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O 2.3: Simplified process diagram of a power plant with multiple boilers
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00000000000000000z2 = {z®)}i=1,...,L,i=1,....N,t=1,..., 70000
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L
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gj<zl(t),Rl(t))ZO,jZL...,M,l:l,...L,t:1,...T (2.4)
Plzl(t)§’l‘l,l:1,...L,t:1,...T (25)
lemSRl()Sleam,lzl,...L,tzl,...T (2.6)
Rl()—alzl +blZz12 +¢,l=1,...L, t=1,...T (2.7)

000 z(t) = (zn(t),...,ant) 1=1,...,L, t=1,..., 70000
P, v, Ry min, Rimaes, @, b, 000000000000000000000000000000
0000D00000000000023000000000 ¢000000000002400000
00000000025002600000 00000000000000000000000000
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T
(P)  min)_ fi(=(t)
t=1
subject to
T
a((t)=0 00000
t=1

zt)e X(t) t=1,2,...,T 00000

goon
2(t) = (21(0), .., z0(0), Ra(t), ..., Re(t))
L
filz(t) =D zu(t)
=1
ci(@(®) = (e @((®)), - e (@(®)), . enr(@((1), . cwr(@((2))
0, l=1,...,L, 7=1,...,t—1
cur(x(t)) =4 Ri(t) — al z(t) — bizip(t) — c l=1,....L, 7=t
—byz(t), l=1,...,L, r=t+1,...,T

O00o00oom250026000000000000 Vigg(t) Lw, 0000

L
X(t) = {a()[X =a(t) - D) =0, g;(z(t), Ri(t) =0,
=1
j=1,...,.M, 1=1,...,L,

Viay(t) wi, L=1,...,L}

gbooaoog

L

hy((t) = (3 2(t) = D(t), 91(21(), Ba(t)), -, g (21(1), Re(t)))

=1
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23 0JO0O0oOoboooooobobbod
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E: +§:Vﬁ®@»2ﬂw+%dw?3m@)
t=1 =1

—i—rHZ(ct )+ Ve(x )H

O00r->0000000000000B,, t=1,..., 7000000000000
T T, T T T.T
z=(x(1) ,....a(T)) , d=(d(1) ,....d(T) ) , |lzlr = T} |%|00000
SQPUO0OO000O0O0OO00D00O0OOODODOOOOOOOO [45,46]0

osQpOoOODOOOOO

000010002z, ¢t=1,...,r0000BY =7 (@ooo)0t=1,...,70000
0000000000 »>000000000,p>0, B€(0,1), ve (0,1),e>0
0000k:=00000

Doo02QpPoooooooooond® = (d1)®,...,dT)*®) 0 Lagrange 0 0 w1 00
0oo

gbbog3dogobooobodob -Oo0obbooboobo

max{]u§k+l)|: i=1,...,M}+p,
ri= ifr<max{|u£k+1)]: i=1,....,.M}
r, else

00004 000000000000000000000 o® >00000x*+) =z® 4 ok)qk)
0000
)a:=10000
2) Fo(z® + ad®) < F.(x®) + galF.(x®),d®) - F.(z®)) 00000000 a® = a0
ooooo
3) a:=ya0002)0000

00005 00000 BFGSOOOODODOO0O0ODoo0oo BM,t=1,...,7000000

gOW GO BFs)®(s(p)®) BY

(k+1) (
B =B
' L @m®) s®  (s(t)®) BPs(t)®)



s(t)(k) — x(t)(kﬂ) _ x(t)(k‘)
y(t)® =V, L(x(t)*), w1y — v, Ly(z(t)®), uFH)
1, if(s()®) y(0)® > 0.2(s()®) BF s()®

0 = 0.8(8(t)<’“))TBik)s(t)(’“>
{(sm®) B swm—(s0®) yo® |

00000 ViLy(x(t),u) = Vfi(xt) — M, u;Vey(x(t), t=1,..., 700000

D000 6 000000
|2(t)FH) — 2P| < e(1 + [2@®)®)), t=1,...,7T00000000000.00000
00 k:=k+1000000020000

SQpO0000000000O0 20000 QpooOoOoOoOoOoOoO,00000000OODODOODO
OO00OoOO00OOo0OOOobOoOoSQpOOOOOOD kOOO0OOOOOOOQPODOODOODO

0ooooon
T
. T 1 T
(QP®) I%PEQ{Vﬁguw%b d(t) + ;d(t) B d(1)}
T
subject to Z{ct(w(t)(k)) + Vct(a:(t)(k))Td(t)} =0
t=1
dit)ye X)® t=1,...T
0000

T

ci(z)P) = [eu(@®®), ... Ten(z®)®)]
Vq(w@ﬂm):[quw@ﬂmL.”DVqu@ﬂmﬂi

X@wz{ﬂ@MMde+VM@@mfﬂw:QW@@W—wHWM@SOZ:L“w”

T

0000000000000 g = Vi(zt)®), ¢ = a(z()®), A" = Ve (2()®) 0O
0o
SQPOOO0OODODODOOS000000 B®ooooooooo BYoooooooooo
00000 BFGSOODOODODOOODOOOOOOOOOOOOOD POOOOOOOOOQPO
0000000000000000000000 [3400000000000QP®M 00000000
0000000000000000LO0O Lagrange 000000 w0000 Lagrange 0 00O
0DOoooooo

Umuwy:£X¢“dum-d@fBme—uW4“+A@dmn (2.8)
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D0000QP® O Lagrange 0000 QPP (w) 00000000000

QP (w)) i LW(d, u)
subject to  d(t) e X® t=1,...,T
XK = X(1)® x ... x X(T)® 0000 Lagrange 0000 QPP 0OD00000O0O00 ¢®(u) O

®)(w) = min L% (d
¢ () = min L7(d, u)

gooooooooodgn QP(’“)DDDDDDDDDDDDDDDDD
(DQP™)  max ¢ (u)

goboogooooboooon DQP(k)DDDDDDDDDDDDDDDDDDDDDDDDDDDD(k:)
oooooo

(DQP)  min¢(w)

0000y (u)=—-¢W)D00000000000000000000000000 Lagrange 0 0
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
0000000000000000000000000000000

000 Lagrange 0 000 QP®(x)00000 DQPOOOO0O0O0D000 [34]0

00 (1) «00000000L(d,w)0d0000000 200000000 d(u) = argming, ¢ L(d, u)
0000000000

00 (2) v(u)OOODODODO0O0OOOD0ODODO0DOO0D0OD00O0O0O0O0O0O0Ooooo

Vib(u) =~V L(d(u), ) (2.9)

00 (1),(2)000000DQPOOO0ONOOONONONONOD ¢(»)000000000000000
000000000000000000000000000000«00000000000 ¢(uw)
00000 Vy(u) 00000000000 Lagrange 00000 (2.8)00 (2900000000
Lagrange 0000 QP(v) 00000000 d(»)000000000000000

Y(u) = —-L(d(u), u) (2.10)

T



00000000 DQPOOOND «'0000000000«0000d(u)00000 QPOODO
00000000Lagrange 0000 QP(u¥) 0000 ¢00000 7000000000

1 \T
I%nmdﬂ@y+§aw?3m@y—um
subject to  d(t) € X(t)

(ci + Aud(t)) (2.12)

00000000000000000000000000000000 QPOOOOOODOOO0
00000000000 0000000000000000000000000 HY oooooo
V) 0O0D000000000000 [45, 46]0

OOoO0oDOoOgn0 QPSOLVEO O

O

00001 000000.@Q 00000000 HYO0ODOOOOOOOOO e, e.00005:=0
oooo

D0002 700000000 (212)00000Lagrange 0000 QP(wY) 0000 d(u) O
DO00000000000pY 00000000000

