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SUMMARY 

Expert systems or knowledge-based systems are important and useful pro

ducts oC Artificial Intelligence (AI) research that offer trewendous possibilities Cor 

developing countries. 

An expert system is a computer program that can provide effective solutions 

to problems in a limited domain normally solved by a human expert. The poten

tial uses or expert systems are intriguing and exciting. Expert systems have been 

used to diagnose, analyze, design, plan, learn, monitor, instruct and manage. In 

many domains, expert systems have performed "~ks as well as, or better than 

human experts. 

This report introduces the topic oC expert systems to a layman. Several case 

studies illustrate how expert systems are developed and used. Potential uses of 

expert systems in developing countries are outlined along with a project proposal 

Cor an expert system Cor transfer of technology agreements. Commercially avail

able expert systems are described and an extensive list or references is also pro-

vided. 

. . 
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PREFACE 

nae idea for writing a report on Expert Systems and its potential 

applications in developing countries originated during •Y brief visit to ONIDO 

Headquarters. Vienna. in July 1986. I aa grateful to Dr. Venltataraaan and 

Dr. Fialkowski for their encourageaent a~d support. I apent one ~-eek at the 

Instituto de Investigaciones Electricas (IIE). Mexico. in Dec•ber 1986 to 

understand the needs and iaplications of daveloping expert systeas for solving 

various probleas in developing countries. I want to thank the staff of IIE 

for their hospitality. 

Joe Miller provided invaluable assistance in collecting the background 

information and references for this report. :~.D. la&:iawaai assisted in 

editing an earlier version. 

Reference to dollars ($) in this report is to United States dollars. 
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1. WHAT IS AN EXPERT SYSTEM ? 

.. 
The fieid of Artificial Intelligence (AI) bas interested computer scientists, 

engineers and system. d.esigners for the past 25 years. The major goal of Al 

research has been to develop computerized systems that can perform tasks and 

make decisions considered to be intelligent by humans. In spite or vigorous 

research, currently no Al system posses.gng intelligence comparable to that or, say, 

a five-year-old child is available. However, AI systems have outperformed humans 

in several speci&c tas~ and domains. For example, computer programs that play 

checkers or chess can easily defeat. an expert human player. 

The popularity of Al is due to the tremen~ opportunities it otfers in 

increasing productivity, reducing design and manufacturing costs, improving the 

quality of decisions, and relieving humans from routine or hazardous tasks. AI 

technologies have been applied. ruccessf ully towards solving problems 'in robotics, 

image understanding, VLSI circuit design, natural language processing, operations 

planning, trouble shooting, speech understanding, decision support systems, 

software development, data base, and o! course, expert systems. This report 

introduces the expert system technology th.at has received significant attention in 

the marketplace. However, readers should be aware or these words or caution: 

(a) Even though ~pert systems technology has been applied to a 

variety or task do:nains, it is not suitable and may even be inap

propriate ror other domains. 

(b) The goal or research and development in the area or expert systems 

is to develop computerized knowledge-based systems whose perfor

mance is comparable with or exceeds that ol a human expert. Com

mercially available expert systems have not yet replaced huma.a 
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experts; they a.mist human experts in routine tasks and provide 

training to novices. 

An expert system is a computer program that is analogous to a human 

expert. Human experts are doctors, systems analysts, real estate agents, brokers, 

cotton farmers, geologists and others who possess . a large background or 

knowledge in a field or expertise. Expert systems have been developed to perform 

tasks as well as, or better than the human experts in these fields. The possibilities 

for using expert systems are almost limitless. '-They can be used to diagnose, 

monitor, analyze, interpret, consult, plan, des!gn, instruct, explain, learn and con-

ceptualize" (GEV ASS). 

Design and development of expert systems is currently the hottest area in Al . 
research. With the decreasing cost or computer hardware, the number or areas 

where expert systems can be applied economically is increasing. An expert sys

tem can solve problems ncnnally solved by human experts, in a limited domain. 

Guidelint:S and rules or thumb, along with knowledge about the subject, are used 

::,by an expert system to come up with a plausible solution for the problem. 

Depending on the application, the answer an expert system comes up with can 

range Crom being the "best" answer (e.g., MYCIN) to being a "non-optimal", yet 

viab!P. ~lution (e.g., RI). MYCIN, one or the most well-known expert systems, 

diagnoses bacterial infections in humans and recommends the small~t combina

tion CJ( antibiotics that a) will cover all bacterial infections that a pa:.ient's symp· 

toms indicate, and that b) produces the (ewest bad side effects. The expert system 

RI consists or over I,200 rules that configure Digital Equipment Corporation's 

VAX series computer systems [GEVA85). The configuration is don,. i:i stages while 

comp!ying with customers' orders. For ex-:imple, in one stage various computer 

components are put in boxes and these boxes are th:?n pla.ced in cabinets. There 

are many ways to assemble the finn.l product. However, RI i;ick111 the first solution 
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that satisfies all the known constraints (e.g., volume or objects placed in a cabinet. 

ms be less than t.he total cabinet size) wit.bout. trying all ~ible configurations, 

and t.hel! picks the one that. costs the leut.. In some domains all the known facts 

or hypotheses may not. be accurat.ely available and so the expert. system may also 

report. a confidence level with its conclusions. 

A. Components or an Expert System 

Expert. systems differ from ot.her computer programs (e.g., compilers) in that 

t.hey generally consist or four main parts or modules: 

(~ global database 

(ii) knowledge base 

(iii) inference engine 

(iv) user interface 

The advantage or having rour separate modules in an expert system is that. it 

keeps the dat.a and program control structure separate from -:>ne another. Figure 

1 shows the interaction between t.he rour modules or a typical expert F,istem. 

User 

l 
User Interface 

'' 
Inference 

r (control) +-i 
. _EtVr»_ t 

L--__ __.I • .. [ ~ 

Figure 1: Information flow among the fou: modules in an expert syatem 
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In Figure 1, the knowledge base is the set· oC rules and guidelines containing 

the human expert's knowledge about the subject. The global database contains 

only facts about the current case being considered and is updated on a ease by 

case hams. The inference engine is the control structure that determines which 

rules are checked and how the expert system arrives at its conclusion. The user 

interf'ace handles data entry about particular cases and user queries to the data

base. Often it includes a natural language interface that translates internal data 

and rule representations to the user's native language. By keeping the four 

modules separate, it is easy to modify old rules or add new rules to the database 

without having to make any revisions to the control structure. For many applica

tions, it is possible to use a standard or commercially available expert system shell 

(containing the inference engine) with the appropriate knowledge base (rules). 

Comparing an expert system to a human expert, say a physician trea~ing a 

patient, leads to the Coliowing analogies: Information about the patient such as 

temperature, blood pressure, weight, height, allergic react.ions ~ various drugs 

and other personal facts, the patient's condition, and the current diagnosis would 

be kept in the global database. Questions a physician would ask the patient are 

learned from experience and education. These questions and guidelines would be 

represented in the knowledge base. The inference engine is similar to a doctor's . 
line of reasoning. A doctor has considerable experience with patients and pvssible 

illnesses. He may start out by asking the patient if he is experiencing any pain, 

and if so, where the pain is located. The sequence in which the doctor asks the 

quest.ions is inftuenced by the patient's answen. Similarly, t.he inference engine in 

the expert system determine1J which rules in the knowledge base t.o look at, and 

decides if the rules are satisfied according to various criuria. 
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B. A Simple Example 

Consider a hypothetical expert system that can diagnose a patient as having 

a cold, a fever, or as being healthy. This example is simplified so that a small 

number or facts and rules can be used to demonstrate how an expert system can 

be ;mplemented. A more sophisticated expert system to diagnose other ailments 

would require many more rules. 

This example considers a patient named Joe Smith. The global database will 

start out containing only the facts relevant to the p~tient Joe Smith. 

PATIENT IS JOE SMITH 

TEMPERATIJRE IS 100. F 

Thus the global database starts out containing two racts about the current 

patient. Facts will be added to the global database as the expert system proceeds 

with its diagnosis. In more complicated cases facts will be modified and even 

delete<! at times. 

The knowledge base contains rules or thumb and guidelines that a physician 

would use in diagnosing a patient. These rules can be expressed as IF-THEN 

rules. This representation is easy for humans to understand and easy for comput

ers to work with. Users should be able to understand how the expert system 

comes to its conclusion just as one would expect a doct..or to be able to explain his 

diagnOBis. The general format of IF-THEN rules is: 

IF <statement> THEN <action>. 

It the <statement> is true, then a specitlc <action> will be taken. For 

example, the IF-THEN rule: 

1) IF 100 • F S TEMPERATURE S 101 • F THEN ASSERT ''DIAGNOSIS 
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IS MILD FEVER" 

would be evaluated by t.he expert syst.em as follows: The value or T&~

PERA TURE in the global database would be checked. In this example JOE 

SMITH has a temperature of 100 • F, t.hus t.he statement portion or t.he IF

THEN rule is true and t.he act.ion DIAGNOSIS IS FEVER is added t.o the 

global database. 

