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(Design and Implementation of Distributed Active Object
System(DAOS) for Manufacturing Control Applications)
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Ao Aeim olEl E|Ho]2 Wo(interface variable)Z ZE B AA Y Adej7A —l—‘%ﬁ‘j’chb— =
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g olgd] 7 B AAEe AT 7|&sA g, Aol HMFES AN, 222 18T
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Abstract Manufacturing control applications consist of concurrent active components such as robots,
AGV's (Automatic Guided Vehicles), and conveyors. Rumming of manufacturing control programs is
interactions among those components. We can enhance the productivity and extendability of manufacturing
control applications by using the object-oriented technology that models those components as reusable
objects. But the objects in current object-oriented technology that encapsulate state and behavior
information are passive in a sense that those respond only when messages are sent to them. In this paper,
we introduce the Distributed Active Object Systems (DAOS) approach that supports active objects. Since
active objects encapsulate control information in addition to state and behavior information under
CORBA/Java-based distributed environment, they can represent manufacturing control components better
than the objects in ordinary object-oriented technology. This control information provides an obhject with a
feature that can monitor its own status as well as other ohject’s status connected by interface variables.
Active objects can initiate a behavior according to the change of those status. Therefore, we can structuwrally
assemble self-initiating active objects by using interface variables to construct a system without describing
how to control distributed objects by using message passing. As the DAOS approach supports object
composability, we can enhance the productivity and extendability of distributed manufacturing control
applications even better than the ordinary object-oriented approach. Also, the DAQS approach supports
better component reusability with active objects that encapsulate control information.
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B AdAE DAQS W4 Mas, s T4 Aol
28.0] B} Tank Ao} A& 24 o E o] §ataf, &
Mgt WA, DAOS H4jo] X she T ABHA )l
(structural interface)) /@& 4w &, &8 T2
o] 2924 A4 BHg 1ok vpN=e g, DAOS 4
A1) (DAOS Description Language: DAOSDL)E 47
-amr '

FM# OIE|H| 0| A(Structural Interface)
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E??O? (Integrated Circuit)o)™, & A<
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.21 2 DAOS o) A4 QI #H ol

a9 2= DAOS WAooz 4 mzadg A48
u, A @99 TAY 2R $§ ZEIH T
7H7 29 o Bel Aol FAEET AA LY
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24 A9t xg EaE e84 220 19 §8 =
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15}, 2709 valve 2449} 2712 tank A& =
a9 22 FAATE SAEE QEH0|S HMEE B8 4
A ARG JeERT B2 ke BHE b £ (safety
level)S Jebdth DAOS Wale g o] Al~ES
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{valvel lanki valve2 tank2 valve3 tankd valve4

% 3 B2t Tank Ao Aladle] AR
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valve= ¢IEHol2 H4EE B3 tank Al 3
L
O O

leveld} Apale] 24e) 79 stateE TUHFIE
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Aot} oW, tankel levelo] SHA 49 oldol =W,
valver SB5HLRE 7«]—’\1«] AH) 39 stateE closed ol A
open.2 WA T AN Fo) tanks] level S A5}

Al Bk tank= 1}7 1 AAe A ke B 55 7
Aotk valved] EB7 ol 5] level Ftl W7+ 2
W, 5gdes A4 tagyels AR valvest
tank2®] VIESZE 53 44L& z2adudAEe =
Al AF dAelth
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Maine 23 49} 7';‘3]- DAOSMaing, 5% 7—‘,%]-"4 4
2 3E7re] 428 HAE] 1 818 DAOSDLE ZASiT]
// 2208 12| DAOSMain
public class DAOSMain TankSystem1 {
DAOSbind("128.134.11.226"):
/] 26 DZNAS HelolE 24t
Valve valvel with {
InTank = null:
// QIEHOIA BE valvelOlAl tank1 22 H&
outTank = tankl;
¥
Tank  tankl:
DValve valve? with {
inTank = tank1;

AHERION HE

// tankl &g
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// CIEIHIOIA Bi=2 valve2UIA tank1 28 &1 ¥ 1 71 AAAT &3 DAOSS AA EgA 2
outDtank = tank2;

: [ 2ot QEHOIA HAZ vavie2OiAl tenkeS S \ Jl= | DAGS
) A X &F HpA]

