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Modeling External Objects of Process Control Systems
in Executable Specifications
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AKIRA Kawasaky™t Arirumr Yasutt and Kimiva Onogawalt

External (i. e., belonging to the environment) objects of process control systems typically
possess the following peculiarities that are foreign to the data-intensive application do-
main : 1) some data are “continuous” in that they are “continuously” acquired by sensors;
and, 1) some substances such as cooling water “flows” from one facility to another. Writ-
ing accurate specifications of control systems demands proper modeling of the above peculi-
arities but existing executable specification languages fall short. In this paper, we present
features of our object-oriented executable specification language Eunice, which answer all
the above needs; especially, Eunice allows modeling and execution of the same object in
both discrete and continuous fashion. This mechanism provides a way for highly adaptive
reusable software components that automatically select one appropriate model of the two,
depending on the settings they are in.
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Fig. 1 Liquid level stabilizer.

M1 OB THEE NI SHImY 2 7 A OEST
HY, ZOMIBHAREND C EiKli b, ZOH R
BOTRHEMSERRESRD ZOBESF NS,

o EERICAERINBEHRBELET S

KA VI L > THRIIINEZ v 7 DKL END

1E8H B8, TOBBIITEOHIcZDHEEE

AE2H0T, FICEEMCZ DEBERI N TY

LEEZTER.

o HIEINDEMODENND BOWBELET S

s =7 2403, %@fﬁ/hﬁ@mwﬁ%@?%

b3 TH B, F i~ ORmERIcEF DL

W@*%Fhaé@(ﬂﬁfﬁﬁ%J&ﬁ& i

LEELH5Z 5. ik, iy zxFalld, T

A@%ﬁ%%@f%bﬁﬁm,%nmxofﬁﬁm

ICHEBOKDHIEEN S,

PEtokdtisr@Eicesftes s e, 735
Y OHBROBBICIMAELE VA S, AFETIR
TH=1c 75 v b OIS R F L DA RICHE T
RN DA, ETRSHEERE S Bloh

T, BUETT 2000 BES L UOBELIRES
5bDTH5. 26, Z0OARICET IEbEXF
SENRT VT FR P THEATHEICHE(LT 200Dk
BLiRts 5.

UT, ROZTHONONOIEEORAN SE 243
BRL, ZO0#%OFETEMARNIREE X OB A3
5. ILIEDH, HEMELBS TR ODWEL
BT 5. BRI, S%OBEEBEEORRAEEDT

KBHET5 VMY RFLAOBEDEF AL 1403

AREOFT EDETD.
2. AAEOERES

BB TR LI NT S v IRy X 7 L OARIC
BEFNCEN2EREED L IR s 2 hic20T
BB, KEL 320BH 5.

2.1 F7o 0 MERNGZEFTIME

BTE, A 7Y 27 MEANGE FVLOHERMIRIE
CEFANSGNDDH LM, AHIFETHHARDOEF NV
{fLicBL T, #7Y =7 MERMOBEAEZFAT 3.

ATV 27 MEAKLEFLORE GRBE TR
4D 1213, EHRDOA TV 27 PEEFAMRDOS
7Y 2y PBREIF IR s LS T E
THDH, AFFETIIRD & 1R8O T T DS
EROAND.

o EHADE - BBUEDAT V=7 EEF

MERDOAT Y 27 bEE IR LICHEEE 3.

o FHROEMEDA vE—T72—-2LZFN 5D
Ehit, = HRAOA T 22 PO A Y
=7 2 — AL ZOHKIC I LITHIGEES.

o RHROWFEH L EFAMMROENEE ST AT
Val VEABEBMICERTEZ X ICHIEEH
5. [KIo kS REmIcE L THE
BINNICIEL VIR A SR 5.

2.2 ERMABEFVEEHNTEFLORERD

Hi— b

77V P HORFBICELTEHLLERLTAH S
L, ROEHET EDPRShiCs B,

o NIMMINCIR 2FERH Y, HEEice Fribah
ZO00--HEI 7 S D (FAIXKD LS d D)
CEBICETAMLIN OB — B b D
W2, a3 vRTTEEINBIHO L D%
D) WBH 5.

o EHEIIEBICE T ML I N ZNEHTS, =
TAERET AN (EREERE) o4 T, B
HriceFmbEnsc bbb, i, T
BT L TAKE Y v bvA—FFicES ] &
HEOD XD ICHERMICKBEFY VSIS
BABHVEL, TP EBRRERNCEF
MEEINZRFEGERICEF b h 5 C
LbHniE3

o 1DopEFALOHIC, Phdk~i kS ik,
HBEOMADBRAESNEEADH 5. BicEs
BT, AUA Y& —7 x4 2t U T HE#K



1404 ’ BRNEE LR TR

Eunice (&% |
V7 b I TEG )

fEHEER EDEF L]

July 1994

HlsA 7Y = 7 METHERERE
ELEBICHRET S, 2T,
ETEI L) DFDr V)
XEWHA TV 2y VEERT S
7 5 RRQeEEBEFS (K3).

Dy 7 AR, KR ED£
vy ERELLIc DT, EDX
SWATY =7 FOMIEALE
NTHROILDOT EDAMERE
NTHA5, i, - EREOE

L THERTEAHETHS.
2%, BENIcEbNIEED
7o DR & BRI ER &N

B2 BEAE

Fig. 2 Basic concepts.

Bich, ERMICSAREBEINS L5 5=
FMBENES.

