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Abstract

It seems almost self-evident that \knowledge management” ad \knowledge engineer-
ing" should be related disciplines that may share technique and methods between
them. However, attempts by knowledge engineers to apply thie techniques to knowl-

edge management have been praised by some and derided by othewho claim that

knowledge engineers have a fundamentally wrong concept ofhat \knowledge man-

agement” is. The critics also point to speci ¢ weaknesses oknowledge engineering,
notably the lack of a broad context for the knowledge.

Knowledge engineering has su ered some criticism from witin its own ranks, too,

particularly of the \rapid prototyping" approach, in which acquired knowledge was
encoded directly into an iteratively developed computer sywtem. This approach was
indeed rapid, but when used to deliver a nal system, it becane nearly impossible to
verify and validate the system or to maintain it. A solution t o this has come in the
form of knowledge engineering methodology, and particuldy in the CommonKADS

methodology, which proposes developing a number of modeld the knowledge from
di erent viewpoints at di erent levels of detail. CommonKA DS also o ers a library

of generic models for the \inference structures” { the stepsby which certain types

of knowledge-based task are tackled. CommonKADS is now the ost widely used
non-proprietary knowledge engineering methodology.

The purpose of this thesis is to show how an analytical framewark originally intended
for information systems architecture can be used to supporknowledge management,
knowledge engineering and the closely related disciplinef@ntology engineering. The
framework suggests analysing information or knowledge frm six perspectives (Who,
What, How, When, Where and Why) at up to six levels of detail (ranging from \scop-
ing" the problem to an implemented solution). The application of this framework to
each of CommonKADS' models is discussed, in the context of geral practical appli-
cations of the CommonKADS methodology. Strengths and weakasses in the models
that are highlighted by the practical applications are analysed using the framework,
with the overall goal of showing where CommonKADS is currenty useful and where
it could be usefully extended. The same framework is also apgd to knowledge man-
agement; it is established that \knowledge management" is m fact a wide collection of
di erent approaches and techniques, and the framework can gpport and extend every
approach to some extent, as well as the decision which appreh is best for a particular
case. Speci c applications of using the framework to model radical knowledge and to
resolve common problems in ontology development are prestsd.

The thesis also includes research on mapping knowledge adgiion techniques to

CommonKADS' models (and to the framework); proposing some gtensions to Com-

monKADS' library of generic inference structures; and it cancludes with a suggestion
for a \pragmatic" KADS for use on small projects. The aim is to show that this frame-

work both characterises the knowledge required for both knwledge management and
knowledge engineering, and can provide a guide to good setem of knowledge man-
agement techniques. If the chosen technique should involMenowledge engineering, the
wealth of practical advice on CommonKADS in this thesis shold also be bene cial.
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Chapter 1

Introduction

The subjects of this thesis are knowledge management, knoedlge engineering, and
ontological engineering. It has become increasingly cleathat these subjects are in-
terrelated. The goals of this thesis are to propose an undeylng framework for all
three of these subjects; to discuss the application of thisramework and its potential

advantages; and to illustrate this with detailed worked examples.

1.1 Thesis overview

The work in this thesis spans several years' worth of appliedesearch. The research
began by applying the CommonKADS methodology to a humber of kowledge engi-
neering projects, identifying strengths and weaknesses dhe method, and proposing
improvements to it. The projects required knowledge acquigion and/or knowledge
based system development to a commercially acceptable stdard. Typically, each
project involved doing some knowledge acquisition, decigig which CommonKADS
model(s) to develop, and then working with the \o cial" de n ition of the model and
the acquired knowledge to produce an instantiated version pthat model that repre-
sented the acquired knowledge. Depending on the results ohese e orts, the next
stage might include further knowledge acquisition and modeinstantiation; identifying
weaknesses in the model de nition that made it di cult or imp ossible to represent
features of the task, and adapting the model accordingly; oreven partially discarding
the models recommended by CommonKADS in favour of another mdeling technique.

Each task therefore constituted an empirical test of the adguacy and applicability of
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CommonKADS models to real-world knowledge modeling.

After a while, the various projects described above spawnedbroader research into a
consideration of the principles underlying CommonKADS. Experience has suggested
that applying CommonKADS is not as straightforward as it seems (see for example the
results of the Sisyphus project [68], in which four researclgroups using CommonKADS
to solve the same problem produced four very di erent knowlelge models), and the
goal of the research was to consider the basis on which CommKADS was built in
order to understand how to use it most e ectively. Why were same knowledge models
recommended and others not? How did the models relate to eacbther? This was
coupled with an ongoing interest in which models were most usful in practice and

which might not be needed in typical knowledge engineering mjects.

The primary observation from this research was that CommonKADS is based on mod-
eling knowledge and information using multiple perspecties at multiple levels of detail,
and that as detail is added, an organisational goal is gradully re ned into domain-
speci ¢ or task-speci ¢ knowledge, which is then transforned into a design speci cation
for a knowledge based system. Given that CommonKADS beginsyomodeling organi-
sational knowledge, it can be seen that the research descdl in this thesis will touch

on principles of knowledge management as well as knowledgaegneering.

Chapters 2 to 5 of this thesis focus on knowledge managemenind on ontology engi-
neering. Chapter 2 describes the multi-perspective modetig approach used through-
out this thesis, and considers its implications and bene tsfor the selection and use
of the various approaches and techniques that are collectaly referred to as \knowl-
edge management". Chapters 3 and 4 look at the implications fothe multi-perspective
framework for ontology development. Chapter 5 then begins he examination of the
CommonKADS methodology by considering an application of ConmonKADS' \knowl-

edge management level" models, using a range of modeling foats.

The remaining chapters (chapter 6 onwards) discuss applidions of CommonKADS
models within various projects, including discussion of klowledge acquisition, generic
knowledge models, ontology, and other issues. The chapterare ordered according

to the recommended order of model development within CommoKADS: so chapter
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5 comes rst, followed by chapter 6 which deals with the Agentand Communication
Models (which are seen as representing part of the organisiainal context within which
a knowledge based system can be developed, though the chaptargues that revised
versions of these models are also useful to model the knowlgel for the knowledge
based system itself); chapters 7 through to 11 discuss the Epertise Model; chapter
12 discusses the Design Model; and chapter 13 serves as a suamnby proposing
\Pragmatic KADS" i.e. identifying a minimal set of CommonKA DS models for use on

small KBS development projects.

1.2 De nitions

1.2.1 Knowledge Management

The exact de nition of knowledge management has been, and jsa matter of consider-
able debate. De nitions range from \a method for gathering information and making
it available to others"?! through \capturing, organizing, and storing knowledge and
experiences of individual workers and groups within an orgaization and making this
information available to others in the organization"? to \the strategic use of infor-
mation and knowledge resources to an organizations best adutage™. Perhaps the
most widely known de nition (though arguably one that only d escribes some aspects
of knowledge management) is that of Nonaka and Takeuchi [132 who argue that a
successful KM program needs to \convert internalised tacit knowledge into explicit
codi ed knowledge in order to share it, but also on the other hand for individuals and
groups to internalise and make personally meaningful codied knowledge once it is

retrieved from the KM system."

It's clear that the common theme is the application of knowledge throughout an or-
ganisation. The disagreements that arise are often conneet with the focus of the
de nition ... is it on the knowledge itself, the process of distributing that knowledge,

or the people who give/receive the knowledge? These disagrments are partly based

on fundamentally di erent views on the nature of knowledge; those holding construc-

1 www.qualishealth.org/gi/collaboratives/glossary.cfm
2 library.ahima.org/xpedio/groups/public/documents/ah  ima/pub _bok1_025042.html

3 www.gov.bc.ca/prem/popt/service _plans/srv _pin/pssg/appen _a.htm
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tivist views of knowledge tend to favour approaches that foas on people, while those
with a more cognitive view of knowledge are more inclined to dcus on the knowledge
itself. These views are discussed further in the review chdprs of this thesis (chap-
ters 16 to 15), but for now, it will simply be noted that a “spectrum' of de nitions

exists, ranging from knowledge engineering solutions (‘ansactional' knowledge man-
agement) to community-based approaches (‘innovation' knwledge management). This
"KM spectrum' was rst proposed in [39] and was further discussed and developed in

[78].

1.2.2 Knowledge engineering

Knowledge engineering is the science/practice of developg knowledge based systems.
It is directly analogous to software engineering of more coventional computer pro-

grams. It requires:

identifying a human expert or another source of valuable knavledge;
acquiring that knowledge in a systematic form;

encoding that knowledge in a knowledge based computer progm.

Typically, the resulting \knowledge based system" will ask users of the system for
information and then process that information according to the knowledge that it
possesses, in order to produce a reasoned conclusion. Mangstems can also provide

explanations of their reasoning.

1.2.3 CommonKADS: A Knowledge Engineering methodology

CommonKADS (and its predecessor, KADS { the acronym stood fo either \Knowl-

edge Acquisition and Design System" or \Knowledge Analysisand Design System")
views knowledge engineering as a modeling activity, whereaeh model is \a purposeful
abstraction of some part of reality” (i.e. an \intermediate representation” between
reality and some application of that model e.g. implementaion in a knowledge based

system). Each model focuses on certain aspects of the knowlige and ignores others. A
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knowledge engineering project entails the construction of set of models that together
constitute the knowledge that is being engineered. Knowlede models typically consist
of one or more diagrams containing nodes (boxes, ellipsesr other icons) represent-
ing knowledge items, and arcs (arrows) between nodes repmsting input/output, ow

of control, or other relationships. CommonKADS proposes a site of six knowledge
models that could be developed; if all are developed, they shuld gradually transform
knowledge from a set of organisational needs & requirementto a high level design

speci cation for a knowledge based system. The six models ar

An Organisational model that represents the processes, dticture and resources
within an organisation, with the aim of identifying fruitfu | areas for better ap-

plication of knowledge;

A Task model to show the activities carried out in the course d a particular

organisational process;

An Agent model to represent the capabilities required of theagents who perform

a process, and constraints on their performance;

A Communication model to show the communication required béween agents

during a process;

An Expertise* model, which is a model of the expertise required to perform a

particular task;
A Design model, which culminates in a design speci cation foa knowledge based

system to perform all or part of the process under consideraon.

1.2.4 Ontology

Like \knowledge management", the term \ontology" has been de ned in various ways.
Guarino & Giaretta [77] have identi ed no less than eight di erent meanings of it in

the relevant literature:

4 The \CommonKADS book" [147] refers to this model as the \Know ledge Model". While the original
label of \Expertise Model" was sometimes inaccurate, because the knowledge needed to carry out
tasks is not always expert knowledge, \knowledge model" is a very general term that could encompass
any or all of the CommonKADS models. | have chosen to use the original name to avoid confusion
with multiple other uses of the terms “knowledge' and \knowl edge model" within this thesis.
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1. Ontology as a philosophical discipline

2. Ontology as an informal conceptual system

3. Ontology as a formal semantic account

4. Ontology as a speci cation of a \conceptualization”

5. Ontology as a representation of a conceptual system via agical theory

characterized by speci ¢ formal properties

characterized only by its speci c purposes
6. Ontology as the vocabulary used by a logical theory

7. Ontology as a (meta-level) speci cation of a logical theay

There are three main themes in the above list. De nition 1 is quite di erent from all
the others, and re ects the original meaning of the word “onblogy’, before it became a
widely used term in the knowledge management community ... ntology is a philosoph-
ical discipline is \the study of the nature of being, reality and substance”. De nitions
2 and 3 conceive an ontology as a conceptual \semantic" entyt either formal or in-
formal, while according to the interpretations 5-7 an ontology is a speci c \syntactic"
object ... or rather, a syntactic descriptive scheme that ca be used to label other

objects and to describe their interrelationships.

For the purposes of this thesis, a pragmatic de nition will be used, that follows the
latter theme. The de nition is based on that of Gruber [75], who stated (inter alia)
that \an ontology is an explicit speci cation of a conceptualisation." To this, | will

add the following: \In knowledge engineering practice, an bntology' often equates to

the de nition of what can be represented within a computer program."

1.2.5 Knowledge Engineering Methods: A Brief History

Early approaches and reusability

When expert systems initially emerged from the research labratory into the commer-

cial world with systems such as MYCIN [154] and PROSPECTOR [5], they were
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typically developed by \rapid prototyping”. This was a reco gnised technique in soft-
ware engineering, where a \quick and dirty" version of the nal system was developed
in order to test out certain programming approaches, and to siow to the end users as
an aid to requirements capture. Since the acquisition of exprt knowledge has many
similarities to requirements capture, knowledge engineer seized on this method as a
way of quickly developing an impressive-looking system. Th method employed was
typically to obtain some knowledge from the expert, to program this into an \expert
system shell" usually in the form of IF-THEN rules, and then to show the resulting
program to the expert both to verify that the system correctly re ected the expert's

knowledge to date and also as amide memoireto the acquisition of further knowledge.

The method was very e ective in triggering expert's memories and in developing small
systems with impressive speed. However, in software engiegng, rapidly prototyped
systems are normally considered to be \throwaway prototype", whereas early expert
system developers often developed the prototype to the potnwhere it included su -
cient expert knowledge to be considered an adequate experystem, and then delivered
it to the users. This led to considerable problems when the knwledge needed updat-
ing or the system needed future maintenance, because thereaw often little or no
documentation describing the system's structure, nor was here any \intermediate rep-
resentation" of the expert's knowledge. In one case (repodd in [80]), even the original
designer and programmer of an expert system was unable to umdstand its code six

months after the system was initially delivered.

Rapid prototyping led to some other problems, too. In some caes, the expert's knowl-
edge was not necessarily suitable for encoding as IF-THEN itas, but the constraints

of the programming environment led to knowledge engineersrying to squeeze the
knowledge into that format®. Another problem was that knowledge engineers who
developed several systems, particularly in the same domajrbegan to notice certain

patterns emerging but had no way of recording thos patterns ér re-use in future sys-
tems. Eventually, it was realised that the patterns recurred across domains as long

as the same type of task was being tackled (see e.g. [95]). Itas this observation,

5 For an illustration of a task where the same system was programmed using three di erent \expert
system shells" o ering di erent programming environments , and the advantages of having object-
oriented programming available to complement IF-THEN rule s, see [84].
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coupled with a desire to introduce some good practice from gtware engineering into

the development of expert systems, that led to the developmat of KADS.

Software engineering and the development of CommonKADS

Software engineering methods were largely ignored by earlgxpert system developers.
The reasons are not clear; it may be that most of these devel@rs came from research
laboratories where such methods were not part of the culture or that the methods
themselves were considered inadequate for a system that emded expert knowledge. If
the latter is true, it may be that expert system developers wae actually criticising the
wrong target { the \waterfall model", rst identi ed by Royc e [143]. In the waterfall
model, the various phases of software engineering (requimgents, design, implementa-
tion, veri cation and maintenance) proceed in a purely seqiential manner; once a stage
has been completed, and its outputs handed on to the next stagy it is never revisited.
This model has certain advantages; getting the early stage400% right saves consid-
erable time in later stages, and also facilitates the distibution of a project between
departments. But it has been heavily criticised for its lack of iteration; in fact, Royce
himself only identi ed it in order to make this criticism and to recommend a more
iterative model. Since rapid prototyping of expert systemsis perhaps the ultimate
iterative system development technique, it is hardly surpiising that a \culture gap"
existed between expert system developers and software emgiering methods that were

perceived to be based on the waterfall model.

