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This paper introduces the concept of hypermedia connectors, presenting how spatio-temporal
synchronization relations may be defined as a specialization of architecture description
language (ADL) connectors. Some features found in ADLs were brought to hypermedia
authoring languages, giving first-class status to relations expressed by links. Among the
profits, we can highlight the possibility of reusing a spatio-temporal relation specification in
different links with the same behavior and the possibility of defining composite spatio-
temporal relations expressed by links, which is an original feature in hypermedia authoring
languages.

1 Introduction

Architecture Description L anguages — ADL — are formal languages that can be used
for representing a software system architecture, defining its components and their
behavior specifications, as well as patterns and mechanisms for interactions among
them [14]. Usually, the building blocks of an architectural description are[8]:

components: computation or data storage units that can be as small as a unique
procedure or as big as awhole application;

connectors: used for modeling interactions among components and rules that
govern these interactions;

architectural configurations: connected graphs of components and connectors
that describe the architecture structure. Hierarchical composition is desirable in
ADLs, as it allows system description in different levels of detail. A complex
structure with a complex behavior may be explicitly represented or may be
abstracted by a single component or connector.

In several ADLs, connectors play an important role in software architecture
description. They are treated as first-class entities [13, 7] and their power of
abstraction is compared to those of components.

There are some advantages of treating connectors as first-class entities, such as:

Independence — Definition of connectors independent of the components that
might interact using them.

Reuse — Since they have an independent definition, different configurations
may use the same connector. Usually a configuration defines instances of



components and connectors and specifies which components are attached to
which connectors.

Composition — Composite connectors represent groups of several connectors
and components, modeling more complex interactions among components of a
software architecture.

Software architecture structures are similar to hypermedia document structures. At
first glance, it may look trivial to make a direct correspondence between the basic
structural elements found in ADLs and the ones found in Hypermedia Authoring
Languages — called HAL from here on. Components are analogous to nodes,
connectorsto links and configurations to composite nodes.

However, observing more closely, we should note that the analogy is not so
direct and trivial. There are some interesting structural characteristics of ADLS that
have no analogy in HALs and vice-versa. Reference [9] discusses the main
differences between them, presenting a detailed comparison among some ADLs and
HALsfound in the literature.

The main differences between ADLs and HALs are usualy related to
connectors. They can be compared to hypermedia relations represented by links.
These relations do not have the same treatment nodes have in HALS, because of the
following limitations:

arelation definition is usually dependent on the nodes that are related;

a hypermedia node can be reused in different compositions, but this is not the
case of relations expressed by links in the majority of HALSs. In some of them,
links are embedded in the node content preventing node reuse without bringing
the link together, such asin HTML. In some others, links are contained in link
sets, which can be stored in composite nodes, as in NCL [2]. In this case, only
composite nodes can be reused, the link set alone cannot. Link sets can aso be
stored in independent repositories, as in the link bases of Microcosm [3] and
XLink [19], for example. In this case, different link sets can be associated to the
same set of documents, but the specification of a relation expressed by a link
cannot be reused;

some HALs offer composite nodes, but no one offers links representing
relations whose semantics are given by compositions of other nodes and links.

The goal of thiswork is to give to hypermedia spatio-temporal relations, expressed
by links, the same treatment software connectors have in ADLs, bringing the
features provided by ADL connectors to HALs. Hypermedia spatio-temporal
relations may also be represented by special composite nodes, such as SMIL [15]
and NCL parallel and sequential compositions, however, this paper only focuses on
expressing relations using links. Nevertheless, this is not a limitation, as relations
represented by composite nodes can be trandated to relations represented by links,
as discussed in [12]. For a discussion about the use of compositions or links to
represent synchronization relations, one may refer to [17].



