
Admissions Procedure CUCCA, 1986] demonstrated that the domain was
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A knowledge analysis methodology must process a transcript 

with rigour and objectivity [Plant, 1987]. The methodology for 

processing the transcript 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, in 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 [1987] and in KEATS [Motta ��� ����  1986, 

Rajan ��� ����  1989] 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 

enabling the model to be viewed at different levels of abstraction.
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4. 3. 5 the UCCA domain model: Level 1.
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Following this, a model of the domain at the most abstract level 

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

C� ��69�25��2��5�$��'

' 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, seconds). A point in time can be treated as a time 

interval — whatever is true for the time interval, holds at every

conceivable subinterval [Allen, 19843. For example, the relation, (END), 

is defined is follows:

2��5�$�����/O=>�P� $'
[ EVENT: *x] <- (LINK) <- C END] ^ (LINK) -4 C POINT-IN-TIME: *y].

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

C� 	�'32$9�$��� �%� $69�2�5��� 	5��'>>� 5�	� �&�$2� 5''�3$5��	

53�$��'"

C� �&��35���	52

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
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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 is 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, its 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).

 !"��"�) � �&��D����	�65$��6�	��F� .�8����"

Following the construction of the domain model at Level 2, it 

was decided that more detailed description was required for certain 

concepts (e.g. concepts such as, [RECORD_ACCURATE] and [ACCEPT_CHANGE ] 

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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C H A P T E R  5

THEE KNOWLEDGE ANALYSIS 
METHODOLOGY

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 

representation.

► translating the processed knowledge into the 

intermediate representation.

► appraising the resulting domain model.

► implementing a prototype system from the domain model.

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

be capable of justification

In the preliminary studies, numerous subjective Judgements 

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 throughout the 

analysis process.

The first section of this chapter outlines a methodology for 

analysing elicited knowledge to produce a �������� ����������  The 

methodology is illustrated by a test case in Chapter 6. The second 

section of this chapter outlines a methodology for the top-down
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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 terminology.

► 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 units 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 structured into modules, so that 

each module contains an identifiable subject grouping.

)�� �



► 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 has 

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 is 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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C�'$69�$%$35�$����%��&����=�

Remove the question and answer format by replacing affirmed 

questions with a positive statement. Similarily, if a question is 

negated, it can be replaced by a negative statement.

C� '�9525�$��� �%� '�5��6���'

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.

C� 5''$���2�%�2��3�� �#6@�2'� ��� '�5��6���'

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 achieved by a simple decimal numbering 

system. However, in larger domains with several transcripts 

undergoing translation, a more complex alpha numeric system may be 

necessary.

C� 2�'�2#3�#2$��� �%� �&�� 	�3#6���

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 statement refers. 

In this stage, statements are grouped by subject. The primary
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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 entities is chosen initially to describe the domain. 

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 is assigned 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.
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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 CGKRL. Whilst Sowa [1984] discusses language 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 the "facts'' of a domain and the 

procedures which "operate" upon them [Alexander, et al, 1986; Edwards, 

19873. Alexander, et al. [19863 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 them, 

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 [19873 in his detailed account of a knowledge 

elicitation/acquisition process, states that the knowledge engineer 

should attempt to describe the control knowledge (the dynamic and 

epistemic ontologies of Alexander et el) prior to describing the
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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).

C� 	�5�$���4$�&�3�69��=$��

Large complex statements necessitate division into manageable 

sections since overly large diagrams are difficult to understand 

[Dodson, 1989]. 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 is 

"grounded" in the domain knowledge [Johnson, 1987]: Deciding which
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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 proposed here adds additional 

constraints to the domain model. The "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.
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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 random and must be 

unloaded quickly to avoid waiting costs. The operator must keep liquids 

flowing through 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 was used to permit the 

domain expert to direct the interview in response to a few seed

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.

► 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 

problem 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 to lose statements without careful 

referencing. To avoid this problem, processing elicitation transcripts 

should be done with the aid of a specially designed hypertext 

environment. The characteristics of this tool are outlined in 

Chapter 11.

�"�  "�� � ��$'�>� 2�9��$�$���5�	� $22���85�3�"

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.l). 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."

