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B =

Group Lasso ¥ Fused Lasso Z 1% U & & 3 2 & ERI LI, 7 VoMEZHE S
LDHMETFELE UTASHVWONT WS, AgTlE, FFAHET VBT 2RFH
fFF OREERBIZ DOWTEZ 5. £ <IZ, HFREET X < HW S N5 Quartimin
FLHE (Carroll 1953) 125 H 9 5. Hirose and Terada (2016) {%, Quartimin ¥ (23
DL EEIEAEDY, FERMENRTA =R p%& p— o0k LTz &, SELEMEGL JIX
NHEFLWVHEEZESL, X617, ZORLRMBERHE L, k-means 12 K 5287
FARY VT DA B T &R U. LA L, Hirose and Terada (2016) I&
BRI T Tu—FThH Y, GEHAPD LM TO2DIZ< W, £Z T, AT
&, REMIZHPD T LGEHZ T 572012, 2 FBRIZED < Quartimin [ER{E%
175.

1 FC®HIC

Lasso (Least absolute shrinkage and selection operator, Tibshirani 1996) 21X U & &4
% Ly EAMEIRIE, NIA =DV DN REMRIZ0 L AN-AHET LI LI2L-T, £
TILOEEZMT T2 FHETHD. Lasso lFERRFETIED D0, EBERME, A X—2X
RREE L I OREEHE T 2 BEDD S50 %\, FIAIX, Group Lasso (Yuan and
Lin 2006) & Fused Lasso (Tibshirani et al. 2005) i%, Lasso & I3i#E > 72f&E % Il 2%
KM FHETH 5. Group Lasso &, /XT A —=ZRZT MIVDFZZE WL DD H LR
I MNVEORZ MVEHETESFHETHY, Fused Lasso 1, NTA—=KXRXT7 F)LDW
K OPDRS % [F UHEIZHERE T 5 /575 TH 5. Group Lasso * Fused Lasso D & S5 72E T
IV OREE & i 2 EAMEIE 2 MG AL & WO, S, RRA R EAMLBEBREI N T
% (=& Z1E, Jacob et al. 2009; Park et al. 2015; Xin et al. 2016).

ETIVOMEHENELTH LM ET VIIBE L H2H, TOHTLRFAHET IV
3, HEESINENF 2 2 LTEEL 25, L, WFOMETIVZEWT, I
FCRMEEAMLED E VLN TR, ZOHEHBDO—D2& UT, Varimax [FAl#x (Kaiser
1958), Promax [A#x (Hendrickson and White 1964) % 1% U & & 9 % [A 7 [M#x AMRAEHTIZ



AowenTsh, INSDORFRERIZN T2 R 5 LT HOFERNTH L0 EF A
S5, INFREEEDFEMIC DWW TIEL, Browne (2001) 2 2B X7z,

— 5T, HEathics s KT EamfrsoER b, NTREEEO—BILTHh b Z &
Ko TWd (Hirose and Yamamoto 2015). Hirose and Yamamoto (2015) 1%, Lasso X
A T DK T [0z T d %5 Component loss criterion (Jennrich 2004, 2006) IZ&H L, MCP
(Minimax Concave Penalty; Zhang 2010) 7 &% A7z Ly BIEAMLIEZRE L. 2D
EER, RrEdL D S AN—AREEEZHETE, »OERLT —XIZHBEATESZ L
PRENZ., ZO LDz, EAMLEEZFAVWSZ2I1I2& D, NFREETIETERD - 72 HEE
MTEBHILADH5.

AFETlX, Component loss criterion & |3 o 72K F-[AliEFEH#E 2 U T, Quartimin ¥
(Carroll 1953) 124 EH 9 %. Hirose and Terada (2016) i%, Z D IERI{LIHIZIED W TIER
fERIA—=R pZ&p = 0T B, HEINZNTARITINIIERBMEE (Perfect
simple structure & %\ & Perfect cluster configuration, 7z & XX Browne 2001; Bernaards
and Jennrich 2003 2M8) K> Z &L 2R U7z, 22T, NTAMITHIDOEITDIE O EFED
BART1DOTHhdLE, RNTAmfTilldmeBiBdziioens. 61, TOREEHE
FiFEEDHEE L, k-means IZE DA T AR ) V7D THDHZ L HRIND.

