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Abstract—The Video on Demand (VoD) service is becoming Internetis proposed ir?]. In this system each peer contributes
a dominant service in the telecommunication market due to te  jn delivery of the video it is currently watching with the

great convenience regarding the choice of content items arttleir )51t of a streaming server in case of failures of missing
independent viewing time. However, it comes with the downdies
contents on the peers.

of high server storage and capacity demands because of the . )
large variety of content items and the high amount of traffic ~ Although the P2P streaming on the Internet has given
generated for serving each request. Storing part of the poplar  positive results, its main disadvantage is the reliabiitythe

contents on the peers brings certain advantages but, it stihas peers and the Internet in general. The environment where
issues regarding the overall traffic in the core of the netwdk — yhe jmplementation of P2P streaming perfectly fits are the
and the scalability. Therefore We propose a P2P assisted metd
for streaming VoD contents that takes advantage of the clies telecom-managed IPTV networks. Some of the reasons are
unused uplink and storage capacity to serve requests of otne that the set-top boxes (STBs) nowadays have considerable
clients and present popularity based schemes for distribion storage capacity and the operators have higher control over
of both the popular and unpopular contents on the peers with the devices on the clients premisses, avoiding the reiliabil
the objective to reduce the streaming traffic in the core of tle jsq 6 of the classical P2P systems. The use of P2P in IPTV
network, improve the responsiveness of the system and inase . . L
its scalability. networks_ for live V|de_0 contents and the contributions q‘i-va
ous architectural designs are shown? [n [?] a P2P assisted
streaming system is proposed where the always present peers
are supported by one server to provide the missing parts or
The great expansion of the IPTV?][ has made a good make up for any failures. Another IPTV network architecture
ground for the Video on Demand (MoD) to become one dhat takes advantage of the P2P is presented]iw]th the
the most popular services. Although VoD is service that @ccent of the architectural aspects on the performanceeof th
also available on the Internet, it has attracted speciah@tin  service. A solution that implements P2P streaming to reduce
in the Telecom-managed networks since they are alredthe load of hierarchically organized servers in busy hosars i
accustomed for implementation of a variety of TV servicegroposed inP]. In this approach only the most popular content
Despite of its numerous advantages from clients point afivieitems are stored in the peers.
the VoD service is an issue from providers point of view Assuming that in the IPTV networks the content items are
since it is very bandwidth demanding. Therefore the desigiistributed in a way that the most popular content items are
of systems and algorithms that aim at optimal distributibn stored in servers on the very edge of the networks so that
the content items has become a challenge for many providehey are closer to the clients, the the idea of storing copies
Some of the solutions include hierarchy of cache servesf the popular contents in the STBs is quite a reasonable
which contain replicas of the content items placed accardisolution that could significantly reduce the traffic in theged
to a variety of replica placement algorithms that depend af the network, particularly in the busy hours when most
the users behaviour?[?7][?]. No matter how good these of the traffic is dedicated for the popular contents. However
solutions might be, they all reach a point from where nthere is a large number of contents that are not in the high
further improvements can be done because of the resoupogularity range, but still take significant part of the thveiall
limitations. One possibility to overcome this problem i thtraffic. Since they are stored in the servers that are in the
implementation of the classical P2P principles for exclgangore of the Telecom-managed network, the traffic generated
of files over the Internet for delivering video contents to #r their streaming has to pass greater distance in order to
large community of users. There is a vast literature forowsi reach the clients and therefore is a burden for the backbbne o
systems designed for streaming VoD both over the Interrtbe network. The opposite case of distributing the unpapula
and the Telecom-managed network. One such solution tltantents on the STBs contributes to reducing traffic in thee co
implements BitTorrent-like protocols quite similar to tfike  of the network because it concentrates most of the traffic on
sharing systems, but also proposes policies for peerstisglecthe periphery of the network: the popular contents are isteeh
for effective video exchange over the Internet is presemedby the servers on the edge and a great part of the unpopular
[?]. Another P2P system for streaming VoD contents over tloentents are streamed by the STBs. This is important when one
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of the objectives is reducing the transport cost in the ngkwo scalability of the IPTV architecture and the storage spack a
Although both of the distributions bring improvements bynused up-link bandwidth of the P2P architecture. It cdssis
reducing the overall traffic, they do not provide improvedf hierarchically organized streaming servers, managémen
service in the cases of busy hours when the networks is talsarvers and STBs. The management servers are responsible fo
to the limits. When the popular contents are stored on the@onitoring the system and taking decisions about redoacti
STBs, the response time for service of unpopular contentsoisthe requests and the placement of the contents. We conside
increased because the servers cannot serve all the incon@nganaged network owned by a company which can be man-
requests. The same happens when the unpopular contentsagesl and configured according to the intensity of the reqdest
stored on the STBs with the difference that now not all thieaffic. The main streaming functionality is provided by the
requests for popular contents can be immediately served. streaming servers, while the peers have the role to reduce

