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This report describes the status and plans of the Canadian network infrastructure used for particle physics
research in 2015. HEPnet/Canada1 (http://hepnetcanada.ca) coordinates the network, working together
with the network providers, and the Canadian universities and laboratories. We describe the status of the
CANARIE network infrastructure, the ATLAS Tier-1 and Tier-2 centres in Canada, and our other network
projects.

CANARIE
CANARIE designs and delivers digital infrastructure, and drives its adoption for Canada’s research,
education and innovation communities. CANARIE keeps Canada at the forefront of digital research and
innovation, fundamental to a vibrant digital economy.
CANARIE evolves the national ultra-high-speed backbone network that enables data-intensive, leadingedge research and big science across Canada and around the world. One million researchers, scientists and
students at almost 2,000 Canadian institutions, including universities, colleges, research institutes,
hospitals, and government laboratories have access to the CANARIE Network.
CANARIE also leads the development of research software tools that enable researchers to more quickly
and easily access research data, tools, and peers. In support of Canada’s ICT sector, CANARIE offers
cloud computing resources to startups to accelerate product development, and links a powerful network of
public and private sector partners in a Centre of Excellence for Next Generation Networks (CENGN).
Twelve provincial and territorial network partners, together with CANARIE, collectively form Canada’s
National Research and Education Network (NREN) as shown in Figure 1. This powerful digital
infrastructure connects Canadians to national and global data, tools, colleagues, and classrooms that fuel
the engine of innovation in today’s digital economy.
CANARIE Optical Infrastructure
CANARIE continued its vision of building fibre infrastructure from coast-to-coast. The nation-wide fibre
network allows CANARIE to deliver high-bandwidth services for data intensive applications, high
performance computing centres and research facilities.
In 2015 CANARIE started deployments of the two fibre systems. CANARIE acquired fibre for two
sections of the network: Central Canada, and Atlantic Canada (eastern coast). The central section
deployment was completed in early 2015. The Atlantic section, extending from Montreal to Halifax, is
underway.
With the use of SONET equipment limiting options of expanding the network beyond 10G, CANARIE
began the decommissioning of its SONET infrastructure in 2015, and is systematically migrating SONET
based connection services to MPLS VPN services. The MPLS VPN service offers both a greater
flexibility of service provisioning, and improved redundancy.
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CANARIE Network Services
CANARIE offers a number of network services such as: R&E IP Service, Content Delivery Service, p2p
Connection Service.
R&E IP Service
IP network service remains the biggest workhorse of CANARIE’s service offerings. The core network
provides full and equal support for IPv4 and IPv6 unicast and multicast routing, with a number of internal
segments that link the routers in a partial-mash topology and external network segments that extend to
international R&E exchanges: Pacific Wave in Seattle, StarLight in Chicago, and Manhattan Landing
(MANLAN) in New York. With anticipated traffic growth in the coming years, in 2015 CANARIE started
upgrading most of the core links to 100Gbps, creating a redundant 100Gbps IP infrastructure across
Canada and to the three international R&E exchanges. The upgrade was completed in late 2015. The
redundant 100Gbps infrastructure significantly improves the performance and reliability of our network
services, which means fewer disruptions and delays for researchers.
Content Delivery Service
Content Delivery Service provides institutional users with high-speed access to major content providers,
like Amazon, Microsoft, Google, Yahoo, Facebook and Box.net. It has become an important service of
CANARIE service offerings. The Content Delivery Service IP network, which is logically separated from
the CANARIE R&E IP Network, links to SIX (Seattle, WA), Pacific Wave (Seattle, WA), TorIX
(Toronto, ON) and NYIIX (New York City, NY) to source content.
p2p Connection Service
CANARIE p2P Connection Service is standardized in Ethernet technology. Servicing up to a full 100Gbps
connection, a p2p connection can be dropped directly into researchers’ equipment, connecting highperformance computing centres or research facilities across Canada or in other continents. With the newly
deployed redundant infrastructure, CANARIE redesigned the LHCOPN from Ethernet over SONET to
Virtual Private LAN Service (VPLS) based service to utilize the redundant nature of the VPLS
technology.
International Connectivity
CANARIE, partnering with Internet2, NORDUnet, and SURFnet, completed a redundant 100Gbps ring,
called ANA-200G, between four open exchange points at both sides of the North Atlantic. The ANA200G enables researchers and scientists to transfer data between North America and Europe at speeds that
were previously only possible within the continents. In 2015, operation engineers of the partners’ NOCs
operationalized the ANA-200G. The TRIUMF Laboratory was the first user to benefit from the redundant
infrastructure.

