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Parallelisim of Multi-precision Arithmetic for Computation
of Coeflicients of Algebraic Equation of 20480 Degrees
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In this paper we verify numerically a certain asymptotic estimation derived by S. Moriguti
for the coefficients of algebraic equation which stem from N-points Chebyshev Integration
formula. Since a cancellation in floating-point arithmetic is significant for calculating pre-
cisely of this algebraic equation of very high degrees, all computations were carried out with
multiple precision arithmetic. However, it needs much computation time. Therefore some par-
allelization methods were investigated from the viewpoint of efficiency on distributed memory
parallel computer. As a result, soundness of the asymptotic estimation and effectiveness of
parallel computation were confirmed.
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Table 1 Asymptotic estimation (10) when index k is
even.

o v arccot v ;aﬁ-ji logyo E'aﬁ'fi
0135 | 5.00 0.1974 1.0282 0.0121
.0352 | 3.00 0.3218 1.0578 - 0.0244
.2151 | 1.00 0.7854 1.1405 0.0571
.3823 | 0.60 1.0304 1.0909 0.0378
.5244 | 0.40 1.1903 0.9858 —0.0062
7258 | 0.20 1.3734 0.7673 —0.1150
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Table 2 Values of coefficient a1g924 at N = 1024.

H R
Kk | B | EE
210 | .205 | 1.50
215 | .210 | 6.29
220 | .215 | 118
225 | .220 | 16.0
410 | 400 | —

¥ a1024 DIE

0.1435 3844 x 10~ 140

0.1391 5320 6352 x 10~ 140
0.1391 5313 5615 1877 x 10~ 140
0.1391 5313 5615 4347 x 10~ 140
0.1391 5313 5615 4347 x 10~ 140
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Table 3 Ratios of necessary digits vs. degree of polyno-
mial for calculation of ay with more than 6 digits
of accuracy.

RBN | EEARM |
256 65 0.254
512 115 0.224

1024 215 0.210
2048 410 0.200
4096 800 0.195
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Table 4 CPU times of multiplication in place of division.

% | mi | wu | k(B
256 2.15 0.28 7.67
512 13.6 1.97 6.93
1024 105.8 18.9 5.59
2048 1027.0 232.6 4.42
4096 | 18157.0 | 3253.0 5.58

®5 WAROL IO CPURKH (WAL iH), WMEHKE LE: 2

TVEE
Table 5 CPU times, digits of computation and necessary
memory in case of polynomial with high degrees.

R | CPUKH | WEHK | xEY. (Mbyte)

4096 0.91 905 2.96

8192 13.3 1805 11.8
16384 213.4 3610 47.3
20480 561.1 4520 74.1
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#£6 SP2/48 Otk
Table 6 Specifications of SP2 with 48 processors.

JutyHiniy b7—2 | HPS A4 v ¥ (40Mb/s)
VAR POWER?2 (66 MHz)

ERE (RERERE) 12.67 Gflops

AET) 6.14 Gbyte

®R7 HERMLBERNE ZOAFN (B W) BIUER
o OFE (FTBIERA, B %)

Table 7 Computation, communication time and their

summation (in seconds) and their ratios in paren-

thesis.
IS-C 8 OS
Pie- WH wE | A WE s | AE
T BER | EER FRe RER | RER
512 .491 252 | .743 453 .248 | .701
(66.1) | (33.9) (64.6) | (35.4)
1024 3.53 0.46 | 3.99 3.48 0.45 | 3.93
(88.5) | (11.5) (88.5) | (11.5)
2048 34.2 1.0 | 35.2 34.0 1.3 | 35.3
(97.2) (2.8) (96.3) (3.7)
4096 | 396.1 24 | 399 | 397.3 7.2 | 405
(99.4) | (0.60) (98.2) (1.8)

O, BURHEZREET .
7. WHIEEMEIC L HHEXR

PC CHAL 7 C++BFBD7 BT I L% o T
BTEXIWHEEBOBELFEL SR OTHT L
BTEL-272DT, UTDOEEIZ Fortran90 THiak
L2/ arys sk a4 EREETT o7z, WHEHE
B, ARET OISRt EREENEELY ¥ —D
IBM SP2 Y A5 4 (48 Futv¥) HEL Y.
6 IZfHEMAL 72 IBM SP2/48 DY AT L DALk E %
9. Fortran90 ® 2~ 34 1% IBM #HE ? XL For-
tran (verion 4) L MHIN B b DEFEHL /2. 70/ 7
LDBBLDOL Vit 03 THDH. 2T, HPS X
AT LIT/NEEER 7 0 AN — 2 EREERL 25 B
EEBRDT %7 0F ¥ Th5b.