��



► repetition

Words and phrases that are repeated whilst the speaker pauses 

for thought. For example,

"If ����� �����  is �	���� ������ (� ��� �	���� ��� �����!�� ����� ���  
����������� ��� ������������C��

becomes,

�)�� ������ (� ��� �	��� ��� �����!�� � ���� ��������������� ��� �����

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,

���������� � ���� �����	� � � ��!������ ������ � � � � ��� �������

6. 4. 3 ambiguity.

The transcript is processed to resolve ambiguity; this 

involves standardising terminology and clarifying subjects that are 

indirectly referred to. During this process, it is desirable for 

knowledge engineers to consult with domain experts; ideally, domain 

experts should decide upon the correct terminology.
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This became,

[#31: Leaks of the valves occur randomly.]
C#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 nesting clauses within each other. For example, the following 

statements,

�G��� 	�� ����� ��� ���� �������� ���� ����� � � � � ����� ������� �����  
��� ����� ������� G��� ����� ���� ��� �������� ���� ������ ��� ��� �����  
���� ������ � ��� ����� ���� �� �������� ������� ��� ����� ���� ���� ���  
��� ����� ���� ���� ���� �������

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: and wait for a certain amount of time for 
somebody to come and fix the valve.]]]

► 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 leak]

is assigned to the module for pipes, leaks, and for tanks, even though 

tanks is 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 possible 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 volume of the transcript is 

considerably more than previous documents.

6. 4-. 6 the source document.

Statements 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, if possible these decisions should be made by 

domain experts and knowledge engineers. It may be noticed from FAC#6
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�����  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 MEDIUM, and MEDIUM before LOW. Finally, 

the modules are grouped to reflect their subject types: Thus, ��������  

and ��������  are grouped because they represent functional types, whilst 

������� �������  and materials are grouped because they represent object 

types. Concepts of �	�����������  and �������  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

► structured into modules with identifiable subjects

► ordering of the modules to reflect groupings within the 

domain

► modules should be divided into small units

► 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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C H A P T E R  V

A  D E T A I L E D  C A S E  S T U D Y  
IP A R T  2: : P R O D U C I N G  A

D O M A I N  M O D E L

7. 1 Introduction.

Ths previous chapter describes the method of processing the 

factory knowledge elicitation transcript into the source document. The 

source document 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 using the top-down methodology outlined in 

Chapter 5. After this, unusual cases are examined, and the implications 

for other application domains are discussed. 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 is 

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 it 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 conceptual 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 manner, 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/l/#9. 1: (HIGH) The object of this system is to produce a 
product within a certain specification,

[FAC#6/l/#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 is the first statement to be 

translated. A similar method involving several steps is used for 

translating each statement.
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Figure 7.1 The first graph.

► 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) -> (LINK) -» [ ENTITY: *y].

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

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

conform to its definition.
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Statement #61 is 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 is 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.

C 5/#61.2.1: (HIGH) Depending on what the new specification is,
[5/#61.2.2: (HIGH) either 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 let the 
product flow through. ] ]

#61.1 is a self-contained statement that can be treated independently of 

the rest of the statement. It is translated by the following 

proposition:

proposition for PRODUCT is 
<P0SS) -> [[MANUFACTURE] -

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

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 its 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 is useful to define a graph for the statement 

0r phrase held in common, and then to link 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) is 
[PRODUCT: *x] -

(ATTRIBUTE) -> CNEW_SPEC] -
(DEPEND) <- [MANUFACTURE] -

(OBJECT) -> [ PRODUCT: *x].

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; 

of. 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. As 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 chosen, not 

because it is 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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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, & #6.3) 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 

is 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 CGKRL 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 customary 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 is separated from procedural and heuristic 

knowledge, and procedural knowledge is separated from heuristics 

[Alexander et al., 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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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 

interpretation. 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 

running 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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The next task is to incorporate the new knowledge into the 

existing domain model. As usual, the knowledge engineer must consider 

how 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 [PROFIT], 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 because 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 [COSTS]. It is worthwhile noting that the actor, <MINUS>, which 

performs the calculation, has two numerical inputs: [SALES;®] and [SUB:®]. 

The [SUB:®] indicates that this number is the subtrahend and is to be 

taken away from the referent of [SALES].

• Translation continues by defining [SALES] and then [COSTS]. 

