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Background & Motivation Potential of SX-ACE

N\

In November 2013, inheriting the advantages of conventional vector 5 fgn cop e o Performance Evaluation among Various Processors
8 ) ) 5 Wamory- fiw oy banddin st ot
processors, SX-ACE has been launched to provide a high memory bandwidth | § I I o I e P
commensurate with its high computational capability. The SX-ACE processor | s LR m 9 per) FACE LXC406 g o SRIGK-MI 26 1.97 3.04 215 221 178 | 7.0
. . . F 980, (Per.) (Per) (Per) (Per) 0.78 111 1.41 1.68 2.8 5.47 5.86
is designed so as to achieve - _ i, LL ° Computation . Memory
- a high sustained memory bandwidth for accelerating memory-intensive £ Comtensve | F e NN B T d 45 - ] ] intensive
g oam Cugmtam chenisiy S commr £ S The SX-ACE processor provides the higher sustained performance
applications, 3 e £ 53 vs.scalar systems
hiah sinal f f btaini high ined f [T R S — o s 0, Since the actual B/F ratios of the applications are high, the memory performance
- anigh single core perrormance for o tamlng a hig sustaine perrormance | ¢ Required memory capacity [PB] EB_ 60 30 g of each system greatly affects the sustained performance of the applications. Thus,
wi ewer cores . " a8 O SX-ACE can achieve about 3.9x and 7.2x_higher sustained performances than
/i While the requirements for HPC supercomputer system are &= <
. . - ) . . I T — those of LX 406 and SR16K M1, respectively.
under the limited power and silicon budgets_ diversified, several important applications require a certain g-—- 7% S vs.5x0
N . . . . memory bandwidth. = A - SX- ] )
However, the potential of SX-ACE for practical applications is not clear. \ J The SX-ACE System and Processor 2 3 . While the system B/F ratio degrades to 1.0 from 2.5 of SX-9, SX-ACE achieves
S o higher sustained performance than SX-9. In the computation-intensive cases
Ob g eCtlve . v 5.9% (QSFDM, Baratropic), the sustained performances depend on the peak
J . 28% performance. In the memory intensive cases(TURBINE, BCM), the new mechanism,
Unveiling the potential of the SX-ACE processor using practical applications! 0 suich as ADB with MSHR, out of order vector load mechanisms, shorter memory
latency work effectively to keep a high sustained performance with a high
QSFDM Barotropic MHD (FDM) ~ SEISM3D ~ MHD (Spectral)  TURBINE BCM efficiency.
Core Scalability on the SX-ACE Processor
The SX-ACE processo.r empl.oys a rT1uIt| vector—c?res architecture, which providesa . STREAM Benchmark o 1207 - o) . O Seores @), 60 Steady core scalability :
hlgh memory bandwidth with a hlgh COmpUtatIOnal performance. As the successor é o ® —+—SX-9 E o o) (Per) (Per) . (Per.) The sustained performance increases as the number of core increases, due to
of SX-9, SX-ACE introduces several architectural features as follows: < SXACE e g s24% 17.9% 4725 ¢ a constantly high sustained memory bandwidth.
« B = .9 d1.5% 45
% 2 €Q 37.9% m - AsQSFDM and Barotropic are computation-intensive, a high core scalability with relatively
1. A multi vector-cores architecture H > 9 8— =R high efficiencies is confirmed.
2 g [ 306% 205% [a)
2. ADB and MSHR mechanisms to keep a high sustained memory bandwidth 2 @g 60 o 30 g - Since the sustained performances of MHD (Spectral), Turbine and BCM are limited by
3. Out-of order vector memory access mechanisms to improve the performance of A T \ [ B < off-chip memory bandwidth, their efficiencies are low. However, due to the new
d Jstrid # of cores used per processor § 30 15:3% 15 'O_\O' architectural features, these applications still keep high core scalability.
indirect/stride memory accesses The SX-ACE processor achieves a high sustained n ’ -
) . . F L3 memory BW compared to modern processors, even 128% | N : : f
4. A shorter memory access latency and a shorter vector pipe latency in chaining to PEIRETTTTTTY Yeome  inthesingle core case! | e [T e:g:\f:lﬂé‘lﬂzg\Slscfti?s?’i'l?nzas"%mi"Szféﬁggdaiﬁijgjb”e’&z:plir?gfr;a;oc?'c(‘gvni'cgrgzn
. . R Core Architecture The SX-ACE Processor [1] Shintaro Mom057e, et. §I., “The Brand-New Vector ‘1 0 X y PIp g 4 g P p
realize efficient short-vector processing Supercomputer, SK-ACEISC' 14, June 2014, 0 with MHD(FDM), even though their actual B/F ratios are almost the same.
i i . \ QSFDM Barotropic MHD (FDM) SEISM3D  MHD (Spectral) TURBINE BCM )
Specifications ADB & MSHR Out-of-order Vector Memory Access Mechanisms
Evaluations of the ADB & MSHR
. - 8B Vector memory access instruction .
Multi Vector-cores ADB (Assignable Data Buffer) L N J — Effects of ADB on Sustained Performance Impact of ADB & MSHR on the BCM Performance
BT . e [oli a3 4 s 6 7] pozpsipsds 20 = —
1.0GHz 5668/ bandwich ZAVA TR g 1Core  M2Cores M4 Cores a0 O, @,
64Gflop/s - Software controllable LD:256GB/s ST:128GB/s c . T & s e (Per) (Per) M Fer)
m ti B
M8 - Customized for fast random access ™\ _‘_' :‘: _‘: 4 A4 OTISECU e Overtaking g8 230 225
255c8/50c > 52 g . o
Software Control Function 2:VDA 1 = 5 1o g 184% =
MMM -/ scc(é cores) - . 3: VLD | Checkingower/upper bound 0 22 5 2
y 256GB/sec(1 core) - Compiler/User control ADB: 1MB, 4-way, 16-bank 5 o *g §20 15 2
1.0(4 cores) ~ 4.0(1 core) - A bypass flag in each instruction 1 . i Stride memory access (by HW) Overtaking o = S 2
idi i vt [J[][]ooo [] 2 05 < 10.5% —
R N ¢ e pollton 16 » g g S
: MSHR (wih512 entie e | et Bt e B e B ? 310 75
256Gfiop/s (Miss Status Handling Registers) LD:256GB/s ST-128GB/s e 0 =
10 accesses by holding the information of . dd Cabl * 2 3 0 0
: in-flight memory accesses L memory crossbar J 2:VsC address variables od 000 [l 74.4% 50.8% 68.6% 30% 70.9% 33.1% 47.4% . . .
28nm 3:VLDB data variables - MSHR : OFF MSHR : OFF MSHR: ON
— : For all the benchmark programs, ADB works more effectively for the 4-core ADB : OFF ADB : ON ADB : ON
23.05mm x 24.75mm configuration than 1- and 2- core ones. The core scalability is remarkably improved by simultaneously enabling
5 + Memory pressure increases with the number of cores ADB and MSHR. ) - .
Evaluatlon setup L \_ - ADB works well even though their hit-rates are not so high ) U + MSHR exploits the locality of vector load operations in the innermostloop ) y

