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HE REAACKELE. WBEFI. AVWETREFTOEEE 2R AENKERTHT
HEEHEMRBRH R T RN K ERTER, AMBTRERENEAREN, KEEROKE
WERK AW, FATERESANKERMRETH T % B 5%, AR Tucker 4K £ RK EH K7
G A TN R A5, BRAFRENKEEXFTERX LA XEREE, A Tucker 2 MM
HHEIWHATHEEE RALRRELXTEXLHIFABECLEN, AMBIETAZETHLE
KEHEF (SF-MTC) 7 ik &5, FIA &M UM Z kA R E 0 M (SVD) RE KM Tucker 4
WETHEEERZOKE, TREARSZAKENER, FA—F LT SEMTC WIHBEEARE. &£
AT REGHEE ERERERLHA, FTR LN SEMTC R REKEETHRKMRE, FEELFAMH
AUEMZFEREREE LRATTHNARKE.

KR KEHEA Tucker M HFHETF FLAMXIMEE TRELE

][l

1 3

Bk BN AR TR R R A R R A TR 20 2 T R R AR R 1S AR
F, R R R S 4 R QTR 5K O G 3O R A AR HEAT A5 T AR D 9K e i) L
sk B H I O D R TR I S 5 L A AR EE Y A A B~5),
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ARCRRE B 3 78 [l RS A0 P AR A P 1) R 180, Tomioka, 25 90 3 3 7E AR X sk B P SR, 1
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BIZVOHAES, Liu 5 P32 T 3 FrA IR H L SILRTC, FaLRTC Al HaLRTC. Ak, k&7 f#F
EH T AR08 R 1 1R 27 Tk SR I8 A 2540 S A TR X R A DG I, 28 i 78 AN 5 B vk = 2040 1
BT D0 Acar 25 1 FIFI5KE ) CANDECOMP/PARAFAC(CP) 7 ikt 1 i AR /N — 3 1) fL,
IR EME R TR BRI g . AR TR R R — Tucker 7%, A% 51 NBKAR K = 1H
Fo IR /N 3R vl i 2 4 7 YRR S N 5K B RS B I I T R A n] CASRAS A R 3 7 R
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XA R AR, R 2 O sk B A U EEARRRBGACR, FI A C AN T R IOR AT 3R TR ISR
SERNT R AN G 2 A AT Al o AR R R B R b, Sl NE 2 1956505 BT DL — SRk B IE
[k Re 181, X 2 R sk SARE, 7T CURIFH 2 AN 5K & 10 TEAR A 53R B8 2 1S B, b ie ik &
7 MPERE. Narita 25 18] R 2 N EEEE R ALLERE Laplacian 5%, $2H T 5k & 3H 78 10 7 A 1)
7. Acar 55 MR F X 2 Y8 B4 B & 48T (joint analysis), A CP 2 f#xt— /N ik &A1 5 HAH
RN HE B (RIS AT 20, 3K 3] 7 S TH 5k S 70K B2 B H 1.

ARAEK AR AR N, i — PR 2 Rk & EE R R Bl E B A OO, 7RI et
N B E I T, SRR Z IR E R I, 21 R B R/ 3 H bR R Bk i 7 2 IR K B IR 7
J7ik, W R I3 il 78 2 YA Sk &

2 FEENR

AT K EAET I — BT SO . T ET X A8, R T BRI 43 ) e SO /NS R B Y
HAATEE W E o M X, @ IKEREEE R, 1 x. XA N BrikE X e RIvxdxexdng
H (i1, 2,y in) TGN Tiy iy in-

EX1 GKEMIKE) 2 xcV,yeW, P VCRY, W CR™ NHESHE. « My MiKE
I 2@y, P (x@y)i; =2y N iikE x € R xIv Sy N A 23 (i) 5k S AR —
Motk

X=) w1 @u;®- - Quy,
Hf u; e R i=1,2,...,N, K N Wik &8 —48 08—t

EMX2 (n- RSB S n- FR) & X e RIxTexIn Hop A& R BEFH—AN 0%, old
WA X HIFERR 0, JFEE HABFE AR E]. K8 X 1 n- RIT GEFEAL) I NHERE X () € RIn*En,
HAlmE R & 1) n- AiaE, Hf

