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Efficient low-delay routing algorithm for opportunistic networks
based on cross-layer sensing of encountered nodes

REN Zzhi, SUO Jian-wei, CHEN Hong, XU Zhong-hao, CHEN Qian-bin
(Chongqing K ey Laboratory of Mobile Communication Technology, Chongging U niversity of Posts and Telecommunications, Chongging 400065, China)

Abstract: An efficient low-delay routing algorithin, name epidemic routing based on cross-layer encountered-node sens-
ing (ERCES) was proposed to address the issue that the epidemic-based routing algorithms have some extralatency in
sensing encountered nodes and extra overhead in exchanging data packets. ERCES achieves to speed sensing encountered
nodes through cross-layer design among the PHY, MAC, and network layers. Moreover, to reduce overhead and to de-
crease data latency, it makes anode send novel data packet immediately after encountering other nodes, sends the packets
close-by their destinations firstly after receiving summary vector(SV) packets, adaptively varies the period of HELLO
packets and deletes the packets reaching their destinations from nodes’ memory with the help of SVs. Theoretical anal-
ysis verifies the effectiveness of ERCES. And simulation results show that ERCES reduces by at least 11.3% the control
overhead by at least 8.2%, 2.1% memory overhead by more than 2.1%, and the average end-to-end delay by at least
11.3%.

Key words: opportunistic network; routing algorithm; encountered node; sensing; cross-layer design

1
(opportunistic network)!¥™
ad hoc MANET, mobile
2012-10-31 2013-07-15
(60972068) (cstc2012jjA 40051)
(D2011-24) (201201)

Foundation Items: The National Natural Science Foundation of China(60972068); The Natural Science Foundation of Chongging
(cstc2012jjA40051); The Special Fund of Chongging Key Laboratory(D2011-24); The Open Project of Emergency Communication
Laboratory of Chongqing(201201)



.2

34

ad-hoc network

[5-13]

epidemic (14

SCF, store-carry-forward

epidemic
[15]
MAC 5
2
epidemic
(%131 epidemic
DEMERS [
VAHDAT
epidemic epidemic routing(ER)
ER SCF SV(summary vector)/
internet MANET encapsulation proto-
col(IMEP)¢!

2-HOP
(p,q)-epidemic routing

MATSUDA [
(171 epidemic

IMEP
TOWER
(1 epidemic ER-
HELLO HELLO
WANG 1
ER ——ARER(adaptive ran-
domized epidemic routing) Wii=C1Ri(Ts)+

Copij+CaTTL;
Ri(Ts) Pij TTL;
Ci C GCs HELLO
HELLO
(13 HELLO
epidemic
1 500 mx300 m 50
10 m/s
10m 25m 50m 75m 100m
1.6s
85%
3
3.1
1
G=(V, E) V={vyVa,
Vp} n>1 Vi n
E=@ {eies .m} 1< m<n(n-1)
em m
2 { ei(tsistei)}
1< i< n(n- 1) Gi G
tei>tsi
?{ei(tsi, tei)}
ts
te tsi<te(i+1)
3 SV sV SV(summary vector)
SV
SV
3.2
1



10 . 3
2
TP Chmiwan: |
VAT -l m
U I
__________ - | 1
A | 4 o
____________ | | 1
1 N i SR T
'''''''''' ] I -
. 1 (] El:",‘l
idemi MACEL by g
epidemic ot | s o |
HELLO by 4 g
G, A0 L 05 4% I ¢
(AL I B
.“ o ' 1 1
PR 1
P PR LS B
_____ Yy ____ ! Lo
e < . !
HELLO T maieEasE | A
___________ 1
HELLO [ ! ' :
e RAREROITE F---be-
. ,—,—,—,,,—————
1 ERCES
4 4.1.2
——ERCES epidemic routing based on cross-layer
encountered-node sensing {
5 HELLO }
4.1 ERCES
4.1.1
4.1.3 sV
CSMA/CA MAC SV
13 ” MAC
Request “
SV ”
sV
4.1.4 HELLO

HELLO

HELLO




34

6)

. 4.
HELLO ERCES
MAC 4.3
HELLO
HELLO v
R A B X X
4.1.5 Y
F(x)=P(X < Xx)
sV 2
_ X
{ n - pRZ
} 2
X
= 1
=2 D
f (x)
2X
4.2 f(x) =F¢x) = re (2
ERCES 6
1) B A 2
HELLO a
2) E[x] = (=5 xdx
2R
=— 3
3 (€)
3) 2
{ “ K n 2 2 —_ A2
a® +b° - 2abcos(p-qg)=c 4
HELLO T } (p-a) @
HELLO
4)
SV
MAC 2
HELLO
BB' R(q)
5) SV R(?) = - ?cos? + % [7 +2co5(2?) (5)
n }
? [0,p] ? [0, 2p]
Request
{ n } 11 o< 2< p
f?)=ip (6)
Request to,
5 6 B
A 5(?)



