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Fish Eye OLSR Scaling Properties

Cedric Adjih, Emmanuel Baccelli, Thomas Heide Clausenliife Jacquet, Georgios Rodolakis

Abstract: Scalability is one of the toughest challenges in ad hoc In fact, part of the traf c generated by each node is the aantr
networking. Recent work outlines theoretical bounds on howvell  traf ¢ due to the routing protocol in use. Therefore, thegiar
routing protocols could scale in this environment. Howevernone this control traf ¢ is, the smaller actual the neighbor six!

of the popular routing solutions really scales to large netwrks, by  pe There is a need to have an ef cient control over the rautin
coming close enough to these bounds. In this paper, we studye  potqc0| overhead in order to avoid that the network capacit
case of link ;tat(_a routing and OLSR, one of the strongest candate degrades or even collapses because of too much controt traf
for standardization. We analyze how these bounds are not reded The aim of this paper is to de ne the condition a routing pro-

in this case, and we study how much the scalability is enhandavith . . .
the use of Fish Eye techniques in addition to the link state rating toco_l must satisfy in order to t the Gupta and Kumar optimal
scaling property.

framework. We show that with this enhancement, the theoretial

scalability bounds are reached. ) )
The above theoretical results need to be compared with the re

Index Terms: Ad hoc, mobile, network, routing, scalability. ality when using existing routing protocols. For exampiek |
state routing protocols do not exactly satisfy the scalirmmpp
erties outlined by Gupta and Kumar. In reality, the average
neighborhood size tends to slowly decrease as the netwagk si
In their famous paper, Gupta and Kumar [1] have shown viacreases. This is due to the fact that the control traf c-con
information theory that when the siz¢ of the network in- sists here in topology information generated and relayeshish
creases (with randomly placed nodes), the optimal neighbopde in the network, while the amount of this informationden
hood size isO(logN), WhiChdeadS to the maximum networkto increase linearly with the size of the network. This obvi-
capacity per node bein@(1= NTogN). B'his in turn leads ously puts an upper bound on the maximal size of the network,
to a neighborhood radius that shrinksis N TagN, which above which the amount of control traf c generated by topol-
yields a network diameter in hop number bedff NTogN). ogy updates purely and simply prevents the network fromgein
formed and connected. In fact, this limitation is commonye e
However, if we drop the requirement for the network to be cog¥y at routing protocol, where all nodes have the same raolké a
nected, and just require the existence of a giant compowent,are put on the same level of information importarice, every
can actually drop thiegN factor in these formulas. Indeed, thenode is supposed to know the same amount of information about
condition to have a giant component is that the average neidfls direct neighbors as about any node in the network, howeve
borhood size is greater than 1, and we can therefore corisideiemote it may be.
our study that it is no longed(log N ), but ratherq,(l). In this
case the maximum capacity per node is tii= N). Note One way to work around this problem is to establish a hier-
that Gupta and Kumar have also shown that when the nodesaiighical protocol that takes advantage of the scaling ptigse
optimally placed, the giant componentis actually the wimgle  of node clustering and super-clustering. This techniqeatly
work. reduces the transit of topology information between chsste
However, complexity remains in adequately distinguistang
This property means that when the network size increases, farming different clusters. This is especially dif cult ian in-
neighborhood size must be kegiteastconstant, and well above herently decentralized and mobile environment like ad hete n
1, in order to have an operational network. But as noticed Works.
Gupta and Kumar, this neighborhood size essentially depend
on the amount of traf ¢ generated by each node: the larger tA@ alternate solution was proposed by Geelaal. in [11],
generated traf ¢ is, the smaller the neighbor size will behat  who introduced the concept of Fish Eye Routing. Contrary to
too much transmissions occur, packet collisions prevergéo the hierarchical approach, the Fish Eye technique is Yottt
range links from prgviding satisfactory neighbor link. $ifiact centralized. Essentially, it consists in reporting remoteles
imposes th@®©(1= N) bound they found for the optimal band-information less frequently than nearby nodes informatibe
width assigned per node. further away a node is, the less frequently information alitou
will be reported. The idea is that, in order to route data to a
remote destination, what a node really needs is just a "géner
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Aside from being much less complex than the hierarchical ap-

