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Abstract

In this paper, the trends for the standardization of the product model was surveyed, and
the product mode] can be used as concrete means to realize the communication of information
between the CAD/CAM softwares, which are used for the design and manufacturing of the
complex products such as ships. We have proposed the newly developed methodology for the
representation and definition of the ship model on a basis of the product model. And also
we have studied the product modeling technology for the aspect of an application, and the
object-oriented system technology have been surveyed for the system implementation issues.
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We would like to verify the consistency and correctness of our proposed representaion

methodology by using the prototype application model, which is applied to design work of
ship compartmentation model. For this purpose we have developed the “O0_COMDEF”
(which means the Object-Oriented System for the Compartmentation Definition of ship) pro-
gram that is applied to the compartmentation model which can be considered as a submodel
of the general ship models. The results of research work have been proved that the repres-
entation methodology for the ship model based on the product model is an efficient and
appropriate scheme for the ship model definitions. Consequently, this methodology can be
proposed as a fundamental framework for the development of the shipbuilding CAD/CAM

system.
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Table 1, 2} v}

Table 1 The parts of STEP

Part number (Preliminary) Title ]

Introductory class:
1 Overview and fundamental principles
Description methods class :
1 EXPRESS(including style rules)

Implementation forms

class :
21 Physical file

Conformance-testing

methodology class: Conformance-testing methodology and framework :
3l General concepts
R Requirements on testing laboratories and clients for

the conformance-assessment process
Information model :

general resources :

41 Generic Product Data Model(including miscellaneous
TESOUrCes)

42 Shape : (geometry, topology, design shape, solids)

43 Shape interface

4 Product structure and Configuration Management

45 Material

46 Presentation

47 Tolerances

8 Features

Information models :

lapplication resources

101 Draughting

102 Ship structures

103 Electrical applications
104 Finite-clement analysis
105 Kinematics

Application Protocol Class :
201 Draughting-related application protocol

9%, A
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Table 2 The candidate application protocol of STEP

Number Title

1 Electrical distribution system, detailed design and production engineering
Exchange of 2D and 3D geometry and dimensioning
Exchange of 2D geometrically explicit CAD drawings with explicit annotation
Exchange of CAD drawings with reference to 3D geometry model and
with explicit annotaion

-~ W o

5 Exchange of configuration<controlled 3D product-definition data
6 Exchange of sculptured-surface models

7 Factory workstation and machine-tool controller

8 HVAC, detatled design and production engineering

9 Libraries for distribution system

10 NC matenal-removal systems

11 Piping systems, detailed design and production engineering

12 Raceways, detailed design and production engineering

13 Road design

14 Sheet-metal parts

15 Ship structural systems, detailed design production engineering
16 Generative draughting exchange

17 Exchange of product-mode] data as a basis for inspection planning
18 Exchange of B-rep models

2.2.3 STEP2] Ship Structural Model
STEP Application Model%, Part 102¢! Ship
Structures of #3 FF3} &S 1988 %9 9=
9] NIDDESC(Navy Industry Digital Data Exchange
Standards Committee)ell A 12tz ZHe A3t
STEP Al&std ot 28y A 71X % ISO ZA &£
£o2 YA FAn JAgF] Uk
STEP Part 1029] 532 Mute] Structuresol
#3 CAD/CAM Al 2®7te] dloje} mgs g
E5S A As7) 93 Information ModelS A 2] 8}
dl Avt. 2 HEHHEe duty FA A A A
Lofting ¢ ¢¢5d ZAA=Z A=+ Structural
Product Model-& & ¢lste ddolagln & 4 Uth
A71Me s &2 &5 d§ Geometry,
Topology, Property Data& A elslx 7).
—Lines
—Stiffened surfaces(shell, bulkheads, decks, web
frames %)
—Cutouts, lightening holes, penetrations
—Weld data, bevels
—Stiffener data(scantlings/traces/orientations/end
cuts)
—Material definition(thickness, types, material
)

—Brackets, collar plates
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—Foundations
—Rudder
Ship Structural Model& Application Information
Modelo] 22 o] A M T+HE Y8+ STEP
9] General Resource Information Model] c©}-& 3}
A ojor Fhe}
—Generic Product Model
—Shape(Geometry, Topology, Design Shape,
Solids)
—Shape Interface
-—Product structure and configuration manage-
ment
—Material
— Presentations
- Tolerances
—Features
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Ship Model Ship S Ship S

model Functional Model
\ Ship Structural

Assembly Model

Ship
Compartmentation

Ship Outfining
Model

Ship
Operation
Model]

.

