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Abstract

Controlled vocabularies have been used as the means for unifying
disparate terminologies found within an application field. This
unification leads to better administration of information and
enhanced communication among various parties.  Semantic
networks have been shown to be excellent vehicles for modeling
controlled vocabularies. However, they often lack the necessary
access flexibility and robustness required by external agents such
as intelligent information-locators and decision-support systems.
In this paper, we describe the process of mapping an existing
medical vocabulary based on a semantic network model into an
Object-Oriented Database (OODB) system. We first consider two
straightforward approaches to carrying out this task and describe
their deficiencies. We then present a new approach which yields
a very compact OODB schema for the representation of the
vocabulary’s entire hierarchy and inter-connectivity. We refer to
the resulting OODB as the Object-Oriented Healthcare Vocabulary
Repository (OOHVR), which is currently up and running in the
context of ONTOS, acommercially available OODB system.

1 Introduction

Starting from the first generation of semantic networks
[Brar9, Sow91, Woo85] and semantic data models [HM 81,
HK87], attempts have been made to computerize the
semantics of natural language terms.  While most of
these attempts were limited to small domains or “toy”
applications, there have been anumber of notable exceptions
such as Cyc [LG90] and WordNet [Mil95]. Another
large semantics-based vocabulary called theMedical Entities
Dictionary (MED) has been developed in the healthcare
arena[CCHJ94]. From an application standpoint, controlled
vocabularies aleviate software systems of the burden of
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maintaining their own ad hoc vocabularies. A common,
centralized vocabulary also facilitates communication among
applications by eliminating costly and time-consuming
trandation tasks. From a user point of view, they can
help standardize information processing among different
organizations and thus reduce the overall cost of doing
business.

In this paper, we describe the process of modeling
and implementing a semantic network-based controlled
vocabulary as an Object-Oriented Database (OODB) [KL 89,
ZM90]. We have chosen to focus on an existing medical
vocabulary called the InterMED, an offshoot of the MED
[CCHJ94]. One reason for our choice is the fact that the
healthcarefield is onewhere such vocabul aries are becoming
ubiquitous and are being exploited in a wide variety of
settings. Also, the InterMED employs a semantic network
model based on a variation of the original model of Woods
[Wo085], and, because of this, the mapping described in
this paper can be readily applied to other vocabulariesin the
medical field (e.g., UMLS[U. 96]) and other domains. We
refer to the OODB obtained by this mapping as the Object-
Oriented Healthcare Vocabulary Repository (OOHVR). At
present, a version of the OOHVR is up and running as an
ONTOS [S0l92] database.

There are a number of reasons why one would want to
model a vocabulary in an OODB. First, in applications
where external agents such as intelligent information-
locators, decision-support systems, and end-user browsers
are demanding the knowledge stored in the vocabulary,
transparent and concurrent access to it is necessary. OODB
systems provide the traditional access support of database
systems and offer a “low impedance” pathway [ZM90Q]
to the network, particularly at a time when more and
more application programs are being built using object-
oriented programming languages. The vocabulary can also
be accessed declaratively using an SQL extension (like
OSQL of ONTOS [ONT95]) or a “path” language such as
XQL [KKS92]. In addition, the typical OODB system’s
repertoire of modeling constructs neatly captures those
modeling features of semantic networks used to describe a
typical controlled vocabulary. Thus, the object model of
the vocabulary can be mapped directly from the semantic



network into the OODB system without having to re-model
it from scratch. Such a mapping is described in detail in this
paper. Another important point is that ONTOS and other
OODB systems are fully supported by commercial vendors,
something which is rarely the case for semantic networks.

An additional benefit of using the OODB framework
turns out to be a concise picture of the overall hierarchy
and connectivity of the InterMED’s 3,000 terms afforded
by the OODB schema. In [GCH*96], we showed how
this representation readily uncovered several inconsistencies
and errors in the original modeling of the MED which
contains 43,000 concepts. This enabled the designers to
easily correct the mistakes and refine the MED’s content.
In general, we would say that the OODB schema provides
an additional vehicle for comprehending the vocabulary.
While the vocabulary’s content is preserved at the instance
level of the database, the schema provides an extra level of
classification and summarization of the overall vocabulary
structure.

