uny 4

NAURINIFTAAE

HaTa9NUAdtazutsaaniilu 2 dauAe nmedauiuLLLAansteatiym Al
Hdaanian1esnunineing waznistililssgnadldlunsudlatiguniinauasaddednin
Y o o aa ' PRIy, ~ » v o a
NafunIneng Ingaztindanissine) ldunaglduFeunsudenuasdesos Inaaison
AINNARWEATN 3 38N19 Ae AaAY ANDELUNIATIIYN uazAERTIddueasiadu (SN
Ratio) deluusaziloyuiazninimagauyiedauaiuai 10 41 InaAedy wazAndeaiu
NIRTFIUILANMUIUAINRIUIUANE (n) 7TL 10 49U SIN ratio arl¥A1aagand SN ratio

ANTATaLA 1 IUUATAIUIWINET (n) WAL 10

A3 4.1

ABNsUATgAIAUINISITILITIEL S/N ratio

Methods S/N ratio formulas Optimization
Larger is better | S/N = —10*Iog(2(1/Y2)/n) Maximization
Smaller is better | S/N = —1O*|og(Z(Y2)/n)) Minimization

4.1 MSNAKAUNUANNITLUUA AR a9y

NInAaaLIENAINAMUAAINIRIRa SN AuluLsardanes i tnsazinn1agu

QABFNFU AMNBUATTINIINAGBLUATUIATTIANNZANTNEA 8 ANNT AUAAdlUANTINT 4.2

v 1 1

) a !

v o 1S dl ¥ = a [ % ] all
Wi ld@esunaunidr lussuuinaiinisnszataiuudnitAeaeviniy 0 dduidesiuy

v v
o

NIMTFIU (STD) WML 0, 1, 2 uaz 3 ANNANAL LATANUIUNIINTET 10 AT i 1 ANNTT 5D
1 m?zﬁmmmmﬁmLuummgﬁwumawumu

TudaurasnisdmaeiiilFaunaunanimeaatuanainazilsenaylisqel

o a

ANLRAE m'%ﬁmmummgm WAZANBATNAIULEAFBLEY (S/N Ratio) A1 AZfalaIuIuATe

v %

TunsliAimaugaiing (Design Point) MifluAtrasaruauafalunisinaaunatinlilgnis

° v | Aaa a Ay o qw a ' pRIy a -
V]qélmﬂﬁ’]mﬁm@ﬁ ENNANURE °‘] %wﬂMLﬂuN@ﬂWﬂﬁ*ZUULLQZﬂ’] P-value V]iﬂﬂqqqﬂ’)Lﬂ?qzV
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AYNNWLTLI99% (Analysis of Variance, ANOVA) %A N3AUANNITaT 95% TnTATas

I
6 o/

n191 0.05 waA NG NANIINARDIUDILAR L HIAT1H 'ﬁmammmmmumﬁdmm

1
o

] o 1 1 2 dl [y
AN ﬁl’]\iﬂu‘ﬂﬂu’ﬂﬁl’]\‘lu’ﬂﬂﬂux‘lﬂx‘l aUu

A3 4.1

Meazipuafeidu Lazann1matinAansIauLLAaastiny

Waridi {laqg ANNT
Goldstein- 2 = 210 2_ 201
f(x) 1O+|og10[1/{1+(1+x1+x2) (19 14)(14-3)(1 14X2+6X1X2+3X2)}
; mu 2 e 2 _ 2
Price {30+ (2 X4 3x2) (18 32><1+12><1 -|-48><2 36x1x2+27x2)}]
Camelback 2 . 2 2,1 4 2 9
f(x)=10 Iog10[x1 (4 2.1><1 +§x1 )+><1><2+4><2(><2 +1)]
Branin 2 5.1 5
Fx)=5~1log, [(x,~ v x1 +—x —6)2+(1O—ECOS(X1))+1O]
Parabolic K W=12— Z 2 100]
Rastrigin K| fx) = 80-[20+ & x2 ~10( & cos2zx)]
i=1 =1
Rosenbrock K
F)=T0[({20—((—x,/a,) +Z[x/a —(x,/a,)° )} +150)/1701+10
j=2
Tl a,, a,, a, uaz a, 1w 6, -7, -2, 4 UAL 5 ANWAAL
Shekel Kk k 1
f(x)=100 Y. k
=1 _
! c;+ > (x/ a//)
=t
dl 1 o a Aar
NAdulse@ns
aij
i
i 1 2 3 4 5 Ci
1 4 6 -2 2 4 9
2 0 0 -8 -5 6 20
3 -8 3 4 1 5 14
4 -8 -8 1 7 1 11
5 6 -7 -2 4 2 6
Styblinski k (x; —16x. +5x,)  (x3 —16x> +5x,) & )
f(x)=275—[( )+ ( )+ 2 (x, =17
2 2 i=3
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1 4 v [ a (=3
4.1.1 NSNARDUNIUANNISNNIAAE 2 taqeundd s aNLWANT

I
6

NANIINARDILALNANDLAUANUBNTUINANTANNNIWIGU Parabolic AM15UNa0l

[ o 1

2 fade NURda’TANINENNTENUN19ANNNT THHARIANTNN 4.3 — 4.6

A9 4.3

I
6o

NANINAZAUNITY Parabolic el 2 1adef STD WinAw 0

Measure STD WL 0
Response / Method MSM SMS WSM CSM
Mean 53.4 53.0 52.9 72.0
Design point Std Dev 1.8 23.6 3.3 7.4
P-value 0.003
Mean 12.000 11.996 12.000 12.000
Yield (Noise) Std Dev 0.000 0.009 0.000 0.000
S/N 21.584 21.581 21.584 21.584
P-value 0.087
Mean 12.000 11.996 12.000 12.000
Yield (Prime) Std Dev 0.000 0.009 0.000 0.000
S/N 21.584 21.581 21.584 21.584
P-value 0.087
Best method MSM
-
AN91NN 4.4

1
6o

NANINAZAUNITTU Parabolic el 2 Tlade #1 STD winf 1

Measure STD WinAL 1

Response / Method MSM SMS WSM CSM

Design point Mean 1992.0 1822.4 1903.7 1686.0
Std Dev 767.3 683.8 481.6 1003.8
P-value 0.830

Yield (Noise) Mean 12.938 12.957 12.967 12.981
Std Dev 0.087 0.049 0.052 0.040
S/N 22.237 22.250 22.256 22.266
P-value 0.210

Yield (Prime) Mean 11.888 11.957 11.967 11.982
Std Dev 0.191 0.049 0.052 0.040
S/N 21.499 21.552 21.559 21.570
P-value 0.440

Best method CSM




NANITNAAALINIAT

I
o

U

A3 N7 4.5

Parabolic N7l 2 t1ade 7 STD WAy 2

Measure STD Wiy 2

Response / Method MSM SMS WSM CSM

Design point Mean 1822.9 1900.2 1798.6 2032.3
Std Dev 659.9 935.5 896.8 819.8
P-value 0.923

Yield (Noise) Mean 13.973 13.969 13.940 13.938
Std Dev 0.027 0.026 0.035 0.086
S/N 22.906 22.903 22.885 22.884
P-value 0.264

Yield (Prime) Mean 11.974 11.970 11.940 11.940
Std Dev 0.027 0.026 0.035 0.084
S/N 21.565 21.562 21.540 21.539
P-value 0.267

Best method MSM

=
AT 1NN 4.6
co ~ o | e
NANNINARAUWNATY Parabolic n7tl 2 1adg 1 STD winfu 3
Measure STD Winfu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1503.0 1424.2 2323.4 1759.1
Std Dev 623.3 893.2 545.4 585.7
P-value 0.022

Yield (Noise) Mean 14.983 14.931 14.957 14.970
Std Dev 0.014 0.065 0.048 0.023
S/N 23.512 23.482 23.497 23.504
P-value 0.057

Yield (Prime) Mean 11.984 11.932 11.959 11.972
Std Dev 0.014 0.065 0.048 0.023
S/N 21.572 21.534 21.553 21.563
P-value 0.062

Best method MSM

AMNEANIINARDIT IANLI1 NARBLALEIIIANNTARAINI TUAA Tuumas?

al

NI INARBLAWBIAERBTNNANTULLFNG 7] azlaifiAanuansinaiu
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NNINAADILALHNARNALAUAIUBNANNITWIATU Branin A1u5unsdl 2 fladel

Boxplot aavauni1swisntuda 2 ilada fiszaudvsuniuciige
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wn wn wn wn
o
NINN 4.1

vandwaeniunonisiuan 2 dade NeAugesunausng 7

FRARNAANSNLINTHIUNNANNIT IANAFIAIFI9N 4.7 - 4.10

A9 4.7

I
o

NANINAZAUNIEU Branin N3 2 11ade 1 STD Windw 0

1
=

N

Measure STD WL 0

Response / Method MSM SMS WSM CSM

Design point Mean 32.2 62.2 64.0 55.9
Std Dev 28.0 27.3 16.2 33.2
P-value 0.044

Yield (Noise) Mean 3.705 3.696 3.708 3.696
Std Dev 0.004 0.026 0.000 0.020
S/N 11.375 11.354 11.382 11.355
P-value 0.290

Yield (Prime) Mean 3.707 3.701 3.709 3.702
Std Dev 0.005 0.027 0.002 0.015
S/N 11.380 11.365 11.385 11.368
P-value 0.290

Best method MSM
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AN9 N7 4.8

I
o

NANINAZAUNITTU Branin naoi 2 t1ade 1 STD windy 1

Measure STD Winfu 1

Response / Method MSM SMS WSM CSM

Design point Mean 460.5 1990.8 1845.4 1934.5
Std Dev 680.6 886.4 1029.0 661.9
P-value 0.000

Yield (Noise) Mean 4.688 4.651 4.596 4.697
Std Dev 0.010 0.084 0.328 0.008
S/N 13.419 13.347 13.169 13.436
P-value 0.538

Yield (Prime) Mean 3.702 3.660 3.603 3.705
Std Dev 0.010 0.086 0.330 0.004
S/N 11.368 11.264 10.992 11.375
P-value 0.514