T
p¥) = —HOVy@uW) = —H Z(Ct + Atdt(u(j))) (2.13)
=1

00003 000000000000000000000000 oYW >00000w0t =40 +
aWpl)oooo

000040000000 [Ve?)|<er, @) -p@it)) <e(1+p@?]) 00000
00000000000000000000 BFGSOOODOOO HY 00000 :=+10
000000020000

24 0000

gbobooboboboobooboobooboboobobooboboobobooboboon
ubooobooboobooboboboobooboboboobooboooobobooboboboonod
gbobooooboooooobooooooboooooooooooooooooooooboooDo

mzinZTj(zm(t) 1 zBl(t))
t=1
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subject to

z“‘lgt; = anzas(t) + baRA(t) +ca t=1,...,T (2.14)

Z;Eg = apzpa(t) +bpRE(t) +ep t=1,...,T (2.15)

Ra(t) = Ra(t — 1) = da(zas(t) — 2an(t — 1) + eazas(t) t=2,...,T (2.16)
Ru(t) — Rp(t — 1) = dp(2p(t) — 2ma(t — 1)) + epzpa(t) t =2,..., T (2.17)
2ao(t) + 2pa(t) = D(t) t=1,...,T (2.18)

LOW4 < 240 < HIGH, t=1,...,T (2.19)

LOWp < 2py < HIGH5 t=1,....T (2.20)

Ra(1) — Rag =0 (2.21)

Rp(1) — Rpo =0 (2.22)

O00¢t=1,...,70000000000024; 00000 A000CCODOOOO00O0ODOz40000
OO0 AODOOOUO0OODDOOR40O0O000ACOOOOODzpOOOOO0OBOOOOOODODOO
O00zp 00000 BOODOOOODOOORgODOOOOBOOODOOOLOW,00000 AO
O000000O00OHIGH,O0OOOO AOODOOOOOOO0OO0OHIGHgODODOODO BOOOOO
O0000OR,pUIO0OO0O0AOOOOOOOO,RepUOO0DOO0BOOODOOODOOODHOODO ¢
00000000000 ((21400((2.15,000000000000O0ODOO0OOOOOOOOOOOO
00(2.1400(21500000000000000000000UOOUOOOOOOOOaG, b, ¢, d, e
0+000000000((180000D0D00O000D000UUUUODOOOODO(2.1900 (2.2000
O000000000000000000(22100((22200000000000000DODOOOOO

O00000000000000 (216000 (2170000000000 OODOOOOOOOOOO
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0 2.1: Comparison of computaiotn time
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uboboobooboobboobuooboboboboobooooo33sunoonooan

d A dN
xsiHQ = — N?/pb (ri1 +nrs) — xCKTHQ e (3.36-a)
R
dx A n T AN
e A URRE (R (3.36-D)
drcooms ARpy o4 AN
S (=1 + 1) — = —— (3.36-¢)
dz NVg N dz
drcaone  ARrpy rcone AN
dz ~  NVg S (3:36-d)
drcsgiz  Arpe rogH12 AN
P 7Ly (3:36-¢)

000 Ap0D0D00000O0p00000000VRO0DO00O000DONOOOOODDOD 20000
00000000000 0000Foment 000000000 0O0OOO0O0OO0OOO0O0O0O0OO0O
O00000000000000000000000337000ooooo0ooooo0ooooonOon
[31]D|:||:|DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD3.37D
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD@(t)DDDDDDDD]3.33DD

03340 0000000000000 0000000 [66,70]D
Y —— (3.37)

1+KEZg(t>

i=1

000 ¢g0033400000000000000000000Kg0000O0O0O0O0BOOOOOO
goboobobooboobobooboboobboobooboobobooboboboobobd
uboooobooboobobooobobooboooboobobooboboobooboobonodgd
O0000oo0o0o0oooO0o0ooO0o00oooOo0O0O0boO00O0O0O0b0O0b0O0b0O0000BO
00000000000 000000000000O000000D [24].

G =ax) +bxry+crs+dO (3.38)
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000 00000000020 0000000D020000000000000Oa,b,¢,d00O
oooooooooogooosssbdssonoooooononosinooooooogoons.a-do
ooo33ro338iuuopooboodsl-cdgpoonoooooooopoobooooooobooonDo
0000000003300 0000000000000 0O0O000O¢«wWoOOoOODooOoDOOO (S@t))o
goooooo

5= 1 Ei) 0 (3.39)

t

i1 7’1(’i)+7’2 i)+T3(i)
obooooobogobobgbosssgassguoooognooooboboboooooobooognn
uboboobooooobooboobooooooooon

0o34000000oobooooogobobDi1bgbooboobDob bbb boogoD
goboooboooooooobobooob 3000 RUNDOOODODOOOOOODOOODOO
oooboooogoobbooboDb RUNDLI240600000000000000000D0OO0
ooobod RUNOOOODOOOODOODODOOOODOOODODOODODODOODOODODOOD

1st RUN C2H2 Removal 2nd RUN C2H2 Removal 3rd RUN C2H2 RemovalTraining
i . Training
)
y
1
Ww/mm P
g R W,(‘d
0 200 400 600 0 200 400 600 0 500 1000
4th RUN C2H2 Removal 5th RUN C2H2 Removal 6th RUN LOAD Removal

"
b I
o |

Wy e
it ‘\‘ ey
i

‘L i !
i

1000 0 500 1000 0 500 1000

Prediction (Model) Actual data

O 3.4: Example of model validation

41



0 3.1: Computation time of actual problems

Time Horizon (Day) || Comp. Time for Datal (sec) | Comp. Time for Data2 (sec)

30 0.200 0.150
60 0.671 0.761
90 1.863 0.831

3.4.3 0000

gbooooooobodoooooodgoooooodgos31noooooodoiddng =
28,mgo = t,mor = 1,mg = 22000MM320M3300000000 000000000 m
00000 n=28q,m=(23g+1)00000 310000000 (Datal, Data2) 00 00O Time
HorizonO tO O 300,600,900 00000000000000O0O0O0O0OOOOOOOODOOOO
O0ODatalUOData20 0000 O0O0DO20000000000000000000D0O00O00O0ODOO
obooooooonD33000ogboobOooonDd Time Horizon OO OO OOOUOOODOODOOODOO
gboooooobogobobo31booooooooobobooooooboboooo 2000000
goooobogboooboobon

gboooboobooobooboooo

LS\ WD S Bl A dr Al

qu teT qu teT

HE loar o™
qeQ
+ Z H ho; + Z hig ™) H1 (3.40)
+ZZH ARINEE

qeEQ teT

722“Zk+1) (k+1) H1§5

qEQteT
00000000000000000000000000000000O0«=10"%000000
00000 Pentium 1.7GHzOO OO 512MB0O pCOOOOOOOOCOOOOODOOODOOODO
OO0 FORTRANOOOOODOOOOOOOOOOODODDOOD

344 0O000DO0ODO

gobogboobobobooboboo3sbboobooboobooboobooboonobon
uboooboboobobonoooboooboooboboooboobobooobooobobonod
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00 DMCplus[17,88| 00 00000000ODOOO0 1000000000000 0O02000000
gboboboooboobobooil1obooobo20b000010b00002000000000
gbo20000000000000200000000000 2000000000000000O0
ugboobooboolbbooboobbobbobbobbobobooboboboboboobobo
gbooobobooboobo2000b0000boboooobobogboooobobooDboO
gbooobobooobobooboboobobooboboboooboboobobooooboboo
gbboobooboobooboobgad
gooobbobooooooooobbbooooobboobbboooooobbboboooog

PC
Model Multi-period Optimization c 8 hours
Update , (Nonlinear Steady State Model)

Alpha Server

Multivariable Control c 2 min
(Linear Dynamic Model)

DCS / Process

O 3.5: Acetylene converter optimization system

FORTRANOODOOOOUOOOODOOCOOUOOOOODODODOOOOOOODOODOOOOOoOoDOoOO
gbodgboobooboobooouooooboboobooboboooooooboboboo
goboobobobobooooooobooboboboboboboboboboboobLo,oboo
gboboooboooboboobooobobobobobboobooboboooboboobooboooo
000000000000000000000U0oUOUDOUODO0oOOoOooOOooooOo (2,30 OO
gbooooobooboooboobobooboobobooboboboobobooboobobo
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java AP. pre

Processor

Subroutine Data File
Source

Process Data EXE

» Data File [ » |,/ Data File Result

Model \T—\
Parameter Post
java AP. Processor

!

