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3.1 N URIAA LA URIN 1D LUNISNAKBLIEUIAI AR LNANIZANNFA

lunnsaziiunldneAneuiisdesnisle o dunisanfineuddaazionig
A1909UA AT Y A1RITEULNITNAREIUNINANN1TNUHIRE LAY (Response

5
o
i

Surface Methodology) NWANFANT 11 duN13NURINT31IUAR (Parabolic Surface) 41n1s

Wuialsiiuusan (Rosenbrock Curved Ridge Surfaces) WAXBNWATE | ANNITTINLUGHA

o @Ay oo & a )y P
wanfine Aeanislifszuuiidalisunsueenuuuanainnsnnauaueslénn o 1eatloymd
a1aaziinluase InafidaneuzaastliymerfandannimiediuaisuazatinA1ansun
Usznauny daduanduiugsendnetlade lun1snanLasNAR LA URINLAATUAN
AszUauNgian  IasluniInageuasliiudesunay  (Noise) wWnluszuy wiaananaldd
TnAAEN AU UUUNTZUIUNITHARASY TeHANANAUSszndeTladanionGs  uas

NARBLAUBNNLNAANNNTIZUIUNITNAR G AuFuaNn1sRRa 1 uuade  (Independence

Factors) WA k wazninuuazetianvesiladeluannissinge) 149 -20 fe 20 Al

3.1.1 auMsRURIN1sTURA (Parabolic Surfaces)
K 2
f(x)—12—j;[(—xj) /100]

L A X A a aa g o o | o p
ﬁ’W]LMN']:?'ZQN‘V]@‘ﬂﬂlﬂ\?@ﬂﬂq?wquwq?qiu@ﬂmﬂﬁqqququﬂQQH (k) (M1NU 2 a2y

AL 12 91 x, = 0 UAE X, = 0 TudAsURIRaLAUeILAZLEUIZAU (Contour Plot) 1311

NN 3.2

z L it L L 1
200 .20 =20 -15 -10 -5 0 5 10 15 20

AN 3.2

NURIAALAUBILAZIAUILALARIANNTNI TUAANTEN 2 TTadel
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3.1.2 ann1sNuRaladuusan (Rosenbrock Curved Ridge Surfaces)

k
F)=70[(120—((=x, /&) + 2l(x, /a,)—=(x,/a,) 1)} +150)/170]+10
j=2
Tt a,, a,, a, uax a, W 6, -7, -2, 4 AT 5 MNAIAU UAZATINNNZANTIGA
pasaunITiuRaladunsaandauauilade (k) windu 2 azilAuvniu 80 71 x, = 0 uaL x, =

0 TeuaMINURaRUANILATLEUIZAL (Contour Plot) 131lug1# 3.3

AW 3.3

NURIAALAUBILALIA LI AUABIANNITITT ULITANT 2 TTadel

3.1.3 ANNISNURANTALNS (Shekel Multi Peak Surfaces)

K
f(x) =100, p
=, +Z(X/ —a;)

=t

2

v

Inedl a, uaz o, iluArAsImINAAR LA 1T TUAN3197 3.1 Tunsaldt | Aesaus

= oA e LR o g o o Vo a
NS LAY | UARASLE 1095 (ﬁQ’QﬂWITGLuﬂq?Vlﬁﬂ'ﬂ\?) ANHANAL ATNLUNICANNAAUR

q

X o Ao o o | o | o =
ANNTVINUNALTALNALLLL 5 ANEB A NUAIRNUIUTTARE (n) WNu 2 uazilaqg (k) U 5«

AMVNAL 19 71 X, = 6 WAY x, = -7 TeLAPINURIRaUAUBILAZIAUIZAL (Contour Plot) 1311

AW 3.4
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3.1.4 ANN19NURAUSIUY (Branin Surfaces)

5.1 5

5
f(x)=5—log,,[(x, ——2x12 +—x —6)2 +(10———cos(x,))+10]

ATT T ATT

. - E da e . Lo A
ANTIUNICANNGALDIANNINUNY Branin NHANIRIUNTTAAE (k) i1y 2 JAN
Winu 5.3977 N1 x, = 15.7 UAY x, = 12.9 TUAMNURIAUAUBIUAZIAUIZAL (Contour

Plot) 18l i 3.5
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20

AW 3.5

NUAIPDLAUBILALLAUILAL UBNANNNTUTTY N3l 2 TTadel

3.1.5 ANN1SNUHIANLNALLA (Camelback Surfaces)

. 2 > 1 4 2. 2
f(x)=10—log,,[x; (4—2.1x; +—x, )+ x,x, +4x, (x, +1)]
3

Ao

ANTIUNIZANNGATBIANN1INUEY Camelback NHAYRMauTIAdE (k) Wvinfu 2 &
8

"
D 4 4 X .
AWYINAL 7.881 190 x, = -1.8 AT 1.8 UAY X, = 0 TUAASNURINBLAUDILALIEUTEAL

1

(Contour Plot) 150 3.6

-0 : 1
0 5 -0 5 i 5 10 15 20

AN 3.6

NURIAAUAUBILAZIAUIL AL UBNANNITANNALLA NI 2 TTadel
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3.1.6 aNNsNURnana lau-Iwsd (Goldstein-Price Surfaces)

