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Particle-swarm-optimization algorithm to discover network community
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Abstract: For optimizing the modularity, a community discovery algorithm(CDPSO) is proposed based on particle-

swarm-optimization(PSO). By the characteristics of network link data, a novel particle-encoding scheme is presented to

avoid the production of illegal particles, alleviate the local optimal-partition encountered in the iterative partition approach

based on Boolean encoding scheme, and improve the particle-position adjustment strategy in traditional discrete PSO

to achieve better convergence. Experimental results show that CDPSO can rapidly and effectively discover the intrinsic

community structure in networks without any domain information.
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PSO(DPSO)

, , 3

(Karate, Football, Dolphins),

, ,

.

2 (Discrete PSO algo-

rithm)
PSO ,

, , Kennedy Eberhart

PSO(DPSO)[3], DPSO .

d , m

, ,

, i

Xi = (xi1, xi2, · · · , xid), xid ∈ {0, 1},

, Vi = (vi1, vi2, · · · , vid), Xi

,

,

,

Pi = (pi1, pi2, · · · , pid),

,

, Pg = (pg1, pg2, · · · ,

pgd) . (1)(2) .

Vi(t + 1) = wvi(t) + c1 · rand(·) · (Pi − Xi(t)) +

c2 · rand(·) · (Pg − Xi(t)), (1)

f(x) =

{
1, ρ < sig(vij(t + 1)),

0, ,
(2)

: t , w , c1 c2

,

, rand(·) [0, 1] ,

S sig , vij

[−4, 4] , ρ .

3
(Discovering network communities based on

PSO)
3.1 (Particle encoding)

,

,
[4],

[5]:

G = 〈V, E〉, ,

|V |, Pi = (pi1, pi2, · · · , pid),

pik = m e = 〈vk, vm〉,
vk vm .

,

,

:

, 2(b) ,

〈v3, v6〉, 〈v5, v1〉 〈v7, v2〉 1(a) .

1

Fig. 1 Network and its communities

2

Fig. 2 Comparison of particle encoding scheme
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, .

1(a) ,

( 1), ( 1(b))

, 2(a). :

, ,

; ,
[5] .

1

Table 1 Ordered neighbor list

1 2 3 4 — — — —

2 1 3 4 — — — —

3 1 2 4 — — — —

4 1 2 3 5 6 7 8

5 4 6 7 8 — — —

6 4 5 7 8 — — —

7 4 5 6 8 — — —

8 4 6 7 — — — —
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3.2 (Particle updating

strategy and its convergence)
DPSO ,

, , (

(1)).

: DPSO i

0, 1,

, i xid ∈ {1, 2, · · · , deg(vi)},

, :

f(x) ={
k, ρ < sig(vij(t + 1)) deg(vi) > 1,

xi(t), ,
(3)

k ,

k = ceil(rand · deg(vi)) k �= xi(t), : ceil
, deg(vi) vi ( G

vi ).

, :

DPSO ,

, DPSO

, ρ < sig(vij(t + 1)), xi(t + 1)
1, , xi(t + 1)

, , .

, ,

.

,

, .

: , sig

, sig vij = |1 − exp(−vij)
1 + exp(−vij)

|.
0 , Sigmoid

0, 0 ,

.

3.3 (Particle fitness)
,

.

,

.

Q [6]

(resolution limit)

,

. ,

Q .

1 . i

v, v i

.

G k , k × k

E, Eii i

, Eij

i j

. E Q :

Q(y) =
∑
i

(eij − a2
i ) = Tr(E) − ‖E2‖ , (4)

ai =
∑
j

Eij i

.

3.4 CDPSO (CDPSO algorithm)
PSO ,

, CDPSO ,

:

Step 1 ;

Step 2
w,

;

Step 3 ,

;

Step 4
,

;

Step 5 ,

;

Step 6 (1)(3)

,

;

Step 7 (4) ,

, ,

;

Step 8 ,

, ,

;

Step 9 ,

, , Step 4.

CDPSO : 1

Step 1∼Step 3,

; 2 Step 4∼Step 9,

Q
, ,

, .

4 (Experiments)
3 CDPSO

. : CPU Intel
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Core 2 Duo 2.66 G, 2 G, OS Windows XP 2002.

4.1 (Datasets)
3 : 1 Karate ( 3),

, 34 , 78 ; 2

Football ( 4), Newman

2000

, 115 616 ;

3 Dolphins( 5), Lusseau

Doubtful Sound (

62 )

. 62 , 159 .

3 Karate

Fig. 3 Karate network

4 Football

Fig. 4 Football network

4.2 (Experimental results and

analysis)
4.2.1 (Algorithm convergence

analysis)
, 6

,

: Karate ,

0.4∼0.7 , Q ;

Dolphin , 0.6 ,

; Football , 0.4

. ,

.

5 Dolphins

Fig. 5 Dolphins network

(a) Karate

(b) Dolphins
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(c) Football

6

Fig. 6 Inertia factor’s impact on the convergence

, 7(a)

, Karate , 10∼40 ,

Q ,

. 7(b) , Dolphins

, 40 , Q
, 30 , Q ,

, 20 10 ,

. 7(c) , Football

, Dolphins ,

10 , Q . ,

.

(a) Karate

(b) Dolphins

(c) Football

7

Fig. 7 Particle number’s impact on the convergence

4.2.2 (Quality analysis of net-

work communities)
CE(clustering error) ( (5))

, 2 , GN [7] GA-

Net [8] , CDPSO ,

, Karate ,

. 8 Karate

, , instructor(

) administrator( ), CDPSO

, instructor( ) admini-

strator( ),

, 10 ,

.

CE(C, Ctrue) =

∑
ktrue

∑
k �=true

∣∣Cture
kture

∩ Ck

∣∣
n

. (5)

8 Karate

Fig. 8 Resultant communities of Karate network

2

Table 2 Quality comparison of network communities

Karate Dolphins Football

GN 0.2647 0. 3065 0.4261

GA-Net 0.1471 0.2581 0.5391

CDPSO 0.0294 0.0323 0.135
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4.3 (Conclusions)
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