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o3 AR,
1. Choose N ~ Poisson(€).

2. Choose 6 ~ Dir(a).
3. For each of the NV words w,,:

(@) Choose a topic z, ~ Multinomial (6)

(b) Choose a word w,, from p(w,|z,,3), multinomial probability conditioned on the topic z,.
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P :div class="rating reviewItemInline":.</div
P <dis ss="quote isMew"»..</div
¥ <div class="pruw

p w_reviews_text_ SLr¢e* _hsx™ data-g
iews_text_summar

ﬂardla"i
¥ <div class="entry
'p a

' hsx" data-prw ‘.

class="partial_entry

"The hotel is absolutely amazing! You could
not find better location, right in the
middle of everything. The seruice, spa,
food, afterncon cheese and wine, skybar,
decor and overall athmosphere- everythlng
was excelent. Absolutely worth it!"™ == 52

i
/p

fdiv
fdiv

<3dg 3> 0 "ot 2R/
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_ 1
1 B %17?&-*—?_:
———————————— e
P-¥ S IO0000] R TECEE
a-";t simple, cozy andwarm ~_____.--=" e
" My wife and | stayed two nights and we were very pleased with the room ambiance
_— as well as the courteous and professional staff. The room we stayed in was simply,
I:;s-ﬁ:ngeles but nicely decorated and it was very clean and also larger than most other hotels.
Calfomia Location was good, just short distance from the mtr station, many restaurants,
el convenience stores and best of all free use of a hotel provided mobile phone for
local use with internet access capability.
Show less [ 1
Stayed: May 2015, traveled a """"""""""""" 1_%?_%:‘{_:
@EREE® vValue @@@®E Rooms
®@@® Location @@®®® Cleanliness |,
@@@®® Sleep Quality @@®®E Service \\."\.\
b‘————-
FTEEE
it s
L_EBZET
| 7t tjol&
<¥ 2> & ool 2°2HN=104,039)
. . . sleep .
rating overall rooms service value location . cleanliness
quality
1,866 1,390 1,012 1,314 444 727 o
1 w79%) | (134%) (0.97%) (1.26%) ©043%) | (070%) | 888 (085%)
2 2,995 2,235 1,268 2,110 996 1,031 1,379
(2.88%) (2.15%) (1.22%) (2.03%) (0.96%) (0.99%) (1.33%)
3 10,777 9,754 4,623 9,701 5,429 4,058 5,202
(10.36%) (9.38%) (4.44%) (9.32%) (5.22%) (3.90%) (5.00%)
4 33,777 23,697 11,958 24,895 14,829 11,152 16,886
(32.47%) (22.78%) (11.49%) (23.93%) (14.25%) (10.72%) (16.23%)
5 54,624 41,363 26,451 36,662 32,519 20,531 43,198
(52.50%) (39.76%) (25.42%) (35.24%) (31.26%) (19.73%) (41.52%)
NA 0 25,600 58,727 29,357 49,822 66,540 36,486
(24.81%) (56.45%) (28.22%) (47.89%) (63.96%) (35.07%)
THE T& HoJE= B 104,0397] <ldl A “NA™E 2jo] sl g7} gHoll A g7
I Sl AT tlolE= &5 35100710t T II8HA| 2 Aotk 67}*] Aol thsl
o714 a7k vlolEet 67FA] Aol tidk 22t %7} < HlEo] A

e BE EF

k= HolHE AR

<3 2> 57 ElolelE 2ok ulgolt) o)
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LDAZ o3 22tel elfel ts B 284 - TripAdvisor AHElE F402 -
<¥ 3> $HE 7& dlolH 22Kn=35,100)
T2 2|7 H|E T2 27 HlE
3d % s
(hotel type) = (city)
Budget 7,160 20.40% Bangkok 5,088 14.50%
Business 13,622 38.81% Beijing 4,430 12.62%
Luxury 14,318 40.79% Hong Kong 5,939 16.92%
4 £9 .
(traveler type) London 5,693 16.22%
couple 14,404 41.04% Paris 6,135 17.48%
business 6,200 17.66% Seoul 2,838 8.09%
family 7,437 21.19% Singapore 4,977 14.18%
friends 3,788 10.79% A& (Season)
solo 3,157 8.99% spring 10,557 30.08%
no record 114 0.32% winter 8,152 23.22%
summer 7,681 21.88%
autumn 8,710 24.81%
4.2 LDA7|HI ETI=S 422 EY F&
39 doleE 01%@ Bz e et

