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Foreword 

IS0 (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(IS0 member bodies). The work of preparing International Standards is normally carried out through IS0 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. IS0  collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

Draft Intemational Standards adopted by technical committees are circulated to the member bodies for voting. 
Publication as an Intemational Standard requires approval by at least 75% of the member bodies casting a vote. 

International Standard IS0 10303-207 was prepared by Technical Committee ISO/TC 184, Industrial 
automation systems and integrution, Subcommittee SC4, Industrial data. 

IS0 10303 consists of the following parts under the general title Industrial automation systems and 
integration - Product data representation and exchange: 

- Part 1 ,  Overview and fundamental principles; 

- Part 1 1. Description methods: The EXPRESS language reference manual; 

- Part 12, Description method: The EXPRESS-I language reference manual; 

- Part 21, Implementation methods: Clear text encoding of the exchange structure; 

- Part 22, Implementation method: Standard data access interface specification; 

- Part 23, Implementation method: C++ language binding to the standard data access interface; 

- Part 24, Implementation method: C language binding to the standard data access interface; 

- Part 26, Implementation method: Interface definition language binding to the standard data access; 

- Part 3 1 ,  Conformance testing methodology and framework: General concepts; 

- Part 32, Conformance testing methodology and framework: Requirements on testing laboratories and 
clients; 

- Part 33, Conformance testing methodology and framework: Structure and use of abstract test suites; 

- Part 34, Conformance testing methodology and framework: Abstract test methods; 
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- Part 35, Conformance testing methodology and framework: Abstract test methods for SDAI 
implementations; 

- Part 41, Integrated generic resources: Fundamentals of product description and support; 

- Part 42, Integrated generic resources: Geometric and topological representation; 

- Part 43, Integrated generic resources: Representation structures; 

- Part 44, Integrated generic resources: Product structure configuration; 

- Part 45, Integrated generic resource: Materials; 

- Part 46, Integrated generic resources: Visual presentation; 

- Part 47, Integrated generic resource: Shape variation tolerances; 

- Part 49, Integrated generic resource: Process structure and properties; 

- Part 1 O 1, Integrated application resource: Draughting; 

- Part 104, Integrated application resource: Finite element analysis; 

- Part 105, Integrated application resource: Kinematics; 

- Part 106, Integrated application resource: Building construction core model; 

- Part 201, Application protocol: Explicit draughting; 

- Part 202, Application protocol: Associative draughting; 

- Part 203, Application protocol: Configuration controlled design; 

- Part 204, Application protocol: Mechanical design using boundary representation; 

- Part 205, Application protocol: Mechanical design using surface representation; 

- Part 207, Application protocol: Sheet metal die planning and design; 

- Part 208, Application protocol: Life cycle management - Change process; 

- Part 209, Application protocol: Composite and metallic structural analysis and related design; 

- Part 2 10, Application protocol: Electronic assembly, interconnet, and packaging design; 

V i u  
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- Part 2 12, Application protocol: Electrotechnical design and installation; 

- Part 213, Application protocol: Numerical control process plans for machined parts; 

- Part 214, Application protocol: Core data for automotive mechanical design; 

- Part 215, Application protocol: Ship arrangement; 

- Part 216, Application protocol: Ship moulded forms; 

- Part 217, Application protocol: Ship piping; 

- Part 218, Application protocol: Ship structures; 

- Part 220, Application protocol: Process planning, manufacture, and assembly of layered electronic 
products; 

- Part 221, Application protocol: Functional data and their schematic representation for process plant; 

- Part 222, Application protocol: Exchange of product data for composite structures; 

- Part 223, Application protocol: Exchange of design and manufacturing product information for casting 
parts; 

- Part 224, Application protocol: Mechanical product definition for process plans using machining 
features; 

- Part 225, Application protocol: Building elements using explicit shape representation; 

- Part 226, Application protocol: Ship mechanical systems; 

- Part 227, Application protocol: Plant spatial configuration; 

- Part 228, Application protocol: Building services: Heating, ventilation, and air conditioning; 

- Part 229, Application protocol: Exchange of design and manufacturing product information for forged 
parts; 

- Part 230, Application protocol: Building structural frame: Steelwork; 

-Part 231, Application protocol: Process engineering data: Process design and process specification of 
major equipment; 

- Part 232, Application protocol: Technical data packaging core information and exchange; 

ix 
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- Part 301, Abstract test suite: Explicit draughting; 

OIS0 

- Part 302, Abstract test suite: Associative draughting; 

- Part 303, Abstract test suite: Configuration controlled design; 

- Part 304, Abstract test suite: Mechanical design using boundary representation; 

- Part 305, Abstract test suite: Mechanical design using surface representation; 

- Part 307, Abstract test suite: Sheet metal die planning and design; 

- Part 308, Abstract test suite: Life cycle management - Change process; 

- Part 309, Abstract test suite: Composite and metallic structural analysis and related design; 

- Part 3 1 O, Abstract test suite: Electronic assembly, interconnect, and packaging design; 

- Part 3 12, Abstract test suite: Electrotechnical design and installation; 

- Part 31 3, Abstract test suite: Numerical control process plans for machined parts; 

- Part 314, Abstract test suite: Core data for automotive mechanical design; 

- Part 315, Abstract test suite: Ship arrangement; 

- Part 316, Abstract test suite: Ship moulded forms; 

- Part 3 17, Abstract test suite: Ship piping; 

- Part 3 18, Abstract test suite: Ship structures; 

- Part 320, Abstract test suite: Process planning, manufacture, and assembly of layered electronic 
products ; 

- Part 321, Abstract test suite: Functional data and their schematic representation for process plant; 

- Part 322, Abstract test suite: Exchange of product data for composite structures; 

- Part 323, Abstract test suite: Exchange of design and manufacturing product information for casting 
parts; 

- Part 324, Abstract test suite: Mechanical product defuiition for process plans using machining features; 

- Part 325, Abstract test suite: Building elements using explicit shape representation; 
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- Part 326, Abstract test suite: Ship mechanical systems; 

IS0  10303-207:1999(E) 

- Part 327, Abstract test suite: Plant spatial configuration; 

- Part 328, Abstract test suite: Building services: Heating, ventilation, and air conditioning; 

- Part 329, Abstract test suite: Exchange of design and manufacturing product information for forged 
parts; 

- Part 330, Abstract test suite: Building structural frame: Steelwork 

- Part 33 1, Abstract test suite: Process engineering data: Process design and process specification of 
major equipment; 

- Part 332, Abstract test suite: Technical data packaging core information and exchange; 

- Part 50 1, Application interpreted construct: Edge-based wireframe; 

- Part 502, Application interpreted construct: Shell-based wireframe; 

- Part 503, Application interpreted construct: Geometrically bounded 2D wireframe; 

- Part 504, Application interpreted construct: Draughting annotation; 

- Part 505, Application interpreted construct: Drawing structure and administration; 

- Part 506, Application interpreted construct: Draughting elements; 

- Part 507, Application interpreted construct: Geometrically bounded surface; 

- Part 508, Application interpreted construct: Non-manifold surface; 

- Part 509, Application interpreted construct: Manifold surface; 

- Part 5 1 O, Application interpreted construct: Geometrically bounded wireframe; 

- Part 5 1 1, Application interpreted construct: Topologically bounded surface; 

- Part 5 12, Application interpreted construct: Faceted boundary representation; 

- Part 5 13, Application interpreted construct: Elementary boundary representation; 

- Part 5 14, Application interpreted construct: Advanced boundary representation; 

- Part 5 15, Application interpreted construct: Constructive solid geometry; 

xi 
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- Part 5 17, Application interpreted construct: Mechanical design geometric presentation; 

- Part 5 18, Application interpreted construct: Mechanical design shaded representation. 

The structure of this International Standard is described in IS0  10303-1. The numbering of the parts of this 
International Standard reflects its structure: 

- Parts 1 1 to 13 specify the description methods, 

- Parts 21 to 26 specify the implementation methods, 

- Parts 3 1 to 35 specify the conformance testing methodology and framework, 

- Parts 4 1 to 49 specify the integrated generic resources, 

- Parts 101 to 106 specify the integrated application resources, 

- Parts 201 to 232 specify the application protocols, 

- Parts 301 to 332 specify the abstract test suites, and 

- Parts 501 to 5 18 specify the application interpreted constructs. 

Should further parts be published, they shall follow the same numbering pattern. 

Annexes A, B, C ,  D, E, and F form an integral part of this part of IS0  10303. Annexes G, H, J, K, L, M, and 
N of this part of IS0 10303 are for information only. 

This International Standard is organized as a series of parts, each published separately. The parts of IS0 
10303 fall into one of the following series: description methods, integrated resources, application interpreted 
constructs, application protocols, abstract test suites, implementation methods, and conformance testing. The 
series are described in IS0 10303-1. A complete list of parts of I S 0  10303 is available from the Internet: 

<http://www.nist.gov/sc4/editinglstep/titles/> 
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IS0 10303 is an International Standard for the computer-interpretable representation and exchange of product 
data. The objective is to provide a neutral mechanism capable of describing product data throughout the life 
cycle of a product, independent from any particular system. The nature of this description makes it suitable 
not only for neutral file exchange, but also as a basis for implementing and sharing product databases and 
archiving. 

This International Standard is organized as a series of parts, each published separately. The parts of IS0 
10303 fall into one of the following series: description methods, integrated resources, application interpreted 
constructs, application protocols, abstract test suites, implementation methods, and conformance testing. The 
series are described in IS0 10303-1. This part of IS0 10303 is a member of the application protocol series. 

This part of IS0 10303 specifies an application protocol (AP) for the exchange of sheet metal part design, part 
manufacture, and tool design information between contractors and suppliers. This exchange may be within 
enterprises, as when one department of an enterprise acts as a contractor, exchanging data with another 
department that acts as a supplier. This exchange may also be between enterprises, as when one enterprise, 
the contractor, exchanges information with another enterprise, the supplier. This AP satisfies an industrial need 
to exchange information to enable a contractor to manufacture a die tool used in the production of a sheet 
metal part. The information includes any combination of the following: 

- Exchange of necessary information, such as sheet metal part geometry and configuration data, part 
tolerances, and part materials, from a contractor to a supplier to enable the supplier to produce a plan 
for manufacturing that sheet metal part; 

- Exchange of necessary information, such as sheet metal part geometry and configuration data, part 
tolerances, and part materials, from a contractor to a supplier to enable the supplier to produce the 
design of a sheet metal die set (see figure i); 

- Exchange from a supplier to a contractor of a plan for the manufacture of a sheet metal part, possibly 
including press and process data, and plant constraint information; 

- Exchange from a supplier to a contractor of the design of a sheet metal die, including die geometry 
and presentation data, die material data, die component configuration, and inter-relationships among 
the die component representations. 

More information on the sheet metal forming process is included in annex L. 

This application protocol defines the context, scope, and information requirements for sheet metal die planning 
and design, and specifies the integrated resources necessary to satisfy these requirements. 

... 
xlll 
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Figure 2 contains the data planning model that provides a high level description of the requirements for this 
application protocol, as well as the relationships between the basic data components. 

The planning model contains items, which are the representation of actual physical objects and their 
classification. Items are defined by item definitions. The item definitions describe whether they are standard 
or designed, and whether they are a part, die, or material. Item definitions may include features that are areas 
of interest on an item. A feature on a die may be a depression into which a boss on a press may be inserted; 
the purpose of describing the depression as a feature would be for the purpose of associating the use of the 
depression, which is fixturing, with the geometry of the depression. 

XiV 
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Shape Definition Representation describes the shape of the item or the shape of a feature of the item. This 
representation is either a wireframe, surface, or solid, Shape Definition Representation also includes the 
physical model identification, tolerances, and the part shape relationship to the die shape. 

Figure 1 - Typical sheet metal die set 
Pari Process Plans define the manufacture of the part using dies as tools. The designs of both parts and dies 
are item definitions. Constraints, versions and component operations are included in the part process pians. 

xv 
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Shape Definition 
Representation 

Work leads to the creation or modification of an item definition. A work request results in the development 
of part process plans. 

Work Part Process 
Plans 

Application protocols provide the basis for developing implementations of IS0  10303 and abstract test suites 
for the conformance testing of AP implementations. 

Clause 1 defines the scope of the application protocol and summarizes the functionality and data covered by 
the AP. Clause 3 lists the words defined in this part of I S 0  10303 and gives pointers to words defined 
elsewhere. An application activity model that is the basis for the definition of the scope is provided in annex 
G. The information requirements of the application are specified in clause 4 using terminology appropriate 
to the application. A graphical representation of the information requirements, referred to as the application 
reference model, is given in annex H. 

Resource constructs are interpreted to meet the information requirements. This interpretation produces the 
application interpreted model (AIM). This interpretation, given in 5.1, shows the correspondence between the 
information requirements and the AIM. The short listing of the AIM specifies the interface to the integrated 
resources and is given in 5.2. Note that the definitions and EXPRESS provided in the integrated resources for 
constructs used in the AIM may include select list items and subtypes that are not imported into the AIM. The 
expanded listing given in Annex A contains the complete EXPRESS for the AIM without annotation. A 
graphical representation of the AIM is given in annex J. Additional requirements for specific implementation 
methods are given in annex D. 

xvi Figure 2 - Data planning model 
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Industrial automation systems and integration - 
Product data representation and exchange - 
Part 207: 
Application protocol: 
Sheet metal die planning and design 

1 Scope 

This part of IS0  10303 specifies the use of the integrated resources necessary for the scope and information 
requirements for the exchange of information between contractors and suppliers to enable the eventual 
manufacture of sheet metal dies used in the production process of sheet metal parts. 

NOTE 1 - The application activity model, in annex G, provides a graphical representation of the processes and 
information flows that are the basis for the definition of the scope of this part of I S 0  10303. 

The following are within the scope of this part of IS0 10303: 

- Types of products supported: 

NOTE 2 - This list describes the types of products for which data are in scope. The list following this one describes 
types of product data which are in scope. 

a) Sheet metal part design data; 

EXAMPLE 1 - Sheet metal part designs may be for sheet metal parts intended for the exterior of a product, those 
intended for the interior of a product, those intended to be in view or not in view on the final product, or those 
intended to support loads or maintain structure of a product. Sheet metal part designs may also be for sheet metal 
parts that are products in themselves. 

b) Sheet metal die design data, including die face design and die structure design, for an individual 
die against which sheet metal is formed by processes that do not involve a mating die; 

c) Sheet metal die set design data, including die face design and die structure design, for die sets used 
in a stamping press machine to manufacture sheet metal parts; 

d) Sheet metal part manufacture description data. 
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- Types of product data supported: 

a) Design data for materials, sheet m-11 in-process parts, she 
dies, and die sets; 

metal parts, die comp 

OIS0 

nents, individual 

b) Process data for sheet metal part manufacture; 

c) Change and schedule data for design of product definition data and manufacture description data: 

d) Data ownership, generating system information, and exchange history surrounding product 
definition data and manufacture description data; 

e) The identification of externally designed parts and purchased items; 

f )  Design constraints on dies; 

g) Wireframe, surface, and solid geometry; 

h) Data describing the relative position of materials and in-process sheet metal parts to the die or dies 
that will further form them; 

i) Composition of materials, sheet metal parts, and die components; 

j) Properties associated with materials or with collections of geometric representations, such as 
hardness, porosity, method of manufacture, and function. 

- Stages in the product life cycle supported are data at any stage of completion that describe: 

a) Materials; 

b) Sheet metal in-process parts and sheet metal parts; 

c) Die components, individual dies, and die sets; 

d) Sheet metal part manufacture description data; 

e) Change and schedule data for design of product definition bdta and manufacture descripbn data. 

- The supported exchange scenarios from contractor to supplier are as follows: 

a) requirements to enable the supplier to create a sheet metal part processing plan for the contractor, 
such as the sheet metal part design, available presses and plants, and plant and press constraints; 
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b) requirements to enable the supplier to create a die design for the contractor, such as the sheet metal 
part design and the sheet metal part processing plan. This design may be for the die face, or for the 
die structure, or for both; 

NOTE 3 - Requests for changes by contractors are considered to be the exchange of additional requirements. 

c) exchanges wherein the contractor and supplier are divisions of the same company; 

d) exchanges wherein the contractor and supplier are different companies. 

- The supported exchange scenarios from supplier to contractor are as follows: 

a) a part process plan or any portion thereof; 

b) a complete die design or any portion thereof; 

c) a die face design or any portion thereof; 

d) a die structure design or any portion thereof; 

e) a change request: 

f) exchanges wherein the contractor and supplier are divisions of the same company; 

g) exchanges wherein the contractor and supplier are different companies. 

The following are outside the scope of this part of IS0 10303: 

- Parts that are not made of sheet metal or are not manufactured by a process involving the use of a die 
or dies; 

- Sheet metal parts that are manufactured by explosive forming, forging, or powdered metal processing; 

-The design of devices used to stretch sheet metal over single convex dies, or the rubber bladder or sheet 
used in hydroforming or trap rubber forming to force sheet metal into a single concave die; 

- Parametric or variational geometry models of sheet metal parts, dies, or die components; 

- Engineering analysis data of any kind; 

- Financial data of any kind; 

- Manufacturing process data for sheet metal dies; 
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- Any exchange uses of data in order to: 

a) enable the initial design of sheet metal parts; 

b) enable the design of checking fixtures; 

c) enable the manufacture of the die. 

- Data related to production runs of sheet metal parts. 

OIS0 
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2 Normative references 

The foliowing standards contain provisions which, through reference in this text, constitute provisions of this 
part of IS0 10303. At the time of publication, the editions indicated were valid. All standards are subject to 
revision, and parties to agreements based on this part of IS0 10303 are encouraged to investigate the possibility 
of applying the most recent edition of the standards indicated below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. 

IS0 3 1 : 1992, Quantities and units (all parts). 

IS0  lO00:1992, SI units and recommendations for the use of their multiples and of certain other units. 

IS0 8601 : 1988, Data elements and interchange formats - Information interchange - Representation of 
dates and times. 

IS0 8824-1:1995, Information Technology - Abstract Syntax Notation One (ASN. 1): Specification of basic 
notation. 

IS0 10303-1 : 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part I :  Overview andfindamental principles. 

I S 0  10303- 1 1 : 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part I I :  Description methods: The EXPRESS language reference manual. 

I S 0  10303-2 1 : 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part 21: Implementation methods: Clear text encoding of the exchange structure. 

I S 0  10303-22:-,” Industrial automation systems and integration - Product data representation and 
exchange - Part 22: Implementation methods: Standard data access interface. 

IS0 10303-3 1 : 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part 3 I :  Conformance testing methodology andframework: General concepts. 

I S 0  10303-4 1 : 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part 41: Integrated generic resources: Fundamentals of product description and support. 

I S 0  10303-42: 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part 42: Integrated generic resources: Geometric and topological representation. 

I S 0  10303-43: 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part 43: Integrated generic resources: Representation structures. 

’) To be published. 
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IS0 10303-44: 1994, Industrial automation systems and integration - Product data representation and 
exchange - Part 44: Integrated generic resources: Product structure configuration. 

I S 0  10303-45:-,” Industrial automation systems and integration - Product data representation and 
exchange - Part 45: Integrated generic resources: Materials. 

IS0 10303-47:-,” Industrial automation systems and integration - Product data representation and 
exchange - Part 47: Integrated generic resources: Shape variation tolerances. 

I S 0  10303-49:-,” Industrial automation systems and integration - Product data representation and 
exchange - Part 49: Integrated generic resources: Process structure and properties. 

ISOfïR 10303-307:-,” Industrial automation systems and integration -Product data representation and 
exchange - Part 307: Abstract test suite for  Sheet metal die planning and design. 

‘>To be published. 
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3 Definitions 

3.1 Terms defined in IS0 8601 

This part of IS0 10303 makes use of the following terms defined in IS0  8601: 

- calendar date; 

- calendar week; 

- day; 

- Gregorian calendar; 

- hour; 

- leap year; 

- minute; 

- month; 

- second; 

- week; 

- year. 

3.2 Terms defined in IS0  10303-1 

This part of IS0 10303 makes use of the following terms defined in I S 0  10303-1: 

- abstract test suite (ATS); 

- application; 

- application activity model (AAM); 

- application context; 

- application interpreted model (AIM); 

- application protocol (AP); 

I S 0  10303-207: 1999(E) 

7 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



IS0 10303-207: 1999(E) 

- application object; 

- application reference model (ARM); 

- assembly; 

- conformance class; 

- conformance requirement; 

- context; 

- data; 

- data exchange; 

- implementation method; 

- information; 

- integrated resource; 

- interpretation; 

- PICS proforma; 

- protocol implementation conformance statement (PICS); 

- product; 

- product data; 

- structure; 

- unit of functionality (UoF). 

OIS0 
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3.3 Terms defined in IS0  10303-31 

This part of IS0 10303 makes use of the following terms defined in IS0 10303-3 1 : 

- conformance testing; 

- postprocessor; 

- preprocessor. 

3.4 Terms defined in IS0 10303-42 

This part of IS0  10303 makes use of the following terms defined in IS0 10303-42: 

- arcwise connected; 

- bounds; 

- boundary; 

- closed surface; 

- connected; 

- connected component; 

- curve; 

- cycle; 

- dimensionality; 

- domain; 

- euler equations; 

- extent; 

- finite; 

- graph; 

- handle; 
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- inside; 

- interior; 

- list; 

- &manifold with boundary; 

- orientable; 

- overlap; 

- set; 

- space dimensionality; 

- surface. 

3.5 Terms defined in IS0 10303-43 

This part of I S 0  10303 makes use of the following terms defined in IS0  10303-43: 

- coordinate space; 

- geometrically founded. 

3.6 Terms defined in IS0  10303-44 

This part of IS0 10303 makes use of the following terms defined in IS0 10303-44: 

- bill-of-material structure (BOM); 

- component; 

- constituent; 

- effectivity; 

- link; 

- lot; 

- node; 

OIS0 
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- parts list structure; 

- promissory use; 

- root node; 

- tree. 

3.7 Terms defined in IS0  10303-202 

This part of IS0 10303 makes use of the following terms defined in IS0 10303-202: 

- application interpreted construct (AIC). 

3.8 Other definitions 

For the purposes of this part of IS0 10303, the following definitions apply: 

3.8.1 cam: a mechanical unit integral to a die set that is used to apply supplementary forming or shearing 
faces to sheet metal in directions not parallel to the direction of chsure of the die set. 

3.û.2 contractor: a perm or an organization that awards a contract for the production of either a design for 
samthing, a plan for the proáucticm of samethimg, OT a physical object. 

3.8.3 dpe: a si@e piece of metal that is brought info contact with sheet metal to form, impress, or shear it. A 
die that is used without a mating die (see 3.8.11) serves as a form against which sheet metal may be stretched, 
compressed, or hammered by tools other than dies. A die may also have one or more mating dies (see 3.8.1 1). 

3.8.4 die face: those die surfaces that directly contact the sheet metal during the operation of the stamping 
press containing the die, plus the surfaces that provide contiguity to these contacting surfaces. 

NOTES 

1 - All die faces that are parts of dies belonging to die sets are enclosed within the die set when it is shut. 

2 - Surfaces of the die face are commonly called active surfaces, addendum surfaces, and sculpted surfaces. 

3.8.5 die set: a set of two or more mating dies (see 3.8.1 1) that act as a single tool to form, impress, or shear 
sheet metal when mounted in a stamping press (see 3.8.16). 

NOTE - A die set may include zero or more cams. 
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3.8.6 die structure: the portions of a die that provide structural rigidity, support the weight and support the 
in-process stresses of the die. 

NOTE - The die structure is essentially all portions of a die that are not part of the die face. 

3.8.7 feaaire: an area of interest on an item that is described as a unit for some purpose. A feature serves as 
a means of calling attention to or attaching properties to any portion of an item design. The allowable items 
to which a feature applies are parts, materials or die components. 

NOTES 

1 - A portion is either a subset of the item design, or is the entire design. 

2 - A feature may exist without feature properties attached to it. Such a feature may be noted because it is a subset 
of an item design that is frequently incorporated in other designs. 

3.8.8 feature property: data that are associated with all or a portion of the design of an item. Feature 
properties are design intent, styling, material composition, method of manufacture, function, or physical 
properties. 

3.8.9 hard aid: a physical model of a shape, part, or product. 

NOTE - Hard aids may be made of wood, clay, plaster, or other materials. Hard aids are used when the source of 
design data are a physical model, as frequently occurs in styling or prototyping work. 

3.8.10 in-process: a description of a process that has more than one manufacturing process before the item 
is completed. 

3.8.11 mating die: a die that has a die face (see 3.8.4) that mates with a die face of another die. 

3.8.12 part process plan: the detailed plan for the manufacture of a part. It includes a sequence of steps to 
be executed that call out the selected machines, fabrication, operation steps, setups, routings, and in-process 
inspection requirements employed to produce a part. 

3.8.13 sheet metal: metal in a form in which the thickness is substantially less than the width or length. 

NOTE - The maximum metal thickness permitted for metal to be considered sheet metal varies between industries. 
In the automotive industry, this maximum is 13 millimeters. In aerospace, it is 7 millimeters. 

3.8.14 sheet metal part: a part that is not an assembly of other parts but that either is a product or is intended 
to be assembled into a product, and that is sheet metal or is fabricated from sheet metal (see 3.8.13). 

3.8.15 sheet metal part process plan: a part process plan (see 3.8.12) for a sheet metal part (see 3.8.14). 

12 
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3.8.16 stamping press: a machine that applies force to close and open a die set (see 3.8.5) on a sheet metal 
work piece in order to form it. 

NOTE - Annex L describes stamping presses in more detail. 

3.8.17 supplier: a person or organization responsible for producing that design, plan, or physical object under 
the terms of a contract. 

3.9 Abbreviations 

For the purposes of this part of IS0 10303, the following abbreviations apply: 

-AAM 

- AIC 

-AIM 

-Ap 

-ARM 

- ATS 

- B-rep 

- CMM 

- ICOM 

- IDEFO 

Application Activity Model; 

Application Interpreted Construct; 

Application Interpreted Model; 

Application Protocol; 

Application Reference Model; 

Abstract Test Suite; 

Boundry representation; 

Coordinate Measuring Machine; 

Input, Control, Output, Mechanism; 

Integration Definition for Function Modeling; 

- IDEFlX Integration Definition for Information Modeling; 

- NC Numeric Control; 

-OPT Optional 

- PICS 

- UoF Unit of Functionality. 

Protocol Implementation Conformance Statement; 

13 
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4 Information requirements 

This clause specifies the information required for sheet metal die planning and design. 

The information requirements are specified as a set of units of functionality, application objects, and 
application assertions. These assertions pertain to individual application objects and to relationships between 
application objects. The information requirements are defined using the terminology of the subject area of this 
application protocol. 

NOTES 

1 - A graphical representation of the information requirements is given in annex H. 

2 - The information requirements correspond to those of the activities identified as being within the scope of this 
application protocol in annex G. 

3 - The mapping table specified in 5.1 shows how the integrated resources <and application interpreted constructs> 
are used to meet the of this application protocol. 

4.1 Units of functionality 

This subclause specifies the units of functionality for the Sheet metal die planning and design application 
protocol. This part of IS0 10303 specifies the following units of functionality: 

- feature; 

- item: 

- item-definition; 

- item-definition-relationship; 

- item-version; 

- part-process-plan; 

- product; 

- representation-element ; 

- shape-definition; 

- shape-defini t ion-relationship ; 

14 
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- tolerance; 

IS0 10303-207: 1999(E) 

- work-order; 

- work-request. 

The units of functionality and a description of the functions that each UoF supports are given below. The 
application objects included in the UoFs are defined in 4.2. 

4.1.1 feature 

The feature UoF represents areas of interest on an item that are described as a unit for some purpose. 
These areas of interest may serve as a means of calling attention to, or attaching properties to, ail or 
a portion of the design of an item. 

EXAMPLE 2 - When a die is intended to be loaded into a press using a crane, a hole feature may be designed in 
the die to accommodate the hook of the crane. 

The following application objects are used by feature UoF: 

- feature; 

- feature-property. 

4.1.2 item 

The item UoF represents actual physical objects and their classifications. 

The following application objects are used by item UoF: 

- die; 

- item; 

- item-classification; 

- item-classification-relationship; 

- material; 

- part. 

15 
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4.1.3 itemdefinition 

OIS0 

The item-definition UoF represents various designs of an item and its classifications. 

The following application objects are used by item-definition UoF: 

- designed-item; 

- die-definition; 

- external-item-reference; 

- finalgart-definition; 

- in_process-part-definition; 

- item-definition; 

- material-definition; 

- part-definition; 

- scrap-definition. 

4.1.4 item-definition-relationship 

The it~-~f~tion-relationship UoF represents the relationship between the design of one item and the design 
of another item. 

The following application objects are used by item-definition-relationship UoF: 

- assembly-component-relationship; 

- input-item-die-relationship; 

- item-definition-relationship; 

- make-similar-to-relationship; 

- matingrelationship; 

- specified-material-relationship; 

16 
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- symmetrical-item-relationship. 

4.1.5 item-version 

IS0 10303-207:1999(E) 

The item-version UoF represents versions of items and distinguishes whether they are intended for manufacture 
internally or externally to the organization that designed them. 

The following application objects are used by item-version UoF: 

- item-version; 

- made-in-house; 

- purchased. 

4.1.6 part-process-plan 

The part-process-plan UoF represents part process plans and their constraints, versions, and component 
operations. 

The following application objects are used by part-process-plan UoF: 

- die-definition-constraint; 

- part-process-plan; 

- part-process-plan-template; 

- part-process-plan-version-relationship; 

- plantconstraint; 

- press-definition; 

- process-operation. 

4.1.7 product 

The product UoF represents the physical product and both where and when given parts are located within it. 

The following application objects are used by product UoF: 

- marketable-assembly; 

17 
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- part-on-product; 

- part-on-product-location; 

- production-effectivity. 

L999 ri851903 07997bb 385 W 

OIS0 

4.1.8 representation-element 

The representation-element UoF contains representations of elements within overall shapes. These representa- 
tions include mathematical and physical representations. 

The following application objects are used by representation-element UoF: 

- angle-distance-dimension; 

- curve-distance-dimension; 

- curve-length-size-dimension; 

- diameter-size-dimension; 

- dimensional-representation; 

- distance-dimension; 

- linear-distance-dimension; 

- physical-representation; 

- position-orientation-representation; 

- radius-size-dimension; 

- representation-element; 

- size-dimension; 

- solid-representation; 

- surface-representation; 

- wireframe-represent a tion. 
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4.1.9 shape-definition 

OIS0 

The shape-deffition UoF represents the shapes of entire items or areas of interest on items that comprise less 
than entire items. 

The following application objects are used by shape-definition UoF: 

- die-shape-definition; 

- feature-shape-definition; 

- material-shape-defini tion; 

- part-shape-definition; 

- shape-definition. 

4.1.10 shape-definition-relationship 

The shape-definition-relationship UoF represents relationships between shapes. 

The following application objects are used by shape-definition-relationship UoF: 

- envelope-relationship; 

- shape-definition-relationship; 

- similarity-relationship. 

4.1.11 tolerance 

The tolerance UoF represents design allowable deviations on measurements and positions of elements within 
shapes. 

The following application object is used by tolerance UoF: 

- coincidence-defaults; 

- dimension-tolerance-range; 

- shape-tolerance; 

20 
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- tolerance-bound; 

- tolerance-value. 

4.1.12 work-order 

The work-order UoF represents work which has been assigned and all of the classifications of directives for 
that work to be done. 

The following application objects are used by work-order UoF: 

- change-order; 

- external-order; 

- internal-order; 

- start-order; 

- work-item; 

- work-order; 

- work-order-relationship; 

- work-order-responsibility. 

4.1.13 work-request 

The work-request UoF represents the classifications of solicitations for work to be done. 

The following application objects are used by work-request UoF: 

- change-request; 

- start-request; 

- work-request. 

4.2 Application objects 

21 
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This subclause specifies the application objects for the sheet metal die planning and design application protocol. 
Each application object is an atomic element that embodies a unique application concept and contains attributes 
specifying the data elements of the object. The application objects and their definitions are given below. 

4.2.1 Angle-distance-dimension 

An Angle-distance-dimension is a type of Distance-dimension (see 4.2.16) where the distance is calculated 
between two elements converging on a common point or line, measured in units of angle measure. The data 
associated with an Angle-distance-dimension are the following: 

- clockwise; 

- orientation. 

4.2.1.1 clockwise 

The clockwise specifies whether or not the dimension is measured in a clockwise direction from the geometric 
basis element to the geometric target element. 

4.2.1.2 orientation 

The orientation specifies the vector that defines the right-hand-rule to be used in determining the direction of 
measurement specified by the clockwise attribute. 

4.2.2 Assembly-component-relationship 

An Assembly-component-relationship is a type of Item-definition-relationship (see 4.2.3 1) describing the 
immediate assembly context of every component and subassembly, and conversely, the component and 
subassembly composition of every assembly of a die or sheet metal part. The data associated with an 
Assembly-component-relationship is component-quantity. 

The component-quantity specifies the number of components used in the construction of the assembly to which 
they belong. 

NOTE - The item-definitions playing the roles of component and assembly must both be of the same item-- 
definition-type, and must be either a "part-definition" or "die-definition". 

4.2.3 C hange-order 

A Change-order is a type of Work-order (see 4.2.74) that requires modifications to a previous work effort. 
Items modified include part designs, die designs and part process plans. The data associated with a Change-- 
order are the following: 
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- change-design-location; 

- implementor. 

4.2.3.1 change-design-location 

The change-design-location specifies the location of the aspect of a design or a step in a process plan that 
needs to be changed. 

EXAMPLE 3 - When an aspect of a design or a step in a process plan is to be changed, the location of the intended 
change within the context of the overall design needs to be specified. One possible instance of this specification 
would be if the shape of a hole in the design of a sheet metal part needed to be changed. A circle might be drawn 
around the representation of that hole as it appeared on a paper plot of the overall part design. This circle would 
indicate the location where the Changeorder change is intended to occur. Similary in a process plan if a trim die 
operation step needs to be replaced by draw die operation, the change might be indicated by highlighting the process 
operation step. 

4.2.3.2 implementor 

The implementor specifies the person, organization, or both responsible for implementing the change. 

4.2.4 Change-request 

A Change-request is a type of Work-request (see 4.2.77) that solicits change to some aspect of a part design, 
die design or process plan. The data associated with a Change-request are the following: 

- problem-change-description; 

- recommended-solution. 

4.2.4.1 problemchange-description 

The problem-change-description specifies a problem with a part design, die design or process plan. Problem 
change descriptions may be defined textually, graphically or a combination of both. 

4.2.4.2 recommended-solution 

The recommended-solution specifies how a change should be implemented to resolve a problem with a part 
design, die design or process plan. There may be more than one recommended-solution for a Change-request. 
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4.2.5 Coincidence-defaults 

A Coincidence-defaults is a description of the limits of positional variance between two elements of a CAD 
model under which the two elements will be considered to be coincident. The data associated with a 
Coincidence-defaults are the following: 

- position; 

- angle. 

EXAMPLE 4 - A model in a CAD System A consists of two points seperated by 1 .O mm. CAD System A requires 
a linear seperation between points to equal or exceed O. 1 mm in order to be considered non-coincident. Therefore 
C A D  System A has a coincidence-defaults.postion equal to 0.1 mm. CAD System B has a greater 
coincidence_defaults.position, equal to 1 .O mm. Therefore if the model from CAD System A is transfered to CAD 
System B, the two points will be considered to be coincident there. 

4.2.5.1 position 

The position specifies the maximum linear separation condition between two points under which they will be 
considered to be coincident. 

4.2.5.2 angle 

The angle specifies the maximum angular separation condition between two elements under which they will 
be considered to be coincident. 

4.2.6 Curve-distance-dimension 

A Curve-distance-dimension is a type of Distance-dimension (see 4.2.16) where the distance is calculated 
between two elements along a path defined by a third element of geometry. 

4.2.7 Curve-length-size-dimension 

A Curve-length-size-dimension is a type of Size-dimension (see 4.2.63) where the element to be measured 
is a curve and the measurement is to be along the entire path of the curve. 

4.2.8 Designed-item 

A Designed-item is a type of Item-definition (see 4.2.30) that is a part design or die design that is created 
intemal to a business organization rather than created externally. The data associated with a Designedjtem 
are the following: 
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- creation-date-and-time; 

- data-exchange-history; 

- data-ownership; 

- designer; 

- generatingsystem-information; 

- media-requirements. 

EXAMPLE 5 - A standard fastener is an example of an externally designed item. 

4.2.8.1 creation-date-and-time 

The creation-date-and-time specifies the date and optionally the time that a Designed-item was created. 

4.2.8.2 data-exchange-history 

The data-exchans-history specifies the software, hardware, and sequence of all translations of the designed-- 
item suice that or those translations specified by the generatingsystem-information. There may be more than 
one data-exchange-history for a Designed-item. 

4.2.8.3 data-ownership 

The data-ownership specifies all the organizations and associated personnel that have ownership of part or die 
design data. included in this information is ownership history. There may be more than one data-ownership 
for a Designed-item. 

4.2.8.4 designer 

The designer specifies the person and organization that designed the item. The information includes names, 
addresses, and phone numbers of people and organizations who created the design of a part or die Item. There 
m a y  be more than one designer for a Designed-item. 

4.2.8.5 generatingsystem-information 

The generating-system-information specifies a reference to a document, electronic file, or other source that 
specifies the software, hardware, and file names where the original part or die design information was 
generated. The original data set location, the name of the user who created it, and the creating organization, 
with all relevant addresses and phone numbers, are included. There may be more than one generatingsystem-- 
information for a Designed-item. 
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4.2.8.6 media-requirements 

The media-requirements specifies the expected format and media to be used for the designed data information. 
There may be more than one media-requirements for a Designed-item. 

EXAMPLE 6 - Media requirements may state whether information is to be plotted on paper or provided in a 
specified electronic format. A media-requirement might specify that the shape-definition of a die is to be presented 
in a proprietary corporate format while the bill of material should be presented on a specific paper form. 

4.2.9 Diameter-size-dimension 

A Diameter-size-dimension is a type of Size-dimension (see 4.2.63) where the element to be measured is 
circular and the measurement is the diametrical distance between two points on the element. 

4.2.10 Die 

A Die is a type of Item (see 4.2.27) that is a tool used singly, or in sets in a stamping press, to stretch, 
compress, or hammr sheet metal against in order to impart a desired shape to an object made of sheet metal. 
It may or may not include cams. 

NOTE - Further explanation may be found in annex L. 

4.2.1 1 Die-definition 

A Die-definition is a type of Item-definition (see 4.2.30) that defmes references that are specific to dies or their 
in-process or final-form components. The data associated with a Die-definition are the following: 

- die-function-description; 

- die-layout-specification-reference; 

- die-structure-specification-reference; 

- die-weight; 

- pattern-casting-specification. 

4.2.11 . 1 diefunc tion-description 

The die-function-description specifies the operation of a die assembly, subassembly or component. 

4.2.1 1.2 die-layout-specification-reference 
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The die-layout-specification-reference specifies the particular manuals and sections within manuais that detail 
the methods and standards used to design the die face. There may be more than one die-layout-specification-- 
reference for a Die-definition. 

4.2.11.3 die-structure-specification-reference 

The die-structure-specification-reference specifies the particular manuals and sections within manuals that 
detail the methods and standards used to design the structural elements of dies. There may be more than one 
die-structure-specification-reference for a Die-definition. 

4.2.11.4 die-weight 

The die-weight specifies the weight of a die component, subassembly or fuily assembled die set, and whether 
it is estimated, calculated, or measured. 

4.2.1 1.5 pattern-castingspecification 

The pattern-castingspecification specifies an already manufactured pattern or an existing casting design to 
be used to obtain the casting from which the die component will be machined. This attribute only applies to 
die components that are not assemblies. 

NOTE - This application element is a reference to either a physical object or to a CAD design. 

4.2.12 Die-defini tion-constraint 

A Die-definition-constraint is a description of a restriction on how a die is defined. A Die-definition-- 
constraint is commonly a Plantconstraint (see 4.2.50), a Press-definition (see 4.2.52), or another kind of 
constraint as described in the constraint-description attribute of this entity. The data associated with a 
Die-definitionconstraint is constraint-description. 
The constraint-description specifies a description of the Die-definition-constraint and also specifies that 
a Die-definition-constraint is neither a Plant-constraint nor a Press-definition. 

NOTES 

1 - IDEFlX occasionally is incapable of modelling category relationships when the candidate generic entity and 
one or more of its candidate category entities participate in circular relationships. The IDEFlX terms generic and 
category correspond to supertype and subtype in EXPRESS terminology. A Die-definitionconstraint is such a 
candidate generic entity as depicted in the ARM diagrams. Therefore it is modelled as an entity which "is" zero 
or one of each of the two entities which would have been its category entities. In addition, the note following has 
been added to the ARM diagram to ensure that the Die-definitionconstraint is treated as a generic entity. 

2 - Each instance of Die-definitionconstraint is either a Pressdefinition, a Plant-constraint, or neither of them. 
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EXAMPLES 

7 - Items such as plant crane capacity, material handling capabilities and plant layout restrict the manner in which 
a die may be designed. 

8 - Examples of Die-definitionconstraints-which are neither examples of Plant-constraints nor of 
Press-definitions include temperature or humidity variation where a die set will be installed, projected in-process 
stress on a die, and the coefficient of thermal expansion of the steel from which the die will be cast. 

4.2.13 Die-shape-definition 

A Die-shape-definition is a type of Shape-definition (see 4.2.59) where the shape being described is that of 
a die or die component. 

4.2.14 Dimension-tolerance-range 

A Dimension-tolerance-range is a range of values within which the realization of a Dimensional-representation 
may fall and still comply with the design specification. 

NOTE - Instances of Dimension-tolerance-range either have a non-blank value for their tolerance-fitting-type 
attribute, or non-blank values for all of their associated Tolerance-value instances; but never do both situations 
occur simultaneously. 

EXAMPLE 9 -The range of values can be specified in many ways. In sheet metal design of the active surfaces of 
a die or of the shape of the formed sheet metal, tolerances may often be implied by the number of digits given in 
the Dimensional-representation. For example, if 7.0 mm is specified, it is assumed that the actual measure may 
vary between 6.9 and 7.1 mm. If 7.00 mm were specified, the actual measure could vary between 6.99 and 7.01 
mm. Other sheet metal designers use a similar form of implicit tolerance known as significant digits or rounding 
tolerance. These represent the range of values that would round to the specified measure. For example, if 7.0 mm 
is specified, it is assumed that the actual measure may vary between 6.95 and 7.04 mm. If 7.00 mm were specified, 
the actual measure could vary between 6.995 and 7.004 mm. 

The data associated with a Dimension-tolerance-range is tolerance-fittinLtype. 

The tolerance-fitting-type specifies the class of hole and shaft fit. The tolerance-fittingtype need not be 
specified for a particular Dimension-tolerance-range. 

4.2.15 Dimensional-representation 

A Dimensiona'representation is a type of Representation-element (see 4.2.57) in which the shape of an object 
is represented in terms of a series of dimensional units and values. 

EXAMPLE 10 - The representation of a piece of sheet metal may be that it is 2 meters long by 1 meter wide by 3 
millimeters thick. 
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4.2.16 Distancedimension 

A Distance-dimension is a type of Dhmsional-representation (see 4.2.15) that is a calculation of the distance 
between two elements of geometry or annotation. Each Distance-dimension is either an Angle-distance-- 
dimension (see 4.2. i), a Curve-distance-dimension (see 4.2.6), or a Linear-distance-dimension (see 4.2.33). 

4.2.17 Envelope-relationship 

An Envelope-relationship is a type of Shape-def~tion-relationship (see 4.2.60) in which one Shape-definition 
plays the role of envelope for another Shape-definition. It is possible to have multiple Envelope-relationships 
for the same pair of Shape-definitions. 

EXAMPLE 11 - A design may be developed within a constraint requiring it to have a Shape-definition that fits 
within a boundary. The boundary may also be defined as a Shape-definition. The relationship between the 
boundary Shape-definition and the design Shape-definition is an Envelope-relationship type of Shape-definition, 
relationship 

4.2.18 External-item-reference 

An External-item-reference is a type of Item-definition (see 4.2.30) in which the definition of the item may 
be described in terms of or as an item that has been externally originated. An external item is an item that is 
typically procured rather than designed. The data associated with an External-item-reference are the 
following: 

- manual-reference-description; 

- name; 

- needed-modifications. 

4.2.18.1 manual-reference-description 

The manual-reference-description specifies page and paragraph references within books and manuals that 
contain external item information. 

4.2.18.2 name 

The name specifies the name by which the external item is known. 

4.2.18.3 needed-modifications 

The needed-modifications specifies any changes that need to be made to the external item in order to make use 
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of the item. The needed-modifícation need not be specified for a particular External-item-reference. There may 
be more than one needed-modifications for an External-item-reference. 

4.2.19 External-order 

An External-order is a type of Work-order (see 4.2.74) in which the requested work will be done by an 
organization outside of the one placing the order. The data associated with an Externalorder are the following: 

- contractual-requirement; 

- purchase-order-number; 

- purchasingagent; 

- supplier-identification. 

4.2.19.1 contractual-requirement 

The contractual-requirement specifies the terms of the contract between the contractor and the supplier 
responsible for carrying out the work outlined in the external-order. There may be more than one contractual-- 
requirement for an Externalorder. 

4.2.19.2 purchase-order-number 

The purchase-order-number specifies the External-order for the supplier. 

4.2.19.3 purc hasingagent 

The purchasingagent specifies the people and associated departments or internal organizations responsible 
for procuring the services of a supplier to service the External-order. There may be more than one 
purchasingagent for an External-order. 

4.2.19.4 supplier-identification 

The supplier-identification specifies the supplier who is servicing the External-order. The identification 
information includes the name, address, phone number and any other unique identification of a supplier 
business organization. There m a y  be more than one supplier-identification for an External-order. 

4.2.20 Feature 

A Feature is an area of interest on an Item (see 4.2.27) that is described as a unit for some purpose. The data 
associated with a feature are the following: 
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- designer; 

- feature-name. 

EXAMF'LE 12 - Passible Features include adhesive locations, beads, bends, body lines, breaklines, cutouts, dimples, 
feature lines, flange lines, holes, joggles, locating points, lock stops, machinable areas, master control surfaces, 
mold points, overcrowns, overdraws, periphery trim, sausages, slots, tooling holes, trim lines, weld spots, and work 
lines. 

NOTE - The data feature-identification has been removed and will be mapped to the attribute identifier when it 
is available in I S 0  10303-41. 

4.2.20.1 designer 

The designer specifies the designer of the particular feature being defined as part of an Item-definition, 

4.2.20.2 feature-name 

The feature-name specifies the class of Feature as a descriptive label. 

4.2.21 Feature-property 

The Feature-property is the description of a property and associated values that are attached to a feature of 
a part or die component. The data associated with a Feature-property are the following: 

- property-description; 

- propertytype. 

EXAMPLE 13 -Passible properties of features include skin quality, grain direction, surface finish, surface quality, 
heat treat information, finish coats, springback, coating properties, and key characteristics. 

NOTE - The data feature-property-identification has been removed and will be mapped to the attribute identifier 
when it is available in I S 0  10303-41. 

4.2.21.1 property-description 

The propertydescription specifies the property measurements associated with a Feature. This property 
description may be textual or may be a value with a specified unit. This property may or may not be intrinsic 
to a material. 

4.2.21.2 property-type 
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A property-type specifies the class of property. 

4.2.22 Feature-shape-definition 

A Feature-shape-definition is a type of Shape-definition (see 4.2.59) in which the shape being described is 
that of a Feature. The Feature-shape-definition may describe the shape of a Feature on a part whose shape 
is defined by a Part-shape-definition (see 4.2.48). 

4.2.23 Final-part-definition 

A Final-part-definition is a type of Part-definition (see 4.2.42) that is the output of the final die operation 
performed on the part prior to any assembly work. 

4.2.24 In-process-part-definition 

An Inqrocessqart-def~tion is a type of Part-definition (see 4.2.42) in which the part being defined is of an 
in-process sheet metal part that is intended to be operated upon by a manufacturing process. A series of one 
or more manufacturing processes acting upon one or more in-process part definitions will produce as the final 
output a part defined by a Final-part-definition (see 4.2.23). As such, an in-process-part-definition is the 
design of a sheet metal part in terms of the requirements for operation by a subsequent manufacturing process. 

4.2.25 Input-item-die-relationship 

An Input-item-die-relationship is a type of Item-definition-relationship (see 4.2.3 1) that describes a 
relationship between input parts or materials or scrap and the die that modifies them. The input part or 
material or scrap is the in-process part or raw niaterial or by-product of a previous process that will be stamped 
by a die in a press operation. This relationship also describes the positioning and orientation of the item within 
the die. The item-definition playing the role of input-item shall be of item-definitiontype "part-definition", 
"material-definition", or "scrap-definition", and that playing the role of die must be of item-definition-type 
"die-definition" . 

4.2.26 Internal-order 

An Internal-order is a type of Work-order (see 4.2.74) in which the work described by the Work-order is 
planned to be done within an organization. The data associated with an Internal-order are the following: 

- authorized-hours; 

- charge-number; 

- source-department. 
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4.2.26.1 authorized-hours 

The authorized-hours specifies the maximum number of man hours that will be allocated for completing the 
terms of the Internalorder. 

4.2.26.2 charge-number 

The charge-number specifies a project against which the hours or cost of completing the Work-order may be 
charged. 

4.2.26.3 source-department 

The source-department specifies the group that drafted and requested the Internal-order. Information 
describing the source-department includes any organization identifiers, the name of the department, department 
address, and department phone number. There may be more than one source-department for an Internal-order. 

4.2.27 Item 

An Item is an object in the scope of the subject of sheet metal that is, or is intended to be, produced. An Item 
may be one of the following: a Die (see 4.2.10), a Material (see 4.2.37), or a Part (see 4.2.41). The data 
associated with an Item are the following: 

- item-description; 

- item-name; 

- item-number. 

4.2.27.1 item-description 

The item-description specifies the description of an object in the scope of the subject of sheet metal. 

4.2.27.2 itemname 

The item-name specifies the name of an object in the scope of the subject of sheet metal. 

4.2.27.3 itemnumber 

The item-number specifies a unique identification of a manufactured object in the scope of the subject of sheet 
metal. 

4.2.28 Itemclassification 
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An Item-classification specifies a categorization of an Item. This classification is intended to be used so that 
designers may easily reference similar designs done in the past. The data associated with an Item-classification 
are the following: 

- classification-description; 

- classification-identification; 

- classificationname. 

4.2.28.1 classification-description 

The classification-description specifies a human interpretable definition of the Item-classification. 

4.2.28.2 classification-identification 

The classification-identification specifies a unique identification of the Item-classification. 

4.2.28.3 classification-name 

The classificationname specifies a nnzanhfl ~ ~ a ~ p l i e  for a categorization of Item. 

EXAMPLE 14 - A classificatim-name may be deep drawn die assemblies, &e shoes, or brackets. 

4.2.29 Itemclassification-relationship 

An Iterr-classification-relationship is a hierarchical association of two Item-classification objects. The data 
associated with an Item-classification-relationship is relationship-description. 

The relationship-description specifies the nature of the association between the two Item-classification objects. 

4.2.30 Item-definition 

An Item-definition is a type of Work-item (see 4.2.73) that is the complete description of an assembly, 
component, scrap, or raw material that is part or all of a sheet metal part, the scrap that results from an 
operation, or a stamping die. An Item-definition may be one of the following: either a Designed-item (see 
4.2.8) or an Extam-itern-reference (see 4.2.18). An Item-definition may also be one of the following: either 
a Die-definition (see 4.2.1 i), a Material-definition (see 4.2.38), a Part-definition (see 4.2.42), or a Scrap-- 
definition (see 4.2.58). This definition includes all relevant properties of the defined item such as item 
relationships, the physical shape of the Item, and Feature characteristics. The data associated with an Item-- 
definition are the following: 
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- approval; 

- approval-status; 

- definition-description; 

- procurement-information; 

- proprietary-security-usage-information. 

NOTE - The data item-definition-identification has been removed and will be mapped to the attribute identifier 
when it is available in IS0 10303-41. 

4.2.30.1 approval 

An approval specifies all relevant signoffs and signoff dates by respective management and technical personnel 
to indicate that the Item-definition has met certain requirements from their perspectives. There may be more 
than one approval for an Item-definition. 

EXAMPLE 15 - The requirements of a person providing an approval may include conformity to: drafting 
techniques, contractual obligations, quality, or a standard. 

4.2.30.2 approval-status 

An approval-status specifies the status of the last approval for an Item-definition. 

4.2.30.3 definition-description 

The definition-description specifies a description of the physical item being defined. 

4.2.30.4 procurement-information 

The procurement-information specifies the information required to procure items needed as part of the design, 
or to procure externally originating items. This information includes the name, address, phone number, and 
contact personnel of the vendor supplying the item. This vendor may be an in-house department. There may 
be more than one procurement-information for an Item-definition. 

4.2.30.5 proprietary-security-usage-information 

The proprietary_security-usage_information specifies a description of the degree to which item definition data 
may be shared and used within and external to an organization. This information would include any limitations 
on distribution of data, limitations on who may access the data, and limitations as to what the data may be used 
for. There may be more than one proprietary-security-usage-information for an Item-definition. 
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4.2.31 Item-definition-relationship 

An Item-definition-relationship is a specific type of relationship between one Part-definition (see 4.2.42), 
Die-definition (see 4.2.1 i), Material-definition (see 4.2.38), or Scrap;definition (see 4.2.58) and another 
Part-def~tion, Die-def~tion, Material-definition, or Scrap-definition. An Item-definition-relationship may 
be one of the foiiowing: an Assembly-component-relationship (see 4.2.2), an Input-item-die-relationship (see 
4.2.25), a Make-similar-to-relationship (see 4.2.35), a MatinLrelationship (see 4.2.40), a Specified-- 
material-relationship (see 4.2.65), or a Symmetricaljtem-relationship (see 4.2.69). An 
Item-definition-relationship is an association of two Item-definitions which define Items which may be 
assembled together, act upon each other, be similar to each other, mate or interface with each other, be 
symmetrical to each other, or where one item is used to make the other. It is possible to have multiple 
relationships between the same pair of part, die, material, or scrap Item-definitions provided that each of the 
relationships is of a different relationship type. The data associated with an Item-definition-relationship is 
relationship-description. 

The relationship-description specifies a definition of the manner in which two Item-definitions relate to each 
other. The description shall be defined in a manner that is specific to the type of relationship being described. 

EXAMPLE 16 - A symmetrical item relationshipdescription will be a description of the manner in which two parts 
are symmetrical to each other with respect to a point, line, or plane. 

4.2.32 Item-version 

An Item-version is a type of Work-item (see 4.2.73) that is a particular variant of an object in the scope of 
the subject of sheet metal that is, or is intended to be, produced. An Item-version may be one of the following: 
either a Purchased (see 4.2.55) or a Made-in-house (see 4.2.34). The data associated with an Item-version 
are the following: 

- approval; 

- approval-status; 

- description; 

- item-version-identification; 

- revision-date-and-tim. 

4.2.32.1 approval 
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An approval specifies ali relevant signoffs and signoff dates by respective management and technical personnel 
to indicate that the Item-version has met certain requirements from their perspectives. There may be more than 
one approval for an Item-version. 

4.2.32.2 approval-status 

An approval-status specifies the status of the last approval for an Item-version. 

4.2.32.3 description 

The description specifies a description of the version of an object in the scope of the subject of sheet metal that 
is being identified by the Item-version. 

4.2.32.4 item-version-identification 

The item-version-identifcation specifies uniquely the Item-version. 

4.2.32.5 revision-date-and-time 

A revision-date-and-time specifies the date and optionally the time that the Item-version was revised. 

4.2.33 Linear-distance-dimension 

A Linear-distance-dimension is a type of Distance-dimension (see 4.2.16) where the distance is calculated 
between two elements along a linear path. 

NOTE - The Linear-distance-dimension can be used for the horizontal measurement between two points by 
specifying a direction vector parallel to the x-axis of the coordinate system. 

4.2.34 Made-in-house 

A Made-h-house is a type of Item-version (see 4.2.32) manufactured internal to an organization that designs 
the Item. 

4.2.35 Make-similar-to-relationship 

A Make-similar-to relationship is a type of Item-definition-relationship (see 4.2.3 1) between two Item-- 
definitions where one Item-definition was defined similarly to a second Item-definition. 

EXAMPLES 
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17 - A designer may wish to maintain a record of the association between a current design for a die punch and the 
design of a die punch used on an otherwise unrelated project several years before, because he wishes to be able to 
justify the current design's unusual characteristics as being based on the reliability of the previous design. 

18 - A Make-similar-to-relationship only models relationships between Item-definitions. Item-definition-- 
relationships may or may not have their shapes characterized, because purely textual descriptions are allowed, or 
the level of definition of the Items involved may not have reached the level of geometrical design at a given time. 
This entity models the fact that designers occasionally base a design on a previous design. Questions about the later 
design may be answered by referring to records of the earlier design. Therefore the similarity being modelled by 
this entity may or may not be based on shape, but it is being recorded on the basis of the Itembefinition context 
of that similarity. This distinguishes Make-similar-to-relationship from Similarity-relationship. 

4.2.36 Marketable-assembly 

A Marketable-assembly is a component or assembly that is, or includes, one or more stamped sheet metal 
objects. Such components and assemblies include automobiles, airplanes and computer chassis. The data 
associated with a Marketable-assembly are the following: 

- model-ident ificat ion ; 

- productionjear; 

- style-identification. 

4.2.36.1 model-identification 

The modei-identification specifies the specific model of a marketable-assembly within a style categorization 
of Marketable-assemblies. 

EXAMPLE 19 - In the automotive business the model identification might identify a Pontiac Bonneville, that is 
one of the Marketable-assembly types within the A style category. 

4.2.36.2 productionjear 

The production_year specifies the year in which a Marketable-assembly is or is intended to be manufactured. 

4.2.36.3 stylejdentification 

The style-identification specifies a particular classification of Marketable-assemblies based on certain features 
thereof. 

EXAMPLE 20 - In the automotive business the style is often a categorization of Marketable-assemblies based on 
common shapes of the car body among several different vehicles. 

4.2.37 Material 
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A Material is a type of Item (see 4.2.27) that identifies the raw material of which a part or die Item is made. 

4.2.38 Materialdefinition 

A Material-defmition is a type of Item-defmition (see 4.2.30) defining aspects that are specific to the materials 
of which sheet metal parts and dies are made. The data associated with a Material-definition are the following: 

- material-description; 

- material-specification. 

4.2.38.1 material-description 

The material-description specifies the materials of which sheet metal parts, dies, and die components are made. 

4.2.38.2 material-specification 

The material-specification specifies the callout or identification of a specific material via references to a book 
or manual that contains a listing of raw materials. 

4.2.39 Material-shape-definition 

A Material-shape-defmition is a type of Shape-definition (see 4.2.59) where the shape being described is that 
of a material. 

4.2.40 Matingrelationship 

A Matingrelationship is a type of Item-definition-relationship (see 4.2.3 1) used for the description of the 
relationship between mating components in an assembly or subassembly of a part or die Item. This relationship 
specifically defines how mating parts interface and any associated shape characteristics of the interface. In the 
Mating_relationship the types of Items that are related must be of the same type. Thus part Items may not have 
a mating relationship with die Items and vice versa. 

NOTE - The item-definition playing the role of mating and the item-definition playing the role of mated must both 
be of the same item-definition-type, must be of item-definition-type "part-definition" or "die-definition". and must 
be at the same level with respect to the next higher level of assembly. This distinguishes this relationship type from 
assembl y-component-relationship. 

4.2.41 Part 

A Part is a type of Item (see 4.2.27) identifying a sheet metal product or an in-process sheet metal Part Item. 
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4.2.42 Part-definition 

A Part-def~tion is a type of Item-def~tion (see 4.2.30) that further defines aspects that are specific to sheet 
metal parts. A Part-definition is either a Final-part-definition (see 4.2.23) or an In-process-part-definition 
(see 4.2.24). 

4.2.43 Part-on-product 

A Part_onqroduct is the relationship between a product such as an assembly, aircraft, or automobile, and a 
sheet metal part that is placed on that product. 

4.2.44 Part-on-product-location 

A Part-onqroduct-location is the location of a sheet metal part with respect to the Marketable-assembly on 
which it will be placed. The data associated with the Part-on-product-location is intraproduct-location. 

The intraproduct-location specifies where a specific sheet metal part is placed relative to a Marketable-- 
assembly. 

4.2.45 Part-process-plan 

A Part-process-plan is a type of Work-item (see 4.2.73) that is the description of the specific process steps 
needed to manufacture a sheet metal Part. The data associated with a part-process-plan are the following: 

- approval; 

- approval-status; 

- creation-date-and-time; 

- data-ownership; 

- generatingsystem-information; 

- part-process-versionjcientification; 

- plan-status; 

- planner; 

- production-rate; 
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- proprietary-security-usage-information; 

- review-date-and-time; 

- version-description. 

4.2.45.1 approval 

An approval specifies ail relevant signoffs and signoff dates by respective management and technical personnel 
to indicate that the plan for the manufacturing process of a sheet metal part has met certain requirements from 
their perspectives. There may be more than one approval for a Part-process-plan. 

4.2.45.2 approval-status 

An approval-status specifies the status of the last approval for a Part-process-plan. 

4.2.45.3 creation-date-and-time 

The creation-date-&-time specifies the date and optionally the time that indicates when the Part-process-- 
plan was created. 

4.2.45.4 data-ownership 

The data-ownership specifies a breakdown of all the organizations and associated personnel that have 
ownership rights in Part-process-plan data. Included in this information is ownership history, all ownership 
rights and other related proprietary statements. There may be more than one data-ownership for a Part-- 
process-plan. 

4.2.45.5 generatingsystem-information 

The generatingsystem-information specifies a reference to an external document that specifies the software, 
hardware and file names where the original process plan information was generated. Included in this 
infomtion is the user who created the data and the creating organization with all relevant addresses and phone 
numbers. The location of the original data set is also included in this information. There may be more than 
one generatingsystem-information for a Part-process-plan. 

4.2.45.6 part-process-version-identification 

The part-process-version-identification specifies the unique Part-process-plan, 
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4.2.45.7 planner 

The planner specifies the person and related organization responsible for constructing the Part-process-plan. 
There may be more than one planner for a Part-process-plan. 

4.2.45.8 plan-status 

The ph-status specifies the degree to which the plan has been accepted. The statuses that may be specified 
include released, pre-released, and implemented. 

4.2.45.9 production-rate 

The production-rate specifies the frequency of sheet metal part production based on the part process plan. 

4.2.45.10 proprietary-security-usage-information 

The proprietary-security-usage-information specifies the degree to which Part-process-plan data may be 
shared and used within and external to an organization. This information would include any limitations of 
distribution of data, limitations on who has access to the data and limitations as to what the data may be used 
for. There may be more than one proprietary-security-usage-information for a Part-process-plan. 

4.2.45.11 review-date-anotime 

The review-date-&-time specifies the date and o p t i o d y  t h  t h e  infonnation that indicate when the Part-- 
process-plan was reviewed. 

4.2.45.12 version-description 

The version_descnption specifies the p e r d  process that is being followed to produce a particular sheet metal 
Part. 

4.2.46 Part-process-plan-template 

A Part-process-plan-template is a template for outlining the general steps that are required to manufacture 
a sheet metal part. 

NOTE - The data standard-plan-identification has been removed and will be mapped to the attribute identifier 
when it is available in IS0 10303-41. 
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4.2.47 Partprocess-plan-version-relationship 

A Part-process-plan-version-relationship is a relationship between a Part-process-plan and a subsequent 
Partqrocess-plan based upon it. The data associated with a Part-process-plan is revision-reason. 

The revision-reason specifies the reason that the subsequent Part-process-plan was created from the original 
Part-process-plan, There may be more than one revision-reason for a Part-process-plan-version-- 
relationship. 

4.2.48 Part-shape-definition 

A Part-shape-definition is a type of Shape-definition (see 4.2.59) where the shape being described is that of 
a sheet metal part. 

4.2.49 Physical-representation 

A Physicalrepresentation is a type of Representation-element (see 4.2.57) containing the identification and 
description of a hard aid that is used to represent the shape of an object. Hard aids include such things as 
wooden models, plaster models and clay models of the shapes of objects. The data associated with a physical 
representation are the following: 

- hard-aid-description; 

- hard-aid-identification; 

- hard-aid-type. 

4.2.49.1 hard-aid-description 

The hard-aid-description specifies the hard aid in terms of its properties and characteristics. 

4.2.49.2 hardaid-identification 

The hard-aid-identification specifies uniquely a physical model that represents a shape, 
identification may indicate a location and physically stamped identification number. 

The unique 

4.2.49.3 hard-aid-type 

The hard-aid-type specifies the type of hard aid being used for the Physical-representation. 

EXAMPLE 21 - Hard aid types include plaster, wood, and clay. 
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4.2.50 Plant-constraint 

A Plant-constraint is a type of Die-definition-constraint (see 4.2.12) placed on the manufacture of stamped 
sheet metal parts based on a capability or requirement of the facilities and organization responsible for 
producing the parts. The data associated with a Plantconstraint are the following: 

- constraint-description; 

- constraint-type; 

- constraint-value; 

- plant-identification. 

NOTE - The data plant-constraint-identification has been removed and will be mapped to the attribute identifier 
when it is available in IS0 10303-41. 

4.2.50.1 constraint-description 

The constraint-description specifies the nature of a constraint. 

EXAMPLE 22 - An example of a constraint-description could be "die weight maximum" when referring to a 
Plantconstraint in which a constraint-value could be "10 tons" and the constraint-type could be "plant crane 
capacity". Together these attributes define a Plant-constraint in which die weights cannot exceed 10 tons due to 
crane capacity. 

4.2.50.2 constraint-type 

The constraint-type specifies uie kind of restriction with regard to manufacturing sheet metal parts that a plant 
has. There may be more than one constraint-type for a Plant-constraint. 

EXAMPLE 23 - Constraint-types include crane capacity, automation equipment restrictions, press capabilities, 
plant layout restrictions, and die material requirements. See also example 22. 

4.2.50.3 const raint-value 

The constraint-value specifies the measure or value of a restriction with regard to manufacturing sheet metal 
parts that a plant has. There may be more than one constraint-value for a Plant-constraint. 

EXAMPLE 24 - See example 22. 

4.2.50.4 plant-identification 
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A plant-identification specifies the plant in which the constraints regarding the Part-process-plan exist. 

4.2.51 Position-orientation-representation 

A Position-orientation-representation is a type of Representation-element (see 4.2.57) that describes the 
orientation of objects relative to each other in a given space, or establishes the context of a single object relative 
to a space. 

NOTE - A Position-orientationrepresentation may only be used to represent Shape-definitions which are in 
relationships with subtypes of Item-definition-relationship. 

EXAMPLE 25 - A special case example is mirroring, in which an object is oriented as a mirror image across a 
given plane or line of symmetry relative to another object. 

4.2.52 Press-definition 

A Press-defdtion is a type of Die-definition-constraint (see 4.2.12) that describes the device that is used in 
a process operation to cause a die or dies to form a sheet metal part, and includes any automated devices 
required to manipulate the sheet metal within that áevice. This description includes the attributes of this device 
and its interior handling equipment. 

NOTE - Every Pressdefinition participates in at least one of its non-identifymg relationships. 

EXAMPLE 26 - Some dies require mounting within a press in order to be used to impart shape to sheet metal; the 
press is this device in such cases. Other dies may not require a press, but must have the sheet metal mounted in 
a clamp that is then used to stretch the metal over the die; the clamp is this device in such cases. Some dies need 
neither a press nor clamps because they are used as a form over which to manually hammer sheet metal. 

The data associated with a press definition are the following: 

- automation-equipment; 

- pressforces; 

- pressjdentification; 

- press-line; 

- press-location; 

- press-size; 

- press-specification-reference; 

45 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



IS0 10303-207:1999(E) OIS0 

- press-type. 

4.2.52.1 automationequipment 

The automation-equipment specifies all automated equipment associated with the press. There may be more 
than one automation-equipment in a Press-definition. 

EXAMPLE 27 - Typical types of automationequipment that are attached or used with a press may include iron 
hands, robots, suction grippers, and metal gain devices. 

4.2.52.2 press-forces 

The press-forces specifíes the amount of force that a particular press may apply to a sheet metal part through 
each of its one or more rams. There may be more than one press-forces for a Press-definition. 

4.2.52.3 press-identification 

The press-identification specifies uniquely a physical sheet metal stamping press. 

4.2.52.4 press-line 

The press-line specifies the particular fabrication plant and fabrication line in which the press is or is intended 
to be located. 

4.2.52.5 presslocation 

The press-location specifies the physical location of the defined press in terms of its position within a press 
line, or, if there is no press line, in terms of its position within a plant. 

4.2.52.6 press-size 

The press-size specifies the main dimensional features of a given press, including length, width, and height of 
the overall press, and the shut height. There may be more than one press-size for a Press-definition. 

NOTE - Shut height is the maximum height of die which a press can accomodate. 

4.2.52.7 press-specification-reference 

The press-specification_reference specifies a book or m u d  that contains the full specification and description 
of the defined press. 

4.2.52.8 press-type 
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EXAMPLE 28 - Press-types could include a single action press, double action press, and several others. 

4.2.53 Processoperation 

A Process-operation is the description of a single operation that is involved in the manufacture of a sheet metal 
part. Included in this description is the operation production rate and references to the machines and tools used 
in the manufacture and design of the sheet metal input for the operation. The data associated with a Process-- 
operation are the following: 

- operation-description; 

- operation-sequence-number; 

- reference-specifications; 

- required-shut-height; 

- requ ired-st ampinLforces ; 

- scrap-percentage; 

- units-per-operation. 

4.2.53.1 operation-description 

The operation-description specifies the type of and procedure of a single operation that is part of the 
manufacturing process of a sheet metal part. 

EXAMPLE 29 - Operation parameters such as die temperature may be included. 

4.2.53.2 operation-sequence-number 

The operation-sequence-number specifies the particular sequence of an operation relative to a series of 
operations that produce a final sheet metal part. 

4.2.53.3 reference-specifications 

The reference-specifications specifies processing standards and guidelines that are referenced as part of the 
description of an individual process operation. There may be more than one reference-specifications for a 
Process-operation. 
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4.2.53.4 required-shut-height 

The required-shut-height specifies the minimum shut height permissible in a Press-definition capable of 
fulfilling the requirements of a Process-operation. 

4.2.53.5 required-stampingforces 

The required-stampingforces specifies the minimum required amount of force that a press must apply to a 
sheet metal part through each of its one or more rams in order to be capable of fulfilling the requirements of 
a Process-operation. There may be more than one required-stampingforces for a Process-operation. 

4.2.53.6 scrap-percentage 

The scrap-prcentage specifies the percentage of the material that is input to the Process-operation that will 
be scrap upon completion of that Process-operation. 

4.2.53.7 units-per-operation 

The units-per-operation specifies the number of sheet metal items produced within one occurrence of a 
Process-operation. 

4.2.54 Production-effectivity 

A Production-effectivity is the description of the production and design conditions under which a particular 
part item should be used relative to the manufacture of a Marketable-assembly. The data associated with a 
Production-effectivity are the following 

- date-and-time-effectivity; 

- effectivity-identification; 

- sequence-effectivity. 

NOTE - Either date-and-time-effectivity or sequence-effectivity must be specifiec 

4.2.54.1 date-and-time-effectivity 

but not both. 

The date-anc-time-effectivity specifies the timefmme under which a specific sheet metal part or die or version 
of a part or die is to be used. The timeframe typically specifies that as of a certain date and time, a certain 
item should be used in a certain configuration. Sometimes there is a date and time of expiration of the 
effectivity. There may be more than one date-and-time-effectivity for a Production-effectivity. 
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4.2.54.2 effectivity-identification 

The effectivity-identification specifies a unique production-effectivity. 

4.2.54.3 sequence-effectivity 

A sequence-effectivity specifies particular sequence numbers of a Marketable-assembly, assembly or 
subassembly of a part or die for which a specific item should be used. There may be more than one sequence-- 
effectivity for a Productioneffectivity. 

4.2.55 Purchased 

A Purchased is a type of Item-version (see 4.2.32) procured from an organization external to the organization 
that designs the Item. The data associated with a Purchased is purchase-requirements. 

The purchase-requirements specifies the conditions under which the purchase must be made. There may be 
more than one purchase-requirements for a Purchased. 

4.2.56 Radius-size-dimension 

A Radius-size-dimension is a type of Size-dimension (see 4.2.63) where the element is circular and the 
dimension is from the centre of the element to any point thereon. 

4.2.57 Representation-element 

The Representation-element is an object that is used to mathematically or physically represent position, 
orientation or shape. A Representation-element is either a Dimensional-representation (see 4.2.15), a 
Physical-representation (see 4.2.49), a Position-orientation-representation (see 4.2.5 i), a Solid-representation 
(see 4.2.64), a Surface-representation (see 4.2.68), or a Wireframe-representation (see 4.2.72). 

NOTE - The data representation-element-identification has been removed and will be mapped to the attribute 
identifier when it is available in IS0 10303-41. 

4.2.58 Scrap-definition 

A Scrap-definition is a type of Item-definition (see 4.2.30) that describes the excess pieces of metal that are 
cut from a part during a Process-operation. Such pieces may be used in another Process-operation. 

4.2.59 Shape-definition 

The Shape-defuition is the physical shape of some object, or of a feature of an object, of interest. A Shape-- 
definition may be one of the following: a Die-shape-definition (see 4.2.13), a Feature-shape-definition (see 
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4.2.22), a Material-shape-defition (see 4.2.39), a Part-shape-definition (see 4.2.48), or a Tolerance-bound 
(see 4.2.70). Objects of interest include both components and assemblies of sheet metal parts and dies. The 
data associated with a Shape-definition are the following: 

- shape-description. 

NOTES 

1 - Each instance of shapt-definition participates in exactly one of Shape-definition's non-identifjhg relationships. 

2 - The data shapt-definition-identification has been removed and will be mapped to the attribute identifier when 
it is available in IS0 10303-41. 

4.2.59.1 shape-description 

The shape-description specifies a general textual definition of the shape of an object. 

4.2.60 Shape-definition-relationship 

A Shape-definition-relationship is a specific type of relationship between one Shape-definition and another 
Shape-defition. A Shape-defînition-relationship may be one of the following: an Envelope-relationship (see 
4.2.17) or a Similarity-relationship (see 4.2.62). It is possible to have more than one relationship between the 
same pair of Shape-definitions. The data associated with a Shape-definition-relationship is relationship-- 
áescr ipt ion. 

The relationship-description is a precise defition of the manner in which two Shape-definitions relate to each 
other. The description provided will be defined in a manner that is specific to the type of relationship being 
&scribed. 

EXAMPLE 30 - An Envelop-relationship will contain a relationship-description describing the purpose of the 
envelope. 

4.2.61 Shape-tolerance 

A Shape-tolerance is a specification of how precisely a shape feature of a Designed-item shall be maintained 
when the item is manufactured The data associated with a Shape-tolerance are the following: 

- tolerance-condition; 

- tolerance-datum; 

- tolerance-type. 
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4.2.61.1 tolerance-condition 

The tolerance-condition specifies whether the Shape-tolerance applies to a maximum material condition, a 
minimum material condition or other similar property. 

4.2.61.2 tolerance-datum 

The tolerance-datum specifies a reference position against which the Shape-tolerance is to be compared. There 
may be more than one tolerance-datum for a Shape-tolerance. 

4.2.61.3 tolerance-type 

The tolerancetype specifies the kind of Shapetolerance being applied. 

EXAMPLE 3 1 - The kinds of Shape-tolerance include cylindrical tolerance, perpendicularity tolerance, runout 
tolerance, angular tolerance, linear tolerance, and circular tolerance. 

4.2.62 Similarityrelationshp 

A Similarity-relationship is a type of Shape-definition-relationship (see 4.2.60) that specifies any similarity 
between Shape-definitions that is useful to maintain a record of. 

EXAMPLE 32 - A Similarity-relationship only models relationships between Shape-definitions. A Similarity-- 
relationship always is a relationship between shapes. These shapes may or may not be related to Itemdefinitions. 
They may, for example, be between shapes of features. Or they may be between shapes that represent the interfaces 
of two separate Mating-relationships. Or they may be between shapes that represent the shape of a component in 
an assembly for an Assembly-componentrelationship. Or they may be between shapes that describe the position 
of the input to a die with respect to a die. These uses distinguish Similarity-relationship from Make-similar-to-- 
relationship. 

4.2.63 Size-dimension 

A Size-dimension is a type of Dimensional-representation (see 4.2.15) that is a characteristic of size for an 
individual dimensionalrepresentation. Each Size-dimension is either a Curve-length-size-dimension (see 
4.2.7), a Diameter-size-dimension (see 4.2.9), or a Radius-size-dimension (see 4.2.56). 

NOTE - A chordal length is a measurement of size, although treated as a distance between two points on the 
circular arc. 

EXAMPLE 33 - Characteristics of size for circular arc geometry are radius, diameter, and arc length. 
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4.2.64 Solid-representation 

A Solid-representation is a type of Representation-element (see 4.2.57) that represents shape in several 
possible ways. In constructive solid geometry (CSG) solids are represented in terms of boolean trees of 
operations on three-dimensional primitive polyhedra. In boundary representations (B-reps), solids are 
represented by the sheik that describe the surface of the solid; and these shells consist of one or more surfaces 
that are topologically connected to each other. The data associated with a Solid-representation are the 
following: 

- B-rep; 

- CSG. 

4.2.64.1 B-rep 

The B-rep specifies a topological construction of base elements to represent the solid shape of an object. 
Specifically, a B-rep is composed of shells that bound a solid region of space. A shell is composed of faces. 
Faces are constructed from base surfaces and bounding loops. Loops are composed of edges. Edges are 
composed of base curves and bounding vertexes. A vertex asserts itself based on a specific point. There may 
be more than one B-rep for a Solid-representation. 

4.2.64.2 CSG 

The CSG specifies a solid geometry model composed of a tree structure of boolean operations upon solid 
primitives. 

4.2.65 Specified-material-relationship 

A Specified-material-relationship is a type of Item-definition-relationship (see 4.2.3 1) describing the 
relationship between a part or component and the raw material from which the part or die component is 
manufactured. The data associated with a Specified-material-relationship is material-quantity. 

The material-quantity specifies the amount of a raw material to be used in creating a part or die component. 

4.2.66 Start-order 

A Start-order is a type of Work-order (see 4.2.74) that initiates new work on a Work-item. 
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4.2.67 Start-request 

A Start-request is a type of Work-request (see 4.2.77) that solicits initiation of a part design, die design or a 
process pian. The data associated with a Start-request are the following: 

- request-description; 

- requestjustification. 

4.2.67.1 request-description 

The request-description specifies text or a graphical description of the new part design, die design, or process 
pian that is being requested. 

4.2.67.2 requestjustification 

The requestjustification specifies the reason a Start-request was initiated. 

4.2.68 Surface-representation 

A Surface-representation is a type of Representation-element (see 4.2.57) that represents shape in terms of 
two-dimensional geometry. This two-dimensional geometry is not necessarily planar. The data associated with 
a Surface-representation are the following: 

- surface-direction; 

- surface-thickness. 

4.2.68.1 surfacedirection 

The surface-direction specifies the direction from a Surface-representation of a sheet metal part design in 
which the material of the sheet metal part is designed to lie. 

EXAMPLE 34 - Imagine a hemisphere that serves as the Surface-representation of a bowl that is to be made from 
sheet metal. If one intends to form a bowl so that the inner surface of the bowl is represented by the hemisphere, 
the surface-direction would be represented by a direction coincident with a ray whose origin is the center of the 
hemisphere. If one intends to form a bowl so that the outer surface of the bowl is represented by the hemisphere, 
the surface-direction would be oriented oppositely. 

4.2.68.2 surface-thickness 

The surface-thickness specifies the thickness of the metal represented by a Surface-representation. 
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4.2.69 Symmetrical-item-relationship 

A Symmetrical-item-relationship is a type of Item-definition-relationship (see 4.2.3 1) between two Item-- 
definitions where the two related parts, or two related die components, have shape characteristics that are 
related in a defined symmetrical manner. 

NOTE - The item-definitions playing the roles of right and left must both be of item-definitiontype 
"part-definition", or both of item-definitiontype "die-definition". 

EXAMPLE 35 - This relationship could indicate the correspondence between a right hand and left hand part of a 
product. 

4.2.70 Tolerance-bound 

A Tolerance-bound is a type of Shape-definition (see 4.2.59) that specifies all or part of the boundary of an 
area or volume within which a manufactured shape must exist in order to comply with its design tolerance. 

EXAMPLE 36 - If a cylindrical portion of a designed object has a cylindricity tolerance, the cylinder must be 
manufactured to fit within an imaginary larger cylinder and an imaginary smaller cylinder. Each of these 
imaginary cylinders is a Tolerance-bound. 

4.2.71 Tolerance-value 

A tolerance-value specifies a length or angle measurement that is a bound of a Dimension-tolerance-range. 
The data associated with a Tolerance-value are the following: 

- unit-of-measure; 

- value. 

(EXAMPLE 37 - If a dimension of a designed object is 2 meters plus or minus .I meters, there are two 
'Tolerance-valuesh this dimension. One Tolerance-value has a value of 2.1; the other has a value of 1.9. Both 
'T&ance-virh3es bave a unit-of-measure of "meter". 

4.2.71.1 unitgf-measure 

The unit-of-measure specifies the length units with which a 'Fdmnce-value is to be a m  

4.2.71.2 value 

The value specifies the quantity with which a Tolerance-value is to be expressed. 
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4.2.72 Wireframe-representation 

A Wireframe-representation is a type of Rrepresentationelement (see 4.2.57), that represents shape by 
mathematically depicting a sketch of the edges of an item. This representation gives a general outline of the 
shape of an object, but does not clanfy either the exact outer or inner surface of an object or delineate the solid 
shape portion of an object. In addition to representing aspects of shapes, the Wireframe-representation 
includes information on representing the orientation of objects. 

4.2.73 Work-item 

A Work-item is an object to which work has been assigned. A Work-item may be one of the following: an 
Item (see 4.2.27), an Item-definition (see 4.2.30), or a Part-process-plan (see 4.2.45). The types of objects 
to which work may be assigned includes Part-process plans, Item-versions and Item-definitions. The data 
associated with a Work-item is the following: 

- applicable-standards; 

- approval; 

- completion-date-and-time; 

- order-date-and-time; 

- preliminary-review-date-and-time; 

- priority; 

- start-date-and-time; 

- work-description; 

- work-requirements. 
NOTES 

1 - IDEFlX occasionally is incapable of modelling category relationships when the candidate generic entity and 
one or more of its candidate category entities participate in circular relationships. The IDEFlX terms generic and 
category correspond to supertype and subtype in EXPRESS terminology. A Work-item is such a candidate generic 
entity as depicted in the ARM diagrams. Therefore it is modelled as an entity which "is" zero or one of each of the 
three entities which would have been its category entities. In addition, the note following has been added to the 
ARM diagram to ensure that the Work-item is treated as a generic entity. 

2 - An instance of Work-item participates in zero or one of its three non-identiwng relationships at a time. 

3 - The data work-item-identification has been removed and will be mapped to the attribute identifier when it is 
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available in IS0 10303-4 1. 

4.2.73.1 applicable-standards 

The applicable-standards specifies the callout of standards and specifications that must or should be used in 
carrying out the work described by the Work-item. There may be more than one applicable-standards for a 
Work-item. 

4.2.73.2 approval 

An approvai specifies all relevant signoffs and signoff dates by respective management and technical personnel 
to indicate that the Workjtem has met certain requirements from their perspectives. There may be more than 
one approval for a Work-item. 

4.2.73.3 completion-date-and-time 

The completion-date-andtime specifies the date and optionally the time on which the Work-item is expected 
to be finished. 

4.2.73.4 order-date-and-time 

The order-date-and-time specifes the date and optionally the time the Workjtem was created. 

4.2.73.5 preliminary-review-date-and-time 

The prelimuiary_review-date-and-time specifies the date and time that a review will be held to check on the 
status of the work being conducted. 

4.2.73.6 priority 

The priority specifies how much emphasis should be placed upon completing the Work-item. 

EXAMPLE 38 - Typically, priority is simply stated as high, medium or low. 

4.2.73.7 start-date-and-time 

The start-date-and-time specifies the date that work is expected to commence. 

4.2.73.8 work-description 

The work-description specifies a complete listing and definition of the work to be done. 
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4.2.73.9 work-requirements 
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The work-requirements specifies resources needed to carry out the work as described. The work-requirements 
need not be specified for a particular Work-item. 

EXAMPLE 39 - Work-requirements may describe required materials and labor. 

4.2.74 Work-order 

A Work-order is a directive for work to be done. Each Work-order is either an External-order (see 4.2.19) 
or an Internalorder (see 4.2.26). In addition, each Work-order is either a Change-order (see 4.2.3) or a 
Start-order (see 4.2.66). The work to be done includes part, die design and process planning efforts. The 
Work-order gives a description of the work to be done and requirements that the resulting deliverables must 
satisfy. The data associated with a Work-order are the following: 

- applicable-standards; 

- approval; 

- completion-date-and-time; 

- order-date-and-time; 

- preliminary-review-date-and-time; 

- priority; 

- production-volume; 

- start-date-and-time; 

- work-description; 

- work-order-number; 

- work-requirements. 

4.2.74.1 applicable-standards 

The applicable-standards specifies the callout of standards and specifications that must or should be used in 
carrying out the work described by the Work-order. There may be more than one applicable-standards for 
a Work-order . 
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4.2.74.2 approval 

An approval specifies aii relevant signoffs and signoff dates by respective management and technical personnel 
to indicate that the Work-order has met ceriain requirements from their perspectives. There may be more than 
one approval for a Work-order. 

4.2.74.3 completion-date-andtime 

The completion-date-and-time specifies the date on which the Work-order is expected to be finished. 

