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name
net_address
statws

controller
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components

send_msg*
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class Cell :

%5 Cell Fu29F 22 B Fef29l ASRS-Cell Fef2-9]

A& 7]Ee Aol

public 000bj {

// Inherit persistence from ooObj

public :

virtual  ooStatus
Msg) & msgH);

send msg( ooHandle(Outgoing__

virtual ooStatus interpret msg(ooHandle(Incoming__

Msg) & msgH);

........... (Y1)

—————er e —e | e — e, —————————

ASRS_Cell Machining_Cell AGV_Cell
storage_rack_capacity NC machine AGV
storage racks ot | 1 -

show AGV location
show_ Ioaded _pallet

Superclass -4———— Subclass

a3 6. Cell Ea2a A& 7

ooStatus interpret msg(ooHandle( Incoming Msg) &

msgH);

CIM DB |4 22 #}ull

show stared pallets load

store_pall et_Pa dawn T_program load 7

retrieve_pallet unload _pallet
Inheritance

private |

char name| IDSIZE];

Int status;

char  net address| [IPADDRLE-
NG1; //IP Address

// User-Defined Relationships

ooHandle(Station) 10_ buffers| |
<> CellA;

ooHandle(Operation)  Operations
[ ] <> CellA;
N

class ASRS _Cell : public Cell { //
Inherit from Cell
public :

void show _stored pallets(void);

ooStatus send msg(ooHandle
(Outgoing—Msg) & msgH);

ooStatus store_pallet(ooHandle(Palle) & palletH);
ooStatus retrieve pallet(ooHandle(Pallet) & palletH,



int [D);

private :
int storage rack _capacity,
int occupied rack count,
ooHandle(Rack) storage__racks[ 1

X
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AE  dlojekwo]l A Alxlel ORACLE[16]& o] &3
SDAIe] @& wjuste] Mgt

1\] AE) O]

5.1 MEdlolete] Wit ARE AT HE (STEP)

[SO¢] TC184/SC4(Industrial Automation Systems/
Representation and Exchange of Digital Product Data)
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5.1.1 STEP®] 2

AolQl EXPRESS® #@ ¥t EXPRESSe|| ¥+

STEPE 1 9 9|7} Bufste] Fio wpa} oA 1= stol= FloflA] Ahggtey,
FFE afol7) lom ofw Ko W [GESH|A Fa)H STEPo 4] Hojd AlEgui= b33} 2 3717 whi e
A vk whebd STEPE 719 73} go] ofe] glER B ol gste] wshe FHE 4 e
F’O}O# el Qloh SHE 212 8t 4Ag Asia utE (1) ¥ 1 : Passive File Exchange
= SDAl9} 7153 C, C+ +, Fortran 5082 #9] ¥g (2) 44 2 Active File Exchange
:RHD] o} vy & Al HE 415E 997125 o g (3) @™ 3 : Shared Database
QQ—““‘M}H TEHOR soli= dubAol z9ls Aol g 19| Passive File Exchangel $¢8x g1 7io]
o o & Fol, 4% &y, B3, 23 So] ofd] &3} i} Juwgho] batch Z2A] 2o oJdte] o] Folz)= LAjo|r},
E IOITH 200744 231 ALk A1k S 28 ozl | IGESH) 93k M fAbaith 1 8ol &
AEaQ &Eolel Al solz Age A RE HE gxzg A(E Zof alibe] CAD A|A8l)7} STEP)
7b 201 ol §& ERESL oju] Yoy 4Ys 085 ofate] Aol ool utiojmolelE AT} o] g
of dutohu} apgate] ity 57 S-giofoA] AlgE o] g8 BE &AM Bel &= dlojgt tx
= AR e, o], AA T Yot} A AE ito} HE dghdch olu) 7 S &gl Ao stel zuf
ol 38 ZRIHE ogt §§ LR2ER| YojH dlo]e} 2 STEP i e ofgko g WAz 4 gl T ax|A]7}
& A8t Agght. STEP Q158 % H~E uhie ek
THE HE 30 thollA Heoslx, STEPe ne Al A g4 29| Active File Exchange 9)8}o] <& a1l
< AlF deletE F7 ror 44
goh of 4 w2 AlE dolete
- dlxe] A 2ol 291 E(Working
5 Form)& zh=t}h. 1@ oA &g
"‘ 2ol Ash B vjne] 44 el
i 49 Fozyel A% dolg 5+ dn
: ¢k MBS 7S 4= olrh. el 20
) N olsl o] 49) 8 ol gato] 4|
F dlolubs AEy] 9z e &
= 9131 STEP ko] ¥uig o] g4shel 3
g A AHE Mg P Sl gy 28
o 2. = : @3k o= PDD(Product Definition
i - - gm Data Interface)2} GMAP(Geomet-
Reeematon ;’E" — . ric Modeling Applications Interface)
e o oo = en ﬂ“ | Shared Databasel= #)3&
i i L LHOIEMI e wely e s
| - : FHE dolehile] s Tgo s 2.
IMPLEMENTATION METHODS ; ;_]_F# 1 oﬂ L]-E'—L} ]’1‘14» /LO] %% J_L‘E]j;
oy o g (S TR S 3 dlolEpw o] o)) 2l é&