F(X) =1041l0g o [1/(14 (14 x, +x,)” (19— 14x, +3x; —14x, +6x,x, +3x5 )} *

{30+(2x, —3x,)” (18— 32x, +12x; +48x, —36x,x, +27x2)}]

] 9

ANTIUNIZANTNGATBIANNINUEY Goldstein-Price NidAAWIUTTA4Y (k) Wiy
2 §AiiU 9.5229 9194 x, = 0 UAE x, = -1 TeuansURInaLAUasLazLdUILAL (Contour

Plot) 18l i 3.7
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SeliRil
SRR
=

20

AW 3.7

NURIAAUAUBILAZIAUILAL 1a9aNN13INaGA Imd-Twed nacl 2 Tlade

3.1.7 ANN1SNUR919M5aU (Rastrigin Surfaces)

k k
f(x)=80—[20+ ZXIZ —10(200327[)(/ )]
i=1 i=1

A 4 X - o de o . e A
ANTMMNIZANNGAUBIANN1INUNY Rastrigin NHANRUIUTIRaE (k) Winfy 2 JeN
(- dl dI dgl a o
WinL 100 91 x, = 0 UAZ x, = 0 TIudASNURIRALAUBILAZLEUIZAY (Contour Plot) 13w

NN 3.8



48

: =
HOZO ©)©)
OR@Z@E@NCE
L ©)

R R e

.ﬂWWﬁI 3.8

NURIAALA U LALIZUILAUURIANNNIINAFTAU NI 2 TIadel

3.1.8 aNN19WURAELAUAUAN (Styblinski Surfaces)

4 2 4 2
—16x, +5 —16x, +5 k
)= 275— (TP TI), Do TIOGTE), L s g2

1 3

ANTIMNZANNGATDIANN1TANURY Styblinski ANANR WanTTade (k) Wiy 2 JAn
1o ~ = dgl a o
Winriu 350 91 x, = -3 UAE X, = -3 TaudasuRImaLaueILazLdUsZAU (Contour Plot) 1311

A 3.9
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3.2 MU sENIWANFwuUUSUaRIA (Modified Simplex Method)

A 3.10

dll -e:ll acna <3 ¢ [
gﬂ LULNNTARAUNTA T T NANT UL FUa1N A

° X a Py | Al X
1. MuuaaNnIsiuiasauauasnsainsldlunsmanangs lunilAeaunis
Wulan131luaA  (Parabolic  Surface) IaannsuiAIRaUAITULLLAIADUNNINTIGA

(Maximization)

'
a 4

2. MuupqaninEusuy lnadaruauqalunimessaviniy k+1 Taed k Ao
Anuaudauls iunstl 2 fauils avilsznausnaqaiEusu 3 9m
3. INNIMIHARLAUBI LUWUARZAANIINAAST AINANNITIARINNILTNINUA

1%

- AT X, = -20, x, = 11 NARAUAUBIAINANN1INIINTURA WL 6.59

- AARAAT2 X, = -20, X, = 22 NARAUAUBNAINANN1INIINTURA Wiy 3.18
- AARARN3 X, = -32, X, = 15 NAABLAUBIAMNANNITNIITURA L -0.85
4. N9 EENAALNARALIAUIN IFAanNN1TnAaes
" o
P, = AAYTAN1INAADIN WIANLARALIAUBNFI4A
A -e:ll Y1 o o
Py, = A%78N1MAaesn A NanaLaueagaluduauaes
d do o v o
P, = AAUTAN1INAADIN WIAHARUAUEIHaE N4 A

5 in1aaaaui hilfdeqanangs (Optimum) Taavinnnsaznduaings Anlina

q q

o

ANS (Yield) udangalildean s P, uansds nmd 3.11 Tag

P, =P —R,)

R ave ( Pave
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Tne P, . AB ANNNANN 35191940 Py WAz Py, 14 ANAA X, = -20, x, = 16.5 A91iU P, 0 90
x, = -20+(-20-(-32)) =-8
X, = 16.5+(16.5-15) =18

LAzl AT NanaLAUaIYINGL 8.3

Pnw (3.18)
Pw(-0.85) Pg(8.3)

Pg (6.59)

AW 3.11

NN9EFLNANALNANDLALAURII BTN INANT UL U

|
Al

- NITUHAANST P, NNNNdNadNSTqn Py, usitieandinan P, Tiian1smaasdsie

q
posqpaziaunu b Py

- NITUHAANST P, Nnndnadnsiqn P, Wiinnnsuane P ligan P, Tag

p. =P, +2pP,, —P,)

ave ave w

iU P 04 9ANAR

X, = -20+2*(-20-(-32)) = 4
X, = 16.5+2*(16.5-15) = 19.5

1
v o ¥

LariATNARBUANELYINAL 8.488 FIGINAANSNIARN P, NINNdINAdNENqA Py T maaes

q

o/ % o/

-4 = 1% o o=l £ ! o eal ¥ o
sasnaqnaenaiun i P, Tunienduiu dnadwsnan P, deandinadninge P, Wiinnag
] % % dl %
nafesfafEqaazndunuaIn i P,
o o e el o Yo
- NIUHAANET P, NINNTIAANENAA P, wiitlaendnnian P, Wiiansunqn P,
lildan P, Tne

