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SUMMARY

lMany of the tasks encountered in the chemical engineering
operation cannot be completely articulated into a well-informed
algorithmic procedure., They are a combination of a variety of
apecial-purpcse heuristic problem-sclving methods and traditio-
nal algorithmic parts. Advances in Artificial Intelligence
provide the means of automating the heuristic tasks. A number
of successful ekpert systems or knowledge-based systems have
been developed for areas such as chemistry, medicine, computer
systems and mathematics. Unfortunately, these programs lacked
facilities to reflect the rich variety of knowledge necessary
to solve chemical engineering problems.

As the expert system area has matured, it has been possible
to start proposing architectures to solve control and fault
diagnosis problems in chemical engineering processes. The goal
of' the present study is to develop an expert system for process
control and diagnosis. A prototype expert system for process
operation was developed and techniques for model based fault
diagnosis and fuzzy logic control were investigated.

The present expert system illustrates the integration of

different paradigms along some of the several dimensions of



expert systems applications: knowledge representation, problem-
solving methods, and levels of knowledge abstraction. All these
properties are achieved through the use of C languages. In
particular we have presented the methods of fuzzy logic control
and model based process fault diagnosis, described how they
consisted of a variety of subtasks, and presented results of
computer simulations to show their usefulness.

Several other issues will be investigated in the future
in order to make the application of the present expert system
to chemical processes more practical. Pilot plant test is
planned and the database structure will be revised to incor-
porate different types of chemical engineering data. For the
purpcse of comparison and modification, a commercial expert
system shell will be utilized. Many other technigues for

control and diagnosis will be coded into the system.
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AR gZRH Fd ddf Ay wech ook e FHLRE Z

e

zHge ad2-24 sl LISPAelz deud o&d 2

(stream “name stream 3 “inlet valvel Toutlet tankl
“flow-rate low “pressure high ~temperature normal

“pipe pipe 3 “state blocked)

AATHe 2¥2-1m gL FHZ dEId FE oA H A

o]

FYe Agst wuAd gaALANent quASAY @ REPHE
25H fESE AYRASE FTEHD deoz: @ JYusr)
gewad mA: 9%e yEiE 5§34 (confluence equa-
tion )& FHoz AYPY dE Ho WH YyHez F
s

-7

d(flow out)

7(inlet stream pressure)

= +
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JAe MyTFHoz THsE wew 2ok

IF (vlave) {(state) is normal
and (inlet stream) pressure is {low)

THEN (outlet stream) flow-rate is {(low)

of S gEus el 2R 59 A¥Hd Aol
cause) 3¢ HH¥ 4 Q& uBrde ARn2 YYFHL o
zol @

4@t & Eo zZEH e 2¥2-39 rshed

rlo

o
FHAE FAM4 #E & vk

Foz FANM Yetue ogrta F49 940 FAEA
A o] el AFHe A @o Bz, MODEXOA = ZdqdF A
Aoz FEHE JdARDE ol §dd FE2E FFUh YoM
AHE ugt o] AAWelAE dHFH Axmrd, FPWY
#8 AR, Y VR oE, a¢A¥AY uFxd Fozg FAH
of ez AAHolxe ZFgEe Y= YA THEY wWde T
€ AFedxE AYHelzE TA 4gdse EWFo] it FELS
AL RAe] Y] B¥E EL mHer odYde] Fojxw AYum
e w9-xy3x &E ( stream ) 2] Ate ( status )7} active
2 Wgo, of F AAwolxdle FHE HAbsld, x7)1HA$7 G
Fes £ HE MHHFE gwFoz F2evh EA &2 ( problem
reduction ) & £ FAHo vFPHY WAL AHHolAE AA
Aoz AMFozA FAHr AMgH = =g F /3§ (and/or) E

HE HHdE # vk 2Efdol FopAw o ZELAANA 27
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] . pipe break or blockage or
2 . 1f upstream is connected to a valve and either
a, valve stuck closed or

b . valve opening properly set and inlet stream

to valve has low pressure or

¢, valve opening properly set and inlet stream
to valve has low flow-rate or
3 . if upstream connected to a pump
a . pump off
.b . pump failure
c. pump 1is functioning properly and pressure of
inlet stream to pump is low
4 . 1f downstream connected to a closed valve or

5. 1f downstream ccnnected to a failed pump.

¥ 2-3. gd ugrd

o

B2E oly4HE Asy Losv yuwse BEE FE& n%

zAste tEdae W AN Sy@ch MODEXS 49w

o

9

e quAz TAse Yn A$AT} oKE ®od vAFT o
A& dge d€ + vk

o] Abell A AH B  upel o] MODEX | & EAHgAH A FF

¥ A R 2 ( shallow, compiled knowledge ) oAl 21323 (deep-level)

Aol EEle dA¥gY sFEd vxo 2F dFHEde o
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3 2ug FFosH Ay A ( process-general )& ZrE AL,

agd o® oz maddd WA F gt 2, EHI
gudo] ZRAHA @A T =y dow HNPstY AETLE
aael A@del fle o4 AuAMel 4Nsz, Had AdsA
Ao feg FollA RI= 2o g est Astdoh ol¥
& sAde REARAES AsRE Afdl wgsE FeAd ¥4
qoz g me Ao, 9ol A @A clgse WH
o] AANHT gk =¥ HFFTA AR 7pA 28l o2 zhFojop & 4

q7W @@ (on-line diagnosis Yol #He Ax & Hges ¥

i

@

=

(2 MODEX 29

MODEX 1ol mdwg o &8l AuFoH @59 el
PolAE HE HSFH7 Ak MODEX 2= A83 A2 (compi-
led knowledge) ¥ 4 22 A4 ( deep-level knowledge ) & &7
o] &3t M A A 3 ( object-oriented ) 9 ¢ % ( two-tier archi-
tecture ) & 2z AETL AgAzdlol & R el MODEX]
st gol iAol FAel FHHAA ar T4gTRA Md,
AorzA B FHA AF4 AdE, o gol= FA  F5T
A aA¥x AL AA AZLH

gazAdde wFFEe TR 7T o EAE H
v Azt wa # Ae FrEz AT F glth webrl w9

axe e AL Fsse dex TFzAIAY F& TIEHS
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2 A4 1 ( decomposition of knowledge Yye 4 dnh Tt&E

4 Pie SUEE FEHQ wd AHd o Fe A4 94

=

J —=x 589 RzA ( subsystem ) 2 uFE ROl

N

=
Aexd Bge g 75 we rzAd JAFEE el A
olty, o8& =o a¥2-48 e dagle E€d9 7T

% e =@ (conduit )9 g TIHaE Relth

inlet outlet

stream e i stream

(conduit or heat transfer function)
ag 4. du@r e T4 %2 1sd £

MODEX 2 oA = Zztuwidxm Az dde I3 HAA
e g, BAsED 7lol=g 9, 7led vFude XFAA
o] FAHIEF

de] Fx EMARe T ol gsum Atk &

Ae, 1 Q98 BB FwEdn ANFs AU

L
e
rlo

o
2y 5 8e] @ 2-49 go| AmBrled &Pl AAHA AT,
224 Bae dste dmwrld dPEEL Dusd 5 da@
Ag sue mgoem w4dae BPeld HEel AEAE A4
= Aot wepd dmurle FFEEY 2R olgFHthd o
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sase Aazsd %3n oxs ndss, AFH A4 A

He

W2
gse ws FREL olw: At REAN WY TEH
= ojga Aol:xe ug MODEX 2ojA e mE AM2AIE
seze 5o zAWeg ol gstel AMFr AT
e sxszs & Aoz, ol& Asd mzAA HEs
se ASe pegn AZdd F, X s Ad"gn e
9 ( sensor )% zZAWF e WHE F
ge AR —Aemn o AxE wiE Aeizls AeAzt  ¥AL
2x w THEET Aunsss 2e AAse wrAselw Ad

2xmel oge AAMis A 2 dAE welds =
4

o
!
L
2
o
2,
'
Hu
i
L
o
A
po
o

o geod @Rz AZETh

« Internal loop disturbances which can either:(a) cause
the control loop to malfunction(e.g. setpoint set to
high or sensor biased); or (b) cause a change in the
gain of the loop(e.q. reversed control valve action)
or (c) valve stuck(causes gain to change to zero)

+ External loop disturbances which can either: (a) are
so large that the control loop cannot cancel the
disturbance completely, i.e. the control loop action
ig saturated; or (b) cause a disturbance in the mani-

pulated variable.
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o)

Aojdeet Ay FHY ¥FFHd dd Ade AHE

AN e nFEA L Fe A BY o @o] aTEHH

A A o 2= ( feedback control loop )] g QAR e 28 2-5
o ol HIEH # 3tk
BEvent Currently
being Developed
iR
Large Disturbance AND Loop Variable
Enters Loop Causes Disturbance
External Disturbance Loop Variable
Enters Loop Failes to Cancel

Disturbance
29 2-5. Al ETe E AxF

A7) F ( object-oriented ) FTzAME AARLE  Frpe
ZHg e ol gsted U & A & Ao EZy AL o §,
G, Ao, 2FAAS, Ao Fom FHEG 7

o Aehdsrt wgAd 4%, BSE @A 2 gAdg ez

iz
offt
T
..I

9 2 ol5e g o

=1
T

o
fo
4

e e o

r

)
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Ap g,

MODEX 2= A#A Adxk AF3 Adg EF2= o] & &}
J 9ty 2w AANZE ASE Axstc. G T2
qo|M 2 (action )& A (object ) &zt #IAA (message)
of o]8) o] FojTh AA = methods gt ®glE #AFL 34
AR Sgsth Axel Bl U= metheds & 7% Ad2UE
% WA ( confluence equation ) % ol i} mel E o]t} Conflu-
ence methods = = A1} we &R el confluence % B 4
g A4 ( behavioral knowledge ye meth g AP 28) con-
fluence method & +#l dE% WA s Fg®®, 2 method
g mE A Ee oWd FEolwH=E &7 28 RAAdAE 2
A7) St Adgr, nARdd HFEHE methods & 1 39
2 A%d AdHQ 49 Ads= A 59 FaEorh Me-

thods ylel #Ae A, & add AQR 499 AAEHE

!

Azl dze o ZAAFAT # g Ax Adhel AEHETE
ojz]4 method = sty ztedh(d stream:diagnosis-tempe-
rature, tank:diagnosis-level 5 ) ol %z 2 AR AF g
oot AAMolag Hast eyl Al=sld Wty Awnd, A g

=
e @A Zadeln ABAA A thEH Lol AFA

IF reactorl level is low

THEN check tank 1 level first
olg & A HEF #E Waet ugrie] FRNMAE A=
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Aeol® FHSH we P4 wIsE FHE opUAWR, AT

s E3E 7lsE €W dE @& AFH

iF the reactorl level is low
THEN the possible causes are:
(a) the inlet flowrate is low or

{b) the outlet flowrate is high or

(c) there is a reactor leak

FEaWwYe wmx A¥s A4wola <ghelA  short-cut WEE o
&t el & A3, g A diAmRdd VxR FELE Y
AL FHevh wFY A 9dele] AHF A< (local cause)
o e oA A HdEH A HuwolaeAM umA EA 9 &
& short-cut®}yew Fevp e 2o 4 ( depth-first) #
o8 ojgstd =7 #2E FE FHY HARAHES F 4
( master agenda list )of &rf 299 Afo HTELZE 7z
2 % FE Ao ganygde de 2¥2-63 #rh o FodAe
st HEY F& FAAHol ol&¥T F wAG sHHel FHF =
o G FAH EHozRH FEd g3 AFHoz: gk A
& AANHE S #Hrlste AMS Al ds FaErh

ol el 4% 2 ulet o] MODEX 2 & 3 dwAd# o

F 2R Aw 5 olA7x 2ER H%FF dus AR}
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DTAGNOSE TOPMOST PROCESS
ABNORMALITY UN AGENDA

N{J D ANY HEURISTICS
3 e APPLY ?

YES
(3) P

L_ PRINT SUMMARY J

e R

V) - S

OPTION 1: END DIAGNOSIS OF ABNORMALITY
OPTION 2: CONTINUE DIAGNOSIS EITHER TO
(a) VERIFY ALL TNTERMEDIATE CAUSAL RELATIONS
OMITTED TN HEURISTICS
OR (b) EXAMINE OTHER POTENTIAL CAUSES
OF ABNORMALITY

GPTION 2 OPTIONT
DROP DOWN TO ENTER FIGURE 3 AT
DEEP-LEVEL BLOCK: "REMOVE
KNOWLEDGE ABNORMALITY FROM
_________________ _r._mw ———— AGEND A "

LOCATE LOCAL CAUSE OF ABNORMALITY
3 —>1 AS DERECTED BY APPROPRTIATE METHOD

ag 2-6. wlHE 2T FeAe dudF
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A2" (ES)E FoME ES7 AFse F&£ AEe wel Ad

7 AW s & gyem Edglez o &3dnE ot

3. BF%H 2dg &% HENAN2HE

FALCON?) & Delaware s, E.I. duPont 3  Foxoboro
A7b B2Foz AF@ sEFHel et QAN oAT AT
AN~ ow Aesyu ABA AA od AFH BANE ALY
BEA Aladoit HAFTYL adipic acid AxFH oz 2o
Amadol sisae HITEH #ArIEel #FEAA gloh FALCONE
Aoj2xe] AP 34/M9 nFFH Hare dygHolxe fouling
se 5749 nRER FH4EE Hax DAL AHed 2o 2
g Aew 4 YLF FAH Yvh EE o ARAANLEE
AGA A4 @A Bgss dad B F 25049 FIEEHA

2e 9% mREsy §9 fRgE

i

s 1,00070 ofde W

=
9.g A DELSIMoz uAJdeisl =HE e o8

IR AE Jedez AA T AN FEAMNED S
A& sy 9% Rolw, =g IAARY R BHAS 2R o

rlr
@
A
i
=
=
P

G Arg Arss dd4 ug 2 d¥e 2
= sA¥omA AAA A4 o8 nade FFA Ade ¥
g2 Ho glen, $AAdRe ted g2 dwid FHE I
Bk,

(1) material balance equations{written in terms of mea-
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sured variables) around defined control volumes
{2 energy balance equations on various control volumes
(3) empirical equations relating measured variables
4) equations for PI controllers
(5 wvalve curve correlations relating flow measurement o
controller outputs
() equations for calculation of heat transfer coeffi-

cients

e
S
i)
I
i)
rlo
ki
tio
L)
o

AQAE ol ~E FAHE T

IF(cff-gas flow 1is erratic)

THEN (separator level is high)

IF (process circulation flow is erratic)
THEN (separator level is very low)

IF (process flow signal is not noisy)

THEN (flow signal is unreliable)

= e VAXLISP o= A3kl Fortran ool 9} E-alo]

Ao
2
2

e, 2axdes AABH I8 gl st WA (proposi-
tional logic) & S & stdrh
o)At M zrEEA AHE AA FALCONo|M & ol ¥4 3t

szgol exzde wa 343 wEEA % EHss ol
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#% A gl Tty dEd BYFY ALve ¥4 FSHY 5

o ®lds AMde HA=Z dvh wad HE FH F4F o)

rr

FAW FFY A4S A¥" A4 ¥ s 54
& w33, 22 AARRAA Agel Fsa Mol = Bl

A .

A2d FHANE AE7MNLE

AAE o]

o
g
o

A
%

9

A4
_% f
>

Mo

ta

ri

b

2 A s o oAl A 9ArA

r
rl

Belz olgHe We 2ZEdEe] AUHR Y} 71E9 ax=

ot

EdolE2 &3

TRIafgddo = AAHD, Teagiyge] 23

2
2

=

EN7b #HE ¢ Qe b4l WM FAA5E 2z

fh

o 2d Qe AR Ee 2ysd #¥Y Hokdl mw A
E7hel AR PAE WY F Qn © Uy axz A4
& F5% ARg NI FEY 4 e FEAN 2GS
dagel wgel Frsm vk AEANADE FFHY FHYR
Bgoila HAHL AYA Fr 8 dzel Fudd wBuy
= Zzadstg £ e TES JYRAIYE 2Rojol o
Ak BEe] dREe 9L Agsel Adstn Boe BAstd o
=
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Folzx A& Alse HFE pEARY EAHLAE Ad AAA
ol Hadw g AYgy dEe ZHd AW A¥EE HBe F
EFARA AEFLE ¢ £ Atk AFsA 2" HETTY ADA,
FUA AGE g, B AGRol HdEVY AFEA HEZ
s8d 4 e FEL AJa dvh M HR7AI="e A
¢S #E Autzigel W Q7 g AAHIT YU
HAHNM & FHA ARkl sk, Aol & HEAN2E T4

e A8 AFAAE zAetm FAACBokl #uw  FIWAL

2 . @A

S

FAA ROk FAbse dAYolEol AR R Hue

Ae Yad @

« ARy FFY wdH

+ muEd BHAH @ 2 WY

s Aoj=ZHEe ¥

o EZFWAE, AelEs 2 xFEse 83
 CHEREL

r Aozl AxEd 2 AT

4oz HAY FAE
sshe AEIIAaYe g@ A7 Rugn g BEAME

ol& WEH PR AEE A A
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{1}  ROBEX
19881 Lewin 3 Morari® &= Z 3o W ZAARgue
B2 FREdeaa e Aol AAY e o @ zwa

S HolAg HAg 2 =S EF¥E HFt= HEsIA~H ROBEX

M

& WENAT a5e ¥FY 2dge PA- M¥ndamy (Li-
near Model Identification)ﬁc}\g% =3 gy 4 2l o
A2 dA g3 wugyezry wagHr puue =
B BAE Badde BHUN 998 MARSd Bz aq
o E=& Aol AN (robustness )z gy ( stability ) o
W& AFH Y oXE( Performance Index ) & Mgste] Aol A
AL ZIEe] HmEH Fojr = Morari Fo] 1986 ¥ &
1MC(Internal Model Control)10) 5 A& o

ROBEX = KBES(Knowledge-Based Expert System) Jz& 2]
Hetel mHE Fzo ABYEY 2 ( Information Network )= RB
( Rule-Base ) = ¥ 3w KB ( Knowledge-Base )E F¥E &
S® AR FHEH 9ig Ay = =S g, =g
FEMENIS Z xfcod womsge za TA A Abe] o] g5
=9 Zzoadgdeld ga A okg HagdseZgn, AL

' FdE
& FUOE2% Nyquist2EE g s 3, Al elal el g

2 E 9

v
S

2,934 2 458 A4y ga =g a8 i
2HHAY d92 A A FRE 3 EF9d %o o T}
Fst. 28lm Eq gtz BHWENZY 7 w9=2 Hozg Ao

_?_
ARGl wet AZFstetn Azwa ZxAale == wa ¢



Aede w7

+
=)
5

Z¢lx ( Inference Engine ) o2 3o F e

_7_;5_
Bqoz weEg WASA sd Agdel A FEHE A
%

As dAAs=EE sguy ad2-7e EldTFRY =9=F YEWTH

Node

( Rule )

| L
© 000 0 Chilrn® © © 0 @

Iyt

2 2-7. 4¥tdd =FE TE

Azt oo FHEANE 29, HEZEY A¥2 Mg

olon] AzZtHEY otto g B ‘ settling time ', * overshoot’
Zg @ ¢ decay ratio ' e wEE wE 292 Asd 5F
gos DEA7E AdAE AAREE ok 4 == s
AW E e downhill simplex ' @d& ol &3 drth wEH sl o

#H A= IMC SISO( Single-Input Single-Output ) A o Al 2

fru
r2

A wo| 7hsstth AlgdelE FORTRANZ  Ceojo 48 O B
AAE o &so] IBM PC-AT4eld @Y &¥H FA s

AsEd  sHolgth

(2) EMC ( Expert Multivarible Control )

1988 Tzouanas ® e Az Agd Be tEs Ao
W Eo] oYY we @ AA=R AgEd=E AHrt HLE olwE
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—

ol AlotwHol FAH AHAYY HY¥pde Fazmsugs A &
Aol ool WAFE HE ool e HAE o ol A Al 5] of
A Roe ez g3 oy wHL H2¥ 4~ Y= Ty &
AT EMCE= FHel ol 4dHE zwsm ol o) A o] 7
&, Alo] g3 E 2 Aoy HvE e Has HEA 7l 7%
T TYI 25L& FZAAY 1%, B yIay b =1 A
FA AFxzAY ul T FPol o] 2o ol WYL o
ol d9EA A" £ Yz AT old] waE Ao Ta
o WAA N2e FAHAYSG, Aojws 71 zAwloe AE5g A
Ao P WP AN o8 =8¢ge "y w w4
FEAe] ALE gz gysgul
2¥2-82 EMCY FxE v el o
F Sensors
Inference strategles i
1 Process
t .
e
r Controllers

Control knowledge

Process knowledge

Description of

Process structure

control algorithe

Tuning methods

Equipment description

Loop selection

Process constraints

Methods

Process status

Sensor history

2Y 2-8 EMCo F=x

43
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EMCE 7709 =E= ZDH BE7 gold FEE ORI
Qo AAEawde Az Ade 54 s AU
= KB RBo AZHEES sdn. d8sd @A¥ER 424

o wes wEse ¥gd Ase TP (frame Jo= X

%_
ez AelyaS5e A4ag3A ( Production Rule Yo ¥z EHE
£ gt

st 223 oY Esd Ade ¥4 (function )FHE  FI
ahed ot

EMCe] RBo| Add Sawdold ng APYIEL 9F
3 2o

(A7) ER @Y AFAAD
+ xwAlole] Aoy PIAYE o] &3t}
P g4 T BA A4 f¥oez dd8 Addc B

+ fEe o 2" fFoz AHYE Aojst= L=

rl

PIxjol & o] &3t

(Ao F2 BE BEYAD

» BEHl7l 5n 2 F$dE R-V AATZE AL & 84

segse AgIL=s l.2ug #He FLde 2%

24 & olgs FEAATEE A& ded

v @BRdm w4 ANEY #F% WL EHIHY B
o xdge ggoz PHA = ddE Ao
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(AT AAMd7t 3249 A% AFHIA)
+ BAE3E AdE Adsizd A AAEY FEHL Ao
kA ke

x A¥e S%7 9 Fdw@d weg WA A @k

(A&E #F3zEdE7r ¥3 due A+ FIEHAD

+ o] A% ¥"¥A F& AT § X FxAde ETF
st

« FRE ol ALAA AVt FEART ¢ F 8l

PI

ag 2-9. (D, BHYAA+Z
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EMC= =2d2-98 g (D,B)7Fzd IFFHFEAAA o &
gxEs Axzh 2FY AL 2" 2-10 7 2O Aol Fxe WA
A7a Aol SetuleE wHAn AdAE A ottt FH, =9
s¥zAgusl ¥ida A 2¥E2-11HF HS Aol A9 WstkE A

qret,

‘—\-‘}—-}G >q—ﬂ_.__._n.

T. - ‘(d

Retuned for SIS0

)
1

spvironment f 1]

ag2-10. gAFE A 23N Aol Alel W3



Retuned for SIS0 [5P
snvironment .

0
T

ag2-11. ~¥ fF=zA988 I3A] AojAe w3l
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(3) Adaptive Regulator
19864 AstromE 19 & Aeiy e FEAR AAHLE
goe we AUWAL ARAN2Pozr WATLRA A& %
gee wesdsln o de ¥ Ad AoAs FHAHE <
2g sgsanh A2 AdA Helmd Fxd d¥z2 HE7
Nade sdsta Aolrwel FH4E mxsarh Addsd 9%
g mxEe Fad axe A dg oA #Hel FH
2 -gwmar ol oEVfExAE EEA A=
Ae 9eg Bz 9ok ol® FWAA, K FAAAS &
9 A¥YYAe AB/M 26 ®HIFE WHLE RBES (Rule-Base
Expert System) & 713 HdE ¢ WRoR AgEn 7z FARLET)
ga:oloty 27g AHI}AT
Qe zdAc e g Ag dAFdod dAE 4= A
g AENA AP 2IFEE HFHAFZ RB 7048 44 A
ANZT AHg71E S VAX 11/780°3 Abg¢lel= LISP$t OPSY4
stk 2Ey AF@ oue) AN Aels AE/MAN=IS FTHE
e &g AEAN2E ALE =TV Agsx WoeERER
olzgle =79 Jgel WHAYL FEIAT

@) CACE( Computer-Aided Control Engineering) -
1987 James £ 13 g 43 SISO&EH o gk ‘lead-lag’
w7l AAS WEZFA =W CACE-T ot d7dHg &

wago 1se Fa4sw ¥ uFY 99 ol5#% ‘lead” ¥
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4712 Az Felel flag’ EAIE EUFoEN Fofe
¥ % AFH A9 =FR

FxA2E FEozm CLADP(Cambridge Linear Analysis and
Design Program) & o] &3lsdim 300702 AITEHL A3 gy
2 ¥t A8" AESA2E ALE =T DELPHIelw 4}

8.7]% & VAX 11/785 ¢ t}.

(5) PI Controller Tuner

1987d Porter 5 14 o PIaolsle matdyg Fdo @B
A48 LE AR FYE ARMAN2AE st ase Zi-
egler 2} Nichols ¥ o] 23 A7} Hevge] %7 Fdolx
#A el 14 ( Pattern-Recognition ) wre] o8 oy 89 Kol o
FolZAttes AMdd  Add FA A mEH &3z g #HH
A4 WHL ARAAN2RY mFz o&3du. THY AHdAdAE

2 HI3AN7I TR ¥y AHodyg wWIE #dge=
o Aozl HASHEHE FdEsdY 252 HIz Fxsde A™

* too low monotone

* too low oscillatory

* overshoot undershoot

* no overshoot undershoot

* no overshoot no yndershoot

49



* overshoot no undershoot
* overshoot monotone
« overshoot oscillatory

« over safety limit

=g Az TREAe G&d 2ol EF3r ok
«+ no delay monotone

* no delay oscillatory

+ short delay monotone

« short delay oscillatory

+ medium delay monotone

« medium delay oscillatory

+ long delay monotone

* long delay oscillatory

et o] Bz A=Y FRHIEAS %%ﬁli 7y 7} &
Aed w@@dHE FYdeg RBEREH ol Jadgg 79 Th
suwAe de et 2o

slalz Sgaydel z2¥2-12¢% 2 ME 2ggel * medium

delay monotone 'dw, F

IF (the control variable continues to increase after the
transient first crosses the set-point)

THEN (reduce the integral gain by setting

50



¥ 2-12. "3 7 #x-2w ( overshoot undershoot )

6) Distillation Control Design

1988 BirkyE B e =35

of

Fo] ©@ SISO DCS( Dis-
tributed Control Systems ) & FAsle AFFAIAHRE WHxsHTE
A2 EH Woez #$E&TFAHe Ao ( Idiomatic Control ) ek GTST
( Goal Tree-Success Tree ) o] A FHL Fu dAxHAck A
oJAlel AL Jled d¥ FRIFEZHRH AP fe ASL
Az AAN drie ARozm AFsm FRF R MHo Zo

Fold 4% F o 999 ¥/ JWe =S F3FA Ao

-4

=

€ Ad¥ste YHES ARG 25L& Bristole] sojs] A td
‘ idiomatic ' Aoy FFe FEA W FHAAHIG Yz HEd A& 9}
DR S8HE= GTSTRHC 23 AEFEHL ol &3 o

of
0

+d9 Al nEHelel & AlYgE X 2-13 E 229
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el 12 3 2x EE=2 EHSHT Ao FAY FHax
g BETHI E2-3% ol EASAT =I FHFTA Aol
THkE FAle 29 2-13, 2y 2-14, ¥ 2-15, 28 2-169% 9
2-172 GISTER 2 HHASNY HEZMAN2EE 3 9L 928
EE &tk 22lu  idiomaticao] HAWYL ZA=Z AHojA 4
Aol #dg A4g GCTSTEYZ FHsie A3 AA7E =Ty

(frame )o 2 F © HA 8" 4 & vy

3. 71¢d Y} B4

ol el mAs wupeh o] TAAM Motk EalY o
2 Aesel du EAY FHaz Zde dge o2l A7
FurstA FAHYD Y7l BB olE ol 43 TIF A AY
o Agel FAH3 Yt AHelh FAE Aoz b g o
R BEAAHRE aAE dwd ¥Y AAMd gy AoATA
A7A, £¢ SISOA AN MIMOA O AZAX 8n zdd =
of gmHEAMRY Ha Mo LuHUEANE F watste 7 2
°ke] HAEsIEel 48 AF ANAH HAYL HFEINANAHer
dsta Ao

Aol & AEF/NN2BL S44 71&9 FARENNAHY AR

)

‘@ WUEF RBE o3 FRE A Hol ogsm You,
A4 B4 o 2 FEYHS GFNgo=zm NP Ax
9o BEE FHAZ 4 AP =@ Aol BAW AFe I

¢ dudEsE ANE FRANAW 8% 4 YEF sk o
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FIND "BEST OVERALL
CONTROL SYSTEM FOR
OPERATION AT ALL
TIMES

oY 2-14 Goal-tree for subgoal 1
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DETERMINE "BEST” DETERMINE DETERMINE CON- IMPLEMENT
REGULATORY CONTROL SYSTEM TROL LOOPS FOR CONTROL
CONTROL SYSTEM FOR CONSTRAINT SUPERIOR CONTROL SYSTEM
(NORMAL OPER,) OPERATION DURING TRANSIENTS
1% 2-13. Root goal and level 1 subgoals
DETERMINE "BEST"
REGULATORY CONTROL
SYSTEM FOR MORMAL
OPERATION
DETERMINE DETERMINE
VARIABLE PAIRING VARIABLE PAIRING
FOR COMPOSITION FOR MATERIAL
CONTROL BALANCE CONTROL
DETERMINE DETERMINE DETERMINE DETERMINE DETERMINE
VARIABLE VARIABLE VARIABLE VARIABLE VARIABLE
FOR DISTILLATE FOR BOTTOM FOR FOR REFLUX FOR COLUMN
COMPOSITION COMPOSITION PRESSURE DRUM LEVEL BASE LEVEL |
CONTROL CONTROL CONTROL CONTROL CONTROL




DETERMINE CONTROL
SYSTEM FOR -
CONSTRAINT
OPERATION
DETERMINE DETERMINE DETERMINE
OYERRIDES FOR OVERRIDES TO OVERRIDES TO
LEVEL CONTROL AYOID FLOODING AYOID WEEPING
DETERMINE DETER¥ NE OVERRIDE HEAT OVERRIDE HEAT
OVERRIDES FOR OVERRI ES FOR INPUT WITH INPUT WITH
REFLUX DRUM COLUMN BASE DIFFERENTIAL MINIMUM HEAT
LEVEL CONTROL LEVEL ONTROL PRESSURE CONTROL

OVERRIDE SIGNAL
FOR REFLUX OR
DISTILLATE FLOW
(ONE USED FOR
COMPOSITION
CONTROL)

OVERRIDE SIGNAL
FOR BOTTOM FLOW
OR HEAT INPUT
(ONE USED FOR
COMOPSITION
CONTROL)

1% 2-15, Goal-tree for subgoal 2

DETERMINE
SUPPORTIVE CONTROL
IDIOMS FOR IMPROVED
CONTROL DURING

TRANSIENTS

DETERMINE CONTROL DETERMINE IDIOMS
IDIOMS TO AVOID TO COMPENSATE
LAG IN REFLUX FOR FEED FLOW
DRUM LEVEL CONTROL UPSETS

USE REFLUX PLUS RATIO HEAT
DISTILLATE (L+D) INPUT TC

TG CONTROL FEED FLOW
REFLUX DRUM

LEYEL

58

DETERMINE IDIOMS
TO COMPENSATE
FOR HEAT INPUT
DISTURBANCES

DETERMINE IDIOMS
TO COMPENSATE
FOR FLOW UPSETS
QUICKLY

CASCADE CONTROL
SIGNAL TO HEAT
INPUT TO BTU
CONTROLLER

13 2-16. Goal-tree for subgoal 3

CASCADE CONTROL
SIGNAL FOR FLOWS
TO FLOW
CONTROLLERS




DETERMINE
CONTROL SYSTEM

IMPLEMENTATION

DETERMINE TRANS- DETERMINE DETERMINE
FORMATIONS FROM LOCATION OF LOCATION OF
CONTROL SIGNALS NECESSARY NECESSARY SUP-
TO FLOW SIGNALS SELECTORS FOR PORTIVE CONTROL
b,L,V,B OVERRIDES IDIOMS

DETERMINE DETERMINE DETERMINE

LOCATION OF LOCATION OF LOCATION OF

SELECTORS FOR SELECTORS TO SELECTORS TQ

LEVEL OVERRIDES AVOID FLOODING AVOID WEEPING

DETERMINE
LOCATION OF
SELECTORS FOR
REFLUX DRUM
LEVEL OVERRIDES

DETERMINE
LOCATION OF
SELECTORS FOR
COLUMN BASE
LEVEL OVERRIDES

1% 2-17. Goal-tree for subgoal 14
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Rue] Fpmdde 2 HEg Folow Frh 2 AA =
dg AErAa"e ARg AsfMe v AEA 2" A
g =39 A%e BEF FHel Brh WA AREAA 2 ALE
o) FEaA @n AR B FEHE ¥HE AR =9
g AgsE Aol ugAsth ¢ AJ#HA A& Byl 8
AW e AAsHe BB 2RE zEIsd Addn HFHo=
A7te] mEe Fgstt oz Aol Ref uted udEH A S
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Al 3 stshed A4 e HH

A1d A 2

gt FAZAY AL diolee e FYR AEolAg e

A AF 2 FE FAT e o &tk olsie] 9%

&4<A AZE A% Softw-

are Alx8l9 HgAdL LYHAFH niFs ey dE Al 24 9

o] AAZ o &= Algd L 1970W FyHE o] FHEH
=

#RAETT AagdMel FAA4 m¥e IF-THEN 84

2] production rule @eje} frame W Aol F=2 o]8&Hr}t Frame

wAe AEH AY oden FAHY e HAY @9  process

o #mY"E AHE L £ uolge A Hgsith o el

rr

A4l AME  prototype AEVL AlAsdA ojgdn = o

olg} wlolxe A =L Sgu

%
)

gfi gl A2 e F
2 tree7xE $&F ¥ dolg dlolx FAHS TF: gl
o HIHoMde tree F ol9dl linked list FZRE ZE3

4 delg ZIPWS BF¥n U Grldd 9Rm e B3
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AAel HEWHo] ARE EE ofuyuv graphd FHo}
5=

_‘f_
S w89 A mawy F 9¢ Heln Hy T4
HolL vherdt FHANe EFEWYPEe B A7 2aAdEe] by

2ot HEJdA d7E Roltk

A2d FH dolg wojxd T4

1. Helgt FTxo &

UF AF (AL) Y 7z27 sl giiEe du5Ee ¥y
Hog ¢ N e 2 o449 dHolg Wolags WeE I A
7F Al&gd B0 2E AFRUY YL HASE dolel o
A 1 Aadle FHA %e F2E A ded gy Mo
v dolg Hiolxe TZREE gAE ( list ) T3&, stack, Queue,
Ef (tree) FE & § F U o FREL “C" dAdq

Zlzste 4sEziz o

Bl 2E FEE ME $8% Holw T2F9 uUE  “node”
@G Bate 22 (element) ¢ wjga olfoat Yrrgz
B ARREEY “head”st BREIA “tail” e XA g ga

EY Z nodew 2R L FRE et grEFx 7t %

F¥ B4e §4d 5S4 Ut &, # nodest dAFE fa

Ed F7HAY, AAERE wd (array) Hol= ¥ E (pointer) =
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AHE o A HHot, BAE S 7} node = T OREeR FAm

A

o % gxze HolEtE A Agith o] Holeles wigolagy
24 = TEHAZS EAHs F % JTE node 9 1}u x| s

= 2
TEE H2EY ©E noded AAZ Uz g gt
5 H2EE wEmQ Tzg 2y pziz TEAEY 2EE

EX F2AES 2 node o e w4s Aas dEE

rr

H{RA. o] AL node = &3 Zol Hem £ =]

32

Struct node

{

L1l item

struet node * next ;
b

typedef struct node node _ t °

°of A% AL wmza item 2} nodeo]A A4 dielg 3t

T AR}A H3 XUAH WA next = Th& noded Faz
ekl "2 99 pzE = HAEE 2¥oE Yy oo
n g~
item|——— titem| ——— .| jtem| —in ...
g 3.1 e list 7z 24)

IH 3.1 BE gy 2ol W4 ¢ jtem ” & Zt node 9
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o R TAgoel =W Lolelel  “ next " Z}  node ¢ =) &)
2Agel Brk uiFE Ao dYaEY Z+ node L1 B s
9 dolge /3

& glem®g < node¥ 7zH U2 Ad
stz ol ETh fEEth

AN

Struct node
{ info _ t item ,
gtruct node * next,
}
typedef stuct node node_.t
gt za: &7A  info.tE A node ol A A AT dojgr FEH
woE o Held sgolty ol 2A TEAAT HUERE ag 3.1
3 e nodeFEl AW Hold A node 7} @Y w&rb oy
wats FaAsE @tk ol ¥A TAE H=EES 2742 BAAE
pug 1 & dubE node oA node 2 ARasA 2E W
m o9 zhzte]  assignment 5 A Fojol 3R YXE
27 sess daed TARUCH 2w FHE oAl AT
o} i Aotk o E siastz] ¢l assign tunction & &
o] AAze BrEs TEAR ¥9
S] = 52

o] o] 7tF&Ah F  assign function & Si, S2 7} Fagas



assign (51, S2) ;
info_t =% S1, * 52 ;

{

/ * assign each component of struct2 to structl */
}
2 e #Es Hol FxA Sioa S2E AFE Yysges x2E
ATA dd A% e FzE UL w2E Fdd A
assign function & 1©jd] FE8ls] T “# incude " FL AlL

3ted B3 assign function & Al&3H Hok SwHA= TR}

Za9 ERAI}E AHME gE279 ZFazhe BLe e folegE n
ol "o otk oW EFAEL #EIH7] s dHe %
JHE FHE, AHE Fae eAE node S TWE 4 gtk &
Aodelet7t AAH ge Fawe @I H=E 87 Y
stubel ZUE o itemd wolgst AAE e e F25

5]
Ao o Wwe Y320 usslo,

item |item

% 3.2 Mg gz 722

.
.
.
A 4
—

o

Linked LIST %2 A}23l7] Ssjds <©i MALLOC It

CALLOCS9 & function @ ol £3a 2z noded 719 FAE
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Aol EAE L UIClEE 2 A ghek,

N
~
oY 19

A7 ZAHoler sed  YIHOR
gru8 Bg AR RE& NLL zoges AFFe=zHN 4
fAt (¥ 3.3%=%), H2ES Azree mAstE ®2HA
e aAdpd en Z2oh AAE gaE AlRAREY  WAF
= a7y wUdH wsd AgEs wEel gk zau ol WRE
t}x  header node & Add AgIE Aol © Wtk ol
Aeld header node® #2ES I al~ed &= E function
7k2)  interface H¥& ok A ZtasiA e & node €9
2z FTYsHA Wy itemH golEQ nextZ FAY F W
(2w 3.4%=) &, header node] next 7t 2EQ AR WA
=z 71d8A " itemFEE Apgstx et item FEE A}
a8 4] @eoan ARLE HMIEIE sx ¢ Z node’t &
gpza TAH U7l HEA ¥ function Bo] #AIG ZH

2 A" £ UdolA HSHh
. I .__.—;\ I — \- NULL

23 3.3 gl ~E9] FHFo NULL 2£¢E AR
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unused -—-———)liq —t—— s .« — NULL

ittem item

a8 3.1 header 8§ 7} node & JRI} £ ZYAE W

%, header o] #WeW ARET AZY F U=T

Struct head

{ int length ; /% current length of list %/
node _t #first, *last i /% pointers to first and %/
/% last elments %/

¥

s ol Wz FZAE FAHAY Fe Ytk olBE NA%LE ¥

o] 4AR3AT FY2EUWS nodes1}t AT nodeodl HF  Fi

olf

B ge Foo HEE AFYE £ Yol AF @l 2tk

Z custom header &1 3tk o =wo g FR7F 29 3.5 9
st ok 1
length! last fi;‘st ” [ —N—3 e s e ] NULL
adg 3.5 Custom header & 7}z FZ248
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header (X% tail) node 9

FzAA 2

component o

node &

gol Ak =

Slel

1%

next & 1

qze 2 biEels Z gt header node
NARLE FHFL 1 RE noded AT
t} ¢olx wF custom header & AL 2& 31
TzAZ FANE ANEE ~EE Bo|&E 3t&
L= Jch ##H FYAEY v R
FAEE Gioe ZAfod=
Aqzs TFAE nodedE ARY 7NHE 2= g
node o] HA& =TUAHE A

MzE W&

ojzoz AFAA

node oA T}&

node 8 F4&

iy

gtk 2¥3.5% 2E

zm o Fz7} 2¥3.63% 2o

Z el

g BrE T

¥y 3.6

node A 71 ¢}

—te 5 oo

—s a o 4

o] F7 ol
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L}, Stack

Stack & xE9 Swd Heloth ywxEe fiE  px

T ougE 24 53bAT, Stacke  item 9 A7k A A )
& HA F Stack9 AdelAw sk @A Srack of it-

emel H7bHE e “ pushed "HYom sn AAmE Ao
“ popped 7 HUum T

olzigt EAuF o Stacke LI FO(Last In First Out) ©)
°l8 PR BILY Stack e dE Algss= Holgt TR
o Y#Ee9 operation o] nest ¥ o] glguW]l =2 operationEL A

28 AFAdts Yol "WadA sed ow wWae go &

Ar

oft

st 3 we eSS Agsor @ o= stack o ltem &

pushdlil popgogx Has Wa ok

t}. Queues
Queue = ZC}E greo FHolth  Queue 9 E 3 e
lteme] Hrzle Loy T AAx AT LREGH sg= ol

% nodeE @#%F Wgozw Sy Yt @

i

b o Pz
dSd Atg 9 Z}  node 9) ETB2A4Ye& FIFO (First in Fiirst
Out) o2 sz Queve s =z 4sle SRR @y FPn
= AAHAHL o] 7 itemo] £y y= Wl e A

¥ AEETY g g FRcod nouseZ F4)9f AHgste] 27y

rr
1>
1

o tHgs g g &27¥ A9 9" AnET Yomay
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ar AsA AAdE delEE ARAFE Qo Had AS £
& A%l AgEh

ol AR TE FRE TET molm dWElY] WHEe HME
g NAZ AFHe AN T node i T & nodeZ £
He wa fPHo] e A= 7t nodest TFERAZ =9 3

g gy fae 729 74 nde HE XFT FHE AT

se FPaE 7 TALA B OA H2RED TEE At g@ch
o]= “ list of lists "& 1 narxy 4% A2d T $F
o Zas gL I
%, Eg &

ege A=A dogy T2 dd AeHN e TE
=0 sz WwxAA ¥ & FIIR EIHE gAE TEA

9 7 nodeo] MAB dolHE olFojAu HAE FEAE =
2 #2te] nodest Mz AFAY AAE e 5 2 27t

2Y3.73% Zo

193,70 E"g 729 9
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Eg4+ZE  “ root ” g

flr

=8 %

K

49 nodest, TjolA

GE nodeZ #MojulrtA] k= “leaf node 7, 37 oAy A=

=]

& node® FAHE Yurxed nodeFoF FAHUY o EFpz:
= 7}74]94 T4l ®iso] parent, child,ancestor pnode E.0 &
2E%7lE #h F HA4IY node9l “root "E RE  noded
ancestor 7} 3l leaf node & descendants & 3lux st A
T 28 3.7 node A¥ leaf node Bst C ¢ parento} &
Bol Cx= 3dAr7 =4

Y2E FRM noded HAE HuEled gAEQ  header
EAE L AWl nodert sl AZsA & nodersl ol o)A
HA% 2272 Aol # nodert @Al oA #A ch-
ild node & 7bd 4 glen] & wi#osw wWojusie Ao of
HER2 538 FeAE oA gk noded 4AE o4 Az

Z Aestdor 2} node & FWAW ARstUM EFYY TE node

i

A" & ATk

EZTZE noded #A4E AHst:= WPoZE pre-order, in-
order, post-order 7} <lth

* Pre-Order

of ¥RIYFL FHUY roots F-2E oojAE B tree

£o8 £ME AHEv (a9 3.832)

73



7 8 20 21 22

1% 3.8 pre order listing24

* In-Order
Pre-order Al&® oM root m=HE leaf node kA ot el
z «ME 3BA b= wt® In-order Al AE of) A = AR 9%

-

o] 9l child¥% treed Bsg o rootE listing 8}

fd
W
i
o
o

a4 3.9, In-orden listing?24)
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* Post-Order
Post order d2¥€e ns Rae eEldEs A H  root
9 node® HuTH: Aol »e F guAEd d=d x4
& Egg H-% goz Asn roord =ME AN (2

_t:lg_
Y3.10F%)

