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Recommendation Alg()‘rifhm Based on Enhanced Bipartite Graph Network

ZHANG Qi-Shan, WEN Chuang
(School of Economics and Management, Fuzhou University, Fuzhou 350108, China)

Abstract: The data sparsity and cold start problem of collaborative filtering recommendation algorithm affects and
constrains the quality of recommendation. Trust calculation based on user-project bipartite graph can effectively utilize
the hidden connection between users. The algorithm model proposed in this study includes the calculation of improved
user-project adaptive trust, incorporates an improved enhanced trust mechanism based on user preferences, linear
weighted JMSD correlation coefficient. Experiments under the two sets of data set show that the improved algorithm
model has a lower Mean Absolute Error (MAE) and higher recall rate (Recall) thgn the three benchmark algorithms, both
models have their own focus, which improves the quality of recomm.endations.' -

Key words: collaborative filtering; sparseness; cold start; trust; bipaﬁite networks; user preferences

515 N

AT R R PR BT A TV (R,
RS A 24 4 T 5 L 2 B A 7
WP IR 02 AR R, Wb S AV 30 )
B, I AP T AR T 7 SR, 1R
B2 L A A, SV T 4
96 553 T HET3 (R AOHE 7 R,

Gl AR 12 5 1) 5 048 15 1F 49 5 1 £ £F

O HELTH: HR B RRERES (61300104); HEE4E B RF R4 (2018]01791)

(Explicit Trust F1FE4EAF AT (Implicit Trust), & PEFITZ
i FH P 2 2 rh 4k 2 (8] ) BLHEAS B, E B RIE G
FER AR, BAIEAG AR S Fa i 48 7 M 2% o 32 A 2 8] 1) L
FEZ R RIS R R, G 7 L8470 (i
VEI) SRAEM - Z RIE AR R R, B EER AR R
AL EE PRI AE R, T RS A AT S 4 1) X B AT BE, RE
LIRS R, B S8 8. Massa 2 NHRH—
B SR B AR HER R 48, RS AR ER B L S

Foundation item: National Natural Science Foundation of China (61300104); Natural Science Foundation of Fujian Province (2018J01791)
AR 5 : 2018-10-19; AU [8]: 2018-11-06; R F I [A]: 2018-11-22; csa 7E4E H AR ]: 2019-03-28

Software TechniquesAlgorithm FX AR H% 151

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn/1003-3254/6858.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.006858
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20194F 528 % 54 1

1 RGN PR HEAT HERE, M EAR L0, S 1A,
&N Y G, AT TN AV 23 B [RTI H RE RE
R PR BT 5 B ARHE AR 0T 5 () B A Tamalil® %5 78
TR AR, SREBE LT AE I 7 A R A S,
Jr I 2 BEATLIZE BUE AR AR, T B R 4 1Y
R ER AR EAE R &R, Ko EEAR TP
EAEEE. SCHR(715IN T & RAg &, @l L 18] )= 35 A
FEAN A JREAR R, MR AT g S8 v, $2 3 B
BENEER R, G 1 RBAR ML RDEL, $E e 1 ¥
FIWEM M. Ray %1 8EE T AHAMEBME, 320 724 H
JTE A A AR 1 BB <& 2%, EEAEAEM R 2 A
FEFGIN TR 2y, SRR i 1 SE RS 0 BE, (ER AT 1 Hd
(78 26 %, tIC AR VS i 50 il . Moradi %P H T

RTCE B, iZ M0 i S dE T RS AR B AR H.

BEATHT 73, [RIINB05E A5 A BUAEL, X1 20 W] Sl 1
{IEOLEUAN i%iié%’a‘%fﬁ%ﬁ*&%%%&?E*’Q%E
. i%ﬁ[lO]ﬁU@TﬁﬂFI‘EU%E%’WE%& P SE S AT
W 2%, I EAE A B T2 A AR, S
SR SR, Gff T HERE SR P I EER  EA
JE B 8. Zhou Z51 I FI B 735 1 16 S5 HEAA 1 F F -350
H AR B Mg ai A, R B R B IR 67 5 o4 ok
FERTH, TSR 5 R R IR A AR, %
SEAR TR, I 1 SEI R 2.
BRSO % 1R B, A SCHE CA I TR
ERET A BAEEERR DB E B EATE S
SHESPERAER R, R0 HIE T EHER R B EE, Xt
PRUE, A4kt Satkibih, LAAGERNE, RIS @l e -

f, ARHE P ARUE R £ H AR I eI 4B 4R 5, A |

AT PO AR SR 3= BT m T2 ZABLAEBL BT

1) 7T AP P i P (3 e g
USSR L A I NER 3 R L NI prt ] I o
PRGN RN AR PP AR S P R I F
AR, A —E S E B, B it 5 A
G FH P i 0 SR AR R E AT B S B, x B &5 BIE B
RS S AR AT R A

