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% 1. Vector Processing Speed on S-810 model 20 .

No. Floating-point Operations Speed
———————————————— data length 64 bit-————=—mmeer e e
) ) MFLOPS
1. ACGi)=PAI ‘ 119.2>
2. ACIO=BGD 121.4>
3. ACII=BCid+ CCiD 121.4
4. ACIX=BCGid* CCi) - : : ‘ 119.2
5. ACGII=BC(id/ CCiD . ' 60.1
6. =S + BCiD ’ : 121.4
7. S =S + B(1>*C(1) . 319.7
8. S =S +(BCi)+CCidI*(DCiY+ECi)) 485.5
9. ACiIdY=ACid>¥ BCi) - C . 242.7
10.. ACiID=ACId+ BCid*C(id N ) 238.3
11.  AGI=ACGI+(BUI+CUIDI*(DCId+ECI)) 238.3
12, ACGIH=ACGIY+ BCGid)*(CCid+DCGid*ECiD) i : 240.5
13. ACiII=ACi)+ B(l)*(C(1)+D(l)*(E(1)+F(I)*G(I))) 360.7
14, ACGOIEACII+ BCII*CCCII+DCId*CECID+FCiY* (GG +H I *ZCidd)d) 294.5
15. ACi)=ACid+ BCid+CGid+DCId+ECH) 319.7
16. ACiD=ACid+ BCid+C(id>+D(id>*1.DO+E(id>*1.D0 ° 360.7
Average 235.2
NOTE . ) )
The value of speed is one for loop length 10000 .
F 2. Crossing Loop length on $S-810 model 20 .
No. Operation Cross-point Cross-speed Acc.Ratio o Through-put
——————— 64 bit-——————————----—————MFLOPS———-—---——————-MFLOPS—-MFLOPS—-MFLOPS~
1 Adi)=PAI 6 4.0 30 32.0 53.3 97.7
2 AGH)I=BCD 6 "3.5 ’ 35 25.2 40.0 79.8
3 AGII=BCid+CCi) 7 3.6 34 24.0 40.0 94,9
4 - ACGID=BCid*CCid ¢ 5 2.8 43 21.8 43.7 ©68.9
5 CACI)=BCId/CCED 4 1.3 46 14.5 24.0 43.6
6 S =S +BCi) 8 4.5 27 22.8 36.8 .79.8
7 S =S+BCiX*C(i) [ 5.7 56 48.0 74.0 136.4
.8 Add & In. Prod 4 7.4 66 76.9 148.1 275.7
9 Two  Terms [) 3.5 69 26.6 43.4 79.8
10 Three Terms 4 4.3 55 48.0 80.4 - 159.7
11 Five Terms 4 6.3 38 76.9 119.7 191.2
12 " Five Terms 4 6.1 39 76.7 120.8 ~194.0
13 - Seven Terms 3 6.8 53 96.1 159.2 239.5
14 Nine Terms 3 7.2 41 103:6 167.0 . 274.2
15 Four Add 5 8.6 137 68.6 112.5 192.6
16 Two Add & Mul.Add 3 7.1 51 95.7 160.5 261.9
L ACi)=SINCBCI>) = &4 -—- 16 - : h]
--loop length-—-----—--—--—m—mm e e e 50----- 100--~—~ 300---

Average 4.9 5.2 45 53.6 89.0 154.4

NOTE :
The cross-point is the minimun length of DO lLoop at which
the vector processing speed wins or equals to the scalar one .
Acc.Ratio = Vector processing speed / .Cross-speed .
The data were obtained on HITAC. S-810 model 20 of the
Computer Centre 5 Univ. of Tokyo » in Jan.23 1984 .
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jhg Speeds of Mathematical Functions on HITAC $S-810/20

Real Function in FORTRAN 77 (Double Precision)

