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Network Challenges planned every two years with
increasing bandwidth and different tests
In 2021 the data challenge was split in two challenges

run back to back
o Network Data Challenge 4-8/10/2021
o Tape Challenge 11-15/10/2021
Network Data Challenge 2021 goals
o Commission HTTP-TPC
o Demonstrate we can fill 10% the bandwidth that 1s requested
at HL-LHC scale
Tape Challenge goal

o Goal 1s to validate tape bandwidth on WLCG tape sites (TierO,
Tierls and even Tier2 if available), at the Run3 scale, for all
experiments
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ATLAS+CMS Alice LHCb
. Network Needs (Gbps) Network Needs (Gbps) Network Needs (Gbps) LHC Network Needs (Gbps) LHC Network Needs (Gbps)
%ATLAS  %CMS % Al % LHCb
‘e Minimal Scenario in Minimal Scenario in Minimal Scenario in Minimal Scenario in 2027  Flexible Scenario in 2027
2027 2027 2027
™
CA-TRIUMF 10 0 0 0 196 0 0 196 393
DE-KIT 12 11 21 17 473 85 66 624 1247
ES-PIC 4 5 0 4 169 0 16 185 370
FR-CCIN2P3 13 10 14 15 448 56 58 562 1124
IT-INFN-CNAF 9 15 26 24 472 105 95 673 1345
KR-KISTI-GSDC 0 0 12 0 0 50 0 50 99
NDGF 6 0 8 0 111 31 0 142 285
NL-T1 7 0 3 8 143 12 34 188 376
NRC-KI-T1 3 0 13 5 51 51 21 123 247
UK-T1-RAL 15 9 3 27 472 10 109 591 1183
RU-JINR-T1 0 5 0 0 103 0 0 103 207
US-T1-BNL 23 0 0 0 453 0 0 453 906
US-FNAL-CMS 0 45 0 0 909 0 0 909 1817
(atlantic link) 1362 0 0 1362 2723
Sum 100 100 100 100 4000 400 400 4800 9600
Data Data Data Data
NetWOTk numbers fr()m the Challenge Challenge  Challenge Challenge
target 2027  target 2025 target2023  target 2021
- (Gbps) (Gbps) (Gbps) (Gbps)
Above global HL-LHC numbers for minimal and flexible models CA-TRIUMF %8 59 29 10
. DE-KIT 312 187 94 31
Spht by Tl and VO ES-PIC 93 56 28 9
Below the rates split by T1 for the minimal model for DC FR-ColNzpa 21 168 o 2
. T-INFN-CNAF 101 4
4 transfers this year the next years. KR-KISTI-GSDC 25 15 7 2
. . 1 NDGF 71 43 21 7
‘ ‘ e  Numbers in this table are 2 of the target. ST . E = i
: e ingress/egress 50/50 NRC-KI-TL 62 37 19 6
UK-T1-RAL 296 177 89 30
RU-JINR-T1 52 31 15 5
US-T1-BNL 227 136 68 23
US-FNAL-CMS 454 273 136 45
(atlantic link) 681 408 204 68

Sum 2400 1440 720 240 3



https://docs.google.com/document/d/1lMG4dfiPo9bPf-tAO0bINDAuEUIloC45Y-vwu1E9_Xw/edit

Network DC Models
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. Two models very different
o Minimal: hierarchical model TO-T1-T2 traffic
o Flexible: chaotic model currently more realistic

. TO-T1 Data Taking rates only thing in common
. Challenge planned using chaotic realistic model
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05/03 05/07 05/09 05/11 05/13 05/15 05/17 05/19 05/21 05/23 05/25
avg total v
== CERN-PROD 7.83TB 4.63PB
NDGF-T1 6.66 TB 3.94PB
= BNL-ATLAS 498TB 295PB
FZK-LCG2 400TB 2.36PB
MWT2 3.88TB 2.29PB
== [N2P3-CC 3.64TB 2.15PB

Example of standard atlas traffic per destination site
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Global Traftic

. Global traffic FTS + xrootd
o xrootd Alice and part of CMS production traffic

. But DC injected using FTS
o Most numbers for FTS only

. 20% of minimal model, 10% of flexible

WLCG Throughput

150 GB/s
1 Tb/s ;
125 GB/s 960 Gb/s flexible
[ T —Startofthe T "B THE e 0 -
challenge
100 GB/s
75 GB/s ‘ _
480 Gb/s minimal I"Il | Ill._,v, Il‘"““ it T
||| Il || HAEHARA AR i A
Ut I
25GB/s ‘ “‘II I| " |
2021-10-07 00:00:00
z 0B/s atlas: 42.5 GB/s
10/03 00:00 10/03 12:00 10/04 00:00 10/04 12:00 10/05 00:00 10/05 12:00 10/06 00:00 10/06 12:00 10/07 0OC 10 10/08 12:00 10/09 00:00 10/09 12:00
f = Data Challenge: 46.2 GB/s
" oM 32.4 GB/s max avgv  curren t
.| ating alice: 3.1 GB/s 60.0GB/s 35.0GB/s 43.5GB/s
lheb: 136 MB/s
W == Data Challenge 64.5GB/s 25.8GB/s 6.09 GB/s
cms 33.6GB/s 15.4GB/s 15.7GB/s
alice 9.75GB/s 3.50GB/s 3.11 GB/s
{
Ihcb 7.33GB/s 1.29GB/s 236 MB/s
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network tratfic