2) THEAR B A5 AR B e il 5 SR 08 N R B o
FHIFET MSD Al Jaccard AHALYER) IMSD AHAL %501,
7E Movielens £ #E 41 Last. FM #4854 T AU S2 563K 0
5 R MERVE A FUIR, A S A R T T I A 3 5
EARAERE A DL i AR BTUCF B, 22 1
AR AR R I B P RN A S Bl 1, B T

152 A4 AR5 % Software TechniquesAlgorithm

SURT IR, BEAR T FIE R B xRz

T A SO AR G R 8 BL AR SE A — i
HERE SVENE R4S R BR PEHEAT 20 #, 28 X AL
2 L4 5 1Y) B O N B S AR AR R AT R, B =T i
W T AR RIS 45 R,

1 MRTAR
L1 fREHhEEE

SET P I ok A e

1) 2T PP D I VB, i KA S -
50 H 199 50 HEP 1EA R FLP w KESTE m BRI
99 Figes FSESPIH B, =0, 1705 4 6 e 347
m AT 9, AT E A BRE P u Yot % 5UH
VPG, BI85 BRI AT H 5% P (97 5
A, W

7] T 90 vk 3 5 A R AL R B Sk T
B FH P 200 H ) 5 5 AR R, AR ABLEE T SR DTV 2 B I
i B FVEHERE W B R R, AHACLRE I B2 B T vk R gy
FVUFH: AZIER Pearson AHK REL, #1777 2% (MSD),
Jaccard B AN BUR 2 S8 ZHEK (Spearman’s rank
correlation). : y . "

E‘ziﬁﬂﬂﬁhi@ﬁ%ﬁﬁ#ﬁf?ﬁi&ﬁ, AH LG FE e AL &
ARSER I H. Jaccard ARMULRE g — 5 F2 2 ) M 4 Jm) £ &
R A B R, B2 THAS5H P ZH
MEBEEELZ LS EEGEEH RN ZEER, A%
FEAE LB [ RS> T 01X DA A SR AR RUCHM 7.
1.2 EGEMIR_SEHEERE

R E LA EEU = {u,u,us, - u) € X
BHESN 0={m,my,mz,-- m} s i DH 5 5
JNIUH R Ry — Mk £k R, B U; PR
HIH m UERRIEH P 50H, 68— 500H
PR AR T ALE W, e 0 ) 24 F P e T H P23
KTET 30 w=1;4H X 5H 95 /T 3 i
W=p Bt SLIGUE A Y f=0.5 B HERE S R E RN, A
WM R Z R A

1) F P -T0H 2k & B A& & 1 s,

B eb oo H o =X (4) Fros:

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20194F 55284 5541

http://www.c-s-a.org.cn

i H AR SN A

o ek Wi

P len(u;) i

ij= ()
Horr, 4y ABHA m; 2B U RIETH L, len(u,)
R u VR I T B A BN, e AT u; A2 A5
BH m; A VRO HA KRB, A RN 1A R 0.

2) WEH - A 1 BT -0 H A 1) R 5 L A
2, KI5 H A9 30 F - OQE BE ER I g H R an ] 2
.

Kl 451
O WP
O wiH
[ ] [on | [ ] [ ]
u,/2 Uyt u, u,/2
(SREEDREST RER: Fith
g !
o) Dol O 4],
O HF
O %iH
W @ ©

u, u,/2+u,/2 U, u,/2
K2 FP—IE SR
B rh i H o R S s an X (3) B
R S
flui)= ; len(m ji)Alj @

)EHF u; i%'ﬁl\ﬁlﬁa mj quﬁa$1$4%\$n, eji yﬂlﬁﬁ

my S P a0, VP A AR T, B 1 Y B

B0, Ay 995 my SEEUF T g FHETH e

505 4 4 P P - S - PP A 1 R
T T BAA 0 FE PR 0 1 2 R (4)
(5) e th R P 5 TP 2 I A3 4T, 465 (35 4B
W 0 55 1 210, 0 TR P03, EAEEALH,
PR 35 AR B, B0 (7) P

m
DTrust(u,v) = SR

len(u;) P len(u;;) 3)

