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Summary
The TransPAC project supports circuits and services for the use of high-speed networks
between the US and Asia, with a focus on measurement and end user support. Year 6
highlights include significant additional science engagement especially in the fields of
biomedical research and astronomy, assistance in supporting our partners via support for
the traffic shifted from the SingaREN-Internet 2 circuit between Singapore and Los
Angeles during its transition, and carrying over 8 PB of data between 159 countries over
the year.

1. TransPAC Overview
The TransPAC project is part of a larger portfolio supported by the International Networks
at Indiana University (IN@IU) team. TransPAC includes a set of circuits and their
associated network services between the US and Asia. The TransPAC-PacWave 100G
circuit is a 100 Gbps link between Seattle, Washington, and Tokyo, Japan. This circuit has
been in production since February 2016 and is the primary project circuit for production
traffic for TransPAC4. This link is fully supported by NSF and is managed in cooperation
with Pacific Wave and Pacific Northwest GigaPop (PNWGP). The project also includes the
TransPAC Guam-Hong Kong 20G LAG that has been in production since September 2018,
and the TransPAC Hong Kong Open Exchange, which is located in the Mega-I facility in
Hong Kong.
The TransPAC circuits are used to support a wide variety of science applications and
demonstrations of advanced networking technologies. In addition, the TransPAC award
supports science engagement, experimental network research, measurement deployments,
and security activities.
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In December we did the year’s end analysis of traffic using the NSF-funded links. In 2020,
the TransPAC circuits supported data transfers over 10M in size between 159 of the 195
countries in the world, as shown in Figure 1.

Figure 1: TransPAC4 circuits supported over 8.5 PB of data transferred between 159 (of the 195) countries in the world
during 2020.

With the ongoing restrictions due to COVID-19, this project is was not meeting the planned
expenses and requested and received a no-cost extension through February 2022. We were
also informed in Quarter 4 that the follow-on project, TransPAC5, was funded and will
begin in October 2020. As such, we are starting to plan for a transition of activities over the
next quarter.

2. Staffing
At the beginning of Year 6, the project staff included:
● Jennifer Schopf, PI, IN@IU Director
● Hans Addleman, Co-PI, TransPAC Network Engineer
● Edward Moynihan, Science Engagement Specialist
● Scott Chevalier, Asia Coordinator and perfSONAR Training
● Doug Southworth, Analysis and perfSONAR Training
● Antoine Delvaux, Training Consultant
● Heather Hubbard, Project Support
In Quarter 4, Scott Chevalier left the project as part of the ramp down of the training work,
which is not included in TransPAC5. Southworth has refocused his efforts on analysis and
resolving routing efforts as well. We expect to see additional staff ramp down in the
upcoming quarters.

3. Conference and Workshops
TransPAC staff participated in various meetings to support their role in collaborations in
Asia. Starting in February 2020, all planned in-person meetings were canceled, postponed,
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or made virtual due to travel restrictions related to COVID-19, a situation we expect to
continue for the next 12 months or more.
Meetings attended in Quarters 1-3, and detailed in previous reports, include:
● Addleman attended the Internet2 Tech Exchange on December 9-12, 2019, in New
Orleans, LA, https://meetings.internet2.edu/2019-technology-exchange/.
● Schopf attended the ESIP Winter Meeting on January 7-9, 2020, in Bethesda,
Maryland, https://2020esipwintermeeting.sched.com.
● Addleman attended the LHCONE meeting, January 13-16, 2020, at CERN, Geneva,
Switzerland, https://indico.cern.ch/event/828520/.
● Schopf, Addleman and Moynihan attended the Research and Education (TPRE)
meeting and the Pacific Telecommunications Council (PTC) annual conference on
January 18-22, 2020, in Honolulu, HI, https://www.ptc.org/ptc20/.
● Addleman attended the Large Scale Networking (LSN) Workshop on Huge Data: A
Computing, Networking and Distributed Systems Perspective, April 13-14, 2020,
https://protocols.netlab.uky.edu/~hugedata2020/.
● Addleman attended the FABRIC workshop, April 15-16, 2020,
https://www.whatisfabric.net/events/fabric-community-workshop-2020.
● Addleman attended the LHCONE Meeting, May 13, 2020,
https://indico.cern.ch/event/888924/.
● Schopf, Addleman, Chevalier, and Southworth attended the APAN 50 Conference
August 2-6, 2020 https://apan50.hk/.
● Chevalier and Southworth attended the perfSONAR All Hands Meeting June 15-18,
2020, https://internet2.edu/past-events/perfsonar-day-2020-events/#perfsonar.
● Schopf attended the PEARC’20 meeting, July 27-31,
https://pearc.acm.org/pearc20/.
Meetings during Quarter 4 included:
● Schopf and Addleman attended the GNA-G Meeting, September 14-15, 2020.
NEAAR will become involved in several new working groups as they become more
formalized.
● Moynihan attended the LHCONE meeting, September 16-17, 2020
https://indico.cern.ch/event/932306/. He participated in updates on the LHCONE
network and on future infrastructure needs.
● Addleman attended the NSF Virtual CyberSecurity Summit, September22-24,2020
https://www.trustedci.org/2020-nsf-summit. During the conference he attended
sessions that included updates to cybersecurity regulations, disinformation tracking
on social media, socializing cybersecurity in an organization, and a talk on the
trustworthiness of data.
● Moynihan attended the Global Collaboration on Data beyond Disciplines
conference, September 23-25 2020. He participated in sessions on FAIR data
principles, international COVID data sharing, and Japanese efforts to support Polar
data sharing.
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● Schopf and Addleman attended the Quilt Fall Member Meeting, September 30October 1, 2020, https://www.thequilt.net/public-event/2020-quilt-virtual-fallmember-meeting/. They also participated in Security and campus bandwidth
breakout workshops.
● Schopf and Addleman attended the Internet2 TechExtra, October 6-7, 2020,
https://www.internet2.edu/news-events/events/techextra-2020/.
● Schopf attended the Fall CASC meeting, October 13-16, 2020,
https://casc.org/event/casc-fall-2020-membership-meeting/. She participated in
discussions with partners. She has been nominated for the position of Secretary for
CASC, and if voted in, would serve January 1, 2021-Dec 31, 2023.
● Addleman attended the NSF Large Scale Facilities workshop, October 28, 2020,
https://na.eventscloud.com/emarketing/go.php?i=795905&e=am1zY2hvcGZAaXU
uZWR1&l=https://www.largefacilitiesworkshop.com/. The workshop focused on
NSF property oversight, monitoring, and insurance.
● Addleman attended the two day Open Science Grid (OSG) Campus Workshop,
October 22-23, 2020. The workshop featured talks and discussions about how OSG
works for users. Talks on The Partnership to Advance Throughput Computing
(PATh) focus on how they are helping those users get the most out of OSG and
detailed the technology, security and setup process to use OSG.
● Moynihan attended GEANT’s Task Force on Research Engagement Development
All Hands meeting, virtual, October 28, 2020.
https://wiki.geant.org/display/RED/TF-RED+All+Hands+VC+October+2020 He
attended talks on how NREN science engagement teams are working together with
other e-infrastructure teams to provide enhanced support for scientific research.
● Schopf attended the fall APAN Board Meeting, October 29-30, 2020. She
represented Indiana University and gave an update on TransPAC.
● Southworth attended the GÉANT Telemetry meeting, virtual, November 10, 2020,
https://wiki.geant.org/display/PUB/Telemetry+and+Big+Data+Workshop. He
presented on NetSage Use Cases and Scalability to accommodate increasing
scientific dataset sizes and bandwidth requirements.
● Addleman assistant SCinet for the SC20 Conference, November 15-20, 2020
https://sc20.supercomputing.org/. He contributed SCinet related virtual content for
the conference and made sure international partners were aware of the SC
proceedings.
● Addleman attended the Workshop on Programmable Networking, November 16-18,
2020 https://sites.google.com/view/us-japan-workshop/home. He attended breakout
sessions that discussed experimenting with International Research Testbeds.
● Moynihan attended NORDUnet's 40th anniversary celebration, virtual, November
27, 2020, https://40.nordu.net/. He attended talks on the history of R and E
networking in the Nordics and on future potential projects in the region.
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● Addleman attended the FABRIC Facility Partners Workshop, December 3-4, 2020
https://fabric-testbed.net/events/facility-partner-workshop-2020. He participated in
talks at the workshop that included updates to the community on the hardware and
facility deployment, network services that will be offered, and a deep dive into the
compute hardware that will be available at each FABRIC installation.
Presentations for Year 6 included:
● Addleman, Hans, “Bringing Back the Art of BGP”, Tutorial, Internet2 Tech
Exchange, December 12, 2019, New Orleans, LA.
● Schopf, Jennifer, “IN@IU Overview: TransPAC, NetSage, NEAAR Updates”,
Presentation, TPRE/PTC Meeting, January 18, 2020, Honolulu, HI.
● Schopf, Jennifer, “TransPAC4: Current and Future APAN50”, Invited talk, APAN
50 Conference August 4, 2020, Virtual. Slides are available:
https://drive.google.com/file/d/1I7WO3vXvaCVT5ReJEAt9QFQbxiPCbj3R/view?
usp=sharing
● Southworth, Douglas, “Understanding Routing for Asian-US Collaborations”,
Invited talk, APAN 50 Conference August 5, 2020. Slides are available:
https://drive.google.com/file/d/1hPMiWaUlccb_uNCvnaRbna1EtSB4DDlX/view?u
sp=sharing
● Schopf, Jennifer, and Chevalier, Scott, “What perfSONAR can do for you, and how
it can help APAN”, Invited talk, APAN 50 Conference August 5, 2020. Slides are
available:
https://drive.google.com/file/d/1s6WihDiyuwKutnHxzb3FmJ23_V1mfFGK/view?u
sp=sharing
● Southworth, Douglas, “IRNC NetSage – Use Cases and Scalability”, Invited Talk,
GÉANT Telemetry meeting November 10, 2020. Slides are available:
https://drive.google.com/file/d/1DYaBxuC5TnzWyvnbtn2a057QX6Vg0ytA/vi
ew