Best method MSM

~
A199N 4.9

I
6o

NANTINAZALNIDY Branin N3 2 t1ade 11 STD winiy 2

Measure STD WiNfid 2

Response / Method MSM SMS WSM CSM

Design point Mean 475.7 2085.5 1940.5 1807.1
Std Dev 766.9 788.4 673.0 879.1
P-value 0.000

Yield (Noise) Mean 5.674 5.673 5.591 5.664
Std Dev 0.033 0.069 0.315 0.071
S/N 15.077 15.075 14.904 15.060
P-value 0.633

Yield (Prime) Mean 3.695 3.687 3.603 3.678
Std Dev 0.019 0.072 0.319 0.073
S/N 11.352 11.328 11.002 11.308
P-value 0.591

Best method MSM




A3 4.10

NANTINAZALNATE Branin N3t 2 11ade 91 STD winfu 3

Measure STD WinAu 3

Response / Method MSM SMS WSM CSM

Design point Mean 466.9 1803.9 1576.9 1959.1
Std Dev 756.3 910.4 911.3 1053.6
P-value 0.003

Yield (Noise) Mean 6.644 6.629 6.558 6.615
Std Dev 0.050 0.156 0.352 0.186
S/N 16.449 16.422 16.295 16.401
P-value 0.820

Yield (Prime) Mean 3.684 3.637 3.567 3.625
Std Dev 0.045 0.158 0.354 0.189
S/N 11.326 11.190 10.876 11.150
P-value 0.685

Best method MSM
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NN9INARBILATNARALAUDIURA ANN1TF Goldstein-Price A1niunsa 2 t1ade Ny

o o 1

AdaaTANIWEINTENUN19ANNNT IAHARIANTINN 4.11 — 4.14

A9 4.11

I
6o

NANINAZALNIT Goldstein-Price N3tk 2 11ade 91 STD Winfw 0

Measure STD WL 0

Response / Method MSM SMS WSM CSM

Design point Mean 69.1 154.6 75.0 97.7
Std Dev 16.0 76.3 24.8 11.7
P-value 0.000

Yield (Noise) Mean 9.523 8.690 9.501 9.523
Std Dev 0.000 0.501 0.068 0.000
S/N 19.575 18.743 19.555 19.575
P-value 0.000

Yield (Prime) Mean 9.523 8.690 9.501 9.523
Std Dev 0.000 0.501 0.068 0.000
S/N 19.575 18.743 19.555 19.575
P-value 0.000

Best method MSM

A3 4.12

I
6o

NAN1INAZaUNITU Goldstein-Price N3t 2 t1ade 1 STD Wiy 1

Measure STD WinAL 1

Response / Method MSM SMS WSM CSM

Design point Mean 1501.8 1759.6 1618.9 1584.3
Std Dev 947.4 927.4 803.9 814.8
P-value 0.929

Yield (Noise) Mean 10.482 8.947 10.271 10.472
Std Dev 0.050 1.329 0.411 0.064
S/N 20.409 18.611 20.212 20.400
P-value 0.000

Yield (Prime) Mean 9.485 7.947 9.271 9.473
Std Dev 0.049 1.329 0.411 0.065
S/N 19.540 17.419 19.318 19.529
P-value 0.000

Best method MSM
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A9 4.13

NANTINAZALWTT Goldstein-Price N3tk 2 11ade 91 STD winfy 2

Measure STD Winfiu 2

Response / Method MSM SMS WSM CSM

Design point Mean 1408.9 1679.6 1533.1 2040.8
Std Dev 1060.7 1038.2 795.5 336.6
P-value 0.398

Yield (Noise) Mean 11.449 9.926 11.222 11.474
Std Dev 0.066 1.336 0.489 0.061
S/N 21.175 19.694 20.976 21.194
P-value 0.000

Yield (Prime) Mean 9.458 7.927 9.223 9.475
Std Dev 0.068 1.336 0.489 0.061
S/N 19.515 17.585 19.259 19.531
P-value 0.000

Best method MSM

A9 4.14

1
6o

NANINAZAUNITTU Goldstein-Price N3k 2 11ade 91 STD Winfiu 3

Measure STD WinAu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1789.9 2350.9 1885.1 1864.9
Std Dev 1077.6 411.5 646.1 607.0
P-value 0.312

Yield (Noise) Mean 12.397 10.538 12.217 12.445
Std Dev 0.154 1.462 0.518 0.091
S/N 21.864 20.195 21.715 21.899
P-value 0.000

Yield (Prime) Mean 9.408 7.539 9.218 9.359
Std Dev 0.149 1.461 0.518 0.322
S/N 19.467 17.005 19.248 19.409
P-value 0.000

Best method MSM
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N1INARBILATHANDLALEITRY 4NNNT Rastrigin 41u5unsel 2 fade Aldd

TRRNARNSNENINIUNINANNTT IANAGIRNI9199 4.15 — 4.18

A3 4.15

I
6o

NANTTNARELRATGU Rastrigin ngeil 2 tlade #1 STD winiu 0

Measure STD WiNfu 0

Response / Method MSM SMS WSM CSM

Design point Mean 7.6 43.0 8.0 11.4
Std Dev 2.0 25.1 3.5 4.3
P-value 0.000

Yield (Noise) Mean 74.183 77.042 76.308 76.033
Std Dev 1.954 1.857 1.877 1.811
S/N 37.398 37.728 37.644 37.613
P-value 0.012

Yield (Prime) Mean 74.183 77.042 76.308 76.033
Std Dev 1.954 1.857 1.877 1.811
S/IN 37.398 37.728 37.644 37.613
P-value 0.012

Best method SMS




AN397 4.16

I
6o

NANNTNARELWATTU Rastrigin N3t 2 tlade A1 STD winri 1
Measure STD wiNny 1

Response / Method MSM SMS WSM CSM

Design point Mean 7.9 1681.6 7.2 11.4
Std Dev 2.8 1064.2 2.8 4.3
P-value 0.000

Yield (Noise) Mean 75.669 77.135 77.517 76.642
Std Dev 2.610 1.966 1.760 1.799
S/N 37.564 37.738 37.782 37.683
P-value 0.231

Yield (Prime) Mean 75.050 76.185 76.806 76.024
Std Dev 2.728 1.896 1.617 1.802
S/IN 37.491 37.630 37.703 37.612
P-value 0.305

Best method WSM

=
AT NN 4.17
o ~ o | o
NANTINARALUWIATY Rastrigin nald 2 f1ade 1 STD Wiy 2
Measure STD WiNfw 2

Response / Method MSM SMS WSM CSM

Design point Mean 8.6 1278.4 7.4 10.7
Std Dev 3.2 1012.0 3.1 3.2
P-value 0.000

Yield (Noise) Mean 76.787 78.282 78.980 77.338
Std Dev 2.327 2.681 1.640 1.507
S/N 37.695 37.859 37.945 37.763
P-value 0.109

Yield (Prime) Mean 75.178 76.411 77.192 76.003
Std Dev 2.352 2.607 2.132 1.795
S/N 37.511 37.649 37.742 37.610
P-value 0.258

Best method WSM
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A3 4.18

I
6o

NANTTNARELTATTU Rastrigin N3t 2 tlade A STD winfiu 3
Measure STD WinAu 3

Response / Method MSM SMS WSM CSM

Design point Mean 10.2 1948.5 9.0 11.1
Std Dev 7.8 1101.3 4.5 3.6
P-value 0.000

Yield (Noise) Mean 78.457 79.051 80.192 78.369
Std Dev 2.265 2.245 1.535 1.721
S/N 37.883 37.949 38.078 37.877
P-value 0.161

Yield (Prime) Mean 75.882 76.078 76.605 76.549
Std Dev 2.433 2.267 4.031 1.709
S/N 37.591 37.615 37.648 37.673
P-value 0.918

Best method WSM
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NNINAABILATHANALIALUAIUDY ANN1T Rosenbrock A11sunsel 2 tlads

A3 4.19

FRRNAANSNLINTNIUNNANNTT IANAFINITI9N 4.19 — 4.22

NANTINAZALUNATT Rosenbrock Nl 2 11ade 91 STD Winiu 0

1
=

N

STD WiNnu 0

83

[t

Measure
Response / Method MSM SMS WSM CSM
Design point Mean 51.5 50.4 53.2 71.6
Std Dev 2.3 19.6 7.5 4.6
P-value 0.000
Yield (Noise) Mean 80.000 79.998 80.000 80.000
Std Dev 0.000 0.004 0.000 0.000
S/N 38.062 38.062 38.062 38.062
P-value 0.095
Yield (Prime) Mean 80.000 79.998 80.000 79.880
Std Dev 0.000 0.004 0.000 0.379
S/N 38.062 38.062 38.062 38.049
P-value 0.095
Best method MSM
=
19790 4.20
rolz = [ % t:ll 1 o
NANNINAZALWNATY Rosenbrock ngtl 2 flade 1 STD Wwinfiu 1
Measure STD wiNAL 1
Response / Method MSM SMS WSM CSM
Design point Mean 1478.4 1698.4 1923.5 1271.6
Std Dev 1008.7 814.0 933.0 848.3
P-value 0.420
Yield (Noise) Mean 80.954 80.930 80.965 80.999
Std Dev 0.046 0.087 0.051 0.000
S/N 38.165 38.162 38.166 38.170
P-value 0.056
Yield (Prime) Mean 79.955 79.930 79.966 79.975
Std Dev 0.045 0.087 0.051 0.020
S/IN 38.057 38.054 38.058 38.059
P-value 0.317
Best method CSM
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A9 4.21

NANTINAZALWTT Rosenbrock Nl 2 tladel #1 STD Winfu 2

Measure STD Wiy 2

Response / Method MSM SMS WSM CSM

Design point Mean 1805.6 2210.1 2155.7 1377.3
Std Dev 984.4 565.6 652.7 760.1
P-value 0.069

Yield (Noise) Mean 81.904 81.901 81.936 81.999
Std Dev 0.084 0.104 0.099 0.000
S/N 38.266 38.266 38.269 38.276
P-value 0.042

Yield (Prime) Mean 79.904 79.901 79.936 79.987
Std Dev 0.084 0.104 0.099 0.007
S/N 38.051 38.051 38.055 38.060
P-value 0.099

