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ANALYSIS OF CONTENT REPLICATION MECHANISM IN RANDOM
SEARCH IN PEER-TO-PEER NETWORKS

Volodymyr V. Popovskyy, Kateryna O. Popovska
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Background. Nowadays, file-sharing peer-to-peer (P2P) networks are becoming increasingly popular when
providing video over the Internet. Successful reception of a given service is determined by how quickly and
qualitatively the necessary content stored in the memory of the peers of this network is found. In structured systems a
limited number of transitions are used to find the ordered file, however, for unstructured systems, where random
search is used, the delay can be significant, especially when searching for rare files. At the same time, it is
unstructured systems that can support complex requests with metainformation, which provides their priority
development. There arises a question of how quickly the given file with a certain number of active peers can be

obtained.

Objective. The aim of the paper is the analysis of the state of downloaded content on the nodes of unstructured

P2P networks.

Methods. Synthesis of the mathematical model of video content replication taking into account the network
load and performance analysis based on this model has been performed for the 3 most used algorithms: unified,
proportional and “square root”. Numerical quantitative studies have been performed by means of calculation.

Results. A mathematical model that allows estimating the average number of attempts to replicate the ordered
file taking into account the size of the network memory has been developed. The examples of the dependence of the
average file search size for different numbers of active peers have been obtained.

Conclusions. The mathematical model of video content replication necessary for the successful search of the
requested file is obtained taking into account the network memory size determined by the number of active peers. The
obtained dependence of the average number of request attempts when searching for the desired files for the three
replication algorithms allows concluding that the “square root” algorithm is expedient.

Keywords: peer-to-peer networks; mathematical models; files; performance; algorithm.

I. Introduction

Peer-to-Peer (P2P) file-sharing systems are overlay
networks that work over the Internet [1,2].

A P2P network is a distributed system that contains
interconnected nodes that are capable of self-organizing
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 a 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 the network
PPLive, PPStream, Napster, Gnutella, Kazaa, Freenet,
Groove, etc. [2,3,4].

Currently the P2P technology is considered to be a
basis for a huge number of popular network services —
from simple file sharing to voice and video
communication, it is possible to perform distributed
computing that allows users to use remote computers to
perform complex data processing.

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

The state of P2P networks is determined by how
interacting peers self-organize into overlay networks and
how they store or retransmit the requested files for each
other. The main problem is to achieve effective resource
search in a large-scale distributed storage network
[1,2,3].

Currently, the popular P2P search systems can be
classified as unstructured and structured depending on
overlay structures [4,5]. Unstructured systems do not
impose any structure on overlay networks. These systems
are usually resistant to the dynamics of peers and support
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complex queries with metainformation. But they are not
effective for finding rare unpopular files. Structured
systems impose certain structures on overlay networks,
which are commonly referred to as distributed hash
tables (DHT). In a structured system, any file can be
located in a small number of overlay transitions, which
significantly reduces the search cost in comparison with
unstructured systems. However, DHT only supports
searching for one exact match keyword [6].

Depending on the level of decentralization of the
system, we classify unstructured P2P networks into
centralized, distributed, hybrid and analyze them in the
conditions of the dynamics of functioning.

II. Main Part

Successful reception of the given service in P2P
networks entirely depends on how quickly and
qualitatively it is possible to find the necessary content
stored in memory of peers of the given network. Content
replication, therefore, plays a decisive role for successful
searches. Obviously, having a large number of copies on
the network will speed up the process of finding the right
file. However, on the other hand, this will require more
memory for storing content. Let us consider in more
detail the mechanisms of replication in terms of a
tradeoff between search efficiency and the cost of storing
content.

In our unstructured P2P networks, we are essentially
using a random search. In this case, in separate networks
(Gnutella), peers requesting a file perform a random
search and copy these files. In other networks
(FastTrack) proactive replication is provided [6,7].

Suppose that in some P2P network there are m-files
and n -nodes. Each i-file i = (1<i<m) is replicated at

random peers 7; = (1 <7, <n) . Suppose that the amount

of memory for all peers is fixed and is the value of
m
R=7Yr (D
i=1

The probabilities of requests for each of the i -files
are the equal and form a full group of events:

P=3P =1 @)
i=1

The probability that the i -file is successfully located
on the k th attempt:

k-1
B@)=ﬁ@—2j
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The average number of attempts to find the desired
files is determined by the standard formula for estimating
the average value

m m P.
N=%PN, =n¥L,

i=1 =17

)

where it is considered that the average number of
requests for one file N, is the value n/r; .

