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Many existing studies in overlay networking have focused on resource discovery or
server selection. This work studies the integrated performance of peer-to-peer (P2P) file
sharing systems using location-aware resource discovery and service scheduling
schemes. A novel file capacity amplification (FCA) model is first presented to capture
the problem of the file distribution problem. Then two novel service scheduling schemes
and protocols, Capacity Amplification (CA) and its variant CA with Penetration (CAP),
are presented to enhance the performance of file distribution in overlay networks. The
CA scheme represents a greedy approach in selecting clients for services disregarding
the effect of delay latency on transport capacity. The CAP scheme, on the other hand,
adopts the semantics of small world networks to reduce effectively delay latency among
peer servers and clients. Consequently, the effective transport capacity can be increased
efficiently leading to fast file distribution. The analytical results indicate that traditional
scheduling schemes such as FCFS perform poorly compared with CA and CAP schemes.
Furthermore, a high-performance P2P file distribution system needs both an efficient re-
source recovery scheme and a good service scheduling scheme.
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1. INTRODUCTION

Peer-to-peer (P2P) networking [1, 2] is considered an effective approach to avoiding
performance bottlenecks in client-server services. In traditional client-server architecture,
files are mainly stored at the centralized server, and are downloaded when clients send
requests to a server. In the P2P model, however, file distribution is much more rapid and
efficient because every peer that has downloaded a file can also act as a server. Thus,
P2P networking is a good candidate for file distribution on Internet.

P2P applications, such as file sharing, video streaming and hot news broadcasting
[3-5] can benefit from efficient file distribution. In the SIU-based video streaming appli-
cation like [6], a video file is fragmented into small chunks of files call SIUs. Efficient
file distribution can help placing the SIUs to some potential nodes, which can relay the
SIUs further to other nodes efficiently. For the hot news and stock market updates dis-
tribution, file distribution with the P2P pull model [7] allows content providers to publish
content to subscribers rapidly. Thus, building an efficient file distribution system based
on the P2P pull model is a very interesting issue.
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File distribution in P2P networks is a distributed application consisting of two ele-
ments, file search and service scheduling. In the past, these two elements were consid-
ered two unrelated entities in literature. Many studies [1, 4, 6, 8, 14] on P2P have mainly
focused on scalable and efficient P2P infrastructures in term of object location and rout-
ing, they are not concerned about how a peer server responds to clients’ requests. Some
other studies addressed service scheduling by which a peer server decides which re-
questing peer client to serve concerning free riding, reputation [9-11] and the peer
server’s response time [12, 13]. These approaches, however, do not consider how a client
discovers the resource in which it is interested. Thus, there exists a need to study the file
distribution performance in a P2P network by tightly coupling both resource discovery
and service scheduling scheme.

In this study, we first present a file capacity amplification (FCA) model to capture
the scheduling problem of file distribution. By ignoring the effect of delay latency on
transport capacity, FCA can be solved optimally by using a centralized scheme. However,
when the delay latency is considered, FCA can be reduced to a game problem and cannot
be solved optimally in real time. Then this work presents a decentralized scheme to solve
FCA, which includes two components: server selection and client service scheduling. To
solve FCA efficiently, the clients and servers must work jointly to increase the accumula-
tive file distribution capacity fast. For a client, it must apply a service discovery scheme
to obtain a list of candidate servers, from which they select a good server. For a server, it
must schedules its service for client requests received to increase quickly file distribution
capacity.

This study evaluates the performance of P2P file sharing systems which integrate
the location-aware resource discovery and service scheduling as a single entity. Instead
of studying a specific file search algorithm, this study identified two generic file search-
ing approaches, unstructured and structured search. In the service scheduling, two novel
service scheduling schemes and protocols are proposed in this study: Capacity Amplifi-
cation (CA) and Capacity Amplification with Penetration (CAP). The CA scheme re-
presents a greedy approach in selecting clients for services disregarding the effect of de-
lay latency on transport capacity. Inspired by the nice feature of small world networks
(SWNs) [15, 16] which possess small average distance among nodes, the CAP scheme
gives priority to peer requests with large delay latency and penetration in the service
scheduling. The delay latency of a request represents the distance that a link can reach
while the penetration, as defined here, represents the cluster size. By considering the de-
lay latency and penetration, CAP is able to capture similar effect of a small-world model
which is featured with long haul links and large cluster coefficient.

