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3.1.

 (Response Surface Methodology)

 (Parabolic Surface)

 (Noise)

(Independence

Factors)  k -20  20 

3.1.1.  (Parabolic Surfaces)
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3.1.2.  (Rosenbrock Curved Ridge Surfaces)
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3.1.3.  (Shekel Multi Peak Surfaces)
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 3.3  2

 3.1
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j
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3.1.4.  (Branin Surfaces)
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3.1.5.  (Camelback Surfaces)
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3.1.6. - (Goldstein-Price Surfaces)
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3.1.7.  (Rastrigin Surfaces)
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3.1.8.  (Styblinski Surfaces)
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3.2.

 (Hyperplane)

 2k

 (Path)

3.2.1.

 (Response Surface)
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 (Step)

 (Step)
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(Normal and Independently Distribution, NID(0, s2))

3.2.2.  (Multiple Linear Regression)

(Catalyst Feed Rate)

y = 0+ 1X1+ 2X2 +

y X1 X2

 (Multiple Linear

Regression Model)  2 

(Predictor Variables)  (Regressors)

 (Linear)

 (Unknown Variables) 0 1 2

X1 X2 0

(Intercept) 1 2

(Partial Regression Coefficients) 1 y

X1 X2 2

y X2 X1

y

k

y = 0+ 1X1+ 2X2 + … + kXk +
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k j j = 0, 1, …, k

 (Regression Coefficients)  (Hyper-

plane) k  (Regressor Variables) {Xj} j

y Xj Xi (i  j)

(First-Order Model)  2 

y = 0+ 1X1+ 2X2 + 12X1X2 +

X2 = X1X2 3 12

y = 0+ 1X1+ 2X2 + 3X3 +

 (Second-Order Model)

 2 

y = 0+ 1X1+ 2X2 + 11X1
2 + 22X2

2
12X1X2 +

 X3 = X1
2, X4 = X2

2,

X5 = X1X2, 3 11, 4 22 5 12

y = 0+ 1X1+ 2X2 + 3X3 + 4X4 + 5X5 +
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 (Model Fitting)

y = X  +

(Regression Analysis)  1
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L /  = 0

XTX  = XTy

 = (XTX)-1XTy

 XT  X (Transpose of X)  2

 (1,1) 1

 2  1  X

 y ˆ

021
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x
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49.0
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 ( j)  (Significance Check)

H0: j  = 0

H1: j 0

 (Test Statistic)
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Cjj (Diagonal)  (xT x)-1
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H0

12,2/0 kktt

 (Significance Level)

(X1, X2, …, Xk)  (X1
T, X2

T, ….Xk
T)

 (Step Length)

(a)  (X1
T, X2

T, …, Xk
T)

22
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i
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T
i axx

(Evolution Operation)

3.2.3.

1.

Maxmization Minimization

 (Branin Surfaces)  (Camelback

Surfaces) -  (Goldstein-Price Surfaces)

 (Parabolic Surface)  (Rastrigin

Surfaces)  (Rosenbrock Curved Ridge Surface)

 (Shekel Multi Peak Surface)

(Styblinski Surfaces)

2.
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3.  (y)

 (Hyperplane)  2k

 (First Order Model)

4. 0, 1, ..., k

Y = 0+ 1X1+ 2X2

 Y

Y = ( Y…)/N + (EFFECT X1 / 2) X1 + (EFFECT X2 / 2) X2

5.

 ( j)  (Significance

Check) j  0

7.

6.  ( j  0)

 4  6

 (Quadratic Effect)

 (yF)  (yC)
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7.

(x1, x2, …, xk)  (x1
N, x2

N, ….xk
N)

 (Step size)

( Largest)  ( Xi) 

 ( XLargest) 

Xi = i / ( Largest / XLargest)

(n) 

n = 1, 2, … Yn

Yn = Origin + n

8.

 4-7

9.

10.

1, 2, 3 …

 8.19  10.13

 n = 1  (Iteration)  n

= n + 1  2, 3, …, n

11.  10.
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3.2.4.

(Response)

 2K

 ( .)

0, 1, ..., K

.

 0

 0

.  *

.  / 

n n  1, 2, ...