.

.

Ship Basic Data
Model

Fig.2 The ships model which is composed of its
submodel
Table 3 The top-level ship model which is repre-
sented by EXPRESS language

SCHEMA ipim _ship_ mode! _schema ;
ASSUME (ipfm _resource _ schema, ipim _ geometry _ schema,
ipim . topology _ schemma, ipim _material _schema)
ASSUME (ship__ basic. data _ schema, ship _ structure _schema,
ship_ compar ion _ schema, ship_ bly _.schema,
ship _outfitting _ schema, ship_ operation _schemna)
ENTITY ShipModel ;

BasicData;  ShipBasicDataModel ;
MadeUpOfSubSystem : SETOFShipSubMode! ;

END_ENTITY

ENTITY ShipBasicDataMode] ;
Shipldentification : Name;
PrincipalValues : PrincipalValuesTable ;
GlobalReferenceSystem:  ShipReferenceSystem ;

Unique Shipldentification ;

ENTITY ShipSubModel ;

SUPERTYPE OF(ShipStructuraModel
XOR ShipCompartmentationModel
XOR ShipOutfittingModel
XOR ShipOperationModel
(XOR---")):

END_ENTITY

END_SCHEMA

EXPRESS dojz2 383 A& nAF1 vk
Eadlde 18Q)e vt e Hhsh o] dutA)
Fxd FAE AFsrde 2 weir Besls
o, daHo s WA EFRY S T e MERDQY
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AAndy 7P s Bolg mdysirl
A% wwiog dAMdMAL EAAAE A (Obect)
$} 157t9) #A|(Relation-ship)E JERRH A 7}=)
ZxoA g A2dE zdPsta zhzde) zdd
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2 A7tA mdoe Al FHeluw 723
¢l Holete ¥4& veEle AA =9 (Object
Model) 3 242 F4] TEE $4E RAdFE
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ol %A Yel& g2 d(Functional Model)o]
AcH12).

ARG 3 A2d e ANES o AHEL
o] FAE a8 2 ANES HIAF= SN2
(Class)E 2| EAS dAFRIFE &4 (Attribute)
7 tlA=(Method)g EFITE G4 A=
o3 FY 29 AETE FEL UFE 4%
zAsdn & & Ak gl ARndd sy
A AAREde AR mdFdA shg 841
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WX E 9% AAnde A stazt o
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Clammame : Base cias:

atwibete : data_type
acribute ; data_type = init_value|

operation (arg_list) : retrn_fype
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e
Manty (ze70 or more)
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Fig.3 The components of object model diagram
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Fig.4 Object model

2d-2 Y& 712 AN 24 Logical Element, Space
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(1) Logical Element 7§ i

Logical Elemente A2l #A% #Ad da3s
FREA Q) Ship Structure& A 2817 Ad AN A
Wk opg}, Mutel v dad 38 A7
et Hag vz, = AA sgdel %3d
Ship Compartmentation Model& T&3}7] 3%
718 Ao}t

Logical Element& Table 4o ¢} gle uig}
#& dolgt 12E e, e gol Mz ga
Logical Elementzte] 4% u& 4(Topology Relat-
ionship) & HPE F AEE dAsAY

—Boundary, Bounded by #7) :

319 Logical Element7} tt& Logical Element
¢} boundary & A&t USE EHE #c}

—Intersection -7 :

3l1}e] Logical Element7} t}& Logical Element
g #FHA Ayt €8 588 ot

—Belongs To, Consist of #7) :

Logical ElementE3te] A% #A(Inheritance)&
x8s £
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Table 4 Data structure of logical element object