Besides the mentioned comparison between ADLs and HALSs, [9] aso defined
a structural meta-model that can be used to represent both software architecture and
hypermedia structures. Although the meta-model already provides the concept of
connector, it is only concerned about structural definitions. For a complete
description of hypermedia spatio-temporal relations, a semantic model is aso
needed. The present paper uses events as the basis for specifying semantics of
synchronization relations expressed by links, making this proposal generic for
HALs.

The paper is organized as follows. Section 2 presents a brief description of the
structural meta-model proposed in [9]. Section 3 shows how the meta-model can be
specialized to represent hypermedia document structures. Section 4 presents a
detailed definition of spatio-tempora hypermedia connectors. Section 5 discusses
the approach presented and compares this proposal to some related work. Finaly,
Section 6 is dedicated to fina remarks.

2 TheStructural Meta-M odel

The structural meta-model that can be used to represent software architecture and
hypermedia document structures is a specia case of compound graph.

The meta-model defines two types of vertices, called component and connector,
each one having a set of interface points.

The meta-model also defines a basic type of arc, called bind, connecting a
component interface point to a connector interface point or vice-versa. Binds must
not directly connect component to component or connector to connector [9].

A simple structure defined by the meta-model isillustrated in Figure 1.
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Figure 1. Example of asimple structure

Like in a compound graph, vertices may represent subgraphs also composed by
components, connectors and binds, where vertices may be nested to any depth, as
illustrated in Figure 2.
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Figure 2. Composite vertices, binds and maps



Binds can only be defined between vertices having the same parent or between
parent and child vertices. In order to alow indirect connections between vertices
inside and vertices outside a composition, another type of arc is defined, called map.
A map connects parent and child vertices of the same type, such as a parent
component/connector interface point to a child component/connector interface
point. Indirect connections can be done by an arc path containing maps. The use of
binds and maps is illustrated in Figure 2. It is important to note that maps do not
represent interactions between components or between connectors. They are just
means for exporting internal interface points to the outside of a composite vertex.
When the structura meta-model is applied to a particular domain, some
constraints will probably have to be defined in order to ensure consistency of the
structure created. For example, in a hypermedia document represented by a
composite component, as we shall see in the next section, for every constituent
connector, there must be at least two binds attaching this connector to components.

3 Representing Hyper media Document Structures using the M eta-
Model

In order to apply the structural meta-model to the hypermedia domain, hypermedia
model entities [5], such as media nodes, composite nodes and links, must be
described in terms of the meta-model entities.

Media and composite nodes found in HALS are special types of components.
Media node interface points are node anchors. Composite node interface points can
be node anchors or node ports, as follows.

As usual, an anchor represents a marked region in the node content. In the case
of a media node, an anchor can be any set of information units of its content. An
information unit depends on the media node type and can be a character for a text
media node, a frame for a video media node, etc. In the case of a composite node,
an anchor may be any subset of its constituents. It is important to maintain anchors
for hypermedia composite nodes, since a link might touch a composite node itself,
for example, to start the presentation of its structure and not the presentation of its
congtituents.

A composite node port is used to create entry and exit points of a composite
node allowing external links to touch nodes contained inside a composite node
without loosing compositionality. This allows, among other things, the presentation
of a composition to be seen and understood as the presentation of its constituents.
Through the use of maps, a composite node can make an interface point of a
constituent node visible for any relation with any node outside the composite node,
associating that constituent node interface point to a composite node port. An
example of the use of maps inside hypermedia composite nodes will be given in
Section 4.

Although several hypermedia models treat links as first class entities, such as
the Dexter model [5], the AHM model [4], the NCM model [16] and the XML



Linking Language — XLink [19], relations expressed by links do not receive the
same treatment. Thus, a new entity must be introduced for capturing the concept of
connector. This entity was called hypermedia connector.

A hypermedia connector represents a spatio-temporal synchronization
relationship that will be used to create hypermedia links among nodes. It specifies
the relation semantics, but does not specify node anchors that will participate in the
relationship. Node anchors will be specified by hypermedia links using that relation,
that is, using the connector.

