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Notes on 21st Century Proposal

Looking at previous NSF ITR, consider sections:

(other sections need straightforward changes coming from team and different focus)

2  Problem Statement, Objectives, and Approach Summary 

3  Key Research Themes
4  Background 

5 Research Elements 
6 Challenges 
I suggest sections 5 and 6 require re-ordering and changed emphasis but much can be re-used. I would put Grid first and we need new strong sections on visualization, real-time GIS/Sensors and Decision Support. I would view agents as “just a version of a Grid” and mention them in that light.
Sections 2 to 4 will I think need major rewrites as they are focused on Geospatial community and as discussed this did not review well.
I was reading a federal document ”National Strategy for The Physical Protection of Critical Infrastructures and Key Assets”. This has a nice discussion of many different areas including Agriculture, Food, Water, Public Health, Emergency Services, Government, Defense Industrial Base, Information and Telecommunications, Energy, Transportation, Banking and Finance, Chemical Industry and Hazardous Materials, Postal and Shipping. It discusses terrorist related challenges to infrastructure rather than natural (tornados) and longer term problems (such as drought and pests for agriculture).

One needs to identify critical infrastructure, implement mechanisms to protect it and monitor/plan these preventive measures. We need to identify possible “attacks” and methods either forestall (as with terrorists) or ameliorate (as with tornados). We need to cope with aftermath of attacks. Our project needs to decide where we will focus.
Currently I think we can state our emphasis as follows:

One aspect of Sustainable infrastructure is building the electronic resources needed to identify, protect, monitor and cope with damage to infrastructure. In the current Web Service/Grid architecture, these resources will be built as services with particular instances exploiting generic services (such as workflow, overlay onto map, visualization) with the importance of meta-data emphasizing the Semantic Grid agenda. These services must be sustainable so there is a clear life cycle model for maintaining and updating them. Given a growing number of such infrastructure related services, one can deploy them in a variety of different systems addressing long-term, short-term, government, business and education goals. Our team will focus on establishing a rich set of resource services (projects 1 to 5 in section below) using Indiana to illustrate technologies and approaches that can be generally applied. We will develop and demonstrate some exemplar systems (projects 6 to 9 in section below) but this will not be our major initial focus. We need to make the resources themselves sustainable so that they can be maintained and updated. This suggests that resources should not only valuable for infrastructure sustainability but intrinsically valuable – say in areas like education and government planning.
CrisisGrid Infrastructure of the Center for Sustainable Infrastructure Informatics

This will be a test platform for the work of the Center and other activities of the Global Grid Forum and the Open GIS Consortium. It will consist of both a distributed server infrastructure and a set of portals interfaces both at the Center sites and for other users of CrisisGrid. CrisisGrid will leverage the State’s networking infrastructure including the recent NSF IPGrid linking the Indiana and Purdue University systems. This activity will derive new needed interfaces and functionalities and work with the Grid/Web service research thrust in identifying mechanisms for implementing them.


This infrastructure will be supported by several specific projects exemplified by:
1. Indiana Map: Geospatial data about Indiana

2. Indiana View: Sensor Overlays for Indiana

3. Indiana Visualization: specific visualizations targeting Indiana locations

4. Purdue Terrestrial Observatory (PTO): Integration with CrisisGrid

5. Community Information Systems and Data Gathering such as the substantial demographic data needed in Episims discussed below. 
6. Crisis Management Prototype: Generic system to bring resources such as real-time Indiana View to decision makers, field commanders and first responders to crises such as that from a Tornado event. This together with an interesting application (such as in 7-9 below) would be two year deliverable of proposal
7. CrisisGrid for Earthquake Response: This could leverage the work of the Community Grids Laboratory with the iSERVO Grid (http://www.servogrid.org) and integrate these earthquake specific simulations and resources with the Crisis Management Prototype

8. CrisisGrid for Biological Simulations: this could involve Episims from Los Alamos or the Homeland Security work of Chaturvedi at Purdue. 

9. Agricultural CrisisGrid: This would involve simulations and sensor information linked to decision support system to help respond to crop infestations, drought and other agricultural disasters. It would be characterized by equally important issues but on longer time scales than say the Earthquake CrisisGrid

Even though the last projects (7-9) would not be the initial thrust of the project, experts from these and other fields (tornado, wild fire, and water, gas, electric grids) would be on initial advisory board
Research and Development in the Center for Sustainable Infrastructure Informatics

This can be set up with Grid technology as the underlying theme. This provides the underlying distributed systems model. This will build a service model for the capabilities needed by the center. These will be center specific services (such as build the map of Indiana as a Web service or provide a portal to earthquake simulation) plus customization of general Grid services to make them fit the Center’s requirements. All work will be compliant with web service and Grid best practice and standards.
The activity will leverage general Grid and other computer science and informatics research but only fund work directed specifically at Center’s needs. There will be several thrust areas:
Grid and Web Service Research
This will center on the structure and interfaces of the services critical to the center. It will work closely with the Web Service initiatives of the OpenGIS Consortium. We expect that information (meta-data) services and workflow will be very important. Both of these will need close ties to the Semantic Grid thrust described below. Recent standards such as OGSA-DAI for linking databases and sensors to the Grid will be important. Further projects involving substantial simulation will need the well developed Computing Grid Services. We will need to emphasize reliability, resilience, robustness and security for all services and their hardware/software hosting environment.
Semantic Grid for GIS and Infrastructure Informatics

This area will focus on both the needed ontologies for Geospatial and Infrastructure Informatics and the associated tools. We expect the Darpa, W3C and other Semantic web initiatives to provide the needed tools. Work primarily in the UK and the USA is integrating this with Grid information systems under the guidance of the Semantic Grid research Group of the Global Grid Forum (GGF). 
Visualization Portals and Human Computer Interfaces

This will include large screen interactive displays and the commodity Grid portals as developed through the Grid Computing environments research group of the GGF. The latter have both desktop and PDA Interfaces. The architecture should devise Web services that can drive this range of human computer interfaces.
There should a set of User Interface Services that include not only traditional user profiles but also area like Information Visualization. This will provide ways of visualizing non geospatial information and their overlay onto GIS displays. The workflow model should allow composite services to be designed that integrate the output of GIS services with overlays from multiple other Information sources.
Our infrastructure will involve wireless and wired interconnects and use of PDA’s and cellphones as the user interface must be considered.

Decision Support and Applied Statistics

It is essential to combine visual data and simulations with aids to make either real-time or long term strategic decisions. This will involve not only advanced statistical methods but also management and political science to govern the strategic and policy side of decision support. 
Real-time Sustainable Infrastructure Services

Many crises require quick decisions and this highlights need for research that has been called Interventional Informatics (http://www.i3.org) in a medical context. Here real-time GIS and sensor services compatible with OGC standards would be one focus.
Application Services

The generic and particular tasks in the CrisisGrid Infrastructure will involve construction of many Grid/web services. This will be supported by tools supporting development and deployment of the services and associated metadata and portals.
Simulation Services

The simulations needed for sustainable infrastructure and challenging as they often involve combining uncertain data with uncertain dynamics. Methods such as those used in TransSims and EpiSims or by Wolfram in the New Kind of Science are controversial and in need of further development. We do not expect this to be a major initial thrust but it could be an area for later work.

