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A Relational Model for Hypertext Structures
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Abstract— Hypertext and hypermedia systems play an in-
creasing role in the presentation of information. The prob-
ably most important of the rare formal approaches to de-
scribe the structure of a hypertext is the Dexter Hypertext
Reference Model [1], [2]. Based on this model, we develop a
mathematical model describing hypertext structures using
mathematical relations.

This relational approach enables us to combine the model
for hypertext structures with other mathematically formal-
ized models. One example for such combinations is the re-
lational algebra as the mathematical model underlying rela-
tional database theory and systems. Thus, we can use the
efficiency of relational database systems and their selection
routines in order to build adaptive hypertext systems.
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I. INTRODUCTION

HE first concept of a hypertext! system was developed

by Bush [4] who proposed the Memexz device for stor-
ing and linking information. The term hypertext itself was
coined by Nelson. He defined hypertext as a combination
of natural language text with the computer’s capacity for
interactive branching or dynamic display [...] of a nonlin-
ear text [5]. Hypertext systems became broadly available
with Apple’s HyperCard system in the eighties citeman-
ual:hypercard and, more recently, with the World Wide
Web [3].

In 1990, the National Institute of Standards and Tech-
nology (NIST) hosted a workshop on hypertext standard-
ization where several reference models of hypertext were
presented and compared [6]. Out of these models, the Dex-
ter Hypertext Reference Model ([1], [2]; for an introduction
see also Section II-A below) is the “most popular” one [7],

Although the Dexter model is described formally using
the Z-notation [8] this formalization is hardly usable for
combination with other formally specified models. There-
fore, we introduce an algebraic formalization of a relational
hypertext model which is semantically almost the same as
the Dexter model. This mathematical model — which is
to our knowledge the first one describing the structure of
hypertexts — enables us to combine the hypertext models
with other models and theories. An important combina-
tion is that with relational algebra, the theoretical basis of
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relational database systems. This combination allows the
efficient construction of adaptive hypermedia.

A second important combination which is rather directed
towards the application of (adaptive) hypermedia systems
is the Knowledge Space Theory from mathematical psy-
chology [9], [10]. This combination (together with the rela-
tional algebra) leads to the construction of shells for intel-
ligent tutoring systems as described by Albert and Hocke-
meyer [11].

In the following Section II, we first introduce the Dex-
ter model and, afterwards, suggest a relational formalism
for the structure of hypertext using the terminology intro-
duced with the Dexter model. In Section III we describe
how this relational model can be combined with relational
database thory to efficiently determine sub structures of
a hypertext. In Section IV, we compare our model with
the Dexter model itself and with two widely used systems:
HyperCard and HTML.

II. A RELATIONAL MODEL OF HYPERTEXT STRUCTURES

The following formalization of hypertext and hypertext
structures uses the terminology of the Dexter model. Our
model does, however, not include the complete function-
ality required by Halasz and Schwartz [1], [2]. Thus, the
complexity of the model is reduced. These restrictions of
functionality are described in detail in Section IV-A where
we also present concepts for formalizing the complete Dex-
ter model. Since we focus on the description of the struc-
ture, all aspects dealing with the contents of hypertext
documents are faded out. This results in a rather vague
definition of those terms describing aspects of document
contents, i.e. lying in the within—component—layer of the
Dexter model.

A. Overview of the Dexter model

In their Dexter model, Halasz and Schwartz [1], [2] dis-
tinguish three layers of a hypertext system: the run—time
layer, the storage layer, and the within—component layer.
The storage layer models the database describing the basic
node/link structure of the hypertext. The nodes in a hy-
pertext are called components in the Dexter model. The
within—component layer models structures within the sin-
gle nodes. The run—time layer models the presentation of
the hypertext using the concept of instantiations of compo-
nents and distinguishing the instantiations from the com-
ponents themselves.

The fundamental concept in the storage layer is the com-
ponent. There exist three kinds of components: atomic
components, composite components, and links. An atomic
component is what is often called a node or a document in
a hypertext system. Such an atomic component consists
of two parts: the component info and the content. The




latter is also called base component. The component info
contains some attributes, a presentation specification, and
a list of anchors. Anchors are end points of links which are
introduced below. An anchor consists of an anchor id and
an anchor value. The former is a label under which the
anchor can be accessed, the latter describes the position of
the anchor within the content of the component.

