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Abstract.  The highly dynamic character of a mobile ad-hoc network (MANET)
posessigni cant challengeson network communications and resource manage-
ment. Previous work on routing in MANETs hasresulted in humerous routing

proto cols that aim at satisfying constraints such as minimum hop/distance or
low energy. Existing routing protocols often fail to discover stable routes be-
tween source and sink when route availabilit y is transient, e.g., due to mobile
devicesswitching their network cards into low-power sleepmodeswhenever no
communication is taking place. In this paper, we introduce a stability aware
dynamic source routing protocol (SA-DSR) that is capable of predicting the
stability (i.e., expiration time) of multiple routes. SA-DSR then selects the
route that minimizes hop count while staying available for the expected du-
ration of packet transmission. Comparisons of SA-DSR to the original DSR
(Dynamic SourceRouting) protocol indicate a signi cant (up to 31%) increase
in successfulpacket transmissions with comparable route establishment and
maintenance overheads.
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1 Intro duction

Conventional MANET routing protocolsdo not considerpower asa designconstraint,
instead, they tend to seard for optimal routesin terms of delay. In suc algorithms,
connection between two nodes is established through nodes on the shortest path
routes, which may however result in quick depletion of the battery of the nodesalong
the most heavily usedroutes in the network and evertual network partition and low
connectivity.

Dynamic Power Managemer (DPM) in MANETs hasgainedhugepopularity over
the last decade.Mobile nodes in wireless ad-hoc networks often put their wireless
network cards to sleepwhen they are not transmitting or receiving data. In most
MANETS, wirelesstra ¢ isinfrequent andrecen work [1] showvsthat wirelessnetwork



cardsshould beturned inactivefor 50%or lessof the ertire lifetime to obtain a balance
between optimal power-saving and sustained network connectivity. But sleepmodes
can lead to lossof network connectivity and hencelower the padket delivery ratio.

This paper® focuseson routing in MANETs with transient route availabilities,
i.e., route establishmen takesinto consideration the expiration time and therefore
the stability of a potential route. This approad, called Stability Aware Dynamic
Source Routing (SA-DSR), is basedon the prediction of future sleeptimes of mobile
nodes(i.e., the times when mobile nodes' DPM techniqueswill turn o their network
cards). The goal of this approad is to introduce DPM-awarenessn routing decisions
and thereby to increasethe number of successfupacket transmissions.While SA-DSR
is an extensionto the well-known on-demand Dynamic Source Routing (DSR) [10],
the concept of stability awarenesscan be added to any routing protocol. A variety
of stability predictors can be used, including hints given by applications and/or the
DPM mechanism. In this paper, SA-DSR monitors the packet schaluler queuefor the
network driver and predicts the next down-time of the network card. That is, SA-DSR
consenativ ely predicts that the network card will enter its next sleepmode after all
padkets in the queuehave beentransmitted plus a driver-speci ¢ timeout value.

The remainder of the paper is organized as follows: Section 2 comparesSA-DSR
to previous work. Section 3 discussesthe system model for the proposed routing
protocol. In Section 4, we describe the details of SA-DSR, followed by simulation
results in Section 5. Finally, Section 6 concludesthe paper.

2 Related Work

In [2], Chin et al. presen their experience of implemerting two popular MANET
protocols and report that due to fading and transient network links both of these
protocols fail to o er a stable route over any multi-hop network connection. They
also suggestthe need for using a route stability metric during the route discovery
phaseof MANET routing protocols. This obsenation has given rise to a number of
algorithms that addressenergy managemei and routing in wirelessad-hoc networks.
We broadly classify these algorithms into three categories: Transmit Power Aware
Routing, Residual Energy Aware Routing and Network Sleep Time-Aware Routing.
This section comparesour SA-DSR protocol to theserelated categories.