Let us analyze the performance of three known
replication algorithms.

1. Unified algorithm. In this algorithm all files are
replicated regardless of their popularity, i.e.

R
==, ®)
m
thus the average size of the search is
m_m  nm
N =nYP—=—. (6)
Y a4 'R R

2. Proportional algorithm differs in the fact that
the replication creates more copies for more popular
files, for which their probabilistic measure is considered.

5 =RP, ™
Therefore, the average size of the search is
m P nm

N,=ny—t-=—, ®)
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that is, both considered algorithms give the same average
search size.
3. Algorithm of square root replication.

Using (4), we obtain:
20

= = )]
N
]:
Hence the average value is:
2
n{m
dsE)

Fig. 1 presents the graph of the average search size
depending on the number of files submitted m . It is also
noted that the deviation of the total number of peers to
the total volume is (N /R)=const. It is also obvious
that n >m, since the number of submitted files cannot
exceed the number of peers in the P2P network.
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Fig. 1. The graph of the average search size depending
on the number of files submitted
Fig. 2 shows the graphs of the average search
size depending on the probability of requests P;, where

P. = const forall 1.

Wr=mmmmmmm
Ny

] S

— b ————

——————rr--—-7
1
1
1
1
1
1
|
1
—

|
| |
| |
| I
| |
| |
10 10° m 10t
Fig. 2. The graph of the average search size depending
on the number of requests for the "square root"

replication algorithm

As follows from the graphs, the number of requests in
the network is increasing with the increase in the number
of files requested. However, for two algorithms: unified
and proportional, this growth is linear, then for the
"square root", where the demand for popular files is
taken into account, this growth is not linear and more
economical with increasing m .

M. Sammury

In unstructured P2P systems, unlike structured ones,
addresses and content stored in a specific node are not
interconnected. The search for the necessary information
in these networks is carried out on the basis of two
solutions:

- blind flooding, in which requests are sent to all
connected nodes to check the requested files (Gnutella)
in them;

- information search, in which peers are provided with
additional information about the network topology and
the location of resources (information awareness).

The advantage of blind flooding methods is that they
do not require any service headers to maintain additional
indices about the location of resources and are highly
stable under dynamic loads. In contrast, information
search methods allow nodes to support additional
information about other nodes of the network, its
topology and location of resources.

The essence of information methods is that nodes are
supposed to collect and store topological and statistical

information about their neighbors, which allows to
optimize the topology, use adaptive algorithms for
searching (Adaptive Probabilistic Search — APS). Each
node saves the routing index, which stores detailed
information about the contents of the files. Based on the
routing indexes on the nodes, query routing tables are
created by caching the file keywords. This allows
networks to self-organize when searching for the right
resources. Thus, with information search it is possible to
dramatically increase the performance of finding the
right resources.

1V. Conclusions

1. The mathematical model of video content
replication necessary for the successful search of the
requested file is obtained taking into account the network
memory size determined by the number of active peers.

2. The obtained dependence of the average number of
request attempts when searching for the desired files for
the three replication algorithms allows concluding that
the square root algorithm is expedient.

3. It is expedient to perform the necessary information
on the basis of information search (information
awareness, which is much more effective than the blind
flooding).
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Ilonoecokuit B.B., Ilonoecvka K.O.

AHaJii3 MexaHi3My pemutiKkauii KOHTEHTY MiJ Yac BUMAJKOBOI0 NOLIYKY B MiPpUHIOBHX MepeKax

