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Abstract: In recent years, with the great success of compressed sensing (CS) in the field of signal processing, matrix completion (MC),
derived from CS, has increasingly become a hot research topic in the field of machine learning. Many researchers have done a lot of

fruitful studies on matrix completion problem modeling and their optimization, and constructed relatively complete matrix completion
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theory. In order to better grasp the development process of matrix completion, and facilitate the combination of matrix completion theory
and engineering applications, this article reviews the existing matrix completion models and their algorithms. First, it introduces the
natural evolution process from CS to MC, and illustrates that the development of CS theory has laid the foundation for the formation of
MC theory. Second, the article summarizes the existing matrix completion models into the four classes from the perspective of the
relaxation of non-convex and non-smooth rank function, aiming to provide reasonable solutions for specific matrix completion
applications; Third, in order to understand the inherent optimization techniques and facilitate solving new problem-dependent matrix
completion model, the article studies the representative optimization algorithms suitable for various matrix completion models. Finally,
article analyzes the existing problems in current matrix completion technology, proposes possible solutions for these problems, and
discusses the future work.

Key words: sparse learning; matrix completion; compressed sensing; matrix decomposition; stochastic optimization
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YAk b5 T B 5% (block coordinate descent, f&j % BCD). Bregman 14X 5% (bregman iterative, & #x BI). 28 77 [
I 17 (alternating direction method of multipliers, i #x ADMM). B 1k 5535 (stochastic optimization, f&j F% SO).
3.1 EBEEE TREEE

T A B B A BRIt BT AR T ) S 1) 43 2455k (proximal forward backward splitting algorithm, i #
PFBS)I& H T 3K il To 4 R LAt — IRAE SL(F3):

min J(X)+H(X) (29)
XeR™"

B JX)RR™ ERAA N BTN M R H) & R BRI N i 3 AT L-Lipschitz i%&

S

IVIXO)-VIY)||r<LJIX=Y]| VX, Ye R"" (30)
WD AT B R ARE X0 B 0<S<V/L, JAI R 7 A4 IR AT 81 X e Sh 8 0 LSRRG — M RE S (F3) [ — fit:
X*" = prox,;,(X* —6VH(X*)) =arg min SJ(X)+ % | X —(X* —oVH(X") |2 (31

XeR""2

S 1 R T AT ARRR BN B SR AN AP IR,
Bk 1. ITAER SR MR 5T (proximal gradient descent, {5 #X PGD).
Input: maximum iteration time N;
Output: X",
Initialize X*=0;
for k=0,....N do

. . 1
X = prox,, (X" - 6Vg(X")) =arg_min, {M(X) o 1X- (X" —oVH(X")) H%} ;

if stopping criterion is satisfied then
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return X**!
end if

end for

R LR UL ORI T B S (K S AT IE B O(NT), 4K 1T Nemirovski 45 AP 57 45 5 5L R W R —
WA D A S SRR AR TG 249 oK™ G A i R WA 5% B BT LR B OV ). 2 BE BRI AL & Beck Al Teboulle! e fin
B 6 AL I Y Nesterov £ I51 M HEATHE) ™ B2 T SR g O(N) IR I I 4R of J3 S5 4 F

Bk 2. T AR B 577% (accelerated proximal gradient, (78 APG).

Input: maximum iteration time N;

Output: X,

Initialize X"=Y°=0, #,=1;

for k=0,...,.N do

XM= prox,, (Y* - Vg(r*)) =arg min {5J(X)+%II X — (' —oVH(Y")) Hi};
XeR'

feo = (L4 1+422)/2;

Yk+l — Xk+1 + tk _I(Xk+l _Xk);
tk+l

if stopping criterion is satisfied then
return X**!
end if
end for
7 SR 2 (1) K] Nesterov £ 75 HOINEEE Q18 B2 55T AN L 1 FR A%, SO S RE SR AL (ripples)
FRITIR, IFAS S B 1 B (i) BB 2T B 05 B o Al 8 0 2 Sk AT R 485 1 5 TSR 08 N A4
S8, BT S AR AR SC BT I PR o e 2 i e P 26 A1 (i) A0 3R] DL AL, TR D e 80 ) — B A LB Y 5 BRI, 1% 5 )

A P AR (i0D) R T B 4 o i LT 2 P L AR A A AR
min J(X)st. AX =B (32)
XeR™"
AL DA 2 SRR S g DA 1 ok B0 g 2 A D TE 2 SR ALK ) R
min J(X)+&|\AX—B||§ (33)
XER”’X" 2

SR FH 0 30 4088 SV SRAS A AR AR S 5 B T 10 A s R — T L 50 2 AR R, ) i e B o
W A% i LL— B >R A Continuation 45715, R:— FF 4R AHUEE AN 1A E, B 5 15 AR AT T 88 3 18 K 31— MK 1,
TR ] A R, 25 0 35 b I DROSC SIS 5y A0, N TH T A B B A TR B T Lipschitz R L, WAL THE KK,
T4 B ML SIGH B BT LA Beck 1 Teboulle I 76 SCHR[60]H HE— D4 H T4 S &A1 19 Ly LA i,
32 DREFRTEREE

E R AR A T 7 T, A A AR U2V i LA 35 10 B8 A A0 R A B3 1 52 o e SIO80 L, kg A K RABE A A
I ) 13 T vk AR HE AR BRI B B — P A B AR Ak R A R kAR P E X s Ay — AN AR R T AT
— Y28 K (line search), [#] & LAWK AL b 7 1], LA SR 13 H A% o8 25000 — AN R 38 AR MEAE BEAN 1% AR 7 o A R AT
FHAS ] ) A b 7 18, — A I 0 — 498 ZR 0 AR R AR 9 — A0 BE AR T AN 0T 43 19 B A ok B0m &, S0k T g
TCAEAE I N R A D B b SR AF e R

B T 55 B D 4 ) L3 5 s A T I T 24 R LA — IRHE B (F2) 1) 22 746 1] ) 19 o 0D A 4SS 280, T s o4 ) AA
R B SR A IR LR AN B3 B AR R 3 BB R AT S, DR O BRI A B T P T N A ) IR SR A B
AAKR R R S0 O3 (B B AT 55 f /MK (alternating minimization) 95 )4 Yk AR IR LL 4y e (1 77 2K 58 8 22 A AR b 43 it
BOVE 3 R T 2 P AR bR T B PR a0 0
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Bk 3. UM R N 8% (block coordinate descent,fiij ik BCD).
Input: maximum iteration time N;
Output: (X3,...,X,)*".
Initialization: choose (X7,..,X");
for i=1,2,...,N do
for i=1,2,....m do