Guo V[ iR 1) 7 B AR S AR A SRR R

5 AN EBEREE: W AN ] I AR AN R % BB A 4T
FIWr AR e, BT A AR T oAt 4R 0T B A AR RIS
ATAE; AERF AR T AR AR E AR AR 55 1, —

FRR SRR, TE92B5 P A 0 B IS (T — A% T
Bt A WIS AEAE; 35 fk ik (S E R B i, 76
A fE1E B, B 5 1E C IATHE T, trustap Merustpe 245 K
N, A X C ISR A 35 8 S, (R itk
] ) P33 075 56 R DA S BLAR 4 2 M A 3 4 2 il fg
TEAES 2, FE R S — AN A I R R A A
7R, 5HA BIEXROHAR TR T RS K
A A, BREIE I R OB AT R Rt &R
A RSEAS s S8 R 5k 2 1 O RS R e I 1)
BRI AR, | T SRR AR AL, 1 T (5 1)
B, e RGO ISR SL 2 5, BRI RGN
TR A AT BA S 5. XT L TR R, A5 S0
B EIALE W b — 59 = HORUE % JE B 74
P PR AT, A P 1 2 T e SR o R B T
VAL 5, B 702 P20 F T 458 L0 D P 1)
TEEATAE B, TR S0 B8 WS HO T 2 (5 AT % RN
TAGAEMRBAT R R, IR T R HOIRHIE R ST At
I3, BT RGe .

2 — IR N S (AT A
2.1 HERE R ERE SN
(1) HE Gt — 4 B BE L F 13 4F 5. A6 4
S 3 P 43 B BB AT, (R ERE R R T 4
T A2 T 0 R 7 2 T O TE R R PR, S B i
PP 2 16 R LN, KRR (5 AL T A3 1 15 £
YR FESTA ST B, B S TR C, AR A
AT C, F240 8 7 £ 18] B 45 4R 7T LA 96 A5 6
Fo, {3 SO T LR K F B o 0 ) T o R 5 SV
B R SCHRL 13100 B (05 AR HEAT T 90 0, FRIRSF 35 5 1)
{8 d, AL A EHZEERT 0.01 A iH5HE [Trust [8]14%
(ST A R T
™

ITrust(u,v) = el

Tu,e = Te,v
Tu,e < Te,v

Tye>d

Tu,e
1

?IM:

4)

(2) LREEAERE. 456 - B LG AT DTrust 517]
FAGAT ITrust, W THE R RISEA B, tHEA LW
FTrust(u,v) = 90X DTrust+ (1 —-09)xITrust 6)

H & MR T 0RIE T

Software TechniquesAlgorithm #fFHi AR« F% 153

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20194F 528 % 54 1

_ DT rust(u, v)2 ©6)
DTrust(u,v)+ ITrust(u,v)
(3) 454 F P i I3 AT 3G S AL 384 53 PR3 AT
B S EAE P -T00 H G R %8 T ALE
W, 4P KT 3 B w=1, 4vF5r /T 3 B w=0.5, Jn
AALE J5 1) R A B B B AR A, R A
(E—/N ), DN P HESE R A FRC T REHPUE
B RE T, A 7 BB VR 2 e 4 ) i, SR
F )T 4T 43, WA R ) T TR 53, AR Se A —
0 B A B s = B P s AN IEH B9 4B 23 0l (1,
1,1,1),(2,2,2,2) f (1,2, 2,3), it EEIHIETL R
uy 5 upus 5 ug MR, XERNFEAFFE LR
L, WRIEE TR vy 5w, AP HEEERZ KT
up 5 ug, PV BG IR RE, ARSCHR T — b e i 1 1 4
BAERE, HAF 8

1
“TrexpClu—mixloe o) )
ETUE, AR S — R 3 L — 57 1 O
UF AR FH P B AT RS s VAR R A MR Y, SRS
EARKIT:
ATrust(u,v) = FTrust(u,v) X Pre(u,v) ()

