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ABSTRACT 

Ex pert systems have been appli ed in vari ous domains in order to so lve problems that require 
expe rt kn owledge. Law is one such domain area that can receive a lot of help from expert 
syste ms in the attempt to come up w ith a fa ire and e ffi cient j udi c ial system. Legal expe rt systems 
contri bute to thi s endeavor by embeddin g ex pert kn owledge w ith in them in various forms and 
providing expert advice . 

Approaches abound in the design of legal expert systems rang ing from rule based legal ~x pert 
systems that represent the knowledge acquired fro m experts in the form of IF-TH EN rul es to 
legal expert systems employ ing neura l networks. 

The approach adopted in thi s research in the des ign of a prototype lega l expert system 
HyRIlNLES (H ybrid Rule based Neural network Legal Ex pert System) is a combination of a 
rul e based approach and a neural network model in an attempt to reap th e best of each. 

The rul e based modul e of the system works with rules th at were derived from legal ex perts 
regarding a spec ifi c domain of criminal law in ord er to arrive at a judgment. The neura l netlVork 
part of the prototy pe HyRu NLES system is needed to handl e a spec ia l type of open texture 
(re lating to sentenc ing di screti on) th at the rule based part can' t handl e. The neural net-work part 
works based on a model developed through tra ining an ANN using past court cases. 

The test result o f the performance o f the system showed that the model oflegal reasoning used in 
thi s research and adopted in the des ign of the prototype legal expert system is fun ctional and 
could be enco urag ing to implement in the form of a full y fun ctiona l legal expert system. 
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CHAPTER ONE: INTRODUCTION 

PREVIEW: 

This chapter is an introductory chapter. It sets out the background to the problem area the thesis tries to tackle, the problems that this work is expected to contribute to solving and the general and specific objectives of the work. It has also got the discussion of the methodologies followed in conducting the thesis work and its scope and limitations. Finally, the chapter outlines the contents of the whole thesis report. 

1.1 BACKGROUND 

1.1.1 Expert Systems 

For years there have been promi ses to de li ver technology that wi ll make computers we can chat to like fri end s, robots that function as autonomous servants, and one day (for better or worse) even produce consc ious machines. 

Ex pert systems represent this desire to come up with computer program s that emulate the reasoning ability of experts in various fields and that eventually act li ke experts. 
The co ncept of expert systems or iginated from research in the fi eld of artific ial intelligence (A I) . Artifi c ial inte lligence is the subfield of computer sc ience that attempts to deve lop machines that are capable of emulating human thought processes. 

Ex pert system s techn ology has been applied in vari olls fi elds and profess ions where experts are vital for the pro fe ss ion' s ex istence. Law is one such area. 
Expert systrems in law ( lega l expert systems) have been put to helping lawye rs and judges in various ways and are the concern of thi s paper. 



-- - --

Knowledge eng in eers (or in a simplist ic language expert systems' designers) can use various approaches in des igning legal expe n systems. A rul e- based. case based, neural network, fuzzy log ic or a hybrid of any two of these can be used as an approach to designing a legal expert system . 

The ri ght approach in the design of legal expen systems depends on the underlying legal system under which these systems are supposed to function . Therefore, it is appropriate to define what a legal system is and the various lega l systems that ex ist in the worl d that we li ve in today. 

1.1.2 World Legal Systems 

The two major legal systems currently in use in the world are civ il law and common law systems. Other systems such as Muslim law, customary law or a combination (m ixture) of anyone or more of these do a lso exist [URLI]. 

The common law, whi ch developed in Great Brita in after the Norman Conquest, was based on the decisions of judges in the roya l cou rts. It is called judge-made law because it is a system of · ru les based on "precedent". Whenever ajudge makes a dec ision that is to be legall y enforced, this decision becomes a precedent: a rule that w ill gu ide judges in making subsequent decisions in sim il ar cases. The common law is unique in the worl d because it cannot be found in any "code" or "legislation" ; it exists onl y in past decisions. However, th is also makes it fl exib le and adaptable to changing circumstances [URL I]. 

The tradition of civil law is quite different. It is based on Roman law. which was conso lidated by the Roman Emperor Justinian. The law in ancient Rome was scattered about in many places: in books, in statutes, in proclamations. )ustinian ordered hi s lega l experts to put all the law into a s ing le book to avoid confusion. Ever s ince. the civi l law has been associated with a "civ il code", containing almost all private law [URL2]. 

So it wou ld be prudent to address what kind of legal system ex ists in Ethiop ia before settin g out to design a legal expert system to be used in Eth iopia. 
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1.1.3 The Legal System ill Ethiopia 

Accordi ng to Aberra Jemberie [1998] the law of Eth iop ia has its own features. A consideration of 

features of Ethi opian law could start with the ident ifi cation of its place in legal families of the 

world. 

Even though Ethi op ia had her own civili zation, ideologies and cultures, ways of thinking and 

acting, as well as her own indigenous institutions, she a ll the same accepted features of Roman­

Germanic law (civ il law) partly s ince the fifteent h century via the Fetha Negest (The Law of 

Kings) which was based on Roman-Byzanti ne law and via the cod ifi cation of the Penal Code of 

1930 a nd th e other s ix codes from the second hal f of this century. 

However, the reception of Romano-Germanic law had left SOme of the origina l in stitutions and 

customary norms intact. Some customary norms and practices were maintained because of the 

indigenous Ethiopian sense of justice and the value the people attached to ancestral custom. 

For example, under the customary law of Eth iop ia, marriage prior to the promulgation of the civil 

Code of 1960 was an alliance between two fam ilies rather than a union of two persons. Even 

now, as the Civil Code gives the same effect to religious, c iv il and customary marriage, in the 

case of customary marri age the si tuati on is the same. 

Thus we can say that Ethiop ia is a predom inant ly c ivil law country; however, there are traces of 

customary law in its legal system. 
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1.1.4 Dependence of Legal Expert System Design on Prevailing Legal System 

Current commerc ia l systems in most part use a fairly standard technology ca ll ed logic programming. Logic programming systems in law wou ld enable a programmer to put in the constituent parts of a lega l rule in a symbo li c language and specify logical relationships. Legal rules drawn from statute or case law are written in symbo li c language that can be manipul ated to produce a solution. A set of' if condition , then action' rules are compared against a set of facts to reach a logical conclusion. [URL3] 

For example, the legal rule of if you drive while drunk you will lose your li cence becomes ' drink & drive li cence loss' . Thi s representati on of the rule can be put into a computer system. The system would ask the user questions based on legal definitions of ' drink' and ' dr ive' and advise the user on the status of their licence. These sort of expert systems that utilise logic programming to manipulate rules are also known as 'ru le-based' expert systems.[ URL3 ] 

The rule based legal expert systems have been heavily criticized in common law cou ntries. · Capturin g lega l knowledge us in g case based reasoning systems has intuitive appeal considering the importance of cases and judge made law conta ined in cases, in common law lega l systems. In appl ying cases and constructing arguments from cases, case based reasoners appear to incorporate analog ical reason in g [Aikenhead, 1995]. 

As true as what is stated above can be, both rule based and case based expert systems have shortcomings of their own. Rule based systems cannot deal with open texture that is prevalent in any statute (that of a term being open to interpretation). Discretion left for judges in sentencing in a statutory law is an example and a spec ial form of open texture. 
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On the other hand, case based reasoners or neural networks can emulate th e analogy that experts 
re ly on to draw on experience as to the meaning of an open textured term . However, eve n if 
expe rts do impli c itly draw on past cases to interpret the meanin g of an open textured term, neither 
lawyers nor judges in Ethi opia can base and present their argum ents on precedent set in prev ious 
cases, as Ethi op ia is not a common law country. 

It is in li ght of these shortcomings of anyone paradigm that hybrid systems come in to the scene. 
Hybrid legal expert systems are a marri age of two parad igms that attempt to exploit the best of 
each. 

In thi s paper, a hybrid expert system combining a ru le based and neural network approach is 
employed in an attempt to overcome the shortcomings inherent in both parad igms. A rule-based 
system is used to form arguments based on the criminal law or statute (Pena l Code of 1957) in 
the country and the neura l network is used to determine or predict the number of years of 
imprison ment once the accused is found gu il ty. 

Integration is provided only at a higher level where the user a lternate ly uses the two systems to 
form lega l argum ents (or j udgments when the user is a judge) and look in to poss ible areas to 
research into in form ing those arguments. 
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1.2 PROBLEM DEFINITION AND JUSTIFICATION OF THE STUDY 

Donald H Berman et al [1989] in their art icle "The Potential of Artificial Intelligence to Help 

Solve the Crisis in Our Legal System" described how legal expert systems can help in bui lding a 

more faire and efficient legal system. In that art icle, they quoted Derek Bok who explained the 

problems preva lent in most legal systems in these words: 

The laws that govern affluent clients and large inst itutions are numerous, intricate and applied 

by highly sophisticated practitioners. In this section of society, rules proliferate, lawsuits 

abound, and the cost of legal services grows much faster than the cost of living. For the bulk of 

the popu lation, however, the situation is very different. Access to the cOUI1s may be open in 

pri nciple. In practice, however, most people find the ir legal rights severely compromised by 

the cost of lega l services, the baffl ing compli cations of existing rules and procedures, and the 

long, frustrating delays involved in bringing proceedings to a conclusion .. . There is rar too 

much law for those who can afford it and far too li ttle for those who cannol. No one can be 

satis fi ed with this s tate of affairs. 

According to the report of the justice sector reform program of Ethiopia, as quoted by Getachew 

[2004]. the machinery of j ustice is not efficient in Ethi op ia. The civil justi ce system is too cost ly, 

complex and unpredictable. The dispos itions of crim inal cases are so protracted that j'ights 

granted by the constitution are not full y operational. This ineffic iency has resulted in court 

congestion and delays, and obstacles in the promotion and protect ion of human and democratic 

ri ghts. 

Ex pert systems can help in reducing the time involved in providing legal advice to cli ents by 

lawye rs and reach ing at judgments by judges. Automating the reasoning process based on 

knowledge captured from vast years of experience of lega l experts reduces the time and cost of 

prov iding lega l advice and pass ing judgments. 

The proposed hybrid lega l expert system is meant to illustrate a model of lega l reasoning that can 

be used in designing a fu ll fled ged lega l expert system. Such a system can be used by judges and 
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lawye rs in Ethiopia to reduce the amount of time required to arrive at a decis ion or to provide 

legal advice to clients there by curbi ng costs involved in this process, 

The other problem that the researcher expects to so lve through the design of the hybrid legal 

expert system is the problem of sentencing disparity, 

Sentencing di sparity happens when different sentences are levied by judges on two individual s 

who co mmitted the same crime under relat ivel y simil ar situations, Sentencing di sparity results in 

an unfair judicial system that fosters di srespect and di strust from citizens [Sheriff, 1990). 

Judges would have been greatly helped in reaching at fail' decis ions while at the same time 

exercising their discretion in an attempt to individua lize sentencing if they could be guided by a 

sort of a benchmark for crimes comm itted under specified situations , 

[n conclus ion, lawyers and judges a like can thu s secure substanti a l he lp from a lega l advisory 

system or a lega l expert system in terms of sav ing themse lves the time an d strenuous labor of 

drafting legal argum ents that are correct in front of a court of law and arriving at just and fail' 

judgments respectively, 
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1.3 OBJECTIVES OF THE STUDY 

The proposed research had the following general and specifi c objectives. 

General Objective: 

The general objective of this research has been to investi gate the prevai ling legal pract ice 111 

Ethiopia involving criminal cases (specifically that of sexual crimes) and accordingly des ign and 

develop a prototype lega l expelt system that fits it. 

Specific Objectives: 

The following are the spec ifi c objectives necessary to achieve the above general objective: 

• To exp lore the app licabi lity of expert systems in law by conducting a thorough rev iew 

of relevant literature . 

• To build a prototype rul e based expert system that forms legal arguments for lawyers 

and judges regard ing sexua l crimes by co ll ectin g and organizing the necessary 

knowledge in the domain area. 