L, = 11 Iy.
ke{1,2,...n—1,n+1,...,N}
AH N3, X FIFRBERRA & 1 n- FR, 8N rank, (X). XfF n=1,2,...,N, %% r, = rank, (X), I
PR X NFK -(r1, 2, .. ) KR
EX3 (n- A) TkE X e RIxI2xIyv HIEEE U e R7 e 1] n- REBULH X x,, U, HE XK
(X i U) ) = UX ) € RIX¥InmixDxchugnxexy

TE M 4 (Tucker 73fif) Tucker 73Rl ik s X € RIvI2xxIn SR —MZO KT G € R J2xxIn

TERAEA E [ n- FL

X =G x1U; xoUs X3+ xy Uy,
Hr (U, y NRTFHRE (A RIEZR). A & X W -(r,ro, . ory) KE, W J, = mp, k=
1,2,...,N.

E X5 (CANDECOMP/PARAFAC (CP) 70fif) 5K&E X € RIv<I>xxIn (1) CP 40 fif ] s Nl
TR

R
xX=[UMWu® . uM =3 uVeuP e - oul,

r=1
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Hr, wl™ e R UM = [wl™ af, L ulD] 3wl AR, W CP AT R A

X=[x UOU? . UWM]= Z/\ruw u? @ ul),

r=1
Hrp X = A1, A2,y AR T
EX6 (Hadamard #1) FK&E X,y € ROxIxxIn §] Hadamard F XN GER IR, id4
x-y, R
(X - Y)irsin,.sin = Tiyin,..orinYirsinsonrin -
7 (N Frobenius Ju%) X, Y WIABAINS NG R It 2, B

L I In
= E E E Liyig,yin Yir,ia, .. in

11=11iz=1 in=1
AHRIHE, 5K & [ Frobenius JuH || X]% = (X, X).
TN kR &, ASOIE LN IR R IEE S

P(X,{Un}N) =X X1 U1 X9 Ug X3 XN UN, PT(X,{Un}N) =X X1 Uir X9 Ug X3 XN UJ’E

3 SKESMMERRE

ST EB A BA TG N sk & e RivcxoxIn FFaRE ) CP 40 i#, Acar 5 1115]
AR R K EH A T (CP-WOPT):

2
min HWQ [X—[[U<1>,U(2>,...,U<N>]]]H ,
Uy F

Hr, U™ e RIXE Wq N55KkE X MU R AE O E 5k &

1, 4 Tiyy,.in €S2
(wQ)il,iz ,,,,, in e
0, # Tiyiy. .in €Q°,

Hrp, fabrde Q o WNBI5KEITTRIALE, Q° For Q HIHME.
M 30 2 YR B A A 20 AT, Acar 5 D4 FIFIGKER) CP 70 if4s 7 AERE . SKE B AR 7 1%
CMTF-OPT:

2
min |We - [¥ - [0, U@, U™ H Y — U™V,
(umy,v

XT??&% X € RIvIexIn IFERE Y € RIM 27708 F 5 n AMREURIZHE — F ARG
52, JF RN 5K R AR FEREAT 70 i S IR 7.

4 ZIRKEBEFTGE

Filipovi¢ %5 121 $2H T 3T Tucker 2R IE n- BTk EIETE 1L (Tuck-WOPT), 1% ik ETK &
X I n- BRAGETEN (ry, e, .. ry) ISR TR, AT/ A

gl?ln HWQ [X—P(g7{Un}N)]H17
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Horp K-FHERE U, € RIv*mn %077 0] DL ﬂ(lz)éia[ﬁa);ﬁ}ﬁfffﬁgéaﬁ%@iﬁﬁ
Yo, R M OSSR A e R e XN gh T Tucker SR 2 WK RIEA
Vikr

min ka — gk,{U(k)}N’c)
{Fep G (UM Y | Z

s.t. W(k) Fo=WW . x, k=12..M,

(1)

