment, V A T 

refunds, VAT aud its, pena lti es and V AT invoicing. In addit ion, the outcomes of the 

surveys showed a lack of tax awareness among the soc iety and strong education programs 

as we ll as lack of trust between taxpayers and adm inistrators as major challenges to the 

VAT system in the country. The gaps and problems identified in the study were partly 

because of under staffing of the tax authority. This, in turn, is attributab le to limited tax 

admini stration resources. 

As a recommendation for thi s, the author suggested that the government wou ld better look 

at the possibility of making sufficient skilled man power and material resources ava ilable 

for the ad mini strati on of VAT. 

Moreover, thi s paper examined the decentra lization of VAT administrat ion following the 

ass ignment of VAT revenue to reg ional governments. The Eth iop ian government has 

ass igned V A T revenue to reg ional governments without c learl y env isag ing. Follow ing the 

ass ignment of VAT revenue, the adm inistrat ion has been partly de legated to regiona l 

governments. Both the decentralization of VAT revenue and the adm inistration do not 

appear to be with thorough consideration of the di stortil)ns, the inherent admin istrative 

difficulty of the tax and weaknesses in the tax adm inistrations, espec ially, at regional 

governments' leve l. 

In thi s regard, it is suggested that before the tax has flllther consequences in the form of 

revenue losses and undes irable inter-governmental relationships it is worth to reassess the 

decentral izati on. That is, the ass ignmen; of V A T revenue and the decentral ization of its 

admini strati on ought to be re-examined in light of the design features of the tax, the 

constitutiona l inter-governmental fisca l re lati onships, the experiences in other develop in g 

countries and the ca pacity of the country in implementing sub-national VATs. 
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The other related research work is a lso the one conducted by Getu Minaye (2007). It is on 

VAT pract ices and prob lems in Federal Inland Revenue Author ity of Ethi opi a. It is a thesis 

submitted to schoo l of grad uate stud ies AAU in parti al fu lfi llment of the requirement fo r 

the degree of M.Sc. in public administrat ion in the department of pub li c adm in and 

management. 

The study attempts to find answers of the fo llowing research questions: 

I . Do the business communities know the V AT rules and regu lations properly? 

2. Do the busi ness communities perform the ir bus iness activi ty on the basis of the 

current VAT laws? 

3. Does th e administrat ion capacity of FJRA strong enough to control those non 

compliance and delinquent taxpayers? 

4. Have the implementati on of VAT in Ethiopia met its objecti ves proper ly and 

encourages for the growth of in vestment and export? 

5. What are the prob lems that hinder for the smooth implementation of V AT in 

Ethiopia? 

6. Does FIRA have taken some measures to al lev iate the prob lems of those obstac les 

for the smooth implementation of V A T? 

The technique used to approach the problems is th rough analys is of primary and secondary 

data. Primary data is co llected from employees and tax payers using questionnaire and face 

to face interv iews w ith governm ent officials and the business comm un ity and secondary 

data is collected through the rev iew of existing pub li cations and unpub li shed materia ls, 

proclamations, man ual s, j ourna ls, and magazines, company reports, gu id es and regu lati ons, 

books and research and work ing papers w ith the ir find ings. The major sou rces of secondary 

data were FJRA VAT dept, MoR, MoFED, and statistical bulletins. 

One of the fi nding is that VAT in Ethi opia has faced various prob lems such as tax evasions 

and fraud . It is ev ident through enterpri ses starts to propose the ir own fa lse invoice, some 

enterprises coll ected V AT for themse lves, some are sold their prod uct as two ki nds of V A T 

inclusive and V AT exclusive, some .:lre understated financia l statement and some a re 

making business under thresho ld. In thi s regard, the author recommended the following 

measures to be taken to susta in the VAT system tackle the problems 
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• Trai n tax payers about the rules and regul ations of VAT continua lly 

• Recrui t new em ployers and g ive continua l training for the ex isting ones 

• De legate the tax authority to the regional and c ity admini stration 

• Increase foll ow up and in vesti gation to control non compli ance enterprise 

• The business comm unity should a lso obey the current V AT ru les and 

regulations and they perform thei r activities accord ing to the VAT laws 

The other Finding highli ghts shortage of qua lified man power and low public awareness as 

among the major problems that lead to fa ilure to control non compli ance VAT payers. 

Aga in he recommends FIRA to recruit more qualified el"nployers for contro lling of non 

VAT compliance VAT payers. This recommendation is similar with the one fo rwarded by 

Wo ll ela (2008). 

The tax system of Ethiopia, as it is seen in secti on 2.3 of this review, is supported by the 

databases; namely, T IN Application and SIGTAS. AI can be integrated in to a variety of 

software in order to make the so ftware more responsive to user needs (Haro ld an d Anna, 

1990). One of the major benefits of KBSs is increas in g capabilities of other application 

systems. Integration of KBS with other systems makes the systems more effect ive; they 

cover more applications, work faster and produce high quality result. More speci fi ca lly, " if 

there is a mess of rul es (e.g. tax and auditing), then the Knowledge based systems can 

"unrave l" the mess." (Carol, 1995). 

As it is mentioned in chapter one section 1.2 and other research works reviewed, the core 

problems of Ethi opian tax system is ineffi c iency, ineffecti veness, poor performance and 

lack of publi c awareness. Therefore, this research work is intended to des ign a prototype 

KBS that support the tax adm ini stra tion of Ethiopia by looking in to the way that the 

a lready ex isting systems can be best integrated to opt imize the performance of tax 

admini strati on and encourage awareness creati on with the specia l foc us on VAT. 

Form the review made, one can understand that there is no research co nducted to come up 

with a KBS for the tax admini stration in Ethiopia to date. T his research work is the first 

attempt to integrate a KBS technology in the aim of support ing the VAT admini stration of 

the country. The foundation of this research is therefore the existin g problems of tax system 

and the need to integrate a KBS for tax administration, which can hopefull y c lose the 

technolog ica l gap. 
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CHAPTER THREE 

KNOWLEDGE ACQUISITION AND MODELING 

3.1. Introduction 
Knowledge required for designing KBS for tax adm in istrat ion is acquired through 

interviews, discuss ions and personal observations. In this chapter conceptual modeling of 

the knowledge acquired using hierarch ical tree structure is presented. Th is modeling 

technique c learly shows the fl ow of knowledge in the course of dec ision making. 

3.2. Knowledge Acquisition 
Knowledge acqui s it ion is the activity of capturing, structuring and modeling knowledge 

from any source for the purpose of storing, shari ng and implementing the know ledge 

(M il ton, 2008). It is the act of know ledge engineering in the field of AI that deve lops KBS, 

whi ch include knowledge elicitation, ana lyzing, and strdcturing. In KBS development, 

knowledge acqu isition is a stage in which the know ledge engineer captures both tac it and 

explicit know ledge in the domain so as to know ledge to build a KB. Befo re we begin to 

design and implement our KBS, the process of knowledge e licitation has to be undertaken. 

Knowledge e li citat ion can be descri bed as acq uiring knowledge from human experts and 

learn ing from data. 

The most important issues ri se in connection with knowledge acq uis it ion are (Yang, 1995) 

the following: 

The first one is how to acqu ire knowledge avai lable as tacit in the minds of experts. The 

second one is how to screen out the most va luab le know ledge from vast amounts of 

knowledge. The third one is how to describe tac it knowledge and the fina l one is how to 

develop the culture of knowledge sharing. Because of these issues, the following 

techniques a re o ften proposed to s impl ify the task of getting va luable know lcdge fro m 

experts (Bechhofer, 2006): 

• Take experts off the job for short time per iods 

• All ow non-expe rts to understa nd the knowledge 

• Focus on the essentia l know ledge 

• Capture tac it knowledge 

• Allow know ledge to be co ll ate from different experts 
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• Allow knowledge to be va lidated and maintai ned 

To obtain suffi cient inform ation that enab le to develop complete KB, the resea rcher has 

examined unstructured interviews conducted with two MIS offi cers, three tax officers 

(experts) at ERCA4 head offi ce, two VAT auditors at Arada and ko lfe keranio sub city 

branch each and held a comprehensive discuss ions with V AT and IT offi cers at SNNP 

regional tax authority and ERCA Awassa branch office. 

Moreover, additional information is co llected using personal observation in one hand to 

cross check the validity o f the information co llected by the interview and di scussion with 

the one co llected with the observation on the other hand to gather addit ional in formation to 

cover those areas that are not covered by intervi ew and discuss ion. Thus, th e study is based 

on unstructured interv iewee questions, com prehensive group discuss ions and frequent 

personal observati on at the course of action. 

In this study, interviews, discuss ions and personal observations are techniques mainl y used 

to draw out and validate the experts' knowledge. To model the knowledge, the hi erarchica l 

tree is used. The hierarchi cal tree is chosen fo r knowledge modeling because of its 

s implic ity to model the intended knowledge. After havi ng concepts d iscovered through 

interviews, discuss ions, personal observations and document analys is, the acquired 

Knowledge is structured and the model is built using a h:erarchical tree structure. In thi s 

model, a goa l is located at the bottom of the hierarchy and the factors at th e top lead to the 

goa l at the bottom. 

N ine sen ior and we ll experienced profess ionals on tax from federa l offi ce, regiona l 

authority, reg ional branch and Addis Ababa sub c ities have partic ipated. Thi s makes the 

participants more representative of the whole and the knowledge acquired comprehensive. 

Two manageri al level personnel' s are al so interviewed with the intention of knowing the 

cross sector link with other organi zation they are working with and the ir future pl ans. 

Profil es of experts who parti c ipated in knowledge e licitation process are presented in the 

table 3. 1 below. 

4 ERCA is the name llsed for FIRA after the merging of the revenue authority with the customs authority 
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Quantity in Educational Field of study Experi ence In the Position 

number qual i fication tax sector 

I M.A. Management 14years VAT department 

Head 

I M.A. Accounting 8 years Office Head for 

large tax payers 

I M.A. Accounting and finance 7 yep"s Tax Offi cer 

4 B.A. Acco unting Al l more than 8 V AT auditors 

years 

I B.SC. Economics 3 years Tax Officer 

I B.A. Business Admi ni stration 6 years Tax Officer 

I B.A. I. P, 
Management 2 years System 

, Information System ad ministrator 

I B.Sc. Appl ied mathematics 4 years Database 

administrator 

Table 3. 1 : Prof! les of the experts participated in interviews and discussions. 

3.3. Knowledge Modeling 

3.3.1. Extracted Concepts of VA T Administration 

A wide range of concepts are found in the function of tax adm in istration because tax has a 

direct and indirect link with all economic structure. VAT is a type of tax that has a direct 

relati onship with consumers, consumption commodities, and business types; foreign trade 

(i mport/export), inflation, GDP, exchange rate, invo ice, exemption, declarati on, assessment 

and many more . All of these relat ions have got interesting research ideas both fo r scholars 

from the fi eld of information sc ience as well as economics, fina nce and accou nting. 

These concepts may appear in various forms in principle of taxation. Howeve r, the 

discuss ion hereunder is based on the ana. lys is of the interviews conducted, di scuss ion held 

with the domain experts; and personal observation made at the offices in the course of this 

research work. 
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The knowledge elicitation activity for this study main ly concentrate on: VAT registration, 

VA T refund, VAT invo ices, VAT credit, VAT on fo re ign trade, account ing for VAT and 

concept of VAT fraud/evas ion. However, the conceptual model is bui lt comprehensively 

for the VAT refund. This concept is a lso the one used to the task of knowledge 

representation and prototype design in the next chapter in order to avo id complex ity of 

modeling and designing a ll the concepts at a t ime. 

In VAT des ign of Ethiop ia, registrat ion for VAT can be com pulsory or vo luntary. 

Compulsory registration is required when at the end of any period of 12 months the person 

made, taxable transactions that have the total va lue whi ch exceeded 500,000 ETB; or at the 

beginn ing of any period of 12 ca lendar months there are reasonable grounds to expect that 

the tota l va lue of taxable transacti ons to be made by the person will exceed 500,000 ETB. 

In addi t ion, the fo llowing are obligated to register for VAT rega rdless of the vo lume of 

the ir annual turnover. 

