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1197 W7 2 25

ZULEE Hgo] d58tEa, olFgAl 7ls 2 RAAA fAZ243 A
AHl(global positioning system, GPS), <}o]3}o](wireless fidelity, Wi-Fi)
59 59 7Zlswo] ddstHA KA 7
olat LBS) A&%= &7 AAstsdnt. ofAl &ntE 7]7]eM LBS+= ddiel
o] " ofEFgAe)ldoz g 749}9—”% I s YA FE S
E Alsstd G&eA vlHolE A3 Qg Aol 7§k srEd A u] 2~
A shstar vt
LBSOlA 54 4 2 X tigh A2 7 712 Ao A A2l

5o 01812‘?} Ao o
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AN ~utEZA 7Hd Bol AMEEH & AR~ F etuRE, 57 A4
g3 dHsk #AHo] ot dE Eo] BFAL AvfEES o] &3l HFHA
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g kAol y o e A9 FHE At (Chuang et al, 2016).
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W (Kakao map)?) 5 X8 AlolE 7|4le] A& T4 ZHZ 3} =g o]
% u %E/\

E (Mangoplate)d), t}o]yd Z=(Diningcode)? o] ut5 FA Z P Zo| g]
o, dfo MulaZe xd 7] A T4 FPEA 72 A E(Google

1) dlol® A %=, https://map.naver.com/ (<5 2020 10¥ 24%)

2) 7}7F2 9, https://map.kakao.com/ (< 2020d 10¥ 24Y)

3) I EH o) E https://www.mangoplate.com/ (£ 2020 109 24¢)
4) tholJd 3= https://www.diningcode.com/ (F4<Y: 20209 10¥€ 24¢)
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(matrix factorization, ©]3F MF) 7|® & 7|RFo. 2 A&7 POIY A =<1
(check-in)3F o] g dlo]E & W3] POl A EAS FE31aL, o] & o
Wgo] &gels= AFE(Cal ef al, 2018; Cheng et al, 2012; Ding &
Chen, 2018; Koren et al, 2009; Lian et al, 2014; Liu et al, 2014)°] <3}
H 3tk MF 7|2 3] &(sparse) Ho|HE AT & Uvk= o] Ao
L 71Hel EAA POIY AWE ARE FE53s AL E7besith T3
2173 % (neural network) 7|8k I¥ld 7] < Word2vec(Mikolov et al,
2013a; Mikolov et al, 2013b) 22 & 7|¥to 2 AFE-2}7} POIO| A=
A 9 2 (sequence) Hlo]E S o] &3] POIZ dH|H3slE A5 (Feng et al,
2017; Liu et al, 2016; Zhao et al, 2017)%= v A H AT H 2ol |
21 (deep learning) 7]+9 wg = o8 A+ E(Lu & Huang, 2020; Lu
et al, 2019; Wang et al, 2019; Yao et al, 2017a)°l 4 POl =X A& <
g Hed R FH Ass =017 8 POI 9Hd S &8st gl

S, A9 B o] & 3 (type)S Tetetr] 918 HA9 A4E(Liu et
al, 2019; Yan et al, 2017; Yao et al, 2017b; Zhai et al, 2019)9 4=
2 POIY /8 ARE &83d POIE YAt Gelsiad, FH3334

9 EAe B4 ol§ §3 $AS BHOoR 3 ATECAE POL YT

POI:= Al=¢ 2 & ARE ofyel vdd £4 ABE x3sta 3
s, AFAAE AFE RS0 AW 2R BiE: POIE Ades 7hE
we gol JRE TPAI Y AY2E delgetn & & vk AP E
& AAANA POIE Wwd W Jadolu 7= 93FS Wol et
(Kefalas & Manolopoulos, 2017; Yin et al, 2017; Zhang et al, 2015). &

Bl gE A0 oS aulAbe] 5% FHEA 9 el

10) Quoracreative, https://quoracreative.com/article/mobile-marketing-statistics (<
: 2020 10¥€ 2¢)



e
3 T D L PRI Ut oo

FE 93 9 POIE W= AAs7] o] i d2xE9 AW
AR = AFEAES] POI Wt ool FaFs vX= Fa3 a4t &
ATHWang et al, 2017; Yin et al, 2017). =3k POI 25 do]g &= 7]
o &t HolE ¢t trEA HIAY S AWy HRE EIFstal =], Hol
B ZA7F AbgE ] POIol gk 912, 744, AR 59 st s 4
Aoz Yedl 740]7] ol slE POIE tiiste dHlelHE & F 3
o tggd 2ntEE s Bl A EHE 2R & dolE e fAFSHA
2 A 7HA 2l %zgn}xl ZE3a e s POl teh AR Al S &

§ AN B dolHda & 5 9

El

s 2
RE9 A gaT + Aa *M ZRo A 7% Al 2Ee] POI
WA, shelael, w0 %] AN ¢4 AT dom, eR A4
N5e A% AQstas gout POl AuE Ari B854 g e
o AHEAES] HFH LTS WG & Qe Aol PEFTE A
o agich Web B ATelAE /1 AT 2 Aquse] @AE neta)
kel @R HiE HolHE g ASAEY BFF HELh FFL

o

o
i
o 2

11) Brightlocal, https://www.brightlocal.com/research/local-consumer-review—-survey-2014
/?SSAID=389818&SSCID=81k1_7ofbr (F<4: 20203 10¥ 2¢¥)
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1.2 9+ %

< Addo] AP (natural language processing, NLP) F-ofoj A
Word2vec(Mikolov et al, 2013a; Mikolov et al, 2013b)2.2 E == 4l
A 716k o] g 7ol AuAow A FowA, dud d3E
&g e A7 FAEHT Uk 2T E PO @& okl A=
FHAM A 2gle &85t 9% FA, Ee EAIY EX o] AdS ¥
°}3l7] 913 ZH oz POIE YHld 3t A7t olFA 1 Q)

POIE FHHM Al 2=dlol| &&3t7] 93 A2, AA AHEAE ] POI
of AANg AlF HolHE o] &3] POIE dWF s A+ E=(Feng et al,
2017; Liu et al, 2016; Zhao et al, 2017)°] 3= A} ol AFE=
AFEAZE AR o2 POIY] A ARl d#e V)5S 4R, 7 POl
g ol sty do]2 23] Word2vee 2@ # S 283t} Liu et
al(2016) POl FHAMS 98l Word2vec? skip—gram R &g o]-&3f
POIE #H = AW Ittt i3 AFodAs Ald: HolHE & o
710 T2 AFg3Y np2 32X A<l (Markov chain) R o] H] & A7
719k wo] qlHd EEe Aeol HE Holds ¥Wiloew, ol wt
Feng et al(2017)2 Liu et al(2016)2] A +tol X2 & J&FS 33t A
g 2492l PORvecs Attt ¥ volrt Zhao et al(2017)2 Liu et
al(2016)9] Ao A4 Gk L AHA S4S FU1ste] POIE W9
ST T3 He et al(2019)2 o3 POIE F33st7] 98l &7 (Flick
)12 A= HlolHE o] &3 Word2vec @S 7|Wto 2 POIE YWl 3}

Atk Word2vec =2 & /\] AA o) Foll Wit POl A/ H~E THo =,
ZF POIE @& A& =d), o= o3 5 WEd PO+ 22 A3 (=)
Foll A WLt OI( ol olsf AFHkar 71 g Aol

AREAE A=l HolH & o] &3 POISH A4S MY oms o &
POl FH# Mol &85t ATE5(Qiao et al, 2020; Yang & Eickhoff,

%

o

12) =97, https//www.flickr.com/ (F<: 20209 10¥€ 24%Y)
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2018; Zhao et al, 2018)% %Y= A} Yang & Eickhoff(2018)+= tf] 3 4
ol 9% 7]¥F 24 Y E 9 A(location-based social networks, LBSN) A H]
291 F 24 o] (Foursquare)!3¢] A=<l Ho]lEHE o]&3] POIS w3
%, dHd g POI HH & o] &3l A=<l WHE Adetlon, spA o m
A=l ®WE ol Pt Tl POIoH AHEAHE 22 wld skl th. Zhao et
al(2018)¥ Qiao et al(2020)& A=<l AJH 2 dHlo]EE o]83] Word2vec
R4S 7IRke® POISE AMEAHE FAlo dwldste WH S AlFsET
Tl oY 7l dHoem o A4+ (Lu & Huang, 2020; Lu et
al, 2019; Wang et al, 2019; Yao et al, 2017a)o| A POI Fd Aol <=

ol

—

N

A7 W (recurrent neural network, ©]3 RNN), Z¢7| ]_]‘ﬂ(long
short-term memory, ©]3} LSTM) 59 9814 7|=S &8st 011:} A
% A7 % (deep neural network, DNN)9] £& A%< =0o]7] M=

g dolE 9 EA(feature)ol thdt &3¢l WE TAS FHEE= ;ﬂo]

AgAol7] wZol] g HAo] TastA thE X Covington et al,
2016; Ding & Chen, 2018; Liang et al, 2016). Yao et al(2017a)-& A}-&=}
7F el WEd POIE d53t7] flsf POIo Al=dg Algh, 914 F©
tolel & ol &2 POIE AWMlE e -, o|& RNNO ¥ tlolgj= &85
Atk Lu et al(2019)2 Word2vec 2 9& 7]uto 2 Abg-x1o] A%l A
=<1 Hlo]HE o] &3 POIE ¢ Hﬂ%]é}l’ AFE A7 HHESE POL Al ~E
O]_g-{sﬂ A}Qx}i O]Hﬂﬂ%}- kel o] < POI ﬁ@éﬂlg ‘r]fsl RNN EH]Q]
st dlolE &2 AF&3 T Wang ef al(2019) 9 A Word2vec &S ©
g3 AAJ AE~E POIZ dH P38 & RNNY ¢ delgH=z &8
39t Lu & Huang(2020)-2 POIC] 3 % A=<l do]EE o] &3l POI
dWgslaL, o] & 7|Hto 2 LSTMS A3 POIE F3d 4 Mo &-8-3)
WS Ak
Al = 7HA ’é“ﬂl‘ﬁ: Hlo] ©]3 W POl =AML Bg g 5= g ot
A POIE AWl®dat7] 98] 2 AR&ALY] A=<l HolHE o] &3t 3
e & *’F ATH 2y AlEAE 7INEe R g A AQl HlolH & POIE]

