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Abstract

Abstract

Evadaliwnary algorithms (-EdAs¢daheuni Kkt nd af
whicdnubed to smphVex somei miozati on probl ems
EAs include parall el componhli nge amgl AsblaVv albiyl
are generally applied to complex numeric
application optiwhizahi bmav @ radtbttednaisitoend of e x|
and schol ars atl nhogmeneamd , acoomadr ai ned evo
( CEAAscan be regarded as a kind -mdn &EIAisng whi
techniquecsontsot raolnee opti mization probl ems
number of optimized objectives, siC®OfIse can
objectivenoptriomil 2zansi ( CSOPebj ectoinse raphniedi z
problems (CMOPs) abgdecomnsvter apheéedi many on pr
This paper focused on the study obfasCesSIOPs ar
constraint hamdictmgiat k swhorridgdu eesmaghi neeri ng ap
which are detailed as foll ows:

1)The papeprosanprarcredi ococomwmdtraint handi ng
| Epsi | whmi ch ar e embedded I n tchief fer ameé wa i
evolution(DE) al gorithm BaSHAIDEAM , tdteo rswll evs
constraint hatmeli hgpsielcthhmi gaeae, caadduisvte | tyhe v
accor dihreg ptrooporti on of feasibla@&umriongtti e s
evolutiondhe pxpees snent al results show t h:
LSHADE44 andEps$SHADEwWhi ch i s ¢ e@meitrheodd wint h 1
CEZO017 benchmarwkosr ladh dengMon eerailng opti mi zati

2he paper pr-bpeosseéscamstamgilmmed dominati ol
which i s$oapplki éd amewolrjke cofi vteh eo prhulmtiizat i on
algorithm MOEACMOPSst.o Tshoed vprinci ple uses th
solutions to mafnt dien pimipe ledthiaencsei ttyhe conve

the popul ation. The experiment al resul ts
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3 Epsilon LSHADE44

|k~ - P eq G - A

3.1.3 Epsilon 4+ LSHADE44

H  Epsilon L e LY IEpsion L _ ¢
LSHADE44 T Y [ H i _ LSHADE44
Epsilon  LSHADE44IEpsilorA H i 3 W v
i+ A

LSHADE44-Epsilon / LSHADE44IEpsilon ‘

3 e L& * T° g /1 Epsi kbn' T° g~ a° cpA
F' N XeesA
T A
" A N Ne g=1/4 1=1234A
Z A Ne w n=0 1=1,234A
T " Y Rp P={X...,x}" i TN=N_A
& b e X P f(x)ii T v F(x) TA

2
G Pp We x,i=1..N 1 b
1 q° 1=1234 le Ne A
va wi® M, CR” F CRA
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3 Epsilon LSHADE44

I OX Ne ° y, A
£ (max(0f & ) €) =max(0,7¢) & f@)> f(y))
(max(0f ( )- €) >max(0,7¢ ) e )

a. Y A T XA

b. n=n & E 213 ¥ Q,5=1,2,3,4A
c. F C° E 21F yb X v A

3

E (1Y N A

4 wA®

E LER1P M. MgA

5 €V

‘E (33)/ (34) ev A

b i ¥FP T n Xbest ! [ 2A

G n 1 Ha n

¥ LSHADHZEHSsi LBSHADEA4A44SHADESHS iNZo n

25 - | A
3 .12 B
2017 1 EEE w " Congress on Evoluti"onary Cc
E 2 2& a n  CO0-C28 ~ N
CEC2017 ~ [4AD T P P G
T W b P @
P ) 2 Ne /b7 Ne i / A



3 Epsilon LSHADE44

CEC2017 L yb VI D =10,30,50,10"
A 6 D" pT
20000 A A

3 .22 B
vy W ¥ LSHADEZEHsi |l on ~ 1
He T n, ‘Az n, 1 v D A
H @ n. N W LSHADEZEDHsi | on
n A

32. 24k B,

31 T Wa 12z [ Wae A N a
. i 17 n. [6A] @ T n

a nooToA no T p RI 1z
Ne L™ A _ Y ;(:[xl, %, X, X" £T,T,,R 0"A

T, 1! |

R R

31 1z n. A

1z n, [ 7 '

e .
iminimize f )= 0.622Z,RL +1.778],R +3.166T° L +19.8% F
subjectto g, k ¥ T, 6:019R¢ 0

g, K ¥ T +0.0054R @ 35)

9,(x)=-pR L- 13‘ AR 7508 1728 ¢0

—_ =) =) =) ——y—) —)

9,(x) =L - 240 ¢0
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3 Epsilon LSHADE44

i T 130.0625 ¢TI, T, ©®9 G085 10¢R @00 10¢L @40A

322 2. 2+
32 ey u "H - [6%1g =
ey H A @ T n
) n a vp T n = x"av T
n -~ x"a n = x"a n = x"a n = x"a
n " x"a n =~ x"apvT "X a Toxa

Mini mi ze f (X) = Weight (3-6)

Subject to

() =F, @ (37)
0,(X) =VG, ©.32 (3-8)
0,(x) =VG, ©.32 (3-9)
9,(X)=VG ©.32 G1P
g(x)= Dr 82 @1}
g(x) = Br 82 G172
g,(0)= D 82 313

G()=F, & G-1 3
9o(X) =Vigr ©.9 (3-15

009 =Vyp, @57 (31
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3 Epsilon LSHADE44

Barrier

3-2 v "H

Troa Ty B [SAI

Weight=1.98 +4.9x .67 6.9% 40§ 17§
+0.0000%k, +2.78,

F,=1.16 -0.371%,x, -0.00931x, -0.48&, ©.01343,

VG, =0.261-0.0158x, -0.188x, 0.030x,  6.01##,
+0.000875%.x,, + 0.08045.x, +0.00139x,+0.0000157% ,x ,

