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1. LIS

ERLELHEHORIERAHERES
LI FOHKREHEDNTT,

SR16000/M1 1./—Fk 980.48GFLOPs
BG/Q 1/—F 204.8GFLOPs
xm1 1/—F 844 8GFLOPs
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(1) =RTHRS

Infra box
11-x1
-]

D =-sxy-tz(1-X-y-2)+ (x+ )2 +(1-X-y-2){L-x-y)m’
+7(l-x-y)m,°

y

j izdzdydx
" D

(2) MRTIRS

5221

5 ) ) ) , 11-x1-x-yl-x-y-z 1
S (s;m 5, m,%,m,",m,, m, )=_” j _[ —dudzdydx
00 0 0 DC

C=(X+y+z+u)l—x-y—-z-u)+(x+y)(z+u)
E=Q0-x-y—z-u)(X+2)(y+u)+(X+Yy)zu+(z+u)xy
MZ=xm’ +ym,* +zm,’ +um,” + 1-x—y—z-u)m,’
D=-sE+M*C




(3) ARTHES

1% 1-X =X 1% =X = X3 1=X; =Xy —X3—X4 1
Fdx\,,dledxﬂxzdx1
0 0 0
Xe =1-X =X, = X3 =X, — X;

laporta (D)

D =-x1**2*x2-x1**2*x3-x1**2*x4-x1**2*x6-x1*x2**2-x1*x2*x3
&-2.d0*x1*x2*x4
&-X1*x2*x5-x1*x2*x6-x1*x3**2-2.d0*x1*x3*x4-x1*x3*x5-

X1*x3*x6
&-x1*x4**2
&-x1*x4*x5-2.d0*x1*x4*x6-x1*X5*x6-x1*x6**2- x2**2*x4-

X2**2*x5
&-x2*x3*x4
&-X2*Xx3*x5-x2*x4**2-2.d0*x2*x4*x5-x2 *x4*X6-x2*x5**2-

X2*x5*x6
&-x3**2 *x4
&-x3**2*x5-x3*x4**2-2.d0*x3*x4*x5-x3*x4*Xx6-x3*x5%**2-

x3*x5*x6
&-x4**2*x5
&-X4**2*x6-x4*x5**2-3.d0*x4*x5*x6-x4*x6* ¥2-x5%**2 *x6-

X5*x6**2




laporta (F)

D=-x1*x1*x2-x1*x1*x4-x1*x1*x5-x1*x1*x6-x1*x2*x2-x1*x2*x3
~X1*x2*x4
-2.0d0*x1*x2*x5-2.0d0*x1*x2*x6-x1*x3*x4-x1*x3*x5-x1*x3*x6
~X1*x4*x4-3.0d0*x1*x4*x5
~2.0d0*x1*x4*x6-x1*x5*x5-x1*x5*x6- x1*x6*x6-x2*x2*x3
~X2¥FXx2*x5-x2*x2*x6
~X2Fx3*x3-x2*x3*x4-x2*x3*x5-2.0d0*x2 *x3 *x6-x2*x4*x5
~X2EXAFX6-X2FX5*X5-X2*X5*x6-X2 *X6 *X6-x3 *x3*x4-x3 *Xx3 *X5
~X3*x3*x6-x3*x4*x4-2.0d0*x3*x4*x5-2.0d0*x3*x4*x6-x3*x5*x5
~X3*X5*X6-X3*X6*X6-X4* X4 *x5-X4*X4*X6-x4*x5*x5-x4 *X5*Xx6
. -X4*x6*x6




2.3 FENNFHATOFa1—=7

FFAANFHBRUOENSHRETES
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A FENFHED)—AH

fx=0.0d0
fy=0.0d0
do 100 i=1,n
sumx=0.0d0
sumy=0.0d0
do 200 j=1,i-1
r=sqrt((x(i)-x(j))**2*(y(i)-y(j))* *2+eps*eps)
sumx=sumx-dt*g*(x(i)-x(j))/r**3
sumy=sumy-dt*g*(y(i)-y(j))/r**3

200 continue
do 300 j=i+1,n
r=sqrt((x(i)-x(j))**2*(y(i)-y(j))* *2+eps*eps)
sumx=sumx-dt*g*(x(i)-x(j))/r**3
sumy=sumy-dt*g*(y(i)-y(j))/r**3

