(minimize)

31

Changing condition
uncertain parameter
0

31

3.1

(steady state)

Process adjustments
Control variable

z=2

Fixed design

3 a -\

(lerapetritou, Acevedo

Specifications constraints
*f(d,z,9) <0

(Grossmann Floudas, 1987)

Pistikopoulos; 1996)
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1 (Model-inherent uncertainty)
(kinetic constants), (physical properties)
(pilot-plant)

(range of possible realization)

2 , (Process-inherent uncertainty)
(measurements)
3 (External uncertainty) C
(forecasting
techniques) ,
4, (Discrete uncertainty)

(random discrete events)

3.2 1 2 (Two Stage Programming)

(3.) , d,z,X

(Biegler, Grossmann -~ Westerberg, 1997: 690-718)
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min C(d,z,x,9)
h(d,z,x,0) =0

g(d,zx,0)<0 (3.)
XeX, zeZ, deD

(specifications)
(eliminate the state variable)
h(d,z,x,0) =0=>X=x(d,z,0) (32)
(32)
g(d,z,x(d, z,0)) = f(d, z,0) < 0 (3.3)

rQ’iZnC(d,z,O)

f(d,z,0) <0 (34)
2Gz,d eD
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! (3.4)
d Z
d Z
Halemane
Grossmann (1983) 2
' (Two-stage programming)
(Design stage) d
(expected)
0
(35)
min£{c(d,0)} (35)
¢(d,0)
(Operating stage) d
Z
c(d,z,0)
mzinC(d,z,O)
f(d,z,0)<0 (3.6)
(35) (36)
mdin% min C(d, z,0)[f(d, z,0) < 0 (3.7)
B
37)
2 (3.7)
(Expectation or Mean) (3.7)
EéC(d,O)) :Oé'«c(d,O)7(0) 0 (3.8)

C(d,0) =min{c(d,z,0)[f(d, z,0) < o} 1(0)
(Distribution probability function) 0



3

(38) C(d,0)
z
2
C(d,0)
2 2
321 (Deterministic Approach)
Grossmann~ Sargent (1978)
Grossmann  Sargent (1978)
(Gaussian and Radau integration formulation)
(3.9) , (infinite optimization)
(finite weighted sum)
E(C(d,0))=£ ’c(d,0'),,= ,3,.. (39
0p P
Aoorel | <P (probability)
o=
0p
(39) (37)
on p
min " <p C(d.2p.qP)
f(d,z/,0M<o ;p=.. . (3.10)
Zp OP,p:\‘z,.,v.p

1 )28 b3



<JpP

0P
(Normal)
1',12,1\.. . 1p

Qp

«ap=1
p=\

T= {00" < 9P <6uj

O/\

(scenario)

(Worst)

<yp
0P
d
(311)

(Best),
L 0n

mn " <pc(d,zp,Qp)

AP

p=t

f(dzp,0p) <0

Y Jcrp =\\

32

p=12,..., p

36

e L

01 0¢

(scenario)

(311)
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r'imuﬂﬂﬂ(x)fhiuﬁuau

I

fmuavouwaveanu Tuiveu

0-<0 <0

v 4| aad -
ﬁswamﬁmumsmﬂnn,ﬂnqa uaziaanga
07(p=12,3)

v
fmuauameiminvesazanumsal
cf(p=12)3)

aoUd ludilanduanan e

Mldonaea 3 aownmsal

|

AMBONIUUAIMINT Y
d,C

32 ,
322 ! (Stochastic Approach)
2 (3.8) Straub  Grossmann
(1990) (Gaussian quadrature)
L, C(d,0)J3(e)*0=yw'C(d,0V(07), 0"eR (3.12)
o 0, ! 44l
. (Quadrature point) i
(Carnahan, Luther ~ Wilke, 1969)
(quadrature points) ;i1

(312) 2 (39)



12min 22! jw'C(d,z',0")J(0)

f(d,z'9") <0, 1=12...q 0leR
(3.13) m
0
2
L b
. Gx
cx = arg|max cx|f(d, z, 6% 02) < 0|
cx = arg|minex|f(d, Zexey <0|
(314) (315 A Gx
2 lerapetritou Pistikopoulos (1994)
Gx Gx
mw{Gu Gx}
fu[d.z(.) 6 E62()] < 0
fx[d,z(.)ALA ()]0
fx f Gx
iX f Gx
()
G2(.) 2
(3.16) (lower bound)
bound) G (quadrature point)

(space) G (3.17)

38

(3.13)

(3.14)
(3.15)

(316)

(Upper
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ez 0 M) +E(i-12)], 212,00 (317)

(2 #l
<> [-1,1]
(Carnahan et. al., 1969)
2 2
1 g (3.17)
#a

02 = argjmaxs2|f(d,z, OfL#2) < 0| (3.18)
02 = argjmin#2|f(d,z, #f2,#2) < 0| (3.19)
#2 #11

2 (lerapetritou
Pistikopoulos, 199%)

v gy
£2,[d,2() 40" 4E/,] < 0 (320)
FE4[d,2() 80 #2 <0
ff2 f #Il #2401
yul f il #F1
Z()
#2' g (3.20) space #2
an = QG+ +@ (v 012,65 2=12,..,Q2 321
#l #2"2 #1 #2

