Admissions Procedure ([UCCA, 18861 demonstrated that the domain was

suitable for the proposed task:

4

Conversely,

properties:

»

Knowledge elicitation would be simple because the
handbook was clear, concise, and the domain was closed.
The domain was clearly structured and modular: the
admissions procedure was divided into  several
well-defined interrelated modules.

There were several knowledge forms: factual, procedural,
and some heuristic.

There was a strong temporal content.

The domain knowledge was explicit.

.The domain contained sufficient information for the task

to be considered non-trivial.

the domain was felt to be lacking in the following

There was a predominance of procedural knowledge, with
few general heuristics for the application of such
knowledge.

There was no probabilistic knowledge.

There was no algorithmic knowledge.

The levels of abstraction in the domain were limited.

There was little implicit knowledge to be extracted.

However, despite its limitations, the UCCA domain knowledge

had qualities worthwhile for translating it into the CGKRL.
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4.3.2 top-down knowledge analysis.

A knowledge analysis methodology must process a transcript
with rigour and objectivity [Plant, 18871 The meth;adology for
proc.essing‘ the transcriptv should  be strictly adhered to, so that a
knowledge engineer can follow a series of simple steps. Knowledge
engineers independently using the same methodology on a domain

transcript should arrive at approximately the same conclusion.

" In the previous study, numerous subjective judgements were
made, especially in deciding irrelevancy and in resolving ambiguity.
However, such decisions should not be taken by the knowledge engineer
alone, but rather, :ILn consultation with the domain experts. Moreover,
after each phase, the knowledge engineer should consult with the domain

experts and make necessary alterations. This ensures that validity of

the transcript is maintained throughout the analysis process.

The soil erosion study showed that the method for analysing
or processing transcripts is largely acceptable. This method is similar
to that used by Plant (19871 and in KEATS (Motta et al, 1986,
Rajan e;t alé, 19891 However, the method for translating processed text
into the CGKRL is imperfect. Translating the transcript statement by
statement into the CGKRL did not identify the interrelations of concepts

within the domain, so there was no structure to the resulting model.

By using the CGKRL's facility to handle abstraction, a coherent
structure could be given to a domain. Translation could be guided in a
top-down manner if it proceeded with the most general concepts and then
the specific concepts. This would result in a hierarchical structure

exiabling the model to be viewed at different levels of abstraction.
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and July lists necessarily precedes the issue of the GCE examination

results.

Structuring the UCCA domain by calendar date is a useful way
of dividing the domain into manageable sections. The UCCA manual
acknowledges the importance of the calendar by providing an Appendix of

"important dates." For example,

8 June > Dispatch of June lists to universities.
8 July » Certificates due from unlversity  correspondents
confirming that June lists have been checked. The June
, lists will then be definitive,
25 July » Confirmation will begin: UCCA will be ready to receive

decisions from this date.” First date for Q requests.

4.3.5 the UCCA domain model: Level 1.

This section outlines the UCCA domain model as represented by
the CGKRL. The temporal content of the domain provides a structure for
the developing model. Initially, the descriptions/actions associated with
each date need to be no more specific than the text associated with each
date as shown above. This provides the first 1level of abstraction
(Level 1). More specific details are subsequently added to the domain

model.
So, knowledge analysis proceeds in the following stages:

» definition of temporal relations (e.g. before, after,

‘during).
5 definition of a calendar.

4 description of a typical university and candidate.



» description of important dates, and their associated

actions.

Following this, a model of the domain at the most abstract 1level

(Level 1) is obtained, as indicated in Appendix A.2.

» temporal relations

The temporal content of the UCCA domain necessitates
definition of temporal relations. In this domain, time is described by
time points and temporal Intervals. ‘Thus, the 8th, of June is a point in
time, whilst "during August” is an interval in time. However, a point in
time (such as the 8th. June) can also be divided into subintervals
(e.g. hours, minutes, seccnds). A point in time can be treated as a time
interval — whatever 1is true for the time interval, holds at every

conceivable subinterval [Allen, 18841, For example, the relation, (END),

is defined is follows:

relation END(x,y) is
(EVENT: #x) ¢ (LINK) ¢ (END] 4 (LINK) + [POINT-IN-TIME: #yl.

Thus, (END) is a bi-adic relation linking an event to a point in time.

» the calendar

The domain required the definition of a calendar. Although
the domain covers only June to October, defining-an entire calendar
enables the bounds of the domain to be clearly indicated. A calendar
comprises dates that have two elements: the day and the month. For

example, January, February and March are all of type, [MONTH}, which is
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» the dates and their associated actions

Likewise, only the most general terms, actions or procedures
applying at certain times of the year need be stated initially. For

example, on the 8th. of June, UCCA dispatches June lists to the

universities. This is represented as follows:

proposition for [DATE: June 8] is

[tDISPATCHI -
C(AGENT) = [UCCA]
(OBJECT) + [JUNE_LISTS: (%))
(RECIPIENT) - [UNIVERSITY: {#}]
(POINT-IN-TIME) -+ (DATE: June 81].

Similarly, from the end of August to the 25th. of September

UCCA sends clearing cards and instructions to all candidates rejected at

Confirmation:

proposition for [DATE: August 251 is

[(DISPATCHI -
(AGENT) -+ [UCCAl
(OBJECT) + [CLEARING_CARD!
(OBJECT) = [CLEARING_INSTRUCTIONI
(RECIPIENT) - [(NECESSARY) =
[ CANDIDATES: {#}1 —~
(ATTRIBUTE) -+ [REJECT]
(POINT-IN-TIME) -+ {CONFIRMATIONI ]

(DURATION) + [DATE: <August 31, September 25>1].

In this manner, a model of Level 1, as shown in Appendix A.3

is built up.

4,3.6 the UCCA domain model: Level 2.

The previous section describes the construction of an
overview of the domain based upon a calendar of important dates. This

calendar represents the domain model at its most abstract level, called
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"Level 1." At this level of description, the domain model is several
propositions, logical statements of what is true, or possibly true, on or
during specific dates of the calendar. The set of propositions consists

of graphs containing domain concepts and the relations between them.

Level 1 indicates the bounds of the domain,

This section describes the UCCA domain at Level 2, which is
more detailed than Level 1. The domain description at Level 2 is
restricted to that area concerned with the confirmation of offers. For
instance, in. Level 1, confirmation 1is described as being of type,

[PROCEDURE]); in Level 2, more information relevant to the procedure has

been added in the form of a prototype. The prototype represents typical

knowledge about confirmation. Thus, when the concept, [CONFIRMATION], is

used, 1its prototype carries default information that need not be
explicitly stated every time the concept is used.

Each of the constituent concepts of Level 2 is described

either by a single prototype or by a set of schemata (cf. Appendix A.2).

4.3.7 the UCCA domain model: Level 3.

Following the construction of the domain model at Level 2, it
was decided that more detalled description was r‘équired for certain
concepts (e.g. concepts such as, [RECORD_ACCURATE] and ([ACCEPT_CHANGE 1
which are unique to the process of confirmation, and would therefore

have to be described by a third level of detail). However, this work was
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not undertaken because the UCCA domain had served its purpose in

examining the application of a top-down knowledge analysis methodolegy.

4.4 Comments and Conclusions.

Several conclusions can be drawn from the studies described

in this chapter:

4 Elicitation transcripts can be processed in several
simple steps into a form suiltable for translation into
the CGKRL. Although this is time-consuming, it is not
cognitively difficult. It 1is essentially similar to
methods used by other researchers {Motta et al, 1986 &
1989; Plant, 19871

» After the knowledge 1is in a suitable form, it is not
sufficient to translate it statement by statement. This
results in a poorly structured model of the domain.

> The translation must be guided so that the structure of
the domain decides the translation order, rather than a
structure being imposed upon the domain after
translation.

> This can be achieved by a top-down translation
methodology, providing the task domain has different

levels of detail within it.

The two preliminary studies were useful in developing the
knowledge analysis methodology. They demonstrate that the CGKRL is a

versatile and flexible knowledge representation, However, they also show
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CHAPTER 5

THE KNOWLEDGE ANALYSIS

METHODOL.OGY

5.1 Introduction.
Knowledge analysis can be divided into four tasks:

> processing the elicited knowledge into a form suitable
for translation into the intermediate knowledge
repr"esentation.

> translating the processad knowledge into the

intermediate representation.

» appraisiﬁg the resulting domain model.

» implementing a prototype éystem from the domain model.

Again, each step must be guided by the domain knowledge itself, and must

be capable of Jjustification

In the preliminary studies, numerous subjective Jjudgements
were made in deciding irrelevancy and in resolving ambiguity. These
decisions should be taken in consultation with the domain experts. This

ensures that the validity of the transcript is maintained thrcmghout the

analysis process.

The first section of this chapter outlines a methodology for
analysing elicited knowledge to produce a ‘source document.” The
methodology is 1llustrated by a test case in Chapter 6. - The second

section of this chapter outlines a methodology for the top-down
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translation of the source document into an intermediate representation
of the domain knowledge expressed in the CGKRL. This is illustrated by
a test case in Chapter 7. Appraisal of the domain model is described in
Chapter 8, whilst implementation of a domain model 1s described in
Chapters 10 and 11. The concluding section of this chapter compares the
methodology proposed here to that used in the Acquist sub-system of

KEATS [Rajan et al, 1989).

5.2 Text Analysis.
5.2.1 1introduction.

Knowledge elicitation uses techniques from psycholegy,
cognitive science, and AI. These range from ‘unstructured interviews
between domain experts and knowledge engineers to the possibilities of
machineilearning (Plant, 19871, Unlike KSSO (Gaines, 19871 and AQUINAS
[Boose & Bradshaw, 1989] the only restriction on the choice of
elicitation technique used with this methodology is that it must be
capable of resulting in some form of textual output. A methodology for
processing this text into a form suitable for translation into the CGKRL

(referred to as the "source document') is described in this section.

This process 1s particularly important for transcripts of
interviews between knowledge engineers and domain experts. The previous

chapter formulates a tentative methodology using a test case. The soil

erosion transcript 1s processed in several phases:
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> The transcript is processed to remove noise, repetition
and irrelevancy.

> The principal concepts of the domain are identified;
these are primarily the technical terminoclogy.

» The transcript is divided into small units, with each
unit containing an identifiable subject. These subjects
are restricted to a small set of key concepts.

» The key concepts are used to arrange the units into
concept clusters. Each cluster contains several units

whose principal subject is one key concept.

> A set of conceptual relations for the domain are
defined.

> The unite within concept clusters are translated into
the CGKRL.

The last two steps of this process more properly apply to translating

the domain knowledge into the CGKRL, so they are discussed in the

section on translation (cf. section 5.3).

The soil erosion and UCCA studies showed that the following

characteristics are desirable in a document to be translated into the

CGKRL:
> text should be as unambiguous as possible; subjects
should be referred to directly, not indirectly.
> terminology must be standardised. -
» tenses should be standardised to avoid temporal
ambiguity.
> the document should be structuréd into modules, so that

each module contains an identifiable subject grouping.
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» modules should be logically ordered, so their grouping
reflects that of subject groups within the domain.

» modules should be divided into units, so each unit hes
an identifiable subject; units may be sub-divided into
sub-units describing aspects of the unit's subject.

» units should be logically ordered as for modules.

The methodology described below specifically addresses itself
to processing transcripts that are from elicitation interviews., The

methodology also applies to other elicitation techniques.

5.2.2 text analysis methodology. .

It is not initially necessary to label each statement in a
transcript. - However, it 1s useful to include page and line numbers to
aid discussion. The transcript may then be processed by the following

steps:

» remove noise

Remove words, phrases and other sounds that are commonly
found in recorded speech when a speaker pauses to consider how to

answer a question or how to clarify a statement.
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» remove repetition

Repetition 1s a form of noise. Remove repeated words and
phrases. At this stage repetition of the knowledge engineer's
quesiions by the domain expert or of the domain expért's answers
by the knowledge engineer should be left in the document to be

considered at a later stage.

» remove irrelevant words and statements

Irrelevancy is also a form of noise. Remove words, phrases or

statements that do not refer to the subject of the interview.

» standardise terminology

This is particularly important because the choices of to how
to refer to concepts are likely to remain fixed throughout
knowledge analysis. Meanings that may subsequently be inferred
can be altered radically by the choice of terminology. Such
decisions should be made by the domain experts in conjunction with

the knowledge engineers.

» subject clarification

Common features of recorded speech include sub-clauses to
sentences and indirect references to the subject of statements. To
reduce ambiguity, refer to subjects specifically. Again it may be

necessary for domain experts to advise during this process.
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» simplification of the text

Remove the question and answer format by replacing affirmed
questions with a positive statement. Similarily, if a questicn is

negated, 1t can be replaced by a negative statement.

» separation of statements

Separate statements from one another by enclosing single
statements within square brackets or other delimiters. Complex
statements composed of nested clauses should be treated similarly

by nesting statements within each other.

» assign reference numbers to statements

Statements should be assigned unique referents, In many
cases, simple consecutive numbering will suffice. Nested
statements should be assigned referents to show their relative
positions. This can be achleved by a simple decimal numbering
system. = However, in larger domains with several transcripts

undergoing translation, a more complex alpha numeric system may be

necessary.

» restructuring of the document

Ideas in recorded speech do not follow in a clear linear
progression; there are frequent asides and additions. Hence,
consider to which subject or number of subjects a statément refers.

In this stage, statements are grouped by subject. The primary



subjects of the domain should be chosen jointly by domain experts
and knowledge engineers. No more than 20 — 30 subjects should be
decided upon, as in traditional data analysis in which a manageable
number of key entitles 1s chosen initially to describe the demain.
These should constitute a range of knowledge types from object to

functional types (i.e. declarative through to heuristic).

Each subject is assigned a reference name and/or number,
Next, every statement 1s eassigned to one or more subject modules.
These modules are not exclusive; statements may have more than one
subject. At this stage, the loosest possible constraints are
applied to decide whether a statement belongs to a subject module.
This task is illustrated in Figure 5.1 showing the assignment of a

statement to three subject modules.

