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Appendix 1. NREN Developments in Romania
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Introduction

Networking services for research and education in Romania are provided by RoEduNet, the Romanian NREN since 1998, when the organization has been officially established through Romanian government decision 515/1998. RoEduNet, as Romanian NREN, is member of the GEANT2 consortium (www.geant.net), TERENA (www.terena.org) and CEENet (www.ceenet.org) associations. There is a unique network infrastructure in Romania, to serve research and education communities.
Networking services for academic and research community in Romania were provided before RoEduNet by some Universities within the country, Universities that host the main Network Operation Centers (NOC) of the current RoEduNet infrastructure. The most important milestones that led to Romanian NREN – RoEduNet (using a bottom-up approach) are:

1. 1990 – joint research project to introduce e-mail service by Politehnica University in Bucharest and TechnischeUniversitat Darmstadt Germany;

2. 1991-1992 – joint research project between Politehnica University Bucharest and DeutschesForschungsnetz (DFN - Verein) – first dedicated international connection Bucharest – Darmstadt;

3. 1993 – First national dedicated connections from Iasi and Cluj-Napoca to Bucharest (costs supported by Universities);

4. 1996 – The network is recognized by the Ministry of Education and was defined in the strategy as RDIS (Romanian Higher Education Network).

5. 1998 – The official arising of RoEduNet as institution and the network for research and education under the auspices of Ministry of Education.

6. 2008 – RoEduNet2 project implemented for all national links and about 90% of the regional links (local loops to be installed in 2009)

7. December 2008 – administrative reorganization of the RoEduNet - establish the Agency in charge for the management of the Romanian NREN, the NREN status stated in the government decisionfor the reorganization.
According to its statute, Romanian NREN (through its network named RoEduNet) provides data communication services for research and education in Romania and provides connectivity to the GEANT network and to the Internet for research and academic community within the country. Also, RoEduNet facilitates research in its own right in the field of data communication, participating into research projects and providing experimental test beds to implement new services and advanced network technologies.

NREN status in January 2009
Communication Infrastructure for 2008
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The picture of the communication infrastructure of the Romania NREN at the end of year 2008 is presented in Figure 1. The infrastructure is a layered one, high-speedEthernet technology based connections between its nodes. Until the RoEduNet2 project achievements, these connections were leased communications channels.
The communication infrastructure consists of:

1. Network nodes:

a. National network operating center located in Bucharest (National NOC) – new node hosting also the GEANT POP in Bucharest

b. Regional Network operating centers (Regional NOCs) located in Bucharest (B), Galati (GL), Iasi (IS), Tg. Mures (MS), ClujNapoca (CJ), Timisoara (TM) and Craiova (DJ)

c. Local Points of Presence (POP) located in all county capitals in Romania (41 POPs/7 of them collocated with NOCs)

2. Communications channels:

a. International connectivity: 
i. Bucharest to GEANT POP (new DANTE POP Bucharest in production since August 2008) - 10 Gbps

ii. Iasi to Chisinau: 155 Mbps link providing access to the GEANT network for the NREN in Republic of Moldova

b. National backbone links (four 10 Gbps and nine 1 Gbps links):

i. National NOC to Regional NOCs

i. National NOC to NOC Bucharest, NOC Iasi and NOC ClujNapoca: 10 Gbps starting with June 2008

ii. National NOC to NOC Galati, NOC Timisoara, NOC Tg. Mures and NOC Craiova: 1 Gbps

ii. Regional to Regional NOCs

i. NOC Iasi to NOC Galati and NOC Cluj: 1 Gbps

ii. NOC ClujNapoca to NOC Tg. Mures and NOC Timisoara: 1 Gbps

iii. NOC Timisoara to NOC Craiova and:1 Gbps

b. Regional links – the connections from NOCs to local POPs:

i. 16 NOCs to POPs connections operating at 100 Mbps (for the POPs where Universities are located)
ii. 25 NOCs to POPs connections operating at 30 Mbps

c. Communication infrastructure at the metropolitan level and the communication infrastructure of the connected institutions:

i. Three MAN networks are operated by RoEduNet (two of them owned) in Bucharest, Iasi and Cluj-Napoca. With some exceptions the MANs operate at 1 Gbps on the backbone layer and 100 (some 1 Gbps) at the access layer

ii. All other access connections are operated by the institutions connected to the network

Until August 2008, the Romanian research and education network was connected to the GEANT POP in Budapest by three STM4 links in parallel. Starting with August 2008, GEANT installed its POP in Bucharest in the premises of the national NOC of RoEduNet. After the GEANT POP was operational RoEduNet was connected using a 10 Gbps link to the GEANT POP in Bucharest connected with GEANT POP in Budapest and GEANT POP in Athens through Sofia POP. This means that there are redundant connections for the Romanian NREN. It should be noticed that the total downtime was drastically reduced from 5-9% when RoEduNet was connected to Budapest to something under 0.1% after the installation of the GEANT POP in Bucharest.

