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ARRAY PROCESSOR TEST

THROUGH FORTRAN'S BASIC ELEMENTS.

CODED BY Y.KARAKI

N .
ACI>=PAI

ACI>=B(I)>

ACId)=BCI)+ CCID
ACIX=BCIX)* C(I)
ACI)=B(CI)/ CKID

S =3 + B(I)

S. =5 ~+ B(I)*C(D)
S
ACId=ACI)+ B(I>
ACI)=ACI)+ B(I)*C(ID

L1}

NNV WN -0
* ® & e e e & e & o

N
o

s +(B(I)+C(I))*(D(I)+E(I))

11. ACID)=ACI)+(BCI)+CCIDI*(DCID+ECID)
12. ACI)=ACI)+ BCID)*(CCID+DCIX*ECID)
13, ACID=ACI)+ BCIX*(CCIX+DCI)*C(ECIX+FCID*G(ID))
14, ACI)=ACID+ BCID*CCCID+DCI)*CECID+FCID*(GCI)+HCID*Z(ID) D)
15. ACI)=ACI)+ BCIX+C(ID+DC(IX+ECD)

16. ACID=ACI)+ BCID+CCIX+DC(IX*1.DO+ECI)*1.D0O

@i BAARIGIL-T0—%

o BAME RS (L-7"FX) (AE¥EM%)

ARRAY PROCESSOR TEST THROUGH FORTRAN'S ELEMENTS

Loop length N =10000

NG. FLOP CTIME QOVERHEAD MFLOPS TIME/LOOP PERIODS
msec msec nsec :
1 100. 0.84 0.0 119.156 8.4 0.6
2 100. 0.82 0.84  121.363 8.2 0.6
3 100. 0.82 1.46 121.363 8.2 0.6
4 100. 0.84 1.66 119.156 8.4 0.6
5 100. 1.66 1.46 60.125 16.6 1.2
6 100. 0.82 0.84 121.363 8.2 0.6
7 200. 0.63 1.66 319.688 6.3 0.4
8 400. 0.82 1.46 485.452 8.2 0.6
9 100. 0.41 2.50 242.726 4.1 0.3
10 200. 0.84 2.29 238.313 8.4 0.6
11 400. 1.68 2.29 238.313 16.8 1.2
12 400. 1.66 2.29 240.499 16.6 1.2 -
13 600. 1.66 3.97 360.749 16.6 1.2
14 800. 2.72 4,99 294 .544 27.2 1.9
15 400. 1.25 2.29 319.688 12.5 0.9
16 600. 1.66 2.29 360.749 16.6 1.2
4700. 19.15 32.30 3763.245 191.5 13.7

AVERAGE MFLOPS = 235.203

Mflops



Blv BHE%B o s (L—-7°%20)

Loop Length

NQ.

[ I G G
[0 V) I R V.U N R

-—
ONOO~NONUVEWN ~—~

FLOP

100.
100.
100.
100.
100.
100.
200.
400.
100.

400.
400.
600.
800.
400.
600.
4700.

AVERAGE

Ble. BA A 0o

200.

N

CcT
m

6
8
8

10.

15

g.
9.

11
8

9.
12.
12.

13
17

10.
14.
178

MFLOPS

IME
sec

<45
.76
T4
01
.41
78
81
.87
T4
58
08
28
.34
.09
83
16
.96

20

OQVERHEAD

msec

13
25

26

25

26

38.
41
33,
33
478.

Loop length

NO.

OV NONWV B WN -

PTG Y
B RV, B R VU g

FLOP

100.
100.
100.
100.
100.
100.
200.
400.
100.
200.
400.
400.
600.
800.
400.
600.

4700.

AVERAGE -

N =

CTIME
msec

oOMNOOVUM AU SO WN

80

MELOPS

.13
.97
17
.59
.88
.38
17
.20
.75
A7
.20
.22
24
.72
.83
.27
.89

50
OVERHEAD MFLOPS
" msec
5.20 31.969
10.62 25.206
11.46 24.006
11 .44 21.773
11.67 14.531
10.62 22.835
11.67 48.012
11.67 76.875
14.79 26.641
14.79 48.012
14.80 76.875
14.79 76.650
17.72 96.141
19.79 103.614
14.59 68.624
14 .57 . 95.673
210.19 857.436
= 53.590

.34
A
26.

67

.66
26.

67

.42
26.

66

.67
33.
33.
33,
33.

