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Abstract— Optimized Link State Routing protocol number of broadcast advertisements must be lim-
(OLSR) is a promising routing protocol for multi-hop ited, but also the number of nodes which propagate
wireless ad-hoc networks, recently standardized by the them through the network, in order to maximize the
IETF as a RFC. OLSR uses intensively the concept e .
of Multi-Point Relays (MPR) to minimize the overhead network lifetime. Conseq!Jer)tIy, an accurate routing
of routing messages and limit the harmful effects of protocol needs to_be distributed, must guarantee
broadcasting in such networks. In this article, we are @ low level of traffic control overhead but should
interested in the performance evaluations of the Multi- be able to quickly take into account link failures
Point Relay selection. We analyze the mean number of due for instance to node movements. The Internet
selected MPR in the network and their spatial distribution Engineering Task Force (IETF) addresses the design

with a theoretical approach and simulations. Then, we ot g;ch nrotocols in its MANET (Mobile Ad-hoc
discuss the implications of these results on the efficiency .
Networks) working group.

of a broadcasting in OLSR and on the reliability of OLSR

when links between nodes may fail. One of the recent proactive standardized pro-
Keywor ds:ad hoc, multi-hop, wireless, OLSR, MPR, tocols is OLSR (Optimized Link State Routing
performances, Palm. Algorithm) presented in [1], [2]. Proactive, or table-

driven, routing protocols deeply rely on network
broadcasting features and proactive routing proto-
Due to the emergence of wireless local aremls aim to reduce the impact of message flooding
network technologies such as 802.11 [3], hipein order to limit their control overhead and reach
lan [4] or bluetooth [5], the use of mobile wirelesscalability. In OLSR, only a subset of preselected
networks is growing fast. With these technologiegsodes called MPR (Multi-Point Relays) are used
new challenges arise such as connecting wireleéesperform topological advertisements. At the same
nodes without any infrastructure. In order to connetime, control messages (containiegy. routing in-
nodes which are not in each other’'s radio rangfrmation) are broadcast and forwarded only by
packets need to be relayed by intermediate nod&PR. Thus, the number of emitter nodes is reduced,
Such networks thus require forwarding capabilitiesverhead and useless receptions of messages on
on each node and a routing protocol to find theodes are thus minimized and the well known storm
available path to any destination. Routing in suchproblem [6] due to broadcasting is avoided.
wireless environment is very different from classical In this article, we are interested in the perfor-
routing in wired networks. Indeed, nodes are mobildances of the MPR selection. We analyze the mean
by essence and may vanish or appear due to #h@émber of selected MPR in the network and their
wireless nature of the physical layer. The topologypatial distribution using a theoretical approach and
is thus in constant evolution. However, routing adsy simulations. We then show that the algorithm
vertisements are expensive in resources since a ngded for selecting the MPR is efficient for certain
spends energy while transmitting as well as receiguantities as the mean number of redundant packets
ing and each message sent by a node is received
systematically by all its neighbors. Therefore, the *http://iwww.ietf.org/html.charters/manet-charter.htm
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received by a node during a broadcasting task aodnsists of choosing nodes in such a way that the
that the different proposed variants of the algorithmrhole 2-neighborhood is covered. In this way, MPR
always lead to very close performances (as at leasé selected in order to reach theighborhood in
75% of the selected MPR are the same nodéso hops, thek-neighborhood of the source node is
whatever the selection algorithm). We also discussached withink hops. Paths are thus the shortest
the implication of the different analytical results oexpected paths in number of hops.
the reliability of the protocol.

The remaining of the paper is as follows. In
Section II, we briefly detail the OLSR protocol and
the MPR selection algorithm. In Section 1ll, weA- MPR selection
give results about probabilities and mean quantitiesas the optimal MPR selection is NP-

relative to the MPR selection algorithm. We theeomp|et [10]’ we give here the S|mp|e Greedy

discuss about the implication of these results qipR Heuristic which is the one currently used in
the performances of OLSR in Section V. Numericahe OLSR implementation.

results and simulations are presented in Section IV.For a nodew, let N(u) be the neighborhood
We lastly conclude and discuss of future works igf . N(u) is the set of nodes which are in

