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D
Belle Integrated Luminosity

Belle: started in 1999, data-taking completed in 2010
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<42  Other important results

Exotic hadron
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Belle Computing design

Belle : Centralised computing

~1 ab'data KEK is a main big computing center

Raw data processing
Data archiving

'ﬁlllll MC production (+ remote sites)
Analysis use
&
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< Belle Il Physics

Bellell and LHCb can play
a mutually complementary role
missing Energy (V)
~/7 ° detection

Missing E
@)

tag

sig

Bsig —>TUV
candidate
event

better K/m separation (than Belle)
larger volume of VXD (Ks vertex)

Beam background tolerant
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& SuperKEKB / Belle I

small-cell Drift Chamber

Silicon Strip det.
Ecm=10.586 GeV longer lever arm

= @Y(49) Pixel detector

pure-Csl calorimeter (end-cap)

aiming for
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<42 Lumi. Prospect + const. schedule

= g0 —> Commissioning starts in early 2015
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<> Hardware Resources for Belle ll

Belle IT
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<> Belle Il Collaboration

Asia: ~45% N. America Europe : ~407%

Japan:144 :~15% Germany : 83
Korea: 36 Uus: 6& Italy:47
Taiwan : 24 Canada: 186 Russia: 386
India: 21 Slovenie: 16
China: 19 Austria: 13

Australia: 16 Poland : 11
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<2 " Bellell Computing Model

Raw data storage Raw data duplex. Raw data
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¢ Distributed Infrastructure with Remote Agent Control (developed by LHCb)
= Pilot jobs
= Modular structure that enabled it possible to submit jobs
to different backends.

Interoperability
in heterogeneous
computings
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Belle Il

¢ Distributed Infrastructure with Remote Agent Control (developed by LHCb)

= Pilot jobs
= Modular structure that enabled it possible to submit jobs
to different backends.

Interoperability
in heterogeneous
computings
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<> AMGA metadata catalogue

ARDA Metadata Grid Application

— Metadata server for GRID environment

Metadata : data of data

LFN, runrange, software version...

Main feature
— Integration with GRID security
— Secure connection using SSL

— Replication of data
* Asynchronous and hierarchical

e.g. replication of specific data set
or run period for a GRID site
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AMGA metadata catalogue

API : application interface

LFC (LCG(LHC computing Grid) File Catalog)

LEC AP| @0 PEN (Physical File Name) a specification of the physical location of a file
e.g. srm://kek2-se01.cc.kek.jp:8444/grid/belle/MC/signal/...
c.f. URL http://belle2.kek.jp/join.html

LFN (Logical File Name) = a site-independent file name
GUID (Globally Unique Identifier) e.g. /grid/belle/MC/signal/...

File Catalo

LFN is only common data
between LFC and AMGA
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AMGA API

AMGA (ARDA-Metadata Grid Application)

ARDA (A Realisation of Distributed Analysis for LHC)
LFN

Run

File Metadata
=
O
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common framework for both online (DAQ) and offline

Data 1/0 is done by input/output modules
b% b? W? b?

path
LM old LM old

\jfoﬁ
Data Store

Data Store

2
=
S
Ring S
Buffer h/lold h/lold \i\ﬂold \l\/lold hﬂold \l\/lold _g
S
o

Input module \

the multi-process feature

steering file is written in python
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Belle Il Comp. core services

KEK(JP) T PRNL(US)

cvmfs is used for software installation for most of sites
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I
Kraklow A part of DIRAC l

Seen as a large site having
multiple clusters

UVic, PNNL

— i — — — — — —

| CREAM CE | |

* Provided as a DIRAC plugin
* Need additional installation
* Multiple cloud sites allowed
* Handle each cloud as a site
* No modification in cloud site

Dynamic

* Provided by dedicated
scheduler site

* Multiple cloud sites allowed

/ * No modification in cloud site

— e — — — — — — —

|
|
I
Tbrqye i
|
|

~—

\
nectar------——- =

 Seen as a traditional CREAM CE site
* Installed in each cloud site
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Computing cluster

Nagoya U., BINP

e

[ SSH tunnel ]

Local

batch system
TORQUE, LSF, GE...