4.2.74.4 order-date-and-time 

The order-date-and-time specifies the date the Work-order was created. 

4.2.74.5 preliminary-review-date-and-time 

The preliminary-review-date-and-time specifies the date and time that a review will be held to check on the 
status of the work beiig conducted. 

4.2.74.6 priority 

The priority specifies how much emphasis should be placed upon completing the Work-order. 

EXAMPLE 40 - Typically, priority is simply stated as high, medium or low. 

4.2.74.7 production-volume 

The production-volume specifies the intended quantity of sheet metal parts whose production will be associated 
with the Work-order. 

4.2.74.8 start-date-and-time 

The start-date-and-time specifies the date and time that work is expected to commence on the Work-order. 
The start-date-and-time need not be specified for a particular Work-order. 

4.2.74.9 work-description 

The work-description specifies a complete listing and definition of the work to be done. The work-description 
need not be specified for a particular Work-order. 
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4.2.74.10 work-order-number 

The work-order-number specifies uniquely the Work-order. 

4.2.74.1 1 work-requirements 

The work-requirements specifies resources needed to carry out the work as described. The work-requirements 
need not be specified for a particular Work-order. 

EXAMPLE 41 - Work-requirements may describe required materials and labor. 

4.2.75 Work-order-relationship 

A Work-order-relationship is a relationship between two Work-orders (see 4.2.74). Work-order-relationships 
enable reference by a Work-order to other Work-orders. The data associated with a Work-order-relationship 
is description. 

The description specifies the nature of the Work-order-relationship. 

EXAMPLE 42 - Work-orderrelationships may model the requirement that work orders be able to be issued for 
other work orders. For example, a project for the production of a sheet metal part may be ordered by the issuance 
of a master Work-order. Different kinds of work may be required by this master Work-order, such as planning 
the production process, designing the in-process shapes of the part, and designing the die shapes to correspond with 
the in-process shapes the part will assume during production. Each of these three kinds of work may have a Work-- 
order issued for them. Work-orda-relationship models the association of this master Work-order with the Work-- 
orders covering each of these three portions of the overall project. 

4.2.76 Work-order-responsibility 

A Work-order-responsibility is the specification of the party responsible for carrying out a Work-order. 
The data associated with a Work-order-responsibility is role. 

The role specifies the role played by the Work-order-responsibility. The role need not be specified for a 
particular Work-order-responsibility. 

4.2.77 Work-request 

A Work-request is a solicitation for some type of sheet metal work to be done. Each Work-request is either 
a Change-quest (see 4.2.4) or a Startrequest (see 4.2.67). The type of sheet metal work that may be done 
includes part designs, die designs and process planning. The data associated with a Work-request are the 
following: 
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- date-and-tim-of-request ; 

- requestor; 

- work-request-identification. 

4.2.77.1 date-and-time-of-request 

The date-and-time-of-request specifies the date and optionally the time, at which the Work-request was 
created. 

4.2.77.2 requestor 

The requestor specifies the person and organization making or creating the Work-request. 

4.2.77.3 work-request-identification 

The work-request-identification specifies uniquely a Work-request. 

4.3 Application assertions 

This subclause specifies the application assertions for the sheet metal die planning and design application 
protocol. Application assertions specify the relationships between application objects, the cardinality of the 
relationships, and the rules required for the integrity and validity of the application objects and UoFs. The 
application assertions and their defmitions are given below. 

4.3.1 Assembly-component-relationship to Assembly-component-relationship 

Each Assembly-component-relationship substitutes for zero, one, or many Assembly-component-relationship 
objects. Each Assembly-component-relationship is substituted for by zero or one Assembly-component-- 
relationship objects. 

4.3.2 Assembly-component-relationship to Shape-definition 

Each Assembly-component-relationship has as the shape of the component in the assembly zero, one, or many 
Shape-definition objects. Each Shape-definition describes the shape of zero or one Assembly-component-- 
relationship objects. 

4.3.3 Change-order to Work-item 

Each Change-onk is based on zero, one, or many Work-item objects. Each Work-item is the subject of zero, 
one, or many Change-order objects. 
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Each Change-order results in zero, one, or many Work-item objects. Each Work-item is the resultant of zero, 
one, or many Change-order objects. 

EXAMPLE 43 - When the design of a sheet metai panel is analyzed, it is determined that the model will tear. This 
results in a change-request which, in turn, results in a change-order which, when carried out, results in a (revised) 
work-item. The change-order “is based on” is the first work-item and “results in” is the (revised) work-item. 

4.3.4 Coincidence-defaults to Shape-definition 

Each Coincidence-defaults provides default uncertainties for one or more Shape-definition objects. Each 
Shape-definition has as default uncertainties exactly one Coincidence-defaults object. 

4.3.5 Die-definition to Die-definition-constraint 

Each die-definition is constrained by zero, one, or many Die-definition-constraint objects. Each Die-- 
definition-constraint constrains exactly one Die-definition object. 

4.3.6 Die-definition to Process-operation 

Each Die-definition defines the tools for zero, one, or many Process-operation objects. Each Process-- 
operation requires as tool the die defined by zero, one, or many Die-definition objects. 

4.3.7 Die-shape-definition to Shape-tolerance 

Each Die-shape-definition is associated with zero, one, or many Shape-tolerance objects. 
Shape-tolerance is called out in zero, one, or many Die-shape-definition objects. 

Each 

4.3.8 Dimensional-representation to Dimension-tolerance-range 

Each Dimensional-representation may vary according to zero, one, or many Dimension-tolerance-range 
objects. Each Dimension-tolerance-range describes permissible variation of one or many 
Dimensionalrepresentation objects. 

4.3.9 Dimension-tolerance-range to Tolerance-value 

Each Dimensiontolerance-range has as upper limit zero or one Tolerance-value objects. Each 
Tolerance-value is upper limit for one or many Dimensiontolerance-range objects. 

Each Dimension-tolerance-range has as lower limit zero or one Tolerance-value objects. 
Tolerance-value is lower limit for one or many Dimension-tolerance-range objects. 

Each 
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4.3.10 Feature to Feature-property 

Each Feature possesses zero, one, or many Feature-property objects. Each Feature-property belongs to 
exactly one Feature object. 

4.3.11 Feature to Shape-definition 

Each Feature has shape d e f d  by zero, one, or many Shape-defdtion objects. Each Shape-definition defines 
the shape of zero, one, or many Feature objects. 

NOTES 

1 - The Shape-definitions which define a Feature are subsets of the Shape-definition which characterizes the 
Item-definition which includes that Feature. 

2 - When the Shape-definition which defines a Feature would be the same as the Shape-definition which 
characterizes the Item-definition which has the Feature, the Feature is considered to have shape defined by zero 
Shape-definitions. This is to avoid redundant Shape-definitions. 

4.3.12 Feature-shape-definition to Shape-tderance 

Each Feature-shape-definition is associated with zero, one, or more Shape-toletance objects. Each 
Shape-tolerance is called out in zero, one, or more Feature-shape-definition objects. 

4.3.13 Finalpart-definition to Part-on-product 

Each Finai-part-definition defines the Part on zero, one, or many Part-on-product objects. Each Part-on-- 
product defines the Marketable-assembly context of exactly one Final-part-definition object. 

4.3.14 Final-part-definition to Part-process-plan 

Each Final-part-definition has manufacture defined by zero, one, or many Part-process-plan objects. Each 
Part-process-plan defines the manufacture of one or more Final-part-definition objects. 

4.3.15 In-process-part-definition to Process-operation 

Each Injrocss-part-defiition is operated upon by one or more Process-operation objects. Each Process-- 
operation operates upon one or more In-process-part-definition objects. 
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4.3.16 Input-item-die-relationship to Shape-definition 

Each Input-item-die-relationship has input item position within the die described by zero, one, or many 
Shape-deffition objects. Each Shape-Mfition describes the input item position within the die of zero or one 
Inputjtem-die-relationship objects. 

4.3.17 Item to Itemclassification 

Each Item is classified by zero, one, or many Item-classification objects. Each Item-classification classifies 
one or more Item objects. 

4.3.18 Item to Item-version 

Each Item is versioned by one or more Item-version objects. Each Item-version versions exactly one Item 
object. 

NOTE - Items which are not considered versionable have one Item-version, whose item-versionjdentification is 
zero. 

4.3.19 Itemclassification to Itemclassification-relationship 

Each Item-classification is primary in zero, one, or many Item-classification-relationship objects. Each Item-- 
classification-relationship has as primary exactly one Item-classification object. 

Each Item-classification is secondary in zero, one or many Item-classification-relationship objects. Each 
Item-classification-relationship has as secondary exactly one Item-classification object. 

4.3.20 Item-definition to Feature 

Each Item-definition includes zero, one, or many Feature objects. Each Feature is included in exactly one 
Item-definition object. 

4.3.21 Item-definition to Item-definition-relationship 

Each Item-def~tion is first in zero, one, or many Item-deffition-relationship objects. Each Item-definition-- 
relationship includes as first exactly one Item-definition object. 

Each Item-definition is second in zero, one, or inany Item-definition-relationship objects. Each Item-- 
definition-relationship includes as second exactly one Item-definition object. 
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4.3.22 Item-definition to Shape-definition 

Each Item-defhtion has shape characterized by zero, one, or many Shape-definition objects. Each Shape-- 
definition characterizes the shape of zero or one Item-definition objects. 

4.3.23 Item-version to Item-definition 

Each Item-version is defined by one or more Item-definition objects. Each Item-definition is the definition 
of exactly one Item-version object. 

4.3.24 Marketable-assembly to Part-on-product 

Each Marketable-assembly is the product for zero, one, or many Part-on-product objects. Each Part-on-- 
product is founded on exactly one Marketable-assembly object. 

4.3.25 Material-shape-definition to Shape-tolerance 

Each Material-shape-definition is associated with zero, one, or many Shape-tolerance objects. Each 
Shapetolerance is called out in zero, one, or many Material-shape-definition objects. 

4.3.26 Matingrelationship to Shape-definition 

Each Mating-Elationship has as the shape of the interface zero, one, or many Shape-definition objects. Each 
Shape-definition describes the shape of zero or one MatinLrelationship objects. 

4.3.27 Part-definition to Material-definition 

Each Part-definition has material specified by zero, one, or many Material-definition objects. 
Material-definition is the material specification for zero or one Part-definition objects. 

Each 

NOTE - Only Part-definitions which are also Designed-items are required to participate in this relationship with 
Material-definition. For Part-definitions which are External-item-references, this relationship is optional. 

4.3.28 Part-on-product to Part-on-product-location 

Each Part-on-product is located at zero, one, or many Part-on-product-location objects. Each ParLon-- 
product-location is the location of exactly one Part-on-product object. 

4.3.29 Part-on-product to Production-effectivity 

Each Par-on-product has zero, one, or many Production-effectivity objects. Each Production-effectivity 
applies to one or more Part-on-product objects. 
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4.3.30 Partprocess-plan to Part-process-plan 

Each Part-process-plan substitutes for zero, one, or many Part-process-plan objects. Each Part-processqlan 
is substituted for by zero or one Part-process-plan objects. 

4.3.31 Part-process-plan to Part-process-plan-version-relationship 

Each Part-process-plan is the previous part process plan in zero, one, or more Part-process-plan-version-- 
relationship objects. Each Part-process-plan-version-relationship includes as previous exactly one P a - -  
process-plan object. 

Each Part-process-plan is the next part process plan in zero, one, or more Part-process-plan-version-- 
relationship objects. Each Part-process-plan-version-relationship includes as next exactly one Part-process-- 
plan object. 

4.3.32 Part-process-plan to Plant-constraint 

Each Part-process-plan is constrained by zero, one, or many Plant-constraint objects. Each Plant-constraint 
constrains one or more Part-process-plan objects. 

4.3.33 Part-process-plan to Processoperation 

Each Part-process-plan defines a series of one or more Processoperation objects. Each Process-operation 
is part of exactly one Part-process-plan object. 

4.3.34 Part-process-plan-template to Part-process-plan 

Each Part-process-plan-template is the template for one or many Part-processqlan objects. Each Part-- 
process-plan has as a template zero or one Part-process-plan-template objects. 

4.3.35 Part-shape-definition to Shape-tolerance 

Each Part-shape-definition is associated with zero, one, or many Shapetolerance objects. 
Shape-tolerance is called out in zero, one, or many Part-shape-definition objects. 

Each 

4.3.36 Press-definition to Press-definition 

Each Press-definition is alternate for for zero, one or many Pressdefinition objects. Each Press-definition 
serves alternately for zero or one Press-definition objects. 
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4.3.37 Press-definition to Process-operation 

Each Press-definition defmes a press used for one or more Process-operation objects. Each Processoperation 
uses a press defined by zero or one Press-definition objects. 

4.3.38 Process-operation to Process-operation 

Each Process-operation is alternate for zero, one, or more Processoperation objects. Each Process-operation 
serves alternately for zero or one Process-operation objects. 

4.3.39 Process-operation to Scrap-definition 

Each Process-operation produces zero, one, or many Scrap-definition objects. Each Scrap-definition is 
produced by exactly one Process-operation object. 

Each Processoperation uses zero, one, or many Scrap-definition objects. Each Scrap-definition is used by 
exactly one Process-operation object. 

4.3.40 Representation-element to Shape-definition 

Each Representation-element represents zero, me, or many Shape-definition objects. Each Shape-definition 
is represented by zero, one, or many Representation-eIement objects. 

4.3.41 Shape-definition to Shape-definition-relationship 

Each Shape-definition is primary in zero, one, or many Shape-definition-relationship objects. Each Shape-- 
definition-relationship includes as primary exactly one Shape-definition object. 

Each Shape-def~tion is secondary in zero, one, or many Shape-def~tion-relationship objects. Each Shape-- 
definition-relationship includes as secondary exactly one Shape-definition object. 

4.3.42 Specified-material-relationship to S pecified-material-relationship 

Each Specified-material-relationship substitutes for zero, one, or many Specified-material-relationship 
objects. Each Specifkc-material-relationship is substituted for by zero or one Specified-material-relationship 
objects. 

4.3.43 Tolerance-bound to Shape-tolerance 

Each Tolerance-bound bounds one or many Shape-tolerance objects. Each Shape-tolerance is bounded by 
zero, one, or many Tolerance-bound objects. 
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4.3.44 Work-item to Start-order 

Each Work-item is modified or initiated by zero, one, or many Start-order objects. Each Startorder modifies 
or initiates one or more Work-item objects. 

4.3.45 Work-order to Work-order-relationship 

Each Work-order is primary in zero, one, or many Work-order-relationship objects. Each Work-order-- 
relationship includes as primary exactly one Work-order object. 

Each Work-order is secondary in zero, one, or many Work-order-relationship objects. Each Work-order-- 
relationship includes as secondary exactly one Work-order object. 

4.3.46 Work-order-responsibility to Work-order 

Each Work-order-responsibility is responsible for one or more Work-order objects. Each Work-order is 
carried out by zero, one, or many Work-order-responsibility objects. 

4.3.47 Work-request to Work-order 

Each Work-request results in zero, one or many Work-order objects. Each Work-order results from zero or 
one Work-request objects. 
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5 Application interpreted model 

5.1 Mapping table 

This clause contains the mapping table that shows how each UoF and application object of this part of IS0 
10303 (see clause 4) maps to one or more AIM resource constructs (see annex A). 

The mapping table is organized in five columns. The contents of these five columns are: 

Column 1) Application element: Name of an application element as it appears in the application object 
definition in 4.2. Application object MITES are written in uppercase. Attribute names and assertions are listed 
after the application object to which they belong and are written in lower case. 

Column 2) AIM element: Name of an AIM element as it appears in the AIM (see annex A), the term 
'IDENTICAL MAPPING, or the term 'PATH. AIM entities are written in lower case. Attribute names of 
AIM entities are referred to as <entity name>.<attribute name>. The mapping of an application element may 
result in several related AIM elements. Each of these AIM elements requires a line of its own in the table. The 
term 'IDENTICAL MAPPING indicates that both application objects of an application assertion map to the 
same AIM element. The term 'PAT" indicates that the application assertion maps to the entire reference path. 

Column 3) Source: For those AIM elements that are interpreted from the integrated resources, this is the 
number of the corresponding part of IS0 10303. For those AIM elements that are created for the purpose of 
this part of IS0 10303, this is the number of this part. 

NOTE 1- Entities or types that are defined within the integrated resources have an AIC as the source 
reference if the use of the entity or type for the mapping is within the scope of the AIC. 

The following AIC references, as defined within annex F, are used within this part of IS0 10303: 

a) 501 : aic-edge-based-wireframe 

b) 502 : aic-shell-based-wireframe 

c) 507 : aic-geometrically-bounded-surface 

d) 509 : aic-manifold-surface 

e) 510 : aic_gmmetrically-boundec-wireframe 
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f) 512 : aic-faceted-brep 

g) 514 : aic-advanced-brep 

h) 515 : aiccsg 

Column 4) Rules: One or more numbers m y  be given that refer to rules that apply to the current AIM element 
or reference path. For rules that are derived from relationships between application objects, the same rule is 
referred to by the mapping entries of aii the involved AIM elements. The expanded names of the rules are listed 
after the table. 

Column 5) Reference path: To describe fully the mapping of an application object, it may be necessary to 
spec@ a reference path through several related AIM elements. The reference path column documents the role 
of an AIM element relative to the AIM element in the row succeeding it. Two or more such related AIM 
elements define the interpretation of the integrated resources that satisfies the requirement specified by the 
application object. For each AIM element that has been created for use within this part of IS0 10303, a 
reference path up to its supertype from an integrated resource is specified. 

For the expression of reference paths and the relationships between AIM elements the following notational 
conventions apply: 

a) [ 1 : multiple AIM elements or sections of the reference path are required to satisfy an information 
requirement; 

b) ( ) : multiple AIM elements or sections of the reference path are identified as alternatives within 
the mapping to satisfy an information requirement; 

c )  { 1 : enclosed section constrains the reference path to satisfy an information requirement; 

d) -> : attribute references the entity or select type given in the following row; 

e) c- : entity or select type is referenced by the attribute in the following row; 

0 [il : attribute is an aggregation of which a single member is given in the following row; 

g) b l  : attribute is an aggregation of which member n is given in the following row; 

h) => : entity is a supertype of the entity given in the following row; 

i) <= : entity is a subtype of the entity given in the following row; 

j) = : the string, select, or enumeration type is constrained to a choice or value; 

k) \ : the line continuations for strings that wrap. 
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The following rules are referenced in the preceding tables: 

1) approval-requires-approval-date-time 
2) approval-requires-approval-person-organization 
3) cardinality-action-method-to-process-plan 
4) cardinality-product-definition-pr~ess-to-action-resource-requirement 
5) cardinality-sm-action-assignment-to-process-plan 
6) cardinality-sm-action-assignment-to-product-definition 
7) cardinality-sm-action-assignment-to-product-definition-fo~tion 
8) cardinality-sm-organization-assignment-to-work-order 
9) cardinality-start-order-to-sm-action-assignment 
1 O) cardinaIity-work-order_to-sm-contract-assi&or-sm-or~assig 
1 1) executed-action-requires-approval 
12) executed-action-requiresres_date-or-date-and-time 
1 3) executed-action-requires-organization 
14) global-uncertainty-assigned-context-constraint 
15) process-plan-requires-product-definition 
16) product-defmition-formation-r~ires-date-or-date-and-ti~ 
17) product-defmition-formation-requires-product-defmition 
1 8) product-requires-product-definition-formation 
19) product-requires-product-type 
20) restrict-assembly-component-usage-substitute 
21) restrict-date-role 
22) restrict-date-time-role 
23) restrict-organization-role 
24) restrict-person-and-organization-role 
25) restrict-person-role 
26) restrict-product-defmition-context 
27) restrict-quantified-assembly-component-usage 
28) same-type-for-relationships 
29) subtype-mandatory-for-shape-representation 
30) subtypt-mandatory-work-order 
3 1) work-request-requires-date-or-date-and-time 
32) work-request-requires-prres_person 

5.2 AIM EXPRESS short listing 

OIS0 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and the AICs and 
contains the types, entity specdhtions, rules, and functions that are specific to this part of IS0 10303. This 
clause also specifies modifications to the textual material for constructs that are imported from the integrated 
resources and the AICs. The definitions and EXPRESS provided in the integrated resources for constructs 
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used in the AIM m y  include select list items and subtypes which are not imported into the AIM. Requirements 
stated in the integrated resources which refer to such item and subtypes apply exclusively to those items which 
are imported into the AIM. 

* )  
SCHEMA sheet-metal; 

USE FROM aic-advanced-brep; 

USE FROM aic-csg; 

USE FROM aic-edgebased-wireframe; 

USE FROM aic-faceted-brep; 

USE FROM aic-geometrically-bounded-surface; 

USE FROM aic-geometrically-bounded-wireframe; 

USE FROM aicmanifold-surface; 

USE FROM aic-shellbased-wireframe; 

USE FROM application-context-schema 
(application-context, 
applicationjrotocol-definition, 
product-concept-context, 
product-context, 
product-definition-context); 

(product, 
product-relatedjroduct_category, 
product-category-relationship, 
productdefinition, 
product-definition-effectivity, 
productdefinition-formation, 
product-definition-formation-with-specified-source, 
product-definition-relationship, 
product-definition-substitute, 
product-definition-with_associateddociated-documents); 

USE FROM product-definition-schema 

USE FROM productgroperty-definition-schema 
(shape-aspect); 

USE FROM productgroperty-representation-schema 
(shape-definition-representation, 
shape-representation, 
shape-representation-relationship); 

USE FROM management-resources-schema 
(action-assignment, 
approval-assignment, 
contract-assignment, 
date-assignment, 
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dateand-timeassignment, 
document-reference, 
organization-assignment, 
person-and-organization-assignment, 
person-assignment, 
security-classification-assignment) ; 

USE FROM action-schema 
(action, 
act ion-me thod , 
actionrelationship, 
action-request-solution, 
action-resource-reliimship, 
directed-action, 
executed-action, 
versioned-action-request); 

USE FROM approval-schema 
(approval, 
approval-date-time, 
approvalqerson-organization); 

USE FROM contract-schema 
(contract); 

(organization-role, 
person-and-organization-role, 
person-role) ; 

(calendar-date, 
date-role, 
date-time-role, 
ordinaldate, 
week-ofqrear-and-day-date); 

(dated-effectivity, 
serialnumbered-effectivity); 

USE FROM support-resource-schema; 

USE FROM measure-schema 

USE FROM person-organization-schema 

USE FROM date-time-schema 

USE FROM effectivity-schema 

(context-dependentunit, 
conversion-based-unit, 
derived-unit, 
length-measure-with-unit, 
length-unit, 
plane-angle-measure-with-unit, 
plane-angle-unit, 
si-unit) ; 

OIS0 

USE FROM geometry-schema 
(direction, 
surface) ; 
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USE FROM topology-schema 
(face-surface); 

USE FROM geometric-model-schema 
(geometric-set); 

USE FROM representation-schema 
(functionally-defined-transformation, 
global-uncertainty-assigned-context, 
item-defined-transformation, 
representation-relationship-with-transfonnation); 

USE FROM product-structure-schema 
(assembly-component-usage-substitute, 
make-from-usageoption-group, 
promissory-usage-occurrence, 
quantified-assembly-component-usage); 

USE FROM product-concept-schema; 

USE FROM configuration-management-schema 
(configuration-design); 

(materialjroperty); 

USE FROM qualified-measure-schema 
(descriptive-representation-item, 
measure-representation-item); 

USE FROM shape-dimension-schema 
(angular-location, 
dimensional-characteristic-representation, 
dimensional-location-with, 
dimensional-size, 
shape-dimension-representation); 

(geometric-tolerance-with-datum-reference, 
limits-and-fits, 
modified-geometric-tolerance, 
plusminus-tolerance, 
tolerance-value, 
tolerance-zonebefinition); 

USE FROM material_property-definition-schema 

USE FROM shape-tolerance-schema 

USE FROM method-definition-schema 
(action-method-with-associated_documents, 
sequential-method); 

(action_property-representation, 
resourcejroperty-representation); 

USE FROM processqroperty-representation-schema 

USE FROM process_property-schema 
(action-resource-requirement, 

IS0 10303-207:1999(E) 
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action-resource-requirement-relationship, 
process-product-association, 
product-definitionqrocess, 
replacement-relationship, 
requirement-for-action-resource); 

NOTES 
( *  

1- The Schemas referenced above may be found in the following parts of IS0 10303: 

applicat ion-contex t-schema IS0 10303-41 

product-property-definition-schema IS0 10303-4 1 
product-propert y-representation-schema IS0 10303-4 1 

product-definition-sc hema IS0 10303-41 

management-resources-sc hema IS0 10303-41 
act ion-schema IS0 10303-41 
approval-schema IS0 10303-41 
contract-schema IS0 10303-41 
per son-organizat ion-schema IS0 10303-41 
date-tim-sc hema IS0 10303-41 
effectivity-schema IS0 10303-41 
support-resource-sc hema IS0 10303-41 
measure-sc hema IS0 10303-41 
geometry-schema IS0 10303-42 
topology-schema IS0 10303-42 
geometric-dei-sc hema IS0 10303-42 
representat ion-schema IS0 10303-43 
product-stmcture-schema IS0 10303-44 
product-concept-schema IS0 10303-44 
con figuration-management-schema IS0 10303-44 
material-property-definition-schema ISO/DIS 10303-45:-') 
qualified-measure-sc hema ISO/DIS 10303-45:-') 

shape-tolerance-sc hema ISO/DIS 10303-47: 
method-definitionsc hema ISODIS 10303-49:-') 
processjroperty-representation-schema ISO/DIS 10303-49:--" 
processjropert y-schema ISO/DIS 10303-49:-') 
aic-edp-based-wime Annex F 
aic-sheíí-bad-wirefiam Annex F 
a i c s m t r i c a l l  y-bounded-surface Annex F 
aic-mani foldisurface Annex F 
a i c j e o d c a l l  y-bounded-wireframe Annex F 

shape-dimension-schema ISO/DIS 10303-47: 

OIS0 

') To be published. 
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OIS0 

aic-faceted-brep 
aic-advanced-brep 
aic-csg 

IS0 10303-207: 1999(E) 

Annex F 
Annex F 
Annex F 

2 - aicadvanced-brep and aic-manifold-surface use the following additional schema: 

a i c t  opology-bounded-surface Annex F 

3 - aiccsg uses the following Schemas: 

aic-faceted-brep 
aic-advanced-brep 

Annex F 
Annex F 

5.2.1 Fundamental concepts and assumptions 

The ARM is detailed in clause 4. A number of entities in the ARM are optional, but are mapped to required 
declarations attributes in the AIM. These AIM attributes may be instantiated as a blank if their base type is 
STRING; or a zero (O) if their base type is INTEGER or NUMBER or REAL. 

5.2.2 Sheet metal types 

5.2.2.1 Sheet metal type definitions 

5.2.2.1.1 action-assigned-item 

An action-assigned-item is the particular piece of product data upon which an action has been, is or will be 
taken. The types of product data to which an action may be associated shall be at least one of the following: 
executed-action, process-plan, product-definition, and product-definition-formation. 

EXPRESS specification: 

* )  
TYPE action-assigned-item = SELECT 

(executed-action, 
processglan, 
product-definition, 
product-definition-formation); 

END-TY PE ; 
( *  

5.2.2.1.2 approval-assigned-i tem 

An approval-assigned-item is the product data to which approval information is assigned. The types of 
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product data that may have approval information assigned shalì be at least one of the following: executed-- 
action, process-plan, product-deñnition, product-definition-formation, and sheet-meta-action-- 
assignment. 

EXPRESS specification: 

* )  
TYPE approval-assigned-item = SELECT 

(executed-action, 
process-plan, 
product-definition, 
productdefinition-formation, 
sheet-metal-action-assignment); 

END-TYPE ; 
( *  

5.2.2.1.3 contract-assigned-item 

A contract-assigned-item is the particular piece of product data that has associated contract information. 
The types of product data that may have associated contractual information shall be at least one of the 
following: change-order, executed-action, product-definition-formation-witk-speci6ed-source7 and 
start-order. 

EXPRESS srnification: 

* )  
TYPE contract-assigned-item = SELECT 

(change-order, 
executed-action, 
product-definition-formation-with-specified-source, 
start-order); 

END-TYPE ; 
( *  

5.2.2.1.4 date-assigned-item 

A date-asigned-iteìn is the product data that has associated date information. The types of product data that 
may have associated date information shall be at least one of the following: executed-action, process-plan, 
product-concepî, product-definition, product-definition-formation, versioned-action-request, or sheet-- 
meta-action-assignment. 

EXPRESS suecification: 

* I  
TYPE date-assigned-item = SELECT 

(executed-action, 
processslan, 
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product-concept, 
product-definition, 
product-definition-formation, 
sheet-metal-action-assignment, 
versioned-action-request); 

END-TYPE ; 
( *  

5.2.2.1.5 date-and-time-assigned-item 

A date-and-the-assignedjtem is the product data that has associated date-and-time information. The 
types of product data that may have associated date-ad-time information shall be at least one of the 
following: executed-action, process-plan, product-concept, product-definition, product-- 
definitionformation, versioned-action-request, or sheet-rnetaì-action_assignment. 

EXPRESS srnification: 

* I  
TYPE date-and-time-assigned-item = SELECT 

(executed-action, 
process-plan, 
product-concept, 
product-definition, 
product-definition-formation, 
sheet-metal-action-assignment, 
versioned-action-request); 

END-TY PE ; 
( *  

5.2.2.1.6 document-referenced-item 

A document-referenceditem is the product data that makes reference to a document. The types of product 
data that may reference a document shall be at least one of the following: action-resource-requirement, 
executed-action, process-plan, product-definition, or sheet_metaì-action-~i~ent. 

EXPRESS swcification: 

* )  
TYPE document-referenced-item = SELECT 

(action-resource-requirement, 
executed-action, 
process-plan, 
product-definition, 
sheet-metal-action-assignment); 

END-TY PE ; 
( *  

5.2.2.1.7 organization-assigned-item 
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An organization-assigned-item is the product data that has associated information about an organization. 
The types have product data that may have associated organization information shall be at least one of the 
following: ewe-order, contract, executed-action, product-definition, and start-order. 

EXPRESS specification: 

* )  
TYPE organization-assigned-item = SELECT 

(changeorder, 
contract, 
executed-action, 
product-definition, 
start-order); 

END-TY PE ; 
( *  

5.2.2.1.8 person-and-organization-assigned-item 

A p e r s o n - ~ - o r n - ~ ~ - i t e m  is the product data that has associated information about a 
person-am-organization. The types of product data that may have associated person-and-organization 
information shall be at least one of the following: change-order, process~lan, and product-definition. 

EXPRESS specification: 

* I  
TYPE person-and-organization-assigned-item = SELECT 

(change-order, 
processglan, 
productrdefinition) ; 

END-TY PE ; 

5.2.2.1.9 person-assigned-item 

A person-assigned-item is the product data that has associated information about a person. The types of 
product data that may have associated person-and-organization information shall be at least one of the 
following: change-order, contract, product-definition, versioned-action-request, and shape-aspect. 

EXPRESS specification: 

* I  
TYPE person-assigned-item. = SELECT 

(change-order , 
contract, 
product-definition, 
shape-aspect, 
vercioned-action-request); 
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5.2.2.1.10 security-classifica,ion-assigned-item 

A security_classification-assigned_item is the product data that has associated security-classification 
information. The types of product data that may have associated security-classification information shall be 
at least one of the following: product-definition or process-plan. 

EXPRESS specification: 

* )  
TYPE security-claccification-assi.gned_item = SELECT 

(procecc-plan, 
product-definition); 

ENï-TY PE ; 
( *  

5.2.2.2 Die planning and design imported type modifications 

5.2.2.2.1 characterized-definition 

The base definition of the type characterized_definition is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The select list has been pruned. The list entry characterized-object has been removed. 

5.2.2.2.2 measure-value 

The base def~t ion of the type measure-value is given in IS0 10303-41 The following modifications apply 
to this part of I S 0  10303. 

The select list has been pruned. All list entries except for coun-measure, length-measure, mass-measure, 
parameter-value, plane-angìe-measure, positive-ìengtt-measure, and positive-plane-angle-measure 
have been removed. 

5.2.3 Sheet-metal entities 

5.2.3.1 Sheet metal entity definitions 

5.2.3.1.1 change-order 

A changeorder is the formal notification that authority has been given to perform an action. This is the 
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same as a work-order except that the work-order is for changing something for which a prior version exists. 

EXPRESS specification: 

* )  
ENTITY change-order 

END-ENTITY; 
SUBTYPE OF (work-order); 

( *  

5.2.3.1.2 die-definition-constraint-relationship 

A die-definition-constraint-relationship relates the design of a die to a description of the items that place 
constraints upon the design of the die. This die-deíínition-constraint-relationship specifically points out the 
designs of dies that meet or incorporate defined constraints. 

EXPRESS srnification: 

* )  
ENTITY die-definition-constraint-relationship 

SUBTYPE OF (product-definition-relationship); 
WHERE 

WR1: SELF\product-definition-relationship. 
relatedgroduct-definition.frame-of-reference. 
life-cycle-stage = 'as design constrained'; 
WR2: product-type-ofgroduct 

( SELF.relatinggroduct-definition.formation.of_product, product-type) 
.name IN ['die']; 

( SELF.related_product-definition.fo~ation.of~roduct, product-type) 
.name IN [ 'die' 1 ; 

WR3: product-type-ofgroduct 

END-ENTITY; 
( *  

Formal proDositions: 

wR1: The diedefinitionconstrsiritrelationship.rrod~-d~~n represents the description of 
the constrains of a die and thus shall have the defultional viewpoint of "as design constrained". 

WR2: For each instance of the ~e-d~~n-constraint_reiationship entity, the product-type of the die-- 
deñnition-constraint-relationsbip.relatioriship.relan shall be "die". 

wR3: For each instance of the ~ - d ~ ~ n - c o n s t n t - ~ ~ ~ o n s b i p  entity, the product-type of the die-- 
d e n n i t i o n _ c o n s t ~ t - r e l ~ t i o ~ ~ p . ~ a ~ - p ~ u c t - d e f i ~ t i o n  shall be "die". 
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5.2.3.1.3 input-item-die-relationship 

An input-item-~e-relationship relates the description of a part or material to a description of a die. The 
reiationship specifically describes how a part or material is placed within a die for the purpose of processing 
the part or material in a product stamping operation. 

EXPRESS specification: 

* )  
ENTITY input-item-die-relationship 

WHERE 
SUBTYPE OF (product-definition-relationship); 

WR1: product-type-of-product 
( SELF.relatinggroductdefinition.formation.fo~ation.of-product, product-type) 
.name = ' d i e ' ;  

( SELF.relatedqroduct-definition.formation.of~roduct, product-type) 
WR2: product-type-ofqroduct 

.name IN ['material', 'part']; 
END-ENTITY; 
( *  

Attribute definitions: 

SELF.relatingproduct-definition: the design or description of a die. 

SELF.re1ated-product-definition: the design or description of a part or material. 

Formal propositions: 

WR1: For each instance of the input-item-&e-relationship entity, the product-type of the input-item-- 
die-relationship.relating-product-definition shall be "die". 

WE: For each instance of the input-item-die-relationship entity, the product-type of the input-item-- 
die-relationship.related-product-definition shall be either "part" or "material". 

5.2.3.1.4 physically-modelled-productdefinition 

A physically-modelld-product-definition is the design or description of a product in terms of a "hard" 
model as opposed to an electronic model. "Hard models are things such as wood models, plaster models, clay 
models and other such models of a product. The physically-deledqroduct-definition is the "hard@ model 
description of a product. 
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EXPRESS specification: 

* )  
ENTITY physically-modelled_product-definition 

SUBTYPE OF (product-definition); 

WR1: SELF\product-definition.frame-of-reference. 

WR2: SIZEOF( USEDIN (SELF, 'SHEET-METAL.' + 

WHERE 

life-cycle-stage = 'as physically modelled'; 

'PRODUCT~DEFINITION~RELATIONSHIP.' + 
lRELATED-PRODUCT-DEFINITION')) > o; 

END-ENTITY; 
( *  

Formal propositions: 

WR1: The physidy-modelledproduct-definition shall be defined from the life cycle point of view of "as 
physically modelled". 

WE: The physically-modeììed-product-definition shall be related to another design or description of the 
product. 

5.2.3.1.5 process-plan 

A processqlan is the description of a manufacturing process for producing a discrete sheet metal part. In this 
case a discrete sheet metal part is a product made of sheet metal that is not the result of an assembly type of 
process. The sheet metal part produced by the described manufacturing process can be one that is intended 
for use in an assemblage of parts or one that will be further refined in a subsequent set of processes that remove 
or alter sheet metal material. 

EXPRESS smification: 

* )  
ENTITY processjlan 

END-ENTITY; 
SUBTYPE OF (action); 

( *  

Associated irlobal rules: 

The following global rules are associated with this entity and restrict its use or its relationships with other 
entities: 

cardinality_action_method_togrocessglan: The cardinali 'ty-action_methoa_to_processglan rule 
speciñes that action-methoàs with name attributes equal to "part porcess plan template" shall be referenced 
by at least one process2ian. This rule enforces the ARM requirement for part-process-plan-templates to 
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be used by no fewer than one part-process-plan. 

carrlinaöty-smactionassignment-tojrocessglan: The cardinauty_sm_action_assignment-~-p~-- 
pian tule specifies that a sheet-meta-actionassignment shall correspond to no more than one processjlan 
through its items attribute. This rule enforces the requirement in the ARM that a work-item be a supertype 
of a part-process-plan, and therefore associated with only zero or one of them at a time. 

process-plar-requiresjroduct-defmiîion: The process-plan-~quirroduct-defi~tion rule specifies 
that each instance of a process-plan shall be related to exactly one instance of the product-deñnition entity 
that describes the sheet metal part that the manufacturing process produces. 

5.2.3.1.6 product-type 

A product-type is a product-relateà~~roduct-category that categorizes a product as being a "part", "die", 
"material" or an "unspecified" item. The product-type is used to categorize all product items within the 
domain of this part of I S 0  10303. 

EXPRESS specification: 

* )  
ENTITY product-type 

WHERE 
SUBTYPE OF (product-relatedgroduct-category); 

wR1: SIZEOF (USEDIN (SELF,'SHEET~METALI.PRODUCT~CATEGORY~RELATIONSHIP.' 
+ 'RELATING-PRODUCT-CATEGORY ' 1  + USEDIN (SELF, 
'SHEET-METAL.PRODUCT-CATEGORY-RELATIONSHIP.' + 
'RELATED-PRODUCT-CATEGORY I ) )  = O; 

WR2: SELF-name IN [ 'die', 'part', 'material', 'unspecified']; 
END-ENTITY; 
( *  

Formal propositions: 

WR1: A product-type is used to classify the base types of products in this part of IS0 10303 and shall not 
be instantiated within a product-category-relationship entity. 

WR2: The allowable product-category.names for a product-type are "part", "die", "material" and 
"unspecified". 
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Associated global rules: 

The following global rules are associated with this entity and restrict its use or its relationships with other 
entities: 

product-requiresjroduct-type: The product-requires-product-type rule specifies that each instance of 
a product shall be related to exactly one instance of the product-type entity. This rule enforces the 
requirement all products are categorized as being a certain base type. 

r e s t r i d ~ ~ c o m p o n e n t u s a g e e s u ~ ~ t u ~ :  The restrict_assembly_component-usage-substitute rule 
specifies that the two assembly-componentusage instances that are related shall be of the type quantified-- 
assembly-componentusage and the product-types in the base and substitute assembly-component-usages 
shall be of the same base product type. 

restrict_die_defiNtion_const~nt-relationship: The restrict-&e-definition-constra¡nt-relationship rule 
constrains each instance of the die-definition-constraint-relationship entity such that both product-- 
definitions referenced in each of the instances are for a "die" product. 

r e s t r i c t i n p ~ i t e m d i e r e ~ ~ ~ h i p :  The restrict-input-item_die_relationship rule constrains the input-- 
item-die-relatiomhip.relating-product-definition describes a "die" product while the input-item-die-- 
relationship.related_product-definition describes a "part" or "material" product. 

restrict-qiisntified-assembly-component-usage: The restrict-quanii6eà-assembly~component~usage rule 
specifies that the products that are related by each quanüñed-assembly_component-usage entity shall each 
correspond to the same type of product. 

same-type-for-relationships: The samc-type-for-relationships rule specifies that the products that are 
related by each product-dennition-relationship entity representing a mating or symmetrical relationship shall 
each correspond to the same type of product. 

5.2.3.1.7 sequenced-product-definition-relationship 

A sequenced-product-deñnition-relationship relates two product-dennitions representmg prior and 
resultant definitions in the context of an exchange. One product-definition exists prior to the exchange of it. 
The other product_dennition is the resultant form of the prior product-definition after it has been exchanged. 

EXAMPLE 44 - A product-definition may exist in the proprietary format of CAD system A and reside in a 
computer file on a tape. It may then be translated into the proprietary format of CAD system B and transmitted 
to a different IoCation where it resides in a file on a hard drive. A sequenced-product-definition-relationship may 
be used to show the relationship between these two product-definitions, that are not identical to each other. 

EXPRESS specification: 
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* )  
ENTITY sequencedjroduct-definition-relationship 

SUBTYPE OF (product-definition-relationship); 
WHERE 

WR1: (('SHEET-METAL.' + 
'PRODUCT~DEFINITION~WITH~ASSOCIATED~DOCüMENTS') IN (TYPEOF ( 
SELF\product-definition-relationship. 
relatinggroduct-definition) AND ('SHEET-METAL. ' + 
'PRODUCT~DEFINITION~WITH~ASSOCIATED~DOCüMENTS'))) IN TYPEOF ( 
SELF\product-definition-relationship.relatedgroduct-definition); 

END-ENTITY; 
( *  

Attribute definitions: 

SEL~product-definition-relatio~~p.relati~product-definition: the product-dehition that is the 
design organization's definition and identification of the product. 

SELflproduct-definition_relationship.related-product-defínition: the product-definition that is the 
exchanged definition and identification of the product. 

Formal DroDositions: 

WR1: The product-definitions referenced by the sequenced-product-definition-relationship entity shall 
have associated documentation. 

5.2.3.1.8 sheet-metal-action-assignment 

A sheet-metai-action-assignment is an association of an action with product data. The association of an 
action with product data indicates a process that has been or will be carried out with respect to the product 
data. 

EXPRESS specification: 

* )  
ENTITY sheet-metalaction-assignment 

SUBTYPE OF (action-assignment); 
items : SET [ 1 : ? I  -OF action-assigned-item; 

WHERE 
WR1: 'SHEET-METAL-EXECUTED-ACTION' IN 

TYPEOF (SELF\action-assignment.assigned-action); 
END-ENTITY; 
( *  

Attribute definitions: 

items: a set of action-assigned-items that identify the particular pieces of product data to which the action 
is associated. 
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Formal Dropositions: 

OIS0 

WR1: The type of action assign& "y the sheet-metai-action-assignment shall be an executed-action to 
indicate that the only types of actions associated with product data are those that have been or actually will be 
carried out. 

Associated dobal rule: 

The following global rule is associated with this entity and restrict its use or its relationships with other entities: 

cadnaìity-sm-action-assignment-to-p~-ph The cardinality-sm-~tion-assignment-to-pr~ess-- 
plan rule specifies that a sheet-meta-action-assignment shall correspond to no more than one process-plan 
through its items attribute. This rule enforces the requirement in the ARM that a work-item be a supertype 
of a part-process-plan, and therefore associated with only zero or one of them at a time. 

cardinautvsmaction-assignment-to~roduct-defi~tion: The cardinaìity-sm-action-assignment-to-- 
product-deíiniîion rule specifies that a sheet-meîai-action-assignment shall correspond to no more than one 
product-definition through its items attribute. This rule enforces the requirement in the ARM that a 
work-item be a supertype of an item-defmition, and therefore associated with only zero or one of them at a 
time. 

cardinaiity-sm-action-assignment-to-product-defínition-formation: The caràinaüty-sm-action-- 
assignment-to-product-definition-formation rule specifies that a sheet-metal-action-assignment shall 
correspond to no more than one product-defínition-formation through its items attribute. This rule enforces 
the requirement in the ARM that a work-item be a supertype of an item-version, and therefore associated with 
only zero or one of them at a time. 

The carciinaiity-start_order-to-sm-a~on-assi~nt rule specifies that a start-order shall correspond 
to no fewer than one sheet-meta-action-asignment through its assigned-action attribute. This rule enforces 
the requirement in the ARM that a work-order has one or more work-items. 

process-pian-requiresjroduct-definition: The proc~-plan-reqU~~rod~-defi~tion rule specifies 
that each instance of a process-plan shall be related to exactly one instance of the product-definition entity 
by mans of a sheet-metal-action-assignment. This rule enforces the requirement that each process-pian 
be the process for manufacturing exactly one product. 

5.2.3.1.9 sheet-metai-approvai-assignment 

A siwet-metai-approvaI-assignment associates an ipproval to product data. This association points out 
what type of approval has been given to product data. 
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EXPRESS specification: 

* )  
ENTITY sheet-metal-approval-assignment 
SUBTYPE OF (approval-assignment); 
items : SET [l:?] OF approval-assigned-item; 

END-ENTITY; 
( *  

Attribute definitions: 

items: a set of approval-assigneà-items that identify the pieces of product data that may have approval 
information associated. 

Associated global rules: 

The following global rules are associated with this entity and restrict its use or its relationships with other 
entities: 

executed-action-requires-approval: The executed-action-Nquires-approval rule specifies that each 
instance of an executed-action shall be related to one or more instances of the approval entity by means of 
the slwet-metal-appmvd-assigmmnt entity. This rule specifies the need for every executed-action to have 
an associated approval of approval or approvals. 

5.2.3.1.10 sheet-metal-contract-assignment 

A sheet-metai-contract-assignment relates a contract to product data. This relationship outlines the role 
that a contract plays with respect to product data. 

EXPRESS swcification: 

* )  
ENTITY sheet-metal-contract-assignment 
SUBTYPE OF (contractassignment); 
items : SET [l:?] OF contract-assigned-item; 

END-ENTITY; 
( *  

Attribute definitions: 

itenis: a set of contract-assîgned-items that idente the particular pieces of product data to which a contract 
applies. 
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Associated global rule: 

The following global nile is associated with this entity and restricts its use or its relationships with other 
entities: 

cardinaìity-work-order_to_sm-contract-assign-or-sm-org.-assign: The cardinaiity-work-order-- 
to-sm-contract-assigr-sm-orgassign rule specifies that each instance of work-order shall be a 
contract-assigned-item or an organization-assigned-item. This rule enforces the requirement for every 
work-order to be external, which is equivalent to it being the subject of a sheet-metal-contract-assignment, 
or internal, which is equivalent to it being the subject of a s h e e t - m e t a l _ o r o n - a s s i g ~ e n t .  

5.2.3.1.11 sheet-metal-date-and-time-assignment 

A sheet-metal_date-and-~-assignment relates date-and-the information to product data. The 
assignment of a date-and-time to product data are an indication of when something occurred or will occur 
relative to the specific piece or pieces of product data. 

EXPRESS specification: 

* )  
ENTITY sheet-metal-date-and-time-assignment 

SUBTYPE OF (date-and-time-assignment); 
items : SET [l:?] OF date-and-timeassigned-item; 

WR1: sheet-metal-date-correlation (SELF); 
WHERE 

JmD-ENTITY; 
( *  

Attribute definitions: 

itenis: a set of date-anc-íim-dgned-items that identify the particular pieces of product data to which the 
date is assigned. 

Formal propositions: 

WR1: The sheet-met.aì-date-correlation function, that correlates the roles that dates may play relative to 
the various types of product data, shall be satisfied. 

Associated &ba l  rules: 

The following global rules are associated with this entity and restrict its use or its relationships with other 
entities: 
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time rule specifies that each instance of executed-action shall be related to exactly one instance of the date 
entity by means of the sheet-metaldate-assignment entity, or exactly one instance of the date-and-time 
entity by means of the SL-et~taidateand-time-assignment entity. This rule specifies the need for every 
executed-action to have exactly one associated date, and optionally exactly one associated time. 
product_dennition-formation-~uires-date-or-date-~-~e: The produd-definition-formation-- 
requires-date-or-date-and-üme rule specifies that each instance of product-definition-formation shall 
be related to exactly one instance of the date entity by means of the sheet-metal-date-assignment entity, or 
exactly one instance of the date-and-time entity by means of the sheet-~taldate-and-~-assignment 
entity. This rule specifies the need for every product-definition-formation to have exactly one associated 
date, and optionally exactly one associated time. 

w o r k - r e q u e s t - r ~ u i r a t e - o r - ~ t e - a n d - ~  The w o r k - ~ u ~ t - ~ u i r r - d a t e - a n d - t i m e  
rule specifies that each instance of versioned-action-request shall be related to exactly one instance of the 
date entity by means of the sheet-metal-date-assignment entity, or exactly one instance of the 
date-and-time entity by means of the sheet-metaldate-andtime-assignment entity. This rule specifies 
the need for every versioneà-action-request to have exactly one associated date, and optionally exactly one 
associated time. 

5.2.3.1.12 sheet-metaldate-assignment 

A sheet-metai-date-assignment relates date information to product data. The assignment of a date to 
product data are an indication of when something occurred or will occur relative to the specific piece or pieces 
of product data. 

EXPRESS srnification: 

* )  
ENTITY sheet-metal-date-assignment 

SUBTYPE OF (date-assignment); 
items : SET [i:?] OF date-assigned-item; 

WR1: sheetmetal-date-correlation (SELF); 
WHERE 

END-ENTITY; 
( *  

Attribute definitions: 

items: a set of date-assigned-items that identify the particular pieces of product data to which the date is 
assigned. 

Formal Dropositions: 

WR1: The sheet-meîai-date-correlation function, that correlates the roles that dates may play relative to 
the various types of product data, shall be satisfied. 
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Associated global rules: 

The following global niles are associated with this entity and restrict its use or its relationships with other 
entities: 

ex~-~n-i.equires-date-or-date-and-~e: The executed_action-~quir~-date-or-date-and-- 
time rule specifies that each instance of executed-action shall be related to exactly one instance of the date 
entity by means of the sheet-metai-date-assignment entity, or exactly one instance of the date-and-üme 
entity by means of the s ~ t ~ ~ d a t e a n d t i m e - a s s i g n m e n t  entity. This rule specifies the need for every 
executed-action to have exactly one associated date, and optionally exactly one associated time. 

product-definition-formation-requires-date-or-date-and-üme: The product-definition-formation-- 
requires-date-or-date-and-time rule specifies that each instance of product-definition-formation shall 
be related to exactly one instance of the date entity by means of the sheet-metai-date-assignment entity, or 
exactly one instance of the date-and-time entity by means of the sheet-metai-date-and-time-assignment 
entity. This rule specifies the need for every product-definition-formation to have exactly one associated 
date, and optionally exactly one associated time. 

work_request-requires_date-or-da~-and-üme: The work-request-requires-date-or-date-and-time 
rule specifies that each instance of versionet-action-request shall be related to exactly one instance of the 
date entity by means of the sheet-meta-date-assignment entity, or exactly one instance of the 
date-ami-time entity by means of the sheet-metai-date-and-~-~ind_time_assignment entity. This rule specifies 
the need for every versioned-action-request to have exactly one associated date, and optionally exactly one 
associated time. 

5.2.3.1.13 sheet-metal-document-reference 

A sheet-meta-document-reference relates a document to a particular piece of product data. This 
relationship indicates a document reference from a specific piece of product data. 

EXPRESS srnification: 

* I  
ENTITY sheet-metal-document-reference 

SUBTYPE OF (document-reference); 
items : SET [i: ? I  OF document-referencebitem; 

WHERE 
wR1: sheet-metal-document-correlation (SELF); 

END_ENTITY; , 

( *  

Attribute definitions: 
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i- a set of document-referenced-items that identify the particular pieces of product data that reference 
the document. 

Formal propositions: 

WR1: The sheetmetaldocument-correlation function, that Correlates the types of documents that may be 
associated with specific pieces of product data, shall be satisfied. 

5.2.3.1.14 sheet-metal-organization-assignment 

A sheet-metal_organizatiation-assignment associates an organization with product data. This association 
shows the role that an organization plays relative to the product data. 

EXPRESS specification: 

* I  
ENTITY sheetmetal-organization-assignment 
SUBTYPE OF (organization-assignment); 
items : SET [i:?] OF organization-assigned-item; 

WR1: sheetmetal-organization-correlation (SELF); 
WHERE 

END-ENTITY; 
( *  

Attribute definitions: 

items: a set of organization-assigned-items that identify the particular pieces of product data in which an 
organization plays a role. 

Formal propositions : 

WR1: The sheet-metalorganization-correlation function that correlates roles of organizations to elements 
of product data shall be satisfied. 

Associated dobal rules: 

The following global rules are associated with this entity and restrict its use or its relationships with other 
entities: 

cardinality_work-oer-tosmcontractassiporsmorgassig: The cardinaüty-work-order-to-sm-- 
contract-~sigor-srn-o~~sig rule specifies that each instance of work-order shall be a contract-- 
assignet-item or an organization-isigned-itern. This rule enforces the requirement for every work-order 
to be external, which is equivalent to it being the subject of a sheet-metal-contract-assignment, or internal, 
which is equivalent to it being the subject of a sheet_metal_organization-assignment. 

181 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



~ ~ ~ ~ 

STD-IS0 10303-207-ENGL 1797 D i1853903 0799930 T 9 1  

Is0 10303-207:1999(E) OIS0 

cardinality-sm-organinization-~signment-~-work-o~er: The cardinality-sm-organization-- 
asigmnent-to-work-order rule specifies that a sheet-metal-organizationization_assignment shall correspond to 
no fewer than one work-order through its items attribute. This rule enforces the requirement in the ARM that 
a work-order-responsibiìity is responsible for one or more work-orders. 

executed_action-requiires_organization: The executed-action-requires-organization rule specifies that 
each instance of executec-adon shall be related to one or more instances of the organization entity by means 
of the sheet_meta-organization-~signment entity. This rule specifies the need for every executed-action 
to have an associated organization or organization or organizations. 

5.2.3.1.15 sheet-metal-person-and-organization-assignment 

A s ~ t - ~ - ~ ~ n - s n d - o ~ t i o n - ~ s i g ~ e n t  relates a person-and-organization to product data. 
This association shows the role that a person-and-organization plays relative to the product data. 

EXPRESS srnification: 

* )  
ENTITY s h e e t _ m e t a l _ p e r s o n - ~ ~ - Q ~ y ~ i z a t i o p t  

SUBTYPE OF (person_and-~izatian_aJcignment}; 
items : SET [I:?] OF p~can_and_errganization_assí~~-ite; 

WR1: sheet-metal_person-and-organizaticm-correlation (SELF); 
WHERE 

END-ENTITY; 
( *  

Attribute definitions: 

itenis: a set of p e r s o n _ a n d _ o r g a s i ~ - i ~ ~  that identify the particular pieces of product data 
to which the person-and-organization is assigned. 

Formal Drouositions: 

WR1: The sheet~tai~rsonsndo~anizationcorrelation function that correlates roles of persons and 
organizations to elements of product data shall be satisfied. 

5.2.3.1.16 sheet-metal-person-assignment 

A sheet-metai+rson-assignment relates a person to product data. This association shows the role that a 
person plays relative to the product data. 

EXPRESS specification: 
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* )  
ENTITY sheetmetalgerson-assignment 

SUBTYPE OF (person-assignment); 
items : SET [i:?] OF personassigned-item; 

WHERE 
wR1: sheetmetal-person-correlation (SELF); 

END-ENTITY; 
(*  

Attribute definitions: 

items: a set of pemn-dgned-iîem that identify the pieces of product data to which the person is assigned. 

Formal propositions: 

WRI: The sheet_meta-person-correlation function that correlates roles of persons to elements of product 
data shall be satisfied. 

Associated global rule: 

The following global rule is associated with this entity and restrict its use or its relationships with other entities: 

work-request-requires-person: The work-request-requires-prson rule specifies that each instance of 
versioned-action-request shall be related to one or more instances of the person entity by means of the 
sheetmetair>erSonasignment entity. This rule specifies the need for every versioned-action-request to 
have an individual or individuals who is the work requestor. 

5.2.3.1.17 sheet-metal-security-classification-assignment 

A sheet_metal_security-cl~~cation_assig~ent relates a security-classification to a particular piece of 
product data. This particular relationship indicates security information relative to the product data to which 
the security-classification is assigned. 

EXPRESS specification: 

* )  
ENTITY sheet-metal-security-classification-assignment 

SUBTYPE OF (security-classification-assignment); 
items : SET [i:?] OF security-classification-assigned-item; 

END-ENTITY; 
( *  

Attribute definitions: 

items: a set of securi~-classitication-~signed_items that identify the particular pieces of product data to 
which the security classification is assigned. 
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5.2.3.1 . 18 start-order 

A sîart-order is the formal notification that authority has been given to perform an action. This is the same 
as a work-order except that it is only for creating something for which no prior version exists. 

EXPRESS specification: 

* )  
ENTITY startorder 

END-ENTITY; 
( *  

SUBTYPE OF (work-order); 

Associated dobal rule: 

The following global rule is associated with this entity and restrict its use or its relationships with other entities: 

cardinality-star-order-to-sm-action-assignment: The cardinality-sbrt_order-~-sm-action-- 
assignment rule specifies that a start-order shall correspond to no fewer than one Sheet-metaL- 
action-assignment through its assigned-action attribute. This rule enforces the requirement in the ARM that 
a work-order has one or more work-items. 

5.2.3.1.19 work-order 

A work-order is the f d  notifcation that authority has been given to perform an action. This is the same 
as an executed-action except that uniqueness is enforced on the value of the name attribute. 

EXPRESS specification: 

* )  
ENTITY work-order 

SUPERTYPE OF (ONEOF (change-order, start-order)) 
SUBTYPE OF (executed-action); 

UNIQUE 
UR1:name; 

ENï-ENTITY; 
( *  

Attribute definitions: 

SELMüon.name: a unique identifier for the work-order. 
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WR1: The value assigned to LR inherited name attribute of work-order shall be unique among all instances 
of work-order. 

Associated global rule: 

The following global rule is associated with this entity and restricts its use or its relationships with other 
entities: 

cardinaüty-sm-organization-assignment-to-work-order: The cardinality-sm-organization-- 
assignment-toworkorder rule specifies that a sheet_metal_organization-assignment shall correspond to 
no fewer than one work-order through its items attribute. This rule enforces the requirement in the ARM that 
a work-order-responsibility is responsible for one or more work-orders. 

cardinality_work-ordertosmcontractassipor-sm-orgassig: The cardinal¡ty-work-order-to-sm-- 
contract-assigor-sm-owassig rule specifies that each instance of work-order shall be a contrac-- 
assigned-item or an organization-assigned-item. This rule enforces the requirement for every work-order 
to be extemai, which is equivalent to it being the subject of a sheet-metai-contract-assignment, or internal, 
which is equivalent to it being the subject of a sheet-metal-organization-assignment. 

subtypt-mandatory-work-order: The subtype-mandatory-work-order rule specifies that each instance 
of work-order shall be an instance of change-order or start-order. The rule enforces the requirement that 
work orders must be for starting a new item or changing an existing one. 

5.2.3.1.20 work-order-relationship 

A work-order-relatiomhip is a type of action-relationship that is further constrained so that the two actions 
related thereby are each either change-orders or start-orders. 

EXPRESS specification: 

* )  
ENTITY work-order-relationship 

WHERE 
SUBTYPE OF (action-relationship); 

WRl:( ('CHANGE-ORDER' IN (TYPEOF(SELF\action-relationship. 
relating-action) OR 'START-ORDER')) IN TYPEOF(SELF\ 
action-relationship.relating-action)) AND (('CHANGE-ORDER' 
IN (TYPEOF(SELF\action-relationship.related-action ) OR 
'START-ORDER')) IN TYPEOF (SELF\action-relationship. 
related-action ) ) ;  

END-ENTITY; 
( *  
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Formal prouositions: 

WRl: The types of the two actions related by this relationship shall each be either change-orders or start-- 
oràers. 

5.2.3.2 Die planning and design imported entity modifications 

5.2.3.2.1 action 

The base definition of the action is given in IS0 10303-4 I. The following modifications apply to this part of 
IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the action entity: 

- dependent-instantiation-for-action (see 5.2.4.12). 

5.2.3.2.2 action-method 

The base definition of the action-method entity is given in IS0 10303-41. The following modifications apply 
to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the action_method entity: 

- cardinality-action-method-to-process-plan (see 5.2.4.4). 

5.2.3.2.3 action-request-solution 

The base definition of the action-request-solution entity is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the action-request-solution entity: 

- dependent-instantiation-for-action-request-solution (see 5.2.4.13). 

5.2.3.2.4 action-resource-requirement 

The base definintion of the action-murce-requirement entity is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The following globai rules defined in this part of IS0 10303 apply to the action-resource-reqUrement entity: 
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- cardinality-product_definition-p~~~s-to-action-r~ource-r~u~e~nt (see 5.2.4.5). 

5.2.3.2.5 application-context 

The base defmition of the application-context entity is given in IS0 10303-41. The following modifications 
apply to this part of IS0  10303. 

The following global rules defined in this part of IS0 10303 apply to the application-context entity: 

- dependent-inst antiat ion-for-application-context (see 5.2.4.14). 

5.2.3.2.6 approval 

The base definition of the approval entity is given in IS0 10303-41. The following modifications apply to this 
part of IS0 10303. 

The following global rules defined in this part of IS0  10303 apply to the approval entity: 

- approval-requires-approval-date-time (see 5.2.4.2). 

- approval-requiresapproval-person-organization (see 5.2.4.3). 

5.2.3.2.7 approval-date-time 

The base defmition of the approval-date-lhe entity is given in IS0 10303-41. The following modifications 
apply to this part of I S 0  10303. 

The following global rules defined in this part of IS0 10303 apply to the approval-date-lhe entity: 

- approval-requires-approval-date-time (see 5.2.4.2). 

5.2.3.2.8 approval-person-organization 

The base definition of the approval-person-organization entity is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the approval-prson-organization 
entity: 

- approval-requires-approval-person-organization (see 5.2.4.3). 
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5.2.3.2.9 contract 

The base def~tion of the contract entity is given in IS0 10303-41. The following modifications apply to this 
part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the contract entity: 

- dependent-instantiation-for-contract (see 5.2.4.15). 

5.2.3.2.10 date-role 

The base definition of the date-role entity is given in IS0 10303-41. The following modifications apply to 
this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the date-role entity: 

- dependent-instantiation-for-date-role (see 5.2.4.16). 

- restrict-date-role (see 5.2.4.36). 

5.2.3.2.1 1 date-time-role 

The base definition of the date_tmie_rOle entity is given in IS0 10303-41. The following modifications apply 
to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the date_time_role entity: 

- dependent-instantiation-for-date-time-role (see 5.2.4.17). 

- restrict-date-time-role (see 5.2.4.37). 

5.2.3.2.12 derived-unit 

The base d e f ~ t i o n  of the derived-unit entity is given in IS0 10303-41. The following modifications apply 
to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the derived-unit entity: 

- dependent-instantiation-for-derivd-unit (see 5.2.4.18). 

5.2.3.2.13 document-reference 
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The base definition of the document-reference entity is given in IS0 10303-41. The following modifications 
apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the document-reference entity: 

- dependent-instantiation-for-document-reference (see 5.2.4.19). 

5.2.3.2.14 executedaction 

The base defmition of the executed_action entity is given in IS0 10303-41. The following modifications apply 
to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the executed-action entity: 

- executed-action-requires-approval (see 5.2.4.26). 

- executed-act ion-requires-date-or-date-and-time (see 5.2.4.27). 

- execu ted-act ion-requires-organizat ion (see 5.2.4.28). 

5.2.3.2.15 functionally-defined-transformation 

The base definition of the functionally-defined-transformation entity is given in IS0 10303-41. The 
following modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the 
functionaìiy-defined-transformation entity: 

- dependent-instantiation-for-~nctionally-defined-transfo~tion (see 5.2.4.20). 

5.2.3.2.16 globaluncertainty-assigned-context 

The base definition of the global-uncertainty-assigned-context entity is given in IS0 10303-41. The 
following modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the 
global-uncertainty-assigned-context entity: 

- global-uncertaintyassigned-context-constraint (see 5.2.4.29). 
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5.2.3.2.17 item-defined-transformation 

OIS0 

The base definition of the item-defined-transformation entity is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the item-defined-transformation entity: 

- dependent_instantiation-for-item-defin~-transfo~tion (see 5.2.4.2 1 ). 

5.2.3.2.18 organization-role 

The base definition of the organization-role entity is given in IS0 10303-41. The following modifications 
apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the organization-role entity: 

- dependent-instant iat ion-for-organizat ion-role (see 5.2.4.22). 

- restrict-organization-role (see 5.2.4.38). 

5.2.3.2.19 person-and-organization-role 

The base definition of the person-and-organization-role entity is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The following global rules defmed in this part of IS0 10303 apply to the person-and-organization-role 
entity: 

- dependent-instantiation-for-person-and-organization-role (see 5.2.4.23). 

- restrict-person-and-organization-role (see 5.2.4.40). 

5.2.3.2.20 person-role 

The base definition of the person-role entity is given in IS0 10303-41. The following modifications apply 
to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the person-role entity: 

- dependent-instant iat ion-for-person-role (see 5.2.4.24). 

- restrictgerson-role (see 5.2.4.39). 
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5.2.3.2.21 product 

The base definition of the product entity is given in IS0 10303-41. The following modifications apply to this 
part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the product entity: 

- product-requires-product-defmit ion-formation (see 5.2.4.3 3). 

- product-requires-product-type (see 5.2.4.34). 

5.2.3.2.22 product-definition 

The base def~tion of the product-definition entity is given in IS0 10303-41. The following modifications 
apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the product-defhition entity: 

- cardinality-sm-action-assignment-to-product-definition (see 5.2.4.7). 

- product-definition-formation-requires-product-definition (see 5.2.4.32). 

The following additional informal propositions apply: 

Instances of produc-definiüon which are pointed to by one or more instances of product-related-product-- 
category which are also instances of the product-related-product-category subtype, product-type, when 
that product-related-product-category has a name attribute with the value of either 'die', 'material', 'part', 
or 'unspecified' shall always meet one of the four following conditions: 

- if the value of their associated product-related-product-category name attribute is 'part', they shall 
also have an instance of product-related-product-category pointing to them which is not an instance 
of the subtype product-type, and which has a name attribute with the value of 'part-definition'; 

- if the value of their associated product-related-product-category name attribute is 'die', they shall 
also be an instance of product-definition-with-associated-documents, and also have an instance of 
product-related-product-category pointing to them which is not an instance of the subtype 
product-type, and which has a name attribute with the value of 'die definition'; 

- if the value of their associated product-related-product-category name attribute is 'material', they 
shall also be an instance of product-definition-with-associated-documents, and also have an instance 
of product-related-product-category pointing to them which is not an instance of the subtype 
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product-type, and which has a name attribute with the value of 'material definition' or 'scrap definition'; 

- if the value of their associated produc-related-produc-category name attribute is 'unspecified', they 
shall also be an instance of product-definition-with-associated-documents, and also have an instance 
of product-related-product-category pointing to them which is not an instance of the subtype 
product-type, and which has a name attribute with the value of 'scrap definition'. 

5.2.3.2.23 product-definition-context 

The base definition of the product-deñniüon-context is given in IS0 10303-41. The following modifications 
apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the product-definition-context entity: 

- restrictgroduct-definition-context (see 5.2.4.4 1). 

5.2.3.2.24 product-definition-formation 

The base definition of the product-definition-formation is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the product-definition-formation entity: 

- cardinality-sm-action-assignment-to-pr~uct-defmition-fo~tion (see 5.2.4.8). 

- product-defmition-formation-requires-date-or-date-and-time (see 5.2.4.3 1). 

- product-requires-product-definition-formation (see 5.2.4.33). 

- product- fini it ion-format ion- r~~es-produc  t-definit ion (see 5.2.4.32). 

5.2.3.2.25 product-definition-process 

The base definition of the product-deñnition-process entity is given in IS0 10303-41. The following 
modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the product-definition-process entity: 

- cardinality-product-definition-process-to-action-resource-r~uirement (see 5.2.4.5). 

5.2.3.2.26 product-definition-relationship 

192 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



~ 

STD-IS0 30303-207-ENGL 3999 4851703 0799743 877 

OIS0 IS0 10303-207: 1999(E) 

The base definition of the product-definition-relationship entity is given in IS0  10303-41. The followhg 
modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the product-definition-relati~~~p 
entity: 

- same-type-for-relationships (see 5.2.4.43). 

The following additional informal propositions apply: 

If the product-definition-relationship is a mating relationship, then it shall have at most one shape-aspect 
that specifies the shape of the mating area. 

5.2.3.2.27 shape-representation 

The base definition of the shape-representalion entity is given in IS0  10303-41. The following modifications 
apply to this part of IS0 10303. 

The following global niles defined in this part of IS0 10303 apply to the shape-represenîation entity: 

- subtype-mandatory-for-shapc-representation (see 5.2.4.44). 

5.2.3.2.28 tolerance-value 

The base defínition of the tolemncc-value entity is given in IS0 10303-47. The following modifications apply 
to this part of IS0  10303. 

The following global rules defined in this part of IS0  10303 apply to the tolerance-value entity: 

- dependent-inst ant iat ion-for-tolerance-value (see 5.2.4.25). 

5.2.3.2.29 versioned-action-request 

The base definition of the versioned-action-request entity is given in IS0 10303-41. The following 
modifications apply to this part of IS0  10303. 

The following global rules defined in this part of IS0 10303 apply to the versioned-action-request entity: 

- work-request-requires-date-or-date-and-time (see 5.2.4.46). 

- work-request-requires-person (see 5.2.4.47). 
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5.2.3.2.30 item-defined-transformation 

The base definition of the item-defined-transformation entity is given in IS0 10303-43. The following 
modifications apply to this part of IS0 10303. 

The foliowing global rules defined in this part of IS0 10303 apply to the item-defined-transformation entity: 

- dependent-instantiation-for-item-defined-transfo~tion (see 5.2.4.2 1). 

5.2.3.2.31 assembly-component-usage 

The base definition of the entity assembly-component-usage is given in IS0 10303-44. The following 
modifications apply to this part of IS0 10303. 

The supertype clause has been pruned. The list entries next-assembly-usage-occurrence and specified-- 
higher-usage-occurrence, the keyword. ONEOF, and the brackets surrounding the ONEOF list have been 
removed. 

5.2.3.2.32 assembly-component-usage-substitute 

The base definition of the assembìy-component-usage-substitute entity is given in IS0 10303-44. The 
following modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the assembIy-component-- 
usage-substitute entity: 

- restrict-assembly-component-usage-substitute (see 5.2.4.35). 

5.2.3.2.33 quantified-assembly-component-usage 

The base definition of the quanüñed-assembly-component-usage entity is given in IS0 10303-44. The 
following modifications apply to this part of IS0 10303. 

The following global rules defined in this part of IS0 10303 apply to the quantiseà-assembly-- 
component-usage entity: 

- restrict-quantifieû-assembly-component-usage (see 5.2.4.42). 

5.2.3.2.34 datum-reference 
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The base definition of the entity datum-reference is given in IS0 10303-47. The following modifications 
apply to this part of IS0 10303. 

The supertype clause has been removed. 

5.2.3.2.35 geometric-tolerance 

The base deffition of the entity geometric-tolerance is given in IS0 10303-47. The following modifications 
apply to this part of IS0 10303. 

The supertype clause has been pruned. The list entry geometric_toierance_with_defined_unit, the keyword 
ONEOF, and the brackets surrounding the ONEOF list have been removed. 

5.2.3.2.36 shape-dimension-representation 

The base definition of the entity shape- ens si on-representation is given in IS0 10303-47. The following 
modifications apply to this part of IS0 10303. 

The supertype clause has been removed. 

5.2.3.2.37 tolerance-value 

The base definition of the entity tolerance-value is given in IS0 10303-47. The following modifications apply 
to this part of IS0 10303. 

The supertype clause has been removed. 

5.2.3.2.38 tolerance-zone-definition 

The base definition of the entity tolerance-zone-definition is given in IS0 10303-47. The following 
modifications apply to this part of IS0 10303. 

The supertype clause has been removed. 

5.2.3.2.39 action-method-with-associated-documents 

The base defition of the entity action_method_with_associated_documents is given in IS0 10303-49:-”. 
The following modifications apply to this part of IS0 10303. 

’) To be published. 
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The supertype clause has been removed. 

5.2.4 Sheet metal rule definitions 

5.2.4.1 application-context-requires-ap-definition 

The application-context-requires-ap-definition rule specifies that each instance of application-context 
shall be referenced by exactly one application-protocol-definition that specifies this part of IS0 10303. 

EXPRESS specification: 

* )  
RULE application-context-requires-ap-definition FOR 

WHERE 
(application-context, applicationjrotocol-definition); 

WR1: S I Z E O F  (QUERY (ac <* application-context I 
NOT ( S I Z E O F  (QUERY (apd <* applicationqrotocoldefinition I 
(ac :=: apd.application) 
AND 
(apd.application-interpreted-model-schema-name = 
‘sheet-metal’))) = 1 1 ) )  = O; 

END-RULE ; 
( *  

Argument definitions: 

application-context: identifies the set of all instances of the application-context entity. 

application~rotocol~definition: identifies the set of all instances of the application-protocol-definition 
entity. 

Fornial DroDositions: 

WR1: For each instance of application-context, there shall be exactly one instance of application-- 
protocol-deñnition that references the instance of application-context as its application with a value of 
‘sheet-metal’ as its application-~te~r-modelschema-riame. 

5.2.4.2 approval-requires-approval-date-time 

The approval-reqdres-approval-datetime rule specifies that each instance of approval shall be referenced 
by exactly one approval-date-the. This rule enforces the requirement for every approval to have a date on 
which the approval obtained its specified status. 
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EXPRESS srnification: 

* )  
RULE approval-requires-approval-date-time FOR 

WHERE 
(approval, approval-date-time); 

WR1: S I Z E O F  (QUERY (a <* approval I 
NOT ( S I Z E O F  (QUERY (adt <* approvaldate-time I 
a :=: adt-dated-approval ) )  = 1 ) ) )  = O; 

END-RULE ; 
( *  
Armiment definitions: 

approval: identifies the set of all instances of approval entities. 

approval-date-time: identifies the set of all instances of the approval-date-time entity. 

Formal promsitions: 

WR1: For each instance of approval, there shall be exactly one instance of approval-date-time that contains 
the instance of approval as its dated-approval attribute. 

5.2.4.3 approval-requires-approval-person-organization 

The approval-requires-approval-prson-organization rule specifies that each instance of approval shall 
be referenced by at least one approval-prson-organization. This rule enforces the requirement for an 
approval to be authorized by one or more people within an organization. 

EXPRESS specification: 

* )  
RULE approval-requires-approval-person-organization FOR 

WHERE 
(approval, approvalgerson-organization); 

WR1: S I Z E O F  (QUERY (a <* approval I 
NOT (SIZEOF (QUERY (apo <* approvaijerson-organization I 
a :=: apo.authorized-approval ) )  >= 1 ) ) )  = O; 

END-RULE ; 
( *  

Argument definitions: 

approval: identifies the set of all instances of the approval entity. 

approval-person-organization: identifies the set of all instances of the approval-person-organization 
entity. 
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Formal propositions: 

WR1: For each instance of approval, there shall be one or more instances of approval-person-organization 
which contain the instance of approval as its authorized-approval attribute. 

5.2.4.4 cardinality-action-method-to-process-plan 

The c a r d i ~ ~ - a c t i o n _ m e t h ~ - ~ - p ~ e s s - p l a n  rule specifies that action-methods with name attributes 
equal to “part process pían template” shall be referenced by at least one process-plan. This rule enforces the 
ARM requirement for part-process-plan-templates to be used by no fewer than one par-process-plan. 

EXPRESS specification: 

* )  
RULE cardinality-action-method-tosrocess-plan FOR 

WHERE 
(action-method, processjlan); 

WR1: SIZEOF (QUERY (am <* action-method I 
(-.name = ‘part process plan template’) AND 
(NOT (SIZEOF (QUERY (pp <* processqian I 

am :=: pp.chosen-method ) )  = 1 ) ) ) )  = O; 
END-RULE ; 
( *  

Argument definitions: 

action-method: identifies the set of all instances of the action-method entity. 

process-plan: identifies the set of all instances of the process-plan entity. 

Formal Drowsitions: 

WIU: For each instance of actiOn_method, there shall be at least one instance of process_plan that references 
it. 

The ~ t y s r o a u c t _ a e f i n i t i o n g r o c e s s _ t o - a c t i o n - ~ ~ e - ~ i ~ m e n t  rule specifies that a 
product~deñniíion~rocess shall be the operation of no more than one action-resource-reqirement. This 
rule enforces the requirement in the ARM that a process-operation have no more than one press-definition 
âefmedfor it. . 

EXPRESS specification: 
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RULE cardinalitygroduct_definition_process-to-action-resource-requirement 

WHERE 
FOR (product-definitiongrocess, action-resource-requirement); 

wR1: SIZEOF (QUERY (pdp c* product-definitionjrocess I 
NOT (SIZEOF (QUERY (arr c* action-resource-requirement I 
pdp :=: arr.operations)) c= 1))) = O; 

END-RULE ; 
( *  

Argument definitions: 

action-resourcerequirement identifies the set of all instances of the action-mource-reqUirement entity. 

product-definition-process: identifies the set of all instances of the product-definition-process entity. 

Formal propositions: 

WRl: For each instance of product-definition-process, there shall be no more than one instance of 
action-resource-requirement pointing to it via its operation attribute. 

5.2.4.6 cardinality-sm-action-assignment-to-prmess-plan 

The cardinality_sm-action-assignrnent-~-p~ess-pl~ rule specifies that a sheet-metal-action-- 
assignment shall correspond to no more than one process-plan through its items attribute. This rule enforces 
the requirement in the ARM that a work-ihn be a supertype of a part~rocex-plan, and therefore associated 
with only zero or one of them at a time. 

EXPRESS Specification: 

*) 
RULE cardinality-sm-action-assignment-togrocessjlan 

WHERE 
FOR (sheet-metalaction-assignment, processglan); 

WRI: SIZEOF (QUERY (pp c* processaian I 
NOT (SIZEOF (QUERY (srnaa c* sheetmetal-action-assignment I 
pp IN smaa.items)) c=1))) = O; 

END-RULE ; 
(* 

Argument definitions: 

process-plan: identifies the set of all instances of the process-plan entity. 

sheet-metal-action-assignment identifies the set of all instances of the sheet-metal-action-assignment 
entity. 
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Formal propositions: 

OIS0 

WR1: For each instance of s.~t_me~action_assignment, there shall be no more than one instance of 
process-plan in its set of items. 

5.2.4.7 cardinality-sm-action_assignment-to-product-definition 

The mrdinality-sm-action-assignment-to-product-deñnition rule specifies that a sheet-metal-action-- 
assignment shall correspond to no more than one product-definition through its items attribute. This rule 
enforces the requirement in the ARM that a work-item be a supertype of an item-definition, and therefore 
associated with only zero or one of them at a time. 

EXPRESS suecification: 

*) 
RULE cardinality_sm-action-assignment_to_product-definition 

WHERE 
FOR (sheet-metal-action-assignment, product-definition); 

WR1: SIZEOF (QUERY (pd <* product-definition I 
NOT (SIZEOF (QUERY (smaa <* sheetmetal-action-assignment I 
pd I N  smaa.items)) <=1))) = O; 

END-RULE ; 
(* 

Argument àefmitions: 

produc-deñnition: identifies the set of all instances of the product-definition entity. 

sheet-meta-action-assignmenk identifies the set of all instances of the sheet-meta-action-assignment 
entity. 

Fonnal prowsitions: 

WR1: For each instance of sheet-metalaction-assignment, there shall be no more than one instance of 
product-definition in its set of items. 

5.2.4.8 cardinality_sm_action_assignment_to_prod 

The cardinality-sm~action_assignment-to-product-definition-formation rule specifies that a sheet- 
-metal-actiOn-ssignment shall correspond to no more than one product-definition-formation through its 
items attribute. 'This rule enforces the requirement in the ARM that a work-item be a supertype of an 
item-version, and therefore associated with only zero or one of them at a time. 
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EXPRESS specification: 

*) 
RULE cardinality-sm-action-assignment-to~roduct-definition-fo~tíon 

WHERE 
FOR (sheetmetal-action-assignment, productdefinition-formation); 

WR1: SIZEOF (QUERY (pdf <* productdefinition-formation I 
NOT (SIZEOF (QUERY (smaa <* sheetmetal-action-assignment I 
pdf I N  smaa.items)) c = 1 ) ) )  = O; 

END-RULE ; 
(* 

Armiment definitions: 

product-definition-formation: identifies the set of all instances of the product-definition-formation entity. 

sheet-mea-action-assignment: identifies the set of all instances of the sheet-mea-action-assignment 
entity. 

Formal Dropositions: 

WR1: For each instance of sheet-metal-action-assignment, there shall be no more than one instance of 
product-definition-formation in its set of items. 

5.2.4.9 cardinality-sm-organization-assignment-to-work-order 

The cardinality_sm-o~~tion-~ignment-~-work-order rule specifies that a sheet-metal- 
- organization-assignment shall correspond to no fewer than one work-order through its items attribute. 
This rule enforces the requirement in the ARM that a work-order-responsibility is responsible for one or 
more work-orders. 

EXPRESS srnification: 

*) 
RULE cardinality-sm-organization_assignment-to-work-order 

WHERE 
FOR (sheetmetal-organization-assignment, work-order); 

WR1: SIZEOF (QUERY (wo c* work-order I 
NOT (SIZEOF (QUERY (smoa <* sheet-metal-organization_assignment I 
('effector' = smoa.role) AND (wo IN smoa.items))) >=i))) = o; 

END-RULE ; 
(* 
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Argument definitions: 

work-order: identifies the set of all instances of the work-order entity. 

sheet_metalorganization_assignment: identifies the set of all instances of the sheet-metal-organization- 
- assignment entity. 
Formal prouositions: 

WR1: For each instance of s h e e t - ~ t a l - o r g a n i z o n - ~ i ~ e n t ,  there shall be at least one instance of 
work-order in its set of items. 

5.2.4.10 cardinality-start-order-to-sm-action-assignment 

The cardinality_start_order-~-sm-action-~sig~ent rule specifies that a start-order shall correspond 
to no fewer than one sheet-metal-acüon-assignment through its assigned-action attribute. This rule enforces 
the requirement in the ARM that a work-mkr has one or more work-items. 

EXPRESS specification: 

*) 
RULE cardinality-start-order-to-sm-action-assignt 

WHERE 
FOR ( s h e e t - m e t a l a c t i o n - a s s i g n m e n t ,  s t a r t o r d e r ) ;  

WR1: S I Z E O F  (QUERY (SO <* start-order I 
NOT ( SIZEOF (QUERY ( smaa <* s h e e t m e t a l - a c  t ion-assignment I 
so :=:smaa.assigned-action)) >= 1))) = O; 

END-RULE; 
(* 

Argument definitions: 

sheet-metai-action-assignmenk identifies the set of all instances of the sheet-metal-action-~signment 
entity. 

start-order: identifies the set of all instances of start-order entity. 

Formal proDositions: 

WR1: For each instance of start-order, there shall be at least one instance of 
sheet-metalaction-assignment corresponding to it throught the sheet-mîal-adon-assignment 
assigned-action attribute. 
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5.2.4.1 1 cardinali ty-work-order-to-sm-contract-assigor_sm-or~msig 

The cardlliauty_work-order_to_sm_contract-~ior_sm_orgassig rule specifies that each instance of 
work-order shall be a contract-assigned-item or an organization-assigned-item. This rule enforces the 
requirement for every work-order to be external, which is equivalent to it being the subject of a sheet-metaI-- 
contract-wignment, or internai, which is equivalent to it being the subject of a sheet-metaIorganization-- 
assignment. 

EXPRESS srnification: 

* )  
RULE cardinality_work_order-to-s~-contract_accir-sm-org-assig FOR 

(work-order, sheet-metalcontractassignment, 
sheetmetal-organization-assignment); 

WR1: SIZEOF (QUERY (wo <* work-order I 
WHERE 

NOT (SIZEOF (QUERY (smca <* sheet-metalcontract-assignment I 
wo IN smca.items)) = 1) 

XOR 
(SIZEOF (QUERY (smoa <* sheet-metal-organization_acsigment I 
wo IN smoa.items)) = 1) 1 )  = O; 

END-RULE ; 
( *  

Argument definit ions : 

work-order: identifies the set of all instances of the work-order entity. 

sheet-metaicontracasignmenk identifks the set of all instances of the s..eet-metaI-contract-assignment 
entity. 

s h e e t - ~ ~ - o r n - ~ i g n m e n k  identifies the set of all instances of the sheet-metaì-organization-- 
assignment entity. 

Formal propositions: 

WR1: Every instance of work-order shall be used exclusively by exactly one of either sheet-metai-- 
contract-assignment or sheet-metal-organization-assignment. 

5.2.4.12 dependent-instantiation-for-action 

This rule enforces the requirement that the entity action, that is not directly instantiable, but that is not an 
intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The melative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
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inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-htanüation-for-action rule specifies that each instance of action shall be referenced by at 
ieast one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for-action FOR (action); 
WHERE 

WRI: SIZEOF (QUERY (a <* action I 
NOT (SIZEOF (USEDIN (a, " ) )  >= 1 1 ) )  = 0; 

END-RULE ; 
( *  

Armment definitions: 

action: identifies the set of all instances of action. 

Formal propositions : 

WR1: For each instance of acüon there shall be at least one instance of an entity that references action. 