Figure 5.1 A statement is assigned to three subject modules.

[Pipes connecting tanks do not leak]

| Mo, assubion Aeske i o b
et —————

)] e—————————
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» assignment of relevance

Qualitative decisions are made concerning the relevancy of
each statement to its subject module. Statements can be assigned
values of HIGH, MEDIUM or LOW relevancy; these values ‘ar‘e not
completely exclusive, so there 1is some overlap between HIGH and
- MEDIUM, and MEDIUM and LOW. Again, if possible, decisions should be

made jointly by domain experts and knowledge engineers.

» statement ordering

The order of statements within modules 1s altered to reflect
the relevancy of statements: HIGH coming before MEDIUM and so
forth. Finally, the subject modules are grouped to reflect their

subject types. Functional types are grouped and object types are

grouped.

Throughout text analysie, detailed records must be maintained

on the aseignments of every statement. With a large volume of material
it is easy to overlook statements. By carefully maintaining detailed
records, it is possible to ensure that every statement 1s assigned to a
module, This reduces the 1likelithood of any knowledge being

inadvertently lost.

The methodology described above is illustrated in detail by
its application to a test case iIn the following chapter, ‘This

methodology should be supported by a computer tool. This tool should,

o perform normal word processing and text manipulation

tasks.
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Again, this research does not intend to translate natural
language into the CGKRL. Rather, the source material will have
undergone processing into a form more suitable for translation. A
suitable methodology for producing a source document from an elicitation
transcript is described in the previous section. This section describes
a series of steps to facilitate accurate translation of processed text
into the CGXRL. Whilst Sowa (1984} discusses laﬁguage and conceptual
graphs, he does not describe a method of translation. However, he

describes the complex nature of the task and some possible solutions.

First, knowledge in a source document can be divided into two
principle categories: declarative and procedural knowledge. In most
domains, the division between each category will "be imprecise.
Nonetheless, such divisions do facilitate knowledge elicitation because
it is necessary to differentiate between t‘he “"facts" of a domain and the
procedures ‘which "operate"” upon them (Alexander, et al, 1986; Edwards,
1987).  Alexander, et al [1986]1 in their ontological analysis, propose
treating knowledge in three steps: defining first a static ontology,
then a dynamic ontology, and finally an epistemic ontology. First, the
facts of a domain are defined, then the operations that act upon then,
and finally, the procedures and heuristics that control the operations.
This process results in a formal specification of the domain knowledge
that is independent of any implementational details (i.e. a functional

description).

Edwards (19871 in his detailed account of a knowledge

elicitation/acquisition process, states that the knowledge engineer
should attempt to describe the control knowledge (the 'dynami: and

epistemic ontologies of Alexander et al) prior to describing the
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declarative knowledge. This apparent contradiction is mitigated because
both agree that separations between categories of knowledge are in
actuality far from rigid, and that some declarative knowledge must be

described to make sense of the control knowledge and vice versa.

Edwards 1s correct in emphasizing that the high-level
knowledge makes ‘sense” of a domain by imposing a structure on the
-relationships between domain knowledge. This implies that top-down
knowledge elicitation is preferable because it enables the domain to be
treated initially at its most abstract. This approach is explored during
the UCCA test case described in Chapter 4. A suitable methodology is

described below, and is illustrated by a test case in Chapter 7.

5.3.2 a translation methodology.

Translation into the CGKRL can not proceed statement by
statement and module by module. The soil erosion study shows that
unguided translation results in a loosely or even unconnected set of
conceptual graphs. The UCCA example demonstrates the advantage of
following a top-down translation methodology. In that example,
translation proceeds from a general outline of the domain to more
detailed descriptions. This results in a well-structured model of the

domain representing the interrelations of domain knowledge.

Translation from any source document should proceed in a
similar manner. The first statement to be translated should be the most
general available. The following statements would be suitable: “the

problem 1is to dlagnose liver disease” or '"we have to configure the
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» If the knowledge being translated describes a typical
example of a concept (possibly gathered from more than
one statement), then a prototype should be used.

»  If the statement describes a.particular example of a
concept amongst several different examples of the
concept, then a schema should be used for it and for
each different example of the concept.

> If the statement is logical or imperative, a proposition
should be used.

> If the statemént describes an algorithm or
procedural/control knowledge, then a dataflow graph

should be used.

» linkage

The first translated statement will introduce several
concepts. From these, one should be chosen to be added to the
growing domain model. By referring to the source document, a
statement describing thé chosen concept at the appropriate level of

detail should be selected for translation,

Having translated this statement by the methods described
above, a decision must be made as to which statement to translate
next. This process 1s repeated each time one statement is
translated and another statement is considered. The UCCA test‘ case

demonstrates that linkage is important in forming a well-structured

model.
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Particularly during early stages in constructing the domain
model, it is important to consider the breadth of knowledge, rather
than its depth; one should not proceed too far down one particular
part of the domain at the expense of describing other parts. A
balanced general description of the domain should be constructed
before adding more levels of detail (i.e. top-down and

breadth-first).

» dealing with complexity

Large complex statements necessitate division into manageable
sections since overly large diagrams are difficult to understand
[Dodson, 198SML Therefore, divide large statements into
independent and self-contained sub-statements. Each sub-statement

should then be translated as usual.

Again, translation should occur in a top-down breadth-first
manner. A representative general statement of the goals or function of
the domain or a summary of the problem area should be selected from the
source document. Translation should then proceed by describing the
concepts in this first graph. New concepts elaborating initial concepts
are then described in increasing detail. Hence, translation proceeds
from the most general statements of the domain, to general descriptions

of the processes and objects in the domain, and finally, to more detailed

descriptions of processes and objects.

Translation from a source document into the CGKRL 1is

"grounded” in the domain knowledge (Johnson, 19871: Deciding which
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This description could also apply to the methodology outlined in this
chapter. This 1is not surprising because any transcript analysis will
necessarily have similar constraints. Acquist functions by breaking a
transcript into fragments, clustering the fragments around concepts, and
in turn clustering concepts into higher-order groups and meta-groups.
There 1is no a priori restriction on the number of higher-order
groupings. Linkages between groupings can be established, and finally, a
high-level view of the resulting model can be provided by graphical maps

detailing the relationships between concepts, groups, and meta-groups.

Due to similarities in our approaches, we could claim to
provide a hypertext based knowledge analysis facility (1.e. the
non-linear representation of interrelated textualvinformation). Acquist
has facilities that could be of practical use to our methodology. For
example, Acquist provides an automatic lexical analysis of thé
transcript. This provides a lexicon of possible concept names to be
used during analysis. A similar function could be applied to our
methodeology. vThis would not only provide a 1list of possible cohcept
names, but could also assist in standardising terminclogy during early
stages of knowledge analysis. Acquist permits the knowledge engineer to
attach 'notes" to items in the model. These notes may be a summary, a
reminder to ask the domain expert a question or other information

concerning the item.

Whilst there are similarities between Acquist and the
methodology outlined here, we argue that the approach proposed here is
more structured. In Acquist, 1t seems that a transcript can be
processed in an ad hoc manner. Fragments of text can be assigned to

concepts, concepts to groups, and groups to meta-groups in random steps.



However, in our methodology the knowledge engineers must follow a
disciplined series of steps. First, the text is processed to remove
noise, ambiguity and so forth. Then, a limited set of subjects are
selected from the domain (these represent the meta-groups of Acquist).
Statements (fragments in Acquist) are then assigned to the subject
modules. Only when all statements have been assigned to modules are
the interrelations between concepts defined. This stage is the process
of translation from the source document to the CGKRL, and it follows a
disciplined progression from the most abstract/general concepts to more
specific ones. Conversely, in Acquist it would seem possible for the
domain model to be constructed in any direction or in more than one

direction at once, possibly leading to confusion.

Finally, the methodology propose& here adds additional
constraints to the domain model. The v"maps" of Acquist showing the
interrelation of concepts, are similar to the schematic relationship
diagrams described in Chapter 8. The concepts in an Acquist map are
attached to the fragments of text from the initial transcript.. In our
diagrams concepts are attached to the conceptual graphs describing the
concepts, and to the statements from the transcript. But, most
importantly, the application of CGKRL semantics by a computerised tool
such as the one proposed in Chapter 10, would ensure that meaning and

usage of concepts remain constant throughout the domain model.

Acquist does not guarantee that the meaning of a concept will
remain constant throughout the domain model. Consistency of usage must
be maintained by the knowledge engineer. However, in the methodology

outlined here, the semantics of the CGKRL could maintain consistency.

~ 86 ~






CHAPTER &6

A DETATITILED CASE STUDY
PART 1: FROM EIL.ITICITATION

TO THE SOURCE DOCUMENT

6.1 Introduction.

The knowledge analysis methodology described in Chapter 5 is
applied to an expert task domain. Each stage is examined to highlight
any practicall problems that arise. This chapter describes the first
phase of knowledge analysis, beginning with elicitation and ending in the
production of a ‘“scurce document” ’chat‘ will be used to construct a

domain model. This second part is described in the following chapter.

6.2 Background to the Domain.

The domain for a large scale case study must satisfy the

following criteria:

> it must be large enough to answer questions regarding
the applicability of the methodology to non-trivial
problems.

> the domain must contain a variety of knowledge forms
(e.g. declarative, procedural, heuristic) to demonstrate

the suitability of the domain to different problem types.
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The domain was scaled down to test case size, so it contains
the same diversity of knowledge but not the volume. Problems involved
in running the liquid factory require the operator to respond correctly
to changing situations. Valves can leak spontaneously, and they then
have to be closed and repaired. Lorries arrive at randomband must be
unloaded quickly to avoid waiting costs. The operator must keep liquids
flowing tﬁrough the factory, monitor levels in tanks, respond to leaks
and lorry arrivals, and continuously keep the product within

specification.

6.3 Knowledge Elicitation.

A semi-structured interview technique wasvused to permit the
domain expert to direct the interview 1in response to a few seced
questions asked by the knowledge engineer. The knowledge engineer's
role is first to ensure the domain expert does not digress from the
major topic under discussion, and second to regulate the level of detail

that the interview proceeds to during an elicitation session.
This technique was chosen for the following reasons:

> It provides a range of knowledge quickly.

4 It can establish the boundaries of the domain and
establish the general types of problem. - It is a good
technique to use before proceeding to other techniques.

» It is widely used in industrial projects.

The initial elicitation session recorded an interview with the

domain expert, Ms. Tasker, of Unilever Research. Before this interview, a
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It should describe the domain in general terms, outlining its boundaries,
introducing the general concepts of the domain, and identifying the main

preoblem areas.

Careful records of the material must be maintained during
knowledge analysis to avoid knowledge being lost. This becomes
increasingly necessary when analysing larger volumes of material; even
in this example, it was possible tc lose statements without careful
referencing. To avoid this problem, processing elicitation transcripts
should be done with the aid of a spe;:ially designed hypertext

environment. The characteristics of this tool are outlined in

Chapter 11.

6. 4.2 noise, repetition and irrelevancy.

The verbatim result of the elicitation interview is labelled
FAC (an abbreviation of FACtory), and since it is the first document, it
is FAC#1 (cf. Appendix B.1). In the initial stages, it is not necessary
to label each statement, but including page and line numbers aids
discussion. FAC#1 is processed to remove noise, obvious repetitions, and

clearly irrelevant statements.

» noise

Words, phrases and other sounds commonly found in recorded
speech when a speaker pauses to consider how to answer a question
or to clarify a statement. For example, FAC#1,

"Ummm, what else can I say....... OK."
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» repetition

Words and phrases that are repeated whilst the speaker pauses

for thought. For example,

“If that valve 1s open, valve 1 1is open, it doesn't make any

difference at all..nothing."
becomes,
"If valve 1 1s open it doesn't make any difference at all.”

At this stage, repetition of the knowledge engineer's questions by
the domain expert or the domain expert's answers by the knowledge

engineer are left in the document.

» irrelevancy

Words, phrases or statements that do not refer to the subject

of the interview. For example,

"...shame about this pen 1t's not very good is it...."

6. 4.3 ambiguity.

The transcript 1s processed to vresolve ambiguity; this
involves standardising terminology and clarifying subjects that are
indirectly referred to. During this process, it 1s desirable for
knowledge engineers to consult with domain experts; 1ideally, domain

experts should decide upon the correct terminology.









IW: Can leaks occur when the valves are closed?
JT: NO. Leaks can only occur when a valve is open.”

This became,

[#31: Leaks of the valves occur randomly.l
[#32: Leaks only occur when a valve is open.]

» separation

Statements are clearly separated from others by enclosing
single statements within square brackets as above. Complex
statements composed of sub-clauses are treated in a similar manner

| by. ﬁestiﬁg clauses within each other. For example, the following

statements,

"The problems in the factory are that you have random leaks
on each valve. The only way to control the leaks is to close
the valve and wait for a.certain amount of time for somebody
to come and fix the valve."

These are represented by the nested statement,

(#13.1: The problems in the factory are that valves can leak
randomly.
(#13.2.1: the only way to control a leak is to close the
valve
[#13.2.2: end walt for a certain amount of time for
somebody to come and fix the valve.]l]

» assignment of referents

As can be seen from the above examples, each statement has
been assigned a unique reference number. In this instance, simple
consecutive numbering suffices. However, in a larger domain

processing several transcripts, a more complex alpha numeric system

may be necessary. Additionally, it is useful to identify to which
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assigned to one or more subject modules. These are not exclusive;
statements may have more than one subject. At this stage the loosest
possible constraints are applied to decide whether a statement belongs

to an entity module. Thus, for example, the statement,
(FAC#4/#52: Pipes connecting tanks do not leakl

is assigned to the module for pipes, leaks, and for tanks, even though
tanks 1is not the primary subject of the statement. Decisions of

relevancy will be made later.

