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Abstract—P2P-TV systems performance are severely impacted analysis of different proposed strategies have been darrie
by the overlay topology peers form. Yet, detailed experimen out in rather idealized scenarios exploiting simulations o
tal studies on its features are missing. This work provides a analytical models. Few works undergo implementation and

comprehensive experimental comparison of different stratgies t actual . ¢ d th Ihedimi
for the construction and maintenance of the overlay topolog present actual experiments, and even those are usualtgdmi

for P2P-TV systems. We have implemented different fully- O few tens of peers. A detailed discussion of related work is
distributed strategies for the design of the overlay topolgy presented in Sec. Il.

within WineStreamer, the P2P-TV application developed wih What is still missing is a systematic comparison of différen
EU NAPA-WINE project. An extensive campaign of experiments  514qrithms in an actual and known environment. Indeed, only

has been conducted in a fully controlled set-up which involes tual impl tati I to full luate the dfet
1000 peers, spanning very different networking scenarios. an actual impiementation aflows 1o tully evaluate the

Results show that the topological properties of the overlapave ~policies, assessing the impact of signaling, measurements
a deep impact on both user quality of experience and network implementation issues, etc. This paper tries to fill this, gap-

impact. Strategies based solely on random peer selection er yiding a comprehensive and purely experimental comparison

greatly outperformed by smart, yet simple strategies that an s gifferent strategies for the construction and the maiatee
be implemented at low cost and with negligible overhead. Eve

in face of different and complex scenarios, the neighborhab of the overlay tOPO'OQV for PZP'TV systems. .
fi|tering strategy we devised as most performing guaranteeso The algorlthms we Investlgate are all based on the selection

deliver almost all chunks to all peers with a playout delay adow of neighbors a peer chooses, keeping the system fully dis-

as only 6s even with system loads as high as 0.9. tributed and without the need for external help, or a ceiztdl
WineStreamer is a fully fledged P2P-TV application, open- ‘oracle’ to help peers. Algorithms are based oselction and
sourced to make results reproducible and allow further resarch L - -
by the community. replacement criteria, apcordmg to which each.peer chooses
the peers he would like to have as parents (i.e., peers from
|. INTRODUCTION which download chunks). Blacklisting feature allows to iavo

Mesh based live P2P streaming systems (P2P-TV in sharycling among bad parents. Overall, we explore 12 different
are among the most promising solutions for inexpensivedsroacombination of criteria (24 if blacklisting is enabled),dSea
cast of real time video contents over the Internet. Theyroffen metrics such as Round Trip Time (RTT), peer upload
content providers and broadcasters the opportunity ohiegc capacity, number of received chunks, etc. Intuitivelysthare
a potentially unlimited audience without expensive infinas- metrics that are known to either i) favor traffic localizatjo
tural investments. Similarly to file sharing P2P systems, mg., choosing peers with smaller RTT, or ii) improve system
mesh based P2P-TV systems the video content is slicedperformance, e.g., choosing peers with larger upload dgpac
pieces called chunks, which are distributed onto an overlayWe test these algorithms in three network scenarios in
topology exploiting a fully distributed epidemic approaBut, which we control peer upload capacity, end-to-end RTT and
differently from file sharing P2P systems, chunks are gaadrapacket loss. In the simplest scenario, peer upload capseite
in real time, sequentially and (in general) periodicallpey heterogeneous among peers, while RTT forms 4 clusters, with
must also be received by the peers withirdeadline to be inter-cluster RTT being smaller than intra-cluster RTTefh
played out, so that timely delivery is the key aspect of thesee consider a biased upload capacity distribution, whegé hi
systems. This makes P2P-TV systems design deeply differeapacity peers are all in the same cluster. Next, we add the
from file sharing applications design, and solutions pregosimpact of eventual packet loss on long-distance paths among
for file sharing P2P systems can be hardly adapted to ligkisters, facing an almost adversarial scenario.

P2P-TV systems. Results show that policies that select peers based on rletwor

Two are the key features that characterize a mesh baskstance coupled with policies that drop peers based om thei
P2P-TV system: i) the algorithm according to which theontribution are performing well in all scenarios.
mesh overlay topology is constructed and maintained, &) th Finally, we wish to emphasize that, for the first time to the
algorithm according to which chunks are traded among peebgst of our knowledge, we present reproducible experinhenta
A large body of research work has focused on the design amdults for a fully controlled and publicly available reab-i
analysis of efficient algorithms for the overlay topologyima plementation of a P2P-TV system referring to a rather large
tenance and chunk scheduling. Most of the previous worlsgale set-up comprising 1000 peers. All the software we have
however, have mainly a theoretical flavor, thus performandeveloped is Open Source and released under the (L)GPL.



