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SRR E

23 W qbe] AEAEE A (1) 2ol ol

4
g:g
iy

H=USR (11)

A71A m9 OF 27t A8 54 WE 9}
[4H ANAE gu)siy vet R 747 2 (7)
A F=3 Lux AT #HEQ} A (10)9] 4

235 Y 2E7) &4 MEHE ou|dit HFH o

A Aol w8t be ARA ASE BHS
d &3t BZolA A wE ) AHREE 7hEX
o} ALS Yu|dith o & 4 (13)02 %3y
Sigmoid 8733} 35 onjatn, &BlA}F A5
BAE 07 1 Alo|& o 5317] 93] A&
(Kiran et al., 2020).

—é_, &url‘::: ’/]\“H]X]- }‘\jiE 1
Boz dEat 5T 2HlAe) BHE 4((y,,
*min(gjm,))Jr(max(g;m)*min(gjm,)))+1E OOH
71 B W 13} 5 Aole) o2 Wad

% 334 A5S HUHEHKiran er al., 2020).
V. 2%

4.1 &8 Hole ¥ EIK|E

B Ao A AlQket Bdle] 3 HeS Hrtst
7] 9130 Yelp.comol| A Alg3t= 2241 2 H dlo]
B AEZE A3 THIwendi er al, 2022; Wu et
al., 2016). Yelp.com A A2 2B} ARFY

H2 H2Y2 2891 g, AHAF diojH AE
TS AFBL §lo] o] & o] &3 A7t tFsiA
&Y &3 Q) th(Margaris et al., 2020; Singh et al.,
2019; Zhao et al., 2014). ¥ A< AFqAM=
Yelp.comol| A A|F-3h= HolE]E AAlst] <& 1>
3} o] 4¥|A D, ¥ AEH ID, d|2EH 71| 1L
g, 221 i 55 ARkt  dFelA =
7P @& vlzYZ Hlolgrt EAste s A
HlYole] 7851709 #AE o) 51969 ] AH|A}
7} @71 24004070 9] A B EHE AR
B Ao A Aok BdlS 807 8}5dlY]
el Ha 2070 oY BAS Fogh Anxinks
Aelste] Ao AR-FIThol 8 5, 2021). Egh
249 g BA A HEFS BR8] H8l AA
tlo]Elo| A 80%< Bt HICIHZ AME-8FaL 20%
= 37} do|HZ A}&-3cH(Rendle, 2012).

(B 1) Yelp.com HIO|E{ ME OfA|

=4 #
g5 ID IpohaRIrXJG3pGL9qrynSw
2H|Z ID 5CfR;j0dIV 1EPlarQ8oeh4w
H2EZ ID | MTSW4McQd7CbViyjqoe9mw

Restaurants, Food, Bubble Tea,
Coffee & Tea, Bakeries
A 5
23 44d 2019-07-28
My favorite chinese bakery. I
love their buns. And their eggtart
is best in whole Chinatown

