12 1
12 8 12

NAS Parallel 1.0

2PE(19.2GFLOPS, 16GB)
Compaq AlphaServer ES403  (16GFLOPS,
NAS Parallel 1.0

/Windows98  multi boot system)
NQS PC
RAID

nfsv3

Linux Fortran & C Package
2-2
big endian

frt—WI,-T

Linux

VPP5000

vagi @riam.kyushu-u.ac.ip
http:/Amwww.riam.kyushu-u.ac.jp/

VPP5000
9GB)
PC(Linux2.2.12+nfsv3
VPP5000 ES0
NFS PC
2-1 PC
VPP5000
fortran VPP5000

mathematica,matlab



2-1 Solaris2.6  NFS nfs hard,intr
dd if=/dev/zer o of=testfile bs=16k count=4096 64M B
Linux2.2.5(Laser5 Linux6.0 ) NFSv2 7:30
Linux2.2.12 NFSv2 7:50
Linux2.2.12+nfsv2 NFSv2 5:00
Linux2.2.12+nfsv3 NFSv3 1:30
Linux2.0.36(Redhat Linux5.2 ) NFSv2 29:30
FreeBSD-4 NFSv2 4:30
FreeBSD-4 NFSv3 1:50
2-2 Fortran
Linux Cross VPP Cross VPP5000
(Pentinum I11 500MHz)  |(Ultra Sparc || 295MHz)
Linpack100 1.58sec 2.46sec 2.52 sec
14 1.57sec 2.32sec 2.34 sec
ANL 16.67sec 25.43sec 24.48sec
2-3 VPP5000 COo,C1,P
8:00-0:00 AO0,A1,B0,B1 0:00-8:00
Co,C1P LinuxPC jdtat
(usage: jstat [L|AOJAL|BO|B1|CO|C1|P|D|EISIM|vpples] ) VPP5000,E$40
A-1 CPU VPP5000 1PE
0.5 /sec,2PEOQ.75 /sec 100
2-4
CPU 1448.17H
24Hx30(day)x2(PE)=1440H 100%
2-3 VPP5000
LinuxPC VPP5000
L L (Compile & Linkage 4 P-PE
AQ A0 (0.5GB,15 ) 1 P-PE
Al A1l (0.5GBx2PE,15 ) 1 P-PE,S-PE
BO BO (1.5GB,8 ) 4 P-PE
Bl B1(1.5GB,24 ) 4 S-PE
CO CO0 (3.0GB4 1 P-PE
Cl C1(3.0GB4 1 S-PE
P P (4.0GBx 2PE 4 1 P-PE,S-PE




2-4

CPU(H) |CPU(H) CPU(H) [CPU(H) CPU(H) |CPU(H)

A0 56 1.05 1.01 165 0.78 0.59 308 8.36 1.53
Al 39 2.14 0.37 28 0.05 0.23 115 242 1.02
BO 196 283.68 [25.31 |399 592.12 [61.69 |206 600.46 [93.01
Bl 169 343.13 |31.4 452 612.55 |54.66 |76 669.53 [53.28
COo 17 1947 (1195 |21 7.31 2.27 16 7.13 251
C1 8 1266 |4.95 1 0.03 0.01 4 7.67 121
L 92 0 0.17 312 0 111 26 0 0.04
P 13 0.31 0.85 0 0 0 0 0 0

590 662.44 |[76.01 |1378 1212.84 (120.56 |751 1295.57 |152.6

NAS Parallel Benchmark (Version 1.0)
Numerical Aerodynamic Simulation(NAS)

NPB2.3

NPB 1.0
kernel

NASA Ames Research Center

http://www.nas.nasa.gov/Software/NPB/

NPB1.0

simulated computational fluid dynamics(CFD)
Class A, ClassB, ClassC
NAS Parallel Benchmarks (Version 1.0) Results
11-96, S. Saini and D. H. Bailey, Report NAS-96-18, Nov. 1996, Table 1
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3-1 NPB

