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Diversified Mobile App Recommendation Combining Topic Model and Collaborative Filtering
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Abstract: With rapid growth of mobile applications, users of mobile app platforms are facing problem of information overload. Large
number of apps make it difficult for users to find appropriate ones, while many long tail apps are submerged in the resource pool and are
unknown to most users. Meanwhile, existing recommendation methods usually pay more attention to accuracy than diversity, making
popular apps as most recommended items. As a result, the overall exposure rate of mobile apps is low as behavior data accumulated by the
system is gradually biased towards popular apps, which leads to a poor recommendation performance in the long run. To solve this
problem, this article first proposes two recommendation methods, named LDA MF and LDA_CF, to improve existing methods. LDA MF
combines user topic model and app topic model with matrix factorization model MF, and LDA CF takes both tag information of apps and

user behavior data into consideration. In order to take advantages of different algorithms and increase the diversity of recommendation
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results without sacrificing accuracy, a hybrid recommendation algorithm is also provided to combine LDA MF, LDA CF and item-based
collaborative filtering models. A large real data set is used to evaluate the proposed methods, and the results show that the presented
approach achieves better diversity and good recommendation accuracy.

Key words: topic model; matrix factorization; recommended system; recommendation diversity; collaborative filtering
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Fig.1 LDA_MF model
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FoR AP T 5 app MR TR R R T X 1% app B D4R Ay, TR T R A WD T m AN REAR e
4 2k BRI Jow) LA X (14).

1

() = —— (13)
l+e "

J(w)= —%i[yi logh, () + (1= y")log(l=h,(v,))] (14)

AT A K R B /N R TR 2 A3 SR A BRIV T 45 380 S50 Rl O BCER . AE R B2 B SRR S5 A9 31 w={wy,wa,
ws b LB wo, 0] ATHSAEAN I P A HE ARG L SR & vh S 7] app (1955 4645 43 B s MR8 1% A 2L L Top-10 1 B T4
o P B 25 (R A 0 2 0 TR IR P ), A 1A AUC M 2K JE 00 AR TR 1) 4R 1 T ) BT 25 O HE [ 2 .

SR HEAT 5 UL 2 1) AR ORI PR AR A 41 26 AR T 75 06 VR 5 HE 75 550925 Hybrid_Rec M E 2P BRE R W R,

&% Hybrid Rec.

Dy P 8T B Ak

ISPz S RVEVIIESS €7 TE

iy BN top 10 HEFESI .

TP IR
resulty=Item_CF(D,);
result,=LDA MF(D));
result;=LDA CF(D);

Model H = regression (D)

For each user
Ri.n=Top 50 apps selected based on result;
Ry pan=Top 50 apps selected based on result,;

Ripac/=Top 50 apps selected based on results;

e T S o

For each app veRen IRLpamrIRLpacF

10. Calculate 5" based on model H

hybrid
v

11. Select Top-10 apps with high s
4 KEITFESS

AR SC IR B VR T 5 BB R 2 ] F ALY 1 & o S 1 S B B i B e R P N A W
H &5 B LU N R B YU RN A 100 5524248 P 554G 1+ UL BRATER 100 J5 3% 5K P 48
hSERG N5,k P AN PEAR R 45 Y Top-10 RIHERE 1R, S 86 39 76 0 A1 301 & Hadoop _LIE47.
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Table 3 User download data
T3 M TEEIEMR
LIEITE g P TERE TEIGAR N A

A 749 191 20 199 597
— A %dE 509 080 7 115 356
— REHE 173873 3 44 752

4.1 KIFNIBHR
400 HEFEERGTE VR
0 HEAF AR PRI 5 TR, FRATT SR F VR 5 THT (1 458 4.
o TMAFP WA PUEIH R Phi wser RAANGHERFL RS H P — R SEbr R8G5 Rab47 % L,
HEAF 1 o A P R B R A D e b T R, N, R A R W P AR
Pt user WA X — R NI A R A5)H Pri wser M TV
N huit
N gownload
o, Niioaa TR — KA FET MM H - 4.
o TR LGN, Prif appy FHHEREFIR B P BN ECH & A P SRR BN R A, A
6)H Pris app IV T 15

p hit _user —

(15)

N,
Phit_ap =~ " (16)

download

o, Ny, BRI T P N app 20 H L BIHEIEAERG 1 app X H 5 N e o8 — R R8I A
app ZCH .0 8N TR BEALE DN A ST S AR VR S R AT A, T AR VI B S T, FRAT
DA 3 RIEHRE (2015 4F 6 A 1 H~6 FH 3 )45 5l I 25 B B 14 45 AL A0 H 3 10 VF0 &5 AL 1R JAE 4 4 8¢ s 1)
HEAf 2 2
4.1.2 2 FEVETEI

re A 28— L HE A7 2R 0B SR FR M, (LR 405 T 1 238 v 1T 220 R PRI P 27 45 R IF AR THERE R G K
Wk R ME42 2 FEME VI EL RS 2 A 5 T :— R 3 E R Gk 8 1K R N (1) 88 0, RIS T 349 45 1, VPl g 8
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PRI T P AS T3 T — R AR A2 IR ZE AN 22 (W 0T 142 20 2 v B 000 A [ 1 T 5088 22 15 R o — 2
TEAERE DY H B 8 (A B0 4R E OB 20 AR 38 5745 R O BT T FH SCIR (13T mh i AT 8 TR M o 4
AEHN 2 PR S I RHBOPR b 1% 8% A HE 47 25 R o IR AT R U SR o 3 I A = (17).