421 EQASe AR

ol <19 5>+ 5-fold cross-validation<
A3 BY ol M2 T35 (perplexity) S 1
ERditt. 179 71277} bRl SollA E
o] 7 307E AT = ok 2HE B
Mol ele 278 1007kA] o]tk

5-fold cross-validation of topic modelling

Parplexity

ndidate nurr

ber of lop.;(.'b'
ol e

EZZ(perplexity)2| H|1r

<72l 5> Exl9|

2k A dE]L g 24 AAjel wet g
2E 750 g Z‘iﬂﬂ‘é ARt d2~E A
A HgoA e Aol asHA| ¥ B8
£ Adsta 2, SEA 5 S48l 2
&3t &S AAE ok LDAE ©]-&al A
H2ERRE EYY 7|98 FEITE &
ZZ WO F =R -3.4.02017) S ARESHAL
‘tm,” ‘lda’ &< 37IAE |83kt LDA
BHE o]l&st] A4S & o srEE A
Aaflof sh=tl, alpha(@)#-> EY NHK)E
5002 vro] 2 AH=E AL 4 AL b
eta(B)= 0.01= A]A3FHLin and He, 2009).
<3 4> 3071 EHEH 6714 £4(value,

rooms,

r_‘rfl

S|

il

cleanliness, location, sleep
quality)®] wi7 Z3olth. LDARFA 2 &
gof| gk 4 F=H 7|HEE HEoRE
AT, dE B0l EY 12 5d9] =y
E H239 Fd, EY 2& &% &4, B9 3

service,
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<X 4> LDAE 0|83t EH F£
Topic ID Dimension Topic naming Top 10 words
. . . asked, told, reception, card, left, desk, called, call,
Topic 1 service hotel reception .
booking, guests
. shower, bathroom, water, TV, bath, toilet, towels, bed,
Topic 2 rooms bathroom and room
large, coffee
. . . room, door, noise, air, open, floor, night, window,
Topic 3 sleep quality sleep environment
sleep, hear
. . breakfast, coffee, food, buffet, fresh, tea, selection,
Topic 4 service breakfast .
fruit, restaurant, hot
. . . wonderful, beautiful, lovely, special, experience,
Topic 5 service dining . . . . .
amazing, service, dinner, suite, birthday
. . staff, service, front, desk, stay, made, concierge, make,
Topic 26 service front desk . y g
booking
. . . shopping, location, located, store, subway, front, food,
Topic 27 location location .
convenient, restaurants, area
. . taxi, train, river, road, back, night, station, taxis,
Topic 28 location transport .
skytrain, sky
. . . service, business, quality, star, high, standard,
Topic 29 service room experience . -
experience, property, excellent, amenities
. . . . walking, distance, restaurants, located, close, easy,
Topic 30 location surrounding facility . 9 . . y
location, area, shopping, city

423 EZY 7]9=9 A4

el FollA “staff”, “price”,

“downtown” 52] “401~°] qzow =3

Hsr) =oh “staff' SEofA

S$AT wEo] L “airport”,

448 T T
= 9]

buke mie gurge

“airport”,

Al57t
“service” 2]
“downtown”-2 “location”
olth. 39| Brt A4
2 1742 F7} gH Foll “bed”, “noise” 2t
< o7} A5 yERdTh “bed” 7} “room” <
A3} BEo] 9om, “noise”7F TEO] “sleep
quality” /3l @3S m]XItHRhee and Yang,
2015). B7} A7k w2 SRR oz} 37}

