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Research on recommendation model based on matrix

decomposition and reviews embedding
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Abstract: Collaborative Filtering is one of the most successful recommendation technologies so far,
but it only considers the rating information while ignoring a great amount of usable user comments. In
order to solve this problem, a deep neural network recommendation model based on probabilistic graph
was proposed, i.e. Shared representation model (SRM). And on the basis of SRM, an improved model
based on multitask learning was proposed, i.e. Joint learning model with latent factor (LF-JLM). LF-JLM
combined latent factor recommendation algorithm based on matrix decomposition and the doc2vec language
model. By the method of introducing the shared vector representation of the user, item and comment
document in the mapping layer of the doc2vec and the LFM, LF-JLM could learn the underlying features
with the cross-task invariance. On the Amazon dataset, the proposed two models were compared with the
LFM and the HFT model as the baseline. The experimental results showed that LF-JLLM could effectively
extract implied semantic information in the comments. Compared with LFM and the HFT (Hidden Factors
as Topics) model, the MSE of rating of this algorithm decreased by 7.85% and 1.19% respectively.

Key words: recommendation system; collaborative filtering; deep neural network; multitask

learning; word embedding

Wk B 2018—05—17  MIZEHIRH M : 2018—09—03

BETH . WTARHNE FERHEAA B E TR BIEFRIH (17038001-Q)

FEB A AR 991 ), 3 BROSIL W05 AR REAFHLERA 2T L A SRIE T A 35 10 A RIF5E
WEES: % T, E-mail: yzh@zstu.edu.cn



80 /[ S N N N SR o

W CHSRPBL2E D 2019 4F 41 %

0 35l

Bifi 2 K DO HLABE Py T 3 K L A R A 2 ) R
KR HERE R GERT DL AR TR PR A
HedE B AR 25 | 55 i DA 2 i 3 n) R e A
RURAITIEN . 25N 1k R RGO AR T
55 RIS R R A AR AU S T R
SR S AL e 0 Wb m] aok B HE A 0 s A AR 15 22 By, 385
T e (1) i 32 I PR T HE AR 0 B . T
B o ) I A A AT P X 7 b PR A
P, 45 B AR AL P RS 4 (H S
= NS — B A KB, 280
RSP sl S/ £ 7 i s 2807 AU AR DN
PP B, X REIRAE B PR i 3 2H B
VAR R AE R . 5 B R S BUE S PR it
UETTIEAE X FPIG LT HEESCRA R A .

R T iR B[] T, — 2 8 B A R B AR AN
I T P X R i B o5 B 101 45 G oAt
BE B AT a0 P M B P R A 38 3
TR T A A SR A B D PR SR B
Bz HP e O B o 5 A I 0E
B2Z—. W TR MU R B E RIEEE M
st AR P IRE . B E A& REAEE A M ER
5B AH X SRS TE R L Y R R A RS
T S P RSORI PR I SO A5 T DR e AR HERE R 5
FIH . QRN T 5 B 2 SE e A T I g 3
W ZEAE B RSt (0 e ) ARG T

PRI S T ROR FH P P8 SCAR K » eiodt 4t
TERGIIERERCR A SCHE T —F R FH R FE A 42
W28 R T PR SR AT o Bt O HE R AL
BN A B B & XI5 FIPE e SCAR Y
A G R ST MR LAY SR R UE I T A E— 1
3 RIS A5 1) TR B85 ot 2 I 2% A 7R, B ke 2 3RO
R 5 32 25 FH B DR~ A 78 R 224 452 30 i SELARL 3
RNV T EAGHE A9 B AR SCR 2R H AR A, B
B PR [ 2 ST RS ; f J >R FH L SR X e R
2 BIALS HET AR B R AR 17 L3
DAPFAN 2t 0 A A () A RIOR
1 HEMR
1.1 £5ARPFRESZENHARIR

TELE G P PRIk B AL Ge e i e

s, BT T B B BF 5 S Meauley 2550 i H 1)
Hidden factors as topics(t HF DAY, HEFT f 3@t

T

Pk B ik F) v B 43 A (Latent dirichlet allocation,
LDA) REBIFIE SCAS . A 5 e A A R i
T RITA RIS SCA W H AT 32 R AR A 3 —
TR IX TR M 5840 A v 1 ] B 1) 2% 1> 4 0
N SCAS (/) 45 A 3280 5 9K Ja P AR RR 26 B 29 fige . BRI
Koren 5574 H 1) o 74588, 2 0 43 R B L 1453
FRF B 5 55 R i LDA 15 51 (4 4
43 A ) 2 R R A i A B 08 B R Z AR AE—
FRECREOE X1 Bl 555 oR K8, DT A LA [ B )11 25 4
BEAY, SEYRUERT AH BT AU HIPE 3 $ds , HET A%
RURKIETF T HEFERCR

B2 HET SAVE PR B BRI - a) AR [
G FRAS B R S A 0] BB 3] LDA @515 31
AR 3R ] 2 4 R EIOE U2 AN Y s pR B AL
A ARSI R B2 B R .
b) T XIS SCA AL, HET B ALY [ 285 i T
AT PR SRR ARk T 2R T 36 63738 5L
AR AVFRE X BAE S . Sl a5k ]
A VE R G G AT F R, X BRI TH
i XIS B . HET ZEXTTE SRS T 8T, T6
iRl B SR R R A P R R AR IR
A —1

WG 78 HET By38Eat [, 3L T 135 22400 FH A
REAOR ABITIRAPE oA i BRI ot B
TG UR B 2 2] AR RIS AL (R B 5, Hor,
Bao £ 4 H %) TopicMF (Topic matrix factorization)
BRLEX HET kit 2z — . topicMF 7E#E47 9173
TR 3 it I AR P P23 19 5 22 0 G W PE 1R 1Y
Jrit A G, topicME FAR [ 73 ik Ak 38F 7, 15 2
A 1) s A T 5 ST AR B B ik 53 fie i) 2 3
FERE 45 20 B 2 P8 X N B P - T2 Ao A, It —
AN R IXAN ST R 3 1] 2 plg P 1o R R o )
L — A 45 E (9 B S R ACHE [R] Ph . Ling
AL ) RMR(Ratings meet reviews) 15 81, /&
XF HET ekt . RMR AU LDA 2 488 SCA 1
EUB V7 43 A ot 72t H LDA Sk gt i, X b 78
RMR BRI, F] VTS SCAS B SR A (4 7 i 1) 2 0
F VT3 B RA 0 i ot ) B [) A~ AT ke 1
P 2Z [ X S R ), S R T R T
A B B #E 77 8 1 SACF (Sentiment analysis for
collaborative filtering), SACF F| ] LDA 248 &
(R VT S P T 30 3 ) P TR A M T 1 S
UF A8 P REARLRE o DT R A AR A , R 3 e AR L
()N AHIP AT HERE . S0 2 Y Ja MR AE A1



