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Abstract—In this paper, we propose a distributed solution
based on game-theoretic approaches to the topology formation
problem for mobile wireless sensor networks with multi-source
multicast flows. Our solution significantly reduces computational
complexity by taking advantage of network coding. Finding an
optimal topology for network coding in multi-source multicast
flows is NP-hard problem, so the proposed algorithm provides
a suboptimal solution with low computational complexity. We
formulate the problem of distributed network topology formation
as a network formation game by considering the nodes in the
network as players that can take actions for making outgoing
links. The proposed game, which consists of multiple players
and multicast flows, can be decomposed into independent link
formation games played by only two players with a unicast flow.
The proposed algorithm is also guaranteed to converge, i.e., a
stable network topology can be always formed. Our simulation
results confirm that the computational complexity of the proposed
solution is low enough for practical deployment in large-scale
mobile, wireless sensor networks.

I. INTRODUCTION

Up-to-date mobile devices are sophisticated computing and

networking platforms with enhanced sensor capabilities. As

the mobile devices become popular, it is now enabled to form

instantaneous large-scale ad-hoc networks by making connec-

tions between them. The devices are therefore participating

in the network by transmitting their data collected from their

sensors as well as relaying the data from other devices and it

becomes important to form an optimal network topology that

can maximize the network utility.

One of the challenges in the design of optimal network

topology is on high computational complexity required to find

the optimal solution in a large size of networks [1]. Since

mobile wireless sensor networks (MWSN) may consist of a

large number of sensor nodes, the number of potential network

topologies increases exponentially. Therefore, it is difficult

in general to solve the optimization problem of optimal

network topology, unless it is formulated as a special type of

optimization problem (e.g., convex optimization problem). The

optimization problem of finding an optimal network topology
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becomes even more difficult as it may include dynamics

incurred by the mobility of sensors in networks.

Another challenge is on multi-source multicast flows in

MWSN, which should be inevitably considered in ad-hoc type

networks. Multiple sources can be in the network because

sensor nodes can generate data based on their own sensing op-

erations, which may be delivered to a set of target destination

nodes. This results in multicast flows in the network [2]–[4].

The multi-source multicast flows are frequently overlapped in

the paths of networks and only one flow can be delivered at

a time, referred to as the bottleneck problem. Therefore, it

is necessary to restrict the number of in-coming links to no

more than one in order to avoid the bottleneck problem, which

provide a limited network performance.

In this paper, we propose a solution to distributed net-

work topology design that overcomes the challenges discussed

above, while explicitly considering the multi-source multicast

flows in MWSN. In particular, we adopt a game-theoretic

approach to formulate a distributed network topology for-

mation as a game, referred to as network formation game.

The nodes in the network are considered as players in a

game, which can make decisions on making connections with

their neighbor nodes by considering the associated rewards

or costs. Since each node can determine its own actions for

out-going link formation, the proposed approach is indeed

a distributed solution to the network topology formation.

Unlike a centralized optimization solution, which may need

to evaluate all possible potential topologies and thus require

high computational complexity, the proposed solution enables

each node to decide its own actions, leading to significantly

lower complexity.

Our focus of this paper is also on the bottleneck problem

incurred by the multi-source multicast flows in the network.

As a solution, we propose to employ the network coding [5].

While it is known that network coding has several advantages

such as efficient resource usage and improved robustness and

throughput, etc. [6]–[10], we focus on its unique operation

that enables each node to combine multiple packets into a

single packet before transmission [11], which allows path and

time diversities of ad-hoc type networks. If network coding

is blindly deployed in the considered network with multi-

source and multicast flows, however, it is shown as NP-hard

problem [12] to find the optimal network topology. This is

IEEE ICC 2017 Ad-Hoc and Sensor Networking Symposium

978-1-4673-8999-0/17/$31.00 ©2017 IEEE



because the performance of network is highly dependent on

the flow paths. Therefore, it is key to design a low complexity

algorithm for network coding deployed network topology

formation.

