CASE 7|s3& HH

= HAZt 2HAN V& S8
REl B MME B 2H 7X
ATYMO| AT MY

P

R B
b 1
0

A2t 2EHAA e 2

AFH 7ieo] grizog wAadd wet 2 AEF
o] CNC, EA14H] 59 o] A 2ge 7Y et
TV(Interactive TV), PDA 53 & ZEntjo] Alx
gof o]2771A] A& W EE AL E Y
Ha ok 12y @A AA Alzg spkg 9 A
AL wig Gofsto Al2®l e {2 KB
B ARk =¥o] g7Er Hyy HE 5o RO
E34e "Helvojo] S&FokM AAMEE 87
o} ol5& % AAAQ L 7ol dastA H
Ak olgt L 8TE FHATIAL AAL 2 HEA|
FRHow FHPAI|7] A=
| FHoltt, He] AR
TGAA ko] TS AHET
FRAA AEe AL AR
IEEE9] #F9H?] POSIX 49 POSIX 4a’b #etE A
W, A4 FFEog A 2 Aotk POSIX 4 7
B A Al2eg 93 Aloke]n, POSIX. 4ai 2

o]u] /\1}\]7

=8 A% S Atoldh dA AEHL e e A
ARE FGAAEL POSIXAA AIgtshe AE A28
e =gstn o A g3l Yy A

SAAAE F A UHZHoE AIgHE ARL9A
AEoE LynxOS, QNX, VRTX, 183 VxWorks 5
ol o, zt74e] EAE efstA AHRH kgt
Fige

+ LynxOS : i@ 7del™, el 7 A

10 - ICASE 1997/5

GHAZA UNKX sg€th POSIX9 F3H4
o] glow, T Alxdy ALS UEYA T4 22
7154 x93tk Motorola, Intel, Sun, Hewlett
Packard 59 $74& At

ol MY Fjurat MAHE 2K
b FFG A Aot 37} 5 (scaleable) s, thE ARE-z}
#3&  Ag3h. UNIX/POSIXeF 3851, Intel
80286/386/486 ol A & A Hgtct,
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Semiconductor series 3200000 4 & 23t}
+ VxWorks : Wind 714§ vlge s 3 Axgy A

AZE EGAA o, MENADIN #d A2gE st
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Zzade] JRg e IAE YazHo|Mo]
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B]Eli(VideoﬂOn—Demand) &3 TV(nteractive
TV), £2%, Ad7], PDA, HYE, 7teteA Ay
T o HErtel #7348 Adsy| A E ol
3 B AFo] Aot o7ldE AlFE WA
(Set-top box) 7W& =H7]=), vt} Au] i =f7)%
& HjR3te] 7H4, s, AbY, 4ut CEEIIYE £
ool AME-E oy FH UF BHEIYY & Z=
I AL A% EA Sl x3¢EY o2d Ve E
S ugo R AARE FExEaHS ‘%ﬂ’ﬁoi N,
H28, §A ¢ gle Aadee] /g sl
A, o] disty A7 7B HAAL T4 ZE

E Z(real-time communication protocols), AAZE

database, AA]7t programming language, ¥4t A7k
AlxE AAZE s 59 ok diE AT4E ¢

gt glon,

EA7le = =88 F33a doh
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A, olE stugo] AEshE AXdold spd &
TR o] Ho| AQHY AEAARE FATEL S
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A 2317] W YAt Smith et. al®] dFAAE
AzAzglo A ERHORE 7 Ty A|2"be] B
& o] FA AEED AZEo] HEE T4
A Qe Azxd4FHY FEE LZES ) (SFCS;
Shop-Floor Control System) 7§ 2t &8 A A&+ o).
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5o 9l
scheduling,

