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Understanding Terminological
Systems II:
Experience with Conceptual
and Formal Representation
of Structure
Abstract: This article describes the application of two popular conceptual
and formal representation formalisms, as part of a framework for understanding terminological systems. A precise understanding of the structure
of a terminological system is essential to assess existing terminological
systems, to recognize patterns in various systems and to build new terminological systems. Our experience with the application of this framework to
five well-known terminological systems is described.
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1. Introduction
For many decades various terminological systems have been developed with
different domains and different structures, such as strict hierarchies or
semantic nets describing concepts and
their relationships. These terminological systems were designed for different
purposes. Cimino et al. [1] and Campbell et al. [2] describe criteria concerning the essential conceptual features of
an ideal terminological system. Chute et
al. recently summarized and extended
these criteria [3]. In spite of papers
giving an overview of the strengths and
weaknesses of terminological systems
[2, 4, 5] it is still hard to gain insight into
the merits and usability of existing
systems because the structure and characteristics of terminological systems
are often incompletely and ambiguously described. We feel there is a need for
a framework for understanding terminological systems, a framework which is
still lacking. To understand and compare existing terminological systems
and to evaluate them for specific goals
there is a need for at least two components: (1) a uniform terminology and
typology to characterize terminological
systems themselves [6] and; (2) a uni22

form re-presentation formalism to describe the structure of these systems
which is essential for understanding
and evaluating existing terminological
systems or for the development of new
ones.
The goal of this paper is to provide a
representation formalism for representing the structure of terminological
systems and to report our experience
with its application for formalizing
existing terminological systems. Essential in our representation formalism is
that it is conceptual, viz. it supports
communication between, for example,
domain experts and engineers of the
terminological system. It should also
help to highlight weak spots in the design by supporting the comparison of
various terminological system structures and the comparison between
characteristics of the systems with those
characteristics required. Therefore,
complementary to the conceptual part,
a formal counterpart (based on first
order logic) is needed to enhance expressivity and disambiguity and to support consistency during development of
new terminological systems and their
maintenance and reuse.
This article describes our experience
with formalizing five well-known termi-

nological systems: ICD [7, 8]; NHS
clinical terms [9, 10]; SNOMED
[11, 12]; UMLS [13, 14]; and GALEN
[15, 16] and the comparison of these
systems with criteria believed important for an ideal terminological system
[1, 2].
In Section 2 we describe the representation formalism which is based on
Entity Relationship Diagrams (ERD)
and First Order Logic (FOL). In Section 3 the relevant criteria of Cimino et
al. [1] and Campbell et al. [2] are translated into this formalism. In Section 4
the (simplified) structure of some wellknown terminological systems are conceptually and formally described and
these structures are compared with
the criteria of an ideal terminological
system. An extensive description can be
found in a technical report [17] obtainable from the authors. In Section 5 we
discuss similarities and differences
among, and implications for the usability of these terminological systems.

2. Uniform
Representation Formalism
A uniform representation formalism
supports the complete and unambigMethod Inform Med 2000; 39: 22–9

uous description of the structure of a
terminological system enabling comparison of different terminological
systems described by the same formalism. Important characteristics of a
uniform representation formalism are:
(1) conceptuality – i.e. it lends itself for
human comprehension and communication, (2) adequate expressive power,
and (3) non-ambiguity.
The Entity-Relationship (ER) formalism [18] is a simple formalism capable of expressing concepts, relationships between concepts and some cardinality constraints, and it scores well on
these criteria. The simple diagrammatic
notations of ER (ER Diagram) have
contributed immensely to its popularity. The notations use in the static part
of object-oriented formalisms, such as
OMT and UML, could have also been
used, because they basically express the
same content. However, ERD may not
always be adequate for expressing complex constraints. Hence, a more expressive instrument and a formal (based on
mathematical notions) specification, is
needed to complement it in order to
avoid non-ambiguity and to capture
complex constraints. Based on its
expressive power and universality we
have chosen (many sorted) First-OrderLogic (FOL). Our choice for ER with
FOL means that descriptions in this
formalism could easily be translated to
and from other logic-based formalisms
such as Ontolingua [19], conceptual
graphs [20] and description logics [21]
when their expressivity allows this.
Other researchers have described the
use of logic-based formalisms for the
representation of medical data and
pointed out that this is a pre-condition
for automated reasoning [20-24].
Therefore, a formal and conceptual
representation of the terminological
system’s structure, that is a meta-model
of the medical concepts it includes, is
essential in understanding the system
and hence its usability.