He7F =& THolgl= “cleanliness” $41-S

Sk sk, 53] o] £ ARt 5
3] © ElsfioF dk= Zo|tKStringam and
Gerdes, 2010). 3AE0] TES XS uf
HH o2 T sh= S “sleep quality”
/980, sElof|A ] o] Hof| gt Br Pt

| &4
0

(Liu et al., 2013). Hthe] AN, =834
A5, A A 2% 5ol “sleep quality” 5
Aog BE =9 4 9tk “location” &4 F
8 Q9212 “convenient”, “distance”, 1|1l
“train“ 5 ETHHE A
S°]tRhee and Yang, 2015).

“SUbW&y", “bUS",

LDAE E3)] 225 79T nlglo 2 g7}
A &43 BEE HF 7)9=E Fekon, H
FHog AAY 719= YL ofe] <¥ 5>

o} 2,
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Dimension Keywords
shower, bathroom, water, TV, bath, toilet, towels, bed, room, floor, facing, floors, beds,
F0OmS double, space, single, area, design, décor, style, suite, upgrade, wifi, internet, view, views,
cleanliness, noise, air conditioning, smell, television, bug, carpet, minibar, refrigerator,
amenity, furniture, wall, window, phone, light, kitchen
walk, station, minutes, road, minute, street, area, min, location, metro, tower, close, located,
location store, subway, convenient, airport, bus, mtr, mall, taxi, train, taxis, skytrain, sky, walking,
distance, city, central
cleanliness clean, dirty, dirt, smell, stain, broken, mold
value free, charge, worth, price, cheap, budget, money, expensive
sleep quality noise, night, sleep, quiet, soundproof, bed comfort, room temperature
staff, clean, breakfast, park, lounge, club, executive, drinks, wifi, internet, lobby, service,
service reception, guests, coffee, food, buffet, tea, fruit, restaurant, experience, dinner, front desk,
concierge, amenities, pool, orchard, gym

4.3 Motmao] ELiE ZMEN

431 ZAAREA

AJ(Sentiment Polarity)ll 7]4ks}te] o]
E‘r. B A+ Bing Liu ARAS ARES1A

ol sl 784S AT R=
o] ‘syuzhet’3} ‘dplyr’ 71X S o] &3}
of B R s tigk A EAE AAlst
A, A 24 T A wboll ot 2419
Rl zfol7t ARk g S0 EEH
oA 0342 kA oL, 0gtET 2 T
Mow B2y oW ByM o Bagr}
(Hu and Liu, 2004; Keshavarz and Abadeh,
2017). Bravo-Marquez et al.(2014)2] 74-%-oll+=
Zt g o] 83l A4S E W 0%k THAY
Ao 2 AASIATE B AllAe 2480
& A @dar iAo (A A>0) T -

Zé( LJ‘E]%}\'(O)O]] OH/H %}\ ?l.q_ E_\:ﬂ_'% 7]:}_
AEA Ao oy <18 6>3 2tk

sentiment(reviews D, lexicon B)
For each review d; in D
score = 0
For eachw; in d;

score = score + vp(w;) //
the score of w; in lexicon B
end for
if (score> 0)

sentiment = positive
else if(score<0)

sentiment = negative
Return sentiment

<% 6> dd=4 L1z

ol

<713 6>901A4 lexicon BE 7H A0 2
H dlo)El= reviews DE B3 Wje 215
Qboll Z3HE 7+ of 3otk 22t 217 score
70X I FHH O Z score’} 0Tk 2Ho.
W Bz o g BRI

A A ZF Tho]e] 742 E n)g] A
sh=t] B2 @l A= 2R, 384
Q1 ©ole] A= L’Fi 73
Al AREE IR
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T3kl BE, B0 E &
% 35,1007119) )89
BRE stk

ﬂ‘ﬁ]‘% 71:]‘ @: oI =
(1) Review#75801|14 E3Hd T & {Thodl, o
2, T3, - Tof43el] disliA
43 A8 Asg Aol
QsS4 Akt
(2 #43 dol = 8/ X (-1) = -8
(B A dol =3/ X (1) =3

=
thal} 2o

Review 47:

1/1'\'5 stayedin the Traveler Inn Huagiao Begmgt\x

and I think it's an excellent hotel for the money.