Func Vector Scalar
nsec nsec

DEXP 166.7 4041.7

DLOG 250.0 3791.7

DLOG10 270.8 3875.0

DSIN 166.7 3520.8

187.5 3041.7

DCOS 187.5 3437.5
166.7 2937.5

DTAN 7791.7 7812.5
7729.2 7791.7

DARSIN 8520.8 8520.8
DARCOS 8541.7 8604.2

DATAN 250.0 5875.0
229.2 5729.2

DATAN2 354.2 7166.7
DSINH 8375.0 8416.7
: 3479.2 3520.8
DCOSH . 8812.5 8791.7
8687.5 8604.2

DTANH 187.5 8312.5
187.5 4645.8

DSQRT 208.3 4000.0

NOTE

" The value of speed is the CPU time per operation
. The speed is the average of

of ACi) Func(X<¢id)
10000 times -
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B4 Linear Equation Solver on $-810 model 20 . + M-280H
_— Vector Processing Through-put . o NOIAP
Routine | ¥DLF1M DLINLU ¥DLF2M DLNSN3 HDLPPM  HDLGEM — IAP
________ b e ce e e et e — e ———— e ——— - 2
T
Size | Through-put ¢ CPU time ) ?_’“M"
——————————————————————————————————————————————————————————————————— 9 Fak 4L
sec sec sec sec sec sec
50 0.007 0.033 0.004 0.042 0.002 0.003 ERR T
<. 4%&-
100 0.028 0.242 0.017 0.289 0.008 0.008 z \%\;&
150 0.066 0.799 0.040 0.927 0.016 0.017 itn B %
v LN 2%,
200 0.125 1.876 0.075 2.135  0.027 0.030 3. 5001
s
250 0.209 3.712 0.123 4.104 0.042 0.050 2415 0
# IR
300 0.326 6.517 0.188 7.046 0.063 0.078 NSRS
_ TN
400 0.666 15.576 0.376 16.473 0.120 0.159
. IA
500 1.165 30.211 0.650 31.824 0.203 0.279 NOTAP
Vcd‘nrl,q-ﬁ
NOTE Gauss Crout Mod. Gauss $-810 5-810 IAP
Elim. Method Cholesky Jordan Mod. Gauss
Cholesky Elim. Mkl 413
The results were obtained at the Computer Centre, Univ. of Tokyo » HA?P
in February 4 - 6 , 1984 , using FORT77/HAP compiler and HITAC Codﬂl#ﬁﬁ
mathematical Llibrary . Compile option is HAP. 5-340
Liin.

€5)



iis, Linear Equation Solver on S-810 model 20 .

Routine | ¥DLFMM . DLINLU ¥DLF2M DLNSN3 = HDLPPM HDLGEM

Tsize 1T hrough-put < cPU time > o
T T et ses | sea | sec '\ sed - - 'sea
50 - 0.007. 0.033 0.005 0.042 . - 0.002 £ 0.003
100 0.026  0.242 0.018 0.288 0.008 0.008
150 0.060 0.798 0.040 0.923 0.016 0.017
200 0.110 1.874 0.073 2.122 0.027 0.030
250 6.177, 3.709 . 0.117 4.071 0.042  0.050
300 ©0.265 6.515 0.173 6.949 0,063 0.078
400 *  0.508  15.488 0.325 16.229 0.120 0.158
500  0.845 ; 30.222 0.541 35:600 " 0.2064  0.281
NOTE Gauss Crout Mod. Gauss s-810 - $-310
Elim. ‘Method Cholesky Jordan Mod. Gauss

Cholesky Elim.

The results were obtained at the Computer Centre., Uniy.ﬁof Tokyo »
in February 4 - 6 , 1984 , using FORT77/HAP compiler and HITAC i
_mathematical library . Compile option is HAP(PP) . EI

'£6. Linear Equation Solver on 5-810 model 20 .
ey Through-put Ratio of Vector(PP) and Scalar Speeds.

Routine | ¥DLF1M DLINLU ¥DLF2M DLNSN3 HDLPPM HDLGEM
Tsize 1T T hreugh-put matio T
50 2.9 1.0 1.8 1.4 8.0 6.0
100 5.4 1.0 3.4 1.5 13.7 14.7
150 7.6 1.0 4.9 1.6 22.0 22.2
200 9.8 - 1.0 6.2 1.7 30.1 29.3
250 12.1 1.0 7.5 1.7 37.5 34.2
300 14.0 1.0 9.0 1.8 43 .1 37.7
400 17.2 1.0 11.6 1.8 53.4 43.8
500 20.1 1.0 13.7 1.8 61.1 47.7
NOTE Gauss Crout Mod. Gauss 5-810 8;810
Elim. Method Cholesky Jordan Mod. Gauss

Cholesky Elim.
The results were obtained at the Computer Centre, Univ. of Tokyo .

in February 4 — 6 , 1984 , using FORT77/HAP compiler and HITAC
mathematical Library . Compile options are HAP(PP)> and NOHAP .
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%]. Eigen Value Problem on $S-810 model 20 . w A,
— ( ALL Eigen Values ) Lo L
Routine | HDES1M ¥DEF2M  DEIGN1 ¥DEF6M  ¥DEF1M HDEF1M Hoa-p
________ b e e e e
Size | Through-put ¢ CPU time ) tfrin
sec sec sec sec sec T secC 7N V,\\‘
50 0.040 0.177 1.157 0.037 0.065 0.047 o A%
100 0.113 0.673 9.158 0.227 0.242 0.168 3§
150 0.210  1.486 31.113 0.693 0.562 0.380 Min
TwWh,
200 0.336 2.596 75.755 1.561 1.027 0.701 ORI
250 0.503 3.996 112.739 2.969 1.693 1.142 » Ha-F
300 0.738 5.711 137.168 5.105 2.562  1.722 3. 4
' 42
NOTE $-810 Hous. Jacobi Hous. Doub.QR  $-810 oW H
Hous. Bis. aL Doub.QR
Bis. N 1*&
The results were obtained at the Computer Centre, Univ. of Tokyo » 1= %,
in February 4 - 7 , 1984 , using FORT77/HAP compiler and HITAC

mathematical Llibrary .
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Eigen Value Problem on $S-810 model 20
¢ ALl Eigen Values )

#A10.