Attribute °|& £ w} LI
LEID 8% Logical Element?| ol
LEGeometry 33 Logical Elements} %4
A7} Yoisleigle Geometry 44 E 71217
+ Pointer
BelongsTo Parent Logical Element A48 7k)7)e
Pointer
Boundary #% Logical Element# 343 Logical | —~ A4 el £E (linked
Element 44 & 7}ai7l%: Pointer list) Belz 74
~2t Boundary Logical
Elemento] oj&) 44
He 3AW gie
Geometry ¥
A3
BoundedLE 85 Logical Element’} Boundary2, AHs)
& Logical Element 244 & 712}71= Pointer
Intersections #% Logical Element®} Intersection #Aof | - @742 2K §e2
% Logical Element #8% vl 4
Pointer —Intersection @A
o3 sl mAp
of e d4e
Geometry 3}
A3
ConsistOf Child Logical Element #4& 727 ~QHA2E o2
Pointer 4
ResultGeometry Boundary #0) ojsf Foisle ¥4el ¥ | - 2R Yuz
o] e Geometry 4¥E 712)71 Pointer 4
[Table 5 Data structure of space object
Attribute o|& 9 o W&
SpaceiD 873 Spaces| ofF
SpaceBoundingLEs | 8)9 Spaceld 7Ash: ZAWoR A8¥ | -ddeuiEs
Logical Element® 712)71v= Pointer
SpaceBoundingFaces | 8% Space® TAsH: 2 FARY Y4l | —dHelrER 74
Hoiso} gl Face 4 7eivle Ponter

(2) Space 4|

Space M99 y1E4 Wad MAue #Hgw
FE R8sy S A2, FJE Logical
Element ) & & |23} A o] stc}. Space Face
e FAARE 2=, o] Face A= Spaces
T8 2zt Faced] i@ Aol Feoslo] g
Geometry A & 7}2)7lch. Space 24 o) @ L=
+ Table 5% o}

(3) Geometry 73§

Geometry+= Logical Element @ Space 3 & 9]
718k5h2 d4& AHolste AAolth. Logical Ele-
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Table 6 Data structure of geometry object
Attribute o3 o o) o3

GeometryID #% Geametry?] oi#

GeometryType N8y 44e $FE vehle doea | -2 Geometry type
ool @A% 239 s} galEn & Geometry 42|
~User Defined Surface SYRNEA] Helko]
~NURBS Surface slov, 2 oy 4
~Planar Surface & 8% Geometry
~User Defined Curve Typeg 387
~NURBS Curve 94 g4od dojgt
~Line Segment 7 e
—Circle Segment
~Point

ment ¥ Space®& TASE & Facey 9ol w
g}, d#7tA] Feje] Mg gg 7lsted dgez
BHEACG o8 Fdstd, B dFAME Geometry
Aol e 715eH @3 FHA ©E #A4
AN E FsA T, 015 2 Aol st F A
BE AZE F AZE 39}t Geometry A &
dlolE} TR Table 69 ek & nhsh 2
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Q AAmd e P ol AMAF Adolg A&
3l FAAQ Ezagdez WHPse WYS &
o2i Az A2d Aeg g4 £ AUoh

OO_COMDEF Zz192) dA43 78& H3
e A edojr &% Logical Element, Space,
Geometry 52l HAEol WA= § F7tste] A2
TE 849 FY2EE P Bt B 8
PN A" AHAEY 2d 2 HAAE 37
@M e doleluol = Al2dg 3 ANEY
tolel @ v)Ac= g fio]ehuo] 20 RHS FQ
Al A" AMNES HN3te g43te Ao Yasdt
=3

331 S 29 A9

OO_.COMDEF Z21g F#H3l7] A3 &
Ao A e A Ao CHE MAsd Zaa
YL Agsigch C* ooy ey 2etn FaE
Abg 2} A o) A7 §(User-defined Type)el A&

Fe, Medh 454, o), olvd

I Yo NME FHsed Bae doleldviv o]
el g1 ghet 2 AAE 22357 A ke
et $HE st ook 28 AFTE
€ FA3EA HgHEz o] AT uaA
Z# 2539 Al<4(Inheritance)® ¥ 4t}¥ A(Poly-
morphism) ©) ojFojAAM &Lk aTAYE
¥t 3, OO_COMDEF Z2agolA Al&3le
F 22 A2TEE Figs9 23, ol Z7e
Zd 27t e deideletst A EFH
e o 2

3.3.2 dioletue]l X MHA ¥

Metrfufxl 29 A, 24 HAiA Fod
Holetg B33, OO_COMDEF 2233 F%A)
g adl ot dojetdlo]l 22K ¢oAER] HolElE
in-memory “4e| s AM olelglr ez 273
g+ A=E dlojgrHo] 28 HAsa o8 BAY
DBMS?! ORACLEZ 78 3glt.

