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D3 S0 0HE B RO R G A, T TR0 T 2 0T 9 R I S R BT o R, H T R AR B AR
TP = 3 i 28 900 s it I A B, T T s 0 i 5 B o B 2R )R A o 3 44 O TE A2 ) Neetflix 8 2%
it — N2 U FE SR 2 L B B AL 45 5 T 104 L SE DT 4 B8 4 AT LB i (Feuerverger et al.,2012) , 411&] 1
Fi7R o ZAF o BE i AL B 29 A8 TT WL E R 1 J7 8 TR HLRE o SR A 0 WL 5 P 24 4300 24 200 7 it 52 45 1 2ok
PO, HAB PP Ar # 2 BRI 1Y, 2R LU 9] 535 98.8%
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A A i 2 PR A 2R . IO 2 iR T P B ) D3, O A A I 2 R P % 5 B9 5 4E (Kleinberg
et al.,2018) o AIRERF L VLI A AT SO AT A0 58 , Sl BE VK 52 K5cH0s 64 SO AN N FE 45 1, 3ot nl 2% 58 B P o)
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BOEAE N HETE R GERTRL 1 A 8 T R A S I TR AR G IR 2 O BT B A S A

R R LA A8 B8 e 2 )t , L2 e vt P S0 R TR A Bk o DR 0 R i 1) A A A 00 R AR O A T
SEVESE N, 0 R PE RS SEEAE R o TR/ N KU B2k 13 S ek Bk B AT N B AR PR, 40 Little 1 Rubin
(2019) 1A ZH 1Y complete—case analysis. ZR M 7E/NECHE A I 09 B0 B 5% 36 B, a5k 2 5000 12 1 P i o 426 O 2 1
Bt s 22 , 4 M 3 ke 2 it , 2 3 OB HRe B AL TR 9% , SE AT REIN B oy b 3R e g 25 S B AE TR 22 o X T
B R 1) KB &, B B vk & F8090% L) b B g 9, AR R ml AT . BRI, b R 4l
Hh R ol 2R B R AT S8 A, ST RE A IR [ A A 45 4 2 KB 3 A et — 2D A LR B R AT A8 R TR —
MEEIPE,

RS SR A R 2 3T 30 4R S8 AE — AN TR BR BT 58 05 1), JE T — B AH 5 U7 5 (Rubin, 1987 Little,
1988 Little and Rubin, 1989; Allison, 2000 ; Zhang, 2003 ; Ibrahim et al., 2005 ; Reiter and Raghunathan, 2007 ; Dur-
rant, 2009; Little and Rubin,2019) . {HX ££75 3% Jir GE b LAY e 2K 3 6 A7 BE it 45 20000 48 B2 ) 22 A i A8 fe iy, 7o
VA P DRSS i Y R R S o e AN, H T OB A M R R 2 U U A AR L 0 R e
AT BV TR PR, ZE X SR B AT 5 A A AR v T8 0025 I U T SR R R S ) B
BRAHLTR , LU T A R B S8 A 07 1% o AR SORE 1 e 48U 5 w5 A ) i) — et =X, 6T 2% SRR
[Fi) 75 52 45 T AR B8 5 48 A D W BT I L, -2 1 A A8 B2 U Y I 3 5

—BETENEIEM R E X

AT S 8 KB 56 28 Ak ] Y — PR HE A, P X6 AN [ 5000 dsfe 2 L A 85080 5 28 A ik A T A 3, JF
BT R 0 e A | 22 5 5 B I s SCI ) S B R R I TR IR o il T R W LUE IR S AP, A
e — ek, AR SO Se DU IR 25 2% 188 S8 A Al n) L, 22 J5 258 e 3 0T — A I B 1 1 o

LI 52 28 A I 5 14 0] R 200 ) AR 48 A /0 1 UL 000 {0 A b T i 46 8 I A7 Dt A R R LR S — A~
A G PR A LA ) R A UL A R R e A5 Al i 3 SR TRk 28 A AR, BRIV s 4 4 I 1 A7 897
A /D i AT B8 B B A e DA 13 Netflix AL 52 3 23 0 B o 4 56 1 R ), ZEARBRZ5 M (B T, WA i B R
JE /D SR R P A C I B AR AR L, T TR AT 8 B R A A B HE SR