Therefore we propose a solution for a network with pophe overall traffic in the network. Unlike the classical P2P
ularity based distribution of contents, both on the stremmi solutions where the clients decide whether to share content
servers and STBs, that aims to reduce the traffic on the serweot, in an IPTV managed network the STBs are owned by the
situated in the core of the network and at the same time tergisvice provider and therefore part of their unused stoamge
to provide immediate service in the cases of high demantteaming capacity can be reserved for the needs of the peer
scenarios. One of the objectives targeted with the reductiassisted streaming.
of the traffic in the core are offloading the backbones from
video traffic so that it can be used for other type of traffic and
enabling growth of the number of clients subscribed to VoD
service without additional changes and costs in the corbeof t
network. Although the schemes that we propose consider all
the contents, we put an accent on the low popularity contents
by reserving more storage space on the STBs than the popular
contents, thus providing locally close availability of nhas
the videos.

In our model we take advantage of the unused upload
capacity of the clients and the storage capacity of the S®Bs t Fig. 1. Model architecture
assist in the streaming of the VoD contents. Althought the
uplink capacity of the links that connect the STBs to the The streaming servers are organized in a hierarchical-struc
network is far below the playback rate of the content itemiyre according to the distance from the clients (Figure 1).
uninterrupted viewing is achieved by combining a paralllhese servers have limited storage and streaming capacity a
streaming of various parts of the videos by as many peererefore can host a limited nhumber of contents and can serve
as it is necessary for obtaining the required quality. Unlika limited number of clients. The servers that are in the edge o
many P2P solutions where the peers self-organize thensseltbe network, called Edge Servers (ES), serve only one group
in our model the peers have a role of passive contributorsdb locally connected clients. All the clients assigned te on
the streaming process having no knowledge of the existerte® form a local community. Each peer can serve only clients
of other peers and contents availability. They are only blpa within the same local community. Each ES keeps track of
of serving those videos that they have already stored. A&ll tthe popularity of the entries it currently hosts and sends it
decisions regarding redirection of the clients are takerthiey to the Automatic Content Movement server (ACM) server for
servers on the edge of the network. redistribution purposes. The ES also maintains avaitgtifta

The rest of the paper is organized as follows. In Secti@f the portions of the content items stored in its assighedge
Il we describe the architecture of the proposed model ftiruses this data to redirect the clients to other peers whegne
peer assisted VoD streaming, the division of the contents fihere is request for contents that are already stored ingbesp
better utilization of the storage of the STBs and the requestAnother part of the system is the Central Repository (CR)
process for VoD contents. In Section Il we define the sizeghich has the capacity to store all the contents. It is highes
of the streaming and storage capacity of the servers for thii the hierarchy and is entry point for new items. It doesn’t
optimal utilization. In Section IV we present the simulatio directly serve the clients, but it supplies the streamingess
environment and analyse the obtained results for the peaposvith the missing contents whenever it is necessary. The man-
popularity based distribution schemes . Finally we give oagement servers are represented by the ACM and the Service
conclusions in Section V. Selection server (SS). The ACM server has the role to monitor
the state of the network and to take decisions for a new eplic
] distribution on the servers. When necessary, the ACM server
A. Model arhcitecture runs a redistribution algorithm which decides the number of