To integrate the impact of various parameters on the performance of file distribution,
CAP uses a novel function called potential to evaluate the contribution of peers in in-
creasing overall effective file service capacity. In contrast to previous works that only
consider bandwidth [17], delay latency [18] or living time [19], the potential function is
defined as a normalized weighted summation of parameters including penetration, delay
latency, peer living time and link bandwidth. Thus, through tuning of weights of pa-
rameters in the potential function, we are able to examine the effect of various parame-
ters on the performance of P2P file sharing systems, and provide insight into the ele-
ments of an efficient P2P file sharing system.

A computer simulation was implemented to study the performance of P2P file shar-
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ing systems based on the spreading speed of a hot file over a P2P network. In the simula-
tion, existing service scheduling schemes, First-Come-First-Served (FCFS) and High-
Credit-First (HCF) [9-11], are compared with our presented CA and CAP schemes under
various service discovery approaches. Simulation results confirm that to achieve high-
performance file distribution, it is important to integrate service discovery and service
scheduling together. Moreover, the results demonstrate that CAP performs better than the
other three schemes in most cases. An optimal scheme based on backward induction is
also used as a benchmark of the performance of CA and CAP. The result shows that CAP
performs close to that of the backward induction scheme when client arrival rate is small
and performs reasonably well at high client arrival rate.

The rest of this paper is organized as follows. Section 2 defines the file distribution
model in P2P file sharing systems. Section 3 defines schemes and parameters of file
search and service scheduling in P2P file sharing systems. Section 4 analyzes the per-
formance of P2P file sharing systems in various combinations of file searching and ser-
vice scheduling schemes. Finally section 5 draws conclusions.

2. PROBLEM STATEMENT

First, the network model is described, the definition and objectives of peer-to-peer
file distribution model are given.

2.1 Network Model

Let N be a set of vertices denoting the peer clients interested in file F. Let a file
distribution network 7T at #; be T; with vertex set N, = {v| v € N} where v has F, and link
set £, = {l,, | u, v € N} where u downloads F' from v.

Host is highly asymmetric, most up-link bandwidth (upstream) is smaller than the
down-link bandwidth (downstream), such as ADSL. Also, the bottleneck is at or very
close to the last-hop to the peers. In this study, we assume that the up-link bandwidth of a
server peer (supplying peer) dominates a requesting peer’s downloading bandwidth. For
example, in a communication pair AB, peer A has 100Mbps downloading bandwidth and
peer B has 10Mbps uplink bandwidth. The peer 4 only can download a file from the peer
B in a maximum speed 10Mbps.

Moreover, when two peers are far away, the effective downloading bandwidth bet-
ween them tends to become smaller due to congestion or delay in the transport network
[19]. Thus, the downloading capacity C; from node i to node j is defined as Cj; = B,
where B, is the up-link bandwidth of node 7 and ¢y is a normalized value of C; by link
capacity B;. According to the analytical analysis of TCP [20], Cj; is inversely proportional
to the round trip delay R7T}; between node i and node j as follows:

_ BxMSS 1)
if =
RTT;\py

Where S is a constant, MSS is the maximum segment size and pj; is the packet loss
rate due to congestion. Thus, ¢; can be expressed as
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L BxMSS __ p  MSS o
i~ = :
B, xRTT; [p;, Jp; FSS,

Where FSS; is the maximum data size that can be transmitted by the up-link band-
width of node i within RTT};. Thus, a is inversely proportional to RT7.

2.2 P2P File Capacity Amplification Problem

Let the server set at time ¢ be N,. If node i requests node j for file downloading at ¢,
the service completion time of node i, ¢/, is given by

tf=t+TS; (€))

where T5; is the downloading service time spent for node i to finish file downloading.
After ¢, node i is put into N . and can offer downloading service to other client peers.