227 7He e

Ao A Ajbs mdo] F5S #rtsty)
e 71E AFdA dE AHE-EE MAE(Mean
Absolute Error)$} RMSE(Root Mean Squared Error)
£ AHgste] Bdo] o3& Ass HURsIET
(Silveira et al, 2019). & H7}A % 5 AA HH
7 o & FH Y Aol FH3A dF S H
7tetH, gho] S8 oS ATt =55 9
U] S CH(Park et al, 2012; Su and Khoshgoftaar,
2009). MAE= HUighS F3 AA B o5
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HAEZ FiE|D2|9t 22121 AH|X} 2|25 0|38 HEld T8t HAEY FH A|AH JHY
A 7F Apolo] 5 ol /R vhe 3 ¢ o] Aol A p, = 2B i8] ofol|l jol g
vt &, MAEE 2aF "Uighe] Jao =, o4t o5 34, n-_,j‘c H|2} ] ofo]'] joll tigk A
o Z7]9 FHA{lo]l BF 2L TSR E A HA, ne "olg M&EE on i)
2 (14) & B3l A 4 ItH(Goldberg ef al,
2001; Herlocker et al., 1999). o}2] 2ollA p, = 4.2 AE M
27} o] ofol|l joll thet o5 A, r, T AH]
2L i9] ofoldl joll tigh AA] [, ne HolH B Ao A A|eke DRM-CRI 22 9] A%<
MGE ou]si}. ERHOFE HGristy] sl <F 2>9F 2ol /&
AFNA S8 FH A5 Ue ZEET vl
pAp— 2P (14) R .
n T3 Ao AMEE 282 PHE 587
o7 BA387] 98 NLTK #7142 AHedt
RMSE= AA B3 o5 33 e A& (Dalvi et al., 2020; Ramachandran, Parvathi, 2019).
AEE g2 dete] vy s v #@e Al B e Ed ¥3bg B80S A Asn %A
How fHRith RMSE= 247} & ghell tisto] 2 323 oS 207} 3 ol wolE AAE
EE A Folsi 4 (15) & Sl AN 3 RE 28l gRoX JoE 3147t 33] wuk
- At Q1 3F @olZ 1A 5k tHDenny, Spirling, 2018;

Sohrabi, Hemmatian, 2019). ¥ Ao A+ Agt =
d} dxvla 2d o] F5S vlusty] Y] 2

(15)
of shelrlEE <k 33} o] T AT,
(% 2) Hixojl3 =& MY
=24 & AP A+
E4 olo|dlla} o] FAKSH ofo’lS o] ofolsl o2 HA3} | Ning and Karypis
ItemKNN o 0] % ofold o] HH S vHto g EA ololyld thdl E}Al | (2011), Sarwar et
2RAY AseE cﬂlﬁ st} al.(2001)
SVD Al AR 901 Belg An|xte} ofold 7+ A 891 7/4E | Billsus and Pazzani
(Singular Value AR A 221 7+ IHZ*,% 53] A5A8g 2dFyste] | (1998), Zhou et
Decomposition) H)R}e] ololdlo] Tt A o =3l al.(2015)
GMF MF(Matrix Factorization)S Et&ﬁ}ﬁz mdg 4H|A} Y-8 915 |He et al.(2017),
(Generalized Matrix o WE]Q} ololEl -8t =Y WEol| 2z} 7}5EX] Eﬂaﬂg 38} | Muhammad et
Factorization) T 9E 7he] 84 AAE B3l shgete BPES AT | al(2020)
GMF 2do| b 217 1’% Age gqagFo, AR} gt
MLP olzy WE s} O}O]Eé] -3t 13 WEd 47} 715X 8-S | Alashkar et al.(2017),
(Multi-Layer Perceptron) | 3l 5 WEE dZ25tY tF 2442 E35PHA 853} | Chen et al.(2017)
}8E& AR
NeuMF GMF 223 MLP 248 Z§sle] Lu|Alel ololl o] 2z | Kang et al.(2020),
(Neural Matrix Factorization) 8¢ 7F A& 2 w48 BAZS AAst= Zdojt) Wang et al.(2019)
Conmer HEN S e ANy 45N uEe] 4414
olp )‘\j 7 6’]—)‘ = a ] EH:—]]O -
Preference-Aware Model) il 12 Bissted 3 Aed disshe 2ol
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TAH o2, DRM-CRI 2d W] ¢] An]#} 2]H-of
thgk CNN 28 8t Bl A Tho] 9w |l
£ 1002k ez dAsilal, 7 A7]= 328,
A Mee 256702 AR HKaur et al.,
2020). B35k 25 dolE 7]E Aol wet Ao
25 Zolo] 0% = 13} To] FE 3327470
2 A3t th(Dong et al., 2020; Du et al., 2020).
agjal 2EgH A8t tigk 54 FE5
7] 913t 2dll &gy Bl A Aug WEE 323}
Aoz, Y2ER 7HEag]o] thgk g WEl=
50xF9 0 2 A A THWu et al, 2022). A3+

