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Summary

A fundamental problem that distinguishes wireless networks from wired networks is the mutual interference
between routes within the proximity of each other. This phenomenon is known as route aupling and it
restricts the possibility of occurrence of simultaneous communications along the mupled routes. In this
context, the use of dirediona antenna, having smaller transmission beam-width compared to omni-
diredional antenna, helps to easily demuple interfering routes, and improves network performance through
SpaceDivision Multiple Access (SDMA). However, even if we have an efficient diredional MAC protocoal,
it alone would not be @le to guaranteegood system performance, unlesswe have aproper routing strategy in
placethat exploits the alvantages of diredional antenna. So, in this paper, an adaptive routing strategy is
proposed that exploits the alvantages of diredional antenna in ad hoc networks through the seledion of
maximally zone-digoint shortest routes. Zone-disoint routes would minimize the dfed of route cupling
and improve the overall network performance The proposed strategy ensures effedive load balancing and is
applied to design and implement bath single path and multi path routing protocols in ad hoc networks with
dirediona antennas. Simulation results obtained on QualNet network simulator shows the dfediveness of
the propaosed routing protocols.

K eywor ds: Ad hoc networks, Route Coupling, Diredional antenna, MAC protocol, Routing protocol,
Adaptive Routing, Multipath Routing, Maximally Zone-digoint Routes.

1.INTRODUCTION

It has been shown ealier that the use of diredional antenna in the context of ad hoc wireless networks can
largely reducethe radio interference, thereby improving the utili zation of wireless medium and consequently
the network performance[1]. Recently, several MAC protocols with diredional antennas have been propased
in the mntext of ad hoc networks in order to improve the medium utili zation by alowing more number of
simultaneous communications in the medium [3, 4]. However, an efficient direcional MAC protocol alone
would not be ale to guarantee good system performance, unlesswe have aproper routing strategy in place
that exploits the advantages of diredional antenna. In this paper, an adaptive routing strategy is proposed that
exploits the alvantages of diredional antenna in ad hoc networks through the seledion of maximally zone
digoint routes. Two routes are said to be zone-digoint if data cmmunication over one route minimally
interferes with data communicaion along the other. The proposed routing strategy ensures effedive load
balancing in the wireless medium and is applied to design and implement both single path and multipath
routing protocols on ad hoc networks with diredional antennas.

Let us consider the scenario in Figure 1 where S; is communicaing with D; through N; and N,. Now, if
another source S, also wants to communicae with D, then, there ae three posdgble paths: S-N3-N»-D,, S,-
N3-N4-D, and S,-Ns-Ng-D,. If S, uses the first path, it overlaps with the path used by S;, so simultaneous
communicaionsby S; and S, are not posshle. If S, uses the second peath, then diredional transmission-beam
formed by S, towards N; will creae interference in N;'s reception from S,. So, the route cupling occurs
between S;-N;-N,-D; and S,-N3-Ng4-D, as two routes are locaed physicaly close enough to interfere with
ead other during data communication. This, in turn, will prevent these two communicéaions to happen
simultaneously even if diredional antennais used at ead node.
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Although S;-N;-N,-D1, S;-N3-N4-D, are gparently independent node-digoint routes, but routing
performance will deteriorate in this context due to the presence of route muping even if we use diredional
antenna. The impaad of diredional antenna on routing would be visible, if S, seleds the third pathi.e. S,-Ns-
Ne-D,. These two routes S;-N;-Ny-Dland S,-Ns-Ng-D, are wupled with each other, if nodes use omni-
diredional antenna (as $rown with dotted line in Figure 1). But they are completely decouped, if eat node
uses dirediond antenna, as sown in Figure 1. These two routes are said to be zone-digjoint with resped to
ead other.

It is evident from the éove discussion
that zone-digoint routes also ensure dfedive
load balancing in the network by distributing
traffic load among several nodes and this in
turn offers two major advantages. First, it
prevents loads concentrating on a set of
nodes and spreals it among other nodes in a
uniform manner, thereby reduces the
possbility of power depletion of a set of
heavily-used nodes; and, seoondly, it
distributes the traffic dl over, thus reducing
congestion and  improving  retwork

Figure 1. Zone Digoint Communicaions between S,-  performance. As illustrated in Figure 1, S;-
D;and S,-D, with Diredional Antenna N:-N,-D1, S,-N3-N4-D; are node-digoint and
consequently satisfies the aiteria for load
balancing. But, since they are amupled with each other, end-to-end delay will increase. This is because two
paths have more chances to interfere with each other’s transmission due to the broadcast feaure of radio
propagation. So, it is important to dscover zone digoint routes for effedive load bdancing. But getting
zone-digoint or even partialy zone digoint paths using omni diredional antenna is difficult since
transmission zone is larger. It has been shown that it is much easier to get zone-digoint routes using
diredional antenna[2].

