CS/IT Section

Motivating Scenarios

Elsewhere we have considered the larger compelling issues for increasing international collaboration and cooperation with iSERVO: tsunamis and earthquakes are large scale, international disasters without borders that effect human lives and the environment.  Here we consider a few more specialized examples.  
· Japanese researchers 
want to modify Virtual California to make Virtual Japan.  They need to set up a Fault Database equivalent with Japanese faults with assistance of USC and UC-I.  John Rundle comes over and helps them get VC installed and shows collaborators how to use.  Application software, databases, portals,  and web services are all packaged to easily install on selected platforms.  John and his group then directly collaborate with Japanese team via Access Grid or similar on regular basis afterwords to help run the codes.

· Seth Stein teaches a class in real time to students in Australia, USA, China, and Japan.  Uses international data and his text book Seth simulations in USA.  Students do classes on "their" computers with same as Seth data.
CS/IT Strategy: Building a Grid of Grids for iSERVO

iSERVO involves a large number of participating international institutions.  Participation is voluntary and involves considerable leveraging of outside funding.  We furthermore assume that NSF funding for this proposal will serve as “prestige” funding that will be leverages in future proposals.

The US iSERVO team has aligned itself with a number of large scale Grid efforts, summarized in the table below.  These Grids variously provide computing resources (such as TeraGrid and the Chinese National Grid), applications, and data sources (such as GEON and QuakeSim).
Table 1 iSERVO participant Grids.

	Country
	Grids
	Points of Contact

	United States
	TeraGrid, QuakeSim, GEONGrid
	C. Catlett, A. Donnellan, C. Baru

	China
	Chinese National Grid, Chinese Education Grid
	????????????? We have Letters here.

	Australia
	
	P. Mora, ??????????

	Japan
	
	

	India 
	
	


Given the potentially ambitious nature of the project and the limitations of funding, we must carefully scope the IT goals of the proposal.  Our particular goal is to provide the software and support for setting up a common iSERVO IT environment in international participating institutions.  Installing an iSERVO node is not intended to imply public or unrestricted access to any particular computing resources.  Instead it is intended to simplify the process of scientific collaboration by 

· Making it easy to install and use localized/internationalized versions of data tools such as the California-specific QuakeTables fault database.

· Making it easy to install and use iSERVO application codes (such as Virtual California);

·  Increasing portability of tools such as the Kepler workflow system;

· Making it easy to install and run localized versions of computing portal systems.

These are primary goals.  Secondary goals include the following: 
· Increased interoperability of Grid systems across international boundaries.  The iSERVO project does not attempt to create a global, international, integrated Grid.  It seeks to provide the foundation for one.  Initial efforts will focus on select Grid service instances that can be made publicly available to the community.  Examples of these include data services for faults, public  
· Increased international IT collaboration and code reuse.  One of iSERVO’s missions is to demonstrate the power of Grid Web Services, and geoinformatics generally, to the international geophysics community.  This is already (through ACES) resulting in the sharing of tools and applications.  The Finley and GeoFEM applications listed below are example application codes that are already being shared.  We anticipate also further additions and improvements to the iSERVO software base from our international collaborators.  
In summary, the main deliverables are 
· An iSERVO Node software stack.  This will include both third party software (such as the NMI Grids Center software releases) as well as team-developed software.  Participating institutions will be responsible for installing iSERVO node software.  Public nodes must be registered with the Grid Operation Center.
· An iSERVO Grid Operations Center
Grid and Information Technology Benefits for Geophysics
We have shown, through the NASA QuakeSim project, GEON, and other projects that Grid Computing and Information Technology benefit geophysical research.  One of the key bottlenecks here is access to data. Geophysics codes for modeling earthquakes and tsunamis often work directly with observational data such as GPS, fault data models, and seismic records.  Several examples are given in  the table below.

Table 2 Example iSERVO application codes and their resources.

	Example Applications 
	Description
	Developer
	Data Requirements
	Example Data Sources

	Virtual California 
	Simulates large scale interacting fault systems.
	UC-Davis
	Fault models, including static and dynamic data.
	QuakeTables Fault Database, Earthscope PBO

	Pattern Informatics 
	Analyzes time sequences of seismic events for probabilistic forecasting.
	UC-Davis
	Seismic event archives
	SCEC Data Center archives for California.

	RDAHMM
	Time series analysis program for analyzing time-dependent state transitions.
	NASA JPL
	Any time series data, such as GPS and seismic catalogs.
	SCEC and SCIGN data center archives for California

	GeoFEST
	Three-dimensional viscoelastic finite element code for calculating nodal displacements and tractions due to crustal faults.
	NASA JPL
	Works with realistic geometric and material models of faults.
	QuakeTables Fault Database for California

	Finley
	General purpose Finite Element Method kernel that may be applied problems similar to GeoFEST.
	University of Queensland
	Can be used with fault models similar to GeoFEST.  Can interoperate with GeoFEST input meshes.
	QuakeTables Fault Database.

