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ABSTRACT

For local advertising based on D2D communications, sources want advertisement messages to be diffused to
unspecified users as many as possible. It is one of challenging issues to select target-areas for advertising if
users are uniformly distributed. In this paper, we propose D2D based advertisement dissemination algorithm using
user clustering with expectation-maximization. The user distribution of each cluster can be estimated by principal
components (PCs) obtained from each cluster. That is, PCs enable the target-arcas and routing paths to be
properly determined according to the user distribution. Consequently, advertisement messages are able to be
disseminated to many users. We evaluate performances of our proposed algorithm with respect to coverage

probability and average reception number per user.

.M 2 Access Point(AP)9} 72 E41 o=zl =3 glo],
Fupd s 7ke] HElES B8 BAlshke 71ee]
Mobile ad-hoc network (MANET)+ 7|A|= 2 o} At E AAT o] FA ==} §iAY AAk

# o] = 2016 AR ] AR AT Z2ATAES A4S el 3%l dd7-J(No. 2016RIDIA
1B03935902)

+ First Author: Ulsan Institute of Science and Technology (UNIST) Department of Computer Science Engineering (CSE),

jskim@unist.ac.kr, 3]

Corresponding Author : Hankyong National University Department of Electrical, Electronic and Control Engineering (EECE) and

IITC, hwlee@hknu.ac.kr, 413

= E D KICS2016-08-174, Received August 1, 2016; Revised March 30, 2017; Accepted April 18, 2017

992



= 71 A st 7] A Sl e e §3 D2D

13 AL

o

Ao A 4 ol Al T2 aEEgle
FH o= o] Lo} 24 AB] 2ol E we 1) 7‘%

=5 el o]k MANET-> 22 245 Sl

D2D (device-to-device) £X13} A3 =4 tlefsl ¢
& deme syl ok DD A Wtk
FAlo] 7l VeR ARY, B ASEE, B2
A5 544 9 A7 5 56 2 o) A4 aFEA

5o WA 5 ol 1EEA, ek A9t A8
AR

ofX
EV)
aV
)
il
r:]_‘
2
e
il
o
2
ofx
h
offt
=
2
M
o,
. 0

e
g

X

o

o

do

r

ol

o r

[}

A LﬂE%ﬂ :rL—?J} A|AZHZY sk wlfigel], A=)
4 9 A% AR FAKE ofel glosl, ol
gk ‘:]'°“'5} 29 TR EZE
Q%\‘E]—Ig 111. E}‘I‘F’]o ‘_EEL— _‘;{4 %;91
(destination) THol dlo]E|S A<E3sl7] 93, Hlo|E]
5 FAIRE BE wEEo] HlolE 43Y3H= flooding

719s o] 83k el =HE#e] contact history &

o]-g-3le] 2= 9] a"ﬂ'ﬂ"] 8- AAZ) SRk,
54 ol whis B ohde sk At 9 53
19} 7\%% Eats] ‘—ﬂ—-rlﬂ AJH] 20| A= contact
2 olgsle] A AH2E A=t AP}

[12], [13]ellX= A2~ (source) WHE2NE] A W
$] el Rx=o] Qi BEA vhe] Sl A

£ o) Ao B o thiSeld BuE e

3] 93 du]ES AL EA B4 v oo =
A 27] wiEell, Wt BEE o] 83l Fa Faks
23t B-¥A|Y (target- aIea)% AR}, SR uk ghed
Eo] BA Aol "= Qle xS w2 A9
oL 7F) o Was) e

+3l7] 2l 7= g (Expectation-Maximization,
EM) 7|89k AR8A} 2] 2E]=)S 53 D2D #aL 24k
dwe]ES Algke) Fw Fike A% HRAY9S
ARl 9l AHEAFES EM Z22E S £ o
o] FElzEE sk, A4 2R T*év‘i'—
(Principal Component, PC)-S- &k}, FA44 8- 7+ &
2 zEfol] Z3E ARSAL el I Zéi—,—_j 7147
witoll, o] o]83te] HxAI} Fa Mt HEE
A7t 74, BEA9 B 4 5945 Y & 5