Py=P, +05P, —P,)

ave ave
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o o

ti! v dl 1 o o‘d‘ Y o 1 v ‘ﬂl 2’/
TINTNAANTNAA Pe. HINNIMHAANTNA P "Lummmm@fmmmm}mmmuu P.. Tunna

o o 1%

o rtﬂl £ ! o rtﬂl ¥ o QII % -QII
NALNU DTHNANTNAA P.. HUBUNITNAANWTVIA P Tinaunun P’ A P’NWW]EI’QQGWI

v

inaowdngan P, Tog
P, = (P P2
P7NW = (PNW+ PB)/2

zj/ Y o | % ¢ﬂl ¢ﬂl ¥ ]
mnuulwnwmmmmm}mmmaﬂumzﬁm Ps

1
=

- NINAANEN P, UBINIUAANWENYA P, uarHiaendiaa P, liinn1unqn

P, dan P lne

p_=P _—05P, —P

c— ave ave w )

|
[ 6

dl ¥ = 1 o o—-e:ll 9 o ] 2 -e:ll i’/ o o
TINTNAANTNA P HINNIMNAAINTNA Py 11)11/]’1‘1’1@@@\1&]@@’]H’1®Vm®uu Pcflum\m@unu

q

v o o“ﬂl v 1 o o‘lﬂl Y o dl i , v tﬂl dl £
ANAANENAA P, Heandanaansnan P, Wiiaunui Puay P’ Aeeanindeuldngan P,
Tngl
P’y = (PytP,)/2
Py = (P T Po)2
A s d A4 de . C o, d

anduliiinimasedsie Agqaiipdeundngan P, innnsmiAdauieauunnsgu
(Standard Deviation) UBNAANE LULAATAANANTBITHINANTUALATLEZUNN  (Range)

s b4

senaneqafiia ludnmandgaine TaanansianIng 3.12 uaznnsAIuInIAILl

q

Pnw ,
TN

Pw

Pg

AN 3.12
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mmﬁmmummgm (Standard Deviation = Std (Pg, P, Py)

: ) 2 2
ITUTUN (Range) = Mm\/(y,.JF1 —y;) T(X—x;)

e x, y, ABAAfifATRINaReUANeS LA (Py, Py, , Py) L1
-4 P, 7l x, = 20 x, = 11 HARELALAINANNTINITUAT WL 6,59
-an Py, 71 X, = -20 X, = 22 HARBLIAUBIAINANNNTNIILAN WL 3.18
-9 P, i x, = 32 x, = 15 HARBLAUAIAINANNIINTLAN T -0.85
mmmﬁmqmmmmﬁmmummaﬁmummizmﬁw ool
- quw:fimmummgm = Std (6.59, 3.18, 2.18) = 3.724
- TTETUN =
Min(\ (22 =117 +(=20420) /(15— 22) +(=32—20)? \ (15—11)% +(—=32+20)?)
= Min (11, 13.89, 12.65)

=1
A ~ A ; o P 1 Ao o o
ﬂ?mmﬁq@QuLUﬂﬂLUqumﬁﬁ’]u NTAANTCEICUN (Range) uﬂﬂﬂqqﬂquﬂqMUQSLanﬂq?ﬁﬂ‘ﬁ

TnaAnangn azanuanauauesgegn (P, luiumandgniing uazvindnludunenn 4-6

IPEIN3LLIUNNIN9UAEIY 99 a@R N (Pseudo Code) hand lAsanIni 3.13



Procedure of MSM
Begin;
While (termination criterion not satisfied) — (line 1)
Schedule activities

Compute centroid Paye

Reflection of least yield Py is processed;

Compute Pg and f(Pg);

Compare response function;

If f(Pr) is highest then

Extension Pg will be processed;
Else
If Prand f(Pr) continue to be the least then
Reflect backward to prior point;
Recalculate Pw and f(Pw);
or
Contraction Pc, or shrinking Pc. will be processed;
Recalculate f(Pc.) or f(Pc.);
Else
Go to line 3;
End if;
End if;
End schedule activities;

End while;
End procedure;

AW 3.13

sWaeN (Pseudo Code) 184 AdTNINANTLULUFUIUA

'
o

3.3 Menudsanwanduuunaaiminiiqadugnane (Weight Centroid Simplex
Method)

AW 3.14

1
= Cy

stuuLNIAAEUNIBR TENINANT LULT9UMTIN N AAUTNANY
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1
=

. A da C dad i
1. MuuaaunIsNuiarauauasnsainsldlunsmaiangs lunilAasunis
Wuion19Tuda  (Parabolic  Surface) TasnisunArmauaziiluuLLAIABUANINTAA