C* ddojz A" OO-_COMDEF Z21Y%&
BaA Metrgu)x) mdg FHEHY o, YA A
59 HE 4 o] FAHLR AL} o=
BHAF 2P dojrl 21 Y Persistent
Object(‘Object Which is stored on disk’) 71'd ¢}
Ao EARAN ARG =209 doje] ZEZHQ
FA Aotk ol & A e AR Ho|
Eldfo] & Al &€l g B8] AAEY Holg ¢ viie
€ dloletdo] 2o B WAl AgH AMNE
£ FA43sted &3t Aol vigFsictn ¢gaiA
AL}, @7tz Fgste BAR) dolepu]o] 2~
Al 2Elo)] BHEIE R @ FFPolnz B QTN
¥ ORACLE #A¥ DBMSE o] &34 AHAE9
tolelg Rastn F4E F Ae e 24319
c}.

o] Wy AAA G dolguo] 2 A2 EHS o] &
ste ARtheE 27X Aleo] dA T 71EN A E
LAY do|gujo] 29 '5'“015}943_1 QA7) o] 3t}
= 9 Hol A

OO_COMDEF Z 2194 eiolg}uso] X Al A
dol] g3l J1ee A F7HAE Aok AEA
=, OO_COMDEF T 21¢y FFA] & 20 7t
£ E AAES HAT oo o5 2VIAE Hel
ol 22 RE Bt in-memory el A9
ol e 273se Fojy, FUARE in-

memory AolA AE AMESL dolel &
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LEGeometry : Geometry
ResultGeometry : Geometry
BoundingLEs : BoundaryList
IntersectingLEs : IntersectionList
ConsistOfLEs : ConsistOfList

NewLE(LEID) : LEGeometry

Changel EGeametry(LEID) : LEGeometry
DrawMe(LEID)

DrawBoundary(LEID)

BoundedBy(LEID) : BoundaryList
IntersectedBy(LEID) : IntersectionList
ConsistOf(LEID) : ConsistOfList
GenerateRG{ ) : Geometry
RemoveBoundaryLE(LEID} : Boundary List
Removelntersection E(LEID) : IntersectionList
RemoveConsistOfLE(LEID) : ConsistOfList

Geometry

GeometryID : String

Geometry Type ; Enumeration(PlanarSurface, NURBSSurface,
UserdefinedSurface, NURBSCurve, UserdefinedCurve,
LineSegment, CircleSegment)

NewGeometry{GeometrylD, GeametryType)

ARGEARI SO 2% 488 19924 11A

SupesSetSpace UserdefinedCurve : Geometry
ADSpace : SpaceList MNBox : Box
FindSpace(SpacelD) StartPoint : Point
Delete(SpacelD) EndPoint : Point
DBStore(SpacelD) Coef : UserdefinedCurveCoef
InterpolationMethod : String
e - DefinitionPoint ; PointList
Spmefl‘lsz‘:f‘m;'Fj‘n N ConsistofSegment : SegmentList
S;amBauﬂinzFaoa:rFacd,ist NewGeometry(Coef, hod, D Paint) : S ist
NewSpace(SpacelD) ChangeGeometry( )
SpaceBoundedBy(SpaceBoundinglLE) : SpaceBoundaryList
MakeSpace(SpacelD) [(Sop=tadpess }—e1{ Spocv__}—{SreceBounding Blasiancs |
SpaceBoundedBy/(SpaceBoundingFace) : FaceL.ist  — |
ChangeSpaceBouningLLE(SpaceBoundinglE, SpeceBoundingLE): Csveecmers p—={ IF Boundary[Elasianos ]
SpaceBoundaryList Ttersectionl Elnstance |
Draw(SpaceiD) i
SuperSetLE
AULE :LEList
FindBoundary(LEID)
FindBounded(LEID)
Findintersection(LEID)
Findintersected(LEID)
FineConsistOf(LEID)
FindBelongsTo(LEID) -
Delete(LEID) =1
DBStors(LEID) Fig.5 Class hierarchy of 00 —COMDEF program
LE : SuperSetLE
LEID : String F2E "olgMo]l 2o BRESE 7]F0lth

o] 714 7%5& FEs7] A o oletlo]
2 Qa2 BdEte W FYLE Fodn
o] Zehxe AWMPFEA YoM 8T8 F7HA
N5e AYES Fr}. F doello] 22 RE AX
9 golet 728 @Asta OO_COMDEF %2
a4 & in-memory 2] 2 A o] Hlojg F-E
& 27139 g4 A" AAE] delg
T2 & ulolehdo] o)l 4F})Ete ¥E A edtoiof
Fia= o

