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Fig. 1 Hybrid parallel programming model
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Fig.2 Cavity flow (Re=100)
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Fig. 3 Flow in a room
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Table 1 Hybrid parallel using 2 nodes (16 PEs, 16 GFLOPS/peak)

Model GFLOPS ( ratio to peak )
small (125,000 elements) 2.23 (13.9%)
Cavity flow
large (1,000,000 elements) 2.44 (15.3%)
small (118,504 elements) 1.32 (8.25%)
Flow in a room
large (948,032 elements) 1.95 (12.2%)

WIZ, ¥ ET 4 MAUTOWT, small, large T /L NAT VU RUfFIE 7T v
k MPI CIMEAIMEREHL#E 24T - 7o fE A4 7k $°. SR8000 ¢ 1 /— R (8PE)~4 / — K (32PE)
J — K& MH\WT 100step % 5t 95 BRICE L7z VL —OFREEE 2 AV TSI b D %)
R EITo72. TORERE Fig. 4 [TT.

small, large 732, 7T v b MPI & A7V v RTIEVMHEIZZ2 > TWD DNy
N5, T ZTliX SMP Cluster & LT SR8000 &5, WbhWphH A —/"—a o —H%
R LT, "M 7 Vv R, 77y b WPl HITHEREZEIT AR o7228, ZHdd SMP PC
Clusters ETOHELEARDHLE 7T v b WP OEAIT /) — FNOET otk v 2495 L
REENMELRZNZ WO MERNDHH[7]. £/, WI (XD WHHETIIANT —4 %
WENEIZ L > THEITHN, 2O LIk Y, AILEEOZENEND Z ERNnhoTH
0, WHIFHE ZT 5 & XX OEEB DT ENNE NS T ENRE XD, 2 S — R,
/— KW 8CPU TOIWFIFHHETIX, 77> s MWPT OFAIL 16 fEEkICHE LT T



N6z L, SMP Clusters b

A
7 &

L2V, NAT Yy ROBGEIL 2 fEE T ie.
TOWHNHE ZEZDEE, "7V v RSO E & 5 Z & ERER Tl 72105

EWVWHZENERD.

25
—a—Flat MPI {zmall) .
ap | —+—Flat MPI Clarge) ___ 1 T _ .
—s—Hybrid {small)
S 15 L —o—Hybrid (larze)
I : .
L1}
A 1 Y e 2P
ol i
R ______;_________% _________

1 2 3 4
Number of nodes

Fig.4 Speed—up : Hybrid vs. Flat-MPI (Cavity flow)
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Table 2 Analysis conditions of cavity flow (10,077,697 elementsAC10,218,313 nodes)

At Steps (simulation time)
Re=1,000 0.004 10,000 ( t=40)
Re=3,200 0.004 20,000 ( t=80)

Table 3 Hybrid parallel cavity flow analysis using 128 nodes
(1,024 PEs, 1,843 GFLOPS/peak)

Memory [GB] | GFLOPS ( ratio to peak )
167 (9.05%)

Elapse time [s]

Re=1,000 2.90x103 105.7
107.5 169 (9.15% )

Re=3,200 5.73x103
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