proach, another advantage of the Fish Eye technique is that

network-wide, the weight of the control traf c generated &y Il. Modeling ad hoc networks

node decreases as a function of the distance from this nodan this section we will describe how we model the different
Therefore, if the employed Fish Eye technique uses an apps@pects of ad hoc networks.

priate function of the distance from the node to decrease the

frequency of topology updates, we can get the control traf&. Propagation model

(generated or relayed by each node) to converge to a niteupp
bound, even when the network size grows in nitely. The cohtr
traf ¢ density remainﬁ)(_N ) per area unit and the neighborhomg
radius decreases = N, enabling the routing to scale for ar-
bitrary large networks if the parameters are appropriateied
to keep the average neighbor size greater than 1.

We consider the following model: time is slotted and the mo-
ile nodes are all synchronized, i.e. transmissions occtivea
eginning of slots and according to an ALOHA-like protocol
(i.e nodes select at random their transmission slots). We con-
sider an area of arbitrary siZe (we will ignore border effect).

N transmitters are uniformly distributed. We calthe density

Thi : ed as foll Th { section intced of transmitters per slot and per area unit, &rttle rate of packet
IS paper s organized as Tollows. The next Section INesu 4., g issjons per slot and per node. In this model we will as-
some basic elements in order to model ad hoc networks: s

. . . . Qlime that the distribution of active transmitters per shot area
ted time, propagation model, fading model, uniform densfty

) . S unit is a Poisson process.
transmitters dispatched on an in nite plane etc... Thenftite P

lowing sectlc_)n will ex_ten_d this model t_o netwc_)rks of nitezsf In order to justify this assumption, note that we have a unifo
N nodes uniformly distributed on a nite portion of plane. W

. : ) S istribution of nodes and that nodes use an ALOHA-like multi
will apply this model to study link state routing in the coxtte

. i . | h . Therefore th b d iti ft
of ad hoc networking, and focus in particular on OSPF (Op%qe access scneme. Tneretore the numoer and posionsis: ra

. o . itters at beginning of slots vary with time and changes from
Shortest Path First [3]) and OLSR (Optimized Link State Feouélot to slot like a random process. The resulting distrioutf
ing [4]), two link state routing protocols.

transmitters should therefore be exactly identi ed as aBatli
distribution over a uniform distribution. However, thesadkof
distributions are known to quickly converge to a Poissotridis

tained th houtth tina domain. M iselv cane %ution as soonas ! 1 andfN=A! . Thus we decided
ained throughotthe routing domain. IOTe precisely €aten v, yirectly work with this approximation which turns out te b

s_tarts by d_esc_:rlblng _|ts Iocal envwonme_m. the state of t_he very accurate in practice.
links with its immediate neighbors. This neighbor sensiag i

done via the periodic sending/receiving of simple “Hellaitk- Let X be a node at a random position. We will again ig-

ets. At the same time, each node oods topology descriptioH8 -

. _ re border effects and assume that all nodes transmit at the
(LSA packets in OSPF or TC packets in OLSR) to all the oih Hme nominal power. The reception signal at distanisethen
routing nodes in the network — not only immediate neighbo,§ )= r with > 2 Typically = 2:5. Notice that the

this time. These longer range packets contribute pieces 18 ression of ; ; ;
: i . - guantiti? (r) does not involve any fading factor.
database which therefore (i) contains the descriptiondl dia Fading is an alteration of the signal which is due to facttihgo

nodes in _th(? network, and (ii) i_S present and the_ same in €3fln the distance (obstacles, co-interferences with eamoksso
node. This Imk. state datapase Is kept up-to-Qat_e in all sbge on). Fading is generally modelled via the introduction oban
the same ooding mechanism, and such periodically as well Q;

. ) ) j ) ro factor that varies randomly with time and node location
occasionally in case of change in some node_zs nelghbor_ho will address the fading issue more thoroughly in section D
Each node then possesses enough information at any time to
build a view of the entire network and to compute the shortq_sé
paths to any other node (with the help of a Djikstra-like aIgQS
rithm).

