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A new engineering graduate course on intelligence engineering has been developed, which
includes technical survey, fundamental instruction, seminar presentation, and a course project. It
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newest developments, and trains them with practical hands-on experience of developing
intelligence systems. This course is intensive and effective, and helps students gain a deeper insight
into intelligence engineering. It serves as an advanced technology transfer vehicle to train our next
generation into highly qualified engineers for the upcoming knowledge-intensive industry.

INTRODUCTION the processing of non-numerical information, using

heuristics and simulating an engineer’s capability in

TO FACE the challenge of the upcoming problem-solving. In fact, a much better termin-
knowledge-intensive industry, the current state of ology for this field is ‘Complex Information Proces-
the art of engineering education contents cannot sing Systems’, rather than ‘Artificial Intelligence’.
fully satisfy the requirements of training our next Today, instead of arguing which terminology is
generation to be highly qualified technical person- better, we concentrate on investigating the use of
nel for industry. The development of industry may powerful computation technology in Al research.
be divided into four stages in terms of automation Traditionally, expert system development relied
[1]. The first stage, the labor-intensive stage, mainly on the knowledge engineer who, by defini-
mainly relies on the skills of human operators tion, was a computer scientist and had knowledge
using simpie non-auiomatic machines. At the of artificial intelligence and computer program-
second stage, the equipment-intensive stage, auto- ming [3]. Knowledge engineers interview domain
matic instrumentation plays a dominant role in the experts to acquire basic information, then build
competitive productivity, and processes data that expert systems. With the much cheaper, but more
is individual sensor measurements. As a result of powerful hardware platforms and a more user-
more powerful and affordable computing facilities friendly programming environment, as well as the
on factory floors, and the increasir g use of sensors increased computation capability of our engineer-
due to decreased cost and hig reliability, our ing students, a new era of Al applications is coming,
industry is now moving into th third stage, the which will enable engmeers to program expert
information-intensive stage systems to handle any problems they encounter.
Information describes the relationship among During the ue'vempruem of expert systems, knowl-
the correlated data. Similarly, knowledge repre- edge acquisition is the most important, but most
sents the relationship of the correlated informa- difficult task. Even with the help of knowledge
tion. The next final stage is the knowledge-intensive engineers, some private knowledge (such as heuris-
industry which relies on artificial intelligence (AI) tics and personal experience) may still be difficult
technology. With the advance of Al technology and to transfer. A new generation of engineers, namely
its application to engineering, it has become more intelligence engineers, are to be trained to meet the
and more apparent that in the future, industry will needs of this area. The title of intelligence engineer
require process engineers to have considerable was devised to distinguish from knowledge
information-processing knowledge, especially, engineer but other suggested terminologies exist
using Al techniques. 13} Intelligence engineering is a new ergru ieering
As a new, advanced technology frontier, AI has and technology field [1]. Interdisciplinary in nature,
been widely applied to various disciplines, includ- ~ it allows the learning from artificial 1ntelhgence and
ing the chemical industry [2]. This study examines computer science, to be extensively applied to
engineering disciplines. Intelligence engineering

involves applying Al techniques to engineering

* Paper accepted 12 December 1992. problem-solving, and investigating Al theoretical
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fundamentals and techniques, based on engineer-
mg methodolog1es Distinguished from knowledge
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mtelllgence engmeer is a domain engineer (for
instance, a chemical engineer) who has a certain
domain knowledge in a related n
After a comparatively short period of trair
he can learn basic Al techniques, get some hands-
on experience on programming expert systems.
Then, the inteiligence engineer can build much

hetter expert systems for solving his/her domain
Uviivi \.d\l}\.'ll a_yau.,lua IUI oY II.I.E LD/ 1l uuvillialil

problem, and so extend Al applications success-
fully. This raises a key issue: what kind of Al
techniques should be provided to intelligence
engineers?
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ter Science Departments to their own students.
Usually, engineering students find this area very
difficult. For example, when I was a graduate

student, I spen‘t two terms studying ‘Programming
I ﬂnnnagpc . In this time. I learned how to desio
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languages and compilers. However, engineering
students only need about two hours to review the
features of these languages. They need to know
10w to select and use these languages, rather than
the n past years several chemi-
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cal engineering departments have reported teach-
ing Al courses to chemical engineering graduate
students |3, 4] or combining Al content in chemi-
cal engineering courses {5]. CACHE organized a