¥DEF2M DEIGN1 ¥DEF6M ¥DEF1M HDEF1M

e e e e e e e e e e e e e et e e o e o e

HDES1M

Routine

Ratio

Through-put

1ze

10.0

50

.

.

100

12.2

150

14.8

200

11.0

17.2

250

12.5

.

18.4

300

S-810

Doub.QR

S-810 Hous. Jacobi Hous.
QL

Hous.

NOTE

Doub.@R

Bis.

of Tokyo »
and HITAC

Univ.

FORT77/HAP compiler

The results were obtained at the Computer Centre,

1984 , using

»

10

mathematical Llibrary

February 4

n

.

Compile options are HAP and NOHAP
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oA E < 5050 BRAEA0 KK ke mEl, EWIemKE Bl
MTHh, BACEMRIGL CWE N {nkm&wurIAv%%ﬁfaf
LBk, RPPTIL— 7w BEEM 4 ( SFFTO rEY. a3y -
uctyahnh.n4w74 FRo wansﬂﬁtﬁzmr 2T

, ; L (R YN
& 11. Comparison of FFT Routines on HITAC S-810 model 20 . BRLL9 -0
Routine (LIBRARY) Through-put ¢ CPU time ) T4 T 79 F »
______________ HITAC | HITAC 'F;T -4 >
M-280H | $-810/2 Y oniz o
---NOIAP--——~- IAP--=—4=—===HAP—=—~~ b i y
msec msec I msec wtl. $S$-%40
: ‘ ) . ] ’ e o 3
FTR . . «TLIB) 10.00 6.88 : 6.88 WABYEEWREL
FT- . (TLIB) 8.33 2.70 1 1.46 - .
SFFT .. ; _ | BB 4218
RFFTF ~  (NCAR) 3.96 8.54 I 3.54 F_ 5 % o1
. . | >
REFTFCYK)  (NCAR2) 3.96 . 3.75 : 0.83 (=1024) B ¥
¥SFT2M (MSL2) 11.67 9.79 1 9.17 27 (=52) = &
' | ' A~
: Jr%Bw - 4>
RETR CMSL) 10.63 9.79 I 9.17 1 oL T
b o VERESLELE Y
~ .21 5.00 | 7 iy
FT235R (NUMPAC) 5.2 ! At TH P
Nor' D’ length = 1024 FTRu7 -
E ata leng = ‘ . .
V-bk 4. -%
' 1 z
g . Comparison of FFT Routines on HITAC S-810 model 20 . @ﬂil FFT
= L , - . TRELLI-EA
e L IBRARY) o Throush-put ¢ CPU time ) Aih k0 RE T
. &) .
HITAC | HITAC On 3 A T
. M-280H I s-810/20 77 " F
~-NOIAP==mmmm IAP--——+=mme—HAP—mc v 235R1E % %
msec msec I msec Z K 0 70 o 7«%
, ' , ;
FTR (TLIB) 4.58 3.13 ! 3.33 L. REFFTEF
i o .
SFFT CTLIB) 4.17 1.88 | 0.83 (YK) T%%
f ¢ %2
REFTF (NCAR) 2.08 4.58 | 1.67 ”;; AP s
i v LI-NCA
RFFTFCYK) (NCAR2) 2.08 2.08 i 0.42 e = 6,
, i . RTBF AT
¥SFT2M (MSL2) 5.63 4.58 : 4.38 HpH . IR
RFTR (MsSL) 5.00 4.58 I 4.38 IAPEAE
] .
FT235R (NUMPAC)  2.50 2.50 I 2.08 "o FFT “;’:‘
! n-T, RF
NOTE Data length = 512 TF (Y K)
REFTFCYK) is the revised RFFTF routine _ 2 3
for array processor ( by Y.KARAKI ) . 5 ?4 Y ﬁ%"’
The results were obtained at the Computer 12Tf-> T p °
Centre, Univ. of Tokyo, in Feb. 4-7, 1984 . (FORTP\AN)
o
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Vector Processing for Basic Operations.
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&13 I Comparison of through-put between Hiuh-sneed Array Processors .
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~ Ne.l 00 loop 1 Through-put ¢ CPU time ) -
|0t | : MAE % B
- e Cray=-—---| HITAC-—-~~ 7Y [ E— €DC-mmmmm HITAC--
] I CRAY-1 M-280H VP-100 Cyber205 5-810 /?,“1& R =N -3
a4 . ' 1AP © 2 pipes’ model 20 R
. . 0
] ] nsec nsec nsec nsec nsec t 1 - 7 4 ,% % I; - Fg
: 1 : 1 2
1.1 AC=1, 1 31.3 32.8 9.7 1.1 8.5 widht ot Ehnm.
271 ACIEBCG) 1 31.3 30.7 12.9 11.9 9.1
3 | AGII=B(i>+10. 1 32.5 29.8 12.6 12.0 9.2
471 IACG I =BCIDHCTD I 46.2 41.6 16.4 11.7 9.2 e s
©5 1 "ACII=BLId*10. 1 32.5 31.0 12.6 11.9. 9.4 e 4CE - 1
S 6.1 ACIIEBCI#CG)D I 46.2 43.9 16.2 11.6 9.2 .o feielE <8 Y
* 7% RGY=BCi)/10. I 46.2 32.2 12.5 1.9 9.4 - _
8 1 ACI=BCId/CCi) 1 90.0 425.7 65.6 33.4 20,6 Wt x N %1 -
9 1 ‘ACId=SINCB (i) | 392.5 2270.1 186.3 1047.5 196.3 . N °
10 1 ACII=BCid*CCid+DCid | 62.5 96.5 20.4 23.1 11.0 B B Ry I S N O B K 7
Data Length (bits) 64 32 64 64 64 z 70 S .
Observation Year 1977 1982 1984 1982 1983 7 A3 Eﬂ'%. T ﬁ K
' Date Ref.7 Sept.10 . " Jan.11 :  Oct Oct.31 1% B gl - L 3
. Place Cray Iné. U.Tokyo Nagoya U.  CDC  U.Tokyo %o Wik BT AL IREHR

