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PR AL o S AT IX = R AR AL B R S (e M AR 4 R S R M (restricted isometry property, RIP).
ARG R HE ) Lagrange T H EER, Rt KK E+ 20 = MR AH &, 27 KFERANFD G
MAEERUBER T LS. REH#RTHELR, BAXREW =T L5 XBERER N EH
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KR kEANE WEHEA st EREEKR RIP &4
MSC (2020) £ 90C26, 90C47, 15A69

1 5|5

T ) AR A m R, ROy B A B — AN EE TR AR B R R R,
KEEYER . SRR BT ZPCR AL, 5kE J FL R T 78 BB 32 3 A, b T 5k &b 4w LA
JS2H T UG R 216 Bz D pLats oy 23 081 F0(E 54 2 28] S5 450, TR L 7k B kb 42 O Tk 2
FHR R —. TRE AN I AR MU TR E R B A SR B 5k, AR Dy

min rank(X) 1)
s.t. Po(X) = Pa(T),
H & RFHEAERIKRE, T e RIvlxexIv 2 N-rRFEKE, Q RNCRICEN FRES, Pol)
RS Q BRIERZ .

FEFEREAN 4z ) b, AR /MERR A DA AL AR L AR R SR I, 308 56K LA st D9 RN RE P A% T
KIEACKR AR (S0 SCHR [3,4]). fEkERNEH, KENFAME—, @ CP (CANDECOMP/PARAFAC)
k. Tucker #k. TT (tensor train) FRAl TR (tensor ring) Fk%E (S WCHK [13,22,27,31]), XG0 T 5K
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FNIEEE: FF Tucker BRIKE AN 2= IR 1 L2 5%

EAMERIAE. ASTIUFTIT Tucker FRTKE AN ML Lin 55 PO R A2 VO AU AR R HE ) S 5K 5
A b, BB (1.1) RSOy T TR AR Y.

N
min ZlalHXzH*
s.t. PQ(X) = PQ(T),

et a; >0 H YN o =1, & Z9KE X B - JBIFHTERIMMERE, B4 H T kBRI
Hk, BIfRT BAICFR 5K 44 (simple low rank tensor completion, SILRTC) #ik. PUsALARTK &4 4
(fast low rank tensor completion, FaLRTC) L% Al my kb B A TK B %M 42 (high accuracy low rank tensor
completion, HaLRTC) By, Gandy %5 (71 S 7Y S FH ) L A T 75 Y K B D 4 I, M T A
7 R FERE 1 Tk B VU U F F) Douglas-Rachford 7050 HEAT SRR, B 4803 N, 2 a 80%
RUSRAFHIE T REAZ AL, Han 55 021 1 Xue 55 BO A F 1 5k & AR IZ G B, 1287 H 7 e 4K
DTG HOR 25 B K LB A f0, AP @ T TRk TR . Ng 55 U 42 H T —Fh B&E SinAL sk
EAZVOEEY, BEFT 1 AR E MEAZ VG ) B REIAN, R4 1 BE 22 FoAth R A SRV AT 2 WL
#ik [5,6,9,10,15,17,24]. {20 7 /MU N- B RERZIEE A &, N MEAHEFE SVD (singular
value decomposition) #7s Z1H5L, THREEIREER. N T SVD WIREL, A SCHR HUB IR/ |
PRANRR UL T — 38 HAZIGEARABR, B fros:
(1) 5KE X $%85 - RITHE R S ML VGBI MU (BRI

min{ min HX1||*}
X LI

(1.2)

(1.3)
s.t. PQ(X) = PQ(T);

(2) ki X FEAE -0 RETFAE MR B R AL TG B IME AR (AR /NI OK)
min { max [ %]}

s.t. Po(X) = PQ(T);
(3) “HAHE IR

min (o min [ X[ + 0z max 1. ) )
s.t. Po(X) = Pa(T),
HAr a1 20,0020 Hog+as=1.

