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ANALYSIS OF DYNAMICS OF PEER-TO-PEER NETWORK STATE
DURING TRANSMISSION OF LIVE STREAMING VIDEO

V.V. Popovskyy, K.O. Popovska
Kharkiv National University of Radio Electronics, Kyiv, Ukraine

Objective. The aim of the paper is the analysis of peer-to-peer network functioning quality in various load modes.
Methods. A calculation of the selected quality index for various intensities of the occurrence of peers in the network
based on the mathematical model of the network state and the solution of the integro-differential equation of dynamics is

performed.

Results. The analysis of the developed model has shown that in stationary operation conditions the quality as the

relative value of upload and download speeds to the number of active peers in the network increases as the total amount of

content offers increases. In conditions of non-stationarity, during periods of mass connection of new peers, the quality of the

network may drop. Providers should encourage the altruistic strategy of peers.

Conclusions. Analytical dependence of the peer-to-peer P2P network quality of broadcasting live streaming video on
the components of this network has been obtained. Peer-to-peer P2P Internet networks provide a very popular service for the
real time TV content delivery. Users of the P2P network in order to improve the quality of use should not immediately leave
the network, which enables other peers to download the necessary fragments.

Keywords: Peer-to-peer networks; quality of functioning; integro-differentiated model; altruistic strategy.

Introduction

Peer-to-Peer (P2P) file systems are overlay networks
that work over the Internet [1,2]. The P2P network is a
distributed system that contains interconnected nodes
that are capable of self-organization into the network
topology for the purpose of sharing resources such as
content, processor cycles, storage devices, and
bandwidth adaptable to failures and a variable number
of nodes while maintaining an acceptable level of
connectivity and performance without the need for
intermediaries or support of the global central server.

The range of such systems for content distribution
starts from relatively simple applications for direct file
sharing and extends to more complex ones that create
distributed storage environments that provide security
and efficient organization, indexing, searching,
updating and retrieving data. Examples include PPLive,
PPStream, Napster, Gnutella, Kazaa, Freenet, Groove,
etc. [2,3,4]. In the future, we will focus specifically on
this class of networks.

Nowadays a large number of popular network
services are based on P2P technology - from simple file
sharing to voice and video communication. It is
possible to perform distributed computing that allows
users to utilize remote computers in order to perform
complex data processing.

Distribution of resources, which occurred due to the
emergence of peer-to-peer networks, led to the virtual
disappearance of expenditures associated with
maintaining a giant centralized infrastructure.

Main part

Dynamic characteristics of the peer-to-peer network
are determined by the speed of the content download

V, and its upload speedV, For a specific peer, these

characteristics are determined as

V, =dA,(t)/dt,

L =dA, ()] drt, )
A, A .
where u are respectively the download and
upload streams intensity.
In the balance ratio between upload and download
speeds, the equality determines the video server upload
speed

N (1)

j V, @, v)ydv+U = j V (t,v)dv )

where ~ is the download speed of the video server.

Each of '- peers has its own strategy of behavior. In
particular, completely egoistic strategy is possible, in
which the peer only downloads the information at the

speed Vii , but it does not download on others Vi =0
The degree of peer’s egoism is determined by the
speeds ratio:

SO =V, 01V, ()

The index S@)
S; =0

can vary over the range from

. >
up to quite large numbers. At §; 21 the
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respective peer demonstrates a generous altruistic
strategy. Obviously, the quality of the peer-to-peer
network operation as a whole is determined by the
values of this index reduced to the current number of
active peers:

where is the number of active peers, a variable

quantity on which the quality depends @) . With quite
large number of peers, the sum can be replaced with the
integral, and N with N ()
represented in the form
=— S Htvd
o) = N()J ()1VV 4)
We obtain an explicit dependence of the quality

Q)

. In this case (3) is

change on the parameters. To do this, we

determine the derived function @) . The differentiation
of a composed function of several variables under the
integral sign is a complicated problem, especially for
the case when the integration limits depend on
parameters. When determining the derivative, we

assume that the function N @) is continuous on the
interval of integration and has continuous derivatives.
Due to this, the general equation of the differential has

the form [Bronstein LI, Semendyaev K.L., 1965
p- 405]
N fas="T LED bt F O B - f @) ()
As a result of differentiation (3), we obtain:
Ao _ _N'®) ;L NOIS@y) . N'()
-~ N@) @+ N@®) o ! ot vt N(@) SN . (6)

The equation (6) can be simplified taking into
account the peer-to-peer network features. Let us take
into account the fact that the peer which is again
included in the network, does not have a resource for

Stv)=St,N@®)=0

downloading yet, i.e. when

N(=0)

As a result, the derivative (6) takes the form:

do(t) N'(r) 1 N®OIS(,v)
== J v
dt N() N(@@) o ot .
In the steady state of the peer-to-peer network, the

streaming rate V@) is constant. Obviously, this
assumption with the increasing number of peers
becomes more and more correct due to averaging.
Therefore, the replacement can be performed:

do(t) ~_N'(l‘) ) 1 N}’)E)V (t, v)

i N@ N()Vdo o - (®)

where Va =Va(®)
download speed.

