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The Level 1&2 Specification for Parallel Benchmark and
a Benchmark Test of Scalar-Parallel Computer SP2 Based on the Specifications

Shigeo ORII

Center for Promotion of Computational Science and Engineering
Japan Atomic Energy Research Institute

Nakameguro, Meguro-ku, Tokyo

(Received May 18, 1998)

A benchmark specification for performance evaluation of parallel computers for numerical analysis
is proposed. Level 1 benchmark, which is a conventional type benchmark using processing time,
measures performance of computers running a code. Level 2 benchmark proposed in this report is to
give the reason of the performance. As an example, scalar-parallel computer SP2 is evaluated with
this benchmark specification in case of a molecular dynamics code. As a result, the main causes to
suppress the parellel performance are maximum band width and start-up time of communication
between nodes. Espécially the start-up time is proportional not only to the number of processors but

also to the number of particles.
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Fig.2 Flowchart of molecular dynamics(MD) code.
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subroutine all2(n,F . FW,NP)
real*8 F(n),FW(n)
include ‘mpifh’

c call MPI_ALLREDUCE(F,FW,n,MPI_DOUBLE_PRECISION,MPI_SUM,
c & MPI_COMM_WORLD,IERR)

nLOCAL=(n+NP-1)/NP

call MPI_ALLTOALL(F ,nLOCAL,MPI_DOUBLE_PRECISION,
& FW,nLOCALMPI_DOUBLE_PRECISION,
& MPI_COMM_WORLD,IERR)

do j=2,NP
k=(-1)*nLOCAL
do i=1,nLOCAL
FW@O)=FWQ@)+FW(@i+k)
end do
end do

do j=2,NP
k=(-1)*nLOCAL
do i=1,nLOCAL
FW(+k)=FW(@)
end do
end do

call MPI_ALLTOALL(FW, nLOCAL,MPI_DOUBLE_PRECISION,

& F nLOCALMPI_DOUBLE_PRECISION,
& MPI_COMM_WORLD,IERR)

return

end

Fig.4 Global summation operation using MPI_ALLTOALL
instead of MPI_ALLREDUCE.
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Table 1 Timing model of a parallelized molecular dynamics program.
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Table 2 Value of model parameters of SP2.
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Fig. 7a Processing time(p=1) of MD code and subroutines.
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Fig. 8a Processing time(n=7200) of MD code and subroutines.
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Fig.11 Linear least square fitting of 12001+ (tu) vs. n
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- 2 & (-171.82+0.33895+n) /12001 Z L& LLL T2 # 5
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Fig.12b Accuracy of timing model of force with n.
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Fig.13 Determination of toc27o and ecz7o with all measured data

excluding case of n=800, n=3200 and p=1.
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Fig.14b Accuracy of timing model of o 270 with n.
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Fig.15 Least square fitting of [ = p(p,n)]m - 72*top101(n) vs. n.



JAERI-Data/Code 98-020

(3) ton101, ton100, Au100
+ 72-tu(n)le p101=33-0.0066-n+2.63-10-6-n2{Z ¢ p1o1 X HF T 72 THIY, Table 1 DE
FNERBETHZLICEY, AOOFRENDL town, aun 2B ERTED.
FER : tou101=0.45, tou100=-97°:10%6, au100=0.260

3 5 —rr

i
4
2 0 - 1 @-i-8-- 093000
~ L

3 g

F

£ A

w
a [
& -10

| L

3 [

3 -15 i 5

3 g

[a )

-+ i -
=z -20 bttt ! '-“-“‘4 bt biad

100 1000 10 10
Number of Partilices

Fig.16a Accuracy of timing model of table with n.

3 1 T
: L
4
g
= 0.5
r\‘ i
E )
) O N T iTe | " i
. - i
\ 1
¥ -0.5
i +
‘ s
3
T 100 1000 10° 10°
Number of Partilces

Fig.16b Accuracy of timing model of table with n.



JAERI-Data/Code 98-020

mgMam,mMewwiLtﬁfm?—ﬁmﬁféﬁﬁﬁﬁ%,ﬁ%&tﬁbf%f.

E@ﬁ%&&mwﬁﬁﬁ%ﬁk%w:&%%f.ﬁgMbm,ﬁ%&&m%%wtﬁﬁﬁ%
R, RUIDEI T8 7200 FHED 6, ETANRK 20%0OHE TRERMATERT 5 L 2R
7.