CSV File
0

v

T

Control System

0 3.6: System overview
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objective(type = maximize)
sum_t(y_1(t) + y_2(t))

concurrent constraints
logy_1(t) =al log y_10(t) + a2 log y_11(t) + a3 x_1(t) + a4 log z_1(t) + a5 log x_2(t) + a6 + a7 log z_2(t)
log y_3(t) =bl log y_10(t) + b2 log y_11(t) + b3 x_1(t) + b4 log z_1(t) + b5 log x_2(t) + b6 log z_2(t) + b7
log y_4(t) =cl log y_10(t) + c2 log y_11(t) + c¢3 x_1(t) + c4 log z_1(t) + c5 log x_2(t) + c6 log z_2(t) + c7
y_5(t) =y_3(t) / z_2(t) / 10000
y_4t) =z_4(t) z_2(t) x_2(t) / 100 + y_9(t) / z_7(t) - z_6(t) y_7(t) / 1000000

Lx_1<=x_1I(t) <=Ux_1
Lx_2<=x_2(t) <=Ux_2
y_7(t) <=Uy_7

time series constraints

y_10(t) = y_10(t-1) + K x_1(t-1)
y_ 11O =y_11(t-1) + K z_1(t-1)

O 3.7: Modeling language
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ooooooOoooOoOoOoOoOoOoOOOOOOOOOOOODOOODOODODOODDODOOOOOO000
ogoooooOooboOoOoooOoOoOoOoOoOoOoOoOooOoO0oOoO0oO0o0oOo0o0o0oobOOo0oOooOoOoOoOoOOon
ooooboooooboooooooboooooboboooboooooboboOoobbo0b esvOboooOO
obObO0o0oo0ooobO0o0ooooobOOo0oooooOoOoOoOooooooOOOoOoOooooOO0O0oOo0000
dooobobooog3sbodbooooooonoobooog javaddgooooogoooooon
0000000000 FORTRANODODODODDOOOOOOOOOOOOOOODOOOOOOO0O0O
oobooooooooooooooosryobooOOO0Ob0OOOO0O00Ooooo0oo0oO0O00MODEL.datO
00000000000 0000000O00O0ODOO000ODOO0000000 FORTRANODDOOO
O000000O0O0OMODEL.dat 00O objective 000 0OO3.1-al0 concurrent constraints
O00O00000O3.1-c, 3.1-d000 time series comstraints DO OO0O00OO3.1-bO0O0OOO0OO0OO
O000000000000000000000000000000000000000000O00
ooooooooooOooOOoOOODOOODODOOODOOOOOOOOOOOOOOO00000000
Lagrange OO 0OOO0OOCO 100000000000 O00OO0OCOOO31000000000AO0
O00000D0O000D00 Lagrage OO0 O0O0DOOOOO0DOOOODOODOOOOOODOODOO
0000000000000000 cpu(zq) =00000000¢,(00000

cqt(Tgt) +&— G =0, §&=0,¢=0 (3.41)

ooboooboobOo0 Bie-MOODOODOODOODOOOOOOOOOODOOODOODO
obooboboboooo

3.5 UUo0n

gbobooobooboboobobooboobobooboboobuoobboooboban
OO000o0ooooOooD block-angular D0 000000000000 OO0ODOOODO 100000
uboooboboobobooboboobobobooboo1boobobooooooonboon
ubogbobooboobobolgoboboobobobboobobooboboobobon
0000000000000 00000O00O0000O0DO0O0OoOUoO YULOoDoDoUoooo
ooooooboboooogo s4b00boobobooooobooboboboooobobobobooDo
000000000 222000000000 ooooooo
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40 UOOoO0UOoodboboodbootdbooudo
Jooggg

4.1 0000

gbogboobooboobboo,gobooa, oo, buogbooobooboobboobooan
000000O000ooO0o0oooooooooco, 0000 oooo0ooooDooooDoOo. ™
gbobooboobooboooboob,obbooboobbooboooboobooooobooonon
000000000000 DO0O00000OOOODOOOO 47, 54,55,28,6, 74000000000
gobooboobboooboobobooobo,boobobooboooboobbooboooboo
uboooboobobooboboooboobobooboooboboooboooobooboooboooyd
0000000000000 00000000O000 YDOo000000O0000O0oUoOooOOo
gboobobooboboobooboboobobooooboobooboboobobobonbd
uboobooobooboobooobooag,bogbooobobooboboobooboobooooboooobon
gboboooooooooooogogobo,obooboooobooooooooooooooDoooDo
gbooooboobgoboboobobooboboboooobooboboooboobooboonod
0000000000000 00000000O0DO0O000OOOOOO pBOoODOOoOooOo,0n
gobooboobooboobooboboobooboooboooobooooboobooobooooDo
74, 71]0 0000000000000 OOO0OO 20000 (SQpO)0OoOoOOOoOOOOOO
00000 [54,55,28)|0 00 0000000000000 OOOOOOODOOOOOOOOOODO
googbooooooobogoboboooboobooobooobooooboboooboobobboDbo
gboooboboobobobooboboobobooboboboobobooobooboobonod
0000000000000 000O0000O0O000bD U000 o0O0O0DoOLOOOOo
gooboobooboobooboon

gbobooboooboboobooooboooboboooboboobooboobooobooboan
ubooboobgobobubobooobouoboobobooobuoobobuoobobooobobd
O00oo0o0oooooo [23)o
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4.2 O0O0O0O0OOO0OOOO

gboboooboobobooboboboooboboooboobuoobobooboboan
googboboogoboboooboobooooobobooooboboobooboboboboDbDboDbo
gboooboboobobooboobooboobobobobobobooboboooboboobonog
ubooboogboboboobooboboobobooboboboobobooboboobonbd
OO0n€(0, ) 000000000000 0O0O0OO0OOOOOUOOODOOO [91)0

Hi — 1lout

4.1
Hz’ - Iout ( )

Ne =

Uo0o0o0ooouUnoUH;,, H,OODOOOOODOODOOOODLOODOOoO0oOo0oDO000 Iy
ugbboobbuobbuoobobuooobooobbooobuooobbooobooobbooboo
041000000000000000000000O0OO0OOOOO0O0OO «t/h], 0000 yMW]
gbooboooobogoaoo

Inlet Steam
v/
Turbine
\ Genel’a’[or
\4
Outlet Steam

O 4.1: Extraction turbine

0 y = KhanengO (4.2)

00000000000n € (0, )00000000000O0 (x)D0O00O0D0O00O0O0OO0OOOO
goooboboobouoboboooobogbobooKUOoooobooooobAODObOOOO
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0000000000000 0O0O0O00O0O0ODDO0O00 kKJ/keglDDODDODOO h=Hy — 10, 0000
ooddn=nn0000p0000000000O0000O0OC0CO00O0O0O0CO0O00O0O0OO0O
0000000000000 000000O0000O0000000O00 (x)0D0DO (y)OoO 420
0000000000000 00000000 (5|00 4200000000000000 by, b, b3
goboboooboooboobooobooooboooboobooboobooooboqgyUoDODbOO