This simple expert ~tem would also need a few more rules in t.he knowledge 

base t.o deduce how severe the (ever is, if t.he patient. has a cold, or ii t.he patient 

is healthy. The following rules could acc:>mplish this: 

2) IF 101 • F < TEMPERATURE < 103 • F THEN ASSERT "DIAGNOSIS 

IS MODERATE FEVER" 

3} IF TEMPERATURE ~ 103. F THEN ASSERT "DIAGNOSIS IS 

SEVERE FEVER" 

4} IF NOSE IS STUFFY A.J.'ID COUGIUNG IS TRUE THEN ASSERT 

''DIAGNOSIS IS COLD" 

5} IF NOSE IS STUFFY AND TIIROAT IS SORE THEN ASSERT 

"DIAGNOSIS IS COLD" 

8} IF NO DIAGNOSIS EXISTS THEN ASSERT "DIAGNOSIS IS 

HEALTHY" 

The inference engine must have a procedure t.o deal with ma1ng information. 

For example, when the fourth rule is looked at., no value (or NOSE or COUGH

ING is available in the global dat.abue. The expert system could uk the doctor t.o 

supply the neeemary information. Thus, the questiom "IS JOE SMITH'S NOSE 

STUFFY!" and '1S JOE SMITH COUGHING!" would be uked by the expert 
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system. If the doctor replies "YES" to the first question, then the ract. "NOSE IS 

STUFFY" would be entered into the global database; otherwise, the value "NOSE 

IS NOT STUFFY" cotdd be entered into the database. This is not necesarily the 

best. approach i>ecause it may be desirable to have values other than STUFFY and 

NOT STUFFY for NOSE {STUFFY, SORE, RED, etc.), but for this simple model 

it will work. Once the value for the NOSE and COUGHING conditions are . 
known the inference engine could evaluate the appropriate IF-THEN rules. 

In rule 6, the statement NC DIAGNOSIS EXISTS is interpreted by the infer

ence engine to mean that DO entry for DIAGNOSIS appeaas in the global data

base. Thus if rules 1 through 5 were not true, DIAGNOSIS would not appear in 

the global database, and rule 6 would be true, causing a value Co:- DIAGNOSIS to 

be placed in the global database. The following problem would also need to be 

addressed: How does the inference engine know when to stop evaluating rule!? It 

could ~aluate all the rules once and then stop to report all the known facts to 

the user. However, it is generally better to loop through the rules in the 

knowledge base until none or the rules add anything new to the global database, 

or until a rule is $&tisfied that has an action part specifying that the expert sys

tem has made a diagnosis for this particular patient. 

In this example, let us add two additional rules: 

7) IF DIAGNOSIS EXISTS THEN REPORT DIAGNOSIS 

8) IF DIAGNOSIS EXISTS THEN STOP 

Now this set of eight rules will insure that the expert system will report at least 

one of the Jive possible states or a patient before stopping execution. Note, how

ever, that this system assumes that the patient cannot have both a TEMPERA

TURE >= 100' F and the symptoms for a cold. It thi' were ihe ease, then the 

inference engine would first add DIAGNOSIS IS FEVER to the global database; 
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after t.he user ent.ers t.he facts that NOSE IS STUFFY and COUGHING IS TRUE 

to t.he global database, t.he infer-..nce engine would replace DIAGNOSIS IS 

FEVER with DIAGNOSIS IS COLD. In order for t.he expert syst.em to report 

the correct results to the user, it would have to save the previous FEVER diag

nosis as well as DL\GNOSIS IS COID. Then only could all occurrences of DIAG

NOSIS that are iD the global database of facts be re?Orted. 

The inference engine may c:ome to conclusir>ns abo!lt the specific racts using 

the rules in the knowledge base in several different ways. It could att.empt to 

check each rule one at a time to see if the statements or conditions are true, and 

then f.Jllow the action described. This is known as forward chaining from the 

known fr.cts to the fi.n..l desired conclusion (in this example a value for DIAG

NOSIS is the desired conclusion). Another method is to assume that one of the 

actions specifying a value for DIAGNOSIS is true and then try and show that all 

the statements for the IF-THEN rule are true. This backward chaining from poe

sible conclusions to known facts is desirable if the number of possible conclusions 

is small and one wishes to find tbe first conclusion that is supported by the known 

facts. A combination of these two methods may be used in the hope that by 

proper application of both methods, the two lines of reasoning will meet some

where in the middle, resulting in a speedier execution of the program. 

A user should be able to question or quiz an expert system about its line of 

reasoning. This is very useful during the clebugging phase of the design of an 

expert system. It the line of reasoning used by an expert system is not similar to 

the one commonly used by human experts, then it indicates either an incomplete 

knowledge base or inadequate inference engine. Expert systems will become more 

acceptable if the users can understand how the expert systems arrive at their con

clusions. This ability or an expert system to explain its line or reasoning can also 

be used to provide training to students. For example, alter the expert system 
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reported that JOE SMITH had a fever, JOE SMITH wanted to know why he was 

diagnosed u having a fever. The expert system should have the capability to 

keep track of what rules created which facts in the global database. An acceptable 

amwer will be: 

The DIAGNOSIS IS FEVER because r-.tle 1) IF 1oo·F <TEMPERATURE 

S 101 • F THEN ASSERT i>IAGNOSIS IS MILD ~""!~ -w&S true. Note that 

this fact was entered by the user. 
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II. EXPERT SYSTEM APPLICATIONS 

Expert systems have been used to diagnose, analyze, design, plan, learn, 

interpret signals, monitor, instruct, manage, create programs and understand 

images. Expert systems are particularly useful in domains where quantitative 

models are not available. Annex I lists more than 100 expert systems and shells, 

classified acrording to function and domain of use. This table (seep. 39} has been 

supplemented with expert systems from other sources. Uses of expert systems 

range from diagnosis and analysis to knowledge acquisition and learning. Annex 

I, under the category of "expert s-.(Stem construction". also lists expert system 

sheUs. A shell usually contains all the parts of an expert system except the 

knowledge base. This allows the user to build an expert system without having to 

create the inference engine, language interf'ace, debugging tools, and explanation 

subsystem that a;e domain-independent. parts or an expert system. 

Unfortunately, promoters of expert system technology have crnteci miscon

ceptions about the capabilities or such systems. Expert systems do not have 

intuition or the ability to learn. So they do not solve novel problems in imagina

tive ways. However, expert systems can capture various rules of thumb that an 

experienced human expert uses to solve fairly routine problems in a specific 

domain or problem area. Since an expert system can solve a problem Caster, it 

can help a specialist work more efficiently by enabling him to examine many alter

native solutions. Similarly, it can also help a non-specialist learn problem-solving 

techniques in specific domains. 

Expert systems development was initially limited to medicine, chemical syn

thesis, oil exploration, and other big money commercial ventures and research 

areas. This was due primarily to the cost or creating an expert system. The two 

main expenses incurred in creating an expert system are the computer hardware 

(memory, disks, cpu, etc.), and the computer sort.ware (both the inference engine 
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and the knowledge base that must be acquired from human experts). The 

hardware costs have been failing dramatically over the years. so it is the software 

dominating the total cost of an expert system. Complex expert systems require 

months and even years to create the inference (control} structure and knowledge 

base. Two factors have been helpful in cutting these costs. The evolution of 

knowledge engineers who specialize in getting the information from human experts 

in the form of rules for the computer's knowledge base has cut down the time and 

effort needed. With the availability of low-cost expert system shells for personal 

computers (PCs) and advances in language interfaces, it is now possible to build 

expert systems for many areas of expertise where it was not economically feasible 

to do so before. This is not to say that expert systems are inexpensive to develop; 

it mc.y take several man-years to develop sophisticated systems. 

Expert systems have been useful in: 

(a) Captnrinc the knnwledce of hnmap expem· The Campbell Soup 

Company implemented an expert system recently for trouble-shooting 

sterili1.ers - or cookers - in soup plants. H the problem in the cookers 

is not diagnosed quickly, the soup must be thrown out. Because 

Campbell's sterilizer expert was retiring with no replacement avail

able, a 151-rule expert system was developed to capture his 

knowledge (W ALL86). The expert system is implemented on a Texas 

Instruments Professional Computer using Texas Instrument's Per

sonal Consultant development system. 

(b) Pmvidinc trajnios in sperlaliwl ftelits" An expert system may be 

used as a teacher in domains with a shortage of human experts. 

Examples of this type of system include SOPHIE for electronic trou

ble shooting and STEAMER for steam propulsion plant operators 

(GEV A85J. By studying how an expert system makes its decisions, 
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students can learn how to solve similar problems. F.xpert systems 

may also function as an aid to human experb by relieving them of 

monotonous tasks. 

(c) Djs,ymjnatinc technical expertise in deyelopinc oouptrje:s: A simple 

expert system is being ksted in Tunisia and Egypt. that asmsts 

paramedicals in rural villages. The expert system helps determine if 

a patient with an eye infection needs treatment., if treat.ment. is neces

sary, and whether the patient can be treated locally or at a health 

center lDAL Y85). 