Fig. 1

ERD representation of concepts, attributes and relationships.

the representation formalism itself, and
criteria which concern the descriptions
of the domain (the model) using the
representation formalism. In this section both categories are described with
the ER formalism and a FOL description. An extensive description can be
found in a previous technical report
[17].

3.1 Criteria Concerning
the Representation Formalism
In this section we describe criteria
for the representation formalism which
form the basis for the domain criteria
described in Section 3.2. As explained
in [6] the building blocks of most
conceptualizations and hence also of

terminological systems are concepts,
attributes and relationships between
concepts; these are represented in ERD
by a rectangle, an arrow connected
with an ellipse, and a diamond connecting rectangles by arrows, respectively
(Fig. 1).
Relationships between concepts can
be distinguished in hierarchical relationships (“Is_a” and “Is_part_of” relationships) and non-hierarchical relationships (e.g. “caused_by”). When
modeling the medical domain we represent an “Is_a” relationship between two
different concepts as shown on the left
side of Fig. 2, e.g. hepatitis Is_a liver
disease. For the purpose of the description of models of terminological
systems themselves we distinguish in

3. Representation of Criteria
for Terminological Systems
Two categories of criteria of an ideal
terminological system [1, 2] can be
distinguished: criteria which concern
Method Inform Med

Fig. 2 ERD representation of hierarchical relationship normal (left) and at the meta-level
(right).
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this paper a meta-level “Is_a” relationship (right side of Fig. 2). In the metamodel the meta-concept has instances
which are concepts at the domain level,
e.g. “hepatitis” and “liver disease” are
hierarchically related concepts and are
instances of the meta-concept “disease”.
The rest of this section and Section
3.2 describe the criteria mentioned by
Cimino et al. [1] and Campbell et al. [2].
A terminological system should enable
the use of attributes to define or further
specify concepts. Relationships between
concepts should be explicitly represented by a label designating the meaning of
the relationship, and constraints to restrict the interpretation of the relationship. Without explicitly representing
relationships it is difficult to (automatically) interpret the meaning of a relationship, e.g., a relationship between
“Health problem” and “Medication”
can be interpreted as “Health problem
treated_by Medication” or as “Health
problem is_side_effect_of Medication”.
Composition rules are grammatical
rules, which define how and which
concepts can be used to compose new
concepts. With FOL one could easily
specify the composites declaratively.

3.2 Domain Model Criteria
This section describes the criteria
which concern the model of terminological systems.

Domain completeness means that the
terminological system should not be
restricted in detail whether in depth or
in breadth. Any constraint on the cardinality of the “Is_a” relationship or on
the value of the (depth) level of the
hierarchy, which reflects the chain of
descendents of a concept, would hinder
domain completeness (Fig. 3).
Synonyms and multi-lingual terms
means that a unique concept may be designated by multiple terms in more than
one language. Other model criteria concerning terms, concepts and their relationships are non-ambiguity, non-vagueness and non-redundancy. Non-vagueness prescribes that concepts must be
complete in meaning, that is, refer to an
object in the domain. Non-ambiguity
prescribes that a concept refers to
exactly one object in the domain. Nonredundancy prescribes that there
should be a mechanism which prevents
the existence of multiple different concept representations with the same
meaning. These three criteria are not
limited to the model of the terminological system, they are constraints on the
meaning of concepts which ought to be
considered by the knowledge engineer
who develops the terminological system. To support non-redundancy in the
model each concept has one preferred
term and zero or more synonymous
terms per language (see Fig. 3).

The next criterion multiple classification is represented by a hierarchical relationship in which a subordinate concept
is related to as many superordinate concepts as required (see Is_a and Is_part_
of relation in Fig. 3). For example
“pneumococcal pneumonia” is a subordinate concept of the superordinate concept “lung diseases” as well as of the superordinate concept “infectious diseases”.
A code can be conceived as an attribute of a concept. Codes must be nonsignificant, i.e. context free hence not related to the meaning or the position of
the concept in the hierarchy. Another
criterion concerning codes is the possibility of cross-mapping, e.g., for administrative reasons. This can be observed
or realized by an attribute “cross-mapping code” appearing at each concept.
The cross-mapping code e.g., between
ICD and a local terminological system,
can be either manually or (semi)automatically derived.
The last criterion concerns the use
of definitions. Some terminological
systems have textual definitions which
have to be interpreted by the human
reader. If these definitions were formal,
a computer could (at least partially)
process them and use them for automated reasoning such as consistency
checking [21] and knowledge acquisition in GAMES [24] and PROTÉGÉ
[25].