The approach taken by link state protocols is that of a tigteid
database describing the network, which is replicated and-m

t W be the signal intensity received by node X at a random
lot. The quantityV is then a random variable since the number
and location of transmitters is random and vary with the dlet
w(x) be its density function. If we considér to be in nite, we

we ShO.W that _these protocols actually don't ful ll thg scai can use [5] where itis shown that the Laplace transformatfon
properties outlined by Gupta and Kumar. However, in the IWX) w( )= w(x)e * dx satis es the identity (still with no
section, we study the scaling properties of OLSR and OSPF ?Qdin’g)'
hanced with the Fish Eye technique, and we show that the en- =" 7
hanced protocols ful Il the theoretical scaling propestie 1

w( ) =exp(2 (e ' Lyrdr) : (1)
Note that introducing Fish Eye features in OLSR is immedliate 0

by playing on TTL and V-Time parameters in topology updat€hen, using standard algebra we get:

packets (TC packets), as described in [12]. Introducinly Eige

features in the OSPF framework is a little less straightéoov w( ) = exp( (1 E) 2=y, )
since LSAs do not feature TTL inside their format. Neverthe-

less, playing on Age elds should essentially do the same JObNote that if instead of an area, the node location map waa lin

(for instance a sequence of mobiles nodes on a road) we would
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then have:
1 Notice that ifpp = 1=3, thenxg 20, r(1) = (xoK) =
w()=exp( @ =) ¥): (3) 0:12 Andthenthat (1)= r (1)> 0:045

And similarly, if the location map was a volume (for instarece

network formed by aircrafts), we would instead have:
0.8

wO=ew( 5 1 ) *): @

In the following, we will restrict ourselves to the case wher
nodes are located on a 2D map.

0.6

044

B. Neighbor model

A node is considered to be neighbor with another node if the
probability of successfully receiving hellos from eachentis
greater than a certain threshqdg. For example we can take
po = 1=3. This can be achieved by keeping track of the hello
receival success rate per neighbor, as it is done in the faxvh
neighbor sensing” of OLSR [4]. Fig. 1. Quantity P (W < x ) versus x for = 2:5, no fading.

20 40 60 50 1(‘10),l 120 140 160 180 200

We will assume that a packet can be successfully decoded

if its signal-over-noise ratio is greater than a given thedd C. Optimizing the neighborhood
K. Typically K = 10. Therefore a node will correctly re-
ceive a packet from another node at distanceith probabil-
ity P(W <r =K). Since hello packets are never retrans-
mitted, the hello success rate from a node at distaniseex-
acty P(W < r =K). Therefore nodes at distanceare
neighbors as long aBB(W < r =K) > pgo. This is equiv-

In this section we estimate the best thresholg@to consider
a neighbor node to really be in the neighborhood. The oljecti
Is to minimize the number of retransmissions of a packet when
routed to its destination. By retransmission we mean thiamest
mission due to multihoping as well as the retransmissioegalu
alent tor < r (), wherer( ) is the critical radius such that packet collisions. We assume that each slot is used by unicas
) =K ~ packets (re)transmitteilla ALOHA until they are correctly re-
N w(x)dx = po. In fact quantity is a parameter cejved by the next node.
which is easy to handle since by simple algebra it comes that
r( )= *?r(1) (see appendix). The surface covered by theherefore, we want to optimize the neighborhood by excigdin
radiusr () is then the neighborhood areg ) = -2 from it “bad" neighbor nodes that feature a too low prob#pili
of successful one hop packet transmission. They might be too
We will now compute (1). We remind that factor is now far or behind an obstacle: in any case the link is not reliable