%14

SR A5 < BT R S0 R A TR R B BRI 5 81

RPN SACF S A& MR B s K. £
FRAEUR T — R P Y LDA Bk, B
LDA-RR(LDA based on ratings and reviews) &3,
LDA-RR Sk i P T B & G 38504, 328
NEREE YA RIS TR B 2 AR H R
LRI POE AR TETE 38O A2 ] P OB T HE
TE. TIRAS RRWINGHE R A R & T B .
A B Wu Z5H2 35 i) FLAME(Factorized latent
aspect modeD) B AIZE

B LA PR AR A P 32 B Fe i —28
HEFERBAUAD 30 LT ) F R B2 2 20 SR SR i PP 5.
AHYTR)Z F 7 I Fil AL 1) — R A, 3]
an, Wang S5 41 W T 3 T HE B R 40 S 25 1Y
CDL(Collaborative deep learning)#i#/1 , CDL #£#4Y
BA KM LDA @BPFIR SO, 25 4 R an T
MIPFE SCAAE N SDAE (15 A LA 2] R 45 4 i s S8
o W R A DA X6 TP 73R A R 3 R e PO AR
P e ) — > R0 B WL 245 i 5 e K A ok
A AL, Kim U0 TR TSR 2 W
2& 1) ConvMF (Convolutional matrix factorization)
FAL, ConvMF FAEDKEE SCA i A —A> BAT Lt e Spt
J2 R ARUZ (0 28 W 2% B 11 kg 1) 8 2] s 30
R 0 1t 0 434 B A A% 1 0 X8 Rz Sk MR TR AR
FERT T AE R T R PR P R 3R I 0 i 7 12 0 D
O REREIEAT O . RN DAL B ARTRIRE B R
AR RS AR . Almahairi 28 3 H T 45
T 1) AR A G A A 22 I 45 1Y) BoWLF (Bag-of-
words regularized latent factor model) A1 LMLF
(LLanguage model regularized latent factor model)
BEAY T F B R A TR A5 B A R ) R 20t
Softmax PRECAE AT B N 7 b R PFIe 09 38 45 J5
# Wi T Hochreiter 5 i H f K 042 1 4
FH A ] AR LSTM 2% ) 2285, 45 2% R i T
PIPFIE B A 1 TN T — A4~ 8] 3] 0 Y 7 i AR AL
LMLF By 454 T 5 2% (5255 h BoWLF (3R 31
U o SCEEWT DL AR AR LU AR 48 00 B [R) ack i, K
R e TR .

{EJ2 , JX S ) H Ay 3 ) gl - H— 20 - 4
R RS IR 0 A iU A 2 PR T4 [ 4
1) TR 290 09 5 & X R . R A i #R4%
A% P RER 1 ok e A1 1) m] fige R ATz AL RE
J1o HIER TR PR R o R 19 2= S 456
B[] — AR AL PFI8 SCAS FIT- 4348 [ A A 32 4
B FR AT T TCEE 45 A O AT WA B SCAS 43

MrEARFEREHOR . A SCHR M 1 3 T IR EE il 22 M 2%
(RS A X PRI T T A R AR AR B 1 BR il b A T A 24 1
Az G R BT SR B MRS G O A
KA doc2vec BEAY, VT HIKA TS5 S Rl
18 RIR B SIS H Y,
1.2 EARTEREMMBXHHAR
L2.1 BRI

2009 4, Koren S5 7 H T BRA 5 LEM, 25
15T Netflix #4525t He 38 (Netflix prize competition)
MITEAE . e R AR AUAE S — 28 M () i ] ok i 7
S T RS T SCI T ARSI AT, Rl
W EAENAETE R G0 LR FE AL,

ZRAURB P @ PR G BYPES 1 0 rec
G A LAH (D 77

rec(i,j)=a+B:+B,+7v:*7; (D

Horh oo R B0, 5 F ;4300 R P i A
RnAw .y, oy, 430k K e H P R FR
K. B Ey, MmN EREARER T XF
BT AL EPER LS Ty, BRI GEEEARER TR A
J FEAS I P RLER , W A RN L e
T R A A5 B P R R S PR . 4R
FENGE T, O0={as Bis Bis¥:isY; 1 W Lii/ME
1 971R% 2% (Mean square error, MSE)SRB 254 .

- .1 ..
O =argmin — >, (x; —rec(i )"+ 27|}
© NJ.UGF

(2)

Hr N R ET S8, HE AP
XPE 7 AR PR A S IEIR RS, (2 AL
FHAE 8 e/ N 3 1 B 2 T R 7 K i

I A AR R LA kg S A S0V 0 B 3l A
TR AR LT 00 FH 1] 2 R S R A R s o)
e S A P S R o AL Tz A AR 1 Ty v MG
T35 R Ay TR R O3 A (R HE A T
1.2.2  word2vec fEAY

Mikolov M $ H T — B2 3] da) i A (9 R
P o) 2% A5 A8, R ga] ) 5 A Y word2vec, AR AU
18 09 B SCfF B I ax A>3, Il B 7R
XAt AR A S B i 1% R T B B0 ) i R
718 s B A T B AR Sk — SR 1 1] CRIGR) R A
- Wl A TR N Y 1) R 2H R T — S R R
Mikolov &E17 4 Hy T 5 F 45 44 1) word2vec 5141 ;
Continuous-bag-of-words(CBOW) #1 Skip-gram,
CBOW #5283 5o 45 7 /N A 18 2 At 3] S 5000
7 FHCa) . Skip-gram W55 0 AH K, i — > BR



82 /[ S N N N SR o

e CHARBRA RO

2019 4F 41 %%

gL B TRV N Sl Y 7 B I S i P A EA )
TESC R HUS TIE IR 245 8, ASch 223718
CBOW F&Al |

HENGENIRTFI wi s wes wss
T NG SR %, CBOW #8125k H bR 2 B
FACIN L5 SCAS R E AR 2 (R /M AE SN &
XTEALL AT 2 (3) FR

%Z;logp(wf | w0 s sy ) (3)

Horpok ST B SCHE AR, 2k + 1 S HRY
Ko p X At ia) w, BYHESR T p5 %5, n] DA
MEZXnHEIHE., BAMFH softmax 15 p,
a4 Fow

e, WT

ey wt

E eV

Horby: AR IH— A Y i 3 37 i X EORE % T LLE
iF3(5) KG.
y=b+Uh(w, ;w4 ;W) &)

