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RESEARCH ON PRIVACY PROTECTION METHOD
FOR SOCIAL RECOMMENDATION

ABSTRACT

With the rapid development of Internet technology, online social
media has not only become an important platform for information
dissemination, acquisition and sharing, but also accumulated massive user
data, including basic attributes, social information and interaction records.
The proliferation of these data volumes creates the problem of
information overload for users, making it increasingly difficult to sift
through and obtain high-quality information. The emergence of social
recommendation helps people to quickly obtain the information they need.
It uses advanced algorithms and models to help users screen out
high-quality content in line with personal preferences from massive
information. However, while providing users with personalized
recommendations, social recommendation also raises the risk of user
privacy disclosure. Therefore, how to ensure the privacy security of users
on the premise of providing accurate recommendation has become a
research hotspot in the field of social recommendation. In view of the
problems and challenges faced by social recommendation privacy
protection, this paper proposes an improved algorithm. The specific work
is as follows:
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1. In-depth study of the basic framework of social recommendation
model and various privacy protection technologies, code repetition and
experimental verification of relevant methods, detailed analysis of the
advantages and disadvantages of these methods, and summary of the
experience that can be used for reference and problems that need
attention in the process of realizing social recommendation privacy
protection.

2. In view of the fact that current social recommendation methods
usually ignore the privacy protection problem when processing raw data,
a social recommendation privacy protection method based on differential
privacy protection is proposed. The method uses differential privacy
protection technology to process the data, divides the noise into two parts,
and adds the noise to the process of data selection and data disturbance
respectively to ensure that the algorithm meets the -differential privacy.
Moreover, the comprehensive similarity of social network users is
calculated according to user association degree and user similarity degree
to determine the most similar user set of target users to provide
personalized recommendation results. The experimental results show that
the proposed algorithm can be applied to three existing social
recommendation algorithms, and its recommendation accuracy is good in
the case of privacy protection.

3. Aiming at the problem that the current social recommendation

v
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methods often ignore the privacy protection of users' personal
information, a social recommendation method for privacy protection
based on community division is proposed. Based on the traditional
community division, the method first considers the user's contact in the
social network, and then uses the community data set instead of the
personal data set to recommend, so as to protect the user's privacy
information. In addition, by finding the community set that is most
similar to the target user's community, the recommendation results that
meet the expectation of the target user are provided. The experimental
results show that compared with the current social recommendation
methods based on matrix decomposition, the proposed method not only
protects the wuser's personal privacy, but also has less loss of
recommendation accuracy.

The dissertation aims to explore the privacy protection strategy for
social recommendation, and design a new method based on the existing
theories and technologies. The experimental results show that the
proposed method can effectively balance the privacy of users and the
accuracy of recommendation results.

KEY WORDS: social recommendation, privacy protection, differential

privacy, community division, matrix factorization
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3-2)
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232 1R 2 Bt H e Eodls

Table 3-2 Items ratings data of user 1 and user 2 on the item

A /i H 1 5 7 9 11 12
1 1 1 3 2 4
2 2 5 3 5

AILVESR], HP IR P24 H 1P AE[L2] X R B, 2550 H 12/ 1F45r
TE[3,5]X 18] B, fH &4t A1 145 1 H SHIPE BEALE[1,2] X 18] Bt ANTE[3,5] X [A] Y,
Rl P VR P 2% ok AR AU B Beg o2, B4R P 1S P22 18 55 H A

Bl () ==t

e, KPS Z IR SR S AR L EE EAT RN T H B, A5 2 K 45 Rt /&
PSP 2 TR ERE AR o T, R 1S P 222 18] (R 2R 5 FRALLEE e 28 it /2

+

NP
Wl

=y
6

L EJ7v, tHEH SR P Z B SEEARE. R 5 B P 2R E A
BLRE S = A L, AR 2 5 B A F P S AL AN P

%13-4. s 7 U Hi=10, BPSHR10N 5 1A - . B
WH PS5 P UNEEEHE R R — AN, A H P U~ 5
R AE— X ARG 4R 2 TR 5L IX ZRE FUE SR I8 = AN -, B
R P 1S5 AP RS AR B P 5558 = A H A 256 AHLEE
FHAME SRR P, R EF RN A P 2R EJ7, KikSH4K,
HEFRENOMNH P, FERZ10MNH PRI ER — M HEX .

IR BBAEm N R, R TE STt AL g P 2 ]
MLEGARLE, BATIEN0( 2)s ARJG TR BARH P kA SARBLI A P
A2 N0( o KTIT/NTm, FrLASEE LI R 24 50( 2).
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322 RIFAFESITS

SCUR 2 e H s P RS BR 1 rp 3R kAN AU P R LT H PR A4 i R
F P -T00H PR 56, SR 5 K 22 00 B RA BRI S AR KA A% F 7 1 B S99 3 4
o AW NESE, Wk 3-3 k.