omitted ( = 1). For simpli cation purposes, we s€€ = enough and the number of retransmissions needed for a torrec
(1 2)and = 2. By application of the reverse Laplacereception is not worthy the hop distance. In other words, we
transformation we get: want the best possible ratio of hop distance over number-of re
Z . transmissions.
P(W<x)= =— Mex (5) ) ]
2 i1 For this end we tune the paramepgr The optimal value does
" not depend on as we see below. If the probability of success-
Expandingw( ) = | g_ncl)_ ", itcomes: ful transmission i@o then the average number of retransmission
1 X (o Z . for one _hop ispio. And thui we have to optimize the quantity
PW<x)= — nolgxg (6) Por( ), i.e. rPgW < r =K). All computations done (see

2 n i1 Fig. 2)weget r () 0:089and we see that the optimum
0:75. So roughly, if a node logically excludes from its

Then by bending the integration path towards the negatiiee agelghborhood any neighbor from which it successfully reegi

we get: less than 75% of the hellos actually sent by this neighbor, we
1 Z i ; Z, insure a simple optimization of the overall number of retran
= n  1ax Sln( n ) n 1 X feai :
o e*d = e *d missions, on a network-wide level.
i1 0
_ sin(n ) (nx "

Figure 1 shows the plot &f (W < x) versusx for =2:5and D. Modelization of fading

= 1. LetXxg denote the value such thB{W < X ) = po, The propagation of radio waves in presence of random obsta-
thereforer (1) = (xoK) ¥ . cles experiences random fading. Usually, modelizatioadiffg
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007 B. General Control Traf ¢ Model

0.05 The aim here is to derive the traf ¢ density generated by the
protocol control packets. Generally, there are two souofes
0.044 control traf c: neighbor sensing on one hand, and topoloigy d

covery on the other hand.

0.034
Neighbor sensing is the same for all link state protocols: it
consists in each node periodically transmitting a hellosage
containing the list of neighbors heard by the node. By compar
ing their lists the nodes can determine the set of neighbiths w

: e - e which they have symmetric links. Lét be the rate at which

' nodes refresh their neighbor information base an®léte the

Fig. 2. Quantity por versus r for  =2:5, no fading. maximum number of node identi ers that a slot can contain.

For a network with the capacity of Wi (1-10 Mbps) we have

B = 100 and 1,000 slots per second. For instance, an OLSR

node generates hellos every 2 see, h = 1=200Q If the

neighbor list exceedB then the node generates several hellos

per update period and distributes the neighbor list amoeggth

several hellos. The node must gener@%e hellos per hello

period. Therefore the hellos lead to a traf ¢ densityrofd%e.

Omitting fractional part, we get:
with (s) = E(F 3), the Dirichlet transformation of the fad- g P g

0.02+

0.014

consists in the introduction of a random fackbmodeling sig-
nal attenuation at distancer . For exampldogF is uniform
on[ v;V]. Inthis case we have a new expressiomf):

wh=ep( @ 2 (3H%) @

ing. When fading is uniform orf v;v] we have (s) = - h M 9
w. For any given real numbe&rwe also hav® (W < xF ) T B ©)
i
equaling if the hellos is the only source of control trafc. Sindé =
X CF "sin(n (1) - we get:
(CEC SN (1) ayxn (g WM .
" Mg (10)
which helps the computation of(1) with fading. In fact this is only an upperbound because the network size