Hr .U flb y softmax sRELIIZELW Sy a4
B, y Shin] Mrb BEAT TRI X0 N Ay 2R ) 3, A PRER
IV 2 AR St 4 [ W rbofilt 1 2 0 e 254 3] X
(R ) o) £, R 34 A R (BIURIAED

i FHBEATURE B2 T B A S 1 4248 ] LK =X (3)
AJ AR AR S B W, RS 3] - L e A 1) X6 0
iR . SEERR AR softmax 43S g A Hi 2 )
i Z (B T XN, AT RER = AT H Y0 1ER
LR TSR EE I T AR R, Mikolov 4877 4 1
T 432 softmax FNAA AL 7 okt OF
WS T BAFIEE R . AR SCER BRI TE S B P LR
T AR Ik 4L softmax sRENTTHE. .
1.2.3  doc2vec FiAl

Le 2080 3T word2vec FYEAR, 3 Hy—Fha] A
2] BOIg BUOCR AR S IR BE A 28 I 28 A5 A0
AR BRI TR R A SO Y i i
SO IR S5 R A RS Sy — S b RS ) SR 1) B AE T
T2 SCRY N BY LR SCET 1 8 2 10 s de) B9 B A
AN SO [ R E A CBOW A | R Sc s 1 A
F14) ) o) i e R (BB 25 A by i Ak T H
P i) o I ZH A 2 0 248 (e T 15 281 SRS B
W s T4 B SCRY IR AR o TR LY 5 vE o ]
DIAS B B 1R AR

doc2vec EH 5 CBOW A B =E 5 AR DL Bk — F)
DR TESTAT: 55 B4 0 1 SRS 9 554 i A
FEHGIN T P STRY 4 J-55 Bl S5 380 SR ) 2 174 Bk S5

4

p(u'z ‘ Wik 9"'7wt+k) =

W o SIAS AR SRS o i 100 A g 2 B b 7 X
A R SCRE B FREA R SCIE B . TR ROy
PraE st . docZvee B AT 1 HE 3245 18] AL A
U REA T S SY R S T Py B U]
k.

2 #HEREE

H TR R B A B R, AR T
ASFH PR SR ZEAR e 28 (Rl (W i A 2R BT
[ RE 1 P S 7 i A P SCAR LA SO EA . F
VR i PR i A\ 7R A B 1 L TSV 00 20 1) » T P8
FIPEA 2 5 A M (0 AT I 2 . PRSI PFE43 4%
FEAS [E A G AR 8 . AR SO ER24 ) B A
FER A G AR L A EDULR 5 -

a) INTEZRIR , B ORI i AR 4 25 ] ik A 3R
7 s IR AT RE AT L

b) ARG R B MR A R BIPFIE VR4 0 A
RG] RE AT

o) MR RN ZE , BIFIN A) EI FN B S T
BRI 2 o S S N M T s el ST S = - SO VAP N |
B/,

PLE 3 DA RAS SCHE I Mt , R 2 PR 4%
fFo TR C AR RT3 BE 018 B0 K
AFORAAEBGS R IR R DL 3 AR,
) ) SCAT LA T B M2 AL AR E B Rl G 2
VS A S S R AR . DA
T S ATI, P 1 R Ay B ) R TR ks A
ZYREAE T PR AT 43 A e AR — 7 B D

s |

A R AR AL R, an i 1 s
|A
5,\ "

1 PSSO AR Al e B AR A

M K dezs gL e fu, € RYARF 54
i BB AR S BRI . BENLAE B u,
MIHEE N 0, J5 227 oF 148 i 40 A Hh il B, ~
N0,ailg) i =12, I, T MR Ik AK B
OB RE R . SRR L X TR R . B 1] v,
€ RY IRIZHH a- BISEHR AT, BT v, ~ N(O,
aili)j =1.2.. ] o] AR AL




%14

SR A5 < BT R S0 R A TR R B BRI 5 83

TR AEAE SREL &K R i 1] 55 00 P (o] o
St Cuy v S0 BB 2 P %R ORISR
X i,j vEI] Xij ™~ N(f(uiavj)9€%)7€1 ﬂﬂﬁ\%ﬁﬁgﬁﬁv
PREL f IR SECH B E‘J%ﬁﬁiﬂ}iﬁﬁﬁ%?’%‘/\?ﬁ(ﬁ
OISR AN oy ) B s B RRERZS D
LA PR g B (us ) )Hﬂ%ﬁﬁﬂﬁﬁﬁ)ﬂﬁﬁuuﬂﬁ
PFE B i AR m wojowi,;, ~ N(gu,.v;),
eil) eil, NPT 2.8 B’Jf’ﬁ?"ﬁ%ﬁéﬁﬁﬁt
H B2

A, AT 0 SVEE X R P RS S
REEE n ZRVTFIRRT N 1Y 7 i B 7 5 PP IR 4R rh 2

n RV AT R A w,, 5, BIC A w, o 5 n 507
WX IPES A s, 5 TR 2,00 8 x =200,
W=w ), U=w)H L, .Vv=u)l_,, Fi% 0=
{fsng’V} A = {al»azvﬁl aﬂszMEZ}vX = {x’
WL 28 0 155504 a) 2 (6) FoRh
PX|10©,A)-p(@] A
p(X | A)

i R EL £ FN g ATRAH & A ¢ DS E T
L LEAUA -k — 2 B B 28 I 2% () KR 2 80007
Bk 6, f16.,H 6, ~N©,B7L),0, ~ N,
BEI,)J’V:/\JQ(@ K15 0 MEKIERAT R

ZEx—wmm,w>Y

@ | X,A) =

(6)

Ove = argmm

*‘ZW
o 2w,

1 1
=lul; +=1vIE+
al a2

— o> (u,'” 9Vj,,)||2 JF

1
—10,]%+
BI” 1

Hep Ul VI A% U fV B Frobenius $i54%.
MDD AT LLE L Z AR R B bR R B LA T
SR INACH: T AR PR S AR R R
Z B 0 IE 0 I, FH T 24 TR 8 I 4% O A R B 1
EJJJIﬁ DL RPE 53 FIPFIE i 3 iR 25 . X =T 43
AR ESCERH I 3 AR, (D TF 0 A,
THEHEL W w, BYFRR T 28haT DL T B
Refiet

3 EEES
3.1 HE=ERRER
i F doc2vec #EAY AT DAAS 3] XF B V% 19 ] & 4%
NS AT — P B e X B AT . U 2k

doc2vec KAFFIPEIS A w, FFARAZ(T) , [HJE
(T ABCER 2 715 ook A 2 RIS ARY (R A DG 18, TRM

