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ABSTRACT

The development of computer integrated systems for structural design requires models to
describe and organize information and activities involved in design. An entity-based
integrated design model involves a number of product and process entities. Product entities
and process entities describe design information and design activities, respectively. One type
of relationships among entities is interaction relationships, which describe interdependencies
among design information. The interaction relationships can be represented as constraints.
Types of constraints include demand constraints, dependency constraints, and interaction
constraints. The concepts of representing and processing demand constraints in an
entity-based integrated design model are presented.

L.

1. A8

FzAAE A% AFE FTA 2" (computer integrated system)9] /AWEL YAME FRAA
ZAE A Blinformation)® A (activity)S INAQASA =HFNAH 71€de Aol Wiy,
olZ 3t A& EE o] A Zd(design model)olth AA 2Ho FFr ZIZUE BY
(product model)® Z2AM 2 % d(process model) $°] UTHll. ZE2HE mde HA FA Fd
BAEE A AEg Jehy, T2 2de o9 #dg A4 Age vebdd. olejd %
Z2F9 2de vz F8E  ded, 2 589 @ wHo] AAl(entity)?d ¥ Alrelationship) &
ol &3l wholri[2, 3], HAY ETAA 2 d(entity-based integrated design model)& ZzH
E A ZzAx AAZ TG EZ2HE AAE 44 ARE BAS L, Tz A2 )
ANe 24 FdS BAS o)y MAE Toe AT AV EAsteH, 2 BAAE 74
#Al(organizational  relationship), A& @A (interaction  relationship), &4 @7l (sequence
relationship) 5°] AH1]l. FATAE MAEY =18 FEHHPE Veldlz, 4334 ==
HE AU 24 AR FE gEAS YEE, eABAE Z2A2 AU 44 F
o] AdgEE A Uit B AFE A3aAd o Aot ZIxBAE Tz
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** Assoc. Prof., Dept. of Civil and Envir. Eng., Lehigh University, USA
ke SHFOSm T AETERE aF

—~189—



(constraint) 2.2 EAE + UvdH, £F F4Z7(demand constraint), 21& T4 % 7 (dependency
constraint), 43 £ ZZ(interaction constraint) 52 FF7} UvH4, 5] £ dFdAME &7
FE&zAd datd MAY EFALAA REg o/ 43 FTAYYE dHstna @

2. A A A% (design level)

FzAAY Fre zAYL A RddA FHsr] Adtd FREE dJ B Vi AA AF
(design level) 22 A ETh oladd FE2 & A2A A2" AF(system level), HEALH
Al Z(subsystem level), 7] 28] A Z(basic component level)o] AtH1l. 713 sHAFS 71&
BAE e g9z dAE & e FAE tEde Rz B J)F, €dE, ¥ Fo] 9
of &3t olroh A9 AF Rlb AB A2 78R 2FFHAX o] FojAH, drAE
T MEAAY 20 NEAAY ¥ MEA2" Fo] Juh. 7 AHAZA e A"
< MBEA2HE0] 2 E A 1701%111}.

3. A4 T4 xd(design constraint)? 5

MA mdge dsdAde 4 Arzel 45 AE4E UuuEd ok 44 FEzhoz E
Alg & Utk F&z7e FFHFE2E 8T TEHFA(demand constraint), o|& :rLi?Z:Zj

(dependency constraint), 4% T<&ZZ(interaction constraint) 5°} Avhl4, 5]. Z#HY AA9
AL 8T FE2AL HYAZA YE BAY HAFRAC FAAZTA dUe T BAxXAL

23E EAE £ A2 @ JF PE2AY FE FERAL A UA AR ¥4
& EA®TD. olg@ A X FHzel 1Y 19 M ZeY 1igid frame DE o]& 3t
A a9 28 A kA FEEAY dE BT Yok

+HH HH YVYY HH

load 2 cs

AAAL/ HH HH HH

c1 c2 c3 C4

1 1 1 1
23 1. 2-Y ZAQ 1rigid frame 1)

load 3

load 4

31 &7 F#%Z7A(demand constraint)

29 19 28 ZelY 1rigid frame 1) Glat 22 29 C1a 28 71522 F3E 5+ U
R &Fo] WEte FRHAAL s B y|Fe Agste FAd(force)E TE F T 2
Y 2a= Gl 29 Cl 7159 #&ste FAES A ok Cl 7152 27 S 2H YA,
FzAMGME 2 29 715 dF 2AHE FaAAD. 2@ vEld FAHLS Gl 29 Cl
715 9 FE&zA0F FL3AEY. R JEY REAYe ol 8F FEHEXAL UFAY)
T2 AAFoopgtt