2.1 Transmit Power Aw are Routing

Such algorithms minimize the transmit power required for packet transmission or
adjust the transmit power of nodeswith varying network trac and remaining node
energy In [3], Toh et al. proposethe conditional max-min battery capacity routing
algorithm which choosesthe route with minimal total transmission power if all nodes
in the route have remaining battery capacities higher than a threshold; otherwise,
routes that consistof nodeswith the lowest remaining battery capacitiesare avoided.
In [4], Tarique et al. integrate two common energy managemen approaces:they use
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a load sharing approad for routing decisionsand a transmit power corntrol approac
for link by link power adjustments. They employ their approadc to enhanceDSR [10].

Sud algorithms in generalselectthe minimum transmit power costroutes. Though
someof them take the node residual energyinto accourt, but mostly nodesalong the
least transmit power cost routes tend to die soon sincethese routes now becomethe
most heavily usedonesinstead of the min-hop ones.This is harmful sincethe nodes
which die early are precisely the onesthat are neededmost to maintain network
connectivity. The SA-DSR protocol does nd the optimal route not only basedon
a metric like min-hop, but also a secondmetric (reliabilit y). It nds multiple stable
routes for a particular pair of sourceand sink nodesand thus maintains the network
connectivity.

2.2 Residual Energy Aw are Routing

Sudh algorithms minimize the residual energyof the nodesand selectthe most residual
energy or least battery cost routes. In [5], Marbukh et al. aim at preserving network
connectivity by choosingroutes accordingto the remaining battery life of nodesalong
the route. They usea power draining factor to accurately predict the residual battery
life time. In [6], Venugopal et al. study various ad-hoc network protocolsin terms of
robustnessand concludethat the robustnessof a routing protocol is restricted by its
remaining energy Further, they presen a Max-Min Energy DSR (MME-DSR) route
selectionalgorithm to selectthe optimal energyroute. In [7], Maleki et al. proposea
lifetime prediction routing protocol for MANETs that maximizesthe network lifetime
by selecting routes that minimize the variance of the residual energiesof the nodes
in the network and include the rate of energy discharge into the cost function to
improve network lifetime. They argue that mobility of nodes can a ect the trac
pattern through the nodesand the recert history is a good indicator of this tra c.

Theseworks assumethat it is better to usea higher transmit-p ower costroute if the
leasttransmit-p ower costroute consistsof nodeswith small amourt of residual energy
Nodes usually do idle listening when there is no signi cant trac. Sud algorithms
never completely turn o the nodesin absenceof trac. SA-DSR realizesa better
approach for power-saving by utilizing a Dynamic Power Managemer (DPM) module
that puts wireless nodes into a sleep mode when the node is not transmitting or
receiving data. It nds stable routes as predicted by a DPM-aware Route Stability
Prediction Algorithm and thus ensuresacceptablenetwork connectivity.

2.3 Network Sleep Time Aw are Routing

In [8], Chia et al. proposethat deviceswhich are not currently active in any data
communication may enter a sleepstate, but can be powered up remotely through a
signal using a simple circuit basedon RF technology. Radio devicesselectdi erent
time-out values (sleep patterns), to enter various sleepstates depending on their bat-
tery status and quality of service.In [9], Singh et al. employ a MAC layer protocol
for PAMAS (Power Aware Multiple Accessprotocol with Signaling) in which nodes
overhearing transmissionsbetweentwo other nodesturn themseheso and wake up
after an interval of time equal to the total transmission time as indicated in the



RTS/CTS messageexchangebetweenthe sender-receier pairs. They deploy metrics
sudh as minimize energy consumel per packet or minimize time to network partition ,
and verify these metrics with their proposedMAC layer protocol.

In our SA-DSR protocol, the sleepand awake scheduleis determined from predic-
tion of link expiration basedon the queue contents of the padket scheduler and the
network interface devicetimeout value. The DPM sdeduleis somewhatconsenative
sinceit ignoresthe possibility of more padkets being addedbeforethe timeout expires.