Fig. 3 ERD and FOL
metadescription of nonredundancy, (multilingual)
synonyms and multiple
classification.
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4. Description of Existing
Terminological Systems
The conceptual and formal representation of terminological systems supports a better understanding of their
structure. It helps to recognize the
patterns in the designs of different terminological systems by a uniform view,
which enables ascertainment of gaps
and incompleteness in the terminological system.
In the first paper on this topic [6] we
describe the typology and the coding
scheme of the ICD-10 [8], NHS Clinical
Terms [9, 10], SNOMED [11, 12],
UMLS [13, 14] and GALEN [15, 16,
26]. We used ERD and FOL to describe
the structure of these terminological
systems and compare them with the
criteria described in the previous section. For brevity, in this section we only
represent the ERD and FOL description of ICD-10 and UMLS and only the
essential information in FOL which is
not represented in the ERD. An extensive conceptual and formal description
of all systems is given in [17].

4.1 ICD-10
A conceptual and formal model of
the ICD-10 is presented in Fig. 4.
Although Fig. 4 shows explicit relationships to clarify the model of ICD-

10, in reality the ICD-10 does not contain explicit relationships. For neoplasm concepts there are some term
compositions. A coded nomenclature
for morphology of neoplasms is part of
the system. Each concept in the ICD-10
chapter 2 “Neoplasms” can be extended
with a morphology concept and code,
which consists of a histology code and a
behavior code, e.g., “3=malignant,
primary site”. For non-neoplasm concepts there are no attributes and no
composition rules to compose new
complex concepts.
Domain completeness of ICD-10 is
restricted to 4 levels of depth. Comparing Figures 3 and 4 shows that there is
no real distinction between concepts
and terms, hence synonyms, multilingual terms and non-redundancy are
not supported. From the comparison
between Figures 3 and 4 we also conclude that multiple classification is restricted in ICD-10 by the cardinality:
concepts have 0, 1 or 2 parents. Each
concept is at least designated by one
unique code and at most by two unique
codes: one dagger code related to the
etiology and one asterisk code related
to the location of the diagnostic term.
Definitions, beyond the implicit interpretation that a subordinate concept is a
more specific form of the superordinate
concept, are lacking.

4.2 NHS Clinical Terms
The NHS clinical terms, formerly
known as the Read Clinical Classification forms a classification of medical
concepts representing many domains
such as diseases, signs, procedures, etc.
Each of these subdomains contains concepts related by generic relationships.
This system views partitive relationships as generic relationships by introducing structure concepts. For example,
the subordinate concept “aortic arch” is
part of the superordinate concept
“thoracic aorta”, but instead of a direct
partitive link this concept is generically
linked to the structure concept “thoracic
aorta structure”.
Although relationships are not formally made explicit, during the qualification of concepts, implicit relationships are used in the lookup tables
(templates) to define combinations of
concepts, attributes and attribute values
in a controlled way [27]. The relationship between a concept and an attribute
has a status: Qualifier if the attribute
might supply extra detail which a user
might choose to further describe a
concept, e.g., “course of illness: (acute/
chronic)” to qualify “heart failure”;
Atom if the attribute is an intrinsic
characteristic of a concept, e.g., “site:
cardiac structure” of heart failure. In
our terminology this is part of a defini-

Fig. 4 ERD and FOL
representation of ICD-10.
Method Inform Med
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Fig. 5 ERD and FOL
representation of the
UMLS metathesaurus
and semantic network.

tion. Template tables define which concepts can be modified by which attributes, but lack explicit constraints e.g.,
on combinations of attributes. Furthermore, existing atoms are not consistently used to describe the intension of their
corresponding concept. Hence, definitions are unnecessarily partially specified.
NHS Clinical Terms has no limitations to domain completeness and
multiple classification. Synonyms and
unique codes are supported in the
system. Each concept is designated by a
description which consists of a unique
code and a unique term (identifier) for
the concept.

