H39% A4 it A HL =5 Eire Vol. 39 No. 4
2016 4F 4 A CHINESE JOURNAL OF COMPUTERS Apr. 2016

LBSN R E T U RN BRER
Eh% £ F AME A A A %

ORI R AR A S TR B S PLIM 245 AR B AR B M A LR = (93K-9) Mt 211189)

# E %S (Point-Of-Interest, POD #E7¢ /& 3 T & A9 4122’ 4% (Location-Based Social Networks, LBSN) 5 ()]
— I EAPEA RS, T LBSN o 80afa (9 B8 8 A i 1 o 6 T W ) ok 0 B VR A AR R SO 4R i T OT AR
B 2% MR AR B 0 T e AR AR LBSIN 25 4 g A A4 iy A5 S A 0 2% A5 R, LR 51 A T 8% A8 R il 3k T R) AN ) 28 R G
WA BT = R W g U ] - i ) T A A 4R L AR 5 S A BB AL 3l S T T B O B AR R ALE 1B LA E e S A
P A R i T R Y IR DG IR B ) T M 2 0 O R 3R A A R AIE Y BUMEL B U5 T SR G PR SR AE A5 R i 48 F)
RE A AT A B HE AR 1) 2. SO AE 3 A L0 LBSN 8 B HHE 4 b 31T T 9000, 45 R R W% 5 1 W] LU 3025 i LBSN
P AR R 1 ) R LA e A O A AT I AR OR.

R ST OB RSG5 R4 s %G A s JU AR s R 20 s 4L S A
HEESES TP393 DOI 5 10.11897/SP.J. 1016. 2016. 00675

POI Recommendation Based on Meta-Path in LBSN
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Abstract  POls recommendation is a crucial personalized service of LLocation-Based Social Networks
(LBSN). The extreme data sparsity in LBSN presents a big challenge to traditional collaborative
filtering recommendation algorithms. To this end, we propose a novel POIs recommendation
algorithm based on meta-path. Firstly, LBSN is considered as a weighted heterogeneous network
according to its structure attributes, and the meta-path is introduced to describe different
relations between nodes. Then the set of meta-paths between user and POI nodes is given on the
basis of three degrees of influence. In addition, we calculate the eigenvalues of meta-path by
random walk to measure the relevancy between the head and end nodes in a path instance, and
determine the weight of each meta-path feature by supervised learning. At last, the check-in
probability to each candidate POI is calculated to achieve the recommendation result. To evaluate
our algorithm, we implement experiments on three real datasets. The results prove that our
method can effectively alleviate the sparsity problem and improve the accuracy of recommendation

system.
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meta-path; data mining; social media

WA B39 :2014-07-17 s AE LR M R E 391 : 2015-07-16. A TREAF 3] B K H SR BF 2 B 4 (61272531,61202449,61272054, 61370207, 61370208,
61300024,61320106007,61472081) [H 5 “ Ju-L =7 #i F b 58 & R B A1 350 B 5 4 (2010CB328104) L [/ 58\ 75 =7 i £ R WF 5¢ & Jg 3
R H 345 (2013AA013503) | 7 &5 24 44 8+ 5 22 B R K 4 (2011009213002) (Y195 48 BL 2 11 R 300 H %44 (SBY2014021039-10) (7T
IR 2% 505 % A T RS0 55 (BM200320 1) (FH S AL I 45 Rl S8 A A0 7 0 B R S0 30 % (R g R %) (93K-) e )y EIR#R . 55, 1967 4F
A H R A S0 R E R AL S (CCF) £ By, B BR800 AR 45 1580 I 45 22 4 4t & 11 3. E-mail: jx. cao@seu. edu. cn.
B OR.B991 AL BB A BRSSO B AL ST 84, T3, 1989 AR B BF A REM SR T kLS. A .
9%' 1989 4F A A L BF A FBWFS 7 I sk b X 3R & 1975 ARAR L L R BOR L R ENFE L 4 (CCP) & 5t EBERFSEJ7 1)
EH AL SR



676 it "

Hl

i 2016 4F

AL
-

1 5]

13

AR, TR S L GPS B4 BLRAL B N 45
Wk D38 15 55 3l LI B AR A Wik 2D s AATT H 8 il
FH YR e L v B2 At 19 167 B 78 157 ) BE Bk 8Os B L (i
FEL B RETAL P AR I &5 7R T L BT
i 4t 32 W 485 (Location-Based Social Networks,
LBSN) fiie 55 45 2 ik & &, H 2 27 R P Y&
% W E S Y Foursquare, Gowalla, [ P i) 5 55 | 1
M 4%, LBSN 5 1% 48 78 246 41 38 B 4% (Online Social
Networks, OSN) # 32 B D5 75 T H 48 i 1 3t 242 {3
BEAR B FH P ] U Y /i U5 (8] (9 24588 a5 (48 T L
B RIS RS &R IR S Ky A S H
5. 7E LBSN v, Xk i #E 77 IRk 55 5 16 R 7 4
e O Y PRy YD DA (G DR 5
il FC TSR T 52 = o B 0 P R

H BT 1 A A7 B TE AN (] 10 P 450488 52 31 Tl
TR AR B )z S W R 45 S
PR T 0 AEE 0 3k Ay Y P A L B B A 8
) 24 1 B 2% v Y A A, BE T AR A R &% I A R
iU RRS Sh HEAE R G BT AT ROk £ 6
T 7 R Ay b g o T I A L o A [ R
Ti P A O R B B O E N A E S
JIi 55 . LBSN [a] B 40, 5 FH P R0 Y% 0 519 A5, I H 2% R
USRS P 7 0] %) %0 s A AR A PR
JIT A2 B 85005 M BE AR 5. LBSN 18 55 J5 P A 4% 31 450
5 V100002 0 6 e 2 8 R R R T T R B AR

