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1. ELC®IC

BRGSO E R, MR EO N HIZB VT,
00T LOEEACH T BBEEIEE. 0T T A EH
{ELOFEL L TILFaTRvILF Taky ¥ Lo
HARERASHHINTWED, FENIMIE T e o<
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Z OB % RS 572, FEHFIL OSCAR HENEFIL
AU SEFAFELTWS., a1 I REBNSIL %
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7u¥ v ¥ X GPGPU[1], Intel AVX ® & 5 7% SIMD 4
PR EREL FIH I TWS. AR THW - SX-Aurora
TSUBASA &, TY VETANSLT =RV X —ETFT I
EFCHEINTWVWEIAT —F T NIRRT X —A—/8—1
YV a—XTHB. SX-Aurora TSUBASA (ZRZ FLoA
ATI4 VRO TRey a7 EERERLEZT 7
FJL—=&THY, X7 MIEFHLIZINZ T2 7O XF] M
ZRHAEETH 5. SX-Aurora TSUBASA F &\ EEE %
Ff> T, Intel Xeon CPU & X—A & L7z FOCUS A
NAVY AT LAEOREEAGEIRTY 7)) r—Y a vizswn
TEMTHEZHEMEINT VS [2][3]. 72, HHAR
YFR—=2IZBWVWTIE, SX-ACE X U TIEEk 3.4 £,
Skylake (2} U Tl k 7.96 ffDMgEEZ H L TWEHZ &
wEINTWS [4].

NEC 3 ¥ /31 713 C/C++, Fortran 71 J L% SX-
Aurora TSUBASA FIIZHEI TR ML T B Z LA TE
5. £7-, OSCAR HEjUEFI L2 v X1 FIZZFRC H 5
Wik Fortran 702 7 L% A2 L, OpenMP T« L &
T« T EFHASI NS C - Fortran 2— K2 H 09 5.
NEC a2 /%1 F1% OpenMP IZxa L TWA 728, OSCAR
HENRES LT v 81 Ik o TERI N AL T r oS
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X86 server N
1 SX-Aurora TSUBASA DO#EEL [8]

LAEATELTZIFRIENTES. TIT, AT,
OSCAR H#E4{ba v 81 Sizk > THSbLAZa— R
Z, NEC AV R4 FiZ& o TR MUETEEWS OV
NANTa—%BETE,. Kavqilza—izky, %
A RSNV —T DI — T % OSCAR 2 > /81 F1Z
F O BB EE T A~E D H T, AfL— 7% NEC 2
VA TIZE D HEIRZ MLET B & o
SN A[GE L 72 5. X 512, OSCAR I V31 T WK
N—TZE=05T—XFHHAEZRAL CRELT S
FryyvvamdftbEATREE RS, AT LRRERTF
%% SPEC2000[5] @ swim MU NAS Parallel Benchmarks
(NPB) [6], [7] @ BT + CG % I\ CaFili 247 - 72 k5 R 12D
WTHET 5.

UNARTIE, 22 BCTEHFMERE L U THWZ NEC
SX-Aurora TSUBASA iZDoWTiHARS, &3 = TlX OS-
CAR HENEFALT V81 FIZDWTHhRS, F4ETIE
MG BT DWW TIRA B,

2. SX-Aurora TSUBASA

SX-Aurora TSUBASA & NEC iZ & » THF IR~
MlLav¥Ea—XTdhsb. SX-Aurora TSUBASA (X Vec-
tor Host (VH) & Vector Engine (VE) 2SR S T
5. VHZx86 /—RFTHhH, EIT0OSDOUHZITS. VE
ENEC ODRZ MRV Fa7Taky$THY, 77V
T—=vavOETERTS. WE L PCle THEHINTWSD.