There are a number of ways to map a semantic network
into an OODB environment. We will examine some
straightforward ways and observe their disadvantages. The
approach that we developed resultsin an OODB schemafor
representing the InterMED that is very compact in its size.
In fact, the ratio of nodes in the InterMED to object classes
inthe OOHVR isonthe order of eighty. Thisratio will grow
much larger asthe InterMED growsto encompass additional
medical concepts.

Previously, an object-oriented framework has been used
as amodeling vehicle for thesauri for (natural) language-to-
language trandation [Fis91, Fis93]. A terminology editor
called TEDI was built in the same context as a tool for
extracting relevant information from hypermedia documents
[MR93]. The O, OODB system has been used to store
portions of a general English dictionary based on a “feature
structure” description of its entries[IMV93].

Database technology has been exploited as a means
for bringing persistence to knowledge-based systems. In
[KMG95], the EXODUS object manager [CDRS89] is used
as a subsystem of a frame representation system [KP95]. A
storage model, based on techniques previously proposed for
OODBs[VKC86], hasbeen employed asthe basisfor storing
Telos knowledge-bases on disk [MCPt94]. Both these
efforts have sought to incorporate the database subsystem
transparently, keeping it hidden from users. In contrast,
we are directly employing a commercial OODB system for
the representation of our vocabulary. After the mapping,
the original semantic network in which the vocabulary was
modeled is no longer needed. Users of the vocabulary,
whether they be programmers or casual browsers, explicitly
access the vocabulary through the standard mechanisms
provided by the OODB system. Let us emphasize that it
is not our goal to map all the modeling features of semantic
network systemsinto the OODB environment. What we seek
to do is represent controlled vocabularies, which ordinarily
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requirejust asubset of suchfeatures. Notethat theinheritance
mechanism availablein the semantic network iswell mapped
onto the OODB inheritance mechanism.

Besides the InterMED, the medical field has seen a
number of standardized vocabularies such as SNOMED
[Caol82], ICD9-CM [Uni8Q], and MeSH [Nat]. A descriptive
semantic network called Structured M etaK nowledge (SMK),
employing aterminological knowledge-base, has been used
to capture the semantics of patients medical records
[GGNR93].

The remainder of this paper is organized as follows. In
Section 2, we give an overview of the InterMED. Section 3
covers the details of the mapping between the semantic
network-based version of the InterMED and the OODB
version (i.e., the OOHVR). In Section 4, we briefly discuss
the ONTOS implementation of the OOHVR. For a full
discussion of that implementation, see[LHGT 96]. Section5
contains the conclusions.

2 Description of theInter MED

In this section, we describe the InterMED, a controlled
medical vocabulary modeled as a semantic network. The
InterMED isthe successor to the MED, which was devel oped
and is presently in use at Columbia-Presbyterian Medical
Center. It isbeing built asan inter-organizational vocabulary
to be employed by various medical centers. Structurally, the
InterMED is a semantic network whose nodes are medical
concepts. Each node can have properties which are referred
to as either attributes or relationships. An attribute is a
property whose value is a primitive data type (such as a
string). A relationship has asits value a reference to another
concept in the network. One attribute common to all nodes
is name, which holds a concept’s associated term (or textual
denotation). Another is synonyms which can hold alternate
denotations aside from the primary one. Let us note that
the InterMED exhibits nonredundancy, meaning that a given
medical concept is represented by one and only one node.
All synonyms are stored with that single node as a set-valued
attribute. The choice regarding the primary denotation and
the secondary denotations of a specific concept was made by
the original designers of the vocabulary. An example of an
InterMED relationship is part-of which links a concept to
another concept of which it is definitionally a part.

