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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

2
3
4
5
6
7
8
9
1

..\is) ‘Gélg‘,hiﬂ r,lg.)sin ul;a‘ asl> L;Jx; 'alf ).>

e b 3508 o 18 gy 090 ST Tl ol S
Xebest C;u.xgyo Q‘)?:.;J Q‘)*A as Cowl Q)s.a S ‘A:Js‘
0dsztms JuB Al o a4 Cuns o] S9iily 5 ol @l
(%) s o ol &ld 1S ep (aw)yy Mg, dgub se
)| /;4.( Xgbest s_:‘).....Ju 45;5;)5"4)‘3 el 004 o0l u.....nla.:
ml{_);” s.)u:JLj Feony )‘ )Las QT G?Jj)‘f Q‘;:.ﬁ.ij 9 IQ»U,W/S
41>)a Ui‘ 2 .A&)sn &:.7{;23 ‘) \)‘j_l g_)‘).) kﬁljfwm U‘.S'ol
9 Q);L(jn 415\;)):; bd.its;;\éli alais o s.n.:.xgﬁm =y
Joie g abl eud &dls FSZ 5l Sy, 0 a5 Jyse,0
wily 1 0 @8le FSZ 357 0 Saisly ) Jaisgs o) (Saijly
FSZ ¢ B3> gae 35 0ke &l C)T & 4y g ool FSZ
38 yo 43 TSR odgamme 4o a8 golil &3 slaas L oo
>l ez sl STl obed g oK caxdly xghew
vy s )“ RIS SLY NPT SONCTIP- WL I L ) )iio Jeizxo
Sl 5l A Xehew (SN Jlake 4T sl Koo

o) 2 &y FSZ 58

ouiSTyy sl old Lelad sl
...\35:46,0

C'A:ﬁsa ;f‘ g(s.;“)fwh 4:.]9\ Jo)u \SLG)‘ )‘ Bt
il 00id &l FSZ 51 S an 5o o3&l abads o g
dlole ua).'.os 45 b‘)i b):b 9o J..a‘)ﬁ &Mn )y 4 olii]
Ol A5 90,0 g g A1, (Xl Xghest 4y Casand |
G t.«'" &l 4..\..3[.3 azals Feony )| )""°5 Ls)l..x..éa b E9ora
30 Glereds Xgbew 5 M 2,502 & g, o5l D)3 a8

e i B oll l)d olass g ool 23,8 L 0 TSZ

o1 @lyd adgl om0 ,luie

Y

> 25T w3 Slwyias <

y

5T )3 ool Siod (o) 2

BFS7, 3510 9 35 poste Wy (Slwyigya

W HSZ Jligia (o) y

y

(3L Gl FS7, 18345 Gis

T TESAIFCTRL 3 RO EINERI N S )
(Figure -1); Ilowchart Proposed Algorithm

PSO w58 dawgs ol51 3 cuxdae (o o o
042, 43] ao olpozn Sl g gouS gy LS aS
(V) pys¥l 50 PSSO o,6801 wig) 09 o Sl je a0
Sy Uy ey jlo 0 o Lio,d 5l onds ooy lis
ol g b [44] ases Lngi g oold ioled X CaaBos

Peter S )iesh 2 D)ged
éd wv? +on (xgbesl.lv - xld)

+ ey (x;inest - xzd)

=
I

M
x% = x4+ v}? M

oS B xS Combon X[ VG Al o

ol pld das 3 pli0 )3 LS ey v g SgiS e pu v
nite Xgpest 3 09 pll 0,3 Ceadae oyt Xppest,
Sl gl 55 @ € (0.1) sl S IS Gy CsBge
e ) 03 (G918 e 0 (B Ze s ::-’l’ Oliee s

! Inertia weight



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 2026-05-07 ]

[ DOI: 10.29252/jsdp.16.4.27 ]

Qa9 (oxdbd jut sladous YOS (g )Lwdiug

<
3 Q
r

SlelSi slayig) s by

Aty S35l a5 GIFSZ o4 L FSZ plw 351,00 Saijl,
PYRRCURRP-IN RVIARV-PSL SO OCH [ S SN I AW
oddoly FSZ g oals il dove dingy olaneas Sulils (5,50
2 yzoin Nsd oo B3> ol 4 by ye 55 ate 3
g7 shas ) 4l S 0 TSZ sz (ggzminx |
Sl oo slodings jo bS5 5l em g oals (5 el
blas 28l 50 ity o5 s (al58l T doeiti a5 05 oo
el (g yidgame ylay o gtz glad IS 5o yidi Al
oals isles TSZ Sligyed (om)yp 39, (F) pis,e3l o
Ll 00
A5 olginy o ,ofl 5o cabans 5 IS4 50 S0yl
L TSZ [I5345 Bd> c0uls oals Lisles (D) pis ;oSN s
abai vals Ko lawe H0 Bad Sl 5 g a5 Sl
a5 (635 peia Olyd Bia b g St 095 adlaie yo ddug
3 (Priean) sot 35 55 ol jo 0iloslidl 108 e assge o
Jlra lacas eadcial dg bl Sail, Sl
A ST Ay (B0 Lyl 50 50 0 g 050 50 (8,20 LRt
il Jowlial (5)l0ke 45 G50 )0 Jlxe (! LW FSZ o
Wigdsge B> ] 35 jote O3 L ol e 2bogy 0 TSZ caialy
ilia sla ialesl 8 )50 | (soloting by, sdmr Gl 5
zobhe slaig) pla ds Comi |y 1 0,Skee b e o )8