33
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01L 0]1 012 9]3 01U 01
33
33
3 (Quadrature scheme)
(3.16) (3.20)
(sub-problem)
(main problem) (3.13)
! A ! it )
f(d,Zgnz,A',6§92)<o, :1,2,...,( L «2=12. 02

ol =arg max{” - ol
f[d,z(),517,02(.)]<0
f200X ),3 #()"° 322)
arg Amnax1{ A oA )
f21d,z(.),"","']<0
fAUd, (), 6>%2' ] <0
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04N (V) I(i-v )], 1, =12,..,4
= o-sttf* (1+VE)+<E'(i->7)], «1=12,.., , (@=12...a
(3.22)
(multilevel optimization)
(316)  (3.20) ,
1 d,
= -C», (iteration) 1k =1 (error)
(iteration) ¢
2 (3.16) 1(6p
3 $1 (3.17)
4, (3.20) 2 (02)
5. 02 (3.21)
i 02
6. y 0 new
mmjr-AXvvr v < Cldzd 6 )J6f,6 )
f(d,2720,2,0219<0, 9,=1.2,..,0!, £=12,..,02 (3.23)
1. 2 d=d®sv =K+l
1 - Mg

34



fmuannyluiniveu

0
“ P A v
@annusuau
k=1,C°=~»,d

udilyvraums (3.16)
niFnAganguuen e liniveudan |
0l <0;<0;

Y

AnuaneaAInD s MY
0y

udilianns (3.20)
iy ganguveny liniveusian 2
011.,, 50," 50:‘}.

Y

AUNNIYANIDAIAINDS T IHIY

QG
0 2

p01d lugamanJavean lFionwanns (3.23)
d™ g E:

NO—>

i

34

d=d™
k=k+1
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(Combined Deterministic/Stochastic Approach)

Qd
0S
9 9Q
2
1 0, A0,
C=o0,k=1
(iteration):
2
(3.24) (3.16)
« K- .
{"[d.2(.),97,9"",Qd]<0
FifdX \oi;,97,Qd]<0
9 U 1
{v f
fiL f
()
)

43

(3.24)



3 1 qx; 09'
=056 L+vin+k (I- )] =12,..0,
0, 0 Vil
[-1.1]
(Camahan et al., 1969)
4, 2 {0 )
ANVOAY
g
f2'[dz(> " 10 ]<0
f2[d,z(.),"; "' 0j<0
0V 2
0" 2
0+ | 0 X
1 f 2 61
2 f 92
2()
b, 02 (3.27) 0h 00
4 (Space) o2
o =0.5[M(T+vE)+A (I-v ))], ¢ =12,..0 R=12,..4
6. CAd"#H
6.1 07 <9 <A
6.2 , 0j(p = 123)
6.3 (p(p - 1,2,3)
6.3
o £ ,4,v -47 .41 1C(dL2,,1,1,,10)]y(, 1
«] fld,z* ', ', ,e))<0, 9=12..a, 2=12..4
T 2 d=d™ ¢ =x+1

44

(325)

(326)

(327)

)

(329)
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34

fmuanwliiniveu
o "0 .

ionAusuAY
k=1,C°=—o,d

udilyynraunis (3.26)
wiaMudanguysanhiniveudai |

0.Fasp a<p

l

fANIugAnIPAMBs TS
o5

r

uiilogmiauns 3.27)
wiranudanguuoanw hiniuoudan 2
0/ <0, 50"

L

fnuYANIAIAmBT A M5
0"!']

r

fAMmuaveuiunueany liniveu
6:<0,<0Y

!

aFammmiaauniseilnd, Afiga nazadfiga
05(p=123)

!

3 < 4 - . o
MvuanameihminveaunazanIunnl

o (p=123)

!

oold ludainanYvoss ¥ onaoa 3
AOIMNTN AIUAUNIT (3.28)
d new .C_“

NO

| k=k+1

45
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34 | ' (Successive quadratic programming : SQP)

SQP sequential ~ recursive quadratic programming

(linearization)

SQP Wilson (1963) SOLVER
SQP Han (1977)  Powell (1978)
(Quasi-Newton method)
(Hessian of the Lagrangian) SQP
(superlinear) SQP  Schittowski (1985)
SQP
SQP Quadratic programming: QP
QP
; QP
(LP) 16} QP
2 QP 1 1
SQP
(MATLAB) (Toolbox)
constr.m
(Grace, 1993) SQP
(iteration)
SQP (3.29)
min C(x)
h(x) = 0 (3.29)

g(x) <0



4

SQP constr.m (Grace, 1993) (3.29)

lk=01l X0,
BO BO
(Identity matrix)
QP (Quadratic programming)

(descent direction: ) C
h g (3.28)
QP (quadratic programming subproblem)

mn ve(xTs+ tBs

h(x)+ Vh(xT)s = 0 (3.30)
g(x) + Vg(xT)s< 0

(step length): 2

X=X +as 1 (uadratic
interpolation ~ cubic interpolation a
(Merit function) (3.31) (Han
Powell, 1977)
a
=cien X na(X,&+ X xa(max[0,g 1(xnew ]) (3.31)

(Hessian of the Lagrangian). B

(iteration) BFGS (Broyden, Flectcher, Goldfarb
Shanno, 1970) (3.29) B vev



L
multiplier)

£1, 2
1X10~4

34

(Best),

el Yrp  PrBP

P =Xew- X
gradient ofthe Lagrangian
v = AL{Xmew)~ vxi(x)
X

L=Cc)+X w x)+lte'(x)

2
H(LX‘- < 1
XHEW
[srVCl< £3
max{hj(xnew)} <£2
£3
1X10%
2
2
(scenario)

, (Normal)

(3.36), (3.37)

(3.33)

(3.34)
(Lagrangian

(3.35)
(3.38)



(Worst)

(feasible range)
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