4. Collaborative Activities
4.A Collaborations with IRNC Partners
Collaboration with the IRNC AMIS awardee, NetSage, continued. NetSage is currently
capturing ongoing NetFlow, SNMP, and perfSONAR data for all of the TransPAC circuits.
Live network statistics from TransPAC can be viewed on the NetSage portal at
https://portal.netsage.global/grafana/dashboard/db/bandwidthdashboard?refresh=1d&orgId=2. TransPAC uses the NetSage dashboards for our reporting
as well as for the project analysis work. The NetSage backend database structure is being
used for possible detection of DDoS attacks on the TransPAC links (see Section 8).
Throughout the year, we continued working with the NetSage staff to populate the Science
Registry with flows tagged by science domain, project, location, and educational institution
endpoints, focusing on the TransPAC Top Ten Talkers list. This work allows us to track
trends and changes in the types of flows that transit the TransPAC links. Changes in these
patterns gives us valuable insight into the changing needs of our partners and can also serve
as a starting point for science engagement.
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Over Year 6, over 3 million flows were tagged with information from the Science Registry.
TransPAC staff will continue to expand the coverage of the Science Registry through direct
data entry and partner engagement by encouraging them to record their flow information in
the Science Registry.
NetSage will continue to be supported to a small extent in TransPAC5, which will be
paying the IU Global NOC for the NetSage as a Service installation but will also support
minor additional work to support the project directly.
We maintained a close collaboration with Pacific Wave, not only through our joint support
of the TransPAC-PacWave 100G circuit but also through bi-weekly calls to coordinate
activities to ensure that our services and resources are complementary. This collaboration
in part has also led to additional engagement between our group and the Pacific Research
Platform (PRP) and ESnet. In addition, we are collaborating on their pilot deployment of
the Automated GLIF Open Light Path Exchange (AutoGOLE) using Network Services
Interface (NSI). We expect this work to continue with TransPAC5.
We continue our work with Pacific Islands Research and Education Network (PIREN) on
several topics. Routine NetSage traffic analysis revealed that large amounts of traffic from
the University of Hawaii (UH), destined for Dropbox servers in the United States (US),
was traveling via the TransPAC Guam-Hong Kong 20G LAG and the Australian Academic
and Research Network (AARNET) before crossing the Pacific to reach the US. This
behavior, once discovered, triggered a broader analysis of UH routing policy and ultimately
resulted in more efficient route selection for specific types of traffic.
At the TPRE Meeting in January, 2020, the Guam Open Exchange (GOREX) announced
that the site would be moving later in the year. On Oct 11, 2020, engineers from the
University of Guam worked with colocation facility staff to move the GOREX equipment
and fiber connections from the PITI-1 Cable Landing Station to RTI’s Gateway Network
Connections (GNC) carrier neutral data center across the street. The new facility has better
connectivity to all the cable landings on the island and continues to be the major network
hub for Pacific connectivity for the foreseeable future.
The IRNC NOC provides Tier 1 support services including monitoring the state of the
TransPAC4 circuits and the equipment installed in Seattle and Hong Kong. TransPAC4
also contracts with the IU GlobalNOC to supply Tier 2 and Tier 3 services. IRNC support
for the Tier 1 services will end on December 31, 2020, at which point TransPAC will also
be contracting this directly.
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4.B Collaborations with Asian Partners
We continue to build collaborations with international partner organizations around the
world. In Year 6, interactions with partners included:
● Australia's Academic and Research Network (AARNet) - We met multiple times
with AARNET throughout the year to share information and advance discussions
on the possibility of partnering to procure R&E connectivity between Guam and
Hong Kong or Singapore. AARNET is a partner in a new fiber build between
Sydney and Guam that plans to extend to Hong Kong. They are also considering
procurements for R&E connectivity between Tokyo and Guam and between Guam
and Singapore. AARNET, and potentially other NRENs, are interested in building a
consortium in the region to increase capacity and lower costs. These discussions
will continue in Year 7. We also continue to coordinate with AARNET on their
plans for testing LEOSat technologies to support remote research in Australia and
Antarctica and on their international research engagement efforts.
● Academia Sinica Grid Computing Centre (ASGC) - In April, 2019, we signed an
MoU with ASGC to formalize our partnership and lay out areas of future
collaboration, including partnering on application support and science engagement.
Over Year 6, we enabled a BGP peering on our Hong Kong router to enable more
traffic to traverse their new 10G link between Taiwan and Hong Kong. We also
engaged in efforts to improve end-to-end performance for suspected COVID-19
related research transfers between researchers in Taiwan and the National Library
of Medicine. These efforts led to internal ASGC discussions regarding route
optimization to peers in the US.
● Asia Pacific Advanced Network (APAN) - The team continues to collaborate with
APAN representatives overseeing the APAN MaDDash and perfSONAR efforts.
Work related to perfSONAR was cut by the funding agency from TransPAC5 so we
will be ramping down these efforts.
● APAN-JP - We had extensive conversations with Konishi at the TPRE meeting
about how his group was moving forward and interactions with the TransPAC team.
This group is involved on the side of the APR discussions.
● Asia Pacific Ring (APR) Consortium - The APR consortium supports a 100G ring
jointly enabled by National Institute of Information and Communications
Technology (NICT), National Institute of Informatics (NII)/ Science Information
Network (SINET), WIDE, Singapore Advanced Research and Education Network
(SingAREN), Pacific Wave, Internet2, and TransPAC. During Year 6, we met with
partners and discussed:
○ Adding new partners
○ Measurement and monitoring of the APR links
○ The possibility of carrying testbed traffic
○ Exploration of new science domain focus areas
● Collaboration Asia Europe-1 (CAE-1) - CAE-1 is a consortium of six R&E
networks: Australia's Academic and Research Network (AARNET) (Australia),
GÉANT (Europe), NORDUnet (European Nordics), Singapore Advanced Research
and Education Network (SingAREN) (Singapore), SURFnet (Netherlands), and
TEIN*CC/Asi@Connect (Asia-Pacific). They have collaborated to fund and
support a 100G circuit from Singapore to London that went live in May 2019. As
7