B /NBR AR 32 T SRAZ G Bt /N IR R B, 80 =5 8 A A U B (R A e . /MR
AT JE /A E H s R AR SRR R, AT BAIS 1 5k & 0 P A U B AR 2. e T &
W 7 —F VR, RAR, B AR T E A I PR B AT SVD. [ALth, 3X H8 5 1) AL A s Y
SRAFIY 8] — 58 220D, 10 7K 2 A 42 A I E ).

AR TNEMEWWT. 2 2 A HKER IS AR AR E . 8 3 kg sk
fiff (1.3)—(1.5) AAALI MY Lagrange e FikAAEIE. 55 4 45 H 3 AMRAGKEAL I Z2 2 [A) 14 J5T A&
AR (restricted isometry property, RIP) 785024, FR L AEMACALAE Y (1.5) AH R BIE IR
SRR, 28 5 WRHT HUE SR, @ AL A R R A R, ERAS 3 ANE AR A B RN AR SR
R (1.2) BISRIR AR, 56 6 e AR E 0.
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2 TR

AL RO A ROE [RIRIR I gEsemE s/ & L x I, SERREES. »(X) REREM X 1K,
oi(X) KR X 05 0 NMRORAETRE. R X FZEEOEN || X . = 3, 00(X). — N stk
TR X € ROV xXIn CHGEEN Xy gyeiy (L<ip < I, L < ESN) 5KE X MY BIRRE SN
(D) = iain Xivigein Virigeoin - 1K p = (X, X0)F = (3, o0 oo ey [2)2 RKE X ) F
EL Q02 Q WAME. Po() ZES Q EIERH, & LN

Xisigins A5 (i1,...,in) €Q,
PQ(X)(il,...,iN){ ity (i N)

0, 5 (i1,...,in) ¢ Q.
WK X I ok BITHIISEATA Ay = unfoldy, (X) € R Tliwe b HWE ST B2 XN
Foldy, (X;) = X.
SR NXr = |X]r (1 <i<N). NH 4 FWSPEIER 58, 4
N ={1,2,...,N}, Null(Q)={H e RIvf2x*IN| po(H) = 0}.

EX 2.1 (FRESFE (SVD) Bl XT—MN r AERE Y e RO fEAEAMERE U € RIxT
MV eRR R Y =US, VT, H 2, = diag(o1,09,...,0,), 00 =00 > =0, >0, U F V 435
S HAA RS H I e S o R A S o

EX 2.2 (FRERERET ) #Ar 5 Y e RbXE ) SVD N

Y =U%, VT, %, =diag({oi}1<i<r),
Hevu, v M s, ke LEH. IR 7> 0, A REBRERE T D(Y) #iE SN
D.(Y)=UD,(2)VT, D,(¥) = diag(max{o; — 7,0}).

XFAER 7 >0, WA EBRESNE D, (Y) = argminycgn < 7| X[ + 1| X — V|3

3 HiRwit
AT 7 SRAR R R, M B M LB (1.3) B A (0T 53 B A ALY
win { min (124}
st z ; ;( (3.1)
Pa(X) = Po(T).
MRALKER (3.1) BULISRM) ™ Lagrange B ECOEALHIR Jy
min L(X.Z.9.0) = min | Zi]. +(V.X - 2) + 512 - X}

T (3.2)
s.t. PQ(X) = PQ(T)v
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FNIEEE: FF Tucker BRIKE AN 2= IR 1 L2 5%

Hrp oy RIESHL

Xt LIRS Lagrange PREURACHALE FIZZ# 7 [ Sfe 7wl 4500 T IS 1.

Bk 1 SRR IMEAIMRACKE R GRS B T 1A 31 592 (alternating direction method of multipliers for minimizing minimal
optimization model, MinADMM)

BOREQT,p>1,¢>0 9, X0 40 k:=0.

1
Xhin € {21280 = min F
2kl = Foldpyiy, (Dﬁ (Xr’;;l + %yﬁ;in)),
xk+l = py (Zk+1 _ uikyk) + Po(T),
Y+l = yk 7uk(zk+1 7Xk+1).

&2

&3

GF L Z puk

k+1_ ypk - .
% < g, 1’3E—’lt; 7&')_1\”, 3@@5 1.

