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Abstract
The peer 2 peer Networks are widely used for file sharing and 
file transferring which uses 70%of internet bandwidth. The 
average download time of a file is an important performance 
metric in the peer 2 peer networks. Service capacity and network 
congestion are the two major factors have a significant role in 
the performance analysis of file downloading. We point out that 
the common approach of analyzing the average download time 
based on average service capacity is fundamentally flawed. The 
average download time in P2P networks increased by Both spatial 
heterogeneity and temporal correlations .we proposed a simple, 
distributed algorithm to effectively remove these negative factors, 
thus minimizing the average file download time for each user in 
the peer 2 peer network. By the proposed approach the average 
file downloading time or file transfer rate is effectively managed 
in the p2p networks.

Keywords
Network Performance, Peer-To-Peer Network, Peer Selection 
Strategy

I. Introduction 
The P2P file-sharing applications are becoming increasingly 
popular and account for more than 75% of the Internet’s bandwidth 
usage.In client server architecture simply sets up a server and 
each user download a file from the server ,due to this reason the 
download time and response is delayed. p2p networks provide 
distributed environment. Being a completely distributed system, 
the service capacity of a P2P network, or the aggregated throughput, 
is shown to increase as the number of uploading peers increases in 
the network. Thus in an ideal case [1-2], the available bandwidth to 
each downloading peer will be constrained only by the limitation 
of the access link at the downloading site.
However, there are many factors that prevent a peer from fully 
utilizing the available bandwidth. The dis- tribution of the data 
in the network, peer selection al- gorithms, free-riders, and many 
other reasons impact the performance that a downloading peer 
receives. It is shown [14] that, in reality, even downloading files 
of less than 10 MB in size may take from 5 minutes up to several 
hours. The downloading time for a bigger file, say, 100MB – 1 GB, 
can range from hours to a whole week. Fur- ther, even when all 
users try to download the same file, each of them may have very 
different downloading times, depending on the available capacity 
fluctuation, the path it chooses to download the file, etc. It is a 
common belief that there exist a direct rela- tionship between the 
file download time and the service capacity the network can offer. 
The average download time of a file of size F is simply given by 
F /c, where c is the average service capacity. This approach us- 
ing the average service capacity to analyze the average download 
time has been a common practice in the lit-erature [1-2,15-16].
Further, Due to network congestion and source workload the 
service capacity of each source is shown to vary with time [16-
17]. Both spatial heterogeneity in service capac- ity of different 
sources and temporal fluctuation of service capacity in time have 
significant impact on the average download time, as we will show 

later in the paper. The theoretical results obtained by the averaged 
value (F /c) is often too optimistic.
In this paper, we first characterize the each user average download 
time and relationship be-tween the heterogeneity in service capacity 
and show that the degree of diversity in service capacities has 
negative im- pact on the average download time. After we formally 
de- fine the download time over a stochastic capacity process, 
we prove that the correlations in the capacity make the average 
download time much larger than the commonly accepted value F /c, 
where c is the average capacity of the connection. It is thus obvious 
that the average download time will be reduced if there exists 
a (possibly distributed) algorithm that can efficiently eliminate 
the negative im- pact of heterogeneity in service capacities over 
different paths and the negative impact of correlations in time of 
a given path.
In practice, most P2P applications try to reduce the download time 
by using small bit sized files that are downloaded from different 
paths (e.g., parallel download). In other words, they try to reduce 
the download time by minimizing the bytes transferred from that 
source with small capacity. However, we show in this paper that 
this approach has almost no benefit at all in terms of explic- itly 
reducing the average download time for each user in the network. 
We then propose a simple and distrib- uted algorithm that can 
effectively remove the negative impact of both the correlations in 
the available capac- ity of a path and the heterogeneity in different 
sources and thus achieve the smallest possible download time. 
The characteristics of service capacity of single user receives data 
from the network is considered. Specially we consider stochastic 
fluctuation and heterogeneity of service capacities on different 
network paths.