b ETAERE U e RV xma,
R M AMHEFEMOGKERAERT D MR ERAILER R TR (Vi

vV =vP=...zuM=v, d=1,2,...,D,
BT, 28k NKENRTHEMEEAS D MEERTHEREM N, — D ANFELZERFHERE, i8N

{ﬁ,ﬁk)}gk:{Vl,Vz,~-~,VD7U1§>]€+)1,U£>@2,-~-’ (k)}
RN TFIFE ek se 7ok

B, X1 M AR IKE

Iy xIsX%- ~><ID><I(k) ><<~-><I(k)

ch cR . D+1 N,c7
Hat (1) IR B D MLER TR ZEKEIRTE (SF-MTC) J5ik:

min Z H}'k - gk,{U(k)}Nk) (2)
{Fer G {Va b {UP} &
s.t. ng)-}'kzwg“%xk, k=1,2,..., M,

Horp, LR R

Vn - [v17n7v27n7 . 7’U7"n,n] c RI,QM‘TL’
AEIL A TR R
U® — ol ] € R

25 PR T4 R B IE A (0, TR SOk [16] P e BE 4.2, AR TR FAEREAE (O )N . o0k
B (G} M {Fy) R MERER (2) #A e T (O8N F0 {F,} iRk i s

2
max HPT (F o, (T} Nk
{FrhAva LU} kz B

s.t. W F =W x, k=12 M

LRk R KR (B (6,4,...,9) TTRNAEEN), HiKE (X} 1 n- BN (R,R,...,
R), WK &) Tucker 73 FIRLA CP 20 . BEIS, SE-MTC A BLEEAL NI CP 20 X

min |71 - P, {U(")}N’“)
{FrhlCu Vb {UP} & Z
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s.t. WO F =W x, k=12 M,
Horh, FHF4ERE O pos s fm . OikE e 19 (i, ,0) TEN & B, R F K
B (X)) WHERH CP MR R:

Xk = [[C(k)v ‘/17" VDa D+1a"'a (k)]] = Zc(k)vrl & - ®vr,D ®u£«f€£+1 ® - ®u£kj)\]k7

Hrp, e = (c(k) cék),...,cgf))T.

5 MMUHEZX

RATEARA I (2) RN ZAT 1R, RHZ BB D 5K {F ) ZOKE {Ge) &
B AR (O YN 0T N kR x, RS RE R ERE N — 1 MR EE R, e i Rk
g
Po(X AU M) =X x Uy xoUs -+ X1 Up_y X1 Upyy - Xy U,
PLX AU ) =X 1 Uf xoU3 -+ %1 Up_y X ULy -+ xn Up.
5.1 SKEEEIE

e, B SCHk [(17) PRIFEM SVD (HOSVD) EVENIEHIZ Ok E (G} TR (U},
HE (F.): B (2) KT {Fr} B—H KKT %4015

Fr = PG, AP},
B, hmstst w . Fo=wd . x, Wi
=Wl - PG TP} ) + WG - X (4)

WEIEHZRFE (UMWY, 0 WTEEMN (F) RIS TS (V)2 SRR (3)
AT RoR AT AR R AR (UM e | Bk i R

~ 2
T (k)\ Nk
U
{Uf*{??if’“ml HP (Fr, AU DY) -

B UMYy e, WA, WK (5) WAL Ny — D AETHFHRE UP b
PeAL i) L

2

(6)

max
vl

U [PLF (T )

(n) 2

&% (6) AT LARIAH SVD K f:

[PIEADEN] | = POAPQYT, U = B,

>N 3
N )
PR e R QP € RILiztin mxm
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H
(PP = (@)TQW 1.,
S I, 9 v, B EGRGRE.

WEEZERTE (Vi) . W TFREER (F) MEEEEHETERE (UMY, R (3)
) H bR BT R R T IR R R AR (V) Bk il

max ZHPT.’F {U(’“)}N’“)
{Vd}d 1 =1

B {Va} iy e WARBER, WAL (7) AT D AR TAREERE THERE v, ik
] 7t

(7)

2

v [PIEOOY] (8)

F
/Q'\
P = |PLFET0 )

WAL TR (8) HH K H AR R ] Ry

(n)’

fv, =

Z tr ( k)TVnVnTS,(L’“)) ,

BT fv, RTILERTHE V, BB

of M
V,
n =2 s<k>s<k>TVn.

