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Abstract

With the rapid development of the Internet, the new business operation model—electronic
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commerce makes our life more and more convenient. The recommender system considered in this
paper is one of electronic commerce technologies, which uses e-commerce websites to provide cus-
tomers with commodity information and suggestions, help users decide what products to buy, and
simulate sales personnel to help customers complete the purchase process. Collaborative filtering
recommended technology is one of the recommender system technologies, its basic idea is that the
user can be classified according to interest, similar users have very similar interests, can receive
information through collaboration to the target user, filtering other users use suggestions, and the
algorithm can be divided into two categories based on memory and based on the model. This paper
focuses on the model-based algorithm of collaborative filtering technique in recommender system,
namely the application of matrix completion problem in recommender system. In this paper, we
construct a non-convex continuous relaxation model for the matrix completion problem, and use
the accelerated iterative threshold algorithm to solve the model, and then use the real data to test
the effectiveness of the model and the algorithm in the recommender system.

Keywords

E-Commerce, Recommender System, Collaborative Filtering, Matrix Completion Problem

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

ttp://creativecommons.org/licenses/by/4.0/

1. 5|

BEAE LRI HOPRIUA B, L7 CAR AT H A VE R 5 s BRATTRT L e ok 58 I M AR
W HRNETES) . MR AL TR OT IR I 28 PR, 6T 7 o 2 e 55 i 2 FH 7 2, SRS X007 AN il
T} BEAT %A e SR 2l SRV B BB R Z TRV b5 B R 2 R S DU & AR 550
B L HER . ERNE S AR B R Ik 55 I S I — Al R R a2 B RO LTRSS [1] . TR ST
WA AEAG I P T LUE I M AE R B W S, 1948 1 % B4kt e Anasal, KRR s
LR I HAEHREE L2 ufemAC, FTRUEM S MRS IE, 1 i R S AR RE K —
PIMRAE R, RG2S R K Rl , D BONTH 9838 I8, D7 (B 238 /oK. T IE & i 1 L
FAG AN AN TR, A3 (AP, T CARE IS B AR R E52 55 /b i it R A R (R AT, A R RIS
KK PR dh BRI AE Sy (R A, AL BB m B 26, BT AR (i FUOR a2 BT R -

AL FE IR E R G828 BT 1 S5 BOR A B —Ff, - A& A HL 7 7 55 W [ 25 P i (4 e i A R AT
B, HE B e NAZIE AT 277 s R 5 N G330 B P S8 RO S R . MR E A2 AR T
WIS LT, WSEAT A, [P HERR P OB (5 B S dh 0 A2, HEZA ST PR kA
FURSRHE, W Skpr s, Wik, M S XEEE; R BRI BeR AT A B4, e HERE
I HemfE i A RAEE R P, BT R R HRINHEREEOR[2]: ST W AHERRROR, HARRENT
FEITH (N 25 B EAE WA 0, AN 7 2K P R 0 H PP & W, B 2 E LS 2 I 5%
MERT B R H A B 3] R B P AR BURE: R IEHERR SR, AR P P L E a5 R
TR Z RO BEES AR5 AR L R fecals 40 FH P 0T T it P (RO BCOT A R T 1 Ao FH P X
SE A IR, RGN TIRIE X — S A RE RS H A P BB AT HERE s B TR R, o2
PASCIBR RN g2 i, 38 OIS AE R Sk, RN AR XS B T RO BOR, LR P /R 2
AT AR 2 RNV RC A VAl 22 b, 3 TSR ek PP B R AR R s 6T RIRHEREBOR, AR
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SLFH o N4 (8] R[5 ]2 48 A 78 B 180 2R A — AN AT AR AR 1 o (B A £ 548 1) v B 2 A SR k)
S I MR A HERE, FARAEFE R th CRTC SRR RRRE M rh s oo A 4x, A 21— 4> 52 BEAE R
P o T HAEHESE Z G588 T e 0 V908 w50tk A4 i (S a df 2 ) e it R e b4 1R e R ARG B
XA P S BOE T DAy, T H TR 2, B 5 E MFr Gk, I AL AT DUR) F R
A4 I B AH SR B0 R R B AT A — PR R B D 4 o) AR A A0 R B 7R

min rank(X) st X;;=M;;, (i,j)eQ Q)

X eR™N
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2.1. BSiER

FMERHFE X e R™™, o (X) FRHERE X e R™ HIH | MR T AME, H
0, (X)>0,(X)>>0,(X)>0, rFRIEME X e R™ IRk, HFE X e R™ [IE L BB ECh

||X||F_( . ,]) :(gaf(x)jmo L R~k f (X)) BAE Lipschitz 4L Lipschitz # 4L
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BIE 1. I AIE A BE E L (ASVST)

Wt EFESHA>0, 101>0, B e(0Bum]r Buw <l #>L, Yy=X;eR™, t>1. }f4Lk=0.