2. It's located in the wonderful old Beixingiao hutong
with many local shops and restaurants down the
alleyway.

This hotel is very clean.

=

It exceptionally quiet for a good night's sleep.

L

The reception staff are deficient in English

comprehension and speaking.

6. Thelocals in the hutong are friendly and courteous
and helpful to non-Mandann speakers.

7. If you are staying at the Traveler Inn, [ highly
recommend the Bejjing Delicious Food Restaurant
directly across the alley from the hotel.

8. room onthe front side on the 3rd or 4th floor provide

goodviews of ... ..

9. See more room tip

<ag 7> 2|FollA

432 B 7 £579 248N #F

B IR S A el el
of g BEoE B £59 A e
<19 7>3 o] eIl A8 AvfskA
ojsl F wAZE Itk WA " 7 HRE
TR Ura 29 BEFE 7|9 =S £
g BA-s ExE Fo s BRItk <Oy 7>
oA BEAE FAE dolE FEH EFE
719 Eolt). thgo2 B 4ol tisf o]%]
719 - H(Lexicon-based Approach)g ©]&
stod A g 33 vloly Foll
A ATHA 2ol thell B2 AR A

)
HSAAA EF rooma}t AHEH EHE0] 89

A, oo, FAE] AR A= 1
o] ZE9] roomeol| T3l %71 off 7HA AL =
Aot Ax= A roomel| thdk A4 EA
A= B olgt & o Aok I 29l service,
ey -4
23 2y 24 Fof
[ Rooms: ) 2d&4
8 Negative
9
Yy )

>  Negative

|

> Positive

|

2 Positive

|

Positive

|

Positive

hd




LDAE o]g&3t

value, location, sleep quality, cleanlinessell T

e v B9

R -

TripAdvisor AHEIE FAo= -

we T7o] 9o dis) BrlSEA sHle)

g A EA S e o= g UTh Rooms, Location, Cleanliness 52| 3ol tj
olFA 7+ glroll el £ ek 3w AAE sAAI S TR AR
AL vHEA o7 st B R4 Service, Value EFe] tisiAxl= FA2Q1 7+
AFAE A& F ASTh A7NA AR S o] < 7HAAL ek
LA NS & v FAHES AT
U=, AR efmle) 7)1 ZH3A L] A3 4.4 EnlE ZIMEM O3 AS
Ao7} AREE = Adsdelv &7l tigk olsf
Glo] Qurdlel epmolu s)E@h Aol R ATE 2 elRe] EuuE uRAe
A8 AEZ, 2017). ol FF AglA gsiaion, AAE A+ PHS HEs]
ol gte BtEd AR FE5S FE i Hal S48 Brhaeet A A9E vl
g Faio] Yk ok gtk WrRarel 7S FAolu 34
o7 EREoC <xE 7> 22 ERIES Tl
433 EYE Q8N Ad Hwd ¢ ok Ae 371 dx2e Ag%
LDAS E8) 223 71922 uleto 2 6] (accuracy), A =(precision), N L(recall),
45 B9} Bl A5 RIS 2w, o) 7] o MeeseE AESHIT, I
AESS T 47 27 w2 w8t Hllif %Zéji iri% Olﬂjsﬂ %H}Ej «Eﬁj&%
P30 EEE B4 e gAY ame e SRS SHelh 5w Aok
< 653} 20} AT B 7} gHe Emm Al DA 37 ek Ao HlgolH, A
AREA Avle B me 2] Adow %—_8— A 34 S, A" JdelA A olzkar
sase, ol B} Apela gm0 TEI
g 7o) fls A= “NAE 7)€t A
FuFS olgstel BAY 7 eiel Exy AEE acaway =t (2)
AR AE BA 7 39 AelE v
ofg 4 itk dlZ Sof gH 10l U AHE  AUE: precision = —— L )
TP+ FP
<¥ 6> 2|Re| EEY LM 2N ZHo}
Rooms Service Value Location Sleep Quality Cleanliness
1 34 34 34 34 NA 34
e 2 g 24 24 NA 34 24
25 351,000 4 4 NA 4 NA NA
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<E 7> 2F d=E
Al o a2
=8 23 Cf 25 2
23 c1 N11=24"t=7] £74 CL Heolg N1,2=C1Z 25 £7% C2 vlojg
° (TP: True Positive) (FN: False Negative)
ng c2 N2,1=C2& &% £7¥ ClL HlolH + N2,2=&u0k=2A #5749 C2 Holg
" (FP: False Positive) (TN: True Negative)
<E 8 EY LUMEN ZZ Z3
Dimension Accuracy Precision Recall F-1 measure
rooms 93.72% 96.87% 96.48% 96.68%
service 96.37% 98.07% 97.12% 97.59%
value 89.35% 93.52% 94.99% 94.25%
location 93.70% 95.17% 98.34% 96.73%
sleep quality 82.91% 84.91% 96.56% 90.36%
cleanliness 95.83% 98.54% 97.54% 97.84%
A& recall:—TPiPFN @  FTHSE SR ghe dERilaL gl sleep
( : qualitye} valueE A|£|SHH rooms, service,
2 X (precision X recall . . w
F-1 measure = ’ i ision T recall ©®) location, cleanliness®] A=+ =5 93.70%

