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A Performance Evaluation Method of Parallel Computers
for Numerical Analysis

SHIGEO ORIIt

A performance evaluation method of parallel computers for numerical analysis which en-
ables to predict the performance consistently from a program level to a loop level is offered.
The character of a processing time model of loops used this method is that the loop level
performance evaluation is executable by introducing model parameters including normalized
efficiency by theoretical peak performance flop/s etc. In case of a program level the evalu-
ation is carried out by using both the model and the model parameters decided by actual
measurement of time. As an example, this performance evaluation method is applied for
molecular dynamics program parallelized with the particle decomposition approach, and the
performance of vector parallel computer VPP300 is evaluated. As a result, it is shown that
the performance of a program level depends on shielding distance and observation times of
physical variables in addition to the number of particles and the number of processors. The
performance of a program level is greatly improved when the number of particles increases
because the most time-consuming loop in case of a small number of particles is exchanged for
another loop which uses processing units efficiently when the particles increase. This perfor-
mance evaluation method allow us performance evaluation consisting of the three view points
which are use of computer, development of program and design of computer.
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Table 1 Processing time models of a parallelized molecular dynamics program.
(force)
frorce =(n-(n—-1)/2)-{C1 - [3+ + 2. +C2- (1, + 5+ + Tu)isl2r1}270
=(n~1)/2-[C1-n-(5+13Cy)]
ty = tou270 + (7 — 1) - {tou27r + C1 - n/2 - [(5 + 13C2)/(ra - ay271)]}
tp = top270 + tu/(P - €p270) + 0270
a270 =2-{2-[toc270 - P+ (P—1)/p-n- Xg/(rc - €c270)] + 1 - t0sum}
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(table)
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tp =tgp100 + tu/(P - €p101)
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fpropcel =1+ [(2maz + 2min + 2int + 24 + 24)302 + (54 + 24)303]
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Table 2 . Value of model parameters of VPP300.

tou [£27% €p toe €c t0sum
(psec) (p sec) (usec) (nsec)
(force)
doaro ~0 - 1102 0.987 1.9 0.62 2.7
dog71 0.099 0.030 ‘ - - - -
(table)
dojo1 27.5.10% - 1.6-102  0.999 - - -
do100 ~0 0.346 - - - -
(propcel)
do3ga 25 0.387 1.00 - -
dosos 2.7.102  0.0107 1.00 2.7 0.08
dozpe - - - 10.3 0.03 22
(pcross)
doip 1.1 0.073 - - - -
(pmoves)
dozpo 38 0.343 - - - -
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Fig.2 Accuracy of processing time model of MD
program on VPP300.
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Table 3 Reason for performance of force.
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(do271) (if 3XH) (Gflop) (sec)
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do271 % 3600 (=n/2) Rl#&+if LDHE 3600 " 3600 6262 7690 814
(FUTFN) 90 5 67.9 650 104
HLBRTES, 100
Ty T ALRVOBEHELRE LTV 5 force
@ do271 1% auars = 0.030 LWV IHENETH S, 7 bg
Oy ABERORMICITUE, ZOEEFELLTWAS g 80 ’
3.2 HITHRRAERZBY BT 0 T AR 8 0.8
EPBOITIEE 55, FETEELTVREREM g 60 07
DIV V=T RER L, FONETHELTERD g 0.6
BEZIT. _ §40 0.5
8 ALICEET A, do271l DEEHT 2bHERY g
FLVER L TEAbR, FOMIIHI0 THE. Ih §
IR TFEIEILLTLEEDb S v, RIZ, if XFORS Z 2
FVEIZ901C O NI MEIC KRB, FOEIZHS T J
bb. THEFRT ML T T4 VREIZH L TIIAE 0 o4
BN PVETH L. SHLKHEEORENL X, 20 40 60 80 100

Ty rFx—¥EUrTOREBRBTALDAVT Y IA]
% itab (k,j) CHESRT LS. ChIXEYT LA
PMEICEERE2A. IO OB RET ZER
PHET A0, HAOBEREEL BRVT do270 Dk
% HE L flop/s MEk%k BT 5. j =itab (k,j) ZTH
#L, do271 j=1,n/2 (=3600) &3, 7v7
F-¥UTEFHVWRVWTREVRARY VR TERAE
V7 2R ARERTES, f LEHETRTERS T
VEOEBSTES. B ((xx(k,i) = x(itab (k, 1)),
k=1,icol(1)), i=1,n—1) % do270 DF T\,
do270 T x (i) PRD D IT xx(k,i) ZHWVIUL, &
BEAEYT VR ARERTES. LB A, y(i) bR
ICEEHZ 5.

RS EToLERERS IORT. ZOEFOD flop,
flop/s, (Tu) force 1% VPP300 O HERERIE Y — )V PEPA
(PE Performance Analyzer) %f#f L CHllzE L7
Thb, CORIE, ERATIT 7ELAICE ) HEE
7% 104 Mflop/s 7* & 123 Mflop/s 2% ) 1.2 &AL
TAHZE, if XOBEHICLHEEEREH 67.9Gop »
5 159Gflop 1% o7z b 22D 5T (Tu)force WF
690 B 5 630 i b, MEEDT 104 Mflop/s 25
247 Mflop/s & 2.5 LT AT &, LTy 7 F—
YU 7RV RWEFARY FVE Av. VL 573600
Ly, MEEDS 104 Mflop/s #*5 782Mflop/s & 7.5

Number of processors

8 EBUMEIE 600 D IEFI%hH
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A1 force 7T LML) Xk

Ixocl
Ixocl
1xocl

Ixocl

225

Ixocl

*vocl

271

270
Ixocl

subroutine force(rcut2)
parameter (n=7200)
parameter (npe=10)

processor pe(npe)

subprocessor pes(npe)=pe(l:npe)

index partition ip=(pes,index=1:n,part=cyclic)

common/wintex/itab(400,n)
local itab(:,/ip)
implicit real*8(a-h,o0-z)
include ‘./inc2’
rcut = 3,040

do 225 i=1,n
fx(i) = 0.04d0
£fy(i) = 0.04a0

continue

spread do/ip
do 270 i=1,n-1
xi = x(1)
yi = y(i)
fxi§ = 0.40
fyi$ = 0.40
loop, novrec
do 271 k=1,icol(i)
j = itab(k,i)
xx = xi - x(j)
yy = yi - v(3)
rd = XX Y xXx + YY * YY
if ( rd4 .gt. rcut2 ) goto 271

rdr 1./xd

ra3 = rdr**3

rd4 = rdr**4

rd = (rd3-0.5)*rd4
fiox = xx *rd
fxi$ = £xi§ + Fix
fx(j) = £x(j) - fax
fyy = yy * rd
fyi$ = fyi$§ + fyy
£y(j) = £fy(j) - fyy

continue

£x(i) = fx(i) + £xi$
fy(i) = £y(i) + fyi$
continue

end spread sum(fx),sum(fy)

return
end
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