>N

AU, KA NIRRT (1.4) BN T TSSO AT 73 B AR

min{ max ||Zi||*}
X2 L1<i<N

st Z= X, (3.3)
PQ(X) = PQ(T)7

HAFZ RIS Lagrange BRI R S 53k 2 T

- - _ — Brx — z|2
i, L(X, 2,9, p) = max || Zil. +(V, & = 2) + 5|4 = Z|r

1<i<

st. Po(X) = Po(T).

BHiE 2 SRR AR BY (1958 3 7 ) 3+ B3 (alternating direction method of multipliers for minimizing the

minimax optimization model, MaxADMM)

o
&1

w2

&3

WEQ T, p>1,€e>0, 90 X0 40 k:=0.
i
Xk

max

m

fu

1
Zk+1 = Foldmax (Dik (X,I;:)ax + 73}1};&)())1
w H

k _ k
Il = max [1xF]l-},

1
xEHL = py (zk“ - Eyk) + Pa(T),

Y+l — yk _#k(zk-u _ Xk-&-l).

k+1_ ypk - .
W < e, 1"?"JJ:, 7!5}[1”, ﬁ@i 1.
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TR (1.5), SINAE 2, M 2y, LN KR 7 SR

1
min, o (| min 200+ max |22

X,Z1,2Z2 2 \1<i<N
s.t. Po(X) = Po(T), (3.5)
X =2,
X =2,

AR, EESH on = ap = 5. MINIIIE Lagrange pREDLAAE R KBV 3 Wk

. 1
o L(X 2120 V000 = 5 ({ min 1200+ max (122 )

+ <y17X _Zl> + <y23X _Z2>
12
+ 5120 = X7+ 1122 - X7)

s.t. PQ(X) = PQ(T)

B3k 3 SRR NFIAR N KL A DA AR T 52 5 T m) e T Bk (alternating direction method of multipliers for

minimizing the minimal and maximal optimization model, MinMaxADMM)

WOoBEQT, p>1,e>0 0,09, X0 10 k:=o0.

1
k k
P € {81251 = | min 151
X € {F 12F e = | max 17y,
Z{Prl = Foldin (D21k (Xrlfun yl mzn))
P
Z§+1 = Foldmax (D 1 ( max y2 max))
2uk
1 1 1
xk+l = ~pg (Zf“ +25t - — o - 7%) + Pa(T),
2 Y 12
PR = 3 (E )
VEFL Y ph(ab )
i)
JEHL =

ﬁsMﬁ%gJ<e%¢ 0, R E S 1.

S 3.1 ASCEE 13 BRI RO A
1F || = tr(xF (k) T)s.

R, T L < [T 1, PrEGZSEEARECD T SVD TSR E, 1R 1A SRR AR,

E 3.2 AR, MM MERAEA R AR, BE 1 A 3 USSR IET S 50k 2 AF (1
ARSI UE B AT 2 WK [19]), XBUOMSE 1 &5 3 B—MREIRIE L. Bk, ASCPE4n o
Priik 3 B sitE.
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4 WSS

ARATVIE 3 FlFT AL I AF AR PEAN SRV USSR, 25t 3 FIOBIMR AL 1) 2 2% (| 11 s AT RIP 2% A7,
HEESLEE 3 IS iR

BTN T A5 3, FEARUE B TE WL SCHR (14, 2B 7.4.15 A1 7.4.51].

5138 4.1 W X MY SRR,

m

Z 0i(X) =iV < IX =Y, D (0:(X) = 0i(V)* < [|X = Y3
i=1
FETORAGH 3 MEREIINER & RIP 41F.
E’ 4.1 WIkKE A BA Tucker FK -(r1,7ro,...,rn), H X B (1.3) fIAT1
EATAEZ K& H € Null(Q) #A

all
e
mff
b

I;

Z >ZUJ ), VieWN, (4.1)

j=r;+1
M SERALa B (1.3) B— N
WERR X TAER i e N AEHEFKE H € Null(Q), a1 207 Rz

I;

