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Chapter 1

Module Qverview

Thiz owerview of the HS8D0: Symbolic Artificial Intellimence module outlines its aims and structure, as well
as the requirements and expectations of the students taking it. This guide should hopefully be able to answer
maost of the most basic questions that you will hawe conceming how the module is run.

1.1 Module Aims

Thizs module is an introduction to the discipline of Artificial Intelligence {Al) and its application in building useful
Knowledge Eased Systems (KESs) for practical problems. The module will be aimed towards achieving the
objectives below:

» To provide students with a knowledge of the basic concepts in Al and KBS sufficient for further inde pendent
study.

s Togive students an understanding and appreciation for what applications a KES would be appropriate for.
» To allow students to gain experience with a tool (shell) for constructing KESs.

» To outline basic methodologies for the principled design, conatruction, and validation of knowledgye-bazed
systems.

» Tointroduce the students to some common AYKES technigques with illustrative applications.

Aftar completing this module, it is hoped that the student will be equippedto build practical amall-scale AVKES
applications in a principled manner, and to read a significant amount of the Al literature.

1.1.1 Avalabilty

Thiz module is available to students studying Department of Computing undergraduate courses. Though there
are no prerequisites for this module, an interest in constructing useful 'intelligent’, knowledge-based computer
systems, the technigues for doing this, and the acience behind it all would be an advantage.

1.2 Module Coverage and Delivery

Thizs module iz divided up into two streams, which is further divided into a number of self-contained ‘components’
to provide structure to the teaching and faciltate changes to the module in later years. The structure of the
module, along with the lecturer(s] and the number of lecturesftutorials allocated to them are listed below in order
of presentation.

1.2.1 Knowledge-Based Systems {Weeks 1-5)

Thefirat stream aims to introduce the student to the practicial and methodological issues of designing and building
knowledge-based systems, in the context of some commen Al architectures.

1. Cwerview and Methodology, Tuson (2 lectures, 1 tutorial)



What is Al - computing or philozophy® Why is it worthwhile - expert systems and KESs?
GOFAl, and other Al research paradigms.

The Knowledge Level, Knowledge Representation and Search.

» Basic methodological issues (eg. experimental programming, neats vs acrutfies).

s The KES design process, and its differences to Software Engineering.

s What problems are suitable for a3 KBS?

2. Expert Systems, Tuson (4 lectures, 1 tutorial)
» Basic Knowledge Representation (KH): intreduction to production rules, logic {brief), decision trees,
and semantic nets {briet).
s The production system architecture and its applications.
» Practical lssues: uncertainty, explanation, and meta-knowledge.
s KBS Implementation: Al languages, expert-systemn shells and ESTA overview
s The knowledge acquisition (KA) bottleneck and overview of KA methods.
s |szues in KBS werification and validation.

3. KBS Architectures and Modelling, Tuson (4 lectures, 2 tutorials)

s Semantic nets {taxonomic and conceptual graphs).

s Frames and blackboard systems.

» Case-Based Reasoning.

What is a good representation?

s Knowledge Modelling: ontologies and the CommonkKADS methodology.

Mote that there is a tutorial in week 2 which is dedicated to the coursework.

1.2.2 Al Search and NLP (Weeks 5-10)

The zecond stream complements the first by expanding upon the ideas introduced there to introduce the role of
search in Al, and an important sub-field of Al: Natural Langauge Processing.
Mote that there is a tutorial in week 10 which is dedicated to the coursework.

1.2.3 Component Delivery

Each component will be delivered by a combination of lectures and tutorials, along with any resources prepared
for the component. The contact time totals 20 hours of lectures and 10 hours of tutorials spread over 10 weeks,
once two additional tutorials for the coursework are included.

The aim of the tutorials is to support the lectures by allowing the students to obtain explanationsfexpansions
of the material covered by the lectures from a different viewpoint, and to provide guidancefaszistance on the
courseworks.

Finally, the web page of this module can be found at: http: /fwww.sol.city.ac.nk/ ~andrewt /HEH/ . Read
this often for updates! This web page is only accessible from the ».city.ac.nkdomain.

1.2.4 The Textbook

Mo single Al text cowers the courze in its entirety {mainly due to differences in emphasis). The approach taken
here iz to adopt a relatively inexpensive Al textbook which cowers the majority of the material in this module, and
supplemnent this with lecture handouts.

