TE LB 2 T
IPSJ SIG Technical Report

XL ®IZ

1%0$ﬁ%¥if&7hwﬂ%%%ﬁx~ﬁ~:yg
2—FDRA4FATH-T2L 51
#%&wat#pkm7@U@%%&zkaﬁﬁma
2000 FARE L D R T RGNS K Ui 7=,

NEC SX vV —XTh?d SX-ACE |TMt—
Lo TnA.

SX-ACE & FX100 [2&144d MHD 2 ab—Y 30—
il & BB

VL) 1] P T2

~DERE

R E — T BEEPE T2 =A™

BEE : SX-ACE 13T D~ 27 hAICPU 1B 7R 55722, AZ T a7 L ADB LIRIFhAX v v 2z fh, i
EORY FVERRE L IR R > T 5. FX100 (35HTD SPACR64 7 —F7 7 F ¥ b2 DM R TH 257,
CPUDaTHMN RE2 T L AL haT )k, A=—aT TV E 2> TEY, £72, HMC LT % &k 3
WL AT Y AL TV D, ZOXSICRERMEOBNR D L3 AL AT LA TET 7Y r—3 a »OMERERE
ﬁ%ﬁi_ BEETHD., TITHEYI2L—raa—FD—2ThHd MHD v I 2 b—yara— Rz fn

PEREREAN, Sod{ba4To572. SX-ACE TIHB#M2~< 7 MBSELBRENTH D2, F v vkl bR

ﬁmm:&mﬂwot F 72 FX100 T4 £ TO SPARCBAV R & R7e Y, ¥y v rafubly, <7 Mk
MR E P BT,

F—J— K HREEE, MHD > =L —3 3, 27 LML, SPARC64

Performance evaluation and optimization of MHD simulation code
on SX-ACE and FX100
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YOKO ISOBE™

Abstract: SX-ACE is the latest vector-type supercomputer and has a scalar CPU core and CPU cache memory called ADB
(Assignable Data Buffer), thus the architecture of SC-ACE is much different from the past vector computer. FX100 consists of
the latest SPARC64V CPU which has 32 cores (+2 assistant cores) like a manycore CPU and high bandwidth 3D stacked
memory HMC (Hybrid Memory Cube). It is important to evaluate the performance of these big architecture changing computer
systems with a real scientific application. In this study we perform the evaluation and optimization of these computer systems
using Magnetohydrodynamics (MHD) simulation code. Then we have found that the traditional optimization for vector computer
is effective and the cache-hit tuning also effective on SX-ACE, and vectorization is more effective to FX100 than the cache-hit
tuning, which is different from past SPARC64V architectures.
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Figure 2 Performance of MHD code on SX-ACE
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# 1 ny, nz Z#EELIBEOBEMER & FITHRE
Table 1 Performances of communication and execution in changing the size of ny and nz
nx |ny |nz |npx|npy|npz WE R WEMEE | GFLOPS/proc
nxxXny | nyxXnz | nzxXnx | Total [sec] | [%] | (3h=::%)
600 | 25 | 400 | 2 8 8 5.54 | 25.8 | 24.01(37.5%
15,000 | 10,000 | 240,000 | 265,000 ( )
600 | 25 | 400 | 2 4 16 5.42 | 25.3 | 24.09(37.6%)
600 | 50 | 200 | 2 8 8 493 | 23.6 | 24.86(38.8%
30,000 | 10,000 | 120,000 | 160,000 ( )
600 | 50 | 200 | 2 4 16 4.88 | 23.5 | 24.89(38.9%)
600 | 100 | 100 | 2 8 8 405 | 19.2 | 24.71(38.6%
60,000 | 10,000 | 60,000 | 130,000 ( )
600 | 100 | 100 | 2 4 16 4.14 | 19.7 | 24.78(38.7%)
600 | 200 | 50 | 2 8 8 5.12 | 23.7 | 23.95(37.4%
120,000 | 10,000 | 30,000 | 160,000 ( )
600 | 200 | 50 | 2 4 16 4,95 | 23.0 | 24.14(37.7%)
600 | 400 | 25 | 2 8 8 7.26 | 30.4 | 21.46(33.5%
240,000 | 10,000 | 15,000 | 265,000 ( )
600 | 400 | 25 | 2 4 16 7.17 | 30.0 | 21.61(33.8%)
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Figure 5 Performance of optimized MHD code to SX-ACE