10

p

S(2) = &f ()R(2)d?

p 2 P \/77
:ol_ae 2R cos” gd? +\R 7 +2cos(2?) 9
%s 3 5 9 3

R p
= —(QJ7+2cos(2?)d?
3p

0

W(?)=4/7 + 2c0s(2?)

W(0)¢q +W(O)tl1>?2 .\
il 2!

WQO€,, L+ W (0)"
3 n!

4

94
27

W (?) =W (0) +

» 3- 8?2 +
3

8 7

p ..
S()» R 0B 292 4540,
3p9é 3 21 g

2 4
»R- 2p R+ 4p R
27 405

_ (405- 30p® +4p*)R
i 4057

4.4
4.4.1
ERCES

1 ERCES
ER-HELLO
A B HELLO
T t1 to t3
A B HELLO
t1=0 >0

2"+

i

0ue ) A [ ¥ T

3 HELLO

3 ER-HELLO

Y

)

(8)

)

(10)

(11)

t, t T-t t,-1,6
=2x32+ 2By 20 12
AR R £ 2 (12)
11 12
=<t ,<T
E_<E_ (13)
4.4.2
S N
r Vv
p T
3
ERCES
1
D
D=pr’N/S-1 (14)
N-1
N- 1- D
JJS/N
d
d=(N-1- D)x/S/N (15)
t
t=(N-1- D)x/S/N /v (16)
G
C. =0((S¥N - priy/N)/v4/s) (17)
2)
t pT
N Cs
C. =0o(pTN) (18)
3)
N-1 Ce
C. =0o(N) (19)
5
ER ER-HELLO



34

ARER

1 500%300

m?

5.1

1~19

(et

1

(Mbit %)

50

(20) I 10,25,50,75,100

P/(R +Ry)

C=

1.23,3.07,6.15,9.22,12.3

4000

5.3

2)

ERCES ARER

ER-HELLO ER-IMEP

aT/D

.F

4

(21)

Ti

1

ERCES

4

3)

ER-IMEP

ER-HELLO ARER

0.82 ERCES

0.89

(22)

K=3K,/N

HELLO

il v

HELLO

Ki

4)

HELLO

100

G m

L
2}

i e

3 ER-IMEP B ERHELLOFE A ARER =3 LRCES

\ho,.u.n_.,_r,....u.:.;....‘ﬁ
Hg A A — Hi

—
™
AN
N

>

o

3

2

S

O
2
[
g
M
o
T
]
—
1
>
o
3
:Im

T

=

—~~
Lo

=D/S

Drate

5.2

2)

OPNET

ERCES

11.3% (R

ARER

(€]

random waypoi nt

100 m



10

25m: (156.5-

(46.959- 41.673)/46.959" 0.113)~54%(R

72.024)/ 156.5" 0.54)

(a) ERCES

O RAMEP S ER-HELLO FFAARER [ ERCES

[0

¥

2 e i etiieeiciied
AT TR R AR

VS TEE m

A TR R ST
R = R el - =T

B v e - o O

(b)

S/t R L R

(€)

ERCES

HELLO

o)

I LR-IMCP

51 ER-HELLO

=0 ARER

e EROCES
73

10

P MO
VTSI

161

40

20F
[ E
b

S5 i i

i
= = =
~

.
=
&

o H Y

HELLO

T m

=]

REEml

HELLO

HELLO
~44.3%(R

100 m)

10 m)

3)

13.6%(R
SO0 [ ER-IMED B0 ER-HELLOEA ARIR E=3 ERCES

ERCES

6

B P o o
LSS SRR SSSRSASSNNSRSSS

11061

B e g g )
S P E I
N e N N e R N R

1=

EeleldlaialdlelalnTolel ety

S R R

S
T

1
HELLO
ERCES

LI T K L R R P R R N, ]
T T AT T T T LT T LT
T R R R

I

ERCES

[SIVIA IR 3

SV

{100
A0 000 F

3

3 | (S

B OT1TIH

ARER

{1 (00
0000 F

1

[ ER-IMEP FOER-HELLE) FAARER (X1 ERCES

10000
{

6)

YESFETEFITIRTETE ST ATETETTITIE)
AT TR TR

TELTTLLETELTETESITETEPTRNTT Y
A SR SRR RA AR AARANA AR RAARAN RS

LUK R AR KA KA R RS LA S AT LR AR
IS TLT LTS IS RS ETIT IS SIS TSI
ARV AR AR AR LU A

SRR N S
YEFTTTTST I TR TEETITTTETT IS
BOSAAAR AR YRR AR AR VAR AR SRR NN

R AT E A

Lo R ae - R T o i ek < (e R -

D W om0 T8N =
SR 4 Bl

DO RA VAR AV ER AR R AR R LR R AR

| 0H)

100%

TR m

4)

1%

HELLO

ARER ERCES

ER-HELLO

ER-IMEP

Im

100

100

100

100

10

ERCES

100
100

100
100

100
100

100
100

25
50
75
100

=10 m:

16.6%(R

100
100

100

100

100
100

100
100

(1.401- 1.168)/1.401 0.166

ERCES



34

epidemic

ERCES
ERCES
ER

epidemic

By

(2

(3

(4

(5

(el

(8l

[

ERCES
(18]

STAVROULAKI V, TSAGKARIS K, LOGOTHETIS M, et al. Op-
portunistic networks[J]. IEEE Vehicular Technology Magazine, 2011,
6(3):52-59.