1 )
@II(%IIE (7

BCRREL /R g T LAHIRT 5 28 I 28 405, SABGBC A
R 2% 19 ZBUIRM Y SE 50 70 A 2 BT B2 0. 5 22 [
S W T A3 THRsR IR (D M Rl gran i 2 i
TN PR A 22 45, Ay 44 Ry 3 = R R AR AR (Shared
representation model, SRM) ,

o
O TS R
([ wawwmkaz ) ( #ovnnkEs |
(Crar Rl ]
O O
F P 7 5

K2 JHEFoRginl

P 2 e MR A T Y- 43 1) i o A4 25 I 285 [m] )5
BEAY, P -5 R 35 3 0k B A 23 o Bl Sk ] 4t
J& s P T e ke 2 [m) A Sy B 2 i AL 2K ()
%‘E{‘i—\‘:

yi=A L' (i.j;U,V) +b, (&)

Hodr . n” REC I U SRS 5w, ANV HERESS j 5y,

)4 s Ay FI by J 551 Dk DA SRE T2 2 4 3 9743

W)= A S R 2 s 2 00 B2 i i oy 280

T R AR ek AR 0 5 L B R FH P IRl 2R 1 7
LA (D) FR

x =A,tanh(y,) +0b, (9

Hrpr: Ay b, J& DNBEEZ B 2F 23t i A E 1 g
B SR T AR

538 Fn=(9) JABl, %o A ] i) 50 T3 1) £
A [l AR, Rl R A =X (10) Fnxl(ID)

y:=A;h(i,j;U, V) +b; (10)
w=A,tanh(y,) +b, an

L2 O={A;.b; | i=1,.4} U {U.V} BN
R sR D R0 (12)

AN
loss(@)—ZN“Z;(l” x,)°+

AU +a v +
AsClAL [+ 1AL D +as Az [+ A, D
12
(D M A2, R4 A2) A, =



84 /[ S N N N SR o

W CHSRPBL2E D 2019 4F 41 3%

2N/etsd, = 2N/ed A5 = 1/ai Ay = 1/a3,ds =
/Bt as =1/B5 UM EIESF M Y. (K. & 2 i
A2 28 MR ELA A A R B TR D 3 I 1 e
6] £ T AT 55 » A8 P A T AT 55 v A /] — 1
JRRITE ot IR REL A o DT A D 1) AR R o 1]
4 J S AR RIVM) PP o £ F000 A 55 o X P 39
AT 55 BEAT IE N

TN 73 RIS B A 22 R 28 L 22 1 ik
SPIREL I AR R v A S5 R Al 280 i AAR SRS 2
B4 o I ROoR R, I R A AL R, e
doc2vec BERIYIGRPPIR T RG24 26 PP XTI A9 P
W w, 1104 WEB . B o ) B2 1] 15 4 (Back
propagation) $3% Al LUK HYF P W SR RE I L R At Ik
SRR LK 28 A AEL . R e 1 LA ki
BT L 1T A AT AT P R (i I A2
DFIT 73 5~ P 25
32 REFHREZFIER

3.1/ B A L R A IR T (D
BOA TR, RS ORI TR AR

) ZIRLE = JR AT 2 M 2%, 75 505 b A
H2HEZ B85 3 WG . S EINERUZ ook
UXE LA SE 5 DRHOME LA 25

b) 3 izt A A 1] 4 AR SR TS SCAS A UL
B8 RERY RIS T P RS R AR i RS R R 1
Je 56 31 SR AT i) TR AT A [R] ik 5 i T 1
T o) S5 R 53 AT 55 1A o AEL R TR I 2R
HAr 2z —RyPFHe ) iR g doc2vee BEAY TS 7.
MBIt o 1) FOHERAAT 55 AR DGR AS R, AT Bk
BOHEHEAEROR HEBEIRIYE

ARSI T PRI AR I A i k7 2Ok btk b 2 3k
NS

a) Bt — RS HOR 2 5 il U5 (7]
ARSI 7 2GR 1.2.1 35 R R A B A 1
BRRURAE T2 N 3 Y = JZ A B 22 R 2% . B
TR SHE D BAEZ 5 RE L
5 TINGR, EAR UG

b) Pk BRI 1) B R 55 AR S AS R Y
AL, — A A R REIE S AL B T A BEA T V23 B AT 55
AR TRINE 22 > PRI SO i A Tl . RPN F 5511 25
doc2vec BT LAA B P 1) EAF S T F AR - 12K
NZRPFIE [ 10 e e 5 T HE A AT (] N 2 2] 2
Wl AU R A AR AR A AT 55
AALEERIR . TR Y27 H AR 1202 W) i Tt

WO E LA AR iy R SC%T H R HuG ), o R
A BRI B BE A TE v ) 2 2 2] B PES SR Y
AT T, PEIR ) i I PE oy — 4 B P 1)
A i o) AL R ORE

PIEITERARRZAT S22 EE, £
11555 20 B blas a7 2 i —Fh o7 vk BB 2 56
M55 e —i 7~ o XM AR T 2 )
IR 2 BAR RS IE . Bl A — A H R e
B AT EE AT 55 1927 2 ATH AR B DR 08 AT 55 1
fi. Caruana 55" (PSR W], 16 24T 552 2 o
Hh 290 i 2 il A 55 R SR ARG X 2 S B Y
S ] FOIRLE ] DL [ I i R 22 T 55 A A
BRI AR5 Fad 5 NI RE A% 52 &
ALz AL fE

AR AR R — R TR,
SRRl 27 2] ZAMT: 55 Z A A OG . ZEAR SO RS
PER SO Y HEFA A I v 5 2 (] I 58 T8 SC
A ARV 3 TN X P AT 55 AR R Y AT 55
HAEE ABRIARGE 7] DAGE 5 & 1 58 RO
XPAMESS Rm A G . PRI, AR SO R i 37 55
EHE RS

ARSCR M T TS B E Z2AE555 2T5
2. SRS 24T 552 > s W —
T 75 20 BITEAMT: 55 22 () =2 (0 | W] O B
G3AT 55 () AN [r) 1) B S22 o 2% 2 & M 55 AR TRl 2
Ak, I, Yu S BT UL T IR AR L £ 44 S
PRI AR TR 75 A B b () B AT 55 ] LA il
BT 551 2 800 B S =2 AT A MR 2 >0, AT ]
PIARAS A IR AR AR R . TEASCAIFGE D, S ]
2 2] P AAT: 55 2L =2 0 6 S AL G FH 7 B ) iR
715 S TR i B 1) B8R 5 PR SCAS Thm] i A FIPTEE SC
PR A .

