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Density-Based Estimation of POI Boundaries
Using Geo-Tagged Tweets
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ABSTRACT

Users tend to check in and post their statuses in location-based social networks (LBSNs) to describe that their
interests are related to a point-of-interest (POI). While previous studies on discovering area-of-interests (AOIs)
were conducted mostly on the basis of density-based clustering methods with the collection of geo-tagged photos
from LBSNs, we focus on estimating a POI boundary, which corresponds to only one cluster containing its POI
center. Using geo-tagged tweets recorded from Twitter users, this paper introduces a density-based low-complexity
two-phase method to estimate a POI boundary by finding a suitable radius reachable from the POI center. We
estimate a boundary of the POI as the convex hull of selected geo-tags through our two-phase density-based
estimation, where each phase proceeds with different sizes of radius increment. It is shown that our method

outperforms the conventional density-based clustering method in terms of computational complexity.

¥ B T 2017HE AR(ESQ) Ao FTATARE] X]90S o}l S5l 7] 2ed T L cH2014R1A1A2054577).
s QT VIR L AR EA | TS zmiﬂ 5 AFPAlede] Adgko 2 Sasielsieh [BO101-16-1361,

7} FEPAANIAE $18 LTEZ M ANHEA] Aos bt 7,
+° First and Corresponding Author : Dankook Umversny, Department of Computer Science and Engineering, wyshin@dankook.ac.kr,
LD

* Dankook University, Department of Computer Science and Engineering, vudodung85@ gmail.com, }*13]¢]
=% KICS2017-01-005, Received January 8, 2017; Revised February 7, 2017; Accepted February 7, 2017

453



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

I.M E
o) dloleje] whe 4 W A7k 7Rt 54

3 dole] ¥

o ¥ 4] ) wlo]e] vlold A7} 2 HA
& s glek A el v delele] g ol QI
o ] E4 3L 919 1) dlole] s g
u] glole] 7]k AQlshEl A Alzs] AR, el
B F ol SRS AR o] B4 A4
Bl o] glck.

o] FollA = Foursquare2} Flickre} 72 93] 714
A vEIE 2T g5 A8k ek o
FHREe] AREALE0] AR HIT] L, o, HliE
728 27} ¥las vir)e] =2 Tgal Ze
o) olz)st 37t elaERE $3=
Gl 91| 7uk 24 v ESI=E 53 o}
1424 (POI: Point-of-Interest) ¥ o3+
# J=lo] gk dubd o2 ARgxlEe] POIE W
—Ef" o, AREAFES 252] o] POIS} FHEo] g)
the AR 53] Slsl 22kl Al=lE s
250 AeE dEeshe Ade] Sk

it \~>
o
oz

l

p

4 ol
_E

;
20
L
A5

d
i
e

o
Rl
O_u
PE

11 o o7

=A1= POl A3} 1) POI X7 2) 3HAledd
(AOI: Area-of-Interest) 4% o]2A = 7}#] 3
efje] oA~ whako] siekh WA, ARgAbEe] I A=
ol 715 ohE ARl ok AaE wEdhe
73] s RO A7k Q1A 7[vk POI
A 7)Ee] avlEgdek 913 Q1A 7k 3 Al
]l 2/)=9l=d, POl Tli% Sl ofolwl 7|k
& Zej=] 719 om) 54 7)1E7e ARgst
Ak gHd, Aol digh rﬂo]Eia] FedAde] poret d
olEl7} A 912] Ale]e] A2lA Azle| uwle} #H3}
317] wlitell, AOIE S Plehis e TAow &
23t} AOIE F43h= 71€ A7 it 914 7]
ub 2 dE a2 e 37 BlE ARIET
A = 7k FAS) wHS AR R aE gl
t}. DBSCAN (Density-Based Spatial Clustering of
Application with Noise)*'"2 el AOI F42- 913
39k 715 ofAL, 7 dnbd o ARgE
S W= 7N A3 dae] et o1y wlolE 9
% M5 n,, 02t & ul, DBSCANS O(n,,
o] 3t AYATE ARk EAtme} 3 o] IS
ZE 5 olek (Eoke) ARk BkEas Onf,) 2 o]
A 37 wl2R ARlE AR diilell, Aol 4

nlogn;, )