Yet software engineering methods o er far more than just a Ifecycle process. They also
o er recommended documents that are needed for describinghte outputs of each stage;
notations for modeling the ow of information and other proc esses within the planned
software system; and design and testing techniques. The aginal KADS methodology
was largely focused on its library of \interpretation models" (i.e. attempts to capture
some of the patterns that recurred across di erent knowled@-based tasks), but Com-
monKADS was explicitly designed to incorporate aspects of ther software engineering
methods. Its notation drew on methods such as PRINCE [133], Rmbaugh's and Your-
don's object-oriented state diagrams [144] [32], and Jacks's structured programming

methods [54], especially in the notation for its diagrams. 1 also extended its libraries
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(it started to build a library of \problem solving methods" { more detailed process
control descriptions for knowledge based tasks) and creatka conceptual modeling
language (CML) into which instantiated knowledge models caild be translated. There
was even a formal modeling language (FML, later(ML) 2) into which CML could be

transformed for logical veri cation purposes; this language was highly regarded in the
knowledge engineering community [181]. When the CommonKAIS book was pub-
lished in 1999 [147], a number of documents were recommendsal accompany (or, in

some cases, embody) some of the knowledge models.

Today, most software engineering methods prefer a \spiralifecycle” model (see [11])
in which (in general terms) several iterations of the entire ‘waterfall' are carried out,
with risk assessments performed before each new iteratiors ibegun; and many of the
software engineering notations that CommonKADS drew on hae been superseded by,
or incorporated into, the Uni ed Modeling Language (UML) [1 37]. CommonKADS'
notation, as de ned in the CommonKADS book, has many similaities with UML

notation.

Other knowledge engineering methods and knowledge enginee ring work-
benches

KADS and CommonKADS were not the only knowledge engineeringmethods devel-
oped in late 1980s and early 1990s, but they were easily the rabin uential. At least

one project funded under the ESPRIT programme, VITAL (see eg. [51]), aimed to
provide a competing methodology and an associated workbeh€; however, while the
resulting method was considerably stronger than CommonKALS on the development
and inclusion of knowledge acquisition tools, its library d generic tasks was largely
copied from KADS. A number of management consultancies alsdeveloped their own
proprietary methods, but signi cantly, Touche Ross chose © use KADS and Com-

monKADS, and used them with considerable commercial success

Following a di erent thread, Chandrasekaran's Generic Taks approach [27] and Steels'

6 A “workbench' is a software system supporting the use of a method. In software engineering they
are often known as CASE (Computer-Aided Software Engineering) tools. The obvious correlate
for knowledge engineers would be CAKE tools; however, this acronym struggled to nd widespread
acceptance, and ‘workbench' is the preferred term in this th esis.
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Components of Expertise [161] provided patterns that repreented generic knowledge
based tasks, but in smaller components than KADS did. One oflhe goals of developing
CommonKADS was to incorporate these approaches into KADS, pat least to make

them usable in parallel. This is discussed in more detail in lsapter 8.

Three di erent workbenches were developed to support KADS:ILOG's KADSTool, a
well-designed commercial product; Bull's OpenKADSTool, which attempted to sup-
port a methodology derived from the original KADS and develged in parallel with
CommonKADS; and the CommonKADS workbench, developed as pdrof the KADS-
Il project, which had the most functionality (it allowed out put into CommonKADS'
Conceptual Modeling Language, for example, and even promél a CML to FML con-
verter), but was based on software that was perceived not to b commercially robust

(SICStus Prolog). For a comparison of these three workbenabs, see [101].

Today, the three KADS workbenches are no longer available. Tie knowledge acqui-
sition tools from the VITAL workbench survive in the PC Pack t ool from Epistemics

Ltd.

1.2.6 Overview of the thesis

The key contributions of this thesis to the eld of knowledge engineering are:

The smooth integration of knowledge management with knowlege engineering.
Knowledge based systems (or other outputs of the knowledgengineering process)
are seen as one possible method of implementing knowledge nesgement for a
particular organisational task; further, it is argued that the analyses carried out
to determine what knowledge management technique is appragate for a task

can or should be based on knowledge engineering methods;

A step-by-step guide is given to using the CommonKADS methodlogy, from
organisational analysis through to knowledge based systendesign and imple-

mentation;

Some proposals are made for additions to CommonKADS' libray of inference

structures (see Chapters 9 and 10) and problem solving methis (see Chapter
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8);
Each aspect of CommonKADS is analysed for its contribution b a typical knowl-

edge engineering task, and a list of the models that are absately necessary is

proposed for knowledge engineers carrying out small KBS piects.
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Chapter 2

Multi-Perspective Modeling: A
Framework for Knowledge
Representation and Knowledge
Management 1

2.1 Introduction

The subject of this chapter is the modeling of organisationdknowledge for the purpose
of knowledge management. Modeling expresses concepts thallow each part of an
organisation to understand and contribute to its own develgpment. A good model can
communicate much of a company's purpose to stakeholders inhte business, whether
they are employees, shareholders, or customers. Modelingmt be applied to all stages of
business and systems development, whether at the higher lels of considering business
structure and business processes, or looking at particulatasks or knowledge assets in

more detail.

Many readers will be familiar with modeling of information and of information systems.
The basic approach to modeling knowledge is similar; modeltypically consist of an-
notated box-and-arrow diagrams, representing processesaxonomic classi cation, or
other relationships. This is possible because the relatiship between knowledge and

information is similar to the relationship between information and data; information

! This chapter is an extended version of a paper published in the proceedings of AI-METH 05, Gliwice,
Poland, November 2005.

13
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consists of data that are linked or applied in some way to proide relevance or purpose,
while knowledge consists of pieces of information that areiked or applied, usually in
order to make decisions. To give an example, a car driver may gssess the following
data: the price of petrol, the fuel level in his car, the fuel ®nsumption rate of his car,
the distance to his destination, and the amount of cash in hiswallet. Information can
be obtained from these data by calculation (how much it would cost to Il the tank;
how much petrol the driver can a ord; whether either of these amounts of petrol will
be su cient to get to the destination). Decisions can then be made based on this infor-
mation; e.g. that it's necessary for the driver to drive hometo collect his credit card,
or that he must drive slowly in order to reduce the fuel consunption rate of the car.
There is some debate whether the knowledge resides in the sef possible decisions,
in the justi cation for those decisions, or in the deductive process itself; this chapter

considers that any of these may constitute knowledge.

The key to the use of knowledge models within knowledge managnent is that models
only become meaningful to an enterprise when they cause acith and provoke thought.
Since knowledge management typically focuses on knowledgdready within the or-
ganisation that is at present being under-used, then undermnding the organisation,
provoking thought and supporting action are all crucial aspects of knowledge man-
agement. Models also promote understanding across di erdnbusiness groups in an
organisation. However, some knowledge management resehers have suggested that
modeling's greatest strength - the elimination of irrelevent information - is also its
greatest weakness, especially in cases where there are manteracting patterns of in-
formation and knowledge, which must all be taken into accounin order to understand
the real world fully. While this criticism is primarily base d on fundamentally di er-
ing views of the nature of knowledge and hence of knowledge magement (a claim
which is discussed more fully in [78]), limitations caused ¥ such elimination do exist,
and those who wish to model knowledge must either accept theslimitations or try to

overcome them.

A possible solution to this problem can be found in the use ofmulti-perspective modeling
- the creation of a number of di erent models of the same artifict, from di erent

viewpoints. The term \multi-perspective modeling” has been used in multiple ways by
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previous authors (see discussion below); in this paper, mtitperspective modeling refers
to building a number of models of the same knowledge but with derent emphases.
For example, one model might focus on processes, another orgents, another on

communication, and another on concepts or resources.

The multi-perspective approach proposed in this chapter isbased on the Zachman
framework for Information Systems Architecture, which provides a framework for cate-
gorizing di erent information perspectives, at di erent| evels of detail. This chapter de-
scribes the Zachman framework and the derived multi-perspetive modeling approach

in some detail, then shows how the models from an existing imfmation modeling

method (UML, the Uni ed Modeling Language) and an existing knowledge modeling
method (CommonKADS) map onto this framework. The chapter then extends the
framework by applying its principles at a meta level, and vaidates the usefulness of
the framework by showing how a couple of well known software evelopment techniques

can be derived from this meta-analysis.

2.2 The Zachman framework

The Information Systems Architecture framework proposed ly Sowa & Zachman [197]
[159] is intended to provide a framework for creating all themodels necessary to create
an overall model of an organisation or enterprise. John Zaaman describes it as \a sim-
ple, logical structure of descriptive representations foridentifying models that are the
basis for designing the enterprise and for building the enteprise's systems" [197]. It is
also a good framework for characterizing the role, functiorand purpose of information
systems within an organisation. The framework consists of &x6 matrix (see Table
2.1), whose two dimensions represent the perspective beirtgken on information and
the level of detail at which this information is being represented. It turns out that the
level of detail corresponds closely with progress in a sofiare development project. So,
if the result of knowledge management is to propose a softwardevelopment project (or
any other project that requires development of some artifat by progressive re nement
of a speci cation) then the Zachman framework should provide a structure for that

project.
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Table 2.1: The Zachman framework

2.2.1 Perspectives in the Zachman framework

The \perspectives" dimension of the Zachman framework promses that six perspectives
on information (and, by extension, knowledge) are necessgr characterised by the
phraseswho, what, how, when, whereand why. A multi perspective approach to

knowledge modeling will create models that represent only te knowledge relevant to

that perspective: for example, the \who" perspective will focus on agents, representing



Multi-Perspective Modeling 17

their capabilities and responsibilities, while the \how" p erspective will focus on tasks
or processes that need to be performed. A full description othe expected contents of

each perspective can be found in Table 2.2, which is taken fra [197].

Perspective | Description

What Declarative knowledge about things as opposed to procedural knowle dge
about actions. "What" knowledge encompasses concepts, physical objects,
and states. It also includes knowledge about classifications or categorisations
of those states.

Howe Knowledge about actions or events. It includes knowledge about which
actions are required If certain events occur; which actions will achieve certain
states; and the required or preferred ardering of actions.

YWhen When actions or events happen, or should happen; it is knowledge about the
time at which events happen, and of controls needed an timing and ordering
of events.

YWho The agents (human or automated] who carry out each action, and their

capabilities and authority to carry out particular actions.

Where Where knowledyge is needed and where it comes from -- communication and
inputfout put knowledge.

Why Rationale; reasons, arguments, empirical studies and justifications for things
that are done and the way they are done.

Table 2.2: Description of perspectives

Why is this approach useful? Well, let us assume that a specleed, experienced de-
partment, whose task is to diagnose unusual faults with prodicts and recommend
solutions, has been identi ed as a \knowledge asset" duringa knowledge management
feasibility exercise. The di erent perspectives can be thaight of as di erent managers'
views on the department. For example, an operations managemight view the depart-
ment as a user of external resources and a solver of specialisproblems; a personnel
manager might view the department as a network of interactilms between agents (i.e.
people with de ned roles); and the CEO might view it as a producer of reports and a
necessary contributor to the company's overall vision to spply high quality products
to the market. In other words, the operations manager is conerned with \what" the
department consumes , \where" these resources come from andow" the department
contributes to the overall process; the personnel manageisiconcerned with \who" is
involved; and the CEOQ is concerned with \why" that department exists as well as with
\what" its outputs are. So by modeling each manager's view sparately, while referring

to the same concepts and relationships, it is possible to olain a more complete view
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of the department than any of the managers hold, whilst enabihg each of them to see

(and to verify and approve) a speci ¢ model representing thér perspective.

2.2.2 Levels of detail in the Zachman framework

As mentioned above, the Zachman framework proposes six lelgeof detail for models.
Starting from the most general, these are labeled as \scope'\enterprise”, \system",
\technology”, \detail", and \functioning enterprise" 2 . These are described further in

Table 2.3, which is partly drawn from [34].

Level of detail Description

Scoping [Caontextual) Defines high level business needs and
enterprise business functions at a global
enterprize level. ldentifies the key enterprise
functions that run the business.

Enterprize (Conceptual) Defines in more detail the business functions
and needs of the enterprise, concentrating on
one business function at a time.

System (Logical) Defines the steps taken and resources needed
to carry out a single business process
Technaology (Fhysical) A high level design specification for an

implernentation that will represent everything
that appeared at the system level.

Detailed representation (Dut-of-context) A more detailed specification, targeted at a
particular situation

Functioning enterprise (Implementation) An implementation of the design: a software
program, @ building, or another constructed
artifact.

Table 2.3: Description of levels of detail in the Zachman franework

These levels can be seen as the concerns of di ereprofessions[159], whereas the
previous section proposed that the perspectives can be codgred to be the views of
di erent managers So if the overall task is the design and construction of a buding,

then the architect is concerned with the broad view of gross iging, shape and spatial
relationships, as well as the overall structure of the buildng; the owner is concerned
with oor plans and facilities; the designer must consider grength, support and sta-

bility of each oor; the builder is concerned with beams, junctions, and concrete; the
subcontractor is concerned with a single aspect of the buildr's job (delivering beams,

welding junctions, etc); and the bricklayer and the carpenter are the ones who do most

2 Strictly speaking, the Zachman framework proposes ve levels of models, plus the implementation
of those models. As a result, the functioning enterprise level, also called the \implementation" level,
does not appear in some versions of the Zachman framework.
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of the actual building. So each profession must look at the sae building at a di er-
ent level of detail in order to understand the design fully erough to carry out their

particular job.

It's worth noting that the six levels of detail require two ra ther dierent types of

model. The rst three levels - scope, enterprise and system are increasingly detailed
models of existing processes and related information/knovedge, while the remain-
ing levels - technology, detailed representation and implmentation - are increasingly
detailed representations of a design that meets the requiraents of representing a par-
ticular business process. In the language of the CommonKAD®nethodology (which
is discussed further below), the transformation from one lgel to the next is usually
a re nement task - describing something in greater detail { but in the case of the
transformation from the system level to the technology levé, it is more of a selection
task - choosing design techniques that are suitable for the wdeled knowledge. This
implies that this transformation is likely to be knowledge-intensive compared with the

other transformations.