A connector is defined by a set of interface points, called roles, and a glue [1].
Each connector role specifies the duty of a participant of the interaction, and the
connector glue describes how participants interact. Section 4 will give a complete
definition for role and glue semantics based on the concept of event.

A link references a hypermedia connector, and also defines a set of binds
relating the connector roles to node interface points, which may be anchors or ports.
If the node interface point specified in a bind is a composite node port, there must
be a map path relating that port to constituent node interface points, until an anchor
isreached. The complete definition of alink is obtained by:

areference to a hypermedia connector;

a set of binds relating the connector roles to node interface points;

a set of map paths, in the case of binds to composite node ports, relating
composite node ports to internal node interface points, defining sequences of
nested composite nodes until an anchor of the most internal node in each
sequence is reached.

A simple example of a hypermedia spatio-temporal relation is the traditional
hypermedia link, exemplified by HTML links, which causes the navigation to a
target node anchor when a source node anchor is selected by a user. In this case, a
hypermedia connector would define two roles, identified by selection_condition and
presentation_action, for example. The connector glue would give the causal
semantics between the roles, specifying that if a selection happen in the participant
playing the selection_condition role, the presentation of the participant playing the
presentation_action role must be fired. Figure 3 illustrates a hypermedia connector
CONL1 modeling the traditional hypermedia relation and document COMP1 having
two different links referencing the same connector. Link |, specifiesthat if anchor m
of node A is selected, anchor | of node B is presented, and link |, specifies that if
anchor n of node A is selected, anchor | of node C is presented.

In this section, we presented some basic concepts that can be applied to any
HAL willing to give to relations first-class status. The previous example illustrated
one simple semantics for a connector (the HTML link semantics). However, in
order to present the definition of hypermedia connector in details, a semantic model
isrequired, aswill be discussed in the following section.



Hypermedia

Connector
CON1 - presentation_action
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Figure 3. Example of different links using the same hypermedia connector

4  Spatio-Temporal Hypermedia Connectors

We are going to use the concept of event for specifying synchronization
relationships among nodes expressed by hypermedia links. The concept of
connector was used because link semantics in the majority of HALS can be
expressed by transitions in an event state machine.

Event is the basic synchronization unit for specifying relationships among
nodes in a hypermedia document. As stated in [10], an event is an occurrence in
time that can be instantaneous or can occur over some time period. Some HALS
specifies two types of events: presentation event, which is defined by the
presentation of an anchor of a node and selection event, which is defined by the
selection of an anchor of a node. Other HALS, like NCL, specify other types of
events, as the attribution event, which is defined by the change of a node attribute
value.

Event states and transitions are used for defining synchronization relationships
among nodes. For example, a presentation event might be defined by the event state

machine shown in Figure 4.

Save|
Abort

Discard
Start Pause
prepared > < occurring > ( paused

Stop | Start |
Natural end Resume

Prepare

sleeping ‘ preparing
Finished

Abort preparation

Stop

Figure 4. Example of a presentation event state machine

Not al hypermedia models have an event state machine with the granularity
specified in Figure 4. In some models, the presentation event state machine has only



the prepared, occurring and paused states, and in others, events are confined to
states prepared and occurring. An event may have an associated attribute, called
occurrences, which counts how many times the event occurs, that is, how many
timesits state transits from occurring to prepared in the example shown in Figure 4.
Presentation events may also have an attribute named repeat, which indicates how
many times the event must sequentially occur every time it is started. This attribute
may be assigned afinite value or the indefinite (¥) value.

Hypermedia connectors specify relationships among events, having the
following attributes:

set of roles, where each role defines how an event type participates in the
relation, specifying conditions and actionsin a causal relation, for example;
glue, which defines how connector roles interact.