BT U EFIE AR T —Fh i T oo i 2
LR SRR T e AR e LBSN 45 44 FR AE A 2
TS P 28 A5 7, LR 51 A TG B A8 R 3 19 A TRDR
[ 2SR SCHROC AR BE T = B8 52 e g B ] -2l i
[i] I B A2 P AR 2 AR 0 ok Bl AL 30 AE i B OT i
TR AEAE LA S it S 01 6 A% rp ) 1 R T S R S B
A T2 B 1] U 92 AR A R R AU B S TR
S TP SR 25 326 20 R 114 25 30 K 58 DA TG A ol 4
TG R8T P 28 BB A gt 2 R) AL, AR S5 | AT
PRASME & 0 T A OR 2R RN R AR O M ke 3
T AR R L AT 2 6 A SR | 2% ik i 1 1) A
P 1 HETE RS B B . ELI ] 52 2% BT AR

AL 2 A48 LBSN Hh 28R 5 HE 7 4 R 1 AR
KA 55 3 1A 41 H X LBSN #4g 4t 1) 57 4] I 45 45
RS A4 4R S A 0 45 b R T 0T AR 0 R

e RESE IR PR R €T b S 4
OO SR AT R 1) X BE A L B TR A K
P55 7 W RS R OB A

2 HEXIE

UL AR, LBSN Hpr 4 HOR 45 32 B N b2 1Y
DRV D6 R HE TR BT SR FERCHE 4R W L4k B T GPS
AR 0 54 A LBSN o (14 25 21 B4 . SCR7-12]3Y
52T GPS $Uil s e AT HEF OF oY Ho o 2 AR &
BT BB 4 i %R L T LBSN i 25 B 5K
i O A5 A 1 SUIE B 68 S S 7 2%
SAZAE T B EA W 6 R DL R R
KFZ I3z B0 58 1 5 Bk, SCHRC13-19 )8 F 2k
T2 SR 1) 248 5 HE AR B 5T

W2 R & e &4 BB AR D iR AR Ty
DBAEE F BN AR 3 AT I -

(D XF EF O K 8w TR P
Ja P e 331 L o g 45 ) 0 % 8 o T P Cln 2 ) L 4
) By 4 R L TR Bao 25 A NUUNG HE AR R B84 LR
B BRI N R HOR] P 2% e o v
FEH8 A N G A M A5 8L 28 R e i
B TR 1 i 1 4 M0 A5 B A PN TR % M AP 4, AT
HEATHERLE.

(2) K& T 5 B 40 BT B HERE. FF R T N 25 40
FINGE 4 A B A2 40 s G, Long % N ARSI AT T
BRI K Z R G 32 1 T HITS (192%
SHEFEFE VL. Cheng S AV NE BT EED
IR AR IR 5 1 iy T X I R ) S PR B0 A 2%
SHERE. 28 A NP S AR T KA R RS Bl % 4
AR 1 S 25 A L 3 25 5 X B 38 Bl A A R

(3) B& T U [ml ok U8 A HEFE. FF 2 E T AP
S B0 S A R AT HEAE L AT HE— 20 4y S T E S
PR 7 R 36 T R ) i . R 0 A2 0 A el AR
SO ED RN R N U/ B S RN R v A iU -8
Zheng % N9 iz AT P 0 U ) 2o 8 O vk ik
F1 268 S HERR 2 J5 78 SCHRL9-10 ] 2 % B F I
B I Ao 9 JEUAEL B O T M 51 P TR A 0 A
% Ye NN K P S B 2 A AR U U R R
G 8R SR B =07 T 5 L 55 T P e B I o
U8 HE T A 0 I 2 98 RN L T b B R 0 4T
AR IR G U R) G DR AR L R R v T MG L
T TR (%) A A L R R PV o AR A R S BT 4y



4 19 WA, LBSN 3t F ool 2m

D4R T 677

AL LA SE B 72, Liv 28 AN 50 F P 9F 43 i P
JE PR R A P L % M A T R I [ e L A Ut
it b 8 DL o Pl A TR S Ty P Xof 3 28 1 1)
GFRREE. Hu 8 A0 YORE I 23 i A A i 2%
RS N P R M 2 B e s A S A
P ARG B

DL HEAE R ¥ 5 F P Dy st e S B0 L Bods
P8 L P X A G B S LA — R B S L A
48 B T O B B 1 F Y, R Y
A A P AT S A S AR R L Lian 45
NS L I 4R S A B 4 i A 9. SCk[20 ]
iz 1l PageRank JEAH DI M MG 9 cosine A BLRE &
T5 5 5K G2 fif B 7 it

AR SCHR Y — T B T 0 AR A R A HE B
HMEHBIET ANFZET A 5B HERR,
M7 T 2% T 45 2 R ) TR A R IR L TE S
JEEFEY P 2 B30 SR L I A O R R R R G 1 SE A
b AR SCH] A TT AR O 220 Y R DG R 2, I T T
FEARFRAE TR P A& B R B E N B R 2 R
JCEEAR R H AR P A ORI L DT 22 fi LBSN