3 System Mo del

DPM supports energyconsenation by making mobile nodesput their wirelessnetwork
cards to sleepwhen no data communication is taking place. A consequenceof this
technique is that mobile nodeswill be unreachablefor large periods of time. Therefore,
we needto know the accurate network “up' and "down' times (DPM schedule)in order
to introduce DPM awarenessin routing decisions. Currently SA-DSR predicts the
DPM scedule for mobile nodesfrom the queuecontents of the padket scheduler and
the network devicetimeout value. Toward that end, the SA-DSR protocol computes
the minimum time to transmit all packets currently residing in the padket scheduling
queueand addsthe device-sgeci ¢ timeout value,i.e.:texp = N tsend + timeour , Where
n is the number of bytes to be sent, teeng is the minimum time neededto transmit
one byte over the medium, and timeour 1S the amount of time the network card stays
in active mode after the last transmission.

We de ne the route uptime factor (RUF) as a metric which indicates the next
earliest time when the link betweenany pair of adjacert nodeson a route is going to
be interrupted due to one (or both) of the nodesbeing put to sleep.Now we derive
RUF asfollows:

If we assumenodesasverticesand the links betweenthe nodesasedgesconnecting
them, then let G(V,E) be the graph represerting the network topology whereV is
the set of vertices and E is the set of edges.Let

Rij = (Vi;Visr;Vis2; i Ve Ve iV 1Y) 1)

be the route from source node V; to V; through intermediate nodes Vi ,Vi+1 , etc.
Let j bethe setof all possiblealive routes betweenV; and V;. The DPM sleeping
schedule S; for the route R is de ned as

Si = (Gt Mt Ot Tt Oy T (2
where t;°'f is the next earliest time to sleepfor node V;.We de ne the link uptime
vector or Lj for the route R;; as

Lij - (ti uptime “tiso uptime “tiso uptime St uptime ti a1 uptime :
s tj luptime ) (3)

where t;“?'me js the uptime of the link E;j+1; connectingnodesV; and Vi.; and is
de ned by min(t;° ; ;.1 °"), sinceuptime of a link is determined by how long the



link will be alive before breaking down due to one of its end nodes going to sleep
and thus essetially is expressedby the minimum of the DPM sleepingsdedule of
the end nodes. The route uptime factor RUFj; for route R; can be expressedas the
minimum of the link uptime vector L along the route sinceit will indicate how long
the route will be alive before breaking down due to the break in any of its constituent
links:

RUFj = min (""" ;2 Vi ;"™ 2 L) (4)

Therefore, we can summarizethe problem as obtained in Problem 1.

Problem 1 Giventhe next earliesttime to sleept;° f for eadr node V; 2 V in the
graph G(V,E), accunulate the setof all possibleroutes ;; betweennodesV; and V,
with the corresponding route uptime factors RUF; for eady Rj 2 j and nd the
min-hop route R; from the set of all stable routes j . If there are more than one
routes with the samemin-hop length, then the one with the maximum route uptime
factor value is selected.

4 Stabilit y Aw are Dynamic Source Routing

There are two key di erences between SA-DSR and standard DSR. Firstly, SA-DSR
introducesDPM Awarenessin routing decisions at intermediate nodes.The discovered
routes are always stable sincethe routing module employs a Route Stability Prediction
(RSP) Algorithm (Algorithm 1) and proactively discards the forwarding of RREQ
packets for predicted unstable routes, on the basis of the Link Uptime Vector L j;
contained in the RREQ padket. L is dynamically formed by intermediate nodes
during the route discovery phase.Secondly unlike DSR, SA-DSR nds multiple stable
routesto the target node by allowing the intermediate nodesto rebroadcastmultiple
RREQ packets with the same< sourceaddress,requestid> pair containing distinct
sourceroutes. Although having more route discovery can cortribute to an increase
in the total network tra c, this increasein trac is expectedto be compensatedby
proactively avoiding the forwarding of RREQ padkets for predicted unstable routes
by intermediate nodes.