Section VI. w's range and share a bidirectional link with
Il. OLSR (If v € N(u) thenu € N(v).) We denote by
_ _ _ _ Ny(u) the 2-neighborhood ofu, i.e, the set of
OLSR is a proactive routing protocol for Mobileyodes which are neighbors of at least one node of
Ad-hoc Networks (MANET),i.e., it permanently N(u) but which do not belong taV (u). (Na(u) =
maintains and updates a network topology view O s.t. 3w e N(u)|ve Nw\{u}U Nw)}). A
each node in order to provide a route as soon gfessage sent by node and relayed by a node

needed. It uses the concept of Multi-Point Relays ¢ n(y) reaches a node € N(u) N N(v) in
to minimize the overhead of control traffic and tgyq hops.

provide shortest path routes (in number of hops) for
all destinations in the network. Each node cho0Sg§; g nodev € N(u), let df(v) be the number of
a subset of nodes in its neighborhood as its MPRyges ofV,(u) which are inN(v)
A MPR set is thus relative to each node. Each

node also keeps the list of its neighbors which have di(v) = |[Na(u) N N(v)]

selected itself as a MPR. This listis called the MPR- )

selector list. It is obtained from HELLO packetd Nis quantity represents the number of nodes of
which are periodically sent between neighbors. K2(«) that nodeu can reach in two hops via node
order to build the database to route the packets, ll

the MPR broadcast their MPR-selectors in the net-For & nodev € Ny(u), let d;, (v) be the number
work. The shortest path to all possible destinatio®$ nodes ofN(u) which are inN(v):

is then computed from these lists, a path between _

two nodes being a sequence of MPR. d, (v) = [N(u) 0 N (v)]

Since only MPR are authorized to send theijfhis quantity represents the number of nodes in
MPR-selectors, the control traff_ic is _drastically rex’(u) which allow to connect nodes andv in two
duced compared to the classical link-state algﬁops_
rithms. When receiving a broadcast message  Node « selects inN(u), a set of nodes which
from a nodeu, a nodev forwards it if and only if coversy,(u) integrally. We define as/ PR(u) this

nodev’s MPR-selectors list. This technique allowgs sy ch that:

to reduce the number of transmitters of broadcast
messages. We detail the algorithm which allows a uU Ny(u) C U N(v)
node to select its MPR within its neighborhood. It vEMPR(u)



This algorithm is run on every node and selects Then, nodeu goes to step two. It only considers
the MPR in two steps. It supposes that each nodedes of N,(u) which are not already covered
knows its 1-neighbors and it-neighbors. In the (nodesp andn) and nodes inN; not selected as
remaining of the paper, we denote By PR, the MPR; (nodesb, f, e andd). That means that it
nodes selected during the first step. only keeps the view of the topology illustrated by

The algorithm is the following: Figure 1(b). It will first select the one which has the

Algorithm 1 Simple Greedy MPR Heuristic highest degree on Graph 1(b). Nodeovers nodes

n andp whereas nodeg andd cover only one node
Forallnodeuev in Ny(u) (resp. nodeg andn).
NV'(u) = N(u) and Na(u) = Na(u). From here, all nodes ofV,(u) are covered by

;OF;thns:]%pdev € N(u) the selected MPR, the algorithm stops. We have:
if Qw € N N Nao(w)|d;(w) = 1) MPR(u)={cei,h,g}.
then From here, it is easy to see that nodesNofu)
Selectv as M PR(u). which cover "isolated nodes” must be included into

> Select asM PR(u), the nodes ofV(u) cov-  the set of MPR if we want to cover the whobe

ering "isolated” nodes, .e. for which there is a oo rhood whatever the selection process. Thus,
neighbor in N2 (u) which hasv as single parent

in N(u). we can not skip or "compress” the first step of the
Removev from N'(u) and removeN (v) 0 @lgorithm in the MPR selection. Moreover, this step
Ny (u) from Nj(u). must be run first in order to minimize the number
end of MPR.
> Second step Therefore, only the second step of the algorithm

while (N5 (u) # 0)
For all node v € N'(u)
if  (df(v) = Mmatyen (w)dy (w))
then
Selectv as M PR(u).
> Select asM PR(u) the nodev which
cover the maximal number of nodes inB. Related works

gz(n?o-ve ) and remove . MOSt Of the literature about the performances of
N@) N N”(u) trom N(ft()u) OLSR deals with the efficiency of the OLSR routing
2 2 . . . . .