II. Heterogeneity Factor of Service Capacity
The service capacities from source peers is different  in a P2P 
network. Reasons for Heterogeneity  are  physical connections 
speeds [3] at different peers, most of the peers in a typical 
network or single personal systems, On the other side peers are 
geographically located over large area and each logical connection 
consists of multiple hops.. The distance between two peers and 
the number of hops surely affect its Round-Trip Time (RTT), 
which in turns affects the throughput due to the TCP congestion 
control. Moreover, in a typical P2P network, this information 
is usually “hidden” when a user simply gets a list of available 
source peers that have contents the user is looking for. Note that 
the aforementioned factors do not change over the timescale of 
any typical P2P session (days or a week). Hence, we assume 
that those factors mainly determine the long-term average of the 
service capacity over a given source peer.

III. Correlations in Service Capacity
While the long-term average of the service capacity is mainly 
governed by topological parameters, the actual service capacity 
during a typical session is never constant, but always fluctuates 
over time. Factors that effect service capacity are:

The source peer connections allowance is changed with • 
respect to time ,which creates a fluctuation in the service 
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capacity of each user.
some user applications running on a source peer (usually a • 
PC), such as online games, may throttle the CPU and impact 
the amount of capacity it can offer
temporary congestion at any link in the network can also • 
reduce the service capacity of all users utilizing that link.

Fig. 1:  Shows a Typical Available End-to-End Capacity Fluctua- 
Tion Similar to that Presented in [4-5]

The time scale for the figure in the measurement study is on the 
order of minutes. We know from [6 ] that a typical file download 
session can last from minutes to hours for a file size of several 
megabytes. This implies that the service capacity over the timescale 
of one down- load session is stochastic and correlated. In Fig. 
1,  the window size fluc- tuation in TCP gives the  short-term 
variations in the capacity,  While net- work congestion gives long 
term variations, changes in workload or the number of con- necting 
users at the source peer, etc. The long-term fluctuation typically 
lasts over a longer time scale, say, few minutes up to several 
hours.As illustrated in the introduction, both the heterogeneity 
over different source peers and the correlations of the capacity in 
a given source peer have significant impact on the average down- 
load time. Consequently, the download time of a file of size F is 
simply given by  , where c is the average service ca-pacity. 
As will be seen later on, however, this is true the service capacity 
is constant or independent and identically distributed (i.i.d.) over 
time, neither of them is true in reality. 
Through extensive  simulations,we also  verify  that the  proposed  
strategy consistently outperforms all the other schemes widely 
used in practice  under almost all network configurations.

II. The Downloading Time Characterization in the 
Network
We consider a discrete time system of time slot length
let c(t) denotes time varying service capacity of source peer tome 
slot t(t=1,2,....) over the downloading duration. Down load time 
T. Note that T is stopping time or first hitting time of a process 
C(t) to F fixed level.

  (1)
If C(t) ,t=1,2,3...are i.i.d.., then assuming the equality in(1) ,we 
get

   (2)
The expected download time ,measured in slots becomes E{T}=F/
E{C(t)} there is a direct relation between the average service 
capacity and average downloaded time as typically has been 
assumed in the literature.

A. Heterogeneity Impact in Service Capacity
In order to decouple the effect of correlation  from that  heterogeneity 
in this section, we assume wald’s equation[7] is true for each  of 
the source peer in the network. But we can allow different average 
capacities fro different source peers.
Let N be number of source peers and Ci(t) is the service capacity 
of source peer i. let average capacity of source peer ci=E(Ci(t)} 
then average service capacity of network becomes

   (3)
Where arithmetic mean of sequence c1,c2, c3, c4.......cN is 
and average download time 

    (4)
Consider a common strategy of randomly pick one source peer for 
a user and keep this connection until download is complete.
Snice the user selects one source peer from N peers with equal 
probability actual download time  becomes 

   (5)
This implies average download time in heterogeneous network is 
great than average capacity of network(4) with harmonic mean 

 of c1,c2,c3...cN defined by inverse of

   (6)

