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Abstract— Efficient channel selection is essential in 802.11 A D E ¥

mesh deployments, for minimizing contention and interferace
among co-channel devices and thereby supporting a pluralt of
QoS-sensitive applications. In this paper, we propose ARAEGNE,
a routing-aware channel selection protocol for wireless mh
networks. ARACHNE is distributed in nature, and motivated by DE, due to potentially low SINR or high contention levels
our measurements on a wireless testbed. The main novelty ofio .~ "' . '
protocol comes from adopting a metric that captures the ende- 1S avo!ded to the extgnt_ possible. Note her_e. that the freguen
end link loads across different routes in the network. ARACHNE ~ Selection outcome will likely affect the decision of loadae
prioritizes the assignment of low-interference channelsd links routing protocols, such as RM-AODV (Radio Metric Ad Hoc
that (a) need to serve high-load aggregate traffic and/or (b) On-Demand Distance Vector Routing) [9]. Hence, both the
already suffer significant levels of contention and interfeence. frequency selection and load-aware routing functioresitire

Our protocol takes into account the number of potential intefaces . ter-d dent and tb dered i ; i
(radios) per device, and allocates these interfaces in a maar 'M€-d€pendent and must be considered in conjunction.

that efficiently utilizes the available channel capacity. V& evalu-  In this paper, we propose ARACHNE, a load and routing
ate ARACHNE through extensive, trace-driven simulations.We aware channel selection protocol for wireless mesh netsvork

observe that our protocol improves the total network throuchput, ARACHNE performs end-to-end channel selection along a
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Fig. 1: Load-aware channel selection.

as compared to three other channel allocation strategies. route, by adopting a variation of a load characterizatiotrime
[3]. Given that the load-aware routing choices are affected
|. INTRODUCTION by the frequency selection policy, ARACHNE combines fre-

Wireless mesh networking has been touted as the new t Feney selection and route selection under th_e same uq|f|ed
framework. To the best of our knowledge, this is the first

nology that can support ub|_qU|t0us _end to-end Conneva'work that presents a frequency selection protocol acrotieen
In wireless mesh networks, information has to be routed via . . .
. . : .~ _routes, involving both the access and the backhaul levels in
multiple wireless hops before it can reach the destination . . . . ; .
- . . : conjunction with the load-aware routing of information be-
[1], [2]. A critical requirement for the efficient routing of .
: ; Y . . ~.tween end-hosts. We evaluate ARACHNE through trace-driven
packets is the identification and use of interference-&nhit

wireless links. Therefore, intermediate mesh hops alongz'é{]matlons’ using the OPNET [10] simulation platform. We

. . . erve that ARACHNE outperforms other channel allocation
route need to operate in frequencies, where contention an : .
: . . S mechanisms for mesh networks in terms of overall network
interference are as low as possible, especially in higlelyse

mesh deployments. We ask the questidow can we allocate throughput, average delay and dropped data.

o I . o The rest of this paper is structured as follows. In section Il
frequencies in a network, in order to meximize the total we present our preliminary experiments, which motivate the
network throughput, in a distributed manner? b P y exp '

oy . esign of ARACHNE. In section Ill, we present the design
In order to efficiently allocate the set of available chasmegf ARACHNE for both the access and the backhaul levels.

to nodes, the load at each individual link needs to be ta ; . ) .
. e evaluate our protocol through simulations, in section 1V
into account. Here, the load at the mesh access and bac;ﬁ%’én section V concludes this paper

levels could be represented in various ways [3], [4], po&dgt Y Paper.
involving the number of neighbor transmitters, the traffic
demand, the amount of traffic flowing through each node, etc.!!- M OTIVATING OUR CHANNEL ALLOCATION PoLICY

as we discuss later. Previous studies on frequency salectioln this section, we describe a set of preliminary exper-
however, do not consider thend-to-end load distribution iments on our wireless testbed, which motivate the design
across entire routes; they consider the sub-problems loéreitof ARACHNE. We first provide a description of our testbed
the access level, between clients and access points (ARs)dktform, and subsequently we discuss our experiments and
[5], or the backbone portion of the network [6], [7], [8]their interpretations. We also discuss relevant previoaskw

