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Abstract:   
 
We believe software agents play a key role in Web 2.0 as well as in Semantic Grid.  Therefore, 
our research focus has been integrating agent technology with Web Services and the Grid.  In this 
position paper, we introduce two projects: Ontology Gateway and Comtec Semantic Grid 
Framework.  The Ontology Gateway enables bidirectional translation of semantics between 
agents and Web Services (thus the Grid) by making conversion between FIPA ACL and OWL.  
With the Semantic Grid Framework, grid resources are intelligently and efficiently managed by 
software agents. In addition, agent-based applications can be easily deployed on a Grid 
infrastructure.   

 
1. Introduction 
 
The Web is evolving into an infrastructure for providing a wide spectrum of e-science, Web 2.0 
(whatever it is) and other information-based services. Service-driven architectures assure a novel 
paradigm providing an enormously flexible approach for building complex information systems. 
In current environment, service architectures go little way beyond standardized remote procedure 
calls and textual directories to trace and express a service provider based on human intervention. 
However, swiftly evolving and extremely diversified world of information services requires 
enormous information processing capability and flexible service provision on the Internet. The 
Grid, which is based on Web Services technology, is no exception. 
 
Technological advancement in the Grid and associated fields is opening new avenues for the 
semantic grid community to advance in this domain. Software agents have been determined as 
key resource enablers in the semantic grid vision. Our stance is that semantics are needed in the 
grid services and resource management for interoperability to bring seamless automation. It can 
be envisioned as autonomous agents working both on Grid services and under Grid infrastructure 
levels that are working in collaborative manner with least human interference. In this context, we 
introduce two projects: Ontology Gateway and Comtec Semantic Grid Framework. 
 
2. Ontology Gateway [1] 
 
We have proposed and implemented an Ontology Gateway that enables bidirectional effi cient 
communications between agents and Web Services in order to bring automation in the current 
Grid environment. The Ontology Gateway provides interoperability between OWL and FIPA 
ACL, which are nowadays popular as specifying ontologies and associating semantics due to their 
basis of description logic and modal logic respectively. Integrating Web Services and software 
agents brings about the instant benefits of linking application domains hosting one or the other 
technology and the agents should be able to discover, invoke and interact flexibly with Web 



Services and vice versa. Once this interconnection is established, software agent concepts and 
technologies will help enable advanced operational and usage modalities of Web 2.0. The 
following picture represents an overview of the Ontology Gateway. 
 

 
 

Figure 1. Ontology Gateway 
 
Our proposed model provides semantic interoperability in the Grid where agent applications and 
grid services/resources are combined to achieve an autonomous service oriented framework. 
Semantic Web provides a conceptualization by which the distributed knowledge can be 
represented and viewed, in terms of formation, utilization, propagation and management. The 
concepts can be defined within extensible, open ontologies, which are published using the 
standard protocols with occurrence and properties being asserted at arbitrary locations across the 
web. Semantic Grid can be viewed as an extension of the current Grid in which information and 
services are given well-defined meaning, better enabling computers and people to work in 
collaboration. In such an environment it is necessary that information concerning to the needs of 
the user and their applications, and the resource providers and their networking, storage and 
computational resources, all can be easily discovered and defined meaningfully in order to be 
understood by higher-level services to effectively exploit the Grid. 
 
FIPA SL is a human-readable string encoded content language for agent communications. It is 
particularly intended to be used in open applications where agents from different developers and 
running in heterogeneous environments have to communicate with each other. On the other hand 
OWL has all the features needed to describe rich knowledge structures by agreeing on how 
ontoloiges are conveyed across applications to share meaningful content. OWL has a well-
defined model-theoretic semantics as well as an axiomatic specifi cation that determines the 
intended interpretations of the language. 
 
The key idea is to show how software agents can communicate with OWL-based Web Services in 
bringing the semantic interoperability. Another important aspect of the proposed system is that it 
is not reshaping the existing standards of the FIPA Semantic Language and W3C Web Ontology 
Language. Our focus is the interoperability of the two languages so that the autonomous software 
agents can communicate with the Web Services. The ontology gateway act as a converter, which 
takes input data from the ACL message, converts it into mappings/translations described in OWL 
and vice versa. Devising mappings/translations for such a system is quite demanding and 
challenging, as the languages vary tremendously. Since SL is far expressive than OWL, we 
introduced additional tags for OWL to prevent the semantic loss. 



 
3. Comtec Semantic Gri d Framework [2] 
 
We have also developed an agent-based framework for Semantic Grid, which is shown in Figure 
2. Application agent is the core of this framework that represents Semantic Grid application as a 
service of the agent. Session agent manages a series of tasks performed by application agents as a 
session and maintains the result of the application until the end-user has acquired it.  Resource 
information aggregator agent collects information on distributed grid resources from 
heterogeneous IndexServices of GT4, normalizes them and allocates the resources according to 
requests from the application agents. 
 

 
Figure 2. Comtec Semantic Grid Framework 

 
Each agent in the figure offers service to other agents by combining executable operation 
according to each purpose.  The Semantic Grid application is one of the services by the agent that 
dynamically joins the following components by the purpose of the application. 
 
- Grid services implemented by GT4 
- Processes run by agents 
- Web Services 
 
Human user utilizes the application through web browser or user interface agent.  Other agents 
can use the Semantic Grid application as a service represented by the application agent. In this 
framework, ontology of a Grid service, along with the information on the distributed resources 
used in the service, is managed and published by the agent.  Developers of application agents can 
utilize existing applications using the published information, and create new application by re-
using a part of existing applications. 
 
Figure 3 shows architecture diagram of an agent used in the framework. 
 



 
 

Figure 3. Agent Architecture 
 
The FIPA-compliant agents are built on Java Agent Services specifi cations and are interoperable 
with other agents that are compatible with FIPA specifi cations. FIPA ACL and FIPA SL are used 
for messaging between agents.  The agent translates input data (both received ACL messages and 
input from external non-agent software) into knowledge representation described in OWL using 
the content and ontology.  The translated knowledge representation is either registered with the 
knowledge base of the agent or used as search conditions for knowledge. Agent can also send 
other agents any OWL expression stored in its knowledge base as message content.  Therefore, 
ontologies can be directly interchanged between agents. Agents make plans and commit actions 
by using such input and their own action purposes.  Upon the completion of the action, the result 
is added to the knowledge base of the agent.  Such knowledge can be used as a condition for 
another action. 
 
4. Conclusions 
 
We have briefly described Ontology Gateway and Comtec Semantic Grid Framework.  Currently, 
we are looking for commercial applications that can utilize these technologies. 
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