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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO 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,
governprentat-andmon=governmentatmtarsomwith 1 SOatsotakepart-imthe-worktSS—cottaborates
closely|with the International Electrotechnical Commission (IEC) on all matters of electrotechnical
standaidization.

Draft Iffternational Standards adopted by the technical committees are circulated to the member bodieq for
voting. |[Publication as an International Standard requires approval by at least 75% of the mgmber bodigs
casting|a vote.

International Standard ISO 13584-31 was prepared by Technical Committee ISO/TC-184, Industrial
automdtion system and integration, Subcommittee SC4, Industrial data and gloebal manufacturing
prograrpming languages.

ISO 13p84 consists of the following parts under the general title Industrial automation systems and
integration - Parts library:

— Palrt 1, Overview and fundamental principles;

— Palrt 10, Conceptual description: Conceptual model ofparts library;
— Part 20, Logical resource: Logical model of expressions;

— Part 24, Logical resource: Logical model of supplier library;

— Part 26, Logical resource: Supplier identification;

|
T

t 31, Implementation resource: Geometric programming interface;

— Palrt 42, Description methodology: Methodology for structuring part families;

— Part 101, View exchange protocol: Geometric view exchange protocol by parametric program;
— Part 102, View exchange protocol: View exchange protocol by ISO 10303 conforming specification.

The stricture of this"International Standard is described in ISO 13584-1. The numbering of the parts of this
International Standard reflects its structure:

— Parts’10 to 19 specify the conceptual descriptions,

— Parts 20 to 29 specify the logical resources,

— Parts 30 to 39 specfy the implementation resources,
— Parts 40 to 49 specify the description methodology,
— Parts 50 to 59 specify the conformance testing,

— Parts 100 to 199 specify the view exchange protocol,
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— Parts 500 to 599 specify the standardised content.
Should further parts of ISO 13584 be published, they will follow the same numbering pattern.
Annexes A and B form an integral part of this part of ISO 13584.

Annex B is for information only.

Xi
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Introd

uction

alIso

ISO 13584 is an International Standard for the computer-interpretable representation and exchange of part
library data. The objective is to provide a neutral mechanism capable of transferring parts library data,
independent of any application that is using a parts library data system. The nature of this description makes
it suitable not only for the exchange of files containing parts, but also as a basis for implementing and

sharin
This Irj

13854
resourd
content

(implementation resources) series .

This pa
system

This interface may be used, outside the context of standardized parts librarydata, to permit the

develo
10303,
constru

In the g
creatio
inside t

databasesof partstibrary date:
ernational Standard is organized as a series of parts, each published separately. The partS)o¥1S
all into one of the following series: conceptual descriptions, logical resources, implementation

es, description methodology, conformance testing, view exchange protocol, and standardised
. The series are described in ISO 13584-1. This part of ISO 13584 is a member ofithe

from an application program that is independent of the target user system.

bment of application programs that are independent of the target CAD system. In the context of

ction facilities.

\ process is an application program provided by partsilibrary suppliers, that creates geometric m
he user system. The interface ensures its independancy from the target user system.

rt of ISO 13584 specifies an interface to enable the creation of product model data inside an user

ontext of parts library data, conforming to the ISO 13584 Standard series, the product model data

o

SO

this interface may be implemented on the top of the SDAI intérface to provide constrained geometry

odel

Xii
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Industrial automation systems and integration - Parts Library -
Part 31: Implementation resources: Geometric programming
interface

1 Scope and field of application

This part of ISO 13584 specifies an application programming interface that enables an application program

to geperate acaomatie-madale-that ara indanandant of tha taraat icar ovuctam  Tha intarfaca allowvc
coretrteroattottriatare—rae et o—tetarge y SterH—rHeeraceahows

porta
13581

The f

—
o O

|
o T

2 N

The f
provi
of thq

encoliraged todnyvestigate the possibility of applying the most recent editions of the normative docum
ited below.”For undated references the latest edition of the publication referred to applies. Memlpers of

indicd
ISO 3

uuuuuu 15 A ~A- getrootTo

Dility of programs that describe parametric shape representations of parts families held in an.IS¢
L parts library.

bllowing are within the scope of this International Standard:

fograms to generate geometric representations within a modelling system that afe,independent
irget system,

fograms that specify geometric representations that are created through constraint-based geom
efinitions,

fograms that structure geometric representations created independently of the target system,
rfograms that specify presentation style attributes for symboli¢' visualisation of representations cr

Ffograms that support technical drawing standard converitions for shape representation, including
dden line mechanism.

pllowing are outside the scope of this International Standard:
he precise control of the image to be displayed on the receiving system devices,
he precise definition of the data that-shall be created on the receiving system,

he storage of a parametric model on the receiving system.

Drmative references

bllowing normative-documents contain provisions which, through reference in this text, constitut

nd IEC€ maintain registers of currently valid International Standards.

D

Df the

ptric

pated,

az2D

a)

Sions of this paft of 1ISO 13584. For dated references, subsequent amendments to, or revisions gf, any
se publications do not apply. However, parties to agreements based on this part of ISO 13584 gre

ents

ISO 128: 1982 Technical drawings - General principles of presentation.
ISO 1539: 1991 Information technology - Programming languages - FORTRAN.
ISO/IEC 8824-11 Information technology - Abstract Syntax Notation

One (ASN.1): Specification of basic notation.

1) To be published
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ISO 10303-11: 1994 Industrial automation systems - Product data representation and exchange -

Part 11: Description methods: The EXPRESS language reference manual.

ISO 10303-41: 1994 Industrial automation systems - Product data representation and exchange -

Part 41: Fundamentals of product description and support.

ISO 10303-42: 1994 Industrial automation systems - Product data representation and exchange -

Part 42: Integrated resources: Geometric and topological representation.

ISO 10303-43: 1994 Industrial automation systems - Product data representation and exchange -

Part 43: Integrated resources: Representation structures.

ISO 1

ISO 13

3 Ter

3.1 T
For the)
Abstrag
CAD sy
EXPRE
Functid
Library
Library
Part ;

Parts li
Parts s
Produc

Produc

303-246: 1994 Industrial automation systems - Product data representation and exchange -
Part 46: Integrated generic resources: Visual presentation.

584-10 Industrial automation systems - Parts library - Part 10: Conceptual Model of
Parts Library.

ms, definitions and abbreviations

erms defined in ISO 13584-10

purpose of this part of ISO 13584 , the following terms defined in 1IS© 13584-10 apply:

t part ;

stem ;

SS;

nal view ;

Management System (LMS) ;

supplier ;

prary ;

Lpplier ;

[

| data ;

Prografn ;
Repres]:ntation of a part ;

Supplier ;

Supplier part ;

Supplier library ;

Structu

User ;

re;

User library ;

2
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View ;

View control variable ;

View exchange protocol .

3.2 Other terms and definitions

For the purposes of this part of ISO 13584, the following terms and definitions apply.

3.2.1 _application programming interface (API)
set of functions that may be triggered from one program by using the concrete syntax defined in one
bindifg.

3.2.2| binding
descrption of the concrete syntax that shall be used in a particular programming language to trigger the
different functions that constitute an application programming interface.

3.2.3| local coordinate system (LCS)
orthogonal right-handed coordinate system used to orientate and to locate geometrical entities in spage.
Locall Coordinate Systems are modeled by an axis2_placement entity.

3.2.4| parameter
variable whose name and type of values are specified.

3.2.5| parametric (shape) model
exprgssion of a parametric shape by means of a data model;

3.2.6| parametric (shape) program
exprgssion of a parametric shape by means of a pragram referring to an API.

3.2.7| parametric shape
common description of a family of cognate shapes and a set of parameters. A parametric shape spedifies a
partigl function from the domain of the parameters onto the set of shapes.

3.2.8] temporary database
temperary database is a mechanism that permits to store construction or temporary data before transferring
to thg CAD system.

3.3 Abbreviations
For the purposes.ofithis part of ISO 13584, the following abbreviations apply.

A

— 2D: Twe-Dimensional ;

— 3@~ Three Dimensional ;

— API: Application Programming Interface ;
— CAD: Computer Aided Design ;

— EPS: Epsilon, see 4.6 ;

— HLI: Hidden Line Involved, see 5.3.5;

— LCS: Local Coordinate System ;
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— LMS: Library Management System ;

— MAX : Maximal value, see 4.6 ;

— OVC: Object View Coordinate system, see 5.3.1;
— SDAI: Standard Data Access Interface ;

— TDB: Temporary Data Base, see 5.3.4.

4 Fumpdamental concepts

4.1 Requirement for parametrics capabilities

1) The ]SO 13584 International Standard shall provide a mechanism that enables the glelal description of
the shgpes of all the different parts that belong to the same parts family within an 1S@-13584 Library.

EXAMPLE 1 - The ISO 4014 hexagon head bolts Standard [1] specifies thousands of different bolts. Describing
sepdrately the shape of each bolt is infeasible.

2) Each global shape description shall be associated with a set of numericktyped, string-typed or Boolean-
typed garameters whose set of values characterise each part of the part\family. The mechanism that
generates each specific shape out of the global description and fromyaspecific set of values v of the
paramgters shall be deterministic, i.e., it shall define a partial function f from the domain of the set of
paramgters D onto the set of shapes S.

f:DF2s;s=%().

Such aldescription is called a parametric shape.

EXAMPLE 2 - The global description of the 2D-top Views of the different bolts of the ISO 4014 Standard may he
spedified as dependent on two real parameter§ L and D. For each pair of permitted values (I,d) of L and D, the
mechanism shall be able to generate in a deterministic way an unique shape.

n

3) It is @ requirement that a paramettic'shape shall be specified through graphical user interactions. Th
implies|that the mechanism shall provide for the description of constraint-based geometry, the solver o
these donstraints being part of the/mechanism.

4.2 Exchange format.forparametric shape description

-

1) A prpgram that references an application programming interface (API) may be used for exchanging
global $hape description that fulfils the requirements of 4.1. The API will specify the constraint-based
geometfric functions. The program control structure shall specify the function composition that constitutg¢s
the global function. The implementation of the APl on a receiving system constitutes the solver of the
constrdintbased geometric functions. Such a program is called a parametric program.

2) It is assumed that the present technology in the field of Computer Aided Design (CAD) allows for the
generation of parametric shapes in terms of a parametric program based on a standardised constraint-
based API from an interactively-defined system-specific description of this family of shapes.

NOTE - This assumption clarifies the difference between the exchange format specified in this International
Standard (a FORTRAN program that makes some call to a standardised API), and the environment that may be
used to create such a description (e.g., an interactive graphic system such as a parametric CAD system).

4.3 Internal representation of the data created in the receiving CAD system

The interface specification shall :
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— be precise enough to enable a part supplier to describe the shapes of parts

— avoid any implementation specification to enable portability on any CAD modeller.

In this International Standard, these two goals are achieved by describing a logical model of the target
modelling system. This logical model is defined as an information model in the EXPRESS language. Each
interface function is specified by reference to this logical model.

4.4 Library supplier and LMS user responsibility.

f this

¢ shall be created by the LMS and sent to the geometric modelling system.

EXAMPLE - If a screw is selected from the LMS by an user, during the insertion into a drawing on the CAD $ystem,
the screw shall be presented on the screen in a given colour and a given line width according to the represemtation
selected

2) A ljbrary contains geometric descriptions that originate from different suppliers. This-ibrary may bg used
for vgrious application contexts. This interface shall allow the library supplier to speCify the shapes of|the
parts] and the library user to ensure a homogeneous level between the presentations of the parts. In this
Interrjational Standard, this goal is achieved by allowing logical control of the:part supplier on the shape
presgntation aspect (e.g., choice of a named curve style) and by assuming that:

— through some non-standardised initialisation process of the interface, the LMS user may specify the
complete presentation aspect (e.g., width, font and colour values)that corresponds to each logically defined
style;

— the shape generated by the LMS is displayed accordingto the current visualisation of the modelljng
system.

4.5 Compatibility

1) The representation items created inside a preduct data model through the interface described in thjs
Interrjational Standard shall be exchangeahte-though an ISO 10303 AP conforming exchange file. All{the
entiti¢s attributes that may not be specified by the library supplier shall be bounded with the entity by the
interface with consideration of the initialisation of the interface performed by the library user.

2) If the geometric modelling system supports an ISO 10303-22 SDAI interface [2], the interface speqified in
this International Standard shall.be implemented as an applicative layer on the top of the SDAI interface.
This applicative layer must ‘contain :

— the solver for the-Constraint-based geometric entities definition,

— the default value tables for the attributes, possibly set by the LMS user, should be limited for each entity
created through the SDAI.

EXAMPLE - If an arc with a given radius is to be created tangent to two lines, with a style "plain_solid_linef, the
appllcatlve layer contalns the solver that computes the tangent circle, its trlmmlng parameters and the table that

+ . gl ond | PAH oo pa oalid 1o
C II.(AIIIQ uare HICUIQC VVIULII aru \JUIULAI \JUIICJHUII\JIIIy A~ Aney rllulll SUITTU IIIIC .

4.6 Geometry representation accuracy

Despite the fact that different modelling systems have different numeric accuracy, it shall be possible :
1) to ensure that a supplier program will work correctly on any "correct" interface implementation ;

2) to ensure that an interface implementation will correctly process a "correct" supplier program.

In this International Standard these two goals are achieved by defining reference numeric bounds for
different measures involved in geometric entity definitions.
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Three reference numeric bounds are defined :

1) EPS is the minimal value allowed for certain measures involved in some geometric entity measure.
EXAMPLE 1 - The application program is not allowed to define a line segment whose length is smaller than EPS.

2) MAX is the maximal value allowed for certain measures involved in some geometric entity measure.
EXAMPLE 2 - The application program is not allowed to define a circular arc whose radius is greater than MAX.

3) ZERO_VALUE is the maximal value allowed for the (mathematically computed) distance between two
poirlts that are asserted to be identical.

E PLE - The application program is not allowed to define a contour (i.e., a closed composite_curye))such that
the dlistance between the end point of one composite_curve_segment, and the beginning point of the hext
composite_curve_segment is greater than ZERO_VALUE.

All thede reference numeric bounds are defined in the scaled unit specified for the created geometric
represgntation:

1) view_length_unit scaled by the view_length_scale_factor for length_measure.

2) view_angle_unit for plane_angle_measure.
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In this International Standard, the following values are defined for the reference numeric bounds:

1) EPS = 103

2) MAX = 10*4

3) ZERO_VALUE = 106

1ISO 13584-31: 1999(E)

A program conforming to this International Standard shall fulfil the constraints defined, for each geometric
entity, by reference to these numeric bounds. An interface conforming to this International Standard shall be

able te-precess-apregrareconforringto-thisthternational-Stardard———————————————— —

5 Interface presentation

51

Specification and conformance

5.1.) Allowed levels of implementation

This standard specifies 3 levels of implementation, according to the geometriCal power of the interfac

whos
level

e values are : 2D, 3D curve, solid. These values are numbered 1, 2-and 32 . Any interface of pg
must contain all the functions of power level j for j <i, hence, itmay create views of

geometrical_power_level j when such a power level is set through view initialisation. Whatever the
geometrical power of an interface, a view may also be created withi a geometrical_power_level equal

Threg levels of interface implementations (1 to 3) have been déefined. All the functions have been cla
in ac¢ordance with these levels and a conforming implementation shall provide, for the selected usag
the fynctions of the level it belongs to. The level of an interface may be accessed through an inquire

funct

on.

5.1.2 Simulation of missing entities

All th

b entities defined, for each interfacerevel, in this International Standard shall be (conceptually)

implgmented in the temporary database:-If some entities do not exist in the target product modelling

syste
each

5.2

M, they must be simulated by using other available entities. This simulation process is specified
entity, in this part of ISO 13584.

nterface tables

The dqurrent characteristics of the interface are stored in interface tables. All the values of these table

may

be interrogated, by the application program through inquire functions contained in this part of the

13584 Standard.<T.wo tables are defined:

1) The interface description table contains all the persistent characteristics of the interface (e.qg.
inferface( level, hidden_line_capability...). These values may be interrogated but may not be chang

th

1]

wer

to O.

ssified
e, all

for

entries
ISO

ed by

b @pplication program. They are implementation dependent.

2) The interface status table contains values of modal variables (e.g. visualisation attributes). The initial
value of such a variable is defined in this International Standard either as being view dependent by set
during interface initialisation process, or as having specific values. The interface status table values may
be interrogated and, for all but the view dependent (e.g. view_length_unit, hidden_line, ...), changed by
the application program.

2) Note : In the first version of this standard, level 3 corresponds to the creation of solids with implicit topology (solid primitives, sweeps and
Boolean operations). In a later version the creation of explicit topological elements (vertex, edge, face...) may be introduced as a level 4. The
former is known as CSG (Constructive Solid Geometry), the later is known as B-Rep (Boundary Representation)
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The content of these interface tables are described in clause 8 of this International Standard.
5.3 Creation of product model data

This subclause introduces the concept of geometric model creation within a geometric modelling system
from an application program. In the context of parts libraries conforming to the 1ISO 13584 Standard series it
is mainly intended for parts library program developers that develop the programs that create the part model
data within a CAD system.

When a functional view is selected in a Library Management System (LMS) a part supplier program is

called. Fhis-functionalvviewistelated-to-the occurence-of-the pnrf called nhjinr\f BCCUHFence; that the p rt

supplief has described.

The role of the part supplier program is to populate this functional view by using the interface functions
5.3.1 Reference coordinate system of a view (OVC)

A functjonal view created by using the interface functions consists of geometric_representation_itemg.
Each v|ew is composed by the application program within its own geometric_representation_context
called the Object_view_modelling_coordinate_system (OVC). The application program is independent ¢f the
relativg positioning of the OVC in any CAD coordinate system. The Library Management System (LMS) is in
charge|of view initialisation, and it is assumed that after the view initialisatign function has been performed,
all the geometric_representation_items sent to the CAD system in théir own OVC will be accurately
positioped and/or converted.

The "Vi{ew_initialisation " function should therefore activate some\unspecified positioning process. In
practic¢, and according to the particular CAD system philosophy, the positioning process may, e.g.:

1) defihe a new local coordinate system if the CAD system uses an instancing mechanism;
2) attath the OVC to the cursor for later positioning-

3) accomplish some interactions with the CABluser to interrogate the position and then initialise a
trangformation matrix in the interface;

4) conpute the correct position if it results from the object occurrence positioning and then initialise a
transformation matrix in the interface;

5) do rjothing, the view is created at the origin of the global coordinate system and is positioned afterwards
by the CAD user.

When & view is initialised as 2D, the 2D space is assumed to be the x, y plane, hence the z coordinate jused
in the dreation functien-is meaningless for geometric entities. For such entities the z coordinate shall be
equal tp zero.

In the dontext-ef part library data conforming to the ISO 13584 Standard series, when several part supglier
programs-refer to different functional views of the same part, the OVC used in these different program< are

supplier. All the part suppller programs that produce 3D functlonal views of th|s part shaII use thIS absolute
coordinate system as their own OVC. All the part supplier programs that produce 2D functional views of this
part shall:

1) Specify the 2D functional view that is produced by each part supplier program in conformity with ISO
128, (see Figure 1) .

2) Select as OVC for each part supplier program the coordinate system that results from the part absolute
coordinate system and from the specification of the produced 2D functional view (see Figure 1).
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Figure 1 — Absolute coordinate system of a part (parts supplier defined)
5.3.4 Geometrical units in the OVC

The length and plane angle units used in OVC are defined by three interface status table entries:

view |
base

entry|defines the multiplicative scale factor to be applied'to the base length unit. The view_angle_unit
defings the plane angle unit used in the view. It may be‘radian (RAD), degree (DEG), or grad (GRAD).
this Ipternational Standard, the word "OVC unit" refers to either the view_length_unit scaled by the

view |

The d

valugs may be redefined by the part supplier, externally to the program, as part of the functional mod

part s

interrpgated, but not changed by theapplication program. All the geometrical dimensions defined by

returr

The interface ensures correet’scaling from OVC units to the CAD system modelling space units. This

scalin

through interface functions.

5.3.3

The rple ofithe interface functions is to create data inside product modelling system databases. Since

produy
be de

length_unit, view_length_scale_factor, and view_angle *unit. The view_length_unit entry defineg
ength unit used in the view. It may be metre (METRE)or inch (INCH). The view_length_scale_f

length_scale_factor (OVC_length_unit) or ¢e the view_angle_unit (OVC_angle_unit).
efault values of the OVC unit are spetified in clause 8.2 of this International Standard. These d
upplier program belongs to. The ‘default values are set during view initialisation. They may be

ed to the application program are specified in the current OVC units.

g, called the OVC-CAD transformation applies to all the geometric representation items created

Content of a view

ct-moedelling system databases are different from each other, the exact effect of each function 1

the
actor

In

pfault
el the

pr

nay not

n, this

scribed at the phycir‘al level To allowa pmr‘icp Qppr‘ifir‘atinn of the effect of an interface functi

standard defines the target CAD system database through a logical model defined as an EXPRESS
information model (see clause 6). This logical model is assumed to be implemented in some physical way in
the target CAD system.

5.3.4 Temporary database

To provide for the creation of intermediate geometry, a temporary database (TDB) has to be created. The
interface functions allow the creation of geometrical entities either in the Temporary database or as CAD
system data. The Temporary data entities may be referenced, modified, used in a geometric construction,
or sent to the CAD system. Entities inside the CAD system shall not be referenced. When a temporary
database entity is sent to the CAD system, it is no longer referenced as temporary data.
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For geometrical entity types having the same visualisation types, attributes may be created both as
temporary database entities and in the CAD system.

also

The visualisation attributes are attached to these entities when they are created on a modal basis, whether
this creation occurs in the TDB or in the CAD system. In the TDB, entities attributes may be changed. When
an entity is sent from the TDB to the CAD system, visualisation attributes of this entity retain their current

values

in the TDB.

Temporary data entities may be geometrically moved or duplicated. These geometric manipulations do not
change the visualisation attributes: the modified entity, or the duplicated one, preserves the visualisation
attributes of the initial one.
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Lictural relationships available are different in the TDB and in the CAD system. The entities.sent
D system are structured by sets. Sets are objects permanently existing in the CAD system, datal
structure a hierarchical set structure is used. For the structure of elements in the TDBja tempg
tructure is used. The group structure may be used to facilitate the creation process of . geometrig
ts. This group structure is also hierarchical. The maximum number of entities that.shall be allow
B by the interface implementation is equal to or greater than that specified in clause 10 of this
ional Standard.

cument does not specify any implementation form of this temporary database. Only the functior
i from the part supplier functions shall be supported.

Hidden line removal process
views created by the interface, a hidden line concept is ptevided.
dition to the curve entities, 2D interfaces may create'fill area that may be "opaque".

hterface status table entry, called hidden_line_involved (HLI) specifies whether or not the curve
entities created through the interface shall be\involved in the hidden line removal process. Wh
is equal to true, each curve and fill area entity created through an interface function shall be inv
e hidden line removal process and shall have attached an api_predefined_occlusion_stylevi
barance style. This api_predefined.occlusion_style style shall contain a view_level attribute W
esents the "height” of the entity in'some virtual 3D space as a real value, and a name attribute t
ifies how each entity must be changed if it is hidden. An opaque fill area hides all or part of cur
ies that are inside its borders’and have a strictly lower value of view level. It shall not hide curve
ies with the same value of view level.

the curve and fill area-entities created when HLI is equal to false shall be sent to the CAD sysi¢
h the application program requests this transmission with the Fix_Ent (fix entities into CAD syst¢g
tion, or requestStheir direct creation in the CAD system during view construction. The curve an
entities created when HLI is equal to true remain in the interface until the hidden line removal
ess is performed.

to
ase.
rary

ed in

ality

Dr fill
BN
plved
sual
hich
hat

e

A1
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i fill

en the application program requests the transmission to the CAD system of an entity that is invo
ehidden line removal process, either with the Fix_ Ent functlon or by requmng its d|rect creatlo

the C

V|rtually sent The ap| predefmed V|rtually sent sterster shaII contalns an apl set name attrlbute
that shall contain, in the format of a string, the (unique) name of the current open set when the entity is
virtually sent.

5) At the end of each view construction, the removal process is performed. Only the virtually sent entities

are

involved in this process. Temporary database entities are not involved.

6) When a virtually sent curve entity is partially hidden by a fill area, the visible part shall be presented with
the current style of the curve. The parts of the virtually sent curve entity that are hidden are processed
according to the name attribute of the api_predefined_occlusion_stylevisual appearance style.

10
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If the value of this attribute is : they are :
no_change sent without any change ;
dashed sent as invisible if this capability exists in the CAD system,
or else curve entities and fill area borders and hatching are
sent as dashed lines ;
invisible sent as invisible if this capability exists in the CAD system,

or else they are not sent.

Wher a fill area is hidden by another surface, a hidden part removal process is only required by this

Intern
The i
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The H
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5.3.6
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Howsg
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unde
Views

Thes
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ational Standard on the lines that belong to the fill areas : borders and/or hatching.

hvolvement of points is not specified in this International Standard.

ot the elimination process shall be activated for the next view. The default value of the hidden_|
is set to the value of hidden_line_capability (if the capability is available, it\is always activated u
nged by the application program).

idden line removal process may only be activated for views initialised as 2D.

bl) sending time. This set structure is recorded in the api_set ‘name attribute of the
redefined_virtualy_sent_stylestyle.

The representation process
ble of the interface functions is to create data\inside product modelling system databases. The \
ss of such data is assumed to be controlled\by the product modelling system and the system us
ver, it can be seen that the application program must have some control over the geometrical a
ities (for instance to meet the requirernents of the applicable technical drafting standard, or to
score some semantic difference between entities)because the user wishes some similarity betw
obtained from various supplier libraries.

e two goals are achieved jin‘the following way (see clause 6.2.4 and clause 6.2.5):

the presentation styles.are defined either as pre-defined styles or as externally defined styles

e pre-defined styles are described by this part of ISO 13584. Externally defined styles may be d

eifher by this part.of ISO 13584 or by any part belonging to the exchange series of parts.

3) Pre-defined\styles or externally defined styles only partially describe the visual appearance of the
carresponding style. According to their requirements, they may leave e.g., the colour as implemen
dgpendent

apability of hidden line removal is not mandatory. The hidden_line_capability entgy of the interfgce
ption table states if or if not it is available. The hidden_line entry of the interface)status table states if

ine
nless it

idden line removal process shall not change the set structur€defined by the application program at the

iewing
er.

spect

een

efined

tation

4) The interface shall provide a tool to allow the CAD user to set the exact value of all the visual
appearance attributes left as implementation dependent each pre-defined or externally defined style.

5) When a view exchange protocol referenced in an application program is not supported by some interface
implementation, then the first style defined for the current representation item in this part of ISO 13584

sh

all be used in place of the unknown style and no error shall be reported.

11
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5.4 Entities structure

5.4.1 Group structure in the TDB

In the TDB, entities are gathered into a group defined using the entity, Entity_structured. When a function
operates on a group, it operates repetitively (and recursively) on each relevant entity of the group. When
this function is a duplication function, its result is also a group. This group belongs to the current open group
and has the same group structure as the initial one. In this duplication process, the duplicate of an open
group shall be a closed group. When the function is a modification function, it shall preserve the existing
group structure of the existing entities that are inside the modified group.

Entitieq shall not be modified and no error shall be reported when a function is triggered on a group thal
contains geometrical entities not allowed as function input parameters. For instance, if the Chg_Cutve_[Style
(Change Presentation Style for Curves) function is triggered on a group that contains points, solids and
curve gntities, the curve_style of the curve entities shall be modified but points and solid entities shall
remain|unmodified in the same group structure.

The whole TDB is itself a group. It is called the root group. This root group is open when the interface ig
initialised and shall not be closed. Hence, there shall always exist an open group.

T

With thie exception of the root group each entity, geometrical or structured shallbelong to exactly 1 group
(that mpy be the root group). Groups are structured according to a hierarchical tree structure. The root pf the
tree is the root group.

Groupg may be :

— crgated: they belong to the current open group and becomes the current open group;

— regpened: all the entities created in the TDB after the 'group reopening will belong to this group ungil its
closuref

— clgsed.
Entitieq sent to (or created in the) CAD systeny are removed from the group structure.

To enspre a hierarchical group structure, the open groups are managed through a stack. The top of the
stack ig the current open group.

When the interface is initialised, the root group is put into the stack. No function shall be allowed to cloge
this grdup, hence it shall always remain in the stack.

When & group is created, (1) it belongs to the current open group and, (2) it is put on the top of the stack.
Hence|it becomes the-Current open group.

Only the group_that is at the top of the stack may be closed. In this case, this group is removed from th
stack and thesnew top of the stack become the current open group.

11"

When & group is reopened. it is put on the top of the stack. This does not change the group the reopened
group belongs to.

Three functions provide for direct modifications of the group structure. None of these functions change the
stack content.

The remove_ent_grp (Remove Entity from Group) function allows the removal of an entity (geometrical or
structured) from a group. After this function, the entity shall belong to the root group.

The Gather_Ent_Grp (Gathering entities into new group) function allows a list of entities (geometrical or
structured) to be gathered into a new group. None of these entities shall contain the current open group. All
these entities are removed from the group to which they belonged and are put into this new group. This new
group shall belong to the current open group.

12
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The Add_Ent_Grp (Adding Entity into Group) function allows the addition of an entity (geometrical or
structured) to an existing group. This entity shall not contain the group to which it is being added. This entity
is first removed from its group and then added to the given group.

Groups are local to the TDB. Their intent is to facilitate geometrical construction. The maximum number of
groups that shall be allowed by the interface implementation is equal to or greater than that specified in
clause 10 of this International Standard.

5.4.2 Structure of the entities sent to the CAD system

It is assumed that the data stored in the CAD system database are distributed into subsets. Conceptually all
the data belong to views. Inside a view, the geometrical data are structured into sets and subsets aceprding
to a Hierarchical tree structure. The structure to be given to the data sent by the application program is
specified to the CAD system in the following manner.

1) Bgfore sending any data, a view initialisation must be performed by the LMS. All the,data sent to the
CA\D system between this initialisation and the end of the application program shall}belong to the yiew. A
view shall not contain another view.

2) The Open_Set function opens a set. The set name shall be placed on the top)of a set stack, and all the
gdometrical entities sent to the CAD system shall belong to this set. The 'sét itself is a subset of th
previous top of the set stack, or, if the set stack is empty, a subset of the view.

1%

The Close_Set function shall only be allowed for a set name that is/ofnrthe top of the set stack. When the
Closg_Set function is called, this set is closed and its name shall he removed from the stack. If the stack is
not empty the top of the stack is the current open set. If the stack-is empty there is no open set. A cloped set
shall hever be reopened. The name of each set shall be unigtie’inside a view. The maximum size of {he set
stack]that shall be allowed in the TDB by the interface implémentation is equal to or greater than that
specified in clause 10 of this International Standard.

The mapping between this conceptual structure and a depth-limited tree structure that may be availalple on
a target CAD system is made as follows. The topylevel of the CAD tree structure, if any, maps the view
structure. The following levels, if they exist,map the first levels of the set-subset tree structure. When a set
of thg CAD tree structure is terminal (i.e. when it may no longer be subdivided into subsets) all the entities

belonging to subsets of the conceptual cofresponding set are put into this terminal set.

5.5 {Geometrical or structured-entity name

To bg able to refer to any entity created in the TDB, all the entities created by the interface function aye
namdd by a value belongingto some abstract data type called entity_name_type. The value of this abpstract
data {ype can be either’d,or unknown. When an interface function fails and does not succeed in creat|ng
some entity, this fun€tion returns 0. When an entity is sent to the CAD system, access to the entity isno
longer available andthe name of this entity becomes unknown. The unknown value is, in particular,

program returns) shall be unique. The name of an entity shall not be reused, even when the first entity has
been sent to the CAD system.

NOTE - In the FORTRAN binding, in FORTRAN, entity_name_type is mapped onto INTEGER. The zero value is
mapped onto 0. The unknown value is mapped onto a negative value. Hence, only positive integer are accessible
entity names.

5.6 Coordinate system and transformation

The interface provides functions to change the reference coordinate system of the OVC modelling space.
Four functions may be used by the application program: Ref_Sys_3_Pnt, Ref_Sys 2 _Dir,

13
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Ref_Sys Position_Relative and Ref_Sys_AZ2p. All the entities created after such a change, either in the TDB
or in the CAD system database, shall be defined with respect to the new reference coordinate system.

To allow the application programmer to preserve the previous reference coordinate system, the

Ref_Sys A2p (Reference System by Axis2_placement) function allows the creation of an LCS entity from
the current OVC reference coordinate system. Subsequent change of the reference coordinate system to
this LCS allows the resetting of the coordinate system of the OVC to its previous value. The coordinate
system of the OVC can be reset to its previous value if the reference coordinate system is changed to this
LCS.

5.7 Interface error state

A global error_variable shall be set when an error condition is detected during execution of an intesface
function. It is an integer entry from the interface status table, corresponding to the integer error.number
defined in the function specification. It shall also write in the error_origin entry of the interface_ status talple

the name of the function that identified the error, and in the error_text entry the message associated with the
error nimber. The name of the function shall be the syntactical name in the currently used language (e}g.

FORTRAN). The message shall be a translation of the error description given in 5.8¢1. These error varigbles
may bgq interrogated and reset by the application program.

As lond as the error_variable is set, the interface shall remain in an error state {error_state = true). In this
error state, the only interface functions that are allowed and behave as specified in Annex A of this
International Standard are:

1) Thel|inquire functions, and

2) the Reset_Error_State function,

All the pther interface functions are permitted but they do, not change anything. They return to the calling
application program. When the application program returns while the interface is in an error state, the UMS
shall:
1) Cloge all the possible open sets,

2) Cloge the open view with error_state =.true,

3) Wrife to the error file, the error pvariable, error_origin and error_text entry values,
4) Cloge the interface.

5.8 Efror handling

5.8.1 [Error handlihg methodology

For eagh interface function, a finite number of error situations is specified that will cause the error varigbles
to be sg¢t. Every interface implementation shall support this error checking. The error variables provide jan
interfagelbetween the application program and the standardised interface. The application program may
interrogate theerror vatue, nterpret the mformatiomapout theerror and Teset theerror_variable tozero, to
restore the interface to a non error state (error_state = false).The interface error handling strategy is derived
from the following classification of errors :

Class | errors resulting in a precisely defined reaction ;
Class 1l errors resulting in an attempt to save the results or previous operations ;
Class 1l errors that cause unpredictable results including the crash of the CAD system.

14
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The interface recognises three situations in which errors are detected :

Situation A error detected in interface functions ;

Situation B error detected in functions called from interface (CAD system functions, operating system
functions) ;

Situation C error detected outside the interface.

If errors are detected outside the interface (situation C), either the application program may regain control

over the execution, or program execution will be terminated abnormally. In the latter case, results are

unprgdictable (class Ill) and may cause the CAD system may crash. If, however, the application_progfam

obtains control, it may attempt to return to the LMS to try and close the interface properly (see577). The

opergtions defined in 5.7 may also be performed by the interface itself as a standard error réaction to|class
Il errgrs.

All erfors that are listed explicitly as part of the definition of the interface functions belong to class I. Either
they @re detected within the interface itself (situation A) or when a function called\fram the interface has
returnied control to the corresponding interface function with the appropriate error information (situatign B).
In all class | cases, the interface sets the error_variable, error_origin, and erfor, text, to the error valugs. If
the fdilure occurs during an entity creation function and the entity cannot be ctreated, then the entity name
returned by the function is set to zero. If an interface function is invoked ‘with more than one error condition,
any gne of the relevant error number is set in the error variables.

The Ihg_Error_State function allows the application program torhandle the error. The Reset_Error_State
function allows the removal of the interface from the error state/ To close the open view with error_state =
true gllows the LMS to forewarn the CAD system that a viewis wrong .
Whilg in the error-state, the inquire functions behave.as specified in their functional description (see gnnex
A), and an action shall not generate a new error. Hénce, for inquire functions no errors are specified. An
outpyt parameter, called error_indicator, is used-to report possible difficulty during function performarjce.
The fpllowing error numbers are reserved:

1) Unused error numbers less than 1001 are reserved for future standardisation,

2) Ermror numbers 1000 to 2000.are reserved for language binding.

5.8.4 Error messages

Table 1 — Input error messages

D

ror number\ferror description

entity name not defined (zero, or unknown)
entity type out of permitted range

value for length measure out of permitted range

GO L

vatue-for piallc allgic measureoutof pv::llllittcuI range
integer value out of permitted range

string value out of permitted range

real value out of permitted range

~N|o|ul| &
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Table 2 — Geometry error messages

error number

error description

also

101 attempt to create a degenerated entity

102 magnitude of direction vector out of range [EPS,MAX]

103 distance between two points out of range [EPS,MAX]

104 distance between two contours less than EPS

105 attempt to create a degenerated direction during entity creation

106 attempt to create a degenerated axisZ2_placement during entity creation
107 attempt to create a degenerated axis1_placement during entity creation
108 attempt to create a degenerated basic curve during entity creation

109 attempt to create a degenerated solid during entity creation

110 attempt to create a point outside the parametric range of curves entity
111 attempt to create a line whose segment length is out of range [EPS,MAX]
11p attempt to create an arc whose segment length is less than EPS

118 attempt to create a self-intersected contour entity

114 attempt to create an overlapping solid

11% given entities are identical

116 given points are linear dependent

11y given directions are parallel

118 given curves entities are parallel/concentric

119 given entities are not in the same plane

120 given cut length too long

121 radius too big/small

12p no intersection of given curves entities

128 an intersection of given contours detected

124 an intersection between axis an plane“of surface detected

12% an overlapping of given contours'detected

126 axis of revolution not in plang af surface

12y geometrical design is notfeasible

128 calculation process for treating a conical arc numerical not stable

129 Approximation procgess to ensure contour closure failed

130 Boolean operation-failed
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error number |error description

201 temporary database overflow

202 error while sending entity to CAD system

203 function not compatible with implemented interface level

204 function not compatible with current power level

205 maximal number of points per polyline exceeded

206 maximal number of entities per contour exceeded

26+ redmeat-rumberofaner-botndeares-exceeded

208 maximal number of groups exceeded

409 maximal number of character per string exceeded

410 group stack overflow

411 set stack overflow

412 usage of entity only allowed for usage within the TDB
Table 4 — Entity structure error messages

efror number |error description

01 attempt to close the root group

302 attempt to reopen an already open group

303 entity is member of root group

304 entity contains the current open group

305 attempt to create cyclical group structure

306 name of set not unique

307 attempt to close the root set

Table 5 = Rresentation style error messages

efror number |error description

401 source of exchange protocol unknown
402 identifier of external style unknown

403 assignment of hatch style failed

404 hidden\line occlusion style not attached

Table 6 — Language binding error messages

efrornumber |error description

Jo0z enumerated value out of range
1002 mismatch of number and list length
1003 mismatch of string length
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6 Logical model of the target modelling system

6.1 Geometric representation item

The role of the interface functions is to create representation items either in the TDB or in the CAD system
database.

There ¢xists three kind of representation items.

— gepmetric representation items are geometric or annotation entities used to describe the shape that is
created through the interface;

— styfles are entities used to describe the visual appearance of the geometric representation items;

— strjctured entities are used to structure the geometric representation items eitherin the TDB or in the
CAD system database.

The gepmetric representation items that may be created through the interface.fanctions are classified
according the following tree (see Figure 2).

graphi cal elenent

- fat hemat i cal point curves fill_area surface geonetric solid
. . I ahnef at i on ) |_ api _planar
cartesi an int=! - o - - -
L £l _area surface
— basi ¢ conic_arc gelnera] Wil |_area solid model hal f spac; solifl
— style_hatching | - =
api 1 i
a1 e ell iptical _arc [ ROYH/ne csg [ Sweep
s ol i ~primtive —~boolean | extruded ared
circular _arc | hyperbolic_arc & _EOmeUr P [ _solid
B — ( ~ sphere boolean resul t _revo!ved_area
par abol i c_arc solid
. ) _
- right _circular_cone
© hidden/l ine involvement in 2D
- direction —right_circul ar_cylinder
- axi s1_pl acenent - tous
L 4xi s2_pl acenent\"(LCS: | ocal coordinate system) —block

—right _angul ar _wedge

Figure 2 — Geometric representation items defined in the interface

This structure is used both to describe the styles of the various entities and the range of some interface
functions.

The implementation of the geometric representation items inside the TDB or in the CAD system is not
standardised. Nevertheless, a model of this implementation is defined in this Standard to specify the
geometric behaviour of each entity during entity manipulation. This model is defined through an abstract
data model specified in EXPRESS. This abstract data model, called api_abstract_schema, uses a subset
of the generic resources defined in the integrated resource series (Part 41, 42, 43 and 46) of part of ISO
10303 to specify product model data. These resources are referred to as "ISO 10303 generic resources".
This abstract data model is not necessarily implemented in the TDB, nor in the CAD system. All of the
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entities created through the interface shall behave as if their implementations conform to this abstract data
model.

If an interface implementation is intended to create entities conforming to some ISO 10303 application
protocol that specialises the ISO 10303 generic resources, the same specialisation shall be applied to the
subset of these resources used in the api_abstract_schema. Any additional information shall be generated
by the interface.

In the definition of the api_abstract_schema, the types and entities defined in the ISO 10303 generic
resources preserve the names they have |n ISO 10303, even |f some additional constramts or restriction of
allowed d, if
they qre satisfied, the created entities shall conform to the definition given in ISO 10303. The addltlor al
WHERE RULES that express the constraints specific to api_abstract_schema are identified by-a‘name
prefided by the string "api_"

Some entities are also defined by explicitly subtyping entities defined in the ISO 10303 integrated

resources. This subtyping is used to specify the range of some interface functions. The-fiame of such
entitigs is prefixed by the string "api_". The subtyping generally consists of restrictiing’the entities defjned in
the 190 10303 integrated resources. Such entities may be implemented as an instance of their supertype, or
as ingtances of the specialisation of these supertypes defined in some 1ISO 10308 Application Protocal.

Finally, some entities are defined by generalisation of entities defined in the generic resources of ISQ 10303
by adding new attributes. Such entities are mainly used for defining structure and visual appearance.|When
the tgrget CAD system is a repository conforming to some 1SO 10303, Application Protocol, the interfgce
shall pnsure the mapping of these entities onto the resources available within this application protoco|. The
mapging is textually described in the definition of the api-specific-entity.

When some additional constraints are added to the EXPRESS specification of an ISO 10303 generic
resource, a Note documents the nature of this restriction.\\When no restrictions are documented, the
resource definition conforms to the definition of the IS© 10303 generic resource.

In thg integrated resource series of parts of 1ISO20303, some generic resources explicitly refer to other
genetic resources that are neither used nor referenced in api_abstract_schema and whose instance(may
not appear in a population conforming to the’api_abstract_schema. These resources are REFERENCEd
from fhe relevant EXPRESS schema inithe ISO 10303 integrated resources in order to preserve the

structure of the generic resources (particularly the existing WHERE RULES) while insuring the forma
corregtness of the schema. These-gntities are only referenced in the WHERE RULES duplicated from the
ISO 10303 generic resources, natfrom entities belonging to the api_abstract_schema. Therefore, tH

is

aints
ur, the

that is

EPS is 10-3 view_length_unit x view_scale_factor.

When a patrticular interface implementation does not have the capability to create entities whose extent is
as small as EPS for a particular choice of the view_length_unit by the application program, an error shall
occur during the "set_ovc_length_unit" function, that is a function triggered by the LMS.

The constant, ZERO_VALUE, defines the real values that shall be identified with zero by the interface on

any interface implementation. When the distance between two points is less than ZERO_VALUE, these two
points shall be considered as identical by the interface.
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For instance, when the distance between two trimming points of two composite_curve_segments that
belong to the same composite_curve is less than ZERO_VALUE, the interface shall ensure the continuity
of the composite_curve, regardless of the required precision of the target CAD system. The ZERO_VALUE
is expressed in the (current) view_length_unit scaled by the view_scale_factor. The value defined for:

ZERO_VALUE is 106 view_length_unit x view_length_scale_factor.

NOTE - The definition of these two values acknowledges the impracticability of exact real calculus that lead to
ambiguities. The solution retained, that is often used in practice, consists of defining a range [ZERO_VALUE, EPS]
of forbidden real values.

6.1.1 japi_abstract_schema

This supclause defines requirements for the api_abstract_schema. The following EXPRESS deglaratipn
introduges the api_abstract_schema block and reference the external resources required for formal
consistency with the ISO 10303 generic resource definition. Instances of such referenced,entities shall pot
appear|in a population created using interface functions.

EXPRHSS specification:

*

SCHEMA api _abstract_schens;
REFERENCE FROM geonetry_schenma
(pctirve);
REFERENCE FROM neasure_schema
(measure_with_unit,
descriptive_neasure);
REFERENCE FROM pr esent ati on_appear ance_schena
(surface_styl e_usage,
préesentation_styl e _by context,

filll _area_style_col our,

filll _area_style_tiles,
pr¢_defined_hatch_style,
pre¢_defined_presentation_styl e
pre_defined tile_style,

exf{ernal |l y_defi ned_hat ch_style,
ex{ernal | y_defi ned_curve_font,
exfernally defined_ til e style,
curve_style_font,
cutve_styl e font_andyscaling,
text _style,

poi nt _styl e,

syibol _styl e,

appr oxi mat i oty=t'ol er ance) ;

( *
NOTE - The.schema referenced above can be found in the following part of ISO 10303:

geometry_schema 1ISO 10303-42
measure_schema 1ISO 10303-41
presentation_appearance_schema 1ISO 10303-46

6.1.1.1 API_ABSTRACT_SCHEMA constant definition: Geometry representation accuracy

This subclause declares the named constants used in api_abstract_schema as reference numeric bounds
for geometry representation accuracy.
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EXPRESS specification:

*)

CONSTANT
EPS : REAL := 1. E- 3;
ZERO VALUE : REAL := 1.E-6;
MAX . REAL : = 1. E+4;
END_CONSTANT;

(*

NOTE - In the context of the api_abstract schema, EPS, ZERO VALUE and MAX shall be expressed in
vigw_length_unit scaled by view_length_scale_factor. for length_measure and in view_angle_unit for
plane_angle_measure.

6.1.2 API_ABSTRACT_SCHEMA type definition : Fundamentals of product descriptiop and
suppgort

This $ubclause declares the generic type resources defined in ISO 10303-41 that are-part of ISO 13584
api_gbstract_schema

6.1.4.1 Identifier

An identifier is an alphanumeric string that allows an individual thing,to be identified. It may not provjde
naturfl language meaning.

EXAMPLE - A part number would be an identifier.

EXPRESS specification:

*

TYPH i dentifier = STRI NG
END [TYPE;

(*
6.1.4.2 Label

A labjel is the term by which something may be referred to. It is a string that represents the human-
intergretable name of something;and shall have a natural language meaning.

EXAMPLE - "Smith", "Widget Inc.", and "Materials Test Laboratory" are examples of labels.

EXPRESS specification:

*

TYPH | abel>=" STRI NG
END _[TYPE;

(*
6.1.2.3 Text

A text is an alphanumeric string of characters that is intended to be read and understood by a human being.
It is for information purposes only.

EXPRESS specification:

*

TYPE text = STRI NG
END_TYPE;

(*
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6.1.2.4 Length_measure

A length_measure is the value of a distance.

EXPRESS specification:

*

TYPE |

engt h_neasure = REAL;

END_TYPE;

(*

NOT|
scal

6.1.2.9
A plan

EXPRE

E - In the context of the api_abstract_schema, length_measure shall be expressed in view_length,-uhit
bd by view_length_scale_factor.

Plane_angle_measure
b _angle_measure is the value of an angle in a plane.

SS specification:

*

TYPE
END T
(*

NOT
6.1.2.4
A posi

EXPRE

bl ane_angl e_neasure = REAL;
Y PE;

E - In the context of the api_abstract_schema, plane_anglexmeasure shall be expressed in view_anglq
Positive_length_measure
ive_length_measure is a length_measure.that is greater than zero.

SS specification:

*

TYPE
VWHERE
VR1:
END T

( *

Formal

posi ti ve_| engt h_neasuretv="1 engt h_neasur e;

SELF > O;
Y PE;

propositions:

WR1: 1

6.1.2.7

'he value shallbe positive.

Positive_plane_angle_measure

A posi

ive) plane_angle_measure is a plane_angle_measure that is greater than zero.

EXPRESS specification:

*

TYPE positive_plane_angl e_nmeasure = pl ane_angl e_neasure;

VWHERE
VR1:

SELF > O;

END_TYPE;

(*

22
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Formal propositions:

WR1:

The value shall be positive.

6.1.2.8 Parameter_value

A parameter_value is the value that specifies the amount of a parameter in some parameter space.

EXPRESS specification:

*

TYPH
END

6.1.2

A me
such

N(

EXPH

par anmet er _val ue = REAL;
) [TYPE;
.9 Message
Ssage is a communication that is addressed to a system in order to trigger som@action. The req

an action is an externally_defined_item.
DTE - The legal values for the message are specified within an application intérpreted model.

ESS specification:

*

TYPH
END |

6.1.2
Aref

EXPH

message = STRI NG
TYPE;
.10 Reference

brence is a means of identifying and retrieving an externally_defined_item.

ESS specification:

*)
TYPH
END |

(*
6.1.3

This §
api_a

6.1.3

source_item = SELECT\(i dentifier, nessage);
TYPE;
API_ABSTRACI_SCHEMAtype definition : Geometric and topological represent

bubclause declares the generic type resources defined in ISO 10303-42 that are part of the
bstract_Schema

.1 Dimension_count

Adin

ension_count s a positive integer used 10 deTine the coordinate space dimensionality of a

geometric_representation_context.

EXPRESS specification:

*

TYPE di mensi on_count = | NTEGER
VWHERE

WR1: SELF > O;

END TYPE;

(*

ult of

ations
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Formal

propositions:

WR1: A dimension_count shall be positive.

6.1.3.2 Transition_code

also

This type conveys the continuity properties of a composite curve or surface. The continuity referred to is
geometric, not parametric continuity.

EXPRESS specification:

*

TYPE {
(dis
cont
cont
cont
END_T
( *

Enume

ransi ti on_code = ENUVERATI ON OF
cont i nuous,

i nuous,

_same_gr adi ent,
_same_gradi ent _sanme_curvature);
YPE

rated item definitions:

discontinuous: The segments, or patches, do not join. This is permitted only at the boundary of the cu

or surfa
contin

cont_s
paralle

cont_s|

ce indicating that it is not closed.
lous: The segments, or patches, join but no condition on:their tangents is implied.

ame_gradient: The segments, or patches, join, and-their tangent vectors, or tangent planes, ar
and have the same direction at the joint; equality, of-derivatives is not required.

ame_gradient_same_curvature: For a curve,the segments join, their tangent vectors are parg

rve

llel

and in {he same direction and their curvatures areequal at the joint; equality of derivatives is not required.

Foras
coincid

NOT
6.1.3.3

This ty
geome

EXPRE

Lirface, this implies that the principal cunvatures are the same and the principal directions are
ent along the common boundary.

E - In the context of the api_abstractt_schemathere are only composite curves.
Preferred_surface_guUtve_representation

be is used to indicate-the' preferred form of representation for a surface curve, that is either a cu
ric space or in the-parametric space of the underlying surfaces.

SS specification:

*)
TYPE
(cur

br ef erred_surface_curve_representati on = ENUVERATI ON OF
e-.3d,

pcu

vel sl

pcurve_s2);
END _TYPE;

(*

Enume

rated item definitions:

curve_.

3d: The curve in three-dimensional space is preferred.

pcurve_s1: The first pcurve is preferred.

pcurve_s2: The second pcurve is preferred.

24
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6.1.3.4 Trimming_preference

This type is used to indicate the preferred way of trimming a parametric curve where the trimming is
multiply defined.

EXPRESS specification:

*

TYPE trimm ng_preference = ENUVERATI ON OF
(cartesian, paraneter,
unspeetrH-edr
END _[TYPE;
(*

NOQTE - In the context of api_abstract_schema, the trimming_preference is implementation dependent.

Enumerated item definitions:

cartefsian: Indicates that trimming by cartesian point is preferred.
paraineter: Indicates a preference for the parameter value.
unspgcified: Indicates that no preference is communicated.
6.1.3.5 Axis2_placement

This s$elect type collects together both versions of axis2 placement as used in two-dimensional or in three-
dimensional Cartesian space. This enables entities requiring,this information to reference them without
specifying the space dimensionality.

EXPRESS specification:

*

TYPH axi s2_pl acenent = SELECT
(ax] s2_pl acenent _2d,
ax] s2_pl acenent _3d);
END _[TYPE;
6.1.3.6 Curve_on_surface
A curve_on_surface-is.a curve on a parametric surface. It may be any of the following

— g pcurve or

— g surface_curve, including the specialised subtypes of intersection_curve and seam_curve, o

— g composite _curve on surface.

The curve_on_surface select type collects these curves together for reference purposes.

EXPRESS specification:

*
)
TYPE curve_on_surface = SELECT
(pcurve,
surface_curve,
conposite_curve_on_surface);
END_TYPE;

(*
25
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6.1.3.7 Pcurve_or_surface
This select type enables a surface curve to identify as an attribute the associated surface or pcurve.

EXPRESS specification:

*

TYPE pcurve_or_surface = SELECT
(pcurve,
sur ::r\o);
END TYPE;
(*

6.1.3.§ Trimming_select

This sefect type identifies the two possible ways of trimming a parametric curve, by a cartesian point on the
curve, pr by a REAL number defining a parameter value within the parametric range of-the curve.

EXPRHSS specification:

*

TYPE {ri mm ng_sel ect = SELECT
(cartesi an_point,
par anmet er _val ue) ;
END_TYPE;

( *
6.1.3.9 Vector_or_direction
This type is used to identify the type of entity that can participate in vector computations.

EXPRHSS specification:

*

TYPE yector_or_direction = SELECT
(vector,
direction);

END_TYPE;

(*

6.1.4 [API_ABSTRACT_SCHEMAtype definition: Geometry models

This supclause declares the generic type resources for geometry models defined in ISO 10303-42 that jare
part of fhe apicabstract_schema.

6.1.4.1 (Boolean_operand

This select type identifies all those types of entities that may participate in a Boolean operation to form a
CSG solid.

EXPRESS specification:

*

TYPE bool ean_operand = SELECT
(solid_nodel,
hal f _space_solid,
csg_primtive,
bool ean_result);
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END_TYPE;
( *

6.1.4.2 Boolean_operator
This type defines the three Boolean operators used in the definition of CSG solids.

EXPRESS specification:

*

TYP — = AT ON_OE
(unI on,
i nf ersection,

di fference);
END _[TYPE;

(*

Enumerated item definitions:

uniom: The operation of constructing the regularised set theoretic union of the volumes defined by tw
solidg.

=]

intergsection: The operation of constructing the regularised set theoreticntersection of the volumes defined
by twp solids.

diffeflence: The regularised set theoretic difference between the volumes defined by two solids.
6.1.4.3 Csg_primitive

This gelect type defines the set of CSG primitives thatimay participate in Boolean operations. The CSG
primifives are sphere, right_circular_cone, right:.€ircular_cylinder, torus, block and

right| angular_wedge.

EXPRESS specification:

*

TYPH csg_primtive = SELEET
(sphere,

bl pck,

right _angul ar _wedge,

t of us,

right _circul ar_‘eone,

right _circul ar_cylinder);
END _[TYPE;
(*

6.1.4.4 Csqg_select

This typedentifiesthetypes of entity that mray besetected as the toot of a €SGtreeincludingasimgle CSG
primitive as a special case.

EXPRESS specification:

*

TYPE csg_sel ect = SELECT
(bool ean_result,
csg_primtive);
END_TYPE;
(*
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6.1.4.5 Geometric_set_select
This set select identifies the types of entities that can occur in a geometric_set.

EXPRESS specification:

*
)
TYPE geonetric_set _sel ect = SELECT
(poi nt,
curve,
sur faeex
END_TYPE;
(*

6.1.5 [API_ABSTRACT_SCHEMAtype definition: api specific types for structuring

This supclause declares the api-specific type resources defined for structuring the geometric representation
items dreated by the interface functions.

6.1.5.1 Api_grouped_item
The apj_grouped_item type specifies those objects that can be part of a gfeup

EXPRHSS specification:

*

TYPE api _grouped_item = SELECT
(direction,

vecior,

pl acenent,

annptation fill area,
fill_area_styl e_hatching,

geofetri c_set _sel ect,
sol | d_nodel
hal 1 _space_solid,
csg]|sel ect,
api | group);

END_TYPE;

(*

6.1.5.2 Api_set_item
The apj_set_item type-Specifies those objects that can be part of a api_set

EXPRHSS specification:

*)

TYPE apr—set—+tem—=—SELECT
(direction,
vect or,
pl acenent,
annotation fill area,

geonetric_set _sel ect,
sol i d_nodel
hal f _space_solid,
csg_sel ect,
api _set);

END_TYPE;

(*
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6.1.6 API_ABSTRACT_SCHEMA entities definition : Fundamentals of product description
and support

This subclause declares the generic entities resources defined in ISO 10303-41 that are part of
api_abstract_schema

6.1.6.1 Shape_representation

A shape_representation is a specific kind of representation that represents a shape.

N TE 1 :II thC CUI |tc1\t Uf thC Gpl_ﬂbbtl a\,t_ouhcnla, Ull:y UTIcT DhGHC_I C'JI CDCIIth;UII aha:: CI\IDt ThID
shlape_representation corresponds to the shape of the product that is created through the interface in the’G¢AD
syptem database. This is documented by the api-specific associated GLOBAL RULE.

NOQTE 2 - In the context of the api_abstract_schema, the context_of_items shall be a geometric-
bpresentation_context . This is documented by the api-specific WHERE RULE.

=

EXPRESS specification:

*

ENTI[TY shape_representation
SUBTYPE OF (representation);

VWHERE

api _MR1: ' APl _ABSTRACT_SCHEMA. GEOVETRI C_REPRESENTATLON_CONTEXT' | N

TYPECF (SELF\representation. context_of _itens);

END_ENTI TY;

(*

Attribute definitions:

SELH\representation.items: A set of representation_items that represent the shape of the product

SELHR\representation.context_of_items: . The OVC representation_context in which the items are|related
to form the shape of the product.

Formpl propositions:

api_\WR1: The context_of_items of the shape_representation shall be a
geometric_representation_gontext.

Asso¢iated global rule:

The fpllowing global+ule is associated with this entity and restrict its use or its relationships with other
entitigs:

uniqye_shape_representation: The unique_shape_representation rule requires there exists an upique
shapg representatlon entity in the populatlon of the api_ abstract schema ThIS shape_representjation

6.1.6.2 Group

A group is an identification of a collection of elements.

