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{HEP) CAS LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle Il, Pierre Auger Observatory, NOvA, XENON, JUNO)
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Double dash outline indicates distributed
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ASGC, Taiwan
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fe— ANA-300/400 - Various links provided by CANARIE, ESnet,
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UChi LHC Tier 2/3 ATLAS and CMS
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KEK Belle Il Tier 1/2
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2) LHCOPN links are not shown on this diagram
3) For map explanation see “Interpreting the LHCONE Map” at
https://www.dropbox.com/sh/padxfoS8i0j1raz/AADsBSKBfISHOFfhCiAdeCtea?d|=0

4) GEANT and CANARIE have shutdown the peering between their VRF and KIAE, as
a result of the Ukraine war.
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e 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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2) LHCOPN links are not shown on this diagram
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a result of the Ukraine war.
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GEANT overall

bits per second

Aggregate - LHCONE - ingress

1.40 Tb/s

1.20 Tb/s

1Tb/s

800 Gb/s

600 Gb/s

|
400 Gb/s ‘ .

200 Gb/s

“ \1*2(%1"(‘" h} it m ‘ e "'
f : R s Son AL LS k4 »n‘au."_

0b/s
16/09 01/10 16/10 01/11 16/11 01/12 16/12 01/01

: sl: il | i “ ' “
Rl ‘ 'll 1” &x i ]M, i) ! “.-'-J' ";
1 *I \ Fl ; M ."' f} '\?:l'" | W\M‘ Wk "H# & “H{Q‘;M " J‘ A | 'lb r ! i
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GEANT LHCONE access - 800Gbps
200 Gb
|
faes Lo L il | '..I.IH".i R JIJ |_.-,*',3'L}|1_I;V.%|J,
J.I“'_h ! ““‘“Jlm'*“r"ﬁ&"lﬂwI.!l*r| *Nllkl.ltlw;’ﬁ'ul‘! Hl“#'“-“hﬂ-‘-‘ﬂ‘!-l‘“.l.‘ '_I I,.-;‘,__I_l'g.ll-ll .Ilﬂ. ' '-m‘ﬂl’#_l*'lw i “‘Mw I | ‘ﬂ"ll,l '..-Ll.'-‘l .'J-'I'{Ih‘_v.'
. el L" Iy ",l._r'-f'ﬁ'"‘!"'{'l L bbb l...,‘,_,w.l,‘_l
ot A b ™

b

-100 Gb l_l ) l]ﬂ'-“h r'bfnfﬁ"r“r-"l ,;"r..
{ ’*..f»h} |

-300 Gb

13/02 14/02 5/02 18/02

== Incoming to CERN . 178Gb 51.3Gb 19.0Gb 162 Tb
== Qutgoing from CERN W 313Gb 801Gb 59.8Gb 284Tb
ESnet LHCONME access - 400Gbps

75 Gb

50 Gb

e

13/02 14/02 /02 18/02 0/0z 02 22/02

== Incoming to CERN Ob 653Gb 775Gb 214Gb 245Tb

== Outgoing from CERN Ob 58.4Gb 783Gb BB86Gb 248Th

Networks - Services - People www.geant.org



Energy Sciences Nevwork

220P

200P
180P
160P
140P
120P
100P
80P
60P
40P
20P
0.0
November December 2024 February March April
Bytes Percent of Total One Month Change One Year Change
J oscARs 32.12PB 15.1% +3.51e+3% +168%
II LHCONE 106.99PB 50.3% +106% +102% I
Normal traffic 73.64PB 34.6% +32.0% +14.7%
| Total 212.75PB +95.7% +64.7%

Volume (bytes)



NORDUNet

NORDUnet traffic with LHC@NE

B 406 b o L L L HL
0
Jan 2024
B Avg In Avg: 6.95G Max: 18.53G LasT. 2.57G
B Avg Out Avg: 17.83G6 Max: 35.06G Last: 6.4006
0 Max In Avg: 23.08G6 Max: 36.50G Last: 16.02G
B Max Out Avg: 47.39G6 Max: 73.22G6 Last: 25.880

Each averaged data point 1s averaged over 24 hours
Each max data point 1s Smin max i1n 24 hours interval
Direction 1s as seen from NORDUnet

Updated 00:00 Fri 15 Mar 2024
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www.geant.org



INTERNET:

Internet?2

Aggregate

20 Gb/s
17.5Gb/s
15Gb/s
12.5Gb/s ‘
106b/s |
7.506Gb/s | , \ Y/ j

5Gb/s

03/01 03/08
avg

min max
217b/s 17.3Gb/s 4.88 Gb/s

17.7 Gb/s

2.50 Gb/s ,
02/01 02/08

01/24
6.15 Gb/s

0b/s
12/24 01/01 01/08 01/16
29.8 b/s

== Input [1d sums]

