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9.1 Overview

elimination

hill-climbing

 ultimate approach if other optimization methods fail

 no one systematic procedure
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9.1 Overview

1. Single variable

a. Exhaustive

b. Efficient

2. Multivariable, unconstrained

a. Lattice

b. Univariate

c. Steepest ascent

3. Multivariable, constrained

a. Penalty functions

b. Search along a constraint
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Dichotomous

Finonacci



9.2 Interval of Uncertainty

In search methods, precise point will never be known

The best that can be achieved → interval of uncertainty
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9.3 Exhaustive search (linear search)
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9.4 Unimodal functions

- Only one peak (or valley) in the interval of interest
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9.6 Dichotomous search
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9.7 Fibonacci search (13th century mathematician)
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Interval of uncertainty

9.7 Fibonacci search

<Example 9.1> Find the maximum of the function

In the interval .

<solution>
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9.8 Comparative effectiveness

Reduction Ratio (RR) =

=
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9.11 Lattice search
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9.12 Univariate search

- Optimization with respect to one variable at a time
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9.12 Univariate search

- Failure occurs

Ridge
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Large interval



9.13 Steepest ascent method
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① trial point as near to the optimum as possible (otherwise, arbitrarily chosen)

②

distance (change in xi) in the direction of the gradient

③ in the direction of gradient, move until optimum is reached

9.13 Steepest ascent method
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9.13 Steepest ascent method
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<Example 9.2>
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9.13 Steepest ascent method
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<Example 9.2>



9.13 Steepest ascent method
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<Solution>

Total life time cost = vessel +insulation + lifetime cost of recondensation

 insulation : 

 vessel : 

 recondensation :
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9.13 Steepest ascent method
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<Solution>
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- Arbitrary value : 100 , 5 ox mm t C 
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(direction)

- Find optimum value in this direction



9.13 Steepest ascent method
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<Solution>



9.14 Scales of the independent variables

- Contours should be as spherical as possible to accelerate the convergence
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2 2x cx 
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9.15 Constrained optimization

most frequent

most important

1) Conversion to unconstrained by use of penalty functions

2) Searching along the constraint

→ equality constraints only
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9.16 Penalty function

1 2( , , )ny y x x x  → maximum
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iP Relative weighting

too high – move very slowly

too small – terminate without satisfying the constraints
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9.17 Optimization by searching along a constraint - Hemstitching

① Choose a trial point

② Driving toward the constraint(s) (fixed x1 or x2)

③ On constraint(s), optimize along the constraint(s) (tangential move)
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9.19 Hemstitching search

# of constraints = m

# of variables = n

1 2( , ) 0x x 
2
1 2 8x x 

n – m = 1
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9.19 Hemstitching search

• constraint

• objective function
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In minimization,     if G>0,   Δx2<0
if G<0,   Δx2>0

In maximization,     if G>0,   Δx2>0
if G<0,   Δx2<0
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9.19 Hemstitching search
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9.19 Hemstitching search

<Solution>

trial value 2 11 .6 2 .236, 17 .56, 0, 6 .175x x y G      
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9.19 Hemstitching search

1 2 3( , , )y y x x xoptimize

subject to 1 1 2 3
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In minimization,    if G>0,  Δx3<0
if G<0,  Δx3>0

In maximization,    if G>0,  Δx3>0
if G<0,  Δx3<0

Eliminate Δx1, Δx2

Three-variable problem where n=3, m=2
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9.20 Moving tangent to a constraint

n=3, m=1

constraint surface

direction to move
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- distance
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- maximum

- maximum change of y
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9.20 Moving tangent to a constraint

Lagrange Multiplier Method
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③
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9.20 Moving tangent to a constraint

31 2

1
2 2 2

1 1 2 2 3 3

1
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xx x
y y y
x x x x x x
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     
  

     

ix  step size of on variable in the move


