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Abstract Particle swarm optimization (PSO) is an intelligent algorithm which simulates the social behavior of bird
swarm or fish group and has been applied widely in all kinds of fields on optimization computation. The inertia weight of
PSO has employed the policy of decreasing progressively with iteration, but the variable value of inertia weight is decid-
ed in term of the experiment and rarely analyzed with theory. This paper analyzed the inertia weight of PSO with the
theoretical modal. And then a kind of PSO modal with inertia weight increasing progressively with iteration was provid-
ed. The benchmark functions were used to conduct the experiment. The test results show that PSO with weight increas-
ing is superior to the traditional PSO with weight decreasing and can match with standard PSO.
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Mean 3.32169e+003  1.44173e+003  4.64890e+001 2.06546e+001  2.07319e+001 2. 07249e+001
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Best 2.11168e+006  3.71757e+006  7.04511e+ 002 3.75601e+000  3.72060e+000  1.02453e+ 000
Mean 1.39721e+003  1.26726e+003  1.31394e+003 4,04477e+000 4. 17584e+000 3. 99422¢+ 000
Std f7 1.17592e+002  1.11337e—001 6. 40996e+001 £ 2.78604e—001  1.24923e—001  1.97890e—001
Best 1.26785e+003  1.26723e+003  1.26706e+003 ©  3.28037e4000  3.87165e+000  3.50271e+000
Mean 2.08911e+002  5.40211e—003 4. 16432e—009 2.04939e+001  2.03722e+001 2. 04980e+001
Std fi 3.74706e+002  4.10998e—003  1.12261e—008  fs 1.05123e—001  8.02741e—002 1. 54509e—001
Best 5.65075e—005  2.64259e—004 1.81899¢—012 2.02552e+001  2.02060e+001  2,00911e+001
Mean 1.30091e+002 3. 68985e+001  1.21803e+000 8.35767e+000  1.14780e+001  7.80582e+ 000
Std f2 1.30982e+002  2.69538e+001  1.07919e+000 fo  3.27479e+000  2.98534e+000  2.69126e+000
Best 1.93164e—001  7.44086e+000 1. 17998e—002 2.75172e+000  6.01297e+000  2.99230e+ 000
Mean 3.00115e+006  6.02057e+005  6.53437e+ 005 2.04942e+001 1.91263e+001 2. 22162e+001
Std f3 6.57477e+006  3.91037e+005 3.61730e+005 fio  7.10782e+000 5.87262e+000 1. 25050e+001
Best 1.04099e+005  1.46400e-+005 1. 13696e+ 005 8.40258e+000  9.89936e+000 4. 87049e+000
Mean 1.42384e+002  1.50360e+002  2.05292e+001 3.96348e+000 5.58078e-+000  5.04295e+000
letd  Std fs  1.42442¢+002  1.01926e+002  1.96849e+001 fi1  1.37680e+000 9.21767e—001 1. 29802e-+000
Best 1. 68170000  8.09479e+000  1.79247e+000 1.21034e+000 3. 46687e--000 2. 17708e--000
Mean 7.76493e—005  4.88749e—003  1.3008%e—001 3.65820e+003  6.54312e+002 3. 79700e-+003
Std f5  8.06349e—005 7.66164e—003  1.76988e—001 fiz  5.64259e+003  7.48974e+002 4, 95912e+003
Best 8.55801e—006  9.82516e—005 1. 36606e—009 1.08496e+001  3.55868e+001 7. 18545e-+000