Lo

i

=

ﬂll

rlr mlm

=

[

13) E 9], https://foursquare.com/ (F<£Y: 2020d 109 24%Y)
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AWE JRE TFEA 2] g A A AN E sherstx
shehs B2 ek Weld mde] #85E POL 9WY ¢4 POI 33
AN 9% F7 wARY B85, PO AWY JRE EASHAE

gtk POIo| sk AlE ARE F5T + Ae S F= 92E 1
olH =, POl x3¥ "HXE dHolHE POl dudol] &&ste A=
(Chang et al, 2018; Shoji et al, 2018)°] <& % n} At} Chang et
al(2018) <l 2~E} 13 (Instagram)14) A =<1 dlo]E oA A=<l o] H 3}
H2E HolEE o]§3 Word2vec 7|Hto 2 POIE dWd st a3
ATl A= AFERFEo] POIo| A=A w A 245 9 ~E dHolHE&
g3 POIE dHld vt AolA POIS AlWlE HHE FdHS}AT
E At 28y 4 dol s bd WEHE R3] Wil F30]9
U tejol S aekA sk, duldE POl AR&A7E thgoll W
7bs7dol =& POIE d&3t7] 913k POIS| FH g Aok ARG H e ¥
ol & AHH M &A= etk &AI7F vt Shoji e al(2018)-
A B27h 23HE ESE (Twitter)1d B AE dlolH & o] &3 91AE 4
H=Z dugdst =, Word2veec 29 A8 A 7} E9IY B AE7}F 214 &
AAE A dol 2, iF A FHel] AdH EQY HAES FH ol
2 X ZetA Tt o= Word2vece] 71+ 7ldel wel ofi 9% FHo 2
de g2EVE & A9 "aiES fASHH, did YA S0l A= A
g Ao R hFgnke oA Aol ik AjWE HEE YEdta &
. 18} Shoji et al(2018)& Chang et al(2018)¢] A9} m}z7}
@oj & St ME 2 ey wiel Y Al FFo]oo] H
tholo] & A ok, 54 POIZF old F44Q0 A& dwdEo
24 A3 &80l Hojxivke dAF] 3

.

14) Q1 ~¥}1¥9 https://www.instagram.com/ (F£Y: 2020 10¥€ 249)
15) E$1¥, httpsi//twitter.com/ (< Y: 2020 10¥ 24Y)
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2X4S 7HA A o) ' okl A= <, NLP #oFe] wof iy 7]
=< =93 POI +F9 ov #AE SAst= WFoe= A+ (Liu et al,
2019; Yan et al, 2017; Yao et al, 2017b; Zhai et al, 2019)2 F3)3}aL <)
= FAlolth Yao et al(2017b)2 =419 EX] o] § #3S vketslr] 93|
POI 389 W= v FHsd 7|& A+(Gao et al, 2017, Liu et al,
2015a; Yuan et al, 2012; Zhong et al, 2014)°] 4 "ol POIC] &1+H4
HAE FA5t7] 8l Word2vecs Hx= AF&3tAth. Word2vee =2

Al AGE A=, 2 kel EA8k= POL @] o34 £X8 &

ol A|H AR FFEGT oW EX| o] &9 ¥t EXE uE 4
A (traffic analysis zone, ©]3} TAZ) @l = 1ttt o™, zF TAZ
st POl WY 49 & T3l TAZ 9HE FA)

al(2017)2 POl 3 9Wld3st7] 9138 Word2vecs &%t

)

292l Place2vecs A|9FsA . Word2vec®] g5< 93l

(window) A7 & 7|Hro 2 FA4l thojef =1 o] H(pairn)S T3
A FAFsHA, Place2vec AAAlOA AglE 7IRto® F4 POI +3
I 7HA 1A g POl 8-S 8 dE2ER ads) ¥4 4s 4

3t} Place2vecs Zhai et al(2019)] 93] =Al9] 7|5 99 & A Hs=
d &85 7% AT} Zhai et al(2019)2] Aol A= Yao et al(2017b)
ANA ARG TAZRE T 22 @9l o] 9 (neighborhood area, ©]3a}
NA) 752 715 495 @A438t7] fel NASE fulgstA=dl, olwf dA
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a5 Wy S oo E BAE HolEAAM EE
2 4R (Steyvers & Griffiths, 2007) #a1 tvlglZ#d g4 (latent
Dirichlet allocation, ©]3} LDA)(Blei et al, 2003) 7]
PO = 44 2 Holy HE2 e POIE 1"4 A 2E A=
B 4= It} (Chang et al, 2018; Yan et al, 2017). Ad~E AW ZXE 3}

i<

L

O
e
o
rok
i)
t
o

o] ¥ AWE POIE F%317] fg o s db2~E folHe o
njel Weks yElE) 7 7|9 =E WE I 3 doE gsAIIE ¢
g 7IHS A8t AS Aot 2 AFdAs dxzel dud 7]
Mol AW 71uke] Word2vee RS /Ae, EFy 7|YES wF g%
st g EF 7§k wo] ¢l (topical word embedding, ©]a}

TWE)(Liu et al, 2015b) 715 &&3th. TWE WS o] &3 duld <
T8 22 V19 EEE B wel g2 AbgEE 719 =] ugd ¢
nE g d stk
574 POIl sl 24 € 2l welE ol of¥ 7] =7F NI sA ALE-
U= A2 2 719271 did POl T a3 5S4 YEkt = Ao
thro] AbeEol o) ASH AR 5 F vk 2B RE g bo]
£ 7|Wte 2 AlulE POIE AAds) Ao &8y ve Ald sl 4
Ve 7o 2 POIe| dist oA A4S ‘5}14 ah= AREAFE A

=2 T gl '% =
of Mgt EAL FAF] 9ol AR 24} A AR BEE Fo}
We ST =R, J1E fAF Aul2Ese] B4 A% aug B 2
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&« c 0O I @ mangoplate.com/search| A 25 ?_-'ll a
M e
: L s 21st0f0f shetat url

21440l
r’_ ;

gt Hlo| x|t
2 2

ZH==: 2074

B} B} 0] 4 ojo|s 4.1

EIHIOFII 704 107

(29 2-3] HuZHolE AN A} 3H

A9 A%z 299 POISS 3§ F48 /45 gonz 740 1
g2E w9 Ao (hypertext

2 H 20070¢] POIY sk sfo] o
.

markup language, ©|d HTML)E T8 & 4 oW, ol& o] &3 s}

T LN
&3] POL 94, 72, &4 %7, 2lf 9250 dPsts 4ug +53
A

3kl POI 5 stugl ‘dlsgzofetes A Ho] sk HTML 3R E 4
= [19 2-4]5 HWH, ‘hl’e] g+ o] & Z(hyperlink) Ef 9]
S ‘©lE Q=0 7}

‘class’ &AW o] ‘restaurant_name’'?l F-Eof POI ™3¢l

= !
Zol7l A RS FAF = vk w3k [ 2-5l0 A= pEte "o
class’ &4 o] RestaurantReviewltem_ReviewText' ¢l F-&of AF-&x}7}
245k B "9 AE sdsts gl Eo7F = ASE & 5 Ak
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= Q%04 4

ks Console  Sources  Network  Performance  Memory  Application  Se
v lBss="column-contents’
rlass="inner":
-l HAER A >
v ¢seftion class="restaurant-detail™>
¥ <header
v|<div class="restaurant_title wrap">
¥ {=oan _r] = itle’
b <div class="restaurant_action_button_wrap™».</div
fdiv
[727 2-4] POI "ol thd HTML
2|5 (322) z gtQ 3 HECEH (6
e ()
HZH2os 28 T Holgol =S AN B IH Holg M gol HE + D T &t/
5 g YL oMoty T oiEE Lalsin AUALY e s v v S oforct HY o FORIE LY o}l
- =49}
S HF otloid 2 =E 4018
o]
u‘
Elemends  Console  Sources N Parfformance  Memory  Application  Security Lighthouse
¥ <header class-"Restauranthev __Header™>_</header a

vl class="RestaurantReviewlist  Reviewlist
class="RestaurantRi wWitem RestaurantReviewlist_ReviewItem"
v <5 class="RestaurantReviewItem__Link™ href=

ewltem  User

L A2t H2gf IS W sl A0E0 T3 ANCH 8A AT 0P A 0| HE £ ACL 2 BY oUW
Ol HEN HAE =Dietl SN es s s 6 HS WO A2 2F ZOE =2 E=0 U 2RI 19 95 20t
o
=1 S
/o
span class="RestaurantReviewItem__ReviewDate™»28208-89-18</span A

[2¥ 2-5] ¢ El=Eo tigk HTML
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2.1.2 "oy A+

ol dAels oA FH3 d2E doled o] Ay 71He A
o FF FA o] 7ted FHE WEkets AAoln BE S0 |y ¢
2~E dlojHeo| gk WAz Y-S ZA E-&of(stopwords) A A A <
FH A2 24 GAR vUHH, x5 gEn

Egols dutdom EFEA(~1@#$% &) 5)U 4TI R
), 320, EFE®) 5)¢ Zo] EAdA oujE Fod dart glon
= AASF st AESs dAOH, o B4 R4 we = A
F 9tk 2 Ao e Pythonol A A&stE A £33 A (regular

‘ Ed sttty ddEE A

expression) 3 7] #]Q1 ‘re’E o] &3l &4
=

all =
g 542 7] gtk BAE HolHE Rt ATt 7 vele)
Aoj iz Bwsl AAH T e 1FAAE b Be ATt o] Tl
Aol ol dolt FAol®e] 4L X1 917 W, Gof 7]t
gl A~ 5

021 4 ] 9] u}o1 t}= A ;L‘dﬂ 7}LH ] EE}. o F 5o, ‘FHulol A
AR UE A

7 2ol 7] wiitel Ty vlEog e Al thE e W& 145
S, 2016). WeEbA Fero] gk FlAE HolHE tE e d
sl g3t Aol FrhEdES & o3, 2017, 43