IR 2] ME ) Poblano T HAR 181 R HARMEILIERE B (NCG) R UL =R TAERE V.
HEUIKE {Gr): K3 (4) AN (2) K HRREL, WRRT {Gn) WHIREREL fa,:

F

fa = fj [ [~ Pgr @21
k=1

DRI, 5 B S LS D AR AR (VoY R, ARSI AR (U, BUMER (2) 40Tl
TRFZOIKE (G} MIELIAMA 1

mln
) ka

EICRHE T (Vo)L BT HEEREL ATBUR AR LML (NCG) AR LK E (g1}, fo, K
THOIKE {Gi} MEREN

afgk
oG,

23 (2) T HARREAESS ¢ OSRINEIEY Obj,, K BRI 2R BE N

= 27" P - (PG (TP V) - ), (T9)].

: . €
Obji4, — Obj, < i Z [Falli

i=1
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Eik 1 SF-MTC Hik
Require: M KFFFHERKER {Xk}{gw:ﬁ
Ensure: 588K & {Xk}{cu:p
FIH HOSVD WG (TN M {6}
while not converged do
for n= 1 D do
end for
for k=1: M do
I 7 = WL PG TP ) + WS - x4
forn=D+1: Ng do
WA N TR U
end for
THEZLIKE Gy,

end for

end while

for k=1: M do
Xk — .’Fk;

end for

return {X;}M,

*1 KESEMNHEERE

Table 1 The computational complexity of tensor operation

Tensor operation Computational complexity
PU(Fr AT} ) Oy rn I12 1)
PG TN O, IV T, )
Compute {U(k)}l py1 Via SVD (Ziw 1 Zn D41 I(k) Hz )
Compute {Vz}P_| via CG O(L Ry 2T 7o)
Compute {Gr} via CG O(Zi;\/jzl Zn:1 n Hf\/kl Iz(k))

b |- Tk, T LB R 0 2 YK R 7S (SF-MTC) B3 LA i 7 L B0k 1.
P AR RIEISHERE AR R QL {G) ) ISR, B s = 0, Mk (2) KT {Gx)} 11 KKT
Stk

PTIWE - (PG TP — &), (OPY5] =0
WAL X () MEEATLRN (2) 0 KKT A 0F Sk, SO 1 BERIEIA (2) 1) KKT 4

5.2 WHEEREST

FESE 1 ES SR, WHERTREEE PY(F, (O N 1 PGy, (U N, Hitsig
ZePE T 1. Xj‘?ﬂ:—/\ﬂ%ﬁﬁﬁ%% HARst s 74 (UMY, BEFIF SVD ski# N, — D I,
aﬁ% 1 TR S 2R Sk BB P(Gy, (O 1) 240 T M ANKEERT D Mk b A3t
ST, B TR (VD S {va}f (G} BIFEARR, HEFEGIE M X
(W& 1).
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6 SLWEERSDH

AR 2Rk EIE A B 2 R R H 2 TREKE (&) € R <y SRk 7 sk
&= Dy i Xy (X = WS“) X)) AR -(r1, 72, ) BIECSETKRE D), F— MK
' &)

X =Dy + &,
Mk B3 A P fE AT LRI 3 7S SR 5k & X BRI 7% 2 (RSE) SKIE&E:

_1Pe = Xilr
1Dkl

f#1id N RSEk = RSE(X ). i, BARIE AR FIRAELLG] (SR) BEATBENLRAE, M RIRHAT Tk i
AT @ AR N TR A S bR A s A2 B SEER ISR T EE ) SE-MTC [PAS TR PEATA R, SLie
W EVEFI A Matlab 15K T HA4H (Tensor Toolbox Version 2.6) S

6.1 AIHUEE
o, MiE M MK n- FRIKE {Dy )L, 1ENESH) 2Rk &

RSE(X})

(B ={Ay,...,A;,BY) . BY),. ... .BY)Y, Dy = P(Th {BP)})r) e RExExxIv - (9)