(Maximization)

'
a v

2. AvueqainaEudu Tnadanuiuqalunimeasaviniy k+1 Taan k As
AuauFawls 1unatl 2 Fiauds azdssnausaqa s 3 an Aegi 3.14
3. NI INARDLAUBS ULAAZANIINAASY ANANNNIFARINNITNULA
- AT 1 x, = 20, x,= 11 HARBLAUBIAMNANNIINIITLARA i 6.59
- AR 2 X, = 20, X, = 22 HARBUAUBIAMNANNNINITUAA Wi 3.18
- aAfAT 3 x, = -32, X, = 15 HARAUANBIAINANNNINIINTUAA Wil -0.85
4. NN EENAAUNARDLAUBIN IFAINNTNARD
= o v
P, = 9A172N13MAABN WIANKARALAUBIFEA
A Azll v 1 | o o
Py = AAUTENINAREIN IAHARDLALBNgU T uEUALARY

A a6 ¥ 3 QII
Py = Qmmﬂmmmmﬂummmmumu@ﬂmm

5. nsrReun lfsqananga (Optimum) Iaavinnisaziiauainaa Anlina

q

o

Ans (Yield) Hasngalidisqn Tud P, uanssianing 3.15 tae

P, =P, +(P, —P)

wcC wcC w

Tntl Py, A0 40 To9UMiIN 35119990 Py waz Py, AB 04 AANA X, = -20, x, = 15.38 Ty

U tﬂl % o Y 1
ﬂ’WliﬁN’W’]ﬂ@Nﬂ’]i“’ﬂ’ﬂ\? P ONIWNAN

patiuazlidn P, ou qainin
x, = -20+(-20 - (-32)) =-8.00
x, = 15.38+(15.38 -15) =15.76

WATHANANALIAUASLYINAL 8.876
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Paw(3.18)

Pr(8.876)

Pw(-0.85)

Pg(6.59) '

AN 3.15

N9TENRIALNARBLALDT8N BTN INANTULLTsN M IqA Autnang

|
oAl

- NITUHAANST P, NNNNdNadNsTqn Py, usitieandinan P, TWiiin1smaasisie

posqpaziaunu b Py

- NITUHAANST P, N1nndnadnsiqne P, Wiinnnsuane P lilgan P, Tag

P. =P, +2(P,.c—P)

ATIL P, 0 QAR

x, = -20+2*(-20-(-32)) = 4

x, = 15.38+2%(15.38 -15) = 16.14

~ " d oy oo e el y o
LATHANNANAUAUNYINAL 9.23 TIINAGNTNYA P, NINNGINAGNTNYA P, Tinaaed
1 % ¢ﬂl % o/ o/ % o/ o‘lﬂl 4 U o o’tﬂl ¥ o
sasaaqnueenuld P, lunnanduiu dnadnsnqe P, deanduadnsnan P, TWiianis
] % % dl %
naasssianiaqnazndunuls P,
= o o—dl ! o r-e:ll 1Y ! -e:ll & o

- NIUNAANTN P, NINNTINAGWENAA P, Writlaandanam P, Wiinisunqe Py

lildan P, Tos

P =P, +05P, —P,)

w

o o

14! % dl 1 o o‘d‘ Y o 1 v ‘ﬂl 2’/
TINTNAANTNAA Pe. HINNIMHAANTNA P "Lummmm@fmmmm}mmmuu P.. Tunna

o o % o rtﬂl £ ! o rtﬂl Y o -QII y , % QII
NALNU DTNANTNA P.. HUBUNITNAINWTVIAA P Tian1sunun P whas P w1 IERAN
v

inaowdngan P, Tag

Py =P+ P2 uwas P, = (Py* Pyl2

o 9 o v A A Y
mﬂuﬂumwmmm@mﬁ&gmmﬂ@ﬂummm PB
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1
=

- NINAANEN P, UBINIUAANENYA P, uarHaendniaa P, liiin1unqa
P, dan P lae

P

~— =P,.—05F —FR,)

=< 9 o ol | o ol v o v ~ H v o
TINTHRANTNAA P. HINNIMNAANTNA Pw eLﬂV]’]VIﬁ@‘ﬂ\iﬁ]‘ﬂﬁQﬁ'ﬁﬁWﬂﬁuu Pc_iumﬁdﬂ@unu

1
o o

¥ = 2 ! o o—-e:l' v o QII , , [ d'
OINAANTNA P URHNTTINAANTVIYA Py TWnunun P gHAT P P IERAN

q

aaudngqn P, Tng
P.= (Pt P)2 uax P, = (Py,* Py2
A e I I
AntiulinianImeaesse faaqanaaeundngan P,
6. ﬁﬁmimmmmﬁmLuummgm (Standard Deviation) 289HAANS LLLFARS