Hypermedia links can be used to express causal or constraint relationships among
events. In causal relationships, some action is executed when a specific condition is
satisfied. An example is “if node A is being presented (condition) and node B has
finished its presentation (condition), present node C (action).” Other relationships
represent constraints among events. For example, a constraint that specifies that two
nodes must finish their presentation together. Note that there is no causality
involved. The occurrence of the presentation of one node without the occurrence of
the presentation of the other also satisfies the constraint, that only specifies that, if
and only if these two nodes are presented, their end times have to coincide.

In order to provide the necessary semantics for defining causal or constraint
relationships among events, a hypermedia connector may be specialized in a causal
or constraint connector. A causal hypermedia connector has two types of roles:
condition and action. A constraint hypermedia connector has just one type of role,
condition.

A condition role has the following attributes:

id, which must be unique among the connector set of roles;

event type, which may be presentation, selection, attribution, etc.;

cardinality [min, max], where min 3 1, max 3 1 and max 3 min (max may be
¥). This attribute defines the minima and maxima number of nodes that may
play this condition role when the connector is used. Its default valueis[1,1];
logical expression of binary simple conditions or compound conditions, as
follows.

Every binary simple condition is expressed by two unary conditions: a previous
condition, to be satisfied immediately before the condition evaluation instant, and a
current condition, to be satisfied at the condition evaluation instant. A binary smple
condition is satisfied when both unary conditions are satisfied. A unary condition is
a comparison concerning the event state value, the occurrences or the repeat
attribute value of the event, using operators =, 1, <, £, > or 3. It can also receive the
true value, if it is not relevant in the binary simple condition evauation. A



compound condition consists of a logical expression involving other conditions,
simple or compound, testing attribute values of the same event and based on the
operators U (and), U (or), @ (not). For example, in order to specify that an event
happened for the third time, the logical expression would be ((state=occurring,
state=prepared) U (true, occurrences=3)). The main reason for specifying the
previous and current conditions when a binary simple condition is defined is to
capture both an event state change and the temporal interval during which an event
remains in the same state.
An action role has the following attributes:

id, which must be unique among the connector set of roles;

event type, which may be presentation, attribution, etc.;

action type, which specifies the type of action to be executed on a participant
playing this role. Actions cause transitions on the event state machine (see
Figure 4) of participants playing this role. Action type examples are given in
Table 1;

repeat, which specifies the number of times the action must be repeated. Its
default valueis0;

wait time between repetitions, which defines a time that must be waited before
the next repetition. Its default value is O, and it is only valid if the repeat
attribute is greater than O;

value, necessary and valid only if the event type involves an attribution
operation;

wait time, which defines a time that must be waited before the action is
executed for the first time. Its default valueis0;

cardinality [min, max], where min 3 1, max 3 1 and max 3 min (max may be
¥). This attribute defines the minimal and maxima number of nodes that may
play this action role in an instance of the connector. Its default valueis[1,1].

In a causal relation, the connector glue defines an expression involving condition
roles and another expression involving action roles. When the condition expression
is satisfied, the action expression must be fired. In a constraint relation, the
connector glue specifies the constraint to be satisfied relating condition roles.

The glue condition expression of a causal hypermedia connector consists of a
logical expression involving condition roles and based on the operators U (and), U
(or), @ (not). Besides these operators, there is another operator A (delay), which can
be applied to any expression operand. The delay operator applied to a condition C is
denoted as C A [ty, t,], wherety, t, T A and O £ t, £ t,. Given that a condition C is
true at instant t, a condition C’, defined as C A [ty, t,], is true at the interval [t+t;,
t+t,]. For example, in order to apply a two-second delay to a compound condition
expression involving two roles, the condition expression would be ((rolel U role2)
A22)).

Table 1. Action type examples that can be applied over presentation and attribution events



Event Type

Action

Description

Presentation

Prepare(E)

If event E isin the sleeping state, it goesto the
preparing state; otherwise, there is no transition.