2.2.3 The multi-perspective matrix: the Zachman framework

Having established the need for representing di erent perpectives, and di erent levels
of detail, the most important remaining question for practical purposes is whether
all six perspectives need to be modeled at all six levels of twl. To answer this,
let's return to the example above where an entire departmentwas considered to be a
knowledge asset. Now let's consider a collection of help deseports compiled by this
department to be a knowledge asset at a lower level of detailtfe \system level", in
Zachman's terms). Note that a similar pattern emerges: the a@partmental librarian
treats the reports as a resource to be managed (\what"), newy} recruited technicians
may treat them as a step by step guide to problem solving (\how), the designer of
the company intranet might link them together as interdependent knowledge sources
(\where" and, if they are linked to their authors for the purp oses of establishing trust,
also \who"), while the quality manager may be mostly concerred that the reports
provide su cient evidence of good practice (\why") to show t hat the departmental

guality system is working. For good measure, let's extend tle example to the design
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of a help desk decision support system (i.e. the \technologyevel"); the designer needs
to consider the static objects (\what"), the process ows and inferences (\how), the

user interface and other interfaces (\who" and \where"), and ow of control (\when").

In other words, most of the perspectives do seem to be needed @ach level of detail.

The Zachman framework is therefore taken to be a reasonablyamplete speci cation

of the models needed to represent an organisation or entergae fully.

2.2.4 Dierent approaches to multi-perspective modeling

Before continuing with discussion of perspectives and levs of detail in the context
of the Zachman framework, a diversion is necessary to discasthe use of the term
\multi-perspective modeling" in software engineering literature. The reason for this is
that two or three distinct uses of the term have emerged, but fave not been clearly
distinguished. These uses are characterised below as theegotiation approach, the

crystallography approach and the stereoscopyapproach.

Negotiation approach: This approach uses the term \multi-perspective modeling"

to refer to the representation of con icting views of di ere nt agents about the same ar-
tifact or concept. Each agent involved in a development proess has its own view on the
artifact or system it is trying to describe or model, and these views may contain con-
icting information. The goal of multi-perspective modeli ng is therefore a negotiated
settlement of con icting views, and the two critical issues are the choice of viewpoints
to represent an artifact fully, and the management of inconsstencies between views
[160]. At least one workshop has been held that brought togdter researchers in this

area [56]; other publications in this area include [66] andZ9].

Crystallography approach: Researchers on the Tropos project [107] consider a
software development project from di erent angles (e.g. interms of actors and their
capabilities; in terms of goals and intentions; or in terms d processes or in terms of
constituent objects). To them, the purpose of \multi-persp ective modeling" is for an
individual to understand the structure of a project by assenbling several partial views

of the structure into a single conception. Similarly, another project which used mul-
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tiple modeling techniques for an interface design problem was \not looking at widely
di erent techniques to see which one of them is best, but ... ague[d] that the impact
from a collection of techniques is greater than the sum of thi individual contribu-
tions" [196] - in other words, these researchers also congded that multiple consistent
perspectives may be held by a single individual, but extende the idea to claim that
the interaction of the multiple perspectives provides addtional information. This view
of multi-perspective modeling as being \examination of a angle artifact from many

angles by an individual" is the approach taken in this chapte.

Stereoscopy approach: A project on image rendering of Chinese landscape paint-
ings [30] is concerned with perspectives in the literal sems- visual angles on a physical
object (in this case, a Chinese painting). This approach is kin to stereoscopy, which
gives an impression of three dimensions by using multiple ta-dimensional images of
the same objects, taken from slightly di erent angles. This use of the term \multi-
perspective modeling" is rare in the software engineeringiterature, but is noted for

completeness.

The reason why this analysis is needed is that without it, vey di erent understand-
ings of the Zachman framework can arise. For the \crystallogaphy" approach, the
perspectives are represented by the columns of the Zachmamaimework, while the
rows represent levels of detail. But for the \negotiation" approach, the perspectives
could be represented by the columns or the rows, depending ormhether the con icting
opinions were held by di erent managers or di erent professons (or both!). And for
the stereoscopy approach, the Zachman framework has littleelevance. It's also worth
noting that the term \viewpoints" is highly ambiguous; whil e the term has been used
extensively by researchers following the \negotiation" agproach to represent con icting
opinions, it could equally be used in its more literal sense ypthe other two approaches.

For simplicity, therefore, the term \viewpoints" is avoide d in this thesis.
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2.3 Worked example: Diagnosis and treatment of parotid
tumours

At this point, a worked example of multi-perspective modeling would be helpful. The
example below is taken from [100], and consists of a number ahodels of a medical
process: the diagnosis and treatment of tumours on the paratl gland (which is in the

neck). The models are considered to be at the second (enterige) level of detail.

2.3.1 The \How" perspective: Clinical protocol

Figure 2.1 shows a portion of a clinical protocol (i.e. recormended procedure) for
diagnosis and treatment of parotid tumours. This portion of the protocol is concerned
with diagnosis and treatment selection for a progressive Imp (i.e. a lump on or
near the parotid gland that is growing progressively large). The model of the full
clinical protocol consists of about 10 diagrams of similar &e; see [155] for details.
This diagram, which is drawn using a diagramming technigue kiown as ProFORMA
[64], shows that the rst stage of investigating a progressie lump is to carry out ne
needle aspiration cytology (FNAC), which draws some uid out from the lump and
then to send it away for analysis. Once the results of this engiry have been returned,
two decisions are needed; what type of scan is required (CT aq, ultrasound and MRI
are the usual options) and what treatment is required. The remaining boxes represent

links to other process diagrams.

2.3.2 The \Where" Perspective: Inter-Department Communic ation

The \where" perspective shows communication that is neededduring a procedure.
At the enterprise level of abstraction, communication is gaerally concerned with the
transfer of information or artifacts between individuals or departments. In this exam-
ple, the clinician must communicate with the laboratory that performs the FNAC tests,
with the radiology department that performs scans, and with the surgical unit that

arranges operations. This information can be representechia Role Activity Diagram

(RAD) [135], which shows which departments (or, more generdy, which roles) perform

which activities; by including the sequence of activities,the needs for communication
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Figure 2.1: Protocol for diagnosing a progressive lump

become obvious. An example of a RAD can be seen in Figure 2.2.
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2.3.3 The Who Perspective: Agent Modeling

In addition to the information captured in a Role Activity di agram, there is a need
for the \who" perspective to represent the capability of agents, departments, or other
role-players to perform certain actions and the authority that certain agents have to
perform those actions or to use, consume or modify resourcg$igure 2.3). At an

enterprise level of abstraction, capability and authority may be expressed by de ning
the rights and responsibilities of an agent. For example, a dctor may have rights
to add to a patient's medical record, implying both authority to change an artifact
and the capability to do so, as well as responsibilities suctas making sure a patient's

medical record is kept up to date.
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Figure 2.3: Capabilities, authorities, rights and responbilities of agents

The modeling technique used here is loosely based on the ORDImethod for require-
ments de nition [50] and the CommonKADS Agent Model [186]. Capability, authority,
rights and responsibilities are represented by four di erent types of arc: these arcs are

labeled \can", \may", \has rights to" and \must" respective ly.
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2.3.4 The What Perspective: Data, Information and Resource S

The \what" perspective considers the data and information that are referred to and
the resources that are used, consumed, modi ed, manipulatd or otherwise involved in
the overall process. Cook (op.cit.) argues that "the data achitecture is more critical
than the process architecture because most business proses exist to manage the as-
sets, not the other way around”. She proposes that the enterpise level of the \what"
perspective should contain data classes, which are subckess of global data classes;
the relationships between classes can be de ned using enjitrelationship diagrams. In
practice, these data classes often subsume information si@s summations or categori-
sations as well as data. In this example, data classes mighh¢lude clinical tests and
patients; information represented in data classes might ielude results of tests; and
resources include the machines required for scanning, théhemical solutions required
as \markers" for scanning, and the needles required for extcting uid for an FNAC.
The resources may have associated constraints; for exampléhat use of a scanning
machine requires several weeks notice, or that patients mig be allergic to the iodine-
based \contrast" that is injected as a marker for CT scans. At the system level of
abstraction, where resources, constraints, and informatn artifacts are identi ed indi-
vidually, there are several ways in which resources might ned to be modeled. If the
resources can be grouped into classes, then a taxonomic heechy might be advanta-
geous; for example, it might be helpful to know if scanning mahines belong to a class of
machines that uses X-rays, and if so, whether they belong tole sub-class of machines
that includes automatic cut-outs to prevent overdoses. If adetailed representation of
relationships between resources was needed, then a semantietwork could be drawn.
However, at the enterprise level of abstraction, a more gemal representation is more
appropriate; an entity-relationship diagram could be used but we have chosen to use a
UML class diagram, to represent constraints more clearly. kgure 2.4 therefore shows a
UML class diagram representing a simple hierarchy of resowes and a simple hierarchy

of test results.
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Figure 2.4. UML class diagram: resources and test results

2.3.5 The When Perspective: Schedules

Information about timing of activities and actions is very i mportant in a planning
problem; for other tasks, such as this diagnostic task, thee is less need for such infor-
mation. It is, nevertheless, advisable to draw a PERT chart, GANTT chart, or simple
timeline of activities and any necessary inter-activity dday (such as the waiting list for
scanning appointments) in order to highlight any time-related issues (such as the fact

that the chemicals used for marker solutions have a limited kelf life) or bottlenecks.

Figure 2.5 shows a PERT chart of activities and inter-activity delays; the durations
(which appear at the bottom of the activity nodes) are in hours. It shows the two
bottlenecks in the process (waiting lists for scanning anddr operations) clearly. N.B.
For illustrative purposes, it has been assumed that the \sekct scan type" activity can

be carried out in parallel with awaiting the results of the FNAC.

2.3.6  The Why Perspective: Published Clinical Evidence

The \why" knowledge for a clinical protocol consists of clinical evidence - published

results of clinical trials, meta-studies, and expert opinons. The relative importance
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of di erent types of clinical evidence has been discussed ifil22]. For the small part
of the clinical process that we are considering, the \why" krowledge consists of all
known articles published to date; at the time when this protocol was prepared, there
were eight relevant published articles. Five of them argue dr or against particular
types of scan, the others argue for or (primarily) against famal parotidectomy. These
justi cations can be represented in a rationale diagram; Fgure 2.6 uses and extends
the QOC (Questions, Options & Criteria) notation [119] to re present rationale for the

\Select Scan Type" decision.
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Figure 2.5: A timeline of activities in diagnosing progressve lumps

2.4 Multi-perspective modeling and Knowledge Manage-
ment

In this section, we look at two approaches to characterizingknowledge management
activities: Derek Binney's KM spectrum and Boisot's knowledge asset description
characteristics. Both are considered from the viewpoint ofmulti-perspective modeling

to show the advantages this brings.
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Figure 2.6: Extended QOC diagram showing the rationale for adecision

2.4.1 Binney's KM spectrum

The KM spectrum proposed by Derek Binney [39] identi es siX ways in which knowl-

edge management is typically carried out within organisatons:

Transactional knowledge management

Analytic knowledge management
Asset management

Process management
Development & training

Innovation & creation

The spectrum can be seen in Table 2.4. Note that the spectrumdcuses on highly

codi ed knowledge at the top and highly tacit knowledge at the bottom. Binney also

3 A seventh category, Asset Improvement, is needed for compleeness, to deal with applications that
optimize existing assets; this should appear between Analytic KM and Asset management. See [78]

for a more detailed discussion of this point.
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identi es technologies or methods that are associated witheach of these approaches to

knowledge management, and typical applications that addrss these.

From a multi-perspective viewpoint, Binney has classi ed knowledge management ac-
tivities according to a why dimension (i.e. according to the organisational goal), and
has proposed that this is correlated with awhat dimension (applications) and therefore
also ahowdimension (technologies/methods appropriate for each aplication). A brief
consideration of the remaining three perspectives suggestthat correlations may also
exist on the who perspective with professions (ranging from software/knoviedge en-
gineers to ethnographers/psychologists via librarians ad operations researchers), and
on the when perspective with organisational maturity (older, larger organisations will
focus on best practice and standardisation while newer orgssations may focus on
innovation and creativity). Correlations with the where perspective may occur, but
there's no hard and fast rule; indeed, it may be pro table for an organisation to in-
vestigate why a branch in one country is focusing heavily onrinovation and creation

while another focuses on best practice.

2.4.2 Boisot's knowledge asset description characteristi Ccs

The concept of an |-Space, which measures knowledge assets three dimensions,
is proposed in [12]. Codi cation represents the degree to which knowledge has been
encoded, ranging from zero (it resides in an expert's head ahis so intuitive that he
cannot explain it even to himself) to maximum (it is written d own in a concise logical
format). Abstraction represents the level to which the knowledge has been geneizdd,
ranging from zero (individual and independent speci ¢ cass are recorded) through
to very high (a set of generally applicable principles). And Di usion is similar to
scarcity, in that it re ects the number of people who have acaess to the knowledge.
These dimensions make it possible to establish how far a padular group of knowledge
assets are structured and shared within a given population.They also make it possible

to draw up a value map for the analysis of knowledge assets.
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Table 2.4: Binney's KM Spectrum with associated applicatins and technologies

It is clear that the value of knowledge is increased by abstration (for abstract knowl-
edge has wider utility) and decreased by di usion (because dusion is inversely pro-
portional to scarcity). Codi cation can be a two-edged sword, for increased codi ca-
tion increases the utility of knowledge by making it more conprehensible, but only
for those who do not possess it in the rst place (thus implying increasing di usion).
The swiftness of di usion with modern technology sharpens th edges of the sword;
knowledge can be made widely available to those who need it me quickly, but by

de nition also becomes di used more quickly. The maximum value of an information
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good in the space is therefore achieved when its degree of ¢mdtion and abstraction
are at a maximum; but at this point, entropy level is high because of swift di usion.
Conversely the minimum value of such good is reached either ken di usion is at a
maximum or when codi cation and abstraction are at a minimum. Boisot uses this

analysis to suggest a tripartite classi cation of knowledge assets:

Basetechnologies are well codi ed and have a large di usion acrss industries;

Key technologies are codi ed and usually abstracted, but not y¢ di used and

can be a source of competitive advantage. These technologieare the highest
value technologies. However, the paradox of value is that tB more competitive
value is derived from a key technology, the more precarioussiits status as a key
technology on account of the diusion of know how that using the technology

sets in motion.

Emergent technologies are not yet codi ed, abstracted or diused. It's neces-
sary to develop these technologies for them to become a so@of competitive

advantage.

From the viewpoint of multi-perspective modeling, Boisot's characteristics can be
viewed as follows:

Abstraction is concerned with where the knowledge is appliable;

Di usion is concerned with who possesses the knowledge;

Codi cation is concerned with how the knowledge is stored orpresented.
A brief analysis of the remaining three perspectives sugges that knowledge assets
have no value at all unless they are available when needed, dir content (what) is

actually useful, and they contribute to the goals of the proess or the organisation

(why). So we can conclude that:

a knowledge asset has virtually no value unless it meets cufria of content, avail-

ability at the point of need, and purpose (what, when and why);

its value is modi ed by applicability, form and uniqueness (where, how and who).
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2.5 Multi-perspective modeling and software/knowledge
engineering: UML and CommonKADS

In this section, the relationship between an information madeling method (UML), a
knowledge modeling method (CommonKADS) and the Zachman frenework will be

discussed.