Output [1d sums]

Networks - Services - People www.geant.org



Highlights ¥ RENATER

CONNECTEUR DE SAVOIRS

Aggregate - LHCONE - RENATER - ingress

300 Gb/s
|
250 Gb/s ﬁ
|
\‘( N \ |" 1 | 1 | |
200 Gb/s \ | - ' | . 11| R |
T | | | | | l | g
2 | | B B m L1l | | 2
3 | 1w \{’ l .\ i ‘» || Lo iyt W \ MY 2
% 150 Gb/s ‘ i L] } '\ x y’h‘ rol "&‘ 4 ‘[ Iy ‘,‘ i ‘ 'w Ho | J;;"ﬁ"’rf:, LML ‘ I 11 1;“ A M ik, ®
E t ’ | ‘ ] ‘ ﬂ il | A d 1 h‘ I\ ‘\\ ,”. {11 ‘ »f‘ l.] 1] ‘ ’i‘l\ \’ | w
g TRER WY i | AT VR [ Y] i AR g
8 '\hl [1 | | | [ ‘\‘Hv_ '\‘ -l“‘ . ‘ ” ' i ‘ ) " | ‘| ‘,.\.4"‘. I'!, ; } o
= 100 Gb/s ‘i‘u\"m p I i\ “"ll‘i"(l | W | | | ‘\‘ Wil a
50 Gb/s Wy 1 ) I f ! | | [
! | % ,‘ r‘ |
| " | ‘ | A l A / \ A AN “o"" : "I"' "
0 b/s s< i | b 0. ”,‘. J AL PO -,J 74'» ST s IR g S . g 1‘ T p— Moa N -".'~' M e J‘ Y “' s NN \ L MW .
12/02 13/02 14/02 15/02 16/02 17/02 18/02 19/02 20/02 21/02 22/02 23/02 24/02
max avg current
== mx71.par.fr- RENATER - ae12.111 - Ingress Traffic 35.12 Gb/s 5.54 Gb/s 767.81 Mb/s
mx1.par.fr - RENATER - ae12.116 - Ingress Traffic 105.92 Gb/s 31.43 Gb/s 9.70 Gb/s
mx1.gen.ch - RENATER - ae14.111 - Ingress Traffic 53.48 Gb/s 5.48 Gb/s 7.87 Gb/s
== mx1.gen.ch - RENATER - ae14.116 - Ingress Traffic 188.77 Gb/s 86.53 Gb/s 43.37 Gb/s
10
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Highlights ‘SCARR GEANT

Aggregate - LHCONE - GARR - egress

250 Gb/s

200 Gb/s

150 Gb/s

puooas Jad siq

bits per second

100 Gb/s

50 Gb/s

0b/s
12/02 13/02 14/02 15/02 16/02 17/02 18/02 19/02 20/02 21/02 22/02 23/02 24/02

max avg current

== rt1.mil2.it - GARR - ae10.111 - Egress Traffic 327.89b/s 242.01b/s 239.97 b/s

mx1.gen.ch - GARR - ae12.111 - Egress Traffic 206.94 Gb/s 95.46 Gb/s 71.82 Gb/s

Networks - Services - People www.geant.org



New joiners S\/ITCH GEANT

Aggregate - LHCONE - SWITCH - egress

40 Gb/s

35 Gb/s

30 Gb/s

25 Gb/s

20 Gb/s

bits per second
puodas Jad s)q

15 Gb/s

10 Gb/s

5Gb/s

0b/s

12/02 13/02 14/02 15/02 16/02 17/02 18/02 19/02 20/02 21/02 22/02 23/02 24/02

max avg current

== mx1.gen.ch - SWITCH - ae23.611 - Egress Traffic 37.00Gb/s 14.62Gb/s 750.47 Mb/s

Networks - Services - People www.geant.org 12



New joiners FCCN

Tecnelogia para o Conhecimento

12 Gb/s

10 Gb/s

8 Gb/s

6 Gb/s

bits per second

4 Gb/s

2 Gb/s

0b/s /\'U AM

A

I

I\

\

W

A

)

A |

puodas Jad suq

20/03 12:00 21/03 00:00 21/03 12:00 22/03 00:00 22/03 12:00 23/03 00:00 23/03 12:00 24/03 00:00 24/03 12:00 25/03 00:00 25/03 12:00 26/03 00:00 26/03 12:00 27/03 00:00