300 continue
fx(i)=sumx
fy(i)=sumy

100 continue




BEEEZHIRTZ=DLLUTD
?J_:/ﬁb‘(ﬁbniio

fx=0.0d0
fy=0.0d0

do 400 i=1,n-1
sumx=0.0d0
sumy=0.0d0
do 500 j=i+1,n

r=sqrt((x(i)-x(j))**2*(y(i)-y(j))**2+eps*eps)

wx=-dt*g*(x(i)-x(j))/r**3
wy=-dt*g*(y(i)-y(j))/r**3
fx(j)=fx(j)-wx
fy(j)=ty(j)-wy
SUMX=SUMX+Wwx
sumy=sumy+wy

500 continue
fx(i)=fx(i)+sumx
fy(i)=fy(i)+sumy

400 continue




SR16000/M1 1cpu N=2716=65536
origin 32.971 sec
tuning 17.859 sec

AN

ALk I B I I REAY
WERT D.

N

SR16000/M1 1node 64smp N=2718=262144
origin 13.534 sec
tuning  15.475 sec

MPHEL 715 R EICENEIIKRELLES, !



it 0% 1) X~ origin)

* %k

* %k

* %k

* %k

* %k

* %

* %k

* %k

Parallel processing starting at loop entry
Parallel function: _parallel _func_2_ MAIN
Parallel loop (cyclic distribution)

R: TLOCAL variable

SUMY: TLOCAL variable

SUMX: TLOCAL variable

J: TLOCAL variable
Parallel processing finishing at loop exit
do 100 i=1,n
sumx=0.0d0
sumy=0.0d0



** [DO 200]

**  SWPL applied.

** 2 streams (X[], Y[]) pre-fetch applied.

%k %

** Innermost loop unrolled (4 times).

**  SWPL applied.

** 1 streams (CompGen #5) pre-fetch applied.

%k 3k

**  Loop distributed for vector library: 5 pieces; 2 candidates for
library calls.

**  Simdization applied.

** Innermost accumulator variables expanded (2 times).
**  SWPL applied.

** 3 streams (CompGen #5, X[], Y[]) pre-fetch applied.

* %k

**  Replace with call to PVP library (vsqrt).

% %k

%k %k

Replace with call to PVP library (vrec).

SimdDER, SWPL E&ES 175U
ERENTIVS.




* %k

* %k

* Xk

* Xk

* Xk

* Xk

* Xk

* Xk

* Xk

[DO 300]
SWPL applied.
2 streams (X[], Y[]) pre-fetch applied.

Innermost loop unrolled (4 times).
SWPL applied.
1 streams (CompGen #7) pre-fetch applied.

Loop distributed for vector library: 5 pieces; 2

candidates for library calls.

* Xk

* Xk

* Xk

* Xk

* Xk

* Xk

* Xk

* Xk

* %

Simdization applied.

Innermost accumulator variables expanded (2 times).
SWPL applied.

3 streams (CompGen #7, X[], Y[]) pre-fetch applied.

Replace with call to PVP library (vsqrt).

Replace with call to PVP library (vrec).

SimdDiEH, SWPL, @& Z 17 3)hH
ERTh TS,




AJYASBHSopenmp’/—A{ERHI

CSOMP PARALLEL DO
CSOMP& SCHEDULE(STATIC,1)
C$SOMP& PRIVATE(I)
C$SOMP& PRIVATE(SUMNX)
CSOMP& PRIVATE(SUMY)
C$SOMP& PRIVATE())
C$SOMP& PRIVATE(R)
do 100 i=1,n
sumx=0.0d0
sumy=0.0d0
do 200 j=1,i-1
r=sqrt((x(i)-x(j))**2*(y(i)-y(j)) **2+eps*eps)
sumx=sumx-dt*g*(x(i)-x(j))/r**3
sumy=sumy-dt*g*(y(i)-y(j))/r**3
200 continue
do 300 j=i+1,n
r=sqrt((x(i)-x(j))**2*(y(i)-y(j)) **2+eps*eps)
sumx=sumx-dt*g*(x(i)-x(j))/r**3
sumy=sumy-dt*g*(y(i)-y(j))/r**3
300 continue
fx(i)=sumx
fy(i)=sumy
100 continue
CSOMP END PARALLEL DO




it 1) Xk (tuning)

