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Abstract: Peer-to-Peer streaming systems (or P2P-TV) provide marginally considered by the research communitythEobest

low cost infrastructures for the support of live video distribution

over the Internet. They are attracting an increasingattention

from the research community, the developers and pitioners.

In this paper we consider P2P streaming systems k&g on mesh
overlays and focus on the matter of automatically djusting peer

transmission rate to match the demand of the systerand not
overloading the uplink capacity of peers. We propas Hose Rate
Control (HRC), a novel scheme to control the speedt which

peers offer chunks to other peers in order to cotdopeer uplink

capacity utilization. This is a critical issue to dal with in

heterogeneous scenarios like the one faced in thaeérnet, where
peer upload capacity is unknown and varies widelyPresenting
extensive simulation and actual experimental resut we show
that HRC nicely adapts to the actual peer availableupload

bandwidth and system demand, so that users’ Qualityof

Experience is greatly enhanced.
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1 INTRODUCTION

In mesh based Peer-to-Peer streaming (P2P-TV)msgstine
real-time encoded video is sliced in small piecedled

of our knowledge, the only work to explicitly dealth this
issue is [3], in which we presented a scheme thatiraes
essentially homogeneous latencies and, therefowmsy be
difficult to implement in practice. In this papave propose a
conceptually different algorithm which additionallkesults
much simpler to implement.

Similarly, few papers specifically focus on the sapof peers
bandwidth heterogeneity and how it can be exploited
improve system performance [6], [10]. This aspsctrucial
since peers homogeneity is hardly met in pracfi¢terefore,
the design of trading mechanisms requires thatrabeu of
parameters is finely tuned to achieve optimal tesand the
optimal setup, in its turn, depends on the spedtienario,
which is typically unpredictable due to the variypi of
network conditions and to peer heterogeneity.

Considering the trading scheme, the most critieahmeter is
the number of “offers” (messages advertising thet bf
chunks possessed) a peer should send in parabel,the
number of activesignalling threads. If this number is too
small, the delivery rate of chunks is small, thusload

chunks, which are distributed over an Over|ay t0p0|og andwidth is undpr-utilized. Conversely, if thisnnber.is .tOO
exploiting a fully distributed epidemic approacthudks have large, the committed workload would overflow tramssion

to be received by peers within a deadline of fewomds in
order to guarantee real-time constraints.

In these systems, download rate is dictated byovidse,
which is limited by definition; the source peer &xghunks in
real time at “constant” rate and all peers mustidrahem
minimizing delays and chunk losses to guarantektimalike
constraints and the best Quality of Experience (Qokisers.
Common assumptions about this kind of systems lzat i}
the upload capacity of peers constitutes the maitidmeck to

resources, impairing perceived quality of the videeam.

In this paper, we propose a scheme, caflese Rate Control,
HRC, to automatically adapt the number of signalimgads
to the scenario. By doing so, the scheme implemanteer
aggregate transmission rate control that aims attlyo
exploiting the peer upload capacity and improvingeQof
users reducing chunk delivery delays; in other wprthe
scheme controls the bandwidth allocation on the peénk
channel.

system performance, and ii) each peer is supposed HRC has been implemented in “WineStreamer”, the R@R-

instantaneously have a perfect view of the intestate of

TV application under development within the EU-AYPAPA-

other peers [8], [2]. While the former assumptisften meet WINE STREP project [1]. In this paper, we provide

in practice, latency among peers makes the lattezalistic
[12]. In mesh-based P2P-TV systems,
organized into a generic overlay topology, and imedging

experimental results obtained by running experismean

peers arellysugwarms of up to 1000 peers in a controlled enviremm

Extensive experimental results obtained consideriagh

peers exchange chunks periodically. To avoid chugknulations and the actual implementation show, thath
duplications at the receiver, a preliminary tradifgse is thus respect to non adaptive mechanisms, HRC optimessurce

required between neighbor pairs to agree on thalkshto be
sent.

utilization, consistently improving system performa and
QoE that we evaluate on real video sequences by watimg

To avoid both the burden of handling TCP and tHBe SSIM (Structural Similarity Index}1].

unnecessary delay due to retransmissions and dimnyes
P2PTV

control, UDP is typically preferred by actual
application [4]. However, this poses the problemhofv to
handle the congestion control and, in particulamy o limit
the amount of information a peer transmits, beingvmoad
rate limited by video-rate. Controlling thereforeetuplink
bandwidth utilization is a key problem, which hazb so far
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2 SYSTEM DESCRIPTION

We consider a system in which a source segmentsidle®
stream into chunks and injects them in the ovenawork.

Let N be the number of peers composing the overlay. The

system must deliver every generated chunk withileadline
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called playout delay, Dy If the chunk age is greater tharPeera is committed to send all the chunks requestedlithal
Dnax the chunk is useless and is not traded anymore. received positive select messages. Fig. 1 represtd
Chunks are transmitted by peers to their neighborsa signalling messages and chunks exchanged bygesth its
swarm-like fashion; the overlay topology is defingdthe set neighbors over time. In particular signalling megsdchunks
of peers and virtual links connecting them. Singe actual associated to one active thread are highlightede Nuat all
design of the overlay topology is out of the scagethis N, trading threads continue these cycles indepenofeatich
paper, we consider the simplest case in which terlay other.
network is built on a random basis, a common astomjn Several design choices impact the performance eotrtding
the literature [8], [6]. mechanism: 1) the criterion to select destinatiearp for the
RTTab ¢ Peera offer message — known as the “peer selection’h@)strategy
. according to which peers receiving an offer messseject
chunks to download — known as the “chunk selecti@y'the
r \Select _Ofter /' “Sellect \fOffer elect numberN, of threads pees handles.
\ For the peer selection and thechunk selection policies we
make the simplest possible choices: meehooses the peer to
contact uniformly at random within the set of itsighbors,
and neighbors choose the chunks to select at raradnamng
— b the ones they need. This policy is also known @literature
: 5/ S ; as “Random Peer - Random Useful Chunk selectioh” [5
Dy*RTT 4y The key parameter to set in this mechanisi,jswhich is the
D > equivalent of the window size in a window protocol.
rl:ggtrfanils.ms'chematu: representation of the peer chun  k trading 22 The core of Hose Rate Control
Since video chunks are transmitted over the netwtre HRC, the adaptive signal mechanism that we propstsens
intuition suggests to keep them small, e.g., fevpadkets, to from the basic idea is to control the rate at whiblnks are
minimize the packetization delay at the source, stare- S€nt by peem by controlling the number of parallel active
andforward delay at the peers and the chunk caomiptthreadsN, so that the queuing delay at the transmissionigjue
probability due to packet loss. In what follows, therefore IS at a given (small) target. The rationale is tatontrols the
consider 1 video frame per chunk, e.g., averagelckize is amount of work that the peer has to do: if it is too large,

g

5.3 Kbyte with a 1Mbit/s encoding rate. delay increases, deteriorating performance; i§itdo small,
) . the peer available upload bandwidth is not welllexed. The
2.1 Chunk Trading Mechanism rule to decideN, is based on an estimation of the queuing

The signalling mechanism used to exchange chunka iglelay incurred by chunks in the transmission quéube
trading scheme similar to the one used in otherhriesed dueuing delay is largé\,is decreased, and vice-versa.
P2P-TV systems [12], [13]. A chunk is sent fromepto one More in detail, the algorithm according to whibh is made
of its neighbors after a trading phase. Paemaintains a adaptive is the following. LeW, be the internal control
number oftrading threads, N,. Each trading thread evolves asariable, which takes real values, = |W,| . For every
follows: neighbor peeb, peera maintains an estimate of the minimum
1) peera chooses one of its neighbdysand sends it a specialRound Trip Time. This estimate can be computed/tgathy
signalling message, calleffer message; it contains the set od every time it receives a select message as therelifte
chunksa possesses younger thBg.,. between the time the select message is receivedhandne

2) Upon receiving the offer messagereplies with aselect the offer is sent, RTTy, = i) e — ticn ey Where
message to request a desired chunk. Once a chunket@ (@ ece identifies the time at which the select message is
selected”, the receiver sets it pending until it is correctly T*selec

- : received bya.
Licb?ilgﬁg(’j.a pending chunk cannot be requested amabt be When a receives an acknowledge froly it estimates the

3) When the select message is received by delayD incurred by the chunk in the transmission queug, a

a) if a chunk was requested in the select mesgagitije D = ESD e — tﬁ;_)select — RTT,, i.e., subtracting &TT from

select), a schedules its transmission, inserts it in its churike difference between the time at which the ackedge was

transmission queue that is served in a FIFO order. received and the time at which the chunk was erepidlis
b) Onceb has completely received the chunk previousthen compared with a prefixed target valii®, and W, is
selected, it sends #&CK message. updated according to the following rule:
c) Whena receives the ACK message, it can send a new W,(n) « W,(n —1) — K(D — D,) (1)
offer message and a new cycle starts. N, is then increased/decreased W, = [W,(n)] —

d) If no chunk was requested in the select mes§egative |, (n — 1)].
select), a can send a new offer message and a new cycle.staste that targeting queuing delay, HRC results less
aggressive than TCP congestion control which re@act



congestion only after a packet has been droppetiebgueue.
This is an intended behavior of HRC since we waradhieve
network friendliness, one of the major goal of KAPA-
WINE project [1], i.e., we target less than bedowf
bandwidth utilization.

3 EVALUATION BY SIMULATION

3.1 Simulation scenario and assumptions
All simulation results shown in this paper haverbebtained

Real video streams carry highly structured infoiorgtpart of
which is more important than other, with high vhiiigy in
the generated bit-rate. Chunk loss probability aiedivery
delay are the performance indexes typically adofgdhe
networking community, but they provide only a partview
of the actual performance of a P2P-TV system, tkeru
perceived quality. In the multimedia and signal gessing
communities, instead, the evaluation of the peezkiguality
is considered mandatory, see [9], [7] for notablaneples. To
this extent, performance is expressed in terms vafraae

with P2PTV-sm , an open source event driven simulatogictural Similarity Index (SSIM) [11] which hasedn

available from [1]. In our scenario, peers are ipaned in
four classes based on their upload capacity: 15%eefs are
in Class 1 with upload bandwidth equal to 5Mb/2Q%6, 35%
in Class 2 with 1.6Mb/s 20%, 35% in Class 3 with 0.64Mb/s
+ 20%, 15% in Class 4 with negligible upload bandtidthe
video source belongs to Class 1. The average bdltiuwer
peer isE[B,] = 1.25Mb/s.

designed to improve on traditional methods likekP8agnal-
to-Noise Ratio (PSNR) and Mean Squared Error (MSE),
which have proved to be inconsistent with human eye
perception. The SSIM is a measure of the similaoitythe
received image compared against the original soudtds a
highly non linear metric in decimal values betwegrand 1.
Values above 0.95 are typically considered of ggaality. In

In each simulation Ryis set to 6s if not otherwise stated. Wg, simulation scenario, SSIM has been computedidering
consideN = 2000peers. According to the assumption that th&qeo frames received by 100 peers (25 for eacksland

bottleneck is at the peer upload link, the modahefnetwork

then averaging among all of them. The initial aimélf10s of

end-to-end path is almost transparent: it is sinmpddeled by \ijeo have been discarded to focus on steady state.

a delayly, that is added to the transmission time of all the
packets flowing froma to b. End-to-end latencies are taken

from the experimental dataset of the Meridian pbje
(http://lwww.cs.cornell.edu/People/egs/meridian)g tbverall
mean latency i&[l] = 39ms.
The well-known Pink of the Aerosmith video sequence,
encoded using the H.264/AVC Codec, is considered
benchmark. A hierarchical type-B frames predictsmheme
has been used, obtaining 4 different kinds of fratet, in
order of importance, are: IDR, P, B and b. The GBkcture
has been set to IDR x{®,B,b,}. The video consists of 3000
frames, which correspond to about 120s of visutdina The
nominal video rate of the encoderis a free parameter that
we vary to enforce different values of the systead|defined
as,

p =15/E[Bq] )
The source node then generates a new chunk atareiuk,
i.e., every new frame. This mapping scheme minimittes
chunk size, thus allowing a stricter real-time @tnéng.
Furthermore, the rounding at frame boundaries mgmthe
impact of losses, avoiding that a loss of a chufflects
several frames due to partial delivery of inforroati e.g,
missing headers. 40B long signalling messages
considered.
The overlay topology is randomly generated at thgirning
of a simulation by letting each peer randomly seBf: other
peers as its neighbors. Since connections arecbtdinal, the
average number of neighbors for a peer is equéDidAs we
simulate a couple of minutes of the system behawigr
neglect the effect of churning so that the topol@ggtatic for
the whole simulation run. All plots presented bel(@xcept
for the time evolution) are obtained averaging tbsults of
four random topologies; when different systemscarapared,
they use the same four topologies.
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Figure 2: Queuing delay (top), value of Na (center), and
throughput (bottom) vs time with variations due to interfering

traffic on upload link. p =0.95.

42 Transient analysis

In the following, we show results about the HRCoaitnm
obtained through simulationd), is set to to 100ms. The
source has rate = 1.2Mb/s, corresponding to= 0.95.

3.2.1 Simple scenario

Let us focus on a peerwith available upload bandwidth of
4Mb/s that varies due to interfering traffic. FRjreports the
evolution over time of queue del@(t) (top), the number of
active thread$l, (center) and the throughput (bottom) for peer
a. During the first 20s, no interfering traffic isgsent; after an
initial transient the value d{l, stabilizes around 25, so that the
peer can exploit at best its upload bandwidth.ihett = 20s,



a Constant Bit Rate flow starts injecting 3Mb/sirterfering (its queuing delay still being smaller thd). Then, the
traffic in the uplink.D(t) abruptly grows; thusl\, is reduced increased system load boosts the percentage obdffat are
and stabilized around &nd the upload throughput decreasegositively selected, causing additional queuingayieko that
to 1Mb/s. Att = 80s the whole upload bandwidth turns to b, decreases. After a quick transient, upload ratemesateach
available again, inducing an increaseNgfvhich gets back to peer upload capacity, and queuing delay reachestgetD,.
25. Then, fromt_: 100s tot = 120s, a TCP-like flow_ is 058 073 o088 P 095 1 118 143
present, consuming the whole peer’s upload bantwidtthis 1 ; _— ————
period, the number of active threads drops to iteimal

possible valuelN, = 1, because the congestion due to the TCP-

0.95

like flow pushesD(t) over the control targeD, As a s 097 .
consequence, even the application throughput iscesii to B 0ss5| HRG, -
negligible values. In conclusion, the control alton HRC,Dg=0.208 —x— "
succeeds in promptly reacting to bandwidth varrajaand in 08  Fxed ”Z:gg
achieving less than best-effort bandwidth utiliaati o7s | FxedNa=a0 o ‘ ‘
05 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ "800 800 1000 1200 1400 1600
% 04| Peefa'%"lﬂg’; """""" | VideoRate [Kb/s]
2 03¢ Figure 4: SSIM of HRC and non-adaptive schemes vs s ystem load.
2 02
g o1y 3.2.3 Steady-state analysis
In this section, we focus on the steady-state pesdoce of
Time [s] HRC and we compare it with non-adaptive schemedsudeg a
Zg [ ! ‘ See"g-gm‘zs — f|>_(ed value ofN.,.
50 i ‘ ooy o e Fig. 4 compares the HRC system fag= 150ms and 200ms
z gg [ o8 ‘““\M“,;{.‘{m,mmw\w,[ and t_he_ non-adaptive schemes in whighs fix_ed. The video
20 b/l PR rate is increased (reported on bottom x-axis) teeole the
oL AT e performance of the system of increasin{reported on top x-
0 40 50 60 70 80 . . . .
Time [] axis). Wherp < 1, the SSIM increases for increasmthanks
= 5 ‘ R to the higher quality of the encoded video. As sasnthe
Saf p=08 "=1:eera_4Mb/s system is overloaded, the SSIM rapidly drops dumissing
537 Poer b - 2Mb/s - chunks which impair the quality of the receivedead In all
®20 scenarios, HRC outperforms the non-adaptive schiamany
1} .
(S values ofN,. Schemes with too small valueshfdo not fully

0 10 20 30 40 50 60 70 &0 exploit the system bandwidth, e.l,= 10; schemes with too
Timele] large values ofN, tend to overload the peer transmission
Figure 3: Queuing delay (top), Na. (center), and throughput queue leading to an unnecessary increase of tha&kchu
(bottom) vs time with variations due to flash crowd event. delivery delay, e.g.N,= 30. The performance of the scheme
3.2.2 Elash crowd scenario with N, = 20 are comparable with that of HRC. However,
setting the value df,is very critical, since the optimal value
é}lepends on many other system parameters, sucle geé#ns
load bandwidth distribution, that, besides badifficult to
know, is variable in time due to interfering traffias seen in
Figs. 2 and 3.
We have performed a more extensive set of simuistitm
assess the benefits of HRC. Due to lack of spacelavaot
report them here, but we prefer to present someraxpntal
results we collected from real implementation of HHR