SA-DSR consistsof three stepswhich will be described in the remainder of this
section; (1) Route discovery phase, (2) Route reply phase,and (3) Route selection
phasein the sourcenode.

4.1 Route discovery phase

When a sourcenode needsto senda data padket to a target node, it rst seardesits
routing table for any entry using the target node addressasthe key. An ertry in the
routing cade cortains a list of stable routes to the target node. If a routing cace
entry is found, then the sourcenode picks a route basedon the Route Seletion (RS)
Algorithm (Algorithm 3). If no entry is found for the target node, then the source
node initiates a route discovery for the target.

SA-DSR adds v e new entry typesto the RREQ padket format of standard DSR.



Link Uptime Vector (t;'Pime ;i 2 (1;:::;N 1)) for the route,
DPM SleepingSdiedule for the last upstream node (typstr m "),
Timestamp at sourcenode (Tstamp > ©),

Timestamp at last upstream node (Tsamp "**" ™) and,

Per Hop TransmissionTime (T ans P "°P).

Lot Nt Wt W Wans )

SA-DSR allows intermediate nodesto forward multiple RREQ packets with the
same< sourceaddress,requestid> pair if the padkets contain distinct sourceroutes.
During the RREQ lookup at intermediate nodes,the 4-tuple < sourceaddress,request
id, last upstream node address,partial route length> is chedkedwith ead ertry in the
recently seenrequestslist for possible match. If no match is found, then the RREQ
contains a distinct sourceroute and is eligible to be forwarded if the cortained source
route is predicted to be stable.

Route Stability Prediction (RSP) Algorithm: SA-DSR predicts the route stability
using a link by link stability prediction. Each intermediate node executesthe RSP
algorithm for eat received RREQ and predicts the stability of the link betweenitself
and the last upstream node. All previous links in the sourceroute are assumedto be
stable, otherwise the previous upstream nodeswould not have forwarded the RREQ
padket. Thus the stability of the current link ensuresthe stability of the ertire source
route. For eat received RREQ, the RSP algorithm in the K + 1-th intermediate
node Vk +1 calculates the uptime of the link between itself and the last upstream
node recordedin the RREQ and appendsit to the Link Uptime Vector in the RREQ.
It alsocalculatesa running averageof the per hop transmissiontime from the source
node to itself Ty ans P "°P, which takesinto accourt varying per hop latency in case
of the mobile nodes having various types of wirelessinterface devices(i.e., 802.11or
Bluetooth). If the uptime is lessthan Teamp ¢+ (3 K Ty ans ™ "P), then the link
will not be stable for the ertire period of 3-way exchangesof the RREQ, the following
RREP and then the data packet. Hencethe intermediate node discards the RREQ.
The detailed RSP algorithm is described in Algorithm 1.

If the partial sourceroute R ¢k +1 iS predicted stable, then the intermediate node
Vk +1 rebroadcaststhe augmerted RREQ which hasthe following elds as modi ed:

{ The route record list appendedby its own address.

{ The Link UptimeVector augmerted by the uptime of the link (Exx +1)

{ Its own next earliest time to sleep as the DPM Sleeping Schedule of the last
upstream node.

{ The calculated running averagePer Hop TransmissionTime from the sourcenode
to itself asthe Per Hop TransmissionTime.

{ Its current time asthe new TimeStamp at the last upstream node.

The intermediate node Vi +; storesthe <source address,requestid, last upstream
node address,partial route length> 4-tuple in its recertly seenrequestslist.
4.2 Route reply phase

When the RREQ reachesthe target node, it executesthe RSP algorithm in the same
way asthe intermediate nodes.If the sourceroute is predicted to be stable, the target