The InterMED features a concept subsumption hierar-
chy—adirected acyclic graph (DAG) composed of concepts
connected through super-concept (and sub-concept) links.
This hierarchy acts as the property inheritance mechanism
within the network. A sub-concept inheritsall the properties
of its superconcepts. For example, Glucose Test is a
subconcept of (or, simply, “IS-A”) Test, and therefore it
inherits all of Test’s properties. In other words, the set of
properties of Glucose Test is a superset of the properties of
Test. A concept may have more than one parent concept.
Also, the entire vocabulary hierarchy is rooted at a single
concept called Entity. As we will discuss further below,



the hierarchy exhibits what we call sparse inheritance which
influenced our design decisions.

The second purpose of the hierarchy is to support rea
soning. Such a capability would be exploited, for example,
by decision support systems that make subsumption-based
inferences.

At present, the InterMED comprises about 3,000 medical
concepts. This number is expected to increase into tens of
thousands as the InterMED is extended over time to cover
much of the current content of the MED. The concepts are
linked by approximately 9,000 non-hierarchical (i.e., non-1S-
A) relationships. The IS-A linkstotal about 5,000.

Throughout this paper, a bold face font will be used for
InterMED concepts. Properties of the InterMED will appear
in italics and will be written strictly in lowercase letters.
ONTOS (i.e., OOHVR schema) object classes will also be
writteninitalics. These class names, however, will start with
uppercase letters.

3 Representing a Semantic Network in an
0oOoDB

In this section, we describe the approach we used to represent
the InterMED as an ONTOS database—a database we call
the OOHVR. At first, we examine some straightforward
schemes for carrying out such a mapping and discuss why
these wereruled out. We then present our approach based on
the pattern in which the properties are introduced within the
semantic network.

3.1 OODB Modeling Alternatives

TheInterMED islarge collection of “concept” (or dictionary
entity) nodes and links between these. One approach to
constructing an OODB representation for the InterMED is
to view all the nodes of the network uniformly: Everything
is just a concept, so define a single object class Concept
and make all nodes instances of it. All properties (i.e.,
attributes and rel ationships) defined with respect to concepts
in the network would be made properties of this one class.
Thisapproach disregardsthefact that different concepts may
have highly disparate sets of properties, and these properties,
in fact, carry much of the semantics of the network. For
example, Test measures a Substance while Heart Disease
has-site Heart. Clearly, it is absurd even to talk about the
concept Heart Disease measuring something. However,
folding all properties into a single class creates just such
a potential in the OOHVR. Therefore, the single-class
schemaisconceptually incorrect. Besides, hiding the specific
properties defined for a concept within the many more
potential properties of the InterMED l|eads to an unnecessary
overload of irrelevant information and, from a practical
standpoint, is a waste of database storage.

Asanother shortcoming, consider what happens under this
mapping to the InterMED’s concept subsumption hierarchy.
To define a single class would mean “flattening” this
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hierarchy and failing to exploit a fundamental aspect of
object-oriented modeling.

A second aternative to the mapping of the InterMED
exists when the target OODB system supports some kind
of run-time manifestation of object classes in, say, its data
dictionary. The ONTOS OODB, supports such a feature as
part of what it callsits meta-schema[ONT95]. The approach
is as follows. In avocabulary network, it is reasonable to
view each concept (i.e., node) as a description of a general
category or, if you prefer, classin the linguistic sense. For
example, the node Aspirin denotes the general concept of a
kind of medicine (hamely, Aspirin), not some specific tablets
or preparations composed of it. With thisin mind, we could
map every concept into an object class of its own in the
OOHVR schema. Then, the OOHVR would consist solely
of classes (represented, presumably, as objects in the data
dictionary) and their associated properties, but it would have
no instances of those classes.