However, zone-digointness alone is also not sufficient for performance improvement. Path length is also
an important fadtor. A longer path with more number of hops (H) will increase the end-to-end delay and
waste network bandwidth, even in the mntext of zone-digointness. So, it is imperative to seled maximally
zone-digoint shortest paths.

The alvantages of using multi path routing scheme over traditional single path routing have been studied
by several reseachers [5-9] becaise this would eventually reduce ongestion and end-to-end delay [2] in
wireless medium. Apart from that it also diminishes the effea of unreliable wireless links in the mnstantly
changing topdogy of ad hoc networks. M. R. Perlman et a. [7] demonstrates that multipath routing can offer
better load balancing but their work is based on multiple channel networks, which are @ntention free but
may not be available in most cases. In the Split Multipath Routing (SMR), proposed in [8], the notion of
maximally digoint multiple paths is explored. It has been pointed out in [7] that use of multiple paths does
not necessarily result in a lower end-to-end delay. The network topdogy and channel charaderistics (e.g.,
route wuping) severely limit the gain offered by Alternate Path Routing strategies. In this paper, we have
used the same notion of zone-digjoint shortest path routing scheme for multipath routing. It has been shown
that multipath routing is the best choice when number of communicaions is low. However, with increasing
number of communication, single path adaptive routing performs better than adaptive multipath routing.

In our proposal, ea node is topdogy-aware and aware of communications going on in the network.
However, sincethis awareness at eat node is acquired through periodic propagation of control message, it is
only a perception about network status rather than actual network status. So, ead intermediate node
adaptively correds and modifies routing dedsion depending on the more acarrate loca information currently
available in its ANL and GLST during routing. We have evaluated the dfediveness of both single path and
multi path routing schemes on QualNet Network Simulator with AODV [10] (asin QualNet) as a benchmark.

The paper is organized as follows. Section 2 includes basic definition of terms, description of antenna
model and the basic information percolation mechanism in the network. It also contains a brief discussion on
a location tracking mecdhanism and a recever-oriented, rotational sedor based drediona MAC protocol.




Sedion 3 ill ustrates both single-path and multipath routing protocols using the notion of maximally zone-
digoint shortest routes. Sedion 4 depicts the performance evaluation on QualNet followed by concluding
remarksin sedion 5.

2.SYSTEM DESCRIPTION

2.1Some Important Definitions

Definition 1. When a node n forms a diredional transmisson beam with a beam-angle a and a transmission
range Ry, with resped to n, the mverage aeaof n at an angle a is defined astransmisson_zone, (a).

Definition 2. We define neighbor s of node n (G") as a set of nodes within the omni-diredional transmisson
range Romni Of N.

Definition 3. A subset of G, G", T G", is defined as the directional neighbors of n, when the nodes in G",
lie within its transmission_zone, (a).

Definition 4. Communication-id ¢ is esentialy a unique id that spedfies a source-destination pair for
which the iommunication is on. In case of multipath communication from a source to a destination, a sub-id
of that communicaion-id represents ead of the multipath flow.

Definition 5. Active Node List [ANL(t)] is a set of nodes in the network adively participating in any
communicdion process at an instant of time t. Each adive node in the list is asociated with a set C of
communication-ids for which it isadive.

Definition 6. Active Directional Neighbors of node n at transmission_zone, (a) [ActG"; (1)] is a set of
nodes within the transmission_zone, (a) that are adively participating in any communication processat that
instant of time (i.e. belongsto ANL (t)). So, ActG", (t) = G", (t) C ANL(t).

Definition 7. Correlation factor of node n; in a path P for Communication-id ¢ [h™ (P)], where nj isthe
next-hop from n; in path P and a(n® n;) is the transmisson zone formed by n; towards n; in order to
communicae with y, is defined as the sum of the number of communicaion-ids handled by ead adive
diredional neighbor of node n; at transmission zone, (a(n® ny) ) excluding the wmmunicaion-id c. So, h™,
(P) =& n1 accni-amien) o ( EC - ¢ €. For example, if n; has 2 adive diredional neighbors one is handling 2
communicaions and the other is handling 4 communicaions and if one of them is handling communication-
id ¢, then [h™. (P)] will be 2+4-1 = 5. So, it is important to note that, if an adive diredional neighbor of a
node n;is adive for current communication-id c, then the adivity-status of that node for that communication
id isignored for caculating h™. (P).