o] =7tx] 48 o) &3t Holehwlel 2 el
dl o) e} 7 2 & OO _COMDEF = 2 13 ¢ in-memory
7% 722 APH(mapping)A 21 F-oll 00 —COMDEF
g gPo] FEH O Apyulx) mdPo] +PH
W, zt¢] g8 FlE A in-memory AA FRE
dlolebuol A o] wlolel PR AMAIA BAS)
22 ANEY dolet7xE uoleuo]
2§g F Ach

£ Ao E dAAA st ATl dio]
El¥ o] & ORACLE ¥4 3 DBMSoA A& 7Hs
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3 7Ex2 AAEY] AsA, BAE dleleiuo] 29
=83 7 deEolAEs 2708 HASA.
#AAE doleluol2E AAs7] 1% A H2
e BE3R5v Z71EE HAAR doleso] X
AAle & &3l710 ozl go] Ut g E AT
ol = CSDP-—rulolgtuo]l 2 FEAl2d [14]9]4
AE 43 ER(Entity-Relationship) 23 & o] &
st #AE dlojetuo] 29 =gl F A Eol
wel A 3 AS EEI Yo n Hury
uj x| dlo]ebdio] 2 & A A A ch

Aupgulx) mdoi Hogd zZ+ FH2E
dAuejdolelE dEjElSe] #AZ FHIA Figé
3 Ze& ¥43% ER2IEE FAAsAoH, o
2¥x2 FHE /MEF dloleldlo] 2~ 722 RE
=83 72 3R Yol 270E =&
o}
35 e o)AESY ~Y|vtERE Z dog ¥F
E79 48 FL£AAE neldtd FFF L
ol A7|utE T&EUT. AAE wolee] X9
HZAH dd ol 2F|vE Table 73 20

Table 7 Relation Schema

Table Name Attribute Name

SpaceConsistOf SpacelD, FacelD

SpaceBoundary SpacelD, BoundaryLE

Face FacelD, BasisGeometry, XU, XL, YU, YL, ZU, ZL

FaceBoundary FaceID, BasisBoundary & IntersectionCurveGeometry,

Geometry Order, StartPoint, EndPoint

LogicalElement LEID, LEGeometry, ResultGeometry

LEBoundary BoundedLE, BoundingLE, BoundaryCurveGeometry

LElIntersection IntersectedLE, IntersectingLE, IntersectionCurveGeometry

LEConsistOf ConsistOfLE, BelongsToLE

BoundedSurface ResultGeometryID, BasisBoundaryCurveGeometry,
StartPoint, EndPoint

