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Optimization in Uncertain and Complex Dynamic
Environments with Evolutionary Methods

Seyyed Masoud Ejabati” & Seyed Hamid Zahiri

Electrical and Computer Faculty, University of Birjand, Birjand, Tran.

Abstract

In the real world, many of the optimization issues are dynamic, uncertain, and complex in which the objective
function or constraints can be changed over time. Conscquently, the optimum of these issucs is changed
nonlinearly. Therefore, the optimization algorithms not only should search the global optimum value in the
space but also should follow the path of optimal change in dynamic environment. Accordingly, several
researchers believe in the effectiveness of following a series of optimums compared to a global optimum.
Thercfore, when an environment is changed, following a global optimum in a serics of best optimums is more
efficicnt.

Evolutionary algorithms (EA) were inspired by biological and natural evolution. Because of changing
characteristic of nature, it can be a good option for dynamic optimization. In recent years, different methods
have been proposed to improve EA of static environments. One of the most common methods is multi-
population method. In this method, the whole space is divided into sub-spaces. Each sub-space covers some
local optimums and rcpresents a sub-population. The algorithm updates the particles of cach sub-space and
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scarches the best optimum. The most challenging issuc of multi-population method is to create the desired
number of sub-population and pcople to cover different sub-spaccs in the scarch space.

In the present study, in order to deal with the challenges, a new algorithm based on particle optimization
algorithm, which is called decrement and increment particle optimization algorithm, was proposed. The
algorithm is able to follow and tind the number of time-varied optimum in an environment with invisible
changes by increasing or decreasing the number of particles adaptively.

Another challenging issue in dynamic optimization is the detection of environmental changes, due to the

impossibility of this issue and failure of detection-based algorithms. In the proposed method, there is no need
to detect the environmental changes and it always adapts itsclf to the environment.
Furthcrmore, the terms of focused scarch area were defined to emphasize on promising spaces to accclerate
the local search process and prevent carly convergence. The results of the proposed algorithm werce cvaluated
on moving pcaks and compared with scveral valid algorithms. The results showed the positive cffect of
decrement/increment mechanism of particles on finding and following time of many optimums compared to
other multi-population based optimization algorithm.

Keywords: Increase decrease particle, Dynamic optimization preblems (DOPs), Multi-population approach, Particle
swarm optimization
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(Algorithm-1): The general framework of the porposed
algorithm

Algorithm 1 idPSO )

1 Initialize the free particles

2 while stop criteria is not satisfied do

3 for [rcc particles do

4 PSO();

5 end for

6 convergenceChecking (free particles)
7 if FS7 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 I'SZoverlapChecking (FSZ,I'SR)
15 RemoveUselessFSZ
16 end while

6y adgl ms i b golging iy sSN Lol ail>
ol GO Gan ale e 5o 5 Ssdee g9, ST @8
)T aalsl 1o 098 0 9,0 Ypgu e PSO lawgs &l)d
OISl Lt 2590 )0 19,5 g0 )3 () 2 0 50 Ol31 )8
2 (FSZ) 55 soie (5920 4zl ;o a5 Sl gyl 5o
widls 0,3 oyt Jg> (FSR) 55 5000 (sevime glad o
Gt Al S g 0ol axzlils 5 jete D)3 lgiea
22 35 seie Ol e o 0sd ge olem! wus 38 cae
sy, PSO hug ailflas jsbay gsovme 420
Snr & Sye ST ja Ay Serr D5 S 5 d9dee
e gam Al e o il o JGDl soncdl Soamlie
Sl )3 9 (om SR (59, St 3l S et s
Lylps wal ol Sl 1) 05 angy a5 le FSZ
Ol s 28 Do ied pe B ailecly Cue l Jausee
0dgae ;O laims )0 85 5y digs SISe puis aS S
V) U5 sledaig, )5 eoloningy Lig) g, a5l FSZ
ol 005 00lo s led
5 33T &3 09,8 90 4 &S solprdin win, ol o
Gt Caanad 0 3151 O3 355 co s 55 aie 3
LIV [0 1Y R SR RY SR R NOUS S SR BN KU IR VIPG SRR N |
)8 Bl (390 peiie (3Lt s8I slo g 5l (o
Ol el larme Lyl 4y aty (e Jsb po 35 jalte
Lylys 2l olsen w ¥l )2l Jsb jo I3 S olass
T e

