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Further Research on Collaborative Filtering Algorithm for Sparse Data

LUO Qi MIAO Xinjie WEI Qian
(College of Information and Control, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract In electronic commerce and information system, collaborative filtering is a very important technique, User
similarity measure of the scientific method is crucial. In order to obtain better accuracy, numbers of common Ratings be-
tween users were used to dynamically adjust the original similarity to more accuratelly reflect the authenticity of the
similarity between users. On this basis, according to the social network FTL model (follow the leader) thoughts, for
new users or users who cannot find the nearest neighbor, prediction algorithm based on expert trust degree was used in-
stead of similarity to predict the user’s score, making up the deficiency of the traditional algorithm. Experiments show

that the algorithm can improve the prediction score, the accuracy and the quality of recommendation, and alleviate the
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cold-start problem for new users.

Keywords Collaborative filtering, Recommendation algorithm, Similarity,Cold start

1 3ly

BEE (5 EBAR MR &, AfT1A B B B IE 4 L3
BEMBEHK, FREELIBRREAENE. WIEA
TIREAE B B () Y R B T B R B RPN T 5965
HER—DIRHE, MR ERLET A, BB R
B RIAMMIGBE TR . R BA R B
TR BRI M — 18R . HETAER B Rl SR ik R
R PR LT B EERE L, RBS Z 26BN
FEF R B2 R P B R B H AR P RIFA IR B
PR,

SR BE A RO B 10 AN W B8 B B i R BB B 23
FRHE, AR FIYS S5 B0 G T RE . B 2 T, R R BB v 1
HEREREREL. TP RREERR, IRENX
R IR B R T — RIS KRBT WA 7 1,
BTN T Bk A TR T

ETHUNE L ERREMN ANPGRS, RS
TR ERALAR 2 ST O ke A R PR P AR IR, T R e A
RS FAEHERE . SCHRL2 1SR P ULt 387 ) £ A 240 ot 000 AT

BFE B H:2013-07-19 &4 H P 2014-01-06

), R FARE AR A AR T A P o T B R TE S, BUR T ARSI
B ERE N et LR AT REERS, VEERIRSW
B PEsr 30, T MR B AR R ARSI, Bt 4 R4 B
T2 X RB A R, AR A RE., ERETRE
B9 M B 5, Slope One & —F R ERRH LS RE L, &
Daniel Lemire #1 Anna Maclachlan F 2005 S48 #1137, Zilel
Sun™ 4% & H — F B3 1) Slope One P [l it 3 & 4, Pu
Wang™*) %4 5 F A /5 89 B3 [ 12 3 Fit Slope One 7 ¥k B4
DeJia Zhang'! %44 230 H 1) H3F) 33 38 70 Slope One 75 H:
G RRVAEEHA BN HEESHEEAERNEL G
A ET. 2TEEHNHE N EERE RN AR
B, A AR E RES Y AL P 55 H 2Z R P
SHE B MEEER P AL, %M Hoang %431 H
P i S F P RO R IR T &
FoREMEEES, B, BB RET —MHETRRE
SEAE Y, Huang® FEREBE X SIAT BS h#EFE
W  ZREEEBEEN B, %5 R R b, Sawrar
UV Y SVD S8 6 F PI9350 R 43 N R TR) B 41T
RO SeFRIEXS B R E R, B A AP 50 B 2 e

B OB(1958—), 5, W4, B, EBEHSTT AN RENIREN R ARG S48 SWA 1989 ~—), B, 8+, EEMIH i W EERE
#OEERE ERRER M 989, %, 8L, FEMEFRVERLE, EERA,

. 264 -



B FR X -0 H VP45 R 0 2 SR8 40 S B B vh A
JRERRAE , FEAR IR 7 Xof 33 S 0 ) B 47 1 SR T A P %
BA LS5 9 00 i 5 $. RS phy B ok i B 52 O I 4R T
3%, EINGRARMARK , T — ELF P At , SR B S 3 »
B b TS AL (0 U R o U8 AR A FE A B8 B R O P R
LRI AR