2.1 SX-Aurora TSUBASA OETETI
SX-Aurora TSUBASA @ 7127 J AlZ, OS OULF % 1T
5 VH Eclg#iah, VE LTHEFENh5. VH ETVE
DFEFEHMETZY 737272 LT VEOS BEftxh
TW5. VE ETHWTWB T uZSan7 7407 0%
AREWZEO VAT LI=NERTH LR, 205
D% VH IZZHET 57O VH EO VEOS 2 23 2=
F—vaviid. BM1ICEFTETIVERT. KD X86
Server 7 VH IZH7- 5.

2.2 Vector Engine D7 —F%7T 7 F ¥
Vector Engine (£ 8 DDONRI X —a7 2> aky ¥

© 1959 Information Processing Society of Japan

PCle Gen3
16GB/s x2

2 SX-Aurora TSUBASA
Vector Engine D7 —F 72 F ¥ ¥ [§]

Thd. AEVIEHBM2 THY, TNIZL>TEHWAY
NIEZEHLTWE. RKFETHW VE type 10C ® 70
oy OHGREENER (FE) 1X2.15TFLOPS TH 1,
AE VX 0.75TB/s TH 5.

ZNZEND 37 D Scalar Processing Unit (SPU) & Vec-
tor Processing Unit (VPU) %> TWad. VPU ODRZ
MVEIFRK 256 BERTHS. £72, Frvialdehz
NOATIZLL L2F Yy vazfE-oTHED, LLCIE8D
DATNLEEINEFry I aThd. 1207 HLY
PIE8DODLLC AT A A%KSH, —DDLLC AT A A
Z2MB TH%. £LT, T—XIE8DDLLC AT 1 AIT
AV R=)=TINTEINDS. £, V1L dway
T, 714 %1 X1F128B TH 5. SX-Aurora TSUBASA
DVEDT—F727FvM%EE 21277

2.3 NECaV/{4 5

NEC 724t 3 5 SX-Aurora TSUBASA 3> 81 F1&
Fortran/C/C++IZxGLTH Y, HENZ hLfh - AE)
Wb DBEREE A L T\ 5. Vector Engine ETHEjH9 Z
LDTEBINMF ) EHNTS.

2.3.1 HEINZ ML

ZOMRER WD &, AR TINTOT T LEENRL
T, RZ MUV ATRE L HIE S N EH T L TR M b
Lad2[9 ZLHNTES.

F7-, BHPRE, W EREORRR X -z RS
MU EAHABREINTWVWT, TOX5 X —VEHET
R MALT B Z EDARETH 5.

2.3.2 BEwIL

NEC a2 > 31 ZidA#EA b OBie D, Z OFHE
W&o, av AL INTas T ANERELT, WHIEST
TEBN—TXXDOEEZHREL, WHbDzHiz 7o
75 LEEEE L CUFLEHIFE O 72 OO A % H
FHIIZIT D [9].
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L A=A _
OSCARB B>« [
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OpenMP% T Fll4k
Eh#xC/Fortranz— F

NECa»st4 > ~ 7 kL

T F U
> 3

'

'

I 7a—
2.4 ftrace

ftrace IX Vecotr Engine ECTE#H» L7770 s 7 L0 70
TrANELDEZIENTES. LLCFyryadky MK
PR MIVE, R2Z ML OP QEIGRENIIET 5 Z
EWTED.

3. OSCAR B®#SEIA V1S

OSCAR H#Wi5{k 3 >3 1 J & C/Fortran O & X
V—A3—F&%FHWY, OpenMP % W illi5{k
7z C/Fortran 2 — K & {19 % source to source I >/ 7341
7 ThH5b. KkTIE, C/Fortran FiXY —A 32— F% OS-
CAR a1 JIZ@ L, ERT N5 C/Fortran 2 —
R%& NEC 2 Y81 2@ L AR7 MUEzTS WS 3
DESBRAVNANTH—%E ST,

AHITIE OSCAR 2 V31 ZIZ & 25k F vy v a
ik, MO OSCAR 2 v /31 5 & NEC a2 V31 J Dl
PHEEIZDONTZ O EZ B 5.

