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Single node performance of Hitachi SR11000/J1 and IBM p5-595 using
GeoFEM benchmarks

KENGO NAKAJMA T 11

Hitachi SR11000/J1 and IBM p5-595 are SMP cluster architectures based on IBM POWERS processor (1.9GHz). In
this study, performance of each architecture on a single node performance with eight processor cores has been
evaluated through various types of benchmarks based on GeoFEM, which is a parallel finite-element code. Both of
MPI and OpenMP are applied for parallel processing. Pseudo vector processing of Hitachi SR11000/J1 through
pipelined data pre-fetching on to cache, provides aimost constant performance, even if the size of problemislarge.
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Fig.1 Node (or processor book) architecture of Hitachi SR11000/J1
and IBM p5-595. Dashed lines are extra lines for connecting Multi
Core Modules of Hitachi SR11000/J1 with 16 processors on an SMP
node[5].


島貫
テキストボックス
社団法人　情報処理学会　研究報告
IPSJ SIG Technical Report

島貫
テキストボックス
2006－ARC－167（11）
2006－HPC－105（11）
－  2006／2／27

島貫
テキストボックス
－61－


SR10001 00 0D0O000DOCO0OOOOOO 18P
gobooooboooobooooboobbooobobgoon
gbobooboboooboob 10000 2000000
gbobooboboooooooon 8weyd SMPO
gbobobobooobooboebdpss50000o0n
gboobo 400000000 64way O SMPOODOO
gobooooboobooobooboooboobbooobobgoon
gooboboooobyvooobooobe4way OO0
goboooobobooobooboooboobbooobobgon
gsgooooobooboboo MeMO 10000000
g00Oo0oOobooOOodTableln O

o000000o0ooopPvPOO

POWERS 00 O00O0OO0OCOOOOOOOOOODODOO
ooooooooUooooUoooooooooooo
ooooooooUooooUoooooooooooo
oooOoooOosrioo0L DO0oooooooooo
000 0O Pseudo Vector Processingd PvPO O OO O OO
oopvPOOOODOCOOOOODDOOOOOODOO
ooooooooUoOoooUoooooooooooo
ooooooooUoOoooUoooooooooooo
0000000050 0POWERS OO 0OOOOOOO
ooooooooUoOoooUooooUoooooooo
ooooooooUoOoooUooooUoooooooo
OOooooO0Oosrioo0L Dooooooooooo
ooooooooUooooUoooooooooooo
ooopvPOOODOOCOOOOODDOOOOOOOO
Ooooooooosono

g3poooooooooo
OO0OO0DOCODOSR11000/10 p5-595 0 0 0 Table 1 O O
OsvPOODODODOODOODOOOOOOOOODOOOO
ooooo

Hitachi SR8000/GlIO 0D 00O ODOOOUODOOOODO
0O SR800O/GIO O 600 00O OO OO Processing
Element, PED O IBM PowerPCO O OOOOOOOOO
ooooooooUooooUoooooooooooo
00o00oooooooooooog pvPOODODOOO
ooooooooUooooUoooooooooooo
0oooooooossono

IBM SP-3 0 O O Lawrence Berkeley Nationa
Laboratoryd O O SP-30 0900 IBM POWER3 OO0
00000o0ooooooooog sMPOOODO 160
OPEOOODOOOOOOOOODOODO 800 PEODO
000000000 PEO 64KBO L1OOODODOO
S8MBO L2000000000O0OO0OOOOOOCOO
Table 1 O O Hitachi SR11000/J10 IBM p5-595 0 0 00O
0oooooooooooooo

Table 1 Architectura highlights of Hitachi SR11000/J1, Hitachi
SR8000, IBM p5-595 and IBM SP-3 platforms

Hitachi Hitachi IBM SP-3[9]
SR11000/J1  SR8000/G1
IBM p5-595 [6]
[3,4,5,6,7]
PE architecture POWERS PowerPC POWERS3
based

