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[57] Abstract

The present invention relates to an optimization method for P2P
application in a metropolitan area network, and specific optimization
steps are as follows: a. a P2P node, when needing to download a certain
resource, being referred to as a requesting P2P node hereinafter; b. first,
performing querying by means of a P2P index server to obtain a list of
P2P nodes having the resource, these nodes being referred to as resource
P2P nodes; c. finding, from among the resource P2P nodes, nodes that
are the nearest neighbors of the requesting P2P node on the network; and
d. downloading the resource from one or more nearest neighbor resource
P2P nodes via the network, so that P2P traffic is kept as far away from a
core network as possible and transmitted at the edge of the network,
thereby reducing the P2P traffic flowing through backbone networks
such as a core network and an aggregation network. Compared with the
prior art, the method of the present invention, by adding a topology
server and the index server, limits P2P traffic to occur at the edge of the
network as much as possible, reducing the transmission load on the
backbone networks and thereby avoiding network congestion caused by
P2P. Therefore, the method of the present invention has great potential
for widespread application.
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METHOD FOR OPTIMIZING P2P TRANSMISSION IN METROPOLITAN AREA
NETWORK

TECHNICAL FIELD

The present invention relates to a network transmission optimization technology, and relates in
particular to a method for reducing network backbone bandwidth occupancy and preventing

network conflicts for P2P application in a metropolitan area network.
BACKGROUND OF THE INVENTION

P2P is an important technology in current network transmission, and provides new technical
support for network resource sharing. The P2P technology achieves high transmission
performance by maximizing the use of the network bandwidth, and therefore, the P2P technology
is rapidly popularized in network applications. Compared with a conventional client/server mode,
the P2P technology realizes a distributed storage and sharing capability in the peer-to-peer
network. Each node computer is both a client that downloads from other nodes and a storage server
that can share content stored thereby with other nodes, so that more massive and richer content can

be provided, which becomes one of the important attractions of broadband networks.

With the advanced development and application of the P2P technology, P2P-based text, voice and
video communications and various multimedia services have begun to emerge and flourish, and

people pay more attention to the development and application of the P2P technology.

However, while applying the P2P technology, people found that the P2P technology has the
following disadvantage. The P2P technology preemptively applies the network bandwidth, which
occupies most of the network bandwidth, generally more than 60% of the total bandwidth, thereby
seriously affecting the normal operation of other services. As a result, broadband operators
generally resist or even ban P2P technology. Banning P2P will greatly reduce the attractiveness of
broadband networks to users. On the one hand, the operators want to provide P2P services on their
networks to make up for the insufficient content resources they provide, so as to compete with
other broadband operators. On the other hand, the operators do not want the application of P2P to
occupy a large amount of bandwidth, which further affects normal operation of other services.

Therefore, this puts the operators in a dilemma regarding the application of P2P technology.



In a metropolitan area network of a broadband operator in the prior art, a user computer is generally
connected to a building switch, then connected to a cell switch, and then connected to an access
layer switch or router (hereinafter referred to as an access switch), further connected to an
aggregation layer switch or router (hereinafter referred to as an aggregation switch), and finally
connected to a core switch or router, and a core network of the metropolitan area network is
generally formed by one or more core switches or routers. FIG. 1 is a model of a metropolitan area

network, which forms a tree structure as a whole. In general, one building switch forms one subnet.

For a metropolitan area network formed by using an ADSL or Cable Modem technology, a user
generally accesses an access layer device directly through an ADSL access device or a Cable

Modem, and the tree structure is still maintained.

Current P2P file transfer software causes most of the P2P traffic to pass through a backbone
network. The closer to a core layer, the larger the P2P traffic, the more serious the bandwidth
occupation problem, ultimately causing network congestion and affecting normal business
operations. The root of this problem is that when P2P software searches for a service node, it
considers that the nodes are completely identical, and the hierarchical structure of the metropolitan
area network is not considered; and in the metropolitan area network, the service nodes are selected

approximately randomly, resulting in that most of the traffic passes through the backbone network.