- g3 AP aHE ASH F2E AL =3 7
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gich ol& qoFshd ofefe) Fo ot
- Q&R Smith, J. S.4,
IIE transactions(1996) 28, 783-794 -
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Planning Scheduling Execution
Equipment | - 2] AE - 2k o Aol st - B EINSE x7|8tstn
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-5 REE V3 W, Z VIA-EER
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th X st= A & SEE
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2! workstaion s3Ho| L SFEufX|e| AlR/AR - X | ASEE
= AlZvE 2
- 37 5tE toololl CHEH
i AHER
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A2 s JP=Hn Ade vA7IEMicro/nano-
technology)ol 7|Av A7|/Az ok B8 FF %
238 AFAAY Mz AAE Agolth A vF
e 719 Uy AdFHAg 28 G sigy
g sty &<l 39499 ALSs Asl vlAlr
& o|&3le AFF @ WYH: Utk 6T
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AHQA JFE FYsY]) AT AFAL AEAY el
ol F o Ade] o] 8" Aol 4&¥ JdTALLS
Al A7l oet 2% 4 Sk
(nanosatellite), 5Z4% 914 (picosatellite) e
T AUt

Nanosato]&} E&l< 24 % =o|7F & 10ecm =27]¢]

A
J (microsatellite), %A%
le]

e
z 8

248 ATAEL F 1W HEE Anshiy F4
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U
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HAGRG AAA A2rle 23 "ok 98 A8
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g FRELS VA=) HEHY FE AYE
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g wEged dadE 4 7 45E s3I
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Eazoblstn 332t x| SAHs e AE

1TLME

A} A 4 AF3e A #8289 WE oy
A wge F7h 989 714 Ag, L9 A
aela 87 gt 43t 5 Oed F91 4s st
Aot O] AAHEE Folil o5& HAseE o
of 3= Aol itk ol& Ay fF &4 A
HogE Jre AHE =AY 7)1E dulg

AAY 71Ee g4 dul 4 FAE HUE o] &T

Hol fraAsh WAFES YAoR HY 29 2

& 449 AFE doldn & & ek AN AH3

—

Real time optimization %= On line optimization)+>
Folzl x4 99 WM HH3 Jbe HMeES H £
Halo] 2HFoTH T4 o]oE Hujslsi A
38 Hdslsle 75 Alo)(Supervisory control) Al
dolt}, AAz7F Al Few J)es Ei) 2l
H43}t V1&g Mo 2YE ZRAZ JHES
g & Qo) oly@ 7% e Fdse A HAHE A
Ado] e oRgbe 2 21E FAAIN7IY FE 7]
e = de A ol&d wg AcHIL AHF £ 4
FHom Haxolg ydd 7] 4
AlE AN HAHE 7L AFETE dol giiREe]
ZAAE9 Aol Est tsAE A= L
o2 o] &HAY ofej g Aol ZRAENA A2lH

N

AH2l et Haele 29 27e FAAIY] 9
oAl A waEel Aws Hiel B3 F oA

o CIM 714 w3 AFEY AeldE P 5o o

o B s1%50] AAsENA o) 4
R AL ¥ ok W

ol AgHel B AWNE welF: 5 ATF A

So] wEHI U,

ul

{

Long & short

Time factors l Plannlng & SCthUIing

Objective
\J

Economic

Factors ™ ‘Real Time Optimization

Measurements Set-Points
Quality Advanced Control Diiturbances
Constraints Conventional Contro! .

Manipulated

Measurements Variables
Physical ‘ Process ]
Constraints

a7 1 dEkdel CiMel 7=

2. 23 MR8 98 CIMT AAIZH HE S
ANZE AR A1gel A8 sl @ s ¥
ole) M FARH WA Sduw ohed 2ok 3

$57h 4 PR B8 FHY ALETAAA 29

Ao Az A FHo2RE #d o277

¥R o] ¥ 4 Qe o PEE ZEas

Aes Wi, 443 WA, 2 2AFYS AY @

AL Ao IFe AFH 728 oFu o
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Company Product Name

Adersa HIECON (Hierarchical Constraint Control)
PFC (Predictive Functional Control)
GLIDE (Identification package)

Aspen Tech DMCplus {DMC(Dynamic Matrix Control) + SMCA(Setpoint Multivariable
Control Architecture)}

Honeywell RMPCT (Robust Model Predictive Control Technology)

Profimatics PCT (Predictive Control Technology)

Treiber Controls

OPC (Optimum Predictive Control)

Dot Products

STAR (Multivariable Process Control)

AR

CIMPA (Controller Implementation by Model Predictive Algorithm)

E 1. 29 o F o m7|%].