5.2.4.13 dependent-instantiation-for-action-request-solution 

This rule enforces the requirement that the entity action~request~soluüon, that is not directly instantiable, but 
that is not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - nie correlative requirement that intermediate superspes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The depenàent-iirsîantiation-for-action-request-solution rule specifies that each instance of action-- 
request~solution shall be referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for-action-request-solution 

FOR (action-request-solution); 
WHERE 
WR1: SIZEOF (QUERY (ars <* action-request-solution I 

NOT (SIZEOF (USEDIN (arc,  " 1 1  >= 1 1 ) )  = O; 
ENï-RULE; 
( *  
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Argument definitions : 

action-request-solution: identifies the set of all instances of action-request-solution. 

Formal propositions: 

WR1: For each instance of action-request-solution there shall be at least one instance of an entity that 
references action-request-solution. 

5.2.4.14 dependent-instantiation-for-application-context 

This rule enforces the requirement that the entity application-context, that is not directly instantiable, but that 
is not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - ?he Correlative requirement that intermediate superspes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-instantiation-for-appiication-context rule specifies that each instance of application-- 
context shall be referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for-application-context 

WHERE 
FOR (application-context); 

WRI : SIZEOF (QUERY (ac <* application-context 1 
NOT (SIZEOF (USEDIN (ac, ' I ) )  >= 1 ) ) )  = o; 

END-RULE ; 
( *  

Argument definitions: 

appiication-context: identifies the set of all instances of application-context. 

Formal propositions: 

WR1: For each instance of application-context there shail be at least one instance of an entity that references 
application-context . 

5.2.4.15 dependent-instantiation-forcontract 

This rule enforces the requirement that the entity contract, that is not directly instantiable, but that is not an 
intermediate supertype, shall not be allowed to be directly instantiated. 
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NOTE - The carrelative requirement that intermediate superspes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-instantiation-for-contract rule specifies that each instance of contract shall be referenced 
by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for-contract 

WHERE 
FOR (contract) ; 

mi: SIZEOF (QUERY (c <* contract I 
NOT (SIZEOF (USEDIN ( C ,  ' >= 1 ) = 0; 

END-RULE ; 
( *  

Armiment definitions: 

contract: identifies the set of all instances of contract. 

Formal Dropositions: 

WRl: For each instance of contract there shall be at least one instance of an entity that references contract. 

5.2.4.16 dependent-instantiation-for-date-role 

This rule enforces the requirement that the entity date-role, that is not directly instantiable, but that is not an 
intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The carrelative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-htanûa * tion-for-date-role nile specifies that each instance of date-role shall be referenced 
by at least one instance of an entity. 

EXPRESS smification: 

* )  
RULE dependent-instantiationfor_date_role 

WHERE 
FOR (date-role); 

m1: SIZEOF (QUERY (dr <* date-role I 
NOT (SIZEOF (USEDIN (dr, ' I ) )  >= 1 1 ) )  = o; 

END-RULE ; 
( *  
Argument definitions: 
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date-role: identifies the set of all instances of date-role. 

Formal propositions: 

WR1: For each instance of dah-role there shall be at least one instance of an entity that references date-role. 

5.2.4.17 dependent-instantiation-for-date-time-role 

This rule enforces the requirement that the entity date-time-role, that is not directly instantiable, but that is 
not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-instantiation-fordate-time-role rule specifies that each instance of date-time-role shall 
be referenced by at least one instance of an entity. 

EXPRESS svxification: 

* )  
RULE dependent-instantiation-for-date-time-role 

FOR (date-time-role); 
WHERE 

WR1: SIZEOF (QUERY (dtr <* date-time-role 1 
NOT (SIZEOF (USEDIN (dtr, ' I ) )  >= 1 1 ) )  = O; 

END-RULE ; 
( *  

Argument definitions: 

date-We-role: identifies the set of all instances of dah---role. 

Formal propositions: 

WR1: For each instance of date-time-role there shall be at least one instance of an entity that references 
dah-time-role. 

5.2.4.18 dependent-instantiation-for-derived-unit 

This rule enforces the requirement that the entity derived-unit, that is not directly instantiable, but that is not 
an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 
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The dependent-instantiation-for-derived-unit rule specifies that each instance of derived-unit shall be 
referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for-derived-mit 

WHERE 
FOR (derivebunit 1 ; 

WR1: SIZEOF (QUERY (du <* derived-mit I 
NOT (SIZEOF (USEDIN (du, I ' ) )  >= 1 1 ) )  = o; 

END-RULE ; 
( *  

Argument defmitions: 

derived-unit: identifies the set of all instances of derived-unit. 

Formal propositions: 

WRi: For each instance of derived-unit there shall be at least one instance of an entity that references 
derived-unit. 

5.2.4.19 dependent-instantiation-for-document-reference 

This rule enforces the requirement that the entity document-reference, that is not directly instantiable, but that 
is not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-instantiation-for-document-reference rule specifies that each instance of document-- 
reference shall be referenced by at least one instance of an entity. 

EXPRESS suecification: 

* )  
RULE dependent-instantiation-for-document-reference 

WHERE 
FOR (document-reference); 

WR1: SIZEOF (QUERY (dr <* document-reference I 
NOT (SIZEOF (USEDIN (dr, ' I ) )  >= 1 1 ) )  = O; 

END-RULE ; 
( *  

Armiment defmitions : 
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document-reference: identifies the set of all instances of document-reference. 

Formal propositions: 

WR1: For each instance of document-reference there shall be at least one instance of an entity that references 
document-reference. 

5.2.4.20 dependent-instantiation-for-f~ctionally-defined-transformation 

This rule enforces the requirement that the entity functionally-defined-transformation, that is not directly 
instantiable, but that is not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependentiristsntis~n-for-functionally-de~ed-~~fodetined_transformation rule specifies that each instance of 
functionally-defined-transformation shall be referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for-functionally-defined-transfo~tion 

FOR (functionally-defined-transformation); 
WHERE 
WR1: SIZEOF (QUERY (fdt <* functionally-defined-transformation I 

NOT (SIZEOF (USEDIN (fdt, ' I ) )  >= 1 ) ) )  = o; 
END-RULE ; 
( *  

Armiment definitions : 

functionally-defined-transformation: identifies the set of all instances of functiody-defined-- 
transformation. 

Formal DroDositions: 

WR1: For each instance of functionally-defined-transformation there shall be at least one instance of an 
entity that references functionally-defined-transformation. 

5.2.4.21 dependent-instantiation-for-item-defined-transformation 

This rule enforces the requirement that the entity x, that is not directly instantiable, but that is not an 
intermediate supertype, shall not be allowed to be directly instantiated. 
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NOTE - The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-hstantiation-for-item-defined-transfomation rule specifies that each instance of item-- 
defined-transformation shall be referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for-item-defined-transfo~tion 

FOR (item-defined-transformation); 
WHERE 

WR1: SIZEOF (QUERY (idt c* item-defined-transforation I 
NOT (SIZEOF (USEDIN (idt, " ) )  >= 1 1 ) )  = O; 

END-RULE ; 
( *  

Arament definitions : 

item-defined-transformation: identifies the set of all instances of item-defined-transformation. 

Formal ProDositions: 

WR1: For each instance of item-deñned-transformation there shall be at least one instance of an entity that 
references item-defined-transformation. 

5.2.4.22 dependent-instantiation-for-organization-role 

This rule enforces the requirement that the entity organization-role, that is not directly instantiable, but that 
is not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - 'The correlative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-instantiation-for_organizatioe rule specifies that each instance of organization-role 
shall be referenced by at least one instance of an entity. 

EXPRESS srnification: 

* I  
RULE dependent-instantiation-for-organization-role 

FOR (organization-role); 
WHERE 
WRI : SIZEOF (QUERY (o-r <* organization-role I 

NOT (SIZEOF (USEDIN (o-r, ' I ) )  >= 1 1 ) )  = O ;  
END-RULE ; 
( *  

210 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



OIS0 IS0 10303-207: 1999(E) 

Armment definitions: 

organization-role: identifies the set of all instances of organization-role. 

Formal propositions: 

WR1: For each instance of organization-role there shall be at least one instance of an entity that references 
organization-role. 

5.2.4.23 dependent-instantiation-for-person-and-orga~~tion-role 

This rule enforces the requirement that the entity person-and-organization-role, that is not directly 
instantiable, but that is not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The melative requirement that intermediate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent_instantiation-for-personand_orle rule specifies that each instance of 
person-and-organization-role shall be referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-for~erson-and-organization-role 

FOR (person-and-organization-role); 
WHERE 
m1: S I Z E O F  (QUERY (paor <* person-and-organization-role I 

NOT ( S I Z E O F  ( U S E D I N  (paor, ' ' ) ) >= 1 ) ) ) = o; 
END-RULE ; 
( *  
Argument definitions: 

person-and-organization-role: identifies the set of all instances of person_and_organization-role. 

Formal propositions: 

WR1: For each instance of person-and-organization-role there shali be at least one instance of an entity that 
references person-andorganization-role. 

5.2.4.24 dependent-instantiation-for-person-role 

This rule enforces the requirement that the entity person-role, that is not directly instantiable, but that is not 
I an intermediate supertype, shall not be allowed to be directly instantiated. 
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N û ï E  - ïhe correlative requirement that intermeùiate supertypes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-instantiation-for-person-role rule specifies that each instance of person-role shall be 
referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation-forjerson-role 

WHERE 
FOR (person-role); 

m i :  SIZEOF (QUERY (pr <* person-role I 
NOT (SIZEOF (USEDIN (pr, ' ' ) >= 1 ) = o; 

END-RULE ; 
( *  

Argument definitions: 

person-role: identifies the set of ali instances of person-role. 

Formal propositions: 

WR1: For each instance of person-role there shall be at least one instance of an entity that references 
person-role. 

5.2.4.25 dependent-instantiation-for-tolerance-value 

This rule enforces the requirement that the entity tolerance-value, that is not directly instantiable, but that is 
not an intermediate supertype, shall not be allowed to be directly instantiated. 

NOTE - The correlative requirement that intermediate superspes not be directly instantiated is enforced by the non- 
inclusion of these entities in the EXPRESS "USE FROM" declarations that are found at the beginning of 5.2. 

The dependent-htaníiaîion-fortolerance-value rule specifies that each instance of tolerance-value shall 
be referenced by at least one instance of an entity. 

EXPRESS specification: 

* )  
RULE dependent-instantiation_foytolerance-value 

WHERE 
FOR (tolerance-value); 

mi: SIZEOF (QUERY (tr <* tolerance-value I 
NOT (SIZEOF (UCEDIN (tr, I ' ) ) >= i ) ) = o; 

ENJLRULE ; 
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Argument definitions: 

tolerance-value: identifies the set of all instances of tolerance-value. 

Formal propositions: 

WR1: For each instance of tolerance-value there shall be at least one instance of an entity that references 
tolerance-value. 

5.2.4.26 executed-action-requires-approval 

The execuûx-action-requires-approval rule specifies that each instance of executed-action shall be related 
to one or more instances of the approval entity by means of the shee-metal-approval-assignment entity. 
This rule specifies the need for every executed-action to have an an associated approval(s). 

EXPRESS soecification: 

* )  
RULE executed-action-requires-approval FOR 

WHERE 
(executed-action, sheetmetal-approval-assignment); 

m1: S I Z E O F  (QUERY (ea <* executed-action I 
NOT ( S I Z E O F  (QUERY (smaa <* 
shee tmeta 1-approval-as s ignment I 
ea I N  smaa.items)) >=1 1 ) )  = O; 

END-RULE ; 
( *  

Argument definitions : 

executedaction: identifies the set of all instances of executed-action entities. 

sheet_metal_approvagnment: identifies the set of all instances of sheet-metal-approval-assignment 
entities. 

Formal propositions: 

WR1: For each instance of executed-action, one or more related instances of the sheet-meta-approvd-- 
assignment entity shall exist. 

5.2.4.27 executed-action-requires-date-or-date-and-time 

The executed_action-req~-da~-or_date_an rule specifies that each instance of executed-action 
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shall be reiated to exactly one instance of the date entity by means of the sheet-metai-date-assignment entity, 
or exactly one instance of the date-anc-üme entity by means of the sheet-metai-date-and-time-assignment 
entity. This rule specifies the need for every executed-action to have exactly one associated date, and 
optionally exactly one associated time. 

EXPRESS sueci ficat ion: 

* )  
RULE executed-action-requires-date-or-date-and-time FOR 

(executed-action, sheet-metal-date-assignment, 
sheet-metal-date-and-time_assignment); 

WHERE 
WFU: SIZEOF (QUERY (ea <* executed-action I 

NOT (SIZEOF (QUERY (smda <* sheet-metal-date-assignment I 
ea IN smda.items)) + 

ea IN smdata-items))) =1 ) ),) = O; 
(SIZEOF (QUERY (smdata e* sheetmetal-date-and-time-assignment I 

END-RULE ; 
( *  

Argument definitions : 

executed-action: identifies the set of all instances of execu$ed-actian entities. 

sheet-metai-date-assignment: identifies the set of all instances of sheet-metai-date-assignment entities. 

sheet-meta-date-and-timeassignment: identifies the set of ali instances of s h e e t - m e t a i _ d a t m e - -  
assignment entities 

Formal urouositions: 

WR1: For each instance of execuh-acüon, exactly one instance of the related sheet-metaidate-assignment 
entity or exactly one instance of the related s h e e t - ~ t a i - d a t s i g n m e n t  entity shall exist . 

5.2.4.28 executed-action-requires-organization 

The executed_action-~uires_organization rule specifies that each instance of executed-action shall be 
related to one or more instances of the organization entity by means of the sheet-metal-organization-- 
assignment entity. This rule specifies the need for every executed-action to have an associated 
organization(s). 
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EXPRESS specification: 

* )  
RULE executed-action-requires-organization FOR 

(executed-action, sheet-metal-organization-assignment); 
WHERE 

WR1: SIZEOF (QUERY (ea <* executed-action I 
NOT (SIZEOF (QUERY (smoa <* 
sheetmetal-organization-assignment 1 
ea IN smoa.items)) >=1 1 ) )  = O; 

END-RULE ; 
( *  

Argument definitions: 

executed-action: identifies the set of all instances of executeà-action entities. 

sheet-metal-organization-assignment: identifies the set of all instances of sheet-metaì-organization-- 
assignment entities. 

Formal DroDositions: 

WR1: For each instance of executed-action, one or more related instances of the sheet-metaì-organization-- 
assignment entity shall reference it. 
5.2.4.29 globaluncertainty-assigned-context_constraint 

The global_uncertainty-assigneà-context_co~tr~nt rule enforces the requirement that the entity global-- 
umrîainty-assigneà-context be associated with information concerning the maximum linear and maximum 
angular distance between two elements in a product-definition-shape or shape-aspect under which those 
elements may still be considered to be coincident. 

EXPRESS specification: 

* )  
RULE globaluncertainty-assigned-context-constraint 

WHERE 
FOR (global-uncertainty-assigned-context); 

WR1: SIZEOF (QUERY (guac <* globaluncertainty-assigned-context 

WRS: SIZEOF (QUERY (guac <* global-uncertainty-assigned-context 
NOT (SIZEOF (gua~.uncertainty)=2)))=0; 

NOT ( (SIZEOF (QUERY (x <* guac .uncertainty I 
(SIZEOF (QUERY (x <* guac-uncertainty 1 
'SHEETMETAL.LENGTH-UNIT' IN TYPEOF (x.unit-component)))=l) AND 

ISHEET-METAL.PLANE-ANGLE_UNIT' IN TYPEOF (x.unit-component)))=i) 
) ) ) = O ;  

END-RULE ; 
( *  

215 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

--`,,,,,,,,`,`,,,,,`,```,``,,,-`-`,,`,,`,`,,`---



STDmISO 10303-207-ENGL 3999 4853903 07999b4 374 .I 

IS0 10303-207: 1999(E) OIS0 

Armiment definitions : 

global_uncertainty_assigned_context: the set of all instances of the global-uncertain@-assigned-context 
entity. 

Formal propositions: 

WR1: Each global-uncertainty-assigned-context shall have exactly two elements in its set of units. 

WR2: Each global-uncertainty-assigned-context shall have exactly one length-unit and exactly one 
plane-angle-unit in its set of unit-components via its set of uncertainties. 

5.2.4.30 process-plan-requires-product-definition 

The processjìan-quiresjroàuct-deñnition rule specifies that each instance of process-plan shall make 
reference to at least one instance of the product-dehition entity through the sheet-meta-action-assignpent 
entity. 

EXPRESS specification: 

* )  
RULE process_plan-requires_product_definition FOR 

(process-plan, sheet-metal-action-assignment); 
WHERE 
WR1: SIZEOF (QUERY (pp <* processglan I 

NOT (SIZEOF (QUERY ( smaa <* sheet-metal-action-assignment I 
(smaa\action-assignment.assigned-action :=: pp\action) AND 
(SIZEOF (QUERY (i <* smaa.items I 'SHEET-METAL.' + 
'PRODUCT-DEFINITION' IN TYPEOF(i))) >= 1))) = 1))) = O ;  

END-RULE ; 
( *  

Armment definitions : 

process-plan: identifies the set of all instances of process-plan entities. 

sheet-meîai-action-asr;imunent: identiñes the set of ali instances of sheet-meta-action-assignment entities. 

Formal propositions: 

WR1: For each instance of process-plan, there shall be at least one instance of a product-definition entity 
that relates to it by means of the sheet-meta-action-assignment entity. 

5.2.4.3 1 product-definition-formation-requires-date-or-dat e-and-time 
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The product-definition-formation-requires-date-or-date-and-time rule specifies that each instance of 
product-definition-formation shall be related to at exactly one instance of the date entity by means of the 
sheet-metal-date-assignment entity, or exactly one instance of the date-and-time entity by means of the 
sheetmetaldateandtime-assignment entity. This rule specifies the need for every product-definition-- 
formation to have exactly one associated date, and optionally exactly one associated time. 

EXPRESS specification: 

* )  
RULE product-definition-formation-re~ires-date-or-date-and-ti~e FOR 

(product-definition-formation, sheetmetal-date-assignment, 

WR1: S I Z E O F  (QUERY (pdf <* product-definition-formation I 
sheet-metal-date-and-time-assignment); 

WHERE 

NOT ( S I Z E O F  (QUERY (smda <* sheet-metal-date-assignment I 
pdf IN smda.items)) + 

pdf I N  smdata.items))) =1 1 )  = O ;  
( S I Z E O F  (QUERY (smdata <* sheet-metaldateand-time-assignment I 

END-RULE ; 
( *  

Argument definitions: 

product-definition-formation: identifies the set of all instances of product-definition-formation entities. 

sheet-metal-date-assignment: identifies the set of all instances of sheet-metal-date-assignment entities. 

sheet-metal-dateandtimeassignmenk identifies the set of all instances of sheet-metal_date_and-time-- 
assignment entities 

Formal propositions: 

WR1: For each instance of product-definition-formation exactly one related instance of the sheet-metal-- 
date-assignment entity or exactly one instance of the related sheet-metal-date-and-time-assignment entity 
shall exist . 

5.2.4.32 product-definition-formation-requires-product-de~nition 

The product-definition-formation-requires-product-definition rule specifies that each instance of 
product-dennition-formation shall be referenced by at least one instance of product-definition. This rule 
enforces the requirement for every product-definition-formation to have one or more definitions. 

EXPRESS specification: 

* )  
RULE product-def ini t ion-formation-res_prodct-def ini t ion FOR 
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(product-definition-formation, product-definition); 

wR1: SIZEOF (QUERY (pdf <* product-definition-formation I 
NOT (SIZEOF (QUERY (pd <* product-definition I 
pdf :=: pd.formation ) )  >= 1 ) ) )  = O; 

WHERE 

END-RULE ; 
( *  

Argument definitions : 

product-definition-formation: identifies the set of all instances of product-definition-formation entities. 

product-definition: identifies the set of all instances of product-definition entities. 

Formal propositions: 

WR1: For each instance of product-dennition-formation, there shall be one or more instances of product-- 
deñniüon that contains a formation attribute value equal to that instance of product-definition-formation. 

5.2.4.33 product-requires-product-definition-formation 

The product-requiresproduct-definition-formation rule specifies that each instance of product shall be 
referenced by at least one instance of product-definition-formation. This rule enforces the requirement for 
every product to have one or more versions. 

EXPRESS specification: 

* )  
RULE product-requiresqroduct-definition-formation FOR 

WHERE 
(product, product-definition-formation); 

WR1: SIZEOF (QUERY (p <* product I 
NOT (SIZEOF (QUERY (pdf <* product-definition-formation I 
p :=: pdf.ofqroduct ) )  >= 1 1 ) )  = O; 

END-RULE ; 
( *  

Argument definitions: 

product: identifies the set of all instances of product entities. 

product-definition-formation: identifies the set of all instances of product-definition-formation entities. 

Formal propositions: 

I WR1: For each instance of product, there shall be one or more instances of product-definition-formation 
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that contains an of-product attribute value equal to that instance of product. 

5.2.4.34 product-requires-product-type 

The product-requires_product-type rule specifies that all products shall be associated with exactly one 
instance of the product-type entity. 

EXPRESS specification: 

* )  
RULE product-requiresgroduct-type FOR (product, product-type); 
WHERE 

WR1: SIZEOF (QUERY (p <* product I 
NOT (SIZEOF (QUERY (pt <* product-type I 
SIZEOF (p IN 
pt\product-relatedqroduct-category.products) = 1 1 )  
= 1 1 ) )  = o; 

END-RULE ; 
( *  

Argument definitions: 

product: identifies the set of all instances of product entities. 

product-type: identifies the set of all instances of product-type entities. 

Formal Drouositions: 

WR1: For each instance of product, there shall be exactly one instance of product-type. 

5.2.4.35 restrict-assembly-component-usage-substitute 

The restrict-~mbly_component_uc3age_subst rule specifíes that the two assembly-component-usage 
instances that are related shall be of the type quantified-assembly-component-usage and the product-types 
in the base and substitute assembly-component_usages shall have the same name. 

EXPRESS specification: 

* )  
RULE restrictassembly-component-usage-substitute FOR 

WHERE 
(assembly-component-usage-substitute, product-type); 

WRI: SIZEOF (QUERY (acus <* assembly-component-usage-substitute 1 
NOT (('SHEET-METAL.QUANTIFIED-ASSEMBLY-COMP0NENT-USAGE' 
IN TYPEOF (acus.base)) AND 
('SHEET-METAL.QUANTIFIED-ASSEMBLY-COMPONENT-USAGE' 
IN TYPEOF (acus.substitute))))) = O; 
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W R ~  : SIZEOF (QUERY (acus <* assembly-component-usage-substitute I 
product-typelof-product 
(acus.base.relatingqroduct_definition.fo~ation.of-product, 

.name = product-type-ofqroduct 
(acus.substitute.relating_product_definition.formation.of~roduct, 
product-type) 
.name ) ) ; 

product-type) 

END-RULE ; 
( *  

Argument definitions: 

assembly~component~usage~substi~~ identifies the set of all instances of assembly-component-usage-- 
substitute entities. 

product-type: identifies the set of all instances of the product-type entity. 

Formal propositions: 

WR1: For each instance of the assembly-component-usage-substitute entity, the base and substitute 
assembly-component-usages shall be of the type quantified_assemblycornponent-usage. 

WR2: For each instance of the assembly-component-usage-substitute entity, the base and substitute 
assembly-component-usages shall have the same product_type.name. 

5.2.4.36 restrict-date-role 

The restrict-date-role rule specifies the permitted roles for date entities. This rule enforces the requirement 
for the roles of date entities to be "creation date", "revision date", "review date", "production year date", 
"completion date", "order date", "preliminary review date", "start date" or "request date". 

EXPRESS srnification: 

* )  
RULE restrict-date-role FOR 

WHERE 
(date-role); 

wR1: SIZEOF (QUERY (dr <* date-role I 
NOT (dr-name IN ['creation date', 'revision date', 'review date', 
'production year date', 'completion date', 'order date', 
'preliminary review date', 'start date', 'request date']) 1 )  = O; 

END-RLJLE ; 
( *  

Armment definitions : 
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date-role: identifies the set of all instances of date-role entities. 

Formal propositions: 

WR1: For each instance of the date-role, the name attribute shall have a value of ""creation date", "revision 
date", "review date", "completion date", "order date", "preliminary review date", "production year date", "start 
date", or "request date". 

Attribute value definitions: 

creation date: identifies the date when either a definition of a design or process plan comes into existence. 

revision date: identifies the date when the definition of a design is revised. 

review date: identifies the date that a process plan has gone through a review. 

completion date: identifies the date when a piece of work is scheduled to be completed. 

order date: identifies the date when work is ordered. 

prehinary review date: identifies the date when a piece of work has undergone or is scheduled to undergo 
a review that is designed to monitor progress on work that is not yet complete. 

production year date: identifies the year in which a product goes into production. 

start date: identifies the date when work is scheduled to begin. 

request date: identifies the date that work was requested. 

5.2.4.37 restrict-date-timerole 

The restrict-date-time-role rule specifies the permitted roles for date-and-time entities. This rule enforces 
the requirement for the roles of date-and-time entities to be "creation date", "revision date", "review date", 
"production year date", "completion date", "order date", "preliminary review date", "start date" or "request 
date". 

EXPRESS specification: 

* )  
RULE restrict-date-time-role FOR 

WHERE 
(date-time-role); 

WR1: SIZEOF (QUERY (dtr <* date-time-role I 
NOT (dtr-name IN ['creation date', 'revision date', 
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'review date', 'completion date', 'order date', 
'preliminary review date', 'start date', 'request date']))) = O; 

END-RULE ; 
( *  

Argument definitions: 

date-be-role: identifies the set of all instances of date-time-role entities. 

Formal DroDositions: 

WR1: For each instance of the date-time-role, the name attribute shall have a value of "creation date", 
"revision date", "review date", "completion date", "order date", "preliminary review date", "start date", or 
"request date". 

Attribute value definitions: 

creation date: identifies the date when either a definition of a design or process plan comes into existence. 

revision date: identifies the date when the definition of a design is revised. 

review date: identifies the date that a process plan has gone through a review. 

completion date: identifies the date when a piece of work is scheduled to be completed. 

order date: identifies the date when work is ordered. 

prehinary review date: identifies the date when a piece of work has undergone or is scheduled to undergo 
a review that is designed to monitor progress on work that is not yet complete. 

start date: identifies the date when work is scheduled to begin. 

request date: identifies the date that work was requested. 

5.2.4.38 restrict-organization-role 

The restrict-organization-de rule specifies the permitted roles for organization entities. This rule enforces 
the requirement for the roles of organization entities to be "design supplier", "effector", "implementor", "order 
source", "plant", and "supplier". 
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EXPRESS specification: 

* )  
RULE restrict-organization-role FOR 

WHERE 
(organization-role); 

WRI: SIZEOF (QUERY (o-r <* organization-role I 
'order source', 'plant', 'supplier']) ) )  = O; 

NOT (o-r.name IN ['design supplier', 'effector', 'implementor', 

END-RULE ; 
( *  

Armiment definitions: 

organization-role: identifies the set of all instances of organization-role entities. 

Formal DroDositions: 

WR1: For each instance of the organization_role, the name attribute shall have a value of "design supplier", 
"implementor", "supplier", "order source", or "effector". 

Attribute value definitions: 

design supplier: identifies the organization responsible for supplying a design. 

implementor: identifies the organization responsible for implementing a change order. 

supplier: identifies the organization responsible for supplying work based on a contract or internal work order. 

order source: identifies the internal organization that created a work order. 

effector: identifies the organization responsible for making sure that a work order is carried out. 

5.2.4.39 restrict-person-role 

The restrict-person-role rule specifies the permitted roles for person entities. This rule enforces the 
requirement for the roles of person entities to be "designer", "implementor", "purchaser" or "work requestor". 

EXPRESS specification: 

* )  
RULE restrict_person-role FOR 

WHERE 
(person-role) ; 

WRI: SIZEOF (QUERY (pr c* person-role I 
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NOT (pr.name IN ['designer', 'implementor', 'purchaser', 
'work requestor']))) = O; 

END-RULE ; 
( *  

Argument definitions: 

person-role: identifies the set of all instances of person-role entities. 

Formal propositions: 

WR1: For each instance of the person-role, the name attribute shall have a value of "designer", 
"implementor", "purchaser" or "work requestor". 

Attribute value definitions: 

designer: identifies the person responsible for creating a design. 

implementor: identifies the person responsible for implementing a change order. 

purchaser: identifies the person responsible for procuring services of a supplier. 

work requestor: identifies the person that makes a request for work to be done. 

5.2.4.40 restrict-person-and-organization-role 

The restrictprson-and-organization-role rule specifies the permitted roles for person-and-organization 
entities. This rule enforces the requirement for the roles of person-and-organization entities to be "data 
owner", "planner" or "implementor". 

EXPRESS specification: 

* )  
RULE restrictqerson-and-organization-role FOR 

WHERE 
(person-and-organization-role); 

wR1: S I Z E O F  (QUERY (paor <* person-and-organization-role I 
NOT (paor.name IN ['data owner', 'planner', 
'implementor' I) 1 )  = O; 

END-RULE ; 
( *  

Armiment definitions: 

peison~d~organ¡zaíion~role: identifies the set of ail instances of person-and-organization-role entities. 
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Formal propositions: 

WR1: For each instance of the person-and-organization-role, the name attribute shall have a value of 
"data owner", "planner" or "implementor". 

Attribute value definitions: 

data owner: identifies the person within an organization who owns design or process planning information. 

planner: identifies the person within an organization who is responsible for creating a process plan. 

implemenîor: identifies the person within an organization who is responsible for implementing a change order. 

5.2.4.41 restrict-product-definition-context 

The restrict-product-definition-context rule specifies the permitted values for the life-cycle-stage of a 
product-definition-context . 

EXPRESS specification: 

* )  
RULE restrictgroduct-definition-context FOR 

WHERE 
(product-definition-context); 

WR1: SIZEOF (QUERY (pdc <* product-def inition-context I 
NOT ((pdc.life-cycle-stage = 'design') OR 
(pdc.life-cycle-stage = 'in process') OR 
(pdc.life-cycle-stage = 'as physically modelled') OR 
(pdc.life-cycle-stage = 'as design constrained')))) = O; 

END-RULE ; 
( *  

Armiment definitions: 

product-definition-context: identifies the set of all instances of product-definition-context entities. 

Formal propositions: 

WR1: For each instance of the product-definition-context, the life-cycle-stage attribute shall have a value 
of "design","in pracess","as physically modelled", or "as design constrained". 

Attribute value definitions: 

design: design of an item in the final form it will take before any assembly operations 
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in process: design of an item in any form it takes prior to the final pre-assembled form 

as physically modelled: design of an item as represented by a physical object 

as design constrained: design of an item after accounting for constraints imposed by designs of other items 

5.2.4.42 restrict-quantified-assembly-component-usage 

The restrict-quantified-assembly-component-wage rule specifies that the two product-definitions that 
are related by the quantified-assembly-component-usage entity shall be of the same product-type.name. 

NOTE - A part can only substutite foi andher part, a die component can only substitute for another die component, 
et cetera. 

EXPRESS specification: 

* )  
RULE restrict-quantified-assembly-component-usage FOR 

WHERE 
(quantified-assembly-component-usage, product-type); 

WR1: SIZEOF (QUERY (qacu <* quantified-assembly-component-usage I 
(qacu.relating_product-definition.formation.of_product, product-type).name = 

(qacu.related_product-definition.formation.of_product, product-type).name ) 1 ;  

product-type-ofqroduct 

product-type-ofqroduct 

END-RULE ; 
( *  

Argument definitions : 

quantified-assembly-component-usage: identifies the set of all instances of quantified-assembly-- 
component-usage entities. 

product-type: identifies the set of all instances of the product-type entity. 

Formal uropositions: 

WR1: For each instance of the 
corresponding to the two related product-definitions shall have the same name. 

quantified-assembly-component-usage entity, the product-types 

5.2.4.43 same-type-for-relationships 

The same-type-for-relationships rule specifies that two product-definitions taking part in an assembly 
component, mating or symmetrical relationship by means of the product-definition-relationship entity shall 
be of the same product-type.name. 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

--`,,,,,,,,`,`,,,,,`,```,``,,,-`-`,,`,,`,`,,`---



OIS0 IS0  10303-207: 1999(E) 

EXPRESS specification: 

* )  
RULE same-type-for-relationships FOR 

WHERE 
(product-definition-relationship, product-type); 

WR1: SIZEOF (QUERY (pdr <* product-definition-relationship I 
NOT ((pdr.name <> 'assembly component' 
AND pdr.name <> 'mating' AND pdr.name <> 'symmetrical') 
OR (pdr-name IN ['assembly component', 'mating', 'symmetricai'l 
AND (product-type-ofqroduct 
(pdr.relatingqroduct_definition.formation.ofqroduct, 
product-type) .name = 

(pdr.related_product_definition.formation.of~roduct, 
product-type).name ) I ) ) )  = O; 

product-typeofqroduct 

END-RULE ; 
( *  

Argument definitions: 

product-definition-relationship: identifies the set of all instances of product-definition-relationship 
entities. 

product_type: iàerttifies the set of all instances of the product-type entity. 

Formal propositions: 

WR1: For each instance of the product-definition-relationship entity that represents a mating or symmetrical 
relationship, the product-types corresponding to the two related product-definitions shall have the same 
name. 

5.2.4.44 subtype-mandatory-for-shape-representation 

The subtype-mandatory-for-shape-representation rule specifies that each instance of 
shape-representation shall be an instance of one of its subtypes: advanced-brep-shape-representation, 
faceted-brepshaDe-representation, csg-shape-representation, geometr¡cally-bounded-surface-shap-- 
representation, edge-based-wirefrme-shape-representation, shell-based-wirefrahape-- 
representation, geometridly-bounded-wireframe-shap-representation, or manifold-surface-shape-- 
representation. This rule enforces the ARM requirement that shape-representations be complete 
categorizations of their subtypes. 

EXPRESS specification: 

*) 
RULE subtypemandatory-for-shape-representation FOR (shape-representation); 
WHERE 
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mi: SIZEOF ( QUERY (sr <* shape-representation I 
NOT ( SIZEOF ( ['SHEET-METAL.ADVANCED-BREP-SHAPE-REPRESENTATION', 
'SHEETMETAL.FACETED-BREP-SmPE-REPRESENTATIoN', 
'SHEETMETAL.CSG-SHAPE-REPRESE~ATION', 
'SHEET-METAL.GEOMETRICALLY-BO~DED-S~FACE-SHAPE-REPRESENTATION', 
'SHEETMETAL.EDGE-BASED-WIREF~E-SHAPE-REPRES~TATION', 
'SHEETMETAL.SHELL-BASED-WIREFRAME_SHAPE-REPRESENTATION', 
'SHEETMETAL.GEOMETRICALLY-BO~DED-WIREF~E-SHAPE-REPRESENTATION', 
'SHEET-METAL.MANIFOLD-SURFACE-SHAPE-REPRESENTATION'] ) 
* ( TYPEOF ('sr') ) = 1 ) ) )  = o; 

END-RULE ; 
(* 

Argument definitions : 

shape-representation: identifies the set of all instances of shape-representation entities. 

Formal propositions: 

WR1: Each instance of shape-representation shall be an instance of either advanced-brepshape-- 
representation, faceted-brepshape-representation, cseshape-representation, geometrically-bounded-- 
surface-shape-representation, edge-based-wirefme-shape-representation, shell-based-wireframe-- 
shape-representation, geometrically-bounded-wirefrme-shape-representation, or manifold-surface-- 
shape-representation. 

5.2.4.45 subtype-mandatory-work-order 

The subtype-mandatory-work-order rule specifies that each instance of work-order shall be an instance 
of change-order or start-order. This rule enforces the requirement that work orders must be for starting a 
new item or changing an existing one. 

EXPRESS specification: 

* )  
RULE subtype-mandatory-work-order FOR (work-order); 
WHERE 

WR1: SIZEOF ( QUERY (wo <* work-order I 
(NOT ('SHEET-METAL.CHANGE-ORDER' IN TYPEOF (WO)) AND 

NOT ('SHEET-METAL.START-0RDER' IN TYPEOF (wo))) ) )  = o; 
END-RULE ; 
( *  

Argument definitions : 

work-order: identifies the set of all instances of work-order entities. 

~ 

Formal prooositions: 
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WR1: Each instance of work-order shall be an instance of either change-order or start-order. 

5.2.4.46 work-request-requires-date-or-date-andfime 

The w o r k _ r e s u e s t - ~ u i ~ - ~ t e - o r - ~ t e - ~ - ~  rule specifies that each instance of versioned-action-- 
request shall be related to exactly one instance of the date entity by means of the sheet-metal-date-- 
assignment, or exactly one instance of the date-and-time entity by means of the sheet-metal-date-and-- 
timt-assignment. This rule specifies the need for every versioned-adion-request to have exactly one request 
date, and optionally exactly one request time, specified. 

EXPRESS srmification: 

* )  
RULE work-request-requires-date-or-date-and-time FOR 

(versioned-action-request, sheet-metal-date-assignment, 

WR1: SIZEOF (QUERY (varq <* versioned-action-request I 
sheet-metal-date-and-time-assignment) ; 

WHERE 

NOT (SIZEOF (QUERY (smda <* sheet-metal-date-assignment I 
varq IN smda.items)) + 
SIZEOF (QUERY (smdata <* sheet-metal-dateand-time-assignment I 
varq IN smdata.items)) =1 ) ) )  = O; 

END-RULE ; 
( *  

Argument definitions: 

versioned-action-request: identifies the set of all instances of versioned-action-request entities. 

sheet-metaì-date-assignmenk identifies the set of all instances of sheet-metal-date-assignment entities. 

sheet-meta-date-and-thm-assignmenk identifies the set of all instances of sheet-metal-date-and-time-- 
assignment entities 

Formal propositions: 

WR1: For each instance of versioneà-acüon_reauest, exactly one related instance of the sheet-metal-date-- 
assignment entity or exactly one related instance of the sheet-metal-date_and_time_assignment entity shall 
exist . 

5.2.4.47 work-request-requires-person 

The work-request-requires-prson rule specifies that each instance of versionedaction-request shall be 
related to one or more instances of the person entity by means of the sheet-metal-person-assignment entity. 
This rule specifies the need for every versioned-action-request to have an individual(s) who is the work 
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requestor. The meaning of work requestor is found in the person-assignment. 

EXPRESS specification: 

* )  
RULE work-request-requires_percon FOR 

WHERE 
(versioned-action-request, sheet-metal-person-assignment); 

WR1: SIZEOF (QUERY (varq <* versioned-action-request I 
NOT (SIZEOF (QUERY (smpa <* sheetmetalqerson-assignment I 
varq IN smpa-items)) >=1 ) ) )  = O; 

END-RULE ; 
t *  

Argument definitions: 

versioned-action-requesk identifies the set of all instances of versioned-action-request entities. 

sheet-metal-person-assignment: i&ni$íes tihe set of all instances of sheet-metal-person-assignment 
entities. 

Formal propositions: 

WR1: For each instance of versioned-action-req.ueslO, ane CE- mme r e M  htmes of the she-m&-- 
person-assignment entity shall exist. 

5.2.5 Sheet Metal function definitions 

5.2.5.1 product-type-of-product 

The product-type-of-product function determines the product-type instance associated with a given 
instance of the product entity. 

EXPRESS specification: 

* I  
FUNCTION product-type-of_product 

[prod : product ; types : SET [l:?] OF product-type 1 
: produc t-type ; 

REPEAT i := 1 TO HIINDEX (types); 
IF prod IN types[i]\product~related_product_category.products 

END-IF ; 
END-REPEAT ; 

THEN RETURN í types [i 3 ) ; 

END-FUNCTION; 
( *  
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Argument definit ions : 

prod: identifies the input product instance for which the product-type will be determined. 

types: identifies the set of all instances of product-type entities. 

5.2.5.2 sheet-metal-date-correlation 

The sheet-metal-date-correlation boolean function returns true if the name attribute value of the date-role 
entity is coordinated with the type of entity selected in the items of the sheet-metal-date-assignment entity. 

EXAMPLE 45 - If the role of a date is 'creation' then all of the items in the sheet-metal-date-assignment shall 
be product-definition or process-plan entities. 

EXPRESS smxification: 

'revision' 

'review' 

* )  
FUNCTION sheetmetal-date-correlation 

(e : sheet-metal-date-assignment ) : BOOLEAN; 
LOCAL 

END-LOCAL; 
dt-role := e\date-assignment.role.name; 
CASE dt-role OF 

dt-role : label; 

'creation' : IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items I 
SIZEOF(['SHEETMETAL.' + 
'PRODUCT-DEFINITION', 
'SHEETMETAL.PR0CESS-PLAN'] * 
TYPEOF (x) ) = 1) ) 
THEN RETURN (FALSE) ; 

: IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
'PRODUCT-DEFINITION' 
IN TYPEOF (x))) 
THEN RETURN (FALSE) ; 

: IF SIZEOF (e.items) <> 
SIZEOF (QUERY (X <* e.items I 
'SHEETMETAL.' + 
'PROCESS-PLAN' 
IN TYPEOF (x) ) ) 
THEN RETURN (FALSE); 

'production year' : IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL. ' + 
'PRODUCTCONCEPT' 
IN TYPEOF (x))) 

END-I F ; 

END-IF ; 

END-IF ; 
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'completion' 

' order ' 

' start ' 

'request ' 

THEN RETURN (FALSE) ; 

: IF SIZEOF (e.items) <> 

'SHEETMETAL.' + 
'EXECUTED-ACTION' 
IN TYPEOF (XI)) 
THEN RETURN (FALSE); 

: IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
'EXECUTED-ACTION' 
IN TYPEOF (X))) 
THEN RETURN (FALSE); 

'preliminary review' : IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL. ' + 
'EXECUTED-ACTION' 
IN TYPEOF (x))) 
THEN RETURN (FALSE); 

: IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL. ' + 
'EXECUTED-ACTION' 
IN TYPEOF ( X I ) )  
THEN RETURN (FALSE); 

: IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL. ' + 
'vERSIONED-ACTION-REQUEST' 
IN TYPEOF (x))) 
THEN RETURN (FALSE); 

END-IF ; 

SIZEOF (QUERY (x <* e.items I 

END-IF ; 

END-IF ; 

END-IF ; 

END-IF; 

ENï-IF; 
OTHERWISE : RETURN (TRUE); 

END-CASE ; 
END-FUNCTION; 
( *  

Armment definitions : 

e: identifies the input sheet-metadate-assignment to be checked. 

5.2.5.3 sheet-metal-document-correlation 

OIS0 

The sheet-meîa-dococument_correlation boolean function returns true if the product-dah-type attribute 
value of the document-type entity is coordinated with the type of entity selected in the items of the sheet-- 
meîal-document-reference entity. 
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EXAMPLE 46 - If the type of a document is 'die layout' then all of the items in the sheet-metaidocument_- 
reference shall be product-definition entities. 

EXPRESS swcification: 

'die structure' 

'pattern casting' 

'press ' 

* )  
FUNCTION sheetmetal-document-correlation 

(e : sheetmetal-document-reference ) : BOOLEAN; 
LOCAL 

END-LOCAL; 
doc-type := e\document-reference.assigned-doc~ent.kind.product-data-t~e; 
CASE doc-type OF 

doc-type : label; 

'die layout' : IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
'PRODUCT-DEFINITION' 
IN TYPEOF (x))) 
THEN RETURN (FALSE) ; 

: IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x c* e.itema I 
'SHEETMETAL.' + 
'PRODUCT-DEFINITION' 
IN TYPEOF (x))) 
THEN RETURN (FALSE) ; 

: IF SIZEOF (e.items) c> 
SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
'PRODUCT-DEFINITION' 
IN TYPEOF (x) ) )  
THEN RETURN (FALSE); 

: IF SIZEOF (e.items) c> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL. ' + 
'PRODUCT-DEFINITION' 
IN TYPEOF (XI)) 
THEN RETURN (FALSE) ; 

SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
'PROCESS-PLAN' 
IN TYPEOF (x))) 
THEN RETURN (FALSE); 

END-I F ; 

END-I F ; 

END-IF ; 

END-IF ; 
'generating system information' : IF SIZEOF (e-items) <> 

END-I F ; 
'applicable standards' : IF SIZEOF (e.items) <> 

SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
'EXECUTED-ACTION' 
IN TYPEOF (x) ) ) 
THEN RETURN (FALSE); 

END-IF ; 
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OTHERWISE : RETURN (TRUE); 
END-CASE ; 

END-FUNCTION; 
( *  

Argument definitions: 

e: identifies the input sheet-meta-document-reference to be checked. 

5.2.5.4 sheet-metal-organization-correlation 

The sheet-metalorganization-correlation boolean function returns true if the name attribute value of the 
organization-role entity is coordinated with the type of entity selected in the items of the sheet-meta-- 
organization-assignment entity. 

EXAMPLE 47 - If the role of an organization is 'design supplier' then all of the items in the sheet-metaL- 
organization-assignment shall be product-definition entities. 

EXPRESS srnification: 

'implementor' 

'supplier' 

'order source' 

234 

* )  
FUNCTION sheetmetal-organization-correlation 

(e : sheetmetal-organization-assignment ) : BOOLEAN; 
LOCAL 

END-LOCAL; 
o-role := e\organization-assignment.role-name; 
CASE o-role OF 

o-role : label; 

'design supplier' : IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL.' + 
'PRODUCT-DEFINITION' 
IN TYPEOF ( X I ) )  
THEN RETURN (FALSE); 

: IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
'EXECUTED-ACTION' 
IN TYPEOF I x ) ) )  
THEH RFPURN (FALSE] ; 

: IF SIZEOF (e.it-1 <> 
SIZEOF (QUERY (x <* e.items I 

END-IF ; 

--IF; 

SIZEOF (['SHEET-METAL.' + 
'CONTRACT', 'SHEETMETAL.' + 
'EXECUTED-ACTION'] * 
TYPEOF (x)) = 1 ) )  
THEN RETURN (FALSE); 

: IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items I 

END-I F ; 
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'effector' 

'SHEETMETAL.' + 
'EXECUTED-ACTION' 
IN TYPEOF (x) ) ) 
THEN RETURN (FALSE); 

: IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.itemc I 
'SHEET-METAL. ' + 
'EXECUTED-ACTION' 
IN TYPEOF (x))) 
THEN RETURN (FALSE) ; 

END-IF; 

END-I F ; 
OTHERWISE : RETURN (TRUE); 

END-CASE ; 
END-FUNCTION; 
( *  

Argument definitions: 

e: identifies the input sheet-metalorganization-~ignnt to be checked 

5.2.5.5 sheet-metal-person-correlation 

The sheet-meta-prson_correlation boolean function returns true if the name attribute value of the person-- 
role entity is coordinated with the type of entity selected in the items of the sheet-~tal_person_assignment 
entity. 

EXAMPLE 48 - If the role of a person is 'designer' then all of the items in the sheet-metal-person- assignment 
shall be product-definition entities. 

EXPRESS specification: 

* )  
FUNCTION sheetmetalqercon-correlation 

(e : sheet-metalqersonassignment : BOOLEAN; 
LOCAL 

END-LOCAL ; 
p-role := e\person-assignment.role.name; 
CASE p-role OF 

p-role : label; 

'designer' : IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items 1 
'SHEETMETAL.' + 
'PRODUCT-DEFINITION' 
IN TYPEOF (x))) 
THEN RETURN (FALSE); 

: IF SIZEOF (e.itemc) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL. ' + 
'EXECUTED-ACTION' 

END-IF; 
'implementor' 
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'purchaser' 

'work requestor' 

IN TYPEOF (X) ) ) 
THEN RETURN (FALSE); 

: IF SIZEOF (e-items) <> 
END-IF; 

SIZEOF (QUERY (x <* e.items I 
'SHEETMETAL.' + 
' CONTRACT ' 
IN TYPEOF (X))) 
THEN RETURN (FALSE) ; 

: IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL. ' + 
'VERSIONED-ACTION-REQUEST' 
IN TYPEOF (X))) 
THEN RETURN (FALSE) ; 

END-IF ; 

END-IF ; 
OTHERWISE : RETURN (TRUE); 

END-CASE ; 
END-FUNCTION; 
( *  

Argument definit ions : 

e: identifies the input sheet_metal_person_assignment to be checked. 

52.56 sheet-metal-person-and-organization-correlation 

The sheetmetaiprson-andorganization-correlation boolean function returns true if the name attribute 
value of the person-and-organization-de entity is coordinated with the type of entity selected in the items 
of the sheet-metail_person_and_organization_assignment entity. 

EXAMPLE 49 - if the role of a perscm-and-organhtion is 'data owner' then all of the items in the sheet-meîaL- 
p e r s o n _ a n d - o r g a n o n - ~ ~ m e n t  shall either be product-definition or process-plan entities. 

EXPRESS specification: 

* )  
FUNCTION sheet-metal-person-and-organization-correlation 

(e : sheet-metalaerson-and-organization-assignment : BOOLEAN; 
LOCAL 

END-LOCAL; 
p-org-role := e\person-and-organization-assigmnent.role.name; 
CASE p-org-role OF 

p-org-role : label; 
I 

'data owner' : IF SIZEOF (e.items) <> 
SIZEOF (QUERY (x <* e.items I 
SIZEOF (['SHEET-METAL.' + 
'PRODUCT-DEFINITION', 
'SHEET-METAL.PR0CES.S-PLAN'] * 
TYPEOF (x) ) = 1) ) 
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'planner ' 

'implementor' 

THEN RETURN (FALSE) ; 

: IF SIZEOF (e-items) <> 
SIZEOF (QUERY (x <* e.items I 
'SHEET-METAL.' + 
'PROCESS-PLA" 
IN TYPEOF (x))) 
THEN RETURN (FALSE); 

: IF SIZEOF (e-items) c> 
SIZEOF (QUERY (x c* e.items I 
'SHEETMETAL.' + 
'EXECUTED-ACTION' 
IN TYPEOF (x))) 
THEN RETURN (FALSE) ; 

END-IF ; 

END-IF ; 

END-IF ; 
OTHERWISE : RETURN (TRUE); 

END-CASE ; 
END-FUNCTION; 
( *  

Argument definit ions : 

e: identifies the input shee-metaì-prson_andorganization-assignment to be checked. 

* I  
END-SCHEMA; -- sheet-metal 
( *  
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6 Conformance requirements 

Conformance to this part of IS0 10303 includes satissling the requirements stated in this part, the requirements 
of the implementation method(s) supported, and the relevant requirements of the normative references. 

An implementation shall support at least one of the following implementation methods: 

- IS0 10303-21 

- IS0 10303-22. 

Requirements with respect to implementation methods are specified in annex C. 

The Protocol Information Conformance Statement (PICS) proforma lists the options or the combinations of 
options that may be included in the implementation. The PICS proforma is provided in annex D. 

NOTE - ISO/TR 10303-307:-” defines the abstract test suite to be used in the assessment of conformance. IS0 
10303-32:-” describes the conformance assessment process. 

This part of IS0 10303 provides for a number of options that may be supported by an implementation. These 
options have been grouped into the following conformance classes. Fourteen conformance classes are defined. 
Conformance to this part of I S 0  10303 requires, as a minimum, conformance to class 1. Options are defined 
by classes 2 through 14 and may be selected by an implementation. Conformance to a particular conformance 
class requires that ali AIM entities, types and associated constraints defined as part of that class be supported. 
Support for a particular conformance class requires support of all the options specified in this class. 

The conformance classes are characterized as follows: 

- Class 1 : Product management (PM) and identification information without shape; 

- Class 2: Class 1 and sheet metal part process pian data without shape; 

- Class 3: Class 1 and shapes represented by topologically bounded wireframe models; 

- Class 4: Class 1 and shapes represented by geometrically bounded wireframe and surface models; 

- Class 5 :  Class 1 and shapes represented by manifold surface models with topology; 

- Class 6: Class 1 and shapes represented by faceted boundary representation; 

‘%o be published 
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faceted -brep-shape-representation 

geometrically -bounded- 

geometrically- bounded- - 
surface-shape-represent at ion 

wireframe-shape-representation 

OIS0 IS0 10303-207:1999(E) 

X 

X 

X 

- Class 7: Class 1 and shapes represented by advanced boundary representation; 

- Class 8: Class 1 and shapes represented by constructive solid geometry; 

- Class 9: Class 2 and shapes represented by topologically bounded wireframe models; 

- Class 10: Class 2 and shapes represented by geometrically bounded wireframe and surface models; 

- Class 1 1 : Class 2 and shapes represented by manifold surface models with topology; 

- Class 12: Class 2 and shapes represented by faceted boundary representation; 

- Class 13: Class 2 and shapes represented by advanced boundary representation; 

- Class 14: Class 2 and shapes represented by constructive solid geometry. 

Class 1 is a prerequisite for classes 2 through 14. If an implementation conforms to any of classes 2 through 
14, then it shall also conform to class 1. Class 2 is a prerequisite for classes 9 through 14. If an 
implementation conforms to any of classes 9 through 14, then it shall also conform to class 2. 

Conformance classes 3 through 14 are defined in terms of required AIM shape representation subtypes listed 
in Table 14. Each shape representation subtype specifies in its local domain rules all of the AIM constructs 
that define the corresponding conformance class. 

Table 14 - Conformance options 
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manifold- - 
su rface-shape-represent at ion 

shell-based-wireframe X 

X 

An implementation of any of the 14 conformance classes of this part of IS0  10303 shall support entities and 
related constructs marked with an X in the table 15. 

Tab 

AIM element r 
action 

action-assigned-item (select 

action-assignment 

action-direcrive I 
action-method 

action-method-relationship 

action-method-with-- 
associated-documents 

action-propert y 

action_property-- 
representation 

action-relationship 

action-request-solu tion 

action-resource 

action-resource-relationship 

le 15 - Conformance class membership 

so- 
urce 
Pa* 

41 

207 
- 

- 
41 

41 

41 

41 

49 
- 

49 

49 
- 

41 - 
41 - 
41 

41 - 

Conformance classes in which AIM element is found - 
14 
31 

X 

X 
- 
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ac tion-resource-requiremen t 

action-resource-- 
requirement-relationship 

OIS0 IS0 10303-207: 1999(E) 

X x x x x  x x  

x x x x x x x x x x x x  x x  

Table 15 - Conformance class membership (continued) 

AIM element I 
action-resource-type 

advanced-- 
b r e p s  hape-representation 

advanced-face 

ahead-or-behind 
(enumeration type) 

anglerelator (enumeration 
tYPd 

angular-location 

application-context 

applicationcontext-element 

application-protocol-- 
defini tion 

approval 

approval-assigned-¡ tem 
(select type) 

approvalassignment 

approval-date-time 

approval-person-organization L 

Conformance classes in which AiM element is found I 
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Table 15 - Conformance class membership (continued) 

AIM element r 
approvalrole I 
approvalstatus 

assembly-componen t-usage 

assembl y-componen t-usage-- 
substitute 

axis 1 glacement 

axis2-placement (select type) 

axis2qlacement-2d 

axis2jlacernent-3d 

b-spline-curve 

b-spline-curve-form 
(enumeration type) 

b-spline-curvewi th-knots 

b-spli ne-surface 

b-spline-surface-form 
(enumeration type) 

b-spline-surface-wi th-knots 

bezier-curve 

bezier-surface 

block 

boolean-operand (select type) 

- 
SO- 
urce 
Pad 

41 

42 

42 

- 
42 

42 

42 

OIS0 

Conformance classes in which A M  element is found 
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Table 15 - Conformance class membership (continued) 

AIM element I 
boolean-operator 
(enumeration type) 

boolean-resul t I 

IS0 10303-207: 1999(E) 

boundar y-curve 

bounded-curve 

bounded-surface 

box-domain 

boxed-half-space 

I brep-with-voids 

calendar-date 

cartesian-point 

cartesian-transformation-- 
operator 

cartesi an-transformation-- 
operator-3d 

changeorder I 
characterized-action-- 
definition (select type) 

characterized-definition 
(select type) 

characterized-product-- 
definition (select type) I 

1 
30- 
urce 
Pad 

12 

42 

42 

42 
- 
- 
42 

42 - 
42 - 
42 

41 - 
42 

42 
- 

42 

207 

49 

- 
45 

- 
41 

:onformance classes in which AIM element is found 

4 
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Table 15 - Con 

AIM element 

characterized-resource-- 
definition (select type) 

circle 

closed-shell 

composi te-curve 

composi te-curve-on-surface 

composi te-curve-segment I 
configuration-design 

configurationj tem 

I conic 

conic-surface I 
connected-edge-set 1 
connected-face-set 

context-dependent-uni t 

contract 

contract-assigned-i tem 
(select type) 

contract-assignment 

contract-type 

conversion-based-uni t 

49 

42 

42 - 
42 - 
42 

42 

44 

- 

- 
44 

42 

42 

42 

42 

41 

41 

207 

- 
- 
- 
- 

41 

41 

41 

aso 

rormance class membership (continued) 

Conformance classes in which AIM element is found 

x x  

x x  

x x x x  

x x x x  

x x x x  

x x x x  

x x x x  

x x x x  

244 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

--`,,,,,,,,`,`,,,,,`,```,``,,,-`-`,,`,,`,`,,`---



OIS0 

STD-IS0 L0303-207-ENGL 3997 m 4853903 0799993 175 m 

IS0 10303-207: 1999(E) 

Table 15 - Conformance class membership (continued) 

AIM element 

coordinated-universai-time-- 
offset 

countmeasure (type) 

csgprimitive (select type) 

csgselect (select type) 

csgshape-representation 

csgsolid 

curve 

curve-bounded-surface 

curve-onsurface (select type) 

curve-replica I 
cylindrical-surface I I date 

I date-andtime 

date-and-timeassigned-i tem 
(select type) I 

I date-and-time-assignment 

dateassigned-item (select 
type) 

date-assignment 

date-role 

I 50- I Conformance classes in which AIM element is found 
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Table 15 - Con 

AIM element r 
date-time-role 

date-time-select (select type) 

dated-effectivi ty 

datum 

datum-reference 

datum-target 

day-in-month-number (type) I 
day-in-week-number (type) 

day-indear-number (type) 

defini tional-representation 

degenerate-pcurve 

degenerate-toroidal-surface 

derived-uni t 

derived-uni t-element 

descriptive-representation-- 
item 

die-definitionconstraint-- 
relationship 

dimension-count (type) 

dimensional-characteristic 
(select type) 

- 
so- 
urce 
Pad 

41 - 
41 

41 

47 

47 

47 

- 

41 

41 

41 

43 

42 

42 

- 
- 

41 

41 

45 

- 
207 

42 

47 

- 
- 

OIS0 

romance class membership (continued) 

I Conformance classes in which AIM element is found 
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3 4  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

X 

X 

X 

X 

X 

Table 15 - Conformance class membership (continued) 

x x  

AIM element 

1 2  

x x  

x x  

x x  

dimensionalcharactenstic-- 
represen tation I 

R i  

x x  

x x  

x x  

x x  

I dimensionalexponen ts 

I dimensional-location 1 dirionai-location-with-- 

dimensional-size 

directed-action 

direction 

document 

IS0 10303-207:1999(E) 

documen t-reference 

document-referencedj tem 
(select type) 

documenttype I 
edge 

edge-based-wireframemodel 

edge-based-wire frame-- 
represen tation 

edge-curve 

edge-loop F effectivity 

41 - 
47 

47 

- 

47 

41 

42 

- 

41 

41 

207 

41 

42 

42 

501 

- 

42 - 
42 - 
41 - 

Conformance classes in which AIM element is found 1 
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Table 15 - Conformance class membership (continued) 

AIM element I 
elementary-surface 

ellipse 

evaluated-degenerategcurve 

executed-action 

ex truded-area-solid 

face 

face-bound 

face-ou ter-bound 

face-surface 

face ted-brep 

I faceted-brep-model 

functionally-defined-- 
transformation 

geometric-curve-set 

geometric-represen tation-- 
context 

geome tric-representation-- 
item 

geometric-se t 

geometric-set-select (select 
type) 

42 

41 

42 

42 

42 

42 

- 
- 

42 

42 

512 

43 

42 

42 

42 

42 

42 

- 

OIS0 

Conformance classes in which AIM element is found 
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Table 15 - Conformance class membership (continued) 

AIM element r 
geome tric-tolerance 

geometric-tolerance-wi t - -  
datum-reference 

geometrically-bounded-- 
surface-representation 

geometrical1 y-bounded-- 
~ wireframe-representation 

global-uncertainty-assigned-- 
context 

half-space-solid 

hour-inday (type) I 
hyperbola 

~~ 

identifier (type) 

input-item-die-relationship 

intersection-curve 

IS0 10303-207:1999(E) 

i tem-defined-transformation 

knot-type (enumeration type) 

I label (type) 

length-measure (type) 

length-measure-wi th-uni t 

length-uni t 

42 

41 - 
42 

41 

207 

- 
- 
42 

43 

42 

41 

41 - 
41 - 
41 - 

Conformance classes in which AIM element is found 
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Table 15 - Conformance class membership (continue4 

AIM element 

limit-condition (enumeration 

limi ts-and-fi ts 

line 

local-time 

42 

I" make-from-usage-option 

make-from-usage-option-- 

manifold-solid-brep 

mani fold-surface-s hapew- 
representation 

mapped-¡ tem 43 

mass-measure (type) 41 

material-property 

1 measure-representation-item 

II 41 
I measure-vaiue (select type) 

measure-wi th-uni t 

OIS0 

Conformance classes in which AIM element is found 

x x  

x x  

X 

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

- 
9 

X 
- 
- 
X 

X 

X 

X 

X 

X 

- 
- 
- 

X - 

x x  

x x  

X 

x x  

x x  

x x  

x x  

X 

X 

X 

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  
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Table 15 - Conformance class membership (continued) 

AIM element 

named-uni t 

offset-curve-3d 

offset-surface 

open-shell 

ordinaldate I 
organization 

organization-assigned-i tem i (select type) 

organization-assignmen t 

organization-role 

oriented-closed-shell 

/ 

oriented-edge 

orien ted-face 

oriented-open-shell 

I oriented-path 

ou ter-boundary-curve 

parabola 

parameter-value (type) 

parame tric-representation-- 
context 

Conformance classes in which AIM element is found I 
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Table 15 - Conformance class membership (continued) 

AIM element I 
F pcurve I ;:-or-surface (select 

person 

person-and-organization 

person-and-organization-- 
assigned-item (select type) 

person-and-organizat ion-- 
assignment 

person-and-wganization-role 

person-assigned-item (select I type) 

person-assignment I 
person-organizatiolect 1 (type) 
person-role 

physically-mdelled-- 
product-defini tim 

placement 

plane 

plane-angle-measure (type) 

- 
SO- 
urce 
Pad 

42 

42 

- 

42 

- 
41 - 
41 

207 
- 

- 
41 

- 
41 

207 

- 

- 
41 

41 

- 

41 

207 

- 

- 
42 

42 

41 

- 
- 
- 

Conformance classes in which AIM element is found - 
7 8 9 10 

X 
P- 

X 

X 

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  
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Table 15 - Conformance class membership (continued) 

AIM element 

plane-anglemeasure-wi th, 
unit (entity) 

plus-minus-tolerance 

point 

point-on-curve 

point-replica 

polyline 1 

IS0 10303-207:1999(E) 

positive-length-measure I (type) 

positive-plane-angle-- 
measure (type) 

preferred-surface-curve-- 
representation (enumeration 
type) 

process-plan 

process-product-association 

product 

product-category 

product-category-relationship I 
product-concept I 

Conformance classes in which AIM element is found I 
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Table 15 - Conformance class membership (continued) 

AIM element I 
productconcept-contex t 

productcontex t 

product-defini tion 

product-definitioncontext 

product-de fi ni tioneffectivi ty I 
product-defini tion-formation 

product-defini tion-- 
formation-wi thspecified-- 
source 

I product-definition-process 

product-definition-- 
relationship I 
product-defini tionshape 

product-definition-substi tute 

product-defini tion-usage 

product-definition-with-- 
associated-documents 

product-related-product-- 
category 

product-type 

promissory-usage-occurrence 

SO- 
urce 
Pad 

41 

41 - 
41 

41 

41 

41 - 
41 

- 
49 

41 

- 
41 

41 

44 

- 

OIS0 

Conformance classes in which AIM element is found - 
14 

X 
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Table 15 - Conformance class membership (continued) 

AIM element r 
property-defini tion-- 
representation 

quantified-assembly-- 
component-usage 

quasi-uni forn-curve 

quasi-uniform-surface 

rational-b-spline-curve 

rational-b-spline-surface 

rectangular-composi te-- 
surface 

rectangular-trimmed-surface 

reparametrised-composi t e -  
curve-segmen t 

replacemen t-relationship 

representation 

representationcontext 

representation-item 

represen tationmap 

representation-relationship I 
representation-relationship-- 
wi th-transformation 

Conformance classes in which AIM element is found I 
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Table 15 - Conformance class membership (continued) 

AIM element 

requi rement-for-action-- 
resource 

resource-property 

resourcegropert y-- 
representation 

resource-requirement-type 

revolved-area-solid 

right-angular-wedge 

I right-circular-cone 

right-circular-cylinder I 
seam-curve 

second-in-minu te 

securi ty-classification 

security-classification-- 
assigned-item (select type) 

securi ty-classification-- 
assignment 

~ sequenced-product-- 
defini tion-relationship 

~ 

sequential-method 

serial-action-method 

SO- 
urce 
Part 

41 

- 
49 

49 

- 
49 

42 

- 
- 
42 

42 

42 

42 

- 
- 
41 - 
41 

207 

- 
41 

41 - 
207 

49 

49 

OIS0 

Conformance classes in which AIM element is found 

x x  x x 

x x  x x 

x x  x x 

LE 
X 

x x  

x x  

X 

X 

X 

X 

X 

x x  

x x  

x x  

x x  

x x  

x x  

X 

X 

qT 
x x  

x x  

x x  

x x  

X 

X 

X 

X 

x x  

x x  

x x  

x x  

x x  

x x  

x x  

x x  
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Table 15 - Conformance c 

AIM element I 
~ 

serial-numbered-effectivi ty 

shape-aspect 

shape-aspect-relationship 

shape-definition (select type) I 
shape-definition-- 
representation 

shape-dimension-- 
representation 

shaperepresentation 

shape-representation-- 
relationship 

sheet-metal-action-- 
assignment 

s heet-metal-approval-- 
assignment 

s heet-me talcontract-- 
assignment 

shee t-me tal-date-and-time, 
assignment 

sheet-metal-date-assignment 

sheet-metal-documen t-- 
reference 

sheet-metal-organization-- 
assignment 

41 

41 

47 

- 
41 

41 

- 
207 

- 
207 

- 
207 

207 

- 
207 

207 

207 

IS0 10303-207: 1999(E) 

lass membership (continued) 

Conformance classes in which AIM element is found 

x x x  

x x x  

x x x  

x x x  
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x x  

x x  

x x  

x x  

x 

X 

X 

x x  

X 

X 

x x  

IS0 10303-207: 1999(E) 

X 

X 

X 

~X 

Table 15 - Conformance class membership (continued) 

AIM element 

sheet-metal-person-md-- 
organization-assignment I 
sheet-metal-person-- 
assignment I I *O7 

I II 

U 
sheet-metal-secur¡ty-- 
classification-assignment 

shell (select type) 

IL shell-based-surfacemodel 

I 42 

shell-basedwireframe-- 

I 502 

shell-based-wireframe-- 
representation 

I sigrefix (enumeration type) I 41 
si-uni t 41 

si-unit-name (enumeration 41 
type) 

solid-model 42 

solid-replica 

source (enumeration type) 

sphere 42 

spherical-surface 42 

start-order 207 

OIS0 

Conformance classes in which AIM element is found I - 
1 
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Table 15 - Conformance class membership (continued) 

I !Sa- 1 Conformance classes in which AIM element is found I 
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Table 15 - Conformance class membership (continued) 

AIM element r 
transformation (select type) 

transitioncode (enumeration 
type) 

trimmed-curve 

trimmingpreference 
(enumeration type) 

trimmingselect (select type) 

uncertainty-measurewi th-- 
unit 

uniform-curve 

uni form-surface 

unit (select type) 

vector 

vector-or-direction (select 
type) 

OIS0 

So- I Conformance classes in which AIM element is found 

Table 15 - Conformance class membership (concluded) 

AIM element I 
versioned-action-reques t 

vertex 

I So- I Conformance classes in which AIM element is found 
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Table 15 - Conformance class membership (concluded) 

AIM element 

vertex-loop 

vertex-point 

vertex-shell 

week-injear-number (type) 

week-ofsar-and-da y-date 

wireshell 

I work-order 

work-order-relationship 

year-number (type) 

Conformance classes in which AIM element is found I 

NOTE - ISO/TR 10303-307:-1) defines the abstract test suite to be used in the assessment of conformance. I S 0  
10303-32:-” describes the conformance assessment process. 

‘+o be published. 
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Annex A 
(normative) 

AIM EXPRESS expanded listing 

The following EXPRESS is the expanded form of the short form schema given in 5.2. In the event of any 
discrepancy between the short form and this expanded listing, the expanded listing shall be used. 

* )  
SCHEMA sheet-metal; 

TYPE action-assigned-item = SELECT 
(executed-action, 
processqlan, 
productdefinition, 
product-definition-formation); 

END-TYPE; -- action-assigned-item 

TYPE ahead-orbehind = ENUMERATION OF 
( ahead, 
behind) ; 

ENï-TYPE; -- ahead-or-behind 

TYPE angle-relator = ENUMERATION OF 
i equal, 
large, 
small) ; 

END-TYPE; -- angle-relator 
TYPE approval-assigned-item = SELECT 

(executed-action, 
process-plan, 
product-definition, 
product-definition-formation, 
sheet-metal-action-assignment); 

END-TYPE; -- approval-assigned-item 
TYPE axis2~1lacement = SELECT 

ENILTYPE; -- axis2~1lacement 

(axis2glacement-2d, 
axis2glacement-3d); 

TYPE b-spline-curve-form = ENUMERATION OF 
(circular-arc, 
elliptic-arc, 
hyperbolic-arc, 
parabolic-arc, 
polyline-f o m ,  
unspecified); 

END-TYPE; -- b-spline-curve-form 
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TYPE b-spline-surface-form = ENUMERATION OF 
(plane-surf, 
conical-surf, 
cylindrical-surf, 
generalised-cone, 
quadric-surf, 
ruled-surf, 
spherical-surf, 
surf-of-linear-extrusion, 
surf-of-revolution, 
toroidal-surf, 
unspecified); 

END-TYPE; -- b-spline-surface-form 
TYPE boolean-operand = SELECT 

(boolean-result, 
csgqrimitive, 
half-space-solid, 
solid-model) ; 

END-TYPE; -- boolean-operand 

TYPE boolean-operator = ENUMERATION OF 
(difference, 
intersection, 
union) ; 

END-TYPE; -- boolean-operator 

TYPE characterized-action-definition = SELECT 
( act ion, 
action-method, 
action-method-relationship, 
action-relationship); 

END-TYPE; -- characterized-action-definition 

TYPE characterized-definition = SELECT 
(characterized-product-definition, 

END-TYPE; -- characterized-definition 
TYPE characterizedqroduct-definition = SELECT 

shape-definition); 

(product-definition, 
productdefinition-relationship); 

END-TYPE; -- characterized-product-definition 

TYPE characterized-resource-definition = SELECT 
(action-resource, 
action-resource-relationship, 
action-resource-requirement, 
action-resource-requirement-relationship) ; 

END-TYPE; -- characterized-resource-definition 

IS0 10303-207:1999(E) 

TYPE contract-assigned-item = SELECT 
(change-order , 
executed-action, 
product-definition-formation-with-specified-source, 
start-order); 

263 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

--`,,,,,,,,`,`,,,,,`,```,``,,,-`-`,,`,,`,`,,`---



~~ ~~ 

STD-IS0 10303-207-ENGL 1997 4851903 08000l12 378 

IS0 10303-207: 1999(E) 

END-TYPE; -- contract-assigned-item 

TYPE count-measure = NUMBER; 
END-TYPE; -- count-measure 
TYPE csggrimitive = SELECT 

(block, 
right-angular-wedge, 
right-circular-cone, 
right-circular-cylinder, 
sphere, 
torus) ; 

END-TYPE; -- csgsrimitive 
TYPE csg-select = SELECT 

(boolean-result, 
csgjrimitive) ; 

END-TYPE; -- csg-select 

TYPE curve-on-surface = SELECT 
(composite-curve-on-surface, 
pcurve , 
surface-curve); 

ENDTYPE; -- curve-on-surface 

TYPE date-and-time-assigned-item = SELECT 
(executed-action, 
processqlan, 
product-concept, 
product-definition, 
product-definition-formation, 
sheet-metal-action-assignment, 
versioned-action-request); 

END-TYPE; -- date-and-time-assigned-item 

TYPE date-assigned-item = SELECT 
(executed-action, 
processjlan, 
product-concept, 
product-definition, 
product-definition-formation, 
sheet-metal-action-assignment, 
versioned-action-request); 

END-TYPE; -- date-assigned-item 

TYPE date-time-select = SELECT 
(date, 
date-and-time, 
local-time); 

END-TYPE; -- date-time-select 

TYPE day-in-month-number = INTEGER; 
END-TYPE; -- day-in-month-number 

I TYPE day-in-week-number = INTEGER; 
WHERE 

OIS0 
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3999 

WR1: (1 <= SELF) AND (SELF <= 7); 
END-TYPE; -- day-in-week-number 

TYPE day-injear-number = INTEGER; 
END-TYPE; -- day-injear-number 
TYPE dimension-count = INTEGER; 
WHERE 

END-TYPE; -- dimension-count 
WR1: SELF > O ;  

TYPE dimensional-characteristic = SELECT 
(dimensional-location, 
dimensional-size); 

END-TYPE; -- dimensionalcharacteristic 

TYPE document-referenced-item = SELECT 
(action-resource-requirement, 
executed-action, 
process-plan, 
product-definition, 
sheet-metalaction-assignment); 

END-TYPE; -- document-referencehitem 

TYPE geometric-set-select = SELECT 
(curve, 
point, 
surf ace) ; 

END-TYPE; -- geometric-set-select 

TYPE hour-in-day = INTEGER; 
WHERE 

END-TYPE; -- hour-in-day 

TYPE identifier = STRING; 
END-TYPE; -- identifier 

WR1: (O <= SELF) AND (SELF 2 4 )  ; 

TYPE knot-type = ENUMERATION OF 
(piecewisebezier-knots, 
quasiuniform-knots, 
uniform-knots, 
unspecified) ; 

END-TYPE; -- knot-type 

TYPE label = STRING; 
END-TYPE; -- label 
TYPE length-measure = REAL; 
END-TYPE; -- length-measure 
TYPE limit-condition = ENUMERATION OF 

(least-material-condition, 
maximum-material-condition, 
regardless-of-feature-size); 

END-TYPE; -- limit-condition 

rn 4853903 0800033 204 rn 

IS0  10303-207: 1999(E) 
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TYPE list-of-reversible-topology-item = LIST [O:?] OF 

END-TYPE; -- list-of-reversible-topology-item 
reversible-topology-item; 

TYPE massmeasure = REAL; 
END-TYPE; -- mass-measure 

TYPE measure-value = SELECT 
(countmeasure, 
length-measure, 
mass-measure , 
parameter-value, 
plane-anglemeasure, 
positive-length-measure, 
positiveqlane-angle-measure) ; 

END-TYPE; -- measure-value 

TYPE minute-in-hour = INTEGER; 
WHERE 

END-TYPE; -- minute-in-hour 

TYPE month-injear-number = INTEGER; 
WHERE 
WR1: (1 <= SELF) AND (SELF <= 12); 

END-TYPE; -- month-injear-number 

TYPE organization-assigned-item = SELECT 

WR1: (O <= SELF) AND (SELF <= 59) ; 

(change-order , 
contract, 
executed-action, 
productbefinition, 
start-order); 

END-TYPE; -- organization-assigned-item 
TYPE parameter-value = REAL; 
END-TYPE; -- parameter-value 
TYPE pcurve-or-surface = SELECT 

(pcurve , 
surface) ; 

END-TYPE; -- pcurve-or-surface 
TYPE person-and-organization-assigned-item = SELECT 

(change-order , 
processglan, 
product-definition); 

END-TYPE; -- person-and-organization_accignebitem 

TYPE person-assigned-item = SELECT 
(change-order, 
contract, 
product-definition, 
shape-aspect, 
versioned-action-request); 

END-TYPE; -- person-assigned-item 

OIS0 
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TYPE person-organization-select = SELECT 
(organization, 
person, 
person-and-organization); 

END-TYPE; -- person-organization-select 
TYPE plane-angle-measure = REAL; 
END-TYPE; -- plane-anglemeasure 

TYPE positive-length-measure = length-measure; 
WHERE 

END-TYPE; -- positive-length-measure 
WR1: SELF > O; 

TYPE positive_plane-angle-measure = plane-angle-measure; 
WHERE 
WR1: SELF > O; 

END-TYPE; -- positive-plane-angle-measure 
TYPE preferred-surface-curve-representation = ENUMERATION OF 

(curve_3d, 
pcurve-sl, 
pcurve-s2); 

END-TYPE; -- preferred-surface-curve-representation 
TYPE reversible-topology = SELECT 

(list-of-reversible-topology_item, 
reversible-topology-item, 
set-of-reversible-topology-item) ; 

END-TYPE; -- reversible-topology 

TYPE reversible-topology-item = SELECT 
i edge I 
path, 
face, 
face-bound, 
closed-shell, 
open-shell); 

END-TYPE; -- reversible-topology-item 
TYPE second-inminute = REAL; 
WHERE 

END-TYPE; -- second-in-minute 

TYPE security-classification-assigned-item = SELECT 

WR1: (O <= SELF) AND (SELF < 60); 

(process_plan, 
product-definition); 

END-TYPE; -- security-classification-assigned-item 

TYPE set-of-reversible-topology-item = SET [O:?] OF 
reversible-topology-item; 

END-TYPE; -- set-of-reversible-topology-item 
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TYPE shape-definition = SELECT 
(product-definition-shape, 
shapeaspect, 
shapeaspect-relationship) ; 

ENDTYPE; -- shape-definition 

TYPE shell = SELECT 
(closed-shell, 
open-shell, 
vertex-shell, 
wire-shell); 

END-TYPE; -- shell 

TYPE ciarefix = ENUMERATION OF 
(atto, 
centi , 
deca, 
deci, 
exa , 
f emto, 
giga, 
hecto, 
kilo, 
mega, 
micro 
milli, 
nano, 
peta, 
pico, 
tera) ; 

END-TYPE; -- sijrefix 

TYPE si-unit-name = ENUMERATION OF 
(ampere, 
becquerel, 
candela, 
coulomb, 
degree-Celsius, 
farad , 
gram, 
gray t 
henry, 
hertz , 
joule, 
kelvin , 
lumen , 
lux, 
metre, 
mole, 
newton , 
ohm, 
pascal 
radian , 
second, 
siemens 
sievert , 

OIS0 
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steradian, 
tesla, 
volt, 
watt , 
weber) ; 

END-TYPE; -- si-unitname 

TYPE source = ENUMERATION OF 
(bought , 
made, 
not-known) ; 

END-TYPE; -- source 

TYPE supported-item = SELECT 
(action-directive, 
action, 
action-method); 

END-TYPE; -- supported-item 
TYPE text = STRING; 
END-TYPE; -- text 
TYPE tolerance-method-definition = SELECT 

{limits-and-fits, 
tolerance-value); 

END-TYPE; -- tolerance-method-definition 
TYPE transformation = SELECT 

(functionally-defined-transformation, 
item-defined-transformation); 

END-TYPE; -- transformation 
TYPE transition-code = ENUMERATION OF 

cont-same-gradient-same-curvature, 
continuous, 
discontinuous); 

(cont-same-gradient, 

END-TYPE; -- transition-code 

TYPE triminggreference = ENUMERATION OF 
(Cartesian, 
parameter, 
unspecified) ; 

END-TYPE; -- triming_preference 

TYPE trimming-select = SELECT 
(cartesiangoint, 
parameter-value); 

END-TYPE; -- trimming-select 

TYPE unit = SELECT 
(derived-unit, 
named-uni t ; 

END-TYPE; -- unit 

W 4851903 08000L7 95T 

IS0 10303-207:1999(E) 

TYPE vector-or-direction = SELECT 
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(direction, 
vector) ; 

END-TYPE; -- vector-or-direction 

TYPE week-inqrear-number = INTEGER; 
WHERE 

END-TYPE; -- week-injear-number 
WR1: (1 <= SELF) AND (SELF <= 5 2 ) ;  

TYPE year-number = INTEGER; 
END-TYPE; -- year-number 
ENTITY action; 

name : label; 
description : text; 
chosen-method : action-method; 

END-ENTITY; -- action 
ENTITY action-assignment 
ABSTRACT SUPERTYPE; 
assignedaction : action; 

END-ENTITY; -- action-assignment 

ENTITY action-directive; 
name : label; 
description : text; 
analysis : text; 
comment : text; 
requests : SET [l:?] OF versioned-action-request; 

END-ENTITY; -- action-directive 
ENTITY action-method; 

name : label; 
description : text; 
consequence : text; 
purpose : text; 

END-ENTITY; -- action-method 

ENTITY action-method-relationship; 
name : label; 
description : text; 
relating-method : action-method; 
related-method : action-method; 

END-ENTITY; -- action-method-relationship 

ENTITY action-method-with-associated-documents 
SUBTYPE OF (action-method); 
documents : SET [i:?] OF document; 

END-ENTITY; -- action-method-with-associated-documents 

OIS0 

ENTITY actionjroperty; 
name : label; 
description : text; 
definition : characterized-action-definition; 

END-ENTITY; -- actionqroperty 
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ENTITY action-property-representation; 
name : label; 
description : text; 
property : actionsroperty; 
representation : representation; 

END-ENTITY; -- actiongroperty-representation 

ENTITY action-relationship; 
name : label; 
description : text; 
relating-action : action; 
related-action : action; 

END-ENTITY; -- action-relationship 
ENTITY action-request-solution; 

method : action-method; 
request : versioned-action-request; 

END-ENTITY; -- action-request-solution 

ENTITY action-resource; 
name : label; 
description : text; 
usage : SET [i:?] OF supported-item; 
kind : action-resource-type; 

END-ENTITY; -- action-resource 

ENTITY action-resource-relationship; 
name : label; 
description : text; 
relating-resource : action-resource; 
related-resource : action-resource; 
END-ENTITY; -- action-resource-relationship 

ENTITY action-resource-requirement; 
name : label; 
description : text; 
kind : resource-requirement-type; 
operations : SET [i:?] OF characterized-action-definition; 

END-ENTITY; -- action-resource-requirement 

ENTITY action-resource-requirement-relationship; 
name : label; 
description : text; 
relating-action-resource-requirement : action-resource-requirement; 
related-action-resource-requirement : action-resource-requirement; 
WHERE 
mi: relating-action-resource-requirement :<>: 

related-action-resource-requirement; 
END-ENTITY; -- action-resource-requirementyelationship 

ENTITY action-resource-type; 

END-ENTITY; -- action-resource-type 
ENTITY advanced-brep-shape-representation 

name : label; 

SUBTYPE OF (shape-representation); 
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WHERE 
WR1: SIZEOF(QUERY ( it <* SELF-items I (NOT (SIZEOF([ 

'SHEET-METAL.MANIFOLD-SOLID-BREP','SHEET-METAL.FACETED-BRE~', 
'SHEETMETAL.MAPPED-ITEM"SHEETMET-METAL.~IS2-P~CEMENT-3D'] 
* TYPEOF(it)) = 1)) 1 )  = O; 

'SHEET-METAL.MANIFOLD-SOLID-BREP','SHEET-METAL.~PPED-ITEM'] 
* TYPEOF(it)) = 1) 1 )  > O; 

"SHEETMETAL.MANIFOLD-SOLID-BREP' IN TYPEOF(it)) ) I (NOT ( 
SIZEOF(QUERY ( csh <* msb-shells(msb,'AIC-ADVANCED-BREP') I 
(NOT (SIZEOF(QUERY ( fcs <* csh\connected-face-set-cfs-faces 

I (NOT ('SHEET-METAL.ADVANCED-FACE' IN TYPEOF(fcS) ) )  ) )  = 
0 ) ) ) )  = O)) 1 )  = o; 
'SHEETMETAL.MANIFOLD-SOLID-BREP' IN TYPEOF(it)) ) 1 ( 
'SHEETMETAL.0RIENTED-CLOSED-SHELL' IN TYPEOF(msb\ 
manifold-solid-brep-outer)) 1 )  = O; 

'SHEET-METAL.BREPWITH-VOIDS' IN TYPEOF(it)) ) I (NOT ( 
SIZEOF(QUERY ( csh <* brv\brep-with-voids.voids I csh\ 
oriented-closed-shell.orientation ) )  = O)) ) )  = O; 

'SHEET-METAL-MAPPED-ITEM' IN TYPEOF(it)) ) 1 (NOT ( 
'SHEETMETAL.ADVANCED_BREP_SHAPE_REP-SHAPE-REPRESENTATION' IN TYPEOF( 
mi\mapped-item.mapping-source.mapped-representation) 1 )  1 )  = 
O; 

WR2: SIZEOF(QUERY ( it <* SELF.items I (SIZEOF([ 

WR3: SIZEOF(QUERY ( msb <* QUERY ( it <* SELF.items I ( 

WR4: SIZEOF(QUERY ( msb <* QUERY ( it <* SELF.items I ( 

WR5: SIZEOF(QUERY ( brv <* QUERY ( it <* SELF.items I ( 

WR6: SIZEOF(QUERY ( mi <* QUERY ( it <* SELF.items I ( 

END-ENTITY; -- advanced-brep-shape-representation 
ENTITY advanced-face 
SUBTYPE OF (face-surface); 
WHERE 

WR1 : CIZEOF(['SHEETMETAL.ELEMENTARY-SURFACE', 
'SHEET-METAL.B-SPLINE-SURFACE', 'SHEET-METAL.SWEPT-SURFACE'] 
* TYPEOF(face-geometry)) = 1; 

' SHEETMETAL. EDGE-LOOP ' IN TYPEOF (bnds . bound 1 1 1 I (NOT ( 
SIZEOF(QUERY ( oe <* elp-fbnds.bound\path.edge-list I (NOT 
('SHEET-METAL.EDGE-CURVE' IN TYPEOF(oe.edge-element))) ) )  = 

'SHEET-METAL-EDGE-LOOP' IN TYPEOF(bnds.bound)) 1 I (NOT ( 
SIZEOF (QUERY ( oe <* elp-fbnds. bound\path. edge-list I (NOT 
(SIZEOF(['SHEET-METAL.LINE','SHEET-METAL.CONIC', 
'SHEET-METAL.POLYLINE','SHEET-METAL.SURFACE-CURVE', 
'SHEET-METAL.B-SPLINE-CURVE'] * TYPEOF(oe.edge-element\ 
edge-curve-edge-geometry)) = 1)) ) )  = O)) ) )  = O; 

WR4 : SIZEOF(QUERY ( elp-fbndc <* QUERY ( bnds <* SELF.bounds 1 ( 
'SHEET-METAL.EDGE-LOOP' IN TYPEOF(bnds.bound)) I (NOT ( 
SIZEOF(QUERY ( oe <* elp-fbnds.bound\path.edge-list I (NOT 
(('SHEET-METAL.VERTEX-POINT' IN TYPEOF(oe.edge-start)) AND 
('SHEET-METAL.CARTESIAN-POINT' IN TYPEOF(oe.edge-start\ 
vertex_point.vertex-geometry)) AND ( 
'SHEET-METAL.VERTEX-POINT' IN TYPEOF(oe.edge-end)) AND ( 
'SHEET-METAL.CARTESIAN-POINT' IN TYPEOF(oe.edgeend\ 
vertexgoint.vertex-geometry)))) 1 )  = O)) ) )  = O; 

WR2 : SIZEOF(QUERY ( elp-fbnds <* QUERY ( bnds <* SELF.bounds I ( 

0 ) )  1 )  = o; 
WR3 : SIZEOF(QUERY ( elp-fbnds <* QUERY ( bnds <* SELF.bounds I ( 
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WR5 : SIZEOF(QUERY ( elp-fbnds <* QUERY ( bnds <* SELF.bounds I ( 
'SHEETMETAL.EDGE-LOOP' IN TYPEOF(bnds.bound) 1 I ( 
'SHEETMETAL.0RIENTED-PATH' IN TYPEOF(e1p-fbndc.bound)) ) )  
= o; 

OR (SIZEOF(['SHEET-METAL.LINE','SHEETMETAL.CONIC', 
'SHEET-METAL.POLYLINE','SHEET_METAL.B-SPLINE-CURW'] * 
TYPEOF(face-geometry\cwept-curface.swept-curve)) = 1); 

'SHEETMETAL.VERTEX-LOOP' IN TYPEOF(bnds.bound)) 1 I (NOT ( 
('SHEET-METAL.VERTEX-PO1NT' IN TYPEOF(v1p-fbndc\face-bound. 
bound\vertex-1oop.loop-vertex)) AND ( 
'SHEET-METAL.CARTESIAl-PO1NT' IN TYPEOF(v1p-fbnds\ 
face-bound.bound\vertex-loop.loop-vertex\vertex~oint. 
vertex-geometry)))) ) )  = O; 

'SHEET-METAL.EDGE-LOOP','SHEET_METAL.VERTEX-LOOP'] * 
TYPEOF(bnd.bound)) = 1)) 1 )  = O; 

'SHEET-METAL.EDGE-LOOP' IN TYPEOF(bnds.bound)) ) I (NOT ( 
SIZEOF(QUERY ( oe <* elp-fbnds.bound\path.edge-list I ( (  
'SHEETMETAL.SURFACECURVE' IN TYPEOF(oe.edge-element\ 
edge-curve.edge-geometry)) AND (NOT (.SIZEOF( 
QUERY ( sc-ag <* oe.edge-element\edge-curve.edge-geometry\ 
surface-curve.associated-geometry I (NOT ( 
'SHEETMETAL.PCURVE' IN TYPEOF(scag))) ) )  = O))) 1 )  = O)) ) )  
= o; 

WR6 : (NOT ('SHEETMETAL-SWEPT-SURFACE' IN TYPEOF(face-geometry))) 

WR7 : SIZEOF(QUERY ( vlp-fbnds <* QUERY ( bndc <* SELF.bounds I ( 

WR8 : SIZEOF(QUERY ( bnd <* SELF.bounds I (NOT (SIZEOF([ 

WR9 : SIZEOF(QUERY ( elp-fbnds <* QUERY ( bnds <* SELF.bounds I ( 

WR10: ((NOT ('SHEETMETAL.SWEPT-SURFACE' IN TYPEOF(face-geometry))) 
OR (NOT ('SHEET-METAL.POLYLINE' IN TYPEOF(face-geometry\ 
swept-curface.swept-curve))) OR (SIZEOF(face-geometry\ 
swept-surface.swept-curve\polyline.points) < 3)) AND ( 
SIZEOF(QUERY ( elp-fbnds <* QUERY ( bndc <* SELF.boundc I ( 
'SHEET-METAL.EDGE-LOOP' IN TYPEOF(bnds.bound)) ) I (NOT ( 
SIZEOF(QUERY ( oe <* elp-fbnds.bound\path.edge-list I ( (  
'SHEETMETAL.POLYLINE' IN TYPEOF(oe.edge-element\edge-curve 
.edge-geometry) 1 AND (NOT (SIZEOF(oe.edge-element\ 
edge-curve-edge-geometry\polyline.points) < 3))) ) )  = O)) 1 )  
= O); 

END-ENTITY; -- advanced-face 

ENTITY angular-location 
SUBTYPE OF (dimensional-location); 
angle-selection : angle-relator; 

END-ENTITY; -- angular-location 

ENTITY application-context; 
application : text; 

context-elements : SET [l:?] OF application-context-element FOR 
frame-ofreference; 

INVERSE 

END-ENTITY; -- application-context 

ENTITY application-context-element 
SUPERTYPE OF (ONEOF (product-context,product-definition-context, 

product-concept-context) 1 ;  
name : label; 
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frame-of-reference : application-context; 
END-ENTITY; -- application-context-element 
ENTITY application-protocol-definition; 

status : label; 
application-interpreted-model-schema-name : label; 
application_protocol_year : year-number; 
application : application-context; 

END-ENTITY; -- applicationqrotocol-definition 

ENTITY approval; 
status : approval-status; 
level : label; 

END-ENTITY; -- approval 

ENTITY approval-assignment 
ABSTRACT SUPERTYPE; 
assigned-approval : approval; 

END-ENTITY; -- approval-assignment 

ENTITY approval-date-time; 
da te-t ime : date-time-select; 
dated-approval : approval; 

END-ENTITY; -- approval-date-time 
ENTITY approval_person-organization; 

person-organization : person-organization-select; 
authorized-approval : approval; 
role : approval-role; 

END-ENTITY; -- approval-person-organization 
ENTITY approval-role; 

role : label; 
END-ENTITY; -- approval-role 
ENTITY approval-status; 

END-ENTITY; -- approval-status 
ENTITY assembly-component-usage 

name : label; 

SUPERTYPE OF (promissory-usage-occurrence) 
SUBTYPE OF (product-definition-usage); 
reference-designator : OPTIONAL identifier; 

END-ENTITY; -- assembly-component-usage 
ENTITY assembly-component-usage-substitute; 

name : label; 
definition : text; 
base : assembly-component-usage; 
substitute : assembly-component-usage; 

ur1 : base, substitute; 

WR1: base.relating_product-definition :=: substitute. 