454

A8 37 Blgl €~E dlolelr} Eg-E =,
gl E fe] BA} (5, POI o]F)9} $13] Ate]e] At
A7} A el Zeixl POI o) 2] Hls)
AR 9] quality 4 7REe® & okE T35} v
wo] Algkelgdei? 2ol thal FA o AR A}
34 pol ZAAAE AEA AHelsly, precisioniﬂ—
recall®] Z31971& Yeldl= Fl score 42 53
Ao ZHelx 3 A 4 HE 2
Rl

2 el POIS} o] SalEl o] A7) 9
th 5, A% 2 A 5 WS ARl Zhke
2] POI feature classel] tgF 27k )15 ESI3F 1
5] 917 Apole] WAE TAbshe ATk S
E}_ml_ ofjufgl ededo] AAXL Frdl= AFE ok
wom sasshize], ol Sial 4 sl A,

A A o=zl Go] AMgEeh

mlo

F

[ n.!lo

l‘

1.2 F 7|0z

B eFox]= POI thH3l #]g]d Z-HAS uked
o 2H, sz POl TAOE F35H= convex
hull e 7121wl 02 A28 POI ZAAAS
w4 Aejgie. o] POI AL F ] 2he 2oele
A 249 AOL gl gl shtel R T4 (oo
% 7P e RS Al FA)S ekl Zlelt) 1

oL, HE 7Rk R ARgAbEe] 7P S ekl
© A Hsehs AE sk AR A

Z Algkell 248 gk Aok daelge]
dloJefe] & H#OJ g, ol vk A AR S8t

7:]]/K]— )i;gr }_21 [e] EO]E]—

POI 7ZAS %J o2 thekdk §13] AL A
ul2] 589 4 giek m A2, POI (e 4
3 B) 3 Ho|| 50| 9l 3|k vAE Azko =2,
2jal MRAs} s oS HHEaRs ALE RSl
A 2 glek ool SAb LdAHEE 4% POI 7
AR B3 P A 8 TRt 4 518
§ ofuje} vhE W] g2 A7 5 gl HahE gl
% slek

1A 7k 2 vlESaEre s 7 B
AR dAlel, B wmiellds Bl Al 3
7k ezl ESITNS Abg sz, o) 912 7]k 4
A vEsZ2rE 4R 414 o ek
o} A2 A dlele] 7]5-& E3RIch Bt 7
A- ez, POl ZAe] FZdellA] convex hull 3
ez oA AAE=AE 2] S8, d=3t v
ol gl AHgArERE $A18 e 37 da

g

o)

BCRNY



o
M
o

7Fead ESlE

m o
>
>
<
N
rm
i
>
>
2,
ol
2
>
Bl
o2

A =9le EUE dole e AR o] ¥ Aje)
A AREES ATEAFA R vl 5 gl
AEg e, ol ag Kol g g ov)
ol B4 b5l sk 2 E9IE] dlelelE
BrtaL g7 whole

3}

Foll, W= 7uke2 poI AAK
I 5 S Aokt e,
Aok wiie] At Bakr) barelgelx AR o
o] oll A¥H e S78laL (5, O(ny,)),

& W% 7k #4135} w el DBSCAN™?9)

s %ﬂ&ﬂv} Ui HAlnk Alsksls 4 o

« H1A W1k1ped1a 7HL%+ 6‘771] POIE =33}
* 91| 7|8k 2 vIESFCA A= dlole} g
A FAL] FAKE AR Wl e, B
ATellM= EQIE] AREAES] 1407} o|W2 E
A= AR ENE A (query) A& 3l
2E R 3 Hlas E51S Rlg) A
ZHoZ POI °|& (¢l: POI ﬂzﬂ 0] & mi= ofol)
° _:,Z_é—hs]- FJ]/\EE zl‘— _ﬂﬂ J,]_ % Bz‘ﬂ-q_
+ I Fo POl T4 7+ ESle] T E¥l 94
Alole] ArlE Akgck
* POI Ao 2 Vel wubst
< bk Agoea, F
af) AgE 37k e 22] convex hull (5
2t2] o) polel| thgt ob ﬁﬂH ZAAA
S FA3) oS- ekt AnE Alleslr] $l4)
7 Al = ok =719 v S RS

Wk okl %ﬂ el ESJE] dlolE] 7k,
A A= Ay ~A|de] Az A Balwe)
7 Al POl AAAS Alee Beled 4= gl

Bre] A o Ak TAbellAE dlolE
Aol tial] Adngicl MAexs o] Ao o 34
due|ES I S Attt VAl A
HAHNZ welrh VAee =18 2ok}

