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On the Block Householder Transformation

Murakami Hiroshi

Faculty of Urban Liberal Arts, Tokyo Metropolitan University

To solve large matrix problems efficiently, block algorithms are to be used to enhance the locality of

storage reference. In this paper, a realization of the block Householder transformation based on the

block reflector [10] is introduced rather than the WY representations [7, 12]. If an algorithm for an

usual matrix of numbers which is constructed by the Householder transformations is given, a natural

extension of the algorithm for a block matrix (matrix consists of matrices) using the Block Householder

transformations can be easily constructed also. As an example, solution of the eigenproblem of a large

dense symmetric matrix by the block tridiagonalization is demonstrated.

1 B A

ZAEH Ll block Householder ZBHa D & 5 #EpliE
L, SABIE LTIy 7 ZEALERAL
TRHRE L RFFHATE O B Do B A E & EA
R MVERDLHERIT).

block householder ZH#Z DWW TCIIBECRRICERT
Tz UR— MG [7, 11, 10, 12, 16, 17, 18, 20, 6, 14]
& DWHIERE D %,

2 block Householder Z#1

WEN>bEL, BAshiz Nxb 175 C O
BOBEBXRDME C=>XZ &35, I, & b IRELIAT
e LT, XIENxbITHTXTX =1, 2i/=7,
Z1E b IROIEFITH, FR: C BERLAREOSEE
WK X 3RS W IEREREEOM T, flx i
Householder-QR{EIZ &L U BAAICHK S S,

Wk By, &7 OBRA)D b BOITELATH T, TZh
LISME 0 D N xb DUBRENATIE §5, X ORYID
b AT % WNTHES 72IEH/IMTH Xy OFERAES R
2 X1=QAV 35, Q& VIXbIRDERITH. A

V30 IROIEESHALTE, I, = XTX = XT X7 + (X —
Ey X)) T(X—FpX,) = N+(X—Ey X1)T (X —FEp X))
L ADOHABERIIIUTCTHS,

X OBHIO bEOITIC QV ZINA AT Y = X +
EQV ZEHT L. R XTX = 1, XTE, =
XT X; = QAV #AWTYTY = 2VT([, + A)V
Wrts, Zhhrs YTY ofAEO TR 2 TE
FROSA 26 Y OFBEIEV2UTTH S,

Y ORBOER DY Y=US £ 55, Nxb{T
| UG UTU = I, 287=L. b IRIEF1T5 S
DEBEIE V2 AT CRIEATI, Y OBER DR
Y=US WIHMEBMLRSH M, R UTU = I, ®
UUT 3 U oBRICF LS 20, (BRo 1 21
U<Y[VT {2(L, + )}/ ¢ shsinicatE e
5, )

UMBL UTU = I,) 28 & ¥ 2 — AL zs i
H =1 -20U0T 13x#%% N ROBERITHTH 5,
HX = —E,(QV) 2’V 1ID.

GEHA] ¥ = X + E,QV T X; = QAV ©
ZAEY = X1+QV = Q(I, + D)V, T5¢&
(B,QVTY = VIQT(ELY) = VI(I, + M)V =

0430


島貫
テキストボックス
社団法人　情報処理学会　研究報告
IPSJ SIG Technical Report

島貫
テキストボックス
2005－HPC－104（8）
　    2005／10／7

島貫
テキストボックス
－43－


(1/2)YTY k0 Z2o#EEIFXYTEQV = (1/2)YTY
L5, ByQV =Y — X EnS YT(Y —2X) =0
THY YT = STuT & S we[gf75 k0 UT(Y —
2X)=09%2bb 20TX =UTY, &61cUTY =
S, US =Y & UUTY =Y E»S 20UTX =
URUTX)=UUTY =Y bbb, koTHX =
(I-2UUT)X = X—2UUTX = X-Y = —E,(QV)
L5, [REERE]