R 3-3 R P HSEVF Bk
Table 3-3 Protect users' real ratings algorithm

. HPBIRU, HPO-BHPES R TS
Bt BURILLRO P -I0H W

le & +¢&; I(U)NURITIH&ES,
2.for inl(U):

3. for inU:

4. Blexp(—H 2w s R, 2

5. = + (17,
6. M B
7.return

HLAARML: B 5eks B s P RS 3R T 3R A ARUU P S LI P07, 4
G-I H VR o SR R SR R Bl LA R R A A ST H V2 Sl o)
IR A CBR447) , FERHIRL S A e A s i i sh 2 8 CGR51T) R
R o L B ez S IUH KT A P (GBE61T) « AXAHEZE R RY S
e MrBCREEREN, =5 ,=

2’ 2°

1913-5. ABCRAE IR 1B P LIS S ARLE FE R P TR 9N AR UL
FUREISIRA B PFor, RGN T R PR B AER -
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& 3-4 H-T0H PP RE

Table 3-4 Users-items ratings matrix

M/ H 1 2 3 5 9 11 20

1 11 12 13 111

3 31 32 35 39 3,20

4 49 411

51 51,3 515 51,9 51,11 51,20
828 828,1 828,3 82811 828,20
876
897 8971 8975 897,11
1197 1197,3 1197,20
1213 12131 12132 12139
1346 13461 13462 13465 13469 134611

ia FHZ 73 B AL H R A (R e B L], e BURE [ & 21 i 300 H 3 o A r 8. (R
P15 2 & MU BmoAN~HP B HEHLE®WFD S AN
0,000, 12131, 31, 11, 91, 8971 > HHE&BATFHY . A HRESE

1 =<

AL £ PERCAE, 08 IRIEIRELE],  BREBUBER DY
P() exp(— 1 C )= C DJI/2), IHR(C HFEm  1E HEHA. B,

RN PT LIRS B, Wl Ry IR FRR SR
R R E s, REEE o R A B B I E . X
FEBLAT 2] 7RO AL T PR R R, IR 3-5FR .
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R 3-5 BOMALII -0 H VP AR

Table 3-5 Fuzzy users-items ratings matrix

M/ H 1 2 3 5 9 11 20

1 11 12 13 15 19 111 1,20

3 31 32 33 35 39 311 3,20

4 41 42 43 45 49 411 420
51 51,1 51,2 51,3 515 51,9 51,11 51,20
828 828,1 8282 8283 8285 8289 82811 82820
876 876,1 8762 8763 8765 8769 87611 87620
897 897,1 8972 8973 8975 8979 897,11 89720
1197 11971 11972 11973 11975 11979 119711 119720
1213 12131 12132 12133 12135 12139 121311 121320
1346 13461 13462 13463 13465 13469 134611 134620

I TR) 22 L BRBE H b AP AU P Bk, T BO0up, WA IE A - -0

H PP MR R R 260 ). FP =T H PR FERERI R/ BB 7 1K

Nm, WUH R 9p, W -3 H PP JEFE I RN Anp o 38— F1 H 153,

i B P ALK IR i e A, ] B2 2% 9 0( ( ))o Bk, A

RLAR IR [R) 52 2% D9 0( () FrbL, 2SR R 2% 5 3 B AR B

ANIH 3R, BURH P -T0H PP RERE I KN

i bR, BRI RE RS O( 2), HE 2 WM E B REAN
() KA AN, 19 254 SRDP SL I (R 52 A2 : O 2) +

O(
(). Hrb, m AP REE, OB R, p NIH R

O(
3.2.3 SRDP E ERIFRFATE 24

N #r SRDP 5Lt S -2 AL PRI .

£ SRDP 5Likrh, WA EE 2 W R BIM P -3 H VF > RS AL PR, M 5L 1
TR MRS, B ATC 75 91238 F 20 BB o B3k 2 B Se i I He Hop L hl
R S, R T xSl B w2 AN, P 3 B T e e AT T CRA 25 AR
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ZEor AL SEBLALHIBEAT A D o AR, PRIRENINME S SRR A ATH . 4 4
Ao, WG 2.4.1 TP ED R R FIENH S ER PR 1, 5% 2 W ED
FaAh, BRI -2 EFh.