EXPRESS specification:

*

ENTI TY group;
name . | abel;
description : text;
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END_ENTI TY;
( *

Attribute definitions:

name: The word, or group of words, by which the group is referred to.
description: Text that relates the nature of the group.

6.1.6.3 Group_assignment

A group—assignmTent s am assocationm of a group withrproduct date:

EXPRHSS Specification:

*

ENTI TY gr oup_assi gnment
ABSTRACT SUPERTYPE;
assi gned_group : group;
END_ENTI TY;

(*

Attribute definitions:

assigned_group: The group that is to be associated with the produect-data.
6.1.6.4 External_source

An extérnal_source is the identification of a source of product data that is not the application protocol fo
which the exchange conforms.

NOTIE - In the context of the api_abstract_schema, external_sources are the locations for
extarnally_defined_styles of geometric representation items.

EXPRHSS specification:

*

ENTI TY external source;
sourg¢e_id : source’item
END_ENTI TY;

(*

Attribute definitions:

sourcq (dy The identification of the external_source.

6.1.6.5 Pre_defined_item

A pre_defined_item is the identification of information that is not explicitly represented in a given exchange
but that is defined in the application protocol to which the exchange conforms.

NOTE - In the context of the api_abstract_schema some specific entity styles are defined as pre_defined_items.

EXPRESS specification:

*

ENTI TY pre_defined_item
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nane : | abel;
END ENTI TY;

( *
Attrib

ute definitions:

name: The words or group of words by which the pre_defined_item is referred to.

6.1.6.6 Externally_defined_item

An externally_defined_item is the identification of information that is not explicitly represented in a given

exchange—and-thattsnotdefimedmtheappticationprotocot-to-whichtheexchangeconforms—

NOQTE - In the context of the api_abstract_schema entity styles are defined as externally_defined_items.

EXPRESS specification:

*

ENTITY external | y_defined_item
itemid : source_ item
souf ce : external _source;

END _ENTI TY;

(*

Attribute definitions:

item |id: The identification of the referent item.

sour

e: An external_source that contains the referent iteny:

6.1.71 API_ABSTRACT_SCHEMA entity definjtion: Representation structures

This s$ubclause declares the generic entity resources defined in ISO 10303-43 that are part of the
api_gbstract_schema

6.1.7

.1 Representation_context

A repgresentation_context is a context in which a collection of representation_items are related.

Two |
speci

EXPH

epresentation_contexts-are separate and have no relationship unless a relationship is separat
ied.

ESS specification:

*

ENTI

TY representati on_context;

conf ext Ui~dentifier : identifier;
cont exts type © text;

SE

ely

representations_in_context : SET [1:?] OF representation
FOR context _of itemns;
END_ENTI TY;
(*
Attribute definitions:

context_identifier: An identifier of the representation_context.

context_type: A description of the type of a representation_context.

ISO 13584-31: 1999(E)
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representations_in_context: At least one representation shall be associated with each
representation_context.

6.1.7.2 Representation_item

A representation_item is an element of product data that participates in one or more representations or
contributes to the definition of another representation_item.

A representation_item contributes to the definition of another representation_item when it is referenced
by that representation_item.

EXPRHSS specification:

*

ENTI TY representation_item

nane|: | abel;
VWHERE
WR1 |: SIZEOF(using_representations(SELF)) > O;
api _YWR2: SI ZEOF(using_representations(SELF)) = 1;
END_ENTI TY;
(*

NOTIE - In the context of the api_abstract_schema, every representation/jtem shall be associated with onlyf one
representation_context. It is documented by api_ WR2.

Attribute definitions:

name: |An identifier of the representation_item.

Formal| propositions:

WR1: Bvery representation_item shall be associated with at least one representation_context.

api_WIR2: A representation_item shall be referenced by one representation_context.

6.1.7.3 Representation

A reprégsentation is a collection of-0né or more representation_items that are related in a specified
representation_context. The useof a representation, i.e., that is being represented, is not specified |n the
part of |]SO 10303.

This relationship of representation_item to representation_context is the basis for distinguishing which
entities from the set of(all'fepresentation_items are related.

NOT|E 1 - Considerthe context in which a set of geometric_representation_items is related to represent the
shape of something. The items related in this context are used in this representation. All other
geofnetric.representation_items are specifically not included. This is the basis for distinguishing which
geometfict representation_items in the set of representation_items are related. This distinction is not othefwise
inclydedin the specification of representation_items.

The members of the set of items plus all representation_items indirectly referenced by that set are related
to the context_of_items by a representation. Indirect reference to a representation_item occurs when it
is referenced through any number of intervening entities, each of type representation_item.

NOTE 2 - representation relates a representation_context to trees of representation_items with each tree
rooted on one member of the set of items. A representation_item is one node in the tree, and the reference of one
representation_item to another is a branch.

The set of representations directly referenced as items, related to the context_of_items, is the
representation. The representation_items indirectly referenced as described above support the definition
of the items and are all related in the same representation_context.

32


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

41S0 ISO 13584-31: 1999(E)

NOTE 3 - In the representation of the shape of a cube by a set of line entities, the set of lines is the only
representation_items representing the shape. A line in turn references a cartesian_point and a direction
support the line definition and are related with each other and the line in the referenced

that

geometric_representation_context. The shape, however, is not represented by these cartesian_points and

directions.

A representation is specified to meet the needs of an application. Often a representation is incomp
and does not fully model the concept that is represented.

lete

NOTE 4 - Consider a collection of two dimensional geometric_representation_items used to represent the shape
of a machined part. It is not a complete description of the shape, but is suitable for certain applications such as

computer aided drafting

One fepresentation_item may be related to more than one representation_context. Two
reprgsentations are not related solely because the same representation_item is referenced 'directly
indirgctly from their sets of items.

NOQTE 5 - Consider a surface that is used in the representations of the shape of a casting-die*and of the sk
the part cast in that die. The surface is geometrically founded in two distinct geometric_trepresentation_c
one for the die and one for the part. However, the representations are not related. Instead, each is a separd
gepmetric founding of the common surface. The two unrelated representations simply share a common
representation_item.

The dame representation_item may be related multiple times to the same representation_context
used
This ¢loes not have the meaning that each representation is creating’a new instance of the same
reprgsentation_item in the same representation_context. Rather, each representation reasserts
instance of the representation_item in the representation_cagntext for different uses.

NOQTE 6 - Consider two representations, each having the.sSame value for context_of_items. One is a
representation of the shape of a cube and indirectly references a line as one of its edges. The second simy
references the line as its items. There are not two oceurrences of the line and its sub-tree of referenced
ggometric_representation_items in the geometric\ representation_context. Rather the single use of the
that geometric_representation_context has been asserted twice, once in each representation. The first
ex|st as representing the shape of the whole cube: The other might exist as representing the shape of an edg
same cube.

EXPRESS specification:

*
)
ENTI[TY representation;
nang : label,
i tes : SETL1:?] OF representation_item
contfext _of items ™) representation_context;
END _ENTI TY;
(*

Attribute definitions:

namg: An‘identifier of the representation.

or

ape of
bntexts,
ite

asitis

irectly or indirectly in several representations, each referencing the same representation_context.

pne

ly

line in
hight
e of

items: A set of representation_items that are related in the context_of_items.

context_of_items: A representation_context in which the items are related to form a representation of

some concept.

NOTE 7 - In the context of the api_abstract_schema all the geometric representation items created through the

interface function are founded with the OVC as context_of_item.
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6.1.7.4 Representation_map

A representation_map is the identification of a representation and a representation_item in that
representation for the purpose of mapping. The representation_item defines the origin of the mapping.
The representation_map is used as the source of a mapping by a mapped_item.

NOTE 1 - The definition of a mapping that is used to specify a new representation_item comprises a
representation_map and a mapped_item entity. Without both entities, the mapping is not fully defined. Two
entities are specified to allow the same source representation (representation_map.mapped_representation) to
be mapped into multiple new representations (mapped_items).

EXPRHESS specification:

*

ENTI TY representation_map;

mappi ng_origin : representation_item
mappéd_representation : representation;
| NVERBE
map_ulisage : SET[1:?] OF mapped_item FOR mappi ng_source;
VWHERE

WR1: |item.i n_cont ext (SELF. mappi ng_ori gi n,
SELF. mapped_r epresent ati on. cont ext _of _itens),;
END_ENTI TY;

(*

Attribute definitions:

mapping_origin: A representation_item about which the mapped_representation is mapped.

NOT|E 2 - Consider the Cartesian mapping of one geometric’representation to another. The mapping_origin
might be an axis2_placement in the context of mapped .representation that defines the position about which it is
mapped.

mappedd_representation: A representation thatis mapped to at least one mapped_item.
map_ulsage: The set of one or more mapped_items to which the representation_map is mapped.

Formal| propositions:

WR1: The mapping_origin shall-be’in the representation_context of the mapped_representation.
6.1.7.% Mapped_item

A mapped_item is the{use of a representation, the mapping_source.mapped_representation, as it
participates in a representation_map as a representation_item.

NOTIE 1 - Amapped_item is a subtype of representation_item. It enables a representation to be used as a
representation_item in one or more other representations. The mapped_item allows for the definition of a
representation using other representations.

The mapping is achieved through an operator that is implicitly defined by the mapping_source.mapping-
_origin and the mapping_target attributes. In this respect, the mapping is specified in the same way as for
an item_defined_transformation (see 1ISO 10303-43, 4.4.7 for more information).

EXPRESS specification:

*

ENTI TY mapped_item
SUBTYPE OF (representation_item;
mappi ng_source : representati on_map;
mappi ng_target : representation_item
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VWHERE
WR1: acyclic_nmapped_representation(using_representati ons(SELF), [SELF]);
END_ENTI TY;

(*

Attribute definitions:

mapping_source: A representation_map that is the source of the mapped_item;

mapping_target: A representation_item that is the target onto which the mapping_source is mapped.

Forng_l prnpncifinnc'

WR1] A mapped_item shall not be self-defining by participating in the definition of the representatign
being mapped.

NOTE 2 - The details of how any particular mapping is achieved is left to various specialisation' 5yofmapped_item
and representation_map.

EXAMPLE - Consider the Cartesian mapping of one geometric representation to another~The mapping_source
might be a representation_map referencing a representation and an axis_placement founded in the
gdometric_representation_context of the referenced representation. The mapped_item might be a reference to
this representation_map and a second axis_placement. The mapped_item weuld then be a
representation_item that is a mapping of the referenced representation such that the
representation_map.mapping_origin is overlaid onto the mapped_item.mapping_target.

6.1.§ API_ABSTRACT_SCHEMA entity definition: Geometric representation structures

This $ubclause declares generic entity resources defined in 1IS©*10303-42 for geometric representatign
structures that are part of the api_abstract_schema.

6.1.8.1 Geometric_representation_context

A genTmetric_representation_context is a representation_context in which
geonetric_representation_items are geometrically founded.

A gedmetric_representation_context(sjya distinct coordinate space, spatially unrelated to other coofdinate
spaces except as those coordinate spaces are specifically related by an appropriate transformation.

EXPRESS specification:

*
)
ENTI[TY geonetri c_aepresent ati on_cont ext
SUBTYPE OF (representation_context);
coof di nat e_spaee_di nensi on : di mensi on_count;
END_ENTI TY;

(*

Attribute” definitions:

coordimare_space_dimension: The mteger dimension_count of the coordinate space that 1S the .

NOTE - In the context of the api_abstract_schemathe OVC constitutes the geometric_representation_context
in which all the geometric representation items are geometrically founded. The dimension_count may be 2 or 3
according to the geometrical_power_level of the current open view.

6.1.8.2 Geometric_representation_item

A geometric_representation_item is a representation_item that has the additional meaning of having
geometric position or orientation or both. This meaning is present by virtue of:

— being a cartesian_point or a direction;
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— referencing directly a cartesian_point or a direction;

— referencing indirectly a cartesian_point or a direction.

NOTE 1 - An indirect reference to a cartesian_point or direction means that a given geometric-
_representation_item references the cartesian_point or direction through one or more intervening attributes. In
many cases this information is given in the form of an axis2_placement.

EXAMPLE 1 - Consider a circle. It gains its geometric position and orientation by virtue of a reference to
axis2_placement that in turn references a cartesian_point and several directions.

EXA 3 d—solid—b 3 6— ation— 3 veraks
topqlogical_representation_items, references curves, surfaces and points. Through additional intervening
entitles, curves and surfaces reference cartesian_point and direction. See the EXPRESS definition of
maniifold_solid_geometry, topological_representation_item and surface in ISO 10303-42.

NOTIE 2 - The intervening entities, that are all of type representation_item, need not be of subtype
geofnetric_representation_item. Consider the manifold_solid_brep case from the above example. One of the
interjening levels of representation_item is a close_shell. This is a topological_representation_item and [does
not fequire a geometric_representation_contextin its own right. When used as part of the-definition of a
manfifold_solid_brep that itself is a geometric_representation_item, it is founded in a
geofnetric_representation_context. See the EXPRESS definition of close_shell il ISO 10303-42.

NOT|E 3 - A geometric_representation_item inherits the need to be related to'a representation_context inp
representation. The rule compatible_dimension ensures that the representation_context is a

geofnetric_representation_context. When in the context of geometry, this relationship causes the
geofnetric_representation_item to be geometrically founded. See the-definition of the term geometrically foynded
in ISO 10303-42.

EXPRHSS specification:

*

ENTI TY geonetric_representation_item
SUPERTYPE OF ( ONEOF( poi nt, direction, “vector, placenent, curve,
annotation fill _area, surface, solid_nodel,
bool ean_result, sphere,\right_circul ar_cone,
right_circul ar_cylinder; torus, block,
ri ght _angul ar _wedge,\-hal f _space_sol i d,
fill_area_styl e_hat chi ng,
one_direction_repeat _factor))
SUBTYPE OF (representatjion_iten);

DERI VE
dim ] di nmensi on_coupt’~ = di nensi on_of ( SELF) ;
VWHERE
api _YWR1: SI ZEOF AQUERY (using_rep <* using_representations (SELF) |
NOT (' APILABSTARCT_SCHEMA. GEOVETRI C_REPRESENTATI ON_CONTEXT' | N
TYPECF (‘Using_rep.context_of_itens)))) = O;

END_ENTI TY;

(*

AttribuQe definitions:

dim: The coordinate dimension_count of the geometric_representation_item.

NOTE 3 - The dim attribute is derived from the coordinate_space_dimension of a geometric_representation_-
context in which the geometric_representation_item is geometrically founded. See the definition of the term
geometrically founded in 1ISO 10303-42.

NOTE 4 - A geometric_representation_item is geometrically founded in one or more geometric_repre-
sentation_contexts, all of them having the same coordinate_space_dimension. See the rule
compatible_dimension in ISO 10303-42 section 4.5.1.

NOTE 5 - In the context of the api_abstract_schema all the geometric representation items are subtypes of
geometric_representation_item.
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NOTE 6 - In the context of the api_abstract_schemaonly points, directions, vectors, placements, curves,
annotation_fill_areas, surfaces, solid_models, boolean_results, spheres, right_circular_cones,
right_circular_cylinders, torus, blocks, right_angular_wedges, half_space_solids, fill_area_style_hatchings
and one_direction_repeat_factors shall be created by the interface. Hence the SUPERTYPE is modified.

Formal propositions:

api_WR1: In the context of api_abstract_schema any representation referencing a geometric_-
representation_item shall be of the type geometric_representation_context.

6.1.9 API_ABSTRACT_SCHEMA entity definition: Geometric mathematical entities

This subclause declares generic entity resources defined in ISO 10303-42 that are part of the api_abptract-
_schema.

6.1.9.1 Point

A point is a location in some real cartesian coordinate space R™, form = 1, 2 or 3.

EXPRESS specification:

*
ENTI[TY poi nt
ABSTRACT SUPERTYPE OF (ONEOF(cartesi an_point))
SUBTYPE OF (geonetric_representation_item;
END_ENTI TY;

(*

NOTE - In the context of the api_abstract_schema, only eartesian_point shall exist as point. Point is then
defined as an ABSTRACT SUPERTYPE, and all the other, subtypes defined in ISO 10303-42 are pruned.

6.1.9.2 Cartesian_point

A calftesian_point is a point defined by its-coordinates in a rectangular Cartesian coordinate system} or in
a parameter space. The entity is defined-in'a one, two or three-dimensional space as determined by the
number of coordinates in the list.

NOTE - For the purposes of defining geometry in the api_abstract_schema only two or three-dimensional points
ar¢ used, and cartesian_point are always defined in Cartesian coordinate systems.

EXPRESS specification:

*

ENTI[TY cart esi,an_poi nt

SUBTYPE OR (jpoi nt);

coordi nates” : LIST [1:3] OF | ength_neasure;
END_ENTI TY;

(*

Attribute definitions:

coordinates[1]: The first coordinate of the point location.

coordinates[2]: The second coordinate of the point location, this will not exist in the case of a one-
dimensional point.

coordinates[3]: The third coordinate of the point location; this will not exist in the case of a one or two-
dimensional point.
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SELF\geometric_representation_item.dim: The dimensionality of the space in which the point is defined.
This is an inherited derived attribute from the geometric representation item supertype and for a cartesian
point is determined by the number of coordinates in the list.

6.1.9.3 Direction

This entity defines a general direction vector in two or three dimensional space. The actual magnitudes of
the components have no effect upon the direction being defined, only the ratios x:y:z or x:y are significant.

NOTE 1 - The components of this entity are not normalised. If an unit vector is required it should be normalised
before use.

EXPRHSS specification:

*

ENTI TY direction
SUBTYPE OF (geonetric_representation_item;
dire¢tion_ratios : LIST [2:3] OF REAL;
VWHERE
WR1 |: SIZEOF(QUERY(tnp <* direction_ratios | tnp <> 0.0))r> O;
api _YWR2: NOT((ABS(direction_ratios[1l]) < EPS) AND
(ABS(direction_ratios[2]) < EPS) AND
(ABS(direction_ratios[3]) < EPS));
api _YWR3: NOT(((direction_ratios[1l] < EPS) AND
(direction_ratios[1l] > ZERO VALUE)) OR
((direction_ratios[2] < EPS) AND
(direction_ratios[2] > ZERO VALUE)) OR
((direction_ratios[3] < EPS) AND
(direction_ratios[3] > ZERO VALUE)).);
END_ENTI TY;

(*

NOT|E 2 - In the context of the api_abstract_schema the additional WHERE RULEs documents the degenerdtion
of adirection.

Attribute definitions:

directipn_ratios[1]: The component in the direction of the X axis.
directipn_ratios[2]: The companent in the direction of the Y axis.

directipn_ratios[3]: The component in the direction of the Z axis; this will not be present in the case of a
directidn in two-dimensional coordinate space.

SELF\geometric_gsepresentation_item.dim: The coordinate space dimensionality of the direction. This is
an inhdrited attribute of the geometric_representation_item supertype; for this entity it is determined py
the number of<direction_ratios in the list.

Formal| propositions:

WR1: The magnitude of the direction vector shall be greater than zero.

api_WR?2: The magnitude of the direction vector shall be not less than EPS.

api_WR3: No value of the direction_ratios shall be between EPS and ZERO_VALUE.
6.1.9.4 Vector

This entity defines a vector in terms of direction and the magnitude of the vector. The value of the
magnitude attribute defines the magnitude of the vector.
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NOTE 1 - The magnitude of the vector must not be calculated from the components of the orientation attribute.
This form of representation was selected to reduce problems with numerical instability.

EXAMPLE - A vector of magnitude 2.0 mm and equally inclined to the coordinate axes could be represented with
orientation attribute of (1.0,1.0,1.0).

EXPRESS specification:

*

ENTI TY vect or
SUBTYPE OF (geonetric_representation_item;
orientation : directiom,

maghi tude : | ength_neasure;
VWHERE
VR1 : magni tude >= 0.0;

api | WR2 : MAX >= magni t ude;
api | WR3 : magni tude >= EPS;
END_ENTI TY;

(*

NOTE 2 - In the context of the api_abstract_schema, the additional WHERE RULE documents the degenefation
cake of a vector.

Attribute definitions:

orientation: The direction of the vector.

magnitude: The magnitude of the vector. All vectors of magnitude 0.0 are regarded as equal in valie
regarfless of the orientation attribute.

SELH\geometric_representation_item.dim: The diménsionality of the space in which the vector is
defingd.

Formpl propositions:

WR1] The magnitude shall be positive or.z&ro.
api_\\R2: The magnitude shall be than or equal MAX.
api_\WR3: The magnitude shall-be/greater than or equal EPS.

6.1.9.5 Placement

A placement locates @ geometric item with respect to the coordinate system of its geometric context] It

locates the item to\be defined and, in the case of the axis placement subtypes, gives its orientation.

EXPRESS specification:

*
ENTI FY—ptacemnent
SUPERTYPE OF ( ONEOF( axi s1_pl acemnent,
axi s2_pl acenent _2d,
axi s2_pl acenent _3d))
SUBTYPE OF (geonetric_representation_item;
| ocation : cartesian_point;
END_ENTI TY;

(*

Attribute definitions:

location: The geometric position of a reference point, such as the centre of a circle, of the item to be
located.
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6.1.9.6 Axisl_placement

The direction and location in three-dimensional space of a single axis. An axis1l_placement is defined in
terms of a locating point (inherited from the placement supertype) and an axis direction; this is either the
direction of axis or defaults to (0.0,0.0,1.0). The actual direction for the axis placement is given by the
derived attribute z.

NOTE - In the context of the api_abstract_schema, a value shall be provided for the direction of the axis.

EXPRESS specification:

*

ENTI TY axi s1_pl acenent
SUBTYPE OF (pl acenent);
axis|: OPTIONAL direction;

DERI VI
z :|direction := NVL(nornmalise(axis), direction([0.0,0.0,1.0]))G

VWHERE

VR : SELF\ geonetric_representation_itemdim= 3;
api _WR2 : EXISTS (SELF.axis) ;

END_ENTI TY;

(*

Attribute definitions:

SELF\placement.location: A reference point on the axis.
axis: The direction of the local Z axis.
z: The hormalised direction of the local Z axis.

SELF\geometric_representation_item.dim: The space dimensionality of the axis1_placement, that is
determ|ned from its location, and is always equal-to 3.

Formal| propositions:

WR1: The coordinate space dimensionality shall be 3.
api_WIR2: The axis direction shall\exist.
6.1.9.1 Axis2_placement-2d

The lodation and orientation in two-dimensional space of two mutually perpendicular axes. An
axis2_placement_2d-s defined in terms of a point (inherited from the placement supertype) and an axis. It
can be|used to loecaté and orientate an object in two-dimensional space and to define a placement
coordirfate systenv. The entity includes a point that forms the origin of the placement coordinate systeny. A
directign vectoris required to complete the definition of the placement coordinate system. The
ref_dirpetion defines the placement X axis direction; the placement Y axis direction is derived from this.

NOTE - In the context of the api_abstract_schema, a value shall be provided for the ref_direction.

EXPRESS specification:

*

ENTI TY axi s2_pl acenent _2d
SUBTYPE OF (pl acenent);
ref direction : OPTIONAL direction;

DERI VE
p : LIST [2:2] OF direction := build_2axes(ref_direction);
VWHERE
WR1 : SELF\ geonetric_representation_itemdim= 2;
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api _WR2: EXI STS(SELF.ref_direction);
END_ENTI TY;
(*

Attribute definitions:

SELF\placement.location: The spatial position of the reference point that defines the origin of the
associated placement coordinate system.

ref_direction: The direction used to determine the direction of the local X axis. If ref_direction is omitted,
this direction is taken from the geometric coordinate system.

p: The axis set for the placement coordinate system.
p[1]:[The normalised direction of the placement X axis. This is (1.0,0.0) if ref_direction is omitted.
p[2]:[The normalised direction of the placement Y axis. This is a derived attribute and is.orthogonal t¢ p[1].

Formpl propositions:

WR1] The space dimensionality of the axis2_placement_2d shall be 2.
api_\WR2: The ref_direction shall exist.
6.1.9.8 Axis2_placement_3d

The lpcation and orientation in three-dimensional space of two mutually perpendicular axes. An
axisq_placement_3d is defined in terms of a point, (inherited.from the placement supertype), and two
(ideally orthogonal) axes. It can be used to locate and orientate a non axi-symmetric object in space @nd to
defing a placement coordinate system. The entity includes a point that forms the origin of the placempnt

coordinate system. Two direction vectors are required-to complete the definition of the placement
coordinate system. The axis is the placement Z axis direction, and the ref_direction is an approximation to
the placement X axis direction.

NOQTE 1 - Let z be the placement Z axis direction and a be the approximate placement X axis direction. There are
twp methods, mathematically identical but humerically different, for calculating the placement X and Y axis
directions.

a)[The vector a is projected ontothe plane defined by the origin point P and the vector z to give the placemegnt X
axjs direction as x = <a - (a * Z) z>. The placement Y axis direction is then given by y = <z x x>.

b) [The placement Y axis{difection is calculated as y = <z x a> and then the placement X axis direction is given by x
=Ly X z>.

THe first method<qs-iKely to be the more numerically stable of the two, and is used here.

A plagement eoordinate system referenced by parametric equations is derived from the
axisq_placement_3d data for conic curves and elementary surfaces.

NOTE - In the context of the api_abstract_schema, values shall be provided for the axis and ref_directipn.

EXPRESS specification:

*

ENTI TY axi s2_pl acenent _3d
SUBTYPE OF (pl acenent);

axi s : OPTIONAL direction;

ref direction : OPTIONAL direction;
DERI VE

p : LIST [3:3] OF direction := build_axes(axis,ref_direction);
VWHERE

WR1 : SELR\ pl acenent.l|ocation.dim= 3;
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WR2 : (NOT (EXISTS (axis))) OR (axis.dim= 3);

WR3 : (NOT (EXISTS (ref _direction))) OR (ref _direction.dim= 3);

WR4 : (NOT (EXISTS (axis))) OR (NOT (EXI STS (ref_direction))) OR
(cross_product (axi s, ref _direction). magnitude > 0.0);

api _WR5: EXI STS (axis) AND EXI STS (ref_direction);

api _WR6: cross_product(axis, ref_direction). mgnitude >= EPS;

END_ENTI TY;

(*

NOTE 3 - In the context of the api_abstract_schema, api_WR6 documents the degeneration case of the
axis2_placement_3d.

Attribute definitions:

SELF\placement.location: The spatial position of the reference point and origin of the associated
placement coordinate system.

axis: The exact direction of the local Z axis.
ref_dirpction: The direction used to determine the direction of the local X axis. If necessary an adjustment
is mad¢ to maintain orthogonality to the axis direction. If axis and/or ref_direction is omitted, these

directigns are taken from the geometric coordinate system.

p: Thejaxes for the placement coordinate system. The directions of these ‘axes are derived from the
attributes with appropriate default values if required.

p[1]: The normalised direction of the local X axis.
p[2]: The normalised direction of the local Y axis.

p[3]: The normalised direction of the local Z axis.
NOT|E 4 - See Figure 3 for interpretation of attributes.

Formal| propositions:

WRL1: The space dimensionality of the SELF\placement.location shall be 3.
WR2: The space dimensionality of-axis shall be 3.
WRS3: The space dimensionality of ref_direction shall be 3.

WR4: The axis and the refxdirection shall not be parallel or anti-parallel. (This is required by the
build_gxes function.)

api_WIR5: The axis'and ref_direction shall exist.

api_WIR6: The-magnitude of the cross product of axis and direction shall be less than or equal MAX.
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Figure 3 — Axis2 placement 3D

6.1.20 API_ABSTRACT_SCHEMA entity definition: Geometyic curves entities

This subclause declares the generic entity resources for curves defined in ISO 10303-42 that are par
api_gbstract_schema. These entities, with the exception of the line entity, may not be created direc
the interface functions. They may only be created indirectly“to represent the interface specific entitied.

[ of the
ly by

The I{ne entity may be created directly to permit constraint-based description of other entities. Nevergheless,

the lipe entity is considered as a mathematical entity and is associated with a null_style.
6.1.10.1 Curve
A cunve can be envisioned as the path ef/a point moving in its coordinate space.

EXPRESS specification:

*

ENTITY curve
SUPERTYPE OF (ONEGF(!ine, conic, surface_curve))
SUBTYPE OF (gebnetric_representation_item;
END_ENTI TY;

(*

NOTE, lorthe context of the api_abstract_schemaonly lines, conics, and surface_curves shall be create

the interface. Hence the SUPERTYPE is pruned.

d by

Informal propositions:

IP1: A curve shall be arcwise connected.
IP2: A curve shall have an arc length greater than zero.
api_IP3: A curve shall have an arc length greater than EPS.

6.1.10.2 Line

A line is an unbounded curve with constant tangent direction. A line is defined by a point and a direction.

The positive direction of the line is in the direction of the dir vector.
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The curve is parametrised as follows:

P = pnt
V = dir
[ (u)=P+uVv

and the parametric range is -¥ <u< ¥

NOTE - In the context of the api abstract schema, lines may be created directly to permit constraint-based
definition of other entities. It may also created implicitly as basis_curve of a trimmed_curve that is an apj-lipe.

EXPRHSS specification:

*

ENTITY |ine
SUBTYPE OF (curve);
pnt cartesi an_point;
dir vector;

VWHERE

VR dir.dim= pnt.dim
END_ENTI TY;

(*

Attribute definitions:

pnt: The location of the line.
dir: The direction of the line. The magnitude and units of dir affect the parametrisation of the line.

SELF\geometric_representation_item.dim: The diménsionality of the coordinate space for the line. This
is an inherited attribute from the geometric representation item supertype.

Formal| propositions:
WR1: Bnt and dir shall both be 2D or both be 3D entities.

6.1.10|3 Bounded_curve
A bounded_curve is a curyve of finite arc length with identifiable end points.

EXPRHSS specification:

*

ENTI TY bounded curve

SUPERTYPE, OF ( ONEOF( pol yl i ne, trinmred_curve, bounded_surface_curve,
conposite_curve))

SUBTYPE) OF (curve);
END_ENTI TY;

(*

NOTE - In the context of the api_abstract_schema, only polylines, trimmed_curves, bounded_surface_curve
and composite_curves shall be created by the interface. Hence the SUPERTYPE is pruned.
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6.1.10.4 Trimmed_curve

A trimmed curve is a bounded curve that is created by taking a selected portion, between two identified
points, of the associated basis curve. The basis curve itself is unaltered and more than one trimmed_curve
may reference the same basis curve. Trimming points for the curve may be identified:

— by parametric value, or

— by geometric position, or

— by bath

At legst one of these shall be specified at each end of the curve. The sense makes it possible to
unambiguously define any segment of a closed curve such as a circle. The combinations of sense and
orderpd end points make it possible to define four distinct directed segments connecting two different|points
on a gircle or other closed curve. For this purpose cyclic properties of the parameter range-are assunjed.

EXAMPLE 1 - 370 degrees is equivalent to 10 degrees.

The tfimmed_curve has a parametrisation that is inherited from that of the particular basis curve
refergnced. More precisely the parameter s of the trimmed_curve is derived-from the parameter t of|the
basis|curve as follows:

If sense is TRUE: s=t- tq.
If sense is FALSE: s = ty - t.

In thg above equations, t4 is the value given by trim_1 or‘the parameter value corresponding to point| 1 and
tyis rl‘ue parameter value given by trim_2 or the parameter corresponding to point_2. The resultant

trimnmped_curve has a parameter s ranging from 0.at the first trimming point to [t, - t1| at the second

trimnjing point.

NOQTE 1 - In the case of a closed basis cutve; it may be necessary to increment t1 or ty by the parametric lepgth for
copsistency with the sense flag.

EXAMPLE 2 - If sense_agreemgnt= TRUE and t, < t4, then t5 should be increased by the cyclic range.

EXAMPLE 3 - If sense_agreement = FALSE and tq < ty, then t1 should be increased by the cyclic range.

EXPRESS specification:

*
)
ENTITY trimed curve
SUPERTYPENOGF (ONEOF (api _line, api_circular_arc, api_elliptical _arc,
api _hyperbolic_arc, api_parabolic_arc))
SUBTYPE 'CF (bounded_curve);

basj Scurve . _curve;

trim1l : SET[1:2] OF trinmm ng_sel ect;

trim?2 : SET[1:2] OF trimm ng_sel ect;

sense_agr eenment : BOOLEAN,

master _representation : trinmm ng_preference;
VWHERE

1) XOR (TYPEOF(trim1[1]) <> TYPEOR(trim 1] ;

WRL: (HI I NDEX(trim1) 2]))
1) XOR (TYPEOF(trim2[1]) <> TYPEOR(trim2[2])):

WR2: (HI I NDEX(trim2)
END_ENTI TY;
( *

NOTE 2 - In the context of the api_abstract_schema, specific SUBTYPES are defined to permit the specification
of the range or the target of some interface functions.

45


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

ISO 13

584-31: 1999(E) 41S0

NOTE 3 - In the context of the api_abstract_schema master_representation shall be implementation dependent.

NOTE 4 - In the context of the api_abstract_schema and in the case of a closed basic_curve, the closed
trimmed_curve that corresponds to the complete closed basic_curve shall be represented by using parametric

valu

e for trimming point identifications.

EXAMPLE 2 - The circular arc defined by sense_agreement = FALSE, trim_1 = 450 and trim_2 = 90 is a closed
clockwise oriented circular arc whose both trimming points are defined by the intersection of the circle

basi

s_curve with the y axis of its position axis2_placement.

Attribute definitions:

basis_|
given §

trim_1
value (

trim_2
value (

sense |
to the d

— se
value;

— Se

For an

The se

master
curve t
more th

NOT|
inde

the dlata. All characteristics, suchias parametrisation, domain, and results of evaluation, for an entity having

mult
com

Formal

CUTvVe: The curve o be rimmed. For curves with malitiple representations any parameter valuey
s trim_1 or trim_2 refer to the master representation of the basis_curve only.

barameter_1 = tq), or both.

barameter_2 = t,), or both.

irection of basis_curve.

nse_agreement = TRUE if the curve is being traversed in the‘direction of increasing parametrig

nse_agreement = FALSE otherwise.

ppen curve, sense_agreement = FALSE if t1 > ty. If t; > t4, then sense_agreement = TRUE.

hse information is redundant in this case but’is essential for a closed curve.

| representation: Where both parameter and point are present at either beginning or end of the
his indicates the preferred form. Multiple representations provide the ability to communicate dat
an one form, even though the data-is expected to be geometrically identical.

E 5 - The master_representation attribute acknowledges the impracticality of ensuring that multiple forn
bd identical and allows the indication of a preferred form. This would probably be determined by the creat

ple representations, are'derived from the master representation. Any use of the other representations is g
promise for practical considerations.

propositions:

WR1: H
and pal

WR2: E

Fither a single value is specified for trim_1, or, the two trimming values are of different types (pq
ameter):

Fither'a single value is specified for trim_2, or, the two trimming values are of different types (pd

The first trimming point that may be specified as a cartesian point (point_1), as a real,parameter

The second trimming point that may be specified as a cartesian point (point .2),)as a real parameter

lagreement: Flag to indicate whether the direction of the trimmed_curve agrees with or is oppgsed

S are
br of

nt

nt

and pal

IR
daifrictetr ).

Informal propositions:

IP1: Where both the parameter value and the cartesian_point exist for trim_1 or trim_2, they shall be
consistent, i.e., the basis_curve evaluated at the parameter value shall coincide with the specified point.

IP2: When a cartesian_point is specified by trim_21 or by trim_2, it shall lie on the basis_curve.

IP3: Except in the case of a closed basis_curve, where both parameter_1 and parameter_2 exist they
shall be consistent with the sense flag, i.e., sense = (parameter_1 < parameter_2).
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IP4: If both parameter_1 and parameter_2 exist then parameter_1 <> parameter_2.

IP5: When a parameter value is specified by trim_1 or trim_2, it shall lie within the parametric range of the
basis_curve.

6.1.10.5 Composite_curve
A composite_curve is a collection of curves joined end-to-end. The individual segments of the curve are

themselves defined as composite_curve_segments. The parametrisation of the composite curve is an
accumulation of the parametric ranges of the referenced bounded_curves. The first segment is

parametrised from 0 1o Il' and, 1or1 s 2, the It:«I segment IS parametrised from

k

=

I

Qo

i-1
Ik to
1

Qo

=
1
=

=1
wherg |, is the parametric length (i.e. difference between maximum and minimum parameter values)|of the
curvg underlying the kth segment.

NOQTE 1 - In the context of the api_abstract_schema, composite_curves shall0nly be created either to represent

anlinterface api_contour or to represent a boundary_curve of a curve_bounded_surface, both of them shall be
planar, closed and not self_intersecting.

EXPRESS specification:

*

ENTI[TY conposite_curve
SUBTYPE OF (bounded_curve);

segnent s : LIST [1:?] OF conposite_curve_segnent,;
self _intersect : LOd CAL;

DERI VE
n_segnent s : I NTEGER : = S| ZECE(segnents);

closed curve : BOOLEAN
: = segnent s[ n_segnents]:transition <> di scontinuous;
VWHERE
WR1| : ((NOT cl osed_curve)NAND ( SI ZEOF( QUERY(tenp <* segnents |
tenp.transition’)= discontinuous)) = 1)) OR
((cl osed_curve) AND (SI ZEOF( QUERY(tenp <* segnents |
tenp. transition = discontinuous)) = 0));
api | WR2: cl osed_curve ;
api | WR3: NOT self~i ntersect ;
END_ENTI TY;
(*

NOQTE 2 - In\the context of the api_abstract_schemathe additional WHERE RULE documents the requirenmpent for
a ¢ompesite_curve created by the interface to be closed.

Attributé_definitions:

n_segments: The number of component curves.

segments: The component bounded curves, their transitions and senses. The transition attribute for the last
segment defines the transition between the end of the last segment and the start of the first; this transition
attribute may take the value discontinuous, that indicates an open curve. (See 6.1.3.2 of this international
standard).

self_intersect: Indication of whether the curve intersects itself or not; this is for information only.

dim: The dimensionality of the coordinate space for the composite curve. This is an inherited attribute from
the geometric representation item supertype.
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closed_curve: Indication of whether the curve is closed or not; this is derived from the transition code on

the last segment.

NOTE 3 - See Figure 4 for further information on attributes.

discontinuous —\

’

continuous —~ /

Formal

cont_some_qradient s

/
s’
/_\ 7
/
7/
/7
7
s
7
\ /
\ /
\ /
AN /
~ -
~N___~-

cont_same_gradient_same_curvature

Figure 4 — Composite‘curve

propositions:

WR1: N
api_W
api_Wi

Inform4

o transition code shall be discontinuous, excépt for the last code of an open curve.
R2: The composite_curve shall be closed;
R3: The composite_curve shall net'be self intersecting.

Al propositions:

IP1: TH

When fraversed in the direction indicated by same_sense the segments shall join end to end.

api_IP1
6.1.10

Acom
constrd

e same_sense attribute pf'each segment correctly specifies the senses of the component curve

P: The composite—_curve shall be planar.
6 Compasite_curve_segment

hosite<Curve_segment is a bounded curve together with transition information that is used to
Ct ay.composite_curve.

bS.

NOT
the interface
discontinuous.

EXPRESS specification:

*

ENTI TY conposite_curve_segnent;
transition transition_code;
sane_sense BOOLEAN;
parent_curve : curve;

| NVERSE
usi ng_curves BAJ 1: ?] OF conposite_curve FOR segnents;
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VWHERE
WRL : (' APl _ABSTRACT_SCHEMA. BOUNDED CURVE' | N TYPEOF(parent_curve));
api _WR2: (transition = continuous) OR (transition = cont_sane_gradi ent);
END_ENTI TY;
(*

Attribute definitions:

transition: The state of transition (i.e. geometric continuity from the last point of this segment to the first
point of the next segment) in a composite_curve.

sameg——sense-An-trdicatorof-whetherorhot-the-sense-ef-the-segment-agrees-with—oroppesesthat-gf the
pareft_curve. If same_sense is false, the point with highest parameter value is taken as the first
point of the segment.

paremt_curve: The bounded_curve that defines the geometry of the segment.

using_curves: The set of composite_curves that use this composite_curve_segment as a segment.
This get shall not be empty.

Formpl propositions:

WR1] The parent_curve shall be a bounded_curve
api_\WR2: The transition is either continuous or cont_same-xgradient.
6.1.20.7 Surface_curve

A surface_curve is a curve on a surface. The curve isirepresented as a curve (curve_3d) in three-
dimensional space and possibly as a curve, corresponding to a pcurve, in the two dimensional paranetric
space of a surface. The ability of this curve to reference a list of 1 or 2 pcurve_or_surfaces enablesthis

entity| to define either a curve on a single sutface, or an intersection curve that has two distinct surface
assodgiations. A 'seam' on a closed surface.can also be represented by this entity; in this case each

assofiated_geometry will be a pcurve lying on the same surface. Each pcurve, if it exists, shall be
parametrised to have the same sense’as curve_3d. The surface curve takes its parametrisation diregt
from pither curve_3d or a pcurve.as indicated by the attribute master_representation.

Yy

NOQTE 1 - In the context of the'api_abstract_schema, surface_curves are automatically computed by the
inerface when creating an‘api_planar_surface, they shall reference a plane.

EXPRESS specification:

*

ENTITY surfiace curve

SUPERTYPE: OF (bounded_surface_curve)

SUBTYPE 'OF (curve);

curpead ._curve;

associ ated_geonetry : LIST[1:2] OF pcurve_or_surface;

master _representation : preferred_surface_curve_representation;
DERI VE

basi s_surface : SET[1:2] OF surface

: = get _basis_surface(SELF);

VWHERE
VR1 . curve_3d.dim= 3;
WR2 © (' GEOVETRY_SCHEMA. PCURVE' | N TYPEOF(associ ated_geonetry[1])) OR
(rmaster_representati on <> pcurve_sl);
VR3 © (' GEOVETRY_SCHEMA. PCURVE' | N TYPEOF(associ ated_geonetry[2])) OR
(rmaster_representati on <> pcurve_s2);
WR4 : NOT (' GEOVETRY_SCHEMA. PCURVE' | N TYPEOR(curve_3d));
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api _WR5 : master_representation = curve_3D,
api _WR6 : S| ZEOF( SELF. associ at ed_geonetry) = 1;
api _WR7 : ' APl _ABSRACT_SCHENMA. PLANE' I N
TYPEOF ( SELF. associ ated_geonetry [1]);

api _WR8 : SELF. associ ated_geonetry[1] :=: SELF.basis_surface;
END_ENTI TY;
(*

Attribute definitions:

curve_3d: The curve that is the three-dimensional representation of the surface_curve.

associpted_geometry: A list of one or two pcurves or surfaces that define the surface or surfaces
associdted with the surface curve. Two elements in this list indicate that the curve has two surface
associdtions that need not be two distinct surfaces. When a pcurve is selected it identifies a surface anfd
also aspociates a basis curve in the parameter space of this surface.

NOT|E 2 - In the context of the api_abstract_schema, associated_geometry refers to the pfane of the
api_|planar_surface.

11°

master_representation: Indication of representation "preferred”. The master representation defines th
curve Used to determine the unique parametrisation of the surface curve.

The master representation takes one of the values curve_3d, pcurve_s1‘or pcurve_s2 to indicate a
ce for the 3D curve, or the first or second pcurve, in the assqeidated geometry list, respectively.
representations provide the ability to communicate data indmore than one form, even though the
data is lexpected to be geometrically identical.
NOT|E 3 - The master_representation attribute acknowledges the impracticality of ensuring that multiple forms are
indepd identical and allows the indication of a preferred form<This would probably be determined by the creatr of
the dlata. All characteristics, such as parametrisation, domain, and results of evaluation, for an entity having
multjple representations, are derived from the master representation. Any use of the other representations is a
compromise for practical considerations.

NOT|E 4 - In the context of the api_abstract_schemathe master_representation shall be the curve_3d.

basis_purface: The surface on which the surface curve lies. This is determined from the first element of
the asqociated_geometry list.

NOT|E 5 - In the context of the api\abstract_schemathis surface is the plane of the api_planar_surface.

Formal| propositions:

WRL1: The curve_3d shall-be defined in three-dimensional space.

WR2: The pcurvecsishall only be nominated as the master representation if the first element of the
associpted_geametrylist is a pcurve.

WR3: Thepcurve_s2 shall only be nominated as the master representation if the second element of the
associgtedygeometry list is a pcurve. This also requires that pcurve_s2 shall not be nominated when the
associated_geometrylistcontains a singie element.

WR4: The curve_3d shall not be a pcurve.

api_WRS5: The master_representation shall be the curve_3D.
api_WR®6: The associated_geometry shall contain only one element.
api_WRY7: The unique associated_geometryitem shall be a plane.

api_WRS8: The derived basis_surface shall be the same entity as the unique entity contained in
associated_geometry.
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Informal propositions:

IP1: Where curve_3d and one or more pcurves exist, they shall represent the same mathematical point

set. (i

.e. They shall coincide geometrically but may differ in parametrisation.)

IP2: The curve_3d and any associated pcurves shall agree with respect to their senses.

6.1.1

0.8 Composite_curve_on_surface

A composite_curve_on_surface s a collection of segments that are curves on a surface. Each segment
shall lie on the basis surface, and may be

N(
co

N(

Therd
comy

segm

EXPH

surface_curve or
pcurve or

composite_curve_on_surface.

DTE 1 - A composite_curve_on_surface can be included as the parent_curve attribdte of a
mposite_curve_segment since it is a bounded_curve subtype.

DTE 2 - In the context of the api_abstract_schema, each segment shall be asurface_curve.

shall be at least positional continuity between adjacent segments. The parametrisation of the

osite_curve is obtained from the accumulation of the parameétric ranges of the segments. The
ent is parametrised from 0 to |1, and, fori _2, the ith segment is parametrised from
k=i-1 k=i
[¢} [¢}
a lk to a k

=
1

1

=

=1

wherI |y is the parametric length (i.e. difference between maximum and minimum parameter values)

rve segment.

ESS specification:

*)
ENTI
SUP
SUB
DERI
bas
VWHER
WR1
WR2

api

TY conposite_curvelon_surface
ERTYPE CF (boundary: curve)
TYPE OF (conposite_curve);
VE
s_surface & SET[0:2] OF surface := get_basis_surface(SELF);
=
S| ZEOF( basi s_surface) > 0;
: constraints_conposite_curve_on_surface(SELF);
| WR31~Sl ZEOF( QUERY(t enp<* SELF\ conposi te_curve. segnents |
' GEQVETRY_SCHEMA. PCURVE' | N TYPECF (tenp. parent_curve)

) -- end of query

first

of the

END_
( *

Attrib

) = 0;
ENTI TY:

ute definitions:

basis_surface: The surface on which the composite curve is defined.

SELF\composite_curve.n_segments: The number of component curves.
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SELF\composite_curve.segments: The component bounded curves, their transitions and senses. The
transition for the last segment defines the transition between the end of the last segment and the start of the
first; this element may take the value discontinuous, that indicates an open curve.

NOTE 3 - In the context of the api_abstract_schemathe inherited api specific WHERE RULE ensures that the
transition is not discontinuous.

SELF\composite_curve.self_intersect: Indication of whether the curve intersects itself or not.

SELF\composite_curve.dim: The dimensionality of the coordinate space for the composite_curve.

SELF\¢omposite_curve.closed_curve: Indication of whether the curve is closed or not.

Formal| propositions:

WR1: The basis_surface SET shall contain at least one surface. This ensures that all segments refergnce
curves|on the same surface.

WR2: Each segment shall reference a pcurve, or a surface_curve, or a composite>curve_on_surfage.
api_WIR3: No segment shall reference a pcurve

Informal propositions:

IP1: Edch parent_curve referenced by a composite_curve_on_sutface segment shall be a
curve_pn_surface and a bounded curve.

6.1.10]9 Bounded_ surface _curve

A bounded_surface_curve is a specialised subtype of surface_curve that also has the properties of a
boundgd curve.

EXPRHSS specification:

*

ENTI TY bounded_surface _curve

SUBTYPE OF (surface_curve, bounded_curve);
VWHERE
api _MR1 : (' APl _ABSTRACT~SEHENMA. BOUNDED _CURVE I N
TYPECF ( SELF\ surface_curve. curve_3d);
END_ENTI TY;

(*

Formal| propositions:

api_WIR1: The cunve_3d attribute of the surface_curve supertype shall be a bounded_curve.

6.1.11] ARIYABSTRACT_SCHEMA entity definition: Geometric conic entities

This subclause declares the generic entity resources for curves defined in TISO 10303-42 that are part of the
api_abstract_schema. These entities may not be created directly by the interface functions. They may only
be created indirectly to represent the interface specific entities.

6.1.11.1 Conic

A conic is a planar curve that could be produced by intersecting a plane with a cone.

A conic curve is defined in terms of its intrinsic geometric properties rather than being described in terms of
other geometry.
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A conic entity always has a Placement Coordinate System defined by axis2_placement; the parametric
representation is defined in terms of this Placement Coordinate System.

NOTE - In the context of the api_abstract_schema, conics shall only be created as the basis_curve of
api_circular_arc, api_elliptical_arc, api_hyperbolic_arc, or api_parabolic-_arc.

EXPRESS specification:

*

ENTI TY conic
ABSTRACT SUPERTYPE OF (ONEOF(circle, ellipse, hyperbola, parabol a))
SUBTYPE OF (curve);
posj tion: axis2_pl acenent;
VWHERE
api | WRL: SI ZEOF( USEDI N( SELF,
" APl _ABSTRACT_SCHEMA. TRI MVMED CURVE. BASIS CURVE') ) = 1;
END ENTI TY;

(*

Attribute definitions:

position: The location and orientation of the conic. Further details of the inteppretation of this attribute are
given for the individual subtypes.

Formpl propositions:

api_\WWR1: Each conic shall be used as basis_curve by one trimmed_curve.

6.1.2§1.2 Circle

A cir¢le is defined by a radius and the location and'orientation of the circle. Interpretation of the data[shall
be agfollows:

C=\position.location (centre)
X = position.p[1]

y = position.p[2]

z = position.p[3]

R = radius

and the circlefs parametrised as

| (u) = C + R((cos u)x + (sin u)y)

The parametrisation range is 0 £ u £ 360 degrees.
In the placement coordinate system defined above, the circle is the equation C = 0, where
C(x,y,2) = X2 + y2 - R2
The positive sense of the circle at any point is in the tangent direction, T, to the curve at the point, where

T = (-Cy,Cy,0)
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NOTE 1 - A circular arc is defined by using the trimmed_curve entity in conjunction with the circle entity.
NOTE 2 - In the context of the api_abstract_schema, a circular_arc is defined by the api_circular_arc entity.

NOTE 3 - In the context of the api_abstract_schema, circle shall only be created by the interface as basic_curve
of api_circular_arcs.

EXPRESS specification:

*

ENTITY circle

SUBTYPE OF (conic),

radi s : positive_ | engt h_neasure;
END_ENTI TY;

(*

p[2]

ref_direction

z T p[1]

axis
p[3]

Figure 5 — Circle

Attribute definitions:

SELF\g¢onic.position.locatien; -This inherited attribute defines the centre of the circle.

radius] The radius of theeircle, that shall be greater than zero.

NOTIE 4 - See FigOre5 for interpretation of attributes.

6.1.11{3 Ellipse

An elli
positio

Interpretation of the data shall be as follows:
C = position.location
X = position.p[1]
y = position.p[2]

z = position.p[3]
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R4 = semi_axis_1
Ry = semi_axis_2
and the ellipse is parametrised as

| (u) = C+ (Rq cos u)x + (Ry sin u)y

The parametrisation range is 0 £ u £ 360 degrees.

In thg placement coordinate system defined above, the ellipse is the equation C = 0, where
C(x,y,2) = x2/R12 + y2/R22 -1

The positive sense of the ellipse at any point is in the tangent direction, T, to the curve)at the point,
T = ({Cy:Cx.0).

NOQTE 1 - In the context of the api_abstract_schema, ellipses shall only be created as basis_curves of
apli_elliptical_arcs.

axis
“p[S]
p[2]
ref_direction
T_\_\
‘= p[1]
V4
location
X Y

Figure 6 — Ellipse

vhere

EXPRESS-specification

*

ENTITY el lipse
SUBTYPE OF (conic);
sem _axis_1 : positive_length_neasure;
sem _axis_2 : positive_length_neasure;
END_ENTI TY;
(*
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Attribute definitions:

also

SELF\conic.position: conic.position.location is the centre of the ellipse, and conic.position.p[1] is the

directio

n of the semi_axis_1.

semi_axis_1: The first radius of the ellipse that shall be positive.

semi_axis_2: The second radius of the ellipse that shall be positive.

NOT

E 2 - See Figure 6 for interpretation of attributes.

6.1.11

A hype
point 0

and the

The pa

In the
where

The po
where

The brd

A Hyperbota

rbolais a conic section defined by the lengths of the major and minor radii and the position)(mi
the line joining two foci) and orientation of the curve. Interpretation of the data shall be‘as follo

C = position.location

X = position.p[1]

y = position.p[2]

z = position.p[3]

R4 = semi_axis

Ry = semi_imag_axis
hyperbola is parametrised as

| (u) = C + (Rq cesh u)x + (R5 sinh u)y

fametrisation range is -¥ <u< ¥

lacement coordinate system defined above, the hyperbola is represented by the equation C =

C(x,y,2) = x2/R12 - y2/F222 -1

Bitive sense of the-lyperbola at any point is in the tangent direction, T, to the curve at the point

T = (-Cy,Cx,0).

inch of the hyperbola represented is that pointed to by the x direction.

=1

NOT

1 +ha + $ of +h H haot + L L hal hall 1 K +adl L H £
=L 1 ariC COMEAT Ottt apT_auStaCt_SCTTCTTa, 11y ptTouTasS—Sriait Oty e e atCtaS oaSTS_CurtveS Ut

api_hyperbolic_arcs

EXPRESS specification:

*

ENTI TY hyper bol a
SUBTYPE OF (conic);

sem _axis . positive_I| ength_neasure;
sem _inmag_axis : positive_l ength_neasure;
END_ENTI TY;
(*
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p[3]
p[ 2]

semi_imag
/ axis
pl1]

semi_oxis i

ref_direction

Figure 7 — Hyperbola

Attribute definitions:

SELHR\conic.position: The location and orientation of the curve. conic.position.location is the centre of

the hyperbola and conic.position.p[1] is in the direction of the semi-axis. The branch defined is on t

of popition.p[1] positive.

semi] axis: The length of the semi axis of the hyperbola. This"is positive and is half the minimum dis

between the two branches of the hyperbola.
semi| imag_axis: The length of the semi imaginary @xis of the hyperbola that shall be positive.
NQTE 2 - See Figure 7 for interpretation of attributes.

Formpl propositions:

WR1] The length of the semi_axis shall'be greater than zero.

WRZ2] The length of the semi_imag_axis shall be greater than zero.

6.1.11.5 Parabola

A patabolais a conie-section defined by its focal length, position (apex), and orientation.
Intergretation of the'data shall be as follows:

C = position.location

X = position.p[1]

ance

y = position.p[2]

z = position.p[3]

F = focal_dist
and the parabola is parametrised as

| (uy=C+ F(u2x + 2uy)

he side
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The parametrisation range is -¥ <u< ¥.

In the placement coordinate system defined above, the parabola is represented by the equation C = 0,
where

C(x,y,2) = 4Fx-y2
The positive sense of the curve at any point is in the tangent direction, T, to the curve at the point, where

T = (-Cy,Cy,0)

NOTIE 1 - In the context of the api_abstract_schema, parabolas shall only be created as basis_curves of,
pargbolics_arcs.

=<

p[2] ref_direction

pf1]

focation

e X

Figure 8 — Parabola

EXPRHSS specification:

*

ENTI TY par abol a
SUBTYPE OF-(conic);

focal _di st\T | ength_neasure;
VWHERE

WRL: |focal dist <> 0.0;

END _ENTTTY;

(*

Attribute definitions:

SELF\conic.position: The location and orientation of the curve. conic.position.location is the apex of the
parabola, and conic.position.p[1] is the axis of symmetry.

focal_dist: The distance of the focal point from the apex point.

NOTE 2 - See Figure 8 for interpretation of attributes.
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Formal propositions:

WR1:

The focal distance shall not be zero.

6.1.12 API_ABSTRACT_SCHEMA entity definition: api specific basic curves

1ISO 13584-31:

1999(E)

This subclause declares the api specific basic curves entities that may be computed and generated by the
interface through constraint-based specification. Hence, utility functions are provided by the interface to
obtain the characteristics of such entities. The orientation of these entities, from trim_1 to trim_2, that shall
be consistent with sense_agreement, is used to avoid ambiguousness in geometric constructions. These
entities shall exist in the target modelling system. Hence no simulation process is defined for their

imple
6.1.1

An af
conju

EXPH

mentation.
2.1 Api_line

i_line is atrimmed_curve of one linear segment. It is defined by using a trimmed_curve entit
hction with a line entity.

ESS specification:

*

ENTI
SUB
WHER

api

END |
( *

N(

N(
del

N(

Attrib|

TY api _|ine
TYPE OF (trimed_curve) ;
=
| WR1L : ' APl _ABSTRACT_SCHEMA. LI NE' I N

TYPECF ( SELF\ TRI MVED_CURVE. BASI S_CURVE) ;
ENTI TY;

DTE 1 - This api specific entity is introduced to permit.the specification of the range of some interface fund

DTE 2 - In the context of the api_abstract_schema, the master_representation shall be implementation
pendent.

DTE 3 - This entity may be implemented.as’a trimmed_curve.

Lite definitions:

SELR

SELFR
(poin

SELFR
(poin

SELR

\trimmed_curve.basis_curve: The line to be trimmed.

\trimmed_curve.trim{ 1:"The first trimming point that may be specified as a cartesian_point
| 1), as a real paramieter value (parameter_1 = t1), or both.

| 2), as arealparameter value (parameter_2 = t,), or both.

\trimmred_curve.sense_agreement: Flag to indicate whether the direction of the trimmed_cur

agree

\trimmed_curv&.trim_2: The second trimming point that may be specified as a cartesian_point

y in

tions.

ve

scwith or is opposed to the direction of basis_curve.

master_representation: Where both parameter and point are present at either end of the curve this
indicates the preferred form. Multiple representations provide the ability to communicate data more than
one form, even though the data is expected to be geometrically identical.

Formal propositions:

api_WR1: The basis_curve of the trimmed_curve shall be a line.

