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In this paper, we study how linking mechanisms contribute to the expressiveness of hypertext
systems. For this purpose, we formalize hypertext systems as abstract machines. As the primary
benefit of hypertext systems is to be able to read documents non-linearly, their expressiveness is
defined in terms of the ability to follow links. Then, we classify hypertext systems according
to the power of the underlying automaton. The model allows us to compare embedded versus
separate links and simple versus generic links. Then, we investigate history mechanisms, adaptive
hypertexts and functional links. Our conclusion is that simple links, whether embedded or separate,
generic links and some adaptive links all give hypertext systems the power of finite state automata.
The history mechanism confers to them the power of pushdown automata, whereas the general
functional links give them Turing completeness.
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1. INTRODUCTION semantic specification of a hypertext based on Petri Nets.
The same authors have regarded hypertexts as automata and
A hypertext system is a software system for creating, editing have used model checking to prove some properties of a
and browsing hyperdocuments [1]. Links represent logical given hypertext [12]. Hypertexts have also been formalized
and structural associations between documents; they allow aas graphs [13]. However, to the best of our knowledge, no

non-linear reading of documents [2], according to the user’s model is used to compare the expressive power of hypertext
needs or wishes. Many authors have argued that crosssystems.

referencing, i.e. linking, is an essential technique to facilitate
access to information [3, 4].

The hypertext research community has defined many
kinds of links and has proposed many ways of implementing
them. In particular, a much debated issue has been whethe
links should be part of documents, e.g. in HTML [5], or
whether they should be kept separate, e.g. in Intermedia [6].
A recent summary of the issue can be found in the paper of

Brown and Brown, Embedded or separate hypertext mark- ; . : :
P yp hypertextsin terms of ‘reader’s experience’. At this point, let

up: is it an issue? [7]. Using practical considerations, . . -
they discuss the benefits or inconveniences of adopting one”S just state that we adopt the capability of following links

approach or the other; they also present an implementationas an observable event of a hypertext.
able to combine both of them. However, they do not present Having developed a formal way to compare hypertext
a formal framework according to which systems can be systems, we first use it to answer Brown and Brown's
judged on the basis of established criteria. Their article question about embedded and separate links: as we might
gave the initial impetus to the research described in this have expected, our conclusion does not differ from theirs.
paper: a formal comparison of the power or expressivenessWe, however, do not stop our investigation on this issue:
of hypertext systems. we use our model to compare other forms of linking
The literature abounds in more or less formal models [8] and to study how they may change the expressiveness of
of hypertexts, but they have quite different motivations. Let hypertext systems. First, we study Microcosm’s generic
us mention some of them. The Dexter model [9] attempts links [15, 16, 17] that are generally regarded as a powerful
to define a common vocabulary and associated meaning inway to author hypertexts; we see how this power can
order to talk about hypertext systems. The hypertext abstractbe described formally. Then, we introduce navigation
machine (HAM) [10] is an architectural description of a history in our semantics and show how it can contribute
general-purpose, transaction-based, multi-user server for ao expressiveness. Next, we discuss adaptive hypertexts
hypertext storage system. The Trellis model [11] is a formal where the availability of a given link may vary over time or

The physics and programming language communities
use a ‘black box’ approach to compare systems: a set of
observable events is used to compare systems, independently
Pf their internal behaviour. We adopt a similar approach
In this paper. we model hyperdocuments and hypertext
systems as abstract machines, i.e. kinds of automata, and
we compare them according to a set of observable events.
As others [12, 14], we study the dynamic properties of
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navigation history. Finally, we discuss a very general class Before presenting the formal framework, we define the
of linking mechanism called the functional link [18]. following mathematical symbols:

This paper is organized as follows. In Section 2, we
define a hypertext machine able to perform transitions in the
same way as a user can navigate a hyperdocument. In our
initial model, we use separate links. We also define a set
of observable events according to which the expressiveness
of hypertext systems can be compared. In Section 3, we For the purpose of this paper, we choose a very abstract
present a formal account of Brown and Brown’s discussion representation of documents. We regard a document as
on embedded and separate links. Then, we successivelya finite function mapping offsets to tokens (cf. Figure 1).
investigate other mechanisms, such as generic links inTokens may be understood as characters or words; they are
Section 4, the history mechanism in Section 5 and adaptiveatomic objects containing information. Tokens appear at a
linking in Section 6. In Section 7, we integrate Ashman and given offset in the document. Both tokens and offsets are
Verbyla’'s [18, 19] notion of a functional link into our model  not further specified so that this definition remains valid
and define its expressiveness: it is shown to be the mostfor any type of media. For instance, in images, tokens
general form of linking, as it is able to emulate a Turing could be pixels and the finite function would be a two-
machine; as a result, this allows us to claim that linking is as dimensional array. Several document representations use a

DOM(f) Domain of a functionf

A — ¢ B Set of finite functions with
domainA and rangeB

F(A) Set of finite subsets.

powerful as computing. tree organization, for instance in structured text formats [22]
or image formats [23]; offsets then become access paths to
2. AHYPERTEXT MACHINE tree subcomponents.

We also assume that documents are named and that a
Following Bieber and Kimbrough [1], we define a hypertext naming functioris able to map names to documents. Names
system as the software for creating, editing and browsing belong to an unspecified set of names. In the context of
hyperdocuments. In this section, we introduce a hypertextthe WWW, URLs are the equivalent of our names and the
machine as the formalization of a hypertext system and naming function would be implemented by http servers,
hyperdocuments, which we shall also refer to as the which return a document from the file system (or generated
semantics of hypertext. The semantics of hypertext is by a computation) in response to a URL. In their object-
expressed in terms of the reader’s experience, i.e. in termsoriented description of hypermedia components, Grgnbaek
of the navigation capability allowed by a hypertext system and Trigg [24] use ids to identify nodes; a similar mechanism
for a given hyperdocument. Let us note here and now thatis also used in the Dexter model [9].
our semantics does not formalize the authoring and editing A link is a pair composed of two anchors, respectively

activities. called source and destination. We are taking the definition
that an anchor is the mechanism for referring to part of a
2.1. Definition document [9]. In our abstract model, an anchor is defined

as a pair composed of a document name and an offset;

In physics, in order to compare properties of different intuitively, an anchor refers to a token in a document. We
systems, it is common practice to adopt a set of observableshave adopted a unidirectional notion of link, where the
or observable events against which systems may besource anchor designates the location from which the link
compared. Such an approach is also followed to compare thedeparts, whereas the destination anchor points at the location
expressiveness of programming languages [20, 21]. Given awhere the link arrives. Finally, a linkbase is defined as a set
set of observables, two systems that cannot be distinguishedsf links. For the time being, we only consider unidirectional
by an observer are said to be observationally equivalent. Forlinks and we also assume that all links are point to point; we
example, in order to compare two programming languages, will investigate how other variants of links contribute to the
the set of observables may be defined as the set of finalexpressiveness of hypertext systems later in the paper.
results returned by programs.