17) Qofe] Gejn f8e) sht AAH ojulE Ahd o] Ei
827 AR AGFoRA BF SAA9 BUA 4T
Qolx, gharo], H7lo], Yol Mekso] Fol of 7o) LaH(lolw]

18) BHlEd SHom B ddojd @ 4. olg} ojve wa
AAE e A B UEhE Ao, AE
Qoi7} olel (oM EEFoIthAHA)
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T AT YR B9AEY FHA 242 9@l Pythonol A A& 8k+=
KoNLPy(Korean natural language processing in Python)19¢] 3 &g &
Bl & 4] 7] (Korean morphological analyzer)200& &-8-3tt}, staro] &g

a2 B o] Thesh FEjA A7) = ZES, amvpl)) shyE) @ E gk
o] #l 2~ E (open-Korean-text)23) & ThYstAl EAst=d, o Jeji &
A7l & B AAEE olfrw 2 ATl AR AREA Bl MAE
T 4oz FE3 1,00070 &l vis) Feis £A7IE e dea B 2
= &P A3 RG] Fso] 7 skl y] wWEolth 53] ARG
EF e 22 7)ol v} of ¥ ALFHALE & FEIThE Aol Ut
FEjA FA 7= Foxl S FEHA I E Uy Frh S, o<
ZAL on] T8 EEetal, o E WAL TAE W84 TR YAt
RS P A BA71E dUrEAHNNG), LFHEAHNNP) 5 & 4370 EA}
THE XA, 2 AFdAE FHA A B34S R g 92E
dlelelel LDA 71vF B3 Rug 7]9e A&s5t7] 9 SH4ow on
E 7HAA Eote FHAE AAst, Add §AAH AAA onE v
AE A S9uks B4 giako w2 g wEbd HA 4370 FEAF S A
Aol sl Fst= ARHEAHNNG) e AL HAHNNP), &<l sid3st= sAF

3

(VV)sh SEAHVA), 183 o] 2(XR) EAbo] adats dolnhe =23

A &g 2-1] F=2).

19) KoNLPy, http://konlpy.org/en/latest/ (<4< 2020 109 5¥)

20) I https://www.shineware.co.kr/products/komoran/ (<4 2020 10¥€ 5¥)

21) 7AW} http://kkma.snu.ac.kr/ (84U 20209 109 5¢9)

22) k%, http://semanticweb.kaist.ac.kr/hannanum/index.html (F4<: 2020d 10¢€ 5%)

23) @& 3%=ro] "l AE  https)/github.com/open-korean-text/open—korean—text (F<4:
20204 102 5%)

24) IEZ FA https://docs.komoran.kr/firststep/postypes.html (F<Y: 2020 109 59)
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rlo
2
[»

J(text mining) 71¥ & U=z, @2E do]g o] A}
A Eel 2A8 Y delee HEsE 54 BN A%

> 9

I o
ol
rlr
i
OE
L
o
Au)
il
NI
Sl
)
o
N
L
lo
N
-
S
=2
=
e}
2
oX,
i

}-m i o (o

[m
i)
™ oo r—{n:

o
M

(o}
N
N
)
b

12
[>
[m
rE oot

flo wlo
fm

ZHA) 9 m @(latent semantic analys1s, o] 3}
LSA)(Deerwester et al, 1990), &EEZ LSA(probabilistic LSA,
pLSA)(Hofmann, 1999), LDA(Blei et al, 2003) 52 E2o] J=H], o] &
7b dukx o7 Al8EE Zo] LDA 7|Welth LDAE v & EY nddg
ZIRiel s Ao gk Aol &olstal(Blei, 2012), sto]¥ u}ehu]E
(hyper parameter) #<S 999 W2 HE 3 (smoothing)dl]l 43¢
(overfitting) =] #] o v g v EFS =33 d 88t (Steyvers
& Griffiths, 2007).
LDA 7|¥& Ed o e} &
Abshd], LDAE &4
7Fs stk Akol 7 A th(Blei, 2012). *Z:, _J
9o ¥aE 2= 9l HojA] A ©EO”)

Aol AL & A2 2016, A% é & oA &, 2016; ™, 2017).

i

)
oY,
~
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LDAE A E0°] A (atent) B /o] BEYERZ o] FoA i, 7t E
2 oy o2 AT 7t s (19 2-6]2> LDAS] 7] M &
T2 stgl Ao R 7F A vhge dAE AH APET A g A
A, (19 2-619 7HE 95 Sl 2EaAYH, EF g £ 2 =
aen. 2gal g Exe @9 7tsd EFE(1d 2-6]
AdE5)S desta, 2 Ego g 5= dols F s
oh(Blei, 2012). 417 oelgk A S AX AAAHATL 71As

2-6l= & ©l &7 A Adsiad, f5 A vtae s
'6‘}‘4-‘4 E¥ojn, ‘gene’olgt= @7t did Bl 5%
= 0.02, ‘generic’2 0.01¢] 2= & njt}. o]y
T HHEEH e AS F5F
T35k EFe] v &2 EAntth thE2w, o] H| &S AA S

1

¥ (Dirichlet distribution)”’} <&

[t

ot
i,

S o

o
~
o:

HT
)
mu rlo m

O N o
Sl

L)
il
o
i

. Topic proportions and
Topics Documents assignments

gene 0.04

dna 0.02 || Seeking Life’s Bare (Genetic) Necessmes
genetic 0.01 )

COLD SPRING HARBOR, NEW YORK re not all thar far ay cially i
o ow 1) genes loes orgamsm J mparison t 75 ¢ hu

life 0.02

evolve 0.01
organism 0.01

sequenced genome

¢ d  more
t he s 1 s¢ CNC
“yy I enes N n A B
re ¢ . 1 oomputatlonal / ﬂ
\_/ ) PP ™ ecu the i er
tea st for ion INCB!
n sm z n Bethesda wyland. Comparing a

brain 0.04
neuron 0.02
nerve 0.01 Al
\/ * Genome Mapping and Sequenc-
ing, Cold Spring Harbor, New York Stripping down Computefa"alysls ye\ds an esti-
1 modem and a
data 0.02 || May8to12 mate of the minimum modem and ancient genomes

number 0.02 SCIENCE o VOL. 272 24 MAY 199
computer 0.01 |

/

[Z2¥ 2-6] LDA®] 7]% 714
(Blei(2012) p. 78 Figure 1 A TA)
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[19 2-7] LDA7} 7F838te= 4 A A4S 1 Rd= s
Aotk LDAE Fojxl "H2E FA49 EHS motslr] fld wol=
(bayesian) && w492 ALS E ¥ (posterior distribution)E FA3st=H|,
ol AA| HAE FTAME Uxsts EFEY 72 EYY FHHE T8 o

oo Qe FolATHHoIH, 2017). [17 2-710] L H4 L =3

p

Ao D= AA A4 & K= AA EF 4= NS dHA E49 do] &

£ ousit}, Y& A= Y Wa] 27| 0E dHEskels oujoly | 7}

LT gE My E oy AT AFEE 2 2, sk uvt &

ol =t Aol sdste Mot 1% 59 AYE == W, & H

2w HolH &2, gHA Ao AT nHA do] S sk, Al 1o

A sk Wkl == W, 0% Felal e S & A S, A
z i

AFA 3 (prior distribution) & A A sk skold I EH <l 5o FTFS
W= AS & 5 At 6,5 49 EA47F 7H B8] &S UEh =
HWH 2 0,9 Abd FE2E AAsE stold IFetuEQl oo FEFS W
ot Z, 2 dAA A9 niA dolE ZF EYof el MR, T4
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Proportions Per-word

parameter topic assignment
Per-document Observed ) Topic
topic assignment word Topics parameter

eiFoiler =Rilgule
X Oy Zgn  Wiyn . B n
D K

[29 2-7] LDAS] g w4
(Blei(2012) p.81 Figure 4 A +4)

LDA?®] stol¥ IenEQl a9t p= TlolEE 7o R olr] FA 5
ghol oy et AFFe] AL x| Aol ofa] AR ET] wio] e AdE
FolH W slolH It Y k& 4lFd] AAgaoF gt LDAS] 3to]
stgtnHE Z2A St A9 #- s Wallach(Wallach, 2008; Wallach
et al, 2009)= W]t (asymmetric)e] 3sto]¥ d&H|HE LDA =3
A 3A| 71 7] 913 weto 2 7~ AZ e (gibbs sampling) 71 WS A <HsE
o dd Aol A= LDAY stols steprgol didk HA 23S A3 F
o2 Q5% v A=, A, 7= o1 SerHE A49S | E

oo rir

a'g
9 25 el AAnYS AAsAT NP Exrie A sl
shebule e tEAl AAsE A 85 AL vt 4o 5
(01D % WgF, 75 PO 24U u LDA mde] H4592

selgk w9l
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& Steyvers, 2004) WHolth 53 FH 2 AZY 7|HE W4 7 oFE=A
S =Y ooty £ wEdE Aol k(e & A3 2016;

o, 2017).
LDA7}F A& Aot Had e 7 doj7t shte] Egof &5
Agtete Ao wiEbd o Jid ol ol & 5©] ¢ o] (homonym)tt v
2] o] (polysemy) S T3 4 A tH(Steyvers & Griffiths, 2007). ol & E9],
[29 2-8]9] &4 13} A4 32 272 By 13 EY 20|47 do] & F
3 EAE AT v B 28 BEY 139 EY 28 FUI N &R &

ﬂﬂ

WS 7HA AL =l Sl
s 47 ofgoh ayy [2" 2-8]19 A4 13 2
P2 gojeh g 290W o= 2dE udtE AS
& = ok wkA [y 2-8]9] ¥4 33 o] T
‘stream’ 2 o] g G-l = o] Aol Foluf A on| g
5

ke 2

1‘
N,
[%
0,
o,

o

=M1
money! bank! loan?!

