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Abstract: The processes of request, search, selection and delivery of video content in peer-to-peer networks with the unstructured 

architecture, which is most consistent with heterogeneous and dynamic Internet environment, are considered in this work. The problem 

solution of files fragmentation requested by the consumer in a P2P network of streaming video using a discrete-continuous 

mathematical autoregressive model is used, which displays the state of each j-th peers on each of the k-steps of fragmentation. The 

solution of the problem is reduced to the procedure of dynamic programming. 
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1. Introduction 
 

In recent decades, with the development of broadband 

communication channels and the Internet, video services 

have gained special popularity. At the same time, the 

requirements for streaming video transmitted through peer-

to-peer file-sharing networks have increased. These networks 

have become so popular that now there are several hundred 

users around the world, and the technologies themselves are 

continuously improved, providing a high level of QoS, QoE 

services. 

 

Ease of access to these networks is accompanied by a great 

complexity of the network technologies used that make it 

difficult to solve the problem of optimizing these networks. 

At the same time, it is possible to solve a number of 

optimization problems for certain processes in P2P networks. 

 

2. General Information about Peer-to-Peer 

Networks  
 

Peer-to-peer networks, depending on the architecture, are 

divided into structured and unstructured networks. In 

addition to the differences in the structure, these networks 

also differ in function. Therefore, in structured networks 

deterministic routing is used. Each peer has a local routing 

table used to forward messages. Unlike in unstructured 

networks, the architecture is random. Unstructured networks 

are also called self-structured, reflecting a high degree of 

dynamism and decentralization. 

 

In structured networks, the focus is on managing the overlay. 

Structured overlay nodes jointly support routing information, 

according to which delivery of the ordered data is provided 

to the address indicated in the identification key. 

 

Routing in structured overlays is based on keywords (keys) 

that support the address space. Options put (enter) and get 

index (get the index) are mapped to a distributed hash table 

(DHT). Since the address space is virtualized, peer addresses 

are usually assigned randomly, which allows remote peers to 

be enabled. 

 

Most structured P2P networks support searching for objects 

based on a static key and an identifier. To do this, a tree 

topology overlay is used, when only one copy of each 

fragment is delivered to each peer.  

 

Depending on the method of forming media content in peer-

to-peer networks, a "strip-based" system is used, which is 

used in structured networks and "fragment-based" systems. A 

characteristic feature of strip-based systems is that each strip 

has its own individuality of distribution: the tree structure is 

built with the root in the source of the media data. Peers at 

the same time tend to be a part of each of these distribution 

structures in order to obtain the entire media flow. 

 

In systems based on fragments, media content is divided into 

a series of fragments (of a given or arbitrary size) and the 

fragment is transmitted "from the repository" on request. 

Each fragment in the overlay has its own behavior and 

arriving at the peers takes place in a different order, thus 

there arises problem of establishing the order and use of the 

buffer for storing fragments. The method of forming on 

fragments used in unstructured networks is well coordinated 

with the dynamics of the Internet. 

 

In unstructured networks for message delivery, the 

corresponding node only deals with neighboring nodes in the 

overall overlay. 

 

The central problem in the study of unstructured overlays is 

the development of an efficient search method, the 

distribution and processing of queries, the localization of 

objects. Therefore, the aim of our report is to develop and 

optimize the method for searching and processing the 

claimed content. 
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The specifics of the functioning of peer-to-peer networks is 

that the information required on requests is distributed, the 

content is scattered over various peers. Therefore, when 

searching for content, it is necessary to take into account the 

specific network model and characteristics of the resource to 

which access is made. Reliable enough is the search for 

objects based on DHT, where keys and routing are used with 

respect to the peer, which has the closest key to the key of the 

requested object. 

 

However, DHT management requires considerable effort due 

to the dynamics of the network topology. In addition, DHT 

does not support complex queries. 

 

The specificity of streaming is that the delivery of content 

and its transportation is carried out simultaneously with its 

consumption. In this case, multicast is the main type of 

streaming, where protocols are defined to deliver video to a 

group of recipients at the same time, using effective 

strategies. 

 

To search for the necessary resource in peer-to-peer 

unstructured networks based on keywords (KW), two types 

of request routing are used: "blind routing", when resource 

allocation is not taken into account, and the "routing index" 

method, where this allocation is taken into account. 