Hr R e R g 114 ) AL DR O AT DL AR v A

3 LBSN RHgMg1= 3

S F I 245 J2 A5 A7 A AN ) T Y 1 X 4, — i
EXH=ICH GV, E. A Hp V BT RESE
JEH ARG A R AR LBSN 2 LA Y 5
PP 2% A0 F P 21T A« AP R 3 i A B =28
RY DRR DRBUIE DRRPAY S U RV SAT PRy i
ML R L - P R TP Z BB AR AR
FH P =28 301 37 P RS X i 1 5 1) 25 1) 5 2%
= Nl 0 RN Yl TR R S T R 4% 2 A
NEEIE 1R,

I ESA

PR IR

B 1 LBSN Ry P 2%k 8 450

ARTCRE LBSN A5 Sy iy A fEL A 57 449 199 2% 5 i I
JCH GULL.E.W) R, Hr,

(DU={wrsuz s su, ) AP RES.
(2) L= {ll NATRLE ’Zm}j":ly\‘@/@—%/ﬁ%ﬁ-

(3) E=Eyy UEy. UEL 2 M % i i1 1 4
B A SCINA LBSN o e A i #5026 ) iy Hor,
Evv={(usup|u, €U,u, cU}FRHP-FAh%E
AR KR En = (us 1) |u, €U L€ Ly 3
AP - AN ES WP ZRIT N EL =
(DL E L € Ly 3R 2680 i - 248k i 34
BT8R R O

(DOW =Wy, UWy UW, 2 R 2% v 3l ) AUE
EE5,HP Woo={wluu) | Cussu;) € Egy ) A
FU-H P AUE S A s w s u) F78 P Z T8 Y 25
BRRE Wo, = {w(u, )| (ui s ;) EEy ) N -2
RS B AE SE B s w Cus o 1) 227 P R 248K 25 14
MRFRE W, ={w(l,[) | .)€ E.,} X%
R 2SR R I BUEEE B w (Lo 1) FoR 2080 5 2Z ]
R HH O 5

TES A M 45 LBSN 1y = 28 1 i, 24k - 2% R

3T R B 2R R DG P O B . A SC T

A7 0 8 25 18 TN hy 8 1 R I ) DN Bk 282 6 ) 4% 3
FIR) PP 2 A 3 S T A R R A BRI Y. e dn, — A

2RI 22 A X 22 TB) B T REAR I . H 2 4 W 2k
VR A 225 5 D ). X8R S A e i 8 LR
EX 1. M@ S BeEnEBEE A EG

FEFH P X D0 LA L R AT % SR 45 B HL 2 3 i [ 7]
B /N A, A Ry 248 05 40 L A DG Y.

AR SR AN SR M 45 E = 2R RUE. X T
F-FP s B P Z R I AR R AU Y R 1.
X T FH P - %0 05300 2% R - %R A B 5
JEAE 2 Fh 07 et i O 78 S8 50 T 03 B E SR T v
(LN

(D 8o P - 268 S 0 BUE iz P
X122 2 R ) 28 3] S TR 5 M R - DR R Y B
A P B2 B0 SR Hh L PR YR A B R]
Bl 3% B2 I U IR B B B

(2) AR E . - 2R 0 B L % R
Z A ok 2 31 BB X Dy 15 D68 - 2% R 530 B
DR A5 RLAEE AR M AU Oy 1.

(3) X E i o X T i B S R BOR
BANE AL



678 it "

Hl

2y e 2016 4

4 ETRRENXBIEEFEEZX
4.1 TEE
T (meta-path) 3= B FH R i iR 549 [ 45
AT W A 1] A AS [ B A2 2 A /e LBSN o, B
AN R Z IR A] DU AR AS [F] 28 BN [a) 4 B2 Y A2 1L
AP Z 8 B AR T LR AE LN R -
FHP =P TP - 26080 a5 RLR R - 2 - 2%
RS- P S AN ] AR AR 3R 0 ) B SO TR B A4
IR 1 a5 TR DG I0E R B A [m]L 3XRE Y B AR AT DA
TCEE AR KA A  TT B A A AH G E SCINR .

EX 2. JuikiE. EREME GV.EA)h,

— Py =i\ A A s Rl Rz
TCHEARE XTI R P=A——>A,—

LA B A€ ALR, %R R [ 2 R R
KA.
TE LBSN 75 28 A4 P 17 5 U FY
EWEL, EREM R e{(U-U,U—-L,L—L}.fh
TN LBSN o iy A3 i #2276 1l 19, Br A & &R
U—L5XRZL-U Z—3, B #E8 & 243
17h.

EX 3. LR EFHMYG GV,EA)
o TR P=A,— A, By
TEETERE p=C(01 05 0,1) 0, €V, H A XHFE
BT HoMEERA v v ZRIKERIET N
R, R4 845 p FRONICIEAE P B — & S5 10 B 45, B
B IXRE G B S B AR TR N T AR P I SE i Bk AR5 P

TE R AR TR T A 2 Y 2 B A K
U, N [R) B8 70 A A B 7P 1 T8) AN 7] 2 78 A oG 16 .
KT IR AR S T AR R IR I HE S 2 X
.

EX 4.