4.3 SNOMED
The structure of SNOMED consists
of eleven modules (also called axes
or dimensions), such as Topography,
Disease and diagnosis, Procedures, etc.,
which can be conceived as distinct
26

classifications. Concepts within one axis
are related to each other using hierarchical relationships and concepts between different axes are also related
by non-hierarchical relationships. An
example of non-hierarchical relationships between terms are the relations
between the disease “Tuberculosis” in
the “Disease and diagnosis” and
“Lung” in the topographical module,
“Granuloma” in the morphology module, “M.tuberculosis” in the living
organisms module and “Fever” in the
function module. Since version II of
SNOMED these relationships are explicit although a formal model lacks.
Concepts are non-vague, that is they
represent an object. Some terms, e.g.,
from the General modifier module, are
vague but these are only used to compose new concepts. Concepts of the
various modules/axes can be linked in
order to compose new complex medical
concepts, but SNOMED has not formalised any constraints on these composi-

tions. SNOMED has no limitations to
domain completeness and multiple
classification. Multi-lingual terms, nonredundancy and unique codes are not
supported. A disease concept can often
be described by a non-vague concept
from the “Disease and diagnoses”
module, e.g., DE-14800 Tuberculosis,
but in some cases it is also possible to
describe the same concept with a concatenation of different concepts, e.g. Lung
+ Granuloma + M.tuberculosis + Fever
which also represents Tuberculosis.
Although each concept in SNOMED is
described by one or more descriptions,
there is no distinction between preferred and synonymous terms. Partial definitions are only available for concatenated concepts, in that case the definition
is the enumeration of concatenated
characteristics. SNOMED RT, which is
under development, seems to be
addressing all above-mentioned deficiencies by using a formal model [12]
based on description logics [21].
Method Inform Med

4.4 UMLS
The UMLS consists of the Metathesaurus, the Semantic network, the
SPECIALIST lexicon and the Information Sources Map. For brevity we only
conceptually and formally describe
the metathesaurus and the semantic
network, because these two together
form the most comparable component
with the terminological systems described in the rest of this article. The
Metathesaurus provides information
about concepts, terms, string-names
and the relationships between them,
drawn from established terminological
systems such as ICD-9-CM/ICD-10,
SNOMED and MeSH. As shown in
Figure 5 the metathesaurus represents
“broader”, “narrower”, “other”, relationships between different concepts
(and optionally the relationships defined in the semantic network). Many
relationships are derived directly from
source terminological systems. For
example, the hierarchical relationships
in MeSH or ICD are manually made
explicit in UMLS as “Is_a” or “Part_of”
relationships. The UMLS does not contain composition rules to compose new
complex concepts.
Comparing Figures 3 and 5 shows
that UMLS has no limitations on domain completeness, and that multiple
classification is possible. It also shows
that synonyms, multiple-lingual terms,
non-redundancy and unique codes are
supported in UMLS. The formal specification of Figure 5 shows that each
concept in the UMLS is described by
one preferred and possibly more synonymous terms which are in turn linked
to multiple strings (plurals, etc.). Each
concept has an attribute “definition”, a
textual definition which describes the
meaning of the concept.
Each concept in the metathesaurus is
assigned to the most (one of 132) specific semantic category available in the semantic network. The semantic network
provides information about the set of
basic semantic categories (also called
semantic types): Physical objects (e.g.,
organisms), Conceptual entities (e.g.,
findings), Activities (e.g., behavior) and
Phenomenons and processes (e.g., biological function) and their relationships.
Via the “Is_a” link, relationships and
attributes are inherited by the subordiMethod Inform Med

nates of the high level semantic category. By inheritance the relationship
“process_of” between “Biological function” and “Organism” also exists between “Disease or Syndrome” (which
Is_a “Biologic Function”) and “Human” (which Is_a an “Organism”). The
inheritance of relationships can be
blocked in case the subordinates of a
semantic category conflict with the relationship, e.g. “Mental or Behavioral
dysfunction” is a “Biologic Function”
which can be related to an “Organism”
by the “process of” relationship.
“Plants” is a subordinate of “Organisms” but cannot have a mental
dysfunction, therefore this inheritance
is blocked. Relationships between
semantic categories do not necessarily
apply to all metathesaurus concepts
that have been assigned to those semantic categories. For example, the relationship “evaluation_of” exists between
the semantic categories “Sign” and
“Organism attribute”. The metathesaurus concept “overweight”, related to the
semantic category “Sign”, is an evaluation of the “Organism attribute” concept “body weight” but it is not an
evaluation of the “Organism attribute”
concept “body length”. Inconsistencies
between metathesaurus concepts cannot be blocked.