Benchmark Programs

Performance o Performance of Short Vector Processing
Sustained performance of the high-cost kernel of TURBINE wi The sustained performance of a high cost kernel of TURBINE with short vector length
Perf./Socket Perf. /core On-chip NWBW | Sys. Aoplicati Field Method Mem Access Mesh Si Code o P o @ o g o) o o @M O) |\ oo OEM :
A pplications ields ethods o esh Size Ef) o @) [ E) . B oy 9 SX-ACE LX-406 g on) SRIGKMI L RISl Vector length 46
3% (Gflop/s) (Gflop/s) e (GB/sec) B/F Characteristics B/F W pen X0 W pery SAE Per) 106 g ey, SISKHI I (Per) H (Per) (Per) (Per) 0 5O 10 k=KSTAKEND:
_ 50 20 o IRy = DO 10 I=ISTAIEND
QSFDM . Spherical 2.5D | Stencil with sequential 7 < (S [AM;TOMS(U]M g UCT11=U(-1,JK1)*XIX(-1,0,K,1)
GLOBE Seismology 43x10 216 53 (AMINO(+1T(L)) 1K) - RH(LJK) 2 3% & +U(1-1,0,K.2)*XIX(1-1,),K4)
FDM memory accesses ol 8 s DOR = RHAMINGU12,T(LLK) - RHAMING( 41,0 % 17 7.5 & U1K 3)*XIX(-10K 7)