22 gAasoe Urt2EE 2zt nodeolr] 71& 4 3 chnild node
~g @38 FAY wez A FE FAA wgel 9 F
s ¢t

24  child node 7+ TAHel Y& AL F kA pu@

F29¢  binary Eg32E Hzah, (2€93.11) o214 2z node

rr

0, 1, ¥ 2719 child node & 7}38 %4 3lck
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1y 3.11 Binary E8Tx

2 Child node & & (left), ¥ (right) node 2% &%

M o] binaryE# FEol W@ data FRE TEF AW

Struct bin-node

{

hold t * c¢lement ;
Struct bin_node * left
Struct bin_node * right ;
Struct bin_node #* parent

}

typedef struct bin-node bin-t

o714 ol HEl hold_t¥E nodeol AFsHILA e A
v 83, og A FzAtt F element &= 1 node?
golelg ARsm: leftdt right e A binary # ,% no-
de o Z<9E7, parent o= “ backing up ” Al of & parent no-

deo] ™a A7 Sod olwde A ZF Aol Child
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node & HA&FE F gle A 5AHY treeg HF

fr

T 3 o

—

el A AW HBA}. child node & B|E ( array )& Al&3lE o A1

GAE FRE2 A2doZM child node 8 olH FIA7NBE Z7}

g

A e FAle By¥gs HFE wWrRoE @33 gol

= He FY& Zevh oW childe]l # nodez E TE o

(e
2
Im
®
4
PN
i
1o
i
o
)

#e FAEN

o] child node 8 2zt EUGTRE Wg 2o A9

Struct info

{

hold_t * element.
struct head * children ;
struct info * parent

b

typedef struct into info_t

o] HE EZL Z noder= (info_t o] &%) AAY ==

QHE o Foaty (2¥3.12FZ) WA ToAEH element =

22 node® dleletr FEE vteizlth A ¥<EQ children &
3 nodeo] dHelojxd U= child node & @ AEE 718l 7] =4
2 YAREE heado Zx ®= ttE Ed nedex 9 ESIHE 2
I 3E noded glAETL olojxA Hoh wz|E ¥ elEE a

parent node o] Wj3g ¥<E & parent =3 EZ nodest Hrth
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element children parent

a) EgY node =&

parent

chitdl | [child? child L

b} E? nodest XSH

a3 3,12 Quird EEY TF=&

oA ¥ EE I parent node o W& ¥ QEE  parent ET

Eg nodest ®rh EI EfEe £
geol dolg FXZ w5 £ e e 7 forest i) et
$7i= @ o forest & ¥FAdE M UV
Bl € (array) téte RLE HE =i

# define MAX §5 «+ forest §jo] E®Y &A=

info.t * node [MAX] « Eg 29 ¥2lg] array

g ol A ¥ & A
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2. HolE wWolaaagte 3
= AP E g TR Hag dolet wolxrg o
A ERFRo ) zdo dolEl o~ TEE Fdsm o
HARE A2afloz 2hdel inference engine & nHEO] el Al s
o Cl2RE wWEoz  Rule

kT

¥ Ro} RulebaseZ TFAEe g

ik

= ATANE FelY dFR BTz 7I&8te] el g
ol o] Jz= AT Ere 2 hode = I node ] o)
°lBtel #Fde W4 attribute s} TEHE A Qv 3z

Al attribute = t©S3 =z}

Struct attribute {
Char attrib [40) :
Cchar parent [40] ;
Struct attribute = next[ MAX 7]

}at

5 2ol 409 A H s attrib # I node 9 parent
node 2|  attrib = AetE W panert 7} 7o oz =

R, THE 2RE e ge node o Z<E{7}l wWiaz s 31

oAl el e] branch 7} 7}%3)u} o724 branch node & maxi-
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52 Aoslo Uent A A vt

z2aPE A
branch nodeZ 7}

num AT
£ A7 sdtn, & node & 0 ~ MAX Ate] R4 9
2 5 9o
2 a7oa AAug delg welx TR 84 4 +&F
Yoz BE 21¥3.133 2T
A % g %
—s| ol ele] = enter_node}——
g olee 8 query_node
golete] A data.save
Rule 23 A% rule.save
' . | IN
- A
Holere}] =Y load- node
233,13 dolg weolx Axde FAR VT
2 96 waa AwE
1) BEnter-node( )
dolet wolad AAsEE wHolHES ¢o EA EFd
ARsE 1%L I 4 W= o] function “malloc”™ & Ab&E
st "as 719 FAE FFE noded M T level ol
node @ AA3EA APFE Hol 3l



7t node¢te] ¥A} WH  attribolE FAHY  state 1
A% F= Uit 2 uwitE HF = Sz yrk

Top node 8} attrib§ ¢o] 59 F tree( ) TEle 4}
83  level 1o &tals T & A attribute 9 W&

1. 39 node? attrib

2. parent node 8 attriib

3. next node & FTzA ©Yg S Yol gl

°l& level 2,302 Z7AA 7lwia wExos= A} 8- 3} o
EfTEe deolyg Fzg gyen Enter_node 9] THZ £43
tH 2¥3.147 pr

mallog 71 A A g ok
clear_node 719]F A8 clear 3§
gets(strin) Holg  string & ¢o]E 9

; tning & a2 2] attrib
copy_strlng 5 nlng = '?‘ Z‘ﬂl—ﬁ—-*]

o A3
tree Fmalloc BHE2Zd FTZAd st A3
dets 5 B

copy-string

a4 3.14 enter_node ()9 F£4
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(2) query_node( )}

oSl dolezt 2z WAl ¥gHI ¥ A 1 FEE D
2

23t= inference engine o] &= mHoltl  breadth first

search ol 23A ME Tl urtEE FAHC Utk

(o]
o
1ol 72 node® 9Fod eEZFoE shWA oz XU

0;1 hey board% %‘-H I yes » o » _g_ o]:}aé.}_g_% El 019\},1:1'
“yes "2 Hd¥E node® parentz dte TEA WL o &

oot ge #HYe wkE  leaf node’t oW 2% solutiono®

MAestlh query._node( )8 T&T @315 3 #oh

Top node & T&A *pel T7F

"

i

1

Child node & &%

pp=p — next [i]

o] R A

Is {(pp— attrib) ?

ans = no

-

answer 2 wol &g

u

i=1+1

node &7}

ans — yes

level & S 7}

p=p — next [i]

29 3,15 query_node 8 TZ
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(3) data _ save( )
Enter_node( ) ol 9& <YHo] 2zt w4fo APo =
Helet &8 3tdo AFste +
&

dEdd oA
=

o
o

IBt © Al loading 3t  Ab%
o BHs] ¥ A g T AslA enter_node o A

gz AHAsl £ 2FHI}E FE 0 load_node oA
A Aol £ ‘n 7€ ¥el &  attrib/} WS L 3
Az dl7 §E&e  parent nodest HFES Ueldtk  data_gave

8 ZAi “ expert, dat "g= ol ATk

{4) rule_save( )

query _ node( )¢ F3 A#% A7l ruled EHolv 3HY
of AAsgth & IF, AND, THENE& A}lf23lo] query_node &
FatAAM Ztzh parent = AEHAW  attribel mlAgez oo
¢l attribE eI F level [elAME  attrib 1S €&
21 attrib 1 8 child oAl attrib 2& €& 3 I attriib
29 child2 AZYsH A=gs attrib 3 o] leaf nodev} 5ol
query_node{ }) 7} ¥x9® or7|H A& rule

IF (attribl)} AND (attrib?2)

THEN (attrib 3)

U d g

olFA PR ruled “ kbase. dat " Ao A

o Tgol g2 search 7l B AL AH doly HE un
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(5) Load_node( )

doel sud A%® Bug el e A% WA A
A3t FEolth enter_node 8 fAME TEF 2=t
3. AHdl @7
oo/l =g delE Mol Aot &8 Az HARS daas
g5 ARG A& worth
WAaAE 193163 #®e Flash 35 Z Aotk
O
streamd stream 4
| 2 ]
/’LZ:EW valvel
stream?2
pumpl
streamd streamg
Fal
Q pump?2
(electrical}

a9y 3.16 Flash =% %74

ol 7 Tank level of ™a @ thed 24

Q
KX
level o) ¥ A%

(1) stream 27} lowol I stream 57} normal o]t}

84



Flollh fAlofr &

QIRAMO] 4 2 T3

Buiyeay FQEgOMig Buiyeo|
St St 4 st
G wesuys!| ¢ wesd)s S weaJls
yby RO
St 14 st 14
Z wesJ)ys Z wesujys
MO 8L |8A3|

x> ToA®T juel “LI'e BT
Y
MO | mo| | BWAOU Mo |
Sto4 S E St 4 SLRE |
G wealys| |§ wesuys! |¢ weans| |g weauys
- i
Mo | { ew.aou cvps _
sL 14 st 74 sS4 14 |
s wesJuys Z weauls E@mL %
ysiy st |aa9)

[2A9]
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(2) stream 27} lowol tank® stream 5¢ @24 29
o leaking o] 9glt}
(8 stream 27} mormale]3x tank® stream 5 ¢ oA

B-9lol A leaking o] <git}

level o & #AZ;

(1) stream 27} highe]Z, stream 5 7} normale|rC}
(2) stream 27} higho]3l, stream 57} lowo|C}

(8 stream 27} normalo]il, stream 57} low o]t}
{4) stream 27} lowe]lil, stream 57} lowelt}

o] & dolg el FR=zZ YvelWd P 3,173 o

o

2 ATl hgl HolB wWolA Al2dl S YA

2¥ 3,189 #e WFst e dehdo

E  enter new data
S ! save database
Q . query

L. . load database

X . exit

Choose your option:

93,18 ®y MY 3

o7]4 Ex enter_node FHEHZ Egl dolg HlolAag g

W AAEH S save.data S AFS dlolel g Yo



A%, Q¥ query 8 & Al§ QaHE  solution & Ho} =n
L& lcad.node & Ag dlele stdel WES wrgo =ga

ALY Xg MdFogsy =z

i
+

Bg kA @ok

T ADARE dolg

2
V)
.o

& 98l “E"E ddsted oo

A dE dele F2E Qdstn drt 193099 us o g

I

Hile s dlelele parent node 7t B Wo] HAIEEZ 1 attrib

= #HE node? childnode & 2% YolEwW groh

N
[
g

3.179lA  “ level is high ™ 9] child node 7} 3 Jji Jeonvzg
gheicel  “ enter  level 2 elements » @& wWHo o 379
child node & 9#s Fu <U¥e] 2982 U] o en-
ter key & LT Save.node o FH oz QumE golelz A
Fet7] A “s5 g Add gLom query.node 2§ 3 N
C7HA 7 2’3209 (1),2) o ve dd 2d 3,176 ue
e TRE YY eMdE sde gAsHA 2 gt a3
3.21 (a) ™ 7#A% level® lowo]il stream 22 Flowrate
7} lowel®  solution & stream 5o leaking ©] gti:  sol-
ution o] EZ3 A gth query #Ae  answer 2 HAH}ES I F
THEN o &2 o]sol awo mAsn o] 5 rule bhase “kbase.

dat » o] At

2
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2% 3.19.

Choose your option:ie

enter top element
level

enter level
level

level 1is

: level 1is

high
low

enter level 2
level is high
stream 2 flowrate

+ gtream 2 flowrate
stream 2 flowrate

level 1is low
+ stream 2 flowrate
stream 2 flowrate

1 elements

elements

is
is
is

is
is

enter level 3 elements

stream 2 flowrate is
stream 5 flowrate
stream 5 flowrate

stream 2 flowrate is
stream 5 flowrate

stream 2 flowrate is
stream 5 flowrate

enter _node 2]

88

is
is

(return to quit)

{return to quit)

{return to quit)
high

normal
low

low
high

(return to quit)

high

low
normal

normal

is low

low
is low

A -d oletdiol & YPH



kX level *%%

level is high 7 n
level is low 7 ¥y
stream 2 flowrate is low v
—————————— > stream 5 is leaking

“y

IF {level is low AND stream 2 flowrate is low
THEN {(stream 5 is leaking )
k% level Xx%x
level is high 7 ¥
stream 2 flowrate is high ? n
stream 2 flowrate is normal 7?7 ¥

—————————— > stream 5 flowrate is low

IF {level is high AND stream 2 flowrate is normal)
THEN {(stream 5 flowrate is low )

=23 3.20. query_node 2] £33

A3d FAANE EE L &8

| E#AA4 Ede list3z

22 A9 wHA oM linked listrze 53 Bd

At

N A g9 mdol w$ FEFolth Linked list 7ze W+
o A gold ARHE e #Fo AgsHE W AAE
AL FAAAL daEAF|n AZANL F deBnR @9 TAH %

o] oo HAgsith 2 sizest & A4 gfel RH] list

zzaA Alg7 HAz J"HAA AR & osize= ol M A
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g % o Ut

struct record-list {char ¥data;
struct record-list ¥prev;

struct record-list *next;};

$1¢9 1list F+%xo}x data = characterd us poin-
ter 24 AA] A AHEL el £t datag A YR 3§
o= e 35Ez FAHE formateoz XHAT sy
dataufe] Hdz =2gY F Yt FE] & MAX-ITEMSAH

7 @ dataed formate & e FHem oo Ak

struct item-descriptor {int item~position;
char item_title[MAX_NAME];
int item_zsize;

int x,y;} items[MAX-ITEMS];

item-position & dataudix] & EH= 1temo] =X|FHA L |
AE vguid T 24 ALEATE A F&  item 9

size(bytes Yo wat AEHozm ZAHEUY item_titleg =~
zAd AANHE itemd WP ozA A FFelur F Al mH
ApgA7 AR Folof ddh x9d yv slgdHs itemeol 23
A AAEE t2 2 Az#ARE nsiedl HA AHEA
7B dg=z ANE F£ vk FAAHS linked list Fzol 93

8 2 Agd#AHe g 3-21 wel upgl o,

sy

90



SR Y 4Y ——->- enter_record

define record
display items
get_data
store node

|
!

revise list

I find

find node
TAHA2) 2] & select item
change item
delete item

——+ examine list

display record

)
1

| save list
|

214 dlojery) =% Wloading

l
1

load list

a2y 3-21. FAA e list4d g o
A 2] @A

b ANEHFx] AH

define-record function& record-list3 =9 data
A AA=E FHANY P22 d4ddd Fo Z oAy FHou
A 54 % #2¥sd8s A4 AJgo me} A gt del =

data item¢ titlez: sizeX g A3l 4+ 9t define _



record ¢] d®lolg item AFARL G2 1¥ 3-22 ¢} 7ol

g B & vk

define_record

initialize record

.

i

define item title,
item size and
item coordinates

|

1

iteme] 2%

|
!

a3 3-22. 24 A4 dolee format
initialize-record routine & FTA X2 dleole Wloji

o ®Ew F WL ZUgsg AARAN Fo o routine oA =

2R iteme 4 HeAE A 4FY HE A 2El oA o] &F
gr #E wWHel listFzol i@ polnterdAsae 27

#r ol Fogzul TFef HEI-1 & define-record <ol 8 2

wxz routineE9 l%g 84% Zolr
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3} 3-L

define-record H.£

routine 2] 7%

function

7] 3

initialize record
get_data
display_item
select item

WLEFge 271%
titled] ¥

AAD itemEY A4
gAY itemd) A4

B e P I

2RANe JHe

Zolz} ¢o] define_record routined ¢std AAH

gl item format <

uf 2}

enter_record function ¢j

AeAE AR

enter record

!

display_1items

change_1item

l

1

|

store_node

J

—3 2-23. enter-record routine 9 7%

93
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Al 985 = Holelx= store_node functioned] 28 lin-
ked list Fz2 ®H&E9Y 19 3-23& enter_record func-
tione 7]5& ZAS Aelw H3-2x 4 HE=FFEY 71T

ks Aol

¥ 3-9 enter.record H* routinees?] 7] %

function 71 3
display item ARR itemEY AlAl
get_data TR A48 YE
select item 2AY FAHAA itemd A3
store_node linked list 7+&29 ¥¥

9. FRANY wA
Qens zAAAde Fad wa Avzol HANAZT &

goler @k BE QU@ dolged mFe 2w AFHS ¢

fr

=2 v olee] revisiony AfFZgor & Holth olFF 7
o revise-list functionel <2lslg ol Folzn 17 3-24 &+
revise-.list functione 71%& =TA8 Aol H3-3& 7}

HxgsEs 715 a9 Aol

924



revise list

|

1

display items

l

select item

i

get data

display_record

1

[

select item

)

change item

a9 3-24.

revise.lilist routine 9
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% 3-3 revise-listX® X

routine & 7%

function

7 5

display_item
select_item
get data

find
display_record
change_item

NAE itemE 2 AAl

2% FAXA itemd] A%
A7t e R4 item title
9] ¥4¥

BAY liste] A

B8 x4 oot A4
28 ZRAAY UY

change_item routine &

oo oy3-2eAe e

2AANA Fo

display_record

find position
get position

get data

change_item routine ¢

71%F

2AAA doled & T

gees pagedn AAAed ose I3A

o] o FARAAY dolEE
change_item
b e ) =
2d 3-25.
al. BRAAN L& EHags
Jed AdAdF FE
23 988 =
22 ®oelgE #HFH 229

AN Fo HFHE =

g ol
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Haavw floppy vlxz 4o FAAY deolegs AR

ohgd HgE A9

3 9gs @t u gk Cursord {50y A=8l T= line

o =A7)¥Ee ol

att
4

il

e
T

AMailel 288 & gtk g T3-4&= A olgHz

g5 71%e a9

< AN 549

loading &g v wolrx ys3tle

9l = function Zojy

8 language manual Sz X e 7 RolE £ gt} ol S

Sgol WA wrz RAANAA

Aol o,

function

7] 5

examine list
delete item
commentl, comment?2
golo xy

clear line

clear screen

list woleltz2 AZ
Fol A iteme] A}
command &} A} A

ARE ARANZ2Y cursord olF

Z1EHE lined} AtA)
SER9 AA

2. ¥4 dHeletyd =¥

satgAgdel AAME =
3 #wEH #HEdE AsE s xdEn
a3t dEFH B 2=A

FA L Hpd A5l I8

A

nHdE

29

F

qFddFde B o+ e

del 53 networkz AR Yyl FIFHogE

ArgstE AFom ALHD,

ol & HAAMM F FA

z, 24 =4,

Ho
ofo
s
ofs
L
=

A 2t &
el Ewstd HAHe=z BEHE
¥ 27}

9 s @



T

d4n Ade mgAe Fde #AMHA FAE AAAel L TE
Aol zdol WaHolrh FAAER FTEY 7HF (EdF H7 2
gen ge BrA HEF Azl APEHE Anss FA3A

A dolguel el JFANA Hrlz @k

Synthesis Gas 2| A =x:
CH, + H,0 - 3H,+ CO
Zzgexg 830 — 850 T
oWl : 400 - 500 psig

A &5 = #uf : Promoted nickel based

=

ol el g9 Al FE:
2H, + CO — CH,OH
xHe . 250 — 260 C

opgmgl : 725 — 1176 psig

Formaldehyde ¢ A %:
CH,OH -» HCOH + H,
exg] @ 400 — 425 TC
gHHY U
AeHE Fuf o Fe(Mo 0O,),

F&:98%

ZAr9 Al

CH,OH + CO — CH,COOH

98



259 200 C
d=t e 215 psig
Al 8-&n] : Rhodium promoted by iodine

F&: 99 %

Methyl Chloride o] Al = :
2= el 1 340 - 350 C
G )t
AvgZ 0] : Ignited alumina gel, chloride on pum-
ice, etc,

*8&195%

Methylamines ¢ Al % :
CH,OH + NH, — CH,NH, + H,O
CH,OH + CH,NH, — (CH{),NH + H,O
CH,OH + (CH,),NH — (CH,),N + H,0
2x=Hsg] @ 380 - 450 C
et g ¢ 200 psi
Alg &y : Alumina - gel

F& : 95% (on methane)

deb pe B cdolds He e mal wheh gk
wre s QuEe Asded WeH iteme dolg welx 7

zo] AYAPezd wgAe dHE FojdA ¥ F 3T

99



CHEMICALS : Synthesis Gas

Temperature : 830 - 850 C
Pressure : 400 - 500 psig
Catalyst : Promoted nickel based
Yield :

Is entry OK? (Y/N)-

CHEMICALS : Methanol

Temperature : 250 - 260 C
Pressure : 725 - 1176 psig
catalyst : Cu + Small amounts of Zn + a component

Yield :

Is entry OK? (Y/N):

CHEMICALS : Formaldehyde

Temperature : 400 - 425 C
Pressure : Atmospheric
catalyst : Fe{(Mo04)3
Yield : 98%

Is entry OK? (Y/N):
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mede gde Agsdded wed itemg

=

oll

g s 200

A= AH - 215 psig

A} & &0 : Rhoedium promoted by iodine

& 999

Methyl Chloride ] A x:
el L 340 - 350 C

dE YUY Ao

At g} : Ignited alumina gel, chloride on pum-

ice, etc,

28 1 95 %

Methylamines & Al x:

CH,O0H + NH, -» CH,NH, + H,0

CH,0H + CH,NH, — (CH,),NH 4+ H,O

CH,OH + (CH,),NH — (CH,);N + H,0

S X 380 - 450 C
otz o] @ 200 psi
Abg &0 @ Alumina - gel

& : 95% (on methane)

g e FAH dolee g¥€L HEol

ddAgezxa meAd dHEE golsti

99

ral

o ol o] &

g

A
T

ap o} o
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CHEMICALS :

Temperature !

Pressure :
Catalyst :
Yield :

synthesis Gas

£30 — 850 C
400 - 500 psig
pPromoted nickel based

1¢ entry OK? (Y/N):
CHEMICALS : Methanol
Temperature : 250 - 260 C
Pressure : 725 - 1176 psig
catalyst : Cu + Small amounts of Zn + a compeonent
Yield :

Is entry OK?

(Y/N):

CHEMICALS :

Temperature :

Pressure :
Catalyst -
Yield :

Ig entry OK?

Formaldehyde

400 - 425
Atmospheric
Fe (Mo04)3

92%

(Y/N):
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CHEMICALS : Acetic Acid

Temperature : 200 C

Pressure : 215 psig

Catalyst : Rhodium promcted by iodine
Yield : 99%

Is entry CK? (Y/N):

CHEMICALS : Methyl Chloride

Temperature : 340 - 350 C

Pressure : Substantially atmospheric

Catalyst : Ignited alumina gel, zinc chloride on pumice
Yield : 95%

Is entry OK? (Y/N):

CHEMICALS : Methylamines

Temperature : 380 - 450 C
Pressure : 200 psi
Catalyst : Alumina-ge’
Yield : 95% (on methane)

Is entry OK? (Y/N):
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o} ol <d¥dA FTHPH dolele] & AT H
°letel AF=E AF, AEHE dolud AA, A2E w4
4, 71 dHoeletd RA Fol LolA o FoA S ojel ok
ol#|gt Z15E& dHelgt dlolx FH 9 § & routined o]q
F dHA e #AFE key $8£71%5E8 Fristn "aed o
Astes JlsEss FEE F s FrEL Zadsld FoEs
7besl A Hrl2A el g™y dolele] AFNE Sy

£ Hold ©ey 2

CHEMICALS : Acetic Acid

Temperature : 200 C

Pressure : 215 psig

Catalyst : Rhodium promcted by iodine
Yield : 99%

Up arrow: backward
Return: to main menu

Down arrow: forward
End: end

Home: beginning
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CHEMICALS : Formaldehyde

Temperature : 400 - 425 C
Pressure : Atmospheric
Catalyst : Fe(Mo04)3
Yield . 98%

Down arrow: forward Up arrow: backward Home: beginning
End: end Return: to main menu

CHEMTZALS : Metharol

Temperature : 250 - 260 C

Pressure : 725 - 1176 psig

gatalyst : Cu + Small amounts of Zn + a component
Yield :

Down arrow: fcrward Up arrow: backward Home: beginning
End: end Return: tc main menu
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3 FAAHY frames ud¥

#3FgAed FAHE AAELS FA AT sl 2o
production rules frames4 Fz& =Z§oesxn e &HEF
Hog wHE + vk dz] TAHEC E 3 networkg o] F

2 e FAEQME dyol He oY sHNEIS sl

rr

object® & 1 ¢ objectEe 77t slye] frame o= 1 }E
ol & & gl+=d o A$ HEHE objectyr &  object
=3 45 dagAE frameuye] uvelle] Fe=H AaAQ
network el ax HHFel sl Atk o] dHeolg  H ol A9

84 golHE slFsE framewo zZ} 9425 Lo]&A o}

Z F YxF s Fozs Heoley HuUswe FTELE =Y
T dedH ol#HI FEL g ws Zzadst Ag £

olet e dHoelet HATZe 53 3H%¥H dARYelHd &
#HHog #&FA £ ded P 1970dg FkrE do #49
ogth XA «=2 1977d Y ¥ Chiyoda 3 4}e] CHEIS ¢}
DPLSE & & 3tk o Alx~"gE5L 28y E7A olfz &4
2 Abgol w2 FoEAch e AFe uiclel selxzmi  ICI
2} Ab¢] PEDBS} Chem Share 34}2] Design MASTER, 28 1
Prosys Technology A}2} Prodabas & & < <9t} Prodabas
= 53 sg3gde HdAE Sstod Adha deler wleo] Aotk

Frame 4 dole} #HA FzAME 72 FHefo]  Holg

A5, 28l Z4F AANEL v frame 7zt AFHHe =
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FEAL £ Jdomz FWew REC e tojgE 4l

1.

b

A dg & dod frameaszie]l §7)49 AdAde o =
B AAA KA Hag dolge $go] W

e

€&
Aog oFedd £ vk st object: class 24 gdEg
= fevl classe wE propertyge frame Fz e 1}

eel Al olE 479 Fzi: dgy pu

struct class {char class-name[MAX-STR];
struct record ¥*super-class;
struct record *sub-class;

struct f'rame ¥class-record; } ;

A4 class.name & I HEE FHo U HNFZAe ti-
tle-g <9lmslr] super_class &= &4 9 object s} & g

= 4§19 object®& 9nsaw sub.class = 5919l object

L

HEdSE & olE dEzre #AAdE ded 29 3-260 B
Hheb 2o
Record # &= dwra<¢l linked list Pz 24 A3 si-

zeo] ©oBIE uehfol Zu,

struct record {char property[MAX-STR];

struct record *next; }

r

d9d oz  super_classi}t  sub_class T 1o object

= o] #¢] )l e rx super_class ¢ sub_class title
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super class

frame
data

super €lass

super class
frame | eeeseeeers frame
data data
1

:

—
frame frame | eeeeereees frame
data data data

sub class sub class sub class

a3 3-26. Frame 4 djolgl ¥ATE
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gES 99 record g} e linked listgz= ¥ ggeozy
dlol el 3 & o AdMe AAHoa super \} sub class 9
ol olRE Aoy ux W

Hdel =& object 9 propertys Je o] 2=  fra-

meg ofid ge FTzs: oo

struct frame {char name[MAX-STR];
char formula[MAX-STR];
Char status{MAX-STR];

struct f'rame *next;} 3

X o
54 AgAd aFd my Yoz Hygs 7zse hE = gl
oA B gy 33 5|
Hel F+= frameo|rh dg Zo 239 rEzold 24 gy ez
AN deludes wres gEEe zazdss HYEedl na g

Hoframe s o&m ol MHY & go Ziol o,

struct frame {char process-unit[MAX-STR];
char reaction[MAX-STR];
struct record *operation_condition;

struct frame *next; } ;

Frame #z2 %= linked listd4 e Hau Aoz s

objecte] BUHE wE volus YA om BEsA 98 <+
Aot e R®Ryl)AN  operation conditiong i}ehyo)

s T
T
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pointer & record 3 zxE& # 3=t record 3+ % A+a} 7} linked
list Taolma ZFo]lA process unituelxel g =¢=d %

HezAES JdEd T+ AT

4 EF dele F&x

el A Aga utel ol HEFHFY dolg Wolxe FH
A7 g $4 unitE3 Z@HQQ networkE FAHsta A
7] w R olE AeBAES W asHA VERR Folek gtk ol
#Ase frames wxod s AAAezm EdE F e °f
m etela Ags wet pu, Frame 7RE BEI FRAQY ol

B #ola TA2 mysmA uge F3-50 HA FAHEH el

BE uRe umrlz #n

#3-5 ZAAADY Heleb®

z A o3 PES 1D process
HOCH2CHZ0H olgigelE PFS0001 Ethylene oxide
hydration
HOCH2CH20H ol gt} & PFS0001 Ethylene oxide
hydration
HOCH2CH20H | olg=igelE | PFS0002 Ethylene chloro-
hydrin
HOCH2CH20H | ofigtcls PFS0002 Ethylene chloro-
hydrin
CH30H o gk PFS0003 {0-H2 synthesis
CH30H HYEYE PFS0003 $0-H2 synthesis
CH30H o e PFS0004 Wood distillation
CH30H Y gE PFS0004 Wood distillation
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Object: CHEMICALS
Super class: (null)
Subclass: E0Q01

MOGO1

Formula: (null)
Item title: (null)
Status: (null)

Object: E0001

Super class:
CHEMICALS

Subclass: (null)

Object: MO0O1
Super class:

Subclass: (null)

CHEMICALS

Formula: HOCH2CH20M
Item title:
Ethylene glycol
Status:
Ethylene oxige
hydration

PFS0001

Formula: HOCHZ2CH20H
Item title:
Ethanediol
Status:
Ethylene chloro
hydrin
PFS0002

Formula: CH30H
Item title:
Methanol
Status:
CO-H2 Synthesis
PFS0003

ooooooooooooo

Formula: CH30H
Item title:

Methyl alcohol
Status:

Wood distilla-

tion

PFS0004

19 3-27. Objectulolele] Ars g
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g 3-59 wolgE goa R frameyzdl we BAEE
item title slot, =4 ¢ formula slotel, 281 PES(pro-
cess flowsheet) IDe}l process = status slotod] <&k 1r}E
9 4 gt Z object el BAE 2% 3-27¢] RS}
Fig=g

oo oz uojute] A dE I eith ztzte] object
gle] A item titleg WA framed el dek sy
objectel= An 1007e framee] #& Qed olH=Y

sizelt AlAd ZdHE FPdm= ZEA wEzHA FL Aol

Object E00018} 99 :

Object : EOCOT

Super class : CHEMICALS
Sub class :

Formula HOCHZ2CH20HS] ¥ :

Formula : HOCH2CH2COH
Item title : Ethylene glyco!

Status : Ethylene oxide hydration PFS0001
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‘nrmula @ HOCH2CHZ2GH
Ttem title : Ethanedig]

Status : Ethylene chlorohydrin PFSD002

Object MOD019) U™ :

Object : MO001

Super class : CHEMICALS
Sub class

Formula CH30HS] & :

Fomula : CH30H
Item title : Methano?

Status : CO-H2 Synthesis PF30903

Formula : CH30H
Item title : Methy! alccho?

Status . Wood dist-1aticn PFSG004
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ToEy 5x3& ob-

Frame & o}j& 3% E3 dolelitzxs
ject 457te] Aums P @A ol Helure Helth C ==

adelq  linked listPz4el Wael AMe ¢ wmaA oF

o] Rumz 7 sizerst & dolg HWolxzte M&EHA HIAZ
91t} Super class it sub class ¢ member &2 w3  HH

Ao object 24 frame 29 g FaEAHNAY frame 142

L

item titleolu formula, ¥ statusEZRAE 3l1te]  ob-

jectzA EdQY F UTh

Object: ET0Z - ———
Super class: MRO1 - | Object: MRO1
Subclass: MRO1 Super class: ET02
0X01
Subclass: ETQ2
Process: WT01
Esterification = gxo
Op.condition:

(null) Process:
MMA.recovery.
unit

Op.condition:
{____“__ (null)
l
|
Object: 0X(01
Super class: HDOL
MRO1
Subclass: MRO1
WT01
0X01
Process:
Oxidation.unit
Op.condition:
(null)

o3 3-28. Object Az7He] #A
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2@ 3-28¢ R AL wE degdmyeE mnxo (MMA)YE
e fFERe dBE framegzy HEEsdR Aotk wFH
7re] # A= super ¥ sub-class & %sle] o £ glo

k2 o o
Bl TAA ik Holele 2 objecte framee] 1iEpuk glch
A42 A B

=4 dHeletd ®dH ¢ &8> tree vz g linked
list Fx9} oo ulg2 F frames Fzxo g m{Ho=
o] Fol& 4 glgo]l FHAHUh HAAA felge ®EL IF-
THEN & 42 production rule s framewHe] oz o]Fo]x
b dlefrt dleolaol HEC FA dole woelx HE R R
A BHe4e i = depth-first ¥ breadth-first search
W elZe] &3 2 iteration v]%g siold who] o] £
=l Heole Helxel Fozo wet HAS wRle] o &FEE 3
Rk olefgh el wWe]lx2 search71H e ol Fe] A 4 FelA

G2 @ AEI Axdeld dAAes o gHuw It

dgzdld tes 9 me 259 dojte zxados
Ael 288 & Ax dolg HolAd FFHAE B AZH -
Hol B astth 2 2R 2AL Ade el Fow A
gxe 27 we A4z formatg 2& Holw AAFeE
golatdl WEolw 4 on E4H s%ol gTHE FHY =

AL AWM F.dd Fz2E 2 dolE wWoag EHA F4E
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Design
Tools

Prototyping Tools

Editors
Editors /
Debuggers inducti K
Refinement | Tracers Knowledge-Base nTo%li: " Arc:gml;i’ggg
Tools Consistancy Building Tools Editors Tools
Checkers
Compilers
tmerpreters

Taxt Editors
Menu Davelopers
Graphics Editors

Language Interfaces
Database Interfaces
Window Generators

Building Tools

29 4-4 A2 weola F£§ toold Xa7F

prototype 9] A E7F Axge oF A£HHd RHANR RAG 7
A AAZ A FEF F de Aadez FAAMA

=¥ @ol siwE prototype Alagle] AAdzA @guxm dhdEH
ZSol= A M E$ prototype Al ~€]e] sh-g FAFto]of gl
n) Z9] DEColA #3PHe e configuration o & 7sj#g XCON 2
1981 AL ALFIL Falol= <o 5004709 ruleg 713l
Al zElolglon]  VAX 7809 configuratione] o] &= o & A
AR ow HA Ragolde 1984ddE o 4,00070% rule &
747 8 Axagle=m &asEdc M2 XCON2  DECAAM A4
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assumptions
stilt correct?

no
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2y 4-6 94 OBIECT & wWAFAHoIY unit, T A%
ojngch e Y@ 4-69 =AF rule FRe vy go B

48 £ Aok

struct object r base[MAX OBJi;
struct object { char object name[MAX NAME];
struct rule rule_ list[MAX ITEM];

int num of rules; };

r-basey OBJECTEY HPez FAHHE rule wojxzir @&

AFF oyt Ty F¥H plant & FIHe Fe AH  wolxrt

at. 3vel objectE H¥Hsle F&= X+ object s tit-

les} =22 objecte] &g e= rulege =AY, a28u rule &
H

2 7499 Ruleg Fdso F

struct rule { char rule name[MAX NAME];
struct record *if list:

struct record *then list: };

dye rulee IF-228 ¥&3e] =& if-liste THEN-

Az

22e Edse F& then-listz F4du 4oy 2A, =
= W4 EFdY ozt IF-RE3R THEN- REo sizeryt z+z
g HIARNAY AFdHedMes dH 7 w i if-liste} then-

list &= 948 o linked list 322 go glon o
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T ZE recordzix HEHTY

struct record { char property[MAX STR];

struct record *next: };-

e
)
A

|

4 sizex= MAX_STRs¢ characters =AsgEe o A9

Record <zeA propertys A #dAL TFPFE ¥

HHol 2 o449 sizezx HE ALdEe dvEA record T
z29) next pointer & ol gdld % g F foBmz ofFE
721 AAdAgE 2 Fdel rhFEth

Rule 3¢ HI=2ZA FH5FF4H Aol ruleg e R
712 3t Object name & distillationoe g 331 g% b
Aol rulese oM g Tz uw ek BaHAEe oL

R

1) If distillate or bottoms flow rate are used to control a level, use a
P controller.

2) If the reflux ratio is greater than five, use of the R-V control
configuration is not allowed.

3) If the relative volatility of the distilled mixture is less than 1.2,
do not use temperature measurements for inferential control.

4) If the reflux and distillate valves are saturated, use the steam valve
to control the reflux-drum level.

9) If the RGA is unknown and the process gains are known, calculate the
RGA by using the RGA-function procedure.
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OBJECT: Distillation

RULE NAME: Rule 1

IF: distillate or bottoms flow rate are used to cont-cl a valve

THEN: use a P controller

OBJECT: Distillaticn

RULE NAME: Rule 2

IF: the reflux ratio is greater than five

THEN: use of the R-V contrcl configuration is not allowed

OBJECT: Distiliation

RULE NAME: Rule 23

IF: the relative volatility of the distilled mixture is less than 1.2
THEN: do not use temparature measurements for inferential control

CBJECT: ciztillation
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RULE NAME: Rule 4

IF: the reflux and distillate valves are saturated

THEN: use the steam valve to control the reflux-drum level

OBJECT: Distillation

RULE NAME: Rule 6

IF: the RGA is unknown and the process gains are known

THEN: calculate the RGA by using the RGA-function procedure

Process Unit

Object 1 Object 2 | ..oiinnt Object n
(Rule 1) (Rule 1) {Rule 1)

(Rule 2) (Rule 2) (Rule 2)

28 4-7. Rulewolxe] AZ3H =
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shibel @9 FFolY BAEE YW =& rule o
g

[>

= ©4e objectEz FHEG & aYW4-To m=AS B2}

2ol RAHY rule wolag Azxy Fzrz oA du

HiE7h Ax=de] fag4de rulewolxe] AE AW rule
% dUid addgom A Y AEA BAe sde Ygaou}
oA wet #Aedrh A4 welre Fmy AR wmal Ajgge
HAEHS AG5ds AHgHest ARNMN AN 582 mg Ho
#A =T B4 TA Wy rulewo] 29 £8e Fojxs
menue)  whet ALE2ZE Bed slve AdEsd % & qn o+
£ ruleg% menuse functioni&e thgo] F4-209 Xl

9 Zrh

#+4-2. Rule w#lo] 2 & menu

Rule menu functions
Rule diojele) Qe enter_rule data
Rule& o] &% ZHije K& infer rule
Rule HlojAe] A save_r base
71€ rule #]o]~2] loading load_r base

7F. Rule dolgle 9o
FE XA dFHel gojME 4 gHP= Aol A FH
Zade] veElfelxl 3 219 F e 4 o} FY2H Ag"



9= formate] @AHolck @th Rule delg formatel A

7l 52 init.base.description functione] 2]3ld 2=3) 5] = ¢
a FaNse eI 2T

—— 4 titles) X%

init base description Object $121¢] initialization

L— 2381 29 7 items] #2) 4%

Rule dlojgly] 3l & FE get.data functiond o] 3
o] #ej 7T get.data functiong AREA7H Qe Fx= W4
g 1 sized #ExHE A4 dolekE Eeot E¢lt}, IF-THEN
rulee] A$ rule titlego] gH® Fo 1IF-H™ THEN - d] o]
Byt g 9A AFI owbeh Ze IF-% THEN - o9&+
linked list Fz= o] o=z IF-condition 3 THEN -
Buo] 7tz 100 itemoluygl @AM AfFRel dlHE a] 2 A|
Z ¢ Ao

x4 dolg gAFF enter .rule-data¢] HFAA &
oo oy 4-8¢f 2 weh geor g5 JFES H4-

3ol sobsel ch

®4-3. dolet gERFd ¥

function 7] 3
display object_title object titleg] A
display rule title IF &+ THEN ¥4 A4
get_object_position object stack #1212 A%
get_rule_position rule stack ¥21e} 473
get_data 2|4 dlolEle] Y
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2

°]

U

o
|

| —

—

enter rule data

—-~- (isplay object title
display rule title

.

!

get object position

I
)

get data

.

i

get rule position

1

get data

a8 4-8. A

A4 deolEt 4o pud

5 W 2

Rule § :

rule ¢ 4]

U= A

] ol e

87

rule & g7z

If it eats meat,

2 ANEBE UE

d3E /8=

24 rulewfo]lxof tv}&3}

[

i1t 1s a carhivore

2 3 E

¥ 4-9 9

A3

<l

ol e
uhep gk



OBJECT: Animatl

RULE NAME: Rule 5

IF: it eats meat

THEN:

Enter if-1ist property {RETURN to quit):

29 4-9. diele 98 AAE

23e §FE AA 4% rule wolxg Waste Beo

M ol Fo] Aed HAEI AlxHel £YIH1A e TleHd o

o
o
o
v

unite] ozt @@l 4 Jdvh A prototype
AR 7 Axddle &g A2" e a3 $Fe] 9§
AHE fFFde 71sd A JHE gHAPgeER opH=
48 Ad e d37%0 TEHH vk oy T JF AA=
E dd@ FHely unite] ZRI BLEE ¢ v 2HEE
ddeE 47 71%EY Hg ¥ #TFL &8 €749 ¢g& in-
ferencez| 553 dolel Hgz|vE F7l€ At}
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Rule H#Ho]~E& o¢}43 inference 7|%& infer_rule( )
functione] ¢3dle] ojFe] vl infer-rule ( ) oA ZE &

F715€ 93 functiong infer oy infer o A= &

i

true - 88 false.stackE & #HZ 3t} infer function o)A
true - @8 false.stacks H=%& $3s+= functione 7} 7k
examine. ture.stack 3 examine-false.stack ot} Zao o
T UM E rulewolae rulegg FAH Yriway IF-2
el ¥ 433 dxstd 2 BESL true.stackd AFszm =
HA %L Ao false_stackel HAA3A Hruh o@A o
22X o= rulee IF-RREJ 9 ¢ Halg examine_false.
stacko] <9J& false-stackujd] &3 3 0] e Y a2 ruleg
Holdel el agidA H=z ZTzad HsA ol oo o=
Hol zth Ala®e] ruleg HEs urts EQ AlgaGE A4
He Aol trueclx, falsedlxg <93 ALY Axw" ~a
27F @2 X wole wol2g olgdld AAHE A4 el
true qlz], false9zl& WAV S= ¢k o T2 Ao A
NE D=2 FFE ASelE A8AEs why menuz Adae] o
olffE PolE T ATh

Rule #7158 Fdd+ infer_ruleo Hxhzgxne o
v A2y 4-109 B e gowm Z F5EEY sHE Rd-4
9 2%ge gk

store.prop-stack functione] 9ls true- g false-

TE°l AYHe stacke prop.stackoly o stacke e
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infer rule( )

l

initialize true- and

false-stack

examine_false stack

1)

l

store prop stack

examine_true stack

.

l

check stack

1

stack

revise true- and false-

I
l

store prop_stack
explain why

23 4-10. Rule § &7 %2
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¥ 4-4. Rule %552 7%

function 71 o

infer BERESLEY AY @ true-&
false-stack®] revise

examine false stack false-stack®] #H%

examine true_stack true-stacksl A%

check_stack rule AbA Sl HFHAN AFEF

store_prop_stack FRol e M-S AL false-
g true-#¥Y AR

explain_why rule f3olH2 AA

7 e deposit FFE zt:th

struct deposit { char item[MAX NAME];
char property[MAX STR]:
char true or false; }:

struct deposit prop_stack(MAX ITEM];

deposit FZoA iteme AP E rulesg titlee]w pr-
operty & sl@® & IF-RRolm true.or-_falses 't =®E&
"7 ol

Rule#%9 7ggd H7=2M &3 e rulee rule

wo) e Aol Atz A,

Rule 1: If it has pointed teeth, has claws, and has forward eyes,

then it 4is a carnivore.
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Rule wolxojAl o ruled IF-RES

IF it has pointed teeth
it has claws

it has forward eyes

Je
214
fle

o ge formatoz® A FHx: THEN-

—

THEN i1t is a carnivore

o} ge formatoz AFHT H& ruledr ite EEF

animal e ekdty, Animale] #& wz mE®E dHelE el
A7 e Afds Ax2we AFH2aAE e AEAZ 9
s =3 g Hd @@ Adx ruleweolxel rules  IF-
wene @X s 2AsA [T Aa¥e woE AW A

ko] Qede oem go WA ruledd Rulels IF-Bg

Question [1]: it has pointed teeth.

Is it true? ((T)rue, (F)alse, (Why):

ma Algxs (Wyhy menu & Muigo=A ¢ Question(i]
o] AANE olgE UYzA Hgd AxPL ohEF ZO Y

o] o,
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Trying rule Rule 1.

It is true that:
it has pointed teeth

Question [2]: it has claws.

Is 1t true? ((T)rue, (F)alse, (W)hy):

Rule 19 IFRR AW A7z true 24 <L¥Ho EYym

A& THENR RS ZAEg AAsty &

Question [3]: it has forward eyes.

Is it true? ((T)rue, (Flalse, (W)hy): t

According to the rule Rule 1:

it is a carnivore .