There are two major shortcomingsto this approach. First,
the OOHVR schema would be enormous, and instead of
aiding a user in the comprehension of the vocabulary it
would be overwhelming and nearly incomprehensible itself.
The second problem has to do with the representation of
properties and their values. In ONTOS, the properties of a
class are stored as independent objects apart from the run-
time manifestation of their class within the data dictionary.
Because these “property” objects are strictly intensional,
there is no provision for associating actual values with them
as required by the vocabulary’s structure. To overcome this
problem, we could augment the meta-schemawith additional
constructsto associate a property with valuesfor thedifferent
concepts that possess it. (As discussed, a property defined
at one concept appears at all its descendants, too, via
inheritance. Each of these descendents would have its own
value for the property in question.) Alternatively, duplicate
property objects for a single property could be used to make
the connection between concepts and values. This would
result in the need for agreat deal of extra storage within the
data dictionary, and would also require its reorganization.
Such practices, while feasible, are not acceptable.

As a third modeling aternative, we could define the
OOHVR schema to consist of two classes: Concept and
Property. The instances of the former would represent
the InterMED’s concepts themselves, of which there are
about 3,000. The instances of the latter would represent
the properties of the concepts. For example, the concept
Glucose would be represented by an instance of the class
Concept in the OOHVR. Its properties name (which, as
noted, is a property of all concepts, and here has the value
“Glucose”), synonyms, etc. would each be separate instances
of the class Property. A pair of relationships (i.e., has-
properties/is-property-of ) defined between the two classes
would allow concepts and their properties to be associated.

While this scheme does offer flexibility, it has two major
drawbacks. First, in order to access or manipulate a concept,



it would have to be “joined” together from its constituent
objects (one instance of Concept, and many instances of
Property). For the sake of efficiency and ease of use, we
prefer to represent one complete concept as a single object
in the OOHVR. The second drawback is a proliferation of
database objects resulting from the fact that each property
would be an object itself. For example, the property name
being associated with every InterMED concept would alone
require about 3,000 instances of Property.

3.2 Initial OOHVR Schema

In the first two approaches described above, either the
vocabulary has al instances or al class definitions. The
strategy that we chose is situated somewhere in the range
between these two extremes. Some nodes serve as the basis
for the definitions of object classes in the OOHVR schema,
while al nodes are mapped directly into instances of those
classes.

The question is: Which nodes of the InterMED will
actually guide the definition of classes and their associated
properties? Because the purpose of an object classis, among
other things, to define the properties of its instances, it
is sensible to examine the nodes of the network that also
function in this role. Ultimately, our principa task is to
identify groups of nodes that share identical properties so
that we can define the OOHVR schema's classes.

It turns out that there are only 30 concepts of the
InterMED that introduce properties. We will call these
property-introduction nodes. The rest just inherit their
properties from other concepts. Because only 30 out of
the nearly 3,000 nodes introduce new properties, we call
the InterM ED’s subsumption hierarchy a sparse inheritance
hierarchy. Vocabularies, in general, by their very naturetend
to have sparse inheritance hierarchies. This situation isin
sharp contrast to the subclass hierarchy of a typical OODB
schema where at amost every class we expect to find the
definition of new properties.

Let us note that, in the InterMED, for each property there
is aunique concept C where the property is first introduced.
By inheritance, this property is al so defined exactly for al the
descendant concepts of C. Overal, the InterMED contains
only 58 distinct properties.

Dueto the above observations, the InterMED can berather
compactly divided up based on the properties exhibited by
its various nodes. Toward this end, we need the following.

Definition 1: Let V be a property-introduction node. Some
of the descendents of V arethemselves property-introduction
nodes (for other properties). Such a node W is called a
direct-property-introduction descendant of V if the upwardly
directed subsumption paths (there can be morethan one) from
W toV do not contain any other property-introductionnodes.

Definition 2: An area is a set of nodes containing a
property-introduction node V and all its descendants which
are not direct-property-introduction descendants of V or
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descendants of the latter. In other words, an areaincludes a
property-introduction node and all its descendants down to
but excluding its direct-property-introduction descendants.

