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I. INTRODUCTION inter-flow competition. Second, the best path is not necigsa

This paper presents the fundaments of a new sourdeded; rather any one or more paths satisfying the QoS
based path selection strategy for Multi-Hop Wireless Nekso "€quirements of a traffic flow could equally be used. Finally,
(MHWNSs) applying a Multiple Attribute Decision Making & 9iven path may satisfy the QoS requirements of a given
(MADM) algorithm. The purpose of this on-going work isapphcatlon,. but not of all the appllcatlops running on g@.od
to investigate new methods for improving the overall pefath selection should therefore be applied on a per-afipiica
formance of such networks by exploiting paths traditionall®asis rather than on a per-node basis. Habib et al. [2] show
disregarded by routing protocols. The main idea is to avoifjat source-based QoS path selection mechanisms provide a
unnecessary competition between packets generated by agpgnificant enhancement for all classes of traffic.
cations having different Quality of Service (Qo0S) requiesns

and between successive packets belonging to the same flow. ] _ )
The approach followed in this work is to let a node select

[I. BACKGROUND AND MOTIVATION not necessarily the best path to a destination, but any one or

In a MHWN, due to the nature of the wireless mediuninore paths that satisfy the QoS requirements of the differen
multiple paths with various characteristics, for instarine application flows sourced at this node, and possibly disteib
terms of bandwith, exist between a source and destination pthe load over multiple paths.

This offers a palette of choices when it comes to selectingThe different components of the proposed routing layer
a path to route traffic on. When nodes are equipped wi@ichitecture are shown in Figure 1. The core element of this
multiple, possibly heterogeneous, radio interfaces, higtte architecture is th@ath selectorwhich executes a centralized

is further extended. algorithm to determine the entire path to route a flow to its

Traditional routing protocols, e.g AODV, are based on leagiestination and populates tfierwarding tableaccordingly. It
cost routing and often disregard alternative paths as se@n dakes as inputs the QoS requirements for the flow, specified
better one is found. The best path is selected and all thiictraby the traffic classifieras a weighted list of supported QoS
flows between the peers follow this single path and therefdp@rameters, and the global view of the network built by the
compete for the same network resources, for instance charpath discovery modul&helink quality monitoris responsible
time when a contention-based MAC layer protocol is usetpr continuously sampling the link quality to each of the ene
Even worse, all the nodes in a given area tend to share sighiep neighbours. The path quality is then given by the quality
icant parts of the same path or interfering paths, and hengéjts links.
compete for the same resources. Moreover, all the apglitati The idea of exploiting multiple paths for improving the
flows are routed through the same path, although they mefficiency of resource utilization or to meet QoS requiretaen
have different QoS requirements, in terms of delay, thrpugh is not new. See for instance [3], and the references thefin,
etc. An appropriate routing method should consider patlamasan overview of multi-path routing applied to wireless adho
actual network resources that should be managed and dtilizgtworks. What is new in the approach proposed here is to
to improve the system efficiency [1]. not necessarily greedily use the best path.

The work presented in this paper is motivated by the Taking into account the QoS requirements of the applica-
following observations. First, when several paths arelalpkd, tions when flows are routed has also been proposed earlier [4]

using one or more alternative paths may reduce intra- ahi@wever, it must be stressed that, with our approach, QoS
requirements are not used in the path discovery process,

““Centre for Quantifiable Quality of Service in Communicati®ys- contrary to what is done for instance in Ticket Based Probing
tems, Centre of Excellence” appointed by The Research @oohd\or- TBP) [5 h | h hich . h ired S
way, funded by the Research Council, NTNU, UNINETT and Teten ( ) [ ]’ where only paths whic SaUSfyt e required Qo

http:/Aww.g2s.ntnu.no level are discovered by the source. It is also emphasizdd tha
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V. DESIGN CHALLENGES
Our path selection strategy raises a number of design chal-

e Q08 parametos Path selector lenges that are critical for its correct and efficient opierat
| Traffic -------= > | . . .
. | classifier ?ﬁfs;?cjfiﬁoﬁs’cqe’s)? Spﬁzzgerj; First, in the case of MHWNs connected to the Internet,
Routing Layer P : L downlink traffic may not benefit from our strategy which
ik ity 'Path discovery | Forwarding | scope is limited to the wireless part, and since the gateway
monitor protocol table has no means to differentiate the traffic. A second challenge
is the development of a path correlation algorithm. Didjoin
Interfaces  [IEEE802.11a]  [IEEE802.11b] | hs all ffectively take ad f multiole pathg
paths allow to effectively take advantage of multiple pal
Fig. 1. Proposed routing layer architecture combinations of slightly correlated path may also be releva