Xf =argmin F(X*, X, X5");
Xl

end for
if stopping criterion is satisfied then
return (X[,. X%)
end if
end for
GrYUAARR RS A LUR 3 ANRE () W R B AL F (X, X, RS T B HL AR ) ) W] A 8 4 S 103 R
W BRAFCSIG (i) G SR bR F(X,. . X0) FE TG B4 SR — e I (ki) Wt SR AR v 30 40 A2 W7 4 9 10 8 4 B0
QNGRS E5/ 8
3.3 4B 8 Bregmanif X ik
Bregman i A0S VE I F 140 b SR A5 L 0 H A o BOW A 10 R4 7 1219, Osher %5 A9 2005
SR SR % 7 T N T A AR BRSP4 e 00T PR AR e STV AR Ll Ay SR AR A R
R PR 5210 PR A RO VR
X TAE— 1 B3 JOOTE 5 X A1) Bregman JH 35 58 XN
DI(X,X)=J(X)-J(X)—(P,X - X) (34)
o, Peas(X) h J (2R X AR — AN UCBBFE AR B JOORT HX) 9 R™" L™ b B 3 s 80 HOO AT I(Y)
AT I A RAR A — HEZE:

min J(X)+H(X) (35)
XER”’X”
AL LKA AT 35 6 B J(0O 51N Bregman PS5 4646 R IR SR AN b 7 il B 41
X' = argmin DP (X, X*)+ H(X) = argmin J(X) — (P*, X) + H(X) (36)
HE— D M, BT XS AR ) A e PR, IR, 0 BB IR T H b R BOAE X AR T Ay, B
0cdJ(X*-P+VHX ) (37)
HF P ea (X AL T i Tl 45
P=PVHX") (38)

SR IR TC L RALAK 0] 8(35) 1) Bregman 48 A X a1 1
{X"” = argmin J(X) —(P*, X) + H(X)
XeR™ (39)
Pkl _ pk —VH(X]”I)
SR A VEMAER T KA TC L AR AY — FEHE B2 (¥ 45 B 7% [H) Bregman AR5 SEILAD 4R,
&% 4. A% A) Bregman SR,
Input: maximum iteration time N;
Output: X",
Initialization: choose X°=P’=0;
for k=0,1,...,N do
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X5 = argmin J(X) - (P*, X) + H(X)

Xe MM
P/c+1:P/c_VH(Xk+1)

if stopping criterion is satisfied then

return X**!
end if
end for
T B H I S B 2% (1) Bregman 3RS 108 7 € 1 10 8 XY™ = argmin J(X) — (P, X)) + H(X) 15 it A7 fi.

XeR" "™

MU 1) BB AR AT R IR, v ORISR 3.1 1 Tl (R &I JEE T A Ay i o o sl &0 8 5 vk AR SR i
2% 18 B 2B b R T BESR H 1 00 EPR AAR l A AASE EE 9 f ZSr SI 3 S il B A A, TR B L S X — Ik
5 37 ) AR — AN AL A R AT 408 s T DAAS 31— AN T Ay ] vl L S s A0 ST PR () L B A () £ 1% Bregman 1%
REVE I AE, 5 45 8 1) SR AR 29 AR AL, Tl 80 17 7 515 ek 40 5 1 42 SR S A LG Bregman & A S0VE 2 A PI/ME A
(i) Bregman &I SICGH P R 0l A2 24 B bR R 20 AL S Ly Yol WAL T, HRE A0 JL AR SR A TG 240 3R i) 7
RIRTIRAFAR AT 1) 45 (1) 1 2 M o B AR A A2 - ANl N 2B K U, T 2K W B 7 Bregman %405
P vhon] ORFEANAR DR e ] DA 5% — AN a8 0 25 I AE S5 /N 1 1) FBLI) 4% A1 8, ) IR P 36 4 25 000 A R v o 8 S s
I EE AT E .
34 RBFEFEFE

%% J7 1) e 7-1:1%) alternating direction method of multipliers, fij #& ADMM)J& —F R ™ D 4K, Il 5 1) 4503k
HE4L T8 H; B A Douglas-Rachford 2324403009 58 F T SR % 20 A0 20 M D04 ) 8. ADMM . 82325 5 111 Gabay Al
MercierF 1976 4E42 H,3E 4 Boyd 5 A\ 2011 4F 557 2538 FFE W 2L 3E F -F K AR 4 A7 AR AL 1) L ADMM
FLRL G T B R FIS ) Lagrangian FDE AU 7E MR P AL S5 A7 20 v 55 28 48 FTHT ) RAIASE ) 158 1) G 46 SR A

PR A AR SR LA R B T2 RV, JU AR LR A% 2] A B T AR L .
bRt ADMM 535 & 75 SRR 29 LA — FROHEZE (F 1) B, ]I, G i 2 M 29 SR 0T 43 25 H s e B D0 Ak T 7
min F(X)+F,(Z)st. AX +BZ=C (40)
XER'”X"
TRIFVE S AL S AT I (R 1 T i B ] R B
L,(X,Z,Y)=F(X)+F,(Z) +trace(Y' (AX + BZ - C))+(B/2)|| AX + BZ-C |, (41)

SR I AT s MU T RRS B H R BCR TR & XY, Z 55 5 R T bR ADMM BRI T4 P IR,
Bk 5. AT n) e ¥ (alternating direction method of multipliers,ﬁﬁﬁi ADMM).
Input: maximum iteration time N, parameter [,
Output: X, 7",
Initialize Y'=2"=0;
for k=0,....N do
X" = argmin Lp(X,Zk,Yk)

zZk =argmian(Xk”,Z,Yk) ;

Y =Y* 4 p(AX* + BZF - C)

if stopping criterion is satisfied then
return X“*!, ZF1,

end if

end for

N T S 3 K i SR A, Ak 2 A AR E ADMM BEVE BEAT T Bk, 23 il T IR 2 23 A 2
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ADMMI®®! 35 45 A5 X ADMMUY R $ess bl Bl ADMMU7285 48 i b, ok T R b T B AN B IH bR vE ADMM &3,
I3 K2 AT 2B 2 N AE SCHR[73] 70 E 280 W, L85 o OV AR T ) 3 ANl 3 AN L A8 e 1 7 49 SR Ak i)
FIL A FEHS T AR AR AE ) ADMM SR A5 58, D) e S50 e DA RAIE. g stk ] 9 26 082 2 Nt T — g e Sl
HF 105 T 0 7 (A 7 A 1) 22 2% e ADMML 5374 b 0 K 25 R i 200032 8 N DU E 1 5 Oy 7 20 10 A e Sk
TRAF P FE T 38 B A T IR 2 2k ADMM B30
3.5 BEMLMEILE R