H ==Y p(log (i) (17)

FCrp (i) e N R R URAT BE R LA N HIRAT BE 2 RN 550 182 R34 B2 0 A 81 247, DM JEL IR A0, i W4 47 R
G 7 i A B LU SRR 3 HETE AR G0 K R RE 0 D A0 D TR HERE O MRS Tt — 2 R T A
2 REPE R PO LUADL, B T v SR 45 R P RS e 1O I A7 AN ) I T BO85,32 8 Hall app) 2 5, 3138 15
THERE SN AR (K AN ) NS (488,38 4 H(hit app).

BEXT P HERE SR K 2 AR B AR AT A A8 THEERE AN I w HEAESIZR R(w) ™ P app Z 18] () AN AHABLRE
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Zi,jeR(u),#jSim(i’ J)

Diversity(R(u)) =1- (18)
> | R(u) | (| R(u)|=1)
Diversity = L z Diversity(R(u)) (19)
| U |ueU

4.2 ®ALDA CFFILDA_MF
£ LDA_CF /1, 3&AT 1L HL K=100,11 100 > 380 06S - 32 UL o 1) S5 56 2315 o, B, p/AK AL AR A oAt 2%
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KA LA R KA R BERR S % E U AT 5 MR R R R i 3. th T () PR, 4 JeoR TR &
AL 1 ROR 1,5 AR (0.314) K n <& AR EL 0.3 14 M S i 1% 3 .
Table 4 Topics and representative words by Linked-LDA
F 4 Linked-LDA 732 app 3 & AR 1A

i AR

#1 FIR(0.314) & 75(0.124) T 3%(0.054) mp3(0.038) ‘K#%(0.013)

#2 REY0.235) BAREH(0.036) ik AE(0.031) #H %% 21(0.023) JLEEH(0.021)
#3 T B5(0.202) FRIH 2524 (0.16) =¥ (0.068) #I1i1 J£(0.021) X xHf(0.017)
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A A e IR P (R LA bl — AN BB v BRL D — JRIAT A B A 1 P R R R Y HERE T P —
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FIRZ 5 app DHBEARH S BRI, 5 g4l ] LDA_CF A 3l 45 v e 0 9 R v JR AT DB % S0 A g 44
B AR A BB A8 7 — AT 0 8R4 A LDA_CF (A% N, 6B Top-50 45 B0 A 47 15 e 4.
Table 5 Recommendation results of LDA_CF
&5 LDA _CF it

WA bR — A B — J5 s
LDA CF_ LDA CF(text) | LDA CF__LDA CF(text)
Phicuser | 0.046 8 0.015 1 0.056 6 0.017 6
Pizaasy 0.017 4 0.006 9 0.023 3 0.008 7

fE LDA_MF BAS p M4 O Hoft 2 2 1 s B 2 561, 4 a=50/K, 4=0.01,K=100. 7t LDA 4 il fr) 3= % H
I B 3 R B B 11 2 R 448 5 2 — R 10, BT LDA.MF iz VI 25 SR HO T P B S 40 R app HO R SHAS R 4
100 4. LDA_MF #2&5%F CTRIUK S, CTR Sk LDA 555 [ 43 il MF AH 45 45 AF 2208 LU0 item(E) app) &4y
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FEVERG AT 10, LDA_MF Al CTR HEXEEE R Phis user, MIFEAEHER I 7, by 24 KN 00 A ] P 20 L A9 22 A
% .CTR JEFEUER R UG 5T LDA_MFE,{H LDA_MF HE# 45 AL ERM A app #H 2 £ T CTR.LDA_MF ¥
FIJ™ B % B NS v AEAEAE I R o AR AR T B 34T 027 23 P A app BE 4R AIE, 384 1T ™ A
app 191 SCZ g9 N 25 I8 Va0 T47 il 2> 1 app 45 SO 24 78 4 1 AE LS T 2, 0 7 A app (9B 5
SAE 4605 FI T LDA A5 5 2 STH3E U5 KL ITEL LDA. MF RERS 44— #3 RIUT] P SR I IE R 3 1400 it 27
5.5 CTR MG, LDA_MF REWEE HEA CRAUE HEAf 2 16 BE il b, — e PR 4R st 45 SR i 2 FE

Table 6 Results comparision of LDA_MF and CTR
% 6 LDA MF fll CTR #2500t

W F A LDA_MF CTR
Phi/ user 0.088 0.089
Phit app 0.033 0.023

4.3 B& % ZHybrid ReciifF4E R
TEIRAHESE 0 T 3 THHER 45 R 00 2 KV, B AR )0 BB 7 JRATIZE R P N sy S A P 5B 71 #a
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Table 7 Recommendation accuracy

FzTOMEHREHER

Jrik Phit user  Phit_app
MF 0.0881 0.0322
LDA_MF 0.0878 0.0330
Item_CF 0.0257 0.009 5
LDA_CF 0.0566 0.0233
Most Popular 0.0072  0.002 1
Diversity Rec 0.0143  0.005 1
Hybrid Rec 0.1016  0.032 7

Table 8 Performance comparision of top-3 algorithm

F 8 HETETERE top-3 FLIENIPEX EL

J7 ik Phic user  Puirapp  H(hitapp)  H(all app)  D(diversity)
MF 0.088  0.032 2.172 1.799 0.821
LDA_MF 0.088  0.033 2.201 2.011 0.824
Hybrid2 0.093  0.033 2.243 2.793 0.834
Hybrid Rec  0.102  0.033 2.309 2.958 0.838
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