D(%—» selects one chunk based on a “latest useful” policy sending

Content Playout or generation back a select message. The latest useful policy means the
4 FFMPEG ) «—{ DE-CHUNKIZER peer selects the most recent chunk it does not have. This has
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Figure 1. OfferStreamer peer architecture. Figure 2. Pictorial representation of chunk exchanges fooma peer with

the offer-select protocol used by WineStreamer.

II. WINESTREAMER DESCRIPTION The source acts as a standard peer, but it does not participat

Empowering this work is WineStreanterWineStreamer in the offer/select protocol. It simply injects one or moopies
is an Open Source P2P-TV client that stems from the dé in our experiments) of the newly generated chunk into the
velopments and research of the NAPA-WINE EU projecioverlay. Itimplements ahunkiser to process the media stream
whose overall architecture and vision are described in[1%g.9., an encoded file, or a live MPEG TS stream coming
WineStreamer leverages GRAPES[16], a set of C libraries ifiom a DVB-T card, or the raw video of a webcam). The
plementing building blocks for P2P-TV streaming that eeabl chunking strategy used in WineStreamer is trivial to avoid
building applications with almost arbitrary charactédstthus mingling its effects with the topology-related ones: oraxie
allowing for experimental works comparing different chesc — one-chunk policy to avoid that a missing chunk would
to be done efficiently. impair several frames due to, e.g., missing frame headers.

Fig.1 describes the logic and modular organization dihe chunkiser is implemented using the ffmpeg libréiss
WineStreamer. Given the focus of this paper, the overldlyat several different codecs (e.g., MPEG video, theor26#.
management is detailed in Sect. Ill-A, while in the follogin €tc.) are supported. Receiving peers, instead, implemdat a
we sketch the high level organization of the other companerhunkiser, which reads from the chunk buffer and pushes the
of the application. chunks to the playout system where they can be played in the
correct sequence.

The main loop (at the center of Fig. 1) implements the

WineStreamer is based on a chunk-based stream diffusiglobal application logic. It is responsible for the correisting
Peers that own some chunks offer a selection of them to soarel execution of both semi-periodic tasks, e.g., sending ne
destination peers in their neighborhood. The receiving pesffers, and asynchronous activities, e.g., the arrival ofiank
acknowledges the chunks he is interested into, thus awpidior of a signaling message from the messaging layer below.
multiple transmissions of the same chunk to the same peer. ThWineStreamer architecture is completed by the “messaging”
negotiation and chunk transmission phase is sketched i2Figand “monitoring and measures” modules. The messaging
signaling exchanges (Offer/Select messages) are repeelsemodule is a network abstraction layer, so that it frees the
above the time line and chunk transmissions (colored b)oclapplication from all details of the networking environment
are below the time line. Thaumber of offers per second e.g., the presence of NAT, middleboxes and other communi-
a peer sends plays a key role in performance. Intuitivelyation details. It offers a connection-oriented servicetiom
it should be large enough to fully exploit the peer uploatbp of UDP, with a lightweight retransmission mechanisms
capacity, but it must not be so large to cause the accumulatibat allows to recover few percentages of packet loss withou
of chunks to be transmitted adding queuing delay before $affering high retransmission delay.
chunk transmissions. In[17] we proposed Hose Rate ControlThe monitoring and measures module extracts network layer
(HRC) to automatically adapt the number of offers to botimformation by running passive or active measurements: pas
peer upload capacity and system demand. In this paper sige measurements are performed by observing the messages
adopt HRC: simpler trading schemes are less performing athet are exchanged anyway between two peers. Active mea-
can hide the impact of the overlay on the overall performansarements, in contrast, craft special probe messages \ahéch
of the system. sent to other peers at the discretion of the monitoring madul

For chunk scheduling, offers are sent neighbors in roun8everal network layer metrics are monitored [15]. Among
robin. They contain the buffermap of the recent chunks tlieose, in this paper we rely on the passive measuremeii}s of
peer possesses at that time. After receiving an offer, a pead-to-end path delay between peers (e.g., RTT, Delay)Jitte

andii) packet loss rate.