Algorithm 1. Route Stabilit y Prediction (RSP) Algorithm
at the local intermediate node Vk +1
Input: received RREQ packet from last upstream node,
next earliest time to sleeptk +1 °*f for itself.
Output:  boolean true is route predicted alive, or false
boolean alive:= true;
/*Compute Uptime tx "™ of the link Exk +1 */
tk @ ' := packet.getSleepingStieduleUpstreamNode();
tx uptime = min(tK 1 of f Tt of f );
[*Compute Trans Time from Last Upstream Node to itself*/
Tsamp """ ™:= packet.getTimeStampA tUpstreamNo de();
Tu ans P& P := packet.getPerHopTransTime();
Tir ans “P*" ™:= Current System Time - Tsamp "' ™;
9 /*Compute Per Hop Trans Time from Source Node to itself*/
10K := packet.getNumLinkUptimeV ector();
11 Ty ans P hop .= (K T ans per hop )+ Tir ans upstr m )(K+1);
12 /*Predict if the route will be stable*/
13 Tstamp ¥ ©:= packet.getTimestampA tSourceNode();
14 Ty anst ot ™ &= Tstamp STe 4 (3 K Tuans per hop );
15if (Ttr ansT ot e > tK uptime )
16 alive:= false;
17 return alive;

node sendsan RREP padket badk to the sourcealong the reversepath recordedin
the RREQ. SA-DSR addsthree new entry typesto the standard DSR RREP packet
format:

O~NOOTDA WNPE

1. Link Uptime Vector: The L; for the ertire sourceroute.

2. Earliest Down Time: Tgown' °"® The minimum of all the Link Uptime Vector
elemers.

3. Estimated Transmission Time: Ty ansT ot ©, as calculated in the route stability
prediction phase.

The RSP algorithm during the route discovery phasedid not take into accourt
the length of the ertire sourceroute to the target node and hencemade a prediction
basedon the stability of the partial route from the sourcenode to itself. This might
lead to some false predictions and henceneedsto be corrected at the intermediate
nodes during forwarding of the RREP packet. The intermediate nodes execute the
Modi e d Route Stability Prediction (MRSP) Algorithm (Algorithm 2). Supposethere
are total L links recorded in the sourceroute of the RREQ and it arrives at the
K -th intermediate node Vk (counting from the sourcenode). Vx computesthe time
Tk ™" € at which the data padket will arrive at the target node after a two-way travel
of total (L + K 1) number of links, sincethe RREP travelsanother K 1 links to
arrive at the sourcenode and the data padket travelsL links to arrive at the target
node. If this Tx ™" © is lessthan Tgown"°"*® of the route, then Vi discardsthe RREP.

4.3 Route selection phase at the source node

A successfullyreceived RREP in SA-DSR always ensuresthat the route is predicted
to be stable for the estimated data transmission period (becauseof the consena-



Algorithm 2. Mo died Route Stabilit y
Prediction (MRSP) Algorithm

Input: received RREP packet from last upstream node.
Output:  boolean true is route predicted alive, or false

L:= packet.getNumLinkUptimeV ector();

K:= packet.retNodeNum(lo calAddr);
/*Giv en the addressof the current node, the above function
returns its node number in the sourceroute*/
Tir ansT o > ;= packet.getTransTime();
Ttr ansP er H op:= Ttr ansT ot s C/ I—;
Tk ™" ©:= current System Time + (L + K 1)*Ty ansp ertiop;
Tdown 'O := packet.getEarliestDownTime();
|f (TK mor e <= Tdown r oute )
10 return true;
1lelse
12 return false;

oO~NO U WNE
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tiv e stability prediction usedin our approach). A sourcenode on having a successful
RREP padket badk, cadesthe learned route, the RUF for the route and estimated
transmissiontime along the route in its routing table (the last two items are obtained

from the Earliest Down Time and Estimated Transmission Time elds of the RREP

respectively). The routes are stored in increasingorder of their length in the routing

table. When the sourcenode sendsa data packet, it exhaustively seardesits routing

table accordingto the Route Seletion (RS) Algorithm, (Algorithm 3). The RS algo-
rithm selectsthe min-hop stable route (the rst entry in the routing table) for the

target node. If there are more than oneertry with the samemin-hop length, then the

route with the maximum value of RUF is chosen,sinceit has the highest predicted

lifetime.