Best method CSM

AN3NT 4.22

NANINAZALNaTT Rosenbrock N3 2 11ade #1 STD winfu 3

Measure STD Winnu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1836.5 2021.2 1524.7 1654.4
Std Dev 912.8 607.7 900.5 791.1
P-value 0.552

Yield (Noise) Mean 82.944 82.920 82.917 82.999
Std Dev 0.063 0.089 0.105 0.000
S/N 38.376 38.373 38.373 38.382
P-value 0.071

Yield (Prime) Mean 79.947 79.920 79.918 79.992
Std Dev 0.064 0.089 0.106 0.006
S/IN 38.056 38.053 38.053 38.061
P-value 0.124

Best method CSM
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vandwaeaiuialaiiuusen 2 fade NeeAuAIITUNIUEIN 7

NNINARAILATHARALALAIIDY ANNNT Shekel d1ndunsts 2 iladel

FRRNAANSNLNTNIUNNANNTT IANAFINITI9N 4.23 — 4.26

I
6o

A9 4.23

Boxplot 2avaunisisiduusan 2 iladia Mszdudesuniucingeg
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Shekel N9gil 2 T1ade 1 STD winfw 0

NANTINARAUN AT
Measure STD WiNnu 0

Response / Method MSM SMS WSM CSM

Design point Mean 55.7 91.3 64.1 22.3
Std Dev 18.5 56.9 8.6 36.7
P-value 0.001

Yield (Noise) Mean 18.924 18.399 18.883 17.858
Std Dev 0.179 0.454 0.309 1.186
S/N 25.539 25.289 25.518 24.981
P-value 0.003

Yield (Prime) Mean 18.924 18.399 18.883 17.758
Std Dev 0.179 0.454 0.309 1.202
S/N 25.539 25.289 25.518 24.931
P-value 0.003

Best method

MSM
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AN3NT 4.24

NANTINAGALNATT Shekel N3k 2 T1ade 91 STD Windy 1

Measure STD wiNny 1

Response / Method MSM SMS WSM CSM

Design point Mean 2169.9 1614.5 2024.8 820.9
Std Dev 789.8 913.4 809.3 1183.5
P-value 0.012

Yield (Noise) Mean 19.941 19.255 19.910 18.800
Std Dev 0.059 0.613 0.158 1.402
S/N 25.995 25.679 25.981 25.413
P-value 0.005

Yield (Prime) Mean 18.954 18.255 18.910 18.054
Std Dev 0.050 0.613 0.158 1.291
S/IN 25.554 25.214 25.533 25.066
P-value 0.014

Best method MSM

A9 4.25

NANTINAZALNITU Shekel N9t 2 T1ade 91 STD Windy 2

Measure STD WiNfid 2

Response / Method MSM SMS WSM CSM

Design point Mean 1811.7 2046.6 2016.7 772.6
Std Dev 805.1 653.8 916.3 1110.4
P-value 0.008

Yield (Noise) Mean 20.951 20.318 20.887 19.639
Std Dev 0.031 0.564 0.195 1.536
S/N 26.424 26.149 26.396 25.785
P-value 0.003

Yield (Prime) Mean 18.952 18.318 18.887 17.960
Std Dev 0.030 0.564 0.195 1.254
S/N 25.553 25.246 25.522 25.024
P-value 0.007

Best method MSM
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AN397 4.26

NANTINAZALWATT Shekel N9k 2 T1ade 91 STD Winfdu 3

Measure STD Winfiu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1720.0 171941 2300.9 1252.0
Std Dev 910.8 743.0 645.5 1182.4
P-value 0.093

Yield (Noise) Mean 21.873 21.470 21.881 21.157
Std Dev 0.082 0.391 0.165 1.321
S/N 26.798 26.633 26.801 26.457
P-value 0.072

Yield (Prime) Mean 18.874 18.470 18.882 18.271
Std Dev 0.082 0.391 0.165 1.166
S/IN 25.517 25.324 25.520 25.180
P-value 0.084

Best method MSM
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N1INARBILASNARDLAUBITRS ANN1T Styblinski &1u5unsl 2 Jade Nl

FRRNAANSNLNTNIUNNANNTT IHNAFINITI99 4.27 — 4.30

AN3NT 4.27

I
o

NANNTNARBLAATTU Styblinski n9el 2 ade #1 STD Winu 0

Measure STD WiNnu 0

Response / Method MSM SMS WSM CSM

Design point Mean 62.7 60.9 61.9 69.1
Std Dev 4.2 18.5 2.5 33.8
P-value 0.779

Yield (Noise) Mean 353.05 353.15 351.92 352.86
Std Dev 0.888 0.338 4.470 1.082
S/N 50.957 50.959 50.927 50.952
P-value 0.636

Yield (Prime) Mean 353.051 353.145 351.919 352.856
Std Dev 0.888 0.338 4.470 1.082
S/N 50.957 50.959 50.927 50.952
P-value 0.636

Best method SMS

=
199N 4.28
o—olx = o Q; ] o
NANNINAZALNIATY Styblinski N30l 2 1ade 11 STD winAu 1
Measure STD wiNAL 1

Response / Method MSM SMS WSM CSM

Design point Mean 2276.6 2009.5 2008.2 2122.0
Std Dev 619.2 650.7 993.3 862.8
P-value 0.858

Yield (Noise) Mean 353.99 354.13 352.87 354.13
Std Dev 0.991 0.181 4.456 0.579
S/N 50.980 50.983 50.950 50.983
P-value 0.559

Yield (Prime) Mean 353.024 353.130 351.873 353.162
Std Dev 0.879 0.181 4.456 0.479
S/IN 50.956 50.959 50.926 50.959
P-value 0.539

Best method SMS




NANNTNARBLNATU Styblinski N5l 2 1A #1 STD winfu 2

AN397 4.29

I
o

STD Wiy 2

Measure

Response / Method MSM SMS WSM CSM

Design point Mean 2311.4 2106.4 1714.5 1866.9
Std Dev 556.6 821.4 686.8 851.9
P-value 0.300

Yield (Noise) Mean 354.93 355.06 353.78 355.05
Std Dev 0.982 0.156 4.444 0.601
S/N 51.003 51.006 50.973 51.006
P-value 0.538

Yield (Prime) Mean 352.971 353.058 351.777 353.099
Std Dev 0.863 0.156 4.442 0.467
S/N 50.955 50.957 50.923 50.958
P-value 0.513

Best method SMS

=
A1719N 4.30
co ~ o o | e
NANTINARAUWIATY Styblinski n7td 2 14 » STD winfu 3
Measure STD Winfu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1505.2 1944.4 1649.4 1882.1
Std Dev 648.9 684.2 880.8 1027.4
P-value 0.611

Yield (Noise) Mean 355.98 356.20 354.84 356.13
Std Dev 0.990 0.168 4.506 0.490
S/N 51.028 51.034 50.999 51.032
P-value 0.526

Yield (Prime) Mean 353.013 353.196 351.838 353.139
Std Dev 0.876 0.168 4.506 0.472
S/N 50.956 50.960 50.925 50.959
P-value 0.515

Best method SMS
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NNINAADILATHANDLALAITIAY ANN1T Camelback d5unsms 2 tlade NluR

FRRNAANSNLNNTNIUNNANNTT IANAFINIT199 4.31 — 4.34

A9 4.31

I
6o

NANINAZALNaTT Camelback naal 2 £1ade 71 STD winfw 0

Measure STD WiNfu 0

Response / Method MSM SMS WSM CSM

Design point Mean 375 53.8 129.3 43.7
Std Dev 9.9 26.0 173.6 26.6
P-value 0.093

Yield (Noise) Mean 10.035 9.770 9.912 10.267
Std Dev 0.665 0.176 0.760 1.267
S/N 19.985 19.794 19.866 20.090
P-value 0.578

Yield (Prime) Mean 10.035 9.770 9.912 10.170
Std Dev 0.665 0.176 0.760 1.008
S/N 19.985 19.794 19.866 20.051
P-value 0.578

Best method CSM




A3 N7 4.32

I
6o

NANINAZaUNaiTU Camelback nadl 2 £1ade 1 STD winr 1

Measure STD Winfiu 1

Response / Method MSM SMS WSM CSM

Design point Mean 2061.5 1682.1 2242.3 1257.8
Std Dev 854.5 405.0 721.6 792.2
P-value 0.020

Yield (Noise) Mean 10.797 10.610 10.619 11.142
Std Dev 0.363 0.211 0.250 1.341
S/N 20.654 20.510 20.515 20.791
P-value 0.319

Yield (Prime) Mean 9.797 9.610 9.620 10.025
Std Dev 0.363 0.211 0.250 1.474
S/N 19.807 19.649 19.655 19.792
P-value 0.600

Best method CSM

A9 4.33

NANTINAZALWT Camelback N3t 2 t1ade A1 STD windw 2

Measure STD WinAu 2

Response / Method MSM SMS WSM CSM

Design point Mean 2010.0 2000.0 1873.8 1490.1
Std Dev 644.0 760.1 861.3 755.3
P-value 0.391

Yield (Noise) Mean 11.654 11.491 11.775 12.112
Std Dev 0.822 0.609 0.515 1.071
S/N 21.273 21.171 21.399 21.509
P-value 0.350

Yield (Prime) Mean 9.654 9.491 9.775 10.100
Std Dev 0.822 0.609 0.515 1.079
S/N 19.613 19.492 19.773 19.969
P-value 0.372

Best method CSM
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AN3NT 4.34

NANTINAZALNATT Camelback N9dl 2 t1ade NR99UNW STD Winfu 3

Measure STD WinAu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1963.8 2028.8 1559.7 1391.8
Std Dev 814.6 639.4 701.0 1045.5
P-value 0.247

Yield (Noise) Mean 12.719 12.735 12.720 12.594
Std Dev 0.618 0.452 0.351 0.503
S/N 22.063 22.085 22.081 21.985
P-value 0.909

Yield (Prime) Mean 9.719 9.744 9.720 9.593
Std Dev 0.618 0.436 0.351 0.503
S/N 19.708 19.751 19.739 19.609
P-value 0.898