Bl oo laz D3 Y olasl (Sicen

"Jé’ * Traditional

&

FY ool F 6L WWAA Jlu

Mol oy )58l 1 cese (b (gl et (i

Soleitun @iy g8N 1 gind abais iz b ablie (6l

Dygoa o)leen g o)l Lo (o i R4S @ o5l
sm e iy o Ll U 3y3 s

5 Lo iloatg Blaw Jo 10 dguge sl ol jo

Sy o A i (nl 50 0dd 50 Sl Sl e

Dol go &S b eolpiiy

21381 O150 (6 3l ddng piks 59K Y
sials
Inceasing/Decreasing sl 4) (saudz wiv, o8l Lo ol 5o
ol 00l (B by slalame )0 (slwdings ¢l PSO
4 33 gy sladaows (6l paw 0 PSO (6 3lopKan (6l
g oo il 35 peie Dl,5 g ol S5 09,5 g0
slad 5 o Sieer ez o1 O3 ailsy
G @S S 4 3 cpl a5 Sley el sz
So7ima ol i 4y Glogaza jo af Loyl 5l golaay &g,
Oy 3 geie SIS Glaeay wiyls 13 FSZ NS s
038 iy Jo7 S yete (Semier anl 0dgaoa g oo
e FSR Y}f).a\.(.o gz Elads pb L eleds by 55 1eka
O Sgaie D)3e 50 55 ke DS (Slayje e b osbige
I i 38 pe0ie 0,3 (pyigo e & 30 FSZ 55,0 00,3
4 pile wgminz AU ol 500 OIS ple g 0iS e
woled Olejed igdi po Lad g ol jo gtz g (23,51 38
g Glad yo Ko agy bla 2L 6ls oyl o3
el amina Sl5T o3 dalsg adly,s aigd o 0aiSTy
9 o8k 5 e s diby 5 et slalady il
el ame Slhuad cas 3 o] 0,5 Jlos 5 atigs e
Gz >lo olaol 4y dzgi b Ol)d slasd &0 fp
Db so Gl waz 15 ete O3 0es T & 4 g 55 jete
oyl & ans log o a5 cl (laigFay oo Sl L le
O Ol S et Soimz 42l j2 4 by o gy anee
Oy digd oo B> axb ol gie 55 peie D)3 a5 g
Lol pats I ke jabbay D3 slasi o)lgen &g
oads ooly Hlis iy eI S ez lea (V) oy s

! Focused Scarch Zonc
? Tocused Scarch Radius


http://jsdp.rcisp.ac.ir/article-1-812-fa.html
http://www.SId.ir

Downloaded from jsdp.rcisp.ac.ir at 11:08 +0430 on Sunday May 31st 2020

C1 LA tS.i [} ]jbo O ‘53\51@ L_g.&‘».\s‘ T a9l ...\.‘.S(sn
O‘):.,a ;',\35)343 9 -).;9,.::&51.\ sl ut.,.; Lul) rbLJ Lg Cy 9

g O.l);‘.gd 9 (\SA>L~~) ;}>) 055 O?J:‘Q'} )‘ 0)5 Sharad

Ao o sl |y ((slozzl £32)