L A= ao. ) wwn FE7R AN TT LI () B S P, HE B no 7 no 510 FRATTBC: HE ELA IR o, BV 4 A 1)
rank (Ao) J&— " LBV RE R o 2 Y= () o J2 Ao I T35 (E A O I 5 2 Ji5 10 AT SO0 D 5040 4 B . ZE SRR b Y
A /NI G nT ORI ), Hof R e . Y Ry, BT LLE IR yi=ao. ey, HH ao, 278 AT 0 7 B
MITCER , e, R BIEN O TP o R 58 & T 1) A4 200 AT 45 3 2 i o 338 224 1) 58 45 b T R A5 31 B S
R4 AP TR A o — Bk UG, A W] LI s SR M An R O Ak [n) R 3545 -

A=argmin,_,{L(A,Y)+R(A)} (1)
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R PERE Bk Gy o i DL i — 2403 2% pR BSOS B 2k R R, 28 N T L TR RR e/ IV 7 0 K ek AR
Nk fe /N e, HL AR B SR v A s () rh i — A ) S AR AR AR s (B A o 5 LRI, 6 TR WA IE S
A0S HAG T RS 38 A B AL ERAG TF R At v LA T — A d5e /MBS J7 51 % pR B [R] A,

TR T2 X 458 2% pR B A SE VR, S T AR I T S Y R AR B B ARG, — A AR AR
FHRE F (%) B AR B A R A1) pR 0, IR R e %) Bk, o gt 2 6 I O 47 S (B S B0 A 31 1 R A Ak R 500 JE 0 Ak
Wi, sR1EA R, X AR 5 2008 NP-XE Y (Chistov and Grigoriev, 1984 ) , M DL 7E Z2 1t 0 0] Py 75 21 45
45 . Candes Fl Recht (2009) K Recht (2011) 42 H T FHARZ T S ANl A S 485 530 o5 50k i ke S 1 52 451k
[P = RN TR 76 - £ 4 (WO I =9 Al W £ < 1 7 NE= s Y L 19 I 1 2 e+ U B e < S )
PUAEAL, S . PRE F (Al S AR B AN A ) R A 5 B 2 S T SR NP, BEAS 1 22 101 2 [A] st
(i

TESEBR, FATT Lol O AR R A iE PR s LA, Y) o 5 A 808 i U A B 42 AT A5, JIxT 11
D7 A5 BT 75, — A B2 03 P 22 LAY ) = L[V = AL Lo [ M) = trace(MM”) 32753 4 ¥ ) Frobenius #%4 .
ORI, F1 T ¥ o ST S48 M T BRI ), 3 01 Jo ek P B P B LA W) T3 T 45 2 B 65 4, M
e B IR =

n b TR R O S8 A& Ak Tl ] 2R S i el (1) 7R B — AP Ak s, i ORI 5 o R B ds
SR A HLHI AN AR ], Bl e e 22BN R IR S, AATTR5 2546 el RS sS4 7 40 B 91 5R A T i B8l o 4%
e AU H o LT FRATTHSE PR B %) 3 A~ SR e (BRI = 4 L 2208 S 0T LB 2 ORI R TTB AR IX 3
IR B8 N B 50 & Ak IR R 04 55 i B L (R Bk K, O 45 1 38 30 A1 SR BT 5, o) 3 R O ) 155 15 L AR P e
[ A AR SR AT D) RS PR TR R

= BEEEREYIET FLE

R i 2 O R Y — S SRR . IR R A BR B b R R AR EACHON B R P B R A, AT
A5 FHL P TSt T R O 5 L v 0 B R R o TR P T 42 ke B D 1) o R AR A B, DA 7 A K R
B VP RS o O SIS e 4 B i 2R BCHE 19 58 A AL AR e BN Bl 2R LR AT 2 A DL RARAE (1) i R R
LA, Y) RAESTH R (A) B RKBE -

