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Abst rac t .  In this work we discuss a number of issues for the design of 
hypertext systems in an actor-based model of computation. We examine 
how the "traditional" basic concepts which are at the basis of the design 
of hypertexts can be.re-visited under a new perspective of collabora- 
tive expert actors. The paper presents how some principles of high level 
concurrent programming are applied as new methodologies for the de- 
sign and realization of complex software, such as hypertext systems. By 
adopting an actor-based framework, we gained powerful control on the 
version management, which presents considerable difficulties in realiza- 
tion of hypertext systems. In this paper we present an initial prototype 
implemented in a concurrent object-oriented language, realized on top 
of Common Lisp Object System. 

1 Introduct ion  

In the last few decades we have witnessed a growing interest of the academic 
and industrial communities towards hypertext  and hypermedia systems [24]. The 
wide range of applications of these "new" technologies has imposed their impor- 
tance as indispensable features for computer-based systems. The work presented 
in this paper is the result of experiences gathered in the last six years working 
up to the design and implementation of complex programming environments. 
In particular, we developed a software platform, named OPLA, suitable to con- 
ceive and implement large object-oriented logic programming. The architecture 
consisted of a fast interpreter and compiler [19], enriched by a programming en- 
vironment [20] designed to support the various activities which normally accom- 
pany the code production (debug utilities, browsing, documentat ion facilities, 
etc.). Owing to the increasing of number OPLA user groups, and to the strong 
object-orientedness of the language, the need to strengthen the hypertext  aspect 
in documentat ion management  became a key issue for the survival of the OPLA 
platform itself. Before starting the implementation of this important  require- 
ment,  we established the most important  principles to follow in order to reduce 
the possible costs and risks of the project. Some of these guide-lines were: 

- design a general-purpose hypertext  framework, in order to re-use it for other 
software applications (not strictly for programming environments), 
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- do not modify the underlying application , and, consequently, the basic im- 
plementation choices adopted to realize the interpreter, the compiler, and 
the other main components of OPLA, 

- obtain something that could be specialized for program documentation, in 
particular for object-oriented logic programming. 

To follow the previous trends we focused our attention in exploring a general de- 
sign environment where we could test our ideas: we chose the concurrent object- 
oriented approach [25]. In fact, actor-based programming is starting to mature 
thanks to the boost derived from parallel computer technology and concurrent 
languages. Concurrent programming frees the programmer from specific hard- 
ware requirements. It enables to model multi-agent systems and to test how a 
distributed approach can solve problems in which the choice of a monolithic 
approach in handling computational efforts resulted in inadequate strategies. 
Programming software in actor-based frameworks has stimulated research in re- 
visiting the foundations of Artificial Intelligence, by providing new schemes and 
methodologies to handle large-scale open systems [15]. Open Systems consist of 
a population of agents each of which are equipped with approximate knowledge 
and influence. These agents can share their knowledge and organize their ac- 
tivities to reach a common goal [7]. The concurrent, or distributed approach, is 
not new in the hypertext field, but its use has been limited in solving problems 
which generally occur in multi-user hypertext systems, where we have a concur- 
rent, collaborative access to databases shared across a net of workstations and 
file systems [22, 27, 28]. Our approach is different: we have adopted the actor 
model as a general framework to design the basic components of a hypertext 
system, by sketching both the internal and the external activities by means of 
an extended communication of task requests sent through a web of intelligent 
actors. In order to stress the benefits that this approach provides, in this paper 
we do not discuss the advantages that our approach gives to support multiple 
users based activities for hypermedia systems, but we focus our attention on the 
advantages that an actor-based design and implementation can provide to a fast 
high-level, prototyping of open hypertext systems [8]. The paper is described as 
follows. In Section 2, after a brief introduction to the actor model, we present 
the main features of our framework, underlining the benefits that this approach 
provides with respect to more conventional tactics. Section 3 discusses the im- 
plementation details reported, by developing our system by means of an OOCP 
available on top of Common Lisp Object System, the ANSI specification of the 
object-oriented extension of Common Lisp [3]. As a key design issue, we discuss 
the approach studied to solve the version management problem. We conclude 
the paper showing further research directions of our project. 

