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On going experiments at KEK
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Schedule of SuperKEKB/Belle Il and computing

Calender year 2016 2017 2018 2019 e
Japan FY JFY2016 JFY2017 JFY2018 JFY2018
SummethLtdown Summer shutdown Summer shutdown Summertshutdown
(power saving) (power saving) (power saving) (power saving)
LER/HER single beam circulation I
was successfully finished \Iaiw
Beam background study was done |
y Q(SI xj g;?e Il (ho VXD) w/ full Bdlle 1l detector
Phiase 1 |w/o Bell.% I Phdse 2 Phase 3
| Cosmic ﬁ ’WI: — *
\l/ H\T(' In 2017 (ab™) Aiming for Dlscoverv of new Physics
nDres:; rehearsal is planned 50 Expa'aed acmweme”fs Cmﬁﬁxxr&rﬁgﬁks
T rat Bellell T
SINET4 KEKCC (concurrent running of different type process) Just ‘an |mabe —'. | b'5°°"°ry °fB"*’KW
-1 SINET5 replacement ) '"":'"".B""'"(O*'"'\ SR
=l RaW data pl’OCESSII’lg | | Q‘“ Premse meaﬂ of D n’plxmg
-1 MC production o S “@& """""" T
) ! ! Discpvery of New E"-,ubatmld Partlclhs
=1 User analysis 20 [---- IERRIRRD bk i i
https://l'nd\'co..cern.ch/.event{505613/c0ntr\'butions/2227937/ _____ :____Slﬂ20WWIth 011.041pr_emsmn_ _%?(;;r)\ia‘:ﬂqg;;;:lsth
Fast Calibrationis necessary ! . [Discoveryof B+my |
https://indico.cern.ch/event/505613/contributions/2227271/ 0 , | Discoveryof8sDwy ,  , | | l .
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T. Hara et al. (CHEP2016)

2017

2018

https://indico.cern.ch/event/505613/contributions/2228504/
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Reoptimized schedule

Calendar year 2016 2017 2018 2019 .
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
I'Now Summer shutdown) Summer shutdown Summer|shutdown
1Febl 2017 |{power saving) (power saving) {power saving)
/" Schedule based on JFY2016 budget w/ full Bell
w/o QCs / Qcs
phase 1 w/o Belle I phase 2 x! Belle Il {no WD) phase 3
I I - -
MR renovation for phase 2, including 1]
MR startup installation of QCS and Belle Il LES;aSTartVXD installation
| 7
R
DR installation & startup DR commissioning

Due to troubles of Belle Il detectors (TOP, ARICH, etc.), Phase 2
start delayed by 2.5 months. (Nov. 2017 -> Mid-Jan. 2018)

T

/ Reoptimized schedule el (h0 VD) w/ fll Bele 1
phase 1 wooch, phase 2 phase 3
I - - -
MR renovation for phase 2, including
MR startup installation of QCS and Belle II ER start /vy installation
[ LER start |
.
DR installation & startup DR commissioning

F oy ——1

K. AKAIl, Overall status and schedule of SuperKEKE, Feb. 6, 2017 @B2GM
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Belle Il data volume

KEKB

Integrated luminosity (fb™")
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| KLand muon detector:

Resistive Plate Counter (barrel)
=Sgintillator + WLSF + MPPC (end-caps)
. — - s

| EM Calorimeter: W
Csl(Tl), waveform samp

—_— tion counter (barrel)
electron t?GeVJ erogel RICH (fwd)
Berylllum beam plpe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 |4

 Central Drift Chambel
He(50%):C2He(50%), Sma
| lever arm, fast electronics

= Fine segmentation.
" Increase # of layers.

= Waveform sampling.
- ~100kB/events

=~40 times luminosity (8 X 103> /cm?/s)
—>Record around 8 X 103 events/s

-~50 times integrated luminosity (50 ab!)

800MB/s data size

Y. Kato (AFAD2017)
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Belle Il computing resource requirement
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- Estimation until 2021 (~20 ab* & 50ab-1 in total).