 

Thus, in the search process, in addition to the specified 

methods of searching and delivering content, it is necessary 

to solve the routing task with the orientation to the current 

state of the content and the nature of which depends on the 

reliability and delay in obtaining the necessary resources, the 

degree of utilization of network resources, and the result in 

obtaining popular and rare media data. 

 

The most common in peer-to-peer networks is "blind 

routing", which includes flooding and random walk methods. 

 

The difference is under flooding, the received request is sent 

to all its neighbors, while for random walks one of the 

neighbors is selected to continue the search on request. 

Therefore, flooding consumes more network resources. On 

the other hand: coverage for random walks is significantly 

narrowed, which is especially true when searching for rare 

resources. 

 

An alternative is the method of index routing, which uses 

additional information on network topologies, search history, 

etc. There are two types of indexes for routing queries: with a 

content orientation directed to a structure of a non-cyclic 

graph oriented to queries, when peers accumulate a story 

about the results of previous requests for neighbors, and 

these data are taken into account when selecting routing 

indexes. 

 

The process of searching for keywords occurs in a relay 

fashion and begins with a request for a peer (the source of the 

request). The request can consist of one KW or several KWs. 

One or group of peers, receiving a request and finding the 

resources relevant to the request, generates a message and 

tries to send the result back to the source of the request. If the 

required resources are not found, the requesting peer 

redirects this request to the neighboring peer, reducing the 

TTL (Time To Live) value by one - the lifetime of the 

request. After the TTL is exhausted, the application is 

canceled. Each request has a unique identifier in the form of 

a 128-bit hash key, with which the request is addressed and 

an appropriate response is made. 

 

The process of searching for a resource on demand can be 

decomposed into five stages: 

1) Simulation of the request. The request source generates an 

identification code and sets the TTL value. 

2) In unstructured P2P networks, unlike structured networks, 

the address and content stored in a particular node are not 

linked, while searching for the necessary information is 

carried out on the basis of two solutions: blind flooding 

and information retrieval, based on saving the routing 

index to obtain data on the topology and state of 

neighbors. 

3) Forwarding of the request. The peer who received the 

request writes the identifier for the case of a return of the 

request retry, reduces the TTL and forwards the request to 

the neighbors. 

4) Local search. When the requested resource is found, the 

result message is sent over the backup path to the 

repeater. 

5) Transfer of results. The detected resource is sent to the 

request source according to its identifier. 

6) Merging the results. The request source receives results 

from its neighbors and ranks them accordingly. After that, 

selection takes place according to the chosen criterion. 

 

Peer-to-peer networks, being private overlay file-sharing 

networks; have a number of specific features relatively to a 

common IP network. Therefore, in the well-known file-

sharing applications (Bit Torrent) the optimization of 

network performance is reduced to searching for the "best" 

peer from which the content is downloaded. We will point 

out other tasks that are important for improving network 

performance, which must be solved in parallel in real time: 

 Algorithms for the scheduling of fragments, which 

provides the possibility of smooth playout, 

 Selection of a peer with low delays, 

 Ensuring interaction between the dynamics of overlay and 

ip-routing. 

 

Users (peers) of P2P networks can download data portions 

both from the server and from each other. When exchanging 

buffer maps, each user gets information about what data 

chunks are available at a particular seed-user and what he is 

ready to download. Thus, at the same time there are m  

suggestions for downloading the necessary information. The 

number of these proposals may be different and limited to the 

appropriate protocol of the scheduler or the number of peers 

offering the requested information and forming a particular 

cluster. At the same time, the number of proposals cannot be 

excessively large, since the network is unnecessarily 

overloaded, the bandwidth decreases. Therefore, the overlay 

module usually limits the number of possible connections. 

The control module acts as a manager in relation to the 

scheduler and overlay, providing monitoring of video 

exchange and signal information. Each media stream in the 
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network is divided into fragments, the sizes of which can be 

equal or different, depending on the P2P protocol. At the 

same time, the dynamics of the download procedure, in 

addition to other reasons (the number and quality of the 

proposed options, fragments, bandwidth limitations, 

download rate and upload rate, etc.) depends on how well the 

fragments themselves are organized. 