We follow a similar approach for hypertext systems.
The key characteristic of hypertexts is the existence of

links between documents and, as a result, their ability to . . . .
: ) . (N, 0). An instance of a hypertext with separate links is
provide for non-linear reading of documents [2]. Therefore, *
oted by the quadrupléls(D, LB, p, D*), where the tag
as far as end users are concerned, a valuable set of, = . . !
. . ' s indicates a hypertext with separate links.
hypertext observables is the various links that they may . . .
Y In order to specify the operational semantics of a
traverse. We shall say that a user cannot distinguish two ) ' . .
hypertext machine, we need to define a notion of link

hypertext systems if all the sequences of links that may 7" " o S P )
be traversed with one may be traversed with the other andya“d'ty' Intuitively, a link is valid if it is not dangling,

. . . . . i.e. if its source and destination anchors point at existing
vice versaand if they give access to the same information.
T . . documents and offsets.
Indistinguishable hypertext systems will be said to have the
same expressiveness because they have the ability to link DEFINITION 1. A link | = ({Ng, 01), (N2, 02)) is valid
documents in the same way. with respect to a naming functignand a set of documents

Notation. We use the following notation. An instance of a
link is represented by a pais, d), wheres andd are source
and destination anchors, themselves represented by a pair
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0 € Offset = {meN,m> 0} (Offset)
t € Token = {t1,t5,...} (Token)
N eName = {Ng, No, ...} (Document Name)
D € Doc = Offset—; Token (Document)
p € Env = Name— ¢ Doc (Naming Function)
LB e LBSet = TF(Link) (LinkBase)
D* € DSet = [(Doc) (Set of Documents)
| € Link = Sourcex Dest (Link)
se Source = Namex Offset (Source Anchor)
d € Dest = Namex Offset (Destination Anchor)
S € State = Docx LBSetx Envx DSet (State)
Notation:

I = (s, d) (Link)

s = (N,o0) (Source Anchor)

d == (N,o) (Destination Anchor)

S 1= Hs(D, LB, p, D¥) (State)

Link traversal relation:
— C Statex Statex Link
Hs(D1. LB, p, D*) —' Hs(D2, LB, p, D¥)
if | = ((Ng,01), (N2, 02)) € LB, such thatvalid(, p, D*)
p(N1) = Dg,
p(N2) = Da.

FIGURE 1. The state space and transition relation of a hypertext machine with separate links.

D*, written validl, p, D*), if the following conditions hold,
assuming thab1 = p(N1) and D2 = p(N2):

(1) Dy € D*,

(2) D2 € D*,

(3) 00 € DOM(D1) and
(4) oo € DOM(D>).

A linkbase is valid with respect to a naming functipand a
setD* of documents if each of its links is valid with respect
to D* andp.

For the purpose of conciseness, we say that links or

linkbases are valid, without specifying the naming function
or the set of documents they relate to.
Having specified the various entities of a hypertext

REMARK. In this abstract machine, we do not specify
how links are displayed to the user, nor do we take into
accountany superficial interface characteristics. Active links
in a document may be highlighted by the system or a user
might select a word in order to follow a potential link. For
the purpose of our expressiveness comparison, what really
matters to us is the user’s ability to follow a link, as modelled
by the link traversal relation.

Given an initial state§ = Hs(Dj, LB, p, D*), the set of
reachable documents frof is

reachabléS) = {D | S —* Hs(D, LB, p, D*)}.

The essential feature of hypertexts is their ability to offer
links between (parts of) documents and henceforth to allow

machine, i.e. its state space, we can define the transitiong!sers to read documents non-linearly. Given a hypertext
that this abstract machine is able to perform. Transitions, machine, the hyperconnectivity of degmees defined as the
which allow the machine to evolve from one state to another, set of lengtha sequences of links that a user can follow:
mimic the traversal process. States are defined by triples

composed of: (i) the document that is the current focus, i.e.
the document that the user is currently reading, (ii) a current
linkbase and (iii) a set of documents. The transition relation

between states, called the link traversal relation, written

hypern, §)

:{(|17|2’~--,|n>|8 r—)llsl}—)lz...r_)ln S

For a traditional document, i.e. a hyperdocument without

also appearsin Figure 1. There is a transition from state 1 toany links, the degrea-hyperconnectivity is empty, for any

state 2 if there is a valid link in the current linkbase between n > 0.

In the next section, we show how the notion of

the documents in focus in states 1 and 2. The reflexive, hyperconnectivity allows us to compare different hypertext

transitive closure of> is written+—*.

machines.
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The hyperconnectivity of a hypertext machine is the set of statesS, $ be Hs(Dj, LB1, p, D*), Hs(Di, L B2, p, D*),

all finite sequences of links that a user can traverse: respectively, withD; € D*. Then, we can derive that for
all n, hypern, §) C hypern, &), as any linkl used in a
hyperS) = U hypern, §). transition forS; can also be used f@&,. O
n

This proposition formally states that links may increase
Let us note that, even though links are regarded asthe possibility of navigating in the hyperspace. As a
primordial in hypertexts, documents cannot be neglected asconsequence, if adding a link to a hypertext sysgstrictly
they contain information. Indeed, it would be unrealistic increases its hyperconnectivity (strict inclusiah, then the
to consider two hypertext systems as equivalent if they resulting hypertext has a different expressiveness ffom
did not contain the same documents. Our notion of At this stage, one might wonder whether adding a
hyperconnectivity takes documents into account, becauselink increases the expressiveness of the hypertext system.
each link specifies the names of a source and a destinationwithout doubt, a link offers new navigation possibilities, but

document. it is a user’s (or an author’s) issue to determine whether the
link is useful or adds some meaning. Therefore, we can only
2.2. Properties conclude that expressiveness changes; we shall come back

to this issue later in the paper.
A hypertext machineHs(D;, LB, p, D*) as described in pap

Figure 1 is in fact a regular automaton composed of states in
D*, with an initial stateD;, and transitions between states as
defined by links inL B. If all states are defined as accepting We regard anchors as the mechanism for referring to a part of
states, then hyperconnectivity is the set of words, i.e. the a document [9]; unidirectional links are defined by a source
language, accepted by the automaton. anchor and a destination anchor. In Section 2.1, anchors are

In the following, we shall study other forms of hypertext defined as pairs composed of a document name and an offset;
machines, which constitute other types of automata, such asas a result, links are said to be point-to-point.
pushdown automata or Turing machines. Therefore, we shall Point-to-document links are links whose destination
gualify a hypertext machine by its associated automaton, anchor does not specify a document offset. When a
which we also call its class. point-to-document link is traversed, the document specified
by the destination anchor becomes the current focus.
Implementations of hypertext systems typically display the
destination document at the beginning.

