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Graph representation learning on Location—Based Social Networks
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Abstract With the popularity of online Social Networks, location-based social networks (LBSN)
have accumulated massive data and have been widely used in the research of mining user behavior
preferences due to their rich Spatio-Temporal and semantic information. Nevertheless, the
traditional manual extraction of LBSN features is limited and time—consuming. In recent years,

graph representation learning has been successfully applied to the modeling and representation of
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various graph structure data such as recommendation systems and knowledge maps,
demonstrating its powerful non-linear fitting and representation learning capabilities. However,
most of the existing Graph representation learning studies focus on static and homogeneous
networks, and it is difficult to simultaneously combine time, location information, and social
relationships to capture the complex structure and user preferences in LBSN, which makes it
difficult to extract effective information from LBSN. Therefore, this paper proposes a two—stage
Graph representation learning framework TGE-LBSN (Two Stages of Graph Embedding on
LBSN) for LBSN, which transforms LBSN into a heterogeneous network, and automatically
extracts the features of LBSN with the help of graph representation learning to obtain
nodes’ vector representation with sufficiently rich information and utilize the prediction and
recommendation tasks in the social domain to verify its effectiveness. First of all, biased sampling
is carried out on the check—in hyperedge of LBSN according to users’ Check—in time. In the first
stage, the IVGS (Initial Vector Generation Stage) algorithm is designed, the friendship edges and
the Check—in super edges are used to jointly generate nodes’ vectors containing position and
feature information by IVGS algorithm. The generated nodes’ vectors are used as the input of the
second stage. In addition, the second stage is mainly responsible for generating the final nodes’
vectors in LBSN. LBSN is divided into different subgraphs according to the Check—in time, and
we design the LBSN-oriented SAN (Select Aggregated Neighbors) strategy which is used to
select representative neighbors to complete the aggregation operation, and then use the subgraph
vector generation algorithm SVG  (Subgraph Vector Generation) to obtain the vector
representation of the nodes in each subgraph. Finally, the loss function is set according to the
downstream tasks, and the attention mechanism is also used to learn adaptive weights for the
subgraphs in different time periods to obtain the final vectors of the nodes, and then we use the
final nodes” vectors to complete various prediction tasks in the social domain. Plenty of
comparative experiments are carried out with the benchmark methods on the real LBSN data sets
and on the time series social network, respectively, we use ROC curve as the evaluation standard.
Extensive experimental results verify that the proposed algorithm TGE-LBSN outperforms other
benchmark methods, and it can efficiently extract the effective information of LBSN and retain it
in the embedding vector of the node. Specifically, in terms of friendship prediction, the AUC
value can be increased by up to 42% compared with the existing models. On the point of interest
recommendation task. the AUC value can be increased by up to 7% compared with the benchmark
algorithm.
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O(v RFETT i v kAR JE I A
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IR 2480 0 FUT AE 5700 X 2% 2 O i A R
A WalkF3E G S5 s R E 781 5 9, 1047 B
JE 6 PR AL A L P A #4998 F SkipGram
SR CBE 20 DVAE WU s M0 i 1l i, a (55 6,

(5)

11471).
Bkl IVGS 5k,
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. FOReachiinadj(v):
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3 sum = Number of occurrences (7, v) in C
4. TFveU

5. d=Degree, (i)
6 w,, = a,Ftime + B, Fsum + y,*d
7. ENDIF

8 ELSE

9 d = Degree, (i)

10.  IF Pre(v)is not none:

11. si = Similarity( Pre(v) ,1)

12.  ENDIF

13.  ELSE
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15.  END ELSE

16, wy,=a*time + B Fsum + y Fd + 5*si
17. END ELSE

18. END FOR
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o BB EBA T NAGG,VRE(T, K}
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FOR k=1---K
FORvE V
FOR jESAN ()
Compute a,;" use (2)
END FOR
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© 0N W N
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. END FOR
ht< by NoveVv
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13. END FOR
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1. FOR¢=1---T
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, - \
4. }lf ES U<§2?712JE5,'\,V<(4) aajﬁ.Wka-hﬁ)
5. Hy=w hE e kS
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7. END FOR
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P2 g LBSN Y B B0 4 FDY A PP 52 I 45
BRGNS : BR AR T AL SR 4 A Tt
IR T AT 55 L 230500 TBSN S R 45 3%
AN 2] RS T AT RS IR X ST 55 (45 2R
PEATTVRARD BT B fi e v Rl S IE Bl 1 AR
SR ST LBSN (5 Bk 2 o6 B2
6.1 HE&ENIRWAEE