As shown in FIG. 1, assuming that the metropolitan area network has a total of nl aggregation
switches, each aggregation switch has n2 access switches, each access switch has n3 cell switches,
each cell switch has n4 building switches, and each building switch is connected to n5 user
computers, the number of computers included in the entire metropolitan area network is N =nl *
n2 * n3 * n4 * n5. Hereinafter, a link that connects a building computer to a cell switch is referred
to as a building-to-cell uplink, a link that connects a cell computer to a switch is referred to as a
cell-to-access uplink, a link that connects an access computer to an aggregation switch is referred
to as an access-to-aggregation uplink, and a link that connects an aggregation computer to a core

network is referred to as an aggregation-to-core uplink.
The following analysis is performed on the conventional P2P traffic load:

When a P2P node needs to download a file with m bytes, it is referred to as a requesting P2P node,

and assuming that x% of computers have the resource, they are referred to as resource P2P nodes,



that is, there are N * x% resource P2P nodes in total. According to statistical rules, these nodes are

uniformly distributed in the entire network.

The requesting P2P node randomly selects resource P2P nodes, and obtains m/(N * x%) bytes of

file content from each resource P2P node.

Therefore, a user node downloads, from an adjacent computer on its own building switch,

(n5-D*x%*m
© N*x%  bytes of file content, which is approximately equal to m/(nl * n2 * n3 * n4) bytes,

only accounting for 1/(nl * n2 * n3 * n4) of the entire file, and the remaining content needs to be
nl*n2*n3*n4 -1
downloaded from a cell switch through a building-to-cell uplink, with a ratio of ni*n2*n3*nd

(nd*n5-1)*x% im
N*x% a user node can download, from a computer of its own cell, bytes of file content,
which is approximately equal to m/(nl * n2 * n3) bytes, only accounting for 1/(nl * n2 * n3) of
the entire file, and the remaining content needs to be downloaded from an access switch through a
nl*n2*n3-1
cell-to-access uplink, with a ratio of nt*n2*n3

(m3*nd*n5—-D*x%*m

N*x% a user node can download, from a computer within an access network where

it is located, bytes of file content, which is approximately equal to m/(nl * n2) bytes, only
accounting for 1/(nl * n2) of the entire file, and the remaining content needs to be downloaded
nl*n2 -1

from an aggregation switch through an access-to-aggregation uplink, with a ratio of nl*n2 ;

(n2*n3*n4*n5-D*x%*m
N *x%

a user node can download, from a computer within an aggregation network where it is located,
bytes of file content, which is approximately equal to m/nl bytes, only accounting for 1/nl of the

entire file, and the remaining content needs to be downloaded from a core network through an
nl -1
aggregation-to-core uplink, with a ratio of nl

When there are y requesting P2P nodes on the network, each node downloads m bytes of content,

the traffic generated on the network is:



m ———
P2P traffic downloaded from the core network on each aggregation-to-core uplink is Y nl® |

nl-1
Cy*m*
and the total traffic generated on the core network is nl

s gnl*n2-1
P2P downlink traffic on each access-to-aggregation uplink is ! (@l*n2 | which is

approximately equal to y * m/(nl * n2)

" *nl*n2*n3—l

y mt o C .
P2P downlink traffic on each cell-to-access uplink is (n1*n2*n3)" “which is approximately
equal toy * m/(nl * n2 * n3)

LD1*n2*n3*nd4 -1

* e e
(n1*n2*n3*n4)’

P2P downlink traffic on each building-to-cell uplink is , which is

approximately equal to y * m/(nl * n2 * n3 * n4)
P2P traffic generated between computers in each building is y * m/(nl * n2 * n3 * n4)?