N
\0 bank! money! money!
bank! loan?
0_5 A2
money! bank!
bank river>  loan?
5
/ stream? bank! money!
=AM 3
river Dank
stream L‘I:.‘M. k

(19 2-8] EY md9 g5 A4 34A
(Steyvers & Griffiths(2007) p.3 Figure 2 A7)
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222 LDA %7} =39

LDA+= 7= - (unsupervised classification)®l] 38+ 4 W o

, AT A7 ALl EL Y S AsfoF ghth. 2y tiaf R HolH

AL AL AR AbH A ARte® BT JaE Aetrle fJA 47] wiEol

LDA A3E AFHoz2 Hriste= Aol dasit. EF I w}%

LDA 249 Adss otatr] #3 H7F WHoezEs &
A

2159} £9 A 34 (topic coherence) A 57}

BA % X4(Grin & Hornik, 2011 Z7]7F NQl wof A Hgto] W
gt 3w 2 (2-1)F 2ol AAtstH, o714 H(W)+= wxk JEZ T
(cross entropy)®] TAMZES omldtt}, sd Sale wH, B L
o ¢=(likelihood) ¢ 718} it (geometric mean)®| &<
oF 4= olth. B EE AXetE b dubd el WhH e do]HE
@ dlo] H(training data)¢t A1 @ Blo]E(test data)= o, ¥
oA Qe wade AF dolgd 480 Wl 45 FAFaE Aol

tH(Battisti et al, 2015, AAS & W, 2016, o™, 2017).

Perplexity(W) =28

_ 2— WlogQP(wl, Wyy oevy W)

(2-1)

.....
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2015; Blei et al, 2003). 12 <, O 2E HolHoA EgS 5T o
BRE 4ES T £3® dye Al #ud A 0o guw
(correlation)”} A o2 F9351%] AV AgstA] g2 457F Aot
Aol W gom, A% gozt EX sl4e] Brbssrh: @A}
A ¥ a1 It} (Chang et al, 2009; Jacobi et al, 2016; Newman et al, 2011;
O’callaghan et al, 2015, Roder et al, 2015). ©]& st StAE =537 ¢
a M Aol B3 Apa A 4olt)

E3 99y AsE B0 9 dol5e B oY 29

]

s}
238k Zrolthk. Roder et al(2015)& EI AdAAS
ﬂ_

JH
ol
x

S

rEJ
HU
=

2} 7 % (cross—-validation) 7] < 7]
g ol el 7HE Fuhal sk dth Roder et al(2015)°] <] shd CV

&} S W’ Wek W*e W= THAEHER S
o

54 &
& ARA A B BF W F AU A Edeld 1

=2
o
©
(boolean sliding window) A4t WFH & AF&3tt), o & 59, &£gold
o
J_?]_

[}
=0 A7) 5002 Ashw, wde] FelA 158 509 A =471
o5 dea i J3e e, el dol 2787F 1 5070
H3Fel Al Aol E3hE o] s FES AT g3 wpA] FEe] v
e A% do] Hat [IES 29E S1HA A, 3004 52RA =49 &
o5& o]Fal 7hHA FHI AlFE RHEGT
SeA A= 24 ol & AR S=, W)l dis el Sk

(confirmation meaure) ¢S AAsI=0], o= W*7t W& Aul 74835}
Al A A &F+=A] (support), = 1
22 A2 E Aot FAA AALS Q& Wl Wrs zhz Wl



ob o(WH) 2 BARTH (2-2). T, vl wsh w, Abole] FAHL 2
(2-3)3} %ol M A5 A H (normalized pointwise mutual information, ©]
st NPMDE S8 AlLtdt e 2471 00] H+= s 97 Ak gz
HE 10 23} o] ofF & glo] RolHth(Stevens et al, 2012). y& 9
g B =2 NPMI gl 7Fs A& Folstr] fg A, & Ao+
Roder et al(2015)¢] wet y=1= A7AGgt NPMI= + @o]7t A9
Uetd & FAgs J AE AR (pointwise mutual information,
PMID) #t¢] HYE (oo, c0)oll A [-1, 1]0] HEF A f3}gt A o]th. NPMI
gkol 1o|¥ F wol7} 34 o] yetdrte AS 9u|stal, -1oj™ F+ ©
of7F Adl 2ol YetUA ZEthE AS on| g,

v (W)= { Y NPMIGw, w]~)7] 9-2)
=1 W

.....

Plw;) - Plw;) (2-3)

7 — ¢ J
NPM[(Z/UZ, wj> —log(P w, w]»)—l-e
| Wl
Z“i "W (2-4)
¢5.(%’w): St —
‘ laly - o],
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o

Coiz 1L #ol F45 B | dols9 d#AAo] =ue AL ovse
2, 0] gol HU7l He EY N-E Agets Aol Ev(Roder et al,

2015). Cy #el mE 2 2-2)~2 2-49F ol &3] s drgetAd,

f|rt

ol
rr

1

WA wol 4 A Sol R whol WE o(W)euE AP wholst b

A o] 3k ARbE NPMI gto] 132 B8 #ARthd (2-2), 4 (2-3)).

ol#A TAHE § W RE NH usk wel ;A FAE (4 (2-3)9 F
2

AET =, 7 dole] NPMI @& ol &4 WEE 74
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2.3 E¥d 7|99 = 7|9 POI 4HH
2.3.1 AlWiE POI A& 913 POI ¥HI S

23 dlolH R AuY AR FEa) AWE POIZ A48 9E
4% WAz, POIZ P9k P Ade POIZ QD] 93
Ae $AHoE LDA 2% 2ejzl 19, E5] 4 Mez iy
S 7ol Besd o o B wolse] mol dhje EAZ
S AR POl 3 Exd A 9Ese] 3o POIE el 5 9l

Thil H= ot

0.

Aui

-

-

Qulge FE NLP #okol 4] ALHE §ol=, wolsl ojnjs} Wete
n#la 7 wols wE Frhgel mAs: MW BARTh A Yol
5 QFAT W 7)ol WASUA NLP #el )% FEE F7 S
st gl 13 EAQ Aol wol Quly selth o Qulg W

u|
i)

< 7P durrom AMgHe= Aol AW 7IWke] Word2vec R
(Mikolov et al, 2013a; Mikolov et al, 2013b)°]t}. Word2vec& A 1-A}7}
A%k A7]e dol WHE 00] ofd AxegtE o8 2F EH(dense
representation)st= B2l o|t}. o]:= wo] A /5o 27| E 7R += W H
& A ¥ 082 Ao, 54 dovks 12 178k Y-3t =24
(one-hot encoding) 7]%+e] 3] A&

. Word2vec ARSE 9ol ©ol= {FARRE ulE TRXIve=
Harris(1954)¢] 3274 7]Rkel] dojo WAl ¢ W (semantic) A&
ylotsls= b Hold AlsS Hevk(Liu et al, 2017; Mikolov et al, 2013a;
Mikolov et al, 2013b). Word2vec E @& tho] 7+ AN 2 AHA S =
st o AFEE S o] NLP, A AA 5 gfsh FopolA &85
Avtlai et al, 2016; Liu et al, 2015b). Word2vecS continuous
bag-of-words(e]3 CBOW)®} skip-gram® S 7}A] WAo] =1,
CBOW<+ FH(context) ©o]E ©o]&3] 4 (center) Tl & d 3= A

o)L, Wl skip-grame F4 WolF J]EO R Fuld & f Qi wol

T

.

¥ ¥ (sparse representation) 23} &

¢
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E dSsts= Aolzk AdoH(d 2-9). tiatE dHeolge A& Al
skip-gram 2 2e] AFo] CBOWETL t©] Holuw Aoz FwHESIA7
(Mikolov et al, 2013a; Mikolov et al, 2013b) ¥d¥+A o & skip-gram©
O Wol ARgH T [29 2-9]ol A Vi o] AA /¢, N 24 F9 =
= g, G 49 WE Y Ui, e W dld UEY Y TteA 3

gg on g,

Qutput
Input layer layer
SEN e n
s Y B
xl YI
,_ Hidden Qutput Hidden
Wan \ layer layer Input layer layer / Wi [

CxV = - CxV

CBOW Skip-gram

[71" 2-9] Word2Vec?] 7 7}A] st<5 W
(Tutubalina & Nikolenko, 2017)

Word2vec 28-S @ WY & A&3l] 2t ol & YEd 7] didd s+
ojoJoji} thejo]E FHSHA Xt whdo] gtk oo wet Liu et
al(2015b) B3 239 toj g 7]nl = TWE 7I"H& At
sttt TWE+ skip-gram= 7HAg Ao g2 7| & ofojto]= 2z} ol
UE EFoA & dHd gs 7HA =S st Zoltk. 71 ‘apple’o] 2t
= do7t 54 EFol £ uj= A’ ouE 2 g IT EF o
3P% Bgoll= AV ouE ZE=E Sl= Zlolth Liu ef al(2015b)<
% Wl el TWE-1, TWE-2, TWE-32] Al 7}# TWEE Al <tsHd

)
lo
it
%
oy
QL

(A}

Lo I Fl
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=l &2 A3, TWE-19] 3t Wo] thofo] &9 fAd 2 giaE
EHAA L MY T AT S BAth kA 2 A7 E TWE-12
7Rke 2 POI MY 2ds st

(2013b) <] sklp gram 225 4% AYS & 5 Qv TWE-194
71-‘?45 w LDAE &3l d39d EY JRE st Jornz [7]9=(

7]—

w;),

Ed(z)] Ae AT 5 Aok =3 A= A7 el W, FES 99

{wz'*c:zz o Wimet1 RZi—ct 1 '"’wz'ﬂfl:ziﬂfl’wzﬂ:Zi+c} = 59
TWE-1& Z+ E9S8 oA} &9 (pseudo word)® 7F38laL, 719 =
Y B Mg S HER shFett O oE, 719E(w) 9 EF(z) Y

Wl et [7]195(w), EF(z)]e] EFE 79 = AWdS F3gn
! &)

H g g d33t7] 98 T4 2ol (w)W AFS-8kE skip-gram 3 H]

2

10 of & ¢

o Hl

ok
lo

all

B, TWE-1& 59 @5 537 98] T4 dof(efa do)= =
(z)5%= 7 A}%f&v} ZFo]7F Atk TWE-1 RdeA st 9la 54

mtm

e A 259 2o, Bl
(2-6)°l A 28t
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(b) skip-gram =4 /Y=