Ko T HX OFBHD b HO{T2 MR THE- 2IE
FHIMTENE —QV TZNLSDITIE 018725, [k
\CHC = H(XZ) = (HX)Z = —Ey(QV)Z 115
HC OFEHID b lHof7%2 MR THES 721IEH /M7
—QVZ TZHhLSNDITIE 012725,

Bx 6Nl NxbA7H CIlci L, _FEoFIETITE
U%ZRDTH=(I-20UT) &5HiE HC 3RHD
bEDITLMNR 012725, 2 VFI% b EFEILED
1TFNCK LRI D b EHLASN OFT R EE T 5 0FF 2B
RIWDEIHERTE D, Zhidb =1 DBEOFEE
@ Householder ZHADIFIRICI > TV T, Ty 7
P A X b DTy 745N HT B Householder 2
RIS, TDZENSERIFOITINH L Tl
# D Householder 2% FH T 2BENHNIX.
DBEFRITINT DATHIER LR S Try 7 /MTHNC
B X#12 T Householder Z#2% block Householder
THCE S A CERT EBERZ Ty 7 L&k
REIFLHZLITRD,

HE: C OERNMRE LT QR-REZHRAL, P %
FleRy MEED) BEATIH. R EHE=A1THE TS
QR-93f#% CP=XR%BIEHC = (I-20UT)C =
—Ey(QVRPY) TH D, HCIERAD bEDITLASN
32 T0IC85, HC OFRPID b HDFT 2N THE-
IZIER/IMTE % 3 8L & 3= —QVRP ' 25
B D QR-5#E BP = (QV)(—R) 725,

FeH: OMH U BT BFIE:
N>be¥5, UFTCIHCX,YUZELREXICL
RS ERETES,

e A7y 7 1: NxbAT3| C DEBOERNFEE
C=>XZ &35, HL X 3 b0 FERS i) IE
FEREEOMT XTX = I, . EXDROMICIE
Householder-QR {ExR AW S DA L0y,

e AT v T2 X DEBMD b HDITEWRTHES /2
IMTE) X1 % X1=QAV EREMENIRT 5.

e AT v 7 3: X ODBHID b HDITEZEF L 12175
Y =X + E,QV 2{E5,

e A7 v 4: U ZREMDITHY DIEEDIEHRER
fteds, U<sY[VI{2(L, + M)} TP iceha,

H=(I-20UT) % Nxbf13| C \cHER S ¥ 5 &
BRI O b lHOITEMRNTHES 72/MTH B 1% —QVZ
ICE L. ZhES D173 01072 5,

AR —RICITI OB RIIFmN R RI 08,
LEOREBIEF T C BBEEAROGEICIE X & L
THEDIRERBEREEOHE AL Z L TZHh
LD 2T v T C DREEIHR & R nfi—HIFdd &
HoTnb, LPLLATO LS IATHO~HER b
5 r ISP CGHET N, REMNR r HOERER
EEOMERCCU WERTE 5,

FeWH: CHo U ZHERT HFIE (0 2):
N>be$5, LFO CX,)Y,UITEREZXITLD
SAREmE A TE S,

e A7 v 1 NxbiTH| C DEBROBERR%E
C=XZ &35, r(<b) 2 C O LT, X 1&
Nxr 475 C XTX =1,, Z1Zrxbfi73le T 5,

e AT v T 2 X DEHD r BT HMNRNTHES 72 r
RIEF /IMTH DR BLES R X1 =QAV 21F5. Q &
VIZ r IROESATH T, AV r IRDIEMERN 175,
e AT v T3 X OBHID r HfT2EE L /2 Nxr
1T9Y =X+ E.QV #{f5, ZZTE, ¥ Nxr o
PEER S N7 BAATAT,

e AT v T 4: Y DIEBOIERERILE N xr 175
UtTs, U<sYVT{2(1, + M)} YIiceha,

H=(I-20U%) % Nxb{7¥| C \T/ER & ¥ 5 &
BHD r [l oIT2WXTHES 72 rxb4T50E —QV Z
ICEL L Tl o173 0175,

