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(57) ABSTRACT

An information exchange apparatus of each node for sharing
information between a plurality of nodes receives request
information from an adjacent node and determines an infor-
mation transmitting node based on information that each
node holds and request information from the adjacent node,
and an information exchange apparatus of a node that is
determined to be an information transmitting node generates
candidate transmitting information by performing network
coding of at least one information set of held information,
determines one of candidate transmitting information sets as
transmitting information, and transmits the candidate trans-
mitting information set to the adjacent node.
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METHOD AND APPARATUS FOR
EXCHANGING NETWORK CODING-BASED
INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0033050 filed in the
Korean Intellectual Property Office on Mar. 27, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a method and appa-
ratus for exchanging network coding-based information.
[0004] (b) Description of the Related Art

[0005] In specific use such as military use, fast data
exchange between nodes forming one cluster is requested.
[0006] When a plurality of distribution nodes collect and
share regional information that is spread in a wide region, or
when a source temporarily or permanently cannot forward
information while attempting to do so, fast information shar-
ing through data exchange between nodes having received
some information is requested.

[0007] In data exchange between nodes, a network coding
technique has a merit that can enhance entire transmission
efficiency in a wireless network system.

[0008] However, upon exchanging information between
nodes, in order to find an optimal coding combination satis-
fying a minimum number of transmitting times, an existing
network coding-based information exchange technique for
guaranteeing reliability and improving efficiency requires
high complexity. Therefore, in an actual system for high
speed information exchange between a plurality of nodes, an
information exchange technique that can minimize the num-
ber of transmitting times with lower complexity is requested.

SUMMARY OF THE INVENTION

[0009] The present invention has been made in an effort to
provide a method and apparatus for exchanging network cod-
ing-based information having advantages of guaranteeing a
high information exchange speed and reliability with lower
complexity.

[0010] An exemplary embodiment of the present invention
provides a method in which a first node exchanges informa-
tion with an adjacent node. The method includes: receiving
request information from the adjacent node; determining
whether the first node is an information transmitting node
based on information that the first node holds and request
information from the adjacent node; generating, if the first
node is an information transmitting node, candidate transmit-
ting information by performing network coding of at least one
information set of information that the first node holds; and
transmitting one candidate transmitting information set.
[0011] The determining may include calculating a sum of'a
number of nodes that request each information set that the
first node holds, and determining, if the sum that the first node
calculates is larger than a sum that an adjacent node calcu-
lates, the first node as the information transmitting node.
[0012] The determining may further include generating a
request information matrix based on request information
from the adjacent node, wherein in the request information
matrix, a row may be a node that requests information, and a
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column may be information that the first node holds, infor-
mation that the adjacent node requests may be represented by
1, and the sum of the number of nodes that request each
information set that the first node holds may be a sum of
elements having 1 in the request information matrix.

[0013] The generating of candidate transmitting informa-
tion may include performing, by a node that requests each
information set, network coding of information that is not
overlapped among information that the first node holds, and
generating candidate transmitting information.

[0014] The transmitting of one candidate transmitting
information set may include calculating a sum of a number of
nodes that request information constituting each candidate
transmitting information set with respect to each candidate
transmitting information set, and transmitting candidate
transmitting information in which the calculated sum is a
maximum.

[0015] The receiving of request information may include
transmitting request information by the first node.

[0016] The method may further include repeating the
receiving of request information, the determining of whether
the first node is an information transmitting node, the gener-
ating of candidate transmitting information, and the transmit-
ting of one candidate transmitting information set until the
first node and the adjacent node receive all of request infor-
mation.

[0017] Another embodiment of the present invention pro-
vides an information exchange apparatus of each node for
sharing information between a plurality of nodes. The infor-
mation exchange apparatus includes a receiving unit, a trans-
mitting unit, and a controller. The receiving unit receives
request information of an adjacent node. The transmitting
unit transmits request information of a corresponding node to
the adjacent node and transmits determined transmitting
information. The controller determines a node to transmit
information based on information that a corresponding node
holds and request information from the adjacent node accord-
ing to an information exchange algorithm, generates candi-
date transmitting information by performing network coding
of at least one information set of information that the corre-
sponding node holds, when the corresponding node is deter-
mined to be a node to transmit information, and selects one
candidate transmitting information set as the transmitting
information.