Alizon Cawsey, The Ewsence af Artificial Intelligence (Ezsence of Computing Series), Prentice Hall, 1st Edition,
ISEN 0-13-571775-5, 1958, £ 16.99, 225 pages.

There should be copies of this book for purchase in Waterstones downstairs, and it can also be ordered from
Wi amazon.co.nk. Some of the material covered in this module either expands upon or is additional to the
contents of the textbook. In this case, supplementary materials will be handed out. Mot all of this will necessarily
be on-line.

Alternative explanations may also be useful, 2o students should feel free to read other Al texts. A list of some
Altextz in the library is provided in the appedices of this document.
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1.2.5 Courseworks

One coursework will be set, for which a report is to be submitted and code written. This will require the construc-
tion of a simple rule-based expert system using the ESTA expert systemn shell. Details of the course work are
giwen later in this document.

1.2.6 Assessment

Aszzassment will be based on the coursework (30%%) and a written examination (70%) with questions drawn from
the matarial covered in lectures.

1.3 Feedback and Suggestions
Will be appreciated! As the Al provision has been greatly restructured in recent years, any feedback will be

invaluable in improving t for the following year. Pleaze feel free to contact either of the course lacturers, or use
the feedback form provided at the end of the course.



Chapter 2

Component: Overview & Methodology

Lecturer: Andreswy Tuseon

This component will aim to give the student: an understanding of what Al is about {in terms of its scientific
and engineering a2ims) and what it can be used for; its intellectual foundations; and provide a brief overview of Al
methodology in both research and practice. This component consists of two lectures and one supporting tutorial.

2.1 Learning Quicomes

The learning outcomes from this component will result in the student be able to accomplish the following:

s Dafine the tarms: Artificial Intelligence (Al). Knowledge-Based System (KES): and Expert System (ES).
s Appreciate the difficulty in defining intelligence and intelligent beh aviour, with reference to the Turing Test'.

» Understand and describe the following concepts:

‘Weak' and ‘Strong’ Al;

‘Hnowledqe Level' and the ‘Knowledge Level Hypothesis';

‘Symbal Systemn’ and the Physical Symbol System Hypothesis' (PSSH);
‘{Knowledge] Representation’ and Inference {search)’;

Cutline and differentiate the current Al research paradigms:

— Bymbalic functionalismfgood old-fashioned Al' (G OFAI):
— Robotic functionalism;
— Connectionism/non-symbolic Al

Appreciate the role of experimental programming in Al

Contrast the 'neat’ and "scruffy’ approaches to Al research, and their {disjadvantages.

Show an appreciation of the KBS design process, and describe the ways in which it differs from that of
conventional software engineering.

2.2 Component Materials

Copies of slides will be given out at the start of the lecture, and will be supplemented by notes in this handout.
The combination of the two should suffice. The exact cowerage required for the exam will be, of course, defined
by the lecture (o turn up!).



Chapter 3

Tutorial: Al Predictions

Thiz tutorial is for the "Ovenview & Methodology' comporiert firn week 1)

In 1958 Simon and Newell made the following four predictions:
1. Thatwithin ten years a digital computer will be the world's chess champion, uitess the rides bar
it from competiion.

2. That within ter1 years a digital compiter will discover and prove an smportarit new mathem atical
thecrem.

3. That within teni years a digital compiter will wiite music that will be accepted by ontios as pos-
sessig considerable aesthetc valve

4. That wittw ter years most theories in psydhiclogy will take the form of computer programs, or of
qualtative statemerts about the charadteristics of computer programs.

For each of these four predictions answer the following two questions:
fa] Why do you think this prediction did not come true by 1968 or even by today?

{b] Doyou think it will become true one day? If yes, what problems must first be overcome to make t true? If
no, then what is the fundamental barrier which prevents it bacoming true®?

Acknowledgements

This tutorial was devised by Prof Alan Bundy at the University of Edinburgh. | would like to thank him for allowing
us to adopt this tutorial exercise.



Chapter 4

Notes on AlI/KBS Methodology

Author: Andrew Tusor

4.1 What is a KBS?

Early work in Al concentrated on the development of computer systems that replicated expert knowledge and
performance (expert systerns). Howewver, it turned out that a useful system need not do this, if only because
humans and computers hawe different strengths {eg. computers can calculate and do repetative tasks better than
humans). A KBS relaxes the need for the system to perform in the same way as 2 human expert, allowing it to
make use of its domain knowledge in whichewer way the KBS designer sees fit. A succinct working definition of a
KES has been provided by [4]:

"... acomputer systemn that represents and uses knowledge to carry out a task."”