Benchmark Name |Abb. ClassA ClassB ClassC
Nomind Size Nomind Sze Nomind Sze
(Memory Size) (Memory Size)

Embarrassingly EP 2°° (IMw) 2% (18Mw) 2%

Pardld

Multigrid MG 256° (57Mw) 256° (59Mw) 512°

Conjugate CG 14x10° (10Mw)  |75x10° (97Mw)  |1.5x10°

Gradient

3-D FFT PDE FT 256°x128 (59Mw) [512x256° (162Mw) [512°

Integer Sort IS 2°x27 (26Mw)  [2°x2° (114Mw)  [2¢7

LU Simulated CFD LU 64° (30Mw) 102° (122Mw) 162°

Appl.

SP Simulated CFD |SP 64° (6Mw) 102° (22Mw) 162°

Appl.

BT Smulated CFD |BT 64° (24Mw) 102° (96Mw) 162°

Appl.




kernel MG, CG, FT CFD

LU, SP, BT MG  3-D Poisson PDE multigrid kernel
CG
FT 3-DPDE Fast Fourier Transform LU
5x5 lower-upper diagonal factorization symmetric
successive over-rel axation(SSOR) SP  scaar pentadiagonal solver
BT  block tridiagonal solver Kernel THE NAS PARALLEL
BENCHMARKS, D. Bailey, E. Barszcz, J. Barton, et a., RNR Thechnical Report RNR-94-007,
March 1994 CFD
sp,bt
3-2 3-3 3-4
3-5 C
N
1CPU VPP5000 N 20%
NASA  submit
3-2
V PP5000/2(2PE)
9.6GFLOPSX2
SDRAM 16GB(8GB/PE)
0OS UXP/V V20L10
UXP/V Fortran V20L 10
UXP/V Fortran/VPP V20L 10
UXP/V SSL2/VPV20L10

3-3

UXP/V Fortran/VVPP V20L 10

MG |[-Wx -Of,-x -“Wv,-ilfunc -Wv,-Gf -Wv,-m3
—Ps—Pt-Z

CG [-Wx-Wv,-md-Ab-Sw -Oe—-Ps-Z

FT -Wx -O5 -Ne -Wv,-ilfunc —-Wv,-P255
-W,-m3-Ps-Pt-Z

LU -Wx 05 -“Wv,-Gf -Wv,-P255 Wy, -ilfunc
—Wv,-preload -Ps

SP -Wx —O5 -Wwv,-r163 —\Wv,-P100 —-Ad —NI
—Ps—Pd-Z

BT -Wx —Of -WV,-P255 —Ad —Os,-x




3-4

UXP/V Fortran/VVPP V20L 10

VPP XOCL VPP
Fortran

VPH

-0s,-x

-Of ,-x

-Of

-Oe

-Of

-Oe
DO

-05

-Of

-Wv,-Gf

-Wv,-P<num1>

<numl1>

-Wv,-ilfunc

-Wv,-preload

-WNV,-r<num2>

DO <numz2>

-Wv,-m3

-Wv,-m3

-Ab

-Ad

-Ne

-NI

INCLUDE

<filename>
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VPP5000

MG

19.48sec

CG

38.57sec

FT

39.02sec

LU

183.69sec

SP

157.76sec

BT

218.67sec




CFD Sampler
solver RECUR

@ A-3 RECUR

128x288,128x972,128x1088,128x2048

NPB  SP,BT
A-2
solver RECUR2

RECUR RECUR2

ES40 1CPU (f90) VPP5000 1PE

(frt) 4-1 2 128x2048
310MB 128x6144 1.33GB r
q z 128 r
2048,6144
CPU
mode 2-25 128x3788 VPP5000
4 V PP5000 Alpha 667MHz(1.33GFLOPS)
50%

(b)

Computational Techniques for Fluid Dynamics Volume 1, Fundamental and
General Techniques, Second Edition, C. A. J. Fletcher, Springer P.185,186