Informal propositions:

api_IP1: The length of the api_line shall not be less than EPS and greater than MAX.
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6.1.12.2 Api_circular_arc

An api_circular_arc is a trimmed_curve of one circular segment. It is defined by using a trimmed_curve
entity in conjunction with a circle entity.

EXPRESS specification:

*

ENTI TY api _circul ar_arc
SUBTYPE OF (trimred_curve);

VWHERE
api _WR1 : ' APl _ABSTRACT_SCHEMA. Cl RCLE' I N

TYPECF ( SELF\ TRI MVED_CURVE. BASI S_CURVE) ;

END_ENTI TY;
( *

NOT|E 1 - This api specific entity is introduced to permit the specification of the range of someinterface functipns.

NOTIE 2 - In the context of the api_abstract_schema, the master_representation shall be implementation
dependent.

NOTIE 3 - This entity may be implemented as a trimmed_curve.

NOTE 4 - If the two trimming points of the api_circular_arc are identical, the api_circular_arc is the whole cjrcle
with [the direction defined by the sense_agreement.

Attribute definitions:

SELF\trimmed_curve.basis_curve: The circle to be trimmed.

SELF\trimmed_curve.trim_1: The first trimming point.that may be specified as a cartesian_point
(point_1), as a real parameter value (parameter_1 =t¢), or both.

SELF\trimmed_curve.trim_2: The second trimming point that may be specified as a cartesian_point
(point_P), as a real parameter value (parameter_2 = t,), or both.

SELF\trimmed_curve.sense_agreement: Flag to indicate whether the direction of the trimmed_curv
agrees|with or is opposed to the direction of basis_curve.

1%

mastel_representation: Where-both parameter and point are present at either end of the curve this
indicates the preferred form~Multiple representations provide the ability to communicate data more than
one form, even though the,data is expected to be geometrically identical.

Formal| propositions:

api_WIR1: The ©hasis_curve of the trimmed_curve shall be a circle.

Informal pfoepositions:

api_|Pr—Thearctengthof theapi—circutar—arcshattnot betessthan EPS:

6.1.13 API_ABSTRACT_SCHEMA entity definition: api specific conic arcs
This subclause declares the api specific conic arc entities that may be generated by the interface functions.
When a function that creates a conic arc is triggered, a conic is first created as the basis_curve of the

conic arc, then the conic arc is created as a SUBTYPE of a trimmed_curve.

The entities defined in this subclause are introduced to permit the specification of the range of some
interface functions.

NOTE - The conic arcs may be implemented as trimmed_curves.
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If conic entities do not exist in the target modelling system a simulation has to be performed by the
interface. This simulation is realised, for each entity, through interpolation. This interpolation is based on the
two end points of the entity to be simulated, and on a number of interior points defined by the
interpolation_nodes_number entry of the interface status table. The interpolating curve must be continuous
and with a continuous tangent and must preserve the tangents to the entity at both its end points. The curve
used in this interpolation is implementation dependent. It may be, for instance, a circular_arc. It may be a
curve type defined only internally by the target modelling system and by the interface (e.g. Bezier curves).
The selection of interior interpolation points is also implementation dependent. The only specified
requirement is that they must be, in some sense, uniformly distributed.

The interpolation nodes number entry of the interface status table may be interrogated by the application
program. It may also be set provided that the number of interpolation points are less than or equal o the

max_|interpolation_nodes_number value defined in the interface description table. The max_interpolation-
_nhodes_number shall be greater than or equal to 1.

6.1.13.1 Api_elliptical_arc

An api_elliptical_arc is a trimmed_curve of one ellipse curve segment. It is defined’by using a
trimnped_curve entity in conjunction with an ellipse entity.

EXPRESS specification:

*

ENTI[TY api _elliptical _arc
SUBTYPE OF (trimred_curve);

VWHERE
api | WRL : ' APl _ABSTRACT_SCHEMA. ELLI PSE' I N

TYPEOF ( SELF\ TRI MVED_CURVE-BASI S_CURVE) ;

END_ENTI TY;

( *
NOTE 1 - This api specific entity is introduce to,p€smit the specification of the range of some interface functjons.

NOQTE 2 - In the context of the api_abstract_schema, the master_representation shall be implementation
dependent.

NOQTE 3 - This entity may be implemented as a trimmed_curve.

NOTE 4 - If the two trimming points of the api_elliptical_arc are identical, then the api_elliptical_arc is thg whole
elllpse, with the direction defined by the sense_agreement.

Attribute definitions:

SELR\trimmed_curnve’basis_curve: The ellipse to be trimmed.

SELR\trimmed._curve.trim_1: The first trimming point that may be specified as a cartesian_point
(point_1), as'a real parameter value (parameter_1 =t), or both.

(point_2), as a real paramet_er value (parameter_2 = t,), or both.

SELF\trimmed_curve.sense_agreement: Flag to indicate whether the direction of the trimmed_curve
agrees with or is opposed to the direction of basis_curve.

master_representation: Where both parameter and point are present at either end of the curve this

indicates the preferred form. Multiple representations provide the ability to communicate data more than
one form, even though the data is expected to be geometrically identical.
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Formal propositions:

api_WR1: The basis_curve of the trimmed_curve shall be an ellipse.

Informal propositions:

IP1: The arc length of the api_elliptical_arc shall not be less than EPS.

6.1.13.2 Api_hyperbolic_arc

An api_hyperbolic_arc is a trimmed_curve of one hyperbola curve segment. It is defined by using a

trl mfr'l eurva antitvs in coninnotion anth o hvnarbholo
mmae—et+e Errty—r-eoOHuHcToOR Yty P

cTrooTee

EXPRHSS specification:

*

ENTI TY api _hyperbolic_arc
SUBTYPE OF (trimred_curve);

VWHERE
api _YWR1 : ' APl _ABSTRACT_SCHEMA. HYPERBOLA' | N

TYPEOF ( SELF\ TRI MVED_CURVE. BASI S_CURVE) ;

END_ENTI TY;

( *
NOT|E 1 - This api specific entity is introduce to permit the specification ef the range of some interface functions.

NOT|E 2 - In the context of the api_abstract_schema, the master_representation shall be implementation
dependent.

NOTIE 3 - This entity may be implemented as a trimmed_curve.

Attribute definitions:

SELF\trimmed_curve.basis_curve: The hyperhola to be trimmed.

SELF\trimmed_curve.trim_1: The first trimuning point that may be specified as a cartesian_point
(point_1), as a real parameter value (parameter_1 = t;), or both.

SELF\trimmed_curve.trim_2: Thesecond trimming point that may be specified as a cartesian_point
(point_p), as a real parameter value (parameter_2 = t,), or both.

SELF\trimmed_curve.sense _agreement: Flag to indicate whether the direction of the trimmed_curv
agrees|with or is opposed-to the direction of basis_curve.

1%

mastel_representation: Where both parameter and point are present at either end of the curve this
indicatgs the preferred form. Multiple representations provide the ability to communicate data more thah
one form, even.though the data is expected to be geometrically identical.

Formal| propositions:

api_WR1: The basis_curve of the trimmed_curve shall be an hyperbola.

Informal propositions:

api_IP1: The arc length of the api_hyperbolic_arc shall not be less than EPS.

6.1.13.3 Api_parabolic_arc

An api_parabolic_arcis atrimmed_curve of one parabola curve segment. It is defined by using a
trimmed_curve entity in conjunction with a parabola entity.
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EXPRESS specification:

*

ENTI TY api _parabolic_arc
SUBTYPE OF (trimred_curve);
VWHERE
api _WR1 : ' APl _ABSTRACT_SCHENA. PARABCLA' | N
TYPEOF ( SELF\ TRI MVED_CURVE. BASI S_CURVE) ;
END_ENTI TY;

(*

NOTE 1 - This api specific entity is introduced to permit the specification of the range of some interface fupdtions.

NOQTE 2 - In the context of the api_abstract_schema, the master_representation shall be implementation
dependent.

NOTE 3 - This entity may be implemented as a trimmed_curve.

Attribute definitions:

SELH\trimmed_curve.basis_curve: The parabola to be trimmed.

SELR\trimmed_curve.trim_1: The first trimming point that may be specified as a cartesian_point
(point_1), as a real parameter value (parameter_1 = t;), or both.

SELR\trimmed_curve.trim_2: The second trimming point that may be specified as a cartesian_point
(poiny_2), as a real parameter value (parameter_2 = t5), or both:

SELHR\trimmed_curve.sense_agreement: Flag to indicaté- whether the direction of the trimmed_cunve
agregs with or is opposed to the direction of basis_cutye.

master_representation: Where both parameter and point are present at either end of the curve this
indicates the preferred form. Multiple represernitations provide the ability to communicate data more than
one form, even though the data is expected-to-be geometrically identical.

Formpl propositions:

api_WR1: The basis_curve of théitkimmed_curve shall be a parabola.

Inforrhal propositions:

IP1: The arc length of the-api_parabolic_arc shall not be less than EPS.
6.1.24 API_ABSTRACT_SCHEMA entity definition: curve entities
This subclausg.declares the two curve entities that may be created through the interface functions: th

polyljne, thatis a generic entity resource defined in ISO 10303-42 and that is part of the
api_gbstract_schema, and the api specific api_contour.

1)

6.1.14.1 Polyline

A polyline is a bounded_curve of n-1 linear segments defined by a list of n points, P4, Py, Pp,.

The ith segment of the curve is parametrised as follows:

| (u) = Pj(i-u) + Pjyq(u+1-i), for LEi£n-1

where i-1 £ u £ i and with parametricrange of 0£ u£ n- 1.
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NOTE 1 - If the polyline does not exist in the CAD system, it shall be simulated through connected lines. The
maximum number of points per polyline that shall be allowed by the interface implementation is equal to or greater

than

that specified in clause 10 of this International Standard.

also

NOTE 2 - In the context of the api_abstract_schemathe length of each linear segment shall not be less than EPS

and

greater than MAX.

EXPRESS specification:

*

ENTI TY pol yline

SUBT

poi nt
END_E|
( *

Attribute definitions:

yPE-OF (bounded —curve);
s : LIST [2:?] OF cartesian_point;
NTI TY;

points

Inform4

The points defining the polyline.

Al propositions:

api_IP
6.1.14

An api|
from b4
bounde
entities
interfag

An api|
entities
providg

1) for §
ZER

2) the
non

These

the apg
first en
neighb
both th

If both

|- The length of each linear segment shall not be less than EPS and gréater than MAX.
2 Api_contour

| contour is a non self-intersecting oriented planar closed . composite_curve built up by the inte
\sic entities, conic arcs and/or polylines. An api_contourcuts the plane in two subsets. The

d subset is called the interior. The interface shall ensure that the contour is closed, and that the
that result from transformations of a contour by geometric manipulation functions provided by t
e remain closed.

| contour is defined by the application program as an unordered list of curves entities. Any basi
(i.e., api_lines, api_circular_arcs), conics’arcs or polylines may be used to define an api_co
d that :

Ny extremity of an entity, there exists exactly one extremity of another entity in a neighbourhoo
O_VALUE;

Curve obtained by connecting these entities by their neighbouring extremities shall be planar, clg
self-intersecting.

wo assertions aré-first checked by the interface. During this process the list of the entities defing
lication program,is logically re-ordered within the interface. The first entity of the re-ordered list

ity of the initial list. The second entity is the entity that contains the only extremity that is in the

puring of the'end extremity of the first entity, and so on. The beginning point of the first entity sh
b beginning point and the end point of the contour.

face

c
ntour

N of

sed,
d by
s the

all be

two

conditions are true, the api_contour is computed by the interface. This process is performed in

steps. (I Some entities may be simutated- (2) The resulting entties are stghtty adjusted 10 ensure

api_co

ntour closure.

1) Api_contours are defined for building annotation_fill_area, api_planar_surfaces and solid bodies.
Hence, some entities may not be allowed in contour representation (e.g. because they are not supported
by the CAD system). Only the basic curves entities (i.e., api_lines, and api_circular_arcs) shall be
permitted by any interface in contour representation. If some other curve entity, used in the contour
generation function, is not permitted by the interface for contour representation, this entity shall be
simulated by the simulation process defined for this entity.


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

41S0 ISO 13584-31: 1999(E)

NOTE 1 - The entities that are permitted for contour representation are defined in the contour_entities entries of the
interface description table (see 8.1). The maximum number of entities per api_contour that shall be allowed by the
interface implementation is equal to or greater than that specified in clause 10 of this International Standard.

2) Aclosed api_contour is then constructed by the following process.

1) The first curve of the re-ordered list is duplicated, together with its basis_curve ifitis a
trimmed_curve.

2) Afirst composite_curve_segment is built, using this duplicated curve as parent_curve and with
same_sense equals true.

[d%)
N—

The direction of the tangent vector to this current composite_curve_segment at its end’poift is

then computed. The direction of the tangent vector to the next curve in the re-ordered curvg list at
its extremity that is in the neighbourhood of the end point of the current
composite_curve_segment is also computed. In this process, the next curve of the last curye of
the curve re-ordered list is the first curve.

4) If both direction are parallel, the transition of the current composite_curve_segment is sef to
cont_same_gradient, else it is set to continuous.

(n
N—

Until the end of the curve list, each curve is used to compute a cemposite_curve_segment|using
a similar process.

a) The curve is duplicated, together with its basic_curvéiifiit is a trimmed_curve.

o7

b) A composite_curve_segment is built, using thisiddplicated curve as parent_curve. Thi
composite_curve_segment is called the currént composite_curve_segment.

c) If the first extremity of the duplicated curye'is the neighbouring extremity of the end extrgmity of
the previous composite_curve_segment then the same_sense attribute of the current
composite_curve_segment is setta true. Else, it is sent to false. This attribute defines the
orientation of the current compasite_curve_segment, and then, its beginning point and end
point.

d) If the beginning point of.the current composite_curve_segment is not identical to the end point
of the previous comp@site_curve_segment, the basis_curve of the current
composite_curve~segment is translated to ensure api_contour closure.

e) The directioncof-the tangent vectors to the current composite_curve_segment at its end point,
and to the next curve in the re-ordered curve list at its extremity that is in the neighbourhpod of
the end paift of the current composite_curve_segment are both computed. If both dire¢tions
are pdraltel, the transition of the current composite_curve_segment is set to
cont(same_gradient, else it is set to continuous. In the process, the next curve of the last
curve of the curve re-ordered list is the first curve.

8) c-fthe end point of the last composite_curve_segment and the beginning point of the first
cofposite—etrre—segmentareidenticalthe-api—contotrisereated,—consistingof-the-ordered
list of computed composite_curve_segments. If these two points are not identical, and if the
transition codes of the two last composite_curve_segments are both continuous, the last
composite_curve_segment is slightly modified to ensure contour closure. If the contour is not
closed and if either of the transition code of the two last composite_curve_segments
cont_same_gradient, then the interface tries to approximate the last composite_curve_segment
is by one or two composite_curve_segments. The approximation process is implementation
dependent but it shall ensure:

— contour closure;
— correction of the transition code of the last but one previous composite_curve_segment;
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also

— avalue for the transition code(s) of the approximating entity (entities) is equal to the value of

the transition code of the approximated composite_curve_segment;

— that the extend of the approximated entity (entities) is (are) greater than EPS.

If the interface cannot compute such an approximation, then the last entity is moved slightly to ensure

NOT

contour closure, and the transition code of the last two composite_curve_segments are mod

ified

accordingly. In the process, circularity of the curve re-ordered list is always assumed: the previous

entity of the first entity is the last entity.

E 2 - It is always possible. for the application program. to avoid any entity modification during contour

congtruction: it shall use only permitted contour entities (at the minimum: api_line and api_circular_arc) and

ensy

EXPRE

re contour closure.

SS specification:

*

ENTI TY api _cont our
SUBTYPE OF (conposite_curve);
END_ENTI TY;

(*
NOT

NOT

Attribute definitions:

E 3 - This api-specific entity is introduced to permit the specification of thé range of some interface functi

E 4 - This entity may be implemented as a composite_curve.

SELF\q
compuf

SELF\g

indicatgs that an api_contour is not self intersecting.

SELF\g

prograrn plus one if the computation process defined above required an additional

compg

SELF\g

api_caontour closure.

Informal proposition:

omposite_curve.segments: The ordered list of the-composite_curve_segments that are
ed by the interface and that constitute the api_contour.

omposite_curve.self_intersect: A LOGICAL attribute that shall have a false value and that

omposite_curve.n_segments: The.number of entities that was provided by the application
site_curve_segment to ensure api_contour closure.

omposite_curve.closed- curve: A Boolean attribute that shall have a true value and that indig

api_IP1: The interiopof\a contour shall be capable of containing a circle of diameter EPS.

6.1.15

AR| {ABSTRACT_SCHEMA entity definition: fill area

pns.

ates

This subclause declares the generic entity resources for fill area that are defined in ISO 10303-46 and that
are part of the api_abstract_schema. A fill area is modelled through an annotation_fill_area. In the
context of the api_abstract_schema, an annotation_fill_area is only allowed in 2D views, i.e., when the
interface is open with geometrical_power_level equals 1. An annotation_fill_area is planar connective 2-
manifold whose external boundary is an api_contour and that may have internal boundaries defined by

api_co

ntours. The maximum number of inner boundaries that shall be allowed by the interface

implementation is equal to or greater than that specified in clause 10 of this International Standard. All the
contours are in the same plane and shall not intersect each other. All the (possible) contours that define the
internal boundaries of the fill area shall belong to the interior of the contour that defines its external
boundary and have non intersecting interiors. In the context of the api_abstract_schema, an
annotation_fill_area plays two roles.
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1) It may be hatched, the hatching being defined by an annotation_fill_area_occurrence that assigned a

fill

style fill_area_style_hatching onto the representation item annotation_fill_area;

2) It may be filled by the current fill area style colour that shall always be the background colour, and then,
it may hide or blank out other entities if the global values of both entries in the interface status table are
equal to ON for hidden_line entry and equal to TRUE for hidden_line_involved entry.

6.1.15.1 Annotation_fill_area

An annotation_fill_area s a set of curves that may be filled with hatching, shading, colour or tiling. The

anno

ation—fill _araa ic dacerihad by haundarias that consist of non-intarsactina-and-non-csalf-intarc,
atHo-H—HHT—ateaS6 HEEEHY B otHaaH e SttHat-GORSISHO+HOH- et tHHgaHeReR-Ser-terss

cting

close
anno

— A
and 3

— A
isafi

i curves. These curves form the boundary of planar areas to be filled according to the style for,
fation_fill_area. The filling is defined by the following rules:

curve that is not surrounded by any other curve is a border between an unfilled area. on the ou
filled area on the inside.

NOTE 1 - see Figure 9 (a)

curve (curve 2) surrounds an unfilled area if it is surrounded by anothef _curve (curve 1) whose
led area.

NOTE 2 - see Figure 9 (b)
a third curve (curve 3) is placed inside of curve 2 this curve strrounds a filled area.
NOTE 3 - see Figure 9 (c)

or each additional curve the procedure is applied inithe same manner.

the

tside

inside
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filled
a)
curve 2
filled
44— cuvel
b) unfilled
/ curve 2
filled
unfilled
curve 1
c) filled
curve 3

Figure 9 — Filling of annotation fill areas

EXPRESS specification:

*

ENTITY annotation fill _area
SUBTYPE OF (geonetric_representation_item;
boundaries : SET [1:?] OF curve;

VWHERE

api _WR1: SI ZEOF( QUERY( tenp <* SELF. boundaries |
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" APl _ABSTRACT_SCHENA. APl _CONTOUR | N TYPEOF ( SELF) )
) = S| ZEOF( SELF. boundari es) ;

END_ENTI TY;

(*

Attribute definitions:

boundaries: A set of curves that define the boundaries of the fill area.

Form

al propositions:

api_WR1: All the boundaries shall be api_contours.

ISO 13584-31: 1999(E)

Inforrhal propositions:

IP1: All the curves in the set SELF.boundaries shall be closed and planar.

IP2: 1

f there are two or more curves in the set SELF.boundaries, all of these curves shall"be coplan

no twp curves shall intersect each other.

IP3: The x axis and the y axis of SELF.filling_position shall be coplanar with the*curve SELF.boun

[1].

api_l

P3: If there are two or more api_contours in the set SELF.boundaries, the distance between t

api_gontours shall be not less than EPS.

6.1.16 API_ABSTRACT_SCHEMA entity definition : Geometric surface entities

This $ubclause declares the generic entity resources for surfaces defined in ISO 10303-42 that are p

the a

Di_abstract_schema. These entities may not be crgated directly by the interface functions. The

only e created indirectly to represent the interface specific entities.

6.1.16.1 Surface

A surface can be envisioned as a set of connected points in 3-dimensional space that is always local

dime

hsional, but need not be a manifold: A*surface shall not be a single point or in part, or entirely, a

NOQTE 1 - For more information see 3.1 and 4.4.48 of ISO 10303-42.

EXPRESS specification:

*

ENTI

TY surface

SUPERTYPE OF ((ONECF( el enentary_surface, bounded_surface))
SUBTYPE OF (fgeonetric_representation_iten;
END_ENTI TY;

(*

ar, and

Haries

art of
y may

y 2-
curve.

Hence

NOTE 2'- In the context of the api_abstract_schema, only planes, and api_planar_surfaces are allowed.

fad S Y el e A VA =Y sl

th

=i
SOT CINT I T 1S5 Prortcur

Informal propositions:

IP1: A surface has non zero area.

IP2: A surface is arcwise connected.

6.1.16.2 Elementary surface

An el

ementary_surface is a simple analytic surface with defined parametric representation.
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EXPRESS specification:

*

ENTI TY el enentary_surface
SUPERTYPE OF ( ONEOF(pl ane))
SUBTYPE OF (surface);
position : axis2_placenent_3d;

END_ENTI TY;

(*

NOTE - In the context of the api_abstract schema, only planes are allowed as elementary surfaces. Hence the

Attribu

SUF]I:RTYPE is pruned.

definitions:

positig
parame

6.1.16

A plan
normal

and the

where fhe parametrisation range is - ¥ < ty¥ < + ¥ . In the above parametrisation, the length unit for th

vectorg

EXPRE

n: The position and orientation of the surface. This attribute is used in the definition of the
trisation of the surface.

3 Plane

b is an unbounded surface with a constant normal. A plane is defined by‘a point on the plane an

direction to the plane. The data is to be interpreted as follows:

C = position.location

X = position.p[1]

y = position.p[2]

z = position.p[3] =.normal to plane
surface is parametrised as

[ (Usv) = C + xu +yv

x and y is derived from the context of the plane.

SS specification:

*

ENTI T

SUBT
END_E
( *

Attribute definitions:

¥ pl ane
YPE OF (el emrentary_surface);
NTI TY;

d the

P unit

SELF\e

ited

from th

lementary surface position: The location and orientation of the surface This attribute is inhe
e elementary_surface supertype.

position.location: A point in the plane.

position.p[3]: This direction, that is equal to position.axis defines the normal to the plane.

6.1.16

.4 Bounded_surface

A bounded_surface is a surface of finite area with identifiable boundaries.

70


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

41S0 ISO 13584-31: 1999(E)

EXPRESS specification:

*

ENTI TY bounded_surface
SUPERTYPE OF ( ONEOF(curve_bounded_surface))
SUBTYPE OF (surface);

END_ENTI TY;

(*

NOTE - In the context of the api_abstract_schema, a bounded_surface may only created as a
curve_bounded_surface entity. Hence the SUPERTYPE is pruned.

Inforrhal propositions:

IP1: A bounded_surface has a finite non-zero surface area.
IP2: A bounded_surface has boundary curves.
6.1.16.5 Curve_bounded_surface

The qurve_bounded_surface is a parametric surface with curved boundaries.defined by one or morg¢
bounglary curves. One of these may be the outer boundary; any number of inper boundaries is permigsible.
The quter boundary may be defined implicitly as the natural boundary of¢the surface; this is indicated|by the
impligit_outer flag being true. In this case, at least one inner boundaty shall be defined. For certain types
of closed surface (e.g. cylinder), it may not be possible to identify any given boundary as outer. The region
of thg curve_bounded_surface in the basis_surface is defined to be the portion of the basis surfacg in the
direction of N x T from any point on the boundary, where N is.the surface normal and T the boundary|curve
tanggnt vector at this point. The region so defined shall be arcwise connected.

NOTE 1 - In the context of the api_abstract_schema, a.curve_bounded_surface may only be created as [ts
apli_planar_surface subtype.

EXPRESS specification:

*

ENTI[TY curve_bounded surface
SUBTYPE OF (bounded_surface);

basj s _surface : surfacg;
boundari es : SET [17?] OF boundary_curve;
inplicit_outer : BEALEAN;

VWHERE

VWR1f NOT(i nmplicig_outer AND

(" APl LABSTRACT_SCHEMA. QUTER _BOUNDARY_CURVE' | N

TYPEGR(boundaries)));

WR2f (NOT(jnpticit_outer)) OR

(\API _ABSTRACT_SCHEMA. BOUNDED_SURFACE' | N

TYPEOF( basi s_surface));

VWR3f SILZEOF( QUERY(tenp <* boundaries |

" APl _ABSTRACT_SCHENMA. OUTER_BCUNDARY_CURVE' | N

TYPEOF(tenp))) <= I,

WR4: S| ZEOF( QUERY( tenp <* boundaries |

(temp\ conposite_curve_on_surface. basis_surface [1] :<>:

SELF. basi s_surface))) = 0;

END_ENTI TY;
( *
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boundary_curve

n

f

also

\‘/t
t

boundary_curve

basis_surface

Figure 10 — Curve bounded surface

Attribute definitions:

basis_|

bound
one of

surface: The surface to be bounded.

bries: The bounding curves of the surface, other than'the implicit outer boundary, if present. At
hese may be identified as an outer boundary by.eing of type outer_boundary_curve.

most

implicit_outer: A logical flag that, if true, indicates the natural boundary of the surface is used as an outer

boundd
NOT|

Formal

ry.
E 2 - See Figure 10 for interpretation-of\these attributes.

propositions:

WR1: |

WR2: 1

WR3: £

WR4: H
attribut

Inform4

o explicit outer boundary-shall be present when implicit_outer is TRUE.
[he outer boundary shalVonly be implicitly defined if the basis_surface is bounded.
A\t most one outerboundary curve shall be included in the list of boundaries.

Fach bounddry_curve shall lie on the basis_surface. This is verified from the basis_surface
b of the.composite_curve_on_surface supertype for each element of the boundaries list.

\| propositions:

IP1: Ea

ICh curve In the set of boundaries shall be closed.

IP2: No two curves in the set of boundaries shall intersect.

IP3: At

most, one of the boundary curves may enclose any other boundary curve. If an

outer_boundary_curve is designated, then only that curve may enclose any other boundary curve.

6.1.16

.6 Boundary_curve

A boundary_curve is a type of bounded curve suitable for the definition of a surface boundary.
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EXPRESS specification:

*

ENTI TY boundary_curve
SUBTYPE OF (conposite_curve_on_surface);

ISO 13584-31: 1999(E)

VWHERE
WR1: SELF\ conposite_curve. cl osed_curve;
END_ENTI TY;
( *
Formal propositions:
WR1] The derived closed_curve attribute of the composite_curve supertype shall be TRUE.
6.1.16.7 Outer_boundary_curve
This is a special sub-type of boundary_curve that has the additional semantics of defining an outer
bounglary of a surface. No more than one such curve shall be included in the set of Bbeundaries of a

curvgq

EXPH

bounded_surface.

ESS specification:

*)

ENTI
SUB

END |

(*
6.1.1
This {
6.1.1
The g

api_g
surfa

TY outer_boundary_curve
TYPE OF (boundary_curve);
ENTITY;

7 API_ABSTRACT_SCHEMA entity definition : api specific surface entities

7.1 Api_planar_surface

pi_planar_surface is the only surface entity that may be created by the interface. An
lanar_surface is specified through an api_contour that correspond to the external boundary of
Ce, and a list of api_contourthat correspond to the (possible) inner boundaries of the surface. T}

com

nHT
th
X

um number of inner boundaries that shall be allowed by the interface implementation is equal

uted by the,interface by the following process.

e plane of the surface is computed by its position. The position.location shall be the first poi

ubclause declares the only surface entity thatynay be created directly by the interface functiond.

the

he

o or

same

and

nt of

first composite_curve_segment of the api_contour that corresponds to the external bounda

ry. The
tin the

sense defined by its same_sense attribute. The z axis of the position, that is the position.p[3] is
computed as orthogonal to the plane that contains the api_contour that corresponds to the external
boundary. Its sense is defined in such a way that this api_contour is oriented counter clockwise with
respect to this oriented axis.

2) for each api_contour that defines the api_planar_surface, a bounded_surface_curve is instantiated,
each one referring to this api_contour as its curve_3d. The associated_geometry attribute of this
surface_curve contains only one element that is the plane of the api_planar_surface computed in step

1.

The master_representation attribute of this surface_curve equals curve_3d.
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3) For

each computed surface_curve, a closed composite_curve_segment is instantiated. This

composite_curve_segment:

refers to the surface_curve it corresponds to, as its parent_curve;

contains the transition value of the last composite_curve_segment of the api_contour that
the curve_3d of the surface_curve it corresponds to, as its transition attribute;

also

is

Vv contains a same_sense attribute whose value equals true for the composite_curve_segment that

correspond to the external boundary, and whose value is computed to ensure that all the other

closed r\nmnnmfo cLrve cnnmonfe are oriented clockwise with rncnnr\f tothe z axis of the

4) and

conmposite_curve_segment whose parent_curve refers, as its curve_3d, to the api_centour that

corr

5) For
con

6) Fing
api|
out

EXPRE

of the api_| planar surface (i.e., the position.p[3], see step 1).
uter_boundary_curve is then instantiated whose segments contains only one element”the
bsponds to the external boundary of the api_planar_surface.

each other composite_curve_segment, a boundary_curve is instantiated whese segments
ains only this composite_curve_segment.

lly, the api_planar_surface is instantiated. Its basis_surface is the plane of the
| planar_surface. Its boundaries are the (possible) boundary_curyes and the
br_boundary_curve computed in step 5 and 4. Its implicit_outér attribute equals false.

SS specification:

*

ENTI T

SUBT
VWHERE
api _W
api _W

api _
api _
END_E|
(-
NOT

NOT

Attribute definitions:

¥ api _pl anar_surface
YPE OF (curve_bounded_surface);

RL: ' APl _ABSTRACT_SCHEMA. PLANE' | N* TYPECF ( SELF. basi s_surface);
R2: S| ZEOF( QUERY( tenp <* SELF.Qeundaries |
" APl _ABSTRACT_SCHEMA. OJFER_BOUNDARY_CURVE' | N
TYPECF (tenp) )) =1;
WR3: QUERY (tenp <* SELF. boundarl es | SIZEOF(tenp.segnents) <> 1) =[];
WR4: SELF.inplicit_outery=-fal se;
NTI TY;

E 1 - This api specific.entity is introduced to permit the specification of the range of some interface functi

E 2 - This entity may/be implemented as its curve_bounded_surface supertype.

SELF\g

SELF\g

urve_bounded_surface.basis_surface: The plane of the api_planar_surface.

urve: bounded_surface.boundaries: The boundary_curves that corresponds to the different

api_c

tours that hound-the anit nlanar curfacao
HE-tHStHat-bethateapi—pahat—SHHa6e-

lane

ns.

SELF\curve_bounded_surface.implicit_outer: A false value that specifies that the outer boundaries is
explicitly defined in the set SELF\curve_bounded_surface.boundaries.

Formal

definitions:

api_WR1: An api_planar_surface shall lies on a plane.

api_WR2: There exists exactly one outer_boundary_curve in SELF.boundaries.

api_WR3: Each boundary refers to exactly one composite_curve_segment.
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Informal proposition:

api_IP1: If there are two or more api_contours in the specification of the api_planar_surface, the distance
between two api_contours shall be not less than EPS.

6.1.18 API_ABSTRACT_SCHEMA entity definition : Geometric solid entities

This subclause declares the generic entity resources for boolean_results and solids defined in ISO 10303-
42 that are part of the api_abstract_schema.

6.1.183+—Setd—redel

A solfd_model is a complete representation of the nominal shape of a product such that all poifits-in [the
interipr are connected. Any point can be classified as being inside, outside or on the boundary of a sofid.

Therg are several different types of solid model representations.

EXPRESS specification:

*
)
ENTI[TY sol i d_nodel
SUPERTYPE OF (ONEOF( csg_solid, swept_area_solid))
SUBTYPE OF (geonetric_representation_item;
END_ENTI TY;

( *
NOTE - In the context of the api_abstract_schemaonly csg_solids, and swep_area_solids, may exist. Hgnce
the¢ SUPERTYPE is modified.

6.1.18.2 Csg_solid

A solid represented as a CSG model is defined by a collection of so-called primitive solids, combined using
regul@rised Boolean operations. The allowed opérations are intersection, union and difference. As a special
case p CSG solid can also consist of a single CSG primitive.

A regularised subset of space is theclosure of its interior, where this phrase is interpreted in the usual sense
of point set topology. For boolean_results regularisation has the effect of removing dangling edges and
other[anomalies produced by the-eriginal operations.

A CS[G solid requires twockinds of information for its complete definition: geometric and structural.

The geometric information is conveyed by solid_models. These typically are primitive volumes such as
cylinders, wedges @and extrusions. Solid_models can also be solid_replicas (transformed solids) andl
half_ppace_splids.

The gtructural' information is in a tree (strictly, an acyclic directed graph) of boolean_results and
csg_kolids, that represent a 'recipe’ for building the solid. The terminal nodes are the geometric primiitives
and other-selids—Everresg—selid-haspreeiselyrene boelean—resultasseciated-with-it thatisthereat of the
tree that defines the solid. (There may be further boolean_results within the tree as operands). The
significance of a csg_solid entity is that the solid defined by the associated tree is thus identified as a
significant object in itself, and in this way it is distinguished from other boolean_result entities representing

intermediate results during the construction process.

NOTE - In the context of the api_abstract_schema a specific interface function permits building a csg_solid from
a boolean_result. A csg_solid shall be arcwise connected, a boolean_result may not be arcwise connected.

EXPRESS specification:

*)
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ENTI TY csg_solid
SUBTYPE OF (solid_nodel);
tree_root _expression : csg_sel ect;
END_ENTI TY;

(*

Attribute definitions:

tree_root_expression: Boolean expression of primitives and regularised operators describing the solid.
The root of the tree of Boolean expressions is given here explicitly as a boolean_result entity, or as a
CcSg_primitive.

6.1.18|3 Boolean_result

A boolpan_result is the result of a regularised operation on two solids to create a new solid. Valid
operatipns are regularised union, regularised intersection, and regularised difference. For purposes of
Booleah operations, a solid is considered to be a regularised set of points.

The finpl boolean_result depends upon the operation and the two operands. In the Case of the difference
operatqr the order of the operands is also significant. The operator can be either union, intersection or
differernce. The effect of these operators is described below.

Union pn two solids is the new solid that contains all the points that are in¢@jther the first_operand or the
second_operand or both.

Intersgction on two solids is the new solid that is the regularisation ‘of the set of all points that are in bqth

The regult of the difference operation on two solids is thesregularisation of the set of all points that are |n

PLE - If the first operand is a block and the second operand is a solid cylinder of suitable dimensions arnd
location the boolean_result produced with the difference operator would be a block with a circular hole.

EXPRHSS specification:

*

ENTI TY bool ean_result
SUBTYPE OF (geonetric_rlepresentation_item;
oper at or . bool ean"ogper at or;
firs{_operand : boolean_operand,
second_operand : boeol ean_oper and;

END_ENTI TY;

(*

Attribute definitions:

operatpr:“khe Boolean operator used in the operation to create the result

first_operand: The first operand to be operated upon by the Boolean operation
second_operand: The second operand specified for the operation

6.1.18.4 Csg_primitive

This subclause contains the definitions of all the CSG primitives. The CSG primitives are sphere,

right_circular_cone, right_circular_cylinder, torus, block and right_angular_wedge. See also select
type definition.
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6.1.18.4.1 Sphere
A sphere is a CSG primitive with a spherical shape defined by a centre and a radius.

EXPRESS specification:

*

ENTI TY sphere
SUBTYPE OF (geonetric_representation_item;
radius : positive_ |l ength_neasure;
C eN{e——poi-ht

END_ENTI TY;

(*

Attribute definitions:

radiuls: The radius of the sphere.

centre: The location of the centre of the sphere.
6.1.18.4.2 Right_circular_cone
Aright_circular_cone is a CSG primitive in the form of a cone that may_be truncated. It is defined by an
axis, p point on the axis, the semi-angle of the cone, and a distance-giving the location in the location in the
negalive direction along the axis from the point to the base of the{Corie. In addition, a radius is given,|that, if

non Zero, gives the size and location of a truncated face of the Cone.

EXPRESS specification:

*

ENTI[TY right_circul ar_cone
SUBTYPE OF (geonetric_representation_iten;

posjtion : axisl placenent;
hei ght . positive_l engt h_neasdre;
radj us : length_measure;
senm _angle : plane_angl e_neasure;
VWHERE
WR1[ radius >= 0.0;
END_ENTI TY;

(*

Attribute definitions:

posi]ion: The locatien of a point on the axis and the direction of the axis.

position.locatien: A point on the axis of the cone and on one of the planar circular faces, or, if radiup is
zero, [at the apex.

positian’axis- The direction of the central axis of symmetry of the cane

height: The distance between the planar circular faces of the cone, if radius is greater than zero; or from
the base to the apex, if radius equals zero.

radius: The radius of the cone at the point on the axis (position.location). If the radius is zero, the cone
has an apex at this point. If the radius is greater than zero, the cone is truncated.

semi_angle: One half the angle of the cone. This is the angle between the axis and a generator of the
conical surface.
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Formal propositions:

WR1: The radius shall be non-negative.

Informal propositions:

IP1: The semi_angle shall be between 0° and 90°.
6.1.18.4.3 Right_circular_cylinder

A right_circular_cylinder is a CSG primitive in the form of a solid cylinder of finite height. It is defined by
an aXlo noint-at tha cantra of ana nlanar circtlar faca an avic o haicalht and o radiic Thao facac ara

poiRt-at-the-centre-of-one-planar-cireularface—an-axis—a-height—and-aradius—hea are
perpengicular to the axis and are circular discs with the specified radius. The height is the distance ffom the
first cirgular face centre in the positive direction of the axis to the second circular face centre.

EXPRHSS specification:

*

ENTI TY right_circul ar_cylinder
SUBTYPE OF (geonetric_representation_item;
posifion : axisl placenent;

hei ght : positive_l ength_neasure;
radi s : positive_l engt h_neasure;
END_ENTI TY;

(*

Attribute definitions:

positign: The location of a point on the axis and the directionrof the axis.
positign.location: A point on the axis of the cylinder and at the centre of one of the planar circular faces.
positign.axis: The direction of the central axis of .symmetry of the cylinder.
height] The distance between the planar circular faces of the cylinder
radius] The radius of the cylinder.

6.1.18/4.4 Torus

A toruslis a solid primitive defined by sweeping the area of a circle (the generatrix) about a larger circlg (the
directrix). The directrix is.defined by a location and direction (axis1_placement).

EXPRHSS specification:

*

ENTI TY torus
SUBTYPE“COF (geonetric_representation_item;
posi tien . axisl_pl acenent ;
maj or _radi us : positive_l ength_neasure;
m nor _radi us : positive_l ength_neasure;
VWHERE
WR1: mmj or_radius > mnor_radius;
END_ENTI TY;
(*

Attribute definitions:

position: The location of the central point on the axis and the direction of the axis. This defines the centre
and plane of the directrix.
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major_radius: The radius of the directrix.
minor_radius: The radius of the directrix.

Formal propositions:

WR1: The major_radius shall be greater than the minor_radius.
6.1.18.4.5 Block
A block is a solid rectangular parallelepiped, defined with a location and placement coordinate system. The

block[is specified by the positive Tengths X, y, and z along the axes of the placement coordinate system, and
has one vertex at the origin of the placement coordinate system.

EXPRESS specification:

*

ENTITY bl ock
SUBTYPE OF (geonetric_representation_item;
posjtion : axis2_placenent_3d;

X . positive_I| engt h_neasure;

y : positive_I| engt h_neasure;

z . positive_I| engt h_neasure;
END_ENTI TY;

(*

Attribute definitions:

posiﬂion: The location and orientation of the axis system for'the primitive. The block has one vertex gt
position.location and its edges aligned with the placement axes in the positive sense.

x: The size of the block along the placement X axis, (position.p[1]).
y: The size of the block along the placementjY axis, (position.p[2]).
z: The size of the block along the placement Z axis, (position.p[3]).
6.1.18.4.6 Right_angular_wedge

A right_angular_wedge can\be envisioned as the result of intersecting a block with a plane perpengicular
to ong¢ of its faces. It is defiged with a location and local coordinate system. A triangular/trapezoidal face lies
in the plane defined by the placement X and Y axes. This face is defined by positive lengths X and Y jalong
the placement X and.Y)axes, by the length LTX (if non zero) parallel to the X axis at a distance Y from the
placement origin, and by the line connecting the ends of the X and LTX segments. The remainder of the
wedgk is specified by the positive length Z along the placement Z axis that defines a distance through which
the trapezoid-orriangle is extruded. If LTX = 0, the wedge has five faces; otherwise, it has six faces.[See
Figufe 11 forinterpretation of attributes.

EXP ECC cnacifinatinn-
~Eoo-SpecHHEaHoeh:

*
ENTI TY ri ght _angul ar _wedge

SUBTYPE OF (geonetric_representation_item;
position : axis2_placenent_3d;

X : positive_I| engt h_neasure;
y : positive_I| engt h_neasure;
z . positive_I| engt h_neasure;
[tx : length_measure;

VWHERE

WRL: ((0.0 <=1tx) AND (Itx < x));
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END_ENTI TY;

(*

Itx

also

~

~N

location pI1]

position attributes

Attribute definitions:

positig
vertex

x: The
y: The
z: The
[tx: Thq

Formal

propositions:

WR1: |

6.1.18

5 Swept_area_solid

Size of the wedge along the placement X axis.
Size of the wedge along the placement Y axis.

size of the wedge along the' placement Z axis.

x shall be-non-negative and less than x.

Figure 11 — Right_angular_wedge and its attributes

e length in the positive’ X direction of the smaller surface of the wedge.

n: The location and orientation of the placement axis system for the primitive. The wedge has gne
bt position.location and its edges aligned With the placement axes in the positive sense.

The sw
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planar bounded surfaces. The position in space of the swept solid will be dependent upon the position of the
swept_area. The swept_area will be a face of the resulting swept_area_solid, except for the case of a

revolved_area_solid with angle equal to 360 degrees.
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EXPRESS specification:

*

ENTI TY swept_area_solid
SUPERTYPE OF (ONEOF(revol ved_area_solid, extruded_area_solid))
SUBTYPE OF (solid_nodel);
swept _area : curve_bounded_surface;
VWHERE
api _WR1l: ' APl _ABSTRACT_SCHEMA. PLANE' I N
TYPEOF (swept _area. basis_surface);
END_ENTI TY:

(*

Attribute definitions:

swept_area: The curve_bounded_surface defining the area to be swept. The extent of this'area is flefined
by the¢ boundaries attribute of the referenced curve_bounded_surface.

Formpl propositions:

api_\\R1: The swept_area shall be planar. The basis_surface attribute of thé curve_bounded_surface
refergnced shall be a plane.

6.1.18.6 Extruded_area_solid
An extruded_area_solid is a solid defined by sweeping a boundéd planar surface. The direction of
translation is defined by a direction vector, and the length of the‘translation is defined by a distance flepth.

The glanar area may have holes that will sweep into holes in the solid.

EXPRESS specification:

*

ENTITY extruded area solid
SUBTYPE OF (swept_area_solid);
extruded_direction : direction;
dept h . positive_l engt honeasur e;
VWHERE
VWR1f dot _product (
SELF\ swept _ar ea_soti-d. swept _ar ea. basi s_surface\
el ementary_surface. position.p[3]), extruded_direction) <> 0.0;

END_ENTI TY;
( *

Attribute definitions:

SELH\swept-area_solid.swept_area: The bounded surface to be extruded to produce the solid.

extruded_direction: The direction in which the area is to be swept.

depth: The distance the area is to be swept.

Formal propositions:

WR1: extruded_direction shall not be perpendicular to the normal to the plane of the swept_area.

6.1.18.7 Revolved_area_solid
A revolved_area_solid is a solid formed by revolving a planar bounded surface about an axis. The axis

shall be in the plane of the surface and the axis shall not intersect the interior of the bounded surface. The
bounded surface may have holes that will sweep into holes in the solid. The direction of revolution is
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clockwise when viewed along the axis in the positive direction. More precisely if A is the axis location and d
is the axis direction and C is an arc on the surface of revolution generated by an arbitrary point p on the
boundary of the face, then C leaves p in direction d x (p-A) as the area is revolved.

EXPRESS specification:

*

ENTI TY revol ved_area solid
SUBTYPE OF (swept_area_solid);

axi s : axi sl_pl acenent;

ang| : pl ane ::ngl e neasure;
DERI VE

axis|line : line :=line(axis.location, axis.z);
END_ENTI TY;
(*

angle
swept_area axis

Figure 12 — Revolved area solid

Attribute definitions:

SELF\gwept_arfea solid.swept_area: The curve_bounded_surface to be revolved to produce the sg

id.

axis: Axis‘about which revolution will take place.

angle: Angle through which the sweep will be made. This angle is measured from the plane of the swept
area.

axis_line: The line of the axis of revolution.

Informal propositions:

IP1: axis_line shall lie in plane of swept_face attribute of the swept_face_solid supertype.
IP2: The axis_line shall not intersect the interior of the swept_face

IP3: angle shall be between 0° and 360°.
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6.1.18.8 Half_space_solid

An half_space_solid is defined by the half space that is the regular subset of the domain that lies on one
side of an unbounded surface. The side of the surface that is in the half space is determined by the surface
normals and the agreement flag. If the agreement flag is TRUE, then the subset is the one the normals point
away from. If the agreement flag is FALSE, then the subset is the one the normals point into.

For a valid half_space_solid, the surface shall divide the domain into exactly two subsets. Also, within the
domain the surface shall be manifold and all the surface normals shall point into the same subset.

NQTIE 1 - Anhalf space solidis not a sub-type of solid _maodel; half space solids are only useful as operands
in poolean_expressions.

NOQTE 2 - In the context of the api_abstract_schema, only half_space_solid whose base_surface.isia plgne is
allpwed.

EXPRESS specification:

*

ENTI[TY hal f _space_solid
SUBTYPE OF(geonetric_representation_item;

base_surface : surface;
agreement _flag : BOOLEAN,
VWHERE

api | WRL: ' APl _ABSTRACT_SCHENMA. PLANE' | N TYPEOF (/base_surface);
END_ENTI TY;

(*

Attribute definitions:

base| surface: surface defining side of half space

agreement_flag: The agreement_flag is TRUE-if the normal to the base_surface points away form [the
matefial of the half_space_solid

Formpl proposition:

api_WR1: The surface that defines:thie half_space_solid shall be a plane
6.1.19 API_ABSTRACT_.SEHEMA entity definition : api specific entities for structuring

This $ubclause declares the api-specific resources for structuring the geometric representation items that
may be created by the\interface functions.

The dpecification\and the behaviour of structured entities and the structuring of geometrical data into [sets,
are described\in/5.4 (Entities structure) of this International Standard.

6.1.29-1 “Api_group

An api_group is a group that is to be created in the TDB.

EXPRESS specification:

*

ENTI TY api _group
SUBTYPE OF( group);
VWHERE
api _WRl: ( (SELF\group.name = 'TDB') AND (USEDI N(SELF,'') =1]) )
oR

( (LENGTH( SELF\ group.nane) = 0 ) AND
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('Sl ZEOF( USEDI N( SELF, ' APl _ABSTRACT_SCHEMA' +
" APl _GROUP_ASSI GNVENT. | TEMS' )
) = 1)
E

api _WR2: tree_api _group_structure(SELF);
END_ENTI TY;
(*

Formal propositions:

api_WR1: Either the name of an api_group is 'TDB' and it shall not be referenced by any other entity, or its
name is-the empty Qtring and. it hplnngc to mmr‘tly one alni_g roup

api_WIR2: api_groups are tree structured.
6.1.1912 Api_group_assignment

An apijgroup_assignment is an assignment of one or more points, curves, surfaces;/vectors,
directipns, placements, fill_areas, solids or groups to a group.

EXPRHSS specification:

*

ENTI TY api _group_assi gnnent
SUBTYPE OF(group_assi gnnment) ;
itemg : SET [0:?] OF api _grouped_item
VWHERE
api _YWR1: ' APl _ABSTRACT_SCHENMA. APl _GROUP' | N
TYPECF (SELF\ group_assi gnnentcassi gned_group) ;
END_ENTI TY;

(*

Attribute definitions:

items: [The api_grouped_items_that are assigned to the api_group

Formal| propositions:

api_WIR1: An api_group_assignment shall assign an api_group .
6.1.1913 Api_set
An api]setis agroup thatis to be created in the CAD system database.

EXPRHSS specification:

*

ENTI TY api{ set
SUBTYPE), OF (group);
VWHERE
api _WRLl: ( (SELF\group.name = 'VIEW) AND (USEDI N(SELF,'') =1]) )
oR

( (SELF\ group.name <> 'VIEW) AND
(Sl ZEOF( USEDI N( SELF, ' APl _ABSTRACT_SCHENA' +
" APl _GROUP_ASSI GNVENT. | TEMS')
) = 1)
)

api _WR2: tree_api_set_structure (SELF);
END_ENTI TY;
(*
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Formal propositions:

api_WR1: Either the name of an api_set is 'VIEW' and it shall not be referenced by any other entity, or its
name is different from 'VIEW' and it belongs to exactly one api_set.

api_WR?2: api_sets are tree-structured
6.1.19.4 Api_set_assignment
An api_set_assignment represents the assignment of one or more directions, vectors, placements,

points, curves, surfaces, fill_areas, half_space_solids, boolean_results, solids or api_sets to an
api_det.

EXPRESS specification:

*

ENTI[TY api _set _assi gnnment
SUBTYPE OF(group_assi gnnment) ;
iteprs : SET [0:?] OF api_set_item
VWHERE
api | WRL: ' APl _ABSTRACT_SCHEMA. APl _SET' I N
TYPEOF ( SELF\ group_assi gnnent . assi gned_gr oup) ;
END_ENTI TY;

(*

Attribute definitions:

itemg: The api_set_items that are assigned to the api_set

Formpl propositions:

api_\WR1: An api_set_assignment shall assign anapi_set.
6.2 Visual appearance of geometric représentation items

All the representation_items that are explicitly created through the interface, both in the TDB and in|the
CAD pystem database, are assigned d presentation style. The mathematical entities are assigned a

null_ptyle. The presentation of thése'representation_items is implementation dependent. When the
creation of a representation_jitem'requires the implicit creation of another representation_item, e.d.,
when(a curve is implicitly created as the basis_curve of a trimmed_curve, this implicitly created entity is
assodiated with a null_style:

The gtyle assignment is'made by the interface at the creation time of each representation_item. The style
assighment is made by instanciating for each representation_item a styled_item that refers to this
reprgsentation~item together with its presentation_style_assignment. A

presntation_style_assignment itself is a collection of different presentation styles such as point style,
curv

appearar
referenced dlrectly or |nd|rectly by that |tem Only those representatlon |tems are affected that are not
already styled. This means, styling a styled representation_item has no effect; styling a partially styled
representation_item affect only the appearance of the unstyled parts, and styling an representation_item
affects the appearance of the whole item. Only styled representation_items may be presented. Whether
they are actually presented depends on hidden line removal, as well as the CAD system viewing pipeline
(see 5.3.5.).

In the context of the api_abstract_schemaa styled_item shall refer to only one

presentation_style _assignment, and, in the CAD system, a presentation_style_assignment shall
consist, for all but the annotation_fill_area entity, of only one presentation_style that is the current value
of the presentation_style that corresponds to the created representation_item in the interface status
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table. The presentation_style_assignment of an annotation_fill_area always contains one
presentation_style selects that specifies whether or not the fill area shall be filled with the background
colour. This style is defined by an api_externally_defined_fill_area_style The

presentation_style _assignment of an annotation_fill_area may also contains any number of
fill_area_style, each one referring to a fill_area_style_hatching.

When the current view is two-dimensional and when the hidden line removal process is activated, the
presentation_style_assignements that corresponds to points curves and fill_areas may also contain two
other api-specific styles. The api_pre_defined_occlusion_style specifies that an entity shall be involved in
the hidden line removal process, together with its virtual height in the virtual 3D space. The
api_pre—defired—virtoal—sent—stytespeciies-that-the-corresponaing-enrtity-is-preserre-trthe—+BB-only for

hidden [line removal purpose.

The enfity name returned by an interface function that creates a representation_item is the name of the
styled [item that refers to it. If the entity remains in the TDB, its presentation style may be ¢hanged
afterwgrd by a change function Chg_... (see annex A, A.10.3).

In ordef that the part supplier is only allowed logical control on the visual appearancéef'the
representation_items created through the interface function, all the styles, but the
fill_arda_style_hatching are defined as externally_defined_style These externally_defined_styleg shall
be defined either in this part of ISO 13584, or in any part of the view exchange-protocol series of parts.|The
part where an externally_defined_styleis defined constitutes the external source of this
externglly_defined_item. If some interface implementation implements’a view exchange protocol that
referredl to from a part supplier program to specify the externally_defined_styleto be used for some
represgentation_item, then the first style defined for this representation_item in this part of ISO 13581
shall bg used in place of the unknown style and no error shall be.reported.

S

c—g

6.2.1 [API_ABSTRACT_SCHEMAtype definition : \/isual presentation

This subclause declares the generic type resources defined in ISO 10303-46 that are part of the
api_abpstract_schema

6.2.1.1 Presentation_style_select

The présentation_style_selectis used by a presentation_style_assignment to associate style with &
representation_item. A different style is provided for each kind of representation_item to be styled.

EXPRHSS specification:

*

TYPE present ation_style_sel ect = SELECT
(pre|defined_presentation_style,

poi nt _styl ey
curye_styhey
suriacesstyl e_usage,
synbol’>styl e,
fill area style,
text _style,
appr oxi mati on_t ol er ance,
external |y _defined_styl e,
null _style);

END_TYPE;

(*

6.2.1.2 Null_style

The null_style specifies that no specific style is assigned directly to an item that is to be presented. The
style or styles to be used in presenting the item are specified within the definition of the item. If no styles are
specified within the definition, then the item shall not be presented..
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NOTE 1 - In the context of the api_abstract_schema, a null_style is assigned to all the representation_items
that are implicitly created through the interface to permit representation of the explicitly created entities.

EXAMPLE 1 - When creating a trimmed_curve (e.g., api_circular_arc) its basis_curve (e.g., circle) is implicitly
created.

EXPRESS specification:

*

TYPE nul | _styl e = ENUVERATI ON OF

(null);
END _[TYPE;
(*

Enumerated_item_definitions:

null: [The representation_item to which the style is applied shall be presented using the style or stylg¢s
contdined in its definition, if any.

NOTE 2 - In the context of the api_abstract_schema, a null_style is assigned to all the-fepresentation_it
that are implicitly created through the interface to permit representation of the explicitly created entities.

D
3
7

EXAMPLE 2 - When creating a trimmed_curve (e.g. api_circular_arc) its basis_curve (e.g., circle) is implicitly
created.

6.2.1.3 Size_select
The dize_select is used to specify the size of marker symbols.0r the width of curves.

EXPRESS specification:

*
)
TYPH si ze_sel ect = SELECT
(popitive_ | engt h_neasure,
nmepsure with unit,
depcri ptive_neasure,
pre_defined_size);
END _[TYPE;
(*

6.2.1.4 Curve_font_or_(s¢caled_curve_font_select

The qurve_font_or_scaled_curve_font_selectis a selection of a curve_style_font_selector a
curve_style fontcsand _scaling. It is used to specify the font for presenting a curve.

EXPRESS spécification:

*
)
TYPH curve font or scaled curve font select = SELECT
(curve_style font_sel ect,
curve_styl e font_and_scaling);
END_TYPE;

(*

6.2.1.5 Curve_style font_select

The curve_style_font_selectis a selection of a curve_style_font, a pre_defined_curve_font, or an
externally_defined_curve_font. It is used to specify an unscaled font for presenting a curve.
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EXPRESS specification:

*
)
TYPE curve_style font_sel ect = SELECT
(curve_style font,
pre_defined_curve_font,
external ly_defined_curve_font);
END_TYPE;

(*

6.2.1.6_Fill style select

The filll_style_selectis a selection between different fill styles.

EXPRHSS specification:

*
TYPE {ill _style_select = SELECT
(fill_area_style_col our,
pre|defined_tile_style,
external ly defined_ tile_style,
fill _area_style_tiles,
pre|defi ned_hatch_style,
ext ernal ly_defined_hatch_style,
fill_area_styl e_hatching);
END_TYPE;
(*
6.2.2 API_ABSTRACT_SCHEMAtype definition : api specific types for visual presentation
This supclause declares the api-specific type defined'in the api_abstract_schema for visual presentation.
6.2.2.1 Virtual_height_ratio
A virtupl_height_ratio is a real value that defines the virtual height of a geometric_representation_item
that is geometrically founded in a twotdimensional geometric_representation_context. This

virtual| height_ratio is used for ogelusion precedence and hidden line removal.

EXPRHSS specification:

*)
TYPE vyirtual _height ratio = REAL;
END_TYPE;

(*
6.2.3 APk ABSTRACT_SCHEMA entities definition : Visual presentation

This subttause dectares the generic entities Tesources defined mtSO-10303-46 thatare part of the
api_abstract_schema

6.2.3.1 Styled_item
A styled_item is a representation_item with associated presentation style.

EXPRESS specification:

*

ENTITY styled_item
SUBTYPE OF (representation_item;
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styles : SET [1:?] OF presentation_style_assignnment;
item : representation_item
VWHERE
WRL : (SIZEOF(SELF.styles) = 1)
XOR

(SI ZEOF( QUERY( pres_style <* SELF.styles |
NOT (' PRESENTATI ON_APPEARANCE_SCHEMA. ' +
' PRESENTATI ON_STYLE BY CONTEXT' IN
TYPEO-(pres_style))
o)) = 0);
api _WR2: api _| egal _style_nunber (SELF);
END ENHIY
(*

Attribute definitions:

stylep: The styles assigned to the item.
item:[The item to which styles are assigned.

Formpl propositions:

WR1] The set styles shall contain only one style or all members of the set shall be presentation_-
style| by_context entities.

NQTE - This is to ensure that there are no style conflicts; more than one ‘style may be specified only when the
coptext in which each style applies is given.

api_\WR2: The api_legal_style_number function checks the‘tumber of styles indirectly assigned to
repregentation item.