XHFROA) T, 0 TS50 5 4 0 206 0 B LA R ), 3 3 55 00 R AT D ek A F A | AN AR R A5 v
BORfRPHE B2 AR IR R, X T R(A) T, T AE R A AR LT, A K B 5 Tk o 21, 75 24
A~ H 1 0/1 70 AR LI 7R P B T= (e ) , FEA an e a=1, D] o, 7 4 00000 1), S 2 4> 1,=0., X F7m PR
R T, A B HORE IO 8 LI ABE 38 R @=(6,7) , o 0,43 o 30 1 B9, B o IR MK LA 60,4 © BGE E32 AR 411 85 ) 43
Ay, BRI E 2 s

HRHE A [] B B e e AL L 6, 09 R IE 20 A AR A, TS S LA, Y) BYBOE 2 ORI AR[E], LUT 53 51l
St BENLER A (BEALER S AEBEAL GRS LT 080 FE M 58 £ 1 0] 80 4R DAk ) 8 i BOR i 5 bk kAT
A

(—)5ELRENER K HLHI (Missing Completely At Random)

TE 524 BEHLER S (Missing Completely At Random , & #K MCAR) BUTE L T , — S0 RSSO0 2] oA R 5
vy LA SRR v UL 38 ) AT A G A A2
HERTEOC , Hoh 25 2 e e AL A (Uni-
formly Missing Mechanism ) 4& — Fl 7
RAEIE o TR ST AR AL T, Y rhdg
AIeER HATAH R A i 2 R, /)
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I 8 B Ak R H SR I — o i R BIL TR 15, 70 5080 B 5 4 A 118 i 57 SR A #3853 £ 1] ( Candes and Recht,

2009 ; Keshavan et al.,2010; Recht 2011 ; Rohde and Tsybakov,2011 ; Koltchinskii et al.,2011), e 5] e e ML

T HVEE FL U IE S 0 K1, L P LA Y) =7 (A= Y| 8 bR, e« 93859 0 6 2 1] Had.-

amard 55, F T 37 5 [ X 1 A7 B G 2R A 3R T 45 B AT AR R . DR, X TRl (1) r 46 2K R SR I DU £k TS
SRR A, AT DAAS B T 20 1 5 57 A Ak AR Ak )

g A=y +AlA]. 2)

n|n2|

A= arg min

ll4, e

o AR — AT S A, F TV RS A HEECRK 19 1E DU A 22 ] (4 A G A

TEHSIFEALER ST, Candes Fll Recht (2009 ) 76 UL B 3 A7 2 2 A 00 T 25 th An R 28 MU R 45 2L . X T —
A X, BOFR R r B BE I Ao, 2402008 MR 2 45 8 WA 3 51 25 1F (Incoherence Condition ) H. & 347 2] 2% 1) 1% 1
T ATV F ¢ (ni+ns) rlog? (s ) N B T 2088 T LLESIE 1 FOME 4 68 126 408 0 e HE A7 52 A Ao 4 0L
A W5 A 42 , Candes 1 Plan (2010) 5 Koltchinskii % (2011) BF5E T 26 A [R5 15 B T BLAT 35 50 Bl e ML 9 725
Y I 57 A A I R, % T SR S RO R R 22 1 T S R IR AR SR B AT T 40 HT . Mazumder 55 (2010) 33 1 4
Xof [A] 250 (2) (4700 Ak 3R A 1Y) softlmpute 3575 3¢ HAR Gt T AH R 19 R VA (IR 5 AR . FRATTRE softImpute
SR IV FH B 28 2 5 35 480000% 18000 114 Netflix M FEEHE |, 580 AU 3.3 AS/INif 26 A5 (g s ] 400 6575 31— 4>
Bk R 95 A FE , Xof L A 2 75 1R 22 RS 0.9497 , Al ik BN 1Y S8 4 AL RICR o SR, #4940 Bl A AL 38 A fg
WIS o [ A0 P e R AL, AR 2 B A e A1T 5 2 2% P Al 1) 5 st SR LA 1 T o