We now consider the scenario in which the systesrating
point is abruptly modified at= 30s: a sudden ingress of 40
new peers with negligible upload-bandwidth and
contemporary reduction by 50%f the available upload
bandwidth of all peers belonging to Class 3 happ&igen
video raters = 1Mb/s, this causes the system lgatb shift
from 0.8 to 1.1. Even if this scenario is rathdifiaral, it has
been selected because it maximizes the stresseoanotttrol
scheme. Fig. 3 reports the evolution Nf (center) and

throughput (bottom) for three sample peexsb andc, with 4 EVALUATION BY EXPERIMENT

uploaq bandwidth of 4, 2 anAd 1.Mb/3’ respectiveine T The HRC controller has been implemented into WiresBher
evolution of peera queue delayp)() is also _reported (top). (source code is available at http://peerstreangr®2P-TV
Whenp = 0.8, N, N and N, adapt to different Values’application. In the following we briefly discuss ethkey

reflecting each peer’s ability to contribute to chudiffusion. aspects of the implementation and provide somerarpatal
Sincep < 1, not all system capacity is required, &hdapidly evidence of the benefits of HRC.

grows to its maximum valudl, = 53, i.e., the number of a
neighbors. Att = 30s, the HRC system reacts to the suddgm  Implementation issues
system condition variations. In particular, for thegh
bandwidth peer, N, initially increases, since the number o
its neighbors increases and its capacity was nigtéxploited

Fhe most critical part when undergoing the actugjireering
of the HRC scheme is the estimation process ofiqgealelay
which is at the core of HRC scheme. Three diffecasies can



be considered: i) the presence of priority policiggat of all its neighbors. We consider this latter segnan our
differentiate signalling and data information a¢ tingress to implementation so that queuing delay is estimaeith 3).
the network, ii) no priority policy but synchrontian among 05

peers ach|ev_ed at the application layer, iii) niongity and no 5 04
synchronization. 3 o3
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Let us first consider the scenario in which theegscdevice of
the bottlenecked node supports separate queuesigha higure 6: Queue delay (top), Na (bottom) vs time with variations
priority queue serves signalling packets, and a poisrity due to interfering traffic on upload link in experi mental setup.

queue serves data packets. This feature is ofteyeniost of 4 2 Experimental results

nowadays ADSL/cable access devices that suppottmadia

services. Referring to left part of Fig. 5, considepeera that 4.2.1 Simple scenario

is sending an offer to a neighblarrin a, the estimation of the We first consider a simple scenario in which therses is
queuing delayD is then straightforwardD = tﬁz’)ack — connected to a HRC-enal?Ied peeonly. 36.other peers are
c@ —RTT then a_ttached ta, so that its upload capacity is L{ged to feed
rxselect 7 “ab: o all neighbors. We then impose transient condititmsthe
The estimation of the round-trip time betweeandb, RTTa, 51544 link ofa. The Linuxtc tool is used to limit the

(Whi.Ch does not in<_:|_ude the _queuing Qelay), _canebsily upload capacity and delay, while theerf tool is used to
carried out by exploiting the higher priority sewioffered 10 jniact artificial traffic. Video rate is 0.6MbpsOfhs RTT is

signalling packetsRTT,, = tﬁz,)select - tt(i)offer- imposed on all links anB= 75ms.

Consider now the second scenario, in which a siolgiss of 1

service is offered by the network devices and peses 09 ;

synchronized. Here, signalling messages are delayethe s 08 ]
transmission queue too, as sketched in left parFigf 5. B o7l HRC i+ ]
Synchronization allows to measure the One-Way-Delay 06 | Fied n::;g e

betweena and b, OWD,, as the minimum of ai'® . — os LTINS o

(b) . ) . . o Y 400 500 600 7.00 800 900 1000 1100 1200
txselece €Stimates. The estimation is then given by= VideoRate [Mbs]

tﬁz,)ack — tﬁz,)select — OWD,,. Figure 7: SSIM vs video rate for HRC and non-adapti  ve schemes.