Definition 8. Correlation factor h of path P for Communication-id ¢ [h (P)] is defined as the sum of the
correlation fadors of all the nodesin path P. So, h (P)=&- i p (h"¢ (P) ). When h (P)=0, path Pis said to be
zone-digoint with all other active paths, where adive paths are those paths participating in communicaion
processat that instant of time. Otherwise, the path P is h—related with other adive paths. Correlation factor is
used to measure the degree of route mupling. It has been shown that larger the crrelation fador, the larger
will be the arerage end-to-end delay for both paths [2].

2.2 Antenna M od€

We ae working towards implementing Wireless Ad Hoc Community Network testbed [1] where eat user
terminal uses a small, low-cost adaptive antenna, known as ESPAR (Eledronicdly Steaable Passve Array
Radiator) antenna [1, 4] that relies on RF beamforming, and drasticdly reduces the drcuit complexity. The
ESPAR antenna mnsists of one cetter element connected to the source (the main radiator) and several
surrounded parasitic dements (typicdly four to six) in a drcle, which are readively terminated to ground. By
adjusting the value of the readance the parasitic dements form the aitenna aray radiation pattern into
different shapes. In this work, we have used ESPAR antenna & a quasi-switched beam antenna. We have
used an ESPAR antenna with 60-degree beam width and 12 oserlapping patterns at 30-degreeintervals. We



have dso used an ideal dirediond antenna with 45-degree beam-width and insignificant side-lobes to
compare the dfedivenessof ESPAR antenna.

2.3 Networ k-Awareness

The purpose of an information percolation mechanism is to make eab node aware of the approximate
topdogy and the communication events going onin the network. The objedive here is to get accurate locd
perception, but approximate global perception of the network information. This approximate network
awarenesscan be redized by implementing both MAC and an adaptive single and multipath routing protocol,
as will be discussed subsequently. In order to tradk the diredion of its neighbor, eat node n periodicaly
colleds its diredional neighborhood information through periodic beamns from each neighbor so that it can
determine the best possble diredion to communicate with each of its neighbor.

Each node n in the network maintains the foll owing network-status information [11]:

Active Node List (ANL,): It contains the perception of node n about communication adivities in the
entire network. It isalist in node n containing al adive nodes in the network and ead of them is associated
with a set of communicaion-ids for which it isadive.

Global Link-State Table (GL ST,): It contains the global network topdogy information as perceived by
n at that instant of time.

Each node broadcasts its ANL at a periodic interval, say Ta. Broadcast of ANL serves two purposes:
when anode n recaves ANL from all its neighbors (say nodei, j and k), Node n forms the GLST, to include
nodei, j and k as its neighbors and records the best posshble diredion of communicating with each of them.
Node n records the ammmunication adivity status of node i, and similarly for other neighbors, thus forming
its own ANL, depending on the rececy of the recaved information [11]. Each node broadcasts its GLST at
a periodic interval, say, Tg. When a node n recéves GLST from its neighbors, it updates its own GLST,
depending on the recency of the receved information [11].

ANL nedls to be propagated faster than GLST because ANL serves as beaon. So, by the faster
propagation of ANL, not only the aiticd information of adive nodes can be percolated faster, but also
acarrate neighborhood information (diredion, signa level) can be obtained. GLST refleds the change of
topdogy with resped to physicd mobility (which is much slower compared to signal propagation). So, it
need not be propagated very fast. The overheal can be mntrolled by adjusting T, and T Current values of
T and Tgare 200 mill iseconds and 5 seaonds respedively.

2.4 Directional Location Tracking and Directional MAC

In order to fully exploit the cgability of diredional antenna, apart from a diredional MAC protocol it is
also necessary to have aproper medchanism at each node to tradk the diredion of its neighbors. In this work,
we have used a rotational sedor-based receéver oriented MAC protocol as suggested in our ealier work [4],
which also helps a node to tradk the diredion of its neighbors.