[Z2¥ 2-10] TWE-1 ¥ skip-gram =4 7/|d %
(Fu et al(2016) p.194 Figure 2; Liu et al(2015b) p.2419 Figure 1 A7-73)

V

Jrwp(D) = %/2 Y. logPr(w,, jw,)+1logPr(w;, z) (2-5)

i=1 —c<j<¢j#0

o
JeD=3Y L logPrlu, fu) (2-6)
=1

—c<j<¢j#0

2 (2-5) 9 2] (2-6)°A D= D= {w), ..., wy} 2 FolAE 719= J3,
Ve 719E A7 A7), e 9% 2715 ou gt Prw,, jw)E Al
3H7] YA = A (2-7) 3 o] AZEM A(softmax) TS AF&3Hc), 3§

151

@ Ao w,t w242 4 ME(FA 71959 22 0E G 79

m
g,
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i

©), aga we 9= Qe o Fth TWE-194 B 2o &3
7191= we] = 7 e PPAYCER (0 =wd2) F

FEh A wel Zol: w %z Holo F wjyl "t}

©,

r«
é
ol,
rlo
-
J

exp(w, - w;)

Z exp(w, - w;) (2-7)

w,e W

Pr(w,lw;) =

Liu et al(2015b)°l 2J&}H &4 doll X3ty =g thof
S B3 TAE dWEd T F rh E AFdAE dolEe] B
13= ZAx9g POIE AdstsE 719 =So] 2o POIE YEY 4 tix

i, =AE POIZ A 3stt), —é’ Zr POI (o] 43}

=

B owe g

& POL WM BU8 HEge HE Exd 71957 20 o4 548
S glom 7t POL /A w7l HAS =A% §89l Priu)e 234 7]

2 WY 3Er] Y8 Liu et al(2015b)-4 f/ﬂ o
o

= ZPr(wIl)wz (2-8)
wel
2l (2-8)oll A AR FEZ ArdslsE gl wo] HiE-o B ¥
(term frequency-inverse document frequency, ©]3} TF-IDF)E o] &3}
&

7VsAE Foldts WHE v TF-IDF= H2E U}Ol‘é e

oA AbEEtE AR, POIE 27 7I9=E50] S o, o' 7]4
=7} 54 POIA drty S83 AQAE SAASE Yed & Qv
o] W= (term frequency, ©l3F TF)= 54 719 =71 3 POI WolA
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Bl NImSER TF o] 242 g 719 =71 3ld POI A & 287
ARG T 5 5 Qlth & Eo], POI-19] ‘obsdeleh= d 1 10

=7 19 SR, S 9=

2 19 =7 A9 BE POIAA o} 573ttt
=, T84 g2 719 =d Aol JAE
Z o] ¥4 Hl X (document frequency)d] ¢l o

H % (inverse document frequency, ©|3s} IDF)o|t}. HF&4 o2 TF
IDF9] Fo % TF-IDF #< AAgho)

oA 7191 =o et TF-IDF gto] Avk= AL v POICl Hlsf &3
POINA L 7199=7F ¥ T Q38HA ALEH Atk
AFEAZE 71 =S ZInre 2 HAE u oS g
T Atk oA AREAIE fopsdHolEteE Ao =
POI-2H th= POI-13e] #dAo] ¥ xor= HA Atz POI-1+
o w gkgtel FHof gt} webal POI-2¢l H| 3] POI-19] Ea=
719 = My ek o 7HgA 9Ax st =S TF-IDF 7HeA& F-ofste= 3 o]
£ 719]= wWH wol] TF-IDF 71548 Hojs) POIE gwdates 5
2l 2 2-99 2o dld FAeA THw, )2 3ld 719= w7t POIL !
of 54 MEFE =3 IDF(w)e A (2-10)3 o] AXtstn, o 7] A
ne POLe] A 7HE o3},

e

r l

=Y (TFw,1) - IDF(w))w* (2-9)
wel
1+n
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9\}1\%—_'— OI_O,] 7ﬂ 0 uﬂﬂﬁ-o] uk
S 9irk. oje] we PO} k@ AA 71 9E A5
FEFS AAsIHEA MEZ A 719=9 =

-T—f z

ZF POIel x2gd AA 719 = M7 vgest=2 =2 TF-IDF %t
< Il

AH(divergence) A

855 1Hst7] 95k
(2-1D) 3} 2ol Al
TF-IDF %< W
H 71 =E9 A

Unorm —

- 2-11
ol JE+ 2 +..+d (2-11)
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2.32 POI 4¥le 37}

H Ao A POI 9WdE 3] AFE3F TWE-1 2d9 AFL 3o
ytgtn g o] Ao wel dElxth(Caselles-Dupré et al, 2018). A 74 7
Hhol TWE-12 5o = bl Edolr]o A dgk slo]y uiehu|E
#= AAS = Aol Fasit ol wEl E A= H A% POL o H
F= 9z HA Y stoly getny xds 2H7] 918 POI 9Hd HI7HE
AR ey o TR stold HEtHEEo] M2 JIFS Fan]
ol FHA ] stold Ihepnly X3S e AL gA X do| (A
Al & FE, 2019). olo whet tFEe] 3 A (Feng et al, 2017; Lai
et al, 2016; Yan et al, 2017)ol M = o35+ H4 23S 7|+ o8 519
¥ F&gngE A8 7tEA 2do Hd5S HrulstsE Aow sloly I
guHE HA e

ATl AHEE TWE-19 S8 dtoly gebnE = g =Y
29 (dimension)¢] 27|, A A~E 9% 9 (context window)e] =7], 19
I 7= HA =3 dFv oUIN dE2E RS A7)
skip-gramo]4 CBOW 7]4Fe] Word2vec L&A F4 @& 7|Fo =2
g3 de doleES A R U7 FH doj® StEAd AJIAE 2
sl gholt OﬂOiJ B, AES A77EY W 2 s e AL
2 484 JdtLai et al, 2016; Levy et al, 2015). L&} dt=o] &
Hhed gk skip-gram EHY HIF WA ALY EASHA &7 o
skip-gram< ¥33 Word2vec 29 2] slo]y vzl g FH A3} 2]
o go] ETHAIAY & FF, 2019). olo] we} o] 5A4S W
g Word2vec B & 9] stoly uetny FHAghS 27] 91 A =71 dAdvt
(FEA & FFT, 2019; =T & o], 2017, Y 5, 2016). 1 4

2

__*:.L

=

—}

3, g5 W22 skip-gram, WE =L7] = 300, 14_ - 7]+ 5~10 Akel 7k
FHAow =FE vk vk vt @oje] HA 23 slaes Aol wet F
Agkom AAG Aol v, HAE (2016) LA Rl wel A
A3l 2 grow HAAS= Aol £ Aes Helvkal Fe v, P A



& FFEQ0INE A 7|7 A F ol A5 Be o9 E F
Aol LA glo] dulg A% ol £go] Tria WHL o2
Nz e 715g ANSE ol £l Agae dolye] £7, 44,
ol weh Jug Ansh gebd 5 oyl Wielth web Aol Bg
Hi dolgel ofd stoldl stehvly 23S A&l we dud A%
2 WAoo ARge Hoto} drh

skip-gram¥} 22 dWld Aol A5& Hrtelr] g WHS ohdst
) (Baroni et al, 2014; Lai et al, 2016; Schnabel et al, 2015), L& 7}4
gy 2ol wAS {fAME HAM(similarity test)®} 5 A analogy
test)ol ok FAME AAE AdWld Al ©o] WE 7He] fAEY e
£ W7ot olwf B 7ol He= B ulolEH el Fof 7]k tloly
A2)0] =AY @D}. T HARE ©o] W 1He] om] & 4 (semantic)  EAE
A (syntactic) 5 #AE H7letH, A g o] HolE A2
UTE ol gt Aol ghmo] 7Nk o] dHH

A

N
MN
o
"
rlr r

4

B A3E ol EA7) obd POIE gHldalr] & oy mds
AP AN E S HEE S Acksr]e] 7] dud B gt i o
= POI 9¥ld 2de Ass Hrletes A AgetA Frhar #dasl
ol wEbA] 2 AT A= POL 9wl A#E Blusts Ao sto]y 3}
gtulE AAd wE Y 2de] A dEE Aests S Ate
th & o FAdoz Ay, 2 AjdAs Agd Al POIE &
T HHE dHdstEE POI 7F AR A S AME 5 vk webA
ZF POIE 2 A A7 =4 A= 49 1007 POIE FZ3), POI
M (A FF)7F RSk v &S AAkeig POIY] oY £4 F

26) ACLweb, https://aclweb.org/aclwiki/WordSimilarity-353_Test_Collection_(State_of_
the_art) (F&: 20209 10€ 24%)

27) ACLweb, https://aclweb.org/aclwiki/Google_analogy_test_set_(State_of the_art)
(F&: 2020 109 249)
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EEE ﬂ%ﬁ % POI 9ul9 Z3kE Azt oz W7t s nael
=

HE S 23 o2 AJZtstsl= /\}*‘lﬂ—t— t-stochastic nearest neighbor
(o]&} t-SNE)(Maaten & Hinton, 2008) < ¥ €834 t-SNE+
A FQ AL FASHA EA S l? 1817} A9l 22349 &7