●
●

●
●
●
●

●

●

more production traffic was moved to the link, TransPAC staff began examining
TransPAC circuit traffic to track usage and to identify potential routing and
performance issues for traffic between Asia and Europe. We continue to work with
CAE-1 partners to ensure effective peerings are set up and to address routing
anomalies, as detailed in Section 5.C.
Chinese University of Hong Kong (CUHK) - Engineers at CUHK reported delays
in their network restructuring, and would like to peer with TransPAC in Hong Kong
when complete.
Global Network Architecture Group (GNA-G) - The GNA-G was created as a
result of the merger of the Global Network Architecture (GNA) Technical Working
Group and the Global Lamba Integrated Facilities (GLIF) group. We continue to
participate and to work with the GNA-G co-chairs to establish a working group on
identifying and fixing routing anomalies. We are hoping to hold a community wide
meeting to assess interest in Year 7.
Korea Institute of Science and Technology Information (KISTI) - We held
discussions with KISTI regarding joining the APR partnership. These will continue
into the next year.
The National Institute of Information and Communications Technology
(NICT) - We met with NICT staff several times over the year to discuss project
goals and the APR.
National Institute of Informatics (NII)/ Science Information Network (SINET)
We had several meetings over Year 6 with NII/SINET staff, primarily focused on
the next steps for the APR.
NORDUnet - We met multiple times throughout the year with NORDUnet staff to
discuss the upcoming Arctic Connect project, an initiative to build the first Arctic
subsea cable system that will connect northern Norway, Finland, Alaska, and Japan.
We are pursuing collaborations with NORDUnet that will enable US researchers to
access this resource when it is completed, likely in 2023. These conversations will
continue in Year 7.
Philippine Research, Education, and Government Information Network
(PREGINET) - We had several exchanges with PREGINET’s staff in support of
their expansion to include a 10Gbps link to Los Angeles, CA. This is still in the
planning stages. We also worked with them on several routing issues, including one
where traffic from the Philippines, destined for Japan, was being routed through the
Western US.
Research and Education Advanced Network New Zealand (REANNZ) – Early
in Year 6, it was discovered that data transferred between the NSF Office of Polar
Projects (OPP) ground stations, in Christ Church, NZ ,and their Colorado-based
data center were using commercial networks instead of the likely faster R&E
networks. We have been working with University Hawaii, GOREX, Internet2 and
REANNZ to shift this traffic to R&E routes for better, and less expensive networks.
As part of this work, we had planned to host REANNZ staff on the IU Bloomington
campus in April for a face-to-face meeting to discuss Polar connectivity, other
science engagement, and possible new NetSage deployments, but the meeting was
cancelled due to travel restrictions. We will continue to coordinate with REANNZ
in Year 7 as these discussions evolve.
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● Singapore Advanced Research and Education Network (SingAREN) - We had
several meetings with SingAREN staff during the year to discuss project futures, in
addition to our APR meetings. We also began work to support end-to-end data
transfers between ASTAR and UC Santa Cruz (see Section 4.B). SingaREN is a coPI for the TransPAC5 project.
● WIDE - Several discussions took place with Jun Murai , in addition to the APR
meetings, about his plans for circuits in the Asia Pacific region.

4.C Science Engagement
4.C.1 High Energy Physics
Throughout Year 6, we continued our participation in the LHCONE overlay network in
support of LHC related computing centers in the US and Asia. TransPAC is an LHCONE
Network Service Provider (NSP) and provides both an LHCONE VRF over the TransPAC
Guam-Hong Kong 20G LAG and then on to CONUS via PIREN and also provides the
connectivity from Tokyo to Seattle to close the loop between NICT’s LHCONE VRF in
Hong Kong, which connects Hong Kong to Tokyo, and ESnet’s LHCONE VRF in Seattle.
We worked with LHCONE engineers to prepare for dry runs of the LHC’s third run that
was scheduled to take place in mid-2021. However, during the year, several delays were
announced, primarily due to changing plans and COVID-19 related restrictions. The first
test beams will begin in September 2021 and run 3 will now start in March 2022.
We also worked with Nicky Leung (CUHK) to determine if they, and potentially other
institutions, can peer with our LHCONE VRF in Hong Kong. This work was overtaken by
COVID delays and changing plans.
In Year 7, we will continue to participate in and contribute to LHCONE and to work with
our partners in preparation for LHC’s third run, and oversee any needed handoff to the
TransPAC5 project.
4.C.2 Geoscience/Climate
Throughout Year 6, we continued our efforts to target the US geoscience community. We
remain active participants in the Earth Science Information Partners (ESIP) community,
where we engage with researchers from NASA, NOAA, USGS, and other institutions about
network performance enhancement and data transfer needs. In January, we attended the
winter ESIP meetings in Bethesda, Maryland, and held discussions on collaboration with
ESIP leadership. ESIP will continue meetings virtually in Year 7, where we hope to
continue these conversations and efforts to support the Earth Science community.
In Year 6, we advanced our collaboration with Dr. Tho Nguyen from the University of
Virginia (UVA). Dr. Nguyen leads Mekong Water (MW), a regional-scale
cyberinfrastructure and water research community that provides data sharing and
collaboration tools in support of a variety of international research teams studying
groundwater and land subsidence issues in the Lower Mekong Basin. We worked with Dr.
Nguyen to ensure that MW users had access to TransPAC resources. We are also working
with Nguyen to ensure that stakeholders in-region are aware of and utilizing local R&E
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networking resources. For example, we met with Nguyen to discuss how TransPAC can
support a new NSF-funded project (NSF award #2026050) he is leading to improve data
access for public institutions and researchers in Vietnam. Travel restrictions have forced
the cancellation of MW’s plans for a regional stakeholder kick-off meeting in 2020, but we
hope to be involved in these discussions in 2021. Also, in Year 7, we are planning to
continue working with MW users to monitor data transfer performance between
stakeholders in the region and the US and to look for areas of possible improvement.
4.C.3 Astronomy
TransPAC staff participated in discussions with other IRNC project staff on how to better
support the eleven remote telescopes that provide data for the Event Horizon Telescope
(EHT) project. A series of preliminary meetings were held in Quarter 4 that brought
together EHT staff, telescope engineers, and IRNC PIs to discuss how EHT currently
moves data and what it would take to connect each telescope to R&E networking
infrastructure. TransPAC staff worked with partners to begin confirming current
connectivity for the telescopes and coordinated with partners to ensure the relevant
organizations were represented at future meetings. Follow-up meetings with telescope
engineers, led by EPOC, are planned for Year 7, Quarter 1. The initial goal of these
meetings is to get baseline transfer rates from the telescopes to the data correlation site at
MIT, and to determine how we can work together to improve these rates.
4.C.4 Biomedical/COVID-19
In Quarter 2, we began an effort to look more closely at the performance of international
data flows where one end point was believed to be a source or destination for COVID-19
related research. We used NetSage flow data as a starting point and searched for
institutions that had received NSF or NIH funding related to COVID, or who had a history
of working in bioinformatics or genomics, that experienced an increase in traffic in the
January to April time frame.
One of the first examples of this end-to-end (E2E) performance work was related to flows
between the University of California, Santa Cruz (UCSC), home of a large genomics
database, and the Agency for Science, Technology and Research (A*STAR) in Singapore,
which hosts a large number of biology-related data mirrors for use across Asia. An
investigation into observed transfer performance of less than 1 Mbps revealed that traffic
was being routed asymmetrically, with flows from A*STAR to UCSC routed over the
I2/SingAREN trans-pacific link, and return traffic from UCSC to A*STAR routed over
TransPAC. Staff from UCSC, A*STAR, and TransPAC were able to determine that this
traffic pattern was the result of a temporary outage of part of the SingAREN network.
Service was restored in early June, and as a result all traffic returned to its normal routing
over the I2/SingAREN link. No further action was taken and the investigation was halted.
Another example of this work involved transfers between the National Library of Medicine
(NLM) and Professor Yao-Cheng Lin, a researcher in the Academia Sinica (AS) network in
Taiwan. Observed performance in Quarter 2 was less than 10 Mbps from NLM to AS and 5
Mbps from AS to NLM. TransPAC staff were able to engage network engineers from AS
and verify poor performance, as well as map out the routing between the two networks.
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TransPAC staff engaged engineers at AS in ongoing discussions about how traffic is routed
in their network and how adapting the routing might result in improved performance.
Adaptations were made to the internal AS routing, and we saw a significant improvement
in performance.
4.C.5 Other Science Engagement
Throughout Year 6, we continued our participation in several international science
engagement and coordination projects including GEANT’s Task Force on Researcher
Engagement, the Pacific Research Platform, PRAGMA, the perfSONAR consortium, and
the Joint Engineering Team (JET).
The science domain-specific analytical approach utilized in Year 6 for biomedical and
COVID-related traffic yielded interesting and actionable data with which to launch
investigations into transfer-related performance issues between the US and Asia. We intend
to use a similar approach in Year 7, using current trends in research to guide our selection
of the focus science domain. We believe that this approach will enable us to better
understand the science use cases associated with TransPAC and highlight performance
issues that might otherwise be overlooked when using a more traditional top-talkers
analysis approach.