B A 15 B AR T S B A 6 TR 8 A b S R 27 7 2 vl 6 250 L DA N 10 38 88 389 7 A T KR
TR N L% 2 S I 1 I 35 5 B 2 I 7 Pk % A% S IR WL 2% 2 ST A Ak D7 v 32 S S L ST 0%
R P 7 25 ) B9 B S A58 OO A S L ) BT RS, L R S R 6 A S I P K AR o ek S gt 0 75 5K . e T B
WU Ak S59 T00 5 (BERE A T ) 3 A £, DA T B ALt BB P AN AR R0 82 A2 ) e i 5086 B 10 6 i i 1176 328 1
A L i A5 Y03 AR IS B AL 32 FH B A 5 3 A AR 14 D7 2 SRRt Adk 75 3. DA bt B LA B9 M R A SR K

BEAL A #7110 3 T~ SR TPV B AL 406 1 R PR ik B0t e TR LR J3 PR EEVE . BEMLAL AR N FREVEFIBEHL
KE R 7 ) 3~ By ) 2 L 11 o P VR RCAS (1) AR A AR S B S B AL AR R BRI
QAR 2.1 715 TR 38 A% 05 00 5t P 6 B2 e 4 5 8 7 S At Jod 7 3 AN T b 5 S SRR 0 R 1)
min F(X)=J(X)+ || X |, HH,J(X) =%|| X-wi (42)
XERmX”

% I R AR AT DR 7 S AR B R 51 SR AR P AR L p T3 B 81 52 2% () 7 S5 8 2 e, G I ) 2 2% R N 45
1) 53 2% ¥ 43 ) IE ) T O(mnmin(m,n)) Rl O(mn), RS SO 10 35 43 7 S5 43 i 1 el B AL 25 S L 0 15725,
AR TG i 18 T KRB fid A A T o) 460 B ML B 32 Wi S0k 2o >R I o o 5B ATLAE A8 FE2 £ 6 Bl Al 714 X% H
s B8 S BIT AT FEAS 1R SIE B bR JSE AT ASE 15 58 B AR o S8 A 3 s, o S S 2 S DRI i AN 2 B R A 9 488 m i 2=
V484 0. 52 iR A, R A KA BRI 2 A5 T BT T QB0 B e S Bt T SR 3R 1) R B LA 48 K B
SRR SR TS R B JOOAE X AR RRBEALE R BEBE G, = G XY JF5I N R A8 o Y 645
SRR Y IR IV 255 1) 52 2% B2 53 Sl 0 B O((metm)r ) B O((memyr), Herf e Sy RSB B B3 6 45 tH T BEALIE 4B
Bl BE TR B SEIL R e 40 A 3R,

Bk 6. MPLUTARES T RSV (stochastic proximal gradient descent, fij#% SPGD).

Input: maximum iteration time N, the regularization parameter A;

Output: X",

Initialize X;=0;

for =1,2,....N do

Y=2Z/Jk , where each columns of Z is drawn uniformly at random and independently of each other from

{\/;el,...,x/;en} ;

@, =GYY', where G, is a subgradient of J(-) at X;;

L1 -
X1+l =argmin— H X—(X, _77th) “i‘ +77tj' H X ”* 5
xer™ 2
if stopping criterion is satisfied then
return X, ;
end if

end for
3.6 BEMUEEZMBRIST
IR 5 SIS SRR A BN A B (AR SR ML B0 3R 2 A0 M T IR B ATV K B ISR B LSRR A
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AAAE G IR BENLOL A SR L2 31 22 B R AR SEE, IR T RS, 2 2 A4 Y T BEATLAUT AR BR 2 T e S iR WAL 8l
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FCAMBE AL A S i AR WAL Sl T B AR Y (1 2 2% SCHR.

Table 2 Convergence rate, advantages and disadvantages analysis of

different representative optimizing algorithms

F 2 ARACRMEAA SRR S AL R 23

R T Y e
AT R A g g G R
AR T BB e SRR B AL 515 A S ﬁjﬁ%ﬁ%éﬁ%ﬁé?
RS A4 B I B S BBV o A B | o o0 BT
o | e e B 2R T
ﬁé%g Uagigggiﬁiﬁgﬁi 5 BB ST BAE | 04 T 4 AT M SR
] i PR, L sk oV
FREEEI i o o e AR 435 R 47 95, o
D | RS 5 SO B ko K SR )
R WA T AT R R TR TSR e
/%Tﬁ Lagrangian J5 ¥ (K108 5, AT M58 | SRk BE SR T, ADMM 1§43 FiE o™
JEATIBLIE A TR R | ATUUBEE (B A k)
BEHLIL T A A, (38 1 TR A 5 A 7 B DI 4% B T W P
o 5 T ML ) R A S b 5 1 2 B A R 8% S O(log NN

4 TFHEMEBEKRKARE R

4.1 FFTERYEIRR
SR, S BUAT FERE AN AW TUAE R S S TT TS T AR 2 kR (BT AR A7 AE I T JL AN AL

(1) MR RAEE 2

R ST R SR I D A AR K 2 I ] Rt B BRI 32 B B — ) et BT R P 5 e O A RE AR R S s i) A O
B 1) B {8 (outlier) W 75 R 25 A4) A I 75 35 G i) il 4 abt, %ok B A 152 75 155 T D REL B b 42 i L, g st oK 2 g 0 ]
A N AESCHR[82] 7 KT Laplacian 73 AUl & BPE MR A5 38 17— Pl A% Y B0ha st AR Ly 916 2500 DU A 5
S JF BTt TR AR AT R 2 2 )RR B H SRR S Yan S DR SCRR[83] 7h B H — bk TR K 3 A 1) L
0 B80T U A I e A B A SR AP B R I A AT TSR T 1 3 DT FE 38 5 53 B — 20 Chen 4 A AE SCRR[84]
AT 45 N PRI AZ O 500 s ASS TR AT T 7™ 1 AR 20 AT, N FR S B UESE T 28 FAZ YU B0 st It Ly Y050 WAL A
SRS (A R 57— 7 1B AT SR A P G ) L Chen 48 AR SCIRR[85]F1 F 56 5 t —Fl ik T4 ) i B H
e 11 IARZ T R st AR B A A B R SR AD Ut B (T AR SCHR (44T 48 T 2RIL T4k Bregman S fUFVAN 45
Feg P e 7 R O b e RS TRE EA RE D A BERA L, FRATT AR TR AN S R B S e P 52 445 ) P e P R IR P 2K O
B0 BERT I A R SRE B b A B T R T AEAT (KL AR S R AR, A T 0 52 5 M 7 195 T M b 4 1
FIETT T —SE 8RR A SCRR[1 7] 32 7 — S0 T 0« (0 52 W 7 5 TG 010 R e 2 B0, - L Re 2 19
TG LA S Y T R AR S o T R v SR R 3 0 ) e P A R R AN T TR B, O ELIE W R 2 el
PRI A 5 DR AP A S A e ol USSR I, S e 5 3 7t 400 5 AN ) U G 52 27k e 7 £ S DT i e R B b
S (R P AR R B (T AR AT Fr it — P IR AP