Therefore, the ratio of the total traffic y * m generated by P2P, the traffic of the core network, the
downlink traffic of the aggregation-to-core uplink, the downlink traffic of the access-to-
aggregation uplink, the downlink traffic of the cell-to-access uplink, the downlink traffic of the
building-to-cell uplink and the P2P traffic between the computers in the building is 1:(nl1-1)/nl:
(n1-1)/n1%:1/(nl1 * n2):1/(n1 * n2 * n3):1/(nl * n2 * n3 * n4):1/(nl * n2 * n3 * n4)>. In this
metropolitan area network model, nl = 8, n2 = 8, n3 = §, n4 = §, and n5 = 20, that is, the
metropolitan area network has N = 81920 computers. The calculated P2P traffic load ratios of the
network at all levels are, for example, the "- ¢ -" broken lines in FIGS. 2 and 3, where the vertical
coordinate in FIG. 2 is linear, and the vertical coordinate in FIG. 3 is logarithmic. Apparently,
most of the network traffic generated by P2P flows through the core network, which is the reason

why P2P causes network congestion. The closer to the edge of the network, the lighter the traffic
load.

SUMMARY OF THE INVENTION

At present, among the applications of P2P technology, the main applications that occupy
bandwidth are file sharing applications. A large number of files are transmitted repeatedly on the
network, causing network congestion problems. Because most of the P2P traffic flows through the

backbone network, the main congestion occurs on the backbone network. In order to solve the



congestion problem in the application of the P2P technology, the present invention proposes the

following technical solutions.

A method for optimizing P2P transmission in a metropolitan area network of the present invention

1s as follows:

a. a P2P node, when needing to download a certain resource, being referred to as a

requesting P2P node hereinafter;

b. first, performing querying by means of a P2P index server to obtain a list of P2P

nodes having the resource, these nodes being referred to as resource P2P nodes;

c. finding, from among the resource P2P nodes, nodes that are the nearest neighbors

of the requesting P2P node on the network; and

d. downloading the resource from one or more nearest neighbor resource P2P nodes
via the network, so that P2P traffic is kept as far away from a core network as possible and
transmitted at an edge of the network, thereby reducing the P2P traffic flowing through backbone

networks such as a core network and an aggregation network.

(1) The step of finding, from among the resource P2P nodes, nodes that are the nearest

neighbors of the requested P2P node on the network comprises:

a. first, finding out whether there is a resource P2P node connected to the same
building switch as the requesting P2P node, and if so, the resource P2P node being a nearest

neighbor resource P2P node;

b. otherwise, finding out whether there is a resource P2P node connected to the same
cell switch or router as the requesting P2P node, and if so, the resource P2P node being a nearest

neighbor resource P2P node;

c. otherwise, finding out whether there is a resource P2P node connected to the same
access switch or router as the requesting P2P node, and if so, the resource P2P node being a nearest

neighbor resource P2P node;

d. otherwise, finding out whether there is a resource P2P node connected to the same
aggregation switch or router as the requesting P2P node, and if so, the resource P2P node being a

nearest neighbor resource P2P node;



e. otherwise, all the resource P2P nodes being considered as nearest neighbor resource

P2P nodes.

(2) A step of numbering switches or routers for searching for the nearest neighbor resource P2P

node comprises:
a. numbers s1 assigned to aggregation switches or routers being from 1 to nl;

b. numbers s2 assigned to access switches or routers under each aggregation switch

or router being from 1 to n2;

c. numbers s3 assigned to cell switches or routers under each access switch or router

being from 1 to n3;

d. numbers s4 assigned to building switches under each cell switch being from 1 to

n4; and

e. the numbers of the aggregation switches or routers, the access switches and routers,
the cell switches and routers and the building switches traversed from a core network to each
computer form a location vector S = (s1, s2, 83, s4) that describes the topological network location

of the computer, and the computers under the same building switch have a same location vector.
(3) A calculation method for searching for the nearest neighbor resource P2P node is as follows:

a. defining a distance vector D of two location vectors S = (s1, s2, s3, s4) and S'= (s'l,

s'2,s'3,s'4) as
D =(dl, d2,d3, d4) = (sl, s2, s3, s4)-(s'1, s'2, s'3, s'4) =(s1-s'1, s2-s'2, s3-5'3, s4-s'4),

wherein the subtraction of each component is defined as:

0, si=s'i
1, si#s'i
b. defining a size comparison method for two distance vectors D = (d1, d2, d3, d4)

and D' =(d'1, d'2, d'3, d'4) as:



D=D', Whendl=d'l,d2=d2,d3=d'3,d4 =d4
di=1,d1=0

dl=d'1,d2=1,d2=0
dl=d'1,d2=d2,d3=1,d3=0
dl=d1,d2=42,d3=d3,d4=1,d4=0

ﬁ
D>D', When

wherein a small distance vector indicates a nearer neighbor on the network.

(4) The topology server added in the metropolitan area network is used to store a correspondence
between subnets and location vectors, stored content includes a subnet address and mask of each
building switch, as well as the location vectors, and working steps of the topology server are as

follows:

a. according to an IP address, comparing the IP address against stored subnets to find
out a subnet to which the IP address belongs, thereby obtaining a location vector of a computer

with the IP address;

b. according to an IP address of a requesting P2P node and IP addresses of a plurality
of resource P2P nodes, calculating a distance vector between the requesting P2P node and each
resource P2P node, and comparing the distance vectors to find a resource P2P node with the

smallest distance vector;

c. reflecting, by stored data, a current topology of the metropolitan area network,

which is a basis for calculating the nearest neighbor resource nodes.

(5) After the P2P index server obtains resource P2P nodes, the topology server calculates the

nearest neighbor nodes, and specific calculation steps are as follows:

a. receiving, by the P2P index server, a resource query request from the requesting

P2P node and performing querying to obtain the resource P2P nodes having the resource;

b. sending the IP address of the requesting P2P node and the IP address of each
obtained resource P2P node to the topology server; or sending the list of the resource P2P nodes
to the requesting P2P node, and sending, by the requesting P2P node, the IP address of the

requesting P2P node and the IP address of each resource P2P node to the topology server;

c. calculating, by the topology server, one or more nearest neighbor resource P2P

nodes of the requesting P2P node, and then returning the nearest neighbor resource P2P nodes to



the index server, and sending, by the index server, a list of the nearest neighbor resource P2P nodes

to the requesting P2P node; and

e. the requesting P2P node connecting to and downloading from the nearest connected

resource P2P node.

(6) The list of all resource P2P nodes obtained by the requesting P2P node comprises a location
vector of each node, and specific steps of directly calculating the nearest neighbor resource P2P

nodes by the requesting P2P node are as follows:

a. when P2P software on a computer is started, first, requesting a location vector of

the computer from the topology server;

b. querying, by the topology server, a topology data table for a subnet to which the
computer belongs according to an IP address of the computer, thereby obtaining the location vector

of the computer, and returning the location vector to the computer;

c. reporting, by each P2P node computer, the location vector of the P2P node

computer while reporting resources of the P2P node computer to the P2P index server;

d. when a requesting P2P node computer needs to download a certain resource, first
performing querying to obtain a list of nodes having the resource, wherein the list of odes

comprises a location vector of each resource node; and

e. subtracting, by the requesting P2P node, the location vector of each resource node
from the location vector of the requesting P2P node to obtain a corresponding distance vector, and
selecting one or more resource nodes with the smallest distance from the resource nodes to

download the resource.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram of a metropolitan area network model;

FIG. 2 is a distribution diagram of P2P traffic of a metropolitan area network with a linear

coordinate as a vertical ordinate;

FIG. 3 is a distribution diagram of P2P traffic of a metropolitan area network with a logarithmic

coordinate;



