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Abstract

In this thesis we consider two improve versions of the differential evolution. First,
the differential evolution with growing structure is considered. If a particle exploring
the optimum fall into a local optimal solution then a new particle is born and particles
share the position imformation. And particles can help escape from the trap of the
local optimal solution. Performing numerical experiments for basic benchmarks, the
algorithm efficiency is evaluated in several key indicators such as typical search exam-
ple, succes rate, the number of interation and number of particle.

Next, insensitive differential evolution for multi-solution problems is considered.The
algorithm consists of global and local searches. In the global search, the algorithm
tries to construct local sub-regions (LSRs) each of which includes either solution. In
the local search, the algorithm operates on all the LSRs in parallel and tries to find all
the solutions. The algorithm has a key parameter that controls the algorithm insensi-
tivity. If the insensitivity is suitable, the algorithm can construct all the LSRs before
trapping into either solution and can find all the solutions. Performing basic numerical
experiments where parameters are adjusted by trial-and-errors, basic performance of

the algorithm is investigated.
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O0Oglobalsearch DO O OOOOOO LSROODOOODOODOODOODOOlocal search O
0000000000000 0o0b00o0o0o0b0o0bOo0nge0 T,000000

gbobboooobobbooodad

3.2 IDEOOOOOO

IDE O Oglobal search O local search D O O OO O UOOOOOOOODOO Oglobal search
0000000000 000O0 local subregions(LSR) O O 00 O O local search 0 O O
00000000 LSROO00O0O0OoOoOOoooooooooao

D00000mO000 F:R™— ROZ = (21,%,...2,,) 000000000000
00000 {#, ¢=1,2,. , N} OOOOONOOOOOOOIDEOOOOOOOOO

O0000000000000000000000DE/rand/1/bin00000O

3.2.1 global search

global search 0 00000000 O0O0OOO local subregions(LSR) 00000000

b 0ouoooboboooobobod

X ={1(t), -, Zn(t1)}

NOOODOODOODOOOOO globalsearch DO OO OO0O0OOSSO0000000O0O0O

HEN

Step1 (00O0O): ¢, =00000000000 0000000000000 #4(0)0

gobbobodoodd

Step 2 (0000): 000 #(t)00000i=10N0O000 z,,(£)0 2y, (t)02,,(t) O
00000000000000#(@)0 7,#04,¢)07,¢) 00000000000

00000000000 ¢#) 00000004, (¢)000000000 a3,(t) — a3, (1)
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Ui(t) = Zp1(t1) + B(Tp2(t1) — Tps(t1)) (3.1)

oboopbOobOoobOoOobOooboon

Step 3 (00): #(t,) 00 &(,) 0000000000 arev(y,)000000000 j
000000 ([,m00000000000000000 &% ()0, ;000000
7(t)0,j000000000000000000000000CROOOO0¢00

O00000001-CROOOOO #4(t;,) 0000000

Step 4 (0000D0): O #(t,)000000 #ev(4,)00000000000000
000000000000000000000000, 0000000000000

goboo

(3.2)

Step 5 (00 00000): 0000¢+t0000000000T,00000000000

Ift; < Ta then t; = ¢, +1 Step2 [l

3.3
Ift, =T then O00O0OO (33)

3.2.2 Local subregions

Step 1: ;000 LSRO LSR;000:=10000

Step2: 0000000000z, 0000000000000, 00000000

OO0O0OO0LSR, 000000

LSR, ={Z| ||#—-2,|<r}
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LSR,O000000DOODO410 LSROO0O0OO0OOO

