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Vision:

The Collaboratory for the Multi-scale Chemical Sciences (CMCS) will bring together leaders in scientific research and technological development across multiple DOE laboratories, other government laboratories and academic institutions to develop an informatics-based approach to synthesizing multi-scale information to create knowledge in the chemical sciences.  The CMCS will use advanced collaboration and metadata-based data management technologies to develop an MCS (Multi-scale Chemical Sciences) portal providing community communications mechanisms and data search and annotation capabilities. The portal will also provide capabilities for defining and browsing cross-scale dependencies between data produced at one scale that is used as input for computations at the next. Notification mechanisms will make both researchers and their applications aware of updated values of relevant information such as reaction rates.  The CMCS and its MCS portal will provide mechanisms to enhance the coordination of research efforts across related sub-disciplines in the chemical sciences, focusing research at one scale on obtaining or refining values critical in the next, reducing work performed using limited or outdated values, and enhancing the ability of the community to meet the national research challenges of the DOE.

Major Goals and Technical Challenges:

Across the domains represented in DOE’s Scientific Discovery through Advanced Computation (SciDAC), communication of expertise and the flow of information between sub-disciplines targeting different physical regimes will be as critical as increasing computational capabilities within a domain in effectively and efficiently producing practical results from basic research. Current manual approaches to coordinating multi-scale research cannot themselves scale to the amounts of data that will be generated through SciDAC and to the level of effectiveness and efficiency required to tackle national science issues in a cost effective manner. The multi-scale communications challenges facing SciDAC researchers are not discipline specific. Thus, a solution to these issues in the chemical sciences will provide a model for multi-scale science that can guide efforts in other domains.

To overcome current barriers to collaboration and knowledge transfer among researchers working at different scales, a number of enhancements must be made to the information technology infrastructure of the community:

· A collaboration infrastructure is required to enable real-time and asynchronous collaborative development of standards for data and metadata description, inter-scale scientific communication, geographically distributed disciplinary collaboration, and project management.

· Tools now used to generate and analyze data at each scale must be modified to enable generation and storage of the required metadata in a format that allows interoperability with other tools and collaboratory functions, and must be made available for use by geographically distributed collaborators. 

· Repositories are required to store chemical sciences data and metadata in a way that preserves data integrity and allows web access. 

· New tools are required to search and query metadata, and to retrieve data across all scales, disciplines, and locations.  These tools should be available via an integrated user-customizable interface or portal.
The complexities of managing information within such an infrastructure are daunting and the creation, communica-tion and use of the additional information could quickly become unwieldy. However, recent technological advances, in particular the development of the extensible markup language (XML) for defining machine and human readable metadata based on standard schema, have significantly reduced the barriers to creating such a comprehensive informatics environment. 

The Collaboratory for Multi-scale Chemical Science (CMCS) will focus on combustion research that will demonstrate that an integrated multi-scale approach to scientific and engineering research is not only possible but can produce significant benefits in harnessing research to address real-world issues. The field of combustion is critical to the DOE mission for clean and efficient energy, and the DOE has ongoing investments in research across the full range of relevant scales and disciplines.  The CMCS will bring an integrated, informatics-based approach to combustion research that enhances and begins to automate the flow of information between sub-disciplines. 

Some Major Milestones and Activities:
· Year 1:  

· Deploy real-time collaboration tools, electronic notebooks, web-based archives, and discussion groups to the CMCS project team.

· Build preliminary portal to investigate desired organization of functionality and configuration characteristics desired by users. 

· Install and configure initial set of data store servers, investigate required security infrastructure, allow sharing of files through these servers. 

· Develop an elementary active thermochemical table using species present in GRI Mech.  
· Year 2: 

· Enable distributed group conferences for application scientists.

· Provide initial search capability of metadata-enabled data stores that allows searching based on a selected schema 

· Provide secure, controlled access to data stores.  

· Design and pilot simple notification service.

· Test the mechanism development infrastructure for communication between users and database: deposition and review of data, sensitivity analysis, and activation of modeling applications.  

· Demonstration of FDTOOLS feature documentation. 

· Year 3: 

· Iteratively develop and refine portal capabilities (community communications, improved data pedigree browsing).

· Provide capability to search across all data stores with a base schema used for specifying the query (searches all data stores, regardless of the data store schema).

· Fully implement secure CMCS (all data repositories, tools, etc.). 

· Finalize all data dictionary and schema definition standardization activities and present to appropriate standards bodies.  

· Demonstrate process of optimizing a detailed chemical kinetic mechanism based on new experimental data or new ab initio data.  

· Develop interactivity of the active thermochemical tables with the problem-solving environment (Ecce) through common protocols for mining the tables and other data repositories.  

Current Connections with Other SciDAC Projects:

· CMCS is coupled BES Chemical Sciences SciDAC projects through collaborative use and analysis of information created in computational projects led at ANL, PNNL, and SNL.  Other linkages enabling coordination and information sharing among university led BES projects are anticipated.

· Scientific Annotation Middleware (SAM) (PI: J. Myers) – Integration of annotation into CMCS data stores.

· Center for Component Technology for Terascale Simulation Software (PI: R. Armstrong) – Reuseable softwared components for tools and scientific applications. 

· DOE Science Grid and Distributed Security Architecture projects. – Integration of security middleware.