Designets of such systems (knowledge engineers) take a strongly ‘knowledge-is-power' approach to their
deszign. This is exemplified by the knowledge principle [1]:

The Knowledge Principle. To achiewe a high lewel of problem-solving competence, a symbol sys-
temn [ie. 2 KBS] must use a great deal of domain-specific, task-specfic, and case-specific knowledge.

The guestion is, if knowledge needs to be used, how to do we describe (and thus design!] a KES® Conven-
tional computer systems do not make any explicit reference to knowledge so a change of viewpoint is required,

NOTE: the terms dornain-specific, task-specific, and case-specific will be discussed later on in the module.

4.2 The Knowledge Level

The meanings of 'knowlkedge', 'symbol system' and representation’ need to made clear. This is of particular
importance in the context of this work because, despite the realisation that domain knowledge is required, we
must be clear about how this relates to KBS, The Al literature fortunately addressed this issue some time ago.
Work by [3] considers computer systems as conasisting of levels of description such as:

» The Knowledge Level: 3 description of the knowledge contained in the aystam.
» The Symbel Level: a description of the data structures used by the systemn, and their manipulationa.

s The Program Level: the implementation of an effective procedure (algorithm) that carries out the manip-
ulations specified for the system.

s The Hardware Level: the physical realisation of the system.

Weweall's contribution was to note that in addition to the symbol and |ower lewels, there was in fact a higher
level of description — the knowledge level which corresponded to the knowledge used by the system [3].



The Knowledge Level Hypothesis. There axistz a distinet computer systems lewvel, lying immedi-
ately above the symbol level, which is characterised by knowledqge as the medium andthe principle of
rationality as the law of behaviour.

The principle of rationality refers to the assumption that a problem-solving behaviour can be explained in
terms of the system's body of knowledge {ie. knowledge base) [2] — in other words there is a causal relation
betweean the agents {ie. the KES's] knowledge and its behaviour.

4.3 Representation and the Role of Levels

Therefore we can see that a symboal system is a symbol-level implementation {aka. representation) of 3 com-
puter system defined at the knowledge lewel. |n other words, a representation is the mapping between the
knowledge and symbol lewels of a KBS,

This discussion leads us tothe main advantage of the separation of levels: if KES design is made at the symbol
leval, there clearly is more than one way that a given useful item of domain knowledge can be implemented.
Therefore, if the principle of rationality is to hold then the relationship between the knowledge and symbol level
must be clear — as this confers the advantage that the system'’s behaviour can be justified in terms of its body of
knowledge.

4.4 Remaining Learning Ouicomes

The coweragethat is provided by the slides (plus what else | say in the lecture] will be sufficent.



Chapter 5

Coursework: Building a Simple KBS

Setter Andrew Tugon

This coursewaork requires you to perform the design and construction of a simple KBS using a rule-based
expert system shell (ESTA], where a3 documented system is to be delivered and assessed. This is aimed at
exearcising your ability to apply the material covered in the course in a principled fashion, and to give you some
exparience with an expert system shell. Andrew Tuson is responsible for this coursework.

Altyou need to know to do this coursework is covered in the first three weeks of this module, and two tutorials
hawe been assigned to this coursework. In addition, you are free to discuss coursework-related issues in the
other tutorials {though remember that the work set in these are to help you learn the material for the exam!).

5.1 Selecting a Problem

You should select a small-scale problem to tackle. | would say that an rule base of about 15-25 mies would be
about right. You are free to select any problem you like so long as there is no scope for plagorism {eg. two people
doing the samefvery similar problems], and that your tutor feels that t is feasible. Andrew Tuson is the final arbiter
in any disputes.

5.1.1 Resirictions

Absolutely no courseworks related to mobile telephony will be accepted. | am bored with marking them, and you
should have more imagination!

5.2 The ESTA Expert System Shell

The expert system zshell you will be using 15 ESTA (Expert Syatem for Text Analysis), part of the Visual Prolog
freeware distribution {links to the ESTA and Yisual Prolog web pages can be found on the module web page).
Therafore you can obtain a copy if you would like to work on a PC at home {aren't | nicel. ). This shell shoud be
available on all C5D and Sol PCa (it it iz not then let me know!y. It should be {fairly] straightforward to use - there
i net a large ayntax to learn. All you need to know is on the ESTA help facility.