22 7. STEPS| 2%

J8 8. STEP2| #1251

Translator
Pre-
AppXaton Processor
A Post-
Processor
CIM DB 7}42 88 21y

of Hadh YRE 7px7h. o3
?-5

H, 2k dojehu o] 2 Al 2Elof of i 7H

Translator
Post-
Proc
il Application
Pre- B
Processor

Passive File Exchange
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Access
1 Sofiware

Trans-

Apphation
A lator

% 9. STEP afjd 2 434
Application Application Application
A B C
I Application I Application
Q : Queri

Database
Manager

R —

STEP”

Database

2l 10. STEPS| gj|e! 3 38 : Shared Database

flolef Abde] 7lsmx]o] gloin
b dlolehs dlojehio] A gy it
il Hh 2 AN AvpE ThA] % 4s)
aA8 5 9ltt, v=re} Rockwellol] ojate] 7juts
IDS(Integrated Design System) = o]ifdh A]

%*]011 AEFE 7 ek old wlojek
%} g

5.1.2 EXPRESS A 1 welg] qiof

she ololzAl, 7]

al

PRESS¢] elojg A& 71

38

EXPRESS& STEPo| A tlojete] =¢34

Z9] Entity-Relationship
U dan dd e

wa] 28,

27vke #
2] ol
;Hoﬂ 1.‘: "X -

BAAE e

7k dlele} 4 (Data Type)

EXPRESS®] djole}t BiQJ & vhgak #o] aoter.

(1) Simple Data : Number, Real, Integer, logical,
Boolean, String, Binary.

(2) Aggregate . Array, List, Bag, Set.

(3) Constructed : Enumeration, Select.

(4) Entity Data Type : Entity Type2 Data Type o &

Form

Application
B

Application
1 [

. Active File Exchange

% A b
(5) A}%z}/} Aeosl Data Type : Abstract Data Type
& Ael7) b5,

v}, olEJE]

AElE] o] Ae)= Bl AlZ&(type hierarchy), &4 (at-
tribute), % Z(local rule)s ¥gslt}. ER] A=e
SUBTYPEe1} SUPERTYPEoZ Aelstt}, £Ald=
Explicit, Derived, Inversc®] Al 7127} i}, 2| 28 ol
ElE] cidell &3 2 Ao A&ate 1ﬂ° 271 (con-
straints) & A|she, UNIQUEH oW WHERER ] ol&}
of gojgi}.

t}. @ o)E] (Operator)

dolct elolut oEE] B9 g i Bas e

oozl AlgHEHt.  o¥yolEl+  Arithmatic,

Ralation, Binary, Logical, String, Aggregate, Entity 5.2
2 R

(Executable Statements)
If-then, Repeat, While,
o onkEel o

2} Age
EXPRESS:= Case, Escape,

Until, Return3} & A1 85 7p=)a

1E)2e gdak=t AFLH)

n}, &= (Function)
EXPRESS ¢} Abs, ASin,ACos, ATan, Cos, Exists,

Exp, Log, Sqrte} #¢- Built-in @& 7}xj3 it} T3
AP S o] &3te] AAle nfE g E A
g ¢ ol

vh. A9 Z(Global Rule)

49 Z2 sh &8 oy Ao o 5151 BH 7he] Alokx
A& WAlen, RULES oj&ste] Holgt & 9lrh. RULE
& A 11 Ao og) «gt o% HAA = WHERE#R
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Ab. EXPRESS 9} 7hehet o
T ol ElE El]) personst AHEIQIQ] femaled
Eagih

ENTITY person
first name STRING;
last name STRING;

birth date date;

children - SETT0 : ?, OF person,
DERIVE
age : INTEGER : = years(birth date);
INVERSE
parents  : SETT0 : 2, OF person FOR chilren;
END ENTITY;