3. ADAPTIVE COMM UNICATION-AWARE ROUTING PROTOCOLSUSING
MAXIMALLY ZON- DISIOINT SHORTEST PATH

3.1 Maximally Zone-digoint Shortest Single-path Routing

Traditional routing schemes generally use shortest path routing protocol to improve the network performance
in terms of throughput. But when several communicaions use some common nodes to route their traffic
along shortest path, congestion may occur at those cmmon nodes, which in turn deaeases the network
throughput. In the cntext of wireless environment, not only common nodes but also use of common zone
during routing increases the end-to-end delay because of route mupling. So, instead of shortest path, if a
diverse ne-digoint path (which is zone digoint with resped to ather existing flows) could be seleded for a
new communication, then that would definitely improve the throughput by reducing the cngestion as well as
coupling.

At the same time, hop count of the seleded dverse route is also another concern in this context.
Otherwise, under some communication scenario, it may so happen that, for a particular destination, each
intermediate node tries to seled aroute avoiding the adive zones and ultimately ends up traversing the entire
network in search of a zne-digoint route. To alleviate this problem, we propacse to use two metrics as route



seledion criteria: correlation fador (h) and propagated hop count (H). As explained ealier, correlation factor
of aroute is inversely related to zone digointness of that route with resped to ather adive routes. So, by
minimizing both correlation fador and propagated hop cournt, maximally zone digjoint shortest path can be
obtained. Each node in the network uses its current network status information (approximate topdogy
information and ongoing communicéaion information) to cdculate the suitable nex hop for reading a
spedfied destination so that (i) the interference with the nodes that are drealy involved in some
communicaion gets minimized and (i) if a padket at an intermediate node has alrealy traversed multiple
hops, then shorter hop routes towards destination gets more preference _

Link-cost (n; ,n;) during the aurrent communication having Comnunication-idc = a +h™; +gH where,

a = Initia link-weight (0.01 in our case; & << h. and & << H, as will beexplained in the following section).
h™. = The sum of the total number of communications (excepting the current communication c) handled by
ead adive diredional neighbor in the diredional zone (n->n;) (Asexplained in sedion 2.1).

H = propagated hop-count of the aurrent pacdket for which route is being caculated.

g = Weight fador (0.5 in our case). gisto be ajusted in such a way that initially low-coupled dverse paths
will be seleded but progressvely shortest hop route will get preference over h-driven route to ensure
convergence When H and h is zero, a is used to find out the shortest path. Dijkstra’s shortest path algorithm
has been modified to seled a shortest-cost path.

3.2 Finding Maximally zone-digoint shortest path: An Analysis

Let us assume that a padket, after propagating through H hops from source node, has arrived at an
intermediate node n; and it has to go to destination D. Let us also assume that the padket from n; has two
choices to reat destination D: a longer path (P.) with low h and a shorter path (Ps) with high h. Let us also
assume that the padcket nedls to traverse through h hops along Ps and through (h+x) hops along P_ to read
destination_ If our strategy were to find out maximally zone-digjoint path, then obviously the longer path with
low h would have been the choice. However, as discussed ealier, that would not be the optimal solution for
improved throughput, as padets may get diverted towards longer path unnecessarily, increasing the end-to-
end delay. Inthe following analysis, we ae trying to estimate astrategy for seleding maximally zone digoint
shortest path.

As mentioned before, 4

Link-cost (n; ,ny;) for the aurrent communication with Comnunicationldc = a +h™; + gH
So, sum of al link-cost on path P_ = &*(h+x) + h.(P.) + g* H * (h+x), where h. (P_)= Correlation factor h of
path P_ for Communicaion-id ¢ (Definition 8)
Similarly, cost of Ps=a* h+h.(Ps) +g* H* h
The longer path P_ will be seleded if cost of P_ < cost of Ps
i.e,if (@* (h+x) +h (P)+g*H* (h+x)) <(@* h + h.(Ps) +g* H * h)

Casel. If he (P), he(Ps) and H are zeo (initial condition), then P_ will never get seleded.

Casell. If he (P) = h¢ (Ps), then also P_ will never get seleded. This implies that if correlation
fadors of two paths were same, shorter path would be seleded.

Caselll. If he (P.) <> h.(Ps), then the longer path would be seleded if

(he(P) + g* H* (h+x)) < (h(Ps) + g* H * h) [ignoring &* x, since & << h]

or, (e (Ps) - he(PL)) >g* H * x

Thisimpliesthat, if the correlation factor of shorter path is more such that the differencein
the aorrelation fador of shorter path and that of longer path is greder than g* H * x, then
the longer path will be seleded.

Termination Condtion. If H > 10, then shortest path is €leded irrespedive of the value of h.

If h=1 (i.e., next-hop is the destination), then the destination is sleded.