(d) Mnnitorinc and jntecpretinc mmplex pros '"""S The Westinghouse 

Electric Company has an expert system that monitors the perfor

mance of steam turbine generators [W ALL86). Called Gen-aid, the 

expert system monitors 250 sensor inputs continuously 24 hours a 

day for conditions that may signal a potentia! breakdo'tl.'ll. Gen-aid 

monitors the generator conditions and proposes sclutions when a 

problem occurs. Human operators cannot handle the large amounts 

of data being generated continuously in applications like this. 

Nuclear power plant. monitoring is another important. application 

area for expert systems. 

(e) Bnildinc up apd cbancinc lqe databMf'S· For example, The Digit.al 

Equipment. Corporation is introducing new computer hardware con

stantly. To meet each cwsf.(.\mer• s needs the best. way po88ible, the 

knowledge base in RI is updated continually as new hardware is 

introduced and older items become obsolete. Rl frees the salesman 

from having to mt:morize the changing variety c,l computer peri

pherals available tor the different computer systems. The knowledge 

base and control structures are separate in expert systems, allowing 
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ror the eaq addition and modification or rules in the knowledge base. 

As new developments and changes occur in the expert system's 

domain, appropriate changes to the knowledge base in the expert sys

tem can be made. These changes can allow Cor the best possible solu

tion using the man up-to-date methods. By consulting many 

different human experts, it is possible to combine each individual's 

knowledge and come up with a more informed expert system than 

any of' the experts' individual knowledge. Unfortunately, this task is 

complicated by possible disagreements among human experts on the 

proper way to diagnose problems. 

One of the first expert systems was created in 1065 at Stanford University in 

California. DENDRAL was able to determine the molecular structure or an 

organic compound from data supplied by a mass spectrometer. DENDRAL actu

ally has two rule-based subsystems (WINS84a). One resides in the structure 

enumerator that generates all the Ceasible combinations or molecular structures 

that may make up the compound. It uses the spectrogram information to aug

me:it a mu.st-have and must-not-have list or substructures ror the unknown struc

ture or the compound. These lists are used to limit the possible · tumber or molec

ular structures Crom thousands to dozens. The second rule-based subsystem is 

located in the spectrogram synihesizer, which uses IF-THEN type rules to come 

up with the type and quantity or each pomible decomposition product (WINS84a). 

Arter S"JDthetic spectrograms are produced, they are compared with the experi

mental spectrogram to obtain a final list or valid chemical structures. One or the 

main problems with DENDRAL was that the knowledge and inCe~nce mechanism 

were written together as one chunk or code. Thus, to modify or add a set or 

knowledge about chemical reactions was time-consuming and expensive. 

DENDRAL was very successrul. It produced analyses that have been pub-
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lished as original research results [RICH83). This demomt.rated that. expen sys

tems could runction competently in a field made up or human expens. Often it is 

hard to compare the performance ~r an expert system with that or a human 

expert. Generally the r~ts or an expert system are considered similar to those or 

a human expert if they agree on.- of r:he ~ cases and the expert system 

does not make any costly mistakes. This problem t, not unique to man-machine 

comparisons. In fact, in some fields the recommendations or conclusions of two 

different human experts can vary to the point or being opposing views even 

though both experts are given the same initial set or data. 
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DI. CASE STUDIFB 

This section gives a brief' description of expert systems in three different 

domains. MYCIN is a well known expert system for diagnosiny infectious 

diseases. COMAX gives recommendations on growing and harvesting cotton 

crops. The final example describes DCLASS and PROPLAN, expert systems for 

creating manufacturi_ng procma plans from part descriptions. 

A. MYCIN: Mediml diapoais of infectious diaeues. 

An important requirement for an apert system in the medical domain is that 

it be able to expbin its recommendations. This is necessary to help doctors 

understand and accept the recommendations readied by the expert system. 

MYCIN was developed to "reason" in a way similar to humans so that it could 

explain its condmions. A program called TEIRESIAS acts as the user interface 

with MYCIN. TEIRESIAS has two functions: First, it allows a knowledgeable 

mer to &dd or modify data in the knowledge base. Second, it interacts with the 

mer during the diagnosis of a patient. The user enters data about the patient's 

condition and can ask questions about MYCIN's reasoning by using TEJRESIAS. 

A typical MYCIN production rule is as follows (NAU83). The rules are writ

ten in t.he LISP programming language. 

PREMISE (SAND (SAME CNTXT INFECT PRIMARY
BACtEREMlA) 

(MEMBF CNTXT SITE STERILESITES) 
(SAME CNTXT PORTAL Gnl 

ACTION CONCLUDE CNTXT IDENT'BACTEROIDES 
TAILY .7) 

This means: 
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Ir (1) the infection is primary-bacteremia, 
_ (2) Lhe site oC the culture is one of the sterilesit"!S, 

and . 
(3) the suspected poft&l of entry of the organism is the 

gutro--in~tinal tra.c·~. 
then thetll is suggestive evidence ( .7) 
that ,t.he:~ntity or the organism is bacteroides. 

MYCIN is a rule-ba.<Jed system comisting of about 500 rules of the form: 

IF <statements> THEN <actions> 

The system starts by looking at a rule with some conclusion about an infectious 

disease. For this conclusion to be true, the premise or statements in the IF part 

of the rule must be tru~. Thus the system tries to find the values of these state

ments in the g!~hal database. Ir no value for a statement is known, MYCIN 

checks ali the ~ or the other rules to see if this statement can be determined 

by &nding anothe...~. set or statements to be true. When a value does not appear as 

a conclusion to any rule and the statement is a result of a test or value that the 

user may know, the system asks the user to supply this information. MYCIN 

stops alter no further conclusions can be made from the currently known data. It 

then prescribes a treatment consisting of the smallest and safest set of drugs that 

will cover all diseases that are likely candidates for the known condition or the 

patient. 

Because of the uncertainty involv~ in diagnosing diseases, MYCIN assigns a 

certainty factor to all the facts in the global database and to conclusions or rules. 

The certainty factor is a number between -1 and 1. A value of 1 indicates that 

the system is certain about the conclusion or fact being stated, whereas a value of 

-1 in:dicates that the value or statement is not true. Values in the interval (-1,1) 

indicate how certain the statement is. 

MYCIN produces t,reatments similar to what a doctor would prescribe. Doc

tors do not always agree among themselves about the pa'Oper treatments for 
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certain symptoms, but in 1077 MYCIN was in ~!"'!"..men~ wit.h the medi~ experts 

72% of t.he time (NAU83i. - 'this value has been iwproved since then. Prob;'!n! 

can arise Crom unexpected rule interaction in MYCIN, so care anust be taken in 

Cormulation and ordering of the rules. 

One of the most important Ceatures oC MYCIN is its ability to give reasons 

why it prescribes certain drugs for the patient. This is poaible because the sys

tem keeps track or the backward chaining done in going from the conclusions of a 

rule to the precedents that caused t.he conclusion to b~ assert.ed. Tu is helpful in 

the debugging stage. The following example shows how TEIRESIAS/MYCIN 

interacts with a user (doctor) (RICH83). 

MYCIN: Js the patient's illness with ORGANISM-I a hospital-acquired infec
tion? 

(ORGANISM-I denotes unknown organism number 1 that MYCIN 
is trying to identify and treat. Note: It is possible that more than 
one organism is present in the patient. MYCIN can handle the 
presence or many ditferent organisms in its diagnosis.) 

USER: Why? 

(The user wishes to know why it is important to determine whether 
or not the infection with ORGANISM-I was acquired while the 
patient. was in the hospital.) 

MYCIN: ~!) This will aid in determining the category of ORGANISM-I. It 
already been established that: 

~
.II the gram stain or ORGANISM-I is gramneg, and 

2.2 the morphology or ORGANISM-I is rod, and 
2.3 the aenbicity of ORGANISM-I is racultative 
hererore, if 

(2.4) the inlection with ORGAMSM-I WE J not acquired while 
the patient was hospitali7.ed, then 
t.Jiere is strongly suggestive ev1dence (0.8) that the category 
or ORGANISM-I is enterobacteriaceae 
JALSO: there is weakly sugg8'tive evidence (0.1) that the 
identity or ORGANISM-I is pseudomana.s-aeruginosa) (RULE037J 

USER: How (2.3) ? 

(The user wants to know bow MYCIN established that the aerobi
city or ORGANISM-I is racultative.) 
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MYCIN: The Collcwing were uaed: 

~1) RULE027 indic:Ued there is nrongiy sagpMive evidenm {0.8) 
ihai the aerobimy Gf ORr.ANISM-1 is facal\a&ift. 
(3.2) RULE033 indica&ed then is weakly sua•m evidence (0.2) 
ihai the aerobieity ol ORGANISM-I is not faca!tmve. 
Since this pve a eamulMm Cenainty Faetor ol (0.1) for facultative, 

the evidence indiea&es thal the aerobieity ol ORGANfSM.l is facultative. 

