Part I: US LHCNet: Transatlantic Networking for the LHC 
and the U.S. HEP Community
Abstract

Part I of this proposal presents the status and progress in 2006-7, and the technical and financial plans for 2008-2010 for the US LHCNet transatlantic network supporting U.S. participation in the LHC physics program. US LHCNet provides transatlantic connections of the Tier1 computing facilities at Fermilab and Brookhaven with the Tier0 and Tier1 facilities at CERN as well as Tier1s elsewhere in Europe and Asia. Together with ESnet, Internet2, the GEANT pan-European network, and NSF’s UltraLight project, US LHCNet also supports connections between the Tier2 centers (where most of the analysis of the data will take place, starting this year) and the Tier1s as needed.  
The plans presented for the next three years, which include an upgrade from the present New York-Chicago-Amsterdam-CERN network that includes three transatlantic 10 Gbps links to eight 10 Gbps links across the Atlantic by 2010 when the LHC program is expected to be in full swing, are a part of the multi-year plan to meet the requirements of the LHC experiments along with other major U.S. HEP programs that require networking between the U.S. and CERN in the most cost-effective manner. These plans, which include annual Requests for Proposals to obtain the best link pricing for a set of fully diverse network paths ensuring uninterrupted 24 X 7 network operation,  have been developed and evolved in consultation with CERN, ESNet, Fermilab, BNL and the LHC experiments, and presented to DOE periodically since 2001. In 2006-7 the status, progress and plans have been discussed frequently by these partners, as well as with DOE, in the U.S. LHC Network Working Group formed for this purpose. 
The LHC experiments and other major DOE-funded HEP programs face unprecedented engineering and organizational challenges due to the volumes and complexity of the data, and the need for scientists located at sites around the world, remote from the experiment, to work collaboratively on data analysis. LHC physicists in the U.S. face exceptional challenges as they are separated from the experimental site by 6-9 time zones. 
It is now well established that national and international networks of sufficient (and rapidly increasing) bandwidth and end-to-end performance are the key to meeting many of these challenges. The Computing Models of the major HEP experiments are based on a grid of Tier0, Tier1 and Tier2 centers interconnected with high speed networks that support multi-Terabyte data transfers (a concept developed at Caltech in 1999 whose network aspects have been refined in US LHCNet as well as in the NSF DISUN and UltraLight projects since 2004). 
The US LHCNet transatlantic network is a lynchpin in the global ensemble of networks used by the HEP community today, and an essential resource for US participation in the LHC. The current US LHCNet program and plan, led by Caltech, has evolved from DOE-funded support and management of international networking between the US and CERN dating back to 1985, as well as a US-DESY network in the early 1980’s. US LHCNet today consists of a set of 10 Gbps links interconnecting CERN, MANLAN
 in New York and Starlight
 in Chicago. The network has been architected to ensure efficient and reliable use of the 10 Gbps bandwidth of each link, up to relatively high occupancy levels, to cover a wide variety of network tasks, including: large file transfers, grid applications, data analysis sessions involving client-server software as well as simple remote login, network and grid R&D-related traffic, videoconferencing, and general Internet connectivity. 

Caltech shares with CERN the responsibility for the implementation, operation and management of the US-CERN network, as well as the peerings with ESnet and the major US academic network backbones (in particular Abilene and more recently National Lambda Rail). Funding for the network bandwidth, the routing and switching equipment and other infrastructure required for network operation, is shared by Caltech (under a DOE/HEP grant) and CERN. 
 The effectiveness of the LHC ensemble of networked computing and storage facilities is being driven, and the appropriate scale of networking to enable the physics program, have seen set by a convergence of several related factors: (1) the emergence of affordable network technologies supporting gigabit/sec (Gbps) and 10 Gbps links in both local and wide-area networks, notably gigabit and 10 gigabit Ethernet, (2) dense wavelength division multiplexing (DWDM) that supports multiple high-bandwidth “wavelengths” on an optical fiber-pair over long distances, and (3) advances by members of the HEP community working with network engineers and computer scientists, exploiting advances in network protocols, computing systems and network interfaces, and the Linux kernel to achieve multi-Gigabit per second throughput over long distances. 
These developments are accelerating HEP’s large scale use and dependence on long-range networks. This is particularly apparent in the series of “service challenges” in recent years, which have given way in 2006-7 to “computing, storage and analysis challenges” involving increasingly large data transfers coordinated with distributed processing and storage in parallel with data access and analysis by many hundreds of physicists. These challenges  mark the ramp-up of operations of the Tiered centers to the scale required to support data-taking at the LHC starting in 2008. 
The latest developments that will continue these trends, and drive the continued evolution of efficient network usage and management for the LHC and other DOE-funded programs include: (1) the integration of the high-throughput data transfer methods mentioned above with the major storage systems, starting with the widely-used dCache system developed by Fermilab and DESY, and (2) the implementation of a new networking infrastructure on US LHCNet and its partner networks (ESnet and Internet2) that support virtual circuits with bandwidth guarantees to support the largest and highest priority data transfer tasks. In US LHCNet these virtual circuits will be built around a core of advanced CIENA optical multiplexers and the use of emerging network standards developed for this purpose. The construction of the services required to form and manage these virtual circuits links are being developed by the combined efforts of network teams supported by DOE-funded and NSF-funded projects, working in concert
: ESNet (OSCARS), Internet2 (DRAGON), Fermilab and Caltech (LambdaStation), Brookhaven along with Michigan and SLAC (Terapaths), UltraLight and US LHCNet.   
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1 Introduction and US LHCNet Mission
Wide area networking is mission-critical for HEP, and the dependence of our field on high performance networks continues to increase rapidly. Referring to the global HEP collaborations of 500 to 2000 physicists each from 10-40 countries and 50-180 institutions, a well known physicist
 summed it up by saying:
“Collaborations on this scale would never have been attempted, if they could not rely on excellent networks.”

This trend has been accelerated by the recent adoption of grids spanning several world regions by the major HEP experiments, and rapid advances in network technologies making the use of multiple 10 Gbps links over national and transoceanic distances increasingly affordable, and cost-effective.  
The effectiveness of US participation in the LHC experimental program is particularly dependent on the speed and reliability of our national and international networks. As we approach the startup of the LHC, the ability of scientists to move large amounts of data, access computing and data resources, and collaborate in real time from multiple remote locations require unprecedented network performance and reliability. 

In addition to the application of state of the art high-throughput methods and tools, US LHCNet has been designed to meet these needs by providing a high performance network with 99.9+% availability, through the use of multiple links across the Atlantic, network equipment that provides robust fallback at the optical layer in case of link failure, and automatic re-direction of network traffic using redundant network equipment at each of the US LHCNet points of presence (PoPs). 

1.1 Role of the Caltech Group 

The Caltech group first proposed the use of international networks for high energy and nuclear physics (HENP) research in 1982, and has had a pivotal role in transatlantic networks for our field since then. Our group was funded by DOE to provide transatlantic networking for L3 (“LEP3NET”) starting in 1986, based on earlier experience and incremental funding for packet networks between the US and DESY (1982-1986). From 1989 onward, the group has been charged by DOE with providing US-CERN networking for the HEP community, and mission-oriented transatlantic bandwidth for many of HEP’s major programs. 

In December 1995, Caltech and CERN formed the “USLIC” US Line Consortium to fund a dedicated CERN-US line. For more than 10 years, the network has been co-managed and co-operated by the CERN and Caltech network engineering teams. Since November 2006, Caltech and CERN share management and operations responsibility for the “US LHCNet” consortium, with Caltech having the primary responsibility for management and operations of the the transatlantic and intra-U.S. links among the points of presence in New York, Chicago, CERN and Amsterdam, and for the three points of presence outside of CERN. 
Starting in the Spring of 2006, Caltech also took over responsibility for the US LHCNet Requests for Proposals issued annually, which are intended to minimize the costs of the network, following a multi-year staged implementation plan that foresees a substantial increase in bandwidth each year at a moderate increase in cost, by exploiting favorable long-term trends in market pricing per unit bandwidth, especially along the highest capacity transatlantic routes.  
The timing of this plan is designed to be as late as possible, to reduce costs while meeting the needs of the LHC experiments, while also foreseeing the time required to deploy, test, and make production-ready the new optical multiplexers and network services required to meet the LHC experiments’ needs at each stage of development. Ongoing development is foreseen to effectively utilize and manage the available bandwidth on a scale that increases as the volume of the data and the corresponding data transport needs increase, as the number of affordable links in US LHCNet increases, as the LHC experiments’ distributed computing systems mature, and as the state of network and server technologies continue to progress in capability and cost-effectiveness. 
Since 2001, US LHCNet has become a leading developer in the use of TCP-based data transfers over long distance networks. We are also engaged, together with leading partner groups in the network and computer science communities
, in advanced R&D programs that are developing a new set of end-to-end managed network services integrated with grid systems, to ensure that the available bandwidth across the U.S. and the Atlantic, on the increasing scale required in the LHC era, can be utilized and managed effectively. These programs exploit new optical network technologies, developments of new protocol stacks and streaming-dataflow tools, and a new generation of circuit-oriented network services with bandwidth guarantees, in combination with the major storage systems of the LHC experiments, to ensure predictable, sustained high throughput for transporting multi-Terabyte datasets over long distances. 
Following a Request for Proposals issued in May 2006, Caltech negotiated new cost-effective contracts for 2007 for three transatlantic links, under Caltech’s responsibility, thereby upgrading the transatlantic US LHCNet bandwidth from 20 to 30 Gbps, according to plan. In order to provide a redundant, uninterruptible service, we have implemented three physically diverse paths across the Atlantic (the diversity including the end station equipment in each case). The US LHCNet transatlantic circuits currently in service are shown in Figure 1.
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Figure 1 US LHCNet Transatlantic Circuits

In July 2007, Caltech issued another Request for Proposals for the US LHCNet links in FY2008. Following the responses to the RFP (due in late August), and following the US LHCNet plan, we expect to upgrade the network to include four transatlantic links along at least three fully diverse physical network paths. This year we are also opening up the option of concatenating transatlantic links terminating at the US LHCNet PoP in Amsterdam, or GEANT2 PoPs in London or Paris, with links provided at relatively low cost by GEANT2 between these PoPs in Europe and CERN. This enhanced strategy is being adopted because of its potential to deliver full diversity of the network paths including the intra-European segments coming into CERN, and/or lower overall cost. 

1.2 Transatlantic Network Needs for LHC and HEP 

The baseline bandwidth needs of the LHC experiments are periodically reviewed and discussed extensively within our community, and updated as needed. The conclusions up to now are summarized in Table 1, as presented and adopted by the recently created US LHC Network Working Group
 which includes members from CERN, ESnet, Caltech, FNAL, BNL, ATLAS, CMS, DOE and Internet2. These requirements are put in place through our close collaboration with the US Tier1s (BNL and Fermilab) as well as ESNET, GEANT2 and the other members of the LHC OPN
 and are consistent with the current funding plan and the current circuit costs. The provisioning of the circuits and the commissioning of services over the US LHCNet network will be just in time for the upcoming startup of the LHC in July 2008. 
The roadmap summarized in the table updates earlier estimates of the baseline network requirements for HEP, originally determined by the ICFA Network Task Force in 1997-1999, the Transatlantic Network Working Group in 2000-2001, and by the ICFA Standing Committee on International Connectivity (SCIC
) in 2002-2006. In 2005-6 the bandwidth profile in the plan was stretched out by more than a year, to match the LHC schedule, and to provide the necessary level of just-in-time provisioning. As discussed above, the plan represented in the table includes just-sufficient time for deployment, commissioning and preparations for full-scale production operations year by year. The upper half of the table gives the projected bandwidth requirements for CMS and ATLAS between the US and CERN, along with other requirements for transatlantic networking. The corresponding projections of the transatlantic bandwidth to be installed that could be used to meet HEP’s needs, including US LHCNet and other links, are given in the lower half of the table. 