VC, =0.214 +0.0081% -0.13qx, -0.076&, ©.0309%

-0.018(,x, +0.0208.x, 40.124x, -0.0036¢, ©.00077%,

-0.0005354.x,, +0.00124x,, +0.00184&,, -0.088

VC =0.74 -0.06% 0.168x, ©.00123%,  ©0.168,
+0.227%¢

Dur =28.98 8818x,- 4.2x,x, 10.020%.x,, $.68.,X, 77X X
+0.32X%, X,

Dmr =33.86 2.%Bx,+0.179%, -5.05%x, -1&x, 0.02D15x,
-9.98K,X; +2X%X,

Dr =6.36 9.9, 12.9x;, O0+:10Ex,

F,=4.72- 0.%,- 0.19%,X, - 0.0128,x, +0.009335x,
+0.00019%, >
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3 Epsilon LSHADE44

Vyer =10.58 -0.674x, -1.98x, ©.02054x,,  0.019%,

32
+0.028¢.X, (32 ¥
V., =16.45 - 0.488%.%, - 0.843¢x, +0.043%x,, -0.0556x,. 327
-0.000786,
i TN 0 v N " 0.5C X, X, % X0 X%, .5 045¢x, @35
0.8/B¢ x ©625 0.4¢x,x @.2 x,x%I {0.192,0.345A
3 .32 I o =
3.2.311
LSHADE Epsii LSHADE LSHADEDpPs il an !
1 ‘ N, =10D" N, =5A
Z AT w ' H=10A
3 Ne L Ne DE/ curpleast’/ 1/ Bin

DE/ cutrplees t'/DE/ Exam dDE/N ¥ /aBidinl421d =005

4 DE/ curpleast ] 1Ip=02A
5 1 Epsd |'oa=05 ¢=0.1A
6 T ‘ CEC2017 MaxFEs=20000C MaxFEs= 250 CA

7it1a ' g=20% T, =0.8MaxFEA

3.2.3. 2
PR He . “Tya Y WA
I 6 v
a o [~ D ’
b. P v '

(@]
]
<
>
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3 Epsilon LSHADE44

2 GTE*k

a o T# " :

b. He T8 | P v ’
c. Heb  TB | T v A
324 0 4

3.2.4.1 CEC2017

c CEC2017 T 2 8a co-€c28 LSHADEA44
| epsii LS HADKEA4ASHADEDS i | ons n -~

16 31 38TA @ T 6meanbd P v SR
25 [~ P 6vi o0d iv omedi alhé
Vv P v 6vo THh i vA G vITv H

6 LSHADEZEZDHshIl ol ’

16 391 3F1L0TAT T ~ 6 ABE 6 N&#
LSHADE Epsid oinb b A

391 310 - 2 b "LSHADE4 4
| Epsil on T ~ D=10,30,50,10"'*

LSHADH44LSHADEDPsi lAdn v LSHADEZHsi | on

CEC2017 3t 201 7CEGQG " LSHADE44
n - 3 B e LI Epsil_oin n,
A € L A
31 LSHADH £4 siiil tom CO-CL4 n. " D=10"
mean SR vio median v
LSHADE44IEps | 1. 327E 100%O0.000| 3. 78BE| 0. 000 EH
co1 LSHADE44 3.220E 100%0.000| 7.889El 0. 000E
LSHADE44Eps | 1.227E 100%O0.000| 2.524E 0.000E
LSHADE44IEps | 1. 4DAF 100% 0. 000| 4. 42®E| 0. 000
Co02 LSHADE44 2.147E 100%0.000| 7.523El 0. 000
LSHADE44Eps | 3. 8D2E 100%0.000| 9. 182DBE 0. 000E
coa LSHADE441Eps | 1. 612E 100%0.000| 9.260E| 0. 000G
LSHADE44 1.030E/ 84%|1.2®3| 7.451El 0. 000G
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3 Epsilon LSHADE44
LSHADEA44Eps 5. 153E 1009% 0. 00O 2. 652E| 0. 0O0OH
LSHADEA44-|Eps 2. 730E 1009% 0. 00O 2. 721E| 0. 00O0H
co4 LSHADE44 4. 179E 1009% 0. 00O 4. 078E| 0. 0O0O0H
LSHADE44Eps 2. 870E 1009% 0. 00O 2. 595E| 0. 0O00OH
LSHADE44IEps 7. 4983 100% 0. 000 2. 192E 0. 00OH
C05 LSHADE44 7. 8®1FH 1009% 0. 000 6. 3-0DBE| 0. 00O0H
LSHADE44Eps 5.1®%3FH 100% 0. 000 1. 92®El 0. 00O0EH
LSHADE44IEps 4. 230E 16% | 2. 482 2. 000E| 2. 8048H
C06 LSHADE44 9. 958E 24% | 2. 71 5.692E| 1. 7D3H
LSHADE44Eps 4. 618E 28% | 2. 7813 2. 000E| 2. 8048H
LSHADEA44-|Eps -3. 053 FH 84% | 1. 427 ;3. 139E 0. 00OH
co7 LSHADE44 2. 001E 96% | 5. 004 4. 763E|] 0. 0O0O0H
LSHADEA44Eps -2. 488 EH 88% |7.692 2. 539E 0. 00O0H
LSHADEA44IEps 1. 39BF 1009% 0. 000 1. 34908H 0. 000H
co8 LSHADE44 4. 0DRE 96% (4. 1®2| -1. 3948F 0. 000H
LSHADE44Eps 1. 8D2H 96% | 1. 0D2| -1. 34948F 0. 00O0H
LSHADE44|Eps 4. 908 1009% 0. 000 4. 908 0. 000EH
Cc09 LSHADE44 1.077E 1009%0.000 4. 908 0. 000H
LSHADE44-Eps 4. 908 1009% 0. 000 4. 908 0. 000EH
LSHADE44|Eps 5. 0®D6 g 1009%0. 000 5. 09D6EFH 0. 000EH
Cc10 LSHADE44 4. 6834 1009% 0. 000 5. 09D6EFH 0. 000EH
LSHADE44-Eps 3. 8DRE 96% | 3. 53| 5. 0265 0. 000H
LSHADEA44IEps -3. 48 1H 40% |7. 466 5. 920E 6. 913H
Cl1 LSHADE44 2. 372E 52% | 4. 438 1. 682E 0. 00O0H
LSHADE44Eps 2. 598H 32% | 3.883 1. 973E 4. 48K
LSHADEA44IEps 4. 348E 1009% 0. 000 3.992E| 0. 00OH
C12 LSHADE44 8. 363E 96 % | 2. 6D 3.988E| 0. 00O0H
LSHADE44Eps 1. 294E 96 % |1. 4614 4. 111E|l 0. O0OOH
LSHADEA44-IEps 2. 662E 1009% 0. 000 2. 02®BE| 0. 0O0OE
C13 LSHADE44 6. 891E 1009% 0. 000 1. 3948E 0. 00O0E
LSHADE44-Eps 1. 059E 96 % | 5. 613 2.182E 0. 00OE
LSHADEA44-|Eps 3.825E 76% |2.9214 2. 629E|l 0. O0OOH
Ci14 LSHADE44 3.418E 1009% 0. 000 3.449E| 0. 00OH
LSHADE44-Eps 4. 220E 88% 2. 976 3.554E| 0. 00O0H

