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Abstract—Peer-to-Peer streaming systems (or P2P-TV) have there are two families of algorithms for practically implent-
been $tudied in the literature for some time, and they are ing the chosen policy. Theush based algorithms organize
becoming popular among users as well. P2P-TV systems targetina peers in distribution trees which are rather static ame o

the real time delivery of a video stream, therefore posing differat . . . .
challenges compared to more traditional P2P applications like which a number of consecutive chunks are deliveredyuti

the better known file sharing P2P application. In this paper, we based approaches, peers are qrganized if‘ a ge_neric ov_erlay
focus on mesh based systems in which the peers form a generictcopology and a preliminary trading phase is required during

overlay topology upon which peers exchange small “chunks” of which, before the actual chunk delivery, a peer advertises
video. In particular, we study the signaling mechanisms that  gome of jts neighbors which chunks it possesses and the

must be in place to trade chunks in a quick and efficient way, . . . . L
by automatically adapting a peer service rate to its upload neighbors, in their turn, select the desired chunks. Bydingi

capacity, and to match the demand from other peers. The goal the trading phase, push based algorithms typically achieve
is to maximize peer upload capacity utilization, while avoiding smaller chunk delivery delay than pull based approaches. Th

forming long transmission queue, therefore minimizing the chunk  drawback is the higher complexity to manage the trees and a
delivery time, a crucial parameter for P2P-TV systems. Our |over robustness to churning, which limits their scalapiln
results _shpw_th_at the proposed solution achleve_s several desmet_)_ term of number of peers. Conversely, in pull based algosthm
goals: i) it limits the overhead due to signaling messages, ii) ) T v ;
it achieves a fair resource utilization, making peers contribute @ careful design of the trading phase is needed to avoid that
proportionally to their bandwidth, iii) it improves system perfor-  the additional signaling delay translates into an excessbst
mance, reducing loss probability and chunk delivery delay with to pay for better resource usage and resilience to churning.
respect to mechanisms with non adaptive number of contacted  This paper focuses on the design of the trading phase,
peers. which, to the best of our knowledge, has never been sys-
tematically studied in the literature. Each peer advestisea
subset of its neighbors the set of chunks it possesses throug
Mesh-based P2P streaming systems (P2P-TV) are amamgoffer message. Neighboring peers reply to it witlselect
the most promising solutions for broadcasting real timeswid message in which they specify the subset of chunks they are
contents over the Internet [1]. They offer to content previd interested in. The transmitter then schedule the transmissg
and broadcasters the opportunity of reaching a potentiathye selected chunks using a FIFO queue, from which chunks
unlimited audience without the necessity of expensiveas¥r are served one after the other. Indeed, it is trivial to usided
tructural investments. In mesh-based P2P streaming sgstethat transmitting chunks in sequential order allows to oedu
the video content encoded in real time at the source tise chunk delivery time compared to parallel transmissijn [
sliced in small pieces calledhunks which are distributed Finally, successfully received chunks are acknowledged to
over a meshed overlay topology exploiting a fully distrédat transmitters through aACK message.
epidemic approach. Chunks should be received by the peerZhis pull mechanism requires a number of parameters to
within a deadline from the instant of time they were genetatebe tuned to reach optimal results, and the optimal setup, in
so that delivery delay is one of key aspects of these systerits.turn, depends on the specific scenario, which is typicall
There is a substantial difference between P2P systemsder fhighly variable due to the natural network variability argko
sharing and for streaming: the latters have to guaranteeatyp heterogeneity.
real-time constraints, while delivering an almost contstaih In addition, video chunks must be small, e.g., less than 8
rate stream of information. Indeed, file sharing P2P systemackets, to minimize the packetization delay at the souhee,
have been engineered to maximize the download throughpwénsmission delay on the network, and the store-and-forwa
i.e., to minimize the download time of the overall content. Idelay at the peers. To avoid both the burdening of handling
P2PTV systems on the contrary, the download rate is dictate@P, and unnecessary delay due to TCP retransmission and
by the video rate, which is limited by definition. Chunks areongestion control, UDP is typically preferred by actuaPP2
emitted by the source in real time, and must be delivered T/ application [3]. This poses the problem of how to handle
all peers, minimizing the chunk delivery delay and losses. the congestion control, and in particular, how to limit the
The core of chunk distribution algorithms is the chunlmount of information a peer can transmit, since its dowthloa
scheduling policy, according to which the peers choose lwhicate is in all cases limited by the stream rate. Controlling
chunks should be delivered to which peers. In the literaturtherefore the uplink bandwidth utilization is a key problem

