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 3

3.1 

 (Response Surface)  (Parabolic

Surface)

 (Noise)

(Independent Factors)  k

-20  20 

3.1.1  (Parabolic Surfaces)

k

j
jxxf

1

2 ]100/)[(12)(

(k)  2

 12  x1 = 0 x2 = 0  (Contour Plot)

 3.1.1

 3.1.1

 2
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3.1.2  (Rosenbrock Curved Ridge Surfaces)

k

j
jj axaxaxxf

2

22
11

2
11 10]170/)150)}])/()/[()/((20[({70)(

 a1, a2, a3  a4  6, -7, -2, 4  5

(k)  2  80  x1 = 0

x2 = 0  (Contour Plot)  3.1.2

 3.1.2

 2

3.1.3  (Shekel Multi Peak Surfaces)

n

i
k

j
ijji axc

xf
1

1

2)(

1100)(

aij  ci  3.1 i  1

 5 j  1  4  5

(k)  2  19 x1 =  6  x2 = –7

 (Contour Plot)  3.1.3
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 3.1.3

 2

 3.1.1

aij

j
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

3.1.4  (Branin Surfaces)

]10))cos(
4
510()65

4
1.5[(log5)( 1

2
1

2
12210 xxxxxf

 Branin (k)  2

 5.3977 x1 = 15.7  x2 = 12.9  (Contour

Plot)  3.1.4
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 3.1.4

 2

3.1.5  (Camelback Surfaces)

)]1(4)
3
11.24([log10)( 2

2
2
221

4
1

2
1

2
110 xxxxxxxxf

 Camelback (k)  2

 7.881 x1 = -1.8  1.8 x2 = 0 

(Contour Plot)  3.1.5

 3.1.5

 2
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3.1.6  - (Goldstein-Price Surfaces)

)}]273648123218()32(30{

*)}361431419()1(1/{1[log10)(
2
2212

2
11

2
21

2
2212

2
11

2
2110

xxxxxxxx
xxxxxxxxxf

 Goldstein-Price (k) 

2  9.5229 x1 = 0 x2 = -1  (Contour

Plot)  3.1.6

 3.1.6

-  2

3.1.7  (Rastrigin Surfaces)

)]2cos(1020[80)(
11

2
n

i
i

n

i
i xxxf

Rastrigin (k)  2

 100 x1 = 0  x2 = 0  (Contour Plot)

 3.1.7
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 3.1.7

 2

3.1.8  (Styblinski Surfaces)

])1()
2

)516(
()

2
)516(

[(275)(
5

3

22
2
2

4
21

2
1

4
1

i
ixxxxxxxxf

Styblinski (k)  2

 350 x1 = -3  x2 = -3  (Contour Plot)

 3.1.8

 3.1.8

 2
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3.2 (Super Modified Simplex Method, SMS)

3.2.1 

3.2.1

 3.2.1

1.

 (Parabolic Surface)  (Rosenbrock Curved Ridge

Surface)  (Shekel Multi Peak Surface)

 (Maximization)

2.  k+1  k

 2  3

3.

   -  1: x1 = -20, x2 = 11  6.59

   -  2: x1 = -20, x2 = 22  3.18

   -  3: x1 = -32, x2 = 15 –0.85

4.

VH =

VS =

VL =
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5.  (Optimum) (Yield)

 (Second – Order Polynomial) opt

5.0
2 WPR

Pw
opt RRR

RR

WPR

WPR
opt RRR

RRR
242

34

3.3.2

3.2.2

B =0 2.0 B =1 3.2 B =2

3.0   

R = aB2 +bX+ C

= (0, 2.0) a(0) 2+ b(0) + C = 2

= (1, 3.2) a(1) 2+ b(1) + C = 2
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= (2, 3.0) a(2) 2+ b(2) + C = 2

 a = -0.7, b = 1.9, c = 2.0 derivative

B

 B’ = (-0.7) x (2) x B +1.9

 B’ = 0 B = 1.357

B opt

 Z = opt (P) + (1- opt) (L)

