Vol. 46

No. SIG 12(ACS 11) goooooooooooooooobobooooo

Dobooooooboobuobouoooboon

B 0O o ottt ool ooobtt
0O O O offteg g g gttt

00o0000ooooO00oooO0O000ooO0o00o0oOdvOO0O00000000D0AO0Odiscrete
Lotka-VolterraD D0 0000000000000 DOOO0DOOO0O0OOOODOOODOOOOOO
000000000000 mdLVsOOOOOOOO modifieddLVOOOOOODOOOOOOOO
00000000000 0O00000O0D00O0O00O0O0 LAPACKOOOO DBDSQRO DLASQ
0D000DBDSQRODQRsO00O000O0DOO00OO0OODOOODOO0DOODDOOOOODODOOOO
0000000000 o000000o0DO0oU0DLASQOOdgds0000000000000DO0OO0
goo00o0oo00oo0ooO0o00oO00ooO000O0O00DO0000O000000000QRs
000000000000 mdLYVsOOO00OO000D00000000DLASQOODOODOODDOO
00000000000 00000000000000000mdLYsO000000000 4000
goo0ooooo0ooooo0oooo0oooooOooooo0boo0 cpUOOOOOODOOOODO
0o000000000000O0mdLYVsO0O0O0O00O00O0O000000O000000O0O0O0O00O00O0

Implementation and Its Evaluations of Routine
for Computing Singular Values with High Accuracy

MAsaMI TAKATA,*tt MASASHI IWASAKI,ttt KINJI KIMURAtt.2
and YOSHIMASA NAKAMURA?®

To perform singular value decomposition of matrices with high accuracy and high-speed,
we develop a library by using the dLV (discrete Lotka-Volterra) system. In this paper, as a
part of its development, we implement and evaluate the mdLVs (modified dLV with shift)
algorithm for computing singular values only. The well-known routines for singular values
are DBDSQR and DLASQ provided in LAPACK (Linear Algebra PACKage). Calculation
of singular values using DBDSQR, which is based on the QRs (QR with shift) algorithm,
is slow in speed and has low accuracy. DLASQ is based on the dqds (differential quotient-
difference with shift) algorithm having high-speed and high accuracy. However, to the best
of our knowledge, convergence to singular values has not been proved. Therefore, the most
popular method is the QRs algorithm. In the mdLVs algorithm, convergence is guaranteed.
Though the computational time of the mdLVs algorithm is not less than that of DLASQ, we
can compute singular values by the mdLVs algorithm with numerical accuracy equal to or
higher than that of the dqds algorithm. In this paper, we propose four methods for imple-
menting the mdLVs algorithm. We apply these methods and experiment for performances
both in computational time and errors using 5 kinds of CPUs. As results, we have succeed in
realizing highly accurate ability of the mdLVs algorithm into full play.
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Fig.1 The flow in the library based on the singular value
decomposition I-SVD.
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Fig.2 The loops in Step @, @ and @.
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Table 2 The relation of routines and the methods in
mdLVs.

O

O
DLV_O o
DLV_M o
DLV_T o
DLV_TW o

03 DOoOoOo

Table 3 The performance of each computer.

80 bit register (default)

Cus Cpa Cx
CPU Pentium 3 Pentium 4 Xeon
(Intel) 800 MHz 2.6 GHz 3.2GHz
Memory | 500 MB 1GB 2GB
L1D 16 KB 8KB 8KB
L11 16 KB 12 Kpops 12 Kuops
L2 512 KB 512 KB 512 KB
OS Vine Linux 3.0 Debian 3.0 Debian 3.0
Linux 2.4.26 Linux 2.4.24 Linux 2.4.27
Compiler | GNU 3.3.2 GNU 2.95.4 GNU 2.95.4
64 bit register (default)
Cgs Co
CPU Power AMD
PC G5 Opteron
2.0 GHz 2.4 GHz
Memory |3.5GB 2GB
L1 D 32KB 64 KB
L11I 64 KB 64 KB
L2 512 KB 1,024 KB
OS Darwin Fedora Core 2
7.5.0 Linux 2.6.5
Compiler | GNU 3.4 GNU 3.3.3
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04 O0O0OD0OODOODODODODOO
Table 4 The total number of the relative errors in each

singular value.

| Max Min Average o
Cms
DBDSQR | 1.26E-12 7.06E-13 9.51E-13 1.98E-13
DLASQ 1.09E-12 2.01E-13 5.86E-13 2.11E-13
DLV_O 1.13E-12 3.09E-13 5.59E-13 2.28E-13
DLV_M
DLV_T 1.15E-12 2.41E-13 4.75E-13 2.14E-13
DLV_TW
Cpq
DBDSQR | 1.26E-12 7.08E-13 9.48E-13 1.97E-13
DLASQ 1.27E-12 1.90E-13 4.56E-13 2.14E-13
DLV_O 3.14E-13 1.76E-13 2.19E-13 2.65E-14
DLV_M
DLV_T 2.51E-13 1.43E-13 1.85E-13 2.27E-14
DLV_TW
Cx
DBDSQR | 1.26E-12 7.17E-13 9.69E-13 2.00E-13
DLASQ 1.23E-12 2.16E-13 4.52E-13 1.88E-13
DLV_O 3.17E-13 1.77E-13 2.22E-13 2.74E-14
DLV_M
DLV_T 2.85E-13 1.47E-13 1.87E-13 2.24E-14
DLV_TW
Cas
DBDSQR | 1.70E-12 9.51E-13 1.31E-12 2.70E-13
DLASQ 2.59E-13 1.59E-13 1.91E-13 1.67E-14
DLV_O
DLV_M 9.94E-13 3.26E-13 5.39E-13 1.38E-13
DLV_T
DLV_TW
Co
DBDSQR | 1.83E-12 1.05E-12 1.41E-12 2.85E-13
DLASQ 1.05E-12 2.92E-13 5.64E-13 1.56E-13
DLV_O
DLV_M 1.05E-12 3.28E-13 5.32E-13 1.32E-13
DLV_T
DLV_TW
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Fig.8 The total relative errors in each matrix (using 80 bit register).
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Table 5 The computational time in 10,000 dimensional
matrices.

| Max(s) Min(s)  Average(s) o

Cums

DBDSQR 60.91 48.1 54.44 2.73
DLASQ 15.41 12.77 14.41 0.50
DLV_O 52.14 42.32 48.54 1.94
DLV_M 55.4 42.43 48.89 2.26
DLV_T 52.21 40.67 47.08 2.29
Cpy

DBDSQR 19.59 16.33 18.22 0.67
DLASQ 5.05 3.93 4.73 0.17
DLV_O 16.75 13.7 15.58 0.60
DLV_M 16.77 13.72 15.60 0.60
DLV_T 15.00 12.05 13.71 0.53
Cx

DBDSQR 16.22 13.26 14.91 0.61
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DLV_T 14.52 11.25 13.59 0.61
Co

DBDSQR 10.18 7.67 8.94 0.47
DLASQ 2.84 2.20 2.65 0.10
DLV_O 8.73 7.07 8.05 0.30
DLV_M 8.88 7.2 8.19 0.31
DLV_T 7.87 6.39 7.27 0.27
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Table 6 The computational time of the DLV_TW in
10,000 dimensional matrices.

Max(s) Min(s) Average(s) o
Curs 55.43 41.53 48.27 2.60
Cpa 13.85 11.11 12.66 0.49
Cx 11.33 9.09 10.36 0.40
Cas 15.02 11.56 14.04 0.64
Co 8.05 6.53 7.42 0.27
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Fig.11 The relative differences to DLV_TW’s average

time and DLV_T’s.
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