[0018] The controller may control an adjacent node that
requests each information set to perform network coding of
information that is not overlapped among information that the
corresponding node holds and generate candidate transmit-
ting information.

[0019] The controller may calculate a sum of a number of
nodes that request information constituting each candidate
transmitting information set with respect to each candidate
transmitting information set and select candidate transmitting
information in which the calculated sum is a maximum as the
transmitting information.

[0020] The controller may calculate a sum of a number of
nodes that request each information set that a corresponding
node holds and determine the corresponding node as anode to
transmit the information, when the calculated sum is larger
than the sum of the number of nodes that request each infor-
mation that each of the adjacent nodes holds.

[0021] The controller may update request information of a
corresponding node, when the controller receives transmit-
ting information from the adjacent node, and the controller
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may repeat the information exchange algorithm until all of
request information of the corresponding node is received.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a diagram illustrating an example of a
network according to an exemplary embodiment of the
present invention.

[0023] FIG.2isa diagram illustrating an information hold-
ing state of each node before exchanging information accord-
ing to an exemplary embodiment of the present invention.
[0024] FIG. 3 is a diagram illustrating an information
exchange method of each node according to an exemplary
embodiment of the present invention.

[0025] FIG. 4is a diagram illustrating an information hold-
ing state of each node after information is exchanged accord-
ing to an exemplary embodiment of the present invention.
[0026] FIG. 5 is a flowchart illustrating an information
exchange method of a node according to an exemplary
embodiment of the present invention.

[0027] FIG. 6 is a diagram illustrating a first transmitting
process in an information exchange process according to an
exemplary embodiment of the present invention.

[0028] FIG.7isa diagram illustrating an information hold-
ing state of each node after first information is transmitted
according to an exemplary embodiment of the present inven-
tion.

[0029] FIG. 8isadiagram illustrating a second transmitting
process in an information exchange process according to an
exemplary embodiment of the present invention.

[0030] FIG.9isadiagram illustrating an information hold-
ing state of each node after second information is transmitted
according to an exemplary embodiment of the present inven-
tion.

[0031] FIG.10is a diagram illustrating a third transmitting
process in an information exchange process according to an
exemplary embodiment of the present invention.

[0032] FIG. 11 is a block diagram illustrating an informa-
tion exchange apparatus of a node according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0033] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0034] In addition, in the entire specification and claims,
unless explicitly described to the contrary, the word “com-
prise” and variations such as “comprises” or “‘comprising”
will be understood to imply the inclusion of stated elements
but not the exclusion of any other elements.

[0035] Hereinafter, a method and apparatus for exchanging
network coding-based information according to an exem-
plary embodiment of the present invention will be described
in detail with reference to the drawings.
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[0036] FIG. 1 is a diagram illustrating an example of a
network according to an exemplary embodiment of the
present invention.

[0037] Referring to FIG. 1, the network according to an
exemplary embodiment of the present invention includes a
plurality of nodes ul, u2, u3, and u4.

[0038] The nodes ul, u2, u3, and u4 exchange information
to share information that each of the nodes ul, u2, u3, and u4
has.

[0039] Hereinafter, an information exchange method that
can minimize the number of information exchanges of the
nodes ul, u2, u3, and u4 with lower complexity will be
described.

[0040] FIG. 2 is a diagram illustrating an information hold-
ing state of each node before exchanging information accord-
ing to an exemplary embodiment of the present invention,
FIG. 3 is a diagram illustrating an information exchange
method of each node according to an exemplary embodiment
of the present invention, and FIG. 4 is a diagram illustrating
an information holding state of each node after information is
exchanged according to an exemplary embodiment of the
present invention.