A getting started guide to ESTA is included in the appendices of this document. |t describes how to build
something really simple with a few rules and sections. Students in previous years found that getting to this stage
was the hardest part. Once something simple iz up-and-running, it becomes relatively easy to extend the system
to the complexity required.

Theough these are the only documents available, a lecture in week 2 will be dedicated to looking at ESTA and
aexpert system shells in general.

5.3 Checkpointing - An Early Deliverable

| feal that, given the open-ended nature of this coursework, that you should start work on this early on. To
encourage you to do this up to 1054 of the marks are allocated for showing and diacussing with your tutor, in the

1By which | mean m-constructs {pamgmphs) in ESTA,
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week 3tutorial, a draft report {or if you miss that, by the end of that week - see below). The report should be 1-2
pages long and describe the following :

» the problem you propose to buid a system for;

» why it is suitable for a expert system;

» how you intend to acquire the knowledge:

» and why you feel that it is feasible in the time available.

There are two deadlines, the later of which carries a reduced mark and for which | will not give much {if any!)
feedback.

Deadline for 10% Mark: Tutorial Session of Week 3
and failing that, see me {Andrew Tuson) by....

Deadline for 5% Mark: Spm Friday of Week 3

You are free to modify your proposed problem for the final report in light of, for example, your tutor's comments
{In other words, | will not hold you to what you say in this deliverable!y.

5.4 The Final System & Report

Onze a problem has been selected, you are to preduce a working, documented expert system using ESTA and
evialuate itz performance. The ESTA knowledge base (the .kb file] wil be submitted and azsessed. The report
should include an updated version of the material in the checkpoint report. Owverall it should be a full description
of the following:

s the problem the system is trying to solve;

s why it i3 worth doing/zuitable for an expert system;

how you obtained and formulated the knowledge:

s the aystem/knowledge-basze design {e.q. the ESTA sections used, and how the rules werea arrived at);
» what izsues were confronted in the systemn construction and how theze were dealt with:

» an evaluation of how well the system performs its task and what improvements could be made.

I addition, the report will be marked on the following criteria:

» Prazantation, structure, accuracy, and clarity of report;

» A dizcussion of the issues above with analysis and examples (where appropriate);

» Justfication of any decisions made drawing on the material covered on the course {where appropriate).
» Explicit connections made between decizions at each stage.

The knowledge base? will be marked on the following criteria:

» Clear structure and commenting of the knowledge baze source:;

» The valdity of the facts in the knowledge base {eq. correctness, resolution of ambiquities);

s Whetherthe system actually functions as intended {ie. is stable, produces no unexpected behaviour, outputs
as claimed by your report.

| would estimate that 30004000 words (B-8 pages of Ad4] is probably the right length {though definitely no
longer). Try to be consise and to the point — we do not mark by weight!

Feel free, if there is not too much of it {ie. < § pages), to include photocopies of any materialzs you used in
your knowledge acquisition {however keep any materials to hand in case | want to check something). | plan to
give about® about B0R% the marks for the report, and the remainder of the marks for the knowledge base (code).

2| will be using the report to guide the marking of the knowledge base, themfom if therse is functionality which is not mentioned in the

respart, | may not find it {and thus not be able © give you marks for if).
8Thiz reans that | can be fleible about azsessing what you have donean its merits.
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6.4.1 Summary of Deliverables

The deliverables are therefore as follows, the usual coursework submission procedures for these apply:
1. The Checkpoint Document {Deadline: Week 3)
2. The Final System (Deadline: 5pm Monday Week 11]

{a) A report describing the functionality, design, construction, and testing of the system (hard copy sub-
mission);

b Hard-copy of the ESTA knowledqe base, appended to the above report;

e} Afully commented, well-structured, functioning, ESTA knowledge base {electronic submission).

Mote that the electronic submission system at: http:z/fwww.gei.city.ac.nk/tzg/nanapemant / mistbe Lzed
{i.e. noemail submissions.

Deadline for Final SBystern: 5prm Monday of Week 11

5.5 Final Remarks
Firat of all, though this coursework has been set up to make this more difficult...

Plagorism (cheating} will lead to a LARGE reduction in marks
{and don't think that you won't get caught}!