(Z)BEHLER & HLH] (Missing At Random)

A — 2 FH B B B e HL R BE DL B2k HL ) (Missing At Random , R FR MAR) , Bl v, 2 765 4 8 0 3] fr) HE %
5 — ST LI ) ) IS A S, 1 LR IR y, TG 6, RIULIARE 5 [ © Hh 1) JC 3R T /R R AR ik, 1Y
B B 0,20 (x,) o T MARTKIE T, TTRI L(AY)= Lo 0 (A-Y)|[ fE ik i, 3ok 07 =0]) . iy
MAR LT A3 B 4515 B L (A, Y) 2 E||Y - AL 1 TE DRl i1

T S o g S R A 5 AR A PR R, 5000 o I ) 1 LA X S5 ORI ARE S5 6 2 @ J2 B DU G, R4S
REFUEDT AR 0 e84, 852, BATH LW E O T 0, A LRk b
LA, YY) I 58 s AR O R R AT 7R O -

A =argmin

{L
I4l.=«| n,n,

H UG R UL, % @ S A o b B D T B AT AR IR A BT . T IR TR S LS E WL @ )y
25, IR S A PSR B Logistic #R) ARBRAS AL AT BB BE A JES B AY

1. FAHETEESNEEN G EE

TEVME AR B X AR OCT , Al ps B WL AL < 0,275 O p28 o 14 R K, B 0,=Pr (£,=11x) =0 (x;) o LA
SAMERE G R B, 2 HTP RO 52 AR R A0, G e R0 P P ) AR O A5 TR B IS L s S A S A L
DU FH P P32 5 AT DA I 3] T 3R 7R A 3 LU i e Y R R, BRI, TR Logistic 455X W I AR 4 e
O FHATEAFL(Mao et al.,2019) :

Ly

0,=Pr(1,=11X)=—*— (4)
14e"”

Hor, y=(y) FoR LB X B R B 5 o XT3 B SEy,, J0T0T LOs R ORIl TR S H il it

FEAFE) O A TT @ 5 , FRATTAT E— 25 X P43 B Ao 5 57 5 45 18] 43 A (1 21 2 BT Av=XB o+ Bo R i 2% [ f5E
)y, Horb BoJe— MEBFERE o Sy 10l 2 AEAL Y AT SR, Mao 55 (2019 )R 3% P2 5 X (1981) 25 8] 55 {7k
FEFE Bo (1 91 25 (0] TE A2 o i i AR AP (8 D322 o X R A TE S 1 5T, Mao 55 (2019 ) 1 {1 1% 326 AR 506 78 g
T R EOR fi— B AT AR A S 43 % (Singular Value Decomposition, SVD )8 , T K K HFFEAK T35
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RHBEHERT 6 # 8B 2 &M H 8, B3t K
M FH LA
ST . SRR RS T 58 A AR R 2 IR 2E 1 S O 2 T AR SR AR R XORTHE OR 1Y) E
WAL, HAK A S8 4 R R T L2 % Cai % (2010) . Mao 25 (2019 ) 1% J5 ¥ i Fl T 52 B 50 MovielL-
ens 100K AT 5241k o IZECHRAL 3 th 943 DS TE AT 1682 #HL 5245 1 100000 M F43 , B2 4 A0 4 5237 A FITH 5%
AR R . AN PR (S AR 5 f AR ROR AT AR B Tt

2 RFkiEE

FE B P AR B AE B 0, JET R I BT At m] 2 DUR Rk Gl 2 AL S B O 1 B A A 1T (Mao et al.,
2021) . RPB I 62 HLHI A 4 @ HAT KB T, © 1] o — A i AR Rk 19 B B M= (my) 283 R 422 pR BSOTR F={A)
WSt 75 5], B O=F(M) o 33 e T 0030 21 (0 40 FF Y 0] LA A3 0 79 AR BR A I, LR 2 L P 3 iR, Hidb Aot
F TR FUSIVEAM B, ELAT IR, TR O— 1 /R MRS B , T4 R B/ 15 ) B0 RO o Mt LA IRk o