2.2 454 IMSD HxREIERE

AR SCRFH 12 S B8 1 B S AL 57 (1 2 1 MSD
JMSD FRRMER) JMSD Z2 %%, JTF 2 3L [FVF 73 B A
HORE RN IMSD RBUPAE N — R 78 4 )R (E AT
RGN AT 238 7 H P 2 s
ERR. Y75 Wi ZE MSD A XN:

Z (Rui - Rvi)2

Msp=1-"Slm 9)
Tow

MSD T LT 7 SR 4 Wit /b 3/ 1 B, 1
Jaccard AU IERESE T PR U0/ HOR I
Hoaur:

Pre(u,v) =1

[N 1|
Jac,, = 10
“w = 11,01, (10)
JMSD,,, FHA KT
JMS Dy, = MS Dy X Jacy, (11)

BT AHACL BE 55 0 7 o B2 A5 A BB 9T, X T B AR
FHF w; AR FNVE 73 000, 25 HE 255 AL R B Sim A 5K
Sim(u,v) =AX PSimy, +(1 =) X AT rust(u,v) (12)

(12) ARFE TS AR LR EL Sim, XTI RBEATIE

154 A4 AR 5% Software TechniquesAlgorithm

Pt DRSPS R S AW TR

Sim(u,v) X (ry; —1y)

(veNy)A(ry!1=0)
Pui = FM + d (13)
Sim(u,v)
(VEN,)A(ry j1=0)

3 SEERLE BRI A M
3.1 SLIHEE

RIS SR A B, AU Grouplens $2{E41
HEH) Movielens H#fE SR AI/E 2 & - “F%i Last.FM 42{i
) Last.FM a8 0 LA AL 31T 50 1F, Movielens HH
K Minnésota REAFENIEL S THE2EBE Grouplens
TUH AL 75, A SCE £ A ) M1100k B8 &2, a5
AL T 943 AN 100 000 25 PP HL0E, VoG R 1-5,
AN P AR X 20 HHIUE AE HIEY, S EBR S
UFOR; Last. FM AR SRS 7 1892 M X 17
632 5K H SR TS B, Seie b 5 B b —
SRR ST W B0 T A S W P 43 T B A B8R A
Wiz 4:1 215 I R 2R, Movielens 235 £E A1
Last.FM Htfs SR 4 £ i 1 € SCvH53093 301 v

100 000
“opxies - 607
92 834
T 1892x 17632 99'72%

32 E=fE b
R SCR RS RGO b AL 32 B T34
A e 9 R B P 4% 25 (MAE), B Tl
x (R;zcall) JE XN
5 .

Rui - Rui
u,ieT

MAE = ———— 14
7 (14)

1) P20 1 22 A3 7 i e 22 il i U Zr e v A
FRRRI TR T 43 R XA 1) S B B S PP 43 2 18] 6 4 22 5K
JE B SRR AR HERA 1, Fr UL MAE 1 RMSE #8/),
T 1 25 SR e

Recall =" (15)
n

2) AEIZ (Recall) XM 4235, B IEd HEN]
DL H R 6 0773 505 B A ARl o3 Foz 18] ) Al .
o m 3 R R R A5 3 0 I AR T F 4
n FER AL Th A I P20 2

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20194F 55284 5541

http://www.c-s-a.org.cn

i H AR SN A

3.3 BUAMEEMERLLER

ARICHEH IMSD,,, 1% 2 H 5 38 58 5 AT B R Y
¥y% BTUCF HiEA R, #F Python3.6 345 T, N 7 ¥F4r
HEFE R RRG FE, o 2 tH B Bk AT IR B B0 IE, 72
FH A B S0 BREE T, o AN [F) B4 4R 7 S xSk A 2 gk
ITHUBRYE BT, AR5 5 = P B R AT SEAR T L AN
M, SRR RNE AR T R ET P R FE
IR TraCF Sk, 3T (5 AR 1 i )k g
£ Tru_1CF BENT DL f— R i 3 B AT M o 51
% Tru 2CFU7 S5 —Fh L X bR 2 T P HE 7
(40 SLAERE B, B8 AR R EXT L BV R A SR A
FIRAFAT M 48 L) R A 4 JR 5 AR M B A5 AR AR BE 51N

(R AT RS AN BL BZ B B AS [F) B HE 77 S0, 55 = Pk

WG FIL I E T IBEEAT, AHLMEE, gL EE =
ANME AT A A AT B %E%T}Eiﬁi%’l)\ﬂ%)ﬂ
fim e (5 BRE, BT JMSD, A5 RS (5 R H T
TR AR IR R R P (R A B VAR (LA
T fEIAR BTCF Sk Ay 53 b — 20 B S e AT
EEEPUNIEH
3.3.1  BURES T

UG 5256 1 B M fE Movielens ZUHE T Last.
FM #4545 N 240 4 XA SCHE H (1) BTCF #1 BYUCF
TERGE MAE B2, SEEe 25 5y nlan & 3 FiE 4.