NAE A F AEF o T3 Y 1 FAIREE Hogh HEste ”J
2oz AFgith dvbd o @ Word2vecs 7|WFo 2 Qlud el tho] WlE
S 1 A7)7F 2003 o] Aol 7] whimeoll W ghwl HhA = Al ety o Y
ohoofell meh mapele] o WMEHE 22k 9] St ® Al FaAlA 7 oW

o

B ks A ztd oz gelsty] 93k Bx o' t-SNES Ag-3t)
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et
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32) /\1 Addolg 33 http://data.seoul.go.kr/datalist/OA-121/S/1/datasetView.do
d: 2020 10€ 5¢)
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(44 20203 10¥€ 59)
34) wf A A A (2017-05-23), https://www.mk.co.kr/news/realestate/view/2017/05/344342/
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2020 10€¥ 5¢)
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[3 3-5] =3 dolge &4 F/7E I3t
A =4 =5
1 st A uk/ A% sk ' /R /A FA s, 7] e g4
9 A da/ddt d2 Fd LA, 7 44,
=R/AE gLy /E 3/AA, 7k 28
3 AE SA/Ad T2 FA F2, Ve T4, 9/
4 o] gkg] ot
5 T 22
6 a7] 8¢
7 /28 27
8 2Hol A M| 5, FA 2], 7R 2
9 BAZ/MA/NE=Q] =], H 17%“4, FH /YA E
10 =4/| g, 2/ An/SF
11 o= 4 ofAlo} &4 WEY 2 e 524, JdE 54
12 E}v?xq FA, AAS2 71E
13 1/1—1:!] _O_)\]
14 e 28, AlFE &
15 A3 a9
16 e YgrEdg
17 I
18 Zhe| d/h2l
19 ALE FA/3x dub FH X1/ 32/ o] x7Lof/Q el /71 %]

2 AFgE % AAE 98] Pythone gensim 2Fo] B 2] 2] o A]
5

A& k= log_perplexity3®) &+& @&+, T T 2 2-1D)9Y
WA AERY FAG] HME SERE gho 2 vrghdit), oo wal B3
w2 Aber A7 (09 3-1] 9 [E 3619 2k S 09 % %8 8
A Edo]l Y wRH HFE ghol sl Hasta, 17 ol H=
A kst Al E Holthrl 2070004 HEHS Hole S o F
Atk BE{E=E 2 gho] AeaE R Ao g Aow Hristn
2 &3 Adu 2y B £5 2070, B L oo 5ok & AAH

T = BT dud Aok 3 BE HebH o2 AR of

38) ldamodel of gensim, https://radimrehurek.com/gensim/models/ldamodel.html (3%
d: 2020 11€¥€ 24¢Y)
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2 -7.45231351 12 -8.79538066

3 ~7.44610872 13 -9.70340518

4 746475918 14 -11.10584216

5 =7.50487654 15 -12.89634804

6 ~7.54268687 16 -14.67093488

7 757827489 17 -15.65183231

8 -7.63512062 18 -16.27496937

9 =-7.71662180 19 -16.71264612

10 -7.89181484 20 -17.09508057

EY AdFAA s Astst A3 = (29 3-2] ¥ [# 3-7]9 2o B

Mae7b S7 gl wel EF A3 gl C7F 7S AAE dHE
B3 571 1871Y W HU#S 7IEsta, O 2 OA] gAsteE FAHE
HAT EY AdAA o] A= AL BEY Y dojE9 Aol Hrhe=
AL 2] 3}7] o (Newman et al. 2010), B3 d#A ko] 7H4 & &3 7)
TE HFT B 2 HAASE AHo] F. oA AHE BT gho] 17
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048

046

044

[

6 7 8 8

0 M

£ 74

3-2] LDA R4 B3 Jjjo] wE

12 13 14 15 16 17 18

[ 3-7] LDA 22| EY Jjso] & Cp 3

s e s s i
p

E u:lJ 7 H zl: CV = r—’,J 7 H ZF C 1%
1 0.44515779 11 0.53876782
2 0.45712167 12 0.54430998
3 0.50527085 13 0.54286695
4 0.50527209 14 0.54107909
5) 0.49512681 15 0.54644639
6 0.51638097 16 0.54125092
7 0.52753647 17 0.54898041
8 0.52474454 18 0.56064229
9 0.52192814 19 0.55769768
10 0.53984937 20 0.55393131
— ’73 —



[ 3-8]2 LDA Rdd Ayz F=9 1879 EgE =98 7|9=&
Uetd Aoz 7 EFo WA AFAIF A H XA oF st d & &
o] 1 EYE VA _NNG, ‘W& VAEET), 9 _VAMWIAL) 59
7N EE el 7Z19EE9] 9nE 1EH T o POIY 7144 g
£ AAHEE BEY WAHS VA0 Z HosEHh TH EX o 59
£ 71V _NNG, ZE_NNG, TAENNG § 7b9 2 UAEs g
7NN EES U 235tz B gAH S JH/OAE'Z AAsT Y
WA BEEER g wAow Wy Rolsdr

[3 3-8] LDA 7|9 B¥ wda Ay}
o 1 2 3 4 5 6

= 74 A/ERE | HHANESE | TAHRE =2 X 0/9 A F

1 | 7FA_NNG | AFZ_NNG | 2-_NNG | =9l VA o VYV W _VV

2 #AEZ_VA 2 VA 3z VV w VvV okl _VA akel VA

3 HIAX_ VA | AIZE NNG | 4 _NNG | = _NNG ok NNG ot NNG

4 | AZFNNG | A8]_NNG | ¥ _XR | &3 _NNG | A7_VV | &2~ _NNG

5 T XR |HO]E_NNG| zol7k VV | a1 NNG % VA 2 71_NNG
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8 = VA AY_NNG | A9 NNG | 3y VA | A9 _NNG | 5 _NNG
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18 | @9 _NNG | Al128_VA | &F NNG | 28] NNG | F7A_XR | Zg_NNP

19 2% XR Bl NNG | &4_NNG | 3_NNG | #& NNG |7ZAE7_NNP

20 |WFEX NNG| 3" _NNG | Zol2 VV | 4% _NNG |4 H_NNG| 227 _NNP
o 7 8 9 10 11 12

T 7E/O A E | BERYEpAY | B E/ R = A 2H H 5 ol&g ek

1 | #A9_NNG | "W_NNG o VvV B} _NNG | W_NNG |32E}_NNP
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3 17 A4 0.03981
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5 12 ol <t 0.02244
6 1 7H4 0.01872
7 13 A7) 0.00501
8 5 =4 0.00452
9 6 A2 /% A 7 0.00375
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[ 3-12] 719 =¥ (& 3-10] b9 Z} 7|199=) &Y ¥
79 ifé &) sg
"5 NNG' =2 1.000
"R _NNG' =2 1.000
13 1) 0.302
14 =3 0.277
11 W 0.132
, , 71/ H 5+ 0.088
712 NNG =] 0.036
15 REIES 0.048
B X]/Ho] Az 0.034
17 2] 2] 0.032
14 %7 0.376
e e 16 297 0.371
REVV 18 | 0.222
= 0.030
"uH NNG' AN R 1.000
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H, 2 Al ggets B9
=] ge] fHger 289k A49& 9l Liu et al(2015b)°] Githu
b3NE Fa T/HF TWE-1 =5 7o #88givh. 22y i =

£ POL 9ilY mde] 4% Brh Asts (19 3-3] 2 [E 3-13]9% 2
AWH o= TF-IDF 74528 A8 239 Aol o $53 Aoz v}
Bt 53 AES 2] 5 wol Ha 2@ 055 WE =27] 2509 99

el by FakTh FRE olWe] W 2]E A= W 23
(e

39) Github(TWE), https://github.com/largelymfs/topical_word_embeddings (g <& Y:
2020 10€¥ 5¢)
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400

2 N e et w

TE-IDF
—e—ws=5mc=5
—A—Ws=5mc=3

®—ws=5mc=1

—8—ws=3,mc=5

—&—ws=3 mc=3

. —=—ws=3mc=1

ZUR HB
—8—ws=5mc=5
—A—wWs=5mc=3

ws=5mc=1

—8—ws=3, mc=5
—4&—ws=3, mc=3

ws=3, mc=1

T —
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[3 3-13] stol¥ dpetmy o e
POI¢ &2 &7 7helazg] b A% Hl&
ZAF &
ws = 3 ws = 5
'S mc=1 | mc=3 | mc=5]|mc=1|mc=3]| mc=5
A=A BE(%) A=A B (%)
50 45,182 45.224 45.291 46.526 46.599 46.703
100 46.103 46.284 46.331 47.114 47.235 47.365
150 46.417 46.615 46.662 47.240 47.500 47.510
200 46.393 46.692 46.768 47.314 47.486 47.545
250 46.412 46.714 46.765 47.298 47.519 47.553
300 46.378 46.659 46.697 47.303 47.417 47.512
350 46.350 46.633 46.725 47.239 47.424 47.490
400 46.332 46.597 46.667 47.193 47.364 47.441
TF-IDF
ws = 3 WS = O
'S mc =1 | mc = mc =5 mc=1] mc = mc = 5
A A B&(%) A=A B (%)
50 48.047 48.101 48.214 49.315 49.433 49.544
100 49.029 49.205 49.319 49.980 50.185 50.307
150 49.295 49.492 49.627 50.122 50.379 50.442
200 49.270 49.569 49.691 50.158 50.371 50.455
250 49.286 49.604 49.693 50.151 50.350 50.463
300 49.262 49.555 49.621 50.150 50.306 50.406
350 49.232 49.503 49.659 50.094 50.276 50.386
400 49.200 49.502 49.595 50.029 50.342 50.342
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A EF9 stolH Fepny x3<l TF-IDF 7t A

5 7191= HA& &9 34 5, #HE A7) 2508 AgsE] 29
A AAE AT duigel &8¢ dolg dAdS

[3E 3-14]¢9F Zth & AFolA HF duid gk POI /= 19,9027, ©
T 2085607001, oJ7)d] L3H FHEA e 7=

17,69470 01tk 18]an POI Yule mdde] ¥etd B39 4= 18
7N o] E}. w}aw 7beek (7195, B9 239 Ao /4= 31849270 o]t
AAR FEE (7192, EF]S 42307020, o]y datnlE 23 Al
71N HAa EF 3571 53] o]l Ak dud R 2o wet

HEA o ®m = 24682709 19 =, EF] 2§ o] AHEHAH. ol & F3l 7
Qe 1Y H 13979 Edo] RoEYrtE AL & 5 gt
[¥ 3-14] E9E 719= 7]¥F POI 9uld o= diojy A3t
T N
A g E POI 4 19,902
Ay mdof| Fgd i & 208,560
dHe EElol| xFH 79 = F 17,694
Ay 2o ¥3tE By & 18
Ay =] x3H [7]9=, EF] F 24,682
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[ 3-15] “AFH_NNG #HE (7]