Throughout this process, records must be maintained on the
assignments of each statement. Again, with a large volume of material,
it is easy to overlook statements. By carefully maintaining detailed
records, it is poésible to ensure that every statement in FAC#4 has been
assigned to a subject module. By checking the lists in this test case it
was discovered that some statements had been inadvertently omitted.
During this phase, a hypertext environment would be essential to manage
and visualise the multiple statement-subject assignments. Because
statements have been duplicated, the wvolume of the transcript is

considerably more than previous documents.

6. 4.6 the source document.

Statemente were assigned to subject modules without
considering their relevancy. In this stage, qualitative decisions are
made concerning the relevancy of each statement as described in
section 5.2.2. Again, 1if possible these decisions should be made by

domain experts and knowledge engineers. It may be noticed from FAC#6



(cf. Appendix B.3) that compound statements can be given differing
relevancy levels. This reflects the fact that compound statements can

have more than one subject.

Ordering of statements within modules is altered to reflect
relevancy: HIGH coming before MEDIUMV, and MEDIUM before LOW. Finally,
the modules are grouped to reflect their subject types: Thus, strategy
and controls are grouped because they represent functional types, whilst
tanks, valves, and materials are grouped because they represent object
types. Concepts of specification and costing lie somewhere in between

the two groupings.

As stated in Chapter 4, the requirements for the source

document should be,

» standardised terminology
» unambiguous subject referral
> concise text

» gtructured into modules with identifiable subjects

» ordering of the modules to reflect groupings within the

domain
> modules should be divided into small units
2 units should be ordered.

These requirements have been largely satisfied in FAC#6, so translation

into the CGKRL can now proceed.
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CHAPTER 7

A DETAILED CASE STUDY
PART 2: PRODUCING A

DOMAIN MODEL

7.1 Introduction.

The previous chapter describes the method of processing the
factory knowledge elicitation transcript into the source document. The
source documer'mt is concise; terminology is standardised and it is divided
into several subject groupings. This chapter describes the process by
which the first few statements in the source document are translated
into conceptual graphs wusing the top-down methodology outlined in
Chapter 5. After this, unusual cases are examined, and the implications
for other application domains are discusseéi. The chapter concludes with
the elicitation and addition of more detailed knowledge to the domain

model.

7.2 The First Graphs.

The translation of the first statement from the source
document into the first graph of the domain model is given in great
detail. The manner in which the second and subsequent graphs are
translated, and particularly how they relate to the first graph ié

described in the following sections.
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7.2.1 the first statement.

A KBS design methodology was developed and modified by
applying 1t to several small domains. This resulted in some useful
insights. For example, translation into the CGKRL can not proceed simply
statement by statement and module by module. The soil erosion test
case demonstrated that unsystematic translation results in a loosely or
even unconnected set of concepfual graphs that do not model the
interrelations of the domain knowledge. A test case concerning
university admissions procedures  illustrated the advantages of
structured translation.. In that example, translation proceeds in a
top-down mannér, from a general outline of the domain to more detailed
descriptions. This results in a well-structured model of the domain

that adequately represents the domain knowledge and its interrelations.

Translation from the source document likewise should proceed
from the most general to the most specific. In this domain, the most
general statement is the following:

[FAC#6/1/#9.1: (HIGH) The object of this system is to produce a

product within a certain specification,
[FAC#6/1/#9.2: (HIGH) and to maximise profit.]]

This states the general purpose of the domain under investigation; that
is, the factory makes a product within a specification and tries to
maximise the profit. Therefore, this 1is the first statement to be
translated. A similar method involving several steps is used for

translating each statement.
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P concepts and relations

Decisions are made as to which words in the statement will be
assigned to concepts or to conceptual relations. The method for making
these decisions is described in section 5.3.2. In the statement being
translated, the following words are assigned to concepts: (SYSTEM],
[MANUFACTURE], (PRODUCT], [(PROFIT], (MAXIMUM], and [IN_SPECI. 'The
relations in the statement are (FUNCTION), (OBJECT), and (ATTRIBUTE). The
phrase, "the object of," is translated as, (FUNCTION), since this conveys
its meaning. It is acceptable to abbreviate words or phrases so long as

their meaning is not compromised, hence, "within specification," becomes,

{IN_SPECI].

» type hierarchies

Each concept 1s assigned a place in the type hierarchy. It is
possible to state that [MANUFACTURE] and (MAXIMISE] are of type,
(PROCESS] which in turn 1s of type, [ACTI (PRODUCT] is of type
(MATERIAL). The type hierarchy so far 1s as follows:

{SYSTEM,MATERIAL,PROCESS, ACT,PROFIT,IN_SPEC) < ENTITY
PRODUCT < MATERIAL

MANUFACTURE < PROCESS
{MAXIMISE, PROCESS} < ACT

Like individual conceptual graphs, the type hierarchy 1s more easily

visualised if represented graphically as in Appendix C.1.
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Figure 7.1 The first graph.

817131  definition for SYSTEM(x):

ENTITY: %

R ACTURE < (FINCTION) >ﬁ RAKINTSE §

{OBJECT) (CBJECT)
pRODCT Vi (RTTRIBUTE) PROFIT
1§ SPEC

» relational definitions

It is also possible to define necessary conditions for
conceptual relations. Thus, the relation, (FUNCTION), is defined in terms
of a concept, [FUNCTION], as follows:

relation FUNCTION(x,y) is
[ACT: #x] ¢« (LINK) « (FUNCTION] -4 (LINK) - [ENTITY: #yl.

This states that FUNCTION links an ACT to an ENTITY. Just as with type

definitions, every subsequent wuse of the relation, (FUNCTION), must

conform to its definition.
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» the choice of knowledge structure

At this point, if a statement has not been translated by a
definition, it 1is necessary to decide which CGKRL knowledge structure
will best represent it. This decision can be informed by the statement

itself as shown in section 5.3.2.

7.2.2 the second statement.

The process of deciding which statement to translate next
muét be repeafed with the second statement and all following statements.
When translating, it 1s important to consider linkage, that 1is hcw a
statement and its graph(s) link with the rest of .the domain model.
Linkage ensures that the growth of the model is guided since the choice

of the next statement to be translated reflects the linkage of concepts.

The first statement introduces several concepts. Of these
only [PRODUCT] is one of the subjects used to divide the source document
into modules. Therefore, although the concepts, [MANUFACTURE], and,
(PROFIT], may be of equal significance, a statement concerning [PRODUCT]

is translated next.

From the subject module, PRODUCT, in the source document, a
suitable general statement must be chosen. This module includes three
statements with a HIGH relevance. These are #21, #9, and #61. The
record of previously translated statements already includes #9; therefore
it is not considered. Of the two remaining statements,‘ #21 and #61, it-
is evident that the meaning of #21 is repeated in a different form in

#61. Statement #61 is translated next because it is more precise.
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Statement #61 1s a complex compound statement containing
several parts. It is important to divide large complex statements into
manageable sections because large conceptual graphs are difficult to
understand. The method of dividing large statements 1is similar for all

statements.

First, consider if any parts of the statement are reasonably
independent and self-contained:
[FAC#6/5/#61. 1: (HIGH) Products of different specifications can be
produced.
{65/#61.2.1: (HIGH) Depending on what the new specification is,
[5/#61,2.2: (HIGH) elther get rid of all the old

specification product out of tank 3, and start the process
with the new specification,

(5/#61.2.3:" (HIGH) or keep the product already in tank3 and
add more of whichever material to change the

specification.]]
[(5/61.3: (MEDIUM) The system is still run on a continuous basis,
but it must be decided whether to close valve 3 to 1et the
product flow through. 1]

#61.1 is a self-contained statement that can be treated independently of
the rest of the statement. It 1is translated by the following
propesition:

proposition for PRODUCT is

(POSS) + [[MANUFACTURE] -

(OBJECT) -+ [PRODUCT: resp<a, b,c,...>] —
(ATTRIBUTE) -+ [SPEC:resp<x,y,z,...>1].

As before, any new concepts and relations are assigned places in their

respective type hierarchies, and definitions are made as necessary.

The rest of statement #61 divides into two sections: #61.2
and 1ts sub-sections, which deal with different methods of changing
Specification, and #61.3, which mentions that the system can be run on a
continuous basis. Both of the‘sub—sections #61.2.2 and #61.2.3 refer to
#61.2.1. In such cases it 1s useful to define a graph for the statement

or phrase held in common, and then to 1link that graph with the two
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separate statements. Thus, #61.2 is represented by a prototype stating
that manufacturing a product depends on the new specification of that
product:
prototype for PRODUCT(x) 1is
[ PRODUCT: ¥x1 -
(ATTRIBUTE) - [NEW_SPEC] -

(DEPEND) « [MANUFACTURE}] -
(OBJECT) -+ [PRODUCT: #x1.

The two sub-statements, #61.2.2 and #61.2.3, are represented
by two schema for [MANUFACTURE] (i.e. two alternative methods for
manufacturing products with  new or  changed specifications;
cf. Appendix C.2). At this point, the statement #61.3 is not of

particular relevance, and therefore it is left to be considered later.

7.2.3 more statements.

At this stage, the domain model comprises five graphs, and
again a decision has to be taken as to which statement to translate
next. Ae the model grows, the number of possible choices becomes
greater. Therefore, deciding which statement to take next need only be
a good choice, one that is supportable; it need not be the best or only
choice because eventually most of the statements in the source document
will be translated. From the five graphs already defined, there are
several possible candidate subjects for the next statement. These are
{SPECIFICATION], [TANK], and [MATERIAL). Of these, [TANK], is checsen, not
because it 1s necessarily the only .choice, but because tanks are
fundamental to the domain and will therefore be dealt with at some

stage.
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The subject module for tanks in the source document indicates
several statements that could be translated. The representation of
statement #61 1In the previous section resulted in a total of four
individual graphs. However, it 1is also possible for several statements
to be represented by a single graph, providing each statement is not too
complex, and the resulting graph is not too confusing. A prototype for
[TANK) is constructed from statements #1, #2, and #6 (cf. Appendix C.2,

graph #4.) because a general statement concerning tanks is required.

From this graph and previously defined graphs, the concept,
[MATERIAL), is selected, and a simple definition is made: "All materials
have costs.” Then, again from the prototype for (TANK], the concept,
(INPUT], 1is chosen, and three schemata describing the input for tanks 1,
2, and 3 are defined. The concept, [LORRY], 1is then chosen from graph
#7., and as for [TANK], several separate statements <(four in this

Instance) are combined into a single prototype.

7.3 1Issues Raised During Translation.

7.3.1 introduction.

Because the method of translating each statement from the
source document into the CGKRL is largely similar, there is little value
In describing the translation of every statement. So, whiist this
section includes details of translation, it is primarily concerned with
addres,sing the problems encountered in the translation process itself,

as well as those likely to be encountered in other application domains.
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schema #12.1 will apply. Again, each of the schemata for [MAX_STRATEGY]

may apply at the same time; they are of use in parallel.

Likewise, each of the three schemata for [INPUT] (cf. graphs
#6.1, #6.2, & #6.2) are equally valid and may all apply at once. Indeed,
they are all true since they describe the input to tanks #1, #2, and #3
respectively. However, only the schema describing the input to tank #1
1s used in the context of lorries. Hence, there is no representational
difference between the schemata describing [MAX_STRATEGY], and those
describing [INPUT], even though (MAX_STRATEGY] represents high-level

strategic knowledge and (INPUT] describes factual declarative knowledge.

In the CéKRL there need be no explicit differences between
the representations for declarative knowledge or of procedural knowledge
or even heuristic knowledge. However, in knowledge engineering it has
been cﬁstomary to distinguish between knowledge types. Generally
distinctions are made between declarative, procedural, and heuristic
knowledge [Alexander et al, 1986; Edwards, 1987; Plant, 1987].  The
resulting knowledge representations reflect these  distinctions;
declarative knowledge 1is seeparated from procedural and heuristic
knowledge, and procedural knowledge 1is separated from heuristics
(Alexander et &l, 1986; Plant, 1987]. This is not so with the CGKRL;
knowledge is grouped by meaning and usage. Consequently, in the CGKRL,

the context of knowledge is important, not its type.
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7.3.3 the problem of interpretation.

It is important to consider how much common sense knowledge
or prior knowledge from outside the domain should be used in translating
statements into the CGKRL. Ideally,‘ the statements in the source
document could be parsed by a natural language understanding program
and the domain model constructed without human intervention. But, this
is currently not possible. Therefore, the problem of how much knowledge
should be brought to the interpretation of statements needs to be

addressed both in this test case and for other applications.

Most  etatements iIn  the source document need no
interpretation; they are translated verbatim. However, a minority of
statements do require interpretation. How then, 1is the knowledge
engineer to do this eand not corrupt the process of knowledge analysis?
Consider the following statement:

[#6: Each tank has a valve which can be opened or closed to let
the product/material go through.]

This statement implies that valves can either be opened or
closed, and regardless of the state of a valve, material can flow
through. However, common sense and some understanding of the domain
tells that material can not flow through a closed valve. The knowledge
engineer must decide whether to alter this statement or to translate it
as it stands. Because the knowledge engineer may not necessarily have a
sufficient understanding of the domain, any change could result in an
Incorrect graph, After all, it is possible that in this domain the

statement 1s correct.

Consequently, whenever possible the knowledge engineer should

consult a domain expert who can decide whether the statement is false
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or correct. Any subsequent alterations should be recorded, and
propagated to other users of the source document. This ensures the

source document remains complete and uniform.

Even the colloquial usage of a word or phrase may require
interpretaticn. Common sense applies here as well, but if possible the
knowledge engineer should consult a domain expert who can decide the
interpretation. Any interpretations made without consulting a domain
expert must be marked as such and subsequently validated by a domain
expert. Hence, in the domain model, graphs that have been interpreted

should be clearly marked, "INTERPRETATION."