FIG. 4 is a diagram of a metropolitan area network model after numbers are assigned to switches

or routers; and

FIG. 5 is a schematic diagram of a data storage structure of a topology server.
DETAILED DESCRIPTION OF THE EMBODIMENTS

Implementation solution for optimizing P2P

First, numbers are assigned to aggregation switches, access switches, cell switches, and building
switches of a metropolitan area network as shown in FIG. 4: Numbers sl assigned to the
aggregation switches are from 1 to nl, numbers s2 assigned to the access switches under each
aggregation switch are from 1 to n2, numbers s3 assigned to the cell switches under each access
switch are from 1 to n3, and numbers s4 assigned to the building switches under each cell switch
are from 1 to n4. In this way, each subnet or building switch can be represented by a vector S =
(s1, s2, s3, s4), which is also a common location vector of the computers under this switch. It is

obvious that two computers with the same location vector must access the same building switch.

When the requesting P2P node computer can download from multiple resource computers, first,
the location vector S "= (s’ 1,s'2,s '3, s'4) of each resource P2P node is subtracted from its
own location vector S = (s1, s2, s3, s4) to obtain a distance vector D = (d1, d2, d3, d4) from each

resource P2P node
(d1, d2, d3, d4) = (sl ,s2, s3,s4) - (s'1, "2, 5’3, s'4) = (s1-s'l, s2-5'2, s3-5'3, s4-5'4)

wherein the subtraction of each component is defined as:

10, si=s'i
di=y " ")
I, si#s'i

and a size comparison method for two distance vectors D = (d1, d2, d3, d4) and D' =(d'l, d'2, d'3,
d'4) is defined as:

D=D', Whendl=d'1,d2=d2,d3=4d3,d4=d4
dl=1,d1=0

g dl =d'1,d2=1,d2=0

di=d'1,d2=d2,d3=1,d3=0

dl=d1,d2=d2,d3=d3,d4=1,d4=0




According to the above algorithm, the distance vectors from the respective resource P2P nodes are
compared, and a resource P2P node with the minimum distance is found to download therefrom,

so that the result of optimizing the P2P transmission can be achieved.

A server is set up in the metropolitan area network, and stores the topological structure data of the
entire metropolitan area network. The data structure is shown in FIG. 5, and the stored content is
the correspondence between subnets and location vectors. The server is configured to calculate a
location vector according to an IP address of a computer, and is referred to as a topology server

hereinafter.

In a specific application, distance comparison calculation may be performed on the P2P node or

the topology server.
The working process of performing a distance comparison at a P2P node is as follows:

A. when P2P software on a computer is started, first, requesting a location vector of

the computer from the topology server;

B. querying, by the topology server, a topology data table for a subnet to which the
computer belongs according to the IP address of the computer, thereby obtaining the location

vector of the computer, and returning the location vector to the computer;

C. when the P2P software on the computer is started, first, requesting the location

vector of the computer from the topology server;

D. reporting, by each P2P node computer, a location vector of the P2P node computer

while reporting a resource owned by the P2P node computer to a P2P index server;

E. when the requesting P2P node computer needs to download a certain resource, first
performing querying to obtain a list of nodes having the resource, wherein the list of nodes

comprises a location vector of each resource node; and

F. subtracting, by the requesting P2P node, the location vector of each resource node
from the location vector of the requesting P2P node to obtain a corresponding distance vector, and
selecting one or more resource nodes with the smallest distance from the resource nodes to

download the resource.