A composite component is very similar to an atomic com-
ponent. The only difference is that the content of a com-
posite component contains again other components. This
concept is, e. g. realized by the frames recently introduced
into HTML.

A link is a special kind of component which connects
two or more components. It consists of a set of specifiers
each of which contains a component specification, an anchor
id, a direction flag, and a presentation specification. The
component specification and the anchor id together specify
an end point of the link. The direction flag determines
whether the specifier describes a source or a destination of
the link or both. The presentation specification of the link
together with the presentation specification of the referred
component are used by the presentation layer to determine
the way the component will be presented if it is selected.
This definition of a link allows a link to connect more than
two components and it also allows bidirectional links.

B. FElements of a hypertext

An atomic item in the structure of hypertext is the base
component. A base component is a unit of information con-
taining e. g. text, graphics, or sound. A component consists
of a base component and some additional information, e. g.
presentation specification or anchors. Anchors are the ele-
ments of hypertext structures which mark connections be-
tween units of information. We distinguish between source
anchors and destination anchors. The links marked by the
anchors are directed, i. e. they point from one source anchor
to a destination anchor. When a component is presented
to a reader, often only the source anchors are visible. They
can be embedded in text or graphical material, or they can
be presented separately, e.g. as buttons or menus. This
may be specified in the presentation specification. Figure 1
shows an example of a base component and a corresponding
component.

The component in the right part of this figure demon-
strates three ways of presenting source anchors: the an-
chors |Information| and [Topic| are embedded in the text, the
anchors (Next), Back), and are presented as separate
buttons, and the graphic diagram contains at least one an-
chor.

Destination anchors, as already said, are not visible in
Figure 1. An example for a destination anchor is the name
anchor tag in HTML.

Definition 1: Let B = {by,...,b,} be a set of base com-
ponents, let S = {s1,...,5,} be a set of source anchors,
and let D = {di,...,dp} be a set of destination anchors.
The source anchors s € S and destination anchors d € D
can be located on the base components.

A component ¢ is a triple ¢ = (b,S., D) constituted
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by a base component b € B, a subset S. C S of source
anchors, and a subset D. C D of destination anchors. The
set C' = {c1,...,¢m} can, therefore, be characterized as
a subset of the Cartesian product of the set B of base
components and the power sets 2° and 2P of source anchors
and destination anchors, respectively:

C CBx2%x2P.
Note that due to the set properties of S. and D, an an-
chor can be located only once within one base component.
However, it is, of course, possible to locate an anchor on
several base components. Based on definition 1 above, we
can now introduce the concept of a link. Links describe the
connections between components.

Definition 2: Let the sets B, S, D, and C be defined
as in definition 1 above. The set L = {l,...,lx} of links
is defined as a subset of the Cartesian product (C' x S) x
(C x D) where each link I = ((c, s), (¢',d)) € L fulfills the
condition

s€S.and d € Dy
A link I = ((¢,8), (c',d) ) connects a source anchor s,
located on a component ¢ = (b, S, D.) with a destination
anchor d. on a component ¢’ = (b',S.,D.). A link can
also connect two anchors located on one component, i.e. ¢
and ¢’ do not have to be different.

Based on the concepts defined above we now can give a
formal definition of an hypertext.

Definition 3: Let B be a set of base components, let S
and D be sets of source anchors and destination anchors,
respectively, let C' be a set of components, and let L be a
set of links as specified in definitions 1 and 2 above.

The pair H = (C, L) is called a hypertext.

C. Different types of links

There are two ways to characterize links: One is a char-
acterization by the type of relationship between the linked
components. We will define these types of links using prop-
erties of source anchors. The other way is a characteriza-
tion by the type of the destination of the link. For this
kind of characterization we will use different properties of
destination anchors.

Definition 4: Let B be a set of base components, and let
S and D be sets of source anchors and destination anchors,
respectively. Furthermore, let C C B x 2% x 2P be a set
of components, and let L C (C' x S) x (C x D) be a set of
links according to definition 2.

Let p be a property which is applicable to source anchors.
Then we denote by S, the set of all source anchors which
have this property p. A link I = ( (¢,8), (¢',d) ) € L is
called a link of the source type p, if and only if the source
anchor s has the property p, i.e. if s € S,. We write the
set of all links of the source type p as L,:

L,={l=((¢,8),(d,d))€L|seSy}

Correspondingly, if p’' is a property which is applicable
to destination anchors then D, is the set of all destination
anchors with the property p'. Alinkl = ((¢,s), (¢,d)) € L
is called a link of the destination type p', if and only if the
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This is some information about some
unspecified topic. This is some
information about some unspecified
topic. This is some information
about some unspecified topic.