B . Correlated Stochastic Process First Hitting Time
Let C(t) be a stationary random process denoting the available 
capacity over the path at time slot t where path is between uploading 
peer and corresponding downloading peer. Then, as before, we 
can define the download time of a file (or the first hitting time of 
the process C(t) to reach a level F) as Tcor, where the subscript 
‘cor’ means that C(t) is a correlated stochastic process. We have 
E{Tind} = F/E{C(t)} = F/E{C(t)}.
Where C(t) is the correlations and C’(t) be resulting process and 
Tind be the stopping time for process C’(t).Then, the download 
time Tcor becomes Tcor = F/C assuming an equality in (1).
Hence, from Jensen’s inequality, we have

 (7)
 for random variable c In this section we show that the expected 
first hitting time of a ‘positively correlated process’ is grater  than 
that of an i.i.d. counterpart [8].

Theorem II.B.1
Let {X(t)} be a stochastic process with static space S = Rd of 
the form
X(t + 1) = ‘(X(t),Z(t)), for t = 0, 1, . . .  ( 8 )  
If the {Z(t)} are mutually independent and independent of X(0), 
then {X(t)} is associated if ‘(x, z) is increasing in x. 2Stochastic 
processes of the form (8) constitute large portion of Markov 
processes. For example, any auto regressive type model with 
positive correlation coefficient can be written in the form of (8). 
Specifically, for anAR-1 sequence X(t) defined by X(t + 1) = 
φX(t) + bξ(t),where 0 < ρ< 1 and ξ(t)  (t = 0, 1, . . .) is a sequence 
of i.i.d. random variables and independent of X(t), we can write 
X(t + 1) = ‘(X(t), ξ(t)) where ‘(x, ξ(t)) = φx + bξ(t).
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Since ‘ is increasing in x, the process {X(t)} is associated. We 
below present our theorem. Due to space constraint, we refer to 
our technical report [3] for all the proofs.

Theorem II.B.2
Suppose that {C(t), t ≥ 1} is associated. Then, we have E{Tcor} 
≥E{Tind}.
Theorem II.B.1 states that the average download time of a file 
over a path with correlated service capacity is always larger than 
that of an i.i.d. counterpart. In the subsequent section, we show 
the relationship between the degree of correlation of a process 
and the average first fitting time of that process, and illustrate how 
much E{Tcor} can be larger than E{Tind}.

C. First Hitting Time and Degree of Correlation
Suppose that C(t) is given by a stationary first-order autoregressive 
process (AR-1), i.e.,
C(t+1)=ρ.c(t)+ε(t)+α    (9)
Here, ε(n) is a sequence of i.i.d. random variables with zero mean, 
which represents a noise term of the process. Then, from the 
stationary of the process, we get
E{C(t)}= µ=α/(1-ρ)    (10)
We vary the constant α such that the average capacity is always 
fixed to E{C(t)} = μ = 10 under different ρ. Since the available 
bandwidth cannot be negative ,we impose restriction on the range 
of C(t) such that C(t) 2 [0, 20], while keeping the mean still the 
same. The file size is F = 250 and the noise term, ε(t), is chosen 
to be uniformly distributed over [−1, 1], [−5, 5], and [−9, 9]to see 
how the noise term affects the average download time.

Fig. 2: Relationship Between the Average Download Time and 
Different Degrees of Correlation ρ Under Different Noise Term 
ε(t) in (9)

Fig. 1 shows the relationship between the average download time 
and the degree of correlation of the process(9) for different ρ 
and ε(t).
In real data networks, when congestion occurs, the available 
capacity of a connection typically  shows wild fluctuation; and  
it becomes very low, and it can reach up to the maximum link 
bandwidth when things go well.
Therefore ,it is very important t factor  in calculating the average 
download time of a file transfer is  considering  the effect of 
correlation in capacity over time 