• To train a neural network mode l that determines the meaning of an open textured term 

by way of prediction. More spec ifi cally, criminal sentenci ng involvin g impri son ment 

for sexua l crimes would be predicted us ing a sample of crime details as inpu t and the 

resu lting sentences as output. 

• To conduct experim ents with se lected cases to test the performance of the prototype 

expert system, 

• To make conclus ions and recommendations based on the test resu lts. 
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1.4 METHODS 

1A.1 Data Collection 

Data fo r the work has been collected from various sources. These sources can be class ified in to 

primary and secondary sources. 

A. Primary Data Sources 

Knowledge relevant to the domain has bee n co llected from interviews w ith lega l experts. Seven 

lega l experts working in various capacities have been interviewed to acquire the necessary 

know ledge for the rule based part of the prototype lega l expert system. 

The interviews were semi-structured interviews conducted by forwarding open ended pre­

spec ifi ed quest ions to the lega l experts and following on leads and asking for e laborati ons. Their 

responses have been transcri bed and organized for inclusion in the rule base of the prototype 

system . 

One hun dred previous cases related to sexual crimes on whi ch judges have pronounced their 

dec is ions have heen co ll ected and analyzed. On ly those cases where the accused was found guilty 

were se lected as these cases were required for neural network training in an attempt to come up 

with a mode l that predicts the number of years of imprisonment once a defendant is found guilty 

of sexual crim es. 

The sentenc ing decis ions by judges and the related suites filed by attorneys were carefully 

analyzed in order to extract the va lues of attributes that have been identified as determinant by 

experts in the sentencing deci sion of judges. 

B. Secondary Data Sources 

A review of the relevant literature about lega l expert systems, th e Ethiop ian legal system, the 

Pena l Code o f the land and previous work in the area has been rev iewed In an attempt to 

understand the issues lead in g to the des ign and development of a lega l expert system. 
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1.4.2 Prototyping 

A prototyp ing approach has been used to des ign the expert system so that the system would be 

tested tirst for its feasibility before taki ng on the complete task of designing and implementing 

the system. Thus, a much scaled down version of the expert system was des igned and developed 

before proceed ing to deve lopi ng a system at th e leve l set out to be designed in this study. 

1.4.4 Tools 

The Knowledge Pro Go ld verSion 3 ex pert system shell availab le in the Department of 

Information Sc ience has been used to design and implement the prototype legal expert system. 

The use of an expert system shell rather than implementing the system from scratch using 

specia lized programming languages such as LISP or PROLOG is chosen tak in g in to account the 

limitation of time the researcher has had to implement the project. The KPWin expert system 

shell was selected s ince it is availab le at the department. 

On the other hand, NEUROSOLUTIONS software has been used to train the neural network 

model in the prototype legal expert system. 

The NeuroSolutions software was se lected Since it has a very user friendl y graphi ca l user 

interface to input data, to train the network and see th e performance of th e network. 

1.5 Scope and Limitations 

This paper dea ls w ith the design of a prototype legal expert that hand les cases related on ly to 

sexual crim es. As th e prototype system is only meant to demonstrate the mode l of legal reason ing 

adopted in this paper. the system doesn' t in clude an interface that integrates the two modules 

employed in the prototype lega l ex pelt system. 

At its present fo rm , the system's output can't be presented directly at a court of law in the form of 

a written lega l argument. Rather, the outputs can be used to guide legal experts in the ir decision 

makin g process on a case and in understanding the im portant dimensions of a case . 
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1.6 Organization of the Thesis 

This chapter has provided the necessary background information to the design of the hybrid lega l 

expert system. The next chapter is a review of the relevant literature related to expert systems in 

genera l and lega l expert systems in particular. Various approaches to the design of legal expert 

systems are reviewed. 

Chapter three contains the general lega l framework in Ethiopia under which the trial of sexua l 

crim e cases is conducted. This discuss ion is relevant in light of the fact that the dom ain 

knowledge that the thesis dea ls wi th is focused on the tri a l of sexual crimes. 

Chapter four discusses the acquisition of know ledge for the rule based part of the prototype lega l 

expert system. Knowledge eli cited from legal experts is structured using the hi erarchical tree 

modeling approach. 

Chapter five has got two parts. The first pal1 shows the representati on of the knowledge acquired 

usin g IF-THEN rules for the rule based part of the prototype system. Part II of the chapter 

discusses the training and testi ng of the artific ial neura l network model. 

Chapter s ix shows the knowledge app lication phase where the interface for th e ru le based part 

and the combined testing of th e prototype system is di scussed. 

Finall y, conc lusions drawn from the wo rk and recommendations for poss ible future work are 

outlined in chapter seven. 

CONCLUDING REMARKS: 

This chapter outlined the background information for the work and the problems that it 

tries to solve. It also presented the specific objectives towards the achievement of the 

general objective set out and the methods employed to achieve them. The next chapter 

builds on this chapter and discusses information related to the design of legal expert 

systems based on a review of related literature. 

II 



CHAPTER TWO: LEGAL EXPERT SYSTEMS 

Preview: 

Building on the general introductory background information provided in the 

previous chapter, this chapter is a conceptual discussion of expert systems in general 

and their application in law in particular. Various approaches that have been 

employed so far in the design of legal expert systems are reviewed briefly in light of 

the approach chosen for this thesis. 

2.1 EXPERT SYSTEMS IN GENERAL 

2.1.1 Artificial Intelligence and Expert Systems 

Artificial Intelligence (AI) is a branch of computer sc ience that has th e goal of understandin g 

intelli ge nce by building computer progra ms th at ex hibi t inte lligenl behavior. It is concern ed 

with the concepts and methods of symbo li c inference, or reasoning, by a computer, and how 

the knowledge used to make th ose in fe rences w ill be represented ins ide the machin e [Robert 

et al. 1993]. 

Al programs th at achieve ex pe rt-l evel competence in so lving problems in task areas by 

bringing to bear a body of knowledge about spec ific tasks are ca ll ed knowledge-based or 

expert systems. Often , the term expert systems is reserved for programs whose know ledge 

base contain s the kn owledge lIsed by human experts, in contrast to knowl edge gathered fro m 

textbooks or non-experts even th ough the two term s are used synonymously more often th an 

not. 

12 

I 
I 

) 



2.1.2 The Anatomy of Expert Systems 

Even if the architecture of expert systems may vary based on the approach used, most have a 
fairl y s imilar anatomy and has been enumerated by Cawsey [1998]: 

o The User interface- used by the system to in teract w ith a user through menus. 
natural language or any other sty le of interaction. 

o An In fe rence engine- used to reason with both the expert know ledge 111 the 
know ledge base and data spec ifi c to the particu lar problem be ing solved. 

o Case-specific data- includes both data provided by the user and partial conclusions 
based on thi s data. 

o Exp lanation system- all ows the program to exp la in its reasoning to the user. 
o Know ledge base ed itor-helps the expert or knowledge engineer to eas ily update 

and check the knowledge base. 

o Knowledge base- where the expert's knowledge is stored 

The foll owing figure summ arizes the archi tecture of expert systems. 
: 

USCI' 

Inte '. 

rfae 
e 

: 

Explanat io 
n System 

Inference 
Engine 

Knowledge 
base editor 

. 

Case 
specific 
data 

Know ledge 
Base 

Figure 2.1 The Anatomy of an Expert System 

2.2 EXPERT SYSTEMS IN LA W 

Computers have long been utilized in the sphere of law. Bas ic appli cations such as word 
processors, spreadsheets and databases have all found their way into lega l offices. 
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Recently, more sophisticated too ls such as computerized lega l research systems, document­

drafting packages, and practice management systems have become increas ingly common. Most 

exc iting howeve r, has been th e prospect of lls ing art ificial intelli gence (A I) techniques to create 

'automated legal reasoning systems'- co mputer systems that reason w ith and apply the law ' in an 

effort to reso lve legal d isputes [Aikenhead, 1995]. 

Examples of such systems include lega l expert systems, wh ich are the focus of thi s research. 

A beaut ifu l descripti on of w hat lega l ex pert systems are is found in O'Cal laghan's [2003] paper 

where he sates that " lega l expert systems are the nexus of artific ial intelligence and the law'- ' 

Thus, lega l expert systems have the a im of prov iding advice similar in form to that which a 

so licitor might provide [Po pple, 1993]. 

It is important to di stinguish these knowledge-based appli cati ons in law, or more specifica ll y 

legal expert systems, from other data based app lications stated earl ier. For one thi ng, whereas the 

primary components of lega'l databases are the ' raw materials' of legal deci sions, cases and 

statutes, the primary components of knowledge-based systems are representations of lega l 

knowledge, information about the lega l system (inc luding cases and statutes) w hich has been 

interpreted an d stru ctured by th e lega l 'expert' who created the system [Greenleaf. n.d.]. 

For another thin g, while data-based systems merely retrieve ' raw materia l' potentia ll y relevant to 

the particular lega l problem, w hi ch the user wishes to so lve, know ledge-based systems apply that 

'raw materia l' to the problem, producing an outcome such as an adv ice or a document that deals 

spec ifica lly with the problem [G reenleaf, n.d ]. 

O' Cal laghan [2003] divides lega l ex pert systems in to two on the bas is of who they are des igned 

to prov id e the ir servi ces for: legal expert systems designed for use by legally trained people and 

th ose des igned fo r use by lay-peop le. He further exp lains th at lega l expert systems des igned for 

use by lega ll y trained people aim to provide a method of speeding-up th e prov ision, and 

improv in g the accuracy, of lega l research undertaken with the ai m of advising th e client. 
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These lega l ex pert systems designed for use by lega ll y trained people, may assume general legal 

knowledge. Consequentl y the questions asked by the system and the reports returned may be 

stated at a leve l appropriate for legally tra ined people . 

The primary benefit of this category of legal expert systems is the reduction of internal cost of 

lega l research. The fl ow-on benefits for c lients results in reductions in the cost of legal services 

and consequently improved access to quality representation, and reducti on of th e tim e taken to 

resolve a lega l quest ion [O' Callaghan. 2003]. 

The aim of this research work has been to develop a prototype legal expert system for use by 

lega lly trained people, as various constraints wouldn ' t have allowed a system that can be used by 

lay-peo ple . Such constraints include the fact that legal ex pert systems for lay people need much 

more time and effort to build since this category of legal expert systems is more difficult to 

create. This is because [O 'Ca liaghan, 2003]: 

• 

• 

• 

No legal knowledge by the user can be assumed. 

The di scovery of the facts of the case becomes problematic, and 

More research is required in the area of fact elicitation before such systems become 

viable. 

In conclud ing this section, we can say that legal expert systems are knowledge based app lications 

that try to capture the e~ert ise of lawyers and jydgs:s in an attempt to generate legal arguments 

that would potentially be used by solic itors in providing legal advi ce to a client. They have the 

a im of mak ing these services more efficient and exped ient. 

2.3 APPROACHES TO DESIGNING LEGAL EXPERT SYSTEMS 

Various approaches have been used in des ignin g lega l ex pert systems. Lega l expert systems that 

employ a rul e-based, case-based. neural network approach or a combination of these are some 

and these are reviewed in this secti on. 
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2.3.1 Rule Based Legal Expert Systems 

Jackson as quoted by O 'Cal laghan (2003) states that rule-based reasonin g uses empirical 

assoc iati ons between patterns o f data presented to the system in order to determine the actions 

that the system should pe rfo rm as a consequence. Systems us ing rule-based reasoning are 

referred to as production systems. 

In a rul e based system lega l rules drawn fro l11 statu te or case law are written in symbo li c language 

that can be manipulated to produce a so lution. A set of ' if condition, then action' rules are 

compared against a set of facts to reach a logica l co nc lus ion[ URL3]. 

Thus in a r[! le based legal expert system the law is represented in the form of a serious of rules in 

the form of it~then statements. The rul es contain the knowledge of lega l experts as to when 

specific laws should be applied.The relevant rules are fired when the necessary conditi ons are 

sati sfi ed. 