Continue? (Y/N):

o Al FFe vAE WEe dwFoz oAeAAY o F 7}

<H R Hp di g SHe] dgHoR o] Fo AW FAAG =



TEs Az Ay ATk

Aol W G A4 wHolxo £E&L& Fo|{AE menu
of mat AR Wad 7eg AHIAY & ¢ A A7)
ol &5 functionge HAAH oA ¥ Axd 71 func-
tionEd wuwege %3 ¢k 8 8 menue function 2

t} g HF4-5e] Eoluwsl g

E4-5. @A Helx 4§ menu

menu functions
21214 rule 9 format define_record
ez A 8] ™ enter record
21ek2] 4] djo] 2] check examine list
Yot 21erR]4] 8] search find_node
21ekz] A 8] revision revise list
EY AT A2 9 A4 delete_item
449 A use_f_rule
FIRA o A A save_list&event
71& k14 Ho]l29] loading | load list&event

7boRgAA Y dH

g rules FAH& FAzY HAE Z1£A7 AYz YEe

I

j2l¢ Zea93st Ao M olFo ALH o9 o

P

2

FEA 8 ow dHolE dYrFvE EPoEM et A

rule®] formatg UEd L& FRE FHol Yok
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struct record list { char =data;
struct record list xprevs

struct record list *next; }3

A9 = a& character pointersl datasl %= ev ALg =}
= datad 3@ @Foly unite) Fe WE ® A IR
daw PR Ve wE 2HF FAAN = T

g P& FIFELE TEH

s§ wae e me ok

ge event-list Fzz XddC

struct event_list { char event_name[FILE NAME_SIZE];
char fact[MAX_STR]:

struct event list *next; };

Hola wArtse ABFE #z AR titleg BHA Z&
29 e o titleg ol 7lEE A= °IRA o 2H
event=g WE=z gFe FUYE 9§ EolFA o1FoiR F

t}., Evente ¥ enter_event-data g5d ¢ se o Fo

b, Awrlse F=
Taolu} lAunitel zwel glojMi FBelyd  unitel
4 gus gdud Yoz olg Aol Ang = UL

=
Aest WA Wwaw 4 dael Agxsted Fgel w# 7bs
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& ddE FHH e A9d FANE Urol ygE B >
A Aol me AERE o B PPUL Gy = gy
el unite 9 dojel7t on-lineo @ HE o g go
EX AAE #3H dE Nse Qo2 I Fdel mSH
Ao Azl FrME Aoldh Awrise M¥e use-f-rule.

menue] ¢ ate ol Fo] Mt

display event

use_f_rule menu state fault

event fault

display-event routinee title I E2 A" event b o]
B U&E 23de Ugue Fi& s5g Sgsn, 22" Al
T 8% FAeld unite dse BHrEE MFPely Ata Z
Zto) Fo®@ event titlem 2 ygo uyguer HAl = 7+
o] event s sizerz} H 80 characterely = A sxo 9o
Mo olde 48e o4 WA eventEa Hirol  g#Esl:
THE MY o HBxA sizes ez = 2= g

4®& graphicely ©v& HIF sz e FHIE A= 2 2}

dESFH mdg ol
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. A8 EF

g5 AHBe] rae state-fault routined o 5o
+3 5}, state_fault routineg YA = FHol} unitrj
o & AAY RFEY e dHE check 3 g A&z
sdel g FAe WA AHE QYN =8 ¥ FA e ch-
eck 7% check-statert <$£3st=ul oj2X ALExIE A
o] A4HE #AT YHANE A$E 2L 5 A% A8 =
valve 3¢ Ael§ Uotlrtd ALgA7l “too high”eln $gg
OE ole JAuel FHEE g+ e £2xEH $del € Aot

check_state o olsla] valve 3¢ FHEgE F 9g&=

ofo
L

<
“open” % “closed”s] FriA2 74" Ry Ala"e gul

$ge A% gA 27 el FUF FAHU unitoe]

(i
o

o 5o 2 A& 588 A% mwW  check-state & 7 3

)

e

2
o

AN "as ¢grl & Al z:¢ check.state& Azl AFAES
192 A FH olF & wold o] routineg FHY Al
287 gl Ady 2FADNE AL o) &sd Hrh

T8 A¥ExEe 7|HL state_infer routined 9 3lyg <
FEh state_inferi Al&x7F LAz FXe Ay e rule
Holae IF-RE3} dzg os FHE =&3A Hed AHEA
H "Had AHAfde F712 ALgAdA ddmes ZFA Ade
Heg& o27EA "L

FH DG FE FHslE state_faulte) HBAFL oo

2y 4-11° rel mpep ggouvl A PaZge JFE H4i-6e g
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ofso] SiTh

state fault()

|

i

check state

.

l

state_infer

|

\!

make_rule

a9 4-11. B @7Fe] ®FE

® 4-6. A @ routine s

715

function

7]

olr

state_fault
check state
state_infer
make_rule

2248 4%
A AR A2
Agr)se +4
rule A8 AA
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4. gas #F

AW el BUAE

A% Z2a% slFolth Al&W

N welxel we FH$Eoh

L

Z1exel AR

HAAs maaPEo AR

Atk oAb unit ol

g0}

Nage ASd @ geel

g olm ol AW

g, A6l QelME k¥

Aol zgAed A=

o] Mz BgHez HEIHA
Z

1

2 adel HNE
4 £Ee
o e}

214 of

R

o

APtk A 5 Al A

=
=

=
LL

A ¢ wh g

2} 8} of71 5= At 9]

24 &
A gel

€.

23 Sl

7l
g2

FAANNNE AAHE

a9

ok waA

treey

Zig7TH &

prototype

ol &3kt

of7] Al A

W oo g wehe

3

gee

°]

=&3te 2739

B A Axg A

2
g e

Ay oloddx WA FTAHY EA R

A3tgel BRPozdNA sHed

o 3 Aurzt fed HEZL

F719

&

AMAse F9 25 7

2]

g7t AR oE F

o 5l SRR SR P

Lo =)
TR

4 zgsest e mAel o

A et

-
F AR

of lelAd 2 Lol

signal flow diagram X

3L
[+

54 dHe FARTLECAM=

AAstn Ak FTAAHS A

A4
ax.

g wad R

i

A
Tk Abgate)

sg  AY s

-

T

=

el s AArzt ztzt gy ARl
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A% &n o ALdE Azx® 2227 gA 2 99¢& #Heot
Wolof stedl o RE U@ FAL 2 apd sl ol Fod A
o}

Az W d49xE 71T event_infer routineo]| 2
stel 28" event_infer& AHEAT QE Azl A FFE
eventw ol ~2 u &3 dxH ©E dd< =&3A =Hed AR
A o =wes ASdE FrhE ALEAAA A = A FH
Apng a7dA @+

Qo far1%e Sygste event._faultd Ay HP e HEd
29 4-12 ®el wish gow 7 FFES Aee ¥4-T 8

SERIE

gvent fault()

|

l

check state
l
!

event_infer

L

a3d4-12. 9

o
o
-
N,
ol
o
Jo
of
i
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HF4-7T. 92 83 routined 7%=
function 7 5
event fault 22x8ees 1Y
check_state AR HF
event_infer A5 4
vl F gl 3
T AW FYe UHEI BIUI2A 7 4-139 H
tanke] ALE Ay rziz Frh o tankA2®le =3 IHF
A zA HWoe 2R3 AdaxkAdes deR dAe gov ofFF
Fs Al AEle dig AwrTS wAdez FEIHIFTLEHN AR
Stream F1 @
-
]
— Valve V1
F2
Stream F2 @
-19] 4-13 . Tank unit o] =z 0
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A zz E2ge FEd v A" T4 el Yoz #

g 4-130) ®¢l  tankel o 4 g ge 7@ AHA
neE A¥EL o9 g4-837 ol AN € T gtk 747+
event o] W& AFEL event listo] ARHA o EL WA
e} sgeier @A Hrule Wl ~zA AF@Erh Event list
= enter_event._data routine o <@ T&3EH AREAE |
po] we event list & AFdHN modify @4 slch ¥ 4-8 9

A9 event liste w3 2ol ~z@ Aol ERGTH

EVENT LIST -

EVENT ei: operation is normal

EVENT e2: there is pipe leakage between FLOW 2 and VALVE 1
EVENT e3: VALVE 1 by—pass open in error

EVENT ed4: there is blockage in exit pipe line

EVENT e5: there is leak in tank

EVENT e6: throughput is abnormal
EVENT ea: it is an anomaly

{There are 7 events in the list.)

Enter event title (et, e2, R B

@ 4-136] mel tanke] H@ A% AFNEARE 27
= @ ASdE $4 Bd M R WSE PHE AW

oo wa FEAAA BT
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¥ 4-8. Tank FX 9 e wg sigd AFHY
ZX) 9 Ay events
Fl vl F2 title 2 ¥
normal normal normal el Normal operation
normal | normal high e Pipe leakage between F2
normal | closed | normal and V1
normal closed high
high normal high
high closed noxmal
high closed high
low normal high
low closed normal
low closed high
normal | normal low ed Blockage in exit line
normal open normal
normal open low
high normal low
high open normal
high open low
low normal low
low open normal
low open low
normal closed low ed Leak in tank
high normal | normal
high closed low
high open high eb Abnormal throughput
low closed low
normal open high ed Anomaly
low normal | normal
low open high
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g3 ol stream1 9 AH7ZE lowolxm valve 19 4

P& AAol® stream2el AElE highgta 7AFs HY= *

ch

Enter states:

State of FLOW 1 ( normal high low ): Tow
State of VALVE 1 ( normal open closed ): normal

State of FLOW 2 ( normal high low ): high

o] e A2"le e 23¥Y A9 e e FHE UH

e,

According to RULE 20 :

If
FLOW 1 is low and
VALVE 1 is normal and
FLOW 2 is high

Then

there is pipe leakage between FLOW 2 and VALVE 1

oo o streamio] low Awelxn valvele @3 AH

ol v,

Pl

oln] stream 27} WA JeExe A5 AL 2
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Enter states:

State of FLOW 1t ( normal high low }: low

State of VALVE 1 ( normal open closed ): closed

State of FLOW 2 ( normal high low }: low

According to RULE 27 -

If
FLOW 1 is Tow and
VALVE 1 iz closed and
FLOW 2 is Tow

Then

throughput is abnormal

Stream 1l o] normal AElelm valvel & dd Aelolm  st-

ream

A

27b Ade#d  4wA ruleo) eoef & lineo] u @

dobd § edl o mye g A we gk

Enter states:

State of FLOW 1 { norma? ligh Tow ): normal

State of VALVE 1 ¢ normal open closed ): open

State of FLOW 2 ( normal high low ): normal

135



According to RULE 4 :

If
FLOW 1 is normal and
VALVE 1 is open and
FLOW 2 is normal
Then

there is blockage in exit pipe line

gee of/" A%d dAdET e B
v Wyed mE UG WEES =2HE Qg Ayolgta ¥ F
el o A% AR AT zgol AR WAE ol 7l A3
s9se events] title qE Al 7Y AlsEHLE 0 g

ges pel AAFE Frh

According to RULE

cperation i3 normal because

FLOW 1 is normal and
VALVE 1 is normal and
FLOW 2 is normal

Press any key for more possible cases.
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4%EE ~39 swe dehtEe commande  Foid Agel 44
of elgAXNY W 2 ztde AR F7 AL Aojt. A&
Zo] pipee &% lineel #yE AF+ 2 AlE ¥ 4-8 9
wel mel o] 97kAZ HEd e wed el xad A
A AL E o

According to RULE 12 :

there is blockage in exit pipe line because

FLow 1 is high and
"VALVE 1 is normal and
FLOW 2 is Tow

Press any key for more possible cases.

According tc RULE 13 :

thers is hlockage in exit pipe 1ine because

FLOW 1 ig high and
VALVE 1 is open and
FLOW 2 i¢ normal

Precs any key far more possible cases.
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According to RULE 15 :

there is blockage in exit pipe 1ine because

FLOW 1 is high and
VALVE 1 is open and
FLOW 2 is low

Press any key for more possible cases.

Accerding to RULE 21

there is blockage in exit pipe 1ine because

FLOW 1 is low and
VALVE 1 is normal and
FLOW 2 is low

Press any key for more possible cases.
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According to RULE 22 :

there is blocckage in exit pipe line because

FLOW 1 is low and
VALVE 1 is open and
FLOW 2 1is normal

Press any key for more possible cases.

According to RULE 24 :

there is blockage in exit pipe line because

FLOW 1 1is low and
VALVE 1 is open and
FLOW 2 is Tow

Press any key for more possible cases.
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According to RULE 3 :

there is blockage 1in exit pipe line because

FLOW 1 is normal and
VALVE 1 is normal and

FLOW 2 is low

Press any key for more possible cases.

According to RULE 4 :

there is blockage in exit pipe line because

FLOW 1 is normal and
VALVE 1 is open and
FLOW 2 is normal

Press any key for more possible cases.
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According tc RULE 6 :

there is blockage in exit pipe line because

FLOW 1 is normal and
VALVE 1 s open and
FLOW 2 is Tow

Press any key for more possible cases.

o]# A<l A (anomaly) & o A7le L[UAEL H4-8944

£ e ek gel 37IATE UGk

According to RULE 19 :

it is an anomaly because

FLOW 1 is low and
VALVE 1 is normal and
FLOW 2 1is normal

Press any key for more possible cases.
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According to RULE 23 :

it is an anomaly because

FLOW 1 is low and
VALVE 1 is open and
FLOW 2 is high

Press any key for more possible cases.

According to RULE 5 :

it is an anomaly because

FLOW 1 is normal and
VALVE 1 is open and
FLOW 2 is high

Press any key for more possible cases.

gsoz 7iEd Ao o F Baafe A4 dH o]

2ol

(=]

go 9z @ ny zad AF % loadingrlwd

i
e
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Mgk olEe goFs mW thgel aY4-149 H s &
o,

214 dolete) ¥

enter record

define_record
display items
get data
store node

214] wolety By R

revise list

find

find node
select_item
change item
delete_item

examine list

display record

214 diolele) % W loading

save_list

load list
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A4d 4 €

27 AEs A2 Al AAME axdeor MAAdY
o] Hle FAL HAEF ©E ALF Ayt ANz" F&§ tool
o]y shellg 793ty A4 Wolxs utilityEg Astd F
= waol AFAAY Ae dvd Mg el Ak AnH AHE
Ag zAHTA oHE HEL =L A4 AAR wHel BF
gt a3y AafFE FHU o= =xg2d, 2 Mg W3

=g g7d TA 2FAA F71 AMAHE AEHA AHE

olr

= 7l
7} A ~% software 7j&e] FHel w7lu ey A2 ES  H4
g ¢4"n 7HFH hardware Jleg= sty Y dAANE 2%

A= BEAsA gEH7 AHHFE gqom uwmEtA 7E9

jin'2

workstation® #AFEH e BE 23 HUHHE A% IR =
g Ay A" AT &8l ows3 ik AEZL A=Y
softwares zjme oz 3A AFAF JlEs] A o & 3}
gz gHME AFHom FY Ak g #A o]t

oy el 1adEdAMe prototype sl AaE e AES
of BE Aol F¥ Hx/EH dugn, Zzady ddE2MCE
Ao ZEHQ AN wolx FH w geHAFH BRI
zRAwRge FASQG vady pdER FAY 249 =9A4
o ¥d = $go} Pwe A THHE Al oz 7ol
gazge & d3e 2aRd=cAs A 5AR 6FNA TFL

gr Agw 2 Ao wWiaUFH BIA A1MEel AR =F
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A5 xdy 2L mdAdde] oF ojdH

A1d A =

etz el olaxg Wy oA A mdd i HIZ
Wme Aol F Holz Fas Al Hu Atk ol @
Fowe wxy 27 & AFAse A, oA (fault) s T}
AgHe] Qeoew olael xy] HAel Fad @A HEAFAHNA
me A7k Axgn Yok =gy P FA (estimation)d]
gs) TR oL gxdE o WHe FI4 IARGY A

5 wd (signal model) & FA4¥ &fo 7EH FHWEANA Az

o]

o Az Te ZHFPol B

o

Aag A s 52

ol

Aol EduMSES FAFo N ofFojdr B ArdlMe #A9
oz £itad wge F4ol &ojstu, o4 (fatlt)o] scaling
s o paraffiningo 2 <3 =HHAY Fa9 {2 F MR
AaEe] Uz, F29 A% ol LAAN AAFHL &4de EER
Zegel Aztgd deolzel Age #AF FAE oFnx @oh

of &A AN AAAE 53, 2AT2: B ez T

rir

FA9 #EE TAEA FE& oA, oA,

=
of 4@yt 8 AR wA R FAdh oldHstE oY F¥Fe |
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o
X
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o

IHEdE o83 HAADA = o4 IFE
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2d% % zHe WL o4 AANAY Fe exzAL A
el dA2 o §F AFe FYTENE R
e mA FRAAN AP FFY oY wAUYAN AuwEe

FmEA (17, (2], (315 7] AR
Az2d TR o|EHA

FAe FF odgAE TH YzAwe I o @S
of AslE ¥AE ZFsw AE |usts PHelgert, ol
e 2% 2adA 4w 2 weh o] ZR¥dy (alarm th-
reshold) eh Al o] WP FaAjeh olgel s FH FHol I3
Age we o gAEG FPA BT d¥ FPY oY ¥
A7) skl 2PwWs el mEFFAFE ol g WHEC A4

53z Ath

ol Aetal g Y olgdHE WFed wa oFFH #L2 47
Wy oz Y 5 ok 94 FAsed FF O AA5d d4g Uy

o 28 Y(Utg eolgste wHelth o ®W FolM d o &
2

Fgele 2o A F wEsged HAd, HAe WHWAE AP W
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Mel, ZAA &N A ol&Hrx wrh oo pe wye Ar
Bl Adel wize A Qemz olg A Add

o A Fely HEdE =0 ARY dF T §A o Buiy,
o] #AAME AAEH (deterministic) AFe Fexy maoli},
A48 47 73 (stochastic) 2smdw Te ZAH A5
E°l s7drh osd Azede WsEFe dud Z (nultistep
prediction) » Z& 7jgo] wgsm, ojadd FHPAE T

g Ao A el wyge olgdh oY FF spue A

<.
ool FANIT Adldem # g AEM AF e e o

o nFES Hse FHow Hol UAnm HI, uEI Aswd

(=4

o

?14 (identification) &&= ¥ olul, ol efzre wu]njsf M 2 (nonpar-
ametric) A FImpde] olfLE= o 2= autocorrelation func -

tion, spectral density, z

AR S E ST MRl HA (static) s APE @y

2 wte= F40 sbesiAw, duHd 54 Ao daa=
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Fwd 9o o] 4AA (fault decision) & ¥ FEHP} GLR
(generalized likelihood ratio) Ww®el s7dt. I3 Y&dAH
g sy BAE ¥ SAzAdAM d¥@skd ted ge 4
¥) 37+ WA (state space equation) & d& T ATk

X(t) = BAx(t)+ Bu(t)

y(t) = &x(t)

g4 x,y 2 uE X, Y 3@ U wszelth & 4
A AHESE =3 d2yoz Ry ANy HHMe 2AHE
Hol ZAgolE AHMwe #EA (observer) 2 FAAA ASAE
gel7l tew go] FAHAEG

-

% (t)= AR (t)+ Bu (t)+ H( y (t)— C(t) ]

&

A AEHE S 2R WG] ZwE ool Arle Al
AdE HS Willsky?) ol osf &@xgge] AAHUD FHolu
FYge =L TER (actuator)e] yHaA wHrt AAE RS
Ay vtz FEFrh

X (t)= Ax(t)+ Bu(t)+ Fv(t}+ v (t)
A& (sensor) iAo wWaE ()2 dEhdth

y (t)= Cx(t)+ n(t)+ p(t)
9 AEeA vt} nt)e 4 FFAAESHA FSALITold » ()9
p)8 AGEHFU delta impluse b2 7Sy, AdHy  F2
23 olgel An AL 2dIT F Ak ol¥d AFL 7
g9 @e SE§ ANdPMEz P

1) ‘Fault sensitive filter’s where the feedback matrix H is
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chosen so that particular fault modes manifest themselves
as residuals in a fixed direction or in a fixed plane, a
deterministic approach,

2)_ A Whiteness and a chi-squared test of the residuals of
the normal Kalman-filter,

3} A finite bank of Kalman-filters with a standard multiple
hypothesis testing that the systems most likely respond
to one of the assumed models with hypothesized faults
included,

4) A generalized likelihood ratio (GLR) test which results
in a correlation of the observed residuals with the

precomputed filter responses due to certain faults,

3 g3 o wye

#e Ze AHATFE o &3 FHAY AFTEE a2¥5-1
gt A,B,Co FAH wiAsE 1A A
2

ol FAL A <

(1) GLR®o  og olgdex

stofof A o] sl abn.

AHE s S0 g% T olAwxR FM o @l
s dsts GLRUWE o)&3d o) 4dA) Bsle Tanaka?) o] o3
WEE AWEZE sich J¥A9 ol iz nue
x ( k+1 )=Ax(k)+ Buk)+ /'w(k)
y ( k ) =Hx(k)+ v (k)

oq7]4, we vi zero mean 3y z7}z} covarliance Q, R& ztE= A
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3 EHEA 94 JrsAler Zeeolth FAHOY HE&oddl ®o|AdA,
T2 %ol A/ld d¥rH o wiAYWEs A, B B Hel ®lsty}
Aty olAg Al ojAel AU ATBEH 17 sy o3& 7
%ol AW
x (k1) = Ax(k)+ Bu(lk)+ 7wk}t o (k+1,80,)F, (k+1)
y (k) = Hx(ktv(kH-o (k,8,)f (k)
A2 fe HAALLE JEE dA9d g m, o (k,0)e @
9 AGdFolth ZF o wWhH e  step-hypothesized GLReo] i
Mg g Ae HA Jeiws 3 & Kalman-filter 2 784l o},
X(k/k-1)=A%(k-1/k-1) +Bu(k-1)
R(k/k)=%(k/k~1) + K(k) 7(k)
y(k)=y7y(k) — HR(k/k-1)
P(k/k-1) =AP(k-1/k-1}AT +7'QrT
P(k/k) = P(k/k) —K(k)HP(k/k-1)
where, K(k) = P(k/k-]1) HTV"1 (k)
V(k) = HP(k/k-1)HT + R
9 AeAl ;= innovationgo @ o g BALH AT =
zero mean ¥ covariance V(k)§ ztedh olfg g kI F
HoOAIZE gl ool Aw o] F&ge wFAGSE fk)e (k,
¢)& E3e 1innovation yol Ay utE uysdth wky
r(k)={ y° (k) ; no failure

Ny(k,8) + y°k); failure
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Ar(k,ﬁ)zG"(k,&)f(}c)
= j%m(k,j)f(j)
A7 G°(k,8)= FA @z wa oA s At B
o]44e] A 7l® innovationge] WA HEER ol el ¥ AT
o golde WIE A4std olF@A s sbesrth F  innovat-
ion zre] atelm A AsE wWyow ofrAiE Kullbackel A A g
29} (discriminating measure) ¢l divergence & ol g3 gth =

= A% Hy3 H ¢ divergence measure =
k . -
D(Ho ; Hy ) = _ZﬁArT(j;ﬁ)V“l(J)Ar(j;ﬁ)
is

§] divergence & Folm, of ol FFF #AZel Aqd ol
B golath ol ge AukHel GLRYEE FAAC wistel w
2 o447y RAye 2x: Aok, =AY oizkA s E A
oof = w@ol UArh o EEDAME cdF@ THE o8
o4 EAle] HAA (detectability) ol #std w=3tm, BUSE F
# o weakly-diagnosable-space 7} stz A& Bz o9
Ae sstel FAA AMd® GLRWHE AAdAT & e #
AAzEel oA E AL FFsta, 2FUE 24

=% weighted step-hypothesized GLRW ol i, & 3dive #H9
g Alda e olgste] biastiue) e F& FAse GLR
Eig (detection method T[) ojth. 2 Al st 2AE A A7

§5-13 7o BEAEES o] §& detection method II7F L&
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= Fu 2uE AESE B2 2 4 Atk old ¥ Chi-
squared i & WYPE =T FRFE Aok Aol NI &

g

Table 1. The number of correct alarms for each method

Method Threshold Number of
13 correct alarms
Detection Method [[ 8 4 9]

(using observation signals)

Detection Method [ 10. 4 81
(using input sequence)

Step-hypothesized 10. 0 61
GLR method
Chi-squared method 44 0 74

(2) SPRT®RrHel 213 o4 gA
Innovation =7]e] WaE ol &8 ol4¥A BYe WA
2 4] 2AF (SPRT, seqguential probability ratio test) 7} glow,
Aq7]M = SPRTE 7sfAM§ K. Uosaki®) o] 3E Asrrz 3

o, Walde] Slaf 1947'de] AAlE  SPRT

rir

# m=(FY) el
stel WAF =79 Wsrl deld tE mE (o) g FHEE

binary decision & 3l d& #HgFoxm HiLY AT 2

po

F3t7] gEd HHd Aow Hride P 2wy Waldeo
H2 dFFF] disled et WY (transient) 7} gl A
o2 ZH4dstrg, A2 Akl A A olide = W3sle  tr-

ansient7} A& FPAvEozE RAFaH wAd ol BHe o
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g8 olANTdE e A Adel wmEA Ho o FAE 2]
A&s Yt $elM @HE AF & likelihood ratio fun -
ction(LLR) o =2 g ol&d LW o7 d¥runzx  IE
% SPRTwWw Sol spg=qlch wx olA4gx st SPRT %4 #A
= Qoluy] et QoA dAzE AFAA distd HolFAEH
4| normalized innovation sequence {n,}+ unit variance &
“  gzero mean white Gaussian process 2 ©h&3 o] AHdrh

n, = V{k)"¥2 ;(k)
JAe Wamee Astn, Ad olael AW FHWES WFHD
m}2}+] innovation process & AAR s ta2A AW S

E {n,} x0

Var {n,} = 1
a8 Az FAel oAbl AzlW  innovatione] HiF MTPE
¥ %} (variance) 7} © @e] WEnz FAE GasEz] Astd
ArEe AAzcdid HAe FriEw rFeiadn AFTC @
q ol Ase fee ¥ oy #F oxzel gL AE w@
st EAE vtd o

AAm=: (H) tE(ng} =0, Varn,) =1,

ofgm=—: (H) :E{nJ =0, Var{n,) =A% > 1,
o] 2} & 2AFe SPRTE ol&s F 7Hde d&d A& =
A&l 7] $1#lA = joint likelihood ratio function(LLR) & A4t

& o e
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p(ng,ny, -, ny ;Hy)

A = log
p(ng,ny, -+, n, ;Hy)

aglm 274 W (false alarm) o A 7 R (miss alarm) o] o) 8 54 st
LA ER FH F7K9 wod (threshold) zkel  A* g} B*(AF
>0 >B* )& Wadd

B8

l.._
A* = log

(44

B* = log
l—a

LLRo] wetd A*E zZdsiAd Bug Hoew zz A48 H,

o
m

(eldrE )3 Hy (BARE)S & Hdozw HAstn B=

LLR

i)
v
o
)
us)
L

B

)
I

ot
2
5
ro
o
o
2
rr

8]
stol e A/ Y woo xS Sd @

p(n;H)
Rk ij—l +lOg _““—'l—

p (ny ; Hy)
A? =)
= Ay~ —7—“1(2 — log A\

ol4# & uy@He Walde] SPRTE olg3 FAY ojauxs

ZAL] Mgl Alamle] ooy HAmmd gow, S o

Aggel e ZFHE o HAae AL smsrh oy, o
21

714 nEsle #49 olde z=7deE ANymom

183



P
o
)
-3
2
g2
fo)
X

Foz EFSA Hrk ol A= #®HA
TG olAAGd M SPRTSE g o/¥4Fs= wg gx3n o
o %% SPRT& o3y EA9 @S &l SPRTE 4 A
o8, 5 A} id A ool Ary)um uwatr normalized innova-

— o

tion process o] WHAZF W3 Lo

ddme: (H) :E (n;) =0, Var(n;} =1,
oldrz: (H,) :E {n;} =0, Var{n;} =A2 X 1,
i=¢, 6+1, -

olAZ nydo sty oA xd,
Adre  (Hy) : E{n 4y} =0,Var{n,_;, )} =1,
ﬂ%EE:mJ=Emrm}=m%ﬂ%ﬂd:NX&.
i=1,2, =, n—@0+1
%% LLRE @A #F5x=2 Y8 7 fFx=z gusto =z 1li-

kelihood ratio function & =gl& = 23}y,

25 1 p(nnrnn-lr oy e s Hl )
n k — 109
’ p(nn!nn-l) ey Myl HD)
= - 3 (n;? — ———1log A)
2A2 i=n—k+1 ZAZ
] k= ]-!2 s Ty 11

T4 SPRTE o Fg LLR& SPRToA Ha P9 78S =
Abete Aoz AgY 4 vk o] T g SPRTE oladmcd 3
F3= 714 Hyol sl normalized innovation & H =} 7} =

Zlell 1 oty FAmeedM SAE o gg zgomz Az
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Aol AsA @tr ¥ LLRE W& LLRz Usud

A?._l n AZ_I
A8,y = — % (n;Z2 — log A\ )
’ 2&2 i=% ZAZ
A2_1 n—k Az—‘l
- —— % (n;2-———1logA)
202 =1 22
= Adn ™ An~k » k=1,2, -, n

T3 FTAHY oA wg #€HxiEEs Agd= HA3E (decision rule)
& o&Fd #Zol Agg & Ak

“If backward LLR jBn’k > K for some k=1,2, -, n where K is
a suitable constant, we terminate observation with acceptance

of the hypothesis that system is in the failure mode, Other -
wise, we continue observation as system is not likely in the
failure mode,”

Eg o] AFFEEL wHoew FEIW, “wef 54 =09,

fu

of &=y, o] AlAFE& olie] Urh”

T SPRTEZE o837 el F sk reference value
At dAHe AAA K& dAsior s, ol HIMMe= o FF
SPRTE o]&3 gx9ye ##@x A7 (MDT, mean detection ti-
me) & m#slor sl os1A MDTE innovationH &7 A2g o
qe wW S,o AGAA Ks 3@ o 7Axe AFHs R4z

deddgd of MDTE Ko AR urhzl #3td 9dA, ( -oc0,00)

W

g W=K(N—2)& olgaa (—oo0, 0), (0,W), (W,2W),

i
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ey
»

((N-3)W,k] » (K,0)Ee Nsjjo FTgog uy%rm, stat-

ionaty finite Marcov chain 9] states®& E, = (—~c0, 0], E;, =

((1~2)W,(i-1)W), (i=2, -, N-1) B Ey=(k, co)os %!

g%, PE p;;=Pr (S,-,¢E, 7 S,eB; , 1, j=1, -, N) 2

Markovchain o] wo| 3 ggsa i

P =Pr{z-h < ¢} = F(Dh)
Py =Pr{{i-2)W < z-h ¢ (i-1)W)
=F(D(i-1)W = h))-F((i-2)W+h)), (i=2, = N-1)
Pw =Pr{z-h »K}=1~F(D(K+h))
Pu =Pri{z-h< (-i43/2)W} = F(D((-i+3/2)W+h)),
(i=2, - ,N-1)
Pi; =Pr{(Jj-1-1/2)W < z-h ((j-i+1/2)W}
=F(D((3-i+1/2)Wth))-F(D((3-i+1/2)W+h)),
(1,3=2, - ,N-1)

Pin =Pr{z-h >(N-i~]/2)W} = 1—F(D(N—i—1/2)W+h))

pN1:O’ (122’ ’N—l)
N2 — ] 22

A— , h::]_OgA, D=
2 N2 (A2 —1) A2

and F(x): cumulative distribution function of chi-squared

distribution with degree of freedom 1, = 20 (x1/2)—1,

with standard normal distribution @,
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webs wWoldEws P

R p
P =

0 1

rir

E, A Sdtes FTEFFAT g

p=(I-R)1g,
where, T : unit matrix and

E=(1, «, 1)7
ZAo 274 AARooA 2ur3d, N-discrete state Marcov
chain ZAle]  ofdte] po] RAWA PYies MDT7 P Ael o o=
7 g2 Afd. MDT = og#d o A = dn.

A

pN) = pld+ -
N

A71A  pedr o8 Ngdd disly (N2 2EH HLAeEE o
LM 7 £ Aok, o FEL F2Fo reference value A Y
A7F AAA KE de=tvh. & o 2 reference value AE HEE

+ dg& Ax=z Z innovation e WHEE Fu, Adzmc (A2)

o] MDTgg olgdte] Z2FPA KT Tauk

3 ¥4 mAREsg ol&3 oldwz

ARG uARSE B

ok
il

zd BAE F£¥doz Fd

o
rE
o
>
o
Flo
>
S
=2
&
i
rE

&}

B ooldl N7 el ©agys A$E mdduc

goit, Ax FA waol 4

fr

Y({U= B0 + 61U + 8, U2 + -
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Lumped M A 48 2te 53 =de @ dzAAA A3 HH
gen ge nEdez FHAO
Y6+ a,y (D (t)4 a,y?) (B)+ -+ 2,y (H)=
bou (t)+ b,ul!) (t)+ b,ut?) (t)4 -+ b{=) u(t)
olst e TAwAY WAASF T=(B8, B, B2, ], FE
T =[ a, ~a, : by, b, 1E W e, A%, = A AR T
g =gd TRAALe BEg Ytk =B A oldE& dE
W= =238 TAAS AW 2FY 4 Ar Frode o @9
mae TAzde dARsy w2 wRe Fg AAel o 9 8
A Ad m 2R dAEsE olgd IFAY oFdN TAEE 1
g5-29 g3, 2 AFL ©FH Zoh
) olex wmagd ostd FFAFE Vel IAF THE
T4 ok
Y(t)=£ { U(t), ¢}
o) mwl wWZlEZ ;¢ FHY EIAFH AF p; & #A
AQ g, 6 =~f(p)

3 &RAF U Y(R)E olgstd FA A AT 6

i

&

rok

ot

i
A

o
oxl
N,

| Axstz ole] Wsg Ap; E ZAET

&
et

4)
5 TAAL wsgd A o4 FAE v 44
A T ARE olgdd oldg wAWch

o] wme 2w el Fasmz F HAd FAANTL ol &l
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oy 5-2.

PARAMETER
ESTIMATION

A
&

PG, 7 AR

CALCULATION
PROCESS

COEFFTCIENTS

PROCESS

1

THEORETICAL
HODEIING

OF
CHANGES

Ap

DETERMINATION |

|

= f-1()

e N

FAULT
DECTSTON

FAULT

TR wiARSE FAEFA o2 =2d

o8 oA
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TtsEte, AHASE ol §@ 7ol ¥F vidiwsE g A=
A4z stz AE3E gAsed §Ed, o] Y2 W HA
o FHLE AP HAskE BHE e ol 7 O¥HEE

v_I_Z'“___
BAAAE z1 oernz FrA PHE EFFRHA AL

o]9le] FA olAYHR WHozyE dud FTAH FoAM F
A EBr%E FIAEANANZS HAASS @ FA e R @

HEE oj&3= Wil Arh o olgHe Fe& T= o &

1) ddelv FlARF E gy T &£E&
2) ©¢ AAZolY APy 95 LRF
3 WxdiL Ay HFH7] T2 2YE 42RE
4) - (tool) oj& s
5 wEl & day] 59 nng
o4 FYEHAEL FAY YEH 59 2YAgz By AN

g5y F2 AAH BAE ol&sH, of *=59 HuAe HAFY A

il

W s ok,

Bg BAMItd ol #%F

ol el A AW B FF uvSFAA-AHRF, WAEe, A
A—& olgd TA o4 FAHAEE ¥ 5-3F% Ao ¥4
A HEe o9t P WHE ol&F T CJAHEHA= FAERIA
A geojde #FH9 Aol AMIZY UniA (residuals) & o
838 ol4e AA (fault decision) 3li= Aol FHaslch o & s

o] A& WA= wWare] W3, varianceo W3 T wEe W3
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MODEL
NORMAL

PROCESS g -1 PROCESS PROCESS

1

§

MODEL e MULDEI
(BSERVED FAULTY

W

Im+ ';Tiif‘

STATE
ESTIMATTON

PARAMETER ﬂ] CHARACTERISTIC
ESTIMATION I WUANTITLES

L

b

[

GENERATION OF

23y 5-3.

——3 - CHANGES
- ERROR STGNALS
- RESIDUALS

FAULT
TYPE

COMPARISON
QUANTTITIES

FAULT FAULT
DECISION

FAULT
TIME

FAULT
DTAGNUOSTS

S TTT

FAULT

N
FAULT CAUSE

LOCATION  SIZE OF FAULT

o] 2 ' A

FA=d 3

olZgusE olgd T
P E
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2 olgst: WYEe Yoo, olg SAMME BATH dAHNE
v osiEeA T gEol8c aTdEN

AgA Watd wARSE FA g FH oA @
3 A& 1976 Willskyd) oz e dTE#AVE LEHY
on, 471 e Solzdn =T T B HA JATEHAES
A wr7IE o
(1) AFRE—TA7I] o FE

Agpe—2asel TR Li 2ni¥ e AFE ¥ AARS
o FHL 9se gy xol: H2AEY (least-squares method)
& ojf&9Qr}. = 2¥ex =YX (output error model struc -
ture) & e AFAY oAANTW 2E2

Y=0,% +0,%X;, ++8,%, +€
Q714 ye 2R%9, x& FALE, ex ISPl
g e OA Y=6XT+ew & F Ax, 9AA

X=(%,, Xg, =, X J7

6=08,, 6, ~, 8,17
ol Ag oA kA AEHel e HWez FHHL, HaIS
Ye AEA” 4 x linear regressionzdg T 5 ULk
H2A5HE ol HAF WHFHLE FEIE LRYFTLE

8(k+1) =6 )+ H(k+1) [y (k+1)-xT(k+1)6 (k)]

H(k+1) = P(k}x(k)/ [ a+xT(k+1)Pk)x(k+1)]

P(k+1) = (P(k)— H(k+1)xT(k+1)Pk)] / @

GNAH ax FmeZol AwMwaol Hgshr] A forgetting
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factor o}, HENo 3 FAHE oed BE AHARHYS =9

d gANE #AE wHez AxReRe He¥ F AW

an d a—1
y(t)+ an- y (£)+ -+ apy (B)=
. dtn dte-1
4o qm-1
b, u(t)+ by, u({t)+ .-+ beu(t)+ e(t)
dat= dt=—1!

Aziel wie ol B v el A,

di

_..y(t) :y(i)(t), j—:O,l,‘“, n
di

— u(Y) =uli) (), j=0,1, =, m
dti t =1,

Waves At zde HeEsz 23 U4 R FH

0:[ g, a3, =7, Bu-1 bﬂ’ blr Tt bm ]T
x (k)= [ -y (k), -yk) (), -, -y(k){7D),
WO (), u (), -, ul® ()7

v} (k)= x (X)T 8 + e(k)

Li zhie wlolzs WAHE col&se eddoz o AFE F

Pt de Adsee AGLF EA ANE A AFsj2
ol8] slFe 95t recursion in groupojlE AAIME =9

oty ol HBFH/ F AIY T Tl ANE BFHA X

oo, 2502 ARET Agste LHelth F ¥ 289 H

o

1—
L

olele wmaed AHAFZL ol olgsd W4 FAL P o
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Al ohe 2F9 doletE wolsd AAYY €A covarian-
ce & Vo do WFFFL Wa: FYe wEAo=z 4
ABste Yoz FHNEY #L9 v (signal-to-noise ratio) 7}
Fao dEARST Be Aol £88 WHeld o4@F e  innov-
ationg g ojgstu o g9 AAEe AddHez TPt

s ()= y (k)= x ()T 6 (k)

0 Ce¥(k)< y?
e o4rE A3y 98] HAAE chi-squared detection & o
g3t o] welx FAAFS HAAE Ay¥gxow Pk

1 k
0{— X &2(i){ y?

M i=k=M+1

Mol Hgdagol A How RH wHANW, 4 uAE o
7 OANEE 27#H delvE Lol A Fo SaAMs g 7

stedth Feld dwe FAY oiARSS BN Asoe A

olfl

€ ¥olEr] $3e d.c. driving system¢] 2R4L ANH BRI
o Wx 7 AR A E_‘%lﬁ}@] 2HY AdEwFgaAg £33
o2 T3d ugx o

di, R, v, 1
—=— —1— — w4+ — u,
at L, L, L,
dw v, B 1

- = — i, - — we— — T,
dt J J J

where , u : voltage

i : current
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R :resistance

L :inductance

¥ :flux linkage

@ :angular velocity

8 :load coefficient

J ! motor-generator inertia

Ty:friction torque independent on ¢
°f Mxdelx AY 24 sy wHi= A¥AY u, , armature
dF 14 3 F JAdEx o5 3409, £8%d pads & 4

il

Azrel 9 g TEgol Yww® W3l (parameterization) 3} 3

498 FFAEYE Sy oem gog = o9 — fp)el AR o
=
R, v, 1
*911—"' I 912—“—‘- '913'—
Ll Ll Ll
¥, B 1
62125 . 022“_— T 023'__ -—Tﬂ
J J Jd
Ve @ di,/dt

Oc : (Bi1s 613 0,517

Xe 1 [y, @, u, 1T

Y + de / dt

O * [ 8ay, Og2, Oy 17

xm:[il_rwgle

Ye = XeTae + .
Ym = meam + Cm
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714 MR ey electrical #WAHAL mE mechanical W3
Ne Z7 vgdck Ade AE o) (exciting) AAFI s
of 98 Mg u,o] PRBS(pseudo random binary sequence) & %
AstAd Mg ¥Pe Avddn. o4 A7 d}E ww o
H olgdm e HaASEE cledd F¥H mdyel §olw

d.c, motor driving A} xele] Al

A

g ol¥dAEgE AHAIFHoE Y
g+ qeL g F Aok

(2) Fault zone & o| &3 FHoj=zd WHAIE

t}2 & fault zoneol&Be AYE =Ystn o8 F=FL ¥

3 Holxe}el uWAHAZ4A9 Ade A= L. Taosgt C, Fang9 ¢

T332 A@prsz ok

Y

B A 427 (distributed parameter system
DPS) ol o4& system spaceo] @ FHeiA FHESY FTA
f AW MEoz UeEudD=, o 9g9de  fault zone(FZ) o2
T3 o oo dsld FZeo $X, FZe =Zv] R FZueAM9
Waye W E 5o A7A w4 E Q4 (identification) = B
ot} B2k SAlolA] space-dependent parameter 2] FH L o] ¢
2 o d7dMdE g&d @& dubrFHA AHHE 24
gessid Agg Pk F oAHSFYd AL A

N2 WP gs oo odesiA wWelx FEdEd
1) A WHeFA gro] Hed, e WA parameter

variatione] & 51 =8 "ol AAH wle] | FEHTOL

o

2) ol U*AL ¢ F Utk
3} W7lR] FAFHEE oA dgs W=

B
-
i
=
o
ki
rir
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_'?_
@A Zko]l  Fobol T

DPSolA] olae HHFe wHolzagley &} #S  system space
He & AMAH wmeyy Fzd H¥F icingeoly buckling %

A

o

& paraffine deposition Eol 9§ Tho]l=<l e WA

rir

=
2o system space e m A FAAAN wfel FFol Aol
=axe Uz F 4o AR @sidE o dd AR
sk sjold WE wWHEFe Holg rslx= L. Taod C.Fang
e teeo AAA AFE E=YsATh

1) These parameters can be estimated from input and output
measurements under certain allowable test conditions ;

9) The occurence probability of faults is so small that
they happen only one at a time ;

3) The mathematical model of the normal process 1s known
and the mode of faulty parameter variation can be rea-
sonably predetermined,

ol9} e ARG ugow wYdH fault zonee AFL “AHA
Mol DPSAeFde wARH ddeoz, FHAAFE o 94=
Aosns 2% dn geod, o FdAd FHAsS HAY H
o
73

=2 Qwd olgsty] dAstel AR A FH

L]

T UH

il

oz dag F Ah”E Rejrh o Ade T
il

ol xztd
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se aws-adA BEC A (L), ¥H (B) 2 &2d  dA
(D) olth @714 $iA¢ W F7x FIdse zdxd 4
o “suE S= use e wAd IVRY PYHez F

e, 248 dAde FAF LA 2adFE cl8IHAT

Df o e e e o

() Laf ‘[_F P

39 5-4 ol =Zadle] WAFA

gurrel DPSHA Fzg FAsE WEe oF #HE BEth

197 : 2R AAzg 54 =2de T4

prA : sbsE o] 2 olad dFg wE IHUSFL =4

oA 2aAdAN e FAWS AAA (identifiability) &A}.

1A ol A S8 wBAsE &l ¢ndgF N

5@ ol WEd A uygstz f4A gA2% & e
system spaced LI FAHAFAN HA.