III. Minimizing Average Download Time Over Stochastic 
Channels
Given  the characterization  of the average  download time in 
Section II, In this section we will analyze the per-formance  of 
(i)  random  chunk-based  switching, and  (ii) random  time-

based (periodic)  switching.  Both methods allow only one active  
link simultaneously. Because these strategies reduces the average 
download time for each user.  Although par- allel downloading  is 
another commonly  used  method  to reduce  file download  time, 
as we will show in the sim- ulation section,  parallel  downloading  
performs  well only when there are very few users in the network  
and almost no heterogeneity  in service  capacity.  
Before we start our analysis, we have the following assump-
tions:

Each downloader makes a blind choice• 
Each downloader selects its source independently. • 
The service capacity of a source is constant within one time • 
slot

Assumption (i) is based on the fact that the downloader does not 
know the service capacity of each source peer a priori. Although 
some protocols require peers to broadcast information about its 
phys-ical connection speed, due to many factors such as compe-
tition among other peers, changing workload of the source peer, 
or the network congestion status it is hard to tell the “true” instant 
service capacity of each source peer Therefore, a simple way to 
se-lect a source peer is just to make a blind choice.
Assumption ii) The downloader cannot not make its source se-
lection decision based on other downloaders’ decision because it 
is impractical for any downloader to know how other downloaders 
choose their source peers in the network.
Assumption iii) Assumption (i) is reasonable since it is expected 
that there is no major event that triggers dramatic fluctuation in 
the service ca-pacity within a short period of time. There may 
be small short-term fluctuations, on the order of seconds, in the 
service capacity due to the nature of the network protocol, such 
as TCP con-gestion window changes, or OS interrupt handling, 
etc. These changes however do not impose serious impact on the 
service capacity. Thus, we are not interested in such small short-
term variations, but are more interested in the fluctuation on a 
longer time scale caused by change in the number of connections 
at a source peer or change in network congestion status, which all 
usually last for longer time (say, minutes to hours).

A. Effect of Parallel Downloading
If file size F is divide into k chunks and Ci is the service capacity 
of i th connection Parallel downloading time [9-10], is worth all 
case But downloading time for parallel downloading is given by 
(t1,t2….tk} rather than F/(c1+c2+..+ck) This is because  chunk 
takes largest time to download session. we consider the following 
simple example. Assume that there are c1,c2 only two source 
peers in the network, and c1≤c2 are the service capacities of the 
two source peers. Without lossof generality, we assume that . If 
parallel downloading is used for downloading a file of size from 
the network, the download time is given by
Tp=max{F/2c1,F/2c2}=F/2c1   (11)
For the case of single download, the average download time Is
E{Ts}1/2(F/c1+F/c2)>E{Tp}=Tp   (12)
Now, given that parallel download is better than single download, 
one may ask whether it is as good as the predicted value in(1). To 
answer this, let us recall the two-source peers example .From (1), 
the predicted download time isAn easy calculation shows if

 =2F/(c1+c2)   (13)
Thus, even in the network with one user, parallel downloading 
may not reduce the download time to the predicted value in all 
cases. Instead, the performance of parallel download depends up 
on the distribution of the underlying service capacities and could 
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be much worse than the ideal case, . Indeed, it is shown in [11] that 
if we can make the chunk-size proportional to the service capacity 
of each source peer, parallel downloading can yield the optimal 
download time. But  such scheme requires global information 
of the network.In  reality, the parallel  downloading  may even 
perform worse than single-link download.  Hence we will focus on 
the performance  analysis  of single-link download  strategies.

A. Random Chunk Based Switching
In the random  chunk-based switching file of interest is divided into 
many small chunks.  A user downloads chunks sequentially one 
at a time.  Whenever  a user com- pletes a chunk from its current 
source, the user randomly selects a new source and connects  to it 
to retrieve  a new chunk A file of size F is divided into m chunks of 
equal size, and let tj  be the download  time for chunk  j. Then,  the 
totaldownload  time, the expected download time will be because 
each chunk  is randomly choosen from N sources

 (14)
Hence, the random chunk-based switching would not give us 
better performance in terms of per-user average download time 
in a multi-source network Wald’s equation is true for a given path 
.i.e., the service capacity is constant .because of our assumption 
the service capacities in the network are heterogeneous. When 
there exist strong correlations ,if we get stuck in a source with 
very low service capacity, it is likely that the service capacity 
from that source remains low for a while. In other words, we 
can also think about random switching based on time. In the 
subsequent section, we will investigate the performance of this 
random switching based on time, and show that it performs all 
the previous schemes in the presence of heterogeneity of service 
capacities over space and temporal correlations of service capacity 
over each path [13].

