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INTRODUCTION

In 1982, Allen Newell introduced the “ knowledge level”
principle (Newell, 1982) and revolutionized the tradi-
tional way of conceiving the relationships between
knowledge management and computer science. Accord-
ing to this principle, the knowledge level represents the
highest level in the description of any structured sys-
tem: Situated above and independent from the “symbol
level,” it describes the observed behaviour of the sys-
tem as a function of the knowledge employed, and
independently of the way this knowledge is eventually
represented/implemented at the symbol level. “The
knowledge level permits predicting and understanding
behaviour without having an operational model of the
processing that is actually being done by the agent”
(Newell, 1982, p. 108). An arbitrary system is then
interpreted as a rational agent that interacts with its
environment in order to attain, according to the knowl-
edgeit owns, agiven goal in the best way; from a strict
knowledge level point of view, this system is then
considered asasort of “black box” to be modeled on the
basis of its input/output behaviour, without making any
hypothesis on its internal structure. To sum up, the
knowledge level principle emphasises the why (i.e., the
goals), and the what (i.e., the different tasks to be
accomplished and the domain knowledge) more than the
how (i.e., the way of implementing these tasks and of
putting this domain knowledge to use).

BACKGROUND

The emergence of the knowledge principle produced a
shift of emphasis, in the (computerized) knowledge
management domain, from a pure “representational”
attitude to a “modeling” one, that is, a shift from the
production of tools for implementing the knowledge a
system will use to that of tools for building up models
of the behaviour of the system in terms of that knowl-
edge. An example of thisisthe Knowledge Acquisition
and Design Structuring (KADS) methodology
(Schreiber, Wielinga, & Breuker, 1993; Schreiber,
Akkermans, Anjewierden, de Hoog, Shadbolt, Van de
Velde, & Wielinga, 1999). A fundamental step in the
KADS approach is, in fact, the set up of a general

“conceptual model” of the system, which an observer (a
knowledge engineer) creates by abstracting from the
problem-solving behaviour of some experts. According
to the knowledge principle, the conceptual model does
not include any detailed constraint about the implemen-
tation level. Thislast function is assigned to the “design
model,” which corresponds to the (high level) specifi-
cations of the final knowledge-based system (KBS), and
which represents the transformations to be executed on
the conceptual model when we take into account the
external requirements (e.g., specialised interfaces, ex-
planation modules, etc.). The conceptual model is built
up according to a four-layer structured approach: Each
successive layer interprets the description given at the
lower layer. A first layer concerns the “static domain
knowledge,” that is, the domain concepts and their at-
tributes, the domain facts, the structures representing
complex relations, and so forth. The static knowledge
can be viewed as a declarative theory of the domain. A
second type of knowledge concerns the “knowledge
sources’ and the “metaclasses.” A knowledge source is
defined as an elementary step in the reasoning process
(an inference) that derives new information from the
existing one; KADS presupposes the existence of a set
of canonical inferences such as “abstraction, associa-
tion, refinement, transformation, selection, computa-
tion.” Metaclasses describe the role that a group of
concepts plays in the reasoning process (e.g., observ-
able, hypothesis, solution, etc.). The third layer con-
tains knowledge describing how inferences can be com-
bined to fulfill a certain goal, that is, how to achieve
operations on metaclasses. The most important type of
knowledge in this category is the “task”: A task is a
description of a problem-solving goal or subgoal, as
“diagnose a patient with these particular symptoms.”
Thefourth category of knowledgeisthe* strategic knowl-
edge,” which settles the general goals that are relevant
to solve a particular problem; how each goal can be
achieved is determined by the task knowledge.

One of the main attractions of this structured, ana-
lytical approach to the automation of knowledge man-
agement resides in the fact that all the methodologies
based implicitly or explicitly on the knowledge level
principle embracetheideathat the set up of KBSscan be
facilitated by the development of libraries of reusable
components. These pertain mainly to two different
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classes, (1) reusable “ontologies” (see also Zarri, “RDF
and OWL" in this Volume) and (2) reusable problem-
solving methods, which define classes of operations for
problem-solving. Chandrasekaran (1990) isoneof thefirst
to suggest the development of reusable components
under the form of “generic tasks,” where a generic task
defines both a class of application tasks with common
features, and a method for performing these tasks.