As the hypertext machine defined in Figure 1 is regular, ~Symmetrically, a document-to-point link is a link whose
the hyperconnectivity of a regular hypertext can be defined source anchor specifies a document, but not a document
by a regular expression ([25, Theorem 2.5.1]). Park [14] offset. A document-to-point link can be traversed if the
has proved that the hyperconnectivity of such a hypertext document in focus is the document specified by the source
machine is regular. Furuta and Stotts [11] show that such anchor.
hypertext systems can also be expressed as Petri Nets and Finally, a document-to-document link does not specify an
can be described by their Trellis model. offset for the source or destination anchors.

As the hyperconnectivity of a hypertext machine is in  In order to take into account these new kinds of anchors,
fact the language accepted by the machine regarded agve extend the hypertext machine as follows:
an automaton, equality of hypertext machines is derived
from the equality of automata. As hyperconnectivity

2.3. Other kinds of anchors

DEFINITION 2. A hypertext machine is said to be regular
if it is a non-deterministic finite state automaton.

Source= Namex Offset+ Name

is the property according to which a hypertext system (Source Anchor)

exhibits links between documents, what we call its Dest= Namex Offset+ Name

expressiveness, we say that two hypertext machines have (Destination Anchor)

the same expressiveness if they have the same degree- ] )
hyperconnectivity, for alh. Anchors specify a document name, but are free not to specify

an offset. The link traversal relation now supports four kinds
DEFINITION 3 (EXPRESSIVENES}. ~ Two hypertext  of |inks.

machinesS; and S are as expressive if for any > 0, _
hypern, §) = hypern, ). — C Statex Statex Link

* | *
Our first proposition is that valid linkbases increase the Hs(D1, LB, p, D7) =" Hs(D2, LB, p, D)

hyperconnectivity of hypertext machines when their size if 1= ((N1,01), (N2,02)), | = (N, (N2, 02)),

increases. | = ({(N1, 01), N2), orl = (N1, No) such that
PropPosITION2.1.If a valid linkbase is increasing, so is l LB,

the hyperconnectivity. p(N1) = D1, p(N2) = D2,

Proof. Let D* be a set of documents and leB; andL B, 01 € DOM(D1), 02 € DOM(D2),

be two valid linkbases such thatB; € LB,. Let the D1, Do € D*.
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In practice, hypertext systems with point-to-point links  So far, we have only considered unidirectional links,
are able to conveniently position the cursor into documents; composed of a source anchor and a destination anchor
this feature facilitates and accelerates the access tothat indicate in which direction a link can be traversed.
information. However, our modelling of hypertext systems Bidirectional links are also defined by two anchors, but
considers that the current focus is a document as a wholethey do not specify the direction of use; in other words,
independently of the current subpart being displayed. As abidirectional links may be traversed in both directions. In
result, accessing a document via a point-to-document link our abstract hypertext system, a bidirectional link can be
instead of a point-to-point link does not change the set of defined in terms of two unidirectional links, with swapped
links that are available in the destination document. anchors. This definition should be contrasted with users’

We can show that the hyperconnectivity generated by experience (and authors’), who see a bidirectional link as a
point-to-document links is equal to that generated by point- single entity, which can be traversed, created, edited, deleted
to-point links (up to a translation), which entails that they by appropriate actions; it is the role of a hypertext system to
contribute to the same hypertext expressiveness. (The samenap the semantic definition into this single physical reality.
property also holds for document-to-pointand document-to-  Other kinds of links can also be considered. For example,
document links.) systems such as HyTime [26] or XLink [27] supporary

PROPOSITION2.2. Point-to-document links and point-to- links, which involven > 2 anchors [28].

point links generate hyperconnectivities that are equal up to

a translation.
3. EMBEDDED LINKS AND SEPARATE LINKS

Proof. We can translate a hypertext with point-to-point links
into a hypertext with point-to-documentlinks, by translating The hypertext machine in Section 2 uses the notion of a
every point-to-point linkl = ((Ng, 01), (N2, 02)) into a point-to-point link, which we also call a simple link. So
point-to-document link" = ((N1, 01), Nz). Therefore, a  far, we have considered that links are stored in linkbases,
base of point-to-pointlink& B can be translated into a base  which are entities distinct from documents. In other words,
of point-to-document links. B’ U links are kept separate from documents [29]. In this section,
As a result, every transition based on point-to-point links W€ study another approach where simple links are not stored
in linkbases but are embedded explicitly into the documents
Hs(D1, LB, p, D*) ! Hs(D2, LB, p, D¥) themselves. In the latter approach, links are said to be
if 1 =((Ng,01), (N2, 02) € LB, embedded into documents.
In Figure 2, we redefine the hypertext machine so that
can be mapped to a transition using point-to-documentlinks: it can deal with embedded links. We introduce a new
, " I , " category of annotated documents, which map offsets to
Hs(D1, LB, p, D7) =" Hs(D2, LB, p, D7) tokens and a finite set of destination anchors (possibly
if 1"=((Ng,01), N2) € LB’, empty). Destination anchors are meant to be the destination

where the destination offset is not specified. Available links part of a link, with an implicit source anchor, formed of the_
current document name and the current offset. A state is

are only dependent on the document in focus and not on the ) d of the d Cinf d  of
current cursor positionVice versa if there is a transition now a pair composed of the document In focus and a Set o
annotated documents; the latter containing the former.