Best method

SMS
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A3 4.35

NANTINAZALWTTY Parabolic &1L ARNNINNENFTINRITSINI0l 2 Tlade

Measure

STD WAL 0 | STD WinfU1 | STDWiNALU2 | STD WNAU3
Design point Mean 2960.9 2339.8 2291.5 2196.1
Std Dev 37.3 562.7 503.5 571.4
Yield(noise) Mean 12.000 12.990 13.981 14.976
Std Dev 0.000 0.005 0.020 0.016
S/N 21.584 22.272 22.911 23.508
Yield(Prime) Mean 12.000 11.888 11.957 11.967
Std Dev 0.000 0.191 0.049 0.052
S/N 21.584 21.499 21.552 21.559
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NINARBILAZNARALANAITBIR T AANNTNNEFIuT@§T @aunng Branin 41115y

na 2 tlade Nldidaan

o

NANTNENTN

AN9197 4.36

NUN9ENNNT THHARIANT19N 4.36

co o o adw ax Aac ~ o
NANIINARDUNINT Branin 'ZQ"IV?‘]J'Jﬁ@'ﬂﬂﬂq?V]NﬂqﬁﬂJuLsﬁ?Gﬁﬂ?m 2 11a]g

Measure STD Winfuo | STD wWindu1 | STDwindu2 | STD windu 3
Design point Mean 2962.6 2289 4 24215 24510
Std Dev 436 514.0 531.3 388.4
Yield(noise) Mean 5.922 6.916 7.720 8.532
Std Dev 0.000 0.003 0.551 0.521
SIN 15.449 16.797 17.674 18.573
Yield(Prime) Mean 5.922 5917 5731 5572
Std Dev 0.000 0.003 0.543 0.487
SIN 15.449 15.442 15.011 14.813

NN9INAAAILALNARALALANUDIAITAANNIINN AT INTLLTE ST 41N Goldstein-Price

Amsunsal 2 flade Nldadasn

[ o

NANTNENTN

NUNENNNT IFHARIANT19N 4.37
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A3 4.37

I
o

NANINAZALNITTY Goldstein-Price 415 UARNNTINNENFIUNRITSFINI0 2 T1ade

Measure STD Winiuo | STD WAL | STD Windu2 | STD Winrius
Design point Mean 2885.3 2529.7 26471 2024.5
Std Dev 138.0 432.6 476.4 642.7
Yield(noise) Mean 7.671 8.077 9.822 10.549
Std Dev 1.615 1.610 1.313 1.731
S/N 17.090 17.701 19.604 20.118
Yield(Prime) Mean 7.671 7.082 7.826 7.556
Std Dev 1.615 1.609 1.310 1.729
S/N 17.090 16.426 17.480 16.865

ad

NNINARBILAZNARNDLAUAITRIAIABNNINNENSINTLTST aNnng Rastrigin

o o 1

Amsunsal 2 flade NldNdasniansneININIUNI9aNNIg IANAGIRIT199 4.38

AN9197 4.38

co L e e @ o AN ac ~ o
NANIINARDUNINT Rastrigin @']V?U@'ﬂﬂﬂq?V]NﬂqﬂNuLsﬂisﬁﬂ?m 2 {la]¢g

Measure STD Winiuo | STD WAL | STD Windu2 | STD Winrius
Design point Mean 2972.9 1955.1 2179.9 2067.8
Std Dev 23.373 715.294 794.546 830.136
Yield(noise) Mean 80.000 80.996 81.992 82.988
Std Dev 0.000 0.002 0.006 0.007
S/N 38.062 38.169 38.275 38.380
Yield(Prime) Mean 80.000 79.551 79.209 78.420
Std Dev 0.000 0.340 0.875 1.363
S/N 38.062 38.013 37.974 37.885
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AN9197 4.39

I
o

NANINAZALNITT Rosenbrock a1u5Uaaaann snuanfiniidsansdl 2 tladel

Measure STD Winiuo | STD WALt | STD wWindu2 | STD winfius
Design point Mean 29721 1932.2 2186.2 1981.8
Std Dev 27.694 769.271 538.991 654.739
Yield(noise) Mean 80.000 80.985 81.984 82.964
Std Dev 0.000 0.019 0.009 0.021
S/N 38.062 38.168 38.274 38.377
Yield(Prime) Mean 80.000 79.955 79.930 79.966
Std Dev 0.000 0.045 0.087 0.051
S/N 38.062 38.057 38.054 38.058

NINARBILAZNARALAUBIURIRTARNNINNANFINTLTST ANnnT Shekel U5y

o o 1

na 2 tlade NdHda’ 1 TANINaNNTE1UNIENNNT THHARIANTNN 4.40

AN3N7 4.40

NANINAGALNATT Shekel AM5UATAaNNSNNANTINTIE SN 2 TTade)

Measure STD Winiuo | STD WALt | STD wWinfu2 | STD winfius
Design point Mean 2964.3 2188.2 2298.3 2638.5
Std Dev 35.615 770.412 315.595 356.967
Yield(noise) Mean 18.980 19.954 20.965 21.970
Std Dev 1.7E-07 0.062 0.012 0.013
S/N 25.566 26.001 26.429 26.837
Yield(Prime) Mean 18.981 18.954 18.255 18.910
Std Dev 0.000 0.050 0.613 0.158
S/N 25.566 25.554 25.214 25.533

NINARBILAZHARALAURITBRIRANN NN TINTTST @aunng Stybliski 195y

na 2 tlade Nldidaan
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A3 4.41

NANNINARALNATTU Stybliski a1915UA5aenn TNNaNFluTidEfanscl 2 Tlade

Measure STD Winfuo | STDWindu1 | STDwindu2 | STD windu 3
Design point Mean 2941.8 2335.6 2398.3 2239.4
Std Dev 98.821 540.913 350.167 636.851
Yield(noise) Mean 353.332 354.326 355.323 356.318
Std Dev 1E-06 0.004 0.006 0.008
SIN 50.964 50.988 51.012 51.037
Yield(Prime) Mean 353.332 353.024 353.130 351.873
Std Dev 0.000 0.879 0.181 4.456
SIN 50.964 50.956 50.959 50.926
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NINARAILAZHARNDLAWAIUDIITADNNINN AT INTLEST 4N17 Camelback

o o 1

Amsunsal 2 flade NldNdasNAANSNeININIUNINANNTT TANAGIRANTI9N 4.42

A3 N7 4.42

I
o

NAN1INAZaUNaidU Camelback A15LASARNNIINNENFINDITSaNT0 2 Tlade

Measure STD WiniLo | STD WAL | STD Windu2 | STD Winrius
Design point Mean 2970.3 2932.3 2841 2863.6
Std Dev 29.151 43.919 173.029 70.623
Yield(noise) Mean 23.658 24.636 26.608 28.49
Std Dev 0.295 0.439 1.103 1.482
S/N 27.477 27.827 28.480 29.063
Yield(Prime) Mean 23.658 23.775 24.856 26.200
Std Dev 0.295 0.513 1.038 1.488
S/N 27.478 27.517 27.888 28.328
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4.1.3 NSNARAUNIUANNNSTNIAa8 3 TadeuasdBaNINANT

N1INARDILATHARALAUBITAIIBTNINANTALANNIT Parabolic &11Funsel 3

o o 1

flade NuRda’TANIWENTENUN19ANNNT TANARIANTNN 4.43 — 4.46

AN9NT 4.43

I
o

NAN1INAZaUNaridu Parabolic N9t 3 a4 91 STD Winfu 0

Measure STD W0

Response / Method MSM SMS WSM CSM

Design point Mean 95.5 219.9 95.1 112.5
Std Dev 9.1 64.7 29.0 42.0
P-value 0.000

Yield (Noise) Mean 12.000 11.999 12.000 11.999
Std Dev 0.000 0.000 0.001 0.001
S/IN 21.584 21.584 21.583 21.583
P-value 0.354

Yield (Prime) Mean 12.000 11.999 12.000 11.999
Std Dev 0.000 0.000 0.001 0.001
S/N 21.584 21.584 21.583 21.583
P-value 0.354

Best method MSM

=
199N 4.44
NAN1INAZALNAEU Parabolic neel 3 Tlade A STD Winfu 1

Measure STD WiNfiL 1

Response / Method MSM SMS WSM CSM

Design point Mean 2233.2 2233.2 1281.4 2087.2
Std Dev 467.7 467.7 787.2 719.2
P-value 0.010

Yield (Noise) Mean 12.975 12.986 12.977 12.977
Std Dev 0.028 0.011 0.024 0.040
S/N 22.262 22.270 22.263 22.264
P-value 0.793

Yield (Prime) Mean 11.976 11.987 11.977 11.978
Std Dev 0.028 0.011 0.024 0.039
S/IN 21.566 21.574 21.567 21.568
P-value 0.810

Best method WSM




NANITNAAALINIAT

I
o

U Parabolic N3l 3 tlade #1 STD winfy 2

A9 N7 4.45

Measure STD Wiy 2

Response / Method MSM SMS WSM CSM

Design point Mean 1806.1 2389.9 1860.9 2109.4
Std Dev 699.0 746.7 851.8 713.1
P-value 0.306

Yield (Noise) Mean 13.975 13.977 13.974 13.955
Std Dev 0.017 0.026 0.022 0.037
S/N 22.907 22.908 22.906 22.895
P-value 0.243

Yield (Prime) Mean 11.976 11.979 11.975 11.957
Std Dev 0.017 0.025 0.022 0.038
S/N 21.566 21.568 21.565 21.552
P-value 0.257

Best method SMS

=
199N 4.46
o—olx = o t:ll 1 o
NANTINARALNIATY Parabolic n9tu 3 t1ade #1 STD winfu 3

Measure STD Winfiu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1923.8 1957.2 1614.6 2438.4
Std Dev 711.1 769.2 704.9 574.4
P-value 0.083

Yield (Noise) Mean 14.933 14.989 14.968 14.988
Std Dev 0.046 0.008 0.024 0.013
S/N 23.483 23.515 23.503 23.515
P-value 0.000

Yield (Prime) Mean 11.935 11.989 11.969 11.990
Std Dev 0.045 0.007 0.024 0.012
S/N 21.536 21.576 21.561 21.576
P-value 0.000