• Share companies, pri vate limited compan ies and state owned enterpri ses; 

• Contractors fro m category I to 9; 

• Leather and leather prod uct manu facturers; 

• Computer and computer related dev ices supp liers 

• Importers and exporters; 

• Flour factories; 

• Shoes, pl astic and plastic products manufactu ring facto ries; 

Voluntary registrat ion is made at the j udgment of the authority. However, a tax payer 

which carried on taxable activ ity and is not registered [or VAT may vo luntary apply to the 

authority for such registrat ion if regularly supplying or rendering at least 75% of its goods 

and services to reg istered persons. The authori ty can al so refuse to reg ister taxpayers who:-

• has no fi xed address of business; 

• does not keep proper accounting records, 

• has no bank account; and 

• has previously been registered for V A T purposes but fa i led to perform his duties 

under the V AT law. 

Refund is the key feature of VAT. There are two main provisions 111 the leg islation 

concern ing VAT refunds. The firs t prov ision is for registered taxpayers who have at least 
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25 per cent of the va lue of their taxab le transactions for t; le accou nting period, other than 

zero rat ing of the di sposa l of a go ing concern, taxed at zero per cent. For these taxpayers 

the VAT law ob liges the tax authority to make a cash refund of the amount of VA T app lied 

as a credit in excess of the amount of VAT charged for the accounting period with in a 

period of two months after the regi stered person files an application fo r refund, 

accompanied by documentary proof of payment of the excess amount. 

The second prov ision is for other registered taxpayers. For these taxpayers, the amount of 

V AT applied as a cred it in excess of the amount of V A T charged fo r the accou nti ng period 

is to be carr ied forward to the next five accounting perioos and credited agai nst payments 

for these periods. Any unused excess remaining after the end of this five month period is 

legislated to be refunded in cash within two months after the registered person files an 

application for refund, accompanied by documentary proof of payment of the excess 

amounts. 

In both of the above cases, when the tax authori ty is sati sfied that a person who made an 

application fo r refund has overpa id VAT, the authority is allowed first to app ly the amount 

of the excess in the reduction of any tax, levy, interest or penalty payab le by the person 

under the V A T proclamat ion, the customs proc lamation, II1come tax proc lamation, or the 

sa les and excise tax proclamation. After app ly ing the cred it in reduci ng the VAT payer's 

debt under the income tax, VAT, customs, sa les and excise taxes proc lamations, the tax 

authority is req ui red to repay any amount remaining to the person if the amount to be 

refunded is more than ETB 50. 

However, the authorities require the following conditions to be fulfi lled and documents to 

be submitted: 

I . The applicant has to be registered for VAT; 

2. Monthly financia l statements (FSs) presented at the right time. These are shown in 

the models below. 
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Timel\" FS rep on 

Y.U 
registered 

Ta.x paver 

Late FS r.pon 

\·.".T 

uruegi5.tered 

Figure 3. 1: A Model for checking the registration and FS report conditions. 

The numbers 1,2,3 .. . 9 in a c ircles at the leafs of a ll the mode ls here and fo ll owing 

refers to goa ll , goa l2, goaI3, ... goaI9 described in a ,sub-section 3.3.3 of th is chapter 

respective ly and the arrows in the circle indicate the cont inuation of the case to one of 

the fi gure following it and stam with similar labe l. A VAT regi stered tax payer that 

makes monthly financia l reports on t ime can have a right to claim VAT refund. The 

concept that describes thi s idea is presented in the fi gure 3.2 be low. 

3. The amount of VAT refund cla imed by the appl icant has to also be inc luded in a 

month ly financ ia l statement report. 

Export 
corrnnoditv 

FS include the 
claimed 

Timely FS rep on 

Non export 
connnoditv 

FS not include 
the claimed 

Figure 3.2: A Model used to check th.! inclusion of the reclaimed amount in the financial repofts. 

4. Documents that assured products or goods are exported 
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This document is required to inc lude the fo ll owing im portant components: 

• Custom's declarati on, Bill of lodging/a ir way :': ill , Bank permit in voice, Bank 

credit advice for ga ined foreign currency 

• VAT invo ice pa id for di ffe rent expenses. Moreover, to get fa st servi ce, the 

taxpaye r should assure that whether the in vo ices have d irect relat ion with export 

products or goods and any invo ices paid for VAT whi ch have a direct relation with 

fie ld task has been reported on time in monthly fi nanc ia l statement. 

• Contractual agreement with the buyer who is a rec ipient of the service at the 

menti oned account ing period; 

• Part of V AT paid on input of export goods and a report done with a table shows 

the ca lcu lation of thi s must be submitted; 

• Bank credit adv ice for ga ined fore ign currency. These are presented uSll1g the 

mode l presented in the fi gure 3.3 be low. 

I Exocrt : ommocitv I 
Y e.:; I No 

I Cl.. ... ::; t::,m :; ;::.::::::Iari:fti::,r;:; I 
y ;:::.r-
-~ I No 

I B ill of Loc~gil'1.g/airti::b:t I 
~'es 

, 
M" 

I 
I Bark Permit ir'v;:.i:::e I 

\' e::; I No 

I \ / alic ir.-. ... oi::e:; of Expen::;e:; I 
", es I No 

I Cont r ==t =gr .:-e: m e, nt \"Jit h r '? :: ip i E.nt s: I 
I Y e :; I No 

I Do::um e rnt compl ete -I I DoclJlm e l'1lt: incompl et e I 

@ @ 
Figure 3.3: A Model used to check the necessary condition to re fund VAT on export tra l1 sacti ons 
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This model is unique to transact ion including export commodit ies. After the 

accompl ishment of checking the above conditions the model used to handle both expOlt 

and non export transaction will become the same. In both cases the subsequent proced ure is 

filing an app li cation w ith two copies. Fulfi lling all the above conditi ons a tax payer is 

expected to get response within two months t ime. Once the completeness of the a ll the 

necessary documents for export is made, the steps fo llowed fo r both export and non export 

com mod ities is identica l and it is shown in figure 3.4 below. 

Document complete 

Apply forrefund 

Refund accepted Refundrejected 

Figure 3.4: Application for export VAT refund 

To get the refund amount in cash wi thin two months, for any accepted application, at least 

25% of taxable transactions have to be a sector taxed at zero rates in order to get the refund 

in cash otherwise offset with other tax liab il ity. However, the Authority is not obliged to 

refund excess credits if the amount to be refunded is not more than 50 Birr. If the amount 

e ligi ble fo r refund is 50 birr or less, this amount can be carried forward and credited agai nst 

tax due in the subsequent five accounting periods. Figure 3.5 below models the re fund 

process after the applicat ion is accepted. 
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Zero rate 
ttan~crion<1i% 

Refunl accepted 

Zero rate 
ttan~crion>=2i% 

Other tax lability 

Figure 3.5: A Model that shows the process aner the refund application gets accepted. 

VAT fra ud or evas ion is s im ply a noncomp liance that has crim inal implication. As pointed 

by Christophe (2003), tax evasion is a common phenomenon in a ll cou ntries. Fraud/evas ion 

comes in many forms ranging from traders omitting t~e occasional sa les from the ir 

account ing to systemati c supervi s ion of sa les and fal s ification of invo ice. The main types 

of fraud/evasion are summarized below (Christophe, 2003). 

i. Illflated refulld claim . The s imple method to inflate refund happen by creat ing fake 

invoice for purchases never made. In this type, organized crime networks have been known 

to estab li sh business so le ly to fabri cate invoices fo r sa le to those wishing to defraud the 

revenue. 

ii. Ullderrepor/ed sales. T hi s is the most usual way of eVRcling VAT. By concealing sa les 

to the domestic market, traders may not on ly evade the ir own obl igation to charge VAT on 

thei r output, but a lso generate excess credits to be refunded . 
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iii. Fictitious traders. T hi s involves creation of short-lived enterpri ses that reg ister for 

VAT and create the illusion of tradi.ng in goods and services. A common ploy is to in vent 

fake export in vo ices on nonex istent goods and claim V AT refunds. 

iv. Domestic sales disguised as exports. Traders sell goods on the domestic market but 

claim a refund us ing a fake export invoice. 

Otlterforms of evasion alUl fraud il/clude: 

• Traders that are liab le to VAT but do not register 

• Credit c laimed for taxable supplies used in exempt activities, and cred it claimed on 

private purchases 

• Credit c laims from unregi stered suppliers 

• Goods imported illegall y and the so ld with VAT added but not remitted to the tax 

authorities; and 

• Exchange arrangements hidden from the authority 

From the above mentioned fraud types, we can easi ly observe the extent at which VAT 

refund is interrelated with VAT fraud. Most of them have a target of fake refund c la im 

which is one 3mong the very serious crimes that could be committed on taxation. 

3.3.2. Conceptual Model Building 

To bu ild a mode l for the knowledge that has been acqu ired so far, 3 thorough analysis and 

understanding of the concepts is made. Bu ilding the conceptua l model requires well 

understand ing of each and every in put and output parameters or att ributes identified du ring 

knowledge acquisit ion. Each of the parameters has their own broad and in-depth concepts 

that need a thorough ana lys is to build a model. Some of the input/output parameters are: 
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The inpu t parameters: 

• Value annual turn over 

• Type of busi ness 

• Aud it reports/histories 

• Custom information 

• Licensing center information 

• Audit reports 

• Refund claim 

• Record keeping 

• Invo ice usage 

• Bank information 

• Contracted agreement with 
recipient (for exporters) 

The output parameters: 

• In nated refund clai m 

• U nder reported sales 

• Fi cti tious traders 

• Domesti c sa les disguised as exports 

• Traders that are liable to V A T but do not 
register 

• Cred it claimed for taxable supplies used in 

exempt acti vities, and credit claimed on 

private purchases 

• Credit claims from unregistered suppli ers 

• Goods imported illegally and the sold with 
VAT added but not rem itted to the tax 
authorities 

Table 3.2: Input and output parameters to the whole VA T adm in istration 

Not only concept diversity but also interrelat ion of the pa ra:11eter makes conceptual model 

bui lding more complex. Any of the in put and the output mentioned above can have a 

relati on with one 0 1' more of the other. Considering all the concepts at a time to bu il d a 

model creates complex ity, as it is mentioned earli er. To simpli fy the complexity, in th is 

study, the concept of V A T refund is foc used and the parameters are red uced to: 

The input parameters: 

• Custom information 

• Li censing center infonnation 

• Audit reports 

• Monthly Fi nancial Statement Report 

• Record keepi ng 

• Commodi ty type 

• Invoice usage 

• Bank informat ion 

• Contracted agreements 

• Net Refund Required 

Output parameters: 

• Refund paid within two months 

• Refund rej ected 

• Refund offset agai nst other tax 
liabilities 

• Refund carried forward to the next five 

months 

• Refund doesn' t concern 

Table 3.3: Input and output parameters to VAT refund clallll handltng 

The reason to choose the concept VAT refund than the others is not only to avo id the 

complexity of bu ild ing a conceptual model to all the acquired Knowledge in the area of 

VAT but also the close connection of the concept VAT refund with fraud and evasion gets 
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priority. In thi s study, therefore, the concept of VAT refund is di scussed in a more detail 

than the other concepts. 

3.3.2.1. Goals for Refund Claim 

From the analysis of knowledge extracted and captured through interviews, discuss ions and 

observations, the concept VAT re fund is identified to target one of the goa ls described 

below: 

Goal 1: Refulld call1lot be claimed-this is the goal that tell s tax payer having no ri ght to 

c laim for VAT refund because of fa ilure to fulfill the preconditions or the 

necessary documents. 

Goal 2: Documents are 1I0t comfJlete-thi s is the goal that tell s the rej ection of the refund 

c laim because of incomplete document attached with the application rega rding 

their export related transacti ons. 

Goal 3: File a cllarge to tile court or committee ill cllarge of tax claim-thi s goal te ll s the 

taxpayer right to fil e a charge to the court or anybody in charge of handling tax 

related object ions. 

Goal 4: Refulld offset to otller tax liabilities alld Net refulld will be fJaid-thi s tells that the 

refund c laim gets acceptance but it is subjected to counterba lance with other tax 

liabil it ies or penalties that the taxpayer have. The net amount wi ll be paid with in 2 

months time from the application for refund . 

Goal 5: Refulld carried forward to tile lIext 5 mOlltlls al/{I tllell tile lIet will be fJaid- thi s 

tells that the refund cla im gets acceptance but it is carri ed forward to be 

considered on the payments made on V A T fo r the next consecutive five 

accounting periods (months) 

Goal 6: Refund offset amI lIet refulld carried forward to tile lIext 5 mOlltlls al/{I tllell it 

will be fJaid- thi s tells that the refund c laim gets ac.ceptance but it is carried 

forward to be considered on the payments made on V A T for the next consecutive 

five accounting periods (months) after all other tax liab ilities are co unterbalanced. 