AN EEAG T SR A LA S — SR
XF L RO b SE IR AT S R B AR AR —
FERSCR S
6.1.1 SEEKRLE

AW EHRER A T LBSN B3 M EUE R L K
I PP AL SRR AR RS L 2 — R 4R LAY LBSN %K
Ptk , FEAILFE . Yelp.Gowalla.Foursquare Brightkite
DU 22 i) LBSN £id 45 | X e i 4 = = A4E ]
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L
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JAZ A1 28 I 4% 23 LA B P 5 24080 05 2 i) 7y 28 )
D26, ELFH P 5 08 v 22 [ 1) S Ae) i EL AT e ] Ja
B A 22 A0 P i R0 R AR B A PR A
JS NI 1957 5 T 1 5 o 3 W'l O | i SN N vl 4
IAEnronEmployees (IAEE) . Collegemsg (ColM) .
IAContact (IA) . IAContactsHypertext (TACH) P4 4~
VE R B A 22 IO 28 KAl 4R 1A% L ax s i A 2
LA P Z [ B A AR B, LA B P 22 8] 38 A7 B[]
585 LBSN S A L, Bt ek 58 ) A 0 555
FH Check—in {5 B » (XA E 4138 26 2%

(1) LBSN FudiE (34015 B L3 2, Hivh Yelp
HE 4 % AR (1 LBSN #0848 . £ 2401 30 887 4
JH P 88 S 860 888 2% % B B H5 17 B, s Gowalla 42
i 18 737 AN 5 M 1 278 274 4> Check—in i1 4
1%, ; Foursquare % %0 #5481 & 2 153 469 4~ H 7,
1021 966 4% 245 1 ; Brightkite j& LBSN IR 45 4241t
5 158 2281 A1 4 491 1434 Check—in 41K, .

*2 LBSN#iE&E

LLBSN Yelp Gowalla Foursquare Brightkite
R A 30k 19k 2153k 58k
LR 19k 32k 1143k 57k
Check _ins 861k 1278k 1022k 4491k
Friendships 266k 87k 27 098k 4747k
B (R) 370 375 372 791

(2) I 7 4 22 B4 B2 0 R 4 A L WL 3R 3,
1 IA-EnronEmployees (IAEE) 2: 4 50 571 25 %k
P 15 & ; Collegemsg (ColM) A 1899 A4~ 5 A F
20 296 4~ i1 ; IAContact (1A) 7 28 244 % 41 5
IAContactsHypertext (IACH) A5 20 818 5% .

*3 MEHZMEHESE

I A2 1 4% IAEE ColM IA IACH
AP R 0.1k 2k 2k 0.1k
Friendships 3k 20k 30k 21k
[ 5 (R 197 193 398 265

6.1.2 SEHOXT LR E

B T AE 2 B S S0 E T 4R S I R =2 A AR
SCHR 5 SEA N 45 TR 2 2] 1) — SR L B FROR
2 ) SERTEIEA TR H AT L Pl AR S T A B
0 LBSN, J& T A0 25 M 4%, T2 A A 5
FEA AL S B ) ] A 000 , DA Sy 0 A L, 52
B R 2R ML R 2 2] BRI B R VE T

AL LSS - DAT & = AP Or i 3EE i 49

(1) BEMLIEE 532 . DeepWalk ', LINE il
node2vec 44 X FREALEN KT RIFY N 4%, HE 48
FESCHRL 7 06 e S0, HLFR i Se 88k Jo vk At FH Y
M JEYEE B L B TGE-LBSN B By Bt —r= A 11
WG ] 1 TCIRAE A BT DA SE 0 7E X — 3 4 IF
AAH AN LS5

(2) VREE 2% > BRIP4 5303 . DL GONPY,L
GraphSAGE™ . GAT™ ARF , th Tix 287 pE 2
TEFFY 2% 1 B R oR 2% ) AR BIFSE AR SE g i /i vh
R T TR LSS AR FH P A S E B AL
26 22 A4 B TN S S ST R N () ) T 45 g
1k, 5 GCN.GraphSAGE .GAT $EF7%F Fb 5256 .