UERD kS5 3EFXD, APRTI, EEHNLESR
EHBE R BEA IN e T AR, RE
TRARB XD, it BHEELLDaVYFHRAMT
b BT R LA R T 5.

23 B & {t

AROEFMLORKRITERGZ, O ERECER
Y RFLDERMHEEEDL BT EIHBDT, LA
ROEF VDI R M BBRIBEDOTHELIE, &K
KB ->TLED. LDEVIR TTHROET
WL TEZ XS, BRFETRBRILBELVZNIC
k2EFBEOREARS.

ZzoipEitiz, PDlER~i 2 00 ERT 5 b
DTH->TRESLIE, 2FD, BEHROL TV =
7 L OENTEHELEIN, TREBNEET) VI
FEbNTd, ERPLETFTY VY icEbhTdEbA
LT 2 H5OTRERIENRS Y. 2FD, —D0D
R ORMICERROZR L HEROLBREEATE
Y, ThiEROz2 v+ 2 B U TENST 25
BBERETHL. bhbhid, Zok>BBRoC &
ABEIVFF MERTRSREIEREL, 20X
TR DR DS FIRE IR 2 4R 4 5

Pk, 3200EAESOT LOER 2ITRT.

3. Bk ik & ORI

TR, RTBRI3D2OERPEEEAT S
HORKN ISR L ##E%E, Eunice & ETH

BAOEROMEBHEEINTY
3 (bbAARERIGH ).
PIF, KBRS OWTIRICH
LT, ZOEENE S0 - AP BB XL
ENTOE0EHESHICL, ZOBRTIOHEEED
XowCESIpEBNEG,

3.1 EEELER AFW BLUAVY—-T=

4 ZDEH

T, ERMCERINBEROZRICOVTRNR
5. Blodrtid, attribute 72 v 72 OHD level 53
continuous EEMT L2 LN-TEEINTV S
B, TOT LI &> TEGENICERINE 2 V7 DK
RAEFRRTZCELERELTOS, COXHIHREKAI,
EEEBINCHREIERARLELLES DT, v
Jalb—Ya VORETRE, 77708 TBRRE LS
NEROEAIC & BHRIC L > TZOEMEL BN,
EEINBICR, Kty oS OREBETEZS
NBb0THE. M, COXSNEROCLE [E
AR LM,

wiT, ARBOERICDOTEHAT 2. CORDE
A, B3 KTH 22, KcELTBR4D L3I
200D FAMERINTOES.

—jgric, BBNTARROERRS, Riolho
EBEDOIAIC, EBOI S 2ALLERINGA TV =
7 rELTERSNG. —F, WHNTREROEE
i3, HAMBICBY 32 ORKEHOHRNOBEE. Ik
B, FE, EARE) 2ETRICBR~NCEREROE
&ELTEEXNS.

INSOBBOELLNEHINEBIE, Z0EHK

* IR T A LBEIBOMSTH S0, Eunice TR
75 REBAEFm—HFLTNS.



Vol. 36° No. 7

tank_with_a_level_meter: class
channel
in inlet: inflow, inblock;
out outlet: outflow, outblock;
out level data_outlet: level;
attribute
level: continuous real,
total_volume: continuous real;
continuous_volume: continuous real;
discrete.volume: real;
inflow:” continuous water,
outflow: continuous water;
inblock: water;
outblock: water;
area.of _bottom: real,
area.of_outlet: real;
height_of_outlet; [/ zcoordinate;
constraint
always
level = total.volume / arca.of bottom; [/ %513\
total_volume = continuous_volume + discrete.volume; // %32 3\
(1/2) * rho_water * (outflow.velocity) +x 2
+ rho.water * g * height_of_outlet + outflow.pressure

= rho.water x g x (heightof.outlet + level) + atmospheric.pressurc; R EEN

continuous.volume = integ(inflow.volume per_sec)
—integ(outflow.volume_per_sec); /] #54 3%
outflow.volume_per.sec = outflow.velocity * area_of.outlet; /] 55
action
block.in is data_driven
triggeredby inblock <—
do
discrete_volume = discrete_volume + inblock.volume;
end;
block_out is data_driven
triggeredby outblock —>
do
discrete_volume = discrete_volume — outblock.volume;
end;
endclass;

11

rho_water: constant real is 1.0;

g constant real is 9.8;
atmospheric_pressure: constant real is 1.0;

3 KiEtftEsrsor 5=
Fig. 3 Class for tanks with a level meter.
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water: class
attribute
volume: real;
mass: real;
density: constant real is rho_water;
endclass;
water. continuous class
attribute
10 velocity: continuous real; 10
pressure: continuous real;
volume_per_sec: continuous real;
density: constant real is rho_water;
endclass;

K4 22o0kDr5 2
Fig. 4 Two water classes.
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constraint
always
o /] SRR O%E
transient
rule_identifier is rule
oo /] R OKE
end;
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water. level_stabilizer_system: object

channel
in inlet;
out outlet;

consistof
valve_A: solenoid_valve;
tank_X: tank_with_a_level_meter;
valve_B: variable_state_valve;
controller;

connection 0
valve_A.outlet = tank X.inlet,
tank _X.level. data_outlet = controller.Jevel data_inlet;
tank_X.outlet = valve_B.inlet;
inlet = valve_A.inlet;
outlet = valve B.outlet; /] F % F VORI 2 HEt
controller.open_event = valve_A.open;
controller.close_event = valve_A.close;

endobject;

10 v25 skt 222 b
Fig. 10 The object for the whole system.
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