Goal 7: Refulld does 1I0t COllcel"ll- this tell s the case is out of the concern of the V A T 

refund claim 
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Goal 8: Refulld may 1I0t be paid bllt ollly offset-it is s imilar to goal 4 above but the 

authority cannot be forced to pay because of the thresho ld va lue to refund . It is 

usually considered as if it is rejected. 

Goal 9: Net refulld will be paid ill cash-the net amount of VAT refund wi ll be paid within 

2 months time from the application of the refund 

However these goals are condensed to five top goals and the remalllll1g four are 

sub goa ls during the inference process of the backward cha ining that wi ll be di scussed in 

the next chapter. 

3.3.2.2. Conceptual Model for Refund Claim 

Figure 3.6 shows the conceptual model for VAT re fund c laim. The fi gure tries to 

summarize, conso lidate and refi nes all the model s presented earlier by remov ing red undant 

and unnecessary labels such as inc lusion of c laimed amount in the FS report as it is 

obviously checked when the invoice is va lidated. Goa l 4 and goal 9, goal 5 and goal 6 and 

a lso goa l 8 and goa l 7 can be seen as identica l goa ls in the conceptual model. 

In the next chapter the KBS development that includes knowledge representati on, 

prototype development, testing the system and performance evaluation is presented . 
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Figure 3.6: Conceplualmodcl for VAT refundi ng system 
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CHAPTER FOUR 

THE KBS DEVELOPMENT AND EVALUATION 

4.1. Introduction 
In the previous chapter, the knowledge acqu is iti on and modeling the acquired knowledge 

using hierarchi ca l tree structures is presented. In thi s chapter, the prototype system 

deve lopment together with the knowledge representation and system eva luation is 

di scussed. 

4.2. KBS Development 

The development of the KBS focuses spec ificall y on VAT refund . The KBS designed for 

the V AT refund here made a thorough investigation on the exi sting system, even though 

the existing system is manual. The system consider not only tak ing the advantage of a 

computer based system but also incorporate what is not in the ex isting system that have a 

lot to do with prevent ing fraud spec ially by fabri cation of fake documents and in vo ice. The 

system a lso consider enhancement of the service de li very. 

The other important feature of the new system, what I preferred to ca ll VATReAdv (VAT 

Refund Adv isor), is that it is designed in such a way that the available IT infrastructure is 

utilized effectivel y without any additional cost req uired for implementation. In other word , 

the new system is cost effective to implement and efficient in fraud detection. Unlike the 

existing system which only give attention to the tax payer of a give n tax offi ce or branch , 

the new system can consider the transactions performed at every offi ces or branches of the 

authority nationwide using the a lready avai lable IT network infrastructure ca lled revenue 

network to optimize the fraud detection capabi lity. In this framework the KBS is designed 

to support the efficiency, e ffect iveness and performance that are ra ised as major prob lems 

of the tax system of the country. 

Providing adequate and cons istent advice is a lso among the feature incorporated in the new 

system with the intention of raising the awareness o f the tax payers. The compari son made 

on the conceptual schema of the ex isting and the new system is shown in fi gures 4. 1 and 

4.2 below. 
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4.2.1. Contrast of the Legacy and the Proposed System 

The VAT refund process currently pract iced is modeled as in the fi gure 4.1 below 

Payment 
Cashers 

Pa'(mert orctr 
Ta xpayer 

f orc'o~l.mert 

VAT refund e'la ll. atior 

Reje-ct;:O office rs 
Managers 

~ppli :::ot j:.r 

I 
Refl.nd appli ::'1itior. i 

Figure 4.1: Model of the legacy system for VAT refund ing 

In this process mode l, refund application is filed to the authority by the tax payer. The 

application is forwarded to VAT officers for investigation and docum ent eva luation. The 

eva luated and approved documents forwarded back to the managerial leve l deci s ion and 

confirmation. The confirmed document together with the payment order is sent to the 

cashers. Otherwise the rejected app lication is sent back to the taxpayer together with the 

briefing of the reason for rejection. Si milarly, the new system is modeled as shown in the 

fi gure 4.2 below. 

I 
Paym e nt Payment crC'er 

Ta xpaye r Cashe rs 

i For corument 
VAT refu n d evaluation 

officers 
Managers 

Rej e~te d application 

~ ..- 1J 
Do::um ent ar.o The KBS 
in'oi::e:::o server 

The K5S a::.::t':;s for fi.·1arz.gers 

For :::,o::L.merr ::ro~~ 

:::rerJdrg ir ret'l.'ork 

Th e VPN of t he 
authority 

Figure 4.2 : Model of the new system for VAT refunding 
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The proposed system cons iders all the necessary steps and cut out or s impl i fies the 

d iffi culties in the existing system. Bes ides, it is powerful in checkin g documents and 

invoices nationwide through the network avai lable that cannot have access to the human 

experts on the manual bases. T hi s is done by adding a ll the valid document numbers and 

invo ice numbers found in to the network to the facts of the KBS (the structure of the net 

work is di scussed in section 4.2 .2). Th is capabi li ty has a great im portance on fra ud 

detection by providing fake in vo ices and documents. The co llection of a ll the invoice and 

document numbers of a ll the branches and regional offices are accessed for document 

eva luation . It a lso smoothen the controvers ies exist between experts and dec ision makers 

by using consistent knowledge and giving confidentia l sol ution for a g iven case on the 

bases of the rul es and facts in the knowledge base. 

4.2.2. Virtual Private Network (VPN) Architecture of the Authority 

The revenue authority has a VPN in use fo r access ing data from remote offi ces. The VPN 

is a secure and more affordable network that runs over a private IP network which is 

obtained from the Ethi opian telecommunication corporat ion (the state monopoly ISP). The 

revenue authority VPN gives remote access to data in branch offices and regiona l offices 

and vice versa. A way to access the intranet is securely by di aling th rough the Eth iop ian 

Te lecommunication Corporati on remote access VPNs with telephone numbers in many 

c iti es. The genera l revenue network architecture which has been installed by the reven ue 

authority of Eth iopia is shown in the fi gure 4.3 below. It can be cons idered as a big 

opportunity to imp lement any newly coming systems using thi s availab le infrastructure. 
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Regiona l s ite: Meke lle Regional s ite: Ada ma 

VPN 
Central Site: Addis Ababa Regiona l site: 

l{eUI()I1'1 1 s ite: Jimma 
Bahirda r 

$(jrver 

VPN 

Regiona l site : Dire Dawa Reg ional site: A wasa Regiona l s ites ... etc . 

Figure 4.3: The existing nationwide revenue network arch itecture. 

' Remark: only some sample branches and regiona l offices are included here. All other are 

connected likewise. 
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4.2.3. The System Design 

In the KBS, the doma in knowledge is represented by a set of IF-THEN production rules 

and data is represented by a set of facts for s ituations at hand. The Prolog inference engine 

compares each rule stored in the knowledge base with facts g iven or contained in the 

databases. When the IF (co nditi on) part of the rul e matches a fact , the rule is fired and its 

T HEN (acti on) part is executed. The matching of the ru le IF parts to the facts produce 

inference chains. T he in ference chai n indicates how the KBS applies the rules to reac h a 

conc lusion. 

4.2.3.1. Knowledge Representation 

Knowledge representati on is the process of encoding fo rma li zing and organiz in g the 

knowledge acq uired into rules or cases or patterns fo r use by the expert system (Robert and 

Edward, 1993). It is also defined as the process of describing and mapping expert 

knowledge using a set of symbo ls and attaching meaning to the syntax. T here are a number 

of vari ous ava ilab le to represent expert knowledge which includes semanti c net, frames, 

logic and rule as di scussed earlier in chapter two. 

The knowledge representation technique used for this resea rch is the production rule or rule 

based. The first reason is that ru les are re lati ve ly easy to understa nd and create from the 

acquired know ledge or generate them from decis ion tab les using machine learn ing tools 

like WEKA . The other reason is that rule base representation is convenient to trans late 

from the knowledge acquired and modeled using hierarchi ca l tree. 

The term production rule in A I, wh ich is the most comm only used type of knowledge 

representation (G raha m, 1989), can a lso be defined as an IF-THEN structure that re lates th e 

given inform ation or facts in IF part to some action in the THEN part. The IF pa rt is ca ll ed 

the antecedent (premise or conditi on); and the THEN part is ca ll ed the consequent 

(concl us ion or action). Rule prov ides some descripti on of how to so lve a prob lem in 

re lat ive ly easy and understandabl e manner. Sample prolo;; representation of the rule base 

used for thi s study is shown in sub section 4.2.3.4. 
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The rules for thi s study are created from the knowledge acquired through the knowledge 

e li citation techniques used in chapter three. [n other words rules are created through the 

transformat ion of hierarchical tree mode led in the previous chapter to the if~then ru les. In 

addition to thi s, the dataset for VAT refund which has twelve attributes and 4067 records 

are used to generate rules using the machine learning tool ca ll ed WEKA emp loyi ng the 

a lgorithm ca lled predictive Aproiri assoc iation. It is chosen because of its capability to 

model re lationships that are found between objects and he lp to formu late rules. 

The rules c reated from the hi erarchica l tree of the previous chapter are evaluated in 

consultation with the domain expert. The tota l number of ru les after continua l eva luat ion is 

found to be 28. Likewi se the rules created using the above mentioned too l is 100 best rules 

that show association of 12 attributes (see appendix IV). These 100 best rules are eva luated 

for their redundancy, consistency, completeness and exhaustiveness aga in in consultati on 

with the domain experts; and finally after conti nual refinements the working rules are 

found to be 33. The additional five rul es are obtained after refining the 100 rul es found 

from WEKA. 

4.2.3.2. The Attributes of the Dataset 

The dataset used for rul e ge nerat ion in WEKA is deri ved from five different tables used for 

different purposes that have a lin k with VAT refu nd ing in anyway. The tables are used for 

VAT registrat ion, VAT dec laration, VAT assessment VAT audit and VAT refund c laim 

itse lf. The need for finding data in an incirect means than direct is the difficulty behind the 

privacy of data. 

Tax proc lamation (proclamation no 286/2002) of Ethiopia declare tax information to be 

closed confidentia lly. Any one in need of tax information for any purpose except for the 

court evidence and central statist ica: authority consumptionS has to come with a written and 

signed commandment by the director for screened and clearly spec ifi ed informati on. 

Therefore, following indirect way is the preferred method th ough it was very time 

consuming and tiresome task. The attributes and va lues set of the dataset is presented in the 

table 4. 1 below. 

5 Tax data is allowed for the two inst itutions using an officiallelter of request only. 
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Attr ibute Va lues set 

v A T reg istration I yes, no} 
Monthly. FS report {Iate,t imely} 
Claimed amount l include, not incl ude} 
Commodity_ t ype {export,non export} 
custom declarat ion I valid,invalid} 
bill of lodging {val id,invalid} 
Bank perm it invo ice I valid,in valid} 
fori gn currency_ earned {val id,invalid} 
contract agreement Ivalid,inval id} 
liabili ty_deducted _refund {above50ETB,below50ETB} 
amount requested 

zero rate transacti on I aboveaforth,belowafourth} 
refund stat ues {offset,carried _ forward,paid _ in _ 2month,rejected,doesnot_ concern,no _ 0 

bligation to refund} 
Table 4. 1. Attributes and val ue sets of the dataset used fOl nile generation 111 Weka 

4.2.3.3. Knowledge base Construction 

The knowledge base of the system contains the domain knowledge useful for solving VAT 

refund related prob lems. The knowledge is represented as a set of rules and facts. Each 

rule spec ifi es a re lationships, recommendation, directive, strategy or heuri sti c and has the 

IF (condition) THEN (action) structure. When the cond ition part of a rule is satisfied, the 

rule is sa id to fire and the action part is executed. Sample rules and fac ts are shown be low. 

Sample Rules and Facts of the KBS. 

Rules 

Rule I. IF a taxpayer is registered for VAT 

THEN a tax payer should report monthly financial statement. 

Rule2. IF monthly FS report is late THEN tax paye r is subjected to penalty. 

Rule3. IF a taxpayer is registered for VAT 

AND report monthl y FS on time 

AND the amount of VAT paid exceeded the amount of V AT co llected 

AND th e FS include the report of the co llected amount of VAT 

TH EN tax payer can apply fo r VAT refund 

Rule4 IF a taxpayer is registered for VAT 

AN D report monthl y FS on time 

A ND th e amoun t of V AT paid exceeded the amount of V A T collected 

AN D the FS include the report afthe co llected amount of VA T 

AN D all the transactions are non export 
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THEN VAT refund claim is accepted 

Ru leS I F a taxpayer appl ies for V AT refund is exporter 

T HEN a ll export documents are required 

Rul e6 IF a taxpayer is registered for VAT 

AND report monthly FS on time 

AND the amount of VAT paid exceeded the amount of VAT collected 

AND the FS include the cla imed amount o fVAR in the report 

AND the transactions incl ude export commodit ies 

AND valid expOit documents are attached 

THEN V AT refu nd clai m is accepted 

Ru le7 IF the VAT refund is accepted AND zero rate transaction exceeds 25% 

AND refund amount >50ETB 

AND no other tax liabili ty 

THEN refund will be paid within two months. 