5 Exp erimental Results

In order to evaluate the performanceof SA-DSR, we performed simulations to study
large and complex network topologies. We chosethe JiST/SW ANS simulation envi-
ronmert. JiST#, Java in Simulation Time, is a discrete evert simulator designedto
run over a standard Java virtual machine. SWANS, a ScalableWireless Ad hoc Net-
work Simulator, is built on top of the JiST platform to provide the tools neededto
construct a wirelessmobile ad hoc network.

5.1 Simulation Setup

{ The simulation driver givesus onesink node and a variable number of transmitting
sourcenodes. SA-DSR will be implemented in a distributed event-based publish
subscribe systemwhere there will be only one evernt broker to match and deliver
the events to the corresponding customers.The reasonto useonly one sink node
is that the customersshould be able to nd stable routes to the single broker
node.

4 http:/jist.ece.cornell.edu/



Algorithm  3: Route Selection (RS) Algorithm
Input: routing table and the target node address
Output: the min-hop route from the set of stable routes.
[*initialize pointer to the rst entry of routing table*/
rt _ptr:= routingT able.returnEn try(targetAddr);
min _hop:= MAX _HOPCOUNT;
route:= rt _ptr- > entry;
[*extract the min_hop stable route from the set of stable routes and
if more than one entries with samelength then extract the max-RUF one*/
while (rt _ptr) f
if (rt _ptr- > entry .hopCount == min_hop)f
9 minRUFvalue:= min(route.R UFvalue , rt _ptr- > entry .RUFvalue);
10 if (minRUFvalue == rt _ptr- > entry .RUFvalue)
11 route:= rt _ptr- > entry;
12 ¢
13 if (rt _ptr- > entry .hopCount < min _hop)f
14 min _hop:= entry .hopCount;
15 route:= rt _ptr- > entry;
16 ¢
17 rt_ptr:i= rt_ptr- > next;
189
19 currentR UFvalue:= route.RUFvalue;
20 totalT ransTime:= current System Time + route.TransTime;
21if (totalT ransTime < currentR UFvalue)
22 return route;
23 else
24 return NULL;

{ The simulated network areais 2500mX2500mwith 100 sourcenodes. Each trans-
mitting source node has a bandwidth of 1 Mb/s and attempts to transmit one
data padket of length 40 bits to the sink node.

{ The simulation driver simulates a random interval repeatedly for ead transmit-
ting node. Each node stays awake for the input awake percertage of the simulated
random interval and noti es the routing module about its next earliest time to
sleepead time when it awakes.

{ Each simulation wasrun for 5 trials, with a full range of awake percertagesfrom
0% to 100% with an interval of 10%. Each trial was run for 500 seconds.Each
transmitting sourcenode attempts to sendone data padket to the sink node.

{ Nodesintermittently turn o their network cards for power-saving in absenceof
signi cant communication, which leadsto link failures and low network connectiv-
ity. SA-DSR doesnot considermobility asthe causeof link breakage. The nodes
usedin the simulation are therefore stationary.

5.2 Results

We evaluate and compare the performance of SA-DSR to that of standard DSR in
terms of v e metrics as follows:



(a) Route Discovery SuccessRate (b) Padket Delivery Rate

(c) Average number of routes per (d) Averagehop count
source nodes

Fig. 1. simulation results for SA-DSR

In Figure 1(a), we measurethe route dismvery suaessrate for both of the proto-
cols.We de ne route discovery successate asthe ratio of number of successfukource
nodes getting RREP padkets badk to the number of source nodes sendinga RREQ
padket. This graph gives an impressive performance improvemen of SA-DSR over
standard DSR (up to 60%). It is expected becauseSA-DSR usesboth the min-hop
and stability metrics in route discovery and nds more routes than standard DSR,
which newver takesinto account the link down times of nodesalong the sourceroute.
At awake percertage of 100%, DSR should have the sameroute discovery success
rate, the slight di erence betweenthe DSR and SA-DSR performanceis due to the
di erence in network connectivity during various simulation trials.