3 T0Ov IEBRDISHB

BT TOy o =ZEXNAL: 5XS5NIuHE
175 A OEEEREOME L ZET 5, ATIRED
DTy ZIMTINTHENIN TS LT 5, ADK
FOTay ZHIRY NV SE—Tay 772K
=Ty ZHERY Nk C L BT, (TRSR)

— b —

il
C
&35

|
|
|
!
o |
|
|
|
|

EROBBICHE, O ISR T 2 ZEHTR) H %K
NIE, C 0 (SR) BEE r(<b) T B &, HC

0440


島貫
テキストボックス
－44－


R O r Bl OITLAIMT (SERII2)0 1272 5,

— b — — b —
r B
1
SRS 0
%@%Ki‘géﬂiﬁﬁ
C
0

Ty V475 HAH BEHIDO Ty 7 5% 5 0ET
Oy 74770y 7 ZENAICR S, (THRSR)

—  —r—
) |
b Q@ | BT 0
| |
T |
r I6] |
| | )
0 | HAH
|
|
|

W D Householder ZEX AL & FRRIC, BB
Licgmay 7 15 O Rz TEROER 2
WMORT e Tay 7475k Ty 7 ZENARICE
Hehs, EBEOTHBI 0Ty ZHER7 "V
DIy 7 DY A X (B ONEb) 1Z4T L b4EEE U
T EBRW, (TSR

H®=2)... g3 g2 g1) A g g g@...gnr-2)

[05] ﬁ? 0
B oax B30
0 [ o3 5{ 0
C 0 By as AT
0
0
Bn—Q Qp—1 71;71
0 Brn-1 Qi

WRIESR HAH OFt&EZE: #% O Householder
ERBRICHMIZR: HAH (H = I —2UU7T) 13448
DTy XY N p,qZHANT p—AU, q—2(p —

U(UTp)), AcA-Uqt —qUT & LTEHOTay
D IMTINE AL T HETENTE S, EE T Tay
7475 A OXFEEFIFE T 5135, Fortran [A] 72
570y ZHERT MVEHEAL L A ORI TEHD
Ty 7 BERIZT 2 EENS) G B TER L 2 b
EOBMT 5. (TSR

K = K — K — Kk — *
¥ = K — K — X
¥ — K — *

*

* *

{8l block Householder D p, q ZEHETHS A
EEHTAEEIIR Y Ty ZMTHIR Lo FER
I3 72 DT BLAS3 94 75 U % AVhidiED T
SRR FIENTE S, WKL EZH Y AL 5EE
bImy ZIMTHE BN T HEERO TR ELZ R
HITRKELTES,

SRR LEOEE: FEEXRY MVERDLHEEIC
. BROBRTHEERLITIBRICEBRBEo Ty 7
N7 MU &2 (XS Bz eIl BT
LRNENH L DT, THORBRMETEHIC L VEE
Ihd A DYOFLREINC U 28T 5. #iBho 7
Ty 7 RY KV p, g EEISED S L IBRERY A X
MWEL DT, pi,qp DTN T Oy 7 ZERALTH T
DEMNAER L BINABERO Ty 7/MTH a4,
ZEEXL TR TES,

BEHRICLZEERY PIVOFTE: Toyr=
BT T OBFENT bV y 2ZEH L T ofT
B AWKIET HEARZ MV & 5IiE, LARD
R L TBWEEBRo Ty 7R My (U0}
% RRANBE S XM EIC T A T, {UD) 25 B
H{HO} OYEFZFNEICHERL T y ICER S 5:
z—HO HR ... gF"=2),

