Appendix 1. CESNET. Research Network Operator, Czech Republic

http://www.ces.net
Update for ICFA-SCIC, January 2009
Submitted by Helmut Sverenyak (helmut.sverenyak@cesnet.cz)

The following report summarizes changes in the CESNET network infrastructure and its services for HEP in the Czech Republic in 2008.

CESNET:

CESNET, the Czech National Research and Education Network provider, is an association of legal entities formed by all universities of the Czech Republic and the Academy of Sciences of the Czech Republic (ASCR). Its main goals are the operation and development of the Czech NREN (CESNET2 network), and research and development of advanced network technologies and applications. CESNET also takes an active part in consortia of several international research projects in the information and communication technologies area.

CESNET2 Network Status 2008:

The changes of the hybrid CESNET2 network in 2008 has been especially targeted to the further development of the optical transport layer mainly based on leased optical fiber deployed with transmission systems owned by CESNET.  The part of this infrastructure is based on “lighted fiber” services, where the fiber is equipped, according to our requirements, by transmission system owned by fiber supplier.

The CESNET2 optical DWDM
 backbone operates two types of the DWDM technology, the main core DWDM system based on commercially available Cisco ONS 15454 MSTP technology with the ROADM
 and static DWDM systems based on CzechLight family (CL) programmable devices (as the output of one from CESNET research projects). In 2008, the wavelength crossconects (40-WXC) was implemented in the main DWDM core (DWDM PoPs Prague, Hradec Kralove and Olomouc).  It allows flexible  optical channel configuration between the any ROADM nodes “on-demand” (without the any manual patching) from the central management system. 

The current ROADM technology supports up to 32 optical channels (with 10 Gbps individual channel capacity) and allows setting up dedicated wavelength paths between any of the nodes within the whole DWDM system. The system supports alien wavelength transport and ethernet L2 over DWDM point-to-point and multipoint VLAN or QinQ (using the XPonder card) services. 

The family of the CL devices are used for deployment of static cost effective DWDM solutions over links with lower demand for number of optical channels. However, this system allows to set up to 32 optical channels by implementing the 32-channel multiplexers/demultiplexers. The CL DWDM systems was implemented and tested on 1-fiber optical lines as well (Letohrad-Opava and Plzen-Cheb-Most-Usti n. Labem).

Both ONS15454 MSTP  and CL DWDM systems supports „alien“ wavelength transport. In 2008 were deployed another optical channels on the concatenated  ONS154545 MSTP and CL DWDM spans Hradec Kralove-Letohrad-Opava. There is DWDM Optical Interconnection Node (OIN) in Letohrad PoP, where are both DWDM systems inreconected at the Mux/Demux level. Unfortunately signal levels outgoing from the ONS15454 MSTP systém are too week. So there is additional amplification for CL DWDM input signals. 
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Figure 1: CESNET2 optical topology and technology in 2008

The IP/MPLS CESNET network layer follows the optical transmission topology (see Figure 1). Within the main DWDM ring PoPs, network backbone routers as the P routers within the MPLS network topology (Praha, Brno, Olomouc and Hradec Králové) are placed. In the other ones, access routers as the PE routers, which provides all the functionality and services of backbone network (MPLS
, EoMPLS, QoS, IPv4/IPv6 unicast and multicast routing and NetFlow statistics), are located.  Cisco OSR 7609’s with SUP720-3BXL and RSP-720-3CXL supervisors and WS-X6704 4-port 10GE LAN PHY cards (as well as some 1GE cards used) are used as the core routers and provider-side edge routers. (These are designated as “P Routers” and “PE Routers” in the figure).

The small PoPs without the MPLS functionality run Layer 2 and 3 switches (Catalyst 3750) as the customer equipment (CE) devices. The full network services-capability is achieved by using the facilities in the PE routers. There are trunks between PE and CE devices and VLANs configured. For links running Ethernet over MPLS (EoMPLS) the Layer2 services-distribution within the CE PoPs uses EoMPLS tunnels which are mapped onto VLANs. We also tested and successfully implemented the multipoint Ethernet services (VPLS) for the METACentrum project (Czech academic computing and storage Grid) in the CESNET2 backbone network environment (see Figure 2). 
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Figure 2: MetaCentum L2 infrastructure

Both the optical transmission and IP/MPLS network layers also supports E2E services and its distribution via the GN2+ network. Based on projects or advanced users requirements we can choose the optimal solution. The necessary part of E2E services is also the monitoring and traffic statistics generation. The current CESNET2 backbone supports this capability.