might be smaller than(1). Therefore, taking account only the
hello Qpntrol traf ¢, the maximum manageable neighborhood
- sizeis B (1)=h 71 This applies to both OLSR and OSPF
ll. OSPF and OLSR scalability as well as to any other protocol that uses such Hellos.
Gupta and Kumar have shown in [1] that when the size of
the networkN increases, the neighborhqod sizeQflogN) Topology discovery varies with each protocol. With OSPEhea
and the number of hops increases at least Mi=logN. This node periodically broadcasts its list of adjacent linksniL&A
means that the average neighborhood size tends to be cobndlaink State Advertisement) message, and nodes re-brotidcas
when the network size increases. Our model in the previotusn the LSA towards their neighbors. In OLSR, on the other
section con rms this property since it states that when thégs hand, the nodes periodically broadcast TC (Topology Céntro
are distributed over an in nite plan, the average traf c gested messages containing only a subset of their adjacent links - t
inside the neighborhood radiusis equaltq ) = (1), acon- MPR (MultiPoint Relay) selector links. Moreover, only a seb
stant that we determined. of the neighbors (the MPR nodes) re-broacast the TC messages
However we will assume that in both protocols the topology di
The neighborhood size depends on the traf c control genarevery update period is the same, in order to compare two pro-
ated by each node: the bigger is the amount of control traf tpcols with the same agility to adapt their topology to mityil
the smaller is the neighborhood size. Therefore, perfoomarf-or instance, OLSR's TC rate per node is 1=5000
may vary with the use of different protocols, yielding diffe )
ent control traf ¢ patterns. In this section we thereforadst C- OSPF Speci ¢ Model
more precisely the scaling properties of two link state@cots:  |n this section we will work on modelling the overhead in-
OSPF [3] and OLSR [4]. duced by OSPF. The idea is to expressnly in function of the
protocol overhead. We consider no other traf ¢ than the algn
A. Network Topology Model ing protocol. In OSPF a node periodically:
We will consider that the network is uniformly distributed
with density over an area of nite sizé\. The total number of
nodes in the network il = A. If isthe traf c density in 1. transmits Hellos with rath. A Hello contains the list of all
the network, then the average number of neighbors per nodaéighbor identi ers (if the list is too long, it will take seval
M= () = (O-. packets on several slots)
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2. transmits LSAs with rate. An LSA contains the list of all E. OLSR Speci ¢ Model
adjacent links

3. retransmits received LSAs with a large jitter, to all rdgrs
separately (one copy per neighbor)

In this section we will work on modelling the overhead in-
duced by OLSR. With this protocol, a node periodically:

1. transmits TCs with rate. A TC contains the list of neighbors

Therefore the traf ¢ density satis es the following idetyt having selected the node as MPR (its MPR selectors)

_ M M 2. retransmits received TCs only once (and with large )itter
=h dEe+ NM dge. (11) and such only when the node has been selected as MPR by the
In the fo”owing, we drop the ceil factor. neighbor from which it rst received the TC
2
=h M + N MZ : (12) ]
B B LetM, be the average number of MPRs selected by a node with
UsingM = (1)- we have the identity: neighborhood siz& . Since the network is modelled as a disk
(1B unit graph, it comes from [10] thatl, (9 2M )3, Simula-
———=hM + NM 2: (13) tions showthaM, M = whenM !'1 with 5 (see

M
This outlines a direct relation between the total size ofrtae
work N, and the average neighborhood sMe Notice that
whenN increasesM decreases. This corresponds to the fact

gure 3). Simulations were performed up kb = 6; 000, 000.

that as more and more nodes are concentrated in a single radio *‘@"‘""’g':ﬁg/t
range, interferences and collisions make more and mors link /
perform too badly to be considered valid. Therefore more and

more nodes that are theoretically directly reachable (eza
physically within radio range) are not considered neigkband
henceM decreases. The absolute minimum Kbris 1, below
which the network does not have a signi cant connected com-
ponent. If a single fully connected network is wished forsth

g, ruTher of WPR

threshold is raised tM =1log N (see [1]). T

Furthermore, the limiM = 1 yields a maximum network size /

Of 1 ! 1 10 100 000 plee e} plee el Rt e T
Nmax = ( (1)B h)— . (14) g ruITher o nelgbors

Which givesNmax = 25;000. Fig. 3. Average MPR set of a node versus neighborhood size.