6etA : FZule] wAdas dFxdes 24,

TRA e FIE e wdd A $F Aol Fel A=

o

dee #g8 AE J. & Aol

i

uHA twrAl 103 119 o8 wAA IAET We HA
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guA : A4 exza sdM Fid #E AFRE F2E 5 3l
=xg =ZAL wep Esbsetd, FiadAege A% A
2 R =aA s (stimulating signal) o] AA,

L0wA : FZuleld zelsts wdel o Jagel A 718714
pa wage Az, A Fio A9 WMAE =
el AAZtY 2yg o J, & Aaxdse olHdl <
gg we Wy d4e FA.

1197 : FZo} Jgo dgdsts TARSE 27 fatd, @A 8l
A AAg 2Ad FaEg Wag olgdd Fig X
2 WA E WA

1207 : FZo] 3714 wsol wiste Ja7b A&zt 8 "R 9
ERog gAllE F3.

o ge #AFL wa solzmgag FEAY, A B AdIEAE

e gegx o WA FEHY RdEge k

s wAAde Tz, o vHAY HuRYAH 4L method of char -

acteristics @ =W whg# go HAY o MAT—gH ] AH

WA ae gevh 2% 5-5% #e FHelxZ}pd g NAY TAOE

g

Ho Hi¢ H- H~ Hu-t Hu
(AF 1 & NE] -t N

- ‘ 1 . e [‘_____.
MP1 MP Mb

Upstrean downstream

ened and

a2y 5-5 Selmalel @ ¥ AHEs Ao
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x (k+1) = Ax(k)+ MxZ(k)+u

x()=[H, , Hy, =, Hyy, Qo, Q, o &’ QD0

x2(k)=[ H,2, Hy2, -, Hy-12, Qo%, 2%, =
Q717 HE W4 (piezometric head)olx, Q& #&& v
MP], MP2 2 MP3& A4 ¢83d #Aelnh
By Ast M zzlum AojMe ug WHEEe & F 3AA A
Halze @tk o muae Folzygle AT EFAMA FA

Ase TAYFoz Hsxn, 4 SyYL pressure wavest I s} o)

jE

el Fr& EFHste d FaE Azieid g ALY #
27 (observer) 2 A8 ¥ & AUTH
T, =L, / aN

o714}, T, : sampling interval

L, : total length of pipeline

a : wave speed in pipe fluid

N : number of sections
geom olAd of = AP AZAFL A AHLEE
olgsth = WA Zad wE Y JHAE¥Ee Fig AN

9 2 WAl @ AMFoz gastec BEAN ITFRE 4F

B3 aFRE S2se $EE 2EG 2@ Bojxzad A
e Hess YN U4 FHE-—$RB, BAAE, FAFES
_e =@ YTl ARE ¥dde ZAA @Hg FE F 3

omz o RIS olgw FI Ade et wEA o 9

ZelAe FZol wa g sge dAwSyol gadte Wyliel
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9 ATFARE ol &ty AN FYHIUY WL Y559 2
o] <t® &3y MP1, MP2, MP3 8 UHfE Q T 47hc)m o
g FAH Q& Fzo w@x9 yAFHA, H  Hyo 23
g MP13} MP3I:E 33299 dgdoz, Hyo 3L g MP2
S AEA Jue ANe HAse A7 ol s,

A Ko+N,—1_ =
Jy :kﬁzN’ TH, 00— By ()] 2/ % ° [Hy(K)— Hy(k)) 2
k=k, k=k,

A7) 4 Hy(e kuA HEY AR SAAol: H(KE 2do)
g FAAN, Nye 71&3 J,9 ALLE A% WY w9
golol}. BAF F F@wde ‘Fut B2 ouyeldg e
wE Qg olgsle, FZ8 sAsigch. & FZg A7 @4-
ATz, Awbse] W Fubgel w2 JpFSdE AAZEDE o
&3kl 2t W@l BB D g WMANIHEAN 0, —Q, 9 ol I
olElE Hd YHg Atk o #L olgded Z WM 7
FA I, & FET, o @el AY e Frude oA ol5Rd
of A9 BHPe wEstd NEA Ha" "o olFREE A
Algtch, Ad¥d3 2AbE Zdelst 120 m, W Fe] 10 mm¢l  water pi-

pelineo] sl Sy, M Sa ABe FFALARo=

-z

Bl 7% Smso R 3Pt d7Ed WEgE dgE Simeln AE
o7l A1AH  F7] Ydld YFEe] solencid¥wl HE 4 3 3}e] random
sequence(PRBS} & X718 + AxF 3%t WX =il PRBS
o =zZ7E AT 5% AFst= 28m=z Rrsta R

T7l S0mseolA 250ms Alelel 1, &FH AL arl=E =2FHXY 5
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e st Rade AAAE 18 7to 2  uol, 36709 o] A4}
g wAdez TFAAT oAb e TojmE|AL] 667 molA 80 m
Apolel W7ol G mmiE 24&HE o= AR BAFE AFHN

a5 wo agdd =t Fag dEds dseyed A

Fzolale B F dch dA4E FzZ gto] AAM < Aoz e AL
Ns ZL AW (signal-tonoise ratio) 7} &AL olF =2 B A

A3 Aok ol QGTyFg Lotrr HdH PRBS¢ =71 # F
Az=slE WaHATIHN RAY A#AESE dz Sd 4de 2A
zAx #e o4 T WA 4w, 917 fmmel uUel®E FH
= agaqgo o FEdMdE wWRAT getxu A& e
741 mme ZaAHE Axrt Aanh A1EA Axg A A= A
2 2007z HIn A¥D Age 19 5-7T7% #rh

ol }o] ATFANE H¥ry Faulty zoneolgt= Add A
Azbp =g 2 94& F54 sol kel el WAA TS FRIT

goe = 4 slth a2 o WHE FArA S Yoz A F

T =

S

AN FY AL H =2 ogege Wworg PRBST o= A &

o

ogglol o7l AAckw & Aol sl
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presumed FZ Jg D; (mm)

—= = o =m o= L. 90 9 78
m=— === 1. 97 9 58
——==== 1. 83 9 58

=== L 79 9 27

=== 1. 93 9 27

== 1. 96 8 99

== 1. 61 8 99

= 1. 78 8 42

= 1. 69 8 42

=== 170 9. 27

FZ found == 1. 61 8. 99
FZ real == 9. 00

2Y5-6 FLE o)§% dojzalel YHAdY wARD

presumed FZ Jy D (mm)
= - .300 9.78
o= === .469 8 58
—= === .252 8 58
=== .170 7. 87
=== 710 7. 87
== .289 7. 42
== .166 1. 42
= . 397 6. 60
= 173 6. 60
=== L3117 7. 47
FZ found == .166 7. 42
FZ real == 7. 41

L¥5-7. FZE ol&38 Holzel WAzYG adam
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gl aAE R AEFFAA A FAY ol A4
g4 gFse wzy ey TAEZ Waoez 3 A, WFE
HAas BAZ R GHTAH vz TAH
o geomz % o BZF Ad dg AT 4F e i
st A EAe Geiger U7 AT # swAolzt HE AFREHI
g SAxgE fAB I de fFAsBA= AFHryH, 4x R &
A sl e oAYAE HHo= ek, AgAz AuuAgG =
g4 5& ol&dtdd REH, FEZ R saAe %3 2AHE
Zy@g. o HAAME shestd HAE® AP =9t A
Mmeel 53 Fole =HYel gestt 2ddel FrHAL Iser-
mann 8] ZAlEE D 25 gon, pusde AF AAHES 1=
&3 2o
{a) Armature circult

cu;fgzmuﬂ4m+aﬂgwm+blﬁuwu

(b Mechanics motor and pump

WY _ 5, AT (E+ an AWIE+an AN

( Pipe system

MO — aw AMB+d AV
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[d} pump(specific energy Y)

AY(Y = hw (t+ hy AM(Y

G471 ¥ dAdsER 2434 AFAelde degm pe

#AAE JHA.

R, 1
An = i, b,_L_l
By = =~ Ifil
an:—.ﬂz "b
[/] 5u+0p
C
4y — Fl;— Jw an_—_—%’i
a
0= - 2 4= 4L

FHWANE FAs7l st WS dEwWE @ Aoy
T HaS# go] Aot

3-32:;1‘1 ass:as§+;:r
AL, (t) AT (E)

Xt)= |AW(L) yid= [AW(L)
AM (L) AM(t)

ANY (L)
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Ap B O 1 0 0
A= [an Bl O c=1|90 1 0
0 &= aas“ 0 0 1
0 hw hu
b,
b= {0 ] u{f =AU, (Y
0

%Y = Ax {t) + bu(t)

y(t)= Cx(t]

dolda A, B, Cel A48 HaAsyd oddtd T
gow, 037 FFe F4 AN HAASE el

=3
o zguad wa @
B

°
H

Ag oAz AL dstq A
W %

| @A durt 23
As7r ALy, AW, AU(Y AAAdd & FAFAHE AL

qoue AgAAz Fess g el & F St

yi(§=dI,(t)/ dt y.(§=dw(t) / dt

o:TH=0 AL AWl AUG]

A

01T = &n A1 b, )
g TH=C AT Awl)

ész ( @p @ 2]

Czaa A4g dARSsed AAe FAHL ozl el EiA

s §, b.o oA TAT BANL g FTE & AU
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Cr1 = CrMm1 -+ Cprmw — da2 g —=d g a-l‘l/ﬁlém

oy z2dA g efsiAl sty ¢ sted lumping @ BERSG
Hzeol v &ZASF Cpa, Cow & HFHEXWE Iu, 0= 470 Fo
2 Faldd £ FAHAAAE SAYn DA AALHAAE ¢
Hald FA YA d/dt=0ez2 FH L3 6= F¥ &£ ¢

. med SAANE FaAslor o B AANSE F3E

A

i AP © @#e& 2y AFE FAYE £ UA ®Ho

2

w3 et e AR FHAAAE AL HAEA o} & A 4=
Ceme, Crro o T F gt olgd #ldg HelME v#ELIAE &

Folgt Mg Aozw JgEIAtt= M T AErh

Tem{th= Cemo + Crmrw(t
Trp(t)=Crpa + Crriw(l

COu+00 ) g1, (0~ cro +crmlt

9=5M+8p
Cro = Crmo + CrFro

Cr1 = Crm1 + Crpr1
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gy F =R stedy  wigsh I, (e AmA AddE A}
g£8nz crg FAY T oy, UHgoRE SARFUZ 72 A g
2RANE7L Ua(bst AWEE armature A §& %3% T =
Ao 2y Aol tex ol wpATh

2
Cwl8 ) o, S+ awwiti= fo oY
where,
Qay -——'%—:‘F%‘!. ao:.élf;(can 4+ ¢
Bo =¢/Ly 3 Cr1 = Crm + C ppw

9 AdME =44 AFEs LSl zRRAEFE 3780
v fUg HE TE g gy, wEkA =Me AFE BN 3l
oot &ui, ol p4 28E 7t me wWsgE HFAY Ha7t
gt Ag ¢ T oick AAAH FAT o] &3t el A9 vt
AR FARANTE W7t Fol A71A S 177y ®Boh w2} A
= A 293 Ass ARser WeEs 78 F g &

Qe Cril
Bo s T ¢

ayu £38 W|TE NARAgd F A ASoh= Wyl W
gure FAY T ojcy, & ®5-13% o] EARAFA a3 (F
Fol Al FEFHE zA ojpEsel waluras AR L=
gs dAEege A F slrh '
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®5-1. FRoAAF HAsRd

Ao Aao AN Bo
+AR + + 0
Ny 0 + +
+4 L - - -
+00 - - ~
+ A\ Cra + + 0

gee &£fAM WHZ d3 UW zRANE7E ALY,
AULH, AW, AY{H, AMHA B EA olwjoll = UollM TAHT
i

e sAde mE AxAsde &R MEFEA AFIS

=

==

1

v, (t)=aIl.(f/dt ya{f=dwit) / dt
yslt)=dM(t}/ dt ya b= AT

g T=C AT R AW AU (]

9,7 = [ an an b1l

¢ TH= (ALY AW AMY ]

6.T =( ananan]

osT = AME) AY(H))

0.T = [ as§ dal

g Tt) =AW AME]

GAT = [ hw hM]
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TR BAH ArEe gAMS s@AR 4Ad GAE
2 g s =F AL
£, =1/b,
R, =-an Ih = au/b,
¢ = -aply = -an/b
§ =$/an = -au/b,y an
Crt + Gw=-anb = ana /b, a n
Gu = -4nb = Adpady/b,ay
Qe = 1/ds
dp = Al o = -dx/ds
gy A warzk 29 A$e EAAMAY SHES
A mREaw BAS FTAAFEES T2 S otk dEE® Y
 2RER gowm £ o zZN¥E  awds, by, ¥ hwzt P AA
gee & F AT WA ar @, hwhw, ¥ criol FAHA
ot W M)yl AHA gew, di, hy, B a7t FHAA
g wHd TAASFFAHN  ar QG w gu ¥ cn & HEE T
. weld ols @#ESe ARsn FAE Folok . T A
e EBAel TR HEd FAT £ fv Atde o 9T
g mdd z3AE Tk
oAbl AME uld]l ost® FHusAARALFY ZUE A
A 2R ol4g Awse de FAHY YUy FHA =ndH
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zdgd Aol HAgsirr I FArdo 9 Rouge FAHRY
& °ol&3e Aol W @we FTAAFE FHE F dzn @A
o4 e RHFETE JIA¥ & sick. FAWA

3l FAel udgARz JiEstHE FA 1x2 UEd F OUAEH

Z mE HHU47 249 $ UAEZ AAdcr @

4} A SAAAdN MY WFEFHA dAF oA

FgAolE ¥l i AlxHelA oo WAooz <lshe
283 Ayt AAE o, oldd JFE AZWAYUSHEN ¥
oz # dveEx ged =3 FFHAARre AR HId A@
A7 AHer AAHr] wE HEdolHA RVFLE AAHAME
ol e wWaE A7 APk o FE HFd ol g8 o
g A7 AN o] g dFxzmde W A4HT £ UL
o, g ojAEA= zpd Ry (discrimination problem)
7b gk A gAlelAe oW wd #F ATe = BA €en,
olo) @s ¢F=E= 198349  Hagglund 7} &gl ol AIHAL 9
3 fReE FANEE AMAsAch A7l el AHAE AHAF A4
oz & FAuMAASY W #AF HERE olEIte AR
A gl dAd ofsddh T thE HIHe=E 1988
Jd o] Kumamaru Fo| Kullback B2¥zE ol g3 AHY P 3l
on, o7jM e o AT #ae] HAHEIE TG,

Kullback Discrimination Index(KDI)= ¢da F A4
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gusgss Haszl s Kullbacks] o&a mgtg 2
oz FeaeAxddAA ArAHA EH o gsol b o KDI

= ojgg zdpde udR ol ol ZolAtt A¥ HAFAE

S : y)=Ge(g }) uft)- Hela™ ) eltl, =1, 2 e

714 yibe n,xde za4e, ulte naAYRE ol 9 )
glolj . eltj= nNe. (=n,)ag9e WATFAL ooz FHTH

Fragg4E 2ET

elt)=N( 0, 4)

m@ G (gT) % Held DD E gty By ol FodA

ol ofelst we AEE HE Aoz 713 @rh

1) Goe(g ') and Ho(q ') are causal
9) G4(0) =0, Ho(0) =1

3) Hp(g ') and H, '(q ') are asymptotically stable

e

A g ANzdd Uz 2ddHE Parl sk AR E

<
2T 2R AWE 6% FA 29 e #oh

i

M(8): yii=G(a ':8) uly - H(g *;0) ett)

efy=N (0O, 4(8))

=z ZARAIH RATFEE 2A oA gadgM (o H7t A

dEde THAES sz, o A g 0% A G Ho
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o we AL WEHE Ty FHLINEH IY5-9% AL =7 ¢]

27k 1., Ia9lA A5

i

gawe £ 9= Aoz sHAIE o
A 5 AZFFRAN FAGAEFY AHR olgt o] ael A8}
@ o] gue adg BAM(4OFH MDY AdZ HEICH
W& =72 ( distortion measure) @ KDl g togif ol like-

lihood @& ol &3t veEuE

p(¥Ym/bs, Unimy)
p( megn. Uni-1) SLE

In. (1, 23 :IP ( ¥n:/ éh Un1—1) 1n

ANM  p(Yxa/bi, Un) & 2@M(O,)0 g likeli-

hoodat4ol 1, Yy o U I olA AzpA4 kAzle  del

B Bgelth
Y, =(yli)7, yi2)T e y k)T 3T
Ux =C( U(I)T, U(Z]T ...... u(k]'l‘]'r

wabd AFE Iw 2 +7pI,He ARE 2aIM(6)7 &
By B EEsestE UEndch ‘
aad ez KDIZ Adse Ladze o gel like

lihood st 4¢] Bayesian analysis & o] &3t T 4 Tk

p { Yeu/ 05, Ux) =p ( y(k+1)/8,, Y. Ux) p L Y/ 8
Usa)

k=1, 2, -, NI+l
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J .
L1 2) =TolL 2]+ 3% Im(l, 21"
1=

KDIZ olgae wdg Fdstes Y iAo AEE
7¥el FHEE nYHIA we direct norm criterion |8,-
G 18 o gste AT HA agHolth

TR A WAR ol FFel AHE =d=T 2ol 2
ey ez oAgx: marygayel <@ batch procedure
= 23ygg = 2o ( threshold) z & ol &3te AATAZ
e Aolth #,

M(6:)#M(8,); fault

In:(1,2] > or (7 { X )
M(8,)=M(6§,); no fault

ol wui gy KDL FAA A we AFHAERS
Wagol Atgols KDIe 2aAbd B¥rh ¥Aselor @k ¥4
Be In(1.2)07 @AEESe MUz ge degreed  HE

= Aolth

asymptotical Chi-squared distrbution g zZteood
2

=

olls EASH AHAde @ad & Feted o] &
ctel P& A ( SISO Yo wiated #ek FE IR R
as HeAdol gmFg AMsAE ek 2 ARMAX @ o ol

SE

s iA@Y yi=g@s(g Y u+Cc Cat)eft), t= 1,2, -
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A7NA dE £4A7% Adelm A, B # Cy qg'y 4
q

F OdHeaA

A(gY)y=1+a:gt+a.q*++a.q”
B(Q')= by +biq t+bag 2+ +bag™ (be #0 )

C(g')=1+cq ! +cq+-+cq!

ol

A wedete oheFd el AFdh

a:[a], az'"_’an]T
b:[bu. bla Tty Dm]T

CZECI, 02’ '“'CI]T

tes ge ‘ one-step ahead 'wl§@4g =zt

J(t+d)=E([y(t+a)d)—y*(t+dlI/2+ 2 uty/2

A71A yE(t+d)E HAHolxm, 1& TFAC TeA

o] M| &34, E Hizlsle weidhted one-step ahead Ao g8 &

Ulth= Bo/(Bo? +2) (AlBo—B(a—1)ju(t—1)+y"
(t+d)+(Cqg D —13y(t+d/t)—a(g-—1)Y

(t))

A7l A,

a(gt)=as+aq ! ++a.a g =697
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B(g ) =P+ pq" +F B a1 QD= F(q~*)B(g™!)
AN4 Fo G ©g #AAAA FAsA FHA

c(g=AC(qgHF(gH+ge@n
F(gt'r=1 +f.qt +£.q2 4t fa,q @B

G(q! )= +9:q 7" +gaq7 +F G Y

w3t yﬂ(t-i-d/t)-‘,f y(t+4d)H#4 one-step ahead

c(gtyyl (t+d/t):a(q")y(t)+ﬁ (g™ uft)
o = 9 ?(t+d/t)sy(t+d)—W(tﬂﬂt)E
?(t+d/t):F(q")e(t+d)=e (t+4d)

A oA SFHe o regression el ¢ & % Q] 3] one-

step ahead AHd&x g Xd#HY

yo (t+d/t)=0"[06
8 ZE Qp X1 "' Xa-1 BB b ﬁm+d-1 Cy “‘Cle
plt)=( yteh-y( t —n+ Duflrul t—m—da+1)

yo (t+d—1/ t—1)-y0 ( t+d—1/t—1)27

g% wswe a.b % c¥ g=E AF  HIRSE

2
ok

rlo

AeAolgad e thed THE Asg 4 itk WA ot
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criterionZ eojf3led & FAFC

§ =arg min ECy(t4+d)—y® ( t+d/t)]?

y(t+d)=p"(t)0 +c (t+d)

08 FAsed IAH AxAsHE ol HIAA

Yi=pT(t—d)d (t—1)

fry=08 (t—1)+LEC yH—Yit)

Lil=p(t—1)p(t—a)/(1+p7(t-d)p(t—-1)¢
(t—d))

Plt)=P(t—1 Y—Lit)gT (t—d)P(t—1)

$(t—a)=(y(t—d)-y(t—d—n+1) ult=d) -
u(t—m-d+4+1)

Y(t=1)y(t—g)2T

oom zgAolyae “certainty equivalence prin-
ciple o) 23 QA F& A YF utll 6t yo(t+d
Jt)=9T ) s uYstd T KDIE ol §& olAdxide 7
Nee ad5-83 zu, ol FFE AFELY LIl L} EL

ot

217



Failure

u System _ Y
| a,b,c

P

Controller
u=(8, ¥
8,y

Model - Model:
Identification Predictor Model

17
Model L
Discrimination KDI

Fault Detection

<28 5-8. AZAAANN olFAL

gy olEE WA g Ed Bol TAALE =
oz #EHA etk WARFTL CaA wWas FAA oA

Adejnt, sEoeze Aol A AN g ael wae #HEgdolE T
o AR AANzE BAHINI ol ol g ArFels ol AVAE
gl = ol RAT 9de @A A ( detection measure)
A #masd, olzd FAAR KDI¢] 2§ Awrs st @

A dzrdg YEHRLE npite] 2w og I Zroh

thym=6(¢H0)vm—H(¢H9)em
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eltj=N(O, ¢%)

P il -[C: i L—C(a D)
T =0T g gy 1=a a(q’ )
—1 — F(qﬂl)
H (g .9)-—1_q-da(q-l)
ut)
vm:{ SEEE
y ( £/ t+d)d

A7l HAgdE y(t/t+d)E mds Aoz oS
KDI £ ol g% AojAel g ol4gAwyes dHrs 4
sted 29 5-99 ze FA T diEd L& A, I, =
o AFrez st deolee F LA k=1,2-, N, I,
AH k=1,2, ~tolsy &A Azg k=tz i, L. TN

sg), 5 wdaM(8,), M(6.)

Dy
el

#HE2Z2ANE 6, L. FHAME

Afole] #ols KDIE ol gatdl eelddz detum,

. B . p (Yn/8:, Vu_1)
In'[1.,2)=J 0 ( Yn/0:, V) 4D e (¥n/8,, Vn_1) b

= INttl 02] (2)+ INt[l !2](9
N
where, Ix'(1,21%=1/2 kz_:l | H," (G -G*) V(k}ll;2

INtEI.ZJ(m: N/4mi § [ Ha't(z)H, (z)—-1]
(H'(z ) H (271) — 1) dz/z

Gy =G(q!; él). G, =G(q!; ét&(t})
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H, =H(G"'; 61), Hs =H(q™; 62 (ED
A=g? (20l AF2 78D
Fault occurance

Normal mode

I, I
r k=N % k\:LZ

k=1, 2, l , -, k=t(present state)
Final estimate 8. 2.1ty On-line
of ¢ in I, l l estimation
Identified M(8.) M( 83t
predictor Model l
Model

Discrimination | (KDI)

!

Fault detection

2% 5-9. KDIE °] &% eatel ol AEA

o a@FaME 2AAE dgez KDIg ol§¥ o) A&

g 33 2 AFH ozyge ngxn, IAATH =2 A

was Aagel daAME KDI 8] Z7HAFozRd o3 F F2
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A 34 selzell Aamle] {2

HA U ZAE HEde FdelzHdy HFEEAs A A=
BA2d a3 AAAAd ddAM us Fad RAelch  ady
°lg Al2"& AL F de AMde Uil A sz atqe
ded FHAM FHEdHA FHE EAHEr HdF Aol HRelm, T
Helle o @G ol gsd F£AHe Holmr oL 2 Sl R R
ol ebzk2 WL FAZE A oA ES5A4u Fo o 73
HdABE 2%, 71Ae 10%Ry #He %z 2Asx £3g
oL fFEgANEE dotirl $i8le ool wWE HLZ Uy n
=,

(i) Medium:liquid-gas-multiple phase

(ii) Operation:standstill- stationary- small change-
unstationary

(111) Size of leakage:large - medium - small(pipe burst)

(iv) Development of leakage: abrupt(cracking of wel-
ding seam ); slow(hole corrosion) or already exis-
ting

(v} Leak monitoring:continuously-on request

FGol= WAHFAEAE Pl AFBYw, A7 FnEd
(13l sle #AA &4 ( stationary operation ) 4] A& A ¢

HE 9 #FEFA Y FAMHEL delnEE Fo

221



1. 2244
grol maele] weed &4 Y wuE A 2A0EEH,
Zo AU SRR @A pdg wEsstl A3 JNAEE

ogsm 4% hyperbolicHsle ¥AAE 2& & U ol 4
o mus Faoez Uy selzadd AgHw duiw $IRS
o wan 4 gw, T3 gedsed dedE AdHdAS AR

gaie] AFAoz A7 AWInrde AT F OUXRT S

-

X (t)= Ax(t) + Bu (t)

y ()= CxI{t}

where , xTt) = ( A My AM, LMy AP1 APs =AP1-1]
utt) = C A Pia & Pout j

YT(t] =[ A Mo Mi)

gasAAan  xe sl

fle

ge o Kz 9%

X tt)= AX tt)+ Lv (t]+ But)

where, vitT= [0 0 - My = 0--0 1)

0 = 0 0 - 0
0 0

L, =
0 ene g:(m—l) 0 O
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g2z e f2o dold AW L3 FEF M & VAT
gz FAPY, e g2Ta49 FIR FEAT i 5ol th

{1) Fault sensitive filters

o] wwe AHWMFE o FdHn, dF52% e (t)= v [t)— CX (t)

i

Axatrl s e 2

flo

aews  filters o 88
% ()= A% t)+ Bu {t)+ H{ y (tj— CX ()]

aaAdd s filterst nEstel dZesd @ s
&71 Yo filterol (& 75 aA o 28z uA
zuxs g oS8 Fd Ffh Gl AN dFene
QanaME Zhdn SFEAdE gadt: wag Holuz o
gel %3 o we olestel wwd 4 ok o wwel ed
o s o@ gust Al wE gleixmz filterzt o
o $zd Jue we FAL ANAHAE BEd  AUI

%4 sk,

(2) Fault model filter

o wwe % 5-103% ol filtere ol EFE =
wase HEvilg JdHSh gy o] wwe FRFSO e
Ao = ‘bank of filters ' 7t 9 g ®Heol Aagel &I

AZu s Bel AATH
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3) Cross-correlation methed
dol=atel Alxde AHn ANFHEFHLE A8t
Z2FqAe SEn Z4dades Al FEHANE g ole WH

oz RAAFAYL ol &ste o Utk F,

M k)= M, k}— M (k)

o] ol oW §AEZE zFHsd AERE T azju o
gy e 24743 drifting measurement Zow <l3ld HE
o}o] f2e AL 4 girh o wHE AHFT Aoz low-
pass filtering & ol &3l =Rz AFs HBUZST FEIo

ol itg WurdE del gith

M *k)= enM;* (k-1) + (1 — o) MK, ( 3=0, 1)

NEE o&dE Mk, MYke dMe rALz, x4

A Soz s TEe e 714 F Ytk o #E2 o] & &

n

A M K)=M, k]— Mo™ k)
AM, K)=M, k}— M *K)

‘M k)= AM, k)— AM; (k)

aj7]e] low-pass filteringg &W o #Hskd

T 1
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FIPELINE

...___>. [ ______
;U v ;{ T o ¥
I[ B ___;1)_ _w_{ }r ,___.U‘.____._.._.{ (_“:|;_.._._H.,,__'>
’ ™~ ] o
A
fr——— e y +
H L
o— Kl a
[}{ I L
X X y
| B s B c
———1 A

PIPELINE STATE

2Y5-10. E9ERRe A gto] Zakel

My K=, M (k-1)4+( 1 — x)M{ (K

ol FAxY #EL AN AdAE
2 dlob Bk oA FomH IFALEA =
5% ¥RHoz BT Fr AW, A9
ste WME e3RE Wil dddoz 2
A wE.

225

VARTABLE FILTER

AEj¥ 4 filter

flen e UEIE
ZHA HEFe JY
of 9§ fHe] B
AEgag 43



Cross-correlation &3 ol &3 HWle ojsEE =4
s glem, mdoyt filterg ol &stA W

2% #HATE T
uhf ol o, cross-correlations &

oz Ausk Az 01
coque aiE A8 WaAr AF wEH el AULH
Gron (e = & &AM (ko) AWK
L
¢S:2P+1T§1 @ wu(T)
ezol wARE +AM Kt —AMKel e eldAs
Qe eg o ¥ ¥4 ze 2o Hz, wEtd Ps< 7+ 2 3
gojAm Aug wATG

ojr- FACITHE

¢S<¢SL
Fading memory & o] £ 5+ o ross-correlation i
2 s HAc =z AL

Cﬂm(r,k):l@m(r.k—l)Jr(l-R)EAMo(k—r)-&Mxﬂﬂ]

o 7] ol p0.9<a< 100l 1 gol =W FES A Ade
= ozg$u AR =t AA$AFHAA gzAM4e ¥ =
gRe Adsa F4% & U %, @7 ( turbulent ) & ¥H
N7 =

g = M
Z Pe-P1
o] #AAN HAALE e R sl
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Cj uc):xccj(k_l)+(1’fc) polal{l)_z_(;)'( )-(J-‘—“O. 1)

AzAe tox el A€k
M;*? k)=c; k[ po k)—p1 k)], (J=0.1)
AR7 <Elzm dE, Coo ci & aAAFAIL, ZAelE TFIh

2

D () = M 2 (k—M;™ k), (3=0,1)

faAH e
_ ‘ A w? K
ZL_—L(l—ZAmE(k])

o sbzre wWEom Zol T0km, W7 265m gho] 2}l Al
¥ & uao g 35.8mAF AN A 0.19 %9 H&ol wAF A
o 98zs7 A Axs &=, ol & 90 e FEAHE

0.7%9 AHexd (500m)= 2A5t9, o] o= 150 kns 7]

Aeshey 2L 2% Ao 1047, 5% AfAdE 3.0
Azrel 2 a8y $E&AAHA gzode ARz FASFAGT B
i YT

ojAFolA AW E wek ol KFEVAYUES Aad  AAY
( normal ) Aeje] m@oltl 7l zxg ez Hu, 34Y Eds
48 4 g 4dvds cross-correlation® z&  HlWAT

Aol mgdon, Fod FFE addoz Agsier Tk



2. zd¥ 49 REAT

2o oAdA wdPH mdA TRl g FHY oW
A #wa olAAAY AFE FHA ARe Az & 1AdE
e HABAL FHolzHd AxRe= Hety oy HEAD
wy o @ cross-correlation &% o] g3 HowWe Hatgth
g 1 REEdAME A A A g oistd HA =EE
o san A Bl darl AR el AEZH o EREEF
qog FIa cross-corelation g5& o) 83 HEIF EHAE
gt Fns AYA FFL A5 9o Ao TAsAE 4
g9 Age el 150m, WlF  10molR dET f % 7
dee =23 F Ur ANEF EEFHEE m A2dg d7IAA

=7 sja solencid Wy FToz FAY o A o] T,

(1) 7A7 zee SolzZdge FeH 29%
dolzmatel Alxde FuHosn Z Asd Az 1 4

sasse Ta & . 9A BIA AFE A,

o,

S 5-11. Hol=atel Alx=He] A=

L : solmapelel & el
dgp: THol X 79
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=l
k]

D upol =} ©@yg
potolaztele]  Fol
DA R E
PRAE e
R e
PEA
R
] =) ==

oA %

22 €T O

=
1=

ki

W)

9 2™ nwAiA Fi2tod

N

AA &2 FANA A

Jp
o
oxl
>
rlo

oM oW ap
— = Apwp-Ap(w +—dz)(p +— dz)
ot i A 3z

[\'4 = ApWp

zuy FAAE Helad

9 a wip

—(wp) +—(p+——) =-F—¥Y
ot 0z 2

where,
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dPr Ap

F=—= wiw| friction term
8z 2dg
dH
Y = gp — static pressure term
dz

s

ze 7t9e =99 R e R o A2

aad WE & Ak

P
— = Z(p,T¢)RT, = Cr(p)
p
714 Ce(pP) = ¢a91=%5ﬂﬁ,$%:%ﬂﬂ%- A A o
My s plz,t) & M(z,t) &2 A& xa¥ & gnh, =3I oo

ou me sue mlsd 7 delxdds SHAE hyperbolk

ic Anj® WAHez F¥ T s o}

ol
rfo
re
o
o
b
AL
e
Iy
b
fir

171 et =y T J i o 4|

o 4 B} o}, cr(P) = c¥i
Am o A HE7F &w &g Ha obF Aoy, kA

Wﬁz (< Ce®

M2CF2 sz

0
= e
—

Ap?P? Ce’

AR 37 HolzAdAA wE o FAT
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MC,2  aM

~ 0
Agip 3z
ueb A,
A, op oM
- + =0

CFJ ot b A

1 oM p A1Co) [M|
_— + = M

A, ot 0z 2ARAE P

AZAZ & FE F Ao,
My, = CVO(Pin_pO)I/2
M, = CVI(pI-pex)l/z

Compressible liquid o] 720 o= MIM[ 9 AF7F e

B} el A4 Hu

2

2dpAp; 2dphpp

He ¥ F2 M & BF F3x44) e #Zel maly

o
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() AA7 sz delZdd Fa4d 299
23 7o incompressible fFluid = HA¥Y = 2=
gt sz FHolEZ#Hdd zed RE2 7 A} (normal) el ol
A muy $A4 wE TAHAE & geonpzm oAATELE Ab8-
B AFojig zol AA xxe wmAgoz o &3t7 A
AC3)e) ke vt 2l 47 5-59 delziel T
be] diste] oF fFAE w=EE s ag Eolop T ¥

cse 2 Faad BAwAAe o 2

tL JAx
Qﬂk+l :Qlk" Qlkz + (H0k+1_H1k)
2dpAgN a
fL gAg
0, k%! = (Q,% + Q*)/2- (Quk? + Q%%) + —(Ho*-H*)
4d AN 2a
fL ghg
QNlul =QN-—lk - QN_lkz 4 —_— (HN—lk - HNk)
2d AN a
a fL
H].k+1 = — (Q(}k‘sz) - (onz__szz) + (Hok +
29AR 4gd Ag?N
Hy¥) /2
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a fL

HN-—lk+l = (Qn_gk - QNk) —_(QN_sz_QNkz) +

29Ag 4gdeAg®N

(Hyoo® + Hyk)/2

o] BYYHNES AdFrYINoT WBHA Hsa G

W& B dde 2 ddges Fead
B =a/gAp, R = fL/2gd AN

where, a ! wave speed in fluid
g : gravity acceleration
f: friction factor

I

x(k) [Qo Qy -~ Oy H, H; - HN—].]T

x(k)? = [Qp? Q2 - Qu? H,2 Hy? - Hy_,2]"
u’k) = [Hy,/2 0 -+ 0 Hy,/2

Hﬂk+1/B Huk/zB 0«0 "HNk/zB‘HNku/BjT

oo wet BEARANEL Ted pe HHy Ty

A g o

x(k + 1) = Ax(k) + Mx(k)? + u

oq7iq HE A9s ML
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"0 12 B/2 0 -B/2 T
1/2 0 1/2 0B/2 0 -B/2
1/2 0 1/2
1/2 0 B/2 0 -B/2
A (n-1)
_1/B 0 1
o -1/2B 1/2 0 1/2
1/2B 0 -1/2B .o
1/2B ¢ -1/2B
1/2B 0 1/2 0 1/2
1/B 1o
I (n-1) (n+ Dxm+D
! -R/2 0 R/2 1
o0 -R/2 0 R/2
-R/2 0 R/2 (n-1)
0 0 -R/B
-R/2B 0 -R/2B
-rR/2B 0 -R/ZB
u -R/B 0
(n-1) (n+1)X(n+1)



Ao F2e F2AFL veEiE WH L3 HIde =29
A

x(k+1) = Ax(k) + Mx(k)?® + u + gL

o] mEg FHoz wasrl e EAHAL FHolz#d
o) Folade] A¥el 5%9 WHA A2 PRBS(Pseudo random
binary sequence) & Xristn Zd¢ od%L FFpYth 19
5-12 % dd AfAx9 o we WS AT Aol 9
AR FA ] EYFLL EHAY 5%9 ¥AAVNE e WARZE
& gol FAoh 1" 5-132 120 me] golzmeslel 40m A
A 0.8%8 HFo wAH AL dETAM SH I

_'l.:)'_
A 1IN A solzalelel 2Adts

3
M
g

s Aot ol e Al
QX Awe wdd F QTAM AN paHA, AEe
7hety  EFCAM fH2 AT

olgel =EAE Fatel uH WA mdelAw o zAL F

Aoz AV AeEe FHIG F AUt

3. FRAANSENE ol &% THeyzmed FEEAEA

oro 4 FAE wol Tgkele] HA mAS&S WAgew Cross-
correlation ¥ . o]83 H2HATAZ FIPeAct BAE F
g Ax Zdol 120m, AF 10meolw JFFHAL SFFE LHm
olm, §EAFL 4 mAY, #FH2 0.8%= #HaAdrk Cross-

correlation Wi

o

st olg® W e wgd 2ok
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k. = 0.925, 4 =10.95, Bg. = -9.0 x 107'¢, p= 20
ol #e AN FAHH exgx AR 2¥5-14% 2
= grAl stz 0.19s %o AR wA sz, o] ¥ 0.287h
A stm UM FEAFE LA e AXE B F ATh
ol Ao TwE wAE £ g 71A AelAd &Aoo

AR L selmepeel AVEAE theol mtch el AAE b

R = cross-correlation &4 ¢ Z&

ob go] wmdE °lE&A

Mwse Yogezz F& 2HAE dge ¢ F A

_)_'-r~_
Seu Zaze S3oy wad gz AddE FA2ES Li-

ltering 7|8 & ol &8t ol gy Reoeg AZET
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A 62 Fuzzy Logic # oiuty

A1d A F

Agag s A4 z2AHL de THL AsHoz Als
7 & @@zt ekl o Aa7s @ars Agdn ok o
By AFsHd TS PLC(Programmable Logic control -
ler)e} DDC(Direct Digital Control) 9 =253 9l & ¢ 2
A e Hdse FAR wAReZtn Ak aEG AsAels

gEg ofEdd o gae =ae zdg Az AT

u
A
rle

=
ot

Cwgel mdel ¥4 o AAFA Hgol oEE A=
g adm AEAoive e ¥R =9I &dd 250
e SE Adel mAA Far ASE @ T2 FAH
cuae ol@e ¥RAFE AFAAIY Agel HE oiHT o
aa olgz Sdd W@ 9% 9Ud FIAzd wddd WD
e gael Zdd eddelds ZAdRH AadY AHE B
ste] o]z AAsan A4 = AE¥ T AEE AXE
sae AEsAade de Bede dR SER sdth

Molg MBI 2" Ao AoiAd A5 7he] A8
gAAAgRA S AAS FLC(Fuzzy Logic Control) 7t A%
gga oz dst 71 &9 AZAolz e #AF FHS TF o %
wgqch FLC &= Ead da +#3Ad 2 oA W

dgte] AW Awe zdel 28E F AxF @th osled @
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7], @ 2 AWE cHdzFe FYL FH ALl A
sm FHe o we TH HdeEHst F48A wIAHL S
A7t e Wy T8 AvH Wyl Ao 1T AFAIY
ozE 299 AL FAAss oldd Eg Fgd EFAH, st
H Hae Wiy mde A=z @3 FdA8E FPde 42
Pgaw ANSH e ze] Z7hE AN z2dd AsdE Hd
= oge RA4S 4z Atk Ay 49 wske] s =d =

o wWasl Brmg ALY FHP BAAG APl =9

o

HEH =

SqE 7= AAWYE ATHoez HENNA RIe AR
. a8y FLC o ¢l&eo= ol EAAel dAHoz FHZEE=A
Am dth

19733 Zadeh 9o dAFA#E <A=Z 1974d Mamdani
D= ~E odm™e Aole Hz=z FLCE &I °lF o
opat Bope] FHAole] FLC & £83% dA7dHst wEHALT
o]z EHe REL H-leo %d He @k EI FHAA
o]2lg] RopME HA LnddEE clEstistE qﬁﬁ‘ﬁ?ﬂ

AgET ek

gwael HAEIA~HH FLC &= dnd FFEH A#E AA

49 wygEe wdsd Zzadgade ddN fAsdd 2

+ FLC ¢ =X2¥de F=2 RB(Rule-Base) = o),

»  odwtgel HEJANAYE B 1 A% ool Frh
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* RB o 4o FLC A4 9& ol2ejxrc}

Y

I E AL AEAN2G Ane ey d49H 43
BHE L20d8¢ £ dE wHez FHo me A7 el
S3% e HAFYPo| & ( Fuzzy Set Theory) # olg o] g3
Aozl HdALY, 283 A EH wE pyay Y o oh 8} o
AE e olg ol gt AHolg HEAAAHEY S m 2EE A
<1

A 24 x| & o] & (Fuzzy Set Theory)

1. A 8
HAZGgOI 2L 1 iz} W #@o oy #Bad 7t 3
At Eel obAe FARA e gEolth geo WAy

%

Ve BAE ol FolE oz ANAYolLs AW
AR Aol Bel @& AL o FAYY Adas A
Adeh st @y HAQY (fuzzy set) & 1 zAddo] ou
A BB A @ech ds BwW gol Hg Eae WY, 9o
= 7o A%, de g A5 sz JPojTowr Ho
g 7 fle AEdded AANYFIEL odd MDY o
Hatel FAAa dely YPAaz BREtes wsy  go
(membership function) & Hestzm Fpae woe elsf &
TRE A FAdL] BEYWVoIH Yoz maY 4+ goe @
o]

thoARd g2 Atgel dggew Algel: dolw 2 (lingui-
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stic variable) &, “=zA"”, “:5:]1:4-.”, “« A aich”, “Fo”
= F®S Hasd HEY F QEZ stp AAAY  AE

gmA oz 4 (6-1)F el Hdrh

A = {(x, FAU‘O)‘XEX} (6"1)

ol pa(x) E WHY FFY ¥ A= ol HARY A

= 100 W S 9 Aoz Aesn HAAGFAas) o s

=

o ua(x) B A (6-2) 8t ol AT BF,
pa(X) = (1 +-(x~10)”2)‘1 e ereeen e e sienesnrasan s sneees (6=2)

g (x) o wzte a"6-13F 2

%

xell T

uA{x)

5 10 15

2% 6-1 Membership gFe o

Qg e-lelA B & slEel () E FAL0,138 &e
Ae o] wwEo|d ol@l A$EF Hws ‘normal fuzzy set’
oz @t WM wad EdP¥e 2¥e-1A @el A&ALH

2 e A= AFE dAW % 6-29 o] ‘look-up table’
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gz EdEH4Hd #E e HAHSE U
# 6-2 Look-Up Table g 4

-4 -3 -2 -1 0 +1 +2 +3 +4
LP 0 0 0 0 0 0 0 0.6 1
SP 0 0 0 0 0 .6 1 0.6 0
ZE 0 0 0 0.6 1 0.6 0 0 0
SN 0 0.6 1 0.6 0 0 0 0 0
LN 1 0.6 1 0 0 0 0 0 0

Aol @ @E FH FHFor AAAY A4 wFH
gestaa e 3= %ol AdsHm dev A Aol
F F@Aolx EAd wet ogstA HAgE ¢ 7] WHEA
AHRE AFAs FHL Ude AFgelnh fFHoEE A G-Du
‘Look-up table’ g9 oo =g A8y F59 4 2 Ad=
H A M4 (fuzzy variable) 2 ZJAH = FAL+x Utk d8 59
Ay g4 g@o] “<F0.67 Fo ‘ol AHAcoprFH g2
S-olch ol Ao HAYZHE ‘ultrafuzzy set’ olg 79
Eidad

21E9 AE

O

|2 mzt deold FAFe AAZRPolEo2 H

48 4 AU A A FF X ol 4 (6-3) F #ol F

_}T:
¥ B7h Hed A,
B= {X|]O < X £ 100, XE X] roreececcnrmnnn. (6-3)
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pe(x) ol 0 HE& 1w BAste 4 (6-4) 9 HAHFC

s 2 (6-3)d AR Be FTII
C = ((x, pgc(XD) .4 I R LR (6-4)

pc(x) =0, x>100

1, 0 €£x £ 100

duael AWHHA ;AL ‘if-then’ FH = FA g ‘fu-
zzy implication’ o & g A sl AoPAL HE¥siy “If PE
is No, CPE is PS, Then HC is PS” % & ‘fuzzy impl-
ication’ o if Ad sHEH=

¥ dx (premise) et &tz

_‘I?_
then & 42 (consequence)elat JhTh

2. 71

e
rf,
(2

Az AW A} g JlEAd dAge Bed A

Ad 1. F58A

AAAFA Be] &sE BE TALL xo dad AH
o] w4 FHe go] oW APAS Be o,

2 if pa(x) = pp(X), ¥X, XEA and X € B

then A = B

qA2. 9 A @
A3 Ao ‘complement’ & A g sw old AL W4

goe ge A (6-5) % ol Aelg
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FAC-CX) = 1 mpa(X) e e, (6-5)

Ad3. 33 %
A% Adl 2E TALE xeo wato wWwa P  ghol

Oeol®d AY Ax FFH o}

AA 4. AALFH
A% Ao ZE FAHAL xo distd Walyg §io  go]
loldd A As HANHAFGo| o}

d445. £ #A

HXF% A9 Be] &a: wE T4

witd

2 xo disld 3
A9 Ad4d FFEel AR B Wuig @4 #rRg dau =}
od FY Ae IY Bel zgu

F, 1f p,(X) € pp(x), ¥X, XE2 and xe&B

then AC B

BHE6. % A

HAAE At B gAY Co wg woy I 4
(6-6) = ol JAF Ad »F Bl ua Zzte] dAwy g2z
o Hoi el HY

%, 1f ¢ = AUB

then uc(x) = max{p, (X)), #a(X)) wovvrn (6-6)
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a7, oA

Axge As Be wAY co dw B4 FEE A

(6-7) % @o] W@ Ad FFH Bl e Azt Awd TR
o Aagel Hh

z if C = AN B,

then pc(x) = min [ palX), pp(X) e (6-7)

¥ A A gto] o izt WAS ‘fuzzy implication’ &= X

e AEL FEie WHZ the 3 el FHA

2234 H 3 (compositional rules of inference )2}

o] &
x #H=x =@ (fuzzy logic) ¢ o] &

7 FEEAHA

Hxay Ag Bl uwz wWed FFE 7tz A(x) ¢t B

gen g F71A4 ‘implication’ R,;# R,

(x) 2 A4
A BASE BT,

R,:1f %X, 18 Ay, X, is A,,, then y is B,

R,tif x; 18 Ay, X. is A, then y 1s B,

ZFol A X, = x,0 o 1 &kdd R, # R, ¢ A e F

250



g2 w, 7} wyet &, ol w, 3 w, &

W, o= A (X 0 A B (X50) e (6-8)

W, = Au(xl") A By (X5 meeresrs st e (§=Q)
2 AMsAY, e

wy, = A, (x,%) = Bg(X% ) v (6-10)
Wo = Boi(X%)  x Agy(3ph) worrveeeroromimen e (6-11)

2 Adg $ Ao

oldl 2 (6-8)F (6-9)e A & FAM wIBF HA o
stel Mm@ ute Pol HayPS AdeE Aot olg ge
wy B ow, & AdsteE A9 FrkA @EE Hade a9 As
7t 8% del olgdrh welyd Ry ¥ R, 9 ‘implication’ 2
d4Eoz2 w,B, 3 w,B, o] Wol4d YFE FEAT TR
‘implication’ Ateldls AT #A F, =dF(or) o B
7t 4¥Eoz B¢ HAYY B*E geed A (6-12) % gol
4% £ A

B* = WIBI U szz (6"12)

ol d A AA x99 x"d dF HFTHd HE y°
T B'9 w4 ¥4 BY'(y) 98 ‘center of mass’' = 24 (6-
13) % ol Aatsie] Abgste wyol FEFA WA (compositi-

cnal rule of 1inference)g& o] &3 ZZukdoln}
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{ B*(y)y dy

§ B*(y) dy

(6-13)

y? =

ol
s
ﬂ‘ B

QY62 S Be FEAEE A

\ AT A

y, < T <
7y X5 Yy
= 54
hd >
{/\ “\
g [ 7 \
!/ N
/
1
|
¥°

=8 -2 Compositional rule of inference & ©¢] &3

rim

k

=
T

v}, A=

gurgel #HAw=d (fuzzy logic)E °l&% FEauye ¥

7}A ¢ ‘implication’ R;, Rj of i 3l ,
R,:if x, is N, x, 1is P, then y is N
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R,:if x, is P, x, is N, then y is P
A ASE Fo4mx x,° ¢ X' (&, x,? > X%y o} &} A
(6-14 >3 4 (6-15)9F ol w, 7 w, & sl 45,
w, = N(y,;) (6-14)
AE Y'E A (6-16) F o] AMEE= W o] o},
WYy + WY,
Yy =
W + W,
AA el 9% FELWE Yo,
R
*

)

(6-16)

¥ 6-3 2
p/

e
P |

x".—_—xl °
1 2
1% 6-3 Fuzzy logic & o] &8 Z2wy
ARzl g FEWYRES FLC o MAld A @mo] olg
gk meEtA olg duweg sle ZTHeW e g
G4&% #Ze Al implication R, , R, 7} &8
253
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R". . if Xl lS A]],Xﬂis Alz,then y = fl(Xl,Xz)

Rg :lf Xl lS Agl,xz lS A'ZE' then y = fg(Xl ,Xz)

Folzal %% A X,% o 3l R, & R, 9 A

2Bl gkg w, H w,F std

°]

1.

w, = Au(xlu) N A”(xu“)

W, = Azz(xxo) A B (X4

x," b x,°¢] Wiz HFHA 4F y' =

A k8

wlfl(xln'xzo) + wof, (X%, %,%)

y® =
W, + W,

&

2 (6-17 >4 #

(6-17)

A 348 FLC(Fuzzy Logic Controller) AA

pd <

gukd oz g gl gl AEHAL

19 6-4 8 3ol

Set Point r +

g DDC & &=

4

e
(%) ﬂr Controller

—————

Process

Output vy

¥ 6-4 DDC & THE
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Ax ¥ =(r,Lq - , Ip) 8l Aol e = (e;,€,, - , )& 24
2 FR9 29 ¥y THe ¥ ro AU ZHFEF Aol
g8 w=(u,, U, =, UD)E Adses Rt oI 7]&E9
Aoz e Fz:ek FAeA FLC & 219 6-59 g Fzg #HEe
o #Ho =z, aY6-59 FICY 7¥FL 1Y 6-63F Lo a%d F

ATt

Fuzzy Logic Controller

Data Base ::;l Ruie Base %
i
Terms Computational Terms :
S %
Unit :
% Actlonm Condition
% Interface Interface
Control Process Observations
Input Output

¥ 6-5 FLC o F#=
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o
e

ad 6-5 94 #HE

Byea 9%d F

Step 1.