However, there wss already 5� 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 definition existed for this concept. Since there is new information 

about [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 #8 states that 

[SALES] are a measure of the amount of product in specification 

multiplied by the [SALE_PRICE3.

The statement, #63.3, is divided and described by five 

individual graphs to ensure that no single graph is too large. Thus, 

graph #26 defines an algorithm for calculating CSYSTEM_COSTS] involving 

CLORRY.COSTSl, CMATERIAL_LOSS_COSTS], CPRODUCTION_COSTS], and 

CPRODUCT_LOSS]. These are then described by separate graphs

<cf. #27 - #29).

Statements #64 — #69 are primarily concerned with methods 

of optimising the running of the factory. Consequently, it was decided 

that the statements #64 — #69 are examples of maximising strategies or 

[MAX_STRATEGY3. Since this linkage is not explicit in the statements 

themselves, 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_STRATEGY3. 

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 is redundancy, this should be removed when the 

domain expert appraises the model.
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during knowledge analysis. This results in a natural association 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 processing of the 

elicited material or the construction of the CC-KRL model need 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 mere 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 inconsistencies in elicited knowledge. 

Therefore, 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 ��� ����  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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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 usually 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 profit." 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 [ENTITY] 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 graphical

~ 123 ~



��� �+������!� ����� �������� ������ ��� ��������� ���������� �� ���� ��� ������

������� ����� ��������� ���������� �������� ��� ���� �������!� .�����!� %!#� ������

����� ��������!

%!� 7!�7� ����������������!

C������� ���� ����� ���������� ��������� ������	�� ��� ��L�!� ��� ����

�������� ��	���� 	����� ��� ��� ���� ��������� ��� ���� ���� ��� ���� ����� ����������

����� �� ����� ��� ��	������ 	������!� ����� ������	� ��� ������� ������� ��� ������

�� ������ ������� 	������3� ���� ��� �� ��	���+� ��	���� ��� ������ ������ ���� ���

��������� ��� ����� ���� ������� ���������!� ���������3� ���� ���������� ������ ���

������� ��� ���������� 	�������������!� ��� ������ ��� �������� ��� ���������� ����

������3� ���� ����	������ � ������ ��� ��'��� ��� ��� �������� ��������� ��� ����

	����� ������ ��� ��	������ ��� *�+����������!� &������+� 0!�� ������ ����� ���

���� ����������� ����� ���������� ���	� ���� �������� ����� ����!� ��� 	����

��	����� ���� ��������� ���������� ��� ������������� �	������ ����� ���� ��������

����� ���������!� 6������3� ��� ��L�� ������	�� �����3� ����� ���� ��� ������� ���

���� 	������� ���������� ���� ����� �����������!

%!� 7!�8 � ����	����� ���������� ��� �� ��	���!

��� ��� ����� ���������� ��� ��������� ����� �� ��	���� 	����� ������ ���

��������� ��� ���������� ���� ��������������� ��� ��	���� '��������!� ���� �00&�

����� ����� ������� ����� ��� ��������� ��� ���� �������������� �������� ����

���������� ��������� ��� ���� 	����� ������ �������������!� &�� ����� �����������

������3� ���� '��������� ���������� ���� ��	���� �+������ ���� ����� ����� ��

��(



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 is illustrated in Figure 8.2.
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This diagram is not detailed. It merely states that within 

the description of July 25, there is a concept called l confirmation! 

This concept in turn refers to the concepts: lcorrespondence], [decision], 

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

°f schemata, single prototypes, propositions or type definitions.

Figure 8.2 shows that within the concept of [confirmation], 

the concept of tdecision] 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, a more detailed look at the schemata describing the concept, 

fdecisionJ, would reveal the knowledge central to the process of 

confirmation.

Figure 8.3 A Schematic overview of the factory domain model.

I[proposition

The size limitations of this presentation could be partially 

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

three-dimensions. However, as the model becomes larger, the overview 

becomes more difficult to understand. 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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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]. It can be inferred from Figure 8.6 

that if there is a relationship between [TANK] and [MATERIAL], then there 

is a similar relationship between [TANK] and [PRODUCT]. Tanks contain 

material, therefore they can also contain product. This is shown by the 

dotted arc connecting [MATERIAL] to [PRODUCT].
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8.3 Language Generation.

8. 3. 1 Introduction.