5. Circuit Deployments and Technical Updates
The current TransPAC4 circuit diagram is shown in Figure 2.

Figure 2: Current TransPAC4 circuit and peering diagram. Blue links are supported by NSF TransPAC4 funding.

5.A Technical Updates for the TransPAC-PacWave 100G Circuit
During Year 6, there were no technical updates or changes made to the 100G TransPACPacWave circuit and associated equipment. At the end of August SingAREN staff reached
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out to let us know that their 100G circuit between Singapore and Los Angeles would be
terminated at the end of October. They did not expect their new link to be commissioned
before December and inquired about the possibility of using the TransPAC-Pacific Wave
link as backup. TransPAC, SingAREN, NICT, NII, and Pacific Wave setup backup VLANs
and BGP peerings from Singapore to Tokyo and across the TransPAC-Pacific Wave 100G
to the TransPAC router in Seattle. The backup link was tested in early October and
SingAREN moved live traffic on to the backup near the end of October. This collaboration
and work between 5 groups allowed for minimal disruption to the research community.
The yearly contract for the circuit ended October 31, 2020, but we will be extended via
PNWGP and a month-by-month contract until they re-negotiate with Tata for the core
service. This will continue for the foreseeable future and as part of TransPAC5.

5.B Technical Updates for the Guam-Hong Kong Circuits
During Quarter 2, we added a BGP peering on our Hong Kong router with Academia
Sinica who recently commissioned their 10G link between Taiwan and Hong Kong. There
were no other technical updates or changes made to the 20G Guam-Hong Kong LAG
circuits and associated equipment during the year.
We continue to experience significant downtime with the Telstra circuit, and plan to
discontinue that service in January 2021, in part due to TransPAC5 starting up and the
change of services expected with that project.

5.C Network Analysis
Network analysis activities during Year 6 have focused heavily on routing analysis work,
as new capacity from both the CAE-1 and NII circuits came online and presented an
opportunity for more efficient routing to various points on the globe. At the beginning of
the year, no significant routing anomalies were detected. However, it became obvious that
not all of the routes in the Asia-Pacific region had been updated to take advantage of the
more direct connections offered by the new capacity. Throughout the year, shifts in traffic
patterns indicated that only a few routes were updated, many of those due to intervention
from TransPAC staff.
TransPAC staff also worked with our partners to identify possibly inefficient routes for
example, traffic unnecessarily crossing oceans. In one case, traffic from the University of
Hawaii, bound for the United States, was traveling to Hong Kong, then Australia, and
finally to its destination in the US. TransPAC staff, working with UH engineers, were able
to correct this issue. Another similar case was identified in which traffic from the
Philippines, destined for Japan, was being routed through the Western US instead of a
much more direct route through APAN. While this route hasn’t been corrected to date, our
partners in the Philippines have been made aware of its existence and are working towards
a solution.
Quarter 4 saw significant increases in biomedical research related traffic destined for the
US, which overshadowed some of the other typical high traffic science in the region.
Analysis showed, however, that there were still significant amounts of High Energy
12

Physics traffic between the Asia-Pacific region and Europe that would be better served by
routing over CAE-1, as opposed to transiting the US. While few gains were made in
correcting these routes during this period, TransPAC staff continued to interact with our
partners in the region and will lend any support necessary to aid in more efficient and
robust research data transfers.
In Year 7, TransPAC staff will continue analysis and intervention that results in more
efficient, high bandwidth, low-latency paths for research science. Part of this work will
involve advocacy for greater visibility into routing decisions in the region by encouraging
network operators to maintain Looking Glass portals and participate in services like Route
Views. This increased visibility has the potential to make opaque network issues more
easily identifiable and reduce the time necessary to resolve them.

6. Circuit Status and Performance
For both the TransPAC-PacWave 100G circuit and the two 10G circuits between Guam
and Hong Kong, we currently collect sampled flow data, SNMP data, and perfSONAR
data.

6.A. SNMP Traffic Graphs
Figures 3 and 4 show traffic on the TransPAC-PacWave 100G circuit during Quarter 4.
The November 5-6 spike in SNMP data includes a 1.1 TB flow between University of
Pennsylvania and City University Hong Kong which TransPAC engineers are looking into.
This data was found using the NetSage Flow Analysis dashboard:
https://portal.netsage.global/grafana/d/VuuXrnPWz/flow-analysis?orgId=2&varsensors=TransPAC%20Seattle%20sFlow&var-links=All&varsrc_scope=meta.src_organization&vardst_scope=meta.dst_organization&from=1604552655958&to=1604756167955
Figures 5 and 6 show the traffic on the TransPAC Guam-Hong Kong 20G LAG during
Quarter 4.
Figures 7 and 8 show traffic on the TransPAC-PacWave 100G circuit during Year 6. In
Figures 7 and 8 there are two interfaces shown instead of the usual one: ethernet15/2 (green
and yellow), and et0/3/0 (blue and orange). On July 31, 2020, Pacific Northwest replaced it
with a Juniper switch. The change in interface can be seen clearly in the figures. Gigapop
upgraded the Brocade switch that was the terminus for the TransPAC circuit.
Figures 9 and 10 show the traffic on the TransPAC Guam-Hong Kong 20G LAG during
Year 6.