34
54
54
34
54

.87

54,

.34

55

MFLOPS

15.493
11.417
11.437
9.990
6.489
10.224
20.384
33.695
11.437
20.871
33.099
32.564
44.990
46.811
36.922
42.372
388.198

24.262 Mflops

(lL—7°%& 50)

Mflops

(TE¥RTR)
TIME/LQQP PERIODS
nsec
64.5 4.6
87.6 6.3
87 .4 6.2
100.1 7.1
154.1 11.0
7.8 . 7.0
98.1 7.0
118.7 8.5
87 .4 6.2
95.8 6.8
120.8 8.6
122.8 8.8
133.4 9.5
170.9 12.2
108.3 7.7
141.6 10.1
1789.6 127.8
(4% L)
TIME/LOQP PERIODS
nsec
31.3 2.2
39.7 2.8
41 .7 3.0
45.9 3.3
68.8 4,9
43,8 3.1
L1.7 3.0
52.0 3.7
37.5 2.7
41,7 3.0
52.0 3.7
52.2 3.7
62.4 4.5
77.2 5.5
58.3 4,2
62.7 4.5
808.9 57.8
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KAid BABE o x (L~ 7°&400) AR
Loop Length N = 100 )
NO. FLOP CTIME OVERHEAD  MFLOPS TIME/LOOP  PERIODS
msec msec nsec
1 100. 1.88 2.72 53.281 18.8 1.3
2 100. 2.50 5.62 39.961 25.0 1.8
3 100. 2.50 6.67 39.961 25.0 1.8
4 100. 2.29 6.88 43.691 22.9 1.6
5 100. 4.17 6.67 24.006 41.7 3.0
6 100. 2.72 5.62 36.818 27.2 1.9
7 200. 2.70 6.67 74.052 27.0 1.9
8 400. 2.70 6.88 148.104 27.0 1.9
9 100. 2.30 8.74 43.401 23.0 1.6
10 200. 2.49 8.76 80.412 24.9 1.8
11 400. 3.34 8.74 119.700 33.4 2.4
12 400. 3.31 8.76  120.804 33.1 2.4
13 600. 3.77 10.62 159.197 37.7 2.7
14 800. 4.79 12.50 166.971 47.9 3.4
15 400. 3.56 8.74 112.508 35.6 2.5
16 600. 3.74 8.76 160.496 37.4 2.7
4700. 48.75 123.34 1423.363 487.5 34.8
AVERAGE MFLOPS = 88.960 Mflops
Ble EARAo RS (1L-7°%300) (15%5h/%)
Loop Llength N = 300 -
NO. FLOP CTIME OVERHEAD  MFLOPS TIME/LOOP  PERIODS
msecC msec nsec
1 100. 1.02 1.05 97.717 ©10.2 0.7
2 100. 1.25 2.29 79.842 12.5 0.9
3 100. 1.05 3.33 94.885 10.5 0.8
4 100. 1.45 3.13 68.916 14.5 1.0
5 100. 2.29 3.13 43.647 22.9 1.6
6 100. 1.25 2.50 79.842 12.5 0.9
7 200. 1.46 3.11 136.397 14.7 1.0
8 400. 1.45 3.34 275.665 14.5 1.0
9 100. 1.25 4.17 79.842 12.5 0.9
10 200. 1.25 4.38 159.684 12.5 0.9
11 400. 2.09 4.36 191.155 20.9 1.5
12 400. 2.06 4.18  193.987 20.6 1.5
13 599. 2.50 5.83 239.526 25.0 1.8
14 799, 2.91 7.51  274.222 29.2 2.1
15 400. 2.08 4.38 192.560 20.8 1.5
16 599, 2.29 4.17  261.882 22.9 1.6
19.8

4695. 27.66 60.85 2469.768 276.9

'AVERAGE - MFLOPS = 154.361 Mflops
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B8, S—-810nm%F - & F13 120 MFLOPS o ik
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Do 10 I=1_N
40 A(1) = A(I)+B(T)*CCI)
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2. BRI 149E

5— BMOMFORTRANID 191> FORTIT/HAP
Pk % BB (JIRRHK) ofsc iz v, ket
BREmAELTz,

B2a~d 3. BERKoN 7L LOHRRB LN T -0
RAEARLUBLILOTHR,

Boo. MR (EXEARELED)

Speeds of Mathematical Functions on HITAC S-810/20
Real Function in FORTRAN 77 (Double Precision)

Func Vector Scalar Ratio Range
nsec nsec S/V
DEXP 166.7 4041.7 24.2 IxI< 20
DLOG 250.0 3791.7 15.2 0 < x < 20
DLOG10 270.8 3875.0 14.3 0 < x < 20
DSIN 166.7 3520.8 21.1 Ixl< 20
187.5 3041.7 16.2 Ixl< pai/2
DCOsS 187.5 3437.5 18.3 Ixl< 20
166.7 2937.5 17.6 Ix1< pai/2
DTAN 7791.7 7812.5 1.0 Ixl< 20
7729.2 7791.7 1.0 Ixl< pai/2
DARSIN 8520.8 8520.8 1.0 Ixi< 1
DARCOS 8541.7 8604.2 1.0 Ixi< 1
DATAN 250.0 5875.0 23.5 Ixl< 20
229.2 5729.2 25.0 Ixl< v2=-1
DATANZ 354.2 7166.7 20.2 Ixl< 1
DSINH 8375.0 8416.7 1.0 Ixl< 20
: 3479.2 3520.8 1.0 Ixi< 1
DCOSH 8812.5 8791.7 1.0 Ixl< 20
8687.5 8604.2 1.0 Ixi< 1
DTANH 187.5 8312.5 44 .3 Ixi< 20
187.5 4645.8 . 24.8 Ixl< 1/2
DSQRT 208.3 4000.0 19.2 0 < x < 20
NOTE