BANFAC, BANSOL A-4
LAPACK LU
ZGBSV, ZGTSV
() 128x972 4-1
10
4-2 LAPACK(
) LAPACK
SSL I
NPB kernel CFD
SSL I
bt, sp
ES40 10 SSL I



4-1

ES40 VPP5000
128x288 4.7sec 1.60sec
128x972 65sec 15sec
128x1088 78.7seC 15.52sec
128x2948 368.1sec 96.24sec
128x3788 1900.5sec 464.75sec

4-2 128x972
ESA0 VPP5000
case (a) 150.1sec 31.06sec
case (b) 151.5sec 33.02sec
case (C) 156.2sec 55.77sec
A-1jstat

[yagi@riam202 ~]$ jstat vpp

L@vpp; type=BATCH; [ENABLED, INACTIVE]; pri=40
Oexit; Orun; Oqueued; Owat, Ohold, O arive
A0@vpp; type=BATCH; [ENABLED, INACTIVE]; pri=40
Oexit; Orun; Oqueued; Owat, Ohold, O arive
Al@vpp; type=BATCH; [ENABLED, INACTIVE]; pri=40
Oexit; Orun;, Oqueued; Owat; Ohold, O arive
BO@vpp; type=BATCH; [ENABLED, RUNNING]; pri=40
Oexit; 3run; 3queued; Owat, Ohold, O arive
<3 requests RUNNING>

<3 requests QUEUED>

Bl@vpp; type=BATCH; [ENABLED, RUNNING]; pri=40
Oexit; 3run; 4 queued; Owat;, Ohold, O arive
<3 requests RUNNING>

<4 requests QUEUED>

CO@vpp; type=BATCH; [ENABLED, RUNNING]; pri=30
Oexit; 1lrun; Oqueued; Owat, Ohold, O arive
<1 request RUNNING>

Cl@vpp; type=BATCH: [ENABLED, INACTIVE]; pri=30
Oexit; Orun; Oqueued; Owat, Ohold, O arive
P@vpp; type=BATCH; [ENABLED, INACTIVE]; pri=30
Oexit; Orun; Oqueued;, Owat, Ohold, O arive




A-2 Sampler

Status : Serial
Number of Processors 1
Type I cpu
Interval (msec) : 20

Synthesis Information

Count] Percent(Accum)| VL] V_Hit(%)] Name

105] 43.9( 43.9)| - 37.1] RECUR_

70] 29.3( 73.2)] - 24.3] RECUR2_

33] 13.8( 87.0)| 319] 42.4] TMPUS_

25] 10.5( 97.5)] 31| 76.0] TMRHS_

5] 2.1( 99.6)| 31} 60.0] TMDRV_

1] 0.4(100.0)| -1 0.0] FUNC_
239] | 143] | TOTAL

A-3 RECUR

1 C=======================================================================
2 SUBROUTINE RECUR(XX,AA,BB,CC,DD,NN,NO,N1)

3 C=====================================================================s==
4 C 2000/7/11

5 C RIAM, KYUSHU UNIVERSITY

6 C MASATOSHI YAGI

7 C

8 C AACI)*XX(N-1)+BB(N) *XX(N)+CC(N)*XX (N+1)=DD(N) N=0,---,NN
9 C NO=0 : XX( 0)=A0 ; NO=1 : D(XX( 0))/DY=AN.
10 c N1=0 : XX(NN)=BO ; N1=1 : D(XX(NN))/DY=BN.
11 C
12 C NO=0 XX(0) = AO
13 c N1=0 XX(NN) = BO
14 C NO=1 XX(0) = DR*AN
15 C N1=1 XX(NN) = DR*BN

16 C:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::



17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

s2
s2
s2
s2

s2

s6
s6
s6

C##
CH##

CH##
C##

IMPLICIT REAL*8(A-H,0-2)

PARAMETER( IDM = 200 )

COMPLEX*16, DIMENSION(O:IDM) :: XX,AA,BB,CC,DD,EE,FF
COMPLEX*16 GG

SELECT CASE (N1)