Step 2.

Step 3.

Step 4.

Observations (Crisp or Fuzzy)

Generate Fuzzy Sets
{Teras)

Teras {Fuzzy Sets)

Computation: Rule of Inference
Determine Fyzzy control Statement

Teras (Fuzzy Sets)

Heurlistics: Derive Crisp
Control System from Teras

Control | (Crisp)
1d 6-6 FLC ¢ 7=F
FLC of T2 AdAste ¥ o @
22
2R9 #BEHo ok E zxw o =A7ET 24

HazAgoer HHS S zA A (Con-

Interface) & Aelgtl

Rule Base 3 gth
ma RB o WAL HEsd AA A

IRA



of d¥e Asde AWEE Lo
Step 5.7 Acidd e FHY zANFE AR =4

Iy

z 2] & (Action Interface) & 3 9 siu},

FLC o sl2da Ad& o8 A 2o yeoga A

A o) wel Mamdani § % o]  wEe Agdds FLCAA

i

AW acksd geg 2

@ Process Interface
Bdaole] 29 ¥ QAL E SN SR AYSYc 2

2]l Hdz¢e ‘heat input’ I odzx" Ady ¢ Fe  ‘thrott-

=

le valve’ of AAFEE =AMFLE HYsgcd g Hye
7l Ao 245 Adwyz Fostm FAH S22 HC(Heat
Change) 2} TC(Throttle Change)z @939k

® Definition of Fyzzy State Descriptions

F4d9d Az dolw42(linguistic variable)z IT# s}
71 flstel <9 2 (error) ¢ 93x¢ W3z (error change)
=3 &ao ‘universe of discourse’es] FAg Aol o
STHEE 1 4z FHAYPLe dH AFA Sae FEo E
< dWoyg g2 Aoery ‘grades of membership’ & o
% 42 odg 7HAe HAAFe= EFIL

* PB 1s “positive big”
* PM 1s “positive medium”
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«+ PS is “positive small”
+ PO is *“positive nil”

« NO is “negative nil”

« NS is “negative small”
+ NM is “negative medium”

”

*
p
w
[
[0)]

“negative big

A
ol

oxtet &R exte] W 7+7z+w  ‘grade of membership’
o] #AE ‘look-up table’ 3® s FTA o PE(Pressure
Error) 8¢ SE(Speed Error) & Z71e) ot FaEE Wil
Ay WMAR T st WHATFe e ¥AE  look-up

table’' & #6-3 % %

¥ -3 Look-up Table of PE and SE

-6 -5 -4 -3 5 1 -0 40 + +2 3 H +5 +6

PE 0 0 0 0 0 0 0 0 0 0 0.1 0.40.81.0
PM 0 0 0 0 0 0 0 0 0 0.2 0.7 1.00.70.2
PS 0 0 0 0 0 0 o 0.3 0.8 1.0 0.5 0.1 0 O
PO 0 0 0 0 0 0 0 1.0 0.6 0.1 o 0 0 0
NO 0 0 0 0 0.1 0.6 1.0 O 0 0 o 0 0 0
NS 0 o 0.1 0.5 1.0 0.8 03 O 0 0 0 0 0 0
NM 0.2 0.7 1.0 0.7 0.2 0 0 0 0 0 o 0 0 0

NB 1.0 0.8 0.4 0.1 0 0 0 0 0 0 0 0 0 0
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E 6-4 Look-up Table of CPE and CSE

6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6

JPE 0 0 0 0 O 0 0 0 0 0.1 0.4 0.8 1.0
PM 0 0 o 0 0 0 0 0 0.2 0.7 1.0 0.7 0.2
PS O 0 o 0 0 0 0 0.9 1.0 0.7 0.2 0 0
NO 0 0 c o0 0 0.5 1.0 0.5 0 0 0 0 0
NS 0 0 0.207 1.0 0.9 0 0 0 0 0 0 0
NM 0.2 0.7 1.00.7 0.2 0 0 0 0 0 0 0 0

NB 1.0 0.8 0.4 0.1 0 ¢ 0 0 0 0 0 0 0

K 6-37 F6-40 FgB W 5@ oddz PE,SE,
CPE, CSE o] e S3Fo FaAF Hae vded ssd ‘defa-
ult’ gez 1& Aesa ANY gt HAx AP FHaAxSs Frh
e ¥ 6-59 H6-6e HC (Heat Change) s} TC( Throttle

Cha-nge) s} th3d ‘look-up table’ o]t}

¥ 6-5 Look-Up Table of HC(Heat Change)

7 - -5 -4 -3 -2 -1 0 4+ +2 3 +4 5 +6 +7

PE 0 0 0 0 0 6 0o 0 0 0 0 0.1 0.4 0.8 1.0
PM 0 0 0 0 0 0o 0 0 0 0.2 0.7 1.0 0.7 0.2 0
PS 0 0 0 0 0 0 0 0.41.008 0.4 01 0 0 0
NO 0 0 0 0 0 0 0.2 1.0 0.2 0 0 0 0 0 0
NS 0 0 0 0.10.4 081004 0 O 0 o 0 0 0
NM 0 0.2 0.7 1.007 02 0 ¢ 0 O 0 o 0 0 0
NB 1.0 0.8 0.4 0.1 0 o 0 0 0 0 0 0 0 0 0
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¥ 6-6 Look-up Table of TC(Throttle Change)

-2 -1 0 +1 + 2
PB 0 0 0 0.5 1.0
PS 0 0 0.5 1.0 0.5
NO 0 0.5 1.0 0.9 0
NS 0.5 1.0 0.5 0 0
NB 1.0 0.5 0 0 0

% 6-3, X 6-4, ¥6-5 F H6-69 g geae  FLC

il

A e AAAe FaHe wde A T

® Design of Rule-Base
~glefzle] Aolz 18 RB & 15749 ‘if-then’ =
sud god 2e AdwAg AT Ao ®F A Y
2o ‘min-max compositional rule of inference’ & °|-&

s mewas TFANZ F Ak

C(HEATER ALGORITHM>
If PE NB
and CPE not(NB or NM)
and SE = ANY
and CSE = ANY

then HC = PB
Else
If PE = NB or NM
and CPE = NS
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and
and
then
Else
If
and
and
and
then
Else
If
and
and
and
then
Else
1f
and
and
and
then
Else
If
and
and
and
then
Else
If
and
and
and
then

SE
CSE
HC

PE
CPE
SE
CS5E
HC

PE
CPE
SE
CSE
HC

PE
CPE
SE
CSE

PE
CPE
SE
CSE

PE
CPE
SE
CSE
HC

il

ANY
ANY
PM

NS

PS or NO
ANY

ANY

PM

NO
PB or PM
ANY
ANY
PM

NO

NB or NM
ANY

ANY

NM

PO or NO
NO
ANY
ANY
NO

NB or NM
ANY
ANY
PM
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Else

if PE = PO
and CPE = PB or PM
and SE = ANY
~ and CSE = ANY
then HC = NM
Else
If PE = PS

and CPE = PS or NO
and SE = ANY
and CSE = ANY

then HC = NM
Else
If PE = PB or PM
and CPE = NS
and SE = ANY
and CSE = ANY
then HC = NM
Else
If PE = PB

and CPE = not(NB or NM)
and SE = ANY
and CSE = ANY

then HC = NB
Else
If PE = NO

and CPE = PS
and SE = ANY
and CSE = ANY

then HC = PS
Else
if PE = NO

and CPE = NS
and SE = ANY
and CSE = ANY
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then
Else
If
and
and
and
then
Else
If
and
and
and
then

{THROTTLE
If
and

and
and
then
Else
If
and
and
and
then
Else
If
and
and
and
then
Else
If
and

HC

il

PE =
CPE =
SE
CSE
HC

"

PE =
CPE =
SE
CSE
HC =

ALGORITHM>
PE =
CPE
SE
CSE =

¢ =

"

PE =
CPE
SE =
CSE
TC

H

PE =
CPE =
SE =
CSE =
TC =

PE =
CPE =

NS

NS
ANY
ANY

3 8

ANY
ANY
NS

ANY
ANY

NB
not(NB or NM)
PB

ANY
ANY
NM
PB or PM or PS
PS

ANY

ANY

NS

PB or PM
PS

ANY
ANY

263



and
and
then
Else
If
and
and
and
then
Else
1f
and
and
and
then
Else
1f
and
and
and
then
Else
if
and
and
and
then
Else
1f
and
and
and
then

SE
CSE
TC

PE
CPE
SE
CSE
TC

PE
CPE
SE
CSE
TC

PE
CPE
SE
CSE
TC

PE
CPE
SE
CSE
TC

PE
CPE

CSE
TC

H

1}

H

NO
PB
PS

ANY
ANY
PO or NO

PS or NS or NO

NO

ANY
ANY
PO
PB
NS

ANY

ANY

PS

PB or PM
NS

ANY
ANY
PM

PB or PM or PS

NS

ANY
ANY
PB

not(NB or NM)

NB
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@ Translation of fuzzy control statements into

crisp control actions

W4 w4s ‘convex' o|m  ‘unimodal’ ¢ Afe ‘er-

isp maximizing decision’ o] AYHE 2" st=d ol &L

o

q, a4 57t ‘unimodal’® o] ojd A $d+= Aolga e 4

Qe #A¥WAow ‘center of gravity' Wd g o £33

2. AANY
oo FLC AAMEES o3 o0& FLC MAANAE 4
o2 UoliEn,

PLC o) AAMge ©ew Zo WAz FE% F Atk

x FA z=dx9 Adxkds zdsztste TH

x 2AL HAxpdz HHIFu AAVE

+ ‘Self-Organizing’ =AAAE FAs}: BH
7. AE7e BEH AHd=] &

Aol thate] HE FAel wEstm dwrAd Ao Ao
Ao AARAN AT de AEH 4L NRFzE s FLC
2 Fyg F Adun Ao AnAdel Ae 1AAI Beed
sl umw (feedback) AAAE FAHsde AS HAEAY Rl

sl maE de Jwdgoez 1w 6-T#H ook
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o

set

J1N /TN

°]

o4

2 3/'_“\..
\_—_/
%3
)
I II III IV I
%
a9 6-7 AAA wgwdd o2 8344

He 2R 9x Eo o3¢ w®Wst CEE

cog Adste A¥HAL

®6-7 AwrA Aol

£ 6-73% #Eoh

o} &3t

No, E CE CO Reference point
1 PB Z0 PB a1

2 Z0 PB NB b

3 NB Z0 NB c1

4 0 NB PB di

5 PM Z0 PM a2

6 20 PM NM b2

7 NM Z0 NM c2

8 20 NM PM dz

9 PS Z0 PS a3

10 Z0 PS NS bs

11 NS Z0 NS ca

12 Z0 NS PS ds

13 Z0 Z0 20 set point
14 PB PS PM ag - by
15 PS PB NM a3 - by
16 NB NS NM ¢y — di
17 NS NS NM ¢y — di
18 PS PS Z0 az - ba
19 NS NS 0 c3 ~— da
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e dedd AEUAF 1W REH 3WAAY Aol

Ae 18T AY 296-89 Ag ge Aoluds dg & g

R

1A« W4 m$E ol&s HF$ AMoZFA: 2¥6-89 B
st 2k aEud oldd AdAwde dwtAcl Wy zo = =

gl th

output

set Lo

20

114

% 6-8 FLC 2] Aoz

. 39 z2dAY a9 ma
TR 2dAY AAFAE mdsdss wEe x99 5
T ZA He ZAARF HAol folstm z2gAREZ 2A=
44 mds & F de Ade Ad wAWdol ey A
A 2E8E AdMME A d9e dHH WPsid AJgde A

of uhgh abr},

. FHe WA ods

FHAAN A G WA mde 2PPde) ostd <14 sl A
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oA E AAsSE wye FLC 9 gaAwEE A% AAdHde= T4
fo] qlvh FHo WF qzd ARE CHAE 249 Tz
g 8 & gj_&](identification) = WMHeR ‘fuzzy impli-
cation’ ¢ A ZEA W detjgad AERd e A 7 &}
2 Z=gwge M W Fzxe AZAYHE 2dE 7/ shaL
g wEdEe wg FoA 2R g5 Y HAAREZTAR e
ste] FLC & AAZTh ©l wye g2HAR7E TED 2% A&
g 4 dE M F AAwHe it o gl e TF %

A AAs A8 e

o}. gelf-0Organizing A o7 T4
PLce AAmEE QwEel AFAANsde wAs@ EEA
cxrsA AdA AA7E Ade Tz R sAsHE FTEA He
qoqoleda AAWHe %@ Aol ‘self-Organizing’ A
o1 A odolth FLC o) A gAleiel shdel WHH Fzz o

qAa olede @rdde #oe A7 9

A 44 FLC 75 MY

1. SPC (Set-Point Change)
log7d sripada 7 & 7189 dFAFARDAEE T
qAole] agHoz ol&shE W oz Aol® ( Servo) ) ol ¢}

regulatory’ Alolsl @gel dsel Al/¥E 8 AT

268



e WEIHAT e olES] AFFAAR Atd Moy oy
el g dnEE ol &l Muy Ao wywss <
AT o] A g mEA st MY

d A" kelMe 4-AE vy, (k), FHEEL y(k) s

393 e(k) 2 4 (6-18) % ol e sz
e(}() = ysp(k) — y(k) (6-18)

deld oAl met gAY AAAI FE B Aol
HH s d9 A& wEas F¢ AEd Foxn=z &
49714 % HaAe dg AR F RS gAgdel AP

He Aoddd e shsid "ol QAAE mavsg ¥ 5 glvh

Yo N
' e
! - s e e e aa u
] max
[}
uSS
u,
—= === - =-Uy,
time

1% 6-9 SPC 4% d
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e e e FHAQ zdgel oESAA &x WA &

)

KB of A #stm o1& FF9 Aol ol &¥ At ¥ 6-9 =
oy #HALE A9 ETh

2 6-90A Aole] e AfAM wemez €7 % Nopog
olxlo] g EH e* sk Nol @ A% P 6-99 ddA ol
Aaly e A4 FHe EHel BHEA A HA ¢ e* 7t
2 ABoedE a96-99 axyg THY FHol HEA mf =] 7]
ZaA Ha ole wde ASdE 1W6-39 bAHY FH =F
Hol Awx ny zZAHE AAES dedch Eg Nol R3HG

= TA =myo wWsgo 0o HA ol FAHA LA
g gEAES JEAF oFelE &Hol AH WA drh
HHAA ol Zol maw FHY AFY FHHA mde &
Ade ASe A D@ Adgdd Al HxAE ek
Aze FY £ Ax: 2H6-99 deb @ FF AcdH =~
9% ®rE FTHY A5 oz sg HA Aol AAF FEF
ot 2yu Ax ®AY ASL FYY 2ol Add IFE Ela
7 FRe A FHH rdE HF=EF T ' A$7t sk
Mo AARY HEL daAAdE 293 AFE LRleE =
# = was g clys EHowm &} el KBE  FAH
L olE =gd wmPse AodAE TFAHE F Utk

9z TR s MRK WHF A AdH FHL T
QEE 37 3 KBy AoiddE o ~¥AAH 94 sl g
g |H Fukx FRoz FaAdnh ot e KB oA

FLC o] 712 =§<e SPC 7t 48tk
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7}. Control Input Switching

¢ Positive Change >
¥ If { (yop(K)-Vap(k-1)) > 0 },

then (i) u(k) umax until e(k) < e*,

(ii) u(k) = umin for N sampling intervals,

(iii) u(k) uss where, uss = Kp~lysp

{ Negative Change >

* If { (Y.p(k)‘?np{k-l)) <0 },

then (1) u(k) = umin until e(k) = e*,

(i1) u(k) = umax for N sampling intervals,

(iii) u(k)

Uesa where. Use += Kp-lep

1}. Switching Parameter Adjustment
FH8 ers Ng o8ty Aozt Ao mE HFe e*
o Ng& "y HA WHeE ool Al AME WAL HEHE

4 gol e*d FYsty WHE ANF T 1t o] mj

=2

i
dlo

o}
rew =grbwad wadeEst fd =@ SFdEH Ng A
caay] AsME SEARE Bz wudoem AAY &I

golles @k

<{ Positive Change >
% If v overshoots vsp,
then e* is too large,

then e*(k) = e*(k-1) - Ae
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* 1f v undershoots Yep,
then e* is too small,

then e*(k) = e*(k-1) + le

¢ Negative Change >
% If y overshoots ysp,
then e* is too small,

then e*(k) = e*(k-1)} + Ae

% If y undershoots ¥sp,
then e* is too large,
then e*(k) = e*(k-1) - Ae
9 . FMA(Fuzzy Modelling Algorithm)

e 94 Awd sz Qe A FEWE 28l FLCS]
AAwE e E@sd e fuzzy ERE A4 stm olel T
Aoagde AAsd FH Al ol g3tE W wad AR
Eig=2

7. ®74 28 gz F ( Fuzzy Inference Algorithm)

AEyHe dntstd gawygewr ‘fuzzy implication’

R& oe 4 (6-19) b @ol ZAHTH

R: If £(x, is A;, = , X, is A ) theny = g(X,,

T T (6-19)



ojm y& ZEHooryw AEWFL X, FH x A
2z guAq AolAd H4MFg #ol AAMseln AEFe
Syuese o gHth A ¥H A ZARlE 43 W4 FrE ol
o HxugS2 ‘implication’ Rel Fgdd& IFA
we f& ‘implication’ & AAFE TAH}E wHFTOII,
gr AAMss SYusE e A5 AEWS Y
A e AumBAg|sle] delstEs fE o =dFwg Assdn 9o A
AWM datd dA¥Ad wAD SAde Aoz sHAdd 9F

2 (6-20) ¢ ®e = ‘implication’ & R &

then v = po + P1X%, d o PR Xy e (6-20)

A (6-20) & e A=z nAdE nAg ‘implication’

Ri (1 — ll o ,ﬂ.) Oﬂ ]j.]*].cz:l ﬁ’{_ﬂ%gﬁ‘q E.ko] xlnv T xko =
soid A4S HE y® FEst wde ded we @A A

(32 dudEo
Step 1.: Zzre] Riel wael Folx gi & ol &8 v’

2 A (6-21)7F o Aigrch

yi - gi(xlol "t Xku)

— p(]i + pli Xlo 4+ T pkixko remee aas bivasrRAE RTY HESaan (6-21)
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Wa AU

Step 2.: zrzte] Riol & At y' ol
2 (6-22) &+ #°] A st ol | x| & *°l
mer A@FL on ok
ly =yi| = (%" is At and - and x,° is Ay '|A |RY]
= (A;i(Xlo) Aki(xkn)) A |Ri|
(6-22)
stg], |Ri] =12 7M4sd A (6-22) = A (6-23) F 2ol

ly=v'l =2, (XA ce A B TR (6-23)

Step 3.: n7A9Y ‘implication’ ¢ %,%, -, %, 0 9 ar
o] y¥H AF t&el A (6-

225 FHE

24) oF 2
s ly=y'l * ¥
y = F R N L L LI R R L R A (6_24)
L ly=y"l
U, #Hx 2dH ot mel & (Fuzzy Modelling Algorithm)
T &Y AR=R BE 4 (6-20) &% #el g¥dg oM

o] ‘fuzzy implication’ o= a8 HAARdE AHskE A

o mRgory Age thEF B

i
3

on AARY AANSFE "W WFE FAE AA



gsior @k &, T4 928 Asz ¥H AP Fe adye
2 &3g & Yt WEF @A Hdsd 8 RAVE

Adsor @tk gwAEel FLC & @A AW gt el AHA
st zgpe onsg oo WHE AAdNsz Asad  aHy
AoiAe U@ mddel ofdm Fg Ade dF HANEdg T

AstuA e A5 2R zdAsz PH FIHE g

o

rl

r

F sle AAE

i
i
in)

—

=

dat= @e mded wg FTzAA  ‘iden-
tification’ e A7} fch tgoez HARE TAHAe A
Qe wWw4g A5y FHHEET A= BT RAHAH
o, &, 2 (6-20) 9 A, -, Ay E FAsAdol & xd HEF
o s es= HwedEE gFgser ok F, 4(6-20) 2 Po.
P, & ZAF#MF grh

o)A o] mW-L <Ay HAME 2dHI0H BL TE
= 2= Takagi ¥ 7. o Aty LduAEFEL & F U

oo 2¥6-100 AANG =z A gel diate AW gk

——4 Combination of premise variables

Premise parameters

Consequence parameters

a2d6-10 HxA wdHH dugs



1) 28y s%dH ¢] 4] (Consedquence Parameters Iden-

tification)

e el nAE implication ©} =48 AT,

R : If x, is A,' and - and x, is Ay'

then y = Po’ + pt X et Px ' Xk

gRe : Tf x, is A,® and - and x, 15 A"
then y = Po" + p," Xy + +pPr” X

zZolx 43 Xy, o x, )ol wad EH YT 2] (6-25)

zro] A AL

y=02 (A (EDDAN o AR (X)) (Po'’ + Py %y e

im 1

+pixO) U2 (B, (%) A AR (FDD D (6-25)
i=1

A7+ B & A (6-26) ¥ ol AHEd,

A (KA N By F(%y)
Bi = tvevessarassuasane aur sy (6_26)

Y (A RINA A At (X))

i=1

S

1

a zm 4 (6-25) F A (g-27) % el &
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y=3% B; (Po! +Pyi%X; + 4 Pr'Xy)

i=1

n

=3 (ps'Bi + Py X B+ o+ Pyl KBy e (6-27)
i=1
zad WY& d&d A8 K, Xeis s Xk o Yid®E 3

=1 - mo mA Feoizgt AS$ ABAEF setelEl pe', Pol,
pe! (1=1-n)&E #4224 (least square method)e =2

& 2 9 Z, 949 XE A (6-28)F* ol HAYL #,

1311, s ﬁn]lxll 1811: Ty X"ﬁnl, )

T xklﬁll! T XkliBnl

ﬁ]ﬂh"'l ﬁnm’ leﬁ[mv Tty X;m ﬁnm:

L o kaﬁlm: :kaﬁnm
Biy= #(6-29) ¢ #Erh

A G IA A A (%)
ﬁ”: (6-29)

(AL N e A Anc (X))

3
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ol &

Y ot

sive

e
-l

g ve P® A4 (6-30)# A 3D AAF FE AN

g Px 4 (6-32) 2 AT

Y = (Vi s Yeud” e e e e e e (6=30)

P = [polv Tty pﬂnr pll' T plnl "t pkl’ T pkn]T

(6-31)
P = (XTX)“IXTY (6-32)
oldf Xeo iwA Mg x; 2 FHa Y 1UA &=

f

9 2 (6-32) ¢ PE A (6-33) % #el &89 (recur-
method) & ol &&a ALT 21 o},

P,,1 = F; + Sy T,y (Fie1 — Xinn P;) coreeeneees (6-33D

SiXT i +1Xi 155
Si+1 — Si — R (6_34)
1 + X541 5% 503

(&, i=0, 1, =, m=1)

olw] /@& Post Sew A (6-35), 2} (6-36) ¥ #Th

0
il
o

(6-35)

SD —al (a = blg number) [ T L T TR (6-36)



2y A4 gl g <14 (premise Parameters Identifi-

cation)

7}zbe]  ‘implication’ & FAsE AAWSF & HAH
ge Hestn Ww4d FFE FQ3r HdAsd 4 wWw4d T
2 & old AEHe 71&7e AH-E 7HA sk 2z59
e el g =4 nth ol 4% ¥ (performance index) o
2 23 dadeed 98 £ 224y AA JE2H AR
8z y7re #HAe AFY T 2 (6-37) 7 ol Ho&x
welg AFAEA Has HESF

3= ‘nonlinear programm-

=
ing’ ¢ EAE si@sk @k

G = 5 (Yi* - Yj)T e e (6-37)

B o Foaje  ‘complex method for the minimization’

o

ol gt HAH 9 AARe HHHE FHIG F, deg A
A WME x; o et A" AWM Rs A9 @@ 0 He
X; o #e XgeroTH BU XKoot AT S AR Ugeo &
Ligero?t 3tadl 4 (6-38) & ol T2 [Lzero, Ugero JHiolM  REH

A4 (radom search method) & o] &8l Xzew= A AF

=

rs*:

ch.

Xgero = Lzero T T (Ugere = Lizero ) cienresersiiaeesiiesnnen e (=38

(s, r=random number, ¢ < r < 1)
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aw wwaus A e @el 1ol HE x 9 FE Xed
ST Ko ARF HGE 247 Unet Lo 3ol 4 (6-39) 3

7ol T2 [Lopes Umed 1 SIH  Xone& AT
Xone = Lioge T+ L Ugpe - Ligge)  rerserseressemsmvmeenmsmensereee (6-39)

(%, r =random number, 0 <T <1)

’

3y AA Ao A (Choice of Premise vVariables)
AR e dge AoAE FHse ATE ot A

o] wale audezm AgsA @k U 2R g HAR

we Z=AsuA stE AT &3 el ‘heuristic search’
E o &gd
%Zéoﬂ k;’ﬂg‘] xl!"': Xk 7‘- C‘Qa}qj— Y71' %EE;E}‘E ‘?‘,

Step 1. : %, & “big” % “small” o] e #HA A
o2 Ui X,, -, X, & ‘subspace’ & ¥¥
2 we ALE xmdl-leld dd3L B -

oz kA9 =d 1-i(i=1-KE T A sk,

Step 2.: Step 1.4 TA4H kA mde] izl Foi
JzAARE ol gsld AENFS AA R ot
ge Ayacd oW zze mdd Wd AFA
g2 Axsz Hae AFATE AT 2d 2

ot ez "elarh o wAAdAM AFIHE A

oL
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Step 3.:

Step 4.:

Stage 3

a8 Re 1-ig &z

Step 2. 14 AFA x o W FA AAA

@'% 3—26“&]?]:11 ij_c_q

x-%; (J=1-k)9

$e AAEFET AdsHd x5 B

IR

o2 i j=io® X,

— 1

ol of
Aoz HETh =,

il

WA

‘big’, ‘medium big’,

‘medium small’, ¥ ‘small’ & vwch 9l
A% Step 2. oA AT LAAHE Foh2 -]
2} & A

Step 3.4 44" 2-] & c°l§3o Step
3.9 #g-& urEdh

Step 1., 2., 3., 4.9 #F& a3 6-11 34 32




454 FLC =4 Az

1. SPC
A 4AM AWg SPC el Mzg Adsr Sstd oE

N (6-40) % @& FHe] Wizl SPC & HEIAAC

y(k) = 1.7567 y(k-1) — 0.7788 y(k-2) + 0.1150 uck-1) +

0.1060 u(k-?,) (6—40)

zae A olFel 1oz FF dHE Aaws e
e A7 29 22 sgth erel W@ 7 AL 0.6 ©

2 & Az k=10dd T8 AAx7 0dAM 12 S99

f

a2 grh of AT 297F gareg e* & Fold  EVAH
Aed wEt A e FUistd er 7 HAxRe FHFE=F 3
5 Tk,

8 6-12, 29 6-13, 2™ 6-14 T ~94 ey Nol 4
2+ 1, 2, 39 ALY FERAES dw et 1¥6-15 & 2+ 7} ol
A9 #HH e*od we SPC 9 A% #Axg dedch  29F
sy Noj d@d ATHA T wylo) daAdE 0 T
a3z "wazm dth a9 6-16 & e* 7 z7l@tew HEH  HAA
o d"EE #FAL AP 29 6-15¢ No| 28 3 BF
o A% Fol7b FAH AZ 4% 6-16¢ Nol 29 3 AF
g A7t YA FAew HAEE T A T,

aAAe wy @ssh AF aTHE RS AAHA A
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(1=N) {vr& 2ds 21-9RT

() 3Nl

Do oy 1 Vot {
] 1 f I i 31«3331-33& o

Freyvyrryy

— LD

— <0

— £°0

— ¥0

— &0

— 8°0

— £'0

— 8'0

— 6°0

(t=N ‘£=3"1 = 701)

NOILVINWIS 0dS

1Nd1no
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(Z2=N) {v&a 2ds ¢l-9RT

(1) 3nLL

(z=N ‘t-3'L = 10l1)

NOILVINWIS 0dS

L

<l

1n4d1no
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(€=N) 1vxw 245 VI-9RT

(1) 3N

(g=N ‘£-3'| = 101)

NOILY INNIS 0dS

LN4dinao

11

'L
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(¢2'l=NDRE & 1ra 0dS ¢1-9 BT

(1) 3nL

(e-3"1 = 101

NOILYINWIS 3dS

1NdlNo
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L 44

BElrR= +° Sl-9RT

£€=N o Z=N + L =N O
Y3GNNN NOILVYH3l)

1.1 81 [4 B L4

(&-3'L = 0L

CNOILYINWIS DdS

"0

A1)

0

v o

§0

8D

d¥153 40 IMIVYA
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e spetgtel AN AWFE Aelstaza ste AL A
A ALy 5 e Aoiwyol = 2= glon} EHFA g AA
Az "oz e HHE UeEE AA Al Hg oldd =mA

g Fa "ol AFAEF sl Foh

2. FMA

AaAel”d MEa FMA mgFd HTE AR P I
22 g-17 3 ge Aol Fxeo PID Aei7]e] g #HzA 2E=
sasn aA® pde olfstel FYE Aolde AYE =R

o,

+ e PID m u y
—X— » DECOUPLER » PROCESS »
sp - CONTROLLER

29 6-17 FMA iy =29

W ERe 948 u, wd Ve, Y2 & Zd&e MIMO
zHoEN u —y,F U, —¥: 9 BFF AA&H7 ] de-
coupler’ & AA#AT = 29 6-179 WA F4L 29 SI-
SO Ao =x=vp BHEE d4E 2zt @Aty PID Aleizlel 99
o] MAA WAzl hE A gzy Aa(em T A= &
& WAAE k& 7IELE gade &8 o4 e(k) s k-1 9

ARAde 23 e e(k-1) & 2y nrge AANASZ A=
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0 A4dEdN 298 AAWs d™d o FnAsE e
oa ARGHE we d4E ¢ F Avh add 2 AR
2mo] PID Aol7lel @ @A ws A= PID Azl 99

T dukgel FLC &8¢ UM E AA AFE olgk AA HE
A e WM @PA Ed AERE A -4DH Zol

g ~g9 olde ZHExe FHY oexr FAHA o PID A

sl719] Tz FAdsA o wae JNFEE FAsA sAH

m(k) = pg + py m(k-1) + p, e(k) + py e(k-1)  (6-41)

PID A olx]e] tha 434719 Y8 Ag2 ¥y FMARE
£ zZtzte Aol %o st 1149 Aol AL A
th, MolyAe duHd Fe e 2W6-18F% 22 HAA Bed B
qe oed A (6-42) e ge AARR Jddses A9 ALY
17 Aol WHe MARE H6-83 F6-99 Hroh Y1

w6-10 # me-11e FEwel e E oo

IF { ONE, < e(k) < ZERO,} AND
(ZERO, ) (ONE, )

(6-42)
{ ONE, < e(k-1) < ZERO,}

( ZERO,) (ONE, )

THEN m(k) = p, + p: m(k-1) + p, e(k) + p; e(k-1)
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1 >
0 ONE: ZERO;
(ZERO: ) (ONE:)

23 6-18 AAWSE v, o EA TH

3T 6-8, ¥ 6-9, ¥ 6-10, el ¥ 6-11 9 AA R ZEF
goe e olgsel od6-179 FAel W@ Aoiasg PIDA
qNs WMog @ Aelzlel &® m @ my & AF 610
a3 6-20 3 A 2R =9 Vi3 Y & 18 6-21 B3 ¥ 6-22
o oo ogsd 2 4 Eel PIDAeisleh FIC 9 AF2
g sAsch FLC & 4% ss4de d@al sisel PID A
N wEd Aas oasgou s o I FAAL 2
aeel sme s daedE gRa FREA ¥ g

gu AoAds Fdol AAEs Eth sAw FHE g4l
gan Aanma ®d adae Add A4d o zddAE I
ae dad = AP wE dEF ARE AR &

A Awg wer pe A madd O& Azt Asdel dT

290



% 6-8. Loop-14

AR e g

ZERD4 ONE1 ZERO2 ONE2
-~,1819 0 -.18 0
-.1819 0 .8443 0

.6703 0 -.18 0

.6703 0 .8443 o

.6703 0 . 2986 1

L2117 .4586 .8443 0

.2117 .4586 . 2986 1

.8196 .4586 . 8443 0

.8196 .4586 .2986 1

.3638 1 .8443 0

.3638 1 . 2986 1

¥ 6-9. Loop-29 AN wrtul

ZERDCy ONE4 ZERO2 ONE2
-.0856 0 -.1633 0
~-.0856 0 .5855 0

L7072 0 -.1633 0

L7072 0 .5855 0

L7072 0 L2728 1

.1201 .4618 .5855 0

.1201 .4618 .2728 i

.8672 L4618 . 5855 0

.8672 .4618 .2728 1

.3627 1 .5855 0

. 3627 1 L2728 1
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¥ 6-10. Loop-1¢8 HAEY w240 ¥

po

P1

Pz

P3

9.083098E-06
9. 286980E-02
1.358987E-01
2.264430E-01
2.276957E-01
1.255228E-01
-1.953659E-01
~1.010641E-01
-1.999194E-01
1.001848
3.529404E-02

3.060412E-04
2.434622E-02
1.022834E-01
2.288217E-01
2.107476E-01
2.273882E-01
-2,007091E-01
5.089072E-02
9.999325E-01
2.496811E-01
1.819319E-01

2.521482E-03
1.045023E-01
1.901114E-03
2,280312E-01
2.479026E-02
-1.998743E-01
6,081709E-02
-5.452921E~02
9.977873E-01
8.461466E-01
3.133413E-01

~2.572884E-04
1.678540E-01
2.276451E-01
4.980905E-02
1.510522E-01
-1.981687E-01
~1,828377E-01
-3, 297240E-02
9. 820902E-01
3.178515E-01
9.929867E-01

¥ 6-11. Loop-298 A&y FHHH

po

Py

P2

P3

-3.984950E-05
-7.240065E-02
~6.448774E-02
-5, 558926E-02
-3.543465E-02
1.427214E-02
5.045434E-02
2.282067E-02
4.719295E-02
9,995335E-01
2.125727E-02

-2.112143E-04
-9,787425E-02
~7.116760E-02
-5, 889896E-02
-2.038205E-02
-5.703261E-02
4.749054E-02
1.003337E-03
9.995689E-01
3.058110E-01
3.449558E-01

-4.545483E-03
-9,551924E-02
-1,442773E-04
-5.758184E-02
2.479633E-03
4.680140E-02
2.399387E-02
~8.,724957E-02
9.976844E-01
8.664101E-02
3.342425E-01

~4,299697E-05
-1.017420E-01
-5.664988E-02
-2.381591E~02
g.635296E-02
4.492212E-02
4.215046E-02
-4, 133355E-03
9.508845E-01
8.931703E-02
9,984765E-01
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** Initialize record list,

&%

*/

void initialize_record(void)

{

num_items = (;

num_ records = (;

num__events = (;

sort_jtem = {;

first_record = cur_record = Iast_record = NULL;

}
/t
*

** Define linked_ list data structure.

** First free any previously allocated memory,

** Up to MAX_ITEMS items can be stored in a record.
%

*/

void define_record(void)
{

char ch;

int 1:

struct record__list *temp;

clear__screen();
while(first_record)
{
temp = {irst_record->next;
free(temp->data);
free(temp);
first_record = temp;

}
initialize _record{);

record_size = 0;
do
{
goto__xy(Q, 3);
printf("Number of items in a record (1-%d) (0 to skip): ", MAX_ITEMS);
scanf("%d%*c", &num_items);
if(!num__ttems) return:
} while(num_items<0 || num_items>MAX _ITEMS);

for(i=0; i<num__items; j++)
clear_screen();

goto_ xy(0, 3);
items[i}.item__position = record_ size;
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printf("Enter title of item %d (1-%d characters) *, i+1, MAX_NAME);
get__data(items[i].item_title, MAX NAME),

do
{
printf("\n\nEnter length of the item in bytes (0-%d): ", MAX_LLEN);
scanf("%d%*c", &items[i].item_ size);
} while(items[i).item__size<0 || itemsfi].item_sizesMAX_LLEN);
items{il.item_ size++;

do

{

printf("\a\nEnter x and y coordinates of the item in the screen: ",

scanf("%d%d%"c", &items[i].x, &items[i].y);

} while{items[i].x<0 ||
items{i}.y<0 ||
items[i].x+items[i].item__size>=MAXﬁLLEN Il
items[i).y>=MAX_LIN);

printf("\n\nIs this item defined OK? (Y/N): "y
ch = getche();
if(tolower(ch) = *y) j--:
else record_size += items[i}.item_ size;
}
printf{™\n\nPress a key to see items and screen layout™);
getch();
¢lear_screen();
display__items();
sort_item = select item("Select item to sort on*);

)
/t
*k

** Enter data into the record _list structure.
L 14

*/

int enter__record(void)

(.

mt 1, 1tm;

char ch;

struct record_list *pt;

for(;;)
{

pt = malloc(sizeof(struct record_list)); /* memory for list structure */
if(!pt)

{

printf("out of memory\n");

return 0;

}
pt->data = malloc(record _size); /* memory for node data */
if{!pt->data)

{

printf("out of memory\n");

return ¢,

}
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clear_screen();
display _items();

for(i=0; i<num__items; i++) /* input data node */
{
goto_ xy(itemsfi].x+strlen(items[i].item_ title)+5, items[i].y);
get _data(&(pt->data){items[i].item__position), iterns{i].item_ size-1);
if(!(*pt->data+items[0].item_ position)) return 1;

)

num_records++;

comment2("ls entry OK.? (Y/N). ");
ch = getche();
ch = tolower{ch);
while(ch = 'y")
{
itm = select_jtem("Select item to modify");
change item(pt->data, itm);
comment2("Is entry OK? (Y/N) ™)
ch = getche();
ch = tolower{ch);

)

store_node(pt, &first_record, &last record);

)

** Display a blank template of the items.
£ 1

¥/

void display__items(void)

{

int i, j3;

for(i=0; i<num__items; i++)
goto_ xy(items[i).x, items[i).v);

printf(" %s : ", items{i].item_titie);
for(j=0; j<itemsfil.item_size-1; j++) putch(’ °);