" The value of speed is the CPU time per operation
of ACi) = Func(X{id)) The speed is the average of
10000 times .
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AN 7 -8R 13, AR B R AR EnREmo 12
MW Ng b LR BAEMENTHR., tobBR. Az
ITEXP AT B ARCISER AB4R < 24 42 o
LR FEa kB onnmlriitih, CDEXP B
DTANH o 4445 £ F Bl N7 P4l p =%k

N0k TS~ b B o B R 2 R e, (

B2 B A0 3R ¢ ( BXETR RAX)

Speeds of Mathematical Functions on HITAC S-810/20
Real Function in FORTRAN 77 (Single Precision)

EXP
ALOG
ALOG10
SIN
cos
TAN
ARSIN
ARCOS
ATAN

ATAN2
SINH

COSH
TANH
SQRT

NOTE

of ACi)

Vector

s v D ————— — —  ——— ———— Y - — - . —

Func(X(id)

10000 times

WWOOOHOWOUWWUONUVOOOONNO®

s e 4 e 4 e % e e e & e s s e e s e o e o
N OWNNOOWOONWUVINOUVWONNWWUWN

39.
28.
17.

OVOO0COO0OOCM-APHPOO0OODOUVINNDODOULO

—————— - —

REAL 13 1~0f%

Ixl< 20

x <

IxlI<
I'x1<
Ixi<
I xI<
IxI<
IxI<
IxI<
Ixl<
IxI<
Ix1<
Ix1<
Ixl<
Ix1<
Ix!1<
Ix1<
Ix1<
Ixi<
0 < x <

20

20

20
pai/2
20
pai/2
20
pai/2
1

1

20

v2 -1
1

20

1

20

1

20
1/2
20

The value of speed is thevCPU time per operation

The speed is the average of
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2. ARG (4R%5K)

Speeds 6f Mathematical Functions
on HITAC S-810 model 20 ¢ FORT77 / HAP )
Complex Function in FORTRAN 77

Func Vector Scalar Ratio

nsec nsec S/V
CEXP 375.0 13729.2 36.6
CLOG 645.8 13833.3 21.4
CSIN 437.5 15062.5 34.4
cCcos 458.3 14895.8 32.5
CSGQRT 500.0 14125.0 28.3
CDEXP 395.8 17583.3 L4 .4
CDLOG 687.5 15979.2 23.2
CDSIN 458.3 19166.7 41.8
¢DCOS 437.5 18916.7 43,2
CDSQART 562.5 15812.5 28.1
NOTE

The value of speed is the CPU time per operation
of ACid = Func(X(id> . The speed is the average of
10000 times

24 EB 0ok 5 (SRR M)

Kumikomi Kansuu no Jikan Sokutei (S-810) DATE 83;11—22

Func Vector Ratio Scalar
IDINT 20.8 nsec 26.0 541.7 nsec
DFLOAT . 20.8 nsec 29.0 604.2 nsec
DINT 20.8 nsec 12.0 250.0 nsec
DNINT 20.8 nsec 23.0 479.2 nsec
DABS 20.8 nsec - 12.0 250.0 nsec
DMGD 41.7 nsec 30.0 1250.0 nsec
DSIGN 20.8 nsec 21.0 437.5 nsec
DDIM 20.8 nsec 11.0 354.2 nsec
DMAX1 41.7 nsec 9.5 395.8 nsec
DMIN1 ; 41.7 nsec 8.5 354.2 nsec
DBEKI 270.8 nsec 14.4 3895.8 nsec
REAL 41.7 nsec 7q.0 291.7 nsec
AIMAG 20.8 nsec 13.0 270.8 nsec
CMPLX 20.8 nsec . 16.0 333.3 nsec
. CONJG 20.8 nsec 14.0 291.7 nsec
CABS 208.3 nsec 39. 4 8208.3 nsec
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E3a BARIo MR (EHRER)

Error Bounds of Mathematical Functions on HITAC $-810/20 ¢ FORT77/HAP ) .
Real Function in. FORTRAN 77 ( Double Precision )

