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1t

1PB
10G
Lustre IDS/IPS H PCI y
3PB
Shared
Disk
Ethernet
il
SX-ACE 2560 nodes
(5Clusters)
4Cores - 64GB/node
Vector Parallel System
707TFlops,160TB Memory
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Cluster 4

Scalar Cluster (LX 406Re-2)

3D Tiled Display System Academic Network (TAINS, SINET)
Core CPU(Socket) Node Cluster Total System
Size 1 4 Cores 1CPU 512 Nodes 5 Clusters
Performance 69GFlop/s 276GFlop/s 141Tflop/s 707Tflop/s
(VPU+SPU) (68GF+1GF) (272GF+4GF) (139TF+ 2TF) (697TF+10TF)
Mem. BW 256GB/s 131TB/s 655TB/s
Memory Cap. 64GB 32TB 160TB
IXS Node BW 4GB/s x2 -
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\ \ SX-9 (2008) \ SX-ACE (2014) \ HEEER b
| 7% 1 4 4x
CPUtERE BB RS 118.4Gflop/s 276Gflop/s 2.3x
AEUIVER 2566B/sec 256GB/sec i
ADBEE 256KB 4MB 16x
EiRBRARNERE 34.1Tfop/s 706.6Tflop/s 20.7x
1 ~ >
R BAEYINYEE 73.7TB/s 655TB/s 8.9x
BAHNRES 590kVA 1,080kVA 1.8x
5 SRR 2933k 43093k 1.5x
BELDEBEADZEDD
\ SX-ACE(2014) \ (2011) \ MEEELE \
o0y Ak 1GHz 2GHz 0.5x |
7 ERE 64Gflop/s 16Gflop/s 4x
(SPUM 7 8/CPU 4 8 0.5x |
o AR A A 256Gflop/s '128Gflop/s 2x |
PEDNVIY | 256GB/s '64GB/s 4x
AEUEE 64GB 16GB 4x

SRR FOZREDEFICE WTHEFMAN S RAMFRICHT U
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SX-ACEZ Ot v H Di4FH
® /ODEMENRINILOATZ&AVYFVIAEYEEDR{L

& 272Gflop/s of VPU + 4Gflop/s of SPU per socket
e 4-core configuration, 68Gflop/s + 1Gflop/s per core  SX-ACE Processor Architecture
% 256 GB/s memory bandwidth
e 1B/F in 4-core Multiply-Add operations

~ 4B/F in 1-core Multiply-Add operations | Core Core  Cors
1 3

> 256GB/s

®  1MB private ADB per core (4MB per socket) ADB 1MB

MSHR T

4x compared with SX-9

.. 256GB/s =—— ml—
4-way set-associative
- -
MSHR with 512 entries (address+data)

256GB/s to/from Vec. Reg

HHEHEHEEEE R
e 4B/F for Multiply-Add operations E ﬁ ﬁ E H E E a E ﬁ a a H a a a o

Source: NEC

256GB/s

® ENY NLVAES L OREEXATY SRNEDEL

®  Out of Order execution for vector load/store operations
*  Advanced data forwarding in vector pipes chaining

® Shorter memory latency than SX-9 21
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® Ty MEBEDR E&VILFAY MLATEDTNRIG?

® |Is there any negative effect of the reduction in B/F from 2.5(SX-9) to
1.0(SX-ACE) on the sustained performance?

® ADBEILDINERIL ?

® Exploitation of locality in the inner-most loop

® Enlarged Capacity (4x compared with SX-9)
® RS, AN NUVBICT T 23R IG 7

® O00 Vector Load/Store Operations
e Shorter Memory Latency (1/2 of SX-9)

® Direct Data Forwarding inVector Pipe Chaining
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26.2

16

64

On-chip
mem

NW BW
(GB/sec)

ES2

104.2

1MB ADB /core

2 x4 IXS

256KB
ADB/core

2x 128
IXS

256KB ADB/
core

256KB L2/core
30MB Shared
L3

2 X 641XS

5I1B

12MB shared
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Mem Access Code Actual
Applications Fields Methods e Mesh Size B/F on
Characteristics B/F
ACE
QSFDM . | Spherical 2.5D Stencil with sequential 4.3 % 107 arid 216 | 078
GLOBE Seismology FDM memory accesses 2 X Sl ' '
Barotropic OGCM Shallow water Stencil with sequential
(Ocean General 4322 x 216 197 | 1.11
ocean ) . model memory accesses
Circulation Model)
Finite Diff Stencil with tial
MHD (FDM) MHD R et R sl & 200x 1920 x 32 | 3.04 | 1.41
Method memory accesses
Finite Diff St il with tial 1024 x 512 x 512 T
S @5 e T o inite Difference encil with sequentia 515 | 168
Model Memory acCcesses 4096 x 2048 x 2048 #
MHD L Pseudo spectral 900 x 768 x 96 T o s
(Spectral) Method 3600 x 3072 x 2048 #
Indirect
TURBINE CFD DNS NAIeCt MEMOTY 8CCeSS | g1 L 914 91x13 | 1.78 | 547
with short vectors
ST CFD Navier Sjcokes Stencil and Indirect (128 x 128 x 128 cells) 201 586
Equation memory access x 64 Cubes
T for single-node evaluation
+ for multi-node evaluation
Cyber HPC Symposium 24 Y R278E3820H