(3) LBSN A8 AFA : LBSN2vec+ -+, 3%
T B JE DeepWalk (1) JEVAE B H 76 LBSN ¥ 4%
b ARRIF R IR A A B IR B R AE ) i AR S
TEABURA X e SE 56 15 38 2+ 5 LBSN2vec+ + 5.4k
XTSRRI LU T Ho A B AL A R
6.1.3 1TMfe4R

X T Ak 52 5 385 1Y 4% TS0 AT 55 G B A S0
LR HERE S A S F R ROC (Receiver Operating
Characteristic) [t 2 /F S PEAN MR35, F1) FH 5L IE 1] 22
TP R IE A5 FPR, A s Al FPR AR, FT0 1E 26
FRSEBR G 2R 22, PN TPR Bk AR T 1F 2 rp
SEFRIEZS ML R ROC £k 745 3 s . -
ol R R T R K, 32 7R AUC (Area Under roc
Curve) BRI , TINS5 B ey

BRIZ AN s T4 A B0 R 2 B 5 P, A g |
SR I U B H DRI S A R AR — SR
A DI A O—1 43 2 ()@, Fi DAAS SCId SR T 1 B2
(Accuracy) W& (Precision) A3 M2 (Recall) \F1
EHEAT AL (F-value) , AP0 6 A5 09 AR 5
INFAY IR RS T (11~14) , Horfr, TP AR 0k 1F 2
T o 1E2E  FP AR 5 28 500 o IR 26, TN AR B
T A E s FNARER IE R4 0 0 o 2
W

TP+ TN
Accuray =y N TP L AN D
. TP
Precision =PI Fp (12)
TP
Ré‘(d”*m (13)
F, 2rp (14

T 2TP+FP—+FN
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6.1.4 SEERIMIE M SR E

S INEE : 64 7 H24E RA 48 . Windows10, CPU.
i7-10700@2. 90 GHz. N 17~ 16 GB, i #% 500 GB.
i FEFRES N Python 3. 8, Pytorchl. 6. 0.

SHEE 4 T TGE-LBSN S5 LA M X
B M AHR SEE S B E AT
(1) TGE-LBSN: X T8 48 4 %] 53 L 49 dara_split=
[0.3, 0.2, 0.25, 0.25]. 1 F TGE-LBSN ¥ %y,
FEFA B B S HOR B 5 — B BT 2 1 S5
R AR E 3 SkipGram Az BT £ R SR, % H KN
BB A5 S R E K B R 20571 4w A R
{1 42t 2, (0 248 JEE K /N d=100, 1725 560 T p Bl g 2
T KRS IR EUESE T2 p=0. 7.¢=0. 3B 15 2] 1Y
F 46 1) T B BE A PR REAR TS A RS B . B
SRR BN S B r=5e—4, 4 KAE 5 T R 0k R
BOR 28 SRR BREL; 2 383 weight _decay=>5e-3;
7E SAN 3L ET AR FE B PEA HE bR R B BT,
TP EEEES o Lo ye T o+ 8, +y.=
1 H . Buy. =0, B AL 256 5 E R o, €(0, 0.5),
B.€(0, 0.5), y.=1—a,— B.» Zid 7F H I B4 1
HEA TN S B R A SR e G5 R R
BT 0,003, 05), £,6(0.3,05),y,=1—
a, — B ZHUE LT SE R B S BUSHR AL , i LS5
XTSI E N 10, =0.4,8,=0.4, y,=0.2; %}
TGS S A S BT o, B 7., O [ HHX
PWUEZ L o, + 8. T v. F0=1H a,.furye 0>
0. I Ab 5236 % B M : 0,€(0,0.3), 8.€(0,0.3),
7.€(0,0.3),0=1—a,— B.— y. [Al B, 78 5L 5
o AT K R, 45 R R FE o, € (0.2,0.3),
£.€(0.2,0.3), 7.€(0.2,0.3),6=1—a,—F.— 7.
B S 56 285 P e 2 B0 0 R BN KL RE BT LAAR SC
PEH a, Bavya 0= 0.25VE 2 SAN B H s 2l 15 41
RSP ES NI E .
(2) Xt E % T GON™, s 2R E 22
Vst 2B 64,25 3] % r="5e—4, /AT 5 i ok
PRI EICA A8 SUIR A0 2K PRER s 25 35 weight_decay="5e-
3;GraphSAGE™ L5 i 2505 Bk 2 )2 L BRui 244
R 128, 27 2 3 r=>5e-3, 43 FAT 55 I 2k pR R 28
RIS PREL; TR weight_decay=>5e-3; GAT™
SRR E R 2 2 BRIEE R 32,24 2] o=
5e=3, ST 55 A 2% R BCR 38 SURR B 2 R B s &
3+ R weight_decay=5e~3; 1% XK %L A 3; LBSN2