O3 g 5bwdiay pois y oSl (Y- pits oI
(Algorithm-2): The process of PSO algorithm
Algorithm 2 PSO
1 Evaluate the fitness of each particle
for each particle i do
Update particle i according to (1) and (2);
if f(%) < f(fpbcsri) then
fpbesti = fi;
if £(%;) < f(%spest) then
J_C)gbest = -7_5{;
end if
0 end if
end for
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(Algorithm-4): The FSZ overlap checking process

Algorithm 4 FSZoverlapChecking (FSZ,FSR)

1 if distance between FSZ|i| center and

2 FSZ[J)... center <2*FSR then

3 Jmean(centerysy) — Calculation of mean

4 (itness ... other centers

5 if /(centers4n) and f{center sz;) beter

6 than ... Puewn™ fuean(centeresz;) and FSR>1
7 then

8 FSR = (distancc between FSZ[i] center
9 and... FSZ[j] center) 2

10 clse

11 delete /<S7 with worst fitness between
12 ... FSZ|i] and FSZ|j]

13 end if

end if

BFSZ 595 Bio :(B-pis 95!

(Algorithm-5): The automatic removal of FSZs

Algorithm 5 RemoveUselessFSZ

Jfmean(centergsz) = Calculation of mean all

fitness... centers

if worst f{centereszy) > fuoanm(centerrsz) then
delete #S7 with worst fitness #S7[i]

end if
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(Algorithm-3): The process of investigating free particle
convergence

Algorithm 3 convergenceChecking ()

1 if (fKYglw.\'t)t l?f-(xgbmt)t < Feomv) and (”(«\'glmvt)t 1:

2 (Xgbew)' | < Feom/5) then

3 if Xgpesr Was within FSZ|i| then

4 if f(Xgresr) better than ficenterrszy) then
5 Replace selected free particles with
6 focus... particles in #7SZ[/]

7 re-initialize the [ree particles

8 else

9 re-initialize the free particles

10 end if

11 else

12 create a new FSZ with selected free ...
13 particles as the focus particles

14 re-initialize the free particles

15 end if

16 end if
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(Table-1): Default setting for MPB

Paramecter Valuc
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
Numbcr of dimensions, D 5
Correlation coellicient, A 0
Peaks location range 10,100]
Pcak height, /7 [30,70]
Pcak width, 77 [1,12]
Tnitial valuc of pcaks 50.0

1 Shift length
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(Figure-2): (a) The effect of reome change on the number of peaks found (b) The effect of pmear change on the number of peaks found (c)
The cffect of the FSR change on the number of peaks found
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Paramcter Valuc
Number of Free Particles 20
Feany 0.5
P’"("{lﬂ 0-3
SR 4
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(Ligure-3): The process of locating probable areas by free particles and peaks by focus particles in a two-dimensional environment
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(L'able-3): Comparison of offline error algorithms for different peak numbers in the MPB problem at the change frequency of U=5000

Number of peaks, p

Algorithm 1 5 0

20 30 50 100 200

CPSO 0.14(0.11) | 0.72(0.30) | 1.06(0.24)

1.59(0.22) | L58(0.17) | 1.54(0.12) | 1.41(0.08) | 1.24(0.06)

mCPSO | 4.93(0.17) | 2.07(0.08) | 2.08(0.07)

2.64(0.07) | 2.63(0.08) | 2.65(0.06) | 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) | 2.51(0.10) | 2.53(0.08) | 2.35(0.06) | 2.24(0.05)