The model that we propose for optimal distribution of VoDeplicas for each content item and its position on the server
contents is a hybrid solution that unites the advantages axfcording to the contents popularity and servers utilirati
both the IPTV and P2P architectures: the high reliabilitd ardata. The main objective of the redistribution algorithrtas
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place the most popular contents starting from the edge ervi@oks up in its availability table and sends a strip-pedrdis
to the servers higher in the hierarchy].[ The ACM server the available strips and their location. If there is not sidfit
periodically gathers information for the current state loé t number of strips available on the peers, the ES redirects the
streaming servers in the system. Upon the execution of tbignt to the SS server. Just like in the previous case, the SS
redistribution algorithm, the ACM server issues commandsdirects the client to the best streaming server for thizetsi
which may include insertion or deletion of contents on parti of the missing strips. When the client receives the avditgbi
ular servers. data of all the strips, it initiates streaming sessions \gilch

The SS server is responsible for redirection of the requesiser of the list obtained by the ES server and at the same
to the right servers in a way that the transport cost is mipémi time initiates streaming session for the missing stripshwit
and the load between the servers is equally distributed. the server assigned by the SS. The streaming sessions on the
order to take the best redirection decisions, the SS sesvepéeers occupy the uplink capacity of the STBs and therefore
frequently updated by the ACM server with the state of thence an ES sends the availability of the strips, it markshall t
system and the new position of the replicas. peers that contain those strips as unavailable until theoénd

The clients make requests to their assigned ES. If tllee peer streaming session. When the streaming is over, the
ES is not able to serve the client, it addresses it to the $fnt updates the ES so that the strips of the content become
server, which then redirects it to the most appropriateeservavailable again. In the case when the server is overloabed, t
Clients can be served only by servers that are parents of theiquest is rejected and the client retries requesting theeno
assigned ES. In the case when there are peers within the safter determined time.
community that contain parts of the requested content item, o
the ES takes the role of an index server. Additionally, ther Content division
server redirects the client to the SS server for completieg t The limited up-link capacity of the last-mile links thatémnt
streaming of the rest of the content. In case of failure of ampnnect the peers is several times smaller than the negessar
peer, the missing parts are compensated from other peergplayback rate of the content items. This capacity is insieffic
from the streaming servers. for immediate and uninterrupted playing of the content gem

The contents are distributed in the STBs in off-peak houifsthey are streamed individually by the peers. With such a
but we also use the volatile nature of popularity of the contelimitation, the peers cannot act as independent streanlistpp
items as an advantage for reduction of the distributiorfitraf and therefore the content items are simultaneously str@ame
This property is due to users behaviour regarding repeatindpy as many peers as it is necessary for reaching its playback
request for a same content. Soon after a video is introducedéte. Each peer streams a portion of the content item. When
the system, it reaches high popularity, but as the time passal the streaming portions are delivered to the receivingrpe
the popularity decays because the clients who already stwy are assembled and the content item is played. The size
the video are unlikely to request it again. Therefore a aunteof the streamed portion is important regarding for the anhiti
item that is already viewed and stored in the STB of mardelay since the content cannot be played until the entirgtfen
clients is very likely to be later removed from the ESs asf the portion is received. Assuming that all the peers have
not popular. In such a way most of the contents with reduc#ite same up-link capacity and that the maximum allowed
popularity will be already stored in the STBs and available f initial delay isd, then the size of each piece &s = Ju. The
peer assisted streaming. This saves a lot of additiondictraiecessity of parallel streams requires storing many capfies
for distribution of contents from the streaming servershe t the same content in many peers. This is quite an inconveaienc
STBs. The decisions about the content placement on the pemssidering the fact that in our model we store low popujarit
are taken by the ES depending on the distribution determineahtent items which represent the majority of the contents

by the ACM server. present in the system. Storing copies of such a big number
) of contents on the STBs would require huge storage capacity
B. Requesting process and also would generate significant amount of traffic forrthei