(2) g PEA L

DAY A HE I D 2 2 A R Ak 2 U 00 A A ) 5040 b 4 ) R, T R LA A U I ¥ Ak B A 52 o 2 T 2 R
H T UG R R B A5 T Gogn A% NAE STHR[13]7F g RE A b 4 BA N BUHERE 2R ST, JC i s i ) 3
i) YA A5 AR SCHR 12 R A B b 4 2 T 38 o I SRS, B e v (10 Bt A ADLE 0 B b 4 SR A BE HEAT IERAL
2 B SRR R HT AR A TE VR AT 20 T P K2 X A A AE SCRR[86 ] 4 17— i i & 4l B £ 5L A o i
FE RN 42 SR T 22 BRAC 27 o0 AR AATY [ B R BE A R AR AR TR 20 2K ) A
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(3) ZeBofs BRkE A

TRAT P R R e 2 B AT A 2 T B0 T A 1) e 3 A R IX S AR I A ST 5 60 1 1 b R I 1) S e A A R
Y I 0 1 S 56 R AE A AN 45 K4 S5 55 4 - Cabral 55 A FE SCHR[STH ) A A BRI 4 1) 7 V24 v 22 A i I 15 4
0] B, 20 T EHER 5 B Al 5 hR e 2 8 R S 38 AL OCIEE B s Mardani 45 A 7R SCHR[61F FH HEBE #4277
¥ ) X 8% S A W), U T DO 8% 9 1) G B0 I RN 45 A4 15 S Natarajan 45 N AR SCHR[87] - #4 H0 FE b 4 45
I FH 355 DT - 93 TR0 B, 22 7 5 ER1 - 98 3 G T o P 5 B0 A i A 5L

(4) BEY I Ko HACRAR T

IRA S B A ST ) T RO E RO SRR 2 AR ek FEOR HUABE I )R 30 A 0 XA 1) L BF 0 © & EAT
Tk SO ER B R OO it SR R D A B IO B I 7 e A 1) R, ok >R FH ) i 2 - PROPACK. %K
PR AL AT B 43 BT e AH 538, T A 8 R AR A e (L 20 ik () B T) B2 2% B, — s R B it T S0l SO B (BT AR T
OE T R R b 4 ) 1. 4 1, Teflioudi 5% A AESCHR[88]7 2 T+ MapReduce JFAT 2 i Be vl 17 —28id
FHF BT 6 N IFAT 2B I /NI T3 5790 Recht 25 N AESCHR[75] 0 56 T B AL 309 0 B0 B 7 Ve vh 77— 2R JE B
4 IFAT B Mosabbeb 55 A 75 SCHR[89]H1 2k T- A8 & 5 I 3fe 1k e vt 7 — 2840 A AR R b4 AT 50 IR 2 B
B F KA 2 bR 43 28,1 Makari 26 A WUHE SCHR[30]H 238 T BEMLER BE T B vk e il T — 2R BERE S AT 78 L =
FEA X AEIBAT 7073 AT XA 7 & L AT SV AR, I A7 X Le 5503k — J77 181 Ry B T A7t e B A B0 R I e 4 i) R,
ZHGAHE) T e ) — 5 L AR A L B T MapReduce HAT g FEAR Y & 1T, 0E G247 T Hadoop T, 110 H .l T
P e A B 3 T K R (AR B, 4 ) MapReduce 4 R B8 70 A R SR A AR I 74K o LA 2 AR 22 B 24 (1 K
Fp db B K.
42 RRHRAME

RE AN BORBIF ST 7 2R S TEBAY L SR N O T AT 73 ZEAR 22 A1 T 29 3 NI AN J7 1 g
R RAIEFETT M BEAT R

(1) BBYT7IH

TRAG P 0 B D A B B AT 1 S B T 0 R 7 A 5 0 2 e, T 1) ) DA 3RS e A A IR AR A1, AR B R 4
P 00 A5 S0 A 22 BR I8 5 SIAT 55 Th &5l B0 IE T A 58 B FE AR AR AR B 1 2 4598 2 28 1) 8 ) T it 2 )
R ARATT SRR B IEAS S04 5 IR RE AR B N B S I FE AR B R B RS R Ee 2 — B RN E IECL 2
XG4 J5 A A B b e 75 B 15 A 43288, R bt SR A o I e R AR A SR AT TOUU R 4 B B85 ml N M B
e B IR 2R ME BI04 K ] Re 5 5 SR 0 AR S5 1 43 S MR e DAL b A 50 o] A 1] S0 AR IS Rl N Il A8 g ) )
5 ¥ AR b 1) R0 5 I S 2 S ARG T R A B b4 5 AT 5 10 97 AR s b A R b 2 2 TR 47 I M —
O i B 24 T ) 0 R0 O 4 DR )9, T 7K R A T3 U A A A i B T ) 2 4 e s TRV R 4 R S O
A7 I8 SRR R RO 4 AR A LG B B D A R R I 0k A0 R e, 5K T A A8 B 2 MR W 5 = BELAG: T LA S B B H v
PR DRI I AT AT, 5K e 4 B R B F 0K e — MBS RR S DGR I A A