Two examples of ru le based lega l expert systems are JUDITH and TAXMAN.The JUDITH . 

system was designed by Popp and Schli nk in 1975 at Stanford, for use by a lawyer, and provides 

IWO methods of interacti on with lawye rs: th e case opt ion and the specific term option. The case 

option is used when a comprehensive analys is of a factual scenari o is required. The spec ific term 

option is used to research the meaning of one or more spec ifi c lega l term s or 

concepls[O'Cal laghan,2003 ]. 

The TAXMAN system is a rul e-based legal expert system created by McCarty, w ith the 

information for the rul es coming frol11 the Internal Revenue Code of the Un ited 

States[ O'Call aghan ,2003] .. 

A major short-coming of rule based legal expert systems is that it is difficult fo r a rul e based 

system to deal with an open textured term that is preva lent in law. 

Bench-Capon and Sergot as quoted by Stranieri et a l[ 199&] define an open textured term as one 

whose extension or use cannot be determined in advance of its app li cation . 

Straneri et al [1998] further enumerate four d isti nct types of s ituations that are difficult to reso lve 

because of the open textured nature of law: 
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• Those that ar ise as a result of c lass ification amb iguiti es- there is a term on the statute yet 

it may be difficu lt to determine what amounts to that term in rea l li fe. Thi s is a 

classi fication prob lem. 

• There may al so be defeasi bl e ru les; ru les th at can be defeated in vari ous ways such' as in 

the context of exceptiona l circumstances 

• A term may also be open textured merely because it IS vaguely defined and can be 

interpreted in various ways. 

• Judi c ia l di scretion is. a lso one source o f the open textured nature of law. A statue may 

provide a judicial dec ision maker (a judge for in stance) a li st of re levant factors that have 

to be given weight by the dec ision maker. The var iat ion in the weights of course resu lts in 

a range of p lausib le decisions. 

Under such c ircum stances. Grienke [1994] exp lains, a lega l expert system when presented with 

the facts of a case, it must decide whether or not a rule applies. S in ce fact situations do not await 

us neatly labe led, creased, and folded the diffi culty li es in subsuming particu lar instances under a 

genera l rule. A "hard case" is therefore one where the system fails to match the appropriate 

pattern, th ereby preventin g a rule' from firing. As computer logic relies on pattern matching, 

know ledge representation necessarily must encounter problems of classification. 

2.3.2 Case Based Lega l Expert Systems 

In a case based legal expert system one or more examples or cases instead of ru les are stored in 

th e system. T he system, when presented with a new legal case, tries to match the closest simi lar 

case in its knowledge base and adopt the so lution in th is prev ious case to the legal case at hand or 

the instant case. 

In case based reasoners, the process of s imilarity determin ation and analogy format ion occurs by 

breaki ng down a s ituation into 'factors'. T hese facto rs are pre-determined by the programmer of 

the case based reasoning system. When presented w ith a problem situation, th e case based 

reasoning system a lso breaks it down in terms of these factors. In this way, the case and the 

prob lem situat ion can be compared for the presence or absence of factors. The number of factors 

shared resu lts in a measure of how si milar one case or s ituation is to another. From here analog ies 

can be created and manipulated . Determining in what ways the cases are s im ilar and in what 
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ways they differ in tu rn all ows the constru ct ion of like ly arguments for and aga inst a given 

propos ition [Aikenhead, 1995]. 

One popular case-based lega l expert system is SHYSTER designed by Popple [1 993] 

SHYSTER' S advi ce is based upon an examinati on of, and an argument about, the si mil ariti es and 

differences between cases. T he system attempts to mode l th e way in whi ch lawyers argue w ith 

cases. but it does not attempt to mode l the way in whi ch lawyers decide whi ch cases to use in 

th ose arguments. Instead, it empl oys statistica l techniques to qu an ti tY the si milarity between 

cases. I t dec ides which cases to use in argument, and what prediction it wi 11 make, on the bas is of 

th at s imilarity measure. 

( 

Ethi opia [2002] deve loped a case based legal precedent ret rieval system spec ifica lly for the 

Ethi opian labor law. Ethi opia' s paper was concerned with the developnlent of a case based 

reasoning precedent retri eval system in the domain of Ethiopian Labor Law. T he requirement fo r 

the system was to build a know ledge base in which complete decided cases could be entered and 

then reca ll ed when si milar cases arose aga in . The legal cases had a predefined case structure w ith 

a number of we ighted features that are used to retl ect the im portant aspects ofa legal case. 

Case based lega l expert systems are more appropr iate in a common law environment. Aikenhead 

[1995 ] states that capturing legal knowledge by adopti ng the case based approach has intuiti ve 

appeal considerin g the importance of cases and judge made law contained in cases, in common 

law legal systems. Popple [1 99 1] also agrees that rules are appropriate for representing statutory 

law. 

As explained in the previous chapter. Ethiopia is a statutory law (civ il law country) and judges 

and lawyers do not c ite prev ious cases to form legal arguments. T hus the appropri ateness of case 

based lega l expert systems in our country' s lega l system is argued aga inst in thi s research. 

[ I is true, however. th at even if legal experts and j udges do not ci te prev ious cases to fo rm legal 

arguments they do impli c itly draw on prev ious cases in order to reso lve the meanll1g o f 

indeterm inate terms. 

Previ ous cases can thus be used to determine the meanin g of an open textured term. 
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2.3.3 Legal Expert Systems Employing Neural Networks 
A. Nature of Neural Networks 

A neural network as described by Hayk in [1994] is a massi vely parallel di stributed processor that 
has a natural propensity for storing experiential knowledge and making it available for use. It 
resembles the brain in two respects: 

• Knowledge is acqui red by the network through a learn ing process 
• Interneuron connecti on strengths known as synaptic we ights are used to store the 

knowledge. 

The study of artificial neural networks ( ANNs) has been inspired in part by the observation that 
biological lea rn ing systems are built of very complex webs of interconnected neurons . In rough 
analogy, artific ial neural networks are built out of densely interconnected set of simple units. 
where each unit takes a number of real valued inputs and produces a single rea l valued output 
[M itchell, 1997]. 

A neuron is a ce ll in the brain whose principal functi on is the co llection, processlllg and 
di sseminati on of electrical signals. The brain's in formati on process ing capacity is thought to 
emerge primarily from networks of such neurons. For thi s reason, some of the earli est AI work 
aimed to create artificial neural networks [Russe ll et ai, 2003]. 

The fo ll owing fi gure shows a simple mathematical model of the neuron . The neuron fires when a 
linear combinati on of its inputs exceeds some threshold. 
As shown in the figure below neural networks are composed of nodes or units, connected by 
directed links. A link from unit ) to unit i serves to propagate the activation aj from) to i. Each 
link also has a numeric weight Wj . ; associated with it, which determines the stren gth and sign of 
the connect ion. Each unit i first computes a weighted sum of its inputs: 

" 'n , = ')' 1I·.i.,o.; . 
.i =0 

Then it applies an activati on function g to thi s sum to deri ve the output : 
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Figure 2.1 from Russell and Norvig a simple mathematical model for a neuron. 

B. Architecture of Neural Networks 

The type of neural network architecture usually used in most neural network shells is called the , 
feed-forward architecture. Feed-forward ANNs allow signals to travel one way onl y: from input 
to output. There is no feedback (loops) i.e. the output of any layer does not affect that same layer. 
Feed-forward ANNs tend to be strai ght forward networks that assoc iate inputs with outputs. They 
are exte nsive ly used in pattern recogniti on. Th is type of organizati on is also referred to as 
bottom-up or top-down [Stergiou et ai, 1996). 

The commonest type of art ificial neural network consists of three groups, or layers, of units: a 
layer of "input" units is connected to a layer of "h idden" units, which is con nected to a layer of 
"output" un its. 

• The activity of the input units represents the raw information that is fed into the network. 
• The act ivity of each hidden unit is determined by the activities of the input units and the 

weights on the connections between the input and the hidden units , 

• The behavior of the output units depends on the activ ity of the hidden units and th e 
weights between the hidden and output units. 
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The feed fo rward network archi tecture In neura l networks IS usually used w ith the back 
propagation algorithm. 

Training a back propagation neu ral network as described by Gashaw [2004] has three steps: 
• The network gets a training instance and, usi ng the ex isting weights in the network, it calcul ates 
the out put for the in stance. 

• Back propagation then calculates the error by tak ing th e difference between the ca lculated resu lt 
and the expected result. In order to train a neural network to perform some task, we must adjust 
the we ights of each unit in way that the error between the desired output and the actual output is 
reduced. Thi s process requires that the neural network compute the error derivatives of th e 
weights. In other words it must ca lcul ate how the error changes as each weight is increased or 
deceased slightly (Stergion et a i, 1996). 

• The error is used to adj ust the weights. This is feeding the error back through the network. 
Using the error measures to adjust the weights is the critica l part of any back propagation 
algorithm. In classic back propagation, each unit is assigned a spec ifi c respons ibili ty for the error. 
For instance, in the output layer, one unit is respons ibl e for the who le error. Th is unit then ass igns 
a respons ibility for part of the e rror to each of its inputs, whi ch come fro m units in the hidden 
layers. and so on, if there is more than one hidden layer. 

Train ing an artific ial neura l network model also in vo lves setting the number of layers and the 
number of nodes (units) in each layer. Once the number of layers, and num be r of units in each 
layer, has been se lected, the network's we ights and thresholds must be set so as to m ini mi~e the 
pred iction error made by the network. This is the role of the training algorithms. The hi storica l 
cases that are gathered are used to automatica lly adjust the weights and thresholds in order to 
minimize thi s error. This process is equiva lent to fitt in g th e mode l represented by the network to 
th e training data availab le . 

The error of a pa rti cul ar configuration of the network can be determ ined by runnin g a ll th e 
training cases through the network , comparin g the actual output generated wi th the des ired o r 
target outputs. The differences are co mbined together by an error fu nct ion to g ive th e network 
error. 
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C. Using Neural Networks in the Design of Legal Ex pert Systems 

Aikenhead [1995] states that identi fy in g patterns between circumstances and class ifyi ng those 

patterns ostensibly appears to be what is occurrin g when an analogy is formed. Two cases w ill 

on ly be regarded as s imilar if they share some sufficient ly close pattern of facts. Researchers in 

Al and law have thus viewed neural nets as a promis ing techn ique w ith whi ch to emul ate lega l 

analogica l reasonin g; thei r abi li ty to match patterns coul d be used to match cases with each oth er 

and w ith prob lem situations. 

Aikenhead [ 1995] argues that the law can not be regarded purely as a system of rules; analogical 

reasonin g fro m past cases is extremel y important. Neural nets may find app lication in systems 

that reason w ith cases. Warner as quoted by Aikenhead [1995] has stated that a large benefit of 

neura l nets is the ir abili ty to classify pattern s and so imi tate the analogical reasoning process. 

th ereby reso lving issues of open texture . 

The use of neural nets to mimic thi s aspect of analog ical reasoning has been investigated by 

produc ing a neural network 'index' of the Theft Act 1968 (England). 

In this index, a factual situation is ana lyzed by the researchers for the presence or absence of 

va'rious co ncepts, the concepts bei ng specified by the wording o f the Act. 

Other peo ple who employed neural networks to des ign legal expert systems in clude Bench Capon 

and Walker et a l [Aikenhead 1995]. 

Neu ral networks as a statistica l method are suitab le for law as long as we are not trying to 

provide any normative bases for decision mak ing [Hunter, I 996]. In this thesis, we are not 

co ncerned w ith mode ling how judges should dec ide cases; rather we want to model how judges 

do dec ide cases. This is appropriate if we want to generate a mode l of adjudication which IS 

consistent w ith prior decis ions and whi ch is an accurate predictor of subsequent deci sions. 

If we were able to build altificia l neural networks whi ch accurate ly predict the outcome of 

undec ided cases we must first id enti fy the case feat ures that will be important to all the releva nt 

judges. We don' t have to assess the im portance o f these factors as th e neural network wi ll do thi s 

for us. The neura l network can then accurately pred ict the outcome of new cases [ Hunter , 1996]. 
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Since neural networks cannot exp la in how they arri ved at their outcomes Dan Hunter[ 1996] 
suggests choos ing a domain where explanati on is either irrelevant or provided by some oth er 
method such as property split in divorce, ba il dec ision or sentencing. 