* how to manage data on SE
— XRootD SE in DIRAC

* Many cluster sites are there
* easy to maintain I

less human resource than GRID
no need to install special tdols

—— e e E—— E— —,
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First MC prod. camp.

The 1st MC mass production on GRID
Duration: Feb. 286 - Mar. 20, 2013

Main purpose <:>< ><:>

To find out possible bottle-necks Recon. Recon.
in our design : (DST) (mDST)

Two steps
Event generation + detector simulation (Gen. )
Reconstruction (Recon.) 1.2GBljob

©60OM events resulted in 190 TB data

(raw level output : DST 1.668B/0b

= high level output : mDST)

0.09GBl/job
20% failure rate

crowded file system and many attempts of data registration
Input data download — submit jobs where data is = tune the algorithm
Application errors —> imporve the software
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Second MC prod. camp.

The 2nd MC mass production on GRID
Duration:Jul. 23 - Sep. &, 2013

Main purpose <:>
To find out further possible bottle-necks
2nd
More realistic situation 3 KEK shutdown
Event generation + detector simulation + 1
reconstruction in one path <> \

= high level output: mDST (<0.026Bijob)

560M events resulted in 8.5 TB data

10% failure rate > ~a few %

SE downtime = tune the failover algorithm, # of pool account @ KEK T
proxy expiration, = longer proxy lifetime
server heavy load — multiple servers, clean-up zombies

but no application crash
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<= Comparison w/ LHCb

Belle Il normalized CPU LHCb normalized CPU (Jan.2010-)

(for a fair comparison, normalized for 18686 weeks)

___22kHepSPEC_ .
13 sites 2nd MC prod. 200kHepsPEC
campaign started ' more than 200 sites
(560M events) '
more than concurrent 5,000 jobs @ max “‘
1st MC prod. . \
campaign in March “
(60M events)\' ; N
L\ Jan, 2010
Feb, 1,2010 y Jan, 2011 Jan, 2012 Jan, 2013

as of Sep, 11,2013
we have reached the level of

the early stage of LHCb

Thanks to the detailed tuning of DIRAC/AMGA, many MC production’s shift workers,

stable Belle Il software and each site joining the Belle Il computing !
® Storage (Disk, Tape) : ~0.9 PB Storage (Disk, Tape) : ~26 PB
Only for MC data including Data, MC, User data
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GRID sites

as of 3.Feb., 2014

DIRAC.BINP.ru
LCG.CESNET.cz DIRAC.UVic.ca
LCG.CYFRONET.pl LCG.CESNET.cz
LCG.DESY.de LCG.CNAF.it
LCG.KEK2.jp LCG.CYFRONET.pl
LCG.KISTI.kr LCG.DESY.de
LCG.KIT.c!e LCG.Frascati.it
LCG.KMLjp LCG.KEK2.jp
LCG.SIGNET.sI LCG.KISTI.kr
LCG.UA-ISMA.ua LCG.KIT.de
OSG.FNAL.us LCG.KML.jp
OSG.Nebraska.us LCG.Melbourne.au
OSG.PNNL.us LCG.Napoli.it
OSG.VT.us LCG.Pisa.it

LCG.SIGNET.si

LCG.Torino.it

LCG.UA-ISMA.ua
LCG.ULAKBIM.tr

OSG.FNAL.us
«» Czech Republic OSG.Nebraska.us
_-% Poland OSG.PNNL.us
< Germany OSG.VT.us
& Korea SSH.KML.jp
w Slovenia )
8 Ukraine "g
S USA. o ltaly 3 Canada S Russia (BINP)
W Japan Univ (Nagoya) O Turkey T Australia T © Japan (Nagoya)
Japan (KEK) A
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Trend of computing

GRIDs, clouds, etc.—> Interoperability (DIRAC, BigPANDA)
e.g. LHC, Belle' ll

e.g. LHC exp.