speci cial task force to address AI education in

chemical engineering curricula [6]. This paper
reports on the development and construction of a
new graduate course on intelligence engineering, at
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COURSE CONTENT AND ORGANIZATION

v

Inteiligence Engineering’ is different from Al
S
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ments. This course emphasizes engineering appli-
cation aspects of AI techniques, and provides
necessary Al theoretical fundamentals to engineer-
ing students. The course was organized as three

houre ingtrictian nhic an hanr ceminar nar weel
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The instruction content of this course is listed
below.

Part One: Introduction

What is Artificial Inteliigence (AI) and its His-

tnnr‘? Knonwladoa
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Engmeering.
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Part Two: Fundamental Knowledge Processing
Techniques
Basic Problem-Solvin,
Re

tion (production systems, first- order logic, predi-
cate calculus frame, semantic network,
object-oriented programming, 1mpre01se knowl—
edge representation), Knowled

Sampling Expertise, Search a
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Methods.

Pa rt Thr ee: Expert Systems
A/l ot Fvnart Quot a
Y nai is an LaAlJCl L IYys lCl.ll-‘ 'Y l_;AIJGl L
Components (database, knowledge base
ence engine).
How to Develop Expert Systems (how to identify
project, how to acquire knowiedge, how to organ-

i7za bnowladoa hace how ta imnlamant avnert
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system, how to evaluate expert system), Overview
of Programming Languages, How to Select Al
Languages and Expert System Development
Tools, Human Factor Issue.

Part Four: Integrated Distributed Artificial
Intelligence
soning and Quantitative C
nhmr‘hvp an!rrmmen‘[ BRlack b

system Functions and Its Implernentahons Multi-
media Interface.

Part Five: Application of Case Studies

From the contents above, we know that this is an
intensive instruction course. It attempts to provide
basic Al techniques with an emphasis on expert
system technology and practical development
experience, as well as new research frontiers in this
field, to graduate students. It was also recognized
by Professor Sorenson, the Department Chairman
of Computing Science at Alberta, that the materials

af thic naw oradnate conrce conld he cionificantly
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covered by four courses in his department [4].
However, teaching philosophy and empbhasis are
quite different.

The first part of the course was a survey-type

inctrmntinn which inctillad hacie concente ahont AT
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and intelligence engineering. The second part was.
based on selective theoretical materials that were, |
believed, the most important to our students who

nee(leﬂ a SounCl un(lerstan(llng OI KI].OWICUgC pro-
raccino tachnionece. The third nnrl fourth nart were

cessing techniques. The third and fourth part were
the key contents of the course, in which expert
system technology was introduced. Included were
problem definition, knowledge acquisition techni-
cal interview skiiis, sampling expertise, knowledge
renresentation. control methods for inference
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engine, knowledge-base organization, system
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development, programming languages and Al tools
survey, implementation environment selection,
integrated distributed artificial intelligence, meta-

gygtam and multimeadiam interface Savaral annli-
QJDLDIII, GllU 11UV ALEL Ll ldve. Je Vel al appil

cation cases were also studied. For example, in the
expert system development section, I presented
five stages that constituted the development pro-
cess of an expert system. I first anaiyzed the

function of each of thece five ¢taoec the identifica-
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tion stage, the conceptualization stage, the formali-
zation stage, the implementation stage, and the
evaluation stage Then, I examined their relation-
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Sﬂlp DCIWCCH different stages. naity, 1 used an
examnle to illustrate how this five- -stage method
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worked in a real engineering problem-solving
process. Besides AI and software engineering
contents, I extenswely addressed human factor
issues in my instruction which is Very critical in
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ucting ar ely ta
computer science departments At the t1me of
offering the course, no single text was found which
could meet the demands of this new graduate
course. Two books were recommended as refer-
ences, one was Artificial Intelligence and the Design
of Expert Systems by Luger and Stubblefield [8]
and Artificial Intelligence in Process Systems
Engineering developed by CACHE [9]. Engineer-
ing Application of Artificial Intelligencee, a Per-
gamon journal was recommended to students as
another reference [10].