a9 13 Zrh AFH FEE olFL UE Ao A=
g AAe 2 dAsvt 22s) Folof s Al x
A7 F5 22150 21, ¢fH(disturbance)] A
ol ttEy] Wi TAHE HAHow sy AT 2
A kg Eg dEbo3)

oleldt AFA TFxE Y GAY dEol 49 &
Aol Aol oA wEA g ZyH|oA, HA
Al T4 2&E =o|7] HsiA A AAL F
Azt dAlel ARL 1 39 GAQ HEEAA rg
AR E AEF FAL ¥shAIAE gEn agu

A TAE 7] A = 21E ANdse d da

wAs te se
w3 maA F9g
& g

21 Z2HA HER S

TZH A AEE @AM E Conventional control#
Advanced control2 TA%Ho| ¢l&dl, Conven- tional
controle] WA 0.2 BAAIO|A| AR(DCS)E AHg3te]
A A kAL 3 A HAE FHY 5F

g4dE A AN Ao g F= 3a, AT g Al
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(Advanced 71&9 HBE Qs PID
Controller=+ A oJ3l7] ogf2 thlg Ao FFo|}
9 H(disturbance)©] & FH Tl tHFE dZA o
(Multivariable predictive control)9} & 2dg o] &
& Aoi7|eE& AHEStaL Aok g Ao E AHEsto 4
2 4 e oYL HAA(set point)E AR
7 Ao o] & Al 74 FAFoEA
Conventional controlell A Bt Ajo] WHFLEe #ES
FEANE & Ao 2 }ﬂ*]é%l(Advanced control
system)oll 4] FFAQl @48 Real-time database’}
Fogd HARE 24 HolE g Wolgd AFste o
ge B2 MHAXNE(set points)2 AEHQ A
(update)& 913 Data server2 29lti4] F8 A&
2l Zo] HFAE2 ® 1949 2o

control)

h

22 MAZH HE 3 HA
AAZE HAE dAdNE AA7 HHE d9E A
£33l Ao wel 9 FX(open-loop)st B3 F
(closed-loop)Z TF&3l=dl ZHAA Az} H&85
NS dY FZa st As e
2 Ao} Alado] MAX(set- points)E WelFE= 9y
3 3th 282 Off-Line 37 11
AIZE Eere] Bl 43S HA3 dod On-Line
e E(minutes) H9olA U(days) @919 #HS
¢ dd AL HAS ok F, AV|A LIE

T e



ANRo)@ AuaLA e 249 A2e AAt A
gxed dee ARG o &2 AR el ALt
£ Aot} dE Eof HH3 o] 1AM 124
7 F72 viETE AR AZGS 108914 608 Aol
of ool o} Fek.
On-Line True Optimum
Optimization ¢

_/‘M

g R
=
g
Advanced Conventional
Control Control
Time

28 2 FHEZ dH == ole.

L2 AL S 2 A4 ey Ao Wl
o wetd HFH ¥JEVF v A Ak HAe FHE
S 7}A| 1 BAFA9Q) operator control& E3] T o]
o)& 7b5% AA A H(True optimum)ol 7H¢HA &
F Jdovt wWErt W offseto] EAFT
offsetd 7% Felot AlY gdel dist AR REE
ofvzl 3 4 el MAN AEZeE] HAS
AR = oy Aloldl A7]E economic tradeoffoll
et 2h4AFe] A4 Aol ofaiA A7

A7 HH 3 DA TE2HAEHE ] dHolH
oF Adule e 2 Alg 24 Fo A AHe] z
HAde 243 @AY A S A dig
@718l a9 A S uig AR FEITe
st b mda
AFE Az WA QoA AARE welste] @A
2 20E& AAT 5 vk webA agAel A
9 Al AATE HAHstE A Lsto] 2ol HAA F
Ao MRS § 9 o JbsstA e ool o
ool it 7R Hlwrt 1 29 Aok AARE HA

olei g

Company | Products
Aspen RT-OPT(Real-Time Optimizatio
Tech System)
Dot NOVA(Nonlinear Optimization
Products Versatile Applications)
ROM(Rigorous on-line Monitorix
SIMSCI & Optimization Technology)
On-line Optimization Hi-Spec
Honeywell .
Solutions

F 2 AANZE EXE A8 17X

g 7N ZE FARA L2aPS AR Aag T
W ddstel olgat: AlAE gloy EelMsh ge

AAZ HAE dE A71A 7 d o)A v

23 Al A AATE A

A 2AEde] dAE A AR XY FZY
A Audy FHAM ojHAA "o BE o
dre 7|2HeE ZEAL FHATE A= F2o
dHAA = A dANAME &9 DAl i gt
o=kl & AAsHA Hrt.