WR2: base :<>: substitute; 

UNI QUE 

WHERE 

relatingjroduct-definition; 

OIS0 
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END-ENTITY; -- assembly-componentusage-substitute 
ENTITY axislglacement 
SUBTYPE OF (placement); 
axis : OPTIONAL direction; 

z : direction := NVL(normalice(axis),direction([0,0,11)); 

WR1: SELF\geometric-representation-item-dim = 3 ;  

DERIVE 

WHERE 

END-ENTITY; -- axislqlacement 
ENTITY axis29lacement-2d 
SUBTYPE OF (placement); 
ref-direction : OPTIONAL direction; 

DERIVE 
R : LIST [ 2 : 2 ]  OF direction := build-2axes(ref-direction); WHERE 
WR1: SELF\geometric-representation-item.dim = 2; 

END-ENTITY; -- axis2glacement-2d 
ENTITY axis2glacement-3d 
SUBTYPE OF (placement); 
axis : OPTIONAL direction; 
ref-direction : OPTIONAL direction; 

p : LIST [3:3] OF direction := build-axes(axis,ref-direction); 

WR1: SELF\placement.location.dim = 3; 
WR2: (NOT EXISTS(axis)) OR (axis.dim = 3 ) ;  
WR3: (NOT EXISTS(ref-direction)) OR (ref-direction.dim = 3); 
WR4: (NOT EXISTS(axis)) OR (NOT EXISTS(ref-direction) OR ( 

DERIVE 

WHERE 

crossqroduct(axis,ref-direction).magnitude > O); 
END-ENTITY; -- axic2glacement-3d 
ENTITY b-spline-curve 
SUPERTYPE OF (ONEOF (uniform-curve,hspline-curve-with-knots, 

SUBTYPE OF (bounded-curve); 
quasi-uniform-curve,bezier_curve) ANDOR rational-b-spline-curve) 

degree : INTEGER; 
controlgoints-list : LIST [2:?1 OF carteciansoint; 
curve-form : b-spline-curve-form; 
closed-curve : LOGICAL; 
self-intersect : LOGICAL; 

upper-index-on-control-points : INTEGER := SIZEOF( 
DERIVE 

controlgoints-list) - 1; 

upper~index~on~cont ro l_poin ts l  OF 

controlgoints-list,O, 
upper-index-on-controlgoints) ; 

controlgoints : ARRAY [O: 

cartesiansoint := list-to-array( 

WHERE 
WR1: ('SHEET-METAL.UN1FORM-CURVE' IN TYPEOF(SELF)) OR ( 

'SHEET-METAL.QUASI-UNIFORM-CURVE' IN TYPEOF(SELF)) OR ( 
'SHEET-METAL.BEZIER-CURVE' IN TYPEOF(SELF)) OR ( 
'SHEET-METAL.B-SPLINE-CURVE-WITH-aOTS' IN TYPEOF(SELF) 1; 
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END-ENTITY; -- b-spline-curve 

ENTITY b-spline-curvewith-knots 
SUBTYPE OF (b-spline-curve); 
knotmultiplicities : LIST [2:?] OF INTEGER; 
knots : LIST [2:?1 OF parameter-value; 
kno t-spec : knot-type; 

upper-index-on-knots : INTEGER := SIZEOF(knots); 

WR1: constraints_param_b_spline(degree,upper-index-on-knots, 

WR2: SIZEOF(knot-multiplicities) = upper-index-on-knots; 

DERIVE 

WHERE 

upper-index-on-controlgoints,knot-multiplicities,knots); 

END-ENTITY; -- b-splinecurve-with-knots 
ENTITY b-spline-surface 
SUPERTYPE OF (ONEOF (b-spline-surfacewith-knots,uniform-surface, 

SUBTYPE OF (bounded-surface); 

quasi-uniform-surface,bezier-surface) ANDOR 
rational-b-spline-surface) 

u-degree : INTEGER; 
v-degree : INTEGER; 
control_points-list : LIST [2:?I OF LIST [2:?1 OF cartesianjoint; 
surface-form : b-spline-surface-form; 
u-c los ed : LOGICAL; 
v-c 1 os ed : LOGICAL; 
self-intersect : LOGICAL; 

u-upper : INTEGER := SIZEOF(controlqoints-1ist) - 1; 
v-upper : INTEGER := SIZEOF(con t ro l jo in t s_ l i s t [ l l )  - 1; 
controlqoints : ARRAY [O:uupper] OF ARRAY [O:v-upper] OF 

cartesiangoint := make-array-of-array( 
control-pointc-list,O,u-upper); 

DERIVE 

WHERE 
WR1: ( ' SHEETMETAL. UNIFORM-SURFACE ' IN TYPEOF (SELF) ) OR ( 

'SHEET-METAL.QUASI-UNIFORM-SURFACE' IN TYPEOF(SELF)) OR ( 
'SHEET-METAL.BEZIER-SURFACE' IN TYPEOFtSELF)) OR ( 
'SHEET-METAL.B-SPLINE-SURFACE-WITH-KNOTS' IN TYPEOF(SELF)); 

ENLENTITY; -- b-spline-surface 
ENTITY b-spline-surface-with-knots 
SUBTYPE OF (b-spline-surface); 
u-multiplicities : LIST [2:?1 OF INTEGER; 
v-multiplicities : LIST [2:?1 OF INTEGER; 
u-knots : LIST [2:?1 OF parameter-value; 
v-knots : LIST [2:?1 OF parameter-value; 
kno t-spec : knot-type; 

knot-u-upper : INTEGER := SIZEOF(u-knots); 
knot-v-upper : INTEGER := SIZEOF(v-knots); 

WR1: c o n s t r a i n t s q a r a m _ b - s p l i n e ( S E L F \ b _ s p l i n e _ g r e e ,  

WR2: constraints_param-b-spline(SELF\b-spline-surface.v-degree, 

DERIVE 

WHERE 

knot-u_upper,SELF\b-spline-surface.u-upper,u-multiplicities, 

knot_v_upper,SELF\b-spline-surface.v-upper,v-multiplicities, 

u-knots) ; 
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v-knots) ; 
WR3: SIZEOF(u~muitip1icities) = knot-u-upper; 
WR4: SIZEOF(v-multiplicities) = knot-v-upper; 

END-ENTITY; -- b-spline-surfacewith-knots 
ENTITY bezier-curve 

END-ENTITY; -- bezier-curve 
SUBTYPE OF (b-spline-curve); 

ENTITY bezier-surface 

END-ENTITY; -- bezier-surface 
SUBTYPE OF (b-spline-surface); 

ENTITY block 
SUBTYPE OF (geometric-representation-item); 
position : axis2~1lacement-3d; 
X : length-measure; 
Y : length-measure; 
2 : length-measure; 

END-ENTITY; -- block 
ENTITY boolean-result 

SUBTYPE OF (geometric-representation-item); 
operator : boolean-operator; 
firstoperand : boolean-operand; 
second-operand : boolean-operand; 

END-ENTITY; -- boolean-result 
ENTITY boundary-curve 

SUBTYPE OF (composite-curve-on-surface); 
WHERE 

WR1: SELF\composite-curve.closed-curve; 
END-ENTITY; -- boundary-curve 

ENTITY bounded-curve 
SUPERTYPE OF (ONEOF (polyline,b-spline-curve,trimmed-curve, 

SUBTYPE OF (curve) ; 
composite-curve, composite-curve-segment) 

END-ENTITY; -- bounded-curve 

ENTITY bounded-surface 
SUPERTYPE OF (ONEOF (b-spline-surface,rectangular-trimed-surface, 

SUBTYPE OF (surface); 
curve-bounded-surface,rectangular-composite-surface)) 

END-ENTITY; -- bounded-surface 

ENTITY box-domain; 
corner : cartesiangoint; 
xlength : length-measure; 
ylength : length-measure; 
zlength : length-measure; 

WR1: SIZEOF(QUERY ( item <* USEDIN(SELF,") I (NOT ( 
WHERE 

'SHEETMETAL.BOXED-HALF-SPACE' IN TYPEOF(item))) ) )  = O; 
END-ENTITY; -- box-domain 
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ENTITY boxed-half-space 
SUBTYPE OF (half-space-solid); 
enclosure : box-domain; 

END-ENTITY; -- boxed-half-space 
ENTITY brep-with-voids 

END-ENTITY; -- brep-with-voids 

SUBTYPE OF (manifold-solid-brep); 
voids : SET [i:?] OF oriented-closed-shell; 

ENTITY calendar-date 
SUBTYPE OF (date); 
day-component : day-in-monthnumber; 
month-component : month-injearnumber; 

wR1: valid-calendar-date(SELF1; 
WHERE 

END-ENTITY; -- calendar-date 

ENTITY cartesianqoint 
SUBTYPE OF (point) ; 
coordinates : LIST [1:3] OF length-measure; 

END-ENTITY; -- cartesiansoint 

ENTITY cartesian-transformation-operator 
SUPERTYPE OF (cartesian-transformation-operator_3d) 
SUBTYPE OF (geometric-representation-item, 

functionally-defined-transformation); 
axi s 1 : OPTIONAL direction; 
axis2 : OPTIONAL direction; 
local-origin : cartesiansoint; 
scale : OPTIONAL REAL; 

scl : REAL := NVL(scale,l); 
DERIVE 

WHERE 
wR1: scl > o; 

END-ENTITY; -- cartesian-transformation-operator 
ENTITY cartesian-transformation-operator-3d 
SUBTYPE OF (cartesian-transformation-operator); 

DERIVE 
axis3 : OPTIONAL direction; 

u : LIST [3:31 OF direction := base_axic(3,SELF\ 
cartesian-transformation-operator.axisl,SELF\ 
cartesian~transformation~operator.axis2,axis3~; 

WHERE 
WR1: SELF\cartesian-transformation-operator-dim = 3; 

END-ENTITY; -- cartesian-transformation-operator-3d 
ENTITY change-order 
SUBTYPE OF (work-order); 

END-ENTITY; -- change-order 

ENTITY circle 
SUBTYPE OF (conic); 

EïVD-ENTITY; -- circle 
radius : positive-length-measure; 

OIS0 
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ENTITY closed-shell 
SUBTYPE OF (connected-face-set); 

END-ENTITY; -- closed-shell 

ENTITY composite-curve 
SUBTYPE OF (bounded-curve); 
segments : LIST [l:?] OF composite-curve-segment; 
self-intersect : LOGICAL; 

n-segments : INTEGER := SIZEOF(segments); 
closed-curve : LOGICAL := segments[n~segmentsl.transition 

WR1: ((NOT closed-curve) AND (SIZEOF(QUERY ( temp <* Segments I ( 

DERIVE 

discontinuous; 
WHERE 

temp.transition = discontinuous) ) )  = 1)) OR (closed-curve 
AND (SIZEOF(QUERY ( temp <* segments I (temp.transition = 
discontinuous) 1 )  = O)); 

END-ENTITY; -- composite-curve 

ENTITY composite-curve-on-surface 
SUPERTYPE OF (boundary-curve) 
SUBTYPE OF (compositecurve); 
DERIVE 

WHERE 
basis-surface : SET [0 :2 ]  OF surface := getbasis-surface(SELF); 

WR1: SIZEOF(basis-surface) > O; 
WR2: constraints-composite-curve-on-surface(SELF); 

END-ENTITY; -- composite-curve-on-surface 

ENTITY composite-curve-segment 
SUPERTYPE OF (reparametrised-composite-curve-segment) 
SUBTYPE OF (bounded-curve ) ; 
transition : transition-code; 
same-sense : BOOLEAN; 
parent-curve : curve; 

using-curves : BAG [l:?] OF composite-curve FOR segments; 

WR1: 'SHEETMETAL.BOUNDED-CURVE' IN TYPEOF(parent-curve); 

INVERSE 

WHERE 

END-ENTITY; -- composite-curve-segment 

ENTITY configuration-design; 
configuration : configuration-item; 
design : product-definition-formation; 

ur1 : configuration, design; 
END-ENTITY; -- configuration-design 

UNIQUE 

ENTITY configuration-item; 
id : identifier; 
name : label; 
description : OPTIONAL text; 
item-concept : product-concept; 
purpose : OPTIONAL label; 

ur1 : id; 
UNIQUE 
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END-ENTITY; -- configuration-item 

ENTITY conic 
SUPERTYPE OF (ONEOF (circle,ellipse,hyperbola,parabola)) 
SUBTYPE OF (curve); 
position : axis2qlacement; 

END-ENTITY; -- conic 

ENTITY conical-surface 
SUBTYPE OF (elementaw-surface); 
radius : length-measure; 
semi-angle : planeanglemeasure; 

WR1: radius >= O; 
WHERE 

END-ENTITY; -- conical-surface 

ENTITY connected-edge-set 
SUBTYPE OF (topological-representation-item); 
ces-edges : SET [l:?] OF edge; 

END-ENTITY; -- connected-edge-set 
ENTITY connected-face-set 
SUPERTYPE OF (ONEOF (closed-shel1,open-shell)) 
SUBTYPE OF (topologicalrepresentation-item); 
cfs-faces : SET [l:?] OF face; 

END-ENTITY; -- connected-face-set 
ENTITY context-dependent-unit 
SUBTYPE OF (named-unit); 
name : label; 

END-ENTITY; -- context-dependent-unit 
ENTITY contract; 

name : label; 
purpose : text; 
kind : contract-type; 

END-ENTITY; -- contract 
ENTITY contract-assignment 
ABSTRACT SUPERTYPE; 
assigned-contract : contract; 

END-ENTITY; -- contract-assignment 

ENTITY contract-type; 
description : label; 

END-ENTITY; -- contract-type 
ENTITY conversion-based-unit 
SUBTYPE OF (named-unit); 
name : label; 
conversion-factor : measurewith-unit; 

END-ENTITY; -- conversion-based-unit 
ENTITY coordinated-universal-time-offset; 

hour-offset : hour-in-day; 
minute-offset : OPTIONAL minute-in-hour; 

OIS0 
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sense : ahead-or-behind; 
END-ENTITY; -- coordinated-universal-time-offset 

ENTITY csg-shape-representation 
SUBTYPE OF (shape-representation); 
WHERE 

WR1: SELF.context_of_items\geometric_reprepresentation-context. 

WR2: SIZEOF(QUERY ( it <* SELF.items I (NOT (SIZEOF([ 
coordinate-space-dimension = 3 ;  

' S H E E T - M E T A L . C S G - S O L I D ' , ' S H E E T _ M E T A L . E X T R S O L I D ' ,  
'SHEETMETAL.REVOLVED-ARAREA_SOLID', 
'SHEETMETAL.SOLID-REPLICA',"EETMETAL.MAPPED_ITEM', 
'SHEETMETAL.AXIS2-PLACEMENT-3D'I * TYPEOF(it1) = 1)) ) )  = O;  

'SHEET-METAL.CSG-SOLID"SHEET_MET-METAL.~TRUDED-~~-SOLID'f 
'REVOLVED-AREA-SOLID','SHEET-METAL.SOLID-REPLICA', 
'SHEETMETAL.MAPPED-ITEM'] * TYPEOF(it1) = 1) ) )  >= 1; 

IN TYPEOF(it1) AND (NOT (SIZEOF([ 

WR3: SIZEOF(QUERY ( it <* SELF.items I (SIZEOF([ 

WR4: SIZEOF(QUERY ( it <* SELF.items I (('SHEET-METAL.MAPPED-ITEM' 

'SHEET-METAL.CSG-SHAPEREPREPRESENTATION', 
'SHEET-METAL.FACETED-BREP-SHAPE-REPRESENTATION'f 
'SHEET-METAL.ADVANCED_BREPSHAPE_REP-SHAPE-REPRESENTATION'] * TYPEOF( 
it\mapped-item.mapping-source.mapped-representation)) = 1))) ) )  
= o; 

END-ENTITY; -- csg-shape-representation 

ENTITY csg-solid 
SUBTYPE OF (solid-model); 
tree-rootexpression : csg-select; 

END-ENTITY; -- csg-solid 

ENTITY curve 
SUPERTYPE OF (ONEOF (line,conic,pcurve,surface_curve,offset-~urve_3d, 

SUBTYPE OF (geometric-representation-item); 
curve-replica)) 

END-ENTITY; -- curve 

ENTITY curvebounded-surface 
SUBTYPE OF (bounded-surface); 
basis-surface : surface; 
boundaries : SET [i:?] OF boundary-curve; 
implicit-outer : BOOLEAN; 

WR1: NOT (implicit-outer AND ('SHEET-METAL-OUTER-BOUNDARY-CURVE' IN 
TYPEOF(boundaries)) 1 ;  

WR2: (NOT implicitouter) OR ('SHEET-METAL.BOUNDED-SURFACE' IN 
TYPEOF(basis-surface)); 

WR3: SIZEOF(QUERY ( temp <* boundaries I ( 
'SHEET-METAL.0UTER-BOUNDARY-CURVE' IN TYPEOF(temp)) ) )  <= 1; 

WR4: SIZEOF(QUERY ( temp <* boundaries I (temp\ 
composite~curve~on~surface.basis~surface[ll :<>: SELF. 
basis-surface) 1 )  = O; 

WHERE 

END-ENTITY; -- curve-bounded-surface 

ENTITY curve-replica 
SUBTYPE OF (curve) ; 
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parent-curve : curve; 
transformation : cartesian-transfomation-operator; 

wR1: transfomation-dim = parent-curve-dim; 
WR2: acyclic-curve-replica(SELF,parent-curve); 

WHERE 

END-ENTITY; -- curve-replica 

ENTITY cylindrical-surface 
SUBTYPE OF (elementary-surface); 

END-ENTITY; -- cylindrical-surface 

ENTITY date 

radius : positive-length-measure; 

SUPERTYPE OF (ONEOF (calendar-date,ordinal-date, 
week-ofjear-and-day-date) ) ;  

year-component : yearnumber; 
END-ENTITY; -- date 

ENTITY dateand-time; 
date-component : date; 
time-component : local-time; 

END-ENTITY; -- date-and-time 

ENTITY dateand-time-assignment 
ABSTRACT SUPERTYPE; 
assigned-date-and-time : date-and-time; 
role : date-time-role; 

END-ENTITY; -- date-and-time-assignment 

ENTITY date-assignment 
ABSTRACT SUPERTYPE; 
assigned-date : date; 
role : date-role; 

END-ENTITY; -- dateassignment 

ENTITY date-role; 
name : label; 

END-ENTITY; -- date-role 

ENTITY date-time-role; 
name : label; 

END-ENTITY; -- date-time-role 

ENTITY dated-effectivity 
SUBTYPE OF (effectivity); 
effectivity-start-date : dateand-time; 
effectivity-end-date : OPTIONAL date-and-time; 

END-ENTITY; -- dated-effectivity 

ENTITY datum 
SUBTYPE OF (shape-aspect); 
identification : label; 

INVERSE 
established-by-relationships : SET [l:?] OF 

shape-aspect-relationship FOR 
related-shape-aspect; 
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WHERE 
WR1: SIZEOF(QUERY ( x c* SELF.established-by-relationships I ( 

SIZEOF(TYPEOF(x.relating-shape-aspect) * t 
'SHEET-METAL.DATUM-FEATURE', 
'SHEET-METAL-DATUM-TARGET']) <> 1) ) )  = O; 

SIZEOF(TYPEOF(x.relating-shape-aspect) * [ 
'SHEET-METAL.DATUM-FEATURE', 
'SHEET-METAL-DATUM-TARGET-FEATURE']) <> (TYPEOF(SELF. 
established~by~relationships[l].relating~shape~aspect) * [ 
'SHEET-METAL-DATUM-FEATURE', 
'SHEET-METAL.DATUM-TARGET-FEATURE'])) 1 )  = O; 

WR2: SIZEOF (QUERY ( x c* SELF.established-by-relationships I ( 

END-ENTITY; -- datum 

ENTITY datum-reference; 
precedence : INTEGER; 
referenced-datum : datum; 

WR1: precedence > O; 
WHERE 

END-ENTITY; -- datum-reference 
ENTITY datum-target 
SUBTYPE OF (shape-aspec t ; 
target-id : identifier; 
INVERSE 
target-basis-relationship : shape-aspect-relationship FOR 

relating-shape-aspect; 
WHERE 

WR1: SIZEOF (QUERY (sar<* bag-to-set (USEDIN (SELF, 
'PRODUCT~PROPERTY~DEFINITION~SCH~.S~PE~ASPECT~RE~TIONSHIP.' + 

I NOT ( ' S H A P E - A S P E C T - D E F I N I T I O N ~ S C H ~ . D A T U M '  IN TYPEOF 
(sar-related-shape-aspect))))=O; 

WR2: SELF.product-definitional = TRUE; 

'RELATING-SHAPE-ASPECT')) 

END-ENTITY; -- datum-target 
ENTITY definitional-representation 
SUBTYPE OF (representation); 
WHERE 
WR1: 'SHEET-METAL.PARAMETRIC-REPRESENTATION-CONTEXT' IN TYPEOF(SELF\ 

representation.context-of-items); 
END-ENTITY; -- definitional-representation 

ENTITY degeneratejcurve 
SUBTYPE OF (point); 
basis-surface : surface; 
reference-to-curve : definitional-representation; 

WR1: SIZEOF(reference-to-curve\representation.items) = i; 
WR2: 'SHEETMETAL.CüRVE' IN TYPEOF(reference-to-curve\representation 

wR3: reference~to~curve\representation.items~ll\ 

WHERE 

.items[ll); 

geometric-representation-item.dim = 2; 
END-ENTITY; -- degenerateqcurve 
ENTITY degenerate-toroidal-surface 
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SUBTYPE OF (toroidal-surface); 

WHERE 
select-outer : BOOLEAN; 

WR1: major-radius < minor-radius; 
END-ENTITY; -- degenerate-toroidal-surface 

ENTITY derived-unit; 
elements : SET [i:?] OF derived-unit-element; 

WR1: (SIZEOF(e1ements) > 1) OR ((SIZEOF(e1ements) = 1) AND (elements 
WHERE 

[ l l  .exponent <> 1) 1 ; 
END-ENTITY; -- derived-unit 

ENTITY derived-unit-element; 
unit : named-unit; 
exponent : REAL; 

END-ENTITY; -- derived-unit-element 

ENTITY descriptive-representation-item 
SUBTYPE OF (representation-item); 
description : text; 

END-ENTITY; -- descriptive-representation-item 

ENTITY die-definition-constraint-relationship 
SUBTYPE OF (product-definition-relationship); 
WHERE 
WR1: SELF\productdefinition-relationship.related~roduct-definition 

WR2: product-type_ofgroduct(SELF.relatinggroduct-definition. 

WR3: product-type-ofgroduct(SELF.related_product-definition. 

.frame-of-reference.life-cycle-stage = 
'as design constrained'; 

formation.ofgroduct,product-type).name IN ['die'l; 

formation.ofgroduct,product-type) .name IN ['die'l; 
END-ENTITY; -- die-definition-constraint-relationship 

ENTITY dimensional-characteristic-representation; 
dimension : dimensional-characteristic; 
representation : shape-dimension-representation; 

END-ENTITY; -- dimensional-characteristic-representation 

ENTITY dimensional-exponents; 
length-exponent : REAL; 
massexponent : REAL; 
time-exponent : REAL; 
electric-current-exponent : REAL; 
thermodynamic-temperature-exponent : REAL; 
amount-of-substance-exponent : REAL; 
luminous-intensity-exponent : REAL; 

END-ENTITY; -- dimensional-exponents 

ENTITY dimensional-location 
SUPERTYPE OF (ONEOF (angular-location,dimensional-location-withjath) 
SUBTYPE OF (shape-aspect-relationship); 

EWD-ENTITY; -- dimensional-location 
ENTITY dimensional-location_with_pathsath 
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SUBTYPE OF (dimensional-location); 
path : shape-aspect; 

END-ENTITY; -- dimensional-location-withaath 

ENTITY dimensional-size; 
applies-to : shape-aspect; 
name : label; 

WR1: applies-to.product-definitional = TRUE; 
WHERE 

END-ENTITY; -- dimensional-size 

ENTITY directed-action 
SUBTYPE OF (executed-action); 
directive : action-directive; 

END-ENTITY; -- directed-action 

ENTITY direction 
SUBTYPE OF (geometric-representation-item); 
direction-ratios : LIST [2:31 OF REAL; 

WHERE 
WR1: SIZEOF(QUERY ( tmp <* direction-ratios I (tmp <> O) 1 )  > O; 

END-ENTITY; -- direction 

ENTITY document; 
id : identifier; 
name : label; 
description : text; 
kind : document-type; 

ur1 : id; 
UNIQUE 

END-ENTITY; -- document 

ENTITY document-reference 
ABSTRACT SUPERTYPE; 
assigned-document : document; 
source : label; 

END-ENTITY; -- document-reference 

ENTITY document-type; 

END-ENTITY; -- document-type 

ENTITY edge 

product-data-type : label; 

SUPERTYPE OF (ONEOF (edge-curve,oriented-edge)) 
SUBTYPE OF (topological-representation-item) ; 
edge-start : vertex; 
edge-end : vertex; 

END-ENTITY; -- edge 

ENTITY edge-based-wireframe-model 
SUBTYPE OF (geometric-representation-item); 
ebm-boundary : SET [i:?] OF connected-edge-set; 

END-ENTITY; -- edge-based-wireframe-model 

ENTITY edge-based-wireframe-shape-representation 
SUBTYPE OF (shape-representation); 
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WHERE 
wR1 : 

wR2 : 

wR3 : 

wR4 : 

wR5 : 

WR6 : 

wR7 : 

wR8 : 

SIZEOF(QUERY ( it <* SELF.items I (NOT (SIZEOF([ 
'SHEET-METAL.EDGE-BASED-WIREFFZìME-MODEL', 
'SHEET-METAL.MAPPED-ITEM','SHEET-METAL.~IS2-PLACEMENT-3D1] 
* TYPEOF(it)) = 1)) ) )  = o; 

'SHEET-METAL.EM;E-BASED-WIREFF2WE-MODEL', 
tSHEET-METAL.MAPPED-ITEM'] * TYPEOF(it)) = 1) ) )  >= 1; 

'SHEETMETAL.EDGE-BASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 

edge-based-wireframemodel.ebwm_boundary I (NOT (SIZEOF( 
QUERY ( edges <* eb.ces-edges I (NOT ( 
'SHEETMETAL.EM;E-CURVE' IN TYPEOF(edges))) ) )  = 
O ) )  ) )  = 0 ) )  1 )  = o; 

SIZEOF(QUERY ( it <* s ~ ~ ~ . i t e m s  I (SIZEOF([ 

SIZEOF(QUERY ( ebwm <* QUERY ( it <* SELF-items I ( 

I (NOT (SIZEOF(QUERY ( eb <* ebwm\ 

SIZEOF(QUERY ( ebwm <* QUERY ( it <* SELF.items I ( 
ISHEETMETAL.EDGE-BASED-W1REFRAME-MODEL1 IN TYPEOF(it)) ) 

edgebased-wireframemodel.ebwm-boundary I (NOT (SIZEOF( 
QUERY ( pline-edges <* QUERY ( edges <* eb.ces-edges I ( 
'SHEETMETAL.POYL1NE' IN TYPEOF(edges\edge-curve. 
edge-geometry)) ) I (NOT (SIZEOF(pline-edges\edge-curve. 
edge-geometry\polyline.points) > 2)) ) )  = O)) ) )  = O ) )  ) )  = 

1 (NOT (SIZEOF(QUERY ( eb <* ebwm\ 

O; 
SIZEOF(QUERY ( ebwm <* QUERY ( it <* SELF-items 1 ( 

'SHEET-METAL.EM;E-BASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 

edgebased-wireframemodel.ebwm-boundary I (NOT (SIZEOF( 
QUERY ( edges <* eb-ces-edges I (NOT ( (  
'SHEETMETAL.vERTEX-POINT' IN TYPEOF(edges.edge-start)) AND 

1 (NOT (SIZEOF(QUERY ( eb <*  ebwm\ 

('SHEETMETAL.VERTEX-POINT' IN TYPEOF(edges.edge-end)))) ) )  
= 0 ) )  ) )  = O ) )  1 )  = o; 
'SHEETMETAL.EDGE-BASED-WIREFRAME-MODEL' IN TYPEOF(it) 1 

I (NOT (SIZEOF(QUERY ( eb <* ebwm\ 
edge-based-wireframemodel.ebwm_boundary I (NOT (SIZEOF( 
QUERY ( edges <* eb.ces-edges I (NOT 
valid_wireframe-edge_curve(edges\edge-curve-edge-geometry, 
'AIC-EDGE-BASED-WIREFRAME')) ) )  = o ) )  ) )  = o ) )  ) )  = o; 

'SHEET-METAL.EDGE-BASED-WIREFF4ME-MODEL' IN TYPEOF(it)) ) 

edge-based-wireframemodel.ebwm_boundary I (NOT (SIZEOF( 
QUERY ( edges <* eb.ces-edges 1 (NOT ( 
valid_wireframe_vertexqoint(edgec.edges.edge-start\vertex~oint- 
vertex-geometry,'AIc-EDGE_BASED_WIREFRAME') AND 
valid-wireframe-vertex_point(edges.edge-end\vertex~int. 
v e r t e x _ g e o m e t r y , l A I C - E D G E - B A S E D J I R E P R A E ' ) ~ )  1 )  = O ) )  1 )  = 

SIZEOF(QUERY ( ebwm <* QUERY ( it <* SELF.items I ( 

SIZEOF(QUERY ( ebwm <* QUERY ( it <* SELF-items I ( 

I (NOT (SIZEOF(QUERY ( eb <* ebwm\ 

0 ) )  1 )  = o; 
SIZEOF(QUERY ( ebwm e* QUERY ( it <* SELF-items I ( 

'SHEET-METAL.EDGE-BASED_wIREFRAMEMODEL' IN TYPEOF(it1) ) 

edge-based-wireframe-model.ebwm-boundary I (NOT (SIZEOF( 
QUERY ( con-edges <* QUERY ( edges <* eb-ces-edges I ( 
'SHEET-METAL.CONIC' IN TYPEOF(edges\edge-curve. 
edge-geometry)) ) I (NOT ('SHEETMETAL.AXIS2-PLACEMENT-3D' 

I (NOT (SIZEOF(QUERY ( eb <* ebwm\ 
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IN TYPEOF(con-edges\edge_curve.edge-geometr\conic.position) ) )  
) )  = O)) ) )  = O)) 1 )  = o; 

W R ~  : SIZEOF(QUERY ( mi <* QUERY ( it c*  item items 1 ( 
'SHEETMETAL.MAPPED-ITEM' IN TYPEOF(it)) ) I (NOT ( (  
'SHEETMETAL.' + 
'EDGE-BASED-WIREFRAME_CHAPEREPREPRESENTATION') IN TYPEOF(mi\ 
mapped-item.mapping-source.mapped-representation))) ) = O ;  

coordinate-space-dimension = 3 ;  
WR10: SELF.context_of-items\geometric-representation-context. 

END-ENTITY; -- edge-based-wireframe-shape-representation 
ENTITY edge-curve 
SUBTYPE OF (edge, geometric-representation-item); 
edge-geometry : curve; 
same-sense : BOOLEAN; 

END-ENTITY; -- edge-curve 
ENTITY edge-loop 
SUBTYPE OF (loop, path); 
DERIVE 

WHERE 
ne : INTEGER := SIZEOF(SELF\path.edge-list); 

WR1: SELF\path.edge-list[l] .edge-start :=: SELF\path 
edge-end; 

END-ENTITY; -- edge-loop 

edge-list [ne] . 

ENTITY effectivity 
SUPERTYPE OF (ONEOF (serialpumbered-effectivity,dated-effectivity)); 
id : identifier; 

END-ENTITY; -- effectivity 

ENTITY elementary-surface 
SUPERTYPE OF (ONEOF (plane,cylindrical-surface,conical-surface, 

SUBTYPE OF (surface); 
spherical-surface,toroidal-surface)) 

position : axis2-placement-3d; 
END-ENTITY; -- elementary-surface 

ENTITY ellipse 
SUBTYPE OF (conic); 
semi-axis-1 : positive-length-measure; 
semi-axis-2 : positive-length-measure; 

END-ENTITY; -- ellipse 

ENTITY evaluated-degenerate-pcurve 
SUBTYPE OF (degenerate-pcurve); 
equivalent-point : cartesiansoint; 

END-ENTITY; -- evaluated-degeneratescurve 

ENTITY executed-action 
SUBTYPE OF (action) ; 

END-ENTITY; -- executed-action 

ENTITY extruded-area-solid 
SUBTYPE OF (swept-area-solid); 
extruded-direction : direction; 
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depth : positive-length-measure; 

WR1: dotqroduct(SELF\sweptarea_solid.swept-area.basis-surface\ 
WHERE 

elementary_surface.position.p[3],extruded-direction) < z  O; 
END-ENTITY; -- extruded-area-solid 

ENTITY face 
SUPERTYPE OF (ONEOF (face-surface,oriented-face)) 
SUBTYPE OF (topological-representationitem) ; 

WHERE 
bounds : SET [i:?] OF facebound; 

WR1: NOT mixed-loop_type-set(list-to-set(list-face-loops(SELF) 1 ) ;  
WRS: SIZEOF(QUERY ( temp <* bounds I ('SHEET-METAL-FACE-OUTER-BOUND' 

IN TYPEOF(temp)) ) )  <= 1; 
END-ENTITY; -- face 

ENTITY face-bound 
SUBTYPE OF (topological-representationitem); 
bound : loop; 
orientation : BOOLEAN; 

END-ENTITY; -- face-bound 

ENTITY faceouterbound 
SUBTYPE OF (face-bound); 

END-ENTITY; -- face-outer-bound 

ENTITY face-surface 
SUBTYPE OF (face, geometric-representation-item); 
face-geometry : surface; 
same-sens e : BOOLEAN; 

ENDENTITY; -- face-surface 
ENTITY faceted-brep 

END-ENTITY; -- faceted-brep 

ENTITY faceted-brep-shape-representation 

SUBTYPE OF (manifold-solid-brep); 

SUBTYPE OF (shape-representation); 
WHERE 
WR1: SIZEOF(QUERY ( it <* SELF-items I (NOT (SIZEOF([ 

WR2: SIZEOF(QUERY ( it <* SELF.items I (SIZEOF([ 

WR3: SIZEOF(QUERY ( fbrep <* QUERY ( it <* SELF.items I ( 

'SHEETMETAL.FACETED-BREP','SHEETMETAL.MAPPED-ITEM', 
'SHEET-METAL.AXIS2-PLACEMENT_3D'] * TYPEOF(it)) = 1)) 1 )  = o; 

'SHEETMETAL.FACETED_BREP"SHEET_METAL.MPPED-ITEM'1 * 
TYPEOF(it)) = 1) ) )  > O; 

'SHEET-METAL.FACETED-BREP' IN TYPEOF(it)) ) I (NOT (SIZEOF( 
QUERY ( csh <* msb-shells(fbrep,'AIC_FACETED_BREP') I (NOT ( 
SIZEOF(QUERY ( fcs <* csh.cfs-faces I (NOT ( (  
'SHEET-METAL.FACE-SURFACE' IN TYPEOF(fcs)) AND ( 
'SHEET-METAL.PLANE' IN TYPEOF(fcs\face-surface.face_geometry)) 
AND ('SHEETMETAL-CARTESIAN-POINT' IN TYPEOF(fcs\ 
face_surface.face_geometry\elementary_surface.position. 
location)))) ) )  = O)) ) )  = O ) )  1 )  = O; 

WR4: SIZEOF(QUERY ( fbrep <* QUERY ( it <* SELF-items I ( 
i SHEETMETAL. FACETED-BREP i IN TYPEOF (it ) ) ) I (NOT ( SIZEOF ( 
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QUERY ( csh <* msb-shells(fbrep, 'AIC-FACETED-BREP') 1 (NOT ( 
SIZEOF(QUERY ( fcs <* csh-cfs-faces 1 (NOT (SIZEOF( 
QUERY ( bnds <* fcs.bounds I ('SHEET-METAL.FACE-OU"ER_BOUND' 
IN TYPEOF(bnds)) ) )  = 1)) ) )  = O)) ) )  = O)) ) )  = O; 

5HEETMETAL.MANIFOLD-SOLID-BREP' IN TYPEOF(it)) ) I ( 
'SHEETMETAL.0RIENTED-CLOSED-SHELL' IN TYPEOF(msb\ 
manifold-solid-brep.outer)) ) )  = O; 

'SHEET-METAL.BREPWITH-VOIDS' IN TYPEOF(it)) ) I (NOT ( 
SIZEOF (QUERY ( csh <* brv\brepwith-voids .voids I csh\ 
oriented-closed-shell.orientation ) )  = O)) ) )  = O;  

'SHEETMETAL.MAPPED-ITEM' IN TYPEOF(it1) ) I (NOT ( 
'SHEET-METAL.FACETED-BREP-SHAPE-REPRESENTATION' IN TYPEOF(mi 
\mapped-item.mapping_source.mapped-representation))) ) )  = O; 

WR5: SIZEOF(QUERY ( msb <* QUERY ( it <* SELF.items I ( 

WR6: SIZEOF(QUERY ( brv <* QUERY ( it <* SELF.items I ( 

WR7: SIZEOF(QUERY ( mi <* QUERY ( it <* SELF.items I ( 

END-ENTITY; -- faceted-brep-shape-representation 
ENTITY functionally-defined-transformation; 

name : label; 
description : text; 

END-ENTITY; -- functionally-defined-transformation 

ENTITY geometriccurve-set 
SUBTYPE OF (geometric-set); 
WHERE 

WR1: SIZEOF(QUERY ( temp <* SELF\geometric-set.elements I ( 
'SHEETMETAL.SURFACE' IN TYPEOF(temp)) ) )  = O; 

END-ENTITY; -- geometric-curve-set 

ENTITY geometric-representation-context 
SUBTYPE OF (representation-context); 
coordinate-space-dimension : dimension-count; 

END-ENTITY; -- geometric-representation-context 

ENTITY geometric-representation-item 
SUPERTYPE OF (ONEOF (point,direction,vector,placement, 

cartesian_transformation-operator,curve,surface,edge-curve, 
face_surface,poly- loop,ver texqoint ,sol iddel ,boolean-resul t ,  
sphere,right-circular-cone,right-circular-cylinder,torus,block, 
right-angular-wedge,half-space-solid,shell-based-surface-model, 
shell~based~wireframe~model,edgebased_wireframe~model,  
geometric-set)) 

SUBTYPE OF (representation-item); 
DERIVE 

WHERE 
dim : dimension-count := dimension-of(SELF); 

WR1: SIZEOF(QUERY ( using-rep <* using-representations(SELF) I (NOT 
('SHEETMETAL.GE0METRIC-REPRESENTATION-CONTEXT' IN TYPEOF( 
using-rep.context-of-items))) ) )  = O; 

END-ENTITY; -- geometric-representation-item 

ENTITY geometric-set 
SUPERTYPE OF (geometric-curve-set) 
SUBTYPE OF (geometric-representation-item); 
elements : SET [i:?] OF geometric-set-select; 
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END-ENTITY; -- geometric-set 

ENTITY geometric-tolerance; 
name : label; 
description : text; 
magnitude : measurewith-unit; 
toleranced-shape-aspect : shape-aspect; 

WR1: magnitude.value-component >= O; 
WHERE 

END-ENTITY; -- geometric-tolerance 

ENTITY geometric-tolerancewith-datm-reference 
SUBTYPE OF (geometric-tolerance); 
datum-system : SET [l:?] OF datum-reference; 

END-ENTITY; -- geometric-tolerancewith-datum-reference 

ENTITY geometrically-bounded-surface-shape-representation 

WRI: SIZEOF(QUERY ( it <* s ~ ~ ~ . i t e m s  I (NOT (SIZEOF([ 

WR2: SIZEOF(QUERY ( it <* SELF-items I (SIZEOF([ 

SUBTYPE OF (shape-representation); 
WHERE 

'SHEET-METAL.GEOMETRIC-SET','SHEET-METAL.MAPPED-ITEM', 
ISHEET-METAL.AXIS2-PLACEMENT-3D'] * TYPEOF(it1) = 1)) ) )  = o; 

'SHEET-METAL.GEOMETRIC_SET"SHEET','SHEETMETAL.MAPPED-ITEM'] * 
TYPEOF(it)) = i) ) )  > O ;  

'SHEETMETAL.MAPPED-ITEM' IN TYPEOF(it)) ) I (NOT ( (  
'SHEETMETAL.' + 
'GEOMETRICALLY-BO~DED-SURFACE-S~PE-REPRESENTATION') IN 
TYPEOF(mi\mapped-item.mapping-source.mapped-representation))) 

WR3: SIZEOF(QUERY ( mi <* QUERY ( it <* SELF.items I ( 

) )  = o; 
WR4: SIZEOF(QUERY ( gs <* QUERY ( it <* SELF.items I ( 

'SHEETMETAL.GE0METRIC-SET' IN TYPEOF(it)) ) I (NOT (SIZEOF( 
QUERY ( pnt <* QUERY ( gsei <* gs\geometric-set.eiements I ( 
'SHEETMETAL.POINT' IN TYPEOF(gse1)) ) I (NOT 
gbsf-check_point(pnt)) ) )  = O)) ) )  = O; 

WR5: SIZEOF(QUERY ( gs <* QUERY ( it <* SELF.items I ( 
'SHEETMETAL.GE0METRIC-SET1 IN TYPEOF(it)) ) 1 (NOT (SIZEOF( 
QUERY ( cv <* QUERY ( gsei <* gs\geometric-set.eiements I ( 
'SHEETMETAL.CURVE' IN TYPEOF(gse1)) ) I (NOT 
gbsf-check-curve(cv)) ) )  = O)) ) )  = O; 

WR6: SIZEOF(QUERY ( gs i* QUERY ( it <* SELF.items I ( 
'SHEETMETAL.GEOMETRIC-SET' IN TYPEOF(it)) ) I (NOT (SIZEOF( 
QUERY ( sf <* QUERY ( gsei <* gs\geometric-set-elements I ( 
'SHEETMETAL.SURFACE' IN TYPEOF(gse1)) ) I (NOT 
gbsf-check-surface(sf)) ) )  = O)) ) )  = O ;  

END-ENTITY; -- geometrically-bounded-surface-shape_reprepresentation 

ENTITY geometrically-bounded-wireframe_shape_representation 
SUBTYPE OF (shape-representation); 
WHERE 

WR1: SIZEOF(QUERY ( it <* SELF.items I (NOT (SIZEOF(TYPEOF(it) * [ 
'SHEET-METAL.GEOMETRIC-CURm-SET', 
'SHEET-METAL.AXIS2-PLACEMENT3D',"EETMET-METAL.MAPPED-ITEM']) 
= 1)) ) )  = o; 

WR2: SIZEOF(QUERY ( it c* SELF.items I (SIZEOF(TYPEOF(it) * [ 
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'SHEETMETAL.GEOMETRIC-CURVE-SET','SHEETMETAL.~PPED-ITEM']) 
= 1) ) )  >= 1; 

WR3: SIZEOF(QUERY ( gcs <* QUERY ( it <* SELF.items 1 ( 
'SHEETMETAL.GE0METRIC-CURVE-SET' IN TYPEOF(it1) ) I (NOT ( 
SIZEOF(QUERY ( crv <* QUERY ( elem <* gcs\geometric-set. 
elements I ('SHEETMETAL.CURVE' IN TYPEOF(e1em)) ) I (NOT 
valid-geometrically-bounded-wf-curve(crv, 
'AIC-GEOMETRICALLY-BOUNDED_WIREFRAME')) ) )  = o ) )  ) )  = o; 

'SHEETMETAL.GE0METRIC-CURVE-SET' IN TYPEOF(it1) ) I (NOT ( 
SIZEOF(QUERY ( pnts <* QUERY ( elem <* gcs\geometric-set. 
elements I ('SHEET-METAL.POINT' IN TYPEOF(e1em)) ) I (NOT 
valid-geometrically-bounded-wf-pointpts, 
'AIC-GEOMETRICALLY-BOUNDED-WIREFRAME')) ) )  = O)) ) )  = O; 

'SHEETMETAL.GEOMETRICCURVE_SET' IN TYPEOF(it)) ) I (NOT ( 
SIZEOF(QUERY ( cnc <* QUERY ( elem <* gcs\geometric-set. 
elements I ('SHEETMETAL.CON1C' IN TYPEOF(e1em)) ) I (NOT ( 
'SHEET-METAL.AXIS2-PLACEMENT-3D' IN TYPEOF(cnc\conic. 
position))) ) )  = O)) ) )  = O; 

'SHEETMETAL.GE0METRIC-CURVE-SET' IN TYPEOF(it1) ) 1 (NOT ( 
SIZEOF(QUERY ( pline <* QUERY ( elem <* gcs\geometric-set. 
elements I ('SHEETMETAL.POLYL1NE' IN TYPEOF(e1em)) ) I ( 
NOT (SIZEOF(pline\polyline.points) > 2)) ) )  = O ) )  ) )  = O; 

'SHEETMETAL.MAPPED-ITEM' IN TYPEOF(it)) ) I (NOT ( (  
'SHEET-METAL. ' + 
'GEOMETRICALLY-BOUNDED_WIREFRAME_SHAPEREPRESENTATION') IN 
TYPEOF(mi\mapped-item.mapping-source.mapped-representation) ) )  
) )  = o; 
coordinate-space-dimension = 3 ;  

WR4: SIZEOF(QUERY ( gcs <* QUERY ( it <* SELF.items 1 ( 

W R ~ :  SIZEOF(QUERY ( gcs <* QUERY ( it <* s ~ ~ ~ . i t e m s  I ( 

WR6: SIZEOF(QUERY ( gcs <* QUERY ( it <* SELF.items I ( 

WR7: SIZEOF(QUERY ( mi <* QUERY ( it <* SELF-items I ( 

WR8: SELF.context-of_items\geometric-representation-context. 

END-ENTITY; -- geometrically-bounded-wireframe-shape-representation 

ENTITY globaluncertainty-assigned-context 
SUBTYPE OF (representation-context); 
uncertainty : SET [l:?] OF uncertainty-measurewith-unit; 

END-ENTITY; -- global-uncertainty-assigned-context 

ENTITY half-space-solid 
SUBTYPE OF (geometric-representation-item) ; 
base-surface : surface; 
agreement-flag : BOOLEAN; 

END-ENTITY; -- half-space-solid 

ENTITY hyperbola 
SUBTYPE OF (conic) ; 
semi-axis : positive-length-measure; 
semi-imag-axis : positive-length-measure; 

END-ENTITY; -- hyperbola 

ENTITY input-item-die-relationship 
SUBTYPE OF (product-definition-relationship); 
WHERE 
WR1: product_type-ofqroduct(SELF.relating-product-definition. 
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formation.ofqroduct,product-type).name = 'die'; 

formation.of_product,product-type) .name IN ['material', 
'part']; 

WR2: product- type-ofqroduct(SELF.related~roduct-def ini t ion.  

END-ENTITY; -- input-item-die-relationship 

ENTITY intersection-curve 
SUBTYPE OF (surface-curve); 
WHERE 
WR1: SIZEOF(SELF\surface-curve.associated-geometry) = 2; 
WR2: associated~surface(SELF\surface~curve.associated~geometry[l]) 

<> associated-surface(SELF\surface-curve.associated-geometry 
121 1 ; 

END-ENTITY; -- intersection-curve 

ENTITY item-defined-transformation; 
name : label; 
description : text; 
transform-item-1 : representation-item; 
transform-item-2 : representation-item; 

END-ENTITY; -- item-defined-transformation 

ENTITY length-measurewith-unit 
SUBTYPE OF (measurewith-unit); 
WHERE 
WR1: 'SHEETMETAL.LENGTH-UNIT' IN TYPEOF(SELF\measurewith-unit- 

unit-component); 
END-ENTITY; -- length-measurewith-unit 

ENTITY length-unit 
SUBTYPE OF (named-unit); 
WHERE 
WR1: (SELF\named-unit.dimensions.length-exponent = 1) AND (SELF\ 

named-unit.dimensions.mass-exponent = O )  AND (SELF\ 
named-unit.dimensions.time-exponent = O) AND (SELF\ 
named-unit.dimensions.electric-current-exponent = O) AND ( 
SELF\named-unit.dimensions. 
thermodynamic-temperature-exponent = O) AND (SELF\named-unit 
.dimensions.amount-of-substance-exponent = O) AND (SELF\ 
named-unit.dimensions.luminous-intensity-exponent = O); 

END-ENTITY; -- length-unit 

ENTITY limits-and-fits; 
form-variance : label; 
zone-variance : label; 
grade : label; 
source : text; 

END-ENTITY; -- limits-and-fits 

ENTITY line 
SUBTYPE OF (curve) ; 
pnt : cartesianqoint; 
dir : vector; 

WR1: dir-dim = prit-dim; 
WHERE 

END-ENTITY; -- line 
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ENTITY local-time; 
hour-component : hour-in-day; 
minute-component : OPTIONAL minute-in-hour; 
second-component : OPTIONAL second-in-minute; 
zone : coordinated-universal-time-offset; 

WR1: valid-time(SELF); 
WHERE 

END-ENTITY; -- local-time 

ENTITY loop 
SUPERTYPE OF (ONEOF (vertex-loop,edge-loop,poly-loop)) 
SUBTYPE OF (topological-representation-item); 

END-ENTITY; -- loop 

ENTITY make-from-usage-option 
SUBTYPE OF (product-definition-usage); 
ranking : INTEGER; 
ranking-rationale : text; 
quantity : measurewith-unit; 

WR1: ranking > O; 
WHERE 

END-ENTITY; -- make-from-usage-option 
ENTITY make-from-usage-option-group; 

WHERE 
members : SET [2:?] OF make-from-usage-option; 

WR1: SIZEOF (QUERY (example c* members I 

END-ENTITY; -- make-from-usage-option-group 

ENTITY manifold-solid-brep 

example.related_product-definition .-. .-. members [l].relatedqroduct-definition)) =SIZEOF(members); 

SUBTYPE OF (solid-model); 
outer : closed-shell; 

END-ENTITY; -- manifold-solid-brep 

ENTITY manifold-surface-shape-representation 
SUBTYPE OF (shape-representation); 
WHERE 

WR1 : SIZEOF(QUERY ( it c* SELF.items I (NOT (SIZEOF([ 
'SHEET-METAL.SHELL-BASED-SURFACE-MODEL', 
'SHEETMETAL.MAPPED-ITEM','SHEETMETAL.AXIS2-PLACEMENT-3D'] 
* TYPEOF(it)) = 1)) ) )  = O; 

'SHEETMETAL.SHELL-BASED-SURFACE-MODEL', 
'SHEETMETAL-MAPPED-ITEM'] * TYPEOF(it)) = 1) ) )  > o; 

' SHEETMETAL. MAPPED-ITEM ' IN TYPEOF ( it ) ) ) I (NOT ( 
'SHEET-METAL.MANIFOLD~SURFACE-SHAPE-REPRESENTATI0N' IN 

WR2 : SIZEOF(QUERY ( it c* SELF.items I (SIZEOF([ 

WR3 : SIZEOF(QUERY ( mi c* QUERY ( it <* SELF.items I ( 

TYPEOF(mi\mapped-item.~pping-source.mapped-representation))) ) )  
= o; 

WR4 : SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 
'SHEETMETAL-SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( sh c* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(['SHEETMETAL.OPEN-SHELL', 
'SHEET-METAL.CL0SED-SHELL'] * TYPEOF(sh)) = 1)) ) )  = O)) ) )  
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wR5 

Wñ6 

wR7 

WR8 

wR9 

= o; 
: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 

ISHEETMETAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary 1 (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT (SIZEOF([ 
'SHEETMETAL.FACE-SvRFACE','SHEET-METAL.ORIENTED-FACE'] * 
TYPEOF(fa)) = 1)) ) )  = o ) )  ) )  = o ) )  ) )  . =  o; 

'SHEETMETAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( f-sf <* QUERY ( fa <* 
cfs\connected-face-set.cfs-faces I ( 
'SHEETMETAL.FACE-SURFACE' IN TYPEOF(fa)) ) I (NOT ( (  
'SHEETMETAL.ADVANCED-FACE' IN TYPEOF(f-sf)) OR (SIZEOF([ 
'SHEETMETAL.OFFSET-SURFACE','SHEETMETAL.SURFACE-REPLICA'] 
* TYPEOF(f-sf\face-surface.face-geometry)) = 1))) ) )  = O ) )  ) )  

: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 

= O ) )  ) )  = o; 
: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items 1 ( 

'SHEET-METAL-SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT ( (  
'SHEET-METAL.ADVANCED-FACE' IN TYPEOF(fa)) OR 
basis-surface_check(fa\face-surface.face-geometry))) ) )  = 
0 1 ) ) )  = O ) )  1 )  = o; 

: SIZEOF(QUERY ( sbsm i* QUERY ( it <* SELF.items 1 ( 
i SHEETMETAL. SHELL-BASED-SURFACEMODEL IN TYPEOF ( it ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT ( (  
'SHEET-METW.ADVANCED-FACE' IN TYPEOF(fa1) OR (SIZEOF( 
QUERY ( bnds <* fa.bounds I (NOT (SIZEOF([ 
' S H E E T - M E T A L . E D G E - L O O P ' , ' S H E E T A L . V E R T E X L O O P ' ]  * 
TYPEOF(bnds.bound)) = 1)) ) )  = O ) ) )  ) )  = O ) )  ) )  = O ) )  ) )  = O; 

: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 
'SHEET-METAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it1) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT ( (  
'SHEETMETAL.ADVANCED-FACE' IN TYPEOF(fa)) OR (SIZEOF( 
QUERY ( elp-fbnds <* QUERY ( bnds <* fa.bounds I ( 
'SHEETMETAL-EDGE-LOOP' IN TYPEOF(bnds)) ) I (NOT (SIZEOF( 
QUERY ( oe <* elp-fbnds.bound\path.edge-list I (NOT ( 
'SHEET-METAL.EDGE-CURVE' IN TYPEOF(oe.edge-element))) 1 )  = 
0 ) )  1 )  = 0 ) ) )  1 )  = 0 ) )  1 )  = 0 ) )  1 )  = o; 

WR10: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 
' SHEETMETAL. SHELL-BASED-SURFACE-MODEL ' IN TYPEOF ( it ) ) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set-cfs-faces I (NOT ( (  
'SHEET-METAL.ADVANCED-FACE' IN TYPEOF(fa)) OR (SIZEOF( 
QUERY ( elp-fbnds <* QUERY ( bnds <* fa.bounds I ( 
'SHEET-METAL.EDGE LOOP' IN TYPEOF(bnds.bound)) ) I (NOT ( 
SIZEOF(QUERY ( oe-cv <* QUERY ( oe <* elp-fbnds.bound\path. 
edge-list I ('SHEET-METAL.EDGE-CURVE' IN TYPEOF(0e. 
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edge-element) ) ) I (NOT (SIZEOF( [ 
'SHEET-METAL.CURVEREPLICA','SHEETMETAL.OFFSET-CURVE-3D', 
'SHEETMETAL.PCURVE'1 * TYPEOF(oecv.edge-element\ 
edge-curve.edge-geometry)) = 1)) ) )  = O)) ) )  = O))) ) )  = 
0 ) ) ) )  = O)) ) )  = o; 

WR11: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF-items I ( 
'SHEETMETAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it1) 1 I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface_model. 
sbsm-boundary 1 (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT ( (  
'SHEET-METAL.ADVANCED-FACE' IN TYPEOF(fa1) OR (SIZEOF( 
QUERY ( elp-fbnds <* QUERY ( bnds <* fa.bounds 1 ( 
'SHEETMETAL.EDGE-LOOP' IN TYPEOF(bnds.bound)) I (NOT ( 
SIZEOF(QUERY ( oe <* elp-fbnds.bound\path.edge-list I (NOT 
basis-curve-check(oe.edge-element\edge-curve.edge-geomet~)) ) )  
= O ) )  ) )  = 0 ) ) )  1 )  = 0 ) )  ) )  = 0 ) )  1 )  = o; 

WR12: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 
'SHEET-METAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell~based~surface~model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT ( (  
'SHEETMETAL.ADVANCED-FACE' IN TYPEOF(fa)) OR (SIZEOF( 
QUERY ( elp-fbnds <* QUERY ( bnds <* fa.bounds I ( 
'SHEET-METAL-EDGE-LOOP' IN TYPEOF(bnds)) ) I (NOT (SIZEOF( 
QUERY ( oe <* elp-fbnds.bound\path.edge-list I (NOT ( (  
'SHEET-METAL-VERTEX-POINT' IN TYPEOF(oe.edge-element. 
edge-start)) AND ('SHEETMETAL.VERTEX-POINT' IN TYPEOF(oe. 
edge-element.edge-end)))) ) )  = O)) 1 )  = O))) 1 )  = O ) )  ) )  = 
0 ) )  ) )  = o; 

WR13: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF-items I ( 
'SHEET-METAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT ( (  
'SHEETMETAL.ADVANCED-FACE' IN TYPEOF(fa1) OR (SIZEOF( 
QUERY ( elp-fbnds <* QUERY ( bnds <* fa.bounds I ( 
'SHEET-METAL.EDGE-LOOP' IN TYPEOF(bnds.bound)) ) 1 (NOT ( 
SIZEOF(QUERY ( oe <* elp-fbnds.bound\path.edge-list 1 (NOT 
((SIZEOF(['SHEET-METAL-CARTESIAN-POINT', 
'SHEETMETAL.DEGENERATE-PCURVE', 
'SHEETMETAL.POINT-ON-CURVE', ' S H E E T M E T A L . P D E ' 1  
* TYPEOF(oe.edge-element.edge-start\vertexJoint. 
vertex-geometry)) = 1) AND (SIZEOF([ 
'SHEETMETAL.CARTES1AN-POINT', 
'SHEETMETAL.DEGENERATE-PCURVE', 
'SHEETMETAL.POINT-ONCURVE',"EET-METAL.POINT-ON-SURFACE'] 
* TYPEOF(oe.edge-element-edge-end\vertexgoint. 
vertex-geometry)) = 1))) ) )  = O)) ) )  = O ) ) )  ) )  = O ) )  ) )  = 
0 ) ) ) )  = o; 

WR14: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 
'SHEET-METAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shell-based-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces 1 (NOT ( (  
'SHEETMETAL.ADVANCED-FACE' IN TYPEOF(fa)) OR (SIZEOF( 
QUERY ( vlp-fbnds <* QUERY ( bnds <* fa-bounds I ( 
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'SHEET-METAL.VERTEX-LOOP' IN TYPEOF(bnds.bound)) ) I (NOT ( 
'SHEET-METAL-VERTEX-POINT' IN TYPEOF(v1p-fbnds.bound\ 
vertex-loop.loop-vertex))) 1 )  = O))) ) )  = O)) ) )  = O)) ) )  = 
O; 

WR15: SIZEOF(QUERY ( sbsm <* QUERY ( it <* SELF.items I ( 
'SHEET-METAL.SHELL-BASED-SURFACE-MODEL' IN TYPEOF(it)) ) I 
(NOT (SIZEOF(QUERY ( cfs <* sbsm\shellbased-surface-model. 
sbsm-boundary I (NOT (SIZEOF(QUERY ( fa <* cfs\ 
connected-face-set.cfs-faces I (NOT ( (  
'SHEET-METAL-ADVANCED-FACE' IN TYPEOF(fa)) OR (SIZEOF( 
QUERY ( vlp-fbnds <* QUERY ( bnds <* fa.bounds I ( 
'SHEET-METAL.VERTEX-LOOP' IN TYPEOF(bnds.bound)) ) I (NOT ( 
SIZEOF(['SHEETMETAL.CARTESIAN-POINT', 
'SHEET-METAL-DEGENERATE-PCURVE', 
'SHEET-METAL.POINT-ON-C~VE','SHEET-METAL.POINT-ON-SURFACE'] 
* TYPEOF(v1p-fbnds.bound\vertex-1oop.loop-vertex\ 
vertex_point.vertex-geometry)) = 1)) ) )  = O))) ) )  = O)) ) )  
= O)) ) )  = o; 

END-ENTITY; -- manifold-surface-shape-representation 
ENTITY mapped-item 
SUBTYPE OF (representation-item); 
mapping-source : representation-map; 
mapping-target : representation-item; 

WR1: acyclic-mapped-representation(using_reprepresentations(SELF), [SELF]); 
WHERE 

END-ENTITY; -- mapped-item 
ENTITY materialqroperty 
SUBTYPE OF (property-definition); 
UNIQUE 

WHERE 
ur1 : name, definition; 

WR1: ('SHEETMETAL.CHARACTERIZED-0BJECT' IN (TYPEOF{SELF\ 
property-definition-definition) OR SIZEOF(bag-to-set(USEDIN( 
SELF,'SHEET-METAL.' + 
'PROPERTY~DEFINITION~REPRESENTATION.DEFINITION')) - 
QUERY ( temp <* bag-to-set(USEDIN(SELF, 
'PRODUCT-PROPERTY-REPRESENTATION-SCHEMA. ' + 
'PROPERTY~DEFINITION~REPRESENTATION.DEFINITION')) I ( (  
'MATERIAL-PROPERTY-REPRESENTATION-SCHEMA. ' + 
'MATERIAL-PROPERTY-REPRESENTATION') IN TYPEOF(temp1) 1 )  1 )  = 
O; 

END-ENTITY; -- materialjroperty 

ENTITY measure-representation-item 

END-ENTITY; -- measure-representation-item 

ENTITY measurewith-unit 

SUBTYPE OF (representation-item, measurewith-unit) ; 

SUPERTYPE OF (ONEOF (length-measurewith-unit, 
plane-angle-measure-with-unit) 1 ;  

value-component : measure-value; 
unit-component : unit; 

wR1: valid-units(SELF); 
WHERE 
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END-ENTITY; -- measurewith-unit 

ENTITY modified-geometric-tolerance 
SUBTYPE OF (geometric-tolerance); 
modifier : limit-condition; 

END-ENTITY; -- modified-geometric-tolerance 

ENTITY named-unit 
SUPERTYPE OF (ONEOF (si-unit,conversion-based-unit, 

context-dependent-unit) ANDOR ONEOF (length-unit,plane-angle-unit) 1 ;  
dimensions : dimensional-exponents; 

END-ENTITY; -- named-unit 

ENTITY offset-curve-3d 
SUBTYPE OF (curve); 
basis-curve : curve; 
dis tance : length-measure; 
self-intersect : LOGICAL; 
ref-direction : direction; 

WR1: (basis-curve.dim = 3) AND (ref-direction 
WHERE 

END-ENTITY; -- offset-curve-3d 
dim = 3); 

ENTITY offset-surface 
SUBTYPE OF (surface); 
basis-surface : surface; 
dis tance : length-measure; 
self-intersect : LOGICAL; 

END-ENTITY; -- offset-surface 

ENTITY open-shell 

END-ENTITY; -- open-shell 

ENTITY ordinal-date 

SUBTYPE OF (connected-face-set); 

SUBTYPE OF (date); 

WHERE 
day-component : day-injearnumber; 

WR1: ((NOT leapjear(SELF.year-component)) AND (1 <= day-component) 
AND (day-component <= 365) 1 OR (leap_year(SELF. 
year-component) AND (1 <= day-component) AND (day-component 
<= 366)); 

END-ENTITY; -- ordinal-date 

ENTITY organization; 
id : OPTIONAL identifier; 
name : label; 
description : text; 

END-ENTITY; -- organization 

ENTITY organization-assignment 
ABSTRACT SUPERTYPE; 
assigned-organization : organization; 
role : organization-role; 

END-ENTITY; -- organization-assignment 
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ENTITY organization-role; 

END-ENTITY; -- organization-role 

ENTITY oriented-closed-shell 
SUBTYPE OF (closed-shell); 

name : label; 

closed-shell-element : closed-shell; 
orientation : BOOLEAN; 

SELF\connected-face-set-cfs-faces : SET [i:?] OF face :=  
conditional-reverse(SELF. 
orientation,SELF. 
closed-shell-element.cfs_faces) ; 

DERIVE 

WHERE 
WR1: NOT ('SHEET-METAL.ORIENTED-CLOSED-SHELL' IN TYPEOF(SELF. 

closed-shell-element) ) ; 
END-ENTITY; -- oriented-closed-shell 

ENTITY oriented-edge 
SUBTYPE OF (edge) ; 
edge-element : edge; 
orientation : BOOLEAN; 

SELF\edge.edge-start : vertex := boolean-choose(SELF.orientation, 
DERIVE 

SELF.edge-element.edge-start,SELF. 
edge-element.edge-end); 

SELF.edge-element.edge-end,SELF. 
edge-element.edge-start); 

SELF\edge.edge-end : vertex := boolean-choose(SELF.orientation, 

WHERE 
WR1: NOT ('SHEETMETAL.0RIENTED-EEGE' IN TYPEOF(SELF.edge-element)); 

END-ENTITY; -- oriented-edge 

ENTITY oriented-face 
SUBTYPE OF (face); 
face-element : face; 
orientation : BOOLEAN; 

SELF\face.bounds : SET [i:?] OF face-bound := conditional-reverse( 
DERIVE 

SELF.orientation,SELF.face-e1ement.bounds); 
WHERE 
WRi: NOT ('SHEETMETAL.0RIENTED-FACE' IN TYPEOF(SELF.face-element)); 

END-ENTITY; -- oriented-face 

ENTITY oriented-open-shell 
SUBTYPE OF (open-shell); 
open-shell-element : open-shell; 
orientation : BOOLEAN; 

SELF\connected-face-set.cfs-faces : SET [i:?] OF face := 
conditional-reverse(SELF. 
orientation,SELF. 
open-she1l-element.cfs-faces) ; 

DERIVE 

WHERE 
WR1: NOT ('SHEET-METAL.ORIENTED-OPEN-SHELL' IN TYPEOF(SELF. 

open-shell-element)); 
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END-ENTITY; -- oriented-open-shell 

ENTITY orientedqath 
SUBTYPE OF (path); 
path-element : path; 
orientation : BOOLEAN; 

SELF\path.edge-list : LIST [l:?] OF UNIQUE oriented-edge := 
DERIVE 

conditional-reverse(SELF.orientation,SELF. 
path-element.edge-list); 

WHERE 
WR1: NOT ('SHEETMETAL-ORIENTED-PATH' IN TYPEOF(SELF.path-element) 1; 

END-ENTITY; -- orientedjath 

ENTITY outer-boundarycurve 
SUBTYPE OF (boundary-curve); 

END-ENTITY; -- outerboundary-curve 

ENTITY parabola 
SUBTYPE OF (conic); 

WHERE 
focal-dist : length-measure; 

WR1: focal-dist <> O; 
END-ENTITY; -- parabola 

ENTITY parametric-representation-context 
SUBTYPE OF (representation-context); 

END-ENTITY; -- parametric-representation-context 
ENTITY path 
SUPERTYPE OF (ONEOF (edge-loop,orientedjath)) 
SUBTYPE OF (topological-representation-item); 

WHERE 
edge-list : LIST [l:?] OF UNIQUE oriented-edge; 

WR1: path-head-to-tail(SELF); 
END-ENTITY; -- path 

ENTITY pcurve 
SUBTYPE OF (curve) ; 
basis-surface : surface; 
reference-to-curve : definitional-representation; 

WR1: SIZEOF(reference-to-curve\representation.items) = 1; 
WR2: 'SHEETMETAL.CURVE' IN TYPEOF(reference-to-curve\representation 

WR3: reference~to~curve\representation.items[l]\ 

WHERE 

.items [il ) ; 

geometric-representation-item.dim = 2; 
END-ENTITY; -- pcurve 

ENTITY person; 
id : identifier; 
las t-name : OPTIONAL label; 
firstname : OPTIONAL label; 
middle-names : OPTIONAL LIST [l:?] OF label; 
prefix-titles : OPTIONAL LIST [l:?] OF label; 
suffix-titles : OPTIONAL LIST [l:?] OF label; 
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UNIQUE 

WHERE 
ur1 : id; 

WR1: EXISTS(1astname) OR EXISTS(first-name); 
END-ENTITY; -- person 

ENTITY person-and-organization; 
t heser s on : person; 
the-organization : organization; 

END-ENTITY; -- person-and-organization 

ENTITY person-and-organization-assignment 
ABSTRACT SUPERTYPE; 

assigned-person-and-organization : person-and-organization; 
role : person-and-organization-role; 

END-ENTITY; -- person-and-organization-assignment 

ENTITY person-and-organization-role; 

END-ENTITY; -- person-and-organization-role 

ENTITY person-assignment 

name : label; 

ABSTRACT SUPERTYPE; 
assignedgerson : person; 
role : person-role; 

END-ENTITY; -- person-assignment 

ENTITY person-role; 

END-ENTITY; -- person-role 

ENTITY physically-modelled_product_definition 

name : label; 

SUBTYPE OF (product-definition); 
WHERE 
WR1: SELF\product-definition.frame_of_refereference.life-cycle-stage = 

WR2: SIZEOF(USEDIN(SELF,'SHEETAL.' + 
'as physically modelled'; 

'PRODUCT~DEFINITION~RELATIONSHIP.' + 
'RELATED-PRODUCT-DEFINITION') > O; 

END-ENTITY; -- physically-modelled_product-definition 

ENTITY placement 
SUPERTYPE OF (ONEOF (axisl_placement,axis29lacement_2d, 

SUBTYPE OF (geometric-representation-item); 
axi s2_placement-3 d ) ) 

location : cartesiansoint; 
END-ENTITY; -- placement 

ENTITY plane 

END-ENTITY; -- plane 
ENTITY plane-anglemeasurewith-unit 

SUBTYPE OF (elementary-Surface); 

SUBTYPE OF (measurewith-unit); 
WHERE 

WR1: 'SHEET-METAL.PLANE-ANGLE-LJNIT' IN TYPEOF(SELF\measurewith-unit 

300 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



OIS0 IS0 10303-207:1999(3) 

.unit-component); 
END-ENTITY; -- plane-angle-measure-with-unit 
ENTITY plane-angleunit 
SUBTYPE OF (named-unit); 
WHERE 

WR1: (SELF\named-unit.dimensions.length-exponent = O) AND (SELF\ 
named-unit.dimensions.mass-exponent = O) AND (SELF\ 
named-unit.dimensions.time-exponent = O) AND (SELF\ 
named-unit.dimensions.electric-current-exponent = O) AND ( 
SELF\named-unit.dimensions. 
thermodynamic-temperature-exponent = O) AND (SELF\named-unit 
.dimensions.amount-of-substance-exponent = O) AND (SELF\ 
named-unit.dimensions.luminous-intensity-exponent = O ) ;  

END-ENTITY; -- plane-angle-unit 

ENTITY plusminus-tolerance; 
range : tolerance-methobdefinition; 
toleranced-dimension : dimensional-characteristic; 

ur1 : toleranced-dimension; 
END-ENTITY; -- plus-minus-tolerance 
ENTITY point 

UNIQUE 

SUPERTYPE OF (ONEOF (cartesianqoint,point-on-curve,point-on-surface, 

SUBTYPE OF (geometric-representation-item); 
point-replica,degenerategcurve) 

END-ENTITY; -- point 

ENTITY point-on-curve 
SUBTYPE OF (point) ; 
bas is-curve : curve; 
pointsarameter : parameter-value; 

END-ENTITY; -- point-on-curve 

ENTITY point-on-surface 
SUBTYPE OF (point); 
basis-surface : surface; 
pointqarameteru : parameter-value; 
pointqarameter-v : parameter-value; 

END-ENTITY; -- point-on-surface 

ENTITY point-replica 
SUBTYPE OF (point) ; 
parents t : point; 
transformation : cartesian-transformation-operator; 

WR1: transformation.dim = parent_pt.dim; 
WR2: acyclic_point-replica(SELF,parent_pt); 

WHERE 

END-ENTITY; -- point-replica 

ENTITY poly-loop 
SUBTYPE OF (loop, geometric-representation-item); 
polygon : LIST [ 3 : ? ]  OF UNIQUE cartesianjoint; 

END-ENTITY; -- pOly-lOOp 
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ENTITY polyline 
SUBTYPE OF (bounded-curve); 
points : LIST [ 2 : ? ]  OF cartesianjoint; 

END-ENTITY; -- polyline 

ENTITY processqlan 

END-ENTITY; -- process-pian 
ENTITY processqroduct-association; 

SUBTYPE OF (action); 

name : label; 
description : text; 
process : product-definitionqrocess; 
definedjroduct : characterized-product-definition; 

END-ENTITY; -- process-product-association 

ENTITY product; 
id : identifier; 
name : label; 
description : text; 
frame-of-reference : SET [l:?] OF product-context; 

ur1 : id; 
UNIQUE 

END-ENTITY; -- product 

ENTITY product-category; 
name : label; 
description : OPTIONAL text; 

END-ENTITY; -- product-category 

ENTITY product-category-relationship; 
name : label; 
description : text; 
category : product-category; 
sub-category : product-category; 

WR1: acyclic-product-category-relationship(SELF, [SELF.sub-categoryl); 
WHERE 

END-ENTITY; -- product-category-relationship 

ENTITY product-concept; 
id : identifier; 
name : label; 
description : text; 
market-context : product-concept-context; 

ur1 : id; 
UNIQUE 

END-ENTITY; -- product-concept 

ENTITY product-concept-context 
SUBTYPE OF (application-context-element); 
market-segment-type : label; 

END-ENTITY; -- product-concept-context 

ENTITY product-context 
SUBTYPE OF (application-context-element); 
discipline-type : label; 
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END-ENTITY; -- product-context 

ENTITY productdefinition; 
id : identifier; 
description : text; 
formation : product-definition-formation; 
frame-of-reference : productdefinition-context; 

END-ENTITY; -- product-definition 

ENTITY product-definition-context 

life-cycle-stage : label; 
END-ENTITY; -- product-definition-context 

ENTITY product-definition-effectivity 

SUBTYPE OF (application-context-e1ement); 

SUBTYPE OF (effectivity); 

UNIQUE 
usage : product-definition-relationship; 

urî : usage, id; 
END-ENTITY; -- product-definition-effectivity 

ENTITY product-definition-formation; 
id : identifier; 
description : text; 
ofjroduct : product; 

ur1 : id, of-product; 
UNIQUE 

END-ENTITY; -- product-definition-formation 

ENTITY productdefinition-formation-with-specified-source 
SUBTYPE OF (product-definition-formation); 
make-or-buy : source; 

END-ENTITY; -- product-definition-formation-with-specified-source 

ENTITY produc t -de f in i t i on j rocess  
SUBTYPE OF (action); 

INVERSE 
identification : identifier; 

product-definitions : SET [l:?] OF processqroduct-association FOR 
process ; 

END-ENTITY; -- product-definitionjrocess 

ENTITY product-definition-relationship; 
id : identifier; 
name : label; 
description : text; 
relatingjroduct-definition : product-definition; 
related_product-definition : product-definition; 

END-ENTITY; -- product-definition-relationship 

ENTITY product-definition-shape 
SUBTYPE OF (property-definition); 
UNIQUE 

WHERE 
ur1 : definition; 

WR1: 'SHEET-METAL-CHARACTERIZED-PRODUCT-DEFINITION' IN TYPEOF(SELF\ 
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property-definition-definition); 
END-ENTITY; -- productdefinition-shape 

ENTITY product-definition-substitute; 
description : text; 
context-relationship : product-definition-relationship; 
substitute-definition : product-definition; 

WR1: context-relationship.related_product-definition :<>: 
WHERE 

substitute-definition; 
END-ENTITY; -- product-definition-substitute 

ENTITY product-definition-usage 
SUPERTYPE OF (ONEOF (make-from_usage-option,assembly-component_usage)) 
SUBTYPE OF (product-definition-relationship); 
UNIQUE 

WHERE 
ur1 : id, relatinggroduct-definition, relatedjroduct-definition; 

WR1: acyclicqroduct-definition-relationship(SELF,[SELF\ 
product~definition~relationship.relatedqroduct~definition], 
'SHEET-METAL-PRODUCT-DEFINITION-USAGE. ' + 
'RELATED-PRODUCT-DEFINITION'); 

END-ENTITY; -- productdefinition-usage 

ENTITY product-definition-with-associated-documents 
SUBTYPE OF (product-definition); 
documentation-ids : SET [l:?] OF document; 

END-ENTITY; -- product-definition-with-associated-documents 

ENTITY product-relatedsroduct-category 

products : SET [i:?] OF product; 
END-ENTITY; -- product-relatedjroduct-category 

SUBTYPE OF (product-category); 

ENTITY product-type 
SUBTYPE OF (product-related_product-category); 
WHERE 

WR1: SIZEOF(USEDIN(SELF,'SHEET~METAL.PRODUCT~CATEGORY~RELATIONSHIP.' 
+ 'RELATING-PRODUCT-CATEGORY') + USEDIN(SELF, 
'SHEETMETAL.PRODUCT_CATEGORY_RELATIO"IP- '  + 
'RELATED-PRODUCTCATEGORY')) = O; 

WR2: SELF-name IN ['die','part','material','unspecified']; 
END-ENTITY; -- product-type 

ENTITY promissory-usage-occurrence 
SUBTYPE OF (assembly-component-usage); 

END-ENTITY; -- promissory-usage-occurrence 

ENTITY propertydefinition; 
name : label; 
description : text; 
definition : characterized-definition; 

END-ENTITY; -- property-definition 
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ENTITY property-definition-representation; 
definition : property-definition; 
used-representation : representation; 

END-ENTITY; -- property-definition-representation 

ENTITY quantified-assembly-component-usage 
SUBTYPE OF (assembly-component-usage); 
quantity : measurewith-unit; 

END-ENTITY; -- quantified-assembly-component-usage 

ENTITY quasiuniform-curve 
SUBTYPE OF (b-spline-curve); 

END-ENTITY; -- quasi-uniform-curve 
ENTITY quasi-uniform-surface 

END-ENTITY; -- quasiuniform-surface 

ENTITY rational-b-spline-curve 
SUBTYPE OF (b-spline-curve); 

DERIVE 

SUBTYPE OF (b-spline-surface); 

weights-data : LIST [2:?1 OF REAL; 

weights : ARRAY [O:upper~index~on~control-pointsl OF REAL := 
list-to-array(weights-data,O, 
upper-index-Ön-cont ro ljoin t s ; 

WHERE 
WR1: SIZEOF(weightsdata) = SIZEOF(SELF\b-spline-curve. 

wR2: curve-weights_positive(SELF); 
END-ENTITY; -- rational-b-spline-curve 

ENTITY rational-b-spline-surface 
SUBTYPE OF (b-spline-surface); 

DERIVE 

control-points-list); 

weights-data : LIST [2:?] OF LIST [2:?] OF REAL; 

weights : ARRAY [O:u-upper] OF ARRAY [O:v-upper] OF REAL := 
make-array_of-array(weights-data,O,u-upper,O,v-upper); 

WHERE 
WR1: (SIZEOF(weights-data) = SIZEOF(SELF\b-spline-surface. 

control_points-list)) AND (SIZEOF(weights~data[ll) = SIZEOF( 
SELF\b~spline~surface.controljo~nts~l~st~ll~~; 

WR2: surfaceweights_positive(SELF); 
END-ENTITY; -- rational-b-spline-surface 

ENTITY rectangular-composite-surface 
SUBTYPE OF (bounded-surface); 
segments : LIST [l:?] OF LIST [l:?] OF surfacejatch; 

n u  : INTEGER := SIZEOF(segments); 
n-v : INTEGER := SIZEOF(segments[ll); 

WRI: [I = QUERY ( s <* segments I (n-v <> SIZEOF(S)) ) ;  
WR2: constraints-rectangular-composite-surface(SELF); 

DERIVE 

WHERE 

END-ENTITY; -- rectangular-composite-surface 

ENTITY rectangular-trimmed-surface 
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SUBTYPE OF (bounded-surface); 
basis-surface : surface; 
u1 : parameter-value; 
u2 : parameter-value; 
vl : parameter-value; 
v2 : parameter-value; 
usense : BOOLEAN; 
vsense : BOOLEAN; 

wR1: u1 <> u2; 
WR2: vl CZ v2; 
WR3: (('SHEET-METAL-ELEMENTARY-SURFACE' IN TYPEOF(basis-surface)) 

WHERE 

AND (NOT ('SHEET-METAL-PLANE' IN TYPEOF(basis-surface)))) OR 
('SHEETMETAL.SURFACE-OF-REVOLUTION' IN TYPEOF( 

basis-surface) 1 OR (usense = (u2 > ul)); 
WR4: ('SHEETMETAL.SPHERICAL-SURFACE' IN TYPEOF(basis-surface)) OR ( 

'SHEETMETAL.TOROIDAL-SURFACE' IN TYPEOF(basis-surface)) OR 
(vsense = (v2 > vl)); 

END-ENTITY; -- rectangular-trimmed-surface 

ENTITY reparametrised-composite-curve-segment 
SUBTYPE OF (composite-curve-segment); 

WHERE 
param-length : parameter-value; 

WR1: param-length > O; 
END-ENTITY; -- reparametrised-composite-curve-segment 

ENTITY replacement-relationship 
SUBTYPE OF (action-relationship); 
WHERE 
wR1: acyclic-action-relationship(CELF,[SELF,[SELF\action-relationship. 

related-action],'SHEETMETAL.REPLACEMENT-RELATIONSHIP'); 
END-ENTITY; -- replacement-relationship 

ENTITY representation; 
name : label; 
items : SET [i:?] OF representation-item; 
context-of-items : representation-context; 

END-ENTITY; -- representation 

ENTITY representation-context; 
context-identifier : identifier; 
context-type : text; 

representations-in-context : SET [i:?] OF representation FOR 
INVERSE 

context-of-items; 
END-ENTITY; -- representation-context 
ENTITY representation-item; 

name : label; 

WR1: CIZEOF(using-representations(SELF)) > O; 
WHERE 

END-ENTITY; -- representation-item 

ENTITY representation-map; 
mapping-origin : representation-item; 
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mapped-representation : representation; 

map-usage : SET [l:?] OF mapped-item FOR mapping-source; 

wR1: item-in-context(SELF.mapping_origin,SELF.mapped-representation. 