3.2 9= F&£ZA(dependency constraint)

a9 2bE Gl BY & F&zAe & & vebdoh 39 19 AHET Zd9 1rigid frame
1 Bet 7159 wix(layout)7t B E o Gl B 2:0L ¥Z& 7|59 FAMANA FAMA7A
o] ZAolz AW, 71T AAZ AYHY 75 Fo| Aol 7159 F&
z A Al FsiA ARG oA, B Zolw 7T Fo oEsAHAY. 5
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e 1o dole FEF A4 534 2L & AFAE #AN o

3.3 4% +4zZ(interaction constraint)

zg AAGNAY AE FE52DY 7 o 2 2¢ JEMIT. REY RAEANY AT
B-71% AR E B F40] 7T ZFdx Ho £AsAHL, B £AA F2 759
Zdx Erc}h ZFolobgrh IF 2colA Gl B FJA £ Cl 7]*5-4 ERA Ex7} Folof
gol w27 WA AAYTE He] YA Fo] AAHI, o] Fo] 7|FHAN FEHErALE 4
"ot 7150l WA HdAGTA 7159 Zo|l AAHT, o] Fo] B A P&z LA

ﬁH*H}, gp'fﬁ"

a. Demand Constraints
!
—L- T 27
! .
1 1
1 L}
| {
§
ol | ol ==
)
i G1 | o1
i [
1
b. Dependency Constraints ¢. Interaction Constraints

2y 2. dA T4 2 (design constraint)?] £F

34 F&2AS9 HR

a9 38 A XY FHEZAEL vzEn . agdA 9L HA ARE FAEY, 48
& A A4S BART ¥ 3adAM Gl B9} C1 7199 FAH(force)S ZHYE Zdd 19
T2 8 A (rigid frame 1 analysis)S 84 AAdd. o] EA4H 2 B HAEA|(beam problem)$t
71% 4 AEA (column problem)E ©)Ftd ol&dtt. F ZHY ASoA A" HA AR
ZNEEZY AZd o]&HUY. AFE FEHRAY 4T FEHEEAL JERA AN HIAS
EAS. 28 3b9A Cl 159 Z(member depth)d C2 7159 Eo] Ztzt Cl1 7% AA
(component design)st C2 715 AAZFEH ZAAHJDG. F 7159 Fo] Gl 29 HolE ZEAsS
e oj&HAUTt. wEtA Be Aojy 7T Zo AEsiAETR. I8 38 AE FERAANA
= He Zdx E3 759 FAA Fo] M2 oEsiAdY. ®d Gl B EHXR Eo] Gl B
AA oate] HA HHAH o] Zo] Cl 7% AAN s o]&H 1 olo] wetA Cl 7159
] Zo] ARt WY Cl 7159 EHA Fo| Cl 715 AA st HAHA™H o Fo] GI
B Az olgHw olo] wald Gl B EUXA Zo| AAH]

4. 87 T&5x3d9 #¥

a9 29 29 3¢l UEd AA TE2ASE AAY BHEA 2deq £¥8 & 9
22% 19 3a¢] 87 FHEAL AAY FREA 2de A% B/ 31 o §3ha)
a9 49 29 59 2o WA 1Y 48 ANREE A 1Y 48 8T FEEAL EFHEY
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*\c reates  ‘ -
rigid frame 1
analysis
4’ creates

used
used

beam column
problem problem

a. Demand Constraints

e
creates component
design flange creates G1
width - component
s of G1 design
used
depth 4—91@-5—— component
of C2 design
used
used
used
C1
- component
creates design

b. Dependency Constraints c. Interaction Constraints

O Information D Activity
19 3. AA F£ZF7(design constraint)9] ¥ 1L

#ag T2YE A Z(product entity category)® T2 A2 7RA T (process entity category)<
Uebdth. 1% 4a8 ZEHE NATL 8F FEZAS Bty #dd A ARE ey
3, 19 4be A2 AATS 44 FAE JEdET o7]A JRA T(entity category)E 4]
74R] AR A (entity)7F AAE B F Ut Flcategory) S T YA 449 Al4Ho] ZZHE
AT Ex ZEA2 AAFE EASD. 4 AN —’—‘T-"é(attribute)—"— Abzba olo] A
3 37 ydgo] Quk. Ae 3 Ao He £Ao] AEFHASS ousth Y HAo] Ty
e zti(single-valued) &4dol® FHXM e o] 4 o 5]1, &Mool B gE& e
(multiple-valued) &40l F£H Ao Fo] #E 4 fo] A}, £AY FTHIAT T & 4
ok, “B'E 7|2 &£ A(base attribute)2 993}t “OEVA"= A £ A (object entity-valued
attribute) 2 973, “AEVA”E #7 £Ad(activity entity-valued attribute)& &= st &4
o] Zh(value)el HHlEe 2t ZE([ Dol EAIFE Ut