Power : y

Steam Flow Rate : x

0 4.2: Example of turbine efficiency

goboobooobooboooobooobooboooobooobobooboobb4100000DOO0
gogoooon

n=F(z)O (4.3)
booobotd-00b0booooboboobobb0 FOOOD x0000ODODODOOODOO
ugobobtoooobbuooobbtoooobooooobbooooobbuoooobbooboboo

oDoooo
000000000000000000000¢,00000p;,,00000000000p,:000

oboooooooobobod00bb0ooboob 4100000000y O0OD0ODODOODOO
ubboodboobbuooboobodais,bd

SinZHS(pina tin) (44)
000000000000 O0O0o0OooooooogaAbO

h =05 (pin, tin) — 01(Sin, Pout) O (4.5)

49



000000000000 DO0OODO0O0pyOOODOODOOOODOODOOODOOODODOWO
O0000p000000000D0DO MB¥DU00M, 0000000000000 LODOOUOOOOD
Uooobooooboobooboobobob0obbo0obidobils,00000000peed O
00000 [BD000000000n0 A nOOOODOOOOyODO

y = Khxn (4.6)

ggbobboooobbooooobbbuoooobobobbooooobobobooooobobod
Ut 0000 ooobooboobbooboobboonobooboo

GH Din, tin _9H DPout, tou
On = ( )h (Pout; tour) (4.7)

ooooobo430gboobooooboooqgobobbot, OO0 oboobobooooo
uboogbodobgoboboboboobobooboobobooboboboboboboboond
gboogboboobooooooboooooboooobobooooobooboboooboboboboDbo
gboobooobobobooboobobbobooboooboboobooooboboobooooonod
0000000 (0o,0o0,000000000000000O0OOO0O0D0O0DOODODOOOOO0
goboooboobboobooboobboobboobboobboobbon

4.3 UO0O0O0OOooOooboOoood

00000000000000000000000000000043000000 NOOOO/
000000000,00000000000 MOOOOOOOOOO0OO0OO0OO

0000i(i=1,...,N)00O j0 (j=1,...,M)000000000 2,;0000000000
000000000000000000000000000000000000000000000
00000000000000000000000000000000

0000000 2,0 (i=1,...,N, j=1,...,M)000000000000000000000
00000480004.12000000000000 =100 MO0000000000O00O0OO
0000000000000000000Z={1,...,N}, J={1,...,M}0000000O

M
Mi;j -—Eﬂg:%m) (i€T;jed) (4.8)

=j
sij—1 =0s(pij—1, tij—1) G€L;jeT) (4.9)

hij = 0u(pij-1, tij—1)
—0r(sij—1, pij) (€Z;jed) (4.10)
O Yij = Khi,jm’j i/[: Tik (Z € I;j S j) (4.11)
b=
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Boiler

Turbine 1 Turbine 2 Turbine N

Xn .1
X1 X1 Steam Header 1
X X Steam Header2  “N.2
,2‘ 2,2 v A\ 4
X, X . Xn.m
.M 2.M Steam Header M

\ 4 v A 4

0 4.3: General power plant
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0000000000000000p;;-1, ;,1000000000000000004.800000
000007,;,000000000100000000000p;,,00000¢t,0000000@M0
00490000000000000000s;;,,0000000s;;-1, pij1, tij1, pi; 00000
000k,;0004100000000000000000000000 hyj,n,; 00000411000
00000y,0000000000000000p;; i€Z;j€J00000000n00000
000

00000000000000000¢+,00000000000000000000 hyj, 7, 0

oo my; = (]jg’)eH(pi,j—hti,j—l)
Z7J

_(%)OH(Pi,jvti,j) (tel;jed) (4.12)
,L?]

oooodod s, 000oo0d

O000m48000000 F;00000000000000000000O0O00O00O000O000 4.20
ubbogobobboboboobobobobbobboboboobbobbobobooboboboabd
gboboobogboboobooboobbooboobbooboobbooboon.

N M
0 max Z Z Yij (4.13-a)
i=1j=1
0 s.t. ag ; < ;5 < biJ' (’L €el; je j) (413—b)
N
0O Y wziy=D; (jeJ) (4.13-c)
i=1
M
0 Aj<Y zx<Bij (i€T; jeJ) (4.13-d)
k=j

0000(4.13-b)0000000000000O0O0 413 c)0000000O00UOOOODOOODODO
0000000 4.13-d)000000000000000000000000DO000O00O000Oo
000 y,;,00480004.11000 = (2;5)icz, jes 000000000000000D0O00ODOO0
googooog

4.4 0O0O0OO0O0OO0OO

0000000000000 0000000DO0o0oDOOo0oOoooosSQpOCOOOOODOD
ubooobobooboboboooboboobobooboooboboooboboooboobonogd
uboobobgoboboobobuooboboobobooboboobooboobaooobodyd
goooboboobobooboooboobobobooboboobobooboobobobg
0000 [38,43,30,95|0 00 000000000000000OOO0OOOOOOOOOOOOO
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uboobooboobooboboooboboobooboooboooboboobooooboooobonog
gobooboobooboooogobobooobobooobooooboboooboboooDbOoODo
00 [43,69,40,41) 00 0000000000000 00O0O0OOOOOOOOOO SQPO [46)00
uboobooboobobooobooboobooooooboooboboobooboobooboond
0000000000000 00000O000O0O000 43]0000O

0 max f(x) (4.14)

O st. aLzx<bO

D000z €eR?, a= (ar,...,an)T, b=(by,....,0,)T €N, a<bOOOD0f: R —-RODOO0DO
O0000000000000L>00000 |f(z)—f(y)|<L|lz—y| Ve, yeRODOO00O
O000000000000000000 f000000000000C0O00O0O0OO00O0O00
ooog

gbooboooooooooogoo

goooooon

R—{zx:a<z<b}
zr — (a+0)/2, Q —{a,b,zr} ;
v —argmax{f(z) : x € Q}, v < f(v);
p(B) — min{min{f(a), f(5)} + Lllb
f(zr) + Llb—al|/2 };
p— n(R); M —{R}.
goooiigoooooooooooooon

ly—ul<e OOOOO;0000000000020.
gboobe0oooooooooon

doog20oodoog

bj —aj =max{b;—q;:i=1,...,n} 000 j;0000;
at —a, b — (by,...,(bj +a;)/2,bj11, ..., bn)";
a2<—(al,...,(bj—I—aj)/2,aj+1,...,an)T, b2 —b;
Ri—{z:al <o <b'}, Ry — {x:a®> <2< b2}

TR, « (a* +bY)/2, xR, «— (a® + b?)/2.
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goog3onooooog

oooo040000000

Q — {Uv b17 $R17a27 aij};

v« argmax{f(z):x € Q}, v f(v).

googsgnoooog

M — (MN\{R}) U{Ry, Ro};

R —{ReM:uR) >~}
p—max{u(R) : R € R};

wR)=p0 000 ReROODDODDD ROOOD
0000 @ b00O0, 000010000

O000000o0oooo000pbD yOOOOOOO 414)00000000000O00O0O0ODODO
0oMOOOOODOOOOODOROOOODODOOOODOOOOODDOOOOODOOOOO
ugbobooboooboobooogao

googboboooobooLogboboooobooogboboooooooooo Logooo
ooooob.ooboobooboooboooooooDobobDobboobboobobOoo Looobo
ubooobooboobooboboboooboboboooboboboobobobooboboboboonog
oooooooo ROOODODOODOODOODOODOOLOOOO Ez10O00DO0O0OD LO
gbobooobooobogn