MYCIN showed tJW it could be a valuable assistant to dodors in diagnosing 

back.rial infections. Howenr, MYCIN b limited to a narrow domain and sutlers 

from severe performance degraddion when faced with something outside ol its 

DUTOW domain. If a patient is sdering from an allergic nadion to pollen, the 

system will prescribe teR.s for vuiom baderial infedio:m. MYC-~ does Id have 

the knowledge to notice thal the SJlllpk>ms are due to an allergic reaction. An 

imponant spinotf from the MYCIN project was EMYCIN. EMYCIN (Empty 

MYCIN) con&.aim only the control strudure ol MYCIN md none ol the domain 

spec:Ulc lmowledge about baderial infediom. By adding an appropriate 

knowledge bae for allergies to the EMYCIN shell, one would have an expert sys

tem that could diagncwe allergic nadions imtead of bacterial infections. Using 

EMYCJN would make the development tut or this new apert system for aller

gies much easier. 

B. COMAX: Cotton Crop Manacer 

Expm SJBtems have been uaed in agricultural anas u well. One panicular 

apert system ia COMAX, uaed for cotton crop management. COMA.X U8e9 a cot

ton plant growth simulator program called GOSSYM, which simulates the growth 

ol a cotton plant with respect to the local soil properties and daily weather condi

tiom. COMAX determines thl! best strategy lor irrigation, fertilization, and 

spraying or the cotton fields. COMAX ia run everyday to r&-eValuate its strategy 

bued on t.he new weather conditiom and weather history. 
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COMAX comists of about 50 rules, the inference engine about 6,000 fines of 

cede, and GOSSYM 'lpproximaidy 3,000 lines of FORTRAN code (LEMM88). 

COMAX was written in Common USP on a Symbolics 3670 machine and t.hen 

downloaded, unchanged, to a personal computer. Some sample facts and a rule 

med in COMAX are given below (LEMM88): 

FACTS 

!
run-number 1) 
hypothesized-weather hot-dry) 
inigation amount 1) 
irrigation application-time 4) 

RULE fi.nd-water-stress-day 

IF 
~~number !number) 

n\E1J°thesized-weather !weather) 

!printout "Finding water streBS day1 
run-gossym !number !weather) 
assert (set-hypothesized-irrigation) 

The rule "&nd-wate!-stress-day" is one or the set or rules that determines the 

optimum irrigation schedule. The rule is true or fired whenever a value (or run

number and hypothesized weather appears in the (act base. The symbols 

• "!pumber" and "!weather" are variables that take on the values of run-number 

and hypothesiad-weather in the data base. In this example, "?number" and 

''?weather" would take on the values or 1 and "hot-dry" respectively. When this 

IF-THEN rule is invoked, it runs thP. GOSSYM program to get the desired simula

tion results. The assert statement in the THEN part of the above ruJe is used to 

allow another rule "set-up-hypothesized-irrigation" to be true, so that it may be 

executed. 
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The simulation program GOSSYM as what. gives COMAX most of its dat.a 

tor making decisions on the crop's water and fertilizer need.. GOSSYM was 

developed over a 12-year period wit.h contributions from 10 scient.ists Crom four 

inst.itutiom. It. simulates the growth and development or t.he ent.ire cott.on plant. 

on an organ-by-organ basm: roots, st.ems, leaves, blooms, squares, and bolls 

(LEMM86). The model must. be given a det.ailed analysm or the hydrologic, fertil

ity, and other properties Of the soil as Yell M its Water release CUrY'9 and bulk 

density. Alter J t'Plying the model with t.he initial soil data, the syst.em is given 

daily weather information such as the minimum and maximum t.emperatures, 

rainfall, and solar radiation. Using this information, the simulation is run daily 

by COMAX t.o determine how and when the cott.on r!ants should be watered or 

sprayP.d, if they need fertilizer, and when the cott.on crop should be harvested. 

The simulation from emergence t.o harvest takes 60 t.o go minutes on an IBM PC 

with a math coprocessor. (IEMM86) 

COMAX was tested on an actual 6,000.acre cott.on farm. In July 1085, the 

system called for applying 50 pounds or nitrogen (fertilizer) per acre to incrd&e 

the crop yield at. harvesting time. The grower, who had not intended to use more 

!ertili7.er, applied an extra 20 pounds or nitrogen per acre, except on several test 

areas accounting Cor a total area or 6 acres. The resulting increase at harvest time 

was 115 pounds or cotton per acre where addltiQnal nitrogen was used. Based on 

the cost or Su/acre cost or fertilizing the field and harvesting the extra cott.on, 

this represents an increased profit oC $60 per acre. The increase in yield Crom this 

system resulted in approximately $-160,000 oC additional profit. A microcomputer 

system and weather station hardware can be purchased Cor $10,000 to $13,000 not 

including the software. In this case, the system more than pfld Cor it.self due to 

the increase in yield. 
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C. DCLASS and PROPLAN: Process Planners 

Process planning is an important stage in Computer Integrated Engineering 

(CIE). CIE refers to the use of computer technology to integrate the product 

design, specification, and production engineering functions [RICH86). Process 

planning involves takin~ product specifications and producing a set or manur~ 

turing plans. A process planner is typically a production engineer or an expert 

machinist with many years of experience. The task of pl'O'!eSS planning is complex 

and there is no gUBl'8D.tee of an optimal manufacturing plan being produced. An 

optimal process plan is defined as the least expensive plan in terms or time and 

money needed to produce the desired pan. Computers are being used with 

increasing frequency in this domain to maintain consistency and to optimize the 

resulting manufacturing plans. 

Several expert systems have ~n developed to automate the task of process 

planning. DCLASS is one such system, which was first used Co!' sheet metal p~ 

and later for a class or simple rotational parts [RICH86). The system queries the 

user via selection menus about the part to be created. Inrormation about the raw 

materials to be used for the part, its shape, number of holes, slots, and other part 

- features are obtained in this manner. Similarly, other process information such as 

heat treatment and painting must be obtained to create a process plan for the 

part. The knowledge base in DCLASS ..s contained in hierarc!iical di~on trees 

representing logical groupings of information. The decision trees are used as p~ 

duction rules by the forward chaining inference engine in DCLASS to produce the 

process plan for the part. 

Alter eight months of development, a system for sheet metal parts was tested 

in a muuf acturing environment. Alter a process plan was generated for a part, 

the human procaB planner was able to modify the plan if necessary. A produc

tivity increase of 3:1 was realized in the sheet metal proce11 planning eifort itself 
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[RICH86). Another benefit or the generative process approach WU an increase in 

the consistency of the quality of the process plans. In several instan~ design 

flaws or mistakes in the design specifications were made apparent because it called 

for an operation that did not appear on the selection menu presented to the user. 

For example, the painting of an aluminum part would not appear as a vrJid 

choice in the user's display menu (RICH86). 

Encouraged by these results, the next step was to create a system for a small 

subset of simple rotational parts. The increase in the number of special features 

such as traverse holes, bevels, chamfers, t.hreads, count.ersinks, counterbores, 

spherical ends, tapers, and knurls was staggering. So many questions were asked 

of the users that they became annoyed and frustrated. The number of parameters 
. 

associated with more complex parts and their production made further attempts 

at. generative process planning with DCLASS unfeasible. Another problem 

encount.ered was t.be development. and maint.enance of the complex decision logic 

used in DCLASS. Changes in the factory environment or class of parts that can 

be addressed by the !1Y5t.em have to be reflected in the hierarchical deeision struc

ture. It takes time and careful thought. to change the decision-making logic in 

such a way that t.he validity of the resulting process plans is ensured. 

Although DCLASS was found to be unfeasible for simple rotational parts, 

another expert syst.em, PROPLAN, has proved to be less demanding on the users. 

PROPLAN is a knowledge-based approach to generative process planning that 

creates process plans from Computer Aided Design (CAD) data to be used in a 

Com put.er Aided Manufacturing (CAM) environment. This system derives the 

necessary part specifications from a CAD database containing t.be part. PRO

PLAN is capable of ar-lyzing the part geometry io its int.ernal symbolic form to 

come up with a logical sequence of operations to be perf oro.ad on some raw 

material to produce the final result. The ruulting process plan speci&.es what 
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machines and tools (drill bits, cutters) should be used, what type of coolant is 

needed, and the speed, feed, and depth of cut for each operation. PROPLAN is 

capable of aplaining the line or reasoning that it used to come up with the final 

process plan. This is helpful tor debugging and developing the expert system and 

know:edge base. The expert system's rules can be changed to accommodate 

different machinery and different types or tools. 