The working process of performing a distance comparison by the topology server is as follows:

10
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A. when a requesting P2P node needs to download a certain resource, first sending a

query request for the resource to the P2P index server;

B. receiving, by the P2P index server, a resource query request from the requesting

P2P node and performing querying to obtain resource P2P nodes having the resource;

C. sending the IP address of the requesting P2P node and the IP address of each
obtained resource P2P node to the topology server; or sending the list of the resource P2P nodes
to the requesting P2P node, and sending, by the requesting P2P node, the IP address of the

requesting P2P node and the IP address of each resource P2P node to the topology server;

D. calculating, by the topology server, one or more nearest neighbor resource P2P
nodes of the requesting P2P node, as described in claim 4; and then, returning the nearest neighbor
resource P2P nodes to the index server, and sending, by the index server, the list of the nearest
neighbor resource P2P nodes to the requesting P2P node; or directly sending the list of the nearest

neighbor resource P2P nodes to the requesting P2P node; and

E. the requesting P2P node connecting to and downloading from the nearest connected

resource P2P node.
Example
Optimized P2P access strategy

If the P2P traffic can be limited to the edge of the network as much as possible, the bandwidth
pressure of the backbone network can be effectively reduced. Therefore, the P2P access mode is

modified, and the following new download strategy is adopted:

When a node needs to download a certain resource, and when other computers under a building
switch where the node is located possess the resource, the resource is downloaded only from the
computers under the building switch; otherwise, if other computers in a current cell network
possess the resource, the resource is downloaded only from the computers in the current cell
network; otherwise, if other computers in a current access network possess the resource, the
resource is downloaded only from the computers in the current access network; otherwise, if other
computers in a current aggregation network possess the resource, the resource is downloaded only
from the computers in the current aggregation network; and if none of the computers in the current

aggregation network possesses the resource, the resource is downloaded from another aggregation

11
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network via a core network. Such a P2P download strategy can push P2P traffic to the edge of the
network as much as possible, thereby reducing the load of the backbone network. The traffic

distribution characteristics of the P2P using the strategy are analyzed below under statistical rules:

A requesting P2P node needs to download a file with m bytes, and among N computers on the

metropolitan area network, the proportion of resource P2P nodes having the resource is x%.

If there are one or more resource P2P nodes under the current building switch, the download traffic
will only occur inside the current building switch, and no downlink traffic will be generated on the
building-to-cell uplink. If there is no next resource node under the current building switch, all the
m bytes need to be downloaded through the building-to-cell uplink. The probability p5 that there

is no resource node under the current building switch is:

pS:[N—nSJ""‘%_[nl*n2*n3*n4—1J”"‘%
N nl*n2*n3*n4

Then, under statistical conditions, the P2P downlink traffic generated on the building-to-cell uplink
is p5 * m bytes, and the traffic downloaded from other computers of the current building is (1-p5)

* m bytes.

Similarly, the probability p4 that there is no resource P2P node in the current cell network is:

p4 =

(N—n4*n5)wm _(nl*nZ*iﬂml N
N nl*n2*n3
Therefore, the P2P download traffic generated on the cell-to-access uplink is p4 * m bytes.

The probability p3 that there is no resource P2P node in the current access network is:

p3=[N—n3*n4*n5 N.x%_ nl*n2-1)\" "
N nl*n2

Therefore, the P2P download traffic generated on the access-to-aggregation uplink is p3 * m bytes.

The probability p2 that there is no resource P2P node in the current aggregation network is:

pz=(N_“2*ﬂ3*n4*ns]N*X%"(nl_.‘)m
N nl

12
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Therefore, the P2P download traffic generated on the aggregation-to-core uplink is p2 * m bytes.

If there are y requesting P2P nodes uniformly distributed in the metropolitan area network to

y*(1-pS)*m
download the resource, the P2P traffic inside each building switch is nl*n2*n3*n4 bytes, the P2P

* 5% m
downlink traffic generated on each building-to-cell uplink is ;Jn;*m bytes, the P2P
y*p4*m
downlink traffic generated on the cell-to-access uplink is nl*n2*n3 bytes, the P2P downlink traffic
y*p3*m
generated on each access-to-aggregation uplink is nl*n2 bytes, the P2P downlink traffic
y*p2*m
generated on each aggregation-to-core uplink is  nl bytes, and all P2P traffic flowing

through the core is y * p2 * m bytes.