vec+ TS H Y S ALERE K 128, FEHLIEE S5k
IR BE (= 80, B 15 sUEE P A 10, W 3h
FR/NA 10, FRFE y = 10.
6.2 HFA TR

S T S X6 LBSN A28 [ 28 22 1 FH P35 6
ZIA] ) A AEAE U O R AT BN . A6 2R 4 1 Ak
b, R data_splie 3 LBSN $H 8 46 3 i 1e) 47
R0 R A BAEEE AN T, T, -, T, 80055 W6 JE 1S
B R Ty << T, << << T ARYE T\, Ty, -+, T, AE
S U A AT Fe R 2 2 B RN 25, 45 B P R
A A R s PR Y s | RORFE T, -+, T, 8K
Pt A rh IEAT B A O AR TR . AR SCOR P R K
X P 2Z ) 70 28 X 286 )23 (4 B A O ZR R AT T
2k SCERL7 0T g0, A8 b A T B FH P A 3 A
SN E L R [ SRR B S 00 B R AE A B
F2 BT B0 U 1) A SR D 2 R A e R o
P FEZ AL, B A AR S« A SRRSO X T 45
Fa A BT FH P 22 8] (8 i A TN B A 5 Bl L 3 IXC
ST 24 S AT 55 AR R A A WL
SERAE L BT LABY B — 459 2 B 00 4 1) 88 % T 47 AT
0 Sk 56 AH X B B B L PR L 6. 4 T Ak . T
At A2 I 2% e = 7 {5 S, 11 LBSN2vec+ + ] &
A T A E AR B BT LA SE IR FE X — B4 I A
TR LS5

ALK T EIE TGE-LBSN 24 1 g A 40 4 42
LBSN W45 | (%) A& 1 {5 2. [ B 78 B 52 1) LBSN £
G W VNS 2 awerall GBS 2 €1 S R 7 QDS R S M N M
g 6 ME 7, R E 6 R T TGE-
LBSN 5 5 HAth KL v 52 76 DU E 52 Y LBSN 4L
P A T A A TOUINARG H 5E X LE . R B R T TR
U A FAT 55 1, TGE-LBSN 34 i Fil I 14 g 7 4 4
R4 LI —E RS TR, R T
2 & TGE-LBSN #£ FourSquare £ 4% % I fi =5 1]
$ETF42. 1%, X Wi B T TGE-LBSN 7£ % LBSN
R4 15 B A T GraphSAGE.GAT . GCN 4§
2SR N A LBSN A A5 8 . T 0L
GraphSAGE.GAT.GCN 7£2% 2] LBSN H1, H T4}
T LBSN H i SCHE Y R SO SUME B AN RE
S1rZ2 48 LBSN Hh Y /A5 B, . BRI Z A B 7 s 1
AR SCAE B TP A1 38 I 45 AT A T ) 25 28 2858
XF HE AT, TGE-LBSN FEI P42 M 45 FagPERETR
FEIFAGnAE LBSN Fdli 4 AR B, i s 4 T HEAE
ColM %¥E4E 42T 4. 85% . t ik vl UL, &1 %F LBSN
Bty [ #2758 2 > Bk TGE-LBSN ¥ & T 18
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LBSN %udg 4 |22 17 55w /R, TGE-LBSN fr
FRIRMEXT T LBSN T MU i 42 8 LBSN |42 2%
Mg E B L R SGE UE R,

mLBSN2vec++  mGraphSAGE GAT m=mGCN mTGE-LBSN

0.8 F

06

04

0.2

Gollawa FourSquare BrightKite Yelp
El 6 LBSN4f A& fil 2R &
B GraphSAGE ~ mGAT GCN  mTGE-LBSN
1.0
09}
0.8
0.7F
06}
05
04}