X"+ )il = D oy (A7) = 05(Ha)]

j=1
r I;
_Z|UJ oj(Hi)l + Z oj(Hs)
j=ri+1
r I;
> (o;(X] D+ D oi(H)
J=ri+1
I;
1 e+ > oy > o
Jj=r;+1
I; i
> | Xnille + D (M) = oj(H
j=ri+1 j=1
FMAHFEAKBG B 4.1, B—ANEFAKRE (X)) =y, BE—IAFELKRE A5, BEX (A
1), Rk, w41 g5 alor. O
[FREH, XTI (1.4) A1 (1.5), B R BBUHLE L.
EE 4.2 WikE X B Tucker B -(r1,7o,...,7rn), H X RRAHIE (1.4) BIRTATAE. 50T
fEATAEZ K& H e Null(Q) #A
I; [
oj(Mi) = o), AFEHEAieN, (4.2)
j=ri+1 j=1

e AR (1.4) B— AU
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B 4.3 WikE X B Tucker % -(r,7ro,...,rn), H X* BRALHE (1.5) PIRTATHE. X
FEATIEE K E H e Null(Q) #4

I; r;
Yo i)=Y o5(H), VieN, (4.3)
j=ri+1 j=1
M AL AR (1.5) f— DA
EIR 4.4 (RIP 1) B X 2NN (1,7, ..., ry) BOEMCFRRITKE. WE RIP &40 2

(1 =62 )X < NPo(X)1F < (L4001, 2m e r )X (4.4)
B 8(tynrmny < 0.4931, NUARALIFIER (1.3)-(1.5) BEMIEF T Po(T) = Po(X*) oA IK
5 xr

41 EHE 44 FIERA TR SCER (25, B 8] R, X A BSIE R RE. XTI LR (1.4),
SEH 4.2 BOTAN T B — N IR BRI L 251 (4.2), FARPEA AR AL N 75 T I A 20
W (4.1) B (4.3). B4, BT Vie {1,2,... N}, || X e = [|X*||p, FTEL 3 AMEAL RIP 251441 ],
IERSCHR (25, EFE 8] A HIT (8) 2.

NS 3 IS

I3 4.2 WHE XY, ZcR™" (m>2n)ilEY =X+eZ,e>0,Y ] SVD AY =UZVT.
L X, =X —7UVT, 0 <7< on(X), WAEE— ¢ > 0, [IGXTAERE € < e #H | X r < | X||F.

MERR XPTHERE Y, T A R E R ELRN, B AR R A S K ) AR T A (AR R AR 1, B
J P73 57 ) AN % ) 5 i ) N AR [ 1 S R e 2 (2 SR (11,26, 28,29)). 3 BLAE
MY Al X MR REAEFREEM 0() = (01(e),...,0a(e) (d RHFE Y MFFREAET
AN W2 limeo 0(e) = 0. XFELER T E AL T 2 W Hh— B AL & e I A A RE Uy,
Vx RVGERE U, Vil U - Ux = U, V —Vx = &V Al X = UxSx VL, Hd |U)lr = [V]F =1,
€1,€9 > 0. MM

Ur X, Vx =Sx —tUxUVTVx
=Yx — TU}(UX + 61[7)(VX =+ GQV)TVX
=Yx —7(I +aULU)I + eVTVy)
=Yy —7] — T(elU};U +eVIVy + elegU)T(Uf/TVX).
FH L HE 5
1X- e < 1Zx = 7Ille + 7(lecUXUllr + [leaV Vi || 7 + le1e2Ux UV V|| ).
g WO, v

T E x|« nr?
IZxllr = 20ExlF

1Xx —7I|lr < ||Zx|lF -

HT Ux, Vx, U MV RIEASHE, FrLh
IUSUr <V, |[VIVx|lp < Vi, [[ULOVTVx|[F < 0
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NIESE!
7)) X ||« n nr
1XIr  21X|F
FHOESEMETT SN lime 0 €p = lime,0eo = 0. HILIESH, F7E €0 > 0, M e, e0 < eo I, A
X1«
2HXII 1XIIF
MITAFE] | X ||p < | X || F, 51 BAFIE. O
i 4.1 WTHEAE Q UEERK VX MY, |X|r < |VrF BE |Po(X)r < || Po()|lF HOL.
5138 4.3  ARIX 4.1 WO, H pk 70K, WEEE 3 AARBIFA] {Xk, 28, 28} 20 7).
AR B 3 IS 27t M 23t WS, B 7 = s BT R R R AR S A T A R T
IR