f-»;n; Hiroaki Kobayashi, Tohoku University

..3 T
A /it
'.\f« 6’
TOHOKU
I - ' = |$
SX-ACED Mt gEF MG R . B2 —CPU
2_5X SX-9 SX-ACE B [ X 460 B SR16K M1
120 T 60
2.9x
AVAY |
v 90 s ™ 2x 45 _
13 Z}" 35.6% 2.3x =R
3P.2% @)
”\ 8‘ 30.1% 29.4% 5
. &= 60 4% 30 5
D O 1.5x &
| =
1\ 7.5% 4.5x 3.2x ™
12.3% 15 v
30 10.4%
-. 9% . . 9.8%
6.7% { 7:’50/ Gt 5 7.0% 59y
: 3.5% 2.8% '3% %1% 5% =
g g i NN
SR _ @EK”IL{MHE R BRI e e
(R St (£535) FERE (o) o COFE MEREE
. MHD ) MHD
QSFDM Barotropic (FDM) Seism3D (Spectral) TURBINE BCM
Code B/F 2.16 1.97 3.04 2.15 2.21 1.78 7.01
Actual B/F 0.78 1.11 1.41 1.68 2.18 5.47 5.86
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Stream Memory Bandwidth

e STREAM (TRIAD)

300 -
SX-ACE -+ | X406 4 SR16K M1 * FX10
S
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e
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Sustained Performance of SX-ACE Processor
B Tcore (4B/F) B 2core (2B/F) Acore (1B/F)
120
(b
e
S 90
=
o n
(€l
5 g 60
o g
©
T O,
-§ 30+
7))
B
o ﬂ' JI
QSFDM Barotropic MHD Seism3D TURBINE
(FDM) ISpEﬂtml}
. MHD . MHD
QSFDM Barotropic (FDM) Seism3D (Spectral) TURBINE BCM
Code B/F 2.16 1.97 3.04 2.15 2.21 1.78 7.01
Actual B/F 0.78 1.11 1.41 1.68 2.18 5.47 5.86

Cyber HPC Symposium

27

¥ 27538208




o Hiroaki Kobayashi, Tohoku University

~~~~~~~~

Performance of Indirect Memory Accesses in TURBINE

DO 200 K=1,KF;
DO 200 J=1,JF;
DO 200 L=lIstart,lend;
DO 200 I=IS(L),IT(L5 ADB OFF ADB ON
50 _DQL = RH(AMINO(I-2,/S(L)).d,K) - RH(AMINO(I-3,IS(L).J.K)
DOM = BRH(I-1,J.K [IH(AMINO(1:2-1S(L)),J,K) ]
DQN = RH(l,J, H(l-1,J,1

)
=
@ 375 DQP = RH(AMI IT(L)),J, (1,J,K)
g - DQR = RHAM IT(L)),J; [AMINGES | B)),JK) 14
5 — o7 SO . | =
i P 0
8_) 2 o5 DQLM=SQL*D .0D0,D} QL,COE L D%M.g
. E AQM,C! JQM*DQE,
Q — | S
27125 . QNCcl  ONDONE
(U |
> O . clll % \QN,CCE | QN-DQM,
7] 5 SX-9° SX-ACE

sx.g SX-ACE SX-ACE SX-ACE S e e

1core 2cores 4cores DDQM=DQNM-2.0D0*DQMM+DQLM
DDQN=DQPN-2.0D0*DQNN+DQMN

QLL(1,J,K,M)=DQLO+COEFB*DPQMO0+COEFC*DMQNO
QRR(I,J,K,M)=DQR0-COEFB*DMQP0-COEFC*DPQNO

200 CONTINUE
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Performance of Indirect Memory Accesses in TURBINE
on Modern HPC Processors
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Performance of Short-Vector Processing in TURBINE

N
o1

DO 10 M=MMIN MRAX; ADB ON

DO 10 K=KSTA END; Vector length 46
DO 10 I=ISTAE ND

B UC4'1'=U{'I' HGHXEE 1dK1) /' — 75

=1 JK2)XD!I 1,J,K4)
322:

LK) XD 1,4K,7) |
SX-ACE SX-ACE SX-ACE X"Q +%ﬁ(| J k}*

lcore  2cores 4cores AJXIX2=(AJR(II, JJ@ IX(II JJ, f(’?L+3)
& +AJR(1,d,k)*XIX(1,d,k,KL+3))*0.5D0

10

N
-

ol
+

Sustained Performance
[Gflop/s]
o
(%) Aousiolyg

SX-9

10 continue
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)

Performance of Short-Vector Processing in TURBINE
on Modern HPC Processors
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s Sustained Performance of Barotropic Ocean
on Multi-Node Systems
T ES2 SX-ACE + X406 == SR16KM1 % FX10
| SMP-MPI Hybrid
0 900 |
3
S
(]
S 600 |
©
:
s
S-) 300 |
0]

0 8 16 24 32 40 48 56 64 72 80 88 96

Number of MPI processes (Nodes)
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U ILAA L Salb—o3y
[ fems
TUNAMI-Code

HmTU Non-linear Shallow Water Equations

STBEAF—A Staggered Leap-frog FDM

dx Nested Grid (810m, 270m, 90m, 30m, 10m)

dt 0.25 sec. (Satisfying stability condition)
HWL

Tohoku University’s Numerical
Analysis Model for Investigating
Tsunami

EHEER 557

10m XA v S 1 SRS — 5 H S — IRHX 3
«EAEEE hS oERRRes - scas5< |
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e 0f
. Al - Xalb—Yay - AL - BCfEX T
B AT LANDRESR
Earthquake SX-ACE joins the system as soon as a

large earthquake (>M7) occurs

Quake Information L q
GPS Obs. data
SX Job submit NQSII: Urgency
Function
Local _ —=
Delivery Server ~ Tsunami T

Government

Tohoku Univ.
International Research

Tohoku Univ.
Cyberscience Center

Inundation forecasts of Disaster Science
Damage estimations
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