Best method SMS
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6 o

NINARBILAZHARALAURNTBRETUNANTIUANN1T Shekel A1uFunstl 3 tlade

o o 1

Nluidasndansnainsuiunieannig IHuasanis19i 4.47 — 4.50

A9 4.47

I
6o

NANINAZAUNITTU Shekel N9k 3 T1ade 91 STD WindL 0

Measure STD WML 0

Response / Method MSM SMS WSM CSM

Design point Mean 108.5 328.8 105.8 18.5
Std Dev 13.0 137.3 52.0 9.7
P-value 0.000

Yield (Noise) Mean 18.680 18.593 16.141 16.654
Std Dev 0.000 0.145 1.214 0.993
S/N 25.427 25.386 24.092 24.388
P-value 0.000

Yield (Prime) Mean 18.680 18.593 16.141 16.654
Std Dev 0.000 0.145 1.214 0.993
S/N 25.427 25.386 24.092 24.388
P-value 0.000

Best method MSM




NANITNAAALNITL

I
o

AN997 4.48

Shekel n9al 3 t1ade 71 STD winr 1

Measure STD WML 1

Response / Method MSM SMS WSM CSM

Design point Mean 2178.4 1994.2 1773.2 1196.9
Std Dev 570.0 869.9 1027.9 1102.6
P-value 0.109

Yield (Noise) Mean 19.630 19.450 17.480 18.518
Std Dev 0.050 0.159 1.531 1.688
S/N 25.858 25.778 24.751 25.245
P-value 0.001

Yield (Prime) Mean 18.631 18.451 16.481 17.630
Std Dev 0.050 0.159 1.531 1.656
S/N 25.404 25.319 24.226 24.805
P-value 0.000

Best method MSM

=
199N 4.49
NAN1INAZBLNATTU Shekel n3eld 3 Tfade 7 STD winru 2

Measure STD Winfiu 2

Response / Method MSM SMS WSM CSM

Design point Mean 2018.6 2522.2 1592.8 2079.1
Std Dev 1049.7 4471 939.4 886.2
P-value 0.139

Yield (Noise) Mean 20.553 20.464 18.677 20.390
Std Dev 0.142 0.208 1.530 0.800
S/N 26.257 26.219 25.336 26.169
P-value 0.000

Yield (Prime) Mean 18.555 18.465 16.679 18.520
Std Dev 0.142 0.208 1.531 0.394
S/N 25.368 25.325 24.327 25.347
P-value 0.000

Best method MSM
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AN397 4.50

NANTINARALWATT Shekel N9t 3 T1ade 91 STD Windu 3

Measure STD Winfiu 3

Response / Method MSM SMS WSM CSM

Design point Mean 1968.9 2112.7 1078.7 2041.8
Std Dev 834.9 760.9 564.1 652.5
P-value 0.008

Yield (Noise) Mean 21.515 21.394 20.103 21.039
Std Dev 0.160 0.215 1.443 1.655
S/N 26.654 26.605 25.996 26.374
P-value 0.030

Yield (Prime) Mean 18.516 18.395 17.104 18.043
Std Dev 0.160 0.215 1.443 1.656
S/N 25.350 25.292 24.564 25.003
P-value 0.030

Best method MSM
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N1INARBILATNARDLAURILRIITTNINANTALANNT Rastrigin d1ufunsl 3

o o 1

flade NuRdasTANIWaINTE1UN19ANNNT TAHARIANTN 4.51 — 4.54

A3 4.51

I
6o

NANTTNARELURATGU Rastrigin N9t 3 tade #1 STD winiu 0

Measure STD Winfiu 0

Response / Method MSM SMS WSM CSM

Design point Mean 12.0 89.6 11.2 18.4
Std Dev 3.3 110.0 2.8 5.1
P-value 0.007

Yield (Noise) Mean 81.145 83.675 81.439 83.456
Std Dev 1.844 2.988 2.048 1.541
S/N 38.180 38.438 38.209 38.425
P-value 0.020

Yield (Prime) Mean 81.145 83.675 81.439 83.456
Std Dev 1.844 2.988 2.048 1.541
S/N 38.18 38.438 38.209 38.425
P-value 0.020

Best method SMS

=
A19NN 4.52
NANNTNARELWATTU Rastrigin N3t 3 tade A1 STD winrw 1

Measure STD WinfiL 1

Response / Method MSM SMS WSM CSM

Design point Mean 12.1 1081.1 12.1 18.4
Std Dev 3.5 1123.2 5.4 5.1
P-value 0.000

Yield (Noise) Mean 81.850 84.977 83.633 84.178
Std Dev 38.255 2.745 2.784 1.584
S/N 38.255 38.574 38.437 38.501
P-value 0.029

Yield (Prime) Mean 81.145 84.137 83.046 83.456
Std Dev 1.844 2.626 2.794 1.541
S/N 38.179 38.488 38.376 38.426
P-value 0.034

Best method SMS




NANIINARDLING

A9 4.53

I
6o

U Rastrigin n3ei 3 tlade 7 STD winru 2

Measure STD WinfiL 2

Response / Method MSM SMS WSM CSM

Design point Mean 13.0 1270.5 13.2 18.6
Std Dev 4.1 980.7 5.9 5.1
P-value 0.000

Yield (Noise) Mean 82.598 85.977 83.820 85.244
Std Dev 1.820 2.699 1.535 1.528
S/N 38.334 38.676 38.463 38.609
P-value 0.002

Yield (Prime) Mean 81.164 84.146 82.453 83.716
Std Dev 1.869 2.618 1.763 1.431
S/IN 38.182 38.489 38.319 38.453
P-value 0.007

Best method SMS

=
199N 4.54
o—olx . = o t:ll 1 o
NANTINARZALNIATY Rastrigin N9l 3 tlade 1 STD winfiu 3

Measure STD WML 3

Response / Method MSM SMS WSM CSM

Design point Mean 13.8 1491.3 12.7 19.1
Std Dev 4.0 1339.7 8.4 6.1
P-value 0.000

Yield (Noise) Mean 83.486 87.773 85.168 86.084
Std Dev 1.724 2.678 1.764 1.655
S/N 38.427 38.856 38.6 38.694
P-value 0.000

Yield (Prime) Mean 81.182 84.927 83.730 83.837
Std Dev 1.709 2.624 2.093 1.817
S/IN 38.184 38.569 38.45 38.463
P-value 0.003

Best method SMS
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DN 4.11

vandwieniunasanian 3 fade NezAuAasunausi

NINARBIUAZNARNALAUBILRIIBTUNANTALANNT Rosenbrock 4115UNItH 3

o

gl

o

Ay aNy o
WiNN‘ﬁﬂqqﬂﬂW?Wﬂ’]ﬂ?N

AN397 4.55

NUNNENNNT IFHARIANT9N 4.55 — 4.58

NANTINAZALUNAT Rosenbrock N9l 3 11ade #1 STD Winiu 0

Measure STD WAL 0

Response / Method MSM SMS WSM CSM

Design point Mean 105.5 219.9 114.7 23.7
Std Dev 20.7 64.9 24.9 11.5
P-value 0.000

Yield (Noise) Mean 80.000 80.000 79.975 79.956
Std Dev 0.000 0.000 0.024 0.047
S/N 38.062 38.062 38.059 38.057
P-value 0.001

Yield (Prime) Mean 80.000 80.000 79.975 79.956
Std Dev 0.000 0.000 0.024 0.047
S/IN 38.062 38.062 38.059 38.057
P-value 0.001

Best method MSM




AN397 4.56

NANTINAGALNAT Rosenbrock N3tk 3 t1ade 91 STD winAy 1

Measure STD WinfiU 1

Response / Method MSM SMS WSM CSM

Design point Mean 2243.2 2211.7 1737.4 1872.5
Std Dev 639.0 410.9 747.6 578.4
P-value 0.183

Yield (Noise) Mean 80.881 80.928 80.968 80.977
Std Dev 0.288 0.132 0.030 0.026
S/N 38.157 38.162 38.166 38.167
P-value 0.530

Yield (Prime) Mean 79.882 79.928 79.968 79.978
Std Dev 0.288 0.132 0.029 0.026
S/N 38.049 38.054 38.058 38.059
P-value 0.530

Best method CSM

=
199N 4.57
o—ulz = o Qi 1 o
NANTINAAALNITY Rosenbrock Nl 3 tlade 1 STD Wwinfiu 2

Measure STD Winfiu 2

Response / Method MSM SMS WSM CSM

Design point Mean 2001.7 2320.8 1396.9 2177.7
Std Dev 822.1 687.5 867.2 459.6
P-value 0.038

Yield (Noise) Mean 81.788 81.935 81.953 81.977
Std Dev 0.316 0.121 0.029 0.020
S/N 38.254 38.269 38.271 38.274
P-value 0.075

Yield (Prime) Mean 79.789 79.936 79.954 79.978
Std Dev 0.316 0.121 0.028 0.021
S/IN 38.039 38.055 38.057 38.059
P-value 0.073

Best method CSM
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AN997 4.58

NANTINAZALWTT Rosenbrock N9l 3 11ade #1 STD Wwinfu 3

Measure STD Winfiu 3

Response / Method MSM SMS WSM CSM

Design point Mean 2130.8 2301.0 1501.2 2051.9
Std Dev 747.4 518.4 777.8 750.8
P-value 0.084

Yield (Noise) Mean 82.767 82.978 82.976 82.966
Std Dev 0.324 0.017 0.023 0.024
S/N 38.357 38.379 38.379 38.378
P-value 0.015

Yield (Prime) Mean 79.768 79.979 79.977 79.967
Std Dev 0.324 0.016 0.023 0.024
S/IN 38.036 38.060 38.059 38.058
P-value 0.015

Best method WSM
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N1INAABILAZNARDLAUBITRIADTNINANTILANNT Stybliski 41915Unsl 3

o o 1

flade NuRdasTANIWaINTE1UN19ANNNT TANAAIANT19N 4.59 — 4.62

AN397 4.59

NANNTNARBLINATTU Stybliski n3el 3 Tlade 71 STD winriu 0

Measure STD WNfL 0

Response / Method MSM SMS WSM CSM

Design point Mean 120.3 270.4 72.7 225
Std Dev 224 69.3 59.0 10.9
P-value 0.000

Yield (Noise) Mean 353.33 353.32 351.59 349.76
Std Dev 0.000 0.013 1.417 2.705
S/N 50.964 50.963 50.921 50.875
P-value 0.000

