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Development of high speed singular value decomposition algorithm for sparse
matrices of large scale and upload of its source code
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Singular value decomposition of sparse matrices of large scale is an important
matrix operation which is fundamental for analyzing big data. In this research we apply the
Golub-Kahan-Lanczos algorithm with reorthogonalization to sparse matrices of large scale to generate
approximated tridiagonal matrices by high performance computation in parallel processing. Secondly the
bisection and the inverse iteration methods are applied to them to giving a subset of eigenpairs of the
originals with high reusability of data. The corresponding source codes have been uploaded one by one.
When the sparse matrices are positive definite, then the resulting eigenpairs lead to a sebset of
singular triplets.
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Abstract--The Golub-Kahan-Lanczos
algorithm  with  reorthogonalization
(GKLR algorithm) is an algorithm for
computing a subset of singular triplets
for large-scale sparse matrices. The
reorthogonalization tends to become a
bottleneck of elapsed time, as the
iteration number of the GKLR algorithm
increases. In this paper, OpenMP-based

parallel implementation of the classical

Gram-Schmidt algorithm with

(OMP-CGS2
algorithm) is introduced. The
OMP-CGS2 algorithm has the advantage

of data reusability and is expected to

reorthogonalization

achieve a higher performance of the
reorthogonalization computations on
shared-memory multi-core processors

with large caches than the conventional

reorthogonalization algorithms.
Numerical experiments on
shared-memory multi-core processors

show that the OMP-CGS2 algorithm
accelerates the GKLR algorithm more
effectively for computing a subset of
singular triplets for a sparse matrix than
the conventional reorthogonalization
algorithms. In addition, we discuss the
cache use in the CGS2-OMP algorithm
and a condition that the CGS2-OMP

algorithm achieves a higher performance

than the CGS2 algorithm.

[J2] Acceleration of singular value
computation solver with narrow band

oqds algorithm

Sho Araki, Kinj Kimura, Yusaku
Yamamoto, Yoshimasa Nakamura,

JSIAM Letters, 7(2015), 9-12.

Abstract--We introduce an extended oqds
algorithm for singular values of lower
tridiagonal matrix which is a condensed
form if inputted full matrix. Reduction to
the lower tridiagonal matrix 1is
performed using cache-efficient block
Householder method based on the BLAS
2.5 routines. In this letter, we show the
implementation details of the latter
algorithm such as the shift strategy and

criterion for deflation and splitting. The



effectiveness of our approach is

demonstrated by numerical experiments.
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[J4] On implementation and evaluation
of inverse iteration algorithm with
compact WY orthogonalization
Kinji  Kimura,
Yoshimasa Nakamura, IPSJ Trans. Math.
Modeling Appl. 6(2013), 25-35.

Abstract--A  new

Hiroyuki  Ishigami,

inverse iteration

algorithm that can be used to compute
all the eigenvectors of a real symmetric
tri-diagonal matrix on parallel
computers is developed. The modified
Gram-Schmidt orthogonalization is used
in the classical inverse iteration. This
algorithm is sequential and causes a
bottleneck in parallel computing. In this
paper, the use of the compact WY
representation 1is proposed in the
orthogonalization process of the inverse
with the Householder

transformation. This change results in

iteration

drastically reduced synchronization cost
in parallel computing. The new
algorithm is evaluated on both an 8-core
and a 32-core parallel computer, and it is
shown that the new algorithm is greatly
faster than the classical inverse iteration
algorithm in computing all the
eigenvectors of matrices with several

thousand dimensions.

[J5] % RAESMET N 2V X A OMRESEAR
DI DR E 258 % B O1THIERR

e DS, ARFFRRE], PAMEE, 1FRLs
FaEmOGEE BEET U IR, 6(2013),
75-86.