Therefore, under this optimization strategy, the ratio of the total traffic y * m generated by P2P,
the traffic of the core network, the downlink traffic of the aggregation-to-core uplink, the downlink
traffic of the access-to-aggregation uplink, the downlink traffic of the cell-to-access uplink, the
downlink traffic of the building-to-cell uplink and the P2P traffic between the computers inside
the building is 1:p2:p2/nl:p3/(nl * n2):p4/(nl * n2 * n3):p5/(nl * n2 * n3 * n4):(1 - pS)/(nl * n2
*n3 * n4). According to the above metropolitan area network model parameters, the traffic loads
generated by P2P when x is 0.1%, 0.05%, 0.02% and 0.01% are calculated, respectively, and the
results are shown in the solid broken lines in FIGS. 2 and 3. Apparently, the P2P load on the core
network inside the access switch is significantly reduced by transferring the traffic to the very edge
of the network - inside the building switch. For example, when the computers having resources
account for 1/10,000 of the entire network (x = 0.01%), the load of the core network is about 1/3
of that in the conventional P2P mode, and the P2P traffic in the building is increased by about one

order of magnitude, thereby increasing the transmission speed of users.

13
14



CLAIMS

1. A method for optimizing P2P transmission in a metropolitan area network, characterized
in that a topology server and a P2P index server are added in the metropolitan area network, and
P2P traffic is limited to occur at an edge of the network as much as possible, reducing transmission
load of backbone networks and avoiding network congestion caused by P2P; and specific steps are

as follows:

a. a P2P node, when needing to download a certain resource, being referred to as a

requesting P2P node hereinafter;

b. first, performing querying by means of the P2P index server to obtain a list of P2P

nodes having the resource, these nodes being referred to as resource P2P nodes;

C. finding, from among the resource P2P nodes, nodes that are the nearest neighbors

of the requesting P2P node on the network; and

d. downloading the resource from one or more nearest neighbor resource P2P nodes
via the network, so that P2P traffic is kept as far away from a core network as possible and
transmitted at an edge of the network, thereby reducing the P2P traffic flowing through backbone

networks such as a core network and an aggregation network.

2. The method according to claim 1, wherein the step of finding, from among the resource
P2P nodes, nodes that are the nearest neighbors of the requesting P2P node on the network

comprises:

a. first, finding out whether there is a resource P2P node connected to the same
building switch as the requesting P2P node, and if so, the resource P2P node being a nearest

neighbor resource P2P node;

b. otherwise, finding out whether there is a resource P2P node connected to the same
cell switch or router as the requesting P2P node, and if so, the resource P2P node being a nearest

neighbor resource P2P node;
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c. otherwise, finding out whether there is a resource P2P node connected to the same
access switch or router as the requesting P2P node, and if so, the resource P2P node being a nearest

neighbor resource P2P node;

d. otherwise, finding out whether there is a resource node connected to the same
aggregation switch or router as the requesting P2P node, and if so, the resource node being a

nearest neighbor resource P2P node;

e. otherwise, all the resource P2P nodes being considered as nearest neighbor resource
P2P nodes.
3. The method according to claim 1, wherein a step of assigning numbers to switches or

routers for searching for a nearest neighbor resource P2P node comprises:

a. numbers s1 assigned to aggregation switches or routers being from 1 to nl;

b. numbers s2 assigned to access switches or routers under each aggregation switch

or router being from 1 to n2;

c. numbers s3 assigned to cell switches or routers under each access switch or router

being from 1 to n3;

d. numbers s4 assigned to building switches under each cell switch being from 1 to

n4; and

e. the numbers assigned to the aggregation switches or routers, the access switches
and routers, the cell switches and routers and the building switches traversed from a core network
to each computer form a location vector S = (s1, s2, s3, s4) that describes the topological network
location of the computer, and the computers under the same building switch have a same location

vector.