EEICIT EOSMEH LY x Ly BTy IR K
e L TRAEREROBEENRY MR GERY
MI{UO} ZFa I eSS iREs S 5 ¥, BLASS
YFAARE & 22 0 shEA A LT S,

HEE: HoRE N oXMEgY o Tay »
SEMNALOEERET FERATIIREETI) B
(4/3)N3flops T7 1y ZHE b(<N) ITIFHEY &5
I Ty L RN =ENALLIZIEE T TH 5,

0450


島貫
テキストボックス
－45－


SEEEE: oy JEbICkETuy =8
KALTIE, %2520 5175 A OFLRAOEEMN
N —2[E»6 (N/b) —2[ENTHKSELDT, 240
SUREERIIN O D 1 & D, WY ERE, I
BHEFTay 7L THE VL L 2O TERSIR
DRFFTERR b FICH L, b ZEYICE 5 2 EE
HE L UREREE L HESES 5, Ll Bo
JEFE TH Householder ¥EIC & Y T v 7 =&ENALT
S| T oFAEREE R Eo OEEEIT N2 H 5
WL No2OICHHI T BIEE SR, £ BSRED
WINT 60 ThEREL L VEED LWHHRITRD,
bHAARER b OEOFRIE. N & (LM bR
B 2T L OWRICHKET 5.

JOvy I ZENAITIOHITHIANDET: AT T
Bt Tay JigEETE L 2T 5,
Ty Zigb oIy 7 ZEMNAITH] T IZEOHIE
320 — 1 DFATHNED S, T2k L THFFHATS D
EAEREOMEZEHEERL T Ly, LarLd
PR ONFRTTITH T OFME 20 — 1 28/ LR b oxt
FiA75 B \CER T & 5 [15][21].

WE T 2RO L HITEL:

a1 51T
b ar BT
B2 az 53T
T = fs
T
n—1
Bn-1  Qn

FTRWIEE 2 /TICHERL. 81 © QRAR
% f1—QiR1 179, 22T Q WFERITHIT
R BEZA1TY., 20 QRHMBITE Ry b #
YE7%2 L @ Householder-QR 4RI X D K T &
5, EBOFETIE., Q) EBANICIIHEEKE T,
BER (factored form) & L CTHAFET L., 2o
QR-DREHMBR L B TERERELER T 5:

diag[l,QT,1,---, 1] T diagll,Q1,1,---,1]
ay RT
Ry Qf @y (ﬁle)T
B2Q1 az BT
- B3 B
T
n—1
Bn—l (6%

FRRIC -BEICRWT, (k + 1)-BHOITICH
LEINMMAERY BHEOLOERy MEERL
D)Householder-QRVET QR-5RL. Qi & Ry %
w5,

QR-5RDOFEIERD Qr & Ry OWH DFEREIE B
PRI SN T BT EEEThISRM T E 5,
ZOLTE (k+ 1) ITICFENS Q) DERiELR.
(k+1)FNTFHE?S Q, ZFL 5,

RIS ERNAO TN L ERINAERD
FEEEIVNHBEICLETH S, B (n — 1)-
BEHM DL, Tay s Z&EMNAITH T 13K
SN THIE b ONHHEITH B iCkd, B =

diag[la Q,{a e 7Q571] T dlag[la Qla Tty Qn—l]
T R1T
Ry v R
Ry 3 R
= R3 :
o Ry
Rnfl Tn

BEENS MM Tay 7 W= ENALT
ST OEERY Mvyz, BOBEEFRT MV 26
BHICE W y—diag[l, QT ,---, QL ]z Z W
5, y &z 2—EIIEHRT LEBD DI MvE
Rz Ty J Ry MVST 5 e, WROBEENY
MNVEE e TERTESROBFIAMENEE 5,

wiIEE DR EE: b RD/IMTIND QR-5EDF
B LEH =0 O0%) T Qp RLDFRHYL O1°).
n=N/b7ED5, MEEROSIEREIT OND?) T,
WEWT LEERY MR IEETHLEERERY b
v DELRIEHR DR EHRET O(Nb),