. Matching FTS traffic with network traffic not straight

forward
o For example TC peak higher than DC but less data injected

LHCOPN TOTAL Traffic (CERN -> Tiers1)
400 G

Tape challenge
Data Challenge

300 G

Bits

200 G

e 3 (Cases
o T2

100 G

Week 37 Week 38 Week 39 Week 40 O Tl
Avg Max Peak Curr
B To DE-KIT 20.50G6 89.79G 144.08G 51.01G O TO
O To KISTI 303.02M 4,536 11.78G 1.64G
O To RU-T1S 10.73G 41.87G 108.88G 12.066G
O To IN2P3 12.49G6 65.17G 74.32G 65.17G
Bl To NDGF 6.92G 24,236 34.02G 20.31 G
B To NLT1 5.72G 38.056G 80.72G 9.41 G
O To ASGC 2.42G6 7.96G6 9.74G 834.63M
Bl To CNAF 8.24G 52.93G 82.45G 35.336G
O To RAL 8.01G 25.62G 39.356 13.05G
B To TRIUMF 6.05G 41.696 66.23G 11.47G
B To BNL 14.32G 64.346 87.51G 31.07G
l To FNAL 6.76G 46.536 67.18G 13.036G
B To ES-PIC 3.31G6 9.50G 9.93G 6.50G
Total to Tiersl Avg:105.766G Max:324.346G Curr:270.886G

Last update: Tue Oct 12 2021 13:36:19
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. Very simple case
o single 10Gb/s pipe
o Mostly incoming el . -

traffic from 500::: ™ i
ATLAS Data I = -5 I

Transfers Throughput

1.50 GB/s

|

08:00 10:00 12:00 16:00 18:00
Challenge
avg v current
o S ame monltorlng == Data Challenge 634 MB/s 413MB/s 579 MB/s
== Production Input 704 MB/s 291 MB/s 228 MB/s

(grafana)

. Almost overlapping |
o Particularly the
drop on the right

= ]~ L nr
E U‘lﬂﬂju “ r‘“f J

14:00 16:00 18:00

2.23Gb/s 9.86Gb/s 7.72Gb/s 9.36 Gb/s
934 Mb/s 9.38Gb/s 3.44Gb/s 2.07 Gb/s
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. More complicated network

. Different monitoring

o Internal
o CERN LHCOPN

. IPv4/IPv6 traffic
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UK Computing lor Particie Poysecs

e Internal RAL monitoring
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Fri 00:00 Fri 12:00 Sat 00:00 Sat 12:00 Sun 00:00 Sun 12:00 Mon 00:00 Mon 12:00 Tue 00:00 Tue 12:00 Wed 00:00 Wed 12:00 Thu 00:00 Thu 12:00
i Transfers Throughput for UK-T1-RAL (RAL-LCG2) ~
50 Gb/s 50 Gb/s
40 Gb/s 40 Gb/s
30 Gb/s 30 Gb/s
2021-10-05 15:00:00
-~ incoming: 8.46 Gb/s
20 Gb/s - outgoing: 6.06 Gb/s 20 Gb/s
10 Gb/s 10 Gb/s
ob/s IIII'IIII“IIIII| II"III|| I| IIl I I I III lIIII" |I| IIIIII" ob/s
-10 Gb/s -10 Gb/s
-20 Gb/s -20 Gb/s
-30 Gb/s -30 Gb/s
-40 Gb/s -40 Gb/s
-50 Gb/s -50 Gb/s
10/01 00:00 10/01 12:00 10/02 00:00 10/02 12:00 10/03 00:00 10/03 12:00 10/04 00:00 10/04 12:00 10/05 00:00 10/05 12:00 10/06 00:00 10/06 12:00 10/07 00:00 10/07 12:00
max avg - current
== incoming 30.7 Gb/s 13.6 Gb/s 21.5 Gb/s
=== outgoing (right-y) 34.7 Gb/s 12.2 Gb/s 12.8 Gb/s

