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T2K (BEX): Hitachi HA80000

« AMD Quad Core Opteron 2.3GHz (9.2GFLOPS)
« Quad Core x4 = 1node (16cores)
e cC-NUMA

Socket #0: Memory Socket #1: Memory

Myrinet

Bridge

Myrinet

Myrinet
Myrinet

Socket #2: Memory Socket #3: Memory



T2K Open Supercomputer Alliance

http://www.open-supercomputer.org/

University of Tokyo University of Tsukuba

# nodes = 952 Rpeak = 140.1TFlops Memory = 31TB # nodes = 648 Rpeak = 954TFlops Memory = 2078

storage

1PB; 15GB/s

storage

960TB; 14GBfs

full-bisection interconnection far :

128nodes = 640GE/s
256nodes = 640GB/s
S6nodes = 140GB/s

full-bisection interconnection

5.1TB/sec

#

Kyoto University

full-bisection interconnection far # nodes = 416 Rpeak = 61.2TFlops Memory = 13TB

512nodes = 2.56TB/s

fat-node subsystem

# nodes = 7 # coresfnode = 128
Rpeak = 8.98TFlops memory = 7TB

full-bisection interconnection

3.3TB/s
storage

883TB; 16GB/s
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\nformation Tech
University of Tokyo
o

o« A x 952 node = 1523

3 T8
\ = 25640 B0 6440 14 TB/s
410G




T2K Open Supercomputer
(Todal Combined Cluster)




T2K Open Supercomputer
(Todal Combined Cluster)

Type-B
2.5GB/sec Ll login nodeq 3¢
2x Myrinet-10G nodes
16 nodes frype-B
Type-B
— =
Stf;,aBge 256 nodes 512 nodes
Type-B Type-A
128 nodes
Type-A
Type-A
5.0GB/sec

4x Myrinet-10G



T2K Open Supercomputer
(Todal Combined Cluster)

{pESs 1 login nodes
2.5GB/sec

2X Myrinet-10G 16 nodes
Type-B

Storage 512 nodes
256 nodes
1PB — Type-B Type-A
Ghit/10Gbit
Myrlnet
Type-A 128 nodes
5.0GB/sec Type-A

4x Myrinet-10G
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Nnfl INDACK
Ul LINCAUIN

|
944 nodes, 139 TFLOPS peak
TOP500: 45t at Nov.09, 53" at Jun.10

T/V N NB P Q Time Gflops
WCOOL2R4 1740800 160 32 118 34566. 94 1.017e+05
| |[Ax-b||_oo / ( eps * ||A]|_1 * N ) = 0.0004115 ...... PASSED
| |Ax-b||_oo / Ceps * ||A]|_1 * ||x|]]_1 ) = 0.0007797 ...... PASSED
| |[Ax-b||_oo / ( eps * ||A]||_oo * ||x|]| oo ) = 0. 0000009 ...... PASSED

11



Relative Scale

1.E+03

1.E+02

1.E+01

1.E+00

1.E-01

B Rt A—R/NNAVDOER

SR2201(E—%2148.300GFLOPS) #1

W core #
B FLOPS
O Memory

SR2201 SR8000 SR8000/MPP SR11000AJ1 SR11000/J2 HAB8000(T2K)
1996-2001 1999-2005 2001-2006 2005- 2007- 2008-
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REAKEERERE 44— X/\aY

1V AT L~6%, 3FERAPTITL—X

HITACHI SR11000 model J2 T2K (3R KX) (HA8000 SRR AT Ls)
Total Peak performance : 18.8 TFLOPS Total Peak performance : 140 TFLOPS
Total number of nodes : 128 Total number of nodes : 952
Total memory : 16384 GB Total memory : 32000 GB
Peak performance per node : 147.2 GFLOPS | |Peak performance per node : 147.2 GFLOPS
Main memory per node  :128 GB Main memory per node : 32 GB, 128 GB
Disk capacity :94.2'TB Disk capacity :1PB
IBM POWERS5+ 2.3GHz AMD Quad Core Opteron 2.3GHz

/—FR& 54 -HITACHI HA8000-tc/RS425




Hitachi SR11000 model J2
I

« IBM POWERS5+ 2.3GHz (9.2GFLOPS)