Along with the progress of the course instruc-
tion, an Al seminar series was organized which

‘;ﬂﬂ“‘l’lﬁf‘ alaunn nracnnfﬂf;nr\ fnl’\"f‘(‘ T}\ﬂ El’\ﬂ')]!ﬂfﬂ‘
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at the seminars were from different disciplines.
Among them, two were my graduate students, two
were from industrial companies, two were from
professionai research institutes, and four were

aradamic nrafacenre Thair tallke cnvered a variety
GUQULIILL PIVIVOOULID: 41IVii LGINRD VU TVIV G vaiivey

of different Al applications, gave our students a
deep insight into Al as well as a wide overview of
Al applications in the real world. These topics are
listed as foliows:

‘An Fynart Advwvi

[y

Fp vy l_lAP\Il 13 n\.l'lSGry JD l.l 1uv U l.\ .l J‘
Plant Start-up’” Randy Dong ( Chemical

Engineering Department, graduate student),
17 January 1991.
‘Neural Network and ite Annlication to Chem-

A0S ARTANYLUAN QAU AWS S PG LU ditail

ical Engineering’ Professorr Peter Crickmore
(Chemical Engineering Department), 29 Jan-

N

3. ‘Considerations for the Successful Implemen-
tation of an Expert System Jim Zurcher

(Process Information Department Manager,

Drantar and lamhla Mallalacay 12 Talkear oo
L IULLUL dllU Jalllviv Welliude ), 10 1°vul ucu_y

4. ‘Intelligent Operation Support System for a
Batch Chemical Pulping Process’ Jean Corbin
(Chemical Engineering Department, graduate
student). 14 'F'phﬂmry

R ) A wUL

e
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5. ‘What Engineers Should Know to Use Arti-
ficial Intelligence‘ Professor Randy Goebel
(Computing Science Department), 12 March.

6. ‘The Use of Expert Systems in Iron and Steel
Industry’ Professor Hani Henein (Mining,
Metallurgical and Petroleum Engineering
Denartment) 200 March

A/ CPGI LLLIVLIL Jy &V AVAGR VL,

7. ‘Research and Development of an Expert
System at Syncrude’ Eb Mueller (Senior
Research Scientist, Syncrude Research Cen-
ter), 27 March.

8. ‘Genetic Algorithms-Based Machine Learn-
ing’ Dr Lingyan Shu (Bell Northern Research
Cumpany), J npr il.

9. ‘Logic Programming: A Wrong Road for AT’
(video presentation), Professor Herbert
Simon (Computer Science Department,

Carneoie-Mellon 1T lnl\lorclhl\ 0 Anril

SodligpivTivabnUn UianvVoiSiy p, F Sapiaii.

10. ‘Scientific Discovery as Computallon (video
presentation) Professor Herbert Simon
{(Computer Science Department, Carnegie-
Mellon I_J'nwersltv\ 9 April.

11. "Al Apphcatron Development at Alberta
Research Council’ Breen Liblong (Manager,

P R | emrrmrrdieas | Yasasmtos At Thaetn

e A
nuvam..cu Lullipully opal uneli, ndvelia

Research Council), 24 April.

The course grading system was based on the
following scheme: 20% on homework assignments,
30% on a middle term examination and 50% on a
course project. Homework assignments help stu-

dents review the technical contents of course

ingtructinn whila tha middla tarm avam wac a
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closed book test to examine students’ understand-
ing of the important concepts and techniques, such
as what are the objectives of Al, what are the main
components in nrnhlem cnlvmo and thenrv and

calculation on first-order logic, predlcate calculus,
heuristic search, and unit refutation resolution. The
project was an important component in this course.
My objective was to direct our engineering students
towards the frontier of advanced information
processing technology through teaching such a

fﬂﬁﬂ')“’!\h Aﬁaﬂ"ﬂf‘ nror‘nofa AAIITOoO TI\;G MNANO.
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semester course should provide students with basic
concepts about fundamental Al techniques, as well
as heip them to be famiiiar with programming

expert svstems. To achieve such a challenoing

Sapel SLAIAS. QALY Siatil v‘.uu-..b‘..-

objective, I took a different course organization
schedule and let students learn by doing.