MRS - ARERSCCIE, R RE R % REAT T 2
eIz, SO RE 0T A MTHIOIERK
ERRRT D Fox BSRI% L5 0503,
UTFD 2 BEOERICEHDHBOTHD. 1
DHEIE, #L 1 RFFEA M RO R EE S
DL L LT B2 i KIFFFE & S/ NFF
BEOKICEZ2ERTHD. 2 2BIX, FF
FE SR OB F R O IR X % 245 Rl
DI L DFMBRDOERTHD. 1 D
HOEMHHOKE 72T A MTFIOIERET
X, ITHIOREREFIHATLHDT, BT
FIZAERT D22 ENAEETHD. —J7, 2




SHOERETIX, EEEAMZ L
glued Wilkinson 174 DFFEAEIR & & %
5bHDT, 2 EXAITIIOLDERK ATRE
oD, RET D 2FEBOIEMIED BHIILE
BT, ENENICERELDD. b
DIERIEIZ L > TERR S D T A MTHIZ
HWT, LAPACK 34.2 IZEENTWHH N
< ONOEERAERT V2 Y X I % 5T Af 9
5.

[J6] HBEMHET LTI X b dqds TEB &
C'm2dLVs ED 72D DOF LT 7 Mk
S, BIEC, A Bz, REFKE],
LR, SRR, PAELE, fF#ROAsy:
EEMEE AV Ea—T A VT VAT A,
6(2013), 94-107.

BEZE © RESCCIE, FRRERTRT LI U X
2 dgds 58 X O m2dLVs EOFHE I &
PR 2 T 272012, HLnT 7 b
HRA% & L C algebraic 7 M ERET H.
1e2k, LAPACK (23238 S 7z dqds 15Tl
BRI S < aggressive v 7 k%,
mdLVs /£ Tl Johnson > 7 k %‘fﬁéﬂq LT
W5, aggressive 7 MIEHEIZFHEAE

D73, AR T LI ﬁﬁ/7bk&5
AIREMEMN S 5. Johnson v 7 M, EHR
HREEZHT L0, #HER CEY & IXE
2720, KXo T, dqds #EB LT m2dLVs
EOW T3 LT, Bz iE-o<
algebraic 7 ]\%ﬁﬂf%. DY T Mg
W& DF M A BT DT, kDT 7
Il & D HEZAT S .

(PR Gt 2 41F)

2H, HEESESGR S (EHiox) 514
[P1] A parallel solver based on bisection
and inverse iteration for computing a
subset of eigenpair of symmetric band
matrices

Hiroyuki Ishigami, Hidehiko Hasegawa,

Kinji Kimura, Yoshimasa Nakamura, in’
Proceedings of International Workshop
on FKigenvalue Problems: Algorithms:
Software and Applications, in Petascale
Computing (EPASA2015), 2016.

[P2] Implementation of computing
singular pairs for large scale matrices
using ARPACK

Masami Takata, Sho Araki, Kinj
Kimura Yuki  Fujii, Yoshimasa

Nakamura, in’ Proceedings of The 2016
International Conference on Parallel and
Distributed Processing Techniques and

Applications (PDPTA2016), 2016.

[P3] A new parallel symmetric
tridiagonal eigensolver based on
bisection and  inverse iteration

algorithms for shared-memory

multi-core processors
Kinji  Kimura,

Yoshimasa Nakamura, in° Proceedings of

Hiroyuki  Ishigami,

the 10th International Conference on
P2P, Parallel, Grid, Cloud and Internet
Computing (SPGCIC-2015), 2015, pp.
216-225.

[P4] GPU Implementation of Inverse

Iteration Algorithm for Computing
Eigenvectors
Hiroyuki  Ishigami, Kinji Kimura,

Yoshimasa Nakamura, in’ Proceedings of
2014 22nd FEuromicro International
Conference on Parallel, Distributed and
network-based Processing (PDP 2014),
pp. 664-671.



[P5] Implementation of the orthogonal
qd algorithm for lower tridiagonal
matrices

Sho Araki, Hiroki Tanaka, Kinji Kimura,

Yoshimasa Nakamura, in° Proceedings of

The 2013 International Conference on
Parallel and Distributed Processing
Techniques and Applications
(PDPTA20153), Vol. II, 2013, pp.161-167.

(X&) Gt off)

(PEE R PEME]
ok (Gt OfF)
oliffkIL Gt OfF)

(& Dfth)
R—LX=VIZB T DY 7 b U =T AR
http://www-is.amp.i.kyoto-u.ac.jp/lab/en/i
svd/

6. WFFERLRK

(D7 EE
HAELE (NAKAMURA, Yoshimasa)
TR KRB lG e ge st - 2%
WH7EE 5+ 50172458

D gE 7
AAHkE (KIMURA Kinji)
e NN T I R Sy A S R S A
%

WFoeE e« 10447899