Wiscik (5] AN Tk EBIEEN RS, HIKEA S MER WAL EAMRR, B I =L = =
Iy, FHKEEEW n- BN 71 =iy =--- =7y, RJE, EELKE {Dr}iL, MRS | 4538 —4
R { XLy

_ D
X, = D, + PGN, |”NZ|||§N’“

Hrf, PGNy AN Gauss B LGB, N, o0 3 IR MBS E IEAS 20 A0 (18 78 Tk i, s, AR A TR 119
KEEELBI (SR) X {2050, HEATBEANLRAE, 520K E (A )0 .

AATKS P SF-MTC 5467 ZR MK REA AT, B CcP-WOPT M| Tuck-
WOPT ['2], FaLRTC Al HaLRTC 1. #HE Sk [12] FASLIe e, B9 n- Bk 7, BT r, B8
Ny = o+ 5. BAN, BUEEZ IR e = 1073, B R RIFETK RN Gauss M LB B N
PGN}, = 20%.

611 HESHE

L M=3,J=1,1i& 3 MEA 1 NILERETFHERER 3 ke Dy, Dy, D3 € REOX60X60 755
I E SR, HESH n- A 7 = 7y = f3 = 10, FEIZ A TR BRI FIA T (iR 22 B 4TI 6] W,
2. Kb, M 3 AN B 1 AN ILER TR 4 BYKE Dy, Do, D3 € ROOXS0X50x50 L5 1) - fk
N iy =iy =Py =74 = 10, RFAAFIERIET LR WL 3.

EVFEFE T, HR 2 F1 3 R ZES R AT LLE H, SF-MTC 16 D = 0 (A FRILERF) 1Y,
HIEARE ST CP-WOPT, H5 Tuck-WOPT HJHE A FEAHLL, X & HT/E D =0 I, SE-MTC 7]
PLE S —FFIF Tucker /A7 £ MK & 7. 10 SE-MTC £ D =1 (B & 1 MEZERT) i, H
PR T I EE, XU T S B R AR R AT DA U 2 Rk R VB RS =G R, ARt
ZIRTKEIH AR
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%2 AIHIEE Dy, D), D3 € RO FakBHEFALE

Table 2 Comparison for tensor completion on synthetic tensors D1, Do, D3 € R60x60x60

CP-WOPT Tuck-WOPT SF-MTC (D =0)
RSE1 RSE2 RSE3 Time(s) RSE1 RSE2 RSE3 Time(s) RSE1 RSE2 RSE3 Time (s)
20% 0.1520 0.1603 0.1560 45.32 0.1326  0.1481 0.1332 36.23 0.1294 0.1353 0.1287 32.23
30% 0.1344 0.1323 0.1331 42.41 0.1139 0.1203 0.1145 40.22 0.1052 0.1060 0.1009 29.70
40% 0.1262 0.1328 0.1159 34.43 0.0932 0.0945 0.0873 36.81 0.0953 0.0929 0.0841 26.29
FaLRTC HaLRTC SF-MTC (D =1)
RSE1 RSE2 RSE3 Time(s) RSE1 RSE2 RSE3 Time(s) RSE1 RSE2 RSE3 Time (s)
20% 0.1345 0.1374 0.1281 24.55 0.1201 0.1323 0.1235 34.52 0.0870 0.0890 0.0845 25.86
30% 0.1119 0.1134 0.1073 24.23 0.1022 0.1020 0.1062 31.45 0.0523 0.0521 0.0515 23.58
40% 0.0730 0.0821 0.0787 18.45 0.0788 0.0712 0.0736 25.39 0.0424 0.0435 0.0413 19.82

SR

SR

&3 ALBUEE D1, D2, D3 € ROV FRBHEFFHIALR

Table 3 Comparison for tensor completion on synthetic tensors D1, Da, D3 € R50X50x50x50

CP-WOPT Tuck-WOPT SF-MTC (D = 0)
RSE1 RSE2 RSE3 Time(s) RSE1 RSE2 RSE3 Time (s) RSE1 RSE2 RSE3 Time (s)