end protocol itself or the different flooding techniques
using MPR ([7], [8], [9], [10]). As the goal is to
minimize the number of transmitters when propa-

The first step selects as MPR the nodes whigating some informatione(g. routing information)
cover "isolated nodes af,(u)". We denote a nodein the network in order to maximize its lifetime,
v € Ny(u) by "isolated node inV,(u)" if there is the number of selected MPR per node has to be as
only one nodew in N(u) N N(v) which allows to low as possible. Therefore, alternative algorithms
connectv andu in two hops ¢ is such that!~ (v) = to the classical MPR algorithm described above
1). as [13], [12] are given in order to reduce the

To better understand this algorithm, let’s run it onumber of collisions, minimize the overlap between
the green node: on Figure 1. The isolated pointsMPR or maximize the global bandwidth. But, all
of node v appear in red and/PR; in blue. For results for the proposed algorithms are quite similar,
instance, node is an isolated node via nodeas particularly for the mean number of MPR per node.
only nodeh in N(u) allows to connect andu in  Therefore, in order to understand this phenomenon,
two hops. Nodeh is thus elected during the firstwe wished to analyze this selection more in de-
step: nodeh is a M PR;. tails as only few papers have studied the different

So, during the first step, node will select the algorithm performances of the MPR selection. An
red nodes a3/ PR, and nodes:, j, t,s,7,q,0,m,l analysis of the MPR selection on the line is given
in Ny(u) will be covered by thes@d/PR;. in [13]. Other analytical results in random graphs

can be improved in order to find the minimum
number of MPR.




e ©

(a) Global topology - Isolated points of nodeappear in horizonta(b) Topology considered by node at the second
red, M PR, of u appear in vertical blue. step

Fig. 1. lllustration of the MPR selection algorithm.

and random unit graphs are also given in [8]. FArhe neighborhood of the poimtis thus constituted
instance, a rough upper bound on the size ofoh the points of the Poisson point process which
node’s MPR set is given in a random unit graplare in B(0, R). We use the notation already defined
Other interesting results are presented in [12]. in Section II: N (resp. N,) is the 1-neighborhood

1. ANALYSIS (resp. the2-neighborhood) of the poiri.

We are interested in the properties of the MPR set
of a typical node. Therefore, we do not consider tifs General results

whole network but only a "typical point” located at | et's noteA(r) the area of the intersection of two
the origin of the plane and itsand2-neighborhood. palls of radiusiz where the distance between the

Our model is similar to the classical unit randorgenters of the balls is, illustrated on Figure 2(a):
graph used to model ad-hoc networks. This family

of models is not completely realistic since it omits A(r) = 2R? arccos (L) R — r?
interference between the nodes. More realistic mod- 2R

els have been proposed, for instance in [14] WhereandAl(u,r, R) the area of the union of two discs

the autlilors present an r?ccurar:e model for a CDM& (adiusz andw where the centers of the two balls
network. However, we have chosen a more gene(tj% distant fromr, illustrated on Figure 2(b):

model since we do not make any assumptions about
the wireless technology used by the nodes.

Let B(z, R) denote a ball of radiug? centered R2 — 2 4+ 12\ 2
in z. Let be a Poisson point process @h0,2R) Ay(u,r, R) = 7”R\/l - <T)
of intensity A > 0. We add a point) at the origin 5 o 9 5 9 o
for which we study the MPR selection algorithm_ B2 ayccos WoR - e s T
(Palm distribution). The intensity\ of such a 2Rr 2ur
process represents the mean number of points ofThe next proposition gives several general results
the process by surface unit. We assume that the® the mean values of the quantiti&s and d, as
is a bidirectional link between two nodes if andavell as the mean size of theand 2-neighborhood
only if d(u,v) < R whered(u,v) is the Euclidean of a node when considering a Poisson point process
distance between andv and R € IR™* a constant. distribution.




(@) A(r) is the blue area: intersection area @) Ai(u,r, R) is the lined area : union area of two
two balls of radiusR. discs of radiusk and .

