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[Abstract]

Recently, due to the changes in dietary life style and developments of the Internet technology, the app-based food ordering services have
been emerged, and the delivery market continues to grow. Also, recommendation system is being introduced in a variety of areas because
users want to easily find preferred targets. A recommendation system requires sufficient data including various attributes to provide stable
and reliable performance. Thus, this paper proposes the data feature extension mechanism and machine learning based restaurant
recommendation system to provide recommendations various purposes and situations. The proposed system provides the natural language
comment based restaurant feature extraction method, the K-means based review score similar group generation method and the linear
regression based ordering quantity prediction method to generate recommendation lists. Also, this paper implemented the proposed system
by Python and conducted experiment of generating recommendation list based on restaurant review data of Guangzhou. The proposed
system can flexibly reflect the feature of the target and allow for more detailed user taste. Also, it can predict the order trend because the
order quantity prediction shows a margin of error is less than 20%.
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Table 1. Recommend experiment dataset format
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Price per person Per capita price (Null means empty)
Time Commenting time
Num_thumbs_up Like count
Num_ response Reply count
Content_review Comment text
Reviewer Commenter‘s user name
Reviewer value Commenters level
Reviewer rank If commenter is vip
Favorite foods Favorite foods
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Table 2. System implementation environment

Environment Name Purpose
oS Winl0
Programming Python 3.7 Machine Learmpg and data
Language processing
Development Anaconda Conda package managing
Tools Jupyter Development tool
Pandas Data pre-processing
Tensorflow Machine Learning
Libraries Nl.lmpy : Number processing :
Jieba Chinese language processing
Matplotlib Visualization
Synonyms Chinese synonyms extraction
Dianping L
Dataset Dataset www.dianping.com
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Table 4. Restaurant feature vector calculation result

Rl R2 R205 R206
0 &l 0 0.01221 0.059322 | 0.003878
SHE 0.51095 | 0.4579 0.381356 | 0.413184
2o 0.07664 | 0.02893 0.050847 | 0.046532
WE | 0.00365 | 0.02078 0.169492 | 0.048686
HE 0.0073 | 0.00686 0.076271 | 0.003447
Ha 0.0438 | 0.01521 0.084746 | 0.019819
Ad2F | 0.05839 | 0.04907 0.059322 | 0.075399
2+ 0.29197 | 0.40583 0.09322 | 0.383455

I 55 T)0] SAE 7 H[22]S o] 882067 &2 AT

A% AE Aot FARE S 0~19] 3k 7HH 54 2414

710 2 206 2] Alrto] 2 FHTE o E

AEERE A9, RIZ BE 44 2] HARE

wow

5ol AHA7HRI
RS
AREARN ) FAAR, FARET} 0 A HESHE &
At o] vh - ultekan Y2 5= Ik vl frAl

KN
=

e
=

hrow ME 443 5go] vl vhey] w71 &4

& 55 kg Qe

E 5. 20670 SAIE RAKE A4 2ot

Table 5. Similarity calculation result for 206 restaurants

R1 R2 R99 | R100 R204 | R206

R1 |1.0000 | 0.9644 0.8966 | 0.9184 0.9661 | 0.9569
R2 |0.9644 | 1.0000 0.92710.8346 0.9906 | 0.9962
R99 |0.8966 | 0.9271 1.0000 | 0.8764 0.93480.9457
R100 | 0.9184|0.8346 0.8764 | 1.0000 0.8590 | 0.8484
R204 | 0.9661 | 0.9906 0.9348 | 0.8590 1.0000 | 0.9911
R206 | 0.9569 | 0.9962 0.9457|0.8484 0.9911 | 1.0000
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6. K=3 o,
Table 6. Cluster centroid coordinates (if K=3)

Gl G2 G3

X (taste) 3.1 3.5 33

y (environment) 32 3.7 3.1
Z (service) 3.2 3.7 3.1
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Fig. 5. K-means based grouping result (if K=3)
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Table 7. Cluster centroid coordinates (if K=9)

Gl G2 | G3 | G4 | G5 | G6 | G7 | G8 | &9

>

38 | 32 | 34 | 3.1 33 | 32 | 33 | 3.1 3.6

35 1 25| 33 | 34 | 34 | 3.1 33 | 29 | 3.6

z 35 1 25| 33| 34| 34 | 31| 33| 29| 3.6
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Table 8. Ordering quantity prediction result

1 2 (3|4 (5|6 |7 |89 |10|11]|12

R1 |74 149 273228 |15|16| 16|16 | 14| 8 | 12
R2 | 856 | 719 | 605|497 | 444 | 449 | 505 | 394 | 262 | 326 | 260 | 244

R3 | 427 |437 (346|284 | 213 | 240 | 314|284 | 156 | 182|193 | 158

R99 | 125|114 92 | 44 | 56 | 44 | 33 | 49 | 22 | 27 | 15| 23
R100| 134 | 107 {120| 101 | 112 78 | 99 | 85 | 55 | 47 | 36 | 43
R101| 5 6 |50 52| 75|58 |77 |60 46 | 60| 35|37

R204{ 133 | 19598 | 76 | 90 | 89 | 120 | 118| 112|129 | 114|123
R205| 3 6 | 7|7 |13|16|56|33 |28 |49 |51 |55
R206| 290 | 182|213 | 144 | 155|130 | 149|123 | 66 | 65 | 48 | 54
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Table 11. Order quantity based recommendation list
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Table 9. Comment based recommendation list SRR coun g
1 R23 583 4.1
Rank Restaurant ID Similarity Rating 2 R19 358 4.4
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Table 10. Review score based recommendation list

Rank Restaurant ID Similarity Rating
1 R21 1 5
2 R121 0.999999 4.5
3 R156 0.999998 4.4
4 R187 0.999998 4.4
5 R115 0.999997 43
6 R124 0.999997 4.3
7 R29 0.999995 4.2
8 R46 0.999929 4.5
9 R58 0.999929 4.8
10 R59 0.999929 4.8
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Table 12. Comparisons of relative recommendation systems
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