== Ingress Traffic
Ingress 95th Percentile
== Egress Traffic

== Egress 95th Percentile

max
10.81 Gb/s

3.75Gb/s
3.10 Gb/s
57.38 Mb/s

avg
1.32 Gb/s

3.75Gb/s
27.66 Mb/s
57.38 Mb/s

current
1.71 Gb/s

3.75 Gb/s
97.68 kb/s
57.38 Mb/s

Networks - Services - People www.geant.org
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DC24 traffic flows

GEANT

2001:1458::/32

1.net.cern.ch

2001:610::/29

2001:760::/32

2001:660:5009::/48

2001:660::/32

- 2a00:139¢:/32

2001:630::/32

- 2001:948::/32

- 2620:0:210::/48

Europe (513)

SURFNe (1103)

Italia (137)

RENATE (789)

RENATE (2200)

I Karlsr (58069)

Janet (786)

- NORDUN (2603)

- Brookh (43)

Janet (786)

Belgia (2611) [
ltalia (137) -

Europe (513)

Karlsr (58069) .
German (680) .

RENATE (2200)

Academ (2107)

2001:630::/32

130.246.0.0/16

2001:760:/32 -

2001:1458:301::/48 .

2001:1458:/32 -

2001:6a8::/32 -

2001:660::/32

2a00:139¢::/32 .

2001:1470:/32

2001:638::/32 .

Networks - Services - People www.geant.org
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DC24 top-talkers

Source
Route Prefix/LEN

128.142.0.0/16 (1.net.cern.ch)

2001:1458::/32 (-)

2001:660:5009::/48 (-)

2001:610::/29 (-)

2001:760::/32 (-)

2001:948::/32 (-)

2620:0:210::/48 (-)

2001:660::/32 (-)

2001:1458::/32 (-)

2a00:139¢::/32 (-)

2001:1458::/32 (-)

2001:610::/29 (-)

Source
AS Number

European Laboratory for

Particle Physics (CERN) el

European Laboratory for

Particle Physics (CERN) Sl

RENATER (IN2P3)  AS789 +

SURFNet (Netherlands
University & Research AS1103
Network)

Italian Academic & Research

Network (GARR) I

NORDUNet = AS2603

Brookhaven National

Laboratory —

RENATER = AS2200 +

European Laboratory for

Particle Physics (CERN) sl

Karlsruhe Institute of

Technology (KIT GriDKa) AS58069

European Laboratory for

Particle Physics (CERN) AT

SURFNet (Netherlands
University & Research AS1103
Network)

Site

GEN

GEN

GEN

AMS

GEN

AMS

GEN

GEN

GEN

FRA

GEN

AMS

Destination
AS Number

Janet (JISC) AS786 v

Janet (JISC) AS786 +

European Laboratory for

Particle Physics (CERN) RS

Italian Academic & Research

Network (GARR) S

Karlsruhe Institute of

Technology (KIT GriDKa) 2538002

Academic & Research
Network of Slovenia AS2107
(ARNES)

Academic & Research

Network of Slovenia AS2107
(ARNES)

Janet (JISC) AS786 +

Belgian National Research
Network (BELNET)

AS2611
RENATER AS2200 v

Academic & Research
Network of Slovenia AS2107
(ARNES)

RENATER = AS2200 ~

4

4

4

4

4

4

4

Destination
Route Prefix/LEN

130.246.0.0/16 (-)

2001:630::/32 (-)

2001:1458:301::/48 (-)

2001:760::/32 (-)

2a00:139¢::/32 (-)

2001:1470::/32 (-)

2001:1470::/32 (-)

2001:630::/32 (-)

2001:6a8::/32 (-)

2001:660::/32 (-)

2001:1470::/32 (-)

2001:660::/32 (-)

GEANT
Average
Gbits/s wv

127.48
77.39

74.01
36.04
33.69

31.32

29.08

28.41

27.79

26.01

2575

25.39



Deep analysis {& 494#4n GEANT

Aggregate - LHCONE - CSTNET - ingress

50 Gb/s

40 Gb/s

30 Gb/s

20 Gb/s

bits per second
puooas Jad siiq

10 Gb/s

16/09 01/10 16/10 01/1 16/11 0112 16/12 01/01 16/01

max avg current
== rt1.mar.fr- CSTNET - ae12.111 - Ingress Traffic 45.87 Gb/s 5.66 Gb/s Ob/s
mx1.lon.uk - CSTNET - xe-1/0/0.111 - Ingress Traffic 1.20 Gb/s 1.65Mb/s 97.57b/s
mx1.lon.uk - CSTNET - ae12.112 - Ingress Traffic 9.91 Gb/s 353.76 Mb/s 1.19 Gb/s
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Deep analysis &

