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LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle Il, Pierre Auger Observatory, NOvA, XENON, JUNO, DUNE)
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LHCONE Map Ver. 9.1, 2024-10-01 — WEJohnston, ESnet, wej@es.net International infrastructure by provider/collaboration \‘ léTCFrSv'\:I/ m
LHCONE VRF domain/aggregator @ NREN/site router at exchange point M— VAFIOuS: e SINET ?EC'JJ CNAF ket
- A provider network. Communication links: S AARNet NORDUnet . e Italy Ioannina
s GEANT KIAE, Russia IHCB-TL LHCALICEor LHCbsite ~ fmo\ | 0000 o X a0 AT LHCTL s
NAF-T1 LHC Tier 1 ATLAS and CMS  Sites that are —— == Belle-Il INFN
CNAF-T. StandalonaVRFs || NOTES Bari, Catania, .
1) ONLY links involved in LHCONE are shown Frascati, Legnaro, H *
CIEMAT-LCG2 INFN Milano, Roma1, ] . K:g“h
2 i Saudi Arabia
UAM-LCG2 Tohng ! H
H

Connector network or institution — ——sss <100G=1.5pt, 100G=4pt, 200G=5pt,
400G=6pt, 800G=7.5pt

Underlined link information

e
Provider network PoP router  skeAeNiNscC jndicates link provider, not use
4 Double dash outline indicates distributed

site
[ Exchange point

provides, e.g., an L2 path between
VRFs.

WLCG sites that are
not connected to LHCONE

Future site

mmmmmm SINET, Japan, global ring W= KREONet2, Korea
NA-REX BELLA: GEANT, et al,
ESnet transatlantic, USA RedCLARA, et al

===== SINET/JGN/ SingAREN

= ANA-300/400 - Various links provided by CANARIE, ESnet,
GEANT, Internet2, NORDUnet, SURFnet, SINET,IU/NSF

UChi LHC Tier 2/3 ATLAS and CMS
KEK Belle Il Tier 1/2

JUNO JUNO

2) LHCOPN links are not shown on this diagram
3) For map explanation see “Interpreting the LHCONE Map” at
https://www.dropbox.com/sh/padxfo58i0jlraz/AADsBSK8fISHIFfhCiAdeCtea?dI=0

4) GEANT and CANARIE have shutdown the peering between their VRF and KIAE, as
aresult of the Ukraine war.
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GEANT aggregate

Aggregate - LHCONE - ingress
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CERN

GEANT LHCONE access - 800Gbps

200 Gb

100 Gb

-200 Gb

16/04 01/05

== [ncoming to CERN

== Qutgoing from CERN

16/05

01/06

16/06

01/07 16/07 01/08 16/08 01/09 16/09 01/10

682Mb 156Gb 12.7CGb 131Gb 54.8Tb
Ob 249Gb 527Gb 136Gb 227 Tb

ESnet LHCONE access - 400Gbps

40 Gb

16/04

== [ncoming to CERN

== Qutgoing from CERN

01/06

| W
| \
\,L,n\g,wé'w \ﬂ oy w‘ | (w“f Jym. "

16/06

i
|

01/07 16/07 01/08 16/08 01/09 16/09 01/10

200Mb 347Gb 4.44Gb 3.16Gb 191 Tb

Ob 721Gb 686Gb 3.88Gb 295Tb
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0.0

November December 2024 April May June July August September October o
Bytes Percent of Total One Month Change One Year Change
J oscARs 19.74PB 18.0% -0.620% +15.0%
| LHCONE 42.35PB 38.6% -2.60% -39.2%
Normal traffic 47.68PB 43.4% +3.66% -24.3%

I Total 109.76PB +0.391% -26.8%
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NORDUnet traffic with LHCONE

NORDUnet
NORDUnet 80 G

Nerdie Infrastructure for Research & Education

60 G
W
2
=
40 G
20 G
0
Jan Feb Mar
O Avg In Avg: 7.03G Max: 19.16G Last: 3.926
W Avg Out  Avg: 17.36G Max: 46.20G6 Last: 4.47G

O Max In Avg: 24.46G  Max: 44,236 Last: 21.186

W Max Out Avg: 45.80G Max: 84.54G Last: 18.95G

Each averaged data point is averaged over 24 hours Each max data point is 5min max in 24 hours interval
Direction is as seen from NORDUnet