Mean 7.74780e+006  9.50675e+001  6.9713%+001 1.70991e+000  9.97577e—001  1.54588e+ 000
Std fo  1.79804e+007 1.11108e+002  1.59732e+002 fi3  8.58752e—001  2.37739e—001 5. 96607e—001
Best 4.39794e+000  1.32603e+001  3.64786e—001 6.32417e—001  4.91576e—001 6. 85748e—001
Mean 1.26735e+003  1.26721e+003  1.26705e+003 3.50302e+000  3.47444e+000  3.40437e+000
Std f7  2.53993e—001  4.56755e—002  2.27359e—008  fi4  3.19986e—001  2.14309e—001  4.08105e—001
Best 1.26723e+003  1.26705e+003  1.26705e+ 003 2.85002e+000  2.88019e-+000  2.48031e+000
Mean 4.13032e+001  0.00000e+000  4.54747e—015 2.02938e+001  2.02627e+001 2. 03189e+001
Std fi  5.65568e+001  0.00000e+000 1.57392e—014 fs  6.94421e—002  6.72440e—002 7. 14857e—002
Best 0.00000e+000 0. 00000e+000 0. 00000+ 000 2.01566e+001  2.01192e+001 2. 00975e+001
Mean 9.10537e+001  4.16852e—014  6.59384e—014 5.26899e+000  5.21789e-+-000  1.87052e+ 000
Std f2 7.93139e+001  3.31563e—014  3.14785e—014 fo  5.92626e--000  2.61457¢+000  7.77088e—001
Best 5.68434e—014 0. 00000e-+000 0. 00000e+ 000 0.00000e+000 9. 94959e—001 0. 00000e+ 000
Mean 1. 835856006  7.46342e+004  1.54662e+ 005 2.02922e+001  1.19342e+-001 1. 26514e+001
Std fs  3.51889e+006 5. 32645e--004  1.15530e+005 fio  8.79848e-000  3.65538¢-+-000  6.31309e+ 000
Best 9. 96846004  9.50606e-+-003 4. 13897+ 004 8.95463e+-000 6. 96471000  3.97984e+000
Mean 2.90701e+002  3.45906e—006 2. 26797+ 000 3.49931e+000 4. 32363000 3. 56889e+-000
let5  Std fo 1.46799e+002  1.48859e—005  1.13399e+001 fi1  1.29509¢+000  1.08021e+000 1. 16431e-+000
Best 5.63891e+001  3.39185e—010  8.69704e—012 1.22304e+000  1.39111e+000 1. 40420e+000
Mean 0. 00000e+000 0. 00000e+000 1. 23400e—010 1.66136e+003  1.11779e+002 2. 56000e+003
Std f5  0.00000e+000  0.00000e+000  4.18602e—010 fiz  3.31335e+003  2.95680e+002  3.67812e-+003
Best 0. 00000e+000 0. 00000e+000 0. 00000e-+000 5.41956e—002  2.06501e—002 1. 84613e-+000
Mean 2.35081e+007  2.01382e+000  2.46135e+001 6.90303e—001 6. 09965e—001 7. 96083e—001
Std fo  6.46658e-007  2.87824e+000 4.20677e+001 fi3  2.58602e—001  1.52055e—001  4.08367e—001
Best 8.90593e4+000  3.34489e—003  1.94132e—002 3.66839e—001  3.54147e—001 3. 80897e—001
Mean 1.32061e+003  1.26723e+003  1.26705e+003 2.83719e+000  3.02135e¢+000 2. 76565¢+000
Std f7  1.84228e+002  1.24514e—001  5.18907e—013  fis  3.87662e—001  3.26014e—001 4. 66739e—001
Best 1.26723e+003  1.26705e+003  1.26705e+003 1.74585e+000 2, 13465e+000  1.84029e+ 000
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FES No. PSO SPSO PSOlIncr No. PSO SPSO PSOlncr
Mean 4,98355e+003  1.98963e+002 5. 34280e+ 000 2.10895e+-001  2.10101e+001 2. 10682e+001
Std fi 3.93648e+003  6.31508e+001  5.65236e+000 fs  6.20321e—002  8.01338e—002  6.73100e—002