Clearly, an areacontains asingle property-introductionnode.
(Its property-introducti on descendants define new areas of
their own.) The property-introduction node of an area will
be called its root, and will be used to denote the area.

AreaA Q
A

1
r
B —
2 — || _C
r 3
AreaC
AreaB

Figure 1: Three areasin avocabulary

In Figure 1, we show three areas A, B, and C of a
vocabulary. The nodes are represented as small rectangles
with rounded edges, whilethe areasappear aslargerectangles
enclosing their respective nodes. Note that the root of area
A (i.e., the node A) introduces the single attribute “1,” listed
inside its rectangle. Area A extends down to, but excludes,
node B which is adirect-property-introduction descendant of
A. B defines the attribute “2” as well as the relationship r
(drawn as a labeled arrow) and serves as the root of area B.
Finally, area C hasthe root C which introduces attribute “ 3"
and relationship r’, the converse of r. The IS-A links are
drawn as unlabeled arrows directed from the sub-concept to
the super-concept.

As a concrete example from the InterMED, the concept
Measurable Substance introduces a new relationship
measured-by and is thus the root of a new area. All
descendant concepts between M easurable Substance and
its direct-property-introduction descendants are in this
“MeasurableSubstance” area. Examplesof such conceptsare
Color, Temperature, Specific Gravity, Viscosity, Blood
Coagulation, and Optical Density.

Aswe noted above, the InterMED has the concept Entity



as the root. Entity introduces a number of properties, and
it therefore is the root of the “Entity” area. We will call
this area the root area of the vocabulary. Because there
are 30 property-introduction nodes in the InterMED, it is
divided up into 30 areas. With respect to the overal size
of the vocabulary—approximately 3,000 nodes—this is a
very compact division. If all areas are mutualy digoint
(i.e., no concept appears in more than one), then all nodes
in an area will have the exact same properties (specifically
those defined or inherited by its root). As such, areas will
provide the partition we need to define the classes of the
OOHVR. We will, in the remainder of this section, describe
the OOHVR schema under the assumption that the areas of
thevocabulary form apartition. Inthe succeeding subsection,
we will discuss the additional complexity encountered when
areas are not digoint.

Under the assumption that areas are digjoint, we define the
OOHVR schemaasfollows. For each areain the InterMED,
we define an object class in the OOHVR whose instances
will be exactly the concepts in that area, including its root.
Theclass'sintrinsic properties are those defined by the area’s
root. Becausethe extension of theclassisprecisely one area,
we refer to it as an area class. Therefore, the OOHVR
schema comprises area classes. The name of a class is
formed by concatenating the name of the area's root concept
and “_Area” So, the “Measurable Substance” area would
have the corresponding class Measurable Substance Area.
Its properties would include the relationship measured-by,
among others.

Another issue that needs to be addressed is which area
classes should be related via subclass rel ationships. Because
the InterMED is singly rooted, each concept in the InterM ED
is a descendant of the Entity concept. Thus, the root of any
area in the InterMED is a child of a node(s) in some other
area(s). (The exception being Entity itself.) Thus, the root
of an area has al the properties of its parents areas plus
the propertiesthat it intrinsically introduces. To capturethis
in our model, we place each area class corresponding to a
root node in a subclass relationship with respect to the area
class(es) of its parent(s). It should be noted that because a
node (particularly a property-introduction node) may have
more than one parent, the subclass hierarchy induced by this
process is not necessarily a tree, as it may exhibit multiple
inheritance. The class Entity_Area corresponding to the
“Entity” area appears as the root of the OOHVR schema.