Geometry GeometryID, GeometryType, XU, XL, YU, YL, ZU, ZL

PlanarSurface PlanarSurfacelD, CoefA, CoefB, CoefC, CoefD

UserdefinedSurface UserdefinedSurfacelD, UserdefinedCurvelD, Order

UserdefinedCurve UserdefinedCurvelD, InterpolationMethod, StartPoint,
EndPoint

UCDefinitionPoint UserdefinedCurvelD, Point, Order

Segment SegementID, SegmentType, CoefA, CoefB, CoefC, Start Point,
EndPoint

UCConsistOf UserdefinedCurvelD, SegmentID, Order

LineSegment LineSegmentID, StartPoint, EndPoint, CoefA, CoefB, CoefC

CircleSegment CircleSegmentID, StartPoint, EndPoint,
CoefA, CoefB, CoefC

A5, Med, A5, ol S, ol7d

Fig.6 Extended entity relationship diagram

333 BEWHE] HE 4

At Yl x] ndHL 7] YA BaoA
AAE A FEYYE] et Ceejzg T2
AL A, F23 Z 22 Logical Element
Zeg 28 AHog C* Header filed] o tp2 3
i3
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. Boundinsuis ->prev ->next = BoundingLEs -> next;
Gios Beun dary | if (Bounding l‘Ij’s'-':rlexll‘-NULL)l s ¢ sngLEs
LE* B 3 N <>NEXL <> = Boundin| -> prev;
) oundLe dele BoundingLE: prev pre
class BoundaryList {
Boundary* BoundLe; else BoundingLEs » BoundingLEs ->prev;
Boundaa:yyus:- prev; while (BoundingLEs ->next { = NULL)
BoundaryList* next; BoundingLEs = BoundingLEs ->next;
IR retum BoundingLEs;
class Intersection { )
LE* Intle;
15
class IntersoctionList { : L Fig7 % 2& 973wz 9% iy
ntersection ntersectionLe; R
IntersectionList® prev; el A}g-27F AA SR sk Logical Element
InterscctionList* next; - .
); _ A 2 Space AME NdHoz 7]&3A Table
class ConsistOf {
LE* ConsistOfLe; 87 )
);
class ConsistOfList 3 g=o X
C?’“s‘“g‘[; ConsistOfLe; Table 89l 4] Object(LE, Space) 3= é?ﬂtﬁ’j
ConsistOfList* rev; [ 5 s o -
ConsistOfList* hext o] Sé_lt Aot i o} WA 2] Basis Geometry 9t th-2
l; ) Logical Element&#2] ## & Geometry 3% 3}
class LE :public SuperLe { LEID o o < aas -
char* 3 o] HAE XA =
gme‘ryo [ﬁEG:OGmcu.y: perator c}'—v oﬂ L"E}'L}B‘; ] = A] = ]‘?“]‘r‘t
cometry* esultGeometry; kv Fl= A= 3 B2
Bows m;l-iis‘ . Boming £ Ope:ator"ﬂ T8l A& Operand Object 32 o
ntersectionList ntersectionLEs; 7
ConsisiOfList* ConsistOfLES; ledd
blic:
e:id NewLE(char* LEName, char* LEType);
void ChangeLEGeomelry (LE* LEID);
void DrawMc (LE* LEID);
void DrawBoundary (LE* LEID);

BoundaryList* BoundedBy (LE* LEID);
IntersectionList*  InterscctedBy (LE* LEID);
ConsistOfList* ConsistOf (LE* LEID);
BoundaryList‘ RcmochoundaryLE (LE* LEID);
IntersecuionList*  RemovelnterscctionLE (LE* LEID);
ConsistOfList* RemoveConsistOfLE (LE* LEID);

5
LE: :NewLE(char* LEname, char* LEtype) (
BoundaryList* b;

char* H

strepy (G = malloc(3), "G_");

switch(*LEtype) { faco)

case’p’: LEGcomeltry = new (PlanarSurfacc); i of ship compartmen tation model
LEGeometry -> geometrylD = strcat(G, LEname); Fig.7 Example P P
LEGceometry -> geometry Type = LEtype;
break;

case I LEGceometry = new (LincSegment);
LEGeomctry -> geomewrylD = strcat(G, LEname);
LEGeomelry -> gcometry Type = LEtype: . 7 obiect
break; | definition of objec

default: cout << " Unknown geometry type !!!f\n"; Table 8 Conceptua !

} break; Object
H tor rand Obj
LEID = LEnamc; (LE Space) Geometry Operaf Ope ect

b = ncw (BoundaryList);
b -> BoundlLe= NULL;
b-> prev = NULL;

SHELL UserDefinedSurface - -

b>next =NULL: DECK PlanarSurface BoundedBy SHELL
y BoundingLEs=b; TBHDA PlanarSurface BoundedBy SHELL, DECK
LE: :BoundedBy (LE* c) | TBHDB | PlanarSurface BoundedBy SHELL, DECK
Ars
Sg:,",ﬂ:’,;ug. . NBTM | PlanarSurface BoundedBy SHELL
f=new (Boundary); Intersect TBHDA, TBHDB
F = new (BoundaryList);
->BoundLe = ¢; LGIRD PlanarSurface BoundedBy SHELL, INBTM
BoundingLEs -> BoundLe = f;
g -> next = NULL: Intersect TBHDA, TBHDB
g -> BoundLe = NULL; PlanarSi { TBHDA
g -> prev = BoundingLEs; TBHDAL urface BelongsTo
BoundingLEs -> next = g; BoundedBy INBTM
BoundingLEs = g;
return BoundingLEs; TBHDA2l PlanarSurface BelongsTo TBHDAZ2
L'E: : RemoveBoundaryLE (LE* rmle) ( BoundedBy LGRD
char* name; E CARGO BoundedSpace BoundedBy SHELL, DECK,
name = mle -> LEID;
while (Boundin{léﬁs ->prev ->BoundLe ->BoundLe ->LEID ! = name) HOLD1 TBHDAI, TBHDBI,
BoundinglLEs = BoundingLEs ->prev; INBTM

BoundingLEs ->prev ->BoundLe = BoundingLEs ->BoundLe;

ARGEARA T B29% 49 199248 11A



@ MAg: SHELL, TBHDA, TBHDR®{ it Logical Elements| 7§3{5} Me{sic}.