‘.4

il

itk Al”E Heke] A5 AS5S 23 AlEHe S &
3 Fas A AR o] vleE ovlshe 2
3+E- (coverage probability) Y AREA} & 4 Far
4l 4= (average reception number per user)°ll H3l,
Akt AR 79 dae]Es) w43k EM, k-means
ZelzEle] SAl%k 719k arelE 2 Epidemic AL
2]5e] Aes e g

Epidemic™& dlo|E| & 413 E whibEo
Ho] A5 sh= flooding 7IHolot 4l
o] A 7 un] FA whdo] dloJel& A=
WE-g SlvIshe dlole] AEE A3t A1 7]
Holek AL, o] E-Eegh Aol whalshA
H|EEH 07 oqz] 2 2R81S Awshe, v =959
5315 ofy] A7tk Wb, ProPHET, Delegation
Forwarding 2 PIS[g'”]f 94 = H3e] contact
history & ©]83le] 52 R dlo|elE AF3Pr]
23t Ao L] ot A sl 29-El 7]Ho]
t}. Contact history+= 4 wH23}2] contact 7] U
wlx]et contact A7t 53 22 AWE o] A1A
Z| %2 o]-g3rh

EM % k-means F#1E]F-2 Foixl HolHEL
vlg] AAR SH2Ee] ViR 1 dhe e
de] deiAl AT wiaks SelaEY dae|Felch
TAHe EM ¥ k-means d2]E52 o33 2l

W

g
2=
2 o)
2
]_

21 EM E2AHY Ld2|&E

E = (Maximum Likelihood
Estimation, MLE) 7|92 £3)] AFgA} 52 25 7}
A3t 25 24 (statistical model) 2 A3} A|7|=
7o el 2 el AMAL BEE A (D
Zro] K7No] thHaF 71-A19t (multi-variate Gaussian,
Ny, X)) EEH7F E]FE o ol 7H-AIE &3
el (Gaussian Mixture Model, GMM)2- 7}4J gk}

plz) = Nalp,5,). (1)

jo B 2 7, e 7 i) Felzele] A

1) B =% oﬂx{b oA o2 dy] ARREE 79Kk B¥
Fhgatel, F5el Fols el 2E chokt 384 wald]
dah F7} A7 oelek

mlm

993



The Journal of Korean Institute of Communications and Information Sciences ’17-05 Vol.42 No.05

Oﬁ

B4l (covariance) M 71| (weight) S e,
, vlE] AAF ZEaEe] Sl wet ARA; R,
Xy -+xy) ol HgE GMME 27] $l8) olelje} 2
w9l MLE 719 58l 249 sl=bleE (i,
X, T)= T

© drlE 7, o 2 20 273 AR

@ Z713kes AAEAY AFA el =X st
e 5 o]gsle] £xH A8}, z,0] kWA
g ndo 3= ¥ FE  (posterior
probability, y(z,,))2 &k

N

—

Mo

AT
')/(Z"k) = =

. )
;TJN (@, 23

® @4 AR AT g ALgA el o
A g wae Tab) 98, 4 3)-)
s} o] A4 SlellElER Sjdlel= gk

o Ly
IJ’Z Y= E ’Y(an)l’”. (3)

R
21;16“: AT ’Y(an)(rn7#Z€w)(xniiuzew) T‘ (4)

EM o325 getule] 7, g 2 Do S
w74 @, @] A WA o7 SeYgic) Rzl
-

(likelihood)7} 7}4 =& wdlg RFwr)

2.2 K-means EB{AEZ 2112|F

K-means+= 25 AMERE {2,205 vl8] A
A KNe| S 2E R ERdhs daEoR, Ex
| ARgARe} ZF SelEe] FAT (n) Alele] A
Afo] AkE FH A3l WAl o R AL 54 (6)
2 k-means ¥172]52] 43 (objective function)
24 AFF (sum of squares)?] elR FF,

N K

1=1k=1

n

994

s 2,0 1 AR FsEE el
o, S (1)} ol koA Fel2El7} b QA
Fel2Elel S 5, 1 ol e, 1A 2 7

< 7Rtk

oo =

1 if k=ar min,-Hx"— I?
’ynk = { g J v MJ (7)

0 otherwise.