As a solution, we decompose the n-player network forma-

tion game that should take into account the multicast flows

into independent 2-player link formation games with a unicast

flow by deploying network coding. The complexity required

to solve a 2-player link formation game is significant lower

than that for an n-player network formation game.

II. NETWORK CODING BASED MOBILE WIRELESS SENSOR

NETWORKS

A. Network Model

We consider a topology of MWSN that is modeled by a

directed graph G with a set of nodes V(G) and a set of directed

links E(G). An element vi ∈ V(G) can be a source node, a

destination node, or a source and destination node. The number

of nodes in V(G) is denoted by |V(G)| = NV , where | · |
denotes cardinality of a set. The set of destination nodes of vi
is denoted by Di ⊆ V(G) and D = {i|vi ∈ {D1, · · · ,DNV

}}
represents an index set of destinations for all network nodes.

A directed link from vi to vj is denoted by eij ∈ {0, 1},

where the link is active and eij = 1 is set if it can deliver

data. Otherwise, the link is inactive and eij = 0 is set. Note

that the link eij has a direction, i.e., vi is the tail and vj is the

head of the link, so that eij �= eji. In this paper, eij is called

an in-coming link of vj or out-going link of vi. E(G) includes

only active links so that |E(G)| is the number of active links

in G.

Let δij be the Euclidean distance between vi and vj . As

special cases, we define that δij = 0 if i = j and δij = ∞
if vi and vj are not reachable. The set of neighbor nodes of

vi is denoted by Hi = {vj |0 < δij ≤ Δ}, where Δ denotes a

connection boundary. If δij > Δ, then a link between vi and

vj cannot be formed, i.e., eij = eji = 0. H̃in
i = {vj |eji =

1, ∀vj ∈ Hi} and H̃out
i = {vj |eij = 1, ∀vj ∈ Hi} denote a set

of neighbor nodes of vi with active in-coming and out-going

links, respectively. Note that the bottleneck problem can be

avoided if a node can have at most one in-coming link, i.e.,∑
∀vi∈H̃in

j

eij ≤ 1 for all vj ∈ V(G) (1)

which is referred to as inter-link dependency condition in this

paper.

B. Data Collection and Dissemination

In this paper, every node in V(G) plays a role of source by

collecting data (i.e., sensing) and simultaneously plays a role

of relay by disseminating the collected data. The goal of the

network is to deliver all data collected from source nodes to

their own destination nodes, resulting in multi-source multicast

flows.

Let xi be source data collected by node vi and the data from

source nodes need to be delivered to the destination nodes. Xij

denotes the data that are currently transmitted at the link eij .

The network status of G is defined as the set of data included

in E(G) with the inter-l dependency condition in (1), which

is denoted by JG and expressed as (2). If eij ∈ E(G), then

Xij · eij = Xij . Otherwise, Xij · eij = 0. Hence, {Xij ·
eij |∀vi, vj ∈ V(G), i �= j} in (2) represents a set of data

included in E(G) for link dependent data Xij .

If the network coding is deployed in G, the resulting network

status is denoted by Φ(JG) and is expressed as

Φ(JG) = 〈{pj · eij |∀vi, vj ∈ V(G), i �= j}〉 (3)

where pj denotes a network coded packet that flows into

vj . The network coded packet pj = [C1j , . . . , CNV j , yj ] is a

vector of global coding coefficients [C1j , . . . , CNV j ]
T as the

header and yj as the payload [13], which is constructed as

yj =

NV∑
k=1

⊕
(Ckj ⊗ xk) (4)

where ⊕ and ⊗ denote the addition and multiplication oper-

ations in Galois field (GF), respectively. Hence, the network

coding function Φ combines all the packets that flow into vj
and generates a single packet pj . This can be interpreted as vj
receives pj from all in-coming links, i.e., the network coding

eliminates inter-link dependency in (2) and transforms link

dependent data Xij into link independent data pj .