SR

20% 0.2359 0.2387 0.2243 1834.34  0.1724 0.1634 0.1765 1734.53 0.1637 0.1657 0.1684 1502.24

30% 0.2062 0.2032 0.1977 1523.51 0.1642 0.1582 0.1643 1523.31 0.1556 0.1570 0.1578  1264.51

40% 0.1881 0.1834 0.1798 1375.13 0.1506 0.1515 0.1475 1262.85 0.1493 0.1532 0.1562  1009.18
FaLRTC HaLRTC SF-MTC (D = 1)

RSE1 RSE2 RSE3 Time(s) RSE1 RSE2 RSE3 Time(s) RSE1 RSE2 RSE3 Time (s)

SR

20% 0.1631 0.1643 0.1689 1324.24 0.1604 0.1583 0.1524 1372.34 0.1421 0.1432 0.1440 1200.53
30% 0.1567 0.1503 0.1512 962.36  0.1468 0.1483 0.1435 1134.55 0.1109 0.1134 0.1170  974.49
40% 0.1434 0.1356 0.1457  834.12  0.1379 0.1234 0.1287 1003.45 0.0912 0.1021 0.1013 898.38

TETHEARER T, BT SF-MTC SIETERERE FHFER 5] N T SVD Jik, HitE 2R EZ KT
Tuck-WOPT H I NCG 77k (WF 1). £ 2 M 3, SE-MTC £ D = 0 I FER DT Tuck-
WOPT J7i54EM K 3 Ui TiX— 5. 1 SF-MTC 7E D = 1 % D = 0 NHFER /D, X2
Tl 5l NS Z R TR, 2 KRR ER E R TR — K FHERE. 3R 3 ATH, 75 D =1 B,
SF-MTC 7 3 /Msbhik s FFERz /NI %M 3 £, XUl 7 BA HLZH 71 SF-MTC 78
78 W Tk S AT DASRAS B i T AR

Y x, M &, FIERFELLG (SR) AR, id &, Al Xy HFIRFEELHI 558 SR1 A1 SR2. HL M =
2,J =1, MiE N THHELE Dy, Dy € ROOX50x50 LA [A] SR FE E 3] 5 B 38 78 5 1 RS P AN A
F A MR LA 1, SF-MTC # CP-WOPT 5 Tuck-WOPT E A # & I 78S BE AR, M H
i — AR 5K B LA SR B SRRE LU IS, SE-MTC %} 22 Y ok 5 18 70 (006 B 32 THB A B 4.

6.1.2 HE=EETHIER

ENTLskEHIEE b, 0 ZHEKERA BN ILEZN T, D =1 ) SF-MTC 3115 1 54
FISE e FEAN TSR OR,. X — A L2 R B T, SF-MTC RESHFetERE. FHEANTIA Gauss
WA R T, Mg N Dok E R, B 6t 2 IR EHIE U5 SF-MTC [R5,
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* 4 AIHIEE Dy, D, € ROV LREEFA AR

Table 4 Comparison for tensor completion on synthetic tensors D1, Dy € R30X50x50

SR1 SR2 CP-WOPT Tuck-WOPT SF-MTC (D =1)
RSE1 RSE2 Time (s) RSE1 RSE2 Time (s) RSE1 RSE2 Time (s)

20% 20% 0.1345 0.1283 30.97 0.1134 0.0945 28.53 0.0720 0.0678 10.95
30% 20% 0.1034 0.1235 28.56 0.0998 0.0955 23.93 0.0620 0.0636 9.82
40% 20% 0.0882 0.1302 25.29 0.0623 0.0887 22.57 0.0518 0.0605 9.13
50% 20% 0.0813 0.1280 24.38 0.0542 0.0968 19.43 0.0357 0.0537 8.06
60% 20% 0.0582 0.1284 23.53 0.0434 0.0937 20.92 0.0152 0.0486 7.24
70% 20% 0.0503 0.1257 18.46 0.0227 0.0960 17.63 0.0120 0.0441 6.45
80% 20% 0.0357 0.1258 16.35 0.0104 0.0936 15.56 0.0073 0.0422 6.59