I/ . 7 ’ . . . .
' with|” € LB/, thenthere is a point-to-pointlinke LB, . . ’ .
P P In Figure 2, the link traversal relation is adapted

whose translation is. . L
Let us consider a hypertextwith point-to-point inRand accordingly: a transition is aII.owed betweeq twq states
its translation into a hypertext with point-to-documest Sl S ofa hypertext machln_e with embedded I_mks If there
The systemsS and S are bisimilar because there exists a IS an _offset ekl documer_lt n focu_s that °°”ta'_”s_ an anchor
transitionS ' S if and only if there existsS +!" S}, and pointing at the document in focus . The definition of
S andS; are also bisimilar. Therefore, hyperconnectivities hyperconnectivity is the same as in the.prewous section.
are equal up to the translation of links. 0 . The approach based on embedded links can be found, for
instance, in HTML [5], the markup language adopted by the
As point-to-point and point-to-document links generate \\grid Wide Web (WWW) [30]. In HTML, links appear
hyperconnectivities that are equal up to a translation, we 3s markups in the document, but HTML allows the user to
can say that they contribute to the same expressiveness, andreate one link only at a given offset of a document.
henceforth the same hypertext class. The question of expressiveness of hypertext machines
Let us note that Proposition 2.2 holds for hypertext with separate or embedded links can be solved within our
machines such as described in Figure 1. SGML [22] and proposed framework. Indeed, one can define a ‘compilation

HyTime [26] further introduce two ideas. First, tokens may fynction’ that generates a set of annotated documents from a
be interpreted, whereas in our approach they are constantset of documents and a linkbase.

Second, a presentation layer may also process tokens.

Therefore, in the latter systems, retrieving a document PRrROPOSITION3.1.For a given set of documents and
may have a different semantics from retrieving the same simple links, a hypertext machine with separate links is as
document at a given offset. expressive as a hypertext system with machine links.
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o € Offset = {meN,m> 0} (Offset)
t € Token = f{t1,tp,...} (Token)
N € Name = {Nz1, N2,...} (Document Name)
A € ADoc = Offset— s AToken (Annotated Document)
p € Env = Name— ¢ Doc (Naming Function)
A* € ADocSet = TF(ADoc) (Set of Annotated Documents)
d* € AnchorSet = TF(Des) (Set of Destination Anchors)
u € AToken = Tokenx AnchorSet (Annotated Token)
d € Dest = Namex Offset (Destination Anchor)
S € State = ADoc x Envx ADocSet (State)
Notation:
u = {t,d% (Annotated Token)
S = He(A p, AY) (State)

Link traversal relation:

— C Statex Statex Link
He (A1, p, A*) 5! He(Ag, p, A¥)

if | = ({(Ng,01), (N2, 02)), such that valid(, p, A*)
p(N1) = Aq,
p(N2) = Ag.

FIGURE 2. The state space and transition relation of a hypertext machine with embedded links.

Proof. Using a compilation function, we can prove that document. We also use an auxiliary functi@r! to
the hyperconnectivity of a hypertext with separate links is generate a document from an annotated document.
equal to the hyperconnectivity of the derived hypertext with __; PN N

embedded links. We shall assume here that we deal with €  L/te¢{A1. 2'- A] = Hs(D1, LB. p. DY)

valid links. with  p(Ni) = Dj iff o'(Ni) = Ai,VNi € DOM(p))
We define€ as the embedding function transforming a D = D*1|[ Ai] = {(0s,t), such that there

hypertext with separate links into a hypertext with embedded exists d*,

links. It uses an auxiliary functio® translating documents (0s, (t,d*)) € Aj}

into their annotated version with embedded links. LB = { ((Ni0;). (N, )} such that

E[Hs (D1, LB, p, D*)] = He (A, p', AY) PN = AL A (0p) = (L,
with A =D[Di, p, LB], (Nk, o) € d7}.
A* = (A | A = D[Di, p, LB], Dj € D*} Now, we can easily derive that ifS =

He(A1. p. A*) > S = He(Ag, p, AY), thens~I[S]] =
Hs(D1. LB, o/, D*) »! £71[S] = Hs(D2. LB, o', D*),
with | = ({(N1, 01), (N2, 02)).

p'(Ni) = A iff p(Ni) = Dj, VN; € DOM(p;)

DID, p, LB] Furthermore, the composition of translatiatss ~[ S]]
= {(0s, u), such thau = (t, d*) and £~1[E[ S]] is the identity function. As a result, the
with t = D(0g) hyperconnectivities are equal. O
andd* = {(Ng, 0q), such that The compila_ttior) functiort and its inversexé‘—'1 are in
((Ns, 0s), (N4, 0g)) € LB fact_ the formalization of Brown and Brpwn’s [Zlblnerand.
andp(Ns) = D} }. Splitter software components, respectively. They conceived
such converters for practical reasons: the joiner and the
Now, we can easily derive that ifS = splitter are a practical means to offer the best of both
Hs(D1, LB, p, D*) ! S = Hs(Do, LB, p, D*), then approaches, embedded versus separate links. On the other
E[S] = He(Ar p', A*) ! E[S] = He(As, o/, A%, hand, we derived the compilation functiofisand £~1 in
with | = ((N1, 01), (N2, 02)). order to prove that hyperconnectivities of both types of
The second step of the proof is to establish that there hypertext systems are the same.
is a ‘decompilation’ functior€ 1, the inverse of, which Even though they have the same expressiveness as

can generate a document and a linkbase from an annotate@mbedded links, separate links can offer more flexibility.
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0 € Offset = {meN,m> 0} (Offset)
t € Token = {t1,t5,...} (Token)
N eName = {Nz, Np, ...} (Document Name)
D € Doc = Offset—; Token (Document)
p € Env = Name— ¢ Doc (Naming Function)
LB e LBSet = TF(Link U GLink) (Linkbase)
D* € DSet = [F(Doc) (Set of Documents)
| € Link = Sourcex Dest (Link)
se Source = Namex Offset (Source Anchor)
d € Dest = Namex Offset (Destination Anchor)
g € GLink = Tokenx Dest (Generic Link)
S € State = Docx LBSetx Envx DSet (State)
Notation:
g = (t,d) (Generic Link)
S = Hy(D,LB,p, D% (State)
Link traversal relation:
— C Statex Statex Link
Hg(D1, LB, p, D*) ! Hg(D2, LB, p, D¥)
with | = ((Nz, 01), (N2, 02))
eitherl € LB,

if p(N1) = D1, p(N2) = Do, valid(, p, D*) and {

ordg = (t, (N2, 02)) € LB, D1(01) =1.

FIGURE 3. The state space and transition relation of a hypertext machine with simple and generic links.

(i) Linkbases are extensible without recompilation. (ii) Sev-
eral linkbases can be used for a given set of documents

links also have disadvantages; in particular, the editing

problem [17, 31] is concerned with maintaining the integrity
of links when editing a document with separate links.