Ru le8. IF the VAT refund is accepted AND zero rate transaction exceeds 25% 

AND refund alnount >50ETB 

AND other tax liab ility expected 

THEN refund will be offset with the liability and the net wi ll be pa id within two 

months. 

Rule9 IF refund amount is less than 50ETB THEN it is offset to other liab il ity 

Rule I 0 IF refund amount is less than 50ETB THEN cannot be paid in cash. 

Facts 

V AT refund is a concern of registered tax payer. 

Any tax expected is tax liab ility. 

Commodity can be export or non export. 

A valid custom declaration is an export document. 

A valid Bi ll of lodging is a valid export doc um ent. 

A va lid A ir plane ticket is a valid export document. 

A val id Bank permit invo ice is a valid export document. 

A valid Contractual agreement with rec ipient of the time is a va lid ex port docum ent. 

These rules and facts are added to the know ledge base using pro log program min g 

language . The deta il is presented in append ix VI, based on which the system is applying 

reasoning. 
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During knowledge base construction considering s ituationa l ana lys is in the ru le base is a 

cha ll enging task. For instance, government del iberate ly favors not to pay V AT refund 

because of the cash shortage ava ilable fo r re fund even though the ru le clearl y declares to 

refund on t ime. Contrary to thi s some spec ia l favor also made to VAT refund in order to 

promote export that is capable of earning fore ign currency. This controversies and spec ia l 

cases are the cha llenges during knowledge base co nstruction. 

4.2.3.4. Reasoning Mechanisms 

During inference, ru les are li nked into cha ins of reasoni ng by the KBS which can use either 

backward cha ining or forward chaining. Forward cha ining is data-dri ven and in vestigates 

the consequences o f the knowledge and finds the rules whose cond itions are sati sfi ed by 

the knowledge; whereas backward cha ining is the goa l-dri ven reasoning tries to prove a 

hypothesis by fi nding rul es w ith the hypothesis resul t in its conclusion. In case where an 

expert first needs to gather some information and then tr i e~ to infer from it whatever can be 

in ferred, the fo rward cha ining inference engine is chosen. Whereas, incase when expert 

begins with a hypothet ica l so lution and then attempts to fi nd facts to prove it, the backward 

cha in ing inference engine is chosen. 

The reasoning mechan ism used for thi s research is the backward cha in ing because the goals 

are predetermined as spec ifi ed in chapter three and refined in the following subsection. 

Backward cha ining systems a re good for solving structu red selecti on types of prob lems and 

don' t requ ire all the rules to be fired but only the ru les that have connection with the 

spec ifi ed goa l or sub goa ls. Moreover the PROLOG programming language used in this 

research infers using backward chain ing. 

In backward chainin g, the KBS has the goa l (a hypothet ical so lution) and the inference 

engine attempts to find the evidence to prove it. First, the knowledge base is searched to 

find rules that might have the des ired so lution. Such rules must have the goa l in their 

THEN (action) parts. If such a ru le is found and it' s IF (condition) pa rt matches data in the 

database, then the rul e is fired and the goa l is proven. If thi s is not the case, the inference 

engine puts aside the ru le it is working with and sets up a new goa l, a sub goa l, to prove the 

IF part of this ru le. Then the knowledge base is searched aga in for rules that can prove the 

sub goal. The in fere nce eng ine repeat, the process o f stacking the rul es until no rul es are 
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found in the knowledge base to prove the current sub goa l. This is the way how the system 

reasons out. 

4.2.3.5. The Goals 

The goals li sted in chapter three sections 3.3.3 include all the intermediate and the fina l 

outputs of the V AT refunding process. During inference fi ve top goa ls are used. The 

remaining intermediates are seen as sub goa ls during inference. The fi ve top goa ls are: 

Goal!: Refund offsello other tax liabilities lind Net refund will be paid-this tell s that the 

refund claim gets acceptance but it is subj ected to counterbalance with other tax 

liabili ties or penalt ies that the taxpayer have. The net amount will be paid within 2 

months time from the application of re fund. 

Goal 2: Refund carriedfonvard to the nexl5 months and then the net will be pllid- this 

te lls that the refund claim gets acceptance but it is carried forward to be 

considered on the payments made on VAT for the next consecutive five 

accounting periods 6 

Goal 3: Refund first offset lind net refund carried forward to the next 5 months and then 

the lIel will be paid- thi s te lls that the refund claim gets acceptance but it is 

carried fo rward to be considered on the payments made on V A T for the next 

consecutive fi ve accounting periods after all other tax liabilities are 

counterbal anced. 

Goal 4: Refund does nol concem - thi s tell s the case is out of the concern o f the V AT 

refund claim 

Goal 5: Net refllnd will be paid in cash-the net amount of VAT refund wi ll be paid within 

2 months time from the application of the refund. 

Goals such as document complete, document incomplete are sub goals as they are lead to 

either the refund application followed by other top goals or refund rejection. 

4.2.3.6. The Usel' Interface 

The user interface o f the system is directl y used from the interface of the SWI prolog 

window. The facts are asked to be answered using the "yes" or "no" options o r to be 

se lected and written from the menu a lternatives. 

6 VA T accounting period means one month of Ethiopian calendar. 
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The first page of the user interface we lcomes the user by d isplaying " Welcome to 

VATReAdv Knowledge based system." As shown in fi gure 4.4 and invite th e users to write 

go fo llowed by full stop and press enter key. To start the consultation in vite th e user to 

write continue followed by full stop and press enter key and then fo ll ow the instructi on. To 

get explanation for the conclusions made invite the user to write how followed by full stop 

and press enter key. To know why some question is asked invite the user to write why 

followed by full stop and press enter key. To exit from the pro log w indow invite the user to 

write halt fo llowed by full stop and press enter key. To stop consulting VATReAdv invite 

the user to write quit fo ll owed by full stop and press enter key. To know more about 

VA TReAdv invite the user to write hclp_ V AT followed by full stop and press enter key. 

I ?- go. 
Wei-come to VATReAdv- a VAT Refund advicingKBS. 

To start consulting write continue followed by full stop and enter key and then follow the inslmction, 
To get explanation for the conclusions made write how followed by full stop and enter key. 
To k:n.ow why some question is asked write why followed by full stop and enter key. 
To exit from the prolog window write halt followed by full stop and enter key. 

To stop consulting VA TReA dv write quit followed by full stop and enter key. 
To know more about VATReAdv write help_VAT followed by full stop and enter key. 
=> 

Figure 4.4: The welcoming window of the VA TReAdv. 

4.2.3.7. Explanation Facility 

The explanation facility enables the system to rev iew its own reasoning and expla in its 

dec isions . That means it enables the user to ask the system how a particular conclus ion is 

reached and why a speci fic fact is needed. The system is able to exp la in its reason ing and 

provide the necessa!·y adv ice that is in line with the output of the case under consid eration. 

The system can also prov ide an advice even in the intermediate results of the refunding 

process whenever necessary without the interference of the user. 

The explanation fac ility is among the important parts of the VATReAdv. The system is 

capable to exp lai n how the conclusions arrived. This means the user can ask the system for 

justification of conclus ions or explanation why some questi on is asked . At any po int in a 

consu ltat ion the VA TReAdv responds with the rules that is used for the conclusion, or the 

rules being considered which led to a question to the user. 
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~! SVn-prclog -- c/U~~igabu.'Dea1opib!ptolog codtitl~pl 

Filt Edit SettIngs Run Dtbug Htlp 

=.> consult. 

This is a Knowledg~ based sySl~1ll that help rou get airaJ"e of the rAT r~fundillg process 
Answer the questions dlat rou will be asked 

To answer the. question write eiTher "yes' or 'no' or. 
one from ~Ie list and then '.' fonired by ' enter key' Ok! 

Figure 4.5: The VA TReAdv window asking the tax payer. 

G 

"Are you tax paye r of Ethi opian government?" is the first question asked by the system. 

This question is asked to te ll that th~ system is onl y the concern of the taxpayer of Ethiopia 

but anyone in need of the consultation can proceed. In case where the response is yes the 

system continue to ask more questions so that the appropriate conclusion is made. In the 

meantime or at the end of the consultat ion the system prov ides the necessary adv ices when 

ever appropriate. 

~ $\VI-Pro1cg Thrud 2 (6(92) Intu.dor 
F,le £dlt Scttlng~ Run 

cOlnmodity:noll_ export'? : yes. 
fs_rep0i1:tilllly"? : yes. 
c\aimed:report_ahead'~ : yes. 

The refund alllount you have requested gets: accepted. However to get you refund 
you need to proceed. III ca5.e where you ha\'e other tax liability, the tax autholity 
has the right to offset the motley you ha\"l~ required to pay. If you ha"e no tax. 
liability, based Oil tile a!Houut oftransac tioll you made abroad eith.::r it wiu be. 
c3nied forward to the coming fh'e months payments you \\-ill made for the 
autholiry or paid in cash \vithin t\\·o months. The fonner is the case when your 
tram.ac tions abroad exceed 25 percent and the latter othen\;se. 
tax_liability:expect('d? : 

Figure 4.6: The window thal give advice for the accepLed VA T r _rund claim. 

1-) 

As shown in fi gure 4.6 above, the sj'stem asks questions and collects the answers. It g ives 

intermed iate advices that te ll s the user how he/she can proceed and what could be the 

results following thi s step. The application proceeds likewise. 
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4.3. Testing and Evaluation 

There are different techniques that are employed to systems testi ng and eva luati on. Based 

on the t ime of eva luation made, we can classify eval uation as conti nual and summative 

(An um ba and Scott, 200 I). The former is the evaluation of the system during and 

throughout the development process and the later is the eva luation of a system afte r the 

development task is completed. 

For thi s research the two above mentioned methods are used in combination. The 

eva luation process tries to answer the questions like: are the know ledge acq uis ition and 

know ledge representation schemes adequate or do they need to be extended or modifi ed? Is 

the system coming up with the r;ght answers for the right reasons? Is the embedded 

knowledge consistent with the experts? Is it easy for users to interact with th e system? 

What facil it ies and capabi lities do the users need? 

In add it ion to these, the qua lity of the system's decision and advice, the correctness of the 

reasoning techniques, the system' s efficiency, and its cost effectiveness. The evaluation 

activity a lso invo lves exploring the code, examining the reasonin g processes, examining 

intermediate resul ts and concl usions orthe system, to help detect errors as early as poss ible 

in the development. 

The eva lu ation process adopted has invo lved the domain experts from beginn in g to end of 

the process . The experts interacted with vari ous sections of the system by inputting severa l 

variab les to check its performance and providing feed backs on d iffe rent cases. These are 

use ful in identifying areas of knowledge miss ing from the system; areas of the system 

whi ch are not being covered; and whether the knowledge was consistent with that of the 

experts and so on. 

As the aim of the summative evaluation is to test V ATReAdv ab i li ty aga inst vari ous cases 

of VAT refund, the sample data used to test the system conta in four di fferent types of cases 

so that these va riet ies make the sampling of test data more adequate and comprehensive . 

The test data types include: 

i) Specific cases - to test whether specific situations are handled properly; 

ii) Frequenl cases - to test whether the system co uld cope with day-to-day cases; 
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ii i) Historical cases - to compare the standards of the past with that of the system and 

the experts; 

iv) ArbitrOlY cases - used to test the breadth of si tuations that the system is ab le to 

handle. 

Within the types mentioned above, the test cases selected are a lso very different in terms of 

the busi ness type, address, and date they are exhibited so that no bias would be introd uced 

into the eva luation process and enab les us to work with the case sensitivity ana lys is. The 

cases are entered into the system with the visual interaction of the expel1 eval uators. 40 test 

cases wh ich are chosen by the experts on the basis of th e above mentioned four parameters 

are used to eva luate VATReAdv during the summative eva luation phase. Experts arc 

a llowed to make comments while test ing the system, alter ing parameters as desired. 

