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Abstract

Matrix completion, as a key topic in matrix analysis, is crucial for dealing with incomplete datasets,
and its applications cover a wide range of fields, such as image processing and recommender sys-
tems. Meanwhile, privacy protection occupies a central position in the field of data security, aiming
to ensure that personal sensitive information is adequately secured and confidentially handled dur-
ing data analysis. Combining research in these two fields provides innovative solutions to address
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the complex challenges in practical applications. In this paper, we propose a novel privacy-preserv-
ing matrix completion scheme based on differential privacy. The scheme cleverly incorporates a
differential privacy theoretical framework to protect user privacy by adding noise to the raw data.
This approach ensures that individuals’ information is not disclosed even when the data is public
or shared, thus effectively preventing potential privacy risks. Numerical experimental results show
that the proposed scheme not only significantly protects user privacy, but also excels in maintaining
data utility. In addition, the method improves the algorithm operation efficiency and reduces the
computational cost.
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3% 1. CSVD-QR EiE
fN: X eR™, HPRFkr=0.01xmin(mn), SR%KE t BE = DIEEIE L =eye(m,r), R,=eye(r,n),
D, =eye(r,r)
. AZRERE X = LDR
L while |L *D, *R — X[ 2 & Mk <lter do
2. S QRAME: XRL, =L T
3. IS QRAMF: XL =RD JFHAMR, =R]
4. end while
5. 4L=L, D=D/, R=R,

e, BEHUVAE B A FALHERE Ly =eye(m,r) , Ry =eye(r,n), D, =eye(r,r), i r=0.01xmin(m,n),

B AR K VORI RR AR

55—, €D, MR RER L . HETHER JZIEER, BILA LD, =XR],, ZXTHUS
Eii[Lk,~]=qr(XRkT4):

Hb, BE L, D REHR,, HETHRE L RIEER, #A[RLD]=ar(XTL);

H=0, BE L, MR KREH D, [F EMTLEEI[R], D] [=ar(XTL ).
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1 H—X
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1—1exp(—”—_xj X2 u
2 b )
L ARL R
% 1 H—X
2 x < u i, f(x|y,b):2—bexp( . j:
1 p=x) o1 oex X—u
F(x|u,b)= el exp[ = de—Zb _mexp(—b jdx (6)
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T T BRATTRAE B 2 o 40 e 7 6 A2 22 23 e AL
G — NS RELf D> R, ERREURLE D Bl d 4B WU R . FRATE AT E ) 6 5
F (D)= (X Xy ey Xy )| 0 A BRI 7, 755 — M 56 5 M (D)

MAA:
M(D)=f(D)+ [Lapl(Af] Lapz(ifj Lapd(Agf DT ©)

ot af =max||f (D)~ (B)| . Jtrip M 1, Jyilidk.

R, FAVEHES M(D) #2220 Kok .
B £ (D) =(x.%, %) F(B)=(x%%)
X

Af = max(zid:l|x

= (X AX X + AXy, o Xy +AX, )
1) =max (27 [ax)) (10)
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Pr[M(D)=0]-= Hflﬁe_;y‘ (11)
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el
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TRA:
Pr(M(D)=0] _ .
Pr[M(B)=0] =°
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L_noise = 8 *(rand (m,n)—0.5)*(log(1/rand (mn))) .

BbAh, ESERRN SRR, IEFRAEEINBRASE e FESAEEL IR T 5 RUR 8,
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P HAME. e FPERERIET Z 7 RAMBEISHELE,  H IR ERAL TR FEE JUH Z R4 3 P .

4. —HENESIRFAERRTEE

FEARTTH, FA TR S — Fog i 3 T 22 70 B Al IO RE MRS 78 5032 DLNM_QR.
Y — N ELSAERE X e R™, S IR I R 0 gk 75 45 2
X_noisy = X + L_noise (16)

BEMLAE R RBIFEREQ, |, & XIT:

(15)

(1, HoAb
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FAFH) X = X_noisy*Q, ;, HILFRAIAE U INE = (9 BRAERE X .
MILTTAT R, Ly, VA R B AR BRAE PRI v, B il 8 (2) P PARERR R A

min-—[X],, 51X ~[; (18)

Hpy e R™ & —ANAE R EIERIFH >0, XF X fff CSVD-QR 70, 153 X =wzP, Ky w Hi1 P
FIIEAZI, 0] #(18) n] LAY 5 ki

1 1 ;
@n;WLﬁEW—EmsLX:WH{E:WWW' (19)

X E(19), BRI T RIE T

(-
A J)=W (20)
Hodr(x), =max {x,0} , xe(—o0,+o0) & —EH.
e, EEEEW,,Z, R, BATATLEEIEI R ARER Xy » Ve
X =W, Z, R —QoW,Z,P, + X (1)
Y =Yy + s (X W Z,R,) (22)
M1 = P (23)