Step 3: UL UO0O0OOOOOOOLSROODOODOODOOOOO

3.2.3 Local search

localsearch D O OO O O0OOO0OOLSROODOOOOOODOOOODOOOODOOLO0

OOoooooooLsSR,0boboboooboobogoogoo

X; = {fl(tQ); ) ‘/fNi (tQ)}

LSR;0000OOlocal search OO DO ODOOOOOOOSO0000O0OO0ODOODO

Step 1 (0O00): t,=00000

Step 2 (DO0O0O): 210 Step20 40XONO t,0X;, 0N, 00000000000

gooon

Step 3 (00): 2.10 Step3 0 4,0 XONDO t,O0X;O0N; 00000000000 0O0OO

Step 4 (000D0D0): O #(t,) 000000 #*(t,) 0000000000000
000000000000000000000000., 0000000000000
0ooo

if (f(Zi(t2)) — f(Z7"(t2)) > €2) then
Ti(tz) = T (t2)

if (f(Zi(t2)) — f(Z7"(t2)) < &2) then
Ti(ty) = T (t2)

(3.4)

LSR,000000 f(Z,)000f(z,)<C,000000000000000000

OO0O0OO0Stepp 00 O00C,OO0O0O00OO0ODOODOO

Step 5 (00 00000):0000¢+:000000000O0T, 0000000000
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If ty < Ty then to =ty + 1 Step2 O

3.5
IftQZTLthen goond ( )

3.3 Ut

IDE0Odobooobboobobobboobooobooooobbooboobo
O0DE/rand/1/bin0000000000000000O0 CR=0900000000
OO000 B=07000000C;=0.010LSROOO r=10local search DO OO0

ob7,=70000000000

3.3.1 0O0O1

0 0 0 Branin function(3.6) 0 IDEOOOOOOO:
f1(F) =0 0.397 + (29 — %x% + 321 — 6)?
+(1 — g=)cos(z1) + 10
5.0 <2 < 10.0
0.0 <2y <15.0
min(f1(Z)) =0
Topt1 = (—m, 12.275)
Toptz = (m, 2.275)
Tz = (9.42478, 2.475)

gboob30booboobooboobuoobg420000

0 430 0IDEO Global search 000000000 (e=3.0074=30)00000 4400
IDE O Local search 000000000 (£,=0.0107,=70) 000 04.3(b)-(d) 000
global search 0000 000000000030 00000000000000000
000044()000000000000 LSROOOOlocal search 000000000
044(b)000000LSROOOO0OO0O0O0O0OOOOOOOOOO Figd.4(a)-(b)
000 4.4(a)-(b) 000000000 4500 Globalsearch 0000000000 4.6

O Olocal search OO0 OO0 0OOOOglobal search D0 300 LSROOOOOODOOO
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OOOlocalsearch 000300000 LSROODODOOO0OOOOO0OOOOOOOOOOO
0410000005000000 globalsearch 0000 (SR)DO0O0O0O0O0OOOO
O00(, T6)=(3,30) 0 0000000000000 000O0O0O00O000e000O0O
gboodbbogbbb47bogobooobogobooobboodbbobogon
gobodblIgs000bo0oboobooboo48d0boobooboobod
gobooboobobooboobboboon 4200000 5000000 Local search
0000 (e=3and T =30) 0000 0000000000000 OOOOOOO

goobooo

3.3.2 00O 2

0 0 O Himmelblau function(3.7) 0 IDEOOOOO0ODO:

fo(Z) = (22 + 5 — 11)% + (2 + 22 — 7)?
—6.0 < x1,29 <6.0

min(fy()) =0

Toprn = (—2.80, 3.13) (3.7)
Topt2 = (3, 2)

o = (—3.77, —3.28)

Toma = (3.58, —1.85)

gboob40000000000D000DO0O0DOO 490000

04100 0IDEDO Global search 000000000 (e=3.0017=40)00000 4.11
OOIDEO Local search 000000000 (e,=0.0107,=60)000000 1000
004.10(b)-(d)0D 0 Oglobal search 00 000000000000 40000000
OO0000000O0O00D0D0OO411(2)-(b)o0OD 411(a)-(b)DOOCDODODOO
41200 Global search OO DOOOOOOO 4.1300local search DO OO0 OOOONO
global search 00 400 LSROOOODOOOOOOOOO