7.4 The Addition of New Knowledge.
7.4.1 introduction.

This section details the inclusion of new, previously
un-elicited, knowledge into the existing domain model. It was decided
that more knowledge concerning the calculation of costing within the
factory, as well as procedural and heuristic knowledge concerned with
ruhning the factory was needed. Therefore, the domain expert was
requested to provide additional information. The inclusion of this

information into the existing domain model and matters arising from this

are described below.
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One possible method is to maintain a lexicon of all the
concepts used in the domain model. When, a new body of knowledge is
elicited it can be processed to identify new terms/concepts. In this
example, 'proportion” would be identified as a new term not contained in
the current lexicon. It would then be possible to consult the domain
model to see if there was a synonymous term (e.g. "A  something of
material X in the product"). Graph #14, the definition for [SPEC], states
that *“the product has a percentage of material X in the product."
Therefore, the knowledge engineer could decide that proportion and

percentage are synonymous.

After the new text 1s divided into separate 1indexed
statements, it is assimilated into the existing source document. If the
new information were more voluminous, it would be preferable to create a
second ‘source document, independent of the original document and to
select subjects from within it. However, in this instance it is apparent
that the statements are concerned with the same subjects as the original
elicitation document. Therefore, the statements are assigned to the

subject modules used in the first document.

If a second source document had been created, it would also
be necessary to create new subject modules to reflect the differing
content of the new information. Thus, a large domain may eventually be
described by several source documents each describing different aspects

of the domain. Each of the source documents may share certain subject

modules but would also contain unique groupings.

~ 115 ~



7.4,.3 assimilation of new knowledge.

The next task is to incorporate the new knowledge into the
existing decmain model. As usual, the knowledge engineer must ccnsider
hdw individual statements or statement fragments relate to the whole
domain model. To start with, an overview of the domain is viewed. The
first graph (graph #1) introduces the concept of (PRCFIT], but it has not
been elaborated upon. One of the new statements, #63, gives a

definition of how (PROFIT] is calculated. Therefore, this statement can

now be translated into the CGKRL.

It is not desirable to translate all of statement #63 into a
single graph becauée this would produce a very large graph. Thus,
(PROFIT] is defined by the statement fragment #63.1 (cf. graph #25 in
Appendix C.2). This graph states that [PROFIT] is a measure of (SALES]
minus fCOSTS]. It is worthwhile noting that the actor, <MINUS>, which
performs the calculation, has two numerical inputs: [SALES:@Q] and {SUB:Ql.
The ([SUB:Q] indicates that this number is the subtrahend and is to be

taken away from the referent of [SALESIL

- Translation continues by defining [SALES] and then ([COSTSI.
However, there wss already a definition for SALES in the domain model
(cf. graph #8). If the methodology were supported by a computer tool,
when the knowledge engineer entered the concept [SALES] into the graph
describing [PROFIT), the system would notify the knowledge engineer that
a définition existed for this concept. Since there is new information
8bout [SALES], >the knowledge engineer would call up the existing
definition. Graph #8 stated that [SALES] are the cost of the amount of
Product in specification multiplied by an unspecified amount. Clearly,

the new statement #63.2 has some information that can be added to the
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existing definition. Thus, the new version of graph #38 states that
(SALES] are a measure of the amount of product in specification

nmultiplied by the (SALE_PRICEL

The statement, #63.3, 1s divided and described by five
individual graphs to ensure that no single graph is too large. Thus,
graph #26 defines an algorithm for calculating [SYSTEM_COSTS] involving
(LORRY_COSTS], [(MATERIAL_LOSS_COSTS], [PRODUCTION_COSTS], and
{PRCDUCT_LOSSI. These are then described by separate graphs

(cf. #27 - #29),

Statements #64 — #69 are primarily concerned with methods
of optimising the rL.mning of the factory. Consequently, it was decided
that the statements #64 — #69 are examples of maximising strategles or
[MAX_STRATEGY). Since this 1linkage is not explicit in the statements
themselnves, each resulting graph is flagged as an INTERPRETATION until

the domain expert decided if the decision was correct.

There are now nine schemata describing [MAX_STRATEGYL
Because they have been compiled at different times, the schemata should
be examined in conjunction with the domain expert to ensure there is no
redundancy. If there 1is redundancy, this should be removed when the

domain expert appraises the model.
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7.4.4

assessment of the addition of new knowledge.

The previous section demonstrates the following:

It is possible to add information to an existing domain
model.

The application of CGKRL semantics could ensure that
usage of concepts remains constant throughout knowledge
analysis.

It shows that individual graphs can be altered without
compromising the model.

The ability to consider initially concepts at an abstract
level within the model <(e.g. that of profit), and
subsequently describe them in greater detail has been
clearly illustrated.

Algorithmic knowledge can be described easily. Although
the examples given only use simple operators such as
<(PLUS> and <MULTIPLY>, there is no & priori limit to the
complexity of operators that can be built up. The
ability to  describe  algorithmic  knowledge  with
declarative and procedural knowledge in a uniform
representation could be of considerable use in many

domains of expertise.

It shows that the knowledge analysis methodology is not

dependent on a single knowledge elicitation technique.
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during knowledge analysis. This results in a natural associaticn of

knowledge.

During translation, choosing which knowledge structure to use
can be informed by the knowledge content of the statement under
consideration. So, at no time during either the precessing of the
elicited material or the construction of the CGKEL model nesd a
knowledge engineer be taking unsupported or unjustifiable steps. Each
decision can be guided by the methodology, and by the domain knowledge

itself.

The successful addition of previously unelicited knowledge
demonstrates the applicability of the methodology to mcre than one
elicitation technique. It also illustrates that knowledge can be added

to the domain model without causing contradiction.

The CGKRL is intended to be used both to represent domain
knowledge and to enhance knowledge elicitation, Hence, it is essential
to demonstrate that the CGKRL domain model can assist in identifying
ambiguities, omissions, and 1inconsistencies in elicited knowledge.
Theréfore, the domain model has to be appraised by the domain expert.
This requires examining methods of inspecting the domain model because
when viewed independently or sequentially, graphs comprising the model
are no more meaningful than individual statements. Thus, as in KEATS
[Motta et al., 1986 & 19891, it is useful to provide overviews or maps of
the domain enabling the interrelationships of concepts to be viewed.
This can be achieved by showing the linkages between graphs of defined

concepts. This is detailed in Chapter 8.

This test case was performed manually on paper, but

consideration has been given to tasks that could be supported by a
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computer tocl. There is no doubt that the task of selecting ctatements
for inclusion in the domain mecdel and their translation into the CGKRL
could be considerably assisted by an efficient tool. The
characteristics of this tool are discussed in Chapter 10. Experienced
gained from this test case suggests that it would be feasible to analyse

a full~scale industrial domain with the aid of such a tool.
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8.2 Inspection of Domain Models.
8.2.1 the display of individual graphs.

In order to improve clarity, individual conceptual graphs must
be made as easy to understand as possible. English is normally read
from left to right and from top to bottom, so text is uéually organised
by that convention. However, a conceptual graph can be drawn many
different ways, some of which are easier to understand than others.
Graph #1 (cf. Appendix C.2) states that "the system is a type of entity
whose function is to manufacture a product in specification, and to
maximise prof;t." The way this graph is drawn makes it easier to

understand; it can be read from left to right and top to bottom.

However, it would be harder to understand if it were redrawn
with [IN_SPEC] at the top right of the graph and [PROFIT] at the bottom
right, and with the (FUNCTION) relation and the [ENTIT‘?] type in the
middle. Thus, as with other communication media, there are good and bad
styles of presentation. A knowledge engineer constructing graphs should
always bear this in mind.  Because people reading the graphs will
probably be unfamiliar with the CGKRL, graphs should be constructed to
be read from top to bottom and from left to right. By attempting to

adhere to this, poor ways of drawing graphs can be avoided.

To avoid confusing people with too much detail Dodson [1989]
advises that "connection diagrams" be restricted in size to favour small
numbers of nodes (less than 20). Likewise, in the factory domain model,
graphs containing more than 20 nodes proved difficult to understand.

Since both concepts and their relations are nodes in the graphicali
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be expanded. This process could be repeated revealing a set of three
graphs that describe different aspects of the concept. Figure. 8.1 shows

this facility.

8.2.2 type hierarchies.

Viewing the type hierarchy involves problems of size. In the
factory domain model it is not possible to fit all of the type hierarchy
onto a page or c’omputer monitor. This problem is partly solved by using
a large screen monitor, but in a complex domain it would still not be
possible to view the entire hierarchy. Therefore, the hierarchy could be
viewed at different magnifications. It could be browsed by scrolling the
screen, and ‘snapshots" could be taken so as distant sections of the
model could be compared by juxtaposition. Appendix C.1 shows part of
the conceptual type hierarchy from the factory test case. In most
domains the relation hierarchy 1s considerably smaller than the concept
type hierarchy. However, if size problems occur, they can be solved by

the methods suggested for type hierarchies.

8. 2.3 schematic overviews of a domain,

It is also necessary to consider ways a domain model could be
realised to represent the interrelations of domain knowledge. The UCCA
test case showed that an overview of the relationships between the
pfinciple concepts of the model aided understanding. As with individual

graphs, the ‘knowledge engineers and domain experts are then able to
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focus on a part of the domain model at Level I {in this example July

25th.) as well as view the relationship between concepts in Level 2.

This 1is 1llustrated in Figure 8.2.

Figure 8.2 The UCCA model: part of Level 1 & 2.

|

nodel

reject

This diagram is not detailed. It merely states that within
the description of July 25, there 1s a concept called [confirmationl.
This concept in. turn refers to the concepts: [correspondencel, [decision],

and [met_reql. This also shows which concepts are represented by sets

of schemata, single prototypes, propositions or type definitions.

Figure 8.2 shows that within the concept of [confirmation],
the concept of [decision] is important because it is linked to the
Majority (seven out of ten) of the principle concepts in Level II. This

shows that confirmation is about decisions made by the universities.
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Thus,
[decision],

confirmation.

would

reveal the knowledge

central to

the

Figure 8.3 A Schematic overview of the factory domain model.
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The size limitations of this presentation could be partially

solved by scrolling, magnification, the use of colour, and possibly even

three-dimensions.

becomes more difficult to understand.

However, as the model becomes larger, the overview

For example, Figure 8.3 above

shows an overview of the factory domain model, and although it is still

Possible to follow the interrelations of concepts, the diagram is clearly

too complex.
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To solve this it 1s possible to show only the interrelations
of a restricted set of concepts within the domain either by using
matrices or diagrams. For example, Figure 8.4 shows diagrammatically

only those concepts related to the concept, [SYSTEML

Figure 8.4 The concepts related to [SYSTEMI.

In Figure 8.4 the links between concepts are dif'ected. Thus,
[SYSTEM] refers to [MANUFACTURE] and not vice versa. The link between
[MANUFACTURE] and [PRODUCT] is in both directions, indicating that each
concept refers to the other. The diagram can be restricted to only
those concepts that [SYSTEM] refers to. This removes [MAX_STRATEGY]
from the disgram because it refers to [SYSTEMl. Conversely, only those
concepts referring to [SYSTEM] can be shown. This removes all the
concepts except [MAX_STRATEGYl. Such facilities are useful in exploring

the interrelations between concepts.

Many concepts are described by more than one conceptual
graph. For example, [MANUFACTURE] is described by two schemata, #3.1 and
#3.2, Figure 8.5 shows those concepts referring to [MANUFACTURE] and

those refered to by schemata #3.1 and #.2.
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Figure 8.5 Concepts related to MANUFACTURE.
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Figure 8.6 shows that a type relationship exists between
{PRODUCT] and [MATERIAL). The dotted line from [MATERIAL] indicates that
[PRODUCT] is a type of [MATERIAL]L. It can be inferred from Figure 8.6
that 1f there is a relationship between [TANK] and [MATERIAL], then there
1s a similar relationship between [TANK] and (PRODUCT]. Tanks contain
material, therefore they can also contain product. This is shown bty the
dotted arc connecting [MATERIAL! to (PRODUCTI.

Figure 8.6 Concepts related to MANUFACTURE, showing typing.
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8.3 Language Generation.

8.3.1 introduction.

Translations of 1individual conceptual graphs into English
could be useful to people unfamiliar with the interpretation of graphs.
Knowledge engineers could provide English translations whilst
constructing graphs. However, to ensure objectivity, it is preferable for
the translations to be generated automatically. Additionally,

automatically generated translations could help the knowledge engineer

ascertain if new graphs are correct.

Due.to their linguistic basis, work has already be done on the
automatic generation of natural (or near-natural) language from
conceptual graphs [Sowa, 1983 & 1984]. This section summarizes this
method of language generation and discusses its iﬁplications for our
work. The following section describes an alternative method of

generating English-like text from conceptual graphs.

8.3.2 natural language generation.

Typically language generation involves three stages: deciding
what to say, applying rules of text and dlalogue to construct sentence
sequences, and applying syntactic and lexical rules to generate actual
sentences [Rich, 19831l In this instance, the first two stages are
irrelevant; the graphs already provide what to say, and we do not intend
to provide an extensive dialogue. Thus, only the third stage, mapping a

graph to a sentence, is discussed.
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If conceptual graphs were linear chains, they could be
translated by starting at one end, visiting each node in sequence, and
uttering the word that corresponds to each concept node. However, since
conceptual graphs are usually more complex than linéar chains, a method

of deciding the order in which concept nodes are uttered must be found.

The sequence of nodes and arcs traversed in mapping a graph
to a sentence is called the utterance path (Sowa, 1984). In graphs, such

as Figure 8.7, the utterance path may visit a concept more than once.

Figure 8.7 A conceptual graph.