Fig. 1.

destination anchor d has the property p', i.e. if d € D,.
We write the set of all links of the destination type p' as
Lprl

Ly ={l=((c,s),(c';d)) € L|de Dy}.
Properties of source anchors can, for example, be “is an
example of” or “is a glossary entry for”. Links with such
source anchors are called example links or glossary links.
Examples for properties of destination anchors are “is a
program” or “is a video”. Links with such destination an-
chors are called program links or video links, respectively.

These different types of links may be used to determine
if source anchors and other parts of the component should
be visualized to the user. This decision would depend on
the type of the link via which the component was reached.
In an intelligent tutoring system, e. g., a component might
contain a problem together with some hints for its solution
and the solution itself. If this component was selected via
an example link problem and solution could be shown. If it
was selected via a training link the problem and an input
mask for its solution could be presented, together with a
and a button. However, if it was selected via
a test link only the problem and the input mask would be
visible to the pupil.

Besides that, e. g. Rada [3] suggests that links of different
types should be presented in different ways. A user of an
intelligent tutoring system could then use this knowledge
about the type of the link when he/she decides whether or
not to follow the link. The number of different styles must,
of course, be restricted so that the user is not overburdened.

D. Formal properties of link sets

Links in a hypertext describe relationships between the
single components. These relationships can be described
as relations on the set of components. In definition 5, we
define a relation between linked components.

Definition 5: Let H = (C, L) be a hypertext as defined
in definition 3. We define the binary relation - C C' x C'
on the set C' of components. For any components ¢, ¢’ €
C, we obtain ¢ ¢ if and only if there exists a link [ =
((e,5), (¢!,d)) € L.

In the following we transfer several basic properties of bi-
nary relations from the relation F from definition‘s to the

This is some information about some
unspecified topic. This is some

information| about some unspecified

topic. This is some information

about some unspecified [topic]

(b)) (o)

Example of a base component and a corresponding component

set of links by reducing these properties to appropriate
properties of sets of links. The general definition of these
properties of relations can be found e.g. in [12].

Proposition 1: Let H = (C, L) be a hypertext as defined
in definition 3 and let - be the relation given in definition 5.
(i) The relation - is reflexive if each component ¢ € C has
a source anchor s € S, and a destination anchor g € D,
such that ((¢,s), (¢,d)) € L.

(ii) The relation F is antisymmetric if, for any compo-
nents ¢, ¢’ € C, if there exist two links ( (¢, s), (¢',d) ) and
((c,s"), (e,d")) in L for some source anchors s, s’ € S and
some destination anchors d,d’ € D, the condition ¢ = ¢/
holds.

(iii) The relation F is connected if, for any components
¢, € C there exists a link ( (¢,s), (¢,d) ) or a link
((d,s), (¢,d)) in L for some source anchor s € S and
some destination anchor d € D.

(iv) The relation + is ¢ransitive if, for any two links
((¢,8), (¢,d)) and ((¢,s"), (¢",d")) € L, there also exists
a link ( (e, s"), (¢",d")) € L.

Using the properties of relations, we can also define condi-
tions for - to be an order.

Definition 6: Let H = (C, L) be a hypertext as defined
in definition 3 and let I be the relation given in definition 5.
(i) F is called a quasi-ordinal set of links if - is reflexive
and transitive.

(ii) F is called a partial ordinal set of links if I~ is reflexive,
antisymmetric, and transitive.

(iii) F is called a linear ordinal set of links if F is connected,
antisymmetric, and transitive.

(iv) | is called an antichain if, for any ¢,c’ € C, ¢ F ¢ if
and only if ¢ = ¢'.

Some of these properties of link sets may seem inappro-
priate. Linear order, e.g. is merely the opposite of the
hypermedia idea. It may, however, be used to describe
a subset of the hypermedia structure which describes the
user’s history. Regarding hypertext—based intelligent tu-
toring systems, however, there are several applications of
these properties.