The requesting process is initiated by the client which sendistribution to the STBs. On the other side, the fact thatheac
a request for a content item to its designated ES servpeer is streaming only a portion of the entire content makes
According to the content availability, there are the foliogy it reasonable to store in the STB only those portions that the
cases: the ES already has the content; the server doepeér is capable to stream. This would contribute to increase
have the content nor any of the peers; the ES doesn't hatie storage efficiency of the peers as well as the contents
the content but it knows which peers partially contain itavailability. Therefore we divide the content items intapst
and the server is overloaded. In the first case, the ES sef@ls where each strip contains equidistant portions with size
acknowledgement to the client which is followed by a direch. The distance between the portionskid, wherek is the
streaming session. In the second case the ES redirects rthmber of required peers for uninterrupted streaming. eSinc
client to the SS server which then chooses the best servethe strips arek times smaller in volume than the original
serve it and sends it the address of the chosen server. Cacectintent, each peer can stotetimes more different content
client has the address, the process is the same as the figst dsmms, assuming that all the contents have on average the sam
In the case when some strips are stored in the peers, thed&®. All the contents that are stored in the STBs are enwtirel



stored in the servers so that they can be delivered whenewdrereT (s) is number of served local communities gnd the

the STBs are not able to provide any of the strips. percent of active clients. The same assumptions let us define
the initial rank of the contents on serveas one value above
o i ) the rank of the least popular content stored in the servers in
The system we are considering consists Sfstreaming he |evel below. Thus, the problem is reduced to finding the

servers which belong to one of the levels of the tree any p(s) of the contents that will be placed on serverlf
structure. Each server, has a streaming capacity(s) and \ye substitute (1) and (3) in (2), than we get
storage capacityS(s) for storing a limited number ofC

IIl. SYSTEM DIMENSIONING

content items. Each content itetthas sizes(c) and playback b(s) U(s)E c
rate r,(c). There areN clients in the system which are dletg < ——D (et 4
connected to one of the edge servers. c=a(s) prsT(s)N =

One of the important issues for estimating the contribion . . .
P g Once the indexes(s) andb(s) are determined, the optimal

of the proposed model is planning the streaming capagfy) X . . .
and storage capacit§(s) of the servers so that they carstorage capacity of the server is determined from the fatigw

comply to the requests of th& clients. Since the storagecondItIOn

capacity of a server is more easily upgradeable than the

streaming capacity and the capacities of the links that-inte (b(s) —a(s) +1)5 < 5(s) ®)
connect the servers, we will consider adjusting the storageg;qce b(s) cannot be expressed in closed form, it is deter-
space for a fixed streaming capacity. We assume that the .4 by using numerical methods.

servers at the edge of the network serve approximately the

same number of clients and therefore have the same streaming IV. SIMULATIONS AND RESULTS

gnd storage capacities. We _also assume that aII_the conteRfe developed a simulation environment for testing the
items have the same streaming rajeand average size. behaviour of the proposed model with various distributions

.W? m0d6| the system_3|ze according -to the populangf the content items on the STBs. In our experiments we
distribution of the content items and according to the way th. ) <ijer a network off — 13 streaming servers organized
servers are organized within the hierarchy. We consider tqﬁ a tree structure withl, — 3 levels (Figure 2). The

the popularity of the content items obeys the Zipf-Manolxﬂibrstreaming capacities of the servers at leve 1,2 and
distribution and that they are previously ranked accordir}g1cgre U(s) = 500,1000 and 1500 Mbps respecti’vely The

to past request data and estimation of the recently inseq s that interconnect the servers have enough capacity to

|tems.l A_ccordflnrg]; to this d|_str|but|pﬁr:, hthe rlfl_at'vﬁ freqay support the maximum streaming load of all the servers. The
(popularity) of the content item withrth rank in the system streaming servers host = 1700 Standard Definition (SD)

is defined as: (i+q) quality contents with playback rate = 2 Mbps and average
f(i) = T cigya (1) duration of 60 min.
c=1 c q
whereq is shifting constant and is real number that typically 13 W
takes values between 0.8 and 1.2. We consider that the ¢
distribution algorithm always places the most popular ugle =2 /

on the servers that are closest to the clients. The highet lev \{ 5
a server has, less popular contents it will contain. Havimg t & ?/TJ\?\? %?}T
in mind, the condition that the streaming capaditys) has to . ﬁ @»@ W @ W W @ m

fulfil so that all the requests directed to sergaran be served

E6 E7 E8 E9 E10

IS ® Fig. 2. Servers organization
b(s
n(s) - z(:)f@?‘s(c) <U(s) @ The servers are serving = 5000 clients divided into