JCEE AR AR AR R o 5

N . ., R, R, R,
v, [0 TR P=A, A, . A,

JLHEAE POERRAEAE 0 AT AR B B S 00 5 o
(6] B KRR B L F Edg (P) 3R,
4.2 ETRHHRENXBREFEER

P L HEAE S D PR R B U ) 2o {HL AT
LR R R T R AR SR Y A T T R AR Y
PR R HE S RS AR O B E R T Y
SR HA T 6B T R R U AR AR S LA
Oy TR ) A 4 5 SR i S ST B AR R A LAY 3 58 T

s R W 2 2T AR AR AN [ T 6 A8 R AE 14 AH B
AAE S 5 T H 58t o o 7 4% %l 1) 25 3 M 32
PNIEN € F: 2 E S
4.2.1 LBSN H G 45 55 0 ff

FEF LBSN [ 9 45 55, 1 5 b+ P 37 02k
T H AT 248 5 SRR B T AR A ISR 1 TR,
R A5 /I8 T AL B 42 2R = 3 B ) B AT DAHE T
KEER T 3 1Y B AR R B0 SC B G R AR 55, Jir A
AR BB N 2.3 MITKFE. Hhh,U—
U—L R TRFHP N ETEER. U—-L—L
PRI T 3 TR P R g AR AR SE K23+
X ZEBRAR X P 2 AR D B A 808 1 R
KRB G AR AL W E. AXHIRT 3 Bk
LN 7341 4 250 A% . 0] LR 3o 0 A 0% 3R 2%
SR G KR & A RO AT % i S0 A it

F1 AP-MBRZENTHERESE

TCEEAR TG AR R B i

U—L—L BE X015 17 () 19 Y R 56 9 2l
U—U—L  JH ol 8 T ACE K 2% 8 A
e

U-L-U-L

JHI 0T 30K 5 A A ) 50 A 0 D 2
e

JHLP AT BB X5 5 ] 2 B0 0% 8B A 22 SR A SR Y
Pl
JHE] REB: K45 4 A )3 1 4 R SR 14 M A

U—-U—-U—L

U—L—L—L

U-U—L—L

4.2.2 JCHARFFAEE AT
BT HEM T RE AR B B AR
A E B0 19 G B% 42 e B A TH 55 U7 ¥5. 45 7€ LBSN
M GU,L,E. W), 5t XF T 42 P I 52 4] B 42
% P/ OCHAR P IRRIE(E R BT A 9200 % 4 1R B 1) 5

BERR I Z F L i3 A
Eig(P) =Y cor(p)

PEF
For cor(p) 2 B Az p A A9 799 s ) SCHK JZ
XPEEBIEEAE p=(arrar s va, ) sa €U N
FU R a0 € Ly s HoAl a0 S ) e A
PRI LA R E T AL B AR p R BBy T R TA) G B
cor (p) HeFRAMLIEE AT B — Ak 7 M
TR a) R A R 4 R BEAL T E S € S cor (p) AL
TR MRS A p WL BN A a0 B9 RE AR B AL IR
7B T A — ki A B0 B AT A Dy A LM ST Y TR
KL -4 BRI B AR p U7 E 1O HE 3R 45 T 4% ik A R

Z B cor(p) Wit E AKX IT .

@y

cor(p) :HPro(a,-,a,-H) (2)
i=1



444 BT . LBSN HpRE T I8 BR AR 1 D4 s HE 7T 679

Hrp ProCa;va; ) RN BEOLIEE A B P N S o B
BB R a0 R,

TE 7 BUH 1Y 53 48 ™ 46 v, AR SCE SC Pro Ca;
a; ) IFE AT

w(ai s Ay 1)

2 wla; sv)

v€ Nlay)

Horp NCGa) FR T8 a, AR L5 8 a0 28
S S
4.2.3 2R SHERE A

M8 22 A 2 A9 T P - X 8 A5 22 T 1) e % 12 4
M={P, Py, Ps} AL P 2488 g X Cuy D AR ]
ASE 33 70 B 48 AR E 153 T VA A5 B — A R AE 1)
0= {FEig(P).Eig(P,) .+ .Eig(Py) .1}, HhF ¥
LACH T 28 AR 25, kT2
81 51 (132 4 0 A 28 AT A0, P w25 2% 5 L % F
Ok TS|

3

PV()((JI‘ ’(11‘+1) -

. 1
o 1_’_67“
JCH i i O Sk o AE (I 1 i v 4% A R AIE 6 HE 2 T
HRORE R PR ACARL » T DA T 5 4 ds T M 2 T O 1
ARAT. TESE LA F AR 8 A R /NI TOP-N /Y 2%
B LA N HEAE S

L5 b T IC AR Y 4R U HE R BRI a5
B VR, o  Le 3R i TP o HET B0 40 16 %
JEA Lo B NP wo R METE (0 2488 5 A

Bk 1 BT IOCERAR Y R R S

BN USRS M={P,,P,,-,P;},LBSN R G(U,

L.EW) . H¥H M w

B OB A HETE LR Le

1. Le=1initializeCandidateSet(u,) ;

2. FOREACH POl /€ L. Do

3. 1=0;
FOREACH meta-path P& M Do

4

1Y

S

5 eigp=0;

6 P’ = findInstancePathSet(u, s P) ;

7. FOREACH instance-path p€ P’ Do
8 cor, = ComputeCor(p) ;

9 eigp+=cor,;

10. END FOR

11. ali++]=eigp;

12. END FOR

13, ali]=1;
14, p=e"/("+1);
15. END FOR

16. Lr=TOP-N(Lc,0);
17. RETURN Lg;

SERES 1 AT ARYE 45 € U AR SR W) R4k B B
P HES o e BB AR S 5 5 6 AT AR E Tk AE P
AR Bl b o A X I Y S B AR AR 5 5 T~ 10 47l
b AR R S ) B AR B W I OC IR BE 4R AR T Bk A P
(R AR 5 55 14 47 - AR 2% 50 459 21 i R M 1) 1 0 31
T BIMEAR 50 16~ 17 47, DA 8 48 v 3k IOAE 5% e
KIE N AR ARy B A7 45 R

BEML GAWU,L.E.W)YH n NP r A%
Rom S5 BT OUBEAR 1 24088 SHETE R L R 2 R
JEP AT AT B R) A2 A EA B AE 3 2 FOR
TEIA 50 1R E 22 B OG5 2 20 &2 4%
JEH OC) e IR EE RN AN HEL 6.5 3
JERFE 2R B OGn) » BF LA 5805 SR I ) 52 2%
B OCrem) , Bl OGrm).