(2) HEITIH

AT B B 2 B0 K 2 i T 4R R S AT AR 3 A0, 32 4 T B L VT S A803 R0 P A7 2 ) BRI 5925 (1 9 T ok
RS AR T M LA TR RS () % I A SRR AT 20 A0 s AT 37 e A% AL — PP al 47 () i e S i oY
15370 S HAT J FE B 1% W MPLHadoop #1 Spark & HAR Sk f, Hrb U5 T I AR 5 R K52 1 Spark J2: 3 425K
KB ELT- & P F Bi48 3K Spark CATERLAGHE . IS WLas ). B, SQL &% — R 71 4k £3 2
Y2 N AR I BRI T R 3 4L X DL K Twitter, Adobe, Intel,Amazon,Redhat %528 &] F 0 T #7365 . A1
tt T Hadoop,Spark #2& P 77+ S HE 2R #1145 Hadoop MapReduce FT H 47 (4L (B[] T Hadoop,Job H7 8] 4 Hi i
g W] DARAETE WA N A TR 22 'S HDFS, IR 0 H00& T 75 2 22 Yk AT 550 (0 6 B b A B 28 SR e g
HANEE AL B Spark MLIib CLe B SE30 T BEEE N R - livk . ADMM 45 28 MUAI A6 50305 D5 g, Spark 7 82
S RE RN A o AT OFAT YR T I G R AR T
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(3) AT

TAT (R S B D 4 4 R AR A1 22 AT B T )2 N A (R R 20 6 T — S 7t (0 A i, S B b X S8 5 3
AN FF A S B, IR 0, 20 T 550 5 26 A 4 1 P 4 B AR 8¢ 58 2L i 325 1) 0 1) AR K s (43 DGR T 9T
] A U A 22 b BB 2 28 vh AT A A A TS 5 e R TG R I 2 0 36 A 208 12 WS G 3R T 552 s i 10 2 B M) il A2
A2 1k B OC JR N TEHERE R G 7 -V o T w38 A S P e G AR R — A TR BN R — AN ), ]
A 15 WS 1) B8 ) A A8 A 326 A A A i A% 0 e i T M AT o) 3 VO Bk B AR B A A2 Bl A A R T
AR £ 1 N A TR Bl 25 A B D A B 02 AR R e AT T S 2 B v M A T e A AR AR 0 I 7 A I i th 2
— > 5 T B A B T A T e e R, IR D R O R A AR TR T g 7 TR SR I A T I T B N A TR AF Y
TS AR AN TT TR (19 52 2% M 75 5 50T O B D A e AR WIE 0 A WU 25 I ) 16 22 A8 3 K 24 40 o A - A
o 88 ol A B AR AER 24 22 ) 2% 5 55 200 g 7 20 6 P 4T3 PP A 8 SR A e B A T — MR 4 1 SR AT AR 1ICCV
2015 23 b #R3CHg O3 SRk A 46 BB 43 A (mixture of exponential power) B8 R LA AN ] i 4 ) AL A
M R ST R AT A N B FE I AR IR K 3R 2 IR SRR O - M R A i R RRE IR AT R A BRI TR
T 10 A7 78 LA 0 RA] AR A0 A2k 1) 8, A T 58 S L4 5% 5 B3 AR 22 27 ST RS 0 g e 7 2 i g S 1 T —
FhAR LT 1) i e S B

5 ANBE

A DAy i 27 >0 B 1) S A P 20 T 2R T T 4 SRR ) R A e BORIE SRR AE B & 2 ) WU T =2
ORAEFE LA, MR SR B 5 THT RS 45 21 7 R85 Ji8 MRS 17 0 22 W S0 ISCARE AR ST 2 ARk e 3R st 1) £
FELRIR T 4 A AR R b A B2, 15 5 DA AR 5 N AR PR B b 4 T U 3R (4 25 2 O T AR ST T [ i A
RUR AR BELRIR T 38 T e e A A 7R 25— HE ZR D 1) 3 LA 55005, 1R DA J5 L T 6 0 1 e s A6 7
DU T 0 B, DA T A 8] 3 T i) S P ) R )R I kb e A58 20 ) D08 A SR P 0 i i 8 T DA 0 b e R A e
FRAARE L A GNHE) PN S AT R RS L A AE (R AN AL [ I A SR SV B BLAT A A b 42 S0 K 22 32 A
TV SRR PN A 2 T B, SRR TR E AN T SRR AR LU P T KA fa AR A S il i vy LA AR
LG R B SR X ) 5L 0 15 B 5 P A e, R g A g 2SR S o ) i K N T

References:
[1] Donoho DL. Compressed sensing. IEEE Trans. on Information Theory, 2006,52(4):1289-1306. [doi: 10.1109/TIT.2006.871582]
[2] Candpes EJ, Romberg J, Tao T. Robust uncertainty principles: Exact signal reconstruction from highly incomplete frequency
information. IEEE Trans. on Information Theory, 2006,52(2):489-509. [doi: 10.1109/TIT.2005.862083]
[3] Candes EJ, Recht B. Exact matrix completion via convex optimization. Foundations of Computational Mathematics, 2009,9(6):
717-772. [doi: 10.1007/s10208-009-9045-5]
[4] Li W, Zhao L, Lin ZJ, Xu DQ, Lu DM. Non-Local image inpainting using low-rank matrix completion. Computer Graphics Forum,
2015,34(6):111-122. [doi: 10.1111/cgf.12521]
[5] Cabral R, De la Torre F, Costeira JP, Bernardino A. Matrix completion for weakly-supervised multi-label image classification.
IEEE Trans. on Pattern Analysis and Machine Intelligence, 2015,37(1):121-135. [doi: 10.1109/TPAMI.2014.2343234]
[6] Mardani M, Giannakis GB. Estimating traffic and anomaly maps via network tomography. IEEE/ACM Trans. on Networking, 2016,
24(5):1533-1547. [doi: 10.1109/TNET.2015.2417809]
[7] Yi KF, Wan JW, Yao L, Bao TY. Partial matrix completion algorithm for efficient data gathering in wireless sensor networks.
IEEE Communications Letters, 2015,19(1):54-57. [doi: 10.1109/LCOMM.2014.2371998]
[8] Otazo R, Candés E, Sodickson DK. Low-Rank plus sparse matrix decomposition for accelerated dynamic MRI with separation of
background and dynamic components. Magnetic Resonance in Medicine, 2015,73(3):1125-1136. [doi: 10.1002/mrm.25240]
[91 Taghizadeh MJ, Parhizkar R, Garner PN, Bourlard H, Asaei A. Ad hoc microphone array calibration: Euclidean distance matrix
completion algorithm and theoretical guarantees. Signal Processing, 2015,107:123-140. [doi: 10.1016/j.sigpro.2014.07.016]
[10] Hsieh CJ, Natarajan N, Dhilon IS. PU learning for matrix completion. In: Proc. of the Int’l Conf. on Machine Learning. 2015.