II. GlojgjAl

2 Aolide E41E dlole] 2 ol 54l efal A
St

2.1 E9H Hlolg F
H =Follxe EQJE Streaming APIE 53l S
g eloel S ARl wlolel Al 2015 74 29

e 20154 84 297K wi=F 3 & 7 =
vlsrel|x] o] EfJE] AREAER N E 7] 5] Wl of
o 27t gl ESloz pAEL) & o 7ke] ty)
7 AR dlelEl Al de] el POIEe] wh’k 7
AdE FAshetl FEsleh d=ellx] A= vlole
A2 629,8817°] the ARSAlEENE ExEE
18,682,81971¢] g7t el Eslow A %= ubd,
vlrel| 2] 3lEl w ohE dlo]el Al 2,139,4837 2
ok ARSARE R E2RH 58,118,36170°] F3t
Bosl Esler A 7b ESle 2ple] =
(field) o]l ol FEE A= 82 845 X7
g}, elole] 4L gla] B Aol Egomy
B gL v 7¥] 838 g AusieE s

* user_id_str: 5% ARS8}l gt /\Eﬂ joZ ¥

H¥= 3 ID

* text: POl ©|§-& *3kg+ 44| UTF-8 d~E

* lat: ESIO] §]H|el wigk -°r1

* lon: ESle] $]7]el] thF 7

¢

d

kKl

2.2 POI %

% Aol 4]3= Wikipedia 717} 37 POIS 4313}
=S hg) Fe) AgE B8 94 et
%‘j’qﬁ POI ©| &% 23 she= 223 37t ¥lad &
2 itk 2 el 248 918 Londont
Los Angelesel| 9%t 5 7}2] POIE AFE3Ic) of7]
A, POI= $2]7} zeish= olA] 53 A%Ht o)
Uz} geglolut LA AT AlAdshe Aol
9= Q7] 9= A4S xFRF AAA o7 o] 9)
= °ok_“?} & oulgit)l. AAXA =27 AR O E

o2 A= 23 POIES AWskEs di).

Lﬂ 7N} oIl w3k wiEAiel S 3 1l A

>'_|..l"

E 1.9 7 A
Table 1. Four POIs
Jatitud The number | Initial
POI name lgsnittu d:) of geo-tagged | radius
gt tweets Arl (m)
(51.503300°,
London Eye 20.119700°) 2,178 80
Victoria and o
Albert Museum (501 1479169646470)’ 1,098 120
(V&A) '
Dodger (34.072686°,
Stadium -118.240603°) 3,666 120
Los Angeles o
International _(1312025“3276282 0’) 4,100 2,000
Airport (LAX) ’

455



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

glaloick 32 1 <k oA} Al WA I 7t
POI 34 2% 2 @47} POl o8-8 23l 2
Zb el Esle] F 5 vehich oyl e
o1& POIL] X212 dH& Edsh= POl TAl o2 Y
E19] tj=kAql 24 A= 7= 9 (Google Maps) >
ENE Ao 7] v Ar 0 & 3715w, o]
3 18] v della] g1 5 Qe EollA] B
=e] £ dFelr+= e F72] POIES AlH]
7] wlEell, A 37t vlax ESe fef 2]
1732 POLel| w2} ZA| zlo)7) Vs A& o = sich

L

O

o A e

17

7o o = T o =
AAHQ) AT PP e A
3.1 Hef

WA “POI ZAA ol 3l theat 7Fo] A jghc)

9] 1. POI AL t$3= POI $4& £3
3= 3t convex hull Eje] vUE A8 e}
Wk AAA gkl Q)= POI FAl 02 RE] ARl 2
A vbg Sl A AAAdE ZE 3 (annulus)>
F 4 3 o] I "lE Egefef jlch

B QAgellMe] Aol B} Z AN F Al
ool U E T3 R FAE Aol w3t 7|E A
- o) b R
2E T FoM 7H =2 HEE KR RS

& 7hsAde] =k

Bk

32 Y= Y2t POI ZA FF LmelE
o]A| A&k POI ZAe gk M 7]t F A
! I

A daelgs A

<= 27 9 2E7} POI ©] 52
Eehe 32t el Es1e] A3 2 F4% po1 A
BE b dlasl Esie Aozt shak