Remember - do not leave this to the last minute! It will take some time for you to get used to the ESTA
environment and to collate the information you need. Good luck!
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Appendix A

List for Further Reading

Though the recommended text and handouts should suffice for the entire module, the following is a list of books
you may find useful to read for further reading or alternative explanations {there may be others!). BEooks that we
are familiar with are marked *. Shelf-marks for City University Library are given where available.

A1 General Reading

*Russell and Norvig. Artificial intelligence: a modern approach, Prentice Hall, 1985 (006.3 RUS).
*Milssan. Artiticial intelligence: 2 modern approach, Morgan Kauffman, 1998 (006.3 NIL).
Garnham. Artificial intelligence: an introduction, Routledge & Kegan Paul, 1987 (006.2 GAR).
*Rich and Knight, Arificial intelligence (2nd ed), McGraw-Hill, 1980 (006.2 RIC).

*Winston. Artificial intelligence (3rd ed), Addison-Wesley Pub. Co, c1992 (00B.3 WIN).
*Ginzberg. Essentials of artificial intelligence, Morgan Kaufmann Publishers, 1993 (006.2 GIN).

*Turban. Expert systems and applied artificial intelligence. Maxwell Macmillan International, 1982 (0063
TUR}.

Ford How machines think: a general intreduction to artificial intelligence. Wilay, <1987 {00682 FOR).
O'shea et al. Intelligent knowledge-based systemsa: an introduction. Harper & Row, 1987 (001.535 GSH).
Simons. Introducing artificial intelligence. Manchester NCC, 1984 (006.3 S|M).

*Jackson. Intraduction to expert systemns. Addison-Wesley, 1990, (006 .33 JAC)

*Luger and Stubblefield. Artificial Intelligence. Addizon Wesley 1997,

A.2 Expert Systems Issues & CBR

*Hart. Knowledqe acquisition for expert aystems (2nd ed). Kogan Page, 1989 (006.23 HAR).
*Jackson. Understanding expert systems using crystal. London: Wiley, ¢1982 (006,23 JAC).
*Kayney et al. Knowledge Engineering, Open University, 1988 (006.2 ERA).

*Watson. Applying Case-Based Heasoning: Technigues for Enterprise Systemns, Morgan Kaufmann, 1957
(00622 WAT).

Harmon and King. Expert Systerns. Wiley, 1985 (006,232 HAR).

Buchanan and Shortliffe. Rule-Based Expert Systema: The MYCIN Experiments of the Stanford Heuristic
Programming Project, Addison-Wesley, 1985 (008.33 BUC).
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A.3 Search/Evolutionary Computation

s *Heeves. Modern heuristic techniques for combinatorial problems. Blackwell Scientific Publications, 1983
(5197 REE;.

s *Goldberg. Genetic algorithms in search, optimization, and machine learning. Addizon-Wesley Pub Co,
¢1988 (006.2 GOL).

s *Koza Genetic programming: on the programming of computers by means of natural selection. MIT, o1 982
(O0E.3 KOZ).

s *Koza Genetic programming |l automatic discovery of reusable programs MIT, 1924 (0086.3 KOZ).

» *Michalewicz. Genetic algorithms + data structures = evolution programs. Springer-Verlag, ¢1 996 (0051
MIC).

s *Banzhaf Genetic Programming: An Introduction. Morgan Kaufmann. 1968,

s Pearl. Heursitics: Intellegent Search Strategies for Computer Problem Seolving. Addison-Wesley, 1984
(O0E.2 PEA).

Finally if you come across other books that you feel should be on this list — please let us know!

15



Appendix B
A Brief Guide to ESTA

B.1 Overview

In the context of the coursework, the ESTA shel has two distinet advantages.

s |t iz relatively simple to use.

n [t 5 free!

ESTA s a simple expert systen shell, that broadly works according to a rule-orderfrefraction contlict resolution
strateqy. It however does allow modularisation, multiple variable types, and provides a GU| environment. This
quide will provide you with awalkthrough of the subset of ESTA features and programming constructs required to
do the medule coursework.