4. GENERIC LINKS

Let us again consider hypertext systems with separate links

Given a set of documents, generic links may be

,’compiled’ into a linkbase of simple links.
according to the user’s needs. On the other hand, separate

PropPoOsITION4.1.For a fixed hypertext with generic
links and a given set of documents, there exists a hypertext
with simple links that is as expressive.

Proof. We defineS, a compilation function, which generates
a base of simple links for a given set of generic links and
a given set of documents. The compilation funct®ns

recursive. In the base case, we deal with an empty set of

In Section 2, we stated that simple links associate a sourcegéneric links. In the inductive case, we deal with a non-
and a destination anchor. Some hypertext systems allowempty se{g} U G of generic links, containing a generic link
the source anchor to be dynamic; that is, even though 9. the rest of the set being denoted®y

the source anchor is specified at authoring time, it is
not actually manifested before navigation time [32]. In
particular, Microcosm [16, 17] introduces the notion of a
generic link able to connect any occurrence of a keyword in
any documentto a particular destination anchor. A benefit of
such generic links is that they require much lower authoring
effort, which we shall explain later.

In Figure 3, we extend the state space of Figure 1 with
generic links. Linkbases can contain either simple links or
generic links. A generic link is a pair formed from a token

S[9, p, D*] %)
S[{g} UG, p, D*] S[G. p, D*] ULB with
LB = {l = {(N1,01), (N2,02)) | g = (t, (N2, 02)),
p(N1) = D1, D1(01) = t, valid(l, o, D*)}.

As a resultHs(D1, LB, p, D*) ! ‘Hs(D»2, LB, p, D*)
if and only if Hg(D1, G, p, D*) ! Hs(D2, G, p, D¥),
whenLB = S[G, p, D*].

Let us observe that the transition arrew! is annotated

and a destination anchor. Such a generic link means that, forwith the concrete source and destinations anchors, i.e. a
every such token appearing in the set of documents, theresimple link, when a generic link is followed. Therefore,

is a conceptual link to the destination anchor that can be
traversed. In Figure 3, the link traversal relation is changed
accordingly: users may traverse simple or generic links.

we can derive that for al, hypern, Hs(Dj, LB, p, D*))
is equal tohypern, Hg(Dj, G, p, D*)), foranyD; € D*, if
LB = S[G, p, D*]. O
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From the reader’s viewpoint, generic links do not change  Generic links are flexible: the set of documents of a
the expressiveness of hypertext systems with simple links, hypertext system may be extended and generic links will be
because for a given set of documents there is always a basapplicable to the new documents.
of simple links that provide the same hyperconnectivity,i.e. =~ Some might argue that generic links are too powerful
that provide the reader with the same navigation ability. because specifying a generic link is equivalent to blindly

However, generic links are useful because they require creating links for every occurrence of a token in a set
less effort to author a hypertext system. Intuitively, an author of documents, independently of its context or its actual
needs less generic links than simple links in order to achievemeaning at this offset. Therefore, it is a point of debate
a given hyperconnectivity. Let us note that we measure thethat generic links increase the expressiveness of hypertext
benefit for the authors by comparing the effect of links on systems.
the hyperconnectivity seen by the reader. Such a discussion introduces the notion of the semantic

The following proposition requires the notions of valid validity of a link. Intuitively, we say that a link is
generic link and simple-link instance. In this context, semantically valid if its presence ‘makes some sense’. Even
validity of a generic link means that there exists a document though such a notion of semantic validity is probably not
to which the generic link is applicable and such that its computable, we can use algorithmic methods to approximate
destination is not dangling. such a criterion. Microcosm [16, 17] introduces local links
as a kind of generic link restricted to a scope defined
by a set of documents; such local links can be defined
straightforwardly in our abstract model, by adding a set of
documents restricting the scope of a generic link.

In Section 7, we shall present a mechanism that

DEFINITION 4. A generic linkg = (t, (N2, 02)) is valid
with respect to a naming functigmand a set of documents
D*, written valid(g, D*, p), if the following conditions hold,
assuming thaD2 = p(N2):

(1) there existdNg, D1 = p(N1) and D1 € D*; provides an automated dynamic linking mechanism which
(2) there exist®; € DOM(D3); generalizes generic links by allowing computation that can
(3) Di(01) =1t; be used to specify semantically correct networks of links.
(4) D2 € D*;

(5) 0, € DOM(D>).

DEFINITION 5. A linkbaseL B only composed of simple 5. HISTORY MECHANISM
links is a simple-link instance of a valid etof generic links

with respect to a naming functignand a set of documents Numerous hypertext systems (WWW browsers, Intermedia

D*, if LB is a set such that there is a one-to-one relation [_6]’ Microcosm [16, 17]) maintain the history .qf followed
with G: Vg € G, g = (t, (N5, 0)), thendl € LB, such that links and/qr of accesseq docume.n.ts. In addition, some_of
| = ((Ng. 01). (Np. 02)), with D = p(Ny). Dy(01) = t and them pr.ovn.je the user with the ability ‘to ste:p backwards in
Dy. D, € D*. the navigation. Typlcglly, _they offe_r a bac_k butt_on, which
’ restores the latest navigation state in the history, i.e. the latest
The following proposition states that a base of generic document and offset. In Figure 4, we extend our hypertext
links creates a greater or equal hyperconnectivity than anymachine with a history mechanism. The history is defined
of its simple-link instances. as a list of links. The empty list is noted [], whereas the
non-empty list [ : H] is composed of a headand a tail
H. The history is added as a new explicit component of the
machine state. As each simple link contains a source and
a destination anchor, the history not only contains the links
that were followed, but also the names of the documents that
Proof. We have that were accessed.
" The link traversal relation is adapted accordingly.
hypern, g (D, G, p, D) Forward navigation, noteeh', is defined as the action of
= hypei(n, Hs(D, LB, p, D*)) following a link |, which results in adding it to the history
if Vg € G, g = (t, (D, 0p)), there exists one and only one of the state. Backward navigation is the ability to follow the

documenD’ e D* and one and only one offset such that latest link that appears in the history in the reverse direction:

PROPOSITION4.2.Let LB be a simple-link instance of
a set G of valid generic links, with respect to a set of
document®*, then for alin, hypern, Hg(D, G, p, D*)) D
hypern, Hs(D, LB, p, D*)), foranyD € D*.