[0041] AsshowninFIG. 2, before exchanging information,
the node ul has information pl, p3, and p4, the node u2 has
information p1 and p4, the node u3 has information p2 and p3,
and the node u4 has information p3 and p4.

[0042] Each of the nodes ul, u2, u3, and u4 determines
transmitting information among holding information and
transmits the determined transmitting information. In an
information exchange method according to an exemplary
embodiment of the present invention, the node ul determines
the information p1l and the information p3 in which network
coding is performed as transmitting information and trans-
mits the information pl and the information p3 in which
network coding is performed, the node u3 determines the
information p2 as transmitting information and transmits the
information p2, and the node u2 determines the information
p4 as transmitting information and transmits the information
p4. Each information set is transmitted to all nodes.

[0043] The nodes ul, u2, u3, and u4 share the information
pl, p2, p3, and p4 through 3 information exchanges, as shown
in FIG. 4.

[0044] FIG. 5 is a flowchart illustrating an information
exchange method of a node according to an exemplary
embodiment of the present invention.

[0045] Referring to FIG. 5, when the nodes ul, u2, u3, and
u4 each receive an information request from an adjacent node
(S500), the nodes ul, u2, u3, and u4 each generate an infor-
mation request matrix (S510). The information request
matrix is defined by Equation 1, information that adjacent
nodes request is represented by 2, and information that the
nodes ul, u2, u3, and u4 already hold is represented by O.

Qui, p1) ... Qui, p)) ... Oy, pr) (Equation 1)
Qu =| Qujo p1) oo Qujs pp .. Qluy, pr)
Quy, p1) .. Qluy, p) ... Quy, pr)

[0046] In Equation 1, u, is an i-th node index, v, is a node
index of adjacent nodes except for an i-th node, and p, is an
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I-th transmission request information index. When the node u;,
requests information p,, Q(u,,Qp,)=1, and if the node u, holds
information p,, Q(u,,Qp,)=0.

[0047] For example, before exchanging information, when
an information holding state of each of the nodes ul, u2, u3,
and v4 is the same as that of FIG. 2, information request
matrixes Q,,, Q, ,Q,,., Q, thatare generated in the nodes ul,

1 2 3 4
u2, u3, and u4 may be the same as that of Equations 2 to 5.

(Equation 2)

pl p3 (Equation 3)
ul

ud

pl p3 (Equation 4)

(Equation 5)

[0048] Each of the nodes ul, u2, u3, and u4 determines a
node to transmit information based on the generated informa-
tion request matrix (S520). Hereinafter, a node to transmit
information is referred to as an information transmitting
node.

[0049] Each of the nodes ul, u2, u3, and u4 calculates the
number of nodes that request each information set that the
node holds based on the generated information request matrix
to announce it, and calculates the sum of the calculated node
number. A node in which the sum of the calculated node
number is a maximum may be determined to be a node to
transmit information. When there are two or more nodes in
which the sum of the calculated node number is a maximum,
a randomly selected node or a node in which the number of
information transmitting times is smallest may be determined
to be the information transmitting node. Alternatively, a node
having a fast node index in node indexes that are defined in a
network may be determined to be an information transmitting
node. The nodes ul, u2, u3, and u4 calculate the sum of the
node number and share the sum of the calculated node num-
ber, thereby determining whether the nodes ul, u2,u3, and u4
are information transmitting nodes.

[0050] The information transmitting node generates candi-
date transmitting information using information that the
information transmitting node holds (S530). In this case, the
information transmitting node performs an exclusive OR
(XOR) operation on information that is not overlapped in
information that the nodes request among information that
the information transmitting node holds, thereby generating
candidate transmitting information.