Al & gbel] EAfE= 7t

g5l dlele] Agke D, & 2718k POI 4! ¢
o} AREAL w e 912 Atele] A2 A<l dlcl, )=
3 3R] #3] (spherical law of cosines)S AR
slo] Ak 5 gled, ol 1 vIE elule] AR

%1

ZA = A2l well-conditioned ! A= Al2Lsl 5}

A WA 4 A=, 0131 POIoY tis) vl<d

2o g Zlshe Wl oo} o] Foix|= ut
,

S A A s de IS AR

o, _!1')‘

oflst 7ol GelalAl,
dny =D, ) \NDees, ) @

et dn o] FRl AR Ag>0nc} =,

POIel| tgh Al 7le] W 1 dn,> HHEH S
|

RLAEC] 1
A % gz, o)l ek Adne vl thes

.
olAl, 5 Al 54 WS ArskES sk o]
A 3 A sk} w]sele] o e A3 Q1]
98 Salgle) TRt o] Folxe Wk 1, o} &
A FA o2 ke 98 A

=

T =Ti—1 >0 3

o] tHAlol|l M 9] Z7} kg 7k Ay el AelslE,
o] F-2 GPS A2 QI8 ArjHr= £ Fog A
SI==- glt) Mo} A o= ofelje} Zho] P

Ary

Ary = 0

“

&8 AES vl Weelek
TR, 1 e E o 24 slelA H) wAleict
AryREE Z71skaL, o] =8 gk AAkEe) o] &
AlelA, 54 Fgellxe] T2t el ESle] 45 o}
# o} ko] Aolaak

dny =Dy, NDer, ) ®)



0 a8 E9e A8 R S BN AAA 34

wkek dny7b 18l = Ao, Al Jje] W 1 1
Tijs D(r:ﬂ',_,)’ dn,© A 0 2 Julo| ExIc) 137 ‘/\\
worl o] e Fu=a, A% D, =D, )7H i ,‘":‘?w . i 'X,
FAow QolAleh 94 AT 34 okwelze Eh e
gk FRkEQl "2k & 2004 Sok= Y

2 Fol, quick-hulld} 22 de]ES ARE-3s)e]
convex hull A& s)Age 24, POI ZAAe) o (b) V&A
$3k= POl 54 2 D,, ¢k AL T3 7
2R convex TS 2 = oAl Hrk
E 2. W% /P b 34 daels
Table 2. Density-based two-phase estimation algorithm
Input: D,,, ¢, Ar,, and Ar,
Output: D, , (c) Dodger Stadium (d) LAX
Initialization: i<1; j<0; r,<=0; 7, <=0, dn;<0; a2l 1. po1 AAA 24
dn<—0; D(c,r,)(_{(tzﬂl'u)‘d(cJu) <Ar, (tuvlu)EDm} Fig. 1. Estimation of POI boundaries
1: do 2315 93l Q=105 7Fekc} w3k Ane Ar
2 el Ar, A01] W] W} 10002 8] Fold 4
BoomentAn oleh. 72 ) $lel 343 POl AL T3 1o
# DAl ldled,) <rp (6,0,)ED,) A 2e1ek shiel sigk gle POl F41L ehila,
5 dny D, N\D,, ) A3 D, oA A= F7t o 2RSS Wy
6: while dn, > A o Fridet o] wf 2 JHe] A5 A FXE
7: de—i—1 S FE 5 ik
8 1,
9: d:: | i]iijﬁ jjiiBSCAN 2]t Ak F
10:  jej+1 A ‘—;,ﬂ °L1‘E_1 = Ak ;xiz ;v%oﬂHLHI;L ;
I ryemiy T An Ak} ?_[;dlx% Zﬂzﬂ Lﬂl:]EWJ—‘: :P*‘Lﬂ‘ﬁ LA;(

-1 . <] RES =R 61 = [

122 D, e 0)ldel,) < 0 (¢,,0,)ED,, } AAL 2451w 9JolAl, calling process A2l
13: dny D, D, ) 2] instruction A& $J3] 27== CPU Atz

14: while dn, =1
15: Dout(iD(c,r,_l)

16: return D, ,

441 POI ZAN 273
MPgelld Bl Algkel 34 dare]Es M3}
A8 Avs WA B3 2 adTelxe A 2t

AAA el A APA71S A7)
DBSCAN ¢w/2]&e] 7 714 F83k 4=l vk
2 ol HEQ] FHA4 MNgE 4 2km E 52 FolA|

ol

o, o o) kuelEE Fal F 377He] Pl ol
A1ek. POL AAE 7] Slal 3770 4 F POL %
A TP 2 UE T S A 3 o}