PE#/node 8, 16-64 8 16
Clock rate (MHz) 1,900 450 375
GFLOPS/PE 7.60 1.80 1.50
Memory BW (GB/s.) 6.2 4 1
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(2) DJIDS (Descending-order Jagged Diagonal Storage)

i i do j= 1, NJmax

K do i= 1, Imax(j)
k=(j-1) *N+i; kk=IA(k)
Y(i)= Y (i) +A (k) *X (kk)

enddo
enddo

(b) CRS (Compressed Row Storage)

do i= 1, N
do k= IND(i-1)+1, IND(i)
kk=IA (k)
Y(i)= ¥ (i)+A (k) *X(kk)

enddo
s enddo

i

Fig.2 Storage scheme and loop organization for matrix operation
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Fig.3 Micro PGA model for 3D linear elastic analysis. 956,128
elements, 1,012,354 nodes (3,037,062 DOF) [8,11].
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Fig. 4. Effect of coefficient matrix storage method and
MPI/OpenMP on 8 PE's of Hitachi SR8000/G1 and IBM SP-3for

the 3D linear elastic problem of cube model with various problem
sizes (100 colors).
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Fig.5 Effect of color number, coefficient matrix storage method and
MPI/OpenMP on 8 PE's of IBM SP-3 for the 3D linear elastic
problem of PGA model with 3,037,062 DOF.

do iv= 1, NCOLORS
!$omp parallel do private (iv0,j,iS,iE.. etc.)
— @ do ip= 1, PEsmpTOT
SMP iv0= STACKmC (PESmpTOT* (iv-1)+ip- 1)
parallel do\j: i, NLhyp(iv). ) )
iS= INL (npLX1* (iv-1)+PEsSmpTOT* (j-1)+ip-1)
iE= INL (npLX1* (iv-1)+PEsmpTOT* (j-1)+ip )
ICDIR NODEP
@ do i- iv0+1l, iv0+iE-iS
k= i+iS - iv0
kk= IAL (k)
X(i)= X (1)
- @ enddo
enddo
> @ enddo
enddo

Vectorized
- A(k)*X(kk) *DINV (i) etc.

Fig.6 Forward/backward substitution procedure using OpenMP and
vectorization directives during ILU(0)/IC(0) preconditioning by
multicolor ordering.
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Fig.7  Description of the Southwest Japan model This model
consists of crust (dark gray) and subduction plate (light
gray).[4,5,6,16]
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Fig.9 Effect of color number and MPI/OpenMP for elapsed time of
10 MGCG cycles on 8 PE’s of Hitachi SR8000/G1 and IBM SP-3
with 6,144,000 cells (e MPI/DJDS, o OpenMP/DIDS)[11].
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Fig. 10. Effect of coefficient matrix storage method and
MPI/OpenMP on 8 cores for the 3D linear elastic problem of cube
model with various problem sizes (100 colors).
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Table 2 Estimated and measured single core performance for FEM
problem on cubic geometry with 786,432 DOF/PE

Hitachi IBM p5-595
SR11000/J1
Peak performance/core (GFLOPS) 7.60 7.60
Estimated performance (GFLOPS (%  .497-.754 .292-.608
of peak)) (6.54-9.92)  (3.85-8.00)
M easured performance 971 (12.9)  .461 (6.07)
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Fig. 11. Estimated single core performance of Hitachi SR11000/J1
and IBM p5-595 for the 3D linear elastic problem according to
practical memory bandwidth ratio to peak performance based on the
method described in [14]
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Fig.12 Effect of color number, coefficient matrix storage method
and MPI/OpenMP on 8 cores for the 3D linear elastic problem of
PGA model with 3,037,062 DOF.
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Fig.13 Effect of color number and MPI/OpenMP on 8 cores for the
3D contact problem with 2,471,439 DOF-.
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Fig.14 Effect of color number and MPI/OpenMP for elapsed time
of 10 MGCG cycles on 8 cores with 6,144,000 cells.
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