Finally, in [8], there is a one to one mapping between flows
and paths. To be able to spread a single flow on more than
apart from previous proposals, neither is the issue of pathe paths, the algorithm needs to be extended.
selection subject to QoS constraints a goal in itself but amee
to identify the candidate paths for traffic flows with given®)o

requirements, nor the proposed approach aims at providingl his paper presents t_he 09'[””95 _Of a new source-base
QoS guarantees. QoS routing protocol which aims at improving the overall

performance of MHWNs by taking advantage of the multiple
paths that may exist between source and destination paiis. T
The link quality is periodically evaluated with respect tas achieved first by taking into account application prefiess
two parameters: the packet loss rate which is estimatedyusand path characteristics in the routing decision, and,rekday
the Expected Transmission Count (ETX) [6] and the availabtistributing application flows on possibly more than onehpat
bandwidth which is measured by packet pairs [7]. The ETX dfhe evaluation by simulation of the presented approachmunde
a path is the sum of ETXs of its composing links, its availablgifferent conditions of load and number of nodes is work in
bandwidth the available bandwidth of its bottleneck link.  progress. Future work includes comparing this approadh avit
As path discovery protocolwe envision to use a modified purely decentralized approach that also tries to take ddgan
version of the on-demand source routing protocol DSR suelithe existence of alternative paths. One such approatteis t
that, on one hand, it allows a source to discover more than awarm-intelligence based Cross-Entropy Ant System (CEAS)
path and, on the other hand, the record of a path returnedathich applies stochastic routing to distribute the loadrove
the source not only contains the information about the nodesultiple paths proportionally to their measured end-td-en
but also about the interfaces used on each node and theyquajitality. See [11] for a popular introduction to CEAS.
parameters of each of the traversed links as estimated by the
intermediate nodes. The source is in the end responsible for
synthesizing the quality parameters for the entire path. [1] F. Fitzek and M. Katz, EdsCooperation in Wireless Networks: Prin-
The path selectoris based on the module presented in [8], gg'r?rfg;”dzoggp"ca“ons ~ Real Egoistic Behavior is to Coafi
where a mechanism allowing a multi-homed node to distribut@] A’ Habib and J. Chuang, “Improving application QoS witsidential
its load over its interfaces is defined. This module is generi  multihoming.” Computer Networks2007. o .
and can be extended to support different network architestu 3] o ﬂ%i”ilréniéfksrfsizgésa;: d%hglrl’é’rfgg;'rt_'pmhcgo%gg’ ICo:\.Aggg%.
and load distribution strategies. It is adapted here to @T#a [4] B. Zhang and H. Mouftah, “QoS Routing for Wireless Ad HoetN
resource utilization and QoS in MHWNSs. It is composed of  works: Problems, Algorithms, and Protocol$EEE Commun. Mag.
two Sgb'mOdmeS: a_score calculatorand aload sprgade,r [5] éOIP:?k|r?spI511§gI%j}ng—§?)?/2r and S. Das, “Ad hoc On-DethBRistance
see Figure 1. In a first step, theeore calculatorapplies an Vector (AODV) routing,” RFC 3561, 2003.
MADM[9] algorithm to format the input information about [6] D. S. J. D. Couto, D. Aguayo, J. Bicket, and R. Morris, "Aght
avallable paihs parameters and applicaion QoS parametef U FI AU K T e g, IEREO,
into a normalized decision matrix and compute scores which™ 1991,
represent the preferences of applications for paths. Ic@nse [8] A. Ben Nacef and N. Montavont, "A generic end-host medsianfor
step, thdoad spreadessolves the bi-objective task assignment[g] E. Stevens-Navarro and V. Wong, “Comparison betweetioaandoff
decision algorithms for heterogeneous wireless networkighicular
flow is affected to one of the suitable paths, which is prdflsra nce, VTC 2 _ 6.
not correlated with a path currently affected to another fiow [ Sénﬁzsgﬁgin"?y F;ﬂg'g;"r')gi'i‘t')'/ "C'\é'rflstt';gir:ffsgf]nislss'gpgggﬁg?foenng gggeg‘['ch
been assigned to it does not satisfy its requirements, ifiet [11] P. E. Heegaard, B. E. Helvik, and O. J. Wittn@ihe Cross Entropy
the path selector This dissatisfaction notification triggers a  Ant System for Network Path Managemeser. Telektronikk, 2008, vol.
the flows. A parameter (cost) is used to control the stability
of the existing assignments.

VI. CONCLUSION AND FUTURE WORK
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