The downloading service time T includes the service waiting time and file downloading
time. If node i downloads file F' of size Lr from node j, the file downloading time
includes the delay latency D;;, which is equal to the round-trip delay [12, 13] between j
and i, and the transmission time L//c;B;. Based on the above assumption, the file
capacity amplification problem T(V, Fj, S) is defined as follows.

Definition 1 Let F| be the source for file F, and S = {#,, t», ..., t,} be the request timing
sequence generated by the peer clients vy, vy, ..., v, € N for F. The file capacity ampli-
fication problem T(N, Fj, S) is to select client peers awaiting for downloading service in
an order to maximize the cumulative service capacity Cr(f) for file F at any time ¢, where

Cr. (0= (;BFS (t)dt ()
and
B ()= ). B;. )
JeN,

By ignoring the possibility of peer node leaving and free-riding, Cr(f) becomes a mono-
tonic increasing function. In a centralized scheduling scheme, 7T(N, F;, S) can be solved
optimally if the delay latency between peer nodes is ignored. If T(N, F;, S) is modeled as
a single server queuing system with server capacity Br(f), which implies that a peer re-
quest can be served jointly by all peers with file /" in an infinite granularity, i.e., bit, Br(?)
can be maximized V¢ by serving awaiting peer clients in a descending order of their ca-
pacities. According to M/M/1, the average service time of peer requests gets smaller
when the server capacity gets large. Thus, when By (¢) is maximized, the average service
time of peer requests is minimized.

T(N, Fy, S) can also be modeled as a multi-server queuing system, in which a peer
request can only be served by a peer server, and solved optimally. When a peer request
arrives, it is inserted to current peer request list in a descending order of capacities. Then,
assign the peer and those peer clients behind it to one of candidate servers so that each
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peer request has a minimum service completion time. Note that the candidate servers
must include those peer servers available now and those peer clients currently waiting for
service before it. With such scheduling, peers with large capacities can be made available
in the earliest time for serving other clients and hence Cr(#) is maximized.

When taking delay latency effect into consideration, the above solution for the sin-
gle-server and multi-server queuing system model of T(N, F, S) can be restated as to
serve a waiting node j with maximal B in the earliest time, i.e., maximizing B (f) when-
ever possible. Such a greedy approach, however, becomes sub-optimal because the effec-
tive system capacity enjoyed by a peer client now depends on the distance between the
peer client and those peer servers with file F. In other words, without knowing ahead of
time which peers will issue request later in time, maximizing By (f) may not always lead
to optimal effective service capacity for peer requests to come.

To examine the optimality of T(N, Fj, S), we can reduce T(N, Fj, S) to a game prob-
lem with the following game rules:

1. This game is played on an N x N game board with two kinds of role, server and client.

2. A server can convert one client at a time to a server in a speed inverse proportional to
the distance between the fields of the server and client.

3. Two players, one plays the client generator and another plays the server scheduler.
The client generator assigns clients on the game board. The server scheduler assigns
servers to convert clients into a server.

4. When a game begins, there is only one server.

5. The client generator puts a client at a randomly selected empty field in a constant fre-
quency. The server scheduler assigns a server to an un-served client, if available,
whenever a server becomes idle.

The server scheduler is given a period of time to convert as many clients as possible to a
server. When the time is expired or all fields of the game board are full, the game is over
and the more servers are on the game board the more credit the server scheduler earns.
Therefore, the server scheduler must find out a best serving sequence and a server as-
signment strategy to minimizing client conversion time, or to maximizing the number of
servers on the game board.

Obviously, the sequential interactions between the server scheduler and client gen-
erator in the 7(N, Fj, S) game can be expressed as a game tree and optimal solution can
be achieved through backward induction. However, in the real world, T(N, Fj, S) is much
more complex than the game described above. For instance, servers may leave arbitrarily,
clients may arrive randomly during the time, and the number of clients can be an arbi-
trarily large number. Therefore, it is impractical to apply backward induction to solve the
T(N, F;, S) problem and a better approach is needed.