. 3 l
public class DAOSMain TankSystem2 { Event-Driven Synchronous Call S o
DAOSbind("128.134.11.226"); Event-Driven AsynchronousCall X O
/] 2N Z2HAS B2cls 2o AJEN 22
DTank tank?; /] tankg &0t State-Driven Synchronous Call | X L (¢] '
Valve valve3 with {
inDtank = tank2;
/] 2o QEHOIA B2 valve30lIlA tank2Z o1 olg}, B1E 7] (asynchronous) ©JHIE &% x| Yg
outTank = tank3; - = — - -
/] RIEHOIA ®F vave30I A tenke2 12 th HE7]E oWE s&old dF A &, gk 4A
¥ = Fi= F]i=9. TS EE WA O 7%
Tank  tanks: // tanka et = 7ISA7IE VIed wath BT, DACS ¥As 33
Valve valved with { o Aol B AR e A2 A W os) 2
inTank = tank3; N -
/f SIEIHIOIA 42 valvedDiA tankaE ei2! 2 715% & JdE AH 79 (state-driven) FOlEE A
outTank = null; Q)& 2
) dgri12]
} BAe) B543 A FHA 29 BN 9
% 4 ¥4} Tank Ao} A2=%9) DAOSMain 3, JavaS 823 DAOSDLY 348 EFEL E 29
2t} DAOSDL2 8] 71§ Fo] B4 o[flE 7k
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£ A48}y 9% DAOSY AAEH7} AT Ao E
<= DAOShindZE o83 AAsc)k 5% A valvel & E 2 24 55 A4A A=d B9 Ao)(DAOSDL)
valve2® A9 7, withE= °]E111 o] Waq) transition nne
. - ) when(condition-part) conditon~partol
inTank$} outTankE 53} tankl¥ IZHT. Zdﬂ {execution-part) condition variable EEE
TankSystem2¢] W ¢1%= H|<sHA SAHETE 24 W gL 711 i =22 34
Ll Z710] DA execution-part Y
A7 Ads Ege) A S Ay Bgel gl [y [ o ST eeanrpar 39
e . g= 8 always name always~executiond)
=, T g 7z H;q]——o] B8 Z] °]7 EH'T‘OH _[_z%] 7 ]'_H]' sz {atways-execution} condition variableg X4
N=EE GA ) o)g) Zel, DAOS Whale] ZEQ] 1 0 WHEE HA
Y 4 g 39 A2 tolelmde anE ke s ondition varable el WaFEA BAE £33
- . A |function-call after delay delay®s A X,
2 olge QEAGls WeE §2 AA 2 4 22a 9 32 b
WYrke] 2H2 o] FAF ARFH L o]EF A g x|¢d | expression afier delay deloyZ Ad &,
B o9 mzgdzie] TAA 2Ho|t) bl expression 53
e DAOSMain{
2.3 Bi S8 AN AlAH Ho| 20{(DAOS (Drame with {connections} Bl Qe sl A W dd
Description Language) DAOSMa| . .
1, L g o name with {comectionsh+ | 2A0A)9] Qe Ao W A4
2 AdE DAOSTE Adste A 71X A =87 zox |
WA, Azl WA BAE S e, 5E A4 A2 Eoms ey
ith g2 ditionsdl|l A QB H oL MFE T3 dFE BHA
232] 21o}(DAOS Description Language» DAOSDL)%} % i il i
T A A= dEsio]2 o] do] (DAOS/Interface
Definition Language: DAOS/IDL)E &M%k} A

% 16) 29 AAAG &3, oo AAd TEHFE >
294 715S 24 8799 DAOSY A4 28] i
A nlwstgnt 712 ARAZ JledAE $A40 J

(synchronous) ©|HIE FZ(WX)#] A, event— driven) tr4-;—((:ond1t1on Vanable)a A B‘_Zﬂ% condition
o o8l B AAE ANBNINE FA)H oE 5EWg A pard] WA 2de] WEA W, +4E Y= d

&k, 28U DAOS WAle S ouE samy  WEEE THEHE execution- part°ﬂ 71&gt B 44
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g Ao} 270 WeE AHE

A 55 4
face Definition Language)® 1<13j]of
Aoz, BUE 3L EUEE

|2 MR ddgc)

2 1Ego]2=E IDL(Inter~
gt DAOS
g

)

ZEEDER

& F 37 2o,
DAOSDLEZE T¢€ o] 73 £} 55 A FY o1&
2 namedl, 27 HFZE cond-vardl BAEH Ad 3%

