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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

Jf 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 focusced 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(%spest) then
J_C)gbest = -7_5{;
end if
0 end if
end for
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(Figure -1); Flowchart Proposed Algorithm
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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(centerysy) — Calculation of mean

4 (itness ... other centers

5 if f(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 Bdo :(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(centerrs;) 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 Valuce
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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(Table-2): idPSO scutings lor solying the delault MPB problem

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

R Number of peaks, p

Algorithm 1 5 10 20 30 30 100 200
CPSO 0.1400.11) 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)
mMCPSO | 4.93(0.17) | 2.07(0.08) | 2.08(0.07) | 2.640.07) | 2.63(0.08) | 2.65(0.06) | 2.490.04) | 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) | T45(0.01) | 1.28(0.02)| -
TSPSO T42(0.06) | 1.04(0.03) | 1.50(0.08) | 2.2000.07) | 2.62(0.07) | 2.72(0.08) | 2.93(0.06) | 2.79(0.05)
SPSO 2‘64(()‘]0) 2.15(0.07) 2.5|(0.()9) 3‘2](0.()7) 3.64(0‘()7) 3.86(0.08) 4.()](().07) 3.82(0.05)
AMQSO | 262(0.10) | 1.01(0.09) | T.51(0.10) | 200(0.15) | 2.19(0.17) | 243(0.13) | 2.68(0.12) | 2.62(0.10)
mPSO | 2.42(005) | 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‘(”) 1.05(0.06) |.3|(0.()3) 1‘69(0.()5) 1.78(0!)2) 1.95(0.02) 1.95(().0]) 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(0.03) | 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)
CbDE-WCA | 0.14(0.03) | 030(0.02) | 0.86(0.08) | 0.98(0.05) | L.34(0.04) | 131(0.04) | 1.35(0.03) | 1.29(0.02)
WD20O 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) | L.06(0.07) | 1.15(0.10) | L.I8(0.06) | L.35(0.51)| 1.65(0.07) | L.80(0.06) | L.71(0.05)
BRCS-wVN | 0.30(0.06) | 0.38(0.21) | 0.51(0.11) | 0.74(0-12) | L.OO(0.11)| 0.84(0.06) | 1.11(0.06) | 1.18(0.08)
dPSO [ 0.12(0.02)0-7| 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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(Table-4): Comparison of the offline error of algorithms for
various shift Scverity in MPB problem

Algorithm : St;ft severit;. s 3
CPSO 11 06(0.24)|1.17(0.22)|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)
mQS0(5.59)| 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  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)
idPSO - 10.62(0.05)|0.670.07)0.76(0.06)[0.91(0.09)
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(Figurc—4): Targel 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

Algorithm Number of pcaks, p

- 1 5 10 20 30 50 100 200
mQSO(5,5y) | 18.60(1.63) | 656(038) | S5.71(022) | 5.85(0.15) | S.8L(0.15) | SR7(0.13) | 5.83(0.13) | 5.54(0.11)
AmQSO 233(0.31) | 2.90032) | 4.560040) | 536(047) | 5.200038) | 6.0600.14) | 4.770045) | 575(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(0.09)
SFA 245(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)
¢GA 1.10(0.10) | 1.12(0.11) | L1.28(0.13) | 1.76(0.09) | 2.0L(0.14) | 2.56(0.10) | 242(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) 1.41(0.01) 0.92(0.03) 0.96(0.03)

L =10000 i (wils 58 ,0 MPB 4l jo iglaio slaals slass 51, By ;o801 oMW1 sUas duuwy lio (5 - Jgo=)
(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)
APSO 0.250.01)

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)
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
CPSO oM’)
CPSOR M)
mQSO(5,5¢) OM?)
idPSO o)

0,51 golgiin i 53 L2l oy (O) S5 o

sl 50 eI aw 5 idPSO 2,65 b ool 0l
o858 50 00 ald slawi g gammiy banee J0 s LS
Joa LS 58 (8) St gls sl 0ad 6,91 5 152y
Bl @ ey eiyssll GBS 5 Ce e 3l LS (O)
sllaz ke 4y a8 oley e b i, oS el Sasg

] C\x.élg_ Ceand lml'v".‘i)ﬂi” )LL»J Ceans S Ja}os)._\

70 , .
——CPSO
. —— CPSOR
a0 mQso ||
———idPSO
s0f g
[
=
w40 J
>
w
w
£ 30t .
N
0f 4
0t 4
\\.
0 o ==

50 B0 70 80 90 100
time (s)

MPB aflico (gl,3 Wpsis a5 51,2 yloy dunslia (8- JK2)
(Figure-5): Comparison of run time algorithms for the MIPB
problem
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