Updated 00:00 Tue 01 Oct 2024
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INTERNET:

Internet2

Aggregate

14 Gb/s
12 Gb/s
10 Gb/s
8 Gb/s
6 Gb/s
4 Gb/s
2 Gb/s

0 b/s
04/16 05/01 05/16 06/01 06/16 07/01 07/16 08/01 08/16 09/01 09/16 10/01

min max avg

== Input [1d sums] 4.69 kb/s 12.3Gb/s 1.40 Gbh/s

Output [1d sums] 134 kb/s 12.3Gb/s 1.40 Gb/s



GEANT.ORG

I t t 2 INTERNET:
Aggregate
250 Gb/s
200 Gb/s
,l
i
| ’
I\
| \
150 Gb/s ; 1 NV/
| | ||
1 1 r‘ \‘\g \
| Al \“ \ !
| 1 AT |
| | [ \] J ,
100 Gb/s || |l w \" \ N | i |
| \ | |
A \ |
[ ) A \ | ’ | [\
A | )\ ’ \ N\ | |
\ A A A \ I :
N A ' WA A 1Ry | g
[\ \ \ J \ /A . A Al [V | |
\ | \ IN [\ A \ J\] ' ' \
50 Gb/s A f [\ 1\ \ \ I\ | / |-
\ ), \ / | \ A \ \ I \ /|
\ \ / y \ / \ /1 | \ | j | A \
7 ‘ / \ | [ ‘ A \
J / \ | ' | // \ 1 1A |
/ \ (,v . v [ “/\\ \ | ) /
0 b/s
05/01 05/16 06/01 06/16 07/01 07/16 08/01 08/16 09/01 09/16 10/01
min max avg
5.56 kb/s 186 Gb/s 58.1 Gb/s

04/16
7.21 Mb/s 205 Gb/s 60.7 Gb/s

== |nput [1d sums]

Output [1d sums]
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INTERNET:

Internet2

Aggregate - LHCONE - INTERNET2 - egress

80 Gb/s
70 Gb/s
60 Gb/s
50 Gb/s

40 Gb/s

bits per second
puo9oas Jad siq

30 Gb/s

20 Gb/s

10 Gb/s

0b/s LU

16/04 01/05 16/05 01/06 16/06 01/07 16/07 01/08 16/08 01709

max avg current
== mx1.lon.uk - INTERNET?2 - ae26.2002 - Egress Traffic 22.35Gb/s 75.74 Mb/s 105.46 b/s

mx1.par.fr - INTERNET2 - ae15.2001 - Egress Traffic 75.48 Gb/s 1.09 Gb/s 677.86 Mb/s
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Internet2

Source
AS Number

Total Overlay

Karlsruhe Institute of Technology (KIT GriDKa;
RENATER (LHC Open Network Environment)
Commissariat a 'Energie Atomique (CEA) A!
German University & Research Network (DFN;
RENATER (LHC Open Network Environment)
Consorci Institut de Fisica Altes Energies (PIC
Czech Republic Research & Education Netwo
DESY-HAMBURG AS1754 «

RoEduNet AS2614 »

Janet (JISC) AS786 =

Janet (JISC) AS786 «

National Academic Network & Information Ce
Fundacao para a Computacao Cientifica Nac

RedIRIS/Red.es AS766 ~

INTERNET:

Source
Next Hop AS Number

German University & Research Netw

RENATER (IN2P3) AS789 w

RENATER (LHC Open Network Envir

German University & Research Netw

RENATER (LHC Open Network Envirt

RedIRIS /Red.es AS766 w

Czech Republic Research & Educati

German University & Research Netw

RoEduNet AS2614 -

Janet (JISC) AS786 =

Janet (JISC) AS786 =

National Academic Network & Inforr

Fundacao para a Computacao Cien

RedIRIS/Red.es AS766 »

Destination

Next Hop AS Number

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

Internet2

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

AS11537

Destination
AS Number

University of Chicago AS160 ¥

University of Chicago AS160 w

University of Chicago AS160 ¥

University of Chicago AS160 =

University of Chicago AS160 ¥

University of Chicago AS160 =

University of Chicago AS160 ¥

Massachusetts Institute of Technology (MIT)

University of Chicago AS160 =

University of Victoria AS16462 «

Simon Fraser University AS11105 =

University of Chicago AS160 ¥

University of Chicago AS160 »