ARSOR 25 1 A el AR B A ALY, RIAS ST
2P AR, i 44 Ry B PR 3 [R] 27 ] B AL (Joint
learning model with latent factor,LF-JLM),
LF-JLM py#e {2 W 28 25 A Bt el 3 fii

TEE] 3 v, AR A2 R o2 i A 2 F 5
TRt P R TN Y- 23 4 i 5 o 25 0 285 [l A RS Y,
brse e/ IMEIT A3 38 7515822 s 24 A H 5
T o DS v e s RN T SCET R Y ]
ORI 7 11 rhCa i) ) 2 2R AR, H AR 2 fie R Ak H A
TR RISRRE SR . TS ER S5 38 5 TP v £ R ot o)
B SR [a) A — AR PR AR 3R



%14

SR A5 < BT R S0 R A TR R B BRI 5 85

W

& 0 B AR

Softmax

O O
W1 5 BRI 5

£ CH OB AR

K3 B AR s AR

TEXTIZ M I Grad B b B 2 EE B A4
T SCE H AN — NN GAEA . PP Al
TR T 5 7 38 FH P RS A R Bl S R )
WSS Sy FH P o) 2 R i ) . K P e e A 46
% BAE R BREZ 5 A SR 5 20t A 42 MU0 PR AR
ReL.U(Rectified linear units) , &y i A F P HITR &6 Y
PR 1f, FOLSf -
[1f. =RelLUA A G;U) +b'))
l1f, =ReLU;h (G 5V) +b',)
HoAr AT FAT 4350k DR P B 2 IR L e 2
BB P B - 2 R0 R i B R 23 A AR R
by FNb, RIAHARL A
Fi R B PR AR () 2%, 115 W 1 AR
A B AR R TS
x=[f 1] [1.0f,1+0b's (14)
Hrp HP B S 1f . 0955 —4E & HAC R P O
BRI L, B R 4R E T R R
RELFMmE, FiktEQD RITE 78 Lf, [E
AR B I —AL B 1 BY4ERE, Lf , [l 0338
— LBk 1 SRR W IR E b7 A5 FIPTE4 T
B, A1 (D 2l BRI R B 7 A R
F— B PFIS R o BT LGS P e
FIRS b o) B 5 260 RelLU 2B 40045 51 .
o =ReLUA’; « "G ,j;UV)+b', (15)
o ATy S M P ri R R A ) A A5 % )2 B 5
R 2 A RCE AR b A R E . PRERY |
T SCE F A A ) A S 38 1 ] B R R A
) ) 2 J 1K gR] ) B IS ) i o FEEACORAE N
softmax Z32E4R (5 A, i H o 5 11 Hruc 3a] i A %
G
y=A"y B (W ssw, i Wew) +bs (16)

(13

Ywt
p(w, \w,fk,---,uv,w:% a7
eYi

16D 1Ay ol 2 AR L b5 AR D
o R SRECKE 1R SCHE H R A4 T g e B g
R W B D] ) i AR [ EATAIHE R o &
HRRMAR ., &

O={A,,b;, |i=1,,4;5=1,--,5} U (U,V,
W BN 45 % R BRI N

/1 T—k
7]2 logp (w, | wig s swm) +
t=k

loss(®) = T2

s T—* )
ﬁZu, —x ) 2, U +
t=Fk

AVID 4 AW +
AsClAV I+ 1A D + 2, A D +
As (LA D (18)
Fe R (18 AN (7)), B LA & B 2 250, 4B S
PN 55 A 45 2 BB LA R 190 445 AL R 1 DO T e S 24
AR I D30T = 25 AR AU A T2 455 280 1) B S 4
HI 36T 24145 24 2 i LF-JLM SRR S 4life iy
MR (0 HAT AL AR A
FEZBAIYI G R v, PRA 2 (14D Hhds s BT
JEN UL A AR L 80 pR 5, S 38— I
MEIR BT . R T H A S BOE 8L, vl L
R FHAC BB BT B « 8 FH S 1) A% 1 2 AR A A I 245
FUH 1) B0 v X 25 800 [ e FH P B R - (SO R
B R R S A TR B R R B Iz R E R
it B R SO P B R 3R 3 SR A TR B R R

4 £ B
4.1 HIR&E

ARS8 h T Mcauley 255 i £ 1)



86 /[ S N N N SR o

W CHSRPBL2E D 2019 4F 41 3%

Amazon.com M PEREHESE . ZBEIEEEST T
M Amazon. com F £ 51 (14 7 &b ISCER 19 P
i B A d S SOAS IR AF . BT AL C Y R
il (LI FMLAS BCE R 2.6 GHz 4 #ZAb 345, 8 GB
WAE) s FEARSE B A T Amazon. com W 3k -
instant video T2 FIIBIEE, BA& 312930 M
F1,22204 DRT LA 717651 45348, 4k 88958349
AHE] PR R B 124 AN HuE],

42 B %

R TAE T o3 A AR SE g0 45 5 3.2 5 X
K TS — et R AL 44 o8 B Rl L SRR AR
#Y (Shared representation model with latent factor,
LF-SRMD s ¥R H] 1465 — R gl i A1k hy 3 [m)
2 M) F A (Joint learning model, JLM) , 5246 Fv
ARSCHE PRGN J LR SRR T T LK

a) LFM., #1 1.2.1 97k, X && Koren 250731
B B S A DI Rz AR AR 1 o R Al
FAEA RS Bt . S50 4% B8 Koren 457 (1 i A
SCHL T AR AL, IR T AR BE R R Oy ik iR AT
VIES

b) HFT, iXj& Mcauley 26" 41 H (9 45 51718
PP AR, 4 1.1 5 ik HE T A8 4R
Wy fi B4 LDA #ATE , IF H— 115K
PRSI R I 2R P A 25 1 A 380 P T o ) S (R )
FRIVRE il ) MR S5 1) . AR SCH] Mcauley 2510 & 26 (1)
YIGREERAE XTI

o) SRM, H 3.1 45 v £ i iy e 2 SRR AR A,
SEa R Sefd ] python 19 H SR TE 5 AL BRI = 81 A
FFRE gensim™ Y 2R P8 SCATG B B 25 PFE 19 1
IR SR ST A3 IR 0 A o 28 I £ > T 2F 73 1
TEVE ) Bt TP 25 X 8%l FH A () 6 FH P 1) 2 0
ety 1) et RS A

d) LF-SRM, {¢fdif 3.2 — 45 38 i it ele it 1
AURSEARY, FIUIN P23 A 3 A3 AN SR FH i 28 I 288 1717 2R H
R PSR i O = N 2 5 N P~ 7 O 2o £ 2
doc2vec HAYIHE RN PFR M &,

e) JLM, AWMl 3.2 — 15 i i ele stk 2 A
AU, FH =2 D 45 1 (] AR AR S T 4 A [
2 W07 e I PR

D LF-JLM, [a] B fdf FH oo i 1 FscE 2 gy
AU R A SR AR S AR AR,

43 IR

SR ] Google 1Y tensorflow g5 S 4 18 ft

LA, EARHAR AR 8+ 1 1 (Y LL bl

G5115:i:87% | 4 S g T S R e S i (53 (N I
A s HI385) 43 A BE AL 1 A R P 1) 2 1 o 1)
i) ] Sk P AR SR R R At 1 ok 28 0 2% AU 2 8508
Glorot %™ 2 i) Xavier 7L T0T iRk .