IAEE ColM 1A
T R R A IS

IACH

ST G M R SRS A AL AR SRS T i K
F AE DU B AR B ROC ik LA KORS 5 56 43 [m]
# PR ] 4 (Precision—Recall Curve) , &l 8 JE/x T
TGE-LBSN 575 7E P04~ HL 52 19 LBSN %4l 4 - 4
AT PR L . K 9 /R T TGE-LBSN & vk it
I 2 W Y ROC 2R 7R . 3l 3 UAS B i 48 )
XF AT L& B AE FourSquare 30 ¥4 - & M5
J6 FC L, L AE Yelp £ 4 1 100 o 6 B
60. 56 %, A W TGE-LBSN 7E4f A& Uil - 5 g4 3k
FourSquare £4f5 5 1919 sURRE S 3= 6 (038 UM

1.0k — BrightKite
—Yelp
— FourSquare
08} —Gollawa
06}
7
e
@
EnAr
0.2 r
D i n
0 0.2 0.4 0.6 0.8 1.0

Recall

K8 A T PR & 1Al

B BRT AUCH A SGA R L E 805 GRERI 5 O
R A R FUED 5 X A ) GAT.GCN
TE OBl 4 B kAT 7T RFE . 4 AT, TGE-
LBSN 7£ £ Fl T4 45 5 T #8223 AS 55 A 10030

1.0}
’I
I,’
L -
@ 0.8 e
g ’,/
206 e
E /a
(=} Fd
=041 e
2 P
& 7 — BrightKite, auc=0.7339
o2t L — Yelp, auc=0.5552
’ o — FourSquare, auc=0.8914
’1' — Gol lawa, auc=0.6654
0 L I L i
0 0.2 04 0.6 0.8 1.0
False positive rate
B9 A B ROC HZE &
6.3 L =Tl

R PO 2 A ARk P — B ) P T FH
ORISR S Z MR SRR — R . fEAE 2880
SR HEAEAE 55 T, 480 S T3 3 42 FH P DR e s XoF
FH P D -8R AT R 434 5 000 F P R 0 ok 2 D
B4 25 BN FT R 09 248 5, L 30 52 A 52 491 38 5 okt 4
TR 55 22 JC A SCARRE 25 S IR [a) Xof JFH P19 R
LR 2 [A]0 2 B  EAT U 45 3 1) 2% 2 SRS )
FH P 0 80 1 1 1] o FH oA S0 A > — B i ]
DI P S 15 23 U 1) 45 2 1) 2480 . S50 o R R i 4K
At A B T) 47 30 43 o K] FH T — B Bk ] 179 48 301 %5
P EA TN LR PR — B[R] B A AR A 4
PEAT 2480 S T

T A M R OR SE I A5 R AR SCHE 2 S
LBSN $t#i4E |, F ] AUC i A4E WiEMN 545 54
A BEEUERE BT X H, B 1#] 10 AT W TGE-LBSN 5.
T AE S TR0 T 1A AE A B A AR T
75 110 TINS5 LA 2k X S 06 45 SR AT 4B L 7
Yelp %48 £ b S50 o6 B2 s i 7 0, DL RCAE DA B
Pt A L Y0 TR A R R AR FE 1 $E T ik s g
IRAHR R T AR ST B 3R 7R 2 2] i R T A
() [ B R PR B T B2 A SR B XTI 10
TGE-LBSN A%} F GAT.GraphSAGE #2713 A 1
WX — B4, S PRl 2kt 2 TGE-LBSN Il 2k
UL BT 4 T 2 T R S TOINORS A BE i
TGE-LBSN XJ T 215 s 19 2% 2 (A 7 A9 2 31 2
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R4 FRBMAE IR