A. WineStreamer architecture

lavailable at http://www.peerstreamer.org
2http://napa-wine.eu Shttp://www.ffmpeg.org



B. Overlay Management The update of neighborhoods is periodic, maintaining the

The approach for building the overlay topology in Winet_op_ology dynamic and variable, so that churn impairmen_t is
Streamer is fully distributed: each peer builds its own heiglimited, and the swarm can adapt to evolving networking
borhood following only local measures, rules and peer saifRnditions. In particular, everyyp seconds each pegrinde-
pling. The overlay topology is represented by a directeglgraPendently update’; (p) dropping part of the old in-neighbors
in which the peer at the edge head receives chunks froWRile adding fresh new parents. Two parameters are associated
the peer at the edge tail, which is the one sending offef§. this scheme: the update periddp and the fractionfup
Each peep handles thus an “in-neighborhood; (p) and an of peers inA7(p) that is replacgd at every update. The add
“out-neighborhood’No (p). Ni(p) collects all peers that canOPeration guarantee§’ (p) has sizeN (if at leastN; peers
send chunk tg (p parents);No(p) collects all peers that can@r® known). If not otherwise statel; = 30, Tuyp = 10s and
receive chunks from (p children). Alternatively\; (p) is the Fup = 0.3. The latter two values result in a good compromise
set of peers thatffer p new chunks; whiley offers its chunks between adaptllv.eness anc_i overhead. Their choice is robaist a
to peers iV (p). Distinguishing between;(p) and Ny (p) We omit sensitivity analysis due to lack of space.
guarantees a greater flexibility in topology management tha
algorithms that impose the reciprocity between peers. ThRe Metrics driving the neighborhood selection

overlay topologyTs is the union of all the in-neighborhoods At every update); (p) is the result of two separate filtering

Tg = U Ni(p) (1) function: one that selects the peets drop, and another
peS one selecting parent® add. For these filtering function we
essentially consider both simple network attributes sush a

eer upload bandwidth, path RTT or path packet loss rate, and

Referring again to Fig. 1, the topology management is Spﬁgme application layer metrics, such as the peer offef mte
into two separate functions. Thpeer sampler has the goal of number of received chunks fro,m a parent

providing p with a stochastically good sample of all the peers . . L :
in S along with their properties; WineStreamer implements a Some metrics are statjgeer metrics: once estimated, they

variation of Newscasf] for this function. Theneighborhood can be broadcast with gossiping messages and are kaown

manager realizes the task of filtering the peers that are deemBd°"" Other metrics instead aggath attributes between wo

the most appropriate for interaction. Filtering is based dners and must be measured and can only be useat as

appropriate metrics and measures and it is the main focuspgiaenon. indicators of the quality of the considered parent
this paper. as perceived by.

Both add and drop filtering functions are probabilistic to
I1l. NEIGHBORHOOD AND TOPOLOGY CONSTRUCTION avoid deadlocks and guarantee a sufficient degree of random-

In WineStreamer every peer selects other peers as in-n€ss. Considering any metric, we assign a selection priiyabi
neighbors and establishes a management contact with théia to every candidate as
Thus each peer actively selects parents to possibly download
chunks when building the se¥;(p). Similarly, p passively wg=mg/ Y (my)
accepts contacts from other peers that will form the\ég{p) sENs(p)

) . o P 5
of children. There is no limitation téVo (p)°. wherem, is the metric ofg and Ns is either N7 for drop

Every peep manages a blacklist of peers in Whlch It can pLﬁltering or the set of candidate parents for add filtering.
peers that were perceived as very poorly performing parents

Peers in the blacklist cannot be selected for inclusio/ip). )
Blacklisted peers are cleared after the expiration of a-tuie B. Add Filters

(set to 505 in the experiments). _ _ We consider the following four criteria to add new parents:
The sizeN; of N(p) is equal for every peep: its goal is  RND: Candidate neighbors are selected uniformly at random.

to guarantee that has enough parents to sustain the stre my = 1;

download with high probability in face of churn, randomnesg,y;. candidate neighbors are weighted according to their

network fluctuations, etc. The siZés(p) of N (p) is instead upload bandwidthC,. Yg, m, — C,:

a consequence of the filtering functions of the peers thatsel ot . o gido e nqéighi)o;zs areq,weighted according to the

p as parent. The goal is to let the dynamic filtering func:tior]:ﬁVerse of the RTT between anda. Vo m.. — 1 )
: .Yq,mq = 1/RTT,(p);
of peersq € {8\ p} selectNo(p) in such a way that the . RTT,(p) is sl unknow?wq :%‘57.61 ¢ = 1/RTT,(p)

swarm performances_ are maximized. For example, heers W& F: Candidate neighbors are weighted according to the rate
higher upload capacity should have larger number of ledr?hey send offer messagé,. Vg, m, — Ry,
- VY, g = Llg;

than peers with little or no upload capacity.

whereS is the set of all the peers in the swarm

“Notice that sinceNo(p) are built passively, they do not contribute to ®HRC adapt the peer offer rate to peer upload capacity. It lvas be seen
construction of the swarm topology. as an indirect measure of its available upload bandwidth.