S R ] — R S A B 3 IR O
a8 T REA B U AT L IR H] mini-batch 6 B2
TREA Adam BEHEAT ISR, BRI Y BALTE
Y UEAE b PE o338 5 15 25 38 B e /NI A 1R AR IR
Yk, I0H 3 A B TR SR AR b/ NS TR 2211
- BHEAE T RS BRI UE

PR AR s S 808 £ (L4 TE W 350RN H e
AL A28 0 2% G2 TR A W [ 1Y
HE B batch B K/NGE) , H 2 i 8B ol LA P
KA B UL B, S50 IR R T B AL 2R 5 A%
R MHEAET TP S8 AN LU DL 4
(Bayesian optimization) 2.9 £ S8, FIH
e ST A R [ VA X A A 4 % R A S S AU 2
[i) R EIOG 28 Y J 30 03 A AT A, O AR 4l A B 4
PPN —UCRFE M S A XME IR, YRR
R — 2L BT B2 50 1 UEIGA 3 TS 1
FEREER A8 T RIEMESHIE. Z
S5 WA SR AR IR TP 38 1R 2
RIWEN LA . I DU pofeda ks LE-
JLM AT 2 Bk PRI SR AF B R AS 43 A1 19 7T 44k
WKl 4 fs.

Bl 4 s 7XF LF-JLM 1y X, 3] X 367 4>
HESHRFE BN 08 -

Xo s P A ) B R A A ) o A 48 2

Xy s TR A ] 2t R SORY R A ) B O 48 2 5

X s P B R0 ot B R B 4R 2

Xy T 1 rp O 1] S50 9 58 SCRG AL ER A 5

X BREHAR A TE IR AT A5 (A5 =A0=25) 5

X 5 : mini-batch B B N FERHE RN (Batch size)

X : %2 F (Learning rate),

WMECRAE AT AT LR IS8 X0 X0 X, 1Y
SRAE B T R E A TRE I 1 53 4R B AL 1 i
I HLAE DR B A 3R IR (%) B i AR HC A 2 B0 G A
Ko HRWSEEA XL R TR & 25 T
TR, SE0 A I TR AR 2 R 4
SHOENIFALEE 1 As A7 As » DXE N FE L5 b &
IR YNNGt 00 265 B X6 254 Bl S 6 I >R ) L2 G )
T 171 HE AR B P28 1 245 B 2 R H - dropout 7 24X
B L2 IE D RE bE A L2 1 U T R A T 4 Y
£ N



%14 B I 5 T B A VTR 90 A 7 I R R 5 87

X

0 50100150200 250

Number of samples

X,

0 50100150200 250

Number of samples

X,
50 100 150 200 250

]
=
£
3
= s
5
)
g
Z X
36 91215
12.5 F50 £
10.0 Lao §
o 30
L20 2
£
' - -1023 X,
0 3 6 91215
,y ®ce § 2
125 e . ."’. Ls0 2
. £
10.0 Lo © ..‘ K '40§
w15 . o 00 r30 e
5.0 . S ‘e L20 2
S, o oo * % g
2.5 o ole Tt . SV oz x
o
— 0 8000 16000
s % w3 “' ¥ WV ™S B
50 2
16 000 2% J1Fb e g 'o"’. ""‘.o- p £
12 000 \ * & o {0 A 40 §
. e tef | oy o 0eg e @ oo ¢ H30
8000 DRI B A ICE P -20%’
oot b Sledlten el -
4 L= D S8 w 0 e, 2 o 0 0.1 02 03040.5
o % v e .‘.‘ K PRI ®eo, "
. b . . . b . °
0.4 ‘: ° ’0. o3 -J.. 3~‘ A‘ o.‘..f.. d 50?
o0 $* oo 0¥, * I LY 5
Se < F e o 40 g
03 Gt g oY e W0 e 94 3 * e 0
. 02 e% o o 1o¢ o L4 L e ° ° o ® , @& 5
’ . @ o oo % (Vea0e %" o T o %0 e 00 202
0.1 ® N oo % o 2 o < - o fo «e [ 5 1025
e L e 2Rt  Jlhe L e Re S. L (€ e.
50 100 150 200250 50 100 150 200250 50 100 150 200250 2.55.07.510.012.5 2.55.07.510.012.5 4000 12000
x, X, X, X, X, X

E 4 LFJLM B2 5t Pent i ReE

Dropout /7 /& Srivastava S RN —FIEER  FEIERITAEUE A 0.3,
RCRE oA 28 IR 28 3 0L A AR T4 1 DI 0 o 2 0 4% d) Dropout J7 I B M 45 45 sk (%4 0.8,
(g AR, A1 25— mini-batch B M5 4EASEE 4.4 LRERMOHT
FUA — 8 RO AR I DI 265 T B 53 o PRI AH >4 fdFH D3 A Ak X SRM, LF-SRM, JLM,, LF-
—> mini-batch #EWZARF LS, FEXTASSCHE JTLM DURPELRY 7768 2 505 5 i Yl Sl 26 dn 1l 5
Y LE-JLM g 2P b sE TN I e A 250 R & ERFE AL T 0 B0 743 i) - 3 325 07
Ba it LA H R I 2 R o il 8, RN 1,

S L1 DU RO I B 5 AT £1 HHERER
BB B RS T PR T BBV 7

&) PRI h AT AR RE g 16,3 o ik gy AR REPOE
HERE Ry 256, HFT 1.260 6.74 —

by P BB T T B TR 4R 32, SRM 1207 .00 —2.93

O FRBECIIEA BTSRRI N 13 o o o e
YT L B S AL 10, g LEILM 1245 7.85 119




88 W BT K %% ¥ fRARRRERD 2019 4 55 A1 %
1330
134
m | P
z L2 Z 133
I8 g
e E 132
2 131 3
e 131
1.30 130
1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
WA B Glie
(a) SRM (b) LF-SRM
134 132
131+
132
= @ 130
B 130 s 2T
= £ 128}
= B
g 12 & 127t
1261
126
125}
1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
TR R Gl e
(¢)ILM (d) LF-JLM
I EE 5 Sl el Qi E2