We may, for example, consider prerequisite links point-
ing from a component to its prerequisites, i.e. to other
components which teach knowledge that is needed to un-
derstand the actual component’s content. Such informa-



tion are useful to determine which components should be
made available to a pupil. These prerequisite links should
form a transitive set of links since the prerequisites of pre-
requisites of a component are obviously also prerequisites
of this component itself. However, the author of such a
hypertext—based intelligent tutoring system will probably
specify only some of these prerequisite links. In the system
actually used later, this set of prerequisite links should then
be closed under transitivity. Of course, there are also other
uses for the properties of link sets defined above, e.g. the
identification of parallel exercises or instructions.

E. Navigation paths

Moving from one component to another following the
hypertext links is called navigation. The navigation path
is the history of a user, i.e. the sequence of components
visited.

Definition 7: Let H = (C,L) be a hypertext. An or-
dered n—tuple P = (¢1,¢2,...,¢,) € C™ is called a path if
and only if for all4 = 1,...,n — 1 there exists a Link I € L
such that

l=((ci,8), (cit1,d))

for some s € S, and d € D, ,.

We denote by P, € C™ the set of all paths P € C™

which can be chosen while navigating through a hyperme-
dia structure in n steps.
There are two important application for paths. One of
them is the user’s history, i.e. the sequence of components
the user has visited so far. The other application is the
preselection of a path through the hypermedia structure
by its author. Both paths enable the creation of forward—
and back—links. In many systems, the forward— and back—
links through the user’s history are offered by the hypertext
system through special buttons which are not part of the
component presented. The forward— and back-links speci-
fied by the author, on the other side, are in general part of
the specific component. In this way, the two different types
of forward— and back-links can easily be distinguished.

Considering hypertext—based intelligent tutoring sys-
tems, the navigation paths of the pupils get additional im-
portance: while in general the navigation paths are used
to help the hypertext user in navigating through the hy-
pertext, they can in intelligent tutoring system also serve
to estimate the pupil’s knowledge and, in consequence, to
decide which components and links may be presented to
the pupil depending what s/he has learned so far.

III. FLEXIBLY SELECTING SUB HYPERTEXTS USING
RELATIONAL DATABASE THEORY

In this section we show how the definitions from Sec-
tion II-B and II-C can be used to define a relational
database. For this application, only few, minor changes
must be applied. First, we give a short introduction to re-
lational algebra and relational database theory in general.
Afterwards, we show how a database describing the struc-
ture of a hypertext can be defined using the definitions
from Section II.
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A. Basics of relational algebra and relational database the-
ory

The following introduction to basic concepts of the rela-
tional database model and relational algebra follows largely
the terminology and notation used by Elmasri and Navathe
[13]. The example relations used in this section are simpli-
fied versions of those suggested in Section III-B.1.

In the relational database model, data in a database is
represented as a set of relations. Each of these relations
can be viewed as a table where a tuple of the relation can
be interpreted as a row in the table. A relation schema
REL is a set {A,...,A,} of attributes. Each attribute A;
has a domain D; = dom(A;). These domains may not have
a structure to be evaluated by the database system. A
relation schema describes a relation whose name is R. The
number n of attributes in a relation schema is called degree
of the relation.

In the terminology of relational databases, a relation
schema defines the structure of a table, and the attributes
denote the names of the table’s columns. For each at-
tribute, a domain is specified, i.e. a set of possible values
for this attribute. A relation R following a schema REL is
a subset of the Cartesian product of the domains of the
attributes.

Ezample 1: The relation schema,

DOC (DID, BASE, PRES)

describes a relation (or table) DOC with three attributes (or
columns):
DID  Unique identifier of the document (e.g. a num-
ber),

BASE Base component building the content of the doc-
ument (cf. Fig. 1,
PRES Presentation specifications (e.g. colour, size, or

background for the presentation).

The domains of the attributes are the set of document iden-
tifiers, the set of base components, and the set of all sub-
sets of presentation specifications, respectively. This rela-
tion scheme describes a first approach to a document rela-
tion scheme. This new document concept is a component
without anchors but it differs from the base component
by the additional presentation information. As such, it
can be located between base component and component in
the Dexter model. The components themselves cannot be
represented explicitly in relation schemas since this would
require to include the sets of source and destination an-
chors. These sets of anchors, however, would introduce a
structure which is later to be used by the database system
which is not allowed in relational database theory as we
have said above. We elaborate the concept of a document
in more detail in Section ITI-B.1.