This thesis a ims to tra in a neura l network model that can provide important first-pass in form atio n 
to asses a client's chances . Thi s is parti cul arly shown to be re levant where a law finn has a large 
num ber of jun ior lawyers who mi ght not yet have accumulated th e experience which maKes a 
good lawyer' s " intuition" [ Hun ter 1996]. 

Hunter [ 1996] asserts that an arti fi c ia l neural network model can al so be used as a lawyer's too l 
to pl ay "what-if ' with the network. By changing the value of one attri bute, and holding th e values 
of a ll other attributes the same, if th e outcome differs it means there is a strong indication that 
thi s attribute is the one w hich the case may well turn . Hence, inte lli gent research and argument 
by the la"/yer on that po int could we ll be the difference between a good and a bad resul t [ 
Hunter, 1996]. 

Stranieri et a l [1 998] state that the use of knowledge di scovery from databases (KDD) techn iques 
such as neura l networks in the legal domain can alter the practice of th e law by introduc ing a 
non-experlmechani sm for pred icting and ana lyzing court outcomes. 

They further state that legal domains that are well sui ted to KDD are those in whi ch a high leve l 
of jud icia l discretion ex ists parti cul arly where the source of the di scretion stems fro m a principle 
statute that presents a list of factors to be taken in to account without spec ifyi ng the relati ve 
importance of each factor. 

In their report Strani eri et a l [ 1998] draw on th ree classifi cations of stare dec is is: traditional, local 
and personal stare decis is and assert th at the predi ctability of court outcomes must be the result of 
loca l and perso na l stare dec isis. 

Here, local stare dec is is re fe rs to the fact that the same equi va lent or more favorable fact pattern 
in the same court leads to the same dec is ion. This means there is a des ire fo r judges to exercise 
descresti on in a manner th at is consistent w ith other judges of the court. 

Personal stare decisis, on the other hand, re fers to the fac t that the same or equ iva lent or more 
favo rable fac t pattern found by the same j ud ge in di ffe rent cases leads to the same decis ion. This 
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means that there is a tendency of indi v idua l judges to be consistent with the way he or she 

exercised di screti on in past similar cases . 

Stranieri et al [1 998] thus assert that in d iscreti onary domains if it were poss ible to expose a large 

number of j udges to the same facts then we can imag ine that a mean ( average) outcome would 

emerge and individual judgments would fa ll on or on e ither side of the mean. This enables us to 

set boundary lines between acceptable and un acceptable exerc ise of discreti on on empiri ca l 

grounds. 

All in a ll , neural networks are preferred to case based reasoners in thi s researcher's opinion in the 

le"ga l domain because ascertaining knowledge about how a decision maker weights and combines 

factors from experts (as what usua lly happens in building case based reasoning systems) by di rect -interview is di ffi cult in that a guessed numeri ca l weights is unlike ly to represent the actual weight 

of the factor in the context of a large number of other independent factors. 

In contrast, a record of th e way the factors have in practi ce been combined by judicial dec ision 

makers ex ists in the form of a transcript of judgments made by them in typical cases. 

2.3.4 Hybrid Systems 

Due to the inadequacies observed in each of the above parad igms in building legal expert systems 

researchers have tr ied to combine one or more of th e above approaches in an anempt to exp lo it 

the strength of indi vidual paradi gms and to make up for the inadequac ies . 

O'Calaghan [2003] designed a legal expert system called SHYSTER-MYCIN that combines 

rule- based reasonin g with case based reasoning for legally tra ined people. The hybrid system 

enables the case-based reasoner to determine open-textured concepts when required by the rul e­

based reasoner, MYCIN. 

The SHY STER-MYCIN system "operates on a reduced ve rs IOn of the Copyright Act 1968, 

inc luding cases th at define the term "auth ori zati on" . The Act is reasoned by a system of rul es; 

whereas cases are reasoned by ana logy" [O 'Ca li aghan. 2003]. 

Strani eri et al developed [1 996 J the Sp lit-Up system whi ch predi cts judicia l decis ions in property 

proceedings within the Family Law of Austra li a. 
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Their System is a rul e-based neural network hybrid system . They used rule sets derived from 

expert heuri sti cs for those uni ts where data was e ither unava il ab le or not sufficiently rel iable fo r 

neural network training. In other word s. they decomposed the task in to sma ll units, where· each 

unit is implemented using a neural network or a rule set [Stranieri et ai , 1996] . 

In thi s thesis the researcher has had the objective of building a rule based neura l network hybrid 

legal expert system for providing lega l adv ice on criminal cases under Ethiopian Law. 

A hybrid lega l expert system can be used to provide help to lawyers and judges III various -domains of cr iminal law in Ethi opia such as sexual crimes, robbery, and hom icide or first degree 

murder. 

Var ious legal experts were consu lted on whi ch one of these areas to proceed for the development 

of th e hybrid lega l expert system. The experts identifi ed the area of sexual crimes as one where 

the ru les are not too many to be handled with in the lim ited time avai lable for thi s work. 

In add ition, the trial of sexua l crimes fits with the model of legal reasoning that the researcher set 

out to experim en t with by the design of the prototype legal expert system. 

Concepts related to the trial and sentencing of crimi nal cases under the Penal Code of Ethiop ia 

are d iscussed in the next chapter. 

CONCLUDING REMARKS: 

This chapter discussed the concept of expert systems in general and their application in law 

in particular. The chapter outlined the various approaches available in the design of legal 

expert systems. 

A hybrid approach that combines rule bases with neural networks was selected from these 

alternative approaches for this work in the hope the shortcomings inherent in these two 

paradigms. The domain of sex ual crimes was selected for the developm ent of the prototype 

legal expert system from various areas in criminal law. The next chapter is a brief 

discuss ion of the framework with in which the trial of sexual crimes is conducted. 
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CHAPTER THREE: THE TRIAL OF CRIMINAL CASES UNDER 

ETHIOPIAN LAW 

Preview: 

This chapter discusses the back ground to the general statute governing crim inal cases in 
Ethiopia ( the Penal Code) and shows the issues involved in the specific legal domain of 
sexual crimes chosen for developing the hybrid rule based neural network legal expert 
System. 

3.1 CRIMINAL CASES UNDER THE ETHIOPIAN PENAL CODE 

Under Ethi opi an law, criminal cases are governed under the Penal Code of 1957. The Penal Code 
governs all cases that are categorized as a crime . 

A crime has been defined III various ways by various authors. R. C. N igam as quoted by 
Kassahun Tesfa [1996] pointed out the fo ll owing three attri butes that characterize an offence as 
crime: 

I. A crim e is a harm caused by a man and w hi ch state desires to avoid or prevent 
2. The preventi ve measures taken by th e state appear in th e form of threat of punishment 
3. Lega l proceedin gs wherein the guilt or otherwise of the accused is determined are a spec ia l 
kind of proceeding govern ed by spec ia l rul es. 

This definition agrees with the defini tion of a crim e as descr ibed under artic le 2 of the Penal 
Code. 

Article 23(2) of the Penal Code defines a c rime by stating that "a crimina l offence IS onl y 
completed when all its legal, materia l and moral ingred ients are present. " 
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Kassahun [1 996] el aborates that thi s means: 

I. the offense must be an act or omission prohibited by law ( legal element) 

2. the o ffense must be phys ica l or an external manifestation of hum an activity or inacti vity ( 

materi a l) 

3. the offense must encompass th e mensrea ( the inhibition of an evil intent) or guilt or 

menta l e lement in the form o f intention or neg ligence ( mora l e lement ) 

The Penal Code provides some exceptions to thi s general rule. For example, in cases of attempted 

ofTence the materi a l e lement need not ex ist in its complete form . 

3.2 ETHIOPIAN PENAL CODE AND CRIMINAL SENTENCING 

The tria l of a criminal case has two stages: the conviction stage and the sentencing stage. At the 

trial stage, the court determines if the accused is guilty or not. If the accused is not found to be 

guilty, the matter will end there. Ifhe is found to be guil ty, on the other hand , the court passes a 

sentence on him. 

A sentence may include penalty, punishm ent or measures. The bas ic form s ofpuni shment that the 

Penal code of Ethi opia prov ides for are reprimand. apo logy. fine, corpora l punishm ent. 

impri sonment, deprivation of civi l, fa mily or profess ional rights, di smissal or reducti on o f rank in 

the armed forces and capital punishment. 

T his pape r dea ls only w ith th ose cr imes that are puni shable by impri sonment by the Pena l code. 

3.3 DISCRETION OF JUDGES IN SENTENCING UNDER THE PENAL CODE 

The 1957 Penal Code of Ethiopia grants di scretion for the courts in the determin ation o f penalty. 

Thi s ca n be seen from the ass igning of a lternative punishments to certain offen ces and provi ding 

of the max imum and minimum limits for punishment ass igned to certa in spec ific offences 

[Tesfaye, 1986]. 
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In parti cu lar to imprisonment. the Penal Code pr9v ides the lower and upper boundaries of the 

sentences such as ri gorous impri sonment from fi ve to twe~ty years (Art icle 523), or on ly one of 

the boundaries is prov ided like in At1i c le 530" ri gorous impri sonme nt not exceed ing five years" 

[Sherif, 1990] . 

However, the Ethi opian legi slature, unde r Artic le 86 of the Penal Code has establi shed the 

general guidin g princ iple that (he court has to assess (h e sentence in accordance with th e degree 

of guilt of th e offender. cons idering "th e dangerous di spos ition of the offender, his antecedents, 

motive and purpose, his personal circumstances and his standard of education, as well as the 

grav ity of is offence and the circumstances of its CO m.'11 iss ion." [Sherif. 1990]. 

Sheriff [1990] observed that courts sometimes pronounce more severe or more lenient sentences 

on certain offenders even th ough they have comparable backgrounds and they comm it identica l. 

s imilar or even more or less seri ous offences than othersThis. he suggests, resu lts in sentenc ing 

di sparity without any reasonable bas is . 

Sentencing di sparity may create a profound disrespect for the law among indi vidua ls and casts 

grave doubt upon the extent to which the goal of individualized correctional treatment can be 

achi eved. 

One reason c ited by Sheriff[1 990] for sentenc ing disparity is the impact of emotionality because 

of the very nature of human mind that makes it impossible to make an abso lutely rational inquiry 

and deci sion. 

Another lega l expert has al so c ited the lack of experience among new judges for the sentenc ing 

di sparity mentioned above . 

Thi s research attempts to come up with a lega l ex pert system that not on ly reasons with the 

criminal law in Ethiopia and ou tputs lega l arguments for lawyers and judges but also tri es to 

suggest or predict the number of years o f imprisonment an offender faces based on s imilar past 

dec isions. 
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For the deve lopme nt of the prototype expert system the researcher has seen it important to focus 

on one sma ll and specific area of criminal law that fits the mode l of trial and sentencing of 

criminal cases discussed above and that is definitely puni shable by impri sonment. A very good 

area that fits thi s description and suggested by lega l experts whom the researcher had di scllss ions 

with is the area of sexual crimes described under artic les 589 and 590 of the Pena l Code of 1957. 

3.4 NATURE AND DEFINITION OF RAPE 

The crime of forc in g another person to submit to sex acts. espec ially sexual intercourse is defined 

as rape . Rape, in law, is the crim e of sexual intercourse without the consent of the victim , often 

through force or threat of vio lence. 

Rape may mean de ferent things under various lega l systems. In the United Kingdom and the 

United States common law, "rape" traditionally described a man who forces a woman to have 

sexual intercourse with him . Forced sex by a husband against hi s w ife was not considered rape, 

or even a crime, throughout most of hi story. si nce as part of th e marri age both partners were 

deemed to have g iven impli cit informed consent in advance to a lifelong sexual relat ionship . 

Modern criminal law el i minat~s thi s exception and includcs acts of sexual v io lence othe,' than 

vag in al intercourse, such as fo rced ana l intercourse, which were trad itiona lly barred under 

sodomy laws [URL 4]. 

