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+ Energy and mobility conscious multipath routing scheme for route stability

and load balancing in MANETs (WA Jabbar, M Ismail, R Nordin, 2017 ).

+ An intelligent multipath optimized link state routing protocol for QoS and

QoE enhancement of video transmission in MANETs (A Boushab4 A

Benabbou, R Benabbou, A Zahi, 2016).

+Am6lioration des performances et routage multi-chemins dans les MANET

(M Oumsis,2016).

+ An enhanced MP-OLSR protocol for MANETs (A Boushab4 A Benabbou,

R Benabbou, 2014).

+ Intelligent multipath optimized link state routing protocol for QoS and QoE

enhancement of video transmission in MANETs (A Boushaba, A Benabbou,

R Benabbou, A Zahi, 2014).

5. HiQu qui il4t ttugc khi 6p dgng sring ki6n
(Mang lai hiQu qua cao hon cdc giai phdp dd c6, tiit ki(m thtti gian, nhdn lu. c, kinh phi...1

Gini phrip moi girip ting dring tii nieu ndng mang mriy tinh so vdi gi6i phrip

<ld c6 dugc chfng minh bing vigc so s6nh hi€u ndng mang vdi circ giiti ph6p n6i

ti6ng dd co.

6. Cric th6ng tin cAn duqc bio m$t rniucoveucdu..................

7. Tdi ligu kim: tn0u c6t. ..

8. Cam f6t mr6ng sao ch6p ho{c vi phqm bin quydn

Linh tl4o <Ion vi
(Xac nhqn, bj,, ghi rd hq t€n)

u,?^
li L", NL 6 rl,

Hd Ni.i, nCay . thdng.I\ndm 2-xlf
. .i

I ac gra sang Klen

(Kj,vd ghi rd hq t€n)

W"--e



26th International Symposium on Computer and Information Sciences

€ co o I
Oqce a.ao ()adewkr.. r eaF

E .. V* nE I 
=

Computer and lnformation Sciences ll - 26th

lnternational Symposium on Computer and

lnformation Sciences, ISCIS 201 1

c@l'Y

316,.r ar- .dl c.t g.rt

HoN Jo{n li..khg3 colttryi&Bng. vdT6r5 Heb ab@lus

7

3!t

cJco 9g
Ir !::*d ra&d

-9l? iql r 
=

t s.trii rbr. 1 +. e'*.' ll*<r llb.-a larhr

SJR

or,+--r- Ee* E,a P El e l,R

a&rt+ bb :+a r*rr,I <r* | i erP,

SonugoL.b

Scopus

, OsdmtgcJn

S(op!s@

E*.*,-ort , !, g l*
lDrri.&lt ls.rolbio.tu.to{a*rtt hd4qbD6s*BL

ffi



Computer and Information
Sciences II

26th International Symposium on Computer
and Information Sciences



Contents

Distributed Energy-Aware Routing Protocol.
Erol Gelenbe and Toktam Mahmoodi

Part IV Wireless Networks

A Distributed Scheme to Detect Wormhole Attacks in
Mobile Wireless Sensor Networks
Oya Simsek and Albert Levi

Cross-Layer Optimization rvith Two-Group Loading
for Ad hoc Networks
Hadhrami Ab Ghani, Mustafa Gurcan and Zhenfeng He

Algorithms for Sink Mobility in Wireless Sensor Networks
to Improve Network Lifetime
Metin Koq and lbrahim Ktirpeoglu

A Hybrid Interference-Aware Multi-Path Routing Protocol
for Mobile Ad hoc Network. . . . .

Phu Hung Le and Guy Pujolle

Providing Automated Actions in Wireless Multimedia Sensor

Net\r'orks via Actir e Rulcs . . .

