A DYNES: Benefits to the Scientific Community, the World’s R&E Netowrks, and Society (the Why)

The rapid advance in the capacity and performance of affordable disk storage systems, and the emergence of optical networks supporting multiple links of 10 Gigabits/sec (Gbps) has continued to drive the reach of frontier projects in many fields of data intensive science that seek to understand the nature and origins of our universe and ourselves, the world we live in, and the processes and factors that govern our climate and the future ecosphere. The ability to rapidly acquire, process, distribute, reprocess, host, redistribute and collaboratively analyze unprecedented volumes of data is inherent to these experiments’ ability to meet their goals, and their potential for revolutionary discoveries. 

The LHC experiments’ “Tiered” computing and storage systems, which are the leading examples of this trend, already encompass more than 140 sites, each of which hosts from tens of terabytes (Tier3) to hundreds terabytes (Tier2) to petabytes (Tier1). Sustained throughputs among the sites at speeds of 1-10 Gbps (and in some cases > 10 Gbps) lasting for days are in use even today by some Tier2 as well as the Tier1 sites, particularly in the US. The experiments now taking data at Fermilab also have accumulated multi-petabyte, and face similar challenges and throughput requirements. The LHC data volumes are expected to expand by an order of magnitude over the next several years, and the data transport speeds are expected to rise with them as regional, national and transoceanic network links of 40 and 100 Gbps become available and affordable. The growth in bandwidth use by high energy energy physics, which has risen by a factor of 300 - 1000 per decade, is expected to continue its steady exponential climb at a similar rate in the coming years
.   
Other fields of data intensive sciences face similar challenges [I’ll add a paragraph here – HN] 

A.1.1 Large Scale Data Analysis System Requirements 


The large scale analysis systems (typified by the LHC) generate several types of requirements
: 

· The systems are data intensive and high-performance, typically moving terabytes to tens of terabytes per day for months at a time 

· The system are high duty-cycle, operating most of the day for months at a time in order to meet the requirements for data movement

· The systems are widely distributed – typically spread over continental or inter-continental distances

· Such systems depend on network performance and availability, but these characteristics cannot be taken for granted, even in well-run networks, when the multi-domain network path is considered

· The applications must be able to get guarantees from the network that there is adequate bandwidth to accomplish the task at hand

· The applications must be able to get information from the network that allows graceful failure and auto-recovery and adaptation to unexpected network conditions that are short of outright failure
These requirements are generally true for systems with widely distributed components in order to be reliable and consistent in performing the sustained, complex tasks of large-scale science. To meet these requirements networks must provide:
· high capacity 

· communication capabilities that are service-oriented: configurable, schedulable, predictable, reliable, and informative,
and the network and its services must be scalable.
A.1.2 Meeting the Science Requirements: A Hybrid Network Architecture

In order to meet the science requirements Internet2 and ESnet, along with several US regional networks, US LHCNet, and GEANT2’s AutoBAHN project in Europe, have developed a strategy based on a dual or ‘hybrid’ network architecture, where the traditional IP network backbone is paralleled by a second, circuit-oriented core network reserved for large-scale science traffic
. The major examples are Internet2’s Dynamic Circuit Network (DCN) and ESnet’s Science Data Network (SDN), each of which provide: 
1) Increased bandwidth capacity and reliability of network access, by mutually isolating the large long-lasting flows (on the DCN and/or SDN) and the traditional IP mix of many small flows

2) Providing guaranteed bandwidth as a service by building a system to automatically schedule and implement virtual circuits traversing Internet2 and (as needed) ESnet and the other R&E networks mentioned above, and 

3) Improving the ability of scientists to access network measurement data for all of the network segments end-to-end that are critical to their science by participating in an international collaborative measurements effort, implemented in PerfSONAR. Such measurements are essential for debugging and tuning for the massive end-to-end (application-to application) data flows of large-scale science.
The separation of the circuit-oriented network from the IP backbone also is driven by the need to meet different functional, security and architectural needs:

1) The general purpose campus networks must accommodate a huge number of disparate devices, and open access means supporting flows from many unidentified sources, while guarding against improper exploitation (e.g. limiting file sharing, preventing denial of service attacks, filtering inappropriate content as required). Firewalls are therefore used, which are in general not architected to support very large traffic volumes, particularly if there are large individual flows.
2) The science network, on the other hand, can be limited to serve on traffic from authenticated, authorized sources. Using digital certificates to establish identity, for example, obviates the needs for firewalls.
3) While high capacity traditional layer 3 routers are needed to support the huge number of routes inherent in general purpose internet traffic, supporting the rapidly growing volumes of science data traffic on these routers would be very expensive due to the high cost of their 10 Gbps network interfaces. A solution based on mid-range switch routers and optical multiplexers supporting a large number of 10 gigabit Ethernet (10 GE) ports connected to 1 GE and 10GE server interfaces (as needed) is far more cost-effective. This trend is expected to continue with the next generation of 40 Gbps and 100 Gbps technologies, where 100 Gbps router port prices are expected to remain in the several hundred k$ range for the next few years.  
A.1.3 DYNES: Bringing the Benefits of Dynamic Circuit Networks to a Broader Scientific Community
DYNES will bring the benefits of schedulable, reliable bandwidth to a much broader scientific community, by instrumenting 40 campuses with the necessary switching and inter-domain circuit provisioning equipment at low cost, and making its high throughput and end-to-end network monitoring services to many scientists throughout the campus that need them, in addition to the thousands of physicists using the LHC Tier2 and Tier3 centers. DYNES will crystallize the benefits of the hybrid network architecture summarized above by integrating the circuit networks and provisioning services into an end-to-end system architecture that encompassing storage systems, network interfaces and generally available high-throughput applications. DYNES also will providing field-proven subsystems (such as LambdaStation and Terapaths) that are capable of diverting flows onto the circuit-oriented networks as needed, thereby improving the operational efficiency and manageability of both sides of the hybrid networks. 
I began to bring in and update pieces of text below  that can be used to complete the project narrative. 

I also notice that some of the feedback I got from the RAC indicated we need to mention and work with 

OSG. [If they are willing, unlike the past where they restrict themselves to grid middleware, and gridftp for data transfer]. 
The references below are from the PLaNetS proposal. I will include a list as some of these references

Can be (re-)used. 
Target Applications: 
In partnership with the Open Science Grid (OSG)[u20], and using the results of the NSF-funded UltraLight [a16], [a15], PLaNetS and DISUN projects [u5], we will deliver these capabilities to the high energy physics (HEP), gravity-wave physics and astrophysics communities, and to the broader scientific communities at all the campuses served, by coupling DYNES’ circuit provisioning, data transport and end-to-end monitoring services to their grid-based analysis systems. Leading examples are  the physics analysis and data handling systems now in use by development in ATLAS [u1] and CMS [u29], helping them to meet near-term Grid analysis milestones and greatly improve the performance observed in data analysis operations. 
Working in partnership with OSG and NSF’s DISUN project, the Large Hadron Collider (LHC) [u16] groups operating Tier1 and Tier2 centers, and physics groups at Tier3 sites, will be able to greatly enhance their ability to transport data among their sites, in a strategically managed, fair-shared and policy-driven manner, thereby greatly increasing their ability to harness their computing and storage resources for data analysis, and scientific discovery. Astrophysicists will enhance their ability to locate, extract and if needed distribute and further process massive datasets. Radio astronomers will enhance the sensitivity and discovery reach of their explorations, acquiring, processing and correlating data at burst-rates an order of magnitude greater than previously attainable.
Relationship to OSG and Ultralight: DYNES will amplify and broaden the capabilities of OSG, a uniquely capable national computational facility supporting simulation and experimental research. We will augment the OSG software stack with DYNES’ real-time services that estimate, monitor and track performance, and build managed data channels or complete network paths for high priority data transfer tasks as needed, to optimize the overall throughput among the grid sites.  

