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The evaluation metrics for Swarm emergent behaviors

WU Yu, ZHOU Kai, LI Yin-guo
(Institute of Web Intelligence, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: To deal with the difficulties in quantitatively observing, analyzing and control the Swarm emergent behaviors,

we, on the basis of qualitative analysis on the emergent characteristics, propose several metrics for describing the Swarm

emergent behavior along with their implications and computation. The validity of these metrics is proved by the simulation

of a specific Swarm model; and the relations between them are analyzed. From the quantitative analysis, it is found that the

transition region of each metric reflects the emergent phase of the Swarm behavior. Meanwhile, the change of the metric

reflects the interaction between individual intrinsic behavior and the alteration of local environment in different levels.

Furthermore, the correlation between metrics shows the stability of the Swarm behavior effectively.
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2 Swarm (Swarm model)
[4] Swarm ,

. t :
⇀

V =c1

⇀

V 1(d)+c2

⇀

V 2+c3

⇀

V 3+c4

⇀

V 4+c5

⇀

V 5, (1)
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(2008BB2241, 2009BA2089).
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⇀

A = Amax

⇀

V /|⇀

V |, (2)

(1) : ci
�Vi (i = 1, 2, 3, 4, 5);

d (

); �V1 d ;
�V2 ; �V3 ;
�V4 ; �V5

; �V . (2) , �A

(|A| � Amax); Amax .

3 Swarm (Qualit-

ative description of the emergent swarm

quantitative questions)
Seel[5] ,

Swarm , Swarm .
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Fig. 1 The corresponding levels for different influencing

factors and their relevance

4 (Selection of emer-

gent quantitative metrics)
, 8 , 1

.

4.1 (Degree of average individual

cluster)
Swarm , [6]

, , :

C =
1
N

N∑
i=1

2Ei

(ki(ki − 1))
, (3)

: N , Ei i ki

, ki(ki − 1)/2 i

. C = 0, ; C =
1, .

1

Table 1 Relevance between influencing factors and

quantitative metrics

4.2 (Neighbourhood individ-

ual distribute index)
,

[6] , :

P =
N∑

k=0

log 2(k × Nk + 1)
k × Nk + 1

, (4)

Nk k . P

.

4.3 (Degree of average individual

interaction)
[6] , :

L =
1

1
2
N(N − 1)

∑
i�j

nij, (5)

: nij i j ,

N . L =1, ;

L > 1, ;

L < 1, .

4.4 (Degree of average individual

recognition)
[7] Swarm , :

Ni = {j : ||xi − xj|| � d, j ∈ N}, (6)
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E =
1
N

N∑
i=1

log 2(
Ni

N
+ 1). (7)

: N , Ni i , ||xi−
xj|| i j , d . E =0,

; E =1, .

4.5 (Entropy)
[8],

, :

Ha = −
N∑

j=1

pj log pj, (8)

pj .

pj .

4.5.1 (Colony entropy)
Hs, :

Ds = {j : j ∈ Ni ∧ i, j /∈ Ds−1}, (9)

ps = Ds/N. (10)

Ds s , ps

s . Hs =log 2(N), ,

, , Hs =0, .

4.5.2 (Balance entropy)
Hc, :

li =
∑

j∈Ni

‖xi − xj‖/Ni, (11)

pc = lc/
N∑

j=1

lj. (12)

: li i ,

, pc . Hc ,

, , ,

Hc , .

4.5.3 (Power spectral entropy)
[9],

Hw , :

pw = p(wi)/
∑
i

p(wi), (13)

: p(w) Fourier , pw

. Hw ,

, .

4.6 (Internal energy)
Pedrami[10] Swarm Temperature

, Swarm ,

i N ′
i Swarm J(x) Swarm

Ek(v) Swarm Eb(v)

T (x, v), :

N ′
i = {j : ||xi − xj|| � ε, ε < d, j ∈ Ni}, (14)

J(x)=
N∑

i=1

(
∑

j∈N ′
i

(xi−xj)+
∑

j∈Ni

xj

Ni

−xi), (15)

Ek(v) =
N∑

i=1

‖vi‖2
, (16)

Eb(v̄) =
N∑

i=1

v̄2 = Nv̄2, (17)

v̄ = 1/N
N∑

i=1

‖vi‖, (18)

T (x, v) = 1/M [J(x) + Ek(v) − Eb(v̄)], (19)

ε . T ,

.

5 (Validity of

quantitative metrics evaluation and analysis)
5.1 (Experiment setting)

Swarm 30 , 700 .

,{
c1 = 5, c2 = 8, c3 = 8, c4 = 7,

c5 = 5, d = 0.14, Amax = 38,{
c1 = 7, c2 = 10, c3 = 1, c4 = 5,

c5 = 5, d = 0.7, Amax = 11,

, 2, 100, 410

590 . 3 .

5.2 (Evaluation and analysis)
5.2.1 (General analysis)

,

, 3 ,

, 2(a),

Swarm . 2(a) ,

,

, .

.

5.2.2 (Connectivity analysis)
3(a),3(b) , ,

, Swarm .

,

: ,
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(a) Swarm

(b) Swarm

2 Swarm

Fig. 2 Swarm behavior of specific times in different situations
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3

Fig. 3 Metrics curve diagrams with or without emergent property
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5.2.3 (Rate of information flow

analysis)
3(c), ,

1. , Swarm

. ,

, 1,

, 2(a) 590

.

5.2.4 (Good boundaries analysis)
3(d), ,

1, Swarm ,

, ,

2(a) 100 .

5.2.5 (Diversity analysis)
3(e), ,

0 , Swarm

,

, 2(a) 410 510 .

5.2.6 (Lack of inhibitors analysis)
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5.2.7 (Intentionality analysis)
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, Swarm , 2(a)

100 , ,
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5.2.8 (Watchful anticipation analysis)
3(h), ,
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, 3(h)
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5.2.9 (Relevance analysis)
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4, .

2 , ,

, C 1, ,

L 1, , E

1.

, K ,

, Hc ,

, Hs 0. ,

,

T , , . Hw

, ,

.

4 ,

,

.

2

Table 2 The average of the metrics at different

stages corresponds to the levels

C L E K Hs Hc T Hw

0.71 1.19 0.31 2.88 2.23 4.70 88.42 32.53

1 0.85 0.98 0.63 2.19 1.53 4.81 36.75 32.18

0.93 1.06 0.73 1.27 0.98 4.81 35.78 32.18

2 0.98 0.96 0.81 0.29 0.75 4.79 33.96 32.21

1.00 0.97 0.81 0.01 0.01 4.71 25.32 32.22

3 1.00 0.97 0.81 0.01 0.00 4.82 50.29 32.34

0.99 0.94 0.82 0.27 0.00 4.85 60.97 32.41

4

Fig. 4 Relation diagrams of metrics at different stages

6 (Conclusion)
Swarm ,

.

Swarm , ,

,
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,
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