3.3 SLER 5S4

TEATTH, AT LIS VP SR IGTE SRDP SHVEIIA Rk . Bk, Hoxd seat £
. SR SIS RO E DL PTR PP T br it T 21, B R HEAT Sk 9a T
(CEECE

3.3.1 SEIGHIRESAELE X

ASZIGAE ] Film Trust R PF 2 BUR 4R ME A SLIG B 5 . BURERVEA ST
Bzt 3-6 Al

#* 3-6 Film Trust LI HIEE ST 947

Table 3-6 Statistical information of Film Trust dataset

(G FFAE E =LA
ZEDRE 1508
T H £ 2071
PEoE B
PR E 35497
b 1.14%
B4 =% 609
WG EE 732
AR AR o
fEF5L 1853
B 0.42%

N T IRE TSR ENA A R, B ek s e T v o Bl RE AL 20 Il ZREEAT
TAREE, (5 71 7980%A120% . 78 )& FI SRDPJ5 AL 5 (¥ AT - H 773
TENAL BRI R SVA RN, JFRs AL 2 PR A (0 45 AT D9 T B0 P -

WHMES , L RunE3-4FR:
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- s R e
MR- E ks || L RO ) e - sROPEIAAE

K 3-4 SEEGD IR

Fig.3-4 Experimental procedure

N T RAIE SRDP 50N FHAE AL S HERE SR Rt 7 = SRIe HEAT 0 AT B

B
(—) SoRec BIEP: 2 B LR ME I R HOR N ZERE AL S HERE S, A

LB 2 RE S P RS AL DR AP 77 THI ) 17) 7L

SoRec_DP 7% : J& ¥ SRDP W ] T SoRec ) —Fh &%, @i 5250 K
SoRec DP 55 SoRec Hykd ATk, LA MR, UEBA BT I Sk A
DRAFHESE FRIAERA 1

SoRec_DP_N Hy%: /&% SoRec_DP HikE 24 2 4 R ALORYF, @ i S 40K
SoRec DP_N 5 SoRec DP HiE#HATxfLL, LLRTEZE B FA R T X HEE SR

(=) SocialMF &3 7F SoRec HiZ AN XUl AL AZ HEFZ VL, [H
B, SRR & B RSAL )
SocialMF_DP %% : J2%4 SRDP R A T SocialMF 87k, i@ i S50 %
SocialMF_DP %Y SocialMF BiXHEAT X LG, PR R .
SocialMF DP N %% &% SocialMF DP 2/ BRI R, @i
564 SocialMF _DP N 5 SocialMF_DP Skt 5t b, e Z 4 BRFAEY
SR R IR 5
(=) SoReg Fikea: iZH M e 4 MU I T 56 Mo i AL S HERR ik 2 —,
FLAE BTt I I oRORE F P B REORL Il NN 5
SoReg DP #i%: ¥ SRDP % T SoReg Mk, it sik SoReg DP &
25 SoReg FIEHHATAI LY, HOBHHEFEROR .
SoReg DP_N Hi%: ¥ SoReg DP Z4si 7 /FBafh R A S, J8 I 5L 500
SoReg DP N 5 SoReg DP HiEdH T Lt, LLEAEZE B FA R T X HEE SR

S o
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S8 I EEAR S HNR 3-7 Fr Al

* 37 KBS HIE

Table 3-7 Experimental parameter setting

A5t 4 Hiid B
FIP ERIAL S % 1073
55 F ENL S 5 102
SR IE U 5% 1073
B 2 ST 1075
) 1o R0 5 .
i
d B I 10t
AU 102

N T PR R 20, T Ma S8 N AESCRR[S0]H i e S 8UE,  BIFEA

CHFHSRFBRER = = =107, SRR R UL A 5
Yolh RAGEN, AT REBRBUE , GHERED 1 =5 5 =5 SREAEE

FH P 5% A AL O RUEE S3 RE X S SRR, P 5 AR BLIEE = 2 > JE P 5K
R+ 2R
N T VPAHE SRDP LA F = Fpk S HEAE S5 HO4RE 27 MORANIEAT L (R

JEIHEZEROCR, RHESEHAEMREZE (MAE) M HHRIRZE (RMSE) #H471EM .
SRR 2 XN

1
MAE== | - (3—-13)

P IR AR 72 E XN -

1
RMSEz\/— | - 2 3-4)

b NoIASEFEr 8 R u XIH RSV 2R
PN u T E RTINSy . MAE AT RMSE ERRV)N, RORESEES 5T
PP Z 1B RZEEN, BIHEAE OR T
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332 EWHERESR

SIS —: HEFERFORXS

AR YRS B A A TR ) SRDP Bk (HE R ROR T % 8. (A,
¥ SoRec 5% 5 SoRec DP N 5%, SocialMF 5725 SocialMF DP N $iik.
SoReg 5115 SoReg DP_N Hikdb AT Xt Lb szt Hykrp Eey BEisH P F R kA5
AR, kRIS, 104 15, @it b Seit ok -4k HE R R B i A 1
BN kA

HASHERE HE S AR R FE A LU R AR B 46 T P Z IR E B,
AT V. 80 RHERPE Tk B H P -I0H V- R REAT A P 4L
RLRAMGEE .  EAFEBUERES T X MAE 1 RMSE (5200, Wi 3-5 fix:

1.25

—— SoRec 4 —4— SoRec
SoRec_DP_N k=5 SoRec_DP_N k=5
=8~ SoRec_DP_Nk=10 =&~ SoRec_DP N k=10