The traffic to the European network GEANT does not exceed at this moment about 2Gbps meaning that there is enough capacity for the connectivity within European network. There is some congestion to the Internet due to the fact that we have contracted 1 Gbps for this purpose using DWS (Dante World Services). This situation it is already discussed with DANTE and starting with Q2/2009 we will increase the bandwidth to access the Internet to 2 Gbps.

National and regional links are not congested; the utilization of the national links is about 30 to 50% for 1 Gbps links and about 20% for 10 Gbps links. The regional links (NOCs to POPs) are used between 20 and 70% of their capacities.

Communication Infrastructure for 2009
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In January 2009 the entire structure of the network infrastructure is about to be changed to a completely new one based on DWDM technology and dark fiber. Testing phase for the new network will be finished until the end of January. The new network infrastructure was installed as a result of RoEduNet2 project.
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The first and most important part of RoEduNet2 project has been implemented at the end of 2008. This project aims to create a national DWDM based network operated by the Romanian NREN. The first stage of the entire project (about 90% of the total lambda based circuits) was finalized at the beginning of December 2008. 

The main figures of the project are:

1. About 4240 km of dark fiber lighted up in a number of 45 segments

2. 55 DWDM sites: 18 sites use ROADM technology, 23 sites are capable for lambda add and drop and 14 amplification sites

3. 19 of 10 Gbps Ethernet lambdas between national NOCs and 41 lambdas that carry 8x1 Gbps Ethernet connections for NOC-POP connectivity.
The topology of the dark lighted up fiber is presented in Figure 2 and the logical topology of all circuits is presented in Figure 3.
It should be noticed that all NOCs are connected using DWDM technology within RoEduNet2 project using multiple 10 Gbps lambdas and the NREN is able to redesign the lambda topology due to the ROADM capability of the network.

The issue to be solved in 2009 is the local loops for the POPs covered by RoEduNet2 project. A number of 22 cities and associated POPs will be connected to the DWDM infrastructure by multiple 1 Gbps links after the local loops will be installed. At the moment the capacities are available in the premises of our partner Telecomunicatii CFR (usually the length of the local loop is less than 2 km).
Networking services
A full range of IP services are provided to all connected institutions, including IPv6. Due to the legal issues, VoIP is not provided as a service but it is used for communications between NOCs within RoEduNet. Also, for some research projects support for VoIP traffic has been offered to the universities involved.

Special circuits were installed and tested for the Romanian GRID community (Romanian Tier 2 Federation). At this moment there are four 10Gbps connections in production service for GRID communities (directly connected to the NREN infrastructure):

1. RoEduNet to IFIN to connect the GRID sites and VOs from Institute for Space Sciences (ISS) ISS (ALICE / AliEn) and HoriaHulubei National Institute of RD for Physics and Nuclear Engineering (IFIN-HH): NIHAM (ALICE / AliEn); NIHAM (ALICE / GLITE), RO-02-NIPNE (ATLAS, HONE / GLITE), RO-07-NIPNE (ALICE, ATLAS, LHCb, SEE, SEEGRID / GLITE) and RO-11-NIPNE (LHCb)

2. RoEduNet to Politehnica University in Bucharest to connect the site RO-03-UPB, UPB (ALICE / AliEn)

3. RoEduNet to AlexandruIoanCuza University in Iasi to connect the cluster from the Digital Communications Department (not yet affiliated to any VO)

4. RoEduNet to Technical University from Cluj-Napoca to connect the GRID cluster of the University part of the SEE-GRID project.

Other GRID sites in Romania are connected using gigabit links: National Institute of RD in Informatics from Bucharest (ICI) RO-01-ICI (LHCb, BIOMED, SEE, SEEGRID, GLITE), ITIM Cluj-Napoca and Romanian Space Agency.