XFFEIHLT] O BIARBAL T @ , T 38 32 X B 4 MRS 2 ik 1) 0k 2k i JIR AT R A A 18 M 3 114 s Al ]
(Mao et al.,2021), BRI, B ekt MASCIE I # M=ug+Z, b w2 M A SR E, J R TR e N1
AR R, 1T Z 2 R0 R AT O A AR R o 1 — 2D Ml ERE 8 I 2R SR 1F T S KA AN T 5 A B8 7 1 {BUR o
B[

S 20) = Xt log( £ (1 +2,)) + 1= log(1 =/ (1 +Z))} A

WA D 455 0 Z A4 1 2 . 30 SR ATTAT BT Chen 5 (2016) 8 14 58 B 7 19 T 2% (Alter-
nating Direction Method of Multipliers, i #x ADMM) 3K 5¢ i . ¢ R 3845 4 f1 Z 2 )5 , 50T DLy 545 5] M Fl O
M, M=ag+2 M O=F 0. Wit 525G —Sf ik, A0 DL S 245 21 (10 ME 240 PR Al 11 6 3
JEUT G B — L/ ME L @ i A (3) AT LBE— 2D A3 B R A TP A R A il T B ERST R E
FLSL R ML Sy 3 50 B (R 1 0 BB 3 AT 3 3o AT RS ROk T Dol e MR SR A T O, B 23R AT 1 F b
PEAliTh A ARORTT LA AME S 1715 B B 0 W S5 B 5 55— O T, 7R AR B 5 i 2k RO AR BRAR Y T, RS/ VR M 0
0, =min{0,} il & — & 25, FATKIH AT LA LABESR 175 B3P 40 R MR A 11 A (522 T R IR RAS T X F 0753
JERE A WAl T H AR R E(3) L BT LLR I H Beck I Teboulle (2009 ) £ 4 i R 2% 1R S 45 1 (B 55 7% (Fast Ttera-
tive Shrinkage—Thresholding Algorithm) . Mao & (2021 )4%1% 75 ¥4 I H £ 55 R 24 Yahoo Webscope® I 1%k #
AL T |1 15400 2R 1F A 6F 1000 1 A 45 Hi 19 300000 /M43 o 581 5T ARFR B HLE] , 1% 77 AR TR 13
SIERRALE A 58 AT R RCR ST T 29 25% .

3.ISHIRE

S FIRXS O BT 2T X R R AR T BUS — E BYCR , A HORT ECHE I 8 A 1 A RO ™ AROR
TR A A BB S A A, FEAE S BRI e LR e I X T e 2% 5 e AR AR R S A AR X B AR K
I B gy I IE B Y SRR AR O X I PNy S A FRA Tt o figp DR A0 A TR (1) SR A5 31 Ao O Al 3, T 2k
WS O BATE R PRI — 25 @ o ISR IR B AN A AR A WO R e X O =0)) , I
WML w R 0" FE B E iR 2E R aE I,
{75 X T de 2 il T A R B B R B 3 0 Y
R 22 ] LA ZWE AT AR A FATT ik 2 T LA 2 4
1 Al T, FRAE LT, A s VAR M T A=
JEAE A O=(6,) TN, ) H5 28 e e BOR R
WS w=(6,") BT 724 AR O R i ol
T GBS BT 0=, H TR A
i e R M 1R . Wang 5 (2021) %
JEFR A 38 B A [ WA B (| T W -T2
g/, HE—20 0, T SRR R WA
mno ISR K B3 A5 ], Wang 45 (2021) B3 A% S K AL T
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LR A (5) 2 A LR B A )3T, SR Ak W AR -
win||T o W=J|| +«|| T W] (5)
Ho e — NS5 T ARG A AR R w o 33X RS B AR SR R WA ORI T R L], B
AR T WIAERE Y o By LIZO7 ¥ ekt . TEiS B JE FE w22 5, 2RI (3 ) , Al i 4 T B JXURS: R
B0 R EFEE A HEATIASE -