13

Figure 3: TransPAC-PacWave 100G circuit traffic using smoothed daily averages for Quarter 4.

Figure 4: TransPAC-PacWave 100G circuit traffic using maximum daily averages for Quarter 4.

Figure 5: Traffic using smoothed daily averages for the TransPAC Guam-Hong Kong 20G LAG for Quarter 4.
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Figure 6: Traffic using maximum daily averages for the TransPAC Guam-Hong Kong 20G LAG for Quarter 4.

Figure 7: TransPAC-PacWave 100G circuit traffic using smoothed daily averages for Year 6.

Figure 8: TransPAC-PacWave 100G circuit traffic using maximum daily averages for Year 6.
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Figure 9: Traffic using smoothed daily averages for the TransPAC Guam-Hong Kong 20G LAG for Year 6.

Figure 10: Traffic using maximum daily averages for the TransPAC Guam-Hong Kong 20G LAG for Year 6.

6.B SNMP Traffic Volume
Table 1 shows that almost 2 petabytes of data were transferred over the TransPACsupported links during Quarter 4. Table 2 shows that almost 9 petabytes of data were
transferred over the TransPAC-supported links during Year 6. The large amount of data
transferred in Quarter 1 was a VLBI transfer in February between Consortium GARR and
APAN-JP. The Internet2-SingAREN link between Singapore and Los Angeles was down
for much of Quarter 2 and accounts for the increased amount of data moved during that
time frame.
Table 1: Traffic in terabytes transferred over TransPAC links, September 1, 2020 - November 30, 2020.

Source-Destination

Sep

Oct

Nov

Total

Seattle-Tokyo

280.98

261.16

295.94

838.08

Tokyo-Seattle

112.83

104.06

90.67

307.56

Hong Kong-Guam

137.80

133.04

109.56

380.40

Guam-Hong Kong

91.60

94.19

88.75

274.54

623.21

592.45

584.92

1,800.58

Total
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Table 2: Traffic in terabytes transferred over TransPAC links, December 1, 2019 - November 30, 2020.

Source-Destination

Dec-Feb

Mar-May

Jun-Aug

Sep-Nov

Total

Seattle-Tokyo

1,597.62

1,220.06

884.63

838.08

4,540.39

Tokyo-Seattle

378.00

393.61

362.19

307.56

1,441.36

Hong Kong-Guam

358.51

401.81

336.30

380.40

1,477.02

Guam-Hong Kong

241.99

258.05

384.68

274.54

1,159.26

2,576.12

2,273.53

1,967.80

1,800.58

8,618.03

Total

6.C Flow Data
Both the TransPAC-PacWave 100G Circuit and the TransPAC Guam-Hong Kong 20G
LAG collect sampled flow data. De-identified versions of this data are shared with the
IRNC NetSage project.
6.C.1 Flows over the TransPAC-PacWave 100G Circuit
For Quarter 4, Figure 11 shows the Top Ten Talkers by source and Figure 12 shows this
data by destination for the TransPAC-PacWave 100G circuit in Quarter 4. Table 3 shows
the Top Talker pairs. For Year 6, Figure 13 shows the Top Ten Talkers by source and
Figure 14 shows this data by destination for the TransPAC-PacWave 100G circuit in Year
6. Table 4 shows the Top Talker pairs.
In Quarter 4, the total volume traffic over the TransPAC-PacWave 100G Circuit was
comparable to previous quarters, however there were some large shifts in the top pairings.
In Quarters 2 and 3, JISC and the Chinese University of Hong Kong transferred over
138TB of data and were among the Top Talkers. In Quarter 4 this pairing was absent from
the Top Ten Pairs list. Also of note is a large reduction in the amount of data transferred
from the Atacama Large Millimeter Array to WIDE in Japan, down from 59TB in Quarter
3 to 21TB in Quarter 4.
Top Sources of data transfers are fairly consistent with previous quarters, with the usual
large volumes from the National Library of Medicine, JISC, UCAR, and NASA. Top
Destinations remain predictable as well, with Academia Sinica, The Chinese University of
Hong Kong, the China Education and Research Network Center, and the WIDE project all
appearing in the Top Ten.
Looking at Year 6 as a whole, there has been a pronounced shift towards biomedicalrelated transfers from large US universities and institutions such as the National Library of
Medicine, due to what is assumed to be COVID-19 related research. Astronomy traffic
continued its consistent presence, and, despite the introduction of a new path to Europe in
CAE-1, significant amounts of high energy physics data continues to be present. The
TransPAC-PacWave 100G Circuit remains a vital link between US based researchers and
their counterparts in the Asia Pacific region, and in many cases is still the preferred path to
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Europe as well. We expect that these trends will continue in Year 7 despite new paths
becoming available.

Figure 11: Top Ten Sources on TransPAC-PacWave 100G circuits, September 1, 2020 - November 30, 2020.

Figure 12: Top Ten Destinations on TransPAC-PacWave 100G circuits, September 1, 2020 - November 30, 2020.

Table 3: Top Ten Flow Pairs on TransPAC-PacWave 100G circuits September 1, 2020 - November 30, 2020.
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Figure 13: Top Ten Sources on TransPAC-PacWave 100G circuits, December 1, 2019 - November 30, 2020.

Figure 14: Top Ten Destinations on TransPAC-PacWave 100G circuits, December 1, 2019 - November 30, 2020.
Table 4: Top Ten Flow Pairs on TransPAC-PacWave 100G circuits December 1, 2019 - November 30, 2020.
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6.C.2 Flows over the TransPAC Guam-Hong Kong 20G LAG
Figure 15 shows the Top Ten Talkers by source and Figure 16 shows this data by
destination for TransPAC Guam-Hong Kong 20G LAG in Quarter 4. Table 5 shows the
Top Talker pairs. Figure 17 shows the Top Ten Talkers by source and Figure 18 shows this
data by destination for TransPAC Guam-Hong Kong 20G LAG in Year 6. Table 6 shows
the Top Talker pairs.
During Quarter 4, there were significant changes in traffic for the 20G LAG. Traffic
volume remained consistent with previous quarters and perennial top pairs, such as
JISC/University of Hong Kong and University of Pennsylvania/Hong Kong Polytechnic
University (shown as Information Technology Services), were present. The University of
Hong Kong, Hong Kong University of Science and Technology, and Hong Kong
Polytechnic University accounted for the majority of the traffic across the link, indicating
continued strong research collaborations with institutions in the US and Europe. High
energy physics and biomedical data were the primary science domains represented in
Quarter 4, which is also in keeping with previous quarters this year.
During Year 6 there was a noticeable uptick in biomedical traffic, assumed to be COVID19 research related, which mirrors similar shifts noted on the TransPAC-PacWave 100G
Circuit. In fact, the National Library of Medicine was the top source of data on the 20G
LAG during this period, leapfrogging JISC who has traditionally been a larger source.
NASA’s presence in the Top Ten indicates continued strong interest in astronomy, and
high energy physics traffic, while masked behind networks like JISC and Information
Technology Services, is also consistently present. Strong, consistent partnerships between
the University of Chicago/University of Hong Kong and the University of Pennsylvania
and Hong Kong Polytechnic University underscore the continued importance of the 20G
LAG in linking US and Asian researchers.