On the other hand, when the network size decreases, it reache

a level whereN = M. Below this level the network is only In [2] it is proven that an MPR ooding costs on average
one hop (full meshed), and the control traf c does not saturaM,N=M retransmissions. Therefore we get the following traf-
the neighborhood. This corresponds to the maximum managedensity identity:

able neighborhood size. From (13) we get that the maximum (1B N

manageable neighborhood size for OSPNis= 11. Having ™ hM + (M,)zm (16)

an average neighborhood size as big as possible is impdmtant , ) )
that it reduces the average number of hops needed to go fbpen COMes t_hat the maximum manageable _ne|_ghbo_rhood size
a given source to a given destination. This way the amount'@f OLSR is withN = 35. Also note that this identity and

retranmissions network-wide (hence the overhead) is estiuc (1€ connectivity limit ofM = 1 (which in turn implies that
M, = 1) gives the same maximum network size for OLSR as

D. OSPF-B with OSPF, that isNmax = 25; 000

In this section we propose an adaptation of OSPF which aifgss .o SR
at reducing the overhead. OSPF-B slightly differs from OSPF . . ) ) S
with the fact that the nodes broadcast the LSA only once, in-IN this section we introduce a slight modi cation of OLSR

stead of duplicated in several copies to each neighbor. called F-OLSR, for Full Optimized Link State Routing. In F-
OLSR the TCs contain the list of all the adjacent links, antl no

In this case the equation (13) should be rewritten in just MI_DRs. Therefore every no_de has the _knowledg_e of the com-
plete link state of the network instead of its restrictioMBR
LB _ hM + NM (15) links. The TCs are still forwarded via MPR nodes. The idgntit
for F-OLSR is then:
It then comes that in the case of OSPF-B we get a maximum (1)B

manageable neighborhood sizeMof= 22. - M+ MN 17)
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It then comes that the maximum manageable neighborhood size
for F-OLSR is atN = 27. 50-

G. Comparisons between the Protocols

In Fig. 4 we show the respective neighborhood size versus 304
network size for the two versions of OSPF. With Fig. 5we show ]
the respective neighborhood size versus network size éantb ]
versions of OLSR. And nally, Fig. 6 compares the network di- 20-
ameter as a function of the network size (humber of nodes) in ]
the case of OLSR and OSPF. The number of hops is estimated ]
as the square root of the ratio network size over neighbathoo ]
size. ]

50 100 150 200

o
o

Basically, what we can conclude from this analysis is that op
timized link state (OLSR) shows here much better performmanc
than classical link state (OSPF). However, as the netwaek Skig 5. Neighborhood size versus the network size, = 2:5, no fading,
increases, both types of approaches feature slowly deéageas respectively for F-OLSR (bottom) and OLSR (top).

(towards 0) neighborhood size. This fails to reach the Gapth

Kumar scalability: if the network size grows to be too bigyill 107
break down by not being able to create signi cant connetgtivi

50+ 6
40: 1
30 2

20 40 60 80 100 120 140 160 180 200

Fig. 6. Hop number estimated diameter of the network versus network

20: size, = 2:5, no fading, respectively for OLSR (bottom) and OSPF
] (top).
10
the two routing protocols have their neighborhood size almo
- congzmt ad\ increases and thus the number of hops increases
0 S0 100 150 200 inJ N. The constand depends on the nature of the routing