1=

6.2.3.2 Presentation_style_assignment

A prdgsentation_style_assignmentis a set of styles that are assigned to a representation_item for fthe
purpdse of presenting the item.

EXPRESS specification:

)

*
ENTI[TY presentation_styl e assi gnnent;
styles : SET [1:7?] OF presentation_style_select;
VWHERE
WR1[ S| ZEOF( QUERY(styl el <* SELF.styles |
NOT (Sl ZEOF(\QUERY (style2 <* (SELF.styles - stylel) |
NOT ((TYPEOF (stylel) <> TYPEOF(style2)) OR
(Sl ZEOR(T' PRESENTATI ON_APPEARANCE_SCHEMA. ' +
“SURFACE_STYLE_USAGE' ,
" APl _ABSTRACT_SCHEMA. ' +
" EXTERNALLY_DEFI NED_STYLE'] *
TYPEOF(stylel)) =1)))) =0))) = 0;
WR2: S| ZEOF( QUERY (stylel <* SELF.styles |
' PRESENTATI ON_APPEARANCE_SCHEMA. SURFACE_STYLE_USAGE' IN
TYPEOF(stylel))) <= 2;

END_ENTI TY;
( *

Attribute definitions:

styles: The set of presentation styles that are assigned to a representation_item.
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Formal

propositions:

WR1: The same style shall not appear more than once in the set of styles, except for
externally_defined_styleand surface_style_usage.

WR1: s

urface_style_usage shall not occur more than twice in the set of styles.

Informal propositions:

IP1: EX
presen

ternally defined styles shall not conflict with other styles in the same
tation_style_assignment entity, including other externally defined styles.

NOT
colo

IP2: E3

EXA
style

IP3: If
opposi

6.2.3.3
An ext
NOT|

EXPRE

E - For one style to conflict with the other, it specifies a different style for the same characteristic, such’ag

ch style type is unique.

MPLE - If a line is given a style that is a curve style, it shall appear. If a line is given both curve and poin
, both the curve and its related cartesian_points would appear.

here are two instances of surface_style_usagein the set of styles, each-shall specify the style
sides of the surface being styled.

Externally_defined_style

brnally_defined_styleis an external reference to a presentation style.
E - In the context of the api_abstract_schemathe external ¢source shall only be one part of ISO 13584

SS specification:

*

ENTI T

SUBT
VWHERE
api _W

END_E
( *

Attribute definitions:

¥ externally_defined_style
YPE OF (externally_defined_iten)

Rl : (SELF\ external | y_defimned_item source. source_id LIKE
.1'SO 13584 _31')
DR
SELF\ ext ernal | y_def imed_i t em source. source_i d LI KE
"1SO 13584" +' - 1' +' ##');
NTI TY;

SELF\e

SELF\e

Formal

xternally_@defined_item.source: The name of the part of ISO 13854 where the style is defined
xternally _defined_item.item_id: The identifier of the style that shall be used.

propositions:

also

Ur or width. For example, one style might say blue, and the other green, and both be applied to the samé entity.

for

api_WR1: The source of the externally_defined_style shall be either this part of ISO 13584 or one part of
the view exchange protocol series of parts.

6.2.3.4 Curve_style

A curve_style specifies the visual appearance of a curve.

NOTE - In the context of the api_abstract_schema, a curve_style is only used for curve style of hatch lines. This
curve_style uses pre_defined_curve_font, pre_defined_size and colour (the value curve_colour is (impl. dep.)

defe
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EXPRESS specification:

*

ENTI TY curve_styl e;
nane : label;
curve _font : curve_ font_or _scaled curve font_ sel ect;
curve width : size_select;
curve_col our : colour;
VWHERE
api _WR1 : USEDI N( SELF, ' APl _ABSTRACT_SCHEMA. ' +
'FILL AREA STYLE HATCHI NG ' +
" HATCH_ LI NE_APPEARANCE' ) <> [];

END_ENTI TY;
( *

Attribute definitions:

name: The word, or group of words, by which the curve_style is referred to.
curve_font: The curve_style font, scaled curve_style_font, pre_defined_curve_font, scaled pre|-
defined_curve_font, externally_defined_curve_font or scaled externally .defined_curve_font that is
used to present a curve.

curve_width: The width of the visible part of the presented curve in presentation_area units.

curve_colour: The colour of the visible part of the curve.

Formpl propositions:

api_WR1: The curve_style shall be used to define the fiatch_line_appearance of a
fill_alea_style_hatching.

6.2.3.5 Fill_area_style

A style for filling visible curve segments, annotation fill areas or surfaces with tiles or hatching.
NOTE - In the context of the api_abstract_schema an explicit fill_area_style is only used for hatching a filj_area.

EXPRESS specification:

*
)
ENTITY fill_area_style;
nane : | abel;
fill _styles (QSET [1:?] OF fill_style_select;
VWHERE
WR1 : SIZEOF(QUERY(fill _style <* SELF.fill_styles |
“PRESENTATI ON_APPEARANCE_SCHEMA. ' +
"FI LL_AREA STYLE COLOUR I N
TYPEOF(fill _style)
)) <=1
api _WR2: QUERY(fill_style <* SELF.fill _styles |
NOT ( ' APl _ABSTRACT_SCHEMA. FI LL_AREA STYLE HATCHI NG I N
TYPEOF(fill _style)) ) =1];
END_ENTI TY;
(*

Attribute definitions:

name: The word, or group of words, by which the fill_area_style is referred to.

fill_styles: The set of fill area styles to use in presenting visible curve segments, annotation fill areas, or
surfaces.
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Formal propositions:

WR1: There shall be not more than one fill_area_style_colour in the fill_styles set.
api_WR2: All the fill_style_selects shall be a fill_area_style hatching
6.2.3.6 Fill_area_style_hatching

A fill_area_style_hatching defines a styled pattern of curves for hatching visible curve segments,
annotation fill areas or surfaces.

NOTE T -1n the context of the apl_abstract_schema fil_area_style_hatching1s only used for styling a fil_prea.

NOTIE 2 - In the context of the api_abstract_schema hatch_line_appearance shall be defined through
pre |defined_items

reference hatch lin reference hateh lin

hatch_line_angle

\
point_of reference_hatch_line start_of _next_hatch_line

reference hatch lin

A:/e font pattern

pattern_start

Figure 13 — Fill area style hatching

EXPRHESS«specification:

*

ENTITY fill _area_styl e_hat chi ng
SUBTYPE OF (geonetric_representation_item;

hat ch_l i ne_appear ance : curve_style;
start_of next _hatch_|ine : one_direction_repeat_factor;
poi nt _of reference_hatch_line : cartesian_point;
pattern_start . cartesian_point;
hatch_l i ne_angl e . plane_angl e_neasure;

VWHERE

api _WRL: ' APl _ABSTRACT SCHEMA.' +
' APl _PRE_DEFI NED_HATCH CURVE_FONT' | N
TYPEOF ( SELF. HATCH_LI NE_APPEARANCE. CURVE_FONT) ;
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api _WR2: ' APl _ABSTRACT SCHEMA.' +
' APl _PRE_DEFI NED_HATCH WDTH | N
TYPEOF ( SELF. HATCH_LI NE_APPEARANCE. CURVE_W DTH) ;
api _WR3: ' APl _ABSTRACT SCHEMA.' +
" APl _PRE_DEFI NED_HATCH COLOUR | N
TYPEOF ( SELF. HATCH_LI NE_APPEARANCE. CURVE_COLOUR) ;
END_ENTI TY;

(*

Attribute definitions:

annofation fill area, or surface.

pattern_start: The start point for the curve_style of the reference_hatch_line.
hatch_line_angle: The angle determining the direction of the parallel hatehing lines.
NOTE 3 - Figure 13 shows the definition of fill_area_style_hatching.

Formpl propositions:

api_\WR1: The curve_font of the hatch_line_appearance-shall be defined as an api_pre_defined_|
hatch_curve font.

api_\WR2: The curve_width of the hatch_line_app@€arance shall be defined as an
api_pre_defined_hatch_curve_width.

api_WR3: The curve_colour of the hatch Adine_appearance shall be defined as an
api_pre_defined_hatch_colour.

6.2.3.7 One_direction_repeat._factor
A ong¢_direction_repeat_factoris a vector used in a fill_area_style_hatching for determining the grigin of
a repeated hatch line relative to the origin of the previous hatch line. Given the initial position | of any| hatch
line, the one_direction.'tepeat_factor R determines two new positions according to the expression:

I+k-R k=-1,1

NOTE - Figlre 14 shows the positions defined by an one_direction_repeat_factor.
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-R R
o o o
P, I Py
| - Initial Position Pp=1-R
R - Repeat Factor Ir)Z =R

Figure 14 — One direction repeat factor

EXPRHSS specification:

*

ENTI TY one_direction_repeat_factor
SUBTYPE OF (geonetric_representation_item;
repeat _factor : vector;

END_ENTI TY;

(*

Attribute definitions:

repeat] factor: The vector that specifies the relative positioding of hatch lines.
6.2.3.§ Colour
A colopr defines a basic appearance property of @n element with respect to the light reflected by it.

EXPRHSS specification:

*

ENTI TY col our;
END ENTI TY;

( *

6.2.3.9 Pre_defined-size

A pre_flefined_size-may be used to define an application-specific size for markers.
NOTIE 1 - Application Resources or Application Protocols specify the use of this entity.

NOTE2y In the context of the api_abstract_schema, a pre_defined_size is used to define width of hatch lines.

EXPRESS specification:

*

ENTI TY pre_defined_size
SUBTYPE OF (pre_defined_item;
END_ENTI TY;

(*
6.2.3.10 Pre_defined_curve_font

A pre_defined_curve_font may be used to define application-specific curve_fonts.
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NOTE 1 - Application Resources or Application Protocols specify the use of this entity.

NOTE 2 - In the context of the api_abstract_schema, a pre_defined_curve_font is used to define the font of
hatch lines.

EXPRESS specification:

*

ENTI TY pre_defi ned_curve_font
SUBTYPE OF (pre_defined_item;
END _ENTI TY;

(*
6.2.3.11 Pre_defined_colour

A prg_defined_colour is provided to allow an application-specific colour definition.
NOTE 1 - Application Resources or Application Protocols specify the use of this entity. The.pre_defined_cdlour
entity further enables application resources or application protocols to fix colour values‘orncomponents of cojour
values for their particular uses.

NOQTE 2 - In the context of the api_abstract_schema, a pre_defined_colour is-Gsed to define colour of hafch
lines.

EXPRESS specification:

*)
ENTI[TY pre_defi ned_col our

SUBTYPE OF (pre_defined_item colour);
END_ENTI TY;

(*
6.2.3.12 Annotation_occurrence

An annotation_occurrence defines occurtences of annotation by combining two-dimensional geometry or
annofation elements with style for presentation purposes, i.e.,

area |dependent_annotation_representation, view_dependent_annotation_representation,
curve_style_curve_pattern, fill-area_style tile_curve_with_style, or
fill_area_style_tile_coloured_region. See ISO 10303-46 for more information about these entities.

NOQTE 1 - In the context of-api_abstract_schemathe usage of an annotation_occurrence is defined only {or
présentation propose of ‘an annotation_fill_area assigned with a fill_area_style_hatching.

NOQTE 2 - In the ¢ontext of the api_abstract_schemaonly an annotation_fill_area_occurrence shall be inherited
by|[the interface;;Hence the SUPERTYPE is prunded.

EXPRESS. specification:

*

ENTI TY annot ati on_occurrence

SUPERTYPE OF (annotation_fill _area_occurrence)
SUBTYPE OF (styled_iten);
VWHERE

WR1: ' APl _ABSTRACT SCHEMA. GEOVETRI C_REPRESENTATI ON | TEM I N
TYPEOF ( SELF)
END_ENTI TY;

(*

Formal propositions:

WR1: An annotation_occurrence shall be a geometric_representation_item.
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6.2.3.13 Annotation_fill_area_occurrence

An annotation_fill_area_occurrence is the assignment of a style to an annotation_fill_area; it includes
the specification of the point to be used as the starting point of the fill_area.

NOTE 1 - In the context of api_abstract_schema, an annotation_fill_area_occurrence is used to assign a
fill_area_style_hatching to an annotation_fill_area, using a transformation with fill_area_style_-
hatching.point_of_reference_hatch_line as origin and fill_style_target as target point for the assignment.

NOTE 2 - In the context of api_abstract_schema, where annotation_fill_area and fill_area_style_hatching may
only be defined in two- dimensional geometric representation context the X axis of
geO IICLIIL; ICPICDCIILGLIUII \JUII{CI\L Ul LhC IIII QI cAa Dl_yIC IIGLbIIIIIU DIIQII IJC IIII'JII\;ILIy IIIGPPCU \OJN} LIIC A GI\ID Of

the geometric_representation_context to which the point fill_style_target belongs.

EXPRHSS specification:

*

ENTI TY annotation fill _area_occurrence
SUBTYPE OF (annotati on_occurrence);
fill]style_ target : point;

VWHERE
WR1 : " APl _ABSTRACT_SCHEMA. ANNOTATI ON_FI LL_AREA" I N

TYPEOF (SELF.item;

api _WR2 : Sl ZEOF( QUERY( psa <*

SELF\ annot ati on_occurrence\styl ed_itemstyl es |

SI ZEOF( QUERY( pss <* psa.styles |
(NOT (' APl _ABSTRACT_SCHEMA. FI LL_AREA STYLE'" IN

TYPEOF( pss)))

AND

(SI ZEOF( QUERY(fss <* pss.fill _styl es<]

(NOT (' APl _ABSTRACT_SCHEMA. FI LL_AREA STYLE_HATCHI NG

_ ))) =0))) =0) =0)) =0

api _\\R3 : S| ZEOF( QUERY( psa <*

SELF\ annot at i on_occur rence\styl ed_item styl es |

SI ZEOF( QUERY( pss <* psa. styhes |

NOT pss. poi nt _of _referencechatch_I|ine

SELF.fill ‘style_target))

0)) = 0;
END_ENTI TY;
( *

Attribute definitions:

fill_style_target: The pointthat specifies the starting location for the fill_area_style assigned to the
annotgtion_fill _area.

Formal| propositions:

WR1: The styled.item shall be an annotation_fill_area.

api_WIR2:.The the fill_styles in the set of fill_style_select, for filling an annotation_fill_area, shall bT only
Of type I‘I” GICG Qly'IC h(ll.\.:hlllu

api_WR3: The starting location point fill_style_target shall be refer to point_of_reference_hatch_line of
fill_area_style_hatching in the set of fill_styles assigned to an annotation_fill_area representation item.

6.2.4 API_ABSTRACT_SCHEMA entities definition : externally-defined styles for visual
presentation

This subclause declares the externally defined styles that are specified in this part of ISO 13584, and may

be referenced to by the application programs to define the (logical) visual appearance of the geometric or
annotation entities.
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These styles are only defined logically in order to permit the interface end user to customise its interface.

They are defined as externally_defined_styleto permit the extension of the set of available styles in the
different view exchange protocol series of parts of ISO 13584.

All the styles defined in this part of ISO 13584 shall be implemented. If one externally_defined_style
defined in some view exchange protocol is not implemented on some interface implementation, then the
first style defined for this kind of item in this part of ISO 13584 shall be used and no error shall be reported.

6.2.4.1 Api_externally_defined_point_style

An ajf

The f
imple
Thes

N(

pal
del

i_externally_defined_point_stylespecifies the visual appearance of points.

bllowing point styles are defined in this part of ISO 13584. The size and colour of the stylespoin
mentation dependent (impl. dep.). Default values shall be provided by the interface implemento,
e default values shall be customisable by the interface end user.

DTE 1 - Other api_externally_defined_point_styles may be defined by the view exchange protocol serie:
Its of 1ISO 13584. If one interface implementation does not support this view exchange-protocol, the fist st
fined by this part of ISO13584 shall be used, and no error shall be reported.

Table 7 — Externally defined point styles

t are
I.

5 of
e

item]| id shape colour, size
‘astefisk_point' Table , shape 1 impl. dep.
‘circlg_point' Table , shape 2 impl. dep.
'dot_point' Table , shape 3 impl. dep.
'plus] point’ Table , shape 4 impl. dep.
'squgre_point' Table , shape 5 impl. dep.
'trianple_point’ Table , shape 6 impl. dep.
'x_pdint' Table , shape @ impl. dep.
'virtupl_point' undefined undefined

Table 8 —~Shapes of the externally defined point styles

X O -

_|_

shape 1 shape 2 shape 3 shape 4
ailapc 5 ailapc 6 ailapc 7

EXPRESS specification:

*

ENTI TY api _external ly_defined_point_style
SUBTYPE OF (external ly_defined_style);

END_
( *

NOTE 2 - This entity may be implemented as an externally_defined_style.

ENTI TY,
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Attribute definitions:

SELF\externally_defined_item.source: The name of the part of ISO 13584 where the style is defined

SELF_externally_defined_item.item_id: The identifier of the style that shall be used.
6.2.4.2 Api_externally_defined_curve_style
An api_externally_defined_curve_style specifies the visual appearance of curves.

The following curve styles are defined in this part of ISO 13584. The size, colour and precise pattern of

these sfyles are implementation dependent (impl. dep.). Default values shall be provided by the interfa
implementor. These default values shall be customisable by the interface end user.

NOTIE 1 - Other api_externally_defined_curve_styles may be defined by the view exchange protacol Series
part$ of ISO 13584. If one interface implementation does not support this view exchange protocol;ithe fist styld
defipe by this part of ISO13584 shall be used, and no error shall be reported.

Table 9 — Externally defined curve styles

item_id description drawing colour, width
and pattern

'‘plain_solid_line_thick’ continuous - thick s |impl. dep.
‘ plain|solid_line_middle’ continuous - middle thick. S |impl. dep.
‘plain_solid_line_thin' continuous - thin impl. dep.
‘plain_glashed_line_thick' dashed - thick - = = = |IMpl. dep.
'pIain_Jiashed_Iine_thin' dashed - thin. — — — — |impl. dep.
‘alterngte_long_dash_dot_line |Alternate long dash followed hy(a dot - == | == impl. dep.
_thick’ thick
‘alterngte_long_dash_dot_line |Alternate long dash followed by a dot - — = [IMpL. dep.
_thin' thin
‘alterngte_long_dash_double_ |Alternate long dash«ellowed by twodots- |__..____ |impl. dep.
dot_ling_thin' thin
‘alterngte_long_dash_dot_line |Alternate lopg dash followed by a dot - r_ " limpl. dep.
_thin_thicken_parts' thin, continues thick at the beginning and :

end andyat each change of direction _—
‘virtual| line' used imNintermediate constructions undefined undefined

EXPRHSS specification:

*

ENTI TY api _external ly_defined_curve_style
SUBTYPE OF.{externally_defined_style);
END_ENTI TY;

(*

Ce

14

NOTEZ=Thisentity may be Impiemented as an externaity _defimed_styte.

Attribute definitions:

SELF\externally_defined_item.source: The name of the part of ISO 13584 where the style is defined

SELF\externally_defined_item.item_id: The identifier of the style that shall be used.
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6.2.4.3 Api_externally_defined_fill_area_style

An api_externally_defined_fill_area_stylespecifies the visual appearance of a fill area. The following fill
area styles are defined in this part of ISO 13584. The colour for ‘opaque_fill_area’ is implementation
dependent (impl. dep.). It shall correspond to the background colour

NOTE 1 - Other api_externally_defined_fill_area_styles may be defined by the view exchange protocol series of
parts of ISO 13584. If one interface implementation does not support this view exchange protocol, the fist style
define by ISO_13584_31 shall be used, and no error shall be reported.

Table 10 — Externally deftined Till area styles

item]| id Description colour

‘opadue_fill_area’ The fill area is filled with the background colour. It may |impl. dep.
hide or blank out other entities. It may also be hatched

‘emptpy_fill_area’ The fill area is not filled with any colour. It may not hide |no colour.
or blank out other entities. It may be hatched

EXPRESS specification:

*)

ENTITY api _externally _defined fill _area_style
SUBTYPE OF (external ly_defined_style);

END _ENTI TY;

(*

NOTE 2 - This entity may be implemented as an externallyl defined_style.

Attribute definitions:

SELH\externally_defined_item.source: The name of the part of ISO 13584 where the style is defingd

SELR\externally_defined_item.item_id. The identifier of the style that shall be used.

6.2.4.4 Api_externally_defined_surface_style
An api_externally_defined_surface_stylespecifies the visual appearance of a surface.

The fpllowing surface style.is-defined in this part of ISO 13584. All the visual appearance of the surfage are
implgmentation dependent(impl. dep.). Default values shall be provided by the interface implementof.
Thes¢ default values'shall be customisable by the interface end user.

NOQTE 1 - Otherapi_externally_defined_surface_styles may be defined by the view exchange protocol sefies of
parts of 1ISO.13584. If one interface implementation does not support this view exchange protocol, the fist style
define by.this part of ISO13584 shall be used, and no error shall be reported.

Iable 11 — EXternally deTined surrace style

item_id Description appearance
'solid_surface' The surface shall be displayed. It shall be presented in  |[impl. dep.
the current style defined on the receiving system for
surface rendering

EXPRESS specification:

*

ENTI TY api _external ly_defi ned_surface_style
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SUBTYPE OF (external ly_defined_style);
END_ENTI TY;

(*
NOTE 2 - This entity may be implemented as an externally_defined_style.

Attribute definitions:

SELF\externally_defined_item.source: The name of the part of ISO 13584 where the style is defined

SELF\externally_defined_item.item_id: The identifier of the style that shall be used.

6.2.5 [API_ABSTRACT_SCHEMA entities definition : pre-defined styles for visual
presenmtation

This supbclause declares the pre-defined styles that are specified in this part of ISO 13584 and may be
referenced to by the application programs to define the (logical) visual appearance of the\geometric or

annotation entities. Pre-defined style properties are specified for hatch lines and for propeérties that refef to
occlusipn precedence in two dimensional views.

6.2.5.1 Api_pre_defined_hatch_width
An api|pre_defined_hatch_width specifies the logical width of an hatch line.
The following widths are pre-defined in this part of ISO 13584. The precise value of the width is

implementation dependent (Implement. dep.). Default values shall be provided by the interface
implementor. These default values shall be customisable by the.interface end user.

Table 12 — Pre_defined hatch line width

Name description width value
'thin_hatch_line' thin. Used for hatching(material like iron impl. dep.
'middlg_thick_hatch_line' middle thick as used-for specific purpose impl. dep.
'thick_hatch_line' thick as used forspecific purpose impl. dep.

EXPRHSS specification:

*

ENTI TY api _pre_defined _hatch_w dth
SUBTYPE OF (pre_defined_size);

VWHERE
api _YWR1: SELR\pre_defined_itemnane IN ['thin_hatch_line',

"mddle_thick _hatch_|ine',

"thick_hatch_line'];

END_ENTITY;

(*

NOTE - When the hatching is created in the CAD system database, the curve width of the hatching may be
represented by a positive_length_measure according to the value generated by the interface implementation.

Attribute definitions:

SELF\pre_defined_item.name: The label of the width that shall be used.

Formal propositions:

api_WR1: The name shall be one name defined in this part of ISO 13584.
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6.2.5.2 Api_pre_defined_hatch_curve_font

An api_pre_defined_hatch_curve_font specifies the curve font of an hatch line.

The f

ollowing curve fonts are pre-defined in this part of ISO 13584.

ISO 13584-31

Table 13 — Line segment and space lengths for Pre_defined hatch curve font

: 1999(E)

Name segment space segment space segment space
(mm) (mm) (mm) (mm) (mm) (mm)

‘contjnuous’

‘dashed’ 4.0 1.5 1.0 1.0

‘chaip’ 7.0 1.0 1.0 1.0 1.0 1.0

‘chain_double_dash' 7.0 1.0

'dottgd’ 1.0 1.0

EXPRESS specification:

*

ENTI[TY api _pre_defined_hatch_curve_font
SUBTYPE OF (pre_defined_curve_font);
VWHERE
api| WR1: SELF\ pre_defined_itemnane IN ['continuous',
' dashed'
'chain',
' chai n_doubl e_dash',
"dotted' ];
END _ENTI TY;
(*
Attribute definitions:

SELR

Form

\pre_defined_item.name: The label of the curve font that shall be used.

Al propositions:

api_\V
6.2.5
An ajf
The f

imple
imple

VR1: The name shall be one-name defined in this part of ISO 13584.
.3 Api_pre_defined” hatch_colour

i_pre_defined. hatch_colour specifies the logical colour of an hatch line.

mentar-This default value shall be customisable by the interface end user.

bllowing eolour is pre-defined in this part of ISO 13584. The precise value of the colour is
mentation‘dependent (Implement. dep.). Default values shall be provided by the interface

Table 14 — Pre_defined hatching colour

Name

description

colour value

'hatch_line_colour’

a colour specified for hatching

impl. dep.

EXPRESS specification:

*

ENTI

TY api _pre_defined_hatch_col our

SUBTYPE OF (pre_defined_col our);
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VWHERE
api _WR1: SELF\ pre_defined_itemnane = hatch_line_colour';
END_ENTI TY,;
( *
NOTE - When the hatching is created in the CAD system database, the colour of the hatching may be represented
by a colour value according to the precise colour generated by the interface implementation.

Attribute definitions:

SELF\pre_defined_item.name : The label of the colour that shall be used.

Formal| propositions:

api_WIR1: The name shall be the only name defined in this part of ISO 13584.
6.2.5.4 Api_pre_defined_occlusion_style

An api|pre_defined_occlusion_style specifies that the styled_item shall be involvedina the global hidden
line removal process and defines the virtual height of the styled_item in the virtual 3D space.

NOTIE 1 - When a styled_item is not associated with this style, it is not involved ip-the’hidden line removal
process.

14

NOT|E 2 - If the CAD system provides resources for occlusion precedence «elationship in 2D, this style shall bg
mapped onto these resources and the hidden line removal process shall$e)performed by the CAD system.

NOT|E 3 - When the shape_representation is to be created in an 1SQ. 10303 repository, conforming to an AP|that
provjdes for occlusion precedence relationship, the hidden line remieval process shall map this style onto the
occlysion precedence relationship. If the ISO 10303 AP does na?provide for occlusion precedence relationship, the
hidden line shall be computed by the interface and only the visible EXPRESS entities shall be created in the 1I$O

10303 AP conforming repository.

Table 15 — Pre.\defined hidden line style

Name description colour value
'hidden_line_no_changed' the hidden line)remains unchanged impl. dep.
‘hidden_line_dashed' the hidden line are dashed impl. dep.
‘hidden_line_invisible' the hidden line are invisible impl. dep.

EXPRHSS specification:

*
ENTI TY api _prexdefi ned_occl usi on_styl e

SUBTYPE OF . {(pre_defined_presentation_style);
vi ew| | evelS=virtual _height_ratio;

VWHERE
api _\\R1; "SELF\ pre_defined_itemnane IN ['hidden_line_no_changed',
“hi-dder—t+re—tdashed
"hidden_line_invisible'];
END_ENTI TY;
(*

Attribute definitions:

SELF\pre_defined_item.name : The label of the hidden line style that shall be used.

view_level: The virtual height of the styled_item in the virtual 3D space.
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Formal propositions:

api_WR1: The pre-defined name of this style shall be 'hidden_line_no_changed', 'hidden_line_dashed' or
‘hidden_line_invisible'.

6.2.5.5 Api_pre_defined_virtually_sent_style
An api_pre_defined_virtually_sent_style specifies that a styled_item that remains in the TDB for the

global hidden line removal process is no longer accessible to the application program and shall be sent to
the CAD system after the hidden line removal process.

NQTE I - This pre_defmed_presentation_style shall only De Used Tor the entities that are within the 1DB.

NOQTE 2 - When an entity is virtually sent, it shall be removed from the api_group structure and shall(®elong to the
ropt group that cannot be used in any group manipulation function.

EXPRESS specification:

*
)

ENTI[TY api _pre_defined_virtually_sent_style
SUBTYPE OF (pre_defined_presentation_style);
api| set _name: STRI NG

VWHERE
api | WR1: SELF\pre_defined_itemnanme ='virtually_sent';

END _ENTI TY;

(*

Attribute definitions:

Api_set_name The name of the api_set that was the open set when the entity was virtually sent.

Formpl propositions:

api_WR1: The pre-defined name of this style shall be 'virtually_sent'.

Inforrhal propositions:

api_IP1: This style shall only be assigned to entities that are in the TDB.
api_IP2: The api_set_name shall correspond to the name of an api_set.

6.3 API_ABSTRACT_SCHEMA function definition

6.3.1 API_ABSTRACT_SCHEMA function definition : Geometric and topological
repre¢sentations

This $ubclause.declares the functions defined in ISO 10303-42 that are part of the api_abstract_schiema.

6.3.1.L-Dimension_of

The function dimension_of returns the integer dimension_count of a
geometric_representation_context in which the input geometric_representation_item is geometrically
founded.

By virtue of the constraints in global rule compatible_dimension, this value is the
coordinate_space_dimension of the input geometric_representation_item. See the rule compatible_-
dimension in 1ISO 10303-42 section 4.5.1.

EXPRESS specification:

)
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FUNCTI

ON di mension_of (item: geonetric_representation_iten)

di mensi on_count ;
LOCAL

X
y !

SET OF representation;
representation_context;

END_LOCAL,

-~ Fi
X =

nd the set of representation in which the itemis used.
using_representations(item;

-- Determ ne the dinmension_count of the
-- geonetric_representation_context. Note that the
-- RULE conpati bl e_di nension ensures that the context_of _items

—-t

of ¢t \II'\Q geohetric—F Qnr eseptation—context—and hgc
J ™ J

he sane di nensi on count for all values of x.

y :=[x[1].context _of items;
RETURN (y\ geonetric_representati on_context.coordi nate_space_di nensi on)}
END_FUNCTI ON;
(*
Argument definitions:
item: (input) A geometric_representation_item for which the dimension_count is‘determined.
6.3.1.2 Associated_surface
The aspociated_surface function determines the unique surface that.isS(associated with the
pcurveg or_surface type. It is required by the propositions that apply te surface curve and its subtypes
EXPRHSS specification:
*)
FUNCT] ON associ ated_surface(arg : pcurve_or_surface) : surface;
LOCAL
surf surf ace;
END_L OCAL;
IF E(]\/ETRY SCHEVA. PCURVE' | N-TYPEOF(arg) THEN
sur]{ := arg. basis_surface;
ELSE
sur]{ := arg;
END | F;
RETURN( sur f);
END_FUNCTI ON;
(*
Argument definitions:
arg: (ifput) Thefpcurve or surface for which the determination of the associated parent surface is requi
surf: (qutptt)' The parent surface associated with arg.

6.3.1.3 Base axis

also

red.

This function returns three normalised orthogonal directions, u[1], u[2] and u[3]. In the three-dimensional
case, with complete input data, u[3] is in the direction of axis3, u[1] is in the direction of the projection of
axisl1 onto the plane normal to u[3], and u[2] is orthogonal to both u[1] and u[3], taking the same sense as
axis2. In the two-dimensional case u[1] is in the direction of axisl and u[2] is perpendicular to this, taking its

sense f

rom axis2. For incomplete input data, suitable default values are derived.

EXPRESS specification:

)
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FUNCTI ON base_axi s(di m: I NTEGER, axisl, axis2, axis3 : direction)

LI ST [2:3] OF direction;
LOCAL
vec : direction;
u : LIST [2:3] OF direction;
factor : REAL;
END LOCAL;
IF (dim= 3) THEN

u[3] := NVL(axis3, direction([0.0,0.0,1.0]));
u[1l] := first_proj_axis(u[3], axisl);
u[ 2] := second_proj_axis(u[3],u[l], axis2);
EL

uf =7
I H EXI STS(axi s1) THEN

uf 1] := nornmalise(axisl);

uf 2] := orthogonal _conpl erment (u[1]);

| F EXI STS(axi s2) THEN

factor : = dot_product(axis2,u[2]);

F (factor < 0.0) THEN
u[2].direction_ratios[1]
u[2].direction_ratios[2]

-u[2].direction_ratios[1];
-u[2].direction_ratios[2];

END | F;
BN\D | F;
EL|SE
| F EXI STS(axi s2) THEN
U[ 2] := normalise(axis2);
U[ 1] : = orthogonal _conpl ement (u[2]);

U[ 1] . direction_ratios[ 1]
U[ 1] . direction_ratios[ 2]
H SE
U[ 1] . direction_ratios[ 1]
U[ 1] . direction_ratios[ 2]
U[ 2] . direction_ratios[ 1]
U[ 2] . direction_ratios[ 2]
BN\D | F;
END | F;

END | F;

RETIURN( u) ;
END_FUNCTI ON;
(*

Argurnent definitions:

-u[1].directiponyratios[1];
-u[l].direction_ratios[2];

ceee

PooR

dim: (input) The integer value of the dimensionality of the space in which the normalised orthogonal

directions are required:

axis]: (input) A-direction used as a first approximation to the direction of output axis u[1].

axisZq: (input)*A direction used to determine the sense of u[2].

axisa: (inpur) The direction of u[3] in the case dim=3_or NUI | in the case dim=2

u: (output) A list of dim (i.e. 2 or 3) mutually perpendicular directions.

6.3.1.4 Build_2axes

This function returns two normalised orthogonal directions. u[1] is in the direction of ref_direction and u[2]
is perpendicular to u[1]. A default value of (1.0,0.0) is supplied for ref_direction if the input data is

incomplete.
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EXPRESS specification:

*

FUNCTI ON bui | d_2axes(ref _direction : direction) : LIST [2:2] OF direction;
LOCAL
u: LIST[2:2] OF direction;
END_LOCAL;
u[1] := NVL(nornalise(ref_direction), direction([1.0,0.0]));
u[ 2] := orthogonal _conpl erment (u[1]);
RETURN( u) ;
END_FUNCTI ON;
(*

Argumeént definitions:

ref_dirpction: (input) A reference direction in 2 dimensional space, this may be defaulted t[1:0,0.0].
u: (output) A list of 2 mutually perpendicular directions, u[1] is parallel to ref_direction,

6.3.1.3 Build_axes

This fupction returns three normalised orthogonal directions. u[3] is in the diréction of axis, u[1] is in the
directidn of the projection of ref_direction onto the plane normal to u[3] and*u[2] is the cross product of u[3]

and u[1]. Default values are supplied if input data is incomplete.

EXPRHSS specification:

*

FUNCTI ON bui | d_axes(axis, ref_direction : direction)
LI ST [3:3] OF directian;

LOCAL
u :|LIST[3:3] OF direction;

END_L OCAL;

u[ 3] |:= NVL(nornalise(axis), direction([0.0,0.0,1.0]));
u[1]|:= first_proj_axis(u[3],ref_direction);

u[ 2] |: = normalise(cross_product(u[3],u[1])).orientation;
RETURN( u) ;

END_FUNCTI ON;

(*

Argument definitions:
axis: (input) The intended direction of u[3], this may be defaulted to [0.0,0.0,1.0].

ref_dirpction: (input) A direction in a direction used to compute u[1].

u: (output)<A fist of 3 mutually orthogonal directions in 3D space.

6.3.1.6 Orthogonal_complement

The orthogonal_complement function returns a direction that is the orthogonal complement of the input
direction. The input direction must be a two-dimensional direction and the result is a vector of the same
type and perpendicular to the input vector.

EXPRESS specification:

*

FUNCTI ON ort hogonal _conpl enent (vec : direction) : direction;
LOCAL
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result : direction;
END LOCAL;

IF (vec.dim<> 2) OR NOT EXI STS (vec) THEN
RETURN( ?) ;

ELSE
result.direction_ratios[1]
result.direction_ratios[2]
RETURN(resul t);

-vec.direction_ratios[2];
vec.direction_ratios[1];

END_ | F;
END_FUNCTI ON;
( *

Argurmnent definitions:

vec: (input) A direction in 2D space.

resulf: (output) A direction orthogonal to vec.
6.3.1.7 First_proj_axis

This function produces a 3-dimensional direction that is, with fully defined input, the projection of arg [onto
the plane normal to the z_axis. With arg defaulted the result is the projection of [1,0,0] onto this plan

exceit that if z_axis =[1,0,0], [0,1,0] is the default for arg. A violatior oceurs if arg is in the same direction
as the input z_axis.

11°

EXPRESS specification:

FUNCTION first_proj_axis(z_axis, arg : diréction) : direction;
LOJAL
X_pxis : direction;
\Y : direction;
z : direction;
Xx_NMec : vector;
END_LOCAL;
| F NOT EXI STS(z_axis) OR (NOT EXISTS(arg)) OR (arg.dim<> 3) THEN
x| axis := ?;
ELSE
z_pxis 1= normalise(z_axis);
| H NOT EXI STS( ar g) (THEN
IF (z_axis <> direction([1.0,0.0,0.0])) THEN
v = direction([1.0,0.0,0.0]);

H SE
v := direction([0.0,1.0,0.0]);
BN\D | F;
EL|SE
IF ({cross_product(arg, z). magni tude) = 0.0) THEN
RETURN (?);
H SE
v := nornalise(arg);
END | F;
END | F;
X_vec := scal ar_times_vector(dot_product(v, z), z_axis);
Xx_axis := vector_difference(v, x_vec).orientation;
X_axi s := normalise(x_axis);
END | F;
RETURN( x_axi s);
END_FUNCTI ON;

(*
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Argument definitions:

z_axis: (input) A direction defining a local Z axis.

arg: (input) A direction not parallel to z_axis.

X_axis: (output) A direction that is in the direction of the projection of arg onto the plane with normal z_axis.
6.3.1.8 Second_proj_axis

This function returns the normalised vector that is simultaneously the projection of arg onto the plane

normal(to the vector z_axis and onto the plane normal to the vector x_axis. If arg is NULL then the
projection of the vector (0,1,0) onto z_axis is returned.

EXPRHSS specification:

*
FUNCTI ON second_proj _axis(z_axis, x_axis, arg: direction) : direcCtion;
LOCAL
y_axis : vector;

\% : direction;
temp : vector;
END LOCAL;

| F NDT EXI STS(arg) THEN

v : ¥ direction([0.0,1.0,0.0]);
ELSE
vV f¥ arg;
END | F;

tenp scal ar _ti nmes_vector (dot _producp(Vv, z_axis), z_axis);
y_axis := vector_difference(v, temp);

tenp = scal ar _times_vector (dot _praduct (v, x_axis), x_axis);
y_axis := vector_difference(y_axis, tenp);
y_axis := normalise(y_axis);
RETURN(y_axi s.orientation);
END_FUNCTI ON;
(*

Argumeént definitions:

z_axis] (input) A direction defining a local Z axis.
x_axis| (input) A direction not parallel to z_axis.
arg: (ifput) A dir€ction that is used as the first approximation to the direction of y_axis.

y_axis|orientation: (output) A direction determined by first projecting arg onto the plane with normal
z_axis] then'projecting the result onto the plane normal to x_axis.

6.3.1.9 Cross_product

This function returns the vector, or cross, product of two input directions. The input directions must be three-
dimensional and are normalised at the start of the computation. The result is always a vector that is unitless.
If the input directions are either parallel or anti-parallel a vector of zero magnitude is returned with
orientation = arg1.

EXPRESS specification:

*

FUNCTI ON cross_product (argl, arg2 : direction) : vector;
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IF ( NOTI EXISTS (argl) OR (argl.dim= 2)) OR
( NOT EXI STS (arg2) OR (arg2.dim= 2)) THEN

RETURN( ?) ;
ELSE
BEG N
Vd— nnrnrn||calgrn1\ Hurar\funn r9f|nc
VP = nornallse(ar92) direction_ ratlos
res.direction_ratios[1] := (v1[2]*v2[3] - v1[3]*Vv2[2]):
res.direction_ratios[2] := (v1[3]*v2[1l] - vi[1]*v2[3]);
res.direction_ratios[3] := (v1[1]*v2[2] - v1[2]*v2[1]);
npg : = 0.0;
REPEAT i := 1 TO 3
g = mag + res.direction_ratios[i]*res.direction_ratios[if;
BND_REPEAT;
IF (mag > 0.0) THEN
fesult.orientation : = res;
F esul t. magni tude : = SQRT(mag);
B SE
Fesult.orientation := argil;
f esul t. magni tude : = 0.0;
BN\D_| F;
RETURN(resul t);
END;
ENO | F;
END_FUNCTI ON,;

(*

Argurnent definitions:

argly (input) A direction defining first operand-in cross product operation.
arg2 (input) A direction defining second-operand in cross product.
resulf: (output) A vector that is the)cross product of argl and arg?2.

6.3.14.10 Dot_product

This ;Lunction returns the’scalar, or dot (-), product of two directions. The input arguments can be diregtions

in eit

EXPRESS.specification:

*

er two- or three-dimensional space and are normalised at the start of computation. The returned
scalaf is undefined.if the input directions have different dimensionality, or if either is undefined.

FUNCTI ON dot _pr oduct (arg1l,
LOCAL
scal ar
vecl, vec2: direction;
ndi m: | NTEGER;
END LOCAL;
I F NOT EXI STS (argl) OR NOT EXI STS (arg2) THEN
scalar := ?;
(* When function is called with invalid data
a NULL result is returned

arg2 : direction) REAL;

REAL;

*

ELSE
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I F (argl.dim<> arg2.dim THEN
scalar := 7?;
(* When function is called with invalid data

a NULL result is returned
*

ELSE
BEG N
vecl = normal i se(argl);
vec2 = normal i se(arg2);
ndim := argl.dim
scalar := 0.0;
REREAT =1 TO ndi-m
bcal ar = scalar +
vecl.direction_ratios[i]*vec2.direction_ratios[i];
END_REPEAT,;
END;
RETURN (scal ar);
END| | F;
END | F;

END_FUNCTI ON;
( *

Argumeént definitions:

argl: (Input) A direction defining first operand in dot product, or scalar groduct operation.
arg2: (Input) A direction defining second operand for dot product.

result:|(output) A scalar that is the dot product of arg1 and arg?2.

6.3.1.11 Normalise

This fupction returns a vector or direction whose components are normalised to have a sum of squares|of
1.0. The output is of the same type (direction or\ector, with the same units) as the input argument. If|the

input argument is not defined or is of zero length then the output vector is undefined.

EXPRHSS specification:

FUNCT| ON nornmal i se(arg :\vector_or _direction) : vector_or_direction;

ndim : | NTEGER
\% : direction;
restilt : vector, or_direction;
vec| : vector;
mag| : REAL;
END_I OCAL;

I F NOJ-EXI STS (arg) THEN
result’: = ?;
(* When function is called with invalid data
a NULL result is returned *)

ELSE
ndim:= arg.dim
| F " APl _ABSTRACT_SCHEMA. VECTOR | N TYPEOF(arg) THEN
BEG N
vec := arg;
Vv := arg.orientation;
| F arg. magni tude = 0.0 THEN
RETURN( ?) ;
ELSE
vec. magni tude : = 1.0;
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END | F;
ND;

ELSE

v
EN

i= arg;
D | F:

mag : = 0.0;

RE

PEAT i := 1 TO ndim

mag := mag + v.direction_ratios[i]*v.direction_ratios[i];

EN
I F

D REPEAT,;
mag > 0.0 THEN

mag : = SQRT(mag);
RERE

— M

=

B
EL
R
EN
RE

END | F

END |
( *

AFi+—— 1 TO ndi-m

v.direction_ratios[i] := v.direction_ratios[i]/nag;
ND_REPEAT;

- ' APl _ABSTRACT_SCHEMA. VECTOR | N TYPEOF(arg) THEN
vec.orientation := v;

fesult : = vec;

| SE

Fesult = v;

ND_| F;

SE

FTURN( ?) ;

D | F;

TURN (result);

FUNCTI ON:

Argu

ent definitions:

arg: (input) A vector or direction to be normalised.

resulf: (output) a vector or direction that is parallekto‘argl and of unit length.

6.3.1

This function returns the vector that is theyscalar multiple of the input vector. It accepts as input a sca

a 've(
vectd

undetined. The orientation of the-vector is reversed if the scalar is negative.

EXPH

.12 Scalar_times_vector

tor' that may be either a direction or a vector. The output is a vector of the same units as the
r, or unitless if a direction is-ihput. If either input argument is undefined, the returned vector is a

ESS specification:

*

FUNCTI ON scal.ar_ti mes_vector(scalar : REAL; vec : vector_or_direction)
vect or;

LOQAL

Y di~rection;
maE N REAL;
r esult vect or;

END L OCAL;

I F NOT EXI STS (scalar) OR NOT EXI STS (vec) THEN

re
(*

*

sult := ?;
When function is called with invalid data
a NULL result is returned

ELSE
| F " APl _ABSTRACT_SCHENA. VECTOR | N TYPECF (vec) THEN
vV = vec.orientation;
mag : = scal ar * vec. magnitude;
ELSE

lar and
nput

Iso
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\'

.= vec,

mag : = scal ar;

END | F;

IF (mag < 0.0 ) THEN

REPEAT i := 1 TO SIZEO-(v.direction_ratios);

V.

direction_ratios[i] := -v.direction_ratios[i];

END_REPEAT;

mag

= -mag;

END | F;
result.orientation := normalise(v);
resul t.magni tude := mag;

E

also

END_

RETH
END_F
( *

Argumyg

J'Ri\l (result);
UNCTI ON;

pnt definitions:

scalar:
vec: (in
result:
6.3.1.1
This fu
sum of
must b
vectors

in the d

EXPRE

(input) A real number to participate in the product.
put) A vector or direction that is to be multiplied.
(output) A vector that is the product of scalar and vec.

3 Vector_sum

irection of arg1l. If both input arguments are diregtions, the result is unitless.

SS specification:

*)

FUNCT] ON vector_sun{argl, arg2( )vector_or _direction) : vector;
LOCAL
result . vector;
res|{ vecl, vec2 : diregction;
mag| nmagl, mag2 : REAL;
ndi m : | NTEGER;
END_L OCAL;
IF ({NOT EXI STS(argl)) OR (NOT EXI STS(arg2))) OR (argl.dim <> arg2.din
THEN
restilt :=&;

(*
*)

Men feunCtion is called with invalid data
a NULL result is returned

nction returns the vector sum of the input arguments. The-function returns a vector that is the vgctor
the two input 'vectors'. For this purpose directions are treated as unit vectors. The input argumgnts
bth of the same dimensionality but may be either directions or vectors. Where both arguments are
, they must be expressed in the same units. A zero«sum vector produces a vector of zero magnitude

ELSE
BEG N

| F ' APl _ABSTRACT_SCHEMA. VECTOR I N TYPECF(argl) THEN
magl := argl. magnitude;

vecl := argl.orientation;
ELSE

magl := 1.0;

vecl := argl;
END_I| F;
| F ' APl _ABSTRACT_SCHEMA. VECTOR I N TYPECF(arg2) THEN
mag2 : = arg2. magnitude;

vec2 := arg2.orientation;
ELSE
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mag2 := 1.0;

vec2 := argz;
END_| F;
vecl := normalise (vecl);
vec2 := normalise (vec2);

ndim:= S| ZEOF(vecl.direction_ratios);

mag : = 0.0;

REPEAT i := 1 TO ndim

res.direction_ratios[i] := magl*vecl.direction_ratios[i] +

mag2*vec2.direction_ratios[i];

mag := mag + (res.direction_ratios[i]*res.direction_ratios[i]);
END-_REREAT;

IF (mag > 0.0 ) THEN
F esul t. magni tude : = SQRT(rmag);
Fesult.orientation := res;
H.SE
f esul t. magni tude : = 0.0;
Fesult.orientation : = vecl;
BND | F;
END;

END | F;

RETIURN (result);
END_FUNCTI ON;

(*

Argurmnent definitions:

argly(input) A direction defining first vector in vector sum operation.
arg2: (input) A direction defining second operand in vector.sum.
resulf: (output) A vector that is the vector sum of arglvand arg2.
6.3.1.14 Vector_difference

This function returns the difference of theinput arguments as (argl - arg2). The function returns as af vector
the vector difference of the two 'vectors'._For this purpose directions are treated as unit vectors. The|input
arguments shall both be of the same.dimensionality but may be either directions or vectors. If both input
arguments are vectors, they must-be' expressed in the same units; if both are directions, an unitless result is

prodyced. A zero difference vector produces a vector of zero magnitude in the direction od arg1.

EXPRESS specification:

*

FUNCTI ON vectior._di fference(argl, arg2 : vector_or_direction) : vector;
LOGCAL

repul t . vector;

res, ~ecl, vec2 : direction;

maF, magl, mag2 : REAL;

nd—» —HNFEGER;
END_LOCAL,;

IF ((NOT EXI STS (argl)) OR (NOT EXISTS (arg2))) OR (argl.dim<> arg2.dim
THEN

result := ?;

(* When function is called with invalid data

a NULL result is returned
*

ELSE
BEG N
| F " APl _ABSTRACT_SCHENMA. VECTOR | N TYPEOF(argl) THEN
magl := argl. magnitude;
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vecl := argl.orientation;
ELSE

magl := 1.0;

vecl := argl;

END_I| F;

| F " APl _ABSTRACT SCHEMA. VECTOR | N TYPEOF(arg2) THEN

mag2 : = arg2. magnitude;
vec2 := arg2.orientation;
ELSE
mag2 := 1.0;
vec2 := argz;
ENB—-F;
ve¢l := normalise (vecl);
ve¢2 := normalise (vec2);
ndfm := Sl ZEOF(vecl.direction_ratios);
REPEAT i := 1 TO ndim
res.direction_ratios[i] := magl*vecl.direction_ratios[i] -
mag2*vec2.direction_ratios[i];
mag (= mag + (res.direction_ratios[i]*res.direction_ratios[i{)
END_REPEAT;
IF|(mag > 0.0 ) THEN
resul t. magni tude : = SQRT(mag);
result.orientation := res;
ELHE
resul t. magni tude : = 0.0;
result.orientation := vecl,
END_I F;
END
END_| F;
RETURN (result);
END_FUNCTI ON,

(*

Argumeént definitions:

argl: (Input) A direction defining first vector inwector difference operation.
arg2: (Input) A direction defining second operand for vector difference.
result:|(output) A vector that is the vector difference of argl and arg2.
6.3.1.15 Constraints_composite_curve_on_surface

This fupction checks thatthe curves referenced by the segments of the composite_curve_on_surface are
all curvies on the surface, including the composite_curve_on_surface type, that is admissible as a

boundgd curve.

EXPRHSS specification:

*

FUNCTI ON constrai nts_conposite_curve_on_surface
(c : conposite_curve_on_surface) : BOOLEAN,
LOCAL
n_segnents : |INTEGER : = S| ZEOF(c. segnents);
END_LOCAL;

REPEAT k := 1 TO n_segnents;
| F (NOT(' GEOVETRY_SCHENMA. PCURVE' [N
TYPEOF (c\conposite_curve. segnent s[k].parent_curve))) AND
(NOT(' APl _ABSTRACT_SCHEMA. SURFACE_CURVE' I N
TYPEOF (c\conposite_curve. segnent s[k].parent_curve))) AND
(NOT("' APl _ABSTRACT_SCHEMA. COVPOSI TE_CURVE_ON_SURFACE' I N
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TYPEOF (c\conposite_curve. segnent s[ k] . parent_curve))) THEN
RETURN ( FALSE) ;
END | F;
END_REPEAT,;
RETURN ( TRUE) ;
END_FUNCTI ON;

(*

Argument definitions:

c: (input) A composite curve on surface to be verified.

: 1999(E)

6.3.1.16 Get_basis_surface

This function returns the basis surface for a curve as a SET of surfaces. For a curve that is not.a
curveg_on_surface an empty SET is returned.

EXPRESS specification:

*)
FUNCTI ON get _basis_surface(c : curve_on_surface) : SET[0:2]~ OF surface;
LOJAL

surfs : SET[0:2] OF surface;

n © I NTEGER,
ENO LOCAL,;
surfs :=1[1;
| F | GEOVETRY_SCHEVA. PCURVE' I N TYPECF (c) THEN
surfs = [c\pcurve. basis_surface];
EL
I ' APl _ABSTRACT_SCHENMA. SURFACE_CURVE'-SlI N TYPEOF (c) THEN
nl : = SI ZEOF(c\ surface_curve. associ ated_geonetry);
PEAT i := 1 TO n;
surfs := surfs +
associ at ed_surface(c\surface_curve. associ at ed_geonetry[i]);
D REPEAT,;
END | F;
ENO | F;

| F [ APl _ABSTRACT_SCHEMArCOVPOSI TE_CURVE_ON_SURFACE' I N TYPECF (c¢) THEN
(*| For a composite_curve_on_surface the basis_surface is the
intersection of the basis _surface of all the segnents.

n [ = Sl ZEOF(c\ conposi te_curve_on_surface. segnents);
supfs := get_basis_surface(c\conposite_curve_on_surface.segnents[1].
par ent _curve);
IHn > 1 THEN
PEAT_iN\/= 2 TO n;
urfs,s = surfs *

get basis_surface(c\conposite_curve_on_surface.
segnent s[ 1] . parent _curve);

END_REPEAT,;
END | F;
END | F;
RETURN( surfs);
END_FUNCTI ON;

(*

Argument definitions:

c: (input) A curve for which the basis_surface is to be determined.

surf: (output) The set containing the basis_surface or surface on which c lies..
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6.3.1.17 List_to_array

The function list_to_array converts a generic list to an array with pre-determined array bounds. If the array
bounds are incompatible with the number of elements in the original list a null result is returned. This
function is used to construct the arrays of control points and weights used in the b-spline entities.

EXPRESS specification:

*

FUNCTION list_to array(lis : LIST [0:?] OF GENERIC : T;
How—t——HNFEGER)——ARRAYHow-t—EF—GENERHE——F

LOCAL
n | NTEGER;

res|: ARRAY [lowu] OF GENERIC : T,;
END_L OCAL;

n : =[Sl ZECF(lis);
IF (n <> (u-low +1)) THEN
RETURN( ?) ;
ELSE
REPEAT i := 1 TO n;
reg[low+i-1] :=1lis[i];
END| REPEAT,;
RETURN( r es) ;
END | F;
END_FUNCTI ON;
(*

Argumeént definitions:

1

lis: (ingut) A list to be converted.
low: (imput) An integer specifying the required lower index of the output array.
u: (iant) An integer value for the upper index.

res: (olitput) The array generated from the input data.

6.3.1.18 Make_array_of_array

The function make_array_gf>-array builds an array of arrays from a list of lists. The function first checkis
that the specified array dimensions are compatible with the sizes of the lists, and in particular verifies tiat all
the sub-lists contains the,same number of elements. A null result is returned if the input data is incompatible
with the dimensions{his function is used to construct the arrays of control points and weights for a B-gpline
surface.

EXPRHSS specification:

*

FUNCTI ON make_array_of _array(lis : LIST[1:?] OF LIST [1:?] OF GENERIC : T,;
lowl, ul, low2, u2 : |INTEGER):
ARRAY[ | owl: ul] OF ARRAY [low2:u2] OF GENERIC : T;

LOCAL

nl,n2 : | NTEGER,

res : ARRAY[|owl:ul] OF ARRAY [low2:u2] OF GENERIC : T;
resl : LIST[1:?] OF ARRAY [low2:u2] OF GENERIC : T;
END_LOCAL;

(* Check input dinmensions for consistency
*

nl := SIZEOF(lis);
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n2 := SIZEOF(lis[1]);
IF (nl <> (ul -lowl + 1)) AND (n2 <> (u2 - low2 + 1)) THEN
RETURN( ?) ;
END | F;
REPEAT i := 1 TO ni;
| F (SIZEOF(lis[i]) <> n2) THEN
RETURN( ?) ;
END | F;
END_REPEAT;

*
|
REP
RE
END

res
RET
END |

(*

Argurmnent definitions:

Build a |ist of sub-arrays

FAT i := 1 TO ni;

SL[i] :=1list_to_array(lis[i],|ow2,u2);
| REPEAT;

= list_to_array(resl,lowl, ul);
URN( r es) ;

FUNCTI ON;

lis: (i
lowl
ul: (i
low2
u2: (i

res:
consi

6.3.2
This §

6.3.2

This function converts BAGs into SETSs.

E
as

hput) A list of list to be converted.

(input) An integer specifying the required lower index of the first output array.
hput) An integer value for the upper index of the first-output array.

(input) An integer specifying the required lower index of the second output array.
hput) An integer value for the upper index ©f the second output array.

output) The array of array with specified dimensions generated from the input data after verifyin
stency.

API_ABSTRACT_SCHEMA function definition: Support resources
bubclause declares the-functions defined in ISO 10303-41 that are part of the api_abstract_sch

.1 Bag_to_set

[AMPLE-t"can be used to convert the BAGs returned by USEDIN function into SETSs that can be properly
Signed to'variables are SETSs.

(@}

ema.

EXPH

ESS specification:

*

FUNCTI ON bag_to_set (the_bag : BAG OF GENERIC : intype)

SET OF GENERIC : intype;

LOCAL

th
i

END_LOCAL:

I F

e set : SET OF GENERIC : intype :=[];
| NTEGER;

SI ZECF (the_bag) > 0 THEN

REPEAT i := 1 TO HI I NDEX (the_bag);
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the_set := the_set + the_bag [i];
END_REPEAT,;
END | F;
RETURN (t he_set);

END_FUNCTI ON;
( *

Argument definitions:

the_bag: The BAG that is to be converted into a SET

6.3.3 JAPI_ABSTRACT_SCHEMAfunction definition: Representation structures
This supclause declares the functions defined in ISO 10303-43 that are part of the api_abstraet’ schema.
6.3.3.1 Acyclic_mapped_representation

The function acyclic_mapped_representation determines if a given mapped_item is self-defining by
virtue qf mapping a representation in which the mapped_item is used. The function is extended to chieck
both the mapped_representation and the mapped_representation.items reeursively for any
mappedd_items or representation_items referencing a mapped_item thatymight cause a cyclic referepce.
This fupction returns TRUE if the input candidate representation_itentdoes not cause self definition. It
returns|FALSE otherwise. The type of the function is BOOLEAN.

This fupction is used to constrain the entity mapped_item.

EXPRHSS specification:

FUNCT] ON acycl i c_mapped_represent ati on

(parent_set : SET OF representation;

chilldren_set : SET OF representation_item) : BOOLEAN
LOCAL

X,y|: SET OF representation.item

i,j|: I NTEGER

END_L OCAL;

-- Dgtermne the subset(of children_set that are mapped_itens.
I

X QUERY(z <* chil dren_set | ' APl _ABSTRACT_ SCHEMA. MAPPED | TEM
N TYPEOF(Z2));

-- Dg¢term ne thatthe subset has el enents.

| F S| ZEOF(x) > Q@ THEN

-- Check eachiel’ement of the set.