WA X TR D YA RN D HERE A TR TofER, x 7
B OHA XK EWIE EVERES D2 S - 72, Z g,
1 RITHEIE B OMEREN B ER LR U TH Y, X7
MUV CPU DR E E 2 5. 727210, TOY A XN 2 DR
XJOLGE, NUUBEAICL 0 BEICHEREN ST D &
MRZTWD., BAEEBIT DD 2DREFELY -1 %L
72, nx=1023 /A ICHEREI R B HTWD. 22 THERKRT
447 D FEITHRMNE L NTZ. F 7=, ny,nz % 100 2> 5 200
D2 L THREND L ERNS Z LRSS (5478
R 45.2 %)

ZOEMETHIHEMREZFEHI L THRD L, K50 L
ST otz., 22T, TrvRY Y 0REY A Xx
(1023, 200,200) & LT, 1024 7o R ETHEL TWA.
A TUFULPERENR T3 o TW =23, IR 99.997 %
EBERTDHENTE.

Wb EEbD-D, MHD 22—y g a—Ko
AL =T AT 7-. 33— F ETIE, BIF fE23 3.59

(©2016 Information Processing Society of Japan

number of cores

6 FX100 T? MHD =— R D48
Figure 6 Performance of MHD code on FX100

Lo TS, ADB %358 L 7= B0 FEITRED BIF I
053 &72oTHY, EOMEIIHEAERYy 7 Lo T
(SX-ACE @ B/F filZ 1). MHD ==— F®D % A > b—7H
TUE, ZH#EICEI NG L REPZHEH T DD, £
LOMAEMDENKEL, HENTUVAREL V. T
IR VEBRMEREN ) E< TV ARV R, TR
Faitmibd 22 & CHERM ET D ERERTE .
LN LR, 4 BEREOWHRER ETHEY, ZofkwEkic
L0 a—RORFHEREF LLERDND D, — R
BOOLIRWERE ST,

3.2 FX100

AEBERFO FX100 ZFIA L, MREEEITS. 20
FX100 X 2,880 / — FK» b0, /—F¥7%ED 1 50
SPARCEAXIfX (32 27 & 2 7y AKX v haT, BiaMEGE
1.1 TFlops) & 32 GB ® HMC (Hybrid Memory Cube) A &
U (/N K 480 GB/s) » ok EN 5. / — FELEFEIX



THBALEL A E
IPSJ SIG Technical Report

Vol.2016-HPC-156 No.3
2016/9/15

£ 2 FEMHCBIDX Y vV aIAREAEY AL—F v b
Table 2 Cache miss rate and memory throughput on four conditions

L1D IZ%K [%] | L2D AR [%] | AEVZL—F v [GB/S]

NAT VR 1.76 0.77 140.4

Flat MP1 3 %] 0.89 0.54 142.7

Flat MP1 %1 + %1455 0.85 0.52 143.7

Flat MP1 3641 + ZAV> 2 0.81 0.44 33.9
100,000 va—FREA Ly FITHRET 27— 2 RN, Fy
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Figure 7 Performance of optimized MHD code to FX100
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# 3 HRxeRtEM Y AT ACRT D HEREOMEMS, 6]
Table 3 Performance trend of various computer systems [5, 6]
Core/CPU | Rmax | Rpeak | Rpeak |Efficiency| Suitable |CPU architecture
[TFlops]|[TFlops]| /CPU [%] domain
[GFlops] decomposition

SX-ACE 1024/256 65.50| 29.20| 114.0 45 3D_A Vector
K 262144/32768| 4194.30| 914.12 27.9 22 3D B SPARC64 VI1IIfx
FX10 76800/4800 | 1135.41| 234.59 48.9 21 3D_B SPARCG64 IXfx
FX100 16384/512 | 576.72| 91.49| 178.7 17 3D_A SPARC64 XIfx
CX400 23616/2952 | 510.11| 104.23 35.3 20 3D_A Xeon (SB)
HAB8000 23160/1930 | 500.26| 83.42 43.2 17 2D Xeon (IB)
XC30 448/32 16.49 1.37 42.8 8 2D Xeon (HSW)
SR16000/L2 1344/672 25.27 5.38 8.0 21 3D_B POWER®G
Xeon Phi 5120 60/1 1.00 0.08 84.0 8 3D_A Knights Corner
Tesla K20X 896/1 1.31 0.15| 153.3 12 3D_A Kepler
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