ENTITY female
SUBTYPE OF (person);

husband - OPTIONAL male;
maiden name ¢ OPTIONAL STRING;
WHERE

wl : (EXISTS(maiden name) AND  EXISTS
(husbahd)) XOR
NOT EXISTS(maiden name),

END ENTITY

9] alo]| 4] persons} female®] 27}# JE{E] ERIE Yl
stoitt. olE|E] person: first name, last name, birth-
date, childreng ™ A] 434 (explicit attribute) & b a0
th. 44 agels birth datedd {E¥E Alojth. g
years()i> o 7] Al Aol AekE AR, Foixl birth
date2 WE] 0| Al ageE A4teich AE{E] female person
o) AuEfeolth, AHERS FHElSl KE S48 B4
uh=t}. Female9] AloFx7 WI& femaleo] maden—
name% 7h#)i QJthw husband7} ool @tk E& 3
Algt Aolrt.

5.2 & dloje} 2le{H| 0] A(SDAI)
SDAI(STEP Data Access Interface)+ S gug o
STEP stol w= DB xelzte] 3 o w3l q&otth

olelgh HEe wEowA §guang At DB AR

Al RULATT v P
A= g Egdog gl sl Bfd & o
o}, wal Baro] @i alto] Mo DB st |
2= olch, oju) SDAL: Bl & 821y
s=o] DB A= 7ha ofeks gro.z A /gy CIM

CIM DB 743 28 Abdl

SDAI= EXPRESSe| ojsle] Heojdl Arrd S =23
270tz o] @sle 3t W& dAE Y DB 27nte
Watste] DB Al2Elg o|gdith Hd R IIR e
Hag 98le] C, C++, 12]3 Fortrano® Ao ZR
e o] wpely e Mt 7+ vpelyd & early binding
3} late binding & E&aksl qlrt.

il

5.2.1 SDAIY 7=
glole} A& A28 (3hd A28 Fi= DB AAE) R &
2 zzd7te] BYAS fA8] st 25 SDAI
9 /e & 2k
(1) EXPRESSZ #@¥ dloete] #a (A4, &, 4
Al, +748)
(2) ol $guglo] vhapel flojeh A Al AF
94
(3) EXPRESSz H&H 27w} A1 e
(4) EXPRESS& 4ol¥ Alef=7 (Constraints) 4-&
(5) EXPRESSe] Wi A (Built-in Constants) 4 ¢

5.2.2 Zg-1789 9lo] nle1Q (Language Bindings)

o] ulold & SDAle] 7o Hadh g4 T Fs
22 gojar}, op]d npely & t&sts] gl EXPRESS
~F|upof #£4% B (early binding) 2 =¥ 4-(late
binding) o] 8 g st}

(1) Early Binding : 227]ubell 4el® MEE B, £4,

AZtZ, & % RE YUE hy Fxd v dg
gl C++2 78 & o, due = g, 54
ZH(Attributes) & TREE B M2 HgHT)

(2) Late Binding : &4 27|vlol] F4 5% ¢ Ayt

Aol /)5S gholdeleiel o] o] &¥ = A &
t}, di Sof, STEP 898 2 e ¢, Hof
Ehfol 2 A AES REERs T, Ul B (Set,
Bag, List )& AMelsh= g4, Alokzig gelst

=g ol A

5.3 24%|X|8 DBE 0|83t SDAI 78

oA A= O0DBMSS! Objectivity/DB& o] &-atof 4
st SDAIZ Awsli, $43 DBMSS! ORACLER ©f
238 SDAI #&82}e] pold & nlmstt},

5.3.1 MAA e DBE o]-&3F SDAI +3

SDAIe] +812 ¢lebol EXPRESSZ Aol® ~7|vjsE
Objectivity/DBe] DDL& @ghght}. o]uj EXPRESS®
w47 ~7|v}p7} Objectivity/DBellA] shbe] FDDB7}
g5, ] Aol 3= 747re) A7)ehz shhe] Y

oEpuo] <z ABEC AEE B shtel Y 2~

39



of W& Hw 7+ Qe ElQlnirt shite] 7AH oS A4
gtk oG Al o clulat el WelE ¢ <lely
Elolo] Wele st EXPRESSOIAS 249 A% (In
heritance) o] 7bgstel wHElQl T19) ABERIE] 9l
t}. EXPRESS 9] 3} ol BB} E}¢) o] Objectivity/DBe] i
22 A% FHUE o 7 Fei e 439 Ze 2 (Superclass)
7} $1& A2 Objectivity/DB9] 000bj Sl A2 Ay e
a2 Aoleel 9EHe FUA BETG G PE4
Felno MEEae AdHoR J&HH FHavE
t}.