INVERSE 

WHERE 

contextof-items); 
END-ENTITY; -- representation-map 

ENTITY representation-relationship; 
name : label; 
description : text; 
rep-1 : representation; 
rep2 : representation; 

END-ENTITY; -- representation-relationship 

ENTITY representation-relationship-with-transformation 
SUBTYPE OF (representation-relationship); 

WHERE 
transformation-operator : transformation; 

WR1: S E L F \ r e p r e s e n t a t i o n _ r e l a t i o n s h i p . r e p _ l . c s  :<>: 
SELF\representation-relationship.rep-2.context-of-items; 

END-ENTITY; -- representation-relationship-with-transformation 

ENTITY requirement-for-action_resource 
SUBTYPE OF (action-resource-requirement); 
resources : SET [i:?] OF action-resource; 

END-ENTITY; -- requirement-for-action-resource 

ENTITY resourceqroperty; 
name : label; 
description : text; 
resource : characterized-resource-definition; 

END-ENTITY; -- resourcegroperty 

ENTITY resourceqroperty-representation; 
name : label; 
description : text; 
property : resourceqroperty; 
representation : representation; 

END-ENTITY; -- resourcegroperty-representation 

ENTITY resource-requirement-type; 
name : label; 
description : text; 

END-ENTITY; -- resource-requirement-type 

ENTITY revolved-area-solid 
SUBTYPE OF (swept-area-solid); 
axis : axislglacement; 
angle : plane-anglemeasure; 

axis-line : line := line(axis.location,vector(axis.z,l)); 
DERIVE 

END-ENTITY; -- revolved-area-solid 

ENTITY right-angular-wedge 
SUBTYPE OF (geometric-representationitem); 
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position : axis2qlacement-3d; 
X : positive-length-measure; 
Y : positive-length-measure; 
z : positive-length-measure; 
ltx : length-measure; 

WR1: (O <= ltx) AND (ltx < x); 
END-ENTITY; -- rightangular-wedge 

WHERE 

ENTITY right-circular-cone 
SUBTYPE OF (geometric-representation-item); 
position : axislqlacement; 
height : positive-length-measure; 
radius : length-measure; 
semi-angle : plane-anglemeasure; 

WR1: radius >= O; 
WHERE 

END-ENTITY; -- right-circular-cone 

ENTITY right-circular-cylinder 
SUBTYPE OF (geometric-representation-item); 
position : axisl_placement; 
height : positive-length-measure; 
radius : positive-length-measure; 

END-ENTITY; -- right-circular-cylinder 

ENTITY seam-curve 
SUBTYPE OF (surface-curve); 
WHERE 

WR1: SIZEOF(SELF\surface-curve.associated-geometry) = 2; 
WR2: assoc~ated~surface(SELF\surface_curve.associated~geometry[ l ] )  = 

WR3: 'SHEET-METAL.PCURVE' IN TYPEOF(SELF\surface-curve. 

WR4: 'SHEETMETAL.PCURVE' IN TYPEOF(SELF\surface-curve. 

associated~surface(SELF\surface_curve.associated~geometry[21); 

associated~geometry[ll); 

associated~geometry[2]); 
END-ENTITY; -- seam-curve 

ENTITY security-classification; 
name : label; 
purpose : text; 
security-level : security-classificationlevel; 

END-ENTITY; -- security-classification 
ENTITY security-classification-assignment 
ABSTRACT SUPERTYPE; 
assigned-security-classification : security-classification; 

END-ENTITY; -- security-classification-assignment 

ENTITY security-classification-level; 

END-ENTITY; -- security-classification-level 

ENTITY sequencedjroduct-definition-relationship 
SUBTYPE OF (product-definition-relationship); 

name : label; 

WHERE 
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WR1: (('SHEET-METAL.' + 
'PRODUCT~DEFINITION~WITH~ASSOCIATED~DOCUMENTS') IN (TYPEOF( 
SELF\product-definition-relationship. 
r e l a t i n g q r o d u c t d e f i n i t i o n )  AND ('SHEETMETAL.' + 
'PRODUCT~DEFINITION~WITH~ASSOCIATED~DOCUMENTS'))) IN TYPEOF( 
SELF\product-definition-relationship. 
relatedqroduct-definition); 

END-ENTITY; -- sequencedgroduct-definition-relationship 

ENTITY sequentialmethod 
SUBTYPE OF (serial-actionmethod); 
sequence_position : countmeasure; 

END-ENTITY; -- sequential-method 

ENTITY serial-actionmethod 

END-ENTITY; -- serial-actionmethod 
SUBTYPE OF (action-method-relationship); 

ENTITY serialnunbered-effectivity 
SUBTYPE OF (effectivity); 
effectivity-start-id : identifier; 
effectivity-end-id : OPTIONAL identifier; 

END-ENTITY; -- serial-numbered-effectivity 

ENTITY shape-aspect; 
name : label; 
description : text; 
of-shape : product-definition-shape; 
product-definitional : LOGICAL; 

END-ENTITY; -- shape-aspect 

ENTITY shape-aspect-relationship; 
name : label; 
description : text; 
relating-shape-aspect : shape-aspect; 
related-shape-aspect : shapeaspect; 

END-ENTITY; -- shapeaspect-relationship 

ENTITY shape-definition-representation 
SUBTYPE OF (property-definition-representation); 
WHERE 
WR1: ('SHEET-METAL-SHAPE-DEFINITION' IN TYPEOF(SELF.definition. 

definition)) OR ('SHEET-METAL-PRODUCT-DEFINITION-SHAPE' IN 
TYPEOF(SELF.definition)); 

used-representation); 
END-ENTITY; -- shape-definition-representation 

ENTITY shape-dimension-representation 
SUBTYPE OF (shape-representation); 
WHERE 

WR2: 'SHEETMETAL-SHAPE-REPRESENTATION' IN TYPEOF(SELF. 

WR1: SIZEOF(QUERY ( temp <* SELF.items I ((NOT 
'SHEET-METAL.MEASURE-REPRESENTATION_ITEM') IN TYPEOF(temp)) ) )  
= o; 
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WR2: SIZEOF(SELF.items) <= 2; 
WR3: SIZEOF(QUERY ( posmri <* QUERY ( realmri <* SELF.items I ( 

'REAL' IN TYPEOF(realmri\measure-with-unit.va~ue-component)) ) 
I (NOT (pos-mri\measure-with-unit.value-component > O)) ) )  

= o; 
END-ENTITY; -- shape-dimension-representation 

ENTITY shape-representation 

END-ENTITY; -- shape-representation 

ENTITY shape-representation-relationship 

SUBTYPE OF (representation); 

SUBTYPE OF (representation-relationship) ; 
WHERE 

WR1: 'SHEETMETAL.SHAPE-REPRESENTATION' IN (TYPEOF(SELF\ 
representation-relationship.rep-1) + TYPEOF(SELF\ 
representation-relationship.rep_2)); 

END-ENTITY; -- shape-representation-relationship 

ENTITY sheetmetal-action-assignment 
SUBTYPE OF (action-assignment); 

WHERE 
items : SET [l:?] OF action-assigned-item; 

WR1: 'SHEETMETAL.EXECUTED-ACTION' IN TYPEOF(SELF\action-assignment. 
assigned-action); 

END-ENTITY; -- sheet-metal-action-assignment 

ENTITY sheet-metalapproval-assignment 
SUBTYPE OF (approvalassignment); 
items : SET [l:?] OF approval-assigned-item; 

END-ENTITY; -- sheet-metal-approval-assignment 
ENTITY sheetmetal-contract-assignment 
SUBTYPE OF (contract-assignment); 
items : SET [i:?] OF contractassigned-item; 

END-ENTITY; -- sheetmetal-contract-assignment 

ENTITY sheetmetal-date-and-time-assignment 
SUBTYPE OF (date-and-time-assignment); 

WHERE 
items : SET [l:?] OF date-and-time-assigned-item; 

WR1: sheet-metal-date-correlation(SELF); 
END-ENTITY; -- sheetmetal-date-and-time-assignment 
ENTITY sheet-metal-dateassignment 
SUBTYPE OF (date-assignment); 

WHERE 
items : SET [i:?] OF date-assigned-item; 

WR1: sheet-metal-date-correlation(SELF); 
END-ENTITY; -- sheetmetal-date-assignment 

ENTITY sheet-metal-document-reference 
SUBTYPE OF (document-reference); 

WHERE 
items : SET [l:?] OF document-referenced-item; 

WR1: sheet-metal-document-correlation(SELF); 
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END-ENTITY; -- sheetmetal-document-reference 
ENTITY sheet-metal-organization-assignment 
SUBTYPE OF (organization-assignment); 

WHERE 
items : SET [l:?] OF organization-assigned-item; 

WR1: sheet-metal-organization-correlation(SELF); 
END-ENTITY; -- sheetmetal-organization-assignment 

ENTITY sheetmetalqerson-and-organization-assignment 
SUBTYPE OF (person-and-organization-assignment); 

WHERE 
items : SET [l:?] OF person-and-organization-assigned-item; 

WR1: sheetmetalqerson-and-organization-correlation(SELF); 
END-ENTITY; -- sheet-metalgerson-and_organization-assignment 

ENTITY sheetmetalqerson-assignment 
SUBTYPE OF (personassignment); 

WHERE 
items : SET [i:?] OF person-assigned-item; 

WR1: sheet-metalqerson-correlation(SELF); 
END-ENTITY; -- sheet-metalqerson-assignment 

ENTITY sheet-metal-security-classification-assignment 
SUBTYPE OF (security-classification-assignment); 
items : SET [i:?] OF security-classification_acsigned-item; 

END-ENTITY; -- sheet-metal-security-classification-assignment 

ENTITY shellbased-surfacemodel 
SUBTYPE OF (geometric-representation-item) ; 

WHERE 
sbsm-boundary : SET [i:?] OF shell; 

WR1: constraints-geometry_shellbacedcurfacemodel(SELF); 
ENDENTITY; -- shell-based-surfacemodel 
ENTITY shell-based-wireframe-model 
SUBTYPE OF (geometric-representation-item); 

WHERE 
sbwm-boundary : SET [i:?] OF shell; 

WR1: constraints-geometrshelldased_wireframe-model(SELF); 
END-ENTITY; -- shell-based-wireframe-model 

ENTITY shell-based-wireframe-shape-representation 
SUBTYPE OF (shape-representation); 
WHERE 
WRI : SIZEOF(QUERY ( it <* s ~ ~ ~ . i t e m s  I (NOT (SIZEOF([ 

'SHEETMETAL.SHELL-BASED-WIREFRAME-MODEL', 
'SHEETMETAL.MAPPED-ITEM','SHEET_METAL.~IS2-PLACEMENT-3D'] 
* TYPEOF(it)) = 1)) ) )  = O; 

'SHEET-METAL.SHELLBASED-WIREFRAME-MODEL', 
ISHEETMETAL.MAPPED-ITEM'] * TYPEOF(it1) = 1) ) )  >= 1; 

'SHEETMETAL.SHELLBASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 

W R ~  : SIZEOF(QUERY ( it <* s ~ ~ ~ . i t e m s  I (SIZEOF([ 

WR3 : SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 

I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 
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'SHEET-METAL.WIRE-SHELL' IN TYPEOF(sb)) ) (SIZEOF( 
shell-based-wireframe-model.sbwm-boundary 

QUERY ( eloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEETMETAL.EDGE-LOOP' IN TYPEOF(wsb)) ) 

'SHEET-METAL.EDGE-CURVE' IN TYPEOF(el.edge-element))) ) )  = 
I (NOT (SIZEOF(QUERY ( el <* eloop\path.edge-list I (NOT ( 

O ) )  ) )  = O ) )  1 )  = 0 ) )  1 )  = o; 
WR4 : SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 

ISHEETMETAL.SHELL-BASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 
I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 

shell-based-wireframemodel.sbwm_boundary 
SHEETMETAL. WIRE-SHELL ' IN TYPEOF (sb) ) ) 1 :NOT (SIZEOF ( 
QUERY ( eloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEETMETAL.EDGE-LOOP' IN TYPEOF(wsb)) ) 

I (NOT (SIZEOF(QUERY ( pline-el <* QUERY ( el <* eloop\ 
path.edge-list I ('SHEET-METAL.POLYLINE' IN TYPEOF(e1. 
edge-element\edge-curve-edge-geometry)) ) 1 (NOT (SIZEOF( 
pline-el.edge-element\edge-curve.edge-geometry\polyline. 
points) > 2 ) )  ) )  = O ) )  ) )  = O ) )  ) )  = O ) )  ) )  = O; 

'SHEET-METAL.SHELL-BASED-WIREFRAME-MODEL' IN TYPEOF(it1) 

shell-based-wireframe-model-sbwm-boundary ( 
'SHEET-METAL.WIRE-SHELL' IN TYPEOF(sb)) ) (NOT (SIZEOF( 
QUERY ( eloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEET-METAL.EDGE-LOOP' IN TYPEOF(wsb)) ) 

I (NOT (SIZEOF(QUERY ( el <* eloop\path.edge-list I (NOT 
valid-wireframe-edge-curve(el.edge-element\edge-curve. 
edge-geometry,'AIC-SHELL-BASED-WIREFRAME')) ) )  = O ) )  ) )  = 
0 ) ) ) )  = 0 ) )  ) )  = o; 

WR5 : SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 

I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 

WR6 : SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 
'SHEET-METAL-SHELL-BASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 

shellbased-wireframe-model.sbwm-boundary ( 
' SHEET-METAL .WIRE-SHELL' IN TYPEOF (sb) ) ) I (NOT (SIZEOF ( 
QUERY ( eloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEETMETAL.EDGE-LOOP' IN TYPEOF(wsb)) ) 

I (NOT (SIZEOF(QUERY ( el <* eloop\path.edge-list 1 (NOT ( 
('SHEET-METAL.VERTEX-PO1NT' IN TYPEOF(el.edge-element. 
edge-start)) AND ('SHEETMETAL.VERTEX-POINT' IN TYPEOF(e1. 
edge-element.edge-end)))) 1 )  = O ) )  ) )  = O ) )  1 )  = O ) )  1 )  = O ;  

'SHEET-METAL.SHELL-BASED-WIREFFWME-MODEL' IN TYPEOF(it)) ) 

shellbased-wireframemodel.cbwm_boundary ( 
' SHEET-METAL. WIRE-SHELL ' IN TYPEOF (sb) ) ) 1 (NOT (SIZEOF ( 
QUERY ( eloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEET-METAL.EDGE-LOOP' IN TYPEOF(wsb1) ) 

valid-wireframe-vertex_point(el.edge-element.edge-start\ 
vertex_point.vertex-geometry,'AIC-SHELL-BASED-WIREF~E') 
AND valid-wireframe-vertex_point(el.edge-element.edge-end\ 
vertexqoint.vertex-geometry,'AIC-SHELL-BASED-WIREF~E')) 1 )  
= 0 ) )  1 )  = O ) )  1 )  = O ) )  1 )  = o; 

I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 

WR7 : SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 

I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 

I (NOT (SIZEOF(QUERY ( el <* eloop\path.edge-list I (NOT ( 

wR8 : SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 
'SHEET-METAL.SHELL-BASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 
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I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 
shell-based-wireframe-model.sbwm-boundary ( 
' SHEETMETAL. WIRE-SHELL ' IN TYPEOF (sb) ) ) I (NOT (SIZEOF ( 
QUERY ( eloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEETMETAL.EDGE-LOOP' IN TYPEOF(wsb)) ) 

path-edge-list I ( 'SHEETMETAL.CON1C' IN TYPEOF (el. 
edge-element\edge-curve-edge-geometry)) ) I (NOT ( 
'SHEETMETAL.AXIS2-PLACEMENT-3D' IN TYPEOF(con-edges. 
edge-element\edge-curve.edge-geometry\conic.position) ) )  1 )  
= O ) )  1 )  = O ) )  1 )  = O)) 1 )  = o; 

I (NOT (SIZEOF(QUERY ( con-edges <* QUERY ( el <* eloop\ 

WR9 : SIZEOF(QUERY ( cbwm <* QUERY ( it <* SELF.items I ( 
'SHEETMETAL.SHELL-BASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 

shell-based-wireframe-mode1.sbwm-boundary ( 
' SHEETMETAL. WIRE-SHELL ' IN TYPEOF (Sb) ) ) 1 (NOT (SIZEOF ( 
QUERY ( vloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEET-METAL.VERTEX_Loop' IN TYPEOF( 
wsb)) ) 1 (NOT C CHEETMETAL-VERTEX-POINT' IN TYPEOF(vloop\ 
vertex-1oop.loop-vertex))) 1 )  = O)) ) )  = O ) )  ) )  = O; 

'SHEET-METAL.SHELL-BASED-WIREFWiME-MODEL' IN TYPEOF(it)) ) 

shell-based-wireframe-model.sbwm-boundary ( 
' SHEET-METAL.WIRE-SHELL' IN TYPEOF (sb) ) I (NOT (SIZEOF ( 
QUERY ( vloop <* QUERY ( wsb <* ws\wire-shell. 
wire-shell-extent I ('SHEETMETAL.VERTEX-LOOP' IN TYPEOF( 
wsb)) ) I (NOT valid-wireframe-vertex_point(vloop\ 
vertex-loop.loop-vertex\vertex_point.vertex-geomet~, 
'AIC-SHELL-BASED-WIREFRAME')) ) )  = O ) )  ) )  = O)) ) )  = O; 

'SHEET-METAL.SHELL-BASED-WIREFWiME-MODEL' IN TYPEOF(it) 

shell-based-wireframemodel.cbwm_boundary I ( 
'SHEETMETAL.VERTEX-SHELL' IN TYPEOF(sb)) I (NOT ( 
'SHEETMETAL.VERTEX-POINT' IN TYPEOF(vs\vertex-shell. 
vertex-shell-extent.loop-vertex))) 1 )  = O ) )  1 )  = O; 

'SHEETMETAL.SHELL-BASED-WIREFRAME-MODEL' IN TYPEOF(it)) ) 
I (NOT (SIZEOF(QUERY ( vs <* QUERY ( sb <* sbwm\ 

shell-based-wireframe-model.sbwm-boundary I ( 
'SHEETMETAL.VERTEX-SHELL' IN TYPEOF(sb)) ) 1 (NOT 
valid-wireframe-vertexqoint(vs\vertex-shell. 
vertex-shell-extent.loop-vertex\vertexsoint. 
vertex-geometry, 'AIC-SHELL-BASED-WIREFRAME')) ) )  = o ) )  1 )  = 

I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 

WR10: SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 

I (NOT (SIZEOF(QUERY ( ws <* QUERY ( sb <* sbwm\ 

WR11: SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.items I ( 

I (NOT (SIZEOF(QUERY ( vs <* QUERY ( sb <* sbwm\ 

WR12: SIZEOF(QUERY ( sbwm <* QUERY ( it <* SELF.itemc I ( 

O; 
WR13: SIZEOF(QUERY ( mi <* QUERY ( it <* SELF.items I ( 

'SHEETMETAL-MAPPED-ITEM' IN TYPEOF(it)) ) I (NOT ( (  
'SHEET-METAL. ' + 
'SHELL-BASED-WIREFRAME-SHAPEREPREPRESENTATION') IN TYPEOF(mi\ 
mapped-item.mapping-source.mapped-representation))) 1 )  = O; 

coordinate-space-dimension = 3 ;  
WR14: SELF.context-of_items\geometric_reprepresentation-context. 

END-ENTITY; -- shell-based-wireframe-shape-representation 

ENTITY si-unit 
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SUBTYPE OF (named-unit); 
prefix : OPTIONAL sisrefix; 
name : si-unitname; 

SELF\named-unit-dimensions : dimensional-exponents := 
DERIVE 

dimensions-for-si-unit(SELF-name); 
END-ENTITY; -- si-unit 

ENTITY solid-model 
SUPERTYPE OF (ONEOF (csg-solid,manifold-solid-brep,swept-area-solid, 

SUBTYPE OF (geometric-representation-item); 
solid-replica)) 

END-ENTITY; -- solid-model 

ENTITY solid-replica 
SUBTYPE OF (solid-model); 
parent-solid : solid-model; 
transformation : cartesian~transformation~operator~3d; 

WR1: acyclic-solid-replica(SELF,parent-solid); 
WHERE 

END-ENTITY; -- solid-replica 

ENTITY sphere 
SUBTYPE OF (geometric-representation-item); 

radius : positive-length-measure; 
centre : point; 

END-ENTITY; -- sphere 

ENTITY spherical-surface 
SUBTYPE OF (elementary-surface); 
radius : positive-length-measure; 

END-ENTITY; -- spherical-surface 

ENTITY start-order 
SUBTYPE OF (work-order); 

END-ENTITY; -- start-order 

ENTITY surface 
SUPERTYPE OF (ONEOF (elementary_surface,swept-surface,bounded-surface, 

SUBTYPE OF (geometric-representation-item); 
offset-surface,surface-replica)) 

END-ENTITY; -- surface 

ENTITY surface-curve 
SUPERTYPE OF (ONEOF (intersection-curve,seam-curve) 
SUBTYPE OF (curve); 

curve-3d : curve; 
associated-geometry : LIST [1:21 OF pcurve-or-surface; 
master-representation : preferred-surface-curve-representation; 

basis-surface : SET [1:2] OF surface := get-basis-surface(SELF); 

WR1: curve-3d.dim = 3; 
WR2: ('SHEET-METAL-PCURVE' IN TYPEOF(associated~geometry[ll)) OR ( 

WR3: ('SHEETMETAL.PCURVE' IN TYPEOF(associated~geornetry[21~~ OR ( 

DERIVE 

WHERE 

master-representation <> pcurve-sl); 
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master-representation c> pcurve-s2); 
WR4: NOT ('SHEETMETAL.PCURVE' IN TYPEOF(curve-3d)); 

END-ENTITY; -- surface-curve 

ENTITY surface-of-linear-extrusion 
SUBTYPE OF (swept-surface); 
extrusion-axis : vector; 

END-ENTITY; -- surface-of-linear-extrusion 

ENTITY surface-of-revolution 
SUBTYPE OF (swept-Surface); 

DERIVE 
axisgosition : axislglacement; 

axis-line : line := line(axisqosition.location,vector(axisgosition 
.z,1) 1 ;  

END-ENTITY; -- surface-of-revolution 

ENTITY surfacesatch; 
parent-surface : bounded-surface; 
u-transition : transition-code; 
v-transition : transitioncode; 
u-sense : BOOLEAN; 
v-sense : BOOLEAN; 

using-Surfaces : BAG [l:?] OF rectangular-composite-surface FOR 
INVERSE 

segments ; 
WHERE 
WR1: NOT ('SHEET-METAL.CURVE-BOUNDED-SURFACE' IN TYPEOF( 

parent-surface)); 
END-ENTITY; -- surfacesatch 
ENTITY surface-replica 
SUBTYPE OF (surface); 
parent-surface : surface; 
transformation : cartesian-transformation-operator-3d; 

WR1: acyclic-surface-replica(SELF,parent-surface); 
WHERE 

END-ENTITY; -- surface-replica 

ENTITY swept-area-solid 
SUPERTYPE OF (ONEOF (revolved-area-solid,extruded-area-solid) 1 
SUBTYPE OF (solid-model); 

WHERE 
swept-area : curve-bounded-surface; 

WR1: 'SHEETMETAL.PLANE' IN TYPEOF(swept-area.basis-surface); 
END-ENTITY; -- swept-area-solid 
ENTITY swept-surface 
SUPERTYPE OF (ONEOF (surface-of-linear_extrusion,surface-of-revolution) 1 
SUBTYPE OF (surface); 
swept-curve : curve; 

END-ENTITY; -- swept-surface 

ENTITY tolerance-value; 
lower-bound : measurewith-unit; 
upper-bound : measurewith-unit; 
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WHERE 
WR1: upper-bound.value-component > lower-bound.value-component; 
WR2: upper-bound.unit-component = lower-bound-unit-component; 

END-ENTITY; -- tolerance-value 

ENTITY tolerance-zone 
SUBTYPE OF (shape-aspect); 
defining-tolerance : SET [i:?] OF geometric-tolerance; 
form : tolerance-zone-form; 

END-ENTITY; -- tolerance-zone 

ENTITY tolerance-zone-definition; 
zone : tolerance-zone; 
boundaries : SET [i:?] OF shape-aspect; 

END-ENTITY; -- tolerance-zone-definition 

ENTITY tolerance-zone-form; 

END-ENTITY; -- tolerance-zone-form 
name : label; 

ENTITY topological-representationitem 
SUPERTYPE OF (ONEOF (vertex,edge,face-bound,face,vertex-shell, 

SUBTYPE OF (representation-item); 
wire-shell,connected-edge-set,connected-face-set,loop ANDOR path)) 

ENDENTITY; -- topological-representation-item 

ENTITY toroidal-surface 
SUBTYPE OF (elementary-surface); 
major-radius : positive-length-measure; 
minor-radius : positive-length-measure; 

END-ENTITY; -- toroidal-surface 

ENTITY torus 
SUBTYPE OF (geometric-representation-item); 
posit ion : axislalacement; 
major-radius : positive-length-measure; 
minor-radius : positive-length-measure; 

WR1: major-radius > minor-radius; 
WHERE 

END-ENTITY; -- torus 

ENTITY trimmed-curve 
SUBTYPE OF (bounded-curve); 
basiscurve : curve; 
trim-1 : SET [1:21 OF trimming-select; 
trim-2 : SET [1:21 OF trimming-select; 
sense-agreement : BOOLEAN; 
master-representation : trimingareference; 

WRi: (HIINDEX(trim-1) = i) XOR (TYPEOF(trim-l[ll) <> TYPEOF(trim-l[21)); 
WR2: (HIINDEX(trim-2) = i) XOR (TYPEOF(trim-2 [il) c> TYPEOF(trim-2 [21)); 

WHERE 

END-ENTITY; -- trimmed-curve 

ENTITY uncertainty-measurewith-unit 
SUBTYPE OF (measure-with-unit); 
name : label; 
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description : text; 

WR1: (NOT ("UMBER' IN TYPEOF(SELF\measurewith-unit.va1ue-component))) 
WHERE 

OR (SELF\measurewith-unit.value-component >= O); 
END-ENTITY; -- uncertainty-measurewith-unit 

ENTITY uniform-curve 

END-ENTITY; -- uniform-curve 
SUBTYPE OF (b-spline-curve); 

ENTITY uniform-surface 

END-ENTITY; -- uniform-surface 
SUBTYPE OF (b-spline-surface); 

ENTITY vector 
SUBTYPE OF (geometric-representation-item); 
orientation : direction; 
magnitude : length-measure; 

WR1: magnitude >= O; 
WHERE 

END-ENTITY; -- vector 

ENTITY vercioned-action-request; 
id : identifier; 
version : label; 
purpose : text; 
description : text; 

END-ENTITY; -- versioned-action-request 

ENTITY vertex 

END-ENTITY; -- vertex 
SUBTYPE OF (topological-representation-item); 

ENTITY vertex-loop 
SUBTYPE OF (loop); 
loop-vertex : vertex; 

END-ENTITY; -- vertex-loop 

ENTITY vertexsoint 
SUBTYPE OF (vertex, geometric-representation-item); 
vertex-geometry : point; 

END-ENTITY; -- vertexsoint 

ENTITY vertex-shell 
SUBTYPE OF (topological-representation-item); 
vertex-shell-extent : vertex-loop; 

END-ENTITY; -- vertex-shell 

ENTITY week-ofjear-and-day-date 
SUBTYPE OF (date); 
week-component : week-injearnumber; 
day-component : OPTIONAL day-inweek-number; 

END-ENTITY; -- week-ofjear-and-day-date 

ENTITY wire-shell 
SUBTYPE OF (topological-representation-item) ; 
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wire-shell-extent : SET [i:?] OF loop; 

WHERE 
WR1: NOT mixed-loop-type-set(wire-shell-extent); 

END-ENTITY; -- wire-shell 

ENTITY work-order 
SUPERTYPE OF (ONEOF (change-order,start-order)) 
SUBTYPE OF (executed-action); 
UNIQUE 
ur1 : name; 

END-ENTITY; -- work-order 

ENTITY work-order-relationship 
SUBTYPE OF (action-relationship); 
WHERE 
WR1: (('CHANGE-ORDER' IN (TYPEOF(SELF\action-relationship. 

relating-action) OR 'START-ORDER')) IN TYPEOF(SELF\ 
action-relationship.relating-action)) AND (('CHANGE-ORDER' 
IN (TYPEOF(SELF\action-re1ationship.related-action) OR 
'START-ORDER')) IN TYPEOF(SELF\action-relationship. 
related-action)); 

END-ENTITY; -- work-order-relationship 

RULE application-context-requires-ap-definition FOR 
(application-context, applicationqrotocol-definition) ; 

WHERE 
WRI: SIZEOF (QUERY (ac <* application-context I 

NOT (SIZEOF (QUERY (apd <* applicationqrotocol-definition I 
(ac :=: apd.application) 
AND 
(apd.application-interpreted-model-schema-name = 
'sheetmetal'))) = 1 ) ) )  = O; 

END-RULE; -- application-context-requires-ap-definition 

RULE approval-requires-approval-date-time FOR (approval, 
approval-date-time); 

WHERE 
WRI: SIZEOF(QUERY ( a <* approval I (NOT (SIZEOF(QUERY ( apo <* 

approval-date-time I (a : =: apo.dated-approval) ) ) = 1) = O; 
END-RULE; -- approval-requires-approval-date-time 

RULE approval-requires-approvalserson-organization FOR (approval, 

WHERE 
WRI: SIZEOF(QUERY ( a <* approval I (NOT (SIZEOF(QUERY ( apo <* 

approvalqerson-organization); 

approvaljerson-organization I (a :=: apo.authorized-approval) 1 )  
>= i)) 1 )  = o; 

END-RULE; -- approval-requiresapprovalserson-organization 

RULE cardinali ty-action-methodtoqroceccqlan FOR (action-method, 

WHERE 
processqlan); 

WR1: SIZEOF(QUERY ( am <* action-method I ((am.name = 
'part process plan template') AND (NOT (SIZEOF(QUERY ( pp <* 
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processglan I (am :=: pp.chosen-method) ) )  = 1))) ) )  = O; 
END-RULE; -- cardinality-actionmethod-togrocessglan 
RULE cardinalitygroduct-definitiongrocess-to-action-resource-re~irement 
FOR (product-definitionqrocess, action-resource-requirement); 
WHERE 

WR1: SIZEOF (QUERY ( pdp <* product-definition-process I 
(NOT (SIZEOF(QUERY ( arr <* action-resource-requirement I 
(pdp :=: arr.operations) ) )  <= 1)) ) )  = O; 

END-RULE ; 
-- cardinalityqroduct-definitionqrocess-to-action-resource-re~irement 

RULE cardinality-sm-action-assignment-tojrocessglan FOR ( 

WHERE 
sheet-metal-actionassignment, processqlan); 

sheet-metal-action-assignment I (pp IN smaa.items) 1 )  <= 1) ) ) )  
= o; 

WR1: SIZEOF(QUERY ( pp <* process-plan (NOT (SIZEOF(QUERY ( smaa <* 

END-RULE; -- cardinality-sm-action-assignment_togrocecsglan 

RULE cardinality-sm-action-assignment-to-product-definition FOR ( 

WHERE 
sheetmetal-action-assignment, product-definition); 

WR1: SIZEOF(QUERY ( pd <* product-definition I (NOT (SIZEOF( 
QUERY ( smaa <* sheet-metal-action-assignment I 

(pd IN smaa.items) ) )  <= 1)) ) )  = O; 
END-RULE; -- cardinality-sm-action-assi~ent_toqroduct-definition 

RULE cardinality-sm-action-assignment-togroduct-definition-formation FOR ( 

WHERE 
sheetmetal-action-assignment, productdefinition-formation); 

SIZEOF(QUERY ( smaa <* sheetmetal-action-assignment I (pdf IN 
WR1: SIZEOF(QUERY ( pdf <* product-definition-formation I (NOT ( 

smaa-items) ) )  <= 1)) ) )  = O; 
END-RULE; --cardinality-sm-action-assignment-to~roduct-definition-formation 

RULE cardinality-sm-organization-assignment-to-work-order FOR ( 
sheet-metal-organization-assignment, work-order) ; 

WHERE 
WR1: SIZEOF(QUERY ( wo <* work-order I (NOT (SIZEOF(QUERY ( smoa <* 

sheet-metal-organization-assignment I (('effector' = smoa.role) 
AND (wo IN smoa.items)) ) )  >= 1)) ) )  = O; 

END-RULE; -- cardinality-sm-organization-assignment_toorder 

RULE cardinality-start-order-to-sm-action-assignment FOR ( 

WHERE 
sheetmetalaction-assignment, start-order); 

sheetmetal-action-assignment I (so :=: smaa.assigned-action) 1 )  
>= 1)) ) )  = o; 

WR1: SIZEOF(QUERY ( so <* start-order I (NOT (SIZEOF(QUERY ( smaa <* 

END-RULE; -- cardinality-start-order-to-sm-action-assignment 

RULE cardinality-work-order_to_sm-contract-assig-or-sm-org-assig FOR ( 
work-order, sheetmetalcontract-assignment, 
sheetmetal-organization-assignment); 
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WHERE 
WR1: SIZEOF(QUERY ( wo <* work-order I ((NOT (SIZEOF(QUERY ( smca <* 

sheet-metal-contract-assignment 1 (wo IN smca-items) ) )  = 1)) 
XOR (SIZEOF(QUERY ( smoa <* 
sheet-metal-organization-assignment I (wo IN smoa.items) 1 )  = 
1)) 1 )  = o; 

END-RULE; -- cardinality-work-order-to-sm-contract-assig-or-sm-org-assig 
RULE compatible-dimension FOR (cartesiansoint, direction, 

WHERE 
representation-context, geometric-representation-context) ; 

WRI: SIZEOF(QUERY ( x <* cartesiansoint I (SIZEOF(QUERY ( y <* 
geometric-representation-context I (item-in-context(x,y) AND ( 
HIINDEX(x.coordinates) <> y.coordinate-space-dimension) ) ) ) > 
O )  ) )  = o; . . .  

WR2: SIZEOF(QUERY i x <* direction I (SIZEOF(QUERY ( y <* 
geometric-representation-context I (item-in-context(x,y) AND ( 
HIINDEX(x.direction-ratios) <> y.coordinate-space-dimension)) ) )  
> O )  ) )  = o; 

END-RULE; -- compatible-dimension 

RULE dependent-instantiation-for-action FOR (action); 
WHERE 

WR1: SIZEOF(QUERY ( a <* action I (NOT (SIZEOF(USEDIN(a,")) >= 1)) ) )  
= o; 

END-RULE; -- dependent-instantiation-for-action 

RULE dependent-instantiation-for-action-re~est-solution FOR ( 

WHERE 
action-request-solution) ; 

WR1: SIZEOF(QUERY ( ars <* action-request-solution I (NOT (SIZEOF( 
USEDIN(ars,")) >= 1)) ) )  = o; 

END-RULE; -- dependent-instantiation-for-action-re~est-solution 

RULE dependent-instantiation-for-application-context FOR ( 

WHERE 
application-context) ; 

WR1: SIZEOF(QUERY ( ac <* application-context I (NOT (SIZEOF(USEDIN(ac, 
" 1 )  >= 1)) ) )  = o; 

END-RULE; -- dependent-instantiation-for-application-context 

RULE dependent-instantiation-for-configuration-design FOR ( 

WHERE 
configuration-design); 

' 1 ) )  >= 1)) 1 )  = o; 
WR1: SIZEOF(QUERY ( cd i* configuration-design I (NOT (SIZEOF(USEDIN(cd, 

END-RULE; -- dependent-instantiationfoyconfigurationfiguratondesign 
RULE dependent-instantiation-for-contract FOR (contract); 
WHERE 
m i :  SIZEOF(QUERY ( c <* contract I (NOT (SIZEOF(USEDIN(~, ' 1 )  >= 1) ) 1 ) 

= o; 
END-RULE; -- dependent-instantiation-for-contract 

RULE dependent-instantiation-for-date-role FOR (date-role); 
WHERE 
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WR1: SIZEOF(QUERY ( dr <* date-role I (NOT(SIzEoF(USEDIN(dr,")) >= 1)) ) )  
= o; 

END-RULE; -- dependent-instantiation-for-date-role 

RULE dependent-instantiation-for-date-time-role FOR (date-time-role); 
WHERE 
WR1: SIZEOF(QUERY ( dtr <* date-time-role I (NOT (SIZEOF(USEDIN(dtr,")) 

>= 1)) ) )  = o; 
END-RULE; -- dependent-instantiation-for-date-time-role 

RULE dependent-instantiation-for-derived-unit FOR (derivebunit); 
WHERE 
WR1: SIZEOF(QUERY ( du <* derived-unit I (NOT (SIZEOF(USEDIN(du,")) >= 

1)) 1 )  = o: 
END-RULE; -- dependent-instantiation-for-derived-unit 

RULE dependent-instantiation-for-document-reference FOR ( 
document-reference); 

WHERE 
WR1: SIZEOF(QUERY ( dr <* document-reference I (NOT (SIZEOF(USEDIN(dr,")) 

>= 1)) 1 )  = o; 
END-RULE; -- dependent-instantiation-for-document-reference 

RULE dependent-instantiation-for-functionally-defined-transformation FOR ( 

WHERE 
WR1: SIZEOF(QUERY ( fdt <* functionally-defined-transformation I (NOT ( 

functionally-defined-transformation): 

SIZEOF(USEDIN(fdt,")) >= 1)) ) )  = O; 
END-RULE; -- dependent-instantiation-for-functionally-defined-transformation 

RULE dependent-instantiation-for-item-defined-transformation FOR ( 

WHERE 
item-defined-transformation); 

WR1: SIZEOF(QUERY ( idt <* item-defined-transformation I (NOT (SIZEOF( 
USEDIN(idt,")) >= 1)) ) )  = O; 

END-RULE; -- dependent-instantiation-for-item-defined-transfo~ation 

RULE dependent-instantiation-for-organization-role FOR ( 

WHERE 
organization-role) ; 

WRI: SIZEOF(QUERY ( 0-1: <* organization-role I (NOT (SIZEOF (USEDIN 
(o-r,")) >= 1)) 1 )  = O; 

END-RULE; -- dependent-instantiation-for-organization-role 

RULE dependent-instantiation-for~erson-and-organization-role FOR ( 

WHERE 
person-and-organization-role) : 

WR1: SIZEOF(QUERY ( paor <* person-and-organization-role I (NOT (SIZEOF( 
USEDIN(paor, I ' ) )  >= 1)) ) )  = O; 

END-RULE; -- dependent-instantiation-for~erson-and-organization-role 

RULE dependent-instantiation-forjerson-role FOR (person-role); 
WHERE 
WR1: SIZEOF(QUERY(pr e* person-role I (NOT(SIZEOF(USEDIN(pr,")) >= 1)) ) )  

= o; 
END-RULE; -- dependent-instantiation-forjerson-role 
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RULE dependent-instantiation-for-tolerance-value FOR (tolerance-value); 
WHERE 
WR1: SIZEOF(QUERY ( tr <* tolerance-value I (NOT (SIZEOF(USEDIN(tr,")) 

>= 1)) ) )  = o; 
END-RULE; -- dependent-instantiation-for-tolerance-value 

RULE executed-action-requires-approval FOR (executed-action, 

WHERE 
sheet-metal-approval-assignment) ; 

WR1: SIZEOF(QUERY ( ea <* executed-action I (NOT (SIZEOF(QUERY ( smaa <* 
sheet-metal-approval-assignment I (ea IN smaa-items) ) )  >= 1)) ) )  
= o; 

END-RULE; -- executed-action-requires-approval 

RULE executed-action-requires-date-or-date-and-time FOR (executed-action, 
sheet-metal-date-assignment, 
sheet-metal-date-and-time-assignment); 

WHERE 
WR1: SIZEOF(QUERY ( ea <* executed-action I (NOT ((SIZEOF( 

QUERY ( smda <* sheetmetal-date-assignment 1 (ea IN smda. 
items) ) )  + SIZEOF(QUERY ( smdata <* 
sheetmetal-date-and-time-assignment I (ea IN smdata-items) ) ) )  
= 1)) ) )  = o; 

END-RULE; -- executed-action-requires-date-or-date-and-time 

RULE executed-action-requires-organization FOR (executed-action, 

WHERE 
sheetmetal-organization-assignment); 

WR1: SIZEOF(QUERY ( ea <* executed-action I (NOT (SIZEOF(QUERY ( smoa <* 
sheetmetal-organization-assignment 1 (ea IN smoa.items) ) )  >= 1)) ) )  

= o; 
END-RULE; -- executed-action-requires-organization 

RULE global-uncertainty-assigned-context-constraint FOR ( 

WHERE 
global-uncertainty-assigned-context) ; 

WR1: SIZEOF(QUERY ( guac <* global-uncertainty-assigned-context I ( 

WR2 : SIZEOF (QUERY ( guac <* global-uncertainty-assigned-context I ( 
NOT (SIZEOF(guac.uncertainty) = 2 ) )  ) )  = o; 

NOT ( (SIZEOF(QUERY ( x <* guac.uncertainty I ( 
'SHEETMETAL-LENGTH-UNIT' IN TYPEOF(x.unit-component)) ) )  = 1) 
AND (SIZEOF(QUERY ( x <* guac.uncertainty I ( 

= 1))) 1 )  = o; 
'SHEET-METAL.PWE-ANGLE-UNIT' IN TYPEOF(x.unit-component)) ) )  

END-RULE; -- global-uncertainty-assigned-context-constraint 

RULE processqlan-requires_product-definition FOR (processqlan, 

WHERE 
sheet-metalaction-assignment); 

sheet-metal-action-assignment I ((smaa\action-assignment. 
assigned-action :=: pp\action) AND (SIZEOF(QUERY( i <* smaa.items 

>= 1)) 1 )  = 1)) ) )  = o; 

WR1: SIZEOF(QUERY ( pp <* processqlan (NOT (SIZEOF(QUERY ( smaa <* 

I (('SHEET-METAL.' + 'PRODUCT-DEFINITION') IN TYPEOF(i)) 1 )  

ENDERULE; -- processglan-requires_product_definition 
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RULE product-definition-formation-requires-date-or-date-and-time FOR ( 
product-definition-formation, sheetmetal-date-assignment, 
sheet-metal-date-and-time-assignment) ; 

SIZEOF(QUERY ( smda <* sheetmetal-date-assignment I (pdf IN 
smda.items) ) )  + SIZEOF(QUERY ( smdata <* 
sheet-metal-date-and-time-assignment I (pdf IN smdata.items) 1 ) )  
= 1)) ) )  = o; 

WHERE 
WR1: SIZEOF(QUERY ( pdf <* product-definition-formation I (NOT ( (  

END-RULE; -- productdefinition-formation-requires-date-or-date-and-time 

RULE product-definition-formation-requiresqroduct-definition FOR ( 

WHERE 
product-definition-formation, product-definition); 

WR1: SIZEOF(QUERY ( pdf <* product-definition-formation I (NOT (SIZEOF( 
QUERY ( pd <* product-definition I (pdf :=: pd.formation) ) )  >= 1)) ) )  
= o; 

END-RULE; -- product_definition_formation-requires_product-definition 

RULE product-requiresqroduct-definition-formation FOR (product, 

WHERE 
WR1: SIZEOF(QUERY ( p <* product I (NOT (SIZEOF(QUERY ( pdf <* 

product-definition-formation); 

product-definition-formation I (p :=: pdf.ofqroduct) ) )  >= 1)) ) )  
= o; 

END-RULE; -- product-requiresqroduct-definition-formation 

RULE product-requiresqroduct-type FOR (product, product-type); 
WHERE 

W R ~ :  sIZEOF(QUERY ( p e* product I (NOT (SIZEOF(QUERY ( Pt <* 
product-type I (SIZEOF(p IN pt\ 
product-relatedqroduct-category.products) = 1) ) )  = 1)) ) )  = 
O; 

END-RULE; -- product-requiresqroduct-type 

RULE restrict-assembly-component-usage-substitute FOR ( 

WHERE 
assembly-component-usage-substitute, product-type); 

WR1: SIZEOF(QUERY ( acus <* assembly-component-usage-substitute I (NOT ( 
('SHEETMETAL.QUANTIFIED-ASSEMBLY-COMP0NENT-USAGE' IN TYPEOF( 
acus.base)) AND ( 
'SHEET~METAL.QUANTIFIED~ASSEMBLY~COMPONENT~USAGE' IN TYPEOF(acus 
.substitute)))) ) )  = O; 

product-type-ofqroduct(acus.base.relatingqroduct-definition. 
formation.ofqroduct,product-type) .name = 
product-type-ofqroduct(acus.substitute. 
relating_product-definition.formation.of_product,product-type) 
.name) ) I ;  

WR2: SIZEOF(QUERY ( acus <* assembly-component-usage-substitute I ( 

END-RULE; -- restrict-assembly-component_usage_substitute 

RULE restrict-date-role FOR (date-role); 
WHERE 
WR1: SIZEOF(QUERY ( dr <* date-role I (NOT (dr-name IN 

'creation date', 'revision date', 'review date', 
'production year date', 'completion date', 'order date', 
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'preliminary review date', 'start date', 'request date'])) 1 )  = 
O ;  

END-RULE; -- restrict-date-role 

RULE restrict-date-time-role FOR (date-time-role); 
WHERE 
WR1: SIZEOF(QUERY ( dtr <* date-time-role I (NOT (dtr.name IN [ 

'creation date', 'revision date', 'review date', 
'completion date', 'order date', 'preliminary review date', 
'start date','request date'])) ) )  = O; 

END-RULE; -- restrict-date-time-role 

RULE restrict-organization-role FOR (organization-role); 
WHERE 
WRI: SIZEOF(QUERY ( o-r <* organization-role I (NOT 

(o-r.name IN ['design supplier','effector', 
'implementor', 'order source', 'plant', 'supplier']) 1 1 )  = O ;  

END-RuLE; -- restrictorganization-role 

RULE restrictjerson-and-organization-role FOR ( 

WHERE 
person-and-organization-role); 

WR1: SIZEOF(QUERY ( paor <* person-and-organization-role I (NOT ( 
paor-name IN ['data owner','planner','implementor'l)) 1 )  = 
O ;  

END-RULE; -- restrict_person-and-organization-role 

RULE restrictjerson-role FOR (person-role); 
WHERE 
WRI: SIZEOF(QUERY ( pr <* person-role I (NOT (pr.name IN 

'designer', 'implementor', 'purchaser', 'work requestor']) 1 1 )  = 
O ;  

END-RULE; -- restrictgerson-role 

RULE restrict_product-definition-context FOR (product-definition-context) ; 
WHERE 
WR1: SIZEOF(QUERY ( pdc <* product-definition-context I (NOT ((pdc. 

life-cycle-stage = 'design') OR (pdc.life-cycle-stage = 
'in process') OR (pdc.life-cycle-stage = 
'as physically modelled') OR (pdc.life-cycle-stage = 
'as design constrained'))) ) )  = O; 

END-RULE; -- restrictgroduct-definition-context 

RULE restrict-quantified-assembly-component-usage FOR ( 

WHERE 
quantified-assembly-component-usage, product-type); 

WR1: SIZEOF(QUERY ( qacu <* quantified-assembly-component-usage I ( 
product-type-ofgroduct(qacu.relatingjroduct-definition. 
formation.of_product,product-type).name = 
product-type-of_product(qacu.related_product-definition.formation 
.ofgroduct,product-type).name) ) I ;  

END-RULE; -- restrict-quantified-assembly-component-usage 

RULE same-type-for-relationships FOR (product-definition-relationship, 

WHERE 
product-type); 
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WR1: SIZEOF(QUERY ( pdr <* product-definition-relationship I (NOT ( ( ( (  
pdr.name <> ('assembly component' AND pdr-name)) <> ('mating' 
AND pdr.name)) <> 'symmetrical') OR (pdr.name IN ( [  
'assembly component','mating','symmetrical'l AND ( 
product-type-ofqroduct(pdr.relating~roduct-definition. 
formation.ofqroduct,product-type) .name = 
product-type-of_product(pdr.related_prodct-definition. 
formation.of_product,product-type).name))))) ) )  = O; 

END-RULE; -- same-type-for-relationships 

RULE subtypemandatory-for-shape-representation FOR ( 

WHERE 
shape-representation); 

WR1: SIZEOF(QUERY ( sr <* shape-representation I (NOT ((SIZEOF([ 
'SHEETMETAL.ADVANCED-BREP_SHAPE_REPREPRESENTATION', 
'SHEET-METAL.FACETED-BREP_SHAPEREPREPRESENTATION'f 
'SHEET-METAL.CSG-SHAPE-REPRESENTATION', 
'SHEETMETAL.GEOMETRICALLY-BO~DED-S~FACE-S~PE-REPRESENTATION'f 
' S H E E T M E T A L . E D G E - B A S E D _ W I R E F R A M E _ S H A P E R E P ' f  
'SHEETMETAL.SHELL-BASED-WIREF~E-S~PE-REPRESENTATION'f  

'SHEETMETAL.MANIFOLD-SURFACE_SHAPE_REPREPRESENTATION']) * 
' S H E E T - M E T A L . G E O M E T R I C A L L Y _ B O U N D E D _ W I R E F R ' f  

TYPEOF('cr')) = 1)) ) )  = O; 
ENDRULE; -- subtypemandatory-for-shape-representation 

RULE subtypemandatory-work-order FOR (work-order); 
WHERE 
WR1: SIZEOF(QUERY ( wo <* work-order I ((NOT ( 

'SHEETMETAL.CHANGE-ORDER' IN TYPEOF(w0))) AND (NOT ( 
'SHEET-METAL.START-ORDER' IN TYPEOF(w0)))) ) )  = O ;  

END-RULE; -- subtypemandatory-work-order 

RULE work-request-requires-date-or-date-and-time FOR 
(versioned-action-request, sheetmetal-date-assignment, 

WR1: SIZEOF (QUERY (varq <* versioned-action-request 1 
sheet-metal-date-and-time-assignment); 

WHERE 

NOT (SIZEOF (QUERY (smda <* sheet-metaldate-assignment 1 
varq IN smda.items)) + 

varq IN smdata-items)) =1 ) ) )  = O; 
SIZEOF (QUERY (smdata <* sheet-metal-date-and-time-assignment I 

END-RULE; -- work-request-requires-date-or-date-and-time 

RULE work-request-requires_person FOR (versionehaction-request, 

WHERE 
sheet-metalqerson-assignment) ; 

WR1: SIZEOF(QUERY ( varq <* versioned-action-request I (NOT (SIZEOF( 
QUERY ( smpa <* sheet-metalserson-assignment 1 

(varq IN smpa.items))) >= 1)) 1 )  = O; 
END-RULE; -- work-request-requires_person 

FUNCTION acyclic-action-relationship( 
relation: action-relationship; 
relatives: SET [l:?] OF action; 
specific-relation: STRING 

) :  LOGICAL; 
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LOCAL 
i : INTEGER; 
X : SET [l:?] OF action-relationship; 
local-relatives : SET [l:?] OF action; 

END-LOCAL ; 
REPEAT i := 1 TO HIINDEX(re1atives) BY 1; 
IF relation.relating-action :=: relativesLi1 THEN 

END-I F ; 
END-REPEAT; 
x := bag~to_set(USEDIN(relation.relating_action,specific~relation~~; 
local-relatives := relatives + relation.relating-action; 
IF SIZEOF(x) > O THEN 

RETURN (FALSE) ; 

REPEAT i := 1 TO HIINDEX(x) BY 1; 
IF NOT a c y c l i c ~ a c t i o n ~ r e l a t i o n s h i p ( x [ i l , l o c a l ~ r e l a t ~ v e s ,  

specific-relation) THEN 
RETURN (FALSE) ; 

END-I F ; 
END-REPEAT; 

END-IF; 
RETURN (TRUE ) ; 

END-FUNCTION; -- acyclic-action-relationship 

FUNCTION acyclic-curve-replica( 
rep: curve-replica; 
parent: curve 

) : BOOLEAN; 

RETURN(TRUE); 
IF NOT ('SHEETMETAL.CURVE-REPLICA' IN TYPEOF(parent1) THEN 

END-IF ; 
IF parent :=: rep THEN 

ELSE 
RETURN ( FALSE ) ; 

RETURN(acyclic-curve_replica(rep,parent\curve-replica.parent-curve) 1; 
END-IF ; END-FUNCTION ; - - acyc i ic-curve-repi i ca 

FUNCTION acyclicmapped-representation( 
parent-set: SET OF representation; 
children-set: SET OF representation-item 

) :  BOOLEAN; 

i : INTEGER; 
x : SET OF representation-item; 
y : SET OF representation-item; 

LOCAL 

END-LOCAL; 
x := QUERY ( z <* children-set I ('SHEETMETAL.MAPPED-ITEM' IN TYPEOF( 

IF SIZEOF(x) > O THEN 
z ) )  1;  

REPEAT i := 1 TO HIINDEX(x) BY 1; 
IF x~il\mapped~item.mapping~source.mapped~representation IN 

parent-set THEN 
RETURN (FALSE) ; 

END-IF ; 
IF NOT acyclic-mapped-representation(parent-set + x[i]\mapped-item 

.mapping-source.mapped_reprepresentation,x[i]\mapped-item. 
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mapping-source.mapped-representation.items) THEN 
RETURN(FALSE); 

END-I F ; 
END-REPEAT; 

END-I F ; 
x := children-set - x; 
IF SIZEOF(x) > O THEN 
REPEAT i := 1 TO HIINDEX(x1 BY 1; 
y := QUERY ( z <* bag-to-set(USEDIN(x[il, " 1 )  1 ( 

IF NOT acyclic-mapped-representation(parent-set,y) THEN 

END-IF ; 
END-REPEAT; 

END-I F ; 
RETURN (TRUE ) ; 

'SHEETMETAL.REPRESENTAT1ON-ITEM' IN TYPEOF(z)) ) ;  

RETURN ( FALSE) ; 

END-FUNCTION; -- acyclicmapped-representation 

. FUNCTION acyclicqoint-replica( 
rep: point-replica; 
parent: point 

) : BOOLEAN; 

RETURN (TRUE) ; 
IF NOT ( 'SHEETMETAL.POINTREPL1CA' IN TYPEOF(parent1) THEN 

END-I F ; 
IF parent :=: rep THEN 

ELSE 

END-I F ; 

RETURN (FALSE) ; 

RETURN(acyclicqoint-replica(rep,parent\point-replica.parent~t) ; 

END-FUNCTION; -- acyclic-point-replica 

FUNCTION acyclicqroduct-category-relationship( 
relation: product-category-relationship; 
children: SET OF product-category 

) : LOGICAL; 

i : INTEGER; 
X : SET OF product-category-relationship; 
local-children : SET OF product-category; 

LOCAL 

END-LOCAL; 
REPEAT i := 1 TO HIINDEX(chi1dren) BY 1; 
IF relation-category :=: children[i] THEN 

END-IF ; 
END-REPEAT; 
x := bag-to-set(USEDIN(relation.category,'SHEETMETAL.' + 

local-children := children + relation.category; 
IF SIZEOF(x) > O THEN 

RETURN (FALSE) ; 

'PRODUCT-CATEG0RYRELATIONSHIP.SUB-CATEGORY') 1 ;  

REPEAT i := 1 TO HIINDEX(x1 BY 1; 
IF NOT acyclic_product~category~relationship(x[i],local~children~ 

THEN 
RETURN (FALSE) ; 

END-IF ; 
END-REPEAT; 
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END-I F ; 
RETURN (TRUE ) ; 

END-FUNCTION; -- acyclicqroduct-category-relationship 

FUNCTION acyclicqroduct-definition-relationship( 
relation: product-definition-relationship; 
relatives: SET OF product-definition; 
specific-relation: STRING 

) : LOGICAL; 

i : INTEGER; 
X : SET OF product-definition-relationship; 
local-relatives : SET OF product-definition; 

LOCAL 

END-LOCAL; 
REPEAT i := 1 TO HIINDEX(re1atives) BY 1; 
IF relation.relatingqroduct-definition :=:  relatives[i] THEN 

END-IF ; 
END-REPEAT; 
x := bag_to-set(USEDIN(relation.relatingqroduct-definition, 

local-relatives :=  relatives + relation.relatingqroduct-definition; 
IF SIZEOF(x) > O THEN 

RETURN (FALSE) ; 

specific-relation)); 

REPEAT i := 1 TO HIINDEX(x) BY 1; 
IF NOT a c y c l i c q r o d u c t ~ d e f i n i t i o n r e l a t i o n s h i p ( x [ i ] ,  

local-relatives,specific_relation) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-REPEAT; 

END-IF ; 
RETURN (TRUE) ; 

END-FUNCTION; -- acyclicqroduct-definition-relationship 

FUNCTION acyclic-solid-replica( 
rep: solid-replica; 
parent: solid-model 

) : BOOLEAN; 
IF NOT ('SHEET-METAL-SOLID-REPLICA' IN TYPEOF(parent)) THEN 
RETURN (TRUE 1 : . .  

END-I F ; 
IF parent :=: rep THEN 

ELSE 

END-I F ; 

RETURN (FALSE) ; 

RETURN(acyclic-solidreplica(rep,parent\solid-replica.parent-solid) 1; 

END-FUNCTION; -- acyclic-solid-replica 

FUNCTION acyclic-surface-replica( I rep: surface-replica; 
parent: surface 

) :  BOOLEAN; 

RETURN (TRUE ) ; 
IF NOT ('SHEET-METAL-SURFACE-REPLICA' IN TYPEOF(parent1) THEN 

ENï-IF; 
IF parent :=: rep THEN 
RETURN (FALSE) ; 
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ELSE 
RETURN(acyclic~surface~replica(rep,parent\surface~rep~ica. 

parent-surface) 1 ;  
END-I F ; 

END-FUNCTION; -- acyclic-surface-replica 

FUNCTION associated-surface( 
arg: pcurve-or-surface 

) :  surface; 

surf : surface; 
LOCAL 

END-LOCAL ; 
IF 'SHEET-METAL.PCURVE' IN TYPEOF(arg) THEN 

ELSE 

END-I F ; 
RETURN (surf ) ; 

surf := arg.basis-surface; 

surf := arg; 

END-FUNCTION; -- associated-surface 

FUNCTION bag-to-set( 
thebag: BAG OF GENER1C:int-e 

) :  SET OF GENER1C:intype; 

i : INTEGER; 
the-set : SET OF GENER1C:intype := [I; 

REPEAT i := 1 TO HIINDEX(the-bag) BY 1; 

END-REPEAT; 
END-I F ; 
RETURN(the-set); 

LOCAL 

END-LOCAL ; 
IF SIZEOF(thebag) z O THEN 

the-set := the-set + the-bag[i]; 

END-FUNCTION; -- bag-to-set 

FUNCTION base-axis( 
dim: INTEGER; 
axisl, axis2, axis3: direction 

) :  LIST [2:3] OF direction; 

U : LIST [2:31 OF direction; 
vec : direction; 
factor : REAL; 

LOCAL 

END-LOCAL; 
IF dim = 3 THEN 
u[31 :=  NVL(normalise(axis3),direction([O,O,1])); 
u[il := first_proj-axis(u[3],axisï); 
u[21 := second_proj~axis(u[31 ,u[il ,axis2); 

u[31 := ?; 
ELSE 

IF EXISTS (axisl) THEN 
u[l] := normalise(axis1); 
u [2 I : = orthogonal-complement (u [ 11 ) ; 
IF EXISTS (axis2 ) THEN 
factor := dotqroduct(axis2,u[2]); 
IF factor < O THEN 
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u [ 21 . direction-ratios [ 11 : = -u [ 23 .direction-ratios [ 13 ; 
u[2].direction-ratios[2] := -u[2].direction-ratios[21; 

END-IF ; 
END-I F ; 

IF EXISTS (axis2) THEN 
ELSE 

u[2] := normalise(axis2); 
u [ 11 
u[l].direction-ratios[l] := -u[l] .direction-ratios[l]; 
u[l].direction-ratios[2] := -u[l].direction~ratios[2]; 

u[l] .direction-ratios[l] := 1; 
u[1] .direction_ratios[21 := O; 
u[21 .direction-ratios[ll := O; 
u[2] .direction_ratios[2] := 1; 

: = orthogonal-complement (u [ 2 ] ) ; 

ELSE 

END-I F ; 
END-I F ; 

END-I F ; 
RETURN (u) ; 

END-FUNCTION; -- base-axis 

FUNCTION basis-curve-check( 
cv: curve 

) : BOOLEAN; 
IF ('SHEET-METAL.B-SPLINE-CURVE' IN TYPEOF(cv)) AND (cv\b-spline-curve 

.self-intersect = FALSE) THEN 
RETURN (TRUE ) ; 

IF SIZEOF(['SHEET-METAL.BOUNDED_CURVE','SHEET-METAL.CONIC', 
ELSE 

'SHEETMETAL.LINE'1 * TYPEOF(cv)) = 1 THEN 
RETURN (TRUE) ; 

IF SIZEOF(['SHEETMETAL.BOUNDED-CURVE','SHEET-MET~.CURVE-REPLICA'] 
ELSE 

* TYPEOF (CV) ) = 1 THEN 
RETURN(basis-curve-check(cv\curve-replica.parent-curve)); 

IF (SIZEOF(['SHEET-METAL-BOUNDED-CURVE', 
ELSE 

' SHEET-METAL. OFFSET-CURVE-3D' ] * TYPEOF (cv) ) = 1) AND (CV\ 
offset-curve-3d.self-intersect = FALSE) THEN 

RETURN(bas~s~curve~check(cv\offset~curve~3d.basis~curve)); 

IF SIZEOF(['SHEETMETAL.BOUNDED-CURVE','SHEET-METAL.PCUR~'] * 
ELSE 

TYPEOF (CV) ) = 1 THEN 
RETURN(basis_curve-check(cv\pcurve.reference-to-curve\ 

representation.items[ll) AND basis-surface-check(cv\ 
pcurve.basis-surface)); 

ELSE 
IF SIZEOF(['SHEETMETAL.BOUNDED-CURVE', 

'SHEETMETAL-SURFACE-CURVE'] * TYPEOF(cv)) = 1 THEN 

REPEAT i := 1 TO SIZEOF(cv\surface-curve. 
IF basis-curve-check(cv\surface-curve.curve-3d) THEN 

associated-geometry) BY 1; 
IF 'SHEET-METAL.SURFACE' IN TYPEOF(cv\surface-curve. 

associated-geometry[iI) THEN 
IF NOT basis-surface-check(cv\surface-curve. 

associated~geometry[il) THEN 
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RETURN (FALSE) ; 
END-IF ; 

IF 'SHEETMETAL.PCURVE' IN TYPEOF(cv\surface-curve. 
ELSE 

associated~geometry[il) THEN 
IF NOT basis-curve-check(cv\surface-curve. 

associated~geometry[il) THEN 
RETURN (FALSE) ; 

END-I F ; 
END-IF ; 

END-I F ; 
END-REPEAT; 
RETURN (TRUE) ; 

END-I F ; 

IF 'SHEET-METAL.POLYLINE' IN TYPEOF(cv) THEN 
IF SIZEOF(cv\polyline.points) >= 3 THEN 

END-I F ; 

ELSE 

RETURN (TRUE ) ; 

END-I F ; 
END-I F ; 

END-IF ; 
END-IF; 

END-I F ; 
END-I F ; 

END-IF : 
RETURN (FALSE) ; 

END-FUNCTION; -- basis-curve-check 

FUNCTION basis-surface-check( 
surf: surface 

) : BOOLEAN: 

RETURN (TRUE) ; 

IF 'SHEETMETAL.SWEPT-SURFACE' IN TYPEOF(surf) THEN 

IF 'SHEETMETAL.ELEMENTARY-SURFACE' IN TYPEOF(surf) THEN 

ELSE 

RETURN(basis-curve-check(surf\swept-surface.swept-curve) ) :  
ELSE 
IF ('SHEETMETAL.0FFSET-SURFACE' IN TYPEOF(surf)) AND (surf\ 

offset-surface.self-intersect = FALSE) THEN 
RETURN(basis-surfacecheck(surf\offset_surf\offset-surface.basis-surface) ) ;  

IF 'SHEETMETAL.SURFACE REPLICA' IN TYPEOF(surf1 THEN 

ELSE 

ELSE 

RETURN(basis-surface-check(surf\surface-replica.parent-surface) 1;  

IF ('SHEETMETAL.B-SPLINE-SURFACE' IN TYPEOF(surf)) AND (surf\ 
b-spline-surface-self-intersect = FALSE) THEN 

RETURN (TRUE) ; 
END-I F ; 

END-IF ; 
END-I F ; 

END-IF; 
END-I F ; 
RETURN ( FALSE) ; 

END-FUNCTION; -- basis-surface-check 
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FUNCTION boolean-choose( 
b: BOOLEAN; 
choicel, choice2: GENER1C:item 

) : GENER1C:item; 

RETURN(choicel1; 

RETURN (choice2 1 ; 

IF b THEN 

ELSE 

END-I F ; 
ENDFUNCTION; -- boolean-choose 

FUNCTION build-2axes( 
ref-direction: direction 

) : LIST [2:2] OF direction; 

u : LIST [2:21 OF direction; 
LOCAL 

END-LOCAL; 
u[l] := NVL(normalise(ref-direction),direction([l,O])); 
u [ 2 ] 
RETURN(u) ; 

: = orthogonal-complement (u [ 1 I ) ; 

END-FUNCTION; -- build-laxes 

FUNCTION build-axes( 
axis, ref-direction: direction 

) :  LIST [3:3] OF direction; 

u : LIST [3:3] OF direction; 
LOCAL 

END-LOCAL ; 
u [ 3 3 
u[ll := firstqroj-axis(u[3],ref-direction); 
u[2] 
RETURN (u) ; 

: = NVL (normalise (axis) , direction ( [O, O, 11 ) ) ; 

:= normalise(crossqroduct (u[3] ,u[l] ) ) .orientation; 

END-FUNCTION; -- build-axes 

FUNCTION conditional-reverse( 
p: BOOLEAN; 
an-item: reversible-topology 

) :  reversible-topology; 

RETURN (an-i tem) ; 

RETURN(topology-reversed(an-item)); 

IF p THEN 

ELSE 

END-IF ; 
END-FUNCTION; -- conditional-reverse 

FUNCTION constraints-composite-curface( 
c: composite-curve-on-surface 

) : BOOLEAN; 

n-segments : INTEGER := SIZEOF(c.segments); 
LOCAL 

END-LOCAL ; 
REPEAT k := 1 TO n-segments BY 1; 
IF (NOT ('SHEETMETAL.PCURVE' IN TYPEOF(c\composite~curve.segments[kl 

.parent-curve))) AND (NOT ('SHEET-METAL.SURFACE-CURVE' IN TYPEOF( 
c\composite-curve.segments[kl.parent_curve))) AND (NOT ( 
'SHEET-METAL.COMPOSITE-CURVE-ON-SURFACE' IN TYPEOF(c\ 
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composite~curve.segments~k1.parent~curve~ 1 )  THEN 
RETURN (FALSE) ; 

END-I F ; 
END-REPEAT; 
RETURN (TRUE ) ; 

END-FUNCTION; -- constraints-composite-curve-on-surface 

FUNCTION constraints-geometry-shell-based-surface-model( 
m: shellbased-surfacemodel 

) : BOOLEAN; 

result : BOOLEAN := TRUE; 
LOCAL 

END-LOCAL; 
REPEAT j : =  1 TO SIZEOF(m.sbsm-boundary) BY 1; 
IF (NOT ('SHEETMETAL.0PEN-SHELL' IN TYPEOF(m.sbsm~boundary[jl))) 

AND (NOT ('SHEETMETAL.CL0SED-SHELL' IN TYPEOF(m.sbsm-boundary[jl))) 
THEN 

result :=  FALSE; 
RETURN (result) ; 

END-IF ; 
END-REPEAT; 
RETURN(resu1t); 

END-FUNCTION; -- constraints-geometry-shell-based-surface-model 

FUNCTION constraints-geometry-shell-based-wireframe-model( 
m: shell-based-wireframeme_model 

) : BOOLEAN; 

result : BOOLEAN := TRUE; 
LOCAL 

END-LOCAL ; 
REPEAT j := 1 TO SIZEOF(m.sbm-boundary) BY 1; 
IF (NOT ('SHEETMETAL.WIRE-SHELL' IN TYPEOF(m.sbwm-boundary[jJ))) 

AND (NOT ('SHEETMETAL.VERTEX-SHELL' IN TYPEOF(m.sbwm-boundary[j]))) 
THEN 

result : = FALSE ; 
RETURN (result ) ; 

END-IF; 
END-REPEAT; 
RETURN ( result ) ; 

END-FUNCTION; -- constraints-geometry-shell-based-wireframe-model 

FUNCTION constraints_param-b-spline( 
degree, up-knots, up-cp: INTEGER; 
knot-mult: LIST OF INTEGER; 
knots: LIST OF parameter-value 

) : BOOLEAN; 

k : INTEGER; 
1 : INTEGER; 
SUm : INTEGER; 
result : BOOLEAN := TRUE; 

LOCAL 

END-LOCAL ; 
sum := knot-mult[l]; 
REPEAT i := 2 TO up-knots BY 1; 
sum := sum + knot-mult[il; 

END-REPEAT; 
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IF (degree < 1) OR (up-knots < 2 )  OR (up-cp < degree) OR (sum <> ( 
degree + up-cp + 2 ) )  THEN 

result := FALSE; 
RETURN (result ) ; 

END-IF ; 
k := knot-mult[ll; 
IF (k < 1) OR (k > (degree + 1)) THEN 
result := FALSE; 
RETURN (result) ; 

END-I F ; 
REPEAT i := 2 TO up-knots BY 1; 
IF (knot-mult[i] < 1) OR (knots[il <= knotsfi - 11 ) THEN 
result := FALSE; 
RETURN (result ; 

END-IF; 
k := knot-mult[il; 
IF (i < up-knots) AND (k  > degree) THEN 
result := FALSE; 
RETURN (result ; 

END-IF ; 
IF (i = up-knots) AND ( k  > (degree + 1) ) THEN 
result :=  FALSE; 
RETURN(resu1t); 

END-IF ; 
END-REPEAT; 
RETURN (result ; 

END-FUNCTION; -- constraintsjaram-b-spline 

FUNCTION constraints-rectangular-composite-surface( 
s :  rectangular-composite-surface 

) : BOOLEAN; 

REPEAT j := 1 TO s.n-v BY 1; 
REPEAT i := 1 TO s.n-u BY 1; 

IF NOT (('SHEET-METAL.B-SPL1NE-SURFACE' IN TYPEOF(s.segments[il [jl 
.parent-surface)) OR ('SHEET-METAL.RECTANGULAR-TRIMMED-SURFACE' 
IN TYPEOF(s.segments[il[jl.parent-surface))) THEN 

RETURN (FALSE) ; 
END-I F ; 

END-REPEAT; 
END-REPEAT; 
REPEAT i :=  1 TO s.n-u - 1 BY 1; 
REPEAT j := 1 TO s.n-v BY 1; 
IF s.segments[il[jl.u~transition = discontinuous THEN 

END-IF ; 
END-REPEAT; 

END-REPEAT ; 
REPEAT i := 1 TO s.n-u BY 1; 

RETURN (FALSE ) ; 

REPEAT j := 1 TO s.n-v - 1 BY 1; 
IF s.segments[i][J].v-transition = discontinuous THEN 

END-IF; 
END-REPEAT ; 

END-REPEAT; 
RETURN (TRUE) ; 

RETURN(FALSE); 

END-FUNCTION; -- constraints-rectangular-composite-surface 
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FUNCTION crossqroduct( 
argl, arg2: direction 

) :  vector; 

v2 : LIST [3:3] OF REAL; 
vl : LIST [3:3] OF REAL; 
mag : REAL; 
res : direction; 
result : vector; 

LOCAL 

END-LOCAL; 
IF (NOT EXISTS(arg1)) OR (argl-dim = 2) OR (NOT EXISTS(arg2)) OR (arg2 

.dim = 2) THEN 
RETURN(?); 

BEGIN 
ELSE 

vl := normalise(argl).direction-ratios; 
v2 := normalise(argS).direction-ratios; 
res.direction-ratios[ll := (v1[21 * v2[31) - (v1[31 * v2[21); 
res.direction-ratios[2] := (~1131 * v2Iil) - (vl[ll * v2[31); 
res.direction-ratios[3] := (vi[ll * v2[21) - (v1[21 * v2[11); 
mag := O; 
REPEAT i := 1 TO 3 BY 1; 

END-REPEAT; 
IF mag > O THEN 

mag :=  mag + (res.direction-ratiosfil * res.direction~ratioc[il); 

result.orientation := res; 
result-magnitude := SQRT(mag); 

result.orientation := argl; 
result.magnitude := O; 

ELSE 

END-I F ; 
RETURN ( result ) ; 

END ; 
END-IF ; 

END-FUNCTION; -- cross-product 

FUNCTION curveweightsqositive( 
b: rationalb-spline-curve 

) :  BOOLEAN; 

result : BOOLEAN := TRUE; 
LOCAL 

END-LOCAL; 
REPEAT i := O TO b.upper-index-on-control-points BY 1; 
IF b.weights[il <= O THEN 
result := FALSE; 
RETURN (result ) ; 

END-I F ; 
END-REPEAT; 
RETURN (result ; 

END-FUNCTION; -- curveweights-positive 

FUNCTION derive-dimensional-exponents ( 
x: unit 

) : dimensional-exponents; 

i : INTEGER; 
LOCAL 
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result : dimensional-exponents := dimensional-exponents(O,O,O,O,O,O, 
O ) ;  

END-LOCAL; 
IF 'SHEETMETAL.DERIVED-LJNIT' IN TYPEOF(x) THEN 
REPEAT i := LOINDEX(x.elements) TO HIINDEX(x.elements) BY 1; 
result-length-exponent := result.length-exponent + (x.elements[i]. 

exponent * x.elements[il.unit.dimensions.length~exponent); 
resuit.mass-exponent :=  result.mass-exponent + (x.elements[i]. 

exponent * x.elements[il.unit.dimensions.mass~exponent); 
result.time-exponent := result.time-exponent + (x.elements[il. 

exponent * x.elements[il.unit.dimensions.time~exponent); 
result.electric-current-exponent := result. 

electric-current-exponent + (x.elements[il .exponent * x. 
elements[i].unit.dimensions.electric-current-exponent); 

thermodynamic-temperature-exponent + (x.elements[i] .exponent * 
x.elements[i].unit.dimensions. 
thermodynamic-temperature-exponent) ; 

amount-of-substance-exponent + (x.elements[i].exponent * x. 
elements[i] .unit.dimensions.amount-of-substance-exponent); 

luminous-intensity-exponent + (x.elements[il .exponent * x. 
elements[il .unit.dimensions.luminous-intensity-exponent); 

result.thermodynamic-temperature-exponent : =  result. 

result.amount-of-substance-exponent := result. 

result.luminous-intensity-exponent := result. 

END-REPEAT; 

result := x-dimensions; 
ELSE 

END-I F ; 
RETURN (result ) ; 

END-FUNCTION; -- derive-dimensional-exponents 

FUNCTION dimension-of( 
item: geometric-representation-item 

1 :  dimension-count; 

x : SET OF representation; 
y : representation-context; 

LOCAL 

END-LOCAL; 
x := using-representations(item); 
y := x [ l ]  .context-of-items; 
RETURN(y\geometric-representation-context.coordinate-space-dimension); 

END-FUNCTION; -- dimension-of 

FUNCTION dimensions-for-si-unit( 

1:  dimensional-exponents; 

metre RETURN(dimensiona1-exponents(l,O,O,O,O,O,O)); 
gram RETURN(dimensiona1-exponents(O,l,O,O,O,O,O) 1 ;  
second RETURN(dimensional~exponents(O,O,l,O,O,O,O~ 1 ;  
ampere RETURN(dimensional~exponents(O,O,O,l,O,O,O) ) ;  
kelvin RETURN(dimensional~exponents~0,0,0,0,1,0,0) ) ;  
mole RETURN(dimensional~exponents(O,O,O,O,O,l,O) ) ;  
candela RETURN (dimensional-exponents ( O ,  O, O, O, O, O, 1) ) ; 
radian RETURN(dimensional~exponents(O,O,O,O,O,O,O) ) ;  
steradian RETURN(dimensional~exponents(O,O,O,O,O,O,O) 1 ;  

n: si-unit-name 

CASE n OF 
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hertz RETURN(dimensiona~~exponents(o,~,-~,~,~,o,O)); 
newton RETURN (dimensional-exponents (1,1, -2, O, O, O, O) ) ; 
pascal R E T U R N ( d i m e n s i o n a l ~ e x p o n e n t c ( - 1 , 1 , - 2 , 0 , 0 , 0 , 0 ) ) ;  
joule RETURN(dimensional~exponent~(2,1,-2,0,0t0,0)); 
watt RETURN(dirnenciona~~exponents(2,~,-3,~,0,~,~)); 
coulomb RETURN(dimensional~exponents(O,~,~,~,~tO,O)); 
volt RETURN(dimensional~exponents(2tl,-3,-l,0,0,0) 1 ;  
farad RETURN(dimensional~exponents(-2,-~,4,1,O,O,O)); 
Ohm RETURN(dimenciona~~exponents(2,~,-~,-~,~,~,0)); 
siemens RETURN(dirnensional~exponent~(-2,-1,3,2,0~0,0) 1; 
weber RETURN(dimensional~exponents(2,1,-2,-l,0r0,0)); 
tesla RETURN(dimensional-exponents(O,l,-2,-l,Ot0,O)); 
henry R E T U R N ( d i m e n ~ i o n a ~ ~ e x p o n e n t c ( 2 , ~ , - 2 ~ - ~ , ~ ~ ~ , 0 ) ) ;  
degreecelsius : RETURN(dimensional~exponents(O,O,O,O,ltOtO)); 
lumen RETURN(dimencional~exponents(O,O,OtO,O,O,l)); 
lux RETURN(dimensional~exponents(-2,O,O,O,O,O,l~ 1; 
bec que re 1 RETURN(dimensiona1-exponents(O,O,-l,O,O,O,O) 1;  

RETURN(dimensional~exponents(2,0,-2,0,0,0,0) 1 ;  
RETURN(dimenciona~~exponents(2,~,-2,~,~,0,0)); 

gray 
sievert 
END-CASE ; 

END-FUNCTION; -- dimensions-for-si-unit 

FUNCTION dot_product( 
argl, arg2: direction 

1 :  REAL; 

ndim : INTEGER; 
scalar : REAL; 
vecl : direction; 
vec2 : direction; 

LOCAL 

END-LOCAL; 
IF (NOT EXISTS(arg1)) OR (NOT EXISTS(arg2)) THEN 

ELSE 
scalar :=  ?; 

IF argl.dim <> arg2.dim THEN 

ELSE 
scalar := ?; 

BEGIN 
vecl :=  normalise(arg1); 
vec2 := normalise(arg2); 
ndim := argl.dim; 
scalar :=  O; 
REPEAT i := 1 TO ndim BY 1; 

direction-ratios[il); 
scalar := scalar + (vecl.direction-ratios[il * vec2. 