2] 36719 T el o] 79 AAA Hell
o) POI Ao 2] FHo 72l 3.782kmE Fo]
Zlck wbH, Akl daelEE AR A FA4] 3
o] 738 EH o2 wigksAl "ok Algkek 719l
A Ar,=2km, Q=10, Ap=1002% 7}4go =
4 POl FAlegye] =23 = gl FHu 72+
3.872km=Z oA A =|=d|, o]&= DBSCANY] 7-$-

457



The Journal of Korean Institute of Communications and Information Sciences ’17-02 Vol.42 No.02

o} Ak AR 13 5 olvk a3 204
DBSCAN ! AlgkgF 34 ofae] &l sl % hel=
AYAZEE AjE D, <kl ol FE wlE =Sl
gl we2b =AEIt (D,,l0] n

A 2ALE o (ﬁ, D, il = ( o)), Alkehe
0]—“73]1‘/] 7;]]/&} ixt} ( 3}
4 9lth ubel, DBSCAN °l—/a] Zo] HEhw
n;,logn,, &2 A Aeh= ALE d#A Slek n,, ©l
73 T Alele] e A

oAAA ®ek 28 20014 vlaE flsl A<l =4
= Ak F e A 2 A Ade) vl
fARRE AekS Bols Eeld 5

15 % © DBSCAN
B Proposed

-~ nlognin

— N

Runtime in seconds

1000 2000 2500 3000 3500 4100

[ Din] (rin)

T2l 2. AR ARt Bk
Fig. 2. Runtime computational complexity

v.d B

E =iollA= POl AAA
convex T el = AlFA Aolsl o & S &
gt = 71Nk A B4k= POL AN 54 Fels
& avlelgih FAAoE, ESlE AHSAERTE
b el E9LS AHgsle] POL F40 e Ee
@ 4 ol AU WAL U A T SR P
WPy ARk, 7 Sl The 29 W
271 AMgsle] Aelske 34 AuelEe Ak}
o} 3 2 lsel ] dlolEl e AHEale] 1] 74
POl 3] =1 737;1]/(% A= wock =gk Agk
& o] POL o] 58 EqSH 3 dlawl £ 4]
o) sl e} AR oR FAE uIlos,
71 "= 7b A8 #hel DBSCAN R} AL &
Am Sl S5 dEstar

< POI A& x3g

458

(1]

(2]

[3]

(4]

[5]

[6]

(7]

[8]

[9]

References

H.-M. An, S.-K. Lee, K.-S. Sim, 1.-H. Kim,
S.-H. Jin, and M.-S. Kim, “Big-data traffic
analysis for the campus network resource
efficiency,” J. KICS, vol. 40, no. 3, pp.
541-550, Mar. 2015.

J. W. Kim and K.-H. Park, “Personalized
group recommendation using collaborative
filtering and frequent pattern,” J. KICS, vol.
41, no. 7 pp. 768-774, Jul. 2016.

Y.-H. Kim, Y.-K. Hwang, T.-G. Kang, and
K.-M. Jung, “LSTM language model based
Korean sentence generation,” J. KICS, vol. 41,
no. 5, pp. 592-601, May 2016.

Q. Yuan, G. Cong, Z. Ma, A. Sun, and N.
Magnenat-Thalmann, “Time-aware point-of-
interest recommendation,” in 36™ Proc. Int.
ACM SIGIR’13, pp. 363-372, Dublin, Ireland,
Jul. 2013.

M. Ye, P. Yin, W.-C. Lee, and D.-L. Lee,
“Exploiting  geographical  influence  for
collaborative point-of-interest recommendation,”
in 34" Proc. Int. ACM SIGIR’1l, pp. 325-
334, Beijing, China, Jul. 2011.

J. J. Levandoski, Sarwat, A. Eldawy, and M.
F. Mokbel, “LARS: A
recommender system,” in Proc. IEEE
ICDE2012, pp. 450-461, Washington DC,
USA, Apr. 2012.

J-W. Son, A.-Y. Kim, and S.-B. Park, “A

location-based news article recommendation

location-aware

with explicit localized semantic analysis,” in
Proc. ACM SIGIR’13, pp. 293-302, Dublin,
Ireland, Jul. 2013.

