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Spectral clustering and embedding-enhanced POI
recommendation in location-based social network

LIU Zhen, WANG Na’na, WANG Xiaodong, SUN Yongqi
School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China

Abstract: In order to effectively capture the spatial characteristics of multi-dimensional context information in LBSN,
and deeply explore the non-linear interaction between users and POls, a spectral embedding enhanced POI recommenda-
tion algorithm, namely PSC-SMLP, was proposed. A preference enhanced spectral clustering algorithm (PSC) and a novel
spectral embedded enhanced neural network (SMLP) was designed to solve the above problems. Compared with
state-of-the-art algorithms on two datasets, PSC-SMLP has better performance in terms of the precision, recall, nDCG
and mean average precision.
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clustering and spectral embedding enhanced mul-
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I (x)=ReLU(W’h' (x)+b)
h* (x)=ReLU(W'h"" (x)+b") (7)
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POI #%7)& T OCCF (one class collaborative
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ARSI XU R R L (logloss) 1EA SMLP
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5.1.1 HIBEEH

ARSI oy FE SR FH (1) 2 LBSN Hh 2 22
I HHE4E (Gowalla A1 Yelp)o

Gowalla F 48 42 4 W7 30 4R K 272 #F 50 N B3 7
Gowalla “F-& [ 3R751 2009 42 H 5 2010 42 10 A
TEABRYE A A R B S 2 B0 o o D 4 A 2
POI XHEULT 15 WP R E b T 10 1

POI, i¥EJE A EaRs 18 737 ANH /5 32510 4
POI, 1 278 274 k%%, “FY¥RAH P23 68 4~
POI, %4> POI #% 40 AN 2530k

Yelp £ 4 AL 5 K= (1) POT A AN 30T Y 1K)
B0k, A UERIZE S POI BT 10 (I,
S I BEEE S 30 887 MY, 18 995 4 POI
1860 888 XA H . ~FHREANHI 255 27 A POL,
A POL #f 45 ANH P28 3I0E

Gowalla Fl Yelp Zifs e H #SEAELF OGRS S
Wk, HAH I AR O I, i it
AT PR ER S (PSEAE BN 2 FoR, RPFRSRELR
h FH PO 2821 R Hh 23 1 ORI P T ) L A

BEXF Gowalla A1 Yelp 1% 2 M se, X H] %8
F| POI £ A1 POI 825 111 FH P Hom AT 4e vt
5FR. B S iR xS 5t - ek
POI #i&, MRS RH=.

20><103
i 18 g = Gowalla N,22 Yelp N,
=16l g = Gowalla N,E2 Yelp N,
Sl O
=1 A
=121 ON
Lol PN
250N
g ;%
=6t ON N
a4l ON| e\ B R
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:i:?% $:£?§I ?%l TN ,§|
o LN BANI BN NI KN
<21 21~31 31~51 51~71 <71

ZEBIBE K
&5 N, FI N, 50

K 2521 POI K bric 4 Ny, POI #2521
JUECERRRIC R Nyo B S W5 H7E Gowalla %4
R 3 POT HUE N 31~51 M S H %, M
7E Yelp Ziin4E b, H 283 POI H &Y HIA 0~20
P R % .

5.1.2 stk

AICRHA BN 8 AN S AR SR
PSC-SMLP SEHEATRI L o

1) iGSLR ( personalized geo-social location
recommendation) ", {# il KDE (kernel density
estimation) A H 7 28 2147 4 ¥ BE DR R AT M MEAL

*2 HREEARER
Hiflitk MBS POI %A X BHIx i S RS2 R B0/ POL TR A8 280+
Gowalla 18 737 32510 1278274 0.997 90 68 40

Yelp 30 887 18 995 860 888 0.998 53 27 45




«202 w

¥ iR

41 %

AT, SRJEHE e AL A AN B DR SR R B S
—HIRER

2) LFBCA C(location-friendship bookmark- co-
loring algorithm) "', JEF- 4 FhAIZE, 43500
(R0 AT R HOBRDE 3R ALAT RIS AARB o, AT
F PPR  (personalized page rank) %%, THE R
25 5% (bookmark-coloring algorithm ).

3) LORE (location recommendation) "*: M
JURIREEIAT A TSR S, R L AR AT R
HSL R & 250 IHEFFHESE LORE Hio

4) USG (user social geographical) %, % &%
F s« #1A8 S EEE 0, 73 348 H) UserCF Cuser
collaborative filtering). FCF (friend collaborative
filtering) AR AT AT R, f5Jm R 22 A
R & R g0 HERAAEZ USG .

5) IRenMF (instance-region neighborhood matrix
factorization) "o JEILKEAHARERAE & HF S INAL MF
(matrix factorization) KX Hi BE 52 M A5

6) ASMF (augmented square error based ma-
trix factorization) Al ARMF (augmented ranking
error based matrix factorization) **, % [&H|# A5 5%
Wiy 3G, HUBEREm, SR TP R
MF FERUFIEE T84 50 (R HE 44 TR 22 1K) MF A4

7) PACE (preference and context embedding) 1,
I8 F LBSN 2 A b R SR 3 (R AU AEAT
Wi A RS D R O ) DA B o S A G A
PE T MR O HERAAE L.

8) LOCABAL (local and global) !, Fi}f] 2
Ttk 2% 50 R AL AT AN 4 BR P 2 v 1K P A
MF HEAT @A

A T 4 DVEORAR TR SR T
fe, HIVERIR (Pre@K). AFE (Rec@K) JH-—
T 4 B A 5 (nDCG@K ) 1 F 3 kG
(MAP@K), H1, K RRHEHETIRIIK A
52 ZEWEZIW

KA1 U2, KA SCHR23]10) S b B
AN ELSERE R POT BEALILFE 100 N ARZES
POL VE N TAREA, SRR 225 21 POT ANUAEA
A RIS AR .