MFFETS O E B EREDORE: KIKTTOMHE
A oEAEREZ E< GG, ROTZVGERREOME
BHATH DIRTCITEEABED TR OHEITIE

o XMFHATII R (B0) ZEXNAITINCERT 2.,

o ZFEXMAITHIDORD =W PO EHfEE 2V )V
LTI EVES,

o FEAEMICHIGL ZEHF XY MIVEFLTH| D LU
SR BRI L i A TR L,

WEORDOND, ZOFKRIBEL T LHEHFRY

NV OER DD TEWGE, T2 & ZITHIRE D
2D 5 WY DEER ETIE LU 57217 D
FAEEOFEN O EZENRETH 5, HTHPL Ty

0460


島貫
テキストボックス
－46－


7 ZEXAITININ T S B R D EHEE [19][24]
PRI TW5b, RELREEXRY MVoEERE
WEBICITEETHA D,

M TY O =EXR AT IE Rutishauser-Schwarz
¥ [1) DFIARTREZE DS, HERED B SHATHNC AT
2 M H OHf Householder ¥ [3] Z Wz, €5 LT
XFREATH O E A MERTE 2 IR DR A TR Tz

[FH D% Householder =EXFA1L. THEEED A
YNV ZHEL TEATINCN T i AR
IS QLI 3] IS Tnwda—-KEH
Wz,

m R E(THIOBIE. N & (Fry s e LTTiA
VW) BOITHOWRIE L. AV VA5 L HE
FEGEODHBRAOHTFMEL c £ T5L & BEH
fEEEAENRT NVvE (ERD 5 & & Dt HEED:

FITH=ENAL+ AV NV LAY E+TEREE
= O(N?m) + O(Nflogy(1/2)) + O(Nm?2¥).

HE DM/ INEVECHIE m 1220 — 1225 bITTFIUT
W5, f/NEIFICEESR O(ND?) + O(Nb) ZH L
TY, HATY O EA ERRE DS HE O & 0 3 <
RIDLDTHETH D,

SEREDEE: FHDH Householder ¥EVYER T
2 FeRaE

o HATH] BITH L COER Nx(m + 1) &

o TERMAMEELE U THEK AN + Bm + 1)xN =
(3m + 5)x N &L BEH N FE.

o BEHNY MV BRI DI N <l FE.

BEENT MV e EHHEWEHENY MVITEREE T
RESREZ LA TE S,

4 KERIERDOH

ERROFERD (B OH»S) =5 %2~d. CPU
I% Pentium 4 2.6C, FFERIE dual channel DDR-
3200 512MB x4 A& ® 2Gbyte T. £TOEHAE TSR
WFFRITE > TWnb, 22251 T3 intel For-
tran 8.1, 71y Z/MT5|d BLAS3 F&EI213 GOTO-
BLAS ZHW W5,

L3RI Ty 79 A4 X b % 4 DT 8
5100 T, Mk (Fay 7 =EMA{boiEER
% (4/3)N°® LHUR L 7o) HEME 2 GFLOPS 8
T &Y, ATHIREL 1000, 2000, 4000, 8000, 16000 12
HLTay hLIZbDTHS, 1THNREL N ASkE 0
B 7o ENcH 5, MY — 21K 6T

570y 7Y A RE N BKEWITEEEINT 5
IZH B, N = 1000 TliE b=40~50 £, N = 2000
TIE b=40~60 L. N = 4000 TIZ b=50~80 f+
3. N = 8000 Tld b=60~90 ffif. N = 16000 T
1 b=70~90 fHEIER R E— 7 3D 5,

GFLOPS
N=16000

3.0 N 8OO
28 /N, N= 2000

Pona 'N=2000
2.6 /’ M N= 1000
24 E e
22 ‘{ L ezene [ Tecert
20 / -
1.8 S T Y
16 ‘/, 7 —=

h 1/ / N L~ s
14 s
i
12 AN Yo -
I A
1.0 7
4
0.8 ¥
0.6 /‘
0.4 i
0.2 - /
\‘/
0.0
BLOCK_SIZE
0 20 40 60 80 100