3.1 OSCAR B#5ba /31 5 DHE

OSCAR I V81 Z X IR 707 Z L5452 HE)
i U, BRI RS EE 175, OSCAR 2281 5
DR L LT VF I LA VAL [10][11] 2331 51
L. WOVFTUA USRI, RS & ki
WHifk, Sk EAF L EHAGbELZ2izk) s
T LEEPSAFIMEERET 222D TES.

3.1.1 MEMEEIIE

Mg ENF T, V—ATa S axEART oy 2
(BB), #bhEL7mav2 (RB), ¥ 7 NV—Fr7uav s
(SB) O=ZFHHDO 7O R AT IZREL, ZThodxon
RAZMICH BMFINEEFHAT 5. WHHLTEZR\0 RB ®
SB OANEHIZR L TIX, BEMIZY 20X A7 %5 LT
W<,
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doi=1,n do ii = i, n, step
a(i) = b(d) do i = ii, ii + step
enddo a(i) = b(i)
doi=1, n enddo
d(i) = a(i) do i = ii, ii + step
enddo a(i) = b(i)
doi=1,n enddo
£(i) = d(i) do i = ii, ii + step
enddo a(i) = b(i)
B4 ALYy TvA=vHiop | enddo
a— R enddo
B5 ANy ISV IHBD
a— R4

3.1.2 AR H0LIE

R ENSIE, V— T XL — 3 VRO % R
T 2AFNHETHS. OSCAR HENEFI{La > /81 5T
&, V—T1Zx L, Doall ¥ Dosum * Doacross &\ 7z
% HEITITV, FRIENFIEZFHTE 2558121,
N— 7 ORI U THFUEZEFTS .

3.2 Fvvrak#Et

I T, ARTHW L= TBESEI[12) 12X 5F vy
> a Ak [13] IE DWW CHHT 5.

V—TWNTT 7 AT 5EHNDEHY A A Fryyia
VA XL RERBE, Frviaby FRPE(T S,
ZDEOhFryvay FROBENESZDIZ, L—
TRESEZFAWCH - 25 V— THE ThThy
#H95.

BESENZ L BN —THEDOERIZ, OSCAR 3> /8%1 5
FAENZ L 23— FDWKRE <72, V—TD5HE L
Ui %2>, ANy I~vr=v2ickbda—rFavs
7 avEFS. B4D&5%, 32D —TIZHLUTA
M)y A=V 72BHLCHE2ITo, I5DLD
R1IDDNV—=T#B, ZZ&b, MILV—TDAT
7' step DAES, WD 3 DDV —TRENENREET B
DTHELTVWBDLFABKOSRIFEND.

3.3 I Mt E DR

AR TR R & U 2B 2 EA G R O 7'a 75 LT,
LEN—TE2EUHENEL, TOLIRELEN—THT
0275 NETRRIO R Z DS, OSCAR 3281 Tk
WHALHEE % HEIRE T 5 [14]. TOBUZ, FAHA—N—
~y REEET 57280, BN AMUDRE T ZTTS.
Thbb)—TE2USET BEIZIE, 25 R AL —
TSI ERA D, TDzdH, WAL — 7256 T %
ZEIZEoT, R MVEDNELB-o>TLEI L2,
Wrlfbe NI MWL E [T 2 Z 2D TE 5.
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£ 1 Vector Engine Type 10C Dt

Vector Core 8 cores
EULUDE N2 1.4 GHz
L1 I Cache 32KB
L1 D Cache 32KB
L2 Cache 256KB
LLC 16MB for 8 cores

4. NEC SX-Aurora TSUBASA £ TOFHfh

SPEC2000 @ swim & & ' NAS Parallel Benchmark
(NPB) ® BT - CG ZH\WT, OSCAR a2 /81 5 DH
B F{LESRE S NEC a2V 84 S OHBIR 27 M IL{bESEE
maiic & 2 mE L FEZ G L 72, swim 2/ U TIX 3.2
HiTHBARZF vy ¥ am#ifbz#EAL . NAS Parallel
Benchmark (& NASA IZ X - TR IN/ZRVYF - T
Hy, MEYAIZX%E2S-W-A-B-COLEIZENTE
5. SHENIFHEIZH 2> T, Y1 XD—FKRERITAC
A LU7-. F7z, NAS Parallel Benchmarks ®/¥—3 3
Vid23THY, CERBIZEEHIONZLOEMFEMAL-.