L2 U72A35, Hirose and Terada (2016) (%, NEBOLEEBUICED K ERfLEZZE A TH
D, k-means & DEBMEZHBELIZ< W, 22T, AETIE, JOEREZERELXT <
T 5728, 2 FERAICID HEREKE AWz Quartimin IERIEIZ D W TR S,

AFEOMBRIZAROMY THD. £9, 28 TEAMLRTAITIZDOVWTIHRRS. XIZ, 3
T, Quartimin ZH¥EDO—fbZ2475. 4HiTIE, TEBEMEEHEE L k-means 12X 5 7
TAR) T DM EITD. SHICE LD ESRDEEIZONWTIERD.

2 ITERMEERF2H
2.1 EIXME

PUGTEBIIZSAN Y VX = (Xy,..., X,)" B, mUGEEER 7~2 MVF = (R, ... F,)"
D—IAES LB TRZ Ml e DMTRINL N THIFET N

X =AF +¢ (2.1)

WZDWTHERD., ZIZT, A=) Epxm ATAMTHTHD. E, BHIEZKRY
MUV X DR T MLIZ0THD LT 55 72720, 01F0RTZ b ed 5.

RO TIIFME LT — X 2N 5.



HERTRZ MV F EMERTRZ ML eld, EHR2 by, EOBIEFARENE
NWE[F] =0, Ele] =0, VIF] = I, Vle] = ¢ TEz2 60, E\VCEMERE, §42b5
E[FE") =0 #ET 5. 22T, ¥ikpx pNATFHT, MNAKIIIMESIHTHS.
72, OR01FITHY, ATIIITH ADIREEZRYT. ZDLE, BREHE~XZ MLV X
DAL AT 21,

=AAT+ U (2.2)

THEZL6N5.
AFETIE, T—2OYTIEE D OEI 2RTHELBEH (A, ) IT13F A =& AT
% IERIMLIE P(A) % B2 72 BUF o BI%K

0,(A, W) = (A, T) + pP(A) (2.3)

DE/MEIZ K 5 TN T A =X ZHTET 5 (Choi et al. 2010; Hirose and Yamamoto 2015).
ZZT, p>0FEALNATA=RTHY, T—XDYTIEE VORI LETNOFEIEH
2R 2% E 2 1723, WL p DEEZEIZ LIZXD, YTREVLELL, oW
UG s TE L EZ6N5.

HBEIRBEEO(A, W) 1%, 228 ERANOXNBULE IR d % Discrepancy function
(7z & Z1¥ Lawley and Maxwell 1971; Bai et al. 2012) AW LN Z &AL W, Lrl,
K 77387112 81 % Discrepancy function (ZEMETH D, [N T[F#5 & k-means & DRERM: %
am s OB, AEZHELOSW. 2IT, RO 2RHLBEKEEZZS.

UA,T) = ||S — AAT — T |2, (2.4)
272U, SIFEARDSEILGEATH (MEn#) &35, £/, || [|[plE7uXxX=ZT X)L

LERT.

2.2 IFAbZE & RFOER

IEAMEIEE, [N 7-WlEE & 28272 BfR 73 5 (Hirose and Yamamoto 2015). ARHiTIE, %
DEREIC DOV TS 5.

2.2.1 [HF[EE

EAHBIEIZOWTANSHNZ, 9, (2.4) ROERMLIEZ U OB (A, ) DE)N
fbtRIE%EZ 2D, FEOm x mBRTHATIZHL, ¥ =AAT+ V¥ = (AT)(AT)" + ¥



DL DL D728, (A, W) =(AT,®) &b, (2.4) Xz H/MET 5N TEMRTH A IS
BUIZHEET 5.