2.5.1 UML and the Zachman framework

UML (the Unied Modeling Language) prescribes a standard s& of diagrams and
notations for modeling object-oriented systems, and desdes the underlying semantics
of what these diagrams and symbols mean. It's a consolidatioof many of the most used
object-oriented notations and concepts, especially the wi of Grady Booch, James
Rumbaugh, and Ivar Jacobson. It has become widely acceptedsaa de facto standard
for modeling information related to software systems, hardvare systems, and real-world

organisations.

UML o ers nine diagrams with which to model systems:

Use Case diagram for modeling the business processes;

Sequence diagram for modeling message passing between alge

Collaboration diagram for modeling object interactions;

State diagram for modeling the behaviour of objects in the sgtem;

Activity diagram for modeling the behaviour of Use Cases, oljects, or operations;
Class diagram for modeling the static structure of classesni the system;

Object diagram for modeling the static structure of objectsin the system;
Component diagram for modeling components;

Deployment diagram for modeling distribution of the system.
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These diagrams represent di erent perspectives. The Actiity diagram represents
\how" (processes); the Sequence diagram represents \when(brdering); the Collabora-
tion diagram represents \where" (interactions); the State, Class and Object diagrams
represent \what" (concepts and states, static or dynamic); and the Use Case diagram,
despite claiming to model business processes, actually mels the links between busi-
ness processes and their agents, and therefore representgho” rather than \how". As
for the Component and Deployment diagrams, these representhe same perspective
(\what", in the sense of \what parts are required") but at di erent levels of detail; it
can also be seen that the Class and Object diagrams represetwo di erent levels of

detail of the \what" perspective.

The Zachman framework therefore implies that UML is a reasomble complete model-
ing method in terms of the perspectives that it covers, excepthat there is no specic
facility for modeling rationale and justi cations (\why") . However, UML only ex-
plicitly covers two or three dierent levels of detail, and so it is likely that a full
set of UML diagrams to support organisational analysis and sftware development
would require extensive decomposition, or repeated use ohé same UML diagrams
to capture information at each level of detail. It's also worth noting that UML sep-
arates static taxonomic information (classes/objects), d/namic information (states),
and parts (components) under the \what" perspective, a distinction that is not made

clearly by the Zachman framework.

2.5.2 CommonKADS and the Zachman Framework

CommonKADS [147] is a collection of structured methods for lilding knowledge based
systems, analogous to structured methods for software engéering; as such, it provides
an enabling technology for the analysis of acquired knowlege and the design of knowl-
edge based systems. It was developed between 1983 and 1994twa projects funded
by the European Community's ESPRIT program. CommonKADS proposes that up to
six models (some with several subcomponents) should be ddeped in order to repre-
sent the knowledge management and knowledge engineeringqaress from application
selection through to developing a design speci cation for aknowledge-based system.

These models are;:
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An Organisation model which represent the processes, striigre and resources
within an organisation, with the aim of identifying fruitfu | areas for better ap-
plication of knowledge. The organisation model has variousuggested subcom-
ponents: these include a diagram of the organisation's streture, a diagram of
its important business functions, a \power and authority" d iagram (recognizing
that such relationships are not always de ned by the organistion structure), and

diagrams of various resources [45].

A Task model to show the activities carried out in the course d a particular

organisational process;

An Agent model to represent the capabilities required of theagents who perform

a process, and constraints on their performance;

A Communication model to show the communication required béween agents

during a process;

An Expertise model, which is a model of the expertise requiré to perform a
particular task. This has three major subcomponents: domain models which
represent concepts and their relationships; an inferencetsicture which records
the inference processes required during problem solving;nd a task structure
which accompanies the inference structure to describe ordimg of the inference

processes and other control features.

A Design model, which culminates in a design speci cation foa knowledge based

system to perform all or part of the process under consideraon.

The way the models relate to each other as shown in Figure 2%7 It can be seen
that the models are considered to represent four dierent sages in the knowledge

management/knowledge engineering process:

1. The Organisation model is used for identifying organisaibnal strengths, weak-

ness, opportunities and threats;

4 N.B. The distinction between \within a task" and \between ta  sks" for the Agent and Communication
models is an extension to CommonKADS proposed in [100]
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2. The Task and Agent models are used to analyse a key businegpsocess and to
select a task within that process that would bene t from being supported by a
knowledge based system or another knowledge based artifa#.g. a good manual

or an interactive training program);

3. The Expertise model captures, records and structures th&nowledge that is used
to carry out that knowledge based task, while the Communicaton model records

the interactions that take place during the task;

4. The Design model records decisions made about how each fttion and concept
in the Expertise model can be implemented, and draws on the Gomunication
model as well for interface design. It then brings these reaamendations together

into a structured design speci cation.

Context/ Organisation
Scope Model

Agent Model Communication
Context/

. Task Model (between Model (between
Enterprise

tasks) . tasks)

Knowledge s Agent Model "+ communication
(Expertise) (within a Model (within
Model task) atask)

Concept
(System)

Artifact Design

(Technological) Model

Figure 2.7: Relationship between the various CommonKADS mdels

These models can therefore be seen to cover the top four legebf the Zachman frame-
work. The Organisational model represents the Scoping leve and its various sub-
diagrams cover the \who", \how", and \what" perspectives. T he Task, Agent and
Communication models represent individual perspectives tfow, who and where) at
the Enterprise level. The three components of the Expertisemodel represent the
\what", \how" and \when" perspectives at the System level; t hese can be coupled
with \within task" versions of the Agent and Communication m odels to model the
\who" and \where" perspectives as well. Finally, the Design model represents the
transformation of the Expertise and Communication models nto a high level design

speci cation at the Technology level.
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Comparing this analysis against the Zachman framework, it an be seen that Com-
monKADS provides more comprehensive coverage of the cell§ the Zachman frame-
work than UML does. However, neither UML nor CommonKADS provide an explicit
representation of the \why" perspective; and neither method represents the lowest two
levels of the Zachman framework. With these exceptions, hoever, CommonKADS
seems to be capable of representing almost everything thathe Zachman framework
recommends. It's also worth noting that the Expertise model carries the responsibil-
ity of representing the transformation from the System levd to the Technology level,
which was identi ed above as a knowledge-intensive seleain operation rather than a
re nement operation, and that the Expertise model is usually the model that is devel-
oped in most detail by CommonKADS users, with its three subcanponents (domain,

inference and task) each represented by a number of diagrams

2.6 Deriving software/knowledge engineering principles
from meta-analysis of the Zachman framework

2.6.1 Meta-analysis of the Zachman framework: Perspective S

It's obvious that the Zachman framework is a 2-dimensional ategorisation of informa-
tion and knowledge. If it is assumed that each of the six \who,what, how, when, where
and why" perspectives can be represented on an ordinal or cagorical scale, then the
2-dimensional nature of the Zachman framework implies thatit only represents two out
of six perspectives. Since the columns of the Zachman framenk describe di erent
categories of knowledge while the rows bear a strong resenapice to a design pro-
cess, the Zachman framework seems to represent the \what" ah\how" of knowledge

representation.

If the Zachman framework was extended to six dimensions, whashould appear on the
four new axes? Here are some suggestions, with speci c reégrce to the representation

of knowledge assets:

Where: Knowledge sources, such as: experts, protocols, texmachine learn-
ing/data mining. In this case, the \where" perspective would be a nominal

dimension (like the perspectives) rather than an ordinal dmension (like the lev-
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els of detail). It might be bene cial to introduce some ordering criterion, such as
\perspicacity of knowledge" (high for experts, low for machine learning) or \can

be automated" (low for experts, high for data mining).

Who: Involved agents - expert users, lay users, funding soges, project man-
agers, experts, programmers, senior management. Zachmanexamples of the
framework assume that these professions are correlated vitthe columns of the
framework, but this is not always going to be entirely accurae, and so provisions
should be made for modeling the interests and involvement ofarious professions.
Again, this is a nominal categorisation rather than an ordinal or cardinal dimen-
sion. An obvious ordering criterion is the level of detail they are likely to be
concerned with, so senior managers and strategists would gear at one end of
the scale while programmers or bricklayers appear at the otbr end. Other order-
ing criteria might include \importance to the project” or \d egree of involvement

with the project”, which could be used to assess project risk.

When: The \when" perspective represents both time constrants (schedule, tim-
ing description) and also other constraints that control processing of the steps de-
scribed in the \now" perspective (processing structure, catrol structure). Since
the meta-how dimension is represented by the rows of the Zachan framework,
the meta-when perspective must represent constraints andriteria for moving
from one level to the next. These might include achieving ageed criteria in de-
scribing a level, completing enough to achieve the requiredunctionality at the
next level, or simply reaching the point in a schedule where he handover must

take place.

Why: reasons that knowledge must be represented. These miglnclude knowl-
edge archiving (a key expert is leaving the company), standalisation of practice,
knowledge discovery (e.g. identifying connections betwaetwo knowledge sources
that had never been noticed before), knowledge distributio (getting knowledge
gained from many years' experience to practitioners who lak that experience),
or simply knowledge organisation (e.g. a taxonomy or ontolgy is required to
facilitate future operations). A possible ordering criterion would be a nancial

one, based on the opportunity cost of not gathering the know¢dge; this would be
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company-speci ¢ to some extent, but knowledge archiving idikely to score highly

in many cases, while knowledge organisation will be more dicult to quantify.

This six-dimensional framework is capable of representingnultiple views of the same
artifact (meta-what), at multiple levels of details (meta- how), according to di erent
agents' possibly conicting perceptions (meta-who), drawing on various knowledge
sources (meta-where), under various constraints (meta-wén), and for various purposes
(meta-why). It is, of course, unlikely that all six dimensions will be represented fully
in any single project because of the e ort involved in repregnting a framework with
6° cells, but this is often not necessary. Assuming that the twodimensions of the
\normal" Zachman framework are always required, a problem iequiring negotiation of
con icting opinions (as discussed in section 2.2.4), for eample, will require the meta-
who dimension to represent the di erent views of the di erent agents alongside one (or
both?) of the original two dimensions. A problem concerningorganisational priorities,
on the other hand, might require a meta-why dimension, to desribe the e ect on the
knowledge, resources and processes of the company of varsoarganisational emphases.
And a problem concerning resource allocation might use the mta-when dimension to
consider di erent views of the workloads that can be allocatd to particular tasks. Only
the most intractable problems - for example, di erences of @inion that are actually
based on di erent views of organisational priorities - are Ikely to require four or more

dimensions.

Applying this analysis to knowledge management (as illustated in Figure 2.8), it is
possible to derive a large part of the information that is nealed for initiating a successful

knowledge management project:

The need for knowledge management in a particular area is usily determined
by the desires or requirements of various agents - senior magers or funding
agencies who want to see certain knowledge made more widelyailable, or users

and programmers who need knowledge that is not available totiem.

The best way of implementing knowledge management can be dieed from the
meta-where perspective (i.e. where the knowledge resides present) and the

meta-why perspective (what is this exercise trying to achiee?). If the purpose
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of the knowledge management exercise is to standardize on $tepractice or to
archive knowledge, then a knowledge engineering approack a good idea; if the
main purpose is knowledge discovery or innovation, then thee are strong argu-
ments for an approach that uses data mining rather than knowedge engineering,
or even for an approach that does not \capture" knowledge at d, but merely
facilitates communication (possibly via an intranet) in order to allow new knowl-
edge to emerge from interactions among key individuals. Ser8] for further

discussion of the mapping of knowledge management approaeh to goals.

Feasibility and risk assessment can be derived by comparisowith past projects
with similar features. Also, available skills within the or ganisation and activities
that need to be carried out for successful knowledge managemnt can be mapped

to identify organisational strengths and weaknesses.

Meta-who
& Meta-
Lay users Enowledge  why
organisation
Expart
users Enowledge
Funding distribustion

agenciss
Enowledge
Project dizcovery,

managers Standardising

Demain practice
SHpEILE

Enowl edge
azchivin

Senior

managers

Programmer

Meta- o Meta-
where ™ Data Frotocols  Temt Experts o what
what how whe when where whgr
Faa=ikil iry Scoping
=rudy
Analyssd . )
knowl adge TEEIpTise
Te=ign
specificatie Symtam
Inplemented
code Technology
Meta- Bub - component
when
Inplementation
k]
MHeta-how

Figure 2.8. A meta-perspective view of the Zachman framewdx (with an emphasis on
knowledge management issues)
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2.6.2 Meta-Analysis of the Zachman framework: Levels of det ail

There is one more meta-level of knowledge modeling to consd. We have considered
whether the Zachman framework itself represents a full rang of perspectives - the
columns of the original Zachman framework { and suggested tht a six-dimensional
framework might be required rather than a mere two-dimensimal framework. So we
now need to consider whether the Zachman framework itself stuld be subject to
multiple levels of detail. In other words, is this Zachman framework only one framework

in a set of six, each of which is a specialisation, re nement orealisation of another?

In principle, the answer is \yes", but the sheer number of cels in meta-frameworks
(up to 67, allowing for meta-perspectives) makes this concept overlielming both to
analyse and to use. To make this discussion tractable, we wifocus on only one of the

six perspectives - the \how" perspective.

Meta-analysis of levels of abstraction: the \how" perspect ive

This chapter has claimed that the levels of detail in the orignal Zachman framework

actually represent a design process; when considering kntsdge assets, this might
begin with a \knowledge management” task (is the developmen of this knowledge

asset feasible?) through a \system" level (exactly what wil be developed?) and a
\technological" level (design speci cation) to a \functio ning enterprise" (i.e. some
kind of implementation). Yet the output of each of these stages is itself a knowledge
asset of some description: a feasibility study, a set of knoledge models, a design
speci cation, or an e cient and robust implementation. It t herefore seems that each
of the key stages (feasibility, analysis, design, implemdation) can be decomposed into

a series of sub-tasks.

Let's assume that the knowledge asset to be represented is atinostic expertise for
personal computers, in the context of a help desk. This knowddge asset will probably
appear at the System level in a \normal" Zachman framework, wth the following

instantiations of the di erent System level perspectives:

\Who": the technicians, the help desk operators, the knowlalge engineers and
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the management in the help centre;
\Where": technicians' experience, previous call logs, andsystem manuals;
\What": PC components, common faults, and known solutions;

\How": probably a combination of gathering routine informa tion and asking

guestions to narrow down the fault - a technique known as \coer-and-di erentiate";

\When": determined by the organisation's requirements on the help desk - an
example requirement might be \If you can't solve it in 5 minut es, refer it up-

wards";

\Why": to make the technicians' expertise available to help desk operators.

The tasks that must be carried out to turn this knowledge asse into a working knowl-

edge based system include knowledge acquisition, knowledgepresentation & analysis,
KBS design, and KBS implementation. Each of these requirestree or four subtasks
to be carried out by knowledge engineers. Knowledge acqut#n requires determin-
ing the feasibility of acquiring knowledge from various souces; determining which KA
technique(s) to use; designing a knowledge acquisition seldule; and carrying it out.

