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Abstract A new Particle Swarm Optimization (PSO) algorithm is proposed based on non-
uniform mutation and multiple stages perturbation. Its search mechanism is also analyzed. Firstly,
multiple stages perturbation operation with different radii is executed at different stages of
algorithm. It diversifies the particle population and increases the probability of escaping from
local trap. It also enhances the fine search at the neighborhood of the current best solution.
Secondly, non-uniform mutation operator is introduced into PSO and the proposed algorithm
adaptively adjusts the step size of solution vectors with non-uniform mutation operation. The per-
formance analysis indicates that the proposed algorithm deals well with the balance between popu-
lation diversity and learning intension from elitists. Twelve classical benchmarks are firstly used
to verify the validity and the cooperation of the proposed strategies. Then the comparisons with
the state-of-the-art evolutionary algorithms (wFIPS, CLPSO and OLPSO) are made on the
shifted and rotated benchmarks from CEC2005 with cases of 30 and 50 dimensions. Experimental

results indicate the competitive performance and stability of the proposed algorithm.
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x 2 EHEWEREYNAZXE (MeantSTD)

R %R PSO P3PSO NmPSO NmP3PSO CPSO
[ 1.05e—2+2.36e—2 2.27e—11+3.34e—12 2.45e—10+2.11e—10 2.12e—11%2.60e—12 1. 07e+2+6. 66e+1
f2 1.22e+1+48.31 1. 13e—2+4.59e—2 3.34e—14+9.33e—1 1.35—3+1.58¢—3 2.62+1.76
f3 9. 38e+2+48. 25e+2 9.87e—3+1.06e—2 4.39¢e—3+3.16e—3 5.98e—3+7.89e—3 1. 98e+4+6.50e+3
fu 1.59+4. 83e—1 3.64e—1+4+2.98¢e—1 4.78e—1+3.93e—1 2.21e—1=%2.37e—1 2.86+5.48e—1
15 1.59e+2+1.99%e+2 3.99e+1+4+6.32e+1 9.08e+1+8. 64e+1 2.96e+112. 84e+1 4.8446+5.39%+6
6 1.70+1. 24 0.5040. 68 010 010 010
f7 2.53+2.95 1.62e—1+6.06e—2 2.5le—1+1.53e—1 7.75e—2+3. 24e—2 5.05e+8+5. 39e7
fs 1.03e4+2+2. 74e+1 9.86e+1+2. 1de+1  9.08e+ 1+ 1. 74e+1  8.34e+1%2.15e+1 2.08e4242. 67e+1
fo 3.0446.71le—1 2.96+7.08e—1 3.09+1.13 2.52+8.41e—1 4.24e—1242.53e—1
f1o 1.97e—2+1.7%9e—2 1.57e—2+1.82¢e—2 1.21e—24+9. 98e—2 7.87e—3+9.52¢—3 6.5le—1+4+1.67e—1
fu 1. 10e+1+43. 36 5.594+2.42 8.524+4.52 4.75+2.58 8.50e+9+1.17e+10
Sz 3.98e+141. 26e+41 3.32e+1+1.08e+1 3.46e+1+9.11 2.85e+1+1.02e+1 3.42e+4+48. 19e+14

2 WIS R L] (D) 7R AR R pR B
PRI Z60E R AR SO iR 3% NmP3PSO 1 12 A~
IR B S 10 AR UTHE AR A 2 SR AR
NmPSO FI CPSO #5 B — e i 54 R 5 (2) fil
A3 B Bl sh S ms 19 0k P3PSO i R H 7 I 1 pR
B EAEW AT PSO Bk FE R B fo fo BRI
L 7 AR O R RS R 5 (3) Rl AR
5] i S S SR (9 vk NmPSO 78 K 2 50 1 e
BB PSO AL, R /o L2 T PSO;
(4) 5RT 3 A5k OB G0 HE il & 1 Rl SR g 1Y
BEIL NmP3PSO 7E 10 /> 35 pR %1 #8 A 2 A0 19
40 AR BB fo B 25 TH0 L NmPSO. 15 R 5L
fo B25F CPSO. & bk A A R THEACH 19 5% A
T A SR H B0 o SR IS X B 3k 1 E 1 B T B
FUAR BN AR AT 5 e Uk W 3 9 il RE 8 B o — 2P 1Y
MR AR R 5035 P 1 i T 5 DT 3 RO SCHR H A A
5 BEAE UT B0 T I 2 R

5 {EH CEC2005 MiXEHMESMAZ
EiRHXT L L8 5 4547 .30 4

T S AR U SR B MR R L AR G 3 Rl 4
Bk wFIPSY | CLPSOY™ | OLPSO™ {F 4 b #¢ %f
% o B B NmP3PSO R 1 fiE 32 8L, 3
wFIPS & FIPS(Fully Informed Particle Swarm) 5.
2B A Heop g — AR T st EkE B B
F¥ 2 i B A1 A A Al
501 MR ESHIRE

AR S5 SR B CEC20051° 42 1k 1 52 2 80 1k
ORI, A5 5 B AL i A B2 1) (Shifted) | JiE % 11 (Rota-
ted) LI I 22 W R B30, BT e £ 10 3 2H N0 4K e 25 TR7 5
FEANTE L FEANE B S A SCR30 1. i T ek o 1
FK DIR[0, bR A F7 5 SRR A A AL B PR o A R
O3 S A e PR R F 7.