1.20 1 -8~ SoRec DP Nk=15 1.8 —&— SoRec_DP Nk=15

1154

MAI

110

1.05

Values of A Values of Ac

(a) & SRDP Hi%8 H T SoRec &2 5 HER R
(a) The recommendation effect after SRDP algorithm is applied to SoRec algorithm

—— SocialMF
T N, SocialMF_DP_N k=5
1.50 { —@— SoculMF_DP N k=10

~m= SocialMF_DP_N k=15

140
1.10
—a— SocialMF 135
1.05 SocialMF_DP_N k=5

=~ SocialMF_DP_N k=10
—=— SocialMF_DP N k=135

Values of Ac Values of A

(b) ¥ SRDP LM A T SocialMF 5% 5 IHERF RUR

(b) The recommendation effect of SRDP algorithm applied to SocialMF algorithm
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—— SoReg
SoReg_DP_Nk=5
—&— SoReg DP_Nk=10

125 w/ 1504 —m— SoReg DP Nk=15

1.40 k_//‘_——’\
1.10
—a— SoReg
SoReg_DP_N k=3 ~
105 —8— SoRcz DP_Nk-10 1.3
b\ N &

]‘

—8— SoReg DP_Nk=15

Values of A¢ Values of Ac
(¢) ¥ SRDP Bk H T SoReg HikJa IHMEFRFRUR
(¢) The recommendation effect after SRDP algorithm is applied to SoReg algorithm
K 3-5 HEFHRORSEE

Fig.3-5 Comparison of recommendation effect

FTLVEH  EXHEARESE m, X R -0 P RS P AL R
GRS AT g e . I 3-5 T LLE H, SoRec_DP_N.
SocialMF_DP_N. SoReg DP N 1] k Bt 10 1 15 i}, MAE {H#4) 7 Lt SoRec.
SocialMF. SoReg /N, KB SRDP $24t T A MM HEFELE R, X £ B S 1,
SoRec DP_N. SocialMF_DP _N. SoReg DP N [] MAE {E#{Et k B 10 1 15 B
(1) MAE B/, UaEAARAUR F7 A0 & BIR/NGE MR T HER A0 2 & 10 B,
SoRec DP N. SocialMF DP N. SoReg DP N kB & % B LK MAE ff,
X I HEFF IAE AV e s DR ARALLR P ANk IR RO R R o [RINE AL
K 3-5 ATLAAREE S, 24 k BU S B, RMSE {EFE— B/ T% B X R e e
%o Y4 kB 15 1F, SocialMF DP N. SoReg DP N %y RMSE 18 #8435 b
SocialMF. SoReg ff]/N. {H &4 k L 10 i, SoRec DP_N. SocialMF DP N,
SoReg DP N Hykf¥) RMSE {H#5% %tt SoRec. SocialMF. SoReg /], L] HE
AR -

M, MEB-STTRLEH Y H20. AHU10K), SoRec DP NELVAHETE R
;4 HLO.1. KHU10RY, SocialMF DP N. SoReg DP NELVEHMEFERUR AT
SO0 e BRAACRYOR R S L 1 R

A S 10 B IR 2 % AR SR X SRDP S92 78 6 JE At 3k 47 22 40 Fa AL
R4 1) [ B o HE 2 R ) 5200 o [RL I , % SoRec_ DP 5 SoRec DP_N. SocialMF_DP

55 SocialMF_DP N. SoReg DP 5 SoReg DP N 735l iE4T % Eb 5286 o A2 SEEGHR
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PESLI6— R SLIn g BIE e Ak FOEUE . BEFA TS A& 25 40 B RA PR B3y ) B 2
ZH, NS AR RS RL TR HEZE SS R sem, 7 al ik E =0.1,0.2,0.4, 0.6, 0.8,
1.0, 1.2, 1.4, 1.6, 2.0,%f MAE 1 RMSE [#52ma4n & 3-6 Frox:

164 ~&— SoRec DP 204 —&— SoRec_DP
—— SoRec DP_N —— SoRec DP N
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" 1.7
"
13 -
- B 16
12
154
11
144
1.0+ 13
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. g
(a) SoRec_ DP SVAIHHEFRCR
(a) Recommendation effect of SoRec_DP algorithm
1.7 == SocialMF_DP —&— SocalMF_DP
—— SocialMF_DP N %1 —+— SocialMF_DP N
Lty 1.9
1.5 18
g 144 z 1.7
= |
1.3 16
1.24 15
11 14
— . 4 . 4
10 13
o S S L G j'\ A T SR
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. ; .
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(b) Recommendation effect of SocialMF_DP algorithm
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—+— SoReg DP N 0 —— SoReg DP N
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14 o 1
13 L6
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10 1.3
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(¢) The recommendation effect of SoReg_DP algorithm
K 3-6 A LRI T 45 R A FE R