SX-ACE 256 64 256 1MB ADB /core | 2x4 IXS | 10 _— oGem shatow water | Svonch with sequenti P m DOLISSOLDMAKI00n NN 0L COEFOrS0L D0 8 sen o UC22=UIKXIXIK )

arotropic COEFQ*SQL*DQN) %

ocean (Ocean General Model 4322 x 216 1.97 § 106%, 06 g e S —— £ 1 5 3 g :B(I,J,K,Z) XK

Girculation Mode) odel memory accesses E2s 08 COEFQ'SQM*DaN) 3 2
102.4 1 102.4 256 256KB 2x128IXS | 25 £ 2 Egg;\é.::gs:ggﬁ;ﬂwODO‘DM\NW(AQN,(OEFQ“SQN‘DQM, S 27% 2 -
: : ADB/core : Finite Difference | Stencil with sequential & = DQNN=SQNDMAX] (0.000,DMINT(AQN,COEFQ"SQN"DQM, = 18% 5 = AJXIXT=(AR(- 'j'k) X'X(H'J'b”
MHD 200 x 1920 x 32 3.04 ERE 5 = COEFQUSQN'DQP) 2 6 & +AJR(1,JK)*XIX(1,kKL)*0.5D0
Method memory accesses S e B BT £ AIXIX2=(AJR(11,JJ, kK)*XIX(11,1J, kk,KL+3)
256KB L2 g DDQN-DANM 2000 DN QLM 2 & +AJR(LIK*XIX(1) K KL+3))*0.5D0
LX 406 2304 12 19.2 50.7 /core 518 0.26 ) Finite Difference | Stencil with sequential 2, ' o DDN=DQAN-2000°DONNSDQMN 2 0 R L s
30MB Shared L3 Seismology 1024 x512x 512 215 QLL(LJKM)=DQLO+COEFBDPQMO+COEFC*DMQNO 10 continue
Method memory accesses SX-9 SX-ACE LX 406 SR16K M1 QR M)=DQRO-COEFB*DMQPO-COEFC*DPONO SX-9 SX-ACE LX 406 SR16K M1
200 CONTIIF
SR16K M1 245.1 8 306 128 256KB L2/core | 2x24-96 | ., MHD MHD Pseudo pectorall o iy o access 900 % 768 x 96 0o The memory subsystem with a shorter latency, the out of order memory access operations, the data forwarding mechanism for a shorter latency in pipeline chaining,
32MB Shared L3 | custom NW (Spectral) Method ’ and ADB accelerate indirect memory accesses and short vector processing

K\

While SX-ACE, LX460, and SR16K have comparable peak performance, SX-ACE achieves the highest sustained performance in the both cases!!
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To analyze the actual memory access behavior, three B/F ratios are considered. The system B/F is given by the system

Equation memory access X 64 Cubes
specification. While the code B/F can be obtained by analyzing application codes, this value does not always reflect To clarify a new-generation vector processor, SX-ACE, this Eoster examines the sustained performance of the SX-ACE processor using practical scientific and
actual memory access behavior due to the block data transfer between CPU and the memory subsystem. Therefore, the engineering applications. Evaluation results indicate that the SX-ACE processor has significant advantages against modern scalar processors and
actual B/F is defined and used to analyzed the sustained performance in this study. conventional vector processors. The newly introduced advanced memory subsystem, which employs ADB with MSHR and out-of-order memory access

# Of mem. accesses x (1- hit rate) x Data size x Np|

# of mem. accesses x Data size Actual B/F = functions, effectively accelerates memory-intensive applications with indirect memory accesses and stride memory accesses. In addition, while inheriting
Flops Flops the advanta%es of conventional vector processors, the SX-ACE processor achieves a higher sustained performance on processing short vector operations by
shortening the memory access latencies and the chaining operation latencies.
Our future work includes performance evaluations of the multi-node system, power evaluation, and performance comparison with GPUs/accelerators.

System B/F = Peak Memory Bandwidth / Peak Performance Code B/F =

(Obtaining by analyzing codes) Np: # of elements transferred by block accesses