Four sample cases (one for each type) are briefly described below: 

Case 1: (Sample Specific Case data) 

Profile of the case: This case invo!ved a VAT refund req uest of business X' which is a 

private limited company estab li shed in 02/04/2007 in Add is Ababa and engaged in 

production of house and office equipments with the license number Y I . It is reg istered for 

VAT at kolfe-karanio sub city tax authori ty and the VAT certifi cate is issued on 

25/04/2007. There is no previous tax hi story recorded and ava ilab le in the database as well 

as in man ual basis regarding this business. The VAT refund application for the transact ion 

performed in the month of Ju ly 2007 which amounts 56,452ETB is fi led on 02/09/2 007 by 

the lega l representati ve of the company. However, no mOllth ly financial reports were fi led 

to the tax offi ce s ince the registrat ion for VAT to the app licati on for The VAT refund . 

There are no ev idences that the transaction inc lude commodities exported th roughout the 

month-July 2006. 

Decision made: The system, after having asked the user for the fo llowing question , 

conclude the refund req uest is rejected. The questi ons asked and the answers prov ided by 

the system are: 

are you_tax yayer:oCthe _ ethi opian _goverment? : yes. 

cOl11l11 odity:non_export? : yes . 

"/ The business name and license number are not disclosed for the privacy purpose 
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fs_ report :t iml y? : no. 

commod ity:export? : no. 

fs _ report: late? : yes. 

The fina l output is "The rejimd is rejected." T his decis ion is identical to the one made and 

reason out by the human expert. Following the deci sion the system advice the taxpayer by 

te ll ing the reason for the rej ecti on of the refund request as: 

"Your rejimd request is rejected because of YOllr f ailure to report your financial statement 

reports on time. For the jii/ure you don't fa/get to report your financial statement report on 

time. The financial report sllbmilling time of a given months is 30 days after the end of the 

month. However the authority may revise this accordingly. Therefore you are always being 

alert to new information regarding your tax. " 

Among 9 similar specific case test data, the system decision of7 of them matches with the 

dec is ion of the human experts. That means, for th is data types a lone the accuracy is 78% 

Case 2: (Sample Frequent Case data) 

Profile of the case: This case invol ved a V AT refund request of taxpayer X8 whi ch is a so le 

proprietorship established in 18/06/2005 in Arbaminch ane: engaged in general constru cti on 

with the license number Y2. It is reg istered for VAT at SNNP regiona l tax authori ty­

Awasa. The VAT certificate is issued on 25/09/2005. The tax assessment report of the tax 

auditors for thi s taxpayer shows a sum total of29,453.55ETB is expected to be paid for the 

previous Ethiopian fi sca l yea r9 ( 1997) by the taxpayer. On the other hand, The VAT refund 

applicati on for the transaction performed in the month of December 2006 whi ch am ounts 

34,299.06ETB is fi led on 02/09/2007 by the taxpayer. The tax payer had bee n submitted all 

hi s monthly financ ia l repolts on t ime s ince registration to the refund application. Moreover, 

a ll the invoices attached with the appl ication are within, the ranges of invoice numbers 

reported to the tax ofti ces from the lega l invoice publi shers. However, no evidence attached 

to show any service de li vered abroad. 

8 Again the business name and license number are not disclosed for the privacy purpose 
9 Ethiopian fiscal year is from September 11 0fthe year to September 10 of the following year 
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Decision made: The system, after having asked the user for the following question , 

conclude the refund request is accepted and offset to the tax liabili ty expected. The 

difference from the offset is decided as it is carried fo rward to tax liabilities in the com ing 

five accounting period and then it will be paid. 

The questions asked and the answers provided by the system are: 

are y ou_tax _payer:oC the _ ethiopian_goverm ent? : yes. 

commodity:non_export? : yes. 

fs_report:timly? : yes. 

cla imed:report_ahead? : yes. 

The system adv ices meanwhile for his getting acceptance as: 

"The refimd amount you have requested gets accepted However, to get your refimd YOll 

need to proceed. In case where you have other tax liability, the tat authority has the right 

to offset the money you have required to pay. If you have no tax liability, based on the 

amount of transaction you made abroad either it will be c,:rried jO/1vard to the coming jive 

months payments you will made for the authority or paid in cash within two months. The 

former is the case when your transactions abroad exceed 25 percent and the laller 

otherwise. " 

and continue to ask. (See figure 4.6) 

tax-,iability:expected? : 

" ................... " tax_liabili ty:expected? : yes. 

And the final output was 'The refund is subject to offset." This is identical to the decision 

made by the human experts at the time. Following the decision the system adv ice the 

taxpayer for the procedure of refund offset. 

Aga in, among 9 simi lar frequent case test data, the system decision of 7 of them matches 

with the decision of the human experts. That means for this data types the accuracy is 78% 

Case 3: (Sample Historical Case data) 
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Profile of the case: This case in volved a VAT refund request of a government owned 

enterpri se called X'O which is established in 02/04/ 1998 in Addi s Ababa and engaged in 

leather and leather products with the license number Y3. It is registered fo r VAT at head 

offi ce of the authority and the VAT certificate is issued on 25/07/2003. For the year 2002 

and before, the tax authority had imposed tax which amount a sum total of 

2,001 ,04 1.78ETB. More than 86% of the ir sa les transacti ons were made abroad . Bes ides 

the year long contractua l agreement with the rec ip ient compani es, the customs dec larat ions, 

lodg in g t ickets, bank permi t invo ices, bank cred it in voice fo r earned fore ign cu rrency and 

invoices fo r the pa id VAT on purchase were attached. The VAT refund app licati on for the 

transaction performed in the month of Dec. 2003 which amounts 3, I 56,452.37ETB was 

fil ed on 12/01 /2 004 with a covering business letter of the enterprises. The enterpri se had 

been submitted hi s monthly fi nancial reports on t ime since reg istration to the refu nd 

appl ication 

Decision made: The system, after havi ng asked the user for the followin g question, 

conclude the refund request is accepted; and out of the requested re fund amount 

3, I 56,452.37ETB 2,00 I ,041.78 ETB is offset to the tax liab ili ty and the remai ning 

I , I 55,4 I 0.59 is pa id within two months s ince the appli cation had been made. The comment 

given by the experts regardin g this case is th at the case de layed six months practically by 

the human experts processing. The de lay was not because of the legal proced ure rather it 

might be because of the bureaucratic and processi ng bottle necks exist at the begi nning of 

the V A T operation si nce that time. 

The questions asked and the answers prov ided by the system are: 

are you_tax yayer:oCthe _ etiopian _goverment? : yes. 

commodity:non_export? : no. 

commodity:export? : yes . 

custom_declarati on: valid? : yes. 

bill_oU odgi ng:va li d? : yes. 

bank_permi U nvo ice:va li d? : yes . 

contractua l_agreement:va lid? : yes. 

10 sti!lthe busi ness name and license number are not disclosed for the privacy purpose 
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vaUnvoice:va l id? : yes. 

bank_credit_advice:valid? : yes. 

fs_ report:timly? : yes. 

claimed:report_ahead?: yes. 

The system adv ices the tax payer meanwhi le for his getting acceptance as it is shown in 

case 2 above and continues to ask 

taxJiabi lity:expected? : yes. 

And the final output was "The refund is offset and the remaining should be paid within two 

months." Thi s is a lso identica l to tbe decision made by the experts regard less of the delay 

in the process of the human expert at the time. Fo ll owing the dec ision the system advice the 

taxpayer for the way how the cash is collected. 

Still, among 9 similar historical case test data, the system decision of 8 of them matches 

with the dec ision of the human experts. That means for this data types the accu racy is 88% 

Case 4: (Sample Arbitrary Case) 

Profile of {he case: This case involved a V A T refund request of a coffee exporting 

enterpri se called Xli which is establi shed in 02/0411 989 in Add is Ababa and engaged in 

exporti ng coffee with the li cense number Y 4. It was reg istered for VAT at head office of 

the authority and the V AT certificate was issued on I 1/03/2003. For the year 2002 and 

before, the tax authority had imposed a profit tax wh ich amount a sum tota l of 

I ,780.045.36ETB. Almost 100% of their sales transactions were made abroad. Besides, the 

yearlong contractua l agreement with the recipient companies, the customs dec larations, 

lodging t ickets, bank permit invoices, bank credit invoice for earned foreign currency and 

invoices for the paid VAT on purchase are carefully attached. The VAT refund application 

for the transact ion performed in the month of Sep. 2003 wh ich amounts 2,302.046.27ETB 

is filed on 2311 1/2003 with a covering business letter of the enterpri ses. The enterpri se had 

been submitted hi s month ly financial reports on time si nce registration to the refund 

application 

II still the business name and license number are not disclosed for the privacy purpose 
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Decision made: The system, after having asked the user for the fo llowing quest ion, 

conclude the refund req uest is accepted; and out of the requested refund amount 

2,302.046.27ETB 1,780.045 .36ETB was offset to the tax liab ility and the remai ning 

522,000.9 1 is paid within two months s ince the applicat ion had been made. The comment 

given by the experts regarding this case is a lso de layed for a year. Again, the delay was not 

because of the lega l procedure rather it might be because of the bureaucratic and processi ng 

bott le necks exist at the beginning of the VAT operation since that time. 

The questions asked and the answers prov ided are: 

conllTIodity:non_export?: no. 

commod ity:export? : yes. 

custom_declaration:valid? : yes. 

bill_oUodging:valid? : yes. 

bank_permiUnvoice:va lid? : yes. 

contractual_agreement valid? : yes. 

vaUnvo ice:valid? : yes. 

bank_credit_advice:valid?: yes. 

fs_report:timl y? : yes. 

c lai med:report_ahead? : yes. 

Decision: The refund is offset 

The system advices the tax payer meanwhile for hi s getting acceptance as it is shown 111 

case 2 and 3 above and continues to ask 

tax-,iabi lity:expected? : yes . 
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And the final output is "The refund is offset and the remaining should be paid within two 

months." This is a lso identica l to the decision made by the experts regard less of the delay 

in the process of the human expert at the time. Fo ll owing the decision the system adv ice the 

taxpayer for the way how the cash is co llected. 

Sti ll , among 13 arb itrary test data, the system decision of II of them matches with the 

decision of the human expe rts. That means for thi s data types the accuracy is 84.6% 

Accordingly, a sum tota l of 40 cases are tested. Fina lly, we can come up with the 

agreement of the exhaustiveness of the test not only fo r the type of data spec ifi ed above but 

al so to the type and of data they are supposed to be tested. 

In addition to the continual vs. summative evaluat ion, KBS eva luation techn iques can al so 

be split into two broad types (Anumba and Scott, 200 1), which are; qualitative - employing 

subjecti ve comparisons of performance; and qualitalive- employing stati stica l techniques to 

compare KBS performance aga inst either test cases or human experts. 

Most developers employ the use of qualitative techniques such as the common process of 

running test cases through the proposed system and comparin g th e system's output with 

known results (Moore and Miles, 1991). Quantitative tec hniques a re rarel y used and are 

considered inappropriate for the evaluation of a KBS ("'tOore and Miles, 1991). This is 

mainly because these approaches would not normally be used for the evaluati on of human 

experti se . 

Predictive validation is one of the most commonly employed qua li tative techniques to 

eva luate KBSs (O' Keefe et 0/., 1987, Hayes-Roth et 01., 1983). The test invo lves the use of 

historic test cases. The KBS is dri ven by past data to obtain a set o f conclusions. These 

conclusions are compared with that of the hi storic case or with expert performance ; and 

then the performance is j udged. This is what we fo llow in the eva luation process of this 

resea rch. The summery of the who le evaluat ion is presented in the confusion matrix shown 

in the table 4.2 below. The deta il s of the test cases are presented in the table at appendi x V. 
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4.4. The Confusion Matrix 

The confusion matrix is a simple square matrix that compares the re lat ive performance of 

the human and the new system- the match and mismatch. The co lumns of the matrix 

correspond to the number of instances by human and the rows correspond to the number of 

instances by the system as a particular value. For example, us in g the output presented in 

table 4.2 we see 3 instances have the resu lt refu nd rejected (C) by the human whereas they 

have the result refund pa id (D) by the system. The values in the d iagona l are the number of 

in stances that a re match and those that deviate from the diagonal is the number of instances 

that are mi smatch. 

OUTPUT BY HUMAN EXPERTS 

A B C D E Slim 

OUTPUT BY A 7 0 2 0 0 9 

VATReAdv B 0 8 2 0 0 10 

C 0 0 11 0 0 11 

D 0 0 3 7 0 10 

E 0 0 0 0 0 0 

slim 7 8 18 7 0 40 

Table 4.2: Confusion matrix that show the result orthe experiment 

'Key: A=Refund offset, B= Refu nd carried forwa rd, C= Refund rejected, 0= Refund pa id, 

E=Refund Doesn' t concern. 

