DYNES: A Dynamic Network System for Data Intensive Science

Request for a Fabrication Account:
Construction of the DYNES Instrument
The DYNES Instrument

The Dynamic Network System (DYNES) is a unique national instrument of an entirely new kind, composed of network switches, controller and data subsystems that will be installed on 40 campuses and 14 Internet2 Connector points of presence throughout the US. The DYNES instrument, which is being proposed to NSF’s Major Research Infrastructure (MRI-R2) Recovery and Reinvestment Program by Internet2, Caltech, Univ. of Michigan and Vanderbilt, is the creation of Prof. Harvey Newman. DYNES has evolved from the concepts developed for data intensive science in many fields on campus in 2007, but extended to national and international scope. Indeed those ideas for the campus have been approved by the Caltech Board of Trustees to be a focus of the campus network upgrade, as the subject of Caltech’s proposal to the NSF Advanced Research Infrastructure (ARI-R2) program (led by Vice Provost Mayo, IMSS and Newman in HEP). 

The DYNES proposal is restricted to the assembly, pre-qualification, deployment, installation, commissioning, tuning, integration and verification of performance of the DYNES instrument.  Once deployed in 2010, the completion of the setup, commissioning, integration, and verification of performance at the 54 sites will take until 2012 at the funded level of effort.  

DYNES Subassemblies 

The detailed design and specification of DYNES and its 54 subassemblies, the integration of the system and its commissioning using both Caltech’s FDT and MonALISA software and Internet2’s Inter-Domain Circuit (IDC) controller software, will be led by Caltech. Each DYNES subassembly consists of a high performance Ethernet switch, and an IDC controller that creates dynamic circuit segments and stitches them together across multiple administrative domains, both nationally and internationally.  Each of the 40 campus site subassemblies also will also include a “Fast Data Transfer” (FDT) server with 10 Gigabit/sec Ethernet (10GE) or multiple 1 Gigabit/sec Ethernet 
(n X 1GE) interfaces, and an attached SAS disk array with 12 Terabytes of Storage (expandable to 128 Terabytes). The total cost of equipment (based on actual quotes) is $ 1,048k.  Caltech will purchase the FDT servers and 10GE interfaces and storage systems costing $ 147.4k.
DYNES will control the operation of Internet2’s Dynamic Circuit Network (DCN) that parallels its entire general-purpose network backbone nationwide, and will also control the data flows among all of the 16 US LHC Tier2 regional computing and storage facilities, as well as 24 of the most active US LHC Tier3 facilities serving individual physics groups, over the Internet2 DCN and one or more regional networks (such as CENIC in California for example). 
In order to support the international data flows vital for US involvement in the LHC program, DYNES will also control and steer the operation of Caltech’s (US LHCNet’s) CIENA Core Director optical multiplexers and the associated major network switches at its points of presence at Chicago, New York, Geneva and Amsterdam which are inter-linked across the Atlantic and within the US and Europe. For flows to and from Caltech’s Tier2 and Tier3 facilities in particular, two subassemblies of the DYNES equipment at Caltech and in Los Angeles (at 818 W. 7th Street) will control the (UltraLight) network switches at Caltech’s  Center for Advanced Computing Research and the switches at Caltech’s L.A. point of presence. 
Statement of work:

Caltech will play a central role in the construction, deployment and commissioning of the nationwide and international DYNES (Dynamic Network System) instrument, together with Internet2, Univ. of Michigan and Vanderbilt, that will be installed at 40 US campuses hosting LHC Tier2 or Tier3 centers as well as 14 Internet2 Connector sites throughout the US, also communicating with Caltech’s US LHCNet, CERN and sites overseas. The installed equipment in DYNES will be used to create “inter-domain circuits” (IDCs) on demand across Internet2’s Dynamic Circuit Network (DCN) and its partner dynamic circuit networks in the Energy Sciences Network (ESnet), Caltech’s US LHCNet and CERN, and the GEANT2 network covering continental Europe where needed.  The circuits set up dynamically will carry large data flows, at rates of 1 to 10 Gigabits/sec (Gbps),  across the US and in some cases also overseas. 

Caltech’s specific responsibilities include the acquisition, setup, configuration, commissioning and testing of DYNE’s “FDT Servers” that are uniquely capable of reliable, smooth data flows at speeds up to 10 Gbps, with dual port 10 Gigabit Ethernet network interfaces and an attached disk array with an SAS controller.  The servers and disk arrays acquired by Caltech will cover all the US LHC Tier2 and the largest Tier3 sites. Some of these servers also will run Caltech’s MonALISA software for end-to-end network path monitoring, scheduling and control of the IDCs. 

Caltech will receive and verify the proper functioning of each server on arrival, exercise IDC set up between Caltech and other sites over Internet2’s DCN, then ship the server to its final location and help commission it together with the site systems management and network personnel, as well as with the Michigan for integration of the FDT servers with the Ethernet switches that will be pre-commissioned at Michigan. This will be followed by commissioning tests where the full set of links from each site to all other sites of interest across the Internet2 DCN will be tested, and their full performance verified. 

In the commissioning process for the IDC setup and operation, the team will diagnose and resolve, with the help of the Caltech (UltraLight and US LHCNet) and Internet2 network engineering teams, and the Caltech FDT team (including the authors of FDT and the combined FDT/dCache and FDT/Hadoop systems): (1) problems with the end systems’ OS or network stack settings, (2) packet losses in the local, regional or backbone network problems, (3) any issues in the interaction of the site equipment with the switches and routers in Internet2, the regional network involved, and/or ESnet or overseas networks involved, and (4) any other problems resulting in less than full throughput over the mesh of dynamic network paths. 

The team will also provide documentation and training in use of the system to the local system managers and users as needed, with a focus on reliable operation with full performance, up to the limits of the network, the disk array and its controller(s), in cooperation with the Internet2, Michigan and Vanderbilt team members. 
DYNES Ownership and Value
Once the DYNES instrument construction is completed, Caltech will own the major parts that (a) dynamically provision, direct and control all the data flows to and from the 19 campuses that have 10GE capability and (b) dynamically direct and control all the data flows between the US and CERN across the Atlantic, using both the DYNES equipment and all the existing US LHCNet equipment. 

Overall, DYNES also will greatly increase the value of Caltech’s (US LHCNet and UltraLight) installed network systems, giving them new operational characteristics, functionality and reach, through integration into the first dynamic network system (DYNES) with both nationwide and international scope.  
The DYNES instrument, in the form described above, is foreseen to support LHC-related and other data intensive circuit operations for a period of at least 5 years. The DYNES system is expected to persist for up to 15 years, but the components will be replaced as new technology generations capable of higher network speeds (40-100 Gigabits/sec) and much greater storage capacities become available, starting in approximately 2015.   