Figure 15: Top Ten Sources on the TransPAC Guam-Hong Kong 20G LAG, September 1, 2020 - November 30, 2020.
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Figure 16: Top Ten Destinations on the TransPAC Guam-Hong Kong 20G LAG, September 1, 2020 - November 30,
2020.
Table 5: Top Ten Flow Pairs on TransPAC Guam-Hong Kong 10G circuits, September 1, 2020 - November 30, 2020.

Figure 17: Top Ten Sources on the TransPAC Guam-Hong Kong 20G LAG, December 1, 2019 - November 30, 2020.
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Figure 18: Top Ten Destinations on the TransPAC Guam-Hong Kong 20G LAG, December 1, 2019 - November 30, 2020.
Table 6: Top Ten Flow Pairs on TransPAC Guam-Hong Kong 10G circuits, December 1, 2019 - November 30, 2020.

6.D Trouble Tickets
During Quarter 4, there were nine unscheduled outages and two scheduled maintenances,
as shown in Tables 7 and 8. There were 26 unscheduled outages and ten scheduled
maintenances, as shown in Tables 9 and 10 for Year 6.
Table 7: Unscheduled Outages for TransPAC equipment and circuits, September 1, 2020 - November 30, 2020.
Incident
Cust
Ntwk
Title
Outage
Source Current Start
End
Duration
Number
Impact Impact
Type
Impact State
Time
Time
(UTC)
(UTC)
INC0064624 2 - High

2 - High Availability Undetermi Vendor Resolved 2020-09- 20200 days 0 hr
HONGned
03
09-03
53 min
GUAM
18:12:06 19:05:45

INC0064948 4 - Low

2 - High Brief
Outage SEAT-TOKY
2 - High Availability
HONGGUAM

INC0066044 4 - Low

Undetermi Vendor Closed
ned

2020-0910
05:03:50
Undetermi Vendor Resolved 2020-09ned
26
07:16:52

20200 days 0 hr 1
09-10
min
05:04:50
20201 days 16 hr
09-27
7 min
23:23:59 0 days 16 hr
28 min
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2020-09- 202028
09-28
00:00:00 16:28:36
INC0066726 2 - High

INC0067118 2 - High

INC0067155 2 - High

INC0067949 4 - Low

INC0069496 2 - High

INC0070504 2 - High

2 - High Outage
Unannounc Vendor Closed
SEAT-TOKY ed
Maintenanc
e
2 - High Outage
Unannounc Vendor Closed
HONG ed
GUAM
Maintenanc
e

2020-10- 20200 days 0 hr
06
10-06
53 min
15:08:39 16:01:41
2020-10- 20200 days 11 hr
12
10-12
5 min
00:06:03 11:11:15

2 - High Degradatio Unannounc Vendor Resolved 2020-10n HONGed
12
GUAM
Maintenanc
11:11:15
e
2 - High Degradatio Undetermi Vendor Resolved 2020-10n - HONG- ned
23
GUAM
00:05:36

20200 days 17 hr
10-13
59 min
05:11:12

2 - High Degradatio
n - HONGGUAM
2 - High Degradatio
n HONGGUAM

20200 days 0 hr
11-13
28 min
00:27:10
20200 days 5 hr
11-27
44 min
16:07:01

Undetermi Vendor Closed
ned
Unannounc Vendor Closed
ed
Maintenanc
e

2020-1112
23:58:28
2020-1127
10:22:16

20200 days 0 hr 0
10-23
min
00:05:46

Table 8: Scheduled Maintenance for TransPAC equipment and circuits, September 1, 2020 - November 30, 2020.
Ticket
Cust
Ntwk
Title
Mainten Source Current
Start
End
Duration
Number
Impact Impact
ance
Impact
State
Time
Time
Type
(UTC)
(UTC)
CHG0046759

Maintenanc Software Vendor
e SEATTOKY

Closed

CHG0047079

Maintenanc Hardwar Vendor
e HONGe
SEAT

Closed

2020-10- 202022
10-22
05:27:45 06:55:4
5
2020-11- 202004
11-04
17:04:50 17:05:5
0

0 days 1 hr
28 min

0 days 0 hr
1 min

Table 9: Unscheduled Outages for TransPAC equipment and circuits, December 1, 2019 - November 30, 2020.
Incident
Cust
Ntwk
Title
Outage Type Source Current Start Time
End
Duration
Number
Impact Impact
Impact State
(UTC)
Time
(UTC)
INC0048986 4 - Low 2 - High Degradati Undetermined Vendor Closed
on -HONGGUAM
INC0049666 4 - Low 2 - High Degradati Unannounced Vendor Closed
on Maintenance
HONGGUAM

2020-0101
08:02:12
2020-0113
18:34:00

2020-0101
08:02:15
2020-0113
18:35:00

INC0050364 4 - Low 2 - High Outage HONGSEAT

2020-0124
01:02:08

2020-01- 0 days 0 hr
24
3 min
01:05:28

Undetermined Vendor Closed

0 days 0 hr
0 min
0 days 0 hr
1 min
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INC0050743 4 - Low 2 - High Outage
HONGHONG

Hardware

Vendor Closed

2020-0130
01:09:31

2020-01- 0 days 0 hr
30
2 min
01:11:39

INC0053502 2 - High 2 - High Outage
HONGGUAM

Undetermined Vendor Closed

2020-0311
07:31:28
2020-0311
10:06:12
2020-0427
10:03:16
2020-0428
13:15:23
2020-0501
17:54:19

2020-0311
07:31:30
2020-0311
10:52:00
2020-0427
10:34:35
2020-0428
13:36:40
2020-0501
17:54:25

0 days 0 hr
0 min
0 days 0 hr
45 min

INC0057332 4 - Low 2 - High Degradati Undetermined Vendor Closed
on HONGGUAM
INC0057599 4 - Low 2 - High Degradati Undetermined Vendor Closed
on HONGGUAM

2020-0512
14:35:57
2020-0516
13:41:49

2020-0512
14:36:00
2020-0516
13:41:50

0 days 0 hr
0 min

INC0058114 4 - Low 2 - High Degradati Undetermined Vendor Closed
on -HONGGUAM
INC0058559 4 - Low 2 - High Degradati Undetermined Vendor Closed
on -HONGGUAM

2020-0525
21:07:37
2020-0601
18:59:00

2020-0525
21:07:44
2020-0601
19:00:00

0 days 0 hr
0 min

INC0058581 2 - High 2 - High Degradati Hardware
Vendor Closed
on HONGGUAM
INC0058726 2 - High 2 - High Degradati Unannounced Vendor Closed
on HONG- Maintenance
GUAM

2020-0602
05:22:36
2020-0604
18:12:55

2020-0602
05:47:47
2020-0604
19:03:15

0 days 0 hr
25 min

INC0058791 4 - Low 2 - High Degradati Hardware
Vendor Closed
on HONGGUAM
INC0059407 4 - Low 2 - High Outage - Undetermined Vendor Closed
SEATTOKY
INC0060174 4 - Low 2 - High Degradati Circuit - Cut Vendor Closed
on -HONG- Fiber
GUAM