Fig. 2. lllustration of areasi(r) and A (u,r, R).

This last equation gives the probability that a node
in B(0,2R)/B(0, R) has at least one neighbor in
Proposition 1: Let w be a point uniformly dis- B(0, R) which makes it &-neighbor of node.

tributed in B(0, R). u is thus such that € N. The mean number of nodes M is given by:
The mean number of nodés neighbors lying in )
B(0,2R)/B(0, R) is given by: E[[N]]=ArR
N [ (R The mean number of nodes i, is given by:
E[df(u)] = —2/ / (rR* — A(r))rdrdf
mR* Jo  Jo E[|No]] = 3AR’P (dy (v) > 0)
_ )\R23\/§ = 3MTR? x
9 2R
The idea is to count the number of the process <1 3R ), exp{_/\A(T)}TdT)

points lying in the intersection ofB(u, R) and
B(0,2R)/B(0, R). - - -
Let v be a point uniformly distributed in Al these quantities can be computed in the

B(0,2R)\B(0, R). The mean number of nodes same way. We use the following properties of a
neidhbors lyir;g inB(0, R) is given by: Poisson point process: conditioned by the number
’ o ' /3 of points in B(0, R) (resp. in B(0,2R)\B(0, R)),
_ 2 2 V3 the points are independently and uniformly distrib-
E |dy (v)] = A7 Alr)rdr = AR 4 uted in B(0, R) (resp. in B(0,2R)\B(0, R)) and

3R? Jp
The idea is here to count the number of proce%‘rgees'n%e%en}%den}:g]; t‘ﬂztgggs ﬁgoé?f{a\lféot’o}?'nd
points in the intersection oB(v, z) and 5(0, R). the F()j.istr(ib’utig))r% ofd*l(u) the ;u\JNmber of points :)f
o : ] ]
Node v may lie in B(0, 2)\B(0, i) without be N, covered by a point. of B(0, R): it is a discrete

longing to N, if N(v) NN = (). So, to obtain the _~2.
guantity above for nodes i, we have to condition _Pmsson law of parameten (B(u, R\B(0, R)) (v

. o - is the Lebesgues measure i¥) with « uniformly
it by the probability thaty € N,. We obtain: distributed inB(0, R).

_ E [dy (v)]
E|d ENy| = —————
N CED
with B. Analysis of the first step of the MPR selection
9 2R . . ..
P (dg(v) - 0) 1 exp{—NA(r)}rdr In this section, we compute several quantities

3R? [, relative to the first step of the algorithm. We use



MPR, to denote the set of points oV which with f(x,r, R) being the probabilistic distribution

are selected as MPR during the first step of tHenction:

algorithm. In the next proposition, we give the f(z,r, R) = — A «

mean number of points € N, such thatl; (v) = 1. Y 1—exp {=A(A1(R,r,R)—mR*)}

These points are the isolated points. The points of (2 Ay(x,r, R) — 27| x

N, neighbors of these isolated points, necessarily exp {—\(Ai(z,r, R) — 72%)}

belong to M PR, as they are the only way to

reach them from nodé® in a minimum number

of hops. However, this quantity does not give t

size of M PR, since several isolated points can b

reached by the sam® PR, point. For instance, on E[[MPR,|] > 2AxP (d (u) > 0) x

Figure 1(a), we have fout/ PR; nodes but seven f R+r F(x,7, R) x

"isolated points”. TheM PR, i covers two isolated 0 ) ’

points: nodesj and k. By definition, the "isolated exp {— A(QWR —Au(R, z, R))}rddr

points” of nodeu are the nodes € N>(u) such  Moreover, since there is at least one isolated point

that d, (v) = 1. by point of M PR;, the mean number of isolated
points offers an upper bound:

h he next formula gives the mean numbe\é’ R; .
If is the direct consequence of the formula above:

Proposition 2: Let v be a point uniformly dis- E[[MPR:|] <E[|D]]
tributed in B(0,2R)\B(0,R) and D the set of
pointsv such thatd, (v) = 1.
) R Pbroof: Wg jus':j give P;]ere a Zkitfh ofh the proof.
—oy 1) 2 _ We obtain a bound on the probability that a point
P (dy (v) = 1) = 3R2 AM(r)exp{=AA(r)jrdr in N belongs toM PR;. A sufficient condition that
: " : u € M PR, is that the farthest point aV(«) from
As in Proposition 1, we only consider nodes 0, denoteduw, is such thatd; (w) = 1. Given the
such that € Ny: distance of: from 0 (expressed by in the formula),
(dg(v) _ 1) we calculate the probabilistic distribution function
— of the distance ofv and deduce the density function
P (dg (v) > 0) of the distance between and0 (denotedf(z,r, R)
is thefp the formula). Given the distance betweenand
u, we are able to compute the probability that
dy (w) = 1.
, (PR This bound is very accurate since, in most cases,
E[|D]] = 27\ /R A(r)exp{—AA(r)}rdr the isolated points are the farthest points from node
0. [ |

P(dy(v) =1jv € Ny) =

The mean number of "isolated points”
deduced and given by:

In the next proposition we give a lower bound and
an upper bound of the mean size of thePR;. We are also interested in the spatial distribution of
the M PR, points. Foru, a neighbor of) at distance
Proposition 3: Let v be a point uniformly dis- (u € N such thatd(0,u) = r) r < R, we give a

tributed in B(0, R). lower bound and an upper bound on the probability
9 thatu belongs toM PR;. For it, we consider a point
(u€ MPRy) > =P (df (u) > 0) u at distance: (r < R) from the origin. We fix the
Rr i two points0 and v and we distribute the Poisson
/ f(z,r,R) point process inB(0,2R) independently of these
two points. From it, we analyze the probability that

X exp{ A (2rR*—A{(R, z, R)) }rdzdr this nodeu be aM PR, in function of r.



which we compute the MPR is the black point in
the middle of the figures. The points in the central
Proposition 4: Letw be a point at distance(r < circle represent the séY (the neighbors of). The
R) from the origin. We fix the two point® and larger points of this set represent théP R, points
u and we distribute the Poisson point process (points selected as MPR during the first step of
B(0,2R) independently of these two points. the algorithm). The points outside the circle are the
5 points of N, (the 2-neighborhood of)) and the blue
P (“Rf MPRy) = (1 —exp {=A(wR* — A(r))}) x points are the points a¥, which are covered by the
" 9 MPR,; points.
R F(o,r R) exp {=AQ2m R = Ay(R,v, R)) pdv We note that in all four cases, almost the entie
neighborhood o is covered by thé/ PR, set. The
A(R + 1) 2 addition of one MPR might suffice to cover t_he rest
P(ue MPR))<1-— (1 — exp{_/\i}) of N,. We have shown in the previous section that
2 there is an appreciable number of isolated points
giving rise to a certain number ai/ PR, points.
Proof: The lower bound is obtained by theThese M PR, points seem to be distributed very
same way as the bound in Proposition 3 but givetpse to the boundary oB(0, k) and regularly
the distance between the origin and its neighbor scattered on it (which confirms the results of the
We point out that according to thefold Palm dis- Proposition 4). Therefore, they cover a very large
tribution for Poisson point process, the considerguirt of Ns.
process corresponds to the conditional distribution Figure 5(a) shows the mean number bfPR
of the process given the locations of the two fixe@nd)/ PR, obtained by simulation. We observe that
points (c.f. [15], pagel24, for more details). The approximatelyr5% of the MPR are in\/ PR, which
upper bound is obtained as follows. If there is @onfirms that theM PR, cover almost the whole
point in the two semi-intersections as illustrated ig-neighborood. In Figure 5(b), we have plotted the
Figure 6(a), almost all the neighbor nodes wof mean number o/ PR, obtained by simulation and
which belong toN, are covered by these nodes anihe analytic lower bound. As explained before, the
therefore are not isolated. For the points which atewer bound is very close to the mean size of the
not covered by one of these points we may easigt M PR;.
show that the same bound holds. This gives a lowerThe lower and upper bounds on the probability
bound on the probability that does not belong to that a point belongs ta/ PR, described in Propo-
M PR, from which we deduce the upper bound o#ition 4 allow us to show that thé/ PR, points
the probability that: belongs toM PR;. m are very close to the boundary. In Figure 6(b), these
bounds are plotted when the distance betwg&and
its neighbors varies from.2 to 0.999 and with A =
15. These curves incontestably show thetP R,
IV. NUMERICAL RESULTS AND SIMULATIONS  points are distributed closely to the boundary of
In simulations, the nodes of the network ar&(0,1). We point out that these results depend\on
represented by a Poisson point processBif),2) asA increases, the distance betwekfP R; points
(R = 1) of intensity A\ > 0. We add a point at and0 increases too.
0. We study for this point the number of MPR
selected at each step of the MPR selection and we
show.that t‘he ?nalytlcal results are very close to V. CONSEQUENCES
the simulations’ ones. In Figures 3(a), 3(b), 4( A
and 4(b), we have represented samples of the moéelAbOUt the distribution of the MPR
for different values ofAw. Aw represents the mean When a message is broadcast, when nodamits,
number of neighbors of a node in the network fahe nodes inV/ PR(u) forward the message, so, the
such a Poisson process. The point at the origin foommon neighbors ta and its M PR will receive



