= |
uUnn 3

4 )
(Optimization) 2) (Genetic Algorithm, GA) 3)
(Artificial Neural Network, ANN) 4)

31
(Process)
(Conditions)
(Objective  Function) 31
(Rao, 1985)
X1
X2
=< (3-1)
A
(Constraints)
g (X =0j=12..
IX) =0j=12..p
X =
fX) =
o) = (Inequality Constraints)
) = (Equality Constraints)

P gl I



(Constrained Optimization)
31

]:
— MuuasulseanuuLLarReulaTAy I
|

> AvuafaiTuIngUsrasd

TUABUABNNTMIAIAIIMNNZAN

° d. Yo
Amaunleasy

nalanunaansainAmaunlesy

ARauAtINn 1
| THatinanmunzay

31
(2543)

15
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311
3
(Goldberg. 1989) 32
(1) (Calculus-Based  Methods)
2
() (Indirect Method)
(Local Extrema) (Nonlinear)
(Gradient) (Objective Function)
() (Direct Method)

(Local Optima)
(Local Gradient)
(Hill Climbing)
(Steepest Permissible)

(Robustness)

(Single-Peak)
(Multiple-Peak)

(Numerical Approximation)
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2) (Enumerative Schemes)

(Search Space)
(Discretised  Infinite  Search
Space)

(Dynamic Programming)

(3) (Random Search Algorithm)

(Randomized  Techniques)

GA (Coding) (Selection)
(Cross over) (Mutation)

3.2 (Genetic Algorithm, GA)

1960
(Algorithm)

Genetic Algorithm Holland

(1975), Evolution Strategies Rechenberg (1973) Schwefel (1995),

Evolution Programming Fogel et a (1966) Genetic Programming
Koza (1992) (Mitsuo ~ Runwei, 1997)



Search techniques

l

v

”Calculus -based technique

I

—

'

Y

Guided random search technique

[

Y

Y

Y

Enumerative technique

A

Indirect method

‘ Evolutionary algorithm J

{ Direct method ]
|
|
Y /

} Finonacci | ‘ Newton ‘

Simulated annealing

Dynamic programming

l

A A

32

Y

Sequential

Y

Generational

Evolutionary strategies Genetic algorithm
A\
Parallel
/ A4 y
Centralized Distributed Steady-state

: http:/www.web.umr.eclu/~ercal/387/slides/GATutorial. ppt



http://www.web.umr.eclu/~ercal/387/slides/GATutorial.ppt

321 ?

(Gene)

(Chromosome)

(1859)
Species)

Holland

(Genetic Algorithm, GA)

1975

Science)

2 (Goldberg, 1989)

(Artificial System Science)

19

(Alle)

(The Original of

(Winston, 1992)

(Natural
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322 !
(GA)
(Charles Darwin)
(Natural Genetics Selection)
(Selection),
(Crossover) (Mutation)
GA
(Linear Programming), (Dynamic Programming)
GA (Goldberg, 1989)
() GA
() GA
3 GA (Objective Function)
4 GA (Probabilistic)
(Deterministic)
GA (Coding)
(String) (Chromosome)
(Gene) (Character) (Bit)

3-3 (Decision  Variables)



33 1 4

GA 0 1
Binary Bits (Goldberg Kao, 1987; Wang, 1991) (Decode)

(Real Number), (Integer Number) (Set)

(Fitness)

(Selection),
(Crossover) (Mutation)
(Generation) GA
34
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Lo
G [ ] 2
323 ? GA (Operator of GA)
GA 4
(Coding) (Selection) (Crossover)
(Mutation)
(1) (Coding)
GA
(Obitko, 1998)
() Binary String Encoding
Binary String
(Decision Variable) (Objective Function)
1 5 1
Binary 3 3 (Allele)
A 110 110010011 011
B 110 111 100001 111

Binary  Encoding

Crossover Mutation



l Bunu )

augalasTulauGumeealszans

AnnARInFuingUscasntes
unazlaslulan

A 4

(evaluate)

