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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
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(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(%spesc) 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 JSmean(centerysyz) — Calculation of mean

4 (itness ... other centers

5 if f(centers4n) and fcenter sz;) beter

6 than ... Puean™ 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 1595 Bio :(B0-pis,9KI0)

(Algorithm-5): The automatic removal of FSZs

Algorithm 5 RemoveUselessFSZ

Jfmean(centergsz) = Calculation of mean all

fitness... centers

if worst f{centereszyi) > fuoan(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 < Feonv) 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

Silwaanss b ¥
Sly ol il lys silwaigs o ;oS s ol 5o
124, 25] csl ond 48,8 iS4y MPB allus >
DS s Caomd 03 45 g3 a ) o0 diplanil sla tals;]

9 IdPSO gl cwyy Cuwsri Cwend jl Bun
it o1 (s lwdiags Qi) 50 oS sla kel )b ko 4y jzxd
daiole;] 5l g Cuad )5 .Zul MPB allus L aglge o
Al ol o a8 slaei oSl 5l solass LIdPSO o Slas
a5 olapis oS pled zulis 05 o dunlio wiloads B,ae
OYlie il ais S wilead eols las dlie ! e
sl Lo lgidin

cwiyia € o5 € olid slaculi PSO x5Sl 5o
SR s (Gl 552) 053 Gayiee 3l eyt Cand Gl
S (il g 5 9830 L |, (Sloizl e52) (e
Sly s alite lby 4 az g5 boad o pusd ) )T oo
Wl 00 a3 5 a5 31dPSO [0 55 oo 1,3 5 ol5T )3
S8 silw,ien sy el s 9 ol slacali Hiolas
3 97 sl JS 50 Joiome >lgi (23l adplsg oS ol
FSZ ;o azags 0,5 Jlio § 28l 4 cabbge 457 58 poie 43
€1 solie Cuwl oud 42,5 Ja5 yo Ziglas wiwa lioes
JF Y Y g IS semiex sl ol wldw g,
A 0 5 VAT B8 (et b S eie SIS 6l s

RGN PRV ck_.sl,f

s @l -¥-)

:Moving Peaks Benchmark (MPB) Problem .\

Plaa ayidgme 31 (S Symie slodld Sxe ails
&l 5103 S jebas g Cowl bgy slataume ;0 (g5lwasme
Cowl 0ol 435 540 Lay (giladinge slops )sil ol
Shs Aw b sy angy MPB allea 5 [24, 25
D 50 alles ool il Sslins bals 5 e 5 glis)| (uxdge

Dy sn By p) O)jgeds da;

FX.t) = max ") ™)

P WO T (50 = X5 ©)

Sligg 3 &)l i yiay W) 5 Hi(t) (V) Ay o
t OLA} 3 7 a3 ,\‘)ls.e )‘ )AA.L‘; &:}—:Ay X;](t) ) t Olaj )b i 415

Lgs asio slaald gl Jaies jabayp Zell o

Y ela ¥ o)l VAN Jlo



http://dx.doi.org/10.29252/jsdp.16.4.27
https://jsdp.rcisp.ac.ir/article-1-812-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jsdp.16.4.27 ]

Qa9 (oxdbd jut sladous YOS (g )Lwdiug

<
3 Q
r

SlelSi slayig) s by

4

Nurmber of Peaks

12
10 10 \ 10
8 W 28 o8 W
E 3
3 3
Q a
6 o o6
3 5
3 3
E E
S 5
4 Z 4 Z 4
2 2 2
0 0 P S S S 0 P P PR P
o 1 2 3 4 5 6 7 8 9 10 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
FSR Pmean reonv
() () (<l

ol als 310ai 3 Prrean pmdd pili (0

ol Goals 810wl p Feons pudi 3l (L1 1(Y - JSS)

oucdl slaald olusei p FSR J""?")'?\L (z

(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

olasei g9y o L2yl b ol s 13l (V) K3 5o sl sas
ool ea] 0l il glaald
Slrald slaws g9y 2 Feomr Sl puess oA (V) JS 0
12 3 MPB allis o395 80las Cosnle 4y 4z 55 b condszdly
JLs o Sl Sl s8Il as o)l o1 51 ol o S5
&8y, Teonr S o i)l 1y 5 s0md cad GliiTeony jupad
Sl iy abai g Jaiome 2ly ootz addse ! e
RS PP P EPPC SR J PP JN C SUCONECH PP S RN
Coaw & 53395 8151 DS il o G238l Fene a5 oS
Qo> ISZ amiiye 5 Wgh oo ool Laduii gl Spee
o bgaoliTol)d g QS oo digy yi8ls 4y £oy S g 00l LSS
g g g Jatome g oyl ey ssn ol ik 4,
a5 Wb oo i3 dore sladiag olml ISl el ol o
L FSZ oz |y JyS sbapis sl Lawgi ey o o )
Feanr o2lS L ¢ bilia 4o D9 g0 Sibo s 55 0k O Ly
> U eime (>ls (semins podle sl}'l S a8ly yo
ol lby g5 a5 Ay jlade 28L& peSma (ol
aS Wl oo Sl e anad (sl aisd oo iuwl S pele
U Slpass oilS,3) sl Gl b Olhdd Sapu
Feony Syl 92,03 oUlg Judoas el jo (sl als
clals sl g gy gl loae 5 e r’l’
W, el
Bl eome Sl yeais )0 42wl alie i o (V) USs 5o
Gro b oo >ly sloul Prean Jlaae (2l L ozl o
IRVE I ﬁSL" aald sl U908 0 O g0 (6 i o)