Other implemented services:

1. Centralized Helpdesk within NREN available in the normal working hours (9 am to 5 pm)
2. Trouble Ticket system accessible for all connected institutions in operation

3. Incident Response Team - CSIRT services – is introduced in RoEduNet (www.csirt.ro). The service is functional and registered within the Trusted Introducer for CSIRTs in Europe (http://www.ti.terena.nl/).

4. EduRoam - the service is available at the national level, the nationwide RADIUS server being deployed and registered upwards, 5 universities are offering wireless access for EduRoam participants.

Research activities

RoEduNet is a member of the GEANT consortium but was not very actively involved in the GN2 project due to the fact that the implementation of the dark fiber (DF) infrastructure for RoEduNet has been delayed and RoEduNet was not able to provide the necessary test bed for GN2. 

In the framework of the SEEREN2 project, RoEduNet contributed to the tendering procedure for the communication links for the beneficiary countries and is responsible for WP4.There are no SEEREN2 connections to RoEduNet, the topology of the SEEREN2 network was a result of the tender for connectivity. The project was finalized in September 2008.

RoEduNet is partner in two new FP7 projects applied in 2008: South East European Research Area for eInfrastructures – SEERA-EI, and the new GEANT project – GN3. Both projects had been approved and negotiated and will start in Q1/2009. SEERA-EI project has as main goals the structuring and harmonizing national policies in South-Eastern Europe, producing related guidelines for the owner eInfrastructure programs, identifying areas for potential joint activities and implementing pilot activities in the region. GN3 projects continues the line of precedents GEANT projects, with a visible tint to network services providing; RoEduNet is able now to provide an optical test bed for GN3 and the contribution to optical services from WPs will be very important.

The infrastructure project SIS-NET financed by structural funds will provide the premises hardware and software for the management of network and services, including CSIRT’s sensors to prevent network attacks, network and quality of services managements, and will permit the implementation of GEANT services in RoEduNet and will allow the GN3 efforts.

Each year RoEduNet organizes an international conference, which now (2008) is at the 7th edition. The purpose of this conference is to bring together the academics and the companies from Romania and from abroad for a discussion about computer networking, in its technical, social and strategic aspects, with a special focus on directions and applications in education and research.

Plans for 2009
The main plans for 2009 include:
1. Installing the local loops to connect the POPs to the DWDM infrastructure – this action will connect most of the POPs (in all cities where Universities and research institutes are located) to the DWDM network and use 2 x 1 Gbps redundant links to access the network.
2. Install a new DF based connection for RENAM (NREN of Republic of Moldova) – the project is started and will use in the first phase CWDM technology to connect RENAM using multiple 1 Gbps links. The connection will be operational between cities of Iasi in Romania and Chisinau but the link will cross our national network to connect them to the GEANT POP in Bucharest.
3. Install a new RoEduNet POP in the research campus in Magurele to integrate this platform into the national DWDM network to provide redundant and upgradable acces links to the most powerful GRID site in Romania.
4. Extend the activity of the centralized Helpdesk for 6/7 from 6 am to 11 pm.
5. Implement the centralized management software for the entire network, including the management of the DWDM equipments, and establish the VNOC (Virtual NOC) structure for the network operation and introduction of new services.
6. Increase the security control of the external links of RoEduNet network using a distributed traffic analysis system with specialized probes installed on all external connections including GEANT link and peering links with other ISPs in Romania. 
7. Extend the range of the services provided within national network with:

a. VoIP centralized service for all connected institutions – closed network for the education and research community
b. FTP mirror for some important open source communities, including SourceForge – move all mirrors into the national NOC datacenter an connect them to the backbone of the network for faster access
c. GEANT monitoring and extend the services from GEANT in RoEduNet network, as perfSONAR, Point-to-Point Service, Premium IP Service, Multicast Services, MPLS Services, Lambda on Demand, etc.
d. Video streaming for the connected institutions – create a specialized video distribution service and use the multicast infrastructure to broadcast content
Figure � SEQ Figure \* ARABIC �1�. National and regional topology of RoEduNet -December 2008





Figure � SEQ Figure \* ARABIC �2�. RoEduNet2 lighted up network





Figure � SEQ Figure \* ARABIC �3�. RoEduNet2 DWDM circuits
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