2008—HPC—118 (6)
2008712716

FEEREN LB B
IPSJ SIG Technical Report

WAN _E® Cluster-of-Clusters [Z& 5
EREXRBINICBITAREEX Y IL/\DOEREFEM

R R D smpEE
Vs kb T RIISER, DR T T o 5 —

WAN BEICBT 2@EEEDOH ELELANOE LW ETORKL 7Y v FI Fry
T PEELTCERLIEREST, FHEaX MOENT FY r—a VOETREL LTZY v FE&F]
T2 EBNRENRFELR->TE . 20—FT, ARERMIT 2 L T¥SF CEIERSLTHY
DEMEMTFEDOSE 1T, EFIFEOE, EECHEY - BEXITOERASRAET ILDITEREIX MO
BTy FEREZER LEEFAR 2. RFETHE, ARESEBRITOLZOOZY v FRIAOERL
#R57=0, HEBIV@EEIARA MPOBWESTLHIREEY VNZEBRL, CG L GMRES (k)
EFWY BT RO TAI o nLRE7 Y v FREIZBWT, ZOoDRIEMEDMRE% TG L
EEHEESR AT UV ERARL EOBANLZFOEBM & RBAEMFC OV TRET 5.

Feasibility study on iterative solvers in FEM
using cluster-of-clusters on WAN

MASAE MURAOKA" HIROSHI OKUDA?

2)Research into Artifacts, Center of Engineering, Univ. of Tokyo

1)School of Engineering, Univ. of Tokyo,
With the rapid growth of WAN infrastructure and development of Grid middleware, it's become a realistic
methodology to utilize cluster-of-clusters to run computation-demanding applications. However, tightly connected
programs requiring frequent synchronization and communication, such as FEM, has rarely been attempted on the
Grid environment. We focus on two iterative solvers widely used in FEM: CG method and GMRES(k) method.
We report the numerical experiment using cluster-of-clusters on WAN and evaluate the feasibility for iterative

solvers.
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Figure 1  Construction of basis vectors
by Gram-Schmidt Process.
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Figure2  Model of motor cycle wheel partitioned
into 16 domains
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Figure3 Row operation to make linear system
numerically unsymmetric.
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Figure4 Convergence behavior for different restart cycle
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Figure 5 Memory usage and solver time vs. restart cycle
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Table 1 Specification of two clusters
SC F32
CPU Intel® Pentium® 4 Intel® Xeon™
3.00GHz 3.06GHz
Memory 2GB/ode 4GB/node
Network Gigabit Ether Gigabit Ether
oS DebianGNU/Linux3.1 RedHatLinux8.0
No. of nodes 16 64
PE /node 1 2
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Figure 7 Model of frame partitioned into 16 PE
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Figure 8 CG method on C-of-C using wheel model
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Figure 9 CG method on C-of-C using engine model
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Figure 10 CG method on C-of-C using frame model
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Figure 11 GMRES on C-of-C usinig wheel model
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At mt step (0 <m <k)

calc w=A4v,

do i=1l,..m
val _0=(w,v,)
call MPI_Allreduce(val_0, val 1,

MPI_SUM, COMM_WORLD)
w=w—valxv,

enddo
Vo = /]

Figure 12 Current implementation
of Modified Gram-Schmidt in FrontSTR



At m* step (O<m<k)
allocate val (X1'm), vakl:m)

cale w=A4v,

do i=1,..,m
val _0 (i) = (v,,w)

enddo

call MPI_Allreduce(val 0, val m,
MPI_SUM, COMM_WORLD)

do i=1,..,m
w=w-val (i)xv,

enddo

Vs = w/”wﬂ

deallocate val 0, val
Figure 13 Implementation of Classical Gram-Schmidt
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Figure 14 GMRES with CGS on C-of-C using wheel model
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