(AGENT) REPATR (OBJECT)
V
USER: (%) (METHOD) VALVE: (¥}
Y Y v
(ATTRIBUTE) (ATTRIBUTE) [QUTCKLY (ATTRIBUTE)

g h4
[CorB] [EXPERIENCE]

Languages can be characterised by their preference for

uttering a word on the first visit (i.e. pre-order), the last visit
(1.e, post-order) or on an intermediate visit to a node ({.e. in-order).
The order words are uttered when traversing a graph in pre-order or
post-order languages is more rigidly constrained than,is the case in an
In-order language. Hence, translating a conceptual graph into an in-order
language, such as English, is more difficult than translating into either
Pre~order or post-order languages. This is because the utterance of

words for an English translation must be guided by rules of grammar.
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Sowa defines an algorithm for generating English sentences from
conceptual graphs:

*gstart at the conceptual relation linking the subject to the main
predicata, traverse every arc of every conceptual relation, and utter
the word corresponding to a concept at one of the visits to {ts node,
If a concept node is visited more than once, grammar rule's determine
which visit is the one when the word is uttered (Scwa, 1984, p,2331,*

The grammar rules must therefore determine which arc to
select when a concept is connected to more than one other concept.
Likewise, they must determine when a concept should be uttered, and must
insert function words and word inflections. The notation for stating
grammar rules favoured by Sowa 1s the augmented phrase structured
grammar (APSG). These rules are an extension to a context-free
grammar, and may be represented by production rules. For example, the
following rule defines a sentence (S) as a noun phrase (NP) followed by

a verb phrase (VP S =+ NP VP

The left hand side of each rule states conditions for invcking
the rule, whilst the right hand side states actions to be taken.  In the
above example, the symbol S is the goal to be satisfied, and invokes the
rules NP and VP. These are non-terminal symbols, and will therefore
cause further rules to be invoked until eventually a terminal symbol
(e.g. N for noun or DET for determiner) is reached. At this point,
lexical rules generate the actual word to be included in the sentence.
These must take into account the concept type, the syntactic ‘category.
and other attributes of the symbol. For example, in the graph in
Figure 8.7 [USER:{#)] is a noun, a terminal symbol. A rule for expressing
it and other similar nouns could be stated by the following lexical rule:

NOUN (type = ?; referent = {%}) 5 “?28",
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This rule would be invokéd as follows:

NOUN (type = USER; referent = {%} 9 "“USERS",

Once a parse tree has been generated by the APSG rules, the correct

word, "USERS," is inserted into its correct place in the sentence.

Figure 8.8 A parse tree.

6 TAPERIENCED YOERS QUICKLY SEFAIR LEAKING VALUES
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In generating sentences, APSG rules are invoked in a top—down,
goal—directed manner. The algorithm starts with the goal, 'generate
sentence® When this rule is invoked, tests are made and new subgoals
are generated. ‘Each of these makes its own tests and generates further
subgoals until terminal symbols are reached. At this point, 1e};ical

rules are invoked to generate the words.

Although this method of generating langusge from conceptual
graphs is proven, its impl‘ementation is a non-trivial problem. First, it
requires a method of representing conceptual graphs in a computational
form. Then a parsing algorithm that can perform a cyclical walk of a
given graph must be implemented. This parser would need a complete set
of APSG rules, and a larger set of lexical rules to generate individual
words from concept types. Even if the parser did m;t need to generate
perfect English, time spent developing a partial set of APSG and lexical

rules would be considerable.
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8. 3. 4 guided rule-assisted translation.

Particularly in technical domains, translating a grammatically
perfect sentence 1s less important than producing a sentence that
conveys the meaning of a graph. It is not necessary to provide a linear
tranélation of graphs. Translation using a frame-like structure reduces
repetition of concepts and enhances the readability of the t’ranslation.
For example, suppose a translation of the graph in Figure 8.7 is
formatted as follows,

REPAIR (AGENT) USERS WITH GOOD

— WITH EXPERIENCE

- (METHOD) QUICKLY
- (OBJECT) VALVES WITH LEAKING.

The statement is presented in a format such that REPAIR is an
action with an AGENT, a METHOD, and OBJECT slots. Also the [CONCEPT:X] 4
(ATTRIBUTE) < [CONCEPT:Yl arc is here translated as CONCEPT:X “with"

CONCEPT:Y. This information can be represented by the following

production rule:

IF: [CONCEPT:X1 -+ (ATTRIBUTE) -+ [CONCEPT:Y]
THEN:"CONCEPT:X WITH CONCEPT:Y"

Similar rules can be devised to handle the direction arcs are traversed.

For example,

{USER: {¥)1 » (ATTRIBUTE) - [EXPERIENCE]

is translated by the above rule as, “USERS WITH EXPERIENCE." However,

the statement,

{GOOD) « (ATTRIBUTE) « [USER:{#)
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should not be translated as, "“GOOD WITH USERS." The direction of
traversal (i.e. with or against the arrows) is very important. Thus, a

second production rule for the relation, (ATTRIBUTE), is required:

IF: [CONCEPT:X1 ¢« (ATTRIBUTE) ¢« [CONCEPT:Y]
THEN:"CONCEPT:X CONCEPT:Y"

This rule indicates that the relétion, (ATTRIBUTE), is not expressed when
traversed against the arrows. Thus, [GOOD] ¢ (ATTRIBUTE) « [USER:{#}] is

translated as, "GOOD USERS", whilst the full statement,
{GOOD) ¢ (ATTRIBUTE) ¢ [USER:{#}] 3 (ATTRIBUTE) - [EXPERIENCE]

could now be translated using both rules as, *"“GOOD USERS WITH
EXPERIENCE." Appendix D.1 contains the set of production rules applying

to the conceptual relations used in the factory domain model.

The order of concepts must also be considered. Again, a
left-first and depth-first tree-walking algorithm is not feasible for
translating conceptual graphs because it constrains how graphs are
drawn. However, translation can follow a predetermined order by
numbering relational arcs. For example, in an implementation of

conceptual graphs using pointers, the pointers would be ordered.

Figure 8.9 A conceptual graph with ordered arcs.
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should not be translated as, "GOOD WITH USERS." The direction of
traversal (i.e. with or against the arrows) is very important. Thus, a
second production rule for the relation, (ATTRIBUTE), is required:

IF: [CONCEPT:X1 « (ATTRIBUTE) « [CONCEPT:Y]

THEN:"CONCEPT:X CONCEPT:Y"
This rule indicates that the relation, (ATTRIBUTE), is not expressed when

traversed against the arrows. Thus, [GOOD] ¢ (ATTRIBUTE) « [USER:{#)] is

translated as, “GOOD USERS", whilst the full statement,
[GOOD} ¢« (ATTRIBUTE) ¢ [USER:{#}] 4 (ATTRIBUTE) - [EXPERIENCE]

could now be translated wusing both rules as, "G0OD USERS WITH
EXPERIENCE." Appendix D.1 contains the set of production rules applying

to the conceptual relations used in the factory domain model.

The order of concepts must also be considered. Again, a
left-first and depth-first tree-walking algorithm is not feasible for
translating conceptual graphs because it constrains how graphs are
drawn. However, translation can follow a predetermined order by
numbering relational arcs. For example, in an implementation of

conceptual graphs using pointers, the pointers would be ordered.

Figure 8.9 A conceptual graph with ordered arcs.

(ﬁ&?h’f)—(——ﬂ-" FEFATE] S @HECD
LD N4

"
AT L et L. fuCTUARY 1 P
yernix é {RETHOD) hﬁw[.(ﬂ;
w1, / 4 ¢1
7 \}/
| |

{ATTRIRUTE) (ATTRIRVIE)  [QUICKLY) (ATTRIRYTE)
|

~ 136 ~









In some instances, the method produces inadequate
translations. For example, this method produces the following
translation of the graph in Figure 8.11:

schema for MANUFACTURE is
IF:

RETAIN OF PRODUCT: #*a HAS OLD_SPEC
- FROM TANK: #3 ADD OF MATERIAL: {XIY}

THEN:
MANUFACTURE OF PRODUCT: *b HAS NEW_SPEC.

This translation 1s imperfect because the phrase, "(PRODUCT:#a)
FROM TANK:#3 ADD of MATERIAL{XIY}" does not convey the same meaning as
MATERIAL: {XIY} is added to TANK:#3. The first proposition contains two

actions: one of retaining the product in tank #3, and another of adding
material X or Y to it. Therefore, the correct translation should read as

follows: “retain product:*a with the old_spec in tank #3 and add material

X or Y to tank #3."

Figure 8.12 Graph #3.3 redrawn.
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This graph must be divided into two separate actions as in
the redrawn graph #3.3. The graph will now translate as follows:

schema for MANUFACTURE is

IF:
IF:
RETAIN OF PRODUCT: ¥a HAS OLD_SPEC
- FROM TANK: #3
THEN:
ADD OF MATERIAL: {X!Y}
— IN TANK: #3
THEN:

MANUFACTURE OF PRODUCT: *b HAS NEW_SPEC.

This 1s better but still not perfect, due to the size and
complexity of this graph. It contains 19 nodes and is therefore near
the size limit, of 20 recommended by Dodson [1989]. So, overlarge graphs
are not only hard to understand; they are also difficult to translate
adequafely, In view of this graph #3.3 should be divided into several

graphs,

8.3.5 translation of dataflow graphs.

Dataflow graphs contain actor nodes. These nodes are
different from other concepts because they perform operations on the
designated inputs and produce designated outputs. Such graphs describe
mathematical functions, algorithms, or control structures. These can
also be translated much as other graphs.

On encountering an actor (which is essentially a special kind
of relation) the actor's name 1s written between traversing the arcs

numbered 2 and 3 (l.e. the actor is written as an infix operator).
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read only form to prevent knowledge being inadvertently
lost or altered.

> CGKRL MODULE: This should contain all the information
and routines pertaining to the CGKRL (e.g. inheritance,
consistency maintenance). |

» DOMAIN MODEL FILE: This should contain the domain model
stored in the concise linear notation.

> GRAPHICS MODULE: This should contain all the routines for
graphically displaying conceptual graphs, editing them,
and displaying interactive overviews of the domain
model.

> LANGUAGE MODULE: This should contain a set of production
rules to interpret the referents of concepts, a set of
production rules that provide translations of conceptual

relations, and the translation algorithm.

A system with these facilities would considerably assist knowledge
engineers in managing the complexity of knowledge analysis. It would

also assist the domain experts in appraising the domain model.

10. 6.1 comparison to existing tools.

CG-KAM would be similar to computer based knowledge analysis
tools described in Chapter 2. However, it is worthwhile considering

KEATS in more detall to ascertain the differences between it and CG—KAM.

KEATS-1 was intended to be a research environment addressing

certain knowledge engineering issues; it was not intended to be a
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commercial AI toolkit, such as KEE or ART. Consequently, certain changes
have arisen based on the strengths and weaknesses of KEATS-1, resulting
in KEATS-2 ([Rajan, et al, 1888]. More emphasis has been given to
supporting the knowledge acquisition process resulting in a sub-system

called, Acquist [(Rajan, et al, 1988l ~°

Acquist integrates the CREF and GIS sub-systems of KEATS-1
into a more efficient and natural environment that guides the knowledge
engineer from a transcript through data analysis to domain
conceptualization. Editing, revising and structuring the tr‘anscr‘ip’c' leads
to the construction of an abstract architecture of the domain that is
supported by'fragments of text from the transcript. This abstract

architecture can then automatically generate a prototype system.

The function of Acquist 1s similar to that of CG—KAM. This
1s reflected in the individual components of the respective systenms.
CG-KAM would contain a text processing module like Acquist's, providing
a hypertext environment for editing, fragmenting, clustering, and
structuring elicitation transcripts. Acquist and CG-KAM do this in
essentially the same manner because transcripts must be edited,

fragmented and structured to make sense of the knowledge.

The graphical representation of knowledge and the
construction of graphical models 1is frequently used to express and
understand complex domains {Johnson-Laird, ’1983; Edwards, 19871.
However, although the intentions are the same, the methods used by
Acquist and CG-KAM are quite different. Acquist structures text
fragments by indicating links between fragments. For instance, Acquist
can show that one fragment Justifies another or that one explains

another. Links between fragments are represented as graphs that can be
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viewed in several ways: long-distance or close-up views, multiple but

consistent diagrams, snapshots, and so forth.

CG-KAM would differ because text fragments are not directly

linked to one another. Instead, they are translated into the CGKRL.

There are several reasons for doing this:

text is represented in a concise unambiguous form.

v

» the CGKRL eemantics enforce consistent meaning eand

usage of concepts.

» the CGKRL can be expressed in an graphical form.

> the CGKRL can represent a variety of knowledge forms
from hiéhly linguistic statements to mathematical
algorithms.

» declarative, procedural, and heuristic knowledge forms

can be clustered in natural groupings within a uniform

representation.

Thus, the principle difference between KEATS and CG-KAM is
the CGKRL. In KEATS, consistency is not maintained within the developing
domain model; it is only maintained within the knowledge base of the
prototype KBS. Conversely, the application of CGKRL semantics can
maintain consistency during the knowledge analysis process 1itself;
errors and inconsistencies can be identified before a prototype is

implemented. Thus, CG-KAM differs methodologically from KEATS by using
a fully intermediate representation.
Generally, there are two different approaches to knowledge

analysis. The first is taken by KEATS ([Motta et al, 1986; Rajan et al,

1989]; here knowledge 1is elicited, structured and automatically

transformed into working systems, The
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CHAPTER 11

IMPLEMENTATION PART 2Z2:

A WORKING PROLOG SYSTEM

11.1 Introduction.

This chapter describes the  implementation of a prototype
system from the factory domain model. The implementation occurred in

three phases:

> First, implementing the declarative and procedural
kno‘wledge, resulting in a simulation of the 1liquid
factory that could be controlled by an operator at a
terminal.

» Second, implementing the heuristics for the efficient
operation of the factory as provided by the domain
expert; this enabled the model to operate automatically.

> Third, verifying that the model could operate
successfully under heuristic control by comparing the
performance of a human operator with the performance

under heuristic control.

Additionally, this chapter examines the relationship between the
representation of knowledge in the domain model and its representation

in the implementation.
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11.2 Implementation of a Prototype.

11.2.1 choice of implementation.

