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THE BELLE Il COLLABORATION
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France joiried in June 2017 BNL joined in Oct. 2017
(LAL, IPHC) ¢ &

Ukraine
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oo 25 countries/region
o~ 106 institutes |
716 colleagues ? o7

as of Jan. 16,2018



SINET4 — SINETS ; . .
Japan-US : 100Gbps new KEKCC operation started First official real data phase 3 operation
Japan-EU : 20Gbps start using LHCONE w,/ CDC+TOP+ECL+KLM 9 months [ year
/ a4
Calendar ye x‘ 2016 / / 2017 //2[]13 2019 -
— r,p T
Japan FY JFYZJ% FY2017 /A JFY2018 JFY2019
r shutdown sSummer shutdown Power saving sSumrmer shutdown
LER/HER single beam circulation (power saving) after mid July 2048 (power saving)
was successfully finished
Beam background study was done (mid. Fep.— mid Jul. 2018) L./ full Betlen
\/ o btel phase|2 (MR) bhase 3
: - N ——
Global Cosmic rup m ——
-"""""r B-field w/ Belle I} {no VXD) L
TOP installation UKD iﬂStE“H'.‘iGn
was completed
] / i l I
( CDC installation was completed ) ‘ \

Y

ARICH + Fwd ECL installation /A \
was completed FWD/BWD QCS was connected ]

L with VXD system
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<> Network connectivity and LHCONE routing

& SINETS has direct international lines to USA, Eurcpe, and Asia.
 USA; 100-Gbps line to Los Angeles, 10-Gbps line to New York, and 10-Gbps backup line
« Europa: Two 10-Gbps bnes o London for small labency
» Asia;  10-Gbps line to Singapore

L ™

£

: | intamational lines will ba raneawed in Apal 2019

L4
2,775 M. Makamura (NIl) @ 3rd ATCF on Oct 12, 2017

T. Hakamura (KEKCEL) gp Z8th B2GM on Ost 11,2017

LHCONE routing
Sep. 2016
GEANT at London (20G)
GEANT at NY (10G, backup)
ESnet, CANARIE at LA (100G)

Sep. 29th 2017
ASGC, KOREONET, (TEIN
at Hong Kong (100G)

SINET ©
—
i Rk

SINET International Links will be renewed
In March 2012 for next perod of 3 years.

EU link will be upgraded to 100G
NY link will be upgraded to 100G hopefully
SG link may be upgradad te 100G
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Belle Il can utilize LHCOPN

— 70T and T1-T1 iraflic — 0GRS
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H AS43115 AS36391 AS43 B . .
g : BNL is connected via LHCOPN
\\\..».1'-“" AS24167 AS3152
S i BNL can use LHCONP for Belle Il traffic
§ G if participating LHC Tier1 sites agree
H @6*\;& KR-KISTI RRC-KI-T1 | and do not jeopardize LHC operations
5 AS17579 AS59624 o
5 | ' | % discussed and decided at the last
£ . ' . z LHCOFPN / ONE meeting on Oct. 2017
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https://twiki.cern.ch/twiki/bin/view/LHCOPN/LHCopnAUP
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Belle I

 Estimate future Network requirements to support the Belle || computing model
 MC Simulation
 Raw data replication
« Data Reconstruction
« Skimming
* Analysis

* Give feedbacks to Sites, NRENs and International Network Providers for
planning purpose.

« Give information for Data challenge

N.B. At present there are some uncertainties about the number of RAW data
centers.



S DATA FLOWS
2 full copy for each data type

Belle I

TYPE OF DATA 2018-2020 2021-2024
RAW Data Replication 100% BNL up to 2020. BNL (30%) and other sites (some of the
candidate countries: Italy, Germany, Canada,
France, Korea, India)
MDST (Data Processing) | Produced at KEK and BNL and Produced at KEK, BNL and in all RAW data
distributed over all sites centers and then distributed over all sites.
Data Reprocessing Produced at BNL and distributed over| BNL and in all RAW data center and
all sites up to 2020. distributed over all sites.
Skimming
MC Reprocessing Produced by all sites and distributed over all sites. The amount of data stored in
MC pre-Data Taking each site depend from the number of phd
MC Data
Analysis Chaotic




EAW data + F]‘ﬂduﬂﬂd mDST

Belle Il Computing Model  cu ot year 3
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RAW data + produced mDST

Belle Il Computing Model  start years

North America

BNL Data Center
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5 2° RAW Data Copy EESETETETTTE
USA