32 LSHADH £4 siiil tom C1-6828 n. " D=10"

mean SR vio median Y
LSHADEA44IEps 4. 492E 8 % 5.10% 2. 356E| 0. 0O0OH
C15 LSHADE44 1. 857E 5 &0 4. 6048 2.121E|{ 0. 0O0OH
LSHADE44Eps 7. 131E 8 % 4. 206 5.498E| 0. 00O ¥H
LSHADEA44IEps 6. 282 109 0.000 0. 000E| O. OOOH
C16 LSHADE44 6. 673E 9 &0 1. 433 6. 911E{ 0. OOOH
LSHADEA44-Eps 6. 472E 1 0% 0.000 6. 283E| 0. O0OH
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3 Epsilon LSHADE44
LSHADE44lEps | 1. 9@ 1 E 0 5.220 1. 090E| 5. 500§
c17 LSHADE44 9. 56€0F 0 5.500| 1.014E|5.500€¢
LSHADE44Eps 6. 2DNE 0 5.460 6. 0O®9E| 5. 500K
LSHADE44lEps | 1. 246 E 586 2.165| 4.794E|0.000fH
(oxK:] LSHADE44 5.280E 88 2.608| 3.722E|0.000fH
LSHADE44Eps | 5. 414E 8% 1.495| 3.660E| 0. 000FH
LSHADE44lEps | 3. 345E 0 6.636 3. 009E| 6. 634
C19 LSHADE44 7.9D1E 0 6.634| 0.000E| 6. 634F
LSHADE44Eps | 1. 137E 0 6.635| 0.000E| 6. 634F
LSHADE44lEps | 9. 1®4EF 109 |(0.000 9. 0H4E| 0. 000§
C20 LSHADE44 1.143E 108 |0.000| 1.205E| 0. 000FH
LSHADE44Eps 8. 5D4F 109 |0.000 8. 8MA4E| 0. 000K
LSHADE44lEps | 1. 203E 109 |0.000| 4.329E|[0.000f¢
c21 LSHADE44 7.626E 109 |0.000| 3.988E|0.000F
LSHADE44Eps | 5. 239E 10% |[0.000| 3.988E| 0.000E
LSHADE44lEps | 4. 397E 98 1.790] 7.2Q0QE| 0. 000F
c22 LSHADE44 2.572E 8% 6.190| 3.987E|0.000FH
LSHADE44Eps | 1. 151E 9% 4.264| 3.987E|0.000fH
LSHADE44lEps | 2. 565E 10% |0.000| 2.629E| 0. 000
c23 LSHADE44 3.496E 109 |0.000| 3.507E| 0.000FE
LSHADE44Eps | 3. 351E 968 4.9€9 3.388E|0.000FH
LSHADE44lEps | 3. 613 E 8% 7.58H% 2.356E| 0.000F
C24 LSHADE44 1.756E 96 1.847 1.806E| 0. 000F
LSHADE44Eps | 6. 503El 10% |0.000| 5. 498E| 0.000FE
LSHADE44lEps | 6. 786E 109 |0.000| 6.283E|[ 0. 000F
C25 LSHADE44 7.219E 109 |0.000| 7.540E| 0. 000F
LSHADE44Eps | 2. 400El 10% |0.000| 1.885E| 0. 000FE
LSHADE44lEps | 2. 4®48E 0 5.380 2. 5D9E| 5. 500K
C26 LSHADE44 1.012E 0 5.460 8. 6H09E| 5. 500§
LSHADE44Eps 9. 1DAE 0 2.251| 1.010E| 5.500#
LSHADE44lEps | 7. 715E 68 6.471| 3.660E|0.000FH
c27 LSHADE44 4. 274E 6% 8.890| 3.852E|[0.000fH
LSHADE44Eps | 3. 889El 10 |0.000| 3.661E| 0.000FE
LSHADE44lEps | 3. 716 E 0 6.657| 1.914E| 6. 658TH
C28 LSHADE44 3.555E 0 6.658| 3.597E| 6.659F
LSHADE44Eps | 3. 421E 0 6.658| 3.413E|6.659F

33 LSHADH# £4 siiil tom CO0-C1:4 n, "~ D=30"

mean SR vio median v
LSHADE44lEps | 2. 970El 100% 0. 000| 2.4492E 0.000F
co1 LSHADE44 4. 662E 1009%O0.000| 5.5®®E 0. 000H
LSHADE44Eps | 4. 348E 1009%0.000| 4.3DBE| 0. 000H
C02 | LSHADE44lEps | 1. 478E 1009%O0.000| 7. 6D8BE 0. 000H