.p:g&.ug

BFS7. (Glbgrad sy W9y 1(F- ok 1981)
(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
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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

ol 4285 O o canl angy slapalan

Sl o)l sl @l (V) oo 4 a2g L
wire 5> b sl plo ) gy beald slaws 5t sl
Slass oobes 51 a5l slaedass ool Ligy (5 jloding
el il o B slaaelan polie les laald

plo s idPSO Lt s clas polie o cds L
s (RIPL a5 mad o az e (7) Jyor 5o bty )55l
aS Cewl Zayo il oo ol s ye p sllas lade Laald
loals (YL sl 3 SJss 9 Rl o oyl LI
laaizgy Rl L o8 Cl dbie bl wydoe 5 S
ol WSl ke pad 3oy Jlazs sasdl o
Omizmes il on Gl (6l it (Sijl @ laaige
S 3 pore D)3 o e Lad ) (55 e bl
Lapma )0 odS Sl e ammelie o Wllee gt g kS
3l G Ghle ol )3 sl i sea (IS
b o S

FY ool F6Ld WWAA JLlu

&

35900 sy ;o LIPSO ans lie —F-Y
alo b ool sl dopilel 51 iy cal o
CPSO 22,23 alox 3l dos (! 5o 7ylae slapis sl
rSPSO [46] LCESO [45] mQSO [32] mCPSO [32]
APSO [49] mPSO 48] . AmQSO [47] SPSO |21]
CDEPSO PSO-AQ |51] .SFA |50| .FTMPSO |34]
s BfCS-wVN [36] WD2O [35] .CbDE-wCA [53] [52]
auglie it loplas LMPB dlas > 50 cGA |54]
o dadld olass ;:_:_'\3 k):“b5))~ C"-"b" aslal g w00l
b3 9y las (59, p U lasme Ol s (W58 5 O puss

RO PR o\>)9—| 1idPSO @)@1

Adals olani podi )

LR LE)B]CA? (%) Jga> 0 &5 csil‘”cf*ilﬂi_' ACgexa ;O
Sals slaws L idPSO i ,63 0,95 5 (s el
o3l (il MPB s (gl G50 b S 03k 0 glice
)L:M J‘)Du‘ 9 Ja}usf 6Ua.> 6[.».».4 ~ MLE.Q ] 00
Loy olaolie 5l azz )€ polie o5 o o, sXl cada L


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

S il ol 0gh o als g ol 4w (e
S oo P Sl a0 S s sl 1) e e
Slp bapsp glbs polie (F) Jouzr & azsi b 500
b e alisl shift severity Jlade o3l b ey (oS
b ooty oiyss) sl by llas lake (201531

Sty JB L Gl (18,0 a5 ol 58l atg slapalass

(ks kid) Lo b gy ol pnis’ Y
2 eyl e ke sl polie (F) Jour )0
eliBre s ol ez gl 1dPSO 2,68 L dwslie
Sleis il 8 len e (lapndass ol cad 00
sl & 5 T Y Nk b s Al e gly O
o shift severity jlade (ioldl b el oo a5 b les

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.29252/jsdp.16.4.27 ]

9 0L 53 sl VL sl T olas S8 Gl g ol
Wl Sod Sal ke a0 At 00,5 JLs dooe )0 sl om b iol38l ey shifl severity

e ez S0 Sl il oo (Rl lemme )3 Dl i

U =5000 &l puids’ pwilS )3 40 MPB allins 4o ©glisio glaals slass (5l Wagts 5o (ST (sl dunnslio (Y- Jgur)

(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
1 5 10 20 30 50 100 200
CPSO 0.14(0.11) | 0.72(0.30) | 1.06(0.24) | 1.59(0.22) | 1.58(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)

Algorithm

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(0.05) | 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)
CbDLE-wCA | 0.14(0.03) | 0.30(0.02) | 0.86(0.08) [ 0.98(0.05) | L.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(0.01) | 1.75(0.01) | 1.87(0.01) | 2.10(0.01) | 1.95(0.01)
¢GA 0.92(0.09) | 1.06(0.07) | 1.15(0.10) | 1.18(0.06) | 1.35(0.31) | 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) | L.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)
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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)
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SPSO  |2.51(0.09)|3.78(0.09)|4.96(0.12)|6.76(0.15)
cGA  0.92(0.09)|2.19(0.15)|3.31(0.25)|6.43(0.45)

BCS-wVN 19,51(0.11)[0.89(0.16)|1.26(0.13)|2.39(0.20)
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(Figurc—4): Target tracking by the proposed method
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(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)
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(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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