2 A n  A c t o r  M o d e l  f o r  H y p e r t e x t  S y s t e m  

Generally a concurrent system has a kind of module (actor, object, guardian) 
which is invoked by (and only by) messaging. This module hides data from all 



other modules, i.e. there is no sharing data between modules. By messaging we 
activate light-weight processes within an addressed module. Sometimes these 
modules are known as "active objects" and programming with active object is 
nowadays named Object Oriented Concurrent Programming (OOCP at short). 
OOCP is represented by a large number of concurrent languages. The main 
entity at the basis of these languages remains the "actor". In this paper we 
assume a basic knowledge of the actor-based programming, directing the reader 
for a detailed description of  the actor model to [2]. Before entering in to the 
method of implementation we would prefer to illustrate the actor-based model of 
our architecture. Essentially, a hypertext is a collection of heterogeneous objects 
(cognitive fragments viewed as texts, images, sounds,...) connected together by 
conceptual links. The user navigates this graph of concepts by browsing the 
nodes, and applying different actions. Owing to the richness of the resulting 
environment, hypertexts are characterized by numerous stimulant features, such 
as: 

- strong fragmentation of information, 
- high interactivity of information, 
- instinctive recall to modifiability, 
- natural approaches to retrieve information, 
- openness towards other systems. 

These important concepts generate several trade-offs for the implementation of 
hypertext systems. The most suffered constraint is known as "tyranny of the 
link" [12], which expresses the rigidity of the architecture which is not able to 
support in an appropriate way the cognitive activities offered by the hypertext. 
Recently, the need to improve the freedom of communication/handling of hy- 
pertext information, has stimulated the research community into providing new 
strategies suitable for dynamic evolution of the system [8, 9]. We argue that 
many difficulties remain unsolved in the realization phase because the under- 
lying tools used as platforms for the design and implementation of hypertext 
do not reflect the concurrent, collaborative activities which exist at the basis of 
the system. In our proposal, the hypertext is conceived as an Open Information 
System [15], implemented by actors. The expertise, the knowledge, the actions 
of the system are spread among different classes of actors which work simulta- 
neously and independently. This society of experts is animated by exchanges of 
messages, by means of which the actors can communicate. The communication 
is asynchronous because each actor keeps a mail-box to receive enquiries and it 
continues to function even when receiving messages. 

3 I m p l e m e n t a t i o n  

Our model of actor programming has been realized using an object-oriented 
concurrent language based on top of Common Lisp Object System, CLOS [3]. 
The concurrent extension of CLOS was named CLAS (standing for Common 
Lisp Actor System), and was initially tested and improved during the realization 
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of a significant application [10]. Once the functionality of CLAS was proven, we 
decided to specialize the tried method as a tool for the design of hypertexts.  The 
resulting system, named HYPERCLAS, is illustrated in the next paragraph. 

3.1 A T u t o r i a l  I n t r o d u c t i o n  t o  H Y P E R C L A S  

HYPERCLAS allows the creation of populations of actors specialized in ac- 
complishing tasks which generally occur in hypertext  systems. Essentially, the 
complete architecture employed to design the hypertext  system can be depicted 
with the following figure: 

 CLOL 1 
M CLOg 
MTF-LCL I CLOS 

Fig. 1. The module composition of our platform. 

As the reader can note, HYPERCLAS has been built thanks to three main 
modules: CLOS, Multi-Tasking Facility of Lucid Common Lisp (MTF-LCL),  
and CLUE [17]. This last module is exploited to manage the graphical window- 
based X l l  interface. From the standpoint of actor handling, HYPERCLAS is 
composed of two levels: 

- The first level consists of a module designed to solve all the problems which 
arise in concurrent programming, such as the management  of concurrent 
access to resources, the scheduling of tasks, the binding of local or global 
da ta  to a process, the locking or unlocking of a process, the creation of pro- 
cesses and their destruction. To accomplish these goals we defined a super- 
class, named a t o m i c - o b j e c t ,  specialized in handling mutuM exclusion of 
processes. Thanks to this class the legM access to fields of actors is guaran- 
teed. 