Parameter |
Updating |

Filtered
Measurements

B

Process Model

Parameters

Model — Current Plant
Structure Status

-#— Economic Data

Y

Data Validation

Data Recongciliation
Gross Error Detection

Optimization
Variables

< Steady-State

Detection L

Result Analysis |

Data Acquisition Ser————
Steady-State
Detection

Process Set Points

Measurements .
Manipulated

Variables
Process

a8 3 MAIZH 25
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3. &AIZH HHE Y A

CIM 71%0] AAZE FEAN Adss AN 4

Aot a9 3eM9 2ol ZzHaziy dolHg

wolSe] Hlold AF, shepule ¥ md 44, H4s,

a9a AEg] ozt ddd HAL FrHew
23 A29E 0% Yo

3.1 HIOIE{ ZZ(Data Validation)

de) A AR AN AgHE AL
BPgel e 2AZ ez doly By EE o
B dl&o] Aasy] Aol A4 FRo) A HA
of ERHTHE AL FAsk: Ao] FasT 4

N

oz
R

el medvke g @]lar] S wHeR Al
AL Arge 284S I A8 ZAAE
e TAHCE AT HY HelA FAHHE Ao
W AR et sltke AE AT F Aok

], old AEEe] gl A7 He A
AHE R AAHY SN B de 3 AR
of e ety fxE g FE2 AAH
of A W& & =T AL ddx 2AH
AdE o 2EHHS AN Bojue 59
TAZE 2AF  SITH3] o FAEH wEy ol
A F7) Atele] BEE msts © AT & e
22 SAAYL HxEE0] HRHE Ate7E SlvHslL A
e AAskeE

A Ax7E HAE AAe 3%
AZtEte] BAIE A MdEdte] F7], =4
2k AR T F HE%}]OI: zsyq

ol 471
dole g gt olew %éi}ﬂ gad AL o= @&
Sol F4ol 448 HolHANE ¥Ae7]) sy, 2
T B A B FAUS 02 240 ga o
o Famel AAHA £Ho| ol sn 54 AAe

Q59 TAAY A= %?‘ix—q‘?l QA% FFFEo] 9]

e AeE

A
2

o
£
=
&
H
L
R
B\
o
tlo
ol
J
s
)
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A 4 ok ol dolHEe] eAE st
A& AF Aole 8 AR HAe A4F st
ol “H—r Ak wehA 01315& TARES A2
Aste] ZAHE dolgeg AAHLZ BAsAL do]

HE A 2 BAste #Ao] sk dd7]. =3
AES A FAEL —'?J“—‘}‘} FH A, 39

F, 71719 252 3 &2 FA4 22Hgross error)E
ZHA sed ol wlEhd A & eazA o
AL Fol AAs Hof gk, 28R v/ HFE o
Z317] Aol % 2aE LAsA AAs o ) F
2o old e F& oA IAE A MdE ge
A H2EZ ANHATHE] 285 deold nAw

% ox 7HA(gross error detection)& Aol 1#
&t 2] hybrid SQPHRHS HA v]A
LA 4 9l go] HEFHRAL [9], bivariate objective
function® EA 2 P o2 £ A FH
g Hdd 2AE Fed ddM GAMS/ MINOS
T AHEShE W o] AlAEHATHIOL

g Azgol

2 mejojeet 2 7 M(Update)

%X*Oi—rﬂ 2oixl dHloleE e FEA
AR Fol A F Aok AT A9 dA9
ol Edi dAEeE Hev|HE /)M (update) st
#4& AXNA Etk. Fo3 FrHERE i A
T, GuSV|ZHEHY d&d, vl By B4 §
o] Jom HHvEHEL EHE A HoHERY 2
58 92 U3, Eio] o= A% JgH o]