BAGSE 3 asls)7] 918 olelel 2ol AeAE
S b AR ZFelaEle Rk, wRE ALl
= 7} FeaEe) Ane FARHE ks

O Ag= el Welx] FAelm FA 3
{Mlu"'7ﬂ]{}% AdZéﬁ‘l-];}..

@ 4 (NelA 2713kez A=A AeA o
dlol =8l 7 Zelle] FAkS: olaafol, Al
87 2, 0] 1o Felle] Fagtel 7 4l
) PR T el o,

©® @elA 5 &3l A4 FelaEE R AR
2HaE o83l 41 (8)3F o] 7 S| 2E 9]

ew O

Az T S ARk

~ - 8
e E’Vnk ( )

K-means &2]&e 23 7} 538 uj71x]
@, @9 AL HEA o Z g} HFAoR 7
F2EHY AR BRE ARERES T S 9l

o}

II. 7|CHEICHS} S2HAEE 7|8 D2D &1 gt

a2E

G e PP B ARSI $nE A
Fahat bk AHgAFEo] HE W9 el Tl
FASPI $L HoAQle A5, F ke 918 A4
@ BA 9 A2E Aol Wek i A4
Aol e} dsHon Welo] W A A
A% BEA Yzt Gaslolol Fek meb
ARE WREE 2712 3 Qkmelow A, 7l
el ekwele b} el




=/ 71 st 7] A Sl 2E®E §3 DD Hx

!
F—.>L

3.1 BEX ¥ T M H2 MY o] g AF e Fart PCE wet ks 913t
Ha AR g BEAGE A Slel, s ot shpe] Hax]delry.
ke Bl ARgAREe] FHEA Kol we} ogel4 7t 2| 2Ele] PCES o838 AR 3717 5%
20E EM 2928y dae]ES o]43te] GMM A5 o] &3] 21 19] (a)} 3Lo] Far Bk A
o7 mdggi). GMMS K7H9) 2-2H 719419k & 2 (routing path)& A73hh oL F4F A2+ PCE
7} EgEle] ol HuE, ARARES AR Tk 7Rk 2 AR ARS mEr] 913 AR ol
Al #EE W2 FE|aEHE BREch 9JoE A o] dwelEs B A=k
A7k 9)2)el] gli= Ao wha QlTke] AR} el o) @ 2o~ whzro] A= PCe] <l QA 8 7
& AR A RA RN Agehe Ay F $5 S8, s wERNE TR Fehs 7
A AEE olgsle] 5 4 glrk B =EolMe= 22 3 WA A=z Ad4d.
o BES 91k ZeAQl BEA9E AAske @ TpRHEl Tops EF3H= PCol 254 7)),
sdel, oW AR A& 4 gl TS = FdsH =9 Agsle] T2 sl ARE 1 e

EE Sl HuE 7Pl

EM gaElEeld 4] 3), @E 5ol HFHom
7—|]' %EL’—R—E'IQ] %‘A\J (,Uk):‘l}‘ %’“’E"ﬂ' (Ek)% :ILff-;]v' T 9}
o 7t ez pce A afE sam] s
(eigenvector) S &3 13! 1°] (a)9} 3ol 73 5= 9l @ 1 3
o o123 K79 PCES o4k 23 19 ()9}
Zo] 37K HHEAGE A7

* Boundary point( 7,): 7+ PCeo} &< 73412

7z = AAghet

PO R Fal HE ARk A e} 7} 3.2 27 A

PC = 2708] Tppe 7Tk FaL Ak ARt AR o whie] o HE
* Intersection point(7;p): A= thE PCEL] wZo W Aylo] whg Ao 2y L FARS- ARRE

2 3437} t}2 pCE BHike]7] ¢35k B3A] o]t ol AAE delo] whhd 2F BRAG7A] FaE

T,= OFE PCE3} wAfshs o wle} 57} A Fikslr] flel, Far it 2o we) ddzlow &

SIEN=R o] =& AARITh o]} 3ro] ol ql Helo] A
* Closest point(7p): 42~ 53} 71 1513 PC S 53 B Gk daelEe o) Pk

PR oy AN 2n

DA o RTD
L s oA ; A :",‘;,'-:? ]
2 WS 5 SEH N et s 47 ‘:é.‘ .-'~'.")‘S_
Cluster 4 & CViviiaags A aAIL 5 PCof » Wit ’é’: % X E