‘ Geometry '
LED INDT™
Geomerry[D G_NBTM
LEGeomery G_INBTM
ResukCemmeny CeanutryType PanssSurfoss
BountinglBs | SHELL -t
mersectinglEs | TBHDA, TBHDB —
[BowsdaryGeommny|n_powra_smLL
IersectingLE TBHDA TBHD®
lmersestionGeometry || INBTM_THHDA{ | INBTM_TB
L- Geanetry
LED INBTM
LEGeometry G_INBTM BoundedSurface
Df RO_INBTM

IntersectinglEs | TBHDA, TBHDB

Fig.8 Data structure of logical element class

Table 9 Internal procedure of member-functions
for logical element object definition

(1) NewLE(*INBTM", “PlanarSurface”, P1, P2, P3)
(2) INBTM. BoundedBy("SHELL")

(3) INBTM. IntersectedBy(“TBHDA")

(4) INBTM. IntersectedBy(*“TBHDB")

(5) INBTM. GenerateRG( )

(6} INBTM. DBStore( }

olglzre mday Fx+E O0_COMDEF =233
M FAE WEAH AAwyEg A¥Ed, 4
s} 2 2(ol, Logical Element)d] S 2 28
2], Deck, Shell )7} in-memory “&f| AEHo 8
HAPE, oz AY Fdxd AT
AE o) ot Wn doletEe] AETFRF F4E
t}.

2 o)A Logical Element3l INBTM(“Inner
Bottom™) Aol w3 =P WA HuH
olele] REFZE Figs8 3 ol FoHH, olE
Wy HoleE A Hste A sy FF
AAE Table 99+ #ch

a4 E

EnoA AMAS Mut mdeo) FELHELS $&
zwo| Ao AT vddy 7le A& TH ZH

25, Aed, AES, oS, olid

Aol AMAF A" 7€ EUE ALHAUL,
watAd olZo] T 2EF oy} M=ok &
o}
Hute] AEZ myolet Mat AA A4t AA-l
A a7 dlolets) s &8 TaAAE e
AZE mdolgle E oA vd 2da JsA7le
A g TEoH11).
Z, Muto] A Erdg FAsE doleg 2459
FUE AERY, 2744 GANA dAdzst
w9 Logical Element(LE)2le AAE A oldtx
MA @Az APl aiat A A Frd FA
E o] &7}9 Structural Element(SE)al & 2 A7}
A e, o] AME Al P LERFH
EX& Asdec JAIdFR YAHNeg A4
Arse Y A GAN A Manufacturing Elem-
ent (ME)gt: Ao g & ME: SE¢
LEe &4 2 AR E AAAHA Asderh
ojgtgto] ME muFolFd wd wHduloA LE-)
SE-YMES & 259 ARE e AAZ 453
He o)zt & & AT
2gRokel AFgA T F4%E 2 TFAEES FE
3w AEREYL AR A7) Yo
A FEsAE doletel &8 Tz A2t shte
Auggel Az FFHE AAXNY HHHYE
Hgstoan A|xE FEe] stedint
B =g Aetd Mutwmde FIEAYHUEE
Auppauyx 2ol 3 gsta 453 Ao, AA
zpe] MurdA AETH BFLE WES A5 TEE
AAdE FoE BEE F Ye E&FA F20H
4L 4+ UM
2 d1e E3 Aoy FEWYES CSDP A+
Atglel MulAlE mdy #dE JeALg A Fra-
mework ¢ RGAZA MAsnA s, B 43
AQ A2 THL 9 g 2 HEEE
AsHos A7 Mestd A2"g §Fsuz
gk
—AQutdA GAYZ AdE A Sz F7t
2 #3F

—STEP Part 102(Ship Structural Model), Part
41~48(¥1 =) J2% Application Protocol
7N

—~GUI(Graphic User Interface)& ©]&% AH&7t

73 g
—OODB(Object Oriented Database)®] &
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