Fig.16c I7, table DL THF —# [CHT HxBREY, 72ty FHEIHLTFT. K,
EFLRETE 800 BN T Tt vy Hoa— FRE—TRVERFEZT LT 5. table id
do100 & dol01 @ 2 BA—F THR SN TV 2. MU —T DN —TEEBZRUON—T
OFEMEIC 2 528, MO —T dol00 2T n vy 79427 ) v 7 FEILTHIHEL TH D.
Z D HR T 800 Tidu— RAT U ARBWVEARAE LS. EBE, 800 #0H|I L TRV B
a7t o410 T, i l_BLa— KRS VAR L. LAl 20 TIREND,
0— KNS VAR BT HEROERNRSH D LHRTS.

i, n=3200 » EREZEPICHRTRLE.

Number of Processors

Fig.16c Accuracy of timing model of table with p.
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A 3.1 toa 8psez tonsoz, Buse RIE
(Dtop3o2

* [(nsample* Is) * tp3oz2(p,m)IM vs. p D EEFRIER
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ERDD.
- K7 topsoz(n) T, topro1(n) vs.n BIFR % ER LR EIR 54T,
#EF : topsoz(n) ~0 '

(2)e p3oz
- ([ © p(p,1)]M - 12000+ topsoz(n)) - p vs.n BEEARIER LR ENR 2T
+ 12000- tu(n)/e p302=0.690+0.00287 ' n * & % (Fig.17).
- Zut ¥ p=1 B} B[ 1 p(1,n)]M vs. n BIERF EX LR EIR S
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Fig.17 Least square fitting of [ = p(p,n)]m — 12000 top3o2 vs. n.
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2’5,
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Fig.18a Accuracy of timing model of do302 of propcel with n.
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Fig.18b Accuracy of timing model of do302 of propcel with p.
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RS
- R 7 topsoa(n) T, topror(n) vs.n BHFR % {EX LR EIE 1T,
BE : topsos(n) ~0

(2)e p3os3
- ([ © p(p,m)]M - 12000-topsos(n)) - p vs.n BHARIER] LR [ELR 24T
- 12000- tu(n)/e p303=-0.383+0.00259-n % & % (Fig.19).
It p=l OB TH B
- Fut vV p=1 1287 B[t p(1,n)]m vs. n BIER & 1ER LETEEIR ST
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Fig.19 Least square fitting of [  p(p,n)]m — 12000 topsos vs. n.(3) ton3os, ausos
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Fig.20b iz, BIE LELTOF —#icxtd pHaxiREs, Yoty FICH LTRY.

3

§ !

v—\; I .

S os|

~ | l _

P e

g oop i
‘4_.1‘ -

I [ )
3

B

S

100 1000 10* 10°
Number of Particles
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Fig.21 Determination of tocos and ecsos with all measured data

excluding case of p=1.
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Fig.23 Accuracy of timing of pcross with n.
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Fig.24 Accuracy of timing of pmoves with n.
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] 9.80665 1 2.72407x10°"|  2.34270 9.29487x10 *|  7.23301 6.12082 x10" - 4.1855] (15°C)
1'[; 3.6%10° 3.67098%10° 1 8.59999x10° 3412.13 2.65522x10% | 2.24694 x10% = 4.1868) (HBELE)
£ . )
. 418605 0.426858 1.16279x10 ° I 3.96759x10 ¢ 3.08747 2.61272x10" % 1 PSULE /)
2 ,
=) 1055.06 107.586 2.93072x10 " 252.042 1 778.172 6.58515 %107 = 75 kgf-m/s
1.35582 0.138255 3.76616 X107 0.323890 1.28506 x10 * 1 8.46233 x 10" 735 499W
16021810 ¥ | 163377x10 *|4.45050 %10 | 3.82743x10"*"| 1.51857x10"** | 118171x10 ¥ 1
Ve Bq Ci 17 Gy rad 172} C/kg R 71 Sv rem
5t . - 0 4t i
1 2.70270x10 oot 1 100 £ 1 3876 ] 1 100
e st i it
3.7x10" 1 0.01 1 2.58x%10 * 1 0.01 1

(86%12H26 HBTE)
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