protocol and can vary greatly. We analysed the impact of the
Fig. 4. Neighborhood size versus the network size, =2:5, no fading, routing protocol on the value of this constant: we have shown
respectively for OSPF (bottom) and OSPF-B (top). that it changes quite a bit between pure link state (OSPF) and
optimized link state (OLSR). In particular we have showrt tha
as the network size increases, the maximum manageable neigh
bor size is respectively af1 nodes with OSPF, while it is of
35with OLSR. Note that as the maximum manageable neighbor
With OSPF and OLSR as well as with any other at routsize decreases, the average humber of hops (and hencesretran
ing protocol, the neighborhood size tends to slowly de@eamissions) between any random source and destination Besea
towards zero as the network size increases. Therefore theytlderefore augmenting the overall traf ¢ overhead.
not achieve the Gupta and Kumar scaling properties. Thigas d
to the fact that the topology information that each node & thHowever, both OLSR and OSPF just need minor modi cations
network has to (re)transmit tends to increase linearly whth in order to reach the Gupta and Kumar scalability. In this sec
size of the network. This in turn yields an upper bound on thi®n we describe the “Fish Eye” strategy [11] that can edsdy
maximal size of the network, which we have computed to be wifserted inside both OSPF and OLSR frameworks. With this
about25; 000nodes for OSPF as well as for OLSR. strategy the overall incompressible overhead induced kigge
ical topology updating tends to be constant instead of tigea
However, wherN is well below this limit ofNmax = 25;000 increasing with the network size. Of course this doesn'teom

IV. Scaling properties of OSPF and OLSR enhanced with
Fish Eye strategy
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without a costj.e. less accurate information about the link stawhenN ! 1 with (1 ) = 4 we get an average neighbor-
tus of remote nodes. However, this cost is not expensiveigsd hood size converging towardd ! 18 That is: three times
not degrade the delivery reliability and it does not introelad- better than Fish Eye enhanced OSPF.
ditional overhead in form of longer paths (see [12]).

Figure 7 shows an example for function (x) = 3+X Fig-
The principle of Fish Eye strategy is that TC (or LSA) inforure 8 shows the neighbor size evolution with respect to this{
mation from remote nodes are less frequently received, tand tion and compare it to basic OLSR.
more remote, the less frequent. For example, inside the OLSR
framework, nodes send TC packets with variable TTL count and
VTime. The TTL limitis the maximum number of hops a packet
can be relayed before being discarded and the VTime is the max

2.6
2.4

imum time for which the information carried by this packet is az]
considered valid. A node transmitting a packet with low TTL 3
value insures that the packet will be forwarded only instoke t =
vicinity of this node, and not further. Conversely, a largel.T Ej
value (the maximum value is 255) insures that the packebsill 22]
forwarded in the entire network. 2]

189
184

Each node uses a decreasing funcfigp) 1 to determine ool
the fraction of the TCs (or LSAS) which are generated with a 15]
TTL larger thanD (D is an integer indicating the number of T
hops away that the TC may reach). When no Fish Eye strategy _ _ _
is ell"gployed,f (D) = 1 for any value ofD. We can assume Fig. 7. Example of function used for Fish eye strategy.
that é:l Df (D) < 1 . Thisisindeed always the case, since

f(D) =0 forall D 255 Of course, information that is re-

2 4 & 8 10 12 14 16 18 29" 22 24 26 28 30 32 34 36 38 40

ceived less frequently should not age as rapidly as fre@uent ]
received information. This can be achieved by adequately tu o
ing the Age eld in the LSAs (for OSPF) or the VTime eld in o
the TC packets (for OLSR). 24
229
Let us consider a node at the center of a circular netwbrk: o]
nodes uniformly dispatched on a dis¥. is the average number el
of neighbor of the central node. In this case, the centraknod 124
has3M two hop neighbors, an@? (D 6)2)M D -hop e
neighbors, foD b N=M c (it comes tha N=M is the Y
diameter of the network). 2
0 20 40 60 20 100 120 140 180 180 200
A. Fish Eye Enhanced OSPF Fig. 8. Neighborhood size versus the network size, = 2:5, no fading,

Let us now consider the OSPF protocol enhanced with Fish "SPectively for OLSR (bottom) and OLSR with Fish eye (top).

Eye strategy. The frequency of LSAs received by the central
node fromD -hop neighborsi$ (D) . Thereforﬁ the frequency

at which the central node relays LSAs id g F“M ‘(D2

(D 1»f (D).