5 Xt

501 HiE&E

AL AR AE 3 DR ERIER A
RO X 3 A B B 2 R U T P SR LBSN iRk 55
-4 (Foursquare 1 Gowalla) ff) B 52 25 21 5 % -

(1) Gowalla 28 FF K4 5 ©. 128048 4 Jhy 0 30 45
REWETEN TE Gowalla - & IR AY L 52 % 21| £
it ZEAE L b 2GR SO P oA T A A R &
b A0 BEON A HE R L

(2) Foursquare 4Bk ¥8 4 (FoursquareAll).
R B AR SO H A E i A T APT ARBCRY 2
i A A2 BR A Foursquare % I 5045 (19 B AL R AL

(3) Foursquare 4] 2 4§ #f £ (FoursquareNY).
T A B 25 31 % R AR AE A1 29 3 BN R 4 R RO 4
IR BIFE AL 293 BN i & Bl sk, FRE A 2 A M
A i — 2D U2 3] 90 S5 T AR A5

BB SR A AT 4 AR RS BIE SR W K
KEWETRBHAM B FBIEX Dy P 1D,
AP ID) s BR8N M B (B3 F 5,
P ID, 28R 51D, & BB B . FERSBIEEZ )G .
XL R N AT T OK 2 B R AR AT O AT T A
U8 WAL S L3 A EHE AR i B AE Bk 2 k.
Horp 2203 B A =N 5D s

R R
= e By s 2 BB

(5

@ https://snap. stanford. edu/data/loc-gowalla. html



680 it (= Bl 2 Eird 2016 4F
®2 BREEFESR 50 2 WY BE A

BORtE R LA R BRI R 6.2 AEEFEENTLE

Gowalla 96283 1016059 837988 4516034 4.6E-5 j‘jgﬁﬁEz'KjC*iﬁEtHE@%?ﬁﬂ%ﬁéﬂ@%@lﬁfﬁﬁ%

FoursquareAll 109030 1278774 2680516 12733427 9.1E-5
FoursquareNY 23781 77950 517960 1570325 8.5E-4

AU 3 A B A Y 2 ) % R AR ARG, RO T
LIBSN o 2 5 o #7110 A5 2 4 g e [ L.
5.2 JIGESNRENKS

A S B0 7E AT BRI L 75 B 43I0 2 A A
A DU 3 ik 322 48 (81 09 2% 2] 5 6 AR 5 4 7
B IR 1) B 0, SR T 3 T 003 S B M i A
MR, 1 2 AR B 2 1) i R) 0 U5 R 2 B e ok
SAESL T M T, T EfTEE Ly 8: 1+ 1.
BEAh o S5 v B P I AT A O R OB AN AR Y. A B
SRR LT

(D YIZREE. T2 B8 T, Aby A O% R8s
Pt LBSN [ 4% , % 54> FH P 1 o H i 3 oo %12
AR B S AR AL ARG FE T b A R 02 5 )
BB ST T % B A AR A B A R E R
A 5 ) A BB R A

(2) MR, 5 AR LR AR T ik J L 5L T 4 5
BE T T, X P el ik X s dE & A P E
T A7 A2 5] 0 A B R A

B O o I 2 B N T S S IR B P W S N
PRAZ AL AR 1) B L 2845 1 25 45 1E TR AR 1945 B A
8 P ID %8R 5 TD G J6 A2 R AE A ) 1 DL RO £
il .

6 LIRS
6.1 EMIEIR

T PR % M R TR I ROR S A SO A
7 IR P ) 45 s T R L 4l R o A R4 A
S5 TR ok AR & R o5 HERE B B
B T A I A k. [ 300 A AR 2R b P oR
oK ELIE 2 BCHE 7 R R R % B Y L
B, B T AR ) A TR X P w0 (R AT %R A A

) HE B R 8] R g LR
HEW % = RGO (6)
b IRGNTG]|
HAMmER = T )

HoA R G N3 w SR AT HE 77 19 2% B B 45
TGO AP w AEMAE 1 S2 PR 2 B4R . HER R
A Jo] AR L 24 2 M 3 R LAOG F &

LI HERAROR LA BT A %R 5 A G 1 & B AR 52
RE 5 SRR L 1L v f) 25 S 70 O B e 4 1 5k A T
FEBFN 70 #r » 4 0 FE SR A A Ik 3.

x3 BWILEZHERIIE

RSB
I T2 BRI AR L i3
% G p [R]85 4 7
BT P 3R 4y AN BT
ARLLEE « iz A% 58 D[] 2od D 08 47 4 17
JH P 26 30 2480 5 BE B4 A R AR A
I B R AR BB A B R
(7] Ik 2% 18 P i - g A 5% A% At B
B AR 3 R 45 B i 48 B Y

