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Abstract- Science progress has introduced new issues into the world requiring optimization algorithm with fast
adaptation with uncertain environment changing with time. In these issues, location and optimized value
change over time, so optimization algorithm should be capable of fast adaptation with variable conditions. This
study has proposed a new algorithm based on particle optimization algorithm called Adaptive
Increasing/Decreasing PSO. This algorithm, adaptively with an increase and decrease in the number of
algorithm particles and effective search limit, is capable of searching and finding optimized number changed
with time in non-linear and dynamic environments with undetectable changes. Also, a new definition, focused
search zone, is provided for signalizing hopeful areas in order to accelerate local search process and prevent
premature convergence, and success index as an indicator of the behavior of centralized search area in relation
to environmental conditions. Results of the proposed algorithm on the moving peaks benchmark were assessed
and compared with the results of some other studies. Results show positive effects of adaptive mechanisms
such as a decrease and an increase in the particles and search limit on the duration of searching and finding
optimization in comparison with other multi-population based optimization algorithms.

Keywords- Adaptive Increasing and Decreasing Particles, Adaptive Search Radius, Dynamic Optimization
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Algorithm 2 PSO
Evaluate the fitness of each particle
for each particle i do
Update particle i according to (1) and (2);
if f(fz) < f(fpbesti) then
fpbesti = fi;
if f(fl) < f(fgbest) then
fgbest = fi;
end if
end if
0 endfor
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Algorithm 1 AidPSO

1 Initialize the free particles

2 while stop criteria is not satisfied do

3 for free particles do

4 PSO();

5 end for

6 convergenceChecking (free particles)
7 if FSA exist then

8 for each FSZ[i] do

9 PSO(FSZ[i])

10 Update FSZ centers

11 Check velocity of focus particles
12 end for

13 end if

14 ASRoverlapChecking (FSZ,ASR)

15 RemoveUselessFSZ

16 CalcASR&NumOfFocusPartc

17 CalcNumOfFreePartc

18  end while
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Algorithm 4 ASRoverlapChecking (FSZ,ASR)
1 if FSZ[i] & FSZ[j] are stable and distance between FSZ[i]
center and FSZ[j] center < 2*ASR then

2 fmean(CeNtergsz) = Calculation of mean fitness other
centers
3 if f(centeresz) and f(centergsz)) beter than

Prmean™ fmean(centergsz) and ASR>1 then

4 ASR = (distance between FSZ[i] center and FSZ[j]
center) / 2

5 else

6 delete FSZ with worst fitness between FSZ[i] and
FSZ[j]

7 end if

8 end if

piposdl 5o oS (goleiing i yeNl 5o calad T lSay Koo By
e FSZ ol )l ooy olas! ol oals ool ioles O
A ddad sals Ko bz j0 wald Sl 5l e a5
75 o e 59 GLASS et D)5 L g aitens 395 dilate (o
aS aed oo 5o sl FSZ 4y |y o )8 ol Wiyl ey ailoolidl
S35 yoie D)5 8,050 (rizmen A Jlis g lan 1 095 A
5,1 o 55 ey Lil3El b cloolidl 1S s digy 40 45
iy 3 il o igd ST (e A ) Wl co b
e Olgeay oalicdly dnge LS (Swijln 52Ske ) (Priean)
0 Aty a5 Al LAl e 2 00 5 090 00 (Byme ot

£

Jaie a5 Sloy K08 (G I Wigd oe 0aiSTy s slad
Wil ol jo &8ls FSZ 55 0 (Saijly 51 50y Xgnest (S5
J"?'“JKSA oJ..S‘).v J‘)T u‘)b GALM

Wb g iy 51 sl Sen ) b sl 5]
ey 42 olS5T bl ot gy o FSZ 51 g o coljl 3
Xgpest 42 Cormad |) alold o 205 a5 o131 8,5 95 Jolgd ggame
Sole 5 Egeme (pl &S (Jige )0 dgdiee aFlop W)l
G g, ol oy as cal o) Blas b atisls reny 5l eS
g ond a5 i O FSZ 38 50 plgrcds Xgnest 9 W (2], Ken
o ASR 33g05e 0 a5 (gol3] @l,d 5l 58 paie &l Slaws @
o FSZ o] S yete Sld plsieay waidl 3550 ool @
5 Josme 3blie sy ln ol oS (oalad 5 wigd o
2 oSl sl rimen Wisdioe 0081y g slab S 5o
B ol dnws Glyieas 1) atws nl o268 sam Sl
e i ] o o5 sy 4 i s WIS ol i

S Sguge | 395 Ay e o ls s 8

5T Slyd K0 cany oY it 55!