ATLAS Tier 1 Computing Centre at the TRIUMF Laboratory
TRIUMF, Canada’s National Laboratory for Nuclear and Particle Research operates a Tier-1 (T1)
Computing Centre for the ATLAS experiment in Canada. The TRIUMF Centre is linked to the LHC
Worldwide Computing Grid (WLCG) and provides an interface to a grid of computing resources at
universities across Canada.
In July 2005, CANARIE signed a Memorandum of Understanding (MOU) with HEPnet/Canada, ATLAS
Canada and TRIUMF to provide the high-energy physics community with a dedicated 10G circuit across
Canada and initial 5G lightpath to the CERN Tier-0 (T0) Centre. This lightpath became active in
December 2006.
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Figure 1: The CANARIE network in 2015

Each T1 site must use a small or series of small publicly routable Classless Inter-Domain Routing (CIDR)
blocks as only traffic from the Large Hadron Collider Optical Private Network (LHCOPN) address space
is allowed to flow over the network. Exchange of routing information is performed using Border Gateway
Protocol (BGP) at the T1 and T0 institutions. This circuit was replaced in 2015 with a MPLS VPN circuit
that will connect with the ANA-200 transatlantic link at ManLan in New York City. The T1 to T0 circuit
is provisioned with 10 Gbps (see figure 2) with the potential for this to be increased easily within the
CANARIE network in their more flexible MPLS system and across the ANA-200 Network. We expect
that 10G of T1 to T0 bandwidth will be sufficient for the needs of the LHCOPN TRIUMF connection in
2016, as we expect much of the traffic growth to occur in the LHCONE. The redundancy previously
provided by a standby 1G path will be provided within the new CANARIE 5x100G network.
The TRIUMF T1 supports the T2 centres at the University of Victoria, University of Toronto, Simon
Fraser University (SFU) and McGill University and the University of Melbourne (Australia). From 2007
to 2012 the Canadian T2 centres were connected directly to TRIUMF using point-to-point 1G lightpaths.
This network worked very well during this period, however, clear signs of network saturation had
developed in 2011 and the 1G lightpaths were clearly inadequate in 2012. In order to leverage the
infrastructure developed for the LHCONE, the Canadian T2-TRIUMF networking was completely
redesigned in 2012 (see next section).
2015 Canadian HEP Network Report

3

LHCONE Network in Canada
The LHCONE network is deployed as purpose built VRF overlay network for use by Canadian T1 and T2
sites spanning all CANARIE Juniper MX series routers. All Canadian T2s and the T1 were connected to
this service at 10G by December 2012. The LHCONE serves HEP connectivity requirements within
Canada in addition to providing connectivity to international sites. This approach allowed us to eliminate a
number of point-to-point circuits between TRIUMF and the T2s. The CANARIE LHCONE VRF has
international peerings with Internet2, ESnet and GEANT at ManLan (New York City) and Starlight
(Chicago), and with ESnet, Internet 2 at PacificWave (Seattle).
During the development of the LHCONE in Canada the decision was taken early to avoid any type of
Policy Based Routing (PBR) on the advice of the Canadian R&E networking community. We concluded
that the best option for sites without dedicated hardware for the LHCONE would be to create a VRF at the
site in a configuration shown in Figure 3. The Site Local LHCONE VRF is created on the available data
centre edge equipment and configured to peer with the CANARIE LHCONE VRF. The Campus Router is
set as the default route for the site Local LHCONE VRF to obtain regular R&E IP network connectivity.
The CANARIE VRF is configured to accept only pre-negotiated subnets that are known to contain LHC
equipment. The Site Local LHCONE VRF does not re-advertise the remote LHCONE routes to the
Campus Router to avoid any asymmetric routes.