- The second level realizes the actor model. The main difference between ob- 
jects and actors consists in the fact that  objects are seen as passive entities 
which communicate with other objects via active messages while actors are 
seen as active objects which exchange passive messages. Each actor is com- 
posed of a passive and active part,  each of which is an object of CLOS. 

The active part  of an actor is an instance of a class task which encapsulates the 
interface with the host multitask system. This class contains a slot called jeckill 
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whose function is to address the passive par t  of the actor, i.e. the class a c t o r .  
Vice versa, in the class a c t o r  we refer to the active part  by means of a slot 
hide. Let us provide the definition of the most  general object of HYPERCLAS,  
the actor HypActor .  The next code shows the definition of a "HypActor"  actor. 
The  meaning of this enti ty is similar to other well-known definitions, such as 
notecards, frames, nodes, etc.. 

(defclass HypActor(atomic-object) 
(hide :initform () :reader get-hide :writer set-hide) 
(mbox :initform () :reader get-mbox :writer set-mbox) 
(parcel :initform () :reader get-parcel :writer set-parcel) 
(name :initform "hactor" :initarg :name :reader get-name 

:writer set-name) 
(title :allocation :class :initform () :initarg :title 

:reader get-title :writer set-title) 
(versionL :initform () :initarg :versionL :reader get-versionL 

:writer set-versieni) 
(body :allocation :class :initform nil :initarg :body 

:reader get-body :writer set-body) 
(fromActor :allocation :class :initform () :initarg :fromActor 

:reader get-fromActor :writer set-fromActor) 
(toActor :allocation :class :initform () :initarg :toActor 

:reader get-toActor :writer set-toActor) ) ) 

Fig. 2. The data part description of the HypActor object. 

This  single object serves to collect some fundamental  data.  Following the code 
of Figure 2, we specify the role of these attr ibutes:  

- h i d e  serves for addressing the active par t  of the actor. 
- mbox is used to support  communicat ion with other actors. 
- p a r c e l  mainta ins  the current message. 
- name identifies the actor. 
- t i t l e  stores the f rame topic. 
- v e r s i o n L  is used for versioning management .  
- body contains the text related to the topic. 
- f r o m A c t o r  enables to learn the address of the HypActors  reachable f rom the 

current actor. 
- t o A c t o r  enable to learn the address of the HypActors  from which it is pos- 

sible to reach the current actor. 

As the reader can note, the definition of the actor embodies (as in CLOS) only 
the da ta  part .  For each of these slots we have methods  specialized in handling the 
corresponding slot. For example the methods  : i n i t f o r m ,  : r e a d e r ,  and : w r i t e r  
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are automatically generated by HYPERCLAS to accomplish operations of ini- 
tialization, reading and writing, respectively. Naturally, we have other methods 
used by the HypActor outside its data  part definition. In fact, the remaining 
behavioral part is detached from the actor data  description, i.e. the implemen- 
tation of the scripts, is done outside the class definition. This programming 
style, which derives from the initial CLOS proposal, leads to a more flexible 
model. In fact, the connection between da ta  (actor/class definition) and oper- 
ations (script/methods definition) is established by dynamic bindings and ex- 
ploiting hierarchical structure. In this way the user can specify the structure 
of the actors via the clef c l a s s  command, whereas the management of the con- 
tents is realized via the scripts definition, giving flexibility and efficiency in the 
separation structure/content. Before focusing our attention on the behavioral 
description of the actor, we will provide more information about the message 
passing strategies possible in HYPERCLAS. 