B.1.1 Please Note: Additional Help

Thiz iz not intended to be complete! More information can be found in the ESTA help facilty. This gives a
comprehensive overview of the language features with examples. As you have all had to pass programming
modules to get this far, coding in ESTA should be a piece of cake! Therefore no support will be provided for
routine programming issues such as debugging — working out such issues is why the (small] system build i3
assigned 4054 of the final deliverable marks. The 99-00 undergraduate cohort managed fine with just the ESTA
help system!

B.1.2 Obtaining a Copy of ESTA
Thera are three ways to usefobtain ESTA.
s |t should be on all 50 PCs. Look under ‘departmental software’.
s You can download a copy az a WinZip distribution from the medule web page (inastructions are given thera).

» Buy a copy of the Yisual Prolog CD-ROM which contains ESTA {costs money — | doubt that this will be a
popular option). A link to the Yisual Prolog web page can be found on the module web page.

Please note that ESTA can omly be used for teaching and academic purposes. The ESTA-only distribution
provided on the module web page can ordly be used in City University, or by its students and staff. If anyone else
would like to use ESTA {or you would like to use ESTAMNIsual Prolog for ancther purpose), we refer youthem to
the Yisual Prolog website where thay can obtain a copy.

B.2 Gelting Started: Defining Parameters

The next stepis to define pararneters, which are typedvariables used torepresent the facts in working memory.
Parameters can be edited via the Parameter menu. Of course we now need an example problem to work from.
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B.2.1 The Example Problem {Of Coursel)

The (trivial] problem we will consider is that of calculating how drunk someone is, based on what they have drunk,
how much, and whether they have eaten before. In this domain, shandy iz half the strength of stout which is half
the strength of German beer. Furthermore eating beforehand halves the effect of what you have drunk.

B.2.2 Text Parameters

Firat of all, wed like to hold the name of the user of the system. This will be acheived by using a2 Text parameatar
Usa the menu option Parameter — New Parameter and type in the parameter name (yonrlame) and select
text as the type. Acode stub will appear as shown below.

parameter yonrName = 7 °
type text

explanaticen * *

/* rnlez Tield =/
gonestiem * °

pictnre * °*

Ignore and remowe the picture field, as well as the reference to a rules field (which is 2 comment encaszed by
o .. »f) Now edit the text editor window to produce the following.

paramater youriame = 'The name of the znbject?
typs text

axplanaticen *S¢ we kmow who yon arel’
goneztion 'What iz yonr name?’

The structure of the parameter code is as follows. The first line declares the name of the parameter and
allows a brief description of the parameter {remember: qood programming practice!]. The next line denctes
the parameter's type. The question field specifies the text of the question that is asked. Finally, the (optional}
explanation field apecifies additional text that is displayed if the user asks for an explanation of the question.

Closing the editor window, will produce a prompt that asks whether you want to update the knowledge base,
it so the definition is accepted after some checks that the syntax is legal.

A Title!

It may be nice to give the expert system a title. Select Title — New Title and type in the text for the title fe.q.
An Expert System for Drunks!] in the editor window as before,

B.2.3 Boolean Parameters

This is a parameter type intended for trueffalze (boolean) questions. We can use this to create a parameter
(esatenYet) that determines whether the zubject has eaten before drinking. This is defined as follows.

parameter eatenYet - *Whether the =nbject haz eaten’
type boolean

explanaticn *Itz good to line the =tomach!”
goneztien *Did yon eat before yon went to the Pob?”

NOTE: there is in fact a third value that this parameter can take — onknesm. Personally | think this is daft! Feel
free to use a cateqory parameter instead if you want the unknown option removed.

B.2.4 (Category Parameters

Some guestions require 2 choice out of a number of options. This is captured by the category parameter type.
An example of this would be specify which type of beer was drunk out of a list. The category parameter typeBear
is defined below

17



paramater typebear : *Type of beer dronk?
type category
axplanation 'S8ocme beer is stromger tham others?
opticns
opticm_steomt - ?*Stemt?,
opticn_perman - *Strong Cerman Baar?,
opticn_shandy - *Weak Shandy’.
guestion *What type of beer are yon drinking temight??

There iz one new field — aptiens — that needs explaination. This dencotes each of the options in term with
declarations of the form <eption=-label» - <description-sztring» The <option-label» term specifies one
value that the parameter may take. Therefore in the example above the parameter typeBesr can adopt one of
the values option_stount, option_perman, and eption_shandy. Finally, the ¢description-gtring» speciiesthe
descriptive text that will be used when the option{s] are presented to the user.

