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Research and Education Networks

« Some Terminology
 Research and Education = R&E
 Research and Education Networks = REN
 National REN = NREN

 Globally, the REN connectivity is very complex and
very difficult to understand



REN Characteristics

* High bandwidth networks
* 10G backbones with 40G and 100G coming
» Research typically needs uncongested networks
* Which means many RENs are lightly used with
lots of unused capacity (we call it headroom)
* Low latency
* Terrestrial fiber

* Open Networks with no filtering
* Firewalls can make it hard for ad-hoc activities



Why a REN?

 Enable research or services that could not be
accomplished otherwise

« Cost Savings (buyers club)
« Aggregate demand from multiple parties

* Vision of building alliances

» Successful RENs find that there are unanticipated
benefits



Why Are We Doing This?

* Our goal is to build networking capacity to support
Research and Education

« Remember: University = Research & Education

* Buying all service from your local ISP is a losing
game — you will spend more money and not have
control of the network

* The pattern around the world is to build regional,
national, and larger Research and Education
Networks (RENS)



REN Ecosystem

* Alayered model
* Global Connectivity
* Regional RENs
* National Research and Education Networks

 All users are connected at the campus network
level



REN Topics

* Alook at the Global and Regional REN environment

 NREN IP Transport Models and implications for
campus networks

* Importance of Campus Networks to the REN
ecosystem
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Global REN Connections

» Connect Regional or National networks together
* Tend to be longer, more expensive circuits

* Not always well coordinated

* Routing policies often inconsistent
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The EU co-funded Asi@Connect project provides a dedicated regional high capacity and high quality internet network,
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Possibilities with Asi@Connect




LIS, Exchange Points
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APAN(Affiliated)
TransPAC/PacificWave

ANT/TEIN(Affiliated)

JGN

Others

Asia-Pacific Backbone Topology

As of Oct 7th, 2016
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Regional REN Connections

* Regional RENs connect REN of individual countries
within a geographic region

« Many regional networks have funding from European
Union

 GEANT, ASREN, TEINS/Asi@Connect, ALICE/
ALICE2 (RedCLARA), Ubuntunet, WACREN, and
ASREN
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Current RedCLARA's Network Topology
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EASTERN AND SOUTHERN AFRICA

A

Burundi
Dem. Rep. Congo
Ethiopia
Kenya
Madagascar
Malawi
Mozambique
Namibia
Rwanda
Somalia
South Africa
Sudan
Tanzania
Uganda
Zambia
Zimbabwe

GEANT Connectivity Map Toggle global links

The global reach of the GEANT network enables scientists and academics in Europe
10 exchange data and collaborate with their peers across the world through links to
National Research and Education Networks in 65 countries around the world.

To learn more about connectivity 1o and within the different workd regions reached by
GEANT, click on the links above.
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National RENs (NRENS)

* Provides service to Universities, Colleges, research
labs, and others in an entire country

» Often hosted and operated by a prestigious university
in the country

 Often provides “value add” services to members

* Video conferencing, VolP, e-learning, web hosting,
data center space for disaster recovery, etc.



REN Models of Service

 Two basic models:

1. Peering network

« Exchange traffic between members
* Provide international connections (GEANT, etc)

» Can peer with a local commercial exchange (Google, local
ISPs, etc)

2. REN provides all Internet connectivity
 REN is the ISP
 In this case, REN also provides peering network



NREN as Peering Network
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NREN as ISP
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Implications for Universities

* If NREN is a Peering Network

* Each University still has their own ISP
e Each University connects to NREN as well
* The two connections are hard to manage

* [f NREN provides all Internet connectivity
e Simplest for campus members
* Treats NREN as Internet Service Provider
* Only one connection to manage
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Campus Network Role

* No student, researcher, or faculty member is
connected directly to a Global, National, or Regional
Network.

* They are all connected to a campus network

* Without a good campus network, the entire ecosystem
Is affected

* You can have a 100-gigabit connection to your National Network with a
100-gigabit to the regional network, but if the users have a poor
connections on campus, the entire investment is wasted

* The campus network is the foundation that the entire
REN ecosystem is built upon



Foundation Failures




Campus Network Challenges

* Many campus networks are not structured properly
and can't effectively utilize high bandwidth
connections

 Many make heavy use of NAT and firewalls that limit
performance

* Many are built with unmanaged network equipment
that provide no ability for monitoring or tuning the
network



Challenges

* Emerging regions need to develop National Networks

« Some countries have problems getting funding and the
political will to build an NREN

» Campus networks often perform poorly
 Local expertise is often lacking



Questions?