I. INTRODUCTION
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advertised. These two aspects are particularly criticadesan
inadequate setting can translate into performance detipada
due to excessive signaling overhead, waste of resourcesHgure 1. Schematic representation of the peer chunk tradiechanism.
gueuing delay at the transmitting peer. We thus propose a
solution to adapt the above mentioned parameters i) to theAs normally assumed in the literature of P2P-TV systems,
video rate and ii) to the upload capacity of the peers witlve consider a case where peer’'s uplink capacity represents
the objective of jointly maximizing the exploitation of thethe bottleneck to system performance, and consider thekchun
peers’ upload capacity and reducing chunk delivery delaglivery loss as main performance indexes (this includesde
and losses, i.e., carefully controlling the bandwidth ediion and chunks arrived after the playout deadline). In addijtion
on the uplink channel of a peer. The proposed algorithme consider each peer uplink bandwidth utilization as an
is extensively tested by simulations; the results show, thanportant index, which allows us to gauge the fairness and
with respect to non adaptive mechanisms, it can consigtergfficiency in allocating system upload capacity.
improve system performance in terms of chunk loss, delivery The signaling mechanism used to trade chunk ipudl
delay, and thus service quality. Furthermore, peers’ uplomechanism similar to the one used in other mesh-based P2P-
capacity is used in such a way that system demand rateTlé systems, [2], [4], [5], [6]. A chunk is sent from a peer to
satisfied in a fairer fashion, avoiding stressing low caacione of its neighbors after a trading phase which is sketched
peers, and avoiding concentrating the download from higih Fig. 1. In the figure, trading messages are represented
capacity peers only. above the time line and chunk transmissions are below it. The
The proposed algorithm is being implemented within theegotiation begins on the transmitter side: pegeriodically
new P2P-TV application under development within the EUshooses a subset of its neighbok§, (with |V,| = N,)

Taire

FP7 NAPA-WINE STREP project [7]. and send them a special signaling message, calledffan
message, containing the set of chunks it possesses and whose
1. SYSTEM DESCRIPTION age is smaller tharD,,.,. Every peer in\, replies to the

offer with aselectmessage in which it indicates a subset of at
We consider a system in which a source segments th@st )/ desired chunks. Once a chunk has been “selected”,
video stream into chunks and injects them in the overlajie receiver will set it apendingto avoid requesting the same
network. Let\ be the set of peers composing the overlay, withunk from different peers at the same time
cardinality N. The application must deliver every generated As soon asp receives someositive selecimessagés it
chunk within a deadline starting from the instant in whicchedules the transmission of all requested chunks, main-
it is emitted by the source; this deadline is callpldyout taining a transmission queu®f chunks to be sent that is
delay, D If the chunk age is greater then the playouerved in a FIFO order. Pegris committed to send all the
delay, the chunk cannot be traded anymore, as in a slidiggunks requested in all the received select messages. €hunk
window mechanism. are small, to minimize the transmission delay and to quickly
Chunks are transmitted by peers to their neighbors, i.epread them through the overlay via the store-and-forward
they exchange chunks in a swarm-like fashion; the overlayechanism typical of the P2P systems.
topology is defined by the set of peers and virtual links Several design choices impact the performance of the pull
connecting them. Lef, be the set op neighbors. The overlay mechanism: 1) the criterion to select peers belongingvio
topology changes its structure dynamically due to the dhgrn — known as the “peer selection”; 2) the strategy according to
and the possibly dynamic algorithms driving its mainteranavhich peers inV,, select chunks to download — known as the
and optimization [8]. Since the overlay dynamics are ugualtchunk selection”; 3) the frequency at which a peeoffers
much slower than chunk distribution timings (minutes versichunks to its neighbors; and 4) the values of the parameters
tens/hundreds of ms), we are going to neglect churningtstfec\/ and N,,.
The overlay can be built by assigning a certain set of neighbo Since the objective of our study is to discuss the last two
to every peep. Since the actual design of the overlay topology . _ _ _
is out of the scope of this paper, we consider the simplest CaSZNote_z 'thatpendlngchunks can not be published affer messages yet.
. . . . Positive means that at least one chunk was requested in et sessage.
in which the overlay network is built once and on a randomy s paper we assume signaling messages are reliably delive.g., an
bases (as we did in [9]). ARQ mechanism is present.