IUTBL< STUIUTELGGA

ARLRBNLG

(selection)

v -
HANVINNUG

(crossover)

Uinlgatug

(mutation)

4

Tnstulaagalus

Tule
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() Permutation Encoding

Permutation  Encoding
(Ordering Problems)  Traveling Salesman Problem
Permutation Encoding

A 153264798
B 856723149
Crossover Mutation
() Value Encoding
Binary Encoding
A 123 532 045 232 245

B CC 00 00)

Value Encoding

ANN Binary
Coding (Obitko, 1998; Sexton
Gupta, 2000; Jain, 2005)

2) (Selection)

(Parents) Crossover
Roulette Wheel Selection, Rank Selection, Tournament Selection,
Steady State Selection  Elitism



25
() Roulette Wheel Selection

(Population  Size)
32
35

() Rank Selection

Roulette Wheel Selection
36 ()

(Obitko, 1998; Hsu, 1999; Eiben  Smith, 2003)

Rank  Selection

33

o(0 =+ 1<[7<2 (3:3)

ranking



Ranking 36 ()

(Obitko, 1998; Eiben  Smith, 2003)

Crossover
Elitism

GA

(') Tournament Selection

(Goldberg ~ Deb, 1989)

Tournament  Selection
(Ursem, 2003)

() Steady-State Selection

-3 )
() Elitism
Elitism
Mutation
(Copy) ( )
Elitism

26



S. =V I

3-5 Roulette Wheel Selection

Rank Selection

O o O

Rank Selection

3-6 Rank Selection

N SO IC I NG RN

B ow o -

SO SC I ORI
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(3) (Crossover)
GA
GA GA fl
Probability of Crossover (Pc)

4

() Crossover 1 (One-Point Crossover)

() Crossover 2 (Two-Point Crossover)

() Crossover (Uniform Crossover)

() Crossover (Arithmetic Crossover)

Crossover 1 1

2
Crossover 2 2
Crossover 37 Crossover
3-4
(Eiben  Smith, 2003)
Child = (L—oc)(parentv) + CC{Parent2) (3-4)

d 2
@ 05 Average Crossover @

0 1 Heuristic Crossover
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(4) (Mutation)

Probability of Mutation (Pm)
0 1 1 0

(Michalewicz, 1992)

() Uniform Mutation
() Modified Uniform Mutation

() Non-Uniform Mutation

(Generation)
Gaussian Normal
Distribution Gaussian Mutation
Gaussian
Mutation (Eiben  Smith, 2003; Ursem, 2003)
3.2.3 GA (Parameter of GA)

(1) Probability of Crossover

Probability of Crossover (Pc)
Pc 100
Pc 0

Pc Crossover
(Offspring)

Pc 0.5-0.9 (Goldberg, 1989; Agrawal  Singh, 2003)



Parent 1

Parent 2

Child 1

Child 2

Parent 1

Parent 2

Child 1

Child 2

Parent 1

Parent 2

Chid 1

Chid?2

One point crossover

TR

L T LN

2-point crossover

Uniform crossover

3-7 Crossover
‘Wardlaw  Sharif (1999)



a
(2) Probability of Mutation
Probability of Mutation (Pm)

Pm 100
(Fact Invert) (Pm 0 )
Pm
Pm
0.005-0.01 Il (Franchini  Galeati, 1997; Obitko, 1998)
(3) (Population Size)
(Generation)
(Global Optimum)
30-100
(Goldberg, 1989)
3.3 (Artificial Neural Network, ANN)
1
(processing element)
(Output) , (Synapse)
(Input) (Dendrites)
(Axon)
38

31



T o o1 B N

31

(Cell boaly)

(Dendrites)
1 (Axon)

(Synapse)

(109

(2544)

)

(unit)
(input)
(output)
(weight)

(2544)

32



3

(Back Propagation Neural Network, BPNN) (Input
Layer) (Hidden Layer) (Output Layer)
(nodes) (weight)
39
331 BPNN
BPNN

(Forward pass)
(Backward pass)