2020-0605
17:55:54

2020-06- 0 days 0 hr
05
0 min
17:55:55

2020-0617
21:00:54
2020-0630
07:05:20

2020-0617
21:05:55
2020-0703
13:51:00

0 days 0 hr
5 min

INC0061622 4 - Low 2 - High Outage - Undetermined Vendor Closed
TOKYSEAT
INC0064624 2 - High 2 - High Availabilit Undetermined Vendor Closed
y - HONGGUAM
INC0064948 4 - Low 2 - High Outage - Undetermined Vendor Closed
SEATTOKY

2020-0723
01:22:43
2020-0903
18:12:06
2020-0910
05:03:50

2020-0723
01:24:37
2020-0903
19:05:45
2020-0910
05:04:50

0 days 0 hr
1 min

INC0056368 2 - High 2 - High Degradati Unannounced Vendor Closed
on HONG- Maintenance
GUAM
INC0056452 4 - Low 2 - High Degradati Undetermined Vendor Closed
on HONGGUAM
INC0056750 4 - Low 2 - High Degradati Undetermined Vendor Closed
on -HONGGUAM

0 days 0 hr
31 min
0 days 0 hr
21 min
0 days 0 hr
0 min

0 days 0 hr
0 min

0 days 0 hr
1 min

0 days 0 hr
50 min

3 days 6 hr
45 min

0 days 0 hr
53 min
0 days 0 hr
1 min
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INC0066044 2 - High 2 - High Availabilit Undetermined Vendor Closed
y - HONGGUAM

INC0066726 2 - High 2 - High Outage
SEATTOKY
INC0067118 2 - High 2 - High Outage
HONG GUAM
INC0067155 2 - High 2 - High Degradati
on HONGGUAM
INC0067949 4 - Low 2 - High Degradati
on HONGGUAM
INC0069496 2 - High 2 - High Degradati
on HONGGUAM
INC0070504 2 - High 2 - High Degradati
on HONGGUAM

2020-0926
07:16:52
2020-0928
00:00:00
2020-1006
15:08:39
2020-1012
00:06:03
2020-1012
11:11:15
2020-1023
00:05:36

2020-0927
23:23:59
2020-0928
16:28:36
2020-1006
16:01:41
2020-1012
11:11:15
2020-1013
05:11:12
2020-1023
00:05:46

Undetermined Vendor Closed

2020-1112
23:58:28

2020-11- 0 days 0 hr
13
28 min
00:27:10

Unannounced Vendor Closed
Maintenance

2020-1127
10:22:16

2020-11- 0 days 5 hr
27
44 min
16:07:01

Unannounced Vendor Closed
Maintenance
Unannounced Vendor Closed
Maintenance
Unannounced Vendor Closed
Maintenance
Undetermined Vendor Closed

1 days 16
hr 7 min
0 days 16
hr 28 min

0 days 0 hr
53 min
0 days 11
hr 5 min
0 days 17
hr 59 min
0 days 0 hr
0 min

Table 10: Scheduled Maintenance for TransPAC equipment and circuits, December 1, 2020 - November 30, 2020.
Ticket
Cust Ntwk
Title
Maintenance Source Current Start Time End Time Duration
Number
Impact Impact
Type
Impact State
(UTC)
(UTC)
CHG0040227
Maintenance Circuit
Vendor Closed 2020-02-06 2020-02-06 0 days 0
SEAT-TOKY
15:03:56 15:29:38
hr 25 min
CHG0041220
Maintenance Circuit
Vendor Closed 2020-03-09 2020-03-09 0 days 1
SEAT-TOKY
15:45:00 16:51:00
hr 6 min
CHG0041424
Maintenance Circuit
Vendor Closed 2020-03-19 2020-03-19 0 days 0
HONG-SEAT
09:08:47 09:21:56
hr 13 min
CHG0041873
Maintenance Circuit
Vendor Closed 2020-04-02 2020-04-02 0 days 0
SEAT-TOKY
18:00:09 18:41:29
hr 41 min
CHG0042504

CHG0043546

CHG0044217
CHG0044298

CHG0046759
CHG0047079

Emergency Hardware
Maintenance
HONG-GUAM
Maintenance Software
Core Node
GOREX

Vendor Closed

2020-05-04 2020-05-04 0 days 0
23:07:22 23:08:06
hr 0 min

Vendor Closed

2020-06-29 2020-06-29 0 days 0
20:00:00 20:03:00
hr 3 min

Maintenance Circuit
TOKY-SEAT
Maintenance Hardware
IXP
PACWave
Maintenance Software
SEAT-TOKY

Vendor Closed

2020-07-21 2020-07-21 0 days 0
15:17:00 15:46:00
hr 29 min
2020-07-29 2020-07-29 0 days 0
07:25:12 07:26:26
hr 1 min

Vendor Closed

2020-10-22 2020-10-22 0 days 1
05:27:45 06:55:45
hr 28 min

Maintenance Hardware
HONG-SEAT

Vendor Closed

2020-11-04 2020-11-04 0 days 0
17:04:50 17:05:50
hr 1 min

Vendor Closed
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6.E Downtime and Availability

Table 11 lists the downtime for the project circuits for Quarter 4. Table 12 lists the
downtime for the project circuits for Year 6. Due to the redundancy offered by the two
circuits between Guam and Hong Kong, no downtime for the system was experienced
Table 11: Downtime and availability for TransPAC circuits, September 1, 2020 - November 30, 2020.

TransPAC Backbone Circuits
TP2-SEAT-TP-TOKY-100GE-01522
(100G TransPAC-PacWave circuit)
TP2-HONG-HONG-10GE-01524
(10G Connection to HKOX)
TP2-HONG-HONG-10GE-01526
(10G Connection to HKIX-RE)
TP2-HONG-GUAM-10GE-01527
(Telstra Guam-Hong Kong 10G)
TP2-HONG-GUAM-10GE-01528
(AT&T Guam-Hong Kong 10G)
TP2-HONG-GUAM-LAG-01539
(20G combined Guam-Hong Kong circuit)

Down Time
2 hr 22 min

Q4 Availability
99.89%

00 hr 00 min

100%

00 hr 00 min

100%

17 hr 43 min

99.19%

3 days 14 hr 9min

96.06%

00 hr 00 min

100%

Table 12: Downtime and availability for TransPAC circuits, December 1, 2019 - November 30, 2020.

TransPAC Backbone Circuits

Down Time

TP2-SEAT-TP-TOKY-100GE-01522
(100G TransPAC-PacWave circuit)
TP2-HONG-HONG-10GE-01524
(10G Connection to HKOX)
TP2-HONG-HONG-10GE-01526
(10G Connection to HKIX-RE)
TP2-HONG-GUAM-10GE-01527
(Telstra Guam-Hong Kong 10G)
TP2-HONG-GUAM-10GE-01528
(AT&T Guam-Hong Kong 10G)
TP2-HONG-GUAM-LAG-01534
(20G combined Guam-Hong Kong circuit)

5 hr 10 min

Year 6
Availability
99.94%

00 hr 13 min

99.99%

00 hr 05 min

99.99%

4 days 3hr 29 min

98.87%

3 days 15hr 12 min

99.01%

00 hr 00 min

100%

7. perfSONAR
The TransPAC project supports perfSONAR servers in Hong Kong and Seattle that provide
periodic testing between several US and Asian sites. TransPAC participates in the IRNC
mesh available at http://data.ctc.transpac.org/maddashwebui/index.cgi?dashboard=IRNC%20Mesh as well as the APAN testing matrix,
http://ps2.jp.apan.net/maddash-webui/.
The COVID-19 pandemic put most of our Year 6 perfSONAR efforts on hold. Planned inperson troubleshooting and training sessions for APAN49 regarding the APAN MaDDash
were cancelled due to travel restrictions, and the short session format of the virtual APAN
50 conference made moving forward with this work in a large-group setting impossible.
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TransPAC staff are working towards virtualizing these types of activities moving forward,
however the logistics of planning such an event around a large, multinational collaboration
are challenging.
Next year will see a ramp down in all activities related to perfSONAR, as the funding for
these activities was cut for TransPAC5.