Vector Processing Ratio Range

Func Rel / Abs
Max.Error place )
DEXP Rel.Error 2.031E~16 (=1.379E+01) 1.1 Ixlg 20
DLOG Rel.Error 1.966E-16 - ( 2.944E+00) 1.0 x £ 20
pL0OG10 Rel.Error 2.296E-16 ( 1.162E+00> 0.9 x £ 20
DSIN Rel.Error .2.020E-16 ( 6.360E-02) 1.0 : IxI1< pai/é4
Abs.Error 2.895E~-17 (-2.344E+00) 1.0 ~20 € x <-pai/4
Abs.Error 2.621E-17 C 1.046E+01) 1.0 pai/é < x £ 20
DCOS Abs.Error 2.998E-17 (~1.644E+01) 1.0 Ix1< 20
Abs.Error 2.264LE-17 (-8.407E-01) 1.0 IxlI< pai/2
‘DTAN Rel.Error 3.298E~16 <(~6.988E-02) 1.0 Ixl< pai/é4
Rel.Error 4,287E-16 (-1.877E+01) 1.0 ~20 € x <-pai/é4
Ret.Error 4.177E~-16 ( 3.075E+00> 1.0 pai/é4 < x £ 20
DARSIN Rel.Error 2.050E-16 ( 6.543E~02) 1.0 Ixi< 172
Abs-.Error 2.183E~16 (~-9,03BE-01) 1.0 -1 < x £€-1/2
Abs.Error 2.175E-16 C 8.729E-01) 1.0 172 £ x <1
DARCOS Abs.Error 3.354E-16 (-6.010E~01) 1.0 Ix1< 1
DATAN Rel.Error 2.848E~16 (¢ 1.702E+00) 1.0 Ixlg 20
’ Rel.Error 2.210E-16 (¢ 6.990E~-02) 0.9 I'xl< y2-1
DSINH Rel.Error 3.289E-16 (~-1.740E+01) 1.0 IxtL 20
i Rel.Error 2.003E-16 (¢ 7.043E-02) 1.0 Ix1< 1
DCOSH Rel.Error 3.231E-16 ( 1.748E+01) 1.0 IxI1< 1
Rel.Error 2.079E-16 (=6.244E-02) - 1.0 Ixi£ 20
DTANH Rel.Error 2.627E-16 C( 1.401E-01) 2.1 Ixlg 20
Rel.Error 3.801E-16 ( 1.024E~01) 2.3 IxI< 1/2
DSGQRT Rel.Error 1.768E-16 ( 1.222E+00) 1.8 0 < x £ 20
NOTE

| DFUNC{x)>=QFUNCC(x> | / | DFUNCx) |

DFUNC(x)~QFUNC(x) |

DFUNC := Mathematical Function of Double Precision
QFUNC := Mathematical Function of Quadruple Precision

Rel.Error
Abs.Error

64 bit data Length ( REAL*8 D

Double Precision ‘
128 bit data lLength ( REAL*x16 )

RQuadruple Precision :

Ratio = Max.Error ( Vector ) / Max.Ervor ( Scalar ) .

Max.Error is the maximum of errors for 1000 points of equi-interval
Place shows the value of the variable ( x ) at which the error becomes

maximum in test .

BBab &, IR NERE RS, "5 - 2%, rmi
v, BHEWSME (BRBZRE) TN L iLn o R IKo
TR A DSGRT, PTANH, SGRT, EXP
CTANHRG e T 2o MEENR T v A, Lo LITes
CHENs L EEKAB ARG E, TS bt Kon
HYy. T, RS- N7 b MEMRRERER
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Error Bounds of Mathematical Functions on HITAC S-810/20 ( FORT?77 / HAP > .
Real Function

Func

EXP
ALOG
ALOG10
SIN
cos

TAN
ARSIN
ARCOS
ATAN
SINH
COSH
TANH

S@RT

NOTE

FEXP (B %) ALOG10 (% -4)  SIN,

Rel / Abs

Rel.Error
Rel.Error
Rel.Error
Rel.Error
Abs.Error
Abs.Error
Abs.Error
Abs.Error
Rel.Error
Abs.Error
Rel.Error
Rel.Error
Abs.Error
Abs.Error
Abs.Error
Rel.Error
Rel.Error

Rel.Error

Rel.Error
Rel.Error
Rel.Error
Rel.Error
Rel.Error
Rel.Error

Rel.Error
Abs.Error

Single Precisio
Double Precisio

Ratio =

nn

in

Vector Processing

Max.Error

9.390E-07

- 8.972E-07

8.980E~07
8.116E-07
1.027E-07
1.018E-07
1.020€E-07
1.010E-07
1.600E-06
1.904E-06
2.083E-06
5.770E-07
9.483E-07
9.400E-07
1.245E-06
8.546E-07
9.024E-07
8.812E~07
8.058E-07
9.728E-07
9.905E-07
3.817E-07
8.558E-07
8.156E-07

¢ place )

.545E+00)
.824E+00)
.065E+01)
L143E-02)
.496E+00)D
L156E+01)
.868E+00)

L263E+01)
.075E+00)

FUNC(x)=DFUNC(x) | / |
FUNC(x)=DFUNC(x) |

FUNC
DFUNC :=

n =
n =

FORTRAN 77 ( Single Precision )