0.83
082 | *®
0.81 |
0.80
0.79
0.78
077
0.76
0.75

—=—BT_serCF

BTU_serCF

01 02 03 04 05 06 07 08 09

K3 Movielens 455 MAE 734

0.780 —=—BT_serCF
0775 |

0.770
0.765
0.760

0.755
0.750

BTU_serCF

01 02 03 04 05 06 07 08 09

4 LastFM HET MAE 74T

ME 3 Bl 4 F R IRAT BUE 2] JMSD RECFI Rl
FH P Qi 47 040455 A 0 9 2 45 SR o 0 B o 7 e AR — R 11,
Movielens ¥ 5 F 4=0.8 I B8 T e 4 19 45 3.
Last.FM $#i 4~ 1=0.8 I BUE e s 4.

BT 0B B 3 N R A AT A A A 4
o & S 3 EERYE TN EB 43 P AR AL R HORT (g e
EAT R, 2 2=0.0 B RORTEFIEAAL Pl F P i
(AE A0 B J (A 45 SR AT M — 1R P, 24 2=1.0 BT 3ROR
PSR IMSD Z K00 fot o PR 45 SR A e — 1
I, A E T AR GE 5 AR S 1, B 40,0 A A=1.0
FIZZA, SR 2 D) v e A 17 v TR
FEFR 7 2 ] et PRIl A 16 125 1, 350 26 1 7 k2
AL, RAEBIORIFT P IOVE 53, X FF e (R AT 5E X
HVRE i, AR W 7 ASCE TRl B P R g 15 4T
298 7 P Z IR B AEASAT IR R, B T 47 i &
332 PRREXTELA AT

ANTEVEHE S N ASCHE ) BTUCF Sykpi il 5 5
TH P (B R i S TraCF LAY, 3 TSR
PRI A Tru 1CF 509, — R ool i3T5 10
B BVE Tru_2CF PR A SCHE H 3£ b2 F P
Uf BTCF HyEXT i F:

# 1 Movielens i d i £ mUHETE RS Z LU

etz TraCF Tru_ICF Tru 2CF BTUCF
MAE 0.805 0.778 0.774 0.768
Recall 0.112 0.190 0.250 0.797

1 W% Movielens 44 T BTUCF 131
ARk, X LI 2 R, £ S8 K=7, 4=T i} (5ik
R ) B AR MAE (RS i) A [l 2,

K2 Last.FM BUESERAE HETAEE LU

b TraCF Tru_ICF Tru 2CF BTUCF
MAE 0.810 0.775 0.760 0.760
Recall 0.130 0.211 0.268 0.789

tH 2 A A1 Last.FM (45 4E ~ BTUCF SiEBI A
1E MAE 803K AL T1& G b [ ok 98 S vk 0 48 S
FESI%, {H 2 5 5% b g — itk 1 22 15 T 1) ek
HEAE T AR KE, B E R RE &R,
MAE 1E Movielens $(#5 ~ R4 5 ML 75 72 RN R
Gt K FH (1 A2 PR35 /N A0 J 38 3 B 0 1) JMISD ARABL R L,
Last.FM %4/ #24H b Movielens %4 85 55 00 i k77
RGN PATKS FERE, HE— 20 UL B T AR s
PR IR S NS

Software TechniquesAlgorithm #/FHi AR F% 155

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

20194F 528 % 54 1

5. B 64 T IR BEELE R R BRSO [H]
A JE B T H9 MAE M Recall 18, RAT7T DLW 89 K
B, 456 IMSD REIHER R B 5 45 & R R LA
T ot () B IR R R K 2 S, TE K BU/IMBI X
6] Y 454 JMSD ZE0 0 HEFERR B 51k BAT B 0 (1 R L.
XAIGAIE T SCER[1 7S5 A S5 N JMSD &3
P, TERESE 0 L T A2 i) BTUCF SE AT
B A R FAR B AT, [ L AR P S 4 xR 22,