L 0
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[Pv4/IPVv6

LHCOPN UK-T1-RAL 100G IPvé

LHCOPN UK-T1-RAL 100G IPv4

306

Sum matches previous
slide plots

206

Bits

10 G )

Bits

-10 G
-20 6 >
01 02 03 04 o5 06 07
Avg Max last Max Avg Max last Max
W RAL to CERN 8.86G 24.636G 8.456 / Peak: 28.89G [l RAL to CERN 4.75G 13.956 8.87G6 / Peak: 23.06G
B CERN to RAL 2.856G 18.686 12.696 / Peak: 19.206 B CERN to RAL 7.99G 16.616 9.666 / Peak: 20.54G

Last update: Thu Oct 07 2021 12:51:37

Last update: Thu Oct 07 2021 12:51:37
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. What TO-T1 traffic?
o TO-TI1 FTS trattic # LHCOPN TI1-TO-T1

LHCOPN

AL R iy,
v 1,
W y,

ES-PIC CA-TRIUMF US-T1-BNL
L AS43115 AS36391 AS43 z
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KR-KISTI
AS17579
]

RRC-KI-T1
AS59624 v,
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\ NL-T1 DE-KIT IT-INFN-CNAF
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CERN TO

CERN WLCG Traffic to LHCOPN and LHCONE

400 G

200 G Shape for outgoing traffic matches
not clear the rates do and incoming
¥ 0 traffic different missing xrootd traffic
P . oy eqe
w might be a possibility...
-200 G
-400 G
06 07 08 09 10 11 12
Avg Max Peak Curr
O CERN to TierXs 147.21G 341.15G 424,956 227.72 G
B TierXs to CERN 124.34G 288.74G 322.29G 92.57 G
from CERN peaks
/ to CERN pea ks ghput for CERN-TO (CERN-PROD)
500 Gb/s
Last update: Tue Oct 12 2021 14:38:37 ool
300 Gb/s 300 Gb/s
Includes T2 traffic
0b/s 0b/s
-100 Gb/s -100 Gb/s
-200 Gb/s -200 Gb/s
-300 Gb/s -300 Gb/s
-400 Gb/s -400 Gb/s
-500 Gb/s -500 Gb/s
10/0512:00  10/06 00:00  10/06 12:00  10/07 00:00 10/0712:00  10/08 00:00  10/08 12:00  10/0900:00  10/0912:00  10/1000:00 10/1012:00  10/1100:00 10/1112:00 10/1200:00  10/1212:00
outgoing (right-y) 253"::5 1;9(;;/5 1c ::::;s
incoming 180Gb/s 45.6 Gb/s 38.8 Gb/s




. Couldn’t really fill the bandwidth during the DC
. Tape Challenge doing better
. Maybe dedicated tests needed

S Transfers Throughput for CERN-TO (CERN-PROD) ~

outgoing: 180 Gb/s

0b/s \ O0b/s
-100 Gb/s -100 Gb/s
-200 Gb/s | -200 Gb/s
-300 Gb/s | -300 Gb/s
‘ -400 Gb/s | -400 Gb/s
’ 4 -500 Gb/s -500 Gb/s
1 10/05 12:00 10/06 00:00  10/06 12:00 10/07 00:00 10/07 12:00 10/08 00:00 10/08 12:00 10/09 00:00 10/0912:00 10/10 00:00 10/10 12:00 10/1100:00 10/1112:00 10/12 00:00 10/1212:00
max avg v current
outgoing (right-y) 180 Gb/s 75.2Gb/s 152 Gb/s

incoming

13




Conclusions

Network DC was a success
o Reached 10% of flexible model with chaotic rather than
hierarchical traffic

. Consistency between DC monitoring and network
monitoring

. Other sites should do similar matching work?

. Need to better understand TO-T1 case with another round

of tests
o Tape challenge with run3 rates filling bandwidth more

consistently
« There is no data deletion between injections and the traffic 1s
more sustained 180 Gb/s over an expected 240 Gb/s

( @ o Could be done again with larger amount of data

)
14
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https://docs.google.com/document/d/1lMG4dfiPo9bPf-tAO0bINDAuEUIloC45Y-vwu1E9_Xw/edit?usp=sharing
https://docs.google.com/document/d/1rUhHdhlSgpU_Doam3Muox9XxnPQJEmqaf5_ZtzWsI5E/edit#
https://docs.google.com/document/d/1lMG4dfiPo9bPf-tAO0bINDAuEUIloC45Y-vwu1E9_Xw/edit?usp=sharing
https://its.cern.ch/jira/projects/DOMATPC
https://gitlab.cern.ch/wlcg-doma
mailto:doma-data-challenges-development@cern.ch
https://mattermost.web.cern.ch/wlcg-gdb/channels/wlcg-data-challenges
https://mattermost.web.cern.ch/wlcg-gdb/channels/wlcg-data-challenges
https://join.slack.com/t/tapetest/shared_invite/zt-vgks2f78-zmRThnJfb7U3cYPOthsknA
https://indico.cern.ch/category/10360/