5In the actual implementatioVo (p) is limited to 200 peers, but the limit 7 RTT,(p) are locally cached agb so that they may be available a priori.
is never reached. Active measurements could also be used to quickly estinheeRTT.



Table |

C. Drop Filters NUMBER OF PCS PER SUBNET
For what concerns the criteria to select neighbors to be Subnet 1] 2] 3] 4

dropped we consider: Number of PCs| 43 | 63 | 60 | 38

RND: Neighboring peers are dropped uniformly at random. Table I

vq m, = 1 RTTS IN ms BETWEEN AREAS OF PEERS
b q — 1

1 2 3 4
20+ 10% | 80+ 10% | 120+ 10% | 160+ 10%
80 £+ 10% 20+ 10% | 140+ 10% | 240+ 10%
120+ 10% | 170+ 10% | 20+ 10% | 200+ 10%
160+ 10% | 240+ 10% | 200+ 10% | 20 £+ 10%

RTT: Neighboring peers are dropped with a probability di-
rectly proportional to the RTT betweenm and ¢q. Vg, m, =
RTT,(p);

RXC: Neighboring peers are dropped with a probability
proportional to the inverse of the rate at which it transfdrr
chunks top. Yq,m, = 1/RXC,(p). This metric essentially topology with similar characteristics will yield similaewards
assigns a quality index related to the parent ability to essc and performance.

fully transfer chunks t.

B WN R

IV. TESTBED CONFIGURATION

D. Blacklisting Policies Following the scientific approach, we need to benchmark
Finally a peer inV7(p) is blacklisted if one of the following the different algorithms in a known and reproducible scienar
criterion is met: To this aim, we run experiments in a possibly complex but

CMR: the ratio of corrupted/late chunks among the last 1d0lly controlled network to avoid fluctuation and randomsies
chunks received by from ¢ exceeds a threshold of 5%; due to external impairment. The testbed is built in labs
PLOSS the packet loss rate from to p exceed a threshold available at Politecnico di Torino with 204 PCs divided imfo
of 3%; measured over the last 300 packets received,; different subnets. Tabl2? shows the number of PCs available
RTT: RTT,(p) is greater than 200 ms. in each subnet. We usetlc, the standard Linux Traffic
Controller tool, together with the netem option to setup BRTT

Combining add and drop criteria we define 12 differerdimong subnets and packet dropping probability when needed.
overlay construction and maintenance filters. In the foll@y The RTT distribution is described in Tal#e. The upload
we name them stating the "ADD"-"DROP” policies, e.g., BWhandwidth is limited by the application itself, exploitirige
RTT for add BW and drop RTT. Sect. VI report results for diffeature of a simple leaky bucket (its memory being 10MB)
ferent resulting combinations. Blacklisting can be apblier to limit the application data rate to a given desired value.
not) to all of them, and its impact will be studied selectyvel Peer upload capacities, are shown in Tablelll. Each PC is
We tested also other metrics and combinations, but we omrlyhning 5 peers (5 independent instances of WineStreamer)
report interesting ones. RND-RND is used as a benchmark,sdwltaneously, thus, a swarm of 1020 peers is considered
it is a policy based on pure sampling of the swarm. in every experiment. The source peer run in an independent
E. Graph theory considerations server (not pelonging to any of the subnets). It injects & th_

swarm 5 copies of each newly generated chunk, corresponding

Depending on the selection strategy\df(p), 7s as defined to roughly 6 Mbit/s (see below).
in (1) has different characteristics. Leé¥;(p) = |Ni(p),  The well known Pink of the Aerosmith video sequence
if every peer selects in-neighbors at random a¥g(p) is has been used as benchmark. The nominal sequence length
binomially distributed, ther7s is an Erdés—Rényi graph. If corresponds to 200s, its spatial resolutioB#& x 240 pixels,
insteadN;(p) is constant, therVs is ann-regular (directed) while the time resolution is 25 frame/s. The sequence isddop
graph withn = N;. RND-RND falls in this category, provided for a total stream duration of about min. After the initial
the peer sampler provides the neighborhood manager with #min of experiment, each peer starts saving on local disk a
stochastically unbiased sample of the set of peers S. 3min long video that we use to compute QoE metrics.