[0051] For example, when the node ul is determined to be
an information transmitting node and when the node u2
requests the information p2 and p3, the node ul performs an
XOR operation of the information p2 and p3 and does not
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generate candidate transmitting information. When the node
ul performs an XOR operation of the information p2 and p3
and generates and transmits candidate transmitting informa-
tion, the node u2 having received the candidate transmitting
information cannot know all of the information p2 and p3 and
thus cannot restore the information p2 and p3. Therefore, the
information transmitting node generates candidate transmit-
ting information by performing an XOR operation of infor-
mation that is not overlapped in information that the nodes
request among information that the information transmitting
node holds so that a node to receive information may appro-
priately restore corresponding information.

[0052] The information transmitting node selects final
transmitting information from the generated candidate trans-
mitting information. The information transmitting node cal-
culates the number of nodes that request information consti-
tuting each candidate transmitting information set with
respect to each of the generated candidate transmitting infor-
mation sets, and selects candidate transmitting information in
which the sum of the number of nodes is largest as final
transmitting information (S540).

[0053] The information transmitting node broadcasts the
selected final transmitting information to all nodes (S550).
[0054] In this way, a first transmitting process is termi-
nated, and in the first transmitting process, nodes having
received final transmitting information update information
that the nodes hold (S560).

[0055] Next, a second transmitting process is performed
with a method similar to the first transmitting process, and
such a transmitting process is repeatedly performed until all
nodes ul, u2, u3, and u4 receive all request information
(8570).

[0056] Such an information exchange method may be
embodied with an algorithm of Table 1.

TABLE 1

while W(u,) = 0 for Ju, €E Udo
Update Q,, forall u,€U

Find uy that satisfies D(uy) = ma[)]( (D(w))
uje

SetP, =,k=0
forp, € Pus’ P; & 1Sus N
setk=k+1,c, (k)=p,p;EP,,
forp,, EP,,p. & f’us .
if all Q, (u;, p,) =0 wherep, € Pys’ w, €UPp,,)
setc, (k)=c¢, &K Dp,.p.EP,
endif : :
end for
end for

Select ¢, (h) that satisfies D(c,, (h)) = m%x) (D(cy, k)

end do

[0057] In Table 1, U is a set of nodes that participate in
information exchange, W(u,) is the number of information
sets that anodeu, requests, and D(u,) is the sum of the number
of nodes that request each information set with respect to
information that the node u, holds. ¢, (k) is a K-th candidate
transmitting information of a node uS,S P, is a set of informa-
tion that is included in candidate transmistting information of
the node u, and P, is a set of information that the node u,

holds. ﬁ(pm) is a set of nodes that request information P,,,, and
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D(c,, (k)) is the sum of the number of nodes that request each
information set with respect to request information constitut-
ing c,, (k). @ represents an XOR operation.

[0058] An information exchange method according to the
algorithm of Table 1 will be described in detail.

[0059] Before exchanging information, when an informa-
tion holding state of each of the nodes ul, u2, u3, and u4 is as
shown in FIG. 2, information request matrixes Q,,, Q,,,, Q,..,
Q., that each of the nodes ul, u2, u3, and u4 generates are as
shown in Equations 2 to 5.

[0060] Each of the nodes ul, u2, u3, and u4 calculates the
sum [D(u,), D(u,), D(u;), D(u,)] of the number of nodes that
request each information set based on the information request
matrixes Q,,, Q,,,, Q,,, Q,, with respect to information that
each node holds. In this case, D(ul), D(u2), D(u3), and D(u4)
are 4, 3, 4, and 2, respectively.

[0061] A node having a maximum value among D(ul),
D(u2), D(u3), and D(u4) is determined to be an information
transmitting node in a first transmitting process. In this case,
one of the nodes ul and u3 having a maximum value is
determined to be an information transmitting node. Here, it is
assumed that the node ul is determined to be an information
transmitting node u,.

[0062] When the node ul is determined to be the informa-
tion transmitting node u,, candidate transmitting information
[C,,(&)] is calculated according to the algorithm of Table 1.
[0063] When K=1, the candidate transmitting information
[C, (D] becomes p1Dp3, and when k=2, the candidate trans-
mitting information [C,, (2)] become p4p3. Because a
structure of the candidate transmitting information includes
the information pl, p3, and p4 that the node ul holds, k=3
may not be performed.