Ipo6aemaTuka. Ha cboropHimHiit aeHb (aiinoodMminHi mipunrosi P2P-mepexi HaOyBatOTh Bce OLIbLIOT MOMYIAPHOCTI
NpY HaJlaHHi MOCIyTH Bineo yepe3 IHTepHeT. VcmiliHe OTpMMaHHS 3a@aHoi MOCTYrM BU3HAYAETHCS, THM HACKIbKH INBUIKO i
sKicHO Oyne 3HaiineHWii HeoOXimHWIl KOHTEHT, mo 30epiraeTbcs B MaM'ATi MipiB AaHOT Mepexi. SIKIO B CTPYKTypOBaHWX
CHCTeMax Ha TOIIYK 3aMOBJIeHOro (ailly BUTpayaeTbcs OOMEXEHe YKCIO MepexofdiB, TO M HECTPYKTYpPOBAaHHX, [
BUKOPUCTOBYETHCS BUIMAAKOBHIA MOIIYK, 3aTPUMKA MOXKE BUSBUTHCS YMMANO0, 0COOJIMBO MPH MOIIYKY pinkicHux daimiB. ¥ Toi
K€ Yac caMe HECTPYKTYpOBaHI CHCTeMH 31aTHI MiATPUMYBaTW CKJIaHi 3anuTu 3 MeTaiH(opmauiero, mo 3abe3meuye iMm
NpiOPUTETHUH PO3BUTOK. BUHMKae MUTaHHA: HACKIMbKM IIBUIKO BAAETbCA OTPUMATH 3aJaHuil (aill mpu MeBHid KilbKOCTi
AKTHBHUX MipiB.

MeTa pocaigskeHHsl. AHaNi3 CTaHy BUKauyBaHOTO KOHTEHTY Ha By3JaX HeCTpYKTypoBaHuX P2P-mepex.

Metoauka pociixxkeHHs. [IpoBeeHO CHHTe3 MaTeMaTHYHOT MOJENi perUlikalii BiZ€o KOHTEHTY 3 ypaXyBaHHIM
HaBaHTaXXKEHHS Mepei i aHaii3 MpoAyKTUBHOCTI Ha 0a3i wiel Momeni ans 3X HalOINbII BXXKMBAHMX aNTOPUTMIB: YHi(ikKOBaHOTO,
MPOTOPIIHOTO i «KBaAPATHOTO KOpPeHs». PO3paxyHKOBUM MIISXOM MPOBECH] YNCeNbHI KITbKICHI JOCITiIKSHHS.

PesyabTaTn pociimxeHHs. Po3po0neHo MaTeMaTWYHY MOJENb, IO JO3BONSE OLIHIOBATH CEPENHI0 KiNbKICTh CHpoO
permikawii 3amMmoBieHoro daiiny 3 ypaxyBaHHAM po3Mipy mam'sati Mepexi. OTpuMaHO MPUKIAAN 3aeKHOCTI CEpPeHBOTO PO3MIpY
NoLIyKy (aiity npu pi3HUX YucIax akTUBHUX MipiB.

BucHoBkn. MatemaTiuHa MoJeNb peruTikallii BileOBMICTy, HeoOXiqHa JUIs YCHIlIHOrO TOIMIYKY 3amuTaHoro aiiny,
OTpUMaHa 3 ypaxyBaHHAM PO3Mipy MepeKeBUil IaM'ATi, 10 BU3HAYAETHCA KiMIbKICTIO aKTUBHUX OJAHOPAHTOBUX By3JiB. OTpuMaHa
3QJIEKHICTh CEPEeAHbOro YUCIa CIPOO 3amUTy MiJ Yac MOLIYKY MOTpiOHMX (ailliB IS TPhOX alrOpUTMIB perlikauii J03BOJIsLE
3pOOUTH BUCHOBOK, 110 AITOPUTM, KUl BUKOPUCTOBYE MEXaHi3M peIlTikaLii «kBaapaTHOr0 KOPeHs», € NOLiTbHUM.

Kutro4oBi citoBa: miprHroBi Mepesxi; MaTeMaTHuHi Mofiei; Gaiii; MpoLyKTUBHICTh; alTOPUTM.

Ilonoeckuii B.B., ITonoeckas E.O.