In the network operation in (4), node vj combines its data

xj and all the in-coming data Xij , ∀vi ∈ H̃in
j multiplied by

local coding coefficients cij , ∀vi ∈ {H̃in
j , vj}, expressed as

yj =
∑

vi∈H̃in
j

⊕
(cij ⊗Xij)⊕ cjj ⊗ xj

=
∑

vi∈H̃in
j

⊕
(cij ⊗ yi)⊕ cjj ⊗ xj . (5)

In (5), Xij = yi because pi = [C1i, . . . , CNV i, yi] is

transmitted through eij . In this paper, we employ random

linear network coding [14] such that local coding coefficient

is randomly selected in GF.

We now discuss the decoding process. Let Si = {vj |vi ∈
Dj , ∀j ∈ V(G)} be a set of source nodes whose destination

set includes vi and Si = {j|vj ∈ Si} be an index set of

source nodes for vi. Given the packets p̃1, · · · , p̃K that vi
received, a vector of network coded data ỹ = [ỹ1, · · · , ỹK ]T

and the global coding coefficient matrix C̃, expressed as

C̃ = [c̃1, · · · , ˜cNV
] where c̃j = [C̃j1, · · · , C̃jK ]T , can be

constructed.

Then, the node vi is able to reconstruct its source data, if

C̃ satisfies 1) c̃j is not all zero vector for all j ∈ Si and 2)

C̃′ is full-rank, where C̃′ is the matrix where all c̃j = 0K

for 1 ≤ j ≤ NV are removed from C̃. The condition 1)

assures that the received packets include all data that should

be reconstructed and the condition 2) guarantees that the

decoding process can uniquely reconstruct data x̂i, ∀i ∈ Si.

The decoding process can be implemented based on the well-

known Gaussian elimination in GF [15].
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JG =

〈
{Xij · eij |∀vi, vj ∈ V(G), i �= j},

⎛
⎜⎝ ∑

∀vi∈H̃in
j

eij ≤ 1, ∀vj ∈ V(G)

⎞
⎟⎠
〉
. (2)

III. DISTRIBUTED TOPOLOGY FORMATION BASED ON

GAME-THEORETIC APPROACHES

A. Network Formation Game

Given a set of nodes V(G) and a set of indices of destination

D = [DT
1 , · · · ,DT

NV
], where Di = [j|vj ∈ Di] is an

index vector for destination nodes of vi, the strategic form

of network formation game can be expressed as

GG(D) = 〈V(G), (ai)vi∈V(G), (ui(ai, a−i,Di))vi∈V(G)〉,
(6)

where V(G), ai = ×∀vj∈Hi
eij = ×∀vj∈Hi

{0, 1} and

ui(ai, a−i,Di) denote a finite set of players, a finite set of

actions of player vi, and the utility function of player vi,
respectively. × denotes the Cartesian product.

The network nodes vi ∈ V(G) are considered as players in

the network formation game, which can make decisions on

link formation with their neighbor nodes vj ∈ Hi. The action

of vi is denoted by ai = (eij)∀vj∈Hi
∈ ai. The utility of vi

is defined as a quasilinear utility function, expressed as

ui(ai, a−i,Di) = Ri(ai,Di)− λi(ai, a−i) (7)

where a−i denotes set of actions of players except vi. Given

destination nodes, the utility of a player is determined by the

reward and the cost associated with the actions of the player

as well as the other players. The reward for action ai of vi is

given by

Ri(ai,Di) =
∑
j∈Hi

Eij(ai) (f (δjDi
)− f (δiDi

)) (8)

where Eij(ai) = eij ∈ {0, 1} can be determined by the action

ai. The reward Ri(ai,Di) in (8) represents the distance re-

duction toward destination nodes by the action ai. Let δiDi
=

(δij)∀vj∈Di
be a vector of distances from vi to destinations

vj for all j ∈ Di and the function f(δiDi
) : R|Di|×1 → R

returns a real value, which is inversely proportional to given

distance vector δiDi . Note that Ri(ai,Di) > 0 for action

ai if vj is located closer to destinations than vi, because

f (δjDi
) > f (δiDi

) and Eij(ai) = 1.