Q@)+

is the assumption of a constant

In terms of balance, the equality which determines
the network responsiveness is hold

[Nfﬂmdvjdt:—vw'mdt

0 ot )
Therefore
, 1 No 9V, (¢,v)
N@t)y=— | —2—=dv
® v, > : (11)
By replacing N from (7), we obtain
o) _ N'() N'(t)
T o+ 12
dt N(t) N@) - (12)
The equation is satisfied with any . By replacing @)
and N() with Q(to), N(to) we obtain
N(t,)(1=0(1))
H=1-
Obviously with increase of NG@) the quality index
o@)—1.
In view of Va(t.v) =V, , the balance condition (9)

can be simplified:

N(1)
[V, @t.v)dv+U=N@)-V,
. .

(14)
Taking (4) into account, we obtain
U
Q([)_l_in NGO - (15)
o)

The monotonous growth of the index is caused
by the increasing number of download offers. This is
especially important for newly included peers that do
not have video materials yet, which they could share
with others.
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Fig. 1. Qualitative characteristic of the upload speed growth
in a peer-to-peer network with an increase in the number of
active peers

The idealized situation (15) in practice is limited to

the maximum value of speed of loading, V, <V, ..

and as a result is limitation of network performance.
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Such phenomena happen often when some especially
popular mass actions take place, to which consumers’
interest increases sharply. Monotonous dependence
(Fig.1) is violated.

We will consider the special case, when the mass
connecting of new peers and system does not counteract
to their connecting. In this case a quality index Q(¢)

decreases, and on the basis of (7) we get

N'(1)

do@)/dt = NG

o) (16)

This linear differential equalization will be transformed
consistently in next forms:

dQ()/ dt
—————=—d(nN(@))/dt
o0 (InN(®))

a7

InQ()=—InN@)+C

c
. [exp
InQ(t) = ln[ NG J

exp©
N(@)

o) = CZ]nQ(Io)N(to)
, Where
Finally:
O(1o)N (1)
N() (18)
Thus in the conditions of the large avalanche loading
current quality Q(f) can decrease in N()/ N(t,)

times compared to quality that took place in the
stationary mode of network functioning.

The graph of dependence of index of quality
acquires other forms (Fig.2).
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Fig.2. Dependence of quality index in the conditions of
deficit in dynamics of loading and at avalanche demand on
content

Thus mass appearance of new peers in the network
that has no content for loading can result in the quality
loss of network functioning. Gradually with a provision
of a list of a few potential paternal peers watching the
same channel by the server-tracker to each of new
peers, position improves and the network obtains the
stationary character. New peers begin to distribute the
accumulated files to other interested peers while
downloading. In addition, it is possible to avoid sharp
decrease of the network performance presented by
lower curves on Fig.2 by temporally increasing the
number of failures in the peak hours.

Conclusion
1. Analytical dependence of the peer-to-peer P2P
network quality of broadcasting live streaming video on
the components of this network has been obtained.
2. Peer-to-peer P2P Internet networks provide a very
popular service for the real time TV content delivery.
3. Users of the P2P network in order to improve the
quality of use should not immediately leave the
network, which enables other peers to download the
necessary fragments.
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ITonoecwvkuii B.B., Ilonoscvka K.O.
AHaJi3 AMHAMUKH CTaHY NipiHroBoi Mepeski M yac nepegauyi *KUBOro Bigeo

Merta gocitigxkeHb. AHami3 IKOCTi ()yHKLIOHYBaHHSI MMPUHIOBOI MEPEXi B PI3HUX PEKUMAX HABAHTAKCHHS.

Metoauka peadizauii. Ha 6a3i mMatemaTuHOT MOZeJi CTaHy Mepexi Ta pO3B's3aHHS iHTErpo-IuepeHLiabHOro
PiBHSIHHS IMHAMiKU MPOBEAEHO PO3PaxyHOK 00OpaHOro MOKa3HUKA SKOCTI AJIs pi3HUX IHTEHCUBHOCTEH MOSBU MipiB B MEpPexi.