University of Chicago AS160 ¥

Average
Mbits/s v

2,681.66

2,275.83

1,953.78

1,611.10

798.95

797.27

694.20

660.11

449.03

348.98

24972

145.41

120.91

103.13

69.51

(84.87%)

(72.86%)

(60.08%)

(29.79%)

(29.73%)

(25.89%)

(24.62%)

(16.74%)

(13.01%)

(9.31%)

(5.42%)

(4.51%)

(3.85%)

(2.59%)

95th Percentile
Mbits/s

10,119.89

5,195.32

5,765.93

6,366.43

2,848.98

2,753.45

2,603.76

2,219.62

1,099.57

1,057.88

1,692.64

632.75

298.94

325.47

283.99

Max
Mbits/s

53,723.20

18,172.61

18,779.05

23,447.07

4,854.81

9,364.65

8,342.69

5,506.85

1,258.97

7,455.30

3,535.08

5,025.72

2,981.95

1,984.17

1,377.96
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Internet2

v¢ LHCONE-NREN Top-talkers &

Karlsr (58069)

I RENATE (2091)

Commis (777)

. German (680)

D DESY-H (1754)

. Consor (43115)
. Czech (2852)

- Janet (786)

|| RoEduN (2614)
=== Nation (8517)

INTERNET:

RENATE (789)

I German (680)

RENATE (2091)

. RedIRI (766)
. Czech (2852)

- Janet (786)

- RoEduN (2614)
= Nation (8517)

Intern (11537)

Univer (160)

Massac (3) -

Univer (16462) [N
Simon (11105) ===
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| urope

200G
150G 150G
[%] [%]
2 oG 2 oG
- uﬂ»MMJ kk AT Wathl!
-
i | . et > o _ ""J £ LLJL. .... “l‘-hl'\-l&lﬂj i; -L ]'J.&dll'.:u-hﬂl Al (R
Ot MNaow Dec lan Feb Mar May Jun Jul Aug Sep
Oin (max:893.47G6 avg:33.026 last:265.76G) Mout [max:B5.17G ave:28.71G  last:53.650) Oin [max:'ISE.EEG avg:42.306  last:0.00) Mout (max156.40G avg:33.54G  last:0.00)
Min AVERAGE:38.45G [Mout AVERAGE:39.63G Min AVERAGE:32.60G6 Mout AVERAGE:38.24G
Max Bandwidth: 100G bits/sec Max Bandwidth: 1T bits/sec
Provided by SINETE operation center Provided by SINETE operation center
200G § 200G §
150G 150G
[%] [%]
2 2 e
500G
o \ AUACILLZ N A ]]Mh L.iLuu.h.n‘li
Apr May Jun Sep
Oin (max:117.77G  avg:18.68G last:0.00) Mout [(max102.29G avg:23.94G last:0.00) Oin (max124.71G avg:18.78G last:000) Mout (max121.23G aug:Z’I.ZBG last:0.00 )
Bin AVERAGE:30.80G M out AVERAGE:17.80G Min AVERAGE:7.29G Mout AVERAGE:7.26G

Max Bandwidth: 600G bits/sec

Max Bandwidth: 600G bitsae-c

Provided by SINETE operation center
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CSTNET re-routing

rt1.ams.nl - traffic - €t-1/1/5.2000 - SRV_L3VPN RE_INTERCONNECT CSTNET #CSTNET-AMS-LHCONE $GS-02537 | ASN7497 mx1.lon.uk - traffic - xe-1/0/0.111 - SRV_L3VPN RE_INTERCONNECT CSTNET #CSTNET-LON-LHCONE $GS-00815 | ASN23911