() — f(dy)]
L ::kn?x<—qﬁij8m——)ﬂ (4.15)

0000c=(a+b)/2, d; (i=1,2,...,2n) 0000 ROODODDOO0O0000d; €{aUbl0000
000000000000000000000000000000000000L00000000
00000000000000000 LO000000000000000000000000000
0000000000000000000000000000000000
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boobobooboobobooobooboobbooboooo

0 max  f(z) (4.16)

O0000000000oooO0o0ooo41700000000000COOO00O0OOODOOOOO
0000000000000000000000000000O0
m
0 max f(ac)—PZmax{O, gi(x)} (4.17)
O s.t. aéxébZDI
O0oo0opP>0000000000000000D00 4160000 L 0000DOO0OOOOODO
00000000000000000000O000 POODOOODOOOOODOOOOOO (4.16)0
Karush-Kuhn-Tucker 0 00000 Lagrange 0 00000000000 2z*000 (4.17)0000O0
00o00o00o0oo0o0o0 34000, 00000000000 o0oo0ooooO,00o0o00o
00000000000000000000000000 (exact)JO0OO0O0O0OO0DODOODODOODODO
O000oo0o00ooo0o0ooooOoO00ooOo0o0oooOo0bDoOOo0oooOOooobooOOoOoOoo
ooooo
000000413000000000000000000004170000000000000O
0000000000000 00O0000O0000O000O0O00oODO00oO0oooOOoo0oOo4.130o
0000000000 (413c)000000000000D0000000DO0O0O0O000O0O4.13-cO0
00000000
O0Cxz=d (4.18)

000020 ;000000 MNOOOOOOOOOOMD4180000000 «x0 MOOOOO
O0zp0 MN-MOOOOOOO ey0O00O0O0O0O00OO0O0OOOOO COOO (C,CN)00
OO0 CgUbboooboobobooobooboobogono

O0Cpxp+CNnxy =d (4.19)

oboooobogob4.130 0000 g0 000000000 0ODOODOOOOOODOODOOOOO
oobo413-didbood g0 0O000O0O0O43-pO000DO0O0OO0DOOOODOOODO
000 xp00002,; 000000 BO0OOO

O gl(w) = (g,rgl'?EXB{(L xi,j —bi’j} (4.20-&)
O go(x) = (52%3{0, aij — Tij} (4.20-b)
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M
- % — Bij 4.20-
gs(@) =  max {0, ;xk i) (4.20-c)

M
0 ga(x) Zax {0, Aij — kZ::J ik} (4.20-d)

O00aenv 0D zyO00O00q,00000000,b0 zy 00000 b, 000000000
O0Dzy 00000000 yOg0O0O4.11)0004.20000004.1000000000000000
oon

Uij(TN) = Yij (CB_l(d - CNxnN), mN)
g(xN) =gk (CB_I(d —CNzN), mN)

0000 (413)00000000000000O00000O0OOODOOOOO.

N M
00 max 0O ZZgi7j(mN)
i=1j=1

4
—P Y max{0, ji(zN)} (4.21)
k=1

Ost. 00 any <zxzny <by0O
0000000000000 0000000000000000000000000000000
0000000o0d0oo0oo0Doo0dD0 edO00DOO0O0ODOOO0ODOOODOOODOODOOODOOOO
00000000DO000 e00DODODOODODOODOODODOODOODOODOODOO SQP
00000000ooo0ooo00oooo0o0Do00ooDo0o0ooo00oooooooooo
0000000000000 0000000000000oO0ooooOoooDOosSQpoOOOOOd
Ooo0o0o0oooOooooLrpSQpO0O0OO0O0O0OOODOOOOOOOOOOO0 F;0000
o000bobo0oobOOoboooobooo4900400000000421000 000000000
0000000000000 oooo sSsQpOooOooOooOoOogd
000000000000000000 vy, (ieZ;j€J) 0000000000000 V;,,, O
00 (Vigr<Vije<...<Vij,,;) 0000000000000 DOO00ODDOO0ODOOODOOOO
DO00D000D00 (27,)00000000000000000000000L;;={1,2,...,v;}0
ooo

aij <af; by (4.22)
aij € {aij, Viji,.--,Viji} (lel;;)O
Bi,j € {bij,Viji,---»Viji}t (lely)

00000 SQPO00O004.1300000000004.13-bO000O4.2200000000000000
aoo
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4.5 0OQ0OOogdg

0440000000 1000000 200000000000 0DO0ODOOOODODODOD
ooooboobob TioT200000000000 20000000000000000000

B,
}
Q@ T [@
11 ,
X2
| HPS
| | Lps

O 4.4: Power plant example

O00000HPSOOOOOOO LPSOOOOOOOOOOOOODOODOOO0OOOOOOOQng
D00D000000000000000000000000000000000000000000
D00000000000000000000. 00000000000000000000000
Doooooooo

TIOOOOO 7@, =100 [t/h]

TIOOO0OO0O 219 =80 [t/h]

T200000 2, 29; = 110 [t/h]

T200000 299 = 70 [t/h]

0000000000000 0000D0 (4.27), (428) 0000000000000 n,; 0000
O0oodooooooooooooodoooooooooono ;0000000000000
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obooboobo42304260000000000000000 410000

2
Pl 210)° Han(Cie ) + i
(100 < S22 21,4)

mi=
P ) (S ) g
(100 = 57 21,4)
(4.23)
0 pron®ly +qr2n212 + 7120
0 (80 < z12)
m,2 =
0 p1,2,z$i2 +q1,21T1,2 + 71,2
(80 = z21)
(4.24)
P21n(Xim wz,z‘)2 2,10 (71 T2.4) + T20n
(110 < 222:1 Z24)
n2,1 =
Poa(Ci 210)” o (Ch w2,) + 121y
(110 2 Yo7 #14)
(4.25)
0 poont3a +q22nT22+ 220
0 (70 < 292)
2,2 =
U p2,271$%,2 +q2,2,1%22 + 122
0 (70 = 79,9)
(4.26)
10 < 211 < 50, 50 < 219 < 100 (4.27)
10 < 791 < 50, 50 < @99 < 100 (4.28)

0450 TIOT2000000000004.2304.2500000 460 T1IODT200000000
0004240426000 00000000000000 (zy) 0000 20000000000 (0O
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O 4.5: Turbine efficiency (HPS)
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0 4.6: Turbine efficiency (LPS)
Solid Line : T1 Dashed Line : T2
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T1LPS [t/h]

T1LPS [t/h]

10 15 20 25 30 35 40 45 50

T1 HPS [t/h]

O 4.7: Contour of power generation (Casel)

10 15 20 25 30 35 40 45 50
T1 HPS [t/h]

O 4.8: Contour of power generation (Case2)
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O 4.1: Coefficients of T1 & T2 Efficiency

oooo | O | H/L P qO r
Ty || 1 H 3.37e-3 || -5.62e-1 || 9.85e+1
L 6.86e-3 || -6.98e-1 || 7.72e+1
2 H -8.24e-4 || 1.38e-1 || 6.71e+1
L -1.17e-3 | 1.71e-1 || 7.23e+1
Ood Ty || 1 H 0 2.50e-2 || 8.23e+1
L 9.39%e-3 -1.02 8.32e+1
2 H -1.40e-8 || -6.11e-3 || 7.11le+1
L -2.30e-3 || 2.49e-1 || 7.08e+1