— . . 100% 30%
Replication Strategy .. e 20%

Germany 0% 20%

Korea 0% 10%

India 0% 10%

Gbps
RAW-Data KEK OutBound
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Year



Data Replication - Total Inbound Traffic per Site per Year

12,00 KEK 1 Gbps
Germany 1.7 Gbps
Total 10 Gbps
10,00 —— R —
Italy 1.7 Gbps
8,00
BNL Max 3.4 Gbps
— | Py
6,00 Q
=
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Q
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4,00 Y
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D
wn
2,00
0,00
2018 2019 2020 2021 2022 2023 2024
m BNL W ltaly B Germany  EKEK M Korea m Canada
B India W Russia B China B Australia B Slovenia B Taiwan
H Mexico B Poland France B Austria E Malaysia Czech

B Vietnam B Thailand B Turkey B Ukraine B Saudi Arabia B Spain



Data Replication - Total Outbound Traffic per Site per Year

12,00
10,00
8,00
6,00
4,00
200 ——|
0’00 .
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= Data Replication -Total Traffic per Regions

N.B. USER ANALYSIS TRAFFIC NOT INCLUDED

~2 ps <0,5Gbp$

<0, <0,5Gbps

_ bow pois pow fox poxz oz pous

KEK to EU 020 0,11 0,16 210 2,70 2,86 2,64
KEK to USA+MEX+CANADA 011 1,8 3,25 1,99 2,54 2,65 2,40
KEK to ASIA 008 005 0,07 1,04 1,33 1,40 1,29
USA+MEX+CANADA to EU 017 0414 0,9 016 021 0,35 041
EU to KEK 020 008 010 014 020 0,31 0,38
EU to USA+MEX+CANADA 017 0,07 009 012 017 0,27 0,33
USA+MEX+CANADA to KEK 009 007 0,10 008 011 0,18 0,21

ASIA to KEK 0,08 0,03 0,04 0,06 0,09 0,14 0,18



Continuous Throughput Tests from KEK to BNL

. @& ESnet (o |
* BNL has started the continues e
N etwo Ir k I Od d te St us i N g B N L FTS . é.fbél{hyéiven National Laboratory m -
« It was gradually increased from

400MB/s to 1.5GB/s.
* It achieved the sustained throughput e Jm RV [ R b
at 1.5GBps in Jan 2018.

0
2.3GBps achieved in new test in February
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FTS traffic in the last 12

5
| . sl |

40MB/s average — peak of about 100MB/s
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&2 User Analysis and Skimming Traffic

Preliminary Study

After 1 year of User Analysis and Skimming on Grid is possible to do some
statistic, extrapolate the NON-FTS traffic and try to predict it.

N.B. Highly speculative activity.

At this stage some information may be missed or some assumptions maybe
not 100% correct.



Normalized CPU usage by Site

QD A" Users 43 Weeks from Week 13 of 2017 to Week 04 of 2018
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External traffic analysis

Throughput by Source
43 Weeks from Week 13 of 2017 to Week 03 of 2018

Throughput by Source
43 Weeks from Week 13 of 2017 to Week 032 of 2018
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<& User Analysis traffic — Tentative

prediction

We Can Assume:
>92% of user traffic is Local
<8% Geographic traffic

User Traffic is correlated to the CPU usage. At now we have an average of
28MB/s (224Mbit/s) per KDB12.

CPU for User Analysis is expected to grow up to 167KDB12 in 2024

167*224=37Gbit/s -> About 3 Gbit/s of Geographic traffic produced by User
Analysis that correspond to the 30% of the data movement traffic.
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Network Monitoring: IPv4 Mesh

Belle Il Latency mesh
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w=d Network Monitoring: IPv6 Mesh

Belle Il Latency mesh Belle Il Bandwidth mesh
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Monte Carlo Production and Skimming

Strategy under investigation: Each MC-Site will replicate the produced data, to
1 sites of different regions: the goal is to have 2 copies of the whole MC

production.
Site Fraction %
21,7
e 3 - - - S—
USA 13,8 Site% Site% A Site%
Germany 12,0
Russia 7,3
China 4,2
Korea 3,7
Canada 31 MC Sitel i MC Site3 MC Sited
India 2,9
Australia 2,3
Slovenia 2,1 A 4
Taiwan 2,1
Mexico 1,8
Poland 1,8
France 1,6
Austria 1,0 v v
Malaysia 1,0
Czech
Rep. 0,8 : : : :
VietNam 0,8 MC Site5 MC Siteb MC Site7 MC Sited
Thailand 0,5
Turkey 0,5
Ukraine 0,5 C <> <>
Saudi
Arabia 0,3 Site% Site% Site%