Bk (il Accuracy Precision Recall Fl-value AUC
GAT 0.4995 0. 2499 0.4995 0. 3331 0.527
Yelp GCN 0.5 0.25 0.5 0.3333 0.5028
TGE-LBSN 0.4981 0.6252 0. 5008 0. 3357 0. 5552
GAT 0.4996 0. 2499 0.4995 0. 3331 0. 5583
Gollawa GCN 0.4993 0.2498 0.4993 0.333 0. 4905
TGE-LBSN 0.5159 0. 6053 0. 5159 0. 3855 0. 6654
GAT 0.4927 0. 2482 0.4927 0. 3330 0.627
FourSquare GCN 0.4997 0.4166 0.4997 0.3338 0. 3768
TGE-LBSN 0. 8435 0. 8501 0. 8435 0. 8427 0.8914
GAT 0.4998 0. 2499 0.4998 0.3332 0.6791
BrightKite GCN 0.5 0.25 0.5 0.3333 0. 5259
TGE-LBSN 0. 6438 0.6921 0. 6438 0.62 0.7339

(s B SR AT 9 A5 BRI L o — .
DAAETCHR 53 (14 52 96 AR BRI L YR T

m LBSN2vec++  mGraphSAGE GAT = GCN = TGE-LBSN
0.8
0.6 F
04F
0.2 F
Gollawa FourSquare BrightKite Yelp

B0 i TG L4 R A

ASCHE— 2 5 GAT  GCON 1R R 3 R %
A5 FUE AT Z 48 AR e, X 0 25 FE AR J 7R
16 5. 10 i B R LU & BAE 2 A4 48 bR VE 0 b v
I TGE-LBSN K 1H fig f& f¢ 1B &7 i 2 % . 7
GAT.GCN R R A H AR L B Ry 1 2R B0 3k
X P 1 05 R0 %8R 5 I A AT 40 R £ X
3K T A 1 ) o AR AR FH (AR A Ak 2 T 5
X ERRE F T LBSNERA i) 25 i UfE
B R S 25 R — R B E T TGE-LBSN 5.1k
AEAHHE 2 POT 19 55 A B AR AEAE B L 55 4 I 4%
R R G mME R

RS HBLTNE EIEFRRTEE

PGS T Accuracy Precision Recall Fl1-value AUC
GAT 0.5 0.25 0.5 0. 3333 0.5718

Yelp GCN 0.5 0.5 0.5 0. 3333 0. 5019
TGE-LBSN 0.5001 0. 259 0.5 0.3332 0.6118

GAT 0. 5000 0. 2498 0. 5000 0.333 0.6168

Gollawa GCN 0.5 0.25 0.5 0. 3333 0. 5039
TGE-LBSN 0.5 0.25 0.5 0.3333 0.6214

GAT 0. 5034 0. 5405 0. 5034 0. 3553 0. 5667

FourSquare GCN 0.5 0.5 0.5 0. 3345 0.5077
TGE-LBSN 0. 5441 0. 6495 0.5342 0.4228 0.6156

GAT 0.496 0.249 0. 486 0. 3315 0. 6236
BrightKite GCN 0.4997 0. 2499 0.5 0.3332 0. 5024
TGE-LBSN 0.554 0. 6488 0.554 0.4695 0.6323

A SCL ] T 28R s T A YA EHE
ROC £ DL BORs i R A MR PR LR B 11 )RR T
TGE-LBSN %75 76 P04~ B2 ) LBSN i 48 1 2%
5 TN Y PR fZR 1 12 878 T TGE-LBSN %4k

(A 48R S FO Y ROC i 26 7 . 38 3k O A s 4
X EE L BT RL R AR T4 A i TGE-LBSN
SAVRAE MO HEH A L SUINDRS i B 25 O KL Bk
TE VAR AR 1A 7 248 s S0P R S AR e
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1.0} — BrightKite
—Yelp
— FourSquare
08t — Gol lawa
‘E 0.6
3
£04
0.2¢
0 " i
0 0.2 0.4 0.6 0.8 1.0
Recal 1
BEI11 2455 Fi PR 2R A
1.0} — BrightKite, auc=0.6323
— Yelp, auc=0.6118
— FourSquare, auc=0.6156
08} — Gollawa, auc=0.6214
o O
g
206t
el
2
=04
E
j
o