Fig.3-6 The impact of privacy protection on recommendation results
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A LAWLEER], %F T SoRec DP. SocialMF DP. SoReg DPH % % e FA T 5L
MO.1AEALF12.0, MAEFIRMSERIAE HHRAS /N, HE B R PR B fA TR ok,
i M S AR )N, B B AT R v, IS A A B AE R I bk s T
SoRec DP N. SocialMF DP N. SoReg DP NHE A& &K INZE 5 BRAARY 1, Fr
LU IIMAEMRMSERE ABERSAA TS (AT AR . @i W EEE3-6, FATH]
PUR I B FATE /N T-1.06F, SRDPHEIEIIMAEFRMSE(EE# G K. REXE
R B FACR YT BE I i, (ER HEFE VA 1 A B S PR T MBS R K 25T 1.0
I, 022 53 B RA CRAP R B2 FTRE I 1) 25 43 22 43 B A D47 1) S5 RIMAE ATRMSE
EHaTHE . XR\IEXMIEO T, BRFACRY ) BRI HER R Ui IR 2] T — AN g
BB Ao BRI UE T, TR SR RE Rl SE IR S UG B (1 ZE A BR AL IR YT, X
REFEIT AR RSN PRI I BRI HER AE R P . EAL, FESRIG— B sEiG h IR SE,
{Ek=10i}, SoRec DP N. SocialMF DP N. SoReg DP NZik Ul P 5
54T SoRec DP. SocialME DP. SoReg DP#i%. HINFSZ: < 3CH2H!f)SRDP
SVEAMX AT LAZE P SR A e i HERE A5 AL, T ELSEa 7 0 F P B s (R R AL DR
Al

3.4 RENG

HAZHERF I B A P S RAE G R, $ET1 7 HEREIAERA I, 1S At S0t
TR AL AER IR AT 2 — o A, B TR ASHERE T B U S 1B
FETHHEREIRSRATE, E0200 180 01 70 A S5 00 Bodls e T B AL DR3P Y 1R e oy
AEERBE R, ASEEAR T AT o B DRI BRI A SR 5 3. 1205 il
R Z D BRI A B H e,  PUARIGRY BRI B K 5 FE,
LT AT H A ORI R D8 RS P R 06T N e AR 4
Ko KIEIR DR, ATEPHR ARG RY R BRARFER, 9 - it

i T PR 4
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£ 48 ETHRXXI SRR ZEFRIRIF R E

B2 R AR AR 5 SN AN DOIE ERE I B HERE I HER P, AR 1A
RPN B FSAL LRI B e e AFEFR 1R DAL X R 70 AR R A A HERE
FALIRY 575 (SRCDD o ZJ5iEH L (A N Bl AE A X Bl S v, IFAE
P X HE A S NBE AT HER o A XA 5 v] DLAE AN SR FH P A RS 17
OUN AT, IF BARIHAT DO P S 4 N S IR IR 55

4.1 FERREE

TR IS NE B, SRCD J598:3%5 1 1T FH P 2 8] (0 VP43 3B 1) 3 A 3
125 F P AR AURE e SR (s, HLAh & P P B IR AL 22 SR R, 4542 W 2 LA
PRI AR, R AR P BB ST E PR IME, BLR 1
B AR P IVE o s o« B KA X R g SR, 4R35 B AR P BT X
AR AR AL X . gk, (FROE A £ H— AN X T H PR BB R . i HL
EEXE SRR 5 R VR BME R MERR R RO, R A A BB IR A MR I SRR TR
B 2R R R 2 A e 8 SR SR TR FH P R I 943, DAVP A SR i 1 e o T
HEZL L 4-1 FToR:

______________________________________________________________________

e SRR R |

B 4-1 T4 DRIy B AR SR B AL DR T i FEHE B
Fig.4-1 Research framework of social recommendation privacy protection methods based on

community division
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4.2 FFiERYTER

SRCD Bk FEHZAHE 3 NP HR, Hor, BIR 1. 8 [ 5 A2 R R A
F AR EE R R A Ak As W g P, ANRIAEX T R T E S IR 2. i
AN X BATA A ES W E VR E: SR 3. SR e AN S HARH A
FE AL X 5 A AR IR FC AR AL X o B A0 < 1 20 X Ak 58 10X 28 v f4) D P R AT AL X K 43
DAL DX H P B350 H S350 408 AN AT H 1VF 4 o 36 #0310 H A5 B P B
FEAL DX ke AMARALAE X, 5 S d [X B VF 2 S5 8 AR 3 A 300 4 S At [X -0
HVE o AR o 55 R FNZ A PR AT AL A HERE . SRR B ] 4-2 Fir

N

Fa

R RERE
y
it
R

y
HHERF A
i

y
IRIR AR R M
PHIAF LIS X

|

PERS

y

ST X

] 4-2 SRCD HiLifi 2 ]
Fig.4-2 SRCD algorithm flow chart
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42.1 XI5t X

