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A PMF algorithm based on trust and item convolutional description
information

WANG Jian-fang', MIAO Yan-ling, HAN Peng-fei, SIMA Hai-feng
(School of Computer Science and Technology, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: The existing personalized recommendation algorithm for the probabilistic matrix factorization (PMF) usually
ignores the description document information of the hidden items when using trust information in social networks. A PMF
algorithm is proposed based on improved trust and item convolutional description information (ITC-PMF). Firstly, a new
trust network is constructed by using user preferences and behavior trajectory information. Then, the item latent features
are extracted from contextual documents by convolutional neural network (CNN). Furthermore, based on the PMF, the
rating records, the trust information and the item description information are simultaneously used to calculate the latent
feature vectors of the users and the items, so as to predict and make personalized recommendations. Finally, to verify
effectiveness of the ITC-PMF algorithm, three other state-of-the-art algorithms are compared on four real-world datasets.
Experimental results show that the proposed algorithm outperforms other three algorithms in terms of recommendation
accuracy and robustness.
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N

H Rug| U, Vy, 02)] M1
u=1qg=1
N
(] 5 nveci)
u=1 VEN,
M
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2D
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u= 1q 1
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u=1 VEN,
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A
anv Jexn(W, DU)|I* + 5+ an 1
(22)
He: Ny = 0% /ol, Ar = 0% Jok, Ay = 0% /ol \w =

o?/cd,. %ﬂ%ﬁﬁfﬁ?%%ﬁ%‘ﬁﬂ%i U, MV, H

;L Z.ruq (UXV, — Rug)Vy+
AUUu+AT(Uu - Y T, @3)
VEN,
aL Z]uq (UXV, — Rug)Uy+
Av (Vg = fonn (W, DY)). (24)
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REIERERE V.

step 2: ARHEVE /3 45 B R, R =0 (1) THE A P 22 18]
(1) i 1f AR ALLRE PSS

step 3: MR HE AT B, R 2 2) v
Z AN IAT ARBLEE TS .

step 4: AR X (8) THE A P Z (B B AEAE Ty, X
BHE ¢ e A S RN, N
TERFAE [ 51 Pk o A 5.

step 5: BT UA:

step 5.1: Fl| F GloVe B AW 464k SCRS 1] 7] 2 D

step 5.2: R 1] 7] £ i N CNIN A AY MR 48 =X (1)
(13) F1(14) 13 250 H SCRYRHIE A & s;

step 5.3: MRIEAFALAH T, FIFTAE I 4R N, FH]
2 (16) W IS ERHEHE U

step 5.4: ARYEAF BT H SCRYAFAE ) & s, B 20
(19) A ER I0 H WS AERHIEHE PRV

step 5.5: I FH 20 (22) TS LA AR 7 (1) 45 2K bRy
HH Loss, 453 (23) ~ 25) E# AR U, V, MW,

step 5.6: QT4 2% bR A /N T 15058 1B B AR
YR T 100, )45 11324X.

step 6: 15 2 FH ;¥ TEARRAE A B U, T H V& 7E4F1E
FEFE V, 30155 B U{E Loss.

step 7: 4 45 2 ¥ -0 H PF- 23 T R, )
FH 175 M2 1% 2% RMSE 7 B4 A5 i
34 WHEEZE S
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FOHH . TH SRR U AV L X
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FERNO(K?*ng + K3N + K3M). T W KER S5
RAVE TE 1) 5= (0 TH A 0%, BT WO B A A
JZ BT U, CNN H B 387 BT A R R i B =
(15 2% N O(neal M). 535 B 24 (I TR) 52 2% 5 N
O(K?np + K3N + K*M + ncal M), 7] UL 125
5 np RPEFE.
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41 HE|E

N T B UE AR ST B RV A A A HE R
ROR, 3 £ 4 A SR 4R, 43 il 22 K H Amazon [
Amazon Instant Video(AIV) % #5£E F1°K H MovieLens
Y MovieLens-100 k(ML-100k). MovieLens-1 M(ML-
1 M)~ MovieLens-10 M(ML-10 M) =/ ¥4 £E. iX L&
LA E H X E W F - E BV E 2
[1,5] 3 BBl 9 1A 4 25 b 4b, ATV 30 48 30 2 £ 1 H
R SCRAE B (A P SR AT B A S S R, T
MovieLens Jf 4550 #5523 %A 0 H #A CRE B, 5
T H X N 15 2N IMDB 3B 4 4N Hos 2 1 v
A5 RNk 2 .