2] &2 Adam(Adaptive Moment Estimation)S-
% R, FES 001 Hj ] =275 10242
AR 2d TFs FIPson, HAY
Epoch 35 274 0}7] 213 Early StoppingS &
88191 tH(Kiran et al., 2020). 3 AAH FH A
= Uehi=A gelstr] s 4 432 5314
FaEo] P FFAAE il HAET 45 77
= xﬂ/\]é}odu}(mu et al, 2013). B AFoAM=
TensorFlow % Keras ¥|7] X & A}&-3l5 o AY
< CPU Intel Core i9-10900K, 64GB RAM, GeForce
RTX 3090 37~ =it

J.,_IZ’L

(¥ 3) DRM-CRI 2% uj2to|g

g}z g A%k
wol g WE 2}l 100
d2Ed Aag 9Wg uE 49| 50
o] 33274
CNN #Ad Z7] 3
CNN #AY 7l 256
CNN E=Fops 0.2
2l 9 A2 ofole] Qg W
A+
st E 0.01
v x] =7] 1024
HAs dags Adam
Early Stopping 10

4.3 4

i

il

4.3.1 #Hxol3 zEnte| FM MS d|w

B odo A Aok DRM-CRI 24 ¢] A%<
B71817) A8 229 2 H ZREQ Yelpeom?]
tole] AEE AREale] 7]& AFolA AtE
teket Wixeta 2da 323 A Bluoh
AY A= < 2>9F 2ol e, o] §
3l 2 Aol A Xﬂ?lf‘& DRM-CRI Edlo] B
Xul= 2l vl& -3 FH TS HoF
I USS EQlgth é_lffé. Z:iﬁr, <3 4>9} <3 5>
o] MAE 2 RMSE H7}A] A iﬂﬁwﬂ oz 7
7} 30.8% % 352%%HF 5 FH 45E g9l
& & Sl o8 s Zy= A DRM-CRI
299 AH Mo s H HAER A4S &
s W Eo] AR HAER Aos PR
AusHA dE F Y-S AlAFETE WA, A
zdlo] 33 45S ItemKNN, SVD 3! GMF 23
EL} H RS o 9543 =21 A5S Jehdl= A

S Folg & 9tk A2 02, DRM-CRI 24&
ItemKNN, SVD % GMF =293 HlugS o
MAE 7} A 22 35%, 30% 2 46% 5+
M= 23 RMSE H7H A F oA 242t 29%, 24%
2 2%%F 450l MU i AFe &
v 219} Y aEF 7he] Ao e-g sk o,
T4 A T PHERT A 2l 3y
W Eol adAolgte A YETh B3 A
F mdld 3 Aes Hod 7Ivke] MLP ¥
NeuMF =93 Hw S wj, MAE H7/IA %=
40% 9 43%9+E | A EQ1, RMSE 7R &
37% 2 40% 7+ 7H*d§4‘215}. oje} & ARE
53, 9s] Avzleh H2EZ Y oot uke
7HA|AL o) & 7] S AE-S Stgele RUER
t} DRM-CRI 2dlo] 2| A5 x9} gAEw
E4E AHEete] AHIR e HAER 11 A
288 AustA T5etr] Wil ARAke g
2B AEE HHF ARFHOE oZ3e A

flo ofo

o
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AAER FHE|2let 22tel A8|AL 2lRE ol3E Hald 7lgt

0.8

0.4

0.2

ItemKNN  SVD GMF MLP

(a)

NeuMF CPAM DRM-CRI

1.44

0.24

ItemKNN  SVD GMF MLP

(b)

