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Abstract. This paper proposes a framework for enabling the usage of Hyper-
media services by web developers, and studies the working progress that pro-
vides Hypermedia services to the Web. It investigates and analyzes the re-
quirements that will provide web application developers with the ability of eas-
ily inserting Hypermedia functionality into their applications. A Service Dis-
covery Mechanism for finding and using services is defined, and solutions for 
increasing the usage of Hypermedia systems by web developers are proposed. 

1 Introduction 

World Wide Web is a huge collection of information. Thus, the need for tools able to 
efficiently manage, collect and organize this huge amount of information is constantly 
growing. Issues like searching, organizing, comparing, commenting and projecting the 
information, have gained significance in the past years. As long as the usage of the 
Web is rising, the need for effective information management systems proportionally 
increases. Web developers, who create applications that require services like informa-
tion organization, authoring, versioning, annotation, sophisticated backtracking, in-
formation restructuring and similar services, can be helped by the usage of Hyperme-
dia services into their applications. 

Hypermedia systems are ‘B-class’ or ‘C-class’ tools [12], according to Engelbart’s 
definition. These systems can provide services that are useful to 3rd party applications 
including web projects. This will enrich business, scientific, web engineering, and 
personal applications with hypermedia functionality [9]. Although web engineers have 
already paid great attention to the web application development procedure [10], the 
Open Hypermedia Community has not approached yet, either to the standardization of 
a methodology, or to the development of tools that can drive web developers to a 
quick and simple way to embody Hypermedia functionality into their web applica-
tions. Moreover, Open Hypermedia Systems has not reached a satisfactory level of 
publicity and the Hypermedia service discovery issue still remains unaddressed. 
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This paper proposes a framework1 for enabling web developers to use Hypermedia 
services into their applications. By bringing together the successfully applied, service 
oriented web engineering techniques and the Open Hypermedia Systems’ services, we 
study the design of both a Hypermedia Service Discovery Mechanism and a set of 
tools, in order to create a web developer support framework. Consequently the web 
developers’ needs and requirements concerning searching, selecting and using hyper-
media services, are properly addressed. 

In the rest of this paper, we focus on the web development process and we try to 
analyze what are the needs of web developers, regarding the use of services. Next, we 
take a closer look into the relationship between Hypermedia systems and Web Devel-
opment (chapter 2). In chapter 3, tools for discovering and using hypermedia services, 
towards the enhancement of web application with Hypermedia functionality, are pro-
posed. Finally, we discuss the future work and we conclude. 

2 Methodology and Tools: a close relationship 

Towards establishing a reliable methodology when dealing with Web Applications, 
the availability of tools turns out to be crucial. When talking about methodology, the 
issue is not only sufficiency of tools. In particular, a methodology outlines a procedure 
where the creation of web applications is efficient: i.e. guaranties that the desired 
result is achieved with the least possible effort every time it is repeated. It is rather 
questionable whether a sound methodology can be established by having only tools 
that suffice.  

Thus, close to any attempt establishing a methodology, the efficiency of the avail-
able tools has to be examined. In the area of Open Hypermedia, methodologies fail 
mainly, due to the fact that basic tools are missing. Such ‘holes’ in the development 
procedure have been rather traumatic for the acceptance of the Open Hypermedia 
Systems. 

In the next section, we outline the issues of developing Web Applications when the 
Open Hypermedia Case is considered. 

2.1 Service Oriented Web Development. 

The network-intensive nature of web applications means that these applications rely 
heavily on services that provide the required functionalities. Although, how exactly 
service-oriented architectures are used during web application development, is a rather 
neglected issue, compared to standardized technologies emerged, including Web Ser-
vices [26] and Simple Object Access Protocol (SOAP) [27].  

                                                           
1 We define ‘framework’ as an extensible structure for describing a set of concepts, methods, 

tools, technologies, and structural changes necessary for a complete application design and 
development process. 
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However, hand-on experience with such technologies is still lacking. This is largely 
due to the fact that convenient infrastructures, for using these technologies are still 
missing.  