0430000005000000 Globalsearch OO0 (SR)DO0O0O00O0O0OOOO
000000000000 0000bO0DO0DO0oDO0ooooDOoooooooOoog

00000000000000000000000000000 (¢, Tg)=(3,40) 00O
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gogggooboobobbbbbbbboouogbooouooolgguooooooaao
OooooooobboLSROooOOoobOobobobooobooooooooboooboo
gboboboboobobbol1obdbebobobOoboboobobob 4.14
gboobooboobuoobobuoobobobbooobooTIsobooobg
gboobgob4i0b00b00booboobooboobooboobon

000000 4.100 local search D000 (e=3.007=40)0 000
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40 0O0OO0OIDEOOOOOO0O

4.1 0OOOO

Ol1gbogboooobdbeEgboboobgobooboobobobobobobon

OO0 base U DOO0ODOOOODDO numUdO000o0ooooooooooboOoOn

O000000000000000000000000000 (4.1)0 (4.5 0000 Zpes

OO0z, 000000000000

DE /best/1
?jz(t) = fbest(t) + B(fpl (t) -
DE /best /2
?jz(t) = Tpest (t) + B(fpl (t) - fpz (t) + fm (t) -
DE/rand/1
Gi(t) = T, (1) + B(, (1)
DE /rand/2

(4.1)

(4.2)

(4.3)



DE/current-to-best /2

Gi(t) = Ti(t) + B(Tpest () — Zp; (1)) + Tp, () — T, (1)) (4.5)

4.2 0O0OOO

obOgIibEgdboboooobooooboovobbooobbooobbooooobobd
000000 (a)Sphere function (b)Normalized Schwefel function (c)Six-hump Camel
Back function (d)Branin function () 000 1 (f)0 00 2 (g)000 30000 (a),(b)
00000100000 (b)00000000000(c)0200(d),(e),(g)0 300 (f)
0400000000000004.16,041700(()0(g00000000ODOOOO
0000000000000000000DEDO(4.1)0 (4.3)0000IDED (4.1)0
(45)000000000000O0Oglobalsearch 00000000 00000 NO (a),
(b)O N =10, ()0 N =20, (d), (e), (2)0 N =30, (f)0 N=4000000000
OObO0000Olocal search OO0 O OOOOMN e,=0.010000 CR=0900000
OO0o0OooobD B=07000000 ¢, =0.010LSROODO r =10 global search O

OO00000 Tg =300local search DO OO OO0 T, =70000000000

(a)Sphere function

fi(w1, x9) = 23 + 23
500 < 2y, 2 < 50.0
min(f1(Z)) =0

Topt1 = (0, 0)

(4.6)

(b)Normalized Schwefel function
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D

ZD
f2(X) = —418.9 + ==t
—512.0 < z; < 512.0
min(f1(Z)) = 0
Topr1 = (420.9, 420.9)

(c)Six-hump Camel Back function

f3(Z) = =1.03 + 4af — 2.1at + 320 + @120 — dad + 423

~5.0 <2, <5.0
min(f3(7)) = 0

Topnn = (—0.089842, 0.712656)
Topz = (0.089842, —0.712656)

(d)Branin function

f4(Z) =0 0.397 + (22 — %x% + 321 — 6)?
+(1 — g=)cos(z1) + 10
—5.0< 7, £10.0
0.0 <2y <15.0
min(fy(Z)) =0
Topt1 = (—m, 12.275)
Toptz = (m, 2.275)
(9.42478, 2.475)

Lopt3 =

(e)0D0DO 1

=y + 0.55z + 4tan *(x)
y = —0.9z
f5(z7y) = |y + 0.55z + dtan~' (z) — z| + | — 0.9z — y|
—50<7; <5.0
min(f5(Z)) = 0

(~3.9128, 3.5215)
Top2 = (0, 0)

(3.9128, —3.5215)

()OO0 2
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(4.7)

(4.8)

(4.9)

(4.10)