(57‘9 4o u;.sla L.';‘)f ‘) [vla)si”Pmmn oY )‘ u,"u.;.g Ui‘*i‘)"é‘

FY ool F6Ld WWAA JLlu

O Klas o pSo Il Y
by ol 5o lp,sll o Slee 5 503l0l 51y
olowl jsliieay [45] Cal o0 Byma iomiow jlas i
eyl ) ok slagts; pl b WLS BB mls
e B (il Soppty 45 i sl o
250 (6 el At i b 02 )68 dngi salcdly g

Sl 00 soliiwl w0 e co 2T Lance
OF =1 i(hk—fk) 6]
k=1

3 o, ofl baog? ool Olo oy fi YU alayl) o
OF .ol ol Loyzes apgy ko i g bapzms yo plh s
145] el bagoee 45 yeeii K S j0 bk 5 fi WS (5oSilee
asliy sl b olocy 5l Gt slyr 0ol G35 @bl den

o Ja.:?:n ) ]x* \.\.as.i 6‘)3

S ol 5l @ Cannd oot 598! G b —F ¥
Sl lw

Feoms syl 4 S 92,980 Sl o 2 j5laioay

FSR (S35l ufiles < y2) Povan (2] 50 glas)

solie LMPB (g9, @Lmu@lnj (S yose (S9oxnme glai)
sl 428 5 0 (=10, U=5000, 5=1) 5 3 iy

Sl a5 gl s 0gp sl Jaie a5 o1 Lloa

9 2l i jsbar Glemh Slaaal Guls 2 s bl

Ol s ::"L saalie (gl dusy oo Jlake 53 y20S dsolaan

ol g glhs Jlode cwyy sloa el e

)T 0 qeiysS) Alsay oascdl sloal Lawgie

! Oftline crror (OL)


http://dx.doi.org/10.29252/jsdp.16.4.27
https://jsdp.rcisp.ac.ir/article-1-812-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jsdp.16.4.27 ]

Qo 3 peie D)3 Lo gy baigy 040 g LTSZ sl ol
oboy Gre g Lol (Glulns Jb (pae 4 (ol g digh o
Lol slwane sl

VU i (55,5 55,0 b S5 0 o wisF s
G eS Sap b dinge Sgnp 95 o0 wzge (V0 U7 )
Jliol lamme )3 pss Sl o Sy0)3 0T & e
YL polie Jooys 29y 00 YL FSZ (roon ;5 i 9>
Lass FSZoverlapChecking 5 g5l alwss FSR gl
Al o solS lawgie polie d) g odd

slael )l ange plie o3l Slivogh 4 axgi b
p=10,) L5 2 ke 23lie LMPB &ls Jo> (sl idPSO
el 00 03,51 (V) Joaz ;s (U-5000, s—1

P23 s MPB o J> (512 idPSO (glapaliss :(Y— Jgazr)
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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) | 2.200.07) | 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) | 1.29(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) | 1.80(0.06) | 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 loj x2S S8 lade aS sl
clie o3 Lilde Gyl 0 g as e b a2l 394
Y uils )8 5o by Bl dns o it 090t 3 0780 Sl
s > 5l Jol> mbi ) Jsaz § (0) Joaz 0 cand
g )hse Lame juxi ilS )3 o calike ol sloxs LMPB
Jaeds lS 3 0 alB oo gl diges lgieds el saal 500
2 45 00,0 taal Cavsas VFY L3 eyp s e
Slo> o amib g i olay ale oS Jlmes uilS,8

.J..\lg'&;o L:i.;&lf ’/YY iy “4>09):

19y 50 ol (b9, (5 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 )‘ solarew! 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 09 30 s A lio :(F- 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  11.38(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 5l pad5 uils )3 30 MPB alis )0 wigliia (slaals slaxi (s, s ;501 o MT las duns lia :(B- Jgar)
(Table-5): Comparison of offline crror algorithms for different peak numbers in the MPB problem at the change frequency of (=1000

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(0.01) 0.92(0.03) 0.96(0.03)

Algorithm

L =10000 1 uuii uils,8 ,0 IPB allius jo &iglaie glaald slasd 5l sy y9KI1 o M8T slas duslio :(F - Jgom)
(Table-6): Comparison of offline error algorithms for different peak numbers in the MPB problem at the change frequency of U=10000
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(0.03) | 1.47(0.04) | 1.50(0.03) | 1.48(0.02)
APSO 0.25(0.01) | 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)
SKFA 0.26(0.03) |0.53(0.04) | 0.72(0.02) | 0.91(0.03) | 0.99(0.04) | 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)
idPP'SO 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
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(Figure-5): Comparison of run time algorithms for the MIPB
problem
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