
6

 2

2.1.  (Response Surface Methodology)

 (Response Surface Methodology) RSM

 (y) 

E(y) = f(x1, x2) +

 (Error)  (Noise)

E(y) = ƒ(x1, x2) =

(Response Surface)  = ƒ(x1, x2)  x1  x2

 (Contour)

 2

 2.1

 2.1 2

: Douglas C. Montgomery, Design and Analysis of Experiments, 5th edition,

(USA: John Wiley and Sons, 2001), p.428.
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 2.1  (Contour Plot) x1

x2

RSM

y

 (Low-Order

Polynomial) k  (Linear

Function)  (First-Order Model)

y = 0 + 1x1 + 2x2 + … + kxk +

(Curvature)

 (Higher-Order Polynomial)

(Second-Order Model)

ji
jiij

k

i
iii

k

i
ii xxxxy

1

2

1
0

(Response Surface Designs)  2.5 

Path of Improvement

 2.2

 2.2

: Douglas C. Montgomery, Design and Analysis of Experiments, 5th edition,

(USA: John Wiley and Sons, 2001), p.429.
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 3

1.

2.

3.

2.2.  (Single Response)

 2

 (Lack of Fit)

(First Order Model)  b0, b1, b2, … , bk

E(y) = b0+b1x1+b2x2+ … + bkxk

 (Lack of fit)

 (Second order, Quadratic Polynomial Model)
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E(y) = b0+b1x1+b2x2+ … +bkxk+b11x12+b22x2
2+ … +bkkxkk

2+b12x1x2+
b13x1x3+ … +b1kx1xk+b23x2x3+ … +b2kx2xk+ … +bk-1,kxk-1xk

 2.3

 2.3

2.3.  (Evolutionary Operation)

 Box (1969)

 2k

 (2k Factorial Design with Center Point)

 2k

 (Interaction)

 (Effect)

(Interaction)
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(Error)  (Range Method)

2k

 2.4

 2.4  22 design for EVOP

: Douglas C. Montgomery, Design and Analysis of Experiments, 5th edition,

(USA: John Wiley and Sons, 2001), p.485.

 (Cycle)

 (Montgomery, 2001, p.484-485)

 (Interaction)

(Standard Error Limit)  (Interaction)

 (Box and Draper,

1969, p.69)

 (Information Board)

 2

-

y1 y2

y3 y4
128

126

124

B

y0

.

13.5 14.0 14.5
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-  (Phase)

 (Closed Loop)

 (Box and Draper, 1969, p.19-20)

 (Factorial and Steepest Ascent Method)

2.4.  (Steepest Ascent Method)

 2k

 2

 (Main Effect)

(Interaction Effect)

 2k

 2  k

(High)  (Low)  2k

k

“ ” (Factor Screening Experiment)

 2  ” ”

2  2  ( 22 Factorial)  2.4

 2

 A (Main Effect of A) = 1/2 (y4+ y2- y3 – y1)

 B (Main Effect of B) = 1/2 (y4+ y3- y2 – y1)
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 (Interaction) = 1/2 (y4+ y1- y3 – y2)

 yk

(Treatment)

-

-

 (Steepest Ascent)  Box  Wilson

 (Response)

 (Optimum)

 (Minimization)

 (First Order Model)

 (Linear Function)

k

j
jj xy

1
0

0, 1, 2, … , k

 2.5

 (Step)

 (b)  2k
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 2.5

: Douglas C. Montgomery, Design and Analysis of Experiments, 5th edition,

(USA: John Wiley and Sons, 2001), p.430.

 (Path)

 (Optimum)

1.

2.

3.  (Response Surface)

 (Step)

4.  (y)

5.  (First Order Model)

 (x1, x2, … xk)  (y)

(Linear Regression)
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6.

7.  (x1, x2, … xk)  (x1
T,x2

T,….xk
T)

 (Step)

8.

2.5.  (Simulated Annealing, SA)

 (SA) 

.1980 Kirkpatrick  (algorithm)

 (Statistical

Mechanics) 

1023

 (Ground State) 

(Annealing) 

1.  (Melting) 

2.  (Annealing)

3.

 (Annealing) 

(Steady State)

 (Ground

State)  (Golden and Skiscim, 1984)
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 2.1  Thermodynamics – Simulated Annealing
Thermodynamics Simulated Annealing

System states Feasible solution
Energy Evaluation function

Ground state Optimal solution
Rapid quenching Local search

Temperature Control parameter T

Metropolis  (Monte Carlo) 

1.

2.

3.  ( E) E -E

 ( E) 

 (Boltzman) P( E) = Exp(- E/KbT)

Exp

T

Kb  (Boltzman)

 (Monte Carlo) 

P( E) 

 (0, 1) 

 (Ground State) 

 (Metropolis et al., 1953)

Kirkpatrick
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 (Combinatorial

Optimization)  (Melting) 

(Freezes) 

 (Steady State) 

 (Combinatorial Optimization) 

 (Rearrangement) 

 (Kirkpatrick, Gelatt Vecchi, 1983)

1.