2 TEAS AR Fol AT £ Aok 2 A
2 Ao E=lolut Aol Ao wekA] ghejnlE

< dA3 ®aA 2 Zold, weba ZaAx 2d
W} HHz dugFe]l 7EE FAGH EA7)(Aspen
Plus, Hysys, ProSim)&& o]&s|A A28 seiv]E
& ddafjok gt

olgAl siA AMME Rde AN HAE 9%
"4 ARE AgsiFr, ATHodMRE 21 7t
of AARF HAg 2HdE e A5 FEA
QT"ECH1L derrlog f-a84 AAo] v

of o

rl
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Closed Model Optimization

—
N,

Equation Based Optimization

. 2He 377 HES - HHEEN  ZLE YA
« HAF AlZiol ™ol HE HegER  ZESic
. 2tz x|x8l Aglojct « closed medel 2CH WhEA Al

M AMFTOF R - 2ARR} AX3HE FAlK ks

8! 4. Closed model equation®t Equation based
optimizationt| 12,

T4 AA

slebul e 2A

Al o] A

FHA Ak & A3 5 glo]
e e

HEE &5 §l&

2#H.g A4y HF

heat integration®| %1%
user-specified calculations&

A g3t &olg
3= 3gte] Zr ~"lvit} flowsheet

7} BadA @e
2o sdshzd A7l $4

49l ole -2 A3l A

EEERED:

Mo i
ox &£
o
rx
o

foh >

EREE
84

E 3. Equation based optimizatione £3.

33 X%

HAste] dAdAE 3 A 249 4 @A
o] AAA 8¢ uzstd ¥AHY aeH oled ¥
A F ode AZE 2 214& ARTH 4w
A AATE HAH3 Ax"elE e AlA"I} o] /b
ZdoF she AFNERA 2 FA4, AUA A4,

gejeta BAA 123 BYH AR 159 =

FA SRe RUEo] EiFth £ o] RdEL
AAA ol msojol W HHs EAZ Fe AP
Ay ARsHez wed Aol F 4 U= TAH

ojof s Agsa wE HE Fe HAZ dudF
T F48% e & a4t ok AlE MRS HF
3 ¥AEE 1 89 AR #A4 Fo 247 HAES
Ax HdsA] g HAGRES ARE & A= T
F doem E tE Wyor HAAREs ATHeE
Ao} Alz=dlo] HAglo] HEE & % Qlth o]|FA
A HEHoR AME HHY Y 4L 7 A
Al2=€l9) Set-point gtEE HuUjxith

331 2HE Jis

ZZA2 By 7)EoE flowsheetdd] ZF FUE
7} A (inputs)ol aA 2 FHoutputs)7t A2 -3
A= sequential modular model 4# & closed-form
o] g, FEAY ZAH2E Yehlle BE 250
7o ZEo)X|E equation based modele]#hil 3F=
open-forme] ¢lt}. Hybrid ¥ % 7}5 %< open—form
oz HE TIe T 4FY  FUEE|
closed-form2.2 AXE7|E A H2o open—form
of o3 mElgo] dal 2oji glow IY 4iM F
Wil did £AE vaEAH

Open eqguation 298 »E RdAS FX) =
residual® Hejz HA Z2AA LA HFH3 A
£2 A residuals® F(zero)oE2 FHIEZE Fir}h
(12]. 2 wdlo] i3t 458 YP(matrix)E A48t
& (row)S 2 (equation)E° H(column)S HFE 3
FatA = P Jacobian T-E2E YERA H=H)
HAage ozt 7 AE2 4 #HulR fF(first
partial derivatives matrix)e] ®t}h olEA WEAZ
Open-form ZT2ZAA 24L& v =F=F(sparse)dt
matrixe]™ ©]2{ 3t sparsityE o834 ¥ow FIr}
Z open—form flowsheetst TF7] P&zt w3t
ODE (Ordinary Differential Equations)® fdHE 2
dof]  disjre wH & A AE
Equations)®  ®H*]  closed-form
integratorsZ & 4 o™ Open formulationo] Al
o EdEAdol EAY Aol S g A4
Hg o] &3] wajoryt ok F oAM= o]E 3 Open

collocation

(Algebraic
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form equation®.2 TAE Ed A3 EFJE o