Table 1. Transatlantic Network Requirements Estimates and Bandwidth Provisioning Plan, 
from the T0/T1 networking group, in Gbps
	Year
	2006
	2007
	2008
	2009
	2010

	CERN-BNL (ATLAS)
	5
	15
	20
	30
	40

	CERN-FNAL (CMS)
	15
	20
	20
	30
	40

	Other (ALICE, LHCb, LARP, Tier1-Tier2, Development, Inter-
Regional Traffic, etc.)
	10
	10
	10-15
	20
	20-30

	TOTAL US-CERN BW
	30
	45
	50-55
	80
	100-110

	US LHCNet Bandwidth 
	20
	30
	40
	60
	80

	Other bandwidth (GEANT2, IRNC, SURFnet, WHREN, CANARIE, etc.)
	10
	10
	10-20
	20
	20-30


It is important to note that: (1) the US ATLAS and US CMS contingents will share network access to the CERN laboratory with ALICE, LHCb and the non-LHC programs at CERN, (2) traffic between US-Tier1 and EU-Tier1 centers may transit via CERN, consuming a significant part of the US LHCNet bandwidth, and (3) some of the bandwidth listed in the third line of the table (GEANT2, SURFnet, WHREN, CANARIE, etc.) is to support “inter-regional” traffic from the Asia Pacific region, Russia, China, and Latin America, that transits the US or Canada before crossing the Atlantic. 
The rising bandwidth requirements shown in the table above are confirmed by the evolution of traffic in ESNET in the past four months. Figure 2 shows the evolution of the traffic accepted by ESnet per month (2000-2007). The accepted traffic was 2.4 petabytes/month in June 2007. Looking at the growth since mid-2003, the trend is still in line with the long term growth trend or a factor of ten every 47 months, although the growth spurts associated with the (still reduced-scale) "data challenges" of the LHC experiments are evident in the plot. The “pre-LHC” scale of the CMS data traffic alone, for example, already amounts to eight petabytes over four months (an average of two petabytes per month) as shown in Figure 3. 

[image: image2]
Figure 2 ESnet monthly accepted traffic January,  2000 - May 2007; more than 50% of the traffic is now generated by the top 100 sites (courtesy of ESnet)
We should also note that the view of HEP network requirements continues to change year-to-year as the “data challenges” of the LHC experiments have progressed. Applications and system concepts are becoming increasingly demanding in terms of network capacity and the need for reliable high performance end-to-end, notably through the adoption of grids with increasing scope and “data intensiveness”. 
The ability to use long-distance 10 Gbps links effectively using low cost data servers has been amply demonstrated by Caltech, CERN, SLAC, Fermilab and others over the last five years. Single streams and flows of multiple streams reaching 10 Gbps server-to-server are now possible, and are becoming increasingly routine where needed. This means that peak bandwidth demands could potentially exceed the numbers in the table, and the bandwidth usage will need to be carefully managed.
With the current transatlantic capacity of 30 Gbps, the US CMS and US ATLAS Tier1 centers will each have the equivalent of at most one 10 Gbps dedicated link that will be used for Tier0-Tier1 as well as Tier1-Tier1 traffic. Some designated Tier1-Tier2 traffic also will be carried by US LHCNet, where part of the New York – Amsterdam link is to be dedicated to support traffic between Tier2 centers in Europe and the U.S. Tier1s, using a peering set up between ESnet and GEANT2. US LHCNet will also be used to support ALICE, LHCb and the LHC Accelerator Research Project (LARP). Part of the bandwidth also will be used as required for development, especially during periods when new versions of the network services are released, deployed and tested, with increased functionality and scale following each development cycle (as presented in detail in Annexes B and F).


[image: image3]
Figure 3 Accumulated data (Terabytes) received by CMS Data Centers (“Tier1” sites) and many analysis centers (“Tier2” sites) during the past four months (8 petabytes of data) [LHC/CMS]; this sets the scale of the LHC distributed data analysis problem 
The implementation of the 4th transatlantic link at end of 2007 will therefore be crucial in providing provide some effective redundancy, and some additional bandwidth required to develop the necessary production-ready circuit services prior to the start of LHC operations. Once the LHC starts, the bandwidth used for production-operations and that used for development of circuit-provisioning and scheduling services, and the associated monitoring and management services, will have to be carefully managed, especially as the just-in-time plan for provisioning bandwidth over the next three years (summarized in the table above) provides relatively limited bandwidth and thus limited flexibility for development and testing at-scale. We expect that the competition for resources will be especially constraining during data challenges in 2007-8, and from the start of the LHC onwards, up to the stage where there are at least six transatlantic links in 2009. 

Given the full range of network requirements for production and development, the ability to dedicate an entire, physical 10 Gbps link to a designated class of flows for long periods (e.g. Tier0-Tier1 traffic to Brookhaven or Fermilab) is not expected to occur until early in 2009 (when six transatlantic links are planned; during the 2008-9 LHC shutdown), and again in the first half of 2010 (when eight transatlantic links are planned; during the LHC 2009-2010 shutdown). 

If network usage continues to expand, as strongly indicated by historical trends in HEP network usage, further network upgrades will be required in the years beyond 2010. As noted by ESnet in its long range planning, the transition to 40 or 100 Gbps wavelengths on optical fibers is expected to occur sometime in the 2012 timeframe, which may allow the historical trend of exponentially expanding network usage by the HEP community to continue, at an acceptable cost.

1.3 Meeting the Needs: Dynamic Virtual Circuits with Bandwidth Guarantees 
The solution now being implemented to meet the requirements, following the widely adopted direction set at the DOE High Performance Network Planning Workshop in 2002
, is the use of dynamically provisioned, switched virtual circuits with bandwidth guarantees, together with network services that allow these circuits to be automatically constructed, adjusted in real-time, and torn down as needed. The US LHCNet technical plans follow those being implemented by ESnet, Internet2, US LHCNet and GEANT2, and the development of the necessary provisioning and management services are coordinated with several DOE- and NSF-funded projects, including OSCARS (ESnet), DRAGON (Maryland and Internet2), Fermilab LambdaStation (Fermilab and Caltech), Terapaths (Brookhaven, Michigan and SLAC), and UltraLight (Caltech, Florida, Michigan, Fermilab, SLAC CERN and many other partners). Following the direction taken in Internet2, the implementation of the circuit-oriented paradigm in US LHCNet in a highly reliable way involves interconnecting the US LHCNet links using cost-effective CIENA SONET multiplexers with robust circuit-fallback and granular bandwidth allocation and management capabilities at the optical layer. The use of SONET equipment and dynamically provisioned and sized channels allows for bandwidth guarantees for long duration flows, and significant cost savings compared to traditional alternatives. 

To further increase the reliability of US LHCNet, we will use an interconnection topology among the multiplexers and the US LHCNet Force10 switch-routers that ensures non-stop operation of the network even in case of a link failure, a multiplexer failure, or a switch-router failure. These plans, which are now being implemented, are further detailed in Sections 2.2 and 2.3 and Annexes A and B .
The use of these circuits avoids much of the cost of traditional “carrier class” routers that implement “Quality of Service” (QOS) algorithms, with very expensive interfaces. By separating a designated set of flows from other network traffic in a set of separate “channels”, many of the problems inherent in traditional provisioning methods can be avoided. One key problem with traditional methods, where TCP-based flows with different round trip times
 (RTT), or congestion algorithms or parameter settings share a single link, is that some of the flows can compete “unfairly”, or interfere with each other in a way that degrades and destabilizes all the flows, making the time to complete a given transfer quite unpredictable. The use of dynamic channels also opens up the possibility of non-traditional protocols that can provide stable high throughput without impeding other flows. 

The dynamic component of the circuits is achieved by close monitoring of the end-to-end path including the end host, the router interfaces and the application and is designed to compensate for the shortcomings of circuit provisioning, namely underutilization or bandwidth starvation. By using the CIENA multiplexers which employ the standard VCAT
 and LCAS
 protocols to form and adjust the bandwidth channels in real-time, together with our monitoring systems, we are able to dynamically adjust (up or down) the bandwidth for any particular circuit in 51 Mbps increments. This gives us the ability to protect high priority traffic, reduce the bandwidth allocated to underperforming transfers, add bandwidth within a quota to allow high-performance traffic flows to complete in a short time, and so on. When working in a bandwidth constrained situation, as expected once the LHC is in operation, we also plan to deploy queues for sets of flows with similar characteristics and/or priority levels, in a fashion analogous to the batch queues of major computing facilities, and to coordinate the use of network bandwidth with computing and storage resources in order to better manage the overall workflow. Further details on the US LHCNet dynamic services architecture and its mode of operation are given in Annex  F.
1.4 US LHCNet Status, Current Activities and Future plans
The Caltech engineering team operates and manages, in collaboration with CERN, a high performance transatlantic network infrastructure to meet the HEP community’s needs. This facility is developed as needed to address HEP’s rapidly advancing requirements, while taking advantage of the equally-rapid evolution of (and occasional revolutions in) network technologies, in order to provide the most cost-effective solutions with adequate performance, year-by-year. The operation, management and development of the current network service and its ongoing development build on more than a decade of leadership by the joint Caltech-CERN team in transatlantic networking. 
The new US LHCNet backbone shown in Figure 4 has been operational since November 1st, 2006. The backbone includes three OC-192 transatlantic circuits (Geneva-NewYork, Geneva-Chicago and Amsterdam-Chicago) on three separate transatlantic cables, and another three continental OC-192 circuits (two New York-Chicago circuits and one Amsterdam-Geneva circuit)

The network connections between the US Tier1 centers and US LHCNet’s points of presence in New York and Chicago are operated and managed by ESnet. These connections involve the use of metropolitan area rings, and also a dark fiber leased by Fermilab between its campus and the Starlight point of presence. ESnet’s LIMAN (Long Island Metropolitan Area Network) provides dedicated 10 Gbps optical links (or “lambdas”) to BNL since May 2006. In Chicago, ESNet has taken over the operation of the currently-used 10 Gbps lambdas which connect the FNAL campus to Starlight. ESnet and Caltech have co-designed an “optical private network” (OPN) that directly connects FNAL and BNL to CERN via virtual circuits, and that functions as an integral part of the LHC OPN that connects CERN to all the LHC Tier1 centers. The complete US LHCNet and ESnet setup, which includes backup paths to ensure uninterrupted operation, is detailed in Annex B. 
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Figure 4 US LHCNet Quadrangle with connectivity to ESnet and the DoE HEP 
labs (since Nov 2006) 

In 2007 and 2008, the US LHCNet bandwidth will be increased by 10 and then 20 Gbps respectively, as discussed further in Section 2.3 and Annex A
. In order to reduce costs associated with the transatlantic circuits, we have deployed a new PoP in Amsterdam, as Amsterdam is a strategic place where interconnections to other transatlantic networks (IRNC, Gloriad, Surfnet, etc.) are simple and relatively inexpensive. 
Continued upgrades are planned during 2008-2010, to reach the bandwidths required as the LHC becomes fully operational, and approaches design luminosity.  