Z 2T, WO TAmMITINOHREMIRL X T WIR AT 2 HEE T 2 N1 [Ai5%
795, BARMIZ, £7, (24) ROBEBEK A, ©) Z2B/MNMITEA D 1D% Ay, ¥,
YB<L WwIT, AR QA) N (B U IkRK) T BEIEFA T 2R 5 L\
AR o Eew b z fig <

mj&n Q(A), subject to A = AT, T € O(m). (2.5)

7L, O@m)={T eR™™ | TTT=1,} T 5.

2.3 RFEEDHLR

WE, A, FEEOREMEEZRVT—BIZEET 2 LIET 2 L, M8 (2.5) 13KD &
HIIRKING.
min Q(A), subject to (A, ®) = /. (2.6)

AW
7272 U, {=minp g (A, ®) TH5.

Hirose and Yamamoto (2015) (&, KFHHz& D € EIRL 2 WK E w475 &2 HEE 3
572017, BUN2RHEEMZRD D Z 2 Z LIz BA TOMEZE X 72.

r}\ll\%} Q(A), subject to ((A, W) < (. (2.7)

FREU, 0 (0> ) BEBE TS, ¢ DMIET— X ADETEE D O & & W TERHTH
DHEREDONS Y AZRHEL TV, ¢ = DL EFRRFAEEEE —BL, ¢ PRREL R
BI2OoNT, MERTMPERINS.

R (2.7) DfFlE, IROBE L, (A, ) DER/IMEIZE > THESNS.

0(A, ) = (A, T) + pQ(A). (2.8)

72720, p>0E 0 ITHIET2NTA—KXTHSE. ZIT, 28 RDQ() &plk, =h
Fi(2.3) ROEAMLIEE FAHL ST A =R EARTIENTESL. Thbb, KMk
D HRRARERDY, ERMbEE & 72> T W3 (Hirose and Yamamoto 2015). %7z, ERIkE
Tp—0& Uk EOHEMEPKNFEERIZNIGT S, TN A, ERMLEIXA 7 FEL K
DEMEMT 2 ERT O FETHD I L Dnb.



2.4 IERI{EIE

H &% 15 4410, Jennrich (2004, 2006) 1&, NFFEZOHAEL LT, NI A —RDEH
TR U TSI IZ fill#) % & < Component loss criterion & & 1X4 5 e

3 Al (2.9)

i=1 k=1
ZREUZ. 272U, By(-) %, component loss function & XiEN5€£ DT, ZOFEH%E
BBk DA REILENE SIS, & 212, Pr) =2 DL X, L EAMLE
TE<HWSH NS Lasso (Tibshirani 1996)

p

=35 als (2.10)
=1 k=1

&y, KOEMRBEREREST S Z eIiZ& D, BIFDOMCP (Minimax Concave Penalty,

Zhang 2010)
I)‘zk‘

zlkl

:§j§j{p0&u—

=1 k=1

2 2
MIWM<MH&LWM>W)
2py 2 -

DRSNS, ZZT, v>0IEMCPDFa—=V I NRITA—=RT, v DEINNIWVIFE
AN=ZIIZHRDXRTWV., BB, v s o00D& E, MCP I Lasso & —E(9 %. Lasso* MCP
EAVWDZLIZLD, RFAMBEOW DPREMHIZ0 LHESI NSO, EIRLP TV
BEIFOND.

UL URA S, Lasso X1 7D ERMLIEZ & - THE O NN TFEAMTNIE, kDN T
\lHs T X < AW S35 Varimax ZAEX Quartimin H¥EIZ X > TR O NS KA mfTs &
KESELD., FEFE, Lassoz WD L, ADKDTDI>Hb—H%Z T*o72b ] 01TL&D
95720, MOELEDNT A —RIZEEE KIFT I D% 5 (Hirose and Yamamoto
2014). —H T, WEORTFREELZEX, Fo720 01T 25DTHRL, 0LIFEODIAV FT AL
ZIAMEIZ 9 5. FNW A, Lasso & D BHERDHE T FHEDIE D DR RVBFESND.