REPEAT i : = 7~TO H | NDEX(X);

--|[1f theXsel ected el enent maps a representation in the
-- |parent_set, return false.

| F| x[4\] \ mapped_i t em mappi ng_sour ce. mapped_r epresent ati on
| N“parent _set THEN
TURN (FALSE);
END_I| F;

-- Recursively check the itens of the napped_rep.
I F NOT acyclic_mapped_representation
(parent _set +
X[ 1]\ mapped_i t em mappi ng_sour ce. mapped_r epresent ati on,
X[ 1]\ mapped_i t em mappi ng_sour ce. mapped_representation.itenms) THEN
RETURN ( FALSE) ;
END | F;
END_REPEAT,;
END | F;
-- Determne the subset of children_set that are not mapped_itens.
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X := children_set - x;
-- Determ ne that the subset has el ements.
| F SI ZEOF(x) > 0 THEN
-- For each elenent of the set:
REPEAT i := 1 TO H | NDEX(X);
-- Determine the set of representation_itens referenced.
y := QUERY(z <* bag_to_set( USEDI N(x[i], "') ) |
" APl _ABSTRACT_SCHENMA. REPRESENTATI ON_| TEM | N TYPEOF(2z));
-- Recursively check these in case they m ght be an of fendi ng
-- mapped_item Return false for any errors encountered.
I F NOT acyclic_mapped_representation(parent_set, y) THEN

A

BND | F;
END REPEAT;
END | F;
-- Return true when all elenents are checked and
-- ho error conditions found.
RETJURN ( TRUE) ;
END_FUNCTI ON;

(*

Arqu:[went definitions:
t

pareft_set: The set of representations in which the mapped_item is used. This is input to the functjon. On
initial|input, this is the set of representations in which the mapped_item being checked is used and |s
modified in recursive calls.
childfen_set: The set of representation_items that might possibly be a mapped_item and are refeflenced
direcfly or indirectly through the items of the representations'in the parent_set. This is input to the
function. On initial input this is the mapped_item being ¢hecked and is modified in recursive calls.
6.3.3.2 Item_in_context

The function item_in_context determines if a*tepresentation_item is related to a
reprgsentation_context. The function returns TRUE if:

— thelitem argument is related by a representation to the input cntxt argument.

— thefitem argument is related by a'definitional_representation to the input cntxt argument.
Function item_in_context teturns FALSE otherwise. The type of the function is BOOLEAN.

A regresentation_items related to a representation_context if it is any of the following:

1) referenced inthe set of items of a representation where cntxt appears as the context_of_items|

2) referencedin the set of items of a definitional_representation_item where cntxt appears as thg
cqntextf of items;

3) referenced by a representation_item that Is an item_In_context of the cntxt.
NOTE 1 - The third condition is a recursive check allowing for a representation_item to be related to a
representation_context by being part of a tree of related representation_items. The tree is rooted in an entity
that is related to a representation_context by fulfilling the first or second condition.

NOTE 2 - The function item_in_context only determines if an item is related to a specific
representation_context. The relationship of the item to some other representation_context is not determined.

EXPRESS specification:

*)
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FUNCTION i tem.i n_cont ext
(item: representation_item
cntxt : representation_context) : BOOLEAN,

LOCAL
i © I NTEGER

y : BAG OF representation_item

END_LOCAL;

-- If there is one or nore representation using both the item

-- and cntxt return true.

| F SI ZEOF(USEDI N(item ' APl _ABSTRACT_SCHENA. REPRESENTATI ON. | TEMVS' )
*C . i i :
RETURN ( TRUE) ;
-- DPetermne the bag of representation_itens that reference item
ELSE

y 1= QUERY(z <* USEDIN (item, '")
" APl _ABSTRACT_SCHENMA. REPRESENTATI ON_| TEM I N TYPEOF(z));

--|Ensure that the set is not enpty.
| F| SI ZEOF(y) > 0 THEN

--|For each elenent in the set
REPEAT i := 1 TO HI I NDEX(Y);

-{ check to see it is an itemin the input cntxt.
IF itemin_context(y[i], cntxt) THEN
RETURN ( TRUE) ;
END | F;
END_REPEAT,;
END| | F;

END | F;

-- Return false when all possible branches have been checked

-- with no success.

RETURN ( FALSE) ;
END_FUNCTI ON;

(*

Argumeént definitions:

item: Tlhe representation_item checked for relationship in cntxt. This is input to the function.

cntxt: The representation_context for which the relationship to item is determined. This is input to th
function.

1”2

6.3.3.3 Using_representations

The function using’ representations returns the set of representations in which a representation_itg¢m is
used.

A reprefsentation_item is used in a representation if it is:

1) referenced in the set of items of the representation; or

2) referenced by a representation_item used in the representation.
NOTE - The second condition is a recursive check allowing for a representation_item to be used in a
representation by being part of a tree of related representation_items. The tree is rooted in an entity used in a
representation by fulfilling the first condition.

EXPRESS specification:

*)
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FUNCTI ON usi ng_representations(item: representation_item
: SET OF representation;
LOCAL

results : SET OF representation;
resul t _bag : BAG OF representation;

internediate_itens : SET OF representation_item

| NTEGER;

END_LOCAL;

-- Find the representation in which the itemis used and add to the
-- results set.

result_bag : = USED N(item "' APl _ABSTRACT_SCHENMA. REPRESENTATI ON. | TEMS' ) ;

| F J

REPEAT i := 1 TO HI | NDEX(resul t _bag);
results :=results + result_bag[i];
END_REPEAT,;

END | F;

-- Find the set of representation_itens in which the itemis used,
intermediate_itens := QUERY(z <* bag_to_set( USEDIN(item, '') )|
" APl _ABSTRACT_SCHENMA. REPRESENTATI ON_| TEM I N TYPEOF(z));

f the set of internediate itens is not enpty;

| F Sl ZEOF(intermedi ate_itens) > 0 THEN

For each elenent in the set recursively add the
usi ng_representations of that el ement.

REHPEAT i := 1 TO HI I NDEX(i nternedi ate_itens);
results :=results + using_representations(interfnediate_itens[i]);
END_REPEAT,;

END | F;

RET
END |

(*

Return the set of representation in which t\he input itemis used
directly and indirectly (through intervenivig representation_itens).
URN (results);

FUNCTI ON;

Argurnent definitions:

item:
funct

6.3.4

This §

6.3.4

Atre
grou

The f
eithe

The representation_item for which using representations are determined. This is input to the
on.

API_ABSTRACT_SCHEMA function definition: api specific functions
ubclause declares the api-specific functions that are used in the api_abstract_schema.
.1 Tree_api_group_structure
b_api_group structure function determines whether or not the api_group structure whose roo

h argument'is-tree structured by the api_group_assignment relationship.

directly or indirectly, are assigned twice. Otherwise it returns a value of FALSE.

is the

Linction returns a value of TRUE if none of the api_groups that are assigned to the group argument ,

The tree_api_group_structure function call the assigned_api_group function that recursively computes
the api_groups assigned to the to the group argument.

EXPRESS specification:

*

FUNCTI ON tree_api _group_structure(group : api_group) : BOOLEAN;

LOCAL

i | NTEGER;

i : I NTEGER;

assigned_group : BAG [1:?] OF api_group;

END_LOCAL,

121


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

ISO 13584-31: 1999(E) also

-- Determine the bag of the api_groups that are assigned to the
-- group argunent.
assi gned_group: = assi gned_api _group (group);
-- Determine that the bag has el enents.
| F SI ZEOF(assi gned_group) > 0 THEN
-- Check each el enent of the bag agai nst each el ement.
REPEAT i := 1 TO HI | NDEX( assi gned_group);
REPEAT j := 1 TO HI | NDEX( assi gned_group);
-- If the two elenents are the sane
-- return fal se.
I F ((assigned_group[i] :=: assigned_group[j]) AND (i<> j)) THEN
\ -

7

END | F;
END REPEAT;
END| REPEAT;
END | F;
-- Rgturn true when all elenents are checked and
-- np error conditions found.
RETURN ( TRUE) ;
END_FUNCTI ON;

(*
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.1.1 Assigned_api_group

The assigned_api_group function is used in a tree_api_group_structure function to computes
recursively the api_groups assigned to the group argument.

EXPRESS specification:

*

FUNCTI ON assi gned_api _group( group : api_group) : BAG [0:?] OF api_group;

L(I:I\I
i | NTEGER;
aspi gnment : SET OF api _group_assi gnment;
aspigned_itens : BAG OF api _grouped_item
| ocal _assigned_groups : BAG OF api _group;
aspgi gned_gr oups : BAG OF api _group;
END_LOCAL;
assj gned_itens =11
| ocpl _assigned_groups :=[];

ass

REP
as
END

| oc

ass

I F

RE
al

EN
END
RETU
END |

(*
6.3.4

Atre

Det ermi ne the subset of the api_group_assignnments thatsassign itens to

f he group argument .

gnment := USEDI N (group, 'API_ABSTRACT_SCHENA. APl ¢ GROUP_ASSI GNVENT\ '
+ ' GROUP_ASSI GNIVENT. ASSI GNED_GROUP' ) ;

gat hers all the api _groupeed_itens

FAT i := 1 TO HI | NDEX(assi gnnent ) ;
5igned_itens := assigned_itens + assignmentfi{.itens;
| REPEAT;
Det ermi ne the subset of api_groupeed_itemthat are api_groups.
al _assigned_groups = QUERY( z <* assigned_itens |
" APl _ABSTRACT_SCHENA. APl GROUP' | N
TYPEOF( 2)
nitializes the assigned_groups
gned_groups : = | ocal _assi gned_groups;

Det ermi ne that the subset haS,el enents.
SI ZEOF(| ocal _assi gned_groups) > 0 THEN
conpute all the assigned api _group of the bag.

PEAT i := 1 TO HI I NDEX(Mocal _assi gned_gr oups) ;
5si gned_groups : = asSi)gned_groups +
assi gned_api _group(l ocal _assi gned_groups[i]);
D REPEAT;
|| F;
RN (assi gned_@roups);
FUNCTI ON;
.2 Treexapi_set_structure

b (apl_set_structure function determines whether or not the api_set structure whose root is the

argur

TEnt s tree structured by theapi_set_assignmernt retationstip:

set

The function returns a value of TRUE if none of the api_sets that are assigned to the set argument , either
directly or indirectly, are assigned twice. Otherwise it returns a value of FALSE.

The tree_api_set_structure function call the assigned_api_set function that recursively computes the
api_sets assigned to the to the the_set argument.

EXPRESS specification:

*

FUNCTI ON tree_api _set _structure(the_set : api_set) : BOOLEAN,
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LOCAL

i © I NTEGER,

j © I NTEGER,

assigned_set : BAG[1:?] OF api_set;

END_LOCAL;
-- Determine the bag of the api_sets that are assigned to the set
-- argunent

assi gned_set: = assi gned_api _set(the_set);

-- Determine that the bag has el enents.

| F SI ZEOF(assi gned_set) > 0 THEN
-- Check each el enent of the bag agai nst each el ement.
REPEAT+——=1 TO HIH NDEX({assigned—set )

also

REPEAT j := 1 TO HI | NDEX( assi gned_set);

-1 If the two elements are the same

-{ return fal se.
- ((assigned_set[i] :=: assigned_set[j]) AND (i<>j)) THEN
RETURN ( FALSE) ;
END | F;

END REPEAT;
END| REPEAT;

END | F;
-- Rgturn true when all elenents are checked and
-- np error conditions found.

RETURN ( TRUE) ;
END_FUNCTI ON;

(*

6.3.4.2.1 Assigned_api_set

The aspigned_api_set function is used in a tree_api_set.structure function to computes recursively| the

api_sejls assigned to the the_set argument.

EXPRHSS specification:

*

FUNCTI ON assi gned_api _set( the(set : api_set) : BAG[0:?] OF api_set;
LOCAL

i © I NTEGER,
assi gnment : SET OF(api _set_assi gnment;
assigned_itens : BAG _OF api_set_item
| ocal _assigned_sets (' )BAG OF api _set;
assigned_sets WOBAG OF api _set;

END_I OCAL,;

assi gned_itens =11

| ocal _assi gnedSets :=[];

-- Determ ne~the subset of the api _set_assignments that assign itens to
-- the setargunent .

assi gnnefit~: = USEDI N(t he_set, ' APl _ABSTRACT_SCHENMA. APl _SET_ASSI GNVENT\*
+ ' GROUP_ASSI GNIVENT. ASSI GNED_GROUP' ) ;

-- gathers all the api_set_itens

REPEAT i := 1 TO HI | NDEX(assi gnnent);
assigned_itens := assigned_itens + assignnment[i].itens;
END_REPEAT,;
-- Determine the subset of api_set_itemthat are api_sets.
| ocal _assigned_sets := QUERY( z <* assigned_itens |
" APl _ABSTRACT_SCHEMA. APl _SET" I N
TYPEOF( 2)

-- initializes the assigned_sets
assigned_sets := | ocal _assigned_sets;

-- Determine that the subset has el enments.
| F SI ZEOF(| ocal _assi gned_sets) > 0 THEN
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-- compute all the assigned api_set of the bag.
REPEAT i := 1 TO HI | NDEX(| ocal _assi gnhed_sets);
assigned_sets := assigned_sets +
assigned_api _set (|l ocal _assigned_sets[i]);
END_REPEAT,;
END | F;
RETURN (assi gned_sets );
END_FUNCTI ON;

(*

6.3.4.3 Api_legal_style_number

The f

Linction api_legal_style_number determines if the styles assigned to a

geonjetric_representation_item generated by the interface are legal.

EXPH

ESS specification:

*

FUNG
LQOQ
re
nb
END

I F

I F

rep

TI ON api _| egal _style_nunmber(item styled_ item: BOOLEAN;

AL

pr : SET [0:7?] of representation;
| style: | NTEGER

| LOCAL;

pnly one presentation_styl e_assi gnnent

Sl ZEOF(item styl es) > 1 THEN RETURN (FALSE); END | F;

pne style is always all owed

S| ZEOF(item styl es[ 1] . styles) = 1 THEN RETURN (TRUE); END_IF;
dentification of geonetric space dinensionality

F: =USEDI N (item ' APl _ABSTRACT_SCHEMA. REPRESENTATI ON. | TEMS' ) ;
ponly geonetric_representation_item nay“be styl ed

IF ISI ZECF (repr) = 0 THEN RETURN (FALSE); END_I F;
I F [ NOT ('API_ABSTRACT_SCHEMA. GEOVETRI C_REPRESENTATI ON_CONTEX I N
TYPECF(repr[1].context_of _items) )
)
THEN
RETURN ( FALSE) ;
END | F;

I F

ho hidden line in 3D
di mensi on_of (itemitem = 3 THEN

IH ( QUERY(tenps <*itlem styles[1l].styles |
(" APl _ABSTRACT) SCHEVA. APl _PREDEFI NED OCCLUSI ON_STYLE' I N
TYPECF (tenps))
oR
(" APl _ABSTRACT_SCHEMA. ' +
" APl _PREDEFI NED VI RTUALLY_SENT_STYLE' IN
TYREOF(t enps) )
) <=1
THEN
RETURN (FALSE): -- hidden line elinmnationis 2D
END | F;
IF ( ' APl _ABSTRACT_SCHEMA. ANNOTATI ON_FI LL_AREA" IN
TYPEOF (itemitem
THEN -- annotation fill area in 3D
RETURN (

NOT (SI ZEOF(QUERY( f_a style <* itemstyles[1l].styles |
" APl _ABSTRACT_SCHEMA. FI LL_AREA STYLE' IN
TYPEOR(f_a_style)

)
) <> SIZEOF(item styles[1].styles) - 1

ISO 13584-31: 1999(E)
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AND
NOT (SI ZEOF(QUERY( f_a style <* itemstyles[1l].styles |
" APl _ABSTRACT_SCHEMA. '+
" APl _EXTERNALLY_DEFI NED_FI LL_AREA STYLE
IN TYPEOF(f _a_style)
)

) <> 1
)
ELSE . any other geonetric_representation_item
RETURN (SI ZEOF(item styl es[1].styles) = 1);
ENDH=;
END IF;, -- end 3D context

-- cg@se of 2D space

nb_style := SIZEOF (itemstyles[1].styles);

I F (|SIZEOF(QUERY( st <* itemstyles[1l].styles |

" APl _ABSTRACT_SCHEMNA. '+

" APl _PREDEFI NED VI RTUALLY_SENT_STYLE' IN
TYPEOR( st)

) =1

IF { SIZEOF(QUERY( st <* itemstyles[1l].styles |
" APl _ABSTRACT_SCHENA. '+

" APl _PREDEFI NED _OCCLUSI ON_STYLE' IN
TYPEOR( st)

) =1

)
THE
nb|
ELS
RETURN (FALSE); -- virtually sent shall be bl involved
END| | F;
ELSE|[-- not virually sent
IF { SI ZEOF(QUERY( st <* itenrstyles[1].styles |
" APl _ABSTRACT_SCHENA. '+
" APl _PREDEFI NED_OGCCLUSI ON_STYLE' I N

P~

styl e: =nb_styl e-2;

TYPEOR(st)
) =1
)
THEN
nbfstyl e:=nb_style-1;
END| | F;
END | F;

IF (] AP _ABSTRACT_SCHENMA. ANNOTATI ON_FI LL_AREA" I N
TYPECE(itemitem

)
THEN
nb_style:=nb_style - SIZEOF(QUERY( f_a_style<*itemstyles[1].styles |
" APl _ABSTRACT_SCHEMA. ' +
"FI LL_AREA STYLE' IN
TYPEOR(f_a_style)
)

);
END | F;
RETURN (nb_style <= 1);
END_FUNCTI ON;
(*
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6.4 API_ABSTRACT_SCHEMAglobal rules

This subclause declares the global rules that are associated with this entities that populate the
api_abstract_schema and restrict their use or their relationships.

6.4.1 Unique_shape_representation

ISO 13584-31: 1999(E)

The unique_shape_representation rule requires there exist an unique shape_representation entity in the
population of api_abstract_schema. This shape_representation corresponds to the shape of the product
that is created through the interface in the CAD system database.

EXPH

ESS specification:

*)
RULE
WHER
WR1
END |

( *
EXPH

uni que_shape_representati on FOR (shape_representation);
=

SI ZEOF( QUERY ( SHAPE <* shape_representation | TRUE)) =1,
RULE;

ESS specification:

*)
END |
(*

SCHEMA; -- end APl _ABSTRACT schema

7 Interface functional specification

N(
an

7.1

7.1.1
The |
I th
Il th
I th

The

DTE - The logical description of the interface functions and their FORTRAN bindings are given in the norm
hex, ANNEX A.

Notational conventions

Function representation
eading of each function spetifies:
p function name,
b minimal interface-level for which the function is mandatory
e minimal intefface level for which the function is mandatory.

arametenlist indicates for each entry:

ative

v wtllether the entry is an input (in) or an output (out) parameter;

V the name of the parameter;

VI the data type itself, the short form notation for the type is explained in 7.1.2

VIl the meaning of the parameter;

Vil

data,

for entity name data, the permitted entity types ( e.g. lin or basic,pnt );

either, for enumeration type data (e.g. [TDB,CAD] ), the permitted values, or for double and integer

any restriction on its range (e.g. (EPS £ X £ MAX) );
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The FORTRAN binding is specified by:

also

IX the FORTRAN syntax of FUNCTION - or SUBROUTINE call (the mapping between logical type and

FORTRAN type is explained in annex A (see A.2);

X the effect of the function if none of the errors specified below is detected. For all but the inquire functions
and the Reset_Error_State function, this effect is performed only if :

1) the interface is not in an error-state ;

2

no error is detected by the function :

el

Xl spe
The int

Xllare
dom

The ernors that are to be detected by the function, specified by:

brnal reference is given to:

se the function returns to the application program, and in case 2, sets the error_variable, erroh t
amd error_origin to the error values;

tial NOTES, that are important for usage or implementation of function.

ference to a clause or subclause of this ISO 15384 International Standard, where the concepts ¢
ain entity definition for the function are presented.

Xt

=

Xl an grror number or "-" for none error, and
XV the accompanying error message.
The following example is provided as an illustration of the’function representation:
EXAMPLE - Layout of a function representation:
Functign name:
(1) interface level: (n)
geometrical power level: | (i )

Parameéters:

in/  [ngme Data | Meaning permitted types/values
out type

v (V) (IvV) | (V1) (Vi)

FORTRAN binding:

(1X)
Effects|
(X)
Notes:
(XI)

Internal reference:

(XI)
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Errors:
X [(xiv)

7.1.2 Datatype representation
Data types in the definition of functions are either simple types or combinations of simple types.

Simple types are:

Table 16 — Simple data types

notajion |datatype description

| Integer whole number

D Double biggest floating point number available in the language

N entity_name_type identification for entities

E Enumeration data type comprising an ordered set of values, The ordered
set is defined by enumerating the identifiers/that denote the
values

S String a character sequence

A combination of simple types can be one of the following:

— a list of values of one simple type. For example:

nx| list of integer

nxD list of double

nxN list of entity_name_type
nxs list of string

The gccurrence of an n here merely indicates a variable integer value.
Allowed value ranges or enumeration.type values can be specified by :
— a ¢ondition. For example: 3.0° or ( EPS £ parameter £ MAX) ;

— a $tandard range of integer values. For example: (1..3) ;

— afange of integerwalues in which the maximum is determined by implementation or other constrgints.
Kor example: (1..n) ;

— a list of values that constitute an enumeration type. For example: [TDB,CAD]

7.1.3—Entity mames and abbreviations

To describe the permitted entity subtypes allowed for interface functions, the following short names are
used.
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Table 17 — Short names for entity types

also

Short name meaning

alp Axisl_placement

a2p Axis2_placement

Afa Annotation_fill_area
Aps Api_planar_surface
Arc Api_circular_arc

Blk Block

Brs Boolean_result

con Right_Tircutar_cone
Ctr Api_contour

Cyl Right_circular_cylinder
Dir Direction

Eas Extruded_area_solid
Elc Api_elliptical_arc

Fsh Fill_area_style hatching
Grp Api_group

Hss Half_space_solid

Hyp Api_hyperbolic_arc
lin Api_line

Par Api_parabolic_arc

Pin Polyline

Pnt Cartesian_point

Ras Revolved_area_solid
Set Set

Sph Sphere

Tor Torus

Wdg Right_angular_wedge

Table 18 — Short\-names for collections of entity types

Short name Meaning

Basic anelement of the collection (lin, arc)

Conic_arc an element of the collection (elc, hyp, par)

Curves an element of the collection (basic, conic_arc,
general)

Csg an element of the collection (blk, con, cyl, sph, tor,
wdg, brs)

Eill_area an element of the collection (afa, fsh)

General an element of the collection (pln, ctr)

Math an element of the collection (dir, alp, a2p)

Solid_model an element of the collection (csg, sweep)

Solids an element of the collection (solid_model, hss)

Sweep an element of the collection (eas, ras)

NOTE - All graphical entities’ means all geometric representation items that may be created through the interface
functions according Figure 2of this international standard.

7.1.4 Function names

The function names are build up by using the short names for the entity types, that are involved in the

function, and sometimes an abbreviation (see Table 19). All parts of the function name begins with a capital
letter and the parts of the name are broken by an underline character ' ' .
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For example:

— the function "Duplicate and Shift an Entity defined by a Direction’, becomes the name
Dup_Shift_Dir_Ent, by using the following abbreviations :

— Dup for duplicate
— Dir for an entity of type direction

— Ent for entity

Table 19 — Abbreviations used for function names

Abbreviation meaning

Chg change

Dup duplicate

Ent entity

Gen generation

Inq Inquire

Ref_Sys Reference System
Sid solid

7.2 Logical description of the interface functions and.FORTRAN binding
The rformative Annex A describes each of the interface funetions and its binding for FORTRAN 90. OQther
language bindings will be specified as separate parts of this multi-part International Standard.
8 Interface tables

This ¢lause specifies all entries from the interface tables and their default values.

8.1 [nterface description table

The fpllowing table contains all'entries, used in this International Standard to describe the capability df this
interface. The values for this-entries are implementation dependent.

Table 20 — Interface description table

Nampg type meaning

interfpce_level | Level : 1t0 3

hidden_line~capability E hidden line process available [OFF,ON]

max |interpolation_nodes_number | number of interpolation points for simulation (=1)

contaur=entities nxs List of short names of entities pnrmiﬂnd for npi_r‘nntnllr besidek
B the basic ones (at minimum 'lin' and 'arc")

8.2 Interface status table

The following table described all entries of the interface status table, used in this International Standard.
These values are the default values, they may be changed by the initialisation process of a view, performed
by the LMS.
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Table 21 — Interface status table

also

Name type | Value meaning

error_variable | 0 no error

error_origin S Empty no error

error_text S Empty no error

geometrical_power_level | 1 2D view

hidden_line E see Table 20 equal to hidden_line_capability

hidden_line_involved E TRUE hidden line involved [TRUE,FALSE]

interpolation_nodes_number | see Table 20 equal to max_interpolation_nodes_number

view_|ergtiamit E METRE metre [METRE, INCH]

view_length_scale_factor D 10-3 scale factor

view_angle_unit E DEG degree [RAD,DEG,GRAD]

point_gtyle 2xS | 'asterisk_point’, presentation style for points
1ISO_13584 31

curve style 2xS | 'plain_solid_line', presentation style for curves
1ISO_13584 31

fill_arga_style 2xS | 'opaque_fill_area’, presentation style for filk areas
1ISO_13584 31

surfacg_style 2xS | 'solid_surface', presentation style-for surfaces
1ISO_13584 31

hatch_|curve_font S ‘continuous’ hatching carve font appearance

hatch |width S 'thin_hatch_line' hatching curve width appearance

hatch |colour S 'hatch_line_colour' hatching curve colour appearance

hidder)_line_aspect S ‘hidden_line_invisible' | hidden line style for HLI entities

view_lpvel D 0.0 relative view level (virtual height)

9 Dimensions of interface implementation

91 M

This sul
the dat

nimal dimensions of the different interface buffers and structured data types

Tablte 22 — Dimensions of Interface implementation

bclause specifies the minimal dimensions of the structured data types and the minimal capabilitles of
h storage that shall be supported by an ISO 13584 conforming interface.

kind of dimension type value
number of entities in the-TDB | 10000
numbef of points per polyline | 300
numbef of entities‘per api_contour | 300
numbef of inner boundaries per annotation_fill_area | 100
numbef of-inher boundaries per api_planar_surface | 100
numberof groups In the 1DB T 200
size of group stack | 100
size of set stack | 100
number of characters per string | 256
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Annex A

(normative)

Logical description of the interface functions and FORTRAN
bindings

A.1l Introduction

This annex forms an integral part of the standard and is normative. It describes logicallyeach
interface function and specifies its FORTRAN binding.

A.2 FORTRAN mapping

A.2.1 Mapping for the interface function

— FORTRAN subroutines and FORTRAN functions correspond Qhe-to-one to the logical fungtions.
Each function has an unigue FORTRAN subroutine or FORTRAN function name by which it shall be
invoked. In this annex both the logical description and the FORTRAN binding of each interface
function are specified.

— All FORTRAN function names and FORTRAN subroutine are max. 31 letters long. These are the
same names as the logical functions in capital letters. For example, the logical function name

Dup_Shift_Dir_Ent of the function 'Duplicate and Shift an Entity defined by a Direction’, becomes the
FORTRAN name DUP_SHI FT_DI R_ENT.

A.2.2 Mapping for the logical data‘type

Mapping the logical data types onto the FORTRAN data types:

Table A.1 — Mapping of logical data types

logical data types FORTRAN data representation

integer INTEGER

list of integer INTEGER array(length), where length is given by an INTEGER variable (e.g. N) or
INTEGER constant

double DOUBLE PRECISION

list of double DOUBLE PRECISION array(length), where length is given by an INTEGER|variable or
INTEGER constant

eflumeration INTEGER, all values are mapped to the range zero to N-1, where N is the rfjumber of
enumeration alternatives

entity_name_type INTEGER; zero = 0; unknown = negative integer

list of entity_name_type INTEGER array(length) for entity names, where length is given by an INTEGER variable
or INTEGER constant

string CHARACTER (LEN=
*), containing the string

list of string CHARACTER (LEN=
*) array(length), where length is given by an INTEGER variable (N) or INTEGER constant
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A.2.3 FORTRAN limitations for Parts Supplier Programs

A.2.3.1 Language basis

The basis of the syntax is the programming language FORTRAN ( ISO 1539:1991(E) ).

A.2.3.2 Excluded statements

The FORTRAN programs, within a part library, are intended to be run in various environments, on
different CAD-systems and following various operating techniques (e.g. compiling and linkage,

also

interprg

In orde
forbidd

1) Pr
PR
EN
ST
Bl

(2) Ing
RH
OF
RH

(3) Fd
Cd
EQ
DA
SA

A.2.3.1

The fol
will not

tatiorm, transtationm—J-

BN in part programs.

bgram architecture statements :
OGRAM

TRY

OP

OCK DATA

ut/output statements :
AD,WRITE,FORMAT
EN,CLOSE,INQUIRE

WIND,BACKSPACE,ENDFILE

MMON
UIVALENCE
TA

VE

B Obsoletefeatures

should

to ensure a maximal portability of these programs, the following FORTRAN statements are

RTRAN specific data organisation statements :

owing-features have been declared obsolescent in FORTRAN, i.e. they are still present, but
appear in the next revision of the FORTRAN standard. Therefore the use of these features
e-avoided in new programs, and eventually replaced in old programs

Arithmetic-IF

Alternate-Return from subroutine

ASSIGN

Assigned FORMAT specifier

134


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

also

ISO 13584-31: 1999(E)

Assigned GOTO

DO loop control variables that are not integers
DO loop not ending on CONTINUE

Branch to END IF from outside IF block

H edit descriptor

PAUSE

A.2.3.4 Recommended statements

The use of implicit data typing should be avoided, therefore every program should contain the
following directive:

IMPLICIT NONE
A.3 LIST OF INTERFACE FUNCTIONS

This subset of functions are the only interface functions that shall be‘ptevided for part supplier |ibrary

programs and are specified by this normative annex.

A.3.1 List of interface functions according interface Jevel 1

This following table shows a sub-set of interface functions'that defines the complete sub-set of

functions to be implemented for interface level 1 (see;chapter 5.1.1 and Table 20 — Interface

description table) and that shall be callable on animplementation conform to these interface leyel (1).
Table A. 2 — List of interface functions according interface level 1

chapter function name parameter ppwer

A.4.1 Data control functions

A41.1 Clear_Tdb — 3(0

A4.1.2 Fix_Ent N,ENTLST 3|1

A.4.2 Error control functions

A4.21 Ing_Error_State ERRNUM,ERRSRC,ERRTXT,ERR 310

A4.2.2 Reset_Error” State — 310

A.4.3 Interfogate interface capability functions

A4.3.1 Ingp Level LEVEL,ERR 310

A.4.3.2 lng_Hidden_Line_Capability HLCAPA ERR 3(0

A.4.3.3 Ing_Contour_Ent N,TYPLST,ERR 310

A.4.34 Ing_Interface_Dimension NUMLST,ERR 3(0

KAA1 Ing_Hidden_Line HIDMOD,ERR 3o

AAZLZ TNg_Hidden_Line_InvolveEmENt HLTERR 30

A.4.4 Interrogate interface sytem entry functions

A.4.4.3 Ing_Interpolation_Nodes NODENO,ERR 30

A.4.4.4 Inq_Geometrical_Power POWER,ERR 30

A.4.45 Ing_Ovc_Unit VLUNI,VLSFAC,VAUNIERR 30
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Table A. 2 — (continued)

also

chapter function name | parameter | power
A.45 Set interface sytem entry functions
A.45.1 Set_Hidden_Line_Involvement | HLI | 30
A5.11 Direction
A5.1.1.1 Dir_Component X,Y,Z,KFIX 31
A5.1.1.2 Dir_2_Pnt STAPNT,ENDPNT,KFIX 31
A.5.1.1.3 |Dir_2_Dir_Angle REFDIR,ZDIR,ANGLE,KFIX 31
AS51.14 Dir_A2p_X A2PNAM,KFIX 31
AS5.1.1p Dir_A2p_Y A2PNAM,KFIX 31
A5.1.3 Axis2_placement (Local Coordinate System)
A5.1.31 A2p_3 _Pnt CENPNT,AXSPNT,REFPNT,KFIX 31
A.5.1.3p A2p_2 Dir CENPNT,AXSDIR,REFDIR,KFIX 31
A5.1.3B |A2p_2 Dir Xy CENPNT,REFDIR,YAXDIR,KFIX 31
A.5.1.3.4 |[A2p_Position_Relative REFLST,KFIX 31
A5.1.3p |A2p_Ref Sys KFIX 3]
A5.21 Points with canonical definition
A5.21.1L Pnt_Cartesian_Absolute X,Y,Z,KFIX 31
A5.2.1.p Pnt_Cartesian_Relative PNTNAM,DX,DY,DZ;KFIX 31
A5.2.18 Pnt_Polar_Absolute PHI,THETA,RAD,KFIX 31
Ab5.2.1.4 Pnt_Polar_Relative PNTNAM,PHI;THETA,RAD,KFIX 31
A5.2.2 Points with constrained based definition
A5.2.2[l |[Pnt Begin Ent ENTNAMKFIX 3]
A.5.2.2.p Pnt_End_Ent ENTNAM,KFIX 31
A5.2.2.8 Pnt_Intersection_2_Ent ENTNM1,ENTNM2,KFIX 31
A.5.2.2.4 |Pnt_Tangential_Arc ARCNAM,LINNAM,KFIX 31
A5.2.2.p Pnt_Centre_Arc ARCNAM,KFIX 31
A5.2.2.p Pnt_Middle_Ent ENTNAM,KFIX 31
A5.2.2) Pnt_Projection_Ent PNTNAM,ENTNAM,KFIX 31
A.5.2.2.B | Pnt_Projection_A2p PNTNAM,A2PNAM,KFIX 31
A53.1[ Line segments (api_lin€)
A5.3.1[L.1 |Lin_2 Pnt STAPNT,ENDPNT,KFIX 31
A.5.3.1[1.2 | Lin_Pnt_Length. Dir STAPNT,LEN,DIRNAM,KFIX 31
A.5.3.1.[L.3 | Lin_Tangential-Arc STAPNT,ARCNAM,KFIX 31
A.5.3.1.[L.4 | Lin_Tangential_2_Arc ARCNM1,ARCNM2,KFIX 31
A.5.3.1.[L.5 [ Lin_Chamfer_2_Lin LEN1,LEN2,LINNM1,LINNM2,KFIX 31
A.5.3.1.p | Circte and circular arc (api_circular_arc)
A.5.3.1.p.1A4Circle_Rad_A2p RAD,A2PNAM,SENSE, KFIX 31
A.5.3.1.p.2 | Arc_3 Pnt STAPNT,INTPNT,ENDPNT, KFIX 31
A.5.3.1.2.3 | Arc_Rad_2_Angle A2p RAD,STAANG,ENDANG,A2PNAM, 3
SENSE,KFIX
A.5.3.1.2.4 | Arc_Rad_3_Pnt RAD,STAPNT,ENDPNT,HLPPNT,KFIX 3
A.5.3.1.2.5 |Arc_Rad_2_Pnt_A2p RAD,PNTNM1,PNTNM2,A2PNAM, 3
SENSE,KFIX
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Table A. 2 — (continued)

chapter function name parameter power

A.5.3.1.2.6 | Arc_Fillet_2_Ent ENTNM1,ENTNM2,RAD,KFIX 31

A.5.3.1.2.7 | Arc_Tangential_2_Ent ENTNM1,ENTNM2,RAD,KFIX 31

A.5.3.1.2.8 [Arc_Rad_2_Ent RAD,ENTNM1,ENTNM2,IN1,IN2, 31
MINLEN,KFIX

A.5.3.1.2.9 | Arc_3_Ent ENTNM1,ENTNM2,ENTNMS3,IN1,IN2,IN3, 31
KFIX

A5.3ZT [EMpsSe and eMptical arc (api_elptical_arc)

A.5.3.2.1.1 | Ellipse_2_Diameter_A2p SEMI1,SEMI2, A2PNAM,SENSE,KFIX 3

A.5.3.2.1.2 | Elc_Gen SEMI1,SEMI2,STAANG,ENDANG,A2PNAM |3
,SENSE,KFIX

A.5.3.2.2 Hyperbolical arc (api_hyperbolic_arc)

A.5.3.2.2.1 | Hyp_Gen SEMAXI,SEMIMG,STAANG,ENDANG, 3|11
A2PNAM,KFIX

A.5.3.2.2 Hyperbolical arc (api_parabolic_arc)

A.5.3.2.3.1 | Par_Gen FOCLEN,STAANG,ENDANG,A2PNAM, 3|11
KFIX

A5.3.3.1 Polyline

A.5.3.3.1.1 | PIn_Cartesian_Coordinate N,XLST,YLST,ZLST,KFIX 3

A.5.3.3.1.2 | PIn_Pnt_List N,PNTLST,KFIX 3

A.5.3.3.2 Planar contour (api_contour)

A.5.3.3.2.1 | Ctr_Gen N;ENTLST,KFIX 3|1

A5.4 Fill area

AS54.1 Afa_Gen CTRNAM,N,CTRLST,KFIX =1

A.5.4.2 Fsh_Gen REFPNT,DIST1,DIST2,ANGLE =1

A.5.4.3 Hatch_Afa HATCH,AFA,REFPNT =1

A.6.1 Structure entities in the TDB

A6.1.1 Create_Grp — s

A.6.1.2 Close_Grp — 31

A.6.1.3 Reopen_Grp GRPNAM s

A.6.1.4 Remove_Ent/Grp ENTNAM s

A.6.1.5 Gather_Ent\Grp N,ENTLST 31

A.6.1.6 Add_Edt"Grp GRPNAM,ENTNAM 3|1

A.6.2 Structure entities to sent into CAD sysem

A6.2.1 Open_Set SETNAM 31

A.6.2.2 Close_Set 31

A7.1 Duplicating entities

A1 Dup_Ent ENTNAM,KFIX 3|1

KZ7.2 Mirroring entities

A7.21 Mirror_Ent ENTNAM,LINNAM 3

A.7.2.2 Dup_Mirror_Ent ENTNAM,LINNAM,KFIX 3
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Table A. 2 — (continued)

also

chapter function name | parameter power
A.7.3 Shifting entities
A.7.3.1 Shift_Dir_Ent ENTNAM,DIRNAM,SHFLEN 31
A.7.3.2 Shift_Displacement_Ent ENTNAM,DX,DY,DZ 31
A.7.3.3 Dup_Shift_Dir_Ent ENTNAM,DIRNAM,SHFLEN,KFIX 31
A.7.3.4 Dup_Shift_Displacement_Ent ENTNAM,DX,DY,DZ,KFIX 31
A.7.4 Rotating entities
A741 Rotate_Ent ENTNAM,PNTNAM,ANG1,ANG2,ANG3 31
A.7.4.2 Dup_Rotate_Ent ENTNAM,PNTNAM,ANG1,ANG2,ANG3, 31
KFIX
A.7.5 Changing entities
A.75.1 Chg_Orientation_Ent ENTNAM 31
A.75.2 Chg_Sense_Ent ENTNAM 31
chaptef function name parameter power
A.7.5.3 Homotetia_Ent ENTNAM,PNTNAM,K 31
A.8.1 Utility functions for geometric entities
A8.1.1 Pnt_Retrieve_Coordinate PNTNAM,X,Y,Z 31
A.8.1.2 Pnt_Retrieve_Component DIRNAM,X,Y,Z 31
A.8.1.3 A2p_Retrieve_Location A2PNAM,PNTNAM 31
A8.1.4 Lin_Retrieve_Dir LINNAM,DIRNAM 31
A.8.1.6 Arc_Retrieve_A2p ARCNAM,A2PNAM 31
A.8.1.7 Arc_Retrieve_Rad ARCNAM;RADIUS 31
A.8.1.8 Arc_Retrieve_Sense ARCNAM,SENSE 31
A.8.2 Interrogate entity functions
A8.2.1 Retrieve_Type_Ent ENTNAM,TYPE 31
A.8.2.2 Retrieve_Member_Grp GRPNAM,N,ENTLST3) 31
A.8.2.3 Retrieve_Ent_Ctr CTRNAM,N,ENTLST® 31
A.8.3 Calculation utility functions
A.8.3.1 Distance_2_Pnt PNTNM1,PNTNM2 31
A.8.3.2 Start_Angle_Arc ARCNAM 31
A.8.3.3 End_Angle_Arc ARCNAM 31
A9.1 Generation and-setting of nnew reference system
A9.1.1 Ref_Sys_3_Pnf CENPNT,AXSPNT,REFPNT 31
A9.1.2 Ref_Sys<2-Dir CENPNT,AXSDIR,REFDIR 31
A9.1.3 Ref_Sys 2 Dir_Xy CENPNT,REFDIR,YAXDIR 31
A.9.1.4 Ref-Sys_Position_Relative REFLST 31
A9.15 Ref Sys A2p A2PNAM 3]

3) additional parameter DIMLST for FORTRAN binding
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Table A. 2 — (continued)

chapter function name | parameter power
A.10.1 Setting of global entries for visualisation attributes
A.10.1.1 | Set_Point_Style EXTSOU,PNTSTY 30
A.10.1.2 Set_Curve_Style EXTSOU,CURSTY 30
A.10.1.3 Set_Fill_Area_Style EXTSOU,AFASTY 30
A.10.1.4 Set_Surface_Style EXTSOU,SURSTY 30
A.10.15 Set_Hatch_Width WIDTH,ERR 30
A.10.1.6 Set_Hatch_Curve_Font FONT 30
A.10.1.7 Set_Hatch_Colour COLOUR 30
A.10.1.8 Set_Hidden_Line_Aspect HIDSTY 30
A.10.1.9 Set_Relative_View_Level RVL 30
A.10.2 Inquire of global entries for visualisation attributes
A.10.2.1 |Ing_Point_Style EXTSOU,PNTSTY,ERR 0]
A.10.2.2 Ing_Curve_Style EXTSOU,CURSTY,ERR 30
A.10.2.3 Ing_Fill_Area_Style EXTSOU,AFASTY,ERR 30
A.10.2.4 Ing_Surface_Style EXTSOU,SURSTY;ERR 30
chapter function name parameter power
A.10.2.5 |Ing_Hatch Width WIDTH,ERR 3(0
A.10.2.6 Inq_Hatch_Curve_Font FONT, ERR 30
A.10.2.7 Inq_Hatch_Colour COLOUR,ERR 30
A.10.2.8 Inq_Hidden_Line_Aspect HIDSTY,ERR 30
A.10.2.9 Ing_Relative_View_Level RVL,ERR 30
A.10.3 Changing the visual appearance of entities
A.10.3.1 | Chg_Point_Style PNTNAM,EXTSOU,PNTSTY 3|1
A.10.3.2 Chg_Curve_Style ENTNAM,EXTSOU,CURSTY 31
A.10.3.3 | Chg_Fill_Area_Style AFANAM,EXTSOU,AFASTY 3|1
A.10.3.4 Chg_Surface_Style ENTNAM,EXTSOU,SURSTY 31
A.10.3.5 | Chg_Hatch Width FSHNAM,WIDTH 3|1
A.10.3.6 Chg_Hatch_CurvexFont FSHNAM,FONT 31
A.10.3.7 Chg_Hatch_Colour FSHNAM,COLOUR 31
A.10.3.8 Chg_Hidden) Line_Aspect ENTNAM,HIDSTY 31
A.10.3.9 Chg_Relative_View_Level ENTNAM,RVL 31
A.10.4 Retrieve assigned style from entities
A.10.4.1 Retrieve_Point_Style PNTNAM,EXTSOU,PNTSTY 31
A.10.4.2 Retrieve_Curve_Style ENTNAM,EXTSOU,CURSTY 31
A.10.433 Retrieve_Fill_Area_Style AFANAM,EXTSOU,AFASTY 31
A10.4.4 Retrieve_Surface_Style ENTNAM,EXTSOU,SURSTY 31
A:10.45 Retrieve Hatch Width FSHNAM,WIDTH 3l1
A.10.4.6 Retrieve_Hatch_Curve_Font FSHNAM,FONT 31
A.10.4.7 Retrieve_Hatch_Colour FSHNAM,COLOUR 31
A.10.4.8 Retrieve_Hidden_Line_Aspect ENTNAM,HIDSTY 31
A.10.4.9 Retrieve_Relative_View_Level ENTNAM,RVL 31
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A.3.2 List of interface functions according interface level 2

also

This following table shows a sub-set of interface functions that defines the complete sub-set of
functions to be implemented as * add on’ for interface level 2 (see chapter5.1.1 and Table 20 —
Interface description table). These functions shall be callable on an implementation conform to these
interface level (2), additionally to the functions implemented for interface level 1.

Table A. 3 — List of interface functions according interface level 2

chapter function name | parameter | power
A5.1.1 Direction

A5.1.1p |DIR A2P_Z | A2PNAM KFIX EE
A5.1.2 Axisl_placement (single axis)

Ab5.1.21 AlP_GEN PNTNAM,DIRNAM,KFIX 32
A5.1.2p AlP_2 PNT STAPNT,ENDPNT,KFIX 32
Ab5.2.1 Points with canonical definition

A5.2.1p PNT_CYLINDER_ABSOLUTE PHI,RAD,HEIGHT,KFIX 32
A5.2.1p PNT_CYLINDER_RELATIVE PNTNAM,PHI,RAD,HEIGHT KEIX 32
A.55 Surface entities

AS55.1 APS_GEN | CTRNAM,N,CTRLST,KHIX 32

A.3.3 |List of interface functions according interface level’3

This following table shows a sub-set of interface functions that defines the complete sub-set of
functiofs to be implemented as ‘* add on’ for interface level 34see chapter5.1.1 and Table 20 —
Interfage description table). These functions shall be callable on an implementation conform to these

interfade level (3), additionally to the functions implemented for interface level 1 and 2.

Table A.4 — List of interface functions according interface level 3

chapter function name parameter power
A.5.6.1 CSG primitives

A5.6.1.11 Sph_Gen RAD,CNTPNT,KFIX =3
A.5.6.1.p Con_Gen ANGLE,HEIGHT,RAD,A1PNAM,KFIX =3
A5.6.1.8 Cyl_Gen RAD,HEIGHT,A1PNAM,KFIX =3
A5.6.1.4 Tor_Gen MAJOR,MINOR,A1PNAM,KFIX =3
A5.6.1.p Blk_Gen LENX,LENY,LENZ,A2PNAM,KFIX =3
A5.6.1.p Wdg_Gen LENX,LENY,LENZ,LTX,A2PNAM,KFIX =3
A.5.6.2 CSG regular Boolean operations

A5.6.2.11 Unien. SId BOPNM1,BOPNM2,KFIX =3
A.5.6.2.p Intersection_Sld BOPNM1,BOPNM2,KFIX =3
A.5.6.2.8 Difference_SId BOPNM1,BOPNM2,KFIX =3
A.5.6.3 sweept—area—sohes

A.5.6.3.1 Sld_Extrusion SRFNAM,DIRNAM,DEPTH,KFIX =3
A.5.6.3.2 SId_Revolution SRFNAM,ANG,A1PNAM,KFIX =3
A.5.6.4 CSG solid pipe entity

A5.6.4.1 |sId_Pipe | PLNNAM,SRFNAM,RAD, KFIX =3
A.5.6.5 Half space solid entity

A56.5.1 [Hss Gen | A2PNAM,AGREMF =3
A.8.1 Utility functions for geometric entities

A.8.15 Hss_Retrieve_A2p | HSSNAM,A2PNAM =3
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A.4 INTERFACE CONTROL FUNCTIONS

These functions allow the application program to control the interface (e.g. to send geometrical
to CAD system), to control the error state, and to interrogate entries from the interface tables.

A.4.1 Data control functions

data

Cledrl temporalry ddlabase Cleal_TDb

Fix entities into CAD system Fix_Ent
A.4.1.1 Clear temporary database

Function name:

Clear_TDB interfacé.level: 1

geometrical power level: |0

1,2,3

Parameters:

in/  |name data | Meaning permitted types/valug
out type

n

FORTRAN binding:
CALL CLEAR TDB ( )

Effects:

The temporary database (TDB) shall be cleafed. If an error occurs, no modification of the TDB
done.

1) If there is an open 2D view and.there are entities within the TDB that are virtually sent (assi
with the api_pre_defineduwvirtually_sent_stylg, these entities shall not be deleted. They r
in the TDB until the hidden'line removal process is finished.

Notes:

Internal reference:
5.3.4,5.3.5,6.25.5

Errors:

will be

jned
PMmain

— None ]

A4 12 Fix-entities into CAD system

Function name:

Fix_Ent interface level: 1

geometrical power level: | 1,

2,3
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Parameters:

in/  |name data | Meaning permitted types/values

out type

in [N | length of ENTLST 31

in  |ENTLST nxN |list of entity names (pnt,curves,afa,aps,math,
solid_model,grp)

FORTRAN binding:

CALL

Effectsy

FI X_ENT (N, ENTLST )

also

All entities of the given list ENTLST are removed from the group structure they belong to, and are
sent frgm TDB to the CAD system. The access to these entities are no longer available and the
names of these entities become unknown. If an error occurs, no modification will be done.

Notes:

1) Ift

he effected entity is an instance of type api_group, this group shall be a closed'group and all

entifies referring to this group are sent to the CAD system. The name of this group-becomes

unkmnown just like the names of refered entities.

2) If there is an open 2D view and the hidden_line entry in the interface status'table is equal to ON,
all gntities of ENTLST that are hidden line involved (HLI) are only virtually sent. That means, these
entifies becomes an api_pre_defined_virtually_sent_styleattachied and are 'virtually sent’. They
rempin within the temporary database (TDB) until they shall be send to the CAD system after the
hidden line removal process is finished.

3) When an entity is virtually sent, it shall be removed from-the api_group structure and shall belong
to the root group that cannot be used in any group functions.

Interna| reference:

5.3.4,4.3.5,55,6.1.19, 6.2.55

Errors:

1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
5 integer value out of permitted range 202 |error while sending entity to CAD system
204 |function not compatible with eurrent power level

A.4.2 [Error control functions

Inquire|error state Ing_Error_State

Reset gystem errof Reset_Error_State

A.4.2.1 Inguire error state

Functidn name:

Inq_Error_State interface level: 1

geometrical power level: | 0,1,2,3

Parameters:

in/  |name data | Meaning permitted types/values
out type

out [ERRNUM |l current error value 0 or error_variable

out [ERRSRC |S name of function that caused the error

out |[ERRTXT S message text associated with the error

out |[ERR E error_indicator for inquire functions [NOERROR,ERROR]
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FORTRAN binding:
CALL | NQ_ERROR_STATE ( ERRNUM ERRSRC, ERRTXT, ERR )

Effects:
This function provides the current error_status of the interface by returning the current settings of
error_variable, error_origin and error_text.

If the interface is in an error state (error_state = true):

— the current value error_variable and the current strings error_origin and error_text of the ifterface
status table returned for ERRNUM, ERRSRC and ERRTXT respectively.

— the value of ERRNUM is equal to zero and the strings of ERRSRC and ERRTXT are empty
strings.

If the interface is in a non error state (error_state = false):

The error_indicator ERR, reports any difficulty during function perfermance.

Notes:

Internal reference:
5.8

Errors:

‘— ‘None ‘ ‘

A.4.2.2 Reset error state

Function name:
Reset_Error_State interface level: 1
geometrical power level: | 0f1,2,3

Parameters:
in/  |name data | Meaning permitted types/valuegs
out type

E@RTRAN binding:

OALL DT Do CT AT
OALL O T__LINNUN OTATLE

A~
-+

Effects:
This function resets the current error state of the interface.

If the interface is in an error state (error_state = true):
— exits the interface from error state and resets the current value error_variable and the current

strings error_origin and error_text of the interface status table, by setting zero for error_variable and
an empty string for error_origin and error_text .
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If the interface is not in an error state (error_state = false):

— returns and no modification will be done.

Notes:

Internal reference:

‘— ‘ None ‘ ‘

A.4.3 |Interrogate interface capability functions

Inquirelinterface level Ing_Level

Inquire|hidden line capability Ing_Hidden_Line_Capability
Inquire|contour entity Ing_Contour_Ent
Inquirelinterface dimension Ing_Interface_Dimension

A.4.3.1 Inquire interface level

Functign name:
Ing_Level interface level: 1
geometrical power level: | 0,1,2,3

Parameters:
in/  [name data | Meaning permitted types/values
out type
out |LEVEL | value forinterface_levelentry (1...3)
out [ERR E error_indicator for inguire functions [NOERROR,ERROR]

FORTRAN binding:
CALL |NQ LEVEL ( LEVEL,ERR)

Effects|

This fupction provides the"value of the interface_level entry from the interface description table. The
error_indicator ERR reports any difficulty during function performance.

Notes:

Internalreference:
51.1,8.1

Errors:
‘— ‘ None ‘ ‘

A.4.3.2 Inquire hidden line capability

Function name:
Ing_Hidden_Line_Capability interface level: 1
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geometrical power level: ‘0,1,2,3 ‘
Parameters:
in/  |name data | Meaning permitted types/values
out type
out |HLCAPA |E value for hidden_line_capability entry [OFF,ON]
out |[ERR E error_indicator for inquire functions [NOERROR,ERROR]

FORTRAN binding:
CALL | NQ HI DDEN_LI NE_CAPABI LI TY ( HLCAPA, ERR )

Effects:

This function provides the value of the hidden_line_capability entry from the interface descriptipn
table. The error_indicator ERR, reports any difficulty during function performance.

Notes:

Internal reference:
5.3.5,8.1

Errors:
‘— ‘ None ‘ ‘

A.4.3.3 Inquire contour entity

Function name:
Inq_Contour_Ent interface level: 1
geometrical power level: | 0f1,2,3

Parameters:
in/  |name data | Meaning permitted types/valuegs
out type
out [N | length of TYPLST, that defines the number of entries (2...6)
out |TYPLST nxS |list of names for short entity types, that are allowed for |('lin', arc’, 'elc’, 'par’, [hyp’,
apiseontour 'pIn")
out |[ERR E efrar”indicator for inquire functions [NOERROR,ERROR]

FORTRAN bindingt
CALL | NQ CONJ'@UR_ENT ( N, TYPLST, ERR )

Effects:

This funtction provides a list of short names of entity types, that are permitted for contour
representation, as contour_entities entry from the interface description table, added with the twp
defaudlts. The minimal number of entity types in TYPLST must be 2 (lin' for api_line and 'arc’ for
api_circular_arc, that are always be presented in every interface implementation). The

error_indicator ERR, reports any difficulty during function performance.

Notes:
1) The number of character per list element TYPLST(i) shall be equal to 3.

Internal reference:
6.1.14.2,7.1.3, 8.1
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Errors:

‘— ‘None

A.4.3.4 Inquire interface dimension

Function name:
Ing_Interface_Dimension

interface level: 1

geometrical power level: 0,1,2,3

also

Parameters:
in/ n ]Imne dutu :\V‘IC(AI I;I Iy HCI LIL} |;ttcd t_y lJC\)I,V (A:LJCQ
out type
out [NUMLST |9xI |list of minimal dimensions of interface buffers see below
out [ERR E error_indicator for inquire functions [NOERROR,ERROR]
FORTRAN binding:
CALL I NQ_I NTERFACE_DI MENSI ON ( NUM_ST, ERR )
Effects|
This fupction provides a list of numbers that specifies the minimal dimensions’of-interface buffers,

according Table 21 of this International Standard. The list elements are:
NUMLST(1) — number of entities in the TDB

NUMLST(2) — number of points per polyline

NUMLST(3) — number of entities per api_contour

NUML$T(4) — number of inner boundaries per annotation_fill_area
NUMLST(5) — number of inner boundaries per apt_planar_surface
NUMLST(6) — number of groups in the TDB

NUMLST(7) — size of group stack

NUMLST(8) — size of set stack

NUMLST(9) — number of characters per string

The ernor_indicator ERRCreports any difficulty during function performance.
Notes:

Internal reference:

9.1

Errors

‘— ‘None ‘ ‘

A.4.4 Interrogate interface system entry functions

Inquire

Inquire hidden line involvement
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Inquire interpolation nodes number Ing_Interpolation_Nodes
Inquire geometrical power Ing_Geometrical_Power
Inquire OVC units Ing_OVC_Unit

A.4.4.1 Inquire hidden line

Function name:
Ing_Hidden_Line interface level: 1
geometrical power level: | 0]1,2,3

Parameters:
in/  |name data | Meaning permitted types/valuegs
out type
out \HIDMOD |E current value for hidden_line entry [ON,OFF]
out |[ERR E error_indicator for inquire functions [NOERROR,ERROR]

FORTRAN binding:
CALL | NQ HI DDEN_LI NE ( H DMOD, ERR )

Effects:

This function provides the current values for hidden_line entry_from the interface status table. The
error_indicator ERR, reports any difficulty during function pefformance.

Notes:

Internal reference:
5.3.5, 8.2

Errors:
‘— ‘ None ‘ ‘

A.4.4.2 Inquire hidden line involvement

Function name:
Inq_Hidden_Line_involvement interface level: 1
geometrical power level: | 0f1,2,3

Parameters:
in/  |name data | Meaning permitted types/valugs
out type
out (HLI E current value for hidden_line_involved entry [TRUE,FALSE]
out, [ERR E error_indicator for inquire functions [NOERROR,ERROR]

FORTRAN binding:
CALL | NQ HI DDEN_LI NE_I NVOLVEMENT ( HLI, ERR )

Effects:

This function provides the current values for hidden_line_involved entry from the interface status
table. The error_indicator ERR, reports any difficulty during function performance.

Notes:
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Internal reference:
5.3.5, 8.2

Errors:
‘— ‘ None ‘ ‘

A.4.4.3 Inquire interpolation nodes number

Function name:
Ing_Interpolation Nades interface level: 1

geometrical power level: 0,1,2,3

Parameéters:

in/  [name data | Meaning permitted types/values
out type

out [INODENO |l current value for interpolation_nodes_number entry 31

out [ERR E error_indicator for inquire functions [NOERROR(ERROR]

FORTRAN binding:
CALL I NQ_I NTERPOLATI ON_NODES ( NODENO ERR )

Effects|
This fupction provides the implemented and available value of the interpolation_nodes_number entry
from the interface status table. The error_indicator ERR, reports any/difficulty during function
performance.

