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We could load-balance…

NOTED.

Icons made by Smashicons from Flaticon
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The luminosity upgrade causes
higher bandwidth usage (peaks)

13

https://netstat.cern.ch/monitoring/network-statistics/ext/cache/LHCOPN_00-Total-Traffic-1-LHCOPN_TOTAL-OUT_Yearly.png



Smooth and large data transfers 
need network optimization

14Source: http://wlcg.web.cern.ch



Smooth and large data transfers 
need network optimization

15Source: http://wlcg.web.cern.ch
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To load-balance dynamically,
we tackle these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure impact

when to do 

what, and 

how, and

how well



To load-balance dynamically,
we tackle these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure impact
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To obtain transfer information,
we interface with Richard’s transfer tool
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To obtain transfer information,
we interface with Rucio and FTS
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To obtain transfer information,
we interface with Rucio and FTS

Transfer state

Transfer queue

Transfer size 
Transfer ID

Interesting
Src. & Dst.

latest.json

API
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we tackle these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure impact
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure impact



When a large transfer starts,
we trigger a SDN controller
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Transfer state

Transfer size
Trigger

Transfer Broker SDN Controller

Router config: netconf via PyEZ



We construct the SDN action
with IP prefixes from AGIS/CRIC
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Transfer state

Transfer size
Trigger

Transfer Broker SDN Controller

Router config: netconf via PyEZ

AGIS
init

twiki tables 
[1,2]



To load-balance dynamically,
we tackle these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure impact



As a first load-balancing mechanism,
we automated BGP multipath to NL-T1

26https://indico.cern.ch/event/725706/contributions/3169200/attachments/1744659/2824103/LHCOPNE-20181031-FNAL-CERN-NLT1-test.pdf



To load-balance dynamically,
we tackle these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure impact
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To demonstrate the impact measurements,
we transferred 200 TB from CERN to NL-T1
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To obtain transfer information,
we interface with Rucio and FTS
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The Transfer Broker successfully
observed how the Rucio queue fills up
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The Transfer Broker successfully
observed how the FTS queue fills up
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CERN to SARA

https://monit-grafana.cern.ch/dashboard/snapshot/m6QFfAzTpSMdZslFh8A7Av6nhXspJRAT?orgId=25&fullscreen&panelId=6



We trigger the load-balancing…

32https://monit-grafana.cern.ch/dashboard/snapshot/m6QFfAzTpSMdZslFh8A7Av6nhXspJRAT?orgId=25&fullscreen&panelId=6

Transfer state

Transfer size
Trigger

Transfer Broker SDN Controller

Router config: netconf via PyEZ



We trigger the load-balancing,
and see how the traffic shifts

33netstat.cern.ch

51.09 G

To GEANT

From GEANT

Simultaneously: traffic in LHCOPN from 50 G to 25 G Load-balancing
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To load-balance dynamically,
we tackle these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure & show impact

Icons made by Freepik from Flaticon
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A B
Progress

With the Transfer Broker info, 
we can improve the progress graphs
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With the Transfer Broker info, 
we can improve the progress graphs

Transfer Broker

SDN Controller

AGIS

[1] LHCONE: https://twiki.cern.ch/twiki/bin/view/LHCOPN/LhcopnIpAddresses#AS_numbers_and_LHC_prefixes   [2] LHCOPN: https://twiki.cern.ch/twiki/bin/view/LHCOPN/LhcopnIpAddresses
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A to B

With the Transfer Broker info, 
we can improve the progress graphs

noteo
Source SE

Dest SE

2.6 TB
Network

Done

FTS States

Rucio States
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With the Transfer Broker info, 
we can improve the progress graphs

noteo

Progress

Time

90%

Globe image: http://wlcg.web.cern.ch
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To load-balance dynamically,
we tackled these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure & show impact

Transfer 
Broker

SDN 
Controller

AGIS

Website



To load-balance dynamically,
we tackled these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure & show impact

Transfer 
Broker

SDN 
Controller

AGIS

Website

We would love to hear your feedback!



Future work…
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Load-balancing: 
segment routing in MPLS

segment-routing.net



Future work…
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Load-balancing: 
segment routing in MPLS

Use StackStorm as 
SDN controller

stackstorm.com



Future work…

44

Load-balancing: 
segment routing in MPLS

Use StackStorm as 
SDN controller

Also cover remoteIO/WMagent
(some jobs produce ~1PB load,
heavily used by e.g. CMS)

Icons made by Freepik from Flaticon
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Questions?

edoardo.martelli@cern.ch
coralie.busse-grawitz@cern.ch



To load-balance dynamically,
we tackled these key challenges
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Obtain transfer start & size information

Load-balance only during the transfer

Find load-balancing mechanism

Measure & show impact
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We would love to hear your feedback!