AHa/IN3 MeXaHH3Ma PeMIMKALMU KOHTEHTA NPH c/1y4ailHOM NoucKe B MUPHHIOBBIX CETHAX
Ipo6aemaTuka. Ha cerognamnuii neHs (¢ailnooOMeHHble nupuHroBble P2P-cetm mnpuoOpeTatoT Bce 00JbLIYyIO

MOMYJIAPHOCTb TPU MPEAOCTABICHUU YCIAyrd Bujaeo yepe3 MHTepHeT. YcnemHoe monyvyeHue 3alaHHOM yciIyru onpeaensercs,
TeM HACKOJIbKO OBICTPO M KaueCTBEHHO OYyAeT HaiileH HeoOXOAUMBIH KOHTEHT, XpaHALIMICA B MaMATH NUPOB AaHHOI cetu. Ecnu
B CTPYKTYPHPOBAaHHBIX CHCTEMaX Ha TOWCK 3aKa3aHHOTO (aiina 3aTpaunMBacTCs OTPAHWUCHHOE YHCIIO TMEPEeXOI0B, TO JUISA
HECTPYKTYPHPOBAHHBIX, T'Ie UCIIOIB3YSTCS CITyYaiiHbIi TIOUCK, 3aIepKKa MOJKET 0Ka3aThCs 3HAUUTEIbHOM, 0COOCHHO TPH MOMCKE
penkux daiinoB. B Toxke BpeMs MMEHHO HECTPYKTYPHPOBAHHBIE CHCTEMbI CHOCOOHBI TMOJNEPKUBATH CIOKHBIE 3aMPOCHI C
MeTauH(popMaImeid, 4To 00ecTieurBaeT UM MPHOPUTETHOE pa3BUTHE. Bo3HMKaeT BOMPOC: HACKOIBKO OBICTPO YIAeTCs MONYYUTh
3a/IlaHHbIN (haiin mpu onpeneIeHHOM KOJUYEeCTBE aKTUBHBIX TIUPOB.

Leas ucenenoBanusi. AHAIM3 COCTOSIHUS CKaYMBAaEMOI0 KOHTEHTA Ha y3/aX HECTPYKTYpUpOBaHHbBIX P2P-ceTeil.

Metoauka ucciegoBanus. [IpoBeieH cuHTe3 MaTeMaTHUECKONH MOIENH PEIUINKALMY BUIEO KOHTEHTA C YUE€TOM Harpy3ku
CeTH W aHaJIu3 MPOU3BOJUTENIBLHOCTH Ha 0a3e 3Toii Mojenu mis 3X Haubosee MPUMEHSEMbIX airOPUTMOB: YHU(PUIMPOBAHHOTO,
MPONOPLMOHABHOTO U «KBAJPATHOTO KOPHA». PacueTHpIM MyTeM MpoBe/IeHbI YUCJAEHHBIE KOJNYECTBEHHbBIE HCCIAEI0BAHNUS.

PesynabTaTel ucciaenoBanus. Pa3pabotana maremaTndeckas MOJENb, MO3BOJSIONIAS OLEHMBATH CPEIHEE KOJIMYECTBO
TOMBITOK PEIUIMKAIMK 3aKa3aHHOTro (aiina ¢ yuetoM pazmepa mamsth ceTH. [lofydeHbl MpUMEpbl 3aBUCUMOCTH CPEIHETO
pa3mepa Toncka Qaiina npu pa3NMYHBIX YHCTAX aKTUBHBIX TTUPOB.

BeiBoabl. MatemaTrueckas MOJIENb PEIUTMKAIMA  BUICOCOACP)KAHUA, HEoOXoaumas Ui YCIENIHOTO —MOWCKa
3alpOILIEHHOTO (haiiiia, TOydeHa C YISTOM pa3Mepa CETEBOM MaMATH, ONPeNeseMOro KOJMYECTBOM aKTHBHBIX OJHOPAHTOBBIX
y3710B. [lomyueHHass 3aBUCHMOCTh CpEIHETO YKCIa TOTBITOK 3alpoca MPH TOWCKE HYXKHBIX (aiiyioB 1M1 TPeX anrophTMOB
permKauuy Mo3BOJISET 3aKJIKOUYMTh, YTO AITOPUTM, UCHOJIB3YIOLIMI MEXaHU3M PEIUIMKALUMKU «KBAAPAaTHOrO KOPHS», SBJSETCA
11eJ1eCO00pa3HbIM.

KiroueBble c/10Ba: MIPUHTOBBIE CETH; MaTeMaTUIeCKUe MOJIeIH; (haiiiibl; MPOM3BOANTENBHOCTD; aJITOPUTM.
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