Cluster GRID world-wide

Computer Cluster inside - &g Belle

Multinode inside
Computer

Core Multicore - eg. Belle, Belle Il
inside
Thread Multithread Mother boag. LHC




B Network bandwidth @ ~2018

1.5Gbps (Japan/PNNL - Italy)
1.6Gbps (Japan/PNNL -German

Japan/PNNL - XX: mdst transfer from Japan and/or PNNL + data transfer between XX and other sites
Japan - XX:data transfer between XX and Japan + other sites

as of Sep 26,2013



B Network bandwidth @ ~2022

2.3Gbps (Japan/PNNL - Italy)
2.4Gbps (Japan/PNNL -German

Japan/PNNL - XX: mdst transfer from Japan and/or PNNL + data transfer between XX and other sites
Japan - XX:data transfer between XX and Japan + other sites

as of Sep 26,2013
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Data transfer challenge

SINET4:10Gbps

-
-
-

Japan and USA

PacificWave :
500MB/s 20Gbps

KEK(Japan) = PNNL(USA) : 500MB/s is achieved
= ~ required netowkr bandwidth @ early 20156

PNNL(USA) = GridKa(Germany): 100MB/s
100MB/s
Also testing the network from PNNL to Europe

But not enough for the network bandwidth @ middle of 20186 and later (~2GB/s)
We need a 40Gbps - 100Gbps network between Japan and USA
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Summary

4 Bellell starts taking physics data from Oct. 2016

(SuperKEKB accelerator commissioning starts in early 2015)

4 Software framework has been established and working well
4 Belle Il adopts the distributed computing with DIRAC
4 MC production campaign started with full detector simulation
4 Data challenge also started
Belle Il top page http://belle2.kek.jp/
(Belle Il is still open collaboration)

the 10th Belle ll software/computing workshop
http://kds.kek.jp/conferenceDisplay.py?confld=14705



| cordially appreciate the opportunity to report
the Belle Il software and computing at
ALICE Tier-1/2 WS 1l

33
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Lo Software framework

Belle II
(Theory )
( Detector)
o (_Accelerator)
i N N SNSRI SO SO S
] e A T--
2 sof---- REEEEEEEE Fo===a-=---F---- ;
E dof-mm g b
B YA
% 0f--==q-mmmmmmmm g - T--
=R R E e P EEEEE LRy o LT R
> Design optimization E 9010 20I12 20'14 2 2018 20'20 20'22
3 j . . . .
» Background effect Target physics _— : gesll(gn op’zlmlfzfatl;on
» Acceptance B-T1v, B~ D1y, B hvv ackground eftec
> Material budget B = sv,B = sll, B > Ksn%y, etc...
» performance, etc.... J
python
Pythia KKMC Tauola calibration
CLHEP alignment
EvtGen " generators ( database)
photos ", s . z” :,’ . ‘\‘ IP profile ROOT
boost ) N cometry =< < ’ '
digitizaation ' _ _material 9 <= Y Al . tlag-side vertex
; ST unpacker el N
Geant4 ; — .- ~ — s -
Csnmulatlon} --------- { reconstruction } --------- Analysis tools)
BG mixer full-recon vertexing 70/ ~ continuum supression

magnetic field
clustering tracking PID likelihood validation check
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<> Software framework

(Theory )
(Detector)

. (_Accelerator )
] N A
e Rl SERDET SRR BN
2 sof---- 1----- ----- Fo---a----- ----- :
] Rt SEEEESERRRIERRSY.
o EEREE CEEEE FERRE SRR Py 2 O
T R SARL i
] R R A ST

> Design optimization E 9010 20I12 20'14 2 2018 20'20 20'22

. ’ . . . .