- Scalar Processing

Max.Error

4.556E-07
8.972E-07
1.208E-06
7.482E-07
1.389E-07
1.493E-07
1.351E~-07
1.140E-07
1.600E-06
1.904E-06
2.083E~06
5.770E-07

9.483E-07

9.400E-07
1.245E-06
1.035E-06
8.358E-07
8.812E-07
8.058E~-07
9.728E~-07
9.905E-07
2.518E-07
4,263E-07
4.157E-07

FUNC(x) |

32 bit data lLength ( REALx4 )
64 bit data lLength ( REAL*8 )

[¢

1
2
1
(-6
-2
1
(-1
7
.6
(-1
(3
6
-9
«9
(-4
1
(G-
(-1
8
«7
C 6
1
(-6
1

Max.Error ( Vector ) / Max.Error ¢ Scalar ) .

place )

L111E+01)
.824E+00)
.053E+01)
.515E-02)
.304E+00)
.029E+01)
.956E+01)
LA19E-01)
.519E-02)
.263E+01)
.075E+00)
.345E-02)
.716E-01)
.855E-01)
.090E-01)

.982E+00)

.411E-02)
.101E+00D
.830E-01)
.030E-01)
.306E+00)
.002E-01)
LT42E-02)
.062E+00)

= Mathematical Function of single precision
Mathematical Function of double precision .
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Ratio
V/Ss

« o e e s+ e e s e o o + o

« e e

. .

NN = el et el B A Ol At ded s OO0 20O =N
COVIOOOO, 00000000V NN=-NO =

. e .

Max.Error is the maximum of errors for 1000 points of equi-interval .

The range of variable ¢ x > is equal to the test on double precision .
( See the Table 3a .

THhr L wiAH, BBEVa 12, BREALINE=FRIo T,
RokitLzbotFEabonBinnIcThn, filz

COoS. TANH (&-1%) . SORT (& 1%) rsr 51h
BBt LTwhaoizyiLe, ALOG( & - %) | DSIN

DeOoSHTHRBILIRTUR LD, THAR L
TH %o
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Ry =a3t%2 - Ya@-7lstus, By, WENRRE
Ao T vao dFARIE L bk, £ 2 e, S—840
£7W 20 o &~ 71338 ( 630 MFLOPS ) 13, F @ by
WMEAT piitiiod - 1=,

BRe> 5 - 3R S - 810 /20 1. 2 2R A%
WIFER 0 BaAMET 07 70 (B ,2:) r 687 MBOPS

nikx CEITL. Maﬂkwbm f&ﬁwt— RAYNEAS
L LS R 3BT e 643 MFLOPS rik & £ AEA

ftnTuwnr, o3, FORTRAN?04 5 a1:d -
CIEKEREE Ry s Y. BirIrtEca A2, —
Jod v, FALizA-whEAEoRs Ly, Tuh,

630 — bZTMFLOPSAnMELIE., T>> - Y4911
-V ARFT- IRRA 63&%(6—9?/}) gv A~ 7;'4 9 a
IRCER. Lo RAEIC - 710 R8T 2» PR LT
i aﬂa 7 -=2-2A (Vol.45, 1483, No.§:10, pp39—62)

ﬂwmif L 2 #ziies T .

MitFRTold, 5-840&Fw 20 RKRZR F A4 687
MHWS»ESt%%uﬁ%ﬁﬁ%ﬁﬁmﬂﬁﬁ&%?wm
B, RBFBRARCVIHENHR (AARIMIB) Thrh, Bhka
s~ XK ARSIz,
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FliEteE 6 8 7 MFLOPS (FORTRANASHIE)
TR EEHEHEIF (2&T). @ﬁ@i@imfglcﬁ?ﬁﬁ"%o
# 7 hESTHBEL, BEETHET 5,

HREFTI
y o '
} 20°C (1}) (X, Im)
(0, ym) Z yd . s
Vs
A
B (f(x, 1)) #
g % 77, 3¢ _ -
/ 7 67 [ 920
0 F B L7 ﬁ@ 77/ ’;
A )
@ / éé /// 7 .
/1 Vg
V'
L A.B,C3H0EE .
(0,0) ' E{LEHN L
T 777 *
20°C () (%, 0)
EFLOBEK (25T
B'ZR?J'&K
DT — div(k(¢)grad¢) + v-gradé+C (¢ — o) ={ (x, )
L
¢ =20°C ;=0
BREM
¢ =20°C on I} (BEEBEREH)
28 .9 on I (BASREH
EES Dok g
¢ 5 BE CGREEO b1 SEIREERE (20°C)
b R k(¢): BZHER (BFE ¢ ITKEP)
f(x,8); BB C i BV 2EH% (EX0

(B EBINTIRID) - v = (vy, )7 Wk (vx REH vy 0.0)

Bedsalrs i 2R 2Fwid. 544X (204-2)a
WIRLTCERICIMEEN E S n b f 50, N b L
B LB Ch =11, BEH £ —RTAL L T 4054;
-7 ECHE®RR IR I- T4 29 11T nn,
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S-QI02 7L 2013. N2 b A %t 12181,
23> 490v80HBR 1 21BEHCRE C19°5 4 Lo
W o 5%, T, - 7ILBELS