ENDREPEAT; 
END ; 

END-IF; 
END-I F ; 
RETURN ( scalar) ; 

END-FUNCTION; -- dot-product 

FUNCTION edge-reversed( 
an-edge: edge 

: edge; 
LOCAL 
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the-reverse : edge; 
END-LOCAL; 
IF 'SHEET-METAL.ORIENTED-EDGE' IN TYPEOF(an-edge) THEN 
the-reverse := oriented-edge(an-edge\oriented-edge.edge-element,NOT 

an-edge\oriented-edge.orientation); 

the-reverse := oriented-edge(an-edge,FALSE); 
ELSE 

END-I F ; 
RETURN(the-reverse); 

END-FUNCTION; -- edge-reversed 

FUNCTION facebound-reversed( 
a-facebound: face-bound 

) : facebound; 

the-reverse : facebound; 
LOCAL 

END-LOCAL; 
IF 'SHEET-METAL.FACE-OUTER-BOUND' IN TYPEOF(a-face-bound) THEN 
the-reverse := facebound(a-face-bound\face-bound.bound,NOT 

a-face-bound\facebound.orientation) ; 
ELSE 
the-reverse := facebound(a-facebound.bound,NOT a-face-bound. 

orientation); 
END-IF ; 
RETURN(the-reverse); 

END-FUNCTION; -- face-bound-reversed 

FUNCTION face-reversed( 
a-face: face 

1 :  face; 

the-reverse : face; 
LOCAL 

END-LOCAL ; 
IF 'SHEETMETAL.0RIENTED-FACE' IN TYPEOF(a-face) THEN 
the-reverse := oriented-face(a-face\oriented-face.face-element,NOT 

a-face\oriented-face-orientation) ; 

the-reverse := oriented-face(a-face,FALSE); 
ELSE 

END-I F ; 
RETURN(the-reverse); 

END-FUNCTION; -- face-reversed 

FUNCTION first-proj-axis( 
z-axis, arg: direction 

) : direction; 

x-vec : vector; 
V : direction; 
z : direction; 
x-axis : direction; 

LOCAL 

END-LOCAL ; 
IF (NOT EXISTS(zaxis)) OR (NOT EXISTS(arg)) OR (arg 

ELSE 
x-axis := ?; 

z-axis := normalise(z-axis); 
IF NOT EXISTS(arg) THEN 

dim <> 31 THEN 

aso  
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IF z-axis <> direction( [l,O,Ol) THEN 

ELSE 

END-IF; 

IF cross_product(arg,z).magnitude = O THEN 

ELSE 

END-I F ; 

v := direction([l,O,Ol); 

v := direction([O,l,Ol); 

ELSE 

RETURN ( ? ) ; 

v := normalise(arg) ; 

END-IF ; 
x-vec := scalar-t imes-vector(dotgroducto,z),z-axis);  
x-axis := vector-difference(v,x-vec) .orientation; 
x-axis := normalise(x-axis); 

END-IF ; 
RETURN (x-axis) ; 

END-FUNCTION; -- firstgroj-axis 

FUNCTION gbsf-check-curve( 
cv: curve 

) : BOOLEAN; 
IF SIZEOF(['SHEETMETAL.BOUNDED_CURVE','SHEET-METAL.CIRCLE', 

'SHEETMETAL.ELLIPSE'1 * TYPEOF(cv)) = 1 THEN 
RETURN (TRUE ) ; 

IF ('SHEET-METAL.B-SPLINE-CURVE' IN TYPEOF(cV)) AND (CV\ 
ELSE 

b-spline-curve.self-intersect = FALSE) THEN 
RETURN (TRUE ) ; 

IF ('SHEETMETAL.COMP0SITE-CURVE' IN TYPEOF(cv)) AND (cv\ 
ELSE 

composite-curve.self-intersect = FALSE) THEN 
RETURN(SIZEOF(QUERY ( seg <* cv\composite-curve.segments I (NOT 

gbsf-check-curve(seg.parent-curve)) ) )  = O ) ;  
ELSE 
IF SIZEOF(['SHEETMETAL.BOUNDED-CURVE', 

'SHEETMETAL.CURVEREPLICA'1 * TYPEOF(cv)) = 1 THEN 
RETURN(gbsf-check-curve(cv\curve-replica.parent-curve)); 

ELSE 
IF (SIZEOF(['SHEET-METAL.BOUNDED-CURVE', 

'SHEETMETAL.OFFSETCURVE-3D'] * TYPEOF(cv)) = 1) AND (cv\ 
offset-curve-3d.self-intersect = FALSE) THEN 

RETURN(gbsf~check~curve(cv\offset~curve~3d.bas~s~curve)); 

IF SIZEOF(['SHEETMETAL.BOUNDED_CURVE','SHEET-METAL-PCURVE'] 

RETURN(gbsf_check_curve(cv\pcurve.reference-to-curve.items 
[l]) AND gbsf-check-surface(cv\pcurve.basis-surface)); 

ELSE 

* TYPEOF(cv)) = 1 THEN 

ELSE 
IF 'SHEETMETAL.POLYL1NE' IN TYPEOF(cv) THEN 
IF (SIZEOF(cv\polyline.points) >= 3 )  AND (SIZEOF( 

bag-to-set(USEDIN(cv, ' I )  - bag-to-set(USEDIN(cv, 
' G E O M E T R Y - S C H E M A . I N T E R S E C T I O N _ C U R V E . B A S I S E ' ) ) )  = 
O) THEN 

RETURN (TRUE ) ; 
END-I F ; 
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ELSE 
IF SIZEOF(['SHEETMETAL.BOUNDED-CURVE', 

'SHEETMETAL.SURFACECURVE']  * TYPEOF(cv)) = 1 THEN 
IF gbsf-check_curve(cv\surface-curve.curve-3d) THEN 
REPEAT i := 1 TO SIZEOF(cv\surface-curve. 

associated-geometry) BY 1; 
IF 'SHEETMETAL.SURFACE' IN TYPEOF(cv\ 

surface-curve.associated-geometry[i]) THEN 
IF NOT gbsf-check-surface(cv\surface-curve. 

associated-geometry[iI) THEN 
RETURN (FALSE ) ; 

END-IF; 

IF 'SHEETMETAL.PCURVE' IN TYPEOF(cv\ 
ELSE 

surface-curve.associated~geometry[il) THEN 
IF NOT gbsf-check-curve(cv\surface-curve. 

associated-geometryti]) THEN 
RETURN (FALSE) ; 

END-I F ; 
END-I F ; 

END-I F ; 
END-REPEAT; 
RETURN ( TRUE ) ; 

END-IF ; 

IF 'SHEETMETAL-TRIMMED-CURVE' IN TYPEOF(cv) THEN 
ELSE 

IF SIZEOF(['SHEET-METAL.BOLJNDED-CURVE', 
'SHEETMETAL.LINE', 'SHEET-METAL.PARABOLA', 
'SHEETMETAL.HYPERBOLA'] * TYPEOF(cv\ 
trimmed-curve.basis-curve)) = 1 THEN 

RETURN (TRUE ) ; 

RETURN(gbsf-check-curve(cv\trimed-curve. 
ELSE 

basis-curve) 1 ;  
END-I F ; 

END-IF; 
END-I F ; 

END-IF ; 
END-I F ; 

END-IF ; 
END-I F ; 

END-IF ; 
END-IF ; 

END-I F ; 
RETURN (FALSE) ; 

END-FUNCTION; -- gbsf-check-curve 

FUNCTION gbsf-check_point( 
pnt: point 

) : BOOLEAN; 

RETURN (TRUE) ; 

IF 'SHEET-METAL.POINT-ON-CURVE' IN TYPEOF(pnt) THEN 

IF 'SHEET-METAL.CARTESIAN-POINT' IN TYPEOF(pnt) THEN 

ELSE 

RETURN (gbsf-check-curve (pnt\point-on-curve. basis-curve) ; 
ELSE 
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IF 'SHEET-METAL-POINT-ON-SURFACE' IN TYPEOF(pnt) THEN 

ELSE 
RETURN(gbsf-check-surface(pnt\point-on-surface.basis-surface)); 

IF 'SHEET-METAL-DEGENERATE-PCURVE' IN TYPEOF(pnt) THEN 
RETURN(gbsf-check-curve(pnt\degenerate_pcurve. 

reference-to-curve.items[ll) AND gbsf-check-surface(pnt\ 
degenerate_pcurve.basis-surface) 1; 

END-I F ; 
END-IF ; 

END-IF ; 
END-IF ; 
RETURN (FALSE) ; 

END-FUNCTION; -- gbsf-checksoint 

FUNCTION gbsf-check-surface( 
sf: surface 

) : BOOLEAN; 
IF ('SHEETMETAL.B-SPLINE-SURFACE' IN TYPEOF(sf)) AND (sf\ 

b-spline-surface.self-intersect = FALSE) THEN 
RETURN (TRUE ) ; 

IF SIZEOF(['SHEET-METAL.SPHER1CAL-SURFACE', 
ELSE 

'SHEET-METAL.TOR0IDAL-SURFACE'] * TYPEOF(sf)) = 1 THEN 
RETURN (TRUE ) ; 

IF 'SHEETMETAL.CURVEB0UNDED-SURFACE' IN TYPEOF(sf) THEN 
ELSE 

IF SIZEOF(['SHEETMETAL.CONICAL-SURFACE', 
' S H E E T M E T A L . C Y L I N D R I C A L _ S U R F A C E " S H E E T _ E ' ]  * 
TYPEOF(sf\curve-bounded-surface.basis-surface)) = 1 THEN 

boundaries I (NOT gbsf-check-curve(bcurve)) ) )  = O); 
RETURN(SIZEOF(QUERY ( bcurve <* sf\curvebounded-surface. 

ELSE 
IF gbsf-check-surface(sf\curve-bounded-surface.basis-surface) 

THEN 
RETURN(SIZEOF(QUERY ( bcurve <* sf\curvebounded-surface. 

boundaries I (NOT gbsfcheck-curve(bcurve)) ) )  = O); 
END-I F ; 

END-IF ; 

IF ('SHEETMETAL.OFFSET-SURFACE' IN TYPEOF(sf)) AND (sf\ 
ELSE 

offset-surface.self-intersect = FALSE) THEN 
RETURN(gbsfcheck-surface(sf\offset-surface.basis-surface)); 

IF 'SHEETMETAL.RECTANGULAR-COMPOSITE-SURFACE' IN TYPEOF(sf) 

REPEAT i := 1 TO SIZEOF(sf\rectangular-composite-surface. 

ELSE 

THEN 

segments) BY 1; 
REPEAT j := 1 TO SIZEOF(sf\rectangular-composite-surface. 

segments[il) BY 1; 
IF NOT gbsf-check-surface(sf\ 

rectangular~composite~surface.segments[il [ j l .  
parent-surface) THEN 

RETURN (FALSE) ; 
END-I F ; 

END-REPEAT; 
END-REPEAT; 
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RETURN (TRUE ) ; 

IF 'SHEET-METAL.RECTANGULAR-TRIMMED-SURFACE' IN TYPEOF(sf) 
ELSE 

THEN 
IF SIZEOF(['SHEETMETAL.CONICAL-SURFACE', 

'SHEETMETAL.CYLINDRICAL-SURFACE','SHEET-METAL.P~E'] 
* TYPEOF(sf\rectangular-tri~ed-surface.basis-surface)) 
= 1 THEN 

RETURN (TRUE ) ; 

RETURN(gbsf_check-surface(sf\rectangular-tri~ed-surface 
ELSE 

.basis-surface)); 
END-I F ; 

IF 'SHEETMETAL.SURFACE-REPLICA' IN TYPEOF(sf) THEN 
ELSE 

RETURN(gbsf-check-surface(sf\surface-replica. 
parent-surface) ) ;  

ELSE 
IF 'SHEET-METAL.SWEPT-SURFACE' IN TYPEOF(sf) THEN 
RETURN(gbsf_check-curve(sf\swept-surface.swept-curve)); 

END-I F ; 
END-I F ; 

END-IF; 
END-IF ; 

END-IF ; 
END-IF ; 

END-IF ; 
END-IF; 
RETURN (FALSE) ; 

END-FUNCTION; -- gbsf-check-surface 

FUNCTION get-basis-surface( 
c: curve-on-surface 

1 :  SET [0:21 OF surface; 

surfs : SET [0:21 OF surface; 
n : INTEGER; 

LOCAL 

END-LOCAL; 
surfs := [ I ;  
IF 'SHEET-METAL.PCURVE' IN TYPEOF(c) THEN 
surfs := [c\pcurve.basis-curface]; 

ELSE 
IF 'SHEETMETAL.SURFACECURVE' IN TYPEOF(c) THEN 
n := SIZEOF(c\surface-curve.associatedgeometr); 
REPEAT i := 1 TO n BY 1; 
surfs := surfs + associated-surface(c\surface-curve. 

associated~geometry[il); 
END-REPEAT; 

END-IF; 
END-I F ; 
IF 'SHEET-METAL.COMP0sITE-CURVE-ON-SURFACE' IN TYPEOF(c) THEN 
n := SIZEOF(c\composite-curve-on-surface.segments); 
surfs := get-basis_surface(c\composite-cu~e-on-surface.se~ents 

IF n > 1 THEN 
parent-curve); 

REPEAT i := 2 TO n BY 1; 

1 
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surfs : =  surfs * get-basis-surface(c\composite-curve-on-surface. 
segments[i] .parent-curve); 

END-RE PEAT ; 
END-IF ; 

END-IF ; 
RETURN(surfs); 

END-FUNCTION; -- get-basis-surface 

FUNCTION item-in-context( 
item: representation-item; 
cntxt: representation-context 

) : BOOLEAN; 

i : INTEGER; 
y : BAG OF representation-item; 

LOCAL 

END-LOCAL; 
IF SIZEOF(USEDIN(~tem,'SHEET~METAL.REPRESENTATION.ITEMS') * cntxt. 

representations-in-context) > O THEN 
RETURN (TRUE) ; 

y :=  QUERY ( z <* USEDIN(item, ' I )  I ( 

IF SIZEOF(y) > O THEN 

ELSE 

'SHEET-METAL.REPRESENTATION-ITEM' IN TYPEOF(z)) 1 ;  

REPEAT i := 1 TO HIINDEX(y) BY 1; 
IF item-in-context(y[i],cntxt) THEN 

END-I F ; 
END-REPEAT ; 

RETURN (TRUE ) ; 

END-I F ; 
END-IF ; 
RETURN ( FALSE) ; 

END-FUNCTION; -- item-in-context 

FUNCTION leap_year( 

) : BOOLEAN; 
year: year-number 

IF (((year MOD 4) = O) AND ((year MOD 100) <> o ) )  OR ((year MOD 400)  = 
O) THEN 

RETURN (TRUE ) ; 

RETURN (FALSE) ; 
ELSE 

END-I F ; 
END-FUNCTION; -- leapjear 

FUNCTION list-face-loops ( 
f: face 

) : LIST [O:?] OF loop; 

loops : LIST [O:?] OF IOOP :=  [ I ;  
LOCAL 

END-LOCAL; 
REPEAT i :=  1 TO SIZEOF(f.bounds) BY 1; 
loops := loops + f.bounds[i].bound; 

END-REPEAT; 
RETURN(1oops); 

END-FUNCTION; -- list-face-loops 
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FUNCTION list-of-topology-reversed( 
a-list: list-of-reversible-topology-item 

) : list-of-reversible-topology-item; 

the-reverse : list-of-reversible-topology-item; 
LOCAL 

END-LOCAL; 
the-reverse : =  [I; 
REPEAT i :=  1 TO SIZEOF(a-list) BY 1; 

END-REPEAT; 
RETURN(the-reverse); 

the-reverse : =  topology-reversed(a-list[i]) + the-reverse; 

END-FUNCTION; -- list-of-topology-reversed 

FUNCTION list-to-array( 
lis: LIST [O:?] OF GENER1C:t; 
low, u: INTEGER 

) :  ARRAY   low:^] OF GENER1C:t; 

n : INTEGER; 
res : ARRAY   low:^] OF GENER1C:t; 

LOCAL 

END-LOCAL; 
n := SIZEOF(1i.s); 
IF n <> ((u - low) + 1) THEN 

ELSE 
RETURN ( ? ) ; 

REPEAT i : =  1 TO n BY 1; 

END-REPEAT; 
RETURN (res) ; 

res[(low + i) - 13 : =  lis[i]; 

END-I F ; 
END-FUNCTION; -- list-to-array 

FUNCTION list-to-set( 
1: LIST [O:?] OF GENER1C:t 

) :  SET OF GENER1C:t; 
LOCAL 

s : SET OF GENER1C:t := [ I ;  
END-LOCAL; 
REPEAT i := 1 TO SIZEOF(1) BY 1; 

END-REPEAT; 
RETURN(s) ; 

s : =  s + l[il; 

END-FUNCTION; -- list-to-set 

FUNCTION make-array-of-array( 
lis: LIST [l:?] OF LIST [i:?] OF GENER1C:t; 
10~1, ul, low2, u2: INTEGER 

) :  ARRAY [10wl:~l] OF ARRAY [low2:~2] OF GENER1C:t; 

n2 : INTEGER; 
nl : INTEGER; 
res : ARRAY [10wl:ul] OF ARRAY [10~2:~2] OF GENER1C:t; 
res1 : LIST [I:?] OF ARRAY [low2:u2] OF GENER1C:t; 

LOCAL 

END-LOCAL; 
nl := SIZEOF(1is); 
n2 := SIZEOF(lis[l]); 

OIS0 
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IF (ni <> ((u1 - lowl) + 1)) AND (n2 <> ((u2 - low2) + 1)) THEN 

END-IF; 
REPEAT i := 1 TO nl BY 1; 

RETURN ( ? ) ; 

IF SIZEOF(1is [i] ) <> n2 THEN 

END-I F ; 
END-REPEAT; 
REPEAT i := 1 TO nl BY 1; 

END-REPEAT; 
res := list-to-array(resl,lowl,ul); 
RETURN (res 1 ; 

RETURN ( ? ) ; 

resl[i] := list-to-array(lis[i],low2,~2); 

END-FUNCTION; -- make-array-ofarray 

FUNCTION mixed-loop-type-set( 
1: SET [O:?] OF loop 

) : LOGICAL; 

LOCAL 
i : INTEGER; 
poly-loop-type : LOGICAL; 

END-LOCAL; 
IF SIZEOF(1) <= 1 THEN 
RETURN (FALSE) ; 

END-IF ; 
poly-loop-type := 'SHEET-METAL.POLY-LO0P' IN TYPEOF(lt11); -~ ~~ 

REP-ËÄT i : =  2 TO SIZEOF(1) BY 1; 
IF ('SHEETMETAL.POLY-LOOP' IN TYPEOF(l[il)) <> pOly-lOOp-type THEN 

END-IF ; 
END-REPEAT; 
RETURN (FALSE) ; 

RETURN (TRUE ) ; 

END-FUNCTION; -- mixed-loop-type-set 
FUNCTION msb-shells( 

brep: manifold-solid-brep; 
schemaname: STRING 

1 :  SET [i:?] OF closed-shell; 

RETURN(brep\brepwith-voids.voids + brep-outer); 

RETURN(tbrep.outer1); 

IF (schema-name + '.BREPWITH-VOIDS') IN TYPEOF(brep) THEN 

ELSE 

END-I F ; 
END-FUNCTION; -- msb-shells 

FUNCTION normalise( 
arg: vector-or-direction 

) :  vector-or-direction; 

ndim : INTEGER; 
V : direction; 
vec : vector; 
mag : REAL; 
result : vector-or-direction; 

LOCAL 

END-LOCAL; 
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IF NOT EXISTS(arg) THEN 

ELSE 
result := ?; 

ndim := arg.dim; 
IF 'SHEET-METAL.VECTOR' IN TYPEOF(arg) THEN 
BEGIN 
vec := arg; 
v := arg.orientation; 
IF arg.magnitude = O THEN 

ELSE 

END-I F ; 

RETURN(?) ; 

vet-magnitude := 1; 

END ; 

v := arg; 
ELSE 

END-I F ; 
mag := O; 
REPEAT i := 1 TO ndim BY 1; 

END-REPEAT ; 
IF mag > O THEN 

mag := mag + (v.direction~ratios[il * v.direction-ratios[i]); 

mag := SQRT(mag) ; 
REPEAT i := 1 TO ndim BY 1; 

END-REPEAT; 
IF 'SHEET-METAL.VECTOR' IN TYPEOF(arg) THEN 

v-direction-ratiosiil := v.direction-ratiosfil / mag; 

vec.orientation := v; 
result := vec; 

result := v; 
ELSE 

END-IF ; 

RETURN ( ? ) ; 
ELSE 

END-I F ; 
END-I F ; 
RETURN(resu1t); 

END-FUNCTION; -- normalise 

FUNCTION orthogonal-complement( 
vec: direction 

1:  direction; 

result : direction; 
LOCAL 

END-LOCAL ; 
IF (vec.dim <> 2 )  OR (NOT EXISTS(vec)) THEN 
RETURN(?); . . .  

ELSE 
result.direction~ratios[ll := -vec.direction-ratios[21; 
result.direction~ratios[21 := vet-direction-ratios[ll; 
RETURN (result ) ; 

END-I F ; 
END-FUNCTION; -- orthogonal-complement 

FUNCTION path-head-to-tail( 
agath: path 

OIS0 
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) : LOGICAL; 

n : INTEGER; 
p : BOOLEAN := TRUE; 

LOCAL 

END-LOCAL ; 
n := SIZEOF(a_path.edge-list); 
REPEAT i := 2 TO n BY 1; 
p := p AND (agath.edge-listti - l].edge-end :=: agath.edge-list[il 

.edge-start); 
END-REPEAT; 
RETURN (p)  ; 

END-FUNCTION; -- path-head-to-tail 

FUNCTION path-reversed( 
agath: path 

1 :  path; 

the-reverse : path; 

the-reverse := orientedgath(agath\orientedgath.path.path-element,NOT 

LOCAL 

END-LOCAL ; 
IF 'SHEETMETAL.0RIENTED-PATH' IN TYPEOF(agath) THEN 

agath\orientedgath.orientation); 
ELSE 

END-IF ; 
RETURN(the-reverse); 

the-reverse := oriented_path(a_path,FALSE); 

END-FUNCTION; -- path-reversed 

FUNCTION product-type-ofgroduct( 
prod: product; 
types: SET [i:?] OF product-type 

1:  product-type; 

IF prod IN types[il\product~related_product~category.products THEN 

END-IF ; 
END-REPEAT; 

REPEAT i := 1 TO HIINDEX(types1 BY 1; 

RETURN(types [il ; 

END-FUNCTION; -- product-type-ofqroduct 

FUNCTION scalar-times-vector( 
scalar: REAL; 
vec: vector-or-direction 

) :  vector; 

V : direction; 
mag : REAL; 
result : vector; 

LOCAL 

END-LOCAL ; 
IF (NOT EXISTS(sca1ar)) OR (NOT EXISTS(vec)) THEN 

ELSE 
result := ?; 

IF 'SHEETMETAL.VECT0R' IN TYPEOF(vec1 THEN 
v := vet-orientation; 
mag := scalar * vec.magnitude; 

v := vec; 
ELSE 
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mag := scalar; 
END-I F ; 
IF mag < O THEN 
REPEAT i := 1 TO SIZEOF(v.direction-ratios) BY 1; 

END-REPEAT; 
mag : = -mag; 

v.direction-ratios[i] := -v.direction-ratiosiil; 

END-IF ; 
result.orientation := normalise(v); 
result-magnitude := mag; 

END-I F ; 
RETURN (result 1 ; 

END-FUNCTION; -- scalar-times-vector 

FUNCTION secondqrojaxis ( 
z-axis, x-axis, arg: direction 

) : direction; 

temp : vector; 
V : direction; 
y-axis : vector; 

v := direction([O,l,Ol); 

v :=  arg; 

LOCAL 

END-LOCAL ; 
IF NOT EXISTS(arg1 THEN 

ELSE 

END-IF ; 
temp := scalar-times-vector(dotjroduct(v,z-axis),z-axis); 
y-axis := vector-difference(v,temp); 
temp := scalar_times-vector(dotjroduct(v,x-axis),x-axis); 
y-axis := vector-difference(y-axis,temp); 
y-axis := normalise(y-axis); 
RETURN(y-axis.orientation) ; 

END-FUNCTION; -- secondjroj-axis 

FUNCTION set-of-topology-reversed( 
a-set: set-of-reversible-topology-item 

) : set-of-reversible-topology-item; 

the-reverse : set-of-reversible-topology-item; 
LOCAL 

END-LOCAL; 
the-reverse := [ I ;  
REPEAT i := 1 TO SIZEOF(a-set) BY 1; 
the-reverse := the-reverse + topology~reversed(a~set[il); 

END-REPEAT; 
RETURN(the-reverse); 

END-FUNCTION; -- set-of-topology-reversed 

FUNCTION sheet-metal-date-correlation( 
e: sheet-metal-dateassignment 

) : BOOLEAN; 

dt-role : label; 
LOCAL 

END-LOCAL ; 
dt-role := e\date-assignment.ro1e.name; 
CASE dt-role OF 

OIS0 
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'creation' IF SIZEOF(e.items) <> SIZEOF( 
QUERY ( x c* e.items I (SIZEOF(['SHEETMETAL.' + 
'PRODUCT-DEFINITION', 'SHEET-METAL.PR0CESS-PLAN'] * TYPEOF(x)) = 
1) ) )  THEN 

RETURN ( FALSE) ; 
END-I F ; 

'revision' IF SIZEOF(e.items) c> SIZEOF( 
QUERY ( x c* e.items I (('SHEET-METAL.' + 'PRODUCT-DEFINITION') 
IN TYPEOF (x) ) ) ) THEN 

RETURN ( FALSE) ; 
END-I F ; 

'review' IF SIZEOF(e.items) c> SIZEOF( 
QUERY ( x c* e.items I (('SHEETMETAL.' + 'PROCESS-PLAN') IN 
TYPEOF(x) ) 1 )  THEN 

RETURN (FALSE) ; 
END-IF ; 

'production year' : IF SIZEOF(e.items) <> SIZEOF( 
QUERY ( x c* e.items I (('SHEETMETAL.' + 'PRODUCT-CONCEPT') IN 
TYPEOF (x) ) ) ) THEN 

RETURN (FALSE) ; 
END-I F ; 

'completion' IF SIZEOF(e.items) c> SIZEOF( 
QUERY ( x c* e.items I (('SHEET-METAL.' + 'EXECUTED-ACTION') IN 
TYPEOF(x)) ) )  THEN 

RETURN (FALSE) ; 
END-IF ; 

' order ' IF SIZEOF(e.items) c> SIZEOF( 
QUERY ( x <* e.items I ( (  'SHEETMETAL.' + 'EXECUTED-ACTION') IN 
TYPEOF (x) ) ) ) THEN 

RETURN (FALSE) ; 
END-IF; 

'preliminary review' : IF SIZEOF (e. items) c> SIZEOF ( 
QUERY ( x <* e.items I (('SHEETMETAL.' + 'EXECUTED-.ACTION') IN 
TYPEOF(x)) ) )  THEN 

RETURN (FALSE) ; 
END-I F ; 

' start ' IF SIZEOF(e.items) <> SIZEOF( 
QUERY ( x <* e.items I (('SHEETMETAL.' + 'EXECUTED-ACTION') IN 
TYPEOF(x)) ) )  THEN 

RETURN (FALSE) ; 
END-I F ; 

' request ' IF SIZEOF(e.items) c> SIZEOF( 
QUERY ( x <* e-items I (('SHEET-METAL.' + 
'VERSIONED-ACTION-REQUEST') IN TYPEOF(x)) ) )  THEN 

RETURN (FALSE) ; 
END-IF ; 

OTHERWISE RETURN (TRUE) ; 
END-CASE ; 

END-FUNCTION; -- sheetmetal-date-correlation 

FUNCTION sheet-metaldocumentAcorrelation( 
e: sheet-metal-document-reference 

) : BOOLEAN; 

doc-type : label; 
LOCAL 

END-LOCAL; 
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doc-type := e\document-reference.assigned-document.kind. 
product-data-type; 

CASE doc-type OF 
'die layout' 

SIZEOF(QUERY ( x <* e.items I ( 
'PRODUCT-DEFINITION') IN TYPEOF 

RETURN (FALSE ) ; 
END-I F ; 

'die structure' 
SIZEOF(QUERY ( X <* e.items I ( 
'PRODUCT-DEFINITION') IN TYPEOF 

RETURN (FALSE) ; 
END-IF ; 

'pattern casting' 

IF SIZEOF(e.items) <> 
'SHEET-METAL. ' + 
X I )  1 )  THEN 

IF SIZEOF(e.items) <> 
'SHEET-METAL. ' + 
X)) 1 )  THEN 

IF SIZEOF(e.items) <> 

OIS0 

SIZEOF(QUERY ( x <* e.items I (('SHEET-METAL.' + 
'PRODUCT-DEFINITION') IN TYPEOF(x)) ) )  THEN 

RETURN (FALSE) ; 
END-IF ; 

'press I IF SIZEOF (e. items) <> 
SIZEOF(QUERY ( x <* e.items I (('SHEETMETAL.' + 
'PRODUCT-DEFINITION') IN TYPEOF(x)) ) )  THEN 

RETURN (FALSE ) ; 
END-IF; 

'generating system information' : IF SIZEOF(e.items) <> 
SIZEOF(QUERY ( x <* e.items [ (('SHEET-METAL.' + 'PROCESS-PLA") 
IN TYPEOF (x) 1 ) THEN 

RETURN (FALSE ) ; 
END-I F ; 

'applicable standards' IF SIZEOF(e.items) <> 
SIZEOF(QUERY ( x <* e.items I (('SHEETMETAL.' + 
'EXECUTED-ACTION') IN TYPEOF(x)) ) )  THEN 

RETURN (FALSE) ; 
END-IF ; 

OTHERWISE RETURN (TRUE) ; 
END-CASE ; 

ENï-FUNCTION; -- sheet-metal-document-correlation 
FUNCTION sheet-metal-organization-correlation( 

e: sheet-metal-organization-assignment 
) : BOOLEAN; 

o-role : label; 
LOCAL 

END-LOCAL ; 
o-role := e\organization-assignment.ro1e.name; 
CASE o-role OF 

'design supplier' : IF SIZEOF(e.items) <> SIZEOF( 
QUERY ( x <* e.items 1 (('SHEET-METAL.' + 'PRODUCT-DEFINITION') 
IN TYPEOF(x1) 1 )  THEN 

RETURN (FALSE) ; 
END-IF ; 

'implementor' IF SIZEOF(e.items) SIZEOF( 
QUERY ( x <* e.items I (('SHEET-METAL.' + 'EXECUTED-ACTION') IN 
TYPEOF(x)) 1 )  THEN 

RETURN (FALSE) ; 
END-IF ; 

'supplier' IF SIZEOF(e.items) <> SIZEOF( 
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QUERY ( x <* e.items I (SIZEOF(['SHEET-METAL.' + 'CONTRACT', 
'SHEETMETAL.' + 'EXECUTED-ACTION'] * TYPEOF(x)) = 1) ) )  THEN 

RETURN (FALSE) ; 
END-IF ; 

'order source' IF SIZEOF(e.items) 
QUERY ( x <* e.items I (('SHEETMETAL.' 
TYPEOF (x) ) ) ) THEN 

RETURN (FALSE) ; 
END-I F ; 

'effector' IF SIZEOF(e.items) 
QUERY ( x <* e.items 1 (('SHEET-METAL.' 
TYPEOF(x) 1 1 )  THEN 

RETURN (FALSE) ; 
END-IF ; 

OTHERWISE RETURN (TRUE ) ; 
END-CASE ; 

<> SIZEOF( 
+ 'EXECUTED-ACTION') IN 

<> SIZEOF( 
+ 'EXECUTED-ACTION') IN 

END-FUNCTION; -- sheet-metal-organization-correlation 

FUNCTION sheetmetalqerson-and-organization-correlation( 
e: sheet-metal_person-and-organization-assignment 

) : BOOLEAN; 

p-org-role : label; 
LOCAL 

END-LOCAL ; 
p-org-role :=  e\person-and-organization-assignment.role.name; 
CASE p-org-role OF 

'data owner' : IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <* e. 
items I (SIZEOF( ['SHEETMETAL.' + 'PRODUCT-DEFINITION', 
'SHEETMETAL.PROCESS-PLAN'] * TYPEOF(x)) = 1) 1 )  THEN 

RETURN ( FALSE) ; 
END-I F ; 

'planner ' IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <* e. - 
items I (('SHEETMETAL.' + 'PROCESS-PLAN') IN TYPEOF(x)) ) )  
THEN 

RETURN (FALSE) ; 
END-IF ; 

' implementor ' : IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <* e 
.items I ( ( 'SHEETMETAL.' + 'EXECUTED-ACTION') IN TYPEOF(x)) ) )  
THEN 

RETURN(FALSE1; 
END-IF ; 

OTHERWISE RETURN (TRUE) ; 
END-CASE ; 

END-FUNCTION; -- sheet-metaljerson-and-organization-correlation 

FUNCTION sheet-metaljerson-correlation( 
e: sheet-metaljerson-assignment 

) : BOOLEAN; 

p-role : label; 
LOCAL 

END-LOCAL; 
p-role := e\person-assignment.role.name; 
CASE p-role OF 

'designer' IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <* 
e.items I (('SHEETMETAL.' + 'PRODUCT-DEFINITION') 
IN TYPEOF(x) 1 )  

35 1 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



~ ~ 

STD.ISO 30303-207-ENGL 1994 4853903 0800300 537 

Is0 10303-207:1999(E) OIS0 

THEN 
RETURN (FALSE ) ; 

END-IF; 
'implementor' IF SIZEOF(e.items) <> SIZEOF(QUERY ( x <* 

e.items I ( ('SHEET-METAL.' + 'EXECUTED-ACTION') IN TYPEOF(X)) 1 )  
THEN 

RETURN(FALSE); 
END-IF ; 

'purchaser' IF SIZEOF(e.items) 6 >  SIZEOF(QUERY ( x <* 
e.items I (('SHEETMETAL.' + 'CONTRACT') IN TYPEOF(x)) ) )  THEN 

RETURN(FALSE1 ; 
END-IF ; 

'work requestor' : IF SIZEOF(e.items) <> SIZEOF( 
QUERY ( x <* e.items I (('SHEETMETAL.' + 
'VERSIONED-ACTIONREQUEST') IN TYPEOF(x)) 1 )  THEN 

RETURN (FALSE) ; 
END-IF ; 

OTHERWISE RETURN (TRUE) ; 
END-CASE ; 

END-FUNCTION; -- sheetmetal_person-correlation 

FUNCTION shell-reversed( 
a-shell: shell 

) : shell; 

the-reverse : shell; 
LOCAL 

END-LOCAL ; 
IF 'SHEET-METAL-ORIENTED-OPEN-SHELL' IN TYPEOF(a-shell) THEN 
the-reverse := oriented-open-shell(a-shell\oriented-open-shell. 

open-shellelement,NOT a-shell \oriented-openshell .orientation) ; 
ELSE 
IF 'SHEETMETAL-OPEN-SHELL' IN TYPEOF(a-shell) THEN 

ELSE 
the-reverse := oriented-open-shell(a-shell,FALSE); 

IF 'SHEET-METAL.0RIENTED-CLOSED-SHELL' IN TYPEOF(a-shell) THEN 
the-reverse := oriented-closed-shell(a-shell\ 

oriented-closed-shell.closed-shell-element,NOT a-shell\ 
oriented-closed-shell.orientation); 

ELSE 
IF 'SHEETMETAL.CL0SED-SHELL' IN TYPEOF(a-shell) THEN 

ELSE 

END-IF; 

the-reverse := oriented-closed-shell(achell,FALSE); 

thereverse := ?; 

END-IF; 
END-IF; 

END-I F ; 
RETURN(the-reverse); 

END-FUNCTION; -- shell-reversed 
FUNCTION surface-weights_positive( 

b: rational-b-spline-surface 
) : BOOLEAN; 

result : BOOLEAN := TRUE; 
LOCAL 

END-LOCAL ; 
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REPEAT i := O TO b.u-upper BY 1; 
REPEAT j := O TO b-v-upper BY 1; 
IF b.weights[i][j] <= O THEN 
result := FALSE; 
RETURN (result ; 

END-I F ; 
END-REPEAT; 

END-REPEAT; 
RETURN ( result ) ; 

END-FUNCTION; -- surface-weightsqositive 

FUNCTION topology-reversed( 

1 :  reversible-topology; 

RETURN(edge-reversed(an-item)); 

an-item: reversible-topology 

IF 'SHEETMETAL.EDGE' IN TYPEOF(an-item) THEN 

END-I F ; 
IF 'SHEET-METAL.PATH' IN TYPEOF(an-item) THEN 

END-IF ; 
IF 'SHEETMETAL.FACE-BOUND' IN TYPEOF(an-item) THEN 

END-I F ; 
IF 'SHEET-METAL.FACE' IN TYPEOF(an-item) THEN 

END-IF; 
IF 'SHEETMETAL-SHELL' IN TYPEOF(an-item) THEN 

END-I F ; 
IF 'SET' IN TYPEOF(an-item) THEN 

END-IF ; 
IF 'LIST' IN TYPEOF(an-item) THEN 

END-I F ; 
RETURN(?) ; 

RETURN(path-reversed(an-item) ) ;  

RETURN(faceb0und-reversed(an-item)); 

RETUF¿N(face-reversed(an-item)); 

RETURN(shel1-reversed(an-item)); 

RETURN(set-of-topology-reversed(an-item)); 

RETURN(list-of-topology-reversed(an-item) ) ;  

END-FUNCTION; -- topology-reversed 

FUNCTION using-representations( 
item: representation-item 

) :  SET OF representation; 

results : SET OF representation; 
i : INTEGER; 
intermediate-items : SET OF representation-item; 
result-bag : BAG OF representation; 

LOCAL 

END-LOCAL; 
resultbag := USEDIN(item, 'SHEETMETAL.REPRESENTATION.1TEMS'); 
IF SIZEOF(resu1t-bag) > O THEN 
REPEAT i := 1 TO HIINDEX(resu1t-bag) BY 1; 

END-REPEAT ; 
results := results + resultbag[i]; 

END-IF ; 
intermediate-items := QUERY ( z e* bag-to-set(USEDIN(item,")) I ( 

IF SIZEOF(intermediate-items) > O THEN 
'SHEETMETAL.REPRESENTATION-ITEM' IN TYPEOF(z)) ) ;  
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REPEAT i := 1 TO HIINDEX(intermediate-items) BY 1; 

END-REPEAT; 
END-I F ; 
RETURN(resu1ts); 

results := results + using-representations(intermediate-items[i]); 

END-FUNCTION; -- using-representations 

FUNCTION valid-calendar-date( 
date: calendar-date 

) :  LOGICAL; 

THEN 
IF NOT ((1 <= date-day-component) AND tdate.day-component <= 31)) 

RETURN (FALSE) ; 
END-I F ; 
CASE date.month-component OF 
4 :  RETURN( (1 <= date.day-component) AND (date.day-component 

6 :  RETURN( (1 <= date-day-component) AND (date.day-component 

9 :  RETURN( (1 <= date.day-component) AND (date.day-component 

11 : RETURN( (1 <= date.day-component) AND (date. 

<= 30)); 

<= 30)); 

<= 30)); 

day-component <= 30)); 
2 :  BEGIN 

IF leapjear(date.year-component) THEN 
RETURN((1 <= date.day-component) AND (date.day-component <= 29)); 

ELSE 
RETURN((1 <= date.day-component) AND (date.day-component <= 28)); 

END-I F ; 
END ; 

OTHERWISE RETURN (TRUE) ; 
END-CASE ; 

END-FUNCTION; -- valid-calendar-date 

FUNCTION valid-geometrically-bounded-wf-curve( 
crv: curve; 
schma: STRING 

) : BOOLEAN; 
IF SIZEOF([schma + '.POLYLINE',schma + '.B-SPLINE-CURVE',schma + 

'.ELLIPSE',schma + '.CIRCLE'] * TYPEOF(crv)) = 1 THEN 
RETURN (TRUE ) ; 

IF (schma + '.TRIMMED-CURVE') IN TYPEOF(crv) THEN 
ELSE 

IF SIZEOF([schma + '.LINE',schma + '.PARABOLA',cchma + 
'.HYPERBOLA'] * TYPEOF(crv\trimed-curve-basis-curve)) = 1 
THEN 

RETURN (TRUE) ; 

RETURN(valid-geometrically-bo~ded-wf-curve(c~\tri~ed-cu~e. 
ELSE 

baeic-curve,echma) 1; 
END-IF ; 

IF (schma + '.OFFSET-CüRVE-3D') IN TYPEOF(crv) THEN 
ELSE 

RETURN(valid~geometrically~bounded~wf~cu~e~crv\offset~curve~3d. 
basis-curve,schma) 1; 

ELSE 
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IF (schma + '.CURVE-REPLICA') IN TYPEOF(crv) THEN 
RETURN(valid-geometrically-bounded-wf-curve(crv\curve-replica. 

parent-curve,schma)); 
ELSE 
IF (schma + '.COMPOSITE-CURVE') IN TYPEOF(crv1 THEN 
RETURN(SIZEOF(QUERY ( CCS <* crv\composite-curve.segments I 

(NOT valid-geometrically-bounded-wf-curve(ccs. 
parent-curve,schma)) ) )  = O); 

END-IF; 
END-I F ; 

END-IF ; 
END-IF ; 

END-IF; 
RETURN (FALSE) ; 

END-FUNCTION; -- valid-geometrically-bounded-wf-curve 
FUNCTION valid-geometrically-bounded-wf~oint( 

pnt: point; 
schma: STRING 

) : BOOLEAN; 

RETURN (TRUE ) ; 

IF (schma + '.POINT-ON-CURVE') IN TYPEOF(pnt) THEN 

IF (schma + '.CARTESIAN-POINT') IN TYPEOF(pnt) THEN 

ELSE 

RETURN(valid-geometrically-bounded-wf-curve(pnt\point-on-curve. 
basis-curve,schma)); 

ELSE 
IF (schma + ' .POINTREPLICA') IN TYPEOF(pnt) THEN 
RETURN(valid-geometrically-bounded-wf~oint(pnt\point-replica. 

parentst, schma) ) ; 
END-IF ; 

END-IF ; 
END-IF; 
RETURN (FALSE) ; 

END-FUNCTION; -- valid-geometrically-bounded-wfdoint 
FUNCTION valid-time( 

) : BOOLEAN; 

RETURN(EXISTS(time.minute-component)); 

RETURN (TRUE ) ; 

time: local-time 

IF EXISTS(time.second-component) THEN 

ELSE 

END-I F ; 
END-FUNCTION; -- valid-time 

FUNCTION valid-units( 
m: measure-with-unit 

) : BOOLEAN; 

IF derive-dimensional-exponents(m.unit-component) e> 
IF 'SHEETMETAL.LENGTHMEASURE' IN TYPEOF(m.value-component) THEN 

dimensional~exponents(l,O,O,O,O,O,O) THEN 
RETURN (FALSE) ; 

END-I F ; 
END-IF ; 
IF 'SHEETMETAL-MASSMEASURE' IN TYPEOF(m.value-component) THEN 
IF derive-dimensional-exponents(m.unit-component) <> 
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dirnensional~exponents(O,1,0,0,0,0,0) THEN 
RETURN (FALSE) ; 

END-I F ; 
END-I F ; 
IF 'SHEET-METAL.TIMEMEASvRE' IN TYPEOF(m.value-component) THEN 
IF derive-dimensional-exponents(m.unit-component) <> 

dimensional~exponents(O,O,l,O,O,O,O) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF ; 
IF 'SHEET-METAL.ELECTRICCURRENT-MEASURE' IN TYPEOF(m.value-component) 

THEN 
IF derive-dimensional-exponents(m.unit-component) <> 

dimensional-exponents (o ,  o, O, 1, O, O, O ) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-I F ; 
IF 'SHEET-METAL.THERMODYNAM1C-TEMPEFWTURE-MEASURE' IN TYPEOF(m. 

value-component) THEN 
IF derive-dimensional-exponents(m.unit-component) <> 

dimensional~exponents(O,O,O,O,l,O,O) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF ; 
IF 'SHEET-METAL.AMOUNT-OF-SUBSTANCE-MEASURE' IN TYPEOF(m. 

IF derive-dimensional-exponents(m.unit-component) <> 
value-component) THEN 

dimensional~exponents(O,O,O,O,O,l,O~ THEN 
RETURN (FALSE) ; 

END-IF; 
END-IF ; 
IF 'SHEETMETAL.LUMINOUS-INTENSITYMEASURE' IN TYPEOF(m. 

IF derive-dimensional-exponents(m.unit-component) <> 
valuecomponent) THEN 

dimensional-exponents ( O ,  O, O, O, O, O, 1) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF; 
IF 'SHEET-METAL.PLANE-ANGLE-MEASURE' IN TYPEOF(m.value-component) 

THEN 
IF derive-dimensional-exponents(m.unit-component) <> 

dimensional~exponents(O,O,O,O,O,O,O) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF; 
IF 'SHEET-METAL.SOLID-ANGLE-MEASURE' IN TYPEOF(m.value-component) 

THEN 
IF derive-dimensional-exponents(m.unit-component) <> 

dimensional~exponents(O,O,O,O,O,O,O) THEN 
RETURN(FALSE); 

END-IF; 
END-IF ; 
IF 'SHEET-METAL.AREA-MEASURE' IN TYPEOF(m.value-component) THEN 
IF derive-dimensional-exponents(m.unit-component) <> 

dimensional~exponents(2,O,O,O,O,O,O) THEN 
RETURN(FALSE); 
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END-IF ; 
END-I F ; 
IF 'SHEET-METAL.VOLUME-MEASURE' IN TYPEOF(m.value-component) THEN 
IF derive-dimensional-exponents(m.unit_component) <> 

dimensional~ex~onents(3~O,O,O,O,O,O) THEN 
RETURN (FALSE) ; 

END-I F ; 
END-I F ; 
IF 'SHEETMETAL.RATI0MEASURE'  IN TYPEOF(m.value-component) THEN 
IF derive-dimensional-exponents(m.unit_component) <> 

dimencional~exponents(O,O,O,O,O,O,O) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF ; 
IF 'SHEETMETAL.POSITIVE-LENGTH-MEASURE' IN TYPEOF(m.value-component) 

THEN 
IF derive-dimensional-exponents(m.unit_component) <> 

dimensional~exponents(l,O,O,O,O,OIO) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF ; 
IF *SHEETMETAL.POSITIVE-PLANE-ANGLE-MEASURE' IN TYPEOF(m. 

value-component) THEN 
IF derive-dimensional-exponents(m.unit_component) <> 

dimensional~exponents(O,O,O,O,O,O,O) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF ; 
RETURN ( TRUE ) ; 

END-FUNCTION; -- valid-units 
FUNCTION valid-wireframeedge-curve( 

crv: curve; 
schma: STRING 

) : BOOLEAN; 
IF SIZEOF([schma + '.LINE',schma + '.CIRCLE',schma + '.ELLIPSE',schma 

+ '.PARABOLA',schma + '.HYPERBOLA',schma + '.B-SPLINE-CURVE',schma 
+ '.POLYLINE'] * TYPEOF(crv)) = 1 THEN 

RETURN (TRUE) ; 

IF (schma + ' .CURVE-REPLICA' ) IN TYPEOF(crv) THEN 
ELSE 

RETURN(valid-wireframe-edge-curve(crv\curve-replica.parent-curve, 
schma) ) ; 

ELSE 
IF (schma + '.OFFSETCURVE_3D') IN TYPEOF(crv) THEN 
RETURN(valid~wireframeedge_curve(crve(crv\offset~curve~3d. 

basis-curve,schma)); 
END-IF : 

END-IF ; 
END-IF ; 
RETURN (FALSE) ; 

END-FUNCTION; -- valid-wireframe-edge-curve 

FUNCTION valid-wireframe-vertex_point( 
pnt: point; 
schma: STRING 
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) : BOOLEAN; 

RETURN (TRUE ) ; 

IF (schma + '.POINT-REPLICA') IN TYPEOF(pnt) THEN 

IF (schma + '.CARTESIAN_POINT') IN TYPEOF(pnt) THEN 

ELSE 

RETURN(valid~wireframe_vertex_point(pnt\point~rep~ica.parent~t, 
schma) ) ; 

END-IF; 
END-IF ; 
RETURN (FALSE) ; 

END-FUNCTION; -- valid-wireframe-vertex_point 

FUNCTION vector-difference( 
argl, arg2: vector-or-direction 

) :  vector; 

ndim : INTEGER; 
mag2 : REAL; 
magl : REAL; 
mag : REAL; 
res : direction; 
vecl : direction; 
vec2 : direction; 
result : vector; 

LOCAL 

END-LOCAL ; 
IF (NOT EXISTS (argl ) OR (NOT EXISTS (arg2 1 ) OR (argl .dim <> arg2. dim) 

THEN 
result := ?; 

ELSE 
BEGIN 
IF 'SHEETMETAL.VECTOR' IN TYPEOF(arg1) THEN 
magl := argl-magnitude; 
vecl := argl-orientation; 

magl := 1; 
vecl := argl; 

ELSE 

END-IF ; 
IF 'SHEET-METAL.VECTOR' IN TYPEOF(arg2) THEN 
mag2 := arg2.magnitude; 
vec2 := arg2.orientation; 

mag2 := 1; 
vec2 := arg2; 

ELSE 

END-I F ; 
vecl := normalise(vec1); 
vec2 := normalise(vec2); 
ndim := SIZEOF(vecl.direction-ratios); 
mag := O; 
REPEAT i := 1 TO ndim BY 1; 
res.direction-ratios[il := (magl * vecl.direction-ratios[i]) - ( 

mag2 * vec2.direction~ratios[il); 
mag := mag + (res.direction-ratios[il * res.direction~ratios[il); 

END-REPEAT; 
IF L g  > O-THEN 
result-magnitude := SQRT(mag); 
result.orientation := res; 
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ELSE 
result.magnitude :=  O; 
resu1t.orientation := vecl; 

END-I F ; 
END ; 

END-I F ; 
RETURN(resu1t) ; 

IS0 10303-207:1999(E) 

END-FUNCTION; -- vector-difference 
END-SCHEMA; -- sheet-metal 
( *  
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Long Name 

AXIS2-PLACEMENT-2D 

AXIS2PLACEMENT-3D 

ADV ANCED-BREP-S WE-REPRESENTATION 

ACTION-METHOD-RELATIONSHIP 

ACTION-PROPERTY-REPRESENTATION 

ACTIONJ¿EQIJEST-SOLüïïON 

ACTION-RESOURCE-REQUIREMENT 

ACTION_RESOURCE-TïPE 

ACTION-ASSIGNMENT 

ACTION-DIRECTIVE 

ACTION 

ACTION-METHOD 

ACTION-PROPERTY 

ACTION-RELATIONSHIP 

Annex B 
(normative) 

Short Name 

A2PL2D 

A2PL3D 

ABSR 

ACMTRL 

ACPRRP 

ACRQSL 

ACRSRQ 

ACRSTY 

ACTASS 

ACTDRC 

ACTION 

ACTMTH 

ACTPRP 

ACTRLT 

AIM short names 

OIS0 

Table B.l provides the short names of entities specified in the AIM of this part of IS0 10303. Requirements on the 
use of the short names are found in the implementation methods included in I S 0  10303. 

Table B.l - AIM short names of entities 
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Table B.1- AIM short names of entities (continued) 

Short name 

ACTRSR ACTION-RESOURCE 

ASSEMBLY-COMPONENT-USAGE-SUBSTIm 

ADVANCED-FACE 

ACTION-METHOD_WITH_ASSOCIATED_DOCUMENTS 

ACUS 

ADVFC 

AMWAD 

ANGLCT ANGULAR-LOCATION 

APCNEL APPLIC ATION-CONTEXTELEMENT 

APDTTM APPROVAI-DATE-TIME 

APPROVAL-ASSIGNMENT APPASS 

APPCNT APPLICATION-CONTEXT 

APPLICATION-PROTOCOL-DEFINITION APPRDF 

APPRL APPROVAL-ROLE 

APPROV Ai-PERSON-ORG ANEATION 

APPROVAL 

APPROVAL-STATUS 

APPROR 
~~ 

APPRVL 

APPSTT 

ASSEMBLY-COMPONENT-US AGE ASCMUS 

AXlPLC 

BLNRSL 

AXIS 1 -PLACEMENT 

BOOLEAN-RESULT 

BLOCK 

BOUNDARYCURVE 

BLOCK 
~ 

BNDCR 
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Table B . l -  AIM short names of entities (continued) 

Long name 

BOUNDED-CURVE 

BOUNDED-SURF ACE 

BREP-WITH-VOIDS 

B-SPLINE-CURVE-WITH-KNOTS 

B-SPLINE-CURVE 

B-SPLINE-SURFACE 

BSPLINE_SURFACE-WITH-H_KNOTS 

BOX-DOMAIN 

BOXED-HALF-SPACE 

BEZIER-CURVE 

BEZIER-SURFACE 
~~ 

COMPOSITE-CURVE-ON-SURFACE 

CHANGE-ORDER 

CIRCLE 

CALENDAR-DATE 

CLOSED-SHELL 

COMPOSITE-CURVE-SEGMENT 

COMPOSITE-CURVE 

CONVERSION-BASED-üNIT 

OIS0 

Short name 

BNDCRV 

BNDSIW 

BRWTVD 

BSCWK 

BSPCR 

BSPSR 

BSSWK 

BXDMN 

BXHLSP 

BZRCRV 

BZRSRF 

CCOS 

CHNORD 

CIRCLE 

CLNDT 

CLSSHL 

CMCRSG 

CMPCRV 

CNBSUN 
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Table B . l -  AIM short names of entities (continued) 

I Long name Short name 

I CONICAL-SURFACE CNCSRF 

CNDPUN CONTEXT-DEPENDENï-UNIT 

CNEDST CONNECTEDEDGE-SET 

CONNECTED-FACE-SET CNFCST 

CNFDSG CONFIGURATION-DESIGN 

CONFIGURATION-ITEM CNFITM 

CNTASS CONTRACT-ASSIGNMENT 

CONTRACT CNTRCT 

CONTRACT-TYPE 

CONIC CONIC 

CüRVEBOUNDED-SURFACE CRBNSR 

CRTF"T c ARTESIAN-POINT 

C ARTESIAN-TRANSFORM ATION-OPERATOR CRTROP 

CRVRPL I CURVE-REPLICA 

CSGSLD CSG-SOLID 

CSG-SHAPE-REPRESENTATION CSSHRP 

CT03 

CURVE CURVE 

CUTO COORDINATED-UNIVERS AL-TIME-OFFSET 
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CYLINDRICAL-SURFACE 

DATE-ANJI-TIME-ASSIGNMENT 

DATE 

DATUM 

DOCUMENT 

DOCUMENT-REFERENCE 

DOCUMENT-TYPE 

DIE-DEFINiTION-CONSTR4INT-RELATIONSHP 

DIE-DEFINITION-CONSTRAINT-SUJ3STITWïE 

DEHIVITIONAL-REPRESENTATION 

DEGENERATE-PCURVE 

DEGENERATE-TOROIDAI-SL_sURFACE 

DIMENSIONAL-LOC ATION-WITH-PATH 

DIMENSIONAL-CHARACTERISTIC-REPRESENTATION 

DIMENSIONAL-EXPONENTS 

DIMENSIONAL-LOCATION 

DIMENSIONAL-SIZE 

DIRECTED-ACTION 

DIRECTION 

OIS0 

CYLSRF 

DATA 

DATE 

DATUM 

DCMNT 

DCMRFR 

DCMTYP 

DDCR 

DDCS 

DFNRPR 

DGNPCR 

DGTRSR 

D L W  

DMCHRP 

DMNEXP 

DMNLCT 

DMNSZ 

DRCACT 

DRCTN 

Table B . l -  AIM short names of entities (continued) 

Long name I Short name 
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STD-ISO 10303-207-ENGL 1999 4853903 0800LL3 195 m 

OIS0 IS0 10303-207:1999(E) 

Table B.1- AIM short names of entities (continued) 

I Long name I Shortname 

I DERIVED-UNITELEMENT 1 DRUNEL 

I DERIVED-UNIT I DRVUNT 

DATE-ASSIGNMENT DTASS 

DATED-EFFECTIVITY DTDEFF 

DATUM-REFERENCE DTMRFR 

I DATUM-TARGET I DTMTRG 

DATE-ROLE DTRL 

DATE-l'ME-ROLE DlTIVlRL 

E K E - B  ASED-WIREME-MODEL EBWM 

EDGE-B ASED-WIRE WE-SHAPE-REPRESENTATION EBWSR 

EDGECURVE EDGCRV 

EDGE EDGE 

EDGE-LOOP EDGLP 

EFFECTIVITY EFFCTV 

ELLIPSE ELLPS 

ELEMENTARY-SURFACE ELMSRF 

EVALUATED-DEGENERATE-PCURVE EVDGPC 

EXTRUDED-ARE A-SOLID EXARSL 
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IS0 10303-207: 1999(E) 

Table B.l - AIM short names of entities (continued) 

I Long name 

EXEC UTED ACTION 

FACE 

FACETED-BREP-SHAPE-REPRESENTATION 

FACE-BOUND 

FACE-OUTER-BOUND 

FACE-SURFACE 

I FACETED-BREP 

I FUNCTIONALLY-DEFiNED-TRANSFORMATION 

GEOMETRICALLY-BOUNDED-SURFACE-SHAPE-REPRESENTATION 

GEOMETRICALLY-BOUNDEDWIREFRAMESHAPE_REPRE 

GLOB AL~UNCERTAINïY~ASSIGNTiiD~CONïEXT 

GEOMETRIC-CURVE-SET 

GEOMETRIC-REPRESENTATION-CONTEXT 

GEOMETRIC-REPRESENTATION-ITEM 

GEOMETRIC-SET 

GEOMETRIC-TOLERANCE 

GEOMETRIC-TOLERANCE-WITH-DATUM-REFERENCE 

HALF-SPACE-SOLID 

HYPERBOLA 

OIS0 

Short name 

EXCACT 

FACE 

FBSR 
~~ 

FCBND 

FCOTBN 

FCSRF 

FCTBR 

FNDFTR 

GBSSR 

GBWSR 

Gc 

GMCRST 

GMRPCN 

GMRPIT 

GMTST 

GMTTZR 

GTWDR 

HLSPSL 

HYPRBL 
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IS0 10303-207: 1999(E) 

Table B . l -  AIM short names of entities (continued) 

I I Long name Short name 

I INPUT-ITEM-DIE-RELATIONSHIP I IIDR 

I INTCRV 

ITEM-DEFINED-TRANSFORMATION ITDFTR 

LOCAL-TIME LCLTM 
I I I LINE I LINE 

1 LIMITS-AND-FITS I LM- 

LENGTH-MEASüRE-WITH-üNIT LMWU 

LENGTH-LJNIT L N G W  

LOOP LOOP 

MODIHED-GEOMETRICTOLERANCE MDGMTL 

M AKE-FROM-US AGE-OPTION MFUO 

MANIFOLD-SOLIDBREP MNSLBR 

MAPPED-ITEM MPPITM 

I MEASLJRE-REPRESENTATION-ITEM I MSRPIT 

M ANIFOLD-SURFACE-SHAPE-REPRESENTATION MSSR 

MEASURE-WITH-UNIT MSWTUN 

M ATERIAL-PROPER" MTFWFW 

NAMED-UNIT NMDUNT 

OFFSET-CURVE-3D OFCR3D 
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Table B . l -  AIM short names of entities (continued) 

I Long name 

OFFSET-SURFACE 

OPEN-SHELL 

ORIENTED-CLOSED-SHELL 

ORDINAL-DATE 

ORGANIZATION-ASSIGNMENT 

ORGANIZATION 

ORGANIZATION-ROLE 

ORIENTED-EDGE 

ORIENTED-FACE 

ORIENTED-PATH 

ORIENTED-OPEN-SHELL 

OUTER-BOUNDARY-CURVE 

PLANE-ANGLE-MEASURE-WITi--UNIT 

PERSON-AND-ORG ANEATION-ASSIGNMENT 

PERS ON- AND-ORGANIZATI ON-ROLE 

PATH 

PCüRVE 

PRODUCT~DEF"ION~FORMATION~WITH~SPECIFIED~SOURCE 

PRODUCT-DEFINITION-WITH-ASSOCI ATED-DOCUMENTS 

OIS0 

Short name 

OPNSHL 

ORCLSH 

ORDDT 

ORGASS 

ORGNZT 

ORGRL 

ORNEDG 

ORNFC 

O R "  

OROPSH 

OTBNCR 

PAMWU 

PAOA 

PAOR 

PATH 

PCURVE 

PDFWSS 

PDWAD 
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Table B.l - AIM short names of entities (continued) 

I Long name 

, 
Short name 

PERSON PERSON 

PLANE 

PLANE-ANGLE-UNIT P L A "  

PLACEMENT PLCMNT 

PLMNTL PLUSMINUS-TOLERANCE 

POLYLINE PLYLN 

PLYLP POLY-LOOP 

PHYSICALLY MODELLED-PRODUCT-DEFINITION PMPD 

POINT-ON-CURVE PNONCR 

POINT-ON-SURFACE PNONSR 

PNTRPL POINT-REPLIC A 

POINT 

PERSON-AND-ORG ANIZATION 

PARABOLA 

POINT 

PRANOR 

I PRODUCT-CONCEPT-CONTEXT PRCNCN 

PRCPLN PROCESSPLAN 

PRODUCT-C ATE WRY-RELATIONSHIP 

PRODUCT-CONCEPT 

PRODUCT-CONTEXT 

PRCTRL 

PRDCNC 

PRDCNT 
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Table B . l -  AIM short names of entities (continued) 

Long name 

PRODUCT 

PRODUCT-CATEGORY 

I PRODUCT-DEFINITION 

PRODUCT-DEFINITION-CONTEXT 

PRODUCT-DEFINITION-EFFECTIVITY 

PRODUCT-DEFINITION-FORMATION 

PRODUCT-DEFíNiTION-PROCESS 

PRODUCT-DEFINITION-RELATIONSHIP 

PROPERTY-DEFiNITION-REPRESENTATION 

PRODUCT-DEFINITION-SUBSTITUTE 

PRODUCT-DEFWITION-SHAPE 

PRODUCT-DEFíNITION-US AGE 

PRODUCT-TYPE 

PRODUCT-RELATED-PRODUCT-C ATE WRY 

PROPERTY-DEFINITION 

PROCESS-PRODUCT-ASSOCIATION 

PARAMETRIC-REPRESENTATION-CONTEXT 

PERSON-ASSIGNMENT 

PERSON-ROLE 

OIS0 

Short name 

PRDCT 

PRDCTG 

PRDDFN 

PRDFCN 

PRDFEF 

PRDFFR 

PRDFPR 

PRDFRL. 

PRDFRP 

PRDFSB 

PRDFSH 

PRDFUS 

PRDTYP 

PRPC 

PRF'DFN 

PRF'F¿AS 

PRRPCN 

PRSASS 

PRSRL 
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Table B.1- AIM short names of entities (continued) 

I Long name 

PROMISSORY-US AGE-OCCVRRENCE 

QUANTiFIED-ASSEMBLY-COMPONENT-US AGE 

QUASI-UNIFORMCURVE 

QUASI-UNIFORM-SURFACE 

RATION AL-B-SPLINECURVE 

I RATIONAL-B-SPLINE-SURFACE 

RECTANGULAR-COMPOSITJ-SURFACE 

REPAR4METRISED-COMPOSITE-CURVE-SEGMENT 

RECTANGULAR-TRIMMED-SURFACE 

REQvIREMENT-FOR-ACTION-RESOURCE 

I RIGHT-ANGULAR-WEDGE 

RIGHT-CIRCULAR-CONE 

RIGHT-CIRCULAR-CYLINDER 

REPLACEMENT-RELATIONSHIP 

I REPRESENTAïïON-CONTEXT 

REPRESENTATION-ITEM 

REPRESENTATION-MAP 

REPRESENTATION-RELATIONSHIP 

REPRESENTATION 

Short name 

PRUSOC 

QACU 

QSUNCR 

QSUNSR 

RBSC 

RBSS 

RCCMSR 

RCCS 

RCTRSR 

WAR 

RGANWD 

RGCRCN 

RGCRCY 

RPLRLT 

RPRCNT 

RPRITM 

RPRMP 

RPRRLT 

RPRSNT 
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Table B . l -  AIM short names of entities (continued) 
~~ I Long name 

REPRESENTATIONJ¿ELATIONSHIP~WITH~TRANSFORMATION 

RESOURCE-PROPERTY-REPRESENTATION 

RESOURCE-PROPERTY 

REVOLVED-AREA-SOLID 

SHELL-BASED-SURFACE-MODEL 

SHELL-B ASED-WIREFRAME-MODEL 

SHELL-BASED-WIREFRAME-SHAPE-REPRESENTATION 

SECURITY-CLASSIFICATION-ASSIGNMENT 

SECURITY-CLASSIFICATION-LEVEL 

SECURITY-CLASSIFICATION 

SHAPE-ASPECT-RELATIONSHIP 

SHAPE-DEFINITION-REPRESENTATION 

SHAPE-DIMENSION-REPRESENTATION 

SHAPE-ASPECT 

SHAPE-REPRESENTATION 

SHAPE-REPRESENTATION-RELAïïONSHIP 

S URFACE-OF-LINEAR-EXTRUSION 

SOLID-MODEL 

SOLID-REPLICA 

OIS0 

Short name 

RRWT 

RSPRRP 

RSRPRP 

RVARSL 

SBSM 

SBWM 

SBWSR 

SCCLAS 

SCCLLV 

SCRCLS 

SHASRL 

SHDFRP 

SHDMRP 

SHPASP 

SHPRPR 

SHRPRL 

SL 

SLDMDL 

SLDRPL 
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SURFACE-PATCH 

OIS0 

SRFPTC 

IS0  10303-207:1999(E) 

Table B.1 - AIM short names of entities (continued) 

Long name Short name I 
SHEET-METAL-APPROVAL-ASSIGNMENT SM 

SHEET-METAL-ACTION-ASSIGNMENT SMAA 

SHEET-METAL-CONTRACT-ASSIGNMENT SMCA 

SEAMCURVE SMCRV 

SHEET-METAL-DATE-ASSIGNMENT SMDA 

SHEET-METAL-DATE-AND-TIME_ASSIGNMENT SMDATA 

SHEET-METAL-DOCUMENT-REFERENCE SMDR 

SHEET-METAL-ORGANIZATION-ASSIGNMENT SMOA 

SHEET-METAL-PERSON-ASSIGNMENT SMPA 

SHEET-METAL-PERSON-AND-ORGANIZATION-ASSIGNMENT SMPAOA 

SHEET-METAL-SECURITY-CLASSIFICATION-ASSIGNMENT SMSCA 

SEQUENCED-PRODUCT-DEFINITION_RELATIONSHIP SPDR 

SPHERE SPHERE 

SPHERIC AL-SURFACE SPHSRF 

SEQUENTIAL-METHOD SQ" 

SERIAL-ACTION-METHOD I SRACMT 

SURFACE I SRFC 

SURFACE-CURVE I SRFCRV 
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SERIAL-NUMBERED-EFFECTIVIW 

SURFACEOF-REVOLUTION 

START-ORDER 

SI-UNIT 

S WEFT-AREA-SOLID 

SWEPT-SURFACE 

IS0 10303-207:1999(E) 

SRNMEF 

SROFRV 

STRORD 

SUNT 

SWARSL 

SWPSRF 

Table B . l -  AIM short names of entities (continued) 

~ 

TOLERANCE-VALUE TLRVL 

TOLERANCE-ZONE TLRZN 

TOLERANCE-ZONE-DEFINiTiON TLZNDF 

TOLERANCE-ZONE-FORM TLZNFR 

OIS0 

TOPOLOGICALJ¿EPRESENTATION~ITEM 

TOROIDAL-SURFACE 

TRIMMED-CURVE 

Long name I 

TPRF'IT 

TRDSRF 

TRMCRV 

I Shortname 

UNCERTAINTY-MEASüRE-WITH-UNIT UMWU 

UNIFORM-CURVE W C R V  
i 

I SURFACEJEPLICA 

I-TORUS I TORUS 
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IS0 10303-207:1999(E) 

Table B.l - AIM short names of entities (concluded) 

I Long name 

UNIFORM-SURFACE 

VECTOR 

VERTEX 

VERSIONEDACTION-REQvEST 

VERTEX-LOOP 

VERTEX-POINT 

VERTEX-SHELL 

WEEK-OF-Y EAR-AND-DAY-DATE 

WORK-ORDER 

I WORK-ORDER-RELATIONSHIP 

WIRE-SHELL 

Short name 

UNFSRF 

VECTOR 

VERTEX 

VRACRQ 

VRTLP 

VRTPNT 

VRTSHL 

WOYADD 

WRKORD 

WRORRL 

WRSHL 
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Annex C 
(normative) 

OIS0 

Implementation method-specific requirements 

The implementation method defines what types of exchange behavior are required with respect to this part of IS0 
10303. Conformance to this part of I S 0  10303 shall be realized in an exchange structure. The file format shall be 
e n d e d  according to the syntax and EXPRESS language mapping defined in I S 0  10303-21 and in the AIM defined 
in annex A of this part of IS0 10303. The header of the exchange structure shall identify use of this part of IS0 10303 
by the schema name 'sheet-metal'. 
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IS0 10303-207:1999(E) 

Annex D 
(normative) 

Protocol Implementation Conformance Statement (PICS) proforma 

This clause lists the optional elements of this part of I S 0  10303. An implementation may choose to support any 
combination of these optional elements. However, certain combinations of options are likely to be implemented 
together. These combinations are called conformance classes and are described in the subclauses of this annex. 

This annex is in the form of a questionnaire. This questionnaire is intended to be filled out by the implementor and 
may be used in preparation for conformance testing by a testing laboratory. The completed PICS proforma is referred 
to as a PICS. 

A number of options are identified in this standard for possible use by conforming implementations. Some of these 
options may be dynamically (run-time) selected for use or non-use, for instance, OPTIONAL attributes of an entity. 
Others shall be statically (configuration-time) selected for use or non-use, such as a particular style of shape 
representation as defined in a conformance class. 

Questions: 

For simplicity of reference, an identifier for the product or system with which the tested STEP implementation is 
packaged in or procured by is required. 

1. Product or system identifier (or name): 

A conforming implementation shall provide at least conformance class 1 functionality for I S 0  10303-207. There are 
fourteen classes defined in this international standard. Each class specifies a subset of IS0 10303-207 AIM constructs. 
These classes are detailed in clause 6 of this document. 

2. Claimed classes of conformance (functionality) - circle choices: 
1-(PM Only) 

3-(PM & Wireframe & Topology) 
4-(PM & Wireframe & Surface & No Topology) 
5-(PM & Manifold Surfaces & Topology) 
6-(PM & Faceted BREP) 
7-(PM & Advanced BREP) 

9-(PM & PPLAN & Wireframe & Topology) 
10-(PM & PPLAN & Wireframe & Surface & No Topology) 
1 1-(PM & PPLAN & Manifold Surfaces & Topology) 
12-(PM & PPLAN & Faceted BREP) 
13-(PM & PPLAN & Advanced BREP) 

2-(PM & PPLAN) 

8-(PM & CSG) 

14-(PM & PPLAN & CSG) 
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IS0 10303-207: 1999(E) OIS0 

Conformance to this international standard may be realized in one or more of several different implementation 
methods. The implementation methods define what types of implementation behavior are required with respect to this 
international standard. 

3. Claimed implementation forms - circle choices: 

Implementation methods: Clear text encoding of the exchange structure (IS0 10303-21) 
Implementation methods: Standard data access interface specification (IS0 10303-22) 

If the implementation receives data that does not comply with the requirements in this international standard for the 
selected conformance class(es), or with the requirements of the 20s series of parts for the selected implementation 
method, it shall execute a default response. A default response shall be statically set. 

4. Default Response: 

A conforming implementation shall maintain the static options selected throughout subsequent dynamic assessment 
(testing) without requiring modification. In a user environment, a conforming implementation shall permanently 
maintain the provision of selected static options, or it shall provide users discretionary control over the changing and 
setting of the static options, or both (depending on the option). 

5.  Does the IUT provide any user discretion over the changing and setting of static options? 

Yes or No 

6. If yes, which ones? 

(a) Conformance class(es): 

(b) Default Response: 

A statement of conformance shall include identification of at least one party deeming conformance for the 
implementation. 

7. Evaluator(s) (tester or certifier or accreditor): 

378 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



OIS0 

STD-IS0 L0303-207-ENGL 1999 H 485L903 0800327 78T 
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Annex E 
(normative) 

Information object registration 

E.1 Document identification 

In order to provide for unambiguous identification of an information object in an open system, the object identifier 

(is0 standard 10303 part(207) version(0)) 

is assigned to this part of IS0  10303. The meaning of this value is defined in ISO/IEC 8824- 1. and is described in IS0 
10303- 1. 

E.2 Schema identification 

To provide for unambiguous identification of the schema specifications given in this application protocol sheet-metal 
in an open information system, object identifiers are assigned as follows: 

(is0 standard 10303 part(207) version(0) object( 1) sheet-metal-schema( i)) 

is assigned to the sheet-metal expanded schema (see annex A). 

(is0 standard 10303 part(207) version(0) object( 1) sheet-metal-schema(2)) 

is assigned to the sheetmetal short form schema (see 5.2). 

The meaning of these values is defined in ISO/IEC 8824-1, and is described in IS0 10303-1. 
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Annex F 
(normative) 

Application interpreted constructs 

An application interpreted construct (AIC) provides a logical grouping of interpreted constructs that supports a specific 
functionality for the usage of product data across multiple application contexts. An interpreted construct is a common 
interpretation of the integrated resources that supports shared information requirements among application protocols. 

This annex specifies the application interpreted constructs for IS0 10303-207. 

NOTE - RESOLUTION 286: (Kobe June 1996) 
"SC4 resolves that 
- an AIC shall be published as a separate part (500-series document) 
- AI'S shall reference AICs only as a normative reference 
- AICs shall be at the same or advanced voting status as an AP in which it is being used at the time of the AF"s DIS 
or FDIS ballot. 

SC4 authorises exemption for 10303-202 and 10303-207, recognising the current ballot status of these documents." 

As a result of this resolution, IS0 10303-202 and IS0 10303-207 will have a variation in the annex sequence as 
defined by the IS0 TC184/SC4/N433 Guideline for the development and approval of STEP application protocols, 
Version 1.2 and IS0 TC184/N-432 Supplementary directives for the drafîing and presentation of I S 0  10303. 
Annex F of this part of IS0 10303 contains text copied verbatim from applicable AICs. 

F.l Application interpreted construct 501: Edge-based wireframe 

F.l.l Scope 

This application interpreted construct specifies the interpretation of the integrated resources to satisfy 
requirements for the representation of the product shape using three-dimensional wireframe models which are 
bounded by a set of connected edge sets. 

I The following are within the scope of this AiC: 

- the representation of wireframe models that are described by a graph of edges and vertices where the 
edges intersect only at their vertices; 

- the representation of a wireframe model by one or more connected edge sets which shall not overlap or 
intersect except at their vertices or edges; 

- points defmed in a three-dimensional coordinate space; 
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- curves, including b-splines, defined in a three-dimensional coordinate space; 

- the representation of a single wireframe model or an assembly of wireframe models. 

The following are outside the scope of this AIC: 

- geometry defined in a two-dimensional coordinate space; 

- surface geometry; 

- solid geometry; 

- shell topology. 

F.1.2 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the 
types, entity specializations, and functions that are specific to this AIC. 

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not 
imported into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of I S 0  10303-1 1. References to eliminated constructs are outside the scope of the MC. 

* I  
SCHEMA aic-edgebased-wireframe; 

USE FROM geometric-model-schema 
(edge-based-wireframe-model) ; 

USE FROM geometry-schema 
(axis2qlacement-3 d, 
b-spline-curvewith-knots, 
bezier-curve, 
cartesian-transformation-operator-3d, 
circle, 
conic, 
curve, 
curve-replica, 
el 1 ipse, 
geometric-representation-context, 
hyperbola, 
line, 
offset-curve-3d, 
parabola, 
point , 
point-on-curve, 
point-replica, 
polyline , 
quasi-uniform-curve, 

-- IS0 10303-42 

-- IS0 10303-42 
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rational-b-spline-curve, 
uni f om-curve ; 

USE FROM product-property-representation-schema 
(shape-representation); 

(mapped-item); 
USE FROM representation-schema 

USE FROM topology-schema 
(edge-curve , 
edge-loop, 
vertex-loop, 
vertexqoint); 

( *  

OIS0 

-- IS0 10303-41 

-- IS0 10303-43 

-- IS0 10303-42 

NOTE 2 - The Schemas referenced above can be found in the following parts of I S 0  10303: 

geometric-model-schema IS0 10303-42 
geometry-schema I S 0  10303-42 
product-propert y-represen tationsc hema I S 0  10303-41 
representation-schema I S 0  10303-43 
topolog y-schema IS0 10303-42 

F.1.2.1 aic-edge-based-wireframe entity definition: edge-based--wireframe-- 
shape-representation 

An edge-based-wirefrme-shape-representation is a three-dimensional shape-representation which 
represents the shape, or a portion of the shape, of a product by wireframes which are trimmed by edge 
topology. This includes all 3D curves and topological entities which define a graph of vertices and edges. 

NOTE - An application protccol that uses this AIC may ensure that the shape-representation entity is instantiated 
as an edge-based-wireframe-shape-representation. 

EXPRESS suecification: 

* )  
ENTITY edge-based-wireframe-shape-representation 

WHERE 
SUBTYPE OF (shape-representation]; 

WR1: SIZEOF (QUERY (it <* SELF.items I 
NOT (SIZEOF(['AIC~EDGE~BASED~WIREFRE.EDGE~BASED~WIREFRE~MODEL', 

'AIC-EDGE-BASED-WIREFRAME.MAPPED-ITEM', 
' AICIEDGEIBASED-WIREFRAME . AXISZ-PLACEMENT-3D ' ] * 

TYPEOF (it)) = 1 
1 ) )  = o; 

WR2: SIZEOF (QUERY (it <* SELF.items I 
SIZEOF(['AIC-EDGE-BASED_WIREFRAME.EDGE-BASED-WIREF~E-MODEL'~ 

I AIC-EDGE-BASED-WIREFRAME . MAPPED-ITEM ' 1 * TYPEOF (it ) 
= 1)) >= 1; 
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WR3: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items I 
('AIC-EDGE-BASED-WIREFRAME.EJXE-BASED-WIREFRAME-MODEL' 

NOT (SIZEOF (QUERY (eb <* ebwm\edge-based-wireframe-model. 
IN TYPEOF (it))) I 

ebm-boundary I 
NOT (SIZEOF (QUERY (edges <* eb. ces-edges I 

NOT ('AIC-EDGE-BASED-WIREFRAME.EDGE-CURVE' 
IN TYPEOF (edges)))) = O 

1 ) )  = 0 ) ) )  = o; 
WR4: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items I 

('AIC-EDGE-BASED-WIREFRAME.EDGE-BASED-WIREFRAME-MODEL' 
IN TYPEOF (it))) I 

NOT (SIZEOF (QUERY (eb <* ebwm\edgebased-wireframe-model. 
ebwm-boundary I 

NOT (SIZEOF (QUERY (pline-edges <* QUERY (edges <* 

TYPEOF (edges\edge-curve.edge-geometry))) I 
eb.ces-edges I 

('AIC-EDGE-BASED-WIREFRAME.POLYLINE' IN 

NOT (SIZEOF (pline-edges\edge-curve. 
edge-geometry\polyline.points) > 2 ) ) )  = O 

1 ) )  = 0 ) ) )  = o; 
WR5: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items I 

('AIC-EDGE-BASED-WIREFRAME.EDGE-BASED-WIREFRAME-MODEL' 
IN TYPEOF (it))) I 

NOT (SIZEOF (QUERY (eb <* ebwm\edge-based-wireframe-model. 
ebwm-boundary I 

NOT (SIZEOF (QUERY (edges <* eb. ces-edges I 
NOT (('AIC-EDGE-BASED-WIREFRAME.VERTEX-POINT' 

IN TYPEOF (edges.edge-start)) AND 
('AIC-EDGE-BASED-WIREFRAME.VERTEX-POINT' 

IN TYPEOF (edges.edge-end) 1 ) ) I  = O 
1 ) )  = 0 ) ) )  = o; 

WR6: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF-items I 
('AIC-EDGE-BASED-WIREFRAME.EDGE-BASED-WIREFRAME-MODEL' 

IN TYPEOF (it))) I 
NOT (SIZEOF (QUERY (eb <* ebwm\edgebased-wireframe-model. 

ebwm-boundary I 
NOT (SIZEOF (QUERY (edges <* eb.ces-edges I 
NOT (valid-wireframe-edge-curve 

(edges\edge-curve.edge-geometry, 
'AIC-EDGE-BASEDWIREFRAME')))) = O )  ) )  = O ) ) )  = O; 
WR7: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items1 

('AIC-EDGE-BASED-WIREFRAME.EDGE-BASED_WIE-MODEL' 
IN TYPEOF (it))) I 

NOT (SIZEOF (QUERY (eb <* ebwm\edgebased-wireframe-model. 
ebm-boundary I 

(edges.edge-start\vertex_point.vertex-geometry, 

NOT (SIZEOF (QUERY (edges <* eb. ces-edges I 
NOT ((valid-wireframe-vertex~?oint 

'AIC-EDGE-BASED-WIREFRAME')) AND 
(valid-wireframe-vertexgoint 
(edges.edge-end\vertexaoint.vertex-geometry, 

'AIC-EDGE-BASED-WIREFRAME'))) ) )  = 0 
1 ) )  = 0 ) ) )  = o; 

WR8: SIZEOF (QUERY (ebwm <* QUERY (it <* SELF.items I 
('AIC-EDGE-BASED-WIREFRAME.EDGE-BASED-WIREFRAME-MODEL' 
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IN TYPEOF (it))) 
NOT (SIZEOF (QUERY (eb 

OIS0 

<* ebwm\edge-based-wireframe-model. 
ebwm-boundary I 

NOT (SIZEOF (QUERY (-on-edges <* QUERY (edges <* eb 

IN TYPEOF (edges\edge-curve.edge-geometry))) 
NOT ('AIC-EDGE-BASED-WIREFRAME.AXIS2-PLACEMENT-3D 

edge-geometry\conic.position) ) 

('AIC-EDGE-BASED-WIREFRAME.CON1C' 

IN TYPEOF (con-edges\edge-curve. 

1 ) )  = 0 ) ) )  = o; 
WR9: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items I 

ces-edges I 

I 

) = O  

( 8 AIC-EDGEBASED-WIREFRAME . MAPPED-ITEM 1 IN TYPEOF (it ) I 
NOT ('AIC-EDGE-BASED-WIREFRAME.' + 

'EDGE-BASED-WIREFRAME-SHAPE-REPRESENTATION' 
IN TYPEOF (mi\mapped-item.mapping-source.mapped-representation) 

1 ) )  = o; 
WR10: SELF.context-of-items\geometric-representation-context. 

coordinate-space-dimension = 3 ;  
END-ENTITY ; 
(* 

Formal propositions: 

WR1: The items in an edge-based-widrame - shape-representation shall be an edge-based-wireframe-- 
model, mapped-item, or axis2-placement-3d. 

WR2: At least one of the items in an edgebasedwll.eframeshanerepresentation shall be either an edge-- 
based-wirefme-mode1 or a mapped-item. 

WR3: Every edge in an edge-based-wirefrme-model shall be an edge-curve. 

WR4: Every polyline that underlies an edge of an edge-based-wireframe-model shall be defined by more 
than two distinct points. 

W E :  Every vertex defined for an edge-based-wirefrme-model shall be a vertex-point. 

I WR6: The edgexeometry that underlies an edge for an edge-based-wirefrme-model shall be a line, 
circle, ellipse, parabola, hyperbola, b-splinc-curve, offset-curve-3d, polyline, or curve-replica and the 
curves that have a basis defined by other curves are done so consistently. 

WR7: The vertexAeometry that underlies the edges for an edge-based-wirefme-model shall be a 
cartesim-point or point-replica and the point-replica shall replicate either another point-replica or a 
cartesianpoint. 

WRS: All conics shall be positioned by an -2-placement-3d. 
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WR9: If there is a mapped-item in an edge-based_wireframe_shape_representatio~ the source of the 
mapped-item shall be an edge_based_wireframe_shape_representation. 

WRlO: The edge-based-widrame - shap-representation shaU have a coordinate-space-dimension equal 
to three. 

F.1.2.2 aic-edge-based-wireframe function definitions 

F.1.2.2.1 valid-wireframe-edge-curve 

The vaìid-wireframe-edge-cue function determines whether or not an input curve is valid for use in 
representing a shape defined by a topologically bounded wireframe. 

EXPRESS specification: 

* )  
FUNCTION valid-wireframe-edge-curve (crv : curve; 

schma : STRING) : BOOLEAN; 
-- check for valid basic curve types 
IF SIZEOF ([schma + '.LINE', 

schma + '.CIRCLE', 
schma + '.ELLIPSE', 
schma + '.PARABOLA', 
schma + '.HYPERBOLA', 
schma + '.B-SPLINE-CURVE', 
schma + '.POLYLINE'] * TYPEOF (crv)) = 1 

THEN RETURN (TRUE); 
ELSE 
-- recursively check for valid basic curves for curve-replica 
IF (schma + '.CURVE-REPLICA') IN TYPEOF (crv) 
THEN RETURN (valid-wireframe-edge-curve 

(crv\curve-replica.parent-curve, schma) ) ;  

-- recursively check for valid basis curves for offset-curve 
IF (schma + '.0FFSET-CURVE-3D1) IN TYPEOF (crv) 

ELSE 

THEN RETURN (valid-wireframe-edge-curve 
(crv\offset~curve~3d.basis_curve,  schma)); 

END-I F ; 
END-IF ; 

END-IF ; 
RETURN (FALSE) ; 

END-FUNCTION; 
( *  
Armiment definitions: 

crv: the input curve that is to be examined. 

schma: the input string that defines the schema in which the crv is defined to be used for type checking. 
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F.1.2.2.2 valid-wireframe-vertex-point 

The valid-wireframe-vertex-pint function determines whether or not an input point is valid for use in 
representing a shape defined by a topologically bounded wireframe. 

EXPRESS specification: 

* )  
FUNCTION valid-wireframe-vertexsoint (pnt : point; 

schma : STRING) : BOOLEAN; 
-- check for valid basic point types 
IF (schma + '.CARTESIAN-POINT' IN TYPEOF (pnt)) 

ELSE 
THEN RETURN (TRUE); 

-- recursively check €a valid basic point types as parents for a 
-- point-replica 

IF (schma + '.POINT-REPEICA') IN TYFEOF (pnt) 
THEN RETURN ( v a l i d _ w i r e f r a m ~ - ~ ~ K ~ ~ x ~ i n e  

(pnt\poine-r~~~~ca.pal-entqt, schma) 1 ;  
END-IF; 

END-I F ; 
RETURN (FALSE) ; 

END-FUNCTION; 
( *  
Argument definitions: 

pnt: the input point that is to be examined. 

schma: the input string that defines the schema in which the pnt is defined to be used for type checking. 

* )  
END-SCHEMA; 
( *  

I F.2 Application interpreted construct 502: Shell-based wireframe 

F.2.1 Scope 

This application interpreted construct specifies the interpretation of the integrated resources to satisfy 
requirements for the representation of the product shape using three-dimensional wireframe models which are 
bounded by a set of shells. 

The following are within the scope of this AIC: 

- the representation of wireframe models that are described by a graph of edges and vertices where the 
edges intersect only at their vertices; 
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- the representation of a wireframe d l  by one or more sheik which shall not overlap or intersect except 
at their vertices or edges; 

- points defined in a three-dimensional coordinate space; 

- curves, including b-splines, defined in a three-dimensional coordinate space; 

- the representation of a single wireframe model or an assembly of wireframe models. 

The following are outside the scope of this AIC: 

- geometry defined in a two-dimensional coordinate space; 

- surface geometry; 

- solid geometry. 

F.2.2 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the 
types, entity specializations, and functions that are specific to this AIC. 

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not 
imported into the AiC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of IS0 10303-1 1. References to eliminated constructs are outside the scope of the AIC. 

* )  
SCHEMA aic-shellbased-wireframe; 

USE FROM geometricmodel-schema 
(shell-based-wireframe-model); 

USE FROM geometry-schema 
(axic2qlacement-3d, 
b-spline-curvewith-knots, 
bezier-curve, 
cartesian~transformation~operator~3d, 
circle, 
conic, 
curve, 
curve-replica, 
el 1 ipse, 
geometric-representationcontext, 
hyperbola , 
line, 
offset-curve-3d, 
parabola, 

-- IS0 10303-42 

-- IS0 10303-42 
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point , 
point-on-curve, 
point-replica, 
polyline, 
quasi-uniform-curve, 
rational-b-spline-curve, 
uniform-curve); 

USE FROM productjroperty-representation-schema 
(shape-representation); 

USE FROM representation-schema 
(mapped-item); 

USE FROM topology-schema 
(edge-curve, 
edge-loop, 
path, 
vertex-loop, 
vertexsoint, 
vertex-shell, 
wire-shell); 

( *  

OIS0 

NOTE 2 - The Schemas referenced above can be found in the following parts of IS0 10303: 

geometric-modelschema IS0 10303-42 
geometry-schema IS0 10303-42 
product-property-represen tation-schema I S 0  10303-41 
topology-schema IS0 10303-42 

-- IS0 10303-41 

-- IS0 10303-43 

-- IS0 10303-42 

F.2.2.1 aic-shell-based-wireframe entity definition: shellbased-wireframe-- 
shape-representation 

A sheU_based-wire~~e-seframe_shape_representation is a three-dimensional shape-representation which 
represents the shape or a portion of the shape of a product by wireframes which define an implicit volume. 
This includes all 3D curves and topological entities which define a graph of vertices, edges, and loops. 