Notes:

Internal reference:
6.1.13,8.1

Errors:
‘— ‘ None ‘ ‘

A.4.4.4 Inquire geometrical’power

Functign name:
Ing_Gepmetrical_Power interface level: 1
geometrical power level: | 0,1,2,3

Parameters:
in/  [name data | Meaning permitted types/values
out type
out |PPWER | current value for geometrical_power_level entry (0...3)
out ERR E error_indicator for inquite functions [NOERROR,ERROR]

FORTRAN binding:
CALL | NQ_GEQVETRI CAL_POVER ( POVER, ERR )

Effects:

This function provides the current values for geometrical_power_level entry from the interface status
table. The error_indicator ERR, reports any difficulty during function performance.
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Notes:

Internal reference:
5.1.1, 8.2

Errors:

‘— ‘None ‘ ‘

A.4.4.5 Inquire OVC units

Function name:

Ing_OVC_Unit interface level: 1
geometrical power 0{1,2,3
level:

Parameters:

in/  |name data | Meaning permitted types/valugs
out type

out |VLUNI E current value for view_length_unit entry [METRE,INCH]

out |VLSFAC D current value for view_length_scale_factorentry

out |VAUNI E current value for view_angle_unit entry [RAD,DEG,GRAD]

out |[ERR E error_indicator for inquire functions [NOERROR,ERROR]

FORTRAN binding:
CALL INQ OVC_ UNIT ( VLUN, VLSFAC, VAUN , ERR )

Effects:
This function provides the settings for OVC_length_unit and OVC_angle_unit by returning the ¢
values for view_length_unit, view_length_scale_factor and view_angle_unit entries from the int
status table.

OVC_length_unit refers to view_length_unit scaled by view_length_scale_factor and OVC_ang
refers to view_angle_unit ;

The error_indicator ERR; reports any difficulty during function performance.

Notes:

Internakreference:
5.3.2y8.2

urrent
prface

e _unit

_Errnrc-
HOS-

‘— ‘None ‘ ‘

A.45 Set interface system entry functions

Set hidden line involvement Set_Hidden_Line_Involvement
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A.45.1 Set hidden line involvement

Function name:

Set_Hidden_Line_Involvement interface level: 1
geometrical power level: |0,1,2,3

Parameters:

in/  |name data | Meaning permitted types/values

out type

in |HLI E value for hidden_line_involved entry [TRUE,FALSE]

also

FORTRAN binding:

CALL $ET_HI DDEN_LI NE_I NVOLVEMENT ( HLI )

Effects|

Sets the new current value for hidden_line_involved entry from the interface status table, defined by
the givén value HLI equals TRUE. Each curve and fill area entity created through an interface

functiof shall be involved in the hidden line removal process; or HLI equals FALSE,‘that means that
these cfeated entities are not involved. If an error occurs, no modification shall be done.

Notes:

Internal reference:

5.3.5,8.2

Errors:

‘1001 ‘onumerated value out of range ‘

A.5 HUNCTIONS FOR GEOMETRIC DATA

A.5.1 Mathematical entities

A.5.1.1 Direction

Directign vector defined by components
Directign vector defined bytwe-points

Directign vector defined by two directions and

angle

Dir_Component
Dir_2 Pnt

Dir_2_Dir_Angle

X direction froman axis2_placement Dir_A2p_X
Y direclion.from an axis2_placement Dir_A2p_Y
Z direction from an axis2_placement Dir_A2p Z

A.5.1.1.1 Direction vector defined by components

Function name:

Dir_Component
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Parameters:
in/  |name data | Meaning permitted types/values
out type
in X D X component, in (Ox) direction of the current OVC see NOTE (1)
in |Y D y component, in (Oy) direction of the current OVC see NOTE (1)
in |Z D z component, in (Oz) direction of the current OVC see NOTE (1)
in |KFIX E storage location [TDB,CAD]
out INAME N name of created direction dir

FORTRAN binding:

NAVE

an

= DIR_COWONENT ( XY, Z, KFI X )

Effects:

Creates a direction entity with direction_ratios x,y and z derived from the given parameters
and Z respectively. The name of the created direction is returned. This direction has a null_gtyle
assigned to it.

Notes:
1) No value of component, neither for |X| nor for |Y| and nor fof/Z|, shall be between ZERO_V,

d EPS.

Internal reference:

The magnitude of the direction vector shall be in range [EPS,MAX]. If an efror occurs, no entity
created and the entity name is returned as zero.

S

2) When the current open view is defined as a 2D view, (the geometrical_power_level entry of the
interface status table equals 1), the value for z will,subsequently be ignored by the interface,

<

ALUE

6.1.9.3,6.2.1.2
Errors:
7 real value out of permitted range 101 |attempt to create a degenerated entity
102 |magnitude of direction vector.out of range 201 |temporary database overflow
[EPS,MAX]
202 |error while sending entity.to CAD system 204 |function not compatible with current power
level
1001 |enumerated value,out of range

Function name:

A.5.1.1.2 Direction vector defined by two points

Dir_2_Pnt interface level: 1
geometrical power level: | 1[2,3

Parameters:

inl _name data  Meaning permitted tvpes/valuds

out type 7 I o

in |STAPNT N name of start cartesian_point pnt

in |ENDPNT |N name of end cartesian_point pnt

in |KFIX E storage location [TDB,CAD]

out INAME N name of created direction dir

FORTRAN binding:

NAVE

= DIR_2_PNT ( STAPNT, ENDPNT, KFI X )
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Effects:
Creates a direction entity with direction_ratios x,y and z.

In the following, we will consider P1 and P2 as synonym for the two given cartesian_points STAPNT
— the difference P2-P1 is calculated and the three derived components are stored in the

direction_ratios X, y and z. The name of the created direction is returned. This direction has a
null_style assigned to it.

and ENDPNT, respectively. Then:

The digtance between the two cartesian_points shall be in range [EPS,MAX]. If an error occurs,\no
entity i$ created and the entity name is returned as zero.

Notes:
When the current open view is defined as a 2D view (that means that the geometricalnpower_level
entry of the interface status table equals 1), the value for z will subsequently be jgnored by the
interfade.

N
direction_ratios[3] : \ \
Z

AN

\ direction

AN

\
STAPNT N
%*‘-\\\_ ENDPNT

Figure A. 1 — Function: Dir_2_Pnt

Internal reference:
6.1.9,6.1.9.3,6.2.1.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
103 |distance between two points out of range 201 |temporary database overflow
[EPS,MAX]
202 |error while sending entity to CAD system 204 |function not compatible with current power
level
1001 |enumerated value out of range
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A.5.1.1.3 Direction vector defined by two directions and an angle

Function name:

Dir_2_Dir_Angle interface level: 1
geometrical power level: 1,2,3

Parameters:

in/  |name data | Meaning permitted types/values

out type

in |REFDIR N name of reference direction dir

in ZDIR N name of z-direction dir

in |ANGLE D angle value (0° £ ANGLE £ 360%)

in |KFIX E storage location [TDB,CAD]

out INAME N name of created direction dir

FORTRAN binding:
NAME = DIR 2_DIR ANGLE ( REFDI R, ZDI R, ANGLE, KFI X )

Effects:

Creates a normalised direction entity with direction_ratios x,y and. Z-derived from a calculation

process dependent on the current view initialisation.

— a NAME normalised direction entity is created, such:that the value of the oriented angle ffom

REFDIR to NAME is ANGLE.

In the case of an open 2D view:

In the case of an open 3D view:

— let P be the plane normal to the ZDIR direction. Then a normalised NAME direction entity is

created, such that the value of the-oriented angle from the orthogonal projection of REFDIR onfto P to

NAME is ANGLE.

In both cases, the name of the created direction is returned. This direction has a null_style
assigned to it.

If the given value Of’/ANGLE that is measured in OVC_angle_units, is less than ZERO_VALUE| then
the created direction entity NAME is equal to REFDIR. If an error occurs, no entity is created and the

entity name s returned as zero.

Notes:

When-the current open view is defined as a 2D view (that means that the geometrical_power_level

entry ‘of the interface status table equals 1), the given parameter ZDIR will subsequently be ignjored

by‘the interface
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A ZDIR

REFDIR

also

|
T
| NAME
| (direction)

Figure A. 2 — Function: Dir_2_Dir_Angle

Internal reference:
6.1.9,49.1.9.3,6.2.1.2
Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
4 alue of plane angle measure out of permitted |101" |attempt to create a degenerated entity
fange
117 tl;iven directions are parallel 201 |temporary database overflow
202 |error while sending entity to CAD system 204 |function not compatible with current power level
1001 |@¢numerated value out of range
A.5.1.1.4 Xdirection from an axis2_placement

Functidn name:

Dir_A2p_X interface level: 1
geometrical power level: | 1,2,3
Paramgters:
in/  |name data | Meaning permitted types/values

out type

in |ARPPNAM N Name of axis2_placement a2p
in  |KFIX E Storage location [TDB,CAD]
out |NAME N Name-of-ereated-direction ir

FORTRAN binding:

NAVE

= DIR_A2P_X ( A2PNAM KFI X )

Effects:

Creates a normalised direction entity collinear to the (Ox) axis of the given axis2_placement. The
name of the created direction is returned. This direction has a null_style assigned to it.

If an error occurs, no entity is created and the entity name is returned as zero.
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Notes:

Internal reference:

ISO 13584-31: 1999(E)

6.1.9.3,6.1.9.7, 6.1.9.8

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range

201 |temporary database overflow 202 |error while sending entity to CAD system
204 function not compatible with current power level (1001 |enumerated value out of range

A.5.1.1.5 Y direction from an axis2_placement

Function name:

Dir_A2p_Y interface level: 1
geometrical power level: | 1[2,3

Parameters:

in/  |name data | Meaning permitted types/valuegs
out type

in |A2PNAM N Name of axis2_placement a2p

in |KFIX E Storage location [TDB,CAD]

out |INAME N Name of created direction dir

FORTRAN binding:

NAVE

= DI R_A2P_Y( A2PNAM KFI X )

Effects:
Creates a normalised direction entity collinearito the (Oy) axis of the given axis2_placement| The

name of the created direction is returned.. This direction has a null_style assigned to it.

If an error occurs, no entity is created-and the entity name is returned as zero.

Notes:

Internal reference:

6.1.9.3,6.1.9.7, 6.1.9.8

Errors:

1 entity;name not defined (zero, or unknown) 2 entity type out of permitted range

201 |témporary database overflow 202 |error while sending entity to CAD system
204+« function not compatible with current power level |{1001 |enumerated value out of range

AB.1.1.6 Zdirection from an axis2_placement

Function name:
Dir_A2p_Z

interface level: 2
geometrical power level: | 2,3
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Parameters:

in/  |name data | Meaning permitted types/values
out type

in |A2PNAM N Name of axis2_placement a2p

in |KFIX E Storage location [TDB,CAD]

out INAME N Name of created direction dir

FORTRAN binding:
NAME = DIR_A2P_Z ( A2PNAM KFI X )

Effects

Create$ a normalised direction entity collinear to the (Oz) axis of the given axis2_placement. The
name df the created direction is returned. This direction has a null_style assigned to it.

If an erfor occurs, no entity is created and the entity name is returned as zero.

Notes:

1) If thp current open view is defined as a 2D view (that means that the geometricalk power_level
entry of the interface status table equals 1), an error occurs, and the entity name is returned as
zerd.

Internal reference:

6.1.9.3]6.1.9.8
Errors:
1 éntity name not defined (zero, or unknown) 2 éntity type out of permitted range
201 |temporary database overflow 202 “ferror while sending entity to CAD system
203 |flunction not compatible with implemented interface 204 |function not compatible with current power
level level
1001 |@¢numerated value out of range

A.5.1.2 Axisl placement (single axis)
Axisl _placement Generation Alp_Gen
Axisl_placement Between two Roints Alp_2 Pnt

A.5.1.2.1 Axisl_placement generation

Functign name:
Alp_Ggn interface level: 2
geometrical power level: | 2,3

Parameéters:
in/  [name data | Meaning permitted types/values
out type
in |PNTNAM |N Name of cartesian_point pnt
in |DIRNAM N Name of direction dir
in |KFIX E Storage location [TDB,CAD]
out |NAME N Name of created axis1_placement alp

FORTRAN binding:
NAME = ALP_CGEN ( PNTNAM DI RNAM KFI X )
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Effects:
Creates an axis1_placement entity that is a single axis in 3D space.

ISO 13584-31: 1999(E)

— the given cartesian_point PNTNAM is duplicated as p1. This cartesian_point has a null_style
assigned to.

— the given direction DIRNAM is duplicated as d. This direction has a null_style assigned to.

— an axisl_placementis instantiated with the location p1 and the axis d. The name of the
axis1l_placementis returned and it has a null_style assigned to it.

Notes:

All input parameters are mandatory; if an error occurs, the entity name is returned as zero.

axis

DIRNAM

X

location
\

PNTNAM

\—axisl_placement

Figure A. 3 — Function: Alp_Gen

1) If the current\open view is defined as a 2D view (the geometrical_power_level entry of the
interfacedstatus table equals 1), an error occurs, and the entity name is returned as zero.

Internalreference:

6.1.9/6.1.9.6, 6.2.1.2

CITUTS.
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
201 |temporary database overflow 202 |error while sending entity to CAD system
203 |function not compatible with implemented interface |204 |function not compatible with current power
level level
1001 |enumerated value out of range
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A.5.1.2.2 Axisl _placement between two points

Function name:

also

Alp_2 Pnt interface level: 2
geometrical power level: | 2,3
Parameters:
in/  |name data | Meaning permitted types/values
out type
in |STAPNT N name of start cartesian_point pnt
in ENDBENT N name of end r‘nrfneinn_nninf r\nf
in  |KFIX E Storage location [TDB,CAD]
out |NAME N name of created axis1l_placement alp
FORTRAN binding:
NAVE ¥ ALP_2 PNT ( STAPNT, ENDPNT, KFI X )
Effects|
Create$ an axis1_placement entity that is a single axis in 3D space. The givencartesian_point

STAPN

— adg
null_st

— an
axisl |
given ¢

The dis
entity i

Notes:

1) Ifth
inte

artesian_point ENDPNT. Then:

T is duplicated as p1 and it has a null_style assigned to. Let P2 be a Syfionym for the second
irection d is instantiated with direction_ratios derived from P2<p1. This direction has a
yle assigned to it.

axisl_placementis instantiated with location p1 and axis d. The name of the
blacement is returned and it has a null_style assignedito it.

tance between the two cartesian_pointsshall be in range [EPS,MAX]. If an error occurs, no
created and the entity name is returned as zero.

b current open view is definedias a 2D view (the geometrical_power_level entry of the
face status table equals %),~an error occurs, and the entity name is returned as zero.
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location
\

STAPNT

\—axisl_placement

Figure A. 4 — Function: Alp_Pnt

Internal reference:
6.1.9,6.1.9.6, 6.2.1.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
103 |distance between two points out of range 201 |temporary database overflow
[EPS,MAX]

202 |error while sending entity to CAD system

interface level

203 |function not compatible with implement

17
o

204 |function not compatible with current power level

1001 |enumerated value out of range

A.5.1.3 Axis2_placement (Local Coordinate System)

Axis2_placement by-3point
Axis2_placement by 2 direction
Axis2_placement by 2 direction (Ox) and (Oy)

Axis2~placement positioning relative

Axis2 pl::r‘nmnnf h\]/ reference cycfnm

A2p_3 Pnt

A2p_2_Dir
A2p_2_Dir_Xy
A2p_Position_Relative

A2n Ref Sys
| p— —_

A.5.1.3.1 Axis2_placement by 3 points

Function name:
A2p_3_Pnt

interface level:

geometrical power level:

12,3
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Parameters:

in/  |name data | Meaning permitted types/values
out type

in |CENPNT |N name of cartesian_point, defining the origin pnt

AXSPNT N name of cartesian_pointin direction of Z axis (shall be |pnt
ignored in case of 2D view)

REFPNT N name of cartesian_point either in direction of an pnt
approximation to X axis, or in direction of exact X axis in
case of 2D view

KFIX E Storage location [TDB,CAD]

also

NEME N TTame of createdaxis2_ptacemert azp

FORTRAN binding:

NAMVE + A2P_3_PNT ( CENPNT, AXSPNT, REFPNT, KFI X )
Effects|
Create$ an axis2_placement entity that is an orthogonal Local Coordinate System (LCSY'in the

currentlOVC Reference System. The type of axis2_placement created is dependent-upon the
initialisgtion of the open view, i.e. an axis2_placement_2d will be instantiated inmthe case of a 2D

view,
three

of an axis2_placement_3d in the case of a 3D view. For creating an axis2_placement_3d, the
glven points CENPNT, AXPNT and REFPNT shall be used to create the*origin (O) and the two

axes (@z and Ox) of the placement coordinate system. For creating an axis2_placement_2d, only
two of the given three points (CENPNT and REFPNT) are used to create the origin (O) and the (Ox)
axis of the placement coordinate system.

The gien cartesian_point CENPNT is duplicated as p1. This*cartesian_point is used to define the

origin

df the placement, and has a null_style assigned to it-~Then:

In the dase of the instanciation of an axis2_placement-3d:

— let|)P2 and P3 be a synonym for the two given-cartesian_points, AXSPNT and REFPNT,

respe

ctively.

— adirection d1 is instantiated with ditection_ratios defined by P2-p1. This direction is used to
define the exact direction of placement Z axis, and has a null_style assigned to it. Where distance
betweeh the two cartesian_points-shall be in range [EPS,MAX].

— adirection d2 is instantiated‘with direction_ratios defined by P3-p1. This direction is used to
define an approximation tothe-placement X axis direction, and has a null_style assigned to it. The
distanck between the twe-cartesian_points shall be in range [EPS,MAX].

— anjaxis2_placenrent_3d is instantiated with location p1 and axis d1 and ref_direction d2. This
axis2_placemept,3d has a null_style assigned to it. The name of the axis2_placement_3dis
returnef.

In the dase, of the instanciation of an axis2_placement_2d:
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— let P3 be a synonym for the one given cartesian_point, REFPNT

— adirection d2 is instantiated with direction_ratios defined by P3-p1. This direction is used to
define the exact direction of placement X axis, and has a null_style assigned to it. The distance
between the two cartesian_points shall be in range [EPS,MAX].

— an axis2_placement_2d is instantiated with location p1 and ref_direction d2. This
axis2_placement_2d has a null_style assigned to it. The name of the axis2_placement_2dis
returned.

If an error occurs, no entity is created and the entity name is returned as zero.

Notes:

1) If necessary an adjustment of ref_direction is made to maintain orthogonality to-the axis difection,
performed by projecting ref_direction onto a plane normal to axis.

2) When the current open view is defined as a 2D view (it means that the geemetrical_power_|evel
entry of the interface status table equals 1), the given parameter AXSPNT will subsequently] be
ignored by the interface.

AXSPNT ®
z \ axis

axis2_placement_3d

location CENPNT

refidirection
REFPNT

\
z project X'
onto /
plane
normal

to axis

Figure A. 5 — Function: A2p_3_Pnt

Internal reference:
6.1.9,6.1.9.7,6.1.9.8,6.2.1.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
103 |distance between two points out of range 105 |attempt to create a degenerated direction
[EPS,MAX] during entity creation
116 |given points are linear dependent 201 |temporary database overflow
202 |error while sending entity to CAD system 204 |function not compatible with current power level
1001 |enumerated value out of range

A.5.1.3.2 Axis2_placement by 2 directions

Functidn name:

A2p_2 Dir interface level: 1
geometrical power level: | 1,23
Parameters:
in/  [name data |meaning permitted typesfvalues
out type
in |CENPNT |N name of cartesian_point, defining the origin pnt
in |AKSDIR N name of Z axis direction (shall be ignored in case of 2D |dir
view)
in |REFDIR N name of either an approximated X axis direction, or in  |dir
exact direction of X axis in case of 2D view
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created axis2_placement a2p

FORTRAN binding:
NAME ¥ A2P_2_ DI R ( CENPNT, AXSDI R, REFDI R, KFIX.)

Effects|

Create$ an axis2_placement entity, which is an orthogonal Local Coordinate System (LCS) in the
current|OVC Reference System. The type of axis2) placement created is dependent upon the
initialisption of the open view, i.e. an axis2_placement_2d will be instantiated in the case of a 2D
view, of an axis2_placement_3din the case'of a 3D view. For creating an axis2_placement_3d, the
three glven parameters CENPNT, AXDIRvand REFDIR shall be used to create the origin (O) and the
two axgs (Oz and Ox) of the placement coordinate system. For creating an axis2_placement_2d,
only twp of the given three parameters (CENPNT and REFDIR) are used to create the origin (O) and
the (OX) axis of the placement coordinate system.

The given cartesian_pointEENPNT is duplicated as p1. This cartesian_point is used to define the
origin df the placement, and has a null_style assigned to it. Then:

— thg two directions, AXSDIR and REFDIR, are duplicated as d1 and d2 respectively. This
directigns defines the exact direction of placement Z axis and an approximated direction to the
placemient-X axis. This directions have a null_style assigned to them.

— an axis2_placement_3d is instantiated with location p1 and axis d1 and ref_direction d2. The
name of the axis2_placement_3d s returned and it has a null_style assigned to it.

In the case of the instanciation of an axis2_placement_3d.

In the case of the instanciation of an axis2_placement_2d.
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— the direction REFDIR is duplicated as d2 and it has a null_style assigned to it. This direction is

used to define the exact direction of placement X axis.

— an axis2_placement_2d is instantiated with location p1 and ref_direction d2. The name of the

axis2_placement_2dis returned and it has a null_style assigned to it.
If an error occurs, no entity is created and the entity name is returned as zero.

Notes:

1) If necessary an adjustment of ref_direction is made to maintain orthogonality to the axis direction,

performed by projectmy ref _directiomontoa ptanme normattoaxrs:

2) When the current open view is defined as a 2D view (it means that the geometrical_power_|
entry of the interface status table equals 1), the given parameter AXSDIR will subsequently
ignored by the interface.

3D view z \ s

axis2_placement_3d

location CENPNT
ref_direction
< y'
N
N\
project Mo

onto

AXSDIR plane _/
normal
to axis

REFDIR

Figure A. 6 — Function: A2p_2_Dir (in a 3D view)

evel
be

163


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

ISO 13584-31: 1999(E)

2D view

axis2_placement_2d

also

REFDIR X

location CENPNT
ref_direction g
X
Y

Internal reference:
6.1.9,4.1.9.7,6.1.9.8,6.2.1.2

Figure A. 7 — Function: A2p_2_Dir (in a-2D)view)

Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
101 |attempt to create a degenerated entity 117 |given directions are parallel
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current powertevel 1001 |enumerated value out of range

A.5.1.8.3 Axis2_placement by 2wdirections (Ox) and (Oy)

Functidn name:

A2p_2_[Dir_Xy Interface level: 1
Geometrical power level: | 1,2,3

Paramegters:

in/  |name data 'Meaning permitted types/values

out type

in  |CENPNT<=N name of cartesian_point, defining the origin pnt

in |REFDIR N name of exact X axis direction dir

in  |YAXDIR N name of an approximated Y axis direction (shall be dir

fgriored M case of 2D View)
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created axis2_placement a2p

FORTRAN binding:
NAME = A2P_2_DI R XY ( CENPNT, REFDI R, YAXDI R, KFI X )

Effects:

Creates an axis2_placement entity that is an orthogonal Local Coordinate System (LCS) in the
current OVC Reference System. The type of axis2_placement created is dependent upon the
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initialisation of the open view, i.e. an axis2_placement_2d will be instantiated in the case of a

2D

view, or an axis2_placement_3din the case of a 3D view. For creating an axis2_placement_3d, the
three given parameters CENPNT, REFDIR and YAXDIR shall be used to create the origin (O) and the
two axes (Ox and Oy) of the placement coordinate system. For creating an axis2_placement_2d,
only two of the given three parameters (CENPNT and REFDIR) are used to create the origin (O) and

the (Ox) axis of the placement coordinate system.

The given cartesian_point CENPNT is duplicated as p1, used to define the origin of the place
and the given direction, REFDIR, is duplicated as d1, used to define the exact direction of pla
X axis. These two entities have a null_style assigned to them. Then:

ment
cement

In the case of the instanciation of an axis2_placement_3d.

— adirection d2 is created by computing a projection of the normalised direction of YAXDIR
plane normal to d1. This direction has a null_style assigned to it.

— adirection d3 is instantiated, with attributes derived from a cross product ‘efyd1 and d2. T
direction define the exact direction of placement Z axis and it has a null_style’assigned to it.

— an axis2_placement_3d is instantiated with location p1 and axis 'd3 and ref_direction d
name of the axis2_placement_3d s returned and it has a null_style.assigned to it.

In the case of the instanciation of an axis2_placement_2d.

— an axis2_placement_2d is instantiated with location pl and ref_direction d1. The name
axis2_placement_2d is returned and it has a null_style\assigned to it.

If an error occurs, no entity is created and the entity name is returned as zero.

Notes:

1) When the current open view is defined-as'a 2D view (it means that the geometrical_power_|
entry of the interface status table equals 1), the given parameter YAXDIR will subsequently
ignored by the interface.

3D view AXSDIR
[d1]
X ref_direction

axis2_placement_3d

location
YAXDIR

CENPNT

7'

axis =

onto a

his

1. The

of the

evel
be

\\ [d2] [d1 X d2]
z project y
e/
normal
to
AXSDIR
X Y

Figure A. 8 — Function: A2p_2_Dir_Xy
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Internal reference:
6.1.9,6.1.9.7,6.1.9.8,6.2.1.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
101 |attempt to create a degenerated entity 117 |given directions are parallel
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |{1001 |enumerated value out of range

A.5.1.3.4 Axis2 placement positioning relative

Functidn name:

A2p_Pgsition_Relative Interface level: 1
Geometrical power level: 1,2,3

Paramgters:
in/  [name data | Meaning permitted types/values
out type

in |REFLST 6xD |list of length 6, containing specification of successive
rotations and relative position

2): relative rotation angle in (Oxy) plane around Z | -360°£REFLST(1)£360° )
axis of the OVC Reference System
2): relative rotation angle in (Ozy) plane around,X |( -360°£REFLST(2)£360° )
axis of the OVC Reference System
(3): relative rotation angle in (Ozx) plane around Y |(-360°£REFLST(3)£360°)
axis of the OVC Reference System

(4): relative displacement in (Ox) direction of the  |(0.0 OR
current OVC Reference System (EPSE|REFLST(4)|EMAX))
(5): relative displacement in (Qy)direction of the (0.00R
current OVC Reference System (EPSE|REFLST(5)|EMAX))
(6): relative displacementin (Oz) direction of the (0.00R
current OVC Reference System (EPSE|REFLST(6)|EMAX))
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created axis2 placement a2p

FORTRAN binding:
NAME ¥ A2P_POSI Tl ON_RELATDVE ( REFLST, KFI X )

Effects
Create$ an axis2_placement entity that is an orthogonal Local Coordinate System (LCS) in the
current|OVC Reference _System, positioning relative to the current OVC Reference System. The type
of axisp_placement<created is dependent upon the initialisation of the open view, i.e. an
axis2_placement) 2d will be instantiated in the case of a 2D view, or an axis2_placement_3din the
case ofl a 3D_view.

In the daSe,of the instanciation of an axis2_placement_3d:

— an axis2_placement_3d is instantiated as a copy of the current OVC Reference System. All
implicit entities of the instantiated axis2_placement_3d and the entity itself have a null_style
assigned to them.

— the transformation matrices contained within the given parameter REFLIST are applied to the
new axis2_placement_3d in the following sequence:

1) rotate around the Z axis of the current OVC Reference System
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2) rotate around the X axis of the current OVC Reference System
3) rotate around the Y axis of the current OVC Reference System

4) displace the origin of the new axis2_placement_3d in the X, Y and Z axis direction of the
current OVC Reference System.

— the name of the axis2_placement_3d s returned and it has a null_style assigned to it.

In the case of the instanciation of an axis2_placement_2d:

— an axis2_placement_2dis instantiated as a copy of the current OVC Reference System;

— the transformation matrices contained within the given parameter REFLIST are applied to fthe
new axis2_placement_2d in the following sequence:

5) rotate in the (Oxy) plane of the current OVC Reference System

6) displace the origin of the new axis2_placement_2d in the X and ¥ axis direction of the
current OVC Reference System

— the name of the axis2_placement_2d is returned.

The values of rotation angles are measured in OVC_angle_units and the displacement values are
measured in OVC_length_units , and they shall either be equal to zero or in range [EPS,MAX].|If an
error occurs, no entity is created and the entity name is returned as zero.

Notes:

1) If the calculated Euclidean norm of displacement is in range [ZERO_VALUE,EPS], no trans]ation
shall be performed and no error occurs.

2) When the current open view is defined_as a 2D view (it means that the geometrical_power_Jevel
entry of the interface status table equals 1), the REFLST(2:3) values for axis rotation angleg and
the REFLST(6) value for displacement in Z axis direction will subsequently be ignored by th
interface.

1]

Internal reference:
5.1.3,6.1.9,6.1.9.7, 6.1.9)8,6.2.1.2

Errors:
3 value fartength measure out of permitted range |4 value for plane angle measure out of permitted
range
101 |attermpt to create a degenerated entity 201 |temporary database overflow
202 érrer while sending entity to CAD system 204 |function not compatible with current powgr level
100 tenumerated value out of range
A-5135 Axis?2 placement by reference system
Function name:
A2P_REF_SYS interface level: 1
geometrical power level: | 1,2,3
Parameters:
in/  |name Data | meaning permitted types/values
out type
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created axis2_placement a2p
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FORTRAN binding:
NAME = A2P_REF_SYS ( KFI X )

Effects:

Creates an axis2_placement entity that is an orthogonal Local Coordinate System (LCS) in the
current OVC Reference System, with location and orientation identical to the location and orientation
of the current OVC Reference System.

The type of an axis2_placement created is dependent upon the initialisation of the open view, i.e. an
axis2_placement_2d will be instantiated in the case of a 2D view, or an axis2_placement_3din the

— anjaxis2_placement_3d is instantiated with location, axis and ref_direction derived from the
current|Reference System. The name of the axis2_placement_3d is returned and it has a null-_style
assigned to it.

case offa 3D view.

— anjaxis2_placement_2d is instantiated with location and ref_direction derived from the current
OVC Rgference System. The name of the axis2_placement_2d is retufned and it has a null_style
assigned to it.

In the dase of the instanciation of an axis2_placement_2d.

If an erfor occurs, no entity is created and the entity name'is returned as zero.

Notes:

Internal reference:
5.3.1,4.19.7,6.1.9.8,6.2.1.2

Errors:
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |flunction not compatible"with current power level |{1001 |enumerated value out of range

A.5.2 [Point entities

A.5.2.1 Pointswith canonical definition

Point cartesian-absolute Pnt_Cartesian_Absolute
Point cartestanretative Prt—Cartestan—Retative
Point polar absolute Pnt_Polar_Absolute
Point polar relative Pnt_Polar_Relative
Point cylinder absolute Pnt_Cylinder_Absolute
Point cylinder relative Pnt_Cylinder_Relative
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Function name:

ISO 13584-31: 1999(E)

Pnt_Cartesian_Absolute interface level: 1
geometrical power level: | 1,2,3

Parameters:

in/  |name Data | meaning permitted types/values

out type

in |X D x-coordinate of cartesian_point (0.0 OR (EPSE |X| EMAX))
in Y D ; coordinate-of l\nrfaeinn_nninf (n_n OR (EP-S-E-PFI-BMAX))
in |Z D z-coordinate of cartesian_point (0.0 OR (EPSE |Z|.£EMAX))
in |KFIX E storage location [TDB,CAD]

out |NAME N name of created cartesian_point pnt

FORTRAN binding:
NAME =

Effects:

Creates a cartesian_point entity with coordinates x, y and z. These‘eoordinates are derived

PNT_CARTESI AN_ABSOLUTE ( X, Y, Z, KFI X )

rom

the given parameters X, Y and Z respectively, where these coordinates are cartesian coordinates in

the current OVC reference system. This cartesian_point has the eurrent point_style entry fron
interface status table assigned to it. The name of the cartesian >point is returned.

the

The given coordinates are measured in OVC_length_units: If an error occurs, no entity is creat¢d and

the entity name is returned as zero.

Notes:

1) When the current open view is defined as &2D view (it means that the geometrical_power_Jevel
entry of the interface status table equals-1), the given parameter Z will subsequently be igngred by

the interface.

Internal Reference:
6.1.9.2,6.2.4, 8.2

Errors:
3 value for length measure out of permitted range |201 |temporary database overflow
202 |error while sending entity to CAD system 204 |function not compatible with current powgr level

1001

enumerated-value out of range

A.5.2.1.2_Point cartesian relative

Functien.name:

Pnt_Cartesian_Relative interface level: 1
geometrical power level: | 1[2,3
Parameters:
in/  |name Data | meaning permitted types/values
out type
in |PNTNAM |N name of reference cartesian_point pnt
in |DX D x-coordinate of cartesian_point (0.0 OR (EPSE£|DX|EMAX))
in |DY D y-coordinate of cartesian_point (0.0 OR (EPSE|DY|EMAX))
in |DZ D z-coordinate of cartesian_point (0.0 OR (EPSE|DZIEMAX))
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created cartesian_point pnt
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FORTRAN binding:
NAME = PNT_CARTESI AN_RELATI VE ( PNTNAM DX, DY, DZ, KFI X )

Effects:

Creates a cartesian_point entity with coordinates x, y and z. These coordinates are derived from
the given parameters DX, DY and DZ, relative to the given reference cartesian_point PNTNAM,
where these coordinates are cartesian coordinates in the current OVC reference system. This
cartesian_point has the current point_style entry from the interface status table assigned to it. The
name of the cartesian_point is returned.

The givernrcoordimatesare measurecHmOvVEtength—units—H-amerror-occurs;noentity tscreatecand
the entfty name is returned as zero.

Notes:

1) If thp calculated distance between PNTNAM and the new created cartesian_pointis in range
[ZERO_VALUE,EPS], a copy of the coordinates from PNTNAM is used to create this,new
cartiesian_point.

2) When the current open view is defined as a 2D view (it means that the geometrical_power_level
entry of the interface status table equals 1), the given parameter DZ will subsequently be ignored
by the interface.

T)/—cartesmn_pomt
PNTNAM @ D4
NS

| SN by

I >
[ | NS

L bx

I
| D
| ~

Figure A. 9 — Function: Pnt_Cartesian_Relative

Internal Reference:

6.1.9.2,6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |201 |temporary database overflow
202 |error while sending entity to CAD system 204 |function not compatible with current power level
1001 |enumerated value out of range
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A.5.2.1.3 Point polar absolute

Function name:

Pnt_Polar_Absolute interface level: 1
geometrical power level: | 1,2,3
Parameters:
in/  |name Data | meaning permitted types/values
out type
in |PHI D angle in (Oxy) plane relative to (Ox) axis of the current |(-360° £ PHI £ 360°)
ovCe
in |THETA D angle from (Oz) axis to (Oxy) plane of the current OVC |(-360° £ THETA £360° )
in |RAD D distance of cartesian_point from origin (0.00R
(EPS £ RAD,£\MAX)
in |KFIX E storage location [TDB,CAB]
out |NAME N name of created cartesian_point pnt

FORTRAN binding:
NAME = PNT_POLAR ABSOLUTE ( PHI, THETA, RAD, KFI X )

Effects:

Creates a cartesian_point entity with coordinates x, y and z. These coordinates are calculatg
the polar coordinates derived from the given parameters PHI~THETA and RAD, where these
coordinates are coordinates in the current OVC reference system. This cartesian_point has th
current point_style entry from the interface status table assigned to it. The name of the
cartesian_pointis returned.

The given angles are counted in OVC_angle_units,.the distance is measured in OVC_length_u
and shall either be zero or in range [EPS,MAX].3If an error occurs, no entity is created and the
name is returned as zero.

Notes:

1) When the current open view is defined as a 2D view (it means that the geometrical_power _|
entry of the interface status tablé equals 1), the given parameter THETA that defines implic
value for z, will subsequently be ignored by the interface.

Internal Reference:
6.1.9.2,6.2.4, 8.2

d from

e

nits
entity

evel
t the

Errors:
3 valuedgr.length measure out of permitted range |4 value for plane angle measure out of permitted
range
201 |temporary database overflow 202 |error while sending entity to CAD system
204 >+function not compatible with current power level |{1001 |enumerated value out of range
A5.2.1.4 Point polar relative
Function name:
Pnt_Polar_Relative interface level: 1
geometrical power level: | 1,2,3
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also

the pol

Parameters:
in/  |name Data | meaning permitted types/values
out type
in |PNTNAM |N name of reference cartesian_point pnt
in |PHI D angle in (Oxy) plane relative to (Ox) axis of a virtual (-360° £ PHI £ 360°)
reference system
in |THETA D angle from (Oz) axis to (Oxy) plane of a virtual (-360° £ THETA £ 360°)
reference system
in |RAD D distance of cartesian_point from origin (0.00R
(EPS £ RAD £ MAX) )
in  |KFTX E Storage focation [TDB,CAD]
out |NBME N name of created cartesian_point pnt
FORTRAN binding:
NAVE F# PNT_POLAR RELATI VE ( PNTNAM PHI , THETA, RAD, KFI X )
Effects|
Creates$ a cartesian_point entity with coordinates x, y and z. These coordinates are-calculated from

r coordinates derived from the given parameters PHI, THETA and RAD( relative to the given

reference cartesian_point PNTNAM where these coordinates are coordinates-in the current OVC
reference system. This cartesian_point has the current point_style entry from the interface status
table agsigned to it. The name of the cartesian_pointis returned.

The given angles are counted in OVC_angle_units, and the distance/is measured in

oVvC_|
Ccreated

Notes:

ngth_units and shall either be zero or in range [EPS,MAX].f an error occurs, no entity is
and the entity name is returned as zero.

1) If thp calculated distance between PNTNAM and thé new created cartesian_pointis in range
[ZERO_VALUE,EPS], a copy of the coordinatesfrom PNTNAM is used to create this new
cartiesian_point.

2) When the current open view is defined-as:a 2D view (the geometrical_power_level entry of the

inte

face status table equals 1), the given parameter THETA that implicit defines the value for z,

will subsequently be ignored by thetinterface.
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/_THETA cartesian_point
/— —

Figure A. 10 — Function: Pnt_Polar_Relative

Internal Reference:
6.1.9.2,6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |4 value for plane angle measure out of perpnitted
range
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |{1001 |enumerated value out of range

A.5.2.1.5 Point cylinderabsolute

Function name:

Pnt_Cylinder_Absaldte interface level: 2
geometrical power level: |23
Parameters:
in/  |name data | Meaning permitted types/valuegs
out type
in, \[PHI D angle in (Oxy) plane relative to (Ox) axis of the current |(-360° £ PHI £ 360°
ovc
el RAD D lanath - af nraiaction 1n (O Nlana Af thn ~oireaint ON\/C (OO0 OR
HH—RADB B length-of-projection{Oxy)plane-ef-the-eurrertOVEC—{-0-0-OR
(EPS £ RAD £ MAX) )
in |HEIGHT D distance of cartesian_point from (Oxy) plane of the (EPS £ |HEIGHT]| £ MAX)
current OVC
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created cartesian_point pnt

FORTRAN binding:

NAVE

PNT_CYLI NDER_ABSOLUTE ( PHI, RAD, HEI GHT, KFI X )
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Effects:

Creates a cartesian_point entity with coordinates x, y and z. These coordinates are calculated from
the cylindrical coordinates derived from the given parameters PHI, RAD and HEIGHT, where these
coordinates are coordinates in the current OVC reference system. This cartesian_point has the
current point_style entry from the interface status table assigned to it, and the name of the
cartesian_pointis returned.

The given angle is counted in OVC_angle_units, Rad and HEIGHT are measured in
OVC_length_units. The length of projection in (Oxy) plane (RAD) shall either be zero or in range
[EPS,MAX]. If an error occurs, no entity is created and the entity name is returned as zero.

Notes:

1) If the current open view is defined as a 2D view (it means that the geometrical_power_level entfy
of the interface status table equals 1), an error occurs and the entity name is returned as zero.

Interna| Reference:
6.1.9.2]6.2.4, 8.2

Errors:
3 alue for length measure out of permitted range |4 value for plane angle\measure out of permitted
range
201 |temporary database overflow 202 |error while sending entity to CAD system
203 |function not compatible with implemented 204 |function not,ecompatible with current power level
interface level
1001 |@¢numerated value out of range
A.5.2.1.6 Point cylinder relative
Functign name:
Pnt_Cylinder_Relative interface level: 2
geometrical power level: | 2,3
Paramegters:
in/  [name data | Meaning permitted types/values
out type
in |PNTNAM |N name of refefence cartesian_point pnt
in |PHI D angle in (©xy) plane relative to (Ox) axis of a virtual (-360° £ PHI £ 360°)
reference, system
in |RAD D lengtti of projection in (Oxy) plane of a virtual reference |( 0.0 OR
system (EPS £ RAD £ MAX) )
in |HEIGHT D vertical distance of cartesian_point from (Oxy) plane of | (EPS £ [HEIGHT| £ MAX)
a virtual reference system
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created cartesian_point pnt

FORTRAN binding:
NAME = PNT_CYLI NDER_RELATI VE ( PNTNAM PHI , RAD, HEI GHT, KFI X )

Effects:

Creates a cartesian_point entity with coordinates x, y and z. These coordinates are calculated from
the cylindrical coordinates derived from the given parameters PHI, RAD and HEIGHT, relative to the
given reference cartesian_point PNTNAM where these coordinates are coordinates in the current
OVC reference system. This cartesian_point has the current point_style entry from the interface
status table assigned to it, and the name of the cartesian_pointis returned.
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The given angle is counted in OVC_angle_units, RAD and HEIGHT are measured in
OVC_length_units. The length of projection, RAD, shall be either zero or in range [EPS,MAX]. If an
error occurs, no entity is created and the entity name is returned as zero.

Notes:

1) If the calculated distance between PNTNAM and the new created cartesian_pointis in range
[ZERO_VALUE,EPS], a copy of the coordinates from PNTNAM is used to create this new
cartesian_point.

2) If the current open view is defined as a 2D view (it means that the geometrical_power_level entry
of themterface status tabteequats 1), amrerror occurs and-theentity rame s returmed-=as zeyo.

/—cartesian_point
®©
PNTNAM

o~ | HEIGHT
PHI- %

|
|
|
|
BN |
e ~0

7~
7~

Figure A. 11 — Function: Pnt_Cylinder_Relative

Internal Reference;
6.1.9.2,6.2.4,82

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |4 value for plane angle measure out of permitted
range
201 |temporary database overflow 202 |error while sending entity to CAD system
203 |[function not compatible with implemented 204 [function not compatible with current power level
interface level
1001 |enumerated value out of range
A.5.2.2 Points with constrained based definition
Point at begin of a curve entity Pnt_Begin_Ent
Point at end of a curve entity Pnt_ End_Ent
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Point at intersection of two basic entities
Point tangential to a circular arc

Point at centre of a circular arc

Point in the middle of a basic entity
Point as a projection on a basic entity

Point as a projection on an a2p entity

Pnt_Intersection_2 Ent
Pnt_Tangential_Arc
Pnt_Centre_Arc
Pnt_Middle_Ent
Pnt_Projection_Ent

Pnt Projection A2p

also

A.5.2.2.1 Point at begin of a curve entity

Functidn name:

Pnt_Bepin_Ent interface level: 1
geometrical power level;” | 1,2,3
Paramegers:
in/  [name data | Meaning permitted types/values

out type

in |[ENTNAM |N name of entity curyes
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created cartesian_point pnt

FORTRAN binding:

NAME ¥ PNT_BEG N_ENT ( ENTNAM KFI X )

Effects|

Create$ a cartesian_point entity at the beginning of given curves entity ENTNAM. The coordinates
X, y anfl z of the created cartesian_point are derived-either from the parameter value (parameter_1)
or from[the cartesian_point reference (point_1) ©f trim_1 attribute of the given basic or conic_arc

— If the given general curve entity ENTNAM is an instance of type polyline, the function creates a

cartesian_point with coordinates x,w and z derived from the first cartesian_point of points

attributg list.

— If the given general curve-entity ENTNAM is an instance of type api_contour, the function
createq a cartesian_point@with' coordinates x, y and z derived from the first point of the first
segmeint of composite_Curve_segments, that is the beginning point of an api_contour.

entity NTNAM.

This cgrtesian- point has the current point_style entry from the interface status table assigned to it.
The name of the cartesian_point is returned. If an error occurs, no entity is created and the entity

name isreturned as zero

Notes:

1) When the current open view is defined as a 2D view (it means that the geometrical_power_level

entry of the interface status table equals 1), the value for z will subsequently be ignored by the

interface.

Internal reference:
6.1.9.2,6.1.12, 6.1.13, 6.1.14, 6.2.4, 8.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |{1001 |enumerated value out of range

A.5.2.2.2 Point at end of a curve entity

Function name:

Pnt_End_Ent interface level: 1
geometrical power level: | 1,23

Parameters:

in/  |name data | Meaning permitted types/valugs
out type

in |[ENTNAM |N name of entity curves

in |KFIX E storage location [TDB,CAD]

out |NAME N name of created cartesian_point pnt

FORTRAN binding:
NAME = PNT_END ENT ( ENTNAM KFI X )

Effects:

Creates a cartesian_point entity at the end of given curves entity ENTNAM. The coordinateg
and z of the created cartesian_point are derived either from the parameter value (parameter |
from the cartesian_point reference (point_2) of trim_2:attribute of the given basic or conic_a
entity ENTNAM.

— If the given general curve entity ENTNAM is an instance of type polyline, the function cre
cartesian_point with coordinates x, y and z derived from the last cartesian_point of points
attribute list.

— If the given general curve entity ENTNAM is an instance of type api_contour, the functior
creates a cartesian_point with cogrdinates x, y and z derived from the first point of the first s¢
of composite_curve_segments,that is the end point of an api_contour.

This cartesian_point has the current point_style entry from the interface status table assigned
The name of the cartesjan—point is returned. If an error occurs, no entity is created and the er
name is returned as zero.

Notes:
1) When the-current open view is defined as a 2D view (it means that the geometrical_power_|

X,y
| 2) or
rc

ates a

gment

to it.
tity

evel

entry ofithe interface status table equals 1), the value for z will subsequently be ignored by the

interface.

Internal reference:

6.1.9.2,6.1.12, 6.1.13, 6.1.14, 6.2.4, 8.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |{1001 |enumerated value out of range

A.5.2.2.3 Point at intersection of two basic entities

Function name:

Pnt_Intersection_2_Ent interface level: 1
geometrical power level: | 1,23

Param&m

in/  [name data | Meaning permitted types/values

out type

in |[ENTNM1 |N name of first entity basic

in |[ENTNM2 |N name of second entity basic

in  |KFIX E storage location [TDB,CAD]

out |NAME N name of created cartesian_point pnt

FORTRAN binding:
NAME F PNT_I NTERSECTI ON_2_ENT ( ENTNML, ENTNMR, KFI X )

Effects
Create$ a cartesian_point entity as a point belonging to both giveabasic entities ENTNM1 and
ENTNMZ2. The coordinates x, y and z of the created cartesian_.peint are calculated through an
interseg¢tion of ENTNM1 with ENTNMZ2, in this order. If the result"of the intersection is not unique, then
two intgrsection points are calculated and the following selection process will be used to define one of
them.

The intgrsection point is chosen, that is placed closer to the first trimming point (trim_1) of the given
api_linge entity.

If one dgiven entity ENTNM1 or ENTNMZ2 is an instance of type api_line, then:
If of both given entities, ENTNM1-and ENTNM2, are instances of type api_circular_arc, then:

1st: a Vlector v will be created by a cross product of the vector v1, that is defined as a vector from

the centre of the basis_¢urve of the first api_circular_arc to the centre of the basis_curve of the
second|api_circulardarc, and the vector v2, that is either a vector normal to the (Oxy) plane of the

first ap|_circular"arc entity if the sense_agreement flag is equal to true or a vector in opposite
directign of thecvector normal, if sense_agreement flag is equal to false.

2nd: the &zector vyes Will be created, as a vector from the centre of the basis_curve of the first
api_circular_arc to an intersection point.

3rd: the intersection point that ensures vres¥n 3 0 will be chosen.
This cartesian_point has the current point_style entry from the interface status table assigned to it.

The name of the cartesian_point is returned. If an error occurs, no entity is created and the entity
name is returned as zero.
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Notes:
1) An intersection occurs when the minimal distance between the two joined entities (ENTNM1 and

ENTNM2) is £ |ZERO_VALUE|, and there are not more than two points with this quality belonging
to the two distinct entities.

2) The cartesian_pointis created, only if it is lying within the parametric range [trim_1, trim_2] of
both given basic curve entities. Otherwise, an error occurs.

3) If the distance between the chosen cartesian_point and one of start- or ending point (trim_21 or
trim_2) of the given basic curve entities is in range [ZERO_VALUE,EPS], no error occurs and the

A H + £ it H H=C H 2N A + o + H ot
CUUTUITTIATLT O TTUTTT T ITo l.IIIIIIIIIIIg IJUIIII. vWITT VT UOTU U LTTALT LI TIcvv vdadrtcoral I_IJUIIII..

4) When the current open view is defined as a 2D view (it means that the geometrical_power_|evel
entry of the interface status table equals 1), the selection process for the case ENTNM1 and
ENTNM2 are of type api_circular_arc, calculates in a virtual 3D-space, and thervalue for z|will
subsequently be ignored by the interface.

5) When the current open view is defined as a 3D view (it means that the geemetrical_power_|evel
entry of the interface status table is greater equal 2), both given entities ENTNM1 and ENTINM2
shall be in the same plane.

v2

sense_agreement=false

basis_curve
(= circle)

cartesian_point basis_curve
(= circle)

Figure A. 12 — Function: Pnt_Intersection_2_Ent (in a 3D-view)

Internal Reference:
6.1.9.2,6.1.12, 6.2.4, 8.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
110 |attempt to create a point outside the parametric |115 |given entities are identical
range of curves entity
118 |given curves entities are parallel/concentric 119 |given entities are not in the same plane
122 |no intersection of given curves entities 201 |temporary database overflow
202 |error while sending entity to CAD system 204 |function not compatible with current power level
1001 |enumerated value out of range
A.5.2.2.4 Point tangential to a circular arc

also

Functidn name:

Pnt_Tapgential_Arc interface level: 1
geometrical power level: | 1,2;3

Parameéters:

in/  [name data | Meaning permitted types/values
out type

in |ARCNAM |N Name of api_circular_arc arc

in  [LINNAM N Name of reference api_line lin

in  |KFIX E Storage location [TDB,CAD]

out |NAME N Name of created cartesian_point pnt

FORTRAN binding:

Create

F PNT_TANGENTI AL_ARC ( ARCNAM LI NNAM KFI X<)

Effects|
$ a cartesian_point entity as a tangential point on,the given api_circular_arc entity ARCNAM

in conjdinction to the given api_line entity LINNAM as@eference line. This reference line shall not

contain|
and z g

that is

on

api_cincular_arc ARCNAM and

LINNA

wh

M.

the centre of the basic_curve of the given api_circular_arc ARCNAM. The coordinates x, y
f the created cartesian_point are calculated through a point lying on the ARCNAM entity and

a parallel line to the reference linethat is tangential to the basis_curve of the given

ich has moreover the shartest distance to the infinite straight line defined by the reference line,

This cqrtesian_point hasthe current point_style entry from the interface status table assigned to it.

The na

me of the cartesjan_pointis returned. If an error occurs, no entity is created and the entity

name i$ returned as,zero.

Notes:

1) The|cartesian_pointis created, only if it is lying within the parametric range [trim_1, trim_2] of
given basic curve ARCNAM. Otherwise, an error occurs.

2) If the distance between the chosen cartesian_point and one of start- or ending point (trim_21 or
trim_2) of the given basic curve ARCNAM is in range [ZERO_VALUE,EPS], no error occurs and
the coordinates from this trimming point will be used to create the new cartesian_point.

3) When the current open view is defined as a 2D view (it means that the geometrical_power_level
entry of the interface status table equals 1), the value for z will subsequently be ignored by the
interface.
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4) When the current open view is defined as a 3D view (it means that the geometrical_power_level

entry of the interface status table is greater equal 2), both given entities ARCNAM and LINNAM

shall be in the same plane.

basis_curve
(= circle)

Figure A. 13 — Funection: Pnt_Tangential_Arc

Internal Reference:
6.1.9.2,6.1.12, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
110 |attempt to create a pointoutside the parametric |119 |given entities are not in the same plane
range of curves entity
127 |geometrical design iS not feasable 201 |temporary database overflow
202 |error while sehding entity to CAD system 204 |function not compatible with current powgr level

1001 |enumerated-value out of range

A.5.2.2.5.P0oint at centre of a circular arc

Functionname:
Pnt. Centre_Arc

interface level:

geometrical power level:

2,3
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Parameters:

in/  |name data | Meaning permitted types/values
out type

in |ARCNAM |N name of api_circular_arc arc

in |KFIX E storage location [TDB,CAD]

out |NAME N name of created cartesian_point pnt

FORTRAN binding:

NAME =PNT_CENTRE_ARC ( ARCNAM KFI X )

Effects|

also

Create$ a cartesian_point entity at the centre of given api_circular_arc entity ARCNAM. The

coordi

nates x, y and z of the created cartesian_point are derived from the position.locationief-the

basis_furve of the api_circular_arc ARCNAM. This cartesian_point has the current point_style

entry fr,

bm the interface status table assigned to it. The name of the cartesian_pointis returned. If an

error og¢curs, no entity is created and the entity name is returned as zero.

Notes:

1) When the current open view is defined as a 2D view (it means that the geometrical_power_level

entr

y of the interface status table equals 1), the value for z will subsequently‘be ignored by the

intefface.
Interna| Reference:
6.1.9.2|16.1.12, 6.2.4, 8.2
Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
201 |temporary database overflow 202 | error while sending entity to CAD system
204 |function not compatible with current power level 001 |enumerated value out of range

A.5.2.2.6 Point in the middle of a basic.entity

Functidn name:

Pnt_Migidle_Ent interface level: 1
geometrical power level: | 1,2,3

Parameéters:

in/  [name data | Meaning permitted types/values
out type

in |[ENTNAM |N name of entity basic

in  |KFIX E storage location [TDB,CAD]

out |NAME N name of created cartesian_point pnt

FORTRAN®INdIng:

NAVE

Effects

£ PNT MDD F ENT ( ENTNAM KFI X )

Creates a cartesian_point entity at the middle of given basic entity ENTNAM. The coordinates x, y
and z of the created cartesian_point are derived by a calculation of a point lying at the middle of the
parametric range between first and second trimming point of the given entity ENTNAM. This

cartesi

an_point has the current point_style entry from the interface status table assigned to it. The

name of the cartesian_point is returned. If an error occurs, no entity is created and the entity name
is returned as zero.

182


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

also

ISO 13584-31: 1999(E)

Notes:

1) The cartesian_pointis created, only if the calculated distance between this cartesian_point and
both of start- and ending point (trim_1 or trim_2) of the given basic curve ENTNAM is greater

than EPS. Otherwise an error occurs.

2) When the current open view is defined as a 2D view (it means that the geometrical_power_level
entry of the interface status table equals 1), the value for z will subsequently be ignored by the

interface.

Internal Reference:

6.1.9.2,6.1.12,6.2.4, 6.2

Errors:

1 entity name not defined (zero, or unknown) 2 entity type out of permitted range

110 |attempt to create a point outside the parametric |201 |temporary database overflow
range of curves entity

202 |error while sending entity to CAD system 204 |function not compatible.with current powgr level

1001 |enumerated value out of range

A.5.2.2.7 Point as a projection on a basic entity

Function name:

Pnt_Projection_Ent interface level: 1
geometrical power level: | 1[2,3

Parameters:

in/  |name data | Meaning permitted types/valugs

out type

in |PNTNAM |N name of cartesian_pointio be projected pnt

in |[ENTNAM |N name of entity basic

in |KFIX E storage location [TDB,CAD]

out |NAME N name of created'cartesian_point pnt

FORTRAN binding:
NAMVE = PNT_PRQIECTI ONSENT ( PNTNAM ENTNAM KFI X )

Effects:
Creates a cartesian \point entity as a point on the given basic entity ENTNAM by a projection
given cartesian_point PNTNAM.

1) If the givenasic entity ENTNAM is an instance of type api_line, the function creates a
cartesian_point with coordinates x, y and z derived from a calculation of a point that resul
from.an orthogonal projection of the point PNTNAM onto the line that is the basis_curve of
api-line.

of a

[ts
the

2)1f the given bhasic entity FNTNAM is an instance of type api_circular arc, the function crea

es a

cartesian_point with coordinates x, y and z derived from an intersection of an infinite straight
line that is built up from the point PNTNAM and the centre of the given api_circular_arc ENTNAM
and the api_circular_arc itself. If two intersection points are possible, the point that is located

nearer to the point PNTNAM is chosen.

The newly created cartesian_point has the current point_style entry from the interface status table
assigned to it. The name of the cartesian_point is returned. If an error occurs, no entity is created

and the entity name is returned as zero.
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Notes:
1) The cartesian_pointis created, only if it is lying within the parametric range [trim_1, trim_2] of
given basic curve ENTNAM. Otherwise, an error occurs.

2) If the distance between the newly cartesian_point and one of start- or ending point (trim_21 or
trim_2) of the given basic curve ENTAM is in range [ZERO_VALUE,EPS], no error occurs and the
coordinates derived from this trimming point will be used to adjust the new created
cartesian_point.

3) When the current open view is defined as a 2D view (it means that the geometrical_power_level

[N

entr Uf thC ;IItCII‘GlL:C atatua tab:c Cqua:a 1), thC VG:UC fUI Z VV;:: Dubocqucl It:y bC ;9IIUICd by tl <
intefface.