Ty =1l—ar?+y a=14

Yprr = bxy b=10.3

fo(@y) = |z — 2] + [yer2 — uil

=|1—a(l —ax? + y;)? + bx; — x| + [b(1 — az? + yi) — v

15<a4; <15

min(fs(Z)) =0

o = (—1.13135, —0.33940)

Topr2 = (—0.47580, 0.29274)
(
(

(4.11)

Tops = (0.63135, 0.18940)
Zopa = (0.97580, —0.14274)

(g)000 3
Ty = u(wicost — ypsint) +1 1, =0.4 — ﬁ
Y1 = u(zsint + yeost)  uw=0.9
f1(#7y) = |Tse — @] + [Yrro — vl

=11 —a(l — ax? + y;)* + b, — x| + |b(1 — az? + yi) — v

25 <@ <45 (4.12)
min(f(Z)) = 0

o = (2.9721, 4.1459)

o = (0.5327, 0.2468)

oy = (1.1142, —2.2856)

041800 430000000 (a)0(g) 00000000000000O(b)O(g)00
0000000000000000045004900000050000 (¢)0(g)00
0000000000000000004100000000000000000000
00000000(), (b)00D0O00000 10000000000000IDEOOO
D0000()0(g) 00000000000000000DEOOOOIDEOOOOO
000000000000000000000000000000000000000
D00000000000000000000rand/200000000best/1000
000000000000 rand/20000000000000000Obest/10 10
D000000000000000000000Obest/10 best/20rand/10 rand/2
000000000000000000000000000000000000000

gogggoobobobbobbbbbbbbtbodododoooooooo3goouoooao
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g30b0b0o400000002000000000000000O00O00O0ODODO

gbobboboooobbbooogobbbuooooboobooooobon
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° LSR
..X P 1
sd’l
{ ] { ]
* &Ko * &Ko
sol?2 sol?2
—-A x A
X

soll

0O 4.1: LSROODOO
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O 4.2: Branin function 0 O O

48

15

10




(a)

15
o
—1
x2
O -
-3
X! s
® o
0 .
-5 0 10
(c)t, =15
¥ .. %
®, f'

(d) ¢, =30

k3

0 4.3: Global search 000000000 (=3.0, Tg=30)
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(a)t, =0 (¢ =30) (b) ¢, =20 (t, =50)

(9

15

L JORC (0 &
/(a) o /(b)

(-

0 4.4: Local search 000000000 (50=0.01, T;,=

20




1.E+00 -

1E-01

1.E-02

Criterion

1.E-03

O 4.5: Global search OO O OO

o1



F(x)

1.E+02
1.E+01 |
1.E+00 |
1.E-01 | R "PIA ~ R R R

. op2 —
1.E-02 e

Criterion
op3

1.E-03

31 33 35 37 39 4 43 45

O 4.6: local search OO 0O 00O
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15
xz': " Lo .
ol ) .
% 0 X~ 10
(b) ¢ =15 (b) ¢, =30

.!. .

0 4.7: Global search D0 00000 DOO (=0, Tg=30)

23



R )

X, o . Lo a

0F .
. . . . -...:;

%5 0 xl" 10

(c) t, =30 (d) ¢, =50

':: . n’? [} ’
.i. ® o4

0 4.8: Global search 000000000 (=3.0, Tg=50)

o4



O 4.9: Himmelblau function 0 O O

%)



6
Xe X!
X, ¢
Of =4
X ‘o
[
—6 .
-6 0 x, ©
(c)t, =10
e ®
;.
o~
"
&
s
J
.

) " % .. o'me
(d) ¢, =40
‘ [ ]
‘.
-
¥

O 4.10: Global search DO DO O000ODOO (=3.0, T=40)

o6




(a)t,=0 (¢, =40) (b) ¢, =18 (¢, =58)

Ve Y e

/% le/C

6/ @ / ()

®

0 4.11: Local search 0000000 OO (£,=0.01, T;,=60)

o7



1.E+01

1.E+00

1.E-01

1.E-02

Criterion

1E-03

O 4.12: Global search O O OO 0O
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F(x)
1E+02 |