W kF g )
FNTEAY .
i 3 %‘}—N{’- S'ource & o
X 'y ° o B2 ot S
LR s o
K6t x %% Routing
2% §s PCof Path
2% * Cluster 1

Cluster 2

O Boundary point O Intersection point @ Closest point O Centroid of each cluster O Centroid of each cluster
(a) PCs based algorithm (b) Centroids based algorithm (c) Centroids based algorithm
using EM using k-means using EM

38 1. Fe2E b4 A%, EM EE kmeans SbielE S FelsElel FAE mE FAS o143 EA %

A AR 49 oA,

® T, 2708 AR T2 PCe] WHOE, 7,5
e T2 PCe] AAbE @ o] g 4

43 2 AR F ke BE 7ol G
o

Fig. 1. Example of determinating target-areas and routing paths using PCs or centroids of each cluster based on EM or

k-means algorithm when the number of clusters is 4.

995



The Journal of Korean Institute of Communications and Information Sciences ’17-05 Vol.42 No.05

O A % Do) we D2D EA1 v Ul )
= AR} sHEE3) D2D GroupS- #Adsle] %
S AEg w3l ohs delo] v AAS

2]

@ AFaAFEe] 917 ARE $418 2 9 elo]
ke /K]__g_z]_ s _?,1 j] Jg'._;:‘}_;(] 2]

~

MATLABS |43t A& o] 342 ofg3 2
ok FEHS] 1,000m Well 5000708 AMgAlEe] F-
zte| 2 wjx|Ele] glew, D2D AP ¥ whie] x4 ul
7& 27 200m, 80mZ 7HFIAE Al EHo]dE
53l Alokgt PC 7|HF dwE]EF EM, k-means 2]
2Ele] FAlRk 71k are]E 2 Epidemic®] 35S
Bl Al
* PADA(PC based Advertisement Dissemination

Algorithm): Aot Wk 2 EM 7[8t S=]2E] 9]

PCE o]t 3o it daels

CADA (Centroid based Advertisement Dissemina-
tion Algorithm): 23 12] (b), (c)2} Z°] EM ¥
k-means 7|4k S2]2E o] TS HRAHoE A
A3, BE BxAAE A3l HdAAE &
b AR AR B3 A daElE

Epidemic: Flooding 7|22 315 4418 g
AREAER] HHlolE sl daEls:

5 29F 3 27 e aE ] ol wE A A
42} 4 o] AFHo R BaE FAIgE AR} g2
H&S oJv|sl= E3EE (coverage probability) =}
A2 9 g B3 441 4 (average reception
number per user)E YEPAT}. EpidemicS 3315
Algh BE ARSAEe] HHlo]E 33| wiitel,
x50 Qle BE AREALElA s i F 9
ok 2 A3 a8 2004 2FEEe] 191 AAE B

2 de

2

9%

A
v
ob
X
&
N
r\j
AU
e
e

Ba3k Afo] Tt A

2 B o A SF o dare] e vlste]

L53] T A I 30l HeEr) olzfd £
= ko

SF 2k Y elluA] BEAde] A

PADAE 7} SE]|~E R E5% AL gA1 59 Bxs
A5 4 9= PCE o]83le] 17 1 (a)o} Zo] &
FAGE A 7 FelzElY] A aefEle
CADAC°| H]3}o], the] 532|995 Al glell A
A7) wsrel il A2 AtiE R ZelA 2
dlolol] Fofshz AMAL 7| SU1RE 11 404

£
=
<
=S
<]
o
[}
>
]
5]
2
o
o
—=— CADA with K-means
””””””””””” e CADA with EM -
____________________________ 4— PADA -
< Epidemic
T T T T T T T T
o 5 10 15 20 25 30 35 40 45 50

Number of Clusters
J7 2. ZE2d g Wl e x3EE A
Fig. 2. Coverage Probability vs. Number of Clusters