0.2F

0.4 0.6 08
False positive rate

0 0.2

F 12 4RSI ROC fhk &
6.4 ERRK

1 BAiE TGE-LBSN 55k i $2& G187 s506 T3k
A5 S g D0 28 74 o5 1) o s B A R L SRR A il
HEAT T I RN, AR A SO B AR i, it 1 I
SR s 3 0 -

(1) i 4043 (No-Time) « A% 3C 1 5% o B
R A3 AN XS T A T HE Y o X A AR A
1188 — 1IN S o LA s P40 43 X6 A [ 508 B 1Y
SO FREE 5

(2) A K FE (No-Biased sampling) : 48 SCFE X
TRA> SR AR L B X LBSN B4 L 774G LBSN
AR EBEALHICS TGE-LBSN 52 5 AH ] £ 1 %L
PEAE L BT F P9 85009 2 4% Check—in 04 . >R H
Bt HL e B4 5 3 22 Check—in %4405 , 17 Check—in %¢
P B 52 R FH A5 LG B0 DA AT g >R AR 2o A X6
TG EE A S . (A B AE B P A A 4 1 R R
FHBEIL 326 B4 [ 858 1 P 22 (B A8 » R4 7 50
TEA (>R B S W6 1) A 251

(3) B Bt — B9#) 45 1] £ (No-Initialvector) : 51
55 2ok 2 v R HT B HIL RS ) 4 One-hot [n] 1 408 B Be

— () b6 T R R B B I A DA B —
Ak B R ) B ) X6 B B ) T 2802 7 R
PRI .

() EFEIR A LB IE H M (No-SAN) . 38 i 75 4B
JE TG TR X SR A 08 R FH B AL A 3 7 =X ke
TRAS ST HE 1Y) 18 B SR A 4K JE SR SAN X T TGE-
LBSNH L MERERYSZ A .

ARSI S 7E LBSN A B 45 A K
10 R 2 vl L 3 S R e SO v 3 o UL R P&
DL =AA RN, 5 58 8 () 5375 TGE-LBSN #
IR EL . S0 25 5 R on 7 1B 13, 21T P64 B 7 4138
B L A R AE SR X T H e LA R Rk
ARG A TEAE BAHE T RN BE DU R B 2
X} F S8 A2 H AR . XEF LBSN $edg Sk it ,
i SR 114 SR W %o T S 5 285 2R W AE A 52 F 51 AT 60
X LBSNE R K 1 25 BEHLEEEUH P 1) Check—in
Bl A IR TUR S B ORI T LB
PRt XoF 07 S 56 245 SR e B, MR TR R A R SR AR
WS, S S5 A Yelp BdE 4 B3R TE 15.97%0, 7
Gollawa $t#5 4 T $27132. 92%. HAT R S ms xf T
B Ak 38 I 45 5 A R s i, {H & 7E LBSN i 42
I TR 2R X S 6. 2 S R b
WA, TGE-LBSN 8.9k 558 F F LBSN Al 4219
W AT

0.9

m No-Time
08}k m No-Biased sampling
No-lInitial vector
0.7k | No-SAN
® TGE-LBSN
06
0.5 F
04
0.3

1A ColM
BI13 ARl R R s

Yelp Gol lawa

ZEA P AL AR Yelp B85 4E F L B BE— A9 4

1) S A BSGF XoFPE B Tie) BE A 3kt 55 R A o D
B Be— 15 21 9 15 AU BLRFFAIE 1] 22 X5 B — o) £ 2 A
S AR W AAE— @ R F IR T X5 T Yelp Y
FHPA5 SORTE BrBe— A 1 H B RHAE 7 5 2 X
Fhf A BN TR A 50 ) . R S A28 = LR ) 2
BB BERRBRAE B T AT RAEPE AR Y A R
Ak AE S A TGE-LBSN 78 Il 2515 a] |
B i 6 GraphSAGE .GA T, 3 B A 34t %+ LBSN