Presentation

Sart(E, n)

If event E isin the sleeping, preparing, prepared
or paused state, it goesto the occurring state
through the state machine (see Figure 4),
starting its presentation from the beginning.
Otherwise, nothing happens. This action has an
optional parameter n to initialize the repeat
attribute of E.

Presentation

Stop(E)

If event E isin the occurring or paused state, it
goes to the prepared state; otherwise, thereis no
transition. This action increases by one unit the
occurrences attribute of E and decreases by one
unit the repeat attribute of E. If the value of
repeat is still greater than zero after being
decreased, a new presentation of E is
automatically started.

Presentation

Pause(E)

If event E isin the occurring state, it goesto the
paused state, otherwise, nothing happens.

Presentation

Resume(E)

If event E isin the paused state, it goes back to
the occurring state, otherwise, nothing happens.
The presentation of E is resumed from the last
information unit presented before the event has
been paused.

Presentation

Abort(E)

If event E isin the occurring or paused state, it
goes to the aborted state and immediately after it
goes to the prepared state. The occurrences
attribute of E is not increased and the repeat
attribute is set to zero. If Eisin the preparing
state it goes to the sleeping state. If Eisin any
other state, nothing happens.

Attribution

AbsoluteAssign (E, i)

Assignsvaluei to the attribute value

Attribution

RelativeAssign (E, i)

Increments the attribute value by i

Condition roles that may be played by

more than one hypermedia node (max > 1)

must have an expression qualifier in the glue condition expression, having the
possible following semantics:

ALL - all conditions must be true;

ANY —at least one of the conditions must be true.

The glue action expression of a causal hypermedia connector is defined by an
expression based on the operators | (parallel) and ® (sequential) involving action
roles, specifying the execution order of each action of the expression.




Action roles that may be played by more than one hypermedia node (max > 1)
must have an expression qualifier in the glue action expression, having the possible
following semantics:

ALL —all actions must be executed;
ONE —just one of the actions must be executed.

Let us take an example to illustrate a complete causal connector definition. Suppose
that a document represented by composite node COMP2 in Figure 5 uses document
COMP1 aready shown in Figure 3. COMP2 defines link 13, which uses causal
hypermedia connector CON2, also presented in Figure 5. The complete link
definition will be discussed in Section 4.1. At first, let us pay attention to its
connector.

CON2

selection_condition ) .
presentation_action
presentation_condition

Figure 5. Example of hypermedia document using an n-ary causal connector

Connector CON2 specifies an n-ary hypermedia relation, where a selection in a
node anchor, described by the selection_condition role, happening during the
second presentation of another node anchor, described by the
presentation_condition role, fires the presentation of a third node anchor, described
by the presentation_action role. The fired presentation must occur 2 seconds later
and must be repeated twice with one-second delay between the repetitions. The
definition of hypermedia connector CON2 is given by:

Set of roles:
1. Condition role:
= id=>selection_condition
= event type => selection
= logical expression => (state = occurring, state = prepared)
= cardindity =>[1,1]
2. Conditionrole:
= id => presentation_condition
= event type => presentation
= logical expression => ((state = occurring, state = occurring) U (true,
occurrences = 2))
= cardinality =>[1, ¥]



3. Actionrole

id => presentation_action

event type => presentation

action type => start

repeat => 2

walit time between repetitions=> 1

wait time => 2
= cadinaity =>[1, ¥]

Glue:

1. Condition expression => ((selection_condition) U
(ALL(presentation_condition))

2. Action expression => ALL (presentation_action)

4.1 Hypermedia Links

A link uses a hypermedia connector, specifying the nodes that will play each
connector role. A link entity has the following attributes:

hypermedia connector;
set of binds, where each bind defines the node that will play a specific role of
the hypermedia connector used.

In alink, each role of its hypermedia connector must have at least the cardinality
min value of associated binds and at most the cardinality max value.
A bind has the following attributes:

node N;

interface point of N*;

presentation specification of node N (optional);
hypermedia connector;

role of the hypermedia connector used.