1 X < || X]F— + 7max{ey, €2 }(2 + max{ey, €2 }v/n)vn.

+ max{ey, €2 }(2 + max{e, €2 }v/n)v/n <

ZhH kg ;lkyf N ﬁlgkﬂ’ (4.5)

Z§+1 =Xk + ,leyg _ ﬁckﬂ’ (4.6)

Xt = %PQ (z{““ + 25— ik(y{“ + 3’5)) + Po(7), (4.7)

L B = Folduin (O] 281, 11), CF1 = Foldumax (O Z5EL 1) H (4.5) B (4.6) FRN (4.7), FTHES
xR = Py <Xk - ﬁb’k“ —CF) 4 Po(T (4.8)

L YR+l = xk 1k8k+1 _ 4,%ka+17 kS
PRt — 1 Xk _ Bk—H Lk Lck+l
2 2uk 2uk ’

RIS 4.2, 5 pb KIS, A (| XF — B e < [|XF | p A X% — 52 C Y e < (1A% e 1L, A
i (|X%+ | p < X p. SR 4.1, A3 [|Po(X*HY)[|p < || Po(X")|F. Elﬁ Po(XMH1) = Po(XhH)
J Po(XFH1) = Po(XF), I |XFHY | g < | X5 p. 5FTF YF R Y5, 5L 3 A4

y{c € §F01d(a”annn”*)a y§ € iFOId(a”Z;max”*)'
M, G0 AN KA

1 1
1277 F < X% F + E”yl I < IX°NF + 57 (27 min):

2uk
k+1 k 1 k 0 1 k
1227 |lr < X[l + k||y2||F< X ||F+ﬁr(22,max).
EFERUE T I, 2 pf 7RI, {Xk, 28, 25} AR O

EIE 4.5 BRI 4.1 oL, HE 3 ARIIFY {xk, ZF ZE) e

() |25+ = ZFllp = 0, | 257" — Z5||p — 0, AR — XK||p — 0;

(i) limg_so0 ZF = limg_s 00 Z5 = limy_, o0 &F;

(iil) 24 k — oo I, FEAE—ANTFH {Xks, 207, 259 WeSBMRAL R (3.5) 11— KKT (Karush-
Kuhn-Tucker) &, AR (1.5) B—4 KKT £.
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ERR (1) HI (4.8) LA BRI CRHL R SCATAG AR+ — 0k = L P (BRHL ) H|B |y =
[CFFY o = 1. HISREATRL 2 k — oo B, y% — oo, I AT — XF||p < Lhel|BF 4 | p — 0. 53
Ah, R (4.5) F1 (4.8),

|27+ = ZFlp = |25 - AF + ah - R - 2 e
[ [ L A Sl [P [P A 2

1 -
< gl 2Vt =B g 1B + ol + gy I1BF — 20

1
4ﬂk_1 2'uk—1

HF BFL, YE BE CF ORI YR AR LAY k — oo I, (|2 — 25| p — 0. FIEAE, X4k — oo I,
125+ = Z8||r — 0.

(i) B (4.5) F1 (4.6) ATHES HAEL 207 — X% p < 5 [20F - BMY e A0 | 257 — &) p
< e 125 — CF4Y g, AT 45

lim 2F = hm Zk = lim &%

k—o0 k—oc0

(iii) HI5IFE 4.3 050, 45 & ROEK, W {0, 28, Z5) SAF T, FIAEIE— N TREA {ah, 2 20}
ST 5 (e, 27, 25, T EL B 29

aL(ij , ijJrl ; Z;Cj ; yf: ) y;% ; Mkj)
02, ’

aL(ij7Zfﬁl’zgjﬂ’yfj,ygj,ukj)
02, ’

aL(XkHl’Zfﬁl,zgjﬂ’yfj’y;j’ukj)
0e PQ BE .