sltom Jendth A4 Bl tfs] F1 A
AeknEo] AT =Xl 95 10] 5 9] HAZE 90.36%°1H, Z+2e] el gk

g)o] 2AM 2 Bolst HrlHsel B AT A] Eod PHERE s gl v)$ a3Folgl=
X N A= Haste] AR S & T 53] Ade2 67 dRE

o

Azl= _1; 15190}, Besan) peE A4S & 50| B5F 94.99%0)e] AAghe BT
a4 A& =(accuracy), 4L =(precision), A& o
&(recall), 18] F-1 measureS A 11‘}3}04
ATFeA T3 B AR 2y A4
& A% A <E 8>3} 2ok V. g+Zn & 2 Aot

A3 A3} <3 8> B sleep quality] 7
T HE= 82.91%, L= 84.91%=, A& = <A
96.56%, F-1 2% 90.36% =% ThE EX o] H|3] A Ao el E5sh=

OIF e
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<Abstract>

Multi-Topic Sentiment Analysis using LDA for Online Review

Hong, Tae-Ho - Niu, Hanying - Ren, Gang - Park, Ji-Young

Purpose

There is much information in customer reviews, but finding key information in many texts is
not easy. Business decision makers need a model to solve this problem. In this study we propose
a multi-topic sentiment analysis approach using Latent Dirichlet Allocation (LDA) for

user-generated contents (UGC).

Design/methodology/approach

In this paper, we collected a total of 104,039 hotel reviews in seven of the world's top tourist
destinations from TripAdvisor (www.tripadvisor.com) and extracted 30 topics related to the hotel
from all customer reviews using the LDA model. Six major dimensions (value, cleanliness, rooms,
service, location, and sleep quality) were selected from the 30 extracted topics. To analyze data,

we employed R language.

Findings

This study contributes to propose a lexicon-based sentiment analysis approach for the
keywords-embedded sentences related to the six dimensions within a review. The performance of
the proposed model was evaluated by comparing the sentiment analysis results of each topic with
the real attribute ratings provided by the platform. The results show its outperformance, with a
high ratio of accuracy and recall. Through our proposed model, it is expected to analyze the
customers’ sentiments over different topics for those reviews with an absence of the detailed

attribute ratings.

Keyword: User generated content, Multi-topic, Sentiment analysis, Customer reviews, Latent

Dirichlet Allocation
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