Examples of PROPLAN Production rules [PHIL85) are: 

(a) On choice of machine: 

IF <OPERATION is TURNING> 
and <Maximum LENGTH of PART is less than 30 inches> 
and <Maximum DIAMETER of PART is less than 10 inches> 

TIIEN <recommended MACIDNE is LA.THEOOl> 

(b) On choice of tool: 

IF <OPERATION is DRill.JNG> 
and <PART-MATERIAL is HIGH-CARBON-STEEL> 
and <DIAMETER of HOLE is less than 2 inches> 
and <HARDNESS of PART-MATERIAL is between 

200 & 2400 BHN> 
THEN <recommend DRILL with HELIX 240 degrees> 

or <recommend DRILL with POINT 118 degtee& > 

( c) On choice of tool-material: 

IF <the PART-MATERIAL is ALUMINUM> 
and <OPERATION is TURNING> 

THEN <recommended TOOlrMATERIAL is HIGH-SPEED-STEEL> 

(d) On choice of coolant: 

!F <the PART-MATERIAL IS PLAIN-CARBON-STEEL> 
and <TOOlrMATERIAL is HIGH-SPEED-STEEL> 

THEN <recommended COOLANT is SOLUBLE-Oil.> 

(e) On choice of cutting speed: 

IF <OPERATION is TURNING> 
and <DEPTH-OF-MATERIAL to be removed is greater than 2 

inches> 
and <DIAMETER or PART is lea than 4 inches> 
and <PART-MATERIAL ii CASTIRON> 
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and <TOOL-MATERIAL is CARBIDE-TIP> 
TIIEN <recommended SPEED is 250 rpm> 

Process I-;am were developed for several parts and then compared with the 

process pl~ currently being used in a factory environment.. The plans were simi

lar. However, some plans differed because oC local constraints existing in the fac

tory that. we·-e not accounted for in the expert system. The computer-generated 

process plans had a more consistent. level of detail than those from the human 

process planners. This is desirable to make sure the resulting product. meets the 

minimum standards. The results showed that the PROPLAN system is efticient 

and has the potential for practical application [PHIL85). 
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IV. DEVELOPMENT OF AN EXPERT SYSTEM 

The development. of expert syst.ems involve symbolic and li.5t. manipulations. 

Therefore, expert systems are not. usually writ.ten in FORTRAN, Pascal, BASIC, 

or COBOL programming languages. The LISP language is tailored for symbolic 

manipulation, list. represent.at.ion and associative memory retrieval. Writ.ing an 

expert system from scratch is very t.ime-eonsuming. However, t.he user interface 

and inference engine of an expert. syst.em do not need to be written for each new 

domain because they are commercially available. ThlS! expert system tools are 

referred to as expert system shells. Knowledge and rules for a speci&c domain can 

be combined wit.h an expert. syst.em shell t.' produce an ~ syst.em. 

In general, the development of an expert system is not a trivial task. A toy 

expert syst.em, as discussed in Chapter I(B), can be written fairly easily as a rule

based system. However, more complex expert. syst.e1115 involve many heumtics 

and rules or thumb and thus require more development time. The development or 

an expe!'t system requires both a domain expert · and a knowledge engineer. 

Domain experts are knowledgeable about the area or expertise being encoded into 

an expert. system. Knowledge engineers are familiar with ways or representing 

knowledge, artificial intelligence techniques, and expert system construction. 

The cost of developing an expert. system varies from a few thousaltd dollars 

for simple systems to several hundred thousand dollars for large projects. 

Hardware costs range from SI,000 for a personal computer to about Sl00,000 for 

specialized T...ISP work stations. Software costs include the cost of LISP or Prolog 

languages and/or expert system shells. Depending on the domain it may take 

several man-months to several man-years of time to develop a complete expert 

system. 
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Expert systems are developed in six more or less independ&t phases (HARM851: 

(a) Selection or an appropriate problem; 

(b) Development or a prototype system; 

( c) Development of a complete expert system; 

(d) Evaluation or the system; 

(e) Integrat.ion of the system; and 

(f) Maintenance or the system. 

A. Selection or an Appropriate Problem 

Expert systems are not appropriate Cor all problem areas. Ir the domain con

sists primarily of numerical attributes with stable rules or thumb and heuristics, 

then it may be more appropriate to use a spreadsheet, database, or other conven

tional prognms to solve the problem. Solutions requiring considerable background 

in!ormation or common sense knowledge may be too unwieldy and time

consuming to encode into an expert system to obtain the desired performance. 

One should not try to apply the expert system technology to situations where 

there is no previous experience. 

Candidate problems to be solved using expert systems usually involve 

knowledge that is subjective, changing, symbolic or partly judgemental 

(HARMSS). By encapsulating the knowledge in a set or IF-THEN rules it is possi

ble to add, delete, or chuge knowledge (rules) by simply modifying the rule base. 

Uncertainties in the original data and in rule conclusions can be accounted for by 

using certainty factors and a method for propagating certainty values. Symbolic 

data can be manipuh.t.ed by IF-THEN rules that check for certain symbolic values 



- rt-

and/or assert symbolic facb in the daiabue. 

Care ms be taken co emure tlW the benefits of the proposed expm system 

will outweigh the required man-months or years of development work. If after a 

long development time the targeted end wsers of the system do mK use the system 

as expected, then developing an expen. system may be a waste of time. Potential 

users may llllsWus\, fear, or be skeptical of the expen. synem. Comideruion of 

how the domain experts feel about imparting their knowledge to an expm system 

is also important. The ultimate goal should be to enhance the expert's job perfor

mance, train students, provide help to the expert in tiresome tub, or to &II a 

demand for the expen's domain knowledge. It is emential tlW the domain aper\ 

be able and willing to work with the knowledge engineer in creating a viable end 

product. 

B. l>eYelopmeni o: a Pro~~ S,.tem 

After an appropriate domain has been selected for the expert synem, the nm 

step is to develop a prototype system. Typically, the knowledge engineer questions 

the domain expert about the expert's problem-solving techniques. Next the 

domain expert runs through several typical example problems and shows how to 

solve them. The knowledge engineer must determine an appropriate data 

representation and control structure that will allow the expert system to represent 
. 

the domain expert's fads and rules or thumb used in solving the problems. 

Both the knowledge engineer and domain expert must SJ>e'-ify exactly what 

performance they expect from the expert system. The desired performance mu.st 

be defined in advance so that this can serve as a goal during the development 

stage. Typical goals are having the expert system produce solutions .or recommeu. 

datiom similar to the human expert in certain predefined cases under the operat

ing conditions or a human expert. When these goals are met, the knowledge 

engineer will have completed the t.ask successfully. 
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Once a knowledge represen~n scheme and control structure are found that 

can med the prede6Ded goals, the knowledge engineer can chooae an expert sys. 

tem shell or tool to be used in c:reUing the &nal expert system. Using a commer

cially available shell saves a considerable amount or time. Nm the knowledge 

and rules or thumb from the domain are encoded into the prototype system. The 

knowledge engineer and domain expert test the pl"OkKype with sample cases. By 

following the expert system's use or the IF-THEN rules, they can determine 

whether the machine is solving the problem incorrectly. If so, then the rules can 

be modified to obtain the desired results. 

The main purpose of the prototype stage is to determine whaher the 

knowledge representation and expert system shell seleded by the knowledge 

engineer are adequate for the desired system. It may be necessary to start the 

prototype stage over again using a ditferent expert system shell and/or knowledge 

representation scheme if the prototype performs badly. During the creation or the 

prototype system the domain expert becomes familiar with how the domain 

knowledge and rules or thumb are used by the expert system to make its conclu

sions. This enables the expert to formulate the domain knowledge into a form 

better suited for creating the complete expert system in the nm phase. 

C. Development of a Complete Expert System 

Once a successf'ul prototype system has been developed, it is t.ime to start 

developing t.he complete expert system. Generally it is best to throw away the 

prototype, since the prototype often contains many special problem fixes that are 

awkward or inefficient. The knowledge engineer usually finds that a slightly 

ditferent data representation performs better in the larger complete expert system 

than the one used in the prototype. Starting the final version of the expert sys

tem Crom scratch allows fine-tuning or the data representation and better codi~g 

or the rule base for the final product. In addition to allowing for more general 
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cases, the complete spen system should have rules that tab care or special cases 

and provide bet\er coverage or the problem area being tackled than does the 

smaller prototype. A:s before, the~ performance mu.st be monitored and the 

rule base debugged when incorrect solutions are given. 

D. Evaluation of the Experi System 

Once the complete expel'\ system meets the original design requirements, it is 

time to evaluate the system extensively. Other domain experts are called upon to 

tea the system with l...oth general and special cases to see if the system performs 

well. It is important that the domain experts agree that the system is performing 

well. If the experts feel that the system gives bad solutions or advicey then the 

system may have to be redesigned. Minor ftaws in the expert system or special 

cases that the expert system ~ correctly solve can be &xed at this time. 

When the domain experts feel that the system does an adequate job, then it can 

be integrated into the work environment. 

E. Integration of the Expert Syatem 

Integrating a system into its work environment involves interf'acing the pro

gram with outside data sources (e.g., measurement systems and the user) and

enhancing the user-friendliness of the system. The end users of an expert system 

usually know very little &bout computers. Thus, the data entry and user interac

tion should be as simple and user friendly as possible. The use or selection menus 

and specific user prompts can provide users with enough information to make the 

user interaction easy to handle. 