3 . 2  M e s s a g e  P a s s i n g  P r o t o c o l  i n  H Y P E R C L A S  

In HYPERCLAS message passing protocol is enriched with four schemes which 
fulfill the various needs to send a task to actors. These schemes are: 

-- f u t u r e  
This option allows the handling of messages of a particular kind, the f u t u r e  
message. The f u t u r e  is an answer to a message in form of a promise; the 
semantic of the f u t u r e  is equal to that  of ACT-1 [18]. 

- spray  
We select this message passing when we want to apply multicasting messages. 

-- express 

An express is a message with the highest priority. If an actor receives this 
message while it is treating a normal one, then it stops the current task in 
order to handle the express  request. 

- a l l  
HYPERCLAS allows the creation of clones. A clone is a perfect duplication 
of the original actor. The difference between the two actors consists in the 
fact that  a clone is always a passive entity, i.e. even though the clone survives 
in the system it is locked into for any message. If we want to escape from 
this rule, we can use the keyword a l l .  In this case, the message is sent in 
multicast to all the active and passive actors. 

Message passing is supported by means of the construct s e n d .  A general form 
of send appears as: 
(send destinator kind-of-message task arguments) 
where: 

-- destinator identifies the actor(s) to which the message is addressed; 
- k i n d - o f - m e s s a g e  specifies the strategy by which the message must be sent 

on the web ( f u t u r e ,  sp ray ,  exp re s s ,  a l l ) ;  



- t a s k  determines (via the keyword : s e l e c t o r )  the script which we want to 
trigger once the message is received by the destinator; 

- arguments  serves to specify (via the keyword :args)  the arguments (if ex- 
isting) to provide the script. 

4 A n  A c t o r - o r i e n t e d  V e r s i o n i n g  M a n a g e m e n t  

The hypertext is an unstable resource. Users can create, destroy, modify nodes 
and links, changing small or large sections of the hypertext. In spite of these 
changes, some important  laws must be observed: 

- coherence of the information. 
For instance, when we cancel a node, we must reorganize the area of the 
hypertext in which this operation occurs. This task consists in eliminating 
the corresponding links, updating the contents, moving markers, testing the 
validity of such changes, etc.. 

- access to old versions of the hypertext. 
The return to previous cognitive instants must always be available, in or- 
der to reuse the information and to maintain the derivation history [14]. In 
particular, in systems which exploit concurrence, the version management is 
absolutely necessary to keep the consistence of data  [22]. 

We use the term version control [16] to indicate the different control strategies 
suitable for handling the node-based version and the structure-based version. 
For a need of clarity, we use the term configuration with the same meaning as 
that  adopted in software engineering [16], i.e. to indicate a specific state of the 
hypertext (generally, program) structure as a whole. The goal of this paragraph 
is to show as the versioning, one of the key issue among the functionality of a 
hypertext, is carried out by specialized scripts of actors. By providing chunks of 
HYPERCLAS code, we prove how the actor-based model is a powerful technique 
to handle this difficult trade-off. In detail, we illustrate our approach to manage 
the configuration problem. Such versioning faces the problems of updating all 
the hypertext in its current form [5]. We focus our attention on version control, 
omitt ing details about databases memory management. To better introduce the 
reader to our solution, we expose our main idea, sketching the behavior of the 
system with a simple example. We have organized this discussion in three sub- 
sections: the version creation, the version selection, and concluding remarks. 

4.1 Ver s ion  C r e a t i o n  

In Figure 3a, we can observe a general situation which occurs when the user 
decides to create a new state of the hypertext with a new version mark. The 
original nodes are identified by Ni, whereas the notation Nivj identifies a node 
Ni existing in a successive version vj. 
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�9 . .  
(a) mglal configuration 

Fig. 3. The configuration of the hypertext fragment before the modification on the 
node N2 (a) and after (b). 