DYNES will exploit the recent breakthrough progress of the last five years in several network-related areas of information technology to exploit the full capabilities of long range networks, in partnership with the UltraLight team. UltraLight is a state-of-the art facility based on a hybrid optical packet- and circuit-based dynamic network infrastructure with more than twenty 10 Gbps links, interconnecting the major high energy physics labs (Fermilab, BNL, SLAC) in the US, CERN in Europe and KEK in Japan, and key university sites in the US, Korea and Latin America (Caltech, Florida, Michigan, FIU, UERJ in Rio, UNESP in Sao Paulo,  and KNU in Korea). Several novel methods for real-time network and end-system monitoring and management services have been developed and proven in sustained field-trials over the last four years including  (1) fair-sharing, stable, high performance TCP-based network (2) tuned Linux kernels and network interface settings capable of sustained data transport in the range approaching 10 Gigabits/second (Gbps) for individual streams (3) global-scale agent-based systems, exemplified by Caltech’s MonALISA system, that autonomously monitor and help manage major research networks, hundreds of grid clusters and other distributed systems around the clock. 
A.1.4 Virtual Observatory: Astrophysics and Computing Challenges. 
Astronomy continues to generate data with an exponentially growing rate, with a doubling time of ~ 1.5 years.  As of the mid-2009, there are a few PB of data on astronomical archives world-wide, and the data generation rate is a few TB/day.  This trend will continue: the next decade will witness the completion of several new and massive surveys of the Universe, in addition to the ongoing analysis of the data already in hand.  New surveys will span the whole electromagnetic spectrum from (-rays and X-rays (e.g., Fermi, Chandra, and NuStar satellites, among others) through the optical and ultraviolet (GALEX and JDEM satellites, many ground-based surveys), IR (e.g., Spitzer, Herschel, and WISE satellites, UKIDSS and VISTA ground-based surveys), to measurements of the cosmic microwave background and radio (WMAP and PLANCK satellites, and a number of ground-based instruments, including eVLA, LOFAR, ATA, and SKA prototype arrays). It is only when these datasets are combined – collating data from several different surveys or matching simulations to observations – that the full scientific potential is realized; the scientific returns from the total will far exceed those from any one individual component.
One area of a particular growth and interest are synoptic sky surveys, which cover the sky many times, looking for moving (e.g., Earth-crossing asteroids) or variable objects (e.g., Supernovae, and other types of cosmic explosions).  The current examples include the CRTS and PTF surveys, which produce ~ 0.1 TB/night, the soon-forthcoming Pan-STARRS and SkyMapper surveys (~ 1 TB/night), to the LSST (~ 30 TB/night).   Real-time detection and follow-up of transient events discovered by these surveys poses special challenges.  With the advent of event-based astronomy, the demands on the computing system grow, as the astronomers want to be notified of changes in the sky within minutes of a (-ray burst or supernova, meaning that the pipeline must be able to meet these real-time requirements.  Other pipelines build derivative products that can be used for mining, including on-demand computed data products from the existing distributed archives.
























� As measured by the traffic accepted by ESnet, this exponential growth rate has been remarkably steady since mid-1990. The monthly traffic volume accepted by ESnet is expected to reach 10 petabytes/month (equivalent to an average aggregate bandwidth of 30 Gbps) by July 2010. See for example S. Cotter, “ESnet4 Update” at the Summer 2009 Joint Techs: � HYPERLINK "http://www.internet2.edu/presentations/jt2009jul/20090721-cotter.pdf" ��http://www.internet2.edu/presentations/jt2009jul/20090721-cotter.pdf�   


� References: W. E. Johnston, former ESnet Manager, and the ICFA SCIC reports (� HYPERLINK "http://cern.ch/icfa-scic" ��http://cern.ch/icfa-scic�). 


� The adoption of a hybrid network architecture as the future direction of major R&E networks grew out of discussions which began at a meeting at CERN in March 2004.  
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