It is now well-established that our current shared network infrastructure which emulates point-to-point connections by applying traditional “QoS” attributes to individual IP flows, will not by itself meet the HEP community’s requirements for guaranteed data throughput for its highest-priority data transport tasks. As a result, there is a clear demand within our community for circuit-based services to supplement the usual switched and routed network services. The Caltech and CERN engineering teams have carefully selected
 and deployed CIENA Core Director SONET multiplexers implementing the VCAT/LCAS protocols
. The new infrastructure will offer circuit-oriented services, by provisioning dedicated Ethernet circuits dynamically, with a selectable bandwidth from 51 Mbps up to 10 Gbps. In addition, the new infrastructure is OC-768 (40 Gbps) capable, to accommodate the new transatlantic circuit capacities foreseen to appear within the next five years. 
1.5 Team Organization and Activities
Over the last 15 years, the Caltech engineering team has acquired a unique level of experience and expertise in the operation, management, planning and development of a transatlantic network on behalf of the HEP community. In parallel, we have developed a strong and efficient collaboration with the CERN network engineering team. H. Newman shares the direction and strategic development of the network with D. Foster, head of the CERN Communications Group. Our technical engineering lead is now Dan Nae, taking over from Sylvain Ravot in November 2006. He was joined in February 2007 by former CERN staff member and chief engineer of the LHCb online data network Artur Barczyk (based at CERN),  and half-time assistant engineer Ramiro Voicu. We are also replacing engineer Yang Xia at Caltech
 in April by Tony Cheng. Cheng comes to our group with nearly 20 years of professional experience in network operations, architecture and the design and installation of large scale production networks for several Fortune 100 companies
. Cheng will be the principal engineer in the US, working with Nae, Barczyk and Voicu at our points of presence as needed. In particular our present team (including Yang until March and Cheng starting in April) has been working together, with help from the CERN/IT network team at CERN, to being up the four CIENA CoreDirectors on our network, moving the Force10 routers behind them, in a carefully staged transition that will avoid any interruption in the US LHCNet service
.
 The main activities of the Caltech team are:
· Operations and Support: Our primary focus is the operation and management of a reliable, high-performance network service 24x7x365. This activity includes equipment configuration, configuring and maintaining the routes and peerings with all of the major research and education networks of interest to high energy physics, as well as monitoring, troubleshooting, and periodic upgrades as needed. The interaction with the physics computing groups and the strict monitoring of the performance of network transfers, as well as solving various requests and trouble tickets from the users and integration with the LHC OPN are also a part of this activity.
· Pre-production Development and Deployment: We maintain a “pre-production” infrastructure available for network and grid developments. To keep up with the rapid ongoing emergence of new, more cost effective network technologies, we continually prepare each year for the production network of the following one or two years, by testing new equipment and evaluating new technologies and moving them into production. This ongoing process includes (1) demonstrating and in some cases optimizing the reliability and performance of new architectures and software in field tests for short-term developments, and then (2) completing longer-lasting production-readiness tests prior to release of the new technologies as part of the next-round production service. We typically use major events such as iGrid or the annual Supercomputing conferences (including SC04-SC07) for large scale demonstrations associated with longer-term planning and developments
, where we have also benefited from large-scale vendor support to minimize the costs of these developments.  
· Technical Coordination and Administration: The technical coordination includes day-to-day oversight of the team’s Operations and Development activities, and technical responsibility for project milestones and deliverables. The number of partners and the variety of network-intensive activities by the LHC experiments and associated Grid projects that use our transatlantic network also require an excellent degree of coordination. The Caltech-CERN network team also has a central role in the planning, evaluation and development of new transatlantic network solutions in cooperation with our partner teams at the DOE Labs, Internet2, ESnet, National Lambda Rail, and leading universities (University of Florida, FIU, Michigan and many others), as well as the research and education network teams of Canada (CANARIE), the Netherlands (SURFnet), GEANT2
 and other international partners.
The administration activity also includes negotiating contracts with telecom providers and hardware manufacturers, the formulating and managing calls for tender for bandwidth upgrades, and maintaining and periodically renewing the contracts for equipment maintenance, network interconnections and peerings (where these entail charges) and collocation of our equipment at our New York and Chicago PoPs. 
Until the Spring of 2006, CERN was responsible for Requests for Proposals and contract negotiations for the transatlantic circuits. Since DOE is the major contributor to US LHCNet, Caltech has taken over this responsibility and negotiated directly with the telecom operators. The latest RFP, for the US LHCNet circuits in FY2008, has been issued in mid-July 2007. Responses to the RFP are due on August 29. 
· Management, Planning and Architectural Design: This covers (1) overall management of the team and its year-to-year evolution, (2) developing and implementing the strategy and planning for US LHCNet Operations and Development in consultation with our partners, (3) examining technology options, making design choices, and developing the architecture and site-designs (at Starlight, MANLAN, Amsterdam and CERN) for the next upgrade of the network (4) tracking and evaluating current requirements for transatlantic networking, and preparing roadmaps projecting future  requirements, with input from the HEP user and network communities, while also taking current and emerging technology trends into account, (5) preparing funding proposals and reviews, reviewing and updating technical coordination plans including the major milestones, (6) developing relationships and joint R&D programs with partner projects, as well as leading network equipment and circuit vendors as appropriate, to maximize the overall benefit to the U.S. and international HEP community within a given funding envelope.
1.6 Manpower Profile and Funding Plan 
The current and planned activity distribution of the Caltech team, split among the 4 major categories outlined above, is shown in Figure 5. As shown in the figure, the team’s operations have migrated towards an increased focus on deployment, operations and support of the production network, and to the rapid preparation of production-ready services in the case of our development activities. Tables describing the distribution of CERN’s activities, and detailing activities of each member of our Caltech network team, are provided in Annex C.
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Figure 5 The actual (2007) and planned (2008-2010) effort distribution of US US LHCNet engineering activities (FTEs)
 by the Caltech team, year-by-year.

The US LHCNet manpower level currently funded by DOE in 2007 through a grant to Caltech
 level in 2007 (3.5 full-time Caltech engineers) is just sufficient to operate the network and to support the ramp-up of networking activities supporting Fermilab and Brookhaven, their connections to other Tier1 and Tier2 centers as needed. This year, with the provisioning of additional transatlantic circuits, the development and deployment of circuit-oriented services, the increasing need for integrating a new generation of network management services with Grid services, and the general increase in network-related activities as the LHC experiments start up, we are now making a transition from 3 to 4 full-time Caltech engineers, to strengthen the overall operations and support effort of the team as required
. The Caltech US LHCNet team would then remain at the constant manpower level of 4 full time engineers
 from now on. Section 2.4 gives a detailed description of the manpower requirements.
The actual (2005-2007) and proposed (FY2008-2010) funding profile, which represents the current best estimate of the DOE funding required (and just sufficient) to meet HEP's network needs, is summarized in Figure 6. Apart from the charges for leasing the transatlantic link, there are significant charges for “Infrastructure” which includes the required network hardware (routers, switches, optical fibers, and interfaces), rental costs for placing and maintaining racks at the point of presences in New York, Chicago and Amsterdam, connections to the general purpose Internet, the salaries of the network engineers, a modest amount for test and server equipment placed at StarLight, MANLAN and SARA and maintenance (24x7x365). In addition to the totals shown, CERN pays for the Force10 and CIENA equipment located at CERN and contributes a total of 350k Swiss Francs (approximately $ 280k) to cover part of the overall link and equipment costs.  
A particular issue that arose in FY2007 is a funding shortfall of $ 223k relative to the costs for the equipment already purchased, and the circuits already contracted for, for this fiscal year. The initial funding provided by DOE (under a continuing resolution) was necessarily just part of the total need, and then the supplemental request submitted in March, that reflected a precise accounting of the remaining costs this year, was only partly funded. 

In order to resolve the problem temporarily, CERN has agreed to advance its contribution for FY2008 to this Fall, which will allow US LHCNet to continue to operate uninterrupted as required. The funding requests for FY2008 – FY2010 take this advance from CERN into account. 
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Figure 6 Annual actual and projected bandwidth and costs for the US LHCNet US-CERN network. The costs in 2006 and 2007 are actual, committed amounts. The costs projected for FY2008 to FY2010, calculated as explained in Section 3 are equal to the funding requests for those years.  As explained in the text, the advance of the FY2008 CERN contribution to US LHCNet in FY2007 is accounted for in the table.

2 Project status
2.1 Working Methodology: Production and “High-Impact” Networking 
The US LHCNet backbone is architected and operated to guarantee 24x7x365 network availability and full performance, supporting both large data transfers and real-time traffic such as that from VRVS/EVO. Our team works closely with the CMS and ATLAS software and computing projects, to make the network and its mode of use evolve according to the needs of the LHC experiments, and to consistently meet the particular needs of the U.S. physics groups. We keep the US LHCNet bandwidth and technology in line with the ESnet backbone, thereby providing U.S. researchers with adequate networking, and potentially a competitive advantage for their research. 
Our working methodology, which has been very successful over the last 12 and especially the last 6 years, is illustrated in Figure 7. While our primary focus is the operation of the production network, with the rapid advance of network technologies (and the associated requirements-evolution) year-by-year there is a necessary continuing process of “Pre-Production” and some “Experimental” network development, where the production networks of any given year are prepared in the previous one to two years. This is driven by the fact that developing and maintaining a reliable, bandwidth-efficient network service brings with it an ongoing need to (a) develop the expertise and experience to work with higher performance, and often newer and more cost-effective models of network routers, switches, optical multiplexers, servers and server-interfaces, (b) develop new protocols and/or optimized protocol and interface parameter settings, to achieve new levels of throughput over long distance networks, (c) develop new modes of monitoring, dynamic provisioning and managing networks end-to-end, while incorporating these capabilities (on increasing scales and with increasingly functionality) into integrated grid systems. This parallels the DOE Network Roadmap
, where the “Production” network is accompanied by a “High Impact” network in which the next-round production capabilities are developed
.
2.2 Technical Status (July 2007)

US LHCNet has been architected to ensure efficient and reliable use of the multi-10 Gbps backbone up to relatively high occupancy levels for each of a wide variety of network tasks. On the CERN side, the network has redundant connections to the CERN backbone and the LCG (LHC Computing Grid) farms. On the U.S. side, the bandwidth to research networks and DOE laboratories is continually being increased in partnership with ESnet, Internet2 and National Lambda Rail, as well as through regional and university-funded network initiatives. As described below and shown in Figure 9, eleven of our partners already have a 10 Gbps connection to our equipment either via a dedicated fiber or via the StarLight switching exchange infrastructure. MIT, NYU, and SUNY Buffalo also are in the process of upgrading their connections to MANLAN. MIT in particular has purchased a dark fiber ring between Cambridge and MANLAN, and NYSERNet (who manages the MANLAN facility) is beginning a developmental program of “Lambda” networking and intends to partner with US LHCNet and UltraLight in these developments.  