=+=Tradition CF —=— Trust_1CF
BT _serCF

Trust 2CF
== BTU_serCF
0.83
0.82
0.81
0.80
0.79
0.78 — S
0.77 | T=——e—"
0.76

0.75 . . . . . . .
5 7 10 15 20 25 30

K s Movi'eler:s AR T 1) MAE ST EEE

—+—Tradition_CF —=— Trust_1CF
BT serCF

Trust 2CF
1.0 r == BTU_serCF
09
0.8
0.7
0.6
0.5
04 F o
03
02
0.1

Kl 6 Movielens ZH54E T H Recall 5L

] i) %6} B BTCF HyA AR Fll TUCF SyE45 7Y, A1
# A SEBIRL S\ T S G R IMSD RAL,
B B 0 o H T 0 U 7 e 9 R i B
SN P i 9 BTUCE 80V U 1] L) 22 A e 7 K g
(RIS, A5 B GE1E K 0/IMELTE B Al SE S S A ) MAE,
(AR A S P R At B T R 4000 1 1R 2

SE ik
1 XIEEE, AYE, SRR M HEE RGN RERE. B
Rl 2009, 19(1): 1-15.
2 WEE, BRI BT ETN BT S HEE SR 1
AR, 2010, 29(2): 350-355.

3 Guo GB. Integrating trust and similarity to ameliorate the

156 A4 AR 5% Software TechniquesAlgorithm

data sparsity and cold start for recommender systems.
Proceedings of the 7th ACM Conference on Recommender
Systems. Hong Kong, China. 2013. 451-454.

4 Massa P, Avesani P. Trust-aware collaborative filtering for
recommender systems. Proceedings of OTM Confederated
International Conferences on the Move to Meaningful
Internet Systems. Agia Napa, Cyprus. 2004. 492—508.

Massa P, Avesani P. Trust-aware bootstrapping of

W

recommender systems. Proceedings of ECAI 2006 Workshop
on Recommender Systems. Amsterda{n. 2006. 29-33.

6 Jamali M, Ester M. TrustWalker: A random walk model for
combining trus»t-based" and itém-based recommendation.
Proceedings tof " the ¥15th ACM SIGKDD  International
Cénferenée on Knowledge Discovery and Data Mining.
Paris, France. 2009. 397-406.

7 ST, XL, MR, FETE AR TR b R s
2 VLR, 2008, 34(20): 1-3.

Ray S, Mahanti A. Improving prediction accuracy in trust-

o0

aware recommender systems. Proceedings of the 2010 43rd
Hawaii International Conference on System Sciences.
Honolulu, HI, USA. 2010. 1-9.

9 Moradi P, Ahmadian S. A reliability-based recommendation
method to improve trust-aware recommender systems. Expert
Systems with Applications, 2015, 42(21): 7386—7398.

10 Cao ZR, Tureli U, Yao YD. Deterministic multiuser carrier-
frequency offset estimation for interleav\ed OFDMA uplink.
IEEE Transactions on Communi’éatiéns, 2004, 52(9):
1585-1594. - >

11 Zhou T, RenyJ, ‘Medo»,M, et al. Bipartite network projection
anfi personal recommiendation. Physical Review E, 2007,
76(4): 046115.

12 £, BOSUH. — b ek i 5 T 0 PR 00 2% 45 g 1) 4 7 5
2% NS FWETT, 2013, 30(3): 771-774.

13 RN R, WeMR, 25 s, —Fh 5] N TRIEAE AR 5% 2 1 et oy
) i A Bk, DA AR R, 2015, 31(9): 38-45.

14 Bobadilla J, Serradilla F, Bernal J. A new collaborative
filtering metric that improves the behavior of recommender
systems. Knowledge-Based Systems, 2010, 23(6): 520-528.

15 Goldberg D, Nichols D, Oki BM, et al. Using collaborative
filtering to weave an information tapestry. Communications
of the ACM, 1992, 35(12): 61-70.

16 Massa P, Avesani P. Trust-aware recommender systems.
Proceedings of 2007 ACM Conference on Recommender
Systems. Minneapolis, MN, USA. 2007. 17-24.

17 FRFIE, 6f)E, MNE T, & MR T EEN R e
BARY, THENLTFE S R A, 2016, 52(5): 50-54, 56.

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn



