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Improved Bayesian Probabilistic Model Based Recommender System

LIU Fuyong GAO Xian-qiang ZHANG Zhu
(College of Information Engineering, Tarim University, Alar 843300, China)

Abstract Aiming at the problem that matrix factorization based collaborative filtering recommender systems perform
low accuracy in prediction and recommendation,a improved matrix factorization method and collaborative filtering recom-
mender system were proposed. Firstly, the rating matrix is factorized into two nonnegative matrices, and the rating re-
sults are normalized to show probabilistic meaning. Then, variational inference is used to compute the distribution of the
real posterior distribution of Bayesian model. Lastly, the user groups with the same preference are searched and the
preferences of each user are predicted. Besides, a recommendation result decision algorithm with low computational com-
plexity and low storage overhead was designed based on the sparsity of the user vectors, Three public datasets based ex-
perimental results show that the proposed algorithm has better performance than other algorithms in prediction accura-
¢y and recommendation effect,

Keywords Collaborative filtering, Bayesian probabilistic model, Variational inference, Matrix factorization, Rating matrix

Vol. 44 No. 5

1 5l&7

FEEBD BN CEE R, TAERHRE SHERS
EBSFENATES AR B FH SR TRFSEE AT
WIS 5 R — TR BHEARY . HANEERGEEEASH
P ETETXNRERED SETHRESEOEER
g9, EIEELERSN LT IOMET WA E K
BUR P B AR 5 » T R & SRR R A P SRR B R SC sk and T
SRPREEIKNERR  SBURE BN ERERR G E
3B R TR P (6] 69 A 2 S TR R R s
BTl e SN E R R R AR .

HT- YR 58 B R GURGE F  R B B vk 2
SRETHFSETHEAPNETE. WTEFERA KLH
EIRA R R R T R, B R T S R
AT SRR ; SR R T YT R 2, X R RO P o e R AR

F/ AN 2016-05-18 1845 H#H.2016-07-31
Fr RS BT 90T B (TSAI201402) 3 .

W, BTRANHEREEEURE YRR, B EER
HPE R HILR I E T2,

HERERESRET, B TEME S A TREERRE T
BR R, SMH5E R ORI B TR R
HT SR BT8R M MR AR R (N T R Rk B, BT DA LA
BEHEETEN SRS TWERNEN . RRER
Re— T SRR 07 s - T — TR AL S B S R -
PR R, XM ET R BASNERRAEN
BRI BRI IR S R R B TR R A 3R
B T BUFHITERR, B0 2 T G5 BB 36 SR R 5 A 1 B Rl ik
BEED ETIEAEMMEN S ALEERS . BIER
R AT A — SE B RS O OO 18 L i AR 5 RN ME
—REELURBLRBDIAE.

AR SCE PP E R SR R AR ) T —FhET AR SR R
ik, AEA AP ST BRE KK R KRR

A 302 B FZ A T R (2013BAH27F00) , 3 B A KK K 4T B (TDZKQN201616),

XIS B (1985—), B, B, YHIT , FZHFFTH 1A ISR Yk P B BRESR (1978 —), BB, AR L, RIS, EEBIS 7 A BRI 5Tl
B, E-mail: gaoxiangiangtlm@126. comGEEMEE) ;3 W (1986—), B, W1, YR, FTEBF 5T H MW HHLEF . BF R,



286 it BB

2017 4

SBREF— AR GERN0,1D, FEXFEHRNSBEE
EMHBRE L BA TR R AHERRE O E R4, it
Bb ARBEEE T AR DM B RAE S , A S0k T LA 1)
@0

2 ETuifEREsBROEEER

2.1 HEHSY

HAEMBFERYSEEH, AHERNHAR BHE
5&%.
WRBA. WAMELIBEERENITEERE M, 3%
BUTSEMEREHRLNAS. NAESEESRP TR
M A5 R I B HER s 7  VEAME L R3O 7 AT — 40
08, FRAFIT — LTS o GEREIN[0,1]D . KEBIHEEFR
Gk F P IS BN 1~5, WREFE RS r.. € {1,2,3,4,
5} 7 BUE R 0. 00,0. 25,0. 50,0. 75,1, 00), MHM u 3k
W E i PP HEREARN i =

QOBH. ZEUTEEFEREBENSER. DKEO: &
AEENBRE P SEEE; 2Dec O, D HP A RFHR
BAFNESER, « HEE o MERBAAR TR -5
W, HRAMEZRX AP AR TEITG4H:;D>1:%
BYPIR THRBER S REENTEH AR OIEERE, A
K, MR R P RS R IEEAT0 B TR iE R e .

Q. BUBTEANER: (), B T NXKH
M (au) B apn BAAP u BRTRPHEE BBR,NE

AT s T8 S =10 XF MXK BB ) 3 b
FORF Ak AR § R,
A0 A, T T EES
DS w REFTE § RGN o). BN
Pui= 2 Gk * e D

k=1,

DuXMHE i BIFEDCGRN ¢ B P, 50 P
B i B3R —IEs GRIES TR 1~5) , g, BT E H &
%J:
1, if 0<Cp,,i<<0. 2
2, if0.2<p,,,<0.4
Qui =<3, if 0.4<p,,;<C0.6 2
4, if 0.6<p,,;<<C0.8
5, if0.8<Cp, ;<1
2.2 mEER
B 1 A M R AR R B, P RIB R R
PR, ik RAWMNMERZEMKB LR, KERRTHREB
ZHYERE, BAFTERAIEANSE.

7
B K U o

- 3ia® iOnm |

Bl AU B R AR

WEEE 18 X 5B B BT 2 AT 05
H.

BB HEMEP BB K GRS,

CHRAAIK ) 55 58 430D BOREAS « 6, ~Dir (a,+++, ).,
M—Y—_J

m§(¢ud 7'"9¢u,K)%§]—:\‘H§P u E?%ﬁ'?ﬂﬂ"ﬂﬁ$a *E

FEURE B, b, WA LRER A, E S B
B =, TR R A S e 5 4 A

HBE?2 BEANTH SHT L RENREA—IE S
THRIBEPLAE R oA : Hip ~Beta(B, . K ERFBHSEL B
RPBEWE i FBEER. A R 0., BT 506 1 3
L TIb et T

T3 MENMHF « 5WEi(Z ), BB TEAAN
FEPLAEE .

DRI BEHER 2,020 ~Cat() o zui
BB R FRF S u XA i BTESY.

(DB IS5 K BEYL R & o, (BUATERE R 0~R, &
% R O :Pu,i"'Bin(R»jfi,zu,i ). XXEH o HITE

A— LA R R =G

AR T HABEREROD, & 30CR A T AT S &
G5, FEHUTIIAER: D A6 STEME R E B
()5 2) 53 24390 o % SIS B 2 8] BT 5 3) 3 43 7 R
H—ARABEGO ZTMF ISR AR VU 270 5 7
FEN M EHER T RFBEAN B P REFEANTE 0EEE ek
AR , 3 BLIE A A6 s RE vs B (0, 1],

b SR s T AR BEHL S B 0., =1 + RCGE 1 K
G ED, M MNAER (8 1 WEaaEDEREN, B R g
i BARIAE R R R B B A A
2.3 WMRBE(EHED)

HTF b SRR RIS R M, BB R A BELAE
BIAFBERNE.

SR SRR AR TR BT SR SE W4 T IO T B AT IR
PRI F AR (¥ 254 o 31 90 1 BB 2 (I 1 R A 4375 95 B0k
BT, B LABE SRR (12] AE R SR WS R 4 A
DChus ok s 2uri | L ORI qCh » Kok > 2D

0Gotinsmd=Taz GOIl Tag, ) T g,
(24,4
Hop, BRI

(Dgz, ()18, Kok 12s,, ) BH AT RIS

DTEERVESHERE M BT, 6. BRI BESRS 15
T B e B 2K I S 8 4+«

a7, B ~Dir(Ve1 s+ s Yt 3
HA, %0, Y s BEEINSH.

DIECMPPSMERE M BB T, s BT R AR Sy
A5 [FIET R I Ai

G, , (Hiu) ~Beta( € fi, € 1) @
Hip, €5, ELRBEINBK.

OTEBEIATE R M BIHR T, 2. 80 R4 BE 445 7

i R 43285«
(Izw- (zu,i)NCat(Au,i,l a"‘v/\u,i,K) ()]



%54

XUAHE , % 2 F O I - SR B A T 287

Hb A RBEINSEER g, ()R 5FIH BT
ﬁ%gﬁﬂz‘@iﬁﬂ 1AL k=1,
O ERBE Yr» € r €T o A BT B LT 47,

Yor=a+ 2 Aix ()]
filrpe )
= .
et,k ﬂ_*_(uh‘u%:#' )Au,z,k Yu,i (7)
e;k:ﬂ‘*“(u[ru,zﬁé. }Au,i,k * Vi ®

e =exp( W (Vo) +ridi o W(EH) e » T(ER)—
R w(eHi+€m))
i
Auvik A+ A0k ®

Hep, v MDA R S8 () = Unl(2)' =
Oi=R e+ riisrei=R—p, =R (1—rl:),

2.4 WEIN
EXHEHET (% €h € dm HIREHBASEK
HOME , BT E B P R .
OERHERREF R 24
DRBFROOKMENAHPEE,HF « BTO4 - W
BH s M Quk It EARN

@y =Puep = Z)\,"'k ao

K‘Yu 3]

=1,

8 au BB R P v BRR T4 b ROBRR K%L, B

BT AR S F A s S a1,
DY REBR () A hh A8 ORI, S & P RAGTE £ 89
PP b

b, =P(u=>i|u€k)=

(2) F P i ey T
HEARBRBEOEERN o, FRBBLFERGEIT R
MR R E RN EROBEXEIR0,R—1]. ¥ o

AL TS RRHLAE R ... SR B0, 1], 2

€h
EhL+ED

an

PRI BB, TR T kA L R R,
BB
Du,i =E(%pu,i |IM)= %E Ou,i IMD =k§1au,kbk,i

2.5 HASMITNNE

MR —H DT UBEH (Ve s EFar» Errsduie ) THH
SRZERAHEKBHXR, IULEEETEKSE. F
CEER AR E A BRI R RSN, B s X e
B SEAEEZ WS CGRIESCRC13IM L) .

Wik ETARIABENEHSETERE
WA :M,a,p
Wl Y0 €00 €
L. BENLIB AR Yo € €5
2. WHILE (ZE{LHH&®) DO
3. FOREACH u DO

4. FOREACH i DO //YI4EH u Bri¥ s H
5. FOREACH k DO
6

HERG;

7. FOREACH u DO
8. FOREACH k DO

9, HAKGB);

10. FOREACH i DO //Ji48% u Bri¥ar i E
11. FOREACH k DO

12. HERDOFRE);

13, 3HERQORRAD;
2.6 BNSEHHE

FTHEFEHEGS BRI . DER K. ZSBR
ARFRIEBER A A RER. DB ec (0, D:&K
SEERPA MR WRHREEX. FAHEBEYERY:oF
R, B, BB 23X EAFHBOBHERE, B
ZLBIFERESE « WE. DBH B ZSBERERIP R
AP REREFET BRI REE, pEB X, iR
%, PEBMARZBIEERE .
2.7 HMBEENERENSFSHETR

AR R PR R BTSRRI

pu.i——_k:g)",Kau,k * b, a2

H g A 5840 BB, Br b F
KEBEEMHTERAR K. &ERERNR SRR
T puHOPRBITTE R,

BE—ABE S, PR o« HWH ¢ BRE pu.:>
S, AR i Xt u BEHERER . W TFEHYIEREDF, p..10F
B u 3B ¢ TIPS, X FIESEE (1, -, 5 WS
RYE,—BH Sy 4, TLAR—fki SEH—MiIFH 0.8, &
BRI p,,: 5 S AAMBRE G MREEHER p. BT S,
WRARE i 5P u RN,

K —
ﬂjbzkﬁﬂ ':F' O<au,k <1 ’ Oébk,i <1 th:lau,k =1, Iﬁj Wau

REBERRRE, B UAA SO T — R B Rl i AP
RERNTHREN., B 2@ "0HE, X7-0H  3HH
Fu BERAEER.

Wik 2 BUAREESREHEE
BWACHP oWE LRES
il A RE(RRRETHS
1. sum=0,p=03
2. FOREACH k=1~K DO
3. sum=sumta,;P=pta,x * by
4, IF (p>S) THEN return W #:#;
5. IF (p+(1—sum)<S) THEN return A

B 2HBCEEBERRER LTEE 7. DF 447
H¥ 4,,:220,8,.20, FTLAR QA2 WAEREE ¢ MR TR ;
IRK A WAERT S, WikK p..>S. DE ST AN
@220 B b X1, T HEERB p., W EF

Dui= w1 ¢ bitag: * boites tauaer * b o+

——
?

Au,K * bK,i
Lptavpe * 1+ +Fa,k * 1
= p+ =S
= p+(1—sum)
Bl IR p+ 1 —sum)<<S,WHAR p...<<S.



288

i LR

2017 4§

Bk 2 ABXHTA S B ERAQ2D, LT ERERT -

gt B,

LA A SCE N — AR BT po, A8 M9 3H B4R O M
Tk, EANNE o, BAMBL, T e KSR B EEIE
0. A/ u BEWMNE: Dby la, B MRF S
BXRET k32D al,., Bla, Bn MEESR .=, ,

BA a. BERBHE, BT U RF e PEEHNS R,
BAPRET XA REATHENBEENAY 3 Fix.

k3 ZERBIENEESERENER
WA/ uwHLBMES
it AR EGRARE TR
1. sum=0,p=0;

2. FOREACH n=1~N,

3.  sum=sum+ta} sk=k, sp=p-tal ., * bkis

4. TF (p>S) THEN return 0J3#E#;

5. IF (p+({1—sum)<(S) THEN return A A #E#

Bk 2 B 3R AEE 3 X R T M e B
B S RBENFRAE N KA DR FEELZER N,
wmIE K. &G EpTR, Bk 3B RR T EENTHER
A G .

3 XBEHRSH

HTREBIFHARENEERS, AR R 5308
[14-161H By B2EAT o8, SE T U vE B R S R ME e R
WHEFR, A %IESE MoveLens 1M, MovieLens 10M 5 Net-
FIX e Ry SR ub Bt e, 3 SR & i A T 482 8020 Al
GEE, 200 fE MRS . BHELRELR 20 KT E&EE
ERMMEAEITRER. FEREFECRIIHS K.

a=0, 8,8=5,K=6,
3.1 BARE

K MAE 1E5 Bl ¥ R B4R 45 . MAE #HE I
PR AT RE

Mzgu,oerllrflfl_q"’i |

B VP4 A DG IR 25 A DG IR 25 Y BUAE FH 7 T
HHHE (2O URAFASRFHTE 209, 7
WERED,H r, =2 0, RRLETW q.. =1, EHRHIA
BiR ;Y n, =3 B, R REBW q... =4, WA —EKHSE
R A THAZIRE £ LT i B B AR (R B S 4a %t
RE):

,ET, |7t — Gy |

CMAE = @€ T
BT '={(ud)ETlq,; =24V r,. =24},

BeAh, SRR A 0-1 5% RBP4 &% B Bk O B HE A 3R
EPARR A A TR M B AT E 22, 0-1 HKIEIRE
B T ETIEE B S AT R T Z H R SRR . 0-1 #ik
RBEITHETER

<u§é'rh it 5 Qi)

O_l_lossz——m——

0, 71,124 Nquiz24
Hp,h(rn,irqu,) 2{0 y ri <A A g <d
1, HAEs

IS TAER SRHMLAEERENELR, TE G
AHEBH MAE B8 T 2 58 B 7 K78 89 MAE {8, i)t
BRI BETABEENHEERAFENL.