IR 1 B SR T R AR ST 8 RN AL B SR T SR P T SR A AR ACLEE , FF
FFH 2GR BE 428 W28 HR (R Pt AT HE X K o AT T a0 R A%, R
4-1 Fi7:

x 4-1 KA X HE

Table 4-1 Community division algorithm

Input: 7 5115& » WIHZIE > FH P -T0H W5 _ , X
Ak
Output: #:[X %13

IRV LRSS FTAE T8 93 B i A IX

PRV LA S F e B0 P 2 (AR 55 AH AL RS
3.for lin

4. for 2in

5. if 1= 2

6. MH @D HEREKE (1, 2)

7. if 1, 2AHALIH

8. _ = ( 1L 2

9, else:

10. AR (42 HEAPEUE (1L 2)
1. _ = ( 1 2+ _( 1 2
12. : « 1 2 _ )
13. o ( = , = - [2D

14for = 1to do

15. = - ( [ 12D
16. . ( )
17.return

N T BRI A NBEFA A5 5 A DKt 56 S AR I N B 3t AT HERE
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B S AR L s S SR AN P e W A R, A
FEABATT 2 1) SR FEAE AT 2 I F 4 A AR BLEE 5 G BRI 7B/ F P WL S A IR £
TH , W25 AT 2 T8 R DR FE A P A AL EE AR At 1 2 TR B 2R B ARABLRE o THE
X 2 2 (A A AL IS, R B FAR P S S ML S K AT Ck-1)
AHF, R ERRR PS5 D ASH P RIS ER—AMEX .

Fopdtfid: FUFAR o 3.2.1 35 0977 05075 S04 4 F P 18] #0255 AR 1
JE o S H H AR S HAB T KA RUE, SRF R e A5 BRRA
FARAI 1, SRIEH kAP R E — MR IX

{51) 4-4 (B BL P 1 AR, HLVEE A X RIS 50k 7 10, iR
FERALE 10 AN ARSIEAE T Rk I PN AR PR 6 4 AR L 36 51 8 K
BB 1 RBIS AR R AN, R 5. 3, A
FrURP S RIS E A TG, kS TR S AR 5 24 R4 X 4 i
J 2 WUA B R R A AN R, LRI 1 58 AN IR
TOLEAN 1P 5 555 AP R 4 A ARABLEE , 338 1T 348 BOORE In S50 J8e K (R AR AN
IR —REMINE, BB RTRT . B, X 10 MR A X . #
WEIX R 7, RN Y SEARIIE [E] — bk [X HLi T P B AL

IR AR B VA P 5 m A, SRS P 2 I R A AU,
EATITEIA O 2); ANEL EFRA T4 (1) ANRARRIE P, i 10 5 2%
RO( Yo kT m, FTUAEE | IR R 44 O( ).
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422 FHEEE

IR 2 R E RN X BT PE o IME . AT AL, sk 4-3 B

® 43 HHEREGHEZ
Table 4-3 Grouping aggregation attributes

Input: #t[X , HP-T0H P

Output: A1 X X5 H (1) 9F- 53 548 7 4

LIS 7 _ R FAFTBCREA A1 XN T H 9P 01E
2. for each in

3. ViRtE T _ M FAETBCZAL X P R A3 H AT
4. foreac in

5. for eac , in _ [ 1:

6. - = [ ]

7. - ( - )

8. foreac , in B

9. FAA (4-3) iHEHX X H AIPE 7 BE

10. - L 1=

11. : ( - )

12.return N

S 2 B e ARG AL X, FRENZAL DX B P W S I H B
XN AIPFE R SRRz R B P A T H AT R, A B AL X T
AP ELNIE IR eI R TE T E 5% 5 P 5.
WRYEA (4-3) TR X H T 15

=— (4-3)
Horbs ke AHEIX ¢ R Pk NAEX ¢ BRI XIE i PR S AT
1] 4-5 MR BAFAE— DL 100 S H T HIREAE P4, R SR 1 3T AL XA
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oy, BOEALIX B ECE kO 10, HR -SRI 4-4 P

K 4-4 LXK 4E

Table 4-4 Community division outcome

FEIX el
1 1 3 7 11 13 15 19 27 36 45
2 2 4 12 19 23 56 59 62 67 85
3 3 2 4 17 19 26 45 54 62 91
4 4 2 12 19 23 31 59 62 67 97
5 5 3 19 20 31 36 56 75 80 97
Horp, X1 B G H R LR 4-5 P

* 4-5 #EIX 1 B H PR E PR B

Table 4-5 Items ratings data of users in Community 1

R P /5t H 3 7 15 19 25 31
1 1 5
3 2 5 2 1 4 1
7 3 3
11 2 2 3 2
13 2 1 3 3
15 3 3
19 3 2 5 2
27 5 3 1
36 2 5 4 2
45 3 2 1