D’(01) = t. Otherwise, leL B’ = S[G, p, D*]. Then, the hypertext system is back to the state that existed before
this link was followed forward. Such a backward navigation
hypern, Hg(D, G, p, D*)) is noted+>P?, where the symbob indicates that we are
= hypernn, Hs(D, LB’, p, D*)) reversing the last link traversed. The transitixis permitted

if the history list is not empty, which implies that users
cannot go backwards more than they go forward.
hypern, Hs(D, LB, p, D*)) Bieber and Wan [33] study the problem of backtracking
* in a multiple-window environment: there, instead of having
o)
= hypein, s(D, LB, p, D7), a single document in focus, each window contains a
asLB’ D LB, by Proposition 2.1. O document in focus. They distinguish chronological from

by Proposition 4.1, and
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0 € Offset = {meN,m=> 0} (Offset)
t € Token = iy, t2,...} (Token)
NeName = {Ni,No, ...} (Document Name)
D € Doc = Offset—; Token (Document)
p € Env = Name— ¢ Doc (Naming Function)
LB € LBSet = TF(Link) (LinkBase)
D* € DSet = F(Doc) (Set of Documents)
| € Link = Sourcex Dest (Link)
se Source = Namex Offset (Source Anchor)
d € Dest = Namex Offset (Destination Anchor)
H e Hist = {00} + Link x Hist (History)
S € State = Doc x LBSetx Envx Hist (State)
Notation:
H == T[] ]1l:H] (History)
S 1= Hu(D,LB,p, D*, H) (State)

Link traversal relation:

— C Statex Statex (LinkU {b})
Hn(D1, LB, p, D*, H) ' Hn(D2, LB, p, D*, [I:HD

if 1 =((Ng,01), (N2, 02)), valid(, p, D*)
Hn(D1, LB, p, D*,[I : H]) = Hu (Do, LB, p, D*, H)
if 1= ((N2,02), (N1, 01)),valid(, p, D*), p(N1) = D1, p(N2) = Da.

FIGURE 4. The state space and transition relation of a hypertext machine with history.

task-based backtracking; they also discuss the issue of
whether previous states should be deleted from the history
list after backtracking.

Let us note that the history mechanism described here is a
formalization of the notion of trails [34]. S
A history mechanism differs from bidirectional links.
With the former, hypertext systems become a form of
pushdown automaton and have a similar expressiveness as aq the user has the possibility of following tlaeor the

context-free grammars [25]. On the other hand, hypertexty, jiniq  the degreer hyperconnectivity can be described

systems with bidirectional links are still regular: the by word of lengthn generated by the regular expression:
bidirectionality is a property of the links in the linkbase. {a, b)*.

a

Now, let us consider a hypertext system with the same
ocument and the same unidirectional liak With a
istory mechanism and a back button, whose transitions are
represented by, such a hypertext system generates link

Proof. Let us consider a hypertext machine with a single Séguences of the type
document, represented as a node in the following picture. NipMiyE i . .

We add to this hypertext system a bidirectional link (from @*b™)7, with Z mj = Z ni-
the document to itself); the forward direction is represented
by the simple linka and the backward direction by the This expression ensures that a user can always follow the
simple linkb. Such a hypertext with bidirectional links is  forward linka. The inequality ensures that the total number

represented below; the circle represents the document inof backward transitions is bounded by the total number of
focus, the arrows are links that can be followed andthe forward transitions.

sign is the initial state of the system. In order to prove that the hypertext has indeed such a

PROPOSITIONS.1.A hypertext system with a history
mechanism and a back button has a different expressivenesﬁ
from a hypertext system with bidirectional links.

j=i j=i
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goto R @

goto R @
FIGURE 5. A regular hypertext.

hyperconnectivity, one can observe that the length of the FIGURE 6. Adaptive linking.
history list is given by
extending the hypertext machine with several linkbases.
an - ij. Adaptive linking is a special case of adaptive hypertexts,
1= 1= where links and document contents may be dependent on the
Therefore, fo"owing [25], the latter |anguage is not regular, naVigation history and on the user model. In this Section, we

but it can be recognized by a pushdown automaton. [ shall only focus on a specific facet of adaptive hypertexts:
we describe a mechanism by which links may be adapted

according to the navigation.
In the state space of Figure 7, we distinguish two types

DEFINITION 6. A pushdown hypertext machine is an Of links: simple links of the form(s, d, —) specify source

abstract machine that behaves as a pushdown automaton. and destination anchors, whereas ‘linkbase changing’ links
(s,d, NLB) further specify the name of a linkbase that

In practical terms, Proposition 5.1 states that the ., st hecome active after being followed. Such a linkbase
history mechanism and the back button introduce & New opanging link is similar to Deschamps’ content changing
class of hypertext systems, whose navigation space, I-€4inks [35]

hyperconnectivity, can only be provided by a more powerful  pq |ink traversal relation distinguishes the two kinds

class of hypertext systems. . of links. As previously, following a simple link changes
It should be observed that the hyperconnectivity generatedyye qocument in focus and leaves the current linkbase

by links is in fact specified by the authors when they ,,tqyched. The novelty is that traversing a linkbase-

author documents. The hyperconnectivity derived from back changing link sets a new linkbase in the machine state for

buttons offers new navigation capabilities to the user, but it subsequent navigation.

is provided by the hypertext system itself. In the following The two hypertext machines of Figures 5 and 6 have a

sections, we present other mechanisms of linking that allow gigerent expressiveness because their hyperconnectivities
authors to specify the hyperconnectivity they wish. are different. Indeed, two transitions are allowed fr&m

in Figure 5, whereas only one is legal fro®a in Figure 6.
However, we can show that hypertext systems with adaptive
Let us consider a hypertext system composed of threelinking as described above are still regular.

documents, namely a root documeR, a definition
documentD and a properties documeRt with D and P
accessible fronR. Figure 5 is a graphical representation of
such a System, where stat8s, Sp andSP have R, D and Proof. Let n be the number of linkbases inB* andm the

P in focus, respectively. The sign onSgy indicates that it number of documents iD*. Let us consider their names

Proposition 5.1 introduces a new kind of hypertext
system, which we call pushdown [25].