[0064] In this way, after the candidate transmitting infor-
mation is generated, the node ul calculates the sum [
D(C,,(1)),D(C, (2))] of the number of nodes that request
information constituting each candidate transmitting infor-
mation set using an information request matrix Q,, with
respect to each of the generated candidate transmitting infor-
mation (p1®p3, p4Pp3). The sum D(C, (2)) of the number of
nodes that request information pl and p3 constituting candi-
date transmitting information p1¢Pp3 becomes 3, and the sum
D(C,,(2)) of the number of nodes that request information p4
and p3 constituting candidate transmitting information
p4Pp3 becomes 2.

[0065] Therefore, the node ul selects candidate transmit-
ting information pl®p3 in which D(C, (1)) is 3 as final
transmitting information and broadcasts the information
p1Dp3.

[0066] FIG. 6 is a diagram illustrating a first transmitting
process in an information exchange process according to an
exemplary embodiment of the present invention, and FI1G. 7 is
a diagram illustrating an information holding state of each
node after first information is transmitted according to an
exemplary embodiment of the present invention.

[0067] As shown in FIG. 6, in a first transmitting process,
when the node ul broadcasts information p1&p3, the nodes
u2, u3, and u4 receive the information p1®p3.

[0068] The nodesu2, u3, and u4, having received the infor-
mation p1Pp3, update information that each of the nodes u2,
u3, and u4 holds, and thus an information holding state of the
nodes ul, u2, u3, and u4 is as shown in FIG. 7.

[0069] Referring to FIG. 7, because notall nodes ul, u2,u3,
and u4 receive request information, a second transmitting
process is started.
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[0070] The nodes ul, u2, u3, and u4 each transmit request
information, and the nodes ul, u2, u3, and u4 each generate
1pf0rmat10n request matrixes Q. Q. Qs Q- The 1nf0rm?1-
tion request matrixes Q. Q. Q. Q,, are each as shown in
Equations 6 to 9.

pl p3 p4 (Equation 6)
00 07u2
Q=00 1]143
00 0]ud
pl p4 (Equation 7)
0 07ul
Q=0 1|u3
0 0]ud
Py P3 (Equation 8)
1 07ul
Q=1 0|u2
1 0]ud
p3 p4 (Equation 9)
0 07ul
Oy =|0 1|u2
0 0]u3

[0071] As in a first transmitting process, the nodes ul, u2,
u3, and u4 calculate the sum [D(u,), D(u,), D(u;), D(u,)] of
the number of nodes that request each information set based
on an information request matrix with respect to information
that each of the nodes ul, u2, u3, and u4 holds. D(u,), D(u,),
D(u,), and D(u,) become 1, 1, 3, and 1, respectively. There-
fore, the node u3 is determined to be an information trans-
mitting node u,.

[0072] When the node u3 is determined to be the informa-
tion transmitting node u,, candidate transmitting information
[C,,(k)] is calculated, and with respect to each of the gener-
ated candidate transmitting information sets, the sum
ﬁ(Cul(k)) of the number of nodes that request information
constituting each candidate transmitting information set is
calculated using the information request matrix Q..

[0073] In this case, in information pl, p2, and p3 that the
node u3 holds, information that adjacent nodes ul, u2, and u4
request is only information p2, and thus C,, (1) becomes p2
and the information p2 becomes final transmitting informa-
tion.

[0074] The node u3 broadcasts the information p2 in a
second transmitting process.

[0075] FIG. 8is a diagram illustrating a second transmitting
process in an information exchange process according to an
exemplary embodiment of the present invention, and FI1G. 9is
a diagram illustrating an information holding state of each
node after second information is transmitted according to an
exemplary embodiment of the present invention.

[0076] As shown in FIG. 8, in a second transmitting pro-
cess, when the node u3 broadcasts the information p2, the
nodes ul, u2, and u4 receive the information p2.