RTIZ, Ty BN 4E0OL EDIS-C L OS
ECBIT 2EFREORORERE (B B) LB
EHER (B . B) BIUERL 0EE (TEROFER
W, BR%) 27T, SOEFS, KB N FKEL
BT, BECET RS SHICHmMT 52
b, 22T, RN =4096 DL ZEHELEIT
LAY (98~99%) PEERBTHOOLIA BT L, &
ERG5nr5.

£ ISy FEHA 4 ED L EDBERLE (CPU
BERG, BA ) BIU3o0WFTULHEOETRYE
(B #) L FohFERT. FRHORFIIER

Dec. 1999

&8 FRLHEND CPUKRMB LU 3 DOEFULHEDEITRM
(B nd ) BIUThsoklkE (FENKN)
Table 8 CPU time (in seconds) of sequential process and
execution time of three parallel methods, and
their ratios in parenthesis.

k¥ | &k | IS-Ci: () | IS-BE:(Jk) | OSi#E (J)
512 | 1.96 | 0.74 (2.65) | 0.77 (2.55) | 0.70 (2.80)
1024 | 14.1 | 3.99 (3.53) | 4.00 (3.53) | 3.93 (3.59)
2048 | 137.1 | 35.2 (3.89) | 36.9 (3.72) | 35.3 (3.88)
4096 | 1582. | 399. (3.96) | 400. (3.96) | 405. (3.91)
8192 | A | 6319. (—) | 6329. (—) | 6330. (—)

£9 TULyFEOBNC L ZETREOR (R )

Table 9 Execution time in seconds with increase of

processors.
PE 4096 Kk 8192 &k
| ETRE | EfrieH I3
1 1583.2 1.0 | 20724.3 1.0
4 398.8 | 4.0 5194.2 | 4.0
8 203.6 7.8 2619.4 7.9
16 106.5 | 14.9 1336.8 | 15.5
32 60.3 | 26.3 697.4 | 29.7
48 49.7 | 31.8 523.1 | 39.6

MBOHEEZ 1L Lz X0EFETHL. HFERXDOX

BN X512 %55 8192 REFCTEALZE. ZOK

POLUTOZ ENBREINRS. 72720, REHT 8192

Kok % FBMNEIZ FFT (Fast Fourier Transform)

IZTHT o7z,

(1) IS-C#E ISBEZL TOSHE, &4@EIC
B ABEIISELRE B, REOFEICLE
REEOABEEIFLIZTTHE. 207D
KERKRB N OL 213, HERENGTESK
KEDBEEWELRDLDT, ThH 320K
EOETRERD $72122% L (kb EBEbNAS.

(2) L7zdoT, KRB N PREVE EHEERRIC
YT B AEBIGEVEEOR EASER SN T
w5,

Ko7 oty R NS¢ CETBRORLORK
FrEFT RO LRERERT. EhokidToky
FHN 1 BDOL 2D CPU BT 5 HEERL
TWh, COEISTOLy FHEEMEELI LI
X o TEMTHBIIKIBICERT 5 L5505,

£1043, 4870y &AL L 20, (i) FFT

RHEALZVIEAL, (i) FFT 2HHL 258 0%ET

RERD (AL . ) 2HELAZ30THS. KB N

K& AbE, FFTE2MEALAFF IV EHFTH

5. IBM SP2 (48 7uk v¥) TIX, BLZ 202047

(=9180k) & h b REVEEIX FFT 2 AL 2K
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£10 4870ty FEHVLBHED FFT OHE (B #)
Table 10 Speedups by FFT on SP2 with 48 processors.

K% | a:smes | b:FFTHA | & (D)
16384 6603 4555 0.69
20480 15493 7255 0.47

w11 EATEER (48 FU kv, B F)

Table 11 Execution time on SP2 with 48 processors.

KB | FiwH
4096 49.7
8192 523.1

16384 4554.8
20480 7255.2

®12 3007 - AOFETHM (B KH) L Zok®

Table 12 Execution time of three cases and ratios.

%% | a:PC | b:1PE | c:48PE | K (&)
4096 | 0.903 | 0.439 0.013 69.5
8192 | 13.33 | 6.671 0.145 91.9

16384 | 213.4 — 1.265 168.6
20480 | 561.1 — 2.015 278.5

WENZ EFThorz, Fl1l id, 4096 K55 20480
RETODENFNOHBROREE 48 7T ut v 4%
Ao TRKDLDICEL - FETREERL DD TH 5.
#1211, PC (Pentium Pro) & SP2 (7 at v
14/ :1PE) £ SP2 (Futv# 48% : 48PE) ® 3
DOF — AOETRRE (BAL : Rl) 2HEL-b 0
Thb., ZOEIL, L2, 20480 kDH4A, PC
T 561 KR (BX %223 0) ORBHFEFIEEEL
BE, bFr 2BM 15 TERT LI LBTh5.
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