B, 30 (9) HHLT = 0, #i& 4 DMEILZETAEFER 5 Bk & Dy, Dy, D3, Dy € RI0OX10x10x10x10
ERNZIRGRE, FLEKK) n- BN 71 =7y = - =75 = 3. DHIBSLER T D = 0,1,2, R SF-
MTC #EATH7E. id MRSE NZ MK BT IRZE RSE A, HE 1 P ERLE R, Gk 2K
BHIERRAILERE R, AR 2T I 7 10 5K SR8 TR A A [F R LA R R AN REZR A5 47 (31
TR, MAEAT EILZR 7 5L T 3T 2 5K EIRGe w] LURISRR ORE L. Ui, i T iRse i) 28
s B A A BA S, FE R T R BB ORISR R,

RIE, B J = 1, % IR CERE 4 NEA 1 ADNFEERTH 5 BrakE, o Rl BoE R AN
D =0,1,2, MH] SP-MTC BEATITE. I 2 ATLUE W, X FRA R ER T 2K ESESE, Wik
BOE S 3L 7440 D, A SF-MTC R VISRAGE R IIRFER L. eAh, fE R A LL B, 54 i
BRI, B BN EN TR 2 TRHSE, AR 75 AR
BHRIER, FIM SF-MTC #EAT 2 U5K BHHTE, ] DORAGH m IR e L.

e, Hig 4 NEA 2 NIRRT 5 BrikE, A SF-MTC #ETIRFE. 18 3 WL, 25 D ikl
ok B SR I LS S AN, IR SF-MTC W RARASES WIS . 12 D = 1 I, B
ST HECEIC T ESHE, A SP-MTC BT 2 K BT R AR = T A B B I 7 11
o, IXHAIE T SF-MTC £ AN 1) 2 5k E5oR 4 £ 1A 2.

FESE B ) R 2 R0 22 5K B R AR S e X BTG, I A] B R X S B Oy L =
I A AR RN SR SR B (A Sk, WD S A7 B H e B D 1, — O, A R TR K E A
FEAZAE A B BAT RN, WA 25 vE T LR TR FEAE L, 53— D5 T, 45 R AN A MO, A2
TR AR R RO

6.2 SEPRBUIES
ARTFFELEIT AR Al 2 BIRAE SF-MTC RS AR NI Rt

6.2.1 ETHIEE

1E OsiriX BEI7HHIEE LX) SE-MTC I RESEAT M. OsiriX BEI7 HE S & K& MRI B
1%, SEEG IR I BRAINIX 84, 2B E & 22 K FE—BE 1 MRI B{E, M BRAINIX £
LRk RE 3 TRAEAIRIGEIE (D)3 ,, Bk 453 288 x 288. & SR N 30% PGNy N 5%,
SRR Z IR R (X},
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Bl 4(a), (), (i) AR EIE (D)3 ., B RIIIZREURE 4(b), (f), ) 2 RIfE MR AR K
& {A)3_,, FIH HaLRTC, Tuck-WOPT 1 SF-MTC (D = 0,1) 23l Tik B3, MK 4 5 Hn]
LAE th, R BT LR 7 SF-MTC 15 20 78 BHE R A /g2, 3F T SF-MTC X 3 4
W EUG RIRHE TS, HAH AR B ST Tuck-WOPT. H# 5 (45 B al 41, SF-MTC (D = 1) fEEH17T
F BRI, B A vk B B s TS B, B0 T L PR Z IR 2 ik B IR R IER .

6.2.2 LEHIEE

TEACFEAR AR B SE-MTC 5 B BT X . Amino Acids 4 (5 x 201 x 61) H 5 4
FEARHR, BMFEALEAFBEMREAR. AR RENEAR. it & 5 MEAERZFEKE
HEATHAFS. ¥ Flow Injection B4R (12 (M) x 100 (BK) x 89 (SR IA])) o ¥ Bedfi kil 5 Ay
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4 BRAINIX ##E&E LMK