0)0300000000000000HPSOOOOO (Dy),LPSOOOOO (D)0O0ODOOODO
goooogo 20000
Casel (D1, Dy) = (70, 160)
Case2 (D1, D9) = (65, 165)
000dooboooooodoooooooo 4700 480000000000 000O0O00O00O0O
0000000 Caseld Case2 00000000000000 (21.1,212) = (30,90), (25,95) 0000
o000 ooooooboooooooooboooooooooon
gooogd

Caseld Case2 00D 0O0OD0DOOOODDOO LIPSQPO SQPOOODOOODOOODOODDOO
0000d0DOO0oOO0oDO0000o00bO00bOO0bO0OOooDOoooooDoo SsQpoooOooOooOooo
oo obobooooooooooooog
000000 LIPSQPOO CaselUCase20 000000000 ODOOODOODOOOOOOSQPO
ooooboooooodoooooooonoooooooooooooooono soonon
O0000000Casel 00000000 O0DOODOOOODODODOODO 1/50Case200 3/500000
(11, 1m12) 0000000000000 O0O00ODOOOOOO 420000

000000000 LIPSQPO0OO0OOOOOOOOODOO4.150000000000000k0O
0000000000000 0000 k0200 1000000000000DO0OO00O0OD0O 4.300E
00oooooooooooooo4.1s00000000000o0o0o00oooooooooooo
000000000 4300 ()00000O0OO00O0DU0O0DODOOOOOOO
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0 4.2: Computaion Results of Test Problem (SQP)

Case | 0OO 00000 ||00000
1 (20, 60) (20, 80.8) 31.175
(50, 60) (30, 90) 31.397
(20, 100) || (20, 100) 31.149
(50, 100) || (50, 100) 30.682
(35, 80) (50, 100) 30.682
2 (15, 65) (25, 95) 31.790
(50, 65) || (39.2,80.8) | 31.656
(15, 100) (25, 95) 31.790
(50, 100) || (50, 100) 31.204
(32.5,82.5) | (25, 95) 31.790

O 4.3: Effect of k£ (4.15) to Computaion Speed

k Casel Case2

2.0

5.00sec (380)

4.27sec (330)

1.5

2.05sec (147)

2.24sec (167)

1.0

0.57sec (23)

0.65sec (33)
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000000000 SQPOOO0DODODDO MATLAB 'Optimization toolbox O O O O Pentium
1.7GHzOOOO 512MBO pCOOOOODO

4.6 LO0O0OOOOOO

oobooooooboobouboobobuobobobOobobo LreSQpPUooonoooobOoD
ubooboobobooboooboboboboobooboboobooo3gbooboonooobobooobogon
gboogbobooooooooobboboooboboobooboob0o0N=3, M=3000000
gobooboobboob 490000

000 BOOOOODOTODOOOODOOSPSOHPSOMPSOLPSOOOOODOOOOOOOD

SPS

B
I

T, H(G) <@ T\s@

HPS

MPS v

LPS

<
<
<

O 4.9: Simplified process diagram of actual power plant

gboobobbobobobobobobobobobooobobobooboobDooboOo44000000
oood

0000000000000 000000O000O0DO00DOoOOOo0oOooODOO VBooooooo
0000000000000 000000000g 000 60000 [keal/kglDOs OO0 0OO [keal/kg

IMATLAB O Mathworks 000000000
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O 4.4: Specification of turbines (actual plant)

Turbine | 0000 [t/h] | 000 [MW]
T1 115 12.5
T2 154 17.2
T3 336 36.8

K|oooo

01 (p, t) = —3.6978p + 0.58116¢ + 549.37 (SPS)
0w (p, t) = —7.63p + 0.53968¢ + 574.53 (HPS)
01 (p, t) = —11.74p + 0.53523t + 579.24 (MPS)
Or(p, t) = —15.568p + 0.51367t + 585.12 (LPS)
0s(p, t) = —0.022982p + 0.00082445t + 1.3705 (SPS)
0s(p, t) = —0.09584p + 0.000988¢ + 1.4898  (HPS)
0s(p, t) = —0.1657p + 0.0010762t + 1.5291 (MPS)
01(p, s) = 40.656p + 499.07s — 158.0 (SPS) — (HPS)
01(p, s) = 63.10p 4 457.765 — 111.25 (SPS) — (MPS)
01(p, s) = 63.90p + 489.96s — 164.34 (HPS) — (MPS)
01(p, s) = 120.06p + 413.59s — 62.89 (HPS) — (LPS)
01(p, s) = 120.46p + 416.94s — 68.536 (MPS) — (LPS)

ubooglobobooboooboooboobobbo200b00b000ob0obooboobooo 300
gboooboooobooboobooboobooboboboboboboobobboo10b0b00D 20000
gb2000001000000300000 1000000300000 10000

obobooooooboboboooooboobuoboboobobobobo430ooboD
ubobobodgbobooboobobuoobuobooboboobooboboobobobobd
gooboobogn

77 ( wms Z?L) h ( out out) F( ) (]'30)

n="F()+a (4.31)
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gbooboobooobobobobooobooboobo sobobobobooobobboobobDOooDbO
ooooobooooooboboooooooobooooooboboooooboooobooooobbooooDon
0000 NUOPT?000000000000000000D0000O0DDO000O00OOOOOO
ooooooooooOoOoobooo0oooobboooOoDOoOoOooDoOoOooUboDboOoobDon
Oo0o0oooOoo0o0oooOoo0ooooOoooooboOoooOooOoOooDoOooONvUOPTOOOODDOO
00000000000 94)0sSEpOO00C0O0O0ODDOOOOOO0OOOOOOUODOOOOOODOD
0 SIMPLE 30000 options.method = global 0000000000 DDOOOOODODOO
gooNvUOPTODOODOOOODOOOOODDOOOODOOOOODOODOOODOOOOODOD
OO0 9 0o00ooooo

Ooooos00opoooo0oooooboOo LIpSQpO0ooooooDoOoO 450000
o45000000000000000000oooobObboooObboboDDooobobD 10O O
045000Cased0 00000000 DOOOOO0O0O0ODO CasedO0ODOO ODOOOODO LIPSQP
O0O00o0Do0O0o0oooDoobO0oboOb0bDbO0 Casel OO0 DOODOO LIPSQPOOO
0000000000 NUOPTOOODOOD 1% 000000000000000000 LIPSQP
00000014%000000000000000000 NUOPTODO 1/200000000000
00000 Pentium 1.7GHzOO OO 512MB0O PCOOOOOCOOOO0DOOOCO LIPSQPOOO
000000 MATLABOOODONUOPTOOODDOOOODOOOOOODOOOOOODOOD
oooooboooooobooboOoooobooboOobooOoOobDoLIPSQPOOOOOOODDOOO
oooooobbooooboo

4.7 0000

goobooooboboboooobobooooboboboooobobbooooooboboooobo
OOo0o0oOooDooOoooo spOOoOdO0OOoO0DOOOO0OOO0O0ODOOO0OO0OODOObOOOODO
gogboobooooboboooboooboobooboboooboobogoboooooooboobooobooD
gbooobobooboboooboboobobooobooboboobooobooooobonod
gboobbodgbobooboobobuooboboobobobobooboboobobobobd
goo

gboboooboobobooobobobooobobooboobooboobobooobooobooan
ubobooboboboobodobobobuobouoobobobobooboboooobobobo
goobooooboobooooooboobobooboboobobooboobobooboonbg
OO NvUOPTOODODOODOOOOODOOOOODOOOOODOODOOOODODOODDOODO

2NUOPTOODOOOODDOOODODOODO
SSIMPLEOODDOOODDOOODDOO
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0 4.5: Computaion Results for Actual Plant