(1) Unimodal Functions (5):

F1.Shifted Sphere Function;

F2.Shifted Schwefel’s Problem 1. 2;

F3.Shifted Rotated High Conditioned Elliptic
Function;

F4. Shifted Schwefel” s Problem 1.2 with
Noise in Fitness;

F5:Schwefel’s Problem 2. 6 with Global Opti-
mum on Bounds;

(2) Multimodal Functions (6) .

F6 . Shifted Rosenbrock’s Function;

F8: Shifted Rotated Ackley’s Function with
Global Optimum on Bounds;

F9.:Shifted Rastrigin’s Function;

F10;Shifted Rotated Rastrigin’s Function;

F11.Shifted Rotated Weierstrass Function;

F12.Schwefel’s Problem 2. 13;

(3) Expanded Multimodal Functions (2) .

F13: Expanded Extended Griewank’s
Rosenbrock’s Function (F8F2);

F14 ;Shifted Rotated Expanded Scaffer’s F6.

AR B S 50 BT A SR AR 2 1 A5 SR IR [] 1Y
B K PR B 3T B R B maxFES = 10 J7 . 53k
wFIPS!" (CLPSO" [ OLPSO™ f fir 47 Hith 2 $
A 5 J5 SCHRAR ) NmP3PSO 19 T 5 S 805 5
4 5 AHTE.
5.2 4MEEHELEIILE

B wFIPS,CLPSO,OLPSO #il NmP3PSO 7&
25 WML s T BUE A RT3, i 4
FLFE 25 WP N7 B AT e A 45 R F ¥ B L Mean
bR iEZE STD, & — > R BUR AT Y 4 HE5 R P, I
PRI 25 R B R, 8 3 )5 — 47" w/17 %
7R “win” a5 “lose” , FH ¥ M £ 54 % NmP3PSO # kb F
AE R B3 o B A T pR B S

plus
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x3 AMEFEBEIE 25 XM H S R 51T (MeantSTD)

PREL wEFIPS CLPSO OLPSO NmP3PSO

Fy 8. 23e—T744.98e—7 2.06e—749.10e—38 4. 11e—17%3. 67e—17 1. 64e—1142. 8le—12
F, 1.47e+3+£3. 65e+2 8. 40e+341. 28e+3 2.35e+542.33e+5 2.46e—7x5. 16e—7
F3 3. 65e+741.03e+7 2.76e+746. 75e+6 9.02e+644. 3le+6 6.41le+542.90e+5
F, 5.38e+342.97e+3 1. 69e+4+3.32e+3 2.69e+4+1. 13e+14 1.69e+4 + 2.07e+3
Fs 3.10e+314. 08e+2 5. 78e+3+4. 22¢+2 3. 6le+3+6.34e+2 6.79e+342.37e+3
F 4. 48e+14£3. 28e+1 1. 2le+2+4.17e+1 1. 79e+2+2.76e+2 2.06e+141.88e+1
Fy 2.09e+14-2. 68e—2 2.09e+144. 1le—2 2.06e+1+1.94e—1 2.04e+1£1.18e—1
Fy 9.04e+141. 25e+1 1.91e—2+1.72e—2 5.07+2.59 9.50e+142. 45e+1
Fio 1. 9le+2+1. 0de+1 1.62e+2+£2.77e+1 5.78e+1+£1.68e+1 1. 37e+243.06e+1
Fi 3.99e+1+41.39 3.0le+141.21 1.89e+145. 32 3.02e+14+1.19
Fip 1. l4e+5+2. 93e+4 5.00e+441. 26e+4 1.27e+4+1.51e+4 1. 09e+541. 24e+4
Fus 1. 36e+141. 24 4.084+4.74e—1 2.24%5.86e—1 8.44+3.32

Fu 1. 34e+1+1.63e—1 1.3le+142.07e—1 1. 3le+1+£3. 14e—1 1.26e+1+4.74e—1
w/l 11/2 9/4 6/7