R2 FRBEENRIHERR

HpP TiH AN RPN E 405

M H *H $H =) Bk £ /%

ML-100k 943 1682 100000 20 737 6.305

ML-1M 6040 3952 1000209 20 2314  4.190

ML-10M 71567 10681 10000054 20 7359 1.308
583937 1 277 0.006

42 LT ERBIEMLIE

SZIG IR N 2.7 GHZ x4 Intel Core i5,8G W 17,
Ubuntu 16.04 LTS #4E R 45, A& SCHE H (1 ITC-PMF 5
155 T Python Fll Keras HEZE SZHIL. 10T H 1A SO Tl &b
H: M2 4 MovieLens V173 2048 HH 19 1 H 1D A H 5542
245 B, i@ L Python2.7 M IMDB %45 J2 b $2 B i% 37
H XS B IR A5 .. T H 8 38 SRS T4k 22 5 NLP 43
Brb Ab P ARG F B SR 0L, AR SR [15] AL BE ¥
B WEIE SRR 2 #1300 A U 2 RG 2) 7%
W45 FH 95 3) R 488 453 > 35 (1) TR-IDF, #% [ 18 R} S
R 5T 0.5 (1) 1A], 2 Ji5 128 HX TE-IDF fi¢ i ) Hif 8 000
A BRL 3] 25 B3] P 4) S BRI SRS Hh AN F T L)
P (R R]. B4 BOHE TRAL B B B R I H BN T 1Y
F PRI A IR SR I H
43 iFEEN

SR B0 VI AR SR B H R [ 4 AR A, S R
K5 3128 XIS IE v, B IR BE AL 3% B 80 % 1 4 Il 25
£ H A 20 Y A R AR . Ak v DU Ak FH 2 5 AR 4 22
(RMSE), J2& %2 AR FLEH 6P 23 Tl 77 ) 467 B8 HE 7 1% R
(H FHHEN 22—, 58 SUN

AIV 426924 23965

RMSE = {| 24 . (26)

HA: Ry WP u X BUH g ) 5 SE4, Roam H
wXT I H g BRI EE 23 total Jy il 8 v PE 00 S
%5 RMSE {f /8 /N 3 7 B35 (10 Tl v T 55 7k vy, L
K15 50(26) H 1) 73 BEAH ], A< ST Hh H A7 2 P90 22
1.
44 SLIWHER

DU AR SCRTHE H BRI M, R SR R NS AT
DR 7~ R0 3 SRS Ja xof 4 72 250 8 (1) 5 i, g TTC-
PMF 5% 5 HAh Sk 347 5T L, 540 81 %A S 50
HEFF B RE W %) EE R0V R FH PMF 509, ConvMF 5
1 ConvMF+ 53256 AR U 48 ML B . PMIF SR AN
FIH TR A IE FEE B, R R R4 L
i%; ConvMF 5325 7 FIF FH 7 T B PF535 B 2 A1 il
AT H #3815 B ConvMF+ SE T H #iR (5 B
4] [ B A Glo Ve 152784 4)1] 25 37] i) . SIZ56 ¢ B Sk rp
FA P AT E W R AEHE B () 2 AR 4EFE K = 50, 1] 7]
BAE o = 200, R4E LG L5 RB BN SHN, AN, 1E
AN R E s S AN AN [R) S50 b 3 RO A A B 1) v B
3, Ho g PR ARAR Y &2 2% FE PMIF B0 15 B 23
A = Ao

x3 TEHBEELEHNFNRE

ML-100k  ML-1M ML-10M AIV

AT
Au Ao Au A Aw o Ae Au Ay

ML-100k 01 01 01 01 01 01 15 15
ML-IM 10 10 100 10 10 100 1 100
ML-10M 10 10 100 10 10 100 10 10
AIV 10 10 100 10 10 100 1 100
553 3 00 B AN [A) B0k A % A HodlE R B

RMSE MRS R an3& 4 fros. i3 4 v W, 72 8 St

E S W N = Rl = e 1 e T~ 7 1 S N T

JE R4 v, 22 W RIS N A AR AN 0T B 438 (5 B A A

FEPE BT DL 3R A i 405 S8, AT DR S B TR

T R HHE A

*4 TREEENEHIEE LHRMSE

Hopadk
CAFS
ML-100k ML-IM  ML-10M  AIV
PMF 0.9844 08786  0.8293  1.1660

ConvMF 0.966 1 0.8751 0.796 0 1.1401

ConvMF+ 0.9589 0.856 1 0.7936 1.1338

ITC-PMF 0.9148 0.8514 0.7864 1.1206
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1) AS[RIEHE £ b & 50k (R 42 T BT L. 3(e) BT WL, FH ) s N VAN B2 20, PN E7E 26 ~ 50