@ AMm=6 (b) A\m =15

Fig. 3. MPR selection witi\7 = 6 and Aw = 15.

(@ Ar =30 (b) A\r =45

Fig. 4. MPR selection witt\r = 30 and Aw = 45.

several copies of the same message and will spaardas. Since the distance between a point and its
energy uselessly. MPR is great, these intersections are minimal, thus
Yet, as shown in Section IV, most af/PR; minimizing the redundancy.

(and thus most of\/ PR(u)) are distributed very The easiest way to broadcast a message over a
closely to the boundaries of the radio rangewof network is the blind floodingj.e., each node re-
That means that the number of common neighbamits the message upon first reception of it. To
of v and itsM PR(u) is minimized, as Figure 2(a)illustrate the number of receptions spared by the
shows. Indeed, the greater, the blue area thdMPR, we computed by simulation the mean number
smaller, the number of common neighbors beingf receptions per node of a message broadcasted
directly proportional to this area. So, as described the network by a randomly source. We used a
in [6], for messages broadcast over the network, paitmulator we developed. The geometric approach
of the redundancy perceived by nodes is linked tesed in the analysis allows to model the spatial
the size of the intersection between the MPR radasganization of networks. The nodes are randomly
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A varies. and the analytical bounds whewr varies.

Fig. 5. Mean number o PR and M PR, obtained by simulation and comparison with the analyticriatsu
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(@) The two semi-intersections used in the proof(bf Lower and upper bounds on the probability of
Proposition 4. belonging toM P R, w.r.t. the distance from the origin.

Fig. 6. Semi-intersections used in the proof of Proposidoand the bounds on the probability of belongingMbP R; w.r.t. the distance
from 0.

deployed using a Poisson process ifilar 2R) x intensity A\ = 1000. For the blind flooding, the

(1 + 2R) square with various levels of intensity number of receptions per node corresponds to the
(and thus various numbers of nodes). Statistics areean number of neighbors (as every node forwards
measured on nodes situated on a centered squaemessage once). With OLSR, thanks to the use of
of 1 x 1 in order to avoid the edge effects. Théhe MPR, when a broadcasting task is performed in
communication rang& is set to0.1 in all tests. Two the whole network, approximatelf% of the nodes
nodes(z,y) are connected if and only H(z,y) < participate to the diffusion. It is drastically less than
R whered is the Euclidean distance. Each statistithie blind flooding and it is a priori sufficiently high

is the average over 1000 simulations and we fie be robusi.e. with this rate of useless receptions
a minimum radius and/or number of nodes suchedundancy), a low level of link failure should not
that the network is connected. Figure 7 compart=ad to the loss of packets during the broadcasting
the results obtained by both metrics for a procesperation.
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Fig. 7.  Mean number of receptions per node of a messaget@dtiat a random source and broadcast through the whole refieor
A = 1000.