A8 QlEE Fefo vole AR HeEo] A 3
o} Wy s Eelof AL gltl. Enumeratione| 7
£-= Objectivity/DBoll Al enum B}Q} o8 W EY, 1 ¢
4 QAE o)FE SEHA ol g}, STEP working
formof| A} g]o]E2l string g enum ghog WIAA Fi=
Ao WEEA Fosdl ol SYsRE hn.
Simple entity attribute type2 3hite] AEJE|7} ke o
gje] 402 AMgsE 4R EdHE St 13lste]
v}, Array, bag, set, liste} & aggregate entity attrib-
ute types- ek FAlo] dG=m, 47he] dlojet Bl S
&ka] nvledd Fef) 49 SdaiArray, SdaiBag, SdaiSet, -1
21l SdailistE A ojste] dadh 7158 AHelehrh

o]l A} Ak Objectivity/DBE o] 28 SDAI9] 1%
= oo 119 gt of7]4) SDALe] Early Bindingo] Ob-
jectivity/DB 9] =2]7] % (Logical Scheme) & A ¢}slc},
o]l A& Objectivity/DB2] DDLo] C+ 48} & Alui A
ALg3l7] wlito 7h5slch Late Bindingolt= SdaiArray,
SdaiBag 33 #& ZthaEo] Aeolxo] glof ghefx] Ay
gk SDALS] 7]5-& 8t

o g B fF3 £ st EXPRESS ~7)vbE aig
gtk

e}

Applications
4
Y
SDAIL
EXPRESS Early | Link | Late
Schema ] Bindings Bindings

Objectivity

113 11. Objectivity/DB& 0|23 SDAI 2=

40

SCHEMA EX_ SCHEMA;
ENTITY PERSON;
NAME : STRING;
AGE : INTEGER;
END_ENTITY;
END_ SCHEMA;

9 A7) nkR e g 28 C+ + 8] o] YA HT

class PERSON : public 0oObj { /* inherits persistancy
% /protected :
SdaiString  NAME; /*attributes * /
Sdailnteger  AGE !
public :
PERSON(); /# constructors * /
PERSON(SdaiString a, Sdailnteger b);
PERSON(PERSON& e)
~PERSON(); /* destructor */
SdaiString Name() {return “PERSON": }
/ % returns entity name * /
SdaiString NAME();
/* return the value of attribute NAME %/
void NAME (SdaiString x);
/ * Initialize the attribute NAME % /
Sdailnteger AGE();
/% return the value of attribute AGE %/
void AGE (Sdailnteger x);
/% Initialize the attribute AGE * /

o] C++ & stdo] SDAIS Early Binding® Objec-
tivity/DBe] DDL 2z 18l o2 ARg#uh “1efu #4139

Applications
A
\
SDAI
EXPRESS | Earty | Link | g
Schema Bindings Bindings
[ )
‘ ]
SQL
Schema ORACLE

12 12. ORACLEEZ o|23t SDAI =

Aol xpig sk o) gl sk sl 4 A1 A2E 1995 99



dolefo] 2 A Agel ORACLES AH3 w= the] 5]
| |fr= ORACLE®] ~7]n} 4o & $jste] SQL X
fo|t}. ORACLES o]&3F SDAI9|

5 3o

lo
E
huj
e
=
=]
[0p]
O
2z,
o
U
-

T
o
S
)
rr

/% makes an entity name unique % /

INSERT INTO SDAI$ NAMES VALUES (‘PERSON’,
‘PERSON $ E1’, ‘ENTITY’);

/ % creates a table for the entity PERSON * /

CREAE TABLE PERSON $ E1 (

ENTITY ID INTEGER PRIMARY KEY;
NAME CHAR(240) NOT NULL,;
AGE INTEGER NOT NULL;

)

/ % information about the attributes %/

INSERT INTO SDAI$ ATTRIBUTES VALUES (
‘PERSON $ E1’, ‘NAME’, ‘STRING’, ‘NULL’, 0, 0, 0,

1),

INSERT INTO SDAI$ ATTRIBUTES VALUES (
‘PERSONET’, ‘AGE’, ‘STRING’, ‘NULL’, 0, 0, 0, 2);