AKX 1T 3 R NQR+2+3+5+2)/5=28, ... {KkitE,
2AEX 1 I PR A IR 4-6 AT
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R 4-6 AEIX 1 MIH PP BME

Table 4-6 Average items ratings for Community 1

X /3 H 3 7 15 19 25 31

1 2.8 3.0 1.8 2.6 4.8 2.6
L ERTHEINE, R TR A SR IE E PP 2 E
I Ta) 2 R B3 2 5 i R A XL RS F P AR P 93 H 120
Pk, SHREERERNOC ), Hf ZEHXIRFEEXEE, 2R
X o, s 2 PR P PR 0T H B

423 FHMEUEX

LIR30 B R TR AL X R AL , SR 5 S48 5 H AR 7 BT #E ALK
HABA X . A& FEEE, WE 4-7 i

R 4-7 FEARI X F

Table 4-7 Find similar communities algorithm

Input: #:[X %13 » FRIAE X AN Sn
Output: AHAL#EX %13

IR AT S T AR [X

2 WA - _ F T e P A 4L X 2 8] R AH A BE

3. for lin

4. for 2in

5. if 1= 2:

6. A (4-4) THEAR X Z R AHALLEE

7. _ . (( 1, 2, )
8. - ( = 2D

9for = 1to do

10. = ( _ [ 112D
11. . (

12.return
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BOE 3 E ALK, AR5 TS AL DX TR AR LS, AN X L)
MFEH PR Z, IBAX AL GBRAREL . B 54 n A5 H AR e L X AR AL
FE R ORI H A AL X

FARAAL X A EARMOE QTR e T AL X I S [E P 4, SR 5 AR
X 4-4) IHFEAEX . Z AR ARLE

= , (4—4)

Hrp ARERAL X B 1 5
] 4-6 AL X R 73 45 RANK 4-4 Piow, WL BIAEIX 1 AREX 3 S 3k A A

#, 13 =0; X 4 FFEX 5 BILFEHZH S 190 31
R 97, BTLASERFE P40 3, 1) 30 == ML 2 AL 4
LR Tk GERIUBIIR A L 20 =1

L BTk, B AL IX (] AARBURE , $aE il LU H AR I B A
DX PR LAt A X 2 TR AR ADURE , SRR H A T B e AL X B AR BRI m AR IX
XAEERERE 5 H bs A5G RO B ATRFIE (1) H A A X

11 4-7 BB 5% 2 BRI 1 B DUAS ARL AR DX, AR X 5L 4R IX 17,
FEIX 420 X 56,0 REAL DX 1 A PYAS AR X R LT PP, A id e X -3 H
PP BHERERE, W1 R R

* 4-8 FEIX-I00H P 2 fE R R

Table 4-8 Communities-items scoring matrix

X /TH 3 7 15 19 25 31
1 13 115 125
5 57 519 531
17 173 17,15
42 4219 42,25 42,31
56 56,3 56,15 56,25
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TS A% m AT A5, 3R 9 m MK, B0 3 B it At X 2
AL , S ATIFIRL Y O( 2)s ARJG T4k n MABIAEX, BRI 44N O( 2).
m KT n, BTUASEVE 3 IO A E 444 O( 2).

B 1 B AL 2R O(m2), ik 2 [ 2R O ), B3 I
N TE S 24 8 O( 2). B T BAP22 30 H s ARk, @k T F L m, FiLh
SRCD HyLMINTRIE AN O ).

43 SLERS DR
43.1 SLIGHIEESHILE X

ASSLS A8 2 JF 1Y Film Trust £oE 58, JR0F 0 Bt BEH LRI 70 o) Zr s A
WA, 2 B b T 80%A1 20% . 04 1 Se ik i Hh Sk A 2t , - AR5 52 i (1) SRCD
SRR B A AL X -0 H V23 PR A B AT D9 R R 0 il S0k BN R B o i 1)
RN P -IUH IRy, SRR P IR 4-3 P

1RIESRCDES AT E/EH . R TG
HX-E S 1IEER BIF EEpI%R SRDPES %8S

K 4-3 SEEGD IR

Fig.4-3 Experimental procedure

SRCD 52521 Pycharm & _ESCHLK, JF5 =R S0 A (15 90 0 il i A
ALHERF AL AT LUAL, X = Pk S HERE SR I AR R 4-9 Fhow:

R 4-9 FETHEREI R AL SRR A

Table 4-9 Social recommendation algorithm based on matrix decomposition

FEASHERE LK Ry AR
corp P B R 1 SR R (T
J i i 22 8] PR P46
TR ) A ) : - "
S IMF33] PAZEAE 114 i
ST, ocia BB ATALARBL I AL TY

SoRegl  FEAEFEME H AR ECH IO T2 IE WL & .
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ARSI S B0k B R 4-10 Bl

®4-10 LR SHNE

Table 4-10 Experimental parameter setting

Variable name Description Default Values
F P IERE 25 1073
T H IENE S5 1073
A2 RRAE 1E 4k 2 % 0.5
i B T A2 ) TR 1074
q ARSI PO I E fPE o Ao 5
d IR P 2 S5 10t
BRI 102
NT AR R, EEARTWATA LR P MEER = =103,

AT VAl SRCD vk R AR A GRS I RCR , 1IX R 5 B Z A7 R A
PG e bR P4 iRZE (MAE) I 5HRIRZE (RMSE) .