3 3-15]¢F 2
A])oﬂ 61—12—1:4
= [ 3-16]¥ 2tk

Aol A ol 2507kl ] 7= e F
AH_NNG ol 2 719 =
QMY 27 =59 5

o,

(1 F]F o,

250)

[ 0.0170253,
-0.198412 ,
0.653968 ,
0.2371351,
0.2153775,
-0.34038836,
0.0184052,
-0.1193108,
0.2059409,
0.1208575,
0.0796546,
0.4969636,
0.2467246,
-0.2426554,
-0.0594418,
-0.2342686,
0.1022465,
0.2868887,
-0.175742 ,
0.2371999,
-0.0960701,
0.4703359,
-0.0597234,
-0.0968728,
0.0079426,
0.3080105,
-0.2440174,
0.045146 ,
0.1156777,
-0.365041 ,
0.0914373,
-0.2079328,
0.39895 ,
0.0828362,
-0.0652871,
-0.3684476,

-0.0254398,
0.5955918,
-0.3814785,
-0.2991742,
-0.0083828,
0.197551
0.3112377,
0.0896849,
0.1267562,
0.1130952,
-0.052143 ,
-0.120893 ,
-0.2710654,
0.0476649,
-0.1248462,
-0.5414412,
0.0811262,
0.3077927,
0.543724 |
-0.1713321,
0.1493559,
0.0997994,
-0.4581314,
0.5103338,
0.0526601,
0.0596407,
0.3872158,
0.1051972,
-0.0600108,
0.0708411,
0.1772131,
0.4362938,
0.0602111,
0.2788256,
-0.0699383,
-0.136662 ,

0.1419052,

-0.0184899,
0.2262459,
0.3765832,
0.1176957,

, —0.0909093,

0.0650104,

-0.373093 ,
-0.0835416,
-0.1275462,
-0.2086324,
-0.1814059,

0.68285
0.3453662,

-0.2444749,
0.0194561,

0.0976619,
-0.0898696,
0.4532242,
0.2335608,

-0.3533568,

-0.1922624,

-0.3550029,

0.3672104,
0.3237966,
-0.0079753,

-0.4294566,

0.380597 ,

-0.1733346,
-0.2047675,

-0.1426819,

-0.3664069,

0.0590226,
0.2219297,

-0.0117729,

-0.0982857,

-0.2152019,

0.1552938,
0.2033286,

-0.1035556,
-0.3763036,

0.3216728,

0.3258675,
-0.0218622,

0.3416471,

0.3505177,
-0.4136057,

0.2096068,
0.0480056,

0.2009857,
-0.2607719,

0.0518435,
0.2937886,
0.1592837,

-0.2184573,
-0.030484 ,
-0.0117427,

0.011046 ,
-0.1714304,

-0.2501471,

-0.0358385,
-0.1892299,

0.2535301,

0.1228961,

0.1955636,
0.1129255,

0.1308732,

-0.3660574,
0.0478672,

-0.3806189,
0.2168835, 0.3157521, —0.0954386]

-0.698522 ,
-0.0936078, 0.1358424,
0.3249521, -0.1699608,
-0.1959593, 0.1890397,
-0.48386742,
-0.0242792, -0.1564576, —0.1747785,
-0.1560524,
-0.1359169,
0.0793481,
-0.1567855,
0.0748341,
-0.189293 ,
-0.160049 ,
-0.0718821,
-0.1588776,
0.1180648,
0.0685956,
0.291154 |
-0.3718415,
-0.5406097,
-0.1543699,
0.193514 |
-0.1380565, -0.2249445,
0.0196228,
0.1714443,
-0.4146006,
-0.1521237,
-0.2696115,
0.3058206,
0.1199581,
-0.1729424,
-0.0707472,
0.2789994, -0.1035192,
-0.286343 ,
-0.1229989, -0.2066963, 0.2144102,

-0.0078048, 0.0633295,
0.2119424,
0.2085667,
-0.0280271,
0.1933342, -0.016565 ,
-0.2660529,
-0.0372117,
0.3349297,
0.07336
-0.2257348,
0.1497228,
-0.1544522,
-0.0640734,
0.3239246,
0.1028125,
-0.1652216,

0.0750922,
-0.1877548,
-0.0354749,

0.0309547,

0.1124712,
-0.0155968,

0.4865589,

0.6180654,

0.2616117,
-0.2719174,
-0.1674308,
0.0263632, 0.263187 ,
0.1328225, 0.1277975,
-0.0493544, -0.3424273,

0.1909248, 0.1263485,
0.0465202, -0.1410606,
0.1569611,
-0.162085 , -0.0231919,

0.9967727, 0.086485 ,
-0.5911802, -0.4343143,

0.0285368, —0.0258503,
-0.3788495, -0.12929 ,

0.1160787, -0.0774535,

0.235995 , -0.2140147,
-0.2387033, -0.0195465,

0.0661139, 0.074537 ,
0.0899655,

-0.0467547, 0.2525316,
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[3& 3-

16] 5¥ B3 (F2]) HE (=7]: 250)

[ 0.0370205,

-0.0377619,
-0.1097495,

0.2110134,
0.2401972,
-0.1021257,
0.06105 ,
-0.1825974,
-0.0072974,
-0.2097691,
0.172111
0.3603776,
0.1968016,
-0.1010506,
0.0726122,
-0.1481546,
0.1606575,
0.0293497,
-0.0201673,
-0.2268948,
-0.2814059,
-0.0091177,
-0.2304701,
0.2321295,
0.0389224,
-0.1966954,
-0.1650248,
0.183737 ,
0.1500349,
0.2354209,
-0.2976362,
0.0957735,
-0.0552514,
0.1856579,
0.2677092,
-0.4860896,

0.2438735,
0.0811812,
0.2564043,
-0.1697943,
-0.1195355,
0.1336095,
0.1775795,
-0.1091451,
0.1356857,
-0.1525728,
0.0030043,
-0.1174492,
-0.1052691,

-0.3495345,
-0.1701072,
-0.1733725,
0.0583368,
0.1907009,

-0.140171 , -0.0722916, -0.1139451, -0.1907747,
0.2728384,
0.1161626, -0.1560311, -0.1083882,
-0.0794726, -0.1534444, 0.0867224, -0.1591453,

-0.0749107,
-0.1069298,
-0.0943774,
0.2967121,
-0.0201586,
-0.230741 ,
-0.079747 ,
0.3579933,
-0.1100409,
-0.0787537,
0.1355501,
0.3750961,
0.0936616,
0.1057245,
-0.0435756,
0.0573044,

0.1301384, 0.4198304, -0.1912916, 0.0204597, -0.2794322,
0.1217049, -0.0465027, -0.0757644, -0.1778168, 0.0710022,
0.136179 , 0.0686006, 0.221245 , -0.1806599, —0.0297639,

0.1943479,
0.1786139,
0.0673992,
0.0238746,
-0.0730924,

-0.2272083,
-0.3326395,
0.1114232,
0.1405541,

-0.0922279,
0.0214517,
0.212422 ,

-0.0043675,
0.1809219,

-0.2082985,
-0.019602 ,

0.2931249,
0.153526 ,
0.1462709,
-0.0084463,
0.3321008,
0.0493504,
-0.0418239,
-0.0336775,
-0.044768 ,
0.04818
0.2816799,
-0.1616571,

0.195013 ,
0.1279504, 0.1349487,
0.1088155, 0.320256 ,
0.095928 , -0.1361954,

0.1596209, 0.1479843,
-0.1955998, -0.0106007, —0.0413309,
0.0428666, —-0.0506731,

0.2145499, 0.0132587,
-0.09013

0.1798242, 0.0633991,

-0.0784341,

-0.0504436, 0.0381436,

-0.0062647, 0.1825331,
-0.1730083, 0.0921085,
, —0.080888 ,

-0.034001
0.2178186, -0.0671995,
0.2569656, 0.2032056,

-0.0108725, -0.108184 ,
-0.2049803,
-0.2102735, -0.0329046,
-0.2078523, -0.2520476,

-0.009966 ,

-0.00666851, 0.00006

-0.3713096, 0.0390967,
0.1295409, 0.0905282, -0.0111437]

-0.1750703,

, —0.1377434,
0.2359425, -0.0979577,
-0.1259724, -0.0468459, -0.035645 |,
0.1205719, -0.2452916,
-0.0599589, 0.0398337,
0.1216831, -0.0216461,
0.1705829, -0.0138717,

-0.0189742,
-0.3865013,
-0.0905823,

-0.1992842,

0.3242753,

0.2323852,
0.0409306,

-0.2330091,
0.0431847,
-0.0563649,

0.0052352, -0.014397 ,

0.1229193,

-0.1265439,
-0.0144905,

0.0160594,
0.1926427,

-0.1384683,
0.080621

-0.1418208,

-0.0058554,
-0.041228 ,
0.2642827,

-0.0336318,
-0.2566149,

-0.0336721,
-0.2752812,
0.0545591,
0.0011221,

0.0157384,

0.1904259,

0.0575283,
-0.1095522,
-0.0679222,
-0.0468428,
-0.0126911,
-0.1459282,

0.0625943,
-0.0496127,

0.2144186,

0.1087155,

0.2652397,
-0.0615669,
-0.2171273,

0.065963 ,

0.1213995,

0.0695816,

0.018975 ,
-0.0120578,

0.1578324,

0.0896087,
-0.1781672,

0.0604255,
-0.1250108,

0.1058261,
-0.0716154,
-0.281578 ,

0.0302094,
-0.1476043,
-0.1454266,

0.0147769,

0.265763 ,
-0.0119554,
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[-0.02274, -0.0787 ,
0.12935, 0.15367,
0.09268, -0.05662,
-0.04336, 0.22672,
-0.11243, -0.02011,
0.12826, -0.15749,
0.22926, -0.13022,

-0.12199,
-0.10039,
0.12847,

0.17073, 0.24422,
-0.18425, -0.06474,
0.11692, 0.03825,
-0.29788, 0.00025,
0.15076, 0.13532,
0.01256, -0.02728,
-0.05124, 0.33532,
0.09966, 0.06275,
-0.09035, 0.03674,
0.09101, -0.23761,
-0.06982, 0.22065,
0.04916, 0.1728 ,