 Dual Core x4 = 'MCM (Multi Core Module) | X 2 = 1node (16cores)
* based on NUMA architectures, but small latency of memory, huge cache

FAR, &, BN, BERE, F)I, )1, AEAKR(2005)
RA—IN—T I =HILHY—/3—SR11000 ETIIID/—RF7—FTHOF a7 4 EEEE1M
RIS 20

BoRXE OV E1a—FT 4TV AT L 45-SIG12(ACS11), 27-36 KYYERL
Memory Memory Memory Memory
| | 1 1 1 |
L3 [«Core|Core|| L3 Core|Core|| L3 Core|Core|| L3 [« Core|(Core
o L1 | L1 o L1 [ L1 o L1 L1 o L1 L1
L2 < L2 < L2 - L2 <
A i\\\\ A i\\\\ ,/’I A ,’/’ A
AN < z. 7
‘\\ ~ ’ ’/V, \‘\\ ~ - //',
S \\>\ c/ <’/ g s \\>\ c/<’/ g
. > ,’/ a1r \\\\A -’ ,’/ 1r \\\\ S
A”' V\‘u’/' ‘\‘\
y - < y PG T A y = S8 y
> L2 " > L2 " > L2 ~ > L2 —
L1 | L1 | L1 | L1 [ L1 | L1 | L1 | L1 |
L3 Core|CPU]| L3 Core|Core|| L3 Core|Core|| L3 Core|Core
A A A A
 J  /
Memory Memory Memory Memory
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T2K (BEX): Hitachi HA80000

« AMD Quad Core Opteron 2.3GHz (9.2GFLOPS)
« Quad Core x4 = 1node(16cores)

* ccCNUMA

» Careful control of core-memory-data configuration required: numactl

Memory

Y

L3

L2

L2 | L2

L2

L1

L1 | L1

L1

Core

Core|Core

Core

I

Core

Core|Core

Core

L1

L1

L2

L2

|

Memory

A

Y

L3

L2

L2 | L2

L2

L1

L1 | L1

L1

Core

Core|Core

Core

I

Core

Core|Core

Core

L1

L1

L2

L2
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GeoFEM Benchmark 1-node with 16-cores: ICCG

Hitachi SR11000/J2 T2K/Tokyo
Power 5+ 2.3GHz x 16 Opteron 2.3GHz x 16
147.2 GFLOPS/node 147.2 GFLOPS/node
100 GB/s for STREAM/Triadd 20 GB/s for STREAM/Triadd
20.0 20.0
[ I O Flat MPI.
< = O HB 4x4
< 150 m < 150 AHB8x2
2 i = i & HB 16x1
& i . ’ ’ ‘ & O
S 100 ] . S 100
= i S e
= L ® Flat MPI. = oY
T 50 mHB 4x4 T 50 [© A
o A HB 8x2 o [ A
i & HB 16x1 i 4“8 Boaooe
0.0 - EE——— 0.0
1.E+04 1.E+05 1.E+06 1.E+07 1.E+04 1.E+05 1.E+06 1.E+07
DOF DOF

N—YFILO—X(#&ih) T, RILHETHEASER=EILIT2KILSR11000MD

ABIZERTE = FIRRLE
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OpenMP/MPI Hybrid

FEM Applications
32 nodes, 512 cores

Relative Performance

1.50

1.00

0.50

0.00

O Initial

m CASE-1

B CASE-2
F/ 0 CASE-3

A\

Flat MPI HB 4x4 HB 8x2 HB 16x1
Parallel Programming Models

CASE-1: NUMA control
CASE-2: + ET.
CASE-3: + Further Reordering

Flat MPI
Hybrid
4x4

Hybrid
8x2

Hybrid
16x1

i
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A Multi-Scale Heart Simulation on

Massively Parallel Computers

A.Hosol, T.Washio, Y.Kadooka, K.Nakajima & T.Hisada
accepted as a Technical Paper at SC10 (Nov.,2010)
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Study of QCD and effective models in the context of

Rothkopf, | BRRKXFXER equilibrium and out of equilibrium quantum field theory
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