At the beginning of the course, all attendants
(twelve students and four auditors) filled in a
questionnaire to describe their knowledge on both
Al and computer programming techniques. From

tha cnievany T Ffannd ot Aftha atétanmdamta had ~Anle
L.I.I.C oul VCy 1 IUULIU IIUDL UL UIC alleliualily liau UJ.LIJ
very limited knowledge of computer programming
techniques, nothing about Al. For example, over
two-thirds of the students only knew how to
program in BRASIC or FORTRAN on IBRM PC or

LU QUL 1l 1PN Ul LRSIV A NN UL 210VE £ o U
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compatible computers. They did not even know
what the relationship was between Al and an

evnert cyctam! With an nindarctanding af ctindants’
CAPVIL SyStuldil, YV IUL ail uuuylal.auulus Ul stuucliin

background, I began talking individually with every
student to help her/him define project. Meanwhile,
the course instruction was so well organized that
students could immediately apply their learning

SRUCEIS L0 A8l il ALQiiniig

into the course projects. For example when the
instruction of frame knowledge presentation tech-
nique was finished, the students were required to
submit an assignment in which they showed how to
select their own course projects, how to define
problems, where to acquire knowledge, how to

nroani7ze Innwlados hyu nicing a frama_rila ranra_
Vighilios DUIUVWvILURLY Uy USLIE d LIV IuIv Ivpiv

sentation technique

Twelve different prototype expert systems were
developed in this course by using seven different
languages and Al tools that were available. In order

QgL apts A0 AL VO AL WEIC avalliaud, 211 OICC

for students to understand more about 1mplemen-
tation tools through instruction, prolects and
evaluation, I did not selecta unique Af tool or lan-
guage for the course project. Students selected pro-
gramming tools, and learnt to use the tools dunng
their projects. To help students better understand

enftware tnnle an averviaw and ciimmoary ahant
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both computer programming languages and Al-
developing tools was given. Also, I believe, the best
way to learn software tools is ‘learning by doing’.
Two expert systems were |mnlpmpntprl for charac-

terizing b1tumen/heavy oils; two systems were built
for selecting chemical process equipment in design;
three were generaleu o ui&gﬁﬁse process Opera-
tion faults, two for operation support in metallurgi-
cal processes; one for HVAC (Heating, Ventilation
and Air Conditioning) process control; and one for

multivarinhla rantral cvctam Aacion An evnart cuge
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tem was developed for diagnosing heart disease in
the field of medical consultation. The following
lines briefly describe these projects:

1. ‘An Expert System for Selecting Viscosity
Correlation and Predicting Viscosity’ Murray
Stevenson (PC Plus on a personal computer).

MNacgion nf an BEvnart Cuctam far Miving Madal
L/CSIET O all CAPCTL SYSICII 10T IVIIALIE 1viOGCi

Selection for V-L-E Property Prediction’
Ravindra Gudi (PC Plus on a personal com-
puter).

3. ‘An Exnert Svctem for Selecti

3. ‘An Expert System for Selecting ! Ligu
Separation Equipment’ Albert Wong (PC Plus
on a personal computer)

‘A thE‘DXCﬂdIlgCI' DEICCIIOII EX
Harrv Franonmannnnmllnq {Modu

personal computer).
5. ‘A Blackboard-Based Integrated System

Qtriintiire Far Riilding Banlt Niognacie Knawlo
JLLULLULIC 11Ul uuuuuls Lault uxasuubla INIIUYYL

edge Bases’ Zhihua Qi (G2 on a HP 9000
workstation).

‘Process Supervisory Expert System’ S. Dhali-
wal fr") an HP QNNN “:nrlrcfnhnn\

7. ‘An Expert System for Distillation Column
Problem Diagnosis’ Richard Broenink (PAS-
CAL on a personai computer).

8. ‘A dlaonnehr- Expert System for Continuous

[

:SL

P\

Caster Breakout Analysis’ Norman Hanson
(VP-Expert ona personal computer)
‘Determination of Cooling Parameter During
Solidification by Microstructure for Al-Cu
Alloys’ Ding Yuan (VP-Expert on a personal
computer).
‘An FEvynart Quct

4L ISAPUIL Ty

tion Planning in HVAC Process’ Hong Zhou

(PC Plus on a personal computer).