39
1)
(Normalization) 0.15-0.85 35
- 0.70(x —m|n) 015

max—min

X' t

X1 t

min

MaX
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34

" 2) Qi Gmmelda

Bk _
Wm Brr =Tk - Yk
ana
4 e
f:uargferfgm W24
VK
BPNN



)
(Forward pass)
(4) (Input Layer) (X,i=1,2 ) X
(5) (Hidden Layer) Z,j=12,.., )
&]
36
Zinj = Wo+X xv/ (3-6)
zij A
wi j
Xi
wl j
Z\nl
37
L, A Zin) (37)
f 38
1 (71'/7 ) = 1 (38)
S 1+ exp(-x)
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(6) (Output Layer)
(Yk1k =1 2., ) Z
k 39
Ymk = W k+Y . 2w (39)
Yirk Zj
k
k k
K j k
Yink
310
Yk o= f{Yink) (3-10)
(Backward pass)
(7
( k) 311
NIBAPIINBIAE) (3-11)
Tk
" () 312
firm,) =/ (Ym,)x(t-f(Yin,)) (3-12)
{ k)
A 1{ +l) x() 313

Awkin+) = kik+aAwik( ) (3-13)



0 1
a 0
AW X ( ) |
( =1 0)

8
314

51 = Yjokwik f'(Zinj)

(SJ)
Awy{ +1) () 315
Aw((«tl) = sjZj +aAwy( )
Awyg )
( =1 0)
9) (Yk,k=12,.., )
1 3-16
)= k() Awlk(n +Y)
@1 =12.. )
11 3-17
C(2tl) = L)yt Aw,(n+l)
(10) Q)
©)
(11) Yk
(Denormalization) 318
X]r _(max- min)(Kfc - 0.15) . min

0.7
310

37

(3-14)

(3-15)

(3-16)

(3-17)

(3-18)
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;

wlaseyarind uazdoyasen
Wegluguuumnasgu

(Normalization)

. v
auyARIIAUYBIA NI IMinuAL
' - ' ‘
Amsiiwesaa lulaseadiesy

a 4 ° |
fl»lliﬂﬂ11l1li)§ﬂ'li11Qﬁﬂ‘liﬂ'lu"ml

o 9 £ ‘ o v o
msanoaldanth MSAUINTOUNA
(forward pass) ‘ (backward pass)
| v v
- HAAWBRINUUUTIaRI - Yuudsniminsgrnanadu

“
Qou'lunmisuya
- ANURANAIA < AR IMUA

- UIUTPUMTMITT = MAAIMUA

934

v

' o dAn Y °
wasmmadwin lavnidm
Megluging

(denormalization)

HYANTATUIN

3-10 BPNN



39
331 BPNN

BPNN

BPNN
(random)

BPNN

ASCE (2000) BPNN

(03, 0.3)

Thriumalaiah Deo (1998)
(-0.5, 0.5)

(2544)
101 (divergence)

Huang (2004)

01, 1.0)

BPNN
(05, 05)

(ASCE, 2000)

Genetic Algorithm ( , 2001)
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@ (Activation Function)
38
(4) (learning rate, )
3-13  3-15 0.05-0.90
( , 2546)
(5) (momentum, oc)
313 3-15
1
05 0.9( , 2546)
34
(1) (Efficiency Index, El)
), $S7—$SE
(3-19)

X (Q'-q)2 55T



SST Q
SSE Q F
Q Q |
Q Q Q=-"10
N
A i
N
2) (Standard error, 6)

(Root Mean Square Error, RMSE)

= RMSE =) - £ ( Qi- Fi)2 (3-20)
&Y
(3) (Mean Absolute Deviation, MAD)
HAD = —X \Qi-Fi (3-21)
(4) (Average Absolute
Relative Error, AARE)
AARE= —X(—=—)X100 322
g 32
(5) (Correlation coefficient, 1)
J>Y [- ( 2 » G > )
(2>)2 YZ-(|«)1
r
X Y 1 1 r
2 r X Y
r X Y
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