B.2.5 Mumber Parameters

Of courze we need to know the number of pints of beer drunk. This is acheived using the number parameter
numPint =, Type the following into the text editor window.

parameter nomFPintg = *Nomber of pints of beer consnmed’
type number

axplanaticn *Connt the empty plazzes]?

range O 20

guneztien 'Hew many pints of beser have yon conzmmedr’?

Mote the use of the range field, this specifies the range of values which this parameter can take.

We also should define an intermediate parameter, effectivePints, which is used to store the calculation of
how much is effectively drunk, after the factors due to beer type, etc. have been taken into account. The definttion
is balow.

parameter affectivePints = *how mnch iz effectively dromk??
type number
range O EO

MWote that the question and explanation fields hawve been omitted. This is because this parameter obtains ts
value by assignment (see below) and not by questioning the user.

B.2.8 Saving Your Work

Finally, use the File —+ 8ave as.. option to sawe what you have done so far as a kb file with an appropriate
name. | cannot quarantee the stability of ESTA (hey, its free!), 2o | would advise you to save your work at reqular
intervals {or risk losing it!).

B.3 Building the Rules: Defining Sections

Once the parameter for the domain have been defined, we can now put in the rules. ESTA uses a form of
modularisation called sections, which break up inference. |t is therefore advisable to take advantage of this and
break the reasoning into stages.

I this case the reasoning was broken down into the following stages:

—

. Opening up the dialogue and getting the users name (gtart).

. Finding out how much was drunk (getNomPintz).

. Finding out what type of beer it was and adjusting accordingly (getBeerType).

. Finding out whether the user has eaten already and adjusting accordingly (hadDinner).

. Deciding and displaying the state of drunkenness {resnltBit).
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B.3.1 The 'start' Section

All ESTA knowledge bases should start with a start section, which is where the shell will start when the knowl-
edje base is consulted. In this case, the section below, anly moves onto the main consultation if the user submits
a non-empty text string as a name.

gaction start - *this i the root sectiom?

if yonrlama <> *?
do gpetNomPints

if yonrliame = *?

(
advice *Next Time - Give a Name!?,
exit

)
The following points should be noted with respect to the section abowe:

» The operators <» and = are not equals and eguals respectively.
s Parentheses are used to denote a block of staterment in an if-statement/rule (there is no ‘elze'l].
s The axit statement ends the ESTA consuftation.

» The do statement moves the consulttation onto the next section, in this case getNuoPints.

B.3.2 The ‘getNumPints' Secfion

The getiumFintz section determines how much the user has has to drink. As noted abowve, if 2 variable is used
which has not received a value, the user iz asked to provide one.

gacticn petNomPinte : *find= oot how ooch was dronk’
agzign effectivePints := nomPints
do getBeerType

In this case, the azsign statement assigns the value of nomPints to the parameter effectivePints. Once
the assignment has taken place, control moves to the getBeerType zaction.

B.3.3 The ‘getBeerType' Section

This section determines what type of beer is being drunk and updates effectivePint s accordingly, as well as
commenting on the atrength of the brew.

gaction petBesarType : 'find= ont what was dronk?

if typeBeer = ’optiocm_steomt’

(

advice *S8tont iz of average strength’,
do hadDinner,

)

if typeBeer = ’opticm_perman?

(

advice 'Uerman besr iz of high strength?,
agzipgn effectivePints := affactivePintz » 2,
do hadDinner,

)
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if typeBeer = *opticm_shandy?

{

advice *Shandy iz for wimps!?,

agzign effectivePints := affactivePintsz » O.E,
do hadDinner,

)

Az can be seen above, the azeign staterment can alzo make use of mathematical expressions.

B.3.4 The 'hadDinner' Section
The next stage is to find out whether the subject has eaten, and to adjust according ly.

gacticon hadDinner : *did the zobject have zomething to eat?’

if eatenYet
aszign effectivePintz := effectivePints/2

do rezmnltBit

B.3.5 The resuliBit' Section

Finally, this section {resnltBit]displays the state of drunkeness depending on the value of effectiveFints.
gacticn re=smltBit : *reportz the state of dronkenessz’

advice yonrame ® haz dronk * nomPintz

* pintz which iz the zame az *

affactivePints
! pintz cnce beer type, etc iz considered.’

if effectivePintz = {}

€

advice *Yon are ag sober az a Jodgel?,

)

if affactivePints » ¢ and effectivePinte < B

€

advice *Yon are tipsy!’