In the example above, the attribute DID has the spe-
cial property of uniqueness, i.e. for a relation D accord-
ing to the relation schema DOC and for any two tuples
t = (i,b,p),t’ = (i",0',p') € D, we obtain ¢t = t' if and
only if 4 = #’. The DID can be realized e.g. by a unique
document number. An attribute satisfying this condition is
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called a key. A key can also consist of a subset of attributes,
e.g. of two attributes whose combination is unique within
a relation. Being a key is a property of a relation schema
which imposes a corresponding constraint onto each rela-
tion following the schema.

Based on the definitions given above the relational al-
gebra provides operators for manipulating and combining
relations. There exist two groups of operators. One of these
groups contains general set operators: union, intersection,
difference, and Cartesian product. The other group con-
sists of operators which have been developed especially for
relational databases: select, project, and join. The general
set theoretical operations union, intersection, and differ-
ence have the same meaning in the relational algebra and,
therefore, do not need any further explanation. The Carte-
stan product, however, is slightly different from the general
set theoretical operator: If R C My x My X -+ X My,
and S C N; X Ny x --- x N,, are two relations then their
Cartesian product T = R x S in relational algebra can be
described by T' C My X - - - X My, X Ny X - - - X N,,, i. e. we get
a set of (m +n)-tuples instead of pairs of m— and n—tuples.
The tuples t € T are exactly defined by the equation

T = {(ml,..

,nn) | (ma,...,mm) €ER

.,ny) € S}h.

My, My - - -

and (nl, ..

In the following, we illustrate the operators which have
been developed especially for relational algebra.

The select operation

The select operation selects a subset of tuples from a
relation which satisfies a given condition. We write a se-
lection operation in the following form:

O <selection condition> (R)

where R is a relation and <selection condition> is a
Boolean expression on comparisons of different attributes
or of attributes and constants. The resulting relation has
the same relation schema as the original relation R.

Ezample 2: Consider the relation schema DOC from Ex-
ample 1 and let D be a relation with schema DOC. The
expression opp—x(D) returns a relation with the relation
schema DOC which contains all tuples from D which have a
value of z in their DID component. Since DID is a key at-
tribute in DOC, the resulting relation contains at most one
tuple.

The relation returned by oppse=p(C), on the other hand,
contains all documents which have the base component b.

The project operation

While the select operator selects specific rows of a table,
the project operator selects specific columns. For a relation
R with a relation schema REL, the term

T <attribute list> (R)

describes a relation with a relation schema as described
in <attribute list>. This <attribute list> describes a

subset of the set {Aj,...,A,} from the relation schema
REL. The order of the attributes in the resulting relation
schema is determined from the order of the attributes in
the <attribute list> and it is independent from the order
in the original schema REL.

Ezample 3: Reconsider the relation schema DOC from
Example 1 and let again D be a relation according to re-
lation schema DOC. The expression mpyse(D) returns a re-
lation whose relation schema contains only the attribute
BASE, i.e. you get a table containing just this one column.
Note, however, that the resulting relation of a projection
may also contain less rows than the original relation since
there may be a loss of uniqueness due to the reduction of
attributes. In the above example, a base component may
describe the content of several different documents. The
resulting relation of the projection would contain this base
component only once since it is a relation and, as such, a
set.

The join operation

The operators described so far are used to reduce rela-
tions. The join operator is used to combine them. The
resulting schema contains all attributes from both original
schemas. A join differs, however, from the Cartesian prod-
uct by the restriction that the resulting relation contains
only those tuples which satisfy a given condition. For two
relations R and S with relation schemas REL and SEC, we
write a join as

R M<j0in condition> S

where <join condition> is a Boolean expression of compar-
isons of the form Ag © As, Agp and Ag are attributes of REL
and SEC, respectively, which have the same domain, and ©
is a comparing operator in this domain.

Ezample 4: Let DOC be the relation schema from Exam-
ple 1 and let D be a relation with schema DOC. Let

LINK (LID, SD, SA, DD, DA)

be a relation schema with the following attributes:
LID Unique identifier of the link,
SD  Identifier of the source document,
SA  Identifier of the source anchor,
DD  Identifier of the destination document,
DA  Identifier of the destination anchor,.
and let L be a relation of schema LINK. The expression

L l>dDD:DID D
returns a relation R with the schema
RS (LID, SD, SA,DD, DA, DID, BASE, PRES).

All tuples in the relation R have identical values in the DD
and DID document. The resulting relation R contains for
each link also the information about the destination doc-
ument. However, links whose destination document does
not exist are eliminated.