 

3. Problem Statement  
 

Monitoring should be provided to: the vector of parameters 

),...,,( 21 n
N
L xxxX   observed on the interval Nt ,...,2,1  of 

the proposed mi ,...,2,1  fragments, the points of their state 

change, and a matrix of conditional probability of transitions 

Q  from state to state. The download process is a discrete-

continuous vector process: 

))(),(,()1( kukxkfkx


 , 

},...,,{ 21 FkkkKk  , 

where  

),...,,( 21 KF
k
t xxxx 


 is a sequence of selected 

fragments, forming a downloadable file,  

),...,,( 21 kmkkki xxxx  , },...,2,1{ mIi   is a sample 

at each k -th step from the m -class of suggested fragments, 

)(ku  is control of the selection process for fragments on 

each of the k -steps. 

 

The quality and time of delivery and the duration of each of 

the fragments are random and different. 

 

To ensure smooth play out, it is necessary to arrange the 

sequence of fragments in the buffer in accordance with how 

they are delivered to the consumer. In addition, there should 

be no pauses between the fragments and they cannot run into 

the neighbor. To do this, it is necessary to select at each of 

the k -steps the fragment from the m -proposed ones, which 

will have a minimum delay, the maximum transmission rate, 

etc. 

 

Obviously, as the mathematical model of the file being 

processed, the autoregression equation can be used, the 

coefficients of which i, i = (0,m) are controlled by a Markov 

chain with m  states [1,2]  

0
1

( ) ( ) ( )
m

t t i t t i t t
i

x h h x b h  


                 (1) 

where  

t  is sampling from Gaussian white noise, )( thb  is the 

noise level, 

NiN hhhH ,...,, 21  is the state of the sequence controlling 

the parameters of the shift and the scale of the corresponding 

fragments. 

),()/( 11 tttt hhqhhp    is the conditional probability of 

transition from the state 
1th  to state th , elements of 

transition matrix },({ 1 tt hhqQ  . 

 It is logical to set the task of finding the optimal values of 

states NiN hhhH ˆ,...,ˆ,ˆˆ
21 ordering the sequence of fragments 

in accordance with the ordering requirements. As an 

optimization criterion, we choose such a set of parameters ih , 

for which the minimum of the functional is ensured on the 

interval ),1( Nt : 

0 0 0 1
1

( ) ( ) [ ( ) ( , )]
n

N

t t t t
t

Y H R h h h h  


              (2), 

 

Where 

R0(h0 ) is the initial, probable value of the zero sample of 

membership in the given sample class ih0
, mi ,...,2,1 , 

 
2

0 12
1

1
( ) ( ) ( ) ( , )

2 ( )

n

t t t t i t ti t t
t

t

a h x h h x biq h h
b h

  


      
 (3), 

 

 

h(ht-1,ht ) = ln
q(ht,ht )

q(ht-1,ht )
= ln

p(ht / ht )

p(ht / ht-1)
           (4) 

 

 Obviously, under tt hh 1 , the valueh(ht-1,ht ) = 0 , in other 

cases   has an idea of the penalty function that depends on 

the difference and mismatch of the neighboring samples of 

the fragments. 

 

The value )( tt ha  has the meaning of inconsistencies in the 

values of the parameters of the fragment in the section 

tsnt   with the predicted ones. 

 

4. Problem Solution  
 

 The solution of this optimization problem is reduced to 

methods of dynamic programming or integer linear 

programming (ILP), [3].  

 

Assuming the Gaussian distribution law of the autoregression 

coefficients, the conditional apriori probability of the 

occurrence of ),...,,( 21 N
N
t hhhH   combination is 

determined by the transition probabilities of the Markov 

chain [1,3] 

0

1 1 1 1
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     (5) 

 

It is logical to assume the Gaussian character of the 

probability density of the initial value R0(h0 ), which can be 

represented in the form )(ln)( 000 hphd  , where 

)( 0hp are the a priori probabilities of possible initial states 

of the Markov chain. In this case, the minimum of the 

functional )( 0
NHY corresponds to the maximum a posteriori 

probability of combinations of fragments for a given 

implementation, [5] 
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101 



N

t
tt
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is the conditional a priori 

probability of a combination of fragments 

),...,,( 21 n
N
i xxxX  composed of m  variants offered by 

different peers. 