Prolog was chosen as the implementational language for
several reasons: Prolog is recognised as being an excellent tool for
prototyping KBS's because the prototype can be developed rapidly and
cheaply [Bratko, 1989]. Prolog-80, a variant of Edinburgh Prolog that

runs on the CP/M operating system, was used for the implementation.

11, 2,2 1interrelationships of knowledge and the program.

It is worthwhile considering the relationship between the
representation of knowledge in English, in the CGKRL, and in an
impleméntation.’ In each representation, there may be more than one
correct representati‘on, and there may be no single "best"
representation. Statements can be expressed in different ways in

English, in the CGKRL, and in an implementation without altering their
meaning or function.

Consider the following declarative statement: "Grass is green,
snow is white, and the sky is blue. This could also be stated: "Grass
has a green colour. Snow has a white colour. Sky has a blue colour."
In the CGKRL, these facts can also be represented in .sever‘al different
ways:

1. [GRASS: #] 2 (ATTRIBUTE) -+ [COLOUR: GREEN].
[ SNOW: %1 + (ATTRIBUTE) - [COLOUR: WHITE].
{SKY: %] 3 (ATTRIBUTE) -+ [COLOUR: BLUE].

2. [CONCEPT: resp<GRASS, SNOW, SKY>] -
(ATTRIBUTE) - [COLOUR: resp<{GREEN, WHITE, BLUE>].
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3. [GRASS:*] = (COLOUR) - [GREEN:*].
[SNOW:*] > (COLOUR) ~ [WHITE:*.
[SKY:*] > (COLOUR) - [BLUE:*].

Each of these representations is equally valid. Likewise,
these statements can be represented in various ways in Prolog. For
example, the CGKRL representation number 1 corresponds to,

attribute(grass, colour(green)).

attribute(snow, colour(white)).
attribute(sky, colour(blue)).

whilst number 3 corresponds to,
colour(grass, green),

colour(snow, white).
colour(sky, blue).

There is however no straightforward Prolog implementation of the
representation in number 2, so It would be best represented by one of
the Prolog forms above. This illustrates how correlation between the
CGKRL representation and the implementation can vary. Sometimes the
correlation is very close, as iIn numbers 1 and 3, and sometimes 1t Iis
not, as iIn number 2. However, the meaning remains constant. Thus,
individual conceptual graphs represent only one of several possible ways
of representing an English statement. Similarly, the implementation of a

graph may be only one of several possible implementations.

& 3 2 '2#3#2 % & %53 2 6 "

Although the CGKRL model describes the factory in terms of
tanks, valve, lorries, liquids, and so forth, it does not (nhor was it
intended to) describe how the factory could actually be simulated. Thus,

a control strategy (or structure) suitable for implementation had to be



decided: The user would be shown the current status of the model (e.g.
the volumes of. the tanks, the states of the valves) and be able to take
certain actions (e.g. open/close valve, unload Ilorries). Then a
production cycle would océur‘. Liquids would flow as appropriate, profit
and loss would be calculated, and then the user would be shown the

updated status of the model, and so on.

Conceptual graphs allow control structures to be represented
explicitly by dataflow graphs. Thus, the control structure of the
prototype can be explicitly represented at a high level (f.e. one free of
specific implementational details) as an adjunct to the domain model
itself and in !the same representational formalism. This provides useful
documentation for the system because dataflow graphs are easier to

follow than Prolog code.

A "flow of control" is important when modelling the control
structure, At a specific point in time the flow of control of the
program either resides in a particular functional part of the program
(e.g. in a sub-routine, procedure or predicate) or it resides between two
functional units. The data type, [CONTROL:#], allows this modelling by
dataflow graphs. A concept of [CONTROL:¥] can be thought of as flowing
through the functional units describing the control structure of the

program. Thus, the program may be described by the graph:

[CONTROL:#} -» <MODEL>.

The actor, <MODEL>, starts functioning when [CONTROL:*] enters
it. There is no output because there is no a priori reason for the

factory model to stop once it has started. However, for reascns of
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garbage collection and space, the model must stop after several cycles.

This can be described by the graph:
[CONTROL:#] -+ <MODEL> -+ [CONTROL:#1.

The control structure of the prototype is described by the-
actor, <MODEL>, (cf. Appendix E.1). Control first passes to the actor,
(SET_SCREEN>, which initializes the factory model, and thence to the
actor, <ACTIONS>. This actor obtains the user’s actions (e.g. opening or
closing valve, repairing leaks, unloading lorries). Then, control passes
to <TAKE_ACTIONS>, which actually does the required actions.

(CALC_FLOW> next calculates the various quantities of liquid flows,
overflows, and leaks. (N.B. the arc to <MAXIMISE> passes control to the

implementation of the heuristics, and will be dealt with separately

later).

(CALC_FLOW> in turn passes control to <NEW_CYCLE>, which
shows the current status of the model (via the actor <(SHOW_STATUS)).
¢IN_SPECY next calculates the current specification of the product, and
(COST> calculates the profit and loss for the cycle. }';'ollowing this,

control passes back to <{ACTIONS>, and the cycle continues.

11.2.4 implementation of the factory model.

Implementation began after the control structure was defined.
Rather than passing values such as tank volumes and valve status as
variables from predicaté to predicate, the Prolog database facility
maintaing a record of the model's current status. This makes the

prototype more explicit, and easier to debug. The file INIT.PLG

~ 179 ~



(cf. Appendix E.2) initializes the model by the assertion of four tanks,

four valves, the specification, and a various flow, and cost parameters
into the database.

In addition, this file sets up the screen by drawing the tanks
and valves with their starting positions, and providing the options menu

for the user. The starting state of the model at CYCLE NO: O is shown

in below.

Figure 11.1 A screen dump of the prototype system.
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The implementation differs from the graph only because
Prolog-80 requires numbers to be positive (l.e. an error occurs if a
large [SYSTEM_COSTS] 1is subtracted from a smaller [SALES]). With this
exception, graph #25 correlates directly with the Prolog predicate,

“profit (P)."" This is show as illustrated in Figure 11.2 above.

By maintaining a close correlation between graphs and Prolog
code, it 1is possible to ensure that the implementation maintains the

meaning and function of the knowledge in the graphs.

" ov( $69 6 5% % & & #2$" $3 3 2

Prior to implementing the heuristic control of the liquid
factory,it iIs necessary to establish a control structure. The CGKRL
domain model does not contain an explicit statementof control
knowledge, but one can identify the heuristic knowledge using the method
described in Chapter 10. Following this, it is necessary to decide how

this knowledge is best applied.

Heuristic knowledge is contained in thegraphs for

[MAX_STRATEGY] (graphs #12.1 through #12.8), [A_S_A_P] (graph #13),
[REPAIR] (graphs #23.1 & #23.2), and in CNO_OVERFLOW] (graphs #31.1 &

#31.2). However, there 1is no elicited statement that says, "first do
this, then check that, and so forth." Because of this, a flow of control
that is logical, and consistent with the operation of the simulation, was
decided upon. This control structure 1is described by the dataflow graph
for the actor, <MAXIMISE> (cf. Appendix E.I). It is implemented in the

file, EXPERT.PLG tcf. Appendix E.2).



Control first passes to <A_S_A_P>, which unloads lorries as
soon as possible. After any lorries have been unloaded, the actor
({MAX_STRATEGY1> counts the number of lorries still on hold, and unloads
one if there are more than four walting, These two actors are
implementations of graphs #13 and #12.6 respectively. Control then
passes to <(DO_REPAIRS>. This first closes, then repairs any leaking
valves, (MAX_STRATEGY> is an implementation of graphs #12.3, #12.4,
#12.5, and #12.7; these schemata keep the product in specification whilst
maximising the flow of material; through the system.  Control then
passes to <NO_OVERFLOW>, an implementation of graphs #31.1 and #31.2,
which control the input of liquid to tank #2. Finally, control passes to

C(CALC_FLOW>, which is part of the simulation model described earlier.

The implementation of the heuristic knowledge also shows a
close correlation between the CGKRL graphs and the resulting Prolog
code, thereby ensuring that meaning and function remains consistent.
For example,‘graph #13, the proposition for [A_S_A_P], states that if a
lorry is on hold, and tank #1 can hold the volume of liquid carried by

the lorry, then unload the lorry. This was implemented by the following

predicates:
a_s_a_p(N):-
retract (lorry(Vi, *HOLD')), !, /% a lorry is on hold #/
tank(1,V2), 1, /% the current vol of tank #3 %/
calc_vol(Vi, V2, N), I, /% can tank #1 hold the lorry's vol? #/
a_s_a_p(). , /% there are no lorries on hold #/
calc_vol(Vl, ' OVERFLOW', N): - /* tank #1 is on 'OVERFLOW' #*/
a_s_a_p(Nd, !,
asserta(lorry(Vi, 'HOLD')), !. /#% & don't unload the lorry */

calc_vol(V1, V2,N): -
V3 is (V1 + U) + V2, 1,

V3 > 1000, !, /#if the lorry is unloaded tank #1 will overflow#/
a_s_a_p(N)y, !,
asserta(lorry(Vl,'HOLD')), !. /% / don't unload the lorry #/
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This performance must be judged against the performance of a human
operator. A metric of assessment 1s required to compare performance,

the obvious one being profit (or loss).

During a simulation run, several "events" can occur randomly.
These are leaks of valves, arri‘}al of lorries, and changes to the desired
specification of the product. The performance of a person operating the
simulation program can be judged by the profit made in a given number
of produétion ‘cycles. However, it is also important to consider the
"events" occurring during a simulation run. A high profit is easier to
make when there are no leaks or changes to the desired specification,

and harder to make when several leaks and specification changes occur.

Random events are controlled by the file, EVENTS.PLG
(cf. Appendix E.2). This contains a pseudo-random number generator
requiring a seed number to start the process. If the same seed number
is provided, the same pattern of “random events” occur. The heuristic
control program can thus be evaluated against the performance of a
human operator. Table 11.1 below details the results of comparative
tests, showing the number of random events (i.e. spec. changes, leaks,

and lorries), and the amount of profit or loss made.

Clearly, the simulation under heuristic control performs as
well as the simulation under manual control. Standard deviation about
the mean profit is lower under heuristic control than it is under manual

control because people make mistakes, whereas under heuristic control

performance is constant.
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Table 11.1 Comparison of manual and heuristic control.

HEURISHECCONTROES
seed profit &pec leaks lorrg profit spega"d(l’ga:gemiem
45 2540 0 3 § 2850 0 4 §
31 2390 0 | 3 | 2 19 | 0 b 2
67 -210 2 3 9 130 g 3 )
53 1620 0 6 ! 2430 0 8 !
33 2240 0 a 1 2140 0 3 1
80 2860 { 3 3 2860 { 3 i
85 2540 0 g § as40 | ¢ s S
43 550 1 | S 810 | 2 §
38 1240 1 3 S 380 1 2 )
17 1530 i 2 4 £80 { 2 4
" -140 l ! 1 13% ! 2 1
B3 2900 0 2 4 2500 0 3 4
76 2120 1 2 ? 2050 1 4 5

Manual Control av. profit = 1705
standard deviation = 1028
av. profit per cycle = 170
Heuristic Control av. profit = 1739
standard deviation = 857
av. profit per cycle = 180

These comparative tests show that knowledge elicited, analysed
and represented in the domain model is correct, and that it is sufficient
to solve the problem adequately. However, this does not show 1if the

solution is optimal. During knowledge elicitation, the domain expert was
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implementation (e.g. tank volumes, how and where the specification is
measured, what happens when a valve leaks). Although the domain model
was not intended to model the implementation, it did describe the
consequences of acfions. For example, it did nét describe how to open a

valve, but it did describe the consequences of doing so.

Indeed, graphs in the domain model predict observed behavior
in the prototype. For example, graph #12.6, a schema for [MAX_STRATEGY]
implies that if lorries are unloaded as soon as possible, the flow rate
of material X through the system is fast. This occurs in the prototype

as well.

At this higher-level of knowledge, the relationship between
conceptual graphs and their implementation in Prolog is most explicit.
‘The manner in which tanks and valves are represented in the prototype
does not bear much similarity to their conceptual graphs. But at the
level of algorithms describing cost parameters, including the graphs
containing heuristic knowledge, the relationship is as close as can be
expected between two different representational formalisms. Indeed, the
correlation between some graphs and their Prolog representation is so
close that it does raise the possibility of automatically translating

conceptual graphs into Prolog code.

The implementation also demonstrates that it is possible to
describe the control structure of programs using dataflow graphs. This
is inot surprising because flow diagrams are often used to describe
program structure. However, it is useful to have an abstract description
of the control of the program in the same representation as the domain
model itself. This enables actors and concepts in the dataflow graphs

to carry the same names as the graphs in the domain model. Thus, for
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CHAPTER 12

CONCILUSTONS

12.1 Introduction.
The objectives of this thesis as outlined in Chapter 1 were,

» to describe a methodology for representing expert
knowledge in an intermediate representation capable of

justification at every stage.

» to examine the suitability of the chosen

representational formalism as an intermediate
representation.
» to demonstrate how the model of domain knowledge can be

used to assess the correctness of the elicited knowledge
and to guide further knowledge elicitation.
4 to show how a model in the intermediate representation

can be implemented.

» to implement a prototype KBS from a domain model.

This chapter reviews the findings of the thesis. First, it
considers if the CGKRL has satisfied the criteria for a successful
intermediate representation as outlined in Chapter 2. Second, it
determines if the intermediate representation is incorporated within a
methodology that guides knowledge analysis from elicitation to the
implementation of a prototype. Third, potential for further work is

discussed. The chapter ends with general comments and conclusions.
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demonstrates guildelines for generating conceptual graphs from elicited

knowledge.

» economy

An intermediate representation must accommodate all the
relevant facts, opinions, and relationships in the domain, excluding
nonsense and contradiction. The test cases demonstrate that the CGKRL
can represent all of the knowledge provided by the domain experts.
Through strong semantics, it can also maintain consistency of usage and

meaning throughout knowledge analysis.