35Gb/s

30 Gb/s

L

China Science & Technology Network

Aggregate - LHCONE - CSTNET - ingress

25Gb/s
E 20Gb/s =)
8 @
: E
g 2
o 15Gb/s 8
a a
10 Gb/s
5Gb/s
0b/s L] LWM
12/02 13/02 14/02 15/02 17/02 18/02 19/02 20/02 21/02 23/02 24/02
max avg current
== rt1.mar.fr- CSTNET - ae12.111 - Ingress Traffic 32.69 Gb/s 13.56 Gb/s Ob/s
== mx1.lon.uk - CSTNET - xe-1/0/0.111 - Ingress Traffic 3.09 kb/s 110.22 b/s 0b/s
== mx1.lon.uk - CSTNET - ae12.112 - Ingress Traffic 9.90 Gb/s 224.87 Mb/s 676.86 Mb/s
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Deep analysis &

202.122.32.0/21

2401:de00::/32

Source
Route Prefix/LEN

Total

202.122.32.0/21

202.122.32.0/21

2401:de00::/32

¥ 5 44 £

China Science & Technology Network

Destination
AS Number

Italian Academic & Research Network (GARR) AS137 «
RENATER (IN2P3) AS789 «

German University & Research Network (DFN) AS680

Italia (137)

RENATE (789)

[ Europe (513)
mmm Czech (2852)

. German (680)

I Karlsr (58069)

Destination

Route Prefix/LEN

131.154.0.0/16

134.158.0.0/16

2001:638::/32

Average
Gbits/s

233

273 (116.91%)

0.53 (22.55%)

0.42 (17.90%)

95th Percentile

Gbits/s

9.23

7.68

5.12

2.40

131.154.0.0/16

2001:760::/32 -

134.158.0.0/16

193.48.99.0/24 ===
128.142.0.0/16 [
147.230.0.0/15 ===

2001:638::/32 .

2a00:139c::/32

Max
Gbits/s v

27.00
2462
5.55

3.22



On demand analysis — Global to GEANT

Fermi (3152)

Brookh (43)

Univer (18515)

Univer (160)

mm Univer (59)
mmm Ultral (32361)

Merit (229)

Univer (2501)

=== Tata | (58758)
I Massac (3)
mmm Univer (1929)
[ High E (2505)
= Sinet (2907)

Comput (7497)

. Simon (11105)

Tl imn£ SRS ANAN

Networks - Services - People

Energy (293)

Intern (11537)

mmmm Nation (9885)

[ sinet (2907)

Comput (7497)

. Canada (6509)

www.geant.org

us

JP

m— ]

AMS

LON

par [

Italia (137)

Academ (2107)

German (680)

NORDUN (2603)
RoEduN (2614) mmmm

Europe (513) -

Janet (786)

RENATE (2200) l

Italia (137)

Academ (2107)

Consor (43115) I

Karlsr (58069)
German (680) I

RENATE (789) I

NORDUN (2603) [
RoEduN (2614) m

Europe (513) I

Janet (786)

RENATE (2200) I
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On demand analysis — GEANT to Global

Fermi (3152)

Brookh (43)

Univer (18515)

Univer (160)

mmmm Univer (59)
mmmm Ultral (32361)

Merit (229)

Univer (2501)

= Tata | (58758)
I Massac (3)
mmmm Univer (1929)
[ High E (2505)
= Sinet (2907)

Comput (7497)

. Simon (11105)

mmmm Triumf (36391)

Energy (293)

Intern (11537)

mmmm Nation (9885)

[ sinet (2907)

Comput (7497)

. Canada (6509)

us

JP

= IN

CN

GEN

AMS

LON

o[l

Iltalia (137)

Academ (2107)

German (680)

NORDUN (2603)
RoEduN (2614) m==

Europe (513) -

Janet (786)

RENATE (2200)

Iltalia (137)

Academ (2107)

Consor (43115) I

Karlsr (58069)

German (680) l

RENATE (789) I

NORDUN (2603) I
RoEduN (2614) mm

Europe (513) I

Janet (786)

RENATE (2200) I




NRENSs news

 New LHCONE joiners (now in operation):
 SWITCH (University of Bern-LHEP)
 FCCN (NCG-INGRID-PT)

* GARR access upgraded to 2 x 300G (MIL, MAR)

 RENATER access upgraded to 400G in GVA, 300G in PAR (about to
become 400G)

Networks - Services - People www.geant.org
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Thank you!

vincenzo.capone@geant.org
@EnzinoCapone (& Thankyou

www.geant.org
@GEANThews (¥
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