A HEainh

3.3.2 =2 FY(formulation)
48 T4 mdo] HAHYH o]F nEow BEE

AN i T4 ol&s AAY Azl HES A&

F A Bgorw xg xdg A FoloF s=vl
T2 2 Aotk ¥4 AEHeAs viges A
3} &A1& T A(formulation) & 5 Utk <] HA
3t BAE A 54 Fed A xdez Aodq

e
=
iy
o
b
J
d

4 gre BRIN AvPe oA
o), el Aul uAZ g
garge] Ads g, 2w Ao kA AR g

Y Fo2 T4

g % otk A43H9 2ARSY TS e g

o
B
o
)
3{_1‘
fr

Maximize Product value - Feed costs - Utility

costs + Other variable economic effects

53 oA A RS 2 Fe AE
4 T At

EEH AAg T £ARe g w
27 3 TIJEEZ AJlsir HA 9 1?3 235 A
AlsloF gttt He del 2ole BHE HAH3}p dae
Z02+ GRG (Generalized Reduced Gradient), SQP
RSQP
(Reduced Sequential Quadratic Programming)+ AHr
% (Degrees of freedom)7} A& & _/:?1]?—194 EZAH A
st FAl & F stErHid) a1 o
F Aes dae MANES 89 Wake ¥y

Ay AP e

(Successive Quadratic Programming)©] %)L,

< HAH

te e

333 ¥ YUY
A7+ FA 3} TxﬂE Be 49 dojEg AR, 1
gl B Fo oafA Fda AAA Hiu vHdEA

& 27l HBE olie ANUoR ¥ % 9

kR
e
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7} 3 EAlol AWsA "ot whebA o] EAE E
7] AsiM HAsLE AR HH FrE Y
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Mad W B2 AS e 9ok o9 £ &4
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(Centralized approach)©.2 TE3cH2]. SH¥ AMelE
9] 49 dist A #HH3Hlocal optimization)EE T+
AE modular 3-& AFH HH3 HS FAF o]

ghi &, BE 9] Aol dis) shvel HAs A
g T 2L 97 B0l dn 19 59 2k
CENTRALIZED OPTIMIZATION
GLOBAL UNIT OPTIMIZATION MODEL
S A c A c K T A T A A
v v v v v v
ADVANCED RGULATORY / CONSTRAINT CONTROLS
BASIC CONTROLLERS
PROCESS
DISTRIBUTEDP OPTIMIZATION
UNIT OPTIMIZATION
/ COORDINATION MODEL
A © A A H ) A
v i v i v
LOCAL LOCAL LOCAL
OPTIMIZER OPTIMIZER : OPTIMIZER
DISTILLATION REACTOR COMPRESSOR
COLUMN o -
N T L B S 18 N
ADVANCED RGULATORY / CONSTRAINT CONTROLS
BASIC CONTROLLERS
PROCESS

a3 5 24 A (Distributed) 2t

L
T & YA (Centralized) =A S}
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AL vtz del HPHAAD HH3} FZo) s &
Aol & BAEu7E He AETRE Aojok g

4. HE M=l

AAZE Azt A4 HeE 299 Hd £ AE
F4o] guE 27 ofgM H st HHE =4
ArEol dolds A, A3 wage] WY o o
Qo] Fol Wdt= Af, AAKE 3o da¥ Hr=
o] PHdisturbance)ol 2HF HAE 74, 2 2R A
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T4 olf& F7HE & Adth
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2 Afsiet AEd AA HAHE Ved HE
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= =4EE Ad dvsta Ao
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e ofi

oz

il
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5.8 &

AB7HA A Aol e dAzt HA
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28 g3 2L e, rAder dEd o s)ee] E&HE ¥4 A4 & ok u
T o] o] sie] w7, FRE, WA Aads g A7 A3 7)|$L AdHoes wed & g
YEAR APPLICATION USER PROFIT

1977 Ethylene Oxide Plant
yiene Lxide Han Shell Oil ROI 50%
1983 Ethylene Plant
1986 Ethylene Plant 35 %
an
o8 . yengt . Wilton 4 M$/yr
1990 ovge; aton Texaco 2-6%
1990 G € ngyt Amaco Painter 4 M$/yr
as anl Star Enterprise 4 M$/yr
1990 Crude unit
1990 Ethvl Plant Chevron USA 3M$/yr
ene an
1001 Ethyl . OMV Deutschland 5-10 %
1991 Ethylene Plant Lyondell 1-3 %
y.ene an Lyondell 9 mnth
1992 QOlefins Plant

E 4 HAZE FHE HE AR
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