35Gb/s 10 Gb/s
30 Gb/s ‘V
8Gb/s
25Gb/s \
-] =8 o [ | o
S 206Gb/s # & 6Gb/s i \ g
2 o 9 ‘ | ’ o
@ et » | \ 2
2 . | B
8 156b/s 2 2 406bis I il I ‘ g
o ° » ’| fil )
2 : £ 1 | L 2
10Gb/s ( L o
2Gb/s W
«, I f
5Gb/s | M.‘ | : '»“l u_‘ ML Ll 4R st ‘“}u
.Ak“ DA v Ll ‘
0b/s . - 0b/s ‘
16/04 01/05 16/05 01/06 16/06 01/07 16/07 01/08 16/08 01/08 16/09 01/10 16/04 01/05 16/05 01/06 16/06 01/07 16/07 01/08 16/08 01/09 16/09 01/10
rt1.mar.fr - traffic - a¢12.111 - SRV_L3VPN RE_INTERCONNECT CSTNET #CSTNET-MAR-LHCONE-PRIMARY $GS-00814 | ASN7497 mx1.lon.uk - traffic - ae12.112 - SRV_L3VPN RE_INTERCONNECT CSTNET #CSTNET-LON-LHCONE-SECONDARY $GS-02380 | ASN7497
40 Gb/s 12.5Gb/s
106b/s,
30 Gb/s
T | z 2 7.50Gb/s g
g ‘ - g B
$ 20Gb/s ] @ [
[ = w
g g 50| 2
@ o p2] =]
b5 lk 2 3 2
106Gb/s , \
\ 2.50 Gb/s ’ J | |
i ‘. L | (R ll‘. i
J AT Ny e - .’t “‘ g M WA
Ob/S rr "\"'_,,j.,ibijn,‘l b . LY Db/s ! L | 8 ’
16/04 01/05 16/05 01/06 16/06 01/07 16/07 01/08 16/08 01/09 16/09 01/10 16/04 01/05 16/05 01/06 16/06 01/07 16/07 01/08 16/08 01/09 16/09 01/10



CSTNET re-routing

Aggregate - LHCONE - CSTNET - ingress

40 Gb/s
35 Gb/s
30 Gbh/s |
o 256br/s ﬁ I
o {
o] | |
D | |
» 20 Gb/s |
5 |
(o}
w
£ 15Gb/s
10 Gb/s . ; )
1 \ !
5 Gb/s ‘ I"I\ ﬁ‘ |~ '| # A M| ‘ 1'1 ) | ‘|
‘ LJ L- |' ‘\lr ||| ” “ ﬁ ' 'H'ﬂ {\»1 J| "IIJH' ‘ ‘ ‘ H I LAl ",“l \ |‘y' A x il A' | I‘" "‘ n rrj| Il
W by J nﬂ ) V‘"\'ﬁ wJ\J\ L/ L\,‘ l'\.m L i.\)a N ﬁ"‘ _‘,- W ) W/ i\ h T-' W |h‘ \ L-"l -I'ﬂ'-_(j gAY \,N" .“iu.\‘n_f \ Lu.h |/ lJ VA [
0b/s S '
16/04 01/05 16/05 01/06 16/06 01/07 16/07 01/08 16/08 01/09
max
== rt1.ams.nl - CSTNET - et-1/1/5.2000 - Ingress Traffic 33.32 Gb/s
mx1.lon.uk - CSTNET - xe-1/0/0.111 - Ingress Traffic 9.20 Gb/s
rt1.mar.fr - CSTNET - ae12.111 - Ingress Traffic 33.71 Gb/s

== mxT1.lon.uk - CSTNET - ae12.112 - Ingress Traffic 9.92 Gb/s

n
Il

f
W k l"\"-/f‘uau
16/09

avg
3.06 Gb/s

991.03 Mb/s
1.27 Gb/s
656.07 Mb/s
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puodas Jad s1q

01/10
current

16.63 Gb/s
105.77 b/s

0b/s
623.78 b/s



Site news (new prefixes)

 KREONET/KISTI (AS17579)

* |Pv4:
* |Pv4:
* |Pv4:
* |Pv4:
* |Pv4:
* |Pv6:
* |Pv6:

134.75.123.0/24
134.75.124.0/24
134.75.125.0/24
134.75.126.0/24
134.75.127.0/24
2001:320:15:124::/64
2001:320:15:125::/64

* ASGC (AS18217)

* IPva:
* |Pvé:

140.109.225.64/26
2001:0c08:ffff:ffff.ffff.ffff:fffa:940/122

* KEK (AS2505)

e |Pv4:
e |Pv4:
* |Pvb:

202.13.202.124/30
202.13.202.128/25
2001:2f8:3e:cc26::/112
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Summary

Little or no changes in the service topology

A general increase in the overall global traffic

More evident to/from Europe, starting in May

Mutual backup arrangement have proved to be very effective in keeping
LHCONE up-and-running despite fibre cuts
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Thank You

Any questions?
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