The presentation specification of a node may be specified by a link touching the
node in order to tailor the presentation according to the navigation made, for
example, associating a new style sheet to an HTML node that is a link target. Some
HALs offer this facility, such asNCL.

! Node interface points touched by links usually are ports or anchors defining
presentation or selection events. Ports are used in composite hodes to export internal
node anchors, as was explained previously. However, there may be other types of
interface points for defining other types of events as, for example, node attributes, in
the case of an attribution event. Without loss of generality, this paper will consider
the use of ports and anchors as node interface points.



Returning to the example shown in Figure 3, the set of binds of link I, is{(A, m,
CON1, selection_condition), (B, |, CON1, presentation_action)} and the set of
binds of link I, is {(A, n, CON1, selection_condition), (C, |, CONLI,
presentation_action)}, where anchor | represents the whole content of a node.

In HALs where a node may be reused in different composite nodes and a link
may traverse composite nodes (see Figure 5), a link endpoint must identify the
nested node sequence used to touch the node occurrence.

Some hypermedia models, like NCM in its previous link definition [16, 17],
allow links to directly touch nodes contained in different compositions through the
specification of an endpoint nested node sequence, as illustrated in Figure 6(a).
Although this is an important feature that must be provided by a hypermedia
conceptual model, it also prevents compositionality, since links may go inside and
outside a composition without notifying it. In order to alow external links to
indirectly touch nodes inside a composite node and also provide compositionality,
the use of composite node portsis required.

However, ports alone are not enough for having links touch elements inside a
composition. Following the meta-model, composite nodes must define mappings
relating its ports to its constituent interface points. These mappings are defined in a
composite node attribute, called set of maps. A map has the following attributes:

composite node;

composite node port;

constituent node;

consgtituent node interface point, which may be an anchor or a port.

Each port of a composite node must have one associated map. A link may indirectly
touch a constituent node of a composite node through a port and a path of maps,
which leads it to the desired node, asillustrated in Figure 6(b).

E

(@) link directly touching internal nodes  (b) link indirectly touching internal nodes

Figure6. Link definition

Turning back to the example of Figure 5, composite node COMP1 defines a map
between its port i and anchor k of node B, represented by (COMPL, i, B, k),
illustrated by a dotted line. Link I3 specifies that a selection in anchor k of node B,
during the presentation of composite node COMP1 and during the presentation of
content node D, fires the presentation of nodes E and A. The set of binds of I3 is



{(COMP1, i, CON2, selection condition), (COMP1, |, CON2,
presentation_condition), (D, |, CON2, presentation_condition), (E, |, CON2,
presentation_action), (A, | , CON2, presentation_action)}, where j is an anchor of
COMP1. The bind related to port i of composite node COMPL associated to map
(COMPY, i, B, k) makes anchor k of node B play the selection_condition role of
connector CON2.

Since a hypermedia connector may be used by different links, if the definition
of the connector is changed, all links using that connector must be checked for any
inconsi stency.

4.2 Composite Hypermedia Connectors

Another consequence of applying the concept of connector to hypermedia is
providing composite hypermedia connectors, which is an interesting feature, as we
are going to see ahead in the text, not found in any HAL. A composite hypermedia
connector has the following attributes:

set of roles, that will be associated to constituent connector roles, through the
use of maps. The definition of a composite connector role is given by the
mapped constituent connector role;
glue, which defines:
= set of nodes;
= setof links;
= et of partially defined links, which may not have binds for al its
hypermedia connector roles, but that must have maps for these roles,
defined in the following set of maps;
= set of maps, where each map relates arole of the composite connector
to arole of aconstituent connector occurrence, represented by a
partially defined link. Each role of the composite connector must have
one associated map.

The graph of nodes, links and partialy defined links contained in a composite
connector must be connected.

