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New Learning Automata based Particle Swarm Optimization

Algorithms

Mandana Hamidi Mohammad Reza Meybodi

Abstract

Particle swarm optimization (PSO) is a population based statistical optimization technique which is inspired by social
behavior of bird flocking or fish schooling. The main weakness of PSO especially in multimodal problems is trapping in
local minima. Recently a learning automata based PSO called PSO-LA to improve the performance of PSO has been
reported. PSO-LA uses one learning automaton for configuring the behavior of particles and also creating a balance
between the process of global and local search. Although PSO-LA produces better results than the standard PSO but
like standard PSO it may trap into local minima. In this paper four improvements on PSO-LA are proposed. These
improvements are proposed to reduce the probability of trapping PSO-LA into local minima. Unlike PSO-LA which
uses one learning automaton to guide all particles, in the proposed PSO algorithms one learning automaton is assigned
to each particle as the particle brain which controls the particle movement in the search space. The proposed algorithms
are tested on 8 benchmark functions. The results have shown that the proposed PSO algorithms are superior to standard
PSO, PSO with inertia weight (PSOw) and previously reported LA based PSO algorithms.
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f5(x)=-20 exp[— 0.2 /%Z x; J - exp(%z cos( 211, )J +20+e
i=1 i=1
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f.(x) = — — cos
! = 4000 L2

D

f0 =3 [f [t cos (27 b*(x, +0.5) )]j—

k_max
D z [ak cos (27 b%0.5 )la

k=0

0.5,b = 3, k max

fe(x) = ZD: (x,.2 —10 cos( 27 xi)+10)

i=1
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f7(x)=zn (y,-z—lO cos( 2« yi)+10)

i=1
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F | X# F(x*)  SearchRange | Initialization Range

F1 [0,0,...,0] 0 [-100,1001" [-100,501"

F2 [1,1,....1] 0 [-2.048, 2.048]° [-2.048, 2.048]"

F3 [0,0,...0] 0 [-32.76, 32.76]° [-32.768, 16]°

F4 [0,0,...0] 0 [-600, 600]° [-600, 200]°

F5 [0,0,...0] 0 [-0.5,0.5]° [-0.5,0.2]°

F6 [0,0,...0] 0 [-5.12, 5.12]° [-5.12,2]°

F7 [0,0.,...0] 0 [-5.12,5.12]° [-5.12,2]°

F8 [420.96,... 420.96] 0 [-500.500]1° [-500.500]°

L o 5951 (sl ol )y ol s 3 Jgue
| Woo W1 C1 C2 Cimp Ve P LA _LRP | LA_LReP
PSO w 09 04 145 145
PSO cf 075 075 2 2

PSO-LA 09 04 145 145 75 0=p=0.01 a=0.001,  =0.01
LAPSO1 09 04 145 145 75 0=p=0.01 a =0.001 , p=0.01
LAPSO2 09 04 2 2 0=B=0.01 a=0.001, B =0.1
LAPSO3 09 04 2 2 1e-20 7  0=p=0.01 @ =0.001,  =0.01
LAPSO4 09 04 2 2 120 7  0=B=0.01 @ =0.001,  =0.01