Examplel. Let usassume that the longer path is two hop longer than shorter path (x=2) and h(Ps) = 9 and
h. (P.) =0. So, the longer path is totally zone-digoint from all other adive paths whereas the
shorter path is having high correlation fador h. (Ps) = 9. The longer path will be seleded if
9> 2*g*H



Casel.l H=8,g<05625 ¢ Seledslonger path
Casel2 H=8,g>=0.5625¢ Seleds shorter path
So, by adjusting the value of g, we can adjust the preference between zone-digointnessand shortness of
path. If gislow, padket would tend to take long, bypasslow-h routes, whereas, if gis high, a padket would
tend to take shorter routes. So, g is termed as dispersion factor. Through several experimentations under
different conditions, we have seen that the optimal value of gis0.5.

3.3Maximally Zone-dig oint Multi-path Routing

Two key issues to be mnsidered in multi-path routing are: i) how many multi-paths?ii) how to seled them? It
has been shown in our ealier work [2] that two noninterfering routes are sufficient to achieve maximum
posshle throughput in case of multi-path routing. Coupling-freeroutes are dways the best choicein case of
both single and multi-path routing, as they are freefrom the delay caused by mutual interference among the
routes. So, the proposed multi-path routing scheme foll ows the unified zone-digoint path seledion method
described in the previous sdion and seleds a pair of maximally zone-digoint shortest paths for eadh
communicaion. This way our multi-path routing scheme is cgpable of balancing the network load, which in
turn reduces the possbhility of power-depletion of some heavily used nodes in the network as well as the
probabili ty of congestion and coupling. So, in case of multi-path routing, the source will basicaly transmit
data padkets along two zone-digoint paths alternately.

4. PERFORMANCE EVALUATION

4.1 Simulation Environment

We have implemented the MAC protocol asill ustrated in [4] and the routing protocol as ill ustrated in sedion
3 on QualNet network simulator [12] with ESPAR antenna and ided dirediona antenna, as described in our
antennamodel. The set of parameters used islisted in Table 1.

Table 1. Parametersused in Smulation

Parameters Value

Area 1500x 1500sg. m
Number of nodes 100

Transmission Power 10dBm
Receaving Threshold -81.0dBm

Padket Size 512 hytes

CBR Padket Arrival Interval | 2 msto 500ms
ANL Periodicity (Ta) 500 msec

GLST Periodicity (Tg) 10 seconds

4.21mpact of Overhead

Since both GLST and ANL are periodic update padets and their propagations are limited to one-hop
broadcast, network would never get flooded with ANL or GLST, as discussed in detail in our ealier paper
[11]. There we have @sumed a network with N number of nodes within A sgq.mt area ad the omni-
diredional transmisson range of ead node is R. Thus the number of zones in area A in which update
padkets could migrate between nodes smultaneously, without mutual interference, equals (A / (pR?)). So, the
number of update padets that has to migrate from one nodetE; arsother sequentially (say P) isasfollows,

N (pR?

p=_ N _NpR)
o) A
Let us assume ezh update padket migrates at atime gap of T milli seconds and takes t milli second to do
s0, the medium will be occupied by update traffic [t.P*100/ T] % of the time.
In our case, the bounded region of operation is 1500° 1500 sq. m. and R is300m, Tg st is 10 seconds
and Ty is500msec If time to broadcast one padket of 1024 bytesis 9 msec, then one typicd GLST update
padket containing 6 smaller fragments of 1024 tytes would take 9*6 i.e. 54 msecto read next node in a 100-



node network. For ANL, the padket size is lessthan 1024 tytes even for 100 nodes. So, ANL does not
reguire fragmentation.

Table 2. Overhead Analysis (Theoretical Values)

Number of fan torsr Total Overhead (%)_
nodes [GLST+ANL] (Theoreticd)
60 2msec 9msec 3.69264
80 3msec 18msec 7.83744
100 6msec 54msec 21.8544

The results of both theoreticd overhead analysis (Table 2) and simulation study of overhead (in Figure 2)
show that the impad of overhead due to update padkets is not at all significant for number of nodes 60.
However, with increasing number of nodes, increase in overheal is dgnificant. However, in spite of this
overhead, the performance improvement in our protocol compared to that of AODV is aways sgnificant.
Figure 3 shows that the experimental overhead is consistent with the cdculated overhead. But, with
increasing number of nodes, the deviation of experimental results with caculated results increases due to
more interferencein the medium.