J. Liu, Z. Huang, L. Chen, H.-T. Shen, and Z.
Yan, “Discovering areas of interest with
geo-tagged images and check-ins,” in Proc.
ACM MM’12, pp. 589-598, Nara, Japan, Oct.
2012.

S. Kisilevich, F. Mansmann, and D. Keim,
“P-DBSCAN: A density based clustering
algorithm for exploration and analysis of
attractive areas using collections of geo-tagged

photos,” in Proc. COM.Geo2010, Bethesda,



=i/

of

7F el ESlS A R

A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

MD, USA, Jun. 2010.
M. Ester, H.-P. Keriegel, J. Sander, and X.
Xu, “A
discovering clusters in large spatial databases
with noise,” Data Mining Knowledge
Discovery, vol. 96, no. 34, pp. 226-231, 1996.
S. V. Canneyt, S. Schockaert, O. V. Laere,
and B. Dhoedt, “Detecting places of interest
using social media,” Proc. 2012
IEEE/WIC/ACM WI-IAT’12, pp. 447-451,
Macau, SAR of the People’s Republic of
China, Dec. 2012.
A. Skovsgaard, D. Sidlauskas,
“A approach
of of
geo-tagged microblog posts,” in Proc. IEEE
MDM’14, pp. 178-188, Brisbane, Australia,
Jul. 2014.
D. D. Vu, H. To, W.-Y. Shin, and C. Shahabi,
“GeoSocialBound: An efficient framework for
POI  boundaries
spatio-textual information,” in Proc. Int. ACM
SIGMOD GeoRich2016, pp. 1-6, Sanfrancisco,
CA, USA, Jun. 2016.
S. Hahmann, R. S. Purves, and D. Burghardt,

density-based  algorithm  for

in

and C. S.
the
from

Jensen, clustering to

discovery points interest

estimating  social using

“Twitter  location  (sometimes)  matters:
Exploiting the relationship between
georeferenced tweet content and nearby

feature class,” J. Spatial Inf. Sci.,
1-36, Sept. 2014.

A. Arampatzis, M. van Kreveld, I. Reinbacher,
C. B. Jones, S. Vaid, P. Clough, H. Joho, and
“Web-based delineation of
imprecise regions,” Comp. Environ. Urban
Syst., vol. 30, no. 4, pp. 436-459, Jul. 2016.
M. Berg, W. Meulemans, and B. Speckman,

“Delineating

no. 9, pp.

M. Sanderson,

imprecise regions via
19" AcMm

Chicago,

shortest-path  graphs,” in Proc.
SIGSPATIAL’11, pp. 271-280,
Illinois, USA, Nov. 2011.

Y. Takhteyev, A. Gruzd, and B. Wellman,
“Geography of Twitter networks,”
Netw., vol. 34, no. 1, pp. 73-81, Jan. 2012.
J. Julshrestha, F. Kooti, A. Nikravesh, and K.
P. Gummadi,

Social

“Geographic dissection of the

twitter network,” in Proc. ICWSM-12, pp.

202-209, Dublin, Ireland, Jun. 2012.

[19] W.-Y. Shin, B. C. Singh, J. Cho, and A. M.
Everett, “A new understanding of friendships
in space: Complex networks meet Twitter,” J.
Inf. Sci., vol. 41, no. 6, pp. 751-764, Dec.
2015.

[20] A.-C. Lee, G.-E. Seo, W.-Y. Shin, D. Kim,
and J. Cho, “Tweet bot detection using
geo-location information,” in Proc. KICS
Winter Conf., pp. 1-2, Jeju Island, Korea, Jun.
2015.

Al 21 8 (Won-Yong Shin)

2002+ - AL Z]AR A}
- St
2004 : KAIST H=pxiakstat
Ak
2008
uba}
2009 5€~2011
Harvard University Postdoctoral Fellow
2011 10¥~20124
Research Associate
2012 3U~A) : e shar 735 st 2w
<Al Ao, FAlelE AlsAz], Hide]
B4, 2Rl vl B =84

KAIST AApdalstst

104 :

2% :Harvard  University

2 T (Dung D. Vu)
] 2009'd : Hanoi

Science

University of
and Technology,
Telecommunications & Ele-
ctronics A}
2014 : Hanoi
Science and Technology, Tele-

University of

communications Engineering

A

20151 380~ : wEelska el btk

<{AlEel Aol A, dolelrtely, 2ekla
A E Q) =m 54

459




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