, , . [J1.
124-137.
XIONG Y B, SUN L M, NIU J W, et al. Opportunistic networks[J].
Journal of Software, 2009, 20(1):124-137.

, , . ON-CRP: [J.

, 2010, 31(5):98-107.
YE H, CHEN Z G, ZHAO M. ON-CRP: cache replacement policy for
opportunistic networks[J]. Journal on Communications, 2010, 31(5):
98-107.

, 2009, 20(1):

[J. ( ), 2012, 23(4):
394-399.

LIU Q S, ZHOU JE, ZHANG P N. Adaptive cache management me-
thod for opportunistic network based on number of message copies[J].
Journal of Chongging University of Posts and Telecommu ications
(Natural Science Edition), 2012, 23(4):394-399.

BURGESS J, GALLAGHER B, JENSEN D, et al. Maxprop: routing
for vehicle-based disruption-tolerant networks[A]. The 25th IEEE In-
ternational Conference on Computer Communications[C].  ashington
DC, USA, 2006. 1-11.

BURNS B, BROCK O, LEVINE B N. Mv routing and capacity build-
ing in disruption tolerant networks[A]. The 24th Annual Joint Confe-
rence of Conference of the IEEE Computer and Communicat ns So-
cieties[C]. M iami, USA, 2005. 398-408.

JATHAR R, GUPTA A. Probabilistic routing using contact sequencing
in delay tolerant networks[A]. 2010 the Second International Confe-
rence on Communication Systems and Networks[C]. Bangalore, | ndia,
2010.1-10.

KOH, OH S, KIM C. Adaptive, asynchronous rendezvous protocol for
opportunistic networks[J]. Journal of Electronic Letters, 2012, 48(8):
462-464.

VAHDAT A, BECKER D. Epidemic Routing for Partially Connected
Ad Hoc Networkg[R]. 2000.

(10

(1]

[12]

[13]

[14]

[19]

[16]

(17

(18]

MATSUADA T, TAKINE T. (p, q)-Epidemic routing for sparsely
populated mobile ad hoc networkg[J]. IEEE Journal on Selected Areas
in Communications, 2008, 26(5):783-793.
TOWERJF, LITTLET D C. A proposed scheme for epidemic routing
with active curing for opportunistic networks[A]. The 22nd Interna
tional Conference on Advanced Information Networking and Applica
tions Workshops[C]. Okinawa, Japan, 2008. 1696-1701.
WANG X, SHU Y T, JIN Z G et al. Adaptive randomized epidemic
routing for disruption tolerant networks[A]. The 5th International
Conference on Mobile Ad Hoc and Sensor Networkg[C]. Wu Yi Mour+
tain, China, 2009. 424-429.
[J. , 2010, 33(9):1634-1642.
REN Z, HUANG Y, CHEN Q B. An efficient low-delay routing algorithm
for opportunistic networks based on exchange of increments in packet in-
dexeqJ]. Chinese Journal of Computers, 2010, 33(9):1634-1642.
DEMERS A, GREENE D, HAUSER C, et al. Epidemic algorithms for
replicated database maintenance[A]. The 6th Symposium on Principles
of Distributed Computing[C]. British Columbia, Canada, 1987.8-32.
[P]. ,201010042051.2, 2010.

REN Z, CHEN Q B, HUNAG Y. A Fast Approach for Sensing En-
countered Nodes in Opportunistic Networks Based on Cross-Layer
Triggering[P]. China Invention Patent, 201010042051.2, 2010.
CORSON M S, PAPADEMETRIOU S, PAPADEMETRIOU F et al. An
internet MANET encapsulation protocol (IMEP) specification[EB/OL].
http://tools.ietf.org/htmi/draft- ietf- manet-imep- spec-00, 2011.
GROSSGLAUSER M, TSE D N C. Mobility increases the capacity of
ad hoc wireless networks[J]. IEEE/ACM Transactions on Network g,
2002, 10(4):477-486.

[J. , 2011, 34(4):593-612.
LIN C, TIAN Y, YAO M. Green network and green evaluation: mechan-
ism, modeling and evaluation[J]. Chinese Journal of Computers, 2011,
34(4):593-612.

1971-

Ty d

1987-

1987-

1987-

1967-



	03
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8


