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Abstract Particle swarm optimizer (PSO) exhibits good performance for optimization

problems. However, there is little analysis about the kinetic characteristic, parameter selec-

tion and the situation where algorithem falls into stagnate to cause premature convergence.

In the paper, the kinetic characteristic of three models of PSO (Gbest, Pbest, Common

model) are analyzed. The largest covering space (LCS) of the Gbest model and the Pbest

model are deduced without new information. Furthermore, under the condition that the Lip-

schitz constraint is reduced, the sufficient conditions for asymptotic stability of parameters

are proved. And the inertia weight w value is enhanced to (−1, 1).
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. (�q���wY>o2�X�6�
x(k + 1) = A(k)x(k) (17)��p.FA'eQ��M > 2, k > M ��0{p\9^
ρ(T (k, k − M)) < 1I��w��Y>`oMjZ�Td ρ �PÆs�Y>Z��zO T (k, k−M) H T (k, k−

M) =

M
∏

i=1

A(k − i)."� 3. PSO l2Y>`oMjZ9�9^��T&r�s ϕk+1 ZdW0{p\9^�
η · w ∈ (−1, 1) (18)

{η · ϕk+1 ∈ U |U ⊂ (ϕk+1
min , ϕk+1

max)} (19)Td�ϕk+1
min =

−ηϕk(1 + ηw)

1 + ηw − ηϕk
, ϕk+1

max =
2(1 + (ηw)2) − ηϕk(1 + ηw)

1 + ηw − ηϕk
.%��t�p PSO &�o|Q�'�

[

x
k+1
id

x
k
id

]

=

[

(1 + η · w − η · ϕk+1) −η · w

1 0

] [

x
k
id

x
k−1
id

]

+

[

ϕk+1

0

]

p (20)TdT&r�s ϕk+1 = ϕk+1
1 +ϕk+1

2 , ϕk+1
i = ci × randi, p = (ϕk+1

1 ·pk
id +ϕk+1

2 ·pk
gd)/(ϕk+1

1 +

ϕk+1
2 ), η H���s�p �Y>ZD)�q�I� (20) Z��zOH

T (k, k − 2) =

[

(1 + η · w − η · ϕk) −η · w

1 0

] [

(1 + η · w − η · ϕk+1) −η · w

1 0

]

(21)&j� 1 �U�R0{9^� ρ(T (k, k − 2)) = max ‖T (k, k − 2)‖ = max λi < 1, &�6
(20) 7�Zl2Y>`oMj�

|λE − T (k, k − 2)| =

∣

∣

∣

∣

λ − LkLk+1 + η · w η · w · Lk

−Lk λ + η · w

∣

∣

∣

∣Td Lk = (1 + η · w − η · ϕk), ��zOZ3P�67�p\�
D(λ) = λ2 + λ · [2ηw − Lk(1 + ηw) + Lk · η · ϕk+1] + (ηw)2 (22)!{ Jury M{� (22) �ZPÆs ρ(·) < 1 Z9���9^�

(ηw)2 < 1 (23)

|2ηw − Lk(1 + ηw) + Lk · η · ϕk+1| < 1 + (ηw)2 (24)

(23) �_l�Y�η · w ∈ (−1, 1)

(24) �_l�Y�−ηϕk (1 + ηw)

1 + ηw − ηϕk
6 η · ϕk+1 6

2(1 + (ηw)2) − ηϕk(1 + ηw)

1 + ηw − ηϕk
�MAl� k + 1 ���Af> Lipschitz 9^7�Z℄
\�T&r�s η · ϕk+1 4+#�s w ZW0& (18),(19) �j��R η ·ϕk+1 ZW0 η ·ϕk+1 ∈ U 0{ U ⊂ (ϕk+1

min , ϕk+1
max)
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 � 32~��Y>�`oMj��I3/B�FIY>`+zw�� 3, � 4 �<%R w A (−1, 1)VXdW�η · ϕk A (0,4) VXdW� η · ϕk+1 Mj0x\nb5�
A 3 ϕ

k+1
max X1
6

Fig. 3 The range surface of ϕ
k+1
max

A 4 ϕ
k+1

min
X1
6

Fig. 4 The range surface of ϕ
k+1

min

5 k/b�%�p�si!='{Zuhfx;x —Gbest ;x�Pbest ;x4 Commom ;x�"tuh;x℄
\Z�sl23~o|%�S��Sj.�8�A1'rV�qZ℄
\�Gbest ;x\i7}!�s4 Pbest ;x�sZ$,�X�2'e�[n�
q;
d�x�fo�'$,F��M�=�9I6rx��%'{dT0�sZ$,�F .t Commom ;x�s�H�%�Y>℄
\,�-3P!�&Z)Yo|%�S�o�'A�*% Commom ;x�s,���~Z=��\z% Lipschitz 9^7��S8%
Commom ;x`oMjZ,�9�9^��� 3 Zj.\z%�p PSO '{Z Lipschitz7�9^��<%T&r�sdW�{�=�
+#�sZdW�F�IW (−1, 1). ��DQ���xtA (−1, 0) ddWo|�l�MH�sz�~�l<lo|$,��L�S.YZj-�5%% PSO ,��d�L PSO '{�oZ�-G?��B'{Z�o�{d�t Gbest �sZ<l{�Z�����Z�p Bergh 5<Z GCPSO v�Ai7}!�sZ"r&�d�q%�jZ*Hk���T<lo
�)��5���A'{�od!{�� 3 �<Z9�9^��hi,�Z�d���S'{ZMj~4��~���si7M%zw��%D����
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