= al
& WA= 0|84t daosFA 719=9 &7 function-
nomed HAIG &, T dA=4 % CORBA IDL %3¢
E gt A9 v ZELS Bal A 7re] fgjo] olm=m
/483 DAOS/IDLE] $iet.
3 B 5E Ax A" o)z Ao o
(DAOS/IDL)
ol | daosT name
—vardl 23 WAFE
3 | (cond-var) cond-vard] 27 B5EE WA
5% | daosA name
pars] EA WS
w1 | (cond-var) cond-vard] 27 W4E YA
4 B
;j - daOS.rA function-name®] 5 o] FL A
SE | function-name

3. DAOse| T8

£ AolME 22804 208 #4F Tank Ao] Al=H
< DAOS W4 o2 AAske 344 ol 1 54 97
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£ 43 go =24, DAOS ¥29 5% 244 2 744
Bl o] 2o gl S etk =g, DAOS glo|g
g9 F8 FHAEL L3 ‘

31 &g Tzade] A T

B4k Tank Ao} Al2=%-S
TR R Agshe gL 0 5o 2], ™A,
w228 Z 2 B4 MEE Fo3
Zie A2 o 2o

(1) 19 39y A, valve2s} tank2s #2F B304 QE
Hoji~ A4 AdE AASo|=g, I Qe
¢l DTank$t DValveE DAOS/IDL #<l tanksys.
daosel % 63 Zo] Fogi)

14

{
j U

(Cbject Implementationi

% 5 DAOS W4 o8-8 #4t 3-8 ZeIde) A4

DTank$} DValver= DAOS7} A1 &8s DAO 28
o)2E Aol AHelgith DTank?] AejdA, DA
Double® 2] ¥ dLevel®, BlRE Ao &45= 5%
AA ] g H TUHE He 27 Wty o] 24
ol WEH dEH oA M4 B o] e TUEFHY
st AA7E 1 WEE PR safetyLevel& CORBA
IDLE] Wg=olt), setLevel2 74 (3)o| A, tank] F$17}F
Held 5508 £98 ~2a8 2EsE Hol AR
o2 2EE Wi AU Holth daosT 7)H=9) 3
A 492 vehlEe A8 85 dleveld Fa0E
Z galgid,

DValve?] AolX ABoolean®e] W4 statels, 2-&
AtOlE Aol EAste 5% AAlY s HUHA e
Z7 P40tk opening# closed® TUEE & tanks)
AE7t 238 UEEE valveE: 91 BE o) FIE

o2 2EE WiAs ATUF S|



146 HAREANELI=EA  F
(2) 19 69 tanksys.daos® DAQS/IDL ZAAdy=
Aeat, 29 79 tanksys.idl Bz 18 87 o),

QlEF o] O] AAF MA4" F829 DTanklmpl.

java ¥ DVavlelmpljava 3¥-& AEth tanksys.idl I

de] DTank EFHo]A9 DValve SlEHo]xk,

tanksys.daos g4 MAst 27 49 CORBA IDL

H W W AERke x93, ol5e CORBA IDL 3

Ao o8] Az He] StubT Skeleton S A4 s}
tanksys.daosellA] X413 Ho] EAEL A HE,

DAOSDL®] &9 mwat M=o, o o] dgd 29
22%1 DTankImpl.java®} DValvelmpljavad] XgH o)

/] TankSystem.daos

Interface DTank : DAQO {
attribute DADouble dLevel;
attribute double safetylevel;

/1 DAQQ! tank2§ Folg
/BN FAHS Mol
// CORBA IDL ®14

QIEITI Ol A

daosT setlevel (DADoble dlevel), // 0| RE220Z2 8= KA

kL

interface DValve : DAO { // DACS! valve2Z Feolgt QIEIHIOIA
attribute ABoolean state; /] B2 ZAHS &
daosT opening {ADouble level); /[ MOl AERCZ PEE HAS
daosT closed (ADouble level); /I B0l RAECE PHE W4AE

i

% 6 tanksys.daos

/{Tanksystem.id!