- . 1 £ :
AzargmmHAH _ {H‘ Tow" O(A_ Y)||F+/\||A|L} (6)

<a

X T R[], 18 7] 3R ] Beck F1 Teboulle (2009 ) 4 i A4 R H 2 A QAR I (E 5 1 A TR i . Wang 45 (2021)
P2 i v B 32 BR AU Coat Shopping Dataset®F1 Yahoo Webscope“’ﬂ:o Coat Shopping Dataset £, 75 T F 290
AN PR 300 FlR i 45 1 9 29 7000 N IF A B ol 5 AR TR LT A AE SRR 20k SR Y
A SR B A — LR K (1) Bk — (rank—one ) SR 2R HIL I A9 56 #5105 B AR HESSCR AR A T g 7t

(=) 4EREHL B L HLHI (Missing Not At Random)

5 — Tl UL A B B 2 ML A AR B FLER 2% (Missing Not At Random , fif /K MNAR ) , RIVECHE Bl 26 5 75 B ok T
HELR YU y,, 3X A i3 F Z 00 BT 4538 (9 MAR LI . 40 Yahoo! i#E 47 ) — Wi il 4 B/ , 78 5400 £ 2 5 & h 47
64.85% A AT X R ) 5 G R s S AL AT T A TR A3 A S IR, BRIV P 9143 R B 1) I R A9 5 Ol 2 BEAIL T
yi AEL , MR T 0 ZEMCIGBE T R SEBURT Y B9 TC O A, T SR AT 0451 1] 1445 53 (Inverse Propensity Score, fiif
FRIPS 7795 ) BIAE I Pi=1/E (0,ly;) W 4 — AL #E 47 36 BE - A (Schnabel et al., 2016) , 31 &40 58 % 1L A]
AR A (7)) s g
To(A-Y)

P

+A||A||} (7)

r

~ . 1
A=arg mlnhgu{n

17

e, SRR HL SRR AL B9 8s 58 45 46 736 T LAy U AN 20 98, H— S Al bl f ) V4553 36 1 P, He
TORARAE AL T L A 00 VAT S AT R S A Al o AR ] PR AR S A T HMERR B IR IE TR X Y (IR JE T AL
ST IO I o SR 36T 1) A5 532 75 T IR AR B AE SR I O TR TR AT IR IE . T LSS IPS S v LA T
P, AR S BRI i R R 7 2278 5 ot itk AR OGS ik — 2D B3t 1 XURR R S T i T X e 2k B
HEFEFEAT INAL (Wang et al.,2019) .

AR [R] it S AL T s 2 R OB S A A 7 R TR T TR 55 N IR 55 ST 2 U, e TR
FAGEE T HERE R S8 B0 ] = i 2 A S S0 PR A 0% i 52 30y =X Tt ] 7 XoF 3 o B 974, B AT 40 kg Xof
FH P VEST R R (R 58 S5 AR IR ph 1 PP B it 0 St L v 4 B 00 e, TE A7 P 58 A A 2 v 75 AR Al AN )
PRt R ML S 34 L R R A T T, DA S BT R P i 1 30 D it — 20 T A PR

M. ZIRF R THIRET & LD

20 R S TR R 1) 5 — 5 MR A o Ak A 8y DR R0 0 5 iy 22 o A 5190 0B T 9 i A, A [ 90 11 %
31 140 ML 23 0 A A R R AN ] S DRT T T S ) DRl 2 B 1 S Bk 9 R TR 0 T Y R R K
I 58 4P TR 76 0 25 RS A9 22 DR S RO A o AR ST I e v el T A AR 1 SR I [R]RE N
A SRS i B A6 ) AL, o 2 H BRI R G TR R i EL o 1 5080 2y 22 M v 8 1) A2 RS SR AR AR T A, %
I 5 AR 5 Y 22 PR S R L A A BH R ol O I A AP O o BT R B ) 22 TR S Bk R A K
oA A R E 2 B TR B 15 2 o A48 B 20 A A R 89S I o LT FAT DA 2 301 60 7 o 22 050 S Joi 175 8 147
g,