9 SQL =z aNolA]l olE el
ORACLE®l 4 o] £2] o] o] 30x}7 Agh=]e] 9l7] vl
ol o] & r83l7] SjaffAolct. o] oo Fof AR AT

NEJ el o] AZ A wlfol AHEEE SHEE 2T olHE
o oo 23t sfofof g} olf— A =gk melof o]k
EXPRESS 27]vt7h siAgel SQLE nhy 7] wfF-olch. o]
2l ~7lu} Mgto® olsle] ARzl £ zbolE =77
ofAlmt g aale] a9l B 3A Folsln ool w)
gf 2z o] £3 £r = nefAo

o12s AR olfE

6. &

ri

2 ao] 4 CIM SW 7juk] srzisleiofdt DB oAt
2}, AA g SW il DB 7)59] #2415 7ol e,
A# =g DBE FMS +-& e ~ze¢of Azt IS0
STEPLZo| $4% 5& A% DB T30 443 bl %
71%3stsich. ol2igt CIM DB 7%, 538 AAA g DB 7%
of 7lukek CIM 7152 #<F ZetolAde/Au T4 H4rE
74e Az F438 ks ole WWW(World-Wide
Web) 25 £& 235 o|fof wilshsl o7} T Aoz
7| =l ct. OODBMS slit] 57}l #1345 ODMG-93 152
olelgh AL o % 7hsk A7 Ao sefE =], ol
ol 4} ge) CIM Az rgof Awabs 913 AA|A & =

CIM DB 7]42F &8 Ap)

2= % O0DBel that AAIA el Alg agol Fljol4]

Ao,

% ¥ e dte Agtisa wr)F e
(921)sh gl Ar)%r)z @l (934)
x] OJO a].o]_ syﬂolﬁ

23 % Y

154

r_{

[1] W. W. Luggen, Flexible Manufacturing Cells and
Systems, Prentice-Hall, 1991.

[2] Y.V. Ramana Reddy et al, “Computer Support for
Concurrent Engineering,” IEEE Computer, Janu-
ary, 1991.

[3] M. R. Cutkosky et al, “PACT . An Experiment in
Integrating Concurrent Engineering Systems,”
IEEE Computer, January 1991.

[4] Navy CALS Home Page, http :

[5] E. F. Codd, “A Relational Model for Large Shared
Databanks,” CACM, vol. 13, Jun. 1970.

[6] F. Bancilhon, “Object-Oriented Database Systems,”
in Proc. ACM SIGACT SIGMOD Symp. Principles
of Database Systems, Mar. 1988.

[77 R. G. G. Cattell, ed., The Object Database Stan-
dard : ODMG-93, Morgan Kaufmann, 1994.

8] G. Booch, Object-Oriented Analysis and Design
with Applications, Second Ed., Benjamin Cum-
mings, 1994.

[9] ut43, ap4af, “H4F FMSe BgAlo) & 9f ek A4
A5 dloleplol s, EEARs) =, 197,
103, 1994 10

[10] S. K. Cha, “Object-Oriented Integration of Distrib-
uted Flexible Manufacturing Systems,” Proc. of
3rd Int’l Conference onComputer-Integrated Manu-
facturing, pp 737-746, Singapore, July, 1995.

[11] A&, “FMS = e#e 93 A4 =gk 23
UIMSe] 78," Aab ab9fef, Algdieta, 19944
24.

[12] Objectivity, Inc., Objectivity/DB C+ + Interface
Guide, ver. 3.5, 1995,

[13] Howard Mason, “STEP Partl : Overview and Fun-
damental Principles,” 1SO, 1992. '

[147] ISO, “Standard Data Access Interface,” TC184/
SC4/WG7 Document Number 300, May 1993.

[15] 1ISO, “EXPRESS Language Reference Manual,”
TC184/SC4/WG5 Document Number 151, August
1992.

41



i A T

e

sh} sha

Palo Alto, Hewlett-Packard Lab <t

1992~ & AL zﬂoqu]zsng)r =
TEL/(02)880-7319 FAX/885-6620
(151-742) A1$A] fok A8 % A 56-1

42

1980 Agohsha Faus

1982 Aetishu guhryel
28 A

w 1991 7]=F Stanfordtl g

o z‘sl»;ﬂr(ﬂﬁa/\]/kﬁﬂ yakA}

A7)

: Dacom, Texas Instruments, IBM

ECES B
1990~1992 Az} AZTEBE Holgy

1992~ @A ¢

4 3

1987 Algdhetin ket Aol
23912 )
1986 w|= Arizonat{stn A7) 2

ABE T A
1989 ul= AT & T Bell Lab,
Holmdel NJ, 4 +4
1990 w]# Purduetidtu A7) 2

r
=
[t
-
o

EELEREE L R

TEL/032-860-7386 FAX/032-863-4386

(402-751)

o] z] ;10:1 A

vlTo 1

| W 23 % 253

Alof 2} A 28 288 1 AL A2 1995 99