MO SHEEBE WSO 22T DL IR, 5t 3L [

222 B JLM F LF-J LM 7588 2 5500 £ 0 i s
L WL, 3 R B DL SO0 Ak 5 v R e bR i R 2 4
R SHE%E ., 1 H SRM I LF-SRM )58
SR B LLREAL ) G i S8R & AR R I
ZHAKH JLM fl LE-JLM Ayt B2 505 &4
LUFEHL) 46 1 8 S 80 AL R I 22 R AR,
X R Bk R] 2 2] BRI S 550 B A RRURE, AT
FI SO B SRR S A R e B, PRI
B SEOR BRI Y Zirh & OCH B R ] S
—H&,
WEEFR 1 Hox L S g iy 45 38, AT LA R B -
a) X LFM, LF-SRM #1 SRM fy B, & 3
LF-SRM AR08 e LFM B 45 fif H R fff SRM
AT (P AT A — B e ik 7 s HORUR W i TR %
JEIFIR SCAR B 1) LFM,

b) X SRM F1 LF-SRM.JLM #1 LF-JL.M )
I, B IRAEVE 53 74T 55 H L FE T B A R R )
ACHE T R X T AT L) A 8 D 286 [ 1 5 i R AN
A /INIE FEAE T

¢) XFH SRM #1 JLM,LF-SRM #1 LF-JLM f#
I, B IRAEVE 5 P 74T 45 v B TR 2 2 i 7
b 2 B TR B AR, A AR
BIJriRZEW/NT 41 4%,

& [RI s R R Bk vk LB AT R B AL RN
doc2vec BRI LF-JLM i #A RUAH Eb AR SCS2 5 vp
() A A AL, A 25 R e b, O iR 25 1k
HFT BRI/ T 29 1.2%,

TR DA SIS R TR AT

a) bR T H 18 i & WAT 55 1) 7 W 45 2
Ao LEM Fil LE-SRM 4 25 ¥4 JL-F- #H [H] . ixX 2 W
LF-SRM F1 SRM #H . LEM B 5% 5 45 7 09 Ji2
1E 2 PR B il SRR A% A 50 A I8 SCAR TR 19
AT 55 K B VF 43 BUMAT: 55+ B v 78 oK PF 8 S0 A
A BRI R I 07 FH 2 T B 43 1 HE AT 55
Zh,

b) e BR PR TR AR (1) SO D v AR AT DA O
TR URRERY ) B A B sk i LA G (B AR SR H
dropout J7 k)5 . i A MG C L9k A 5 E i, K I
TR R T B SR AN 3

) FETIL[R] 2 2 11 o i SR A 28 ) 4% A A
VRS SCAR I 3 7 v [ BS FEBIT3 T3 AT 55 DAL AR 76
FEPI TS5 Z (B T (0 7 5 T A SR F AL [R]
22 >J 1 SRM, LF-SRM #RJ2& S5 I 5t SCRY ) 42 -1
HAE R HARALA  FLRUM P2 0 i 28 I 2 5 2 LA
EL 245 B SR 1) o, XS AP SEAR 30 43 2 1) 45
KA RR ] A AT B R . PR TR >
WO 0 B AR (R



%14

SR A5 < BT R S0 R A TR R B BRI 5 89

) WA 1.1 5 firds i HET SR h A 30
) RS PRESCE AT T 0 B BRI AR , thfie = SR E M 5
AR A LE-JLM W [ 327 2] 3 A 5 DT fie
P T XAN AL, 53— T HE T BEAAEXT SCA g
IR SR A PFE I P8 15 B AR SOt A A
TN T PSR P8 B R b R B 2R PR
FH VRIS i 3 W] P g s X 2 LE-JLM B0 8z
b, DA AR] DU R A 4 LF-JLM B #E 77 3%
B HFT H4,

R4 HET 5@ B WS s 80h HA — A SE8hR
ARSI LFJLM H 377 > U 22 ) 1 5
BRI 253 DR P 1o D R ) 81 SR o) )
FECJEFE Y R/ s AR B TR i FH P o 4 5 0 3]
] et AR S AT LF-JLM 2% 2] WS OC 22 T FE 2% A Hif
W £ T HFT. % HFT (iR BT, 55 —J7
T, LE-JLM (%) 3R AR T 5 3 1 88 280 n i =
BOEAE S, LE-JLM (R ATRELL HFT 9122,

H T BAEAR SO T A HEAE AL A LE-JLM 1
43 6 i) B S 0 J2 A 2 1 Tl s X6 6 SCAR 9
177 A A - SNES ] AR I 25 BT A5 114 1) Bl
FERE 0 s R, anEl 6 fros ., KL 6 Al LIAE 2],
B 380 A 30 [ 1) ) ) SO A — 2 AR AR, 4
TEE 6 (o) Ha] WA AR RLIE LY iA] like, love, enjoy
recomnmend AL A 18] 7] B AF H 4T 7E 8] 6 ()
those. these. the, an, any. some 4§ i8] ) ia] o] F tJE 5
FEAT . PTLAE H AR 2 o B (1) al ik A ] 2 e DL

S SCATIBL A T A 25 ) A B B 0 1 5.
ser}’\gﬁil c::ng bectmg
those |°t5i“5€@g?£ W happe‘w
m::g’ smg © ) happeng -
: ﬂot:g d&g
% 3 ¥ doe‘;?g‘& P lony
8 ) °
coutdnt
sEnBiHng
(a) ] 1) 2 JR B 1 (b) A 1) B JF K2
T R
Ieaﬂdw5Y% horg miss havmgﬂ mt(zéés bring
® tell thought N
H . I_kfunvar.ci %g Ky é
mﬁ;ﬁ love end “‘5’3&. °
saw °® ) you'rg ° "’3;5. p'ayﬁﬂ)’eg
° it viatsm]
vatghag o e
(C) I & JRy 563 (d) 1 & JR R4

P 6 ] g Al AL Sy AR

BEAIL A I BE P8 SR IR 408 SO e S
K FHE o R — A PFR I A sX AR B e i — 4k
SCRY AT IS DLAIE E AT A B T SO AR
T2 Amazon Rt BEHLIERAY — PR E
GNP

It’'s so good my husband bought the 4th
season being we never watched on TV it’s great in
January the 5th season will air then I will watch on
TV. You can not be disappointed with this TV show.

TR S AR SEAR R fe e T -

With every episode it seems to get better, the
story lines are excellent and the characters are
great. I love the family dynamic that is shown in
each of the stories told.

T HARSEAR IR SE S 1T

I am totally hooked on this series. The plots,
dialog, and acting are good enough to keep me
begging for more. There are usually 2 stories going
on in each show and the editing is simply great....