Figure 3a depicts the state of the hypertext  associated with a version labelled 
with ti. Each node of the hypertext,  i.e. each HypActor,  contains, as local in- 
formation, the list of all the versions to which it belongs (for simplicity we 
suppose that  the only existing version is ti). The cognitive activity of the user 
is located on the node N2. The user modifies the node and stores the new con- 
tent. This command provokes a session-based versioning operation, with a new 
storing of the hypertext  indicated by ti+l.  This situation triggers the script 
r e p l a c e - H y p A c t o r .  The action performed by this script is shown in the code of 
Figure 4. 

(defmethod replace-HypActor((se l f  HypActor) vers ion  newversion) 
(send (get-fro~Actor  s e l f )  :spray 

: s e l e c t o r  dup l i c a t e - ac to r  1 
: s e l e c t o r  s e t -ve r s i on  :args ()) 1.1 

(send (get-toActor s e l f )  :spray 
: s e l e c t o r  dup l i c a t e - ac to r  2 
:selector set-version :args ()) 2.2 

(duplicate-actor) 3 
(set-version ()) 3.1 
(send (get-Controller self) 4 

:future :selector new-context :args self) 
(send (get-fromActor self) :spray 5 

:selector cone-version :args newversion) 
(send (get-toActor self) :spray 6 

:selector cone-version :args newversion) ) 

Fig. 4. The behavior of HypActor defined by the script replace-HypActor. 

The basic operation is to store the previous state of system, in order to recover it 
during a derivation history. The duplication is necessary to maintain old layers 
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of configuration. To optimize such management, we duplicate only the section of 
the actors web which is probably submitted to change; this section is composed 
of two different entities: 

- the current actor(s); 
- the neighbour actors. 

Regarding the neighbour actors, the possible alteration concerns the links, i. e., 
the incoming/outcoming links associated with the current actors. In our example 
(see Figure 3), this corresponds in duplicating the current node (N2), together 
with all its incoming/outcoming nodes (N1). This duplication consists in gener- 
ating clones of the neighbouring HypActors, and of itself, as shown in lines 1-2-3. 
In our system, cloning is equivalent to freezing the actors. Cloned actors become 
passive entities. Though they exist, they are entities unknown to the rest of the 
system. In fact, when a HypActor H receives a message containing the request 
to trigger the script d u p l i c a t e - a c t o r ,  it creates the clone H', freezes the clone, 
and H remains the current, new active version of the HypActor. 
Only a special message can resume the clones, as we will soon see. After all the 
HypActors have generated the corresponding clones, they reset the field version 
(see lines 1.1, 2.1, 3.1). In fact, these actors reflect a new configuration of the 
system, and thus they do not belong to the previous contexts. For example, in 
Figure 3b, the reader can observe that the node labelled with N2vl identifies 
the node N2 in the version vl. Following the code of Figure 4, the current 
HypActor, addressed by the parameter self, (N2vl, in our example), informs a 
designed actor, named Controller, of the occurring of a new context (see line 4 
of Figure 4). The importance of the Controller will be explained forthwith. For 
now, it is enough to know that this actor allows the identification of all the nodes 
belonging to a version. A new version is thus established. Now, it is necessary 
that all the active HypActors be admitted to this new configuration. This task 
is accomplished due to the messages sent on the net, corresponding to the lines 
5-6. In Figure 3b, we sketch the configuration after the cloning of the nodes N1 
and N2. The reader can observe that the new state is stressed by the fact that 
the nodes N3 and N4 now belong to both the configurations marked with ti and 
t~+l, whereas all the remaining nodes exist only in the latter version t~+l. In 
order to distinguish the active from the passive entities, we use, in our graphical 
representation, the bold objects to depict the active actors. We underline the fact 
that an actor can be active only in one version. Thus, in the configuration ti+l 
of Figure 3b, the incoming links for N4 come only from the nodes Nlv l  and N3 
(since the node N1 is invisible in such configuration). The mechanism discussed 
here is the reason adopted for the system creation versioning. The difference 
with a user-based creation versioning consists in the fact that in this last case is 
the user that decides when the storing of the hypertext occurs. For instance, let 
us suppose that the user alter the state of the nodes N3 and N4, and that, only 
after having modified N4, the user requires the creation of a new version. In this 
situation, following our mechanism, we obtain a new configuration, as shown in 
the Figure 5. 
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Fig. 5. The configuration identified by the mark ti+2. 