It isto be noted here that the generation of control padetsin our scheme isfixed and daes not depend on
the mobility or number of simultaneous communicaions. So, to summarize, the wntrol overhead in our
schemeis accetable and is comparable, if not better, with other conventional scheme.
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4.3 Evaluating ACR under Static Scenarios
We have used AODV with IEEE 80211 as its MAC as a benchmark to compare and evaluate the
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performance of our proposal. We have evaluated ACR-Singlepath, ACR-Multi path and conventional shortest
path routing: all with ESPAR antenna, and compared the throughput with AODV that uses omni-diredional
antenna. Initially, we have taken number of static snap-shots and olserve the performance as compared to
AODV. The average of our observations are shown in Figure 4 and Figure 5 at (i) different number of
simultaneous communication at a CBR packet arrival rate of 200 padkets per seaond and at (i) CBR padket
arrival rate of 2 padkets/second to 500 padkets/seaond with padket size 512 kytes in a scenario of 6
communicdions.

In Figure 4, when the number of communications is low, route-coupling phenomenon is much less
significant, so shortest path and ACR-Singlepath performanceis the same. However, with increasing number
of communicdion, the performance of shortest path routing degrades faster than that of ACR-Singlepath.
When number of communicaion is 10, the ACR-Singlepath throughput is approximately double than that of
shortest path. When the number of communicdions is low, multipath scheme esily finds a pair of zone-
digoint paths for ead flow and ACR-Multipath outperforms other schemes. However, as the number of
communicdion increases, say 4, then multipath scheme would generate @ght flows, which in turn will creae
more @ntention and congestion. As aresult, ACR-Multi path performancewill degrade @& compared to ACR-
single-path. With increasing number of communication, AODV performance suffers becaise of (i) low
SDMA efficiency due to the use of omni-diredional antenna and (ii) route wupling. Therefore, the
throughput of AODV is consistently low. ACR-Singlepath performance is 3 times (for low number of
communicaion) to 5times (for higher number of communication) more than that of AODV.

With multi ple source destinations communicaing at atime & high data rate, the utilizaion of the medium
can be increased to a large extent using diredional antenna. Along with this, if we seled maximally zone-
digoint paths, this will further reduce the contention among nodes for getting acass to the medium they
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share and can offer better load balancing. The combined effed of these two aspeds will eventually improve
the system performance drasticdly with improved
throughput, as shown in Figure 5.

Figure 6 and Figure 7 shows that performance
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Figure 8: Comparison of Aggregated Throughput
with increasing mobhili ty

of ESPAR antenna is comparable to that of ided
diredional antenna.
4.4 Evaluating ACR under Mobility

With mohility, the performance degradation of
ACR scheme is much less sgnificant as compared
to that of AODV as shown in Figure 8. Since ACR
scheme relies on table-driven, adaptive routing,
intermediate nodes adaptively corred the initial
routing dedsion to take cae of route failures. On
the other hand, as mohility increases, route erors
due to route failures would increase, degrading the



performance of AODV. The only impaad of mobility on ACR is that, with increasing mobili ty, the network
status information at any node tends to be less acarrate and a padket may take longer route to read
destination becaise of adaptive route crredions at the intermediate nodes. Here, single-path routing
performanceis littl e better than multipath performance because the number of simultaneous communications
is6inthis senario.

5. CONCLUSION

Use of diredional antenna in ad hoc wireless network can drasticaly improve system performance, if we
consider the isaue of routing with load balancing along with suitable diredional MAC protocol. Maximally
zone digoint shortest routes will be helpful in this context to reduce route aupling among seleded paths and
thereby improving throughput. In spite of the control overhead incurred due to periodic propagation of GLST
and ANL in the network, the performance is far better than conventiona readive routing with omni-
diredional MAC protocol. Our table-driven adaptive routing with maximally zone-digointness exploits the
advantages of dirediona antenna and improves system performance |In any case, the performance of ACR
scheme is always be better than conventional routing schemes with omni-dirediona antenna, espedally
when the system mohili ty is high and/or number of simultaneous communicationsis high.

It has been observed that performance of ACR-Multipath scheme may be worse than ACR-single-path
performance if the number of communicaions is high. Based on this observation, we ae airrently
investigating the feasibility of priority-based multipath routing where one or two high priority nodes will
route data using ACR-Multi path, whereas other nodes will use ACR-single-path. This may improve the
throughput of high priority flows. Another issue under investigation is sdability. We ae dso investigating
the posshility of adjusting the periodicity of GLST propagation adaptively through the detedion of node
density and system mobility.
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