ANAAVBITHNANTUALANTLEEYU (Range) 3vUd AR UG IWANGgATINe Lazindn

Tudunaui 4-6 TnanszuBnIINLNTIL 39988 (Pseudo Code) Lanal@sanIng 3.16

Procedure of WCM
Begin;
While (termination criterion not satisfied) — (line 1)
Schedule activities
Compute the weight centroid Py ;
Reflection of least yield Py is processed;
Compute Pr and f(Pg);
Compare response function;
If f(Pr) is highest then
Extension Pg will be processed;
Else
If Prand f(Pr) continue to be the least then
Reflect backward to prior point;
Recalculate Py and f(Pw);
or
Contraction Pc, or shrinking Pc. will be processed;
Recalculate f(Pc.) or f(Pc.);
Else
Go to line 3;
End if;
End if;
End schedule activities;
End while;
End procedure;

AN 3.16
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3.4 NMSVNNUIBTNIWANTuULUSUARIANLAL (Super Modified Simplex Method)

PNw

Pave PR

Pw

BopT

Pg

AW 3.17

dl dl ad a < I o o]
g'ﬂ LULNNTLARAUNTAYIE THWANTLLLUFUTUNANLAL

° X - Py | sl PR
1. ﬂqﬂuﬁﬂﬂﬂqiwumq[ﬂ“ﬂu@u“ﬂ\ﬂwﬁ]“ﬂ\?ﬂqﬁiﬁﬂuﬂq?ﬂqﬁqmﬂmﬁq@ Iumuﬂﬂﬁﬂ\lﬂq?

1 1
= =

Wulan191ludA  (Parabolic  Surface) IaannsuiAImauAziulLLAIAOUNNINTIGA
(Maximization)
] a o al % al o 1 o dl A
2. NMuUAARNAENAY Inadaruiugalunimaseayindy k+1 lagd k Ae
Anuaudauls iunstl 2 fauils avilsznausiaqaiEusu 3 9m AegLR 3.17

3. NIN1IUINAREUAUEY TBUWAAZANIINAAEY AINANNITIARIUNIETA1MUA

[ %

-qARART 1 x, = -20, X, = 11 NAFBUAUBNAMNANN1INIINTUARA WAL 6.59

b

1%

- AARAAYN 2 x, = -20, X, = 22 HARALAUBIANANNITNIINTUAA Wil 3.18
- AARARY 3 X, = -32, X, = 15 NAFDLAUBNAMNANNIINIINTURA WL -0.85
4. NMN12ELNANAUNARALA U LAANNN1INARD
~ do o
P, = AAUTAN1INAADIN IWATNARDLAUBNGIAA
= dl Yo [~ o o
Py, = AA%78N1IMAaeIN AT NaRaUAuega T uduALAD
A dl Yo v dl
P, = AAYTAN1INAADIN WATNARDLAUBI AL NEA
~

%

5. Mnswaaaui llgiqnnange (Optimum) Taavinnisasiaunadns (Yield) tne

q

NNTATUITUASINENNNINAYAES (Second — Order Polynomial) ‘lugﬂl,muﬁmﬂiﬁm%uﬁm

AINNITANNNT
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)+3-Y(R,)
+2-Y(P,)

Y(Pp)—4-Y(P,,

opt —

2:Y(Py)—4-Y(P

ave )

Tned P, AB ﬂgmﬁ'qﬂm\a 7ENINNA0 Py WAZ Py, B4 ANAA X, = -20, x, = 16.5 FeflAniniu
5.27 UWATAN P, 0 AANTIA X,, x,NAMNAABLAWEIWINTL 8.3

X, = -20+(-20-(-32)) =-8

x, = 16.5+(16.5-15) =18

MNITUNUAT Py, P, Uz P, adluauniazes B, avldAwiniu 2.48 iesann

=

ANB ,vaﬁmmnﬂfiﬂﬂdwmﬁNamumumﬁﬂaﬁ'zgmLmzumu@ﬂmﬂ&gmmmmmummﬂ
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6. sinmennsliinqaludlaadid g, P, 48z A, w1 UNUluaunng

NeNTIRA

Z= 'Bo,otPave + 1_180;){ )PW)

Z(xy)= (2.48*(—20))+(1—2.48)*(—32)

Z(x,)=—2.24

Z(Xz): (2.48*16.5)+(1—2.48)*(15)

Z(x,)=25.16

Z(x,,x,) =(—2.24,25.16)
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dwiulunsiln B, Adntaandnqaiinanauauesiesfign viallAminndnand
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dfurunm (Modified Simplex Method) Tunstin (Expansion) YIAN1INAR (Contraction)
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Procedure of SMS
Begin;
While (termination criterion not satisfied) — (line 1)
Schedule activities
Reflection of least yield Pw is processed;
Compute the centroid Paye ;
Compute the Sopt
Compute Pr and f(Pg);
Compute Z optimize;
Compare response function;
If Bopt could not met condition then