P X… Xn P, L X… Xn L

SMS

opt min max L R

2 (Concave)

 (Convex) SMS

Rp

Rp < ½ (Rl + Rr)

                          >½ (Rl + Rr)

Rp Rp

opt

opt (Infinite)

  opt P

    

1. opt

      

(Expansion)  (Contraction)
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2. opt 0

 (Safety Margin, Sp)

opt (- Sp, Sp)

 Sp - Sp 0 0.5

3. opt 1 Z

P opt 1

(1 - ) < opt < (1 + ) opt = 1

3.2.3

interval value

R opt

Morgan (1990)

P
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W

P  Brown (1990)

opt

    

(Expansion) (Contraction)

-  4

-

VL

VS

VH

-  (Reflection)  V
R

 VR = P + [P – VL]  P = (VS+ VH)/2

-  V
R

-  VR <= VL  (Expansion) VR  VE

 VE = P + 2 [P – VL]  P = (VS+ VH)/2

 V
E

 -  VE <= VR  VE  VH

 -  VE > VR  VR  VH

 -  VR <= VS  VR  VH

 -  VR <= VH  (Contraction)  VR  VCR

 VCR = P + 0.5 [P – VL]  P = (VS+ VH)/2
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 VCR

 -  VCR <= VR  VCR  VH

-  VCR > VR

VS= (VS+ VL) / 2

VH = (VH + VL) / 2

Vi  = (V i+ VL)/ 2

-  VR

 (Contraction) VH  VCL

 VCL = P - 0.5 [P – VL]  P = (VS+ VH)/2

 VCL

 -  VCL <= VH  VCL  VH

 -  VCR > VH

VS = (VS+ VL) / 2

VH = (VR+ VL) / 2

Vi = (V i+ VL) / 2

-

 2)  4)

 VL

6.  (Standard Deviation)

(Range)

 3.12
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 3.2.4

 (Standard Deviation) = Std (VH, VS, VL)

 (Range) =

 xi, yi  (VH, VS, VL)

-  VH  x1 = -20 x2 = 11  6.59

-  VS  x1 = -20 x2 = 22  3.18

-  VL  x1 = -32 x2 = 15  -0.85

 = Std (6.59, 3.18, 2.18) = 3.724

 = Min (11, 13.89, 12.65) = 11

 (Range)

 (VH)
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7.  4-6 (Range)

3.13
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 3.2.5

3.3  (Harmony Search Algorithm, HSA)

3.3.1 

 (HMCR), (PAR), (HMS)

 (x)  (Iteration)

(y)

(x)

1.  (HMCR),

 (PAR),  (HMS)

2.  (x) x

(Response Surface) Y (Yield)

 (HMS)

3. Y

4.

(HMS) 10.  (HMCR) 0.95,  (PAR) 

0.65,

5.

X (Response Surface)

Yi (Yield)

6.

7.

8. (X) (Response Surface)

Yi
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9.

10.

11.

 (Pseudo Code) 3.3.1  3.3.2

3.3.2 

1

(Harmony Memory Considering Rate, HMCR)

2  (Pitch  Adjustment  Rate, PAR)

3 (Harmony  Memory  Size, HMS)

4 (Iteration, ITE)

5  0-1  (RAN)

6  (NCHR)

7 X (Possible  Value  Bound  For  Xi, PVB)

8  X (Bandwidth, BW)

      9  (Stepnum)
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Xi = m

(uniform distribution)

Harmony Memory 

I > m

D1= PVB upper(i) - PVB lower(i)

D2 = D1/Stepnum

Rand ()< HMCR

NCHV(i) =D5

Rand < PAR

D3 = Int (rand*(stepnum+1))

D4=PVB lower(i) +D2*D3

NCHV(i)=D4

HMS
,HMCR,PAR

  harmony

D5=NCHV(i)-rand*bw

NCHV(i) =D5

D3 = Int (rand*(HMS)+1

D4=HM(D3,i)

NCHV(i)=D4

Rand<=0.5 D5=NCHV(i)-rand*bw

PVB upper >=D5
PVB lower <=D5

VNS Process

 3.3.1
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Harmony Search (HS) +VNS