B. About theM PR, would be longer and the routing information won’t
be optimal anymore. Because of it, a nodeuch
As we saw in previous sections, the goal qhat v € MPR(u) andv ¢ MPR(w) may first
intrOdUCing the MPR is to minimize the number Ofeceive a broadcast messageibﬁo it would not
re-transmitters. Thus, the number of MPR electggrward it even if it then receives it by. This
per node should be as low as possible. We presengggh isolate some parts of the network during the
here the Greedy heuristic of selection of MPR. It isroadcasting task as illustrated by Figure 8. Clouds
the original one. As we mentioned in Section llrepresent parts of the network connected by nodes
B, some works have been lead in order to try $9andc. When the node: chooses its MPR, as the
enhance this algorithm and elect less MPR per noggyde ¢ is an isolated point, it has to elect node
But, only the second step of the Greedy algorithgks one of its MPR. It will not elect node as the
may be improved as the first one is mandatory pde covered by (noded) is already covered by
cover the whole2-neighborhood of a node and can, Let's suppose that node fails and a diffusion
not be reduced. And, as we could see in SeCtionSigl performed by node: before it re_ComputeS its
and 1V, the first step leads to the election of momgpPR. The network is still connected nevertheless,
than 75% of the MPR. This means that the imas nodeb is not a MPR of nodm’ it will not
provements can only concern less th#i% of the forward the message and thus a whole part of the
MPR and thus can not be significant. This explaiffetwork is not informed by the broadcasting task
the fact that all works searching to improve th@nd not only the isolated point. We have seen in the
MPR selection lead to similar results and mingsrevious section, that the MPR selection involves
Improvements. a high rate of reception redundancy (betwetn
and 50%). But, in situations where a maximum of
redundancy is required (as shown in Figure 8), the
Unfortunately, this feature also underlines a ralgorithm offers a poor number of alternative paths
bustness problem. Indeed, 5% of nodeuw’s MPR for the broadcasting, leading to a low reliability.
cover at least one isolated node i,(u) and if In order to measure this robustness problem, we
some M PR(u) fail, there is a great probability simulate a broadcasting task for comparing the blind
that at least one node in N,(u) does not receive flooding and the MPR heuristic. We apply a failure
messages fromi. Of course, this does not mearprobability over links and measure the proportion
that v will not receive the message at all as ibf nodes still receiving the broadcast message. As
could receive it from another path but, this patim blind flooding, every node transmit upon first re-



Fig. 8. Example.

ception of the message, nodes which do not receiv® MPR set to cover the whole-neighborhood,
the message only if the network is disconnectedariants of the algorithm used in OLSR, trying to
Figure 9 shows the results for a process intensmyinimize the number of selected MPR, lead to
A = 1000. similar performances. We have also highlighted the
As in the blind flooding, every node retransmit théact that these MPR are distributed close to the
message, if some nodes do not receive it, that mea@adio range boundaries, limiting the overlap between
that the network is disconnected. We can see thPR. This feature also underlines a robustness
this happens whef5% or more of links are down. problem. This robustness problem is intented to be
However, every node does not receive the messagwlyzed with other robustness models. A deeper
with the MPR heuristic when only5% of links are study about the influences of isolated points on the
down whereas the network is still connected. reliability of OLSR will be lead in future works.
This failure model may seem not very realist akhese results have been presented for a particular
links can fail because of congestion and, as theodel using Poisson point process. Other models,
blind flooding induces more messages than the MPRore realistic, which take into account the proper-
protocol, more links will fail. Nevertheless, we uséies of the radio layer could be considered in future
the results of the blind flooding in this situation tavorks. Results obtained here could be compared to
give us an information on the network connectivitygimulations considering CDMA network or 802.11
However, failures of a MPR may also be due to theetwork.
mobility of the nodes. Indeed, if a MPR moves, it
may leave the radio scope of the node for which it
is a MPR or does not cover the same set of nodes
in the 2-neighborhood anymore. This is partiCU|ar|y[1] Optimized Link State Routing Protocol T. Clausen, P.oisst,
true with M PR, isolated points are close to the  A. Laouiti, P. Muhlethaler, A. Qayyum et L. Viennot, |IEEE
edge of the radio scope of th&/ PR, therefore INMIC Pakistan 2001.
small moves of thel/ P I, quickly involve a discon- %) OPmied Lk Stee Rauing Froloco (0L5R) Clusan
nection with their isolated nodes. These moves alg] standards.ieee.org/getieee802/802.11.html
not instantly taken into account by the protocol and# HIPERLAN functionnal specifications, ETS 300-652, 1996
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