E = 10 groups, each group directly served by one ES. The
wheren(s) is the maximum number of simultaneously servethaximum percentage of active clients in the system in th& pea
clients by serves. For the first level of the tree(s) is the hoursisu = 0.9. The clients posses STB with capacity to store
number of active peers in the local community of server the entire length of 3 content items. The STBs are connected
and in the rest of the levels it is the sum of all active client® the network with links that have download capacity much
in the communities that can be served by that server. Thiggher than the playback rate of the SD video quality and
indexesa(s) andb(s) note the ranks of the first and the lastplink capacityu = 200 kbps, which is 1/10 of the SD
most popular content items stored in serve€onsidering the playback rate § = 10).
assumption that the edge servers serve the same number Ghe popularity of the content items obeys the Zipf-
clients,n(s) can be expressed as Mandelbrot distribution with shifting coefficient = 10 and
a = 0.8. The process of generating requests for VoD contents
n(s) = u5T(s) (3) is modelled as a Poisson process. Taking into consideration



these data, the storage and streaming capacities of therser x 10
are dimensioned according to (5) and (4) in a way that th [ |
are optimally used. The contents are previously distrithate
the servers.

In the simulations we considered several different scen:
ios. The first scenario is the reference for comparison a
represents the simple case when the streaming proces:
completely done by the streaming servers. The number
clients that simultaneously request a content item is set
such a value that would keep the streaming servers constal
overloaded and the same request rate will be later used in
the simulation scenarios. In order to compare the conidhat
of the proposed distributions, we also consider the two Emf
cases when only the high popularity conten® &nd low
popularity contents are uniformly distributed on the STBise
low popularity content items are all those items that are n 0 100 300 500 700 900 1100 1,3001,5001,700
stored in the edge servers. In the simulations it is assurr Rank
that 20% of the total number of contents are popular.

In this paper we propose mixed schemes for distributic:: g 3. p2p content distributions: U-Uniform, L-Linear ageZipf
of the contents on the STBs which include both the popular
and unpopular content items. Since our objective is to reduc
the transport cost in the core of the network by P2P assisted
streaming of the unpopular contents, but at the same time to
keep the network highly responsive for popular contents in
highly congested conditions, the key factor in definition of
the distributions is the percentage of dedicated storageesp
for the unpopular and the popular contents. We define the
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distributions by assigning 10% of the storage capacity ef th ®" NoP2p Popular Unpop. U-Unit L-Linear Z-zipt
STBs for storing parts of the popular contents and the rest Fig. 4. Miss rate

of the storage for the unpopular contents. The reservation o

a small portion of the STBs storage space for the popular 15

content items will provide sufficient alleviation of the edg
servers in the busy hours and the rest of the storage willlenab
reduction of the backbone traffic. The distributions areebas
on the contents popularity and determine the number ofsstrip
of each content that will be distributed on the peers. Each
distribution consists of two equal distributions appliedthe .
popular and unpopular contents. Figure 3 shows some of the No P2P Popular Unpop. U-Unif L-Linear Z~Zipf
considered content distributions. Fig. 5. Service Delay

