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Data Grid Projects in Japan

® ATLAS/Grid Datafarm ® NARC, Agriculture
» AIST, KEK, Titech, ® RIKEN, JAIST, Genome
UTokyo, . .. Informatics

» New Data Grid - -
Architecture for Petascale @ Potential Projects

data-intensive computing » Bosal, Earthquake
and its reference measurement
implementation (Gfarm) > NASDA, SELENE Luna
® Japanese Virtual exploration
Observatory b

» NAO, Titech, AIST, ...

» Distributed databases,
Common access method to /A%
multiwavelength databases, &"*
Statistical analysis J
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CERN Large Hadron Collider

Large Hadron Collider at CERN

Circumference 26.7 km (16.6 miles) - 2 OOO

Proton Beams

Experimental Hall
(Collision point) £z

Tunnel cross
saction

Detector for
ATLAS experiment
(displaced for clanty)



(LHC ATLAS, CMS, ..)

(TierO,Tierl,Tier2, ...)

A ~PBytes/sec

Bunch crossing per 25 nsecs.
100 triggers per second
Event is ~1 MByte in size

~622 Mbits/sec
or Air Freight

1 TIPS = 25,000 Speclnt95

~100 MBytes/sec

Physicists work on analysis “channels”.

Each institute has ~10 physicists working
on one or more channels

Data for these channels should be
cached by the institute server

24 March 2000, WW A/C Panel, P. Capiluppi
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1/0
®> 100GB/s, > 1TB/s ( )

@>1TFLOPS, > 10TFLOPS
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HPSS/DFS, . ..

(-10Gbps)
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- PVES, GPFS, . ..

(-10Gbps)
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Gfarm cluster-of-cluster filesystem (1)

@ Extension of cluster @® Cluster-of-cluster
filesystem filesystem
» File is divided into file » File replicas among (or
fragments within) clusters —
: )
» Arbitrary length for each @ fault toleragace=and load
file fragment balancing : /\@
» Arbitrary number of 1/0 ~ Filesystem metaserver
nodes for each f||e manageS met ata at eaCh
] ] Site Inter-cluster
» Filesystem metadatais :5:: . 7o ~10Gbps
managed by metaserver : /
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» Parallel 1/0 and parallel | =
file transfer
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Gfarm cluster-of-cluster filesystem (2)

® Gfsd - 1/0 daemon ® Gfmd - metaserver and
running on each Process rr_lanager running
filesystem node a;c ﬁ?l‘Ch St'te ot
: : Ilesystem metadata
» Remote flle _operatlons management
» Authentication / access » Metadata consists of
control (via GSl, .. .) ® Mapping from logical
» Fast executable filename to physical
invocation distributed fragment
_ filenames
» Heartbeat / load monitor @ Replica catalog
o Proc_ess_/ resource @ Command history for
monitoring, management regeneration of lost files

@ Platform information

@ File status information
@ Size, protection, . ..



Extreme 1/0 bandwidth (1)

@® Petascale file tends to be accessed with access
locality
» Local 1/0 aggressively utilized for scalable 1/0 throughput
» Target architecture - cluster of clusters, each node
facilitating large-scale fast local disks
@® File affinity process scheduling
» Almost Disk-owner computation

® Gfarm parallel 1/0 extension - Local Tile view

» MPI-10 insufficient especially for irregular and dynamically
distributed data

» Each parallel process accesses only its own file fragment
» Flexible and portable management in single system image
» Grid-aware parallel 1/0 library



Extreme 1/0 bandwidth (2)
Process manager - scheduling

gfarm:File
. o . HostO.ch Hostl.ch Host2.jp
® File affinity scheduling |Host3.p

HostO.ch Hostl.ch Host2.1p

Process scheduling based on file distribution
Ex. % gfrun -G gfarm:File Process



Extreme 1/0 bandwidth (3)
Gfarm 1/0 API - File View (1)

gfarm:File
. . HostO.ch Hostl.ch Host2.jp
® Global file view Host3.jp

HostO.ch Hostl.ch Host2.1p

(1/0 bandwidth limited by bisection bandwidth,
~GB/s, as an ordinal parallel filesystem)



Extreme 1/0 bandwidth (4)
Gfarm 1/0 API - File View (2)

gfarm:File
_ . HostO.ch Hostl.ch Host2.jp
® Local file view Host3.jp

HostO.ch Hostl.ch Host2.jp Host3.]

Accessible data set is restricted to a local file fragment
Scalable disk 1/0 bandwidth (>TB/Ss)
(Local file fragment may be stored in remote node)




Extreme 1/0 bandwidth support
example: gfgrep - parallel grep

gfarm:input
Hostl.ch Host2.ch Host3.ch
% gfrun -G gfarm:input gfgrep Host4.jp Host5.jp
-0 gfarm:output regexp gfarm:input

open(“gfarm:input”, &f1)

create(“gfarm:output”, &f2)
set view_local(fl)
set _view_local(f2)

grep regexp

close(T1); close(T2)

CERN.CH KEK.JP



® File replicas on an individual fragment
basis

® Re-generation of lost or needed write-
once files using a command history

Program and input files stored in fault-
tolerant Gfarm filesystem

Program should be deterministic

Re-generation also supports GriPhyN virtual
data concept



Gfarm APl Gfarm

http://datafarm.apgrid.org/
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Gfarm 1/0 APIs

@ gfs pio _open / create / close

@ fs pio set view local / index / global
@ gfs_pio_read / write / seek / flush

@ gfs pio _getc / ungetc / putc

@ gfs_mkdir / rmdir / unlink

@ gfs_chdir / chown / chgrp / chmod

@ gfs stat

@ gfs_opendir / readdir / closedir



Gfarm

@ gfrep

® gfwhere
@ gfis

@ gfcp

® gfrm, gfrmdir
>

® gfmkdir
>

@ gfdf
>

® gfsck
>



Porting Legacy or Commercial
Applications

® Hook syscalls open(), close(), write(), . . . to
utilize Gfarm filesystem
» Intercepted syscalls executed in local file view

» This allows thousands of files to be grouped
automatically and processed in parallel.