4. The method according to claim 1, wherein a calculation method for searching for the

nearest neighbor resource P2P node is as follows:

15
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a. defining a distance vector D of two location vectors S = (s1, s2, s3, s4) and S'= (s'1,
s'2,s'3,s'4)as D = (dl, d2, d3, d4) = (s1, s2, s3, s4)-(s'1, s'2, s'3, s'4)=(s1-s'1, s2-s'2, s3-s'3, s4-

s'4), wherein subtraction of each component is defined as:

0, si=s'i
, Si=#s'i - and
b. defining a size comparison method for two distance vectors D = (d1, d2, d3, d4)

and D' =(d'1, d'2, d'3, d'4) as:

(D=D', Whendl=d1,d2=d2,d3=d3,dd4 =d4
dl=1.d1=0
: di=dl1,d2=1,d2=0
D>D,
>0 Whem 4 _gdz=d2,d3=1,d3=0
L dl=dl,d=d2,d3 =d3,dd=1,d4=0

wherein a small distance vector indicates a nearer neighbor on the network.

5. The method according to claim 1, wherein the topology server added in the metropolitan
area network is used to store a correspondence between subnets and location vectors, stored
content includes a subnet address and mask of each building switch, as well as the location vectors,

and working steps of the topology server are as follows:

a. according to an IP address, comparing the IP address against stored subnets to find
out a subnet to which the IP address belongs, thereby obtaining a location vector of a computer

with the IP address;

b. according to an IP address of a requesting P2P node and IP addresses of a plurality
of resource P2P nodes, calculating a distance vector between the requesting P2P node and each
resource P2P node, and comparing the distance vectors to find a resource P2P node with the

smallest distance vector; and

C. reflecting, by stored data, a current topology of the metropolitan area network,

which is a basis for calculating nearest neighbor resource nodes.
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6. The method according to claim 5, wherein after the P2P index server obtains the resource
P2P nodes, the topology server calculates the nearest neighbor nodes, and specific calculation steps

are as follows:

a. receiving, by the P2P index server, a resource query request from the requesting

P2P node and performing querying to obtain the resource P2P nodes having the resource;

b. sending the IP address of the requesting P2P node and the IP address of each
obtained resource P2P node to the topology server; or sending the list of the resource P2P nodes
to the requesting P2P node, and sending, by the requesting P2P node, the IP address of the

requesting P2P node and the IP address of each resource P2P node to the topology server;

c. calculating, by the topology server, one or more nearest neighbor resource P2P
nodes of the requesting P2P node, and then returning the nearest neighbor resource P2P nodes to
the index server, and sending, by the index server, a list of the nearest neighbor resource P2P nodes

to the requesting P2P node; and

d. the requesting P2P node connecting to and downloading from a nearest connected

resource P2P node.

7. The method according to claim 1, wherein the list of all resource P2P nodes obtained by
the requesting P2P node comprises a location vector of each node, and specific steps of directly

calculating the nearest neighbor resource P2P nodes by the requesting P2P node are as follows:

a. when P2P software on a computer is started, first, requesting a location vector of

the computer from the topology server;

b. querying, by the topology server, a topology data table for a subnet to which the
computer belongs according to an IP address of the computer, thereby obtaining the location vector

of the computer, and returning the location vector to the computer;

c. reporting, by each P2P node computer, a location vector of the P2P node computer

while reporting a resource owned by the P2P node computer to the P2P index server;
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d. when a requesting P2P node computer needs to download a certain resource, first
performing querying to obtain a list of nodes having the resource, wherein the list of nodes

comprises a location vector of each resource node; and

e. subtracting, by the requesting P2P node, the location vector of each resource node
from the location vector of the requesting P2P node to obtain a corresponding distance vector, and
selecting, from the resource nodes, one or more resource nodes with the smallest distance to

download the resource.
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