Knowledge representation & analysis requires determininghe feasibility and utility of

using various knowledge modeling techniques; deciding howarticular items of knowl-

edge should be represented; and producing knowledge modelKBS design starts
by determining whether it's advisable to use a recognized Alparadigm (e.g. model-
based reasoning) throughout the design; continues by choow a design approach (e.g.
object-oriented design); and produces a design speci cath. And implementation of

the system is essentially a software engineering task, andniplementers must consider
the feasibility of using di erent programming approaches to implement the design
speci cation; do some prototyping to determine if these prggramming approaches are
e cient (or even possible) in the chosen programming languaje; produce a detailed
design speci cation (or at least, add comments to their cod¢ and generate usable

code (by compiling, testing, or whatever).

If the form of the knowledge asset was something quite di erat - case histories stored

in a database, perhaps - then the stages followed would be dérent, but would still
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decompose in the same way, In this case, KBS development mighe replaced by data
mining. Knowledge acquisition, representation, analysisand design would be replaced
by selection of a suitable data mining algorithm, pre-procesing of the data, selecting
algorithm parameters, and applying the algorithm, plus additional steps needed for
creating and applying a test suite to the results. All of these tasks decompose into
subtasks; for example, any selection task breaks down intotdeast three stages (col-
lecting data about the target and the selection set, matchirg that data against each
member of the selection set, and choosing the one with the ophal match results),

while pre-processing of data requires one or more of data @aing (removing or reduc-
ing noise, inconsistencies, and incompleteness), data iegration (merging data from a
number of sources), data transformation (into forms more sitable for the algorithm

in question) and data reduction (to manageable volumes).

So it can be seen that each stage of development of the \how" gepective in a normal
Zachman framework can be decomposed into a sub-process. Faer, we can see that
each series of subtasks follows a pattern that more or less mesponds to feasibility-
analysis-design-implementation, which (roughly) correponds with the six levels of de-
tail in a Zachman framework. So we can claim that the Zachmanifamework can always
be decomposed into lower levels of abstraction. This conceps illustrated in Figure

2.9.

Supertasks of the \how" perspective

Having seen that the Zachman framework decomposes downwasddoes it also ‘com-
pose' upwards? It has been claimed that the supertask of the how" perspective of a
typical Zachman framework could be \knowledge engineering or \data mining". In
practice, however, it's rare for any software system to be deeloped once and to be de-
clared complete; instead, systems are developed in incremis of functional capability
(progressing from a \proof of concept" system to a \prototype", \alpha test", \beta

test”, and eventually to \version 1.0").

It can therefore be considered that the development of eachncremental version of the
system is a supertask of the \typical" Zachman framework. That is, for each version

of the system, the entire feasibility-analysis-design-inplementation process must be
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Figure 2.9: Decomposing di erent stages of the \how" perspetive in a Zachman frame-
work

followed. Moreover, the \proof of concept” can be viewed as avay of determining the
feasibility of the system, while the prototype can be seen aan aid to analysis, and so
on; so the task of \developing a functioning software systerfican be seen as a further

level up the meta-Zachman framework.

Deriving project lifecycle models

So it has been demonstrated (for the \how" perspective) thatthe Zachman framework
itself can be usefully considered to have at least four level of abstraction. Since we
derived a number of knowledge management considerationsdm our meta-analysis of

perspectives, can we derive anything useful from this analsis?

I will claim that at least two di erent approaches to managin g project lifecycles can
be derived from this. The rst is the \waterfall* project lif ecycle. The \waterfall"

(Figure 2.10) assumes a sequence of activities with de nednputs and outputs and
no iteration; i.e. feasibility, analysis, design and implenentation are performed once,
in sequence. This can be considered to correspond to the \hdwperspective of the

\typical" Zachman framework. However, this approach has been criticized for its
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in exibility, and other approaches have been suggested.

| Imtialization ‘

i
L. '{ Implemeutdlmn |
Feedback nat f

wanted Teunng |

| Installation |

-

| Maintenance |

Figure 2.10: The waterfall lifecycle model

One of these other approaches is Boehm's spiral lifecycle mdel [11] (Figure 2.11), in
which a series of activities (under the four general categaes of review, risk, plan and
monitor) are carried out, and the end result is a new incremetal development of the
system; the stages in the lifecycle are then repeated for th@ext incremental stage.
This approach can be derived from the meta-analyses of the Zhman framework; the
concept of incremental development and the four overall stges can be derived from
the multiple levels of abstraction of the \how" perspective of the Zachman framework,
whilst the speci ¢ activities that are carried out on each it eration can be derived from

the meta-analysis of the perspectives.

So it can be shown that recognized project management life@jes can be derived from
this meta-analysis of the levels of detail in the Zachman franework. This supports the
contention that the Zachman framework is indeed a good struture for representing

both knowledge in general, and knowledge about software dedopment in particular.

2.7 Discussion

The thesis of this chapter was that the perspectives and levs of the Zachman frame-
work can represent any knowledge asset. We have seen that theamework (when

understood from a \crystallography” viewpoint) can represent all the knowledge (and
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Figure 2.11: Boehm's spiral lifecycle model

more) required by a major software engineering method (UML)and a major knowledge
engineering method (CommonKADS). This implies that, for practical purposes (i.e.
representing a knowledge asset in order to develop or distsute it), multi-perspective

modeling based on the Zachman framework is indeed capable oépresenting all the

knowledge required about a knowledge asset.

In terms of guidance provided to developers of knowledge stams, the development
of several knowledge models covering di erent perspectiveprovides an excellent basis
both for analysis (has all the relevant knowledge been acqued?) and for design (by
preserving the structure of the models, which in turn shouldre ect the experts' way
of thinking). While modeling clearly eliminates some information that is considered
irrelevant, multi-perspective models run far less risk of éiminating information that
might be important. KM researchers who claim that any elimination of information is
potentially fatal to obtaining a holistic understanding of shared knowledge should note
that Binney's KM spectrum demonstrates that the term \knowl edge management" ac-

tually covers a range of applications, and probably of di erent types of knowledge, and
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that \holistic views of shared knowledge" are probably only necessary for applications

that fall into the Innovation & Creation category in the spec trum.

The Zachman framework is also shown to be a robust frameworkof software de-
velopment because meta-analysis of it is able to derive comom software engineering
approaches. Further work on meta-analysis of perspectivesther than \what" and

\how" also shows how key considerations can be modeled as robe.

One issue that was raised by the analysis of UML and CommonKAIL$ was the absence
of any facilities to model \why" knowledge. The main reason ®ems to be that there
are always at least two answers to the question \why are you dimg this?" - one
that justi es the process being used and the other that descibes the goal that is being
sought. In the former case, modeling the "why' perspectivesi bene cial, though is often
only conducted in situations when the validity of rules or laws are under discussion. In
the latter case, the answer to most 'why' questions within the context of the Zachman
framework is \in order to achieve the next level up in the framework". For example, the
goal of a house designer is to provide the owner with the desid oorspace at su cient
strength. In such cases, there is no need for explicit modelsf ‘why' knowledge; all that
is needed is some pointers to levels above. Further work on rtteods and applications

of 'why' knowledge is suggested.

This chapter has shown how the Zachman framework can be usedan overall structure
to support knowledge management and knowledge engineerind he next chapter will
look at whether this structure can be used in conjunction with an ontology to provide

a rich description of knowledge.



Chapter 3

Multi-perspective Ontologies:
Resolving Common Ontology
Problems 1

3.1 Introduction

Ontology - the theory of objects and their relationships - has become a hot topic
in recent years. One reason is that organisations that have rdered into knowledge
management have discovered the need to classify their knoedige in a manner that is
both accessible to users and robust enough to represent dirent types of knowledge
in a coherent manner and have developed taxonomies (ontologs that use only the
IS-A relation) to address this need. Another reason is that dject-oriented software
development, which is a widely used approach to producing gtware, requires an un-
derstanding of ontological principles: authors in the eld have claimed that \a clear
understanding of ontology helps to avoid the introduction of accidental, as opposed to
essential, objects”, and \the exploding interest, both theoretical and practical, in the
development of object-oriented languages ... has led comper science squarely into
the business of doing research in ontology. This is an unavdable conclusion of taking

a serious look at practice" [74] [157].

However, attempts to develop taxonomies for classi cationpurposes have run into var-

ious di culties, and it has been recognised that taxonomies and ontologies in general,

! Originally published in Expert Systems with Applications, 34, 1, 541-550, Jan 2008
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su er from a number of problems in practical situations. These problems do not pre-
vent usable ontologies from being developed, but they do makit di cult to develop
ontologies in a standardised manner; this reduces the extesibility and reusability of
ontologies, and makes it particularly di cult to merge onto logies created separately,
even if they address the same areas. This chapter outlines aapproach to ontology
development based on multi-perspective modeling that is ale to resolve some of the

common problems that arise in ontology development.

3.2 Multi-level Ontologies

The working de nition of an ontology being used in this thesis is that de ned by
Gruber [75]: an ontology is an explicit speci cation of a corceptualisation which, in
knowledge engineering practice, equates to the de nition bwhat can be represented

within a computer program.

However, there is considerable debate about the exact de tion of ontology and on-
tologies. Guarino and Giaretta [77] present 8 de nitions that are in use in the literature

today:
1. Ontology as a philosophical discipline;
2. Ontology as an informal conceptual system;
3. Ontology as a formal semantic account;
4. Ontology as a speci cation of a conceptualisation;

5. Ontology as a representation of a conceptual system via aogical theory

(a) characterized by speci ¢ formal properties;

(b) characterized only by its speci c purposes;
6. Ontology as the vocabulary used by a logical theory;

7. Ontology as a (meta-level) speci cation of a logical theoy.
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Guarino and Giaretta favour interpretation 5a - an ontology is a logical theory, char-
acterized by speci ¢ formal properties. This is because tt8 de nition ts with three
common technical uses of the term \ontology": meaning an onblogical theory; a spec-
i cation of an ontological commitment; or a conceptualisation. However, they also
give some credence to the other interpretations, because twlogies typically exist at
di erent levels. For example, de nition 1 tries to answer th e question \What are the
features common to all beings?" and results in a generic ontogy that is common to

all domains but describes very little that is speci ¢ to any domain.

The practical implications of this (heavily abbreviated) discussion are that ontologies
can be separated into core ontologies (meta-descriptionsf @ntological terms), general
ontologies (de nitions of common sense concepts) and domaispeci ¢ or company-
speci c ontologies. The remainder of this chapter is concaered with domain or company-
speci ¢ ontologies, unless stated otherwise, for these arthe ontologies that are most

obviously useful for knowledge management.

3.3 Problems with Ontologies

So what are the main problems that arise with such ontologie® A selection of problems

is outlined below, drawn from [35] and other sources.

3.3.1 IS-A overloading

\IS-A overloading" [128] is the use of the IS-A relation to carry multiple meanings
in a single taxonomy. Guarino identi es ve such misuses fran a survey of popular
ontologies: confusion of senses (for example, in Mikrokosms, a window is both an
artifact and a place); reduction of sense (e.g. in Panglossa person is both a physical
object and a living thing); overgeneralisation (a place is aphysical object in both
Mikrokosmos and WordNet); suspect type-to-role links (in WordNet, a person is both
a living thing and a causal agent); and confusion of taxonomg roles (both Pangloss and
Penman o er a taxonomy of qualities, but qualities are better represented as properties
only rather than as concepts). While these misuses may re dcaccepted practice in

natural language (for example, the term 'window' can refer déther to a single window
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pane, a connected set of multiple panes, or the space that panoccupies), they can
cause great di culties in accurate ontological classication, and they make logical

inference across multiple ontologies very di cult.

3.3.2 Inaccurate expert responses

Another problem that arises from loose use of natural languge is that ontological
guestions supplied to knowledge experts may be answered iorectly, either through
the experts misunderstanding the question or misunderstading the ontological impli-
cations of their answer. For example, experts who are askedPlease give a subclass
of X i.e. tell me something that is a X" may answer with a superdass of X; they may
provide a member of the class X rather than a subclass; or theynay supply a concept
that is related to X by some relation apart from IS-A, such as naming subparts of an
object (e.g. giving \engine" as a subclass of \car"). These dults are multiplied when
developing ontologies other than taxonomies; for exampleasking experts \what causes
A" sometimes elicits a response of the form \A causes B", whi¢ asking experts \how
do I do C" (aiming to elicit subtasks of C) may bring the response \Well, rst you do
D and then E, and then you can do C". So the di culty for the onto logy engineer lies
in transforming the answers provided by experts into a validtaxonomy or other type

of ontology.

3.3.3 Levels of detail and inferencing bias

Inferencing bias occurs because it's not practical to de neall ontologies at a universally
accepted \primitive" level - which, most people would agree corresponds to an atomic
or molecular level. However, the level of detail that is appopriate is usually determined
by the problem being tackled rather than the domain. So di erent ontologies of the
same domain may be incompatible because they were developéd solve di erent
problems. As an example, let's consider ontological de nitons of colour. In this
case, there is probably general agreement that a 'primitivede nition of colour should
consist of the intensity of light of di erent wavelengths th at is re ected or emitted
by the 'coloured' objects. However, while an ontology for plysicists may require this

level of detail, photographers and artists only need an onttbgy that speci es colour
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as a concept with properties such as hue, brightness and intsity, and a car salesman

probably views colour merely as a property of the cars he sl

These varying levels of detail would be less of a problem if tbre was agreement on how
to combine 'primitive’ de nitions into higher level concep ts. This is de nitely not the
case for colour, however; in a project to build an ontology ofart objects for Interpol
[193] [172], the researchers discovered that colour termssad to describe paintings
are entirely di erent to the colour terms used to describe ceamics [Wielinga, personal
communication]. In practice, colour is an exceptionally had concept to de ne, because
its 'categories' are actually composed of arbitrarily de ned points on three continuous
dimensions (red, green and blue light); the philosophical &rm for this is that colours
are determinableconcepts as opposed tdeterminate concepts. So perhaps the problem
of inferencing bias is more acute for colour and other deterimable concepts (such as
geographical location or price) than for determinate concpts such as physical objects.
For ontological engineers, inferencing bias is an inescapke fact that should, at least,

be identi ed when building an ontology.

3.3.4 Dependence relations

As stated above, experts who are asked to give subclasses ofhcept X will often answer

with concept Y, which is related to X in some other way. Typically, the reason is that

concept Y depends on X in some fashion. Corazzon [35] ident&s many kinds of depen-
dence relations, including dependencies between levels dality, between wholes and
their parts, between parts, between wholes and their enviraments, between wholes,
and between particulars and determinations. However, it isdi cult to model these

relationships clearly in any ontology, and well-nigh imposible in a taxonomy.

3.3.5 Particulars

Taxonomies often represent particulars (i.e. individuals or individual objects) well, but

struggle with other types of concept, such as Processes, Qups, or Stu (substances
described as \an amount of" rather than \a collection of" - water is a good example).
But the need to represent these concepts in ontologies has be clearly identi ed (see

e.g. [113]). So what is to be done about these issues? In thextesection | will describe
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an approach to ontology development that can address at ledsome of these problems.