3 Quartimin &#

ARETIE, ERMEE - AREEET X AW SN S Quartimin £ (Carroll 1953)

Qaouin(A) = Z Z Z )‘ZZkAZZZ (3.1)

k=1 £k i

5
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3.1: Perfect simple structure Z £ DK Effr8] (L) xnd 23 AK (). A
D+ I RERERT. £/, TNTNORFDBIIAX—XIHLTH Y, ZO5H
E, 1~4 28, 5~8 A, I~ BEENTND T T AR —ITR> TV 5.

IZEED K AN DR

DEMEIBEIZ L > TRIA=REHRETH I %2EZD. WE, 3.1)ADEhERD
DIk, RTEMITFORITOIEEOEIZNIUTDL &, by, EelfliED L =
RS, ZNDR, p—ooDeE, FoNdNTEMITINITERRMEEL 5.
SERBMEEIX, N VWTEZ L WHEEDV 2D TH S (Browne 2001). LR,
TERHEMBETHD L E, EONTVEDEBUTHEL TWHONHEMEIZS PN T VST
D, WTOMERPERITLD. £z, TRBEMEEIILE I I AR) VT ERIGELTWS
(Browne 2001). 7z 21X, KI3.1lkp=11,m=3D& TDELEHMEEERL TV 5.
FEBE, 1~A B8, 5~8AH, I~ EBHENENDR 1 DDI TAR—IZIR>TWHTZD,
BHIEIND 11 ERE 3 DODI TAR—IZHII L ARTIENTED,

7238, Hirose and Terada (2016) %, (3.1) iz FD < IHZEN U 7z Prenet (Prod-
uct elastic net) 1EAI{b

m m P

Qprenct(A) = Y > > (XA + (1= @)Xl dal), (0<a <) (3.3)

k=1 I£k i=1
ZRRE Uz, MNEDIHZ ET Prenet IERLZ WS Z 212X, p— 0o THRLTH,
FHREVERD p Iz U, ZeBMEE2HET DI LN TES.

4 k-means & DFERKRME

WITHRARZ & D12, p2t+oREL UL SIIBONIBEEMESEIX, 280 72X
Dy et ind b, TNTIE, TOIZITAR) UL, kDI SARY) VIFHEEED
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KO RBRELR D D255 0. REiTIEZIDZ L E2ERT

WE, X, ZnxpT &5l L, X,=(z},...,x p)fﬁééfrbéc‘:j‘é ZIT, x
X, DEIFIRT PV ETE. ZOLE, xf,... x) % k-means IZL > TI FTARY V2
TE2ILEEZDL. Cpk=1,.... m&ZHEEI ITIAXR—IIBTIEROES2RD-EE
Y4z, e RIE B3I LTIE, O = {1,2,3,4), Cy = {5,6,7,8), Cs = {9, 10,11}
Thb. ZDLE, k—means@ﬁﬁ’ﬂﬁaif(%(N—l)_lfﬁbfcfa'aiﬁui

T S = Zs“ Z DI (1)

k=1 1€C} ZGCk jeCy
THEAOND. 122U, pp = #{Ck}, pi = ka.ZzeCk (k=1,...,m) &95%. %7z,
SU@ AR EIL S BATE] S DEF (i,5) KA ThHY, 7— ﬁ#ﬁmkéﬂfv%t@,
=x;"x; /(N —1) TRINS.
(4.1) KD k-means (2 X248 T AXY) V ZIEPLFORE L [M5F1272 % (Ding et al.
2005).

1/\/pr 1€C
min ||S — AAT||%, subject to A\ = /P Z € S (4.2)
A 0 ¢ ¢ Ck

B, (42) ROBWERERMT 2L, ATA=1, 2370

IS — AATIE = IS]% - 2tlf(SA 1)+ IIAATE

||S||F—2Z Z > siit+m

ZGCk jeCy

:—QZ 2232]4—0

zeCkgeCk
LY, EHHZROT (4.1) LHEFOBK L L->TWDE. 22T, CIEATEKEL R
ERET 5.
(4.2) RO BoE LR, N7 EATFNT RO
Aik :{ b i€ G (4.3)
0 i¢Cy.
EBWIZKNT O ETIVOWETH S L ARES. T, NTHHETIVE k-means
FERBITE OOV T WA Z Db hb., LrLahs, (4.2) Aos@E bk, MEN
U ITRE L RN Y, I%ﬁﬁ%?»t@#@b#i%MTwé%wmtofwé.%
T, ZOMERRTOWETIVOHEIEDITLI L 2E R 5.
iT,%@ﬁ#ﬁ@ufi)@ﬁzo%#D#ﬂbio.%»T,@%ﬁ@ﬁ%%
D5H, IHICHMWERIZ O 2R TOR#EMEEZ 2 5.