Algorithm 3 convergenceChecking ()

1 if (F(Xgbest)F(Xgpest)' < Feonv) @ND ([|(Xgoes)" ™, (Xgpest)|| <
reond5) then

2 if Xgoest Was within FSZ[i] then

3 if f(Xgoest) Detter than f(centeresz;) then

4 Replace selected free particles with focus

particles in FSZ[i]

5 re-initialize the free particles

6 else

7 re-initialize the free particles

8 end if

9 else

10 create a new FSZ with selected free particles as the
focus particles

11 re-initialize the free particles

12 end if

13 endif
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Success_Index

ASR'**1 = ASR' — * ASR* *)

1 + Success_Index
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ASuccess_Index = Success_Index — Success_Indext

ASR®! = ASR! + ASuccess_Index * ASR®

Num_FP'*! = Num_FP! — Success_Index * Num_FP*
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Algorithm 5 RemoveUselessFSZ
1 frean(Centergsz) = Calculation of mean all fitness centers

2 if FSZ[i] is stable and worst f(centeresz) > fmean(Centeresz)
then

3 delete FSZ with worst fitness FSZ[i]

4  endif
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Parameter Value
Number of peaks, p [1,200]
Change frequency, U 5000
Height severity 7.0
Width severity 1.0
Peak shape Cone
Basic function No
Shift length, s 1.0
Number of dimensions, D 5
Correlation coefficient, A 0
Peaks location range [0,100]
Peak height, H [30,70]
Peak width, W [1,12]
Initial value of peaks 50.0
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Parameter Value

r.COHV 0.5

Pmean 03
Evolution time 20 iteration
Upgrade time 30 iteration
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SPSO rSPSO [44] .CESO [43] mQSO [37] MCPSO [37]
FTMPSO .APSO [47] mPSO [46] .AmQSO [45] [28]
CbDE- 4 CDEPSO [51] PSO-AQ [50] SFA [49] [48]
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Number of peaks, p

Algorithm

1 5 10 20 30 50 100 200
CPSO 0.14(0.11) 0.72(030)  1.06(0.24)  159(0.22)  158(0.17)  154(0.12)  141(0.08)  1.24(0.06)
mCPSO 4.93(0.17) 207(0.08)  2.08(0.07)  2.64(0.07)  2.63(0.08)  2.650.06)  2.49(0.04)  2.44(0.04)
mQSO(5,5q) 2.24(0.05) 1.82(0.08)  1.85(0.08)  2.48(0.09)  251(0.10)  2.53(0.08)  2.35(0.06)  2.24(0.05)
CESO 1.04(0.00) - 1.38(0.02)  1.72(002)  1.24(001)  145001)  1.28(0.02) -
rSPSO 1.42(0.06) 1.04(0.03)  150(0.08)  2.20(0.07)  2.62(0.07)  2.72(0.08)  2.93(0.06)  2.79(0.05)
SPSO 2.64(0.10) 215(0.07)  251(0.09)  321(007)  3.64(0.07)  3.86(0.08)  4.01(0.07)  3.82(0.05)
AMQSO 2.62(0.10) 1.01(0.09)  151(0.10)  2.00(0.15)  2.19(0.17)  2.43(0.13)  2.68(0.12)  2.62(0.10)
mPSO 2.42(0.05) 1.82(0.08)  1.85(0.08)  2.48(0.09)  251(0.10)  253(0.08)  2.35(0.06)  2.24(0.05)
APSO 0.53(0.01) 1.05(0.06)  1.31(003)  1.69(0.05)  1.78(0.02)  1.95(0.02)  1.950.01)  1.90(0.01)
FTMPSO 0.18(0.01) 047(0.05)  0.67(0.04)  0093(0.04)  1.14(0.04)  1.32(0.04)  161(0.03)  1.67(0.03)
SFA 0.42(0.03) 0.89(0.07)  1.05(0.04)  148(0.05)  156(0.06)  1.87(0.05)  2.01(0.04)  1.99(0.06)
PSO-AQ 0.34(0.02) 0.80(0.12)  0.89(0.03)  1450.06)  152(0.04)  177(0.05)  1950.05)  1.96(0.04)
CDEPSO 0.41(0.00) 097(0.01)  1.22(001)  154(0.01)  262(0.01)  2.20(0.01)  154001)  2.11(0.01)
CbDE-wCA 0.14(0.03) 030(0.02)  0.86(0.08)  0098(0.05)  1.34(0.04)  1.31(0.04)  135(0.03)  1.29(0.02)
AidPSO 0.15(0.02)e-10  0.02(0.01)e-1  0.32(0.05)  0.39(0.03)  0.37(0.04)  0.17(0.01)  0.15(0.02)  0.13(0.04)
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Shift severity, s