1: Iay 7 ZENAOBEEE Pentium4d 2.6C

21IFE LD T — & ZREMICIIATINRE R 20000 %
T, M IR EEE 2 GFLOPS B Te 1,
Tay 7Y A b 12, 16, 20, 24, 28, 40, 52, 80 2
N7y NLZbDTHD, Ty b ENphfpd
bASKEWER HAlICZ2 5T 5, b =80T N = 20000
D & ZMREET 3.1GFLOPS ThH 5,

GFLOPS

=80
32 o
30 -
| b= 36
. b=23
—
,,,,,,,,,,,, P— B2
24 Fn
p ) S S i " Sk L
Py S A/
5
18 /
16 / I ol
14 / P
12
10 S R »__/k__
-
08 I N
06
04 _
02 -
00
MAF-SIZE x 103
° 5 10 p AT

2: Ty 7 ZENNA{LOHEFE Pentium4 2.6C

0470


島貫
テキストボックス
－47－


5

4

K

Ty 7 EEMEHIIED < block householder 2
MOMRIEL R LTz, T O CRBIBIPMELT
FoEEEMEOREEZ Tay 7 ZEXNMAL2REL
TAERD BB E R L 1=, KIAEZATHREE CIIE
HEo Ty Z{LoMRITE V., mOSROBFEC
& ) KI5 OGBSI NER DS RO
N ostEBERENICE £ U BB OseREnE & DN
585 O TRBERF DRI {72 O {HBERE D
ENCER, SHEAETORERE2EETE 5,

ZE

[1]

2]

[8]

[9]

[10]

[11]

[13]

[14]

Wilkinson J.H. and Reinsch C., eds.: Handbook
for Automatic Computation, Vol.2, Linear Alge-
bra, Springer-Verlag, New York, (1971).

Golub G.H. and Van Loan C.F.: Matriz Computa-
tions, Chap.8 : ‘The Symmetric Eigenvalue Prob-
lem’, The Johns Hopkins Univ. Press, Baltimore,
Maryland, (1983).

ATEREEER, /NEA, FEARSELE, TA—/R—aEa—
5 RHEBAETEAN WM |, AUE, 1985.

ATHEER, TRBAE & st BT |, A=
A%t (1986 4E 4 A).

LT, T AR, (A N—ara—-F ek
RURfEETEE) | HESZHUR bit B, (1987 4 11 A).
Jack J. Dongarra, Sven J. Hammarling and
Danny C. Sorensen, ‘LAPACK Working Note #2;
Block Reduction of Matrices to Condensed Forms
for Eigenvalue Computations’, ANL/MCS-TM-99,
September, 1987.

Bischof C. and Van Loan C.: ‘The WY representa-
tion for products of Householder matrices’, SIAM
J. Sci. Stat. Comput., Vol.8, No.1, pp.2-13(1987).
AFERGERR, NET, Z4AHRER, IMIlZ R HiRE, TT%
KB SHMEY I 2 b—Ya v, &, 1988.

KL B, TRRETINCRIT 579 b 27 - Aw Rk
N = KRBT OBEAMERE - |, BARY
Ralb—Ya Vs HMEHEER  EFIFY v
RO LFRCE,255-258 BH,1988 4£ 3 A 31 H.
Schreiber R. and Perlett B.: ‘Block Reflectors:
Theory and Computation’, STAM J. Numer. Anal.
Vol.25, No.1. pp.189-205(1988).

Dongarra J.J. and Sorensen D.C.: ‘Block reduc-
tion of matrices to condensed forms for eigenvalue
computations’, J. Comput. Appl. Math. Vol.27,
pp.215-227(1989).