Translations of individual 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 implications 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 dialogue to construct sentence 

sequences, and applying syntactic and lexical rules to generate actual 

sentences [Rich, 1983]. 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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This rule would be invoked as follows:

NOUN (type = USER; referent = {*> -> "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.
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In generating sentences, APSG rules are invoked in a top-down, 

goal—directed manner. The algorithm starts with the goal, ���������  

����������  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, lexical 

rules are invoked to generate the words.

Although this method of generating language from conceptual 

graphs is proven, its implementation 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 not need to generate 

	������  English, time spent developing a partial set of APSG and lexical 

rules would be considerable.
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should not be translated as, �� � � � � � � � � � �����	� 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: CCONCEPTiXI t- (ATTRIBUTE) <- [CONCEPTS]
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, �288M�BEJ%E��  whilst the full statement,

[GOOD] <- (ATTRIBUTE) "= [USER:(*>] -» (ATTRIBUTE) -» [EXPERIENCE]

could now be translated using both rules as, �288M� BEJ%E� 9)GK  

JL.J%)J7&J��  Appendix D.l 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.

/� � ������ t

v  V
(füîïjüjii) (AiramiTi)

\|/ y
lûDOvi I iXPDUOiCE I

J
-1 iluv /

V

- ^ — (OBJECT)

�i tuf ur. I jvnuvLi\«> !

Y
(ATTRIBUTE)

\ /  
i LINKING 1

~ 136 ~



should not be translated as, "GOOD WITH USERS." The direction of
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Figure 8.9 A conceptual graph with ordered arcs.
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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., 19893. More emphasis has been given to

supporting the knowledge acquisition process resulting in a sub-system 

called, Acquist [Rajan, et al., 19893.

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 transcript 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 is similar to that of CG-KAM. This 

is reflected in the individual components of the respective systems. 

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 is frequently used to express and 

understand complex domains [Johnson—Laird, 1983; Edwards, 19873. 

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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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 in numbers 1 and 3, and sometimes it is 

not, as in 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 (nor was it 

intended to) describe how the factory could actually be simulated. Thus, 

a control strategy (or structure) suitable for implementation had to be
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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] is 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 is possible to ensure that the implementation maintains the 

meaning and function of the knowledge in the graphs.

11. 2. 5 implementation of the heuristic controL

Prior to implementing the heuristic control of the liquid

factory, it is necessary to establish a control structure. The CGKRL

domain model does not contain an explicit statement of 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 the graphs for

[MAX_STRATEGY] (graphs #12.1 through #12.8), [A_S_A_P] (graph #13),

[REPAIR] (graphs #23.1 & #23.2), and in CN0_0VERFL0W] (graphs #31.1 & 

#31.2). However, there is 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 is described by the dataflow graph 

for the actor, <MAXIMISE> (cf. Appendix E.l). It is implemented in the 

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

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

► does not impose a predefined problem solving strategy 

upon a domain

► can guide the implementation process to ensure that the 

resulting KBS is an accurate implementation of the 

domain model

Each of these requirements will be examined in turn.
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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 outlined 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 	�����  reasons why the 

CGKRL could not support it. Sowa Cl984] 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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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, a 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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JB: What methods exist for preventing soil erosion?
AM: Right, well if you consider that the critical factors are: the 

rainfall characteristics and the topography, you have got to 
consider the degree of slope, and if the slope is 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 in 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, 
that's the problem with that system. It is quite intensive with 
man hours.

JB: 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?

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

(soil erosion)
Factors in soil 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.

(soil characteristics)
Increase organic matter level causes increase in cohesion of 
soil. •
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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?

Q��&����$�� �2�'$���/�65$����	��"

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

[soil erosion] -
(factor) 4 (rainfall chars]

4 [soil chars]
■» [topography],

[topography] -
(char) 4 [slope] -

(char) 4 [angle; low]
(implication) 4 [(control) 4 [soil erosion] -

(method) 4 [change]-
(object) 4 [soil chars]
(method) 4 [mulching]
(method) 4 [mesh] -

(char) 4 [(necessary) 4irrigation] -
*+ �# , � � - � 4� . / � � � � 0 0 0 1

[soil erosion; low] -
(char) 4 [(necessary) 4 [slope] -

(char) 4 tangle; low]]
(implication) 4 [/irrigation] -

(method) 4 [flood],
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(char) 4� [nationality: Spanish] 
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[collapse] -
(object) 4 [front wal l ]
(result) 4 [pore pressure: increase] - 