Hakan Oztarak, Kemal Akkaya and Adnan Yazici

File Transfer Application For Sharing Femto Access

Mariem Krichen, Johanne Cohen and Dominique Barth

Part V Computer Networks

Time Parallel Simulation and hv-Monotonicity
J. M. Fourneau, I. Kadi and F. Quessette

A Prediction Based Mobility Extension for eHIP Protocol
Zeynep Gurkas Aydin, A. Halim Zaim, Hakima Chaouchi

and Tulin Atmaca

Performance Evaluation of a Multiuser Interactive
Networking System: A Comparison of Modelling Methods
Tadeusz Czach6rski, Krzysztof Grochla, Adam Jozefiok,

Tomasz Nycz and Ferhan Pekergin

lx

149

t5l

165

173

179

r85

l9l

201

209

215



A Hybrid interference-aware multi-path routing
protocotfor Mobile Ad hoc Network

Phu tlung t-e. Guy Pujolle

Abstract, ln this paper. \re present a formula of interf'erence and a novel
Hybrid Interference-A$are Multi-Path Rouring protocol (HIA-MPOLSR) that
was based on the Optimized Link Srate Routing protocol (OLSR) [3] for mobile

ad hoc ne($ork. HIA-MPOLSR minimizes the influence of interLrence to
increase the stability and reliability of the netrvork. HIA-MPOLSR calculatcs
interference b) considering thc geographic distance betueen nodes instead of
hotrb)-hop. From our simulation results. ue show that the HIA-MPOLSR
outperlbrms IA-OLSR. the original OLSR and OLSR-Feedback [4] in terms of
packet deliveD fraction. muting overhead ard normalized routing load.

I Introduction

ln mobile ad hoc network (MANET), interference is a key faclors that has the greatest

impact to network performance because interference causes data loss, conflict,
retransmission etc. To improve the network performance, we introduce our formula of
interference and build a novel hybrid interference-aware multi-path routing protocol
(HIA.MPOLSR).

2 Interference and measurement of ilterfererce

The interference ofa node, a Iink and a path is defined in [5].
ln this paper, we consider the whole interference ofa node as a circle with a radius of
Rcs(carrier sensing range ofa node), Ihen we divide the interference region into four

regions that are determined by Rl , R2 , R3 and R4 as follows.

zonel: 0<d<:Rq, R,:l/4Rcs; zone2: R1<d<=R2, R2=2/4Rcs: zone3: R2'd'= R3,

R3=3/4Rcs; zone4: R3<d<= R4, R4=Rcs

where d is the transminer- receiver distance.

This choice is a compromise between the precision and the calculation complexity
For each zone. we assign an interference weight which represents the interference

level. If the rveight of interference ofzonel is I, the weight of interference of zone2-

zone3 and zone4 are q, p and Y respeclively (Y <p<c<l).We can calculate the

interference of a node u in MANET as follows:

I(u)=nl+o.n2+ p.n3 + Y.n4. (l )



I

where nl, n2, n3 and n4 are the number of nodes in zonel. zone2. zone3 and zone4

respectively, Parameters o, p and I are determined by Eq.(2) (Two-Ray Ground
path loss model detailed in [6]).

Pr = Pt ct cr ht2 hr2ldk (2)

Here, we assume that MANET is homogeneous, that is all the radio parameters are

identical at each node and the common path loss model has k as 2.

c = (P, G, G. h, h.rRrk)l{R, C, G, h, h7n, k)=n, klnrk =O.Sk

p= (pt cr cr hr h/n3k)/{e, G, c. h, h/R 1k)=n, 
klnrk=g.33k

y = (pt cr Gr ht h/n4k)l{e, G, G, h, h7n,kFn, krtoLo.zsk

Therefore, 0=0.25, p=0.1 I, Y=0.06 and

I (u) : nl + 0.25n2 + 0.1 ln3 + 0.06n4 (3)

A Link interconnecting two nodes u and v, e=(u,v); l(u) and I(v) are the interference

ofu, v respectively.

l(e):(l(u)+l(v))/2 (4)

Based on the formula (4), we can calculate interference of a path P that consists of
links e1 e2 ....,en

I(P)=l(e t) r l(e2) + ... + (en)

3 Modelling MANET as a weighted graph and algorithm of hybrid multi-path

A MANET can be considered as a weighted graph where nodes of MANET are

venices of the graph and the edges of lhe graph are the links between any two

neighbor nodes. We calculate the interference ofeach node based on the formula (3).