We stress the fact that only the active objects are cloned. The implementation 
of versioning exploits the parallel computation to the full. More in detail: 

l i n e  1 a n d  2. 
The message is sent with the option "spray".  In this way, both the incoming 
and outcoming actors, will create the cloned actors in a concurrent and asyn- 
chronous way. Thus, the fragment of the hypertext which must be stored is built 
in parallel. Thanks to the semantics of the script d u p l i c a t e - a c t o r  we handle in 
a high level way, different configurations of the hypertext. The partition between 
active and passive societies of HypActors allows an efficient management of old 
contexts. 

l i n e  5 a n d  6. 
In order to make the new configuration of the hypertext official each interested 
node is informed concurrently. The script conc-vers ion broadcasts this message 
on the net until all the nodes acknowledge the reception of the message. In this 
way, although we do not copy the whole network, we extend the version mark 
over the whole network. 

4.2 Version Select ion 

This activity enables the detection of a particular version of the hypertext. In 
our model the hypertext is represented by a population of active and passive 
HypActors. The active ones provide the last configuration. The remaining be- 
long to suspended, past configurations, still living in our actor-based universe. In 
this section we explain how we can gather all the actors belonging to a designed 
configuration. Let us suppose that the user requires access to a configuration 
by providing a version identifier. The actor-based entity, named Controller, pre- 
viously introduced, plays an important role in handling the version selection 
problem. Roughly speaking , this actor owns a panoramic view of the derivation 
history. In fact, everytime that a new version is established, the responsible actor 
informs the Controller about the new version. This message (see line 4 of Figure 
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4) is sent with the f u t u r e  option. In fact, the HypActor simply notifies this 
information, without asking more complex activity. If we observe the form of 
this message more carefully, we note that the Controller receives, in addition to 
the new version, the address of the sender actor. For instance, if we re-consider 
the situations depicted in the Figures 3b and 5, then the information sent to the 
Controller are: 

( . . . (N2v l ,  ti+l) (N3vl, ti+2) 

Thanks to this information, the Controller is able to identify all the other ac- 
tors which share the same configuration. Let us provide an important  script 
associated with the Controller. 

(defmethod search-config((self Controller) (version mark)) 
(send atomic-object :express :selector set-passive) 
(send (get-resp-actor self) [:spray :all] :selector wake-up :args mark)) 

F|g. 6. The script designed to select a configuration. 

We can image the state of the system as a collection of active and passive 
HypActors. The first action consists in switching all the HypActors to passive 
entities 1 . This task is realized by the super-class a tomic-ob j  ec t ,  which embod- 
ies all the basic elements of our actor-based universe. Among all these passive 
entities we have some representative HypActors, responsible of an occurrence of 
a new version. To this particular class, the Controller sends a message in multi- 
cast, containing a request to trigger the HypActor script wake-up. First of all, 
this script checks if the HypActor belongs to the specified version (given by the 
parameter mark). Only in this case, the HypActor becomes active, recognizing 
itself as element of the designed configuration. All the HypActors which have 
received this message, but which do not belong to the chosen configuration, re- 
main automatically in a passive status. Vice-versa, any time that  a HypActor 
matches with the configuration, it propagates this message to its neighbours. In 
this way we are able to identify all the actors belonging to the configuration. 
To explain this mechanism in more detail, let us re-consider Figure 5. The reader 
is required to go back to the configuration identified by the mark ti+l. In this 
case, the HypActors stimulated from the Controller are N2vl and N3vl. Only 
N2vl acknowledges its membership to the chosen configuration. The complete 
path of awakening of the HypActors is shown in the next figure (Figure 7). 
We can note that  our approach is not restricted to a time-based management.  
In fact, a very similar implementation of the s e a r c h - c o n f i g  script is adopted 