1.E+01 |

1.E-01

1.E-02 ¥
Criterion =3 \

1.E-03
30 32 34 36 38 40 42 44 46 48 50

O 4.13: local search O OO 0O 0O
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(bt =0 (b) ¢ =10

¥

(C) t = 20 (d) [ = 40

O 4.14: Global search DO O O000DOOO (=0, T=40)
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(b)7,=0

(b) t, =20
. A
$
&
(d) ¢, =50
3
s

O 4.15: Global search DD O O000OOO (=3.0, T¢=50)
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(a) Sphere function (b) Normalized Schwefel function

5 500

b 5 ] 500

(c) Six-hump Camel Back function (d) Branin function

| QW

i

-5 -1 05 0 035 1 15 -5 0 5 10

th

0 4.16: (a)0 () 0000000
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(e) Fris X1

X)

A\

-5 0 5

(9) i [XI3

-1.5

(F) SMEE2

/;

W

-1.5 -1

0 4.17: (e)0(g) 0000000

63

-0.5 0 0.5 1 1.5
X



(a)t, =0

(b) ¢, =10
5
x2
0 i
0 .
-5 0 x, 5
(c) t, =30 (d)e¢, =32 (¢,=2)

' O

0 4.18 ()00000 (DE/rand/1, £=0.3)
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(@) #,=0 (b) ¢, =15

-512 .
x2
()_
0 . . . . R
~512 0 x, 512
(c) t, =30 (d) ¢, =34 (t,=4)

- Q

0 4.19: (b)0 00000 (DE/rand/1, £=0.3)

65



(a)t =0 (b) ¢z, =10

(c) £, =30 (d) 7, =100 (z,=70)

C

0 4.20: (b)0OD0O0O0DO (DE/rand/2, e=0.3)
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(a)¢t, =0

15
x2
0 -
h
135 2.0
(c)t, =30
e
A,

(b) ¢, =15

(d) ¢ =39 (¢,=9)

©
O

0 421: (¢O0)00O000 (DE/rand/2, £=3.0)
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(a)#,=0 (b) ¢, =15

(c) ¢, =30 (d) 7, =100 (z, =70)

ots
‘e

©

0 4.22: (¢)000000 (DE/best/2, e=3.0)
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(a)t,=0

15
x2
95 10
(c) ¢, =30
L &

(b)t, =15

(d) 7,

=20 (¢, =50)

©

O C

0 4.23: ()000000 (DE/rand/2, e=3.0)
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(a)7,=0

(c)t, =30

L ]
/1)

(b) ¢, =15

(d)z, =100 (¢, =70)

O

0 4.24: (A)0000O00 (DE/best/2, e=3.0)
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(a)t, =0

(b) ¢, =15

(d)¢, =18 (¢, =48)

(D

©

O

0 4.25: (e) 0000 00O (DE/current-to-best, e=0.3)
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(@)t,=0 (b) £, =15

o

(c) t. =30 (d) ¢, =100 (¢, =70)

(O

0 4.26: ()000 D000 (DE/best/1, e=0.3)
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(@)t =0 (b) 7, =15

1.5
x2 ':.‘l.. og..:
. : - W
_&?_5 - 1.5
() 1, =30 )1, =22 (t,=52)

~f )
BSRO

0 4.27: ()000000 (DE/rand/1, £=0.3)
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(@), =0 (b) £, =15

. ':2'..,.:
) :
(c) ¢, =30 (d)t, =70 (¢, =100)

SO

0 4.28: (f)000000 (DE/best/2, e=0.3)
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(@)t,=0 (b) £, =15

() 1, =30 (d) ¢, =16 (¢, =46)
/7 N\

"’.:.-::_ | )

oM’

©
a

0 4.29: (g) 000000 (DE/rand/2, e=0.3)

I6)



@)z, =0 (b) £, =15

5 .
’ oo
x2
w25 5
©) 1, =30 )7, =70 (z, =100)
_ N
. U

0 4.30: () 000000 (DE/best/2, e=0.3)
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O 4.1: Branin function 0 O O O Global search O O O O