3.5 RAPE AND SEXUAL OUTRAGE UNDER THE PENAL CODE OF ETHIOPIA 

The Ethiopi an pena l code differentiates between rape and sexual outrage, which IS a less 

punishable crime a nd are di scussed be low. 

A. Rape 

Rape is described und er alt icle 589 of the Penal Code of Ethiop ia of 1957 111 the fo ll owi ng 

manner: 

Whosoever co mpels a woman to submit to sex ual intercourse outside wedlock ; whether by the use 

of violence or grave intimi da tion or after hav ing rendered her unconscious or incapable of resistance is 

punishable wi th rigorous imprisonment not exceeding ten years. 

Rigorous imprisonment shall not exceed fifteen years where the rape is comm itted: 
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a. on a child under fifteen years orage 

b. on an inmate of a hospital , alms house or asylum, or any establi shment of 

education, correction, internment or control of or dependent upon the accused person; or 

c. Bya number of persons acting in concert 

The conviction of rape depends on the ex istence of three e lements according to Alem Oebebe 

[1 998]: sexual intercourse, force and the commiss ion of the act with out the consent or aga inst the 

will of the victim. 

Sexual Intercourse 

Sexual intercourse is "an actual penetration of the fema le sex organ by the male sex organ." A lem 

[1998] exp lains that even the sli ghtest penetration such as that of in to the labia of the femal e 

amounts to sexua l intercourse and there is no need of the rupture ofthe hymen in case ofa vi rgin. 

The sexua l intercourse must also be per vagina and any other sorts of intercourse like buggery 

and fe ll at io is outs ide the scope of sexual intercourse in rape. 

Force 

Force is a lso a necessary element for a sexua l intercourse to amount to rape, Alem explains. 

There is however no parti cular amount of fo rce necessary for the commiss ion of rape, there is 

also no need of reasonab le apprehension of death due to the exertion of that force as far as the 

woman on whom it was committed had reaso n to be li eve that resistance is dangerous or even 

absol ute ly use less. 

The Ethiopian Penal Code doesn't say anything with regards to this issue. How the experts see 

thi s issue w ill be dealt in the next chapte r. 

Lack of Consent 

The considerat ion of lack of consent can be seen by focus in g on th e behavior of the prosecutrix at 

the moment of the crime. It s ignifies the existence of res istance on the part of the victim due to 

the employment of force or grave int imidat ion by the offender to get access to unlawful sexua l 

intercourse. 
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The need of res istance is necess itated fo r the establishm ent of two elements in the crime: sexual 
intercourse through force by the offender and lack of consent expressed by res istance by the 
victim . 

Again how sex with an unconsc ious woman such as when as leep or intoxicated is seen will be 
judged by lega l experts si nce the Penal Code doesn' t clearly put this out. 

B. Sexua l Outrage 

Sexual outrage as provided for in the Penal Code is different from rape. It is crime whi ch 
manifests itse lf w hen a male person has compell ed a person of the opposite sex outside wed lock, 
to perform or to submit to an act corresponding to the sexual act or any other indecent act or w ith 
a woman who is unconscious, deluded or incapab le of res istin g or by misrepresentation or with a 
woman who is an inmate of hospita l. an alms house or any oth er establi shment of ed ucation, 
internment or detention by tak ing advantage of her distress or dependence on him, or w ith· or in 
the presence of a m inor ( other than hi s ch ild) who is under fifteen years of age or with a minor 
whose age is above fifteen but under e ighteen years or with a minor who is above fifteen but 
under eighteen years of age by prom ise of marriage or tri ckery or otherwise. 

CONCLUDING REMARKS: 

The domain of knowledge for the design of the prototype legal expert system in this paper is 
that of sexual crimes. General background information in the trial of criminal cases and the 
specific domain selected has been outlined in this chapter. The following chapter discusses 
the knowledge acquisition phase for the rule based part in the design of the prototype legal 
expert system. 
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CHAPTER FOUR: KNOWLEDGE ACQUISITION 

Preview: 

The previous chapter dealt with the general framework under which the trial of sexual 

crimes is carried out. This chapter reports on the knowledge acquisition phase in the design 

of the rule based part of the hybrid legal expert system. 

4.1 NATURE AND MEANING OF KNOWLEDGE ACQUISITION 

The process of seeking out the knowledge required by an expert system is referred to as 

knowl edge acqu isition [Parseye, 1988]. 

The first thing knowledge engineers do when des igning a knowledge based system is to make a . 

commi tmen t to beco me " mini-ex perts" so that they could talk intelligently to the experts and not 

s low down the expert's work . Thi s a ll ows the knowledge engineers not onl y to help identify key 

concepts of a problem and to understand the expert's explanation, but also to ask good questions 

[Wendy, 1988]. 

The know ledge acqu is ition task is often complicate by the fact th at hum an experts have not 

analyzed the contents of their thoughts, so that they are not expl icitly aware of the structure of 

the ir knowledge. As a resu lt the intermediate steps in their reasonin g seem obv ious to them and 

th ey cannot e loquently provide an overa ll acco unt of how their deci s ions are made at the leve l o f 

detail req uired by a mac hi ne reason in g process. 
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4.2 STEPS IN KNOWLEDGE ACQUISITION 

Two maj or steps 111 knowledge acquisition have been cited by Sami r [200 I] : knowledge 

eli citation and kn owledge structurin g. 

4.2.1 Knowledge Elicitation 

Knowledge elicitation involves extract ing knowledge from human experts to build an expert 

system. 

The kn owledge required to build the prototype expert system was e li c ited from experts thi'ough 

unstructured interviews. Seven experts participated in the knowl edge acquisition phase for the 

intervi ews. These experts were identifi ed and selected based on the ir educational qualification, 

the nature of relation of their job position to the domain area and year of experience.The experts 

identified and explained the interpretation of the re levant articles that govern the trial of sexual 

crim es. From the above experts. two are judges who work in a court at Lideta spec ial court which 

is estab li shed to decide on sexual crimes. 

The experts a lso identifi ed the re levant attributes (aggravat in g and miti gati ng factors) that are 

usually considered by judges when passing a sentence. These factors and the ir va lues for each 

defendant are stated in the fi nal sentenc in g dec ision judges write once an accused person is found 

gui lty ofa sex crime. 

These attributes and their values were co llected from past judgments for the neura l network part 

of th e system from the Lideta and Arada courts for careful analysis and extraction of the 

attr ibutes identified by experts and the ir values. 

4.2.2 Knowledge Structuring 

Know ledge structurin g in vo lves using concepts discovered during the knowledge e lic itati on 

session to build a mode l or representation of the expertise [ Samir, 200 I] . 
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The knowledge structu ring for prototype legal expert system has been carri ed out lISlng the 

hi erarchica l tree structure . This model puts a goa l at the hi ghest level of the hierarchy and factors 

leading to that decis ion (goal) are rep resented down the hi erarchy. wi th the primary paranieters 

nearer to the top [Anteneh ,2004]. 

Anteneh [2004] further exp lains that the symbo ls used in representati on in the hi erarchica l tree 

mode ling: an ellipse represents the concepts while arrows connect nodes to each other. The 

d irection of the arrows moves from the hi gher to lower level. Nodes keep on giving rise to other 

nodes depending on the concept represented till they have no successor at which time they are 

ca lled n'" level node or a Leaf. 

4.3 MODELING OF CONCEPTS IN THE TRIAL OF SEXUAL CRIMES 

Concepts used in the judgment of a sex crime case are discussed below. These concepts appear in 

the Penal Code. However, what is discussed here and embodied in the legal expert system is the 

interpretation of these concepts by judges or legal experts as retrieved from the result of the 

interv iew by the researcher with them. What makes any legal expert system an expert system is 

not just the fact that it embod ies the rules stated in the related statutes; the system also has in its 

rule base how these statues are interpreted in front of the law by legal experts. 

Input Parameters Output Parameters 

Relation with vict im Conv ict ion for Sexual Outrage( 590) 

Sex Act Conv iction for Rape (589-1) 

Force or Lack of Consent Convi ct ion for Rape (589-2) 

Age of victim Attempt (27+ 589-1 ) 

Attempt (27+ 589-2) 

Acquittal 

Table 4.1 Input and Output parameters of Judgment 
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4.3.1 Relation with Victim 

In the trial of a sex crime th e judge first dec ides if th e victim is the offender 's wife or not. The 

law stipulates that a sexual act amounts to rape or sexual outrage or any other sex cr ime when 

committed outside of wed lock. A marriage performed under any of the three alternat ives of a 

civil marriage, a relig ious marri age or a trad itional marriage is taken as a va lid marriage and a sex 

act done by an individual with in such marriage is deemed to be performed in wed lock. 

The interviewed lega l experts also exp lained that any sex acts even among people who li ve 

together for a long time with out being marri ed are categori zed with a sex act not "out side of 

wed lock". Therefore, any sex act performed with in wedlock according to the Penal Law and th e 

interviewed lega l experts is not taken as a crime even if there is violence, intimidation or lack of 

consent. 

Sex Act with 
a minor 

Evidence of 
Sex Ac[ 

Figure 4.2 Concepts in Evidence of Sex Act 

37 

~ 

(

Sex Act with a ) 
vict im > 15 
years old 

Figure 4.3 

'1 
I 

J 



• 

4.3.2 Force or Lack of Consent 

For a sexual act to be taken as rape or any other sexual crime it should be accompanied by 

violence. The v io lence. however. need not be exp li citly manifested in the form of bod il y injury. 

Even grave intimidation that makes the v ictim to reasonab ly expect harm in the future if she 

doesn ' t conform to the requests of the offender amounts to violence. 

Another concept used in determining if a sex act amounts to rape of sexual outrage is lack of 

consent. If the v ictim was unconsc ious of the nature of the act she was performing at the time of 

the sex act or incapable of res istance fo r various reasons such as intoxication. this shows that 

there is lack of consent. 

What amount of force IS necessary? How is sex with an already intoxicated person or with a 

woman as leep seen? 

The existence of force durin g the sex act can not be directly established according to the experts . 

Therefore, the existence of force is estab li shed through c ircumstantial ev idence such as from 

witnesses who saw such force or circumstantia l ev idence before or after the sex act. For example 

witnesses may say that they have seen the accused taking the vict im by force to a secluded place. 

A sex act comm itted w ith a minor (a girl of age less than 15 years) is pun ishab le by law as per 

Art icle 594 of the Penal Code. 
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4.3.3 Sex Act 

For an offen ce to be deemed as rape or sexual outrage what matters is th e nature of the sex act. 

Both rape and sexual outrage involve violence and are crim es against th e wi ll of a woman. For a 

sex act, however, to be seen as rape there should be sexual intercourse between the offender and 

the vict im . From thi s, we can see th at rape is a more serious crime than sexua l outrage. 

In a sexual outrage th e accused uses violence and commits "an act perta ining to the sexua l act". 

The ex perts explain that in rape there is sexual intercourse and for a sex act to amount to sexua l 

intercourse it has to be performed per vag ina . 

An act pertain ing to the sexual acts, on the other hand, means any sex act that is not sexual 

intercourse. 

In Ethi opia, there is no re liable and direct way of medical evidence for the commiss ion of sexual 

intercourse on the victim. The judges rely on medical ev idence for a recent defloration of the· 

hymen if the v ict im was a virgi n. If the vict im is not a v irgin all the judges re ly on is on the 

words of the v ictim and of witnesses fo r the existence of violence . 

This may sound inappropriate but that is how things are according to the experts and this system 

takes it as is s ince our objecti ve is not to model how the law should be; rather how the law is. 

The law stipulates that sexual intercourse with a minor, w ith a dependent or in concert with 

others is punishab le by a more seri ous sentencing, one that reaches to 15 years. 
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4.3.4 Attempt 

A sex o ffen se that has been started but not completed is prosecuted as per art ic le 27 of the Pena l Code. T hi s artic le sti pu lates that: 

I. Whoever intentionally begins to commit an offence and does not pursue or is unable to pursue his crimin a l activity to its end or who pursues hi s criminal activity to its end without achiev ing the result necessary for the completion of the offence shall be guilty of an attempt. 
The offence is deemed to be begun when the act performed c learl y a ims, by way of direct consequence, at its commi ss ion. 

