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1 BE

5z bz 2 DOIFHNCH L Tilig 2 —HE 8 3R EOBMOIFEHE 21TV, #ET 258
ICIEZ D XS BREROMERTHEAERICITZ S C EAEE LV, AMIZE T 2 DOFBIOEE
il + RS RR R U C BT 2 BB 2T 5. BUEDAETIE, £< OBAICRL
75 % MBS W o I O L DBIS IR B A, WIS 555 LS (FEER V. 35N
ICHEBRIC 2 DT —HE B EEAFET UL, ThIETRNEBHROBICLS.

2 RATMTIIRL O ERFOERICKL 2 —HARMEDES

HA BN 2 D0 n RERFMTH] A & B IR FORBIC L 0 —HE 5 T L ETHN
i, B = PAPT Zilif=d BEITH P MFET 5. ZOX S HEMIMAET 0 EMELT, HET
5% 5T OHIEMKL TORT CEALENS. COMBEOBHICEL FOEDREZ BN 5.

o HADNT 2 DDMAY S TIH LT, WEE 8B &S BEMOESOMHIEZ NG
FTEMENS VS TORMIMOEE, F5 7O [1][2][3] IKBWV THANSIE TS % 74,
ZNUE 2 DOMEAY S T ORI &5 & 5 RIFTOBBIMAET 505 HE T 5 [
WEEMTHE (XHICTOX S BEHEIEET BHEICRZOMERT T EHEE LY.

o (LBYMDHTFDTS T HRRE T &£ B PRI HEED DB LT 5. HTDT 5T RERT
BEMHTINELIFO L 51/E. FTHTEMNT 3 FICTEONET 1 HhSIE 5 HE0
SARVERITS. 5 TFOMBETH n B0 & X550 n XT, # i SHAELEOHES VM i
DEFOMRZZETIEE L, 517§ OIHAEEDMEETNIVA i & j OB
SEOMANEETIMETS. THLE2DNE 2000 TDOY 5 THEFOFSDOMIEZ
THRUICRZ ORI, Zh5EERT 2T —BE & 5 R RT OB AT
TEHOUEICRET . TOX S REBAET ZHEICIZTOMERT T LHAEELL,

3 R—MITIIRLDITOERLIIDERICL 5 —HARENEDZE

HABNIZ 200 m x n OE—ITIE —BE 8B & 5 BITOELHIOEROMAFALT 7

EHELT, FETBHEICEZTOMERT, LVSHENEALNS. DD AL BAZhZR

m x n DFIHITH% L ¥, B =PAQT ZililzJ BHITHI P & Q OHIMFHET B & HIE LT,

THET BHEICIEZ ORORZRT. COMBEDOINE LTIEZBUTOLONEZ 5N,

o HIMH 2 VRIEADHAD 2 DD T 5 T HHHATIITEGZ bz L XIS, 2 DOBHHTIE —
BE D & 9 BRIVIOFE L UOEROMMMEALT 2 ZHEL T, 1T BHEICIEZOH
DFIERT.

LIRD KX SIC9 % T & THRAPBATHINTH S % M IR TN S 2 R CEBOIPICHIR 2 In Z
LZHBICIRETES. WE AL BZZNZTN m xnDFTHE L, P%Zm ROEHITH], Q7%Zn
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ROBHATHNE LT, B = PAQT OMGEINH2 LT, ZOLE m+n XOWEKTHI A & B, ¥
KO m+n ROBEATH P R FOLS1ci5{ &, B=PAPT tH3.

(a0 ) e=(ar 0) 2= (0 6)

DEDER BN 2 DOFMFHTHI A & BIcki UTHIR B = P A PT %ifil- ¢ B#TH P Th -
T, EHD m AITORFOER P LD O n {TORFOER Q OO Ty 7 I THHE DD
AERIE EHRIC 7R 5. COERIETIE m 4+ n ROEMFITH] A L B TN ZNOREHE -5 7% F]
M9 % (e LEEMEMNIFADEAENIZTNRETHS). UL LIERI IO E A A7 7z Vg
BAIND A & B ZNZTNORE(D R (SVD) ZHWIZNEIE LOMHENENEEZ S5NS.