!
/*
L2

** Display a record content.
[ 2]

*®
/
void display_record(char *thing)

int i;
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display__items();
for(i=0; i<num_items; i++)
{
goto__xy(items[i].xﬂtrlen(items[i].item_title)+5, items{i).y);
printf(*%s", thing+itemsfi].item_ position),
)
)

/‘
L1

——————

** Gelect an item
e

*/
int select_item(char *string)

union which__jtem {

int i
char ch(2];
) key;
int i, len;
commentl(string);
for(i=0; ;)
{

len = strien{items[ij.item__title}+3;
goto_xy(items[i}.x+len, items[iL.y);
key.i = bios_keybrd(0};
if('key.ch{0))

switch(key.ch[1])

{
case 72: if(i) i--; break; A Up*/
case 80: if(i<num__items-1) i++; break; /*Down */

else if(key.ch[0] == "\r') return i

)

/t
%

-

L 22

*+ Save record-list database file to a disk file.
** Saves both data and description,

»E

*/

int save_list(char *file_name)

{

struct record_ list *info,

int i

FILE *ip;

char name[FILE_NAME_SIZE};

/* store the data in a .DAT file */
strcpy(name, file_name);
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strcat(name, ".dat");
fp = fopen(name, "wb");
if(!fp)
{
printf("cannot open databage f ile\n");
return O;
)
comment2("Saving data...");

info = first_record;
while(info)
{
fwrite(info->data, record_ size, |, fp);
info = info->next;
if(ferror(fp))
{

printf("error writing file\n");
fclose(fp);
return (;

}
felose(fp);

/* store item description, number of items, and record sizes
into a .DEF file */
strcpy(name, file_name);
strcat(name, *.def™);
fp = fopen(name, "wb");
if(ifp)
{
printf{"cannot open definition file\n"};
fclose(fp);
return 0;
}
putw(record__size, fp):
putw(num_jtems, fp);
putw(sort_item, fp);
for(i=0; i<num_ items; i++)
{
fwrite(&items[i], sizeof(items[i]), I, fp);
if{ferror(fp))
{

printf(“error writing f ile\n™);
fclose(fp);
return O;
}
}
fciose(fp);
return I;

}
/*
L 1]

** Load record_list file.
L L

*/
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int load_list(char *f ile_name)

{

struct record_list *info;

FILE *ipl, *fp2;

int i;

char name{FILE_ NAME_SIZE};

strcpy{name, file__name);
strcat(name, ".dat");

fpl = fopen(name, "rb"),
if{fpl)

printf("cannot open file\n");
return 0;

strcpy(name, file_ name),
strcat(name, ".def™);
fp2 = fopen(name, "rb");
if(!fp2)
{
printf("cannot open file\n");
felose(fpl);
return O;
]

while(first_record)

info = first record->next;
free(info->data};
free{info);

first_record = info;

first_record = last_record = cur_record = NULL;
num__records = 0;

comment2("Loading file...");

record_size = getw{{p2);
num_items = getw(fp2);
sort_item = getw(fp2);
for(i=0; i<num__items; i++)

(
if(1 t= fread(&items]i], sizeof(itemsfi]), 1, {p2))
{
printf("error reading file\n");
fclose(fpl);
fclose(fp2);
getch();
return O;

)

}
felose(fp2);
while(!feof(fpl))
{
info = malloe(sizeof(struct record_ list));
if(linfo}

printf{"out of memory™);
fciose(fpl);
return {;

)
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info->data = malloc(record_ size);
if(linfo->data)
{
printf("out of memory");
fclose(ipl);
return {;

if(] = fread(info->data, record _size, 1, fpl))

{
if{ferror{fp1))
{
printf("error reading data file\n");
fclose(fpl);
return Q;

)
fclose(fpl);
cur_record = first_record,
return 1;
)
store_ node(info, &first_record, &last_record),
num__records++;

}
fclose(fpl);
cur_record = first_record;
return 0;

)
/t
L

¥

** Revise a data record in the record_list.
** Return a pointer to that record.

e

*

struct record_ list *revise_ list(void)

(

struct record_list *info;

char ch, which_item[MAX_STR],

int itm;

clear__screen();
display__items();
itm = select_ item("Select item"),
comment]("Enter record to search for: ");
get_data(which__item, items[itm].item_ size);
info = find(which_item, first_record, itm};
while(info)
{
display_record(info->data);
commentl("Revise this record? (Y/N): "};
ch = getche();
ch = tolower{ch);
if(ch = 'y") info = find(which_item, info->next, itm);
else break;

}
if{linfo) return NULL;
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itm = select_item("Select item to revise"};
change item(info->data, itm};
return info;

}
*
L L]

** Change the specified item.

ik

*/

void change_item(char *data, int itm}
{

int i

display__record(data);

comment2("Enter new data");

goto_ xy(items[itm).x, items[itm].y};

printf("%d) %s : *, itm+1, items[itm].item_title);

for(i=0; i<items[itm).item_size-1; i++) putch(’ *);

i = strlen(items[itm].item_ title}+5;

goto_xy(items{itm].x+i, items[itm].y);
get_data{data+items{itm].item__position, iterns{itm].item__size-1);

)
/l
L1

** Waik through the record list.
** Return pointer to the last data record examined.
xk
*/
struct record__list *examine_ list(void)
{
union which_item {

int i

char ch{2);

} key;

struct record__list *infg;

clear_screen();

ciear_line(0, MAX _LIN-2);
clear line(0, MAX_LIN-1);
clear line(0, MAX_LIN}),
goto_ xy{0, MAX_LIN-2)

printf("
printf("* Down arrow: forward Up arrow: backward Home: beginning\n"Y,
printf(" End: end Return: to main menu");

if(cur_record) info = cur__record,
else info = first_record,
while(info)

{

display_record(info->data);
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key.i = _bios_keybrd(D);
if(lkey.chl0])
switch{(key.ch[1])
{

case 71: /* Home */
info = first_record;
break;
case 72 /* Up ¥/
if(info->prev) info = info->prev:
break;
case 79: /* End */
info = last_record;
break;
case 30: /* Down */
if(info->next) info = info->next:
break;
}

else return info;

}
return NULL,;

** Find an entry and return a pointer to it.
[ 1)

¢/
struct record_list *find(char *which _item, struct record_ list *at, int itm)

{

struct record_list *info;

info = at;
while(info)
{
if(!strcmp(which__item. info->data+items[itm].item__position)) return info;
info = info->next;
}
return NULL:

)
/t
EE3

** Find a data record in the record list.
** Return a pointer to the last match found.

** It displays the record on the screen.
TS

*/

struct record_ list *find__node(void)
{

int itm;

char ¢h, which_item[MAX_STR}:
struct record_list *info, *temp;
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dear _screen();

display_ items();

itm = select_item("Select item to search on"};
comment2("Enter item to find: ");
get_data{which_ item, items[itm].item__size);
ch = "0,

info = find(which_item, first_record, itm);
while(info && ch !='q")
{
temp = info;
display _record(info->data);
info = find(which_ item, info->next, itm);
if(info) printf(*\nmore, "),
eise printf(*\n\nNo more matches, "
printf("press a key ("Q’ to quitk ");
ch = getch();
ch = tolower(ch);
)

return temp,

}
/*
&

L2

*¢ Create a doubly linked record-list database.
** A node can be put into the unit list at the start, in the middle,

** or at the end of the list.
E 1]

*
void store_ node(struct record_list *new, struct record_list **first_record,
struct record _list **last__record)

{

struct record_ list *temp, *curr;

if(*last_record == NULL)
(
new->next = NULL;
new->prev = NULL;
*first_record = new;,
*last_record = new;
return;

}

curr = *first_record;
temp = NULL;
while(curr)

if (strcmp(curr->data+items[sort_item].item__position,
new->data+items[sort_item].item_position)<0)
{

temp = curr;
Curr = curr->next;

)

else

{
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if(curr->prev)

curr->prev->next = new;
new->next = curr;
DEW->prev = curr->prev;
Curr->prev = new;
return;
)
Dew-»next = curr;
new->prev = NULL:
Curr->prev = new;
*first _record = pew;
return;
}
}
temp->next = new:
Dew->next = NULL;
new->prev = temp;
*last_record = new;

}
/'
¥

** Delete an element from the record_ list.
L2

*/

void delete _item(struct record_list **head, struct record_ list **last_record)
{

struct record _ list *info:

char ch, which_item[MAX_STR];

int itm;

clear__screen():

display _items();

itm = select item{"Select item");
comment!("Enter item: *);
get_data(which_jtem, items[itm].item_size);

info = find(which__item, first_ record, itm);
while(info)
{
display_record(info—>data);
comment]{"Delete this record? (Y/N) ")
ch = getche();
ch = tolower(ch);
if{ch = 'y'} infg = find(which__item, imfo->next, itm)
else break;
}
if(linfo) return;
if(cur_record == info) cur record = NULL.;
num_records--;

>

if(*head == info)
{

*head = info->next;
if(*head) (*head)->prev = NULL;
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else *last_record = NULL;
)

else

{

info->prev->next = info->next;

if(info '= *last_record) info->next->prev = info-»>prev;
else *last_record = info->prev;

free(info->data);
free(info);
]

/t
L L

** Display a message
z=s

.
void commentl(char *string)

{

clear_line(0, MAX_LIN);
goto__xy(0, MAX_LIN};
printf{string);

}

/t
L 1]

** Display a message
=&

*

void comment2{char *string)

{

clear _line(0, MAX_LIN-4),
goto_ xy(0, MAX_LIN-4);
printf(string);

)

/t
*

-
** Read data string from the keyboard.
** 11 does not echo carriage RETURN.

** Use backspace to correct.
E 2]

*/
void get_data(char *string, int length)

{
char *ps;
int i
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ps = string;
for(i=0; ;)
*string = geich();
if(*string == "\r') /* RETURN entered */

{
*string = "\0"; /* assign NULL */
return;

if(*string == "\b") /* backspace entered */

if(string > ps)
{
string--;
putch("\b");
putch(® °),
putch("\b*);
i-=

}
}
else if (i<length)

{
putch{*string);
string++;

[Ty

** Send cursor to specified (x, y) position
¥

*/
void gota_ xy(int x, int y)

{
union REGS i;

iLh.dh = y; /* row coordinate */
ihdl = x; /* column coordinate */
ih.abh = 2; /* cursor addressor */
iJibh = 0; /* use video page 0 */
int86(16, &i, &i);

}

/l
=¥

e ——— i ————

** Clear to end of specified line.
L 1]

t/ )
void clear_ line(int x, int y)

{
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goto__xy(x, ¥%
for(: x<MAX_LLEN; x++) printf{" "}

}
/l
w*

o

** Clear the screen.
-k

*/

void clear_screen({void)

{
union REGS r;

r.h.ah = 6;

r.h.al = 0 /* number of lines to scroil */
r.hch = 0; /* upper left row */

r.hcl = 0 /* upper left column */

r.hdh = MAX_LIN; /* lower right row */
r.hdl = MAX_ LLEN; /* lower left column */

r.hbh = 7; /* use video page 7 */
int86{0x10, &r, &r1);
}
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** Initialize database.

L]

*/

void initialize_ db{void})

{

char *obj_ title = "OBJECT CLASS™
char *sup _name = "SUPER CLASS"
char *sub_name = "SUB CLASS",
char *formula_name = "FORMULA"
char *item_name = 'ITEM TITLE"
char *state_ name = "STATUS"

clear _screen();
¢l _pos = -1;

strepy(field_ cl.class_title, obj _title);
strepy{field_cl.sup_title, sup_name);
strepy(field_clsub_title, sub_name);

strepy(field _fr.item__title, item_ name);
strcpy(fleld fr.formula _title, formula _name);
strcpy(f:eld fr.state_ t:tle state _name),

field_cl.obj _x = 0;
field_cl.obj_y = 4;

field cl sup_x = field _clobj_x;
field cl.sup y=-fleld _ciobj_vy + 2;
field_clsub_x = field_clsup x;
field clsub yafleld clsup_y + 2;

field fr.item x = field _clsub_x;

field_ ~fr.item _y = field _clsub_y + 4;
field _fr. formula x=fneld _fritem x;
field frformula _y = field " fr.item Yy + 2
field | _frstate x = field fr formula_ x;
field frstate _y = field frformula y+2'

)

/t
ik
enter _db
“
** Enter database values.
*k
*/
void enter__db{void)
{

struct frame *info,*temp;
struct record *sp, *sb, *cur;
mt i, i, k:

clear screen();
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iisplay_class__title(),
display__record_title();

for( ; ;)

i = get_db_ positian(); /* get next available database position */
if(i == -1)

{
printf("Out of database space.\n");
returnm,

)

goto_ xy(field_cl.ob j_ x+strien(f ieldwcl.class_title)+5, field_cl.obj_y),
for(k=0; keMAX_LLEN; k++) printf(" ")
goto__xy(f jeld_clobj_ x+strien(f jeld_cl.class_titie)+5, £ ield_cl.obj_y);
get_data(classes[i].class__name, MAX_STR});
if("*classes|i].class__name)

{

cl_pos--;

break;

}

/* enter superclass item */

/* allocate memory for class record */
sp = (struct record *} malloc(sizeof(rd));
if(sp == NULL)

printf("Cut of memory.\n"},
return;

classes{i].super_ class = sp;

goto__xw{f ieldﬁcl.sup_x+strlen(f ield_cl.sup_title)+5, field_clsup_y)
for(k=0; keMAX_LLEN; k++) printf(" ");

for( ; 3}

{

get_data(sp->property, MAX LLEN),
if(lsp->property[0]) break;

cur = sp;

sp->next = (struct record *) malloc{sizeof{rd));
f(sp->next == NULL)

printf("Out of memory.\n");
return;
)
sp = sp->next,
sp->next = NULL;
goto_ xy(f’ ield_cl.sup_x+str]en(f ield__cl.sup__title)+5 , ield_ﬂ_cl.sup_y);
for(k=0; k«MAX_LLEN; k++) printf(" ");

}
cur->next = NULL;
/* enter subclass item */
/* allocate memory for class record */
sb = (struct record *} malloc(sizeof{rd)};
if(sb == NULL)

{
printf("Out of memory.\n");
return;

classes{i].sub_class = sb;
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goto_ xy(field_ clsub_ x+strlen(field clsub_title}+5, field_clsub_y);
for(k=0; k<MAX _LLEN; k++) prmtf(" ");
for(; )

{

get_ data(sb->property, MAX_LLEN),
if(sb->property[0]) break,

cur = sb;

sb->next = (struct record *) malloc(sizeof(rd));
if{sb->next == NULL)

printf(*Out of memory.\n");
return;
]
sb = sb-»>next;
sb->next = NULL;
goto_ xy(field_cl.sub_ x+strlen(field_clsub__title)+5, field clsub_y);
for(k=0; k«<MAX_LLEN; k++) printf(" *);
)
cur->next = NULL;

/* enter frame information for the class i */
/* allocate memory for frame */

info = (siruct frame *) malloc(sizeof (fr));
if{info == NULL)

printf("Cut of memory.\n");
return;

}

classes[i).class _record = info;

/* enter frame information */
for(j=0; j<sizeof(info->name}, j++) info->name[jl="";
for(j=0; j«sizeof(info->formula); j++) info->formula(j}="
for(j=0; j<sizeof(info->status); j++) info->statusfjl=" "
commentl("Enter class values (RETURN to quit): ")
for( ;)
{
goto__xy(field_fr.item_ x+strlen(field_ fr.item_ title)+5, field_fr.item y);
for(k=0: k<MAX STR k++) printf(" ");
goto_ xy(field_fr formula_ x+strlen(f ield_fr.formula_ title}+3,
field_frformula_y);
for(k=0; k<MAX _STR; k++) printf(* "}
goto__xy(field_fr.state_ x+strien{field_ fr.state__title)+5,
field_fr.state y);
for(k=0; k«MAX_STR; k++) printf(" "

goto_ xy(field _fr.item_x+strien(field_fr.item_ title)+5, field fr.item v
get_data(info->name, MAX_STR);
if(linfo->name[0]) break;
goto_ xy(field_fr.formula_ x+strlen(field _fr.formula_title)+5,
field l‘r formula__y});
get_data(mfo >formula, MAX_STR);
goto_xy(field _fr.state_ x+strlen(field_fr.state_title)+5,
field _fr.state_y),
get_data(info-»status, MAX_STRY;

temp = info;
info->next = (struct frame *) malloc(sizeof(fr));
if(info->next =« NULL)

{

323



printf("Out of memory.\n");
returr;

}
info = info->next;
info-»>next = NULL,;
for(j=0; j<sizeof(info->name); j++) info->name[j]="
for(j=0; j<sizeof(info->formuia); j+) info->formutalj}=" "
for(j=0; jesizeof (info->status); j++} info->status{j}=" ";

temp->next = NULL;

e A T

*%

*+ Display class title,
13

*/

void display___class_title(void)

{

goto_xy(fie]d_ﬁcl.obj_x, field_clLobji_y);
printf(" %s: *, field_cl.class_title);

goto_ xy(field_clsup_Xx, field_clsup_y)
printf(" %s: ", field clsup_title);

goto_ xy(f ield _clsub_x, f ield__clsub__y);
printf(" %s: ", ield cl.sub_titie);

}

/t
*¥

(1)

*¢ Display frame title.
&

void display_f rame_title(void)

goto_xy(field_fr.formula_x, field _fr.formula_y)k
printf(* %s: ", field_f r.formula__titie);

goto_ xy{field_ fr.item_x, field_fr.item_y);
printf(* %s: ", field_f r.item_title);

goto_ xy(field_fr.state_x, field fr.state_y);
printf(" %s: 7, field___fr.state_title);

}

/t
**

*¢ Get next available d__base position.
%

*/
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int get__db_ position{void)

{

cl__pos++;

if(cl_pos < MAX_ ITEM) return ¢l _pos;
eise return -1;

¥+ Save database,

L 1]

*/

void save_d__base(char *file_name)
{

struct record *temp;

struct frame *cur;

FILE *fp;

char name[FILE_NAME_ SIZE];
int i, j;

/* store the data in a .DAT file */
strcpy(name, file_name),
strcat{name, ".dat");
fp = fopen(name, "w");
if(!fp)
{
printf("Cannot open file\n");
return;

)
comment2("Saving database... \n");

for(i=0; i<=¢l_pos; ++i)
{
for(j=0; j<sizeof(classes[i}.c]ass_name); J++)
putc(classes[i].class__name[j], fp);

/* save super-class list */
temp = classesfi].super_ class;
while(temp)

for(j=0; Jxsizeof(temp->property); j++) pute(temp->property[j), fp):
temp = temp-»>next;
}

for(j=0; J<sizeof(temp->property); j++) putc(\0', fp);

/* save sub-class fist */
temp = classes[i].sub__ class,
while{temp)
{
for(j=0; j<sizeof(temp->property); J++) putc(temp->property[j], fp):
lemp = temp-»next;
}
for(j=0; «sizeof(temp->property); J++) pute("\0", fp);

/* save frame information */

325



cur = classes[i].class_record;

while(cur)
{
for(j=0; j<sizeof(cur->name); j++) pute(cur->name[j], fp);
for(j=0; jesizeof{cur->formuia), j++) putc{cur->formulafj}, {p);
for{j=0; jesizeof(cur->status); j++) putc(cur->status[j}, fp);
cur = cur-»next;

}
for(j=0; jesizeof(cur->name); j++) putc(\0", £p);

}
putc(0, fp);
fclose(fp);
)

/t
%

** [ oad database.
ok

[ 3
/
void Ioad_d_ base(char *file_name)
{
struct record *info, *temp;
struct frame *cur, *pres;
FILE *fp;
char name{FILE_ NAME_ SiZE];
int i, 3

strepy(name, file pame),
strcat(name, ".dat");

fp = fopen(name, "r");
if(ifp)

printf("Cannot open file\n");
return;

}

comment2("Loading database...\n"),

/* load database file */
clear__d_ base();
for(i=0; i<MAX ITEM; ++}

{

if((classes{i].class_name[0] = getc(f p))} == 0} break;

for(j=1; j<sizeof(classes[i].class__name); jt+)
classes[i}.class_name{j] = getc(fp);

/* load super_class data */

classes[i].super_class = (struct record *} malloc(sizeof(rd));
info = classes(i].super_ class;

if(linfo)

printf("Out of memory\n"),
retura,

| B
for( ; ;)
{
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for(j=0; j<sizeof(info->property); j++) info->property[j] = gete(fp);
if(linfo->property{0])
{
temp->next = NULL;
break;
}
info->next = (struct record *) malloc(sizeof(rd));
if(info->next) break;
temp = info;
info = info->next;

}

/* load sub-class data */

classes[i].sub_ class = (struct record *) malloc(sizeof(rd)),
info = classes]i}.sub_ class,

if(tinfo)

printf("Out of memory\n");
return,
}
for( ; ;)
{
for(j=0; j<sizeof(info->property); j++) info->property[j] = gete{fp);
if(linfo->propertyf0]}
{
temp->next = NULL;
break;
}
info-»>next = {struct record *) malloc(sizeof(rd));
if(finfo->next) break;
temp = info;
info = info->next;

)

/* load frame information */

classes[i).class _record = (struct frame *) malloc(sizeof(f1));
cur = classes[i].class_ record,

f(lcur)

printf("Out of memory\n"};
return;
}

for( ;)
{
for(j=0; j<sizeof(cur-»name); j++) cur->name[j} = getc(fp);
for(j=0; jesizeof(cur->formula); j++) cur->formula[j] = getc(fp);
for(j=0Q; j<sizeof(cur->status);, j++) cur->status{j] = getc(fp);
if{'cur->name[0])

cur->next = NULL;
break;
H
cur->next = (struct frame *) malloc(sizeof(fr));
if(lcur->next) break;
pres = Cur,
cur = cur->next;

}

}
fclose(fp);
¢l _pos = i-1;
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L L

** (lear database before loading.
&k

*

void clear _d_ base(void)

{

struct frame *info, *temp,

struct record *cur, *pres;

int i

for(i=D; i<=cl_ pos; i++)

cur = classes[i].super_ class;
while(cur}
{
pres = cur->next;
free{cur);
cur = pres;

cur = classes[il.sub__class;

while{cur)
{
pres = cur->next,
free(cur);
cur = pres,
}
info = classes[i).class_ record;
while(info)
{
temp = info->next;
free(info),
info = temp;
}
}
)
/t
*&
init_ndata
¥ o )
** |nitialize numerical data stack
¥
]

void init_ndata(void)

nd__pos = -1;
num_of var = (,
}

/t
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- e e e e

** Enter data.

L2 )]

*/

void enter_ndata(void)

{

struct variables *pt, *temp;

char info{fMAX_STR];

char name_lisfMAX_ITEMS)IMAX_NAME];
int i, k:

clear_screen();
init__ndata();
goto_ xy(0, 3);
printf("Enter number of varizbles(maximum number = 15); ")
scanf("%d%*c", &num_of _var);
for(i=0; icnum_of _var; i++)
{
printf("name of variable %d: ", i+l);
gets(name_list[i]);
if('name__ list[i][0)) break;
H

for(;;)
{

clear_screen();
goto__xy{0, 2);
k= get__next_position{);
if(k == -1}
{
printf("Qut of list space.\n");
return;
}
printf{"\nData index {enter RETURN to quity "}
gets(ndata_ base[k].index);
if(!ndata_ basefk].index[0])
{

nd_ pos--;

return,;

)
printf("\n");
printf("Enter data description: ");
gets(ndata_ base[k].description);
if(!nda1a__base{k].description[O])

nd_pos--;

break;

}
printf{("\n");
printf{"Enter variable values:;\n\n");
1=0
for( ; ;)

{

if(i >« num_of _var) break:

pt = {struct variables *) malloc(sizeof(va));

if(pt == "\0")
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(
printf("Out of memory.\n"),
return,

ndata_ base[k}.var__value = pt,
strepy(pt->var_name, name_ listfi]),
printf("  %s ", pt->var_name});
scanf("%f%*c", &pt->value);

1+
pt->next = (struct variables *) malloc(sizeof(va));
temp = pt; oo
pt = pt->next;
}
temp->next = NULL;
)
}
/#
L2

** Get next position.

"k

¥/

int get_mext__position(void)

{

nd__pos++

if{nd_ pos « MAX_ITEM) return nd_pos;
else return -1;

)

/t

>
save_ndata

L]

** Save data.

-

void save_ndata{void)

{

int i, j. k;

struct variables *temp;

FILE *fp;

char name[FILE _NAME SIZE},

clear_screen();

goto_ xy(0, 10);

printf("Enter datafile name: ");

gets(name);

strcat(name, ".dat™);

if((fp = fopen{name,"w")) == 0)
{
printf("Cannot open file.\n");
return;

comment2({"Saving data set..”);
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_ for(i=0; i<end_ pos; ++i)

for(j=0; j<sizeof(ndata__base[i].index); j++)
putc(ndata__base[il.index[jl, fp);

for(j=0; j<sizeof(ndata base[i].description); j++)
putc{ndata_ base[i].description(}], fp);

temp = ndata_ base[i].var__value;
while(temp)
(
for(j=0; jesizeof(temp->var_ _name), j++) putc(temp->var_name[}], fp);
fprintf(fp, "%f", temp->value};
temp = temp->next;

for(j=0; j<sizeof(temp->var_name}; j++) putcC\0°, fp);
}

putc(0, fp);

fciose{fp);

}

/t
g

** ] oad database.
E ]

*/

void load_ ndata{void)

{

struct variables *info, *temp;
FILE *fp;

char name[FILE_ NAME_SIZE};
int i, j;

clear_screen();

clear_ ndata{);

goto_ xy(0, 10);

printf{"Enter datafile name: "};
gets(name);

fp = fopen{name, "r");

H(fp)

printf{"Cannot open file\n");
return,

)

comment2("Loading database...\n");

/* load database file */
clear__ndata();
for{i=0; i<MAX_ITEM; ++i)

{

if((ndata_ base[1).index[0] = getc(fp)) == 0) break;

for(j=1; jesizeof(ndata_ basefi].index); j++)
ndata__base[i].index|j] = getc{fp);

for(j=0; j<sizeof(ndata_ base[i].index); j++)
ndata__basefi].description[}] = getc(fp);
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ndata__base[i}.var_value = (struct variables *) malloc(sizeof(va));
info = ndata_ base(i].var__value;
if(tinfo)

{
printf("Out of memory\n");
return,
}
for( ;1)
{
for{j=0; j<sizeof(info->var_name); j++) inf o->var_namefj] = gewc(fp);
if(tinfo->var__name[0])
{
temp->next = NULL;
break;

}
fscanf(fp, "%f", &inf o->value);
info-»next = {(struct variables *) malloc(sizeof(va));
if(linfo->next) break;
temp = info;
info = info->next;

)

}
fclose(fp);
nd_pos = i-1;
}

/t
.+

L L

** (Clear data stack.
»E
*/

void clear_ndata(void)

struct variables ®cur, *temp;
int i

for(i=0; 1<=nd_pos; i++)

cur = ndata_ base[i).var__value;
while(cur)
(
temp = cur-»next;
free(cur);
cur = temp,

)
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** Enter event data,

L 1 3

*/

int enter__event_ data(void)
{

struct event_ list *ev, *temp;
int i

clear_ screen();

goto_xy(0, 5);

printf{("Enter event-list data\n\n");

ev = (struct event_ list *) malloc{sizeof (struct event list));
if(lev)

printf("Out of memory\n"};
return {;
)
events = ev,
for(i=0; i<sizeof(ev->event__name), i++) ev->event_name[i] = " °;
for(i=0; i<sizeof(ev->fact); i++) ev->factfi] = ' "}
printf("Enter event title and event (RETURN 10 quit) \n"};
for( ; ;)

clear_line(0, 10);
clear_line(0, 12);

goto_ xy(0, 10);

printf("Event title: *),
gets(ev->event__name);

goto_ xv(0, 12);

print{("Event; "),
gets(ev->fact);
if(lev->event__name[0]) break;

NUmM__events++;

temp = &v,

ev->next = (struct event_list *) malloc(sizeof(struct event_ list));
if{ev->next == NULL)

printf{"out of memory\n");
return 0;

)

ev = ev->next;
ev->next = NULL,;
for(i=0; i<sizeof(ev->event_name); i++) ev->event _namefi] =" 7
for(i=0; i<sizeof(ev->fact); i++) ev->factfi] = ' *;
}
temp->next = NULL;

)
/-‘
ek

i
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** Display events.

£ 2

*/

void display event(void)
{

struct event_list *temp;
int i, J;

clear_screen();
goto_ xy(0, 2);
temp = events;
i=0
while{temp)
{
JH
printf("EVENT %s: %s\n\n", femp->event_name, temp->fact);
temp = temp->next;

}
printf("\n{There are %d events in the list.)\n", j);
printf("\n\nPress ENTER to return’n"Y;
getchar();
return,

}
/‘
*e

"

*+ Save event file to a disk file.
*%¥

*/

int save_event(char *file_name)
(

struct event_list *ev, *temp;

int i;

FILE *fp;

char name[FILE_ NAME_SIZE],

/* save event data */
strcpy(name, file_ name);
strcat(name, ".rul");
fp = fopen(name, "wb");
if(!fp)
(
printf("cannot open definition file\n");
fclose(fp);
return 0;
)
ev = events;
while(ev}
(
for(i=0; i<sizeof(ev->event_name}, i++) putc(ev->event__name[i], fp);
for(i=0; i<sizeof(ev->fact); i++) putc(ev->fact[i], fp);
ev = gv-»next;

}
pute(0, fp);
felose(fp);
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return 1;

)
/tt
"

** Load event file,

=0

*/

int load_ event(char *file_name}
{

struct event_ list *info, *temp;
char name[FILE_NAME SIZE};
FILE *fp;

int i

strepy(name, file_ name);
strcat(name, ".rul"):
fp = fopen(name, "rb");
if{!fp)
{
printf("Cannot open file\n");
felose(fp);
return {;

)

events = (struct event_list *) malloc(sizeof(struct event_list));
info = events;
if{!info)

printf("Out of memory\n*);
return 0;
b
for( ; ;)
{
for(i=0; i<sizeof(info->event _name); i++) info->event_name[i] = getc{fp);
for(i=0; i<sizeof(info->fact); i++) info->fact[i] = gete(fp);
if(linfo->event name[0])
{
temp->next = NULL;
break;
)
info->next = (struct event_list *) malloc(sizeof (struct event__list));
if(info->next == NULL)
{
printf("Cut of memory\n");
break;
)
temp = info;
info = info->next;

}
fclose{fp);
return 0

)

/t
L1
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**¢ Make rule.

ik

*

void make rule{char *object)

{

struct record_list *cur;

struct event_list *temp;

char indf]MAX_NAME], ch[MAX_ NAME]
int i;

cur = first_record;
while(cur)

if(istremp{object, cur->data+items[0].item__position))
{
clear__screen();
goto_ xy(0, 2);
temp = events;
while(temp)

strcpy(ch, temp->event _name);
if(!stremp(ch, cur->data+items[num__items-1].item__position))
{
printf("\n\n\nAccording to RULE %s : ",
cur->data+items{0].item_ position);
printf("\n\n\n\n\nIf \n");
for(i=1; j<num__items-1; i++)
{
strepy(ind, items{i}.item__title);
strepy(ch, cur->data+items[i].item__posit:on};
printf(” %s is %s”, ind, ch);
if(i < num__items-2) printf(" and\n"};

)
printf("\n");
printf("\n\nThen \n");
printf(" %s\n", temp->fact);
getchar();
return;

}

temp = temp->next;
}
)

Cur = cur->next;
comment2("Insufficient events. Please check events database.");
return;
}
/t
L 1]

** Check states.
L 1]
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*

void check__state(void)

{

struct record list *temp;

struct tf_list *root, *cur, *pres;
char chfMAX_NAME];

inti, 3

/* free state conditions */
for(i=0; i<num__items-2; i++)
{
strepy(statefi].state_title, null_string);
pres = state[i].condition;
while(pres)
{
cur = pres->next,
free{pres);
pres = cur;
)
}

for(i=0; i<num_ items-2; i++)
strcpy(state[i].state_title, items[i+1].item__title};

/* allocate memory */
cur = (struct tf list *} malloc(sizeof(struct tf list)};
if(cur == NULL)
{
printf("Out of memory\n"});
return;
}
state[i].condition = cur;
strepy(cur->thing, null_string);
cur->next = NULL;

temp = first_record;

while(temp)
{
root = (struct tf__list *) malloc(sizeof{struct ¢f _list));
if(root == NULL)

printf("Qut of memory\n"},

réturn,

}
strcpy(ch, temp->data+items/i+1).item__position);
strepy{root->thing, ch);
root->next = NULL,

if(‘cur) cur = append_tf _list(root, cur);
else

{

pres = cur;
=0
while(pres)

if{lstremp{ch, pres->thing)} j = 1;
pres = pres->next;

if(j == 0) cur = append__tf _list(root, cur);
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)

temp = temp->next;

}
1
}

/‘

- e 2

-

*
void state fault(void)

{
char ch;

check__state();
for( ;3

state__infer();

commenti{"Do you want to try more situations? (Y/N) ),
ch = getche();

ch = tolower{ch);

if{ch == 'n') return;

)

*

void event_ fault{void)
char ch;

check_ state(};
for( ; ;)

event_infer();

comment!("Do you want to try more situations? (Y/N) ™)
ch = getche();

ch = tolower(ch),

if(ch == 'n') return;

) .

e 2
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void state__infer(void)

{

struct record_ list *cur;

struct tf_list *temp, *ind, ®pres;
char r_name[MAX NAME};
int i, j;

clear_screen():

/* free state conditions */
while(ind)

pres = ind->next;
free(ind);
ind = pres;

}

goto_ xy(0, 4):
printf("Enter states: \n\n");

pres = (struct tf_list *) malloc(sizeof(struct tf_list));
if(pres == NULL)
{
printf{"Out of memory\n");
return;
}
strepy(pres->thing, null_string);
pres->next = NULL:
ind = pres;

for(i=0; i<num_ items-2; i++)
{
printf("State of %s ( ", state{i].state__title);
temp = state[i).condition;
while{temp)

printf{"%s ", temp->thing):
temp = temp->next;

printf("): *):
gets(pres->thing);

pres-»>next = {struct tf_list *) malloc{sizeof(struct tf_list));
if{pres->next == NULL)
{
printf("Out of memory\n");
return;
}
pres = pres-»next;
pres->next = NULL;
strepy(pres->thing, null_string);

printf("\n\n"};

}
/* forward inference */
cur = first_record;

while(cur)

i=h
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pres = ind,
for(i=0; i<num__items-2; i++)

if(strcmp{pres->thing, cur->data+items(i+1].item_ position})) j=10;
pres = pres->Dext;

]
if(j = 1)
{
strepy(r__name, cur->data+items[0].item__position);
make_rule(r_name),
return;

cur = cCur->next;
f{lcur)

clear_screen();

goto_ xy(0, 4);

printf("No matching rule. Check event list\n");
getchar(};

return;

)

-

*
void event_infer(void)

struct record_list *cur, *new;

struct event__list *temp;

char ch[3), ind[MAX_NAME], cond[MAX_NAME], accid{MAX_STRY];
int i, J;

clear_screen();
goto_ xy{(0,0);
printf"EVENT LIST An\n");
temp = events;
i=0
while{temp)
¢
L
printf"CEVENT %s: %s\n", temp->event__name, temp->fact);
temp = temp->next

)
printf{"\n\n{There are %d events in the list.\n", j);
printf("\n\nEnter event title (el, €2, ..x ")
do

{

gets(ch);

temp = events,
while(temp}

if{stremp{ch, temp->event_name})

{
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i=0
temp = temp->next;
}
else
{
i=1
strepy{accid, temp->fact);

}
if(j == 1) break;
)

if(j == 0) comment1("Wrong name. Enter again.");
} while{j != 1);

clear_ screen();
goto_ xy(0, 0);

cur = first_record;
while(cur)

if(strcmp(ch, cur->data+items{num_ items- | J.item__position))

goto_ xy(0, 3);
printf("According to RULE %s : ",
cur->data+items[0].item_ position);
printf("\n\n\n\n");
printf("%s because\n\n", accid);
for(i=1; i<tium_items-1; i++)
{
strepy(ind, items[i}.itemn__title);
strepy(cond, cur->data+items[i].item_ position};

printf(* %s is %s", ind, cond);
if(i < num_items-2) printf{" and\n");
}

printf("\n\n\n\n\n\n\n");

printf{("Press any key for more possible cases.\n\n");
getchar();

clear_screen():

CUr = cur->next;

}
printf("\nNo more possible cases. Enter RETURN.An");
getchar();
)

/!
8

** Append list to tf_list structure.
%

*/
struct tf_ list *append__tf_list(struct tf_list *new, struct tf_list *list)

{
if(list == NULL)

{
list = new;
return list;
}

else

i



{
list-»next = append_tf _list(new, list->next),
return list;
]
H
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** Initialize rule-base description.
ik

*/
void init_base description(void)

{

char *ob_ title = "OBJECT™;
char *rl_title = "RULE NAME™;
char *cond = "IF";

char *then = "THEN™

¢clear__screen();
ob_pos = -1;

strepy(field__ob.object_title, ob_title);
strepy(field_rlrule title, i title);
strepy(field_if.if_ title, cond);
strepy(field_ th.then_ title, then);

field ob.x = {;
field_ob.y = 4;

field_rl.x = field_ob.x;
field_rlLy = field_ob.y + §;

field_if.x = field_ob.x;
_ field_if.y = field_rly + 3;

field_th.x = field ob.x;
field_thy = field_if.y + 2;
}

/t
*s

** Enter object and corresponding rule data.
L 2]

*/
void enter_rule data(void)
{
struct record *info,*temp;
. char ch;
int i, 3, m;
clear_screen():
display_object_title();
display _rule title();
for(; ;)

{

i = get object_position(); /* get next available object position */
(1 == -1)
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printf("Out of object set space.\n");
return;

}

goto_ xy(f ield_ ob.x+strlen(f ield_ob.object__title}+5, { ield ob.y),
for(j=0; j<MAX_NAME; j++) printf{" "),
goto_ xy(f ield_ob.x+strien(f ield ob.object_titie)+5, field_ob.y);
get_data(r_ base[il.object__name, MAX _NAME);
if("*r__base[i).object__name)

{

ob_ pos--,

break;

}

1l_pos = -1;
for(; )
{

m = get rule_position(); /* get next available rule position */
if{m == -1)

printf("Out of rule-Ilist space. \n");
return;

}

goto_ xy(f ield_rl.x+strien(f. ield_rlrule_titie}+5, f ield rly);
for(j=0; j<xMAX_NAME, j++) printf(" "),

goto_ xy(f ield_ rl.x+strien(f ield_rl.rule_ title}+5, I ield_rly})
get___data(r__base[i],rule_list{m].rule_name, MAX_NAME};

if("*r__base[i].rule_ list{m].rule_name})

ri_pos--;
break;
)

/* enter rule-list information */

/* allocate memory for if-list */

info = {struct record *) malloc(sizeof(rd));
if(info == NULL)

printf("Out of memory.\n");
return,

r_ base[i].rule_lis{m].if_list = info;

/* enter if- information */

for(i=0; j<sizeof(info->property); j++) info->property[jl=' *;
comment1("Enter if-list property (RETURN to quit): "}
for(; ;)

{

goto_ xy(field _if.x+strlen(f ield_if.if _title)+5, field if.y);
for(j=0; j<MAX_ LLEN; j++) printf(" "),

goto_ xy(field_if x+strien(field_if.if _title)+5, field if.y);
get_data(info->property, MAX_LLEN),
if(linfo->property{0]) break;

temp = info;

info->next = (struct record *) malloc(sizeof(rd));
if(info->next == NULL)
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printf{("Out of memory.\n");
return;

info = info->next;
info->next = NULL:
for(j=0; j<sizeof(info->property); j++) info->property[j]=' *;

temp->next = NULL;

/* allocate memory for then-list */
info = (struct record *) malioc(sizeof(rd));
if(info == NULL)

{

printf("Out of memory.\n");

return;

}

r_base[i).rule_ list[m].then_ list = info;

/* enter then- information */
for(j=0; jesizeof(info->property); j++) inf o->property[j}=' %
commentl{"Enter then-list property (RETURN to quit): ™);
for( ; ;)
{
goto_ xy(field__th.x+strlen(field_th.then_title)+5, field th.y);
for(j=0; j<MAX_LLEN; j++) printf(" ")
goto_ xy(field_th.x+strlen(field_th.then titie)+5, f ield th.y);
get _data(info->property, MAX_ LLEN):
if(linfo->property[0]) break;

temp = info;
info->next = (struct record *) malloc(sizeof(rd));
if(info->next == NULL)
{
printf{"Cut of memory.\n");
return,
}
info = info->next;
info->next = NULL;
for(j=0, jesizeof(info->property); j++) info->property[jl="

temp->next = NULL;

)
r_base[il.num_of rules = m+l;
commentl("More objects? (Y/N). ")
ch = getche();
ch = tolower(ch);
if{ch == *n’) return;

)

** Display object title,
%

*
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void display_object_title(void)

{

goto_xy(field_ob.x, ield__ob.y);
printf(* %s: ", field_ob.object_ title);
}

/t
&

- . -

** Display rule title.

L L]
*

void display__rule__title(void)

{

goto__xy(field _rl.x, f: ield rLy);
printf(* %s: ", field_rl.rule _title);
goto_ xy(field_if.x, field_if.y);
printf(" %s: ", field _if.if title);
goto_xy(field_th.x, f. ield_th.y);
printf(* %s: *, field__th.then_title);
)

ft
*#

e A —

** Display rule abstract
[ 1]

*/

void display__rule abs(void)
{

struct record *info;

int i, J;

clear__screen();

display _object_ title();
display rule_ title();
for(i=0; i<=0b_ pos; i++)

goto_ xy(field_ ob.x+strlen{field_ob.ob ject_title}+5, field_ob.y);
for(1=0; j<MAX_NAME; j++) printf(" ");

goto_ xy(field__ob.x+strien(field_ ob.object_title)+5, field_ob.y);
printf("%s", r_base[i].object _name);

for(j=0; j<r_base[i}.num_of _rules; j++)

clear__rule();

goto_xy(field_rl.x+strlen(field _rl.rule _title)+5, field _rly);
printf{"%s", r_ base[i}.rule__list[j].rule_ name);

info = r__base[i}.rule_ list[j].if list;

goto_ xy(field_if x+strlen(field _if.if _title)+5, field_if.y),
printf("%s", info->property);

info = r_base[i}.rule_ list[j).then_ list;

goto_xy(field__th x+strien(f ield_ th.then_ title}+3, ield  th.y);
printf("%s*, info->property),

getchar(),

346



}
getchar(};
}
)

/t
(1)

i

-

void clear__rule(void)
{

int i

goto xy(field rl.x+strlen(field rl.rule title}+5, field rl.y);
for(j=0; j«<MAX NAME; i++) printf(" ");

goto_ xy(field _if.x+strien(field_ if.if title)+5, field_if.y);
for(j=0; 3<MAX LLEN; j++) printf(" *);

goto_ xy(field_ th x+strlen{field _th.then__title}+5, field th.y);
for(j=0; i<MAX_LLEN; j++) printf(" ");

H .

/‘
L 1

** Free true and false stacks.
[ 1]

*
void free_stack{void)
({

struct record *infog;

/* free true stack */
while(true_stack)
{
info = true_stack->next;
free(true_stack);
true_stack = info;

}

/* free false stack */
while(false_stack)

info = false stack->next;
free(false_ stack);
false_stack = infg;

}
ps_pos = -1;

)
/’
"

get_object_ position
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** (et next available object position.

ek

*/

it get_object_position(void)

{

ob_ pos++;

if(ob_pos < MAX__OBJ) return ob_pos;
else return -1;

}
/t
&

o — e

L L

** Get next available rule_ list position.
L L

*/

int get_rule_ position(void)

{

rl_pos+]

if(rl_pos < MAX_ITEM) return rl_pos;
else return -1;

}
/t
&%

O T

** Forward-chain inference
E ]

»
!
void infer_rule(void)
{
struct rule *info;
struct record *temp;
int i, J;
char ch;
char rule_ind{MAX_NAME],

for(i=0; ix=0b__pos; i++)
{
ps_pos = -1,
true__stack = false_stack = NULL;

clear_ screen();

goto xy(0, 5);

for(j=0; j<=r__base[ilnum_of _rules; j++)
{
clear_screen(),
info = &r_base[i].rule_ list]j];
strepy(rule _ind, info->rule_ name);
if(infer(info, rule_ind))

printf("\n\nAccording to the rule %s: ", rule_ind);
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temp = info->then_ list;
while{temp)

{

printf("\n\n %s ", temp->property);
if(temp->next) printf("and ");

temp = temp->next;

}
printf{".");

printf("\n\n\nContinue? (Y/N). *);
ch = getche();
ch = tolower(ch);
printf("\n");
if(ch == *n') return;
else break;
}
}
}

comment2("No (more) object(s} found.\n");

-

** Examine rule list and true and false stacks.
[ ] ]

*/

int infer{struct rule *info, char *object)

{

struct record *curr, *temp, *pres;

char ind;

int i

pres = info->if _list;
/¥ examine false stack */
if(lexamine_ faise stack{pres, object)) return 0;

/* examine true stack */
if(lexamine _true_stack(pres, object)) return 0;

/* examine rule list */
i= 0;
while(pres)
{
if(check_ stack(pres-»>property)) /* property not in true stack */
{

i++;
printf("\n\nQuestion [%d}: %s.", i, pres->property};
printf("\n\n Is it true? ((T)rue, (Flalse, (W)hy): ")

ind = getche();

ind = rolower(ind):

printf{"\n"};

curr = (struct record *) malloc(sizeof(rd));
if’curr)

printf("Out of memory.\n"):
return;
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}

curr-»next = NULL;
switch(ind)

case 'f".