3

User-based CF (U)

Friend-based CF (S)

Gl-based R (&)

Mixed R (USG)

JIASUAN B Ay 5 26 T 3K A 2%
Meta-path AR SCHR Y 3 T T B AR Y
based R (M) DR AR S0
Meta-path based R AN BB S AR

without L—L (NO_LL) J:FICERA 0y D480 5 HEFE 3 vk

HAU.S.G FUSG ¥R 3k 1119 X FE . T3 4h,
MR J5 SCS2 B 45 40 B . MR NO_LL ¥ BUR i 5
BT B 48R AR G S B B JR] B 3l 4 b,
i FH BT 5 0l #ean LBSN ] 7 - % 5
G - 4R 8 AU

FEXT 3 AN B 4R AR JEAT AH R AL BE A T4 T
ASCSEIIF R T AL 6 MHERR R L L R W
HERA R 1R A3 S AR 1 2 B . v Ca) (b)) X
Gowalla Zu#s £ , (¢) (d) Xt i Foursquare 4= Bk %5 4
4, (e) (D) X} W Foursquare 41 24 %45 4. 2 @
R T TOP-N(N=5,10,20) iy #E 7 P fE.

2 AT LLE L TEiE N BU A SCT
() 5 T 0 A2 M HE P2 S0 0A 78 3 B0 4 L E A %
A3 0] 3% g T A s AN A T
AN G S5 AH 56 1 I D0 RSO B T B U AR AR
FHPVAT g 265 1 19 % 8 50RO 5 SUAF A S B o X 4 45
BE RPN

Fb# % BB 3L 7E Foursquare AN [A] 1Y %5 4 45 1 1)
HEFR LG R 0T LA R B A0 b Al A5 4 i SR e
B ERHETERT B — o R B R KRG,
F A PR AR SCHE Y T T BR AR I B AR
i 5 AR H A9 16 15 % ~20 %6 22 ), T At 2 vk 14 #
TENE B 0 PG 20 %0 L b ph AT DL L AR SC T 4R
(55 T 0 B A 1 48R AR — R LR TR
05 L T R A 5 A Ok B AN R S e RS T
LBSN 3 Ff 4 JB2 i it 14 52 7% Y 4%



444 BT . LBSN HpRE T I8 BR AR 1 D4 s HE 7T 681

al/

s

8G
sUSG

o M
oNO_LL

882 7) =U
0.07} gg - :(3
Zoost 5] 7 o
g 00 g g USG

N = 2 a M
go0d E? é ; NO_LL
& 0.03 E? % e
0.02 ;é g
Bl Jin =
20
N
(c) Foursquare 4> BRECHE S 25 SR (1 kAl 232
0.12 o
0.101 =7 8S
E
g = sUSG
ﬁ 0.06 55 oM
Eoo01[| B oNO_LL
=
0.02 =
=
0 Eé o d
5 10 20
N

(e) Foursquare F1L 5T HEHE T 45 S MR 6

0.050

0.045} sU

0.040 i
> 0.035¢ 8G
© 0.030} sUSG
$ 0.025} M
g 0.020 o NO_LL

0.015}

0.010}

0.005}

0

0.035 i
0.0301 BS
S (.020 sUSG
o M
= 0.015 ; NO LL
o 7 —=
0.010 g
0.005} g
0 v
10 2
N
(d) Foursquare & BREE AL HERE S5 R H B
0.040 T
0.0:25— e
., 0030 eG
® 0.025¢ sUSG
4% 0.020F oM
w0015 oNO_LL
0.010F
0.005t

0

N
(f) Foursquare 1 £ 5l B2 45 R 1) A B =

Bl 2 3 A BOlE 4R I Bk X HL 4G

F* 4 BEFELT Foursquare TEHIEE EMAEHE

NEIYN i Foursquare Foursquare WER SRR %
BERE N 41y s B/ %

5 0.0775 0. 0548 29.3
U 10 0.0562 0.0433 23.0
20 0.0419 0. 0359 14. 3
5 0.0453 0.0303 33.1
S 10 0.0348 0.0248 28.7
20 0.0261 0.0192 26. 4
5 0.0757 0. 0488 35.5
G 10 0.0579 0. 0425 26.6
20 0.0491 0. 0401 18. 3
5 0. 0996 0.0783 21.4
USG 10 0.0764 0.0647 15.3
20 0.0612 0.0479 21.7
5 0.1014 0.0833 17.9
M 10 0.0817 0. 0687 15.9
20 0.0653 0. 0536 17.9

6.3 AEZFAESHHIXILL
6.3. 1 DHR AR G E SCH R [R] (5 (R ) 28 B

IR ] 12 (1 Y DR /N R A M i =2 () A S 1 1)
W S T 5 W 7 B3 1 ) A7 245 2R R Ay S Ak T
Foursquare 20 2950 % 4 . BUME >R A (80 1 3 . 08
A I (1] 5] L JBCAN [+ (L Pof 2 7 G B A48 8 4 7 SV A 8K

H AR E 3 FrR. T8 3 A A EE 4R B A 2R
45

Hy P& 3 R 2 i ] B AR 4 h Ze A ), AT L]
FF R A5 o e 1 HE 7 A BE RN [ 2R, R A o it b S
PR 2% B A5 ] A DG .
6.3.2 AUE T 7 B EHK