—=— CADA with K-means
- CADA with EM

——————————— +— PADA

+  Epidemic

Average Reception Number per User

T T
o 5 10 15 20 25 30 35 40 45 50
Number of Clusters

J8 3. FeizE g WSt g AR I Bt A
Fig. 3. Average Reception Number per User vs. Number
of Clusters

fffffffffffffffffffffffff —=— CADA with K-means|-
e CADA with EM
- — PADA

fffffffffffffffffffffffff - Epidemic -

Number of Clusters

J8 4. ZeizE s stel] w Hee] FjgtE
Fig. 4. Participating Probability for Relay vs. Number of
Clusters



w8713 7 A el 29 B9 DD B 8

AA AREAE 4= tiv] Delo]of] Fodsh= ARSAF 2
&S ovlsl= "ol HoIEE  (participating
probability for relay)S 251, PADAS] 7% &
2 2E]e] 7} F71gtel wet Plo]ol] sl AL
S FAH STk AS dekick 2 A3
iﬂﬂe SHlel|a] FE|2E ol wt 2lel= gA
1 PADA”} CADA Hr} oF 2u)] oA} =2 A5S
7}X1t Z& 18] 2014 HolErk PADASIA S22~
Ele] 47} 3 o3} o A-¢, 7 F=lxE|e] PCEC] A
sl 7A97F A wHAEA] ol AAdEl e
PCER o}t EMbEA] o=t} ubd, SejxEe]
7} 401 o A5 7+ PCEo] wAdh= 7497t 353t
WA diol=e] PCER Hars gike o= glvk 2 4
I Fe|Ee] 7 3el4] 4% F713 |, 23EEo]
A STk Zs Holdch
= RN —?7} 509 o], k-means 2 EM 7]u}
CADA®] 23152 77t oF 0.577 0.439] 452
RBojEc) spx|ut PADA«] Z33+5-2 EpidemicS]
e FrARRE 0.99704] A Wtk o=} AR}
3 B4 3L 541 57} Epidemicel] B&l oF 3ulj71F
2 718 HofErt oo ulef, gk Hiek fl ooding
F} fralgh gl EF 23 Hoigd, Bdagh
&5 Eo=x Far A4S QR vE-S Li]
Z & olek AR, FelsEe] a7t SRkl uiet
EM &we2]Ze] AXbF B3 (computational
complexity)”} FAsHA F718kc}. F2|Ee] 47}
5021 79~ PADA % EM 7|4} CADA2] Al Edo|A
A 7R ZH7F 100 E 8.9 %°] Azte] A8F=
ulel k-means 7|4} CADAS] Aa)A|7ke- 0.84 22
71530
FE|~Ee ) TS o A R A
o7} F7I3tel wet dlolel] Fofsh= ARSAF 7t
7Rl Bas A e AR 7 1R @)
AR, B Qg AF g ale] AiEow Zolek
uk oz} Bxler) F451 S 8k trade-off 27|
o glek ool we}, Fell= A FE|2E FE

2= odare] el tigh vt 283 Zlom AzEct

X

i

o N
i

v.d B

e
b

M
2

A FE9 el AHgARE] FA9) 2
o) gl A%, TPed B AHaAE
k)] Slak kel e Ak |
3} el Bl AHAES vle) A
gk 7 FelwlR R

e
e
ﬁl
X

i ez

2

3]
o=
fd

X 2
N
=
e
=

e
y
i)
[
)
Lo
r
f
%
U

€ AHgAES] REES oI5 S gl PCE TR
Aok ke 7 FsEE B MRS B
2 783k= PCE o|-43}e] Eux|dx} Fu 34k 7
e i = M A i M = e ) d = S o] A
& olgsle] HEAIGI} Fa Tt ARE AAshe
b el el Hlstel, Alal Wale] THHEE Zel e]
2] o] uje} xjo]i= gIA|RE oF 28] o]AF ©] =2 A
=9 nojFr) wilt Fu el F7) 2713 w}a}
At wike]  ¥3EES flooding AL
Ep1demlc-4 A3t fAFRIe) a2l A8} o
3 g 4~ Epidemicel] v]s) <F 30} 7}

ofy X oh r_

= A& % 2= 9}, ujeba Ak Higke B g3}
F& FolA dyRe] AEAEA B2 A

W o

4 sek

References

[1] L. Pelusi, A. Passarella, and M. Conti,
“Opportunistic networking: Data forwarding in
disconnected mobile ad hoc networks,” IEEE
Commun. Mag., vol. 44, no. 11, pp. 134-141,
Nov. 2006.