4.1 FH@IRE

FREFIEILE 2 fiTik X7z SX-Aurora TSUBASA kLT
Tl % 4T > 7z, L7 VE DE TV Type 10C TH 5.
VE Type 10C OF45t% 3K 112737, Type 10C O EIEE
B 1.4GHz T, 8 DDRZ b Tatwy ¥ a7 zHb,
LLC ¥ A XX 16MB TH 5. £/, HLZI V1
7 & nfort/ncc THH, N—Y 3 »iF222TH5.

4.2 swim

FVIFNDTF =Y 4 XX 1335 x 133572205, Fv v
Y a b DFTAMD DY 4 X% 8005 x 8005 1IZHEK L
2. ZTOBRIZHEL INBEMDOY 1 XDEE L 6.68GB
Ths. ZUT, FrvramglbiZLLCE2X =7y h&
U Tiio7z. swim OFHiifER%ZH 6 12”77, KL, NEC
HEIRZ MBIz & D 1 37 DR/ U 78546 D ETR
ZRUELX LT, OSCAR 22 /851 5 & NEC 2V /81 5%
MAGOLETCITHE 1 ITHS 8T FTEIIELL
EO®EEM ER, KRETNEC I V1 FDOAIZEEHEN
7 vk BENGFMET 8 I T L 7256 O E M B3R

ZrT. M&D, 137 ETONEC IV/81 512k 3R
7 MVALBAKIZEER, 8 37 ET OSCAR IV /81 Sz &
2iF{b e NEC I 2810 Sk B R2 ML ELDR#IZ &
D, 352 MEDEE R EVFEOSNT-Z EDbhD

F7-, ftrace IZ& > THUSE L7 LLC & v I\Z’{z% 71z
AT, Fryvyak#Elick-oT1a377T33.83 %05
76.37 BIZHEI N, 1.05 FOEEM ENFSN. BE
LLC Dby bRAM ET 3 & KiEREER ENESND
ZENLHVD, TITLO5MEOEER LS50,

© 1959 Information Processing Society of Japan

MECEZE~ Rk
mNECEE] LAl

NECEHEI~# Mk +NECH

00

250

172

- 1.00 1.05 I I
0.00 I

1a7 1a7F 2a7

B 6 SPEC2000 swim #-illifks 5

x2 FryvraRl{bORETOVIINS MV EOZIL
Fvou ot Fvv okt
250.1 247.3

SX-Aurora TSUBASA D354, LLCAND T 1 v DH|H Y

THhNy vazrfWaEft AR RoTWE ), LLC
by hRMEWGETERWVUEEEZBONTVE 72D
ThdeEZONS. 8 IT2MHALZEES, NEC 2V
NATDOHRZ BRI MALR TS LDBZED e v M &
7 33.90%7Z 5725 DM 43.00%I2HEINT WS Z 2 hb
»b.

OSCAR I VX1 12k »>T, Fyvvyamdfbans
I—RE2EBBLIOHEBLLEZbDE2ZR 8 IZRT. HK
o 2EN =T 1BELV—-THS5FKE NV —THIZH LT,
FrvvamBlbizd-oTAN)y 1= vr73ncu
5. OSCAR I v 31 Z Il D jj V— T TAFMEE 1,
BAMITNEC 2V 1 Ji2& > TENTNRY L
ncTtnsd, M8 Tk, Wllo—2HDOLV—7E=D2HD
V—7Tlk, ANV YTV FRIEE LR bIVEMW
WETETHEY, WL X7 P AT ITET WS
/2, ZOHDOL—=TIZBWTIHA Ny <1 =V JHj
FORIZMNVENPELSZR->TLES>TWS., UL, R
MUVERELSR>TULE >V —TFfior—7k b & &
HENDRWEZDF vy Y aglbiz > T, EERED
HBon-EZO5N5. ftrace DFEEHR LD, EHRT bV
BRF20L512F v v ¥ amiilA D 250.1 & md{bik
D 2473 &, IFLAEELTOVRWI LD NND