8. Software and Systems Work
8.1 Distributed Denial-of-Service (DDoS) Analysis
The DDOS work has pivoted to explore adapting parts of the NetSage infrastructure to be
used with raw TransPAC circuit flow data for DDoS analysis. In Quarter 4, the script to
analyze raw flow data for possible DNS amplification attacks and import them into a
Elasticsearch database was completed. Southworth and Addleman built a Grafana
Dashboard to visualize the captured flows as pairs and top talkers. This visualization allows
for quick identification of legitimate traffic or attacks. In Year 7, we will write up a
summary of the DDOS project during the TransPAC4 project. We will also work to refine
our dashboards and continue analyzing traffic.

8.2 AutoGOLE / NSI
TransPAC continues to be a part of the Pacific Wave Automated GLIF Open Light Path
Exchange (AutoGOLE) / Network Service Interface Connection Service (NSI-CS)
deployment leveraging the TransPAC-PacWave 100G circuit. The AutoGOLE fabric
allows researchers and network engineers to self provision network connectivity from
Japan, across the TransPAC-PacWave 100G link, and around the world.

9. Security Events and Activities
Basic security measures were maintained throughout Quarter 4 and there were no security
incidents to report over Year 6. All TransPAC network and server hardware is managed by
the GlobalNOC and are in compliance with the IU policies. IN@IU security documents can
be found online at https://internationalnetworks.iu.edu/about/policies.html. These
documents were revised in Quarter 1 as part of our normal review process. They will be
reviewed again in Quarter 1 of Year 7.
The GlobalNOC also manages all International Networks perfSONAR testing hosts. This
mitigates risk of missing a critical patch while our small team is traveling and allows the
GlobalNOC’s security hardening policies to be fully enforced.

10. Milestones and Progress
1. Planning / Coordination
1.2.1 Evaluate circuit capacity and community needs. Negotiate with vendors and partners
for new circuits as capacity demands grow.
● ONGOING - We continue to track needed capacity by the community, but do not
expect additional circuit deployments through the end of this award. See Section 5.
1.2.2 Finish partner MOU process - Contact partners and start the process of signing
Memorandum of Understandings with each.
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● COMPLETED - We do not expect to sign additional MOUs during the project.
1.3.1 Evolve network architecture - New network designs over the evolution of the
5-year award. This will include 100G circuit speeds, software defined networking/
exchanges, possible new peering points, and greater than 10G flows.
● ONGOING - We continue to expand our peering partners. See Section 5.
1.3.2 Coordinate with IRNC:NOC winner - Coordinate with the IRNC:NOC awardee to
ensure they have a sufficient and appropriate level of access to all of the TransPAC4
equipment supporting international activities. This includes appropriate logs, SNMP
access, portal or login access to obtain data not available via SNMP, etc.
● ONGOING - The TransPAC project will continue close coordination with the
IRNC NOC until the end of that project in December 2020, at which point
TransPAC4 will pay for its own Tier 1 support. See Section 4.A
1.3.3 Coordinate with IRNC:AMI winner - Coordinate with the IRNC:AMI awardee for the
appropriate distribution of flow data, per our own security and data policies, SNMP and
other access as appropriate.
● ONGOING - TransPAC shares measurement data, specifically SNMP,
perfSONAR, and flow data, with NetSage. TransPAC continues to work closely
with NetSage for the Science Registry and development and use of the dashboards.
See Section 4.A
1.3.4 Overall Management of the project
● ONGOING - Meetings continue more than quarterly with project partners at
conferences including APAN, TNC, SC, and Internet2’s Global Summit and
TechX. See Section 3 and 4
1.3.5 Project Reporting - Report generation for the life of the project
● ONGOING - Reporting infrastructure is in place for up to date reporting; WBS
update as part of this report.
1.3.6 Documentation and dissemination
● ONGOING - Both private and public facing documentation continues to be
updated.
2. Outreach
2.2.1 Analyze usage data to identify geoscience/bioinformatics researchers. Leverage our
TransPAC4 partners to provide support and if possible, connectivity for these researchers.
● ONGOING - See Section 4
2.3.2 Analyze current network traffic and reach out to possible new network users
● ONGOING - See Section 6
2.6.1 Attend domestic and international conferences for application identification and
relationship maintenance
● ONGOING - See Section 3 and 4
2.6.2 Coordinate connectivity with existing and new TransPAC Partners
● ONGOING – We will continue to hold meetings at APAN, TNC, and Internet2
Conferences with our partners. See Section 3 and 4
2.6.3 Ensure connectivity in support of the Large Hadron Collider
● ONGOING - We continue our support of the Large Hadron Collider through our
efforts in the LHCONE community. See Section 4
2.6.4 Ensure connectivity in support of Belle-II
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● ONGOING - See Section 4
2.6.5 Coordinate with network partners and researchers to support large flows
● ONGOING – We will continue to develop new flow analysis tools that will assist
us in identifying appropriate researchers. See Section 6
2.6.6 Explore additional application communities
● ONGOING – We continue to look through flow data and discuss with our partners
what application communities would most benefit from more intentional
engagement. See Section 4 and 6
3. Operations
3.2.2 Deploy SDN DDOS Solution Deploy the SDN based DDOS mitigation solution.
● ONGOING - Looking at third possible approach in this space - NetSage related
tools. See Section 8
3.2.3 Evaluate and update existing POPs and equipment. Evaluate and install new points of
presence and equipment as community demands expands and changes.
● ONGOING - We continue to track needed capacity by the community, but do not
expect additional circuit deployments through the end of this award. See Section 5
and 6
3.5.1 Refine network measurement and monitoring data. Refine and make network
telemetry useful to researchers and the IRNC:NOC. This will include creating public web
pages and repositories that provide easy access to data
● ONGOING - We continue to work with IRNC NOC. See Section 4
3.5.2 Tune and support large flows Monitor large flows across the network and work with
researchers to fine tune the end points and entire path. Work with researchers to ensure
performance is as expected.
● ONGOING - We continue to work closely with network researchers to support both
large-scale demos and day-to-day activities to ensure effective network
performance. See Section 4, 5, and 6
3.5.3 Deploy support and telemetry for large flows. Work with partners to configure and
allow for large flows across the TransPAC4 network. Work with systems to deploy
monitoring solutions for large flows.
● ONGOING - The tools we have developed support collection of data for large flows
and we will continue to improve them as well as work with our partners to ensure
effective network performance. See Section 6
3.5.4 Operate Infrastructure; Pay for circuit, port, maintenance, and hardware costs.
● ONGOING, see Section 6
4. Research / Experimentation
4.1.1 SDN for DDOS mitigation - Research the feasibility of using SDN technologies for
detection and mitigation of DDOS attacks on the TransPAC network.
● ONGOING - Looking at third possible approach in this space - NetSage related
tools. See Section 8
4.2.1 Test larger than 10G flows Test network equipment, configuration, and support for
greater than 10G flows.
● DELAYED - Delayed until network experimenters express a concerted interest in
such activity.
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4.3.3 Evaluate routing issues using Flow data
● ONGOING - See Section 6.
4.3.4 perfSONAR support
● ONGOING - See Section 7.
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