Case || NUOPT | 000000 LIPSQP
1 101.519 101.982
22.2sec 37.5sec
2 101.284 101.457
308.2sec 13.0sec
3 101.038 101.475
408.2sec 13.2sec
4 101.271 101.271
807.5sec 13.2sec
) 100.074 100.885
282.5sec 17.4sec
an 101.037 101.414
365.7sec 18.8sec

googbooogoboboogobooogboobobbooboobobooboobooooDo
obooooooobooooogonog

OOob0oOooOoOoobDOoOooOooog NvOoPTOODOODODOOOOOOODOOODOODOOD
gboooooooooooogd
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5.1 U000

000000000000000000000000000O00000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000

0000000000000000000000000000000000 780000000
0[7000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
00000000000000000000000000(68,90000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
0o0 [81)0

0000000000000000000000000000 [87]00000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000 [100]0

000000000000000000000000000000000000000000 Stack-
elberg 000 [89) 0000000000000 00000D0O000 8700000000000

67



000DOO0DOO000oD0000000bO0bO0ODO0O0O00O0000DbO0ODbO0ODO0O00000 max-min
gooobobooooobooboooobobobogboboLoboobobOoobDobboobDUoDo
000000000000 00000DO000O0DO0000DO0DbO000OO0OD0bOoOOoODDOoDOO
0000 max-min 0000000000000 O0O0O0O0OOOOOOOOOOOOOOO [18, 790
oboboooboooboobooboooobobobobDbobDoobobobobDbOobUubDOoo
0000000000000 oO0o0ooOoooOoO BeDooooooOo

go0d0o0OobOoO0oO0oboooDobOOo00bODobOoooD0obooO0obOobOoOOobooooboog
00 (MPCC: Mathematical Program with Complementarity Constraints) 0 0 0O 00 0O O MPCC
00000000000 Mangasarian-Fromovitz 00000000000 (340000000000
goo0o0ooobooooooOoobOo0oboOOoooboOoobbOoooobObOOooboOoooDOoo
0000000000 0O0o0o0o0oooooooOoooooooo (35, 36,51, 60, 61, 63, 82, 83|10
0000000 00DOO0O0DOO0O0DOO00O00bOO0ODODbOoDbOOoDOoOooOoOoOooOo MPCCODOO
ooobooboooooo

0000000000000 0000 2000000000000000DO00O0O0OO0ODOD0O
02000000000D00DOO0DOO0O0OMPCCOODOO0ODOOOOOOODODODODOOODOO
U 300bdbobbobuobobogobooooboooooobobuob4bobbobobooo O
0000000000000 0000000000000000O0,0000000000

5.2 JUUOUUbooooo

boboboooobobooboooobooobobooboboooboobobooooboooan
gobooboobooboooboboobooboooboobooobooboboobobooboobooboooDo
0O00bOO00bO0O0o00OOooOoobOOoo0oOoboOOo MPCCOOODOOOOODODOOOODODOO
6l|00000000000O0

5.2.1 UO000OO0OOOO0OO0OOODOO

gboobobooboobboobogoaoo

Dooo0d  clz+d'y — OO (5.1-a)
DO0000 y=Ax+b (5.1-b)
Px+Quy=m (5.1-c)
Pyx + Qy <7y (5.1-d)

68



0000D00000000000000A, P, Py, Q, Q, 00000 ny xny, my X ny, my X 0y,
My X Ny, My X0y 0000b, ¢, d, vy, 7, 00000 R, R, K%, R™M, R 000000000
00 (5.1)00 200000 ze®™ 0 yeR™= 0000000000 200000000000
0000000000000 00000000000000000y00000000000000
0D00000000000000000000000000000000000000000000
0D00000000000000000000000000000000000000000000
000000000000 (5.1)000000000 (5.1-¢)0 (5.1-) 0000000000000
0000000 (5.1-b)00000000000000000000000 P, P, Q,,Q, 0000
O0e¢dr,r 00000000000 ADDDOOD b000000000000000
0000000000000000000

y<Az+b (5.2)

000000000000000 »O00D0O0OO0OODO0O0O0O0 »0000O00O(G.2) 00000000
000000000000 (b.)0000000OOODODOOOOOn

v=Ax+b y4+v-v=0 v=20

oooooooooboodoboobo ebdb0000O0O0OOOOOOOOOODOOO y,0D00000
oooon

vo=clz+d'y

00o0o00o0o0oo00oUo0nD y,oooouooooooooo (.)OD0ooOooUooooooo
00000 AOD0OUO0OO b000000000O0O00OOOODOOOOOODO (b.HOOOO (x,v)
0000 Z(A4,b)SRmt 0000000000 0000O0O0O0O0000OO0DOOO0O0O0OOOO0
ooo

0o0o00  ce4+dy - 00 (5.3-a)
oooo00  gia;,b)<0  (i=1,...,ny) (5.3-b)
(z,y) € Z(4,b) (5.3-c)

DDDD@':L...,n2DDDDDDDDDDa?DDD AO00:000000n OO00OCOOOY,
00000 00 i000000000g,:RwH - R 000000000000000(5.3-b)
000o0o0ooUo (s.1)0D0000oo (s1-b)000000O0 ADDODODO bUOOUOOODO
00000000000000000000000000000 Z2(Ab)00000000DOO0OO
000000000000 00000000D0 (b.3-2a)000000000O0O0O0OODOODO (5.3)00
0000000 A b000OooooOOCOOOO00OOOOoOoDODOOD
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0000000000 (5.3) 000000000 (b.)ODOD0ODODODOOODOODODODOOOOO0OOO
00000000000 max-min 000000000000000OOOO (5.3)00000000
0(3-b)000000 ADDOUOOD bOO0DDOOOOOODODOOODOOOODOODOOOODO (5.1)
uoboboooobobooooboboboooobobboooobbooobboooobobog
(5.1) 0000000000000 000U0O0O000OO0O0UOO0O0DO0O0UDOOOOOOOOO
0000 (5.3)0000 (5.1) 0000000 (5.1-b)0000IU0DODOOOOODOODOOOOOOOO
O000000oooooO0oO () boO0O0O0000D0O0OOODOO0OO00DO0ODODODOOOOOOOO
gbooboobooboobbooboooboo

5.2.2 OO0 MpPCCOOOODO

00 (.3)00000000 (5.1) 0000000000000 DDOOO Karush-Kuhn-Tucker [
0000000000000 000000ooo0ooog (MPCC)

oooo00 cfz+d'y — 00O

C+ATA0+P1TA1+P;A2:O
d—  XN+QIA +QiX, =0

0 Ql 1 Q2 2 (54)
Azxz— y+b =0

Px+Qy—7r,=0
P+ Qy—-r,=0, Ay =20
Ay (P + Qay —713) =0

O0000000X €R%, A, cR™, AMeR™ 000000000000 (5.1)00000 (5.1-b),
(5.1-c), (5.1-d) 0000 Lagrange 00O DOO0A, 0 A 000000000000 myxm, 00
00000000 (54)0000000000000 (5.1)0000000 @,y 00000Lagrange
O00000 Ay, A, A 0000 ADDDOD 0000000000000
0000000D0000000 (5400000000 z:(xT,yT,AE,AlT,A;f,alT,...,aEQ,bT)T
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goog

g1 (ay, by )
g(z) = :
gn2 (a’ng? bn2)
c+ ATy + PEX, + Pf
d— X+ QA +Qi X
h(z) =
Ax— y+b

Px+Qy—m
G(z) = —Px—Quy+m,y

:1,...,m2)

(5.5)

(1
D000G(z),Hy(2) (i=1,...,my) 00000 G(z), H(z) 0D i00000000 (55000
00000 FOOOOzeFOOOO FOOOOO Ng(2) 0000000000 2*000 (5.5)

0000000000
—V[(z") € Np(z")

(5.6)