M 3 BUELE A (D LE 13 Ik sk g
NmP3PSO, OLPSO, CLPSO F1 wFIPS 4y 5] it 1%
6 A5 AN 1A L AN RS R (2) B3 NmP3PSO
() BUE SE B0 45 R AE 11 A~ R B E 3t wFIPS, 75 2 4>
PREL b4y wEIPS; 2 1 NmP3PSO 1 % {f 52 56 45
RAE 9 R Mk CLPSO, 18 4 > R %t F i 24
CLPSO, [H it 7 CEC2005 jx %6 & = I i p& % |,
NmP3PSO It wFIPS I CLPSO A W #f (1) 14 fig s
(3) B4 NmP3PSO B UH S5 50 45 R AE 6 % b
T OLPSO.7E 7 A~ ek % 4 25 OLPSO, KA It A A
F b A CEC2005 31X #8457 2%l i oA %1 = NmP3PSO
RIS OLPSO FeA A Y. S22, 78 AH [A] 19 Jie K oK
BOE TR BT 7 CEC2005 3x #2747 Shifted
il Rotated J& 1 (19 52 2% 0 2 o6 450 b, A< SCHE 1 0k
HERLF BE R AE S NmP3PSO 5 5 FIEA8 % 2 1)
YL OLPSO FEAAH Y, (B bk ACHE 19 215 BORL
FEE YL wEIPS Fl4 24 2 HL iR F B % CLPSO
A T 4 M e
5.3 ATEEELMEREMELBEEITLE

2% AR PO Y L AR 25 A AR R e
Bl 5 25 4 AR 25 OBl S7 38 17 v AE 26 M RE X
Fo B Hov o il e BRSO, o il 2 4 IR
AR 25 WAL Is AT o A — A AR AR IR 0 3 0 {1
T ME. AR 5Ca) S 5 (h) FTE 5(e)ix 3 2 iR
Bp &k 2 N B RE Fo W Fy 3 Fo o Fyo M Fiy s Fu ol
L.

I S B BUE SR 45 R LA
B H A R B A LA 2SR F . OLPSO 5
NmP3PSO b #a #F B4F &L CLPSO,
F wFIPS X 2l eR £k (9 3 Ak % 3% 30 A Xt
F2 4k,

6 {EF CEC2005 X B ESMZ
HiEWLE LI 55 H7.50 4

R T i BT RS A PEBE L AT X 50 ZETE
FE 1 CEC2005"° 5 2 $ 4 Ak bR 45, AR SCRT $2 33 1%
NmP3PSO ¥ 5 3 #4414 PSO % 3. wFIPS® |
CLPSO"™ \OLPSO"*" ik — A ) 4l BT 43 #7. B
TR YR n="50 Hb, AL LB L I B 5
T TR P A S 5 1 2 BOM [R] A S5 K ok B (e
HEBEWRE maxFES=10 1.
6.1 4FEEHEZIIEILE

1 wFIPS,CLPSO,OLPSO 1 NmP3PSO 7£
25 WS BT I BUE S5 R gt W3R 4.2 58014
RALFE 25 WM ST 0B 47 B 245 R 1 O 35 S A A
Mean Fibr 2 STD, £ — B ERE M 4 4 45
o, de AL 0 TSR A R SRR B R, & 4 BJe — 17
“w/ 1" FERwin” 8] “lose”, 2k i £ B % NmP3PSO
R L T AR B3 B A R R

M A G EZERE (D A WA &£ Y Mean
FSTD %4 T AR T 30 4 I3 pR B0 A — a2 B
(19 R 5 (2) 76 13 AN ph 5, NmP3PSO, OLP-
SO.CLPSO 435I HLAF 7 A~ 4 A F0 2 490k ek 55 -
(e A 46 R 5 (3) Bk NmP3PSO 1 %5 {1 52 56 45 R
FE 11 A~ R B F i wFIPS, 78 9 A>3 ek 45 1 5k
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EE5%F 50 4E 15T i CEC2005 i 56 %4 . NmP3PSO
(1 BE ZLAL F wFIPS I CLPSO; (4) NmP3PSO f1
KL T OLPSO, NmP3PSO 7 H. U ok £ F K
4y 2V R B AR T OLPSO. {H OLPSO 7E# 5 £ Uk
BB AT NmP3PSO, A it OLPSO #l NmP3PSO
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Background

The preliminary results of this paper are completed as
one undergraduate innovation project of Beijing University of
Posts and Telecommunications, the research team is com-
posed by Guo-Li LIU, Hu-Qiu LIU and Guo-Shuai ZHAO.

During we are doing researches, we find that particle
swarm optimization algorithm (PSO) is good at the global
search, however. easily trapped by local optima. How to
maintain its advantages and reduce its disadvantages as much
as possible becomes our research focus. At the same time,
non-uniform mutation operation has its inherent excellent
properties as we analyzed in our previous research works.
Multiple stages perturbation operation on the superior solu-
tions simultaneously considers the global exploration and the
fine local search around the promising neighborhoods. So it is

the initial motivation to combine them together and next to

check their cooperative benefits and the final effects.
As we know, how to balance the global search and local
search between their and cons is to the

pros pivotal

performance of population-based algorithms. According to
our previous research experience, non-uniform mutation and
perturbed updating strategy are consistent to the inherent
requirement of search algorithms. Under these guidelines,
the first author let three students do some preliminary simu-
lation works on how to hybridize them cooperatively. Of
course, most of the experimental comparisons are replaced by
more compelling experiments before the initial submission.
The algorithmic analysis and simulation experiments are
hugely improved and enhanced based on the constructive and
critical comments from the domain experts, especially in two

most recent revisions.