EETHFRTE D, BEROTRTARE RIS
32 3 B » A ) O 0 R 4R 7 TR B e . SR
(4R T —FhE T30 B g% 7 i, R i B H Z |
BB BE SR 7= 4 , 7E 0T H AR AR X RS E (R R 8 e T
EA LSRR MR . SCR12)8 8 T —F7EMREE £
R P AR LB RO T 85 TERR 1 VP 20 48 1% v 5 0 745 ok B 2
Wi, SCRRL[13J4R ) 174 T30 B REHMEFRE IR, LAgE/MEM
AP HEREE, £ ERE LER THRENRESHRT
FER IR, AT HR S T BUERE . SCRR( 14 B T — BT
WiH Sy RS, LR RX A P RN ERA R
FHPRAMSE BB T RENY RIEREEEE. HE
X E AT R PUER (3 AR T B
VA RO TS AR E S AN %R
R, WTR W T 1R

rd bR IR B, 75 40 P AR LR TH O vk i Bk |, A1)
FELF P 18] B SR R P 4 i s A5 P I ADLBE , 78 Bl A
PP B AR T WA HOR, W FRABIBUE PR EHF AR
JA sh I T P R — R & RAF A R
B & R AR AR BE AR E G2 89 4 0L BESR BB A P B9 VR 5
BEEADIRE T B M R, T H IR TSR RN
AR ARMRE T H SR B,

2 thEEEEE

R IRE LS AT 3 NP

DREBESE. R mx» OAPITMERE. nKRAS
A RETE AN TURBR R U= {ursurs s tn ) P
A I="i1 i, i HES, P EIERA m > n B9
PR ERE Ry R ER (IR 1 BTFD , R BN TR ER
R X B §99F4Y, S REE P X E B R R

il o ij ves ln

u Ry Ry Ria
uy Ry Rki Rin
u, R oo Rr_n! ore Ron

DK ANEGERSE . BT ER BB R
Z I8 B AEALEE , 3t 5 B AR A P RAR U K 4808

DR, KB EFAR K A RIESEG, BB
LTSN B #5330 Top-N SR
2.1 HBUETH

&G0 ML B AL IS AR SRR U L BUR R R B
ERREHMUES., AXEBENFRXMELIE.

KREACEREG AP EE V 450 3= 6 B —1
B, PP P 22 18] AR 0L JUSE ik 1) B = [ S A AR SRR A
07, e /N, AEDUBE R 5 , (L OV R D O~ 1. BB wsj

£V 5 23 18] BSR4 i e 7, WU w RIS G 2]

FIA U T 2R R
| e
sim(u, j) =cos(u, j) =——
el = 171l
= i=1 : D
VEw ey E i
2.2 %@EE

AR (O H 3R B fBLBE , 7T 48 3R (2) SR B A P R
WAHITE .

> sim(u, ) X (R;,; —R®)
P,,=R== +iGS(z’)

20 (sim(u,j)) @
JESGH

A, P KRR w ARSI HE ¢ KBS, R,
Ry SRR w MRP j KPS, simCu, ) HAP «
FFF 7 WARBILEE, SO NP u KIBIESER .
2.3 HiEsSW

TERIEEH BB, FAEER DR EEEE
BEREILRAE:

1A BB FE B Py B O R W L P 1L RIS it M B
M, 3 F— M H TP , A R R . (B AR
Y P R E— SR IR B, ERE AR
SARBLEERH AT Z B MR SRR . ik 2
5P A MUERBSONIZERF C 144 3 3R
SHE M R (B R R SRR LB SR B A A1 B Y
MDA AR CZRBAELE, X BRARA RN
MER, MEXRREAERT, AP RS EERE
R 1 ABARD X EBBRAESL PO EFEMBI S8 E
WEEAFSME.

F2 HiEE
i PR T S T g iy iy
A 5 3 3 3
B 5 2
& 5 5 5 5
D 5 4
E

2P S HAM A P Z B A S T R E R ERIA R
GRIFTH P AR AR R W R Touk Oy FEHERE A B 53-8
M. Bl E P B R P B XHE 0 B
43 ARG AR BN RO 48, X R R BRA T UL I
AEshE; A AP D BRI WK, BibHEA S5E
1A L P A SE RPN B L AR S B Rk T A Br 48 .

DBMET P Z SRR AEKRER S Z
AR ERGERE, B THUE LS FEE R REAR
RS HERSER.