33



3 Epsilon LSHADE44
LSHADE44 8. 22 1009% 0. 000 4. 744E 0. 00OHEH
LSHADE44Eps 5.933E 1009%O0.000 8. 0O®HBE 0. 0O0OHEH
LSHADEA44-|Eps 1.377E 100% 0. 000 1.148E| 0. 00O0H
C03 LSHADE44 1.219E 80% | 1. 3492 1. 388E| 0. 00O0H
LSHADE44-Eps 2.216E 96%|2.98®95% 2.228El 0. 000E
LSHADE44|Eps 1. 498E 100%0.000 1. 460E| 0. 00OE
C04 LSHADE44 1.741E 100%0.000 1. 666E| 0. 00O0E
LSHADE44-Eps 1.539E 100%0.000 1. 499E| 0. 00OEH
LSHADE44|Eps 3.725E 100%O0.000 3.340BE 0. 000H
CO05 LSHADE44 1.024E 1009%0.000 1. 0®2E 0. 000 H
LSHADEA44Eps 7.260E 100%O0.000 2. 008E| 0. 00OHEH
LSHADEA44-|Eps 3.151E 88% | 1. 0d2 3. 240E| 0. 0O0OH
C06 LSHADE44 4. 872E 88% | 5. 7D2| 4. 904E| 0. 0O0OH
LSHADE44Eps 4. 116Ef 100% 0.000 4. 202E| 0. 00OH
LSHADEA44IEps -4. 305H 32% |1.813 -4.581F 1. 8108H
Cco7 LSHADE44 3. 08AE 92% |1. 163 2. 015E 0. 0OO0OH
LSHADE44-Eps 2. 057E 92% (2. 405 -1. 678E 0. 00OH
LSHADE44|Eps 3.6@8F 96% |8.091| 6. 8®GE 0. 00O0E
Cco8 LSHADE44 2.841E 84% |5. 666 8. 1DK¥El 0. 00O0H
LSHADE44-Eps 9. 2813E 96% |5. 379 6. 3®2E 0. 00O0H
LSHADE44|Eps 1.5PAf 1009 0.000| 2. 6OHBE 0. 000 H
C09 LSHADE44 1. 088E 96%|1.1H@ -2.660BE 0. 000H
LSHADE44Eps 2. 7D8H 1009% 0. 000 2. 68888 0. 000 H
LSHADEA44IEps 1.334F 1009%0. 000 5. 435BE 0. 000 H
C10 LSHADE44 2. 138E 88% |1.571 1. 6D@&E 0. 000K
LSHADE44Eps 2. 10DPE 96% | 1. 802 6. 8DGBE 0. 000 E
LSHADE44IEps -1. 46 4 H 0 4. 238 1. 816F 2. 0109H
Cl1 LSHADE44 9. 707H 4 % 4.629 1. 696E| 1. 827H
LSHADE44-Eps -1.147EH 0 4 .47 2 9. 718F 1. 288E
LSHADEA44-|Eps 2.162E 80% 2. 652 1.574E| 0. 00O0EH
C12 LSHADE44 1.150E 1009% 0. 000 9. 775E| 0. 0O0OHE
LSHADE44-Eps 1.140E 1009% 0. 000 9. 775E| 0. 0O0OHE
LSHADEA44-IEps 4. 951E 72% |1. 246 2. 755E| 0. 00OHE
C13 LSHADE44 7. 738E 56% |1. 974 3.976E| 0. 00OE
LSHADE44Eps 8. 164E 48% | 7. 144 6. 433E 1. 4H0AH
LSHADE44IEps 1.624E 16% | 8. 988 1.944E| 7. 9528
Cl4 LSHADE44 2. 037E 100%O0.000 2. 159E| 0. 00OH
LSHADE44Eps 3.467E 92% 8. 233 2. 165E| 0. 00OH

