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Automated Reasoning

Collaboratory for Multi-Scale Chemical Science

c.  Purpose
The purpose of the CMCS is to develop and deliver software to support multi-scale research. The software will be tested by piloting an application in combustion. 

Our short term focus at Argonne is 

· Develop active thermochemical tables, integrate them with the CMCS infrastructure, and prepare associated documentation; and

· Investigate and implement distributed portal and security features to facilitate information transfer in the CMCS. 

The long term focus is to

· Develop the concept of stacked Active Tables that automate the exchange of information across chemical scales, and

· Support the computational aspects and infrastructure requirements of large multiscale simulation.

d.  Background 
Many DOE programs address complex, multiscale phenomena. One of the major bottlenecks in such research is the passing of information from one level to the next in a consistent and validated manner. The concept of chemical scales is tightly related to the concept of databases that accumulate and store information relevant to a particular chemical scale. The active table idea introduces intelligence to such databases, by exploiting the usually hidden internal relationships between various pieces of information. An active thermochemical table is the prototype example of this idea. As such, it provides a new paradigm for thermochemistry, removing many crippling constraints of conventional thermochemical databases (tables). While the direct improvement on the thermochemical scale and hence on the data that is passed to other chemical scales needed in the Collaboratory for Multi-scale Chemical Science (CMCS) is important in its own right, additional very important benefits arise from the fact that the concept of active thermochemical tables can be expanded toward other chemical scales. The chemical scale adjacent to thermochemistry is that of elementary kinetic rates, and an active rate table can be built to exploit the relationships that exist between rate determinations. However, by virtue of existence of more than one active table, a new important mechanism of data flow arises: adjacent active tables can exchange information across more than one scale in an automated fashion.  Such automated information exchange, persisting until self-consistency is achieved across all involved scales, not only provides seamless access to data across various scales, but effectively produces a new paradigm for the flow of information across scales, considerably accelerating the accumulation of relevant knowledge and speeding up the convergence to correct descriptors needed in complex multi-scale simulations of real-life events, such as flames or internal combustion engines. To deliver our science objective we must embrace new and established computer science technologies and methods. To complete this information flow requires advancements in security, portal tools, web services, and development of data schemas. 

e. Approach

A. Wagner (Chemistry) – Point of Contact; co-investigators: M. Minkoff (MCS), B. Ruscic (Chemistry); others: G. von Laszewski (MCS) , S. Bittner (MCS)

f.  Technical Progress

We contributed to the three working groups in the CMCS: infrastructure, portals, and applications. We also delivered proposals for progress in infrastructure, security, and portals to the CMCS management structure and larger CMCS team for consideration. 

In the areas of infrastructure and portals we integrated our activities into the CMCS working group structure by particpation in formal and informal workshops, teleconferences, and document exchanges; we participated in the analysis of portal and infrastructure requirements; we evaluated portal technologies, with an emphasis on security; we evaluated infrastructure appropriate to operating a portal; and we assembled a Web server for the CMCS.

In the area of applications, we made several contributions specific to active tables. In particular, we prepared written documentation on active table concept and presented the material at a CMCS Workshop, we devised several cases for active tables; we delineated the requirements of active tables that are relevant to the definition of the XML Schema and to the processing of pedigree information; and we began work on the Q-engine code for the kernel of the active thermochemical tables, including accumulating the data needed to define the initial (test) thermochemical network

g.  Future Accomplishments

On the infrastructure side we will 

· actively assist the CMCS project on security and portal related issues, 

· assist in the development of a secure portal for the CMCS project,

· assist in the design decisions to provide software components that can be applied within the DOE Science Grid, and

· consult on Grid-related security issues and solutions appropriate for the CMCS project.

On the application side we will 

· define the requirements for integrating active tables into the CMCS infrastructure (portal, data flow, notification),

· complete version 1.0 of the active thermochemical table by developing the various kernel engines, GUIs required and test sets,

· integrate the active tables into the CMCS infrastructure,

· enhance the activethermochemical table kernel by developing sophisticated statistical treatments of the underlying thermochemical network,

· fully integrate the tables into the CMCS infrastructure,

· develop a reduced active kinetic rate table, and

· develop an automated exchange of information between the active thermochemical table and the reduced active kinetic rate table.

h.  Relationships to Other Projects

We collaborated with the following projects to identify requirements and achieve synergy: the Globus Project, the SciDAC DOE Science Grid, the CHEF project from the University of Michigan, the Portals Group at NCSA and Indiana University, and the SciDAC Commodity Grid Project.  

The development of code and documentation for the Active Tables within the CMCS project is tightly correlated with (and highly leveraged by) by the program Chemical Dynamics in the Gas Phase (KC-03-01-02), which provided the conceptual development of the Active Table idea in general, and is currently providing the conceptual developments of various detailed aspects of the Active Thermochemical Tables and Active Kinetic Rate Tables. 

The Basic Energy Sciences SciDAC program is focused on the development of chemistry software that can contribute to or draw from CMCS databases. We are in contact with a number of these projects and will expand this contact as these software projects evolve.