Given the actions selected by the players (ai, a−i), the cost

is defined as

λi(ai, a−i) =
∑
j∈Hi

(
Eij(ai)

Eij(ai) + Eji(aj)
× Λ

)
(9)

where Λ is a unit cost for link formation. We define 0/0 = 0.

The cost λi(ai, a−i) in (9) represents total payment required

for all out-going links that vi makes. For a link between vi
and vj , we assume that λi(ai, a−i) = Λ if Eij(ai) = 1 and

Eji(aj) = 0. If both vi and vj would like to make a link

between them, then λi(ai, a−i) = Λ/2. If Eij(ai) = 0, then

λi(ai, a−i) = 0.

A solution to the network formation game GG(D) is

a set of actions (a∗i , a
∗
−i) optimally taken by the players,

which determines E(G), resulting in a topology of MWSN.

As G becomes large, however, the computational complexity

required to find the solution to the network formation game

GG(D) significantly increases, so that the solution cannot be

practically adopted in MWSN. We show that the network for-

mation game can be decomposed into multiple link formation

games, which are significantly easily solvable, by deploying

network coding. This is discussed in the next section.

B. Network Coding Based Game Decomposition

We define edge-disjoint subgraphs of G as a set of subgraphs

whose links are disjoint and the union of subgraphs is G. Let

L1, · · · ,LN be edge-disjoint subgraphs of G, then they satisfy

V(Ln) ⊆ V(G), E(Ln) ⊆ E(G), ⋃N
n=1 E(Ln) = E(G) and

E(Ln) ∩ E(Lm) = ∅ for 1 ≤ n ≤ N, 1 ≤ m ≤ N,n �= m.

The network formation game for a subgraph Ln with D can be

expressed as GLn(D), and the network status for the resulting

network from GLn(D) is denoted by JGLn (D), as defined in

(2).

Since the actions simultaneously determined by the players

in a game are the union of the links that are active and

inactive in the network, the product operation for games can

be considered as the union of their network status, such as

N∏
n=1

GLn
(D) =

N⋃
n=1

JGLn (D). (10)

In Theorem 1, we show that network coding can decompose

the network formation game for GG(D) into independent

games for a subgraph GLn(D) for 1 ≤ n ≤ N .

Theorem 1. The network formation game for a graph can be
decomposed by network coding into independent games for
edge-disjoint subgraphs.

Proof. In order to show that the network formation game for a

graph can be decomposed by network coding into independent

games for edge-disjoint subgraphs, it should be proved that

Φ(GG(D)) =
N∏

n=1

Φ(GLn
(D)). (11)

If network coding is not deployed, GG(D) becomes (14)

such as,

GG(D) = GL1,L2,··· ,LN
(D)

= GL1(D) ·GLN |L1,L2,··· ,LN−1
(D)

= JGL1
(D) ∪ · · · ∪ JGLN |L1,L2,··· ,LN−1

(D) (12)
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which is the set of games for subgraphs that need to be jointly

solved. By deploying network coding function Φ defined in

(3), the inter-link dependency in (14) can be removed. Hence,

Φ(GG(D))

= 〈{pj · eij |∀vi, vj ∈ V(L1), i �= j}〉
∪ · · · ∪ 〈{pj · eij |∀vi, vj ∈ V(LN ), i �= j}〉
= Φ(JL1(D)) ∪ · · · ∪ Φ(JLN (D))

= Φ(GL1
(D)) · · ·Φ(GLN

(D)) =
N∏

n=1

Φ(GLn
(D))

which completes the proof.