» communicability

An intermediate representation should be communicable so as
domain experts can understand the .summary of their knowledge. The
CGKRL, as demonstrated in Chapters 8 and 9, facilitates this in several
ways: First, individual graphs are concise and unambiguous; they serve
as a useful discussion media between knowledge engineers and domain
experts. Second, the CGKRL enables domain concepts to be examined at
appropriate levels of detail. Third, schematic overviews of the domain
enhance understanding of the interrelations of domain knowledge. Fourth,
the graphs can be translated into English-like statements that are
useful for domain experts unfamiliar with the CGKRL. Ho‘wever, there are

pragmatic HCI issues in developing a support tool for this methodology.
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» knowledge analysis methodology

‘The intermediate representation must be incorporated within a
methodology supporting the process of deriving data driven concepts
{Johnson, 1989]. The methodology outlined in Chapter 5, and
demonstrated in Chapters 6 and 7, shows how domain knowledge can be
translated into the CGKRL by several justifiable steps. A domain model's
construction can be guided at each stage by the content and form of the
knowledge, and not by limitations of the formalism or restrictions of the
methodology. Thus, by forcing the knowledge engineer to be grounded by
the domain, each stage in the analysis is Jjustifiable. ’fhis ensures that
different knowiedge engineers could within reason independently perform

similar analyses on a domain.

By Johnson's criteria as outlined above, the CGKRL supported
by the knowledge analysis methodology, is a suitable intermediate
representation. The CGKRL 1is sufficiently expressive, and the
application of its semantics could maintain consistency. Graphical
visualisation and schematic. overviews of the domain enable the CGKRL to
be discussed and understood by all members of the development team.

Last, the knowledge analysis methodology encourages data driven analysis.

Indeed, conceptual graphs have several advantages over the
Systemic Grammar Network (SGN) [Bliss et &l, 19831 favoured by Johnson
[1989] as a mediating representation. First, although some extensions to
the formalism do exist, SGN's restrict the types of relationships between
domain concepts to inclusive and exclusive set membership. Second,
unlike the CGKRL, there is no underlying semantics to the SGN's that can

identify and prohibit inconsistency. Third, SGN's can not represent all
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the knowledge types found in expert domains. They are particularly
unsuited to treating algorithmic knowledge and the control knowledge
required by a KBS, both of which can be represented by dataflow graphs
within the CGKRL. Fourth, although the networks are claimed to be
concise and easy to understand, they can not represent different levels
of abstraction as can graphs within the CGKRL. Finally, the CGKRL could
represent all of the features provided by SGN's; this would enforce
consistency on the SGN model, and provide the additional facilities

supported by the CGKRL.

12.3 Assessment of the Methodology.

In Chapter 2 we state that a KBS development methodology 1is

required that,

» is not limited to a single elicitation technique
> can support the analysis of domain knowledge resulting
in a representational formalism independent of any

implementation

14 does not impose a predefined problem solving strategy
upon a domain

4 can guide the implementation process to ensure that the
resulting KBS 1s an accurate implementation of the

domain model

Each of these requirements will be examined in turn.
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» elicitation techniques

The methodology described here is not limited to a single
elicitation technique; it 1s however limited to techniques that produce
textual material. Chapters 4, 6, and 7 show how transcripts from
interviews, text from books or Jjournals, written protocols, and

mathematical algorithms can all be used as knowledge sources.

» intermediate representations

The CGKRL is not an implementation language. Consequently,
implementation of a CGKRL domain model is not restricted to a specific
language or environment. Thus, the CGKRL is a fully intermediate
representation because it mediates between elicited knowledge and its

implementation in a KBS.

» problem solving strategies

Unlike KADS [Breuker & Wielinga, 1985 & 1989), a knowledge
engineer using the knowledge analysis methodology described here does
not have to choose from a predefined set of problem solving strategies.
In some domains, the problem solving strategy or control knowledge is
contained in the elicited knowledge. In these instances, the CGKRL could
adequately represent this knowledge. If there is no explicit statement
of control knowledge, as in the factory test case used here, the CGKRL
can describe complex control structures using dataflow graphs. Hence, a
knowledge engineer could, for example, describe a backward chaining
control structure using dataflow graphs. This methodology allows a

knowledge engineer to use the problem solving strategy that best suits
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the domain. However, the knowledge engineer must have sufficient

knowledge to make a correct decision.

» implementation

Chapter 10 shows that a CGKRL domain model can be analysed
to ascertain the function of knowledge within it. This is useful when
deciding the best theoretical choice of implementation (e.g. production
system, frame-based system, causal network). The analysis also enables
domain knowledge to be divided into declarative, procedural, algorithmic,
and heuristic knowledge forms. This allows implementation to proceed by
stages. Declarative knowledge can be encoded first, then the procedures
and algorithms which operate upon it, and finally, the heuristics which

.operate upon them.

The test implementation described in Chapter 11 showed that
the CGKRL domain model represents an inventory of each concept in the
domain, and every instance of that concept. Thus, the CGKRL functions as
a useful knowledge dictionary. Additionally, it is possible to maintain a
very close relationship between the domain knowledge, as expressed in
the CGKRL, and its implementation. This close relationship can identify
errors during implementation. This helps to ensure that knowledge

analysis is not compromised by an inaccurate implementation.

Therefore, the knowledge analysis methodology described here
satisfies the initial requirements. However, for the methodology to be
practical, it is necessary to consider how it could function within a

computer environment. This was discussed in Chapter 10.
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12.4 Further Work.

This thesis has demonstrated the applicability of the CGKRL as
an intermediate representation. Although the test cases were useful in
developing and examining the analysis methodology, further work is

required in several areas.

Developing a full scale industrial system involves pragmatic
issues, most notably the difficulty of scaling up the methodology to the
size required to model a commercial expert task domain. The problems of
volume would be addressed by the implementation of a computer tool such
as the one oultlined in Chapter 10. However, because of the labour and
time required to implement an analysis tool, it could be advantageous to
test the methodology on a larger more complex domain before finalizing
the methodology. But, a larger more complex ~analysis could prove

unmanageable without computer assistance.

Handling uncertainty and probabilistic knowledge is the major
theoretical issue yet to be addressed. Although the preliminary studies
and the test case described in this thesis did not use probabilistic
reasoning, there would not appear to be any a priori reasons why the
CGKRL could not support it. Sowa [1984] shows how conceptual graphs can
represent modal logics, and Chan, et al, [1988] demonstrate an

implementation of conceptual graphs using recursive modal reasoning. It

would also be possible to represent statistical methods of dealing with
uncertainty, such as Bayes' Theorem, by using dataflow algorithms.
Dataflow algorithms could also perform calculations on certainty factors

if that method of handling uncertainty were required for a domain.
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12.5 Conclusion.

This thesis shows how a knowledge analysis methodology using
an intermediate reprecentation of domain knowledge can assist knowledge
analysis in the development of KBS's. The description of a domain at the
knowledge level permits knowledge to be considered free from
implementational constraints. This allows knowledge engineers to
construct a domain model as an intermediate representation before
implementing a prototype, leading to significant benefits which we have
termed Knowledge Enhancement. The CGKRL is particularly suited as an

intermediate representation for several reasons;

» Knowledge engineers can follow a disciplined methodology
during knowledge analysis; the central task of
translating knowledge into the CGKRL is guided by a set
of clearly defined steps.

» The application of CGKRL semantics could maintain
consistency of wusage and meaning during knowledge
analysis, thus facilitating Knowledge Enhancement.

> Through graphical displays, domain experts can appraise
the model to identify errors and omissions and
ambiguities, again facilitating Knowledge Enhancement.

> Implementation can be guided by the domain model even
though the domain model is independent of any specific

implementation.

Although it is currently not possible to know when a domain
model 1s complete, this methodology has clear advantages over rapid

prototyping: - Application of CGKRL semantics can support consistency,
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whilst the graphical representation enables domain experts to check the
model personally. For these reasons, the resulting implementation is
likely to be more complete than one constructed in an ad hoc manner. In
support of this, an test case demonstrated that errors, ambiguities, and
omissions in the elicited knowledge were identified by a domain expert

who had received only a brief introduction to the representation.

In conclusion, the methodology described here shows that a
well-designed tool using the CGKRL as an intermediate knowledge
representation will improve knowledge analysis through Knowledge

Enhancement, and can lead to the methodical derivation of working

Knowledge Based Systems.
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APPENDIX A. 1

B An Extract From the Soil Erosion Transcript.

JB:

What methods exist for preventing soil erosion?

AM: Right, well if you consider that the critical factors are: the

JB:

AM:

rainfall characteristics and the topography, you have got to
consider the degree of slope, and if the slope 1is not very
great, then you can probably control erosion by altering the
soil characteristics in some way, by say mulching, or putting
down one of these cause meshes, something like this for getting
up the organic matter level, something like this, so you are
encouraging a greater cohesion of the soil and also you are
increasing the surface retention, if you like of water. So on
low slope you have probably not got that many problems. Unless
for instance you have got flood irrigation where the land has
been put into these terrace so initially there would have been a
slope but say you are inheriting this agricultural land which is
a terrace formation and then, well, for a start you have got to
upkeep these terraces because one of the problems 1in Spain
particularly now is that you have got a movement of the farmers
into the cities and the terraces are going into disuse and those
front walls are not up-kept and as soon as those start falling
down then you have got this horrific problem of the pore
pressures being increased then the water suddenly just gushes,
bursts through the wall. So if you have inherited that sort of
thing then you have got to keep the upkeep going — you have got
to put in the man hours basically, if you are inheriting that,
thats the problem with that system. It is quite intensive with
man hours.

These 2 techniques you mentioned, one, mulching and the other
actually putting down something that actually physically cover
the surface. Now would you describe these as functionally
equivalent procedures or are there different circumstances under
which you would use one than the other?

I think certainly, that if you were going to put down this mesh
as I was saying, that you probably would not do that for a lower
slope unless you for say, had this flood irrigation problem, in
which case you might start to introduce that. The key thing
would be to keep your ground cover, so that, if you have got
Olive trees to keep a ground cover it as well, otherwise you are
going to get this problem. Ah if you have got fallow, if you
have got a natural vegetation then you probably have not got

very many problems......
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The elicited transcript is processed to remove noise, and to
identify the key technical concepts which will be used in the domain
model (the concepts are highlighted). The following represents a
paraphrasing of the transcript into an abbreviated and more explicit
form. The text is also transformed into a passive declarative form.

JB: Methods for preventing soil erosion?

AM: Critical factors are: rainfall characteristics, soil
characteristics, topography.
If degree of slope not great, then control soil erosion by
altering soil characteristics: by mulching, or putting down
mesh.
Increase organic matter level causes increase in cohesion of
soil.
Or 1increase roughness of soil with machined holes causes
increase of surface retention of water.
On low degree of slope, problems low unless flood irrigation on
terraces.
If inherited agricultural terraces, then must upkeep terraces.
Instance: Spain, farmers move to cities, terraces disused, front
walls of terraces not up-kept causes front walls of terraces to
fall down, pore pressures increase causes water to burst through
front wall of terraces.
Therefore if inherited agricultural terraces, then put in man
hours of upkeep.

JB: Two techniques: 1) mulching, 2) putting down a physical cover of
the soil surface.
Are the above functionally equivalent techniques, or would they
be used in different circumstances?

AM: Not put down mesh on a low degree of slope, unless flood
irrigation.
Important to keep ground cover.
Instance: if Olive trees, then keep ground cover around Olive
trees, else causes problems.
If land fallow (Instance: natural vegetation present), then not

cause problems.....

The transcript 1s now divided into small units of a
consistent subject matter. The principal subjects of each unit are
identified. The text 1is further paraphrased, eliminating repetition
and the question and answer format.

{so0il erosion)
Factors in soll erosion: rainfall characteristics, soll

characteristics, topography.

{topography}
If degree of slope not great, then control soil erosion by
altering soll characteristics: by mulching, or putting down

mesh. |
{soil characteristics)

Increase organic matter level causes increase in cohesion of
soll.
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Or 1increase roughness of soil with machined holes causes
increase of surface retention of water.

{topography} '
On low degree of slope, soil erosion low unless flood irrigation
on terraces.
If inherited agricultural terraces, then must upkeep terraces.
Instance: Spain, farmers move to cities, terraces disused, front
walls of terraces not up-kept causes front walls of terraces to
fall down, pore pressures increase causes water to burst through
front wall of terraces.
Therefore if inherited agricultural terraces, then put in man
hours of upkeep.

{topography}
Not put down mesh on a low degree of slope, unless flood
irrigation.

{vegetation}

Important to keep ground cover.

Instance: if Olive trees, then keep ground cover around Olive
trees, else causes problems.

If land fallow (Instance: natural vegetation present), then not
cause problems..... :

The concept units are arranged into concept clusters. The
key concepts are: soll erosion, topography, soil characteristics,
vegetation, rainfall characteristics, fertiliser, engineering, cost,
irrigation, sediment loss, animal husbandry, stress.

{soil erosion}
Factors effecting soll erosion: rainfall characteristics, soil

characteristics, topography.

{topography}
If degree of slope not great, then control soil erosion by
altering soil characteristics: by mulching, or putting down

mesh,

{topography’ ‘
Not put down mesh on a low degree of slope, unless flood
irrigation.

{topography}

On low degree of slope, soil erosion low unless flood irrigation

on terraces.

If inherited agricultural terraces, then must upkeep terraces.
Instance: Spain, farmers move ta cities, terraces disused, front
walls of terraces not up-kept causes front walls of terraces to
fall down, pore pressures increase causes water to burst through

front wall of terraces,
Therefore if inherited agricultural terraces, then put in man

hours of upkeep.
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{irrigation, topography}
If flood irrigation, then degree of slope of terrace 1 or 2
degrees, and terraces slope to exit point of water.
If degree of slope greater than 2 degrees, then causes rills
Rills causes gullies.
Terraces designed so water cross terraces to exit point.
Therefore water distributed across terrace?

# The Soil Erosion Domain Model.

The units of the concept clusters have been transformed into the
CGKRL.