\ X 12 x \o?
23240 (3Y) »y0P 3244905 ) 35)
SeL noee

MELOPS

)

800 MFLOPS
( T2>M491L = A5 +I¥T)

nes el

"

LTih, RR32 74, 1244 Auvfarc, 5M¥o
WO - TIEFEs 857 MTFLOPS THr, Ll
C2AtTRU 3T RIEATIECH ) e Ra PR FTA

00 3 I=1N

S1=S1+(A(I)+B(1))*

S2=32+(A(1)- B(I))A\Z
S3=83+(C(1)+D(I)Ix%x2
S4=54+(C(])-D(I)) %2

3 CONTINUE

T.N=4%10 othon
| 765614 MFLOPS
DEBEER oK 5 284380 1= (1983 % 11418 FHi585).
s, (BHA (b4cevb) BEA<ENB TR ST HRART
H7otekaitbhit CDC (lev 2050 40 0 MFLOPS
3% (Bo Cray X-MP o #4400 MFLOPS ) THE, 552
(= CRAY-10 RBEERIT { 41 MELOPS #%0 bhb,
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4. 489 E o [26E

S_BA0=H1fHm, WL -CRFHEA v l’ﬂfaf.am%m K #k-°
D4 5 al8ie e BIRAT ». (34 0L

200w BRI E 11T 01k 2 -7 %%m‘t‘l: p AN 2

NoTAp —X48, 1ap A%, o s10 2%, ‘“L $-810
vector hm

Liin, HDLPPM CMATEI%/HAPﬂ'JoV?w F313 t;fm 200 MTLOP S
1:‘35 o

2007 o B7RAEM B ( ZBAE - BI7AN 4 ) TS,
2K BPT A 4k wLitathE TH > 1220, HUESIM (
MATRIY/HAP 74759 ) i3 ¥ 30243k » CWE ek 2T

Whe BIARG 123w S-80 =13, ORB &S (BT %,
k4 25U HY 113 S-840/200 IsiedR,

Table l}_ Comparison of Through-put on Linear Algebraic Problenms.

- - 10 " 7 o 2 e o - " T~ T — " - — - " (T " — ——

HITAC S-810 | NOTE

| ] |
| Name | NQIAP IAP | model 20 | ( Method )
————————— i om e e o e e o e O o T e o e e e e o o e e e e o
: | | sec sec | sec |
Linear | ¥DLF1M i 4,180 1.248 | 0.327 | Gauss elim.
" Equ- | ¥DLK1M | 4.170 1.257 } 0.330 | Block Gauss
ation | ¥DLF2M | 2.105 0.565 l 0.188 | Mod.Cholesky
¢ 300 ) 1| DLNSN3 1 15.093 10.727 | 7.503 | Gauss Jordan
¢ x ) HDLPPM L St D DL b D ] 0.062 | §S-810 method
¢ 300 > | I : | . (M.Chol.type)
————————— e o o e o o o e 2 e e o o 2 o o o e o e e O o o e o
i I I sec sec | sec |
Eigen l ¥DEF2M 1 11,655 5.423 | 3.483 I Hous/Bis/Inv
Value | ¥DEF1M | 8.347 - 5.152 | 1.042 I Poub.@QR/Inv
Problem | DEIGN1 I 113.903 108.588 | 97.518 | Jacobi
¢ 200 > 1 ¥DEF6M I 14,012 7.505 I 2.250 I Hous/QL
C x )1 HDES1M | memmme mmmee- | 0.832 | S-810 method
¢ 200 > I | I (Hous.type)
Observation Date 82 11.13 ) : 83.11.7
Computer Center " Univ.Tokyo Univ.Tokyo
NOTE

The resolved matrix is the dense matrix of double precision, for example,
the Frank's matrix of ACi,j)=N+1-Max(i,j) .
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Table 5. Speed-up Technique for S-810 model 20 .
DO loop Speed
Do 1 J=1,N
po 1 1=1,N
c(1,J)=A(1,J)+B(I,J) HAP 18.00 MFLOPS
1 CONTINUE HAP(PP) 21.60 MFLOPS
DO 2 J=1,N,2
DO 2 I=1,N
c(1,J )=A(I,J )+B(I,J ) HAP 28.80 MFLOPS
2 C(I,J+1)=A(I,J+1)+B(I,J+l) HAP(PP) 33.23 MFLOPS
DO 3 J=1,N,3
Do 3 1=1,N
c(1,J )=A(I,J )+B(I,J )
C(I,J+1)=A(I,J+1)+B(I,J+1) HAP 39.27 MFLOPS
3 C(I,J+2)=A(1,J+2)+B(I,J+2) HAP (PP) 36.00 MFLOPS
DO 4 J=1,N,4
DO 4 I=1,N
c(1,J )=A(I,J3 )+B(I,J )
C(I,J+1)=A(I,J+1)+B(I,J+1) -
C(I,J+2)=A(I,J+2)+B(I,J+2) HAP 39.27 MFLOPS
4 C(I,J+3)=A(I,J+3)+B(I,J+3) HAP(PP) 39.27 MFLOPS
DO 5 K=1,N*N : :
~ CC(K )=AA (K }+BB (K ) HAP 54.00 MFLOPS
5 CONTINUE HAP (PP) 144.00 MFLOPS
*VOPTION VEC
DO 6 K=1,N*N
I=II(K) ; J=JJ(K)
C(1,J)=A(1,J)+B(I,d) HAP 21.60 MFLOPS
6 CONTINUE HAP (PP) 25.41 MFLOPS
N2=N*N/2
DO 7 K=1,N2
CC(K }=AA(K )+BB (K )
CC(K+N2)=AA(K+N2)+BB (K+N2) HAP 108.00 MFLOPS
7 CONTINUE : HAP (PP) 144.00 MFLOPS
NOTE N is equal to 30 in the above DO loops ( N = 30 ) .