Notice that also in cas&V;(p) = k Vp, which is the case  we selected the H.264/AVC codec for encoding the video
we consider in this workNo(p) is in any case binomially sequence. A hierarchical type-B frames prediction schemse h
distributed by construction, and this property is explbit®/ been used, obtaining 4 different kinds of frames that, ireord
the filtering function of peers to provide a topolog@y whose of importance, are: IDR, P, B and b. The GOP structure is
characteristics are different from amregular (undirected) |DRx8{P,B,b,. The nominal video rate of the encoder
graph and are exploited to obtain globally good performangg 1.2 Mb/s if not otherwise specified. This corresponds to

Actually, the filtering functions provide constraints fdret g system loagy = 0.9 — defined asp = rs/E[C,] where
evolution of the topology; formally, this means that evaat

of 7g falls in the category ofconstrained random graphs
processes. This rather simple discussion leads to the -obser
vation that the performance of the gonstrglmng rules can be Class Sandwidih Percentage of Peers
computed as rewards on a stochastic chain whose state is the 1 5Mb/s £ 10% 10 %

Table Il
CHARACTERISTICS OF PEER CLASSES

graph itself P], which guarantees that experimental measures 2 1.6 Mb/s+ 10% 35 %
; ; ; 3 | 0.64Mb/s+ 10% 35 %
are correct and meaningful, in that all the instances of the 2 0.2 Mbfs. &+ 10% 50 %




E[C,] = 1.324Mbit/s is the average upload bandwidth of 3 ‘ " Drop AND ==
peers. o 5 DR IT —

The source node generates a new chunk at regular time, i.es
every new frame, also enabling a stricter real-time stream-g
ing. The chunk size is instead highly variable. Each peer-
implements a chunk buffer of 150 chunks. Given the one- o
frame=-one-chunk mapping, and 25 fps of the video, this
corresponds to a buffer of 6s, i.e., the playout deadlinenig o
6s.

S
N

Add BW Add OFF

Drop RND xxxx3
Drop RXC ssames
Drop RTT

1l

Add RND Add BW Add OFF Add RTT

A. Network Scenarios

The general networking scenario sketched above is decline
in three different flavors that allow the exploration of difént
significant situations. The first scenar®, Homo hereatfter, is 3
geographically homogeneous: the distribution of the peérs
different C, classes is the same in any areas, so that there i
the same distribution of bandwidth everywhere. This sdenar
is useful to understand the fundamental behavior of differe
neighborhood filtering strategies. . . B ‘

The second scenariG_Bias hereafter, assumes that band- Add RND Add BW Add OFF Add RTT
width rich peers (class 1) are all concentrated in a single _ _ _
subnet. This situation is particularly challenging for patogy Figure 3. Frame loss for different strategies@Homo scenario: Fi, s

. - ; average) (top), percentage of peers whdskss(p) > 0.01 (center),
management system that tries to localize traffic and redee percentage of peers whogdoss(p) > 0.03 (bottom).

P&rs over 1% Losses %
S

Drop RND  =x=zxi
Drop RXC ez
Drop RTT e

Peers over 3% Psses %

network footprint of the application. 140 ‘ ;
The third and final scenariol.ossy hereafter, is again BW-RXC -

: . 120 | BW-RND o
geographically homogeneous, but the long-haul connestion RND - RXC =
between the subnets 1-3, 1-4, 2-3, 2—4 are subject to packet 100 | RND -RND = g
loss with probabilityp = 0.05, while only the intra-subnet 8 g0 | |
links and the links between 1-2 and 3—4 are lossless. This §’ || =1
situation is particularly useful to understand if blacgtilig can 5 60 | Class4 Class 3 Class 2 Prass 1
really help in building better topologies, or if its use shbu ©

. . . . . 40 + 1
be limited to isolate misbehaving and malicious nodes. .
20 t .
V. PERFORMANCE EVALUATION -
0 1 1 1 1 1
As performance indices to assess the QoE, for each peer 0 200 400 600 800 1000
p, we consider thdrame loss probability, Fj,ss(p), and the Peer

SSIM (Structural Similarity Index)Sssim(p), a well-known
method for measuring the similarity between two imagesén th
multimedia field P]. Given the highly structured organizationa, G_Homo scenario

Ol;;nte Véiizrﬁteref miigﬁheniiggl?gofgrot,;:]:e;e;?ve(d )wdecwe start considering the case in which the distribution of
g Y ypically 055 P C, is geographically homogeneous.

higher than 1%, while loss probability of few percent (3- The top plot in Fig.3 shows the average frame loss prob-

4%) significantly impair the QoE. In the following, we report_, ... . ) . .
both average frame 10S¥ios — Ey|Fioss(p)), and the ability experienced by different policies, while centerdan

percentage of peers that SUffEl,..(p) larger than 1% and bottor_n plots report, respectively, the percentages ofsphet
3% respectively 088 experienced,ss(p) > 0.01 and Fj,s(p) > 0.03.