o Ve &l A 5o L 03551 b 9 (golesitny o2 39S dnns lio 1 4 J g0

| F1 F2 F3 | F4
PSO cf 1.2418e-314+4.5618e-371  0.012423.9667e-004 2.2737e-014+8.5323e-028  0.0799+0.0016
PSO w 2.0405e-321+4.3906e-257  1.5283+2.6112 0.6957+0.6130 0.16320.0085
PSO LA LRP  8.3992+7.3897 14.0788+6.4807 0.2463+0.0046 0.9643+0.0362
PSO LA LReP  56.3939+134.7245 52.9057+201.8486 0.7809+0.00978 1.2837+0.109
LAPSO1LRP  3.0470e-129£9.1730e-257  2.0069+1.9846 0.09770.0197 0.0692:+3.3223e-004
LAPSO1 LReP  1.6983e-034+2.8842e-067  2.1958+4.8066 3.5527e-015+0 0.0615+0.0012
LAPSO2LRP  3.4075e-170+ 3.4075e-190  2.6870+2.7885 3.1974e-015+1.2622¢-030  0.0711+0.0016
LAPSO2LReP  1.4721e-014+2.1672e-027  9.0277+35.4323 3.5527e-015+0 0.10180.0023
LAPSO3LRP  1.6675e-034+1.2507e-068  0.2280+0.0078 3.5527e-0150 0.06259.3018e-004
LAPSO3 LReP  1.4987¢-034+1.2208e-068  0.9110+0.4825 3.5527e-0150 0.0406=5.4235¢-004
LAPSO4 LRP  3.3601e-044+5.2617e-088  0.0208+0.2195 3.9080e-015+1.2622e-030  0.0671+4.4587e-004
LAPSO4 LReP  5.1131e-044+2.0892e-087  0.52631.4968 3.5527e-0150 0.0674+0.0012
| F5 F6 F7 | F8
PSO cf 0.0333+0.0068 3.5527e-016+1.6097e-31  0.9000+£0.7667 4.1507e+003+0.0030
PSO w 2.4964+1.5691 0.8379+0.9089 21.7368+65.8713 4.138e+003+374.6959
PSOLALRP  7.3139+0.4251 0.9815+0.0333 37.81180.01 4.1505e+003+0
PSOLA LReP  6.644420.124 4.4543+0 144245 4.1510e+003+0
LAPSO1LRP  5.2655+13.1760 0+0 0+0 4.1504e+003+0
LAPSO1 LReP  0.0532:+0.0011 0+0 0+0 4.1506e+0030
LAPSO2 LRP  0.1032+0.020 0+0 0+0 4.1504e+003+1.667e-004
LAPSO2LReP  0.6085+0.55791 7.7645e-0135.7292e-024  3.2005+6.8477 4.1507e+0030.0095
LAPSO3LRP  1.0658¢-015+2.9451e-030  0+0 0+0 4.1504e+003+0
LAPSO3 LReP  2.4722e-011+5.7176e-021 00 0+0 4.1504e+003:£1.973e-004
LAPSO4LRP  1.4211e-015£1.1780e-029  0+0 0+0 4.1504e+0036.148e-005
LAPSO4 LReP  2.1316e-015+3.1414e-029 00 0+0 4.1504e+003+0
)38 L gum ¥e &l A 5o b s 598l pole g g3l ity oS! dnns o : S Jgur
| F1 F2 F3 | F4
PSOcf 0.4298+0.5723 40.0853+644.5545 1.5869+0.4308 0.4444+ 0.1245
PSO w 4.217e-034+3.6705e-067  17.7492+79.5980 2.7320e-008+7.4076e-015  0.0329+0.0018
PSOLALRP  258.8194+1.2231e+003  335.4866+1.8071e+003 1.0370+0.0052 3.442040.0155
PSOLA LReP  383.1832+1.3331e+003  460.5667+4.5067e+003 1.2550+0.0043 2.6987+0.1291
LAPSO1LRP  1.401e-013+7.1681e-026  29.3942+275.0456 8.1099e-009+2.4196e-016  0.020420.0010
LAPSO1LReP  0.0272+ 0.0055 47.0219+666.8714 0.0061+8.7614e-005 0.0334:£4.8586e-004
LAPSO2LRP  2.167e-012+1.3394e-023  39.020+674.8228 2.6823e-011+1.9782e-021  0.016+6.2225¢004
LAPSO2LReP  18.1432+3.2883e+003 61.7932+1.9677e+003 0.0511+0.0138 0.4893+1.3695
LAPSO3LRP  8.770e-020+ 2.3656e-039  40.3704+902.2664 1.1636e-011+ 1.4016e-022  0.0272+7.3246e-004
LAPSO3 LReP  1.430e-014+1.9797e-027  28.0745 +591.2671 1.9474e-009+1.9474e-009  0.02143.24623-004
LAPSO4LRP  1.347e-019+2.1415e-038  31.5803+877.3246 1.2714e-011+5.4917e-023  0.034620.0011
LAPSO4LReP  2.488e-021+4.6186e-041  46.1007+782.2940 3.8639¢-012+ 4.7452¢-023  0.038620.0022
F5 F6 F7 F§
PSO cf 20.7938+15.6794 0.634420.2649 132.0500+841.2194 1.2383e+004+5.4533e+003
PSO w 1.0371+1.0632 1.1958e-012+4.0718e-024  23.4+291.8222 1.2454e+004+0.1690
PSOLALRP  37.057337.0573 33.3892+14.6191 157.3910+195.6791 1.2454e+004+0.2034
PSOLA LReP  31.5882+21.5825 44.0232+27.6941 194.8198+81.5650 1.2469e+004+17.7907
LAPSO1LRP  4.9605+10.6045 1.7110e-10+1.3083e-019  54.9038+678.2944 1.2452e+004+0.0219
LAPSO1LReP  4.7831%31.7103 0.01410.0017 28.3307+968.3732 1.2454e+004+0.1595
LAPSO2LRP  2.3808%4.7863 1.7110e-010+1.3083e-019  68.3213+1.0758e+003 1.2452e+004+0.0079
LAPSO2LReP  7.2227+5.7324 0.20130.1300 65.7398+462.8724 1.2454e+004+5.2434
LAPSO3LRP  0.024420.0050 1.1782e-011+1.3750e-021  0.7140+1.1523 1.2451e+004+0.0033
LAPSO3 LReP  0.8174+0.7905 2.9972e-011+7.4394e-021  0.503420.2814 1.2451e+004+0.4467
LAPSO4LRP  1.278e-06+1.191e-11 0+0 1.01361.7770 1.2454e+004+ 9.365e-004
LAPSO4 LReP  0.0314+0.0064 0+0 1.1746+2.6184 1.2454e+004+0.0021
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