Start

Define parameter include harmony memory, Patch adjustment rate, Harmony memory considering rate

Number of variable

Generate population by randomly

Calculate fitness function

For x = 1 to n ;n is variable (1,2,3,…..n)

Check Random with Harmony memory consider rate

Generate new harmony

If is Harmony memory and then check pitch adjustment rate

Calculate fitness function for new harmony

If fitness function of new harmony better, it will be replace

Next (End loop variable)

For iteration = 1 to n = (1,2,3,...n)

Next (End loop iteration)

Random position in best of iteration (Shaking)

Swap with neighborhood position (Local Search)

Compare optimum solution of after swap with before swap

Select better optimum solution between before and after

 3.3.2
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3.4  (Shuffled Frog Leaping Algorithm, SFLA)

  

1.   (Population size, p),

(Memeplex, m),  (Iteration, ITE)

2. 1 n X

(Response Surface) Y (Yield)

(Memeplex)

3.   

( ) 

1 2  m ( ) 

m (m )

4.

Xb Xw

Xg

5.

 (Di)

=  0-1 (Random) * (X
b

- X
w
)

= +

-Dmax  D i  Dmax

(Iteration Number)
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Xg

6. (Memeplex)

7. 

8.

 (Pseudo Code) 3.4.1  3.4.2

x (P)

Local search A

M=m+1

F (i )> F(X worst)

VNS PROCESS

(P)
memeplex (m)

(it)

memeplex

memeplex

It = it+1It =0

M=0

X best , X worst ,Xg

(1) (2)

(1) (2) X best

Xg

F( i )> F( g)

random

It=
M= memeplex

Local search A

Shuffle Frog Leaping Algorithm+VNS

3.4.1
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 3.4.2
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3.5 Variable Neighborhood Search : VNS

 (HMS)

 3     

 (S/N Ratio, Signal-to-Noise Ratio)

 2 

1.

2.

 3 

 3.5.1
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 3.5.2

 3.5.1  1 (Neighborhood 1)

Upperbound-LowerboundN1=Best[HMS] ±i Iteration
i=1,2,3,...,HMS

N1 1

Best [HMS]

(HMS)

Upper Bound  (X)

Lower Bound  (X)

: Best [HMS]

(Frog)

 3.5.2 2 (Neighborhood 2)

Upperbound LowerboundN2 worst[HMS]i Iteration
i 1,2,3,...,HMS
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Worst [HMS]

(HMS)

Upper Bound  (X)

Lower Bound  (X)

: Best [HMS]

(Frog)

 3.5.3 3 (Neighborhood 3)

 (Modified Simplex

Method)  MSM

 VL (HMS)

 (Frog)

 VS (HMS)

 (Frog)

 V H (HMS)

 (Frog)

 3 

 3.5.3
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 3.5.3

3.6  (Taguchi’s Method)

 1980 . 

 (Robust Parameter Design Problem, RPD Problem)

1.  ( ) 

2.

(Output Voltage)



72

 (Resistors),  (Transistors)

 (Power Supplies)

3.

 ( )

4.

(Wafer)

(Orthogonal Design) “ ” (Crossed)

(Noise)

 2  (S/N Ratio or Signal-to-Noise

Ratio)

1.

2.
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1.  (Larger is Better)

S/N = -10*log (  (1/Y2)/n)

2.  (Smaller is Better)

S/N = -10*log (  (Y2)/n))

3.7

1 

3 (HSA)  (SFLA)

 (VNS)

 (SMS) 3

3

 C# V2008  8

1.

 (Parabolic Surface) (Rosenbrock Curved

Ridge Surface)

 2  3
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2. (Noise)

(Normal Distribution) 0 0, 1, 2

3

3.  –20 20

4. Standard

Deviation S/N ratio  15 

5.  (Global Solution)

6.

(HSA)  (SFLA)

 (VNS)  (SMS)

7. (HSA)  (SFLA)

 (VNS)

 (SMS)

8.
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3.7.1 

-

-

-

-

-

-

 3.7.1