The test was done on HITAC S-810 model 20, at Computef
Centre, University of Tokyo, in Nov.15, 1983 .

5o
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Table Speed-up Technique for S-810 model 20 .

DO loop

S840 EkiLaesk (4rhath)

Speed

21.65
21.02

HAP
HAP (PP)

c(1,
CONTINUE

MFLOPS
MFLOPS

e

DO 2 J=1,N

222

DO 222 K=1,N
C(K,J)=0.DO0
DO 2 I=1,N
DO 2 K=1,N
C(X,J)=C(K,J)+A(K,I)*B(I,J)
CONTINUE

HAP
HAP (PP)

C(K,J )=C(K,J )+A(K,I)*B(I,J )
C(K,J+1)=C(K,J+1)+A(K,I)*B(I,J+1)

37.62
30.64

HAP
HAP (PP)

MFLOPS
MFLOPS

MFLOPS
MFLOPS

444

DO 4 J=1,N,2
DO 444 K=1,N
C(K,J )=0.D0
C(K,J+1)=0.D0
DO 4 I=1,N,2°
DO 4 K=1,N
C(K,J )}=C(K,J )+A(K,I)*B(I,J

CONTINUE
101.65

93.24

HAP
HAP (PP)

DO 666 J=1,N,
DO 666 I=1,
$1=0.D0

DO 6 K=1,N ,
S1=S1+A(I ,K)*B(K ,J )
S2=S2+A(I+1,K)*B(K ,J )
S$3=S3+A(I ,K)*B(K ,J+1)
S4=S4+A(I+1,K)*B(K ,J+1)

C(I,J )=S1.; C(I+1,3 )=S2
C(I,3+1)=S3 ; C{I+1,J+1)=54

2
N,2
; 52=0.D0 ; $3=0.D0 ; 54=0.DO

HAP 61.42
HAP (PP) 44.46

J+A (K, I+1)*B(I+1,
C(K,J+1)=C(K,J+1)+A(K,I)*B(I,J+1)+A(K,I+1)*B(I+1,

J )
J+1)

MFLOPS
MFLOPS

MFLOPS
MFLOPS

N is equal to 30 in the above DO loops ( N=30 ) .

The test was done on HITAC S-810 model 20, at Computer

Centre, University of Tokyo, in Nov.1l5, 1983 .

B5b 13
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Table Comparison of through-put between Very High-Speed computers.
Vector Processing for Basic Operations.

No. | DO lLoop | Through-put ¢ CPU time )
I ' |
e e e o e e e e +=CRAY--===~ HITAC~==~—~ NEC—=w=m~- CDCmmmmmm HITAC~-~
! I CRAY~-1 M-280H AC0S1000 Cyber205 $-810
| l IAP IAP 2 pipes model 20
- o e - e - o —— - o e o e e e et T o e - - "~ "~~~ —
| | nsec nsec nsec nsec nsec
| |
1 1 AGid=1, I 31.3 32.8 131.0 11.1 8.5
2 1 ACiID=BUI) I 31.3 30.7 131.0 11.9 9.1
3 1 ACi>=BC(i)+10. b 32.5 29.8 132.0 12.0 9.2
4 1 ACII=BCid)+CCiD I 46.2 : 41.6 130.0 11.7 9.2
5 1 ACiI=BC(i)*10. I 32.5 31.0 133.0 11.9 9.4
6 | ACGi)=BCid*C(i) | 46.2 43.9 130.0 11.6 9.2
7 1 ACi>=BC(i>/10. | 46.2 32.2 1022.0 11.9 9.4
8 | ACid=BGiIY/CCiD 1 90.0 425.7. 1021.0 . 33,4 20.6
9 1 ACi)=SINCB(i))D I 392.5 2270.1 4443.0 1047.5 196.3
10 1 ACiD=BCid*CCid+D(i) | 62.5 96.5 273.0 23.1 11.0
Observation Year 1977 1982 1982 1982 1983
Date ! Ref .6 Sept.10 July Cct. Oct.31
‘ Place Cray Inc. U.Tokyeo U.Tohoku cDC U.Tokyo
Data Length (bits) 64 32 ) 36 64 64
NOTE