1 The switch to active/passive status is carried out by special purpose routines of the 
host language. The general message passing protocol is employed in a transparent 
way in order to distinguish automatically active from passive entities (and viceversa). 
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Fig. 7. Branching tree for selection of configuration marked ti+l. 

to handle situations in which the user requires access to versions of hypertext 
objects on the basis of their attribute values. Essentially, our model implicitly 
supports "composite object" management. 
The separation structure/content, obtained by detaching scripts from the actor 
definition, allows the user to own, simultaneously, different logic views of the 
hypertext. For example, by defining an appropriate script which exploits the 
: spray  option, we can address that portion belonging to a given configuration. 

4.3 Conc lud ing  R e m a r k s  

Actor model represents a new strategy to conceive hypertexts. The novelty of 
our approach consists in a strong decentralization and distribution of control 
mechanisms operated on the nodes of hypertext. As result of this approach, 
the node is not more a passive container of knowledge [9], but it takes the 
role of active entity owning autonomous means to establish communication with 
corresponding neighbonrs. The usual separation between node and net versioning 
is broken: in our model we treat both aspects of versioning, gaining in simplicity 
and uniformity, avoiding the necessity to define separate resolution strategies 
[13]. Furthermore, our proposM offers a unique solution for node versioning, 
which, traditionally, is supported by distinguishing node, links and composites 
[14]. Our version group (that is, the set of all entities which are considered 
versions of the same entity [26]) is implicit, because any cloned HypActor knows 
its original node. An other interesting consequence of the clonation is that the 
system maintains the consistence of knowledge [12, 22], and allows, differently 
from Neptune [6] for instance, to track the derivation history, even though a new 
version is created with the outset in an old version. Our configuration definition, 
in some aspects similar to the concepts of context described in PIE [11] or in 
[26], is characterized by a different composition law of the layers. In fact, in our 
approach, the configuration (context) is not the sum [26] or the combination [11] 
of layers: the partition of the hypertext is carried out by appropriate awakening 
of populations of actors existing in the net. Moreover, in our approach we do 
not suffer of particular strategies to handle the links [13] , because they are 
seen as pure relations (acquaintances) between actors. As in [14], we recognize 
the importance to access versions of hypertext on the basis of their attribute 
values, and we support user-decided versioning and session based versioning, by 
differentiating their handling as stressed in [22]. 



5 Conclusions and Future Works 

Owing to the richness of the design space of hypertext systems, the designers are 
faced with problems for the management of a large amount of heterogeneous data 
and control activities. This paper proposes a new methodology which is able to 
support the impact of this difficulty. Object-oriented concurrent programming 
offers high level tools to sketch software, characterized by strong dissemination of 
data and duties, as happens in hypertext systems. Moreover, OOCP enables to 
reach a fine grained control on multi-tasking facility, which nowadays represents 
a strategic property, due to the presence of multi-processor architectures. The 
work presented in this paper has been focused on the discussion of the version 
management. The approach illustrated presents several advantages: 

- it exploits concurrent, asynchronous computation; 
- it is described in a high level fashion by means of specialization of the Hy- 

pActors behavior; 
- it is general and thus it can be adopted in hypertexts as well as in engineering 

databases; 
- it supports efficiently dynamical linking. 

These benefits are due thanks to the underlying architecture, which is based 
on the actor-based programming paradigm. Our prototype has been tested with 
other versioning mechanisms [5], confirming the interest of our approach, but 
much research remains to do: 

- improving HYPERCLAS with additional features in such a way to define a 
complete language framework suitable for distributed hypertext design; 

- formulating a flexible model to handle multi-user collaborative activities. 
Actor-based paradigm constitutes a natural and attractive technique to solve 
difficult task rising from collaborative-based domains. 
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