%E FSEMEANMARE B AR 4R 1561

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Adeli-Mosabbeb E, Fathy M. Non-Negative matrix completion for action detection. Image and Vision Computing, 2015,39(1):
38-51. [doi: 10.1016/j.imavis.2015.04.006]

YiJ, Zhang L, Jin R, Qian Q, Jain AK. Semi-Supervised clustering by input pattern assisted pairwise similarity matrix completion.
In: Proc. of the Int’l Conf. on Machine Learning. 2013.

Gogn A, Majumdar A. Matrix completion incorporating auxiliary information for recommender system design. Expert System with
Applications, 2015,42(12):5789-5799. [doi: 10.1016/j.eswa.2015.04.012]

Candes EJ, Eldar YC, Strohmer T, Vladislav H. Phase retrieval via matrix completion. SITAM Review, 2015,57(2):225-251. [doi:
10.1137/151005099]

Kumar R, Silva CD, Akalin O, Aravkin AY, Mansour H; Recht B; Herrmann FJ. Efficient matrix completion for seismic data
reconstruction. Geophysics, 2015, 80(5):97-114. [doi: 10.1190/ge02014-0369.1]

Zhao Z, Zhang LJ, He XF, Ng W. Expert finding for question answering via graph regularized matrix completion, IEEE Trans. on
Knowledge and Data Engineering, 2015,27(4):993-1004. [doi: 10.1109/TKDE.2014.2356461]

Xiao F, Sha CH, Chen L, Sun LJ, Wang RC. Noise-Tolerant localization from incomplete range measurements for wireless sensor
networks. In: Proc. of the IEEE Int’l Conf. on Computer Communications. 2015. 2794-2802. [doi: 10.1109/INFOCOM.2015.
7218672]

Chen L, Yang G, Chen ZY, Xiao F, Xu J. Web services QoS prediction via matrix completion with structural noise. Journal on
Communications, 2015,36(6):49—-59 (in Chinese with English abstract).

Chen L, Yang G, Chen ZY, Xiao F, Shi JY. Correlation consistency constrained matrix completion for Web service tag refinement.
Neural Computing and Applications, 2015,26(1):101-110. [doi: 10.1007/s00521-014-1704-z]

Bishop WE, Yu BM. Deterministic symmetric positive semidefinite matrix completion. In: Proc. of the Advances in Neural
Information Processing Systems. 2014.

Li XD. Compressed sensing and matrix completion with constant proportion of corruptions. Constructive Approximation, 2013,37:
73-99. [doi: 10.1007/s00365-012-9176-9]

Candes EJ, Plan Y. Matrix completion with noise. Proc. of the IEEE, 2010,98(6):925-936. [doi: 10.1109/JPROC.2009.2035722]
Mardani M, Mateos G, Giannakis GB. Subspace learning and imputation for streaming big data matrices and tensors. IEEE Trans.
on Signal Processing, 2015,63(10):2663-2677. [doi: 10.1109/TSP.2015.2417491]

Wang Z, Lai J, Lu Z S, Ye JP. Orthogonal rank-one matrix pursuit for low rank matrix completion SIAM Journal on Scientific
Computing, 2015,37(1):488-514. [doi: 10.1137/130934271]

Ma S, Goldfarb D, Chen L. Fixed point and Bregman iterative methods for matrix rank minimization. Mathematics Programming,
2011,128(1):321-353. [doi: 10.1007/s10107-009-0306-5]

Xu YY, Yin WT, Wen ZW, Zhang Y. An alternating direction algorithm for matrix completion with nonnegative factors. Frontiers
of Mathematics in China, 2012,7(2):365-384. [doi: 10.1007/s11464-012-0194-5]

Mohan K, Fazel M. Iterative reweighted algorithms for matrix rank minimization. Journal of Machine Learning Research, 2013,13:
3253-3285.

Mackey L, Talwalkar A, Jordan M. Distributed matrix completion and robust factorization. Journal of Machine Learning Research,
2015,16(1):913-960.

Candes EJ, Tao T. The power of convex relaxation: Near-optimal matrix completion. IEEE Trans. on Information Theory, 2009,
56(5):2053-2080. [doi: 10.1109/TIT.2010.2044061]

Makari F, Teflioudi C, Gemulla R, Haas P, Sismanis Y. Shared-Memory and shared-nothing stochastic gradient descent algorithms
for matrix completion. Knowledge and Information Systems, 2015,42(3):493-523. [doi: 10.1007/s10115-013-0718-7]

Nie FP, Wang H, Huang H, Ding C. Joint schatten p-norm and Lp-norm roubst matrix completion for missing value recovery.
Knowledge and Information Systems, 2015,42(3):525-544. [doi: 10.1007/s10115-013-0713-z]

Lu CY, Tang JH, Yan SC, Lin Z. Generalized nonconvex non-smooth low-rank minimization. In: Proc. of the IEEE Conf. on
Computer Vision and Pattern Recognition. 2014. 4130-4137. [doi: 10.1109/CVPR.2014.526]

Zhang LJ, Yang T, Jin R, Zhou ZH. Stochastic proximal gradient descent for nuclear norm regularization. 2015. http://arxiv.org/

abs/1511.01664 CoRR abs/1511.01664



1562 Journal of Sofiware ¥4+ Vol.28, No.6, June 2017

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Boumal N, Absil P. RTRMC: A riemannian trust region method for matrix completion. In: Proc. of the Annual Conf. on Neural
Information Processing Systems. 2011.

Ghasemi H, Malek-Mohammadi M, Babaie-Zadeh M. SRF: Matrix completion based on smoothed rank function. In: Proc. of the
IEEE Int’l Conf. on Acoustics, Speech and Signal Processing. 2011. 3672-3675. [doi: 10.1109/ICASSP.2011.5947147]

Winlaw M, Hynes M, Caterini A, Sterck H. Algorithmic acceleration of parallel ALS for collaborative filtering; speeding up
distributed big data recommendation in Spark. In: Proc. of the IEEE Int’l Conf. on Parallel and Distributed Systems. 2015. 682—691.
[doi: 10.1109/ICPADS.2015.91]

Sun RY, Luo ZQ. Guaranteed matrix completion via non-convex factorization. In: Proc. of the Annual Symp. on Foundations of
Computer Science. 2015. [doi: 10.1109/FOCS.2015.25]

Lin ZC. Rank minimization: Theory, algorithms and applications. In: Zhang CS, Zhou ZH, eds. Proc. of the Machine Learning and
Their Applications. Beijing: Tsinghua University Press, 2013. 143—-164 (in Chinese with English abstract).