We refer to the attempt to create a framework for integrating service-oriented archi-
tectures, into the web application development process. The creation of a Web appli-
cation, such as a Web Portal, a Database Web Application, etc. demands the remote 
usage, or the integration of foreign services into the specified Web Project. Research-
ers in the area of Web engineering have already approached this requirement from 
multiple scientific sides, including system architecture, productivity, economics, secu-
rity and performance. However, from the developer’s perspective, it’s worth mention-
ing both the steps a developer follows whenever he wants to use a service and the 
requirements that emerge. 

When a developer intends to use foreign services to his application, he: a) searches 
for the appropriate service through the network, b) understands the server interface 
and the way the server operates, c) implements the required communication level into 
the application in order to communicate with the remote service and d) encapsulates 
the adopted service as a set of functions that can be used by his application. The de-
veloper’s requirements that emerge from this procedure are presented below. 

2.2   Developers’ requirements 

Web developers demand low cost services, which are easy to discover and easy to 
use/integrate into their applications. 

Firstly, a methodology for easy discovering services should be considered. A good 
example of such a mechanism is the Universal Description, Discovery and Integration 
of Web Services – (UDDI) [25]. Through UDDI a developer can search into catego-
ries or query for a desired service. In many cases, the need of advanced discovery 
techniques arises, when meta-search and both functional and not - functional client 
requirements are served [11]. 

Assuming that a desired service is found, the user (developer) should get informa-
tion about how the service operates and which is the application interface (API). This 
automatically generates another requirement, which is, an easy and understandable 
description, by both the human and the computer, of the service. In particular, the 
service should carry meta-information that is self-descriptive.  

At this point, some widely accepted issues like trust, security reliability are raised 
as basic requirements towards the efficient operation of the application. 

Another requirement demanded by the developer, is the existence of a driver that 
makes the usage of the service into the application, as simple as possible. An example 
of such tools is the demo clients that are usually shipped together with the API or the 
source of some services, as well as the code generators (for example in RMI, CORBA 
etc.), that automatic create the client/server communication. 

Finally, whenever a developer wants to include functionality into his application by 
using a new service, he demands the simplicity of the functions (of the service) that he 
calls. Complex functions have a complex result and not understandable service provi-
sion for potential users. Another reason, that discourages the developers to use such a 
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service, is the high maintenance cost, since a simple change of a complicated function 
will require large amount of changes in the integrated application. 

Briefly, a web developer needs to have a support framework which will provide 
easy-to-find, easy-to-understand and easy-to-use 3rd party services into his applica-
tions. 

2.3 Open Hypermedia Systems and the Web 

From the Open Hypermedia perspective, the World Wide Web and the 3rd party web 
applications were always targets for hypermedia service provision. The design of both 
Component Based Open Hypermedia Systems (CB-OHSs) and service oriented sys-
tems facilitated those efforts [22]. The Multiple Open Services project [29], was the 
next step, in which the division was not into structural servers, like CB-OHSs, but into 
services. Finally, the widely adopted concept of Structural Computing [21], and the 
corresponding developed systems, like Themis [2] outline this trend. Although, the 
hypermedia systems improved their interoperability, the unawareness of Web Projects 
for the provided Hypermedia services, still remains a crucial aspect.  

On the other hand the universal popularity of the World Wide Web enforced the 
Hypermedia researchers to make several integration efforts [1, 7]. Those integration 
efforts are mainly ad-hoc integration efforts, without using any developer framework, 
or developer support tool. The lack of a concise methodology makes such integrations 
error-prone and difficult to maintain. Moreover, in most of them, the whole applica-
tion interface of the Hypermedia system is provided. In that case the potential user of 
the system is forced to integrate the whole system into his application, just for one 
service. Most of the well known Hypermedia systems, like Microcosm [15], with the 
Distributed Link Service (DLS) [8], DHM [14], with DHM/WWW [13], and Chimera 
[1, 3] have a web integration solution. 

 The Babylon Web Service [17] is another approach for providing Hypermedia ser-
vices into the Web. In this project, the Babylon Taxonomic Hypermedia system is 
used to provide taxonomic services into the Web, through the development of a Web 
Service. In addition, another attempt was made for mapping SoFAR system to Web 
Services with respectful results [4]. 