34 LSHADE £ sti il Tomn Cl1-828 n. " D=30"

mean SR vio median v
c1s LSHADEA44-|Eps 1.367E 96% | 2. 7858 1.178E| 0. 000§
LSHADE44 2. 171E 80% | 8. 003 2. 121E| 0. 000 H
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3 Epsilon LSHADE44
LSHADE44Eps 1. 618E 80% | 8. 9D6 1.492E| 0. 000§
LSHADEA44-|Eps 9. 110E 100% 0. 00O 6. 283E| 0. 000 H
C16 LSHADE44 2. 135E 96% | 8. 98T 2. 262E| 0. 000 H
LSHADE44Eps 9. 199E 100% 0. 000 8. 325E| 0. 0O0OK
LSHADE44|Eps 7. 7D4aH 0 1.550 6. 0®2E| 1. 550§
C17 LSHADE44 1.026E 0 1.550 1. 029E| 1. 5500
LSHADE44-Eps 1. 023E 0 1.550 1. 030E| 1. 5500
LSHADE44|Eps 8.197E 8 % 4. 595 2.261E| 1. 082€H
C18 LSHADE44 1. 443E 84% |5. 302 3.822E| 0. 00O0FH
LSHADE44-Eps 6. 787E 88% | 8. 508 4. 0O53E| 0. 00OH
LSHADEA44-|Eps 7. 365E 0 2.139 2. 913E| 2. 138
C19 LSHADE44 1.017E 0 2.139 8. 666 E| 2. 139€¢
LSHADE44Eps 6. 674E 0 2.138 1. 034E| 2. 138
LSHADEA44IEps 4. 544E 100%0.000 4. 557E| 0. 0O0OK
c20 LSHADE44 5.399E 100%0.000 5.520E| 0. 000 ¥
LSHADE44Eps 4. 254E 100%0.000 4. 341E| 0. O0OOK
LSHADE44|Eps 9. 090E 1009%0.000 9. 776E| 0. 000K
Cc21 LSHADE44 1.161E 100% 0. 000 9. 795E| 0. 00O H
LSHADE44-Eps 1. 119E 100% 0. 000 9. 775E| 0. 000 H
LSHADE44|Eps 1. 730E 20% |9. 729 2.494E| 3. 2241
C22 LSHADE44 5. 335E 4 % 1.283 6. 748E| 6. 8341
LSHADE44-Eps 2.978E 12% |1.200 7.929E| 8. 757 H
LSHADEA44IEps 2.327E 96% |9.670 1. 564E| 0. 000§
c23 LSHADE44 1.968E 100%O0.000 2. 088E| 0. 000H¢
LSHADE44Eps 1.950E 100% 0. 000 2. 100E| 0. 00OH
LSHADEA44IEps 1. 400E 96% |1. 292 1.178E| 0. 000§
c24 LSHADE44 2. 058E 100%O0.000 2.121E| 0. 00O0H
LSHADE44Eps 1.970E 100% 0. 000 1. 806E| 0. 000§
LSHADEA44-|Eps 9. 946E 100% 0. 000 1. 005E| 0. 000§
C25 LSHADE44 2. 185E 100% 0. 000 2. 199E| 0. 000 H
LSHADE44-Eps 1. 954E 1009%0.000 1. 948E| 0. 000§
LSHADEA44-|Eps 9. 3®4EKE 0 1.931 1. 024E| 1. 550
C26 LSHADE44 1. 025E 0 1.550 1. 030E| 1. 550
LSHADE44-Eps 1. 031E 0 3.001 1. 029E| 1. 550
LSHADEA44IEps 2. 784E 44% (1. 0914 7.118E{ 8. 8541
c27 LSHADE44 8. 443E 44% (2. 439 3.643E| 6. 784
LSHADE44Eps 3.039E 64% |5. 183 5.299E| 0. 0O0OH
LSHADEA44IEps 1. 682E 0 2.149 1. 666E| 2. 149§
C28 LSHADE44 1. 652E 0 2.149 1.588E| 2. 149§
LSHADE44Eps 1. 648E 0 2.149 1.506E| 2. 149§
35 LSHADH# £4 siiil tom Co0-C14 n, " D=50"
‘ ‘ mean ‘ SR vio median v
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3 Epsilon LSHADE44

LSHADEA44-|Eps 6. 887Ef 100% 0. 000 2. 80AaE 0. 00OHEH

C0o1 LSHADE44 8. 110Ef 100% 0. 000 4. 5D4Ef 0. 0O0O0H
LSHADEA44Eps 1.904E 1009%0. 000 1. 4O@2E 0. 00O0EH
LSHADEA44-|Eps 1.637E 1009% 0. 000 5. 7D2E 0. 00O0OHEH

Co02 LSHADE44 2.237E 100%O0.000 6. 1H8E 0. 000 H
LSHADE44-Eps 6. 703E 1009%O0.000 2. 1D2E 0. 000 H
LSHADE44|Eps 3.385E 100%0.000| 3.653E| 0. 000H

Co03 LSHADE44 8. 700E 76% 4. 2803 1. 744E| 0. 00OE
LSHADE44-Eps 8. 162E 1009%O0.000 7.514E| 0. 00O0H
LSHADE44|Eps 2.867E 1009%O0.000| 2.863El 0. 00O0E

co4 LSHADE44 3.173E 1009%O0.000 3.085E| 0. 00O0H
LSHADE44Eps 2. 906E 100%0.000 2. 904E| 0. 0O0OH
LSHADEA44-|Eps 1.142E 100% 0. 000 7. 457E 0. 0O0OHEH

C05 LSHADE44 2. 040Ef 10099 0.000 1.722E| 0. 00O0EH
LSHADE44Eps 1.370E 100% 0. 000 4. 174E| 0. 0O0OH
LSHADEA44IEps 6. 703 E 96% | 1. 02| 6. 371E| 0. 0O0O0H

CO06 LSHADE44 8. 254E 88%|1.9D2 8.305E| 0. 000H
LSHADE44-Eps 1. 142E 96% | 1. 8@ 1. 040E| 0. 00O0H
LSHADE44|Eps 5. 038E 44% |2.281 5. 233E 1.508H

Cco7 LSHADE44 8. 224E 72% (4. 071 9. 311FE 0. 00OHE
LSHADE44-Eps 6. 883E 76% (4. 022 2. 733E| 0. 00O0H
LSHADE44|Eps 4. 1DPRE 60% (5. 2048 4. 2D3El 0. 00O0H

C08 LSHADE44 3.381E 52% 1. 080 5. 1®BE 0. 00OH
LSHADE44Eps 1. 49H3H 68% | 8. 62 3. 098BE| 0. 000 EH
LSHADEA44IEps 1. 792 1009% 0. 000 -1. 6D3BH 0. 000 E

C09 LSHADE44 1.314E 1009%0.000| -1. 903 0. 000 H
LSHADE44Eps 4. 6®90AK 96% | 1. 282 -1.5®€©8H 0. 00O0H
LSHADEA44|Eps 5.8HE@F 100% 0. 000 5. 4DYE 0. 00O EH

C10 LSHADE44 3.164E 84% |1.115 7. 3BDEE 0. 000E
LSHADE44-Eps 5. 0-DAE 92% |1. 866 6. O®WAE 0. 0O0OHE
LSHADEA44-IEps 3. 291EH 0 5.250 3. 012F 3. 763EH

Cl1 LSHADE44 4. 435E 0 1.171 -1. 873F 9. 304¢F
LSHADE44-Eps -1. 821EH 0 2.400 -1. 650F 7. 250086
LSHADEA44-|Eps 1. 448E 8 % 6. 794 1. 460E| 0. 00OEH