Although the conditions in the join operator are not limited
to equality comparison this is a very frequent case. The



resulting relation contains two equal columns which means
a redundancy of information. Therefore a new operator,
the natural join was created. The natural join

R *(<listy >),(<lista>) S

returns a new relation whose schema contains all attributes
from R and those attributes from S which are not contained
in <lists>. The new relation contains all combinations of
tuples 7 € R and s € S where r has the same values in the
attributes of <list;> as s in the corresponding attributes
of <listy>.

Ezxample 5: Consider once more the relation schemas
DOC and LINK from the Examples 1 and 4 together with
the relations D and L. The expression

L *(pp),(o10) D
returns a relation R with a relation schema
RS (LID, SD, SA, DD, DA, BASE, PRES).

The tuples in this relation R contain for each link [ € L
additionally the base component and the presentation spec-
ification of the destination document. The expression

R=1L *(L1D,SD,SA,DA),(LID,DD,SA,DA) L

determines a relation R which contains all links I € L which
connect two anchors within one document. The schema
of the resulting relation does, however, not contain the DD
attribute. The comparison in this natural joint is done on a
per document base. The link identifiers (LID) are combined
to ensure that we combine links which themselves. The SD
and DD attributes are combined to select the links between
anchors within one document. The SA and DA attributes
are each compared to ensure that they occur only once in
the resulting relation scheme.

In this case, there would also be another, more efficient
way to compute the relation R:

R = T'LID,SD,SA,DA (USD:DD(L)) .

Actually, this equation describes a rather straightforward
way: first we select all those links where source and des-
tination document are equal. In a second step, we then
eliminate the DD attribute by a projection.

B. Using a relational database for constructing sub hyper-
texts

In this section, we first suggest a relational database de-
sign describing the structure of a hypertext. Afterwards,
we give some examples how this database could be used to
select sub structures according to special needs.

The database design suggested differs in one point from
the formalization given in Section II: Since the attributes
may not have a structure to be evaluated within the re-
lational algebra, the component cannot be represented ex-
plicitly. Therefore we introduce the concept of a document
which contains a base component plus additional informa-
tion but no anchors.
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B.1 Design of a relational database describing hypertext
structures

The following relation schemas are very close to those
specified in Example 1 and 4: The central schema is the
document. As already said before, this schema does not
contain information about anchors which are stored in a
separate relation. On the other side, there are two new at-
tributes: the document identifier DID and the presentation
specification DPRES. The document identifier DID is a key
attribute of DOC.

The new relation schema ANCHOR has five attributes: the
anchor identifier AID, the document identifier DID, the po-
sition descriptor P0S, the direction DIR, and the property
descriptor PROP. Currently, the form of position and prop-
erty descriptions is kept open. The attributes AID and DID
together build a key in the ANCHOR relation schema. This
means that there are no two different tuples in a ANCHOR
relation which share a common AID and a common DID.
However, there may be different anchors which share the
same anchor identifier but which have different document
identifiers. An anchor identifier “TOP”, for example, might
exist in several documents. Please note that equally la-
beled attributes in different relations (like DID in DOC and
ANCHOR) actually denote the same fact — in this case the
document identifiers in the ANCHOR relation refer to those
used in the DOC relation. The DIR attribute refers to the
distinction between source and destination anchors.

The third schema is the link which differs from the Ex-
ample 4 only by the additional attribute LPRES. This at-
tribute contains another presentation specification. The
actual presentation of a document is determined by com-
bination of the document’s presentation specification and
the specification of the link by which the document was
reached. In the LINK relations, the LID attribute is a key
attribute. To sum up, we get the following three relation
schemas:

DOC (DID, BASE, DPRES),
ANCHOR (AID, DID, POS, DIR, PROP), and
LINK (LID, SD,SA,DD, DA, LPRES).

This database design realizes the formalization described
in Section II with the exception of the separated ANCHOR
relation. Although we use the terminology of the Dexter
model [1], [2], the model and the database design presented
so far do not satisfy the conditions of the Dexter model.
We dropped some properties because we do not need them
and we receive a simpler model. In Section ITI-B.2 and TV-
A, we describe possibilities to extend the database design
to full dexter functionality.