Peng YG, Suo JL, Dai QH, Xu LW. From compressed sensing to low-rank matrix recovery: Theory and aplications. Acta
Actomatica Sinica, 2013,39(7):981-994 (in Chinese with English abstract). [doi: 10.1016/S1874-1029(13)60063-4]

Chen CH, He BS, Yuan XM. Matrix completion via an alternating direction method. IMA Journal of Numerical Analysis, 2012,
32(1):227-245. [doi: 10.1093/imanum/drq039]

Wen SW, Xu FF, Wen ZW, Chen L. Robust linear optimization under matrix completion. Science in China: Mathematics, 2014,57:
699-710. [doi: 10.1007/s11425-013-4697-7]

Jiao LC, Zhao J, Yang SY, Liu F, Xie W. Research advances on sparse cognitive learning, computing and recognition. Chinese
Journal of Computers, 2016,39(4):835-852 (in Chinese with English abstract).

Hu Y, Zhang DB, Ye JP, Li X, He XF. Fast and accurate matrix completion via truncated nuclear norm regularization. IEEE Trans.
on Pattern Analysis and Machine Intelligence, 2013,35(9):2117-2130. [doi: 10.1109/TPAMI.2012.271]

Chen L, Yang G, Chen ZY, Xiao F, Chen SC. Linearized bregman iteration algorithm for matrix completion with structural noise.
Chinese Journal of Computers, 2015,38(7):1357—1371 (in Chinese with English abstract).

Tibshirani R. Regression shrinkage and selection via the lasso. Journal of the Royal Statistical Society, 1996,58(1):267-288.

Fazel M. Matrix rank minimization with applications [Ph.D. Thesis]. Standford University, 2002.

Toh KC, Yun SW. An accelerated proximal gradient algorithm for nuclear norm regularized least squares problems. Pacific Journal
of Optimization, 2010,6(3):615-640.

Cai JF, Candes EJ, Shen Z. A singular value thresholding algorithm for matrix completion, STAM Journal of Optimization, 2010,
20(4):1956-1982. [doi: 10.1137/080738970]

Lin ZC, Chen MM, Wu LQ, Ma Y. The augmented Lagrange multiplier method for exact recovery of corrupted low-rank matrices.
Technical Report, UILU-ENG-09-2214, UIUC University, 2010.

Wen ZW, Yin WT, Zhang Y. Solving a low rank factorization model for matrix completion by a nonlinear successive over-
relaxation algorithm. Mathematic Programming Computation. 2012,4:333-361. [doi: 10.1007/s12532-012-0044-1]

Liu YY, Jiao LC, Shang FH. A fast tri-factorization method for low-rank matrix recovery and completion. Pattern Recognition,
2013,46(1):163-173. [doi: 10.1016/j.patcog.2012.07.003]

Srebro N, Shraibman A. Rank, trace-norm and max-norm. In: Proc. of the Annual Conf. on Learning Theory. 2005. 545-560. [doi:
10.1007/11503415_37]

Mardani M, Mateos G, Giannakis GB. Rank minimization for subspace tracking from incomplete data. In: Proc. of the IEEE Int’l
Conf. on Acoustics, Speech and Signal Processing. 2013. 5681-5685. [doi: 10.1109/ICASSP.2013.6638752]

Geng J, Wang LS, Wang YF. A non-convex algorithm framework based on DC programming and DCA for matrix completion.
Numerical Algorithms, 2015,68:903-921. [doi: 10.1007/s11075-014-9876-2]

Kang Z, Peng C, Cheng J, Cheng Q. LogDet rank minimization with application to subspace clustering. Computational Intelligence
and Neuroscience, 2015, Article ID 824289. [doi: 10.1155/2015/824289]

Honerkamp J, Weese J. Tikhonovs regularization method for ill-posed problems. Continuum Mechanics and Thermodynamics,

1990,2(1):17-30. [doi: 10.1007/BF01170953]



%E FSEMEANMARE B AR 4R 1563

[57]

[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Chen Z, Haykin S. On different facets of regularization theory. Neural Computation, 2002,14(12):2791-2846. [doi: 10.1162/08997
6602760805296]

Combettes PL, Wajs VR. Signal recovery by proximal forward-backward splitting. Multiscale Modeling and Simulation, 2005,4(4):
1168-1200. [doi: 10.1137/050626090]

Nemirovski A. Efficient methods in convex programming. Lecture Notes, 1995,23(3):24-39.

Beck A, Teboulle M. A fast iterative shrinkage-thresholding algorithm for linear inverse problems. SIAM Journal on Imaging
Sciences, 2009,2(1):183-202. [doi: 10.1137/080716542]

Nesterov Y. A method of solving a convex programming problem with convergence rate O(k™). Soviet Mathematics Doklady, 1983,
27(2):372-376.

Nesterov Y. Efficiency of coordinate descent methods on huge-scale optimization problems. SIAM Journal on Optimization, 2012,
22:341-362. [doi: 10.1137/100802001]

Beck A, Tetruashvili L. On the convergence of block coordinate descent methods. SIAM Journal on Optimization, 2013,23(4):
2037-2060. [doi: 10.1137/120887679]

Bregman L. The relaxation method of finding the common points of convex sets and its application to the solution of problems in
convex programming. Computational Mathematics and Mathematical Physics, 1967,7(3):200-217. [doi: 10.1016/0041-5553(67)
90040-7]

Osher S, Burger M, Goldfarb M. An iterative regularization method for total variation-based image restoration. Multiscale
Modeling and Simulation, 2005,4(2):460-489. [doi: 10.1137/040605412]

Yin WT, Osher S, Goldfarb D. Bregman iterative algorithms for L,;-minimization with applications to compressed sensing. SIAM
Journal on Imaging Sciences, 2008,1(1):143—168. [doi: 10.1137/070703983]

Cai JF, Osher S, Shen Z. Linearized Bregman iteration for frame-based image deblurring. SIAM Journal on Imaging Sciences, 2009,
2(2):226-252. [doi: 10.1137/080733371]

Boyd S, Parikh N, Chu E. Distributed optimization and statistical learning via the alternating direction method of multipliers.
Foundations and Trends® in Machine Learning, 2011,3(1):1-122. [doi: 10.1561/2200000016]

Douglas J, Rachford HH. On the numerical solution of heat conduction problems in two and three space variables. Trans. of the
American Mathematical Society, 1956,82:421-439. [doi: 10.1090/S0002-9947-1956-0084194-4]

Gabay D, Mercier B. A dual algorithm for the solution of nonlinear variational problems via finite element approximations.
Computers and Mathematics with Applications, 1976,2:17-40. [doi: 10.1016/0898-1221(76)90003-1]

Zhang RL, Kwok J. Asynchronous distributed ADMM for consensus optimization. In: Proc. of the Int’l Conf. on Machine Learning.
2014.

