(flexibility)

21

3 (Rao, 1979)
L (objective function)

2. (decision variable)



(Edgar

L

(constraint)
(feasible region)

(equality constraint)

(inequality constraint)

(application)
Himmelblau, 1989: 9)

(absorhers)

(layout)

1



10

22
]
(Edgar ~ Himmelblau, 1989: 16)
mn  CX)
h(x) =0 (2.1)
glx) <0
X
CiX) X
h(x)
Glx)
(2.1) h(x) =0
98 %
- g(x) <0
(
)
(upper limit)

«



(2.1) (scalar) (2.1)

1 h g (nonlinear)

(linear programming problem: LP)
(Douglas, 199)

(non-linear programming problem: NLP)
Il NLP LP

X :
(integer programming problem)

(mixed integer programming problem: MIP)

21) ,

(stochastic programming)
21



Optimization
Continuous Discrete
Unconstrained ——
One s i : : 2 :
Disietisional Multi-variable Linear Nonlinear Dynamic Stochastic Integer
Optimization Optimization Programming Programming Programming Programming Programming
21
1 (Continuous) ,
2
11 (Unoonstrained Qptimization)
mn Cx) 22)
X D X= (X, X2X3,..xn) T '
CiX)
(22)
2 1 (22) =1
111 1 (Ge Dinersional Qptinization)

(22) 1



112
(22)

(Quasi-Newton method)

21

12

(Simplex method)
(Dixon, 1976)

(Multivariable Optimization)

(Direct method)

(Indirect method)

13

21

(Newton’s method),

(Constrained Optimization)

(Linear Programming)

(Conjugate gradient method)

George Dantizig (1951)

(Hadley, 1962)

Gass (1960)
(Nonlingar Programming)

(Garvin, 1960)



14

, Sargent
Gaminivandara (1976)
. (Dynamic  Programming)
(multistage decision problem)
Richard Bellmann 1950
(batch) (multicomponent batch distillation)
5
(non-ideal thermodynamic model)
‘ (Stochastic Programming)
(probabilistic - programming)
(

(equivalent deterministic problem)

2. (Discrete) ,



21

(Integer Programming)

15

(scheduling)

(binary ZEero-one)
0.4
22
Integer Programming
Nonli mmin bl
Linear programming problem Sl o & provicm
I
All integer| |Mixed integer| |Binary integer Polynomial programming General nonlinear
problem problem problem problem problem
|
I I
All integer Mixed integer
problem problem
2.2 (Rao, 1979)

@ll integer programming)

(mixed integer programming)




(binary integer programming)

(polynomial programming) I

nonlinear problem)

2.2

2

(Beale, 1977)

(Stochastic Programming)

16

(general



Unconstrained
¢ single brute force simulation
variable techniques

region eliminating

techniques

polynomial fitting

techniques

Gradient techniques

2.1

Brute force simulation -

Fibonacci search Kiefer (1953)

Golden section method Wilde (1964) &

Beighter (1967)

Quadratic interpolation Coggins (1964)
method

Cubic interpolation Coggins (1994)
method

Newton's method Issac Newton (1660)

& Joseph Raphson
(1690)

U

Gradient Techniques

Gradient Techniques



multi-

variable

Direct method (using

function values only)

Quasi - Newton method
(Finite difference
approximation of
Newton’s method)

Secant method

Brute fore simulation

Random search
Grid search
Univariate search

Simplex method

21 ()

-

Newton (1665)

-

Dixon & James (1980)

-

Box & Hunter (1962)
- |

-

Spendley, Hext &

-

Himsworth (1962)

Quasi - Newton

(evaluation function)
Newton's
method
Newton's
method



Indirect method
(using function and

derivative value)

Steepest descent / ascent

method

Newton’s method

Marquardt method

Quasi - Newton

+ Broyden
+ DFP

¢+ BFGS

2.1

Cauchy (1847)

Issac Newton (1660),
Joseph Raphson (1690)
& Simpson (1740)

Marquardt (1963) &
Levenberg (1964)

Broyden (1967)
Davidon (1959),
Fletcher (1963) &
Powell (1963)

Broyden, Flectcher,
Goldfarb & Shanno
(1970)

Hessian

Matrix

superlinear

Steepest descent method

iteration

Hessian matrix

Hessian matrix



Constrained

Liner programming

(LP)

Conjugate gradient
method

+ HS

Simplex method

2.1

Hestenes & Stiefel
(1952)
Polak & Ribiere (1969)

Fletcher & Reeves
(1964)

George Dantzig (1947)

-

-

(sensitivity)

iteration

+ slack/

surplus!