3 BUkEE

3.1 HEEE

£hxt 2. 34 DA R, 302 A P [ 3L FPF 50 B
AN , WABAT ) 2R OR SRR AR LY JE U , R R R A P ()
R RIEL T A EORER R, RITEET LS
b R i) R AT X B AT, L R R SRR IR R
AR IEVIESRS . B ERARETREERFSRIHN
TR, 3 H 5 3CHR[20 ] 50 R 37 0 AL LA B SCR (21 14 0 ok itk
177 Xt b ¥ B th AR T X B O i 5 ORI B 2E VI RN S A

. 265



RLIE TRAT , BhAS R Rt RIF 4w o0 IR AR LB G e g, LIS B
BB, RE RS R RS,

BEXF 2. 395 R DA R, R\ MK FIL#E
# (follow the leader)™] B4R, BB F T A A FH P iR B8
W, SRR REENER LRSI N RPN ER
71, AP B K M PR R S5 (8, B X R
0 F1 SRAC AL U BARLBE , ATR BT FH P BB R Bl EGE 48 /Y
HPWWa . RIMEERENAR, EBF B HA B

BAFABE

.
LA FHR
.
HHA P AR R R LR E

¥
[ BERUAAARES |

R ERERLL

=}

A
ETEEBEEENE
HRFL

]

s
| #FHoEFNFS |

I
Wi
FRMEATOPN

Bl EETERER

3.2 MEHECERRNITS EE

ELFREERGY, § FIESREIEEHH, L FES
B, R TE T R P R U T , #E R G e gAML
B B ARACIE RS DRBIE R, fER5
BRI PBIE I AR BAR P R 848 Fi 4 50m
HHERLSZEEW, I TREMACEEEOEHE, A0
FENBA VL FEHATT T H5E. Herlocker Z7E CHR[18]
o, B8 A P SRR PP 40 00 B AR DA I i A 1R
Bl ™M AU BE 23R 2 30, 3 A% 2R vt R P 1) 4 PR 43 AR 4L
EHRATBE. RMZEERERLE L—RE, ZRES
SE AT IIE A R B XM R BOTEE A 4.

_min({LNL[,»
Y

A 16 N IC) RFAF P SR G  HE B
fa.

A5 WA P EISE R P4 30 B A B0 2 , WAL AT 69 X
AR SR, 7 PR 1R PR P 1] SR R P43 90 B AN SR AR A
UL .

B AR R IE Y] eR O B 3L R P A B A U
o, RN T

IWw NI .
max| IGO0 | 1G] * S )

&)

FF u o 8RS IE B 1 Go N 1(0) F7R, max
@ NI [RARBF u 5HAME P I FIES 5 EH A
BHRBRKE. ARG EHAERRRBERS « 5AF
vEIRERTHBEP, BAMTERE, W « 5 v HHLER
x.

MR 2BEPTLUES SAF ABUERR® N X
BHP Cf18HE 3 N ERVESTH, Bt 8
RMAR 3 BN BREEHUEHER, A 5> B#HH
IS 0.52; P A 5P CHMHEMBER 0. 47, XBRER
EFE. BERMTSENERHBESEAS CERTH, A

« 266 o

sim’ (u, ) * sim(u, v)

Usim(u,v) =arctan(

AL RS R B T RATHURRIZCR .

®3 HLUEX T

fegta A
A B C D E
A 1 05 047 o0 0
B o052 1 013 0 0
C 04 0B 1 0 0
D 0 0 0 1 0
E 0 0 0 0 1

Bt AR
A B C D E
A 1 016 037 o0 0
B o4 1 1 010 o
c o3 oot 1 0 0
D 0 0 0 0
E 0 0 0 0 1

B AR RS IR A

WA PR m, W E B 0, APPSR EER Raws

i BES Pui.

a) R GO HHE A BB, B AT U S

W ZEMUEEREFER BT « HRIESEE S={L,L, L},
B L 57 o MHNERS, L AFPRZ, s,

OBJER AR (DO BN AP RIESHIHE.