Hr p>1. XF A8 #7312 (Alternating Direction Method of Multipliers, ADMM) 5 CSVD-QR %%
%ﬁf TRy DLNM_QR 5% . DLNM_QR RE RN 47 008 —Fh % 1T il o B rh b A A
THiA 5. £ DLNM_QR J5iEH, R 7 kR EHR TR M, HRE 7T — D EinRE, XA K
HOm & ST MEARRR B — A EE R . BTk AR RO IR, DRI ORAIE 1 AT ART i) 30 o 10 A [ B 92
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g T AR R R R S, L REREE NS R RN R 2R B R PR R 7 AT 55
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FEARTTH, R & s SR IS AE SR (& T e, IFB AT R 7 S IUE 5 AT Ee . A
TS5 5 R 22 RIS AE AT 78 7 90 Al 474 DA e AT Rk o AR b v 15 22 (RSE) ke i} ELUSCEARE B, RSE 32
XU R
[x =Yl

RSE =
M

Forr XY 2 ARSI S R R DA R B 5

RN TR RN B, [ 2 R p =15% , FEFEFL r =10, EARKEL Iter =400, Fii i fr
Wi 75 RIE SR B =1, B THEARFMBEFEN =F LR . BARTS, AR0TRIE0 KRR
JUSF, M 200 x 200 % 2000 x 2000, A4S H VPl IX S840 el 52 ma S R I . % L VEAIIE IR L T
X EFPEEAE A AR RN T IS AT 3B R AR e R 22 . T2 SR T 43, #2411 DLNM_QR S 7EAR
AR ZE A BER T HMAEA R, HEEEITHE LRI T H RS, JUH AR KA AR
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B e IR, PRtz SIS . X IR R, 7538 K70 A3 I e R 2RI E
FOPE S B E 2 M 25, WmHRTHRERSE . HAEENE, RES5HMIA ML, A7k
TEPRD R 12 22 07 TH R B35, (HEETF R0 EARIUH B MR . X AERE R ISR R
BT SRR R, R R B T S R R R A R

FRSEGEE R R, DLNM_QR BVETECRIFUT SRS LI R SE3L 1 B35 B B 28, Ul B B 7 B
Wik ERIILAG SR & D, 1y i — B SR A ME S R IS e sEE, W52 3] DLNM_QR
SRVRAT A BRI BRI 4 ) R, BE S YE A (R AR B AR 22 A T T 2 YU B N AT IR N, KISk i
SRS T8 o K Aot JBE (1 B2 T A APRAAAE B R ARATY, T A 38 Jod 6o B9k P LA R R 75 BT S ARG R S
NHEE T SRR R, AT DLNM_QR S35 R EK SN2 QR Z3i#, QR it
FERERO(r* (m+n)), EFEEPATHIU QR 4. PIULTHEIR AN 20(r® (m+n)) s dELktE SOR 5
?iiﬁﬁifﬁﬁ%l:)?jﬂo(r%mnwmn)o PR B AR 4, B4R DLNM_QR Skt H E
AR, R B [R) S

Table 1. Numerical results of the impact of matrix size on complete-in

= 1 FEEXPNIHEFEEMBHELER

SEFER ALIME p HRER ¢ ik IBATEE L AR EL bR %
SOR 1.134501 400 0.69485
200 x 200 0.15 10 DLNM_QR 0.129055 400 0.1992
AM ~ 400 sk
SOR 8.005175 400 0.089262
500 x 500 0.15 10 DLNM_QR 0.979278 400 0.089262
AM 321.898549 400 0.078076
SOR 41.163018 400 0.069397
1000 x 1000 0.15 10 DLNM_QR 5.435061 400 0.069397
AM 3088.747391 400 0.050587
SOR 395.808449 400 0.060423
2000 x 2000 0.15 10 DLNM_QR 17.391248 400 0.060423
AM 21727.373228 400 0.034986

Table 2. Numerical results of the impact of Laplacian noise parameter scale on complete-in

2 ENHTIRESHREMNBEREMORESER

FEFE RIS MEIME p E N AP AT IS AR EL PRifE iR 2
SOR 37.818816 400 0.35251

1000 x 1000 0.15 0.2 DLNM_QR 17.604057 400 0.30315
AM 2917.141632 400 0.12657

SOR 37.885889 400 0.13909

1000 x 1000 0.15 0.5 DLNM_QR 17.901269 400 0.12089
AM 3039.961031 400 0.050314
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o2
SOR 41.163018 400 0.069397
1000 x 1000 0.15 1 DLNM_QR 5.435061 400 0.071362
AM 3088.747391 400 0.050587
SOR 37.318582 400 0.034677
1000 x 1000 0.15 2 DLNM_QR 19.266138 400 0.030209
AM 2984.514562 400 0.012561
SOR 38.225119 400 0.013868
1000 x 1000 0.15 5 DLNM_QR 17.781655 400 0.012083
AM 2861.221987 400 0.0050237
SOR 38.148592 400 0.0069336
1000 x 1000 0.15 10 DLNM_QR 18.052101 400 0.0060417
AM 3074.358845 400 0.0025118
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an, fEHERE RS, R ASKLE IR AR AL I P R IE, RS ML HE R B S 4, A it ER
PSR . BEAh, BT DB RS HA R R R BOR AL &, RIS, AR CRIE R A0S AT 1
I S TH 45 SR HERA I, SEELIERE- SR L A XU E M5 o
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