0.11836,

-0.16951,
0.0232 ,
0.19981,
0.12371,
0.15254,
0.056154,
0.07923,
0.04441,

0.1228 ,

0.0656 ,
0.07324,
-0.10896,
0.04532,
-0.03212,
-0.1089 ,
-0.09094,
0.02219,
-0.0121 ,
0.10942,
-0.08392,
-0.09339,
-0.1211 ,
0.05501,
-0.17076,
0.02688,
0.06514,
-0.1773 ,
0.01262,
0.22408,
0.05272,
0.08951,
-0.07006,
0.08781,
0.04914,

-0.08143,
-0.08526,
-0.10054,
0.17169,
-0.04415,
0.20161,
0.199% |,
0.20347,
0.03032,
0.02335,
0.36151,
0.12415,
-0.10306,
0.06437,
-0.11172,
0.09106,
0.39504,
0.04704,
-0.12984,
-0.41844,
-0.06653,
-0.03427,
-0.0726 , 0.06475,
0.02748, 0.00328,
-0.01209, -0.04292,

0.15301,
0.12163,

0.09687,
0.08644,
-0.2011 ,
0.12072,
-0.05779,
0.30216,
0.07403,

-0.0115 ,
0.16931,

-0.03378,
-0.06405,
-0.14859,
-0.13796,
-0.13847, -0.02177, -0.14377,

-0.08066,

-0.10145,
-0.2826 , -0.11937, -0.05994,

0.00313,
-0.1132 ,
-0.16399,

-0.06652,
-0.10167,

-0.00145,

-0.00691,
-0.06121,
-0.09501,
-0.1533 ,
-0.01706,

0.25158, -0.24512, -0.02912,
0.10241, -0.00342, 0.0364 ,
0.09991, -0.06451, 0.0251 ,
0.26277, 02219 , 0.0527 ,

0.15916, 0.03987, -0.07262,
-0.19326, -0.17168, -0.17826,

0.09474, -0.02467, 0.10542,

-0.00148, -0.20702, 0.25883,
0.32543, 0.01832, 0.14533,
0.09227, -0.05067, 0.26398,
-0.09965, 0.09299, -0.04945,

-0.28969, -0.18685, -0.03001,
0.0473 , -0.17583, 0.13794,
0.00714, 0.0656 , 0.01323,

-0.07505, 0.05162, 0.10314,
0.0804 , -0.07673, 0.04091,
0.08014, 0.09407, -0.12757,
0.1605 , 0.18152, 0.10763,
0.0532 , 0.0447 , -0.03025,

0.07805, —-0.15709, -0.17231,

0.08039, -0.20243, 0.0683 ,
-0.01184, -0.083814, 0.07459,
-0.18181, 0.09842, -0.04508,
-0.21707, -0.10667, -0.02382,

-0.05506, -0.16707, 0.02809,

-0.16192, 0.2594 , 0.01741,
0.0818 , 0.09645, 0.14259,
-0.05273, -0.23236, -0.13427,
-0.00219, 0.1395 , -0.07378,
0.08525, 0.06519, -0.00007,
0.1663 , —0.04341, 0.00009,
-0.14954, 0.09644, 0.01708,
-0.02835, -0.1211 ,
0.05011, -0.10854, 0.13964,

-0.10875, -0.02845, 0.05401,

0.32491, 0.00035, 0.03446,
0.13471, 01776 , 0.00495,
0.16824, -0.12986, 0.11734,
-0.0285 ,
-0.00802, 0.23858, 0.19442,
0.08738, —0.08669, —0.02368,

-0.04083, -0.03194, -0.07007,

0.14606, -0.02492, 0.0561 ,

0.05957,

-0.15333, -0.16359,

-0.14633, -0.21023,

0.10317, -0.09808,
-0.04911, -0.01005,
-0.04317, 0.20179,

-0.02103, 0.04829,
-0.09407, 0.08857,

-0.15127, 0.06376,
-0.03685, -0.17801, —0.09649, —-0.08939, 0.06057

0.04675, -0.11031,

0.16443, -0.16177,

0.09838, 0.03672,

’

-0.16429, -0.06751,

0.0932 , 0.11125,
0.01744, 0.01815,

-0.07142, -0.14014,
-0.16266, 0.04809,

-0.00573, 0.11354,
0.264 , -0.02662,
0.1879 , 0.04349,
0.22218, -0.04644,

0.00361, 0.03434,

-0.11909, 0.26778,
0.08333, -0.02668,
-0.1824 ,
0.10147, -0.15632,

0.00112, 0.23923,

-0.03372, —0.05556,
-0.00182, —0.04633,
0.28464, 0.08369,
0.06363, 0.17326,
-0.11356, 0.12684,
-0.00145, 0.11023,
0.07198, 0.12147,

-0.09655,

-0.05645, 0.21575,

-0.02738, —0.21946,

-0.06536, 0.2232 ,

-0.14122, -0.18907,
-0.16633, 0.17709,

0.34911, -0.38952,

-0.07746, 0.08384,

0.08286, 0.15255,

0.16642, -0.12305,
0.01902,

0.0538 ,
-0.15803, 0.1048 ,

0.03914, 0.16651, 0.03521, -0.06602, 0.10113,

0.07509, 0.16055, -0.04553,

0.04136, -0.08642,

0.35329,
-0.11068,
-0.18056,
-0.068 ,

0.09613,

0.13962,
-0.18798,

0.0877 ,
-0.20801,
-0.10283,
0.28562,
—0.09905,
0.04243,
0.11401,
0.00556,
-0.16348,
-0.2412 ,
0.2058 ,
0.05115,
-0.00603,

0.00152,
-0.07632,
0.24643,

0.02747,
-0.08395,

0.23814,
0.04846,
0.04908,
0.07691,
-0.11503,
0.0949 ,
-0.11486,
-0.11109,
-0.11751,
-0.01863,

0.39593,
-0.02761,
0.01481,
0.01651,

0.08038,
0.04022,

0.23144,

0.01841,
-0.15576,
-0.157 ,
0.17807,
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-0.10962, 0.01201, 0.00596, 0.01311, 0.09217, 0.0862, 0.0018 , 0.06386, 0.00141,
0.22653, 0.01118, -0.08638, -0.1237 , 0.10668, 0.0248 , 0.09318, -0.07369, -0.19805,
-0.0776 , 0.02752, -0.10166, -0.09116, 0.04462, 0.15984, -0.09462, 0.22146, -0.10244,
0.09437, 0.02145, -0.10306, -0.04536, 0.00273, 0.10765, -0.1261 , 0.15943, 0.07839,
0.16625, -0.06833, -0.22554, 0.15407, 0.11261, -0.06671, 0.11986, -0.03375, 0.01748,
0.01206, -0.19326, -0.0305 , 0.01433, -0.21984, -0.26892, 0.0265 , 0.01324, 0.22555,
0.29474, -0.30701, 0.10704, -0.04809, -0.08948, -0.0521 , -0.07453, 0.16223, 0.03627,
-0.0266 , -0.0755 , -0.08775, 0.01756, -0.10638, 0.06874, 0.24377, —0.08989, —0.01026,
-0.00622, 0.06823, 0.28832, -0.13931, -0.1458 , -0.05075, 0.11364, 0.03245, 0.00254,
-0.25034, 0.00715, 0.19394, 0.05526, 0.00619]
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Abstract

Topical Keywords based
Semantic POI Retrieval

using Review Texts

Youngmin Lee

Department of Civil and Environment Engineering
The Graduate School

Seoul National University

Retrieving a specific place or location in location based and web map
services 1s beneficial in everyday life and is one of the most accessed
services by users. These services evolve into customized services with
the recent development of big data and artificial intelligence
technologies and point of interest(POI) data are crucial for providing
these retrieval services. The existing domestic and overseas POI
retrieval services mainly provide a retrieval function focusing on POI
name, category, tag and some support a review retrieval function.
However since the semantic information of the POI is not used, it is not
easy to reflect users’ various situations and preferences when

retrieving for a POL

This study aims to develop a semantic POI retrieval technology
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based on keywords by topics that reflect users’ various requirements.
To this end we proposed a process of generating semantic POIs using
unstructured review text data written by wusers about POIs and
designed three types of structures that can utilize semantic POIs for
retrieval. First, we present a data collection and pre—processing method
and then propose a topic modeling method based on latent Dirichlet
allocation(LDA) for extracting topics and keywords for each topic from
the review text. We finally propose a method of embedding POI by
embedding keywords for each topic based on the Word2vec model. This
process makes it possible to determine a semantic POI that reflects the
characteristics of various keywords used based on the topic. In addition
we propose a utilization structure for natural language based POI
retrieval of natural language based terms for selection based POI
retrieval by selecting topics and keywords for each topic to retrieve
POI, and for similar POI retrieval that can retrieve POIs similar to a
specific POL.

We surveyed 400 men and women residing in Seoul to verify the
semantic POI retrieval results. The average satisfaction was calculated
as 348 out of 5, which was within the range of satisfaction based on
the study’s evaluation criteria. In terms of user satisfaction, 'satisfied’
was the most frequent response. On average, 'very satisfied’ and
'satisfied” were selected about 4.1 times more than ’'very unsatisfied’
and 'unsatisfied’, confirming the practicality of the semantic POI
retrieval technology developed in this study. Lastly, a comparison of the
semantic POI retrieval results of this study and those of existing POI
retrieval services confirmed this study’s differences. Specifically, with
the semantic POI retrieval technology developed in this study, a user
can directly designate a weight for a retrieval word. Any retrieval word

can be customized by displaying different results according to the
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weight. In addition, results based on synonyms can be derived, even
when no keyword exactly matches the retrieval word. Even various
meanings of keywords that differ depending on the topic can be used
for retrieval. Therefore, through the semantic POI retrieval technology
developed in this study, users’ various preferences and situations can

complement the existing retrieval system.

keywords : semantic POI, POI retrieval, POI embedding,

customized retrieval, Word2vec, LDA

Student Number - 2014-30242
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