Best 6.39021e+002 9. 74439e+001  6.21580e—001 2.09720e+001  2.07798e+001  2.09142e+001
Mean 1.20179e+004 1. 62976e+004 9. 18511e+003 1.51851e+002  1.35379e+002  8.33113e+001
Std f2 4.77066e+003  3.57612e4003  2.22819e¢+003 fo  2.52005e+001  1.92836e+001  1.86810e+001
Best 6.40977e+003  1.07217e+004 4. 15375e+003 1.01153e+002 1. 00520e+002  4.89668e+001
Mean 5.97909e+007  3.99383e+007  2.73287e+007 2.50903e+002 2. 04541e+002  2.07759%e+ 002
Std f3  2.73796e+007  1.04956e+007  8.33413¢e+006 fio  2.09862e+001  2.27919e+001  4.06657e+001
Best 1. 96856e+007 1. 01893e+007  1.30247e+007 2.15117e+002  1.57519e+002 1. 42224e+ 002
Mean 2.07876e+004  2.84372e+004  1.76718e+004 3.12858e+001  3.09114e+001  2.97586e+ 001
le+4 Std fa  4.24848e+003  6.56060e+003  5.74941e+003  fi1  3.55945e+000 2. 15239e+000  2.90378e+ 000
Best 1.29491e+004 1. 63640e+004  6.97224e+003 2.48021e+001  2.75458e+001  2.55055e+001
Mean 8.65650e+003  6.25166e+003  6.6604%+003 1.15154e+005  1.08577e+005  6.71376e+004
Std fs  3.06770e+003  1.02627e+003  1.77452e+003  fiz  5.82942e+004  3,60097e+004  3.04705e+ 004
Best 1.39592e+003  3.81210e+003  3.86507e+ 003 1. 65965e+004 4. 63080e+004 3. 06352e+ 004
Mean 6.83765e+008  2.11047e+006  1.30423e+ 004 2.01263e+001  1.07216e+001  1.00210e+001
Std fs 9.82399e+008  1.11223e+006  1.07657e+004  fi3 2.29771e+000  1.83736e+000  2.46971e+ 000
Best 6.34127e+006  5.84183e+005  1.76865e+003 1. 65305e+001 5. 97308e+000 5. 77336e+ 000
Mean 4,79521e+003  4.69658e+003  4.69724e+ 003 1.35172e+001 1. 33836e+001  1.33256e+001
Std f2 1.31326e+002  1.57566e+000  1.75879e+000  fia  2.48143e—001  1.64681e—001  2.88264e—001
Best 4,69629e+003  4.69629e+003  4.69634e+003 1.29993e+001 1. 30844e+001  1.27715e+001
Mean 5.03297e+003  5.68434e—014  1.53154e—004 2.09298e+001  2.09193e+001  2.09660e+ 001
Std fi 3.03181e+003  0.00000e+000  4.18914e—004  fs 6.64300e—002 6, 44776e—002 5. 27812e—002
Best 6.07129e+002  5.68434e—014 6.41194e—010 2.07949e+001 2, 07742e+001  2.08467e+001
Mean 1.96347e+003  2,54377e+002  2.99441e+002 6.16224e+001  8.13724e+001  4.66076e+001
Std fo  2.01172e+003  9.34284e+001  2.56881e+002 fo  1.71755e+001  1.68406e+001  1.15194e+001
Best 2.43535e+002  8.90017e+001  9.49609e¢+001 2.76431e+001  5,45266e+001  2.88538e+001
Mean 1.54834e+007 6. 43300e+006  6.28145e+ 006 1.34417e+002 9. 77850e+001  1.51357e+002
Std f3  9.17658e+006  2.44953e+006  3.20706e+006 fio  4.97047e+001  2.00968e+001  4.53854e+001
Best 4, 68044e+006  1.29791e+006  1.26064e+ 006 7.13564e+001 6. 97065e+001  7.37419e+001
Mean 4,00006e+003  8.32103e+003  2.8062%+003 2.23226e+001  2.76867e+001  2.52088e+001
le+5 Std fa 3.98677e+003  2.60171e+003  1.11333e+003 fi1  2.91847e+000  2.37191e+000 2. 74081e+000
Best 1.06316e+003 2. 65577e+003  7.00163e+002 1.76669e+001  2.23630e+001 1. 97119e+-001
