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Accelaration and application of index addressing operation
Nobuyuki Hamaguchi
Software Developement Center , Hitachi Ltd.

When I had evaluated the performance of molecular scientific simulation and
meteorological simulation programs, their existed two drawbacks.

(1) Performance of programs depended extremely on memory access pattern of index
addressing operation.

(2) Using non-standard FORTRAN mathematical functions,Simulation programs are

lacking for portability.

I had analyzed index addressing operation and improved in respect of hardware and
software, and applied complement error function,Teten's formula, exponential
function,and attained the elevation of accuracy,performance, and portability

of molecular scientific simulation and meteorological simulation programs.
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CASEl  : L1(D=I ALOBRT ¥ A3~/ RYAMCLEY -,
CASE2 : L2(I)=¢X 10EX03 ¥ 3ET3r-2
CASE3 : L3(I)=MOD(4*1-4,10000)+4  A}{F40XFYT7ILARYAMLE-R.

0, A-¥9x7 %A (S-3600/180) ¢%%% (S-3800/180) TokENERRERLLALEL.

1 EKDON-TOKENTER
(»-7& = 10000 , EMDX,DY, DZUEAE) B : MWORDs/sec or Mflops

5% DO p-7 $-3600/180 (J##) S-3800/180 (¥&4)
1 DZ(1)=DX(1) 600 1012
2 DZ(1)=DX(L1(I)) 348 704
3 DZ(1)=DX(L2(1)) 13 731
4 DZ(1)=DX(L3(1)) 228 623
5 DZ(1)=DX(1)+DY(I) 480 869
6 DZ(1)=DX(L1(I))+DY(L1(I)) 300 639
7 DZ(1)=DX(L2(1))+DY(L2(I)) 8 702
8 DZ(1)=DX(L3(1))+DY (L3 (1)) 156 627

(&) S-3800/180kS-3600/180m<4Mv J0y/kk1:2 (2 ns, 4 ns)
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AFNRHATHANO. 1~CONRERE, RN THToten sAR g=6.11*10=x(al/(b+T)) a=7.5 b=237.2
TOREHT #LKLT q=exp(19.0793-4098.026/(T-35.85)) : q MAKESE (hPa),T °K
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3.1 A MRAOKEEE
A7 M VRROBED, ERR0RRLARY SERROMCKEL LY.
Wi, F1,F2,F3 : RRIREEHAT, ThIhodBCETI84HENT, N2, N3OgS, X0D0 »-7Tk

DO 10 I=1,N WAYZ 4
JF(X(1).LE.~1.0D0) THEN V-TENOAJ L hRE N1+N2+N3 BEEf.
Y(1)=F1(X(1))
ELSE IF (X(I).LE.1.0D0) THEN EREf
Y(I)=F2(X(1)) NXMIN(N1, N2, N3) ~NxMAX (N1, N2, N3)
ELSE BORXBTEER.
Y(I)=F3(X(I))
END IF
10 CONTINUE
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BREs=2"" (n=1,..., 12) s THELEERRAZOLILLY ST,

#3 EREZRXENEZ

123
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n E' (1)=0k%3t E(t)nkx& s*/8
1 0. 459 3.16x1072 3.12x1072
2 0.479 7.84x107° 7.81X1072
3 0. 490 1.95x107° 1.95x107°
4 0. 497 4,88x107 4.88x107*
5 0. 499 1.22x107* 1.22x107*
6 0.499 3.05x107* 3.05X107*
7 0.500 7.63x107 7.63x107*
8 0.500 1.91x107* 1.91x107*
9 0. 500 4.77x1077 4.77x1077
10 0.500 1.19x107" 1.19x107"
11 0.500 2.98X107* 2.98x107*
12 0.500 7.45%107° 7.45X107°

BURRARRTUN=12, Fb5EREL/ 4096 hiFHARREFA SN T. BREORS, -RHRATHRENIF AT,
083t7-5-ERLET. ROERAORBAMEx=y+ns loge 2(28) , x=y+n*logel6 (161) T &%= e¥»2”, &= efx 16"
LRRBABTHRRGRAST.