‘An Expert System for Linear Muitivariabie

Control System Design’ Heon Chang Kim

(SFPACK on SUN SPARCstanon)

12. ‘A Computer—Assnsted Medical Consultation
Curotnena? PN ey
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personal computer).
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The evaluation of course projects consisted of
four parts. The studenis were organized into two
groups. Each had six members plus two auditors.

The lirst evaluation was assigned as homework in
which students were required to present the

knowledge-base organization for their expert sys-
tems, and each student evaluated the assignments
of the other five members. The second evaluation
occurred in the latter part of the course when the

prnl.ﬂr'fc were finished. Then students nresented
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their projects in their groups with a time duration of
thirty minutes for each member (20 minutes for
presemauon and 10 minutes for questions ) Stu-
dents evaluated each other, based on technical

criteria such as project ob]ectlves problem defini-
tion, knowledge acquls1t1on function classification,

Aaraganizatinn imnlamantatinn

_h
knowledge-base or ganiZauon, mpidmeniaton

mnuw;vusu vaow
skills, technology merits and application illustra-
tion. The professional technical presentation was
aiso an evaiuation factor. Then, a pubiic demon-
stration of expert svstems was held bv each eroun.

SRAELAURS UL TAPRAL SYSIRALIS WAS LAEU V) LAl A bup.

During a demonstration, each student had to run
her/ his expert system for an examination pen'od of
30 minutes. The main evaluation criteria here was
to examine the implementation techniques and
operation effectiveness of expert systems, such as
system implementation, user interface, human fac-
tor considerations, field testing, and the advanced
features (such as calling numerical computing rou-
tines into an expert system environment, using
meta-system architecture [11, 12] to impiement

intellicent svstems, and so on). Everv student eval-

AAiaiapain Sy Suaiad, Gaata S u-A’ Ao VRl y St v

uated their colleagues’ projects, from which they
also gamed a further study into Al and its applic-
ations. Finally, they submitted a project report to
present their work. The organization of the course

was significantly more beneficial to students who
learned, from the instruction process, how to do

indanandant racanroh thraiiagh lLitaratiirae ganrsh
HIGCPCNGLIil TosCailnl uiiUugil micidudic Stailil

and review, research topic selection, learning to use
Al tools, project implementation, oral presenta-
tion, technical writing and project evaiuation i3j.

A course evaluation was conducted at the end of

LA WAL O GauGuUil Yaos LULILLLITU QL uae Saiu

the instruction. Students expressed their satisfac-
tion of this new engineering graduate course,

dgc they learned and the
used. This course has
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been finally approved by the university as a regular
course offered to engineering graduate students.
Altk niialh thasa otill samaing an arolimant
muluugu l.ucx!: Sl 1elauly aill dlBulllClll Ull.
whether engineering departments should offer
such an Al course, it is similar to the situation more
than 20 years ago when peopie questioned whether

a numerical comnutation course should be offered

a NUINCICA: COMNPUIaiOn COLISO 5R0UI0 DL LLItiT

in engineering departments or not. As an educa-
tional institute, our mission is to produce well-
lralnea personmﬂ for itomoITow’s bULlCly, not fOT
vesterday’s. Current students will be the important
drmng force for our future economic develop-
ment. To meet the need of this important task, we
should provide the newest technological develop-
ments to our next generation through education.
Dr Hani Henein, who is a metallurgical engineering
professor at the University of Alberta and works

on evnert cuctem annlicationg to the iron and cteel
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industrial processes, pointed out that in order to be
ready for this challenge, all of his graduate students
have to take ‘Intelligence Engineering’ as one of the
reauirements for eraduation.
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CONCLUSIONS
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ing has been successfully developed at the Uni-
versity of Alberta. It is compOSed of technical
survey, fundamental instruction, seminar presenta-

tion. and a course nroiect, It prn\ndpc enoineerino
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students with basic Al concepts and fundamentals,
introduces the most recent developments in intelli-
gent systems, and trains them with practical hands-
on expcncnge of developmg expert systems. Such
an instruction methodology is intensive and effec-
tive, helping students gain a deep insight into Al
fundamentals, as well as a broad overview of Al
applications. It serves as an advanced technology
transfer vehicle to train our next generation into
highly qualified engineers for the up-coming

knowledge-intensi
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