FTTIED mxn DFETH AL BOSVD #E2%. ME B = PAQT L75%HICiE A &
B OFfFUHO KT HEEEZAD T—BT 20 ENDHS. WE AL BOSVD Z A =: UuxV/],
B =:UpXVE 9%, L IEFEMEZBIEICIRIZAITITHD, Uy & U ZEFNETN AL BOD
R T NIRRT VR R REDORRNEIC N5 TH D, Vi & Ve IEZFNFN AL BD
IEFEE NIAHRERAN D BV 2R BAE DRI XTI TH 5. FATHIDOREFE DG EITI,
HEOMWREEAICNT 2 /5 2 WIFHEDIERL T NIZREERAY MVIE, ZNENED 1 ReDORE
2B M2k 2 AT F)VIZDT, ZORNENREMEDOREILIET TH D (Fof2 Uk & A DRERA
7 BTN DI E DD 2 c AT 2555100E, W7 L WA T 20805 5).

WEBEEOOFERME o IS % A DLERFRANY MLz x, [ CKE o O B OfKERANY
MUy &3 %E, B=PAQT THNIZE, Px =7y TH3. TIT T PIEROIEVEBITHITH
D, Tl DEEEDDfERZ & BKRNT FVEILOMMF S TH 5. WE sort(v) ICK DT b
Vv OEFZZFNCHANRTEANT M)V2RT &, FROER 7 10 LT sort(nv) = sort(v) A D IT
D5, sort(x) =sort(ry) Thd. TORFEMN 7 =21 DELLTERILETFNE P OFER
TEIN, 7=21 OFARFITHIZLTNE 7 IZZDOMICIREESNED, 7 =41 DT THRILT S
A COAETIE 7 DEIFRETE RV, 72720 7 OEDPRETEHRVDIE, KRR ML
x &y M sort(x) = sort(—x) M D sort(y) = sort(—y) &I FEplaEEZFFDLERICRENS. A
& BENETNDOERERANY MUT, FARMEICEGDIES TOHOMMFEMNIRE TE DRI 2
FUEDORFNEICHNCUANRTZATH X &Y ZIED, Y OBIDOXRT MUV FNICHINT 285 2R T
TY =% &, EHEUTH PICHT 208 LT PX =Y WME5N5. 95 ETDMEE PN
FHET 5DIIFET, X DITOZEESL Y ODITOZEELEH R LTV ERLENHS. &L
& X Oy Y DIFICE EENRIT NI, & P ORI 7272 1@ 1k, —lRoLEEicd X
DT mAAHDITORIHI £ @D TH 5 L LT, BREEHOITOEEEZ mqy, ma,...,m, (JZIEL
SEimy=m) £FBE, WP OBHOBIE [T (m;) 1T 5. MEHCLT A & B OFREAN
7 MV S ER Q IS 2B MENMEENS. TR LUEHEOBOFRIRE o I8 d 5 A& BOD
RN RVELOMTE &, AREENT MVELOMHAGFFSEECTH S B THS.
BE

(1] FHE#EZE, 72 7 RAMEHERE, &10E, 2001.

2] RIEY « =91, WIHRBTEZ B ARY WL - 7S5 TR A, AAZ R, 2024.

(3] BHI&—, AXT MVTT T8, YA T2 A, 2024.
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1 Bz

ARTIE, —EHORRELRRRY PLOAZFHRET 2 FERET 2. TR O TIEIRENWTT
2 O RBAA DR RE L FFRARD PADREITTL % . AL TEITHONEI DR EEZZIT I, MW
P HEMEORRE L HRERT 215 5720dD 0QDS (Orthogonal QD with Shift) % [3] D
HITERRRT 5.