3.4 Multi perspective ontologies

Imagine that you have been asked to rent a DVD to watch that will be appropriate for
yourself and ve friends. When asked for their preferencesthe rst friend wants to see
action, horror or science ction; the second wants innovative special e ects; the third
wants something that wasn't Imed in the USA; the fourth asks for a Im made fairly
recently - \not a classic oldie"; and the fth wants a Im that features her favourite
actor, who turns out to be Keanu Reeves. You may not realise it but you have been
given a multi-perspective classi cation problem. Each of your friends classi es Ims in
a di erent way (or at least, prioritises their classi catio n of Ims in a di erent way);
one careswhat genre of Im it is, another how the Im was made, another where it
was made, the fourth when it was made, and the fth whois in it. As you stroll
away from the shop with a copy of The Matrix in your hand, it occurs to you that
these di erent classi cations map neatly to the di erent pe rspectives on information
and knowledge proposed in another matrix - the Zachman frameork for Information

Systems Architecture.

The Zachman framework suggests that multiple perspectivesnd multiple levels of de-
tail are needed for full-scale knowledge representation. iBce organisational ontologies
already exist at multiple levels of detail (domain, general and core ontologies), the
main message of the Zachman framework for developers of ongigational ontologies is
the need to develop ontologies from di erent perspectives.Continuing the cinematic

example, ontologies of Im genres can be obtained from Yahogwww.yahoo.com) and
from the Internet Movie Database (www.imdb.com). It can be seen that these ontolo-
gies attempt to address the multi-perspective problem by poviding a range of ways
of searching for Ims; the Internet Movie Database (see Tabk 3.1) allows searching
for Ims by genre, co-stars, location, or release date, thuscovering the ‘'what', ‘who',

‘where' and 'when' perspectives proposed by the Zachman fr@mework, while Yahoo
(Table 3.2) o ers a broad range of categories that cover not ist Ims themselves but

also related information (reviews, spoilers, fan ction, dnemas, etc.). In fact, a de-

tailed examination shows that both ontologies provide indeing on all six perspectives
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Top Titles On qur Top Mavies page you can find links to all sorts of "tops”
lists. Whether it's top grossers at the box-office, top renters at
video stores, or top flins in genres & decades based on user
votes, you can find it there

Search by Our User Ratings Browser duplicates sorme of the tops/battams

Ratings lists fram the Top Mavies page plus it allows you to search for
rrigvies that fall within a certain user ratings range. You can also
specify a genre and year or range of years... or not.

Titles by Find titles and other information categorized by year from 1892

Year to the present and beyond

Titles by Find titles based on the country of origin for a title. This is nat

Country based on the filming loc ations but the country that produced it

Titles by Find titles based on the language in which they wers filmed.

Language

Titles by Find titles based on their genres

Genre

Titles by Using the Search and Browse By Level features in our Filming

Location Locations Browser allows you to ind firms bas ed on their filming
locations.

Titles by Find titles based on release dates, copyright holder, etc.

Business

Information

Titles by Use our database of over 300 awards ceremonies and film

Awaris festivals to find the tithes that have been nominated, selected
andlor hopored by each event.

Titles by A keeyword can describe a plot theme [ie. beach) ora more

Keywords esoteric notation (e, sexuel). Our keywards browser will allow
you to peruse a list of keywards in use as well as searching for
titles whose keywords match one of more that you select

Titles by Our complex name search allows you to enter the names of twa

Co-Stars or more peaple and finds all the tiles where they're bath listed.

Table 3.1: Classi cation of Ims, as provided by the Internet Movie Database

suggested by the Zachman framework; the Internet Movie Dathase o ers a keyword
search facility that can be used to browse the 'how' or ‘why' perspectives, while Yahoo
o ers a particularly rich indexing of the ‘why' perspective , by o ering categories such
as 'Made-for-TV movies' "Theory and Criticism’, 'History' and 'Cultures and Groups'.
Both ontologies also o er an additional domain-speci c perspective of identifying the
'‘best' Ims, according to box o ce ratings, critics' choice s, or votes by users of the

website.

What this discussion highlights is that, in practical ontol ogy building, there will almost
always be a need - or at least, a demand from users { to represenon-taxonomic meth-
ods of classi cation. This chapter proposes that the best wg to clarify these various
classi cation methods is to build separate ontologies bas# on separate relationships.
The need for separate ontologies can be identi ed accordingp the relations that need
to be represented. Relations that are typically associatedvith each of Zachman's six

perspectives are suggested below:

WHAT perspective: is-a (taxonomy), part-of (mereonomy)

HOW perspective: achieves(goal), transforms, creates/destroys any term re-
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By Eegion

Actors & Actresses
Lrards

Box Office Eeports
Cultures and Groups
Jenres

Independent
Made-for- TV mowvies
Crganisations

People

Eatings

Eeviews

Screenplays

Studics and Production Companies
Theory and Criticism
Titles

Table 3.2: Classi cations of Ims (as opposed to Im-related topics) provided by Yahoo

ecting a speci ¢ action ( selects, matchesetc);
WHO perspective: plays-the-role-of, responsible-for, has-rights-tp
WHEN perspective: precedes/follows(possibly with time intervals speci ed);

WHERE perspective: location, connected-tq or terms re ecting geographical

relationships (close-to, south-of etc);

WHY perspective: causes, justi es.

Note that the suggestions above are intentionally limited to those that relate two
items of the same typé& { for while there are many relationships between items of
di erent types (e.g. relationships between agents and the &sks they are responsible
for), it is usually unproductive to use these as a basis for @ssi cation, since these
relationships are typically temporary assignments ratherthan inherent characteristics.
Further examples of existing ontologies are given in the nexsection, showing how

multiple perspectives can enrich the representation of edt of them.

2 with the possible exception of the HOW perspective - for exam ple, matches relates 3 items, 2 of the
same type and one Boolean value
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3.5 Multi-perspective ontologies - Examples

3.5.1 Example 1: Scienti c Knowledge Management

A worked example of multi-perspective ontologies is drawnrfom a top level ontology of
\Scienti c Knowledge Management" (i.e. academics, their projects and publications),
whose development was discussed in [87]. The ontology in iturrent form is shown in
Figure 3.1. This ontology was designed based on several pgiples, but the main ones
were to tin with two existing upper level ontologies: one from the Open University,
whose top level categories wergangible Thing, Intangible Thing, and Temporal Thing,
and one from the Ontoclean ontology, the top level of which casisted of six categories:
Abstraction, Quality, Aggregate, Feature, Object and Event. It was decided that the
OU's three categories should represent the top level of therdology and the Ontoclean
categories should represent the second level. The conceptsat had to be classi ed,

and their classi cations in the above scheme, are as follows
Documents, publications, etc. - Objects (Tangible Thing);
Conferences, workshops, seminars - Events (Temporal Thing
Research groups, universities, funding bodies - Organisins (Tangible Thing);
Students, professors, supervisors - People (Tangible Thiy;
Research areas (Generic Areas of Interest) - Abstractionsliitangible Thing);
Projects, grants - Tasks (Temporal Thing).
These top level categories are reasonably well separatedbfin a multi-perspective view-
point. Objects address the WHAT perspective, People and Orgnisations address the
WHO perspective, and Tasks (which are a subcategory of Eventnot shown in Figure
3.1 for reasons of space) address the HOW perspective. The V&N and WHERE per-

spectives are also addressed to some extent, by the categesi of \Temporal Things"

and \Aggregates", respectively.

However, this ontology is not perfect, because it attempts 6 use taxonomic links

to represent relationships that are not truly taxonomic. For example, Kingston [99]
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® (C) Intangible_Thing
@ (C) Abstraction
- '@ Generic_area_of_interest
(T) Method
(©) Quality
@ (C) Time_Entity
® (C)Tangible_Thing
(C) Aggregate
@ (C) Object
@ (T LifeForms
@ (C)Person™
@ (T) OrdinaryOhject
@ '@ Information_Bearing_Object
@ (C) Document
@ (C) Publication
(C) Recorded_Audio
(C)Recorded_Video
(C) Technology
@ (C) SocialGroup
@ (C) Organization ™
(C) PhysicalB ody
@ (C) Temporal_Thing
@ (C) Event
® (C) Generic_Agent
@ (C) Legal_Agent
@- (T Organization™
@ (C) Person™

Figure 3.1: Current ontology of Scienti c Knowledge Management

pointed out that Publications are not really a subclass (i.e in a taxonomic WHAT
relationship) to Documents but are dependent on (the existace of) a document. This
can be resolved using multi-perspective ontologies by statg that publications express
WHERE a document can be found in the public domain. This allows the dependence
to be expressed, as well as correctly allowing more than oneuplication of a single
document. Similarly, Methods are taxonomically classi ed as Abstractions but are
more commonly thought of in terms of the goal that they can acheve, and this can

be captured in an ontology for the HOW perspective. And Peopé and Organisations
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may be classi ed taxonomically as Legal Agents, but as Guamo highlighted in his
discussion on IS-A overloading, they actuallyplay the role of agents (a WHO link)

rather than being a kind of agent (a WHAT link).

3.5.2 Example 2: the ACM classi cation scheme

The top level of the ACM classi cation scheme for computer-related topics is shown in
Table 3.3. An extension to the Arti cial Intelligence classi cation has been designed
by Scienti c Datalink [40], and part of this extended classi cation is shown in Tables

3.4 and 3.5.

The ACM classi cation covers several of the multiple perspetives. The perspectives
covered include WHAT is needed for a computer system (hardwae and software),
HOW to build a computer system (techniques), and WHY systemsare built (computing

milieux). The categories also cover dierent levels of abstaction: some categories
consider the contents of the computer itself (hardware, sdfvare, computer systems
organisation, data, information systems) while other cateyories consider the computer
as a single concept in the context of applications (computiig methodologies, computer
applications, computing milieux). There's also a third level of detail to be found in the
two theoretical categories (Theory of Computation and Mathematics of Computing),
which provide the foundational techniques for computer sytems organisation, data

and information systems.

The Scienti ¢ Datalink extension also uses a formula wheredrmalisms/resources (WHAT
knowledge) are mixed with methods/techniques (\how" knowledge) to generate subcat-
egories. For example, most of the subcategories of KnowledgRepresentation are con-
cerned with di erent knowledge representation formalisms- the WHAT of knowledge
representation { but two (Representation of the Physical World and Representation of
Natural Language Semantics) are primarily concerned with kiowledge representation

as a task rather than a formalism { i.e. with HOW rather than WH AT. 3 Similarly,

3 Some may argue that knowledge representation formalisms swch as predicate logic or semantic
networks are methods and therefore belong under the HOW perspective, while \representation of
the physical world" describes WHAT is to be represented, thu s reversing the perspectives proposed in
this chapter. Strictly speaking, most of the subcategories of Knowledge Representation are methods
while the categories 4.11 and 4.12 are goals to be achieved. f©om a knowledge engineer's viewpoint,
methods constitute the resources available (WHAT) while go als represent a problem to be solved
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Jeneral hterature
Hardware

Computer systems orgams ation
moftware

Data

Theory of computation
Mlathematics of computing
Infortnation systems

Computing methodologes
Computer applications
Computer miheux (philosophy, legislation, adminstration)

el el al Ee s Pl e s e A L A Kl =R

Table 3.3: Top level of the 1998 ACM classi cation scheme

most of the subcategories of Applications and Expert Systers are concerned with
di erent domains in which expert systems have been applied gimilar to the ACM's
taxonomic breakdown of Computer Systems Applications intodi erent disciplines),
but 1.2.1.15 (\Expert Systems") and 1.2.1.5 (\Natural Lang uage Interfaces") are more
concerned with technigues for expert system constructionand 1.2.1.14 (\System Trou-
bleshooting") focuses on a particular task rather than on a @main. And one of the
subcategories of \Problem Solving, Control Methods and Seah" - the category of
\Plan Execution, Formation & Generation" - is arguably conc erned primarily with

WHEN knowledge.

In short, the ACM classi cation scheme and the Scienti ¢ Dat alink extension would
be better structured if they were split into at least two onto logies, one re ecting the
\what" perspective (i.e. a taxonomy) and the other represerting the \how" perspective
(i.,e. methods and techniques). This would allow more comple representation of
(e.g.) goals for knowledge representation, techniques foexpert system construction,

and task-focused categories. Further perspectives mightlso prove bene cial.

This example is discussed in more detail in chapter 4.

(HOW).
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Table 3.4: Part of the Scienti ¢ Datalink Al classi cation s cheme

59
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Table 3.5: Another part of the Scienti ¢ Datalink Al classi cation scheme

3.5.3 Example 3: Struts example

Swartout et al [165] highlight a problem with ontological classi cation in which the
concept \strut" can be linked to the top level concept \Thing " in two di erent ways.
In one way, \strut" is a subclass of \support”, which is a subclass of \decomposable
object”, which is a subclass of \Thing"; in the other, \strut " is a subclass of both
\durable good" and \load bearing member", which are both subclasses of \physical

object", which is a subclass of \Thing".

From a multi-perspective viewpoint, there are several di c ulties with this apparently

simple ontology. Webster's dictionary de nes 'strut' as \a structural piece designed to
resist pressure in the direction of its length", while a 'sugport' is simply \something

that carries out the act of supporting”. So 'strut' is indeed a subclass of 'support,
since they are both playing a similar role, but the latter subsumes the former - and,
in fact, 'load bearing member' is a superclass of 'strut' (shce buildings include not
only struts but also rafters, purlins and other load bearing members) but a subclass of
'support’ (since something can be a 'support’ without necesarily being a ‘'member’ of

a building - indeed, it need not be a physical object at all, fo gravity or magnetism
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Figure 3.2: Two alternative ontologies for 'strut’

can act as supports). Yet we can also see that a strut will in fat be a beam (of
wood or metal, usually) that plays the role of a structural component in a building.
Furthermore, the link between beams and durable goods is artber plays the role of
link, for beams are only goods (Webster: \something that haseconomic utility or
satis es an economic want" or \something manufactured and poduced for sale") as
long as they are in demand, or as long as they are o ered for sal And nally, the
concept of \decomposable object" is one that is criticised ly Guarino & Giaretta under
the heading of confusion of senses; they believe that this slld only ever be a property

rather than a concept in a taxonomy.

In short, these two apparently contradictory taxonomies can be sorted out by rewriting
them using both taxonomic links and a \who" ontology based onthe relation \plays

the role of";
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Figure 3.3: Representing \strut" with a set of multi-perspective ontologies

3.6 Multi perspective ontologies: Dealing with ontology
problems

In this section, the ontology problems listed above will be onsidered in turn, with

indications on how or whether multi-perspective ontologies can resolve the problem.