B.2 Examples for applying relational databases for select-
ing hypertext sub structures

One important property of hypertexts is the maintenance
of consistency by disabling the creation of dangling links,
i.e. links with a non existing end point. This is a property
which Halasz and Schwartz [1], [2] require for hypertexts
but which we do not want to realize. With this decision,
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we follow the argumentation of Grgnbeaek and Trigg [14]
(cf. Section IV-A). Assuming three relations D, A, and L
according to the schemas DOC, ANCHOR, and LINK, respec-
tively, from the section above we can eliminate all dangling
links in the following way: In a first step we determine an
ANCHOR relation A’ which contains only anchors with actu-
ally existing documents:

!
A" = 71D D10 POS DIR,PROP (A *(DID),(DID) D)

The link operation determines all anchors whose document
exists and the following projection reduces the schema of
the interim relation to the ANCHOR schema. In a second
step, We compute a LINK relation containing only those
links where source and destination anchors exist in the
specified source and destination documents, respectively:

L' = (L *(sD,SA),(DID,AID) (WDID,AID(A')))

*(DD,DA),(DID,AID) (WDID,AID(AI))

In this second step, we join the LINK relation twice with
a reduced ANCHOR relation A’. The ANCHOR relation A’ is
reduced by a projection to the DID and AID attributes, i.e.
by omitting the POS, DIR, and PROP attributes. Since only
those attributes are left which are used for the join con-
dition, the LINK relation scheme keeps untouched by the
join operations. Finally, we keep in the inner join only
those tuples (i.e. links) which have an existing source an-
chor and, from these links, we keep in the outer join only
those which have an existing destination anchor. Since the
attributes AID and DID together build a key in the ANCHOR
relation scheme, there is at most one tuple in L’ for each
tuple in L2.

Another task may be the elimination of isolated docu-
ments, i.e. documents which are neither source nor desti-
nation of a link. If we have three relations D, A, and L
according to the relation schemas DOC, ANCHOR, and LINK,
respectively, we can determine the non—isolated documents
by the following operation:

D' = (D *(DID),(SD) (WSD(L))) U (D *(p1D),(DD) (WDD(L)))

The first part of the above expression determines all docu-
ments which are source of at least one link, and the second
part computes all documents which are destination of at
least one link. With this new DOC relation D’, one can
now eliminate dangling links in order to get a consistent
and connected hypertext. Analogously to the elimination
of isolated documents, it is possible to eliminate isolated
anchors. In this case, the (AID,DID) pairs of the ANCHOR
relation have to be joined with the (SA,SD) and (DA,DD)
pairs of the LINK relation.

An application oriented usage of the relational databases
can be found in the field of tutoring hypertexts. Assume
we have a tutorial hypertext with lessons, examples, test

2In this operation, it would, of course, also be important to make
sure that source and destination of the links actually are source and
destination anchors, respectively. We skip this step here since it would
make the operation too complicated.

and training problems, and a glossary. Exercises in this
system might be written in a way that the same document
can be used as an example, as a training problem, or as
a test problem. This usage would be determined by the
property (PROP) of the source anchor through which the
document is reached. A user might now be interested to
have a smaller version which contains just the lessons and
the glossary but not the exercises. To achieve this, we can
just select a subset of anchors

I __
A = O (PROP=lesson )V (PROP=glossary) (A)

Afterwards, we can remove dangling links and, finally, iso-
lated documents and anchors in order to receive a smaller
system adapted to this user’s needs.

IV. RELATIONSHIP TO EXISTING SYSTEMS AND MODELS

In this section, we look for the Dexter model and for
some existing hypertext systems (HyperCard and HTML) up
to what extent we can model these systems or how the
model could be extended to meet them. In this comparison,
we focus on the mathematical model presented in Section II

but we also refer to the database approach from Section ITI-
B.

A. The Dexter hypertext reference model

There are four major properties for a hypertext system
which Halasz and Schwartz [1], [2] demand in their Dexter
model and which are not satisfied by our model. The first
property is the prevention of dangling links. Following the
argumentation of Grgnbak and Trigg [14], we decided to
allow dangling links. Besides that, for the database ap-
proach, we have shown in Section III-B.2 that dangling
links can be eliminated easily.

A second property that our model lacks, so far, is the
usage of multi-anchored links. We did not yet incorporate
this feature in our model since it makes thing more com-
plicated. In the mathematical model, multi-anchored links
could be realized as sets of pairs containing a component
and an anchor. This results in a definition of the set L of
links as

L C 204,

The set A of anchors used in this equation is the union of
the sets S and D of source and destination anchors from
Section II. Additionally, there may also be bidirectional
anchors according to the Dexter model.