MR 7R, T LUF B doc2vecdrec REME &
IUEA T ORIV A ) b AL PSSO
HELE-JLM 4% i) ) i Sk J2 R0 SRS e S 22 4 412 38
TPFE AR B SUIE B LB P B0 E 52 50 1 25
RAEFFE XA, L] LE-JTLM 2% 3] 2] (14 A )
A BRI TE - A i 1 X S L
5

&

AR T —FhEL A T VR TS SR B
BEAY LE-JLM, & i FH e PR 455 50 B 2 B
doc2vec BBV PP SCAS, I H IS8 256 T W
Ho LFJLM BB S HOE RS0 0 45 R R, IR
J2 R 20 I 2% A R R B I 2 2k A b il R D0 S04
TR REA RHR A W S SRR
FU S BG A 45 S B L A SCHR H A B R A ORI
TR SR BAE B AR RO AR L T Al P
WA ML G R N TR T B 55 M L
TR LDA = B R R BP0 SCA R HFT #5
R —E T, AR TR T 25258
R LE-JLM J2 £ 37 78 3% M0 5 i 15 20 1) Sy |
(R B BE S i e . SRS UE] T LE-JLM fig
g2 > BA)  SCRY L P R o SIS 4 A ) i A
PR,



90 iR A N S D = S

e CHARBRA RO

2019 4F 45 41 %

T S AR SR Y R R A 3] 4 P P R i A
FRANG) T AR R 73 AR A ) 8 P R0 ol A B R
5 BRI AR LI A7 it T P AR b 14 38
SIS ABLIS 25 A7 7 1 BT B4 g8 B T 5 2 A 1 1)
i MERUR R R R SUR 4. (HI L I
] HA S LM R L ELRBVE R IE I A 245 e Ay
ORI 5 A BRAT 55 10 35 Ml B TR AR SCA 21 Y
o ARV o 1) T RE LA S BLAYE BT BRAT
PEHABHEFEAS R AT 7 3 IX A & AR SOR SR BT
FITMZ—.

S 30k

(1] EEEE B AR R acsik U L apL T S
W ,2012,48(7) :66-76.

(2] XU, BRAAR. L T35 5 HEAE R Sk LT ) s e e
5,2007,26(9) : 46-50.

[3] Ricci F, Rokach L, Shapira B, et al. Recommender
Systems Handbook[ M]. Springer,2011:1-35.

[4] Shang M, Lu L, Zhang Y C, et al. Empirical analysis of
web-based user-object bipartite networks[ ] . Europhysics
Letters,2012,90(4) :1303-1324.

[5] Purushotham S, Liu Y, Kuo C. Collaborative topic
regression with social matrix factorization for
recommendation systems[ C]// International Conference
on International Conference on Machine Learning.
Omnipress. 2012:691-698.

[6] Mcauley J, Leskovec J. Hidden factors and hidden
topics: Understanding rating dimensions with review
text[ C]// ACM Conference on Recommender Systems.
ACM, 2013.:165-172.

[7] Koren Y, Bell R, Volinsky C. Matrix factorization
techniques for recommender systems [ ]J]. Computer,
2009,42(8) :30-37.

[8] Bao Y, Fang H, Zhang J. Topic M F: Simultaneously
exploiting ratings and reviews for recommendation[ C]//
Twenty-Eighth  AAAI Artificial
Intelligence. AAAI Press, 2014 ;2-8.

[9] Ling G, Lyu M R, King 1. Ratings meet reviews, a

Conference  on

combined approach to recommend[ C]// Proceedings of
the 8th ACM conference on recommender systems.
ACM, 2014:105-112.

[10] S8 A AR, 55 ST B BT Rl LDA 32 i
Uy B R) ok 9 A 5 vk L ). v SOfF B A, 2017, 31
(2):194-203.

[11] E k. # A LDA-RR: —FhEETIP4 FIPEIE (0447 7

VR HLRRE . 2017, 44(2)  267-269.

[12] Wu Y, Ester M. FLAME: A probabilistic model

based  opinion
collaborative filtering[ C]// Eighth ACM International
Conference on Web Search and Data Mining. ACM,
2015:199-208.

[13] Wang H, Wang N, Yeung D Y. Collaborative deep
learning for recommender systems[ C]// Twenty-First
ACM SIGKDD Conference on Knowledge Discovery
and Data Mining,2015:1235-1244.

[14] Kim D, Park C, Oh J, et al. Convolutional matrix

combining  aspect mining  and

factorization for document context-aware recommendation
[C]// ACM Conference on Recommender Systems.
ACM, 2016 233-240.

[15] Almahairi A, Kastner K, Cho K, et al. Learning
distributed  representations  from  reviews for
collaborative filtering [ C ]// ACM Conference on
Recommender Systems. ACM,2015.:147-154.

[16] Hochreiter S, Schmidhuber J. Long short-term memory
[J]. Neural Computation,1997,9(8) :1735-1780.

[17] Mikolov T, Sutskever I, Chen K, et al. Distributed
representations of words and phrases and their

compositionality [ C ]// International Conference on

Neural Information Processing Systems. Curran
Associates Inc,2013:3111-3119.

[18] Le Q. Mikolov T. Distributed
sentences and documents[ C]// International Conference on

Machine Learning. New York: ACM, 2014 :873-882.
[19] Dong J, Zhuang D, Huang Y, et al. Advances in

representations of

multi-sensor data fusion: Algorithms and applications
[J]. Sensors,2009,9(10).7771.

[20] Deneve S, Pouget A. Bayesian multisensory integration
and cross-modal spatial links[ J]. Journal of physiology,
Paris,2004,98(1/2/3) : 249.

[21] Caruana R A. Multitask learning: A knowledge-based
source of inductive bias [ J ]. Machine Learning
Proceedings,1993,10(1) :41-48.

[22] Yu], Jiang J. Learning sentence embeddings with
auxiliary tasks for cross-domain sentiment classification
[C]// Conference on Empirical Methods in Natural
Language Processing.2016:236-246.

[23] Radim R. Scalability of semantic analysis in natural
language  processing [ D . Brno: Masaryk
University, 2011,

[24] Abadi M, Agarwal A, Barham P, et al. TensorFlow:

learning on  heterogeneous

Large-scale machine



%14

SR A5 < BT R S0 R A TR R B BRI 5 91

distributed systems[ EB/OL]. (2016-03-16) [ 2018-05-
177]. https://arXiv.org/abs/1605.08695.

[25] Glorot X, Bengio Y. Understanding the difficulty of
training deep feedforward neural networks [ C]//
Proceedings of the 13th International Conference on
Artificial Intelligence and Statistics (AISTATS), Chia
Laguna Resort, Sardinia, Italy.2010,9:249-256.

[26 ] Mockus J. Bayesian Approach to Global Optimization
[M]. Kluwer Academic Publishers,1989;7-60

[27] Srivastava N, Hinton G, Krizhevsky A, et al

Dropout: A simple way to prevent neural networks
from overfitting [ ] ]. Journal of Machine Learning
Research,2014,15(1) :1929-1958.

[28] Maaten L, Hinton G. Visualizing data using t-SNE[]].
Journal of Machine Learning Research, 2008 (9).
2579-2605.

[29] Mikolov T, Yih W T, Zweig G. Linguistic regularities
in continuous space word representations [ ] ]. The
North American Chapter of the Association for
Computational Linguistics,2013,29(7) :71-79.

(REHRE: & #)