3.6.1 IS-A overloading

Five types of ontology problem due to IS-A overloading were denti ed by Guarino et

al. Multi-perspective ontologies can deal with two of thesedirectly: suspect type-to-
role links should be eliminated if an ontology based on the ration plays the role of is
developed; and confusion of taxonomic roles should also bdirainated (since qualities
and decomposable objects don't appear as one of the recomnagd perspectives, it
is unlikely that a taxonomy of them will be developed). The remaining problems are
due to weak consideration by knowledge engineers of the ortmgical links that can be
introduced into an ontology; multi-perspective ontologies don't deal with this directly,

but by breaking down ontologies into a number of single-pergective ontologies, they

should make it easier to identify the implications of making certain links.
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3.6.2 Inaccurate expert responses

Multi-perspective ontologies can be of great help in dealig with inaccurate expert
responses, particularly if they are combined with a softwae tool that allows swift rep-
resentation and display of acquired knowledge. If, for exarple, a knowledge engineer
asks \what causes A?" and the expert inaccurately replies \B' when in fact A causes
B, an ontology based on the “causes' relation can be created opened, the relationship
can be entered, and the results displayed to the expert. Thexpert can then immedi-
ately see their statement in the context of other knowledge,and should recognise their

mistake.

3.6.3 Levels of detail and inferencing bias

The Zachman framework clearly suggests that knowledge or fiormation assets need
to be represented not only from di erent perspectives but ako at di erent levels of

detail, as discussed in chapter 2. It's clear that the concepof agreed levels of detail of
ontologies is needed, but it's far from clear that the levelsproposed by the Zachman
framework map well to levels for ontology representations ot least because the six
levels of the Zachman framework do not in fact represent sixricreasing levels of detail,
but rather three levels of detail of models of the world (scojing, enterprise, system)
followed by three levels of detail of models of a system (teaiplogy, details representa-
tion, functioning enterprise). The subject of appropriate levels of detail for an ontology
is therefore a subject for future work. Interested readers right want to look at the

nine ontology levels proposed by Guarino [128].

Another suggestion, made by Corazzon [35], is that a Standar Template Library or

a Pattern for ontological categories and constructs shouldoe developed, akin to the
templates used by the software patterns movement. These teplates would be used
to classify \fragments of reality”, and would implicitly al locate those fragments to an
appropriate level of detail. However, as Corazzon points ot} there is no general con-
sensus on the general features of an ontology, never mind amppropriate standardised

format for them.
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3.6.4 Dependence relations

The problem of representing dependence relations is greatlsimpli ed by using multi-
perspective ontologies. The reason is that the most commoneapendence relationships
can actually be expressed as other relations that t into the multi-perspective frame-
work. One example appears in the worked example of scienti &knowledge manage-
ment: the existence of a Publication depends on the existercof a Document, but can
be re-expressed by saying that a Publication gives a (publiclocation of a document - a
relation that can be found in an ontology based on the WHERE peaspective. Similarly,
the existence of a car can be said to depend on the continued iskence of (most of) its
parts, which can be modeled using part-of relationships; ad the continued existence
of a procedure depends (or ought to depend) on there being ctinued justi cation for

it being performed, which can be modeled in a WHY ontology.

3.6.5 Particulars

The representation of processes and groups also ts very welith the philosophy
of multi-perspective modeling. It is to be expected that the majority of concepts in
a HOW ontology will be processes or events rather than indiviluals. And a WHO
ontology, showing capability, authority, rights and responsibilities as well as organisa-
tional structures, can represent links between individuas and groups. The distinction
between \stu " and discrete objects is a high level concept better represented using def-
initional properties in general ontologies rather than with relations in domain-speci ¢

ontologies.

3.7 Discussion

It seems that the ability to search for a concept or category ly more than one route is
highly prized by users, and multi-perspective ontologies ee ideal for supporting this.
We have seen that the creation of multi-perspective ontologes is capable of resolving
several of the most common problems that arise in ontology deelopment. Some is-
sues remain to be resolved, such as de ning agreed \levels afetail" for ontologies,

and determining the most appropriate set of de nitional pro perties for ontological con-
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cepts. Readers interested in these concepts are directed thiscussions in [99] and [128]

respectively.

Some may argue that multi-perspective ontologies introdue multiple inheritance onto
ontologies and that this is unacceptable. While multiple inheritance clearly is intro-
duced, this is not so much unacceptable as inevitable for rdavorld ontologies. Indeed,
multiple inheritance already appears in existing ontologes such as the ontology of Sci-
enti c Knowledge Management shown in Figure 3.1 (where Peren and Organisation
have multiple superclasses). If the argument against mulfple inheritance is based on
the (common) inability of certain knowledge management sdfvare tools to support
multiple inheritance, the message of this chapter is that its time for a new version of

that software tool to be developed.

This chapter has shown how the perspectives of the Zachmandmework can be used
to tackle common ontology problems. The next chapter looks ta detailed example of
this: the framework is applied to the ACM classi cation scheme to see if it has any of
the common ontology problems, and to determine if a multi-pespective analysis could

help to solve them.
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Chapter 4

Ontology, Knowledge
Management, Knowledge
Engineering and the ACM
Classi cation Scheme 1

4.1 Introduction

Much work is being carried out these days on the classi catio of objects or concepts in
a standardised manner; such a classi cation is often refeed to as anontology. Various
researchers are promoting di erent ontologies, approach&to building ontologies, stan-
dards for ontologies, and so on. Such work is valuable and wthty of respect, but often
a single ontology cannot describe an object or concept fullylt is proposed in chapter 2
(with a case study in [103]) that representing an object or caicept completely may re-
quire up to six ontologies, coveringwho, what, how, where, when and whperspectives,
and furthermore that these perspectives may recur at di erent levels of abstraction,
from an \organisational" level right down to a \system imple mentation” level. This
is referred to as amulti-perspective modeling approach. The contents of the \what"
perspective on knowledge are typically resources of somenid; the \now" perspective
contains methods or techniques; the \who" perspective willtypically contain agents;
the \where" perspective will demonstrate external connectons; the \when" perspective

will include control and constraints; and the \why" perspective will include justi ca-

1 Published in proceedings of ES '02, the annual conference ofthe British Computer Society's Spe-
cialist Group on Arti cial Intelligence, Peterhouse Colle ge, Cambridge, 10-12 December 2002

67



Ontology: ACM Example 68

tions and goals.

The purpose of this paper is to test the theory of multiple perspectives being necessary
for completeness in ontologies by applying it to the task of facing \knowledge manage-
ment" and \knowledge engineering" within the ACM classi ca tion scheme. This task
arose from a request by the librarian of the Arti cial Intell igence library at the Univer-
sity of Edinburgh. For several years, the Al library has beenclassifying its collection
according to the ACM classi cation scheme, along with an exension to the Arti cial
Intelligence section of the scheme that was published in thé\l magazine in 1985 [40].
However, recent interest in knowledge management from comarcial and research or-
ganisations, along with a grant from EPSRC to develop a Mast€s Training Package
in Knowledge Management and Knowledge Engineering, has letb an in ux of books
and other materials on these topics. There is no entry in the arrent ACM scheme for
knowledge management, and although there is an existing cagory for knowledge engi-
neering in the extended version of the scheme (as a subclasklaarning), the librarian
had noticed that books on knowledge engineering were beindassi ed in four di er-
ent places, which suggests that there may be a problem with th current classi cation

scheme.

The thesis of this paper is that a multi-perspective analyss of the ACM classi cation
scheme and the Al extension should demonstrate some of the ioiciples on which the
classi cation is based, and therefore help in deciding whex knowledge management

and knowledge engineering should appear in the classi catin.

42 The ACM Classication Scheme and the Scientic
Datalink extension

The ACM classi cation scheme [127] was rst published in 196}, with seven top level
topics. In its third revision, produced in 1998, the nhumber d top level categories had

increased to 11 (see Table 4.1), along with major extensionsf lower level categories’

2 The report accompanying the 1998 classi cation suggests that another major revision is needed,
but because deletion of categories would render historical indexes inaccurate, it was decided that a
major revision would be delayed; and in addition, categorie s that were considered redundant would
be \retired" rather than being deleted from the hierarchy.
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General literature

Hardware

Computer systems organisation

Software

Data

Theory of computation

Mathematics of computing

Information systems

Computing methodologies

Computer applications

Computer milieux (philosophy, legislation,
administration)

Table 4.1: Top level of the 1998 ACM classi cation scheme

AT IIOMMmMoO o0l w >

Arti cial Intelligence appears in the ACM classi cation sc heme as a subcategory of
one of the newer top level categories, \Computing Methodolgies", alongside \sym-
bolic and algebraic manipulation”, \computer graphics”, \ simulation and modeling",
\document and text processing”, and others. The subcategoies of Al (apart from
General and Miscellaneous, which appear in every list of sutategories) are Applica-
tions and Expert Systems; Automatic Programming; Deduction and Theorem Proving;
Knowledge Representation Formalisms and Methods; Programming Languages and
Software; Learning; Natural Language Processing; Problenolving, Control meth-
ods and Search; Robotics; Vision and Scene Understandingnd Distributed Arti cial
Intelligence. Each of these has some suggested interest ase(i.e. a partial list of
possible subcategories); for Applications and Expert Sysms, for example, the current
list of interests includes (among others) cartography, games, industrial automation,
law, medicine and science, natural language interfaces, nt@ematical aids and pros-
thetics. It's immediately clear to readers familiar with th e Arti cial Intelligence eld
that, however valid this classi cation was when it was devebped, it does not re ect
the current levels of interest in the eld very well: an obvious example is cartography,
which is listed as a fourth level classi cation here, but nowadays would probably not
even make it to the fth level { it might be regarded as a subclass of \Geographical
applications" which in turn would be a subclass of \Medicine and Science". Similarly,
it's hard to believe that a new classi cation would grant \Di stributed Arti cial In-

telligence” the same level of prominence as \Applications ad Expert Systems". The
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original classi cation may have been based on what was knowrat the time, on the
political preferences of the ACM committe€’, or on some other basis. However, this
highlights the need to understand the principles on which omological decisions are

based to be noted.

In 1985, David Waltz was invited by Scienti ¢ Datalink, a div ision of Comtex Scienti c
Corporation to extend the Al classi cation to account for some of the subdivisions of
Al, to aid Comtex in indexing the series of Al memos and repors that they had been
gathering. The resulting classi cation, which has been pulished by Waltz in Al Mag-
azine [40], retains all of the above top level categories egrpt for \Distributed Arti cial
Intelligence", which is replaced by \Specialized Al Architectures". Two new categories
are also added: \Cognitive Modeling and Psychological Stués of Intelligence”, and
\Social and Philosophical issues". The contents of most catgories have been signi -
cantly expanded: continuing the earlier example, \Applications and Expert Systems"
now has 19 subcategories, including the 7 proposed as \intests" by the ACM, and
these 19 subcategories have up to 11 sub-sub-categories oep sub-sub-sub-categories.
Space prevents the replication of the entire classi cationhere, but four of the nineteen

categories are described in detail in Table 4.2.

I.2.1. Applications Subcategories
and Expert Systems
1.0 Cartography

1.1 Games Chess, Checkers, Backgammon, Bidding Games,
Wagering Games, War Games, Other

1.2 Industrial Applications Automatic Assembly, Parts Handling,
Inspection, Welding, Planning for Production,
Inventory

1.3 Law

1.4 Medicine and Science Medical Applications, Chemical Applications,

Biological Applications, Geological Applications

1.5 Natural Language Interfaces

1.6 O ce Automation

% To illustrate \political preferences”, AIAl helped to carr y out a project to merge four ontologies
of \scienti ¢ knowledge management” (i.e. academics and th eir publications) prepared by di erent
universities into one \reference ontology" [99]. When the f our original ontologies were compared,
it was noted that there were many similarities, but if a resea rch group's own special interest area
appeared in the ontology, it was classi ed at a higher level i n its own ontology than in the others'
ontologies.
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1.7 Military Applications

Autonomous Vehicles, Integration of
Information, Decisions Aids, Target Tracking,
Communication

1.8 Business and Financial

Tax experts, Investment, Financial Planning,
Information Storage and Retrieval

1.9 Natural Language Processing Applications

1.10 Mathematical Aids

1.11 Education

Tutoring systems, Intelligent Computer-aided
Instruction, Aids to learning Programming,
Curriculum Design

1.12 Library Applications

1.13 Engineering Automation

Computer System Design, VLSI Design Aids,
CAD/CAM, Programming Aids

1.14 System Troubleshooting

1.15 Expert Systems

Expert System Languages and Aids for
Building Expert Systems, Acquisition of Expert
Knowledge, Plausible Reasoning,
Representation of Expert Knowledge,
Generation of Explanations, Expert Systems
based on Simulation and Deep Models, User
Interfaces for Expert Systems, Validation of
Expert Systems

1.16 Prosthetics

1.17 Aviation Applications

1.18 Applications, Other

I.2.4 Knowledge Representation

4.0 Frames and Scripts

Defaults, Stereotypes and Prototypes,
Generation of Expectations, Frame Languages,
Frame-Driven Systems, Inheritance Hierarchy

4.1 Predicate Logic

First Order Predicate Calculus, Skolem
Functions, Second Order Logic, Modal Logics,
Fuzzy Logic

4.2 Relational Systems

Relational Data Bases, Associative Memory

4.3 Representation Languages

4.4 Representations (Procedural and
Rule-Based)

Production Rule Systems, Knowledge Bases

4.5 Semantic Networks

4.6 Connectionist Systems

4.7 Multiple Agent/Actor Systems

4.8 Constraints

4.9 Discrimination Trees and Networks

4.10 Belief Models

4.11 Representation of the Physical World

4.12 Representation of Natural Language
Semantics

[.2.6 Learning
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6.0 Analogies

Geometric Analogies, Natural Language
Analogies, Structural Analogies, Functional
Analogies

6.1 Concept learning

Near-Miss Analysis, Version Spaces, Schema
Acquisition and Generalisation, Learning of
Heuristics, Credit and Blame Assignment,
Conceptual Clustering

6.2 Induction

Statistical Methods, Inductive Inference

6.3 Knowledge Acquisition

Advice Taking and Learning by Being Told,
Learning from Examples, Learning by
Observation, Learning from Experience,
Learning by Discovery

6.4 Knowledge Engineering

Dialogues with Experts, Knowledge Base
Stability, Knowledge Base Consistency

6.5 Language Acquisition

Acquisition of Grammar, Learning of Concepts
through Language

6.6 Parameter Learning

6.7 Associative Learning

6.8 Learning of Skills

6.9 Developmental and Incremental Learning

6.10 Evolutionary Models for Learning

1.2.8 Problem Solving, Control
methods and Search

8.0 Backtracking

8.1 Dynamic Programming

8.2 Graph and Tree Search Strategies

Depth rst, Breadth rst, Best rst, Branch &
Bound, Hill Climbing, Minimax, Alpha-Beta,
A*, Beam, Dependency-Directed Backtracking,
Constraint Propagation, Relaxation Methods,
Marker Passing, Bidirectional,
Data-Driven/Top-Down

8.3 Heuristic Methods

Nature of Heuristics, Heuristic Control of
Search, Strategies, Default Reasoning, Closed
World Heuristics, Induction and Evaluation of
Heuristics, Qualitative Reasoning and
Envisionment

8.4 Plan Execution, Formation, Generation

Means-End Analysis, Forward Chaining,
Backward Chaining, Weak methods, Generate
and Test, Hierarchical Planning, Metaplanning
and Multiple Goals, Plan Veri cation, Plan
Modi cation

8.5 Matching

Table 4.2: Part of the Scienti ¢ Datalink Al classi cation
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4.3 Dimensions of classi cation: classes, subclasses and
multi-perspective modeling

The ACM classi cation scheme is considered to be a four-leve hierarchical taxon-
omy. A \taxonomy" is de ned in Merriam-Webster's dictionar y as \a classi cation,
especially an orderly classi cation of plants and animals &cording to their presumed
natural relationships". Taxonomies are typically used to represent one class of objects
or concepts and its sub-types; that is, objects/concepts tlat possess all the de ning
features® of the higher level object/concept plus a couple of extra fetres. A ‘true'
taxonomy therefore includes only one relationship betweerobjects or concepts; one

object/concept is a subclass (or \a kind of") the other.®

However, when ontologies are built to represent the relatioships between tasks, activ-
ities, philosophies, or other conceptual entities, it's ofen di cult to connect them all
using only subclass relationships; maybe there are no obwvirs taxonomic groupings, or
maybe there is a more obvious grouping according to functionform, role or relevance.
An example of a \more obvious" grouping can be found in vegethle classi cation;
while it might possibly be helpful to know that the Linnaean classi cation of (most)
tomatoes places them alongside aubergines and potatoes ié Nightshade genus of
the Potato family, many gardeners would probably prefer to se tomatoes classi ed
alongside other vegetables that grow on vines, vegetablefiat grow in greenhouses, or
even vegetables that are served in salads. An example of \nobweious groupings" can
be found by looking at cars. Possible classi cations inclué \saloon", \hatchback",
\sports car", etc (based largely on form, but also on role) or\petrol engine cars",
\diesel engine cars" and \alternative fuel engine cars" (baed on function), but such
subdivisions seem less \natural" than the higher level clases { and yet taxonomies are

supposed to be based on \presumed natural relationships".