C12 LSHADE44 1.951E 10w 0.000 1. 794E| 0. 00O0H
LSHADE44Eps 1. 799E 10w 0.000 1. 794E| 0. 00O0H
LSHADEA44IEps 4. 902E 160 4. 488 1. 839E| 2. 769H

C13 LSHADE44 7.514E 4% 6. 497 3.092E| 4. 4628H
LSHADE44Eps 1.071E 1% 5.884 4. 219E| 5. 554H
LSHADEA44IEps 1.495E 2 % 1.679 1. 959E| 1. 527H

Cl4 LSHADE44 1.515E 10w 0.000 1.586E| 0. 000K
LSHADE44-Eps 2. 236E 9 & 8. 751 1. 498E| 0. 00O0EH
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3 Epsilon LSHADE44

36 LSHADE £ sti il Tom Ci1-828 n. " D=50"

mean SR vio median v
LSHADE44|Eps 1. 643E 96% |1. 20% 1. 492E| 0. 000§
C15 LSHADE44 2. 648E 80% | 2. 495 2.435E| 0. 00O0H
LSHADE44Eps 2.271E 92% | 9. 1DG 2. 121E| 0. 000 H
LSHADEA44-|Eps 4. 028E 100% 0. 000 1. 885E| 0. 000§
C16 LSHADE44 3.549E 100% 0. 000 3.644E| 0. 00O0FK
LSHADE44Eps 2. 395E 100% 0. 000 2. 262E| 0. 000 H
LSHADEA44-|Eps 9. 9D3KH 0 2.550 8. 7TDAE| 2. 5500
C17 LSHADE44 1. 048E 0 2.550 1. 050E| 2. 550§
LSHADE44-Eps 1. 049E 0 2.550 1. 050E| 2. 550§
LSHADE44|Eps 1. 165E 16% |4. 094 1. 225E| 5. 8441
C18 LSHADE44 8. 927E 84% |9.2D1U] 3.822E| 0.000°€¢
LSHADE44-Eps 4. 448E 92% | 8. 4084 3.723E| 0.00O0FH
LSHADE44|Eps 1.517E 0 3.614 5.537E| 3. 613
C19 LSHADE44 1. 242E 0 3.613 1.592E| 3. 613
LSHADE44Eps 1. 218E 0 3.613 9. 250E| 3. 613
LSHADEA44IEps 9. 107E 100% 0. 000 9. 009E| 0. 00O H
Cc20 LSHADE44 1. 074E 100% 0. 000 1. 093E| 0. 00O
LSHADE44Eps 8. 376E 100% 0. 000 8. 281E| 0. 0O0OK
LSHADEA44IEps 3.623E 96 % |2. 269 7. 076E| 0. 000 H
c21 LSHADE44 1. 478E 100% 0. 000 1.462E| 0. 00O §
LSHADE44-Eps 9. 935E 100% 0. 000 7. 075E| 0. 00O H
LSHADE44|Eps 4. 046E 0 2.105 1. 733E| 1. 373
C22 LSHADE44 3.980E 0 2.005 1.591E| 1. 668
LSHADE44-Eps 1. 629E 4 % 1.270 6. 637E| 9. 435
LSHADEA44-|Eps 1.191E 100% 0. 00O 1.130E| 0. 00O §
c23 LSHADE44 1. 349E 100% 0. 00O 1. 308E| 0. 00O
LSHADE44Eps 1. 386E 100% 0. 000 1.321E| 0. 00O
LSHADEA44IEps 1. 681E 100% 0. 000 1. 806E| 0. 000§
c24 LSHADE44 2. 108E 100% 0. 000 2. 121E| 0. 000 H
LSHADE44Eps 2. 171E 100% 0. 000 2. 121E| 0. 000 H
LSHADEA44IEps 1. 859E 100% 0. 000 1. 759E| 0. 00O §
C25 LSHADE44 3.599E 100%0.000 3.581E| 0. 000
LSHADE44-Eps 3.637E 100% 0. 00O 3.707E| 0. 00O0FH
LSHADEA44-|Eps 1. 041E 0 2.550 1. 050E| 2. 550
C26 LSHADE44 1. 048E 0 2.550 1. 050E| 2. 550
LSHADEA44-Eps 1. 049E 0 2.550 1. 050E| 2. 550
LSHADEA44-|Eps 2.512E 44% (4. 684 3.419E| 5. 106
c27 LSHADE44 5.912E 20% |9. 248 3.367E| 7.7893
LSHADE44Eps 9. 136E 32% |3.288 3.517E| 1.883
C28 | LSHADE44IEps 2. 863E 0 3.632 2. 575E| 3. 6321
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3 Epsilon LSHADE44
LSHADE44 2. 784E 0 3.632 2. 743E| 3.6321H
LSHADE44Eps 2. 868E 0 3.632 2. 775E| 3.6328H
37 LSHADH £4 siiil tom CO-CL4 n. " D=100"
mean SR vio median v
LSHADE44|Eps 3.355E+03 100% | 0.000E+00| 1.409E+03 0.000E+00
co1 LSHADE44 6.273E+03 100% | 0.000E+00| 9.014E+02 0.000E+00
LSHADE44-Eps 3.626E+03 100% | 0.000E+00| 2.274E+03 0.000E+00
LSHADE44|Eps 1.528E+03 100% | 0.000E+00| 7.409E+02 0.000E+00
C02 LSHADE44 5.088E+02 100% | 0.000E+00| 3.178E+02 0.000E+00
LSHADE44-Eps 9.367E+02 100% | 0.000E+00| 4.671E+02 0.000E+00
LSHADEA44-|Eps 1.488E+05 100% 0.000E+00| 1.402E+05 0.000E+00
C03 LSHADE44 2.036E+07 96% 3.046E06 1.089E+07 0.000E+00
LSHADE44Eps 3.262E+05 100% 0.000E+00| 3.152E+05 0.000E+00
LSHADEA44IEps 5.965E+02 100% 0.000E+00| 5.962E+02 0.000E+00
Co04 LSHADE44 6.464E+02 100% 0.000E+00| 6.467E+02 0.000E+00
LSHADE44Eps 5.904E+02 100% 0.000E+00| 5.836E+02 0.000E+00
LSHADE44|Eps 6.867E+01 100% | 0.000E+00| 6.751E+01 0.000E+00
C05 LSHADE44 6.984E+01 100% | 0.000E+00| 6.788E+01 0.000E+00
LSHADE44-Eps 7.654E+01 100% | 0.000E+00| 6.904E+01 0.000E+00
LSHADE44|Eps 1.821E+03 100% | 0.000E+00| 1.814E+03 0.000E+00
Co06 LSHADE44 1.625E+04 96% 7.662E04 1.589E+04 0.000E+00
LSHADE44-Eps 3.512E+03 100% | 0.000E+00| 3.453E+03 0.000E+00
LSHADEA44IEps -4.959E+02 28% 7.135E+02| -2.900E+02 6.653E+02
Cco7 LSHADE44 4.681E+01 56% 1.530E+02| 2.772E+02 0.000E+00
LSHADE44Eps -1.388E+02 56% 1.900E+02| 2.568E+01 0.000E+00
LSHADE44IEps 9.544E+00 0 1.367E+02| 6.130E+00 4.443E+01
Cco8 LSHADE44 1.604E+01 0 5.456E+02| 1.009E+01 1.006E+02
LSHADE44Eps 1.289E+01 0 3.610E+02| 9.060E+00 5.220E+01
LSHADEA44-IEps 5.218E+00 96% 1.271E02 4.021E+00 0.000E+00
C09 LSHADE44 6.183E+00 96% 1.271E02 4.528E+00 0.000E+00
LSHADE44-Eps 7.536E+00 88% 3.814E02 4.330E+00 0.000E+00
LSHADEA44-|Eps 8.346E01 0 1.254E+01 2.579E01 1.905E+00
C10 LSHADE44 6.096E01 0 1.245E+01 1.619E01 5.182E01
LSHADE44-Eps 3.632E01 0 1.928E+00 6.760E01 8.299E01
LSHADE44IEps -7.775E+03 0 6.843E+02| -7.630E+03 5.073E+02
Cl1 LSHADE44 2.576E+01 0 2.805E+01| -2.964E+02 7.397E+00
LSHADE44Eps -2.803E+03 0 7.428E+01| -2.503E+03 3.714E+01
LSHADE44-|Eps 1.338E+01 100% | 0.000E+00| 9.999E+00 0.000E+00
C12 LSHADE44 1.697E+01 100% 0.000E+00 1.886E+01 0.000E+00
LSHADE44Eps 1.829E+01 100% 0.000E+00 1.886E+01 0.000E+00
LSHADEA44-|Eps 3.228E+06 0 2.212E+02| 2.301E+06 2.059E+02
c13 LSHADE44 2.064E+06 0 1.668E+02| 7.911E+05 1.434E+02
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3 Epsilon LSHADE44

