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Abstract— In this mobile-centric era, users expect
ubiquitous access at low cost to an ever increasingnge of
applications requiring increasingly high data connetion
speeds. Wireless Mesh Network (WMN) technology pwides
support for data access over a relatively large aseat a modest v N /
cost while also being easy and flexible to deploynfortunately, ) ‘\ /
WMN performance is sensitive to load, and applicatins such (((')))\~\\\ j
as video on demand are likely to stress the network In ‘ ((R)
response to this, approaches to balance traffic lda such as Miesh Router
peer-to-peer solutions are very promising. Howevein order to .
work efficiently, these solutions require not onlyavailability &"I
awareness, but also knowledge about location of pgseand
services. This paper presents a wireless coordinabased
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location-aware overlay mechanism for locating and etrieving
requested video segments from the nearest peers ander to
improve retrieved video quality in WMN. In comparison to the
original overlay schemes, our mechanism has sigrgfint
benefits in both overlay communication efficiency ad data
retrieval efficiency. Simulation results in both regular and
random video segment placement scenarios show howet
proposed peer-to-peer video delivery solution for WIN
outperforms existing state-of-the-art solutions irterms of video
quality and packet loss with different background taffic loads
and replication rates.

Index Terms— Video delivery, Video on Demand, Wireless
mesh networks, Location-aware overlay, Chord.

. INTRODUCTION

Sivr:/ce its first introduction and commercialization1i997,
ireless Fidelity (Wi-Fi) has made a huge leap fanv

Figure 1: Location-aware overlay for video distribution.

exchange, such as Video-on-Demand (VoD). For thgses
of applications, Peer-to-Peer (P2P) resource shahias
proved to be a promising solution by providing abéé
content distribution. However, in a wireless miultip
scenario, since the data rate between peers dagsadeply
with the number of intermediate nodes between tf&mn
the constructed peer-to-peer overlay has not oalybé
aware of the status and availability, but alsohaf physical
location of the peers. The benefits of such locatiwvare
overlay are two folds. First, it makes overlay
communications more efficient as overlay messagasbe
directed to peers based on location rather tharingato
potentially travel across the entire network agraaitional
overlay protocols such as Chord [6], CAN [7], Pad8]

to become the most widely used wireless data accemsd Viceroy [9] which are widely used in wired netks.
solution today. While the number of Wi-Fi hotspdss Second, with the aid of location-awareness, whettipfe
increasing on a daily basis, from a user’s perspmcthey copies of popular content items are spread acrbes t
appear to be just a collection of isolated “dataes& In network, overlay peer can identify the closest peih the
order to become a ubiquitous coverage access netwoappropriate content, significantly improving theatity of
these oases need to be connected together to farm sa&rvice as shown in Figure 1.
infrastructure. This idea underlies Wireless Megdtwork In order to improve the quality of overlay videdidery,
(WMN) technology that provides a wireless backbarie this paper proposed/ILCO+ - a Wireless Location-aware
Mesh Routers (MR) for providing data connectivitpda Chord-based Overlay mechanism for WMMILCO+ uses
services to the Mesh Clients (MC) or user devitedely, WILCO’s [10] geographical multi-level Chord-ID
due to numerous deployments in community andssignment and finger table to improve lookup efficy.
metropolitan networks, WMNs have attracted many WILCO+ introducesa new geographical coordinate-based
researchers trying to increase the achievable bidtidw video segment seeking algorithmhich replaces WILCO’s
reduce interference [1]-[2] or enable sophisticatesburce hierarchical segment seeking algorithm, simplifyitige
allocation techniques for supporting user or opmerat location and retrieval of video segments from thesest
specific applications such as VolIP, live video atnéng, etc. peers. Analysis results are presented to showuperrity
[1], [3]-[4]. of WILCO+ in terms of overlay communication effioiey
In this paper, we consider the use of WMNs for sideand data retrieval efficiency. Simulation results both
regular and random segment placement scenarios lsbaw
WILCO+ improves the quality of video delivery owafiVIN
in terms of average user perceived quality levet$ packet
loss with different levels of background trafficdasegment
replication rates.

This work is funded by the Higher Education Authpriunder the
Programme for Research in Third-Level InstitutigRRTLI) Cycle 5 and
co-funded under the European Regional Developmemnd FERDF).



The rest of this paper is organized as follows.tiSedl  making this class of solutions unscalable. In [th&] authors
presents the related works in the literature. 8ectil enhanced a Viceroy overlay with a geographical 1D
briefly summarizes basic operations of the Chordl ammapping. [16]-[17] extended the same ID mappingesnd
WILCO protocols. Section IV describes the proposetb Chord and proposed a cross-layer mechanismdiacee
WILCO+ location-aware video segment seeking alparit the lookup time. However, these schemes onlysacuthe
The overlay communication and data retrieval efficly are control plane of the overlay, and do not addressidbue of
detailed in Section V. Section VI presents andyaes the improving data retrieval quality.

simulation results. Finally, Section VII concludes paper. In addition to improving the efficiency of the olay
itself, many studies have been proposed aimingnptdving
Il. RELATED WORKS the quality of data delivery. All of these solut®rely on a

Wireless mesh networks have been touted as a rrhaansnumber of copies of the data being available froffexént

enable low-cost, flexible data access networksweéi@r, in peers within the netwo_rks. They then seek t_o mdie t
comparison to wired networks, they are more safsito overlay aware of properties of the underlay networ&rder

loading and prone to provide lower levels of Qualitf to select the_best peer for data rgtrieval. In, [133 a_uthors
Service. In this context, when attempting to previdProposed Wi-Share, a path quality aware P2P filrisg
resource intensive services such as streaming yitige  fOr mobile Ad-hoc network. In Wi-Share, search resfs
desirable to both minimize the impact of traffic dme are broadcasted to the entire network to recortl gality
network and attempt to improve quality of delivéoy users 10 all the possible destination peers. A composiedric of
attempting to access data. As a result, the useveflay hop count, battery and traffic load was used tecethe
networks to provide Peer-to-Peer sharing or cactihg best peer. In [19], the authors proposed P2PMesh, a
video content is highly promising. In particuldf, the structure-based overlay for file sharing over WMN.the
overlay is location aware, it may be used to trynioimize proposed scheme, the MRs are equipped with higtaggo
the distance across which the user seeks the ¢oateh capability to cache the shared file. To select Hesst
over which the content is delivered. provider, the MR to which the requester is connddssts

Significant research effort has been expendedeératiea all the potential providers and select the one withlowest
of overlay network maintenance over wireless neksior round trip delay. To minimize route coupling, P2Ride
This work may be contrasted with that of overlayenable peers that are downloading the same film fiice
maintenance in wired networks where the goal is tgame provider at the same time to share the wirdiek.
compromise between the number of messages sent wheswever, these methods of network probing may not
seeking information and the amount of informatiamy a provide an accurate reading of network status sithee
individual node must maintain regarding their pe€isord probe packets are sent only once. Moreover, sine@tobe
[6] is a widely used application-layer overlay wiienables packets are usually broadcast to the entire netwibik
relatively efficient resource storage and lookupl. geers class of solution introduce very high overhead hedce is
have associated IDs and are ordered in an ID cio€le not scalable.
modulo 2™ entries (known as &hord ring. For efficient For overlay video applications, users can seeknp a
overlay routing, each peer maintains a finger tablech watching point according to their interests. As esult,
stores addresses of m other peers with IDst+ reducing seeking delay introduces an additionallehge
Zemod Zm (1<#=<m). Searching for information takes for this type of application. In [20], the authgpsoposed
0(m) messages. Typically, for wired networks the owerlaVMesh, a distributed VoD streaming scheme for suiipg
is not concerned with peer location, and hencedistance random users’ seeking functionality. To support ruse
travelled by individual messages. interactivity, each peer keeps a list of the pedrs have the

In the context of multihop wireless networks, hoegnvt  previous and the next segment of the one it cuyratbres.
is well known that data delivery degrades signifitain  The authors show that when the seek distance igamgtfar
terms of bandwidth and delay with the increaseumber of from the original segment, traversing this chaitietl can
hops between sending and receiving nodes [5]. Tihus, reduce the seeking delay. In [21], the authors gsed
desirable in this case, that the overlay topologyehsome QUVoD, an overlay-based VoD service in urban velaicu
awareness of the underlying network architectur@riler network environments. The QUVoD architecture cosgsi
both to minimize the impact of overlay maintenaficethe of two layers, the lower layer supports data comications
form of message volume and hop count) on the nétand through VANET and the higher layer supports overlay
optimize delivery quality (by minimizing search #mand maintenance traffic over 4G networks. To speed hg t
optimizing the route the data take through the peityv seeking operation, a distributed grouping-basedeovid

Significant work has been done to attempt to redhee segment storage was proposed. A load-balancingmsehe
impact of overlay maintenance on the network. Theseas further proposed so that downloading sessiagrs a
approaches are detailed in [11]. Ultimately, fag thurposes evenly distributed among the members in a groupveéier,
of scalability, geographical information must b&edna into these solutions do not integrate the underlay tapointo
account. In [12]-[14] geographical hash tablesl@sed on the overlay and hence non-optimal underlay routiag
CAN. In these works search may be directed atemiip  significantly affect the retrieved video quality.
geographical location, reducing overlay maintenance Recently, we proposed WILCO [11], a location-aware
overhead. However, none of these works consideistwe overlay and video segment seeking mechanism on WMN.
of data retrieval. Indeed, data may be storedrtan the The WILCO segment seeking algorithm [10] was prepgos
source peer, leading to an overhead in updating dat based on the WILCO multi-level ID mapping, makingeu
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Figure 2: WILCO+ network architecture . |
of its multi-level area boundary to locate geogiaply Figure 3: WILCO location-aware ID mapping for m=4.

closer peer to get the segment from. However, wiile mechanism [6]. In order to support efficient vidéelivery
algorithm show improvements over non-location awarg the peer-to-peer overlay, each video is divided equal
solutions, sub-optimal underlay routing may happéren size segments which have assigned segment sequence
the source and destination peer are located ireréift numbers reflecting their playback order. During the
multi-level areas but are close together geografilficAs a  distribution process, it is assumed that segmefrttseovideo
result, while the scheme works well when the sedsare will become available in several places within iW/N.
uniformly geographically distributed, it may nofitable for  The locations of the segments are registered anodieally
more general scenarios with randomly distributegingnt updated at the MR which manages the video in abdata
placement. with the following structurdiD;, S;, L;] wherelD; is the ID
of the MR through which the MC connects to the reky

Il WILCO+ LOCATION-AWARE OVERLAY IN WMN S; is the start segment sequence number stored atothe

WILCO+ provides a location-aware overlay solution  andL; is the number of segments the node stores. Htisdn
WMNSs, which improves upon WILCO’s video contentthat the structurgiD;,S;, L;] does not assume a single long
delivery performance by selecting as sources f@ tcontinuous chunk of segments but instead can acculai®
retrieval of video segments those which are thesedb several discrete chunks of segments by utilizingesas
nodes to the destination in terms of physical iocat The entries with the sami;.
WILCO+ algorithms eliminate the anomalies in WILCO In order to protect from single node failures, sliecessor
which might lead to non-optimal source selectionof the MR which manages theyalso stores and updates a
Intuitively, this will act to reduce the number bbps a copy of this database. When a peer requests seginghe
segment must traverse, producing benefits in losisdlay MR searches its database and replies to the reqgester
statistics, as well as improving glqbal networkfpemance. with the set of peers that have the segmsne (S, S; +
WILCO+ enhances the classic Chord-based overla%_ Based on the IDs, WILCO+ video segment seeking

approach [6] and makes use of WILCO's innovativggarithm is performed to select the peer locatedien
location-aware 1D mapping and finger table. WILCEBeks |osest to the requesting peer in terms of hop tcoan
to improve on the performance of WILCO, by directlyatrieve the segment from.

calculating the approximate hop distance betweetiesio
For reference, this section first presents the a&w B, WILCO location-aware |D mapping

architecture which enables WILCO+'s video shariagd ) .
then, the basic principles behind the Chord and @OL Enhancing the Chord ring node management structure,

solutions, WILCO+ relies on. More details regardingVILCO+ employs a WILCO quad tree-like structure atsd

WILCO can be found in [10] and [11]. ocation-awa_re ID mapping [1_0]. A _pIanned_ WMN with
) N = 2™ stationary MRs positioned in a grid manner is
A. WILCO+ Network Architecture considered (i.e. MRs are almost equidistant fronchea

In order to accommodate location-oriented andther). This grid-like WMN provides the best balanc
performance-aware video content distribution ovaviMg, between MR densit backbone connectivity and network
WILCO+ relies on a two layer architecture as ilfagtd in  capacity[22]. Note that as MRs are assumed stationary, the
Figure 2. The service layer enables MCs to bothestiddeo ID mapping needs to be done only once at planniages
services and resources and use those shared byM@® and remains unchanged thereafter.

The backbone layer includes stationary, power-Litgidn In successivéog, N steps, the deployment area is divided
MRs running WILCO+ which form a location-aware peerinto N areas, each containing one MR, which will be
to-peer overlay used for accessing the video ressur assigned a unique ID. This is done as at everyistaph of

When performing video distribution, each video ighe four areas (i.e. levelareas) gets assigned a unique pair
assigned a unigueeyaccording to the HASH algorithm and of bits which are added as most significant bitshe ID of
the keys are managed by the MRs according to tr@dCh all MRs located in that area. Level O area covheséntire



WMN and the levelog, N areas contain a single MR each.

Figure 3 illustrates the WILCO location-aware 1D pping

for 16 MRs {n = 4) and the resulting level 0, 1 and 2 areas.

Note that in each step, each of the areas considerthe
previous step is divided into 4 equal-sized araad, hence,

the number of MRs in an area at levé& N; = 427¢,

WILCO allocation ensures that MRs that are closeaoh
other in the physical topology have close IDs nuratznd
therefore are also close to each other in the ayerl
Moreover, as each area at levatontains a quarter of the
number of MRs at leve{i — 1), the maximum number of
physical hops between two MRs at leveis half of that
between two MRs at levél — 1). This fact plays a central
role in WILCO solution and which determines redgcthe
underlay hop count and hence,
performance.

In order to benefit from the location-aware 1D maugp
WILCO+ makes use of a WILCO finger table >k log, N
entries [10]. Starting from the highest leyidg, N — 1), at
every leveli, each MR maintains three entries (fingers
pointing to MRs with the lowest ID in each of thther level
i areas with which it shares the same |€vet} 1) area. For
example, the finger table of MR 9 in Figure 3 @litated
with dash-dot arrows) is as follows: Level 1 finger8, 10,
11; Level O fingers - 0, 4, 12.

The finger table of MR with IDp at leveli (0 <i <
m/2 can be expressed as in equation (1)

LetID = N,_jk + [LJ N, k=123
Ni_4

B L i el = bl

L]+ =0+ (] - v [l = 1]

whereN; = 42" is the number of MRs in an leviehrea.

Note that similar to a Chord finger table, the WIRC
finger table provides higher resolution informatianlower
level areas (largé®) giving priority to MRs in the immediate
vicinity of any node than located further.

Finger;

IV. WILCO AND WILCO+ VIDEO SEGMENT SEEKING
ALGORITHMS

Frequently, P2P VoD solutions rely on some or al
portions of a video being available at multiple dtons
within a network. This may occur due to either &iwork
supported caching of video elements or P2P filerisha
Assuming multiple copies of a video segment arelaie,
intuitively, it would be desirable to minimize timeimber of
hops the retrieved segments must traverse. BothQ@IL
and WILCO+ utilize geographical information to clseo
among the segments available. For purposes of aisopa
we briefly present the WILCO segment seeking atbariin
addition to the WILCO+ segment seeking algorithms.

improves the lookup
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Figure 4: WILCO location-aware segment seeking.
a. Step 1: Coarse selection
b. Step 2: Fine selection
c. Step 3: Tie break

shown in Figure 4.

In the first step, a coarse destination set is tcoced
consisting of all peers sharing the lowest laygl, with the
requesting peer. Intuitively, this identifies theadlest area
shared by the receiver and at least one destinpéen This
step is illustrated in Figure 4a.

If there is only one destination peerdp,q,s., r chooses
this peer to retrieve the video segment, othervilse
algorithm continues.

In the second step, the requesting peer assigms tooall
the destination peers in the coarse destinatiomastd on
the distance between the requesting peer areavat le
(imax + 1) and the destination peer. Based on these costs,
retains only the destination peers with the minimeost in
the define destination séf;..

This set of destinations form a collar around teeel
(imax + 1) area containing as shown in Figure 4b.

Finally, if there are more than one destinationrpiee
W;:n., the algorithm continues with the tie break stepthis
step, the leve{i,,., + 1) area containing is divided into 4
equal level(i,,., + 2) areas and depending on which area
resides iny prefers to select the destination peer which is
adjacent to the requesting peer's subarea. WILC&s
break step is illustrated by the arrows in Figure 4

B. WILCO+ coordinate-based
segment seeking algorithm

In contrast to the WILCO location-aware segmenkisgg
algorithm, the WILCO+ segment seeking algorithmrstfir

location-aware video

In this part, we denote as the ID of the requesting peerextracts the coordination information of the redimgsand
and{d;,j = 1,..,k} and the set of destination peers thatlestination peer based on WILCO location-aware 1D

store the requested video segment, whigns the ID of the
destination peet.

A. WILCO multi-level area border based location-aware

video segment seeking [10]

assignment by using their overlay IDs. The distanderms
of hop count between the two peers is then caledlat
approximated using the Euclidean distance as in (2)

distance? = (x, — xj)2 + (- yj)2 2)

WILCO segment seeking algorithm is based on its Wherex,,x; andy,,y; are thex andy coordinates of the

location-aware ID assignment and includes threpsstes

two MRs.



Let us recall WILCO location-aware mapping as in~Algorithm 1: WILCO+ coordinate-based location-aware video
Section Il B that each step consecutively asstgmsbits of segment seeking
the MR ID with the division ory axis decides the first bit x- = €ven bits extracting from the ID of the requrespeer.
and the division on the axis decides the second bit. As a Y = 0dd bits extracting from the ID of the requegtpeer.

x; = even bits extracting from the ID of each of testination peers,

result, the odd bits from WILCO ID represent the =1,k

coordinate while the even bits representtieordinate. To  y; = odd bits extracting from the ID of each of thestihation peers,
determine the distance between the requesting qaera i=1.,k

destination peey, Pythagorean Theorem can be applied for eachd,

using these coordinate information. Since each $t\uesel distance? = (x, —x,)" + (% — ;)"

area contains only one MR, this distance resemtiles  end for Ledi 2 i £ 2k
number of hops between the two peers. As a ressiitg min = {d;: distance; = min {distance;,j = 1, .., k}}

only overlay IDs the requesting peer can easilyl fthe lookup is symmetric on both directions of the Chord
closest destination peer to get the video segntem by Ring. In contrast, Chord fingers are denser in the
performing WILCO+ segment seeking algorithm as siow forward direction of the Chord Ring and sparser in

in Algorithm 1. the backward direction [6]. As a result, lookup Iwil

In_comparison with the segment seeking algorithm in  (5y6 jonger and traverse through more overlay fifops
WILCO, WILCO+ is simpler and more accurate. The tinul the destination peer is on backward direction ef th

level area border based WILCO segment seeking @an b Chord Ring.
suboptimal by preferring the destination peer ia #ame

area instead of choosing the closer destinationdzities i B. Data retrieval efficiency
a different area. On the other hand, WILCO+ segment . _ .
seeking algorithm is based on the coordinationaesimg ~ consider a WMN of N MRs using WILCO location-
from the IDs of MRs which resolves the suboptinralglem  2Ware ID mapping. Assume that the number of replafea

in WILCO segment seeking, promises a better regdev video segment i& and these are uniformly distributed over
video performance. An illustrative example will fiown in ~ the network.

in the next section to give an intuitive clarifiiat to our * Non-location-aware approach.

argument here. In this approach, since the requesting peer has no

reference on which peer is better, it can randocfigose
V. EFFICIENCY ANALYSIS any destination peer to retrieve the segment froreetect
the destination peer in a round-robin fashion t@ngy
WILCO and WILCO+ rely on location awareness tadistribute the traffic load as in QUVoD [21].
improve efficiency in overlay networks. This inckglboth Since the network size ¥, the network diameter i¥N
overlay communication efficiency and data retrievahops, As the destination peer is picked randomhe t

efficiency. Overlay communication efficiency for WCO  gistance between the requesting and the destinptien in
was analysed in [10] and the main results are suipeth general is

below, these results apply for both WILCO and WILECO 3)
The main focus of this work is on data retrieval dts dya = VN

impact on video quality. The location-aware WILCO It can be seen from this result that the numbesegiment
approach is compared analytically to a non-locatimmre replicas does not play a role in (3). As a resafen when

approach. replica rate is high, the hop distance betweersthece and
o o the destination peer is unlikely to reduce and betiwe data
A. Overlay communications efficiency retrieval performance is unlikely to improve. Aneth

« Using WILCO location-aware ID mapping and important rer_nark from (3) is t_hat since the numlmér
improved finger table, a lookup for a key requires Segment replicas does not pontrlbute to (3), aloocation-
at most log, N overlay steps This is due to the aware overlay segment retrieval strategy shouI@mrnp
structure of the multi-level ID mapping and WILCO better than the single server strategy where dessggver is
finger table in which each MR maintains three firsge Used.
pointing to MRs in each of the other areas differen « WILCO segment seeking location-awareness
from the area it resides. Using this structure, the
lookup message traverses the overlay from the highe _ m
to the lower level area until it reaches the desiim N; = 42, the area diameter W = 45(7_‘) hops. The
peer. Since there ardog, N area levels, the probability that there is at least one destinapeer which
maximum number of overlay steps isg,N. In has the requested segment resides in the sameilaevea
comparison to Chord, with the maximum number ofith the requesting peer is
overlay steps oflog, N [6], WILCO reduces this NA™
number by half. Pri=1-(1-k)"=1- (1 _Nl) @

*  Symmetric lookup on both directions of the Chord N . L
Ring. Since WILCO multi-level ID mapping which whereP; = ~is the probability that the destination peer
sub-divides the Chord Ring into equal segments #thich has the requested segment resides in the lsaele
each level and the WILCO improved finger tablearea with the requesting peer if there is only eagment
maintains fingers at each of these segments, tlawailable.

Let us recall that the number of MRs in a levelrea is
m



Table 1: WILCO+, WILCO and Chord overlay [ [
communication and data retrieval efficiency comparson. @) | (@) | (@) | ()| Gs | (9 | (62 (63
Overlay communication . . PR I [
- Data retrieval efficiency (a0) (a1) (aa) 45) | (s6) 57) 60) (61)
effICIenCy N N | - - NG - | - NG
Max overlay| Symmetric Hop Qistancde dbetvyeep _3‘“_ _35‘_| __ _59_ _\501_ _é>:| _'5}1_ _'575\‘_
steps |00kup requesting an estination s/ 35) | 3¢ (50) | 54) 55)
peer
WILCO+ Nearest destination peer (2 | (3 : %) (7))@ | @ : (2 | (s3)
im .
log, N ves | 4G nops PRI P L
WILCO with probability (10) 1y | (4 15) | (26) 7)) | @ (31)
AN
Pri=1—(1-%) B — . [
8) 9) 13) | (29 (28 | (29
Chord log, N No VN hops | _|_ I R _| T
Let X;'s be the areas at levélthat both the destination ORNO | (&) | (|G | (9 | 2 | @
peer and the requesting peer resides in, mfel are the | |
corresponding area diameters. Since WILCO segment | o) | (1) | @) G lae | @ | @) | (@)
seeking algorithm prefers the destination peer lwislcare ] I |
the lowest level area with the requesting peer, libp Figure 5: Simulation scenario with server and repka
distance between the requesting peer and the dgstin placements as in the first Scenario.
peer according to WILCO algorithm is performance of WILCO+ is compared to that of WILGD,
dwi.co = min{x;} (5) server-only solutionServej in which the video segments

; ; ; are obtained from only the server, and the statthefart
As illustrated in (4), when the number of segmeiplicas QUVOD algorithm. Peak Signal-to-noise Ratio (PSNR).

increases, the probability of having both the degibn and s
the requesting peer resides in the same leasta increases. Mean Opinion Score (MOS) and packet loss are coathar

Applying Bernoulli's inequality to the left side d#) as It? IEWO sgglgmznt dplac?met_nt sienarlos with  different
shown in (6), this increase rate is at least lilyeaith the ackground load and repiication rates.

number of segment replicas. As a result, WILCO doets STT'e S;Irrlélatedd t0p0|_0§t1y J;)"_O‘gi '\;hg descnpt:;)r_] from
only capable of finding the closer peer to retriche ection 1il.5, and consists oy = S arranged in an

segment from according to WILCO multi-level area8X8 grid, with the distance between two adjacentsMEBt to

; 100m as depicted in Figure 5. In the simulatioisMirRs
tsct)r:Jnc]:)urr;)eV: tth'tsc(:jaar;aarlz?rig/aalreefgz%r?éythe segmeritaegte are equipped with IEEE 802.11b radios and OLSRimgut

protocol is used.

n
(1 - &) >1-— nh; (6) In our simulations, real video trace files are used
N N simulate the retrieval of three video segmerfis=
«  WILCO+ segment seeking location-awareness S1,.52, .53 by each of the overlay peers. The video bit rate i

41Kbps; each segment is 10 seconds long and about
.44MB in size. Each simulation is repeated 10 $iraad
the results are averaged.

Since the location-awareness of WILCO is based
WILCO multi-level area border, suboptimal selectimay

happen. For instance, consider a network layoin &gure h h imulati herwi d. thee
5, where the requesting peer is at node 15, the tw?T roughout our simulations, otherwise stated, thelmer

destination peers are resides at node O and 2&hisn of replicas for each video segment is three. Thewiserver
scenario, using WILCO segment seeking algorithng tHS located at MR 51 (diamond node in Figure 5) ematains

requesting peer will pick destination peer 0 to dimad the @l three video segments. Regarding the placemenheo
segment from as they share the same lower level af@Plica SEgments, wo scenarios are considerealioel
although node 26 is actually the closer destinaieer. This '€Presents content replication by a network operdtothis

border effect may be severe when the network sidarge ¢35¢: replicator Server are sp_red evenly througlipat
or when the segments are randomly distributed network. For this scenario, video segments are lypart

WILCO+ is designed to overcome this limitation. By2vailable at MR 1Z{Sy,S,}), 25({S;, S5}) and 38({S3, S, })
extracting the location coordinate information froine (Sguare nodes in Figure 5). It is important to ribe not all
MR's ID, the exact distance in terms of hop coust jvideo segments are available at these replicators.
determined as in (2). Upon comparing this distarthe,  Sc€nario 2 represents P2P content sharing via anagv
closest destination peer can be accurately determlasing "€tWwork where video segments are only stored irutie’s
the same example as above, requesting peer at MRIL5 storage. In_thl_s scenario, the replicas of eachmseg are
choose MR26 to retrieve the segment from according "andomly distributed across the network.

WILCO+ due to the closer hop distance.

The comparisons of WILCO, WILCO+ and the original A. Video retrieval performance with no background load

Chord in terms of overlay communication and datdeeal We first analyze the performance of WILCO+ with

efficiency are summarized in Table 1. segment placement as in Scenario 1 with no backgrou
traffic. Table 2 shows the average PSNR and paldest

VI. SIMULATION -BASED TESTING results when WILCO+, Server and QUVoD are emplayed

turn. Using Server as the baseline, the numbelsdnkets
The performance of WILCO+ is evaluated using Networshow the improvement of the mentioned scheme frioen t
Simulator NS-3 [23]. The video quality retrievalbaseline.



Table 2 PSNR and packet loss comparons.

WILCO+ QUVoD Server
PNSR | Average PSNR | 39.72 (+75%)| 25.64 (+13% | 22.70
(dB) | PSNR Variance | 12.23 (-27%)| 17.31 (+4% | 16.66
Average Packet Loss (%)| 2.17 (-82%) 8.38-29%) | 11.81
100%
80% |
5 Excellent
60% —— m 4 Good
40% ~_ m3Fair
m 2 Poor
20% |
i m 1 Bad
0% T T
WILCO+ QUVoD Server

Figure 6: MOS distribution of WILCO+ , QUVoD and Server.

It is observed that WILCO-butperforms both scherr
significantly by a huge margin of more than4dB in
average PSNR (75% improvemenijloreover, the PSNI
variance of WILCO+is also the lowest among the th
compared schemes with roughly aB4 difference (25%
improvement). Theseesults illustrate that the video qual
delivered by WILCO+ isot only the highe, but also the
most consistent across the peefdsing -test with
confidence level of 99%t can be said that there is
statistically significantdifference in favor of WILC& in
PSNR when applying paiwise compason between
WILCO+ resultsand those of the two ott schemes. This
improvement is achieved due to WIL+'s ability to
intelligently choosethe nearest peer to get the vi
segment from, greatly improving throughpu. Table 2
also shows thapacket loss is the lowest in the case
WILCO+ with more than 5 times lower than the base
and 3 times lower than QUVo[As packet loss is one of tl
key factors that decide the receivddeo qualit level, this
result confirms the PSNR-baseévaluation and gis
another view on the effectiveness of WIL+.

The MOS distributionof the video streams of the thr
schemes is investigated to shthe distribution o perceived
video quality across different usersrBeive( video quality
levels are mapped from the PSNR results accorthe
recommendation in [24]. Figured&montrates that the user
perceived videajuality level is the best when WIL(+ is
employed with 67% of thgideo streaming sessic having
“excellent” quality, outperformingthe two compare
schemes by roughly 30%. In additiomhile in the case c
WILCO+ only 1246 of users suffer from “bad” videos, tt
figure is more than 50% for the compared sche clearly
revealing the consistency of WILCOin video quality
retrieval.

B. Video retrieval pedrmance with background traf

We further evaluate the performance of WIL+ with
different background traffic load®m both Scenarios. The
video retrieval performance of WILCO+ is compa
against WILCO, QUVoD and Serve. To simulate
background loadN /4 constant bit ratdCBR) streams are
generated betweeV/2 randomly selectedsource and
destination peers. The loauf the background streams :
varied from O (no load) to 50Kbps.

—8—WILCO+
—6—WILCO |

PSNR (dB)

15¢

100F---—-""————"—"—"7T- "~ - TN o ~g - -
5 L
0 10 0 40 50
CBR background load (Kbps)
a.
457 ‘ i i i
—8—WILCO+ |
40’+W|LCO I e A T
350 ——QUVoD |__ . . S
—+—Server

w
o o o
T T

Packet loss (%)
N N

=
al

20
CBR background load (Kbps)
b.
Figure 7: PSNR and packet loss compariscs in regular
segment placementvith different background loads.
a. PSNR comparison.

b. Packet loss comparisot

30 50

Figure @ illustrates the PSNIperformance of the four
schemesn the regular segment placen. It is observed
that for all the background lo¢ levels, WILCO+ and
WILCO outperform the twathel schemes by a significant
gap of at least 50% his improvemenis most pronounced
when the background load is low to moder:<30Kbps)
where WILCO+ and WILCOmprove the received video
quality by more thari0dB. When the background traffic
heavy, the PSNR aformance of all schemes redu
rapidly and the video quality becomes very anyway. It is
interesting to see that thdifference betwee QUVoD and
Server approaches is not very substantial acrb#iseaCBR
loads. Thisclearly shows that overlay o\ wireless multi-
hop network, especially on WMN, cannot greatly iy
the video delivery quality without consi@tion of location
information. Figure B confirms ths result, showing that
WILCO+ and WILCOsignificantly reduce the packet loss
by at least 50%60mpared to the two other schen

In comparison with WILCO, WILCO+ is always bet
but only by a very small margin of about 0.5dB in PSI
This is because with theegular segment placement, vic
segments are almost uniformly distributed geogicglyi
across the network and multi-level area border
suboptimal issue is not pronounc

However, the PSNR performance changes drasti
when the video segmentseadistributed random (Scenario
2) as illustrated in Figure 8H.is observed that the retriev
video quality reduces significantly for all the g-to-peer
schemes due to thesuboptimal segment placeme
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a. Figure 9: PSNR comparison with different number of
45 ‘ [ segment replicas.
| |[—8=wico+| o . )
40| ——wiLco | on average, its PSNR performance is worse.
350 —8—QUVOD |- - —r - AL T In addition, the average hop distance between the
soll——=ever | A requesting and destination peer of WILCO and WILCO+

was also calculated in the simulation to furthemdastrate
: 1 the superiority of WILCO+. Our results indicate tthhis
20F - Ao figure of WILCO is 2.4 while that of WILCO+ is 2.Zhese

Packet loss (%)
N

sl o i figures shows an approximately 10% reduction im&iof
) | hop length between requesting and destination péir
10g—===== . S WILCO+ which is the result of the better location-

S B awareness in video segment seeking algorithm.

o 1 0 20 20 50 C. Video retrieval performance with different numbér o

CBR background load (Kbps) segment replicas
. b. . . We further investigate the effect of the number of
Figure 8: PSNR and packet loss comparisons in rando segment replicas to the achievable PSNR of the four

segment placement with different background loads.
a. PSNR comparison.
b. Packet loss comparison.

considered schemes. In this simulation, the ransegment
placement is considered for its generality withKggiound
load of 10Kbps. The number of segment replicasesgari
However’ WILCO+ and WILCO are able to retain a Ver)trom 2t0 7 (10% I’e.plication l’ate). It is noted ttha this
high PSNR of over 30dB, greatly outperform the ottreo ~ SCehario, the rephcat_lon rate does not affecipémdormance
schemes. The random segment placement clearlylseiea Of Server scheme since overlay peers get all theneets
superiority of WILCO+ in comparison to WILCO wheite from the server anyway.
outperforms WILCO by roughly 2dB throughout the AS shown in Figure 9, when the number of segment
background loads. This is because the multi-levelaa replicas increases, the PSNR performance of all P2P
border based WILCO segment seeking tends to prferschemes also increases. Among all the schemes, @ALC
more distant destination peer that resides in dineesarea to does not only perform the best but its rate oféase is also
a closer peer but is in a different area. the most pronounced with more than 10dB (37%
It is interesting to observe that according to Fég8a, improvement) as the number of replicas increases & to
QUVoD s inferior to Server when the video segmears /- The PSNR gap between WILCO+ and WILCO increases
randomly placed with light background load. Where thfrom roughly 1dB to 3dB with the number of segment
background load is high, QUVoD becomes better thaigplicas illustrates that WILCO+ can make a bettse of
Server but the achievable PSNR is already very s ~location information than WILCO.
result agrees with our data retrieval efficiencyalgsis in ~ From Figure 9, it is interesting to see that theNRS
Section VI that that on wireless multi-hop netwgrksPerformance of QUVoD does not noticeably increastyy w
deploying P2P services “as is” without consideritrgg the number of segment replicas and is even wokee teat
physical topology is not better than using singtever for Of Server. This can be explained by its round-rabased
all overlay peers. peer selection which does not consider thg Iocatfqmeers_.
The better packet loss figure of QUVoD in Figurecsim As the result, peers may end up seeking for a mtista
be explained by the fact that in tBerverscheme, all the destination peer to get the segment from even wthen
peers get video segments from the server, heneepeahrs replication rate is high. This result also agreéh wur data
which are close to the server can get high videitis very retrieval efficiency analysis in Section VI.
little packet loss while the peers far away babicgét very
low quality video with high loss. As the result, awerage,
the PSNR quality of Server is better than QUVoD itsit  This paper proposes WILCO+, which includes a novel
packet loss performance is worse. On the other ,hthed coordinate-based location-aware segment seekirmgithion
round-robin peer selection of QUVoD makes the dqualnd for Chord-based video distribution overlay over WMRhe
packet loss variation among the peers less promaubat proposed scheme embeds the location informatioklRé

VII. CONCLUSION



in their overlay ID and uses it to locate and estei [19]
requested video segments from the nearest peersién to
improve video quality. Analysis results show thatl\ WO+

can greatly enhance both the overlay communicatigpo]
efficiency and data retrieval efficiency. Our si@tidn
results show that WILCO+ significantly improves eal
delivery quality up to 50% in comparison with other21]
solutions in terms of PSNR with different backgrduoads
and replication rates. Our future work includes pheposal
of an adaptive overlay video streaming algorithnmichtwill
work along with WILCO+ to further enhance videorietal
in the case of high background traffic load. [23]
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