The US LHCNet network has evolved significantly in 2006-2007. In particular, new circuits were deployed as a result of our call for tender last year and we added the four SONET optical multiplexers to our backbone. Our requirements for the next generation US LHCNet optical equipment call for circuit-oriented services with bandwidth guarantees for high-priority network traffic flows. The allocation of bandwidth channels will be dynamic, and policy-driven, in order to optimally match the allocation of the available bandwidth across the Atlantic to the experiments' needs. The protocols used to match the transatlantic links to 10 Gigabit Ethernet interfaces at the ends, to form logical channels with bandwidth guarantees, and to adjust these channels dynamically in response to shifting demands are called respectively GFP, VCAT and LCAS. 
These technical capabilities will allow us to proceed with our vision of dynamically provisioned circuits and optical paths at the application level, and dynamically adjustable bandwidth provisioning based on the application needs and capabilities which are required for the next generation US LHCNet, and for efficient use of its network resources.  

[image: image7]
Figure 7: US LHCNet Working Methods. The prime focus is on the provisioning of a reliable high performance transatlantic production network in support of DOE’s major HEP programs. This is achieved, on increasing scales, and with effective exploitation of the latest technologies, by a tight planning cycle, strong synergy with and leadership in several network R&D projects, and strong partnerships with leading network and grid projects as well as vendors.  
Based on these requirements, we selected the Ciena CoreDirector/CI because it's the only production-ready equipment available on the market today that is fully capable of supporting the GFP/VCAT/LCAS protocol set. The CIENA CD/CI's stability and reliability has been proven by Internet2 which has installed more than 25 CoreDirectors at key sites throughout the U.S. on their next-generation network backbone, by the DOE-funded UltraScience Net project, and by Qwest who have chosen CoreDirectors for their new nationwide network.  

· Between November 2006 and March 2007 the new circuits tendered last year became operational. A timeline of the events is shown in Figure 8. We have increased our transatlantic capacity from 20 to 30 Gbps and we added two new continental circuits between New York and Chicago so Fermilab and Brookhaven each can have access to all of the transatlantic circuits, and also maintain the majority of their connectivity with CERN during link outages.
· In February 2007 a new US LHCNet PoP was deployed in Amsterdam, located in the SARA Facility. A new Force10 router was installed to connect the Geneva - Amsterdam and the Amsterdam – New York circuits 
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Figure 8 US LHCNet Circuit Deployment Timeline 
· Since January 2007 US LHCNet exports monitoring data to the perfSONAR monitoring service providing end-to-end monitoring for the LHC Optical Private Network (OPN)
· The new Ciena CoreDirector/CI’s were installed in our PoPs in New York City and Chicago in March
· In April the Ciena CD/CI was commissioned in Geneva
The current topology of US LHCNet network is shown in Figure 9. At the time of this writing, the OC-192 transatlantic circuits still terminate on the Force10 E600s, with the CIENA CD/CIs situated behind them, so that we can exercise the CIENA functions but also ensure production operations in the mode used in 2005-6, based on 10 GbE WAN-PHY in the Force10s. The configuration shown in the figure provides a variety of services running across the Atlantic to support both production and “pre-production” needs. In addition to standard IP services, we provide “Layer 2”
 point-to-point connections between CERN and the US-Tier1 centers, extensive Quality of Service (QoS) configuration and policy-based routing (PBR).

We are now gradually moving the OC-192 circuits to the new CIENA multiplexers, in a step-by-step procedure described in the following section.
[image: image9.png]MIT ¢——f
New York University 4——
Columbia Nevis Labs <—
'SUNNY Buffalo <—
NLR
HOPl <

Cisco (=

UltraLight (NSF)

BNL <«

Abilene <
-

ESNET

Canarie4—_1
Toragrid4— |

Pre-production traffic
Production

Amsterdam (SARA) |
I
I
I
i
I
I
I
I
i
I
I
I
I
i
I

)

UltraLight (NSF)

NIR <

UltraLight @ Jacksonville (UFL & FIU)
UltraLight @ Caitech

UitraLight @ UMICH

Cornell University

University of Wisconsin-Madison

MANLAN
New York (MANLAN) \Oc
| ~79, X
I g \ jitraL.ight (CERN),
| 8 T
\ ° g
i
Chicago (StarLight) z US LHCNet | :
g
1
| 1
L 1
i Fllo 1{ Campus
: F1 Eqo0 Backbone
ESNET | 600
4 oc-19:
= starLight | (" Lce
o Backbone
LHCOPN

‘s \
SIITTAN
Dedicated 10 Gbps Circuits \

N

Geneva (GERN) [
7 [

|

)

, <
s i RN

A A LN

¥ K b v v oYX
IN2P3 RAL GRIDKA CNAF PIC SARA TRIUMF

“Noroucid

4
Ascc




Figure 9 The Current US LHCNet topology (July 2007) 
2.3 Recent Milestones in 2006-2007, and Planned Milestones for 2007-2008 
The Caltech engineering team continues to develop and provide, in partnership with CERN, and in collaboration with ESnet, Fermilab, BNL, UltraLight, Internet2, National Lambda Rail and GEANT2, the appropriate cost-effective transatlantic network infrastructure required to meet the HEP community’s needs. This includes a highly reliable, high-performance production network available 24x7, and a “pre-production” infrastructure for networking (and associated grid) developments. We have designed, commissioned and deployed a scalable network which can support additional transatlantic circuits, and accommodate any new partners that wish to directly or indirectly connect to US LHCNet, while carefully managing the available network resources. 

From now until the start of operation of the LHC, the majority of the network bandwidth will remain available to an ongoing series of grid-based data processing, distribution and analysis “challenges”, which aim to prototype the data movement services that will be used at full scale once the LHC experiments begin data-taking. This is allowing us to acquire an understanding of how the entire system performs when exposed to the level of usage we expect during LHC running. Based on this experience, combined with our ongoing experience in several network and grid development projects, we will continually update our operational procedures as needed, and evolve the setup and develop the necessary tools to administer and monitor the network end-to-end. As mentioned above, we will also work with the major grid projects, such as OSG and LCG, to ensure consistency between the managed network and Grid operations.  
The milestones described below are in addition to the daily production-network support.
· May 2006: Caltech issued a Request for Proposals for the supply of multiple 10Gbps transatlantic circuits. The RFP documents are available in Annex I. 

· August 2006: Telecom provider(s) Qwest, Global Crossing and Colt were selected from among those responding to the RFP.

· October 2006 – April 2007: Provisioning of new transatlantic circuits. This proceeded on schedule, as shown in Figure 8. We replaced our existing (CHI-GVA) transatlantic circuit from Global Crossing by one from Qwest, kept the existing transatlantic circuit (NYC-GVA) from Colt, and added a transatlantic circuit (NYC-AMS) from Global Crossing. We also added continental links from Global Crossing (NYC-CHI) and GEANT2 (AMS-GVA). Overall this was the most cost-effective plan, taking path-diversity and reliability requirements into account.  
This transition brought US LHCNet capacity to include three transatlantic circuits, as planned. As described above, this is the minimum bandwidth required to support the network needs of Fermilab and BNL, in addition to other transatlantic network needs, in the period up to and including LHC startup this year.
· US LHCNet-Tier2 Center connectivity (2007): We have experienced a strong ramp-up of network-related activities by Caltech, Nebraska, UCSD, Florida, Michigan, Wisconsin, MIT, Argonne, LBNL, Boston University and other U.S. Tier2 centers both in LHC data analysis challenges and in development projects such as NSF’s DISUN project
, where the DISUN sites and others have one or more 10 Gbps connections to Starlight. Other large U.S. computing centers including for example Cornell and Vanderbilt
 in US CMS
, which are not designated as Tier2s, will continue to increase their activities. Switch ports supporting connections to these partners are being funded by UltraLight and other NSF projects, or by the partners themselves.
· July 2007: US LHCNet will provide transit for a ESNET – GEANT2 peering over our NYC-Amsterdam link. The peering is designed to provide support for European Tier2s accessing US Tier1s. Discussions with IRNC PI Tom deFanti to use the IRNC links for traffic between the US Tier2s and the Tier1s in Europe have also begun, and use of the IRNC links has been agreed. The idea to use up to half of these links for such traffic has been agreed to in principle by NSF program manager Kevin Thompson. Future calls with GEANT2, who operates the general purpose IRNC link between Amsterdam and New York, will include discussions of the use of part of this link to support some of the traffic between US Tier2s and European Tier1s.
Further discussions with Internet2, to carry US Tier2 traffic in the US to the international points of presence in the US, and with the goal of setting up a peering with GEANT2 in Europe this year, started in March between Internet2 CEO Van Houweling and H. Newman, and have been carried forward by Internet2 engineers R. Summerhill and R. Carlson. These discussions, and a series of workshops organized by Carlson at several US CMS and US ATLAS sites, have also covered Internet2 carrying the traffic required between US Tier2s and Tier3s.  
· August 2007: Ciena CD/CI installation in Amsterdam and migration of the Amsterdam – Geneva and Amsterdam – New York circuits to the new equipment; The Ciena CD/CI will provide the possibility of having circuit oriented services as well as equipment redundancy at all four US LHCNet sites for the transatlantic connectivity. A network map is provided in Figure 10.
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Figure 10 US LHCNet Transitional Topology Map (August 2007)
· “Pre-production”: The new infrastructure initially deployed in the Spring and Summer of 2007 will offer circuit-based services intended to provide redundant paths and on-demand, high bandwidth end-to-end dedicated circuits. Circuit-switched services will be used to directly interconnect the DOE laboratories to CERN and will be available on demand to policy-driven, data-intensive applications, managed by MonALISA services. These new services, now under development in the Caltech-led UltraLight project, the Fermilab+Caltech LambdaStation project, BNL and Michigan’s Terapaths project, and ESnet’s OSCARS projerct, will be interfaced to the future ESnet lambda-based infrastructure.
· October 2007: initial deployment of our circuit oriented network services on US LHCNet; simple scheduler with fixed bandwidth circuits for site to site on-demand data set transfers.
· Spring 2008: interaction with the data transfer application of the experiments, as well as with other intra-domain and inter-domain (LambdaStation, TeraPaths, DRAGON, Oscars) control plane services in order to provide an end-to-end path reservation.
· LHC Startup: July 2008: We will begin to exercise the network and services with real data, in close cooperation with the LHC experiments. The planned US LHCNet configuration by this time is shown in Figure 11.
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Figure 11 Planned US LHCNet Network Map for LHC Startup in 2008
· International connectivity (2007-2010): Maintain excellent connectivity to international partners. US LHCNet will be connected at 10 Gbps with most or all of its international partner networks, and we will set up connections via multiple lambdas with some of them, when and where appropriate. (The switch ports supporting connections to these partners are being funded by UltraLight and other NSF projects, or by the partners themselves, together with donations of part of the equipment from Cisco Systems.) International collaborations include those described in Section 2.2, and connections via AMPATH
 to the CHEPREO/WHREN link between Miami and Sao Paulo, to enable high speed communications between the US and South America (starting with the Tier2 centers in Rio de Janeiro (UERJ) and Sao Paulo (UNESP) that are now partners working closely with the US Tier2 team, and members of OSG. 