5.2.1 PSC ¥ RIRH ka9 E

AR PR R KL $E bR . CH R #R
(Calinski- Harabaz index) 7> RS TSR EAEAL & 11
VY. CH $ia b7 HoboR U B R BRI

Xk AN, CH Fiabrsr Bt i 1) 2 Her- 48
RN B H A

S(k): Tr(Bk) N -k
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(10)

Horp, N 2B ENEGE, B RN R,
W, S 55 0] B BUERE o By AT W 1195 XA (1)1
KA2)Pr7R

B, =>n(C,-c)C,—¢) (11)
We=>>(x-C)x-C)" (12)

Hrp, €, 2% g b, o REBIREN L, n, it
1% q (R s A .

¥ k43590 k 2.5.8.10. 15, X F#i4E Gowalla
F Yelp {1/ CH $8F5 73 HOR VP SRR, 45
6 JIis o B 6 il LLE H, X F£idiE 45 Gowalla,
VIRBRIREL kN 8 IR IBA IR AT o X T Yelp ¥
£, Mk 2w, RRHMAEL, MR ERIXE
PEAR BRI O, SRR IR KAL) k=8 1)
fHo Dk, WERRE kN 8. AP Huei
2 W BELL Y AT I 82555, A fE Gowalla FlI
Yelp i 4e B4y Jnlik FHH - HEAE 2 R e 1,
X2 ANEEALI PR 5 0o 8 302 T 9 233,

110
—e—Yelp
90
80}
ﬁ 70F
% 60F
o |
iz 50
O 40
30F
20F
10F
0 2 4 6 8 10 12 14 16

k
Bl6  BERMEE & X REHCR M R

5.2.2 AW W LLLEM 4G IRAE

AN S R AR i 2 28 B R TR RO 2 1 )2
KDL BB B )2 (10 2 5 CRIV P 28 10 28 1) R 8
FIFERE) SKisHiE PSC-SMLP 2% =) F 7 i e 1)
A RN

ARV E PRI PO i N 23 e g 23 1) Ul
B N2 P ORT PO (IR EE 1r) &, BT LABRORZ (1) %
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DA 2 MR B AT S8R 1) et

1) BRI k=8, 1% 32—~16—8—4
WA N Z (28R it MR, BN IS
W P2 LD, AERE SR EE N 10, LL Gowalla
BRI AR BSOS T4 2K MR B loss Al
# HitRatio@10 520, WK 7 Prox. M 7 gra]
DL ILBE A IEARRE I Zk H bR R £ loss
RN, HARIEARECH 20 5], loss S N F%.
24 7% 2 HitRatio@10 1 loss, A KA IR HH
H 50,

10 10
08| 1038

o <

So6 | 106

2 2

3 104=

204 —=—HiRatio@10

—e—loss 1

0 10 20 30 20 50
AL/ K

Bl 7 SBARTREIO dir i 220 S (E 5%

2) 7F Gowalla %4 4 b xf fir 45 £ 4 A
accuracy K VE Al il 28 9 4% IR JE R 58 V) 52 W .
accuracy 18 1 FUINAE A S i AE 2 [R) 22 {E S il = ph 28
W8 TEAN ] 288 251 S IRt i, ek 3 o,
o b PR 2% 24

WELESE, W% 08 0.000 1. WK 3
ALUEH, R — 2 Mgy, phg oo
k=, accuracy Mifm. —RCkUL, WEkE—E
AR, BEEZEI3E N, accuracy K. 4
o — JZ A BRI, B2 23 2 4
RV RN, Bk 3 Y250 4, Ha— =0
ZIGINN R 64 I, ARSCHEH (A £ I 28 AR 6
ToME M SEON E, A3 T RAPRE.

53 HEBELLER
53.1 LGafreikegrbix

K] 8 X NTE Gowalla F1 Yelp 1X 2 4L I
PSC-SMLP 5 A 5L g, PSC-SMLP 7%
T br ERE T HABE . 18] 8(a)~Kl 8(d) /s TE
Gowalla #fs 88 b 1) %N FE a3 E T- B 8(e)~
Kl 8(h)IT7n7E Yelp Hidla 4k LS TERE, X2
i Gowalla s 42 1425 25 ELAHE A5 B Yelp
BT A FE, AR H PSC @& B R
15 R BT R AL #

=3 RREIHEZEMLELEIRY accuracy

accuracy

Pz TEA By
h=1 h=2 h=3 h=4 h=5
4 0.48 0.6122 07317 0.843  0.871
8 0.6204  0.7829 0.825 0.852  0.878
16 0.7440 08413  0.8521 0.865  0.903
32 08749  0.8914 0.901 0910 0915
64 0.8920 0.912 0.921 0.935 0.93

XFEE S PACE J& T-HP e e iy, o5
VAR SR R A G (¥ b I e 908 B AR
PSC-SMLP HI PACE 1t #-45#5 b1k REIDLBRE 7855
FEH T A8 I 245 5 P R A e M O eR O T R
T HIE NI fEf1. PSC-SMLP 7 Gowalla %
e Rec@K P8 EL) 3%, ik 13%. 1t
Pre@K P& fciis 1.9%. £ Yelp ¥4+
Rec@K V-3¢ R4 4%, 1F Pre@K i if i
2.1%, MAER—$di 5 L Ek R T R R,
PSC-SMLP HE{E M £ 5 5 I Lt PACE BRI
AP I . — 7 THE R PSC AU 28 2 i
UFRIAEAS e 2 AN J7 T BEAR AL A R
41, i H R A E TR 5— 7, B
U] SMLP 8533 R ) FH A 26 100 28 F AR 2 PR s
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