Spain 0,3



MDST from Data Processing 2017-2020

Site2 Fractic raction%

Sitel Site3 Site21

Site1 Fraction%



MDST from Data Processing 2021-2024
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L Inbound traffic

2018 2019 2020 2021 2022 2023 2024

BNL 0,32 1,99 3,38 1,67 2,15 2,39 2,28
Italy 0,30 0,16 0,21 1,20 1,55 1,77 1,73
Germany 0,26 0,14 0,18 1,17 1,50 1,70 1,65
KEK 0,46 0,24 0,33 0,40 0,53 0,82 0,98
Korea 0,08 0,04 0,06 0,54 0,69 0,76 0,72
Canada 0,07 0,04 0,05 0,53 0,68 0,74 0,69
India 0,06 0,03 0,04 0,53 0,67 0,73 0,68
Russia 0,16 0,08 0,11 0,13 0,18 0,28 0,33
China 0,09 0,05 0,06 0,08 0,10 0,16 0,19
Australia 0,05 0,03 0,04 0,04 0,06 0,09 0,11
Slovenia 0,04 0,02 0,03 0,04 0,05 0,08 0,09
Taiwan 0,04 0,02 0,03 0,04 0,05 0,08 0,09
Mexico 0,04 0,02 0,03 0,03 0,04 0,07 0,08
Poland 0,04 0,02 0,03 0,03 0,04 0,07 0,08
France 0,03 0,02 0,02 0,03 0,04 0,06 0,07
Austria 0,02 0,01 0,02 0,02 0,03 0,04 0,05
Malaysia 0,01 0,00 0,01 0,01 0,01 0,01 0,04
Czech 0,02 0,01 0,01 0,01 0,02 0,03 0,04
Vietnam 0,02 0,01 0,01 0,01 0,02 0,03 0,04
Thailand 0,01 0,01 0,01 0,01 0,01 0,02 0,02
Turkey 0,01 0,01 0,01 0,01 0,01 0,02 0,02
Ukraine 0,01 0,01 0,01 0,01 0,01 0,02 0,02
Saudi Arabia 0,01 0,00 0,00 0,00 0,01 0,01 0,01
Spain 0,01 0,00 0,00 0,00 0,01 0,01 0,01

2.15 2.95 4.68 6.55 8.48 9.98 10,05
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2018 2019 2020 2021 2022 2023 2024
KEK 0,49 2,10 3,56 5,23 6,72 7,10 6,54
BNL 0,30 0,30 0,41 0,28 0,36 0,62 0,72
Italy 0,30 0,12 0,15 0,24 0,32 0,53 0,64
Germany 0,26 0,10 0,13 0,22 0,29 0,48 0,58
Russia 0,16 0,06 0,08 0,09 0,13 0,19 0,25
Korea 0,08 0,03 0,04 0,08 0,10 0,18 0,21
Canada 0,07 0,03 0,03 0,07 0,09 0,17 0,19
India 0,06 0,03 0,03 0,07 0,09 0,16 0,18
China 0,09 0,04 0,05 0,05 0,07 0,11 0,14
Australia 0,05 0,02 0,03 0,03 0,04 0,06 0,08
Slovenia 0,04 0,02 0,02 0,03 0,04 0,05 0,07
Taiwan 0,04 0,02 0,02 0,03 0,04 0,05 0,07
Mexico 0,04 0,02 0,02 0,02 0,03 0,05 0,06
Poland 0,04 0,02 0,02 0,02 0,03 0,05 0,06
France 0,03 0,01 0,02 0,02 0,03 0,04 0,06
Austria 0,02 0,01 0,01 0,01 0,02 0,03 0,04
Malaysia 0,01 0,00 0,01 0,01 0,01 0,01 0,04
Czech 0,02 0,01 0,01 0,01 0,01 0,02 0,03
Vietnam 0,01 0,01 0,01 0,01 0,01 0,02 0,03
Thailand 0,01 0,00 0,01 0,01 0,01 0,01 0,02
Turkey 0,01 0,00 0,01 0,01 0,01 0,01 0,02
Ukraine 0,01 0,00 0,01 0,01 0,01 0,01 0,02
Saudi Aral 0,01 0,00 0,00 0,00 0,00 0,01 0,01
Spain 0,01 0,00 0,00 0,00 0,00 0,01 0,01

2,15 2,96 4,68 6,55 8,49 9,99 10,06