We also maintain collaborations with KISTI in Korea, RoEduNet in Romania, SANET in Slovakia,   and PERN2 in Pakistan, as well as the Chinese research network CSTnet
 that supports IHEP Beijing, and GLORIAD
 ( a global ring network around the earth. 
· Circuit oriented services (2008): As described in earlier sections and Annex F, we will implement dynamic circuit provisioning. Dynamic circuit adjustments and queuing mechanisms for multiple bandwidth request will be progressively automated where needed (through the use of MonALISA services, for example) and made available to (authenticated, authorized) users in the context of the new network-management services infrastructure which is currently under development.
· The network as a Grid resource (2009 (): Add the “network” dimension to Grid-based systems by extending advanced planning and optimization into the networking and data-access layers. Provide interfaces and functionalities for physics applications to effectively interact with the networking resources. 
Further details of US LHCNet bandwidth planning for 2008-2010, coordinated with ESnet's plans, are given in Annexes B and E.
2.4 Caltech-CERN Team Organization and Breakdown of Team Activities
The management and the operation of the link are based on a strong collaboration between the CERN and Caltech network engineering teams, dating back to 1995. The current organization of the US LHCNet project is shown in Figure 12
The US LHC Network Working Group includes members from US LHCNet, the DOE HEP laboratories involved in the LHC, ESnet, key university representatives with leading roles in the NSF UltraLight and DISUN projects, and the U.S. funding agencies. The group met for the first time at CERN in July 2005, and holds conference calls and meets annually to discuss strategic development and coordinate US-CERN networking activities.

Harvey Newman is the Principal Investigator of US LHCNet and is responsible for direction of the project from the U.S. side. He takes a lead role in developing the medium and long-term plans, and contributes to the corresponding bandwidth roadmap, oversees the Caltech network team and its activities, and allocates the funding to US LHCNet circuits and network equipment under the DOE grant to Caltech. He shares the direction of network operations and development with D. Foster, head of CERN’s Communications Group. 

Dan Nae is the senior network engineer who is responsible for the technical coordination of all networking activities between CERN and the U.S. across US LHCNet. He is a member of the Caltech HEP networking team based at CERN since March 2003, and he has been in charge of the design, implementation and operation of US LHCNet since November 2006, including the installation of the Ciena CD/CI multiplexers, the design of the network topology, and the migration of the circuits. He leads the Caltech network team, supervises the day-to-day operation of the network,  and coordinates as well as contributing to pre-production network development activities. Dan is also responsible for the routing and peering policies with other networks. He is a member of the ICFA Standing Committee on Inter-regional Connectivity.
Artur Barczyk joined the team in February 2007, coming from his previous position as a CERN staff member and head of the CERN LHCb online data network. He is contributing to the day-to-day network operations and support including network element configuration and handling trouble tickets and outages, and manages our Service Level Agreements (SLA) with the circuit vendors. He is responsible for the deployment of dynamic circuit-oriented services on the US LHCNet network, as well as for testing and evaluation new equipment and technologies. Artur leads the preparation of the US LHCNet Requests for Proposal documents for renewing and upgrading our circuits, works with Newman and Nae to oversee the RFP process and its results, and acts as a liaison with the various LHC computing groups.
Tony Cheng joined the team in April 2007. He is based at Caltech, and can relatively easily travel to our US PoPs to work on new hardware installation and maintenance. He has over 20 years of professional experience in network operations, architecture and the design and installation of large scale production networks for several Fortune 100 companies. Tony is now the primary network engineer in the US and contributes to overall US LHCNet operations and support, especially during Caltech working hours. He will be working on bandwidth management techniques as well as pre-production activities (equipment and technologies evaluation).
Ramiro Voicu joined the team in September, 2006. He is a software engineer working mainly on developing monitoring software for US LHCNet. His main tasks are integration of the US LHCNet networking hardware with the MonALISA monitoring platform as well as the other monitoring systems, developing network services software for automated provisioning and management of the CIENA Core Directors and the Layer 1 and 2 hybrid circuits to be formed by US LHCNet together with ESnet, Internet2 and the HEP labs. He also manages the various servers at CERN, and helps in the day to day operations of the network, and he travels with other network engineers to remote PoPs when needed.
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Figure 12 US LHCNet Organization
CERN Network Engineers.  The CERN engineers (shown in Figure 12) are involved in the design and the operation of the network, in partnership with the Caltech team. They manage the network equipment on the CERN site, the commodity internet access and the peerings with research and education networks. 

The CERN Network Operation Center (NOC) delivers the first level support 24 hours a day, 7 days a week. The CERN NOC watches out for alarms and can be reached at any time by any user of the network. If a problem cannot be resolved immediately, it is escalated to the Caltech/CERN network engineering team. 

FNAL and BNL Network Engineers. Following the US – CERN networking meeting held at CERN in July 2005, it was decided to include FNAL and BNL engineers in the operation of the links. In particular, these engineers (D. Petravick, P. Demar, M. Crawford, V. Grigaliunas at Fermilab; W. Bradley, J. Bigrow, F. Burstein at Brookhaven) working in coordination with ESnet are responsible for the local connectivity of DOE laboratories in New York and Chicago to the site networks and facilities. Since they are relatively close to the US LHCNet PoPs, they can also provide some local support. Since 2006, they have been involved in circuit-oriented service development, and in focused efforts to increase the data throughput to and from the CERN Tier0, and among the CMS and ATLAS Tier1 (and in some cases Tier2) sites. In 2007 the Fermilab engineers have also worked with the Caltech US CMS and UltraLight teams to integrate Caltech’s Fast Data Transport (FDT) with dCache. 
The actual (2006-2007) and planned (2008-2010) distribution of engineering manpower (in FTEs) is shown in Figure 13. Note that the CERN contribution significantly decreased in 2005 and 2006 with the end of the former EU-funded DataTAG project and the rampup of many European Tier1 centers that require an increasing share of the attention and manpower available to the CERN network team. In spite of these pressures, the level of effort from CERN increased to 0.3 FTEs in 2007 as we approach LHC startup, and is expect to remain at at least this level in future years.  The contributions from Fermilab and Brookhaven to our increased overall effort in US LHCNet also rose to a total of 0.5 FTEs in 2007.
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Figure 13 The actual and planned manpower contributions from Caltech, CERN, 
FNAL  and BNL to US LHCNet

3 US LHCNet Bandwidth and Funding Plan Through 2010 
The ongoing bandwidth and funding plan described in this section has been designed to meet the transatlantic networking needs for U.S. participation in the LHC program in the most cost effective manner possible. This currently includes three 10 Gbps transatlantic wavelengths on the US LHCNet network, which is (as discussed above) just adequate to meet the needs during the LHC startup period. Plans on a corresponding scale are being developed for some of the principal domestic links, including the links to the Tier1 centers at FNAL and BNL and the Tier A center at SLAC by ESnet, as well as links to the Tier2 centers over Internet2 and regional networks, or using dedicated links.

The plan is cost-optimized to take advantage of the evolution of link prices per unit bandwidth, and the emergence of “wavelength-based networks”. Further updates to optimize this plan and its cost will be made yearly, as the Computing Models of the LHC and the other major experiments are refined, and as our experience with optical network technologies (and pricing) progresses. However, it must also be mentioned that with recent information on link costs, and the fact that we have already defined a cost-optimized plan for the (CIENA) equipment with the required functionality over the next three years, we cannot expect significant cost reductions below the level of the requests presented in this section. We have also agreed with DOE that if the requested funds are provided, and if subsequently costs for the links, for any major equipment, or for the collocation rises, then we will adapt our scope and/or link upgrade timing to remain within the currently requested funding envelope.  
The basic US-CERN bandwidth requirements and cost parameters in the plan are summarized as follows:
1. Ramp up the bandwidth from 30 to 40 Gbps by the end of 2007, then to 60 Gbps by 2009 and 80 Gbps by 2010. This will allow us to keep up with grid-based event productions, data distribution for CMS and ATLAS data challenges, and grid-based data analysis up to and during the first years of LHC operation, along with other transatlantic network use between the U.S. and CERN by the U.S. HEP community. This proposed rate of growth in bandwidth is somewhat slower than the longer term trends of HEP network usage over the last 15 years, as derived by the ICFA Network Task Force and ESnet, of a factor of 10 in bandwidth every 3-4 years. 
2. Based on current market trends, assume constant transatlantic bandwidth costs, per unit of bandwidth, in 2006 and 2007, and an annualized cost-deflation factor per unit of bandwidth of 30% for each two-year period, starting in 2008 and continuing through at least 2010.  
3. Assume CERN’s contribution to circuit costs remains constant at a level of 350k CHF (approximately $ 280k). 

4. As discussed in Section 1.2, assume that one-quarter to one-third of the bandwidth required is provided by other networks such as GEANT2, SURFnet or the NSF IRNC links. 

5. Carry out the necessary network development to prepare each year for the production network of the following year. We began this procedure by installing the former “DataTAG” 2.5 Gbps research wavelength in the Summer of 2002. We (as well as Fermilab, BNL and others) are currently using a non-negligible part of the 10 Gbps wavelength for network. This is a very important part of the plan, since the new SONET optical switching and multiplexing equipment to be used, and the dynamic circuit provisioning and network path management services and software to be deployed, are both new and in many ways different from the traditional IP routers and switches we have used in past years.

As described earlier in this proposal, we currently have 3.5 FTEs of engineering manpower, having added Artur Barczyk and Tony Cheng to the team replacing Sylvain Ravot and Yang Xia, and added Ramiro Voicu half-time this year. Starting in 2008, as described above, we will require 4 full time engineers to meet the needs as we approach and begin LHC operations. We assume a constant engineering manpower level from 2008 onward.
Our manpower costs per person are relatively low: an average annual cost-base of $150k per FTE in 2008 (including indirect costs), and an annual salary index of 3.5%. These costs per FTE are low compared to the typical costs of network engineers with the requisite level of expertise on the open market. 
6. From 2007 onward, a constant annual funding level for equipment is assumed; this supports the CIENA upgrades detailed in A and the annual addition of ports on switch-routers as needed, to distribute traffic over an increasing number of transatlantic and continental circuits, as summarized in Annex B. and permit the replacement of some old equipment, typically after 5 years in service for network routers and switches. 
7. Reach an approximately constant DOE funding level during LHC operations, from 2010 onwards. This assumes that non-DOE sources contribute a significant portion of the overall transatlantic link cost, as is the case now. In 2010 and beyond, it is assumed that the installed bandwidth will continue to grow, but at a reduced annual percentage rate, corresponding to continued annual funding at approximately the 2010 level, in 2010 constant dollars
.
8. Assume an exchange rate of 1.25 Swiss Francs per dollar. This unfavorable exchange rate, which represents an average over the last two years, has substantially increased the cost-of-living adjustments paid to engineers based at CERN relative to earlier years.