- At the end of data taking (50 ab'), more than

- 100000 core CPU

- 100 PB storage

are expected to be needed to store and analyze
data in a timely manner.

“Impossible to be hosted by KEK only
— Distributed computing
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KIT, CNAF, CESNET,
HEPHY, KISTI, Nagoya,
ULAKBIM, CYFRONET,..

Distributed

Infrastructure with
mote

Agent

Control

(originally developed for LHCb)
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* Provided as a DIRAC plugin

* MNeed additional installation
*  Multiple cloud sites allowed
+ Handle each cloud as a site

* No modification in cloud site

Cracow "oz
Q ccl | . .

Crasaw Cleud Dna

Belle Il distributed computing

GRID
| Middlewares

EUROFEAN MIDNEW“E INITIATIVE
— — — — —

SIiGNET, DESY

—
(o]
{ KEK VI5¢
| ~—
Sz >
| Apartof DIRAC ' swu
52
I VMDIRA ) [P
SLURM N
SiteDirector

Torque HTCondor

I

Dynamic org I
VM Manager |

I

I

r}-\nectar- Melbourne
"+ Seen as a traditional CREAM CE site
+ Installed in each cloud site

Academic clouds
Commercial clouds, Amazon EC2, etc

T. Hara et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2228504/
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Clusters

w/o middleware
GE, TORQUE, LSF, ..

Direct submission

BINP, CINVESTAV, UAS
universities
in Japan, Korea, India



Belle Il MC production

- Test the validity of the computing model/system.
= Provide simulation samples for the sensitivity study.

25

kjobs

Auto job submission
-56 weex AUtomatic Issue detection (5'")

F] S N
| 20 kjobs

1 3 - a =
Feb 2012 Aug 2012 Feb 2013 Aug 2013 Feb 2014 Aug 2014 Feb 2015 Au

Max: 23.5, Average: 4.21, Current: 4 34

* ~¥50 computingsites join in the latest campaign.
* More than 20k jobs can be handled now.
* Gradually automating the production procedure.

" Belle Il colleagues take computing shifts from 4th campaign as an official service task.

2017-02-14

Y. Kato (AFAD2017)
Tomoaki Nakamura, KEK-CRC



Computing requirement for KEKCC

CPU usage already reached at 94% of the total resource in KEK, used via local

batch system (LSF) and also from Grid at the previous system (until Aug. 2016).

The fraction of usage from Grid reached ~50% mostly coming from Belle Il MC
production. Apparently computing resource is not enough, Need to Upgrade.

Used by local batch
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Fraction of CPU usage, break down by groups (2012 - 2015)

G. Iwai et al. (I5GC2016)

Tomoaki Nakamura, KEK-CRC

Requirement for the next 4 years

CMVB

1,000

CPU Disk Tape

(cores) (PB) (PB)
Belle 1,000 i ] 3.5
Belle Il 7,500 9 29
ILC 400 0.3 15
250 0.5 1

KOTO 5
T2K 300 0.2 1
MLF 50 0.5 8
Others (J) 300 0.2 3
Total 10,800 17 65
Current Sys. 4,000 7 18

K. Murakami et al. (AFAD2016)
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New KEK Central Computer System (KEKCC)

KEKCC 2016

SYSTEM RESOURCES

CPU : 10,024 cores
O Intel Xeon E5-2697v3 (2.6GHz, 14cores) x 2
358 nodes
O 4GB/core (8,000 cores) /
8GB/core (2,000 cores) (for app. use)
O 236 kHS06 / site

\ _

BMESSx8
10P8

TET150 Technalogy
Tape Orves  IBM TS3500/T51150  HEM Cache Disk

\ — ‘” Tape - 70 PB jmas) DDN SFA14K 3PB

Disk : 10PB (GPFS) + 3PB (HSM cache)