» Background effect Target physics _— :geslu(gn opamlffatl;on

» Acceptance B-Tv, B- D1y, B hov £ ackground effec

> Material budget B - sv,B = sll, B> Ksn%y, etc...

» performance, etc.... J

python
Pythia KKMC Tauola calibration
CLHEP EvtGen Torg) T ioosdmomon-mmmm-o-- tab alignment
(genelja ors - Analysis ) —{ data ase)
photos ) ol TTeel ) ~L-z7 /' A IP profile ROOT
boost ) DO eome;r. g ::: - o’ '\

simulation reconstruction

e field BG mixer full-recon vertexing 70/ ~ continuum supression
magnetic fie

clustering tracking PID likelihood validation check



» Currently, there are three 10Gbps connection from Japan to US
® Tokyo to LA
B Tokyo to NYC
B Osaka to WA

» SINET will be transitioning to a new network infrastructure (SINET5) in
2016.

B Current conception SINET5 will have 100Gbps link to US

m SINETS will have additional one or two links for the backup route,
but they will not be 100Gbps

B Direct 10Gbps link to EU is planned

» This will be close to the time when the Belle Il experiment begins
production operation. It will be important for KEK, SINET, ESnet, and
PNNL to collaborate closely to ensure a smooth transition

36



Workshop was organized by GridKa and
PNNL

The purpose of this workshop was to
begin preparation for addressing the
wide-area networking requirements for
science in general and of the Belle Il
experiment in Europe.

European sites are well connected

Report is ongoing, potential milestones:

Rate

24 hours

48 hours 72 hours



Central server deployed at
PNNL

Currently testing with VM
probes

Each grid site should make
available a perfSONAR probe,
information required

B IP address
B Network Connection

Prototype will be available
for 10th Belle Il Computing/
Software workshop in May
2014

[ Tier-2

Tier-1
America

386
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Investigate/deploy the tools to do large scale data transfers

High level network bandwidth scans of existing grid sites using
common transferring tools

Initial goals/objectives of these studies are:
1) Estimate the current transfer rates using FTS2 (gridftp)
2) Stability tests
3) ldentify potential bottlenecks (network, hardware, etc.)

PerfSONAR and FTS network tests:
1) PerfSONAR provide information on the network
2) FTS provide information on network + storage backend
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Deploy new FTS3 server at PNNL (now primary FTS server)

Evaluating FTS2 vs. FTS3

Throughput from KEK to PNNL for FTS3 is approximately half that of FTS2
Fine tuning FTS3 is ongoing

Investigate other technologies, such as xrootd

FTS2 FTS3

40



KEK to PNNL

PNNL to ...

GridKa (Germany)
DESY (Germany)

SiGNET (Slovenia)

U of Victoria (Canada)
INFN Torino (Italy)

U of Melbourne (Australia)

41



Volume transfered (Bytes)

Aggregate transfer rate reached ~2TBytes/hr during latest data
challenge

Transferred approximately 35TB in a day

@idashbe Volume transfered / Number of transfers
(belle)
2014-01-08 18:50 to 2014-01-09 18:50 UTC
3,000G r 1,500
2,500G / - 1,250
2,000G - : \ 1,000
. ——

1,500G A 750
1,000G A 500

500G 250

0G -

: . : ' . . I NN S k SN : K . K : : . :
R I S N A R P P R T B S G N I RN - SN

[-'l.'q:lumel.r-:nsfm - humhu'l:ll'l.r-:n:l'u':]

S19iSueJIl JO Jaquny



» 10 sites were tested during the last week
» Some problematic sites
» Matrix is not symmetric
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» Implementation (FY14-15):
B Develop software workflow tools for transferring data within the
Belle Il software stack

B Carry out performance tests and modify as required

B Deliver and deploy version 1 of the networking transferring
framework

» Optimization and maintenance (FY16-18):
B Coordinate data transfer effort between KEK and PNNL
B Monitor data transfer jobs from KEK to PNNL and PNNL to other
sites

44