[0077] Thenodesul, u2, and u4, having received the infor-
mation p2, update information that each of the nodes ul, u2,
and u4 holds, and thus an information holding state of the
nodes ul, u2, u3, and u4 is as shown in FIG. 9.
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[0078] Referring to FIG. 9, because the node u3 did not
receive requested information, a third transmitting process is
started.

[0079] The node u3 transmits request information p4, and
the nodes ul, u2, u3, and u4 each generate information
request matrixes Q,,, Q,,. Q,,, Q,,- The information request
matrixes Q.p» Qupy Q.. Q,,, are shown in Bquations 10 to 13,
respectively.

(Equation 10)

A4 (Equation 11)

3 (Equation 12)
ul

u2
ud

3
o O Ol\)
o o o9

R

(Equation 13)
ul

u2
u3

o o of
(= =R~

[0080] The nodes ul, u2, u3, and u4 calculate the sum
[D(u,), D(u,), D(us), D(u,)], respectively, of the number of
nodes that request each information set based on an informa-
tion request matrix with respect to information that each of
the nodes ul, u2, u3, and v4 holds. D(u,), D(u,), D(u;), and
D(u,) become 1, 1, 0, and 1, respectively.

[0081] Inthis case, in D(u,), D(u,), and D(u,), the node u2
or the node u4 in which the number of information transmit-
ting times is smallest is determined to be the information
transmitting node u,. Here, it is assumed that the node u2 is
determined to be the information transmitting node u,.

[0082] When the node u2 is determined to be the informa-
tion transmitting node u,, the node u2 broadcasts the infor-
mation u4 in an third transmitting process, as shown in FIG.
10.

[0083] FIG.10is a diagram illustrating a third transmitting
process in an information exchange process according to an
exemplary embodiment of the present invention.

[0084] The nodesul, u2, and u4, having received the infor-
mation p4, each update information that the nodes ul, u2, and
u4 hold, and thus an information holding state of the nodes ul,
u2, u3, and u4 is as shown in FIG. 4.

[0085] In this way, when the nodes ul, u2, u3, and u4
receive all request information, an information exchange pro-
cess is terminated.

[0086] FIG. 11 is a block diagram illustrating an informa-
tion exchange apparatus of a node according to an exemplary
embodiment of the present invention.

[0087] Referring to FIG. 11, an information exchange
apparatus 100 of each of the nodes ul, u2,u3, and u4 includes
a receiving unit 110, a transmitting unit 120, and a controller
130.
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[0088] The receiving unit 110 receives request information
from an adjacent node or receives information that a corre-
sponding node requests from an adjacent node.
[0089] The transmitting unit 120 transmits request infor-
mation to an adjacent node or transmits information that an
adjacent node requests to the adjacent node.
[0090] The controller 130 performs the algorithm that is
shown in Table 1. The controller 130 may include a hardware
resource that performs the algorithm that is shown in Table 1.
Specifically, the controller 130 generates an information
request matrix based on an information request from an adja-
cent node, and determines an information transmitting node
based on the generated information request matrix. When a
corresponding node is determined to be an information trans-
mitting node, the controller 130 generates candidate trans-
mitting information using information that the node holds and
selects final transmitting information from the candidate
transmitting information. The selected final transmitting
information is transmitted through the transmitting unit 120.
[0091] When the controller 130 receives information that
the node requests through the receiving unit 110, the control-
ler 130 updates information that the node holds and requests
the request information from an adjacent node through the
transmitting unit 120.
[0092] According to an exemplary embodiment of the
present invention, when a plurality of nodes want to share
information that each node has by exchanging information, a
number of information exchanges of the nodes can be mini-
mized with lower complexity. Therefore, in a network in
which the number of nodes is large or the number of infor-
mation sets to exchange is large, a method of exchanging
network coding-based information can be used as an effective
information exchange technique.
[0093] An exemplary embodiment of the present invention
may not only be embodied through the above-described appa-
ratus and/or method, but may also be embodied through a
program that executes a function corresponding to a configu-
ration of the exemplary embodiment of the present invention
or through a recording medium on which the program is
recorded, and can be easily embodied by a person of ordinary
skill in the art from a description of the foregoing exemplary
embodiment.
[0094] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.
What is claimed is:
1. A method in which a first node exchanges information
with an adjacent node, the method comprising:
receiving request information from the adjacent node;
determining based on information that the first node holds
and request information from the adjacent node;
generating, if the first node is an information transmitting
node, candidate transmitting information by performing
network coding of at least one information set of infor-
mation that the first node holds; and
transmitting one candidate transmitting information set.
2. The method of claim 1, wherein the determining com-
prises
calculating a sum of a number of nodes that request each
information set that the first node holds, and
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determining, if the sum that the first node calculates is
larger than a sum that an adjacent node calculates, the
first node as the information transmitting node.