Interconnect : IB 4xFDR

| 10 GbE

Tape : 70 PB (max cap.)
HSM data : 8.5 PB data, 170 M files,
5,000 tapes

i h

Snﬁ:or IPS

Woark / Batoh Servers \

Lenove NextScale

358nodes
N 10,0024 cores Grid EMI servers
55TB memory =1 St

Lencve %3550 Mo
36 nodes

W e
i Belle Il front-end servers
ﬁ ‘:_ Lencvo x3550 M5
0 5 nodes
A

4 s
lenovo / - l S &7 \_ lenovo

Total throughput : 100 GB/s (Disk, GPFS),
50 GB/s (HSM, GHI)

JOB scheduler : Platfrom LSF vO

K. Murakami et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2227443/
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Overview of upgrades

(actual monitotered)

CPU Server IBM iDataPlex Lenovo NextScale
CPU Xeon 5670 Xeon Eb-2697v3
(2.93 GHz ,6core) (2.6GHz, 14cores)
CPU cores 4,000 10,024 x2.5
B QlLogic 4xQDR Mellanox 4xFDR
Disk Storage DDN SFATOK IBM Elastic Storage
System (ESS)
HSM Disk Storage DDN SFAT0K DDN SFA12K
Disk Capacity 7 PB 13 PB x1.8
Tape Drive IBM TS1140 x 60 IBM TS1150 x64
Tape Speed ATB/Nol, 250 MB/s 10TBAvol, 350 MB/s
Tape max capacity 16 PB 70 PB x4.3
Power Consumption 200 kW 250 - 300 kW

2017-02-14

K. Murakami et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2227443/

Tomoaki Nakamura, KEK-CRC




Grid service

External site
External CVMFS
Repository

® sft.cern.ch

CVMFS St.1 ® grid.cern.ch SSH HTTPS User Authentication
@ geant4.cern.ch etc. LFC
Job submission
HEK Job submission User
Access 5 Authentication Server
ssH @
Bellell
Computing system raw data storage
Calculation Server, Work Server Frantend Server
WN g 1BM Platform LSF PuBls ut | ou
Publish Snapshot . @ ‘
Grid system CVMFS St.O CVMFS St.1 LT
LSF Module ot
G Gy - CREAM-CE LFC
cache Authentication - G B A
n Authentication
CVMFS Update Y — -r_;nm
collect saL ARGUS
@_.—> collect
Update
AMGA
=] = =
Disk system - HSM
=
T. Nakamura et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2230731/
2017-02-14 Tomoaki Nakamura, KEK-CRC

Overview of the new Grid system

External machine Extremal service

APEL

User

Grid Sites

Administrator

Client machine
Web browser

Monitoring

Server status
BDII_top

Monitoring Server

BDIL_site

Alert

Mail Server



Overview of the new Grid system

Grid service

External machine Extremal service

External site User

External CVMFS Grid Sites

o A
Towards the full scale Grid operation
v Deployment of the new central service
CVMFS Stratum0/1, AMGA, FTS3 for Belle Il Grid
v' Building robust Grid service
Redundant configuration
CREAM, CVMFS StratumO0/1, HTTP proxy, BDII-top, GridFTP servers behind StoRM
High availability configuration by LifeKeeper

KEK

S— VOMS, AMGA, LFC
Uninterruptible operation against the scheduled power outage s serr
v upo VOMS, AMGA, LFC, FTS3, ARGUS, BDII-site
v Improvement of the network connectivity
Connected 100G NREN backbone

Fully migrated to LHCONE, 20G + 10G for EU, 100G for US sites provided by SINET
Separation of raw data transfer from the other traffic including Grid analysis

Disk system - HSM Mail
w ‘ o ‘ -

T. Nakamura et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2230731/




Deployment of new central service (CVMFS)

Only from

Active-Active KEK network

/Sa—

Active-Warm Standby Active-Warm Standby

\\

Permit login for limited user
(Repository maintainer only)

CVMFS CVMFS
., Stratum One #1 3 y Stratum Zero #1 ReadOnly
(Master) ! ¥ (Master)

Squid Proxy #1

CVMEFS
Update server

CVMFS i CVMFS

Squid Proxy #2 | Stratum One #2 Stratum Zero #2

(3) Publish

Virus scan (Sophos) before publish

kek.jp: kek.jp: | . .
Eelf: kek.jp gelf: kekjp [evmfs in publish_before HOOK
grid.kek.jp grid.kek.jp s’ (If something was found, do not publish)
cern.ch:
belle.cern.ch
grid.cern.ch
geant4.cern.ch To external Stratums Cearnii
egi.eu: | |
dirac.egi.eu Limited distribution FI|E S?Stem
t2k.egi.eu (only for registered stratum one)
desy.de:
ilc.desy.de

T. Nakamura et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2230731/
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LifeKeeper

VOMS #1

VOMS #2 Erddm

J

Belle Il, KAGRA etc...