NOTE - An application protocol that uses this AIC may ensure that the shape-representation entity is instantiated 
as a shell-based-wireframe-shape-representation. 

EXPRESS swification: 

* )  
ENTITY shell-based_wireframe_shape-representation 

WHERE 
SUBTYPE OF (shape-representation); 

WR1: SIZEOF (QUERY (it <* SELF.items I 
NOT (SIZEOF(['AIC-SHELL-BASED-WIREFRAME.SHELL-~SED-WIREF~E-MODEL', 

'AIC-SHELL-BASED-WIREFRAME.MAPPED-ITEM', 
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'AIC-SHELL-BASED-WIREFRAME.AXIS2-PLACEMENT-3D'] * 
TYPEOF (it)) = 1 

1 ) )  = o; 
SIZEOF(['AIC-SHELL-BASED-WIREFRAME.SHELL-BASED-WIREFRAME-MODEL', 

WR2: SIZEOF (QUERY (it <* SELF.items I 
'AIC-SHELL-BASED-WIREFRAME.MAPPED-ITEM'] * TYPEOF (it)) = 1 

1 )  >= 1; 
WR3: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF-items I 

NOT (SIZEOF (QUERY (ws <* QUERY (sb <* 

('AIC-SHELL-BASED-WIREFRAME.SHELL-BASED-WIREF~E-MODEL' 
IN TYPEOF (it))) I 

sbwm\shell-based-wireframe-mode1.sbm-boundary 
('AIC-SHELL-BASED-WIREFRAME-WIRE-SHELL' IN TYPEOF (sb))) 

ws\wire-shell.wire-shell-extent I 
NOT (SIZEOF (QUERY (eloop <* QUERY (wsb <* 

('AIC-SHELL-BASED-WIREFRAME.ELlGE-LOOP' IN TYPEOF (wsb))) I 
NOT (SIZEOF (QUERY (el <* eloop\path. edge-list 1 
NOT ('AIC-SHELL-BASED-WIREFRAME.EDGE-CURVE' IN 

TYPEOF (el.edge-element)))) = O) 
1 )  = O) 

1 )  = O) 
1 )  = o; 

WR4: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items I 
('AIC-SHELL-BASED_WIREFRAME.SHELL-BASED-WIREFRAME-MODEL' 

NOT (SIZEOF (QUERY (ws <* QUERY (sb <* 
IN TYPEOF (it))) I 

I sbm\shell-based-wireframe-mode1.sbwm-boundary 
('AIC-SHELL-BASED-WIREFRAME.WIRE-SHELL' IN TYPEOF (sb))) 

NOT (SIZEOF (QUERY (eloop <* QUERY (wsb <* 
ws\wire-shell-wire-shell-extent I 

('AIC-SHELL-BASED-WIREFRAME-EDGE-LOOP' IN TYPEOF (wsb))) I 
NOT (SIZEOF (QUERY (pline-el <* 

QUERY (el <* eloop\path.edge-list I 

NOT (SIZEOF (pline-el.edge-element\edge-curve. 

('AIC-SHELL-BASED-WIREFRAME.POLYLINE' IN 
TYPEOF (el.edge-element\edge-curve.edge-geometry))) I 

edge-geometry\polyline.points) >2) 
1 )  = O) 

1 )  = O) 
1 )  = O )  

1 )  = o; 
WR5: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF-items I 

('AIC-SHELL-BASED-WIREFRAME.SHELL-BASED-WIREFRAME-MODEL' 

NOT (SIZEOF (QUERY (ws <* QUERY (sb <* 
IN TYPEOF (it))) I 

I sbwm\shell-based-wireframe-mode1.sbwm-boundary 
('AIC-SHELL-BASED-WIREFRAME.WIRE-SHELL' IN TYPEOF (sb))) 

NOT (SIZEOF (QUERY (eloop <* QUERY (wsb <* 
ws\wire-shell.wire-shell-extent I 

('AIC-SHELL-BASED-WIREFRAME.EDGE_LOOP' IN TYPEOF (wsb))) I 
NOT (SIZEOF (QUERY (el <* eloop\path.edge-list I 

NOT (valid-wireframe-edge-curve 
(el-edge-element\edge-curve.edge-geometry, 
'AIC-SHELL-BASED-WIREFRAME'))))) = O )  

1 )  = O) 
) )  = O )  
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1 )  = o; 
WR6: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items I 

('AIC-SHELL-BASED-WIREFRAME.SHELL-BASED-WIREFRAME-MODEL' 
IN TYPEOF(it1)) I 

NOT (SIZEOF (QUERY (ws <* QUERY (sb <* 

I sbwm\shell-based-wireframe-model.sbwm-boundary 
('AIC-SHELL-BASED-WIREFRAME.WIRE-SHELL' IN TYPEOF (sb) ) )  

ws\wire-shell.wire-shell-extent I NOT (SIZEOF (QUERY (eloop <* QUERY (wsb <* 

(oAIC-sHELL-BASED-WIREFRAME.EDGE-LOOP' IN TYPEOF (wsb) 1 )  I 
NOT (SIZEOF (QUERY (el <* eloop\path.edge-list I 
NOT (('AIC-SHELL-BASED-WIREFRAME.VERTEX-POINT' IN 

TYPEOF (el.edge-element.edge-start)) 

('AIC-SHELL-BASED-WIREFRAME.VERTEX-POINT' IN 
AND 

TYPEOF (el.edge_element.edge-end))) ) )  = O )  
1 )  = O )  

1 )  = O )  
1 )  = o; 

WR7: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF-items I 
('AIC-SHELL_BASED_WIREFRAME-SHELL-BASED-WIREFRAME-MODEL' 

NOT (SIZEOF (QUERY (ws <* QUERY (sb <* 
IN TYPEOF (it))) I 

sbwm\shell-based-wireframemodel.sbwm_boundary 
('AIC-SHELL-BASED-WIREFRAME.WIRE-SHELL' IN TYPEOF (sb))) 

NOT (SIZEOF (QUERY (eloop <* QUERY (wsb <* 
ws\wire-shell.wire-shell-extent I 

('AIC-SHELL-BASED-WIREFRAME.EDGE-LOOP' IN TYPEOF (wsb))) I 
NOT (SIZEOF (QUERY (el <* eloop\path.edge-list I 

NOT ((valid-wireframe-vertexsoint 
(el.edge-element. 
edge-start\vertexqoint.vertex-geometry, 
'AIC-SHELL-BASED-WIREFRAME')) 

AND 

(el.edge-element.edge-end\vertex_point.vertex-geometry, 
(valid-wireframe-vertex_point 

'AIC-SHELL-BASED-WIREFRAME'))) 
1 )  = O) 

) )  = O )  
1 )  = O) 

1 )  = o; 
WR8: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items I 

('AIC-SHELL-BASED-WIREFRAME.SHELL-BASED-WIREFRAME-MODEL' 

NOT (SIZEOF (QUERY (ws <* QUERY (sb <* 
IN TYPEOF (it))) I 

sbwm\shell-based-wireframe-model.sbwm-boundary 
('AIC-SHELL-BASED-WIREFRAME-WIRE-SHELL' IN TYPEOF (Sb))) 

ws\wire-shell-wire-shell-extent I 
NOT (SIZEOF (QUERY (eloop <* QUERY (wsb <* 

('AIC-SHELL-BASED-WIREFRAME.EXE-LOOP' IN TYPEOF (wsb))) I 
eloop\path. edge-list I 

NOT (SIZEOF (QUERY (con-edges <* QUERY (el <* 

('AIC-SHELL-BASED-WIREFRAME.CONIC' IN 

NOT ('AIC-SHELL-BASED-WIREFRAME.AXIS2-PLACEMENT-3D' IN 
TYPEOF (el.edge_element\edge-curve.edge-geometry))) I 
TYPEOF (con-edges.edge-element\edge_curve. 
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edge-geometry\conic.position) 1 

OIS0 

1 )  = O )  
1 )  = O )  

1 )  = O )  
1 )  = o; 

WR9: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items I 
( ' A I C - S H E L L - B A S E D - W I R E F R A M E . S H E L L B A S E D _ W O D E L '  

NOT (SIZEOF (QUERY (ws <* QUERY (sb <* 
IN TYPEOF(it) ) )  I 

sbwm\shell-based-wireframe-model.sbwm-boundary 
('AIC-SHELL-BASED-WIREFRAME.WIRE-SHELL' IN TYPEOF (sb) 1 )  

ws\wire-shell.wire-shell-extent 1 
('AIC-SHELL-BASED-WIREFRAME.VERTEX-LOOP' IN TYPEOF (wsb) ) )  I 

NOT (SIZEOF (QUERY (vloop <* QUERY (wsb <* 

NOT ('AIC-SHELL-BASED-WIREFRAME.VERTEX-POINT' IN 
TYPEOF (vloop\vertex-1oop.loop-vertex)) 

1 )  = O )  
1 )  = O )  

) )  = o; 
WR10: SIZEOF (QUERY (sbwm c* QUERY (it <* SELF.items I 

NOT (SIZEOF (QUERY (ws <* QUERY (sb c* 

('AIC-SHELL-BASED-WIREFRAME.SHELL-BASED_WIREFRAME-MODEL' 
IN TYPEOF(it))) I 

I sbwm\shell-based-wireframe-mode1.sbwm-boundary 
('A1C-SHELL-BASED-WIREFRAME.WIRE-SHELL' IN TYPEOF (sb) 1 )  

ws\wire-shell.wire-shell_extent I 
NOT (SIZEOF (QUERY (vloop c* QUERY (wsb c* 

('AIC-SHELL-BASED-WIREFRAME.VERTEX-LOOP' IN TYPEOF (wsb))) 1 
NOT (valid-wireframe-vertexsoint (vloop\vertex-loop. 

loop-vertex\vertexsoint.vertex-geometry, 
'AIC-SHELL-BASED-WIREFRAME')) 

1 )  = O )  
1 )  = O )  

1 )  = o; 
WR11: SIZEOF (QUERY (sbwm <* QUERY (it c* SELF.items I 

('A1C-SHELL-BASED-WIREFRAME.SHELL-BASED-WIREFRAME-MODEL' 

NOT (SIZEOF (QUERY (vs <* QUERY (sb <* 
IN TYPEOF(it1)) I 

I sbwm\shell-based-wireframe-model.sbwm-boundary 
('AIC-SHELL-BASED-WIREFRAME.VERTEX-SHELL' IN TYPEOF (Sb))) 

NOT ('AIC-SHELL-BASED-WIREFRAME.VERTEX-POINT' IN 
TYPEOF (vs\vertex-shell.vertex-shell-extent.loop-vert~)~ 

1 )  = O )  
1 )  = o; 

WR12: SIZEOF (QUERY (sbwm <* QUERY (it <* SELF.items 1 
('AIC_SHELL-BASED-WIREFRAME.SHELL-BASED-WIREFRAME-MODEL' 

NOT (SIZEOF (QUERY (vs <* QUERY (cb <* 
IN TYPEOF(it))) I 

I sbwm\shell-based-wireframe-model.sbwm-boundary 
('AIC-SHELL-BASED-WIREFRAME.VERTEXSHELL' IN TYPEOF (Sb))) 

NOT (valid-wireframe-vertexsoint (vs\vertex-shell. 
vertex-shell-extent.loop-vertex\vertexsoint. 
vertex-geometry, 'AIC-SHELL-BASED-WIREFRAME')) 

1 )  = O )  
) )  = o; 

WR13: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items I 

39 1 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

--`,,,,,,,,`,`,,,,,`,```,``,,,-`-`,,`,,`,`,,`---



IS0 10303-207: 1999(E) OIS0 

('AIC-SHELL-BASED-WIREFRAME.MAPPED-1TEM' IN TYPEOF (it))) I 
'SHELL-BASED-WIREFRAME-SHAPEREPREPRESENTATION' IN 

TYPEOF (mi\mapped-item.mapping_cource.mapped-representation) 

NOT ('AIC-SHELL-BASED-WIREFRAME.' + 

1 ) )  = o; 
WR14: SELF.context-of-items\geometric-representation-context. 

coordinate-space-dimension = 3 ;  
END-ENTITY; 
( *  

Formal propositions: 

WR1: The item in a shell-based-wireframe-shape-representation shall be a shell-based-wireframe-- 
model, mapped-item, or axis2-placement-3d. 

WR2: At least one of the item in a shell-based-wireframe-shape-representation shall be either a shell-- 
based-wireframe-mode1 or a mapped-item. 

WR3: Every edge defined for an edge-loop in a shell-based-wireframe-model shall be an edge-curve. 

WR4 Every polyiine that underlies an edge in a shell-based-wireframe-model shall contain more than two 
distinct points. 

WR5: The edge_geometry that underlies an edge for a shell_based_wireframe-model shall be a line, circle, 
ellipse, parabola, hyperbola, b-spline-curve, o&et-curve-3d, polyline, or curve-replica, and the curves 
that have a basis defined by other curves are done so consistently. 

WR6: Every vertex defined as the start or end vertex for an edge in a shell-based-wireframe-model shall 
be a vertex-point. 

WR7: The VertexAeometry that underlies the vertices that define the boundaries of the edges in an edge-- 
loop for a shei-based_wwframe - model shall be a cartesianpoint or point-replica, and the point-replica 
shall replicate either another point-replica or a cartesianpoint. 

WRS: The position of a conic that underlies an edge in an edge-loop for a shell-based-wireframe-model 
shall only be an axis2-placement-3d. 

WW: The vertex that defines the verte-loop which is used as a bound in a shell-based-wireframe-model 
shall be a vertex-point. 

WR10: The vertex that defines the vertex_loop which is used as a bound in a shell-based-wireframe-mdel 
shall be underlaid by a Cartesian-point or point-replica, and the point-replica shall replicate either another 
point-repica or a Cartesian-point. 

WR11: The vertex that defmes the vertex-loop which is used as the vertex-sheìì-extent for a vertex-sheU 
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in a shell-based-wireframe-model shall be a vertex-point. 

WR12: The vertex that defines the vertex-loop which is used as the vertex-shell-extent for a vertex-shell 
in a shell-bawd-wirefmnc-moàei shall be underlaid by a cartesian-point or point-replica, and the point-- 
replica shall replicate either another point-replica or a cartesian-point. 

WR13: If there is a mapped-item in a s h e l l - b a s e d _ w i r e p r e s e n t a t i o ~  the source of the 
mapped-item shall be a shell-based-wireframe-shape-representation. 

WR14: The shenbased-wireframe-shape-representation shall have coordinate-space-dimension equal 
to three. 

F.2.2.2 aic-shell-based-wireframe function definitions 

F.2.2.2.1 valid-wireframe-eclge_curve 

The valid-wireframe-eàge-curve function determines whether or not an input curve is valid for use in 
representing a shape defined by a topologically bounded wireframe. 

EXPRESS specification: 

* )  
FUNCTION valid-wireframe-edge-curve (crv : curve; 

schma : STRING) : BOOLEAN; 
-- check for valid basic curve types 
IF SIZEOF ([schma + '.LINE', 

schma + '.CIRCLE', 
schma + '.ELLIPSE', 
schma + '.PARABOLA', 
schma + '.HYPERBOLA', 
schma + '.B-SPLINE-CURVE', 
schma + '.POLYLINE'] * TYPEOF (crv)) = 1 

THEN RETURN (TRUE); 
ELSE 
-- recursively check for valid basic curves for curve-replica 
IF (schma + '.CURVEREPLICA') IN TYPEOF (crv) 
THEN RETURN (valid-wireframe-edge-curve 

(crv\curve-replica-parent-curve, schma)); 

-- recursively check for valid basis curves for offset-curve 
IF (schma + '.OFFSETCURVE_3D') IN TYPEOF (crv) 

ELSE 

THEN RETURN (valid-wireframeedge-curve 
(crv\offset~curve~3d.basis~curve, schma) ) ;  

END-I F ; 
END-I F ; 

END-I F ; 
RETURN (FALSE) ; 

END-FUNCTION; 
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( *  

Armiment definit ions : 

crv: the input curve that is to be examined. 

schma: the input string that defines the schema in which the crv is defined to be used for type checking. 

F.2.2.2.2 valid-wireframe-vertex-point 

The valid-wireframe-vertex-pint function determines whether or not an input point is valid for use in 
representing a shape defined by a topologically bounded wireframe. 

EXPRESS specification: 

* )  
FUNCTION valid-wireframe-vertexsoint (pnt : point; 

schma : STRING) : BOOLEAN; 
-- check for valid basic point types 
IF (schma + '.CARTESIAN-POINT' IN TYPEOF (pnt)) 

ELSE 
THEN RETURN (TRUE) ; 

-- recursively check €or valid basic point types as parents for a 
-- point-replica 

IF (schma + '.POINT-REPLICA') IN TYPEOF (pnt) 
THEN RETURN (valid-wireframe-vertexqoint 

(pnt\point-replica.parentqt, schma) 1; 
END-IF ; 

END-IF; 
RETURN (FALSE) ; 

END-FUNCTION; 
( *  

Argument definitions: 

pnt: the input point that is to be examined. 

schma: the input string that defines the schema in which the pnt is defined to be used for type checking. 

*) 
END-SCHEMA; 
(* 

F.3 Application interpreted construct 507: Geometrically bounded surface 

F.3.1 Scope 
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This application interpreted construct specifies the interpretation of the integrated resources to satisfy 
requirements for the description of a geometric shape by means of geometrically bounded surfaces. 

The following are within the scope of this AIC: 

- 3D points; 

- points defined in the parameter space of curves or surfaces; 

- 3Dcurves; 

- curves defined in the parameter space of surfaces; 

NOTE - Such curves are also known as pcurves or cons. 

- the elementary curves line, circle, ellipse, parabola, and hyperbola; 

- intersection curves; 

- polylines; 

- the elementary surfaces plane, cylinder, cone, torus, and sphere; 

- swept surfaces created by rotation or linear extrusion of a curve; 

- sculptured curves and surfaces; 

- trimming of curves and surfaces; 

- composition of curves and surfaces; 

- replication of curves, surfaces, and surface models; 

- 3D offsets of curves and surfaces. 

The following are outside the scope of this AIC: 

- unbounded geometry; 

- self-intersecting geometry; 

- geometry in a 2D cartesian coordinate space; 
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- topological enti ties. 

F.3.2 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the 
types, entity specializations, and functions that are specific to this AIC. 

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not 
imported into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of IS0 10303-1 1. References to eliminated constructs are outside the scope of the AIC. 

This application interpreted construct provides a consistent set of geometric entities for the definition of surface 
models that consist of points, elementary or sculptured curves, and elementary or sculptured surfaces. 
Geometry shall be bounded; no topological entities are used for bounding. 

The highest level entity of this AIC is geometricaily-bounded-surface-shape-representation. It is a shape-- 
represenîation (see IS0 10303-41) consisting of geometric-sets. Geometricsets shall be of dimensionality 
3. Points, curves and surfaces may be contained in geometric-sets provided they are of the same 
dimensionality (see IS0 10303-42, rule compatible-dimension). Pcurves (see IS0  10303-42) may also be 
referenced. All geometric entities are of dimensionality 3. Two-dimensional geometry is only used for the 
purpose of defining pcurves. The use of one-dimensional cartesian-points is excluded. 

* I  
SCHEMA aic-geometrically-bounded-surface; 

USE FROM geometric-model-schema (geometric-set); -- IS0 10303-42 

USE FROM geometry-schema 
(point, 
cartesiangoint, 
point-on-curve, 
point-on-surface, 
degeneratescurve, 
evaluated-degenerateqcurve, 
direction, 
vector, 
axislqlacement, 
axis2_placement-2d, 
axis2_placement_3d, 
cartesian-transformation_operator-3d, 
curve, 
line, 
circle, 
el 1 ipse, 
hyperbola, 
parabola, 
polyline, 
b-spline-curve, 
b-spline-curve-with-knots, 
uni f om-curve , 

-- IS0 10303-42 
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quasi-uniform-curve, 
bezier-curve, 
rational-b-spline-curve, 
trimmed-curve, 
composite-curve, 
composite-curve-segment, 
reparametrised-composite-curve-segment, 
pcurve , 
surface-curve, 
intersection-curve, 
seam-curve, 
composite-curve-on-surface, 
offset-curve-3d, 
curve-replica, 
surf ace , 
plane, 
cylindrical-surface, 
conical-surface, 
spherical-surface, 
toroidal-surface, 
degenerate-toroidal-surface, 
swept-surface, 
surface-of-linear-extrusion, 
surface-of-revolution, 
b-spline-surface, 
b-spline-surfacewith-knots, 
uniform-surface, 
quasiuniform-surface, 
bezier-surface, 
rational-b-spline-surface, 
rectangular-trimmed-surface, 
curvebounded-surface, 
boundary-curve, 
outer-boundary-curve, 
rectangular-composite-surface, 
surface-patch, 
offset-surface, 
surface-replica); 

USE FROM productaroperty-representation-schema 
(shape-representation); 

USE FROM representation-schema 
(definitional-representation, 
mapped-item, 
parame'tric-representation-context); 

NOTES 

IS0 10303-207: 1999(E) 

-- IS0 10303-41 

-- IS0 10303-43 

2 - The entities b-spline-curve, b-spline-surface, and swept-surface are explicitly interfaced (i.e. included in 
the USE FROM lists) to allow the gbsf-check-curve and gbsf-check-surface functions to access attributes of 
these entities. 
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3 - The Schemas referenced above can be found in the following parts of IS0 10303: 

geometricmodel-sc hema I S 0  10303-42 
geometry-schema I S 0  10303-42 
product-property-representation-schema IS0 10303-4 1 
representationschema IS0 10303-43 

F.3.2.1 aic-geometrically-bounded-surface entity definition: geometrically-- 
bounded-surface-shape-representation 

A geo~trilrillvbouradedsurf~e-s~~-~presentation is a shape-representation representing the shape 
or portions of the shape of a product using surface geometry without topology. Entity product is not part of 
this AIC. 

A g e o ~ ~ y - b o u a p e - r e p ~ e n t a t i o n  consists of points, curves and surfaces only. All 
unbounded curves and surfaces are explicitly trimmed. The boundaries of curves are defined by points on the 
curves and explicit associations between the points and the curves which are bounded by them, or by 
parameter values. The boundaries of surfaces are defined by curves on the surfaces and explicit associations 
between the curves and the surfaces which are bounded by them, or parameter values. 

A geometridy-bdd-surface-shape-representation is represented by one or several geometric-sets. 
Each geometric-set contains only those points, curves, and surfaces that define the physical object that is 
being represented by the particular instance of the geometrically-bounded-surface-shape-representation. 
The geometric entities that are used to support the definition of another geometric entity shall themselves not 
be among the elements of a geometric-set. 

The items of a geometncally-bounded-surface-shape-representation may also be of type mapped-item 
or axh22glacement-3d. This enables the representation of assemblies of geometrically-bounded-surface-- 
shape-representations. 

The WHERE rules below restrict the use of the entity data types of this AIC. To be able to apply these 
restrictions to each instance of a given model this model needs to be traced for all instances of a requested entity 
data type. The structure of references within this AIC is not top-down, but like a network. Some curves may 
reference both other curves and surfaces as is the case for pcurve. Points may reference curves or surfaces. 
This network can be checked for valid references using three functions which all are based on recursion: 

- gbsf-check-point ; 

- gbs f-check-curve; 

- gbsf-check-surface. 

Each of these functions branch within its category into ail the entity types that are within the scope of this AIC. 

398 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

--`,,,,,,,,`,`,,,,,`,```,``,,,-`-`,,`,,`,`,,`---



STD*ISO 30303-207-ENGL 1999 4851903 0800147 578 

OIS0 IS0 10303-207: 1999(E) 

Any references from any of the types are further investigated by calling one of the three functions, possibly 
recursively. Points, curves, and surfaces are not only checked for referential integrity, but also for other 
applicable constraints. 

The functions shall be applied to all the elements of all geometri-sets in a geometrically-bounded-surface-- 
shape-representation. 

NOTE - An application protocol which uses this AIC may ensure that the shape-representation entity is 
instantiated as a geometrically-bounded_surface-shape-representat¡on. 

EXPRESS specification: 

* )  
ENTITY geometrically-bounded-surface-shape_reprepresentation 

WHERE 
SUBTYPE OF (shape-representation); 

WRI : SIZEOF (QUERY (it <* s ~ ~ ~ . i t e m c  I 
NOT (SIZEOF (['AIC-GEOMETRICALLYBOUNDED-S~FACE.GEOMETRIC-SET', 
'AIC-GEOMETRICALLY-BOUNDED-SURFACE.MAPPED-ITEM', 
IAIC-GEOMETRICALLY-BOUNDED-SURFACE.AXIS2-PLACWE~-3D'] * TYPEOF 
(it)) = 1))) = O; 

SIZEOF (['AIC-GEOMETRICALLY_BOUNDED-S~FACE.GEOMETRIC-SET', 
'AICGEOMETRICALLY-BOUNDED-SURFACE.MAPPED-ITW'] * TYPEOF 
(it)) = 1)) > O; 

IAIC-GEOMETRICALLY-BOUNDED-SIJRFACE.MAPPED-ITEM~ IN TYPEOF (it)) I 
NOT ('AICGEOMETRICALLY-BOUNDED-SURFACE. ' + 
'GEOMETRICALLY-BOUNDED-SURFACE-S~PE-REPRESENTATION' 
IN TYPEOF (mi\mapped-item.mapping-source.mapped-representation)))) 

WR2 : SIZEOF (QUERY (it <* SELF.items I 

WR3 : SIZEOF (QUERY (mi <* QUERY (it <* SELF.items I 

= o; 

'AIC-GEOMETRICALLY-BOUNDED-SURFACE.GEOMETRIC-SET* IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (pnt <* QUERY (gsel <* 
gs\geometric-cet-elements I 
i AIC-GEOMETRICALLY-BOUNDED-SURFACE. POINT I IN TYPEOF (gcel) I 
NOT (gbsf-check_point(pnt)))) = O))) = O; 

WRS : SIZEOF (QUERY (gs <* QUERY (it <*  items I 
~AIC-GEOMETRICALLY-BOUNDED-SURFACE.GEOMETRIC-SET~ IN TYPEOF (it)) I 
gs\geometric-set-elements 1 
'AIC-GEOMETRICALLY-BOUNDED-SURFACE-CURVE' IN TYPEOF (gsei)) I 

NOT (gbsf-check-curve(cv)) 1 )  = O) ) )  = O; 
WR6 : SIZEOF (QUERY (gs <* QUERY (it <* SELF-items I 

~AIC-GEOMETRICALLY-BOUNDED-SURFACE.GEOMETRIC-SET~ IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (sf <* QUERY (gsel <* 
gc\geometric-set.elements I 
'AICGEOMETRICALLY_BOUNDED-SURFACE.SURFACE~ IN TYPEOF (gsei)) I 
NOT (gbcfcheck-surface(sf)))) = O))) = O; 

WR4 : SIZEOF (QUERY (gs <* QUERY (it <* SELF-items I 

NOT (SIZEOF (QUERY (CV <* QUERY (gsel <* 

END-ENTITY; 
( *  
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Formal propositions: 

W R1: The items in a geometricalìy-boundeddSurface-shapereprepresentation shall be geometric-sets, 
mapped-items, or axis2-placement-3ds. 

NOTE 1 - Axis2-placement-3d is valid as a reference as mappingtarget from a mapped-item. To include 
another representation into the list of items of a geometrically-bounded-surface-shape-representation (see WR3 
for valid mapped-items), the mapped-item.mappingsource.mapping_origin may be any entity that is 
geometrically founded in the geometric-representation-context of the mapped-representation. If this entity is 
an axjs2qlacement-M, the mapping operator for the mapped-representation to the geometrically-bounded-- 
surface_shape_representation corresponds to a transformation matrix with only translation and rotation enabled. 
If a cartesian-transformation-operator-3d is used as mappingorigin, scaling and mirroring are possible. 

WR2: At least one of the items in a geometrically-bounded-surface-shape-representation shall be either 
a geometric-set or a mapped-item. 

WR3: If there is a mapped-item in a geometrically-bounded-surface-shape-representation, the 
mapped-representation of its mappingsource shall be a geometrically-bounded-surface-shape-- 

I representation. 

WR4: Each point that is among the elements of a geometric-set that is one of the items of a geometrically-- 
bounded-surface-shape-representation shall be a valid point. 

WR5: Each curve that is among the elements of a geometri-set that is one of the items of a geometrically-- 
bounded-surface-shape-representation shall be a valid curve. 

WR6: 
geometricaily-bounded-surface-shape-representation shall be a valid surface. 

Each surface that is among the elements of a geometric-set that is one of the items of a 

Informal uropositions: 

IP1: A b-spline-curve shall not self-intersect. 

IP2: A composite-curve shall not self-intersect. 

IP3: An otrset-curve-3d shall not self-intersect. 

IP4: A b-spline-surface shall not self-intersect. 

IP5: An okt-surface shall not self-intersect. 

"6: The geometric entities that are exclusively used to support the definition of other geometric entities shall 
not themselves exist in the sets of elements of a geometric-set. 
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F.3.2.2 aic_geometrically-bounded-surface function definitions 

The EXPRESS language has a number of built in functions. This section describes additional functions 
required for the def~tion and constraints on the aic-geometridybounded-surface schema. These functions 
are used in the specification of the entity geornetricaììy-boundeà-surface-shape-representation. 

F.3.2.2.1 gbsf-check-point 

The gbsf-check-point function performs type checking for points. An instance is checked against all types 
of points that are valid in the context of a geometridyboundeù-surface-shape-representation. All related 
geometry, that is curves and surfaces, are correspondingly checked. When curves or surfaces are referenced, 
the functions gbsf-checi-curve and gbsf-check-surface, respectively, are called. The recursion within these 
functions terminates at entity types that do not reference any points, curves, or surfaces. 

The following point types are within the scope of the geornetrically-bo~deà-snded_surface-shape-~presentation 
and are valid input to this function: 

- cartesian-point; 

- degenerate-pcurve; 

- point-on-curve; 

- point-on-surface. 

The three latter ones in the list reference either curves or surfaces or both. 

The basis-surface of a degenerakpcurve may be any of the valid surfaces in a geornetricaììy-bounded-- 
surface-shape-representation. The reference-to-curve of a degenerate-pcurve shall be of one of the 
following types: 

- b-spline-curve; 

- composite-curve (recursive); 

- conic; 

- curve-replica (recursive); 

- line: 

- polyline; 
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- trimmed-curve (recursive). 

The bass-curve of a point-on-curve may be any of the valid curves in a geometrically-bounded-surface-- 
shape-representation. 

The bass-surface of a point-on-surface may be any of the valid surfaces in a geometrically-- bounded-- 
surface-shape-representation. 

This function returns TRUE if the types of all referenced geometries are within the scope of the 
geometrically-bounded-surface-shape-representation; else it returns FALSE. 

NOTES 

1 - This function does not check the correctness of references with respect to I S 0  10303-42. Only requirements 
due to the scope of the geometrically-bounded-surface-shape-representation are checked. 

2 - The function uses recursion to trace entity references. 

EXPRESS suecification: 

* )  
FUNCTION gbsf-checksoint (pnt : point) : BOOLEAN; 

-- check whether the input has the right type; 
-- a cartesiansoint is valid and has no further references 

IF 'GEOMETRY-SCHEMA.CARTESIAN-POINT' IN TYPEOF (pnt) THEN 

ELSE 
RETURN (TRUE) ; 

-- a point-on-curve needs to be checked for the validity of its curve; 
-- further references down the tree are taken care of by the function 
-- gbsf-check-curve 

IF 'GEOMETRY-SCHEMA.POINT-ON-CURVE' IN TYPEOF (pnt) THEN 
RETURN (gbsf-check-curve 
(pnt\point-on-curve.basis-curve) 1 ;  

ELSE 

-- a pointon-surface needs to be checked for the validity of its surface; 
-- further references down the tree are taken care of by the function 
-- gbsf-check-surface 

IF 'GEOMETRY-sCHEMA.POINT-ON-SURFACE' IN TYPEOF (pnt) THEN 
RETURN(gbsf-check-surface 
(pnt\point-on-surface.basis-surface) 1; 

ELSE 

-- a degeneratejcurve needs to be checked for the validity of its 
-- defining geometry; further references down the tree are taken care 
-- of by the functions gbsf-check-curve and gbsf-check-surface; 
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-- both return true for valid points 

IF 'GEOMETRY-SCHEMA.DEGENERATE_PCURVE' IN TYPEOF (pnt) THEN 
RETURN 
((gbsf-check-curve 
(pnt\degenerate_pcurve.reference~to~curve.~tems~ll~ 
AND (gbsf-check-surface (pnt\degenerate_pcurve.basis-surface))); 

END-IF ; 
END-IF ; 

END-IF ; 
END-IF ; 
RETURN ( FALSE) ; 

END-FUNCTION; 
( *  

Argument definitions: 

pnt: (input) the point that is being checked for being a valid point in a geometrically_bounded_surfac- 
shape-representation. 

BOOLEAN: (return) is TRUE if the point is a valid point; else FALSE. 

F.3.2.2.2 gbsf-check-curve 

The gbsf-check-curve function performs type and constraint checking for curves. An instance is checked 
against all types of curves that are valid in the context of a geometncally-bounded_surface_shape-- 
representation. All related geometry, that is curves and surfaces, are correspondingly checked. 

EXAMPLE - Whether the instance of a b-spline-curve self-intersects, is an example of a constraint that is 
validated by this function. 

Where appropriate an instance is investigated recursively. This means if a curve references another curve as 
a basis curve or parent curve, the gbsf-check-curve function is called again. If a surface is referenced, the 
gbsf-check-surface function is cailed. The recursion terminates at entity types that do not reference any curves 
or surfaces. 

The following curve types are within the scope of the geometrically-bounded_surface-shape-- 
representation and are valid input to this function: 

- bspline-curve; 

- composite-curve; 

- conic; 

- curve-replica; 
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- line; 

- offset-curve-3d; 

- pcurve; 

- polyline; 

- surface-curve; 

- trimmed-curve. 

The segments of a composite-curve shall be of type composite-curve-segment only. The parent-curve of 
a composite-curve-segment shall be of one of the following types: 

- b-spline-curve; 

- composite-curve (recursive); 

- polyline; 

- surface-curve (recursive); 

- trimmeú-curve (recursive). 

The parent-curve of a curve-replica, the basis-curve of an offset-curve-3d, and the basis-curve of a 
trimmed-curve shall all be of one of the following types: 

- b-spline-curve; 

- composite-curve (recursive); 

- conic; 

- curve-replica (recursive); 

- line; 

- offset-curve-3d (recursive); 

- pcurve (recursive); 

- polyline; 
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- surface-curve (recursive); 

- trimmed-curve (recursive). 

The one instance in the set of itenis of a deñnitional-representation that is referenced as reference-tc-curve 
by a pcurve shall be of one of the following types: 

- b-spline-curve; 

- composite-curve (recursive); 

- conic; 

- curve-replica (recursive); 

- line; 

- polyline; 

- trimmed-curve (recursive). 

The curve-3d of a surface-curve shall be of one of the following types: 

- b-spline-curve; 

- composite-curve (recursive); 

- conic; 

- curve-replica (recursive); 

- line; 

- offset-curve-3d (recursive); 

- polyline; 

- surface-curve (recursive); 

- trimmed-curve (recursive). 

This function returns TRUE if the types of all referenced geometries are within the scope of the 
geometricdly-bounded-surface-shape-represenîation and if all constraints are satisfied; else it returns 
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FALSE. 

NOTES 

1 - This function does not check the correctness of references with respect to IS0 10303-42. Only requirements 
due to the scope of the geometrically-bounded-surface-shape-representation are checked. 

2 - The function uses recursion to trace entity references. 

EXPRESS specification: 

I * )  
FUNCTION gbsf-check-curve (cv : curve) : BOOLEAN; 

-- check whether the input has the right type; 

-- let those types pass that do not have any further references 
-- respectively rules to be applied; ensure that complex entities 
-- with bounded-curve do not pass 

IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 'GEOMETRY-SCHEMA-CIRCLE', 

ELSE 
'GEOMETRY-SCHEMA.ELLIPSE'1 * TYPEOF(cv)) = 1 THEN RETURN(TRUE); 

-- the b-spline-curve shall not self intersect 

IF (('GEOMETRY-SCHEMA.B-SPLINE-CURVE' IN TYPEOF(CV)) AND 

THEN RETURN (TRUE) ; 
ELSE 

(cv\b-spline-curve.se1f-intersect = FALSE)) 

-- if the curve is a composite-curve, all of its segments shall be valid 

IF (('GEOMETRY-SCHEMA.COMPOS1TE-CURVE' IN TYPEOF(cv)) AND 
(cv\composite-curve.se1f-intersect = FALSE)) THEN 
RETURN (SIZEOF (QUERY (seg <* cv\composite-curve. segments I 
NOT (gbsf-check-curve(seg;parent-curve) 1 )  = O) : 

ELSE 

-- the curve-replica references other curves that need to be checked 

IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 
'GEOMETRY-SCHEMA.CURVE-REPLICA'] * TYPEOF(cv)) = 1 THEN 
RETURN (gbsf-check-curve (cv\curve-replica.parent-curve) 1; 

ELSE 

-- offset-curve-3d references a curve and shall not self intersect 

IF ((SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 
'GEOMETRY-SCHEMA.OFFSET-CURVE-3D'J * TYPEOF(cv)) = 1) AND 
(cv\offset-curve-3d.seif-intersect = FALSE) ) THEN 
RETURN (gbsf-check-curve (cv\offset~curve~3d.basis~curve) 1 ;  

ELSE 
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-- pcurve references a curve - indirectly, and a basis-surface 
IF SIZEOF (['GEOMETRY-SCHEMA.BOüNDED-CURVE', 

'GEOMETRY-SCHEMA.PCüRVE'1 * TYPEOF(cv)) = 1 THEN 
RETURN ((gbsf-check-curve 
(cv\pcurve.reference_to_curve.items[ll)) AND 
(gbsf-check-surface (cv\pcurve.basis-surface) 1 ) ;  

ELSE 

-- polyline shall have at least 3 points and shall only 
-- be used to represent an intersection-curve 

IF 'GEOMETRY-SCHEMA.POLYLINE' IN TYPEOF(cv) THEN 
IF (SIZEOF (cv\polyline.points) >= 3) AND 

(SIZEOF ((bag-to-set (USEDIN (cv,")) - 
bag-to-set (USEDIN (cv, 
'GEOMETRY-SCHEMA.INTERSECTION-CURVE.BAS1S-CURVE')))) = o )  
THEN RETURN (TRUE); 

END-IF ; 
ELSE 

-- surface-curve references a curve-3d and one or two 
-- pcurves or one or two surface-curves or one of each 

IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 
'GEOMETRY-SCHEMA.SURFACE-CURVE'] * TYPEOF(cv)) = 1 THEN 

-- if the curve reference is correct, check also the rest 

IF gbsf-check-curve (cv\surface~curve.curve~3d) THEN 
REPEAT i := 1 TO SIZEOF 
(cv\surface-curve.associated-geometry); 

-- do for one or two associated-geometrys: 

IF 'GEOMETRY-SCHEMA.SURFACE' IN TYPEOF 
(cv\surface-curve.accociated~geometry[i]) THEN 
IF NOT gbsf-check-surface 

(cv\surface~curve.associated~geometry[il) THEN 
RETURN (FALSE) ; 

END-IF ; 

IF 'GE0METRY-SCHEMA.PCURVE' IN TYPEOF 
ELSE 

(cv\surface~curve.associated~geometry[i]) THEN 
IF NOT gbsf-check-curve 

(cv\surface-curve.associated-geometry[il) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-I F ; 

END-IF; 
END-REPEAT; 
RETURN (TRUE) ; 

END-IF ; 
ELSE 

-- if the curve is a trimmed-curve 
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IF ('GEOMETRY-SCHEMA.TRIMMED-CURVE') IN TYPEOF (cv) THEN 

-- if a line, parabola or hyperbola is being trimmed, 
-- then valid 

IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 
'GEOMETRY-SCHEMA.LINE', 
'GEOMETRY-SCHEMA.PARABOLA', 
'GEOMETRY-SCHEIW.HYPERBOLA'] * 
TYPEOF (cv\trimmed-curve.basis-curve)) = 1 
THEN RETURN (TRUE) ; 

-- otherwise, recursively check the basis curve 

ELSE RETURN (gbsf-check-curve 

EN01 F ; 
(cv\trimmed-curve.basis-curve) 1; 

END-IF ; 
END-I F ; 

END-IF ; 
END-IF ; 

END-I F ; 
END-IF; 

END-IF ; 
END-I F ; 

END-IF ; 
RETURN(FALSE); 

END-FUNCTION; 
( *  

Argument definitions: 

cv: (input) the curve that is being checked for a valid curve in a geometncally-bounded~surface-shape-- 
representation. 

BOOLEAN: (return) is TRUE if the curve is a valid curve; else FALSE. 

F.3.2.2.3 gbsf-check-surface 

The gbsf_cheCk_surface function períorms type and constraint checking for surfaces. An instance is checked 
against all types of surfaces that are valid in the context of a geometricaily-bounded-surface-shape-- 
representation. All related geometry, that is curves and surfaces, are correspondingly checked. 

EXAMPLE - Whether the instance of a b-splinesurface self-intersects, is an example of a constraint that is 
validated by this function. 

Where appropriate an instance is investigated recursively. This means if a surface references another surface 
as a basis surface or parent surface, the gbsf-check-surface function is called again. If a curve is referenced, 
the gbsf-check-curve function is called. The recursion terminates at entity types that do not reference any 
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curves or surfaces. 

The following surface types are within the scope of the geornetrically-boundeurface_shape_- 
representation and are valid input to this function: 

- bspline-surface; 

- curve-bounded-surface; 

- elementary-surface; 

- offset-surface; 

- rectangular-composite-surface; 

- rectangular-trimmed-suríace; 

- surface-replica; 

- sweptsurface. 

Both the basis-surface of a curve-boundd-surface, the basis-sdace of an offset-surface, the basis-- 
surface of a mîanguhtrimmed-surface, and the parent-surface of a surface-replica shall all be one of 
the surface types listed above. 

The segments of a rectangular-composite-surface shall be surface-patches. The parent-surface of a 
surface-patch shall be of one of the following types: 

- b-spline-surface; 

- rectangular-composite-surface (recursive); 

- rectangular-trimmed-surface (recursive). 

Swept-surfaces reference curves. Function gbsf-check-curve is called for type checking. The 
geometricaily-bounded-surface-shape-representation requires the same constraints on valid sweeping 
curves as specified in IS0 10303-42. AU curves that are in the scope of a geometrically-bounded-surface-- 
shape-representation are valid swept-curves. This function returns TRUE if the types of all referenced 
geometries are within the scope of the geometrically-boundednded_surface-shape-representation and if all 
constraints are satisfied; else it returns FALSE. 

NOTES 
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1 - This function does not check the correctness of references with respect to IS0 10303-42. Only requirements 
due to the scope of the geometricaily-bounded_surface-shape-representation are checked. 

2 - The function uses recursion to trace entity references. 

EXPRESS specification: 

* )  
FUNCTION gbsf-check-surface (sf : surface) : BOOLEAN; 

-- check whether the input has the right type and for some whether 
-- attribute restrictions are fulfilled (self-intersect e.g.1 

-- b-spline-surface has a self-intersect attribute that shall be false 

IF (('GE0METRY-SCHEMA.B-SPLINE-SURFACE' IN TYPEOF(sf)) AND 
(sf\b-spline-surface-seif-intersect = FALSE)) THEN 
RETURN (TRUE ) ; 

ELSE 

-- basis surface types return true 

IF SIZEOF (['GEOMETRY-SCHEMA-SPHERICAL-SURFACE', 
'GEOMETRY-SCHEMA.TOROIDAL-SURFACE'] * TYPEOF(sf)) = 1 THEN 
RETURN (TRUE) ; 

ELSE 

IF 'GEOMETRY-SCHEMA-CURVE-BOUNDED-SURFACE' IN TYPEOF(sf) THEN 

-- if there is a simple basis-surface, check the curves 

IF SIZEOF (['GEOMETRY-SCHEMA-CONICAL-SURFACE', 
'GEOMETRY-SCHEMA.CYLINDRICAL-SURFACE', 
'GEOMETRY-SCHEMA.PLANE'1 
* TYPEOF(sf\curvebounded-surface.basis-surface)) = 1 THEN 
RETüRN(SIZE0F (QUERY (bcurve <* 
sf\curve-bounded-surface.boundaries I 
NOT (gbsf-check-curve(bcurve) 1 )  = O); 

ELSE 

-- recursively check the basis-surface and then the curves 

IF gbsf-check-surface 
(sf\curve-bounded-surface.basis-surface) THEN 
RETüRN(SIZE0F (QUERY (bcurve e* 
sf\curvebounded-surface.boundaries I 
NOT (gbsf-check&ve (kurve ) = O j ; 

END-IF: END-IF; 
ELSE 

-- offset-surface references a surface and shall not self intersect 

IF (('GEOMETRY-SCHEMA.0FFSET-SURFACE' IN TYPEOF(sf)) AND 
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(sf\offset-surface.seif-intersect = FALSE)) THEN 
RETURN (gbsfcheck-surface (sf\offset-surface-basis-surface) 1 ;  

ELSE 

-- rectangular-composite-surface references a matrix of surfaces 
IF 'GEOMETRY-SCHEMA.RECTANGULA€-COMPOSITE-SüRFACE' IN TYPEOF(sf) 
THEN 
REPEAT i := 1 TO SIZEOF 

(sf\rectangular-composite-surface.segments1; 
REPEAT j := 1 TO SIZEOF 

(sf\rectangular~composite~surface.segments[i] 1; 
IF NOT (gbsf-check-surface 

(sf\rectangular~composite~surface.segments[il [ j l .  
parent-surface)) 
THEN RETURN (FALSE); 

END-I F ; 
END-REPEAT; 

END-REPEAT; 
RETURN (TRUE) ; 

ELSE 

-- rectangular-trimmed-surface has a basis-surface 

IF 'GEOMETRY-SCHEMA.RECTANGUM-TRIMMED-SURFACE' IN TYPEOF(sf) 
THEN 
IF SIZEOF (['GEOMETRY-SCHEMA.CON1CAL-SURFACE', 

'GEOMETRY-SCHEMA.CYLINDRICAL-SURFACE', 
'GEOMETRY-SCHEMA.PLANE'1 * TYPEOF 
(sf\rectangular-trimmed-surface.basis-surface)) = 1 THEN 
RETURN (TRUE) ; 

RETURN(gbsf-check-surface 
(sf\rectangular-trimedcurface.basis-surface));  

ELSE 

END-IF ; 
ELSE 

-- parent-surfaces need to be checked for their validity 

IF 'GEOMETRY-SCHEMA-SURFACE-REPLICA' IN TYPEOF (sf) THEN 
RETURN (gbsf-check-surface 
(sf\surface-replica.parent-surface)); 

ELSE 

-- and the swept-surface must have a valid swept-curve 

IF 'GEOMETRY-SCHEMA.SWEPT-SURFACE' IN TYPEOF(sf) THEN 

END-I F ; 
RETURN(gbsf-check-curve (sf\swept-surface.swept-curve) 1 ;  

END-I F ; 
END-IF ; 

END-I F ; 
END-I F ; 

END-IF ; 
END-IF ; 

END-IF ; 
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RETURN (FALSE) ; 
END-FUNCTION; 
( *  

Arrnment definitions: 

&(input) the surface that is being checked for a valid surface in a geometricaily-bounded-- 
surface-shape-representation. 

BOOLEAN: (return) is TRUE if the surface is a valid surface; else FALSE. 

F.3.2.2.4 bagto-set 

This function converts BAGS into SETs. 

EXAMPLE - It can be used to convert the BAGS returned by the USEDIN function into SETs that can be properly 
assigned to variables that are SETs. 

NûïE - This function specification is copied from IS0 10303-41. It is included in this AIC to resolve all references 
from this AIC schema. The function is unchanged. 

EXPRESS specification: 

* )  
FUNCTION bag-to-set (thebag : BAG OF GENERIC : intype) : 

SET OF GENERIC : intype; 

LOCAL 
the-set: SET OF GENERIC : intype := [ I ;  
i : INTEGER; 

END-LOCAL ; 

IF SIZEOF (thebag) > O THEN 
REPEAT i := 1 to HIINDEX (thebag); 

the-set := the-set + thebag [il; 
END-REPEAT ; 

END-IF ; 

RETURN (the-set) ; 

END-FUNCTION; 
( *  

Armmnt definitions: 

the-bag: the BAG that is to be converted into a SET. 
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END-SCHEMA; -- aic-geometricall y-bounded-surface 
(* 

F.4 Application interpreted construct 509: Manifold surface 

F.4.1 Scope 

This application interpreted construct specifies the interpretation of the integrated resources to satisfy 
requirements for the description of a geometric shape by means of manifold surfaces. 

The following are within the scope of this AiC: 

- 3D points; 

- points defined in the parameter space of curves or surfaces; 

- 3Dcurves; 

- curves defined in the parameter space of surfaces; 

NOTE - Such curves are also known as pcurves or cons. 

- the elementary curves line, circle, ellipse, parabola, and hyperbola: 

- intersection curves; 

- surfaces; 

- the elementary surfaces plane, cylinder, cone, torus, and sphere; 

- swept surfaces created by rotation or linear extrusion of a curve; 

- sculptured curves and surfaces: 

- trimming of curves and surfaces using topological entities; 

- composition of curves and surfaces using topological entities; 

- replication of curves, surfaces, and surface models; 

- 3D offsets of curves and surfaces; 

- 2-manifolds. 
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The following are outside the scope of this AIC: 

- unbounded geometry; 

- self-intersecting geometry; 

- geometry in a 2D cartesian coordinate space; 

- topology that is defined independent of geometry; 

- non-manifolds. 

F.4.2 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the 
types, entity specializations, and functions that are specific to this AIC. 

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not 
imparted into the AiC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of I S 0  10303-1 1. References to eliminated constructs are outside the scope of the AIC. 

This application interpreted construct provides a consistent set of geometric and topological entities for the 
deftnition of manifold surface representations that consist elementary or sculptured surfaces. The highest level 
entity of this AIC is manifold-surface-shape-representation. A manifold-surface-shape-represenîation 
is bounded. The bounding of the geometry is achieved by topological entities, such as edge and face. 

A manifold_surface_shape_representation is capable of representing 2-manifolds. A maximum of two faces 
may share the same edge. A manifold-surface-shape-represenîation is a shape-representation (see IS0 
1 0303-4 1) that consists of a set of shell-based-surface-models. A shell-based-surface-model references 
topological entities which in turn reference geometric entities such as points, curves, and surfaces. Pcurves 
(see IS0 10303-42) may also be referenced. All geometric entities are of dimensionality 3. Two-dimensional 
geometry is only used for the purpose of defining pcurves. The use of one-dimensional cartesian-points is 
excluded. 

The assembly of manifold_surface-representations is provided by the use of mapped-items as members of 
manifold-surface-shape-representation-items. Mapped-item is specified in IS0 10303-43. 

Topology shall not exist independent of geometry. 

* )  
SCHEMA aicmanifold-surface; 

USE FROM aic-topologically-bounded-surface; -- Annex F 
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USE FROM geometric-model-schema (shell-based-surface-model); -- IS0 10303-42 
USE FROM geometry-schema ( 

point-on-curve, 
point-on-surface, 
degeneratescurve, 
evaluated-degeneratejcurve, 
axis2_placement_2d, 
cartesian~transformation~operator~3d, 
curve , 
intersection-curve, 
seam-curve, 
offset_curve_3d, 
curve-replica, 
surface, 
offset-surface, 
surface-replica); 

USE FROM productsroperty-representation-schema 

USE FROM representation-schema ( 
definitional-representation, 
parametric-representation-context); 

USE FROM topology-schema ( 
oriented-face, 
connected-face-set, 
open-shell, 
closed-shell); 

(shape-representation); 

-- IS0 10303-42 

-- IS0 10303-41 

-- IS0 10303-43 

-- IS0 10303-42 

NOTE 2 - The Schemas referenced above can be found in the following parts of IS0 10303: 

aic-topological1 y-bounded-surface Annex F 

geometry-schema I S 0  10303-42 
geometricmodel-schema - I S 0  10303-42 

product-property-representation-schema IS0 10303-41 
represen tation-schema I S 0  10303-43 
topology-schema IS0 10303-42 

F.4.2.1 aic-manifold-surface entity definition: manifold-surface-shape-- 
representation 

A manifold-surface-representation is a shape-representation which represents the shape or portions of the 
shape of a product using 2-manifolds with boundaries. 2-manifolds are topologically constrained in a way that 
makes them suitable for inclusion into solid representations. A manifold-surface-shape-representation 
consists of a set of shells, each of which consists of a set of faces. These use among others edges and vertices 
that in turn reference geometric entities. Open-sheil and closet-shell, which both are subtypes of connected-- 
face-set, shall be used. Connected-face-set shall not be instantiated. 
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Topological entities shall not exist without an association to a corresponding geometric domain. 

The items of a manifold-surface-shape-representation may also be of type mappedjtem or axis2-- 
placement-3d. This enables the representation of assemblies of manifold-surface-shape-representations. 

All unbounded geometry shall be trimmed by using topological constructs. 

NOTE - An application protocol which uses this AIC may ensure that the shape-representation entity is 
instantiated as a manifold-surface-shape-representation. 

EXPRESS specification: 

* )  
ENTITY manifold-surface-shape-representation 

WHERE 
SUBTYPE OF (shape-representation); 

WR1: SIZEOF (QUERY (it <* SELF.items I 
NOT (SIZEOF (['AIC_MANIFOLD-SURFACE.SHELL-BASED-SURFACE-MODEL', 
'AIC-MANIFOLD-SURFACE.MAPPED-ITEM', 
*AIC-MANIFOLD-SURFACE.AXIS2-PLACEMENT-3D'] * TYPEOF (it)) = 1))) = o; 

SIZEOF (['AIC_MANIFOLD-SURFACE.SHELL-BASED-SURFACE-MODEL', 
IAIC-MANIFOLD-SURFACE.MAPPED-ITEM'] * TYPEOF (it)) = 1)) > O; 

*AIC-MANIFOLD-SURFACE.MAPPED-ITEM~ IN TYPEOF (it)) I 
NOT ( ' A I C - M A N I F O L D - S U R F A C E . M A N I F O L o S U R F A C E _ S H T I O N '  
IN TYPEOF (mi\mapped-item.mapping-source.mapped-representation)) 1 )  
= o; 

B ~ ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ i  IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (sh <* 
cbsm\shell-based-surface-model.sbsm-boundary I 
NOT (SIZEOF (['AIC-MANIFOLD-SURFACE.0PEN-SHELL', 
'AIC-MANIFOLD-SURFACE.CLOSED-SHELL'] 
* TYPEOF (eh)) = 1))) = O))) = O; 

WR2: SIZEOF (QUERY (it <* SELF-items I 

WR3: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items I 

WR4: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items I 

WR5: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items I 
1 AIC-MANIFOLD-SURFACE . SHELL-BASED-SURFACEMODEL * IN TYPEOF ( it ) I 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-model.sbsm_bounda I 
NOT (SIZEOF (QUERY (fa <* cfs\connected-face-set.cfs-faces I 
NOT (SIZEOF (['AIC-MANIFOLD-SURFACE.FACE-SURFACE', 
'AIC-MANIFOLD-SURFACE.ORIENTED-FACE'] * TYPEOF (fa)) = 1) ) )  = o ) ) )  
= O))) = o; 

IAIC-MANIFOLD-SURFACE.CHELL_BASE~SURFACEMODEL~ IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (cfs <* 
cbcm\shell-based-surface-mode1.sbsm-boundary I 
NOT (SIZEOF (QUERY (f-sf <* QUERY (fa <* 
cfs\connected-face-set.cfs-faces I 
i AIC-MANIFOLD-SURFACE. FACE-SURFACE i IN TYPEOF ( fa) ) I 
NOT (('AIC-MANIFOLD-SURFACE.ADVANCED-FACE' IN TYPEOF (f-sf)) 
OR 
(SIZEOF (['AIC-MANIFOLD-SURFACE.OFFSET-SURFACE', 

WR6: SIZEOF (QUERY (cbsm <* QUERY (it <* SELF.items I 
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'AIC-MANIFOLD-SURFACE.SURFACE-REPLICA'] * TYPEOF 
(f-sf\face-surface.face-geometry)) = 1)))) = O ) ) )  = O ) ) )  = O; 

WR7: SIZEOF (QUERY (sbsm e* QUERY (it <* SELF-items I 
i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ i  IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (cfs e* 
sbsm\shell-based-surface-mode1.sbsm-boundary 1 
NOT (SIZEOF (QUERY (fa <* cfs\connected-face-set .cfs-faces I 
NOT (('AIC-MANIFOLD-SURFACE.ADVANCEDFACE' IN TYPEOF (fa)) 
OR 
(basis-surface_check(fa\face-surface.face-geometry))))) = O))) 
= O ) ) )  = o; 

WR8: SIZEOF (QUERY (sbsm e* QUERY (it <* SELF-items I 
'AIC-MANIFOLD-SURFACE.SHELL-BASED-SURFACE-MODEL* IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-mode1.sbsm-boundary I 
NOT (SIZEOF (QUERY (fa <* cfs\connected-face-set-cfs-faces I 
NOT (('AIC-MANIFOLD-SURFACE.ADVANCEDFACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (bnds <* fa.bounds 1 
NOT (SIZEOF (['AIC-MANIFOLD-SURFACE.EDGE_LOOP', 
'AIC-MANIFOLD-SURFACE.VERTEX-LOOP'] 
* TYPEOF (bnds.bound)) = 1))) = O ) ) ) )  = O ) ) )  = O ) ) )  = O; 

IAIC_MANIFOLD-SURFACE.SHELL-BASED-SURFACE-MODEL~ IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface~model.sbsm_bounda I 
NOT (SIZEOF (QUERY (fa <* cfs\connected-face-set.cfs-faces I 

WR9: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF-itemsl 

. .  NOT (('AIC-MANIFOLD-SURFACE.ADVANCEDFACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (elp-fbnds <* QUERY (bnds e* fa.bounds I 
'AIC-MANIFOLD-SURFACE.EDGE-LOOP' IN TYPEOF (bnds)) I 
NOT (SIZEOF (QUERY (oe <* elp-fbnds.bound\path.edge-list I 
NOT ('AIC-MANIFOLD-SURFACE.EDGE-CURVE' IN TYPEOF 
(oe.edge-element)))) = O))) = O ) ) ) )  = O ) ) )  = O ) ) )  = O; 

WR10: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items I 
'AIC-MANIFOLD-SURFACE.SHELLBASEoSURFACE_MODEL' IN TYPEOF 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-model.sbsm-boundary I 
NOT (SIZEOF (QUERY (fa e* cfs\connected-face-set.cfs-faces 
NOT (('AIC-MANIFOLD-SURFACE.ADVANCEDFACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (elp-fbnds <* QUERY (bnds <* fa.bounds I 
'AIC-MANIFOLD-SURFACE.EDGE-LOOP' IN TYPEOF (bnds.bound)) I 
NOT (SIZEOF (QUERY (Oe-cv <* QUERY (oe <* 

it)) I 

elp-fbnds . bound\path. edge-list I 
'AIC-MANIFOLD-SURFACE.EDGE-CURVE' IN TYPEOF (oe.edgeelement)) I 
NOT (SIZEOF (['AIC-MANIFOLD-SURFACE.CURVE-REPLICA', 
'AIC-MANIFOLD-SURFACE.OFFSET-CURVE-3D', 
'AIC-MANIFOLD-SURFACE.PCURVE'1 * 
TYPEOF (Oe-cv.edge-element\edge-curve.edge-geometry) 
= i))) = O ) ) )  = O ) ) ) )  = O ) ) )  = O ) ) )  = o; 

WR11: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items I 
'AIC-MANIFOLD-SURFACE.SHELL_BASEoSURFACEMODEL' IN TYPEOF 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-mode1.sbsm-boundary I 
NOT (SIZEOF (QUERY (fa e* cfs\connected-face-set.cfs-faces 
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NOT (('AIC-MANIFOLD-SURFACE.ADVANCEDFACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (elp-fbnds <* QUERY (bnds <* fa.bounds I 
'AIC-MANIFOLD-SURFACE.EDGE-LOOP' IN TYPEOF (bnds.bound)) 
NOT (SIZEOF (QUERY (oe <* elp-fbnds.bound\path.edge-list 
NOT (basis-curve-check (oe.edge-element\edge-curve.edge-geometry) 1 )  
= O))) = O)))) = O ) ) )  = O))) = o; 

*AIC-MANIFOLD-SURFACE. SHELL-BASED-SURFACEMODEL i IN TYPEOF ( it I 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-mode1.sbsm-boundary I 
NOT (SIZEOF (QUERY (fa <* cfs\connected-face-set.cfs-faces I 
NOT (('AIC-MANIFOLD-SURFACE.ADVANCED-FACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (elp-fbnds <* QUERY (bnds <* fa.bounds I 
'AIC-MANIFOLD-SURFACE.EEGE-LOOP' IN TYPEOF (bnds)) I 
NOT (SIZEOF (QUERY (Oe <* elp-fbnds.bound\path.edge-list1 
NOT (('AIC-MANIFOLD-SURFACE.VERTEX-POINT' IN TYPEOF 
(oe.edge-element.edge-start)) 
AND 
('AIC-MANIFOLD-SURFACE.VERTEX-POINT' IN 
TYPEOF (oe.edge-element-edge-end)) ) ) )  
= O))) = O ) ) ) )  = O))) = O ) ) )  = o; 

i ~ ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ i  IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-mode1.sbsm-boundary I 
NOT (SIZEOF (QUERY (fa <* cfs\connected_face-set.cfs-faces I 
NOT (('AIC-MANIFOLD-SURFACE.ADVANCEDFACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (elp-fbnds <* QUERY (bnds <* fa-bounds I 
'AIC-MANIFOLD-SüRFACE.EDGE-LOOP' IN TYPEOF (bnds.bound) 1 
NOT (SIZEOF (QUERY (oe <* elp-fbnds.bound\path.edge-list 

WR12: SIZEOF (QUERY(sbsm <* QUERY (it <* SELF.items I 

WR13: SIZEOF (QUERY (sbsm e* QUERY (it <* SELF-items I 

NOT ((SIZEOF (['AIC-MANIFOLD-SURFACE.CARTES1AN-POINT', 
'AIC-MANIFOLD-SURFACE.DEGENERATE-PCURVE', 
'AIC~MANIFOLD~SüRFACE.POINT~ON~CURVE', 
'AIC-MANIFOLD-SURFACE.POINT-ON-SURFACE'] * TYPEOF 
(oe.edge-element.edge_ctart\vertex_point.vertex-geometry)) = 1) 
AND 
(SIZEOF (['AIC-MANIFOLD-SURFACE.CARTES1AN-POINT', 
'AIC-MANIFOLD-SURFACE.DEGENERATE-PCURVE', 
'AIC-MANIFOLD-SURFACE.POI"_CURVE', 
'AIC-MANIFOLD-SURFACE.POINT-ON-SURFACE'] * TYPEOF 
(oe.edge_element.edge-end\vertex~oint.vertex-geomet~)) = 1 
) ) ) )  = 0 ) ) )  = 0 ) ) ) )  = 0 ) ) )  = 0 ) ) )  = o; 
i AIC-MANIFOLD-SURFACE . SHELL-BASED-SURFACE-MODEL i IN TYPEOF (it) I 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-model.sbsm-boundary I 
NOT (SIZEOF (QUERY (fa <* cfs\connected-face-set .cfs-faces I 
NOT (('AIC-MANIFOLD-SURFACE.ADVANCED-FACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (vlp-fbnds <* QUERY (bnds <* fa.bounds I 
' AIC-MANIFOLD-SURFACE . VERTEX-LOOP ' IN TYPEOF (bnds . bound 1 1 I 
NOT ('AIC-MANIF0LD-SURFACE.VERTEX-POINT' IN TYPEOF 
(vlp_fbnds.bound\vertex-loop.loop-vertex)))) = O)))) = O))) 

WR14: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items I 
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= O))) = o; 

i ~ ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ i  IN TYPEOF (it)) I 
NOT (SIZEOF (QUERY (cfs <* 
sbsm\shell-based-surface-model.sbsm-boundary I 
NOT (SIZEOF (QUERY (fa <* cfs\connected-face-set-cfs-faces I 
NOT (('AIC-MANIF0LD-SURFACE.ADVANCEDFACE' IN TYPEOF (fa)) 
OR 
(SIZEOF (QUERY (vlp-fbnds <* QUERY (bnds <* fa.bounds I 
AIC-MANIFOLD-SURFACE . VERTEX-LOOP ' IN TY PEOF (bnds . bound I 
NOT (SIZEOF (['AIC-MANIFOLD-SURFACE.CARTES1AN-POINT', 
'AIC-MANIFOLD-SURFACE.DEGENERATE_PCURVE', 
'AIC-MANIFOLD-SURFACE.POINT_O", 
'AIC-MANIFOLD-SURFACE.POINT-ON-SURFACE'] * TYPEOF 
(vlp-fbnds.bound\vertex-loop.loop-vertex\vertex~oint.vertex-geomet~) ) 
- - 1))) = 0)))) = 0))) = 0))) = o; 

WR15: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items I 

END-ENTITY; 
( *  

Formal propositions : 

WR1: The items in a manifold-surface-shape-rep~entation shall be shell-based-surface-m~els, 
mapped-items, or axis2-placement-3ds. 

NOTE - Axis2>acement-M is valid as a reference as mappingtarget from a mappedjtem. To include another 
representation into the list of items of a manifold-surfaceshape- representation (see WR3 for valid mapped-- 
items), the mapped-item.mappingsource.mappingorigin may be any entity that is geometrically founded in 
the geometric-representation-context of the mapped-representation. If this entity is an axis2-placement-M, 
the mapping operator for the mapped-representation to the manifold-surface-shape-representation 
mesponds to a transformation matrix with only translation and rotation enabled. If a cartesian-transformation-- 
operator-3d is used as mappingorigin, scaling and mirroring are possible. 

WR2: At least one of the items in a manifold-surface-shape-representation shall be either a shell-- 
based-surface-model or a mapped-item. 

WR3: If there is a mapped-item in a manaold-surface-shr~ntat ion,  the mapped-representation 
of its mappingsource shall be a manifold-surface-shape-representation. 

WR4: A shel-based-surface-model that is one of the items of a manifold-surface-shape-representation 
shall only reference open-shell or closed-shell as its sbsm-boundary . 

WR5: A face which is one of the cfs-faces of a connected-face-set of a manifold-surface-shape- 
representation shall be either a face-surface or an oriented-face. 

WR6: The face_geometry of a fxe-surface that is a face in a connected-face-set of a manifold-surface-- 
shape-representation shall be either an offset-surface, a surface-replica, or a surface within the reference 
tree of an advanced-face. 
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WR7: All basis geometry that is referenced by surfaces that are within the reference tree of a manifold- 
surface-shape-representation shall be valid curves and surfaces. 

The basis-surface of an offset-surface shall be either an elementarysurface, b-spline-surface, offset-- 
surface, swept-surface, or surface-replica. 

The parent-surîace of a surface-replica shall be either an elementary-surface, b-spline-surface, offset-- 
I surface, swept-surface, or surface-replica. 

The swept-curve of a swept-surface shall be either a line, conic, pcurve, surface-curve, offset-curve-3d, 
b-spline-curve, polyline, or curve-replica. 

WRS: The bound of a face-bound that is one of the bounds of a face in a connected-face-set in a shell-- 
based-surface-modei in a manifold-surface-shape-representation shall be either within the reference tree 
of an advanced-face or shall be an edge-loop or a vertex-loop. 

WW: The edge-element of an oriented-edge that is part of a connected-face-set and within the reference 
tree of a manifold-surface-shape-representation shall be either within the reference tree of an advanced-- 
face or shall be an edge-curve. 

WR10: The edge3eometry of an edge-curve that is an edge and within an edge-loop that is one of the 
bounds of a face in a connected-face-set in a manifold-surface-shape-representation shall be either a 
pcurve, an offset_curve_3d, a curve-replica, or a curve in the reference tree of an advanced-face. 

WR11: All basis geometry that is referenced by curves that are within the reference tree of a manifold-- 
surface-shap-representation shall be valid curves and surfaces. The parent-curve of a curve-replica shall 
be either a line, conic, pcurve, surface-curve, ofket-curve-3d, b-spline-curve, polyline, or curve-replica. 

The basis-curve of an ofkt-curve-3d shall be either a line, conic, pcurve, surface-curve, offset-curve-3d, 
b-spline-curve, polyline, or curve-replica. 

The w e - 3 d  of a surface-curve shall be either a line, conic, offset_curve_3d, b-spline-curve, polyline, 
or curve-replica. 

The basis-surface of a surface-curve shall be either a b-spline-surface, elementary-surface, offset-- 
surface, surface-replica, or swept-surface. 

WR12: The edge-start and edge-end of an edge that is part of a connected-face-set and within the 
reference tree of a manifold-surface-shape-representation shall be either within the reference tree of an 
advanced-face or vertex-pints . 

WR13: The vertexseometry of a vertex that is part of an edge-loop and within the reference tree of a 
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manifold-surface_shape_representation shall be either within the reference tree of an advanced-face or shall 
be a cartesianpoint, point-on-curve, point-on-surface, or degenerate-purve. 

WR14: The loop-vertex of a vertex-loop that is part of a connected-face-set and within the reference tree 
of a manifold-surface-shape-representation shall be either within the reference tree of an advanced-face 
or shall be a vertex-point. 

WR15: The vertex_geometry of a vertex that is part of a vertex-loop and within the reference tree of a 
manifold-surface_shape-presentation shall be either within the reference tree of an advanced-face or shall 
be a cartesianpoint, point-on-curve, point-on-surface, or degenerate-pcurve. 

Informal propositions: 

IP1: A b-spline-curve shall not self-intersect. 

I n :  A b-spline-surface shall not self-intersect. 

IP3: An offset-curve-3d shall not self-intersect. 

IP4: An offset-surface shall not self-intersect. 

IPS: If a face within the reference tree of a manifold-surface-shape_representation has only one connected 
outer bound, the corresponding loop shall be represented as face-outer-bound. If the outer bound is not 
connected, face-outer-bound shall not be used. 

F.4.2.2 aic-manifold-surface function definitions 

The EXPRESS language has a number of built in functions. This section describes additional functions 
required for the definition and constraints on the ai-manifold-surface schema. These functions are used in 
the specification of the entity manifold-surface-shape-representation. 

F.4.2.2.1 basiscurvecheck 

The bask-curve-check function performs type checking for curves. An instance is checked against all types 
of curves that are valid in the context of a manifoldsurface-shape-representation. All related geometry, 
that is curves and surfaces, are correspondingly checked. 

Where appropriate an instance is investigated recursively. This means if a curve references another curve as 
a basis curve or parent curve, the basis-curve-check function is called again. If a surface is referenced, the 
basissurface-check function is called. The recursion terminates at entity types that do not reference any 
curves or surfaces. 
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The following curve types are within the scope of the manifold-surface-shape-representation and are, thus, 
valid input to this function: 

- b-spline-curve; 

- conic; 

- curve-replica; 

- line; 

- offset-curve-3d; 

- pcurve; 

- polyline; 

- surface-curve. 

Four of these curve types reference basis or parent curves. The fists below indicate the valiá references. 

The parent-curve of a curve-replica and the bk-corve of an offset-cuwe-3d shall be of one of the 
following types: 

- b-spline-curve; 

- conic; 

- cum-replica (recursive); 

- line; 

- offset-curve-3d (recursive); 

- pcurve (recursive); 

- polyline; 

- surface-curve (recursive). 

The one instance in the set of items of a deñniüona-representation that is referenced as reference-to-curve 
by a pcurve shall be of one of the following types: 
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- bspline-curve; 

- conic; 

- curve-replica (recursive); 

- line; 

- polyline. 

The curve-3d of a surface-curve shall be of one of the following types: 

- b-spline-curve; 

- conic; 

- curve-replica (recursive); 

- line; 

- offset-curve-3d (recursive); 

- polyline; 

- surface-curve (recursive). 

Pcurve and surface-curve also reference surfaces. Function basis-surface-check is called for type checking. 
The manifold-surface_shape_representation requires the same constraints on valid surface references for 
pcurves and surface-curves as specified in IS0  10303-42. A valid polyline shall consist of at least three 
cartesian-points. The attribute self-intersect shall for B-spline and offset geometry be set to FALSE. 

This function returns TRUE if the types of all referenced geometries are within the scope of the manifold-- 
surface-shape-representation and if all constraints are fulfilled; else it returns FALSE. 

NOTES 

1 - This function does not check the correctness of references with respect to I S 0  10303-42. Only requirements 
due to the scope of the manifold-surfaceshape-representation are checked. 

2 - The function uses recursion to trace entity references. 

EXPRESS specification: 
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* )  
FUNCTION basiscurve-check (CV: curve) : BOOLEAN; 

-- let those types pass that do reference curves or surfaces and 
-- that do not have any additional constraints 

IF (('GEOMETRY-SCHEMA.B-SPL1NE-CURVE' IN TYPEOF (cv)) AND 

THEN RETURN(TRUE); 
ELSE 

(cv\b-splinecurve-self-intersect = FALSE)) 

-- avoid line and conic to be in complex entities with bounded-curves, 
-- but else they are valid 

IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 'GEOMETRY-SCHEMA.CONIC', 
'GEOMETRY-SCHEMA. LINE ' ] * TYPEOF (CV) ) = 1 THEN 
RETURN (TRUE) ; 

ELSE 

-- check in case curve-replica is the type of the input curve 

IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 
'GEOMETRY-SCHEMA.CURVE-REPLICA'] * TYPEOF (cv)) = 1 THEN 
RETURN (basis_curve_check(cv\curve-replica.parent-curve)); 

ELSE 

-- check in case offset-curve-3d is the type of the input curve; 
-- attribute self-intersect shall be false 

IF ((SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 
'GEOMETRY-SCHEMA.OFFSET-CURVE-3D'l * TYPEOF (cv)) = 1) AND 
(cv\offset-curve-3d.seif-intersect = FALSE)) THEN 
RETURN (basis-curve-check (cv\of f set-curve-3d. basis-curve) ) ; 

ELSE 

-- check in case pcurve is the type of the input curve 

IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 
'GEOMETRY-SCHEMA.PCURVE'] * TYPEOF(cv)) = 1 THEN 
RETURN ((basis-curve-check 
(cv\pcurve.reference~to~curve\representat~on.~tems[ll~ 1 AND 
(basis-surface-check (cv\pcurve.basis-surface) 1 ) ;  

ELSE 

-- check in case surface-curve is the type of the input curve 
IF SIZEOF (['GEOMETRY-SCHEMA.BOUNDED-CURVE', 

'GEOMETRY-SCHEMA.SURFACE_CURVE'] * TYPEOF(CV)) = 1 THEN 

-- if the curve reference is correct, check also the rest 
IF basis-curve-check (cv\surface~curve.curve~3d) THEN 
REPEAT i := 1 TO SIZEOF 
(cv\surface-curve.associated-geometry); 
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-- do for one or two associated-geometrys: 

IF 'GEOMETRY-SCHEMA.SURFACE' IN 
TYPEOF (cv\surface-curve.associated-geometrytil) THEN 
IF NOT basis-surface-check 

(cv\surface-curve.associated-geometry[il) THEN 
RETURN (FALSE) ; 

END-IF ; 

IF 'GEOMETRY-SCHEMA.PCURVE' IN 
ELSE 

TYPEOF (cv\surface-curve.associated-geometry[i]) THEN 
IF NOT basis-curve-check 

(cv\surface~curve.associated~geometry[il) THEN 
RETURN (FALSE) ; 

END-IF ; 
END-IF ; 

END-I F ; 
END-REPEAT; 
RETURN (TRUE ) ; 

END-I F ; 
ELSE 

-- check in case polyline is the type of the input curve; 
-- polyline shall have at least 3 points (as required for 
-- advanced-face) 

IF 'GE0METRY-SCHEMA.POLYLINE' IN TYPEOF(cv) THEN 
IF (SIZEOF (cv\polyline.points) >= 3 )  THEN RETURN (TRUE); 
END-IF ; 

END-I F ; 
END-IF ; 

END-IF; 
END-I F ; 

END-IF ; 
END-I F ; 

END-IF; 
RETURN (FALSE) ; 

END-FUNCTION; 
( *  

Argument definitions : 

cv: (input) the curve that is being checked for a valid curve in a manifold-surface-shape-representation. 

BOOLEAN: (output) is TRUE if the curve is a valid curve; else FALSE. 

F.4.2.2.2 basis-surface-check 

The basis-surface-check function performs type checking for surfaces. An instance is checked against all 
types of surfaces that are valid in the context of a manifold-surface-shaprepresentaîion. Ail related 
geometry, that is curves and surfaces, are correspondingly checked 
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Where appropriate an instance is investigated recursively. This means if a surface references another surface 
as a basis surface or parent surface the basis-surface-check function is called again. If a curve is referenced, 
the basis-curve-check function is called. The recursion terminates at entity types that do not reference any 
curves or surfaces. 

The following surface types are within the scope of the manifold-surface_shape-representation and are, thus, 
valid input to this function: 

- b-spline-surface; 

- elementary-surface; 

- offset-surface; 

- surface-replica; 

- swept-surface. 

Two of these surface types reference basis or parent surfaces. The parent-surface of a surface-replica and 
the basis-surface of an offset-surface shall both be of one of the following types: 

- b-spline-surface; 

- elementary-surface; 

- offset-surface (recursive); 

- surface-replica (recursive); 

- swept-surface. 

Swept-surfaces reference curves. Function basis-cwe-check is called for type checking. The manifold-- 
surface-shape-representation requires the same constraints on valid sweeping curves as specified in IS0  
10303-42. All curves that are in the scope of a manifold-surface-shape-representation are valid swept-- 
curves. 

The attribute seW-intersect shall for B-spline and offset geometry be set to FALSE. 

This function returns TRUE if the types of all referenced geometries are within the scope of the manifold-- 
surface-shape-representation and if all constraints are fulfilled; else it returns FALSE. 

NOTES 
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1 - This function does not check the correctness of references with respect to requirements specified by IS0 
10303-42. Only requirements due to the scope of the manifold-surface-shape-representation are checked. 

2 - The function uses recursion to trace entity references. 

EXPRESS specification: 

* )  
FUNCTION basis-surface-check (surf : surface) : BOOLEAN; 

-- let those types pass that do not reference curves or surfaces 

IF 'GEOMETRY-SCHEMA.ELEMENTARY-SURFACE' IN TYPEOF(surf) THEN 

ELSE 
RETURN (TRUE ) ; 

-- check the swept-curve in case the input surface is a swept-surface 

IF 'GEOMETRY-SCHEMA-SWEPT-SURFACE' IN TYPEOF (surf) THEN 

ELSE 
RETURN (basis-curve-check (surf\swept-surface.swept-curve) 1 ;  

-- check in case offset-surface is the type of the input surface; 
-- attribute self-intersect shall be false 
IF (('GEOMETRY-SCHEMA.OFFSET-SURFACE' IN TYPEOF (surf)) AND 

(surf\offset-surface-self-intersect = FALSE)) THEN 
RETURN (basis-surface-check (surf\offset-surface.basis-surface)); 

, ELSE 

-- check in case surface-replica is the type of the input surface 

IF 'GEOMETRY-SCHEMA.SURFACE-REPLICA' IN TYPEOF(surf) THEN 

ELSE 
RETURN(basis-surface-check (surf\surface-replica.parent-surface) 1 ;  

-- check for self-intersection flag in case b-spline-surface 

IF (('GEOMETRY-SCHEMA.B-SPLINE-SURFACE' IN TYPEOF(surf)) AND 
(surf\b-spline-surface.self-intersect = FALSE)) THEN 
RETURN (TRUE) ; 

END-I F ; 
END-IF ; 

END-I F ; 
END-I F ; 

END-IF ; 
RETURN (FALSE) ; 

END-FUNCTION; 
( *  

Argument definitions: 

surf: (input) the surface that is being checked for a valid surface in a manifold-surface-shape-- 
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representation. 

BOOLEAN: (output) is TRUE if the surface is a valid surface; else FALSE. 

*) 
END-SCHEMA; -- aic-manifold-surface 
(* 

F.5 Application interpreted construct 510: Geometrically bounded wireframe 

F.5.1 Scope 

This application interpreted construct specifies the interpretation of the integrated resources to satisfy 
requirements for the representation of the product shape using geometrically bounded wireframe models. 

The following are within the scope of this AIC: 

- points and curve geometry in 3D cartesian space; 

- the use of wireframe geometry to represent a shape; 

- the combination of representations to form an aggregation of representations. 

The following are outside the scope of this AIC: 

- surface geometry; 

- topological connectivity of geometry; 

- product definitions. 

F.5.2 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the 
types, entity specializations, and functions that are specific to this AIC. 

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not 
imported into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of I S 0  10303-1 1. References to eliminated constructs are outside the scope of the AIC. 

* )  
SCHEMA aic-geometrically-bounded-wireframe; 

USE FROM geometric-model-schema -- IS0 10303-42 
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(geometric-curve-set, 
geometric-set); 

USE FROM geometry-schema 

axis2_placement-3d, 
b-spline-curvewith-knots, 
bezier-curve, 
cartesian~transformation~operator~3d, 
circle, 
composite-curve, 
curve, 
curve-replica, 
ellipse, 
geometric-representation-context, 
hyperbola, 
line, 
offset-curve-3dI 
parabola, 
point, 
point-on-curve, 
point-replica, 
polyline, 
quasi-uniform-curve, 
rationalb-spline-curve, 
reparametrised-composite-curve-segment, 
trimmed-curve, 
uniform-curve); 

(axisljlacement, 

IS0 10303-207: 1999(E) 

-- IS0 10303-42 

USE FROM product-property-representation-schema -- IS0 10303-41 
(shape-representation); 

USE FROM representation-schema -- IS0 10303-43 
(mapped-item) ; 

( *  

NOTE 2 - The Schemas referenced above can be found in the following parts of IS0 10303: 

geometricmodelschema IS0 10303-42 
geometry-schema IS0 10303-42 
product-property-representation-schema IS0 10303-41 
representation-schema I S 0  10303-43 

F.5.2.1 aic_geometrically-bounded-wireframe entity definition: geometrically-- 
bounded-wire frame-shape-representation 

A geometncally-bounded-wireframe-shape-representation is a shape-representation which represents 
the shape or portions of the shape of a product by wireframe geometry without topology. These 
representations are formed by the use of points and curves only. Ail unbounded curves shall be explicitly 
trimmed unless they are closed. The boundaries of the curves shall be defined explicitly by points on the curves 
and explicit associations between the points and the curves which they bound or by parameter values. Each 
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geometric-set in a geometricaüy-bounded-wireframe-shape-representation shall contain only those 
entities that define the physical object that is being represented by a particular instance of the geometrically-- 
bounded-wireframe-shape-representation. The geometric entities that are used to support the definition 
of another geometric entity shall not exist themselves in the elements set of a geometric-set. 

NOTE - An application protocol that uses this AIC may ensure that the shape-representation entity is instantiated 
as an geometrically-bounded-wireframe-shape-representation. 

EXAMPLE - A circular arc is to be used to define the corner radius on a part that is being represented using a 
geometrically-bounded_wireframe-shape-representation. The representation of that arc is a circle that is 
referenced by a trimmed-curve as it basis-curve. The geometric-set that contains the shape of the part has the 
trimmed-curve in its set of elements, but does not contain the circle that is used as the basis-curve. 