B. Random Periodic Switching
In this section, we propose a very simple, distributed algorithm 
and show that it effectively removes correlations in the capacity 
fluctuation and the heterogeneity in space, thus greatly reducing 
the average download time.. We assume that each user can obtain 
a list of available sources through some search algorithm. A sour 
algorithm will be implemented at each downloading peer in a 
distributed fashion, without loss of generality

Fig. 3: System Model for File Download Operation in P2P 
Networks
we only focus on a single downloader throughout this section. In 

our model, there are N possible paths (source peers)for a fixed 
downloader. Let Ci(t) (t = 0, 1, 2, . . . and i = 1, 2, . . . ,N) denote 
the available capacity during timeslot t over path i (the connection 
between the fixed downloader and the ith source peer). Let U(t) 2 
{1, 2, . . . ,N}be a path selection function for the downloader. If 
U(t) = i, this indicates that the downloader selects path i and the 
available capacity it receives is Ci(t) during the time slot t. For 
example, the solid arrow in fig. 3, represents a realization of the 
path selection function U(t) at time t for a fixed downloader C. We 
assume that each Ci(t) is stationary in t and Ci(t) over different 
paths i = 1, 2, . . . ,N are independent.† We however allow that 
they have different distributions, i.e., E{Ci(t)} = ci are different for 
different i (heterogeneity). For any given i, the available capacity 
Ci(t) is correlated over time t .As before, when each connection 
has the same probability of being chosen, the average service 
capacity of the network is given  by

   (15)
In this setup, we can consider the following two schemes: (i) 
permanent connection, and (ii) random periodic switching. For 
the first case, the path selection function does not change in time 
t. When the searching phase is over and a list of available source 
peers is given, the downloader will choose one of them randomly 
with equal probability. In other words, U(t) = U where U is a 
random variable uniformly distributed over{1, 2, . . . ,N}.[12] For 
example, if the downloader chooses u(u 2 {1, 2, . . . ,N}) at time 
0, then it will stay with that path permanently (U(t) = u) until the 
download completes.

Fig. 4: Operation of Source Selection for a Random Variable is 
u(t) 

For the periodic random switching, the downloader randomly 
chooses a path at each time slot, independently of everything else. 
In other words, the path selection function U (t) forms an i.i.d. 
sequence of random variables, each of which is again uniformly 
distributed over {1, 2, . . . , N }. Fig. 4, illustrates the operation 
of thepath selection function U (t) for random periodic switching. 
In this fig. , path 1 is selected at time 1, path N is selected at time 
2, and so on. Let us define an indicator function

   (16)
for both the permanent connection  and the random  peri-odic 
switching strategies.  Since each downloader  chooses a  path 
independently  of the available  capacity,  U (t) is also independent 
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from Cu (t), and  so is Iu (t). Note that, from E{Iu (t)} = 1/N  for 
any u, we have

 (17) 
i.e., the average available  capacity for the two path selec-tion 
strategies are the same. In  order  to analyze  how the two different 
strategies affect the correlation in X (t), we consider the correlation 
coefficient of X (t) defined as

 (18)

1V. Numerical Results
In this section we consider both multiple downloading peers and 
single downloading peer to provide numerical results to support 
our analysis and compare the performance of the four scheme 
for file download under various network configu-rations. In 
our configuration different paths have different average service 
capacity that correlated in time.