2.  (Combinatorial optimization problem)

3.

1.

2.

3.

2.6.  (Ant Colony Optimization, ACO)

 (Neural Network) 

Dorigo

 (Combinatorial Optimization Problem)  (Traveling Salesman

Problem) (Dorigo M., Vittorio  Colorni A., 1996) 
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 (Single row machine layout problem) (Solimanpur M., 2005)

(Vehicle Routing Problem) (Bell J.E., 2004)

1989 Goss Iridomyrmex

Humilis Argentine ants

1.

2.

(positive feedback) (trails)

(Pheromone) 

 ( 2.6) 

(Bias)

 (Self-reinforce

processing)

  

 (Goss et al., 1989)
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 2.6 Goss Argentine ants

: Goss et al., Self-organized shortcuts in the Argentine ant.

Naturwissenschaften, 76:579-581, 1989.

2.6 1 2

 2  1

50/50

1  (  A) 

1  2

1  (

) 

 2  B

2
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2.7.

2005 McKendall

(Dynamic Facility Layout Problem,

DFLP) (Static Facility Layout Problem, SFLP)

(Work-in-process)

SFLP

 2 

(The First Simulated Annealing, SA I)  (The

Second Simulated Annealing, SA II)  DFLP

Baykasoglu Gindy (2001) (SA_EG),

Hybrid Genetic Algorithm (GA) Balakrishnan  (2003) Dynamic

Programming Approach (DP) Erel E. (2003) Hybrid Ant System (HAS)

McKendall Shang (2004) (Department, N) = 6

SA I HAS  (N) = 15 SA_EG

 (N) = 30 SAII

SA I SA II

/

Optimal Solution

SA II SA I

48 DFLP

35 (SA_EG=23, HAS= 21, DP=12 GA=10 )

2005 Solimanpur

(Single row layout problem)
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(Flexible manufacturing systems)  (Flexible

material-handling system)  (Robot) (Automated

guided vehicle, AGV) Solimanpur

(An efficient equipment layout

problem) Neghabat (1974)

(A Heuristic

procedure for the layout of a large number of facilities) Drezner (1987)

(Efficient models for the facility layout problem) Heragu (1991)

(Experimental analysis of

simulated annealing based algorithms for the layout problem) Heragu

(1992) Braglia (1996)

 (A constructive greedy

heuristic) Kumar (1995)

8

(12-30 )

objective function

2004 Tang

(Lot Sizing Problems)

 BOM (Bill of Materials)

(Parameters) Configuration, Cost Function, Move set Cooling Schedule

(Assembly)
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(One-to-One Demand Ratio) n=12

m=1,  3  9

0 100 Holding

cost (Hi) set-up cost (Ki)

(Starting Temperature, T) 25 50 100

(Reducing Rate, R) 0.8 0.4 0.2

(Moves at each temperature, M) 2 4

8 (m) (n) 8*m*n

 (T) (R)

(M)

(T=25) (R=0.2)

2004 Bell

(distribution) (Logistics)

(Vehicle Routing Problem, VRP)

(Maximum Route Length)

 (Maximum Service Time)

(Vehicle Routing

Problem)

(Tabu Search)

 VRP
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50 (Single ACO)

 (Multiple ACO)

 1% 100

3.9% 1.7%

150

10.06% 6.45%

2004

2 (Genetic Algorithm, GA) (Tabu

Search)

2 3 4

0 3

2003

(Modified Simplex Algorithm) (Steepest

Ascent Method)

2 4

0 3
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1 3

(Quadratic effect)

2003

 (GA) (Simulated Annealing, SA)

3

2 4 0 3

2

 1995 Khan

 (Non-Gradient Based Optimization Techniques) GA, SA

 (Gradient Based Methods)

 (Sequential Unconstrained Minimization Technique, SUMT),

(Box's Complex Search),  (Hill Algorithm Sequential search technique),

(Generalized Reduced Gradient, GRG)

 5 

1.  (Hati and Rao)

 (Yens/pc)  (Multi-Pass Turning)

 (Mild Steel)

2.  (Ermer)  (Dollars/pc)

 (Single Pass Turning)
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3.  (Petropoulos)

(Pence/pc)  (Single Pass Turning)

 (Carbon Steel)

4.  (Ermer and Kromodihardjo)

 (Dollars/pc)  (Single

Pass Turning)

5.  (Iwata, Oba and Murotsu)

 (Yens/pc)  (Multi-Pass

Turning)  (Medium Carbon Steel)

 (Non-Gradient Based Optimization

Techniques)

 (Gradient Based Methods)