From the table 4.2, the performance of the system is computed using the fo llowing 

eq uation. 

The accu racy = No. of matching instancesl Total No. of in stances 

= (AA+BB+CC+DD+EE)/40 

= (7+8+ II +7+0)/40=33/40=0.825 

=82.5% 
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The result shows the system has an accuracy of 82.5%. T he rema ining 17.5% is th e 

variation between the system and the human experts. Out of the 17.5% the output of the 

human expe rt is fo und to be only ' ref und rejecled' whereas the outpu t using the system 

conta in outputs, ' refund offsel' , 'ref und carried forward' and ' refimd paid' . The variat ion 

happened beca use of two main reasons. The first one is the trend in the reve nue authority 

regarding VAT refundin g is that the experts as we ll as managers favo r fo r rejection than 

that o f th e othe r 'results in case where there is some compl ications or mi sunderstandin gs or 

vague ideas to process a refund . 

The other is the new system cou ldn ' t work with situation ana lysis while the human can do. 

The system narrows down thi s gap by considering case based reasoning that enab le it to 

learn from past hum an practices which is not covered in th is research. 

The system ca n be mai ntai ned and updated only through man ua l basis by addi ng new or 

relevant rules and facts in the know ledge base of the system and by de let ing unnecessary or 

changed rul es from the knowledge base. An automatic updating is not considered in this 

research. 

70 

I 
J 



CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

This study has verifi ed the app licability of KBSs to support VAT ad mini strat ion and the 

results obta ined are promis ing. In thi s chapter, a summary of the problems addressed 

together with preliminary results found and recommendation for future improvements are 

presented. 

5.1. Conclusions 

As we can see fro m result of the experimentation, the performance of the system in term s 

of exp laining result, shortening processes, providing advices and mak in g decision easier is 

interesting. It is also effi c ient in terms response time and in us ing system resou rces. The 

system can effect ive ly work with any form of V AT refunding cases speci fi ed in the scope 

of the study. The accuracy with reference to the human expert is shown to be 82.5% which 

is encouragin g. 

The intention of the revenue authority in computerizing tax administration and the tax 

co llection procedure focuses mainly on the satisfaction of the tax payers' requ irements. 

Th is requires changing the adm inistrati on in such a way that computerizing tax 

administration system sati sfie s the two parties by making the work of the author ity 

effective and efficient; and providing fairness, better service and justice to the taxpayer. 

The aim of thi s study is to exp lo it the app licability of know ledge base system so that it 

supports the two parties, the tax payer and tax collector, of V AT in co un seling and adv is ing 

based on the V AT law, rules, regulat ions and directi ves set by the concerned governm ent 

bod ies of the country . The system descc ibed in thi s study can ass ist tax payers in matters 

related to tax and encourage the voluntary submiss ion of accurate tax returns and 

payments. Moreover it rai ses the awareness of ex isting tax payers as we ll as newly coming 

investors co ncerning V AT. 

Though the magnitude is different, complaining about VAT is popu lar a ll over the globe. 

Implementation of V AT is highly confronted with resi stance from the stakeholders in many 

countries mai nly because of lack of awa reness, mi sunder,tanding and misinterpretation of 

the law (David, 2007). The case is a lso true in our country. These comp laints, unless 
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clarified properly, may interrupt and discourage the business commun ity. Above all, the 

leve l of trust existing between peop le and their governm ent become pa inful. In thi s regard, 

the study has exp lored and suggested possib le so lution for these interrelated prob lems as 

tax evas ion and avo idance of tax, inadeq uate tax adm in istrat ion, lack of belonging ness (low 

tax culture) and low pub lic awareness about tax in the best possible manner by mak ing use 

of the KBS techno logy. 

The system prov ides advice on requirements, procedures, and goa ls of VAT refunding in 

all sectors of the business that perform transacti ons abroad or at home. The system usa bi lity 

matters can be seen from the point of view of its capabil ity to give solut ion at point in time 

when the tax payer or the officer needs a so lution to a prob lem facing regard ing VAT 

refunding. 

Using the test data co llected on the bases of specificity, freq uency of happening, being 

historica l and arbitrary; the results obtained are promising. Based on the results presented 

in the previous chapter, the fo ll owing conclusions may be drawn: 

o The tacit and explicit knowledge acquired from the various sources encompass 

essentia l e lements that can be used fo r system development. 

o The rule base know ledge representation is a working techn ique that enab les easy 

conversion ofthe know ledge fl ow mode ls to rules. 

o In case when rules and procedures changed or new relevant rules are obtained in the 

course of action, the maintenance of the rule J:,ase is done manually through 

delet ing, modifying and addi ng rule and facts so that the performance of the system 

can further be improved continua lly. However, it is better to investigate further as to 

how to automat ica lly update the knowledge base . 

o Making use of the avai lab le infrastructure enables the system reaches remote offices 

and ~nhances the effectiveness to consider cases that are not limited in a s in gle 

branch office. 

o The proposed system handles VAT refund re lated issues. An effective VAT 

adm ini stration system needs to hand le cha llenge- related to other VAT related 

issues like assessment, declarat ion, invo ices management as we ll as other tax types 

like turnover tax. 
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5.2. Recommendations 

Although the results of th is study are promis ing, further work needs to be done in order to 

upgrade the prototype system to a real system. KBS is an appropriate area of studied to 

solve important problems in the fi e lds of taxation. Using experiences of tax specia lists' 

tac it knowledge, principles of taxation, procedures in taxation and co llected cases in 

taxation as so urce of knowledge, so lv ing problems and maki ng reasonab le dec isions by 

implementing KBS is possible. In th is regard, direction for research in c ludes the fo llow ing. 

Deve lopment of case based reasoning on taxation is needed in order to take s ituat ional 

ana lys is in to considerat ion. Taxation ontology and its app lication in KB S need to be 

considered further so that it will ease the task of knowledge engineering. This is a lso enable 

the system automatica lly acqu ire the tacit and explic it knowledge. 

Extend ing the scope of th is research horizontally to other V A T adm ini strat ion issues like 

assessment, audit, custom cases of VAT, inte lligence tasks of VAT; and a lso vert ica lly to 

other tax types like turnover, sure tax, withholding tax can be taken as the contin uat ion of 

thi s research. 

The weakness of the performance of the tax system i, because of the interconnected 

problems as evas ion and tax avo idance, deterioration in tax admi nistrat ion, and corruption 

among others. The study has shown that the tax system is in genera l neither e ffi cient nor 

effect ive . To so lve thi s problem, prim ar ily, tax stakeholders need to have access to 

in fo rmation in readily and d igestib le fo rm . Therefore, promoting fu rther stud ies on and 

implementation of systems s imi lar to the prototype shown in thi s study has th e capab ility to 

fi ll the gap in the best poss ible way. 

The usa bility of a system is well depend on its characteristics like ease of use, ease to learn 

and the way it enco urages the user. The interface design is among the major point ra ised in 

connection with the usab ili ty. The interface design need to be stud ied in detail and the 

des ign need to integrate natura l language process ing in ord er to ease communication 111 

loca l languages like Am haric, Afan Oromo, T igrigna and others. 

The MIS department of th e revenue authority has got various di visions like system 

admini strati on di vision, database admin istra tion d ivision, software app lication division, 

data comp ilat ion d ivision. But nowadays, knowledge has been identified as one of th e 111 0st 

important resources that contribute to the competiti ve advantage of an organization. 
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Therefore, the authority has to pay attention to divisions for the knowledge engineering 

tasks as we ll so that the wider use of the knowledge resources has come to be reali zed and 

progressive knowledge engineering tasks can be don e. 

Prov iding appropriate continual training to make professionals familiar and a lert to use the 

power and potential of KBS and ES techno logies is also an important point to be 

considered ahead to expand systems of thi s type in the organization . 
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Appendix II 

Interview Questions that are used to collect in formation specific to VAT refund. 

I. Does the VAT refund app licable in our country? What is the concept and operational 

procedure behind it? 

2. What pre and post condi tions are req uired to get the refunding servi ces? 

3. Is there a statutory dead line or and tax holyday or ca lendar that is app licab le for V A T 

refundin g purpose? 

4. What are the concepts of the term s: offset, carried forwarded, accepted, rej ected and 

minimum threshold in the context of VAT refunding? 

5. Is there a mandatory carri ed forward peri od for VAT refund credit? 

6. Could VAT refunds be offset against other tax liabilities? 

7. Are VAT refunds paid from conso lidated VAT revenues or from a budget expenditure 

items? 

8. What ri sks are there in connection with VAT refund and how they are assessed and 

managed? 

9. What verification schemes are employed prior to the app li cation of refund payment? 

10. What information exchanges are made between the tax authority and other institut ions 

I ike customs centers, banks, ... etc. to veri fy the va lidity of refunds? 

II . How long does it take, in princ iple and in practice, to process refund cla ims? 

12. What are the major outputs of refund c lai ms in practice? What are their shares in terms 

of percent of the refund amount and in terms of the number of cia ims? What percent of 

the cla ims in corporate transactions made abroad? 

13. How much does the total refund amount on average as a percentage o f the gross V A T 

co llected? 
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Appendix III 

Discuss ion questions that are used to c ross validate the information gathered through 

interv iew and personal observations. Some part of the discussion is also intended to assess 

the general structure of the tax authori ty, the type of links the authority have with other 

in stitutions, legal autonyms of the authority. Thi s di scuss ion includes not onl y experts but 

a lso top and mi ddle level managers. 

The core po in ts of the di scuss ion' 2 

I. Exp lain the nationa l structure of the tax authori ty? 

2. List the major governm ent, non governmental and private in stituti ons that work 

together with the tax authority? Explain their work sha re, how legall y they are I in ked 

with and their rights and responsibility? 

3. How do you exp la in the procedure fo llowed to process a VAT refund? 

4. What major V AT fra uds or evas ions are freq uently observed in the country? 

5. What are the investi gation, detection, and protecting mechan isms of V A T fraud now 

employed and/or proposed for the future? What, parti cularly, is employed for VAT 

refund related fra uds? 

6. What spec ific data' s are used to process VAT refund cla ims? 

12 Questions I and 2 used to get additional information whereas questions 3 106 llsed for cross validat ion 
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Appendix IV 

== Run information === 

Scheme: weka.assoc iations. PredictiveApriori -N 100 -c -I 
Relation: V A T 
Instances: 4096 
Attributes: II 

Month ly _ FS _report 
C laimed amount 
Commodity_type 
custom dedaration 
bill_oUodging 
Bank_permiUnvoice 
forign_ currency_earned 
contract_agreement 
liability _deducted_refund _amount_requested 
zero rate transaction 
refund statues 

=== Associator model (full training set) == 

Pred ictiveApriori 

Best rules found: 

I. Monthly _FS_report=timely Commodity_type=nonexport refund_statues=rejected 256 
=> Claimed_amount=noti nclude 256 acc:(0.995) 

2. Claimed _ amount=inciude Commod ity _type=nonexport refund _statues=rejected 256 
==> MonthlyJS_report= late 256 acc:(0.995) 

3. Monthly _FS _report=timely Claimed _ amount=inc lude refund _statues=rejected 248 ==> 
CommoditLtype=export 248 acc:(0.995) 

4. refund _statues=offset 128 ==> Monthly _FS _report=timely Claimed _ amount=inc lude 
128 acc:(0 .99498) 
5. refund_statues=offset 128 ==> Month lyJS_report=timely 

liability _deducted_refund _ amount_requested=below50ETB 128 acc:(O.99498) 
6. Monthly _FS _report=timely refund _statucs=offset 128 ==> Claimed _ amou nt= include 

liabi li ty _deducted _refund _ amount_requested=below50ETB 128 acc:(0.99498) 
7. Com modity _type=nonexport refund _statues=offset 124 ==> Claimed _amount= inc lude 

liability _deducted _refund _amounU·equested=below50ETB 124 acc:(0.99498) 
8. refund_statues=paid_ in_2 month 70 => Monthly_ FS_report=t imely 

Claimed_amount= include 70 acc:!0.99492) 
9. custom_ declaration=valid refund _statues=offset 68 => Claimed _ amount=include 