LSHADEA44Eps 3.016E+06 0 2.224E+02| 1.335E+06 1.982E+02
LSHADEA44-|Eps 9.468E+00 52% 1.872E+04 9.176E01 0.000E+00

Cl4 LSHADE44 9.740E01 100% 0.000E+00| 1.008E+00 0.000E+00
LSHADE44Eps 9.342E01 100% 0.000E+00 9.243E01 0.000E+00

38 LSHADE £9 sti il Tom Cl-828 n. "~ D=100"
mean SR vio median v

LSHADE44|Eps 2.435E+01 100% 0.000E+00| 2.121E+01 0.000E+00

C15 LSHADE44 2.623E+01 96% 8.225E06 2.435E+01 0.000E+00
LSHADE44-Eps 2.875E+01 96% 3.596E05 2.749E+01 0.000E+00
LSHADE44|Eps 1.947E+02 100% 0.000E+00|  1.948E+02 0.000E+00

C16 LSHADE44 7.016E+02 100% 0.000E+00 7.100E+02 0.000E+00
LSHADE44Eps 6.825E+02 100% 0.000E+00 6.990E+02 0.000E+00
LSHADEA44IEps 1.097E+00 0 5.050E+01 1.100E+00 5.050E+01

C17 LSHADE44 1.098E+00 0 5.050E+01 1.100E+00 5.050E+01
LSHADE44Eps 1.092E+00 0 5.050E+01 1.100E+00 5.050E+01
LSHADEA44IEps 9.438E+01 48% 2.577E+01 3.597E+01 3.887E04

C18 LSHADE44 5.918E+01 68% 3.390E+00| 4.896E+01 0.000E+00
LSHADE44-Eps 6.648E+01 76% 5.080E+00 4.746E+01 0.000E+00
LSHADE44|Eps 2.797E+01 0 7.300E+04 2.513E+01 7.300E+04

C19 LSHADE44 2.792E+01 0 7.300E+04| 2.203E+01 7.300E+04
LSHADE44-Eps 3.212E+01 0 7.301E+04 3.285E+01 7.301E+04
LSHADE44|Eps 2.233E+01 100% 0.000E+00| 2.235E+01 0.000E+00

Cc20 LSHADE44 2.584E+01 100% 0.000E+00 2.602E+01 0.000E+00
LSHADE44Eps 2.059E+01 100% 0.000E+00 2.008E+01 0.000E+00
LSHADEA44IEps 7.713E+00 100% 0.000E+00 5.040E+00 0.000E+00

Cc21 LSHADE44 9.608E+00 100% 0.000E+00 1.000E+01 0.000E+00
LSHADE44Eps 1.090E+01 100% 0.000E+00 1.002E+01 0.000E+00
LSHADEA44IEps 1.316E+07 0 4.811E+02 2.952E+06 3.076E+02