#include"c:WDAOSystemWDAOSWdaos.id("

/] DAOSS| DAOZUAE &HD| 98l daocs.idIZ included

#include -

interface DTank : DAOSystem::DAQS::DAO {

attribute DAOSystem::DAOS::DADouble dLevel:

attribute double safetyLevel;

i

interface DValve : DAOSystem::DAOS::DAO {
attribute DAOSystem::DAOS::ABoolean state;

s

139 7 tanksys.idl

(3) 29l 89] DTanklmpl.java$} DValvelmpljava o
29| setlevel, opening, closed®] Ho] 23 ZZAL A
3t DAOSDL #4202 1% 99} o] 1183k, setLevel
2 Ao A gl dLevele] ol ) thaw =84
He Fo] AR 2A, dlevel g MRS o= ulpE
sZEA il gy elE A
g}, Ho] 73 openinge AE#lo]A W inTank9k
outTankE 53 valved] 91&3} QB2 X3 tankS
9] 24 W leveld} dLevel?] ghg RBUEE ST o,
Y% tanke] +97} safetyLevel o]0l Q2% tanko]
$97} 2 0]3H9, valvers state® falseoll A trues W@
S 9% tank ] A= wiA tankE B & 9

31 repaint #lAEE2

O B

Sy

Al

g4 A 7 E A 2 Z(20014)

// DTankimpl.java
class DTankimp! extends DAQ
implements _DTankOperations {
transition setlevel when () { } // &0l R 22 AU
L
J

// DVavielmpl.java
class DVavlelmpl extends DAQ
implements _DValveOperations {
transition opening when () { } // &0l R&=22 AlOLIF
transition closed when ()} { } // E0I REEL AIOUH

}
2% 8 DTankImpl.java$} DValvelmpl.java

// DTankimpl.java
class DTankimpl extends DAO
implements _DTankOperations {

transition setlevel

when (dLevel().vall) I= newlevel} {
dLevel().val(newlLevel);
repaint( );

/ Hole®E 28
DADouble dLevel() { return this.dLevel; }
void dlevel{double dLevel) { this.dLevel{dLevel); }
DABoolean dState() { return this.dState; }
void dState(boolean dState) { this.dState(dState); }
h
// DValvelmpl.java
class DVaivelmpl extends DAO
implements _DValveOperations {
transition opening
when ({inTank.level.val()>= inTank.safetyLevel.val())
8&(outTank.dLevel.val(}<=out Tank.saftyLevel. val()) {
state().reverse():
inTank level.decrease();
outTank.dLevel.increase();
// ol 2% 28
transition closed
when(outTank.dLevel.val()>=oulTank.safetyLevel.val()) {
state().reverse():
// B0l 88 78

2% 9 DTanklmpljava$} DVavlelmpljava2] 78

=5 level §S Z4A713 dlevel & F7/MXZh A
o] H&E closed= ¢EIHo]& W4 outTanksE ) &
EZ4 tank®] Y7t A £ o)Ae]H valved)
stateE trueol A false® HF3IT)

(4) 2% 39] valvel, tankl, valve3, tank3, valved<}
ol 2AH A9 F% AAS W Fox Fo=
Tank.java$}t Vavlejava o] 28 107 2] SAQ &
Y&E Adgutol TRAZTL Tanks} Valve S22 Ao
24 Aole 19 9¢] DTanklmpl® DValvelmpl Z-e)2e]
Zo] £ Aole} o) wal od 4] Hel DAOSMain.java

HFdES F3)
HUdg DAOS AGLHAR Az}
452 CORBAS vl ia=s=

ol
pr =
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// Tank.java
class Tank extends SAQ {
ADouble level;
transition setlevel
when (level.val() = newlLevel) {
level.val{newLevel);
repaint();
} /1 &0l AE2 78
ks
// Valve.java
class Valve extends SAO {
ABoolsan state;
transition opening
when ((inTank.level.val()>inTank.safetyLevel.val())
&&(outTank.level.val()<outTank.saftylevel. val()) {
inTank.level.decreasse();
outTank.level.increase();
state.reverse(),
} // "ol nEE P
transition closed
when {outTank.level.val()>outTank.safetylLevel.val()) {
state.reverse();
} // H0| gz 28

2% 10 Tankjavast Valved] 78

3.2 88 TE2H9 & JZ|

DAOS #4oe —??;ﬂ_ 2 ;7%1 39)
~do] B4 e
274 "gniy, 1 7‘Zi
A Ae=(EAEEHE) TE(Trigger Element)Zhs A
BPR AR =3 2§84 Tz awe A s
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