2.3 Why Hypermedia systems are not used efficiently in the web development? 

It is widely accepted from Hypermedia community, that Hypermedia services didn’t 
have a global usage [23]. One of the main reasons for that, is low publicity. A huge 
mass of web developers is unaware of both the existence of the Hypermedia systems 
and the required methodology of adding Hypermedia services into their Web applica-
tions. Furthermore, Open Hypermedia Systems do not present themselves in the web 
in order to enlighten someone who wants to be informed over the Hypermedia area. 
Unfortunately, the most common way for someone to learn about OHSs is from con-
ferences, publications and other developers’ out-of-band. 
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Another reason is the usually high complexity of Hypermedia systems. Conse-
quently, the provision process of an autonomous OHS service is not an easy hypothe-
sis. A Hypermedia developer cannot simply produce a service with a set of functions 
and a Hypermedia user (a web developer) cannot understand a hard system that must 
communicate with it. Both structural operations and multiple perspectives over the 
same data, increase the complexity of such Hypermedia systems. 

In many cases, a web developer who wants to use only one Hypermedia service is 
indebted to get and have access (and to pay) for all the OHS usability [24]. That, is 
ought in high connectedness between all components of the Hypermedia system. In 
this case, the cost and the complexity of the OHS service provision are multiplied. The 
goal is the user to be provided with simple, flexible, scalable and well-defined ser-
vices.  

Another important issue is that Hypermedia extensions and web integrations are ad-
hoc implementations, created by non-standardized methodologies. This implies that 
there is not a simple and standard way to use a Hypermedia service. Each time a de-
veloper who wants to integrate an OHS with the Web, is forced to invent his own 
techniques. This issue is an emerging important problem in the area of CB-OHSs, 
where components are dynamically added or even modified, requiring from the devel-
oper to make new integration efforts every time. The lack of concise methodology 
makes such integrations error-prone and difficult to maintain. 

As foresaid, it is entailed that Hypermedia community should be focused on devel-
oper support. There aren’t any established methodologies or mechanisms for finding 
services in order to help both web developers finding and using Hypermedia services 
into their applications and Hypermedia developers using web technologies. It is 
widely accepted that both worlds would benefit from the staple usage of Hypermedia 
services: the Hypermedia community would create services for wide available usage 
and the web community would benefit from the enriched structuring facilities offered 
by typical Hypermedia services.  

3 Towards Tools for Discovering and Using Hypermedia 
Services 

Both a discovery mechanism, which is constituted by a standard platform, and a set of 
tools, in order to enable the enhancement of Web applications with Hypermedia func-
tionality, are proposed. A necessary condition to operate the discovery mechanism is 
that OHSs and generally CB-OHS should be outfitted with a new feature. This feature 
is the Hypermedia server ability to describe itself. In that way, Hypermedia systems 
are equipped with introspection capabilities. 
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3.1 Service Discovery Mechanism.  

Architecture. There are two different approaches for the discovery mechanism: the 
centralized and the distributed service, discovery architectures.  

In the centralized architecture when a server starts operating, it registers to a Hy-
permedia service directory server. When a potential user wants to find a Hypermedia 
service in order to integrate it with his web application, he queries the service direc-
tory and he waits until service directory responds with a list of services in which the 
user may find the desired service. It is important to detect if the service directory has a 
well-known location of services. 

In the distributed architecture multiple server directories do exist. In order to dis-
cover the information about appropriate servers from a distributed server directory 
system, each server directory interoperates with others by passing queries. Further-
more, a new approach of peer-to-peer (P2P) server discovery systems, based on a full 
P2P architecture has increased the information distribution. 

Which architecture should be chosen? Initially, it’s worth mentioning that service 
discovery mechanism is strongly dependent on the specific characteristics of servers it 
works with. Moreover, because no Hypermedia service discovery mechanism has been 
adopted yet, a simple discovery mechanism should be designed. Thus, firstly a central-
ized service discovery mechanism should be built in order to fulfill all the required 
needs of the current Hypermedia systems, with the condition that in the future this 
mechanism has to be extendable in order to be able to support future transformation to 
a hybrid approach (a mixture of global and distributed: the model being global, the 
services being distributed) or to a fully distributed service discovery system. 

Introspection Capabilities of OHSs. The term “Introspection Capability” of a 
Hypermedia system is defined as the awareness of all of its provided Hypermedia 
services and of the required information for service invocation. More specifically, the 
system must be aware of its API and the semantic of its operation. Moreover, the 
system has to answer questions like “who are you? What services can you provide? 
And how can I have access on this specific operation?”  

