I - Introduction

This document is intended to discuss the aspects of my research topic and intended strategies. The outline of this document is as follows. First, I introduce a system that provides an inter-domain knowledge exchange in e-Science. Next, I explain the use and advantages of having this system. At last, I talk about different aspects of such system. 

II - System
As I read more about e-Science, I realize the exponential increase in the volume of data in many scientific areas. Not only the volume, but also the size of each data products gets increased. The generation of scientific experiments, simulations, sensors and satellites creates a flood of scientific data.  It is important to exploit and utilize this amount of data with search engines and data mining tools. In order to succeed this, we need to annotate this data with scientific meta-data. In other words, we need to automate a process of going from raw data to information and then to knowledge in a scientific domain. After that, we can talk about inter-domain knowledge exchange in e-Science. For instance, a scientist in Amsterdam can benefit from the experience and knowledge of another scientist from Canada in doing the same sort of scientific experiment. So, there is an immerging need for a system that synthesizes such multi-scale science information and provides an environment where scientists can exchange knowledge in their domain. 
A possible title for such system could be something like “A system for managing distributed scientific and web service meta-data using RDF nuggets.” There are many advantages of such system in e-Science. Let’s look at them.

III - Advantages
If we consider multi-scale science, i.e. science that combines different sciences, information passing from one level to the next in a consistent manner is a problem. Data at one level is analyzed to develop a model that produces data used by another model repeatedly across the range of sciences.  So, confidence in a value’s accuracy is important if it is considered to be used in further computational and experimental research. The system, explained briefly above, will provide tools to explore data provenance of the data to be used. So, this will enable users to categorize and trace scientific data across the disciplines and to identify the origin of the scientific meta-data. This system will introduce various annotation services where explicit annotations can be done. By having annotations in semantic meta-data format, we will be able to associate resources with each other based on ontology. Then we can provide annotation tools where we can recommend users about related resources regarding a particular resource. We can even classify the association between resources and provide more detailed recommendations. Let’s illustrate this with an example for “type” property vs. “about” property. If a query engine finds a resource of Mammal class, let’ s say an elephant, it will make sense to recommend only the resources “about”  an  elephant, since the user would like to see what an elephant is, rather than seeing other instances of “mammal” class. So, this system will also be useful as recommendation system with its semantic data representation. Of course, the main advantage will be the inter-domain knowledge exchange in e-Science. This system will provide an environment where scientists can share their knowledge and collaborate with others. Let’s look at the aspects of this system.
IV - Aspects of the System
A. RDF as Meta-data
A semantic meta-data representation for the system explained above should combine 
following “annotation stack”. We may decide to have separated semantic meta-data for annotation services, provenance, and data curation. This would be a design issue of the system to be discussed later in future documents.
Annotation:  Annotation is meant to associate resources with links to other resources based on their semantic content. This is a way of explanation of comment added to the
description (meta-data) of a resource. RDF is a good data representation that provides explicit link annotation. So, not only human but also software can understand such annotation.
Provenance: It seems to me that, further research is needed to understand the processes, methods and techniques to establish computational trust and provenance of data content in Grid systems. This would also lighten up the digital rights management in making the history of the data available.  So, data in the Grid systems will be attached with its history. One way to ensure the integrity of data products is to require that the generation of derived data products be a reproducible process. In order to ensure this, all data products and transformations that go into generating a data product have to remain accessible.  Provenance can include references where data were first produced, in history terms how it has been stored, curated, and transferred, the sequence of experimental processes applied, computations involved and etc. Provenance can be represented as semantic meta-data with RDF.
Curation: It is important to preserve data for a long term. Sometimes data only makes sense with the tool that generated this data. For instance, Microsoft excel sheets will only make sense if we have the right version of the software. So, in order to provide data curation and preserve the data for a long term, semantic meta-data should include information about the computational environment of the data, details of the software product which populated this data etc.  Also, semantic metadata should have tags for the ways of certification and integration of this data product. A scientist should be able to tell whether it is any use for him/her by just looking at the meta-data, rather than doing certification or integrity tests from scratch.
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                          This structure indicates the foundation of the meta-data. 
B. Annotation Services