F1 LA TR R R

N Movel.ens 1M Moviel.ens 10M NetFlix
ok MAE CMAE 0-1#%  MAE CMAE o0o1#% MAE CMAE o01#%
KNN g R #H%x%E  0.821 0. 720 0. 423 0. 842 0. 741 0. 433 0. 835 0.735 0. 469
KNN JMsDi4? 0. 741 0. 690 0.392 0. 752 0. 701 0. 403 0. 742 0. 695 0. 421
X #[15] 1. 241 1.100 0. 462 1. 352 1,234 0. 483 1. 282 1. 106 0. 438
x#[16] 0.794 0.764 0. 392 0. 822 0. 787 0. 403 0. 802 0, 761 0. 468
2 o m0s) 0.684 0.574 0.384 0.692 0. 587 0. 396 0.692 0.571 0.378
L3 ¥ 0. 664 0. 526 0.272 0. 676 0. 547 0. 284 0. 666 0. 531 0. 248
1 CMAE 54777 18 » 407 ¥ W) AR F 28 S 80 56 15 53 Rmﬂzﬁgs,wo

e BLEA A 7 Bk TN £ 48 56 40 R 1 F 42 SR 4 B AR 85
HEAh AT EEAE 0-1 R AEAR T E RIS T AR LS R
3.2 WEAME

IMULT &1 B 5% —Fh TR AT R i
Bk, BAESI R BROE T £ 3 M A0 K6 R AR U R of uR
ARG, 30K IMULT fE A xd HE o i 1 PR AG A B vk 1 1
b, WiHES QR R AL N RES R RBHTIE
Hr. BERGPHEESAERNELATRRR B NER
AP RERBOR R R BYISGE PR« PRI E
#E5 R BRBHERENGNHPREN N MEEES]
¥ S RUMRETAHABIEMEGET ONHEES . £4 S
I Iravz iz 2y ali b= S

B R AR o0 TEF R B & DB H B3R
BE AL

W B AR E X O IEB R BTN E 10 B2 S E 4

precision='|R|—1ql$‘l -« 100

1 ~@~ IMULT _MovelLens IM |
~—e— & X H 3 _Movel.ens 1M
@ IMULT. Movel.eas 10M |
—o— & Xk MoveLens 10M|
- IMULT-NetFilx
—be— X W% _NetFilx

REFEKE%

15 20

10
BERR/A
B2 RREFHET A RERRNREER

5



55 534

XUATER , %6 3 TR UM R B R B 0

289

BERR-AEXR/%

5 10 15 20
#EEE/A

B3 FREEERTRMEEREENEREER

B 2 58 3 B A RESE T WAEER SN E
5 ERBIRER, TURHABEOEE S HPERRA
F IMULT B, TRIFERE TR EN FHRHES LR
D BMPBREFT IMULT Bk,

HRIE  HREE TEMR O R B RLR
0K BE 5 40 BB (RO, A SCIR Y T — AT e £
HENMET . BT EAB MNP S ERE I KKE R,
Fre Bk a B i B E R AT IR — LB EE R (0,1D, 17
KB B SBEEERNEREN, HABTRINAEH
FmFAFE. AL, ABERE TS I RESR, B
ROk TG B, BXNRAHSmRNBRE, i
HEREBT TR ERE ST SRR IR .

& % X W

(1] XU H L,WU X,LI X D,et al. Comparison Study of Internet
Recommendation System[]]. Journal of Software, 2009,20(2).
350-362. (in Chinese)

W, R, FHR. S ERRMEERALBHRI] 4%
##,2009,20(2) ;350-362.

[2] GAO Q L,GAO L,YANG J F, et al. A Preference Elicitation
Method Based on Users” Cognitive Behavior for Context-Aware
Recommender System[ J]. Chinese Journal of Computers, 2015
(9):1767-1776. (in Chinese)

Beh B HEE, % FTXRARFEREPETHAUM
TR IF R ELT], R HL2ER, 2015(9) . 1767-1776.