/* False property. Store it into false stack and try next rule. */
strepy(curr->property, pres->property);
if(!faise_ stack)

false_stack = curr;
false_ temp = false_ stack;
]
else
{
false _temp->next = curr,;
false_ temp = curr;
)
store__prop_ stack(object, pres->property,’f’);
return 0O;
case "t"
/* True property. Store it into true_stack and try next property. */
strepy(curr->property, pres->property);
if(ttrue_stack)
{
true_stack = curr;
true_temp = true_ stack;
}

else
{
true_temp->next = Curr,
true_temp = Curr,
}

pres = pres->next;

break;

case 'w'"
explain_ why(object);
|
break;

}

]

else
pres = prés->»next;

return 1; /* All properties in if-list satisfy condition. */
}

/#

L2

[y ——————

*+ Examine false stack.
E 1

*
int examine_false_ stack{struct record *info, char *object)

{

struct record *stack, *temp;
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stack = false_stack;
while(stack)

{

temp = info;

v nile{temp)

{
if(Istremp(temp->property, stack->property))
{

store_prop_stack(object, temp->property, *f’);
return 0;

}

femp = temp->next;

}
stack = stack-»next;

)

return 1

}
/t
L L J

L e e e e B 7 A e

** Examine true stack.
| 13

¢/
int examine_true__stack(struct record *info, char *object)

{
struct record *stack, *temp;
char ind;

stack = true_ stack;
while(stack)
{
ind = (;
temp = info;
while(terap)

if(!stremp(temp->property, stack->property))

ind = 1;
}
temp = temp->next;
}
if(lind)
/* If-list doesn’t have required true property. Try next rule. */

{
store__prop_stack(object, stack->property, 't'};
return 0;

)

stack = stack->next;

}

return 1; /* need more check */
}

/t

L2

check_ stack
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** Check stack.
23

int check_ stack(char *nroperty)
struct record *info;

/* check true property stack */
info = true_ stack;
while(info && strcmp{property, info->property)) info = info->next,

if(linfo) return 1; /* Property not in true_ stack. */
slse return O; /* Property in true_ stack. Check next property. */
)

/.
nh

** Examine true stack.
¥k

*
void store_prop_ stack(char *object, char *prop, char ind)
{

ps__pos++,

strepy(prop_ stack[ps_ pos}.item, object);
strepy(prop_stack[ps__pos].property, prop);
prop_stack(ps__pos].true_or_ false = ind;

)
f‘
¥

i e

** Explain why.

E 1]

*

void explain_ why(char *object)
{

struct record *temp;

int 1

clear__screen();
goto_ xy(0, 4);
printf(*Trying rule %s.\n\n", object),

if(true__stack) printf("It is true that: \n");

temp = true__stack;

while(temp)
{
printf(" %s\n", temp->property);
temp = temp->next;

}
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printf("\n\n");
if(false_stack) printf("It is not: \n"L
temp = faise_ stack;

while(temp)
printf(" %s\n", temp->property);
temp = temp->»>next;
3

for(i=0; 1<=ps__pos; i++)

printf{("\n\nRule %s was rejected because ", prop_stack[i}.item),
if{prop_ stack[i).true_or_ false == ")
printf("%s is not a property.\n", prop_stack{i].property);
else
printf(*%s is a required property.\n", prop_stack[i}.property);
}
)

/t
LLJ

————————

** Save rule-list base.
L 13

]

/

void save r_ base(char *file__name)
{
struct rule *cur;
struct record *temp;
FILE *ip;

char name{FILE_ NAME_ SIZE];
int i, j, k;
/* store the rule data mm a .RUL file */
strepy(name, fiie__name);
strcat{name, ".rul");

fp = fopen(name, "w");

if(p)

{
printf("Cannot open file\n"};
return;

}
comment2("Saving rule-list base... \n");

for(i=0; i<=0b__pos; ++i)

{

for(j=0; j<sizeof(r_basefi).object name); j++)
putc(r__basefij.object__name[]], fp});

for(k=0; k<r_ base[il.num__of _rules; k++)
{
cur = &r_base[i].rule_ list[k];
for(j=0; j<sizeof{cur-»rule_name), j++) putc{cur->rule_name[j], fp);

/* if-list are stored in *.if file */
temp = cur->if _list;
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while(temp)
{
for(j=0; j<sizeof(temp->property); j+H+)
putc(temp-:»property[j], fp);
temp = temp->next,

)
for(j=C0, j<sizeof(temp->property); j++) pute(C\O", fp)

/* then-list are stored in * thn file */
temp = cur->then_list,
while(temp)

{

for(j=0; j<sizeof(temp->property); J++)
putc(iemp->property[il, £p);

temp = temp->next

)
for(j=0; j<sizeof(temp->property); j++) putc(\0", 1p);

)
putc(’s’, fp);
fprintf(fp, "%d", r__base[i].num_of_rules);

}
pute(’@, fp)
fclose(ip);
)

L

. T

** | nad rule-list base,
[ 1]

.

void load _r_base(char *file_name)

{

struct record *info, *temp;

FILE *fp;

char name[FILE_NAME_SIZE],
mti, j, ki

strepy(name, file__pame);
strcat(name, ".rul");

fp = fopen{name, "r");
if(fp)

{
printf("Cannot open file\n");
returnm;

)

comment2("Loading rule-list base...\n");

/* load data file */
clear_r_base(),
for(i=0; i«<MAX_OBJ; ++i)

{
if((r__base[i].object__name{O] = getc(fp)) == '@") break;

for(j=1, j<sizeof(r__base{i].object__name); j++)
r_base[i].object__‘name[j] = getc(fp);
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for(k=0; k<MAX_ITEM; ++k)

{

if((r_base[i).rule_{ist[k).rule_namef0] = getc(fp)) == "$"} break;

for(j=1; j<sizeof(r_ base[i}.ruie__list{kl.rule_name); j4+)
r_base[il.rule listik).rule_name[j] = getc(fp);

/* load if-list */

r_base[il.rule_ listfk}.if list = (struct record *) malloc(sizeof(rd));
info = r_base{i].rule_list[k].if _list;

if{finfa)

printf("Out of memory\n");
return;
}
for( ;3)
{
for(j=0; jesizeof(info->property); j++)
info->property[j} = getc{{p);
f(linfo->property[0]}
{
temp->next = "\0';
break;
}
info->next = (struct record *) malloc(sizeof(rd));
if(linfo->next)
{
printf{"Out of memory\n");
break;
)
temp = info,
info = info-»>next;

)

/* load then-list */

r_basefi).rule_ lisfk].then_list = (struct record *) malloe(sizeof(rd));
info = r_ base[il.rule_ list{k].then_ list;

H(linfo)

printf("Out of memory\n");

return;

}

for( ;)

{

for(j=0; j<sizeof(info->property}; j++)
info->property[}} = getc({p);

if(linfo->property[0])
(

temp->next = "\0';
break;
)
info->next = (struct record *) malloc(sizeof(rd));
if(linfo->next)
{
printf("Out of memory\n");
break;
}
temp = info;
info = info->next;

)
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fscanf(fp, "%d", &r_ base[il.num__of _rules);

}
felose(fp);
ob_pos = i-1;
}

/l
¥

-

L L

** Clear rule-list base before loading.
s

*/

void clear_r_ base(void)

( :

struct rule *cur;

struct record *info, *temp;

it i, j;

for(i=0; i<=0b_pos; i++)
for(j=0; j<r__base[i}.oum_of _rules; j++)
cur = &r_ basefil.rule_list{j],

info = cur->if _list;
while(info)

temp = info->next;
free(info);
info = temp;

)

info = ¢ur->then_ list;
while(info)
{
temp = info->next;
free(infa);
info = temp;

}
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$3TORAGE 2
SHOTPLOATCALLS
(¥ LIQULID PIPELINE MODEL USING THE METHOD oF CHARACTERISTIUCS
PRECGEAM SIMGLEAE
IMPLICIT DOUELE PRECTSION(A-H,(-7:
DIMENSION X(36),F{18;
COMMON /SPEC/ B(18),R(1E€).HMS(2.2),QLEAK, JLEAK
COMMON /sSgMNC/ IPM{1Z),NPRBS.PPRES, PU
DATA WO FALZY @07 2 14ty

SPENS L FTILE="SIMLEAK.DAT®)
CPEN(Z,FT 2 IMLEAK.REC . STATUS = UNENOWN’
DPEN(3.FT TOIMHLRECT,STATUS =" UNKNOWN ' )

READC(L, LeU) NDS.NPRBS,PPRBS,PTIME,PLENGTH,PDIAH.HININ.HEXIN,
& ST[ME,VINIT,TWAVE.ETIME.ZLEAK,PLEAK,TLEAK,RSGALE
Lo FORMAT{2010%,I5/),14(10x%,015.5/3)

AF=FPALXRPDLIAMY¥YZ 74, 0
JLUEAK=ZLEAK®NOS / PLENGTH
WINTT=AFYVINIT
WAVESP=CLEMNGTH, TWAVE
RAMDGM=1 ., 2:48878D+09

DO 10 I=l,1u

IPM{1)=1]

COMTINUE

TIME=(, 0

b—
Lo

D 29 [z, M2F+1
T¢Iy =gINIT
CONTINUE
DQ 30 I=MCS5+2.2¥NCOS
XEI}:HININ*fHIMIN—HEXIN)/NOS*(I—NOS—l)
30 CONTINUE
“ALL MEASURE(HMS,HININ.HEXIN.TIMB,PTIME.X.NOS)
FL1}:2.UKGCXPDIAM*NOS*AFt*Et(HMS(1,l)—X(NOS+2})/
& (PLENGTHXX (1) x%x2)
DO 40 I=2,M0S-1
?(I}:2.O*GGXPDIAMXNosxAF**B*(X(NOS+I}-X(NOS+I+1))/
& (PLENGTH*X (I ¥x2}
40 CONTINUE
F(NDS)=2.QKGCXPDIAMxNOS*AF**Z*(X(2*NOS}*HMS(2.1))/
& LPLENGTH*X{HOS}**E}

[ &
[l

LG 50 I=1,MOS

BLI)=WAVESF/GC/AF

R(I}=F(I}*PLENGTH/L2.0*GC¥PDIAM*AF**2*NOS}
S50 CONTINUE

200 CALL MEASUREiHMS.HININ.HEXIN,TIME.PTIME,X,NOS}
IF(TIME.GE. TLEAK) THEN

QLEAK=X(JLEAR) *PLEAK/10D.0
Z(JLEAR} =Xt JLEAK) -QLEAK

ENDIF

CALL PROCEIS( X, N03)

CALL DUTPRT{ TIME, X, HMS, NOS
TIME=TIME+STIME

IF(TIME.LT.ETIME! GO TO 200
CLOSE(Z)

STCP

END

R R T
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10

40

50

60

70

90

SUBRULTLLNE FREULEDI LA, NUT )

IMPLICIT DOUBLE PRECISTOM(A-H,C-Z2)

DIMENEION X(SS},KSL‘&),X“{Qb}.Kqu ,46),BM(36,38),U(2
CCMMON /SPEC/ B(18),R(18}),HMS(Z, , QLEAK, JLEAK

po 10 I=1,NOSx2
¥3(I =X cr)txz
XN{II=0.

)
gMdI.Jd;

CONTINUE

AM(1.23=1.0

DO 20 I=2,N03
AM(T,I-1)}=B(I-1}/(B{I~-1}+B(L}}
AM(I,I+1)=B(I)/(BII-1)+B(I})}
CONTINUE

AM{NCE+1,NQ25=1.0

AM{1,NOS+2)=-1.0/B(1)
AM{2,NOS+3)=-1.0/(B(1}+B{(2})

DO 30 I[=3,NOS5-1
AM(T,I+NOS=-13=1.0/(B(I-1}+B(L}}

AMIT, T+NOS+1)=~AM(L, [+NOS5-1}

CONTINUE
AM(NOS,NOS!Z—l!:l.U/(B(NOS—l)+B(NOS)3
AM(NOS+1,NCS*2)=1.0/B{NOZ)

DO 40 I=1,N08~1

MIT+NOS+1,L)=B(I}*xB(T+L}/(B(I)+BiI+1}}
AM (T+NOS+1, I+2)——AM(I+NOb+1 I
CONTINUE

AM{NOS+2,N0S+3) =B (1) /(B(1)+B(2})

DO 50 I=2,NCS-2
AMIT+HOS+1,I+NOS)=B(I+L1)}/(B(T1+B(T+1})
AM{I+NCS+1, L+NOS+2)=R(I)/(B(I}+B{I+1))
CONTINUE

AM(NOS®2 ,NOS¥2-1)=B{NOS)/(B{NOS-1}+B(NOS))

BM(1,2)=-R{1}/B(1}

OO 50 [=2,M03
aM{I,I-1=-R{I-1}/(B(I-1)+B(L})
M{[,T+1}1==RIT}/{B(I-1)+B(L})}
CONTINUE
BM{NOS+1,NOS)I=-R{NOS-1}/B(NOS-1)

DO T I=1,NO8-1
BM{L+NCS+1,I)=-B{I+1}¥R(L)/{B{I}+B(I+1}]
BM{L+MNGS+1,T+2)=B(I)*¥R{I+1)/(B(L)+B(I+1}}
CONTINUE

Utli=EMS(1,1}/B(1}

U2 =HMS (1,2} /(BL1)+B(2))
U(NQGS)=-HMS(2,2)/(B(NOS-1)+B(NC§) )
U(NOS+1V=-HMS{2,1)/B{NCS)
UINOS+2)=HMS(1,2)¥B{2)/(B{1)+B(2})
U(MOS*2)=HMS (2,2 ) $B(NOS-L)/{B(NOS-1]+B{NCE)})

DQ 90 I=1,NOS+2

DO 90 J=1,NCE*2
XN{I¥:XN(I)+AM(I.J}*X{J)+BM(I.J}*XS(J}
TOMTINUE

MLy =ANOTY+UCLS
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100

110

8]

100

200

300

LML LHUVE

lfJLEAK""TLrAK}*”LEQK

Tt JLEAE ) = {kdu._,.xl‘ [

YHIJLEAK-1)=.

XN(JLEAK+NOS-11:U.O

DO 100 J=1,HO3x2

YXM{JLEAK~1}=XN(JLEAK-L;+AM{ JLEAK-1, J1xX(J+BM{JLEAK-1,J}*X5(J)

IH{JLEAE+NOS-1)=XN({ JLEAK+NOS - l)*AMfJLEAK+NOS 1,J)8X{J}+
aM( JLEAK+NCOS-L, J2XS(J)

CONTLHUE

Do Lio D=L Musrl

RS EA L

CONTIMNUE

RETURN

END

SUBROUTING MEASURE [HMS,HININ,HEXIN, TIME, PTIME.X,NOZ}
TMPLICIT LOUBLE PPEPISIGN(A—H,O—Z}

DIMENSION HMS(2,2),X(26)

COMMOM 2SQNCs TPM{12),.HPEBS.PPRES,PU

HMS{1,Li=MNEW Hin
HMg 1,2y =CLD Hin
HMS 2, 1)=NEW Heux
HMS 2,2 =00LD Hex

RESIDUE=DMOD! TIME, PTIME]

IF(RESIDUE.LT,1.D~-2} CALL PRBS{NPRBS, IPM, PU}
IFITIME.EQ.C.O) THEN
PU=0.0

HMS (1, 1) =HINTH
HMI (2,1 }=HEXIN
YMS (1, 2)=HME 1L, 1}
HMS{Z,2y=HMS (2,1}

ELSE
HIMOLD=HMS (1,1}
HEXOLD=HMS (2,1}
HMS(1,1)=X{NOS+2)+{HININ-HEXIN} /NCE

HMS (1, 1V=HININ*®(1.0+PUXPPRBS/100.0)

HMS (2, 1) =X(NOS*2} - {HININ-HEXIN} /NOE
HMS3(1,2)=HINCGLD
HMS (2, 2} =HEXOLD

ENDIF

RETURN

END

3UBROUTINE CGUTPRT(TIME,X,HMS,NOS)
IMPLICIT DOUBLE PRECISION(A-H,O0-Z)
DIMEMNSION Xr26! HMS(2.2)

ITE(* ’{" TIME='',D1lZ. 4}') TIME
WRETE (" TIME=''.Dli. ') TIME
WRITE{*,lOU} {(X¢(IL},[=1, N0b+l;
WRITE(Z, 100} (YLI,,Iv..NOb+ )
FORMAT (2w, 417 ,19D12.5}
WRITE( x,500) (Z{I), [=NOS+2Z,NOS*2)
WR[““(u.lvu} {A{L),I=NOS+2,NCS%2}
FCEMAT(2x . "H:',17D12.5/}
WRITE{4,5300) TIME,¥(1),X(NOS+1},X{NOS+2),X(NO5x2),HMS(1,1)
FORMAT(5%,68D12.5)

RETURN
ZND

o

SUBROUTINE PRBS(NDIM.IPM,PU!
IMPLIZIT DOUBLE PRECTSIGN [A-H,0-7)
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N

o

140
200

NS
NPRBE
FPRBS
PTIME
PLENGTH
PDIAM
PLN
PEX
STIME
VINIT
TWAVE
ETIME
ZLEAK
PLEAK
TLEAK
RECALE
|

-

ULMBOS LGN Lot L2

GO TO(5.8,7,8,%,10.11) ., NDIM-4
TRAN=MOD( TFPM{NDIM} +IPM{ 3}, 2
GO TC 100
TRAN=MCD(IPM(MDIM}+IPM(5), 2!
GO TG 100

IRAN=MOD (IPM{NDIM) +IPM(4),2}
G0 TO 100
IRAN:MOD(MOD{MOD(IPM(NDIM}+IPM(4}.2}+£PM(3},3}+£PM{2}.2
GO TO 108
[RAl=MOL  TEM NOIM +TEMIS ), 23
GO To 1t

IRANSMCD( IPM{MNDIM} +IPM(7} . 2)
GO TC 10C

TRAN=MOL ( IPM(HDIM} +IPH(3},2)
DO 200 T=2,.KDIM
IPM{NDIM-I+2)=IPM(NDIM-TI+1}
IPM{1=TRAN
iF(IRAMN.EQ.D)
PU=FLOAT({IRAN)
RETURM

END

IRAN=-1

SUBROUTINE RNOISE(D,SCALE,V!}
IMPLICIT DOUBLE PRECISION(A-H,D-Z)

A=2147482647 .,
B=2147483648,
D=DMOD( 188307, D, A)

V=§CALE+{2.¢D/B-1.!}
RETURN
END
{NUMBER OF SECTIONS)
{(PRBS DIMENSION!
LU0000D+00 {MAGNITUTE OF PRBI}

[
e 03 (0 S s 0 s 81 R e e O D

LDnoaop-02
L20000D+02
L00nCoD-02
LEOR0ODD+01
LF00000+01
LGO000D-03
L 20000D+00D
,LoonoD -2
.00000D+00
L000CcoD+01L
L 00D00CD-01
L 0DO0CD-01
.00000D-0%

{FRBS INTERVAL)

{PIPE LENGTH, m)

(PIPE DIAMETER, m)

{INLET PIEZCMETRIC HEAD, m)
{(QUTLET PIEZOMETRIC HEAD, m)
{SAMPLING TIME, sec)

( FLUID VELOCITY, m/sec)

{ TRAVEL TIME OF PRESSURE WAVE,
{SIMULATION END TIME, sec)
(LOCATION COF LEAKING, m)

{ LEAKAGE PERCENT)}

(LEAKING START TIME,

{NOISE SCALE)

sec)
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LSTORAGIZ

FNORLOCATIALLS

Cmmwmw— LEAEAGE DETECTION USING CROSS-CCRRELATION METHOD
FRCGEAM LEAE_DETECTICN
IMPLICIT DOUBLE PRECISTON(A-H,0-2Z)
DIHMENSTION PM{2},QM(2),DG(2,-50:300),PAT_@@(-50:50,2),C(2,2]
DIMENSTON RE2(2),DQ2(2),DQ2_SUM{2),wSTAR(2),.X(36),F(18)
COMMON /SPEC/ B{18),R{18),HM5(2,2),RANDNC( 4} RISCALE(4]
COHMON SLEAKS TLEAE,SLEAK.PLEAK, JLEAK

v PALAR, 207,35 1416/

2 CTEN DATA AND RECORD FLLES
DPEN{1.FILE='DETLEAK.DAT’ ,STATUS="0QLD"}
OPEM(5,FILE=’ DETLRAKT . REC’ ,3TATUS =" UNKNOWN" )
OPEN(5,FILE="'DETLEAKZ . REC" , STATUS = ' UNKNOWN' )

L READ INPUT DATA
EEAD(1.500) NOS,IP,PLENGTH,PDIAM,HININ,HEXIN,VINIT,
% STIME.STIME, TWAVE,TLEAE,ZLEAK,PLEAK,CAPPA,RAMBDA,
% Pal BBD,PAI_INI,(RSCALE(L},I=1,4;

500 POBMAT(2(10%,15/),18(10x,D15.5/1
CLOSE(L)
o CALOULATE FUNDAMENTAL DATA

AF=PAL¥PDLAMYX2/4.0
JLEAK=ZLEAK¥NOS /PLENGTH
GIMIT=aAF¥VINIT
WAVESP=PLENGTH/TWAVE

i

INMITIALIZATICN
TIME=C.0Q
ITER=D
=2
QLEAK:O . 0
ZLE=0.0
Do 10 [=1,NOS+1
WiT)V=@INTIT
10 CONTLNUE
D 20 L[=NOS+2, 2¥NOS
Y{T)=HININ-{HININ-HEXIN) /NOS*{T-NO3~1)
20 CONTINUE
Do 20 I=1.2
WSTAR{ L) =INIT
S0 CONTINUE
HMS({1, 1} =HININ
AMS (2, 11 =HE¥IN
Do 40 I[=1,2
C4T 1 =RSTAR(I) %2/ (HININ-HEXIN}
40 CONTINUE
ow 30 I=-IP,IP
FAL QQ(L,1)=PAT INIL
50 CONTINUE
D 80 I=1,2
DR2 _SUMII) =
B0 CONTINUE
Bl et OLCCAPDIAMANOS XAFK X2 ¥ (HININ-X(NOS+2) )/ (PLENGTHXX (1) #x2)
DooTH I=2,NOS-!

0.0

FiL)=2.0%GCPDIAMEKNOS FAFXx 22 (T (NOS+I} -X(NCS+I+1})/
& {PLENGTH*X(I)**2)
70 SCHTINUE
F(NOS =2 . D¥GO¥PDIAMANOS XAF XX 2% (X ( 2%xNOS ) -HEXIN) /

& {PLENCGTHXX (NOS ) ¥x2)
DeoB0 I=1,NGS
B{T)Y=WAVESP /GC/AF
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R[[}=F(I}*PLENGTHJ;3.04GC*PDIAM*AF*K2*NOS}
g0 TONTINUE

Do 9n I=1,4

RAMDMC (Iy=E¥v1.2245878D+09

g0 COMTINUE
200 ITER=ITER+1
CALL PROCESS{TIMB.X.PM,QM.HININ.HEXIN,NOS,TWAVE)
e CALCULATE THE CRCSS-CORRELATION FUNCTIOCN
Do 100 I=1,7
NG L, ITER =@M{ I} -Q3TAR! [
14 CONTINUE

Py 110 ITAU=-IP.IP
IF{ITAU.LE.O} THEWN
PAI_QQ{ITAU.K}=RAMBDAXPAIAQQ(ITAU,K—1J+

& (l.O-RAMBDAP*(DQ(I,ITER)*DQ(Z.ITER+ITAU))
ELSE
PAI_QQ(ITAU.K}:RAMBDA*PAIwQQ(ITAU,K—ll+
& (l.D—RAMBDA)*(DQ(I'ITER-ITAU)*DQ(Z;ITER})
ENDIF
PAI_QQ(ITAU,K—I):PAI_QQ(ITAU,K}
110 CONTINUE
G CALCULATE THE AVERAGE OF THE CROSS -CORRELATION FUNCTIOH

PAL _SUM=0.0

DO 120 I=-IP,IP

PAL SUM=PAI_SUM+PAI _QQ(IL,K)
CONTINUE
PAI_SUM:PAI_SUM/{Z.UXIP+1)

[
[ o]
Lo

C CHECE THE THRESHOLD
WRITE(S,'(’' THRESHOLD:'',D1Z.4}'} PAL 5UM
IF{PAl SUM.JT.PAI_BBD) THENW

c ESTIMATE THE PRESSURE GRADIENTS

Do 130 I=l,2
C(I.K):CAPPA*C(I,K-1}+(1.0—CAPPA)*QM(I)**Z/(PM(I}*PM(Z))
C(I,H-1)=C(L,K}

130 CONTINUE
ENDIF
C DETERMINE THE REFERENCE MASS FLOWS

Do 140 I=1,2
RQ2(T)=C{I,K)*(PM(L}-PM(2Z))
140 CONTINUE

IF{Pal_SUM.GT.PAI_BBD) GO TO o0
c ESTIMATE THE LEAK LOCATION AND THE LEAK FLOW
DO 180 I=1.2
DQ2(I)=aM(I)¥*2-RQ2(L)
DRZ_SUMIT)=DQ2 SUM(I}+D2(1l)
150 CCONTINUE

2 LE=PLENGTH*(1.0-DQ2_SUM(1}/D@2_SUM(2)}

WRITE(E,' ('’ TIME , 2LE :'',2D12.4)7) TIME,ZLE
300 TIME=TIME+3TIME

IF(TIME.LT.ETIME) GO TC 200

CLOSE(5)
CLCOSE(6)
STOP
END

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
364



ﬁ
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10

10

30

40

50

DIMENSION X(36),PMic),wMii;
COMMON /SPEC/ B(12} ,B{1¥),EMS(2,2),RANDNOQ(4} ,RSTALE{ 4}
COMMON /LEAK/ TLEAK,QLEAE,PLEAK,JLEAK

CaLL MEASURE {HMS3,HININ, HEXIN, X, NOS)

IF(TIME.GE.TLEAK} THEN
QLEAK=X(JLEAK)*¥PLEAK/100.0
X{JLEAK})=X(JLEAE) -QLEAK
ENDIF

CaLL MODEL (X, NOS)

D 10 I=1,2

CALL BNOILSE(RANDNO( L) ,RECALE{I}, W}
PM{L)zHMS(L,1l)+W

CONTINUE

CALL RNGISE{RANDNO(3 ) ,RSCALE{3 !, W)}
QM 1) =X(1)+w

CALL ENCISE(RANDNC(4) ,RSCALE{4),W)
GM(Z =X NCS+1!+W

RETURL

END

SUBRCUTINE MODEL(X,NOS)

IMPLICIT DOUBLE PRECISICN{A-H,U0-2}

DIMEMSICN X(36),X8(36),XN(368),AM(36,36) ,BM(36,36}, U(“S)
COMMON /3PEZ/ B{18!} R(lS}.HMS{B,_.,RANDNO\4).RbLALE{
COMMON /LEAK/ TLEAE,QLEAK,PLEAK, JLEAK

DC 10 I=1,NOS¥2
XS(Iy=X(L)*%x2
XN(I}=0.0
U(Iy=0

DO LG J=1,MN0O=x2
AM{T,J)1=0.92
BM{IL,J}=0.0
CONTINUE

AMUL1,2)=1.0
Do 20 I=2,NOS
AM(I,I- l]—B(I
AM(L,I+1}=BiI)
CONTINUE
AM(NCS+1,NOs)=1.0

Y/(B(I-1)+B(I}}
J(BIT-1)+B(I}}

AM( L, NOS+21=-1.0/8B¢(
AM(2,NGS+2)=-1.0/(B
PO 20 I=2,NOS-1
AH(I L+NOE-11=1.0/(B(I-13+B(L))
M{L,I+MOS+1)=-AM(I,I+NOS-1)
PON*INUE
AM(NOS,NOSx2-11=1.0/{B(NOS-1}+B(NOS})
AM{NGS+1 ,NOS*2)=1,0/B[NOT)}

1)
(1)+B(2})

DO 40¢ I=1,NOs5-1

AMOT+NOJ+L, D) =B{(I)¥B(I+1}/(B{(I}+B{I+1}}
AM{I+NOS+1,I+2)=~AM(I+NOS+1,1}
CONTLINUE

AM{NOS+2 . NOS+3)=B{1Y/(B{1}+B{2))

DO 50 I=<2,NOS-2
M{T+NOS+L,L+NOS)=B(I+1}/(B{I}+B(L+1])
AMII+NOS+1,[+NOS+2)}=B{I}/(B{(I)y+B{I+1}]}

CONTIMUE

AMENOSEE  HOSY2 IV ZBINOS Y I RINOE -1V SBRINDS )
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g0

T0

90

80

fr

oo

BM(1,2}=-B{1}/B(1}

DO 60 I=2,NOS
BM(I,I-1}=-R(I-1}/(B{L-1}+B(L})
BM(IL,I+1)=-R(L})/{B(I-1}+B{I}}
CONTINUE
BM{NOS+1,NC8}=-R{NOS-1)/B(NO3-1}

DO 70 T=1,NMGS-1
BM{T+MNOS+L, Ii=-B(L+L ) *R(L/{B{LY+BLI+1}
BM{ T+NCS+1,I+2i=B(I}*R{I+1;/(B(I}+B{Tl+1}}
CONTINUE

U{1l)=HMS(1,1)/B(1)

U{2)=HMS(L,2)/(B(1)+B(2})}

U(NOS ) ==HMS(2,2)/(B(NOS-1)+B(NCS}}
UINOS+1}=-HM3{2,1}/B{NO5)
UJ{NOS+2)=HMS(1,2)*B(2)/{B(L)+B(2}}
U(NOS*2)=HMS (2,2} ¥B(NOS-1)/(B(NOS-1)+B(NOS})

DO 80 I=1,NOS*Z

DO 90 J=i,NOS*2

IM(T 2XN{ Ty +AMI T, J) AN (T +BM(T, ) £¥5(J)
CONTINUE
AN(I)=XMNITV+U(L}
CONTINUE

X(JLEAR) =X(JLEAK) +QLEAK
¥S(JLEAZ) =X (JLEAK) ¥ x2
XN(JLEAK-1)=0.,0
AN(JLEAK+NOS=1)=0.0

DO 100 J=i.NOSk2

IN(JLEAK-1)=XN({JLEAK~-1)+AM(JLEAK~-1,J}*X(J)+BM(JLEAK~-1,J ) ¥X3(J}
AIN{JLEAK+NCS-1}=EN{JLEAK+NOS-1)+AM({ JLEAK+NCS-1,J)*X(J)+

BM(JLEAK+NOS-1,J)1%X5(J}
CONTINUE
DC 110 I=1,NOSx2
XCLP=XN(D)
CONTINUE
RETURN
END

SUBROUTINE MEASURE(HMS,HININ,HEXIN,X,NOS)
IMPLICTIT DOUBLE PRECISTON(A-H,C-Z)
DIMENSION HMS(2,2),X(36)

HM3(1,1)=NEW Hin
HMS(1,2)}=0LD Hin
HMS(2,1)=NEW Hex
HMS{Z,2}=0LD Hex

HINOLD=HMS (1,1}

HEZOLD=HMS (2,1)
HMS(1,1)=X{NQOS+2}+{HININ-HEXIN)} /NCS
HMS (2, 1) =X(NOS*Z)-(HININ-HEXIN) /NOS
HMS(1,2}=HINOLD

HMS (2, 2)=HEXOLD

RETURN

END

SUBRQUTINE RNGISE(D,SCALE,V)
IMPLICIT DOUBLE PRECISION(A-H,0-Z)

Az2147483647.,
o=

R ME RS

-
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U=DMOD 180T . +D, 4.
V=SCALE*(2.¥D/B-1.}

RETURN

END

NOS

IP
PLENGTH
PDIAM
HININ
HEXIN
VINIT
STIME
ETIME
TWAVE
TLEAK
ZLEAK
PLEAK
CAPPA
RAMBDA
PATI-BBD
PAL-INL

SCALE(Pi):
SCALE(Fo):
SCALE(Qi):
SCALE(Qo)

1

—

Gt AT DD O T i 3D b L DT =

<o

L20000D+02
.000Q00eD-02
.50000D+01
.90000D+01
.20000D+00
.00000D-03
L50000D+00
.00000D~02
.00000D-01
.00000D+01
.80000D-00
. 325000400
.95000D+00D
.00000D~-18
. QOOC0OD+0D
. 20000D-02
.B80000D-03
.77000D-08
.77000D-08

{ HUMBER OF SECTIONS)

(NUMBER OF TERMS FOR CROSS-CORRELATION(CC))
{PIPE LENGTH, m)

(PIPE DIAMETER, m)

{ INLET PIEZOMETRIC HEAD, m}

{OUTLET PIEZOMETRIC HEAD, m)

(FLUID VELOCITY, m/sgec)

(SAMPLING TIME, sec)

(SIMULATION END TIME, sec)

{ TRAVEL, TIME OF PRESSURE WAVE, sec)
{LEAKAGE START TIME, sec)

(LOCATION OF LEAKAGE, m)

{ LEAKAGE PERCENT)

( FORGETTING FACTOR FOR PRESSURE GRADIENT)
( FORGETTING FACTOR FOR CROSS-CORRELATION FN)
(BOUNDARY VALUE OF CROSS-CORRELATION FN)
(INITIAL GUESS OF CROSS-CORRELATION FHN)
(MEASUREMENT NOISE SCALE OF Pin} 2.2E-2
(MEASUREMENT NOISE SCALE OF Pout)7.8E-3
(MEASUREMENT NOISE SCALE OF Qin) 3.77e-8
{MEASUREMENT NOISE SCALE OF Qout) "

367






3. Fuzzy Logic Control =8¢

369






Z0

30

40

41

42

PROGRAM FUZZYSERVO
COMMON Y{-2:500),U(-2:500),5P{-1:500),E(-1:500)},ITIME
COMMON ESTAR,ESTAR1,ESTARZ,DELE,SIGN

OPEN(5,FILE="FUZSER.DAT’ ,STATUS=’UNKNOWN"')
OPEN(6,FILE="'FUZSER.QUT',STATUS='UNKNOWN"'}

READ{5,%) TOL

READ{5,%) ESTAR1,ESTARZ
READ{(5,%)} ESTAR,N,DELE,UMAX,UMIN
READ(S5, %) 5P0,5P1,8P2,3P3,5P4
READ{5,*%) IC1,IC2

CLOSE(5)

IF (ABS{ESTAR1-ESTARZ).LE.TOL) STOP 'ESTAR CONVERGES’
OPEN(5,FILE="FUZSER.DAT',STATUS='UNKNOWN'}
IF {ESTAR1.EQ.ESTAR} THEN
DELE=DELE/2
ENDIF
ESTAR1=ESTARZ

DO 20 I=1,IcCl

SP{I)=SPO"

CONTINUE

DO 30 I=IC1+1,ICl+IC2
SP(I) = 5P1
SP(I+IC2) = 3Pp2
SP(I+IC2x2) = SP3
SP(I+IC2%3) = SP4

CONTINUE

SP({-1)=0

SPi0)=0

E(-1)=0

Y{-2)=0

Y(-11=0

U{-2)=0

Uui-11=0

ITIME=0

IF ({SP{ITIME)-SP(ITIME-1))}.GT.0} THEN
3IGN=1

U{ITIME)=UMAX
CALL PATHI1

IF (E(ITIME-1).GT.ESTAR) GOTO 41
DO 42 I=1,N
U(ITIME)=UMIN
CALL PATH1
CALL PATH2
ENDIF

IF ((SP(ITIME)-SP{ITIME-1)}.LT.0) THEN
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51

52

SIGN=-1

U{ ITIME)=UMIN
CALL PATHI

iF (-E{ITIME-1}.GT.ESTAR) GOTO 51

Do 52 I=1,N
U(ITIME}=UMAX
CALL PATHI!

CALL PATHZ
ENDIF

U(ITIME)=SP(ITIME)
CALL PATH1

IF (ITIME.EQ.IC1+IC2%4+1) THEN
WRITE{*,x) ESTAR
WRITE(5,%) TOL
WRITE(5,%) ESTAR1,ESTARZ
WRITE(5, %) ESTAR,N,DELE,UMAX,UMIN
WRITE{(S5, %) SP0,SPi,SP2,5P3,5P4
WRITE(5,%) IC1,IC2
STOP

ENDIF

GOTO 40
END

FUNCTION PLANT(YML,YMZ,UM1,UM2)
PLANT:I.7567¥YM1-.7788*YM2+.0115¥UM1+.0106*UM2
RETURN

END

SUBROUTINE PATHI

COMMON Y(—Z:SOO}.U(—2:500),SP(—I:SOO),E(-1:500),ITIHE
COMMON ESTAR,ESTAR1,ESTARZ,DELE,SIGN
Y(ITIME):PLANT(Y(ITIME-I).Y{ITIHE—Z),U(ITIHE~1),U(ITIME-2))
E{ITIME}=SP{ITIME)-Y(ITIME)

WRITE(G,*) ITIME.SP{ITIME),Y(ITIME).U(ITIME—I}
ITIME=ITIME+1

WRITE(*,%) ITIME

RETURN

END

SUBROUTINE PATH2Z

COMMON Y(—2:500),U(—Z:SOO),SP(-1:500),E(-1:500),ITIHE

COMMON ESTAR,ESTARl,ESTAR2,DELE,SIGN

ESTAR2=ESTAR

IF (Y(ITIME-l).GT.SP(ITIME—I)) THEN
ESTAR=ESTAR+DELE*SIGN

ELSEIF (Y(ITIME-I)-LT.SP{ITIME*1)} THEN
ESTAR=ESTAR-DELEX*SIGN

ENDIF

RETURN

END
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FUZZYID.FOR Monday, June 18, 1990 2:27 pm
PROGRAM FUZZYID
C xx% ISIZE = N ¥ { K + 1)
C sx% IPRE = K
C xxx NIMP = N
C %2x3 NRD = N * {(K-NIUV) » 2
C t¥x NDS = M
PARAMETER (ISIZE=60,IPRE=3,NIMP=15,NRD=60,NDS=201)
COMMON /Bl/ X{IPRE,NDS).YY[NDS),DB(NDS),UB(ISIZE,NDS}
COMMON /B2/ BETA(ISIZE.NDS),S(ISIZE,ISIZE),SRXT(ISIZE.l)
COMMON /B3/ RX{1,ISIZE),RXT(ISIZE,1)
COMMON /B4/ RYS(1,ISIZE},US(ISIZE,ISIZE},RXSRXT(1,1}
COMMON /BS/ pS(1,1},PX(ISIZE,1),0P{ISIZE,1),RXP(1,1)
COMMON /B6/ ZERO(NIMP,IPRE),ONE{NIMP,IPRE}
COMMON /B7/ RZERO(MIMP,IPRE),RONE(NIMP,IPRE)
COMMON /BB/ ZERCU{(NIMP,IPRE),ZEROL{NIMP,IPRE)
COMMON /B9/ ONEU(NIMP,IPRE),ONEL{NIMP, IPRE)
CoMMON /B10/ ZEROB(NIMP, IFRE} ,ONEB(NINP,IPRE)
COMMON /Bll/ SZERQ{NIMP,IPRE},SONE(NIMP,IPRE)
COMMON /B12/ RD(NRD,NRD),FV(IPRE)
COMMON /B13/ M,N.K,IUV(IPRE),NKPI,PI.NIUV
REAL Z{NRD)
WRITE(*,x} *INPUT WAIT IWAIT'
READ{*,%) IWAIT
WRITE(%,%) 'INPUT TOLERANCE TOL '’
READ{*,%} TOL
WRITE(#%,%) 'INPUT BOUNDARY DECREASE CB’
READ(%,%) CB
WRITE(%,t) °INPUT NUMBER OF IMPLICATIONS N
READ(*,x) N
WRITE{#%,*} *INPUT NUMBER OF DATA SETS : M °
READ{*,¥) M
WRITE(*,%} °‘INPUT NUMBER OF PREMISE VARIABLES
READ{*,%) K
WRITE(#*,%) ’INPUT NUMBER OF UNCONDITIONED PREMISE V.
READ(*,*) NIUV
WRITE(%,%) 'INPUT UNCONDITIONED PREMISE VARIABLE NUMBER
READ(%,*) (IUV(I),I=1,NIUV)
Do 5 I=1,N
WRITE(*,*) 'PREMISE PARAMETERS BOUND OF IMPLICATION
& I,’ (0,1}
DO 5 L=1.K
DO 88 ICUV=]1,NIUV
IF {L.EQ.IUV(ICUV)) GOTO 5
88 CONTINUE
READ( X, %) RZERO(I,L),ZERDB{I,L),RONE(I,L),ONEB(I,L]
5 CONTINUE

WRITE(*, ¥}

'INPUT ALPHA

READ(*,%) ALPHA

ALPHA

OPEN(5,FILE="A.PRN’,3TATUS="0LD")
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FUZZYID.FOR Monday, June 18, 1990 2:27 pm

10

110
100

200

300

71

o =1

209

bo 10 J=1,M
READ({5,%) (X(L,J)},L=1,K),YY{J)
CONTINUE

NEPL=N¥*{K+1)

DO 100 I=1,NKP1
PX(I,1)=0
DO 110 J=1,NKF1
IF (I.EQ.J) S{I,J)=ALPHA
IF (I.NE.J) S§(1,J)=0
CONTINUE
CONTINUE

PIMIN=1ES

IT=0

ITT=0

IT=1T+1

ITT=ITT+1

ISEED=1IT

po 300 I=1,N*{K-NIUV)x2
RD{(I,I)=RAN({ISEED}

CONTINUE

I1C=0
DO 6 I=1,N
Do 1 L=1,X
DO 71 ICUV=1,NIUV
IF (L.EQ.IUV(ICUV)) GOTC 7
CONTINUE
ZEROL{I,L)=RZERO{I,L)~CB%ZEROB(I,L)
ZEROU(I,L)=RZERO{I,L)+CB*ZEROB(I,L}
ONEL(I,L)=RONE{I,L)-CB*ONEB(I,L)
ONEU(I,L)=RONE{I,L)+CB%ONEB(I,L)
IC=IC+1
ZtIC)=ZEROL{I,L)+RD(IC,IC)*(ZEROU{I,L}-2EROL(T,L})
ZERO(I,L)=Z(1C)
IC=IC+1
Z({IC)=ONEL(I,L}+RD(IC,IC)*{ONEU(I,L}-ONEL{I,L})
ONE({I,L)=2(IC)
CONTINUE
CONTINUE

PI=FP(Z)

PIMINP=PIMIN
PIMIN=MIN{PI,PIMIN)
IF (PIMINP.NE.PIMIN} THEN
ITO=IT
DO 209 I=1,NKP1
OP{I,1)=PX(I,1)
CONTINUE
Do 210 I=1,N
DO 210 L=1,K
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DO 222 ICUV=1,NIUV
IF (L.EQ.IUV(ICUV)) GOTO 210
222 CONTINUE
SZERO(I,L)=ZERO(I,L}
SONE(I,L)=ONE(I,L)

210 CONTINUE
ENDIF
WRITE(*,%) °'ITERATION ! ', IT
WRITE(%,*} 'PERFORMANCE INDEX : ',PI
WRITE(*,%) (PX({I,1),I=1,NKP1)
WRITE(*,%)

IF (ITT.EQ.IWAIT) THEN
IF {CB.LE.TOL) THEN
0PEN(6,FILE='HODEL.REP’,STATUS='UNKNOWN’)
WRITE{(%,%} ’¥33%x PARAMETER(S) IDENTIFIED **x%%¥x
WRITE(%,*%) {OP(I,1),I=1,NKP1)
WRITE{*,%)

WRITE(6,%) '??7 AFTER ’',ITO,’ ITERATIONS '
WRITE(6,%) ’===== REPORT ===z '
WRITE(6,%)