XX Serial loop

** --- Loop distributed for parallelization ---
**  FY: unknown loop dependency

**  FX: unknown loop dependency

** [DO 400]

**  Simdization applied.

** Innermost loop unrolled (2 times).

**  SWPL applied.

** 4 streams (CompGen #5, CompGen #6, FX[], FY[])
pre-fetch applied.

* %k

DO 400 TRILEFHEEZNTL AL,




** Parallel loop

**  CompGen #14: reduction array (SUM)

**  CompGen #13: reduction array (SUM)

**  WY: TLOCAL variable

*¥*  WX: TLOCAL variable

**  R: TLOCAL variable

** - Add barrier at loop entry ---

** - Add barrier at loop exit ---

** [DO 500]

**  SWPL applied.

** 2 streams (X[], Y[]) pre-fetch applied.

** Innermost loop unrolled (4 times).

**  SWPL applied.

** 1 streams (CompGen #10) pre-fetch applied.

%k k

**  Loop distributed for vector library: 5 pieces; 2 candidates
for library calls.

**  Simdization applied.

** Innermost accumulator variables expanded (2 times).
**  SWPL applied.

** 5 streams (CompGen #10, FX[], FY[], X[], Y[]) pre-fetch applied.

* Xk

**  Replace with call to PVP library (vsgrt).

* Xk

**  Replace with call to PVP library (vrec).

RAMIDON—7 DiliFl{b L RE L Z K.
A—=INN—AYREKELES.




CSOMP PARALLEL

do 400 i=1,n-1

csoMP MasTER LBZYARSBA Sopenmp')/—R {E Rl

sumx=0.0d0
sumy=0.0d0

CSOMP END MASTER

CSOMP BARRIER

CSOMP DO

CSOMP& SCHEDULE(STATIC)

CSOMP& PRIVATE(J)

CSOMP& PRIVATE(R)

CSOMP& PRIVATE(WX)

CSOMP& PRIVATE(WY)

CSOMP& REDUCTION(+:SUMNX)

CSOMP& REDUCTION(+:SUMY)
do 500 j=i+1,n
r=sqrt((x(i)-x(j))**2*(y(i)-y(j))* *2+eps*eps)
wx=-dt*g*(x(i)-x(j))/r**3
wy=-dt*g*(y(i)-y(j))/r**3
fx(j)=fx(j)-wx
fy(j)=fy(j)-wy
SUMX=SUMX+WX
sumy=sumy+wy

CSOMP END DO NOWAIT

CSOMP BARRIER

CSOMP MASTER
fx(i)=fx(i)+sumx
fy(i)=fy(i)+sumy

CSOMP END MASTER

400 continue

CSOMP END PARALLEL




3. SR16000/M1 >AFL

3.1 FFMNFHEAE

N=128 FREXE! 224MB

PEE R
MPI%§ J—F#  vdw Coulomb 21K
128 4 755.4252  5581.71674  6337.17718
256 4 92426017 6382.94117 7307.24141
256 8 539.1269  3196.45186  3735.61507
512 8  750.14716  4215.49161  4965.67888
smp#i J—F#  vdw Coulomb 21K
32 1 1769.65239 424532686  6014.98169
64 1 1180.91332  2499.41767  3680.33458
HEEE21E
NTV)IRDFRIS I
{EIERR
MPI%K /—k#  vdw Coulomb 21K
128 4  4487.29192 5159.58867 9646.93067
256 4 1767.90486  3057.6814 4825.68794
256 8 224468742 2588.84542  4833.58705
512 8  885.04123 1528.38884 2413.52728
NAT) YRR
SMP#{ /—k#  vdw Coulomb 21k
32 4 3675.13414 454454538 8219.68586
64 4  2054.28677 3273.93475 5328.23547
32 8 1838.06506  2273.0442 4111.11608
64 8 1027.48181 1637.56081 2665.05695




3.2 4RGSR

$%21(~1:100,100,0,0,100)

N =1152

1 /=t ReTkfE ()

B E 47505 GFLOP

smpdl  [smt  |EfTRE M ([ ETHE
(%) |(GFLOPs) |(%)

32|off 147381 322 328

04/on 178875 200 AR

S
[b"liﬁﬁ?b‘ﬁb VR

imdhERAEND7=8,smt=of DIZBENF
THELHLIOUEHEATLS.

|




3.3 ARTESR
laporta (f)

Y4X N=128 FRET—TNH1X 2KB
HwEE  3642GFLOP

1 /-t ZARE®)

smpdl  [smt |RTBME [ |RTME
(#)  |(GFLOPs) |(%)
32|off 11674 312 318
64{on 1909 460 46.9

F—7 WL ZXHINEN=SH,EZTHMFRBIZRLY
SimdAEHEINLELV=SH,smt on DIRED
[Z5HERED RLY.




4 BG/Q YAFL
41 RFMAREHK

BG/ QY AT LICHLTIE FTEATEICHERED
AEKERENET

(1) Z9YMMPIETDIRS

MPIA—/I\—AYRZRSTIBR BREEREIITE
<ATEBEATVESHEICLEVET ., (b ATFLED
mpi_allgatherOE#RDED7=8).)