The through-put value is the CPU time per operation for each DO loop
of Loop length 1000 ' :

56y BABBlsitastér (Ah - 2252)

Table . Comparison of through-put between Very High-speed Computers .
Scalar Processing for Basic Operations

No. | DO loop | Through-put ¢ CPU time )
e |~=FACOM==~=- NEC~===~ HITAC-—=-- CRAY=~~=- cpC-~
| I M-382 ACDS1000 S-810/20 CRAY-1 CYBER20S
| | nsec nsec nsec nsec nsec
| |
1 1 A=, I -135.8 249.0 169.3 281.2 240.4
2 1 ACiH=B1) I 197.0 317.0 196.8 387.5 341.3
3 1 ACid>=B(i)+10. I 212.0 318.0 252.7 462.5 320.3
4 1 ACII=BIX+CCID. 1 209.6 361.0 253.2 512.5 = 361.0
5 | ACi)=B(i)>*10. I 213.4 354.0 308.6 475.0 320.1
6 1 ACid=BCid*C(i) I 212.7 384.0 309.1 525.0 360.6
7 1 ACid)=B(i>/10. Il 471.4 1022.0 308.8 650.0 320.2
8 | ACGII=BCI)/CGID | 467.0 1036.0 709.4 750.0 1180.2
9 1 ACid)=SINCB(i)) i 1976.7 2644.0 3020.5 2476.2 3982.8
10 | ACi)=BCi)*C(i)+DCid | 270.2 477.0 264.8 650.0 380.2
Data Length ¢ bits ) 32 36 64 64 64
Observation Year 1982 1982 1983 1977 1982
Date Sept.é July Oct.31 Ret. 6 Oct.
Place U.Kyoto U.Tohoku U.Tokye (Cray Inc. (]»
NOTE

The through-put value is the CPU time per Loop (loop length 1000)
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Table Lawrence Livermore Loops on Very High-speed Computers .
( Revised for machine-oriented ) '

concC Cray HITAC HITAC NEC
NO. DO LOOP Cyber205 CRAY-1 S-810 M-280H AC0S-1000
2pipes ; model20 MP mode L 40
———————————————————————— AP--~meeepP--—=—==—AP-~=====]AP-—-~=—-—-~TAP~~~
MFLOPS MFLOPS MFLOPS MFLOPS MFLOPS
1 Hydro excerpt 79.1 70.3 248.1 25.4 12.7
2 MLR, Inner pro. 88.0 48.1 - - 326.5 32.0 14.1
3 Inner product 88.0 66.8 309.7 32.0 14.1
4 Banded Lin. eqg. 12.2 39.6 105.1 17.9 13.4
5 Tri-diag. el.(b) 5.6 7.8 34.9 8.1 7.4
é6 Tri-diag. el.(a) 6.5 6.5 35.6 8.4 11.3
7 Eq. of state ex. 51.0 82.5 259.6 22.0 13.5
8 P.D.E. integrat. 15.7 41.9 111.5 10.6 9.2
9 Integer predict. 47.3 80.1 226.0 14.1 11.6
10 Difference pred. 23.5 20.5 62.0 3.8 2.4
11 First sunm. 7.6 5.8 36.1 6.5 5.7
12 First diff. ©86.2 23.1 101.1 15.5 8.1
13 2-D p. pusher 2.0 3.6 7.6 1.6 1.9
14 1-D p. pusher 4.3 7.2 12.1 2.5 3.1
Average 36.9 36.0 134.0 14.3 9.2
Data Length ¢ bit ) 64 64 64 32 . 36
Observation Date 82.10.  81. - 83.11.19 82.5.24 82.8.26
Computer Center ¢DC Min. Cray Inc. Hitachi U.Tokyo U.Tohoku
Average = Total sum of each MFLOPS / Number of LOOPs (14D
- NOTE

The MFLOPS values were obtained by averaging tests of 10000 times ,
except for CRAY-1 test of 1000 times

AP=Array Processor . IAP=Integrated Array Processor .
'MP=Multi-Processor . . ,

Kb NNETIL-7°0 JEFEML 1% o sL#%

Table Comparison of Mean Speed between Array Processors .
Machine Name ) Through=-put - Ratio
T ieinal | fastest  natural ori/fast
T R loes | meLos  WeLOPS x
Cray CRAY-1 26.23 35.99 24.60 72.9
coc Cyber 205 26.36 36.93  —===- 71.4
HITAC $S-810 / 20 109.29 133.99 109.66 81.6
HITAC M-280H 1AP 11.57 14.32 13.64 80.8
NEC ACOS=1000 IAP .7.31 9.18 7.78 79.6

NOTE

Livermore Laboratory's 14 kernels

The through-put value is the average of MFLOPS's for the Lawrence
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