WRITE(6,%) '¥x¥ix PERFORMANCE INDEX x¥sxx
WRITE(6,%) PIMIN
WRITE{G6,%}
WRITE(6,%) ’tx¥*t PARAMETER(S) IDENTIFIED ¥%¥%%x !
WRITE(6,*} {OP(I,1},I=1,NKP1l)
WRITE(6,%)
DO 250 I=1,N
WRITE(%,%) '**% IMPLICATION ',I
WRITE(%,%) ’#3% PREMISE PARAMETER(S) : ZERO,ONE '
WRITE(*,%) ' (+ , -) ',CB
WRITE(6,*) ’'*%%x IMPLICATION ’,I
WRITE(6,%) ’'%xt PREMISE PARAMETER(S) : ZERO,ONE °’
WRITE{6,*)
DO 250 L=1,K
DO 555 ICUV=1,NIUV
IF (L.EQ.IUV{ICUV}} GOTCO 250
553 CONTINUE
WRITE(%,%) SZERO(I,L},SONE(I,L)
WRITE(6,%) ' VARIABLE {(’,L,") '’

WRITE(6,*) ' ZERO RANGE : ’',RZERO(I,L)," (+,-)",

1 CB,’ *',ZEROB{I,L)
WRITE(6,%) ' *x ZERO :: ’',SZERO(I,L)
WRITE(6, %)
WRITE(6,%x) ' ONE RANGE : * RONE(I,L),? (+,-)",

* CB,’ *',0ONEB(I,L)}
WRITE{(6,*) ' *¥ ONE :: !',SONE(I,L}
WRITE(G,*)

250 CONTINUE
STOP
ENDIF
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777

220

o0

-10

20

aoaa

10

Monday, June 138,

CB=CB/2.
Do 220 I=1,N
DO 220 L=1,K
DO 777 ICUV=1,NIUV

1990 2:27 pm

Page

IF (L.EQ.IUV{ICUV}) GOTO 220

CONTINUE

RZERO{I,L)=SZERC({I,L)}

RONE({I,L)=SONE{(I,L)
CONTINUE

WRITE{ ¥, %)

WRITE(*,¥%)

WRITE(*, %)

ITT=0
ENDIF

' CURRENT SEARCH BOUND

GOTO 200

END

REAL FUNCTION FA(I,E,X,ZERO,ONE,L,M)
REAL ZEROI(L,M},ONE(L,M)
SLOPE=1./{ONE(I,K)-ZERO(I,K})
SINTE=-SLOPE*ZERO(I,K)
FA=SLOPE*X+SINTE

RETURN

END

T{M,L) = A(M,N)*B(N,L)

SUBROUTINE MULT(A,B,T,MO,NO,LO,M,N,L)

DIMENSION A(MO,NO),B(NO,LO),T{(MO,LD)
DO 10 I = 1, M
Do 10 J = 1, L

T{I,J) = 0.
DO 20 I
po 20 J

B‘N,H) = A(MyN)

SUBROUTINE TRNS{A,B,MO,NO,M,N)
DIMENSTION A(MO,NO),B{NO,MO)
Do 10 1 = 1, M
DO 10 J = 1, N
B{J,I) = A{I,J)
RETURN
END
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g8

44

40

11

Monday, June 18, 1980 2:27 pm

FUNCTION RAN{ISEED!}
PARAMETER(TIA=T7141,IC=54773,IM=258200)
ISEED=MCD(ISEED*IA+IC,IM}
RAN=FLOAT({ISEED)/FLOAT(IM}

RETURN
END

FUNCTICON FP(Z)
TER (ISIZE=60,IPRE=3,NIMP=15,NRD=60,ND5=201)
PARAMETER (ISIZE=32,IPRE=3,NIMP=8,NRD=32,NDS=201)

PARAME

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/Bl/
/B2/
/B3/
/B4/
/B5/
/B6/
/BT/
/B8/
/B9/

X(IPRE,NDS},YY(NDS),DB{NDS),UB{ISIZE,NDS}

BETA(ISIZE,NDS),S{ISIZE,ISIZE),SRXT{ISIZE,1} "’

RX(1,ISIZE),RXT(ISIZE, 1)
RXS(1,I18IZE),US{ISIZE,ISIZE},RXSRXT(1,1)
DS(1,1),PX{ISIZE,1},0P({ISIZE,1),RXP(1,1}
ZERO(NIMP,IPRE),ONE (NIMP,IPRE)
RZERQ{NIMP, IPRE) ,RONE{NIMP, IPRE}

ZEROU (NIMP, IPRE), ZEROL { NIMP, IPRE}
ONEU(NIMP, IPRE},ONEL{NIMP, IPRE)

/B10/ ZEROB(NIMP,IPRE),ONEB(NIMP, IPRE)
/Bl1/ SZERO{NIMP,IPRE},SONE{NIMP,IPRE)
/B12/ RD(NRD,NRD),FV{IPRE)

COMMON /B13/ M,N,K,IUV{IPRE),NKP1,PI,NIUV
REAL Z{NRD)
IC=0
DO 6 I=1,N
Do 7 Lz21,K
DO 88 ICUV=1,NIUV
IF (L.EQ.IUV{(ICUV})) GOTO 7
CONTINUE
IC=1C+1
ZERO{I,L)=2(IC)
IC=IC+1
ONE{I,L)=2(IC)
CONTINUE
CONTINUE
PI=0
DO 20 J=1,M
DBSUM=0
DO 30 1I=1,N
DO 40 L=1.,K
DO 44 ICUV=1,NIUV
IF (L.EQ.IUV{ICUV)) GOTO 40
CONTINUE
FV(L)=FA(I,L,X(L,J),ZERD,CNE,NIMP,IPRE}
CONTINUE
SMALL=1.
DO 41 L=1,K
DO 11 ICUV=],NIUV
IF {L.EQ.IUV{ICUV)) GOTO 41
CONTINUE
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41
12
30
C *%%

C *%x

50

20

70

90

130
120

IF {FV{L).GT.1.CR.FV(L).LT.0) THEN

SMALL=0
GOTO 42
ELSE
SMALL=MIN(SMALL,FV{L))
ENDIF
CONTINUE

UB{I,J)=SMALL
DBSUM=DBSUM+SMALL

CONTINUE
ki as

IF (DBSUM.EQ.C} GOTO 20
99999 )

DB(J)=DBSUM
DO 50 I=1,N
BETA(I,J)=UB(I,J)/DB{J)
CONTINUE
CONTINUE

DO 60 J=1,M
IC=0
po 70 I=1,N
IC=IC+1
RX(1,IC)=BETA{I,J)
CONTINUE
DO 80 L=1,X
DO 90 I=1,N
I1C=IC+1
RX{1,IC)=BETA(T,J)*X(L,J)
CONTINUE
CONTINUE

NKP=NKP1

NEKP1=ISIZE

CALL TRNS({RX,RXT,1,NKP1,1,NKP)

CALL MULT(S,RXT,SRXT,NKP1,NKP1,1,NEP,NKP, 1)
CALL MULT(RX,S,RXS,1,NKP1,NKP1,1,NKP,NKP)

CALL MULT(SRXT,RXS,US,NKP1,1,NKP1,NKP,1,NKP)

CALL MULT{RXS,RXT,RXSRXT,1,NKP1,1,1,NKP,1)
DS{1,1)=-1/({1+RXSRXT(1,1})

NKP1=NKP
DO 120 I=1,NEP1
DO 130 J1=1,NKP1
S(I,J1)=8(1,J1)+DS(1,1)*US(I,J1)
CONTINUE
CONTINUE
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140

60

NKP=NEKP1

NKP1=ISIZE

CALL MULT(RX,PX,RXP,1,NKPi,1,1,NKP,1)
ERROR=YY(J)-RXP(1,1)

PI=PI+ERROR%*2

CALL MULT(S,RXT,SRXT,NKP1,NKPIl,1,NKP,NEP,1)

NKP1:zNKP

DO 140 I=1,NKP1 :
PX(I,1)=PX{I,1)+SRXT(I,1)*ERROR

CONTINUE

CONTINUE
PI=SQRT(PI}/SQRT(NDS)
FP=PI

RETURN
END
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WBP.FOR

CERXXLE
CXXEREE
ChREEERK
CEExtss
CEEXXEX
CrEssex
CEExtEy
CEEtrEE
CEXEtXX

Monday, June 18, 1990 2:33 pm

WOBE DISTILLATION COLUMN MCDEL SIMULATION

FLC + PROCESS : SP ~-~--- > Y

WB2.FOR + FLC

FLC : PARAMETER FROM FUZIDFN.FOR

DATA FILE : FLC3.DAT

# OF IMPLICATIONS : 8

RESULT : REDUCED OVERSHOOT

{+,-) SYMMETRY MUST BE CONSIDERED TC GET IMPROVED RESPONSE
INTRODUCE MEASUREMENT NOISE (-.05,.08)

IMPLICIT REAL (M)

PARAMETER (ISIZE=44,IPRE=2,NIMP=11)

COMMON /BL1/ P{2,ISIZE,1)

COMMON /BL2/ ZERO{2,NIMP,IPRE),ONE(2,NIMP,IPRE)
COMMON /BL3/ N,K,NKP1,UM

COMMON /BL4/ VMAX(2),VMIN(2),SPO(2)

REAL Ul(-8:500),U2(-4:500),Y1{~-1:500),Y2(~1:500)
REAL G1{-1:500),G2(-1:500),G3(-1:500),G4(~1:500)
REAL SP1(0:500),SP2{0:500),E1{-1:500},E2(~1:500}
REAL M1(-5:500),M2(-3:500),M3(-1:500),M4(-1:500)
REAL PAIN(2),ESIGN{2,2)

DC 10 I="8| "'1

10 Ul(I}=0
DO 11 T=-4,-1
11 Uzt1i)=o
DO 12 I="5|-1
12 M1{I)=0
Do 13 I:“:-Jl'_l
13 M2{I)=0
Gi{-1}=0
G2{(-1}=0
G3(=-1)=0
Gd{-11=0
E1{-1)=0
E2{-1)=0
Yi(-1}=0
¥Y2(-11=0
M3({-11)=0
M3(-1)=0

WRITE{*,%) 'sxxt3¥ DISTURBANCE : CD,DM,UM *X%xx’

READ(%,%x) CD,DM,UM

WRITE{*,%) ’xxxx3x INPUT : SP1,SPZ,DURATION %xx%xx’
READ(*,x) SP0O(1),8P0(2),ITER

WRITE(*,%) *INPUT NUMBER OF IMPLICATIONS : N '

READ(%,*%) N

WRITE(*%,%) *INPUT NUMBER OF PREMISE VARIABLES : K '’
READ(*,x) K

WRITE(*,%) *INPUT NUMBER OF CONSEQUENCE VARIABLES : NCV ’
READ(%,%) NCV
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WRITE(*,%) 'sxxxx IMPLICATION VARIABLE MAX, MIN x*x¥xx °*
DO 1 I=1,K
1 READ(%*,x) VMAX(I),VMIN(I)
OPEN{6,FILE='Al.PRN’',STATUS=’UNKNOWN')

DO 5 II=1,NCV

po 5 I=1,N
WRITE(X,%) 'PREMISE PARAMETERS OF IMPLICATION ',
& I,’ (0,1y°
READ{#%,%x) (ZERO(¥I,I,L),ONE(II,I,L),L=1,K}
5 CONTINUE

DO 6 IT=1,NCV
Do 6 Iz1,N
READ(*,%) (PtIT.J,1),F=4%(1-1})+1,4%1)
6 CONTINUE

NKP1=N*{K+2)

DO 20 I=0,ITER
SP1{I)=3P0O(1)
SP2{I)=8P0O(2)

20 CONTINUE

Cl1G1=9.4187T7T3E~1
C2G1=7.4397T02E-1
C1G2=8.329119E-1
€2G2=-1.301508
C1G3=9.123395E-1
C2G3=5.785594E~1
CiG4=9.534969E-1
C2G4=-8.789076E~1
C1M3=.9123
C2M3=.4494
C3M3=-.41886
CiM4=,9535
C2M4=z1.1742
C3M4=-1.1055

ITIME=0
igseed=0
30 CONTINUE

EL{ITIME}=SP1(ITIME)-Y1(ITIME-1)
ESIGN{1,1)=SIGN(1,E1{ITIME))
ESIGN({1,2)=SIGN{1,E1(ITIME-1})

IF (ESIGN{1,1).LT.0) E1{(ITIME}=-El(ITIME)
I¥ (ESIGN(1,2).LT.0} EI(ITIME-1)=-E1{ITIME-1}

PAIN(1)=E1(ITIME)

PAIN(2)=zE1(ITIME-1)}

CALL FLC({PAIN,M}(ITIME),M1(ITIME~1),1,ESIGN)

oonoo
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o]

IF {ESIGN{1,1}).LT.0) EI{ITIME)=-E1{ITIME)
c IF (ESIGN{(1,2}.LT.0) E}{ITIME-1)=-E1{(ITIME~-1)

E2{ITIME}=8P2(ITIME)-Y2(ITIME-1}

C ESIGN(Z2,1)=8IGN(1,E2(ITIME})
c ESIGN(2,2)=SIGN{1,E2(ITIME-1})
c IF (ESIGN(2,1).LT.0) E2{ITIME)=-E2(ITIME}
c IF {ESIGN{2,2).LT.0) E2(ITIME-1}=-E2(ITIME-1}
PAIN{1)=EZ(ITIME}
PAIN(2V1=E2(ITIME-1}
CALL FLC(PAIN ,MZ(ITIME),M2{ITIME-1),2,ESICN)
c IF (ESIGN{2,1).LT.0) E2(ITIME)=-E2(ITIME}
c IF {ESIGN(2,2).LT.0) E2(ITIME-1)=-E2(ITIME-1)
c M1{ITIME}=M1({(ITIME-1}+.2278%E1{ITIME)~-.2%E1{ITIME-1)
c M2{ITIME)=M2(ITIME-1)-.0569%E2{ITIME)+.047*E2(ITIME-1)

M3(ITIME}=FM{M3(ITIME-1},M1{ITIME-4},M1{ITIME-5),C1M3,C2M3,C3M3)
M4{ITIME)=FM{M4({ITIME-1) ,M2(ITIME-2),M2(ITIME-3),C1M4,C2M4,C3M4)

Ul{ITIME)=M1({ITIME)+M4(ITIME}
UZ(ITIME)=M2(ITIME)+M3(ITIME)

G1(ITIME)=FG(G1{ITIME-1),Ul{ITIME-2),C1G1,C2G1}
G2{ITIME)=FG(G2(ITIME-1),U2(ITIME-4},C1G2,C2G2)
G3{ITIME)=FG{(G3I(ITIME-1},Ul1{ITIME-8),C1G3,C2G3)}
G4{ITIME}=FG(G4{(ITIME-1),UZ2(ITIME-4),C1G4,C2G4)

igseed=iseed+l
Y1(ITIME)=G1{ITIME}+G4{ITIME}+{(.5-ran{iseed) ) *DM+CD
iseed=iseed+1
Y2{ITIME)=G2{ITIME}+G3{ITIME}+{.5-ran(iseed) ) *DM+CD
WRITE(6,*) ITIME,Y1(ITIME),YZ2(ITIME),M1{ITIME) M2{ITIME)
IF (ITIME.EQ.ITER) STOP

ITIME=ITIME+1

GOTO 30

END

FUNCTION FG(P1,P2,C1,C2)

FG=Cl*P1+C2%P2

RETURN

END

FUNCTICN FM(P1,P2,P3,C1,C2,C3)

FM=C12P1+C2*P2+C3%P3

RETURN
END

382



WEP.FOR Monday, June 18, 1990 2:33 pm

40

41
42

30

50

55

70

S0
8¢

SUBROUTINE FLC(X,RXP,UM1,IZ,ESIGN}

PARAMETER (ISIZEz44,IPREz2 ,NIMP=z11)}

REAL X(IPRE),DB,UB(ISIZE),BETA{ISIZE)

REAL RX(1,ISIZE},RXP(1,1)

COMMON /BL1/ P(2,ISIZE,1)

COMMON /BL2/ ZERO{2,NIMP,IPRE),ONE(2,NIMP,IPRE)
COMMON /BL3/ N,K,NKP1,UM

REAL FV(IPRE),ESIGN(2,2)

DBSUM=0
Do 30 I=i,N
DO 40 L=1,K ’
FV{L)=FA{I,L,X(L),IZ,NIMP,IPRE}
CONTINUE
SMaLL=1.
DO 41 L=1,K
IF(FV¥(L).GT.1.0R.FV(L).LT.0} THEN

SMALL=0
GOTO 42
ELSE
SMALL=MIN(SMALL,FV(L})
ENDIF
CONTINUE .

UB(I)=8SMALL
DBSUM=DBSUM+SMALL
CONTINUE

if (dbsum.eq.0) then
rxpl(l,1l)=uml
return

endif

DB=DBSUM

DO 50 I=1,N
BETA{I)=UB(I)/DB
CONTINUE

DG 55 L=1.,K
I{L)=Xi{L)
CONTINUE

IC=0
DO 70 I=1,N
IC=1IC+1
RX{1,IC)=BETA(I}
CONTINUE
DO 80 L=1,K
DO 90 I=1,N
IC=IC+1
RX(1,IC)=BETA(I)*X(L)
CONTINUE
CONTINUE
DO 75 I=1,N
IC=IC+1

383
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WBP.FOR Monday, June 18, 1990 2:33 pm

75

naogocaoao

0

Gaoa

10

20

RX(1,IC)=BETA({I)*UM]
CONTINUE

CALL MULT!{RX,IZ,RXP,1,NKP1,1}
IFLAG=0

if {esign(iz,1}.1t.0) rxp(l,l)=rxpl(l,1)*UM

RETURN
END

REAL FUNCTION FA(I,K,X,IZ,L,M)
COMMON /BLZ2/ ZERO(2,11,2})},0NE(2,11,2)
COMMON /BL4/ VMAX(2),VMIN(Z),SP0{2)
SLOPE=1./(ONE(IZ,1,K)-ZERO(IZ,1,K))/8FO{IZ)}
SINTE=-SLOPE*ZERO({1Z,I,K}*SPO(I12)
IF (X.LT.VMIN{IZ})) THEN
FA=(
ELSEIF (X.GT.VMAX(IZ})} THEN
FA=1
ELSE
FA=SLOPE*X+SINTE
ENDIF
RETURN
END

FUNCTION RAN(ISEED)
PARAMETER(IA=7141,IC=54773,IM=259200)
ISEED=MOD{ISEED*IA+IC,IM)
RAN=FLOAT(ISEED)/FLOAT(IM)

RETURN

END

T{M,L) = A(M!N}*BtﬂyL)

SUBROUTINE MULT(A,IZ,T,M,N,L}
COMMON /BL1/ B{2,44,1)
DIMENSION A{M,N),T{M,L}

DO 10 I = 1, M

DO 10 J =1, L

384
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WBP.DAT

0,0,1

1,1,200

11

2

2

1 -.1819

1 -.1633

-.1819 ¢ -.18 0
-.1819 0 .B443 ¢
.B703 0 -,18 ¢
.6703 0 .8443 0
L6703 ¢ .2988 1
2117 4586 .8443
+2117 .4586 .2986
.8196 .4586 .8443
.8196 .4586 ,.2988
3638 1 .8443 0
.3638 1 .2986 1

-.0856 0 -.1633 0O
-.0856 0  .5855 0
L7072 0 -.1633 0

L7072 O
7072 0
.1201
.1201 .4618
.B672 .4618
.8672 ,4618
.3627 1
L3627 1

. 5855 0
2728 1
4618

.5855 0
2728 1
9.083088E-06
9.286980E-02
1.358987E-01
2.264430E-01
2.276957E-01
1.255228E-01
-1.953659E-01
-1.010641E-01
-1.999194E-01
1.001848
3.52%404E-02
~3.984950E-05
-7.240085E-02
-6.44B7T4E-02
~5.558B926E-02
-3.543465E-02
1.427214E-02
5.045434E-02
2.282067E-02
4.719283E-02
9.985335E-01
2.125727E-02

.5855
L2728
.5855
2728

Monday, June 18,

[ g o

N =)

3.060412E-04
2.434822E-02
1.022834E-01
2.288217E-01
2.107476E-01
2.273882E-01
-2.007081E-01
5.083072E-02
9.993325E-01
2.496B11E-01
1.8193138E-01
-2.112143E-04
-9.787T425E-02
-7.116760E-02
-5.,889896E-02
-2.038205E-02
-5.703261E-02
4.T49054E-02
1.003337E-03
9.995689E-01
3.058110E-01
3.449558E-01

2.521482E-03
1.045023E-01
1.901114E-03
2.280312E-01
2.47T9026E-02
-1.998743E-01
6.081TOSE-02
-5.452921E-02
9.577873E-01
B.4561466E-01
3.133413E-01
-4.545483E-03
-2.551924E-02
-1.442773E-04
-5.758184E-02
2.479633E-03
4.680140E-02
2.399387E-02
-B.724957E-02
9.976844E-01
8.6564101E-02
3.342425E-01

385

159¢ 3:28 pm

-2.572884E-04
1.678540E-01
2.,276451E-01
4.980905E~02
1.510522E~01

-1.981887E-01

~-1.828377E-01

~3.297240E-02
9.820902E-01
3.178515E~-01
9.929867E-01

-4.299697E-05

-1.017420E-01

-5.66498BE-0Q2

-2.381591E~-02
9.635298E-02
4.492212E-02
4.215048E-02

-4.133355E-03
9.508845E-01
8.931703E-02
9.984765E-01
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LOOP1.REP

277 AFTER

FEAAX

xx%x%% PARAMETER(S)
g.083098E-06
~2.572884E-04
1.045023E-01
1.138960E-01
2,.264430E-01
4.,980905E~-02
1.138102E-01
1,255228E-01
0.000000E+00
0.000000E+00
5,089072E-02
-1.999194E-01
9,820902E-01
8.461466E~01
1.819319E-01

*+* IMPLICATION
tx* PREMISE PARAMETER(S)

VARIABLE |(
ZERO RANGE
xx ZERO

ONE RANGE
x* ONE :

VARIABLE |
ZERO RANGE
*% ZERO

ONE RANGE
** ONE

$x%x IMPLICATION
1% PREMISE PARAMETERI(S)

VARTABLE |
ZERO RANGE
¥x ZERO

ONE RANGE
x*¥ ONE :

VARIABLE {
ZERC RANGE
¥ ZERO

ONE RANGE

REPORT

PERFORMANCE INDEX
6.340078E-06B

0.000000E+00
0.000000E+00

1.234287E-01
1.239524E-01

-1.614212E-01
-1.620710E-01

7.922832E-01
7.980146E-01

0.000000E+00

Monday, June 18,

60 ITERATICONS

TEXEE

IDENTIFIED #%k%%

3,060412E-04
.286980E-02
,138101E-01
.022834E-Q1
.000000E+00
.000000E+00
.179026E-02
.273882E-01

MO OO

-1.953653E-01
-1.82B377E-01
-5.452921E-02

9.999325E-01

1.001848

3,178516E-Q1

0.000000E+00
1

1)

2}

2

1)

2)

a.
0.
1.
1.
2.
2.
1.
-1.
-2.
-1.
0.
9.
2.
0.
3.

ZERO, ONE

~2,061407E-01 {+,-}

-2,015866E-01

(+:"}

‘+}")

0.000000E+00 (+,-)
0.000000E+00

ZERO,ONE

[+|')

0.000000E+00 (+,-)
0.000000E+00

(+l-,

(+:‘)

386

1990 3:20 pm

Page 1

000000E+00 2.521482E-03
Q00000E+00 2.434822E-02
§78540E-01 1.358987E-01
901114E-03 2,276451E-01
288217E-01 2.,280312E-01
276957E-01 2.107478E-01
510522E-01 1.139022E-01
998T7T43E-01 -1.981687E-01
007081E-01 6.0817T09E-02
010641E-01 0.000000E+00
Q00D00QE+00 -3.287240E-02
977873E-01 0.000000E+00
496811E-01 0.000000E+00
000000E+DD 3.529404E~02
133413E-01 9.929867E-01
3,125000E-02 * 2.000000E-01
3.125000E-02 % 0.000000E+00
3.125000E-02 * 2.000000E-01
3.125000E-02 * 0.000000E+00

3.125000E-02 % 2.000000E-01

3.125Q00E-02 * 0.000000E+00

3,125000E~-0% * 3.000000E-01

3.125000E-02 * 0.000C00E+00



LOOP1.REP

xx ONE

*xx IMPLICATION
*x% PREMISE PARAMETER(S)

VARIABLE |
ZERO RANGE
*x ZERO

ONE RANGE
*x ONE :

VARIABLE ¢
ZERQ RANGE
xx¥ ZERO

ONE RANGE
% ONE

x%x%x IMPLICATION
$x* PREMISE PARAMETER(S)

VARIABLE |
ZERO RANGE
tx ZERO ¢

ONE RANGE
¥x ONE

VARIABLE
ZEROC RANGE
xx ZERO

ONE RANGE
£x ONE :

t¥x IMPLICATION
x¥% PREMISE PARAMETER{(S)

VARIABLE (

ZERC RANGE

x% ZERO

ONE RANGE
*x ONE :

VARIABLE |
ZERD RANGE
xx ZERO :

ONE RANGE
x% ONE :

xxx IMPLICATION
*+t PREMISE PARAMETER{S)

Monday, June 18,
0.000000E+00
3
ZERC, ONE

1}
-1.271646E-01
-1.313054E-01

(+,"')

0.000000E+00C
0.000000E+00

(+!"’

2}
3.170809E-01
3.157255E-01

{+,~}

1.000000
1.,000000

(+,-)

4
ZERO, ONE

1Y
6.616101E-01
6.673153E-01

(+!-)

0.000000E+Q0Q
0.00000DE+00

(+:_)

2)
-8,255064E-02
-7.812572E~-02

[+l-)

0.000000E+C0
0.000000E+Q0

“"v'}

5
ZERO, ONE

1)
7.066060E-01
7.059637E-01

(+g')

0.0C0C00E+0D
0.000000E+00

{+!")

2}
1.198739
1.2056522

‘+’-}

0.000000E+00
0.000000E+00

(+r')

6
Z2ERO,CNE

387

1990 3:20 pm

3.125000E-02 ¥

3.125000E-02 *

31.125000E-02 *

3.125000E-02 %

3.125000E-02 %

3.125000E~-02 *

3.125000E-02 *

3.125000E-02

3.125000E-02 x

3.125000E-02 *

3.125000E-02 *

3.125000E-02 x

2.000000E-01

0.000000E+00

3.000000E-01

0.00Q000E+00

3.000000E-01

0.000000E+00C

2.000000E-01

0.00000Q0E+CO

3.000000E-01

0.000000E+00

3.000000E-0C1

0.000000E+00

Page 2



LOOP1.REP

VARIABLE (
ZERO RANGE
% ZERO !

CNE RANGE
% ONE

VARIABLE |
ZERO RANGE
xx ZERO

ONE RANGE :

£t ONE

*¥% IMPLICATION
t¥t PREMISE PARAMETER(S)

VARIABLE
ZERO RANGE
*x ZERO

ONE RANGE
xx ONE

VARIABLE
ZERO RANGE
** ZERO

ONE RANGE
tx ONE

xx3 IMPLICATION
*x% PREMISE PARAMETER(S)

VARIABLE (
ZERO RANGE
*x ZERO

ONE RANGE
¥t ONE

VARTABLE |
ZERO RANGE
¥x ZERO

ONE RANGE
x¥ ONE

*%%¥ IMPLICATION
¥%x PREMISE PARAMETER(S)

VARIABLE
ZERO RANGE
xx ZERO

Monday,

1}
6.359076E-01
6.377372E-01

(+|')

0.000000E+00
0.000C00E+00

{(+,-)

2)
2.514438E-01
2.526083E-01

{+|-,

1.0Q0000
1.000000

("‘r")

7
ZERC, ONE

1)
1.607875E-01
1.667571E-01

t+|_)

5.224448E-01
5.162844E-01

""j"')

2)
-1.826976E-01 {+,-)
-1.839539E-01

C.000000E+00 {+,-)
0.000000E+00

8
ZERO,ONE

13
2.260626E-01
2,.28T727E-01

(+|_)

4.267709E-01
4,323626E-01

(+,-)

2)
7.139356E-01
7.074031E-01

(‘1‘:')

0.000000E+Q0 (+,-)
0.000000E+Q0O

9
ZERO,ONE

1)
1.975414E-01
1.945384E-01

(+r')

388

June 18,

1990 3:20 pm

3,125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-Q2 *

3.125000E-02 *

3.125000E-02 ¢

3.125000E-0Q2 *

3.125000E-02 »

3.125000E-02 *

3.125000E-02 %

3.125000E-02 *

3.125000E-02 ¥

3.000000E-01

0.000000E+00

3.000000E-01

0.0Q0000E+00

2.000000E-01

2.000000E-01

2,000000E-01

0.000000E+00

2.00000D0E-01

2.000000E-01

3.000000E-01

0.000000E+00

2.000000E-0C1
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LOOP1.REP

ONE RANGE
¥: ONE

VARIABLE
ZERQ RANGE
¥* ZERO

ONE
¥x ONE

¥x* IMPLICATION
¥+*%¥ PREMISE PARAMETER(S)

VARIABLE {
ZERQ RANGE
rx ZERO

ONE RANGE
tx ONE :

VARIABLE ¢
ZERO RANGE
tx ZERO

ONE RANGE
¥%* ONE

**x IMPLICATION
*x* PREMISE PARAMETER(S)

VARIABLE (
Z2EROC RANGE
*x ZERO

ONE RANGE
¥x ONE :

VARIABLE (
ZERO RANGE
¥x ZERO

ONE RANGE
¥x ONE

*x% IMPLICATION
¥ PREMISE PARAMETER(S)

VARIABLE ({
2ERO RANGE
*x ZEROC

ONE RANGE
% ONE H

-+

RANGE :

Monday, June 18,
3.567450E-01 (+,-) 3.
3.521907TE-01
2)
3.445586E-01 (+,-) 3.
3.526161E-01
1.000000 (+,-) 3.
1.000000Q
10
ZERO, ONE
1)
1.003002 (+,-) 3.
1.001554
6.2347B4E-01 {(+,~) 3.
6.257688E~-01
2)
~1.270113E-01 (+,-) 3.

—1.310320E=-01

0.000000E+00 {+,-) 3

C.000C00E+00

1990 3:20 pm

125000E-02 =

125000E-02 x

125000E-02 *

125000E-02 *

125000E-02 %

125000E-02 »

.125000E-02 *

125000E-02 x

125000E~02 *

.125000E-02 x

11
ZERO, ONE
1)
T.785544E-01 (+,~) 3.
7.748195E-01
4.464155E-01 (+,-) 3
4.405969E-01
2}
8.003817E-01 (+,-) 3
8.C36629E-01
0.000000E+00 (+,-) 3.
0.000000E+00
12
ZERO,ONE
1}
8.686444E-01 (+,-) 3.
8.643352E-01
6.033341E-01 {+,-} 3.

6.091750E-01

389

125000E-02 *x

125000E-02 =

125000E-02 =

2.000000E-01

3.000000E-01

0.000000E+00

2.000000E-01

Z.000000E-01

Z2.000000E-01

0.000000E+00

2.000000E-01

2.000000E-01

3.000000E-01

0.000000E+00

2.000000E-01

2.000000E-01
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LOQP1.REP

VARIABLE
ZERC RANGE
$x ZERO

ONE RANGE
1x ONE

x¥x IMPLICATION
*tx PREMISE PARAMETER(S}

VARIABLE (
ZERO RANGE
xx ZERO

ONE RANGE
*x ONE :

VARIABLE {

ZERO RANGE :

£x ZERO

ONE TRANGE
xx ONE :

$xx IMPLICATION
txx PREMISE PARAMETER(S)

VARIABLE (
ZERO RANGE
¥x ZERO !

ONE RANGE
xx ONE

VARIABLE
ZERC RANGE
xx ZERO

ONE RANGE
¥z ONE

xxt IMPLICATION
£%xt* PREMISE PARAMETER({S)

VARIABLE (
ZERDO RANGE
*x ZERO

ONE RANGE
ix ONE

VARIABLE
ZERO RANGE
xx ZERO

Monday,

2)
4,089194E-01
4.094989E-01

{+!')

1.000000
1.000000

t+,-)

13
ZERO,ONE

1)
1.518737E-01
1.426513E-01

(+,-)

1.000000
1.000000

("':")

2)
-6.549161E-02
-6.936010E-02

(+)“)

0.000000E+0D
0.000000E+00

{+1"}

14
ZERO, ONE

1}
8.428198E-01
8.506746E-01

(+n')

1.0000600
1.000000

(+")

2}
7.080TB0E-01
7.067958E~01

(+i_)

0.000000E+00 (+,-)
0.000000E+00

15
2ERO, ONE

1)
-1.191289%E-01
-1.231769E-01

(+r"}

1.000000
1.000000

“"!')

2
1.820323E-01 (+,~)
1.795067E-01

390

June 18,

1990 3:20 pm

3.125000E-02 *

3.125000E-02 %

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E~-02 *

3.125000E-02 ¥

3.125000E-02 %

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 %

3.000000E-01

0.000000E+00

3.000000E-01

0.0Q000CE+00

2.000000E-01

0.000000E+00

3,000000E-01

0.000000E+00

3.000000E-01

0.000000E+00

3.000000E-01

0.000000E+0Q0

3.0000Q0E-01
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LOOP1.REP Monday, June 18, 1990 3:20 pm Page 6

ONE RANGE : 1.000000 (+,-} 3.125000E-02 = 0.000000E+0Q0
¥ ONE HH 1.0000C0

391



EILER

LOOPZ.REP

?2? AFTER

1.038896E~05

trxx%x PARAMETER(S)

-3.984950E-05
~4,299697E-05
-9.551924E~02
-2.845020E-02
~5,3589286E-02
-2.381591E-02
-2.838710E-02
1.427214E-02
0.000000E+0Q0
0.000000E+Q0
1.003337E-02
4,719295E-02
9.508845E-01
8.664101E-02
3.449558E=-01

#xx IMPLICATION

PERFORMANCE TNDEX

xx% PREMISE PARAMETER(S)

VARIABLE ¢
ZERO RANGE
x¥ ZERO

ONE RANGE
xx ONE

VARIABLE (
ZERO RANGE
tx ZEROQ

ONE RANGE
3 ONE

*xt IMPLICATION
tx% PREMISE PARAMETER(S)

VARIABLE |
ZERO RANGE
tx ZERO

ONE RANGE
¥x ONE

VARTABLE {
ZERO RANGE
¥*x ZERO

ONE RANGE

0.000000E+00
0,00C000E+00

0.000000E+00

Monday,

60 ITERATIONS
REPORT

June 18,

SEEXX

IDENTIFIED ¥x%x%

-2.112143E-04
-7.240065E-02
-2.,838715E-02
-7.116760E-02

0.000000E+00

¢.000000E+00

2.479633E-03
5.703261E-02
.045434E-02
L.215046E-02
.T24857TE-02
.995689E-01
.995335E-01
.931703E-02
.00C000E+00

W WL me O

1
ZERO

1)

-2.226708E-01 {
-2.181167E-01

2)

-5.115595E-02
-5.063324E-02

9.994693E-01

0.000000E+00
0.000000E+00
-1.017420E-01
-1.442773E-04

" -5,889896E-02

-3,543465E-02
9,835296E-02
4,680140E-02
4,749054E-02
2.282087E-02
0.000000E+00
9.976844E-01
3.058110E-01
0.000000E+00Q
3.342425E-01

1990 3:23

»m

-4.545483E-03
-9.787425E-02
~-6.4487T4E-02
-5.664988E-02
-5.758184E-02
-2.038205E-02
-2.849994E~02
4.,492212E-02
2.399387TE~02
0.000000E+00
-4.133355E-03
0.000000E+00
0.000000E+00
2.125727E-02
9.384765E-01

s ONE
+,-}
(+|_)
+l")

0.000000E+00 {(+,-)
0.00Q000E+00

2
ZERG,ONE
1)
4.760428E-02 {+,-)
4.695444E-02
0.000000E+Q0 (+,-)
0.000000E+00
2}y
3.937T481E-01 (+,-)

("'l_)

392

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

2.000000E-01

0.000000E+00

2.000000E-01

0.000000E+00

2.000000E-01

0.000000E+00

3.000Q000E-01

0.000000E+00

Page 1



LOOPZ.REP Monday, June 18,

*¥ ONE 0.000000E+Q0

xxtx IMPLICATION 3

*** PREMISE PARAMETER(S) ZERC,ONE
VARIABLE | 1}

ZERQ RANGE : ~9.169656E-04 (+,~)
*x ZERO M -5.057735E-03

ONE RANGE 0.000000E+00 {(+,~)
% ONE 0.000000E+0Q0
VARIABLE | 2)

ZERO RANGE 4.443691E-01 (+,-)
*x ZERO 4,.430137E-01

ONE RANGE 1.000000 (+,-)
¥x ONE 1.000000

*3x TMPLICATION 4

*** PREMISE PARAMETER(S) ZERO,ONE
VARIABLE { 1)

ZERQO RANGE 5.643149E-01 (+,-)
xx ZERO 5.700201E-01

ONE RANGE 0.0C0O000E+00 (+,-)
£t ONE : 0.000000E+00
VARIABLE 2)

ZERO RANGE -2.804637E-01 (+,-)
£r ZERO -2.760448E-01

ONE RANGE 0.000000E+00 (+,-)
% QONE : 0.000000E+00

¥xrx IMPLICATION 5

¥¥¥ PREMISE PARAMETER(S) ZERQ, ONE
VARIABLE ¢ 1}

ZERO RANGE 7T.801443E-01 {+,-)
tx ZERO 7.585020E-01

ONE RANGE 0.0C0000E+00 (+,-)
X2 ONE : Q.000000E+00
VARIABLE ( 2)

ZERO RANGE 8.401942E-01 (+,-}
*x ZERO 8.469771E-01

CONE RANGE Q.000000E4+00 {(+,-)
¥%x ONE G.000000E+00
¥*x TMPLICATION 6

*x% PREMISE PARAMETER(S) ZERQ, ONE

393

1990 3:23 pm

3.125000E~02 x

3,125000E-02

3.125000E-02 *x

3.125000E-02 *

3.125000E-02 x

3.,125000E-02 x

3.125000E-02 »

3.125000E-02 *

3.125000E-02 =

3.125000E-02 =x

3.125000E-02 *

3.125000E-02

2.000000E-01

0.000000E+00

3.000000E-01

0.000000E+00

3.000000E-01

0D.000000E+00

2.000000E-01

0.000000E+0QO

3.000000E-01

G.000000E+00

3.000000E-01

0.000000E+00Q
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LOOP2.REP

VARTABLE (
ZERO RANGE
¥+ ZERO

ONE RANGE
xx ONE :

VARIABLE (
ZERC RANGE
$x ZERO

ONE RANGE
x¥ ONE :

*t% IMPLICATION
txx PREMISE PARAMETER(S)

VARIABLE (
ZERO RANGE
xx ZEROC

ONE RANGE
** ONE :

VARIABLE (
ZERC RANGE
xt ZERO

ONE RANGE
xx ONE :

$%% IMPLICATION
*$x PREMISE PARAMETER(S)

VARIABLE

ZERO RANGE :

*x ZERO

ONE RANGE
k% ONE

VARIABLE |
ZERO RANGE
X% Z2ERO

ONE RANGE
** ONE :

¥x3 IMPLICATION
2% PREMISE PARAMETER(S)

VARIABLE {
ZERO RANGE
*x ZERO

Monday,

1)
7.902790E-01
7.921087E-01

(+,-}

0.000000E+Q0 (+,-)
0.000000E+00

2)
2.687320E-01 {+,-)
2.,898965E-01

1.000000 (+,-)
1,000000

T
ZERO, ONE

13
7.258076E-02 (+.-}
7.856033E-02

4.8438BT0E-01 (+,-)
4,782266E-01

2)
-1.789499E-01 (+,-)
-1.802081E~01
0.000000E+00 (+,-)
0.000000E+00
8
ZERG, ONE

1}
1.634214E-01
1.661315E-01

(+s')

3.809352E-01 (+,-)
3.865269E-01

2)
3.203905E-01
3.138600E-01

(“'3')

0.000000E+00
0.000000E+00

(+I-)

9
ZERO,ONE

1)
7.712241E-02
7.411937E-02

(“'a")

394

June 18,

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000R-02

3.125000E-02

3.125000E-02

3.125000E-02

3.125000R-02

3.125000E-02

3.125000K-02

1690 3:23 pm

3.000000E-01

0.000000E+C0

3.000000E-01

0.,000000E+00

2.000000E-01

2.000000E-01

2.000000E-01

0.000000E+00Q

2.000000E-01

2.000000E-01

3.000000E-01

0.000D00E+00

2.000000E-01
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LOOPZ.REP

ONE RANGE
¥x ONE

VARIABLE |
ZERO RANGE
xx ZERO

ONE RANGE
xx ONE

kxx IMPLICATION
xt% PREMISE PARAMETER(S)

VARTABLE (
ZERC RANGE
3 ZERO

ONE RANGE
** ONE

VARTABLE {
ZERD RANGE
$x ZERO

ONE RANGE
xx ONE

t*x% IMPLICATION
tx%t PREMISE PARAMETER(S)

VARIABLE ¢
ZERC RANGE
¥x ZERO

ONE RANGE
*x ONE

VARIABLE {
ZERC RANGE
% ZERO

ONE RANGE
¥t ONE

1x*% IMPLICATION
xxx PREMISE PARAMETER(S)

VARIABLE (
ZERO RANGE
** ZERO

ONE RANGE
X% ONE

Monday,

3.197982E-01
3.152433E-01

(+l-)

2)
2.518448E-01
2.599043E-01

(+r_]

1.000000
1.000000

(+)'>

10
ZERO,ONE

1)
8.414T18E-01
8.400239%E-01

7.120872E-01
7.143776E-01

2)
-7.159695E-02
~7.561764E~02

(+l_)

0.000000E+Q0
0.000000E+00

(+l_)

11
ZERQ,ONE

1)
B.B73799E-01
8.638450E-01

("':‘)

4,522465E-01
4.464279E-01

(+)_)

2)
T.468367E-01 {+,-)
7.501178E-01

0.000000E+0Q {(+,-)
0.000000E+00

12
7ERO, ONE

1)
8.748921E-01 (+,-}
8.7065829E-01

6.930340E-01 (+,-)
6.988950E-0C1

395

June 18,

1990 3:23 pm

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 #

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.125000E-02 *

2.000000E-01

3.000000E-01

0.000000E+00

2.000000E-01

2.000000E-01

2.000000E-01

0.000000E+00

2.000000E-01

2.000000E-01

3.000000E-01

0.000000E+Q0O

2.000000E-01

2.000000E-01
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LOCP2.REP

VARTABLE { 2)

ZERO RANGE 5.437076E-01 (+,-)

tt ZERO 5.442871E-01

ONE RANGE 1.000000 (+,-)

tx ONE 1.000000

%% IMPLICATION 13

%%+ PREMISE PARAMETER(S) : ZERO,ONE
VARIABLE |{ 1)

ZERC RANGE 2.492785E-01 (+,-)

x* ZERO 2.403561E-01

ONE RANGE 1.000000 (+,-)

X% ONE 1.000000

VARTABLE ( 2)

ZERQ RANGE ~3.341059E-02 {+,-}

x% ZERO -3.727908E-02

ONE RANGE 0.000000E+00 (+,-) 3
%X ONE 0.000000E+00

¥xx IMPLICATION 14
%%t PREMISE PARAMETER(S) : ZERO,ONE
VARIABLE ( 1)

ZERO RANGE 6.413578E-01 (+,-) 3
tx ZERO 6.492128E-01

ONE RANGE 1.000000 (+,-) 3
£t ONE 1.000000

VARIABLE ( 2)

ZERO RANGE 7.320329E-01 (+,-) 3
13 ZERO 7.307507E-01

ONE RANGE 0.000000E+00 (+,-) 3
¥ ONE 0.000000E+0C

*¥x IMPLICATION
**x PREMISE PARAMETER(S)

VARIABLE (
ZERO RANGE
*x ZERO

ONE RANGE
1% ONE

VARIABLE (

ZERQ RANGE :

¥x ZERC

Monday, June 18,

15
ZERO, ONE

1}

8.024263E-02 (+,~) 3

7.619487E-02

1.600000
1.000000

{1'!_)

2)
1.932045E-02
1.679491E-02

(+|"')

396

1990 3:23 pm

3.125000E-02 *

3.125000E-02 *

3.125000E~-02 ¥

3.125000E-02 =

3.125000E-02 *

.125000E-02 *

.125000E-02 *

.125000E-02 *x

.125000E-02

.125000E-02 *

.125000E-02 *

3.125000E-02 *

3.125000E-02 *

3.000000E-C1

¢.000000E+Q0Q

3.000000E-01

0.000000E+00

2.000000E-01

0.,000000E+00

3.000000E-01

0.000000E+00

3.000000E-01

0.000000E+0Q0

3.000000E-01

0.000000E+00

3.000000E-01

Page &



L.OOP2.REP Monday, June 18, 1990 3:23 pm Page §

ONE RANGE ! 1.000000 (+,-) 3.125000E-02 0.000000E+00
¥x ONE - 1.000000
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