3.3 EREFEE

MAEGERBIRE S AR (OB Y, MAEAH N LE
A D R AR AEARRURE 5 2) Sl 48 X3 B B3 H A 1L 3743
BERERR BT, AP RIRAUERESHET, FlNR 3
T, I DA P EEMMBEER PHOUESBAIE,
BN AR BB BRIE 4RSS , F M A Gt o T
X ULH LG FIAR I BE HERE SR A BRI W R RA TR R .

HRE_ER ) 247, BEAR I SCRR (17 ] 42 9 follow the
leader BERY , BARADH AT LM I PR SY , BHEEBAFE
5 A BB AL BN TEROBR, SRS
B HEMNEEARHN T ERERERORW. FCREER
REEHESGESHTE LGN WEREEE, EHER
R AEBEARE 15 5L oA {UBE SR B P B934

FESCERL22 170, R 20 P 15 BRBE RN ) AT B Y 56
FRIHHE ) — T P BUE R BRA A P AR A ) 30 B
TEI i B R AT PSR R B, HBE s B TR 7
dho R TEEANTEERE AT B3 A P B B AT B MR, A0
AP % REEERE VR

DR R RERRE, ERERR , X EEERE;

DR BT, R, E R ELEER

DIERTPNE XRIER L, P R ENRIYRRE . F
HEERR.

FIORE ke BB, B 5% HITS MRS E
R BUERGEEERAE. BRAFRBEN . YREEN
n, BN AR EMQ A HIRA AP ¥ RIS HEENY B R
BESYH, B ER R 1. MAXTF LSRR BAY S
SHEHEBHRRRTURTR R

E,1=aA"Q,

Q.1 =pAE,
Kt sa B HR—LRE 3B L E f1Q B K, T
B RBAESBEER A &, AT A A T4, AR
GOE,mz, WHE.

4



ri—Ri |
inax

e, FRF u SETUE ¢ W34, Rl HOE § BEIHF
KI5 o HIE £ BV RKSME I 4 Auc T BLRR A
P SEE | WA SIUE BRSO RMAEE.
RUBIDRA, U A /0 K2, A K, RO BERIE
K %, BB, B P 54 R0 0 M B R R
R

R 2 P OB IR P 0% AR AT BEHEA M
R A T FAEER TR ), 8 JeHE & R 10 F P AR TS
BRAE  BNSTA K REOVEA YR, LR/ A, HOK,
PRSI IR AT BRI DASEET A
Y0 PATIFRLP B E6HR 0000 5 LOBEAAI T, FB P D 36466 1
WIT BT B HES B WA > D 6085, RS a4
B A, 78 PO E T E OB 5
CHAEERRE,

#4 TRGEEHE

$XBEERE  H4L
1 1
0. 28256
0.71711
0.10796
0

WiE2 ®FRFELEES
BAJHPEER m, 05 HE n, SR Rusn  BIVKE K
Wi AP ERETE EMEEEHZSEL
BREEREHNA,L,-,DEQM
#EQEERA,L,-,DEQ
A~ B HIERE (R, AuD)
for i=1 to K do
E<Qx AT
Q-ExA
E<-E/max(E)
QQ/max(Q)
endfor
L@t E 3P R EREAFIR
return L,E
3.4 BTHEREEENPMAUTSNZE
EHEETEREEEHTNIESEEN, ERERE
EEREN J NERENBIES, BEdLRBIE, - BER
W& ] BCAAPREN T IRENEGE. XBERAF o X
WE i IS .

éEm) % (7 —R=%)

Pes=REAE é}lE(u)
A, P AP« X E : BEIES.J AW E Pt
HEREER. . W ER e WIME : WELREIFS. R® fAR>
HMEF a MER u WEHES.