CESO 1.04(0.00) - 138(0.02) | 1.72(0.02) | 1.24(0.01) | 1.45(0.01) | 1.28(0.02) -
tSPSO 142(0.06) | 1.04(0.03) | 1.50(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) | 2.15(0.07) | 2.51(0.09) | 3.21(0.07) | 3.64(0.07) | 3.86(0.08) [ +.01(0.07) | 3.82(0.05)
AmQSO | 2.62(0.10) | 1.01(0.09) | 1.51(0.10) [ 2.00(0.15) [ 2.19(0.17) | 2.43(0.13) | 2.68(0.12) | 2.62(0.10)
mPSO 242(0.05) | 1.82(0.08) | 1.85(0.08) | 2.48(0.09) | 2.51(0.10) | 2.53(0.08) | 2.35(0.06) | 2.24(0.05)
APSO 0.53(0.01) | 1.05(0.06) | 1.31(0.03) | 1.69(0.05) | 1.78(0.02) | 1.95(0.02) | 1.95(0.01) | 1.90(0.01)
FTMPSO | 0.18(0.01) | 0.47(0.05) | 0.67(0.04) | 0.93(0.04) | 1.14(0.04) | 1.32(0.04) | 1.61(0.03) | 1.67(0.03)
SFA 0.42(0.03) | 0.89(0.07) | 1.05(0.04) | 1.48(0.05) | 1.56(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)

1.45(0.06) | 1.52(0.04) | 1.77(0.05) | 1.95(0.03) | 1.96(0.04)

CDEPSO | 041(0.00) | 0.97(0.01) | 1.22(0.01)

1.54(0.01) [ 2.62(0.01) | 2.20(0.01) | 1.54(0.01) | 2.11(0.01)

CbDL-wCA | 0.14(0.03) | 0.30(0.02) | 0.86(0.08)

0.98(0.05) | 1.34(0.04) [ 1.31(0.04) | 1.35(0.03) | 1.25(0.02)

WD20 1.21(0.03) | 0.76(0.003) | 1.25(0.02)

1.22(0.00) | 1.75(0.01) | 1.87(0.01) | 2.1000.01) | 1.9500.01)

cGA 0.92(0.09) | 1.06(0.07) | 1.15(0.10)

1.18(0.06) | 1.35(0.51) | 1.65(0.07) | 1.800.06) | 1.71(0.05)

BfCS-wVN | 0.30(0.06) | 0.38(0.21) | 0.51(0.11)

0.74(0.12) | 1.00(0.11) | 0.84(0.06) | 1.11(0.06) | 1.18(0.08)

idPSO 0.12(0.02)c-7 | 0.58(0.07) | 0.62(0.05)

0.75(0.03) | 0.67(0.04) | 0.64(0.01) | 0.25(0.02) | 0.26(0.04)

Sl S Cilpedy o) (x2S S8 lade aS sl
il o3 Lilde Gyl 0 g o e b 32l 394
Y uils )8 ke by Bl dngs o it 09atr 3 0780 Sl
s J> 5l Jol> mbi (0) Jsaz  (0) Joaz 0 cand
g )hso Laoe juxi wilS )3 o calike ol sloxs LMPB
Jaeds wilS 8 0 alB oo gl diges lgpicds ol oaal 500
2 45 00,8 taal Cavsay VFY Leyp s e
Sl o il i ooy als oS Jlmes uilS,8

.J..\lg'&;o L:i.;&lf ’/YY iy “4>09):

19y 50 ol (S, (eS80 -F-F
J}%;-O SJM

olad jo Baa Sl )5 golpidn ig, slay )5 51 (S

ul.S 50 u.u.l :A.BL..:: )L?I.A )‘ solarw! LJ ;m)“u C:)LS -CA‘IJ‘

Sleaxl 03al b 1y Boa Calad l1as a5 Casl 00l pulas

20l gl o Wiy ;oR)l b (g 30 s A lio (P Jgua)
MPB &l ;o shift severity Giliso
(Table-4): Comparison of the offline crror of algorithms for
various shift Scverity in MPB problem
Shift severity. s
1 2 3 5

1.06(0.24)[1.17(0.22)|1.36(0.28)| 1.58(0.32)