SN, BEAE)HLZIHAKEIES,
BIE/—ATIEEITR RELMPIEHRVET .
T REL Y AT HEIE smt=2H &
TIMWAEIEE/—ATldsmt=4H R EELVET .
(MPIA—/s—AYRH I EhBE sindhEREN
LUOIRHDAZATLD=D.)

(2) TV IRRITOIBE

MPIF—/58—AYRRIRD ) —ATNAT)IRELT
293 A T)DORIRELSEY MRHBKES<ENF
J.AARATVENMNSVES], 105 LD RER L
HEO5NTNET,




N=48 (11.8125MB)
MPI%k J—F# VdW Coulomb =7
512 32 8.16086 8.81916 16.98838]
1024 32 11.82922 9.99511 21.83329
2048 32 24.60092 17.70815 42.32042
Ens
MPI%k J—F# VdW Coulomb =7
512 32 5.49513 8.59571 14.11402
1024 32 2.99941 4.56508 7.61897
2048 32 1.96861 2.87183 5.11686
NAT)RRR
smpEk J—F# Vdw Coulomb =7
16 32 3.63762 5.71114 9.36463|
32 32 1.87721 2.94602 4.83891
64 32 0.97889 1.71597 2.71098|
AEAEY)INEZEINT)IRDOFIR KA
N=64 (28.0MB)
IMP1%k J—R# VdW Coulomb 21K
512 32 29.56434 37.76663 67.34834
1024 32 32.48871 32.1485 64.65611
2048 32 57.664 45.01047 102.69909
{& 1F bk
IMP1%k J—R# VdW Coulomb 21K
512 32 30.5287 48.11573 78.70039
1024 32 16.22005 25.30125 41.86008
2048 32 9.90448 15.39024 26.00268
INAT) YRR
smp3g J—F# Vdw Coulomb 2K
16 32 20.46678 31.77036 52.26934
32 32 10.52987 16.73987 27.30197
64 32 5.43206 9.65071 15.11501




N=80 (54.6875MB)
IMPI%% J—F# Vdw Coulomb £1K
512 32 92.13976 128.87558 221.04942
1024 32 80.97082 91.95302 172.96071
2048 32 121.47084 106.98893 228.50708
(& 1E i
IMPI%% /—F# Vdw Coulomb £1K
512 32 115.9476 183.24885 299.47552
1024 32 61.06849 95.75686 157.45681
2048 32 36.28185 57.77221 95.30769|
NA TR
smp%i J—F# Vdw Coulomb 21K
16 32 77.67598 122.27164 200.00683
32 32 39.95052 63.00466 103.0142
64 32 20.81901 36.65174 57.53005
Cd Bal ) N— E
MPIA—/s\—AYKREIRA FREATYB =
-E’ . - R
DM ceEEZH 7= ILHTIET,
N=96 (94.5MB)
IMP1%% J—F# Vdw Coulomb K
512 32 247.50348 392.02168 639.58082
1024 32 185.35274 274.96719 460.38124
2048 32 231.82941 340.60404 572.51359
{E 1E bl
IMP1%k J—KR# vdw Coulomb 21K
512 32 235.6506 359.7902 595.97801
1024 32 120.71485 186.07948 307.88298
INAT1)RRR
smpAk J—F# vdw Coulomb =07
16 32 232.7985 361.71276 594.61322
32 32 119.54831 186.49663 306.14688
64 32 61.61527 109.81348 171.53069




N=112 (150.0625MB)
MPI%k J—F# Vdw Coulomb 2K
512 32 591.7365 1262.05753 1853.88598
1024 32 394.3729 1181.64034 1576.11295
{E1E kR
MPIZg J—R# VdwW Coulomb 2K
512 32 856.15347 1376.07514 2233.1181
NAT)YRER
smpk J—F# vdw Coulomb =X
16 32 584.54206 920.53324 1505.23899
32 32 299.31385 473.062223 772.53978
64 32 156.61686 271.30716 428.08792
B3 ‘ = o) —
NTVIRARATIIETL L
FHARWEADMET,
N=128 (224MB)
IMPI%% J—R# Vdw Coulomb 21K
512 32 1317.87477 3370.73599 4688.74093
1024 32 805.80939 3364.92311 4170.8758
{& 1F bl
IMPI%% J—R# Vdw Coulomb 21K
512 32 1906.68062 3070.87981 4978.95545
INAT)yRRR
smp3 J—F# Vdw Coulomb 21K
16 32 1307.681 2032.29291 3340.22335
32 32 668.91654 1050.9015 1720.0675
64 32 346.72815 604.46585 951.44338