2 KREVIBETODREEDHE

OQDS IKIZ/NS Wi 6 B ISR RIED R ZIT D T e MATRET H 253, EMAT A TITREW
T OFRMENRBE L END. 2D, REVWFRED SIHICEHE S 5 FMEZ /X WRRES 5 IHIC
RS AMBICEW T 2 FERIRRE T 5. 23 L E AT BT 2 MR =EA1TH F O
HE, F' olEEEt, BIEalL Xx -0 3 RETHRE NS,

3 1THOREIREICRIST B T-DDEEELE

OQDS £ T, FHEOBFTITHOREFAE LTI, ¥V — MEREIC X DN WRERED 5
NEWZSRE 5. DEDAETEBICBITHITO Y — MEREZHER T 2 720, F24E% 2 HIBIET 5.

1S HOBIEIROWTRNS., SEBEELTED T Ty 217512 0 BEENE EA TV 35S,
T7ay 27X 82 Z e W TERN. ZITAMETIEX 7V RAAEOBEEREZITS5 2L T
7uy Z7H0 0 REEOBEZERT 2. X7 AAEROERE L NIIRT.

Ve (1)

Yy

S

sinf =

cosf sin x Va? +y? {cos@ z

—sin6 cos 6 0

r=0,y=0D & ZMERDEFKTII cosh =1,sinf0 =0 &3 3575, cosf =0,sinf =1 I CEET 3.
2 HHOEBIERIZDWTHERS, HEIXNATIREZ =275 LTIRR % & 5 ITRIE®RFIC
BN NRREZDDDZ Y7 PREY LTIRAT 2 Z L ZAREICT 5.
4 FTUVREEH 5 DFHENY MILFTE
FHRERAIEOZ®, (1) IWRENEF 7V ARMROFEEHEZIRET 5.

O --- O
O --- O

G1Ga- -G | | P (2)
_O 1_
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p=2nt33LELHMDITHOYA ZE pxw T, EPLERAD»>T Gp,Gm_1,-+ ,G1 D
JEWCEH X2 2. SRR O (mw) £72D, wlORRHEL NS 2RREXRT P L 2R 2L5E1
m=awp &H O (an) 5. alZ 1 HOREREZE 2 DB R MERKERL, 3BRET
H5.

7z, ¥TUREERELEDPOHIEHZE S, x & y NOIERIERD L5 1fT7hbihb.

x + cos(b;)x —sin(0;)y, 1y <+ sin(b;)x + cos(6;)y. (3

~—

sin(6;) DEFFTERICIEL L, cos(0;) DEEBBLZIELWVWE TS, 2L 0,13 01ZhWV. ZOHE
cos(0;) X LITHEWETH 5. FERICIE LW cos(0;) DIEZE 279, UTNOREZ#ES .

f(x) = (@)” + (sin(6:)* =1 =0 (4)
cos(0;) 1Z TITEWVETH 205, 19 = 1,21 = cos(0;) & LTE XA BIE, F3ERNEEZFHL
TURORAEZITS.

Flcos(8:)) — cos(8:) x £(1) sin(6,) o)
f(cos(6;)) — f(1) 1 + cos(0;)

OQDS ZEDFIRICIEH 1 RIRDAZHM T2 e AHEL TWE I ehn, 0<6; < T DHLER

cos(b;), T <0; <Z DHEIXsin(0;) DBIEZEITS T 2RRT2. MK, 0<6, < T % (A)#

ﬁ,§<9ﬁ§g%()ﬁﬁt?6.()ﬁﬁ®% I21&, 21 ¢ — s EAVTRD &SI

g2 [4].

T = =1 —sin(0;) x

x + sin(6;) <z1m — y) +x, vy < sin(b;) <z1y + a:) +y. (6)

sin(0;) ¥ 21 & X EVEM LT 5. £/ (B) FROBEIE 2 « rrocis 2RV 5.

x « cos(6;) <w> —y, y<+ —cos(b;) (@) +x (7)

cos(0;) ¥ 2 BEZNENXREY ZEM LI T 2. BELDRLD, ZE NRIBEBAENEEZH
W3, MEBOMANCIIFTE Ly bW DL T 5.

HEE AWFZEIE, ST XA EBEAIIIZE 7' 0 75 4 JPMISP2115 O R%Z2321F 725 DTT.