6. ADAPTIVE LINKING

PrROPOSITIONG.1. Hypertext systems with adaptive link-
ing are regular.

is the initial state. {N1,..., Nm}. Then, we can define a regular automaton
Now, let us imagine that we want to build a hypertext composed (13fn X mlnodes, which can be enumerated as
system where the properties document can only be accesseépllows: {Ni, ..., Ng,...,N{,..., Nf}. There is a link

after the definition document has been browsed. Figure 6betweenNX and NJk if there is a link(N;, Nj, —) in LBx.
models such a system: a graph node represents not only therhere is a link betweerNX and N} if there is a link
‘docur7nent th_at is curre_ntly displayed, but also its assoc_lated(Ni’ Nj. N||.B> in L By, with p(NIL By — LB,.

state’. For instance, irsg and S, the root document is

in focus, butS; carries the additional knowledge that the 1 at0n is regular, (ii) its hyperconnectivity is equal to

definition document has .alre.ady been accgssed. . the hyperconnectivity of the initial automaton, up to the
Hypertext systems as in Figure 6 are said to have adapt'vetranslation of links 0

links because the links that are available from a given
document are dependent on the navigation history. As Other adaptive behaviours for hypertexts have been
a matter of fact, such a hypertext can be modelled by defined. Stotts and Furuta [12] describe dynamic adaptations

Hence, it is straightforward to prove that (i) the derived
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o € Offset = {meN,m=> 0} (Offset)

t € Token = iy, t2,...} (Token)

N € Name = {N1,Np,...} (Document Name)
NLB e LBName = {N[B NIB ... NLB} (Link Base Name)
s € LBSpec = LBName+ {—} (Link Base Spec)
D € Doc = Offset—; Token (Document)
o € Env = (Name— ; Doc) + (LBName— ; LBSe} (Naming Function)
LB € LBSet = T(Link) (LinkBase)

D* € DSet = [F(Doo (Set of Documents)
LB* € LBSet = F(F(Link)) (Set of LinkBases)
| € Link = Sourcex Destx LBSpec (Link)

s € Source = Namex Offset (Source Anchor)
d € Dest = Namex Offset (Destination Anchor)
S e State = Docx LBSetx Envx DSetx LBSet (State)

Notation:
| == (s,d,—) | (s,d,N-B)  (Link)
2= Ha(D, LB, p, D*, LB*) (State)

()]
|

Link traversal relation:

~ C Statex Statex Link
Ha(D1, LB, p, D*, LB*) ' Ha(Do, LB, p, D*, LB*)
if | = ((Ng,01), (N2, 02), —), such that
D1 = p(Ny), D2 = p(N2),| € LB, valid({((N, 01), (N2, 02)), p, D¥)
Ha(D1, LBy, p, D*, LB*) ! Ha(Do, LBy, p, D*, LB*)
if 1= ((Ng,o01), (N2, 02), N-B), | € LBy, such that
D1 = p(N1), D2 = p(N2), LBz = p(N5B), LB1, LBz € LB*, andvalid(((N1, 01), (N2, 02)), p, D*).

FIGURE 7. The state space and transition relation of an adaptive hypertext machine.

of the hypertext structure based on time. Their approachthe destination anchor to be computed also by a function.
supports help menus to appear after a (relative) amount ofWe obtain a general notion of link, called the functional link
time. They are also able to make links invisible by delaying by Ashman and Verbyla [18, 19, 37]. Such a functional link
their usability indefinitely. The adaptive hypertext that we is a powerful concept because both its source and destination
describe can partly simulate the functionalities offered by anchors can be computed by arbitrary functions at navigation
Stotts and Furuta’s time-based adaption; however, the lattertime, but also these functions can take decisions based on the
is more powerful, especially by including a notion of time, navigation history. In Figure 8, we present a variant of the
absent from our model. Link popularity counts [36] were functional link, adapted to our hypertext machine.

introduced to help the user to navigate in hypertexts; such \yi see that a link is defined by a pair of functions,

counts could also be used to determine which links are rggpectively called functional source anchor and functional
active. . ) destination anchor. The former is a predicate, which, for
So far, our survey of linking mechanisms has shown that 5 jocument name, a document, an offset and a history list,
all linking mechanisms generate regular hyperconnectivities. jnicates whether the anchor formed of the document and
The back button only, combined with the history list, qset is the source of a link. The latter is a relation, which,
changes the navigation space because the hypertext systey 5 document name, a document, an offset and a history
behaves as a pushdown automaton. In the following section,jit returns a set of destination anchors. The link traversal

we introduce a more powerful linking mechanism. relation is now defined in terms of functional anchors in
7. COMPUTED ANCHORS Figure 8.
The next proposition establishes that functional links

generalize all the kinds of links previously studied in this
paper.

Microcosm generic links [16, 17] associate a destination
anchor with source anchors that designate a given token.
One can generalize these generic links by accepting the
source anchor to be computed by an arbitrary function. We PROPOSITION7.1.Functional links can express simple,
can even further generalize the latter approach by allowing generic, adaptive or Microcosm local links.
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0 € Offset = {meN,m=> 0} (Offset)
t € Token = i, 12, ...} (Token)
N € Name = {N1,Np,...} (Document Name)
b € Bool = {true, falsg (Boolean)
D € Doc = Offset— ¢ Token (Document)
p € Env = Name— ¢ Doc (Naming Function)
fs € FSA = Namex Doc x Offsetx Hist — Bool (Functional Source Anchor)
fqg € FDA = Namex Doc x Offsetx Hist — ASet (Functional Destination Anchor)
LB € LBSet = F(Link) (LinkBase)
D* e DSet = TF(Doo (Set of Documents)
A* € ASet = TF(Anchop (Set of Anchors)
| € Link = FSAx FDA (Functional Link)
s,d € Anchor = Namex Offset (Anchor)
¢ € Linkinst = Anchorx Anchor (Link Instance)
H e Hist = {[I} + Link x Hist (History)
S e State = Docx LBSetx Envx DSetx Hist (State)
Notation:
n= (fs, fq) (Functional Link)
= (s, d) (Link Instance)

(1 [€:H]

nIsS=—
|

Link traversal relation:

— C  Statex Statex LinkInst

= HyD, LB, p, D*, H)

(History)
(State)

Hi(D1, LB, p, D*, H) —* H;(Do, LB, p, D*,[¢ : H])
with ¢ = ((N1, 01), (N2, 02)) such that valid(¢, p, D*)

3l = (fs, fq) € LB,

D1 = p(N1), D2 = p(Np),
fs(N1, D1, 01, H)

(N2, 02) € fg(Ny, D1, 01, H).

FIGURE 8. The state space and transition relation of a hypertext machine with computed anchors.

Proof.

(1) Let (s,d) be a simple link. The corresponding
functional link { fs, fq) can be defined as

fs : AN,D,o0,H.(N,o)=s
fa : AN, D,o0, H. {d}.

(2) Let (t,d) be a generic link. The corresponding
functional link ( fs, fq) can be defined as

fs : AN,D,o,H.D(0)=t
fg : AN, D,o, H.{d}.