» “lol1l2]3]4]5
10 36 | 72|80 | 80 | 72 | 68
20 36 | 68 | 68 | 84 | 84 | 72
30 44 | 74 | 84 | 88 | 80 | 76
40 2 | 64 | 70 | 80 | 88 | 82
50 4 | 68| 72| 78|76 | 80

0 4.2: Branin function 0 000 Local search 0000 (e=3, T = 30) SR=00O

€9 0.01 | 0.02 |01 |05 | 10| 20 | 3.0

SR | 100 | 100 | 60 | 10 1 0 0

7



O 4.3: Himmelblau function 0 O O O Global search O O O O

» “lol1l2]3]4]5
10 01016 |10 4|2
20 0 | 22|52 56|40 | 36
30 8 | 28 | 44 | 60 | 64 | 58
40 12 | 24 | 24 | 40 | 42 | 46
50 4 | 24|20 38|48 |50

O 4.4: Himmelblau functionn 0 0 0 O Local search D00 O (%) (e=3, T = 40) SR=
ggd

€9 0.01 | 0.02 |01 |05 | 10| 20 | 3.0

SR | 100 | 100 | 56 0 0 0 0
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045 (¢)00000000000000000 (%)(e=3, Tg = 30)

gogogon good 1o gogd 20
best/1(DE) 0 100 0
rand/1(DE) 0 36 64
best/1(IDE) 0 74 26
best/2(IDE) 0 40 60
rand/1(IDE) 0 4 96
rand/2(IDE) 0 0 100
current-to-best(IDE) 0 28 72

79



0 46:(00000000000000000 (%)(e=3, Ts = 30)

goodon god 10 god 20 god 30
best/1(DE) 0 100 0 0
rand/1(DE) 0 12 44 0
best/1(IDE) 0 30 30 40
best/2(IDE) 0 4 48 48
rand/1(IDE) 0 0 12 88
rand/2(IDE) 0 0 0 100
current-to-best(IDE) 0 0 44 56

80




047 ()00000000000000000 (%)(e=0.3, Te = 30)

goodon god 10 god 20 god 30
best/1(DE) 0 100 0 0
rand/1(DE) 0 20 20 60
best/1(IDE) 0 16 48 36
best/2(IDE) 0 4 38 58
rand/1(IDE) 0 0 10 90
rand/2(IDE) 0 0 0 100
current-to-best(IDE) 0 0 20 80

81




048 (H00000000000000000 (%)(e=0.3, T = 30)

googon good 1o gogd 20 goda3d god40
best/1(DE) 0 82 28 0 0
rand/1(DE) 0 0 20 64 16
best/1(IDE) 0 4 20 56 20
best/2(IDE) 0 0 0 58 42
rand/1(IDE) 0 0 6 38 56
rand/2(IDE) 0 0 0 24 76
current-to-best(IDE) 0 0 8 64 28

82




049: (5)00000000000000000 (%)(e=0.3, T = 30)

goodon god 10 god 20 god 30
best/1(DE) 0 100 0 0
rand/1(DE) 0 28 64 8
best/1(IDE) 0 88 12 0
best/2(IDE) 0 24 60 16
rand/1(IDE) 0 12 36 52
rand/2(IDE) 0 0 36 64
current-to-best(IDE) 0 8 68 24
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0410 000000000 DOOOOOOO0OOOOO (%)

DE IDE
best/1 |rand/1|best/1|best/2|rand/1 |rand/2 |current-to-best
(a) 100 100 100 100 100 100 100
(b) 48 84 52 64 82 100 28
© | o | 64 | 26 | 60 | 80 | 100 72
) | 0 | 44 | 40 | 48 | 88 | 100 56
(e) 0 60 32 58 76 100 80
@ | o 6 | 20 | 42 | % | 76 28
@ | o 8 0o | 78 | 16 | 64 24
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