As the system is taken to its limits and the servers are con-
stantly kept in a state of high utilization during the sintidas,
the requests directed to the overloaded servers are rjeste according to the Z-Zipf function, followed by the U-Uniform
the clients are demanded to repeat the request latter.gsigu@nd L-Linear distribution.
4 and 5 show the percentage of requests that are rejectedhe advantages of the mixed distribution schemes are also
for immediate service due to overloaded state of the servaisible in the reduction of the service delay. Whenever a
and the time they have to wait until they are served. Sine#ient is denied, it has to wait much shorter time when
the network is taken above its limits in the scenario with nidie contents are distributed according to the proposeddnixe
P2P assisted streaming, the high miss rate is rather expecestribution rather than the cases of the other distrimstio
Figures 4 shows that the implementation of P2P introducAsother measure that we analyse in order to estimate the
reduction in this rate, but it largely depends on the distidn contribution of each of the considered distributions is the
of the contents on the STBs. The distribution of only populdfansport cost for delivering the content items to the ¢tien
contents significantly reduces the miss rate, which is net tithis measure is mainly based on the distance of the servers
case with the unpopular contents. The results are muchrbettem the clients and their current load.
when the mixed distributions are used, because the miss rate g
decreases to values lower than 5%. The lowest miss rate Cost — Zd(s)u(s) (6)
is obtained in the case when the contents are distributed =

=
o

Service delay [s]

[$)]




whered(s) is the distance of serverfrom the local commu- only price that has to be paid for the higher number of clignts
nities it is serving, counted as number of links an@) is its the installation of new ES on the periphery of the network tha
current streaming rate. Since the P2P streaming is done oweuld satisfy the demand of the most popular contents. In the
the unused uplink rate of the clients, we don't include it isase when the popular contents are stored in the STBs, arhighe
the overall cost function. number of clients would require both installation of adufitl

ES and increasing the capacity of the links and the streaming
servers in the core of the network. Therefore, the proposed
distribution schemes not only reduce the transport costs mi
rate and service delay, but also reduce the installatiots éos
case of increasing the number of clients in the system.
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V. CONCLUSIONS

In this work we proposed a P2P assisted VoD streaming
Popular  Unpop. U-Uniform L-Linear  Z-Zipf model that uses the unused storage and uplink capacities of
Fig. 6. Transport cost reduction the STBs. We also proposed popularity based distribution
schemes of the contents on the STBs that help to reduce the
transport cost in the core of the network and to better take

advantage of the unused peer uplink capacity. In addittom, t
proposed schemes improve the responsiveness of the network
by reducing the percentage of rejected clients for immediat
service as well as the time they have to wait to be served. The
reduced traffic in the core of the network gives the posgbili

Transport cost reduction [%]

©o
o

©
o

@
o

STB streaming utilization [%)]
©
o

& Popular  Unpop. U-Uniform L-Linear  Z-Zipf to increase the number of clients without high costs and
Fig. 7. STB capacity utilization additional changes in the core of the network, making the
system highly scalable.
Figure 6 shows the average transport cost reduction that is ACKNOWLEDGEMENT
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only a server streaming is implemented. The P2P streaming_lcﬂggg&% Iggz;gc('gzr?;:idsg%q@? Government under groje

the most popular contents introduces lowest reductionuseca
it only contributes to reducing the load on the edge servers.
On the contrary, the distribution of the unpopular contemts
the STBs reduces the traffic in the higher layers and thezefor
it reaches maximum value of the reduction of the transport
cost. Although the difference is almost insignificant, the Z
Zipf distribution of on the STBs contributes the most for
reduction of the transport cost, followed by the L-Lineadan
Z-Zipf distribution. On Figure 7 the utilization of the tdéta
streaming capacity of the STBs is shown. The peers capacity i
almost entirely used when the popular contents are diségbu
The lowest value of the utilization is in the case of the peer
distribution of the unpopular contents.

These results show that although the mixed distribution
schemes do not reach the maximum cost saving and peer
utilization of the simple distributions, they are a good eom
pensation for the weak points of each one of them. What is
very important is that they significantly improve the number
of immediately served clients and the average service delay
which under no condition can be reached by the simple
distributions.

One important contribution of the reduction of the traffic in
the network core is the possibility to serve more clientshwit
the same streaming capacity of the servers in the core of the
network. The advantage of the higher number of clients in
the system is that it also implies higher storage and stmegmi
capacities for serving the request for unpopular contérits.