(3) Using Proposition 6.1, a hypertext with adaptive links

may be represented by a regular automaton. Now we

can adopt the representation (1) for simple links.
(4) In Microcosm, a local link is a kind of generic link

documentsD*. The corresponding functional link
(fs, fq) can be defined as

f¢ : AN,D,0,H.D() =t AD e D*
fg : AN,D,o, H.{d). O

We can further strengthen this result about the expressive-
ness of functional links. In the next proposition, we show
that a hypertext machine with functional links can emulate
any finite computation by a Turing machine [25]. Such
a result effectively proves that functional links introduce a
new class of hypertext systems. Let us note that we have
to restrict ourselves to finite behaviours of Turing machines
because our definition of an abstract hypertext system is
essentially finite: documents are of finite number and of
finite size and linkbases have a finite size.

PROPOSITION7.2.A hypertext system with functional
links can emulate any finite computation of a Turing

(t,d), whose scope is restricted to a given set of machine.
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Proof. Let us consider a Turing machine. In order to prove destination anchors but can only be followed once.

this proposition, we construct a hypertext machine that can

emulate the Turing machine. The hypertext machine is fs © AN,D,0,H.s=(N,0) A (s,d) & H,

composed of a single document. Its content is irrelevant to fg : AN, D,o, H. {d}.

the proof, but the size of its domain is defined by the biggest

value necessary to encode both the value stored on the ribbon Typed links are regarded as key elements in hypertext

of a Turing machine and the head position [25]. systems as they enforce the regularity of the structure [39]
We emulate a Turing machine with our hypertext system and they help navigation as types represent link meaning.

as follows. At every step in the navigation, a single link Ashman and Verbyla [19] argue that functional links can

is accessible; the offset of its source anchor is the value encode types as all the links of a given type can be

encoded in the ribbon of the Turing machine. Initially, alink  represented by a single functional link.

will be accessible at each offset of the document to specify  In Figure 8, our hypertext machine used a history

the initial value of the ribbon. Computation ends when no mechanism as in Section 5. In fact, we could accumulate

link can be activated; the final value of the computation is more dynamic information as navigation proceeds. For

the offset of the last followed link. instance, the current active context [40], attributes of the
We assume that we have a functiwming, which for an links followed, etc. could be collected in @mvironment

encoding of the ribbon value and head position in input, Functional anchors could take this environment as argument

gives the encoding of the ribbon value and head position and provide for a more refined form of linking depending on

after one transition of the Turing machine. We can define the user’s navigation history.

the following functional link( fs, fq): This section has shown us that with functional links

hyperconnectivity is no longer a regular or a context-free

fs = AN,D,o, H. . :
language, but is generated by a Turing complete process. In
H=][] or practical terms, this allows authors to specify links that will
let [({(Ng,01),d):H]=H be manifested at navigation time, depending on the reader’s
in turing(o1) = o traversal history.
end
fy = AN.D.o. H. {(N.0)}. 8. DISCUSSION AND RELATED WORK

The goal of this paper is to study linking mechanisms
and their expressiveness. There are, however, numerous
hypertext concepts that we would like to formalize. We
believe that this hypertext machine approach can be
extended to support them. The machine was designed to
cope with parallelism and distribution; similar formalisms

Let us note that the proof of Proposition 7.2 involves a have been used by the first author to model parallel and
somewhat tricky encoding of the state of a Turing machine distributed programming languages [41]. Hypertext systems
in the offset of available links. The reason is that the set of with multiple windows can also be modelled by allowing
observables of our current definition of a hypertext machine several documents to be in focus. Multiple users and users’
is based on links uniquely. However, we can imagine models could also have been brought into this framework.
that functional links can modify a dynamic environment  The introduction described how Brown and Brown'’s [7]
and that the latter is made observable: the proof of the article gave the initial impetus to this paper. Our goal has
proposition will become straightforward, and we might been to formalize hypertext systems in order to compare
be able to consider infinite computations as well. Some their expressiveness. The Dexter model [9, 24] is generally
authors have investigated such a direction: e.g. links may beregarded as a ‘standardizing’ document by the hypertext
regarded as arbitrary functions or processes [38], or scripts,community. The Dexter model does not attempt to cover
also called ‘agents’, can be initiated when following links the details of user interaction with the hypertext. Our
[12]. For instance, Microcosm filters [16, 17] perform approach is different as we focus only on one possible type
some processing when links are followed. Finally, let us of interaction which is the link traversal. Of course, other
observe that the restriction on the finiteness of computationsaspects of user interaction are useful and could be modelled
in Proposition 7.2 is due to the fact that documents have ain future work.
finite size and not due to a restriction on functional links. Generally speaking, the Dexter model is far more

Functional links may be used to define various kinds of detailed than our abstract machines. It can be regarded as
other links. Browsers usually indicate which links have requirements that have to be satisfied by implementations
been followed by the user, for instance by changing an in order to be considered as hypertexts. However, unlike
attribute such as their colour. We can regard this attribute our approach, the Dexter model does not provide a formal
as computed by a functional link. criterion to compare hypertext systems.

Let us consider a simple links, d). We can define In the Dexter model, link anchors have two parts: an
a functional link that associates the same source andanchor id and an anchor value; this design provides a fixed

The functional anchors specify that there is only one link
that is available aften > 1 steps, at the offset defined
by the ribbon of the Turing machine. Initially, links at
every position may be followed to specify the input to the
computation. O
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point of reference for use by the storage layer combined with approach, a complete hypertext system is used and
a variable field for use by the within-component layer. This the difficulty is to determine the contribution of each
practical organization provides for document editing, which component.
is not an issue tackled in this paper.
Tompa [13] formalizes hypertexts as graphs. He presentsg. cONCLUSION
a data model, but does not define a runtime behaviour. He
therefore cannot model functional links. However, he gives During our survey of linking mechanisms, we have defined
a formal definition of users’ views which, as far as links three classes of hypertext systems. We have identified
are concerned, could also be implemented with functional the class of regular hypertext systems: they are the least
links. Doberkat [42] presents a Prolog-like specification powerful and their power is equivalent to non-deterministic
language of hyperdocuments, whose execution yields afinite state automata. History mechanisms give hypertext
directed graph. Doberkat focuses on the compilation aspect,Systems the power of pushdown automata. Functional links
whereas we focus on the runtime interpretation of the graph. make hypertext systems as powerful as Turing machines.
Bieber and Kimbrough’s bndge IaWS [1] are designed ThIS WOI‘k can be Continued in Several direCtionS. A
to generalize hypertexts; they provide a mechanism for Number of hypertext notions can be incorporated in our
automatic linking (as well as automatic creation of other abstract machines and in the set of observables; e.g. link
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