00000 (34000 (5.6)00000 2*eF0000 (550 B-OOOO0OD0 (8000000
(55) 0000000 2 0000000000000000000000 Lagrange 0100000

AL AL, €5,¢ 00000 (340

Vf(z*) + Vg(z*)X! + Vh(z*)X}

—VG(2)¢* —VH(z*)¢* =0
g(z") <0, A;=20, (A)Tg(z*)=0
h(z*) =0, G(z*)=0, H(z*)=0
Gi(z")H;(z") =0 (i=1,...,my)
§Gi(z7)=0, (Hi(z")=0 (i=1,...,my)
Gi(z")=Hi(z")=0 = =20, (=0

00 (5.7)00000 2000 (5500000000 [82)0

(5.7)

MpPCCOOODODOOODOOODOOOOOOODODDOODODOOOOODODODODOOODOOODDOO

boooboobobboboboboobooobuoobonobobbooboooboooobooobobon
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000 [83]00000000000000O0000O000O0O0UODDOO0On [e1]OD0OO00O0OO0O (5.5)
000000 (bhH)0D0D0OO0DOOODODOOOOOOODOOOODOOOO MPCCOOOOOOOO
goooobooboobobon

0 000000 MPCC O
oooo o0 pM>0,p)M>00000k:=10000
00001 000000000

h(z) =0 (5.8)
G(z) =20, H(z)=0
Gi(2)Hy(z) < p®  (i=1,...,m,)
Dooooooo 2P ooooog o, ge)) A~k O
Mm:{i“%@®)>¢m_m@wn§pw}
B0 = {i| Gy(=0) < p®, H;(zM) < p¥)}
¢m:{i“%@w)§¢m_ggwn>pw}
ooooooon
a® Uk U4y E = (1, my) (5.9)
0000000 2000000000000 40000
0000 2 0000
00000 f(z) — 00O
00000 g(2) £0, h(z) =0
Gi(2)=20, H(z)=0 (ica®) (5.10)
Gi(2) =0, Hy(z)=0 (iep®)
Gi(2) =0, Hi(2)=0 (i€ ’Y(k))

00000000000 Karush-Kuhn-Tuker 10000000 2%® 00004i=1,...,m, 000
00000000000 Gyz) =0000 Gy(2) 200000 Lagrange 100 £XP0000o
Hy(z)=0000 Hy(z) 200000 Lagrange 000 ¢ 0000000 300000000

(5.10) 000000000000 0OD 40000
godb 3 gboboboboboboobob

P zo
(ie{ila,c)=H:®) =0})

" >0

(5.11)
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00000000000 40000
D000 4 p+Y e 0,u®), p+) >0 0000k:=k+10000000 10000

D00D000 MPCCOOOOD 1000000000 (5.8)000000000000000
(5.5)00000000000000000000000000 2000000000 (5.100000
0000000000 000D0000000000000 (5.5)0000000000000000
D0000000000 4000p% -0(k—00) 00000000000 p® O0D0O00O

Dooooop® 00000000000 {P}OooOoDODO0OO0O (5.8)000000 {z*}
D0D0D0000000000 {®M}00000 200000000000000 2000 (5.5)
0 B-OOODOD 8300 200000000 {1,...,m,} 0000

D00000000,% 000000000000000000 0000 (.9)0000O0O0
o =a(z), ¥ =p(z), A =~(2)

000 (61000000000 (51000000 2® o000 (sanoooooooz® ooo (5.5)0
000000000000000000 MPCCOOOOOOODOOOO000000000O0O00O
MPCCOOOO0O0O0O0O0000O

5.3 LUUOOOoooooo

00000000 (5.1) 0000000 (.1-bh)00000000O0DOOO0D0OOODOOOOOOO
(5.3-b) 000 0000000000000 0O0000000000000000ODOOOOODODOD
0000000o0o0o0oo(G.1-h)0oooooooo0oooooooooooooooooooD A
ooooOoOobD sOO0ObOOOODOObDOD

5.3.1 U00Oooooooooo

000(5.1-b)000000 AODOO0O0 a; 0000 @ (i=1,...,n95 j=1,...,n)) 00000
000 bOOOD b, 0000 b;(i=1,...,n,) 000000000 O0000O £€=1,...,p00
T T
D0D000000000 = (2y,...,2,)" 00 000000 ® = (24,...,2,)" 0000
DDDDDDDDDyzﬂwwuw%FDDDDgM:@wHWW%FDDDDDDDDDDDD
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yzi:Zaijmgj—l—bi—l—egi (621,,]),2:1,,71,2)
j=1

0D00000000000004=1,...,n, 000000000 ¢,(¢(=1,...,p) 00000000
00000000000000000 00000 ¢2000000000 j=1,...,n,000000
000 2,...,2,; 00000 7,000 i=1,...,n, 000000000 yy,...,5, 00000
0000000000000

p
S]]/ Z(Cﬂe] — f])(fﬂz‘]/ — f]/)
/=1
; G=1yeeoiny; ' = 1,eeemy)

googno

ny
ij ngg’wij’ (i=1,....n9; j=1,...,n9)
jl_
bz :gz_zam'fj (Z: L ?n2)
J=1

0000000000000000000 i=1,...,n,0000000000000000 620
000 v; O

1 " N2
= — . — ~.. .—b.
vy p—”1—1€§:1(y& jzlazjxéj z)

(Zzl,,nz)
uobooboooobooboobog :E:(wl,...,xnl)TDDDDDDDDDDDDDDDDDDDD

00000 g(z) (i=1,...,n) 000000000

0000000000 gy (i=1,...,ny) 0 100(1—7) % 00000 (9;(x), y;(x)) D000 Og,(x)
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A - 1
gix) = gi(x)+ t7/2\/(1 + » + ¢($)> v; (5.12)

boboooobooboooooooobo p—ny—10¢t000000000OO ¢DDDDDDtT/2

g
o0 T
/t P(w)dw = B}

gboog<:oooon

5.3.2 U00O0OO0OOOOO0OOODOOOOOn

0000000000000000000 ADDODOOOO bO000000000000000
00000000 ga;,b)<0(i=1,...,n,) 000000000000 00000000OO0

Ub 00000000

l,£x<u,

O00000000oooooool, =(
ooosSo0

)Y ug = (uy ,.u, )T 00000000000

[
1 1

S={(zylyx) =y=<y(@) I <z <u,}
0000000000000000%(x),g(x) 000000(5.12)000000000000000

o000 1001-7)%0000000000000000O00ODO

1) 71

0000000 4,b000000
{(,y)|ly=Az+b, I, <z<u,}CS (5.13)

0000000000 g, (i=1,...,n,) 00000

00 2,y 0000 1000000000000 y=az+b(,<z<wu,) 000 SO000
0005100000000(G.12)0000000 g(x), §(») 00000000000 51000
00000 SO000000000000000000000§(x),§(z) 000000000000
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000000 gi(ae;,b)£0(i=1,...,n) 0000000 0DODOOOOODOOOO 5100000

17 7

y=ar+b(l,<z<w,) 000 «0 a000000O
g(l,) Lal,+b 00 au,+b=<g(u,) (5.14)
000 (5.13) 000000000000 y=azx+b(,£2x<u,) 000 « 0 a 00000000
g(l,) = al,+b 00 au,+b=g(u,) (5.15)

000 (5.13) 000000000000 SO000000000 z00000000000000
000e b000 (5.14)0000 (5.15) 00000000000 y=az+b(l, <z<u,) 000
SO000000000000000e b000000000000

Y
TTCTTR ) y =9y(z)
auzi(uxg """"""""""""""""""""""""""""""""""" ;:y=a:v—|-b (o 2 a)
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O 5.1: Numerical results for operation optimizing system of the electric power plant
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