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Proposal and Evaluation of SIMD Extended Scalar
Processor for Large-scale Scientific Applications

SHUJI YAMAMURAT TAKASHIAOKI| HISASHIGE ANDO!

A processor for a peta-scale supercomputer requires achieving high floating point performance with high energy
efficiency. To meet these requirements, we propose an architecture with the combination of a high performance
superscalar processor core and wide SIMD processing elements. In this paper, we evaluatc its performance and

effectivencss with an architecture simulator using math kernels of HPL and PHASE.
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Figure 1 Structure of SIMD Extended Processor
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Table 1 New instructions of SIMD Extended Scalar Processor
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Figure 2 Example of Execution with SIMD-PE Pair

LITE D, AHTEE SMD ERE TR 3 IR T L IR
ROLAEVEBEARTAHI LIT/dD. AL TN A
£ UKL, FP LY RY (FPR), LIA2 v via, A
A A Y TR SN A, — 0 SIMD HUEBED AE U
PE/@IZ, SFPR, SBM, #A L AEU THEAND. &K
T—%F 7 F v T, SBM & A A v AEYROF—2iE
XEITS5HI, QD SBM BIEGSTH 5
SBMLD(SBM Load) #3534 K UF SBMST(SBM Store) i
BFEEBMLTVA, BED LoadStore i3, Ripkod
SIMD REEE > MZE DT a—FBRITRE AT AT
f87> SIMD AN 810 B2 CEITT 3.

QR)DPAKT - SIMD 7 — 4k mais, Ah7a7
12817 5 FPR OV YA 4l SIMD-PE (2351 % SFPR
DEZBEWVEEET M THD. Iy viak/ v 7
7 & LTRERR AT Y T 7R RBITHHER, T+3C
@ SIMD-PE (247 Niliz B 285470 S EH
+5.

AHTRIEE SIMDSRI2 A

leiﬁ»u;

L2¥4via

i SBMLD/SBMSTH&
N/
’ AALATY J

E 3 A&7 a7 L SIMDPE DA% JFEEOE
Figure 3 Memory Hierarchy Difference between Scalar-core
and SIMD-PE



24 SIMD-PE R{T/ € TS5 1 VDM
SIMD-PE {Z, LATD 3 >0 F54 %850,
) SIMMDEE ATFA 1A
2) SIMDu—FR 4754 2K
3) SIMDARTRATF4 1K
DB LV YDA 7T A L, FNEFH SBM ~DF—
ZOr— F/R NTHEEITH f IR 5.
INBDF a— RRTF— VLD A 75 A %
41 F. AR SPARC64 V DFEIT/ A 7T 14
L EHEOEIERITH 28, AT T 3 7E2 5 SIMD-PE ~
OMFEEPLT Iy MEFOEEVRIEEFEGR L R DT
®, FRD2RAF—Va MLz,
® ¢ A7 —¥ (Communication) A7 —3 RAHFT 2
7 %36 @ SIMD-PE ~F —# Zdrik 4241 71
® Wl RA7— (Wrte back 1) 27— =23y b
SLBRD T dOFETR % SIMD JUEER)»6 R 5 438
Fithe S S )
SIMD-PE COM@IET 7 hA 74 —# CETHITON,
MENa v hOREIZR L T a TETITS.
25 Fy7ERORK
90nm 7' R/~ THEG T SPARCS V 7 a4
[ 1]DEFE,BHEE L, SIMD 7' 3 OEREOHE %
RK2IIFY. ZORPLEND LD, TokdaTE
SOEFTCIE, 16 fEl> SIMD-PE 0 SIMD ##4& iBmic
L BT o TERBEIL S0%RE ChH D & R bhva.
Linl, AEVarybha—5b 0872 —RIIHE
REEIZERCE S, SIMD BaEOBIMIfE AT Y o
VBT 2 — AOEMBLEIL R DA, IblcFv T
EFROEINT 5.

#2 90nm SIMD 7t HF v 7 OEFEHEE
Table 2 Chip Area Estimation with 90nm Design Rule

SPARC64V 16xSIMD-PE
AHT AT 110 mm?
SIMD PE 2FPU 6.25 mm? | 50 mm?
SBM64KB /PE 50 mm?
SIMD 2y 15 mm?
AMBL2 ¥¥ yia 120 mm?
AT +F vy ova 230 mm? 115 mm?
A%EYarhbo—7 | ~10mm¥XDR (CELL (2D
+A BT 2R ~20mm¥FB-DIMM (Niagara IT) (3]

SIMDRE/NATS1

el L[
SIMDO—R /1TSS A2

[o [P ]ecsF[spsa] ufwi]we]
SIMDRFZIRATFSAY

lelr Lol [ufwive)

: Decode U : Update Register

: Communication W1/W2 : Write Back 1 / 2
: Priority SF : $BM Fetch Port Write
: Register Read SP : SBM Fetch Port Scan
: Execution SA : SBM Access

xww a g

4 SIMD FEAT/ M 75 A > DHERR
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Figure 5 Matrix Multiply flow-diagram and Execution
Cycles
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Figure 7 FFT flow-diagram and Execution Cycles
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