PUFF, a pulmonary diagnosis system, is an example or an expert system that_ 

is well integrated into its environment. Alter PUFF was accepted as performing 

well, it wu recoded from Lisp to Buie and then tramf erred to a Digital 
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Equipment Corp. PDP-11 Computer already being used in a hospital (HARMss~. 

To use the SJ3Wm, a patient breathes into the pulmonary machine, the data from 

tlm machine is passed io the PDP-11 computer where PUFF analfR'.S the data. 

reports the patient's condition, and recommenm a possible treatment. The physi

cian does not have to interact with PUFF at all. 

F. Maintenance of ihe Experi System 

Maintenance is the &nal phase or developing an expert system. This phase is 

often ongoing for domains where new data or knowledge about the domain is 

being acquired. This is especially true or applications involving changing technical 

tiel& such as medicine or machine repair (new models every year). Maintenance 

includes adapting \he system to changing environments where new diagnostic 

machines or new computers become available. 



- 31-

V. COMMERCIALLY AVAILABLE EXPERT SYSTEMS 

A large variety oC expert systems, expert. system shells. and development tools 

are commercially available. This section lists some companies that supply these 

products, with a brief description of one or more products available from each 

company. More information can be obtained by directly writing to the companies. 

Because oC the substantial interest in P.Xpert systems, new companies are being 

formed every year in the United States and Western Europe. 

1. Radian Corporation 
RuleMaster 
8501 M~Pac Blvd. 
p .0. Box 9948 
Austin, Texas 78766 

Phone: (512) 454-4797 

RuleMaster - For devel'?l!ing large, practical expert systems. Can be used on 
most computers with a C" compiler. 

2. Micro Data Base Systems, Inc. 
~larketing 8l. Sales 
P.O. Box 248 
Larayette, IN 47002 

Phone: (317) 463-2581 

GURU - An expert system designed especially for business. Considers uncer
tainties, asks for more information when needed, and explains its recommen
dations. Available on a personal computer. 

3. Logicware Inc. 
Suite 3000 West Tower 
5000 Birch Street 
Newport Beach, CA 02660 

Phone: (714) 475-3634 

MPROLOG - Contains a powerful inference engine that provides automatic, 
system-driven reasoning with the rules and facts in the programmed 
knowledge base. The same application can be run on a mainframe or a per
sonal computer. 



4. Anelligence, Inc. 
14Gm Pres&on Road 
Suite 212-252 
Dalla, Tens 75240 

Phone: (214) 437-0361 
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OPS5 - Commonly used language in expert system development. It is avail
able on SUN and APOILO systems as well as IBM-PC, XT, and AT's. 

5. Software ArchiW:ture and Engineering, Inc. 
1500 Walson Blvd. 
Suite 800 
Arling\on, VA 22200 

Phone: (703) 27~7g10 

KES Il - A knowledge engineering system written in the C programming 
language. May be used on many computers induding IBM PC. 

6. Silogic, Inc. 
6420 Wilshire Blvd. 
Suite 2000 
Los Angeles, CA 90048 

Phone: (213) 653-6470 

The Knowledge WorkBench - Supports a variety or natural language applica
tions, expert data bases, and other knowledg~based applications. Available 
on personal comp·.iters. 

7. lntelliware, Inc. 
4676 Admiralty Way 
Suite 401 
Marina del Rey, CA 00201 

Phone: (213) 305-0301 

Expertteach - A comprehensive guide to Expert System Technology consist
ing or Expert System tutorials, case studies, on-line teaching programs, 
Expert System building tools with 90urce code and Artificial Intelligence 
languages for use OD mM Personal Computers. 

8. ExperTelligence, Inc. 
569 San Ysidro Road 
Sant.a BarDara, CA 93108 

Phone: (805) 969-7871 

ExperFacts - A flexible expert systems building tool. Writ.ten in ExperLiap 
for Macintosh Personal Computers. 



9. EXSYS, Inc. 
p .o. Box 75158 
Contr. Sta. 14 
Albuquerque, NM 87UM 

Phone: (505) 836-6878 
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EXSYS - An apert sysiem development tool for the IBM PC, XT, AT and 
compatibles.. Uses IF-nlEN rules •nd is written in C. About 5000 rules can 
be run in a PC with &tOk. A low ~ Sl5 demonstration system is available 
from the company. 

10. KDS Corporation 
034 Hunter Road 
Wilmette, IL 600Dl 

Phone: (312) 251-2821 

KDS - Expen system development software which nms on an IBM-PC or PC 
compatible c:omputer. KDS is given cue histories and from these cue ~ 
tories it &guns out which rules to apply au.omatically. 

11. Texas Instruments 
Phone: {800) 527-3500 U.S. 

(416) 884-9181 Canada 

Personal Comultant - Expert systems development software for Tl and IBM 
Personal Computers. 
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VI. POTENTIALITIES FOR DEVELOPING COUNTRIES 

Expert SJSlemS otfer Welliendo., possibilities for developing countries. A 

recent Symposium OD "Microcomputers for Developing Countries•, held in Lisbon, 

Portugal, and organized by Board OD Science and Technology for Internat.ional 

Development, Nuional Research Council, Washington D.C., USA. identified the 

following domains for applying expert 3JSt.em iedmology in developing countries: 

a Health (Diagnosis, Simulation, Health Management.) 
b Agriculture 
c Eledrieit.y Power Control 
d Water Resources 
e Real-T'une Manufacturing Control 

Economic Analysis and Planning Tools 
g Equipment Repair or Fault Diagnosis 

It is important to keep in mind that the problem domains of interest and the 

corresponding knowledge base in developing countries are ditlerent from those in 

the developed countries. For example, an expert system software for fault

diagnosis in electric mot.ors designed in a developed country may not work in a 

typical developing country environment. Voltage fluctuations, temperature, and 

humidity conditions severely atlect the performance of electric motors. The repair 

strategy of the expert system should also take into account the shortage of critical 

spare parts in developing countries. Therefore, one should not try to apply the 

expert system technology to situations where there is no previous experience. The 

knowledge base for the expert system has to be developed in the environment 

where it will be med. Further, an expert system should never be used in a prob

lem outside its domain. 

Scientist.a, engineers, planners, and designers in developing countries should 

be made aware or the potential or expert systems. After all, an expert system 

olers an alt.eraative and, often, a more etBcient and economical method for moni· 

toring, diagnasing, designing, problem-solving ar troubl~hoot.inr,. Expert 
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4'JStems are paniculary useful for problems involving scheduling (machines, peo

ple, trucb), diagnosis (patients, engine trouble) and process control (power plant, 

mining oper'Uion). "Expen systems" has become a technological buzz-word. 

There are misconceptions associated with expert systems, namely, that they can 

solve novel problems in an imaginative way. It is a human expert who provides 

the rules or knowledge base that an expert system follows. Since human experts 

are in short supply in many developing countries, it makes sense to build expert 

systems and place them in these countries' remote areas. An expert system can 

eveu help a specialist explore many Ltore options, and can be used Cor educational 

and training purposes. The~ or computer hardware has come down to such a 

level that a PC-based expert system can be made available for less than S2,000. 

Food production is vitally important to developing countries. Thus, 

expert system applications in agriculture should interest scientist,, in developing 

countries. Whittaker (WHI86a) classifies various applications in the agriculture 

domain into one or the following three categories: 

(a) planning (e.g., pest management, fertilizer applications, facilities selection 

and design); 

(b) diagnostics (e.g., crop problems, equipment problems, animal health); and 

(c) management (e.g., resource conservation, marketing). 

Three expen. systems that have been developed in the agriculture domain are 

described below. Similar systems can be developed for other domains in develop

ing countries. For instance, an expert system to select a mainframe computer for 

a state agency can be developed along the lines or the timber harvesting equip

ment selection in the first example. 

(a) Expert sptem Coe tjmber baryest equipment selection 
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Gibson and others [GIB86b) have developed an expert system that 

~ a manager to seled timber harvesting equipment ror various environ

men\al and site conditions. This expert system receives input from the user 

about the slope, soil str.idure, concern ror erosion and post-harve.n aesthet

ics, crew skills, and road limitations. Bas!d on this information, the expert 

system recommends whether an "overhead" harvesting system or a "ground" 

based harvesting system will be needed. This expert system also responds to 

the "how" and "why" queries or the user. It is these types or queries that 

make an expert system useful for training purposes. The timber harvesting 

equipment selection expert system has 83 rules and is running on an IBM PC 

using Texas IDstruments Personal Consultant IQ-USP-based shell. Other 

applications or expert system technology in the forestry domain include rorest 

road layout, wildfire suppremion prescribed burning, insect identification con

trol, herbicide and pesticide application and integrated decision support 

(Mll.586), (THIE86), (GIB86a). 