(=) BES B HEEES KRR HR

T S — A A LA ) 22 U S U, RIVAR ] ok U5 1) 88l B A R ) 2 A W (E A Z O TR] o e B s vh—
Fof b LS80 37 5 e — UL IR, AT 7 28 8 MR [ HE 17 28 58 9 1], 308 AR T T S RT3 1) ]
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KBBHRATORBE RSB S L
M FH LA
DIFEIR U7 BRI A B, X B T LA R i e BUE B (1, - 1) o HLFEG R B4 FE R Gt it & o
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Missing Data Completion in the Big Data Era: Challenges and Solutions

Chen Song Xi**, Mao Xiaojun® and Wang Cong"
(a. Guanghua School of Management, Peking University, Beijing; b. Center for Statistical Science, Peking University,
Beijing; c. School of Mathematical Sciences, Shanghai Jiao Tong University, Shanghai)

Summary: With the advent of the digital economy era, data has been regarded as an important production fac-
tor and has profoundly changed the paradigm of managerial decision—making. The analysis and utilization of big data
have become an important factor in enabling managerial practices. The quality and completeness of the data is an im-
portant prerequisite for subsequent data value creation. However, due to factors such as the data collection method,
collection process, and behavior patterns of the subjects collected, the big data often exhibits the characteristics of ul-
tra—high missing rate, which seriously affects the subsequent effects of data analytics and decision—making. Therefore,
the effective completion of big data is significant to subsequent data analytics and decision—making.

Given that most big data are in matrix format, this article systematically studies the big data completion problem
first from the perspective of matrix completion. The core task of the matrix completion problem is to obtain an esti-
mated matrix A of the true matrix A through the observed matrix Y with a high missing rate. To make the problem
tractable, some structural assumption is usually imposed on the estimated matrix, e.g., assuming that the observed ma-
trix is generated by a small number of rows or columns. Hence, this article proposes to formulate the data completion
problem as an optimization problem to obtain the estimated A by minimizing the combination of loss function L(A,Y)
and the regularization term R(A), i.e., A=argmin,_,{L(A,Y)+R(A)}

Subsequently, the article describes the matrix completion optimization problems in three typical contexts of big
data, i.e., big data with ultra=high dimension, multi—source heterogeneity, and temporal—spatial correlation. In each
context, the specification of the loss function and the regularization is introduced and the solution paths are described
with concrete managerial examples. In the big data with ultra=high dimension context, the low—rank regularizer is usu-
ally imposed on the structure of the estimated matrix. For the loss function part, three types of missing mechanisms, i.
e., missing completely at random, missing at random and missing not at random, are considered and the loss func-
tions are derived accordingly. In the heterogeneous data context, two typical scenarios are studied, i.e., mild heteroge-
neity with data from the same distribution of different parameters, and strong heterogeneity, where data come from dif-
ferent distributions. The article articulates the state—of—the—art optimization problem specification, solution methods
as well as potential completion outcomes for both settings. For the temporal-spatial correlated case, the tensor comple-
tion problem can be formulated to take account of the temporal or spatial information, and thus the loss function, as
well as the regularization parts, are designed accordingly. Tensor factorization methods can be used to solve the high—
dimensional optimization problem.

The article also provides a guideline to select different data completion methods based on the characteristics of
the data, such as missing mechanism, dimensionality, source diversification, etc. Furthermore, this article also discuss-
es how follow—up data analytics can be carried out after completion.

This article contributes to related literature as well as managerial practices in three folds. First, a unified prob-
lem formulation framework with easy extension is proposed. Second, various state—of-the—art solutions are systemati-
cally summarized with their applicability, pros and cons, which provides a good reference for relevant scholars and
managerial practitioners. Third, the effective usage of the data completion methods will contribute to managerial deci-
sion—making.
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