15 LBSN [0 25 K50 7Y v, Ji] P - 2% 1 300 2%
F R S I A T 5 D7 ek R HE AR B I AOCR
A —E 2. % ER 5T 280 7E Foursquare 21 24 51 4ia
AR b B BE R 4 h s AT HERE R LIRS
(] PR ASCAEL T3 D7 2 BN A 4 AE RO A&l 4 B R 78 05
LR & SRR S VEE

& 4 AT A R s BUE Y 7 2 A T Atk
AL R RN B A T b S 200 1 ik
AT B, S H R T B L 2 T AT 2 ) 4% O 4
BT HERERG B H AT B g R B, 7R A AR 4%
F14) it T ) 01 FACMELAR 8 I AN B Y of 390 00 A
JEE T 8 A T T AR S 45 SR LA 9 R AR AT Y. L
b A SO A TR T 4 A0 B[R] 3o g % 3 b AL(E
HOT AT TS R SR A R AR R o AR



682 it " Bl 2 i 2016 4F
0.12
7% 0.040 27T
0.10 B4h 0.035 o1 h
86 h 0.030 86 h
>
S 0.08 88 h §0.025 88 h
%‘ 0.06 @12 h 5 0.020 12h
#0.04 7 0015
0.010
0.02 0.005
0 0
N
(a) HEFESE FHIHER 2 (b) HEFL R H B R
¥l 3 Foursquare 21 295045 4 I o 240 i AH 3¢ 8 SC AP AN [] Hef ) 3 1L 7 94 2 205 SR X EE
0.040 -
012 @ Binary 0.035 & Binary
0.10r 8 Log 0'0%0 8log
C Ve #Count
Z0.08¢ 2 ot % 0.025 =
ﬁo.os— g 0.020
= 0.015
0041 m
® 0.010
0.02r 0.005
0= 1 20 L 1 20
N N

(a) HERR 4 RAAE B

Bl 4 Foursquare 41 2984 4 b R IRIAUE T & 5 12 09 i 73 45 SR L
ANAUEL R 7 3R AT T e A . (A B
T A B T3 SRR W5 SR A AR
IF] 3¢ ¢ B L) 2 2% I 46 v 555 3 3 ) A

4

=A

7 2

ASSCEE X LBSN i (% 2% B i 4 77 m) 0L $i2 )
TOUBRAR Y 480 5 72 5T . K LBSN #5344 ]
2% 51 AU AR T 5 20 a1 A 8] P S R A
I25 oG AR R AL R 09 SBT3 3 i o
W Al UH k2 2] A5 FRAE AL S VA PR ok
TE A8 2% i 1 28 B ML T A U HE 77 91 3. SE g 3%
W AR SCHR YB35 #E LBSN HLS8dn 4 AN T
A A 7 B0 0 A O v ) YR R R A [ R A RO SR
figk 1 e 10 s g ) AL

B ok 19 TAF 28 LUF LA I kAT o
1R 255 P A ] A 20 M s T80 3 46 o 1) ek ] PR 3% 42
B P A5 DA g I s L AR g 4 1 AR L 3K
TR 7 7 2 g I 255 ST P T A ) 19 5 B 3L
B KA AR A R A .

B oW FREFEASERET ZNE N
A2 3tk Bt

5

2 % X #

[1] Zheng Y. Location-based social networks; Users//Zheng Y.

(2]

[3]

[4]

[6]

(7]

(8]

(b) HEFFSE R Bl %

Zhou X eds.
York: Springer, 2011 243-276

Computing with Spatial Trajectories. New
Adomavicius G, Tuzhilin A. Toward the next generation of
recommender systems: A survey of the state-of-the-art and
possible extensions. IEEE Transactions on Knowledge and
Data Engineering, 2005, 17(6); 734-749

Schafer J B, Konstan J, Riedl J. Recommender systems in
e-commerce//Proceedings of the 1st ACM Conference on

Electronic Commerce. Denver, USA, 1999. 158-166

Miller B N, Albert I, Lam S K., et al. MovielLens
unplugged: Experiences with an occasionally connected

recommender system//Proceedings of the 8th International

Conference on Intelligent User Interfaces. Miami, USA,
2003: 263-266

Li Shan-Tao, Xiao Bo.
social network. Software, 2013, 34(12): 41-45(in Chinese)
(EEHE, U ETHCMEMNERME RS, I,
2013, 34(12) . 41-45)

Recommendation system based on

Meng Xiang-Wu, Hu Xun, Wang Li-Cai, et al. Mobile

recommender systems and their applications. Journal of
Software, 2013, 24(1): 91-108(in Chinese)

CREER. B, F A% RS G LR, 4%
i, 2013, 24(1): 91-108)

Long X, Joshi J. A hits-based POI recommendation
algorithm for location-based social networks//Proceedings of
the 2013 IEEE/ACM International Conference on Advances
in Social Networks Analysis and Mining. Niagara, CAN,
2013. 642-647

Zheng Y., Zhang L, Ma Z, et al. Recommending friends
ACM

and locations based on individual location history.