 Construction of optimal fragmentation. We define a 

sequence of functions with allowance for a temporal discrete 

argument: 

 1
0

1

0 0 1 1
1

( ) min ( ) ( ) ( , ) ( ) ( , ) ,

1,2,...,

t

t

t t s s s s t t t t
H S
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 (7) 

 This value Rt (ht ) indicates what minimum value of the 

criterion )( 0
NHY can be achieved on the sequence of 

fragments up to )1( t  including, if the state of the last 

fragment th  is fixed. Obviously, the minimum value of the 

last value )( NN hd , 2,1Nh
 
coincides with the minimum 

criterion value )( 0
NHY : 

minRN (hN ) = minY (H0

N )
                        

 (8) 

If the last fragment of the optimal sequence is NH0
, then 

ĥN = argminRN (hN )                               (9) 

We compute successively the value vectors Rt+1(ht+1)for the 

corresponding instants of time 1,...,1,0  Nt , starting 

with theR0(h0 ) according to the rule: 

 

 
Rt+1(ht+1) = min

ht

[dt (ht )+at (ut )+a(ht,ht+1)]        (10) 

 

In this case, integer values 

 

 
Kt+1(ht+1) = argmin{Rt (ht )+at (ut )+h(ht,ht+1)} (11) 

 

form a rectangular matrix N
iK

 
in which the columns N are 

arranged in time-ordered values )ˆ,...,ˆ,ˆ(ˆ
100 N

N hhhH  . The 

number of rows corresponds to the values m  presented for 

selection at each fragmentation step. The corresponding 

values tĥ  are found from the recursive formula 

)ˆ(ˆ
11  ttt hKh  

With the initial condition (9). 

Thus, the evaluation of optimal values tĥ
 
is taken in the 

reverse order: t = N,N -1,...,1,0  
after the calculation in the 

direct order of the elements - the columns of the matrix
 

N
iK  , 

which contain integersmN  - media fragments. 

 

As for the problem of variants selection, from the theory of 

solutions is known [4] that the problem of optimal 

fragmentation is extremely cumbersome, refers to NP-

complete and with an increase in the number m of proposed 

options it turns out to be problematic to obtain a solution in 

real time. Solutions are quite allowable with 3;2;1m . It is 

also known from the theory of auto-selection [5] that the 

transition from a single choice to a two-fold one allows one 

to reduce the probability of an error erP  from 
210erP  up 

to 
410erP . A further increase in the multiplicity adds an 

ever smaller relative increase in efficiency in decision 

making figure 1. Therefore, in order to prevent overloading 

in the solution of the problem, we stop the choice by the 

valuem = 2 that for the tasks of fragmentation it is quite 

acceptable. 

 

 

Figure 1: Dependence of the error probability erP on the ratio 

of the signal level to the spectral noise power 2h  

 

5. Conclusions  
 

1) Peer-to-peer networks are among the peer-to-peer (P2P) 

file-sharing networks that work over the Internet. They 

have become very popular with consumers of video 

products. Networks are characterized by simplicity of 

access and rather complex technologies of querying, 

searching, delivering and transporting content 

simultaneously with its consumption. 

2) In unstructured P2P networks, the search for the required 

content directly depends on the amount of memory and 

replication of the content of this network, which ensures 

its maximum performance and stability. Since in these 

networks, unlike structured ones, the address and content 

stored in a particular node are not interconnected, the 

search for the necessary information is carried out on the 

basis of two solutions: blind flooding and information 

search, which, on the basis of saving the routing index, 

allows to receive the information on topology and 

neighbor state. This technology also has greater 

scalability and reliability, which makes it suitable for 

heterogeneous and dynamic environment of the Internet. 

3) A solution is presented for the task of fragmentation of 

files requested by the consumer in a P2P network of 

streaming video using a discrete-continuous mathematical 

autoregressive model that displays the process of 
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searching for and selecting suitable resources when 

downloading video content. 

4) Using the developed model, it is possible to display the 

state of each j-th peer on each of the k-steps of 

fragmentation taking into account the delay in their 

delivery. This model allowed solving the problem of 

optimal construction of the procedure for finding the 

solution vector by sequentially selecting the requested file 

from m-suggested ones. The solution of the problem is 

reduced to the procedure of dynamic programming. 

5) From the m-suggested fragments, it is recommended to 

select two, which will help reduce the service traffic. In 

this case, the probability of an erroneous solution, in 

accordance with the theory of auto-selection, is reduced 

by a value of 17-20 dB. 
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