In Figure 1(b), we measurethe packet delivery rate of both protocols. We de ne
padket delivery rate asthe ratio of number of data padkets received at the sink node
to the number of data packets transmitted by sourcenodes having a route in their
routing table after a successfulroute discovery. In all of the casesSA-DSR provides
better padket delivery rate than DSR (up to 31%). Even with lower awake percertage
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such as 10% SA-DSR gives 20% better padket delivery ratio than standard DSR.
Three noticeable patterns are revealedin this gure:

1. Figure 1(b) shows that for lower awake percertages standard DSR has nearly
40% of packet delivery rate, but Figure 1(a) shows that it has only 25% of route
discovery successate. Although thesetwo measuremeits seemto contradict eat
other, this anomaly can be explained as follows. When an intermediate nodeson
a particular sourceroute forwards a RREP badk in standard DSR, it updatesits
own routing table with the partial route from itself to the target node. Thus the
intermediate nodesoften get a route to the target node without having to initiate
any route discovery. Sincein our simulation scenariothere is only one sink node,
such occurancesare naturally expected. But sincesuc nodesdo not initiate any
route discovery themselwes,they are not consideredin the route discovery success
rate. But they can successfullysenddata padkets to the target node, thus leading
to some caseswhere padket delivery rate is higher than route discovery success
rate. But SA-DSR still o ers better performance than DSR instead of in ated
padket delivery rate of the latter protocol.

2. Figure 1(b) shavsthat SA-DSR o ers nearly 65% padket delivery rate, but Figure
1(a) shows that it o ers nearly 85% of route discovery successrate. This drop
occurs becausethe MRSP algorithm is not implemented at the RREP phaseand
stability predictions during the RREQ phasedo not consider the length of the
route, leading to somefalseroute stability predictions. With MRSP implemented
at the RREP phase, SA-DSR performancein Figure 1(b) should be like that in
Figure 1(a).

In Figure 1(c), the average numkber of routes per node has beendepicted. It shows
how SA-DSR nds more routes per node (almost more than 3 times in somecases)
with increasing awake percertage.

In Figure 1(d), the average hop count has been measuredfor both protocols. It
shows quite expectedly that the hop count for SA-DSR is much higher than standard
DSR sincethe former nds multiple possiblealive routes instead of only the min-hop
oneasin the caseof standard DSR.

6 Conclusion and Future Work

In this paper, we intro duce Stability Aware DSR (SA-DSR), which intro ducesDPM
awarenessinto the routing decisionsand nds multiple stable routes to the target
node. We compareit to standard DSR, which does not consider power-saving but
optimizes routing for shortest delay. We show that SA-DSR provides a signi cant
increasein successfulpadket transmissionswith comparableroute establishmert and
maintenance overheads.

Future work will considerthe following cases:

{ Prohabilistic Stability: We understand that there might be somespeci ¢ scenarios
in which the RSP algorithm in an intermediate node nds all routes to the sink
node to be unstable and hence discards all corresponding RREQs, so that the

11



source node does hot get any stable path to the sink node in responseto its
route request. But in caseof non-time-critical applications even a lessaggressie
approad could be acceptable,i.e., an intermediate node measuresa probabilistic
stability of the routes and forwards all the RREQs which givesstability guarantees
above the desiredlevel. The desiredlevel could be input by the users.

Multi Constraint Routing: SA-DSR nds multiple stable routes for a particu-
lar target node and picks the min-hop one from the set of stable routes. While
SA-DSR combines the two metrics stability and hop court, our future work will
study how the combination of multiple metrics such as real-time deadline-avare
or residual-energyaware routing with stability aware routing in uences the per-
formance of the protocol, i.e. we plan to make the protocol a multi-constraint
one.
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