To illustrate this approach, we first show the result of
mapping the three areas of Figure 1 into corresponding
area classes and subclass relationships in Figure 2. Then
in Figure 3, we show the entire OOHVR schema. Both
figures were drawn using our OOdini-2 graphical notation
whichisbased on a schemadiagramming language presented
previously in [HGPN93]. The pictures were produced with
the OQOdini-2 editor that is being built using the ObjectM aker
Tool Development Kit of Mark-V. With OOdini-2, a class
is represented as arectangle, and arelationship, as a labeled
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A_Area
1
B_Area r C Area
2 3
-

Figure 2: Areas classes corresponding to three areas in
Figure 1

thin arrow. We denote a subclass relationship as a bold
arrow directed upward from the subclass to its superclass.
Attributes are listed inside their respective class rectangles
beneath the class name. Let us emphasize again that the
OODB schema produced by this mapping turns out to be
very compact in terms of the number of classes, particularly
when one considersthat the InterMED contains thousands of
concepts.

It is helpful to note that the InterMED’s concept
subsumption hierarchy served as the basis for the mapping
into the OOHVR schema. In fact, the mapping realy
congtituted the identification of the property-introduction
nodes and a “collapsing” of the inheritance paths between
these concepts. Thus, the OOHVR schema can be seen as
an abstraction of the property definitions and accompanying
inheritance that occur within the InterMED. For this reason,
we call thiskind of schemafor asparseinheritance hierarchy
a network abstraction schema.

However, if oneis still to use the concept subsumption
hierarchy of the vocabulary in the other ways that it
was intended (e.g., in order to reason with respect to it),
then it is mandatory that it appear in its entirety within
the OOHVR. This is accomplished by introducing two
reflexive relationships at the root area class Entity_Area:
has_superconcepts and has_subconcepts. These properties
are defined as follows. Inthe InterMED, if X IS-A Y, then,
in the OOHVR, the aobject corresponding to Y is a referent
of X with respect to the has_superconcepts relationship;
has subconcepts is the converse. In other words, the
hierarchy of concepts in the InterMED is represented in
the OOHVR on the instance (object) level rather than at
the schema level. The schema of the OOHVR provides
a compact framework for the definition and inheritance of
all the properties of the concepts in the vocabulary. It thus
helpsthe user of the vocabulary comprehendthevocabulary’s
overall structure.

3.3 Extended OOHVR Schema

InthelnterMED, some conceptsassume membershipin more
than one area, thus violating the digjointness condition. This
multiple membership isdueto thefact that each such concept
is subsumed by multiple parents (or other ancestors) that
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residein different areas. (Recall that thisis possible because
the vocabulary’s concept subsumption hierarchy is a DAG,
not atree.) It should be noted that anode, say, X belonging to
two (or more) areas cannot be a property-introduction node,
otherwise it would be the root of some new area of its own.
Instead, X would exhibit the combined properties from its
multiple areas without introducing any properties that are
new.

Thequestionis how doesthis affect the mapping described
in the previous section. To see the problem, let us assume
that concept X residesin thetwo unrelated areas A and B. By
“unrelated” wemeanthat neither A’scorresponding areaclass
(i.e., A_Area) nor B's (B_Area) is a descendant of the other
in the OOHVR schema. X's dual area membership implies
that the object corresponding toit in the OOHV R must be an
instance of both A_Area and B_Area. However, inthe OODB
paradigm (see, e.g., ONTOS [Sol92]), an object cannot be
a “direct instance” of more than one class. Thus, we need
to modify the mapping slightly in order to accommodate this
scenario, which, asit happens, occursinfrequently within the
InterMED.

AreaA Q

A
1
r
B T
% amEs
r 3
w&j

N——
)

AreaD

Figure 4: Expanded version of vocabulary from Figure 1

The problem described for X istrue for any non-property-
introduction node whose parents are in different areas or any
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such node with an ancestor in that situation. In Figure 4, we
expand the vocabulary pictured in Figure 1 to include four
nodes that reside in both areas B and C. Nodes D and E
both have parents in those areas, while F and G are in the
areas by virtue of the fact that they are children of D and E,
respectively. As a concrete example of this, the InterMED
concept Aspirin tablet preparationsresidesinthetwo areas
“Drug form” and “Pharmacy items, drugs, and non-drugs.”