0¢e

0e

(i) AT %0

lim 29 = lim 2y = lim X% = X* = 27 = 2.

kj—o0 kj—o0 kj—o0
WHEEE 3 b YA Yy fTHE ]
h—I>n<>o yl - yl ’ kh—r>noo yg] - yg

FIEN, KT R R ey, WR KR FEAL S R RIEAL (2 WOCHR [28]):

OL(Xks 2y 200 Yy Y ki) | L(X*, 25 25,95, 5)

N

02, 02, ’
OL(XM, 217 2)" D7 Yy’ i) - L(X*, 25, 25, V5, V5)
02, - 025 ’
OL(XM, 217 2y D7 Yy’ i) - L(X*, 25, 25, V5, V5)
ox - oX ’
NGRS
OL(X", 27, 25, 7. 5) OL(X*, 27, 25, Y. V5) OL(X*, 21, 23, V1, V5)
0e€ , 0Oe , 0€ P .
02, 02, ¢ 0x
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RN & = 25 = 25 Fl Po(X*) = Po(T), ATLA {X*, 25, 25} RMUALTFE (3.5) F— KKT &, HE
%3 HESH

1 1
VE € SR 2 ill), VE € SFO)2E lle). PaVE+35) =0, k=12,
UL, At = 27 = 25 18
1 1
Vi € SRld(@ X5 ll), V5 € SRU@Kcll),  PaVf+5) =0,

M X+ A48 (1.5) i—4 KKT A, O

5 WIESLW

AT IS BEALA B SR B AN 29 T R 3 AL R RIS SRS R i) HRSOR,, e A G Y
(1.2) RARFKF SCHik [20] 1 HaLRTC J5vk. BENLGK & 28 5K &1 Tucker 73 A B

T=Gx1U; xaUz x3--- xn Up,

Hipt g e Rroxrxexry BgEKEE U, € R n o= 1,2, N A ERB, REEE o =
m/ TIN, I, 3erb m FoR EAIREARORR.

ZHBHE: e =107, 10 = 1077, p = 1.1, X0 = Po(T), Y = V§ = 0 (FE50E 1 A 2 1, )0 = 0).
BHLaK R 4 11522 B AR AU RSB = L Tle,

N ESRBELACE e 45 R 1-3 R 1 AT, WM RI IR OC A A AL B (1.5) A5
GiRAE CPU I IR AL G AL AL (1.2). YEMFIRE R A 6 F T, MR N R 2L A AR P

#z1 Hsr=0.3 0, FIEE5 HaLRTC EApLLE

I x I x Iy X Iy IS (RS ERWEL  cPU K (s) RSE
(50 x 50 x 50 x 50)  (2,2,2,2) MinADMM 164 34.6520 7.1755E—07
MaxADMM 118 26.3040 2.0709E—04
MinMaxADMM 76 22.4166 1.1782E—07
HaLRTC 73 29.3236 1.7948E—07
(50 x 50 X 50 x 50)  (2,2,3,3) MinADMM 165 32.7725 1.2961E—05
MaxADMM 114 24.5071 2.9533E—06
MinMaxADMM 77 22.4824 1.3499E—07
HaLRTC 74 30.9102 9.3507E—08
(50 x 60 x 70 x 80)  (3,3,3,3) MinADMM 153 95.1939 1.5953E—03
MaxADMM 115 76.9551 1.9631E—06
MinMaxADMM 87 68.8280 1.6059E—07
HaLRTC 72 81.9131 1.5718E—07
(50 x 60 X 70 x 80)  (2,3,4,5) MinADMM 156 93.4482 1.2907E—03
MaxADMM 114 67.2797 1.6653E—05
MinMaxADMM 77 58.7081 1.6449E—07
HaLRTC 72 82.7735 1.8411E—07
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*2 Y sr=0.2 0K, XS5 HaLRTC EERILEE