 3.10
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3.2.5.  (Steepest Ascent Algorithm)

 (Steepest Ascent Algorithm)

 (single parameter) (the number of

tries/restarts)

1. Procedure Steepest Ascent() / Steepest Descent()
2.   s  random StartPoint
3. While not stopCriterion()
4. do sn  getBestNeighbourhood Solution(s)
5. if acceptNewSolution(sn) then s  sn

6.    report(s)
7. End if
8. Loop
9. end while
10. end procedure

 3.11 Steepest Ascent Algorithm

3.3.

3.3.1.

(Microsoft Visual Basic)

(Y) (X)

1.  (Starting Temp)

 (Freezing Temp)  (Reducing rate)

 (Iteration)

2.  1 n xi

(Response Surface) Yi

(Yield) (s)
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3. (Anneal Schedule)

 2 oC

 0.9  1.8 oC

4. (Counter)

5. xi

(Response Surface)

Yi (Yield) (sn)

6. 2 5 E

s sn = sn – s ( Maximization)

sn s

7. E  0  0-1 (q1)

Boltzman (q0) = exp(- E/Kbt)

8. q0 q1 sn s

9.

10.

11.  4.-10. 

 (Freezing temperature)

3.3.2.

1.  (Starting temperature)

2.  (Freezing temperature)

3.  (Reducing rate)  1  2

4.  (Iteration) 

5. q0 E  0 

exp(- E/KbT)  (q1)



41

3.3.3.

 (Annealed Schedule)

 (Response) 

 (q1) 

Boltzman (q0)

q0 > q1

 2 

 0.9

 1 

 1 

2*0.9  1.8 

 2 

1.8*0.9  1.62 

 3 

1.62*0.9  1.46 

 3.12
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3.3.4. (Simulated Annealing Algorithm)

 (Simulated Annealing Algorithm)

3.13

1. Procedure SimulatedAnnealing()
2.  T  findStartTemp()
3.  s  randomStartSolution()
4. While not FreezingPoint()
5. do while not equilibrium()
6. do sn  getNeighbourhoodSolution(s)
7. f  eval(sn) – eval(s)
8. if f    0 then s  sn

9. else if random(0,1)    Boltzman() then s  sn)
10. End if
11. T  cool(T)
12.    report(s)
13. Loop
14. Loop
15.   end while
16. end procedure

 3.13 Simulated Annealing Algorithm

3.4.

(Iteration)

1. (Feasible solution)

2.

(Feasible solution)

(Evaluate the generated solution)
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(Retrace the path that the ant has

followed)

3. (Initial state) s

4. (Initial state)

(Feasible states)

5. sr ( r sr-1)

s (Feasible neighbourhood,

N(r))

6.

(pheromone trail) (

)

7. s r

8.

9.
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3.4.1.

 (q1) 

(q0)

q0 > q1

 3.14
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3.4.2. (Ant Colony Optimization Algorithm)

 (Ant Colony Optimization Procedures)

3.15

1. Procedure ACO Meta heuristic()
2. While(termination criterion not satisfied)
3.  Schedule activities
4.   ants generation and starting point;
5.   make path or step for each ants
6.   compare cost function
7. if no improvement cost function
8. communication with best ant cost function
9. make path or step from local trap to best ant
10. if ant found the better cost function
11.     go to line 5.
12. else
13.     wait for best ant communication
14. end if
15. end schedule activities
16. end while
17. end procedure

 3.15 Ant Colony Algorithm

3.5.

(First Local Optima)

 3 

 (S/N Ratio, Signal-to-Noise Ratio)
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3.6.  (Taguchi’s Method)

 1980 

 (Robust Parameter Design Problem, RPD Problem)

1.  ( ) 

2.

 (Output Voltage)

(Resistors),  (Transistors)  (Power Supplies)

3.

 ( )

4.

(Wafer)
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(Orthogonal Design) “ ” (Crossed)

(Noise)

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

Ratio)

1.

2.

1.  (Larger is Better)

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

2.  (Smaller is Better)

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

3.7.

3
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3

3

 8

3.

 (Parabolic Surface)

(Rosenbrock Curved Ridge Surface)

 2  5

4. (Noise)

(Normal Distribution) 0

0 1 2 3

5.  –20  20

6. Standard

Deviation S/N ratio  15 

7.  / Global solution

8.

9.

10.



49

3.7.1.

 3.16