Return to MSM method;
Else
If f(Z) is highest then
Z will be processed;
Else
Go to line 3;
End if;
End if;
End schedule activities;
End while;
AN 3.18

sWAWaN (Pseudo Code) 194 AFTNWANTULLUFUIU AN LA

3.5 NMSVNIUIBTNINANTUULNAN (Complex Simplex Method)

BN AU AT IMENZ1e RS TN ANTULLAN ANHNTONARTURBUNNS
snendlasanieldil
fansaunandednia Constrained el Himmelblau 7 0 < X, WaY x, <5
Minimize f(x) = (x12+x2—11)2 + (xﬁrxzz—?)2
Subject to
g,(x) =26 - (x, - 5)2 —x22 20
9,(x) =20 - 4x, -x, 2 0
X, , %, 20
fumeudt 1 ﬁmumﬁwzﬂqz@mLL@:mfﬁlmmmmumeﬁfJLLﬂ?Lﬂu 0 WAz 5, A1

AuilsyAndreanisasfiou oL = 1.3 uarAduilse@nsluniaman €= 0 = 10”

1
a

dupeuil 2 AuuaiaEusu P Iaali N = 2 Geazyinlildanndulills (feasible

point) 4 AAsaai INaENAT19qa LN TguANNABIAN
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x” =%, + r(x, - x,)
x, =0+r(5-0)
I r, = 0.10 waz r, = 0.15 wnuAazlé X" = (0.5,0.75)" wazsinnnsnsaagauaiiluly1s
o ¥ o o A \
pNANNIIRNTTUIasdaaninvie Ly
9,x") =5.19>0
9,(x") =17.25 >0
4 g . o o y , , AR X .
FeuuiuneaNdnqe x, Harmdulills (Feasible point) arntiufiianisguenauunlu
iaazu1qadnllanasdsn r, = 0.4, r, = 0.7 AzATBIANABN X, = (2.0, 3.5)" TauaA1H
AINTINA 3.21
s . _ . . i
a¥wqninliinaguaranassdnr, = 0.9, r, = 0.8 AzANIBIAANAN X, = (4.5,
T o o XA o o co A (3) (3)
4.0) mmur@mum@mmmm%@unmumaﬁﬁ\mmuwmm g,(x7) =0.75> 0 ¥ g,(x")
= 20 < 0 fuflwialaeiseguanvevianvesdaaninnednduaainldlals Aulusag
aF9ludl Tnaraunisiaaaun lldreuinganenaniassaesqaunsn A1qaNINanAIuILLe

A
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X=(1.250.2.125)"

f9azlfqaluaiiilu x, = (2.875, 3.062)"

4.500 1((1.250 4.500 2.875
4.000 | 2||2.125]| | 4.000 3.062
a¥wqainliinaguen@nassedn r, = 0.6, r, = 0.1 AxA11899074 x, = (3.0, 0.5)" 1Haldqn

ATLYNAqALARATINN1TATIAdauaNnseiduTasusazqaazle fix") = 135.25, f(x?) =

64.812, f(x”) = 27.711 uaz f(x”) = 16.312
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NN9ARAUNYAIN BT HINANTLLILINAN

A Optimization for Engineering Design
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aladnlfiluqadamunzan aatinliifluqe x° uazmAn Fmax a9 f(x(5) = 117.874 las

ANITRLINGN Fmax = 135.250
?:/ dl o a [~1 ' o dll = 1
dupeun 5 pglanmanduazamagauiuRanlanisveavize
1% a @ 1 d' (1) v m o 1 all rnlx
- ApgUwand nsilaanisunui X foa X" uarAuIANRATIRIRaTY
F=61.02uay x=(2.0941.953)

- mﬂ'ﬂ\/Z(f(x(p))—?)2 <& uay
D

=2 A C 2 2 o & . = Iy
FINATNINNAT AN E LS 8 Lﬂuﬂ’]ﬁ\@u@iﬁﬂ’]?ﬂqﬂqmLﬂﬂqziuﬂu\jﬁ\ﬂu%ﬂ\?ﬂ’]?ﬁuﬂq

(iteration)
- luduneun 3-5 auldanmuizaniign

IPeNITUIUNNINIUAEIY 9@ eN (Pseudo Code) wand lianIwi 3.20

Procedure of CSM
Begin;
Initialize the problem and parameters
While (termination criterion not satisfied) — (line 1)
Schedule activities
Calculate complex points and check against constraints
Reflection of least yield Py is processed;
Compute Pg and f(Pg);
Compare response function;
If f(Pr) is highest then
Replace Prg into Pw will be processed;

Else
If Prand f(Pr) continue to be the least then

Reflect backward to prior point;
Recompute Pr and f(Pr) and check against constraints;
Recalculate Py and f(Pw);
Else
Go to line 3;
End if;
Check the termination criteria;
End if;
End schedule activities;
End while;
End procedure;