(b) Gmjn Combine expert system 

Schueller and others [SCHUSS) have developed an expert system for the 

adjustment, repair and maintenance or grain combines. A suboptimum per

formance or a grain combine can lead to grain Ices, grain damage, and har

vesting delays. This PC-based expert system determines problem causes and 

suggests poten~ial <'orrective actions. wt··~ an operato1 can look through the 

manuals to find the solution to the problems, an expert system reduces the 

tim.e taken to diagnose the problems and to find the maintenance schedule 

and the in!ormation about dealers and parts suppliers. Ir the Cann is located 

in a remote area, a trained mechanic may not be readily available, and the 

expert system may also assist the farmer to ftx the problem. A useful feature 
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or this expert system is that it uses a speech synthesizer to pl'fSellt spoken 

queries to the user. As a future enhancement, the system will have the 

speech recognition ability to accept speech input so that the user does not 

have to enter the information through a keyboard. 

(c) Expert system for snil ermjon modeljnc 

A computer model for soil erosion is useful for studying the effect of fae

tors like runoff, soil detachment, and soil deposition on long-term average 

erosion rates. Formal mathematical models are based on some simplifying 

assumptions and are valid only for a range of conditions. These models are 

difficult to use in situations where the information or the measurements are 

non-numeric (symbolic, e.g., temperature is "high" versus temperature equals 

56 • F), incomplete, unreliable or inconsistent. To overcome these problems, 

Whittaker and others [WHl86b) are developing an expert system to model 

the soil erosion. 

Since shortage of electric power is a common and serious ailment of many 

developing countries, efficient operation and si. ~y of power generating units is 

critical. The need for trained technical persons also exceeds the supply in these 

countries. Operators are having to make more difficult and frequent decisions 

because of the increased complexity of power plants. Thus, expert systems can be 

very useful for the operation, control, safety, reliability and efliciency of power 

plants. The Instituto de Investigaciones El6ctricas, Mexico, is developing several 

expert systems for the diagnosis and operation of power plants [CAST86J, 

[ROD86aJ, [ROD86b). These systems will find use in other developing countries as 

well. 

Expert systems can be utilized in all aspects or the manufacturing industry in 

.developing countries. For developing countries to be more competitive in the 
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internat.ional market., they must. manufact.ure g~ of high qualit.y at. lower cost.s. 

Expert systems can be used during t.he product design process and can assist in 

int.elligent manufacturing [RYCH84), [BENA85). Product design process involves 

expertise about. a product and its intended use. Expert. systems can be used to get 

the requirements directly, taking an order that is complete and manufacturable, 

and placing an order into production planning that can be built. Inventory 

management, capacity planning, and floor-loading throughput management. are 

critical ~es during manufacturing that can be handled by expert systems. 

In summary, developing countries should investigate the applicability of 

expert systems to some of their problems. They should make an eftort to build a 

critical mass of researchers and computing facilities. It is still too early to tell 

which applications of expert systems will prove to be most useful. But expert sys

tems are receiving substantial attention in the developed countries and ..-e being 

used in several manuf ac.turing, decision-making, and financial domains. There 

should be no fear that expert systems will replace human experts. Human experts 

will be needed to update the systems' knowledge bMe as additional information 

becomes available. 
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ANNEX I: EXISTING EXPERT SYSTEMS BY FUNCTION 

Domajp 

I Djapmj• 
Medicine 
Medicine 
Medicine 
Medicine 
Medicine 
Medicine 
Computer faul&a 
Computer faul&a 
Nudear reactor Kcidenu 
Telephone lines 
Diesel loc:omo&ives 
Mul&iple pair/&elepbone wins 
Con&inuoas Procas Diapoeis 
Diagnoe&ie Shell from CATS 
Telephone swi&ehing SJS&em 
Plant c:liseues 

Name of 
qmm 

PIP 
CASNET 
ID&emiH/Caduceus 
MYCIN 
PUFF 
MDX 
DART 
IDT 
REACTOR 
WAVE 
CATS 
ACE 
PDS (shell) 
GEN-X (shell) 
Compaaa 
AQU 

- 2 Dat.a AnalJsM and jnt«qanetat.jnn 

Oil well lop 
Petroleum 
Petroleum 
Chemisvy 
Chemiary 
Geology 
Protein crystallography 
Causal re1aiiona in medicine 
Causal rela\ioas in medicine 
Oil well lop 
Steam turbine generators 

3 AnaJvje 

Dip-Meter Advisor 
umo 
DRn..LJNG ADVISOR 
DENDRAL 
GAl 
Prospector 
Crysalis 
RX 
ABEL 
ELAS 
Gen-aid 

Electrical circuits EL 
Symbolic mathematics MACSYMA 
Symbolic maibemMica REDUCE 
Symbolic mathematics SNARK 
Mechaoics problelll8 MECHO 
Naval task force threaU TECH 
Earthquake damage of structures SPERn. 
Digital circuit. CRITTER 

4 Dajp 
Computer system con&guratioos Rl/XCON 
C'arcuit syntha SYN 
Chemical SJDtha SYNCH&\f 

lnWtutjon when: duelaprd 

MIT 
Rutgers Univ. 
Univ. of Piuaburgh 
Stanford Univ. 
Stanf'ord Univ. 
Ohio State Univ. 
Stanford Univ./JBM 
Digital Equipment Corp. 
EGAG Idaho, Inc. 
Bell Labs 
GE Corp. [W ALL86J 
ATkT Bell Labs [WALL88J 
GE Corp. [WALL86J 
CMU and Wes&ingbome [WALL88J 
GTE Corp. [W ALL88J 
[NAU83J 

MIT /Schlumberger 
[BONN86) 
[BONN86) 
Stanford Univ. 
Stanford Univ. 
SRI 
Stanford Univ. 
Stanford Univ. 
MIT 
AMOCO 
Westinghouse Elec.[Wa1186J 

MIT 
MIT 
Stanford [BONN86J 
[BONN86J 
Univ. ol Edinburgh 
Rand/Naval Ocean Systems 
Purdue Univ. 
Rutgers Univ. 

CMU, DEC Corp 
MIT 
State Univ. of NY 

.. continued 
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5 Plynjns 
Machining ol mechanical pans 
Chemical synthesis 
Robo&ics 
Robo&ics 
Planetary Bybys 
F.rruad plamaing 
Molecular gendics 
Mimi.on pluming 
Job shop scheduling 
Molecular gene&ic aperiment.s 
Medical diagDCllis 
Nan.I aircraft opera&ioas 
Tadical Targding 
Process planning 

11 I.a.min& (mm rxpetiauz 
Chemiary 
Heurisitics 

I Caacept. (nrmatiml 
Mathematics 

8 Sipal iDtcq>ret.atian 
Speech undentandiDg 
Speech undentandiDg 
Machine acoustics 
Ocean surveillance 
Sensors on board naval veuels 
Heart performance 
Military sit.uatiom 

Q Manjtorjnr 

Patient. respiration 

Ul II11 Adldmt 
S&ruct.ural aaalyail 
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ANNEX I : eoatiaaecl 

Name of 
emm. 

GARI 
SECHS 
NOAH 
ABSTRJPS 
DEVISER 
OP-PLANNER 
MOLGEN 
KNOB.5 
iSIS-ll 

SPEX 
HODGKINS 
AlRPLAN 
TATR 
Pro plan 

META-DENDRAL 
EURISKO 

AM 

Hearsay n 
HARPY 
SU/X 
HASP 
STAMMER-2 
ALVEN 
ANALYST 

VM 

SACON 

lmtib!tjnn wheat deyelqped 

[BONN88J 
u. ol Cali(. San&& Crus 
SRI 
SRI 
JPL 
Rand 
Sbaford Univ. 
MITRE 
CMU 
Sbaford Univ. 
MIT 
CMU 
Rand 
u. ol Dlinois lPHIL85J 

Stanford Univ. 
Stanford Univ. 

CMU 

CMU 
CMU 
Stanlord Univ. 
System Conkola, Inc. 
Naval Ocean Syatema 
Univ. or Toronto 
MITRE 

Stanford Univ. 

Stanford Univ. 

.. cont.inuP.d 
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ANNEX I: coatlmwl 

l)vppin 

I I Computer-aided iutmctjm 
EledloBic: &roubl-hooting SOPHIE 
Mec1ica1 diagnosis GUJDON 
Ma&bema&ics EX CHECK 
S&eam propulsion plan\ opera&n. STEAMER 
DiaposUc skills BUGGY 
ea.. ol niDfall WHY 
Coaching ol a game WEST 
Coaching ol a game WUMPUS 
Coaching ol a game SCHOLAR 

12 Koowlalp acqpnitjon 
Medial diapoeis 
Medial comul&a&ion 
Geology 

~ 
EXPERT 
KAS 

ROSIE 
AGE 
11arsa1m 
».fYCIN 
OPS5 
YAPS 
LOOPS 
KEE 
ARS 
YESjMVS 
RuleMuw 
Exper\Eue 
KS 300 
KES 
Penoaal Comultani 
AL/X. 