2. An attempt offence is always punishable save as is otherwise prov ided by law. A mere attempt to instigate or partic ipate in an offence doesn' t come within the provis ions of the law unless it is ex pressly provi ded to the contrary. 

3. In the case of an attempted offence the offender is liable to the punishment attaching to the offence he intended to commit : 

Prov ided that if c ircumstances so justi fy, th e court may reduce the punishment withi n th e limi ts prov ided by law. 

The attempt may be of an attempt to co mmit any of the sexua l offences but mostly the experts see it as an attempt of rape s in ce such attempt usually includes vio lence. 
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CONCLUDING REMARKS: 

Attempt 

Attempt on a 
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dependent or in 
concert 

This chapter outlined the important concepts in the decision of the acquittal or conviction of a sex crime defendant and how these concepts are structured. 
The next chapter describes the knowledge representation for the rule based part of the legal expert system. The chapter outlines the derivation of various rules based on the concepts discussed in this chapter and their representation according to the syntax of the selected expert system shell for the rule based part. The chapter does also show the training of the neural work model to be used in the sentencing module of the prototype legal expert system. 
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Preview: 

CHAPTER FIVE: KNOWLEDGE REPRESENT A TION 

AND :\'l"EURAL NETWORK MODEL BUILDING 

The previous chapter presented the acquisition of knowledge needed for the rule based part 

of the hybrid legal expert system. As the prototype lega l expert system has got two modules 

(that of a rule based module and a neural network module) this chapter has got two parts. 

The chapter in its part I shows the representation of the knowledge acquired from experts, 

in the form of IF-THEN rules, the reasoning strategy chosen and the explanation facil,ity of 

the prototype legal expert system. 

Part two of this chapter describes the data set and the artificial neural network model 

developed from it for use in predicting sentencing decisions. 

PART I : KNOWLEDGE REPRESENTATION FOR THE RULE BASED MODULE 

5.1 THE RULE BASE 

The rule base of the prototype HyRuN-LES is a coll ection of IF-THEN rules wh ich represent the 

knowledge acquired from experts in the syntax of the se lected expert system shell . 

The expert system development shell se lected and used in the implementati on of the hybrid legal 

expert system is the Knowledge Pro for Windows (KP Win ) expert system shell. 

Kn owledge Pro for Wind ows (KP Win) is a too l for rapid appli cation developm ent under 

Windows or DOS . Interactive des ign tools and a rich, object-ori ented language combine with 
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hyper-text and expert systems technology to make KP Win the most complete development tool 
available for both beg inners and profess ional programmers. 

There are five different goals to be reached by the system. These goals can be reached through 
various routes. The five different goa ls correspond to the five kinds of decisions Uudgments) the 
system can give. 

Goal I : Judgment being acquittal 
An accused person is acquitted or set free of the charges that were brought aga inst him when 
there was no condition satisfied to render him guilty of the judgments in the other goals. 
Goal 2: Judgment being "guilty of Rape (Art.S89-1)" This judgment is given when the accused has been found gu ilty of a rape crime. Goa l 3: Judgment being "guilty of Rape ( Art.589-2)" Thisjudgment is reached when the accused has been found gu il ty of raping a minor, a 

dependent or in concert with others. The sentencing is more sever (or imprisonment is 
prolonged) for thi s than in the case of number two. Goal 4: Judgment being "guilty of attempt of Rape ( Art.27 +589-1) This decision is made when the rape was an attempt and not completed. Goal S: Judgment being "guil ty of attempt of Rape (Art.27 +589-2) This decision means the same as in number 5 but the attempt was on a minor, a dependent or 

in concert with others. 
Goal 6: Judgment being "Guilty of Sexual Outrage (Art.590) The accused is gui lty ofa lesser ev il crime of forcing someone to have an act pertaining to 

sexual in tercourse. 
These goals are located at the root node of the hierarchical tree used to model the concepts in th e 
sexual crime trial in chapter four. The goa ls are achieved when the conditions in the leaf nodes 
are sati sfied . 

Stated in another way, there are various possible routes to reach at anyone of the above goals. 
Each one of these routes constitutes a rule that can be stored in the rule base of the expert system 
10 be fired when the necessary condit ions are sati sfied. 
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A few of the rul es deri ved from th e hierarchica l tree structu ring of the knowledge in the previous 

chapter that show when and how the above goals are reached appear be low. 

IF 'Wedlock' is 'yes' 

THEN judgment is' Goa l I' . 

IF ? 'Wedlock' is 'no' 

And? 'Ev idence of sex act' is 'no' 

Then judgment is' Goal I'. 

IF? 'Wedlock' is 'no' 

And? 'Ev idence of sex act' is 'yes' 

And ?'V ict im age is less than 15' is 'yes' 

Then judgment is ' Goa l 3'. 

IF ? 'Wedl oc k' is 'no' 

And? 'Ev idence of sex act' is 'yes' 

And? 'Victim age is less than 15' is 'no' 

And? 'Force or lack of consent' is 'no' 

Then judgment is 'Goal I '. 

IF? 'Wedlock' is 'no' 

And? 'Evidence of sex act' is 'yes' 

And? 'V ictim age is less than 15' is 'no' 

And') 'Force or lack of consent ' is 'yes' 

And ? 'sex act' is 'attempt' 

Then judgment is 'Goal 4'. 
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IF? 'Wedlock' is 'no' 

And? 'Evidence of sex act' is 'yes' 

And? 'V ict im age is less than 15' is 'no' 

And? 'Force or lack of consent' is 'yes' 

And? 'sex act' is 'completed sex act' 

And? 'completed sex act' is 'act pertaining to sexual intercourse' 

Then judgment is ·GoaI 6'. 

5.2 REASONING STRATEGY ADOPTED 

The reasoning strategy adopted in the ru le based module of HyRuNLES is a backward chaining 

strategy. In thi s strategy, ajudgment is seen as a goal. The system functions as a diagnosis of the 

symptoms input by the user to recommend the appropriate remedies Gudgment). 

The control structure of the -system is such that it starts with a goal to achieve and works 

"backward" through the inference rules sto red in the rule base . 

This strategy was adopted to the problem at hand as opposed to a forward chaining strategy s ince 

suggesting a judgment involves ascertaining the existence or nonexistence of some parameters ( 

or symptoms to use a medical term) by asking questions. The answers to these questions are 

worked back to the goal based on the rules stored in the rule base. 

To illustrate this through an example, it is good to see the rules organized in this form: 

I. Judgment = 'Goal 3' if 

'Wedlock' = 'no' and 

'Victim age is less than 15' ='yes' and 

'Evidence of sex act' = 'yes' 
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2. Judgment ~ 'Goal I' if 
'Wedlock' = 'no' 

'Force or lack of consent' ~ 'no' 
'Victim age is less than 15' ~ 'no' 

We can continue likewise li stin g the goals and the cond itions they will be satisfied under~ In a backward chaining strategy the system starts from one goa l and it asks if the first condition is satisfi ed or not for that goa l. If yes then the other conditions are ascertained. Ifnot it moves to the other goa l. 

This way the backward chai ning embedded in the se lected expert system shell enables the syste m to know what question to ask and when to ask them. 

5.3 EXPLANATION FACILITY 

One aspect that separates expert systems from othe r convent ional programs is their ability to reason with knowledge and to explai n the solution they provide to the user. The exp lanation facility in the prototype legal expert system has got two aspects. 

The user can inquire why a spec ifi c question is being asked when interact ing with the system. This " why" facility is provided for each question in the prototype system in a separate window that pops up at the touch of an appropriate button. This aspect not only convinces the user about the validity of the question but points them the various issues involved in deciding the answer for each question. 

For instan ce, the first question that the system asks when deciding if an accused person is guilty of a sex crime or not is whether the accused person lives w ith in wedlock with the victim or not. The fo ll owing exp lanation is provided when the user asks "why"? 
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The Penal Code of Ethiop ia provides that any sex act is to be taken as a poss ible 
cr ime if and only if committed out of wedlock. Sexual intercourse or an act 
pertaining to sexual intercourse performed, with or with out the plaintiffs consent, 
doesn ' t constitute a crime if performed between two individuals that li ve in 
wedlocK. 

Please notice here that wed lock refers to marriage performed in anyone of the 
three alternatives: civil marriage. reli gious marriage or traditional marriage. Some 
lega l experts also hold that irregu lar union (living for a long time together with out 
being married) may amount to being taken as living in wed lock for the purpose of 
determining if the sex act between such people is a crime or not. 

.......... ........... ..... ... .... ........ ... ........ ......... ..... ................... .................. ................................ 

The other aspect of the explanat ion fac ili ty of the prototype legal expert system is in the form of 
providing answers to the user's question of how a specific judgment is arrived at. After a series 
of questions, the system determines whether the accused pcrson is guilty uf a sex crime or not 
and if yes under which article. The user may at thi s point want to know how the system drew th at 
conclus ion . 

The system gives this exp lanation by taking in to account the answers provided by the user fo r 
the various questions that were asked before arriving at the judgment. 

The outputs of the rul e based module of the prototype lega l expert system are used as an input in 
an art ifi cial neural network model in an attempt to predict the number of years of imprisonment a 
person already convicted of a sex crime faces to complete the trial of a sex crim e. 

It should be obvious that the neural network is used only if an accused person is convicted since 
no sentenci ng is needed in the case of acquittal. 
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The rule based module outpu ts under which article the person is co nvicted as di scussed before. 

The number of years of impri sonment a conv icted person faces depends, among oth er things. on 

under wh ich art ic le the person is found gu ilty. The neu ra l network modu le is thus fed with thi s 

va lue as one input in addit ion to other factors discussed in part two of thi s chapter in an attempt 

to predict the number of years of impri sonment the person faces. 

The data set used to train the Artificial Neu ral Netwo rk mode l and the training and testing of the 

model is d iscussed next. 
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PART II : THE NEURAL NETWORK MODULE 

S.4 INTRODUCTION 

Part I of this chapter described the knowledge representati on phase fo r th e rule based modul e of 
th e prototype lega l expert system. The rule based part of the system decides whether an accused 
person is gu il ty of a sex crime and if yes under whi ch articl es of the Penal Code of Ethiopi a. 
Part II of thi s chapter reports on the training of a neural network model that dea ls with the 
sentenc ing part o f the judgment once an offender is found guilty. Once trai ned. the neura l 
network model can be used to predict the number of years of impri sonmen t the convicted person 
faces. 

The advantages and functiona li ty of th is part of the system briefly are the following. 
• The output of the mod ul e can be used as a benchmark for inexperienced judges when 

deciding sentences. It is needless to say however that such a system can never rep lace th e 
di screti on of any judge as the indi vidualizati on of punishment requ ires for every case to 
be seen as different. 

• Lawyers can use this part of the module to answer what if questi ons by changing th e 
va lues of the attr ibutes described be low. Thi s will help them discover what areas need to 
be further researched. Sin ce we can ' t deri ve clear rules from the neura l network mode l 
from it very nature a s ignifi cant change in the number of years of impri sonment following 
a change in one input vari ab le shows that that input variab le is important for the outcome 
of thi s case and has to be given serious work by the lawyers. 
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5.5 DESCRIPTION OF THE DATA SET 

The data used for th e training of the neural network model to predict the number of years of 

imprisonment as output has the foll owing attr ibutes as input. These attr ibutes have been 

identified by lega l experts interviewed as important in the determin ation of the senten cing 

dec isions of judges. 

The only relevant attr ibutes fo r the traini ng of the mode l and their poss ibl e va lues are: 

Attribute Possible Values 

Name of Judge Name of 5 judges 

Age 1-120 

Occupat ion Student. unemployed, manual labor, office work. 

military, business man 

Art icl e 589( I ),27+589( I). 589(2), 27+589(2),590 

Priur (;ase Yes, no 

Concurrence Yes, no 

Regret Yes, no 

Gravity Yes, no 

Family Yes, no 

responsibility 

Years imprisonment 1-1 5 . 