[3] LIX,LIS W. Research on collaborative filtering algorithm of
bipartite network oriented to personal recommendation system
[J]. Application Research of Computers, 2013, 30 (7). 1946~
1949. (in Chinese)

W, TP TR MR ER RGN 5 MG B R G R T
FELI]. SHHEHLRE ST 2013,30(7) : 1946-1949,

[4] XIA L M,ZHAO Y D,PENG D L, et al. Recommendation Re-
search Based on Improved URP Model and K Nearest Neighbors
[J]. Computer Science, 2013, 40(6) :276-278. (in Chinese)
BARR, 8K, BHR3E, % 27U URP BRAM KIEHHHE
FERRSTLY]. HE AR, 2013, 40(6) : 276-278.

[5] KOREN Y,BELL R, VOLINSKY C. Matrix factorization tech-
niques for recommender systems{ J. ITEEE Computer, 2009, 42
(8):30-37,

[6]

73

L8]

{9}

(10]

(11]

(1z]

(13]

[14]

{15]

[16]

(17]

(18]

WU J,CHEN L, FENG Y,et al. Predicting Quality of Service
for Selection by Neighborhood-Based Collaborative Filtering
[J]. IEEE Transactions on Systems Man & Cybernetics Sys-
tems, 2013,43(2) :428-439,

GUAN N,TAQ D,LUO Z,et al. Online Nonnegative Matrix
Factorization With Robust Stochastic Approximation[]]. IEEE
Transactions on Neural Networks & Learning Systems, 2012,
23(7):1087-1099.

WU Q, TAN M, LI X, et al. NMFE-SSCC; Non-negative matrix
factorization ensemble for semi-supervised collective classifica-
tion[J]. Knowledge-Based Systems, 2015,89:160-172.

JU B, QIAN Y T, YE M C. Collaborative filtering algorithm
based on structured projective nonnegative matrix factorization
[J7. Journal of Zhejiang University(Engineering Science) , 2015,
49(7):1319-1325. (in Chinese)

IR, Rinds, . BT SMBRE ER RO RN ELE
FAELT] WL K (T2 50D 2015, 49(7) : 1319-1325.

YU Q. CloudRec; a framework for personalized service Recom-
mendation in the Cloud[]]. Knowledge & Information Systems,
2014,43(2).1-27.

GHAHRAMANI Z,BEAL M J. Propagation Algorithms for
Variational Bayesian Learning[J]. Advances in Neural Informa-
tion Processing Systems,2001,13:507-513,

BISHOP C M. Pattern Recognition and Machine Learning (In-
formation Science and Statistics){ M]. New York: Springer-Ver-
lag, 2006,

BEN-TAL A, NEMIROVSKI A. Robust Convex Optimization
[J]. Mathematics of Operations Research, 2013, 23 (4); 769-
805.

BOBADILLA J,SERRADILLA F,BERNAL J. A new collabo-
rative filtering metric that improves the behavior of recommen-
der systems[ J]. Knowledge-Based Systems, 2010, 23(6): 520-
528.

WANG C,BLEI D M., Collaborative topic modeling for recom-
mending scientific articles[C] // ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining. ACM,
2011,448-456.

KANG ] H,LERMANK K, LA-CTR:a limited attention colla-
borative topic regression for social media[ C] // AAAI Confe-
rence on Artificial Intelligence. 2013.

RANJBAR M,MORADI P,AZAMI M,et al. An imputation-
based matrix factorization method for improving accuracy of col-
laborative filtering systems[ J]. Engineering Applications of Ar-
tificial Intelligence,2015,46(PA);:58-66.

FU H G,WANG Z W. Improvem ent of Item-Based Collabora-
tive Filtering Algorithm[]], Journal of Chongging University of
Technology(Natural Science),2010,24(9):69-74(in Chinese)
BERE, 2405 SETHRE VR EREERERSHT] 2
KRBT RFEER (ERBERRD ,2010,24(9):69-74