In order to illustrate the definition and the usefulness of composite hypermedia
connectors, let us take the example of connector CON3, shown in Figure 7. CON3
represents a traditional hypermedia relation that requires a user confirmation before
performing the navigation to the target node. This is a usual procedure done by
commercial web browsers, when the user navigates to a secure web page, for
instance. The definition of connector CON3 is given by:

Set of roles:

1. Condition role: id => selection_condition
2. Actionrole: id => presentation_action
Glue:



set of nodes => {X}

set of links=> {}

set of partially defined links => {14, |5}

set of maps => {(CONS3, selection_condition, 14, selection_condition),
(CONS3, presentation_action, 15, presentation_action)}

The set of partially defined links specifies links 14 and 15, which use connector
CONL1 presented in Figure 3 and respectively define the following sets of binds { (X,
I, CONL1, presentation_action)} and {(X, r, CON1, selection _condition)}, where r
isanchor of X.

|
selection_condition = I—@r—l— presentation_action

Figure 7. Example of hypermedia document using a composite hypermedia connector

Document COMP3 containing link 16, which uses connector CON3, is aso
illustrated in Figure 7. The set of binds of 16 is { (A, m, CON3, selection_condition),
(B, I , CONS3, presentation_action)}. Nodes A and B play the roles of the traditional
hypermedia relation, but this navigation involves the presentation of an intermediate
node X. When anchor m of node A is selected, link 14 fires the presentation of node
X. Then, when anchor r of node X is selected, link |5 fires the presentation of node
B. Considering the example previously given, node X could be the browser message
window that is going to warn the user about navigating to a secure web page.

Note that a link using a composite hypermedia connector is defined the same
way as a link using a causal or constraint connector. It must reference the
hypermedia connector and define the set of binds relating connector roles to node
interface points.

5 Issuesabout the Use of Connectors

The key point for treating spatio-temporal relations as first-class entities is
providing the definition of the relation independent of the specification of which
nodes will be related.

Some HALSs dready did this separation when defining a relation. In NCL, for
example, the first element of a link, similar to the connector, was called meeting
point and the second, similar to the set of binds, was called endpoint set. However,
NCL did not alow a meeting point to be reused in different links and treated both
elements of alink as embedded attributes.



Separating the relation specification from a link that will actualy use it
provides some advantages to hypermedia authoring languages, such as:

Reusing the same spatio-temporal relation (hypermedia connector) in different
links having the same semantics but specifying different interacting nodes.
Facilitating the definition of high-level relations that a HAL might provide.
Now the language does not need to offer only a predefined set of high-level
relations to make the authoring process easier, but it can also provide means for
creating user-defined ones. Relations that are represented by hypermedia
connectors work as link templates and can be used by authors to create links
inside their documents. This feature combines more power of expressiveness
and more facility of use.

Treating spatio-temporal hypermedia relations as first-class entities, which can
even be composed of other nodes and links.

On the other hand, there is one drawback of specifying links using hypermedia
connectors. In the NCM link definition [17], a single unary condition could relate
events of different nodes. With connectors, in the logical expression attribute of a
condition role, all unary conditions must be related to a single event type (that will
be associated to a single node anchor).

For HALSs that offer means for specifying spatio-temporal relations through
low-level specifications based on events, such as NCL and IMAP [18], the concept
of hypermedia connector may be directly applied, providing the advantages
highlighted previoudly. For other HALSs that offer a set of high-level relations, such
as Madeus [6], the concept of hypermedia connector may also be applied,
considering their high-level relations as hypermedia connectors contained in a
predefined connector library provided by the language.