Importantly, Theorem 1 implies that GG(D) with multiple

destinations in D can be further decomposed into GLn
(d) for

1 ≤ n ≤ N and d ∈ D with single destination node vd.

Let vi(d) be a virtual subnode of vi, which has flows to

be delivered to destination vd. By the definition, there can

be |D| virtual subnodes in vi. Similarly, a virtual sublink of

eij with destination vd is denoted by eij(d), and eij includes

|D| sublinks. Then, a virtual subgraph for destination vd can

be defined as Ln(d) as satisfying V(Ln(d)) ⊆ V(Ln(D)),
E(Ln(d)) ⊆ E(Ln(D)),

⋃
d∈D E(Ln(d)) = E(Ln(D)) and

E(Ln(d)) ∩ E(Ln(d
′)) = ∅ for d, d′ ∈ D, d �= d′.

Then, the game GLn
(D) can then be decomposed by

Theorem 1 into independent games for virtual subgraphs

GLn
(d) for all d ∈ D with network coding function, i.e.,

Φ (GLn
(D)) =

∏
d∈D

Φ (GLn
(d)) . (15)

Therefore, topology of the network for multi-source multicast

flows can be determined in a distributed way, by solving

independent games of edge-disjoint subgraphs with unicast

flows, referred to as link formation game in this paper. This

will be introduced in the next section.

C. Link Formation Games and Distributed Topology Design

In this section, we define a link formation game which

consists of two players with unicast flows. The strategic

form of the link formation game is expressed as GL(d) =
〈V(L), (ai)vi∈V(L), (ui(d))vi∈V(L)〉 where V(L) = {vi, vj}
and ai = {0, 1} denote a player set and an action set of player

vi for destination vd, respectively. The utility function is given

by

ui(ai, aj , d) = ai (f (δjd)− f (δid))−
(

ai
ai + aj

· Λ
)

(16)

where f(δid) : R → R is a function inversely proportional

to δid. For the link formation game, the cost function can be

expressed as

λi(ai, aj) =
ai

ai + aj
× Λ =

⎧⎪⎨
⎪⎩
Λ, if ai = 1, aj = 0

Λ/2, if ai = 1, aj = 1

0, if ai = 0

.

Algorithm 1 Distributed Topology Design Algorithm

Require: an index set of destinations D, a set of nodes V(G), utility function
ui(ai, aj , d) for vi ∈ V(G), sets of neighbor nodes Hi for vi ∈ V(G)

1: Initialize: N =
(NV

2

)
, E(G) = ∅

2: Decompose V(G) into a set of node pairs V(Ln) for 1 ≤ n ≤ N
3: for n = 1: N do
4: (vi, vj)← V(Ln)
5: for d ∈ D do
6: Initialize: (a∗i , a

∗
j )← (0, 0), NE ← 0

7: while NE = 0 do
8: past← (a∗i , a

∗
j )

9: a∗i ← argmaxai ui(ai, a
∗
j , d)

10: a∗j ← argmaxaj uj(a
∗
i , aj , d)

11: if past = (a∗i , a
∗
j ) then

12: NE ← 1
13: eij ← a∗i , eji ← a∗j
14: return E(G)

As a solution concept for the link formation game, we adopt

the pure strategy Nash equilibrium (NE). A pure strategy NE

(a∗i , a
∗
j ) for vi and vj can be expressed as

ui(a
∗
i , a

∗
j , d) ≥ ui(ai, a

∗
j , d) for all ai ∈ ai, and

uj(a
∗
i , a

∗
j , d) ≥ uj(a

∗
i , aj , d) for all aj ∈ aj .