issues, for theeer selectiorand thechunk selectiormpolicies e PosSelectNum and O f ferNum are respectively the
we make the simplest possible choices: pgerhooses the number of received positive select messages and the
neighbors to contact uniformly at random within the set sf it number of offered messages sent for a given offer/select
neighbors, and the neighbors choose the chunks to select at phase.

random among the ones it needs. This policy is also knowne CR is the clipping ratio that limits the growth ofN,

in the literature as “Random Peer - Random Useful Chunk when the number of positive select messages is small.

selection” [10]. _ _ The algorithm is run every time a new chunk arrives and
To keep the chunk delivery delay as low as possible, thgly once per trading phaseV, is thus updated just before
length in chun_ks of the transmission queue must be k_ept%dmg the offer messages. The algorithm aims at jointhygus
small as possible; this suggests to: i) $ét = 1 to avoid the ayailable upload bandwidth and maintaining the queue as
filling the transmission queue with many chunks directed ot as possible. If the transmission queue grows too long,
the same neighbor, and ii) issue a new offer based on NUMREL peer reduces the number of offer messages it sends. On
of chunks waiting to be transmitted. the contrary, if the queue is too short (possible idle times
In next section we describe the algorithm, called ASEnhq unused bandwidth), the number of neighbors to contact is
(Adaptive Signaling Protocol), we propose to automafjcalincreased. The decision is basedp; that, as sketched in
set N, and decide the schedule of the offer messages.  Fig. 1: it represents the queue residual busy time at thekchun
arrival. The optimal design should lead to h&lgs; equal to
the twice average RTT, so that by sending the offer messages a
Consider a traditional sliding window algorithm adoptedime equal to2AvgRTT before the last chunk ACK message
to perform congestion control in a end-to-end connectibn. is received, the bandwidth results continuously utilizad the
is well known that the transmitter window size has to bgueue delay minimizée¥i.e., the queue residual time when the
correctly set to match the actual available bandwidth and@l. RTselects are returned ... in the figure) tends to zero.
Similarly, in our P2P-TV peer design, we have to decide If at the chunk arrival the queue residual busy tiffig;
the amount of information a peer can transmit to exploit iis too small, say smaller thaddvgRTT, the algorithm can
upload capacitylV, is equivalent to the transmitter window,foreseen some idle time for the peer; thi§, can increase.
measured in chunks, which has to be correctly tuned to matdbwever, when the peer is slow in distributing chunks or far
peerp upload capacity, the actual system demand, and thaay from the source, it tends to receive negative seleats fr
RTT experienced betweep and its neighbors. Differently neighbors and possibly to stay idle for long time. To avoid
from traditional congestion control algorithms, the oVeraflooding the neighbors with an excessive number of useless
system upload capacity has to be allocated to match the tafigihaling messagesy,, is increased only if the fraction of
download demand rate, since each peer has to contribute togbsitive select messages is larger than the threstidtd
video distribution and each peer has to download an average

IIl. THE ADAPTIVE SIGNALING PROTOCOL

amount of information equal to the video rate. Therefavg, IV. PERFORMANCEEVALUATION
determines also the bandwidth allocation among peers in the ] ] ]
system. A. Simulation scenario and assumptions

Selecting V,, is not easy. IfV,, is too small,p upload Al results shown in this paper have been obtained through
bandwidth risks not to be exploited at best: the transmissi@2pTV.-sir, an open source event driven simulator developed
queue empties quickly, causing long periods of inactivitye( ithin the NAPA-WINE project. In our scenario, peers are
timeg; this can reduce system performance especially fggrtitioned in four classes based on their upload capacity:

high uplo_ad capamty peers. If, _msteaN? 'S too Iarge,p_ o 15% of peers are in Class 1 with upload bandwidth equal
transmission queue fills up, causing additional chunk dgfiv 10 5Mb/s - 10%

delay and, pOSS|ny, Ios;es due to Igte delivery of chunks.. 35% of peers are in Class 2 with upload bandwidth equal
Moreover, a lot of signaling overhead is produced. Th\is, t0 1Mb/s -+ 10%

21\/'»:; bee S'Ic'i'?pt:r?d tct)héh?acltjlei?as sigfnaﬂgmczfngagepeset;rtti:% 30% of peers are in Class 3 with upload bandwidth equal
g , y : 9 {0 0.64Mb/s+ 10%,

from a default _valug, each peer modifids according to the . 20% of peers are in Class 4 with negligible upload
following algorithm:

bandwidth.
't (Lg_'f_f; >= 2AvgRTT) The video source belongs to Class 1 peers. The corresponding
else if (PosSelectNum/OfferNum-= CR) average bandwidth i&[B,] = 1.3 Mb/s. To study the system
Np++;
where

3Twice the minimum RTT would be enough to guarantee that a select
o Tuisr is the time between a new chunk arrival and theessage is received before the transmission queue emptiegveiowlue to

moment in which the transmission queue becomes emp‘lﬁf’ variability of RTT and the r_andomness of peer selectimtegss, using
tHe average RTT is a safer choice.