The proposed funding profile, which represents the best current estimate of what is required to meet HEP's network needs, is summarized in Table 2
. Apart from the charges for leasing the transatlantic link, there are significant charges for “Infrastructure” which includes the required network hardware (routers, switches, optical fibers, and interfaces), rental costs for placing and maintaining racks at the points of presence in New York,  Chicago and Amsterdam, connections to the general purpose research and education networks (for example to the MANLAN router in New York to peer with Internet2), salaries of the Caltech network engineers, and maintenance (24 hour/7 day per week/4 hour response time). The breakdown of the infrastructure budget is shown in Table 3 and Figure 14
.
 Table 2: US LHCNet annual actual (2007) and projected (2008-2010) 
bandwidth (in Gbps) and costs (in M$) 
	Year
	2007
	2008
	2009
	2010

	Bandwidth (Gbps)
	30
	40
	60
	80

	Transatlantic Circuit Lease Cost (M$)
	1.221
	1.449
	1.817
	2.028

	US LHCNet Infrastructure Cost (M$)
	1.102
	1.209
	1.239
	1.270

	Contribution from CERN in US LHCNet
	 
	(0.057)
	(0.280)
	(0.280)

	Total US LHCNet Cost (M$)

	2.323
	2.601
	2.776
	3.018


Table 3: Actual (2007) and projected (2008-2010 US LHCNET infrastructure budget 
breakdown (in M$) by category
	Year
	2007
	2008
	2009
	2010

	Routing and Switching Equipment
	0.305
	0.292
	0.279
	0.266

	Salaries for Network Engineers
	0.507
	0.600
	0.621
	0.643

	Network Perf. Monitoring and Test Systems
	0.050
	0.050
	0.050
	0.050

	HW and Software Maintenance and Colocation
	0.195
	0.215
	0.235
	0.255

	Travel Network Engineers
	0.045
	0.052
	0.054
	0.056

	TOTAL US LHCNet Infrastructure Cost (M$)
	1.102
	1.209
	1.239
	1.270
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Figure 14 Breakdown of annual infrastructure costs for the US-CERN network (in M$)
4 External Collaborations
As mentioned in earlier sections of this proposal, we are working closely with the major mission- and research and education networks, most notably ESnet, Internet2, National Lambda Rail and Internet2, to ensure the efficient operation and management of transatlantic networking for HEP. With the transition to a hybrid network that includes circuit-oriented network provisioning and services, integrated with the grid systems of the major LHC experiments, we are also engaged in collaborations with the leading projects developing these new network and grid technologies, as summarized below, namely: Terapaths, OSCARS, and LambdaStation funded by DOE, and UltraLight, PLaNetS and DRAGON funded by NSF. Work with these projects, the DOE labs and the LHC experiments is an integral part of the overall plan to be able to deliver end-to-end network paths with bandwidth (or rather throughput) guarantees crossing multiple administrative domains, and thus to enable effective use of US LHCNet and its partner networks in support of the LHC program. 
Terapaths
: This project, led by Brookhaven and Michigan, is investigating the integration and use of differentiated network services based on LAN QoS and MPLS in the ATLAS data intensive distributed computing environment as a way to manage the network as a critical resource; much as resource scheduler/batch managers currently manage CPU resources in a multi-user environment.
OSCARS
: The focus of the ESnet On-Demand Secure Circuits and Advance Reservation System (OSCARS) is to develop and deploy a prototype service that enables on-demand provisioning of guaranteed bandwidth secure circuits within ESnet. 

UltraLight
: Caltech is leading a consortium of high energy physicists, computer scientists and network engineers together with all the major optical network projects (HOPI, UltraScience Net and NLR), in the UltraLight project funded by NSF. UltraLight concerns the development of next-generation integrated network-aware Grid systems, and especially the means to use these systems effectively in support of the LHC and several other major DOE- and NSF-supported physics programs. With the support of Cisco systems, Ultralight has deployed a set of Cisco switch-routers that connect US LHCNet to some of the US Tier2 sites, as well as providing facilities for the deployment and testing of circuit-oriented network services. 

PLaNetS
 project: : The Physics Lambda-based Network System (PLaNetS) project funded by NSF for 2007-2008 is closely allied with the work on circuit-oriented services discussed throughout this proposal, PLaNetS supports Terabyte and multi-Terabyte “data transactions” that complete in minutes to hours, rather than hours to days, to significantly improve the overall efficiency of use network resources in the context of the LHC experiments’ computing models. PLaNetS builds on the work in UltraLight to develop a core suite of high performance end-to-end data transfer tools and applications, enhanced by real-time network and end-system monitoring and management services, components of which have been developed and proven in sustained field-trials over the last five years. The PLaNetS paradigm for network operations and management includes (1) queues for tasks (transfers) of different lengths and levels of priority, coupled to dynamic (real or virtual) path-construction services for the most demanding, high-priority tasks, leveraging the work of the OSCARS, TeraPaths and LambdaStation projects,  (2) a task "director" aided by end-system agents to partition the work among foreground, real-time-background and queued transfers, (3) end-to-end monitoring, network path and topology discovery, and path performance estimation and tracking services, based on the MonALISA and the Clarens frameworks, as well as SLAC/IEPM monitoring services, and (4) Policy-based network path-request and utilization services, incorporating the OSG infrastructures for authentication, authorization and accounting. 
LambdaStation
 Caltech has worked together with Fermilab on the LambdaStation project (DE-FG0104ER04-03). This project has enabled the very large, production-use mass storage systems at Fermilab to exploit the advanced research network infrastructures provided by ESnet and US LHCNet, using Fermilab’s dark fiber and the ESnet Chicago MAN, between the Fermilab campus and Starlight. Necessary innovations have been implemented in the Fermilab local network and application environments to enable HEP applications (notably for US CMS) to send traffic, on a per-flow basis, across advanced network paths, specifically DOE’s UltraScience Net.
DRAGON
 project:  The DRAGON project is developing technology and deploying network infrastructure that will allow advanced e-science applications to dynamically acquire dedicated and deterministic network resources. The objective is to link computational clusters, storage arrays, visualization facilities, remote sensors, and other instruments into globally distributed and application specific topologies.
Openlab
 project: US LHCNet is interconnected at 10 Gbps to the CERN’s Openlab testbed which develops data-intensive Grid solutions to be used by the worldwide community of scientists working at the LHC. US LHCNet infrastructure has been used by the project to experiment with high throughput data transfers across the Atlantic, using the latest data servers and network interfaces. To acheive these goals DRAGON has developed a GMPLS based control plane which includes advanced inter-domain service routing techniques and detailed application formalizations [2]. A reference network implementation has also been constructed in the Washington D.C. area [3].
Collaboration with equipment manufacturers and network providers. We have developed strong relationships with equipment manufacturers. We are currently collaborating with Intel to build high performance end-systems equipped with dual ported 10 GbE PCI-Express cards. We are also continuing collaborations (involving substantial network interface card donations) with Neterion
 and Myricom
. For several years, Cisco has been a major partner supporting our R&D efforts by loans, donations, free access to their research waves on National Lambda Rail, and strong technical support. We are also currently discussing a joint R&D program with CIENA to help us in our development of connection-oriented network services across transoceanic and continental networks, managed by our MonALISA system. 

As results of those collaborations, we have conducted a series of breakthrough data transfer trials over the last four. We broke the Internet2 land speed record eleven times between 2002 and 2005, increasing TCP performance across long haul networks from 400 Mbps to 7.3 Gbps. Working together with CERN, Fermilab, SLAC, Michigan and many other HEP partners, we captured the Supercomputing 2005 (SC05) Sustained Bandwidth Award for the demonstration of “High Speed TeraByte Transfers for Physics”, where we aggregated a peak rate of 151 Gbps to the show floor at Seattle, which, significantly, is of the same order of magnitude as the total traffic expected in the early phase of LHC operation. 
In 2006, with the advent of PCI Express bus in computers, we demonstrated stable flows to and from servers at close to 10 Gbps, and then focused on new application developments for higher speed storage-to-storage flows over long distances. At SC06 we demonstrated a new application FDT
 (Fast Data Transport) developed by Caltech that provides storage-to-storage data flows sustainable for hours over long distance networks, that are  limited only by the speed of the disks, controllers, and the file system. At SC06 we used FDT to demonstrate a sustained 17 Gbps storage-to-storage flow using a single 10 Gbps link in both directions.  
5 Conclusion
Wide area networking is a fundamental requirement for HEP. U.S. physicists involved in the LHC are especially dependent on the development of reliable transatlantic networks and grid systems of sufficient capacity and capability, if they are to contribute effectively to the LHC physics program and take part in the physics discoveries. 
The Caltech group has played an important role in the development of international networks for the HEP community, and has led the planning, development, operation and management of transatlantic networking on behalf of the U.S. for the last 22 years. 
US LHCNet, operated and managed by the Caltech network engineering team in partnership with the CERN network team, ESnet and the network teams at Fermilab and BNL, is now an essential mission-critical resource for U.S. participation in the LHC.  Building on this experience, we have therefore designed, developed and are now implementing a highly costs-effective four year plan to meet these needs between 2007 and 2010, as presented in this proposal.

The funding request for FY2008-FY2010 required to carry out the plan, which has been presented to the US LHC Network Working Group over the last year, has been accurately estimated based on current cost experience, the plan for periodic upgrades of the links, optical multiplexers and switch-routers (presented in detail in Annexes A and B), and the minimum engineering manpower required to operate and manage the network with high reliability and performance.  
Provision of the requested funds for the next three years, enabling the plans now underway to be executed, will be an essential, major step required for the success of U.S. involvement in the LHC program, and of the LHC program as a whole. 
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� The MANLAN exchange point is designed to facilitate peering among US and international research and education networks in New-York. See � HYPERLINK "http://networks.internet2.edu/manlan/" ��http://networks.internet2.edu/manlan/�


� StarLight is an international peering point for research and education networks in Chicago. See � HYPERLINK "http://www.startap.net/starlight" ��http://www.startap.net/starlight� 


� These efforts also include the DICE consortium composed of the GEANT2 pan-European network, the national research and education networks in Europe, ESnet and Internet2. 


� Larry Price, Argonne National Laboratory, in the TransAtlantic Network (TAN) Working Group Report, 


October 2001; see � HYPERLINK "http://gate.hep.anl.gov/lprice/TAN" ��http://gate.hep.anl.gov/lprice/TAN� 


� Including SLAC, Fermilab, Brookhaven, ESnet, Internet2, National Lambda Rail, StarLight, MANLAN, and Netherlight, Michigan, Florida, Caltech’s Network Laboratory led by Steven Low, the NSF-funded Ultralight, FAST-TCP, PLaNetS and DRAGON projects, and the DOE-funded LambdaStation, Terapaths and OSCARS projects. 


� The US LHC Network Working Group met for the first time at CERN on July 7th 2005. Its members will continue to meet regularly, as needed, to evaluate network needs and coordinate efforts between CERN, the US Tier1s and Tier2s, ESnet, US LHCNet, and other transatlantic networks including CANARIE (Canada), the IRNC links funded by NSF, the GEANT2 pan-European network, etc. 


� LHC Optical Private Network – the sum of all links designed to carry Tier0 to Tier1 traffic


� See � HYPERLINK "http://cern.ch/icfa-scic" ��http://cern.ch/icfa-scic�. The 2007 ICFA SCIC documents and presentations are available at � HYPERLINK "http://monalisa.caltech.edu:8080/Slides/ICFASCIC/SCICReports2007" ��http://monalisa.caltech.edu:8080/Slides/ICFASCIC/SCICReports2007�  


� See � HYPERLINK "http://www.doecollaboratory.org/meetings/hpnpw" ��http://www.doecollaboratory.org/meetings/hpnpw� 


� A particularly relevant example to US LHCNet is the fact that among competing standard TCP flows, those with shorter round trip times tend to have higher throughput. So transatlantic flows would, in this scenario, tend to have lower performance than flows within continental Europe.   