Transactions on the Web (TWEB), 2011, 5(1): 5-48



4 1 WPUH A . LBSN A3 T I8 42 1 %l s 3 77 683

[9] Zheng Y, Xie X. Learning location correlation from GPS
trajectories//Proceedings of the 2010 Eleventh International
Conference on Mobile Data Management ( MDM ). Kansas
City, USA, 2010. 27-32

[10] Zheng Y, Xie X. Learning travel recommendations from
user-generated GPS traces. ACM Transactions on Intelligent
Systems and Technology (TIST), 2011, 2(1): 2-30

[11] Ye M, Yin P, Lee W C, et al. Exploiting geographical
influence for collaborative point-of-interest recommendation
//Proceedings of the 34th International ACM SIGIR
Conference on Research and Development in Information
Retrieval. Beijing, China, 2011: 325-334

[12] Lian D, Zhao C, Xie X, et al. GeoMF; Joint geographical
modeling and matrix factorization for point-of-interest recom-
mendation//Proceedings of the 20th ACM SIGKDD Interna-
tional Conference on Knowledge Discovery and Data Mining.
New York, USA, 2014 831-840

[13] BaoJ, Zheng Y, Mokbel M F. Location-based and preference-
aware recommendation using sparse geo-social networking
data//Proceedings of the 20th International Conference on
Advances in Geographic Information Systems. Redondo
Beach, USA, 2012. 199-208

[14] Cheng C, Yang H, Lyu M R, et al. Where you like to go
next: Successive point-of-interest recommendation//Proceedings
of the 23rd International Joint Conference on Artificial
Intelligence. Beijing, China, 2013: 2605-2611

[15] Li Wen, Xia Shi-Xiong, Liu Feng, et al. Location prediction
algorithm based on movement tendency. Journal on Commu-
nications, 2014, 35(2): 46-53(in Chinese)

(AR5, H A, XI5, T 58 3 S B 3 b 42 40 & T
M. fE 24, 2014, 35(2); 46-53)

[16] LiuB, FuY,. Yao Z, et al. Learning geographical preferences for
point-of-interest recommendation//Proceedings of the 19th
ACM SIGKDD International Conference on Knowledge
Discovery and Data Mining. Chicago, USA, 2013 1043-1051

CAO Jiu-Xin, born in 1967, Ph. D. ,
professor, Ph.D. supervisor. His research
interests include service computing, net-

work security and social computing.

Background

In recent years, location-based social networks (LBSN)
become increasingly popular among young people. In LBSN,

users can check in which means sharing their location to their

[17] Hu B, Jamali M, Ester M. Spatio-temporal topic modeling in
mobile social media for location recommendation//Proceedings
of the 2013 TEEE 13th International Conference on Data
Mining (ICDM). Dallas, USA, 2013: 1073-1078

[18] Ma H, Yang H, Lyu M R, et al. Sorec; Social recommendation
using probabilistic matrix factorization//Proceedings of the
17th  ACM Conference on Information and Knowledge
Management. Napa Valley, USA, 2008. 931-940

[19] Zheng VW, Zheng Y, Xie X, et al. Collaborative location
and activity recommendations with GPS history data//
Proceedings of the 19th International Conference on World
Wide Web. Raleigh, USA, 2010: 1029-1038

[20] Yildirim H, Krishnamoorthy M S. A random walk method
for alleviating the sparsity problem in collaborative filtering//
Proceedings of the 2008 ACM Conference on Recommender
Systems. Lausanne, Switzerland, 2008, 131-138

[21] Sun Y. Han]J, Yan X, et al. Pathsim: Meta path-based top-%
similarity search in heterogeneous information networks.
Proceedings of the VLDB (Very Large Data Bases) Endow-
ment, 2011, 4(11). 235-246

[22] Watts D J, Strogatz S H. Collective dynamics of *small-
world” networks. Nature, 1998, 393(6684): 440-442

[23] Christakis N A, Fowler J] H. Connected: The Surprising
Power of Our Social Networks and How They Shape Our
Lives. London: Little, Brown Book Group, 2009

[24] Tong H, Faloutsos C, Pan J Y. Fast random walk with
restart and its applications//Proceedings of the 6th Interna-
tional Conference on Data Mining. Washington, USA, 2006
613-622

[25] Liui L, Zhou T. Link prediction in weighted networks: The
role of weak ties. Europhysics Letters, 2010, 89(1). 18001

[26] Wind D K, Morup M. Link prediction in weighted networks//
Proceedings of the 2012 IEEE International Workshop on
Machine Learning for Signal Processing ( MLSP). Reims,
France, 2012.: 1-6

DONG Yi, born in 1991, M. S. candidate. His research
interest is social computing.

YANG Peng-Wei, born in 1989, M. S. candidate. His
research interest is social computing.

ZHOU Tao, born in 1989, Ph.D.
research interest is social computing.

LIU Bo, born in 1975, Ph. D. ., associate professor.

Her research interests include pervasive computing and social

candidate. His

computing.

friends. People are pleased to visit some point-of-interests
(POIs) and check in there. Recommending POls is a crucial

personalized service which makes it more convenient for users



N

684 it "

i 2016 4F

to find where they want to go. User-based and item-based
collaborative filtering algorithms are normally very effective
in general recommendation systems, such as recommending
films and recommending goods. However, as a user can only
visit a few POIs in LBSN, the extreme sparsity of check-in
data invalidates traditional collaborative filtering recommen-
dation algorithms.

Therefore, we propose a novel location recommendation
algorithm based on meta-path. Firstly, we consider the
location-based social network as a weighted heterogeneous
network, and introduce the meta-path to describe different
relations between nodes. Then the set of meta-paths between
user and POI nodes is given on the basis of three degrees of
influence. In addition, we define the eigenvalue of meta-path
and its calculation method. and determine the weight of every
meta-path feature by supervised learning. At last, the proba-

bility of checking in to each candidate POI is calculated to

achieve the recommendation result.
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