Figure 4 Results on the BRAINIX dataset. (a), (e), (i) Original images; (b), (f), (j) training images; (c), (g), (k) results
via SF-MTC (D = 1): RSE1 = 0.1738, RSE2 = 0.1923, RSE3 = 0.1913; (d), (h), (1) results via Tuck-WOPT: RSE1 =
0.2404, RSE2 = 0.2432, RSE3 = 0.2534
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% 5 BRAINIX & FREEFHELR
Table 5 Comparisons for tensor completion on the BRAINIX dataset

HaLRTC Tuck-WOPT SF-MTC (D = 0) SF-MTC (D = 1)
RSEl RSE2 RSE3 RSE1 RSE2 RSE3 RSEl RSE2 RSE3 RSEl RSE2 RSE3

SR

20% 0.2513 0.2733 0.2719 0.2631 0.2693 0.2746 0.2521  0.2620 0.2684 0.1903 0.2120  0.2138
30% 0.2432 0.2551 0.2522 0.2404 0.2432 0.2537 0.2323 0.2453 0.2468 0.1738 0.1923 0.1913
40% 0.1712 0.1804 0.1843 0.1734 0.1767 0.1864 0.1683 0.1784 0.1822 0.1345 0.1434 0.1457

* 6 WEHEE LKEERS AR

Table 6 Comparisons for tensor completion on the chemometrics dataset

D=0 D=1 Tuck-Wopt HaLRTC

MRSE MRSE RSE (X) RSE (X)
Amino Acids 0.0233 0.0194 0.0230 0.0244
Flow Injection 0.0403 0.0340 0.0423 0.0392
Sugar Process 0.0699 0.0629 0.0712 0.0691

3 AR KR, AR 4 x 100 x 89. M Sugar Process £ 45 HHE I M H K =, B4k
BINHEECN 100 x 571 x 7. FREELFIEE N SR = 30%, A SF-MTC (D = 0,1) #H{T3#E7R, HZ2
JR% kB _E#PFE) RSE 0 MRSE. fENELES, ¥ EiR L5k B &I A —DikE X, FIH HaLRTC
M Tuck-WOPT HHTHATE. 3 6 FIILE RV, SP-MTC {5 SEhr¥dide I, Bt 4248 £ I8 £ 5k 8 1
TEAH G, $em 1ok EdE 7 R L.

7 4B

ASCHE ZPRAR IR T, - T M A K E RN IR TE 59k, %05 T PR R R
K B Rt AE 3L A R IR RIS RE, 97K E Y Tucker 73St VARBRBOR LSS5 4015 8., $2
K E TSR . T IR R AR AL TR BRI T AR N, PR 2 ik
Rl AT M7 A R B T SRR Seie it — P IRAIE 7 TR th VA AE AL 2 2 PSR SR K B S 11
i T R e 1
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Multi-tensor completion with shared factors from multiple
sources

Xiao ZHANG, Qinghua HU & Shizhong LIAO*

School of Computer Science and Technology, Tianjin University, Tianjgin 300350, China
*E-mail: szliao@tju.edu.cn

Abstract Tensor completion has been widely applied in data mining, machine learning, and biomedical sig-
nal processing. Most existing tensor completion methods recover a single tensor with low-rank assumption and
exhibit low accuracy because of the complicated structures of tensor data. We address this issue by proposing
a completion method based on a multiple sources tensors. Firstly, we formulate the least-squares problems for
multiple sources tensor completion by using a Tucker decomposition. Then, we assume that tensors from different
sources have common information at the shared modes, and create the shared factor matrices set of the Tucker
decomposition from which the common latent structure from the shared modes can be extracted. Further, we
develop a multiple sources tensor completion method with shared factors (SF-MTC). Finally, we utilize a nonlin-
ear conjugate gradient method and singular value decomposition to compute the factor matrices and core tensors
of the Tucker decomposition, and recover the tensors from multiple sources simultaneously. We also analyze
the computational complexity of the SF-MTC. Experimental results obtained with both synthetic and real data
demonstrate that the SF-MTC is efficient for recovering multiple tensors, and accurate on multiple related tensor
datasets.

Keywords tensor completion, Tucker decomposition, shared modes, nonlinear conjugate gradient method, sin-
gular value decomposition
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