Read only without

GSI
authentication

Update LFC

2017-02-14

Building robust Grid service

LifeKeeper

o =

AMGA #1

Belle Il

— Dedicated to Belle Il

Active-Active

ROLFC#1 DB (SSD)

_ Critical service for the other sites in Belle Il Grid.
| In case of failure, switch without service stop.

replication

No interference between
ROLFC#2 | DB (SSD) Belle Il and the other VOs

—_—

} For the other VOs, e.g. ILC etc.
DB (SSD)

T. Nakamura et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2230731/

Tomoaki Nakamura, KEK-CRC



Storage endpoints for Belle Il

Currently there are 18 Countries involved in the main data movement activities

and we have 27 Storage Endpoints. (Contributing Number of Countries per
region)

6o | o

a
Australia Czech Rep. Japan Russia Ukraine
Austria Germany Korea Slovenia USA
Canada India Mexico Taiwan

] S. Pardi (LHCOPN-LHCONE meeting)
China Ita |y Poland Tu rkey https://indico.cern.ch/event/527372/



Belle Il data distribution strateqy

2021-2024

2016-2020

S. Pardi (LHCOPN-LHCONE meeting)

https://indico.cern.ch/event/527372/
Max 16Gbps Max of 8.5 Gbps
( PNN L) Effect of the new RAW data

RAW-DATA KEK OutBand RAW Data InBand distribution strategy

9,0
8,0
7.0
6,0

w 5,0

v
=
5 20 Y 4,0
6,0 3,0 . |
4.0 i
) 2,0
20 w B I B i
[ 1.0 '
a0 —
18 ia 5 21 7 53 | | | | | .
£ * £ 16 17 p - 19 20 21 22 23 24
Year

16 17
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Reinforcement of data transfer

/" Belle Il raw data

1 StoRM

Q. Q.
o, - U] (6]
. 2L = o o
: M — — —
Ny x x
AL < <

Grid Grid

‘Online storage\ FTP FTP

. J
4xFDR

' ~3GB/s

2x10 Gbps
h

2x56 Gbps (IPolB)

Complete separation of Belle Il raw data
transferring path from analysis and the other VOs
activity.

2017-02-14

Bélle Il analyyis 4 Other VOs
StoRM StoRM

2x10 Gbps
2x10 Gbps
2x10 Gbps

—
4xFDR

4xFDR
>
Disk
or Disk -
Total throughput

HSM: 50GB/s (IBM GPFS+HPSS on DDN SFA12K)
Disk: 100GB/s (IBM GPFS on IBM ESS)

J
4xFDR

T. Nakamura et al. (CHEP2016)
https://indico.cern.ch/event/505613/contributions/2230731/

Tomoaki Nakamura, KEK-CRC
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Upgrade of network connectivity

GEANT
Internet " ESnet
LHCONE CANARIE

Only LHCONE traffic
for Grid instance

From March 2016 to March 2019

Y. Kubota (NII)

Policy routing at KEKCC core switch
Bypassing FW for LHCONE traffic

SINETS5 (NII) provides 100G+10G to US and 2x10G for EU since Mar. 2016.
LHCONE peering with GEANT, ESnet and CANARIE have been started Sep. 2016.