SE
[1] Konda T, and Nakamura Y, Introduction of double divide and Conquer and the recent
progress, Proceeding of Algoritmy, pp.459-466, 2009
[2] Demmel J, Applied Numerical Linear Algebra, SIAM, Philadelphia, 1997.
[3] U. von Matt, The Orthogonal qd—algorithm, STAM J.sci. Comput, Vol.18, pp.1163-1186,
1997

[4] Rutishauser, H.: The Jacobi method for real symmetric matrices, Numerische Mathe-

matik, Vol. 9, No. 1, pp. 1-10, 1966
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1 BE

RRFETIE T T 75 77> 7 UATHOEE M EICHE W RITHIRTFIE & RO AIC XD,
TV 27V T 4 THIOEEMHEEICHE SO RTHIRTFEEZRE T 5. AFREERTERICB N T
FEELTVD 7 7 AXRDONEE RS 2 WWE L ROD, 77 7 AXEREFE BT 2 HMMEDR
s, AFEESTIVTIANIAL V7 37T 4 7 AT —RIHEH L TE LN 3BT ZEMIcB W
THRNT — R 21TV, ZORERICOVTRT.

El
2 B=E

AR BHEMEOFEIC X D KBIR R —FEEIRICES K A FENYY I a L —y a Ve EREIR
12 ZeMAMEE o TWD. —J), KEBLROMEMRITICE VT, 7 nkkFMiEoZz ik
A5 EIZN#TH 2.

Z 2T, BEFELDRTEERZ SRR 7 — KITEH L, B4 72 RITHIIETF %% E A
§ 52 & TERIRITEMIC B W TR T — X 21TV, RSB 2 /A& OE W 2R3 205
MPTHObNTET [1]. FFMEHERICB W TIERAOME N L THIECTH 2 Z e RO BN 572D
N2 UM AEEFEDHE LS, ST — & ke~ y BV 7T TRIRED &S WIRE O R ITHI]
BFEDIFE L.

W7 DR RTTHIRF % & LT o Et o 8T o B A EE J 1255 < PCA(Principal Com-
ponent Analysis, EWM7T M) 277777727 VATHOEFEEIREICE D LPP (Locality
Preserving Projection, RIFIMERFS ) 2] DI HVWLNTWS. LaLEMRS, Zhb6DFE
TRERTCEMCTELR L7 FRARNEROENI ZEZRZ 2 Z e BHE LW,

3 E¥ZaFVTAICEISRTHIRFE

COBREERRT 272012, Feax3bT 2 €25V 7 1175 OREAGMEFEICHESE, LPP
ZHRR U 7 BB Ot HIRF A 2 1R R 5 5.

LPP EX@EXILT—& X € RV™M(n B> 7, m FHEE) & X X5 % Gauss » — Vi H
R kEE 77 7RIS X DRI NEMETH W = W e R gL, BB f(y) =
Zi,jWij(yTwi — ’yTa:j)2 ZyTXTDXy =105 iliEtFodb e R/MEEEZ 2 (13 X D
Fhbra~7 L, D= diag(W1), 1 ZERFLT1ORZ ML), CHBF5T5T597 Y
751 (L =D —-W) &\’_Egibégftlﬁ{ﬁf”ﬂ XTLXy = \XTDXy 0IBER/NEGHEDEG R 2
MLEHREIZIFE S, 7T—X DRt (1 KoL) R Xy e LTHERA6NE. — D d RITANDX
JTeHIE 22 B d {.@3Fi.7ﬁ{ﬁk5ﬁm?5 BEHXZ b ko TiHESNS. LPPIE W kD
{277 7 ® Normalized Cut &MHIN B4EEOR/MUIC K 2 7T 7 EIE L BEI M 5TV 5.