4.3 BT

BT OFHiifi R %R 9 12,9 . KIZX 6 & FBkIZ NEC
HEIRY MBIz &5 1 a7 e 53 ER ER2RLT
W5,

M&b1ay7 ETHONEC IV AFI12&BR2 bUbL
BRIZEER, 8 27 T OSCAR I V81 S & 5514k
Y NEC a V81 Sk B2 MU @#FIZE Y, 6.75
fEOEER LR ESNZZ bbb, £7/2, NEC a2V
RNA FI2 X BAUFUETIE, 1.06 5O EL 2 ES N
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NECEE~Z bt

fon

uNEC k1At + OSCAI
mNECEEI~Z Fi{L+NECH
90.00
80.00 76.37 75.01
= 7000
ﬁ 60.00 56.69
£ 5000 43.00
> 4000 33.83 33.90
A
o 3000
— 2000
1000
0.00
127 127 227 197 g7
7 SPEC2000 swim LLC kb v b
do jj = 1, N, step 4k
do j =3jj , jj+ step
doi=1,M <7k
PNEW(I,J) = P(I,J) + * - -
enddo
enddo
do j = jj, jj + step N7 bk
PNEW(M + 1,J) = P(1,J) + - - -
enddo
do j =3jj , jj+ step
doi=1,M ~ZIUL
P(I,J) = PNEW(I,J) + - - *
enddo
enddo
enddo
B8 FvvyamibINsz swim I—RFNDA A=Y
NECEEI~# kit
wNECEEI~ S kil +0SCAREBITFE
mNECHZI~Z kLt +NECEE]
800
7.00 >0
4 6.00
1| 5.00
& 400 368
m" 300 1.07
L 133 1.00 1.00 l 1.06
0.00 | [ |
137 127 2a7 4aF 837

9 Nas Parallel Benchmarks BT ZFilfif 5

Motz Tk, ETREOXRYEE HH5, 10D X S57%
BEEBITEOH L 2G50V — TR UL TETWARWEZDTH
%. OSCAR 231 T TIE, Iz &> THHMUD j v —TF
TOIMLEZERH L TWE., 20 LS5V —THNNEC o
YA ik o THiFfbE AR WER E LT, NEC a8
1 7TV — TRIZBEBIE O H U 235 - 723541213 encall
WA TF A LI T 4 TRUIZIENIE LW TH 5.
ZF LU T cncall 32— ZDEEIFOH L Z &L —TH
WHIETE D Z & B L RIT LR SR\, ftrace DG
RED, NEC R bNALBEDIEIR S +ILEREIZ 16.8 T,
OSCAR 3> /84 T2k % 8 a7 MisHLBEDFEIR T bl
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for (j = 1; j < grid_points[1]-1; j++) {
for (k = 1; k < grid_points[2]-1; k++) {
binverhs( 1hs[0]1[j1[k][BB], 1lhs[0][j][k][ccC],
rhs[0] [j1[k] );

B 10 NEC ay.31 ik & fviz v a— R

NECEEINZ hikfl
B NECHEINZ P+ A 54 Y BE
B NECEENY Ffb+4 54 v EH
+0SCARE BRI
30.00

24.60
25.00

- 20.00

16.00

10.00
500 4.26

1.00
000 I

B 11 Nas Parallel Benchmarks BT -« > J 1 V&R SR

Fl316.8 & 2L L TWwi\Wze, OSCAR a2 /81 Fi2 &
BAFIGIE NEC T 2810 S DORZ b UL EEL THRWL
W hD.