� Virtual Concatenation protocol. See � HYPERLINK "http://en.wikipedia.org/wiki/Virtual_concatenation" ��http://en.wikipedia.org/wiki/Virtual_concatenation� and  � HYPERLINK "http://www.lightreading.com/document.asp?doc_id=30194&page_number=5" ��http://www.lightreading.com/document.asp?doc_id=30194&page_number=5� 


� The Link Capacity Adjustment Scheme specified in � HYPERLINK "http://en.wikipedia.org/wiki/ITU-T" \o "ITU-T" �ITU-T� G.7042. �    See for example � HYPERLINK "http://en.wikipedia.org/wiki/LCAS" ��http://en.wikipedia.org/wiki/LCAS� 


� Annexes A – I may be found at http://mgmt.uslhcnet.org/DOE/2007/USLHCNetAnnexes_2007.doc


� The selection criteria included the production readiness of the VCAT/LCAS and “virtual private line” software suite, the favorable experience of UltraScience Net, and took into account the in-depth evaluation of the Core Directors, their features and functionality relative to potential competitors performed by Internet2 and the DRAGON team. Our own evaluation completed at the beginning of 2007 showed that potential competitors were two to three years behind in the features and functions most relevant to the use of dynamic virtual circuits at the optical layer. 


� http://www.cisco.com/en/US/products/hw/optical/ps2001/products_white_paper0900aecd802c8630.shtml


� Taking up a network engineering position for the UCLA library system, to reduce his daily commute between home and work. 


� Cheng’s experience includes work with AT&T, Charles Schwab, Bank of America, Citicorp, Mitsubishi, GTE Bell Atlantic, Unisys, and Martin Marietta.


� The steps in the transition, and the configuration at each stage, are detailed in Section 2.3. 


� Especially for the demonstration of networks beyond the scale of current production networks. These exercises, including the SC03, SC04, SC05, and SC06 efforts led by Caltech, have proven to be very valuable for medium and long term planning and development. An SC07 demonstration showing storage to storage networking, integration with the dCache system, and data distribution and analysis combined with dynamic circuit provisioning across the Atlantic is planned for this November. 


� GÉANT2 is the pan-European research and education network http://www.geant2.net/


� The management and strategic development activity includes 0.2 FTE of effort by H. Newman.


� Our overall funding for 2007 inancial plan also includes a strategy to deal with the current funding shortfall of $ 223k in 2007, as discussed further in this section. 


� This corresponds to 3.5 FTEs of engineering effort in FY2007, as shown in the proposed budget tables.


� There is additional expert network engineering manpower at Caltech dedicated to advanced network R&D, education and outreach, and the development of networking to Latin America. These various efforts have been funded by the DOE/MICS’ LambdaStation project, and are currently funded by NSF’s UltraLight, CHEPREO, and PLaNetS (Physics Lambda Network System) projects.   








� The DOE Science Networking Challenge: Roadmap to 2008 report is at  � HYPERLINK "http://www.osti.gov/bridge/product.biblio.jsp?osti_id=815539" ��http://www.osti.gov/bridge/product.biblio.jsp?osti_id=815539� 


� Also see the report of the DOE High-Performance Network Planning Workshop at � HYPERLINK "http://www.doecollaboratory.org/meetings/hpnpw/finalreport/" ��http://www.doecollaboratory.org/meetings/hpnpw/finalreport/� 


� Layer 2 is the Data Link Layer in the ISO standard seven-layered network model is the Data Link Layer that describes the logical organization of data bits transmitted. For example, this layer defines the framing, addressing and checksumming of Ethernet packets. See � HYPERLINK "http://www.freesoft.org/CIE/Topics/15.htm" ��http://www.freesoft.org/CIE/Topics/15.htm� 


� The Data Intensive Sciences University Network. This NSF-funded project, based on a concept and work  in support of grid-based data analysis developed by Caltech, is led by former U.S. CMS Deputy Program Manager and NSF PI Bob Cousins (UCLA), and involves the four Tier2 sites mentioned in the text.  


� See � HYPERLINK "http://www.vampire.vanderbilt.edu/about/index.php" ��http://www.vampire.vanderbilt.edu/about/index.php� about Vanderbilt’s Advanced Computing Center for Research and Education (ACCRE). Director P. Sheldon is working towards making ACCRE a major data storage site for US CMS.


� Lawrence Livermore National Lab also joined US CMS early in 2006.


� � HYPERLINK "http://www.ampath.fiu.edu/" ��http://www.ampath.fiu.edu/� 


� A 2.5 Gbps link is planned to start October 1, 2005. 


� http://www.gloriad.org/gloriad/index.html


� We also expect a change in the market when wavelengths of 40 or 100 Gbps replace the presently available 10 Gbps circuits. As in the ESnet plans, this is expected to occur by approximately 2012. Implementation of the higher bandwidth wavelengths on transoceanic cables is expected to come somewhat later than on continental links. 


� As explained in Section � REF _Ref173898927 \n \h ��1.6� above, CERN will advance its contribution for FY2008 to US LHCNet to this Fall, to allow us to meet the total expenditure of $ 2.323M in FY2007. $ 223k of this contribution is already included in the total for 2007 in Table 2. The CERN contribution for FY2008 is thus only $ 57k, ad shown in the table.  


� The collocation and maintenance costs shown in the table are accurate estimates based on current costs in 2007, including the increased rack space required at each PoP for the CIENA multiplexers, and the projected marginal costs that correspond to maintenance on the increasing value of the CIENA and Force10 linecards each year, corresponding to the plans presented in detail in Annexes A and B.  


� As explained above, the total in this table for FY2007 already takes into account part of the advanced FY2008 CERN contribution to US LHCNet, amounting to $ 223k. The remainder of this $ 280k contribution, $ 57k, is shown in the table as the remaining CERN contribution in 2008.  


� � HYPERLINK "http://www.atlasgrid.bnl.gov/terapaths/index.shtml" ��http://www.atlasgrid.bnl.gov/terapaths/index.shtml� 


� � HYPERLINK "http://www.es.net/oscars/" ��http://www.es.net/oscars/� 


� � HYPERLINK "http://ultralight.caltech.edu" ��http://ultralight.caltech.edu� 


� � HYPERLINK "http://pcbunn.cacr.caltech.edu/PLaNetS/PLaNetS_PIF_DraftV21.htm" ��http://pcbunn.cacr.caltech.edu/PLaNetS/PLaNetS_PIF_DraftV21.htm� 


� � HYPERLINK "http://www.lambdastation.org/" ��http://www.lambdastation.org/� 


� � HYPERLINK "http://dragon.maxgigapop.net" ��http://dragon.maxgigapop.net�. The control plane is described briefly at:    � HYPERLINK "http://dragon.east.isi.edu/data/dragon/documents/dragon-ctrl-plane-overview-v1.0a.pdf" ��http://dragon.east.isi.edu/data/dragon/documents/dragon-ctrl-plane-overview-v1.0a.pdf� 


� � HYPERLINK "http://proj-openlab-datagrid-public.web.cern.ch/proj-openlab-datagrid-public/" ��http://proj-openlab-datagrid-public.web.cern.ch/proj-openlab-datagrid-public/� 


� � HYPERLINK "http://www.neterion.com/" ��http://www.neterion.com/� 


� � HYPERLINK "http://www.myri.com/" ��http://www.myri.com/� 


� � HYPERLINK "http://monalisa.cern.ch/FDT/" ��http://monalisa.cern.ch/FDT/�  
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Total Budget

		

						Proposal		Revised Budget		Budget including		Suplementary Request

						(June 2006)		(Fall 2006)		Supplementary Request,  Based on Actual Commitments or Actual Cost Experience

				Link Costs		1.21		1.2		1.221		0.021

				Routing and Switching Equipment		0.35		0.34		0.359		0.019

				Salaries for Network		0.507		0.221		0.525		0.304

				Engineers

				Network Perf. Monitoring and Test Systems		0.05		0		0.015		0.015

				HW and Software Maintenance; Colocation		0.15		0.1		0.163		0.063

				Travel Network Engineers		0.045		0.009		0.04		0.031

				TOTAL US LHCNet COST		2.312		1.87		2.323		0.453

				Initial Table

				Year		2005		2006		2007		2008		2009		2010

				Routing and Switching Equipment		0.295		0.315		0.359		0.35		0.35		0.35

				Salaries for Network Engineers		0.308		0.42		0.507		0.6		0.621		0.643

				Network Perf. Monitoring and Test Systems		0.036		0.048		0.05		0.05		0.05		0.05

				HW and Software Maint.; Colocation		0.082		0.112		0.15		0.157		0.164		0.171

				Travel Network Engineers		0.022		0.035		0.045		0.052		0.054		0.056

				TOTAL US LHCNet Infrastructure Cost (M$)		0.743		0.93		1.102		1.209		1.239		1.270

				Year		2005		2006		2007		2008		2009		2010

				Bandwidth (Gbps)		10-20		20		30		40		60		80

				Transatlantic Circuit Lease Cost (M$)		1.050		1.100		1.221		1.449		1.817		2.028

				US LHCNet Infrastructure Cost (M$)		0.740		0.930		1.102		1.209		1.239		1.270

				Additional Costs/Compensations								(0.057)		(0.280)		(0.280)

				Total US LHCNet Cost (M$)		1.79		2.03		2.323		2.601		2.776		3.018

				Received						2.1

				Deficit						($0.223)

				Recalculated Table

				Year				2006		2007		2008		2009		2010

				Routing and Switching Equipment				0.315		0.359		0.238		0.279		0.266

				HW and Software Maint.; Colocation				0.112		0.195		0.215		0.235		0.255

				Equipment, colo and maintenance						0.554		0.453		0.514		0.521

				Initial allocation for equipment, colo and maintenance						0.500		0.507		0.514		0.521

				Equipment, colo and maintenance amount over annual budget						(0.054)		0.000		0.000		0.000

				Salaries for Network Engineers				0.420		0.507		0.600		0.621		0.643

				Network Perf. Monitoring and Test Systems				0.048		0.050		0.050		0.050		0.050

				Travel Network Engineers				0.035		0.045		0.052		0.054		0.056

				TOTAL US LHCNet Infrastructure Cost (M$)				0.930		1.102		1.209		1.239		1.270





Link Costs

		

				Actual Link Cost		$1,221,000

				Projected Link Cost in 2006		$1,120,000

								Monthly Cost		Started		Ended		Yearly Cost

				Global Crossing NYC-AMS				$13,000		5/2/07

				Global Crossing NYC-CHI				$13,000		1/11/06				$156,000

				Colt GVA-NYC				$22,725.00		1/11/06				$272,700

				Qwest (GVA-CHI+CHI-NYC)				$53,257.00						$639,084

						Montly Cost all links		$101,982						$1,223,784

				GEANT AMS-GVA

						Yearly Cost		$1,223,784

				Global Crossing GVA-CHI				$36,000		1/11/06		31/12/2006		$72,000.00

						Total Cost		$1,295,784

						Left over from last year		-$74,000.00

								$1,221,784				2007 Cost Including the GEANT Link								$1,249,024.000





Equipment

		