SHFRIERSFRA,. RN EEFHSRETEREH
TP B AR . W R P S, R (6O R B, R
B (DREFE BB,

élE(u) * 7,
Pa,i _e=
uélE(u)

Au,izl_ | (5)

oMo Ow >
e b w

6

M

4 ISR

4,1 ¥iEs%k

A LHR AR B RIE T Movie lens 3 IR ml 24
FF¥ R4 (http: //movilens. umn, edu/). EEH 943 A
11682 N3 H 4B 100000 FRIF43 8048, 8- P %t 31 H
EUMELH 20 KL EHTEMN . PSRN 1~5,4
HRAERFAHPMHENEZRERK., TRRANEDSZ
RG34 80 % BV SRR AN 20 %6 BOMIR SR  IF A SR E N B
BN 1-BW4ME/ QST E , Bt AL REAREMN
WOLER -

1100000
943 » 1682

4.2 ERFE
FHTHETREMAD EREERENERETR,
MAE"® @ i+ B B 44 5 3K BRI B iR 52 A 1R 2
S 2 TR B e 1 , MAE {580 /] , HEZ008 B iR
BHEMAFPBTSRERR I (b pes - ov ) KR
PWSERERAIH @ g gt W

S
A
4.3 BOEME R R

UG UE B (B D S5&5ahE T A 8 (Us-
er-Base) \3CHER [ 191+ B9 1 38 AR . SCER [ 20148 %k Bk 17
MAE g%} ., 2B /) B 80 BB R e B8 T H A
WHRES. BARENRITSENE K, R85 5 MAE
{B. BEABN 10 FFER, W= 50 14,

Wl 2 s, Br A B B BEE B 488 B M S 8,
MAE {E#R AL, BRARBEE MU E . RHMIFESEE
VIS BN AR R U Fl s A A M BB AR — IR
.3 BB ENEAR I, MAE (ER/N . BGOSR B
2 50 Bt , MAE (HE A E, B8] 0. 7221, LRIFHRAR
BV RS R E T ERATTH,

08
088 —4— User-Base | |

=93.69%

(8

086
084
082

074
072

—a— ¥
- BEY

B2 WEMOERRE MAE

4.4 HRUESTH

R T BRI R E SR E R, AP &
RRABIBCEAHELR, ERFIATR = RRFNEE S
BENESH, LRPHE xR 3078 802,43 FIHHARF
KNSR PHEUEN I HERL. BRirRAHEERNR
7N PR R R A B BEFE T B HE BRI K

Wi 3 iR, MUNGEHBEE S LR, UUE R TR
BORW b3, X A A L R R T B PRI 3R]
WA EZBED, BB E P RABI BT , T E
WAEBMRE, AXHERT  EERENFLERD—FH
R DAL RSB 3, S S 4R R B B 4B B A P B 43 3K
AR,

e 267 -



3 eESTE

4.5 FRELEI x SMER

LW UNGIE/ BRI LS 0. 3~0. 8.4
B A S RAEEIEHHok S SRR 2% (Improve CPFlfg
SRS M (KNNE 8 £ H 5 MAE (R S 45
MERDEALAY 50, LR B ORESET| A% R
FEREREHEIR AERT = T, JER A LB AR B
4.6 1BRILEIR x MR

EI58 BRI 8036 /20% By BB, FIREHS 51 A
A HERE R B vk S AR U B (mprove CF) RG240
UNFIITIERENE A L% 65 MAE (Y, S8/8 Ao % 31
BoW 10 P 504, S0 E RN TIESAES| A S FA
FEBEBERE SR AR U 4606 R B B DA B
A B ORI

IAFE 4 FEL 5 03 Rek BT LUB th 7 RSB 4 KA
SRR « BBIORR b, 31 A% SR HE B WS AT Lot
SRR R R SREY 4 R B
W AR Bk AT,

"03 035 04 045 05 05 06 065 07 075 08

B4 FREIEES MAE i

081
088

086
084
082

08
B
0TBE,

. \\\
zzzr\\b\‘\_&
15 20 25 3‘0 3»

—o— User-Base
—&— Improve CF
&

=i, e

072
10 4 45 50

B 5 MAE i3

BRIE ASUWE T LA E SR R, R T
G 75 38 BEARBAR 10 BE B R 0, 3 % S8 & X AR R
FEEW, R TETEREEEMANBEERE. EdXBE
W, EXEEERENEENEREREZ —, BB SO ER
BETAENDRSBEE R THEEER b —HFE
WRAPRRSHEE. 45 HTRT RS - SEEEREE
BB, @ARIAST - F SR H 452505 B0 4b 28, Fad
Ti B A s R KRB EH R .