EY25V7 4 BRI INEIOERRT FEREEO—DOTHD, ZORKEIEFTF 7I1CH
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THMBEBELEE Y L TRAEWSFIEHEATVS., T2V 74 3TV 25 Y 7 4 175
M =W —1kkT (722U k=D1, v=kT1) ICBIF 2REDRERUEN 2 P iz & 3 KB TH
FTIENTESL. ZOEYV 27V T 41751 HWT LPP L FABEOIEIOTHIRTFEEEZ 5, &
AE—BALEHEERE XTM X2 = uXT X2z ORAD S d HOBEHMEICHIET 2EH NS b LER
H5ILT, dRTDERKTRAZGLFEL LS.

REFIERO HEEEE, LPP o BHWEEICH 2O IEAIL ARE2HEEMZ BICER T2 2
EDARETH S, ZHUTKD, EFEOREEZHAT 2 enTE 5. REFEREZ, LPP oHE
TH 2 @RI TIEHERRICH 2 iR LB EXTTEFICB W T ES T LS e T2 MEEFED
D, Mboed 5—DDIHHICED, KT LbEEIEE S VWKREILZ5 | ZH/Z 5 & 32 HH L
D, ZHUTKD, BIIOCZERICBWTEE L T ARIIOWT, FD7 7 AXIZET 3 HELHNME
RITZEMICBVTRAET 2. MEBERY FAZDONEHEEZEH T2 N TELI b, ¥ 77
T ARGREICBI 2EMEI R IR 5.

FUEFER DAEFIT OV TIZFEHIC THA T 5.

HIEE ARBIZRIIRME 21H01008, 23K20816, 22K12046 DX 1E%#ZII7-dDTH 5.
BEWR

[1] R.Tamura, M.Matsuda, J.Lin, Y.Futamura, T.Sakurai, and T.Miyazaki. “Structural
Analysis Based on Unsupervised Learning: Search for a Characteristic Low-Dimensional
Space by Local Structures in Atomistic Simulations.” Physical Review B, 105. (2022),
075107.

[2] X. He, and P. Niyogi. “Locality Preserving Projections.” Advances in Neural Information
Processing Systems, 16. (2003), 153-160.

[3] M. E. J. Newman. “Finding Community Structure in Networks Using the Eigenvectors
of Matrices.” Physical Review E, 74. (2006), 036104.
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1 ELHIC

AT, 1THFEREERRATY IR 72 8RB SN2 1THIBEEL f(A) [1] ORIRAREIRIRIC
DWTEZRS. (RO TA 7 —BEHP= 2 — b VIKICED S FIER ERA RIREPER SN TV S
2, R, “HIFKER (DE) DA 2] ZHWATHIBEGEHRTE 3, 4, 5] BMERSWEHZ 5%
HTW5. 2o @ DE BOEITHIBSEIRKIX, DE ARUTHED < EWIICRYE & BUEfE 7155 <
EVAFTHERNR 2RO —75T, WNRe 35175 A OEGELIEK f ZLicED o3 155 KEH
BORERS ) SFEET 2 CIREDE L BT T % &5 R ZHD.

AFHHTIX, DE BORATHIBBGEHRZEOINER BT E 2 5 2 2 H 3T _L O R s B o [
AlEZT 7L —2a Y IKEXD0BES 2 2 e TICRIEZE T 5 FIE2RRE L, BEERD) L Z0HR)
M AL 2.

2 DE f\aonBTHRBHEEE | 1T7FSEBETERE [3, 4]
B OEFEGMEEET 2 NEA T A € Cn 2 L, FHIEEGE A% (0<a < 1)1&

sin(ar)

A% =

A/ (/o1 + A)~lde
0

T
D&, B OB LTRHATEZZ2ZehHLNTNWS [1]. ZOMED%Z t = u* OEREWB
FUOZEHEH (DE) Z#, 34805 u=(r) = exp((7/2)sinh(x)) I & 2 ZEHEHZTV, Bl
BTS2 28T, 1TAIEBEROEDI RN A = I (A) B TFRD L5 1{6N 5.

. N-2
sin(am h h
I}'{;(A) = 51' )A (2FDE($Z) + E hFDE(xl + kh) + 2FDE('%"I“)> ,
k=1

Fos(2) = ¢/ (@)9()* " @I+ 4) 7", (@) = exp (5 sinh(@) ).