Algorithm 1 > 3 5

CPSO 1.06(0.24) 1.17(022) 1.36(0.28) 1.58(0.32)
mCPSO  2.05(0.07) 2.80(0.07) 3.57(0.08)  4.89(0.11)
mQSO(5,5q) 1.85(0.08)  2.40(0.06)  3.00(0.06)  4.24(0.10)
CESO 1.38(0.02) 1.78(0.02) 2.03(0.03)  2.52(0.06)
rSPSO 150(0.08) 1.87(0.05) 2.40(0.08)  3.25(0.09)
SPSO 251(009) 3.78(0.09) 4.96(0.12)  6.76(0.15)
AIdPSO  0.32(0.05)  0.41(0.07)  0.46(0.06)  0.49(0.09)
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Number of peaks, p

Algorithm 1 5 10 20 30 50 100 200
mQSOG5q)  3367(342)  11.91(0.76)  9.62(0.34)  9.07(0.25)  8.80(021)  8.72(020)  854(0.16)  8.19(0.17)
AMQSO 3.02 (0.32) 577(056)  537(042)  6.82(0.34)  7.10(039)  7.57(0.32)  7.34(0.31)  7.48(0.19)
mPSO 8.71(0.48) 6.69(0.26)  7.19(023)  801(0.19)  843(0.17)  876(0.18)  891(0.17)  8.88(0.14)
APSO 4.81(0.14) 495(0.11)  516(0.11)  581(0.08)  6.03(007)  5950.06)  6.08(0.06)  6.20(0.04)
FTMPSO 1.76(0.09) 293(0.18)  3.91(0.19)  483(0.19)  505(021)  4.98(0.15)  531(0.11)  552(0.21)
SFA 472(0.12) 488(0.12)  511(0.14)  572(0.13)  597(0.12)  5940.15)  6.15(0.08)  6.18(0.11)
AidPSO 0.35(0.04) 229(003)  253(0.04)  189(0.03)  168(0.06)  1450.01)  111(0.02)  1.03(0.02)
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Number of peaks, p

Algorithm

1 5 10 20 30 50 100 200

mQSO(,5q)  18.60(1.63) 656(0.38)  571(0.22)  5850.15)  581(0.15)  587(0.13)  583(0.13)  554(0.11)
AmQSO 2.33(0.31) 290(0.32)  456(040)  536(047)  520(0.38)  6.06(0.14)  4.77(045)  5.75(0.26)
mPSO 4.44(0.02) 393(0.16)  457(0.18)  4.97(0.13)  5.15(0.12)  5.33(0.10)  560(0.09)  5.78(0.09)
APSO 2.72(0.04) 2.99(0.09)  3.87(0.08)  413(0.06)  4.12(0.04)  4.11(0.03)  4.26(0.04)  4.21(0.02)
FTMPSO 0.89(0.05) 1.70(0.10)  2.36(0.09)  3.01(0.12)  3.06(0.10)  3.29(0.10)  3.63(0.09)  3.74(0.09)
SFA 2.45(0.12) 2.71(0.06)  3.64(0.04)  4.01(0.07)  4.02(0.08)  4.12(0.07)  4.40(0.07)  4.43(0.07)
AidPSO 0.01(0.00) 1.23(0.04)  1.18(0.05)  1.03(0.06)  0.81(0.03)  0.76(0.03)  0.72(0.03)  0.75(0.05)

U = 10000 &l pusii (il 53 50 MPB allino 50 cglicio

slald slaxi gl s 49! uA{sT s anslio Y Jouo

Number of peaks, p

Algorithm

1 5 10 20 30 50 100 200

mQSO(5,5q) 1.90(0.18) 1.03(0.06)  1.10(0.07)  1.84(0.09)  2.00(0.09)  1.99(0.07)  1.85(0.05)  1.71(0.04)

AmQSO 0.19(0.02) 0450.04)  076(0.06)  1.28(0.12)  1.78(0.09)  155(0.08)  1.89(0.14)  2.52(0.10)

mPSO 0.27(0.02) 070(0.10)  0097(0.04)  1.34(0.08)  1.43(0.05)  147(0.04)  150(0.03)  1.48(0.02)

APSO 0.25(0.01) 057(0.03)  0.82(0.02)  123(002)  1.39(0.02)  146(0.01)  1.38(0.01)  1.36(0.01)

FTMPSO 0.09(0.00) 031(0.04)  043(0.03)  056(0.01)  0.69(0.09)  0.86(0.02)  1.08(0.03)  1.13(0.04)

SFA 0.26(0.03) 053(0.04)  072(0.02)  091(0.03)  0.99(0.04)  1.19(0.04)  1.44(0.04)  1.52(0.03)
AidPSO 0.1(0.05)e-13  0.04(0.00)  0.03(0.00)  0.04(0.00)  0.04(0.00)  0.01(0.00)  0.52(0.02)e-2 0.58(0.03)e-2
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