				Ciena Caltech		$694,523.98

				Cern Contribution to USHCNET		($280,000)

				Leftover from last year		($56,000)

				Effective Equipment Cost		$358,524





Colocation & Maintenance

																		2007		2008		2009		2010

																Projected Costs		$195,000		$215,000		$235,000		$255,000		(25k$ added per year maintenance, based on this year's costs)

																Allocated in the Proposal		$150,000		$157,000		$164,000		$171,000

																Difference		($45,000)		($58,000)		($71,000)		($84,000)

				Projected Colocation Fees						$130,000						Remaining Equipment Funds		$305,000		$292,000		$279,000		$266,000

				F10 Maintenance						$33,000						Foreseen Ciena Costs		$359,000		$102,640		$253,747		$151,737		(Taken from Jeff's spreadsheet)

										$163,000						Balance		($54,000)		$189,361		$25,253		$114,263		$274,877		Balance over 4 years

				Calculated Colocation Costs						$150,546

				Calculated Total Costs (F10 Maintenance+Colocation)						$183,546

				NYC				Recurring Charges								Nonrecurring charges

								19" Rack				$1,000				23" Rack		$1,500

								Additional Power				$675				MMR XC		$350

								Additional DC Powr				$270				Remote Hands		$2,500				Redistributed Costs		2007		2008		2009		2010

								23" 2 post Rack				$1,200										Equipment		0.359		0.238		0.279		0.266

								30 Amps additional power				$405										Maintenance		0.195		0.215		0.235		0.255

								Intrasite XC (4)				$400										Total		0.554		0.453		0.514		0.521		2.042

								MMR XC (1)				$100

								Phone line				$35

								Monthly Costs				$4,085				Total NRC		$4,350

								Annual Costs (rec+nonrec)				$53,370										Original Costs		2007		2008		2009		2010

																						Equipment		0.359		0.35		0.35		0.35		1.409

				Chicago				Recurring Charges								Nonrecurring charges						Maintenance		0.15		0.157		0.164		0.171		0.642

								23" Rack				$1,300				Remote Hands NWU		$2,500				Total		0.509		0.507		0.514		0.521		2.051

								19" Rack				$2,000				3rd rack installation		$1,500

								(third rack paid by UltraLight)

								Monthly Costs				$3,300				Total NRC		$4,000

								Annual Costs				$43,600

				Amsterdam				Recurring Charges								Nonrecurring charges

								Rack				$2,179				2 Racks Installation		$2,452						1EUR=1.362$

								DC Power				$477				DC Power		$613

								OOB				$61				OOB		$409

								XCONN				$61				XCONN		$613

																F10 VAT		$9,813

								Monthly Costs				$3,306				Total NRC		$13,899		Duch VAT added in F38 (+19%)

								Annual Costs				$53,576



Dan Nae:
Lower because of overspending in 2007



Activities

		

		LHCNet Staff Member Evolution

		Caltech Member

				Initial

		Harvey Newman		HN

		Dan Nae		DN

		Artur Barczyk		AB

		Tony Cheng		TC

		Yang Xia		YX

		Ramiro Voicu		RV

		CERN Member

				Initial

		David Foster		DF

		Jean-Michel Jouanigot		JMJ

		Ludwig Pregernig		LP

		Paolo Moroni		PM

		Edoardo Martelli		EM

		David Gutierrez		DG

		Caltech Staff Distribution				Non LHCNet funding

		Year								2007		2008		2009

		HN								0.20		0.20		0.20

		SR								0.00		0.00		0.00

		DN								0.00		0.00		0.00

		YX								0.00		0.00		0.00

		New Staff								0.00		0.00		0.00

		New Staff								0.00		0.00		0.00

		Total Caltech FTE funded by DoE/HEP/LHCNet								0.00		0.00		0.00

		Total Caltech FTE funded by others								0.20		0.20		0.20

		Total CALTECH FTE								0.20		0.20		0.20

		CERN Staff Distribution

		Year								2007		2008		2009

		DF								0.05		0.05		0.05

		JMJ								0.05		0.05		0.05

		LP								0.05		0.05		0.05

		EM								0.20		0.20		0.20

		DG								0.20		0.20		0.20

		PA								0.80		0.80		0.80

		Total CERN FTE								1.35		1.35		1.35

		Total FTE (Caltech + CERN)		0.00		0.00		0.00		1.55		1.55		1.55

		Caltech Staff Activity Distribution						2006		2007		2008		2009		2010

		Harvey Newman

		Management, Planning and Architectural Design								0.20		0.20		0.20		0.20

		Technical Coordination and Administration

		Deployment, Operations and Support

		Pre-production Development

		Dan Nae

		Management, Planning and Architectural Design								0.25		0.25		0.25		0.25

		Technical Coordination and Administration								0.30		0.30		0.30		0.30

		Deployment, Operations and Support								0.30		0.30		0.30		0.30

		Pre-production Development								0.15		0.15		0.15		0.15

		Artur Barczyk

		Management, Planning and Architectural Design

		Technical Coordination and Administration								0.05		0.10		0.10		0.10

		Deployment, Operations and Support								0.65		0.65		0.65		0.65

		Pre-production Development								0.30		0.25		0.25		0.25

		Yang Xia

		Management, Planning and Architectural Design

		Technical Coordination and Administration

		Deployment, Operations and Support								0.10

		Pre-production Development								0.10

		Tony Cheng

		Management, Planning and Architectural Design

		Technical Coordination and Administration

		Deployment, Operations and Support								0.75		0.65		0.65		0.65

		Pre-production Development								0.25		0.35		0.35		0.35

		Ramiro Voicu

		Management, Planning and Architectural Design

		Technical Coordination and Administration

		Deployment, Operations and Support								0.20

		Pre-production Development								0.30

		New Staff #1

		Management, Planning and Architectural Design

		Technical Coordination and Administration

		Deployment, Operations and Support										0.65		0.65		0.65

		Pre-production Development										0.35		0.35		0.35

												0		0		0

		Total FTE (Caltech)

		Management, Planning and Architectural Design						0.40		0.45		0.45		0.45		0.45

		Technical Coordination and Administration						0.30		0.35		0.40		0.40		0.40

		Deployment, Operations and Support						1.60		2.00		2.25		2.25		2.25

		Pre-production Development						0.90		1.10		1.10		1.10		1.10

		TOTAL FTE (Caltech)						3.2		3.90		4.20		4.20		4.20

		TOTAL FTE funded by DOE (Caltech)						3.00		3.50		4.00		4.00		4.00

								Non LHCNet funding

		TOTAL FTE (FNAL & BNL)						0.20		0.20		0.50		0.50		0.50

		CERN  Staff Activity Distribution						2006		2007		2008		2009		2010

		Management, Planning and Architectural Design						0.10		0.05		0.05		0.05		0.05

		Technical Coordination and Administration						0.10		0.05		0.05		0.05		0.05

		Deployment, Operations and Support						0.10		0.10		0.15		0.15		0.15

		Pre-production Development						0.05		0.05		0.05		0.05		0.05

		TOTAL FTE (CERN)						0.35		0.25		0.30		0.30		0.30

		TOTAL FTE (CERN+TIER1+USLHCNET)								4.35		5.00		5.00		5.00





Activities

		2004		2004		2004		2004		2004

		2005		2005		2005		2005		2005

		2006		2006		2006		2006		2006

		2007		2007		2007		2007		2007

		2008		2008		2008		2008		2008

		2009		2009		2009		2009		2009



Management, Planning and Architectural Design

Technical Coordination and Administration

Deployment, Operations and Support

Pre-production Development

TOTAL FTE (Caltech)

FTE

Caltech Staff Activity Distribution

0.35

0.2

0.85

0.8

2.2

0.35

0.2

1.05

0.8

2.4

0.4

0.3

1.6

0.9

3.2

0.45

0.4

1.95

0.9

3.7

0.45

0.4

2.35

1

4.2

0.45

0.4

2.4

0.95

4.2



USLHCNet Chart

		



TOTAL FTE (CERN)

TOTAL FTE (Caltech)

TOTAL FTE (FNAL & BNL)

FTE

LHCNet Manpower from Caltech, CERN, FNAL and BNL



Salaries FTE

		2004		2004		2004		2004

		2005		2005		2005		2005

		2006		2006		2006		2006

		2007		2007		2007		2007

		2008		2008		2008		2008

		2009		2009		2009		2009



Management, Planning and Architectural Design

Technical Coordination and Administration

Pre-production Development
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LHCNet Infra. Chart

		



Management, Planning and Architectural Design

Technical Coordination and Administration

Deployment, Operations and Support

Pre-production Development

FTE

Caltech FTE Activity Distribution



		



Management, Planning and Architectural Design

Technical Coordination and Administration

Deployment, Operations and Support

Pre-production Development

FTE

CERN FTE Activity Distribution



		2006		2006		2006		2006

		2007		2007		2007		2007

		2008		2008		2008		2008

		2009		2009		2009		2009

		2010		2010		2010		2010



sravot:
was 0.20

sravot:
was 0.05

sravot:
was 0.15

sravot:
was 0.50

sravot:
was 0.5
No new staff #1 in 2006. Instead, Yand Xia is fully working for LHCNET

sravot:
was 0.4; no new staff in 2006
Instead, Yand Xia is fully working for LHCNET

sravot:
was 0.5
No new staff #1 in 2006. Instead, Yand Xia is fully working for LHCNET

sravot:
was 0.4; no new staff in 2006
Instead, Yand Xia is fully working for LHCNET
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USLHCNet Total Costs

USLHCNet Link Cost

USLHCNet Infrastructure Cost

1.1

0.93
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1.449

1.209

1.8167085

1.239

2.027772

1.27



		

						Projected				$525,000

						Proposal (2006)				$507,000





		Routing and Switching Equipment		Routing and Switching Equipment		Routing and Switching Equipment		Routing and Switching Equipment		Routing and Switching Equipment

		HW and Software Maint.; Colocation		HW and Software Maint.; Colocation		HW and Software Maint.; Colocation		HW and Software Maint.; Colocation		HW and Software Maint.; Colocation

		Salaries for Network Engineers		Salaries for Network Engineers		Salaries for Network Engineers		Salaries for Network Engineers		Salaries for Network Engineers

		Network Perf. Monitoring and Test Systems		Network Perf. Monitoring and Test Systems		Network Perf. Monitoring and Test Systems		Network Perf. Monitoring and Test Systems		Network Perf. Monitoring and Test Systems

		Travel Network Engineers		Travel Network Engineers		Travel Network Engineers		Travel Network Engineers		Travel Network Engineers

		TOTAL US LHCNet Infrastructure Cost (M$)		TOTAL US LHCNet Infrastructure Cost (M$)		TOTAL US LHCNet Infrastructure Cost (M$)		TOTAL US LHCNet Infrastructure Cost (M$)		TOTAL US LHCNet Infrastructure Cost (M$)



2006

2007

2008

2009

2010

0.315

0.359

0.238

0.279

0.266

0.112
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0.255
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