10 @ binverhs IV —T 2 G WEHETH S, D
7z, binverhs BN TIERZ MLk Ehinw, LT,
EOHLIETH B 10 DAM k b — TIEEBIFCH U 2
HLORT MfbE i, BIBIECH LI NEC a v
NA Tk BAUHULELET 2 2 kI, )7 MVESHE
ELTLES. ZDRED, 1074 VERLUIESHT -
7. ZTOFREREZE 111257,

174 VERIZE-T, 10 DREID k V—T TR
7 ML T bz, SMID j )V— 7Tl OSCAR T >3
1 2 & BAEFER TN D DT, WHLE X2 b ALH
fSZLTWBEEXS.

4.4 CG

CG IZHTH 2> Tu S LThHb, BESEETS
V— T INEFTREID 90 %A E % HEHTWB. CG D FTAifi
FEREE 12 12RT. KIZK 6 L FMKIZ NEC HE)RZ b
WABIZE D 1 a7 ICHT B EE R ERERLTWS.

M&bH1a7ETHONEC IVRLFI2&BRT ML
{LHAKIZEEAR, 8 37 ET OSCAR 2 V81 Zi2 &k 51l
F{b NEC 2 V81 FI2& B R MLz & v,
56.92 {5 DEE R EDFoNZI e Dbhb. 1aATILE
WT, NEC 2 V81 F12 kB R7 bILIZ BRIZ R,
OSCAR T2 /84 5 1 27 Tl 11.28 {5 D E [ LAE S
nir=. 131X CCODAVYFILDIA—FD—ETH 5.
NEC 281 132D a— RORHEDIL— F1ER 27 h vk
LTW3s. UL2L, OSCAR 2V A D% L3 —F
WXL TRNEIL— T DR bovfkizinz, 13 DM
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NECEE~ % kAL
mNECEE JLAE+03C

60.00
50.00
40.00

30.00

2000
11.28
10.00 l 767
1.00
0.00 |
127 1a7 237 437

12 Nas Parallel Benchmarks CG #FlifE 5

for (j = 1; j <= lastrow-firstrow+l; j++) {
sum = 0.0;
for (k = rowstr[jl; k < rowstr[j+1]; k++) {
sum = sum + al[k]*plcolidx[k]];
}
wljl = sum;

}

13 cg DHEEZMZITS a— N2

NV—TIZHY T B a2 — REFT OIS X2 bL{E NEC I
VR FIZE o TiTbhz®, 11.28 50w - HE
sz,

X 1312HBWT, OSCAR IV 31 %MD j v —T %
W5b %47\, NEC 281 SHRPID i V—T2RT |k
MbET 52T, Wik R ML Z T TET WS,

5., ¥&H

ARTlE, OSCAR BENGFI(La > 31 iz & 5 BE)E
F{be NEC 2 v 31 Fi2 k2 HEI~R 2 b IUEOTHIC &
% SX-Aurora TSUBASA ETOE#LFIEZREL /2.
AFEE DRI Z—a7 Z##H L 7z SX-Aurora TUS-
BASA @ Vector Engine Type 10C % F\TEMti & 17 - 7=.
N2 T T — 3 i, SPEC2000 swim & Nas
Parallel Benchmark (NPB) @ BT & CG T#» 5. swim
W2 LT, OSCAR I > 81 12 & 5 HEG5AbICNZ,
T—RU—HhIA ¥ -V aviZkbFry v amiblbii
U7, 137 ETODNEC XY MULERIZEER, 827
AR swim T 3.52 4%, BT T 6.75£%, CG T 56.92 f%
DEEN EEFGEZENTE, IBET S OSCAR I v 31
L& e F a7 RO F ¥ v ¥ 2k e NEC
IR FIZ LB HEBRY MV EDOGREIENENTH 5
ZEEMER U,

NEC SX-Aurora TSUBASA LT, &7 SV r—3 3
¥ DRIEZRHEE R BN D ATREVED D D Z L D EDD 5
Niztzd, SHEVIEVHFADT 7YV 5 — 3 VIZATE
Z@EAL, YA LEEZHERALTWS FETHS.
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