The external connectivity status of CESNET2 as of January 2008 is:

1.  
2 x 10 Gbps to the Czech Neutral Internet Exchange (NIX.CZ)

2.  
10 Gbps to Géant

3.  
10 Gbps to SANET (the NREN of the Slovak Republic) and SIX

4.  
10 Gbps to ACONet (the NREN of Austria) and VIX

5.  
10 Gbps to PIONIER (the NREN of Poland)

6.  
10 Gbps to NetherLight for projects within the framework of the GLIF initiative

7.  
2.5 Gbps for commodity traffic

8.
1 Gbps E2E circuit to AMS-IX

9.
OC-12 circuit to TWAREN

In addition to above-mentioned links, there are a 10 GE LAN PHY interface for Géant2+ (with the support of 802.1Q) and 1 GE LAN PHY interfaces (without the 802.1Q)  to support End-to-End services distribution.

Support of HEP

The particle physics community in the Czech Republic is actively involved in the LHC, TEVATRON and RHIC accelerator experiments, as well as in astrophysics experiments. For this community CESNET provides the access to network resources in the following two ways:

1.  
High-speed access to IP services (both IPv4 and IPv6), and 

2.  
Dedicated international high performance lines (so called end-to-end or lambda services). 

Support of research grids at large (but primarily for HEP) is a subject of the EGEE III (Enabling Grids for e-Science) and under preparation EGI (European Grid Initiative) international projects, which CESNET is actively involved in.

The most important HEP groups in the Czech Republic are: 

1.  
Institute of Physics, ASCR, Prague,   



2.  
Nuclear Physics Institute, ASCR, Řež,







3.  
Faculty of Mathematics and Physics, Charles University, Prague, 



4.  
Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University, Prague,

5.  
Institute of Experimental and Applied Physics, Czech Technical University, Prague.


In addition to standard IP connectivity, these institutes are connected to the CESNET2 node located in CESNET's premises in Prague using 1 or 10 GE lambdas.

The Institute of Physics hosts the Regional Computing Centre for Particle Physics that serves together with CESNET’s grid computing center as a distributed Tier2 centre of the LHC Computing Grid (LCG) project. Its main computing resources are devoted to the D0 experiment at the Tevatron Run2, the STAR experiment at RHIC, astrophysics AUGER experiment as well as the ATLAS and ALICE LHC experiments. The support of LHC experiments will soon dominate the usage of resources. For this Tier2 centre CESNET established following lambdas:

1.  
Within the Géant2+ service and with the co-operation with German NREN DFN, a circuit at the capacity of 1 Gbps to the Tier2 Centre in Karlsruhe 

2.  
A link from Prague to Fermilab. This link is intensively used for the D0 experiment data processing at the Prague Regional Centre.

3.  
A link from Prague to BNL. The link is prepared for use by the STAR experiment and later for connection to the BNL’s ATLAS Tier1 centre.

4.  
A link between Prague and Taipei. This link interconnects the Tier2 Regional Computing Centre for Particle Physics with the Tier1 centre in Taiwan’s Academia Sinica Grid Computing Center. 

Plans for 2009:

In 2009, further extension of CESNET2 DWDM infrastructure (see Figure 3) is planned. In this year, we expect more requests for End-to-End services both in national (Tier3 centers at Czech HEP group institutes) and international scales (e.g. Auger experimental site). Clearly, we will follow the needs of the LHC experiments data distribution and deploy needed improvements and links capacity increase.
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Figure 3:  Planned CESNET2 optical topology at the end of year 2009

�	 Dense Wavelength Division Multiplexing


�	 A reconfigurable optical add-drop multiplexer (ROADM) is a form of � HYPERLINK "http://en.wikipedia.org/wiki/Optical_add-drop_multiplexer"��optical add-drop multiplexer� that adds the ability to remotely switch traffic from a � HYPERLINK "http://en.wikipedia.org/wiki/Wavelength-division_multiplexing"��WDM� system at the � HYPERLINK "http://en.wikipedia.org/wiki/Wavelength"��wavelength� layer. This allows individual wavelengths carrying data channels to be added and dropped from a transport � HYPERLINK "http://en.wikipedia.org/wiki/Optical_fiber"��fiber� without the need to convert the signals on all of the WDM channels to electronic signals and back again to optical signals. See � HYPERLINK "http://en.wikipedia.org/wiki/Reconfigurable_optical_add-drop_multiplexer"��http://en.wikipedia.org/wiki/Reconfigurable_optical_add-drop_multiplexer�  


�	 Short for Multiprotocol Label Switching, an � HYPERLINK "http://www.webopedia.com/TERM/M/IETF.htm"��IETF� initiative that integrates Layer 2 information about � HYPERLINK "http://www.webopedia.com/TERM/M/MPLS.html" \l "%23" \n _blank��network� links (� HYPERLINK "http://www.webopedia.com/TERM/M/bandwidth.htm"��bandwidth�, � HYPERLINK "http://www.webopedia.com/TERM/M/latency.htm"��latency�, utilization) into Layer 3 (IP) within a particular autonomous system--or � HYPERLINK "http://www.webopedia.com/TERM/M/ISP.htm"��ISP�--in order to simplify and improve � HYPERLINK "http://www.webopedia.com/TERM/M/IP.htm"��IP�-� HYPERLINK "http://www.webopedia.com/TERM/M/packet.htm"��packet� exchange.







