Facilities:  Cyberinfrastructure

_____ will require the support of significant cyberinfrastructure: computing, data storage, database and visualization resources. Indiana University has a long history of providing computing, visualization and data resources in support of computer science and areas of application of advanced information technology, as well as participation in state and national grid initiatives.  The Indiana Genomics Initiative funding, awarded by the Lilly Endowment in December, 2000, resulted in a major expansion of these facilities.   In October, 2003,  both Indiana University and Purdue University were awarded funding from the National Science Foundation to become part of the Extensible TeraScale Facility. This funding is allowing IU and Purdue to jointly contribute resources for the creation of a grid of supercomputing, visualization, and data facilities within the State of Indiana’s three largest research campuses (Indiana University Purdue University Indianapolis, Purdue University West Lafayette, and Indiana University Bloomington).  This IP-grid (Indiana Purdue grid) is interconnected via the State of Indiana’s I-Light high-speed optical fiber network.  The cyberinfrastructure resources described here will be made available to assist the development and deployment of  ____, in keeping  with IU’s mission of education, research and public service.
IU Networking and Grid Operations Centers

Indiana University is also home of the Abilene Network Operations Center, the foundation for Internet-II and the Global NOC.   The Abilene NOC manages the research connection between Internet-II and the rest of the world.  Through a private foundation grant we have established the Indiana Pervasive Technology Laboratories.  Two of these labs, the Advanced Network Management Laboratory (affiliated with the Abilene and Global NOC and the Community Girds lab which is doing research on peer-to-peer collaboration technology), will be unfounded participants in this project.

The Global NOC provides network operations services for national and international research and education networks including the NSF-sponsored TransPAC connection to Asia-Pacific, STAR TAP and StarLight exchange points, and the Internet2 Abilene and National LambdaRail networks. The International Grid Operations Center (iGOC) provides grid operations services to the International Virtual Data Grids Laboratory (iVDGL) Grid3 and Open Science Grid Integration Testbed grids.  iGOC and Global NOC at Indiana University share an advanced physical facility, ticketing, monitoring, and operations systems, and staff. The facility is located in the Informatics and Communications Technology Complex (ICTC), newly constructed in 2004, on the IUPUI Indianapolis campus. iGOC/NOC systems are provisioned in the IUPUI campus computer room located in the basement of the ICTC building, and are supplied with UPS and diesel generator-backed power. Redundancy and backup of critical servers is maintained. In the event of a physical catastrophe at the ICTC building or in Indianapolis, iGOC/Global NOC operations can be immediately replicated at the IU Bloomington computer center. Each staff member is equipped with a three-monitor workstation to promote efficiency in manipulating and navigating numerous information, monitoring, and operation systems. A twenty-foot video wall continuously displays critical monitoring systems. The iGOC/Global NOC is equipped with H.323 videoconferencing and will shortly have Access Grid and IP telephony capability. The Global NOC provides network operations services for national and international research and education networks including the NSF-sponsored TransPAC connection to Asia-Pacific, STAR TAP and StarLight exchange points, and the Internet2 Abilene and National LambdaRail networks. The iGOC provides grid operations services to the International Virtual Data Grids Laboratory (iVDGL) Grid3 and Open Science Grid Integration Testbed grids. 

IU’s Computational Resources

Indiana University offers diverse hardware architecture platforms, both in large-scale distributed memory systems as well as large-memory SMP systems.

The IU IBM SP System comprises two geographically distributed IBM RS/6000 SP systems connected to form one logical system with a total theoretical peak compute capacity of 1.005 TeraFLOPS (1.005 trillion FLoating OPerations per Second), a total memory capacity of 452 gigabytes (452 billion bytes), and a total disk capacity of 5.3 terabytes (5.3 trillion bytes). The nodes within each SP system are interconnected via a low-latency, high-speed (150 megabytes/second) network using crossbar switch technology, referred to as the SP Switch. The IU IBM SP includes a total of 632 processors.

The Computer Science Department at Indiana University maintains a highly distributed, heterogeneous, networked computing environment consisting of UNIX, PC, and Macintosh workstations and servers.  This includes 150 UNIX workstations, 100 PCs and Macs and various servers including several large multi-processor servers from Sun and SGI to support departmental research.  The departmental network consists of a Gigabit Ethernet backbone with workstation and server connectivity provided by gigabit Ethernet 100 Mbps Fast Ethernet, 10Mbps Ethernet, and 11 Mbps 802.11b wireless connections.  The department has a 1 Gbps connection with the campus backbone, soon to be upgraded to 2 Gbps.  This fast connection provides high speed access to university computing resources including 64 processor Sun E1000 server, a Virtual Reality/Virtual Environment Facility, or CAVE located in the compute science building, a High Performance Storage System (HPSS), and a 1 TeraFlop IBM SP/2.  In addition we have just been awarded an NSF MRI award and an NSF RI award.  The NSF MRI will fund the construction of two new 64 processor Linux clusters (modeled on Teragrid specs) and a distributed high performance visualization system for interdisciplinary scientific research in visualization and instrument driven applications.  The NSF RI will fund a storage server, enhanced networking to the campus backbone, an Access Grid node, and a cluster of 8-node Unix machines for experimental research.  If awarded, this project will have access to these resources.