. PND-RND is the reference, and we immediately observe
Performance however should also take into account the cgs . . A .
o at the other algorithms modify the loskstribution, i.e.,
for the network to support the application. Astwork cost ¢

we consider the average of the distance traveled b infchmmatthey can have a different impact on different percentiles. F
. 9 . y Inig instance BW-RTT improves the average loss rate and the
units. Formally, leth,(p) the number of bits pees received

) ; percentage of peers with,ss(p) > 0.01, but at the expense
from peerg; the peerp network cost {p) is computed as of the percentage of peers with bad qualify¢s(p) > 0.03),

>y RTT,(p)by(p) while RTT-RTT improves the number of peers with,, (p) >
((p) = S bo(p) (2) 0.01, but both the average and the percentage of peers with
A bad quality ¢}..s(p) > 0.03) are worse.
while the average network cost {s= E,[((p)] In general adding policies sensitive to peers bandwidth (BW

Figure 4. Out-degree distribution of peefs,Homo scenario.




and OFF for adding and RXC for dropping) appears to be the
more affective in reducing the losses. However the behafior
BW-RXC for which Fj,,, tops to 2.5% indicates that using a
single metric for selecting the neighborhood can be dangero
BW-RXC biases too much the choices toward high bandwidth3
peers, which become congested and are not able to sustain the,
system demand. To better grasp these effects, Fig. 6 reperts
smoothedl histogram of the out-degre¥, (p). Observe that
No(p) of peers belonging to different classes is significantly
different as long as bandwidth aware policies are adopiatd; o
degrees are instead independent for RND-RND as expected. |
principle it would be desirable to have an out-degree of a pee

proportional to its up-link bandwidth. This is roughly aehéd

by adopting BW-RND policy. Under BW-RXC, instead, the
degree distribution depends too much@n As a result, high
bandwidth peers tends to be oversubscribed while medium an

low bandwidth peers may be underutilized.

Policies sensitive to RTT perform well in the considered
scenario, with the exception of RTT-RTT, which is again too
aggressive in strictly selecting the closest parents. ddde
as already observed iff]f policies that force a too strict
localization of traffic may induce significant pen‘ormancgigure 6.
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Frame loss for different strategies GHomo scenario with

degradations due to poor topological properties of the swarn; = 20: F,,,, (average) (top), percentage of peers whBsess(p) > 0.01
To complement previous information Fig.7 reports the Cucenter), percentage of peers whdsiss(p) > 0.03 (bottom).

mulative Density Function (CDF) of network coétp). As

expected, RTT aware policies tends to significantly redbise t
index thanks to their ability to select parents within thenea

area.
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scenario.

L o < ) ]
. x @ RTT-RTT -

I e i RND-RTT =

» e 2] RTT-RXC ~ -

I - 5 RND - RXC * |
L BW-RND - |

T RND- RND -

0 50 100 150

Network Cost [ms]

200

CDF of the distance traveled by information uni&,Homo

Next, we consider the same network scenario but we set
N; = 20. This is a more critical situation and we expect that
choosing the good parents is more important and expect RND
policies to suffer more. Notice that the valuel¥f is related to
the total number of peers, so that for actual global broaahzas
to millions of peers having a policy that performs well with a
small N7 is very important, as the signaling overhead increases
with Nj.

Results are plotted in Fig. 8 (the y-scales in Figs. 3 and 8 are
different for readability reasons, and this is the reasog ath
first sight some policies seem to perform better with a smalle
Nj). The performance of RND-RND significantly degrades in
this case. The reason is that the out degree of Class 1 peers
under RND-RND is often not enough to fully exploit their
bandwidth. Bandwidth aware strategies, instead, suadgssf
adaptNo(p) to C, maintaining high performance. Also RTT-
RND and RTT-RTT, which are bandwidth unaware, perform
better than RND-RND, since RTT-aware selection policies