[2] J. Joo, H. Lee, J. Kim, and D. S. Han, “A
dual beaconing scheme for effective context
awareness in vehicular ad hoc networks,” J.
KICS, vol. 39B, no. 2, pp. 114-122, Feb.

2014.
[31 L. Lei, Z. Zhong, C. Lin, and X. Shen,
“Operator controlled device-to-device

communications in LTE-Advanced networ
IEEE Wirel. Commun., vol. 19, no. 3, pp.
96-104, Jul. 2012.

[4] D. Camps-Mur, A. Garcia-Saavedra, and P.
Serrano, “Device-to-device communications
with wifi direct: Overview and
experimentation,” IEEE  Wirel. Commun.
Mag., vol. 20, no. 3, pp. 96-104, Jul. 2013.

[51 M. Jung and S. Choi, “Analysis of energy
efficiency considering device-to-device (D2D)
communications in cellular networks,” J.
KICS, vol. 38A, no. 7, pp. 571-579, Jul. 2013.

[6] G. Kang and O. Shin, “Resource and power
allocation method for  device-to-device
communications in a multicell network,” J.
KICS, vol. 40, no. 10, pp. 1986-1993, Oct.

997



The Journal of Korean Institute of Communications and Information Sciences ’17-05 Vol.42 No.05

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

998

2015.
A. Osseiran, et al., “Scenarios for 5G mobile
and wireless communications: The vision of
the METIS project,” IEEE Commun. Mag.,
vol. 52, no. 5, pp. 26-35, May 2014.

A. Vahdat and D. Becker, Epidemic routing
for partially-connected ad hoc networks, Duke
Tech Report CS-2000-06, 2000.

A. Lindgren, A. Doria, and O. Schelen,
“Probabilistic ~ routing in  intermittently
connected networks,” ACM Mobile Computing
and Commun. Rev., vol. 7, no. 3, pp. 239-254,
Jul. 2004.

V. Erramilli, et al., “Delegation forwarding,”
in Proc. ACM MobiHoc 2008, pp. 251-260,
Hong Kong, China, May 2008.

F. Xia, et al.,

protocol for

“PIS: A multi-dimensional
routing socially-aware
networking,” IEEE Trans. Mob. Computing,
vol. 15 no. 11, pp. 2825-2836, Nov. 2016.
J. Kim and H. Lee, “VADA: Wi-Fi direct
based voluntary advertisement dissemination
algorithm for social commerce services,” in
Proc. IEEE VTC Spring 2015, pp. 1-6,
Glasgow, Scotland, May 2015.

J. Kim and H. Lee, “Geographical proximity
based target-group formation algorithm for
efficient D2D advertisement dissemination,” in
Proc. IEEE PerCom 2015, pp. 275-278, St.
Louis, Missouri, USA, Mar. 2015.

C. Bishop, Pattern Recognition and Machine
Learning, Springer, New York, 2006.
SEMAS Marketing Area Analysis System,
08, 2017, from http://sg.
kmdc.or.kr/main.sg#/main

Retrieved, Apr.,

1. T. Jolliffe, Principal Component Analysis,
John Wiley & Sons, 2002.

Z & M (Junseon Kim)

20149 29 e
Algstat shab
20164 29 : A St A

71ZA A g & AA)
20161 3U~FHA) : AkFE]
=l e T A

dejsts 4

N

ad e

<¥AlHok> JoT/Mobile Network Architecture and
Protocol Design

0] & € (Howon Lee)

20094 : KAIST #17]%
EE I

20093~2010%1 KAIST IT-%
gred s Al

201053~2012d KAIST IT-%
zﬂ-oﬂ:[L_/;: E) x]-/o:]:[Lz —r/\

AR

2012+3~201641
J,]_ z_r/\

201593~2016% : gl IT-g3A 43k

201650~ 3A : TRt A7) A A o w3t
g

20123~3A) : KAIST IT-§3

cEHIANE A7 AR e g

lmﬁ

<R

b 56 el ]
%, 3D Wlele A 5