An additional manifestation of this general tendency
toward generalisation, abstraction, and reuse in the
knowledge management domain are the activities aimed
at the construction of general and reusable “corporate
memories,” (see van Heijst, van der Spek, & Kruizinga,
1996; Brooking, 1998; Beckett, 2000). Knowledge has
been recognised as one of the most important assets of
an enterprise and a possible success factor for any
industrial organization, on the condition that it can be
controlled, shared, and reused in an effective way. Ac-
cordingly, the core of the organization can then be con-
ceived under the form of ageneral and shared organiza-
tional memory, that is, of an online, computer-based
storehouse of expertise, experience, and documentation
about all the strategic aspects of the organization. The
construction and practical use of corporate memories
becomesthenthe mainactivity intheknowledge manage-
ment of acompany, afocal point where several computer
science and artificial intelligence disciplines converge:
knowledge acquisition (and learning), data warehouses,
database management, informationretrieval, datamining,
case-based reasoning, decision support systems, query-
ing (and natural language querying) techniques, and so
forth.

A clear discrimination between “knowledge” and
“symbol” level is often not so easy to attain. For ex-
ample, some methodologies that make reference to the
knowledge level principle goinreality against Newell’s
approach because the structure they impose on the
knowledge is a function of how a specific class of
applications is implemented and dealt with, and the
models they produce are then valid only in a very spe-
cific context. On a more pragmatic level, reuse can be
very difficult to obtain, because there is often a signifi-
cant semantic gap between some abstract, general
method, and a particular application task. Moreover,
discovering and formalising a set of elementary tasks
independently from any specific application domainisa
particularly hard endeavour which meets all sort of
embarrassing problems, ranging from the difficultiesin
defining the building blocks in a sufficiently general
way to the ambiguities concerning which aspects (the
model or the code) of the blocks can really be reused.
Thisexplainswhy a(not trivial) number of “ pure” knowl-
edge-level proposals are still theoretical proposals,
characterised by alimited implementation effort.
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I ndiscriminate use of the “modeling” approach risks
forgetting that the basic technol ogical support for imple-
menting effective knowledge management is neverthe-
less provided by the knowledge representation (and
processing) techniques. The building blocks, the ge-
neric tasks, the reusable modules, the shareable ontolo-
gies, and so forth must be formalised using one or more
of the ordinary knowledge representation techniques
developed in the last 50 years such as rules, logic, or
frames. In thisarticle, knowledge management will then
be seen essentially as an application of the usual knowl-
edge representation (and processing) techniques: creat-
ing and using, for example, large corporate memories
requires that, first off all, the knowledge be repre-
sented, store,d and computer-managed in arealistic and
efficient way.

TYPES OF KNOWLEDGE
REPRESENTATION SYSTEMS

“Knowledge is power!” according to the well-known
slogan spread abroad by Edward Feigenbaum—more
precisely, Feigenbaum stated that: “...the power...does
not reside in the inference method; almost any infer-
ence method will do. The power resides in the knowl-
edge” (Feigenbaum, 1984, p. 101). Reviewing the dif-
ferent solutions for representing knowledge proposed
in these last 50 years, we can isolate two main groups:

. The“symbolic” approach. Thisis characterised by
(1) theexistenceof awell-defined, one-to-one (bijec-
tive) correspondence between all the entities of the
domain to be modeled (and their rel ationships) and
the symbols used in the knowledge representation
language, and (2) by the fact that the knowledge
mani pulation algorithms(inferences) takeexplicitly
into account this correspondence.

. The “soft programming” approach. Here, only the
input and output values have an explicit, bijective
correspondence with the entities of a given prob-
lem to be modeled. For the other elements and
factors of the problem, (1) it is often impossible
to establish a local correspondence between the
symbols of the knowledge representation system
and such elements and factors; (2) the resolution
processes are not grounded on any explicit corre-
spondence notion; (3) statistical and probabilistic
methods play an important part in these resolution
processes.

Giventhepresent popularity of “ontologies” (asort of
symbolic approach) in all the domainsrequiring the con-
crete application of knowledge representation tools—
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