A. Single Downloader With Heterogeneous Path Charac-
teristics
We first show the impact of both correlations in service capacities 
and heterogeneity on the average download time when there is a 
single user (downloader) in the net- work.  There  are N = 4 source 
peers in the network,  each offering different average service 
capacities. Let ci  be the average service capacity of source i and 
~c = (c1 , c2 , c3 , c4 ). The average service capacity of the whole 
network is then A(~c) = (c1  + c2  + c3  + c4 )/4. We change the 
heterogene- ity in service capacity by changing  each ci , while 
keeping A(~c) = 200kbps the same.  
We measure the degree of heterogeneity in term of δ normalized 
standard deviation. We set δto range from 0.5 to 0.7.In  our  
simulation, the length of each time slot (one period) is chosen 
to be 5 minutes. We set the file size to 150 MB, which is the 
typical size of some small video clips or multimedia files. As the 
average service capacity (of the network) is 200 kbps, we set the 
chunk-size for chunk-based switching to be 7.5 MB (200 kbps 5 
minutes). The purpose of simulating the chunk based switching is 
to show the impact of switching based on “data  size”, hence we 
choose 7.5 MB to allow fair comparison with the random periodic 
switching with 5 minute period [13].
We consider all three download strategies discussed so far 
in comparison with permanent connection. For permanent 
connection, the user initially chooses one of four sources randomly  
and stays there until the download completes. For chunk-based 
switching, the user switches to a new randomly selected source 
peer whenever a chunk is completed. Although we simulate the 
system as a discrete time system, the user is allowed to switch to 
a new source peer anytime within a time slot whenever It finishes 
the current chunk. For parallel download, the file is divided into 
four equal-sized pieces and the downloading peer connects to all 
four source peers and downloads each piece from each source peer 
simultaneously. Finally, for periodic switching, a user switches 
to a new randomly chosen source peer every 5 minutes to further 
download the remaining parts of the file. 

Fig: 5(a)–(b)Average Download Time Versus the Degree of 
Heterogeneity

Fig. 5(a)–(b) shows the average download time versus the degree 
of heterogeneity in the average service capacities when there is 
a single downloader in the network. Dashed lines are for strong 
correlations and solid lines represent the case of light correlations. 
In Fig. 5(a), when the degree of heterogeneity is small, all three 
single-link download strategies(permanent, chunk-based, periodic) 
under light correlations perform the same. This is well expected 
since the service capacities of all source peers are almost i.i.d. 
over space and time, so switching does not make any difference 
and the average download time becomes 150 MB/200 kbps 100 
minutes, as commonly used in practice. 
On the other hand, when there exists strong correlations in the 
service capacity, the download  time is longer for all strategies 
except the periodic switching. For example, when , the correlation 
alone can cause more than 20% of increase in the average download 
time. Thus, when the network is more like homogeneous (i.e., small 
), the temporal correlation in the service capacity of each source 
peer becomes a major factor that renders the average download 
time longer. However, the average download time remains the 
same under the random periodic switching. Fig. 4(a) also shows 
the performance of parallel downloading .Intuitively, parallel 
downloading should perform better than single link downloading 
Because (i) it utilizes more than one link at the same time and 
(ii) if the connection is poor, parallel downloading reduces the 
amount of data getting through that bad source peer. 
Since there is only a single user, it utilizes all the service capacity 
the network can provide . In this case, the average download time 
should be 150 MB/ 150 MB/800 kbps25 minutes. We see from Fig. 
5(a) that parallel downloading can actually achieve the performance 
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close to our expectation when the service capacities of different 
source peers are close to i.i.d. Still, parallel downloading is prone to 
the negative effect of correlations. As the degree of heterogeneity 
increases, the average download time sharply increases for all the 
schemes except the periodic switching.
Fig. 5(b) shows this when is between 0.4and 0.7 (see Table I). 
All but periodic switching suffer from then negative effect of 
heterogeneity. When both heterogeneity and correlation are high ( 
and ), permanent connection takes about 350 minutes to complete 
the download. This time is about 250 minutes, or 4 hours more 
than using periodic witching! It is expected that the performance 
of parallel downloading degrades fast when there is a large degree 
of heterogeneity [13].
It is more likely that one of the parallel connections is “poor” with 
very small capacity. Thus, even though the size of chunk (37.5 MB) 
is smaller than the whole file (hence reducing the risk of staying 
with the bad source peer for too long), this is still not as good as 
the idea of averaging capacities all the time, as used in the periodic 
switching. We note that temporal correlations still negatively affect 
in all these three schemes. However, it should be pointed out that 
the random periodic switching performs the same regardless of 
heterogeneity and correlations, and in fact it outperforms all the 
other schemes when the network  is heterogeneous with a wide 
range of service capacities as in the current network.