Dublin Core Metadata Definition Standard provides good foundation for description of resources and the data. Of course, based on different scientific domains, Dublin Core could be extended with additional meta-data extensions. By providing the annotation with semantic meta-data, annotations are linked with each other. Annotated document is associated with other resources based on the semantic content. The system explained above should provide tools and services to exploit the linked structure and relationships. Some annotation editors or visualization tools can be implemented to do this.
C. Distributed Storage

Scientific meta-data should be kept in the repositories and domains where it makes sense. To this end, there will be many distributed and heterogeneous storage facilities in the information grids.  Since we can not dictate how and in what way that information provider should keep their scientific meta-data, we should provide services that will extract meta-data from these storage options and make the meta-data available for the virtual meta-data layer. It should be possible to connect these services with a brokering system like Narada. We can then provide distributed database queries as message exchange between the peers.  It should be also noted that in order to do this work, a URI resolver system is also needed. Since we can only understand the origin of the “distributed RDF query” by resolving the URIs.
D. Validation Services

It is important to validate whether the RDF instances match with the ontology that they are based on. So, we need to provide tools to validate RDF instances based on a given schema. Even though our main focus is on RDF, such tools should be extendable for other ontology languages. It is also an important research issue to provide distributed validation.  Let’s illustrate this with an example. An earth scientist would like to contribute his recent data product; he created in his new experiment, to a data repository. A validation service will be needed to validate his/her semantic meta-data to provide the consistency. Validation services will also be important to validate the repository as the ontology is changed or expanded. When the validation service finds that a meta-data instance in the repository does not match with what it describes then it should invoke meta-data curation services to heal this meta-data.  It is also an important research issue to find out how we can design such services for meta-data healing.
E. Meta-data publication and discovery
Meta-data publication

Each RDF nugget will have URIs for properties and property values (if the property value is another resource). A nugget should listen to any changes for these URIs. For instance; if a property is deleted or the property is changed, then the RDF Nugget should also be modified. If this is a remote property, then, not only the RDF Nugget should be modified, but also the cache should be updated. 

Meta-data discovery

We need to provide query services to search through the semantic meta-data. These services should be ontology independent. In other words, based on the schema the variety of the queries will vary. There query services should be customizable. For instance, user will be able to select ontology schema and instances of this schema. Then user will be able form the queries on the selection of these instances. As we know, data is highly distributed and highly heterogeneous. This is why we should have a virtual layer of meta-data on top of the data.  Such virtual layer of meta-data should reflect the data as if it is local. We should be able to do all meta-data services without retrieving the data to find out what it actually is.
F. Access control
I realize that some repositories might have some data that should be accessed only by authorized users. So, access control to data is also an important consideration. Providing an access control mechanism can be done in various ways. One of them is providing a proxy server where all user access requests have to go through. To this end, we can only allow authorized users to view repositories that the users have access rights. This decision can be made based on the access control database in the proxy server. Further solutions could be applied to provide decentralized access control mechanism if necessary. 
G. Service composition

We will need a service ontology describing the scale of services that we have in our system. RDF instances can be created based on such service ontology. And then tools can be created to utilize this markup language for coupling applications. There are a number of advantages of this. One of them is that applying queries on semantic-rich representation of services. We can use brokering system like Narada to keep track if the services in the system are up and running.  Please note that, we do not intend to change the WSDL files. We describe the service that WSDL file is for with RDF syntax. 
Jakarta Ant project provides facilities to run a sequence of applications based on a given order. One of the benefits of the RDF is the ability of giving more descriptive semantic-rich information about the resource that RDF is applied to. We can exploit the benefits of RDF for coupling services. Services should be able to coupled or composed on demand. Of course, there are some research issues to explore. For instance; what are the trade offs that should be considered with respect to features such as delivery speed, cost, amount of redundancy, number of completed runs? Considering the number of varying factors that needs to be considered for this job, RDF will be useful. 
H. Reasoning and Inference services
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