In order to address introspection ability in the Hypermedia servers, a Hypermedia 
Service Description Language (HSDL) should be defined. This language can be based 
on emerging standardized markup languages, such as the Web Service Description 
Language (WSDL) [28] and the Resource Description Framework (RDF) [19], or it 
can be a new XML-based ad-hoc language. The basic concept of the Semantic Web 
[5] is that the data may not be only machine-readable and human understandable, but 
also machine understandable [20]. Therefore, Hypermedia service description lan-
guage should have an XML format.  

HSDL aims to fully describe a Hypermedia service, and to provide all the neces-
sary information to web developers who want to select and use the Hypermedia Ser-
vice. A standard structure of HSDL is presented below: 
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• Service General Information. It includes information about the service name, the 
service provider, the service scope and finally structural specific information such 
as the Hypermedia domain (e.g. spatial) etc.  

• Service Locating and Accessing Information. It includes the host and port (or 
other location information) and the required communication protocol(s) between 
client and Hypermedia server. 

• Service Interface Information. It includes analytically descriptions about the set 
of the available operations that the service supports. These operations are defined 
as functions that can be called remotely from a client and can return a result. Fur-
thermore the set of the necessary data types that is passed or returned as function 
parameters is defined. 

• Service Behavior Information. This type of information refers to the behavior of 
the Hypermedia server, after each request, and the dependences between the server 
operations. 

• Service Comments. When developers read the HSDL while trying to understand 
the way the server operates, the service commentary is useful. 

Finally, the HSDL should be extendable and open in order to be able to augment new 
language characteristics and specifications for supporting specific servers or servers of 
new Hypermedia domains. In addition the description of the naming methodology that 
every OHS use has to be also supported of the HSDL. 

The current research on both the Web Services and the WSDL can be the first step 
for the creation of the HSDL. The extension and the alteration of the WSDL could be 
a very interesting task, aiming to the definition of the first version of the HSDL. 

Hypermedia Service Registry. When a Hypermedia service is ready to operate, then 
the system administrator or the OHS by itself should: a) fill a registry record with 
some required fields that describe the service and b) register the service by passing a 
request with the registry record to the service directory. 

A service registry should consist of a set of fields that are able to describe the ser-
vice and can be queried from Hypermedia or Web users who targets to discover an 
appropriate service. A list of the most important required fields in the registry record 
is presented below. 

Table 1. List of the most important fields in the registry record. 

Registry Fields 
Owner Information 

Owner Name, Address, URL, etc. 
OHS Information 

OHS Name, OHS Description 
OHS Access Point 

Domain Information 
Domain Type 

Service Information 
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Service Name, Service Description 
Required Communication Protocol 
Service Status 
Service Location 
HSDL Location 

Registry Information 
Registry Unique Name / ID 
Register Date, Duration, Description, etc. 

 
Except from the specification of the data that will be provided in the registry re-

cord, some extra metadata concerning the service authentication, the license policy 
etc. should be defined. These metadata can be clustered into semantic chapters, e.g. 
metadata of the service for the technical issues, for the economic issues, for the usage 
or for semantic issues. 

The periodic checking of the advertised Hypermedia servers’ status is a significant 
issue that must be addressed for the service discovery mechanism. If an already regis-
tered Hypermedia service does not work, the corresponding registry record should be 
deleted from the service directory or should not be available to the public. 

Hypermedia Service Query Language. A Hypermedia service query language 
should be defined. Using this language, a Web developer should be able to search and 
locate services. This language could be based on a common used communication 
protocol and must be used by both humans and applications. In that case, the 
Hypermedia directory system will be a service by itself that will respond to searching 
requests in a standard common protocol. The query could be a list of Hypermedia 
service registries that matches all the requested criteria. 

Furthermore, a set of effective ranking algorithms should be applied to the match-
making procedure of the mechanism, in order for the service to result the optimum 
appropriate Hypermedia services for the requests. 

Hypermedia Service Discovery Usability. When a creation of the service discovery 
mechanism becomes true, a Hypermedia service directory interface should be created, 
in order to help web developers querying easily for a service. Hypermedia service 
directory interface should operate as a visual representation tool, which classifies the 
services into categories and provides them to the public through tree-views with 
multiple perspectives.  