SRINTONARBRERA NONKLRRIRA, SORCROTHET.
4 URERARROBELER (10°4)

(-180.218£x£174.673)

%5 Teten’ sAXORELEE(10°4)
(123.155T£373.15)

Sces-1)

£0.5,

) 33 21 FiEY RABMEZ $-3800/180 . HER AR RAERER $-3800/180
10008%{7 10008%{
®%5% ] 0.154%107° | 0.952%10°% 6.935 # #4541 0.167x10°* | 0.952x10 ¢ | 7.126 #
Fi% | 0.768%1977 | 0.476%10°°| 4.754 8 ¥5% | 0.166x107° | 0.952x10 * | 5.320 #

4%, GHBL, TEEERFE15h3T0T, IXRE 0SxS1 (%6), -1708xS170 (X7) 10°4,M-880H THIREZLLEOKR
FRAELEECA, BORRHTTHY, [EEEROAY MVEER (RIMVAT VMR TUORIREMHSRORIANL Ko T0 1T,
%6 ERERARRORK:EE

77 BRARAGROBRELEN

L ES b2 FE S VTS ZITHR B3 g2 RXEHE2 KRR
#3534 | 0.543%107' % 0.222x107'° | 0.667 # f¥5% | 0.261x107' %) 0.222X107' % | 0.666 #
FiL ] 0.469x107'¢ 0.217x107'° | 0.488 & ¥5% | 0.230x107'° 0.220x10 % { 0.561 #
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{ XQ1) }a5{ JXORE J ) OMGRMEEALT Y(I)= o + 0y #X(L) +--- +&mxx(I)=-= (1) (X(1) OASKE J)
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AFREHNTY, HEZRROIROREHO. 1~6. 0ThoL, EAEL/4096L 5L, ARRARE TLOL, x=6TRHEES0. 17X107 ¢
ERUHRRREARS T ARRBERISAC, SKRRKATLEL, EAN=1/4096, x=13THHERS0. 89X10™ ¢ kR i,
it, IEEERAOMARERTEL, IRix526. 63 TR ETOH(EXP (-26.62) 210 2°), SXBANTLaLERE=1/4096
x=26. GTHAERS1. 24X107 ¢ LHRORESRSALT.

TORRLERR, £7, K8OBERY, F-TMLBRTINLY, HE, BELRTIRC, BRALLRTA-9L )7 HRETORHERS LE.

T REERMAXRAITHoLAGONELEE #3  NEERASXHAEITH-LEAORE
(38KE 0sxs6 : 10°%) (GMEE -13.2¢x513.2 @ 10°%)
i} 3 e  PULE $-3800/180 V£ 2] 0t RABHEL
10008%f REFA | 0.386X107'% | 0.339x107"
fE54 | 0.547x107'° | 0.342x107'*  54.088 # K54 | 0.386%107'% | 0.433x107' 8
 1iE 0.547x107'% | 0.162x107 9.048 #

4. RFHRHY, SEHETUST AL ENER
4.1 RIREHNT0VTL0%HRYS
320Rk3RRO70/T hRBRALT, S-3800/180TNAEY 270Y, Fa-= JOARLAELE.

RO RFRIMAT0STALLIXTIRTONY

7045538 7uY54 FEIRFA ATYREB L (1/2)
CPURR VPUBR (1) CPURR VPURR (2)

] Iy 13.06 8| 11.94 8 11.31 #{ 10.13 8 1.18

Fa-zv4 8.84 7.46 8 8.77 8 7.32 8 1.02

x YTk 446.10 # | 406.95 # 428.23 B[ 355.25 # 1.15

Fa-zv¥ 261.31 | 221.66 B 263.71 #|221.38 # 1.00

Avh3s70) bOBRRVPURRORKEETH, Fa-2v /Y 20BBIMER T ET.



%10 RTBZHNT0YTALLSF2-2V BB (AT RFB)

705508 e $a-zv) EEk (1/2)
CPUNM(1) VPURR CPUKR(2) | - VPUHR
A 11.31 # 10.13 # 8.77 # 7.32 % 1.29
P 55.14 % 46.83 # 39.98 # 31.41 # 1.38
X 11.31 8 |428.23 8 |[355.25 % |263.718 1.62

FOUFLMERA R R RV EERLEIMRL TH ISR, L0722/ Y ORSRIETIET.
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211 ABARFRECHTEF2-2/ 88 %12 $MFa-cvYCLEEMRR

Ju¥5h EARR ERALE Fa-z77RBA% ERER
Ity | 162 8 1 i1, Dad 3711 25 8
7-5-ER | 138 8 1.17 7va-y vy 10 8
-XHRk 127 # 1.28 SHRS/KRONRL ()
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