4) When the current open view is defined as a 3D view (it means that the geometrical_power_level
entry of the interface status table is grater equal 2), both given entities PNTNAM and ENTNAM
shall be in the same plane.

cartesian_point
ENTNAM PNTNAM
O cartesian_point
O
ENTNAM
basis.curve
(= circle)
basis_curve
(= circle) PNTNAM
basis_curve
v ENT\\\P‘N\ (= line)
cartesian_point
Figure A. 14 — Function: Pnt_Projection_Ent
Interna| Reference!
6.1.9.2(6.1.12,:6.2.4, 8.2
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Errors:

1 entity name not defined (zero, or unknown) 2 entity type out of permitted range

110 |attempt to create a point outside the parametric |119 |given entities are not in the same plane
range of curves entity

127 |geometrical design is not feasible 201 |temporary database overflow

202 |error while sending entity to CAD system 204 |function not compatible with current power level

1001 |enumerated value out of range

A.5.2.2.8 Point as a projection on an axis2_placement entity

Function name:

Pnt_Projection_A2p interface level: 1
geometrical power level:~ | 1[2,3

Parameters:

in/  |name data | Meaning permitted types/valuegs
out type

in |PNTNAM |N Name of cartesian_point to be projected pnt

in |A2PNAM N Name of axis2_placement a2p

in |KFIX E Storage location [TDB,CAD]

out |NAME N Name of created cartesian_point pnt

FORTRAN binding:
NAME = PNT_PRQIECTI ON_A2P ( PNTNAM A2PNAM KFI*X )

Effects:

Creates a cartesian_point entity by a projection of/a-given cartesian_point PNTNAM onto th
plane of axis2_placement A2PNAM. The coordinates x, y and z of the created cartesian_pd
derived from a calculation of a point at the (Oxy) plane of the axis2_placement A2PNAM, that
the shortest distance to PNTNAM. This cartesian_point has the current point_style entry from
interface status table assigned to it. Thexname of the cartesian_pointis returned. If an error o
no entity is created and the entity name-is returned as zero.

Notes:

1) If the current open view is.defined as a 2D view (it means that the geometrical_power_level
of the interface status.table equals 1), no error occurs and the coordinates of the newly cre
cartesian_point are'‘copied from the give one PNTNAM.

e (Oxy)
int are
have
the
CCurs,

entry
ated
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A2PNAM
(axis2_placement) |0 |

ﬁ) PNTNAM

also

Interna| Reference:
6.1.9.2]6.1.9.7,6.1.9.8,6.2.4, 8.2

Figure A. 15 — Function: Pnt_Projection JA2p

Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power fével 1001 |enumerated value out of range

A.5.3 [Curve entities

A.5.3.1 Basic curve entities

A.5.3.1.1 Line segments((api_line)

Line segment between two)points Lin_2_Pnt

Line segment by start.point, length and direction Lin_Pnt_Length_Dir

Line segment tangential to circular arc Lin_Tangential_Arc

Line segment tangential to two Circular arc Lin_Tangential_2_Arc

Line segment as chamfer of two line segments Lin_Chamfer_2 Lin

A.5.3.1.1.1 Line segment between two points

Function name:
Lin_2_Pnt

186
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Parameters:

in/  |name data | Meaning permitted types/values
out type

in |STAPNT N Name of start cartesian_point pnt

in |ENDPNT |N Name of end cartesian_point pnt

in |KFIX E Storage location [TDB,CAD]

out |NAME N Name of created api_line lin
FORTRAN binding:
NAVE—=—(—STAPNFENBPNF<H-—

Effects:

Creates an api_line entity between two existing cartesian_points, where PNTNML1 is the namg of
the start, and PNTNM2 is the name of the end cartesian_point.

The start and end cartesian_points are duplicated as p1 and p2 respectively and'they have a
null_style assigned to them. Then:

— adirection d is instantiated with direction_ratios defined by p2-p{.)This direction has a
null_style assigned to it.

— avector v is instantiated that orientation refers to the dirgction d and with magnitude efuals
[[p2-p1||- This vector has a null_style assigned to it.

— aline l isinstantiated with pnt p1 and dir v. This line*has a null_style assigned to.

— an api_line is instantiated with | as basis_cury€;’pl and p2 as trim_1 and trim_2 respectively,
sense_agreement equals true and master_representation shall be implementation dependent. This
api_line has the current curve_style entry from,the interface status table assigned to it, and in ase of
an open 2D view with both entries for hidden, line equals ON and for hidden_line_involved equals
TRUE, it is attached to an api_pre_defined_occlusion_stylewith the current values of view_|evel
and hidden_line_aspect entries from the interface status table. The name of this api_line is returned.

The distance between these twg peints shall be in range [EPS,MAX]; if an error occurs, no entity is
created and the element name.is returned as zero.

Notes:
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sense_agreement
(sense = TRUE)

ENDPNT

trim_2

trim_1

STAPNT

\—api_line

also

basis_curve
(=line)

Figure A. 16 — Function: Lin_2_Pnt

Interna| Reference:
6.1.9,49.1.12.1, 6.2.4, 8.2
Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
101 |attempt to create a degenerated entity 103 _jdistance between two points out of range
[EPS,MAX]
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |flunction not compatible with current power 1001 |enumerated value out of range
level
A.5.3.1.1.2 Line segment by start‘point, length and direction
Functign name:
Lin_Pn{_Length_Dir interface level: 1
geometrical power level: | 1,2,3
Parameéters:
in/  |name data)|Meaning permitted types/values
out type
in |STAPNT N Name of start cartesian_point pnt
in |LEN D Length of the api_line (EPS £ LEN £MAX)
in |D|RNAM N Name of direction dir
in  |KF% F— Storagetoeation FFDB-EAB]
out |NAME N Name of created api_line lin

FORTRAN binding:

NAVE

Effects:
Creates an api_line entity by start cartesian_point, length and direction.
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The start cartesian_point STAPNT is duplicated as p1 and the direction DIRNAM is duplicated as
d. Both entities have a null_style assigned to them. Then:

— avector v is instantiated with the orientation d and the magnitude equals one (normalised
vector). This vector has a null_style assigned to it.

— aline l isinstantiated with pnt p1 and dir v. This line has a null_style assigned to it.

— an api_line is instantiated with | as basis_curve, p1 as trim_1 and the parameter value LEN as
trim_2, sense_agreement equals true and master_representation shall be implementation

danandant Thic ani lina hac tha cuirrant crirva otvdla antng fram tha intarfaca ctatiic tahla accin ned to
= SRR HSA P —H e eSS tHe-cuHeRt-cHR e —Styre-e Rty —HoeHtHe e Ha6e-StattStare—aSStS

i

it, and in case of an open 2D view with both entries for hidden_line equals ON and for
hidden_line_involved equals TRUE, it is attached to an api_pre_defined_occlusion_stylewith the

current values of view_level and hidden_line_aspect entries from the interface status table. The name
of this api_line is returned.

The value of LEN shall be in range [EPS,MAX] and is measured in OVC_length<units ; if an erfor
occurs, no entity is created and the element name is returned as zero.

sense_agreement trim_1

(sense = TRUE)

o

trim_2

STAPNT
LEN

\—api_line

basis_curve
(= line)

Figure A. 17 — Function: Lin_Pnt_Length_Dir

Notes:

Internal Reference:
6.1.9,6.1.12.1, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |101 |attempt to create a degenerated entity
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |{1001 |enumerated value out of range
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A.5.3.1.1.3 Line segment tangential to circular arc

Function name:

also

Lin_Tangential_Arc interface level: 1
geometrical power level: | 1,2,3

Parameters:

in/  |name data | Meaning permitted types/values
out type

in |STAPNT N Name of start cartesian_point pnt

in |ARCNAM N Nameof api—circular—arc arc

in  |KFIX E Storage location [TDB,CAD]

out |NAME N Name of created api_line lin

FORTRAN binding:

NAVE

£ LI N_TANGENTI AL_ARC ( STAPNT, ARCNAM KFI X )
Effects|

Create$ an api_line entity tangential to an existing api_circular_arc, ARCNAM;-starting from an
existing cartesian_point, STAPNT. The start cartesian_point is duplicated asp1 and it has a
null_style assigned to it. Then:

— tw

p cartesian_points, p2 and p3, are instantiated as the two possible tangential points on the

basis_furve of the api_circular_arc ARCNAM. The cartesian_paints have a null_style assigned to

them.

— from the two cartesian_points p2 and p3, the point is chosen, where the direction of a tangent at

this poi
point p

nt (with respect to the sense agreement flag of ARCNAM) is equal to a direction from the start
| to this tangential point. Let be p4 a synonym forthis chosen point.

— adirection d is instantiated with direction_ratios defined by p4-p1. This direction has a
null_style assigned to it.

— aVector v is instantiated that orientation refers to the direction d with magnitude equals ||p4-
pl||. This vector has a null_style assigned to it.

— al

— an

ne | is instantiated with patpl and dir v. This line has a null_style assigned to it.

api_line is instantiated-with | as basis_curve, p1 and p4 as trim_1 and trim_2 respectively,

sense_[agreement equals_trde and master_representation shall be implementation dependent. This

api_lin
an ope
TRUE,

le has the curreqt'curve_style entry from the interface status table assigned to it, and in case of
n 2D view with'both entries for hidden_line equals ON and for hidden_line_involved equals
it is attached to an api_pre_defined_occlusion_stylewith the current values of view_level

and hidden_linexaspect entries from the interface status table. The name of this api_line is returned.

If an erfor oceurs, no entity is created and the element name is returned as zero.

Notes:

1) The given start cartesian_point p1 shall lie outside of the basic_curve of the api_circular_arc
ARCNAM.

2) If the distance between the calculated tangential point p4 and one of trimming points (trim_1 or

trim

_2) of the given api_circular_arc is in range [ZERO_VALUE,EPS], no error occurs and the

coordinates derived from this trimming point will be used instead of the calculated one.
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3) The api_line is created, only if the chosen tangential point p4 lies within the parametric range
[trim_1, trim_2] of api_circular_arc ARCNAM, and the length of this api_line is in range

[EPS,MAX]. Otherwise an error occurs.

4) When the current open view is defined as a 3D view (it means that the geometrical_power_level
entry of the interface status table is greater equal 2), the cartesian_point PNTNAM and the
api_circular_arc ARCNAM shall be in the same plane.

ARCNAM.sense_agreement

basis_curve ARCNAM.sense_agreement
=tme) =FALSE
\_| ARCNAM
y
trim_2
p2s p4%: b
api_line A\
PNTNAM PNTNAM
Y
trim_1

ARCNAM =TRUE
y' \

\ basis_curje
~  (=line)

p3sp4

=~trim_2

Figure A.28— Function: Lin_Tangential_Arc

Internal Reference:
6.1.9,6.1.12,6.1.12.1, 6.2.4;-8:2

Errors:
1 entity name not-defined (zero, or unknown) 2 entity type out of permitted range
101 |attempt toCreate a degenerated entity 105 |attempt to create a degenerated directior]
during entity creation
110 |attempt to create a point outside the parametric |119 |given entities are not in the same plane
range of curves entity
127 <geometrical design is not feasible 201 |temporary database overflow
202 | error while sending entity to CAD system 204 |function not compatible with current powgr level

1001 |enumerated value out of range

A.5.3.1.1.4 Line segment tangential to two circular arc

Function name:
Lin_Tangential_2_Arc

interface level: 1
geometrical power level: 1,2,3
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Parameters:

in/  |name data | Meaning permitted types/values
out type

in |ARCNM1 |N Name of first api_circular_arc arc

in |ARCNM2 |N Name of second api_circular_arc arc

in |KFIX E Storage location [TDB,CAD]

out |NAME N Name of created api_line lin

FORTRAN binding:

NAME H-N—TANGENH-AE—2—ARC—(—ARENMEARSNVR <

Effects|

Create$ an api_line entity that is an oriented line tangential to two existing api_circular_arcs,
starting from a tangential point at the first api_circular_arc, ARCNML1, and ending at a tangential
point af the second api_circular_arc, ARCNM2. The directions of the api_circular_arcs,implicitly
given by their sense agreement flags and their trimming points, determines the orientatiofy of the new
api_lintle. In the following, we will consider C1 and C2 as synonym for ARCNM1 and ARCNM2
respectively. Then:

— all|possible cartesian_points, that are the tangential points at the basis.curves of C1 and C2,
are insfantiated. All these cartesian_points have a null_style assigned to-them.

— a gelection process is initialised to choose a tangential point at C1 and a tangential point at C2 .
Let p1 pnd p2 be synonym for these points respectively. This process ensures, that the direction of a
tangen{ at this tangential point at C1 is equal to a tangential paint.at C2 (with respect to the sense
agreemnyent flags of the api_circular_arcs C1 and C2).

— adirection d is instantiated with direction_ratios defihed by p2-p1. This direction has a
null_style assigned to it.

— aVector v is instantiated that orientation refers to the direction d with magnitude equals ||p2-
pl||. This vector has a null_style assigned to\it:

— al|ne |l is instantiated with pnt equals-p1 and dir equals v. This line has a null_style assigned to
it.

— an|api_line is instantiated with T as basis_curve, p1 and p2 as trim_1 and trim_2 respectively,
sense |agreement equals true“and master_representation shall be implementation dependent. This
api_linfe has the current curve_style entry from the interface status table assigned to it, and in case of
an open 2D view with batientries for hidden_line equals ON and for hidden_line_involved equals
TRUE, [it is attached tovah api_pre_defined_occlusion_stylewith the current values of view_level
and hidden_line_aspect entries from the interface status table. The name of this api_line is returned.
If an erfor occurS, ho entity is created and the element name is returned as zero.

Notes:

1) An api“line is created. only if the chosen tangential points p1 and p2 are lying within the
parametric range [trim_1, trim_2] of their api_circular_arcs C1 and C2, respectively, and the
distance between these two points, p1 and p2, shall be in range [EPS,MAX]. Otherwise an error
occurs.

2) If the distance between the calculated tangential points p1 and p2 and one of trimming points
(trim_21 or trim_2) of the corresponding given api_circular_arcs is in range [ZERO_VALUE,EPS],
no error occurs and the coordinates derived from this trimming point will be used instead of the
calculated one.
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3) When the current open view is defined as a 3D view (it means that the geometrical_power_level
entry of the interface status table is greater equal 2), both given api_circular_arcs shall be in the
same plane.

ARCNML1.sense_agreement

ARCNM2.sense_agreement

=FALSE =FALSE
% \
4 a1l —trim_1
ARCNM1 Ltw———"—() .
basis_curve
(= line)
api |
PI_ o trim_{1
api_line O\
N~
trim_2
ARCNM2.sense_agreement ARCNML1.sens€)agreement -
v =TRUE ARCNM2 “TRUE ARCNML
basis_curve
x (=line)

Figure A. 19 — Function: Lin_Tangential_2_Arc

Internal Reference:

6.1.9,6.1.12,6.1.12.1, 6.2.4, 8.2
Errors:
1 entity name not defined (zere, or unknown) 2 entity type out of permitted range
101 |attempt to create a degenerated entity 105 |attempt to create a degenerated directior]
during entity creation
110 |attempt to create~a point outside the parametric |115 |given entities are identical
range of curves-entity
118 |given curveés,entities are parallel/concentric 119 |given entities are not in the same plane
127 |geometfical design is not feasible 201 |temporary database overflow
202 |errorwhile sending entity to CAD system 204 |function not compatible with current powgr level
1001 |efiumerated value out of range

A.5.3.1.1.5 Line segment as chamfer of two lines

Function name:

Lin_Chamfer_2_Lin interface level: 1
geometrical power level: | 1,2,3

Parameters:

in/  |name data | Meaning permitted types/values
out type

in |LEN1 D cut length on first api_line (EPS £ LEN1 £ MAX)

in |LEN2 D cut length on second api_line (EPS £ LEN2 £ MAX)

in  |LINNM1 N Name of first api_line lin

193



https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

ISO 13584-31: 1999(E) also

in  |LINNM2 N Name of second api_line lin
in |KFIX E Storage location [TDB,CAD]
out |NAME N Name of created api_line lin

FORTRAN binding:
NAME = LI N CHAMFER 2_LI N ( LEN1, LEN2, LI NNML, LI NNM2, KFI X )

Effects:

Creates an api_line entity as chamfer between two api_lines. Both existing api_lines, LINNM1 and
LINNM2, shall have an intersection point that lies on each given api_line. These api_lines will be
shorterjed and the names of the api_lines are not changed. They remain in the temporary database
until they are explicitly fixed. The orientation of the new created api_line (chamfer_line) starts at the
new enf of the first api_line, that is the new trimming point trim_2 of LINNM1 and ends at the new
beginning of the second api_line, that is the new trimming point trim_1 of LINNM2. After shortening,
the firs{ and second api_line shall no longer intersect.

— adartesian_point pl is instantiated with coordinates calculated by an intersection of LINNM1
with LINNM2. This cartesian_point has a null_style assigned to it.

— agdartesian_point p2 is instantiated at the distance LEN1 of the intersection point p1 on the
api_line LINNM1 and that lies in the opposite direction of the given first api< line LINNM1. This
cartesian_point has a null_style assigned to it.

— agdartesian_point p3 is instantiated at the distance LEN2 of the intersection point p1 on the
api_li?r LINNM2 and that lies in the direction of the given api_line LINNM2. This cartesian_point
has a null_style assigned to it.

— adirection d is instantiated with direction_ratios defined by p3-p2. This direction has a
null_style assigned to it.

— aVector v is instantiated that orientation refers to the direction d with magnitude equals ||p3-
p2||. This vector has a null_style assigned to.it.

— al|ne l is instantiated with pnt p2 and.dir v. This line has a null_style assigned to it.

— anlapi_line is instantiated with-'as basis_curve, p2 and p3 as trim_1 and trim_2 respectively,
sense |agreement equals true and-master_representation shall be implementation dependent. This
api_linje has the current curve~style entry from the interface status table assigned to it, and in case of
an opeh 2D view with both @ntries for hidden_line equals ON and for hidden_line_involved equals
TRUE, [it is attached to an-api_pre_defined_occlusion_stylewith the current values of view_level
and hidden_line_aspect entries from the interface status table. The name of this api_line is returned.

— thg given agihline LINNML1 is redefined with trim_2 equals p2, and the given api_line LINNM2 is
redefined withstrim_1 equals p3.

The values of LEN1 and LENZ2, that shall be in range [EPS,MAX], are measured in OVC_length_units
; if an erroroccurs, o entity 15 created and the efement name 1S Teturmed as Zevo.

Notes:

1) The given value of LEN1 shall be less the distance between the intersection point p1 and the point
trim_1 of the api_line LINNM1, and the given value of LEN2 shall be less than the distance
between the intersection point p1 and the point trim_2 of the api_line LINNM2. Otherwise an error
occurs.
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2) An api_line is created, only if the segment length of this api_line is in range [EPS,MAX] and the
segment length of both given entities, LINNM1 and LINNM2, after shortening is greater than EPS.
Otherwise an error occurs.

3) When the current open view is defined as a 3D view (it means that the geometrical_power_level
entry of the interface status table is greater equal 2), both given api_lines shall be in the same

plane.
LINNM2.trim_2
LINNM2— , I, M-
trim__
et o
pl api_line
trim 1 LINNM1
LINNMZ.trim_1 LEN2 trim_1 LINNM1
api_line LINNM1.trim_1
— A\
v trim_2 \,E\\\
basis_curve |
LINNM2.trim_2— (= line) LINNM2—
after shortend : after shortend :
LINNM2
LINNM1 api_line
/ o ap api_line
LINNM2 LINNM1
Figure A. 20— Function: Lin_Chamfer_2_Lin
Internal Reference:
6.1.9,6.1.12,6.1.12.1, 6.2.4;-8:2
Errors:
1 entity name net.defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |101 |attempt to create a degenerated entity
105 |attempt.to ¢reate a degenerated direction during |108 |attempt to create a degenerated basic cufve
entity_creation during entity creation

111 |atteémipt to create a line whose segment length is |115 |given entities are identical
out'of range [EPS,MAX]

119 \(given entities are not in the same plane 120 |given cut length too long
122 |no intersection of given curves entities 127 |geometrical design is not feasible
201 [temporary database overflow 202 [error while sending entity to CAD system

204 |function not compatible with current power level |1001 |enumerated value out of range

A.5.3.1.2 Circle and circular arcs (api_circular_arc)
Circle by radius and axis2_placement Circle_Rad_A2p

Circular arc by three points Arc_3 Pnt
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Circular arc by radius and two angles and Arc_Rad_2_Angle_A2p
axis2_placement
Circular arc by radius and three points Arc_Rad_3 Pnt
Circular arc by radius, two points and axis2_placement Arc_Rad_2_ Pnt_A2p
Circular arc as fillet between two entities Arc_Fillet_2 Ent
Circular arc tangential to two entities Arc_Tangential_2_ Ent
Circulal arc define by its radius and two entities Arc_Rad_2 Ent
Circulal arc defined by three entities Arc_3 Ent
A.5.3.1.2.1 Circle by radius and axis2_placement
Functign name:
Circle_Rad_A2p interface level: 1
geometrical-power level: | 1,2,3
Paraméters:
in/  [name data | Meaning permitted types/values
out type
in |RAD D Radius of api_circular_arc (EPS £ RAD £ MAX)
in |ARPNAM N Name of axis2_placement a2p
in |SENSE E Sense agreement flag [TRUE,FALSE]
in  |KFIX E Storage location [TDB,CAD]
out |NAME N Name of created api_circular_are arc
FORTRAN binding:
NAME ¥ Cl RCLE_RAD A2P ( RAD, A2PNAM,SENSE, KFI X )
Effects|
Create$ a whole circle as an api_circular_arc entity given by a radius (RAD), an axis2_placement

(A2PN/
api_cin

The ax

— ag
null_st

— an
trim_1
master

AM), and a sense agreemerit flag (SENSE) that defines the direction of the newly created
cular_arc in conjunctionwith a circle entity as basis_curve.

s2_placement (A2PNAM) is duplicated as a2p1 and it has a null_style assigned to it. Then:

ircle c is instantiated with position a2p1 and radius equals RAD. This circle has a
yle assigned,io it.

api_circular_arc is instantiated with ¢ as basis_curve, a parameter value equals 0 degree as
and‘a‘parameter value equals 360 degrees as trim_2, sense_agreement equals SENSE and
| representation shall be implementation dependent. This api_circular_arc has the current

curve_style entry from the interface status table assigned to it, and in case of an open 2D view with
both entries for hidden_line equals ON and for hidden_line_involved equals TRUE, it is attached to an
api_pre_defined_occlusion_stylewith the current values of view_level and hidden_line_aspect

entries

from the interface status table. The name of this api_circular_arc is returned.

The value of RAD shall be in range [EPS,MAX] and is measured in OVC_length_units . If an error

occurs,
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Notes:
1) The interface shall ensure the closure of the created api_circular_arc entity (cartesian
coordinates of trim_1 equal to cartesian coordinates of trim_2).

/api_circular_arc

SENSE

basis curve / trim_1 = trim_2

z (= circle)

Figure A. 21 — Function: Circle_Rad_A2p

Internal Reference:
6.1.9,6.1.12, 6.1.12.2, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length meastre out of permitted range |101 |attempt to create a degenerated entity
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not coripatible with current power level |1001 |enumerated value out of range

A.5.3.1.2.2 Circular arc by three points

Function name:
Arc_3_Pnt interface level: 1
geometrical power level: | 1[2,3
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Parameters:
in/  |name data | Meaning permitted types/values
out type
in |STAPNT N name of start cartesian_point pnt
in |INTPNT N name of intermediate cartesian_point pnt
in |ENDPNT |N name of end cartesian_point pnt
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created api_circular_arc arc

FORTRAN binding:

also

NAVE

Createq
ENDPN
cartesi
(INTPN

The ca
null_st

— ag
from th

¥ ARC_3_PNT ( STAPNT, | NTPNT, ENDPNT, KFI X )

Effects|

an api_circular_arc entity given by the three cartesian_points (STAPNT, INTPNT-and

T). Where the start cartesian_point (STAPNT) defines the start of the circular arg, the end
an_point (ENDPNT) defines the end of the circular arc, and the intermediate cdgtesian_point
T) is used to define both the plane and sector of the api_circular_arc.

rtesian_points STAPNT, ENDPNT are duplicated as p1 and p3 respectively and they have a
yle assigned to them. Let P2 be a synonym for INTPNT. Then:

artesian_point p4 is instantiated as the centre of the circular afe, with coordinates derived
e cartesian coordinates calculated from the three points p1, R2 and p3. This cartesian_point

has a null_style assigned to it.

— adg
null_st

irection d1 is instantiated with direction_ratios defined by p1-p4. This direction has a
yle assigned to it.

In the dase of a 3D view:
— adirection dO is instantiated with direction.ratios calculated through the result of a vectorial
cross pyoduct of a vector defined by p1-p3 and:a vector defined by P2-p3. This direction has a

null_st

— an
This ax

In the g

— an
of p4 a

Then:

— ag
derived

yle assigned to it.

axis2_placement_3d a2p1l is.instantiated with location p4 and axis dO and ref_direction d1.
is2_placement_3d has a null\style assigned to it.

ase of a 2D view:

axis2_placement2d a2pl is instantiated with location derived from the cartesian coordinates
nd ref_directiomndl. This axis2_placement_2d has a null_style assigned to it.

ircle ¢7is instantiated with position derived from the axis2_placement a2pl and radius

ftom ||p1-p4||. This circle has a null_style assigned to it.

— an

api_circular_arc is instantiated with ¢ as basis_curve, pl and p3 astrim_1 and trim_2

respectively, sense_agreement derived from the position of the cartesian_points p1, P2 and p3,

and master_representation shall be implementation dependent. This api_circular_arc has the
current curve_style entry from the interface status table assigned to it, and in case of an open 2D
view with both entries for hidden_line equals ON and for hidden_line_involved equals TRUE, it is
attached to an api_pre_defined_occlusion_stylewith the current values of view_level and
hidden_line_aspect entries from the interface status table. The name of this api_circular_arc is
returned.
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The distance between two of the three points shall not be in the range[ZERO_VALUE, EPS].
Additionally the intermediate point INTPNT shall not be collinear with the start and end points within a
range of EPS. If an error occurs, no entity is created and the element name is returned as zero.

Notes:

1) The api_circular_arc is created, only if its calculated radius is in range [EPS,MAX], and its

segment length from trim_1 to trim_2, consistent with its sense_agreement, is not less than EPS.
Otherwise an error occurs.

3D view /»apl_cncular_arc
sTAPNT /Mt INTPNT

ref_direction

sense_agreement \

(sense = TRUE)

basis_curve
axis (= circle)

Figure A. 22 — Function: Arc_3_Pnt (in a 3D view)

api_circular_arc

2D view
STAPNT INTPNT

trim_1

ref_direction trim_2

ENDPNT

sense_agreement
(sense = FALSE)

| p4
,/ ~  position
basis_curve
X .
(= circle)

Figure A. 23 — Function: Arc_3_Pnt (in a 2D view)
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Internal Reference:
6.1.9,6.1.12, 6.1.12.2, 6.2.4, 8.2

also

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
101 |attempt to create a degenerated entity 105 |attempt to create a degenerated direction
during entity creation
106 |attempt to create a degenerated 112 |attempt to create an arc whose segment length
axis2_placement during entity creation is less than EPS
115 |given entities are identical 116 |given points are linear dependent
201 t|emporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level [1001 |enumerated value out of range

A.5.3.1.2.3 Circular arc by radius, two angles and axis2_placement

Functidn name:

Arc_Rad_2_ Angle_A2p interface level: 1
geometrical powenrlevel: | 1,2,3
Parameters:
in/  |[Npme data |meaning permitted types/values
out type
in |RAD D radius of api_circular_arc (EPS £ RAD £ MAX)
in |S[TAPNT D start angle in (Oxy) plane relative to (Ox) axis of‘given |(0° £ STAANG £ 360°)
azp
in |ENDANG |D end angle in (Oxy) plane relative to (Ox) axis.of given (0° £ ENDANG £ 360°)
azp
in  |ARPNAM N name of axis2_placement a2p
in |SENSE E sense agreement flag [TRUE,FALSE]
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created api_circular-arc arc

FORTRAN binding:
NAME ¥ ARC _RAD 2_ANGLE A2P (RAD, STAANG ENDANG, A2PNAM SENSE, KFI X )

Effects
Create$ an api_circular_arc entity given by a radius (RAD), two angles, an axis2_placement
(A2PNAM), and a sense agreement flag (SENSE) that defines the direction of the newly created
api_circular_arc in conjunction with a circle entity as basis_curve, together with a start and an end
point tHat are implicitly-défined by the two angles STAANG and ENDANG respectively.

The ax|s2_placement (A2PNAM) is duplicated as a2p1 and it has a null_style assigned to it. Then:

— adircleg,s instantiated with position a2p1 and radius equals RAD. This circle has a
null_style assigned to it.

— an api_circular_arc is instantiated with ¢ as basis_curve, the parameter value STAANG as
trim_1 and the parameter value ENDANG as trim_2, sense_agreement equals SENSE and
master_representation shall be implementation dependent. This api_circular_arc has the current
curve_style entry from the interface status table assigned to it, and in case of an open 2D view with
both entries for hidden_line equals ON and for hidden_line_involved equals TRUE, it is attached to an
api_pre_defined_occlusion_stylewith the current values of view_level and hidden_line_aspect
entries from the interface status table. The name of this api_circular_arc is returned.
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The value of RAD shall be in range [EPS,MAX] and is measured in OVC_length_units ; the given
angles are measured in OVC_angle_units, counted in (Oxy) plane of given A2PNAM. If an error
occurs, no entity is created and the element name is returned as zero.

Notes:

1) The api_circular_arc is created, only if its calculated radius is in range [EPS,MAX], and its
segment length from trim_1 to trim_2, consistent with its sense_agreement, is not less than EPS.
Otherwise an error occurs.

2) If the two parameter values, STAANG and ENDANG, define the same point in a range of

circular arc is a complete circle. Then, the interface ensures the closure of the created
api_circular_arc entity (cartesian co-ordinates of trim_1 equal to cartesian co-ordinates-of
trim_2).

3) The api_circular_arc is created, only if its segment length from trim_1 to trimy?2, constant
sense_agreement, is not less than EPS. Otherwise an error occurs.

pated

with

trim_2 ™~

SENSE
(=TRUE)

apiceircular_arc
/ ENDANG

basis_curve
(= circle)

Figure A. 24 — Function: Arc_Rad_2_Angle_A2p

Internal Reference:

6.1.9,6.1.12,6.1.12.2,6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |4 value for plane angle measure out of permitted
range
101 |attempt to create a degenerated entity 112 |attempt to create an arc whose segment length
is less than EPS
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |{1001 |enumerated value out of range
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A.5.3.1.2.4 Circular arc by radius and three points

Function name:
Arc_Rad_3_Pnt

Interface level: 1
Geometrical power level: | 1,2,3

Parameters:
in/  |name data | Meaning permitted types/values
out type
in |RAD D radius of api_circular_arc (EPS £ RAD £ MAX)
in  |STARNT N name-of start cartesian—point pat
in |ENDPNT |N name of end cartesian_point pnt
in |HLPPNT N name of help cartesian_point pnt
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created api_circular_arc arc

FORTRAN binding:
NAME ¥ ARC_RAD 3_PNT ( RAD, STAPNT, ENDPNT, HLPPNT, KFI X)

Effects
Create$ an api_circular_arc entity given by a radius (RAD) and three cartgsian_points (STAPNT,
ENDPNT and HLPPNT). Where the start cartesian_point (STAPNT) defines the start of the circular
arc, thg end point (ENDPNT) defines the end of the circular arc, and the help point (HLPPNT) is used
to defirle both the plane and sector of the api_circular_arc.

The po|nts STAPNT, ENDPNT, HLPPNT are duplicated as p1, p2, p3 respectively and they have a
null_style assigned to them. Then:

In the dase of a 3D view:

— adirection dO is instantiated with direction (ratios calculated through the result of a vectorial
cross pfoduct of the vector defined by p1-p3 and the vector defined by p2-p3. This direction has a
null_style assigned to it.

— airtual plane is defined by cartesian_point p3 and the direction dO, that is a direction normal
to the firtual plane.

— twg cartesian_points p4-and p5 are instantiated with coordinates derived from the cartesian
coordinates calculated by the,intersections of two virtual circles in the previously defined virtual plane,
with radlius RAD, and centre points p1 and p2 respectively. The cartesian_points p4 and p5 have a
null_style assigned to\them.

— from the twesartesian_points p4 and p5, the point that is located nearer to point p3 is chosen
as the ¢entre point for the new api_circular_arc, and renamed as p6.

— adirection d1 is instantiated with direction_ratios defined by p1-p6. This direction has a
null_styteassignedto:

— an axis?2_placement_3d a2pl is instantiated with location p6 and axis dO and ref_direction d1.
This axis2_placement_3d has a null_style assigned to it.

In the case of a 2D view:

— two cartesian_points p4 and p5 are instantiated with coordinates derived from the cartesian
coordinates calculated by the intersections of two virtual circles in the (Oxy) plane of the current OVC
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reference system, with radius RAD, and centre cartesian_points p1 and p2 respectively. These
cartesian_points have a null_style assigned to it.

— from the two points p4 and p5, the point that is located nearer to point p3 is chosen as the centre
point for the new api_circular_arc, and renamed as p6.

— adirection d1 is instantiated with direction_ratios defined by p1-p6. This direction has a
null_style assigned to it.

— an axis2_placement_2d a2p1 is instantiated with location p6 and ref_direction d1. This

avice?2 nlacamant 2d hac o9 null ctvila accianad ia it
ST —pPrac e e Ht—aHaSaHH—5StreaSSiGRe ettt

Then:

— acircle c is instantiated with position a2p1 and radius equals RAD. This circle has a
null_style assigned to it.

— anapi_circular_arc is instantiated with c as basis_curve, pl and p2 asirim_1 and trim_|2
respectively, sense_agreement derived from point p3 defining the valid sector of the circle, and
master_representation shall be implementation dependent. This api_circular_arc has the cufrent
curve_style entry from the interface status table assigned to it, and in\case of an open 2D view|with
both entries for hidden_line equals ON and for hidden_line_involvedequals TRUE, it is attachefl to an
api_pre_defined_occlusion_stylewith the current values of view_level and hidden_line_aspgct
entries from the interface status table, too. The name of thissapi_circular_arc is returned.

The distance between two of the three points shall notbeyin the range [ZERO_VALUE,EPS],
additionally the help point p3 shall not be placed within a distance of EPS to the centre of the gircular
arc. The value of RAD shall be in range [EPS,MAX] and is measured in OVC_length_units ; if an error
occurs, no entity is created and the element nam'e Is returned as zero.

Notes:

1) The api_circular_arc is created, only~f its segment length from trim_1 to trim_2, consisternt with
its sense_agreement, is not lessthan EPS. Otherwise an error occurs.

2) The api_circular_arc is created, only if the help point HLPPNT defines unique one sector (the
calculated distance between computed centre point and this HLPPNT is not equal to RAD.
Otherwise an error oceurs.
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sense_agreement
(sense=TRUE)

basis_curve

/ (= circle)

also

STAPNT
trim_1

p4

ENDPNT
trim_2

—api_circular_arc

Interna| Reference:
6.1.9,4.1.12, 6.1.12.2, 6.2.4, 8.2

Figure A. 25 — Function

: Arc_Rad_33Pnt

Errors:

1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range

3 alue for length measure out of permitted rang€ ) 101 |attempt to create a degenerated entity
105 |attempt to create a degenerated direction during [106 |attempt to create a degenerated

éntity creation

axis2_placement during entity creation

112 |attempt to create an arc whose segment/length |115 |given entities are identical
is less than EPS
116 |given points are linear dependent 127 |geometrical design is not feasible
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |flunction not compatible with current power level |{1001 |enumerated value out of range

A.5.3.1.2.5 Circular ar¢*by radius, two points and axis2_placement

Functidn name:
Arc_Rafd_2_ PntsA2p

Param gters:

interface level: 1

geometrical power level: 1,2,3

- I
in/ |namme

tata Tviearing permittedtypes/vatues
out type
in |RAD D radius of api_circular_arc (EPS £ RAD £ MAX)
in |PNTNM1 |N name of first cartesian_point pnt
in |PNTNM2 |N name of second cartesian_point pnt
in |A2PNAM N name of axis2_placement a2p
in |SENSE E sense agreement flag [TRUE,FALSE]
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created api_circular_arc arc
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FORTRAN binding:
NAME = ARC _RAD 2_PNT_A2P ( RAD, PNTNML, PNTNM2, A2PNAM SENSE, KFI X )

Effects:

Creates an api_circular_arc entity given by a radius (RAD), two cartesian_points, an
axis2_placement (A2PNAM), and a sense agreement flag (SENSE) that defines the direction of the
newly created api_circular_arc in conjunction with a circle entity as basis_curve, together with a
start and an end point that are implicitly defined by the two points PNTNM1 and PNTNM2
respectively.

Tla ADDMNAM ‘o ol L Fpgn | Dl ol lo Ll | H oo st A las D4 DU o Yo T
TS AL INANVT TS UUPNLAlTU ds dZpy L dITU TidS A TTUTT_ STy TT dSSIYTITTU tu T, AU ict L dlTu ™2 UT

synonym for the cartesian_points PNTNM1 and PNTNM2 respectively. Then:

— acircle c is instantiated with position a2p1 and radius equals RAD. This circle has a
null_style assigned to it.

— acartesian_point p3 is instantiated that coordinates are derived from the
cartesian_coordinates of location of a2p1. This cartesian_pointis the centre point of the cifcle
and it has a null_style assigned to it.

— adirection d1 is instantiated with direction_ratios defined by, P1=p3. This direction has a
null_style assigned to it.

— avector vl is instantiated with orientation d1 and themagnitude equals ||P1-p3||. This vector
has a null_style assigned to it.

— aline Il is instantiated with pnt p3 and dir v1. This line has a null_style assigned to.

— adirection d2 is instantiated with directian: ratios defined by P2-p3. This direction has a
null_style assigned to it.

— avector v2 is instantiated with orientation d2 and the magnitude equals ||P2-p3||. This yector
has a null_style assigned to it.

aline |2 is instantiated with pnt p3 and dir v2. This line has a null_style assigned to it.

— acartesian_point p4is jnstantiated that coordinates are calculated by an intersection of Ijne |1
with circle ¢ in the pesitive direction of line 1. This cartesian_point has a null_style assigned to
it.

— acartesiap~point p5 is instantiated that coordinates are calculated by an intersection of Ijne 12
with circle.¢in the positive direction of line 12. This cartesian_point has a null_style assigned to
it.

— @n.api_circular_arc is instantiated with ¢ as basis_curve, p4 and p5 as trim_1 and trim |2
respectively, sense_agreement equals SENSE and master_representation shall be
implementation dependent. This api_circular_arc has the current curve_style entry from the
interface status table assigned to it, and in case of an open 2D view with both entries for
hidden_line equals ON and for hidden_line_involved equals TRUE, it is attached to an
api_pre_defined_occlusion_stylewith the current values of view_level and hidden_line_aspect
entries from the interface status table. The name of this api_circular_arc is returned.

The distance between the centre of the api_circular_arc and the two given cartesian_points shall
not be less than EPS. Additionally the distance between the two given cartesian_points shall not be
less than EPS. The value of RAD shall be in the range [EPS,MAX] and is measured in
OVC_length_units. If an error occurs, no entity is created and the element name is returned as zero.
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Notes:

1) If the two implicit defined directions d1 and d2 are the identical in a range [ZERO_VALUE,EPS],
then both trimming points trim_1 and trim_2 are identical and the created circular arc is a
complete circle. Then, the interface ensures the closure of the created api_circular_arc entity
(cartesian coordinates of trim_1 equal to cartesian coordinates of trim_2).

2) The api_circular_arc is created, only if its segment length from trim_1 to trim_2, consistent with
its sense_agreement, is not less than EPS. Otherwise an error occurs.

3) When the current open view is defined as a 3D view (it means that the geometrical_power_level
entryof-themnterfacestatus tabte s greaterequat-2);thepomts PtandP2shattbemrthe(Oxy)

planie of the local coordinate system (A2PNAM).

basis_curve
/  (=circle)

SENSE
(=TRUE)

trim_2

basis_curve
(=FALSE) (= circle)

api_circular_arc

Figure-A. 26 — Function: Arc_Rad_2_Pnt_A2p

Interna| Reference:
6.1.9, 4.1.12, 6.1.12.2{6,2°4, 8.2

Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
3 alué far length measure out of permitted range |101 |attempt to create a degenerated entity
105 |attempt to create a degenerated direction during [112 |attempt to create an arc whose segment length
entity creafion isTess than EPS
119 |given entities are not in the same plane 201 |temporary database overflow
202 |error while sending entity to CAD system 204 |function not compatible with current power level
1001 |enumerated value out of range

A.5.3.1.2.6 Circular arc as fillet between two entities

Function name:

Arc_Fillet_2_Ent interface level: 1
geometrical power level: | 1,2,3
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Parameters:
in/  |name data | Meaning permitted types/values
out type
in |[ENTNM1 |N name of first entity basic
in |ENTNM1 |N name of second entity basic
in |RAD D radius of fillet (EPS £ RAD £ MAX)
in |KFIX E Storage location [TDB,CAD]
out |NAME N name of created api_circular_arc arc

FORTRAN binding:
NAMVE = ARC FILLET_2_ENT ( ENTNML, ENTNM2, RAD, KFI X )

Effects:
Creates an api_circular_arc entity as fillet between two basic entities with a radius RAD. They|may
or may not intersect. Both existing entities, ENTNM1 and ENTNM2, will be shortened’and the names
of these entities are not changed. They remain in the temporary database until thé€y are explici{ly
fixed. The newly created api_circular_arc starts at the new end of the first enfity ENTNML1, that is the
new trimming point trim_2 of ENTNMZ1 and ends at the new beginning of the 'second entity ENTNM2,
that is the new trimming point trim_1 of ENTNM2. The orientation of this api_circular_arc will|be
consistent with one another.

The following calculation process will be performed by the interface:

[77)

— All geometrical possible tangential circles cirj with radids RAD, between both given entitie

ENTNM1 and ENTNMZ2 are virtual calculated, with centre points as instances of cartesian_po(nt
pcl; , tangential points on ENTNM1 as instances of cartesian_point ptlj and tangential pointg on

ENTNM2 as instances of cartesian_point pt2j. They are numbered by the index i (i=1,...n), with n

equals the max. number of possible solutions. Alfthese created instances have a null_style agsigned
to them.

If these calculations fail, it means the geometrical design is not feasible (n=0), or if the givien
radius RAD for the tangential arc is too big or too small, then:

— an error occurs
— no entity is creatéd)and no modification of the existing entities will be done
— the element name returned as zero

If the first given.Joasic entity ENTNML is an instance of type api_line:

— n axis2-placements a2pj are instantiated with location equals pc1l;j and the directions of
placement axes derived from the common plane of both given entities. All these instances havg a
null cstyle assigned to them.

—/ n circles cj are instantiated with position equals a2pj and radius RAD. All these instancgs have
a null_style assigned to them.

— n api_circular_arcs aj are instantiated with cj as basis_curve, ptlj as trim_1 and pt2j as

trim_2, sense_agreement equals true, if a direction derived from trim_2 - trim_1 of the api_line
(ENTNM1) is equal to the tangential direction at the point ptl; on the basis_curve cj, otherwise false.

The master_representation shall be implementation dependent. All these instances have a
null_style assigned to them.
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— a selection process is started and ensures that there is only one solution for the newly created
api_circular_arc. One of gj instances are chosen, where:

— the tangential direction at the point pt2i on the api_circular_arc ai is equal to the orientation
derived from the second entity ENTNM2 (with respect to the sense_agreement_flags).

— the api_circular_arc aj has the smallest radial angle

— the calculated distance between trimming point trim_1 of the first entity ENTNM1 and
trimming point trim_1 of the new created api_circular_arc aj has the shortest length.

also

— thg chosen api_circular_arc has the current curve_style entry from the interface status table
assigned to it, and in case of an open 2D view with both entries for hidden_line equals ON and fok
hidden] line_involved equals TRUE, it is attached to an api_pre_defined_occlusion_stylewith the
current|values of view_level and hidden_line_aspect entries from the interface status table. ‘The name
of this api_circular_arc is returned.

If the fifst given basic entity ENTNML1 is an instance of type api_circular_arc:

— n axis2_placements a2pj are instantiated with location equals pc1lj and-axes directions derived

from position of the basis_curve from ENTNM1. All these instances haveta null_style assigned to
them.

— n gircles cj are instantiated with position equals a2pj and radius’RAD. All these instances have
a null_ptyle assigned to them.

— n api_circular_arcs aj are instantiated with cj as basis.€urve, ptlj as trim_1 and pt2j as
trim_2Jand if a direction calculated through ptlj - pcl; is\equal to a direction calculated through pt1; -
ENTNNI1.basis_curve.position.location then sensgJagreement equals sense_agreement from

the api| circular_arc (ENTNM1), otherwise the sense_agreement is the opposite of
sense_[agreement from the api_circular_arc (ENTNM1). The master_representation shall be
implemlentation dependent. All these instances have a null_style assigned to them.

— a delection process is started and ensures only one solution for the newly created
api_cincular_arc. Then one of a;j instances are chosen, where:

—| the tangential direction at'the point pt2; on the api_circular_arc aj is equal to the orientation
derived from the secend entity ENTNM2 (with respect to the sense_agreement_flags).

—| the api_circular”arc aj has the smallest radial angle

—| the caleulated arc length between trimming point trim_1 of the first entity ENTNM1 and
trimming’point trim_1 of the api_circular_arc aj , measured from trim_1 in direction to

trim(2 of ENTNML1, has the shortest length.

— theThosemapi_titcutar_arc has the carrent turve_styte entry fronT the imterface status tabte
assigned to it, and in case of an open 2D view with both entries for hidden_line equals ON and for
hidden_line_involved equals TRUE, it is attached to an api_pre_defined_occlusion_stylewith the
current values of view_level and hidden_line_aspect entries from the interface status table. The name
of this api_circular_arc is returned.

— the given instances of ENTNML is redefined with trim_2 equals trim_1 form the chosen

api_circular_arc and ENTNM?2 is redefined with trim_1 equals trim_2 form the chosen
api_circular_arc.
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value of RAD shall be in range [EPS,MAX] and is measured in OVC_length_units; if an error

occurs, no entity is created and no modification of the existing entities will be done. The element

name is returned as zero.

Notes:
1) Parallel api_lines or concentric api_circular_arcs are not permitted as given entities ENTN

and ENTNM2.

2) The created api_circular_arc will be less than or equal to its semicircle.

S) ThC Clp;_b;l uu:au_ou C ;D L,ICClth, Ul I:y If Itb DCQIIICI It :CI Igth fIUIII tl ;Ill_l tU tl ;III_Z, CUI ID;DtCI
its sense_agreement, is not less than EPS, and the segment length of both given entities,
ENTNM1 and ENTNMZ2, after shortening is greater than EPS. Otherwise an error occurs:

4) When the current open view is defined as a 3D view (it means that the geometrical “power_|
entry of the interface status table is greater equal 2), both given entities ENTNM1 and ENT]|

shall be in the same plane.

M1

t with

evel
NM2

ENTNM2 ENTNMD=api_line
ENTNM2 = api_line

ciry

pt23 pt2 ENTNM2.trim_1

NTNM2

ENTNM2 trim_2

new created
api_circular_arc
with
sense_agreement = false
cirg

ENTNML1.trim_2

ENTNM1.trim_1

ENTNM2.trim_2

ENTNMl trim_2
cirg
ptlz = ptl4
& — — result after invoking Arc_Fillet_2_Hnt
Pel2| RAD RAD pcl4

Figure A. 27 — Function: Arc_Fillet_2_Ent (lin/lin)
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ENTH

ENTNML1 = api_circular_arc
ENTNM2 = api_circular_arc

ENTNML1.sense_agreement=false

RAD result after invoking Arc_Fillet_2_Ent
ENTNI\/Il'\ new created
— api_circular_arc
with ENTNML1.trim_2

~—ENTNM1T trim 1

also

ENTNM2.trim_1-

ENTNM2.sense_agreement=false

ENTNM2 ENTNM2.trim_2

ENTNM2.trim_2

Figure A. 28 — Function: Arc_Fillet_2_Ent\(arc/arc)

Interna| Reference:

6.1.9,4.1.12,6.1.12.2, 6.2.4, 8.2

Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
3 alue for length measure out of permitted rang€ ) 101 |attempt to create a degenerated entity
106 |attempt to create a degenerated 108 |attempt to create a degenerated basic curve
xis2_placement during entity creation during entity creation
112 |attempt to create an arc whose segment/length |115 |given entities are identical
is less than EPS
118 |given curves entities are parallel/concentric 119 |given entities are not in the same plane
121 |fadius too big/small 127 |geometrical design is not feasible
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |flunction not compatible?with current power level |{1001 |enumerated value out of range

A.5.3.1.2.7 Circulararc tangential to two entities

Functign name:
Arc_Tapgential>2_Ent interface level: 1
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Parameters:

in/  |name data |meaning permitted types/values
out type

in |[ENTNM1 |N name of first entity Basic

in |ENTNM1 |N name of second entity Basic

in |RAD D radius of tangential api_circular_arc (EPS £ RAD £ MAX)
in |KFIX E storage location [TDB,CAD]

out |NAME N name of created api_circular_arc Arc

FORTRAN binding:
NAME = ARC_TANGENTI AL_2_ENT ( ENTNML, ENTNM2, RAD, KFI X )

Effects:

Creates an api_circular_arc entity as a tangential arc between two basic entities with*a radius|RAD.
Both existing entities, ENTNM1 and ENTNM2 may or may not intersect. The orientation of this
api_circular_arc will be consistent with one another.

The following calculation process will be performed by the interface:

— In the following, we will consider E1, E2 as synonym for the givenZentities ENTNM1 and
ENTNM2 respectively.

— All geometrical possible tangential circles cirj with radius RAD, between both entities E1 gnd E2
are virtual calculated, with centre points as instances of cartesian_point pcl; , tangential poinfs on

the basis_curve of E1 as instances of cartesian_pointptlj and tangential points on the
basis_curve of E2 as instances of cartesian_point@t2j. They are numbered by the index i (i§1,...n),

with n equal to the max. number of possible solutions. All these created instances have a null |style
assigned to them.

If these calculations fail, it means the geometrical design is not feasible (n=0), or if the given rgdius
RAD for the tangential arc is too big or,toe small, then:

— an error occurs

— the element name returned as zero

If the first basic entity E1 is an instance of type api_line:

— axisZ2wlacements a2pj are instantiated with location equals pc1j and the directions |of

placement axes derived from the common plane of both given entities. All these instances
have a null_style assigned to them.

— n circles cj are instantiated with position equals a2pj and radius RAD. All these instances

have a null chjlln Qccignnrl tothem

— n api_circular_arcs aj are instantiated with cj as basis_curve, ptlj as trim_1 and pt2j as

trim_2, sense_agreement equals true, if a direction derived from trim_2 - trim_1 of the
api_line (el) is equal to the tangential direction at the point pt1j on the basis_curve ¢j,

otherwise false. The master_representation shall be implementation dependent. All these
instances have a null_style assigned to them.
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a selection process is started and ensures only one solution for the newly created
api_circular_arc. Then one of a;j instances are chosen, where:

— the tangential direction at the point pt2i on the api_circular_arc ai is equal to the
orientation derived from the second entity E2 (with respect to the
sense_agreement_flags).

— the api_circular_arc aj has the smallest radial angle

— trim_1 and trim_2 of api_circular_arc aj are lies within the parametric range [trim_1,

also

If the fi

— N ax

fron
then

— nci
a nu

— N af
If a
ENT

fron
sen
imp

— ase
The

trim_ZJ of both given entities 1 and EZ.

— the calculated distance between trimming point trim_1 of the first entity E1 and
trimming point trim_1 of the new created api_circular_arc aj has the shortest length.

this chosen api_circular_arc has the current curve_style entry from the interface’status
table assigned to it, and in case of an open 2D view with both entries for hidden-line equals
ON and for hidden_line_involved equals TRUE, it is attached to an
api_pre_defined_occlusion_stylewith the current values of view_levehand
hidden_line_aspect entries from the interface status table. The namelof this
api_circular_arc is returned.

st basic entity E1 is an instance of type api_circular_arc:

is2_placements a2pj are instantiated with location equals.pclj and axes directions derived

position of the basis_curve from E1. All these instances have a null_style assigned to
.

fcles cj are instantiated with position equals.a2pj and radius RAD. All these instances have
Il_style assigned to them.

i_circular_arcs aj are instantiated withiej as basis_curve, ptlj as trim_1 and pt2;j as trim_2.
Hirection calculated through pt1j - pCljis equal to a direction calculated through pt1;j -
NM1.basis_curve.position.location then sense_agreement is set to sense_agreement

the api_circular_arc (E1),-0thérwise sense_agreement is the opposite of
5e_agreement from the api—circular_arc (E1). The master_representation shall be
ementation dependent-Al‘these instances have a null_style assigned to them.

lection process is-started and ensures only one solution for the new created api_circular_arc.
N one of aj instanges are chosen, where:

the tangential direction at the point pt2j on the api_circular_arc aj is equal to the orientation
derived:from the second entity E2 (with respect to the sense_agreement_flags).

the'api_circular_arc aj has the smallest radial angle

— this
assi

212

trim_1 and trim_2 of api_circular_arc aj are lies within the parametric range [trim_1,
trim_2] of both given entities E1 and E2.

the calculated arc length between trimming point trim_1 of the first entity E1 and trimming
point trim_1 of the api_circular_arc aj , measured from trim_1 in direction to trim_2 of E1,

has the shortest length.

chosen api_circular_arc has the current curve_style entry from the interface status table
gned to it, and in case of an open 2D view with both entries for hidden_line equals ON and for
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hidden_line_involved equals TRUE, it is attached to an api_pre_defined_occlusion_stylewith
the current values of view_level and hidden_line_aspect entries from the interface status table.
The name of this api_circular_arc is returned.

The value of RAD shall be in range [EPS,MAX] and is measured in OVC_length_units; if an error
occurs, no entity is created and no modification of the existing entities will be done. The element
name is returned as zero.

Notes:
1) Parallel api_lines or concentric api_circular_arcs are not permitted as given entities E1 and E2.

2) The created api_circular_arc will be less than or equal to its semicircle.

3) If the distance between the chosen tangential points, for creating the new api_circular_arc,|and
one of trimming points (trim_1 or trim_2) of the corresponding given api_circular,_arcs is in range
[ZERO_VALUE,EPS], no error occurs and the coordinates derived from this tririming point will be
used instead of the calculated one.

4) The api_circular_arc is created, only if its segment length from trim_1 to trim_2, consistent with
its sense_agreement, is not less than EPS.

5) When the current open view is defined as a 3D view (it means that the geometrical_power_|evel
entry of the interface status table is greater equal 2), both given entities E1 and E2 shall be jin the
same plane.

ENTNML1.sense_agreement=false

new created
api_circular_arc
with
sense_agreement = true

ENTNM1.basis_curve = circle ENTNM2.basis_curve = circle

Figure A. 29 — Function: Arc_Tangential_2_Ent

Internal Reference:
6.1.9,6.1.12, 6.1.12.2, 6.2.4, 8.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |101 |attempt to create a degenerated entity
106 |attempt to create a degenerated 110 |attempt to create a point outside the parametric
axis2_placement during entity creation range of curves entity

112 |attempt to create an arc whose segment length |115 |given entities are identical
is less than EPS

118 |given curves entities are parallel/concentric 119 |given entities are not in the same plane
121 |radius too big/small 127 |geometrical design is not feasible
201 |temporary database overflow 202 |error while sending entity to CAD system

also

204 |function not compatible with current power level |1001 |enumerated value out of range

A.5.3.1.2.8 Circular arc defined by its radius and two entities

Functidn name:

Arc_Rafd_2_Ent interface level: 1
geometrical powerlevel: | 1,2,3
Parameéters:
in/  [name data | Meaning permitted types/values
out type
in |RAD D radius of tangential api_circular_arc (EPS £ RAD £ MAX)
in |[ENTNM1 |N name of first entity basic,pnt
in |[ENTNM1 |N name of second entity basic,pnt
in [IN1 E relative position of NAME to ENTNM1 [TRUE,FALSE]
in [IN2 E relative position of NAME to ENTNM2 [TRUE,FALSE]
in |[MINLEN E choice of arc length [TRUE,FALSE]
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created api_circular_arc¢ arc

FORTRAN binding:
NAME ¥ ARC_RAD 2_ENT( RAD, ENTNMLyENTNMZ, | N1, | N2, M NLEN, KFI X)

Effects|
In the fpllowing, we will consider E1@and E2 as synonym for ENTNM1 and ENTNM2.

This function creates an api_circular_arc defined by two constraints with two entities E1 and E2.
These entities are either a cartesian_point, an api_line, or an api_circular_arc, but cannot both be
cartesian_points. When-one of these entities is a cartesian_point, the related constraint is the
associgtion of this point'to'the NAME api_circular_arc; else the entity is an api_line or an
api_circular_arc, and-the related constraint is the tangency of NAME with the basis_curve
(respeqtively ling-and circle) of this entity, with the so-called "pulleys dependency” (same orientation
of the tivo trimmed_curves at tangential points). The three Boolean parameters MINLEN, IN1 and
IN2 ard meaht-to solve cases of ambiguity, by specifying the arc length and the relative position of
the reqpired-solution, relatively (inside or outside) to each possibly api_circular_arc parameter.

First, the construction plane is associated an R ref_direction and, in 3D case, an orthogonal
orientation Z axis_direction (in 2D case, there is no Z direction). These directions are used to define
the parametrisation of the wanted api_circular_arc, and are computed as follow:

— if the current open view is defined as a 2D view, then R is the ref_direction of the OVC
Reference System.

— else (3D case), if E1 or E2 is an api_circular_arc, then let E be the first api_circular_arc of the
list (E1, E2) in this order.
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Then R = E.basis_curve.position.ref_direction and Z = E.basis_curve.position.axis .

— else (3D case, and no api_circular_arcs), if E1, E2 are cartesian_points, then an error is raised
(a plane cannot be defined).

— else (3D case, no api_circular_arcs and at least one api_line), let L be the first api_line of
(E1,E2) in this order, F the remaining entities. Let O be the origin point of L. If Fis a
cartesian_point, then let G = F, else F is an api_line and, if its origin does not belong to the
basis_curve of L, then let P be the origin of F, else let P be its extremity.

Then-R—1-di-orientationandZL—-di-orentation—OR{where——is-the-cross-product)-
Let S be a set of api_circular_arc A, that are such that:

— if El is a cartesian_point, then let p1 be the duplication of that point. Else, letpI-be the
tangential point between A and the basis_curve of E1.

— if E2 is a cartesian_point, then let p2 be the duplication of that point. Else; let p2 be the
tangential point between A and the basis_curve of E2.

— pl, p2 are computed by the interface and are assigned a null_style.

— foreachiin[1..2], if Ejis an api_circular_arc, then if INi =TRUE, then A is inside E;j; else]
(INj=FALSE) A is outside E;. If Ej is not an api_circular_are,\then IN; is not used for the
determination of A.

— plisthe starting trimming point of A (i.e A.trim ([1]) and p2 is its end trimming point (i.e.
A.trim_2[1]).