Also, such a tool will help Hypermedia community to inform easily the whole web 
community about the provided Hypermedia services. An optional requirement is the 
existence of an available demo for each published service. With this way, the user will 
be able to see exactly what request a published Hypermedia server can serve and test 
if a service really does what he expects. 
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3.2 Discovering Hypermedia services: a step-by-step example.  

A standard methodology should be followed in order to present discovery results to 
Hypermedia or Web application users who aim to search for an appropriate service. 

1. Users search for a Hypermedia service in Hypermedia Service Directory In-
terface by filling in required fields and requesting the Discovery Server. 

2. Using the Hypermedia Service Query Language over the services information 
(defined by the HSDL) the discovery server searches and locates appropriate 
Hypermedia services. 

3. A list of appropriate Hypermedia services is returned as a responding result 
(i.e. in XML format) to the Discovery Interface. The result is reformatted and 
then it is presented to web developers. 

4. By selecting a Hypermedia service, information about the service (general, 
for locating and accessing, for the interface and its behavior) should be pro-
vided. 

5. In order to understand, to communicate and finally to use the selected service 
users can download the HSDL service definition file and a demo-client ap-
plication. 

6. After the successful communication establishment, Hypermedia service proc-
esses all the web application requests and sends the appropriate response 
back to the requester. 

 
 
 
  
 
 
 
  
  
 
 
 
 
 
 
 
 

Fig. 1. Discovering hypermedia services. 
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3.3 Extra Tools 

Except for the discovery mechanism, some extra tools should be created, in order to 
provide new benefits to the proposed mechanism. 

Hypermedia Service Exploring Tools. Giving the opportunity to have access to 
OHS, explore for available services of a particular Hypermedia system and navigate 
all Hypermedia systems for available services, Web developers will have a global 
view of the Hypermedia entity. Therefore a visual Hypermedia Exploring Tool should 
be useful to developers. In addition, this will contribute to the understandability of the 
entire Hypermedia system. 

Communication Protocol Awareness. Web developer should feel confidence about 
the communication protocol that has to be used, in order to communicate with specific 
Hypermedia server and use Hypermedia services. Thus, approaches that utilize widely 
accepted communication infrastructures such as SOAP should be accepted or the 
ability of dynamically locating and loading protocols –at run time - should be 
investigated. Such dynamic behavior can already be witnessed in applications such as 
browsers and video players that automatically download plug-ins. As a result, when 
the discovery mechanism returns a list of matched registry records, for each selected 
service that uses a well-known communication protocol, the required protocol access 
information will also be provided. 

Automatic Client Skeleton Creation. Tools for the automatic generation of the client 
communication layer should be developed. These tools will serve a wide range of 
devices and platforms. When a standardized Hypermedia service description language 
takes place, some sophisticated and effective automatic client creation tools should be 
created. 

4. Current status and future work 

The developer support in OHSs has been the main target of our work for the past 
two years [17, 18, 16]. Specifically the definition of both the service registry record 
and the HSDL (with respect to structural computing principles) are our current tasks. 
The following goal is to design and implement the first hypermedia service registry 
directory. Also, the definition of a simple communication protocol for the directory 
should be made here. Applying Web Service in association SOAP as a first step seems 
considerably interesting. The Web-based directory interface creation that will publish 
the registry directory to the web should be implemented next, in order to create the 
first on-line OHSs’ service directory. In addition, a notable approach of the discovery 
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mechanism is the p2p based architecture in relation to the currently addressed p2p 
based hypermedia systems [6]. 

5. Conclusions 

As long as the volume of the information distributed and used in the Internet in-
creases, the need for useful and easy-to-use 3rd party services in many Web Projects is 
growing up. The Hypermedia community can help and offer services that emerge as a 
result from its systems and researches. For the efficient provision of such services, a 
useful Developer Support Framework should be developed with characteristics like 
Hypermedia Service Discovery Mechanism, Hypermedia Service Introspection and a 
set of tools and standards focused to the support of the Developer. Moreover, the 
effort for a wider broadcast of the whole action of the Hypermedia research will ease 
the audience’s information procedure. Concluding, rethinking the design of Hyperme-
dia systems from the developer’s perspective, can both help the facilitation of the web 
development procedure and the growth of the OHSs’ usage. 
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