The server scheduler in the T(N, F;, S) game is a centralized scheme that schedules
all peer services alone, which is not scalable and creates a single point of failure. There-
fore, a decentralized scheme is commonly used in many peer-to-peer systems. In the fol-
lowing section, we focus on solving T(N, Fi, S) in a decentralized manner based on the
multi-server queuing model. Although different queuing model has different file down-
loading implication, this study intends to study effect of various characteristics on 7(V,
F, S) solutions and thus, the result can be equally applied at that of a single server queu-
ing system.
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3. STRATEGIES FOR P2P CAPACITY AMPLIFICATION PROBLEM

When solving T(N, F, S) in a decentralized manner, the service scheduling must in-
clude two components: server selection and service scheduling. Due to the lack of global
peer clients and servers information in a decentralized scheme, peer clients must acquire
servers with file F by resource searching, and then request a selected server for file
downloading. On the other hand, peer servers must schedule their services for peer re-
quests in a proper order to increase service capacity rapidly. This section addresses the
issue how a peer client selects its peer server and how a peer server schedules its service
for requesting peers. Section 3.1 describes two server selection schemes that can be
adopted by a peer client. Section 3.2 describes two existing service scheduling schemes,
FCEFES and HCF, and proposes two novel approaches, Capacity Amplification (CA) and
Capacity Amplification with Penetration (CAP), based on the proposed capacity ampli-
fication concept.

3.1 Server Selection Strategies

Before a client sends a request to a peer server for file downloading, it must first
search for peer server candidates. Thus, the resource searching scheme used in an overlay
network is a key element in File Capacity Amplification (FCA). The result of resource
searching has significant impact on FCA as the server choices of peer clients are limited
by the obtained server list. The less server information is available, the fewer choice a
peer client has and hence the worse is the performance of FCA. The section discusses
two generic resource searching models: unstructured and structured. These models are
described as follows:

3.1.1 Unstructured peers

‘Unstructured’ peers are unorganized and loosely-coupled, as in Gnutella. Peers link
to other peers arbitrarily depending on factors, such as number of hop counts, latency and
bandwidth. In the unstructured model, when a peer initially logs onto the system, it
floods a PING message to find other peers in the system. Peers who receive the PING
message respond with a PONG message with their sharing information. Each peer main-
tains a list of peers and its corresponding round trip time (RTT) to them. This study as-
sumes that the PING message would not flood peers more than 7 hops away. Thus, a
published resource may not always be found if some peers are more than 7 hops away.

Peers search a file by sending a QUERY message to all peers in its list and receive a
QUREY-HIT message if the query is successful. Once the requesting peer obtains a list
of peer servers which possess the file, it chooses a peer server with low round-trip time
delay and large bandwidth for file download.

3.1.2 Structured peers
In contrast to the unstructured model, peers in a structured model are organized for

resource searching efficiency [21]. In [21] a cluster-based topology (CBT) algorithm was
proposed to improve file searching efficiency using a well-organized network architec-
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ture. In CBT, peers are grouped into different clusters according to their relative physical
proximity in terms of hop counts. A new coming peer obtains a list of clusterheads from
a bootstrap server. Once the information is retrieved, the peer chooses a cluster to join, or
creates its own cluster, and then publishes resources to its associated cluster.

In the searching phase, the peer searches for its file of interest in the local cluster
first. If the file is not found, the query message is redirected to other clusters for further
searching. The peer servers in the local cluster are always chosen first. If all peer server
candidates are in remote clusters, the peer server with a lower round-trip time and larger
bandwidth is chosen.

3.2 Service Scheduling Strategies and Protocols

When a peer server receives many service requests, like a centralized scheme, the
server must schedule its service for the requests. From a global FCA point of view, a
server should attempt to amplify the total service capacity of file F as presented in sec-
tion 2.2. For completeness, this section presents two existing service scheduling schemes
FCEFS and HCF and then describes our proposed Capacity Amplification (CA) and CAP
(Capacity Amplification with Penetration) schemes below.