	GeoFEM
	Finite Element Method Code with applications similar to GeoFEST.
	University of Tokyo
	Geometry models of faults, similar to GeoFEST.
	QuakeTables Fault Database


One of the major focuses of the QuakeSim and GEON efforts has been to make this data available programmatically through Grid Web Services.  This allows data sources to be tied directly to execution codes so that entire pipelines of applications can be built and managed using techniques such as science portals, distributed scripting systems, and workflow composition tools.

Not only input data must be managed.  In the case of earthquakes and tsunamis, there is the additional problem that the simulations of these can’t be done usefully in real-time: the simulations take too long to produce results useful for issuing warnings, for example.  Instead, it is necessary to consider many possible scenarios, calculate results, archive them, and then search and recover archives while the event is occurring.
Grid Technology for Geophysics
Grids are designed to couple scientific data archives, real-time data streams, high performance computers, scientific application codes, and other resources.  Collaboration tools such as the Access Grid are also part of the 

Table 3 Grid technologies for iSERVO.

	Web Service
	Description
	Developer
	Usage

	QuakeTables Fault Database
	Provides 
	USC, UC-Irvine
	Web Service interface allows both human and direct programmatic (GeoFEST, Virtual California) usage.

	CGL Web Feature Service
	OGC-compatible data service
	Indiana University
	Provides static data for earth surface features

	CGL Web Map Service
	OGC-compatible digital map creation service.
	Indiana University
	Creates interactive maps that can be integrated with data sources and application codes.

	Application Factory Service
	
	Indiana University
	Acts as a job broker/manager for remote applications.

	Semantic Registry Service
	Provides a registry for 
	UCSD/GEON
	Provides an integrated registry system for managing diverse distributed services.

	Kepler 
	A workflow manager
	UCSD/UC-Davis
	This is a problem solving environment for Grid systems.  This is not actually a service but a service coordinating system.


Grids provide the low-level infrastructure for moving around data, executing remote commands, monitoring applications, data transfers and the network itself (NWS).  More interestingly, Grid technology is used to create and manage “Virtual Organizations” in which computing resources from different organizations are federated into a single (perhaps short-lived) organizational entity.  Example data grids include HEP efforts, LEAD, GEON, and BIRN.  GIS Grid services provide the data models and services for most of what we need.
Grid Operation Center (GOC)

The GOC provides the technical base for setting up international nodes: high quality software archives, plentiful documentation, searchable knowledge bases.

We will follow the highly successful model used by Indiana University’s IVDGL GOC.

Table 4 Challenges and solutions for the iSERVO Grid Operations Center.

	Challenge
	Solution

	Creating, managing, and authorizing accounts on scale of TeraGrid is hard enough; how can you do this for iSERVO?
	This is out of scope.  Large computing resources maintain their own policy.  It is up to individual scientists to obtain access to resources.  This is covered in elsewhere.

	Legacy data sources have incompatible data models.
	Use UC-Davis and USC expertise in semantic data integration.

	Public iSERVO resources are temporarily unavailable.
	The Grid Operations Center monitors public resources.  Partner institutions are responsible for maintaining points of contact for resolving these problems.

	A participating institution can’t install or run desired iSERVO software.
	The Grid Operations Center maintains a knowledge base and technical support experts for installing.  Quickly assembled “Tiger teams” from iSERVO partners provide detailed technical support if needed.


Internationalization

The internationalization efforts of the CS/IT participants are divided into two categories: enabling global communities and reverse outsourcing our geoinformatics expertise to international partners.  

Enabling global communities is a technical goal that supports the broader scientific goals of the proposal.  As we have described elsewhere, natural disasters do not respect political borders, so it is our goal to provide the tools to enable international collaboration by voluntary sharing of data resources, codes, and results.  We note further that Geophysicists have a long history of collaboration.  While obviously field work and on-site visits are key here, collaboration tools such as the Access Grid and GlobalMMCS are needed to support continuing contact when all the researchers have returned to their home institutions.

The IT members of the iSERVO team will also be able to make direct contributions to international geoinformatics research by seeding these activities in other countries. It has been our experience that there is a knowledge gap in the United States between Grid/IT experts and Geophysicists.  Relatively common IT capabilities such as building data archive grids are unfamiliar to the geophysics community.  The IT internationalization effort will be to educate these international geophysics communities on how to put their resources (at least data) online and how to build tools to simplify access to international data sources.
Institutional IT/CS Expertise

The members of the proposal team are well qualified to meet the IT challenges of the proposed effort.  Our areas of expertise are summarized in the table.  Expanded descriptions are given in the appropriate “Prior Results” section and in the curricula vita 
Table 5 Institutional expertise of iSERVO IT/CS team.

	Institution
	Members
	Expertise

	Indiana University
	Fox, Gannon, Plale, Pierce, Pearson
	Grid Web services, OGSA-DAI-based data grid systems, portals, collaboration, Grid Operations Center.

	UC-Davis
	Ludaescher, Gertz
	Scientific workflow, semantic data integration, real time data streaming, scientific visualization.

	USC
	McLeod
	Federated databases, semantic integration

	University of Minnesota
	Yuen
	Remote visualization, collaboration technologies.
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