Schreiber R. and Van Loan C.: ‘A storage effi-
cient YW representation for products of House-
holder transformations’, SIAM J. Sci. Stat. Com-
put. Vol.10, No.1 pp.53-57(1989).

/NEST HR, AR, ZHFERER, K75 J.J., KA
FEHE, UTHEHEY I =7 - WS, Z—/8—
2y, WHEHEM - ), R 1991,

Christian H. Bischof, ‘A Summary of Block
Schemes for Reducing a General Matrix to Hes-
senberg Form’, Argonne National Laboratory,
ANL/MCS-TM-175, February 1993.

[15]

[16]

[17]

[18]

[19]

[20]

21]

[22]

[23]

[24]

[25]

[26]

0480

Christian Bischof, Bruno Lang and Xiaobai
Sun, ‘Parallel Tridiagonalization through Two-
Step Band Reduction’, Argonne Preprint ANL-
MCS-P412-0194, to appear in Proc. of the 1994
Scalable High-Performance Computing Confer-
ence, Knoxville, May, 1994.

Wilfried N. Gansterer, Dieter F. Kvasnicka and
Christoph W. Ueberhuber, ‘Optimizing Locality of
Reference in Symmetric Eigensolvers’, AURORA
TR1997-13, November, 1997.

Wilfried N. Gansterer, Dieter F. Kvasnicka and
Christoph W. Ueberhuber, ‘Efficiency Enhance-
ment by Blocking’, AURORA TR1998-10, August,
1998.

Wilfried N. Gansterer, Dieter F. Kvasnicka and
Christoph  W. Ueberhuber, ‘High Performance
Computing in Material Sciences; Higher Level
BLAS in Symmetric Eigensolvers’, AURORA
TR1998-13, November, 1998.

Wilfried N. Gansterer, Josef Schneid, and
Christoph W. Ueberhuber, ‘A Divide-and-
Conquer Method for Symmetric Banded Eigen-
problems; Part-I: Theoretical Results’, AURORA
TR1999-12, August, 1998.

Wilfried N. Gansterer, Dieter F. Kvasnicka and
Christoph W. Ueberhuber, ‘High Performance
Computing in Material Sciences Numerical
Experiments with Symmetric Eigensolvers’, AU-
RORA TR1998-19, November, 1998.

Christian H. Bischof, Bruno Lang and Xiaobai
Sun, ‘A Framework for Symmetric Band Reduc-
tion’, Also Preprint Argonne Preprint ANL/MCS-
P586-0496, October 1996.

Murakami Hiroshi, ‘An Implementation of the
Block Reflector Method for the Dense Eigenprob-
lem’, WEHZAHIRS RE BRI RE
ISSN1343-3202, pp.41-67, No.5 (2001 £ 3 H).

L. Wei, X. Li, ‘A New Divide and Conquer Al-
gorithm for Real Symmetric Band Generalized
Eigenvalue Problem’, Fifth International Confer-
ence on Algorithms and Architectures for Parallel
Processing (ICA3PP’02), p.0105, October, 2002.

Wilfried N. Gansterer, Robert C. Ward. and
Richard P. Muller, ‘An extension of the divide-
and-conquer method for a class of symmetric
block-tridiagonal eigenproblems’, ACM Transac-
tions on Mathematical Software (TOMS), Vol.28,
Issue 1, pp.45-58, March, 2002.

Stathopoulos A., and Wu K., ‘A Block Orthog-
onalization Procedure with Constant Synchro-
nization Requirements’, SIAM J. Sci. Comput.,
pp.2165-2182, vol.23, No.6 (2002).

Wilfried N. Gansterer, Yihua Bai, M. Day and
Robert C. Ward., ‘A Framework for Approxi-
mating Kigenpairs in Electronic Structure Com-
putations’, Computing in Science & Engineering,
pp.50-59, Sep/Oct issue (2004).


島貫
テキストボックス
－48－