B. Multiple Down Loaders With Competition 
As seen earlier the average download time can be reduced by 
randomly with switching  connection among the paths when only 
single peer downloads from source in the network. We consider 
different downloading strategies performance  under multi user 
environment. In the multi-user environment we consider N source 
peers where N=100. The sources are divided into 4 groups  giving 
the same average  service capacity.  We set the cor- relation 
coefficient of each source to 0.5, which indicates light temporal 
correlations in the service capacity.  The distribution of service 
capacity of each group is chosen to make δ = 0.6. In our simulation, 
if m users connect  to a source offering service capacity  C (t), 
then each of those m users  receives service capacity  of C (t)/m.    
we use the source-user ratio, i.e.  the ra- tio between the number  
of source peers to the number  of users (downloading  peers). To 
represent the level of competition.

Fig. 6: Periodic Switching

In fig. 6, the periodic switching always yields the smallest average 
download  time than all the other strategies regardless  of the level 

of competition among downloading  peers.  Even under  heavy 
competition, when the number  of users is 4 times of the number of 
sources, periodic switching can re- duce at least 50% of the average 
download time compared to other strategies. Figure 5 shows the 
average download time under differ-ent strategies as the number 
of downloader’s increases (dif- ferent  levels of competition). The 
aver- age download  time will increase as the number  of down- 
loaders  increases  for all possible strategies Because of the fixed 
amount of service capacity in the network.
It is interesting to see that under  heavy  competition, parallel  
downloading  is even worse than the single link download.  As 
discussed  earlier,  in parallel  downloading, the download  time is 
determined by the chunk  that fin- ishes the last.  In other words, the 
download  is complete when the chunk  from the source offering 
the ‘worst’ ser- vice capacity  is done. Under  heavy  competition,  
paral- lel downloading  actually  makes  more users  to share  the 
‘worst’ source, thus increasing the download time further. Thus,  
our study shows that, contrary to the common be-lief,  parallel  
downloading  is far  from  being  optimal  in terms of reducing  
the download  time.[12] Its performance  is very  much  dependent 
upon  the heterogeneity in service capacities in the network and 
upon the degree of competi- tion in the network. To avoid user 
stuck in bad sources, we are better off keeping fewer connections 
so that not every user gets stuck in the bad sources.  Overall, 
from Figures  4, it is evident that the random  periodic  switching 
generally performs  the best.   Although it may  not compete  
with parallel  downloading  in the case where  all sources  offer 
the same  service  capacity with very  light competition, those 
conditions are not practical in most cases. The random periodic 
switching gives the most stable and  optimal  performance  in the 
sense that its download time is minimal,  robust with respect  to 
network  config- urations, and  consistent for different users  in 
a random environment because of competition among peers and 
temporal correlation in the each path.

V. Conclusion
In this paper we have concentrated  on each user average download 
time in P2P network. With the large usage of network resources 
by P2P applications improve the network efficiency by reducing 
download time is desirable. We have shown both temporal 
correlation in the service capacity  and spatial heterogeneity 
increase the average download time even average capacity of 
the network is same. We have shown that byte –based schemes 
and combination of schemes is not efficient in reducing the two 
negative factors which increases the download time of the file of 
the single user. From our study ,To describing average performance 
in a P2P network average service capacity is not only sufficient.
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