To determine nl, n2, n3, and n4 for a node, we calculate the distances fiom the

considered node to the other nodes of the network. Then the interference of each link
is determined by the formula (4). The weight of each edge is the interference of the

conesponding link.
To build the algorithm of hybrid multipath(the paths may be some common links

and nodes.), we perform as following steps :

- Step l: Using the Dijsktra' algorithm, we can get the minimum interference path

(called IA-OLSR) from a source to a destination.
- Step 2: Dijkstra's algorithm is repeated for a number of times k (k=2,...,n) and

while avoiding at least one node or one link between the source and the destination

along the paths found in the previous steps to find k-minimum interference path.



4 Topology information, route recovery and forwarding

Like OLSR, our protocol HIA-MPOLSR also uses "HELLO" message. "Topology
Control" (TC), Multipoint Relays (MPRs). Moreover, HIA-MPOLSR updates the

position ofall nodes, the interference level ofall nodes and links.
Before transmining packets to next node in the path that found, the sent node checks

status of the received node. The packet will be transmined without any problem on

the path. Otherwise, a different path will be used immediately. When lhere have been

no available paths, the paths will be recomputed. HIA-MPOLSR is also able to detect

the failed link as in oLSR-FB [4].

5 En\'ironment and performance evaluation

The protocol is implemented in NS2 with l0 Mbps channel. The distributed

coordination function (DCF) of IEEE 802.1I for wireless LANS is used as the MAC
layer. The Two-Ray Cround and the Random Waypoint models have been used. Each

node has a transmission range of 160 meters and a carrier sensing range of400
meters and moves from 4mls lo lom/s, the packet size of 512 bytes and Constant Bit
Rare (CBR) changes fiom 320Kbps to l024Kbps.
As shown in Figure 3, the PDF of HIA-MPOLSR can be approximately ll% higher

than that of IA-OLSR,38% than that of the original OLSR and OLSR-FB
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Routing overhead of HIA-MPOLSR is possibly 5olo lower than that ofIA-OLSR, I I7o

than that ofthe original OLSR and OLSR-FB as shown in Figure 4.
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Figure 5 shows that the NRL ofHIA-MPOLSR decreases possibly

that oflA-OLSR,497o to that ofthe original OLSR and OLSR-FB.
129lo compared to

-o
(!
0)
or
g
l
on

-o
o)!
o
E
o
Z

1.6

L,4

t.2

I
0.8

0.6

oLSR ------r--
OLSR.FB
lA-oLSR ----x-

HIA.MPOLSR ----g_'

40o 500 600 700 800 9001000

cBR (Kbps)

Fig. 3 Normaliz.d routing load

References

l. Zhou. x.. Lu. Y.. Xi. B.: A novcl rouring prorocol for ad hoc sensor networks using

,riiipf. disioint paths. in: 2nd Inlemational Conference on Broadband Net$orks' Boston-

MA. USA. 2005.

U. ri-i.li..'-eJal. C.. Salima. ll.. Benoit. P.. Pascal' L : lmplementation of Multipalh and
- 

iilpt. O"t.riptlon Coding in OLSR. 4thlntrop/Workshop'O9Y".CT1d."

: il"rti". f. ru.qret. P.: IE-TF Requesr for Comments: 3626' optimized Link State Rouling

Protocol OLSR. Ooober 2003.

4. UM-OLSR. hnp://masimum.dif.um eV?Sofl ware:UM-OLSR

i iinrninn. Z..i]orult- Oone. S.. Yongzhen L ' Xiang Y': An A\erage Link Interference-- 
;r-;;; fi;i; P;;llor i4ouile Ad-hoc Net*orks' conference on wireless and Mobile

Communications (ICWMC'07)
6. ;;.'il 

'c;.1; li.. Bae. s.: i'Effectiveness of RTS/CTS handshake in IEEE 802 1I based

ad hoc nct\torks". JoumalofAd Hoc Networks' 2003 1(l):107-123'