432 LIRSS HT

SIS —: BRAACRY O R 45 R 1 R

A S 56 0 H 2 2% 52 AR SCHE [ SRCD B3 78 5 P BaoRL HEAT (R 97 1)
[F B Xof HE 7 S5O IR SR o AL DXL P B &, AR X AN n EAS R EUAR (9 17
L6 MAE Al RMSE 18 1520 40 1] 4-4 B :

120 —+ RSTE 1,204 —% RSTE
—& SocialMF —&— SocialMF

—8— SoReg —8— SoReg
1154 —a— SRCDn=5 1159 —&— SRCD =%
SRCD n=6: SRCD n=9
—— SRCDn=7 —— SRCD =10
1.101 1.10

o
&
MAE

2

&
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MAE

RMSE
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Hi P&l 4-4 FTLAE Y, %1 T SRCD HyETm =, B+ DX P 4 & M5 38m
215, A nBS5 £ 16 ZIAFALTHME, MAE 1 RMSE Z#i4 K. X£&HT
BEE AL R PR kR, P A N BRSNS ULRIR, IR E
ANAR X P R kAR RN 2248 RSTE $9% . SocialMF $.9%: P & SoReg 51

J{ —«— RSTE

1 =& SRCDn=11

—&— SocialMF
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o
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—— SRCDn=16

1.054 = 1.05
004 1.00
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Y o A £ o ® 2 oS &5 K3 o “ L] A LY a & ~ & & &> )
Values of k Values of k
Ny RSN ./,
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(a) #:XHIH P2 & A% MAE {8 R 5200
(a) The influence of the number of users k in the community on MAE value
1.50 1.50
—— RSTE —+— RSTE
145 = SocialMF 1454 = SocialMF
—o— SoReg —&— SoReg
=&~ SRCDn=5 —&— SRCD =8
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115 - L - - - - i - = 1.15
110 1.10
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Values of k Values of k
1.50 1.50
—— RSTE
1454 —= SocialMF 1.454
—o— SoReg
—&— SRCDn=11
1407« sreDw-12 b
—— SRCDn=13
1.35 1.35 4 E5IE
~#— SocialMF
2 w —— SoReg
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B - i —4— SRCPn-l4
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1259 1251 —— SRCDn=16
1.204 1.20 4
1.15 1 1154
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Values of k Values of k

(b) X B % k 2205 RMSE B 1520
(b) The influence of the number of users k in the community on the RMSE value
Bl 4-4 BEAL DR PO0T HEFT 25 R A0 R i)

Fig.4-4 The impact of privacy protection on recommendation results

1) MAE F1 RMSE {8, JRR7E T X S 5H5 I K 25 [ R R n) @l
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] MAE {515 RSTE 55 MAE fH. 24 n BUE N 14, 15 F 16 B, 35 HA
1t k/NF 8+ k/NF 7 Fl k7T 7 BF, SRCD %L1 MAE {E A& T RSTE Hi%(1)
MAE fti. ME 4-4 (b) AJLAEH, X4 nBUEN 5. 6 M1 71, HHIE kAT 13,
k/NF 9l k/NTF 8 BF, SRCD %% RMSE {H{% T RSTE 5%/ RMSE fH. %4
n BUE N 8. 9 A1 10 B, 73 ATE k/NTF 8. k/NTF 7 Rl k/NF 7 BF, SRCD &1
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13, 14, 157016, BEIFRRAACRIPROR BANMREF, 40K 1 AR HOHERATE .
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ANZH S0 H BITE T 25 SEA T Fir B S AR v A A o A 4 S B AR A A 51
B — R SEER 45 RO & M, MH 0 64 9 A 13 I, IRFULEARUAL XANEL n
TEAR R BUE RSB R % MAE 1 RMSE {72 A 20, Wik 4-5 Fos:

1204 —— RSTE

—&— SocialMF
—8— SoReg
1.15 1 —a— SRCD k=6
SRCD k=9
—»— 8 3
1.10 4

T T T T T T T
“ ° A ® a Ky > & o > &

Values of n

(a) AR XA n 22T MAE {520

(a) Effect of the change of the number of similar communities n on MAE value
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(b) Effect of the change of the number of similar communities n on RMSE value
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Fig.4-5 Comparison of recommendation effect
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