EXPRESS specification: 

* )  
ENTITY geometrically-bounded-wireframe-shape-representation 

WHERE 
SUBTYPE OF (shape-representation); 

WR1: SIZEOF (QUERY (it <* SELF.items I 
NOT (SIZEOF (TYPEOF(it) * 

['AIC-GEOMETRICALLY-BOUNDED-WIREFRAME.GEOMETRIC-CURVE-SET', 
'AICGEOMETRICALLY-BOUNDED-WIREFRAME.~IS2-PLACEMENT-3D', 
'AIC-GEOMETRICALLY-BOUNDED~WIREFRAME.MAPPED-1TEM'I) = 1) 

1 )  = o; 
m2: SIZEOF (QUERY (it <* s ~ ~ ~ . i t e m s  I 

SIZEOF (TYPEOF (it) * 
['AICGEOMETRICALLY-BOUNDED-WIREF~E.GEOMETRIC-CURVE-SET', 
'AIC-GEOMETRICALLY-BOUNDED-WIREFRAME.M?iPPED-ITEM']) = 1 

) )  >= 1- 
W R ~ :  SIZEOF '(QUERY (gcs <* QUERY (it <*  item items I 

( ' A I C - G E O M E T R I C A L L Y - B O U N D E D - W I R E F R A M E . G E O E - S E T '  

NOT (SIZEOF (QUERY (crv c* 
IN TYPEOF (it) ) ) I 

( 1 AICGEOMETRICALLY-BOUNDED-WIREFRAME. CURVE i IN TYPEOF (elem) ) I 
QUERY (elem <* gcs\geometric-set.elements I 
NOT (valid-geometrically-bounded-wf-curve 

(crv, 'AIC-GEOMETRICALLY-BOUNDED-WIREFRAME') 1 
1 )  = O )  

1 )  = o; 
WR4: SIZEOF (QUERY (gcs <* QUERY (it <* SELF.items I 

('AIC-GEOMETRICALLY-BOUNDED_WIREFRAME.GEOMETRIC-CUR~-SET' 
IN TYPEOF (it))) I 

NOT (SIZEOF (QUERY (pnts <* 

( i ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ i  IN TYPEOF (elem))) I 
QUERY (elem <* gcc\geometric-set.elements 1 
NOT (valid-geornetrically_bounded-wf~oint 

(pnts, 'AICGEOMETRICALLY-BOUNDED_WIREFRAME')) 
1 )  = O) 

1 )  = o; 
WR5: SIZEOF (QUERY (gcs <* QUERY (it <* SELF.items I 

('AIC-GEOMETRICALLY-BOUNDED-WIREF~E.GEOMETRIC-C~~-SET' 
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IN TYPEOF (it))) I 
NOT (SIZEOF (QUERY (cnc <* 

QUERY (elem <* gcs\geometric-set.elements I 
NOT ('AIC-GEOMETRICALLY-BO~DED-WIREFWE.~IS2-P~CEM~T-3D' 

('AIC-GEOMETRICALLY-BOUNDED-WIREFEUME.CON1C' IN TYPEOF (elem))) I 
IN TYPEOF (cnc\conic.position)) 

WR6: SIZEOF (QUERY (gcs <* QUERY (it <* SELF.items I 
1 )  = O) 

1 )  = o; 
('AICGEOMETRICALLY-BO~DED-WIREF~E.GEOMETR1C-CURVE-SET' 

IN TYPEOF (it))) I 
NOT (SIZEOF (QUERY (pline <* 

QUERY (elem <* gcs\geometric-set.elements I 

NOT (SIZEOF (pline\polyline.points) > 2) 

( ' A I C ~ G E O M E T R I C A L L Y ~ B 0 ü N D E D ~ W I R E F W E . P O L Y L I N E '  
IN TYPEOF (elem))) I 

) )  = O) 
) )  = o; 

WR7: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items I 
('AIC-GEOMETRICALLY-BOUNDED~WIREFRAME.MAPPED-1TEM' 

IN TYPEOF (it))) I 
NOT ('AICGEOMETRICALLY-BOüNDED-WIREFWE. ' + 

'GEOMETRICALLY_BOUNDED_WIREFRAME_CHAPE_' 
IN TYPEOF (mi\mapped-item.mapping-source.mapped_representation)) 

) )  = o; 
WR8: SELF.context~of~items\geometric~representation~context. 

coordinate-space-dimension = 3; 
END-ENTITY; 
( *  

Formal uropositions: 

WR1: The items in a geometrically-bounded-wi~f~e-shape-representation shall be a geometric-- 
curve-set, a.xis2-placement-3d, or mapped-item . 

WR2: At least one of the items in a geometricaìiy-bounded-wireframe-shape-representation shall be 
either a geometric-curve-set or a mapped-item. 

WR3: Ail curves that are in the elements of a geometric-curve-set for a geometrically-bounded-- 
wireframe-shape-representation shall be bounded explicitly by geometry. 

WR4: Ail points that are in the elements of the geometric-curve-set for a geometrically-bounded-- 
wireframe-shap-represenîation shall be a cartesian-pint, pin-on-curve, or point-replica. The point-- 
replica shall replicate either another point-replica or a cartesian-point. The point-on-curve shall lie on a 
valid curve type for a geometridy-bounded-wireframe-shape-representation. 

W E :  The position for a conic in the elements of a geometric-curve-set for a geometricaily-bounded-- 
wireframe-shape-representation shall only be an axis2-placement-3d. 

WR6: Every poiyüne in the elemnîs of a geometric-curve-set for a geometricaìiy-bounded-wirefrme-- 
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shape-representation shall contain more than two distinct points. 

WR7: If there is a mapped-item in a geometrically_boundee-s~pe-representation, the source 
of the mapped-item shall be a geometrically-bounded-wireframe-shape-representation. 

WR8: The geometrically-bounded-wireframe-shape-representation shall have a coordinate-space-- 
dimension equal to three. 

F.5.2.2 aic_geometrically-bounded-wireframe function definitions 

F.5.2.2.1 valid_geometrically-bounded-d-curve 

The valid_geomehically-bounded-~-cu~e function determines whether or not an input curve is valid for 
use in representing a shape defined by a geometrically bounded wireframe. 

EXPRESS suecification: 

* )  
FUNCTION valid-geometrically-bounded-wf-curve 

(crv : curve; schma : STRING) : BOOLEAN; 

-- check for valid basic curve types 
IF SIZEOF ([schma + '.POLYLINE', 

schma + '.B-SPLINE-CURVE', 
schma + '.ELLIPSE', 
schma + ' .CIRCLE' J * TYPEOF (crv) ) = 1 

THEN RETURN (TRUE); 

-- if the curve is a trimmed-curve 
IF ((schma + '.TRIMMED-CURVE') IN TYPEOF (crv)) THEN 

ELSE 

-- if a line, parabola, or hyperbola is being trimmed, then valid 
IF SIZEOF ([schma + '.LINE', 

schma + '.PARABOLA', 
Schma + '.HYPERBOLA'] * 

TYPEOF(crv\trimmed-curve.basis-curve)) = 1 
THEN RETURN (TRUE) ; 

-- otherwise, recursively check basis-curve 
ELSE RETURN (valid-geometrically-bounded-wf-curve 

END-IF ; 

-- recursively check the offset-curve basis curve 

(crv\trimmed-curve.basis-curve, schma)); 

ELSE 

IF ((schma + '.OFFSETCURVE-3D') IN TYPEOF (crv)) 
THEN RETURN (valid-geometrically-bounded-wf-curve 

(crv\offset~curve~3d.basis~curve, scha) ) ; 
ELSE 

-- recursively check the curve-replica parent curve 
IF ( (schma + ' .CURVE-REPLICA' IN TYPEOF (crv) ) 

THEN RETURN (valid-geometrically-bounded-wf-curve 
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(crv\curve-replica.parent-curve, schma) 1; 
ELSE 

-- recursively check the composite-curve segments 
IF ((schma + '.COMPOSITECURVE') IN TYPEOF (cm)) THEN 
RETURN (SIZEOF (QUERY (ccs e* crv\composite-curve. segments I 

NOT (valid-geometrically-bounded-wf-curve 
(ccs . parent-curve, schma) ) ) ) = O ) ; 

END-I F ; 
END-I F ; 

END-IF ; 
END-I F ; 

END-I F ; 
RETURN (FALSE) ; 

END-FUNCTION; 
( *  

Argument definitions: 

crv: the input curve that is to be examined. 

schma: the input string that defines the schema in which the crv is defined to be used for type checking. 

F.5.2.2.2 valid_geometrically-bounded-wf-point 

The valid_geometrically-bounded-wf-pint function determines whether or not an input point is valid for 
use in representing a shape defined by a geometrically bounded wireframe. 

EXPRESS siiecification: 

* )  
FUNCTION valid-geometrically_bounded-wf~oint 

(pnt : point; schma : STRING) : BOOLEAN; 

-- check for valid basis types 
IF ((schma + '.CARTESIAN-POINT') IN TYPEOF (prit)) 

ELSE 
THEN RETURN (TRUE); 

-- if the input type is a point-on-curve then check for a valid 
-- geometrically bounded curve type as the basis 
IF ((schma + '.POINT-ON-CURVE') IN TYPEOF (pnt)) 
THEN RETURN (valid-geometrically-bounded-wf-curve 

(pnt\point-on-curve.basis-curve, schrna) 1;  

ELSE 
-- if the input type is a point-replica check for a valid parent point 
IF ((schrna + '.POINT-REPLICA') IN TYPEOF (prit)) 
THEN RETURN (valid-geometrically-bounded-wf-point 

(pnt\point-replica.parentgt, schma) 1 ;  
END-IF ; 

END-I F ; 
END-IF ; 
RETURN (FALSE) ; 

433 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



~ 

STD-IS0 L0303-207-ENGL 1999 m 4853903 0800382 b72 m 

B O  10303-207: 1999(E) OIS0 

END-FUNCTION; 
( *  

Argument definitions: 

pnt: the input point that is to be examined. 

schma: the input string that defines the schema in which the pnt is defined to be used for type checking. 

*> 
END-SCHEMA; -- aic-geometricall y-bounded-wireframe 
(* 

F.6 Application interpreted construct 51 1: Topologically bounded surface 

F.6.1 Scope 

This application interpreted construct specifies the interpretation of the integrated resources in order to satisfy 
the requirement for the definition of a face with explicit topological bounds and fully defined geometry. 

The following are within the scope of this AIC: 

- B-spline curves and surfaces; 

- conics; 

- elementary curves; 

- elementary surfaces; 

- polylines; 

- pcurves; 

- sculptured surfaces; 

- surface curves referencing pcurves; 

- swept surfaces; 

- twisted curves; 
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- unbounded geometry; 

- geometric transformations; 

- use of topology to bound geometric entities. 

The following are outside the scope of this AIC: 

- 2D geometry other than for the definition of a pcurve in the parameter space of a surface; 

- bounded curves other than polylines and B-spline curves; 

- bounded surfaces other than B-spline surfaces; 

- offset curves and surfaces. 

F.6.2 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the 
types, entity specializations, and functions that are specific to the EXPRESS short listing of this AIC. 

NOTE 1 - There may be supertypes and items of select lists that appear in the integrated resources that are not 
imported into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of I S 0  10303-1 1. References to eliminated constructs are outside the scope of the MC. 

This application interpreted construct provides a consistent set of geometric and topological entities for the 
definition of a face with fully defmed geometry and explicit topology defining the boundaries. The permissible 
types of face geometry include elementary surfaces and B-spline surfaces. Edges are required to have their 
geometry defined by curves, which may include pcurves. 

The highest level entity in this AiC is advanced-face which is a specialised subtype of face-surface (see IS0 
10303-42). The rules on this entity ensure that the topology and geometry are fully defined. 

* )  
SCHEMA aic-topologically-bounded-surface; 

USE FROM geometry-schema ( -- IS0 10303-42 
axis2_placement-2 d, 
axis2_placement-3d, 
bezier-curve, 
bezier-surface, 
b-spline-curvewith-knots, 
b-spline-surfacewith-knots, 
cartesianjoint, 
circle, 
conical-surface, 
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cylindrical-surface, 
degenerate-toroidal-surface, 
direction, 
ellipse, 
hyperbola, 
1 ine , 
parabola, 
pcurve , 
plane , 
polyline , 
quaciuni f om-curve , 
quasi-uniform-surface, 
rational-b-spline-curve, 
rational-b-spline-surface, 
spherical-surface, 
surface-curve, 
surface-of-linear-extrusion, 
surface-of-revolution, 
swept-surface, 
toroidal-surface, 
uni f orm-curve , 
uni f orm-surf ace, 
vector) ; 

USE FROM topology-schema( 
edge-curve, 
edge-loop, 
facebound, 
face-outerbound, 
face-surface, 
path, 
vertex-loop, 
vertexqoint) ; 

USE FROM representation-schema( 
definitionalrepresentation, 
parametric-representation-context); 

USE FROM measure-schema 
(parameter-value); 

OIS0 

-- IS0 10303-42 

-- IS0 10303-43 

-- IS0 10303-41 

NOTES 

2 - The entities path and swept-surface are explicitly interfaced (i.e. included in the USE FROM lists) to allow 
rules within the advanced-face entity to access attributes of these entities. 

3 - The Schemas referenced above can be found in the following parts of IS0 10303: 

geometry-schema IS0 10303-42 
topology,sc hema IS0 10303-42 
representation-schema I S 0  10303-43 
measure-schema I S 0  10303-41 
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F.6.2.1 aic-topologically-bounded-surface entity definition: advanced-face 

An advanced-face is a special subtype of face-surface which has additional constraints to ensure that the 
geometry is directly and completely defined. The advanced-face is the top level entity which is used to 
formulate the precise meaning of a topologically bounded surface corresponding to the scope of this AIC. 

NOTE 1 - An application protocol that uses this AIC may ensure that a face entity is instantiated as an 
advanced-face. 

EXPRESS smcification: 

* )  
ENTITY advanced-face 

WHERE 
SUBTYPE OF (face-surface); 

WR1 : SIZEOF 
(['AIC-TOPOLOGICALLY-BOUNDED-SURFACE.ELEMENT~Y-SURFACE', 
1AIC_TOPOLOGICALLY~BOUNDED~SURFACE.B~SPLINE~SURFACE', 
'AIC-TOPOLûGICALLY-BOUNDED-SURFACE.S~PT-SURFACE'] * 
TYPEOF(face-geometry)) = 1; 

WR2 : SIZEOF(QUERY (elp-fbnds <* QUERY (bnds <* SELF.bounds I 
TYPEOF(bnds.bound)) 1 

'AIC-TOPOLûGICALLY-BOUNDED-SURFACE-EDGE-LOOP' IN 

NOT (SIZEOF (QUERY (oe <* elp-fbnds.bound\path.edge-list I 
NOT('AIC~TOPOLOGICALLY~BOUNDED~SURFACE.EDGE~CURVE' IN 
TYPEOF(oe.edge-element)))) = O))) = O; 

WR3 : SIZEOF(QUERY (elp-fbnds <* QUERY (bnds <* SELF.bounds I 
'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.EDGE~LOOP' IN 

TYPEOF(bnds.bound)) I 
NOT (SIZEOF (QUERY (oe <* elp-fbnds .bound\path.edge-list I 
NOT (SIZEOF (['AIC-TOPOLOGICALLY-BOUNDED-SURFACE.LINE', 

'AIC~TOPOLOGICALLY~BOüNDED~SURFACE.CONIC', 
'AIC-TOPOLOGICALLY-BOUNDED-SURFACE.POLYLINE', 
'AIC-TOPOLOGICALLY-BOUNDED-SURFACE.SURFACE-CURVE', 
'AIC_TOPOLOGICALLY-BOUNDED-SURFACE.B-SPLINE-CURVE'] * 

TYPEOF(oe.edge-element\edge-curve.edge-geometry)) = 1 ) 
) )  = 0 ) ) )  = o; 

WR4 : SIZEOF(QUERY (elp-fbnds <* QUERY (bnds <* SELF.bounds I 
'AIC-T0POLOGICALLY-BOUNDED-SURFACE.EDGE-LOOP' IN 

TYPEOF(bnds.bound)) I 
NOT(SIZEOF(QUERY (oe <* elp-fbnds.bound\path.edge-list I 
NOT( ((('AIC~TOPOLOGICALLY~BOUNDED~SURFACE.VERTEX~POINT' IN 

TYPEOF(oe.edge-start)) AND 
( 'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.CARTESIAN~PO1NT' IN 
TYPEOF(oe.edge-start\vertexjoint.vertex-geometry)))) AND 

(('AIC~TOPOLOGICALLY~BOUNDED~SURFACE.VERTEX~PO1NT' IN 
TYPEOF(oe.edge-end)) AND 

( 'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.CARTESIAN~POINT' IN 
TYPEOF(oe.edge-end\vertexqoint.vertexgeo) 1 )  

1 ) )  = 0 ) ) )  = o; 
WR5 : SIZEOF(QUERY (elp-fbnds <* QUERY (bnds <* SELF-bounds I 

'AIC~TOPOL0GICALLY~BOUNDED~SURFACE.E~E~LOOP' IN 
TYPEOF(bnds.bound)) I 
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'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.ORIENTED~PATH' IN 
TYPEOF(e1p-fbnds-bound) 1 )  = O; 

wR6 : (NOT ('AIC-TOPOLûG1CALLY-BOUNDED-SURFACE.SWEPT-SURFACE' IN 
TYPEOF(face-geometry))) OR 

(SIZEOF (['AIC-TOPOLOGICALLY-BOUNDED-SURFACE.LINE', 
'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.CONIC', 
'AIC~TOPOLOGICALLY~BOUNDED~SURFACE~POLYLINE', 
'AIC_TOPOLOGICALLY-BOUNDED-SURFACE.B-SPLINE-C~VE'] * 

TYPEOF(face-geometry\swept-surface.swept-curve)) = 1); 
WR7 : SIZEOF(QUERY (vlp-fbnds <* QUERY (bnds c* SELF.bounds I 

'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.VERTEX~LO0P' IN 
TYPEOF (bnds . bound I 

NOT(('AIC~TOPOL~ICALLY~BOUNDED~SURFACE.VERTEX~POINT' IN 
TYPEOF(vlp-fbnds\facebound.bound.bound\vertex-loop.loop-vertex) ) AND 

('AIC~TOPOLOGICALLY~BOUNDED~SURFACE.C~TESIAN~POINT' IN 
TYPEOF(v1p-fbnds\face-bound.bound\vertex-loop. 
loop-vertex\vertex_point.vertexgeometry) ) 

1 ) )  = o; 
WR8 : SIZEOF (QUERY (bnd <* SELF-bounds I 

NOT (SIZEOF(['AIC~TOPOLOGIC~LY~BOUNDED~SURFACE.EDGE~LOOP', 
'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.VERTEX~LOOP'1 * TYPEOF(bnd.bound)) 

= 1))) = o; 
WR9 : SIZEOF(QUERY (elp-fbnds <* QUERY (bnds <* SELF.bounds I 

'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.EDGE~LOOP' IN 
TYPEOF(bnds.boundl1 I 

wR10 : 

I 

NOT (SIZEOF (QUERY (oe <* elp-fbnds . bound\path. edge-list I 
('AIC-TOPOL0GICALLY-BOUNDED-SURFACE.SURFACE-CURVE' IN 
TYPEOF(oe.edgeelement\edge-curve.edge-geometry)) AND 
(NOT (SIZEOF (QUERY (sc-ag <* 
oe-edge-element\edge-curve-edge-geometry\ 
surface-curve.associated-geometry I 
NOT ('AIC-TOPOLOGICALLY-BOUNDED-SURFACEPCURVE' IN 
TYPEOF(sc-ag)))) = O)))) = O ) ) )  = O ;  

((NOT ('AIC-TOPOLOG1CALLY-BOUNDED-SURFACE.SWEPT-SURFACE' IN 
TYPEOF(face-geometry))) OR 
((NOT ('AIC~TOPOLOGICALLY~BOUNDED~SURFACE.POLYLINE' IN 
TYPEOF(face-geometry\swept-surface.swept-curve))) OR 
(SIZEOF(face-geometry\swept-surface.swept-curve\polyline.points) 
< 3 ) ) )  AND 
(SIZEOF (QUERY (elp-fbnds <* QUERY (bnds <* SELF-bounds I 
'AIC~TOPOLOGICALLY~BOUNDED~SURFACE.EDGE~L00P' IN TYPEOF(bnds.bound)) 

NOT (SIZEOF (QUERY (oe <* elp-fbnds. bound\path. edge-list I 
('AIC~TOPOLOGICALLY~BO~DED~SURFACE.POLYL1NE' IN 
TYPEOF(oe.edge-element\edge_curve.edge-geometry)) AND 
(NOT (SIZEOF (oe-edge-element\edge-curve.edge-geometry\ 
polyline.points) < 3 ) ) ) )  = O ) ) )  = O ) ;  

END-ENTITY; 
( *  

Formal DroDositions: 

WR1: The geometry used in the definition of the face shall be restricted. The face geometry 
shall be an elementary-surface, swept-surface, or b-spline-surface. 
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WR2: The geometry of all bounding edges of the face shall be fully defined as edge-curves. 

WR3: The types of curve used to define the geometry of edges shall be restricted to Unes, conks, polylines, 
surface-curves, or b-spline-curves. 

WR4: All vertices used in the face definition shall be of type vertex-pint with geometry defined by a 
cartesian-pint. 

W E :  The use of oriented paths in the definition of the edge-loops of the advanced-face is prohibited. 

WR6: If the face geometry is of type swept-surface then the swept-curve used in the definition shall be of 
type line, conic, polyline, or b-spline-curve. 

WR7: For any vertex-loop used to bound the face the loop-vertex shall be of type vertex-point and the 
geometry shall be defined by a Cartesian-pint. 

WRS: The face bounds shall be defined by either edge-loops or vertex-loops. 

WR9: If a surface-curve is used as part of a face bound then the associated_geometry attribute shall 
reference pcurves not surfaces. 

WR10: If a polyiine is used either to define a swept-surface or as part of a face bound, it shall contain at least 
three points. 

*) 
END-SCHEMA; -- end AIC-TOPoLOGICALLY-BOUNDED_SURFACE SCHEMA 
(* 

F.7 Application interpreted construct 512: Faceted boundary representation 

F.7.1 Scope 

This application interpreted construct specifies the interpretation of the integrated resources in order to satisfy 
the requirements for the description of a three dimensional shape by means of a boundary representation model 
with planar faces and implicit straight line edges; and for the composition of one or more such shapes as a 
faceted-brep-sha pe-representation. 

439 

                                                        
                                         
                                                        
                                         

Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/20/2013 07:18:57 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
,
,
,
,
`
,
`
,
,
,
,
,
`
,
`
`
`
,
`
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



~ 

STDDISO 10303-207-ENGL 1999 U 11851703 O B O O L B B  O90 

IS0 10303-207:1999(E) OIS0 

The following are within the scope of this AIC: 

- B-reps; 

- B-rep models; 

- faceted B-reps; 

- polyloops, used to bound faces in a faceted B-rep; 

- unbounded geometry; 

- use of topology to bound geometric entities; 

- geometric transformations. 

The following are outside the scope of this AIC: 

- 2Dgeometry; 

- bounded curves; 

- curved surfaces including B-spline surfaces; 

- offset curves and surfaces. 

F.7.2 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains the 
types, entity specializations, rules, and functions that are specific to the EXPRESS short listing of this AIC. 

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not 
imported into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of IS0  10303-1 1. References to eliminated constructs are outside the scope of the AIC. 

This application interpreted construct provides a consistent set of geometric and topological entities for the 
definition of manifold solid models with planar faces and implicitly defined edges and vertices. The faces of 
the B-rep models are bounded by poly-loops and each face is required to have an explicit outer bound. 

The highest level entity in this AIC is the faceted-brep-shape-representation. This is a shape-- 
repmenîation (see: IS0 1030341) consisting of faceted-breps and mapped-items defined as translated or 
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transformed copies of faceted-breps. 

* )  
SCHEMA aic-faceted-brep; 

USE FROM geometry-schema( 
cartesiangoint, 
axis2_placement_3df 
cartesian-transformation_operator_3d, 
elementary-surface, 
plane) ; 

POlY-lOOP, 
face-surface, 
face-bound, 
face-outer-bound, 
closed-shell, 
oriented-closed-shell); 

USE FROM topology-schema( 

USE FROM geometric-model-schema( 
brep-with-voids, 
manifold-solid-brep, 
faceted-brep); 

USE FROM representation-schema 
(mapped-item); 

USE FROM product-property-representation-schema 
(shape-representation); 

IS0 10303-207: 1999(E) 

-- IS0 10303-42 

-- IS0 10303-42 

-- IS0 10303-42 

-- IS0 10303-43 

-- IS0 10303-41 

NOTES 

2 - The entity manifold-solid-brep is explicitly interfaced (i.e. included in the USE FROM lists) to enable 
compilation of the function msb-shells. The entity elementary-surface is explicitly interfaced to allow 
Faceted-brep-shape-representation to access attributes of this entity. 

3 - The Schemas referenced above can be found in the following parts of I S 0  10303: 

geometricmodel-schema IS0 10303-42 
geometry-schema IS0 10303-42 
topology-schema IS0 10303-42 
representation-schema IS0 10303-43 
product-property-representation-schema IS0 10303-4 1 

F.7.2.1 aic-faceted-brep schema entity definition: faceted-brep-shape-- 
representation s 

The faceted-brepshape-representation is a subtype of shape representation in which the representation 
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items are specialisations of faceted-brep entities. These differ from the more general B-rep in having only 
planar faces and implicit edge geometry. 

NOTE - An application protocol that uses this AIC may ensure that a shape-representation entity is 
instantiated as a faceted-brep-shape-representation. 

EXPRESS soecification: 

* )  
ENTITY faceted-brep-shape-representation 
SUBTYPE OF (shape-representation); 
WHERE 
WRI : SIZEOF (QUERY (it <*  item items I 

NOT (SIZEOF(['AIC-FACETED-BREP.FACETED-BREP', 
'AIC-FACETED-BREP.MAPPED-ITEM', 
'AIC-FACETED-BREP.AXIS~-PIIACEM~~T-~D'] * 
TYPEOF(it)) = 1))) = o; 

WRS : SIZEOF (QUERY (it <*  item items I 
SIZEOF(['AIC-FACETED-BREP.FACETED-BREP', 
IAIC-FACETED-BREP.MAPPED-ITEM'] * TYPEOF(it)) = 1)) > o; 

WR3 : SIZEOF (QUERY (fbrep <* QUERY ( it <* SELF.itemS I 
'AIC-FACETED-BREP.FACETED-BREP' IN TYPEOF(it1) I 
NOT (SIZEOF (QUERY (csh <* msb-shells(fbrep, 'AIC-FACETED-BREP') I 
NOT (('AIC-FACETED-BREP.FACE-SURFACE' IN TYPEOF (fcs)) AND 
(('AIC-FACETED-BREP.PLANE' IN TYPEOF 

(fcs\face-surface.face-geometry)) AND 
('AIC-FACETED-BREP.CARTESIAN-POINT' IN TYPEOF ( 

fcs\face-surface.face-geometry\ 

= O ) ) )  = O))) = o; 

NOT (SIZEOF (QUERY (fcs <* csh.cfS-faCeS I 

elementary-surface.position.1ocation) 1 ) ) ) )  

WR4 : SIZEOF (QUERY (fbrep <* QUERY ( it <* SELF-items I 
'AIC-FACETED-BREP.FACETED-BREP' IN TYPEOF(it1) I 
NOT (SIZEOF (QUERY (csh <* msb-shells (fbrep, 'AIC-FACETED-BREP' ) I 
NOT (SIZEOF (QUERY (fcs <* csh-cfs-faces I 
NOT (SIZEOF (QUERY (bnds c* fcs.bounds I 

WR5 : SIZEOF (QUERY (msb <* QUERY (it <* SELF.items I 
'AIC_FACETED-BREP.FACE-OUTER-BOUND' IN TYPEOF(bnds))) 

= 1))) = O))) = O))) = o; 

'AIC-FACETED-BREP.MANIFOLD-SOLID-BREP' IN TYPEOF(it1) I 
'AIC-FACETED-BREP.0RIENTED-CLOSED-SHELL' IN 

TYPEOF (msb\manifold-solid-brep.outer) 1 )  = O ;  

'AIC-FACETED-BREP.BREPWITH-VOIDS' IN TYPEOF(it)) I 
NOT (SIZEOF (QUERY (csh c* brv\brepwith-voids .voids I 
csh\oriented-closed-shell.orientation)) = 0))) = O ;  

WR6 : SIZEOF (QUERY (brv c* QUERY (it <* SELF.items I 

W R ~  : SIZEOF (QUERY (mi <* QUERY (it <*  items I 
'AIC-FACETED-BREP.MAPPED-ITEM' IN TYPEOF(it)) I 

NOT ('AIC-FACETED-BREP.FACETED-BREP-SHAPE_REPRESENTATION' IN 
TYPEOF(mi\mapped-item.mapping_cource.~pped-representation) 1 ) )  

= o; 
END-ENTITY; 
( *  
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Formal propositions: 

WR1: The items attribute of the representation supertype may contain faceted-breps, mapped-items and 
axis2-placement-3ds only. 

WR2: At least one item in the items set shall be a faceted-brep entity, or a mapped-item, (see also WR7). 

WR3: For each faceted-brep in the items set: the faces shall be face-surfaces, the associated surface for each 
face shall be a plane, and each plane shall use a cartesianpoint for its location. 

WR4: An explicit outer bound is specified for each face of the faceted-brep. 

WR5: For each manifold-solid-brep in the items set the outer shell attribute shall not be of the oriented 
subtype. 

WR6: If the manifold-solid-brep is also a brep-with-voids then each shell in the voids set shall be an 
oriented-closed-shell with orientation value FALSE. 

WR7: 
mapping-source attribute shall be a faceted-brep-shape-representation. 

If a mapped-item is included in the items set then the mapped-representation of the 

NOTE 2 - If a cartesiantransformation-operator-3d is included as mapped-item.mappingtarget with an 
axis2-placement-3d that corresponds to the original coordinate system as 
mapped-representation.mappingor¡g¡n, then the resulting mappedjtem is a transformed copy of the 
faceted-brep-&apt-represenîation. The precise definition of the transformation, including translation, rotation, 
scaling and, if appropriate, mirroring, is given by the transformation operator. 

F.7.2.2 aie-faceted-brep function definition: msb-shells 

This function determines the set of all closed-shells used in the definition of a manifold-solid-brep. Special 
provision is made for the brep-with-voids subtype. 

EXPRESS specification: 

* )  
FUNCTION msb-shells (brep: manifold-solid-brep; 

schemaname : STRING) : 
SET [l:?] OF closed-shell; 

IF (schema-name + '.BREP-WITH-VOIDS' IN TYPEOF (brep)) THEN 

ELSE 

END-I F ; 

RETURN (brep\brepwith-voids.voids + brep-outer); 

RETURN([brep.outer]); 

END-FUNCTION; 
( *  
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Argument definitions : 

brep: (input) A manifold-solid-brep for which a set of closed-shell components is required. 

schema-name: A STRING giving the name of the schema to which brep belongs. 

result:(output) A SET of all the closed-shells used to define brep. 

*) 
END-SCHEMA; -- end AiC FACETED BREP SCHEMA 
(* 

F.8 Application interpreted construct 514: Advanced boundary representation 

F.8.1 Scope 

This application interpreted construct specifies the interpretation of the integrated resources in order to 
satisfy the requirement for the definition of an advanced boundary representation model. An advanced 
B-rep model is a representation composed of one or more manifold-solid-breps each of which is defined 
with elementary geometry or sculptured geometry. 

This AIC is independent of any industrial application domain. 

F.8.2 Itemized scope 

The following are within the scope of this AiC: 

- 3Dgeometry; 

- B-reps; 

- B-rep models; 

- B-spline curves and surfaces; 

- conics; 

- elementary curves; 

- elementary surfaces; 
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- geometric transformations; 

- polylines; 

- pcurves; 

- sculptured surfaces; 

- surface curves; 

- swept surfaces; 

- twisted curves; 

- unbounded geometry; 

- use of topology to bound geometric entities. 

The following are outside the scope of this AIC: 

- 2D geometry other than for the definition of a pcurve in the parameter space of a surface; 

- bounded curves other than polylines and B-spline curves; 

- bounded surfaces other than B-spline surfaces; 

- offset curves and surfaces. 

F.8.3 EXPRESS short listing 

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains 
the types, entity specializations, rules, and functions that are specific to the EXPRESS short listing of this 
AIC. 

NOTES 

1 - There may be subtypes and items of select lists that appear in the integrated resources that are not imported 
into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of IS0 10303-1 1. References to eliminated constructs are outside the scope of the AIC. 

2 - This AIC uses all the entities and types from the topologically bounded surface AIC 
(aic-topology-bounded-surface). AIC 51 1 should be referred to in order to obtain the complete data set. 
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* )  
SCHEMA aic-advanced-brep; 

USE FROM aic-topologically-bounded-surface; 

USE FROM geometry-schema( 
cartesian~transformation~operator~3d, 
geometric-representation-context) ; 

USE FROM geometricmodel-schema( 
manifold-solid-brep, 
brep-with-voids); 

USE FROM topology-schema( 
closed-shell, 
connected-face-set, 
oriented-closed-shell) ; 

USE FROM representation-schema 
(mapped-item); 

USE FROM product-property-representation-schema 
(shape-representation); 

OIS0 

-- Annex F 

-- IS0 10303-42 

-- IS0 10303-42 

-- IS0 10303-42 

-- IS0 10303-43 

-- IS0 10303-41 

NOTES 

3 -The connected-faceset entity is explicitly interfaced (i.e. included in the USE FROM lists) to allow rules in 
the advanced-brep-shape-representation entity to access attributes of this entity. For the use of this AIC, this 
entity may be instantiated as one of its subtypes. 

4 - The Schemas referenced above can be found in the following parts of IS0  10303: 

aic-topological1 y-bounded-surface Annex F 
geometry-schema IS0 10303-42 
geometric-model-schema I S 0  10303-42 
topology-schema IS0 10303-42 
representation-schema IS0 10303-43 
product-property-representation-schema IS0 1 0303-4 1 

F.8.3.1 aic-advancedbrep schema entity definition: advanced-brep-shape-- 
representation 

The advanced_brep_sha~-~pape_representation is a subtype of shape-representation in which the representation 
items are specialisations of manifold solid brep entities. These differ from the more general B-rep in having 
only explicit geometric forms for their faces and edges. The face geometry is restricted to elementary surfaces, 
swept surfaces or B-spline surfaces. 

NOTE - An application protomi that uses this AIC may ensure that the shape-representation entity is instantiated 
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as an advanced-brepshape-representation. 

EXPRESS specification: 

* )  
ENTITY advanced-brep-shape-representation 
SUBTYPE OF (shape-representation); 
WHERE 

WR1: SIZEOF(QUERY ( it <* SELF-items 1 (NOT (SIZEOF([ 
'AIC-ADVANCED-BREP.MAN1FOLD-SOLID-BREP', 
'AICADVANCED-BREP.FACETED-BREP', 
'AICADVANCED-BREP.MAPPED-ITEM' , 
'AICADVANCED-BREP.AXIS2-PLACEMENT-3D'l * TYPEOF(it)) = 1)) 1 )  
= o; 

W R ~ :  SIZEOF(QUERY ( it <* s ~ ~ ~ . i t e m s  I (SIZEOF([ 

WR3: SIZEOF(QUERY ( msb <* QUERY ( it <* SELF-items 

'AIC-ADVANCEDBREP.MANIF0LD-SOLID-BREP', 
'AIC-ADVANCED-BREP.MAPPED-ITEM'] * TYPEOF(i 

('AIC-ADVANCED-BREP.MAN1FOLD-SOLID-BREP' IN 
( NOT (SIZEOF(QUERY ( csh c* msb-shells(msb, 
'AIC-ADVANCED-BREP') I (NOT (SIZEOF(QUERY ( 
connected-face-set-cfs-faces I (NOT ( 
'AIC-ADVANCED-BREP.ADVANCEDFACE' IN TYPEOF 
= O ) )  ) )  = o; 

WR4: SIZEOF(QUERY ( msb <* QUERY ( it <* SELF.items 
( 'AIC-ADVANCED-BREP-MANIFOLD-SOLID-BREP' IN IYPEOF(it)) ) I 
( 'AIC-ADVANCED-BREP.0RIENTED-CLOSED-SHELL' IN TYPEOF(msb\ 
manifold-solid-brep.outer)) ) )  = O; 

WR5: SIZEOF(QUERY ( brv <* QUERY ( it <* SELF.items I 
( 'AICADVANCED-BREP.BREP-WITH-VOIDS' IN TYPEOF(it)),) I (NOT 

1 c r r ) u n w I n n w n v  I --L **  L-.-\L--- .. .:bL ---:a- ---;a- 

- - u; 
WR6: SIZEOF(QUERY ( mi <* QUERY ( it <* SELF.items I 

( 'AIC-ADVANCEDBREP.MAPPED-ITEM' IN TYPEOF(it1) ) I (NOT 
( 'AIC-ADVANCED-BREP.ADVANCED-BREP-S~PE-REPRESENTATION' IN 
TYPEOF(mi\mapped_item.mapping-source.mapped-representation)) ) 1 )  
= o; 

END-ENTITY; 
( *  

Formal propositions: 

WR1: The item attribute of the representation supertype may contain manifold-solid-breps, mapped-items 
and axis2-placement-3ds only. A faceted-brep is excluded from the items set since this would be of type 
faceted-brep and of type manifold-solid-brep. 

w u :  ~i ieasr une irem m me irem set snail OC a manuuia-suua-Drep entity ur a mappea-irem (SE aisu 
wR6). 

WR3: For each manifold-solid-brep in the item set each face shall be an advanced-face. This ensures that 
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the following conditions are met: 

a) Each face is a face-surface. 

b) Each face-surface has its geometry defined by an elementarysurface, swept-surface or a 
b-spline-surface. 

c) The edges used to define the boundaries of the face shall all be of type edge-curve. 

d) Each curve used to defme the geometry of the faces and face bounds shall be either a conic, or a line or 
a polyline or a b-spline-curve. 

e) The edges used to define the face boundaries shall all be trimmed by vertices of type vertex-point. 

f) No loop used to define a face-bound shall be of the oriented subtype. 

WR4: For each manifold-solid-brep in the items set the outer shell attribute shall not be of the oriented 
subtype. 

WR5: If a brep-with-voids is included in the items set then each shell in the voids set shall be an 
oriented-closed-shell with orientation value FALSE. 

WR6: 
mappingsource attribute shall be an advanced-brep-shape-representation. 

If a mapped-item is included in the items set then the mapped-representation of the 

NOTE 2 - If a cartesian~transformation~operator~3d is included as mapped-item.mapping_target with an 
axi&>acement-M corresponding to the original coordinate system as mapped-representation.mapp¡nLor¡g¡n 
then the resulting mapped-item is a transformed copy of the advanced-brep-shape-representation. The precise 
definition of the transformation, including translation, rotation, scaling and, if appropriate, mirroring, is given by 
the transformation operator. 

F.8.3.2 aic-advanced-brep schema function definition: msb-shells 

NOTE - The function below is common to all B-rep AiCs. 

This function determines the set of all closed-shells used in the definition of a manifold-solid-brep. Special 
provision is made for the brep-with-voids subtype. 

EXPRESS specification: 

* )  
FUNCTION msb-shells (brep: manifold-solid-brep; 

schema-name : STRING) : 
SET [i:?] OF closed-shell; 
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I F  (schema-name + ' .BREPWITH-VOIDS '  I N  TYPEOF (brep)) THEN 

ELSE 

END-I F ; 

RETURN (brep\brepwith-voids.voids + brep.outer); 

RETURN( [brep.outerl); 

END-FUNCTION; 
( *  

Argument definitions: 

brep: (input) A manifold-solid-brep for which a set of closed-shell components is required. 

schema-name: A STRING giving the name of the schema to which brep belongs. 

result: (output) A SET of all the closed-shells used to define brep. 

*) 
END-SCHEMA; -- end AICADVANCEDBREP SCHEMA 
(* 

F.9 Application interpreted construct 515: Constructive solid geometry 

F.9.1 Scope 

This part of IS0 10303 specifies the interpretation of the integrated resources to satisfy requirements for 
representation of product shape using constructive solid geometry. 

The following are within the scope of this part of IS0 10303: 

- solid primitives such as sphere, right circular cone, right circular cylinder, and torus; 

- regularised boolean operations of union, intersection, and difference on solid primitives and general 
solids such as advanced and faceted boundary representation (B-rep) solids, half-space solids, and swept 
area solids (extruded area solids, revolved area solids); 

- boolean results generated by applying operators to solids. 

The following are outside the scope of this part of IS0 10303: 

- 2D geometric entities; 

- self-intersecting geometry; 

- evaluation of csg models to generate B-rep models. 
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F.9.2 EXPRESS short listing 

OIS0 

This clause specifies the EXPRESS schema t,.at uses elements from the integrated resources and contains the 
types, entity specializations, and functions that are specific to this part of IS0 10303. 

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not 
imported into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the implicit 
interface rules of I S 0  10303-1 1. References to eliminated constructs are outside the scope of the AIC. 

" 1  
SCHEMA aic-csg; 

USE FROM aic-advanced-brep; 

USE FROM aic-faceted-brep; 

USE FROM geometricmodel-schema 
(block , 
boolean-operand, 
boolean-operator, 
boolean-result, 
box-domain, 
boxed-half-space, 
csg-primi tive, 
csg-select, 
c s g-s o 1 id , 
half-space-solid, 
right-angularwedge, 
right-circular-cone, 
right-circular-cylinder, 
solid-replica, 
sphere, 
torus, 
extruded-area-solid, 
revolved-area-solid); 

USE FROM geometry-schema 
(geometric-representation-item, 
geometric-representation-context, 
axisl-placement, 
axis2_placement-3d, 
cartesianaoint, 
direction); 

USE FROM representation-schema(mapped-item); 

USE FROM 
productqroperty-representation-schema(shape-representation); 
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NOTE 2 - The Schemas referenced above can be found in the following parts of IS0 10303: 

aic-advanced-brep I S 0  10303-5 I4 
aic-faceted-brep I S 0  10303-5 12 
geometricmodel-schema IS0  10303-42 
geometry-schema I S 0  10303-42 
representation-schema I S 0  10303-43 
product-property-representation-schema I S 0  10303-41 

F.9.2.1 aic-csg entity definition: csgshape-representation 

A csg-shape-representation is a three-dimensional shape-representation which repesents the shape of a 
product using constructive solid geometry operations and techniques. The solid objects used may be 
primitives, faceted B-rep solids, or advanced B-rep solids. 

NOTE - An application protocol that uses this AIC may ensure that the shape-representation entity is 
instantiated as a csgshape-representation. 

EXPRESS Specification: 

* )  
ENTITY csg-shape-representation 
SUBTYPE OF (shape-representation); 

WHERE 
WR1: SELF.context-of-items\ 

geometric-representation_context.coordinate-space-dimension = 3; 

WR2 : SIZEOF (QUERY (it <* SELF.items 1 NOT 
(SIZEOF(['AICCSG.CSG-SOLID', 'AIC-CSG.EXTRUDED-AREA_SOLID', 
'AIC-CSG.REVOLVED-AREA-SOLID', 'AIC-CSG.SOLID-REPLICA', 
'AIC-CSG.MAPPED-ITEM', 'AICCSG.AXIS2-PLACEMENT-3D'l * TYPEOF(it)) = 
1 1 ) )  = o;  

WR3 : SIZEOF (QUERY (it <* SELF-items I 
SIZEOF(['AIC-CSG.CSG-SOLID', 'AIC-CSG-EXTRUDED-AREA-SOLID', 
'AIC~CSG.REVOLVED~AR~~SOLID','AIC_CSG.SOLID~REPLICA', 
'AIC-CSG-MAPPED-ITEM'l*TYPEOF(it)) = 1 I )  >= 1; 

WR4 : SIZEOF (QUERY (it <* SELF.items I 
('AICCSG.MAPPED-ITEM' IN TYPEOF(it)) AND NOT 
(SIZEOF( ['AIC-CSG.CSG-SHAPE-REPRESENTATION', 

'AIC-CSG.FACETED-BREP-SHAPE-REPRESENTATION' , 
'AIC-CSG.ADVANCED-BREP-SHAPE-REPRESENTATION']* 

TYPEOF(it\mapped-item.mapping_source.mapped-representation)) =i) ) )  
= o; 

END-ENTITY; 
END-SCHEMA; 
( *  
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Formal propositions: 

WR1: The geometric-representation-context of the csgshape-representation shall have a coordinate-- 
space-dimension equal to three. 

W R2: The items in a csgshape-representation shall be a csgsolid, extruded-area-solid, 
revolvedarea-solid, solid-replica, mapped-item, or an axis2-placement-3d. 

WR3: At least one of the items in a csgshape-representation shall be a csgsolid, extruded-area-solid, 
revolved-area-solid, solid-replica, or a mapped-item. 

WR4: If a mapped-item is in the items set then the mapped-representation of the mappingsource attribute 
shall be a csgshape-representation, a faceted-brep-shape-representation, or an advanced-brep-- 
shape-representation. 
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Annex G 
(informative) 

Application activity model 

The application activity model (AAM) is provided to aid in understanding the scope and information 
requirements defmed in this application protocol. The model is presented as a set of definitions of the activities 
and the data and a set of activity figures. The AAM covers activities that go beyond the subject of this 
application protocol. 

The viewpoint of the application activity model is that of a sheet metal die designer 

The diagrams use the IDEFO activity modelling format. 

NOTES - The IDEFO language is described in [2, annex NI. 

G.l Application activity model definitions and abbreviations 

The following terms are used in the application activity model. Terms marked with an asterisk are outside the 
scope of this application protocol. 

The definitions given in this annex do not supersede the definitions given in the main body of the text. 

Following each term definition, in parentheses, is the location of the term in the diagram. For activities, the 
node number is given. For ICOMs, the node number of the highest level activity or activities with which it 
interacts is given, followed by the ICOM number designation for that node. 

ICOM number designations are the letter "I" for Input, "C" for Control, "O" for Output, or "M" for 
Mechanism, foliowed by a number. By referring to any of the AAM diagrams, it may be seen that inputs are 
arrows entering an activity box, or node, at the left side of the node. These are assigned numbers sequentially 
from top to bottom, for instance, I l ,  12,13. Controls are arrows entering the top of a node, and are numbered 
from left to right. Outputs exit the right side of a node, and are numbered from top to bottom. Mechanisms 
are arrows entering the bottom of a node, and are numbered from left to right. 

G.l.l applicable standards (A21 C5, A232 C4): a reference to established standards, procedures, and 
guidelines to be followed during the design of die assemblies or die components to insure adequacy in terms 
of safety, timing, strength, quality, appropriate use of standard components including functionality thereof, 
subassemblies, interference avoidance, CAD policies, NC machining requirements, production standards, 
manufacturability standards and plant, division or corporate conventions. These may be referenced by 
document id, section, and page number. 
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G.1.2 communicated part design change request (AO 05): a request for any change to be made to the part 
design, required to facilitate the manufacturability or operation of the die, the production of the sheet metal 
part, or the pressline automation. These include all the supporting material required to document the problem, 
and the status: whether or not it was accepted by the intended department and how far it has progressed through 
the process. 

This is the same as a part design change request, except for the fact that it is communicated by those involved 
with the part design to those involved in engineering the die and producing die manufacturing data. 

G.13 communicated die design change request (A221 03 ,  ,422203): a request for any change to be made 
to the die design, required to facilitate the manufacturability or operation of the die, the production of the sheet 
metal part, or the pressline automation. These include all the supporting material required to document the 
problem, and the status: whether or not it was accepted by the intended department and how far it has 
progressed through the process. 

This is the same as die design change request, except for the fact that it is communicated by those involved with 
the die design to those involved in engineering the die and producing die manufacturing data. 

6.1.4 conceptual die design (A23 E): rough design of die, indicating major functional components and other 
cast portions of the die, and possibly including the specification of the sheet metal to be stamped therein. 
Several alternatives may be prepared for review and approval by the customer. The conceptual die design may 
include the following information: conceptual design drawings, design parameters, automation criteria, die or 
component strength requirements, design improvements and modifications, tool design requirements, part 
orientation, quick change information, rough dimensions, pad type, die material, size or weight requirements, 
safety requirements, and concept design problems. Design improvements and modifications are a result of 
design process iterations. Design parameters are definitions of functionality and type of die required including 
assessment of reusable die design data, which is existing data from previous die designs and externally 
originated components, such as standard components. These design parameters may include die clearance 
requirements, die working height, scrap shedding angles, scrap cutter locations, panel location, tipping finger, 
panel sensor locations, interference curves, holding, and stripping pressure. 

It may include data ownership information, such as: name, phone number, department, company; date of 
creation or processing; who has authority to access or modify; and an ownership history. It may also include 
data source information, such as: System created on if not manual; file and directory name if not manual; and 
perhaps some information on the history of the file, and data on where the file has been or will be sent. 

G.1.5 conceptual die design data (A22 04): formability quality criteria, and the outline form of the die 
design, related in-process sheet metal, and process plans. Formability quality criteria are those criteria which 
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must be met by a die design in order to ensure that the resulting sheet metal product is of acceptable quality. 
The ICOMs within conceptual die design data are: 

- conceptual die design; 

- die face design; 

- formability quality criteria; 

- part process package; 

- work in process design; 

- pressline sheet metal input specification; 

- enhanced part process plan. 

G.1.6 concepûdze part mufacture and die function (A22): creation of, identification of the requirements 
for, and analysis of die design and process alternatives, that are then used to arrive at a conceptual die design 
and sculpted surfaces. 

G.1.7 conceptualizer die design change request (A22 O 1): a request for any change to be made to the die 
design, required to facilitate the manufacturability or operation of the die, the production of the sheet metal 
parts, or the pressline automation. These include all the supporting material required to document the problem, 
and the status: whether or not it was accepted by the intended department and how far it has progressed through 
the process. 

This is the same as a die design change request, except the manufacturing person may conceptualize what the 
design should be and communicate this back and forth to the die designer. 

G.1.8 design approval (A21 03): authorization by a managerial authority that a die face, die structure 
design, a process plan, or all of the above have achieved a designated state of completion and correctness. 

G.1.9 design die (A23): the design of die components and die assemblies for those portions of the die that 
must be manufactured, and integration of those designs with the portions of the die already available. Die 
components include functional, structural or support, and internal die automation elements. Die assemblies 
can consist of the entire assembly or of one or more subassemblies. 

G.l.10 design die component (A231): the design of functional, structural or support, and internal die 
automation elements. Die components may either be individually detailed stand-alone components, or 
subassemblies. 

6.1.11 design die face (A222): creation or identification of all of the data for those surfaces of a die that 
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contact the sheet metal being formed in a die. These surfaces are sometimes known as sculpted, or active 
surfam. This activity includes a determination of the formability, that is out of the scope of this Ai', and the 
tipping angle of the sheet metal part to be formed by the die, that is in scope. 

6.1.12 design material handling * (A232): the design of the automated portion of material handling within 
a pressline, but external to the dies. 

6.1.13 design part * (Al): design of a sheet metal part for which sheet metal dies will subsequently be 
required. 

6.1.14 design reviewer (AO M4): individual with authority to review a design for conformance to 
requirements. 

6.1.15 detailed die design data (A23 02):  the detailed, complete design of the die and peripheral material 
handling. The contents of detailed die design data are: 

- die assembly design; 

- die component design; 

- die quality characteristics; 

- pressline automation selections. 

6.1.16 die assembly design (A233 02): the complete design of an assembled die, including the assembled 
die bili of materials, that may consist of one or more die subassembly designs. This complete design includes 
press information: press type, press force (tonnage), style, size, location, Joint Industry Conference (JIC) 
specification; handling equipmt and press line information; scrap disposal constraints such as where scrap 
exits, and maximum scrap size allowed; indications of where sculpted and planar areas are to be machined, 
as indicated by surface finish marks on drawings or layers or colors on CAD drawings; features such as draw 
or lock beads, lock steps, sausages, and metal gain devices; overdraws, trim lines; and the locations of laid 
out flanges. There may be references to subsequent die operations: operation Identifications and approach 
angles. And the in-process stamping shape may be referenced or included. 

It includes data ownership information, such as: name, phone number, department, company; date of creation 
or processing; who has authority to access or modi@; and an ownership history. It includes data source 
information, such as: System created on if not manual; file and directory name if not manual; and possibly 
information on the history of the file, and data on where the file has been or will be sent. 

6.1.17 die component design (A231 04): the design of die components that are assembled to form a die 
assembly or subassembly, including the following: the bill of materials for the component; indications of where 
sculpted and planar areas are to be machined as indicated by surface finish marks on drawings or layers or 
colors on CAD drawings; features such as draw or lock beads, lock steps, sausages, and metal gain devices; 
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overdraws, trim lines; and the locations of laid out flanges. The in-process stamping shape may be referenced. 

Data ownership information is included, such as: name, phone number, department, company; date of creation 
or processing; who has authority to access or m o d i ;  and an ownership history. Also included is data source 
information, such as: System created on if not manual; file and directory name if not manual; and perhaps 
some information on the history of the file, and data on where the file has been or will be sent. 

Die components may be functional components such as steels, pads, cam components, adapters, die, punches, 
binders; die structural or support components such as die shoes, die heels; scrap handling components; 
internal automation components; or fastening selections such as screws and dowels. This design may include 
nominal casting raw material design. A die component may also be a subassembly. 

G.1.18 die design (A21 Cl): the designs of the die components and their assembly. This includes the 
definitions of the die face, sometimes referred to as the active surfaces; the die layout, or sculpted surfaces; 
castings, steels, gages, guidance systems, lifters, shoes, pressure systems, externally originated components 
such as standard components, cam mechanisms, section layouts, and upper or lower components. 

The die design may include effectivity of the design, the part it produces, or of any portion of the die itself 
stated as the volume change or coordinated change date, the number of weeks before production, or the 
production year by or for or during which the design is to be in use. The die design includes the location 
within the die of the material to be formed; the version number of the part to be formed and of the die design 
itself; a bill of materials for the die; accumulated engineering change notes and change identifications; and 
specifications of the areas to be machined. 

Each die design includes a status and approval. Each die design also includes data ownership information, such 
as: name, phone number, department, company; date of creation or processing; who has authority to access 
or n m Q ;  and an ownership history. And each die design includes data source information, such as: System 
created on if not manual; file and directory name if not manual; and perhaps some information on the history 
of the file, and data on where the file has been or will be sent. 

6.1.19 die design and related data (AO 02): the cumulative set of die design data, including preliminary 
through final work and documenting modifications made along the way. The die design and related data 
consists of preliminary die design, released die design, and these ICOMs: 

- conceptual die design data; 

- detailed die design data; 

- die design change notification; 

- die design. 
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Preliminary die design is a die design that is not yet approved or is incomplete, that is used as information only 
and is subject to change. 

Released die design is a completed die design approved for release from the die design department. It may 
include die face design, functional component designs, die structural or support component designs, component 
bills of material including die material specification, and die assembly design. It includes data ownership 
information, such as: name, phone number, department, company; date of creation or processing; who has 
authority to access or modify; and an ownership history. It includes data source information, such as: system 
created on if not manual; file and directory name if not manual; and perhaps some information on the history 
of the file, and data on where the file has been or will be sent. 

6.1.20 die design change notification (A21 02): notification that the design of either a die component or 
a complete die has changed since its prior release. 

6.1.21 die design change request (AO 13): a request for any change to be made to the die design, required 
to facilitate the manufacturability or operation of the die, the production of the sheet metal parts, or the 
pressline automation. These include all the supporting material required to document the problem, and the 
status: whether or not it was accepted by the intended department and how far it has progressed through the 
process. 

This is the same as a conceptualizer die design change request, except it may not originate with those involved 
in conceptualizing part manufacture and die function. 

6.1.22 die design library (A21 C6, A231 C7, A233 C7): a reference to the collection of existing externally 
originated and standard component designs, reusable die designs, externally originated and standard fastening 
component designs, and pressline and internal automation components designs. Also may contain standard 
drawing components such as borders, notes, and title blocks. The library consists of all the various media such 
as tapes, engineering drawings, and electronic fdes, that can contain the information. The use of such a library 
is to reduce design time by providing proven past work for incorporation in or checking of present work. 

6.1.23 die design request (AO Il): request for a die design to be created. It may include the scope of the work 
in a verbal description; a purchase order number; the name, organization, and appropriate management and 
accounting sign offs of the requesting party and of the planner; part numbers, production rates and volumes; 
the type, serial numbers, quantity, and priority of die required; the delivery date, time, or both; the payment 
scenario; the required media of tape, drawing, or disk; manual or electronic mode of creation; which CAD 
system to use; and which output format. This request may be associated with a maximum cost, but such 
would not appear on the purchase order. 

6.1.24 die designer (AO M6): one who designs or who mechanically or electronically drafts the designs for 
sheet metal dies. 

6.1.25 die face design (A23 I l ,  A222 05): the math data of the face of the die including the tipping angle, 
if necessary. The face of the die consists of those surfaces that contact the metal during the forming operation: 
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addendum, developed, active, and sculpted surfaces are terms used to describe them. This math data may take 
the form of a point array with a reference system, as is obtained by scanning in or gathering by a CMM 
machine from a hard master, and may be supplemented by a reference to a hard aid or master, which is a 
physical model data source. 

Elements of the die face design may include features such as draw or lock beads, lock steps, sausages, and 
metal gain devices; overdraws, trim lines; the locations of laid out flanges and scrap handling. There may 
be references to subsequent die operations: operation identifications and approach angles. And the in-process 
stamping shape may be referenced or included. 

It includes data ownership information, such as: name, phone number, department, company; date of creation 
or processing; who has authority to access or modify; and an ownership history. It includes data source 
information, such as: System created on if not manual; file and directory name if not manual; and perhaps 
some information on the history of the file, and data on where the file has been or will be sent. 

G.1.26 die process planner (AO M5): one who creates or checks die process plans. 

G.1.27 die quality characteristics (A23 1 03): the key features on the part and the die that can be used to 
verify the quality of the die. They include the quality of surfaces, die fixture holding location, and specific 
points to check on the die, typically with a CMM. The specific points to check include tolerances, dimensions, 
matching surfaces, master control Surfaces or datums, part material, static load, overcrown or planar overbend, 
springback, placed out or linear overbend, and flange lines. 

6.1.28 draft work in process design (A221 05): a preliminary work in process design that outlines the part 
design in a specific stage of the manufacturing process. Each part design may have many work in process 
designs. A work in process design includes data ownership information, such as: name, phone number, 
department, company; date of creation or processing; who has authority to access or modify; and an 
ownership history. It also includes data source information, such as: System created on if not manual; file and 
directory name if not manual; and perhaps some information on the history of the file, and data on where the 
file has been or will be sent. 

G.1.29 engineer die (A2): design of the dies required to produce the sheet metal part, including managing 
the die design, developing the conceptual die design, designing the die and die components, analyzing the die 
design, and designing the external automation. 

G.1.30 enhanced part process plan (A221 04): the process steps for manufacturing the sheet metal part 
based on the type of die required, with the addition of information to enable die design. The information may 
include items such as: material specifications; press force, size, features, type such as toggle versus transfer; 
operational sequence sketch or mickey mouse diagram; name, description, and tool numbers of dies; part 
name, number, tipping angle, orientation, quality, grain direction, surface finish; version, change level and 
change history for part and die; planner name, supervisor name, approval; date of process plan. 

Data ownership information is included, such as: name, phone number, department, company; date of creation 
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or processing; who has authority to access or m; and an ownership history. Also included is data source 
information, such as: System created on if not manual; file and directory name if not 
manual; and perhaps some information on the history of the file, and data on where the file has been or will 
be sent. 

G.1.31 estimator (AO M2): individual who refines a part process plan by estimating time, cost, press 
requirements, and materials required. 

G.1.32 integrate die design (A233): unification of the individual component designs and verification that 
these conform to each other as well as to the given envelope. 

G.1.33 invoice (AO 01): a bill for goods delivered, expenses incurred, services rendered or all of the above. 
In the context of this AP, the goods are one or more of: part process plan, die face design, and die structure 
design; and the services are the time taken to develop those goods. 

NOTE - Invoice is in scope only with respect to non-financial data. 

G.1.34 libraries (AO C2): references to part data and process data from previous designs and plans. 
Libraries includes: 

- die design library; 

- pressline interface specifications library; 

- prototype and developmental die information. 

6.1.35 manage die design (A21): the assignment and monitoring of personnel and resources, maintenance 
of a work or release schedule for the die design process, checking of die designs to verify that they conform 
to the proper standards and the corresponding part design, and approval of a die design release status. 

6.1.36 managerial data (AO 03): a report of the operating costs, including estimated versus actual costs; 
a schedule of the work required to complete a die design, including die design release schedule that contains 
required date to start, complete, or both, preliminary review date, release dates of related data, and intermediate 
milestones; and work assignment package. 

6.1.37 mechanical handling standards (A232 C4): a reference to standard criteria that guide mechanical 
handling design to ensure its adequacy in terms including those of safety, timing, strength, quality, appropriate 
use of standard components and subassemblies, interference avoidance, plant or division or corporate 
conventions, and scrap handling. 

G.1.38 NC programmer (AO Ml): one who generates machine control data for the creation of die face 
designs, based on supplied designs. 
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6.139 part design change request (A3 01): a request for any change to be made to the part design required 
to facilitate the manufacturability or operation of the die, or the pressline information impacted by the 
production of the sheet m a l  part. These include all the supporting material required to document the problem, 
and the status: whether or not it was accepted by the intended department and how far it has progressed through 
the process. 

This is the same as the communicated part design change request, except this is the request that results from 
problems encountered by those involved with engineering the die or producing die manufacturing data, and is 
communicated to those involved with the part design. 

G.1.40 part design data (AO 04): all of the information available to die designers on the design of the part. 
Consists of Part Design Change Notification, that is notification of changes since the last part design release, 
used to inform effectors of downstream activities so they can adjust their process accordingly or even halt 
further development if a change is significant; and the following: 

- part design package; 

- part quality characteristics. 

6.1.41 part design package (A23 C4): a reference to that part design data that needs to be known by the die 
designers and part process planners who are designing dies and material handling to create the part. 

This package includes the part data, approval or release sign off, part process data, part revision level and 
change information, flat pattern part design, and selected material and formability information. It also includes 
the master surface data, that is part design sculpted surface data intended to be re-used in the design of the dies 
to make said parts. 

It may include effectivity of the part design, stated as the volume change or coordinated change date, the 
number of weeks before production, or the production year by or for or during which the design is to be in use. 
includes indication of the location within the die of the part to be formed; the part number and version number 
of the part to be f o d ;  a bill of materials for the part, likely a single entry; accumulated engineering change 
notes and change identifications; the orientation, grain direction, surface treatment, surface finish, material 
specification, and allowable alternative material specification of the material from which the part is to be 
formed; and indications of the areas to be machined. 

If the part design has a CAD representation, that CAD design additionally contains: dimensions, tolerances, 
section views, view identifiers, line labels, breakiines, feature lines, matching surfaces, right or left hand id, 
weld spots, principal locating sections, feature callouts adhesive locations, body grid lines; title block, 
approvals, designer, supervisor, department; and relevant dates. 

It includes data ownership information, such as: name, phone number, department, company; date of creation 
or processing; who has authority to access or modify; and an ownership history. It includes data source 
information, such as: System created on if not manual; file and directory name if not manual; and perhaps 
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some information on the history of the file, and data on where the file has been or will be sent. 

6.1.42 part process package (A23 Cl): contains the design of a sheet metal part before every die operation, 
and the process plan that will carry it all out. The contents of a part process package include: 

- enhanced part process plan; 

- pressline sheet metal input specification; 

- work in process design. 

6.1.43 part process planner (AO M3): one who creates or checks part process plans. 

6.1.44 part process plan change request (AO 06): a request for change to a part process plan. Such a 
request originates with a die designer who determines that the design of a die component, design of material 
handling within and peripherally to a die or integration of the complete die assembly design requires a change 
in the way a part is processed. This change could be one that would correct a manufacturing difficulty, such 
as excessive die wear or metal thinning; or a change could reduce cost or effort. 

6.1.45 part process plan draft (AO I2): a draft version of the factory floor work instructions for manufacture 
of the sheet metal part, not including the process steps for designing and manufacturing the sheet metal die. 
Includes the number of dies, their functions and sequence, possible presslines, and proposed changes. The draft 
plan may also refer to the basis sheet metal grain direction, surface finish, quality, and orientation; and may 
have a standard plan id to identify the generic template from which it was derived. 

6.1.46 part quality characteristics (A23 C4): data related to the quality of the part, used to verify the 
quality of designed and completed dies. This data includes tolerances, dimensions, surface class, matching 
surfaces, part features, master control surfaces or datums, required overcrown or planar overbend, and placed 
out or linear overbend. 

6.1.47 prepare for sheet metal production (AO): preparations to make a sheet metal production part, 
including the preparation of the part design, the engineering of a die to produce the part, and the development 
of the data required to manufacture the die. 

6.1.48 pressline automation selections (A232 03): selected values for the pressline parameters or 
requirements. Pressline automation is commonly referred to as being designed to, meaning that the equipment, 
such as conveyer belts and robots, is reusable and needs only to be reconfigured, as opposed to being 
redesigned and built from scratch. This eventually becomes part of Released Die Design. 

6.1.49 pressline interface specifications library (A221 C3, A232 Ca): a reference to the collection of 
specifications for part-handling and part stamping machines that may be used to determine how they may be 
interfad with each other to create an integrated and synchronous pressline. This collection may include plant 
constraints; for instance, crane capacity may limit the weight allowed for a die. 
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The press information may include the press types, press force, styles, sizes, locations, and Joint Industry 
Conference (JIC) specifications; plus scrap handling constraints. This library may also include press line 
parameters, pressline Capabilities, and requirements. Pressline parameters include transfer height, shut height, 
mechanical handling and transfer of the part, and interferences between adjacent stations. Pressline 
requirements are used for press selection, designing the die, and checking of the die design. 

G.1.50 pressline sheet metal input specification (A221 04): the description of the physical shape and 
substance of the material that must be procured to feed into the pressline. Possible values for this item include 
planar or nonplanar sheet metal blanks and strip rolls of sheet metal in specific widths and thicknesses. 

This description may have included with it data ownership information, such as: name, phone number, 
department, company; date of creation or processing; who has authority to access or modify; and an 
ownership history. It may also include data source information, such as: system created on if not manual; file 
and directory name if not manual; and perhaps some information on the history of the file, and data on where 
the file has been or will be sent. 

G.1.51 produce die manufacturing data (A3): the development of the data required to manufacture the die 
components and the assembled die. This includes the development of NC and casting data. 

G.1.52 prototype and developmental die information (libraries) (A222 C4): the library information related 
to prototype die designs and in-process die designs. It includes information derived from hard aids such as 
plaster, wood, or clay models. 

6.1.53 refine part manufacturing process (A22 1): detailing of the machine and process requirements for 
manufacturing a sheet metal part based on the type of die required. This includes a determination of the 
number and sequence of processes, press force requirements, die process requirements, pressline sheet metal 
input to the process, and part material handling requirements. 

G.1.54 specifications and standards (AO Cl): any standard applicable to die design. Specifications and 
standards includes cost standards, 
die material specifications, manufacturing equipment lists, manufacturing standards, part design standard 
criteria, part material specifications, and the following: 

- applicable standards; 

- mechanical handling standards. 

Cost standards are the costs of typical die design tasks, often developed by industrial engineering. Die material 
specifications are specifications of various materials and including their quality, thickness, coatings, and 
properties used in the die design process, including die material tables, textual description and specification 
source. Manufacturing equipment lists are lists of the existing manufacturing equipment used for the 
fabrication of dies, including the location of the equipment in a given enterprise, their process capabilities, and 
their availability. 
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Manufacturing standards are a collection of established manufacturing procedures, specifications, and 
parameters, along with NC documentation and reference manuals, used for generating manufacturing data and 
manufacturing parts. Part design standard criteria are guidelines and restrictions developed through experience 
or experiments, that are used by the design staff to increase efficiency and avoid repeated design errors. Part 
material specifications are data for available part materials including the physical and chemical properties, plus 
acceptable alternate materiais. 

6.1.55 work assignment package (A22 C2, A23 C3): information required to schedule the creation of a 
complete die design. It consists of a Die Design Work Schedule, that is a schedule of the work required to 
complete a die design, including die design release schedule, that in turn contains required date to start or 
complete, prei.riuiary review date, release dates of related data, and intermediate milestones; a work schedule 
for this particular assignment, description of tasks to be done, required start and end dates, applicable release 
dates, and references to applicable documents, personnel assignments, and resource assignments. 

6.1.56 work in process design (A222 04): the work in process design is the design of a sheet metal part 
before every die operation except the initial blanking operation. It may be used to check each die. Each part 
design may have many such work in process designs. The work in process design may include flat pattern 
designs. No work in process design exists that corresponds to the output of the final manufacturing step. The 
design at this stage is the part design as provided in the part design package. 

Elements of the work in process design m y  include features such as draw or lock beads, lock steps, sausages, 
and metal gain devices; overdraws, trim lines; the locations of laid out flanges and scrap handling. There may 
be references to subsequent die operations: operation Identifications and approach angles. 

A work in process design includes data ownership information, such as: name, phone number, department, 
company; date of creation or processing; who has authority to access or modify; and an ownership history. 
It includes data source information, such as: System created on if not manual; file and directory name if not 
manual; and perhaps some information on the history of the file, and data on where the file has been or will 
be sent. 

6.2 Application activity model diagrams 

The application activity model diagrams are given in figures G.l through G.5. The graphical form of the 
application activity mdel is presented in the IDEFO activity modelling format. Activities and data flows that 
are out of scope are marked with asterisks. Data flows which use the ampersand character are a concatenation 
of the indicated data flows. 
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Annex H 
(informative) 

Application reference model 

This annex provides the application reference model for this part of IS0 10303 and is given in figures H-1 
through H-8. The application reference model is a graphical representation of the structure and constraints of 
the application objects specified in clause 4. The graphical form of application reference model is presented 
in IDEFIX. The application reference model is independent from any implementation method. 

NOTES 

1 - Information on the IDEFIX language can be found in [3, annex NI. 

2 - Optional attributes are indicated by OPT. This convention does not adhere to the Federal Information Processing 
Standard and is added for user readability. 

3 - A relationship represented by a dashed line represents a non identihing relationship while a solid line represents 
identihing relationship. This convention does not adhere to the Federal Information Processing Standard and is 
added for user readability. 

4 - An entity with an asterisk indicates that an identification attribute (either as a primary key or as a foreign key) 
has been removed and will be mapped to the attribute identifier when it is available in IS0  10303-41. 
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Annex J 
(informative) 

AIM EXPRESS-G 

Figures J.1  through 5.42 correspond to the AIM EXPRESS expanded listing given in annex A. The figures 
use the EXPRESS-G graphical notation for the EXPRESS language. EXPRESS-G is defined in annex D of 
IS0 10303- 1 1. 

Declarations in these diagrams are indexed in Annex M. 
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Annex K 
(informative) 

Computer interpretable listing 

This annex references a listing of the comp1eteEXPRESSschema specified in annex A of this part of IS0 10303 
without comments or other explanatory text. It also references a listing of the EXPRESS entity names and 
corresponding short names as specified in annex B of this part of I S 0  10303. These listings are available in 
computer-interpretable form and can be found at the following URLs: 

EXPRESS: http://www.mel.nist.gov/step/parts/partnnn/is/ 
Short names: http://www.mel.nist.gov/div826/subject/apde/snr/ 

If there is difficulty accessing these sites contact IS0  Central Secretariat or contact the IS0 TC 184/SC4 
Secretariat directly at: sc4sec@cme.nist.gov. 

NOTE - The information provided in computer-interpretable form at the above URLs is informative. The 
information that is contained within the body of this part of IS0 10303 is normative. 

This annex provides a listing of the table of short names and a listing of the EXPRESS specified in the AIM 
of this part of IS0  10303. No text or annotation is included. This annex is provided only in computer- 
interpretable form. 
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Annex L 
(informative) 

Technical discussions 

L.1 Technical discussion on dies 

Dies are tools designed by manufacturers of sheet metal products to form the parts they require. Dies vary widely in 
complexity. The simplest dies are hammer dies. These consist of a single die block against which a piece of sheet 
metal is manually hammered until it reaches a desired shape. Slightly more sophistication is achieved in the Guerin 
or Marform processes that force a piece of sheet metal against a single die block using a rubber block or bladder, or 
in the Verson-Wheelson press, that accomplishes the same purpose by inflating a neoprene or polyurethane bladder. 

A die set consists of two or more mating die blocks. Die sets must be mounted in presses to operate; these are standard 
mechanisms that provide power to the die set tool. 

Sheet metal that is not likely to tear, wrinkle, or be pushed out of position during forming, cutting, or both may be 
operated on by a die set consisting primarily of two mating blocks. The lower block is generally held stationary, and 
is usually concave. Sheet metal is placed over the depression, and the convex upper die block forces the sheet metal 
into the cavity for forming operations, through it for cutting operations, and sometimes both in the same operation. 
Usually a means of holding the sheet metal stationary during the downward push of the upper die block is built into 
the die set, but it is not an elaborate mechanism. The act of forming by pushing sheet metal into a cavity is called 
drawing. The process of cutting sheet metal is frequently called shearing. 

Sometimes sheet metal requires more careful steps to be taken to preserve alignment of the blank or in-process part 
within the die as it operates; or the sheet metal must be held in tension to prevent the metal from folding over itself. 
This requirement is met by more complex die sets such as the one shown in cross section in figure L. 1. These die sets 
consist of three major parts: a lower die block that is surrounded by an area called the lower binder; an upper die block 
with a hollow center, called the upper binder; and an upper die block that is mounted within the hollow center of the 
upper binder, called a punch. The lower die block contains a cavity into which the sheet metal will be pushed. Over 
this cavity the sheet metal input to the die is placed. 

Then the upper binder surface is forced down, clamping the periphery of the sheet metal to the lower binder. Finally, 
the punch is independently forced down over the taught piece of sheet metal, drawing it, shearing it, or both. 

Further complexity may be added to the idea of the die set just described by replacing the lower die block with separate 
lower binder and lower punch. All actions proceed as in the above example; then after the upper punch has been 
forced down over the sheet metal, the lower punch draws some metal back in the opposite, upward direction. 
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Figure L.1 - Cross-section of three-part die set 

A final stage of complexity is introduced with a mechanism called a cam. In most dies, the direction of closure of the 
dies limits the directions in which the metal may be formed. No surface of the formed part may be closer than two or 
three degrees fkom parallel to this direction of motion. This is necessary in order to allow the part to be removed from 
the die, and also because the die sets discussed up to this point are not capable of imparting force in a direction 
perpendicular to the direction of closure of the die set. 

Then the upper binder surface is forced down, clamping the periphery of the sheet metal to the lower binder. 
A cam is a mechanism that transfers the downward motion and force of the closing die set into a lateral force. This 
force may fnm the metal beyond the draft angle limitation of simpler die sets, and may punch holes in the side walls 
of drawn shapes, to name two possibilities. Automotive panel die sets have been known to include up to eight cams. 
Figure L.2 shows simply how a shape attached to an upper die block may apply a lateral thrust to a cam mechanism 
mounted on a lower die block. 
L.2 Technical discussion on presses 

Presses are used to supply a die set with mechanical power. A sheet metal manufacturer does not design presses. A 
die set is mounted within a press, and the press is used to repeatedly lift and close the die set in order to cause it to form 
sheet metal blanks from coils or sheets; or to further develop in-process parts toward their final formed and trimmed 
shape. Presses may be classified by a number of characteristics. This discussion will cover only power sources and 
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number of slides. 

Presses may be mechanical, utilizing flywheel energy usually transferred through gears. Mechanical presses are used 
to operate dies for rapid, high volume work such as blanking and light forming. Hydraulic and pneumatic presses are 
capable of attaining pressures nine times as great as the most powerful mechanical presses, and are better suited to 
large stampings and deep draws with compound curvature. 

With regard to the number of slides, there are presses with one, two, or more slides. One-slide machines are known 
as single-action presses. These presses may operate the most common kind of die sets, those with only one lower and 
one upper die block. The lower die block is mounted to a fixed bed, and the upper die block is mounted to a 
reciprocating slide, or tool carrier, that lifts and lowers this die block onto the lower block to cause the die set to form 
or shear the sheet metal. 

For die sets containing an upper punch and upper binder to close on the lower die block, double-action presses with 
two slides are used. The lower die is still fixed to a stationary bed. One slide lowers the upper binder onto the sheet 
metal, clamping it against the lower binder; the second slide independently lowers the upper punch into the taught 
sheet to formit, shear it, or both. Triple-action presses employ a third slide to push up an additional punch through 
the lower binder. Four-slide machines are used for small, intricate, high tolerance parts. 

Some presses, which use single de blocks and force sheet metal to form around them using pressure applied via 
a rubber mat or polyurethane blader, use a ram to apply force. The flexible sheet or bladder is called a flexible 
die, and so such presses are known as flexible-die forming presses. They all contain a bed on which to mount 
a stationary lower die block. In the Guerin process, a solid or laminated rubber pad is confined in a retainer on 

Figure L.2 - Illustration of how a cam may convert downward force into 
lateral force 
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the ram, or upper moving portion of the press. The Marform process is similar but includes a blankholder @ 
control pressure and prevent wrinkling during forming. 

Fluid-cell presses have a flexible bladder of neoprene or polyurethane, that when inflated with oil under pressure, forces 
the sheet metal against the lone die block. 

All presses require a method of loading input and unloading output. In order to make the process safer, a variety of 
mechanisms, including suction grip devices and robotic grippers, have been invented to reach inside of dies and 
manipulate parts. These devices are not typically designed anew for each die set. Instead, they are re-configured to 
match the distances and locations required for them to work with each die set. 

NOTE - Much of the information in this annex comes from, and further information can be found in, [4, annex NI. 
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Annex M 
(informative) 

Cross reference for AIM diagrams 

The following list contains all AIM declarations in alphabetical order. followed by their location on the AIM diagrams 
of annex J . The sole exception is the STRING base type. which is not present on any diagram explicitly . Instead. it 
should be noted that every occurence of the data types identifier. label. and text has a STRING base type that is not 
shown in the diagram but is implied to be present . In this list. the STRING base type is correlated to the diagrams on 
which it would have otherwise appeared . 

Declaration-name (declaration type) ............................................ diagram number(s) 

action (entity) ........................................................................... 7 
action-assigned-item (select type) ........................................................... 7 
actionassignment (entity) ................................................................. 7 
action-directive (entity) ................................................................... 7 
actionmethod (entity) .................................................................... 8 
action-method-relationship (entity) .......................................................... 8 
action-method-with-associated-documents (entity) .............................................. 8 
action-property (entity) .................................................................. 24 
actionqroperty-representation (entity) ....................................................... 23 
actionrelationship (entity) ................................................................. 7 
actionrequest-solution (en ti ty) ............................................................. 8 
actionresource (entity) ................................................................... 8 
action-resource-relationship (entity) .......................................................... 8 
action-resource-requirement (entity) ........................................................ 24 
action-resource-requirement-relationship (entity) ............................................... 24 
actionresource-type (entity) ............................................................... 8 
advanced-brep-shape-representation (entity) ................................................... 5 
advanced-face (entity) .................................................................... 38 
ahead-or-behind (enumeration type) ........................................................ 14 
angle-relator (enumeration type) ............................................................ 21 
angular-location (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
applicationcontext (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
applicationcontextelement (entity) ......................................................... 1 
application-protocol-definition (entity) ....................................................... 1 
approval (entity) ......................................................................... 9 
approval-assigned-item (select type) ......................................................... 9 
approvalassignment (entity) ............................................................... 9 
approval-date-time (entity) ................................................................ 9 
approval-person-organization (entity) .................................................... - ... 9 
approvalrole (entity) ..................................................................... 9 
approval-status (entity) ................................................................... 9 
assembl y-component-usage (en thy) ......................................................... 17 
assembly-component-usage-substitute (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .............. 17 
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axisl-placement (entity) .................................................................. 26 
axis2-placement (select type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
axis2-placement-2d (entity) ............................................................... 26 
axis2-placement-3d (entity) ............................................................... 26 
b-spline-curve (entity) ................................................................... 33 
b-spline-curve-form (enumeration type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
b-spline-curve-with-knots (entity) .......................................................... 33 
b-spline-surface (entity) .................................................................. 36 

b-spline-surface-with-knots (entity) ......................................................... 36 
bezier-curve (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
bezier-surface (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
block(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
boolean (base type) ....................................................... 32.34.35.3 7. 39. 41 
boolean-operand (select type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
boolean-operator (enumeration type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
boolean-result (entity) .................................................................... 41 
boundary-curve (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
bounded-curve(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
bounded-surface (entity) .................................................................. 35 
box-domain(entity) ..................................................................... 41 
boxed-half-space (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
brep-with-voids (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
calendar-date (entity) .................................................................... 14 
cartesian-point(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
cartesiantransformation-operator (entity) .................................................... 26 
cartesian~transformation~operator~3d (entity) .................................................. 26 
change-order(entity) .................................................................... 10 
characterized-action-definition (select type) ................................................... 24 
characterized-definition (select type) .......................................................... 4 
characterizedjroduct-definition (select type) ................................................... 4 
characterized-resource-definition (select type) ................................................. 24 
circle(entity) ........................................................................... 30 

composi te-curve (en ti ty) .................................................................. 32 
composite-curve-onsurface (entity) ......................................................... 32 
composi te-curve-segment (en ti ty) ........................................................... 32 
configurationbesign (entity) .............................................................. 19 
configurationjtem (entity) ................................................................ 19 
conic(entity) ........................................................................... 30 
conical-surface (entity) ................................................................... 34 
connected-edge-set (entity) ................................................................ 39 
connected-face-set (entity) ................................................................ 39 
context-dependent-unit (entity) ............................................................ 15 
contract (entity) ........................................................................ 10 
contract-assigned-item (select type) ......................................................... 10 
contract-assignment (entity) ............................................................... 10 
con tract-type (entity) .................................................................... 10 

b-spline-surface-form (enumerationtype) .................................................... 36 

closed-shell (entity) ...................................................................... 39 
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con version-based-unit (entity) ............................................................. 1 5 
coordinated-un i ver sai-time-offset (en ti ty) .................................................... 1 4 
count-measure (type) ................................................................... 8. 15 
csg-primitive (select type) ................................................................. 41 
csgselect(se1ectty) .................................................................... 41 
csgshape-represen tat ion (en ti ty) ............................................................ 5 
csgsolid(entity) ........................................................................ 41 
curve(entity) ........................................................................... 28 
curve-bounded-surface (entity) ............................................................. 35 
curve-onsurface (select type) .............................................................. 3 1 
curve-replica (entity) ..................................................................... 28 
cylindrical-surface (entity) ................................................................ 34 
date (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
date-and-time (entity) ................................................................... 14 
date-and-time-assigned-item (select type) .................................................... 14 
date-and-time-assignment (entity) ......................................................... 14 
date-assigned-item (select type) ............................................................ 14 
date-assignment (entity) .................................................................. 14 
daterole (entity) ....................................................................... 14 
date-time-role (entity) ................................................................... 14 
date-time-select (select type) .............................................................. 14 
dated-effectivity (en ti ty) .................................................................. 19 
datum(entity) .......................................................................... 22 
datum-reference (entity) .................................................................. 22 
datum-target(entity) ..................................................................... 22 
day-inmonth-number (type) .............................................................. 14 
day-in-week-number (type) ............................................................... 14 
day-injear-number (type) ............................................................... 14 
definitional-representation (entity) .......................................................... 16 
degenerate-pcurve (entity) ................................................................. 27 
degenerate-toroidal-surface (entity) ......................................................... 34 
derived-unit(entity) ..................................................................... 15 
derived-unit-element (entity) .............................................................. 15 
descriptive-representation-item (entity) ...................................................... 20 
die-definitionconstraint-relationship (entity) .................................................. 3 
dimensioncount(type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
dimensional-characteristic (select type) ...................................................... 21 
dimensionalcharacteristicrepresentation (entity) .............................................. 21 
dimensionalexponents (entity) ............................................................ 15 
dimensionallocation (entity) .............................................................. 21 
dimensionallocation-with-path (entity) ...................................................... 21 
dimensional-size (entity) .................................................................. 21 
directed-action (entity) .................................................................... 7 
direction(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
document (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
document-reference (entity) ................................................................ 6 
document-referenced-item (select type) ....................................................... 6 
document-type (entity) ..................................................................... 6 
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edge(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
edge-based-wireframe-rnodel (entity) ........................................................ 42 

edge-curve(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
edge-ioop(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 
effectivity(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
elementary-surface (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
ellipse(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
evaluated-degenerate-pcurve (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
executed-action (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
extruded-area-solid (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
face(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 
face-bound(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 
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make-from-usage-option (entity) ........................................................... 17 
make-from-usage-opt ion-group (en ti ty) ..................................................... 
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measure-value (select type) ................................................................ 15 
measure-with-unit (entity) ................................................................ 15 

modified_geometric-tolerance (entity) ....................................................... 22 
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plane-angle-measure-with-unit (type) ....................................................... 15 
plane-angle-unit(type) ................................................................... 15 
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preferred-surface-curve-representation (enumeration type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
process-plan (entity) ..................................................................... 7 
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product-category (entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
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promissory-usage-occurrence (entity) ....................................................... 17 
property-definition (entity) ................................................................. 4 
property-definition-representation (entity) ..................................................... 5 
quanti fied-assembl y-component-usage (entity) ................................................. 17 
quasi-uniform-curve (entity) ............................................................... 33 
quasi-uniform-surface (entity) ............................................................. 36 
rational-b-spline-curve (entity) ............................................................ 33 
rational-b-spline-surface (entity) ........................................................... 36 
real (base type) ........................................................... 14, 15,26,27,33, 36 
rectangular-composite-surface (entity) ....................................................... 35 
rectangular-trimmed-surface (entity) ........................................................ 35 
reparametrised-composite-curve-segment (entity) .............................................. 32 

point(entity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

product-definition (entity) ................................................................. 3 
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representation-item (entity) ............................................................... i6 
representation-map (entity) ................................................................ 16 
representationrelationship (entity) ......................................................... 16 
representationrelationship-withtransformation (entity) ......................................... 16 
requiremen t-for-ac t ion-resource (en ti ty) ..................................................... 24 
resource-property (entity) ................................................................. 24 
resource-propert y-represen t at ion (en ti ty) ..................................................... 23 
resource-requirement-type (entity) .......................................................... 24 
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reversible-topology-item(select type) ........................................................ 38 
revolved-area-sol id (en ti ty) ................................................................ 40 
right-angular-wedge (entity) ............................................................... 41 
right-circular-cone (entity) ................................................................ 41 
right-circular-cylinder (entity) ............................................................. 41 
seamcurve (entity) ...................................................................... 31 
second-inminute (type) .................................................................. 14 
security-classification (entity) ............................................................. 11 
security-classification-assigned-item (select type) .............................................. 11 
security-classification-assignment (entity) .................................................... 11 
security-classification-level (entity) ......................................................... 11 
sequenced-product-definitionrelationship (entity) .............................................. 3 
sequentialmethod (entity) ................................................................. 8 
serial-action-method (entity) ............................................................... 8 
serial-numbered-effectivity (entity) ......................................................... 19 
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shape-dimension-representation (entity) ..................................................... 21 
shape-representation (entity) ............................................................... 5 
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sheetmetal-action-assignment (entity) ....................................................... 7 
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sheetmetalcontract-assignment (entity) ..................................................... 10 
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shell(se1ecttype) ........................................................................ 39 
shellbased-surface-model (entity) .......................................................... 42 
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si-unit-name (enumeration type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
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