(object) 4 [soil]
(result) 4 [(possible) 4 [burst] - 

(object) 4 [water] 
(through) 4 [front wall]],

[irrigation] -
(method) 4 [flo o d ]
(char) 4 C(necessary) 4 [slope] -

(char) 4 [angle; < 2°]
(char) 4 [exit point] -

(object) 4 [water]],
[slope] -

(char) 4 [angle; high]
(char) 4 [¿vegetation; natur a l ]
(char) 4 [climate; semi-arid]
(char) 4 [vegetation; trees] -

(cause) 4 [(possible) 4 [death] - 
(object) 4 [trees]
(result) 4 [concentration]],

[concentration] -
(object) 4 [water]
(loca t i o n )  4 [terrace; (drains, back)]
(implication) 4 [(necessary) 4 [design] - 

(object) 4 [terrace] -
(char) 4 [resistant] - 
(object) 4 [freak storm] 

(implication) 4 [terrace] - 
(¿char) 4 [gully]],

[freak s t o r m ]  -
( f r e q u e n c y )  4 ’[(once) 4 [years; ( 20,30,40)]],

[soil] -
(char) 4 [ p e rmeability; i n c rease] -

(method) 4 [(necessary) 4 [addition] - 
(object) 4 [f e rt i l i se r]  
(recipient) 4 [soi l ] ]

(char) 4 [vegetation growth: increase] -
(met h o d )  4 [ ( n e c e s s a r y )  4 [ a d d i t i o n ]  - 

(object) 4 [ f e r t i l i s e r ]  
( r e c i p i e n t )  4 [ soil]] 

(res u l t )  4 [soil erosion; d e c r e a s e ]  
(char) 4 [binding; in c r e a s e )  -

(met h o d )  4 [ ( n e c e s s a r y )  4 [ a d d i t i o n ]  - 
(obj e c t )  4 [straw] 
( r e c i p i e n t )  4 [soil]],

[soil] -
(char) 4 [cohesion; in c r e a s e ]  -

( m e t h o d )  4 C ( n e c e s s a r y )  4 [ o r g a n i c  matter; increase)],
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[(implication) 4 [(necessary) 4 [(animal husbandry; cultivation]
(/cause) 4 [soil loss; high]]],

[(implication) 4 [(necessary) 4 [land] -
O 9 � ' ' � ' ' P �  � A � 2 � # � 	 � 3 � 8 � 2 E E E >

[Olive] -
(implication) 4 [(necessary) 4 [land] -

(possess) 4 [ground cover]] 
(implication)  � [/soil erosion; increase],

[land] -
(char)  � [fallow] -

(char) 4 [vegetation; natural] - 
(implication) 4 C/soi 1 erosion; increase],

[(implication)  � C(necessary)  � [vegetation; Cnatural;cultivated}3
(cause) 4 [environment] -

(state)  � C/vunerable]]],

vegetation < (natural, cultivated)
natural < (tree, ground cover]
cultivated < cash crop < (Olive, vine, cereal)
cereal < wheat
[barrier] -

(material) 4 (vegetation)
(cause) 4 [soil loss; decrease]
(location) 4 [terrace],

[terrace] -
(char) 4 [deep]
(method) 4 [crop strips] -

(cause) 4 [soil erosion; decrease],

(crop strips] -
O 3 & 5 2 ' P �  � A 5 � � � 2 � 5 � � � 9 � 5 � � $ � � E � !
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O3�6952$'��P�  � A&�$�&�X� ��4E
4 [cereal]

(comparison) 4 [density; high]
4 [cereal]

(comparison) 4 (root matt; high],

[vegetation] -
O ' � 5 � � P �  � A 3 � � 5 2 � 	 E
(method)  � [burn] -

(char) 4 [root matt] -
(implication) 4 [/disturbed]

(method) 4 [plough] -
(char) 4 (root matt] -
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Ctree]-
(location) 4 [country; tropical; Brazil]
(state) 4 [ c l eared] -

(method) 4 [burn]
( ¿ m e t h o d ) .4 [r e m o v a l ]  -

( i n s t r u m e n t )  4 [machinery; hea v y ]  
( i m p l i c a t i o n )  4 [soil erosion; low],