Table 5. 1 Attributes and val ues used for ANN model training 

An exp lanati on orwhat each attribute and its va lu e represent is given below. 
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Name of Judge 

Name of judge refers the judge who makes the sentencing deci sion. Taking in to account the 

va lue of this attribute helps to incorporate the concept of personal stare deci s is discussed in 

chapter two. 

Age 

Age refers to the age of the offender. 

Occupation 

Occupation refers to the job of the offender. A more appropriate category wou ld have been the 

educational status according to the Penal Code. However, in stead of the educat iona l status of the 

offender the occupation of offenders is found in the records. The whole purpose of cons idering 

the educational status of the offender is to consider the knowledge the person had of the 

criminality of the offence. The researcher conc luded that a more general category of occupation 

wou ld show indirectly the educationa l standard of the offender. 

Article 

Article refers to the spec ifi c artic le of the Penal Code under w hi ch the ofknder was found gui lty. 

The sever ity of the sentence is not simi lar fo r all sexual crimes dea lt with in this prototype 

system . 

For in stance, raping a child or a dependent is a more punishable crime than rap ing any other 

person. Wh il e ordinary rape is covered under art icle 589- 1 rape of the later type is covered under 

Article 589-2. 

Prior Case 

Prior Case tell s if the offender had a prior rape case or any other criminal case that he had been 

found guilty and convicted of before. 
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Concurrence 

Concurrence has got a value of 'yes' when the accused commits a sexual crim e in add iti on to 

committing another crime at th e same time. Such as that of killing the victim after raping her. for 

instance! 

Gravity 

Gravity shows the evil conv icti on of the offender. Even if all sexua l crime is a crime some are 

graver than others in the ir commission. 

Family Responsibility 

Accordin g to the legal experts the fact that a conv icted person has got family responsib ili ty may 

not a lways be a mitigating factor to ass ign a reduced se ntence. [n any case, whether the offe nde r 

has got a fami ly responsibi li ty that he supports a lmost always affects the judgment. 

The values for the above att ributes have been collected from past cases and the dec isions o f 

judges on these cases at Arada and Lideta First Instance Courts. The suite filed by the Prosecutor ' 

Genera l and the corresponding se ntenc ing dec isions of five judges were carefu ll y examined to 

extrac t the va lu es for the above dependent and independent variables (attributes). From a bu lk of 

sexual crime cases, only those cases ( 100 of them) that resulted in the defendant ' s conv ict ion 

were se lected for training the artificial neural network model. 

The neural network software used to train. test and evaluate the outputs of the model was the 

Neu roSo lutions evaluation ed ition from NeuroDimensions [ncorporated.The software has got a 

Microsoft Exce l add- in that enables one to deve lop a neural network model in an Exce l 

environment. 
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5.6 STEPS IN BUILDING THE MODEL 

5.6.1 Preprocessing the Data Set 

The fo ll owi ng pre process ing tasks were carri ed out on the data set before us ing it for the tra ining 

of the mode l. 

Discretization 

The ages li sted for the defe ndants were categori zed in to one o f five categori es as th e neura l 

network ca n han dl e onl y a limited number of co lum ns of data upon tra ining. 

Randomizing Rows 

In many cases the data may be ordered such that similar inputs may be grouped togeth er. Thi s 

can cause a pro blem w hen training a neural network in that the netwo rk may be train ed on one 

group of input data and th en tested on a group of data that has little s imilari ty to the tra ini ng data . . 

In order fo r the training data to be representat ive of the entire data set NeuroSo lutions for Exce l 

randomizes th e rows of the data set before training. 

Translating Symbolic Columns 

Neura l networks require that they be fed nu meric input and desired output data. In the data set th e 

textua l va lues such as "yes" " no" "unemployed" ....... had to be trans lated in to co lumns of D's 

and I 's . 

5.6.2 Tagging the Data 

Before training th e neura l network us in g NeuroSo lutions, it was necessary to partition the 

co lumns an d the rows of th e data set in the Exce l spreadsheet. A II the co lumns except the last 

were tagged as an input and the las t co lumn was tagged as a des ired outpu t. The rows were then 

segme nted into one or more of the followi ng fou r groups: 

• Tra ining - Data used by the neural network to learn from . 
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• Cross Va lidation - Data used to evaluate the perfo rmance du ri ng th e learning process to 
avoid over-training. 

• Testing - Data used to evaluate the performan ce after the training is complete. 

• Production - Input data to feed into the trained neural network to produce an output. 
The data looks like below after a ll the above preprocess ing acti viti es and after the necessary tagg in g. 

~ Microsoft EX!:eI· Della sheet for ANN cleillU!d 
[j~~ 
• _ ~ x 

® E6e ~dI: ~ \f'tseI't ~mat lod> Qata ~ ~ tleu'(!Sokb:;n$ 
D " f>J d l:i <lJ 11~' ~ It\ ~ r . !, I:) [j) " ,"" • 10 • H I 1! ~ ~ ~ m $ % i~ _ . ~ . fl.. ~ • I 

75 0 0 1 0 0 0 1 0 0 0 0 I 0 70 0 0 0 0 I 0 0 \ 0 0 \ 0 I 0 , 10 
77 0 0 1 0 0 0 0 0 0 1 0 0 1 J 
7B 0 0 0 \ 0 0 0 0 0 0 1 1 0 2 
79 a 0 I 0 0 0 0 0 0 0 0 1 

, Ill 0 0 0 0 0 0 0 0 I 0 0 \ , 81 J ) 0 0 I 0 0 I 0 0 a I I 0 t 82 0 0 0 \ 0 0 0 0 I 0 0 1 0 \ 0.01l 
83 0 0 0 0 I 0 \ 0 0 0 I 0 I 0 4 
6< 0 0 0 1 0 I 0 0 0 0 0 0 O.S 
115 0 0 I 0 0 0 0 \ 0 0 0 0 \ 1 
II; 0 0 \ 0 0 0 0 0 0 0 1 0 67 0 0 0 \ 0 0 0 0 0 1 0 0 \ JlJ 0 0 0 oc:::J! 0 1 0 0 0 0 0 0 
III 1 0 0 0 0 0 0 1 0 0 0 I 0 5 
;I) 0 0 0 0 \ 0 0 1 0 0 I 0 1 0 10 
91 1 0 0 0 0 0 0 0 0 1 0 0 \ 92 0 0 0 1 0 0 0 1 0 0 0 0 \ 2 

, 93 0 0 0 0 1 0 0 0 0 1 0 \ 0 9' 0 a 0 0 \ 0 0 \ 0 0 1 0 0 '15 0 0 0 0 \ 0 1 0 0 0 0 1 0 % 0 0 1 0 0 0 0 1 0 0 0 0 97 0 0 0 0 1 0 0 0 0 0 0 4 
!13 0 0 0 0 \ 0 1 0 0 0 0 1 1 0 !19 0 0 0 \ 0 0 0 1 0 0 I 0 0 1 \00 0 0 \ 0 0 0 0 0 1 0 0 0 \ 
;J\ 0 0 0 0 0 0 0 0 0 0 102 
IOJ 
1~~ 
,0; 
" , , .11 Tem R.e;:ot J Te-stl lOOata ~ Sheetl Randomired Tr¥l\laled j Sheen R.rd:mred J'Sreetl ,( Sheet2 ,( S/"e:l.3 .Il J 

Figure 5.1 The preprocessed data set used for experimentation 
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5.6.3 Creating the Neural Network 

A fter se lecting the data to be fed to the neural network, the type of neural network to be used to 

mode l that data was spec ified. NeuroSo lutions for Exce l is integrated with the Neura lBuilder, one 

of the neural network constructi on uti lities included with NeuroSolll tions. 

An MLP ( MultiLaye r Perceptron) with one input, one hidden and one output layer was created. 

The neura l network created uses the feedforward backpropagati on algorithm in training with the 

data and building a model. 

5.6.4 T raining the Neural Network 

The next task was to spec i fy to NeuroSolutions for Exce l how may epochs (passes through th e 

data) to tra in fo r and let NeuroSo lutions do the work of tra ining the network we ights. 

First the default set up of the software was used to train th e MLP network. The default set up has 

I hidden layer with four process ing uni ts. The network has also got 16 processing elements in its 

input layer and I process ing element on its output layer. The transfer fu nction used was the 

TanA xon functi on and the learning rul e was Momentum. The max imum epoch for which th e 

network iterates was spec ifi ed at 1,000 whi le the we ight update was batch. 

The terminati on criteria was to stop the training when th e MSE (mean squared error) of the cross 

va lidation set starts to increase. 

The data set was class ified in to a first group of 60 % of records for training, the next 20 % of 

records of the cross validation group and the fin al 20% records (cases) fo r test ing. 

Shown below is the report generated by the software at the end of the training sess ion. It shows 

the learning curves for both the training and cross va li dati on data sets as we ll as the mean squared 
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error (MSE) ach ieved during the training. The network we ights are automatica ll y saved at the point where the cross va lidation error is at its lowest. 

0.35 

0.3 

0.25 
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en 
::;; 0.15 

0.1 

0.05 

0 

MSE versus Epoch 

..----- ---- - --_. ----

"'-

100 199 298 397 496 595 694 793 892 991 

Epoch 

-- Trajning MSE 
- - Cross Validation I'v1SE 

I Best Networks Tmining e ros:.' Validation 
Epoch # 1000 50 
Minimum MSE 0.023472579 0. 11 26857 18 
Final MSE 0.023472579 0.133463994 

Figure 5.2 Performance report of first training experiment 

5.6.5 Testing the Network Performance 

Testing the network in volves see ing how well the neural network performs on data that it has not yet "seen" . NeuroSolutions for Exce l automat ically red the data tagged as "Testing" into the trained neural network and then generated the report shown in figure 5.3. 
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Figure 5.3 Performance report of the ANN model trained in th e first experiment 

As Ihi s was a regress ion prob lem the report chosen was typical of such types of problems. 

Regress ion problems are those where the goa l is to determine a num eri c va lue given a set of 

inpu ts . 

Figure 5 .3 shows how close the network output is to the des ired output. In thi s case Ihe 

perfor mance of the network was not so good. The experiment was repeated severa l times by 

chang ing the de fau lt parameters discussed unde r secti on 5.6.4. Some examples of th ese severa l 

ex periments carri ed out appear in tab le 5.2. , 
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2 3 4 20 

Parameters 

Network Type MLP MLP MLP MLP Hidden Layer I 2 2 I Hidden Layer nodes 4 4 each 8 4 Transfer functi on SigmoidAxon TanhAxon SigmoidAxon TanhAxon Learning rule Momentum 
Momentum Max imum epochs 1000 100 10000 10000 Tennination MSE IIlcrease Epochs MSE Minimum on CV incremental CVMS E 

CV 
Weight update Batch Online Batch Batch Test MSE 4.5 7 9.6 3.2 

Table 5.2 Sample parameter in various experiments done 

Finall y. the performance of the best training experiment done is shown in figure 5.4. The MLP had the same parameters as in experiment 20 but this time around the data was classifi ed in to a first group of 80% of records of training and two groups of 10 % of the records each for cross validati on and training respectively. In addition. the number of epochs was 1000 and the terminat ion criterion was upon increase of cross va li dation MSE . 

The mean squared error was the least (2 .4 years) obtained form several experiments conducted before and aft er thi s one by changing the fore mentioned parameters. 
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Desired Output and Actual Network Output 

12 ----------------, 

10 

8 -::J 
Co 6 -::J 
0 

--No. Years 

No. Years Out~ut ~t 
4 
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0 

2 3 4 5 6 7 8 9 10 11 
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Performance No. Years 

MSE 2.464801269 

NMSE 0.266762932 
. MAE 1.3477699 

Min Abs Error 0.1 2 1273994 

Max Abs Error 2_80668 1633 

0.864786405 

Figure 5.4 Performance of the best ANN model trained 

Concluding Remarks: 

This chapter discussed the design of both the rule based and neural network modu le of the 
system. The outputs of the ru le based part are whether the accused is guilty of a sex crime 
or not and if yes under which arti cle of the Penal Cod e. This output is used as an input in 
the neu ral network module among other additional values of attributes of the conviction for 
use in predicting the number of years of imprisonment the person faces. The next chapter 
shows the IUlOwledge application phase for the hybrid legal expert system. 
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CHAPTER SIX: KNOWLEDGE APPLICATION 

Preview: 

The previous chapter discussed the design of the rule based module of the hybrid legal 

expert system and the training of the neural network model for the ANN module. 