In FCFS, a service request is served according to its arrival sequence. This scheme
is used in many P2P file sharing systems. In HCF, the service request with the largest
credit is served first. The ranking of peers in the service queue of a supplying peer is de-
termined by their reputation or credits. For convenience, this study chose the credit-only
reputation computation (CORC) scheme [9] as the candidate strategy. The credit is cal-
culated as follow:

CORC = QRC + UC + SC (©)

where ORC is query-response credit, UC is upload credit and SC is share credit. Every
peer that processes a query-response receives credit ORC per mega byte which is speci-
fied by 0.00006 [9] based on the rough estimation of average query-response message
size in the Gnutella network. UC defines the credit a peer can get for serving content. UC
is calculated as (Lp/f) X (B/b), where L is the size of the uploaded file; B is the band-
width of the serving peer, and both f and b, respectively the file size factor and band-
width factor, are tunable system parameters that are used to ensure that the reputation
scores stay within a certain range of nonnegative values. Share credit is given to peers
sharing files and staying online for a long time. The SC is calculated by (S/f) X L, where
S; is the total size of shared files, and Ly is the duration of time that the peer stays online.

The Capacity Amplification (CA) scheme implements the greedy algorithm. A peer
server schedules its service based solely on the uplink bandwidth of clients. It serves a
request made by a peer with the largest uplink bandwidth first. Thus, with CA, all peer
servers jointly attempt to increase file service capacity without considering the impact of
delay latency on transport throughput.

The Capacity Amplification with Penetration (CAP) scheme is inspired partially by
the nice feature of small world networks (SWNs). In SWN, a node not only connects to
all nodes around its neighborhood but also connects to nodes far away with long haul
links with probability p. With such a connection pattern, SWN can have small average
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distance between nodes. Likewise, if a file can be downloaded to a remote client early,
the file can also be accessed by many peer clients in a short distance soon. Thus, CAP
mimics the effect of long haul links of SWN by selecting a peer with longer delay la-
tency for service with higher priority.

To reduce further the effect of delay latency or to increase effective file service ca-
pacity, CAP considers a metric called penetration to enhance the effect of a long haul
link. The penetration of a peer node is defined as the number of peers in its neighborhood.
In this paper, the neighborhood is defined as the flooding area in an unstructured P2P
environment and a P2P cluster in a structured P2P environment. Thus, in an unstructured
P2P environment, the neighbors are the peers that are within N hops distance of the
flooding peer while in a structured P2P environment the neighbors are the peers that are
in the same cluster. By giving priority to the peer clients with potential to provide many
peer clients with a large service capacity, the penetration metric may substantially in-
crease effective throughput of a certain file.

Based on the above analysis, we define a novel metric called potential of a peer cli-
ent as the service scheduling parameter for a peer server. The cost function potential P is
defined as follows:

=ax D X L—T X B —a—-pfF—-y)x Pi 7
e [Dmaxj+ﬂ (LT J+y [Bllrjlax]-i_(l “ ﬂ 7) [Pimaxj ()

max

Table 1. Notations definitions.

D The round-trip time delay [20] between the requesting and supplying peers.
D s The maximal round-trip time delay between a peer server and its peer clients.
Ly The living time [10] of each peer in the system.

T The longest living time of all peers.

BY The upload capacity of the selecting peer.

B The download capacity of the selecting peer.

BY. The maximum possible upload bandwidth of all peers.

Pi The number of the requesting peer’s neighbors within a cluster.
Piax The maximum number of neighbors in a cluster.
PZ“ The penetration index.

where 0 < o, f, y< 1 and o+ S+ y< 1. The variables and some properties involved in
the potential function are defined as shown in Table 1. Note that the potential P also in-
cludes the peer’s living time. Thus, a stable peer client will be given a higher priority
when a peer server selecting peer clients for services. This can keep N, close to a mo-
notonously increasing set, and hence improves the efficiency of file capacity amplifyca-
tion. Moreover, the CA is a special case of the CAP when =0, f=0and y=1 in Eq. (7).
To implement these strategies, a new protocol must be associated with each of them,
except for FCFS in which the arrival sequence of requests determines its scheduling. In
HCF, a peer must include its credit in the service request, based on which peer servers
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can schedule their service priority. In CA, a peer must indicate its up-link bandwidth in
its request to help peer servers scheduling their services. In CAP, each peer must config-
ure a set of common global parameters Dy, L7, , Bmax and Pim.. When a peer client
makes a request, it must include a time stamp in the request and report its uplink band-
width, living time and number of its neighbors. A peer server can compute delay latency
based on the time stamp in the request and then use the information given by the peer
client to calculate P and determines the service priority of its clients. At first sight CAP
seems difficult to implement. However, the only thing special for CAP is that it requires
the P2P network supports clustering and can report to a peer the number of active peers
in its cluster.