[soil] -
(state) �  [held] -

(instrument) 4 [root matt]
(char) 4 [ ( n e c e s s a r y )  4 [rain] -

(char) �  [intensity; ¿ s t r o n g ] ]  
( i m p l i c a t i o n )  �  [ v e g e t a t i o n ]  -

������� �� ��������� �	!�
(char) 4 [root matt; heavy]
(cause) 4 [s o il erosion; decrease],

��	���� �
(state) 4 [(plough, cultivate)]
(implication) 4 [put] -

(object) 4 [mesh] -
(char) 4 [ f i n e ]

�	��� �� ��	���
(result) 4 [vegetation] -

(method) 4 [grow]
(through) 4 [mesh]
(cause) 4 [soil] -

(state) 4 [bound],

[tree] -
(state) 4 [extreme]
(part) 4 [root] -

���"���� �� � ��	��� ����� �� �����#� "��� �  
�	� ����� �� � � 	 � � � �$

[ v e g e t a t i o n ]  - *
(part) 4 [root matt]
(cause) 4 [soil erosion; decrease]

����%����� ������ �
(char) 4 [vegetation; <30X]
(cause) �  [break up] -

�	� ����� �� ��	���
(cause) 4 [soil erosion; increase],

[vegetation; 40Ï] -
(implication) 4 [soil] -

(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; *xl,

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

(object) �  [fertiliser; manure] 
(cause) �  [soil erosion; decrease],

[cattle] -
(part) �  [hoofs] -

(cause) �  [compaction] -
(object) 4 [soil],
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[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]],
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O�@K�3�P�  � A'�	$6���E �
O@����6P�  � A��2253�E

J����	���� ����Q� 4
O � � 3 5 � $ � � P �  � A � � 2 2 5 3 � E
(implication! 4 [soil erosion; increase]

A92�8���E� !
O � @ K � 3 � P �  � A ' � 	 $ 6 � � � � � � ' ' E
O 6 � � & � 	 P �  � A ' � 2 $ 9 � 3 # � � $ 8 5 � $ � � E !

O � @ K � 3 � P �  � A 8 � � � � 5 � $ � � E � ! �
O 3 & 5 2 P �  � A 	 � � ' $ � � X � & $ � & E

	�����G�  � J���Q� 4
O � @ K � 3 � P �  � � 6 � ' & E
(on) 4 [soil]

O 3 5 # ' � P �  � A 3 5 9 � # 2 � E � !
O�@K�3�P�  � A'�	$6���E

O $ 6 9 � $ 3 5 � $ � � P �  � A h ' � 	 $ 6 � � � � � � ' 'E>

A��2253�E� !
O 3 & 5 2 P �  � A $ 2 2 $ � 5 � $ � � E � !

O 6 � � & � 	 P �  � A % � � � 	 E
O 9 5 2 � P �  � A % 2 � � � � 4 5 � � E
O 3 5 # ' � P �  � A 9 � � 	 E � !

O � @ K � 3 � P �  � A 4 5 � � 2 E
O � � 3 5 � $ � � P �  � A ' # 2 % 5 3 � E � !

O � @ K � 3 � P �  � A � � 2 2 5 3 � E �
O 	 # 2 5 � $ � � P �  � A # � � $ � E � !

O�@K�3�P�  � A45� �2E �
O6� �&� 	P�  � A 	25$� 'E �
O�&2�# �&P�  � A ' �$�E

E�����G� ;� J����� ��������K� ��������Q� 4�
E��*���G� ; � J����Q3

J����� ��������@� ��������Q
E�����G� ; � JE��������G� ; � J�+�������Q� 4

O�@K�3�P� ; � A%2���� 45��E� !
E����G� ; � J��������K� ���QQ�

E�	���������G� ; � J�������Q� 4
O�@K�3�P� ; � A6�$'�#2�� 3��� ���E� ! �

O�@K�3�P� ; � A'�$�E
E	�����G� ; � JE��������3�����������GQ3

J����������Q� 4
E����G� ; � JE���������G� ; � J��������K� ����Q� 4

E��*���G� ; � J����QQ3

� �(





[environment; semi-arid] -
(char) 4 [stress resistance] -

(state) ■» [variable] 
(duration) 4 [year],

[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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