NIy xI3xIy S Hik RS CPU IE] (s) RSE
(50 x 50 X 50 x 50)  (2,2,2,2) MinADMM 161 30.1703 1.7336E—02
MaxADMM 113 23.6126 9.5989E—04
MinMaxADMM 113 32.1671 2.1584E—07
HaLRTC 101 40.2519 1.8859E—-07
(50 x 50 X 50 x 50)  (2,2,3,3) MinADMM 160 29.7121 1.9606E—02
MaxADMM 111 22.1707 3.2379E—-03
MinMaxADMM 108 29.9584 2.1371E—07
HaLRTC 102 41.3960 1.8469E—07
(50 x 60 x 70 x 80)  (3,3,3,3) MinADMM 148 73.1436 2.7137E—02
MaxADMM 107 54.0089 6.5913E—04
MinMaxADMM 117 89.7480 1.8335E—07
HaLRTC 99 118.2255 1.8471E—-07
(50 x 60 x 70 x 80)  (2,3,4,5) MinADMM 150 75.2818 1.8931E—02
MaxADMM 108 57.4200 3.9843E—-03
MinMaxADMM 107 75.6992 2.0679E—07
HaLRTC 100 110.6125 1.8124E—-07

Fz 3 H sr=0.1 8, fiEELS HaLRTC EARIELE

I x Iy x Is x Iy Fk % EAREL CPU I (s) RSE
(50 x 50 x 50 x 50) (2,2,2,2) MinADMM 152 21.2821 1.4358E—01
MaxADMM 121 19.0087 4.2304E—02
MinMaxADMM 158 39.5576 3.77T41E—07
HaLRTC 149 57.1563 3.2804E—07
(50 x 50 x 50 x 50)  (2,2,3,3) MinADMM 151 25.2896 2.0567E—01
MaxADMM 125 22.9616 1.0666E—01
MinMaxADMM 164 42.4373 5.7902E—07
HaLRTC 149 58.8018 2.7878E—07
(50 x 60 x 70 x 80)  (3,3,3,3) MinADMM 135 63.4821 2.6014E—01
MaxADMM 119 59.7458 6.5913E—03
MinMaxADMM 150 111.3659 3.4199E—07
HaLRTC 144 159.7726 2.2051E—07
(50 x 60 x 70 x 80)  (2,3,4,5) MinADMM 141 65.4778 2.10211E—01
MaxADMM 116 56.5350 6.6970E—02
MinMaxADMM 152 111.6332 3.4481E—07
HaLRTC 145 161.8855 7.0265E—03

(1.5) FTHEET [ 20 9 SRR (1.2) 19 0.7 fi5. 5346, BR/NRAMRALASE B FTAR /Nl R AR A A
RUTHSR 25 TR FEBU, SR I R e T AL 3. AR UM AR R b o, AR/
WA T SRR B %2, B/ SRR OR 2 B R R T SR R e £
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(c) (d)

1 (MEFE) 3 MEEXS HaLRTC EAMBTEILREE. (a) 50 X 50 X 50 X 50, r = (2,2,2,2); (b)
50 x 50 x 50 x 50, r = (2,2,3,3); (c) 50 x 60 x 70 x 80, r = (3,3,3,3); (d) 50 x 60 x 70 x 80,
r=(2,3,4,5)

6 it
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Bi-level models and algorithms based on Tucker rank for tensor
completion

Chuanlong Wang, Linjiang Zhong & Xihong Yan

Abstract In this paper, the minimal and maximal nuclear norm of N-mode matrices as well as their combination
for tensor completion are proposed based on Tucker rank. For the three optimization models, we study the null
space property and the RIP (restricted isometry property) condition. Based on the framework of the augmented
Lagrange multiplier method, we design three modified augmented Lagrange multiplier methods for solving tensor
completion. Convergence of the algorithm for solving the non-convex minimal and maximal combination model is
established. Finally, we compare the proposed three algorithms with the high accuracy low-rank tensor completion
algorithm, and the experimental results of the randomly generated tensor completion show that the new non-
convex minimal and maximal combination optimization model outperforms less CPU (central processing unit)
time than the traditional nuclear combination optimization model under the same precision.

Keywords tensor completion, bilayer models, convergence, null space property, RIP condition
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