L Gt =Y —%Vf (Y*) $H52G* R LA A AR(SVD):

G* =U*Diag (o-(Gk))V o
B 2: 5 X es(GY).
B3 WHT = X"+ B (X =X,
P4 R F(T)<F(XY), iH5
yrr =T,

B =min{tp*, B}

S|
Yk+1:Xk;
k
k+1_ﬂ7
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W 5: # - <tol MA Y=Y s HALK k =k +1 HIRFEDSIE 1.
max {|X ‘|1
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FESEEF, AT H M RET N P —2 R R, KEHN r B HARERE No 9 7000 N F 2500
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Table 1. A 20 x 10 matrix about the user-option-score extracted from the database

=1 NBEREEIRENCT R P - £ - 74789 20 x 10 %EF%

i o RN W ~Eo S W Sl MRS Wi bl bk
1 1.26 13 131 5 5 5 2.73 0.84 5 1.25
2 1.25 1.28 13 1.34 5 5 2.73 0.79 5 1.24
3 1.25 1.27 13 1.34 5 5 2.73 0.78 5 1.24
4 1.25 1.27 13 1.34 5 5 2.73 0.79 5 1.24
5 1.25 1.27 13 1.34 5 5 2.73 0.79 5 1.24
6 1.25 1.27 13 1.33 5 5 2.73 0.77 5 1.24
7 1.25 1.27 1.32 1.33 4.77 5 2.73 0.77 5 1.24
8 1.25 1.27 1.32 1.34 4.76 5 2.73 0.78 5 1.24
9 1.25 1.27 1.32 1.33 4.76 5 2.74 0.78 4.77 1.24
10 1.25 1.27 1.32 1.33 4.77 5 2.74 0.78 4.77 1.24
11 1.33 1.27 1.32 1.33 4.76 5 2.74 0.7 0.72 0.75
12 0.77 5 1.32 1.33 4.09 5 2.75 0.69 0.72 0.74
13 0.76 1.34 1.32 1.33 41 5 2.83 0.68 0.71 0.74
14 0.76 1.33 1.32 1.33 4.77 5 2.83 0.68 0.88 0.73
15 1.25 1.33 1.32 1.33 411 5 2.83 0.68 0.83 0.73
16 0.75 1.28 1.32 1.33 412 5 2.83 0.67 0.81 5
17 1.24 1.28 1.32 1.33 411 5 2.85 0.68 0.7 0.72
18 1.24 1.35 1.32 1.36 411 4.79 2.76 5 0.69 5
19 1.24 1.25 1.33 1.37 411 4.77 5 0.7 0.77 4.78
20 1.24 5 1.33 1.33 41 4.77 5 0.66 0.74 4.77

Table 2. The matrix that requires matrix completion

2. REEMEAERIZEM

A Hak o BN ~E WWE wE sl MRS EE RN
1 1.26 13 131 5 5 0 2.73 0 5 1.25
2 1.25 1.28 13 1.34 5 5 2.73 0.79 5 1.24
3 1.25 1.27 13 1.34 5 5 2.73 0.78 5 1.24
4 1.25 1.27 13 1.34 0 5 2.73 0.79 5 1.24
5 0 1.27 13 1.34 5 0 2.73 0.79 5 1.24
6 1.25 1.27 13 1.33 5 5 2.73 0 5 1.24
7 1.25 1.27 1.32 1.33 4.77 5 2.73 0.77 5 1.24
8 1.25 1.27 1.32 1.34 4.76 5 2.73 0.78 5 1.24
9 1.25 1.27 1.32 1.33 4.76 5 2.74 0.78 4.77 1.24
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10 1.25 1.27 1.32 1.33 4.77 5 0 0.78 4.77 1.24
11 1.33 1.27 1.32 0 4.76 5 0 0.7 0.72 0.75
12 0.77 5 1.32 1.33 4.09 5 2.75 0 0.72 0.74
13 0.76 1.34 1.32 1.33 41 5 2.83 0.68 0.71 0
14 0.76 1.33 0 0 4.77 0 2.83 0.68 0.88 0.73
15 1.25 0 0 1.33 411 5 2.83 0.68 0.83 0.73
16 0.75 1.28 1.32 1.33 4.12 5 0 0 0.81 5
17 1.24 1.28 1.32 1.33 411 5 2.85 0.68 0.7 0.72
18 1.24 1.35 1.32 1.36 411 4.79 2.76 5 0.69 5
19 1.24 1.25 1.33 1.37 411 4.77 5 0.7 0.77 4.78
20 1.24 0 1.33 1.33 41 4.77 5 0 0.74 4.77