A 3.20

s1iaien (Pseudo Code) 1843 THNANTUULNAN
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3.6 MsNUIBRann1NNESuT@Se (Logarithm Harmony Search Algorithm)

nisataseifilyazEuannisssydoulsndrAryduilsenausag HMCR, PAR,

HM, 29UIATR9AN X K% iteration (3L TUNTAUMNI) UAIAINUUAZAFINANDLAUEI LTI

Py ° = s

wazALiuN13l1IZLL99 Harmony Lﬁ@mummmwlﬁmm@mmummmﬁm (y) Wiaw

1 A
[ P ¥

a o A | o aal ° @ o
¢l (x) Wﬁqmﬂim@ﬂ’]wLﬂﬂqgﬁﬂmfﬁﬁmﬂ]ﬂmuﬂu IﬁﬂrJﬁﬂqﬁ\V]’]\‘]’]ULﬂuﬁ\iu

o

uAtla
1. ﬁwumwmﬁqmmﬁLmﬁmmumigﬂmemﬂmmﬁ%ﬁﬁmﬁLquﬁ

fulaun

f(x) : aunN199MYUsrasA (Objective Function)

xi : Aawlssimdnla (Decision Variable)

N : auauzessaklsindaula (Number of Decision Variables)

HMS : a1uaureagnve9Ralilnlun1samAn (Number of Solution Vectors in HM)

HMCR - ifludnaanuinaslulunisdenda danillussuy (HM Considering

Rate)

PAR : Asiaziflulunisiaendiuszausaliin (Pitch Adjusting Rate)

Bw : 494ndn9ae9szezn1alunsUiuszau (Distance Band Width)

NI : ﬁﬁmuﬂ%\‘mmm?ﬁum (Number of Solution Vector Generations)

2. duinaaEudiu 1 gasuann fa wdarimunuanilade Xi luaunnsnuin
RALALAY (Response Surface) ANNANAL mﬂ‘&uﬁﬂmm PIATNAANS Yi (Yield) B84AHNNT

WarluAsssiunnauaunsey 1§l Hv
HM=t X020, X, | Tofi=1,2,3, .. HMS

3. FRANRLNasaUALeIAINANgA laulauengn Inagainan Yi (Yield)
4. pruanslilsunsusnudeyaninuualuAisouls Wy HM (1u1a2990134aL1

qaF315IR) TAWINAL 10, HMCR (§R37n131@anfalinain HM) JAwindu 0.95 , PAR

9

(@n3nnnlasunlasszsuuessaliin), Bw (Distance bound wide) Tagiinuann1sin1uum
¥
14

(PAR_. —PAR .
PAR(gn) =PAR_ +——"% =X gn
NI
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PAR: §n31n19tliuseAui@asdmiuusiazu (Pitch Adjusting Rate for each
Generation)

PAR ﬁmmmiﬁmzﬁmﬁmﬁiwgm (Minimum Pitch Adjusting Rate)

PAR . §991n1915UsvALIAe9g94m (Maximum Pitch Adjusting Rate)

NI: ﬁﬂmum‘m%\mmmﬂeﬁqﬁ (Number of Solution Vector Generation)
gn:  [UIUUNELATTU (Generation Number)

A

Bw(gn) =Bw__exp(cgn)

B\Nmin
Ln(—)
Bw

max

NI

Bw (gn) : LUUA38A M LLAAZ {1 (Bandwidth for each Generation)

Bw,,: WUUAIASAI4A (Minimum Band Width)

min

o

Bw__ : LLuummﬁrm\izgm (Maximum Band Width)

max

5. AunnARteannszuu v T uRe Ui uAIA

o

mAL1alu HM Tennsunuan
lade Xi aalugannsiutinnauaues (Response Surface) AMNAIAL AINTIEINI AU

ANEAANS Yi (Yield) 1a9aNn I Tian1In 38 Line UANIaHARA LA WA

o o ! o L% 1

6. YARANAUNARALAUAIANNANAANSNANZA LU ueiNgm UaIR1NITUNINITA4EA

q q

' v '
al o

HaRaLANIUENgatiuaanliain HM aiusyatinazauouaes HMS Todauammn
= 1 ] dll o %’ -QII o
7. WEauiguAsiellFes o auATUAINANUIBTNTII YW
a 6 1 dl
8. AmaiAN AW HMS neganszuaunig

InenszuaunIIaunilusiaiias (Pseudo Code) LandliAanIng 3.21



Procedure LOGARITHM HARMONY SEARCH, HSA Meta-heuristic ()
Begin;
Initialise algorithm parameters:
IM: the preset number of improvisations
HMS: the size of the harmony memory
Bw:  the 'distance bandwidth' or the amount of maximal change for pitch
adjustment between two neighbouring values in discrete candidate set
Prmcr: the rate of considering from the harmony memory
Prar:  the 'pitch adjustment rate
Initialise the HMS harmony memories;
Evaluate the fitness values for all HMS;
Forj=1toIM
Randomly select a position of [1, 2, ..., HMS] to improvise;
Generate a random number in the range [0, 1] or RN1;
Check RN1 with Pumcnr;
If  RNT < Puucr better, then pick the component from memory;
Generate a random number in the range [0, 1] or RN2;
If RN2 < Ppar better, then adjust the harmony by a small amount Bw;
Generate a random number in the range [0, 1] or RN3;
If RN3 > 0.5
Pitch Adjustment Harmony vector increase;
Else
Pitch Adjustment Harmony vector decrease;
End if;
Else
Do nothing;
End if;
Else
Pick a new random value in the allowed range;
End if;
Replace a new harmony if better;
End for;
End;
End procedure;