Yield (Prime) Mean 353.33 353.32 351.59 349.76
Std Dev 0.000 0.013 1.417 2.705
S/N 50.964 50.963 50.921 50.875
P-value 0.000

Best method MSM

AN347 4.60

I
o

NANTTNARELTATTU Stybliski N3t 3 tlade A STD winfiy 1

Measure STD WinfiL 1

Response / Method MSM SMS WSM CSM

Design point Mean 1947.3 2481.6 713.0 630.5
Std Dev 1012.3 662.8 965.4 1051.3
P-value 0.000

Yield (Noise) Mean 354.26 354.22 352.59 350.74
Std Dev 0.069 0.085 1.420 3.013
S/N 50.986 50.986 50.945 50.899
P-value 0.000

Yield (Prime) Mean 353.26 353.22 351.63 349.95
Std Dev 0.069 0.085 1.382 2.933
S/N 50.962 50.961 50.922 50.879
P-value 0.000

Best method MSM
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A9 4.61

I
o

NANNTNARBLNATTU Stybliski n3ell 3 Tlade A STD winfiu 2

Measure STD WinfiL 2

Response / Method MSM SMS WSM CSM

Design point Mean 1796.5 1777.9 1333.5 971.9
Std Dev 823.9 907.0 1173.9 1233.9
P-value 0.253

Yield (Noise) Mean 355.15 355.20 353.63 352.45
Std Dev 0.123 0.127 1.423 2.943
S/N 51.008 51.009 50.971 50.941
P-value 0.001

Yield (Prime) Mean 353.15 353.20 351.69 350.69
Std Dev 0.123 0.127 1.445 2.852
S/N 50.959 50.96 50.923 50.898
P-value 0.002

Best method SMS

A3 N7 4.62

I
6o

NANTTNARELAATTU Stybliski n3til 3 tlade A STD winriu 3

Measure STD Winfiu 3

Response / Method MSM SMS WSM CSM

Design point Mean 23191 1946.2 1357.0 1131.2
Std Dev 772.1 861.9 1109.6 1202.6
P-value 0.046

Yield (Noise) Mean 356.13 356.21 354.70 353.58
Std Dev 0.342 0.087 1.330 3.241
S/N 51.032 51.034 50.997 50.969
P-value 0.005

Yield (Prime) Mean 353.14 353.21 351.75 350.86
Std Dev 0.342 0.087 1.346 2.992
S/N 50.959 50.961 50.925 50.902
P-value 0.007

Best method SMS
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4.1.4 NSNARDUNIUANNISNNIAAE 3 tadguaddsaannIsnNaIs il

a = A aa Iy Y ada ax AN as
ﬂ']?V]ﬂ@@\?LW@ﬂﬂ‘]ﬂ’qL‘].r?ﬂﬂL‘V]El‘]JQﬁﬂ']?LLﬂVL?lﬁQ_JMqﬂQﬁflﬁ@@ﬂﬂq?VlNﬂqﬂNULsﬁﬁsﬂ

o o = o Ao a a A o 4 oA
ANUNTUNTTU 3 ﬁQQEWNﬂW?W@’]?mq@Q?Uﬂﬁ]u?gﬂﬂmﬁ‘zﬂﬂF’ﬂLUE\?LUHN’]W?I‘E’]H 0,1,2uUHaz3

luwsazsuuuilym  InafiAtdse@ninnd i lunnsdneilTeuinauaiaiidsenaudas

o [

ANARBUAUEY (Yield) AruauaialunigldfuAineugavina  (Design  Points) Inerld

S 1w a

ANNNTIRLAAFAD A1WIUING (Iteration) FAWINAY 3000, Faudssindula (HMCR) N0

ISR o a

WinAL 0.90, AaulsUfuszau (PAR) HANWNAL 0.1-0.9, 2UIATEIAIINAN (HMS) HAN

o

WiNAL 20 WAZALLWAAE (Bandwidth) HANWNTL 0.001 — 1 (ANAKWIN N)

NN9INAAAILALHANALAUANUANATRAANNIINNANFINTLT ST 41N19 Parabolic

=% o o o 1

Amsunaal 3 flade NldNdasnAansneININIUNI9aNNIT IANAGIRNNT199 4.63

AN3197 4.63

I
6o

NAN1INAZaUNaiTU Parabolic 41u5Uasaannianuanfuilidsansl 3 tlase)

Measure STD WinfL 0 | STD WinAL 1 | STD wWindu2 | STD winiu 3
Design point Mean 2903.4 2318.6 1827.5 2230.1

Std Dev 62.1 400.1 562.7 484.2
Yield(noise) Mean 12.000 12.982 13.977 14.968

Std Dev 0.000 0.014 0.015 0.021

SIN 21,584 22067 22.908 23.503
Yield(Prime) Mean 12.000 11.986 11.981 11.978

Std Dev 0.000 0.011 0.015 0.021

SIN 21,584 21573 21,570 21.568

NINARBILAZHARALAUBITIRIaaRNNTINNENFINTITFT 4un1T Shekel Ausy

=% o o o 1

N3t 3 tade NlURdasTanina1nIiIun9annig IeNasam13197 4.64
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AN3NT 4.64

I
o

nanTIAdauNaridl Shekel AUFUATABNNTINNANFINDITFININ 3 TTads
Measure STD WiNAL 0 | STD WinAL 1 | STD windu2 | STD windu 3
Design point Mean 2837.9 2395.5 2392.4 2657.0
Std Dev 171.2 4245 588.1 282.9
Yield(noise) Mean 18.680 19.139 20.131 21.126
Std Dev 0.000 1.673 1675 1676
SIN 254274 25 5263 259771 26.4069
Yield(Prime) Mean 18.680 18.202 18.135 18.136
Std Dev 0.000 1.485 1677 1.674
SIN 254274 251069 250425 250435

NITNANBNLASNAMNDUAUANIYBAIITARNNI

NANITNAZALINIAT

Awsunsal 3 fladey Nldadasn

I
[

U

o o

NANTNENTN

ad

AN997 4.65

a K a a s .
FNNENSINNLEST auN19 Rastrigin

NUN9ENNNT TAHARIANT19N 4.65

- o v adg a KR A as = o
Rastrigin ANFUITAANNIINNENTINIESEN T 3 tlaae

Measure STD WiNAL 0 | STD WinAL 1 | STD wWindu2 | STD windu 3
Design point Mean 2919.4 2616.3 2465.4 2054.0
Std Dev 50.6 369.2 416.2 709.7
Yield(noise) Mean 90.000 90.994 91.981 92.971
Std Dev 0.000 0.003 0.007 0.014
SIN 39.0848 39.1803 39.274 39.3669
Yield(Prime) Mean 90.000 89.994 89.958 89.913
Std Dev 0.000 0.009 0.037 0.110
SIN 39.0848 39.0842 39.0808 39.0764

NNINARAILAZNANDLAUANURIIDAANNINNATINILTSHANN1T Rosenbrock

Amsunsal 3 flady Nldddas

[ o

MANTWEINTH

NUN9ENNNT IAHARIANT19N 4.66
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NANITNAAALNITL

AN3197 4.66

Rosenbrock 11513 AANNINNENFINRITSINI0 3 Tlade

Measure STD WiNAL 0 | STD WinAL 1 | STD windu2 | STD windu 3
Design point Mean 2818.0 2262.0 2654.5 22452
Std Dev 387.7 5185 196.8 784.4
Yield(noise) Mean 80.000 80.930 81.984 82.952
Std Dev 0.000 0.136 0.019 0.039
SIN 38.0618 38.1621 38.0746 38.3766
Yield(Prime) Mean 80.000 79.934 79.991 79.958
Std Dev 0.000 0.136 0.014 0.038
SIN 38.0618 38.0546 38.0608 38.0572
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NINARBILAZHARALAURNTBRERANN NN FINTT ST @aunng Stybliski 195y

o

nam 3 tlade NldHdaa T AN WaNNTENUNIENNT THHARIANTNN 4.67

AN9N7 4.67

I
[

NANTTNARBLWATTU Stybliski AvFLATAeNN NN INREF 1Nl 3 Tady

Measure STD WiNAL 0 | STD WinAL 1 | STD windu2 | STD windu 3
Design point | Mean 2952.9 23655 2280.0 2452.9
Std Dev 421 4278 518.9 5671
Yield(noise) | Mean 353.33 354.31 35532 356.31
Std Dev 0.000 0.027 0.010 0.009
SIN 50.9637 50.9877 51.0124 51.0366
Yield(Prime) | Mean 353.33 353.32 353.32 353.32
Std Dev 0.000 0.025 0.008 0.010
SIN 50.9637 50.9633 50.9634 50.9634

= o aad a K a ac
AINHANNTNARANNT 3 1]ads ?J@QQﬁ@’ﬂﬂﬂ'??WNEW?‘TNHL%??@ZMH‘Hﬁ

ﬂ?ﬂ?ﬂﬂﬂ’]?ﬁuﬁ’]ﬁl}]jﬂ\?ﬂ’]? NARINNNTNAADINLAN

| o
ATLRAE

(Mean)

=3

1
a

|
=

NEAALNED

LA ATLEN LY

4 o 1 . . 1 o Y o dgl
HINTFTUIBITDYRAIDEN (Standard Deviation) WLUNATNANHUEARIANNNT VL@&'N‘I«L

1 |
=

ndld 1 dd
ANNITNHAINEG QW@@LWHQ@@L@HQ ANNIINN
q

)

b

ANGINgADE D3 LFLIDTBLTDINUT

14 A

VRANNINLA AaRETINaRRLALBTIINzanTigaT i n el d R LUl dud

(@}

= - P e | o \ , o ~ o a
N 3 NﬂrJ’]NLL[ﬂﬂ[5]'7\1ﬂuh\lN'7ﬂLmsLuLLm@z@Nﬂq?LﬁJULﬁﬂrJﬂUﬂﬁ‘ﬂm.l@\‘i2 {laqg 1u°ﬂmzw