Regarding the database approach, it is quite simple to
define a new relation schema

DEXTER — LINK (LID, AID,DIR, LPRES)

with the attributes

LID Link identifier,
DID Document identifier,
AID Anchor identifier,

LPRES Presentation specification.
In this schema, the LID attribute is not a key, i. e. there are
several tuples in such a DEXTER — LINK relation which have



the same LID. Actually, all tuples in this relation sharing
a common LID describe together one link.

A third point is that, opposed to the Dexter model,
we do not regard links as a kind of components in our
mathematical model. This is of interest regarding compos-
ite components, which is the fourth point. Here, Halasz
and Schwartz [1] are a little vague: Originally, they dis-
tinguished between atomic, link, and composite base com-
ponents, and they defined a composite base component as
a sequence of base components. Later ([2]), they moved
this definition up to the component level, i.e. they defined
a composite component as a component whose base com-
ponent contains other components. Both definitions would
allow a link to be part of a composite component. If we
do not regard links as some kind of component, the former
definition of composite (base) components is no problem
in our model, since we make no assumptions about the in-
ner structure of base components. In the latter case, i.e.
defining composite components as components whose base
components contain complete components, the problem of
anchor identifier uniqueness comes up. For this problem,
there are two possible solutions: we can require a global
uniqueness of anchor identifiers. or we can re-map anchor
identifiers within composite components. Another problem
occurs in the database approach where base components
containing components would contradict the prohibition of
structured attributes in relational algebra.

B. HTML and HyperCard

In this section, we want to go briefly into two hypertext
systems which have found quite a broad distribution: HTML
and HyperCard. HyperCardwas for some time distributed
together with Apple Macintosh Computers and, as a con-
sequence, is used a lot. HyperCard was one of the hypertext
systems which influenced the Dexter model [1], [2]. A newer
system is the World Wide Web (WWW) with its Hypertext
Markup Language (HTML), a worldwide hypertext system
with components distributed across the Internet.

B.1 HTML

A major difference are the distinction between compo-
nents and links and between components and base com-
ponents in the model. In HTML, there is always one HTML
document which contains the content, presentation spec-
ifications, anchors, and links. We think, however, that
this is only a difference in the representation and that, in-
ternally, the HTML documents just contain the information
completely. Of course, this means in the case of database
operations as they have been described in Section III-B.2,
the information on anchors and links would have to be ex-
tracted from the HTML documents before and to be incor-
porated again after performing the database operations.
However, this should be no problem, since those opera-
tions will probably be applied off-line and, therefore, are
not time critical.

A second interesting point is the frame concept in HTML.
This concept is close to the concept of composite compo-
nents in the Dexter model discussed in Section IV-A above.
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The third point we want to mention here, is the possibility
to produce HTML pages online via the Common Gateway
Interface (CGI). This can be viewed as a temporal change
of the hypertext.

Like our relational model, HTML also allows the creation
of dangling links. As already mentioned before, we prefer
the freedom to specify links to not yet existing anchors to
the security of an always consistent hypertext.

B.2 HyperCard

The HyperCard system [15] made hypertext available to
a broader public. While HTML gives much freedom to the
presenting browser, a hypertext in the HyperCard system
consists of a set of cards (i.e. components) which have an
exactly specified appearance. In principle, both, the Dexter
model and our relational model can be applied to Hyper-
Card. There are, however some functionalities HyperCard
does not offer. Cards in HyperCard are grouped in stacks,
all cards belonging to one stacks share some features like
the size. This concept contradicts to the idea of composite
components.

Building cards directly with HyperCard the creation of
dangling links is impossible. This does, however, not hold
for the creation of cards using HyperCard’s script language
HyperTalk [16].

V. DISCUSSION

In this paper, we have presented a formalism for the de-
scription of hypertext structure. This formalism can be
transformed directly into a relational database definition.
We have given some examples of how such a relational
database describing the structure of a hypertext can be
used to determine sub hypertexts in the field of hyperme-
dia based intelligent tutoring systems. Our next goal is the
implementation of these ideas in a evaluable system.

An important point for further research is the user model
and the adaptation of the system to the user. In Sec-
tion II-D, we used the user’s history as an example for the
user model. Regarding hypermedia—based intelligent tutor-
ing systems we suggest to combine our relational model of
hyerptext structure with the knowledge space theory (see,

e. g, [9], [10], [17]).
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