Table 3. The matrix obtained after matrix completion
= 3. A EEERINER

A/ s EEN R 2 W mE Al MR hIE pel 4k
1 10957 11739  0.9480 17618 2.1524  3.6272 34836  0.1836 24994  1.3192
2 15144 11081 23031 17522 59959 57154 26852  0.6849 51332  1.6086
3 09546 10427 13073 12926 27813 34258 27691 05726 24807  1.1355
4 12921 03358 15276 17394 51457 47712 14371 06957 50798  1.4109

5  1.3432 14725 19002  1.3500 4.8883 47226 25342  0.2806  3.8477  1.1494

6

7

8

9

1.3797 0.4051 11993  2.3423  4.1705 5.0604 2.8288 0.6980 49961  1.8832

1.5841 1.1566 0.8288  2.1551  4.2217 4.8088 2.5495 0.8415 47664  1.3575

1.1376 1.2764 1.2887 16233  2.8051 3.7455 3.1995 0.6312 2.6396  1.2282

1.7454 1.1800 11192  3.1790  3.4259 5.7629 4.9027 0.7061 47562  2.2933
10 1.0068 —0.0531  1.7706 11231  5.3434 3.7892  —-0.3163  0.5996 44445  0.8488
11 0.2158 2.2239 13246 —-0.2245 -0.2689  0.9700 4.2102 0.9720 -1.8191 0.3966
12 0.8698 2.3481 2.5512  0.1894  3.6675 2.9500 2.6760 0.9930 0.7487  0.4021
13 0.1150 1.3346 0.4016  0.0053 —-1.0213 —0.0053 2.2361 0.1530 -1.6884 —0.0053
14 —0.2062 —-0.6409  0.1495 —-0.2516 0.6308 0.1454  -0.2530  1.3733 0.7919  0.3491
15 0.9421 1.2832 1.2373 1.2294  2.3450 3.0381 2.8372 0.8285 1.8994  0.9511
16 2.4942 6.1992 41465 25812  3.9787 7.3468 11.3160  1.6931 0.7967  2.0341
17 0.8378 1.1494 0.4929 1.8747 —-0.1689  2.0767 3.7236 0.7198 0.5145  1.0630
18 2.3621 1.4770 0.5402  5.2363  2.1703 7.9207 9.1618 0.8181 6.0765  3.9207
19 45561  10.9623  6.4893  6.0140  4.4659  13.1914 22.6434  2.9207 0.8382  4.5176
20 3.8611 6.4884 39014 6.1273  4.6251 122153 16.2467 -1.3198 4.6412  4.4662

AT BAR G T BA TR S SRR ) T HERE R gt BATME 2 Pl LA S AL ok T
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O S M EHE AR A, BATEE AR S B R 2 ZoR P FEEAT AN 20 A H 98T 10 ANk
FI%E R BT~ : 1.3432, 1.4725, 1.9002, 1.3500, 4.8883, 4.7226, 2.5342, 0.2806, 3.8477, 1.1494,
R LA F5 45 7] LAAS B ABAT T 0¥ 3553 4 2.34887, AT AT LAAS 35 26 T F P 75 B2 416 i 3 AN FHHE 280
A RAE B e SREFATAT LG 1 A2 A P ok T 10 AMEBI AR W R fros: 1.25, 1.27, 1.3,
1.34, 5, 5, 2.73, 0.79, 5, 1.24. tR¥ELL EHAE T DUAS B ATH T35 5 2.492, NI AT LAAS 0] 28 67
FH P 55 EEHEE R A A I HEE 20 AR DS B AR DL 25 SR RA T AE AN AT R 45 R — 2. R mT DAAR
FRATTHR AR R b4 n) A A W] DU TR R G, IF HIRA T B2 A 23 .

4. B&

FEARSCR AT IE T 455K bR B i/ — 3 bR HORN 11 e £y Capped-L1 i B A RE B b 4 1) /L) R 1
Sehniw A, JFIEIL Nesterov's i 5wy S Wik BME Sk g & @D ps AR E %, S Ris A
Bt e vh e 1 LS BE AR 0 1 BRAN R AN A AR HERE R G P A R

E&WE

5 H AR R 342 (12261020), 0 A RHEHRI (B RS JERE ZK[2021]— % 009)F155 M 44 55 |2 VK BE 2
AT BT L B0 75 Bl 65 101 H ([2018]03) .
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