I iabi I itL deducted _refund _amount_requested=below50ETB 68 acc:(0.99492) 
10. bill_oUodgi ng=valid refund_statues=offset 68 ==> Cla imed_amount=include 

liab i lity _deducted_refund _ amounU·equested=below50ETB 68 acc:(0.99492) 
II. Bank_permiUnvoice=va lid refund_statues=offset 67 ==> Claimed_amount=includc 

liabi lity _deducted _refund_ amount_req uested=below50ETB 67 acc:(0.99492) 
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12 . forign_currency _ earned=va l id refund_statues=offset 67 ==> Clai med _amount= incl ude 

I iab i I ity _ded ucted _refund _ amount_requested=be low50ETB 67 acc:(O. 99492) 

13. refund_statues=carriedJorward 66 ==> Monthl y_ FS_report=t imely 

Claimed _ amo unt=i nclude 66 acc:(0.9949 I ) 

14. refund_statues=carriedJorward 66 ==> MonthIL FS_report=time ly 

!iab i !itL deducted _refund _amounU'equested=above50ETB 66 acc:(O. 9949 1) 

15. Monthly_ FS_report=timely refund_statues=carried_ forward 66 ==> 

Clai med _ amount=incl ude I iab i I ity _deducted _refund _amou nt_req uested=above50ETB 66 

acc:(0.9949 I ) 
16. Monthly _ FS _report=timely refund _statues=carried _forward 66 ==> 

Claimed_amount= include zero_rate _transaction=belowaforth 66 acc:(0.9949 1) 

17. C laimed_amount= include refund_statues=carriedJorv,ard 66 ==> 

Monthly _ FS_report=ti mely zero _rate_transact ion=belowaforth 66 acc:(0.9949I ) 

18. Claimed amount=include refund statues=carried fo rward 66 ==> 
- --

I iabi lity _ded ucted _refund _ amount_requested=above5 OETB 

zero_rate _transaction=belowaforth 66 acc:(O. 9949 1) 

19. contract_agreement=valid refund_statues=offset 66 => Clai med_amount=include 

liabi lity_ded ucted _refund _amounU'equested=below50ETB 66 acc:(0.9949 I ) 

20. I iabi I ity _deducted_refund _ amount_requested=above50ETB 

refund_statues=carried_forwa rd 66 => Month ly_FS_ report=timely 

zero_rate _transaction=belowaforth 66 acc:(0 .9949 I ) 

21. liability_deducted_refund_amoun U'equested=above50ETB 

refund statues=carried forward 66 ==> Claimed amount=include 
- - -

zero_rate _transaction=belowaforth 66 acc:(0.9949 I ) 

22. I iab i I ity _deducted _re fund _ amount_req uested=above50ETB 

refund _statues=paid _ in _ 2month 66 ==> Monthly _ FS _report=timel y 

zero_rate _transaction=aboveafolt h 66 acc:(0.9949 I ) 

23. I iabi I ity _deducted_refund _ amount_requested=above50ETR 

refund _statues=paid j n_ 2month 66 => Claimed _ amount=include 

zero_rate _transaction=aboveaforth 66 acc:(0 .9949 I ) 

24. zero rate transaction=belowaforth refund statues=carried forward 66 ==> 
- - --

Claimed _ amount= incl ude I iabi Iity _deducted_refund _ amounU'equested=above50ETB 66 

acc:(0.9949 I ) 
25. Commodity _type=nonexport refund_statues=carri ed_forwa rd 64 ==> 

Monthly_FS_report=time ly zero_rate_transaction=belowaforth 64 acc:(0.9949 I ) 

26. Commodity_type=nonexport refund_statues=carri edJorward 64 ==> 

Claimed _ amount=include I iabi I ity _deducted_refund _ amoullt_req uested=above50ETB 64 

acc:(0.9949 I ) 
27. zero rate transacti on=aboveaforth refund statues=offset 64 => 

- -- -

Claimed _amount=include liab i lity _ded ucted_refund _ amount_requested=be low50ETB 64 

acc:(0 .9949 I ) 
28. zero rate transacti on=belowa forth refund statues=offset 64 ==> 

- - -
Claimed _ amount=include I iabi I ity _deducted_refund _ amoun t_requested=below50ETB 64 

acc:(0.9949 I ) 
29. Monthly _ FS _report=timely Commodity _ type=nonexport 

refund statues=carried forward 64 ==> 
- -

I iab i I ity _deducted_refund _amount_requested=above50ETB 

l.ero_rate_transacti on=belowaforth 64 acc:(0.9949 I ) 

30. contracl_agreement=invalid refund_statues=offset 62 ~=> Monthl y_FS_report=timely 

Commodity _ type=nonexport 62 acc:(0 .9949) 
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31. contract_agreement= inva lid refund_statues=offset 62 => Claimed_amount= incl ude 

Commodity_type=nonexport 62 acc:(0 .9949) 

32. Monthly _FS _report=timely contract_ agreement=inva lid refund _statues=offset 62 ==> 

Commod ity _ type=nonex port I iabi I ity _deducted_refund _amount_requested=belowSOETB 

62 acc:(0.9949) 
33. C laimed _ amount=include contract_agreement=invalid refund _ statues=offset 62 ==> 

Commodity _ type=nonexport I iabi I ity _deducted _refund _amount_requested=belowSOETB 

62 acc:(0.9949) 
34. Bank_permiU nvoice=inva lid refund_statues=offset 61 ==> 

Monthly JS_report=timely Commodity _type=nonexport 6 1 acc: (0.9949) 

3S. Bankyerm iUnvo ice=inva lid refund_statues=offse t 6 1 ==> Claimed_amount=include 

Commodity _type=nonexport 61 acc:(0.9949) 

36. fo rign_currency_earned=inva lid refund_statues=offset 6 1 => 

Monthly JS_rep0l1=timely Commodity _ type=nonexport 6 1 acc:(0.9949) 

37. forign_currency_earned=in va lid refund_statues=offset 6 1 => 

Claimed _amount= include Commodity _type=nonexport 6 1 acc:(0.9949) 

38. Monthly _FS _report=timely BankyermiUnvoice=inva li d refund _statues=offset 61 

=> Commodity _type=nonexport 

liabil ity _deducted_refund _amount_requested=belowSOETJ1 6 1 acc:(0.9949) 

39. Month ly _FS _report=timely forign _currency _ earned=inva lid refund _statues=offset 6 1 

=> Commodity _type=nonexport 

liability_deducted _refund _ amounu ·equested=belowSOET B 6 1 acc:(0.9949) 

40. Claimed _ amount=include Bank _permiUnvoice=invalid refund _statues=offset 61 => 

Commodity _ type=nonexport I iabi I ity _deducted_refund _ amount_requested=belowSOETB 

61 acc:(0.9949) 
41 . C laimed _amount=include fo rign _currency _ earned=in va li d refund _statues=offset 61 

==> Commodity _type=nonexport 

liability_deducted _reful1ll_ amount_rcquested=below50ETB 6 1 acc:(0.9949) 

42. custom __ dec larati on=in valid refund_statues=offset 60 ==> Monthly_ FS_report=timely 

Commodity_type=nonexport 60 acc:(0.9949) 

43. custom declaration=inva lid refund statues=offset 60 ==> Claimed amount=in clude 
- - -

Commodity_type=nonexport 60 acc:(0.9949) 

44. bill_oU odging=inva lid refund _statues=offset 60 ==> MonthlyJS_report=timely 

Commodity_type=nonexport 60 acc:(0.9949) 

4S. bilLoU odging=invalid refund_statues=offset 60 ==> Claimed_amount= include 

Commodity_type=nonexport 60 acc:(0.9949) 

46. Monthly _FS _report=timel y custom_declaration=inval id refund _statues=offset 60 ==> 

Com mod ity _ type=nonexport I iabil ity _deducted_refund _amount_requested=below50 ETB 

60 acc: (0.9949) 
47. MonthlyJS_rep0l1=timely bill_oU odg ing=inva lid refund_statues=offse t 60 ==> 

Commod ity _ type=nonexport I iabi I ity _deducted _refund _ amounU·equested=below50 ETB 

60 acc:(0.9949) 
48. C laimed amount=incJude custom declarat ion=in va lid refund statues=offset 60 => 

- - -

Commod ity _ type=nonexport I iabi I ity _deducted_refund _ an .ount_requested=below50 ETB 

60 acc:(0.9949) 
49. Claimed_amount=include bill_uUodging=in valid refund_statues=offset 60 ==> 

Coml11 od ity _ type=nonexport I iabi I ity _deducted _re fund _al11 ount_requested=bclow50ETB 

60 acc:(0.9949) 
50. custOI11_ declaration= inval id refund _statues=paid_ in_2month 36 => 

MonthlyJS_report=time ly COl11modi ty _type=nonexport 36 acc:(0 .99467) 
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51. custorn_declaration=in va li d refund_statues=paid_ in_2month 36 => 

Claimed_amount=inc lude Commodity_type=nonexport 36 acc:(0 .99467) 

52. bill_oUodging=invalid refund_statues=paid_in_2month 36 ==> 

Monthly_ FS_report=timely Commodity_type=nonexport 36 acc:(0.99467) 

53. bill_ofJodging=inva lid refund_statues=paid_ in_2month 36 ==> 

Claimed _amount=include Commodity _ type=nonexport 36 acc:(0.99467) 

54. Bank_permiUnvoice=val id refund_statues=paid_ in_2month 35 ==> 

Month ly_ FS_report=timely zero_rate_transaction=aboveaforth 35 acc:(0 .99464) 

55 . Bankyermit_ invoice=valid reFund_statues=paid_ in_2month 35 ==> 

Claimed _ amount= include zero_rate _transaction=aboveaforth 35 acc:(0.99464) 

56. Bank_permit_ invo ice=invalid refund_statues=pa id_ in_2month 35 ==> 

Month ly_ FS_report=timely Commodity_type=nonexport 35 acc:(0.99464) 

57. Bank_ permiUnvoice=inva lid refund_statues=paid_in_2month 35 ==> 

Claimed_amou nt=include Commodity_type=nonexport 35 acc:(0.99464) 

58. fo rign_ currency _ earned=inval id refund _ statues=paid _ in_ 2month 35 ==> 

Month ly_ FS_report=time ly Commcdity_type=nonexport 35 acc:(0 .99464) 

59. forign_ currency _ earned=inva lid refund_statues=paid _ in_ 2month 35 ==> 

Claimed _ amount= include Commodity _type=nonexport 35 acc:(0.99464) 

60. custom declaration=va li d refund statues=carried forward 34 ==> 
- --

Month ly _ FS_report=time ly zero_rate_transaction=belowaforth 34 acc:(0.99462) 

61 . custom declaration=valid refu nd statues=carri ed forwa rd 34 ==> 
- --

Claimed _ amount=i ncl ude I iabi I ity _deducted _refund _ arnount_requested=above50ETB 34 

acc:(0.99462) 
62. custorn_declaration=valid refund_statues=pa id_ in_2rn onth 34 => 

Month ly _ FS_report=timely zero_rate_transaction=aboveaforth 34 acc:(0.99462) 

63. custorn_declaration=valid refund_statues=paid_ in_2month 34 ==> 

Monthly]S _report=tirnel y liability_deducted _refund _amount_requested=above50ETA 34 

acc:(0.99462) 
64. bill_oUodging=val id refund_statues=carried_forward 34 ==> 

Month lL FS _report=timely zero_rate _transacti on=belowaforth 34 acc:(0.99462) 

65. bill_ofJodging=va lid refund_statues=carriedJorward 34 --> 

Claimed_amount=include liab ility_deducted_refund_amount_requested=above50ETB 34 

acc:(0.99462) 
66. bill_oUodging=val id refund_statues=paid_ in_2month 34 ==> 

Monthly _ FS _report=timely zero_rate _transaction=aboveaforth 34 acc:(0.99462) 

67. bill_oUodging=va lid refu nd_statues=paid_ in_2month 34 ==> 

Month Iy _ FS _report=timely liab i lity _deducted_refund _ amount_requested=above50 ETB 34 

acc:(0.99462) 
68. Bank_permiUnvoice=va lid refund_statues=carriedJc:ward 34 ==> 

Month ly _FS _report=timely zero_rate _transacti on=belowaforth 34 acc:(0 .99462) 

69. Bank_perm iUnvoice=valid refJnd _statues=carried Jorward 34 ==> 

Cla imed _ amount=incl ude I iabi I ity _deducted_refund _ amounu·equested=above50ETB 34 

acc:(0.99462) 
70. for ign_ currency _ earned=val id refund _statues=carri ed Jorward 34 ==> 

Monthly _FS_report=timely zero_rate _transaction=be lowaforth 34 acc:(0.99462) 