Y 4adlA B A ZZA(beam design requirement) AATH 7]% AR (column design
requirement) /AT ztzt B AA} M5 HdAE 48 2AEL T2 4 MAe A
H(force) £4¢ EFs 2 Yt 2 AAZY A V1F AAzA A B HAAEA (beam
problem) 7§92} 71%F A EA(column problem) 7Ax e} AAH Jck ol et AAE F3td
B AAzARN 7% dAzA AAZHY BAH(force) £49 FEC] B AAEA /A 7F
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AAEA AANS EAY £49 gg FAAsed o498t B AALA /Mg 75 HAEA
AN BAY £ gEL B HA 715 dAd )48t 29 4be] BAHE Ty Y B
7 (rigid frame decomposition development) 7FA & ZHY T U 2AHS2 Basta, 4
o, 2 BAES HASE YL Yeldo(s]. o AATL 87T F&£zde ¥dY DYy &
BEE 2D U9 TR N(analysis) AL B 7159 HARASS AF}. HA 2
&% (component grouping) A& FAE AHAAZAL W BASE shte agezm wEd

| column design requirement | | rigid frame decomp devetop |

|

I beam design requirement I
T

forces [beam
(B-OEVA) force]

- h]
i t
i ]
' L]
i L]
J 1
i ]
' l foces o [COLUMN |
] ol !
Pl (B-OEVA) force] ' [ analysis __ o [rigid frame

[_beam problem  [beam i |_column problem , [column i B-AEVA) analysis)
' ]
1 ]
N )
' ]
i 1
l L]
\ L]
' )
N L]
' !
' ]
| ]

(B-OEVA) problem] (B-OEVA) problem]) component
)

! roupin [rigid frame comp
R res=------4 (B-AEVA) grouping]
| beam problem I l column problem I constraint

- - refinement _ [rigid frame
beam design column design

) -AEV i
requirements _ [beam des _ _t requirements _ [column des _ ! (B-AEVA) constr refine]

(B-OEVA) requirement] (B-OEVA) requirement] component

| design o frigid frame

I forces [beam 1 forces [column (B-AEVA) comp selection]
(B-OEVA) force] (B-OEVA) force]
a. Product Entity Categories b. Process Entity Category

a9 4. 87 F4ZZ(demand constraint)e] E8L 9% TEYE J) AT (product entity
category)® EZZ A2~ 7] A T (process entity category)

I forces I forces 1 forces
| (B-OEVA) © , (B-OEVA) ® (E-OEVA)

i beam prob |_beam prob o .Qolumn prob
(B-OEVA) (B-OEVA) (B-OEVA)
a) N N

G4 des req G6 des req C4 des req

1 forces I forces focres
l EoevAy® Caloce ) l B-0EvA) ® (86 force 1 (B-OEVA)

|_beam prob | beam prob |_column prob

(B-OEVA) © (B-OEVA) © ’ (B-OEVA)

l
(G1,34,6 prob) ((:_1,4 prob

beam design column design -
|_requirements requirements
(B-OEVA) (B-OEVA)

| forces (G3 force 1) { forces
(6-CEVA) (G4 force 1 Heoeva—

3% 5 87 T&x(demand constraint)e] B8-S 1% ZEWE 7)) (product entity)
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T4 27 /MA(constraint refinement) $4-< 87 F42A40¢ AHZHY FHL gy, 43 74
23S 4% Aolrth, HEA MA(component design) 42 2o 7159 HAAE Agar

Y 5= ¥ 229 I9 339 vEG Gl Be Cl J71F9 27 FE5E2PL FHseH oldd
z2HE 7AAE Jdetdt BAME7E B2 AMd gl Z2HE JAE Jujdct. ¥ 59 E=
HE HAEL 1Y 428 Z2YE AATo2ZRE & Aotk F Fol, 1Y 5ale) Gl B 4