3 TIL—avIlEOKIGREHE

fHHL D 72 D175 A DAL AEETH 2 L IET % (A = XAX~1). DE BHAATHIBEEGHETE
W, Iy (A) = XZTH(M)X L o kS eAafic O & R T &, 2 oCRIEEEH E-ICFHET 2 2
YAk 5. BARRNICIE, TAEEBCRITEICE VTR TAOEMER), TAFSEEGEIE BT
G TEELERS) © X5, »2REHEBIAGE OB AHEOFELIRIEICEY L 52 5.

AW TIE, ZOWEIEHL, RICEZE L 2 2 @E Vi EoRPEHEE Q WD m (< n)
DOEEE N € Q £ ZHUUNDHNTIEEME N, QBT 2 2HE 2 5.

IJ*V(A) = XIRI(A)Xil = XinI;r(Ain)XviE =+ XoutIE(Aout)Xg{ut- (1)

ORI (1) KRS E, IROBCEREERE A ¢ Q OEFEICHE LT DE HRS AR
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5() 50 100 150 200 SU 50 100 150 200
N N
(a) DE FBATHIGH AL (b) F7LV—>a ¥

X1 WCCRIERE CRl - N, el ADREERSE 2 LA (| Ty (A) — F(A) e /]I (A)]8)

PEWMEAT2 (F 71— 3 8o IR EEREE
F(A) = ZRF(A) = Xinf (Ain) XE + XouZh (Aou) X,

PRET . BEBRE, FTRBEEN Ain, Xin, Xin ZEEL, Xnf(An)XE @00 TN A
IS FEBEHE T 2. — 7, XowZl (Aow) XA, 1I2OWTIE, FEMIFEEY HICHHT 328,
Ain, Xin, Xin ZFHWTHHBEA IS E LT DE BOEYTHREHEEER 52 2 L TatE 3 3. DE
O RATHEHEE O Z2 O O WAHRE A EICRE S 5 2 & TICRE oS E» iff s 5.
BEFEB Y LT, f/NEBAMEa = 1071,1072,...,10° 25 X—& b L, 114 A OFEEHEH
a,014a,024a,...,99+a 722175 A= XAX 1 € RI00X100 =5 L, 17432803k A%, o = 0.2
RET 2. 22T, BERZ MUTH X BRMED £(X) =10 £ 3 &5 IKEKTERL . 2
RHRICBWT, WEHERE Q = (0,0.45) & L, FRAEHO 5 S>OEEMIEREE— 2 > FBIEGE
iRtk block SS-RR % [6] (RAEEGNZ A RMGET 2 X 5WELAEHE) X DFtE L.
FEHER (K1) 25, DE EEATHIEIRIEE a = min; \; 2V NI WIEEPCREDIHE IR T T 5
DIZHMLT, BETSHT 7= a3 ViER o KOS TIERZEOVICREZRLTWS Z e ibhb.

BE 3R

[1] N. J. Higham, Functions of Matrices: Theory and Computation, STAM, Philadelphia,
2008.

[2] H. Takahasi and M. Mori, Double exponential formulas for numerical integration, Publ.
RIMS Kyoto Univ., 9 (1974), 721-741.

(3] LR, HIREFHL, =B, RER, “HIEBEIBABIERE D N2 W7 1T8I5EEEE D
FHE, HARSHBIEERISCGE, 28, (2018), 142-161.

[4] F. Tatsuoka, T. Sogabe, Y. Miyatake, T. Kemmochi, and S.-L. Zhang, Computing the
matrix fractional power with the double exponential formula, Electron. Trans. Numer.
Anal., 54 (2021), 558-580.

(5] EER, HP R, ~EREEIREERIER 7 AT X 2 75IRF S B o BIER R, HAISH
O 20EE, 31 (2021), 105-132.

[6] T. Tkegami and T. Sakurai, Contour integral eigensolver for non-Hermitian systems: a

Rayleigh-Ritz-type approach, Taiwan. J. Math., (2010), 825-837.
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