434 A . (o B AL A 2% b i I FRoR % ) 855

BT SAN B AMUAE — e BB B4 T I 2
JIE 5B T YNGR L [R]F AR i 2 A5 1) A R
B T g BN E A A E BT R Ak I R
25 BB AL A S TR] X L

7 Gollawa B4R 4 I, B ) Rl 49 X6 0 &% SR 5%
i) #5¢ K 0] L Gollawa 54 4 X s 1] PR 3% HE %5 4
JE, X — E AR BT R o 6 ek AE AR T
A — E WS Bl X Tk 1R 40 SR m LA B B — )
s 1] £ A B, X T Gollawa S 136 [/ BEAR 21 22, 131
I 9 ol A1 3 A R A 3R Gollawa Hh A5 #0819 15 5L Al
T — W 5TEk , = A EIHT S TE Gollawa 04l 45 I HH
AEAIL TGE-LBSN Bk e i it LBSN 5 B b A
TR

AR SO 3 T B AL SR R R R S R T
TGE-LBSN F/R2% I HESL il i % LBSN #4764 %4
MY 2] IR ORI S B SRR JE M DL R A B
23 I I S5 R 15 BRI A B BB R FE AR A A5 11
SRR LR SR A R AE S L 15 B 46 )
AR IR T SAN B POREBUR G AR IS {5 B
SVG AR F BN SR . e 58
B I HLH AT BB H & A R
(R RHAE ] R A T I A A B R 20T s I i s . 7
KA Y EL S LBSN $di 4 1 i) S 22 B, AR SCHE
) TGE-LBSN HE 22 647 R4 B LBSN 28 & 1) 3=
BAG B IR B RO ) i RN L 2R 2 ST
UF R AEAE LB R AT 55 LI TR M A 3
T

FEAA I TAE R K2 NLLR 77 1) 247 PR AE
78 CDMEAE LBSN 38R 2 2 9 e 31 3 224428 40
IR AT 55, IR A [7) (AT 55 X6 24 A5 [ R 0B £ 7
F 1) R EEE 5 ()M A LBSN F) BsRA 9 1 B SE 75 5K
g5 S Hb BN () IR 2 2] VAL, Rk JEAE LBSN
BRI 2T T 10 SR 4 e 2 ) Bk

& % X #
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Background

Location-Based Social Networkshas been extensively
studied due it is widely applied in the area of user preference
analysis, recommendation system and information diffusion
analysis, etc. At the same time, Graph embedding shows good
results by virtue of its powerful data fitting ability. According to
different graph structures, graph representation learning can be
divided into homogeneous network representation learning and
heterogeneous network representation learning. In this article,
we mainly use LBSN to use heterogeneous network representation
learning to obtain its node vector.

This research belongs to the application of graph representation
to location social networks. The current international related
research 1s LBSN2vec+—+ , which mainly uses the basic ideas of
DeepWalk.

This paper proposes TGE-LBSN (Two Stages of Graph
Embedding on LBSN) for LBSN-oriented two-stage graph
representation learning, which transforms LBSN into a
heterogeneous network, and automatically extracts the features of
LBSN with the help of graph representation learning to obtain
nodes’ vector representation with sufficiently rich information.
First, the LBSN Check-in super edges are biased sampled
according to users” Check-in time. In the first stage, the IVGS
(Initial Vector Generation Stage) algorithm is designed, the

friendship edges and the Check—-in super edges are used to jointly
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generate nodes” vectors containing position and feature information
by IVGS algorithm. The generated nodes’ vectors are used as
the input of the second stage. Second. the second stage is mainly
responsible for generating the final nodes” vectors in LBSN.
LBSN is divided into different subgraphs according to the Check-
in time. and we design the LBSN-oriented SAN (Select
Aggregated Neighbors) strategy which is used to select
representative neighbors to complete the aggregation operation,
and then use the subgraph vector generation algorithm SVG
(Subgraph Vector Generation) to obtain the vector representation
of the nodes in each subgraph. Finally, the loss function is set
according to the downstream tasks, and the attention mechanism
is also used to learn adaptive weights for the subgraphs in different
time periods to obtain the final vectors of the nodes, and then we
use the final nodes” vectors to complete various prediction tasks.
In future work, according to the actual needs of LBSN privacy
protection, we will focus on combining with the idea of federated
learning of remote data, the future can realize the heterogeneous
representation learning on LBSN from the perspective of
federated learning.
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