We argue that frequency selection algorithms should pizeri Experimental set-up: Our wireless testbed deployment (Fig.
the assignment of low-interference channels at highlgldolh 2) consists of 9 nodes that are based on the ORBIT hardware
mesh links, both at the access and the backhaul levels.cAsfiguration, and run a Debian Linux distribution with kekrn

a simple example, consider the connectivity graph of Fig.\i2.6 over NFS. Each node is equipped with 1 GHz CPU, 512
where nodesd, B and C' generate equal amounts of traffidMbytes of memory, and a WN-CM9 wireless card, which car-
towards nodeFE, while the same channel is initially usedies the AR5212 Atheros chipset. We set the cards to 802.11g
by all links. In this scenario, theDE link facilitates the mode and we use channels 1, 6 and 11. For the purposes
aggregated traffic, destined to nodie Thus, DE should be of these preliminary experiments we consider fixed routes
assigned a frequency such that the aggregate traffic towdrelsveen source and destination. We inject UDP traffic with

E is efficiently forwarded, i.e., the bottleneck situationtlwi various constant bit rates (CBR) and with packet size equal t



clients, while it is difficult to implement efficiently with
off-the-shelf hardware. In [8] the authors study the joint
channel allocation and routing problem, assuming thafi¢raf
demands and network topology are known. They propose a
centralized algorithm that maximizes the aggregate thipug
Raniwala et al. [7] propose a tree-based mesh architecture,
Hyacinth, where the local channel load information excleang
Fig. 2: The testbed deploy- ) _ facilitates the channel selection. Hyacinth tries to adslrihe
ment in the 4th (left) and the ~ Fig. 3: Policy A2 outper- joint problem of channel assignment and routing in wireless
sth (right) floor of our build- Lc;rrﬁslop;cgg:y AL, especially at \,ooh networks. The latter two approaches, [8], [7], however
Ing. g ' assume the availability of a global network view. Our proioc
_ _ . differentiates from these approaches by providing efficien
1500 bytes. For each end-to-end traffic session we seteliffelyj_to.end channel selection in a distributed manner &cce
application data rates; we utilize thperf.measurement tooll. level and mesh backhaul). In ARACHNE there is no need
Channel-load measurements:We provide a representativeyt synchronized channel access. Moreover our protocol does
experiment in what follows. Consider the following two simU ot employ any tree-based architecture, which in some cases
taneously active routes (see Fig. @) 16-15-20-19,and c4nnot represent the actual network topology and its dycgami
(b) 13-15-20—14. These routes have one link in COMMOTkjna|ly, our work is fully compliant with 802.11s wireless
15-20, while all links are of similar quality in terms ofash™ networks and it can be implemented on top of the
achievable throughput in isolation. We apply two differe@(isting IEEE 802.11 standards.
channel selection policies; for both policies we make sure
that connectivity is maintained between the end-hoists,
two consecutive relays use the same channel on one of their I1l. OUR CHANNEL SELECTION PROTOCOL
interfaces. We first consider the channel policyi1, which In this section, we present ARACHNE, our load and routing
assigns channels according to the interference expedermgare channel selection protocol. The design of ARACHNE
(allocates the channel with the minimum aggregate interfefrakes the following assumptions: a) Nodes of the mesh
ence, observed through RSSI measurements). Subsequentlyaekhaul are equipped with at least 3 radios (2 for the mesh
assign channels to nodes, additionally taking into accthumt backhaul communication and 1 for the access level), one of
link loads, in terms of both link quality and aggregate traffivhich is set to a pre-arranged channsgl, which is the same
service; we call this policy42. In other words, we manuallyfor all nodes in the network, b) A client associates to the
prioritize the channel selection on the link -+20; the rest AP with the strongest signal (RSSI) among all neighbor APs
of the links choose their channels as previougfiven the (802.11-based association procedure), ¢) The set of cleanne
selection on link 15—20. For both approaches, we measure thged at the access level (AP-client interfaces), is diffefiem
total end-to-end throughput for the two routes. Fig. 3 dispithe channel-set used at the mesh backhaul. For simplicity in
these measurements for different source data rates. Wiest,this paper, the AP-client interfaces operate in the 2.4 Gimzlb
observe that the total end-to-end throughput is alwaysérigthe 5 GHz band is used exclusively for the interfaces in the
with A2. Second, we see that the throughput improvemenésh backhaul, and d) We assume that traffic is exchanged
with A2 is much higher than withd1l, when the data ratesamong end hosts belonging to the same mesh network, i.e.,
of the routes are of similar magnitude. This is becadse traffic is not crossing different networks.
assigns a “better” channel to the 320 link, which has to  The metric that is used in ARACHNE is callegrtime
serve more traffic than the other links. Withl, however, metric and it is an approximation of the per packet latency (as
this acts as a bottleneck to the performance of the individgdown in [11] and in our extended analysis [12]). The airtime
routes: this bottleneck situation cannot be captured bylsimmetric was first discussed in the 802.11s [9] standard, fer th
measuring the interference at each channel. On the other hparposes of load-aware routing (RM-AODV routing protocol)
when one of the routes, (say (a)) has significantly lowefitrafThis metric reflects the load on a wireless router (AP) in
demands, the aggregate traffic that traverses link 28 comes terms of the average delay a transmission of a unit size packe
mainly from the route (b) over a period of time; in such experiences. RM-AODV which is the default routing protocol
case,Al works quite well, too. This observation constituteis 802.11s-based wireless mesh networks, employs thenairti
a key element for the design of ARACHNE, in terms ahetric in order to provide end-to-end paths with the minimum
selecting channels and allocating the available intesface total airtime cost. We adopt this metric in ARACHNE for the
specific routes, as we explain in section Ill. In what follpwpurposes of our proposed channel selection functionality.
we present the metric that our protocol uses during channeformally, the airtime metric of statiofj that is associated
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assignment. with AP ¢ which communicates using channglis given as:
Previous studies: Kauffmann et al. in [4] propose a dis-
. . . O ) B 1
tributed frequency selection algorithm that minimizes the Cl o= |Oca +Op + — ) (1)
global interference in the network. However, their aldunit “e Ry 1 —epy

considers WLANSs only. Similarly, Rozner et al. in [5] progos, . (1), O. is the channel access overhe&, is the protocol

a channel assignment scheme for WLANS, taking into ac- : o
count traffic demands. The MaxChop mechanism [6] provigé\éerhead andB, is the number of bits in the test frate

high Ievels_ of fa'_mess_ among user§ U$|ng channel hoppmg’l’he transmission of test frames is necessary, in order fvedealues for
However, it requires tight synchronization between AP am@ computation of the airtime cost.



Some representative values for these constants, for 892.1% 4 is aware of the total received power from all co-channel
are:O.,+0, = 1.25ms andB; = 8224bits. FurthermoreR;"“ APs.
ande;, are the current transmission rate and frame-error rgtlb]. Computing the downlink airtime cost. M, calculates
respectively, in Mbps, for the test frame siein channek. In the aggregated downlink airtime cost with its clients, tigb a
other words, the estimation ef, corresponds to transmissiontink performance-measurement procedure, described iildet
of standard-size frame3, at the current transmit bit rat@;"“. in [3] where airtime metric is used for user association.
Several studies have shown that the number of erroneolBlyc]. Computing the uplink airtime cost. The clients of
received packets increases and the transmission rateadesrel/ 4 calculate their individual uplink costs. They piggy-back
when the cells in the network interfere [13], [4]. Thatime this information through their data frame transmissiomgtals
metric takes into account the packet error rate as well &84. By the end of this step)M 4 has received information
the transmission rate; hence, it reflects the performanceregarding the uplink channel qualities from all its clients
a particular communication channel. Besides, our analysigP1d]. Deciding if the current channel is appropriate. M 4
[12] shows that the averagartime cost in the uplink and receives the information from the client and computes the
the downlink is an approximation of the average per-packesfterage airtime cost (for both uplink and downlink) for the
delay in both directions. Therefore, the averaggime cost is access level. If this is higher than a pre-defined threshold
a representative metric that reflects the uplink and downli’, M, remains in the same channel; otherwise it initiates a
channel performance and also approximates the maximcimannel discovery process. The value of thresHold decided
throughput in the cell. and controlled by the system designer.
ARACHNE captures the performance of an AP in ternjfle]. Computing the cumulative airtime cost at the next
of estimated throughput at a particular channel, by measavailable channel. M4 and its clients switch to the next
ing the averageirtime cost for both uplink and downlink, channel and repeat stepda — Ple.? If all available channels
Cs = Cole + Cdown (airtime cost for AP a, in channel have been visited)M 4 finally selects the channel with the
c), and applies a channel selection methodology where thi@imum average airtime cost (for both uplink and downlink)
channel with the minimunC¢ is chosen. This channel se- More information about the calculation procedure, the
lection policy determines the frequency with the minimuthresholdI” value (which determines the frequency of invoca-
average per-packet delay in both uplink and downlink, theretion of the above procedure) and the convergence duration of
approximating the maximum throughput in the cell [12]. TBRACHNE can be obtained in [12]. Note here that process
goal of ARACHNE is to assign channels to mesh noddd] (of selecting a channel at the access level) is actually
such that the average airtime metric is minimized, both at tindependent of P2; although they are executed in parallel,
access and the backhaul levels. Hence, ARACHNE involubsy do not affect each other to a large extent, in terms of
two procedures, P1 and P2, one for each level. ARACHNENvergence time, since they utilize different sets of cleds
is executed exclusively by the nodes that belong to the mesh
backhaul, i.e., the relay nodes as well as the APs that connec .
the end-hosts with theymesh network. The channel discovrg}yczhanneI Selection at the Mesh Backhaul (P2)
is initiated by the AP of the source host. In what follows, we The role of the mesh backhaul is to serve the forwarding of
describe the operations of the protocol, P1 and P2, for eactipackets towards their final destinations. Undoubtedly,rtéie
the two levels of operation. work connectivity is affected by a potential channel sétect
policy that may be applied in the mesh backhaul. ARACHNE's
channel selection framework ensures connectivity at s
A. Channel Selection at the Access Level (P1) in the network, while the selection of a frequency at a palic
link takes into account the load of the routing sessionsdhat
ersing the link.
d-aware routing with RM-AODV: For the purposes of
this study, we assume that the RM-AODV routing protocol [9]
is applied on the mesh backhaul. RM-AODV is the default

e , : routing protocol proposed in the context of 802.11s mesh
latter will finally forward the traffic toZ3. With ARACHNE, networks, where the airtime cost is used as a routing decisio

the frequency selection at the access level involves a @a etric in the mesh backhaul. In particular, the airtime metr
discovery process at the two aforementioned APs, in Orﬁjgrappended to the RREQ énd RREP m’essages during the
to find the channel with the minimum airtime cost value (V\f%ute discovery process; finally, the end-to-end palch With t
provide the steps of this process below). The calculatiahief minimum total airtime cést (thé route that has the minimum
value is performed for every scanned channel, and invoIWeslgad) is selected. Our choice of RM-AODV is motivated by the
the downward and upward links aff4, Mp. Let us again )

" . fact that this routing protocol is based on the airtime neetri
assume that host wants to send traffic to hodB. This part Note, however, that ARACHNE can operate in conjunction with
of the protocol, P1, is executed by the APs at the access le

and consists of the following steps 4y load-aware routi ng protocol
L g steps. Control information exchange using LABA: ARACHNE
[P1la]. Deriving interference information for the current

: g employs the Local Association Base Advertisement (LABA)
channel. At the n(_)mmal start of ARACHNEM.A is informed mechanism introduced in 802.11s [9], in order to disseminat
about the operational frequencies of its neighboichannel

APS- This can be. performed through passive scan.ning QfThe measurements on our testbed indicate that this chamitehisg of
periodically transmitted beacons [14]. By the end of thepst the AP and its clients is performed quite quickly.

The access level involves the communication of the e
hosts (clients) with mesh nodes at the edge of the backq_a(%l
(APs). Let us assume that hodt wishes to send traffic to
another hostB. This traffic will flow through A's AP, M4,
to the mesh backhaul and it will eventually reathy; the



information with regards to inform the entire mesh netwoskhereL?, , is the current loadL?,, is the estimated load and
about the clients (end-hosts) that are associated withreash w,, wo are the weights that are used in the calculation (we
AP (MAP). MAPs periodically broadcast LABA frames, whiclwill give more details about the selection af;, ws in the
consist of the MAC addresses of the hosts that are associateauation of our protocol).

with. We have enhanced the LABA frames to include loggk far as the calculation of the estimated loAgl, is con-
related information, as we explain later in the descriptdn cerned, we adopt the estimation method (based on historical
the main parts of our protocol. data), proposed in [15]. In this approach the authors design
Channel assignment preliminaries:Our protocol prioritizes g trace-based traffic model in order to predict the aggregate
the channel assignment on the most loaded mesh APs, as w#fic demands of an AP in near future. Time-series analysis
as on the mesh APs that are expected to be highly loadegsifthe basis of this traffic estimation model. The accuracy of
the near future. In particular, ARACHNE observes the pahis model is high and in combination with our load-aware

link load, for the links that serve one or more routes in thannel selection protocol we achieve long-lasting andlesta
mesh; the load is captured in the airtime cost metric [12hannel allocation in the mesh network.

The main problem in designing distributed channel selectifesjges, the priority ranks are incorporated into the LABA
policies is the channel dependencies that arise betweentfhges and are broadcasted in the network. Consequently, a
nodes that are part of the mesh network. For example, ¥§ied list (in terms of channel selection priority rank) is
assume that in the simple network in Fig. 1 nodes are equippedeminated and maintained by all APs. Hence, by the end of
with 2 wireless interfaces. Node D uses chanagh order his step each AP knows the priority of all APs in the network.
to communicate with node E and node E uses chabriel 2Db]. Performing channel-scanningLet us assume that each

(éotrgmunlcate:[ er1th noclje_s E an? GI ":j cgse tgatl'zn the link P can scan a set ok channels. The first mesh AP in the
€ current channel IS neavily ‘oaded, node £ uses a YY)rity list measures the cumulative airtime cost for eath
channelc that operates better at the link E-F. As E has o e

two interfaces, channel must be used at the link E-G too e i channels, and constructs a locaiyporary, sorted list

Unfortunately, a strong dependency between links E-F atd P|t2h th/i cgmglatlve taurtlme.costi per Crirgﬁl_r interf

is established. Channelmay not operate effectively at the lin cl. Assigning route sessions 1o avaiia interfaces.
E-G and therefore the performance of the network is decdea ach mgsh AP typically _prefers to assign Iow-alr_t|me Chan'
The aforementionedpple effect could be further propagatedqels to links that serve high-load end-to-end traffic sessio
in dense/huge mesh networks. In order to avofiple effects ARACHNE manages to efficiently utilize the available spec-

in the channel selection process [7], we categorize theegise trum, .by providing a balanced channel and mterface_ assign-
interfaces at each mesh AP that serves as a relay as: ment in the network. A mesh AR calculates the maximum

« [N network interfaces that are used for data reception load L, that can be assigned at each of @81 interfaces,
. OUT network interfaces that are used for data forwar 1as (clearly, when the number of _ava|IabIe interfaces is drigh
ing than the number of served sessions, ARACHNE allocates an
> , interface to a particular session)g, = L¢,,,/N&. 1, where
In addition, each node can assign channels only tOUS  ya  is the number of the availableU T interfaces of mesh

interfaces. ThelN interfaces follow the channels that argp , and Le . is the current load that must be served by

assigned by the nodes that communicate with the currentnge /7 interfaces. The main constrains of the interface-

In our protocol we assume that each node is equipped Wiﬂh@éignment strategy are: (a) The load assigned t@&A’

least onelN and oneOUT interface. interface is less thai?,, and b) The load is proportionally
In what follows, we describe the steps that are execulgflcated to the availabl®UT interfaces in terms of the load

by ARACHNE, for assigning channels at the mesh backhayiline fiows that pass through the current mesh AP. In other
(P2). To begin with, we consider a network state, in which: (§rds, the load is balanced to the availabl&'T interfaces.

All nodes have already dedicated one of tHeWT interfaces [P2d]. Assigning channels toOUT interfaces. In order to

(Ip), to control channet,; (b) The RM-AODV protocol has . X o :
converged to a set of routes between end-hosts; (c) All of egn a channel to a@UT interface, a coordination with

other wireless interfaces of a mesh AP (besifigshave been € IN interface of the mesh AP that receives the traffic is
required. In particular, a mesh ARthat selected the channel

with the minimum airtime cost in the communication with a
mesh APB, sends an RTC frame ® announcing in this way
that a new channel must be used in their communication. Then,
B responds with a CTC frame and sets one of Mdnterfaces

rt\o the selected channel. In case tBahasn’t responded in a

t%e window (timeoff),A retransmits its RTC frame. We must

assignment in P2 is comprised of the following steps.
[P2a]. Constructing a priority list. With ARACHNE, an AP
starts the channel-scanning process at a time-instaratelitt
by its priority ranking. This priority is highly-related tthe
load of each mesh AP; the higher the load (the data t

must forward), the higher the priority. In addition, we legk Arr:pte here that there are special situations wihas recently

that in this prioritization the estimated load of a mesh . ; )
. : . assigned channels to it interfaces (during the same protocol
in near future must be taken into account. In this way wé

. : Itération) and there are no available interfaces to asdign t
guarantee that our protocol will converge to a long-lasting : o
X 2 ; . channel proposed bj. In other words, higher priority APs
a stable channel allocation. Hence, it is imperative thiatlist mpared to the priority o) have previously assigned those
is constructed, before APs start scanning each channeh gmp P y P y 9

. . . . annels toBs IN interfaces and there are no availalbh
mesh APq calculates its priority rank according to its curren . .

: ’ interfaces to use. In this cagresponds with an XTC frame
load and its expected load, as:

announcing this situation tA and the available channels that
P = L% wi + Lo wo, are assigned to it$N interfaces. LastlyA is restricted to

T



use one of those channels in the communication with B (the | = f*cHie sl ARACHNE
channel with the minimum airtime cost in the link A-B). After - Same chamnal L Caenenear
the completion of the aforementioned process, the AP sends pameeeees
a “good-to-go” unicastmessage to the next AP in the list, to

initiate its channel scanning and assignment process.

[P2e]. Selecting channels iterativelyWhen all APs have
completed a round of channel scanning, RM-AODV updates %5 % = % % @ B -
the routing tables at the mesh backhaul, taking into accoun pmner ofsaons e 1A

the new state of the network. Note that RM-AODV discovers
routes based on the computation of the airtime cost, whith VHig. 4: ARACHNE povides very high total end-to-end throughput
have likely changed after an iteration of the channel s@ectwith saturated UDP traffic.

process. Steps P2a-P2e are repeated until the channdiselec
has converged.

150

20f

Total throughput (Mbps)
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t(a) Total throughput Vs. # clients(b) Total throughput Vs. # APs.
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IV. EVALUATING ARACHNE

In this section, we evaluate ARACHNE through extensive
simulations, which import both synthetic [10] and real &sc
[16], [17]. We compare our protocol against other potential

1000]
800
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400 A

et
200 e e

End-to-end delay (sec)
Dropped data (bits/sec)

0.01]

channel selection schemes, and we present ARACHNE'’s pre- | e S
dominance in terms of the total network throughput, average Numher of Vol sessions Number of VolP sessions
packet dropping and average transmission delay. (a) Average end-to-end delay.  (b) Average dropped data.
Simulation set-up: We have implemented ARACHNE in . ) ,

OPNET [10]. We have also implemented the RM-AODV Fig. 5: VoIP simulation results.

protocol and we consider this routing protocol in our simghroughputs (up t85% difference!), due to its efficient end-to-
lations. The clients are uniformly distributed (at randoinn) end channel selection Strategy_ Hyacinth is designed ESDEC
the 1000mx1000m simulation area. All nodes use a defaylir wireless internet traffic which is directed to/from thérev
transmit power of 20 dBm and the source-destination pajiggs gateways. In our simulation scenario where saturafel U
are randomly chosen in the network. We experiment witfiaffic is supported, the tree-based architecture is insiapa

(a) fully-saturated, end-to-end UDP traffic, (b) VoIP traffisupport dynamic traffic variations in the network (espégial
and (c) real traffic traces from Dartmouth College [16] anfl high communication load). In low load conditions Hyatint
IBM [17]. The weight values that are used in our simulatigerforms close to ARACHNE. Contrarily, when the number of
experiments arew; = 0.6 and wp = 0.4 (the current clients in the networks increases the performance drophend
load affects the channel selection procedure more than f@ughput saturation point is reached quite quickly.
estimated load in near future). As far as the duration of theNext, we examine the scalability of our protocol. We mea-
measurement period is concerned, in our experiments the AR%, the total end-to-end network throughput as we increase
remain100ms in each scanned channel in order to gather the&s number of APs (i.e., the mesh density) from 10 to 80 (we
necessary information. The convergence of our mechani§fgease the number of clients along with the mesh APs: 10
is reached rather quickly, in approximately 2-3 iterations aps - 40 clients, 20 APs - 80 clients, etc.). Note that the
our network topologies (close ®0sec in average). As We inierference is dynamically changing while the number @ th
have mentioned the traffic keeps flowing during the executigps i the network increases; the airtime cost metric masiage
of ARACHNE and the network operation is not affected. Wg, effectively capture the varying co-channel interfeearfég.
chose accordingly the values of the performance threshafd 4 1) gepicts the network performance in terms of total nekwo
order to avoid unnecessary and frequent protocol execmt'QHroughput. We observe that ARACHNE is able to adapt to
Throughout our simulation experiments we compare the ngfaology and load variations, and therefore it manages to
work performance with ARACHNE, against the S'”gle'Ch"Jm"Eﬂovide the most beneficial selection of the available cenn
assignment, a random-channel allocation strategy, asagelh; the mesh backhaul. The tree-based architecture that is

the Hyacinth protocol [7]. _ _ _introduced by Hyacinth does not scale well and therefore the
Sl_mulatlons with saturated UDP tr_aff_lc ar_ld VoIP: To begin 5chieved performance is worst.
with, we opt to observe the variation in the total network

throuahput. as we increase the number of source-destnai In order to observe the performance of our protocol with
oughput, as we 1 '€ nun u i lay-sensitive data exchange, we utilize varying, palrahd-
pairs. For this, we progressively increase the number

. . tg-end \VoIP traffic sessions. Fig. 5(a) depicts the average e
associated clients from 5 to 70. Here the network consi gs o
of 10 mesh APs, each of which is equipped with 2 Wirele§ end delay of VoIP packet transmissions. We observe that

interfaces for the backhaul communication. We observed ARACHNE achieves low end-to-end delays, since it considers
' u unication. VeI Hhe load of the individual links across a route in the process

4(a) that the performance with ARACHNE is similar to th8f assigning frequencies to wireless interfaces. Recalé he

other 3 policies, when the number of clients (and therefq €t ARACHNE is expected to provide high benefits when
the communication load) is low. However, with increase

! . erating in conjunction with load-aware routing protagol
load ARACHNE manages to provide much higher end-to-eQgc, 55 "rim-a0DV (this is case with our simulations), since

3This unicast message speeds up the process of completiripitration the}’ b_Ot.h take into consideration t_he load that is expegénc
of channel scanning for all participating mesh APs. by individual links. Furthermore, Fig. 5(b) shows the agera
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Fig. 6: Simulation results with real traces: ARACHNE is predomithan

number of dropped data packets due to channel errors ARACHNE adopts a metric that provides an estimation of

contention. The performance of ARACHNE is impressivéhe average packet transmission delay in a communication
since packet dropping is kept in very low levels, as compargthnnel. ARACHNE captures the interference effects in the
to Hyacinth and to the other strategies. Hyacinth does mettworks and applies an end-to-end channel selectionypolic

consider the channel allocation at the access level ané-thétat manages to provide approximately the maximum end-to-
fore, it can support less VoIP sessions than ARACHNE cand network throughput. Our work is compared against 3 other
(which provides end-to-end channel selection and thegdfte channel selection approaches and we show that it outpesform

provided QoS to the VoIP clients is higher). all of them, for different traffic scenarios and network dges.
Simulation results with real traces: Next, we present our
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