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Abstract: The work described here focuses on the
definition of a conceptual knowledge model of the
prognosis of breast cancer. Our approach to the
conceptualisation of the problem follows the
CommonKADS (Knowledge Acquisition and Design
Structuring) Library for Expertise Modelling. We
present the approach and some aspect of the use of
CommonKADS in medical domain.

o the Task Model, which
o

One of the major aspects in breast cancer prognosis is
the research of one or more prognostic factors accurate

to define different therapeutic decisions. The
biologic parameters seem to be very promising even if they
are currently in phase of study. Besides, each prognostic
factor on its own is not sufficient for the prediction of the
behaviour of the tumour; but a combination of these
parameters is necessary, modelling the natural history of
the tumour, in order to select carefully groups of patients
with similar prognosis.
Nowadays, the prognostic judgement is constrained by

tasks;

r

more

flexibility, in order to face better the variability of breast
cancer disease; a knowledge based system for prognostic
decision which is able to manage a great amount of
information will be certainly useful.
The aim of this work is to describe an approach to the
conceptualisation of the breast cancer prognosis while
evaluating the efficacy of the CommonKADS methodology

in

facing the problem

of

knowledge acquisition from

human experts and from literature.

MATERIAL AND METHOD

Our approach to knowledge acquisition follows the
CommonKADS (Knowledge Acquisition and Design
Structuring) Library for Expertise Modelling, as described
in []. KADS is a comprehensive methodology for the
development of knowledge based systems (KBS); KADS
was set up during European research projects (ESPRIT
P1098 and P5248) and it can be regarded as a "de facto"
standard for KBS development in Europe. CommonKADS
is the name of the last version.

A CommonKADS model is regarded as a set of
interrelated models taken from the CommonKADS model
set. This CommonKADS model set specifies six model
templates to describe different views on, or models of, a
problem solving context [1]. The six models are:
r the

Organisation Model, which describes the
organisational context in which the knowledge based
activities that the project is concerned with occur'

which describes
Communication model.
transactions between agents;
the Expertise Model, which describes the knowledge of
an agent relevant to a particular task;
the Design Model, which describes the realisation of

the problem solving

behaviours described

in

the

Expertise and Communication models in computational
and representational terms.

enough

rigid protocols, but it is acquiring more and

the tasks and

o the
o

INTRODUCTION

describes

activities that are executed to realise the orsanisational
function;
the Agent Model, which collects the relevant properties
of the different agents performing the previous defined

In this work, the CommonKADS Expertise Model was
addressed. In CommonKADS the different roles are
captured in three basic independent knowledge categories
[1]:

r

r

the domain knowledge specifies form, structure and
contents of the specific domain which is relevant for an
application (such as, for example, structures made by
concepts and relations);
the inference knowledge specifies the primitive steps in
reasoning (inferences) in an application and the

to classes of domain
knowledge statements manipulated by the inferences;
the task knowledge describes a recursive decomposition
knowledge roles that refer

r

tasks in sub-tasks, specifies all the tasks, and
describes when the sub-tasks are to be executed in order
to achieve their parent task (that is a control structure).

of

These descriptions are made by the CommonKADS
Conceptual Modelling Language (CML) tzl. For many
applications, these three layers are sufficient to build the
KBS system. Besides, the CommonKADS modelling
libraries capture knowledge engineering expertise in terms
of reusable elements that are potentially modelled in a

project; the CommonKADS library of generic models
offers several models, such as, for example, diagnosis,
design, planning, etc.

KADS has already been used for cancer treatment
in K-ONCOCIN [3] (specifically of Northern
California Group Protocol 2083-1 for small-cell lung
carcinoma treatment in ONCOCIN [4D. The results of the
application of the KADS methodology in K-ONCOCIN
were not completely satisfactory; for example, the library

modelling

of interpretation models (general models

in
CommonKADS) did not provide an inference structure that
they could have used to model their task, the model

transformation

in KADS

was found

to be a

poorly

understood process, that is the technique did not assist the
developer in overcoming the bias and information loss that
can occur during the model-transformation phases.
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In this work, our approach to the model development is
quite different from K-ONCOCIN, in the sense that it
focuses more on the knowledge acquisition aspects; for
example, we started conceptual modelling by a knowledge
acquisition process, while K-ONCOCIN started from
previous computational models, that, according to the very

author, may have provided them with biased
preconceptions [3]; in addition, our model focuses on
prognosis and information aspects, while K-ONCOCIN
addresses

the complex task of administering

cancer

therapy.
RESI.JLTS

The CommonKADS conceptualisation of the breast
cancer prognosis should be in terms, at least, of a
description of the domain, inference and task knowledge
involved in the problem. The domain k^rowledge is the one
which is more involved in knowledge acquisition, since it
is a description of the characteristics of the specific
domain, while the others knowledges can reuse elements of
the CommonKADS libraries.
Within the domain knowledge, we construct the

axiomatic structure; this takes the form of producing a
domain lexicon and a concept hierarchy. So, we have
defined a hierarchy of ontologies [2]. As regards concepts,
we have defined seven "primitive" concepts, that are:

patient, breast cancer, information source, prognostic
factor, prognosis, therapy and laboratory test (general,

specifically, exploding the prognostic process has allowed
us to find a problem definition which fits well the needs of
a modern definition of prognosis, and which can reuse the

models already developed in the library; the domain
knowledge and its CML definition allows a good definition
of a glossary of the terminology used and it is also a good
way to approach knowledge acquisition both from
literature and from human experts; in the latter case, CML
has been found an easy tool to have a dialogue with
experts, who could directly evaluate the evolution of the

work.
On the other hand, CommonKADS is not a "cookbook"
for building expert systems [3], yet. If defining the domain
with CML is a good approach for knowledge acquisition of
the domain, the research in the CommonKADS library of
generic models is not easy, since certain models have not
been developed to a great extent. CML is commonly used
in a grammar that is more practical in certain aspects than
the original (we have also used it with more practical
notations); in our opinion, further work is needed also in

CML; for example, concept and relation axioms are a
central issue in modelling a domain when starting from a
knowledge acquisition process and their role should be
stressed and deeply formalised; for example, the source of
an axiom should be specified, as well its reliability (in this
case also the term "axiom" should be revised).

CONCLUSION

prognostic and therapy).

From this, we have defined several "is-a" concept
hierarchies for the concepts (such as, for example, the
"prognostic factor" is-a patient, therapy and breast cancer
prognostic factor; "primary tumour prognostic factor" is-a
anatomic and histologic primary tumour prognostic factor).
The concepts have been related with relations, which also

contains the axioms, that

defined the task knowledge. Following this
conceptualisation, we have found a significant help;

is the CommonKADS rules

which are related with each relation.
The hierarchy structure and the axiom section will be
particularly addressed if we want to define a system which
can be easily updated. As an easy example, if the FIER2
prognostic factor were not included in the model, its superconcept "oncogene" must be present, thus allowing a new
instantiation of it, as well as of the refening axioms. In the
case a prognostic factor is already present, but a different
(or in agreement) interpretation is given from literature,
the system should "properly" update the axioms and the

The conceptual model we have obtained seems to
reflect well the new trends of breast cancer prognosis; the
domain knowledge described with CML is a good approach
to knowledge acquisition; besides, we are still far from a
design model and from verifying the gap between
conceptual and design model which has been addressed
from t3]. From this experience, we can conclude that
CommonKADS has been a good support for
conceptualisation, although its standardisation process has
not finished yet.
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