NeuMF CPAM DRM-CRI

(28 2) DRM-CRI 22z} #ixjol3 22| MAE (a) 2 RMSE (b) &5 vl

(% 4) DRM-CR| 22z} #ix|oj3 z@o| MAE

DRM-CRI 2 o] MAE % RMSE ¥ 7}A| ) A

HIx|E 3% R 4%%HE W9 5 BTk olE B,
5 WAL o] =3+ s
A= MAE Percentage AB|Ale] A% HAHL o= ] grEFH £
- Change o] % 4TS st= A AT F UL o
Proposed | DRM-CRI 0.534 - = 2B $A40] AnA AZEd kS vzl
CPAM 0.553 +3% = AL Uehdth
TtemKNN 0.822 +35%
SVD 0.764 +30% .
Benchmark nl2to|Eo]| M2 =M M= H|W
enchmar! GMF 0.085 146% 4.3.2 J1—|' |' | ‘|O“ El- - |JL
MLP 0.889 +40% £ AT e tekst gtetrlgrt 2d A5l
NeuMF 0.939 +43% X Gs GRIsty] 8l F1E gekst 29
< 7Yk WA, Aud Z7)7F 2 Al vl
(% 5) DRM-CRI =&z} #ix|of3 z=Ee| RMSE T G FRIs1] fl8l aniA 2 HAER HE
=p NE+ o] Jdulg =712 8 16, 2 X eE WAk AL
vy RMSE | Percentage TR <28 3> M2 O gulld Z7]0
Change 4] DRM-CRI =9 ¢] MAE ¥ RMSE H7}#] %9
Proposed | DRM-CRI 0.754 - &S Yehdth 7 HUEA R A duld 2717k
CPAM 0~(7)29 +249% 4 W At 2dlo] 7 943k Aes YER
AN :24:;5 g1e-o sholg 5 it olelat AnE Fo) Ju
Benchmark ' ~ A77) Zom 2uA 2 @2ED o] 2
GMF 1301 2% QA2 F317 07 HYgElR] B3t EAo] =
MLP 1.199 +37% = == O Aor= anAle
NeuMF 1256 +40% At AL &2 4= A thBehera, Nain, 2022).
S HiR] Z7)E 128, 256, 512 2 10242 AR
T3 g AEH &40 LuAte] AEe 3 alo] wj=x] =7]7} DRM-CRI 229 WX+ QeFS
A 2] B GFS vpols}r] 98 AnlA} AT <2 4>= M2 G2 A Z7]9A4
AEEUS ALES CPAMT HmEtdS o, DRM-CRI 225 °] MAE 3! RMSE H7HA3£9] gt
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w3 2710 1045 A3 )
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(Radiuk, 2017).
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o] s
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221 24l

74_

N=

AN = AR AFolx e 2
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gtk
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8 16 32
Embedding Size (a)
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B2 R8F do] £8 4P Aol Fasht
(Yang et al, 2020). WebH] ¥ AFNHE <3 63
o] ofe] o] 42 Hg3ke] DRM-CRI 24 9]
#3045 MIAE TL A MAE 3
THAFEE ML 7P B 2500009 TolE AL
£ W Mg 24T FA 452 deniAn
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(RO
!
N
X
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e
W g

r e

TE AHEshe Blo] A SHAA B ol
£ AL HAFTH(Yang et al, 2020).
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=3
&
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256 512
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Developing a Deep Learning-based Restaurant
Recommender System Using Restaurant Categories
and Online Consumer Review
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Abstract

Research on restaurant recommender systems has been proposed due to the development of the food
service industry and the increasing demand for restaurants. Existing restaurant recommendation studies
extracted consumer preference information through quantitative information or online review sensitivity
analysis, but there is a limitation that it cannot reflect consumer semantic preference information. In
addition, there is a lack of recommendation research that reflects the detailed attributes of restaurants.
To solve this problem, this study proposed a model that can learn the interaction between consumer
preferences and restaurant attributes by applying deep learning techniques. First, the convolutional neural
network was applied to online reviews to extract semantic preference information from consumers, and
embedded techniques were applied to restaurant information to extract detailed attributes of restaurants.
Finally, the interaction between consumer preference and restaurant attributes was learned through the
element-wise products to predict the consumer preference rating. Experiments using an online review
of Yelp.com to evaluate the performance of the proposed model in this study confirmed that the proposed
model in this study showed excellent recommendation performance. By proposing a customized restaurant
recommendation system using big data from the restaurant industry, this study expects to provide various
academic and practical implications.

Keywords: Restaurant Recommender System, Convolutional Neural Network, Online Reviews, Restaurant
Attribute
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