PesynbTaTh AocaigkeHb. AHani3 po3po0ieHol Mozeni MoKas3as, 10 B yMOBaX CTallioHApHOTo (yHKLIOHYBaHHS KiCThb
SIK BiTHOCHA BEJIMYMHA IIBUIKOCTEM 3aBaHTa)KeHHs i CKauyBaHHS BiIHOCHO YWCJia aKTMBHMX MipiB B Mepexi 301bIIyeThCH,
OCKIJIBKM 3pOCTa€ 3arajbHUi 0OCIr MpOoMo3uLiii KOHTeHTY. B yMoBax HecTallioHapHOCTI, B MEpPioJn MAacOBOIO MiJKJIHOUYEHHS
HOBUX IipiB, AKICTh MepekKi MOke nmanaTu. [IpoBaiinepam ciix 3a0X04yBaTH albTPYiCTHUHY CTpATETito MipiB.

BucHoBku. Byna oTpriMaHa aHaniTHYHA 3aJI€KHICTh SKOCTI Bigeo TpaHchsuii B mnpsmomy edipi B mepexi P2P Bin
KOMITOHEHTIB IIi€i Mepexi. [HTepHeT-Mepexi P2P HamaroTh ayske MOMYJISIPHY MOCITYTY AJISt JOCTaBKU TEJIEBi3iifHOr0 KOHTEHTY B
peanbHOMY uaci. J{j1s MiJBUILEHHS SKOCTI BUKOPUCTAHHSA, KOPUCTYBaui Mepexi P2P He NOBUHHI pi3KO 3aquIIaTH MEPEXKy, L0
JIO3BOJISIE THIIMM TipaM 3aBaHTaKyBaTH HEOOXiIHI )parMeHTH.

KuarouoBi cioBa: nupuHrosi P2P-mepexi; skicTb (yHKLiIOHyBaHHs; iHTerpo-audepeHLilioBaHa MOJEIb;
aTbTPYICTUUHA CTpATETis.

Ilonoeckuii B.B., Ilonoeckas K.O.
AHau3 AMHAMHKH COCTOSIHMSI TMPUHIOBO CETH NMPHU Nepenaye ;KUBOT0 BUIEO

Henb uccnenopanuii. AHanu3 kauecTBa (pyHKIUOHUPOBAHUSA IUPUHIOBOI CETU B PA3IUUHBIX PEXKUMaX HArpy3Ku.

Metoauka peanu3auuu. Ha oOcHOBaHMM MaTeMaTHM4eCKOM MOJENHM COCTOAHHMA CETHM M PELIEHUS HHTETPO-
JuddepeHInanbHOro ypaBHEHHMs JAMHAMUKH TIPOM3BEIEH pacyeT BBIOPAHHOrO TIOKas3aTeNlss KauyecTBa Ul Pa3IMYHBIX
WHTEHCUBHOCTEN MOSABJICHUS ITUPOB B CETH.

PesyabTaTel uccienoBaHmii. AHanu3 pa3spaboTaHHOIl MoJenu ToOKasal, 4YTO B YCIOBUSX CTalMOHAPHOTO
(YHKLMOHUPOBAHUS KaueCTBO KaK OTHOCUTEJIbHAs BEJIMUMHA CKOPOCTEH CKauMBaHMA U 3arpy3KH K UUCILy aKTHUBHBIX MHUPOB B
CeTH, YBEIMYUBAETCA, MOCKOIBKY BO3pOCTaeT OOIIMi 00beM MHpeIoKeHUil KOHTEHTa. B ycloBHSAX HECTAal[MOHAPHOCTH, B
NEpUOJbl MACCOBOrO MOJKIIOUEHUS HOBBIX NHMPOB KAaueCTBO CETU MOXKET najnaTh. lIpoBaiizepam ciefyeT MHOOLIPATHL
aJbTPYUCTUYECKYIO CTPATETHIO MHUPOB.

BeiBoabl. Beina momydeHa aHamMTHYECKast 3aBUCUMOCTh KAauecTBAa BHEO BEHIaHUS B NpsiMoM 3¢dupe B cetn P2P ot
KOMIIOHEHTOB 3TOH ceTu. MHTepHeT-ceT P2P npenocraBisioT oyeHb NOMYJIAPHYIO YCIyry Ul JOCTaBKH TEJIEBU3MOHHOIO
KOHTEHTa B PealbHOM BpeMeHH. [[Ji1 MOBBILMIEHUS KaueCcTBa UCIOJIb30BaHMSA, MOJIb30BaTeau ceTu P2P He MOMKHBL pe3ko
MOKUAATh CEThb, YTO MO3BOJIAET APYTUM MUPaAM 3arpykaTh HEOOXOAUMbIE (YParMeHTHI.

KnroueBbie ciioBa: nupuHroBsle P2P-ceTn; kauecTBO (pyHKLMOHUPOBAHMS; UHTErpo-auddepeHInpoBaHHas MOJENb;
aJbTPYUCTHYECKAS CTPATETHA.