As a first consideration, we can say that: i) bandwidifeduce the latency between an offer and the actual chunk
aware policies improve the application performance; ii)TRTtransmission that follows it, helping in exploiting the pse
aware policies reduce the network cost without endangeribgndwidth. Results for network cost are similar to those in
significantly the video quality; iii) the preference towdrigh Fig.7 and are not reported for the sake of brevity.

bandwidth peers/nearby peers must be tempered to achievg,nqom selection policies, which are widely employed by

good performance. For instance a policy like RTT-RXC img,

e community, are robust, but perform well only if the numbe

proves quality and reduces the network cost at the same ti’HFpeers in the neighborhood is fairly large, which, for live

streaming applications, implies a large overhead for digga

8The distribution of No (p) inside classes is binomial as expected frompg already seen withV; = 30, also in this case the policy

theory. This distribution results in a large noisiness & fhot, so we apply
a smoothing window of length 30 in plotting, basically shogithe average
No in each class.

that combines bandwidth and RTT awarenesses (RTT-RXC)
definitely improves both performance and network costs.



B. G_Bias scenario
Maintaining unchanged th&’, distribution, we localize

all Class 1 peers in geographical area 1. This scenario, in

principle, constitutes a challenge for the policies thatttr

localize traffic. Indeed as side effect of the localizatioe w

can potentially have a “riches with riches”, “poors with psib

clusterization effect that may endanger the video quality

perceived by peers in other geographical regions than 1.

CDF

Figure 7.

G_Bias scenario.
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Fig. 11 reports the CDF of},,s(p) for the five strategies Figure 9. CDF of chunk loss probability (top) and CDF of chud®ivery

elays (bottom) for three different strategies with andhaitt adopting

performing better in th&_Homo scenario, plus the benchmarlﬁlacklist mechanism iik.ossy seenario

RND-RND. In this case if RTT is the only metric used as in

RTT-RTT, the performance degrades unacceptably, and peers Table IV

in area 1 are in practice the only one receiving a good service  AvERAGE FRACTIONS OF INCOMING TRAFFIC FOFCLUSTER?Z.

However, observe that strategy RTT-RXC performs as well
RND-RXC and BW-RND, but it can also reduce the networ

cost, as shown in Fig. 12 that reports the CDR ().

CDF

Figure 8. CDF of distance traveled by information uniBs,Biasscenario.
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s 1-good| 2-local [ 3-bad | 4 - bad + far
k RND - RND w/o BL 0.23 0.32 0.28 0.15
RND - RND w BL 0.28 0.34 0.24 0.12
BW - RND w/o BL 0.22 0.35 0.27 0.14
BW - RND w BL 0.23 0.36 0.24 0.13
RTT - RXCH w/o BL 0.12 0.68 0.11 0.07
RTT - RXCH w BL 0.13 0.70 0.09 0.05

nets, but packet losses are present in some long haul con-
nections. In this case, we expect that blacklisting can play
significant role to avoid selecting lossy paths. Indeed|at«p

ing the blacklist mechanism every peer should identify and
abandon poorly performing parents, biasing the neighbmiho
toward good performing peers. This effect should reinforce
policies that naturally bias the selection of neighbor peer
employing peer quality. We only plot the results for RND-
RND, BW-RND and RTT-RXC as these latter have emerged as
the most promising criteria and RND-RND is the benchmark.
The performance of other policies did not show any really

This result essentially proves that alsoGnBias conditions interesting behavior in this scenario.

it is possible to partially localize the traffic without emdger-

Fig 13 plots the CDF of frame losses (top) and the CDF

ing the video quality perceived by the user, as long as RTOf chunks delivery delays (bottom) for the selected poticie
awareness is tempered with some bandwidth awareness. Blacklisting improves the performance of every policy. RTT

C. Lossy scenario
We consider another challenging scenario in which largenis is an excellent result, since the system is facing a very

bandwidth peers are uniformly distributed over the four-sulshallenging scenario while working with a load of 0.9.

RXC emerges again as the most performing policy and with
blacklisting practically all peers are able to receive alligks.
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0.99 § S
0.98 Many popular commercial applications such BBLive,
0.97 ¢ SopCast, Octoshape were proposed in recent years, but their
= 0% EVQ did blish any information about their in
= 095 RTT - RXC w BL creators did not publish any information about their in&mn
® 094 | RTT-RXCw/oBL implementation, making impossible any statement about the
0.93 BV%W#SB‘?W"C‘)’ E'E - AN overlay topology design strategies. Focusing on available
88? I RND - RND w BL = literature on purely mesh-based P2P-TV streaming systems,
09 L_AND-RNDwioBL » ‘ L many solutions can be found, but also in this case, to the
06 07 08 09 1 11 12 13 14 best of our knowledge, none of them providgmeral and
rg [Mbps] detailed guidelines for the Overlay Topology design pro-

cess. An early solution calle@GnuStream was presented in
[1]. Based onGnutella overlay, GnuStream implemented a
simple load distribution mechanism: peers were expected to
ntribute to chunks dissemination in a way proportional
their current capabilities. A more refined solution cdlle

Figure 10. Sssim index when varying video rates in Lossy scenario.