NARBUAUD Lfaaﬂmﬂlmmiumummmmmmmum@ AAN LN@L‘V]H‘LIﬂ‘Lﬂ Ewumum&iﬁ

o

a v 1
SRERIGKIGEN Uag

%

= Ao & A . o =
MMTUNTUTANANNITNHIANGINGAVALEUDA ANLRAUTDINAADUAUBIN

g fqniig
s A Ao oA = a P e ;
LVIN']::'ZQN‘V]@ﬁWﬁqiﬂﬂqﬂim@\??UﬂquWNﬂ’]L‘Llﬂ\ilﬂ_lull’]m?i']u 0N 3 NﬂquLLmﬂmq\iﬂuiﬂJ



114

o 1 o a v o A X A , o =
HANUNLIUNU LL@zNﬁ’ﬂﬂ@Lﬂﬂﬂﬂﬂm@mﬂﬂ@uﬂﬂmﬁm@ﬂmﬂﬂWHNQiurﬁULﬂﬂqﬂUﬂ?Mﬂ@\‘l 2

At WAATANNNITLATNANDLAURLRALNFAARITUNIUREN (Prime Yield) AalAaesunIud

'
1aa o

\ A A o A o
ﬂ’]sﬂﬂ\‘lmﬂmﬂu‘au@\?@m@\iLN@LWﬂUﬂUVLNN‘ZQQ?UﬂQULLmNﬁ'ﬂaﬂ@Lﬁﬂ\‘i U

4.1.5 agluaziiAsisinan1snagaunuaLL IRt

lunsiatsundeyannage NI t95u (FIUAn19199 4.3 - 4.67) Wua flads
: . . ) . . o
A9 ) 1 ANAnenzaesomn (Werid) aunnresdom (uaudads) uazAdaauu
NIRTFIU 0, 1, 2 UAT 3 AIN1T0ATUUATIANNIANYAHNEATATIZIALRALNANDLAURY AT

Lﬁmmummgm WAY ANERINEULBAADLAY (S/N ratio) A9A137197 4.68

L 74
o A o

Tnaaneuzanssuuuiioym @lavresiesdu) azdinanaian1smng ) alldunn

I
o ! a a % v

\HasanAneurn1sm AN e iugNnAnd g 19NE1989anaaEuEY d1anENsY

q

Ao y : Ny

{fuaaafiazasuasanszuaunsfumAmnauiame lunianduiuiiqgadegeiulimanig

gredaialildzeqaimunzantiunnldenn Inalunsdinauinaaelymn (Auautlade 2

q

wae 3 f1ade) uazszAUAITUNAWANAL 0 Wi A N9 auu LTy i AUININARBININNA
wudndauludsdnwmandliuaunauuy (MSM) uddnsldinamndndsduwanduuuauy
4 2 e aean. i . -
wiledesunauBuidtufideldidnanauanasa luunsannistloyvidu aunisusniiu
gauni1slnasalmilng wazauniadanadlusu ludouresdanisaul Wnanuanmaiu
aan iy AT wanFUSUIUIALLLRLAE (SMS) A ANHNARAUALEINA MFIWULANNNT
tywaladuaanuazsanian ABTunANTuULNAN (CSM) THANanaLaNaINaA luAauLL

aunstloyunladuusaauazauaiia

oy
a a K

dgl ads v dl = o dll o Z//
UBNATINUINN ° 8 WnanwNauiuluEesrasauIuaf U TMaaee N NTILE S

k-

' 1%
a =2

X 4 | = ) JRPY Ay 1o g u JRIVEPYPRISH
@Q?Uﬂ’]u@]\‘i"ﬂu sﬁ\‘iq?&@\?ﬂ\l@L@ﬂluLNTﬂ\‘iLQ@']‘V]GLsﬂ IWHV]VLNVIWI‘MN@mﬂﬂ@u‘ﬂ\jmiﬁﬂﬂqﬂﬂ"ﬂu

a

a =3 6

zﬁmﬁ*ﬂuzﬁ'mmm@'qLﬁmLLuummgmwudm’qulmﬁ%sﬁuLW@ﬂSﬁﬂﬁ*mmmLuu (MSM) 15
ada dl £% ndld I ada [~1 dl 1 = o ] 1 < dl o
NN A NANd TR T INANLULEY 7 iuReaAY uiatalafinuleaasinnanaaues

PallFeumeuiudgnisresdennisnnanfinilidfadsngdnanldeg lussaunlngimes

] [ % o ]

AuldAasuansraiuninidn asnglsimuidanatsanlnasanndnludnavifuizasuas

1 v
QWLS/ o o 1

HARNAUAURIN LA AMUIUATIVBAINITNAND mmmLﬁmuuummmmuaum LALA

ada <

ARINAIUBAFABLAYE (S/N ratio) WL ﬁsﬁmwﬁﬂmmuﬁmmm%lﬁmﬁﬁﬂdmuu%uj



115

|

A 9 Ao \ \ Y ° pRp @ o o yao o Iy
L?NmuLﬂu"ﬂﬁV]ﬁﬂqgﬂ\‘lN@mﬂﬂizﬂquﬂq?ﬂuﬂqﬂqmﬂumﬁLL@zL?QquﬂN@qurJUﬁ?\jiuﬂq?iﬁ

4
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A1RBLURAANNE (Design Point) VIITNiNN’muﬂLL@ZIMV]’]\?I}"]NHM"II’]NL?’i’]\i"ll‘ﬂﬂ’iﬂ‘ﬂ’]\iﬂ\‘iﬂ‘l’]’]slﬁ
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3| ¥ v acda [~1 e v o Z// a o 2’/ agl/d acl a [~1
uranag a9 sTuINANGIAIm0] muu‘l,ummwm\mmmmm?wmmmmmeﬁuLwaﬂﬂu

o o ]

stluuusing o WieauasauuuilymnliidedndaudaztinldAnesie el ssynsfld

o aald

9T (Hybrid) wnrlunsaifsasuuannistioymnidesnindiun deldsinguann 2 3500

o

[~1 a KR < L

ada o a K a acs adada all A o % L
TrlddanasnunazaannITnNa SNl s LL@Z’JﬁeﬁNL'W@ﬂ“m’lL@“ﬂﬂN’]@’]ﬂ‘iUﬂ’]‘iﬂﬁ‘ﬁiﬂqﬂm

A

(Hybrid) An A5Eamanduuuiiuawa assaawmnnannaiauiuda ludnesiu

AN9197 4.68

agtuariade ANDENUUNIATEIY LAY S/N-Ratio

— | 2 variables 3 variables
Function e Best Yield Std SN Best Yield Std S/N
® | Method | (Noise) Dev Method | (Noise) Dev
Parabolic 0 | MSM 12.000 | 0.000 21.584 | MSM 12.000 | 0.000 21.584
1 CSM 12.981 | 0.040 22.266 | WSM 12.977 | 0.024 22.263
2 | MSM 13.973 | 0.027 22.906 | SMS 13.977 | 0.026 22.906
3 | MSM 14.983 | 0.014 23.512 | SMS 14.989 | 0.080 23.157
Rosenbrock | 0 | MSM 80.000 | 0.000 38.062 | MSM 80.000 | 0.000 38.062
1 CSM 80.999 | 0.000 38.170 | CSM 80.977 | 0.026 38.167
2 | CSM 81.999 | 0.000 38.276 | CSM 81.977 | 0.020 38.274
3 ] CSM 82.999 | 0.000 38.061 | CSM 82.976 | 0.023 38.379
Shekel 0 | MSM 18.924 | 0.179 25.539 | MSM 18.680 | 0.000 25.427
1 MSM 19.941 | 0.059 25.995 | MSM 19.630 | 0.050 25.858
2 | MSM 20.957 | 0.031 26.424 | MSM 20.553 | 0.142 26.257
3 | MSM 21.873 | 0.082 26.798 | MSM 21.515 | 0.160 26.654
Rastrigin 0 | SMS 77.042 | 1.857 37.728 | SMS 83.675 | 2.988 38.438
1 WSM 77517 | 1.760 37.782 | SMS 84.977 | 2.745 38.574
2 | WSM 78.980 | 1.640 37.945 | SMS 85.977 | 2.699 38.676
3 | WSM 80.192 | 1.535 38.078 | SMS 87.773 | 2.578 38.850
Styblinski 0 | SMS 353.15 | 0.338 50.959 | MSM 353.33 | 0.000 50.964
1 SMS 354.13 | 0.181 50.983 | MSM 354.26 | 0.069 50.986
2 | SMS 355.06 | 0.156 51.006 | SMS 355.20 | 0.127 51.009
3 ] SMS 356.20 | 0.168 50.960 | SMS 256.21 | 0.087 51.034
Goldstein 0 | MSM 9.523 0.000 19.575 - - - -
price 1 MSM 10.482 | 0.050 20.409
2 | MSM 11.449 | 0.066 21.175
3 | MSM 12.397 | 0.154 21.864
Branin 0 | MSM 3.705 0.004 11.375
1 MSM 4.688 0.010 13.419
2 | MSM 5.674 0.033 15.077
3 | MSM 6.644 0.050 16.449
Camelback 0 | CsMm 10.267 | 1.267 20.090
1 CSM 11.142 | 1.341 20.791
2 | CsMm 12.112 | 1.071 21.509
3 | SMS 12.720 | 0.357 22.081
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v
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tifunsdssynalditresdumandsanizniseu o lneldutseandu 2 5aaiume n1g
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s geuuamnn1sdszgnatiiunisinendimandundusadoelunisdiudgesinanlunig

o dl Azll o o = = a a Azll 9/ Z// Ail/ 4

WIARaUNMNIENgR A uFunisAnenifTaumaulss@nsnnildluaielilszneusas
HARBLALDY (Yield) a1uauadslunislifuAimeugaing (Design Points) waziaalunng

1lszananalilsunsy (Execution Time) Inalnani1smaaaaunandlidannsen 4.69 — 4.76

aN19nzyANANTusreiladesing o Inaluidssunaueanunlugdaonduiugdias

a g Ny o o . '
AELAANARTLLLINTDINNA (Constraints) AN ]

o [ % as

1 a 6 © ac a [~ -} aa = A o 2’,
ANNITINLRRSAIMTUITIRITUINANTTINALATaN S INTE ST AR ANUIUIUATI LY

g 1 e 1w

nNINAABLEI (lteration) NANWINAL 5000, Aqwilsdmnaula (HMCR) HAwNAY 0.95 Aawils

1o

15Us2AU (PAR) HANWNAL 0.35-0.9 1U1ARIANNAT (HMS) HANWINAL 20 LAy AMUWS
A5 (Bandwidth) HA1WNAL 0.0001 — 4 (AN1: M. Mahdavi / Applied Mathematics and
Computation)