CASE(0) ! N1=0

EE(NM)=0.0D0

FF(NM)=XX(NN)

CASE(1) ! N1=1

GG =1.0D0/(3.0D0*AA(NM)-CC(NM))

EE(NM)=(4.0DO*AA(NM)+BB(NM))*GG

FF(NM)= - (DD(NM)-2.0D0*XX(NN)*AA(NM))*GG
EE(NM)=(4.0DO*AA(NM)+BB(NM))/(3.0DO*AA(NM)-CC(NM))
FF(NM)= - (DD(NM)-2.0D0*XX(NN)*AA(NM))/(3.0DO*AA(NM)-CC(NM))

END SELECT

DO N=NM-1,0,-1 ! EE(NN-2),....EE(0)

6G=1.0D0/(BB(N+1)+CC(N+1)*EE(N+1))

EE(N)=-AA(N+1)*GG

FF(N)=(DD(N+1)-CC(N+1)*FF(N+1))*GG
EE(N)=-AA(N+1)/(BB(N+1)+CC(N+1)*EE(N+1))
FF(N)=(DD(N+1)-CC(N+1)*FF(N+1))/(BB(N+1)+CC(N+1)*EE(N+1))

END DO

IF(NO .EQ. 1) THEN
XX(0)=((4.-EE(1))*FF(0)-FF(1))/(3.-(4.-EE(1))*EE(0))
& -2.0D0*XX(0)/(3.0D0-(4.0D0-EE(1))*EE(0))

END IF

DO N=1,NN I XX(1),...XX(NN)
XX(N)=EE (N-1)*XX(N-1)+FF(N-1)
END DO



53
54

RETURN
END

Vectorization messages: program name(RECUR)

jpc2217i-i

Jpc2217i-i

jpc2217i-i

tmrhs.f:

"zztext. ", line 37 - 38: EE is not vectorized since recursive reference takes place.
"zztext.f", line 39: FF is not vectorized since recursive reference takes place.

"zztext.f", line 50: XX is not vectorized since recursive reference takes place.

UXP/V  Fortran V20L20 Mon Aug 14 10:39:05 2000

A-4

10
11
12
13
14
15

40
41
42

s4

m4

s4
v4

banfac,bansol
subroutine banfac(b,n,int)

complex*16 b(5,n)

C##
select case(int)
case(l)
C
C int = 1, linear elements = tridiagonal system
C
doj=2,n
b(2, j) = b(2, §) / b@3, J-1)
b@3, §) = b(3, J) - b(2,5)*b(4.]-1)
end do
C
CH#
case(2)
end select
return
end

Vectorization messages: program name(banfac)

Jpc2306i-i

is too large.

"banfac.f", line 9: This DO loop is not vectorized since partial vectorization overhead



jpc2217i-i  "banfac.f", line 10 - 11: b is not vectorized since recursive reference takes place.

jpc2217i-i  "banfac.f", line 35 - 37: b is not vectorized since recursive reference takes place.

1 subroutine bansol(r,x,b,n,int)
2 complex*16 r(n), x(n), b(5,n)
3 select case(int)
4 case(l)
5 C##
6 CHt# int = 1, tridiagonal system
7 CH#
8 s6 do j=2,n
9 s6 rg) = r@ - b@.nH*rG-1
10 s6 end do
11 C##
12 x(n) = r(n) /7 b(3, n)
13 s4 do j =n-1, 1, -1
14 m4 x(@) = (r() - b(4,5)*x(J+1))/b(8.1)
15 v4 end do
16 CH#
17 case(2)
39 end select
40 return
41 end

Vectorization messages: program name(bansol)
jpc2217i-i  "bansol.f", line 9: r is not vectorized since recursive reference takes place.
Jpc2306i-i "bansol . ", line 13: This DO loop is not vectorized since partial vectorization
overhead is too large.

jpc2217i-i  "bansol.f", line 14: x is not vectorized since recursive reference takes place.