A Z7A(G1 design requirement), G3 X AAZA, G4 B AAZA, G6 K AAZA AL 18
439 B A A Z7A(beam design requirement) MAFoZHE & Aottt 1Y 54l Gl B A
ZZ(G1 design requirement) Z§A <} Cl 715 AAZZA /MAE T3 the Az MAE=
230 ok, I o]fE AAAA Fo Gl B tE REHR F 2§ HUZ, Cl 71FE ©
715 €T & aFol HUu wWEolth Gl B AAxA, G3 B A=A, G4 2 HAZM, G6
AAZZA MAEL Gl A3 1(Gl force 1), G3 A48 1, G4 A4 1, G6 A48 1 AAE
28 &£49 FERAM ZHAZ Udg. AP MAEL G1,346 HAFA(G1,34,6 problem)
MA} dA5o] Y. AAZA AAEL Gl 4= 1, G3 248 1, G4 548 1, G6 A4
1 AAEL G1346 ZAAEA WA Gl #4481, G3 #4481, G4 #A48 1, G6 47 1 /1A
E& AAsted o)&HUY. ¥ 2§22 d G1,346 RES A% A= Gl BAE 1, G3 B
Ad 1, G4 B4 1, G6 FAH 1 AAMEC] EAGE FAYES UEFIEE Ao ordd.
e o=z Cl AARA(CL design requirement) 7iA 9 C4 AAIZA A Cl A8 1(Cl
force 1), C4 548 1 MAESL HAFH £49 gE2A A k. A=A AAEL Cl4d
AAEA(CL1,4 problem) 7HA et dZ= Ut AAzA MAELY Cl A3 1, C4 ¥AH 1 7
AEL Cl4 BAEA 7HAe Cl A48 1, C4 A2 1 /MASE AAst=d o] &5

o fro v

5. 87 #+&x39 55

29 2a%t 39 3a9 Gl B Cl 71590 A83te 287 752U 2y AFAA F40) Q
oM 7|1EREA AZFoZ Fydd. 1Y 62 o] 2F FEEUY 5L A TAZ Yz

o ¥ 6al? 6blS 1 ©AE, 19 6a2¢ 6b2¢ 2 DAE, 219 6a3s}h 6b32 3 HAE UrE}‘:“_
. 29 6at ZZHE AAE vediy, 1¥ 6be ZE A~ AAE JEIY. 1Y 69 T2
HE AR T2 A2 HAAe 29 49 Z2HE MATH ZT2A 2 AAITozRH A4E Aol
o ZAMEsE 52 AMAEE ZR2YE A £ ZRA2 AXNE Yl #& do2 B4
R Z AN ANE ZRYE /A Ee AgE Z2A2 AHAE on g

G1 des req (3 des req C1 desreq rigid frame 1 decomp develop)
1 forces 1 forces i forces
(B-OEVA) (B-OEVA) (B-OEVA) analysis o

H H H (B-AEVA)
beam grob: |_beam Erob: column prob
(B-OEVA) (B-OEVA) (B-OEVA) component

grouping

M GS des req C4 des req (B-AEVA)

constraint

forces forces forces refinement
(B OEVA) G4 force (B-OEVA) G6 force 1 (B-OEVA) C4 force 1 {B-REVA)

beam grob: | beam prob 1 column prob
(B-OEVA) {B-OEVA) (B-OEVA) component
design o
(B-AEVA)
ai. Product Entities at Stage 1 b1. Process Entities at Stage 1

I8 6. & F4 27 (demand constraint)?] 3&9] 4
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1 forces 1 forces forces
I {B-OEVA) oG force 1) l {B-oevA) ®(G3force 1 l_——‘(B-OEVA) Figid frame 1 decomp develop )

'| beam prob ‘| beam prob .l column prob,
(B-OEVA) (B-OEVA) (B-OEVA) © analysis
—— ] - (B-AEVA)

G4 des req G6 des req component

: : Nisiarv
forces Gé force 1 forces G6 force 1 forces Caforce 1 (EAEVA) © \ SO
{B-OEVA) {B-OEVA) {B-OEVA)

: H H constraint
|_beam prob, ] beam prob | column Erob: refinement
(B-OEVA)} ) {B-OEVA) I {B-OEVA) l (B-AEVA)
gonr)ponent
' esngn o
Ii (B-AEVA)
( G1,34.6 prob ) !
beam design column design
requirements requirements
(B-OEVA) (B-OEVA)
{ forces i forces
(B-0EVA) —* (B-OEVA)
a2. Product Entities at Stage 2 b2. Process Entities at Stage 2

|

1 forces  forces forces
(B-OEVA) G1 force 1 l (B-OEVA) o I (B-OEVA) ¢ (C1 force 1 rigid frame 1 decomp develop )