Figure 2: TRIUMF – CERN network .

The LHCONE L3VPN was very stable and successful accounting for a significant fraction of the total
traffic across CANARIE. A contributing factor to the stability was the initial design that avoids PBR and
instead uses VRFs at each LHCONE site were dedicated equipment was not available (see Figure 3).
LHCONE bandwidth across CANARIE was provisioned at 2x10G circuits in 2014 and the LHCONE
overlay network was moved onto the new CANARIE 100G IP network in 2015. Canadian T2s are
beginning to observe occasional bottlenecks with 10G links into the LHCONE, particularly in the case
where the LHCONE uplink is shared with other non-HEP projects. Investigation for adding additional
capacity is underway.
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The BelleII experiment located at the KEK Laboratory in Tsukuba in Japan is in the early stages of
developing its computing infrastructure. The computing requirements are expected to be comparable to a
smaller LHC experiment. Currently, there are two BelleII sites in Canada, at UVic and McGill. The
BelleII experiment joined the LHCONE in 2015. At the moment traffic on the LHCONE from BelleII is
low in Canada but expected to grow over the next few years.
The Canadian LHCONE network was busy in 2015. The top plot in figure 4 shows the network traffic
from the Tier-1 facility at TRIUMF. The lower three plots show the traffic to and from Canada from
ESNET, Internet2 and GEANT. Canada connects to GEANT from Montreal and Toronto; the plot only
shows the traffic via Montreal (the traffic via Toronto is comparable).

CANARIE
LHCONE
VRF

R&E
IP

LHCONE Routes

LHCONE Routes

Campus
Router

LHC Local /24

Campus Router is
default route for Site
Local LHCONE VRF

Site Local
LHCONE
VRF

LHC resources isolated
in their own VLAN and
usually /24 subnet

LHC Grid
Transfer Nodes

Non LHC
Resources

Both LHC Nodes and
non dedicated transfer
nodes access storage
via same private
network.

LHC Local /24

LHCONE VLAN

Site
Storage

Disk

Site Public VLAN
Site Private Network

Canadian LHCONE Site

Figure 3: LHCONE network design at a typical Canadian HEP site.
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Other activities
Collaboration with Industry
Our collaboration with the Caltech and Michigan groups at recent Super Computing conferences on highspeed networks and high-performance storage systems has resulted in a number of web articles and videos
in 2015. We provide the link to some of these below.
The Fast Path to International Research Collaboration, Brocade (2015)

https://www.brocade.com/content/dam/common/documents/content-types/success-story/brocade-uvic-ss.pdf

Case study: SanDisk Helps Accelerate HEP Research for the Origin of the Universe (2015)
http://www.sandisk.com/assets/docs/sanDisk-helps-accelerate-high-energy-physics-research-for-the-origin-of-the-universe-case-study.pdf

SanDisk Case Study: SanDisk helps accelerate high energy physics (2015)
https://www.youtube.com/watch?v=CiUZITuYjoQ

Network monitoring
HEPnet Canada deployed 10G capable perfSonar boxes to all sites during 2011. In 2014, perfSonar
became a mandatory installation for all ATLAS sites. In addition Canadian HPC centres and research
networks adopted a similar system for monitoring their network. HEPnet nodes are now controlled using a
central mesh configuration utility that allows the configuration for the tests to be pulled down from a
central location.

2015 Canadian HEP Network Report

6

Figure 4: LHCONE traffic from TRIUMF and Canadian traffic to ESNET, Internet2 and GEANT (Montreal).
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