XXM

[1] Koren Y,Bell R. Advances in. Collaborative, Filtering[ EB/OL].
http: //research. yahoo. com/pub/3503,2011-09-26
[2] Chen Y H,George E 1. A Bayesian Model for Collaborative Fil-

e 268 -

tering] C] // Proceedings of the 7th International Workshop on
Artificial Intelligence and Statistics, 1999:56-60

[3] Lemire D,Maclachlan A. Slope One Predictors for Online Rating
Based Collaborative Filtering [C] // SIAM Data Mining (SDM’
05). 2005:21-23

{4] Sun Zi-lei, Luo Nian-long,Kuang Wei. One Real-Time Personal-
ized Recommendation Systems based on Slope One Algorithm
[C] // 8th International Conference on Fuzzy Systems and
Knowledge Discovery. 2011 ;1826-1830

[5] Wang Pu, Ye Hong-wu. A Personalized Recommendation Algo-
rithm Combining Slope One Scheme and User Based Collabora-
tive Filtering [ C] // International Conference on Industrial and
Information Systems, 2009:152-154

[6] Zhang De-jia. An Item-based Collaborative Filtering Recommen-
dation Algorithm Using Slope One Scheme Smoothing [C] /
2nd International Symposium on Electronic Commerce and Secu-
rity, 2009.215-217

{7] Zhou T,Ren J,Medo M, et al. Bipartite Network Projection and
Personal Recommendation[]]. Phys Rev E, 2007,76;046115

[8] Zhou T,Jiang L L,Su R Q,et al, Effect of Initial Configuration
on Network Based Recommendation[]J]. Europhys Lett, 2008,
8158004

[9] Huang Z, Chen H, Zeng D. Applying as Sociative Retrieval
Techniques to Alleviate the Sparsity Problem in Collaborative
Filtering [J]. IEEE Trans Information Systems, 2004, 22 (1),
116-142

[10] Sarwar B M, Karypis G, Konstan J A, et al. Application of Di-
mensionality Reduction in Recommender System-A Case Study
[C1// ACM 2000 KDD Workshop on Web Mining fore-com-
merce-Challenges and Opportunities, Boston, MA, 2000

[11] Sarwar B, Karypis G, Konstan J, et al. Item-Base collaborative
filtering recommendation algorithms[ C] // Proceedings of the
10th International World Wide Web Conference. 2001 ; 285-295

(121 #oLT, 20, W, 5. £ TR R SEERE L]
434, 2007,18(10) : 2403-2411

[13] MBEW, L FH, kBB ETFHAREXNDFELBEFERE S
()] NS RT AR SE, 2004, 25(9) : 1665-1670

[14] fEEME. XA KEN . % ETHES XN DETERHE
(1], HHAEHLEL FIBST . 2012, 29(2) : 493-496

[15] Sarwar B M, Karypis G, Konstan J A, et al. Application of di-
mensionality reduction in recommender system-a case study[C]//
Proc. of the ACM WebKDD 2000 Workshop. 2000

[16] kL, BN, R, %, RN eSS et R s ML (1], 3
A, 2010,33(8):1369-1376

[17] Goldbaum D. Follow the leader. Simulations on a dynamic social-
network[ EB/OL]. http: //www. business. uts. edu. au/finance/
research/ wpapers/wpl55. pdf,2011-09-26

[18] Herlocker J L,Konstan J A, Terveen L G, et al, Evaluating Col-
laborative Filtering Recommender Systems[J]. ACM Transac-
tions on Information Systems,2004,22(1);5-53

[19] Herlocker J,Konstan J, Riedl J. An empirical analysis of design
choices in neighborhood-based collaborative filtering algorithms
[7]. Information Retrieval, 2002,5(4) :287-310

[20] %=, BRWHTH, B88E, 5. WA AU T RFERMAE T KL
U A SR LT ], T LR, 2010, 33(8) 1 1437-1445

[21] MR, VERBR. T X5 E B 4t F s M 5
(1], SHEEHLBEFBFSE , 2012, 29(5) : 1723-1725, 1728

[22] e HERGLHIM]. b5 ARt s, 2012

[23] Zhang Zi-ke, Liu Chuang, Zhang Yi-cheng, et al. Solving the
Cold-Start Problem in Recommender Systems with Social Tags
(F]. EPL(Europhysics Letters),2010,92(2) : 28002