4.5 GALEN
GALEN is different from the abovementioned terminological systems. Like
UMLS and SNOMED RT, GALEN
provides an explicit model of the
domain but it also provides a flexible
representation language. GALEN’s
goal is to formally describe and model
the medical domain by which the interchangeability of electronic medical data
of different data sources can be supported. The Concept Module utilizes
the GALEN Representation and Integration Language (GRAIL), a formalism based on Description Logics, to
represent and manipulate the Concept
Reference (CORE) model. The Core
model is an ontology currently comprising approximately 5,000 concepts and
1,000 explicit relationships. The
GRAIL formalism allows developers of
terminologies to create models containing these concepts and relationship,
and to derive (automatically) new com-

posed concepts. There are no restrictions on domain completeness. To
guarantee non-redundant and sensible
composed concepts, automated reasoning facilitated by reasoning services of
Description Logics [21], is used. Relationships be-tween concepts can be:
“sanctioning”, which specify how concepts are allowed to be used in the formation of composites; or “descriptive”,
which specify intrinsic characteristics of
a concept. A conceptual and formal
representation of a general GRAIL
model is described in the technical
report related to this article [17]. Automated reasoning within GRAIL facilitates multiple classification. Models
developed with GRAIL are language
independent and therefore the model of
concepts is separated from the (synonymous) terms used to designate them.
The Multilin-gual Module manages the
mapping of concepts to preferred and
synonymous terms of different languages. The Code Conversion Module can
be used as an inter-lingua and manages
the mapping of concepts to and from
existing coding systems.

5. Discussion
In this article we have described the
second part of a framework for understanding terminological systems and
our experiences with its application: the
use of conceptual and formal representation formalisms for representing the
structure of a terminological system.
After applying the formalism to the required criteria of an ideal terminological system (Section 3), we applied the
representation formalism to describe
the structure of important terminological systems (Section 4). In our experience, formalization supports the comparison between the criteria on terminological systems (Figs. 1 to 3) and the
structure of existing terminological
systems (Figs. 4 and 5). Formalization
resulted in a reference design that
helped us to observe discrepancies in
some terminological systems. The
largest problems with the ICD, which
we observed during this exercise, are
the lack of explicit relationships and
definitions, the lack of separating terms
and concepts (and so the lack of synonyms), the lack of possibilities for com27

posing new concepts and the restrictions of domain completeness (number
of levels in depth restricted to 4). We
think that especially (formal) definitions and composition rules are essential criteria for future terminological
systems because, especially when expressed in a restricted form, they can
facilitate automated reasoning such as
consistency checking, classification [21]
and knowledge acquisition (data entry)
[24, 25].
The NHS Clinical Terms, SNOMED
and the UMLS do better on most criteria, but composition rules and formal
definitions are also missing or premature. SNOMED RT aims to address this
deficiency but it is not yet operational.
The UMLS uses a semantic network to
structure concepts in the medical
domain. Reasoning is not (optimally)
supported in the UMLS because nodes
and arcs are only intuitively defined by
their labels on a high level of detail, and
therefore sensibility control on metathesaurus concept level is not supported.
The GALEN project, not extensively
operational yet, is an ambitious and
promising project aiming at a formal
description of the total medical domain.
GALEN has the intention to adhere to
the criteria mentioned in Section 3 but
the realization of all these intentions is
still under construction. Moreover, the
restrictions of the description logics on
which GALEN is based, improves
reasoning with the system, but constrains its expressivity. But even the
somewhat restricted expressiveness of
GALEN and its orientation towards the
total medical domain still implies that a
great effort should go into the syntax
and grammatical rules to guarantee
sensibly composed concepts. We intend
a thorough and practical evaluation of
the CORE model and the GALEN applications in a collaborative research.
Special attention will be paid to the
evaluation of the expressiveness and
the possibilities for automated reasoning in clinical settings.
We believe that the formalization of
terminological systems helped us with a
thorough understanding of their structure and merits. It was also the basis for
the development of a new terminological system for intensive care [28]. In our
opinion, formal representation forma28

lisms constitute indispensable tools for
serious terminological system developers. The representation of the structure of a terminological system in a
conceptual and formal way has more
advantages next to merely understanding the terminological system [20,
22-24, 29]. A conceptual and formal
representation of a structure of a system supports the communication about
what the system means and it supports
development of new systems by finding
the “desired patterns” (criteria of Section 3) in the design and by building
new designs based on desired ones. Furthermore, by making knowledge of the
underlying domain explicit with formal
specifications, these specifications can
be used in a knowledge acquisition tool,
such as GAMES [24] and PROTÉGÉ
[25], to support inference of new knowledge and to support consistency checks
within the terminological system. These
are important tools for the management
of the terminological system.
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