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POI Recommendation Based on Multidimensional Context-aware Graph Embedding Model
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Abstract: In recent years, the point-of-interest (POI) recommendation system has gradually become one of the research hotspots in the
field of mobile recommendation systems. The method of joint modeling of multiple factors, such as time, space, sequence, socialization,
and semantic information, has been gradually introduced into a unified model to compute the user preferences under multidimensional
scenarios. As an effective multi-factor joint modeling method, the embedding learning model has better performance in the mobile
recommendation systems. However, many of the embedded learning models just simply embed the explicit factors, such as timestamps,
items, regions, sequences, etc. into the same space. Due to the lack of deep mining of user and item semantic features, it is hard to
accurately obtain user preferences when the users’ check-in data is extremely sparse. In view of this, a multi-dimensional context-aware
graph embedding model, called MCAGE, is proposed in this study. In MACGE model, the topic model is used to extract the potential
semantic features between users and items. Then, a series of graph nodes and association rules are redefined. To enhance the accuracy of
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describing the user preferences, a more effective user preference formula is designed. Finally, the results of experiments based on the
real-world dataset shows that the proposed model has better recommendation performance.
Key words: mobile recommendation; semantic feature; embedding learning model; topic model
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IR RS . L EAFEE SUrAE 10 AN1lT, 20 366 000 4N 61 000 AN H Fil 1.6 12455 5 i $edh 45
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Table 1 Content of the dataset
F1 HEMAE

i 2 R Yelp Foursquare
H 21718 31540
I H % 12 920 22 412
S F KL 617 538 273703
3| H VG | 2008.1-2015.1  2009.4-2013.9

T I U SR IR, B AT B AR R 43 g U R AR RO R A, R 4 T7 AR A F P AR B D S K R
) I 1) e B 28 330 3.0 S ) 1) 8 5L 1) 80% 44 Jhy 11 2k, FL 4% R4l it 4.
3.2 iFMIBER
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MFRARIR E LT
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Precision@N ='—test ~ *“"F— 71 ,
¢ | Top_N | @)
Recall @ N = | Pest 2 TOP_N | o

| Dtest |

For Dot 7 AR 4R, [ Top_NIZ7s 24 F P AR R/ N RIHERE 1) A i 82 1 S g B Bl v BT TR T By T
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£ MCAGE #iB A 3 NS 2 B UL, DU A3 B 447 4k REIA B e L. AE L i POI-POI I,
W KB IK Z 20 POI 3 BRI 17 5 1) 4 5, BT 3 UK Topic FTOCIBE A o 70 1 52 BB RL IR RN 1) IR,
RN B2 B2 d R0 0 5 2 SR — AN SR U A S BB I S B B FRAT BT T A S8 T TR R 1
Bt WA S N [0 S8 PR 2 2R ASE 2R ) 1k B BTt R K 52 . th T Foursquare Hidfa 4 7 31 177 % POIL 1T 73
Hdh, R e A 12 R A R AT UG I FRATL N T T VR 43 B T P i G ) S

(1) FEH B BOE

BRI T BB [F IR LDA 3 RS 42 4 45 31 1) 3 URR A 17 58 FRDRG 0f F3E 0 25 7 AR 22 e T AR A4 42 POI-
POI I, & 1 ] PO F) 2 R 17 8 22 i) 16 2% i) B 125 R 3 7 PO - 1] A AFALUAE JE2, D 10K ) (L e 10 g 2 5 Wi
FIFHAL POI Z [ (¥ 97 %6 O 1 52 TX P A 2 B S DU AL, 3T T il 5 2 1) i 2 10 48 22, 8] 8 88K Topic MISRIK Y
1B o, I RIS F) 4 17 1 . L S0 45 2R W3R 2~3% 5.

Table 2 Precision rate under different topic numbers and thresholds on Yelp
F 2 A& Yelp gl LA 328 BUAE T RSl 22

] Topic 10 20 30 40 50 60 70
0.80 00148 00153 00129 00158 00127 00121 00103
0.825 00167 00169 00165 00171 00166 00165  0.0162
0.85 00165 00166 00166 00166 00164 00162 00162
0.875 00165 00166 00166 00169 0.016 00155 00161
0.90 00162 00145 00148 00166 00119 00109 00102

Table 3 Precision rate under different topic numbers and thresholds on Foursquare

% 3 1 Foursquare $4E % EANFE =B S BIE N HOR R

10 20 30 40 50 60 70

0.80 0.011 4 0.0111 0.012 2 0.012 6 0.0127 0.012 6 0.0123
0.825 0.0126 0.0131 0.0128 0.0135 0.013 6 0.013 6 0.0135

Topic
a

0.85 0.012 6 0.0129 0.0130 0.0128 0.0133 0.013 4 0.0133
0.875 0.0125 0.0127 0.0131 0.0135 0.0135 0.0135 0.0134
0.90 0.011 6 0.0120 0.012 1 0.012 1 0.0120 0.012 0 0.011 9

Table 4 Recall rate under different topic numbers and thresholds on Yelp
F4 A Yelp Bdi 4R AR TR B R RO A 3

B Topic 10 20 30 40 50 60 70
0.80 00502 00518 00437 00535 00431 00411 00345
0825 | 00568 00575 00559 00581  0.0564 00562  0.0549
0.85 00559 00564 00564 00564 00557 00551  0.0549
0875 | 00559 00564 00564 00572 00544 00527  0.0546
0.90 00551 00493 00503 00564 00404 00372 00345
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Table 5 Recall rate under different topic numbers and thresholds on Foursquare
% 5 fE Foursquare ##i 5 LA R £ B B N 1A IR

. Topic 10 20 30 40 50 60 70
0.80 00345 00324 00372 00379 00381 0.038 00376
0.825 00378 00382 00381 00388 00389 00388 00388
0.85 00377 00384 00386 00388 00388 00387 00388
0.875 0.0378 0.038 00383 00387 00387 00388 00387
0.90 00355 00353 00357 00359 0.036 0.036 0.035 8
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Fig.6 Precision rate and recall rate under different dimensions on Yelp
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Fig.7 Precision rate and recall rate under different dimensions on Foursquare
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Fig.8 Precision rate and recall rate of different models on Yelp
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Table 6 POI’s category information

* 6 POI s B

POl %ii 5 EHE R
393 Museums, Arts & Entertainment
1888 Food, Coffee & Tea

2772 Nightlife, Hotels & Travel, Hotels
4396 Wine Bars, Nightlife, Restaurants
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Fig.10 Thematic features distribution of different categories of POIs
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Table 7 High-frequency words in the topic
F 7 PSR

BN UETRS AR B IR HIT 5 A~ 53]
3 rest, car, hotel, dark, wine
11 food, fresh, wine, dinner, server
29 Starbucks, service, milk, food, experience
33 nice, taste, brought, staff, Vegas
36 exhibits, museums, wonderful, diversion, kids
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