In fact, the whole issue of \natural" versus \arti cial" cla ssi cation has been a major

subject of academic debate. A good summary is produced by WiIns [194] who argues

4 There is much debate in psychological circles about what constitutes a \de ning feature”. Interested
readers might look at the work of Rosch on \typicality" [142] .

5 There is also a variant of “subclass' { “instance-of' { that a llows for individual members of classes;
so an object can be an instance of a class. Strictly speakingtherefore, a taxonomy allows two types
of relationship between objects and concepts.
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that \all classi cations are arti cial, but some have a degr ee of naturalness about them"
and quotes R.G. Millikan who proposes that a \natural" concept can be determined by
making a historical investigation of how an object and its name came about, and then
determining what the name refers to today in most case$. The practical result of these
\arti cial" distinctions is that taxonomies are sometimes based on relationships other
than “subclass'. Common ones are “part of', “causes/prodes’, and “has property’. In

the next section, an analysis of the ACM classi cation will be carried out to determine

what relationships are actually used.

4.4 The ACM Classi cation scheme: analysis

The ACM classi cation covers several of the multiple perspetives. The perspectives
covered include \what" is needed for a computer system (harevare and software),
\how" to build a computer system (techniques), and \why" sys tems are built (comput-

ing milieux). The categories also cover di erent levels of #straction: some categories
consider the contents of the computer itself (hardware, sdfvare, computer systems
organisation, data, information systems) while other categories consider the computer
as a single concept in the context of applications (computig methodologies, computer
applications, computing milieux). There's also a third level of detail to be found in the

two theoretical categories (Theory of Computation and Mathematics of Computing)

which provide the foundational techniques for computer sytems organisation, data

and information systems. See Table 4.3 for a summary.

® This is a highly simplied summary; there is an entire journa | devoted to classi cation. Wilkins'
complete summary quotation is: \All classi cations are art i cial, but some have a degree of natu-
ralness about them. Natural classi cations are the result o f a re nement of the intension of terms
based on a very broad and generally culture-neutral set of observations. Species names, indeed all
taxa names, are terms with a proper function assigned by the history of their use, and which may
change as new evidence is arrived at."

" Each of these relationships can be broken down into a number d distinct relationships, but this
level of detail is beyond the scope of this paper. For an exampe, see [1] on the breakdown of “part
of'.
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\ What | How Why When | Where | Who
Com- Com- Com- Computer
puter puter puting milieux
applic- | Applic- Method-
ations | ations ologies
What Hardware,| Computer
goes Software | Systems
inside Organi-
a sation,
com- Data,
puter Informa-
tion
Systems
Theoret- Theory
ical of
level Compu-
tation,
Mathe-
matics
of Com-
puting

Table 4.3: Top level categories from the ACM scheme, clas-
si ed according to multi-perspective modeling

This organisation is broadly mirrored in the organisation of some of the second level
categories in the ACM classi cation scheme. For example, tle subclasses o€omputer
Systems Organisationare Processor Architectures and Computer-Communication Net-
works (two disjoint components that are necessary for a functionng hardware system,
aka Hardware and Software at the top level); while Special Purpose and Application
Based Systemsand Computer systems implementationlook at the \what" and \how"
perspectives on hardware construction \applications”. There's also a subcategory for

Performance of systemswhich probably falls under the \when" perspective.

The subclasses of Information Systems, Data and Software lalse a similar multi-
perspective classi cation scheme. Not all of the second let categories and their
decompositions t neatly into this multi-perspective fram ework, however. The sub-
divisions of Computer Applications appear to be closer to a taxonomy, in that their
second level breakdown consists of di erent areas of studyrali erent disciplines which

reads like a list of university faculties (Administrative data processing, Physical sciences
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and engineering, Life and medical sciences, Social and bewiaural sciences, Arts and
Humanities). While disciplines are not strictly speaking subclasses of domputer ap-
plications", they do (or should) form a single coherent subtass of a (hypothetical)
taxonomy of knowledge® The two top-level categories with a theoretical leaning al®
have sub-categories that re ect di erent areas of study in the disciplines of (applied)

mathematics and (applied) logic.

A third approach is found in the Hardware category; its subcategories hame di erent
areas of hardware designControl structures, Arithmetic and logic structures, Memory
structures, Input/Output and Data Communications, Register-transfer-level implemen-
tation, Logic Design and Integrated Circuits ), each of which includes the same small set
of sub-sub-categories:Design Styles, Design Aidsand (until it became a separate cat-
egory in the 1998 classi cation), Performance and reliability. It seems, therefore, that
the Hardware category is decomposed into its second level ing the “part of' relation
instead of the “subclass' relation (i.e. each subcategonsia \part of" the hardware of
a computer system rather than a subclass) while a multi-perpective approach is used

at the third level, which explains the recurrence of the samesubcategories at this level.

4.5 The Scienti ¢ Datalink Al extension: analysis

As with the ACM classi cation, each of the four categories of the Scienti ¢ Datalink

Al classi cation (as reproduced in Table 4.2) can be broken @wn into subgroups.

Applications and Expert Systemshas nineteen subcategories, seven of which are
drawn from the \interests" in the ACM classi cation scheme. Most of these are con-
cerned with di erent domains in which expert systems have ben applied (similar to
the ACM's taxonomic breakdown of Computer Systems Applicaions into di erent dis-
ciplines), but 1.2.1.15 (\Expert Systems") and 1.2.1.5 (\N atural Language Interfaces")
are more concerned with techniques for expert system conaiction, and 1.2.1.14 (\Sys-
tem Troubleshooting") focuses on a particular task rather than on a domain. The
distinction between tasks and domains, which is a key tenet bthe CommonKADS

methodology for knowledge engineering [147], corresponds the distinction between

8 If the subcategories were relabelled \Applications in <Discipline>" rather than just <Discipline>",
the taxonomic connection would be much clearer.
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\how" and \what" in multi-perspective modeling.

Most of the subcategories olKnowledge Representationare concerned with di er-
ent knowledge representation formalisms { the \what" of knowledge representation.
Frames and Scripts, Predicate Logic, Procedural & Rule-basd Representations, Se-
mantic Networks, Constraints and Connectionist Systems dl fall into this category.
The odd ones out are Representation of the Physical World andRepresentation of
Natural Language Semantics; while these have some correlah with representation
formalisms (e.g. simulation models with Representation otthe Physical World), these
two categories are primarily concerned with knowledge repgsentation as a task rather
than a formalism { i.e. with \how" rather than \what".

Several subcategories dfearning deal with di erent methods of learning (by anal-
ogy; induction; associative learning), others deal with sibjects to be learned (Concept
learning; Language Acquisition; Learning of Skills). So hee there is a multi-perspective
decomposition; some subclasses represent \what" subcateges while others represent
\how". And then there's Knowledge Acquisition and Knowledge Engineering. Knowl-
edge Acquisition is apparently categorised under \learnilg" because its subcategories
include learning from examples (i.e. induction), learningby observation, learning from
experience and learning by discovery. Yet several popularhowledge acquisition tech-
niques are not covered here at all { and while there is a categg named \Acquisition
of Expert Knowledge" (1.2.1.15.1) two levels down from \Applications and Expert
Systems", the popular techniques are classi ed in various derent places rather than
being collected together in 1.2.1.15.1. Protocol analysisfor example, is categorised
under 1.2.11 Cognitive Modeling and Psychological Studiesof Intelligence, while the
analysis of interview transcripts is most closely covered nder Dialogues with Experts,
which is considered to be one of only three subcategories ofriéwledge Engineering.
The reader is left with a strong feeling that Knowledge Acqusition and Knowledge
Engineering are underspeci ed, incomplete, and (possiblyas a result) misclassi ed.

The nal category considered here,Problem Solving, Control Methods and Search
seems to be something of a catch-all category for methods obntrolling inference in Al
programs. It has six subcategories, two of which are (unsungsingly) Heuristic Meth-
ods and Graph and Tree Search Strategies It also has categories forBacktracking,

Dynamic Programming, and Matching, which are concerned with the implementation
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of rule-based systems, and nally a category forPlan Execution, Formation and Gen-
eration. Control knowledge is slightly di cult to categorise withi n a multi-perspective
framework. In theory, it should be \meta-how" knowledge (i.e. knowledge about the
process of controlling processes); in practice, it often idudes information about the
ordering or processes and the timing of key inputs and outpus to a process, and thus

consists of \when" knowledge. This is particularly true of knowledge about planning.

To summarise: Scienti c Datalink's Al extension to the ACM c lassi cation seems
to stick with a formula where formalisms/resources (\what" knowledge) are mixed
with methods/techniques (\now" knowledge) to generate subcategories. A taxonomic

breakdown is also used (for Applications).

4.6 Correct classi cation of Knowledge Management, Knowl-
edge Engineering and Knowledge Acquisition

Having carried out this detailed analysis, it is time to use the principles identi ed to
meet the original goal of this paper: to determine where Knoledge Management and
Knowledge Engineering should be classi ed. Knowledge Acgsition will be considered

too.

Correct classi cation of Knowledge Engineering

Knowledge Engineering has been variously classi ed as \thalesign and develop-ment
of knowledge based systems"; \application of logic and onttngy to the task of building
computable models of some domain for some purpose"; \[the gty of] the development
of information systems in which knowledge and reasoning plapivotal roles"; and \[a]
scienti c methodology to analyze and engineer knowledge".Using the classi cations
identi ed earlier, it's clear that knowledge engineering is primarily application-focused
(as opposed to concerned with the internal function of knowédge based systems or
theoretical principles of knowledge); and that it focuses a the task of system devel-
opment (i.e., \how" knowledge). From this analysis, the following classi cations of

Knowledge Engineeringare possible:
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Knowledge Engineering could be a subclass df2.1 Applications and Expert Sys-
tems. Unfortunately, Applications and Expert Systemsuses a largely taxonomic break-
down; but there are two subcategories ofApplications and Expert Systemsthat are
concerned with techniques for expert system construction.These do not t well with
in the taxonomic breakdown of 1.2.1, but would be appropriate siblings for Knowledge
Engineering.

Knowledge Engineering could sit alongside Software Engireing as a subcategory
of D. Software in the ACM classi cation. The primary objections to this are the \po-
litical" ones { there's much more interest and activity in Software Engineering than in
Knowledge Engineering, which makes it di cult to place them at the same level.

Knowledge Engineering could be a subcategory db.2 Software Engineering This
is probably the most \principled" place to put it, since know ledge engineering is indeed
a subcategory of software engineering { it is software engigering for a specialised type
of software system. However, this conicts with the current basis of decomposition
of Software Engineering, which is by subtasks rather than a taxonomy" of types of
software.

Knowledge Engineering could appear alongsiddRepresentation of the Physical
World and Representation of Natural Language Semanticsas a \how" category un-
der 1.2.4 Knowledge Representationin the Al extension. The di culty with this is
that the focus of Knowledge Representation is very much on tle internals of a knowl-
edge based system, whereas the focus of Knowledge Enginegris on applications, so
there is a clash in levels of abstraction.

Finally, Knowledge Engineering could be left in its current location as a subcat-
egory of .2.6 Learning. This is probably the worst option of all, since knowledge
engineering techniques (with accompanying knowledge modi® are only appropriate
for software that doesnt rely on learning as its primary input method, since it's hard

to analyse knowledge that has not yet been learned.

In summary, there is no ideal location for Knowledge Enginegng in the ACM or

Scienti ¢ Datalink hierarchies. Since a proposal is needegda \tie-breaker" can be found
in the current subcategory 1.2.1.15 Expert Systemsof |.2.1.Applications and Expert
Systems This subcategory actually has a number of knowledge engireging subtasks

as its subcategories already. For the sake of backward comphility, therefore, 1.2.1.15
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should be left in its current position in the hierarchy, but b e renamed to \Expert

Systems and Knowledge Engineering".

Correct classi cation of Knowledge Acquisition

Once the classi cation of Knowledge Engineering has been a@ed, the correct classi -
cation of Knowledge Acquisition is fairly easy to determing for Knowledge Acquisition
is a subtask of Knowledge Engineering. Indeed, there is alegly a category 1.2.15.1
named \Acquisition of Expert Knowledge". The only diculty lies in determining
where to classify those topics that are currently subclasseofl.2.6.3 Learning: Knowl-
edge Acquisition Since the Learning section needs to revised anyway to takecaount
of (a) the removal of Knowledge Engineering and (b) the presece of Induction but the
absence of two related technologies, Case Based ReasoningdaNeural Networks?, it
is proposed that the subcategories of 1.2.6.3 are either tnasferred to other categories
under Learning (for example,1.2.6.3.1, Learning from Examples, would be appropriate

for this) or moved to 1.2.1.15.1, Acquisition of Expert Knowledge.

Correct Classi cation of Knowledge Management

Deciding where to classify knowledge management is di cult because there is con-
siderable disagreement about the best approach to knowledgmanagement. A good
working de nition of knowledge management would be \the deliberate design of arti-
facts with the intent to improve the use of knowledge within an organisation”, but a
range of artifacts have been suggested, from knowledge baksystems (thus consid-
ering knowledge management as an early stage in knowledge gineering) through to
communication forums (considering knowledge managementsaa process of community
interaction in which knowledge-based technology has no parto play). A good survey is
given by Binney [39] in which he identi es a \KM spectrum" whe re knowledge manage-