3. The method of claim 2, wherein the determining further
comprises generating a request information matrix based on
request information from the adjacent node,

wherein in the request information matrix, a row is a node

that requests information, and a column is information
that the first node holds, and

information that the adjacent node requests is represented

by 1, and the sum of the number of nodes that request
each information set that the first node holds is a sum of
elements having 1 in the request information matrix.

4. The method of claim 1, wherein the generating of can-
didate transmitting information comprises performing, by a
node that requests each information set, network coding of
information that is not overlapped among information that the
first node holds, and generating candidate transmitting infor-
mation.

5. The method of claim 1, wherein the transmitting of one
candidate transmitting information set comprises:

calculating a sum of a number of nodes that request infor-

mation constituting each candidate transmitting infor-
mation set with respect to each candidate transmitting
information set; and

transmitting candidate transmitting information in which

the calculated sum is a maximum.

6. The method of claim 1, wherein the network coding
comprises an exclusive OR operation.

7. The method of claim 1, wherein the receiving of request
information comprises transmitting request information by
the first node.

8. The method of claim 7, further comprising repeating the
receiving of request information, the determining of whether
the first node is an information transmitting node, the gener-
ating of candidate transmitting information, and the transmit-
ting of one candidate transmitting information set until the
first node and the adjacent node receive all of request infor-
mation.

9. An information exchange apparatus of each node for
sharing information between a plurality of nodes, the infor-
mation exchange apparatus comprising:

a receiving unit that receives request information of an

adjacent node;
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a transmitting unit that transmits request information of a
corresponding node to the adjacent node and that trans-
mits determined transmitting information; and

a controller that determines a node to transmit information
based on information that a corresponding node holds
and request information from the adjacent node accord-
ing to an information exchange algorithm and that gen-
erates candidate transmitting information by performing
network coding of at least one information set of infor-
mation that the corresponding node holds, when the
corresponding node is determined to be a node to trans-
mit information, and that selects one candidate transmit-
ting information set as the transmitting information.

10. The information exchange apparatus of claim 9,
wherein the controller controls an adjacent node that requests
each information set to perform network coding of informa-
tion that is not overlapped among information that the corre-
sponding node holds and generates candidate transmitting
information.

11. The information exchange apparatus of claim 9,
wherein the controller calculates a sum of a number of nodes
that request information constituting each candidate transmit-
ting information set with respect to each candidate transmit-
ting information set and selects candidate transmitting infor-
mation in which the calculated sum is a maximum as the
transmitting information.

12. The information exchange apparatus of claim 9,
wherein the controller calculates a sum of a number of nodes
that request each information set that a corresponding node
holds and determines the corresponding node as a node to
transmit the information, when the calculated sum is larger
than the sum of the number of nodes that request each infor-
mation set that each of the adjacent nodes holds.

13. The information exchange apparatus of claim 9,
wherein the controller updates request information of a cor-
responding node, when the controller receives transmitting
information from the adjacent node, and the controller repeats
the information exchange algorithm until all of request infor-
mation of the corresponding node is received.

14. The information exchange apparatus of claim 9,
wherein the network coding comprises an exclusive OR
operation.