A_Area
1
B_Area r C_Area
2 3
~_

D_Area

Figure 5: Areas classes corresponding to four areas in
Figure 4

Our solution to the problem is to extend the notion of
area and define the non-empty intersection of two areas as
an area of its own, called an intersection area. Aswith all
other areas in the vocabulary, a class is defined for it in the
OOHVR schema. This new kind of classisreferred to asan
intersection area class. The conceptsin the intersection area
are made instances of thisintersection areaclass, which does
not introduce any new properties. Instead, the class gets
its properties entirely via inheritance. The required set of
properties is the union of exactly those properties of the two
areas, the intersection of which the class models. Therefore,
theintersection area classis defined as a subclass of the two
area classes corresponding to those areas.

Asshownin Figure 4, the intersection areamight not have
a root (i.e.,, a concept which is an ancestor of al others).
If there exists aroot X, then the corresponding intersection
area class will naturally be denoted X_Area. Otherwise, the
schema designer will have to select one of the concepts in
the intersection which has parents in both areas as the name
of the intersection area class. In Figure 5, we illustrate the
result of the mapping that the intersection of the areas B and
C (i.e., area D) from Figure 4 undergoes in the construction
of the OOHVR schema. There, the name was chosen to be
D_Area.

The notion of intersection area can be extended to
encompass the intersection of three or more unrelated
areas. In the InterMED, the “Acetaminophen/codeine
tablet preparations’ area is the intersection of three areas:
“Pharmacy items (drugsand nondrugs),” “ Drug enforcement
administration (DEA) class,” and “Drug form.” Thus, the
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intersection area class in this case has three parents in the
OOHVR schema. It isalso possible for an intersection area
class to be a subclass of another intersection area class. For
example, in Figure 6, area class Buffered_Aspirin_Tablet_-
Preparations_Area is a subclass of Aspirin_Tablet_Prepara-
tions_Area which is an intersection area class.

InFigure 6, we show the entire OOHV R schema, including
all intersection areaclasses. The schemacomprisesatotal of
39 area classes and 50 subclass relationships.

Aswe saw in [GCH*96], the OODB schema experiences
a sow growth rate with respect to the size of the source
vocabulary. For example, an OODB schema for the MED
(which contains 43,000 concepts) required 90 classes, only
about twice the number in the OOHVR’s schema.

4 Implementation of the OOHVR

In the previous section, we described our mapping of the
semantic network vocabulary into an OODB vocabulary.
However, the InterMED istoo large and the resulting OODB
schema is too complex to consider creating the OOHVR by
hand. Therefore, it is necessary to use aprogram to carry out
thistask. The program needsto perform two major functions:
(1) the generation of the OOHVR schema (in this case, an
ONTOS OODB schema), and (2) the actual populating of the
OOHVR with the vocabulary concepts. We have built such
aprogram, which we refer to as the OOHVR generator, that
creates the OOVHR using ONTOS, a commercia OODB
system. Due to lack of space, we omit a description of the
program. See [LHGT96] for details.

5 Conclusion

Controlled vocabularies serve as excellent tools for the
management of diverse terminologies within an application
field. In this paper, we have described a representation of
such avocabulary in the context of an OODB system. While
our discussions were centered around a medical vocabulary
that we have implemented (the OOHVR), the techniques
described are readily applicable to other vocabularies
modeled with semantic networks. We would point out,
however, that theframework presented hereinisnot currently
suitable for building new vocabularies from scratch (i.e.,
without an existing source vocabulary to draw on). This
issue is currently being investigated as part of our ongoing
research.

In [LHGt96], we will present the architecture of a
software system that can automatically transfer the contents
of an existing semantic network-based vocabulary into an
OODB. We have used this system to populate the OOHVR
with the contents of the InterMED, an extensive, semantic
medical vocabulary. Presently, the OOHVR is up and
running within the context of the ONTOS OODB system.
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