The AVIDD (Analysis and Visualization of Instrument-Driven Data) Linux clusters include 10 TB of disk storage space and an Itanium-based component in addition to its large-capacity PentiumIV component. AVIDD is comprised of  a suite of four distributed Linux clusters. Two identical clusters, each with 208 2.4 Ghz Prestonia processors, form the core of this suite of clusters. These clusters are located 53 miles apart, in Indianapolis and the other in Bloomington. Each local cluster includes a Myrinet interconnect. In addition, the two clusters are connected via Gbit Ethernet via a private network \x{2013} using two dedicated fibers of the I-Light network (http://www.i-light.org/) and two Force10 E600\x{2122} switches, each configured with 120 ports of 1000Base-TX (Gigabit Ethernet over copper). There is in addition a 36-processor cluster based in the newest Intel Itanium processors located in Indianapolis, and a smaller PentiumIII-based cluster located in IU-Northwest in Gary, Indiana. The peak theoretical capacity of the AVIDD Linux clusters is 2.16 TFLOPS.

The Research Database Complex (RDC) is a recent acquisiton of midrange Sun systems which serve research database needs, providing a large-memory SMP environment, Oracle software, and large disk storage. The RDC comprises two Sun V1280 systems, each with 12 CPUs and 96GB memory and 6TB shared high-performance fiber channel disk, dedicated research database use, and a Sun V880 system with 4 CPUs and 8GB memory serving as a WWW front-end to the databases. It is used by IU's leading database researchers and serves several large biomedical and GIS datasets.  

Table 1: Computational Resources at Indiana University

	Architecture
	TFLOPS Capacity
	RAM (system total)
	Disk (system total)

	
	3.21
	1.21 TB
	27.77 TB

	RDC Sun V1280s, V880    
	0.05
	0.20 TB
	6.5 TB

	IBM SP WinterhawkII, NighthawkII, Regatta nodes; Power3+ & Power4
	1.00
	0.45 TB
	8.31 TB

	AVIDD Linux Clusters (PentiumIV and Itanium)
	2.16
	0.56 TB
	15.58TB


IU’s Data Storage Resources: The Massive Data Storage System

IU's massive data storage system (MDSS) utilizes the High Performance Storage System (HPSS) software to make available to IU researchers a total storage capacity of roughly 1.6 petabytes.  A hierarchical storage management (HSM) system by design, HPSS uses a hierarchy of storage media transparently to provide massive, near-line data storage capacity.  Users can access data over the network from central research hosts (IBM SP, Steel, AVIDD) and from personal workstations, using either parallel FTP or HSI (Hierarchical Storage Interface) clients for high performance data transfer, or the convenient Distributed Computing Environment Distributed File System (DCE DFS).  Data stored in the MDSS are mirrored between IU Bloomington and IUPUI over Indiana's high performance I-Light network to protect against disasters. This is particularly important as infrastructure support for CISHED, as once data are collected they are essentially irreplaceable.  Individual researchers are allowed to store up to 500 gigabytes of mirrored data without charge.  Usage beyond 500GB is available on a cost-share basis.

Since 1999 Indiana University has employed the HPSS as the basis for its massive data storage system, with a fast front-end disk cache and tape storage in STK 9310 robotic tape silos. IU was the first HPSS installation to implement distributed data movers, and now has redundant, distributed tape storage in Bloomington and Indianapolis connected via the I-Light network. Data written to IU's HPSS system is copied simultaneously to STK tape robots located at both campuses, providing highly reliable disaster protection. This is critical for life sciences data, which is irreplaceable if lost.  

Table 2: Storage Resources at Indiana University

	Storage Facility Type
	Total Capacity

	Disk Storage
	24.0 TB

	Tape Storage 
	520.0 TB

	TOTAL
	544.0 TB


IU’s Visualization Resources: Advanced Visualization Lab (AVL)

Indiana University's Advanced Visualization Lab (AVL) has important development programs in VR technology, particularly in constrained navigation, visualization in the life sciences, and the arts.  The Lab provides expert consulting, research support, educational opportunities, and hardware and software resources for scientific visualization, virtual reality, high-end computer graphics, and visual tele-collaboration. Resources include high-end graphics workstations and clusters; projection-based virtual reality devices; very high-resolution displays; special-purpose, volume-rendering hardware; haptic display devices; and tools for tele-conferencing and tele-collaboration. 

Table 3: Advanced Visualization Facilities at Indiana University

	Facility Type
	Number

	CAVE™
	1

	Immersadesk™
	1

	John-E-Box™
	4 installed; 4 more by 7/1/2004

	Display Walls
	2 installed;10 more by 7/1/2004