Zhang WL, Kwok J. Fast stochastic alternating direction method of multipliers. In: Proc. of the Int’l Conf. on Machine Learning.
2014.

He BS, Yuan XM. On the O(1/n) convergence rate of the Douglas-Rachford alternating direction method. SIAM Journal of
Numerical Analysis. 2012,50(2):700-709. [doi: 10.1137/110836936]

He BS, Tao M, Yuan XM. Alternating direction method with Gaussian back substitution for separable convex programming. STAM
Journal on Optimization, 2012,22(2):313-340. [doi: 10.1137/110822347]

Lin ZC, Liu RS, Li H. Linearized alternating direction method with parallel splitting and adaptive penalty for separable convex
programs in machine learning. Machine Learning, 2015,99(2):287-325. [doi: 10.1007/s10994-014-5469-5]

Nemirovski A, Juditsky A, Lan G, Shapiro A. Robust stochastic approximation approach to stochastic programming. SIAM Journal
on Optimization, 2009,19(4):1574-1609. [doi: 10.1137/070704277]

Recht B, Re C. Parallel stochastic gradient algorithms for large-scale matrix completion. Mathematical Programming Computation,
2013,5(2):201-226. [doi: 10.1007/s12532-013-0053-8]

Liu J, Wright SJ, Re C, Bittorf V, Sridhar S. An asynchronous parallel stochastic coordinate descent algorithm. Journal of Machine
Learning Research, 2015,16(1):285-322.

Azadi S, Sra S. Towards an optimal stochastic alternating direction method of multipliers. In: Proc. of the Int’l Conf. on Machine

Learning. 2014.



1564 Journal of Sofiware ¥4+ Vol.28, No.6, June 2017

[80] Zhang LJ, Yang T, Yi J, Jin R, Zhou ZH. Stochastic optimization for kernel PCA. In: Proc. of the AAAI Conf. on Artificial
Intelligence. 2016. 2316 —2322.

[81] Zhang ZH. The singular value decomposition, applications and beyond. arXiv: 1510.08532v1, http://arxiv.org/abs/1510.08532

[82] Tao M, He BS, Yuan XM. Recovering low-rank and sparse components of matrices from incomplete and noisy observations. SIAM
Journal on Optimization, 2011,21(1):57-81. [doi: 10.1137/100781894]

[83] Yan M, Yang Y, Osher S. Exact low-rank matrix completion from sparsely corrupted entries via adaptive outlier pursuit. Journal of
Scientific Computing, 2013,56(3):433-449. [doi: 10.1007/s10915-013-9682-3]

[84] Chen YD, Jalali A, Sanghavi S, Caramanis C. Low-Rank matrix recovery from errors and erasures. IEEE Trans. on Information
Theory, 2013,59(7):4324-4337. [doi: 10.1109/TIT.2013.2249572]

[85] Chen YD, Xu H, Caramanis C, Sanghavi S. Robust matrix completion and corrupted columns. In: Proc. of the Int’l Conf. on
Machine Learning. 2011.

[86] Xu M, Jin R, Zhou ZH. Speedup matrix completion with side information: Application to multi-label learning. In: Proc. of the
Advances in Neural Information Processing Systems. 2013.

[87] Natarajan N, Dhillon IS. Matrix completion for predicting gene-disease associations. Bioinformatics, 2014,30(12):60-68. [doi:
10.1093/bioinformatics/btu269]

[88] Teflioudi C, Makari F, Gemulla R. Distributed matrix completion. In: Proc. of the IEEE Int’l Conf. on Data Mining. 2012. 655-664.
[doi: 10.1109/1CDM.2012.120]

[89] Mosabbeb EA, Fathy M. Distributed matrix completion for large-scale multi-label classification. Intelligent Data Analysis, 2014,18:
1137-1151.

[90] Liu J, Musialski P, Wonka P, Ye JP. Tensor completion for estimating missing values in visual data. IEEE Trans. on Pattern
Analysis and Machine Intelligence, 2013,35(1):208-220. [doi: 10.1109/TPAMI.2012.39]

[91] Alameda-Pineda X, Yan Y, Ricci E, Sebe N. Recognizing emotions from abstract paintings using non-linear matrix completion. In:
Proc. of the IEEE Conf. on Computer Vision and Pattern Recognition. 2016. 5240-5248. [doi: 10.1109/CVPR.2016.566]

[92] Xu LB, Davenport MA. Dynamic matrix recovery from incomplete observations under an exact low-rank constraint. In: Proc. of the
Advances in Neural Information Processing Systems. 2016.

[93] Cao XR, Chen Y, Zhao Q, Meng DY, Wang Y, Wang D, Xu ZB. Low-Rank matrix factorization under general mixture noise
distributions. In: Proc. of the Int’l Conf. on Computer Vision. 2015. [doi: 10.1109/ICCV.2015.175]

Mt o 325 2 3K

(18] WS A% DE,FRIE T, B B VR 3 T M A I8 75 S I 42 1) Web 55 QoS TN 3t £ 27 41¢,2015,36(6):49-59.

[38] AR AR/ B L SEVE 5 BT L 5 KK R R A G L 2% 0 R B 25 W SCAR AL s i A L R, 2013.143-164.

(391 82 SCHI, 2R HE T, 3 B I A0k SO A M 40 A e 30 R A B A 52 - B8 55 1 . 1 30 4k 277 41 ,2013,39(7):981-994. [doi: 10.1016/
S1874-1029(13)60063-4]

[42] FEZ R0 R BE WU, )0 05 U S RGNS 24 20 L VB YU R ST E R T SR 4R,2016,39(4):835-852.

[44]  WRHE A DEFRIE T, B B MR A T 2k Bregman 206K (0 44 1 8 75 R0 b 4 B9 T ST HLA# 414,2015,38(7):1357-1371.

FREE (1975 —), B VL7 B A AL 4 Bl %
$2,CCF Bl 4y b, 32 SRS AT K e
B3 S T LB, 25 15 2 58 1R 11 i

\ BRAS (1962 —), 55 1 & B% i L4 3
- Jili,CCF 5 2 2x b3, 22 BRI 5 U A 5 2R
VIRIE - N

)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