Medical diagnoeia KMS 
Medical conml\ation EXPERT 
Medical expert 1JRema w·ork PORTAL 
Eleckonic 1JRema diapom ARBY 
Meclieal comuli. wida ume da\a MECS-AI 
Proce. planning DCLASS 

14 CamaJtatjon/jntclHren& M'i•tan& 

lmgjtugjm whrp dcyelnprd 

Doi\, Beranek and Newman 
S&anford UniY. 
S&anrord UniY. 
Doi\, Beranek and Newman 
Doi\, Benaek and Newman 
Boll, Beranek and Newman 
Boll, Benaek and Newman 
MIT 
Doi\, Beranek and Newman 

S&anrord UniY. 
Ru&pra Um. 
SRI 

Rand 
S&aaford UniY. 
UniY. or So. Calif. I ISi 
S&anrord UniY. 
Carnegi.Mellon UniY. 
Maryland Soltirare Diatr.(CROS88J 
XEROX [ERIC84J 
XEROX (CROS88J 
[NAU83J 
IBM 
Radian CorporaUoo (CROS88J 
Human F.dge Sofware [MICH85J 
Teknowledge Inc. [MICH85) 
lnklligendics Inc. [MICH85J 
TI Inc. Dallu Tena [MICH85J 
UniY. o( Edinburgh [MICH85) 
UniY. of Maryland 
Ru&pra UniY. 
UniY. of Vidoria (CROS88J 
Smart SJReml Technology • 
Tokyo Uni•. 
Ta. lmk. [RICH88J 

Baulefield weapons auignmen&a BATTLE NRL AI Lab 
Medicine Digitalis Therapy Adv. MIT 
Radiology RA YDEX Ru\gen Univ. 
Compuw w• XCEL CMU / DEC Corp. 
Medical ireumeot ONCOCIN Stanford Univ. 
Nuclear power plants CSA Model-Bued NPP Coo Georgia Tech. 
Di~ prompiing in med. REC')NSIDER U. of Calif San Fran. 

• • contin.lld 



Dpmeip 

15 Muapmng 
Au&oma&ecl factory 
Project managemen\ 
Couoo crop maugemea\ 

11 A11gcwp1tjc pmsrun•inc 
MocleliDg ol oil well lop 

. . 
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ANNEX I : canim...l 

IMS 
CALISrO 
COMAX 

lm&i&utKm yhnz dodaprd 

CMU 
DEC Corp. 
USDA Agricukunl Reseatth Senice (LEMM86j 

NIX SchlumberpM)oll Res. 
au Km&rel lml. 
PECOS Stanford UDiY. 
LIBRA Stanford UDiY. 
SAFE U. ol So. Calif. / ISi 
DEDALUS SRI 
Programmer's Apprm~ce MIT 
PSI . [BONN88) 

VISIONS 
ACRONYM 
MAPS 

u. ol Ma.achaaeUa 
Stanford UniY. 
CMU (E11. spancled) [MOONIS) 

Sauve= W.B. Gcvamr, lnte!Ucen& Mvbjnn· An lngrpdnctcu:J 
Pmpcc&ixc q1 Artificial Jn,,mcenre and Robggja (Prenkc. Hall Inc., New Jenq, 1985), pp. 46-

81. 
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ANNEX ll: PROJECT PROPOSAL FOR AN EXPERT SYSTEM FOR 

TRANSFER. OF TECHNOLOGY AGREEMENTS 

COUNTRY: 

PROJECT TITIE: 

STARTING DATE: 

COMPIETION DATE: 

UNIDO FUNDS: 

I Objed;jyes 

Pan One - Basic Data 

Mexico 

Issues in the Design of an Expert System for Transfer 

of Technology Agreemenu. 

1 Augua 1987 

31 December 1987 

us tlo,000 

Pan Two 

A. Daelopmc:nt Objectives 

To strengthen th~ capabilities of Institute> 

de Investigaciones Electricas (IIE), Mexico, 

in the area or design and applications or 
expert systems. 

B. Immediate Objrc:tivcs 

1. To establish whether apert systems tech

nology is useful (or teaching .~ntract nego

tiation skills to engineers, managers and 

lawyers in developing countries. 

2. To investigate practical issues and 
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comvainm (e.g., number or man-years, ~. 

data bae, domain) for developing such an 

expert system. 

The induarial sector of virtually eYerJ developing country relies on the 

transfer or &echnology from developed countries. A sul>Santial por\ion or the 

foreign exchange balance or a developing country is spent on acquiring this tech

nology. Thus, the choice and the terms of contrad or &echnology transfer are 

imponant to the emnomic well-being or a cleYeloping country. ~ in a 

deYeloping country need information about the Wcbook>gy they are buying and 

need to develop negotiating skills. For information, they are often u the merer 

of consultanm and multindioo.als. A user-friendly, computerized data bue can 

provide the informdion in a timely fashion. Multindionals are more in&erested in 

selling turnkey systems. A suecesdul negotiator is one who can negotiate a con

tract with the maximum amount or local-content. 

Contract negoti&aon is an an. It is not easy to specify which negotiating 

skills are essential, let alone figuring out how one acquires them. Penonality 

traim or negotiators is very important in the outcome. The negotiation strategy 

depends on the industrial sector. Developing countries have an upper hand in the 

n~otiation or conventional technology, but developed countries dominate the djs.. 

cussion for high technologies. Most or the time the design technology is available 

but the manufacturing technology is lacking in the developing country. There

fore, it is important to check that t.he "package deal" does not contain redundant 

and obsolete technologies. 

Berore initiating contract negotiations, the core or technology that is not 

available in the home country should be identified. Suppoee machining capability 
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to manufact.ure turbines is not available. Then instead or going to, say, Westing

house (a manufadurer or turbines), the developing country should contad, say, 

C"mcinnati Miliaon (a manufact.urer or machinery). Going to the right source ror 

acquiring the technology is essential. Large U.S. companies do not have the exper

tise to manwact.ure low-volume production. Many companies in developed coun

tries cannot tailor their tec:hnologies to meet the requiremen\s or developing coun

tries. For eumple, DE had to approach a Spanish company to get fmsil fuel gen

erators converted ror use in gdhermal power generation. 

UNIDO has a long-standing interest in sablishing some common guidelines 

for enbwion ol transfer or technology agreemmu [UNJD7G). It. has a commit

ment. to provide practical information to negotiators in developing countries in 

preparing and negotiding technology transfer cont.rads. This repc>r\ and t.he 

attached project proposal is an out.come or this commitment. to explore the use or 

the emerging technology or expen sys&eml in the preparation ol these cont.rads. 

An expert system can verily if the technology t.ransf'er cont.nets have t.he right pro 

(01 UUL, if they conform with national policy' and if the benefits or acquiring tech

nology exceed t.he cost of buying it.. 

m. Project ouwuw 

A report with proposals tor action regarding t.he development. of expen sys

tems tor t.ransler of technology negotiations will be developed. The report will 

evaluate t.he need for UNIDO to invest. any additional resources to develop such a 

system. In addition to t.he expert systems, t.he report. will also investigate t.he 

benefi."9 of a CAI (Computer-Aided Instruct.ion) system to assist. developing coun

tries in these ner;ot.iations. This could be a "how-to" guide or manual with a sec

t.ion for each country. Oft.en, developing countries are at t.he merey of consult.ants 

and mult.inat.ionals about. various technology opt.ions, so a CAI system containing 

a profile of each industry is desirable. 
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IV. Project activitim 

Development. of an expert system in a new domain is ~ easy. Contract 

negotiation is an art and it is diflicult. to establish how one acqui~ these skills. 

Negotiation skills and strategy ~ depenm upon the specific technology. The 

staff at the DE has substantial experience in importing technology from developed 

countries as well as in exporting technology to le!B developed countries. A consul

t.ant. in expert systems will stay at the institute for one month to understand the 

contract. negot.iat.ion process and to capture the sector knowledge, strategy, and 

national policies utilized. The comult.ant. will also work closely with the UNIDO 

st.af to identify UNIDO's role in these negotiations. The implementation schedule 

is as follows: 

~ 

L Major areas of technology tramfer 
agreeme1&t.s 

II. Identify a few technological areas 
for detailed study 

m. Legal requirements of contracts 

IV. Economic, political, and technol~ 
gical constraints 

V. Knowledge data base requirements 

VI. Hardware, software, and manpower 
requirements 

VII. Report. and recommendations 

Dura\i.on 

2weeb 

1 week 

2weeb 

4 weeks 

4weeb 

4 weeks 

3 weeks 



.. 
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V. Pmject jnp••bl 

A. DE Inpukl 

Aa mentioned bel'ore, DE has substantial expertise in technology tramfer 

negotiations. It has a separate legal department to handle these negotia

tions, whose expertise is invaluaba~ for this feasibility study. IIE has 

also expressed interest in participating in this ~.udy. 

B. UNJDO jnp11t 

1. An expert at the cost al US$ 20,000 

2. Headquarters staft will provide information to the spert 
regarding UNIDO's role in technology t.ransCer negotiations. 

VI. Eovisacrd ColJmr-up. 

Any follow-up will depend upon the recommendations or this study' which 

could take the Conn or designing a small prototype expert system or simply 

designing a simulation game for negotiating a contract. 

. . 

• 
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