H H s
| beam prob beam prob column p_rob:
(B-OEVA) (B-OEVA) {B-OEVA) }
anal S
P A | —-'E—O(B_ AEVA) analysis 1
C4 des req component
; fore :l forces i forces (;,:E’VA) compgropl
eS
(B-OEVA) {B-OEVA) (B-OEVA)
H H H constraint
| beam prob | beam prob column prob, refinement
e
(B-OEVA) © (B-0EVA) ° l (B-OEVA) l (E-AEVA)
[ I component
l ©AEVA)
(G1,3,4,6 prob)

beam design column design )
requirements requlremerlti.
(B-OEVA) (B-OEVA)
[_forces [ forces (Citoce D)
BOEVA] l'_(BoEVA) *
a3. Product Entities at Stage 3 b3. Process Entities at Stage 3

% 6. 8T F4FZ(demand constraint)d] &9 ol (A<£)

(1) 1 A2 6al, 6b1): G1 B AA x=21(Gl design requirement), G3 B AA =, G4 & A
Azxd, G6 B AAzxA NAEL BAH(force) $A4 e Tdstn Uk Cl 715 MAZA, C4
715 HAZA NAEE FAY £4& Idsta gk o] 45 #Ee] AHY =Ty 1 B
3 7W & (rigid frame 1 decomposition development)[5] 7H&2] %34 (analysis) &4 Fto] A
degM QA
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(2) 2 2A(O™ 6a2, 6b2): ¥A IEF(component grouping) &A1 kol Algeo] Hi Gl, G3,
G4, G6 EE°] & 21§22 HALH G1,346 HAEA(GL34,6 problem) WAZ AF=HAG. 2
a2t 5o dAAZA MAS G346 AAEA MAd Q2HUS. 2L WHoz Cl, C4 7%
ol O& & 2§22 HULH, Cl4 AAEA /A A=A 2281 74 7)59 dAxA
AA7F Cl4 AAEA A} dAA=A G

(3) 3 BA(Y 6a3, 6b3): o] GANME F4 27 /)M (constraint refinement) £4 3 22 A4
(component design) &4 gto]l A=At G1,346 A} Cl4 MAS A2 (force) £A49 &
Eo] Bx) A7 £A4 gtol 93t YAHEUH

04.

A9 dE M Bed A9 87 PExA 38¢ AYST A DY HFEA o) vy
W oAze FRNY &4 gl Aol B, ARe 8F FEzAc) wsh JIE Al Rrun.
2 /159 AFO] B SE AR o BF AZE AA 2FY £4 ) A%el 99, A2
£ 8F FHxol Bt 71F YA FrArh ojg go| FxAA HY Fo &7 FTEHEY
wEoz SAHNN ueh 71F AAd 23Y & U

9

6. 48

47 2de AFH FYN2W NLe A% o|2AHA 7|28 ATYL A FRAAE o
9 7bx dele) AA AR AYe Tyt oF ANAANA Eds U Aol wz A
A mdolth, A7 mddAe AA Aued: gseEAel Uk o AzdEde P&z
oz EAR 4 Y. F4zAY FRZE 2T FEED z3d, 45 7427 Tol
Aoy 2 ATAE Zald AAd YoM &F PEEAL ANY FYUA 2L 0§
Egsat 27 7AEAL Zegel A4z E W4T AN ue

>

1o,
iy
4 ®
i

I

7% dAzxdez B
g,
ZAH] 2
2 A7 v5 g slo)ldi ¥{Lehigh Univ.)9 ©l&8 2 M (ATLSS Center, Engineering Research

Center for Advanced Technology for Large Structural Systems)e] XY o A#xon g
3ty 28 FRA2E ATHNEY Yoz ALIn YUtk oo #AE =dyd

ﬂ%‘-‘

i &g

[1] Sause, R., Martini, K., and Powell, G. H., "Object-Oriented Approaches for Integrated
Engineering Design Systems,” Journal of Computing in Civil Engineering, ASCE, 6(3), pp.
248-265, 1992.

(2] Hong, N. K. and Sause, R., "Concepts and Notation for Integrated Structural Design:
Product and Process Models,” NSF-ERC ATLSS Report No. 94-13, Lehigh University, PA,
USA, 1994

31 B 3, “HHAF E":al‘?"(Entity Based Approach)ol 9J3 B4 A A= (Integrated
Computer-Aided Design Systems) 71, 373728382 Al 84 4%, 1996 129, pp. 41-53
[4] Lee, C.-H., Sause, R., and Hong, N. K, "Overview of Entity-Based Integrated Design
Product and Process Models,” Proc., Int. Conf on Information Technol in Civil and Struct.
Engrg. Des., Civil-Comp Press, Edinburgh, England, pp. 185-197, 1996.

{5] Lee, C.-H. and Sause, R., "Integrated Design Product and Process Model for Building
Frame Structures,” NSF-ERC ATLSS Report No. 97-06, Lehigh University, PA, USA, 1997

--196 —