° Av.gRTT is the round trip time averaged among all peer’s 4P2PTV-sim is available at http://www.napa-wine.eu/ciitwiki/view/
neighbors; Public/P2PTVSim.
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Figure 3. N, evolution versus time with APS with’ R = 0.0 andp = 0.9.
Figure 5. Average number of contacted neighbdkswith ASP algorithms
for all the peers, that are in decreasing order with theidbadth atp = 0.9.

under several values of network load we change the video rate

s, SO that the load is B. ASP transient analysis

We first show the evolution oV, with time. in Fig. 3 p =
0.9 andCR = 0.0) N, is averaged over all peers in the same
Chunk size is fixed and equal fo= 100kb, i.e., about 8 UDP class, considering time windows of 20 chunks (that corredpo
packets (with typical 1500B size), while the inter-chunkei to 1.7 s). Starting from the initiaV,, = 10 for all the peers, the
depends on the video rate. In each simulation the source ersiétting of IV, quickly converges (and then remains stable) to
2000 chunks, which are equivalent to a video of about 4mihe proper value that depends puipload bandwidth. Clearly,
atr, = 0.8 Mb/s. We considetV = 2000 peers. According peers with negligible uplink capacity (class 4) do not gater
to the assumption that the bottleneck is at the peer uploady offer message.
link, the model of the network end-to-end path is almost Then, we analyze the impact of the clipping ratio on the
transparent: it is simply modeled by a delgy that is added performance of the ASP algorithm. We set the load te 0.9,
to the transmission time of all the packets flowing frpnto i.e., video rater, = 1.1Mbps, and we plot the loss probability
q. End-to-end latencie,, are taken from the experimentaland the average number of signaling messages sent per peer in
data set of the Meridian project [11]. Latency frequencidsig. 4. The curves show that there is a trade-off betweer#oss
are reported in Fig. 2, in which values ¢f, > 200ms are and signaling overhead. A€'R increases, loss probability
accumulated in the last bin for simplicity; the overall meamcreases but the signaling overhead decreases; indeed, du
latency isE[l,,]=39 ms. to the epidemic and random chunk diffusion process, number
The overlay topology is randomly generated at the beginf positive selects decreases by reducing the number o$ peer
ning of a simulation by letting each peer randomly seletiat are contacted. To achieve low loss probability, margrpe
K = 20 other peers as its neighbors. Since connections &fgould then be contacted, i.e., many messages should he sent
bidirectional, the average number of neighbors for a peerdkearly increasing the signaling overhead. In the follayyiwe
equal to2K. The topology is static for the whole simulationwill consider two cases: no clipping/R = 0, andCR = 0.5,
run (as already mentioned, since we simulate a few minutésit seems a reasonable trade-off between signaling aerhe
of the system behavior, we neglect the effect of churningind loss probability.
All results presented below (except for the time evolution) Fig. 5 reports the average number of contacted neighbors in
are obtained averaging the results of four random topatpgi@very offer sessionp(= 0.9). Notice that peers are clusterized
when different systems are compared, they use the same fiouthe four different classes in decreasing order with their
topologies. uplink capacity. ASP nicely adapt®¥, to the peer upload

pP= TS/E[B;D]'
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Table |
. . AVERAGE BANDWIDTH UTILIZATION FOR CLASSES1, 2, 3AND JAIN
bandwidth, and the number of contacted peers is roughly FAIRNESSINDEX AT p = 0.6.
proportional to the peer upload bandwidth, The variabitify Class 1] Class 2| Class 31| Faimess Index
N, within the class is due to the different position of the peerg N, = 10 0412 | 0836 | 0.904 0.934
in the overlay topology: peers that are close to the source ASP (CR =0.0)] 0.464 | 0.792 | 0.785 0.951
tend to have a large number of positive selects from theif ASP (CR=0.5)] 0.550 | 0.657 | 0.695 0.962