Coarse synchronization, as the one provided by Nfi@ Experimental results in swarm of 74 peers.

protocol, would suffice, and errors in the orderlafs would Fig. 6 reports the evolution of queuing delay (tapd ofN,
marginally affect the HRC control, given the targeieuing (bottom) for peera. During the first 60s, peea uplink
delayDyis of the order of 100ms. bandwidth is large enough to transmit all committddinks.
Finally, in the third scenario peers are not syonlred and Sincea queueing delay cannot reach the tarlygtabilizes at
no priority policy is provided.D cannot be estimatedthe maximum possible valué&{= 36) which represents the
anymore, since any RTT measurement includes bo¢h #&ize of peer's neighborhood. At time= 60s, a uplink
queuing de'ay at peex, denote it by)(a), and the queuing Capacity is limited to 5Mb/S, inducing HRC to niﬂ&bduce

delay atb, D®; i.e., it is only possible to estimate the sum ¢p€ number of parallel active signalling threads ilevh
the queuing delays, queueing delay varies around the target value. Freni20s

A _ na by _ (@ (@) to t = 180s, N, stabilizes at the neighborhood size, being
Dia+n) - D + D,( ' tyack ~ tfxgsel_“f = RTTgp. (3) uplink bottleneck removed. At tinte= 180s a competing TCP
RTT,, can still be estimated as the minimum over all RTdqo\ starts consuming the link capacity, increasitie
samples, while it is impossible to decouplg,y, rom D@ gueueing delay so thal, reduces to 1, the minimum possible
andD®. Thus, the HRC algorithm at pegicontrols the sum value. At the end of the TCP flow, HRC contrdls value
of the queuing delays, and it is coupled with tHeGHcontrol increasing it to 36 again. Finally, frotn= 300sto t = 360s,
peerb, one ofa’s neighbors, suffer congestion in its uplink: a



TCP flow starts sending data fromto a, so thatD®grows,
possibly impairingd 4+ 5).

The plot shows that the estimated queuing delgyeata is
slightly affected by the presence of congestiolit®neighbor,
indeed some larger oscillations are visible. HoweMg is
basically unaffected. The intuition indeed suggéisét if the
number of “biased” estimates at peeis limited, the system
is still able to control the peer uplink queue lijtéring” out
the few overestimated samples.

4.2.2 Small swarm

In this second experiment, we consider 74 PCs rauting a
peer. Upload capacity of peers has been limitedgust:
10% of peers have 5Mb/s, 50% have 1Mb/s, 40%
0.5Mb/s only, corresponding to an average per dat link
capacity of 1.2Mb/s. Delay among peers randomlyiegar
between 10ms and 50ms. The “Big Buck Bunny” vidé80f€
resolution, 24fps, H.264/AVC Codec) has been endoale
different rates and "streamed” to all peers. Aftiscarding
the initial 3000 frames (125s), each peer save X368) of
the received frames on disk. SSIM is then compaigainst
the original YUV video for all peers, and the axgg&SIM is
then computed. Simple random overlay topology (@yer
neighbors size=40), random peer/random chunkstasiegre
adoptedD,, Was 3s.

Fig. 7 compares the HRC performance against thatoof
adaptive schemes in whidiy = 10, 20, 40respectivelyD, =
250msin this case. Results are similar to the one of BEig
HRC performs similarly when the system is underkzhd
while it outperforms any fixed schemes. Indeed, ¢berect
choice of N, is critical: it must be small to prevent fro
overloading low bandwidth peers, while it must begé to
avoid under-utilizing high bandwidth peers. HRC iaghs
this goal: for example, for video rate 1Mbl, < [60, 64]for
high bandwidth peerdy, € [10, 15]for mid bandwidth peers,

m2l

Played Frame Rate

Fixed NG=20 -0
Fixed Ng=10 o

0 200 400 600 800 1000
Figure 8: Average played frame rate for HRC and non
schemes. Experimental results in swarm of 1000 peer
1Mbps.

12

-adaptive
S. Is

5 CONCLUSIONS

We focused on the trading phase of mesh-based R2P-T
ha¥§stems and proposed Hose Rate Control, an algotahune

the number of chunks a peer offers to its neighdéRC aims
at efficiently exploiting the peer upload bandwidthy
controlling the queuing delay suffered by transedtthunks
in the peer upload access link, which is today typEcal
bottleneck for P2P-TV systems. Our results show HRC
reduces chunks delivery delay leading to better @okisers.
We implemented HRC in the NAPA-WINE client, coping
with the actual implementation issues and presgntin
experimental results considering swarms up to J@0s.
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