)

if effectivePintz »=m F and effectivePintz < 10
€

advice *Yon are dronk!?

)

if effectivePintz »=m 10 and &ffectiveFints < 1B
€

advice *Yon are very druonk]”

)

if effectivePints »= 15

€

advrice *Call an ambnlance!?

)

advice *Thank yon for nsing this expert =y=tem!’
axit

MWote that in the first adwice statement it is possible to chain strings and parameters together to produce more
complex messages.
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B.4 Running the Knowledge Base

The expert system you hawve written can be run by selecting the Gonznlt — Begin Con=nltatien menu item.
Ifthere areerrors, ESTAwill present a {usually]) common -sense error message. In addition tothis, the Conznlt
— Check Knowledge Baze menu item will perform a check on the correctness of the knowledge base.

HINT: try to deliberately introduce errors in the code, and record the error messages. This will help you later
when you try to debug your system,
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Appendix C

Tutor's Notes: ‘Al Predictions’

| suggest you consider each prediction in turn and ask each of your tutees to comment on {a) and (b} in turn.
YWary the order of tutees for each prediction. Try to generate a discussion. Let them do the speaking. If you need
toginger it along | attach some notes on each prediction that may help. Be alert for signs of ‘'mental witalism' in
negative answers to (b). Try to crystallise these, f.e. "so you are saying a computer could never do X"

1. That withinn ten? years a digital computer will be the world’s chess champion, wiless the rles bar it from
cornpetifion.

(a)

Chess has a huge search space. The combinatorial explosion defeated early chess programs based
on mini-max. Since 1968 a few attempts have been made to develop more human-like and less
brute-force approaches, eg. based on planning. This work has largely stopped because hardware
developments hawe made the brute-force approach viable. They hawe not guite developed to the point
that a computer is world champion.

The consensus among computer chess experts i that this prediction is likely to become true in the
next few years. The world champion was recently defeated in some matches, but not overall. Future
hardware developments are lkely to give computers the edge soon. It is 2 moot point whether this
brute-force solution would tell us anything about intelligence.

2. That withinn ten1 years a digital compiter will discover ard prove an smportat new mathematical thecrem.

(a)

(b}

Aqain the combinatorial explosion has defeated complete, but uniform, theorem prowvers, e.g. those
based on resolution. As with chess the situation has improved dramatically since 1968 with improve-
ments in hardware, coding techniques and heuristics, but notto the point where any important thearem
has been proved completely automatically. Some open conjectures have been proved, e.g. by the Ar-
gonne provers, but these are inescteric areas of maths where human intuition iz weak and brute-force
approaches are competitive. None of these theorems could be described as 'important’. Important the-
orems have been proved interactively, ie. by human/machine collaboration. The best known example
iz the four colour theorem?,

Unlike the chass case it looks unlikely that improvements in harcware will be sufficient. We first need
to understand better human methods for quiding search.

3. That within terr years a digital computer will wiite music that wil be accepted by oritics as possessivig
considerable acsthetic valuve.

{a)

(b}

The main problermn here is probably trying to give a computational account of 'aesthetic value'. There
hawe been a few attempts to automatically generate music. Some of it certainly has some 'aesthatic
value', but not a consderable’ amount of it. Anexampleis Mark Steedman's program togenerate jazz.

There is some interesting work on the implicit rules which guide musical composition and performance.
This is gradu ally improving our idea of musical ‘aesthetic value'. Automated music is gradually improw-
ing as a result. Here is one area where brute-force solutions seem unlikely to batter the problem to
death.

4. That within ten years most theories i psychology will take the form of computer programs, or of qualitative
staternerits aboit the characteristios of computer programs.

1'That four eoloum are always sufficient to eolour any 21) map with no adjacent countries having the same calour.
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{a] There are now quite a lot of computational paychological theories — many provided by Newell and
Simon. But we are still a long way from 'most’ theories being of this form. Partly, this may be due to
the difficulty of developing such theories. Partly, it may because a huge paradiqm shift in Psychology
would be required to make it happen.

(o) Discussion here might focus on what might be required to cause a paradigm shift in Psychology to
computational models. In particular, whether psychologists and the students will ‘buy’ a computational
account of mind.
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