Mean 8.26812e+003  4.03671e+003  4.00182e+003 7.11653e+004  2.31141e+004  2.90461e+004
Std f5  2.16989e+003  1.09741e+003  8.5068%e+002 fiz  6.44392e+004  1.41319e+004  1.41910e+004
Best 5.24738e+003  1.67555e+003  1.98746e+ 003 1.15463e+004  5.37377e+002 9. 18983e+003
Mean 5.85082e+008  5.61777e+001 3. 14410e+ 002 4,19409e+000 4. 30779e+000  3.72728e+000
Std fo  5.47286e+008  5.09707e4001  3.51614e+002 fi3  1.76370e+000 8. 55066e—001  8.33247e—001
Best 3.17191e+007  3.69320e+000  5.61478e+000 1.89062e+000 2. 84523e+000  2.21216e+000
Mean 4,81549e+003  4.69752e+003  4.69629e+ 003 1.27317e+001  1.26418e+001 1. 28308e+001
Std f7 1.35471e+002  5.37612e+000 2.4276%9¢—012 fia  3.60124e—001 2. 86245e—001  3.54577e—001
Best 4,69629e+003  4.69629e+003  4.69629e+ 003 1.16439e+001  1.17959e+001  1.17271e+001
Mean 3.26394e+003  5.68434e—014  3.86209¢— 009 2.09111e+001  2.08954e+001 2. 09328e+001
Std f1 1. 54532e+003 0. 00000e+000  1.51146e—008 fs 5.86618e—002 5.83142e—002 5. 36313e—002
Best 6.79230e+002  5.68434e—014  5.68434e—014 2.07410e+001  2.07997e+001 2. 07620e+001
Mean 2.50007e+003  9.16847e—002 4. 82456e+001 6.04269e+001  7.36202e+001  4.63317e+001
Std f2  2.38445e+003  5.59774e—002  1.05699e+002 fo  1.98466e+001  1.60303e+001  1.25820e+001
Best 2.74046e+002  2.05889e—002  3.75959¢—001 3.52026e+001 4, 43526e+001  1.89042e+001
Mean 2.26380e+007  2.73654e+006  3.12054e+006 1.27756e+002 8. 77582e+001 1. 30126e+002
Std f3  2.50423e+007  1.70620e+006  1.24667e+006 fio  2.85435e+001  1.30657e+001  5.56891e+001
Best 5.57688e+006  1.23519e+006  1.51001e+006 7.27676e+001  6.66820e+001 4, 46771e+001
Mean 2.92579e+003  2.82301e+003 7. 19188e+002 2.07348e+001  2.61465e+001 2. 39575e+001
3e+5 Std fa  2.79145e+003  8.36743e+002  3.81057e+002 fi1  3.58800e+000  3.26704e+000 2. 98696e+000
Best 5.02410e+002  1.33677e+003  1.63892e+ 002 1.44917e+001  2.11965e+001 1. 86127e+001
Mean 7.61173e+003  3.75562e+003  3.60649+003 7.35230e+004  1.45138e+004  1.95793e+004
Std fs  1.99169e+003  9.95512e+002  1.02481e+003  fiz  3.74951e+004  6.92272e+003 1. 11956e+ 004
Best 3.29871e+003  2.26279e+003  2.27419e+003 1.47947e+004  5.60166e+003 7. 84640e+ 002
Mean 6.97906e+008  3.06231e+001  7.87078e+001 3.23641e+000 4, 47266e+000 2. 83982e+ 000
Std fo  1.05009e+009  3.87801e+001  6.58561e+001 fiz  2.13593e+000  6.92963e—001  7.82875e—001
Best 4,10872e+007  3.47640e—002  3.50280e+ 000 1.84510e+000  2.71106e+000 1. 54405e+ 000
Mean 4.85854e+003  4.69629e+003  4.6962%+003 1.23318e+001  1.21451e+001  1.25458e+001
Std fz 1.61513e+002  3.03165e—013  2.87008e—012  fiz  4.30478e—001  3.86448e—001  3.02936e—001
Best 4.69629e+003  4.69629e+003  4.6962%+003 1.12582e+001  1.13661e+001  1.20758e+001
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