Bl 3(a)~ EI3(d) N4 N FIEEAF AR B SENMA P &2, ] P A X 3 ZE TR
FH IR AR 10 () RMSE i 28 [, K 3(e) ~ 21 ~200 Z [8). [y ML-1 M. ML-10M 1 ATV ¥ %
3(h) 73RS R R BRI B E A L AR R A S PR B B X4 0 B AR T 21 ~ 400,
B /2 B4 BT H $ = 20, 21 ~ 25, 26 ~ 50, 20~ 400 F1 1~10. 7 &k, H1 & 3(e) ~ B 3(h) 7] WL, Sk E
51 ~ 100, 101 ~ 150, 151 ~ 200, 201 ~ 250, 251 ~  MovieLens ] 3 %4 5237 % H 4045 22480, FH 1 oF
300, 301 ~ 350, 351 ~ 400, > 400. & 3e)s& 7% H & /MME S 20, 70 A1 B35 555 100 AH X MovieLens
ML-100 k £ 45 £ 1) VF 70 B B o0 A, R B R /A S 4, ATV 20d 5 b F P DE O Hi o D, B
X [ RR VP I H N, SRR P AL BB BERAER.
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B3 TRHESE LRSI E

& 3(a) ~ B 3(d) 7T L, fEAS R s 48 Ay BRCR, REME AR 7 AT H 3R SR 8 R B N
BELVEN) B RMSE il 26 28 A R AR AL, BE & 2 ARIR B E G M HHERE M e, b 8] 3(h) ISR 2 1] %, ATV
K 38 0, RMSE H 46 10 3 R B, 2 G B T BORAEITE % 2 0.006 o, 04 B LA g, B4
S MR AR AR 7 A H SR E B ITC-PMESE. P 1F 0 8 H il 4/, E E A AE 1~ 10. 855 1A
RBCHAD SRR BOR A IR T, BRI S, 0T 3(d) FTANL 7E ALV B dE 45 E ITC-PMF 5Lk e 1V fg
MovieLens £ 42, I 3(a) & AR HIEFEML-100k | {7598 5, 3 0H B {8 78 2008 AH 24 56 53 10 1 0 R, ITC-
F) SO 25 B, AT DU H 5 PME VA A EE, ConvMF 52 PMF SR 47588 0T DLIE (5 AT R 14 5 P v 72 16 O
1AM ConvMF+ BE R HEFE AR A e S HIEA R i3 B, @ 0 H #dR (5 BB E ¥ 72 R 1, T
. 456 B 3(e) ML 2 AT A0, ML-100 k #0422 (9 1F 4> A Rl DS B 1 FH P 30 H T AE AR R R R, D FH P it
BE S 6.305 %, VEAr B H ¥ 5], RO UVE o BdE 205 FINUCEC .

Z I, 173 5 e BB P F) i 48, T 300 H SRS A5 2) I ZRER T S HHE 77 R R 2.
JEAHAR B RS AL FF AT 9 T ok SRS B A 2 4] 4(a) ¥ ITC-PMF HikAE 4 D Ha 4 LA I

#ES3. (B &, ITC-PMF 5LE X T PMF HE I SE /. SRR EE N RISCIn 45 ). BARBE &R A A, (H AT LA
T 2 WY LE VT 73 HOaE AL S I AR EE R P VR ARALEE AT A B R I R R 1 5 i, RMISE 1 A8 4L #4525
AT AL (S AR IR T RERG P20 0 IR E /T BL SR 10 % ~ 50 % A2 AL, RMSE {8 N Fif iU,
TR IFRAAE, Jy P s SR B AT (E e B3 1 60 %o ~ 80 %o  [] RMSE {E 475 T B {H A2 4 g & 40/,
P 3(c) AT L, Bl T 20 % B AR, PP Bt o/ P b R IR BEAR /N BIMEE SV ERb & 1 P B 4E
PMF 5%, ConvMF 5%, ConvMF+ 5LVAMIITC-PMF R RFIH Fid (5 B, E I 255 8L (e BORANEL
SLVE RIS HORSETHEOR, R MBI H R 5 8 IR BRI, I A2 R I Zhe o R iR ko
A LA T VAR R 7 PR A BE RS 0 AR AE, T ITC- AR R F - A0t H et e B, S 3O S AT
PMF S35 (R HEE BCR B SLAM SE AR DL S 4 FERER R, T H HA 15 2 AT SR B, HERE R E PR AIX.
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S5 R 1) HE 7 RACR A 32 T PMIF, B8R 24 F P A
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