{s0il erosionl -
(factor) + [rainfall charsl
4 [s0il charsl

+ [{opographyl,

[topographyl -
(char) + [slopel -
(char) 4 [angle; lowl
(implication) 4 [(control) + [soil erosion] -
(method) 4 [changel-

(object) 4 [so0il chars]

(method) 4+ [mulchingl

(method) 4 {meshl -

(char) 4 [(necessary) airrigation] -
(method) 4 (floodll],

[soil erosion; low] -
(char) + [(necessary) + [slopel -
(char) 4 langle; lowll

(xmpllcatzon) 4 [#irrigation) -
(method) + [flood],

{inherit] -
(recipient) 4 [person]
(object) 4 [terrace: agriculturall -
(implication) 4 [(necessary) + [maintain) -
(object) + [terraces: agriculturall
(agent) 4 [personl],

[movel -
(objact) 4 [farmer] -
(char) 4 [natxonalxty- Spanishl
(destination) 4 [city; (¥)]

(result) 4 [disusel -
(object) 4 [terrace],

(disusel -
{object) + [terracel

(result) 4 fcollapsel -
(object) 4 [front walll -
(part) ¢ [terracel,

~217 ~



[collapsel -
(objact) 4 [front walll
(result) 4 [pore pressure;increase] -
(object) 4 {soill
(result) + [(possible) + [burst) -
(object) 4 [water)
(through) 4 [front wallll,

[irrigation] -
(method) 4+ [flood]
* {¢har) 4 [(necessary) + [slopel -
(char) 4 {angle; ¢ 2°)
(char) 4 [exit pointl -
(object) 4 [water]]

{slopel -

(char) 4 [angle; highl

(char) + [#vegetation; naturall

(char) 4 (climate: semi-arid]

(char) 4 [vegetation; trees] -

" (cause) + [(possible) + [death] -

(object) 4 (trees)
(result) + [concentrationl],

{concentration] -

{object) 4 [water]

(location) + [terrace; {drains, back)l

(implication) 4 [(necessary) 4 [designl -
(object) + [terrace] -

- (char) 4 [resistant] -
(object) 4 [freak storm]
(implication) 4 {terracel] -
(#char) + [qullyll

[freak storm] -
(frequency) + [(once) + [years: (20,30,40)1]

[so0il] -
(char) 4 [permeability; increasel -
(method) 4 [(nacessary) 4 [addition) -
(object) 4 [fertiliser]
(recipient) 4 [s0ill]
(char) 4 [vegetation growth: increasel -
(method) 4 [(necessary) 4 [addition) =
(object) 4 [fertiliser]
(recipient) 4 [so0ill]
‘ (result) 4 [soil erosion: decrease)
(¢char) 4+ [binding: increasel -
(mathod) + [(necessary) 4 [{addition] -
{object) 4 {strawd
(recipient) 4 (s0illl

[s0ill -
(char) 4 [cohesion; increasel -
(method) 4 [(necessary) 4 [organic matter; increasell
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{s0ill -
(char) 4 [roughness; increasel -
{method) + [machined holesl
{result) 4 [surface retention: increasel -
(objact) 4 Lwaterl]

fertiliser ¢ {natural fertiliser, synthetic fertiliser)

natural fertiliser ¢ (organic mulch, organic manure, peat, siraw)

{natural fertiliserl
(char) 4 [benefit; highl -
(recipient) 4 [environment]
[synthetic fertiliser]

(char) 4 [benefit; lowd -
(recipient) 4 [environment]

[peat] -
(#location) 4 [environment; semi-arid]

[s0il) -
(char) 4 [compaction] -
(¢cause) + [dispersion] -
{object) 4 [rain] -
(char) = [kinetic energyl,

- [s0ild -

(char) 4 [rills] -
(duration) + [temporaryl
(caused) 4 [storn],

{s0il] -
(duration) + [summer]
(state) 4 [clods] -
(object) 4 [(necessary) + [soill -
(char) 4 [correctll
(cause) 4 [absorption] -
(object) 4 {overland flowl
{result) 4 [soil erosion; decrease],

(overland flowl -
(method) 4 (transportl] -
(object) 4 {water],

{vegetation] -
(¢char) 4 fquantity; lowl
(duration) + [summer)
(occurrence) + [raind -
(char) 4 [first]
(causa) + [(possible) + [sealingl ~
(object) 4 [soil: cracks]l]
(cause) + [#infiltrationd =
(object) 4 [waterl]
(result) 4 [environmentl =
(char) 4
[siress resistance: lowl,

~219 ~



[Cimplication) 4 [(necessary) + [{animal husbandry; cultivation] -
(#causa) + [soil loss! highll],

{(implication) 4 [(necessary) + [land] -
(possess) + [ground coverlll,

{0live] -
(implication) 4 [(necessary) 4+ {land] -
(possess) + [ground coverll
(implication) + [#soil erosion; increasel,

{land] -
(char) 4 [fallowl -
{char) 4 [vegetation; naturall -
(implication) + [#soil erosion; increase]

[Cimplication) + [(necessary) 4 [vegetation; (natural;cultivated)] -
(cause) 4 [environment] -
(state) + [#vunerablall],

vegetation ¢ (natural, cultivated)

natural ¢ (tree, ground cover)

cultivated ¢ cash crop < (Olive, vine, cereal)
cereal ¢ wheat

[barrier] -
(material) 4 (vegetation)
(cause) + [soil loss: decreasel
(location) 4 ([terracel,

(terracel -
(char) 4 [deepl

(method) 4 [crop stripsl -
(causa) 4 [soil erosion' decreasal,

{crop strips] -
(chars) + [alternate planting] -
(object) 4 [cereal; wheatl

(object) 4 [vegetationl -
(comparison) 4 [height; lowl
4 [cereall
(comparison) 4 [density; hignl
4 [cereall
(comparison) 4 [root matt: highl,

{vegatation] -
(state) + [cleared)

{mathod) 4 [burn] -
{char) 4 [root matt) -

(implication) 4 (#disturbed]

(method) 4 [ploughl -
{char) 4 [root mattl -

(inplication) 4 [disturbed],
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{treel-
(location) 4 {country: tropical: Brazill
(state) 4 [cleared] -
(method) + {burnl
(#method) 4 L[removall -
- (instrument) 4 [machinery: heavy]
(implication) 4 (soil erosion: lowl,

[eoill -
(state) 4 {held] -
{instrument) + [root mattl
(char) 4 [(necessary) 4 [rain] -
(char) 4 [intensity; #strongl]
(implication) + (vegatationl - ,
(char) 4 Cheight; lowl
(char) 4 [root matt; heavy]
(cause) + [soil erosion: decreassa]

[s0ill -
(state) 4 [{plough, cultivatel]
(implication) 4 [putl -
(object) + [meshl -
(char) 4 [finel
{on) + [501l]
(result) + [vegetation] -
(method) 4 [growl]
(through) 4 [mesh]
(cause) 4 [so0ill - :
(state) + [boundl,

(tres] -
(state) 4 [extremel

(part) 4 [rootl] -
(causa) + [(possible) + [break upl -~

(object) 4 [s0ill}

tvégetation] - ’

(part) + [root matt]
{cause) 4 [soil erosion: decrease]

(grazing: highl -
(char) 4 [vegetation; €30%]

(cause} 4 [break upl -
{object) 4 [soill

(causa) + [sofil erosion: increasel,

(vegetation; 4041 -

(implication) 4 [soill -
(state) 4 (bare],
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[land] -
(char) 4 [support capacity] -
(object) 4 [animal] -

(measure) 4 [number]
(factor) 4 [slope] -

(char) 4 [angle]
4 [vegetation; *x]
4 [animal; *xI,
[animal] -
(char) 4 [production] -
(object)  [fertiliser; manure]
(cause)  [soil erosion; decrease],
[cattle] -
(part)  [hoofs] -
(cause)  [compaction] -
(object) 4 [soil],
A3 69538 E !
0@K3P 4A'SE
0354#'P 4AS %S 258 F 325°E !

0@K3P 4A45 2E
035#'P 4A% 433 25% E

0@K3P A45 2E
OVh3s#' P A3&5 §' % 4E |

0@K3P A45 2E
035#'P A'$ 2'$ X $325E>
[vegetation] -
(char) 4 [growth; sufficient]
(¢cause) 4 [soil erosion; increase]

[animal] -
(char) 4 [production] -
(object) 4 [manure] -

(cause) 4 [soil erosion; decrease]
(possess)  [economic value; high] -

(recipient) 4 [farmer],
[land] -
(char) 4 [fallow] -
(cause) 4 [soil erosion: decrease]
(¢possess) 4 [economic value; low] -
(recipient) 4 [farmer],
[environment] -
(char) 4 [stress resistance; high]
(comparison) 4 [environment] -

(char) 4 [stress applied; low]
(caused) 4 [animal]
(¢cause) 4 [soil erosion],

[(possible) 4 [engineering] -
(cause) -4 [soil erosion; decrease]],



engineering { building

{buildingl -
(object) + [terracel -
(part) + [walls] -
. (char) 4 [strongl
(cause) 4 (soil erosion: decrease]

[engineeringl -
(char) + [(necessary) + (funding: highll,

{vinel -
(implication) 4 (funding; highl
(cause) 4 (buildingl -
(object) + [terracel
+ [drainage; goeodl
+ [up keep: good]
(char) + [(necessary) 4 [{manpower,machinery)l],

{terracel -
(char) + [#up keepl
{cause) 4 [soil erosion; increasel,

[crops: cashl -
(possess) + [economic value; highl
(implication) 4 [(possible) 4 [environment: man madell,

[#manpower) -
(implication) 4 [#terracel,

(Qlive] - :
(char) 4 [#manpower]

(implication) 4 [irrigation] -
(method) 4 [sprinkler]

{irrigation]) =
(method) 4 (sprinkler] -
(part) + [pipel -
(content) 4 [water]
+ [jetl -
(object) + [water)
(recipient) 4 [tree; #x),

[irrigation] -
(method) 4 [sprinkler]
(cause) 4 [(possible) 4 [salinization; increasel}

(result) 4 [vegetation] =
(char) 4 [(possible) 4 [dead]],

{irrigation] -
{method) 4+ [flood]
(cause’ + [soil erosion; in¢reasel -
{instrument) 4 [watarl
(implication) + [controll -
(object) 4 [water]
(result) 4 [soil erosion: decreasel,
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(irrigation; #highl =~
(cause) 4 [soil erosion: decreasel

[terrace] -
(char) 4 {irrigation] -
(method) + [flood]

(cause) 4 [(possible) 4 [sheet erosionll,

(sheet erosiond -
(cauga) 4 faccumulation] -
(object) + [sediment]

(botiom) + [terracel

(sediment loss] -
(location) 4 [terracel
(implication) + [soil erosion; increasel

[prevent] -
(object) 4 [sediment lossl
(method) 4 [strip cultivationl-
’ (object) 4 {vegetation] -
(char) 4 [density: high]

method) + [putl -

(object) 4 [meshl

(on) 4 [soill
(cause) 4 [capturel -

{object) 4 [sediment]
(implication) 4 [#sediment lossl,

[terrace] -
(char) 4 [irrigation] -
(method) + (flood]
(part) 4 [front walll

(cause) 4 [pond] -
{object) + [waterl]

{location) + [surface] -
(object) 9 [terrace]
(duration) + luntill -
(object) 4 [water]
(method) 4 [drains)
(through) 4 [soill
(cause) 4 [pore pressure’ increase] -
{object) 4 [soil]

(pore pressure; increasel
(cause) 4 [(possible) 4 [explosion] -
(object) 4 [front walll -
(char) + [strength; low}]
(implication) 4 [controll -
(object) + [moisture content] -
(objact) 4 [snill
(nethod) + [{drainage,irrigation)],

lirrigation] -
(char) 4 [(necessary) + [drainage; good) -
(object) 4 [s0ill]

~ 225 ~



(irrigation] -
(method) 4 {pumpingl -
(object) + [watar]
(into) + [soill
(implication) 4 [(necessary) + [drainags: good] -
(object) 4 {s0ill],

{irrigation] -
{mathod) + [flood]
(char) 4 [cost; lowl
(comparison) 4 [irrigation] -
(method) + [sprinkler] -
(char) 4 [costihighl

{soil retention] -
(factor) 4 [terracel -
(char) + [slopel -
(char) + [degree]
(char) 4 [lengthl
4+ [(future) 4 [volumed -
(object) + [water]
{method) 4 [¢ross] -
{object) 4 [terracall

+ {water] -
(char) + [sadiment concl,

[water] -
(char) + [sediment conc; highl

(inplication) 4 [fall outl -
(object) 4 [sediment]

(manner) 4 (quicklyl

fwater] -
(¢char) 4 [sediment conc; lowl
(implication) 4 (#soil erosion]

{environment] -
(stata) + [vulnerableld -
(caused) + [freak storms]
(implication) 4 [(necessary) 4 [animal] -
(cause) + [stress] ~
(equal) 4 [stress resistance) -
(object) 4 [environmentl],

(environment: semi-arid) -
(point-in-time) 4 [end of summer]
(char)) 4 [vegetation; lowl
(char) 4 Linfiltration; slowl -
(object) 4+ [waterl

(into) 4 [s0ill

(¢char) 4 loverland flow: fastl -
' (object) 4 [waterl

(occurrence) + [(possible) 4+ [freak stormll
(implication) 4 [(possible) 4 [soil eresionll,
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[environment; semi-arid] -
(char) 4 [stress resistance] -
0" 5 P (® A852850 E
0#59% P A 526>

[drought] -
(cause) 4 [vegetation: decrease],

environment < semi-arid < Spain
end of summer < October

C(necessary) 4 [soil loss] -
(char) 4 [quantity]
(¢exceed) 4 [soil creation] -
(char) 4 [quantity]],

[soil creation: increase] -
(method) 4 [addition] -
(object) 4 [organic matter]
(recipient) 4 [soil],

End of transcript.
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