AN 3.21
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3.7 N199N9UABNsidaanasna (The Bees Algorithm)

1% a

- y : &  edg 4 o N
@ﬂmmm::ﬂ?::ﬂ@uiﬂmﬂﬂz\gmqu?’mme NABINITINURATELND 1T b
N13ANUINLTILAS
1. 'ﬁﬂmmmﬁﬂﬁﬂmmmmf(Number of Scout Bees, n)
o d” dl A dgl dl d? o .
2. AUIUNUN 7] LABNAIN N WUN 7] KIA1T93 (Number of Sites Selected out of n
Visited Sites, m)
3. AULUNUT 7] ANgAIN m AuR | 1a8en (Number of Best Sites out of m
Selected Sites, e)
4. AuuUaNdlUNNUN e WWTIANgA (Number of Bees Recruited for Best e
Sites, nep)
5. AUINNNAlUANUA  m-e NnARAINNgUNANGA  (Number of Bees
Recruited for the other m-e Selected Sites, nsp)
Z’/ U 1 dJ b2 1 da/ dl ¥ a .
6. WUNAFALIAILNAIDINNTTILTZNA LA LUAIB U TUaZNUN INALALY (Initial
Size of Patches, ngh)
7. \nouailunngngm (Stopping Criteria)

s9aLNeIN (Pseudo Code) 1a9d8anasnuAanIng 3.22 InaNdunaunisnieu
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o d’/ dl v a d’/ dl dlddl Qa‘/ 1 | dzl/ all 1 = o I's
N194199ANUN INALALNIRINUN e mmmgmu Qﬂmu@fmﬂuwuw 7] UIRCHNAANS
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Y o1

U
dldd? dl o 1 d? = 1 a d? !
mmmimmmmu WWBAUN1341394 lulsazsal Qam%uﬂizmmﬂqﬂuummmu@mmu

A BT X o dad - P oA a e .
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Procedure Bees Meta-heuristic ()
Begin;
Initialise algorithm parameters:
Number of Scout Bees, n
Number of Sites Selected out of n Visited Sites, m
Number of Best Sites out of m Selected Sites), e
Number of Bees Recruited for Best e Sites, nep
Number of Bees Recruited for the other m-e Selected Site),nsp
Initial Size of Patches ,ngh
Initialize population with random solutions.
Evaluate fitness of the population.
While (stopping criterion not met) //Forming new population.
Select sites for neighborhood search.
Recruit bees for selected sites (more bees for best e sites) and evaluate
fitnesses.
Select the fittest bee from each patch.
Assign remaining bees to search randomly and evaluate their fitnesses.
End While until a termination condition is met.
End procedure

AN 3.22

AN (Pseudo Code) 1a9tidaanasny
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Procedure Bees Meta-heuristic ()
Begin;
Initialise algorithm parameters:
Number of Scout Bees, n
Number of Sites Selected out of n Visited Sites, m
Number of Best Sites out of m Selected Sites), e
Number of Bees Recruited for Best e Sites, nep
Number of Bees Recruited for the other m-e Selected Site, nsp
Initial Size of Patches, ngh
Initialize population with random solutions.
Evaluate fitness of the population.
While (stopping criterion not met) //Forming new population.
Select sites for neighborhood search.
Recruit bees for selected sites (more bees for best e sites) and evaluate fitnesses.
Select the fittest bee from each patch.
Assign remaining bees to search randomly and evaluate their fitnesses.
Select points from the population based on rank-based fitness to generate the initial
simplex.
Appling Simplex operators (reflection, expansion, contraction and shrinkage
Replace the selected points in the population based
End While until a termination condition is met.
End procedure
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Procedure LOGARITHM HARMONY SEARCH, HSA Meta-heuristic ()
Begin;
Initialise algorithm parameters:
IM: the preset number of improvisations
HMS: the size of the harmony memory
Bw: the 'distance bandwidth' or the amount of maximal change for pitch adjustment
between two neighbouring values in discrete candidate set
Pumcr: the rate of considering from the harmony memory
Prar: the 'pitch adjustment rate
Initialise the HMS harmony memories;
Evaluate the fitness values for all HMS;
Forj=1to IM
Randomly select a position of [1, 2, ..., HMS] to improvise;
Generate a random number in the range [0, 1] or RN1;
Check RN1 with Prucnr;
If  RN71 < Prucr better, then pick the component from memory;
Generate a random number in the range [0, 1] or RN2;
If RN2 < Ppar better, then adjust the harmony by a small amount Bw;
Generate a random number in the range [0, 1] or RN3;
If RN3 > 0.5
Pitch Adjustment Harmony vector increase;
Else
Pitch Adjustment Harmony vector decrease;
End if;
Else
Do nothing;
End if;
Else
Pick a new random value in the allowed range;
End if;
Replace a new harmony if better;
Select points from the population based on rank-based fitness to generate the initial
simplex.
Appling Simplex operators (reflection, expansion, contraction and shrinkage
Replace a new harmony if better in the population based
End for;
End;
End procedure;
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