Benefits of the blacklisting mechanism are confirmed b

Table ?? that reports the normalized volume of incomin . .

: : . ROMISE was introduced by Hefeeda et al. in [2]. Even
traffic f luster 2 f Il clusters. Ki ) . .
rafiic Tor peers In ClUSter < rom peers in afl ClUSters. Hagp éf PROMISE proposed an improved seeder choice based on

in mind that inLossy scenario peers belonging to cluster K t hv techni int ted
experience lossy paths from/towards peers in cluster 3 apgfwork tomography techniques, peers were interconnecte

4 (as explained in Sec.V), it is easy to see that volumes tgiroughPastry overlay topology which implements - as many

incoming traffic from cluster 3 and 4 are nicely reduced tmmlgthetr.s P2pP substratbes Illge Chord[:] Gﬁf\l\llp- hsom[?letnalve
to blackisting mechanism. ocation awareness based on number o aBNet (or

Coolstreaming) [4] is a successful P2P streaming system
implementation. This system employs a scheduling policy
based on chunk rarity and available bandwidth of peerstdut i
In the previous sections we have benchmarked the systdaia-driven overlay topology does not exploit any inforiorat
versus increasingly difficult scenarios, showing the bémefcoming from underlying network levels. In [5] the brand new
and drawbacks of overlay topology filtering strategies. Nounplementation of Coolstreaming application is presented
we summarize the results by depicting the actual average Q@ny new features were introduced to improve the streaming
by reportingS...,, for different policies and different systemservice and, in particular, authors proposed a new neighbor
loads. We consider the finalossy scenario, and we increasere-selection heuristic based only on peers uplink bandwidt
the video rate fron.6 Mb/s to 1.4 Mb/s. Recall thatZ[C,,] = In [6], authors showed the design aspects related to their
1.324 Mb/s. application calleddnySee. Even if partially based on multicast,
Fig. ?? showsS..;., considering RND-RND, BW-RND and this hybrid mesh-based system relies on an overlay topology
RTT-RXC with and without blacklistingS,.:,» is @ measure that aims at matching the underlying physical network while
of the distortion of the received image compared againgtuning slow logical connections. However, no deep investi
the original source (before encoding and chunkizationjs It gation about performance of their overlay design strategy i
a highly non linear metric in decimal values between provided. In [7] authors presented a study about some key
and 1. Negative values correspond to negative images, €esign issues related to mesh-based P2P-TV systems. In par-
are not normally considered at all. Values above 0.95 dieular they focused their attention on understanding venat
typically considered of good qualitf.;,, has been computedthe real limitations of this kind of applications and pretsen
considering video frames received by 200 peers (50 for eaglsystem based on a directed and randomly generated overlay.
class), and then averaging among all of them. The initi@ome fundamental improvements were introduced: e.g., the
12 min of the video have been discarded to focus on stea@dggree of peers’ connectivity proportional to their avalia
state performance. Thé,.;,, is computed for 1 min of the bandwidth.
video given the enormous computational burden of this task. Turning our attention on more theoretical studies about
The EVQ (Encoded Video Quality) curve in the plot igshe overlay topology formation and maintenance, in [8] the
the reference value for the encoding level and it obviousproblem of building an efficient overlay topology, takingan
increases steadily as increases. When the system Igaet 1, account both latency and bandwidth, has been formulated as
Sssim iNcreases for increasing thanks to the higher quality an optimization problem; however, the complex interaction
of the encoded video. As soon as the system is overloaded, Bieéween overlay topology structure and the chunk distiobut
Sssim rapidly drops due to missing chunks which impair th@rocess are completely ignored in [8], where continuous
quality of the received video. Notice how RTT-RXC schemgtreams of information are distributed (in a purely push
outperforms RND-RND and BW-RND for every value nf. fashion) among peers.
Fig. ?? also shows the benefits of the blacklist mechanism forIn [9] a theoretical investigation of optimal topologies is
every scheme. formulated, considering latency and peer bandwidth hetero

D. Video performance versus load
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