neighbors and they can effectively exploit their bandwidth
by only emitting a limited number of offer messages,(

is small); on the (?o_ntrary, peers that are far away from ﬂE)‘?Jtperforms also the system wift}, = 15 that corresponds to
source end up emitting a large number of offer messags (ihe value achieved by high bandwidth peers under the ASP (as
is large). Squared markers refer to a scenario in which t &n be observed by Fig. 5). The reason is thigt= 15 is too
clipping ratio, CR, is set to 0.5, while crosses indicate N, a5 yalye for low bandwidth peers that end up transrgittin
clipping ratio. The absence_ of cl|pp|_ng ratio makes peeas th g of chunks, but introducing additional queuing delags t
are far from the source pointlessly increasg to very large 4 o <hunk delivery time. Conversely, whe¥, is fixed and

values. equal to 5, peers cannot fully exploit their bandwidth, amd t
explains the higher loss probability. Same consideratzars
be achieved from Fig .7 where the 95th percentile of delivery
delays of chunks are reported. Again ASP wittR = 0 or

We now consider the performance of ASP with respegtr — 0.5 cases show lower delivery delays and, therefore,
to schemes in whichV,, is fixed, so that every peer alwayspetter performance than fixed, schemes. An interesting fact
generates the same amount of offer messages, independegtiyoint out is that a larger clipping ratio can actually higlp
on its upload capacity and status of the transmission quepgducing delays when the system is under loaded: (0.7.
Fig. 6 reports loss probability versus load for the case fideed theCR = 0.5 curve exhibits smaller delivery delays
ASP with CR = 0 or CR = 0.5 (solid lines) andN,, fixed respect toC'R = 0.0 one if p < 0.75. This is due to the fairer

to 5, 10, or 15 (dashed lines). Loss probability is averagefer uplink capacity utilization as discussed in the foltay
over all chunks and all peers. Observe that by guaranteeing

a better utilization of the bandwidth, ASP always achievéd Bandwidth allocation among peers

better performance than the scheme with fiXég e.g., losses  Fig. 8 reports the bandwidth utilization per peer measured
are reduced by a factor up to 4 fgr > 0.9. Moreover, as the fraction of time the uplink channel is used to transmit
improvements are equal to all classes of peers, so that lobsinks; average values per class and Jain’s fairness index a
probabilities are the same for all classes. Interesting§P reported in Tab. I. We consider a scenario in which the video

C. Performance analysis and comparison with fixéd,
schemes
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N, = 5 leads to the smallest number of signaling messages.
However,N,, = 5 leads also to the worst performance (see Fig.

6). Improvements can be achieved for higher value¥ pand

for the ASP algorithm. When the load is low, queues are short,
chunks are distributed quickly, and peers are able to get the
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Received Messages (Offer + Select)

0 ‘ ‘ ‘ ‘ ‘ clipping is active (ASP withCR =0.5), the mechanism is
06 much more efficient and the waste due to signaling reduces
by a factor 3.

Figure 9. Total number of received signaling messages perveesus load. V. CONCLUSIONS
g ! In this paper, we focused the trading phase of pull P2P-
3 o8l ] TV systems. While a large amount of exchanged messages
g e R R causes transmission queues to grow, increasing chunks deli
E 06 ¢ 3 ery delays, losses and wasting time and resources, a strong
3 oul — . ) limitation of the number of signaling messages leads to bad
3 5 CRo0.0 —r— performance in terms of losses. To solve this problem, we
2 g2l ASE, SRT08 —— | proposed a distributed algorithm to determine the best mome
E Fixed Np=10 o a peer must start publishing its content and the best nunfber o
%% 07 o8 oo ‘1" 1 1o neighbors it must contact in each trading phase on the bhsis o
its upload bandwidth and status of the transmission queue. O
results prove that the proposed algorithm actually redtioes
Figure 10. Fraction of positive select messages versus load. amount of signaling overhead, introduces a fair and efficien

upload bandwidth utilization in heterogeneous scenagas,
rate is 0.7Mbps, corresponding o= 0.6. The intuition is improved system performance in terms of delay and losses.
that each peer can contribute to the chunk distribution byCurrently we are implementing the proposed system in the
spending only 60% of its upload capacity. Top plot refers tJAPA-WINE client, solving implementation issues, e.g., how
the case of fix\V, = 10. High bandwidth peers have a lowto estimate the average RTT and thg.
utilization of about 40% of their bandwidth, meaning thagth
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