. NoTE .

‘The' through-put value is the CPU time per operation for each b0 loop .

of Loop length 1000 .
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—_—— ¢ Revised for machine-oriented ) —_
v (411144 Cray HITAC HITAC FACOH NEC
NO. 00 LooP C;berZOS CRAY-1" S;::Ozo M-280H Vf-100 A?ggo . 1 )HITACQ:JTI\/ : MSL
E con pipes no L - g :
: ap AP AP- 1AP AP 1AP--- MATRIX/HAP , MSL-IL
MFLOPS MFLOPS MFLOPS ﬂFLDPS MFLOPS MFLOPS )
1 Hydro excerpt  79.1 70.3 248.1 25.4 1871 12.7 2) P [BR: RREVI-21-R,
2. MLR, Inneripro. 88.0 48.1 326.5 32.0 104. .1 . 44 (1982) No.6 L2k,
3 Imner product  83.0 66:8 309.7 3200 168.5 14.1 Ve 14 (1982) Nob, P
L A4 Banded lting 12.2 39.6 105.1 17.9 73.6 13.4 .
Pyl Ee o ownmomb st T g Rk sorehr
) Tr!-;ﬂ:g el.Ca . . . . . .
7 Eq. of state ex. 51.0 82.5 259.6 22.0 190.0 13.5 %ﬁ,%’@*‘.‘.g‘j €1983.3) P_;(,q.'
. 8 P.D.E. integrat. 15.7 41.9 111.3 :216 12165 1:: AR
9. Integer predict. 47.3 80.1 226. . . .
10 Difference pred. 23.5 20.5 62.0 3.8 50.1 2.4 &) %ﬂb. ﬁxr/‘y7_;1_7~ 5“"2.1
11 First sum. 7.6 5.8 36.1 . 6.5 4.8 5.7 ' Vil (1914, 2) .S
12 First diff. 86.2 23.1 101.1 15.5 58.8 8.1 -6 ¢ . .
.13 2-D p. pusher 2.0 3.6 7.6 1.6 6.'1 1.9 ) o o
14 1-D p. pPusher 4.3 7.2 12.1 2.5 12.9 3.1 5) ;;g: 5'{7“5')’7"97‘7At‘"ﬁ'
Average 36.9 36.0 134.0 14.3 80.3 9.2 %3] (BRKY L¥9-,8551.6).
"Data Length (bits) 64 64 64 32 64 L 36 IR
Observation Date 82.10 ., 81. 83.11.19 82.5.24 83:!1 .24. 82.8.26 . 6) W‘gm- N’CAR’?'?I‘I'}"JWV’&;I
i Computer :Center €DPC Min. Cray Inc. Hitachi U.Tokyo Fujitsu ‘U.Toho’ku ) L*ﬁ%’ﬁﬂa“/?f 1482'3)
¢ Tt . y
NOTE .
. o Total sum of each MFLOP§ / Number of LOOPs (14)

Average =

€10)

) Russull ks Comm ACM 200978063,
3) Pongarre. 1.2 64h Tnter, Conf. (1983.12),
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