If multiple pure strategy NEs exist, the set of pure strat-

egy NEs is denoted by A∗ = {(a∗i , a∗j )|ui(a
∗
i , a

∗
j , d) ≥

ui(ai, a
∗
j , d), ∀ai ∈ ai, uj(a

∗
i , a

∗
j , d) ≥ uj(a

∗
i , aj , d), ∀aj ∈

aj}. The pure strategy NE enables nodes vi and vj to decide

which outgoing links are active or inactive, resulting in a stable

network topology E(L).
The steps for the proposed approach are described in

Algorithm 1. Note that Algorithm 1 guarantees to determine at

least one topology since there exists at least one pure strategy

NE for the link formation game, i.e. A∗ �= ∅.

IV. SIMULATION RESULTS

In the simulations, we consider a MWSN where all mobile

sensors collect data and a part of them are destination nodes.

Sensor nodes aim to deliver the collected data to their destina-

tion nodes in Di, and they form links based on the proposed

algorithm.

A. Simulation Setup

We consider NV nodes in a cell with a radius of R, where

the locations of the nodes are randomly determined based

on the uniform distribution. Since a node vi would like to

deliver the collected data to its destination nodes in Di, there

are
∑NV

i=1 |Di| flows in the network in total. The connection

boundary is set as Δ = R so that the neighbor nodes of vi are

determined as Hi = {vj |0 < δij ≤ R}. Each node make its

own decisions for out-going link formation toward neighbor

nodes based on Algorithm 1.

The function f(δid) in (16) is defined as f(δid) =
1

δ2id+1
which is a function that satisfies the conditions that

f(δid) is inversely proportional to δid and f (δjd)−f (δid) > 0
for δid > δjd. Hence, if vi makes an out-going link to vj which

is located closer to a destination node than vi, then positive
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(12) =

〈
{Xij · eij |∀vi, vj ∈ V(L1), i �= j},

⎛
⎜⎝ ∑

∀i∈H̃in
j

eij ≤ 1, ∀j ∈ V(L1)

⎞
⎟⎠
〉

(13)

⋃
· · ·

⋃〈
{Xij · eij |∀vi, vj ∈ V(LN ), i �= j},

⎛
⎜⎝ ∑

∀i∈H̃in
j

eij ≤ 1, ∀j ∈
N⋃

n=1

V(Ln)

⎞
⎟⎠
〉

(14)
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Fig. 1: The observation on the number of active links over

unit cost for various network sizes.

rewards are given to vi. The utility function of link formation

game in (16) can correspondingly be expressed as

ui(ai, aj , d) = ai

(
1

δ2jd + 1
− 1

δ2id + 1

)
−
(

ai
ai + aj

× Λ

)

We finally define network utility in order to evaluate the

performance of resulting networks, expressed as

U(ai, a−i,D) =
∑

∀vi∈V(G)

(∑
d∈D

Ri(ai, d)− λi(ai, a−i)

)

which include both the total rewards from all the destination

nodes and the cost required to make links in the networks.

Therefore, the network utility can be used as a measure to

quantify how much rewards can be earned from the nodes

while reducing the cost for link formation.

B. Numerical Analysis of Proposed Topology Design

In this section, we numerically analyze several aspects of the

proposed topology design criteria implemented in Algorithm 1.

In the following simulations, we consider two destination

nodes, i.e., |Di| = 2 for 1 ≤ i ≤ NV , which are randomly

determined in each experiment if not stated. The connection

boundary is set as R = 10 and all the experiment results are

averaged from 1, 000 independent experiments.

Fig. 1 shows the total number of active links in network (i.e.,

|E(V)|) given different values of unit cost Λ and network sizes

(i.e., NV ). It is shown that the network topology consists of

smaller number of active links as the network size decreases

or more unit cost is incurred. This is because nodes may have
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Fig. 2: The observed connection failure ratio over unit cost for

various network sizes.

a larger set of neighbor nodes, leading to a higher probability

of making active links. Moreover, smaller unit cost enables

the nodes to make more active links.