71. for ign _currency _ earned=va l id refund _statues=carriedJorward 34 ==> 

Claimed _ amount=incl ude I iab i I ity _ dedul ted _re fund _ amount_req uested=above5 OETB 34 

acc:(0.99462) 
72. contract_ agreement=val id refund _statues=carri ed _forward 34 => 

Month ly _FS _ report=timely zero_rate _transaction=belowaforth 34 acc: (0.99462) 
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73 . contract_agreement=va lid refund_statues=carri ed_forward 34 => 
Cia imed _ amount=inc1 ude I iab i I ity _deducted _refund _ amount_requested=above50ETB 34 
acc:(0.99462) 
74. contract_ agreement=inval id refund _ ~tatues=paid _ in _2month 34 ==> 

Monthly JS_report=time ly Commodity _type=nonexport 34 acc: (0.99462) 
75. contract_agreement=invalid refund_statues=paid_ in_2month 34 ==> 

C laimed _amount=include Commodity _ type=nonexport 34 acc:(0.99462) 
76. Month ly _FS _report=timely custom_ declaration=valid refund _statues=carri ed Jorward 

34 ==> I iabi I ity _deducted_refund _ amount_requested=above50ETB 
zero_rate_ transaction=belowaforth 34 acc:(0.99462) 
77. Monthly _ FS _report=timely custom_ dec1aration=valid refund _statues=paid _ in _ 2month 

34 ==> Claimed amount=include 
I iabi I ity _deducted_refund _ amount_requested=above50ETB 34 acc:(O. 99462) 
78. Monthly _FS _rep0l1=timel y custom_ dec1aration=val id refund_statues=paid _ in_ 2month 

34 ==> Claimed amount=include zero rate transaction=aboveaforth 34 acc :(0.99462) - - -
79. Monthly _ FS _report=timely bill_oUodging=val id refund _ statues=carried Jorward 34 

==> I iabi lity _deducted_refund _amount_req uested=above5 OETB 
zero_rate _transaction=be lowaforth 34 acc :(0.99462) 
80. MonthlyJS_report=timely bill_oUodging=valid refund_statues=paid_in_2 month 34 
=> Claimed _ amount= i nclude I iabi I ity _deducted _refund _ amount_ requested=above50ETB 
34 acc:(0.99462) 
81. Monthly_FS_report=timel y bill_ofJodging=valid refund_statues=paid_ in_2month 34 
=> Claimed amount=inc1ude zero rate transaction=aboveaforth 34 acc:(0.99462) - - -
82. Monthly _ FS _report=timely Bank _permiUnvoice=val id 

refund statues=carried forward 34 ==> - -
I iabi I ity _deducted _refund _ amount_requested=above50ETB 
zero_rate_transaction=belowaf0l1h 34 acc:(0 .99462) 
83. Month ly _rs_rcport- timel y fo rign_ currency _ earned=valid 

refund statues=carried forward 34 ==> - -
I iabi I ity _deducted_refund _ amount_requested=above50ETB 
zero_rate _transaction=be lowaforth 34 acc:(0.99462) 
84. fo rign_ currency _ earned=valid zero_rate _transaction=aboveaforth 

refund_statues=paid_ in_2month 34 => 
I iabi I ity _ded ucted_refund _ amount_requested=above50ETI3 34 acc :(O. 99462) 
85. custom declaration=invalid refund statues=carried forwa rd 32 ==> . - --

MonthIL FS_report=timely zero_rate_ transaction=belowaforth 32 acc:(0.99456) 
86. custom declaration= invalid refund statues=carried fo rward 32 ==> - --

Month ly JS_report=t imely Commodity _ type=nonexport 32 acc:(0.99456) 
87. bill_oUodging=invalid refund_statues=carriedJorward 32 ==> 
Monthly _FS _report= timely zero_rate_ transact ion=be lowaforth 32 acc:(0.99456) 
88. bil l_oUodging=inval id refund_statues=carried_ forward 32 ==> 

Monthly _ FS _report=timely Commodity _ type=nonexport 32 acc:(0.99456) 
89. Bank_permiUnvoice= invalid refund_statues=carriedJorward 32 ==> 

Month ly JS _report=timely zero_rate _transaction=belowaforth 32 acc:(0.99456) 
90. Bank_permiUnvoice= invalid refund_statues=carriedJorward 32 ==> 
Monthly JS_report=timely Commod ity _ type=nonexport 3, acc: (0 .99456) 
91. forign_ currency _ earned=inva lid refund _statues=carried_ forward 32 => 
Monthly _FS _report=time ly zero _ra:e _ transaction=be lowaforth 32 acc:(0.9945G) 
92. forign _currency _ earned=invalid refund _statues=carried Jorward 32 => 
Monthl y JS _report=timc ly Commodity _ty pe=nonexport 32 acc:(0.99456) 
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93. contract_agreement=in va lid refund_statues=carried_forward 32 ==> 

Monthly _FS_report=timely zero_rate_transaction=belowaforth 32 acc:(0.99456) 

94. contract_agreement=invalid refund_statues=carried_ f0rward 32 ==> 

Monthly JS _report= time ly Commodity _type=nonexport 32 acc:(0.99456) 

95 . Bank_permit_ invo ice=valid forign_ currency _ earned=va lid 

refund _statues=pa id _ in_ 2month 18 ==> 

liab i lity _ deducted_refund_amount_requested=above50ETB 18 acc:(0 .9934) 

96. Bank_perm it_ invoice=val id contract_ agreement=val id 

refund _statues=paid _ in_ 2month 18 ==> 

li abilitLdeducted_refu nd_amounU'equested=above50ETB 18 acc:(0.9934) 

97. Month ly _ FS _ report=time ly forign_ C'Jrrency _ earned=inva lid contract_agreement=va lid 

refund _statues=paid_ in_ 2month 17 ==> zero_rate _transaction=aboveaforth 17 

acc:(0.993 19) 
98. Claimed _amount= inc1ude for ign _currency _ earned=invalid contract_ agreement=va l id 

refund_statues=paidjn_2month 17 => zero_rate_transaction=aboveaforth 17 

acc:(0.993 19) 
99. Commodity _type=nonexpOlt forign_ currency _ earned=inval id 

contract_agreement=val id refllnd_statlles=paid_ in_2month 17 ==> 

zero rate transaction=aboveaforth 17 acc:(0.993 19) 

100. Month ly _ FS _ report=timely Cla imed _amount= include Commodity _type=nonexport 

Bank_perm it_ invo ice=val id zero_rate _transaction=aboveaforth 

refund_statues=paid_ in_2 month 33 => 

I iabi I ity _deducted _refund _amount_req llested=above50 ETB 32 acc:(O. 98886) 
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Case no. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Appendix V 

Business type" Address System output 

Construction Head office offset 

Coffee Head office carried fo rward 

electroni cs Head office paid 

Hotel Head office offset 

Jewel'l Head office carr ied forward 

Leather Head office paid 

Coffee supply Awassa rejected 

Whole sale Awassa carried fo rw;:lrd 

Const. materials Awassa carried fo rward 

Construction Awassa offset 

Spare part Lafto rejected 

House &off. Eq. Lafto rejected 

Garage Lafto calTieci fo rward 

Canst. mater ials Lafto offset 

Compo & acc. Bo le offset 

Restaurant Bole carri ed forward 

Hotel Bole rejected 

House renting Bole offset 

Compo & acc. Bole carried forward 

Canst. materials Kolfekeranio paid 

House &off. Eq . Kolfekeran io rejected 

Whole sale Kolfekeran io carried forward 

Const. mater ials Kolfekeran io paid 

electronics Arada rejected 

Jewelry Arada carried fo rward 

H OLlse renting Arada carried forward 

Restaurant Arada rejected 

Coffees~ Awassa paid 

Who le sale Awassa rejected 

Canst. mater ials Awassa carried forward 

Construction Awassa paid 

Spare part Lafto offset 

House &off. Eq. Lafto re jected 

Garage Lafto paid 

Hotel Bole offset 

House renting Bole rejected 

Compo & acc. Bo le paid 

Const. materials Kolfekera ni o rejected 

House &off. Eq . Kolfekerani o offset 

Who le sale Kol fekeran io paid 

*Key : ..,j - mark s h ow exact match wh e re a s 

x - mark s h ow discr e p a n cy 

13 Sole proprietor, PLC. and partnership combinations are their. 
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Huma n output Match 

offset " carried forward " rejected x 

offset " carr ied forward " paid " rejected " carried forward " rejected x 

offset " rejected " rejected V 
carried forward " rejec ted x 

offset v 
carried forward V 
rejected " offset V 
carried forward v 
rejected x 

re jected V 
carried forward " paid v 
rejected ~ 
rejected x 

carried forward v 
rejected " paid v 
rejected " carried forward v 
rejected x 

offset v 
re jected v 
paid " offset v 
rejected " paid ~--
re jected 

rejected x 

paid v 



The confusion matrix 

OUTPUT BY HUMAN EXPERTS 

A B C D E sum 

OUTPUT BY A 7 0 2 0 0 9 

VATReAdv B 0 8 2 0 0 10 

C 0 0 I I 0 0 II 

D 0 0 3 7 0 10 

E 0 0 0 0 0 0 

sum 7 8 18 7 0 40 

Table 4.2 : confusion matri x that show the resu lt of the experi ment 

Key: A=Refund offset, B= Refund carr ied forward , C= Refund rejected, 0 = Refund pa id, 

E=Refund Doesn' t concern. 

The accuracy = No. of matching instances/ Total No. of instances 

= (AA+BB+CC+DD+EE)/40 

= (7+8+ 11 +7+0)/40=33/40~O.82 S 

=82.5% 
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Appendix VI 

Sample Prolog Code 

% .......................................................... ............................. .................... .. .. ....... ......... ............ .. . . 

%greeting :-

%writeC Wei-come to VATReAdv-a VAT Refund advic ing KBS %System.') ,nl ,nl. 

% ................................................... ........ ... ..... .. ............... ..... .... ...................... .............. . 

top _goa l(X),nl ,nl, 

writeCThe refund is '), write(X), nl. 

so lve :-nl,nl. 

writeCWe ll! come back any time when necessary.') ,nl,nl. 

top _goa l(X) :-n I,n I,taxyayer,nl, 

writeC To answer for each question write only either "yes" or "no" then "." and press 

Ilenterl1 Ok!'),ni,nl, 

are you _ tax_payer( oC the _ ethiop ian_goverm ent),nl ,n l,refund(X),n I. 

top _goa l(X): -are youjn_ need _ of( vat_ refund _awareness ),refund(X), nl. 

reful1d( offset):-

refund I (accepted), 

tax -' iabi I ity( expected),adv ice( offset). 

reful1d( carried_forward):-

refund I (accepted), 

does Y OUl'_ reful1d( above _ 50ETB), 

zero _ rate(below _ a JOIth),adv ice( carried_forward). 

refund(in_ 2mol1th):-refund I (accepted), 

does yoUI' _refund( above_50 ETB), 

zero _ rate( above _ a._ forth) , 

tax.-, iabi I ity( 110t_ expected), 

adv ice(in _ 2month). 

rcfund(rejected): -

fs_ report(late) ; 

c I aim ed( not _report_ahead); 

document(incomplete ), 

advice(rejected). 

refund I (accepted): -
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commodity(export), 

docum en'( com p lete), 

fs_r. POIt(tim ly), 

"Ia i m ed( report _ ahead),ad v ice( accepted). 

,ell t( complete) :-custom _ declaration( va l id), 

bill_ oClodging(va lid), 

Iyer:-

bank_perm it_ invo ice( va l id), 

con tractua 1_ agreement( val id), 

vaUnvoice(va lid), 

bank _ cred it_ advice( val id). 

I,write(,thi s is a tax ..... ......... ... ..................... .'), nl. 

~(offset) :-nl, write(,advice offset. ....... .. .... .. .... .. '), n I. 

~(accepted): -nl,write('advice accepted for acceptance .............. ... ... . .'),nl. 

~(carried _ forward):-nl , write('adv'ice carried Jorward ........ .... ......... '), n I. 

e(in _ 2month): -n I, write(,adv ice in_ 2month ........... ..... ..... '),n I. 

e(rejected):-nl, write(,advice rejected .... .. ........... .. .. '),nl. 

,od ity(X): -ask( commod ity,X) . 

va lued( fs _ repOlt ). 

va lued( c laimed). 

va lued(zero _ rate) . 

. va lued (tax _ I iabi I ity). 

i va lued( commod ity) . 

I 


	MX-M464N_20200311_162218
	MX-M464N_20200311_162254
	MX-M464N_20200311_162419
	MX-M464N_20200311_162443