<3 o

ATNITIN ARSI FUAIT N INANTFINALATUITAANAANNANUIUID AN
0

2D

1
= A

&anmn13al (Number of Scout Bees, n) HANYINAL 100 [1UIUNWUT ] LABNAIN N WIT ]

be

1481994 (Number of Sites Selected out of n Visited Sites, m) FAWYNTL 20 ANUUNLA y

13

b

=

ANgAAIN m WU °| vaan (Number of Best Sites out of m Selected Sites, e) FAninu 10

12 1 [ 2 ] 1

=

AUUHaN A9 TUANUT e ‘W‘Lﬁdﬁﬁzﬁﬂ( Number of Bees Recruited for Best e Sites, nep) q

D

¥ [ 7 | 1
X A =

AN 15 AuaUReNAQ lUINWD m-e IAeaNNguaNga(Number of Bees Recruited

a ! o

for the other m-e Selected Sites, nsp) HAWNINL 20 AL AUNAR ﬁu‘mumd\‘ifa’mﬁﬁ(lnitial

Size of Patches, ngh) Ay 0.0234 (s ; http://www.bees-algorithm.com/)
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4.2.1 MsnagauNULmNNAaINNANIINTWENSN 1 (Constrained
Problem 1)

sin3(27zx1)sin(27£><2)

minf(x) =
><13(><1 +x2)

Subject to
g1(x):x12 —X, +1<0,
gz(x)=1—x1 —(x2 —4)? <0,

N http://www-optima.amp.i.kyoto-u.ac.jp/Test problems for Constrained

Global Optimization

Aaaa [-3

ANNIINUINIMARaUSaNeINNIaIN1TUsz eI sdnwAnduuulFuauIe

[

(Modified Simplex Method, MSM) 3aufU3saeNN13NNaNFInNiEst (Logarithm Harmony

Search, HAS) uazafldeane?nu (Bees Algorithm, Bees) Lilugunisf@eanisnd

1 1
6o o

dl % = = dl dld o o = an . =
NARNDUAUNNUBLNGA Iﬂ‘EINZQNﬂ’]ﬁ‘N‘ﬂuVL?J‘V]NﬂW?EIﬂﬂW AN TUATINUAR Sin WazdlFa

1
a

oo . e~ Ny o o o S
wils 2 AN LW@mmwmmmumgmmﬁmmwm@mnmmw?Wmm‘m 1 5ﬁ\‘11®&|@ﬂ’]?

NARALAIANINTN 4.69 - 4.70

AN9199 4.69
dldy o o o ‘21'
nannaagautliyunidaanianiminanad 1

¥ aala < ¢ ar ] v ada o a R
ﬁQHﬂ’]?ﬂﬁ\ﬁiE‘I‘ﬂm’]ﬁsﬁNL‘W@ﬂsﬁLL‘].I‘LI‘]J?‘].I“I.IH’]ﬂ?QNﬂUQﬁUZ&ﬂ@ﬂ@?VIN

Constrained Problem 1
Bees MSM+Bees
lteration Yield Time Iteration Yield Time
Average 10 -0.083 149.550 10 -0.086 148.888
St Dev. 0 0.005 1.200 0 0.004 1.021
Max 10 -0.074 151.539 10 -0.075 150.524
Min 0 -0.088 147.609 0 -0.088 147.212
SN - 21.553 - - 21.302 -

P-value = 0.160
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Boxplot of Yield
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a
M1919N 4.70
dldy o o o ‘21'
N@ﬂq’fﬁ’]ﬂ@ﬂﬂﬁfyﬂ’]mﬂm@@qﬂﬁ'Vm\‘W]ﬁ‘Wﬂ']ﬂ?V] 1

k2 caaa [~1 e o | o ada a R a A
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Constrained Problem 1
HSA MSM+HSA
lteration Yield Time lteration Yield Time
Average | 5000 -0.13186 | 1043.956 5000 -0.132011 | 1104.624
St Dev. 0 0.000 29.443 0 0.000 3.978
Max 5000 -0.132 1103.535 5000 -0.132 1111.923
Min 0 -0.132 1023.430 0 -0.132 1100.814
SIN - 17.598 - - 17.588 -

P-value = 0.000
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minf (t) O.5t1z‘2 t, 51‘2
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—1
O.O']t2t3 ‘*‘O.O']l‘1 'f‘O.OOO5l‘1l‘3 <1,

1St1,t2,t3 <100
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Constrained Problem 2
Bees MSM+Bees
lteration Yield Time lteration Yield Time
Average 10 -63.191 128.766 10 -63.614 149.898
St Dev. 0 6.260 0.700 0 4.566 1.555
Max 10 -53.025 129.977 10 -56.508 152.337
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SN - -36.042 - - -36.089 -
P-value = 0.834
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Constrained Problem 2
HSA MSM+HSA
lteration Yield Time lteration Yield Time
Average 5000 -82.343 1054.627 5000 -82.451 1109.219
StDev. 0 0.916 25.312 0 0.750 3.706
Max 5000 -79.667 1106.607 5000 -80.416 1113.720
Min 0 -83.083 1040.282 0 -83.197 1104.988
SIN - -38.333 - - -38.324 -
P-value = 0.726
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Problem 3)

minf(x)=—t,+0.4¢ 0-67t —0.67

Subject to

0.05882t.t, +0.1t, <1,

—1 —0.71 —1 —1.3
atr,~1+2t, t,~ 140.05882, t, <1
0Lttt t, <10
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Constrained Problem 3
Bees MSM+Bees
Iteration Yield Time Iteration Yield Time
Average 10 -0.336 194.172 10 -0.447 194.236
StDev. 0 0.001 0.292 0 0.008 0.335
Max 10 -0.334 195.200 10 -0.434 195.432
Min 0 -0.338 194.068 0 -0.459 194.085
S/N - 9.472 - 6.993

P-value = 0.000
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Constrained Problem 3
HSA MSM+HSA
Iteration Yield Time Iteration Yield Time
Average | 5000 -5.444 1043.773 5000 -5.508 1099.300
StDev. 0 0.279 25.332 0 0.101 3.602
Max 5000 -4.706 1094.933 5000 -5.374 1101.972
Min 0 -5.714 1031.225 0 -5.735 1094.066
SIN 0 -14.725 : 0 -14.820

P-value = 0.409
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Problem 4)

5
minf(x,y) = 10.5x1 7.5x2 3.5x3 2.5x4 1.5x5 10y 0.52 X;

i=1

Subject to
6x, +3><2 +3><3 +2><4 +><5 <6.5,
10x, +10x, +y <20,

OSXI. <1i=1...5

0<y
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Constrained Problem 4
Bees MSM+Bees
lteration Yield Time lteration Yield Time
Average 10 -200.554 292.063 10 -200.743 293.108
St Dev. 0 0.691 0.746 0 0.455 1.021
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Constrained Problem 4
HSA MSM+HSA
Iteration Yield Time lteration Yield Time
Average 5000 -208.995 563.021 5000 -208.730 584.919
St Dev. 0 3.004 2.542 0 2.830 4.090
Max 5000 -204.159 568.047 5000 -200.816 586.070
Min 0 -212.713 558.767 0 -212.512 570.135
SN 0 -46.403 - 0 -46.392 -
P-value = 0.805
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4.2.5 T-Test ngeu Unequal Variance wFguLiausEuIng Hybrid | (Bees)

wag Hybrid Il (Logarithm Harmony Search)
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Variance A lANaGIm19199 4.77 — 4.80 WAZUANTNARDALLFLLLNLUSININA 4.22 — 4.25

AN9NN 4.77

% o o

NANTINAZAL T-Test NIUUBIANNINRGD/NTANSNENT Faudls 2 A1

T-Test for Unequal Variance

Hybrid Method |y Mean StDev_ | SE Mean T-Value P-Value DF

MSM+ Bees 15 | -0.08348 | 0.005120 | 0.001300

36.60 0.000 14
MSM+ HSA 15 | -0.13186 | 0.000111 | 0.000029

Difference = mu (MSM+Bees) - mu (MSM+HSA)
Estimate for difference: 0.04838

95% Cl for difference: (0.04554, 0.05121)
To.05,14=1.761

Boxplot of MSM+Bees, MSM+HSA
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Hybrid Method

T-Test for Unequal Variance

N Mean St Dev SE Mean T-Value P-Value DF

MSM+ Bees 15 -63.190 6.260 1.60
11.72 0.000 14

MSM+ HSA 15 -82.343 0.916 0.24

Difference = mu (MSM+Bees) - mu (MSM+HSA)
Estimate for difference: 19.15
95% Cl for difference: (15.65, 22.66)

T0.05 14 = 1 761
Boxplot of MSM-+Bees, MSM+HSA
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AN9199 4.79
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NANTINAZAL T-Test NIMLUBIANNINRTR/NTANSNNT Faudls 4 A1

Hybrid Method

T-Test for Unequal Variance

N Mean St Dev SE Mean T-Value P-Value DF

MSM+ Bees 15 | -0.33606 | 0.00118 0.0003
71.00 0.000 14

MSM+ HSA 15 | -5.44400 | 0.27900 0.0720

Difference = mu (MSM+Bees) - mu (MSM+LHSA)
Estimate for difference: 5.1076
95% Cl for difference: (4.9533, 5.2619)

To.0514= 1.761
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AN9199 4.80
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NANTINAZAL T-Test NIUUBNANNIINNLR/NFTANSNENTFAALLT 6 AN

. T-Test for Unequal Variance
Hybrid Method o0~ T SiDev | SE Mean | T-Value P-Value DF
MSM+ Bees | 15 | 200554 | 0.691 0.18
10.66 0.000 15
MSM+ HSA | 15 | -209.000 | 3.000 0.78

Difference = mu (MSM+Bees) - mu (MSM+LHSA)
Estimate for difference: 8.441
95% Cl for difference: (6.744, 10.138)

T0.05 15 = 1 753
Boxplot of MSM-+Bees, MSM+HSA
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