» Quick upstart for legacy apps (but some portability
problems have to be coped with)

® gfreg command

» After creation of thousands of files, gfreg
explicitly groups files into a single Gfarm file.



1 - Presto 111
Gfarm

® Dual Athlon MP

1.2GHz 128
® /68MB, 200GB HDD
O 08GB , 25TB

® Myrinet 2K, 64bit PCI
® 614 GFLOPS ( )

® 331.7GFLOPS Linpack

for Top500
2001 10




- 1/0

[MB/s] 1742 MB/s open(“gfarm:f”, &f);

10 1974 MB/s set_view_local(f);
35

write(f, buf, len);
close(T);

.,.
—T

Gfarm parallel Unix Gfarm parallel Unix
write independent read independent
e Prgsto 111 64

640 GB



3
(gfrep)

Gfarm parallel copy bandwidth [MB/sec]

443 MB/s
400 5 3

L

300 |

—— Seagate ST380021A

200 —— —=— Maxtor 33073H3
100 | %o MB/s

O |
0 5 10 15 20

The number of nodes (fragments)

] ]
[1] O.tatebe, et al, Grid Datafarm Architecture for Petascale Data Intensive
Computing, Proc. of CCGrid 2002, Berlin, May 2002



Gfarm [

» 1U, Dual 2.4GHz Xeon, GbE
» 480GB RAID with 4 3.5”" 120GB HDDs + RAID card

> 12U + (2U) + KVM (2U) +

» Totally 6TB RAID with 48 disks
@ 1063 MB/s on writes, 1437 MB/s on reads
@ 410 MB/s for file replication with 6 streams

» Up to 4 Gbps for external network
» WAN emulation with NistNET

80-node cluster will be installed by
Feb 2003 . 1v20MB/
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1/0

Gfarm parallel disk 1/0 bandwidth

= 1000 |

—&— read
write

Total bandwid

1 2 3 4 5 6 7 8 9 10 11 12
# nodes

Gfarm parallel file replication

500

2" 400

g /
— 300 /

£

2 200

E o

S 100 —

o

# nodes

1436 MB/s for reading 410 MB/s using 6 nodes

1063 MB/s for writing

Per 1 node

120 MB/s for reading
89 MB/s for writing

Per 1 node

68 MB/s =

547 Mbps




Grid Datafarm US-Japan Testbad

Tsukuba WAN
1 Gbps Tokyo OC-12 POS
E NOC A TransPAC PNWG Ind:a;‘g%?ahfﬂ-
GbE OC-1z AT StarLight
Supecgl NIIl-ESnet HEP PVC NOC %-
GbE 20 Mbps ESnet
Japan UsS

KEK Titech

e IET

Total disk capacity: 18 TB, disk 1/0 bandwidth: 6 GBS



MP1-10
> 1/0

PVFS -

» UNIX 1/0 API, MPI-10
>

>

IBM PIOFS, GPFS
HPSS -

» 1/0

@ i

® Distributed filesystems

» NFS, AFS, Coda, XFS, GFS, ...
>

® Globus - Grid
» GridFTP - Grid

>
[ GridFTP

@ Kangaroo - Condor approach




Grid Datafarm Development
Schedule

@ Initial Prototype 2000-2001

r
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® Full Production Development (2004-2005 and

beyond) i ' gl 2
» Deploy on Production GFarm cluster U-Tokyo (60-km)
» Petascale online storage TITECH (80km)

® Synchronize with ATLAS schedule
» ATLAS-Japan Tier-1 RC “prime customer”

® Second Prototype 2002(-2003) KEK

Gfarm filesystem, Gfarm API, file affinity scheduling, 10xN Gbps
and data streaming

Deploy on Development Gfarm Cluster

Grid security infrastructure

Load balance, Fault Tolerance, Scalability
Multiple metaservers with coherent cache
Evaluation in cluster-of-cluster environment
Study of replication and scheduling policies
ATLAS full-geometry Geant4 simulation (1M events) S ' per

Accelerate by National “Advanced Network Computmg
initiative” (US$10M/5y) 7




Summary http://datafarm.apgrid.org/
datafarm@apgrid.org

@ Petascale Data Intensive Computing Wave
@ Key technology: Grid and cluster TS
® Grid datafarm is an architecture for \
» Online >10PB storage, >TB/s 1/0 bandwldth :
>> Efficient sharing on the Grid \ / /4
» Fault tolerance A \ 5{ / |
® In|t|al performance evaluation s%ws scalable performar}ce

» 1742 MB/s, 1974 MB/s on writes and\reads on 64 cluster nodes of -
Presto 111 — >

» 443 MB/s using 23 parallel stréams .on Presto 111

» 1063 MB/s, 1436 MB/s on writes and reads on 12 cluster nodes of
AIST Gfarm |

» 410 MB/s using 6 parallel streams on AIST Gfarm I
® Metaserver overhead is negligible
® 1/0 bandwidth limited by not network but disk 1/0 (good!)

.
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