The number of active links in the network topology may

have an impact on the successful connection from source nodes

to destination nodes. In order to evaluate the impact of the

number of active links on the successful network formation,

we define connection failure ratio as the ratio of the number of

disconnected flows out of
∑NV

i=1 |Di| flows, which is presented

in Fig. 2. As shown in Fig. 1, the number of active links

decreases rapidly as Λ increases in the range of a small

Λ (e.g., Λ = [0, 0.2]). However, this does not significantly

affect the connection failure ratio (see Fig. 2). On the other

hand, if the small number of active links is in the network,

which is incurred in the range of large Λ (e.g., Λ = [0.8, 1]),
the connection failure ratio significantly increases, incurring

higher probability of unsuccessful data delivery. Therefore, it

is concluded that the network can be sustainable in terms of

successful data delivery if there are enough number of active

links to take advantages of path diversity.

Note that the proposed algorithm in Algorithm 1 is scalable

to the network size in terms of connection failure ratio (or

network topology formation), as shown in Fig. 2. Therefore,

the proposed algorithm can be deployed in large size networks.

C. Performance Comparison

In this section, we evaluate the performance of the pro-

posed algorithm in terms of network utility and computational

complexity. The performance of the proposed algorithm is

compared with the following network formation strategies:
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Fig. 3: Network utilities for three strategies.

1) Non-NC Centralized: A centralized solution to optimal

network topology, where network coding is not deployed

such that inter-link dependency condition should be

satisfied.

2) NC Centralized: A centralized solution to optimal net-

work topology, where network coding is deployed in

network. In this strategy, inter-link dependency condition

can be ignored.

Fig. 3 shows the network utilities from the three network

formation strategies including the proposed algorithm. It is

observed that NC-Centralized strategy has the highest network

utility. Since Non-NC Centralized strategy should be opti-

mized by considering the inter-link dependency condition as a

constraint, the optimal topology provides limited performance.

For network coding based strategies, NC-Centralized strategy

can consider all possible topologies, leading to the highest

reward, which is the upper bound of network coding based

strategies.

We next investigate the complexity required for the three

network formation strategies. The complexity of each strategy

can be measured by the size of search space, which is deter-

mined by the size of available actions for link formations. For

Non-NC Centralized strategy, each node can make maximum

one out-going link, so that a node has at most NV link

formation choices. Since there are NV nodes in network,

the maximum number of choices is thus NNV

V . For NC-

Centralized strategy, there are maximum 2NV −1 choices for a

node since there can be maximum NV − 1 neighbor nodes to

make a link, and each link has two choices, e.g., active and in-

active. Since there are NV nodes in the network, the maximum

number of choices is 2NV (NV −1). If the proposed algorithm

is used, there are maximum
(
NV

2

)
number of neighbor node

pairs and each pair has 4 action choices. Since each node pair

chooses an action independently, the search space becomes(
NV

2

)× 4. Therefore, NC Centralized strategy can achieve the

best performance, however, the complexity required to find

optimal topology is also highest (growth rate is O(nn)), so that

it may not be deployed in practice. The complexity required

for the proposed algorithm, however, polynomially grows (i.e.,

O(n2)), which can be deployed in practice in a large network.

V. CONCLUSION

In this paper, we propose an algorithm for distributed

topology formation in network coding enabled MWSN, where

multi-source multicast flows are considered. The distributed

topology formation problem is formulated as a network for-

mation game, where the players (i.e., nodes in the network)

decide whether to make links with neighbor nodes or not,

while considering the reward for distance reduction and the

cost required for link formation. We show that the network

formation game can be decomposed into independent link

formation games by deploying network coding in network

nodes. The decomposition of the network formation game

enables the distributed algorithm for topology formation to

be feasible in practice. The simulation results confirm that

the proposed algorithm is scalable to the network size, so

that it can be deployed in a large size of networks, while

it can provide a suboptimal solution to the network topology

formation with polynomial complexity.
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