4. SIMULATION RESULTS AND PERFORMANCE

To evaluate the performance of each strategy, a simulation environment for the FCA
model was implemented based on parameters measured in existing operational P2P net-
works. The following sections present our simulation environment and results.

4.1 Simulation Environment

In simulation, the topology generator GT-ITM [22] is used to generate a topology
which includes the location of nodes and the connectivity information, but not latency
and bandwidth. Both the unstructured and structured models generate 10,000 peer nodes
within a period of 72 hours. Each active peer at the request cycle has an opportunity to
issue a request.

To reduce simulation complexity, we assume that requests are generated following
Poisson distribution with average 10 in every request cycle [23]. Peers who send out re-
quest and cannot find the file do not resend the request until 30 minutes later [24]. If the
request is blocked due to buffer overflow, the peer resends the request to other peer serv-
ers in its search list one by one until either the request is accepted or is rejected by more
than ten peer servers. When a peer’s request fails, the peer resends the request in 10 min-
utes later [24]. Although downloading different fractions of a file from many sources
makes the distribution of the file faster, this simulation, for convenience in performance
evaluation, assumes that the entire file is downloaded from a single source, meaning that
a peer should choose one supplying peer if more than one source is available. Table 2
shows the detailed parameters configured in the simulation.

4.2 Simulation Results

First, the effect of hop counts was observed in both unstructured and structured en-
vironments. The hop count in the unstructured environment was defined as the maximum
flooding radius of a file search, while in the structured P2P network, the hop count was
defined as the radius of a cluster. In the simulation, the performance of file distribution
was measured by the time taken to download an object to interested peers. The following
sections study how the parameters of system and service scheduling strategy influence
the file distribution performance.
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Table 2. System parameters in the simulation.

Parameter Description

Delay per physical link Dy ; Dy i = W; x 1 msec, W; is uniformly distributed over [0,
B 60]; Dyax = 500 ms.

File size Ly 650 MBytes

Bandwidth B [31] 70% with BZ = 1Mbps, Bg = 64Kbps;
23% with B~ = 2Mbps, B~ = 256Kbps;
7% with B” = 3Mbps, B” = 512Kbps.

Living time L; [31] Each peer has a certain probability of being online and is
assigned an uptime and session duration based on the dis-
tribution measured in [31]: 60% of the peers maintain the
session duration at most 60 minutes; 84% of the peers stay
no longer for 10 minutes if they do not find desired files.

Service capacity C, = aB’ To simplify the simulation, in the experiments, « is simpli-
fied as follows:

a=1if D; <100 msec;

a=0.7if 100 msec < D; < 250 msec;

a=0.5if 250 msec <D,

Number of responses R [30] A positive response to a query message means that the file
transfer between two peers can be established. R = 1 for
87% peers; R is uniformly distributed over [2, 15] for 7%
peers; R is uniformly distributed over [16, 500] for 6%
peers.

4.2.1 System performance

The results illustrated in Fig. 1 show that the time required to distribute a hot file is
shorter in structured peers than that in unstructured peers in each respective scheduling
strategy. The parameters for CAP are = 0.2, = 0.2, and y= 0.5 in Figs. 1 (a) and (b).
In particular, when the radius is small, the difference in the distribution speed is large,
mainly because a file search in a structured situation is always successful if the file does
exist. By contrast, a file search in an unstructured environment fails if it cannot reach the
nodes that own the file within the flooding radius. Consequently, a small flooding radius
results in a high failure probability of a file search initially in the unstructured environ-
ment. Fig. 1 (b) also shows that the performance of CA and CAP in an unstructured net-
work is close to that in a structured network at a radius of 7 hops, which has covered
most peers in the simulated topology and thus the file search becomes successful most of
time.