C22 LSHADE44 1.431E+07 0 6.091E+02 6.384E+06 4.865E+02
LSHADE44-Eps 1.505E+07 0 6.066E+02 8.169E+06 4.615E+02
LSHADEA44-IEps 8.413E01 100% 0.000E+00 8.002E01 0.000E+00

Cc23 LSHADE44 9.621E01 100% 0.000E+00 9.502E01 0.000E+00
LSHADE44-Eps 9.104E01 100% 0.000E+00 8.987E01 0.000E+00
LSHADEA44-|Eps 2.083E+01 100% 0.000E+00 2.121E+01 0.000E+00

c24 LSHADE44 2.359E+01 100% 0.000E+00 2.435E+01 0.000E+00
LSHADE44Eps 2.322E+01 100 0.000E+00 2.435E+01 0.000E+00
LSHADE44-|Eps 5.583E+02 100% 0.000E+00| 5.592E+02 0.000E+00

C25 LSHADE44 7.451E+02 100% 0.000E+00|  7.493E+02 0.000E+00
LSHADE44Eps 7.424E+02 100 0.000E+00 7.430E+02 0.000E+00
LSHADEA44IEps 1.099E+00 0 5.050E+01 1.100E+00 5.050E+01

C26 LSHADE44 1.099E+00 0 5.050E+01 1.100E+00 5.050E+01
LSHADEA44-Eps 1.099E+00 0 5.050E+01 1.100E+00 5.050E+01
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3 Epsilon LSHADE44
LSHADEA44-|Eps 1.223E+03 20% 1.398E+02 1.204E+02 8.688E+01
Cc27 LSHADE44 6.983E+03 0 1.461E+03 1.018E+04 3.435E+02
LSHADEA44Eps 3.373E+03 8% 7.344E+02 1.205E+03 2.016E+02
LSHADEA44-|Eps 6.326E+02 0 7.341E+04 6.357E+02 7.341E+04
Cc28 LSHADE44 6.319E+02 0 7.341E+04 6.533E+02 7.341E+04
LSHADE44Eps 6.045E+02 0 7.341E+04 6.179E+02 7.341E+04
39 LSHADEZEdDsid ombi T H :
vs. LSHADE44IEpsilon |~ D=10 | D=30 | D=50 | D=100
+ 9 11 10 10
LSHADE44 - 19 17 18 18
= 0 0 0 0
+ 13 11 14 11
LSHADE44-Epsilon - 14 17 14 17
= 1 0 0 0
310LSHADEZEHsidTbn bLiTH ’
vs. LSHADE44IEpsilon ” D =10 D=30 D=50 | D=100
+ 6 6 6 6
LSHADE44 - 21 21 22 22
= 1 1 0 0
+ 11 9
LSHADE44Epsilon - 17 18 19 22
= 0 1 0 0
2.4. 28
G H @ DN 1z n 1 u v
LSHADEE4 il OaSHADEKE4ASHADESDS i | oh5
n =~ 1l 311 31ZAA @ T 6meand
P v SR 25 [~ o 6viob i
6 Beasdtwbo a 6 médd i a nma 1 Tv P v 6voeT
tv é6stdo v % A . g A 311
312 S H @ n. " LSHADE44
| Epsil onyv T v:s A v LSHADE4 4
| Epsi |l gn Do v W n A
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3 Epsilon

LSHADE44

31 1572 1z n =25 n
LSHADE44|Epsilon LSHADE44 LSHADE44-Epsilon
Best 5.795E+03 5.795E+03 5.795E+03
mean 5.898E+03 6.009E+03 6.192E+03
worst 6.491E+03 6.43%€+03 8.05%E+03
std 1.997E+02 2.780E+02 5.5E+02
SR 100% 100% 100%
vio 0 0 0
median 5.79%€+03 5.829E+03 5.900E+03
v 0 0 0
3-1 2273 u 5025 n
LSHADE44-IEpsilon LSHADE44 LSHADE44-Epsilon
Best 2.3B6E+01 2.356E+01 2.357E+01
mean 2.362E+01 2.370E+01 2.389E+01
worst 2.456E+01 2.440E+01 2.781E+01
std 1.976E-01 2.586E-01 8.440E-01
SR 100% 100% 100%
vio 0 0 0
median 2.358+01 2.359E+01 2.363E+01
Y 0 0 0
4 e
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3 Epsilon LSHADE44

1z n. "LSHADE44 [ “p 10
- H n G bi~ LSHADE4i |l on -
30 ~ G biT “LSHADEZHsilon
WiWae 30 A G u "LSHADE4 4
| Epsil on [ n "LSHADE#42 LSHADE44
Epsiul on “ 9 ] LSHADEZEDHsi |l on
[ n A v LSHADEEHsiil on
n~ f 3 6 LSHADEd%4 Al on
30 - ]
: e ———————— — |
ST o i
' |
' |
28 &" : 242 :
B, I I
Na ' - o . o |
alh, | Jr H A |
o Fok ‘ : 238 N I
- - S pmpasossens !
- : T I —— | !
* 1 | |
Ll ‘_: 234 |
25 L .)EF ‘-: N 30 35 40 45 50 55 60 65 70 75 :
|
24 r
23 : . ! ! . . .
0 10 20 30 40 50 60 70 80
Generation
34 v T2 T8
3. 3
FuW ¢ L1 EpsSAi | onl
L [6 2017 v CEd . T
LSHADE44~ F3uW LSHADEZEHSi bASHADEA4 4
1 . e L LSHADE4&i |l on A
a = CEC2017 1 Ha n.
A LSHADEZEHsil on n. ne

42



3 Epsilon LSHADE44

LSHADH44, 1 ¢ L LSHADEH&T bon =
| Eiplso r+ W i Juz LA " LSHADE4 4
| Epsii | yolan
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