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Design and Evaluation of a Hierarchical Hybrid Content Delivery
Scheme using Bloom Filter in Vehicular Cloud Environments

Ihn-Han Bae'

ABSTRACT

Recently, a number of solutions were proposed to address the challenges and issues of vehicular
networks. Vehicular Cloud Computing (VCC) is one of the solutions. The vehicular cloud computing is
a new hybrid technology that has a remarkable impact on traffic management and road safety by instantly
using vehicular resources. In this paper, we study an important vehicular cloud service, content-based

delivery, that allows future vehicular cloud applications to store, share and search data totally within
the cloud. We design a VCC-based system architecture for efficient sharing of vehicular contents, and
propose a Hierarchical Hybrid Content Delivery scheme using Bloom Filter (H}CDBF) for efficient
vehicular content delivery in Vehicular Ad-hoc Networks (VANETSs). The performance of the proposed
H’CDBEF is evaluated through an analytical model, and is compared to the proactive content discovery

scheme, Bloom-Filter Routing (BFR).

Key words: Bloom Filter, Content-based Delivery, Location—dependent Data, VANET, Vehicular Cloud

.M B

A2 AER Aol E A AU sE S =
EEEELE

=
Cloud Computing)

°]

ol

o

[
X o o Lo
2 o T

(

u

w & o

N

f
=

e -{E olN:

o
-

N OE‘

,4
>

4y o
)
&

2

=3
A=t =¥ 74X (RSU, Road Side Unit)
¥ (RSB, Road Side Buffer)2] $12& A
Z v Aol Al2'l-g E3steE AR
A= (OBU, On Board Unit)S #2bstal Qi
7143t 1 OBUE 3G =& 4G A &2 54 A,
Wi-Fi, WIMAX, WAVE, DSRC (Dedicated Short
Range Communication)& %3l Ho|EE A 43}7]
A% By A 54 A2"E 7 Aok o]
z9 F WA AFL 2 F&: DSRCE 53 A+ 1t
(V2V, Vehicular-to-Vehicular), 2}&F3} 7)dk4 2

7t (V2I, Vehicular-to-Infrastructure) 5418 Z3}

% Corresponding Author : Thn—Han Bae, Address: (18430)
Hayang-ro 13-13, Hayang-eup, Gyeongsan-si, Gyeong—
buk, Korea, TEL : +82-53-850-2742, FAX : +82-53-850—

2750, E-mail : ihbae@cu.ac kr
Receipt date : Jul. 25, 2016, Approval date : Aug. 10, 2016
" School of IT Eng., Catholic University of Daegu



1598 ZEIOICINEE ==X M19H Xl8=(2016. 8)

FH o) Zd=-7]dk Y EYZ (CBN, Content-
Based Networking)© = A
2 Be #Ne T Yt Ed=-7)
AAZRE $AA74A) W AR 5o
8 gdEa, O WAIA e HEH

A Bk WAIR] ZEl=o] 8ol o3
T2 AH 2ot 8] =23 < CBN 4
AsA N BE AAES F5A
A=A A 7 AE @ J-VEYZ A
N, @ olF-71W Mg, 1 e

o
_1>~
tlo
do
o
oL

T

o]

H

b =
P>

0
B
2
(rl 0|
s N of
e xgp X
—\.Lﬂéél‘lo
o m& Lo > My rr Lo fo oy |

o> 1> iy

)
o
o=
tlo
NS
rlr
v
»
r 4,
2
o 12
fru
=

N
-

e
il
i)

2 o o

F
o [N

E)
4
2

2

i o
>
T

Ho -
2
o o oI

%
L
rlo
)
X
fr
o
o -
o ™
O\I::
"
ob

N fo Ho of
P o
N

fo &
et o

oft T N
=
)
N

i
o N
lo
2

ofN
fo o
o
':Ln}i
)