This chapter wraps up the desi gn of the prototype sys tem by discussing an d demonst rating 

the interface of the rule based module, the combined evaluation of the hybrid legal expert 

system, and other design requirements for future use. 

6.1 THE USER INTERFACE OF HYRUNLES 

The rule based module of the prototype HyRuNLES (Hybrid Rule Neural network Lega l Expert 

System) has got vari ous w indows that he lp the system to communicate with the user. 

Figu re 6.1 below shows the ma 1l1 window of the system that welcomes the user when th e 

program is first initia lized. Th is window introduces the system to the user and provides addi ti ona l 

informat ion in a separate w indow upon the cl ick of the "A bout HyRuNLES" button. 

The user can the n cont inue to usin g the system by c li ck ing "Next" or quit at this point by c li cking 

the "Exit" button as shown in figure 6. 1. 
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Figure 6.1 The Main Window of HyRu'lLES 

C li ckin g the "Next" button on thi s window leads to another workin g window th at descri bes the 

use of th e rul e based part o f the prototype system and if th e user wants to check a case he/she is 

told to proceed by clicking "Next" on thi s seco nd wi nd ow( see figure 6.2). 
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Figure 6.2 The working window of HyRuNLES 

If the user proceeds by c li ck in g "Next" on the window shown in fi gure 6.2 he/she is asked 
several questions unt il a decis ion is reached . The verdict is d isplayed with in the system as shown 
in figure 6.4. The point at which the system gives a verdict depends on the case type. If for 
instance, the user answe rs "yes" for the first question of whether the accused lives with in 
wed lock with the victim or not as shown in fi gure 6.3 , the verd ict of "acquitta l" is immedi ate ly 
displayed with out the need to investi gate other facts about the case since under the Pena l Code of 
Ethi op ia no sex act can constitu te a sex crim e irrespective of the prevailing situations as long as 
the victim and the accused li ve in wed lock. 
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Figure 6.3 The first question in HyRuNLES before a verdict 

Once the judgment is displayed in the format shown in figure 6.4 the user is asked if they want to 

check another case or not. Answer ing yes to thi s questi on takes the user to the fi rst window 

shown in figure 6. 1. The user can continue the process several times in like manner unt il they exit 

the program. 

The output from the ru le based mod ul e tells the user whether the accused person is found guilty 

of one of five sex crimes and if yes under which arti cle of the Pena l Code of Ethiopia of 1957. 

This fact can th en be entered in to the artificia l neural network model trained using 

NeuroSolutions with add itional data of necessary parameters such as age. occupat ion, prior case, 

etc. to predict the number of years of impr isonmen t the offender is expected to face . It is to be 

remembered that one of the attribu tes used in training the ANN model to enab le it to predict the 

num ber of yea rs of imprisonment was Articl e. "Articl e" refers to under which arti cle of the Penal 

Code the offender is found gui lty. 
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6.4 The final output of the rule based module of HyRuNLES 

..... f 
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6.2 TESTING THE SYSTEM 

In orde r to test the perform ance of the system four sepa rate cases on which judges already 
pro nounced a deci sion were presented to the·syste m. A description of one of the cases fo llows. 

T he Public Prosecutor's charge shows that Mr. X (the name is kept anonymous for privacy 
reasons) fo llowed the 10 year o ld victi m on a spec ified date in th e premises of Meskerem 
Hulet Schoo l and raped her after rendering her incapab le of obj ecting by putting hi s hands 
on her mouth so as to chock her. 

Witnesses on the defendant's side contended upon the hearing of the case th at it is true that 
the accused and the victim attend the same schoo l but are in different shifts. However, they 
have also indicated that students can stay w ith in the schoo l such as when using the library 
after their regular class shifts. 

On the other hand the vict im herse lf described the scene on the date she was raped and a 
med ica l certifi cate from a hospita l by the Publ ic Prosecutor confirmed that the vic tim 's 
hymen was damaged. 

From the above case desc rip tion th e fol lowing facts cou ld be extracted and fed in to HyRuN LES 
as answe r to its ques ti ons : 

• The accused doesn' t li ve w ith in wed lock w ith the v ict im. 

• Evidence of sex act was presented in the form of medical certifi cate 

• T he victim 's age is less than 15 

• T here was c ircumstantial ev id ence in the form of the victim 's account of the rape with in 
, I the schoo l's premi ses 

~. 

Based o n the above fact Hy RuNLES decided that the accused is guilty of rape under the category 
of Article 589 sub article 2 of the Penal Code of Ethiopia. The neura l network part of the system 
was fed thi s data in addi ti on to the values for oth er attributes of thi s case described below. 
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The "Art ic le" co lumn of the data lor th is record or case was thus filled with the value " Gui lty of 

Rape (arti cle 589-2)". 

Add itiona l values extracted li'om the case description in the fil e by the judge and the charges of 

the Publ ic Prosecu tor are g iven be low. 

• The vale of"Name of Judge" was Mihret HlMariam 

• The va lue of " Age" of convi cted person was "< 18" from the Prosecutor General's file 

• The va le of" occupati on" was da ily laborer 

• The va lue of " Prior case" was no 

• The va lue of "Concu rrence" was no 

• The va lue of " G rav ity" was no 

• The value o f " fa mily responsibili ty" was no 

HyRuNLES' neural network modu le was used by inserting the above parameters in the model 

trained using the NeuroSo lut ions software and tagg ing the above case as "product ion" raw. The 

system predicted 7.8 number of years of impri son men I. 

A comparison of th e output of the system for thi s and other addit ional three cases with the actua l 

dec ision of judges is given be low. 

" .. 
.. ~ 

" .,System's "'- . Judges' actual -, 
Judges' Verdict Case - System Verdict sentencing sentencing ,. . I· _. 

., M - . 
' .. pred.icti~n decision . ".... . .-- .. - ;. " . ,> 

I Guil ty under Art Gui lty under Art 7.8 years 5 years 

589-2 589·2 

2 589-2 589-2 3.6 years 6 yea rs 

, 
589-2 589-2 7.3 years 5 years 0 

4 589-2 27+5 89-2 I . 6 years 4 years 

Table 6.1 Test result of HyRuNLES' output 
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6.3 Hardware and Software Requirements 

The Knowledge-Pro for Windows (KPWin) she ll version 3.0 is needed to rlln HyRuNLES. To 

work on thi s version ofKPWin, there is a need for at least the latest versions of Microso ft C/C++ 

(V7.0) or Borland C++ (V3.1), or the Windows version of C++, i.e. M icrosoft Vi sual C++. 

In the network envi ronm ent. the new system requ ires a network operating system, preferably 

Windows NT 4.0 and at least Windows 95 operating system on client PCs. 

According to KPWin (1991), Knowledge-Pro for Windows (KPWin) could be used 111 PCs 

hav ing at least 4MB system memory and processor speed of 133 MHz. However, 8 MB memory 

at least for use with Visua l C++ environment is recommended. 

CONCLUDING REMARKS: 

This chapter showed the application of knowledge phase for HyRuNLES. In addition the 
corn bined performa nce of the two mudules of the system was tested. The test result shows 
that the model of lega l reasoning followed in designin g and developing HyRuNLES is 
functional to handle cases on sexual crimes. The performance of the neural network module 
of the system is not as accurate as is expected from such a system. 

The individualization of judgment requires that every individual get fair punishment for 
their crimes taking in to account the circumstances under which the crime was committed. 
The amount of error observed in the neural network part is not tolerable in this case as the 
number of years here refers not only to just numbers but the number of years one has to 
spend in prison. 

The artificial neural network model thus needs to be improved by facilitating mechanisms 
throngh which ample data can be collected on previous cases and the related sentencing 
decisions by judges. 
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CHAPTER SEVEN: CONCLUSION AND RECOMMENDATIONS 

Preview : 

The previous chapters have brought to light some issues of importance in the design of legal 

expert systems. These issues have been outlined in the previous chapters. This chapter 

concludes the work and gives recommendations for future work in the area. 

7.1 CONCLUSION 

The problem of an ineffi c ient and unfair judicial system is prevalent in a soc iety where justi ce is 

delayed and sometimes denied. Lega l expert systems can help in the attempt to improve the 

judicial system in a country by improving the quality and speed of service lawyers give to their 

cl ients and the amount of time judges take to dec ide on a case. 

The des ign of a lega l expert system has been di scussed in this research using a hybrid approach. 

Two paradigms, the rul e haseo approach and an artifi cial neural network model were used to 

des ign a prototype legal expert system. 

These paradi gms were chosen in an attempt to make up fo r the problems inherent in each one of 

these paradi gms. The rule based ap proach though appropriate to a civil law lega l system such as 

th at ex ists in Ethiopia can' t handle open texture. 

A special type of open texture, that of di scretion given to judges in sentencing was handled by a 

neural network model trained based on past judgments co llected from courts to supplement the 

rul e based mod ul e in thi s aspect. The parameters that we re used as an input in training the 

netlVork were identifi ed by expe rts as important in the sentenc ing decisions of judges. 

The results of the endeavor to build HyRuNLES suggest that it is encouraging to in vest in a work 

of designing a full fl edged system that emulates the model of legal reasoning adopted in thi s 

work . 
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7.2 RECOMMENDATIONS 

An attempt to im prove the scope and performance o f the lega l ex pert system that the researcher 
tried to come up with wou ld be interesting. T here are a lot of areas that can be worked on and 
improved in the future in th e work of comin g up with a fun ctional lega l expert system . Some are 
I isted out below. 

I. The output of the ru le based part is d isplayed to the user as it is. Instead, it would be 
interestin g to produce a lega l argument from the decision (or judgment) and explanations 
th e system produces. In addition , future work wou ld hopefull y integrate the two mod ul es 
so that the use r can use one interface to interact with both modu les while the rule based 
pat1 and the ANN mode l run in the background. 

2. The resu lts of the neural network tra ining have not been found pretty accurate . This 
researcher presumes that thi s was due to the problems in getting access to a large 
co llection of past cases and their sentenc ing decis ions. A poss ible future work in thi s area 
wou ld use a large amou nt of records if access to such files is fac ilitated. 

3. The outputs of the neura l network modu le o fH yRuNLES can not be explained as to how 
they were arr ived at. It would be helpful both to appreciate wh ich attributes contribute a 
lot to the sentencing decis ion and to prov ide an explanation to the users of the system if 
rules cou ld be extracted from th e model for future work. 

4 . Inc luding a ll the rul es in the Pena l Code is a huge task that req uires interviewing a large 
group of experts and reading a lot of material. Instead , adding one other domain at a time 
in to the system with in criminal law could be a good approach on the road to designing a 
full fledged system. 

5. In the design ofa lega l expert system, the re is always the issue of the law being updated 
subsequentl y. Look in g in to how thi s can be handl ed is appropriate . The system should be 
provided w ith a capability to learn via a faci lity to accept add iti onal rul es to include in its 
rule base when it comes up with a case it can' t decide on based so lely on the ru les it 
incorporates. 
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APPENDIX I: INTERVIEW QUESTIONS FOR LEGAL EXPERTS 

I. Which articles in the Penal Code govern crimes related to sex? 

2. Can you identify the factors that are to be looked in to before deciding on a sex crime 

case? 

3. What do each one of these concepts or factors mean? Why are they important? 

4. How do you determine about the presence or absence of these factors? 

5. What evidence is requ ired to conclude that sexua l intercourse has actua lly occurred? 

6. What ev idence is requ ired to conc lude that an act pertaining to sexual intercourse 

occurred? 

7. How do you differentiate an attempt of rape from a completed act? 

8. How do you decide if there was lack of consent when no force is used to acqu ire sexual 

ill ten .. :uurse? 

9. How is a sex c rime by a fema le offender handled? 

10. What amount of force is necessary to amount to violence in rape? 

II . What are the important factors that judges take in to account when making a sentencing 

deci s ion on an offend er already convicted of a sex crime? 
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