Algorithm
CPSO

mCPSO 172 05(0.07)|2.80(0.07)|3.57(0.08)|4.89(0.11)
mQS0(5.54)| 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)
3PSO 11 50(0.08)|1.87(0.05)[2.40(0.08)|3.25(0.09)
SPSO  |2.51(0.09)|3.78(0.09)|4.96(0.12)|6.76(0.15)
cGA  10.92(0.09)[2.19(0.15)|3.31(0.25)| 6.45(0.45)
BCS-wVN 19,51(0.11)[0.89(0.16)|1.26(0.13)|2.39(0.20)
idPSO - 10.62(0.05)|0.670.07)0.76(0.06)[0.91(0.09)
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(Figurc—4): Target tracking by the proposed method

U=1000 &l pad5 uils 13 30 MPB alis )0 wiglita (sladls slaxi s, s ;501 M1 las duns lia :(B- Jgazr)
(Table-5): Comparison of offline crror algorithms for different peak numbers in the MPB problem at the change frequency of (=1000

Algorithm Number of peaks, p

- 1 5 10 20 30 50 100 200
mQSO(5,5y) | 18.60(1.63) | 6.56(0.38) | 5.71(0.22) | 5.85(0.15) | 5.8L(0.15) | 5.87(0.13) | 5.83(0.13) | 5.54(0.11)
AmQSO 2.33(0.31) 290(032) | 4.56(0.40) 5.36(0.47) 5.20(0.38) 6.06(0.14) | 4.77(0.45) 5.75(0.26)
mPSO 4.44(0.02) 3.93(0.16) 4.57(0.18) 4.97(0.13) 5.15(0.12) 5.33(0.10) 5.60(0.09) 5.78(0.09)
APSO 2.72(0.04) 2.99(0.09) 3.87(0.08) 4.13(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(0.05)
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)
cGA 1.10(0.10) 1.12¢0.11) 1.28(0.13) 1.76(0.09) 2.01(0.14) 2.56(0.10) 2.42(0.14) 2.20(0.11)
idPSO 0.21(0.02) 1.33(0.05) 1.61(0.03) 1.73(0.06) 1.70(0.04) 141(0.0D) 0.92(0.03) 0.96(0.03)

L =10000 1 jauii uils,8 ,0 IPB allis jo &iglaie glaald slasd 51, sy y9KI1 o MT slas duslio (5 Jgom)

(Table-6): Comparison of offline error algorithms for different peak numbers in the MPB problem at the change frequency of U=10000

Algarithm Number of peaks, p
| 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) | 0.45(0.04) | 0.76(0.06) | 1.28(0.12) | 1.78(0.09) | 1.55(0.08) | 1.89(0.14) | 2.52(0.10)

mPSO 0.27(0.02) | 0.70(0.10) | 0.97(0.04) | 1.34(0.08) | 1.43(0.05) | 1.47(0.04) | 1.50(0.03) | 1.48(0.02)
APSO 0.2500.01) | 0.57(0.03) | 0.82(0.02) | 1.23(0.02) | 1.39(0.02) | 1.46(0.01) | 1.38(0.01) | 1.36(0.01)
FTMPSO | 0.09(0.00) | 0.31(0.04) [ 0.43(0.03) [ 0.56(0.01) | 0.69(0.09) | 0.86(0.02) | 1.08(0.03) [ 1.13(0.04)
SKA 0.26(0.03) | 0.53(0.04) | 0.72(0.02) | 0.91(0.03) | 0.990.04) | 1.19(0.04) | 1.44(0.04) | 1.52(0.03)
BICS-wVN | 0.18(0.04) | 0.20(0.02) | 0.30(0.06) | 0.84(0.05) | 0.66(0.08) | 0.54(0.70) | 0.85(0.05) | 0.85(0.05)
idPSO | 0.3(0.04)e-12 | 0.12(0.03) | 0.33(0.04) | 0.44(0.07)| 0.53(0.10) | 0.43(0.05) | 0.19(0.00) | 0.19(0.00)
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(Table-7): Comparison of Computation Complexity

Algorithm | Computation Complexity
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(Figure-5): Comparison of run time algorithms for the MIPB
problem
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