42 HARTHER
laporta (f)

Y4X N=128 FRET—TNH1X 2KB
HwEE  3642GFLOP

AINTIVA T3y

casel —09 —ghot=level=2
case2 —03 —gstrict —ghot=level=1

32/ —FEITHRFREI(F

case flat hybrid
1 1.289 1.324

2 4.859 4.106

AVINMMWAT 3 T3 - AEDEREEDHS.
fEZ77VMMPI 2048MPI T
2825GFLOPs,E1T%1%43. 1%



5 xml1 AFLA

EROBRAMRIBITEN64HD5128ICHVEL/
DTS A, smtOFIREPDICFEDEL 7,

5.1 FFIMNFHE

mIEI7H128IcBVELI=DTBG. QLD
LR eERBLTI6SMPHAEZICERITTEELSIC
YL XEN=96,FiEAEJ94. SMBT
KITLTNET,

EFRDSMPH/—A%Zmdcore,
MPI#A—=/s—AYKREIB®D
SmphR%Zmdcore2&sBLTLVET .



mdcore
smp3k J—F# VdW Coulomb 21K
32 1 370.355 1031.531 1402.025
64 1 246.078 611.013 857.267
96 1 223.676 446.46 670.328
128 1 173.189 340.836 514.222
mdcore2
smpEk J—FR# Vdw Coulomb 21K
32 1 353.256 930.879 1254.276
64 1 306.571 605.227 911.972
96 1 229.255 442.445 671.89
128 1 177.715 339.45 517.357

SmpZELEEEHEIEL TV IDICKITIREIE A 2=
RBVELA.F/=128mEIA7ISEHICTHIRK.

EHIE7128(new),64(old) D HLER

mdcore

smp#g J—F# Vdw Coulomb 21K

32 new 1 370.355 1031.531 1402.025
32 old 1 370.239 1051.356 1421.733
64 new 1 246.078 611.013 857.267
64 old 1 250.312 554.729 805.976
128 new 1 173.189 340.836 514.222
mdcore2

smp3k J—F# Vdw Coulomb 21K

32 new 1 353.256 930.879 1254.276
32 old 1 352.106 931.449 1283.693
64 new 1 306.571 605.227 911.972
64 old 1 297.089 556.781 854.376
128 new 1 177.715 339.45 517.357




5.2 [RFTIRSA

S #(~1:100,100,0,0,100) N =576

TWotHEr GPUZETHREZ M LW 5729 I124EDONLV—
Z2EDON—TfL LTz Y — A

VIR JuAE 7 WERDATEDONL—T DV — R

64MPl TRITL/REDEITRE
2.RTTIRA 258 4Rwi|ER 158

=>GPUFLRF1—=UIVHENREDE
eRLTWET,

N=1152 BHE 47505GFLOPTHETT
KT /—AE4RTIRAH.
32SMP  247#
64SMP  278%

96SMP  274%
128SMP_ 206%

SIMDAERZh, 7—7 51X 18KB.
CNI=DHEBDRADDSATERBRELODTNET,
REOERTHEIZ27. SREETZEINETT.




5.3 ARFTHES
YL X N=128,7—7 V14X 256KB

#HE= laporta (d) 2668GFLOP
laporta (f) 3642GFLOP

SRATIRF ] — B R (D)

704554 32smp 64smp 128smp

llaporta(d) 30.005 31.151 19.369

llaporta(f) 40.911 38.31 24,677

Smt=4NFIRIFEBICHIETH EITHEIF17%
BiEEIFETLHIVELASEDOIN-T%
2BEDON—7{LTWB=DT—7 NVF1LXH
AESLEL), AEVEEEHD BN TEDRZED
TTULET,

SR16000 /M1 (LRI 2L MBEBRAEREE
16 %EBWEITTIHETHREIF2. 5—IEIEE
BETFLTLET,



5.4 QCD&EE

Y14X 128%8%8%16
FREXEY 79.4MB

ETHERE (GFLOPs)—E

=847 132smp  [64smp  |128smp

L 26 114 5
e 102 06 128

64smp IZLLAGIEsmt off TS Elsmt on (cZ>7=
CElckA=IN—AYRHIBRAT=HRICLIREE
LHLTLET.
ETMEIZ128SMPT18%&LEN.CNDYLAT
3E<SHTLBEWNARET,