The XML Linking Language — XLink [19] also provides support for creating
complex links that involve several participants, through its concept of extended link
(extended-type elements). An extended link has a set of participants and a set of
traversal rules. Participants may be local resources (resource-type elements) or
remote resources (locator-type elements) considering the resource where the link is
defined. Traversal rules (arc-type elements) determine which participants are source
or target of the link. Comparing an XLink extended link to links using hypermedia
connectors, each traversal rule is represented by a causal hypermedia connector and
its set of participants is represented by the set of binds of a link. The same way a
bind associates a hode and a connector role, each participant of an XLink extended
link has a label attribute that is going to be used when specifying traversa rules.
However, note that a bind specifies the role that a participant will perform in the
relation, while a label is just a reference to a participant, without determining its
role. This will be specified by traversal rules that reference the label. Analogous to
the proposed connectors, the same label may be used by more than one participant
in an extended link. An XLink traversal rule relates a source label (from attribute) to
a target label (to attribute), besides specifying when navigation must be made



(actuate attribute) and how target node presentation must be done (show attribute).
Navigation may be triggered by a user selection event (actuate=" onRequest”) or
may be done automaticaly when the starting resource is loaded
(actuate=" onLoad”). The ending resource presentation may be done in a new
window (show="new”), or may substitute the starting resource presentation
(show="replace”) or may even be embedded in the presentation (show="embed” ).
XLink actuate and show attribute values respectively represent predefined subsets
of condition and action roles of a causal hypermedia connector, involving selection
or presentation events. An XLink traversal rule is represented by a hypermedia
connector relating just two roles, a condition and an action role, determined by
actuate and show attribute values. The concept of connector proposed in this paper
provides much more expressiveness for relation specification, permitting the
definition of glue expressions relating any number of roles. Besides that, connector
condition and action roles may act on other types of events, besides the usual
selection and presentation types. As an example, conditions and actions involving
attribution events may be used to specify spatial relations among objects, which is
not allowed by XLink. Another limitation of XLink is that it only provides the
specification of causal relations. Connectors presented in this work also alow the
specification of constraint relations, being able to represent, for example, the
semantics of AHM sync arcs [4]. Finally, XLink does not permit the definition of
traversal rules in an independent way, that is, the definition of a relation without
specifying its participants, preventing relation reuse in distinct links.

This work brought features found in the software engineering domain to the
hypermedia domain. There are other works in the opposite direction studying the
possibility of using document authoring languages in the software engineering
domain, such as the work of [11], which discusses the merit of using XML [20] as a
meta-language for defining ADLs. Besides that general goal, the authors say that
they have developed an XML schema for an ADL called ACME and also a
prototype for creating XML representations for architectures defined in ACME.

6 Final Remarks

This work proposed how the concept of connectors could be introduced into
hypermedia, bringing some advantages found in ADLs to HALs. Analogously to
[13], which discussed why connectors deserve first-class status, this paper discussed
why hypermedia synchronization relations, expressed by links, also deserve first-
class status. Among its contributions, we can highlight:

the possibility of reusing a spatio-temporal relation specification in different
links with the same behavior;

the possibility of allowing expert users to specify complex relations,
represented by connectors modeling high-level hypermedia relations, which can
be easily used by other non-expert authors;



the possibility of defining composite spatio-temporal relations expressed by
links, which is an original feature not found in any hypermedia language or
conceptual model;

the definition of hypermedia composite node ports and set of maps, making a
hypermedia model compositional, without loosing the feature of anchoring on
nodes nested inside composite nodes. Compositionality is desirable in HALs as
it facilitates document consistency check.

The concept of hypermedia connector was incorporated into the NCM hypermedia
model and into the NCL authoring language, inheriting the advantages discussed.
The HyperProp authoring system [17], based on NCM, is currently being updated to
provide definition of hypermedia connectors.

A future work, which is already in progress, is a proposal of how the features of
hypermedia connectors could be made available for any XML document. The goals
of this future work might be compared to the goals of the W3C XLink proposal
combined with all the facilities discussed in this paper.

Another future work is studying how the use of ADL architectural styles could
be generalized for the hypermedia domain. Styles provide the definition of
congtraints that every configuration following that style must satisfy. Applying
these concepts to hypermedia documents would allow document structures with
particular characteristics to be reused in many different documents. These structures
could be used as document templates representing well-known types of documents.
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