C. Useful Capacity

In this section we estimate the useful capacity with the OLSR
protocol. We denote the average quantity of data traf c gener-
We will call  (x) = b Xe(p2 D 1)2)f (D). It then ated by_each node. We assgime that on average, the ngtwork di-

(x) 1 ( ( (D) meter in number of hopsis N=M , where' denotes a linear
actor that depends on the actual shap% of the networkAarea

comes that the Control trafc of the central node equals
h¥% + () '\’é—3 and we get the following general identity:

Therefore each packet must retransmit times, which

(1)B = hM + (E)M 3. (18) leads to an average traf ¢ density (|nclud|ng control tmfind

M M ' retransmissions) of:
When the networks grows adl ! 1~ with (1 ) =4 we get
an average neighborhood size converging towdds 7:5. .

M 2 p
= h—+ (M)—+— N=M
B. Fish Eye Enhanced OLSR B Po
In the case of OLSR the identity 18 becomes:
(1)B N Therefore, using the identity = (1) we get an expression

- M+ (m)(Mr)zi (19) of as afunction oN andM. Clearly, for a given xedN,
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is maximized wherM is minimized, the minimal value beingbounds outlined by Gupta and Kumar: with the enhancement
M = 1. This yields gure 9, which displays the overall maxi-of Fish Eye strategies. Such techniques can be very simply in
mum capacityN versus network size for basic OLSR and focorporated into the OLSR framework (or the OSPF protocol),
Fisheye OLSR (we too ‘0 =1). Notice that basic OLSR with and we have outlined how. Nevertheless, we have found that
default tuning collapses &f > 1200Q while Fbsh_eye OLSR Fish Eye enhanced OLSR still clearly outperforms Fish Eye en

features an overall capacity that keeps growing M. hanced OSPF.
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able neighborhood size, via the control traf ¢ it induces.e W
have modelled this overhead and we have shown how it varies

from one protocol to another. The maximum neighborhood size APPENDIX
is limited to 11 neighbors if OSPF is used, while with the same , Ry =« B
update rate parameters, the OLSR neighbor size can reach up £actor in r("). By denition w(x)dx = po.

35 nodes - noting that the maximum neighborhood size is ary>"t itlhe reverse Laplacg trar.1$format|o.n we haie) =
ways limited to 71 nodes due to neighbor sensing controttrafs— ;1 W( )e* d . Inserting this expressionin the rst equa-
on its own. Having a greater neighborhood size actuallycesu tjon and commuting integral signs, sin(l?é( ) FKoaxgy =
the overhead network-wide, by reducing the number of needed, ,

retransmissions on paths through the network. *, yields:
. Ziin r¢) =K
We have also shown how both routing protocols (OLSR and 1 e 1w( )d = po:
OSPF) fail to scale to large networks. In fact, none of theysop 2 i1
lar ad hoc routing solutions ([4][9][8] etc...) really seal There
is a limit to the number of nodes in the network above whichhe change of variable™ 2 = ®makes disappear from the
there is no signi cant connected component, due to incosgreW( ) expression:
ible topology update control traf c. We have computed timsit Zoi1 o Py
to be 25,000 nodes for both OLSR and OSPF. Howeverbothpro- 1 =~ "' e () ) = 1w( =2 0 0= .
tocols feature practical scalability issues well withimsttheo- 2i i1 0 o

retical limit. We have also shown that OSPF performs quite

poorly compared to OLSR. This is not real surprise as OS#ncew( 5 9 is independent from andr( ) appearsynul-
was not designed for ad hoc environments, contrary to OLS#plied by pwe get that () is simply proportionaltd=":
These results also conform with simulations carried oueindr( ) = r(1)=

pendently from our work.

Finally, a simple and practical way to enable ad hoc routing t
scale for larger networks has been described. We have shown
how link state routing can attain the famous theoreticalirsga
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