I}\llql}l |8 — AAT — W || subject to AR\ =0 (k #1). (4.4)



Z OREHEDIL, (3.2) RDOB/IMEFIED p — 00 & L& S DHEEHE & —ET 5.
Z D 7%, Quartimin (B U < 1 Prenet) FHEIZHED < ERKIEIE, k-means 282U 72 R
RERIGLTWS.

ZNTIX, k-means IZX 9 SHE (4.2) &, Qaurtimin FEHET p — oo & U7z[H# (4.4)
i, EDEIBRENDHDIDEAS 0. LN, Z0EWE L LD,

o M (4.4) DEMTIE, &7 7 AX—IZH U THFEMEDMEP TN TRHUMEIZRS
BLTHRV. 61T, RTAMENEDEZE > THRV. Zhid, ADHE%
FDO2DDEHMWRAL 7 FIARXR—IZBTHD2HTIL2E®RT 5. kb, [
i (4.4) ODRT- 3 DIES W, [ (4.2) D k-means & W 28L& 7 72— DEH
FEE LD EPIRET LI N TES.

o M (44) T, HALEEMTHLLIELTE 2HET D, TODX, FEBUZ
XU TH@KN 7 TR TE R WEa 2 EN 2 LTRELTWS. —7, k-means
XIS SR (4.2) 1%, TOLSBMBERTZMMEL TWRL,

INSDENVEREZT, EBOT— XN &2175 LT, Wi k258 iEite
M, k-means IZE DA I F AR ) VI LD EED LI RETENTVEDEA DD,
HiX, UTFD2ONHRTOOHEAIZLEZT VWD,

1. ZEROBDL VGG, EDIITAXR—IZEREI RV KD BERDH DKM HE R 5
s, 122X, BROYCZ V2L B0V o 5 AKX Y v (Hirose
and Terada 2016) B’ F o5, 2D L X, FBAVNE Do 72 DO HFE & I3AHE
BIRD L WEEDVFEIET S, TDHE, BH O k-means TIX TN TOEE % FEEIZ
25 ARY 7N, KW TIE, MEBERERO L WER AR & UTERE
INhs.

2. [NFatrTld, AOMEBEBERYEDIEBIZNUTCHUZ TAR =2 AR INET
O, ZERAET VT —= T —=RIZHL, FEMAIRFESTHLHMEN BIXFE TR
W] REOBEOMBEBEKROHDIHEHEZ, LI ITAR—LARRTIENTES.

5 &HbHYIC

AFETIE, Quartimin FHEIZ KB KT E T OREERMLIZ OWTEE L 72, Quar-
timin FH¥EIZ K S ERMEIHEZ WD &, p— oo DE SITREARMBENEOND. £k,
Z OFEEIE komeans DEE Y T AR Y Z DL e AT I LN TE S, X517, F
A E, kmeans XD HEENT WD ERH D Z L 2R,
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KT ETIIZENWT, ZHOBINIWEEIE, DI bI e BiliiEE 2 H#HEE Lk
<TH &K, Varimax [I#£7 & QKN HHL 2 AW TKFEMTAD 121 D00 & W T
K72 T X R, & 2AD, EE 7T — XY, ZEOBHPRKEVEGEIE, @ED
K7W TR T O LI K25, 205G, TR MEENEHLE R LEZS
N5, ZEOBEBMEEZERLPTL, 2DOT—XADT v T4 V7 HERU KT
13, SBRERTT —ZDI I AR—DHFikE UTKRERTEEMZMO TWSHEEIE X
TWa3.
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