4.2.2 Service scheduling strategy parameters

After comparing different system parameters, the following simulation results focus
on the relationship between ¢, £, and y in the 5-hop structured peers. In all simulations,
the upload bandwidth of the initial source was set to 256 kbps, and the queue size of each
peer was 100.

Fig. 2, considering ¢, f, and y shows that choosing peer clients with large band-
width spreads a file to many nodes quickly. However, Fig. 3, which compares the aver-
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age delay between nodes for file downloading, shows that the maximum yvalue does not
perform best in reducing the average delay, which represents the average distance of file
downloading from a peer server to a peer client. After 12 hours, the combination of « =
0.1, = 0.2 and y= 0.7 was found to reduce the average delay the most, generating less
traffic load than y = 1. Additionally, the file distribution with = 0.1, #= 0.2, y= 0.7
was slightly better than that in @ =0, f= 0.1, = 0.9. Thus the living time factor does
help facilitate file distribution by serving stable peers first.

Fig. 4 shows the influence of the bandwidth and penetration factors. Bandwidth fac-
tor helps increase the distribution speed. Like the delay-time and living time factors, the
penetration index can lower the average delay. When the coefficient of penetration index
is 0.3, CAP can distribute a file quickly to many nodes with a smaller average delay and
hence cause smaller traffic load to the network than CA. In Fig. 5, all factors are com-
bined to observe their behaviors. Clearly, the ratio of = 0.2, f= 0.2, y= 0.5 performs
the best. CAP can not only cause smaller traffic load to network but also distribute a file
at a greater speed than CA.
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4.2.3 Benchmark among CA, CAP and backward induction

After finding out the best parameter setting of CAP, we use backward induction of a
game tree for the T(N, F;, S) problem as a benchmark for the performance of CA and
CAP. We first log the client arrival time and sequence and then generate a game tree.
After that, each move is determined through backward induction. Therefore, the back-
ward induction scheme represents an optimal result of the 7(, F;, S) problem.

In the simulation, the file size is set as 10MB and the arrival rates are 4 = 4 peers/
sec and 16 peers/sec following Poisson distribution. We log the peer arrival events in 500
seconds. The cluster radius in both experiments is set as 5-hop. The experiment result in
Figs. 6 and 7 show CA always perform the worst among these three schemes. Fig. 6 also
illustrates that when the client arrival rate is small, CAP performs close to optimal. When
arrival rate increases to 16 peers/sec, as illustrated in Fig. 7, CAP performs worse than
that of the backward induction scheme most of the time by around 10 to 30% before ¢ =
440 seconds. This is because when arrival rate is large, many clients with large potential
in a neighborhood may request servers far away simultaneously. Therefore, the advan-
tage of serving clients with large potential early is subdued. With the backward induction
technique, however, some of these clients are postponed to be served until one of the
clients is converted to a server, which then provides high downloading speed for these
clients. Therefore, the backward induction scheme performs superior to that of CAP.
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Fig. 6. Performance of CA, CAP and backward Fig. 7. Performance of CA, CAP and backward
induction at A = 4 peers/sec. induction at A = 16 peers/sec.
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5. CONCLUSIONS

This study modeled the P2P file distribution as a file capacity amplification (FCA)
problem. Based on the model for the FCA problem, two service scheduling strategies, the
greedy algorithm capacity amplification (CA) scheme and a heuristic strategy called CA
with penetration (CAP), were proposed to increase file distribution speed and reduce
average delay. The study introduced resource discovery schemes for unstructured and
structured peers, along with various service scheduling schemes. Results show that struc-
tured peers perform much better than the unstructured peers. Additionally, structured
peers with small radii perform better in the long term than those with large radii. In the
service scheduling schemes, various factors including bandwidth, delay, living time and
penetration index are examined. The simulation results show that bandwidth has the
greatest effect on the performance of file distribution, while other factors also help to
decrease the average delay in file downloading. With appropriate weighting on various
parameters, CAP outperforms CA in decreasing the average delay time, and hence can
effectively decrease traffic load during the file distribution process. Our result also shows
that CAP performs very close to optimal when peer client arrival rate is small and per-
forms reasonably well in comparison to optimal result when arrival rate increases.
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