S. Suzuki et al. (HEPiX2016 Fall)
https://indico.cern.ch/event/531810/contributions/2298933/

2017-02-14 Tomoaki Nakamura, KEK-CRC 20



Border switch for SINET5

* We used a pair of Catalyst 6509 to handle 10G links for
for SINET4

— No 100G line card is available
— 40G line card provides only 10-12Gbps per stream

e Added Brocade MLXe4d with 100G+40G
— Now used as L2 switch

S. Suzuki et al. (HEPiX2016 Fall)
https://indico.cern.ch/event/531810/contributions/2298933/

2017-02-14 Tomoaki Nakamura, KEK-CRC 21



Further extension of LHCONE connection

Now full migration was completed

and then,

v" LHCONE connection with Asian sites
(Taiwan, Korea, Hon Kong etc.)

LHCONE v LHCONE backup of trans-pacific

in CAnet connection (TransPAC-Pacific Wave
100G, Seattle)

v’ Upgrade bandwidth for London line

v IPv6 on LHCONE

@ LHCONE
. in GEANT
! LHCONE
: in SINET

|
|
|
|

e /
Tokyo \ London i
|
|

S. Suzuki et al. (HEPiX2016 Fall)
https://indico.cern.ch/event/531810/contributions/2298933/

2017-02-14 Tomoaki Nakamura, KEK-CRC 22
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LHCONE in Asia

»
*
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L] -
L L

§ L]

L L

L] L

L L]

L L]

L L]

L] ]

L] ]
n [ ]
L] L]
ThaiREN : .
AS24475 . .
L u
i SINET NS

Rl As2907 |RCHEFIRELN
:‘: * “a, .
LR | L1
. e
o’ P ASGCNet
euc AS24167
TEIN 2t
AS24490 "5

.
%

KREONET AR
AS17579

ERnet

AS2697

GEANT
AS20965

Tomoaki Nakamura, KEK-CRC

CERNIight
Che AS20641

S. Y. Chen (preGDB Janualy, 2017)

http://indico.cern.ch/event/571501/

International

LHCONE peering in place

Only physical connection in
RIS LHCONE peering
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perfSONAR (KEK vs. CC-IN2P3)

Source

perfsonarl.cc.kek.jp - 202.13.203.128
Capacity: 1.0G  MTU: 1500

1G (KEK) - 10G (CCIN2P3)

Destination

Link to this chart

ccperfsonarl.in2p3.fr - 193.48.99.77
Capacity: 10G  MTU: 1500

Zoom: 1d 3d 1w 1m 1y
Previous 1m Thu Jan 12 18:43:55 2017 -- 5un Feb 12 18:43:55 2017
850Mbps -
L 9 ] o0 O o0 ® o O o ] -1
710Mbps H
~700Mbp M| I M s
|
5T0Mbps 5
Tn-‘ "
o
3 U
o
=]
o 430Mbps
£=
[=2]
=3
2
TE r
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140Mbps '
asymmetr |C LI A N T LT A N oAk .,--“.-'.‘r_- T W N | 2 _-:"ﬂ_“.'-‘._‘. S A A et
s ¥ w Pt iy ¥ r LI R k] e ’
0.0bps T T T T T T T T T T T T T T T
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= Throughput

+++ Reverse Throughput

— Errars

Tomoaki Nakamura, KEK-CRC

+++ Reverse Errors
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Puzzle
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Summary

The new Grid service at KEK is ready for massive production with the launch of new
KEK Central Computer System (KEKCC) at September 1st, 2016.
KEKCC computing resource: CPU: 10K cores (235KHS06), Disk 13PB, Tape 70PB
Network connectivity: Internet: 10G, J-PARC: 10G, SINET: 100G

Service level improvement:
Many kinds of the central services are newly introduced by High Availability
Configuration to achieve Uninterruptible Operation also in terms of the electric
power cut for the facility maintenance, e.g. CVMFS Stratum0/1, VOMS, LFC,
AMGA and FTS3 dedicated to Belle Il Grid.

Performance improvement:
Data transfer performance is upgraded significantly by the high bandwidth

internal network and powerful GridFTP servers. Belle Il raw data transfer to the
other sites is not affected by any other activities at KEK. We expect the smooth
data transfer to the other sites with the LHCONE routing.

2017-02-14 Tomoaki Nakamura, KEK-CRC
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