Nonlinear

programming (NLP)

U

Direct search
method
Gradient

approaches

Box’s complex method

Largrange Multipliler
method
Penalty function and
Augmented Lagrangian
method
Generalized reduce

gradient method (GRG)

Successive linear
programming (SLP)
Successive (Sequential,
Recursive) quadratic

programming (SQP)

2.1

Box (1965)

Cornant (-) & Carrol

(1961)

Wolfe (1963), Abadie &
Carpentier (1969)

Griffith & Stewart
(1961)

Wilson (1963)

U

NLP

(linearized)



23

22

(Deterministic) (Stochastic)

231 (Deterministic Approach)

(specific bounds)

Takamatsu et. al. (1973)
Takamatsu et. al.
Nishida et. al. (1974) (minimax)
Takamatsu et. al.

(worst)
Halemane Grossmann (1983)
2 (two-stage optimization)

(finite number)
1970
(bound variable)

(feasible region)

(the expected cost)



2
1 2
(normal)
(weight)
(1978)
Grossmann Sargent (1978)

(heat exchanger network) (Floudas
(retrofit design) (Pistikopoulous

(distillation sequence) (Wagler

Wagler, 1991)

Sargent (1978)

(period)

Biegler (1992, 1994)

Shah Pantelides (1992)

23

Grossmann Sargent (1978) !

(scenario)

3
(best),

(worst)

3 Grossmann Sargent

(the design of pipeline with a pump)

Grossmann, 1987),
Grossmann, 1988,1989)

Douglas, 1988; Douglas, Mallick

Grossmann Sargent (1987)

(multiperiod optimization)

Grossmann

Grossmann

Sargent (1978)

Varvarezos, Grossmann

Grossmann

3

Sargent (1978)



24

3
Grossmann Sargent (1978)
Halemann
Grossmann (1983) - - (max-min-max)
(flexible test) Grossmann Sargent (1978)
Grossmann Sargent (1978)
1

Saboo Morari (1984) - -

22

2.3.2 (Stochastic Approach)

(continue probability distribution function)
Halemane Grossmann (1983)

2 (two-stage optimization)
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(the expected cost) ,

(two-stage stochastic optimization)

2 (Pai Hughes, 1987)
0 Straub Grossmann (1990)
(Normal distribution)
(Stochastic flexibility)

(Gaussian Integral)

(Straub Grossmann, 1990)
(plug flow) (Straub Grossmann,

1993)

lerapetritou Pistikopoulos (1994)

Straub Grossmann (1990)

lerapetritou Pistikopoulos (1994) (planning)

(linear) lerapetritou, Pistikopoulos Floudas (1996)

(benzene chlorination)

1 (Nonlinear Programming)
2 Terwiesch,

Revemark, Schenker Rippin (1998) Straub Grossmann (1990)



26

(semi-batch)

(kinetic constant) ,

lerapetritou Pistikopoulos (1995)
(Mixed Integral Linear Programming: MILP)
23

. Kwak and Hang (1976)

(the external load)
. Polak Sangiovanni-Vincentelli (1979)

(manufacture)
. (2541)
)
(capacity)
(Mathematical model) LINDO (Linear Interactive Discrete

Optimizer)

(Heuristic)



25

2



1978

1983

1984

1985

1987

22

Grossmann &
Sargent
Halemane &
Grossmann

Sahoo &
Morari

Swaney &
Grossmann

Floudas &
Grossmann

CSTR

(heat exchanger
network)
Reactor - Recycle
system

(PFR)
(compressor)

28



1990

1991

1992

1992

1992

1994

1994

2.2

Pistikopoulos &
Mazzuchi

Douglas, Mallick
& Wagler

Paules & Floudas

Varvarezos,
Grossmann &
Biegler
Shah & Pantelides

Subrahmanyam,
Pekny & Reklaitis

Varvarezos,
Biegler &
Grossmann

integrated distillation

integrated distillation

29

(varpor-liquid
equilibrium: K),



1987

1990

1993

1994

199%

19%

1998

23

Pai & Hughes Olefin
alkylation
CSTR

Straub &
Grossmann

Straub &
Grossmann

lerapetritou &

Pistikopolos I
MILP

lerapetritou &

Pistikopolos

lerapetritou,

Pistikopolos &
Floudas henzene chlorination

3CSTR

Terwiesch,

Revemark, (Semi -

Schenker & atch)
Rippin

(ield)

30
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