A
ol
i
el
[No
o
>
x
N
N
°c o

Y
‘0
[o
N
o
N
do
o
Do
N
L
A
mO
oE (T off g
=AY

okt

: rr
32 >
>
=

w P F

e
=,
[Ne
o
dz
2
_0|L
e
olo
ot
oL
o
(o3

T
o ™oy

:(I)g

ind

g
o A P

fo 12

B

ol

o
o3 [0 ot

(
=

o
i of
> o
2
2

[o 0 o
H
[
=
o
)
e

1_;4 ty U
k)
[
2 |
£ oo
P
o
i, ofw
1o
£
N ™
i Ao
e 2
=t o
o Of
T o
ol &
b
ofl T

ol

f

El

ol

>

=2

> 1o
>

™

=

=

i)

to

[

ul

ot W

>
o
U
i
e
il
ro
4

Hor
¥0.
v
A
ol
f
©
i
i
e
[
il
rlo
Ho
™
X

do 8 om

it i
o
R
NitH
1o

)
)
_I "
o
=
o
A
i
BN
o
_91'4
rr
in)
Jo
o
_(?L
ui

2 rf o b 2 3o oft ek [N
e " ;f; fo
o M
g g
T

(o3
© rlr
k 2

ts oY,
il ¥ mln
X o
=5 r[r =
i - o
> 8 s
ol
E o~
e OE

>

&

jaii¥) lN

2o

fe e

58 59 22 ZHx EAd ¥tet AR, 6k
23, 71314 AG(u AD) PG9S FeFHo=
A ste slolB= Zelx A5 Whgoltt

2 =R AL e 2 2704 A 2
H= o AMeE EEZE S ZHl= 79 Y EY
2 7EEH g Zuz HAEo) I BH ATE
< AR R 3 3 E&HA AF FTd= FTHE
$s VCC 718k Al =" #2285 AASI, VANETS
£ 9% 282 ¥ Fel= A% W H'CDBF
< Aokt 283 484 A¢el= HCDBFY
s B4 mdE PJrsta, 2R 455 3
g Zelec y)uk Zel= 2198 7]1¥<2 BFR (Bloom

Filter Routing)} H]
=5 A& 5

274 & ASretE HXCDBE W oA AL&3l=
e Zelz7) ojH B A Ho &3leA JRE
AAsled AHSEE S84 A8 T2 E52H
of Zelx9] o] F& AME3Y VES T4 Exl=
25 Fsts U= 7 Y EH o tiste] 1t
, 183 VANETOIA ¢x-9]& ¢

S}

b sz dg ol

=

N

e
]
i)
)

L
_?lr‘
£
2
H‘SL’

o] (membership query)
w3 I3 288 F

ojd 27t Hgte
A A= R s

N

f

=
o @j o
i E FH oX,
;ulnzr['d3
e
e
o o
0 AL fo

J.
0}
ol
X
1>
%

oy
s o
s

RS
ox
oo
)
o
o,
o,
1ok
2 Aok

N
iz

I oy
il o
9
i)
i)
o

oo 4 o ofl ou

A

WelA gk whebs

o Ath# Aol wel = ofof
3

ol BAZL HA @

i
)
B
RN

=)
o
M
ui
K

Ze= d

Broro & X a0

of

].

rr
u rlo i o

oo = e =

o
)
o
ol

o
M8 o

il
25 2w
o o Anj
flﬂrm]m i o
5 du lo 1o
E_Nv%‘%mlm
[ r{r“*%,%
o n
u{ol‘h
RIS
m\‘”H Y
rig;& =
ou"“ =
]IEEQOE
loi—zrlo
o~ o
S N do
R

o2 rr
18 —~
lo fu
td
rla
3
R
(m
il
ro
o
o

2 A49EY EE2H



2 2

S={xi. %2}

H= {h,, h:.hi/bu(x:) hy(x:) fy;)

[t[ofo1]ofo]t t]o] 1 ofo] 1 o]o]
4l /

hi(x2) ho(x2)

hs(x2)

Fig. 1. Example of a Bloom Filter [5].
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Table 1, Notation for analytical evaluation

General Bloom Filter
Notation Description Notation Description
u advertisement rate w the width of the bloom filter
query rate d the depth of the bloom filter
m the number of vehicles in unit region
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Table 2, Parameters and values for analytical perform—
ance evaluation

Parameter Value
N 256
k 4
m 1
w 128 bits
d 3
header 512 bits
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Axbs o} o,
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