— The following is meant to formally define.an intuitive notion of pulleys dependencies betwgen an
oriented arc tangent to E1 and E2 (the tapgent vectors shall be coherent):

A.sense_agreement is such that:
— let BA be the basis_.curve of A.

— let BEj be the basis_curve of Ej, if Ej is not a cartesian_point.
— let Pj be thetangential point between BA and BE;.

— let Va;j be the vector tangent to BA at Pj.

— (let VAj be Vaj if A.sense_agreement is true, -Vaj otherwise.

+ let Vej be the vector tangent to BEj at Pj.

— let VEj be Vej If Ej.sense_agreement is true, -Vej otherwise.
Then for each i such that Ej is not a cartesian_point, VAj and VE;j have the same direction.

There are at most 2 elements in S. If there is one element in S, let NAME be that element. Else, if
there is two elements, then, if MINLEN is TRUE, then NAME is the one which has got the smaller arc
length. Else (MINLEN is FALSE), NAME is the other one.
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NAME is then instantiated with trim_1, trim_2, sense_agreement, basis_curve.position.location
defined above, with basis_curve.position.ref_direction= R, and with basis_curve.position.axis
= Z if needed (3D case).

— If the geometric design is not feasible, an error occurs.
— NAME.master_representation is implementation dependent.

This created api_circular_arc has the current curve_style entry from the interface status table
aSS|gned to |t and in case of an open 2D view with both entrles for hldden line equals ON and for
hidden, - C S C :
current values of view_| IeveI and hldden I|ne aspect entrles from the mterface status table The name
of this api_circular_arc is returned.

If any grror occurs, no entity is created and the entity name is returned as zero.

Notes:
1) When there is no solution (taking into account the INj parameters), an error occurs:

2) ThelINj parameters are ignored when the corresponding ENTNM; parameters-are not
apicircular_arcs.

3) The|MINLEN parameter is ignored when there is only one api_cireular_arc computed by the
alggrithm.

4) The|api_circular_arc is created only if its curve length fromtrim_1 to trim_2, consistent with its
senpe_agreement, is not less than EPS. Otherwise, an etror occurs.

5) When the current open view is defined as a 3D view-{it means that the geometrical_power_level
entry of the interface status table is greater equal\2); E1 and E2 shall be in the same plane.
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EX1 (IN1=TRUE, IN2=FALSE, MIN=TRUE)

There is (at most) 8 possible mathematical circles of a given radius
tangent to 2 other ones. Four of them don't fullfill tangency conditions
(marked with an "X"), and two of the remaining (here) fullfill the "INi"
boolean conditions (marked with an "S"), and define the S set. The
MINLEN boolean set to FALSE permits to retain the left api_circular_arc.
note: in this example, setting both IN1 and IN2 to FALSE would have led to
obtain no solution.

EX2 (IN1isunused, IN2=FALSE, MIN=TRUE)
E2.basis curve (B

e

@ Z-axis (upward oriented)

\/ E2.sense_agreement=FALSE
VA2=Va2 W

VE2=-Ve2

NAME.sense_agreement
=TRUE

s ) - -

(MINLEN=TRUE)

N

\El

discarded arc /

£2)

Figure A. 30 — Function: Arc_Rad_2_Ent

Internal Reférence:

6.1.9.2, 6:112.1,6.1.12.2, 6.2.4, 8.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |101 |attempt to create a degenerated entity
106 |attempt to create a degenerated 110 |attempt to create a point outside the parametric
axis2_placement during entity creation range of curves entity

112 |attempt to create an arc whose segment length |115 |given entities are identical
is less than EPS

118 |given curves entities are parallel/concentric 119 |given entities are not in the same plane
121 |radius too big/small 127 |geometrical design is not feasible
201 |temporary database overflow 202 |error while sending entity to CAD system

also

204 |function not compatible with current power level |1001 |enumerated value out of range

A.5.3.1.2.9 Circular arc defined by three entities

Functidn name:

Arc_3 Ent interface level: 1
geometrical powerlevel: | 1,2,3

Parameéters:

in/  [name data | Meaning permitted types/values

out type

in |[ENTNM1 |N name of first entity basic,pnt

in |[ENTNM1 |N name of second entity basic,pnt

in |[ENTNM3 |N name of third entity basic,pnt

in [IN1 E relative position of NAME to ENTNM1 [TRUE,FALSE]

in [IN2 E relative position of NAME to ENTNM2 [TRUE,FALSE]

in |IN3 E relative position of NAME to ENTNM3 [TRUE,FALSE]

in  |KFIX E storage location [TDB,CAD]

out |NAME N name of created api_circular_arg arc

FORTRAN binding:
NAME F ARC _3_ENT ( ENTNML, ENTNVR,-ENTNMB, | N1, I N2, I N3, KFI X )

Effects|
In the following, we will consider E1&E2 and E3 as synonym for ENTNM1, ENTNM2 and ENTNM3.

This function creates an api_cireular_arc defined by three constraints with three entities E1, E2, and
E3. These entities are either'a.cartesian_point, an api_line, or an api_circular_arc. When one of
these ¢ntities is a cartesian-point, the related constraint is the association of this point to the NAME
api_cifcular_arc; elsethe entity is an api_line or an api_circular_arc, and the related constraint is
the tangency of NANJE-Wwith the basis_curve (respectively line and circle) of this entity, with the so-
called [pulleys dependency” (same orientation of the two trimmed_curves at tangential points). The
three Boolean_parameters INj are meant to solve cases of ambiguity, by specifying the relative

positioh of the“fequired solution, relatively (inside or outside) to each possibly api_circular_arc
parameter.

If E1 is a cartesian_point, then let p1 be the duplication of that point. Else, let p1 be the tangential
point between NAME and the basis_curve of E1.

If E2 is a cartesian_point, then let p2 be the duplication of that point. Else, let p2 be the tangential
point between NAME and the basis_curve of E2.

If E3 is a cartesian_point, then let p3 be the duplication of that point. Else, let p3 be the tangential
point between NAME and the basis_curve of E3.
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pl, p2, p3are computed by the interface and are assigned a null_style.
The NAME returned api_circular_arc shall be such that:

— foreachiin[1..3], if Ejis an api_circular_arc, then if INj =TRUE, then NAME is inside Ej; else
(INj=FALSE) NAME is outside E;. If Ej is not an api_circular_arc, then IN; is not used for the
determination of NAME.

— plisthe starting trimming point of NAME (i.e NAME.trim_1[1]), p3 is its end trimming point (i.e.
NAME.trim_2[1]), and p2 belongs to the parameter range defined by these two trimming points p1,

p3-THe uistarce from p2 1o p1or 1o p3Tar be fess tharm ZERO_VALUE that means that the tjvo

points are identical.
— NAME's position (axis_2_placement) is instantiated with location its computed centre, gnd :

— if the current open view is defined as a 2D view, then
NAME.basis_curve.position.ref_directionis the x direction of the OQV.C Reference
System.

— else (3D case), if one of the three parameter entities is an api_circular_arc, then the
directions of NAME.basis_curve.position are copied from the axis_2_placement of|the
first api_circular_arc of the list (E1, E2, E3) in this order

— else (3D case, and no api_circular_arcs), if E1, E2'and E3 are all cartesian_points,|then

NAME.basis_curve.position.ref_direction=EIE?2 (i.e the direction with origin E1 and
extremity E2) and NAME.basis_curve.position.axis= E1IE2 = E1E3 (where ~ is the pross
product). The 3 points shall not be the same, nor be on the same line.

— else (3D case, no api_circular_arcsiand at least one api_line), let L be the first api_|ine of
(E1,E2,E3) in this order, F1 and E2the two remaining entities (in the same order). If H1 and
F2 are both cartesian_points, then let P be the first of them that does not belong to the
basis_curve of L. Else (F1©rF2 is an api_line), let G be the first api_line of (F1,F2) in this
order, and let P be its origin'if it does not belong to the basis_curve of L, its extremity
otherwise. Let O be the origin point of L.

Then NAME.basjs\.curve.position.ref_direction= L.dir.orientation and
NAME.basis_curve.position.axis = L.dir.orientation” OP .

— Its sense_agreement is such that:
— let8BN"be the basis_curve of NAME.

—\Jlet BEj be the basis_curve of Ej, if Ej is not a cartesian_point.

— let Pj be the tangential point between BN and BE;.

— let Vnj be the vector tangent to BN at P;j.
— let VNj be Vnj if NAME.sense_agreement is true, -Vnj otherwise.
— let VEj be the vector tangent to BE;j at P;.

— let Vej be VE;j if Ej.sense_agreement is true, -VEj otherwise.
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Then for each i such that Ej is not a cartesian_point, Vnj and Vej have the same direction.

If the three entities are all cartesian_point, NAME.sense_agreement equals TRUE.

This cr

assigne

hidden

current

of this

If any g

Notes:

If the geometric design is not feasible, an error occurs.
the value of NAME's radius shall be in range [EPS,MAX].

NAME.master_representation is implementation dependent.

ated :::ni circular arc has the current cunse cf\/ln nnfr\jl from the interface status table

also

api_circular_arc is returned.

d to it, and in case of an open 2D view with both entries for hidden_line equals ON and for
| line_involved equals TRUE, it is attached to an api_pre_defined_occlusion_stylewith the
values of view_level and hidden_line_aspect entries from the interface status table. The'name

rror occurs, no entity is created and the entity name is returned as zero.

1) When there is no solution (taking into account the INj parameters), an error-oecurs.

2)

ap
3)

4)

entr

Interna

The

The
sen

Reference:

6.1.9.2

Errors:

6.1.12.1,6.1.12.2,6.2.4, 8.2

INj parameters are ignored when the corresponding ENTNM; parameters are not
J|circular_arcs.

api_circular_arc is created only if its curve length from trim_1 to trim_2, consistent with its
5e_agreement, is not less than EPS. Otherwise, an errotoccurs.

When the current open view is defined as a 3D view (it'means that the geometrical_power_level
y of the interface status table is greater equal 2);-E1, E2 and E3 shall be in the same plane.

1

entity name not defined (zero, orunknown)

entity type out of permitted range

101

httempt to create a degenerated entity

106

attempt to create a degenerated
axis2_placement during entity creation

110

ttempt to create a point'outside the parametric
flange of curves entity

112

attempt to create an arc whose segment length
is less than EPS

115

d;iven entities are idéntical

118

given curves entities are parallel/concentric

119

tl;iven entities afe-not in the same plane

127

geometrical design is not feasible

201

temporary database overflow

202

error while sending entity to CAD system

204

function.netrcompatible with current power level

1001

enumerated value out of range
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EX1 (IN1,IN2,IN3=FALSE)

NAME

ENTNM2 \
D.

basis_curve of

ENTNM1 . i
—us~ | INthiscase, and regarding

1 only tangency positions
and orientations, there are
two possible solutions.
The INi boolean values
permit to specify which

EX2 (IN1,IN3=TRUE, IN2=FALSE)

E3

Z-axis
(downward oriented)

one shall be retained. NAME

‘\ D.
ENTNM3

EX3 (IN1,IN2,IN3=FALSE)

EX4 (IN1=FALSE, IN2 and-N3 are not used)

() Z-axis .
(downward oriented) ) (E3isa
p
0. “entnmi =
NAME
se_agreement P1
ENTNM3 =TRUE ,\
NAME — ' E2
E3, P2, P3
ENTNM2
EX5 EX6
NO SOLUTION (this oriented circle is the only
BE1L one satisfaying the tangency with the oriented
lines, but we can extract no arc beginning at p1,
BE3 passin through p2 and ending at p3)
oF2 Pl‘
P3
BE3
+
BN

E3
El
EZ\ )—z-ads

A4
(downward oriented)

BE1
BE2

Figure A. 31 — Function: Arc_3_Ent
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A.5.3.2 Conic arc curve entities

A.5.3.2.1 Ellipse and elliptical arc (api_elliptical_arc)

Ellipse by two diameters and placement Ellipse_Diameter_A2p
Elliptical arc generation Elc_Gen

A.5.3.2.1.1 Ellipse by two diameters and placement

Function.name:

Ellipse[2 Diameter_A2p interface level: 1
geometrical power level: | 1,28
Parameéters:
in/  [name data | Meaning permitted types/values
out type
in |SEMI1 D Semi_axis_1 length of api_elliptical_arc (EPS £ SEMI1 £ MAX)
in |SEMI2 D Semi_axis_2 length of api_elliptical_arc (EPS £ SEMI2 £ MAX)
in |ARPNAM N Name of axis2_placement a2p
in |SENSE E Sense agreement flag [TRUE,FALSE]
in  |KFIX E Storage location [TDB,CAD]
out |NAME N Name of created api_elliptical_arc elc

FORTRAN binding:
NAME ¥ ELLI PSE_2_DI AVETER A2P ( SEM 1, SEM 2, A2PNAM SENSE, KFI X )

Effects
Create$ a whole ellipse as an api_elliptical_arc entity-given by the lengths of the semi-major
diametér (SEMI1) and the semi-minor diameter (SEMI2), an axis2_placement (A2PNAM), and a
sense ggreement flag (SENSE) that defines the direction of the newly created api_circular_arc in
conjungtion with an ellipse entity as basis_curve. The direction of the (Ox) axis of the given position
A2PNAM defines the direction of the semi-major axis.

The ax|s2_placement (A2PNAM) is duplicated as a2p1 and it has a null_style assigned to it. Then:

— an|ellipse e is instantiated with-position a2p1, semi_axis_1 equals SEMI1 and semi_axis_2
equals [SEMI2. This ellipse has anull_style assigned to it.

— an|api_elliptical_arcisinstantiated with e as basis_curve, a parameter value equals O degree
as trim[ 1 and a parametér value equals 360 degrees as trim_2, sense_agreement equals SENSE
and mgster_representation shall be implementation dependent. This api_elliptical_arc has the
current|curve_styleentry from the interface status table assigned to it, and in case of an open 2D
view with bothsentries for hidden_line equals ON and for hidden_line_involved equals TRUE, it is
attached tocan api_pre_defined_occlusion_stylewith the current values of view_level and

hidden| line_aspect entries from the interface status table. The name of this api_elliptical_arcis
returnet:

The values of MAJA and MINA shall not be in range [EPS,MAX] and are measured in
OVC_length_units . If an error occurs, no entity is created and the element name is returned as zero.

Notes:

1) The interface ensure the closure of the created api_elliptical_arc entity (cartesian coordinates of
trim_1 equal to cartesian coordinates of trim_2).
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api_el Iiptical_ar-\

/-
SENSE  _\\  360—><
S

Z|

A2PNAM | /&

o\

SEMI1 /\

=ETRUE)

2 basis_curve
(= ellipse)

trim_1 = trim_2

Internal Reference:

Figure A. 32 — Function: Ellipse2_Diameter_A2p

6.1.9,6.1.13.1,6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |101 |attempt to create a degenerated entity
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with curtent power level 1001 |enumerated value out of range

A.5.3.2.1.2 Elliptical arc generation

Function name:

Elc_Gen interface level: 1
geometrical power level: | 1[2,3
Parameters:
in/  |name data | Meaning permitted types/valuegs
out type
in |SEMI1 D semi_axis_1 length of api_elliptical_arc (EPS £ SEMI1 £ MAX)
ind \SEMI2 D semi_axis_2 length of api_elliptical_arc (EPS £ SEMI2 £ MAX)
in) |STAANG |D start angle in (Oxy) plane relative to (Ox) axis of the (0° £ STAANG £ 360f1)
given aZp
in |ENDANG |D end angle in (Oxy) plane relative to (Ox) axis of the (0° £ STAANG £ 360°)
given a2p
in |A2PNAM N name of axis2_placement azp
in |SENSE E sense agreement flag [TRUE,FALSE]
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created api_elliptical_arc elc
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FORTRAN binding:
NAME = ELC GEN ( SEM 1, SEM 2, STAANG ENDANG, A2PNAM SENSE, KFI X )

Effects:

Creates an api_elliptical_arc entity given by the lengths of the semi-major diameter (SEMI1) and the
semi-minor diameter (SEMI2), an axis2_placement (A2PNAM), and a sense agreement flag
(SENSE) that defines the direction of the newly created api_circular_arc in conjunction with an
ellipse entity as basis_curve, together with a start and an end point that are implicitly defined by the
two angles STAANG and ENDANG, respectively. The direction of the (Ox) axis of the given position
A2PNAM defines the direction of the semi-major axis.

The ax|s2_placement (A2PNAM) is duplicated as a2p1 and it has a null_style assigned to it. Then:

— an|ellipse e is instantiated with position a2p1, semi_axis_1 equals SEMI1 and semi_axis 2
equals [SEMI2. This ellipse has a null_style assigned to it.

— an|api_elliptical_arc s instantiated with e as basis_curve, the parameter value STAANG as
trim_1Jand the parameter value ENDANG as trim_2, sense_agreement equals SENSE and
mastel]_representation shall be implementation dependent. This api_elliptical-arc has the current
curve_style entry from the interface status table assigned to it, and in case of an-epen 2D view with
both entries for hidden_line equals ON and for hidden_line_involved equalscTRUE, it is attached to an
api_pre_defined_occlusion_stylewith the current values of view_level and hidden_line_aspect
entries[from the interface status table. The name of this api_elliptical-drc is returned.

The values of SEMI1 and SEMI2 shall be in range [EPS,MAX] and are measured in
OVC_length_units ; the given angles are measured in OVC_angléunits, counted in (Oxy) plane of
given A2PNAM. If an error occurs, no entity is created and the,element name is returned as zero.

Notes:

1) If thp two parameter values, STAANG and ENDANG, defines the same point in a range of
[ZERO_VALUE,EPS], that means that both trimming points trim_1 and trim_2 are identical, the
credted circular arc is exact a whole ellipse, Then, the interface ensure the closure of the created
api|elliptical_arc entity.

2) The|api_elliptical_arcis created, only if its segment length from trim_1 to trim_2, consistent with
its sense_agreement, is graterthen EPS. Otherwise an error occurs.
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api_elliptical_arc—z\IA STAANG
y'

tim_1 -
- A trim_2
‘v\’b
9?/ ENDANG
A2PNAM -
SENSE  \¥% pd SEMIL )
. basis_curve /
(= ellipse)
X Y
Figure A. 33 — Function;-El¢_Gen
Internal Reference:
6.1.9,6.1.13.1, 6.2.4, 8.2
Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |4 value for plane angle measure out of perpnitted
range
101 |attempt to create a degenerated-entity 112 |attempt to create an arc whose segment [ength
is less than EPS
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible\with current power level |{1001 |enumerated value out of range
A.5.3.2.2 Hyperbotical arc (api_hyperbolic_arc)
Hyperbolical arccgeneration Hyp_Gen
A.5.3.2.2 ¥X/Hyperbolical arc generation
Functionname:
Hyp_Geén interface level: 1
geometrical power level: | 1[2,3
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Parameters:
in/  |name data | Meaning permitted types/values
out type
in |SEMAXI D Semi axis length of hyperbola (EPS £ SEMAXI £ MAX)
in |SEMIMG D Semi imag axis length of hyperbola (EPS £ SEMIMG £ MAX)

in |STAANG |D end angle in (Oxy) plane of the given a2p, around the (0° £ STAANG £ 360°)

focal point, starting at (Ox) axis

in |ENDANG |D end angle in (Oxy) plane of the given a2p, around the (0° £ STAANG £ 360°)

focal point, starting at (Ox) axis

in |A2PNAM N Name of axis2_placement a2p

also

in |KFIX E |Storage location [TDB,CAD]

out |NBME N Name of created api_hyperbolic_arc hyp

FORTH

AN binding:

NAVE

Creates
lengths
(A2PN/
hyperh
newly d
through
given g

The ax

— ah
semi_i

— agd
starting
cartesi

— agd
starting
cartesi

— an
sense |
and mg
current
view wi
attachg
hidden]|

F HYP_CGEN ( SEMAXI, SEM M5 STAANG, ENDANG, A2PNAM KFI X )

Effects|

an api_hyperbolic_arc entity that is a segment of one hyperbola curve, defined by the
of the semi axis (SEMAXI) and the semi-imag axis (SEMIMG), and an.axis2_placement
AM) that defines the location and orientation in the centre of the hypgrbela. The branch of the

reated api_hyperbolic_arcis implicitly defined by a start point@nd an end point given
the two angles STAANG and ENDANG, respectively. The direction of the (Ox) axis of the
osition A2PNAM defines the direction of the semi axis of the*hyperbola.

s2_placement (A2PNAM) is duplicated as a2p1 and it has a null_style assigned to it. Then:

yperbolah is instantiated with position a2p1, sémi_axis_1 equals SEMAXI and
mag_axis_2 equals SEMIMG. This hyperbolahas a null_style assigned to it.

artesian_point p1 is instantiated, with ceprdinates derived from an intersection of a line,
at the focal point of the hyperbola hin-direction STAANG, and the hyperbola h. This
an_point has a null_style assigned:to it.

artesian_point p2 is instantiated, with coordinates derived from an intersection of a line,
at the focal point of the hypérbola h, in direction ENDANG, and the hyperbola h. This
an_point has a null_style/assigned to it.

api_hyperbolic_arcls instantiated with h as basis_curve, pl as trim_1 and p2 as trim_2,
agreement equalStrue, if STAANG < ENDANG otherwise sense_agreement equals false,
ster_representation shall be implementation dependent. This api_hyperbolic_arc has the
curve_styleentry from the interface status table assigned to it, and in case of an open 2D
th both entries for hidden_line equals ON and for hidden_line_involved equals TRUE, it is

d to an.api_pre_defined_occlusion_stylewith the current values of view_level and

| linehaspect entries from the interface status table. The name of this api_hyperbolic_arcis

returne|

ola represented is that pointed to by the x-direction of the given A2BRNAM. The direction of the

The values of SEMAXI and SEMIMG shall be in range [EPS,MAX] and are measured in
OVC_length_units. The given angles are measured in OVC_angle_units, counted in (Oxy) plane of

given A2PNAM around the focal point, starting at the (Ox) axis. If an error occurs, no entity is created

and the element name is returned as zero.

Notes:

1) If the two given values, STAANG and ENDANG, define the same point in the range of
[ZERO_VALUE,EPS], then the segment length of the created api_hyperbolic_arcis less than
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EPS, or if the calculation process for the two cartesian_points p1 and p2 delivers no real
solution, no api_hyperbolic_arc is created and an error occurs.

AN
sense_agreement
\ N N SE&N\G (sense=TRUE)
\

api_hyperboljc_arc
trim_1

STAANG

basis_curve

(= hyperbola)

Figure A. 34 — Function: Hyp_Gen

Internal Reference:
6.1.9, 6.1.13.2,6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure-out of permitted range |4 value for plane angle measure out of pernitted
range
101 |attempt to create.a degenerated entity 112 |attempt to create an arc whose segment [ength
is less than EPS
128 |calculatien process for creating a conical arc 201 |temporary database overflow
numericalnot stable
202 |errorwhile sending entity to CAD system 204 |function not compatible with current powgr level
1001 |enumerated value out of range

A/5.3.2.3 Parabolical arc (api_parabolic_arc)

Parabolical arc generation

A.5.3.2.3.1 Parabolical arc generation

Function name:
Par_Gen

Par_Gen

interface level: 1
geometrical power level: 1,2,3
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Parameters:

in/  |name data | Meaning permitted types/values
out type

in |FOCLEN D distance of the focal point of parabola (EPS £ FOCLEN £ MAX)

in |STAANG |D end angle in (Oxy) plane of the given a2p, around the (0° £ STAANG £ 360°)

focal point, starting at (Ox) axis

in |ENDANG |D end angle in (Oxy) plane of the given a2p, around the (0° £ STAANG £ 360°)

focal point, starting at (Ox) axis

also

in |A2PNAM N name of axis2_placement a2p

in |KFIX E storage location [TDB,CAD]

out |NRME N name of created api_hyperbolic_arc par

FORTRAN binding:

NAVE ¥ PAR GEN ( FOCLEN, STAANG ENDANG, A2PNAM KFI X )

Effects|

Create$ an api_parabolic_arc entity that is a segment of a parabola curve, defined-piits focal

length

apex of
point in
is impli
ENDAN

FOCLEN) and an axis2_placement (A2PNAM) that defines the location and.orientation in the
the parabola. The value of FOCLEN defines the distance of the focal point from the apex
direction of the (Ox) axis of A2PNAM. The direction of the newly created api_parabolic_arc
Citly defined by a start point and an end point given through the two-angles STAANG and

G, respectively. The direction of the (Ox) axis of the given position A2PNAM defines the axis

of symimetry of the parabola.

The ax

anull_|

— agd
starting
cartesi

— agd
starting
cartesi

— an
sense |
and mg
current
view wi
attachg
hidden]|
returne

s2_placement (A2PNAM) is duplicated as a2p1 and it has'a null_style assigned to it. Then:

arabola p is instantiated with position a2p1, focalcdist equals FOCLEN. This parabola has
Style assigned to it.

artesian_point p1 is instantiated, with coordinates derived from an intersection of a line,
at the focal point of the parabola p, in difection STAANG, and the parabola p. This
an_point has a null_style assigned tot:

artesian_point p2 is instantiated,'with coordinates derived from an intersection of a line,
at the focal point of the parabold p, in direction ENDANG, and the parabola p. This
an_point has a null_style@ssigned to it.

api_parabolic_arc is(instantiated with p as basis_curve, pl astrim_1 and p2 as trim_2,
agreement equals.trie, if STAANG < ENDANG otherwise sense_agreement equals false,
ster_representation shall be implementation dependent. This api_parabolic_arc has the
curve_style entry from the interface status table assigned to it, and in case of an open 2D
th both entries-for hidden_line equals ON and for hidden_line_involved equals TRUE, it is

d to an api) pre_defined_occlusion_stylewith the current values of view_level and

| line_aspect entries from the interface status table. The name of this api_parabolic_arcis
o8

The va

given angles are measured in OVC_angle_units, counted in (Oxy) plane of given A2PNAM around the

ue of FOCLEN shall be in the range [EPS,MAX] and is measured in OVC_length_units . The

focal point, starting at the (Ox) axis. If an error occurs, no entity is created and the element name is
returned as zero.

Notes:

1) If the two given values, STAANG and ENDANG, define the same point in a range of
[ZERO_VALUE,EPS], then the segment length of the created api_parabolic_arc is less than
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EPS, or if the calculation process for the two cartesian_points p1 and p2 delivers no real
solution, no api_parabolic_arc is created and an error occurs.

sense_agreement
(sense=FALSE)

A2PNAM

basis_curve
(= parabola)

Internal Reference:
6.1.9, 6.1.13.3,6.2.4, 8.2

Figure A. 35 — Fundtion: Par_Gen

Errors:
1 entity name not defined (zero;-0xunknown) 2 entity type out of permitted range
3 value for length measure out of permitted range |4 value for plane angle measure out of permitted
range
101 |attempt to create a degenerated entity 112 |attempt to create an arc whose segment [ength
is less than EPS
128 |calculation process for creating a conical arc 201 |temporary database overflow
numerical net-stable
202 |error while Sending entity to CAD system 204 |function not compatible with current powgr level
1001 |enumerated value out of range

A.5.3.3 General curve entities

A5.3.3.1 Polyline

Polyline by cartesian coordinates

Polyline by list of points

PIn_Cartesian_Coordinate

PIn_Pnt_List

A.5.3.3.1.1Polyline by cartesian coordinates

Function name:
PIn_Cartesian_Coordinate

interface level: 1
geometrical power level: 1,2,3
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Parameters:
in/  |name data | Meaning permitted types/values
out type
in |N | length of each coordinate lists XLST,YLST and ZLST, 32
that defines the number (n) of cartesian_pointin the
LIST OF point for polyline
in |XLST nxD |list of x- coordinates of cartesian_point pj (0.0OR
(see Note (1)) (EPSE|XLST(i)|[EMAX))
in |YLST nxD |list of y- coordinates of cartesian_point pj (0.0OR
(see Note (1)) (EPSE|YLST(i)|[EMAX))
in |ZLST nxD |list of z- coordinates of cartesian_point pj (0.0OR
(see Note (1) and (2) ) (EPSE|ZLST(i)lEMAX))
in  |KFIX E Storage location [TDB,CAD]
out |NAME N name of created polyline pin

FORTRAN binding:

NAVE

Effects

¥ PLN_CARTESI AN_COCRDI NATE ( N, XLST, YLST, ZLST, KFI X )

Create$ a polyline entity defined by a three lists of cartesian coordinates (XLST,YLST,ZLST). Each
given doordinate triple x,y and z ( XLST(i), YLST(i),ZLST(i), for 1 £i £ n ) afithese lists, defines a
cartesian_point, that represented a point in the LIST OF cartesian_podint of the points attribute of

polyline.

— n numbers of cartesian_points pj are instantiated, with coordinates x,y and z derived from

XLST;
them.

YLSTj and ZLST; with i=1,...,n. All these cartesian_points have a null_style assigned to

— anpolylineis instantiated with points equal to aiist of cartesian_points, derived from n
cartesifan_points p;j, i=1,...,n. This polyline has the current curve_style entry from the interface

status
and for

ble assigned to it, and in case of an open 2D view with both entries for hidden_line equals ON
hidden_line_involved equals TRUE;\it:is attached to an api_pre_defined_occlusion_style

with the current values of view_level and hidden_line_aspect entries from the interface status table.

The na

me of this polyline is returned:

The lerjgth of each linear segment,built up by two cartesian_points pj and pj+1, i=1,...,n-1 shall be

in rang

Notes:
1) The
buil

b [EPS,MAX]. If an errorjoccurs, no entity is created and the element name is returned as zero.

length (n) of€ach given list XLST,YLST and ZLST, that defines the number of points pj
ing the linear-segments of the polyline, shall be the same for each list.

2) When the-current open view is defined as a 2D view (it means that the geometrical_power_level
entry of the interface status table equals 1), the list of z-coordinates ZLST will subsequently be
igndred’by the interface.

Interna

| Reference:

6.1.9,6.1.14.1,6.2.4, 8.2
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Errors:
3 value for length measure out of permitted range |5 integer value out of permitted range
101 |attempt to create a degenerated entity 103 |distance between two points out of range
[EPS,MAX]
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |205 |maximal number of points per polyline exceeded
1001 |enumerated value out of range

A.5.3.3.1.2 Polyline by list of points

Function name:

PIn_Pnt_List interface level: 1
geometrical power level:~ | 1[2,3

Parameters:

in/  |name data | Meaning permitted types/valuegs
out type

in [N | length of PNTLST, that defines the number of points 32

in |PNTLST nxN |list of cartesian_point names (see below) pnt

in |KFIX E Storage location [TDB,CAD]

out |NAME N name of created polyline pin

FORTRAN binding:
NAME = PLN _PNT_LI ST ( N, PNTLST, KFI X )

Effects:

Creates a polyline entity defined by a list of existing-cartesian_points (PNTLST). The given |
of PNTLST, N (n), defines the number of points building the linear segments of the polyline.

— alist listl of cartesian_points pj, i=1,3,n are created by duplicating the n cartesian_poi
that contains the PNTLST. All these cartésian_points have a null_style assigned to them.

— apolylineis instantiated with-points equals list1. This polyline has the current curve_sty
entry from the interface status table assigned to it, and in case of an open 2D view with both er]
for hidden_line equals ON and-\for hidden_line_involved equals TRUE, it is attached to an
api_pre_defined_occlusion_stylewith the current values of view_level and hidden_line_aspd
entries from the interface_status table. The name of this polyline is returned.

The length of each’linear segment, build up by two cartesian_points pj and pj+1, i=1,...,n-1 sh
in range [EPS,MAX]. If an error occurs, no entity is created and the element name is returned §

Internal Reference:
6.1.9,6:1414.1, 6.2.4, 8.2

ength

nts

le
tries
ct

all be
IS Zero.

Enrors:
T entity Trame not defimed(Zero, or Unkmnowrn) 2 ENtity type out of permitted Tange
5 integer value out of permitted range 101 |attempt to create a degenerated entity
103 |distance between two points out of range 201 |temporary database overflow
[EPS,MAX]
202 |error while sending entity to CAD system 204 |function not compatible with current power level
205 |maximal number of points per polyline exceeded |1001 |enumerated value out of range
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A.5.3.3.2 Planar contour (api_contour)

Generation of a contour Ctr_Gen

A.5.3.3.2.1 Generation of a contour

Function name:

also

Ctr_Gen interface level: 1
geometrical power level: | 1,2,3

Parameters:

in/  [name data | Meaning permitted types/values

out type

in |N | length of ENTLST, that defines the number of elements |3 1

in  |[ENTLST nxN |list of entity names, that defines the api_contour basic,conic_arc,pln,gtp

in  |KFIX E Storage location [TDB,CAD]

out |NAME N name of created api_contour ctr

FORTRAN binding:

NAME ¥ CTR_GEN ( N, ENTLST, KFI X )

Effects|
Create$ an api_contour entity that is a non self-intersecting oriented planar closed
compdgsite_curve built up by a list of existing entities (ENTLST). This\given list of curve entities may
be ordgred or not. All instances of given entities, defined in ENTLST; are duplicated and they have a
null_style assigned to them. Then:
— aljst listl of composite_curve_segments are computed by the interface using the replicas of
the givén entities. The process explained in 6.1.14.2 ensures the closeness of the contour and
delivers also a number n of composite_curve_segments using for n_segment attribute.
— an|api_contour is instantiated with segments equals list1, self_intersect equals false,

n_segimnents equals n and closed_curve equals true. This api_contour has the current curve_style

entry fr,
for hidg

api_pr
entries

If an er

Notes:
1) The

2) Ifth
that
(bas

bm the interface status table assigned to it, and in case of an open 2D view with both entries
en_line equals ON and for hidden_line_involved equals TRUE, it is attached to an

b _defined_occlusion_stylewith the current values of view_level and hidden_line_aspect
from the interface status table. The name of this api_contour is returned.

for occurs, no entity is\created and the element name is returned as zero.

interior of thedapi_contour shall be capable of containing a circle of diameter EPS.

b instance of an entity, given by ENTLST, is of type api_group. Then all instances of entities
are.contained within this group, and that are valid for the parametric range of this function
ig;conic_arc and pln) are duplicated for the creation of the list of

corr

3) The

S to-lictd
PUDILC_L’UIVC_DCHIIICIID MmotlL.

entities that are permitted for contour representation are defined in the contour_entities entry

of the interface description table. If some other curve entities used in this function that are also
permitted, but not in the range of contour_entities, this entities shall be simulated by the simulation
process defined for this entities through the interface.

4) When the current open view is defined as a 3D view (it means that the geometrical_power_level
entry of the interface status table is greater equal 2), all given elements defined in ENTLST shall
be in the same plane.
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Internal Reference:
6.1.12, 6.1.13, 6.1.14, 6.1.14.2, 6.1.19, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
integer value out of permitted range 101 |attempt to create a degenerated entity
113 |attempt to create a self-intersected contour 115 |given entities are identical
entity
119 |given entities are not in the same plane 129 |approximation process to ensure contour
closure failed
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level |206 |maximal number of entities per copteur
exceeded
1001 |enumerated value out of range
A.5.4 Fill area entities
Generation of an annotation_fill_area Afa_Gen
Generation of a fill_area_style hatching Fsh_Gen
Hatching of an annotation_fill_area Hatch_Afa
A.5.4.1 Generation of an annotation_fill_area
Function name:
Afa_Gen interface level: 1
geometrical power level: | 1
Parameters:
in/  |name data | Meaning permitted types/valuegs
out type
in |CTRNAM |N name of the.api©contour of the outer boundary ctr
in |N | length of CTRLST, that defines the number of 30
api_contours for the inner boundaries
in |CTRLST nxN |list@©f\api_contour names, defining the inner contours  |ctr
in |KFIX E Storage location [TDB,CAD]
out |NAME N name of created annotation_fill_area afa
FORTRAN binéing:
NAVE = AFA GEN ( CTRNAM N, CTRLST, KFI X )
Effects:
Creates an annotation_fill_areaentity that is a set of curves that may be filled with hatching,
shading, colour or tiling. The annotation_fill_areais described by boundaries, that consist of rjon-
inmrcpr‘ting and nnn-cplf-intprcpr‘ting clased curves_These curves form the hnunrlary of the planar

areas to be filled according to the style for the annotation_fill_area. An annotation_fill_areais
planar connective 2-manifold whose external boundary is an api_contour, given by CTRNAM and
that may have internal boundaries defined by a list of api_contours CTRLST.

All the contours are in the same plane and shall not intersect each other. All the (possible) contours

that define the internal boundaries of the fill area shall belong to the interior of the contour that
defines its external boundary and have non intersecting interiors.

233


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

ISO 13584-31: 1999(E) also

The given api_contours are duplicated as aj,...,an and they have a null_style assigned to them.
Then:

— an annotation_fill_areais instantiated with boundaries as a set of the api_contours aj,...,an
and has the current fill_area_style entry from the interface status table assigned to it, and if both
entries for hidden_line equals ON and hidden_line_involved equals TRUE, it is attached to an
api_pre_defined_occlusion_stylewith the current values of view_level and hidden_line_aspect
entries from the interface status table. The name of this annotation_fill _areais returned. If an error
occurs, no entity is created and the element name is returned as zero.

Notes:

1) In the context of the api_abstract_schema, an annotation_fill_areais allowed for 2D views ofily,;
i.e.,|when the interface is initialised with geometrical_power_level equals 1.

2) In case of no inner boundaries (length of list CTRLST equal to zero), the parameter CTRLST shall
be ignored.

3) If there is two or more api_contours in the specification of the annotation_fill jarea, the distance
between two api_contours shall not be in range [ZERO_VALUE,EPS].

Interna| Reference:
6.1.14,|6.1.15.1, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity)type out of permitted range
5 integer value out of permitted range 101 |attempt to create a degenerated entity
104 |dlistance between two contours less than EPS 119« }given entities are not in the same plane
123 |a&n intersection of given contours detected 125 |an overlapping of given contours detected
201 |temporary database overflow 202 |error while sending entity to CAD system
204 |function not compatible with current power level 207 |maximal number of inner boundaries
exceeded
1001 |@¢numerated value out of range
A.5.4.2 Generation of afill_area, style_hatching
Functign name:
Fsh_Ggn interface level: 1
geometrical power level: |1
Paramegters:
in/  |Npme data fmeaning permitted types/values
out type
in |REFPNT N name of cartesian_point of the origin for mapping pnt
in |D|STX D |distance of parallel hatching lines (EPS £ DIST1 £ MAX)
in |D|ST2 D distance from REFPNT, defining the pattern start point |( 0.0 OR
(EPS EDISTZE MAX))
in |ANGLE D angle of the parallel hatching lines relative to (Ox) axis |(0° £ ANGLE £ 180°)
of the current OVC
out |NAME N name of created fill_area_style_hatching fsh

FORTRAN binding:
NAME FSH GEN ( REFPNT, DI ST1, DI ST2, ANGLE )
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Effects:

Creates a fill_area_style_hatching entity that defines a styled pattern of curves for hatching visible
annotation fill areas

The given cartesian_point REFPNT, that defines the origin point for further mapping of this
fill_area_style_hatching entity NAME is duplicated as p1 and it has a null_style assigned to it. Let |
be a virtual reference hatch line, going through point p1 with direction derived from given angle
ANGLE. Then:

— avector vis instantiated with orientation perpendicular to the reference hatching line |, and

el RDILCT4 Tlaa + o Ll ol H ok Y
IIIGyIIILUUC UiIoT L, TTHHo VOULUT TIdo A IIUII_DLyIC GQDIBIICU U T,

— aone_direction_repeat_factor ois instantiated with repeat_factor v .

— acartesian_point p2 is instantiated, either by a duplication of REFPNT if the given value|of
DIST2 is equal to zero, or by a calculation of point on reference hatching line | with“distance DIST2
from the given reference point REFPNT. This cartesian_point has a null_style assigned to it,

— acurve_style c is defined by the interface status table entries: hatch_width, hatch_curve_font
and hatch_colour.

— afill_area_style_hatchingis instantiated with hatch_line_appearance equals c,
start_of _next_hatch_line equals o, point_of_reference_hateh_lineequals p1, pattern_stait p2,
hatch_line_angle equals ANGLE.

Both given distances DIST1 and DIST2 are measureddn ©OVC_length_units and the value for QIST1
shall be in range [EPS,MAX]. The value for DIST2 shall be either equal to zero or also in range
[EPS,MAX]. The value for ANGLE is counted in OMC_angle_units. If an error occurs, no entity |is
created and the element name is returned as zero.

Notes:

1) Inthe context of the api_abstract. schemafill_area_style hatchingis only used for styling an
annotation_fill_area. Therefore.afill_area_style hatchingis stored in the TDB only.

2) In the context of the api_abstract_schemahatch_line_appearance shall be defined throligh
pre_defined_items.

3) The creation of a fill “area_style_hatching entity is allowed for 2D views only, i.e., when the
interface is initialised with geometrical_power_level equals 1.
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start_of_next_hatch_line

also

REFPN (-)\&----- SRS

v point_of_reference_hatch_line

/7

Figure A. 36 — Function: Fsh_Genh

Interna| Reference:

6.1.9,4.1.15, 6.2.3.6, 6.2.5, 8.2

Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
3 alue for length measure out of permitted rang€ ) 4 value for plane angle measure out of permitted
range
101 |attempt to create a degenerated entity 201 |temporary database overflow
204 |function not compatible with current power level
A.5.4.3 Hatching of an annotation_fill_area
Functign name:
Hatch_Afa interface level: 1
geometrical power level: | 1
Parameéters:
in/  |Npme data |meaning permitted types/values
out type
in |HATCH N name of fill_area_style_hatching, to be mapped fsh
in  |AFA N name of annotation_fill_area afa
in |TARPNT N name of cartesian_point, used as starting location for |pnt
hatching

FORTRAN binding:

CALL HATCH_AFA ( HATCH, AFA, REFPNT )

Effects:

Invokes the assignment of a fill_area_style_hatching (HATCH) to an annotation_fill_area (AFA)
with the target point given through the cartesian_point, TARPNT. The target point specifies the
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starting point for the fill style. This given cartesian_point TARPNT is duplicated as p1 and has a

null_s

ISO 13584-31: 1999(E)

tyle assigned to it. Then:

— an annotation_fill_area_occurrenceentity is instantiated, with fill_style_target equals p1, fill
style SELF.styles equals HATCH and representation item SELF.item equals AFA.

The assignment shall be performed by transformation created from the start point of the reference

hatch line of HATCH as origin and the point fill_style_target (p1) as target, using an implicit mapping
of the x axis of the OVC reference system to that the HATCH entity belongs on the x axis of the OVC
reference system to that the target point REFPNT belongs. If an error occurs, no assignment will be

daone

Notes:
1) Int
i.e.

, when the interface is initialised with geometrical_power_level equals 1.

he context of the api_abstract_schema, this style assignment is allowed for 2D-views oply ,

A
.
A

AFANAM
AN

REFPNT'
) AN 7

BN

FSHNAM

Internal Reférence:

Figure A. 37 — Function: Hatch_Afa

6.1.9,46:1v15, 6.2.3.13, 6.2.3.6, 6.2.5, 8.2

Errors:
T Entity name not defined (Zero, or unknown) Z ENntity type out of permitied range
201 |temporary database overflow 204 |function not compatible with current power level
403 |assignment of hatch style failed

A.5.5 Surface entities

Generation of an api_planar_surface Aps_Gen

237



https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

ISO 13584-31: 1999(E) also

A.5.5.1 Generation of an api_planar_surface

Function name:

Aps_Gen interface level: 2
geometrical power level: | 2,3

Parameters:

in/  |name data | Meaning permitted types/values

out type

in |CTRNAM |N name of the api_contour of the outer boundary ctr

in N f tengthrof- EFRESTthat-definesthe-number-of 0

api_contours for the inner boundaries

in |CTRLST nxN |list of api_contour names, defining the inner contours |ctr

in  |KFIX E storage location [TDB,CAD]

out |NAME N name of created api_planar_surface aps

FORTRAN binding:
NAME F APS_GEN ( CTRNAM N, CTRLST, KFI X )

Effects
An api|planar_surface is specified through an api_contour CTRNAM that.corresponds to the
externdl boundary of the surface, and a list CTRLST of api_contours that'correspond to the
(possibje) inner boundaries of the surface. If there are no inner boundaries, the parameter N (length
of CTRLST) shall be set to zero. All the contours shall be in the same plane and shall not intersect
each other. All the contours that corresponds to internal boundaries shall belong to the bounded
surfacq defined by the api_contour CTRNAM that corresponds.to the external boundary and none of
them slpall belong to the bounded surface defined by another@api_contour. That is, the
api_pITnar_surface shall be arcwise connected. If these conditions hold, the api_planar_surfaceis
compufed by the interface. All api_contour entities are,duplicated and they have a null_style
assigngd to them. Then:

1) The|plane of the surface is computed by itsiposition. The position.location shall be the first
point of the first composite_curve_segment of the api_contour CTRNAM. The x axis of the
posjition, that is the position.p[1], is the tangent to this composite_curve_segmentin the sense
defiped by its same_sense attribute. The z axis of the position, that is the position.p[3]is
computed as orthogonal to the plane that contains the api_contour CTRNAM. Its sense is defined
in sfich a way that this api_contour is oriented counter clockwise with respect to this oriented axis.

2) For each api_contourthat defines the api_planar_surface, a surface_curve is instantiated,
each one referring tothis api_contour as its curve_3d. The associated_geometry attribute of
this|surface_curye'contains only one element that is the plane of the api_planar_surface
computed in step.1. The master_representation attribute of this surface_curve equals
curye_3d.

3) For pach computed surface_curve, a closed composite_curve_segmentis instantiated. This
conjpgsite_curve_segment:

— refers to the surface_curve it corresponds to, as its parent_curve;

— contains the transition value of the last composite_curve_segment of the api_contour
that is the curve_3d of the surface_curve it corresponds to, as its transition attribute;

— contains a same_sense attribute whose value equals true for the

composite_curve_segmentthat correspond to the external boundary, and whose value is
computed to ensure that all the other closed composite_curve_segments are oriented
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clockwise with respect to the z axis of the plane of the api_planar_surface (i.e., the
position.p[3], see step 1).

4) an outer_boundary_curve is then instantiated whose segments contains only one element : the
composite_curve_segmentwhose parent_curve refers, as its curve_3d, to the api_contour
that corresponds to the external boundary of the api_planar_surface.

5) For each other composite_curve_segment, a boundary_curve is instantiated whose segments
contains only this composite_curve_segment.

8 Einallv tha ani nlanar curfacaic inctantiatad lic hacic curfaraic tha nlana of tha
=Hamy—tHe—api—pPrarat—SuHa e eSSttt e G 1tS o aS 1 S—SHHa6eStHe-prahe-6e

<7 —
api_planar_surface. Its boundaries are the (possible) boundary_curves and the
outer_boundary_curve computed in step 5 and 4. Its implicit_outer attribute equalsfalse. This
api_planar_surface has the current surface_style entry from the interface status table assigned
to, and the name of this api_planar_surface is returned. All other entities have a-null_style
assigned to them.

Notes:

1) The creation of an api_planar_surface is allowed for 3D views only/i:e., when the interface is
initialised with geometrical_power_level is greater than 2.

2) In case of no inner boundaries (length of list CTRLST equal to zero), the parameter CTRLST shall
be ignored.

3) If there are two or more api_contours in the specification of the api_planar_surface, the distance
between two api_contours shall not be in the rangéJZERO_VALUE, EPS].

Internal Reference:
6.1.15, 6.1.16, 6.1.17.1, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or xnknown) 2 entity type out of permitted range
5 integer value out of permitted-range 101 |attempt to create a degenerated entity
104 |distance between two contourSless than EPS 119 |given entities are not in the same plape
123 |an intersection of givensegntours detected 125 |an overlapping of given contours detgcted
201 |temporary database-overflow 202 |error while sending entity to CAD system
203 |function not compatible with implemented interface |204 |function not compatible with current power

level level

207 |maximal number of inner boundaries exceeded 1001 |enumerated value out of range

A.5.6 Geometric solid entities

A.5.6:15CSG Primitives

Generation of a sphere Sph_Gen
Generation of a cone Con_Gen
Generation of a cylinder Cyl_Gen
Generation of a torus Tor_Gen
Generation of a block Blk_Gen
Generation of a wedge Wdg_Gen
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A.5.6.1.1 Generation of a sphere

Function name:

also

Sph_Gen interface level: 3
geometrical power level: |3
Parameters:
in/  |name Data | meaning permitted types/values
out type
in |RAD D radius of the sphere (EPS £ RAD £ MAX)
in CNIENT N name-of cartesian naoint pnf
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created sphere sph

FORTRAN binding:

NAVE

Effects

F SPH _GEN ( RAD, CNTPNT, KFI X )

Creation of a sphere entity that is a CSG primitive with a spherical shape defined by a
cartesifan_point CNTPNT as a centre and a radius RAD. The centre pointt €NTPNT is duplicated as

pl and

it has a null_style assigned to it. Then:

— agphere is instantiated with radius equals RAD and p1 as centre. This sphere has one
presentation_style_assignment that contains the current entries of the interface status table for a
surfacq _style and a curve_style assigned to it. The name of this sphere is returned.

The radius RAD is measured in OVC_length_units and shall be in range [EPS ,MAX]. If an error

OCCurs,
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no entity is created and the element name is;returned as zero.

CNTNAM

o

N

Figure A. 38 — Function: Sph_Gen
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Notes:

Internal Reference:

6.1.9,6.1.18.4.1,6.2.4,6.2.3.2, 8.2
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Errors:
1 entity name not defined (zero, or unknown) |2 entity type out of permitted range
3 value for length measure out of permitted 201 |temporary database overflow
range
202 |error while sending entity to CAD system 203 |function not compatible with implemented-inferface
level
204 |function not compatible with current power |1001 |enumerated value out of range

level

Function name:

A.5.6.1.2 Generation of a cone

Con_Gen interface level: 3
geometrical power level: |3
Parameters:
in/  |name Data | meaning permitted types/valuegs
out type
in  |ANGLE D |semiangle, that is the angle betweencentral axis and  |( 0° £ ANGLE £ 90°)
the conical surface
in |HEIGHT D height of cone (EPS £ HEIGHT £ MAX)
in |RAD D radius of the cone at the point'ef the cone axis (0.00R
(EPS £ RAD £ MAX)
in |A1PNAM N name of axis1_placement alp
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created\tight_circular_cone con

FORTRAN binding:

NAME = CON_GEN ( ANGLE;HEI GHT, RAD, ALPNAM KFI X )

Effects:

Creation of a right_circular_cone entity that is a CSG primitive in the form of a cone that may be

truncated. The genération is specified by an axis1l_placement AIPNAM, the semi-angle ANGLE of
the cone and a-height HEIGHT. The axis1_placement defines the direction of the central axis jof
symmetry of the’cone and a point on this axis, that is on one of the planar circular faces or, if radius is
zero, at thezapex. In addition a radius is given, that, if non zero, gives the size and location of 3
truncated, face of the cone. If the radius RAD is greater than EPS, the height HEIGHT specifieq the
distance between the planar circular faces of the cone; if the radius is equal to zero, the length
defines the distance from the base to the apex. The given axis1_placement is duplicated as aflp1
and it has a null_style assigned to it. Then:

aright_circular_cone is instantiated with position as alpl, height equals HEIGHT, radius

equal to RAD and semi_angle equals ANGLE. This right_circular_cone has one
presentation_style_assignment, that contains the current entries of the interface status table for a
surface_style and a curve_style assigned to it. The name of this right_circular_cone is returned.

HEIGHT and RAD are measured in OVC_length_units. RAD, shall be either zero or in range
[EPS,MAX]. The given angle is counted in OVC_angle_units. If an error occurs, no entity is created
and the element name is returned as zero.
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| RAD >0 (truncated)

ANGLE (semi-angle)

rRaD=0 |

A1PNAM

apex of the cone

also

circular face of the cone
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Notes:

Interna

Reference:

6.1.9,4.1.18.4.2,6.2.4,6.2.3.2, 8.2

Figure A. 39 — Function: Con_Gen

Errors:
1 entity name not defined (zero, or unknow) 2 entity type out of permitted range
3 alue for length measure out of permitted range |4 value for plane angle measure out of permitted
range
201 |temporary database overflow 202 |error while sending entity to CAD system
203 |flunction not compatible with\implemented 204 |function not compatible with current power level
interface level
1001 |@¢numerated value out.of range

A.5.6.1.3 Generation' of a cylinder

Functidn name;

Cyl_Gen interface level: 3
geometrical power level: |3

Parameters:

in/  |name Data | meaning permitted types/values
out type

in |RAD D radius of cylinder (EPS £ RAD £ MAX)

in |HEIGHT D height of cylinder (EPS £ HEIGHT £ MAX)
in |A1IPNAM N name of axis1l_placement alp

in |KFIX E storage location [TDB,CAD]

out |NAME N name of created right_circular_cylinder cyl
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FORTRAN binding:
NAME = CYL_GEN ( RAD, HEl GHT, ALPNAM KFI X )

Effects:

Creation of a right_circular_cylinder entity, which is a CSG primitive specified by a radius RAD, a
height HEIGHT and an axis1l_placement A1IPNAM. The axis1_placement defines the axis of the
cylinder and the centre point of one planar circular face. The height is the distance from the first
circular face centre in the positive direction of the axis to the second circular face centre. The given
axis1l_placementis duplicated as alpl and it has a null_style assigned to it. Then:

HP H 1 Liza-el et " fiobael aklo o dad—locierlad lelllooLlT d
- aTigimn_ctniourdal_UyImmucT 1o TistaltiidicU Wit JUSTUHUTT dS ALY L, TITTYITTU TYUAIS TTETOTTI an

radius equal to RAD. This right_circular_cylinder has one presentation_style_assignment which
contains the current entries of the interface status table for a surface_style and a curve_style
assigned to it. The name of this right_circular_cylinder is returned.

HEIGHT and RAD are measured in OVC_length_units. RAD and HEIGHT shall be.in range [ERS
,MAX]. If an error occurs, no entity is created and the element name is returned;as zero.

circular face

Figure A. 40 — Function: Cyl_Gen

Notes:

Internal Reference:
6.1.9, 6.1.18.4.3, 6.2.4, 6.2.3.2, 8.2
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Errors:
1 entity name not defined (zero, or unknown) |2 entity type out of permitted range
3 value for length measure out of permitted 201 |temporary database overflow
range
202 |error while sending entity to CAD system 203 |function not compatible with implemented interface
level
204 |function not compatible with current power |1001 |enumerated value out of range
level

A.5.6.1.4 Generation of a torus

Functidn name:

Tor_Gen interface level: 3
geometrical power level: | 8
Parameters:
in/  [name Data | meaning permitted types/values
out type
in |MAJOR D radius of directrix of the torus (MINOR EMAJORE MAX)
in  [MINOR D radius of generatrix of the torus (EPS-£'MINOR £ MAX)
in |ALPNAM N name of axis1l_placement alp
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created torus tor
FORTRAN binding:
NAME ¥ TOR_GEN ( MAJOR, M NOR, A1PNAM KFI X )
Effects|
Creation of a torus entity, which is a CSG primitive specified by sweeping the area of a circle (the
generafrix) with the radius MINOR about a larger circle (the directrix) with the radius MAJOR. The
centre aind plane of the directrix is defined by the@xis1_placement ALIPNAM. The given
axis1l_placementis duplicated as alp1 and it.has a null_style assigned to it. Then:
— atprus is instantiated with position'as'alpl, major_radius equals MAJOR and minor_radius
equal tp MINOR. This torus has one presentation_style_assignment which contains the current

entries
this tor

The rad
entity i

244

of the interface status table-fora surface_style and a curve_style assigned to it. The name of
s is returned.

ii are measured in ©O¥C_length_units and shall be in range [EPS ,MAX]. If an error occurs, no
created and the @lement name is returned as zero.
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I
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I
A1PNAM
I
I
Z
\—directrix
X Y
Figure A. 41 — Function;-For_Gen
Notes:

Internal Reference:

6.1.9,6.1.18.4.4,6.2.4,6.2.3.2, 8.2

Errors:
1 entity name not defined (zero,-oi\unknown) |2 entity type out of permitted range
3 value for length measure out of’ permitted 201 |temporary database overflow
range
202 |error while sending eritity:to CAD system 203 |function not compatible with implemented inferface
level
204 |function not compatible with current power |1001 |enumerated value out of range
level

A.5.6.1.5 Geéneration of a block

Function name:

Blk_Gen interface level: 3
geometrical power level: |3

Parameters:

in/  |name Data | meaning permitted types/values
out type

in |LENX D block length along the x-axis (EPS £ LENX £ MAX)
in |LENY D block length along the y-axis (EPS £ LENY £ MAX)
in |LENZ D block length along the z-axis (EPS £ LENZ £ MAX)
in  |A2PNAM N name of axis2_placement_3d a2p

in |KFIX E storage location [TDB,CAD]

out INAME N name of created block blk
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FORTRAN binding:
NAME = BLK_GEN ( LENX, LENY, LENZ, A2PNAM KFI X )

Effects:

Creation of a block entity that is a CSG primitive specified as a solid rectangular parallel piped
(block), defined with a location and placement coordinate system. The block is specified by the
positive length LENX, LENY and LENZ along the axes of the placement coordinate system defined by
the axis2_placement_3d A2PNAM. The block has one vertex at the origin of the placement
coordinate system. The given axis2_placement_3d is duplicated as a2p1 and it has a null_style
assigned to it. Then:

— allock is instantiated with position as a2p1, x, y and z equals LENX, LENY and LENZ
respectively. This block has one presentation_style_assignment, that contains the current entries
of the ipterface status table for a surface_style and a curve_style assigned to it. The name of this
block ip returned.

The values of the block lengths are measured in OVC_length_units and shall be in range |[EPS,MAX].
If an erfor occurs, no entity is created and the element name is returned as zero.

Figure A. 42 — Function: Blk_Gen

Notes:

Internal Reference:

619f"l1ﬂ/|l_f“')/1 .20 729 Q9
ALY, O oA O, O A, O o, O

Errors:
1 entity name not defined (zero, or unknown) |2 entity type out of permitted range
3 value for length measure out of permitted 201 |temporary database overflow
range
202 |error while sending entity to CAD system 203 |function not compatible with implemented interface
level
204 |function not compatible with current power |1001 |enumerated value out of range
level
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A.5.6.1.6 Generation of a wedge

Function name:

Wdg_Gen interface level: 3
geometrical power level: |3
Parameters:
in/  |name Data | meaning permitted types/values
out type
in |LENX D size of wedge long the x-axis (EPS £ LENX £ MAX)
in_ |LENY D size of wedge long the y-axis (ERS-SLENY-E-MAX
in |LENZ D size of wedge long the z-axis (EPS £ LENZ £ MAX
in |LTX D height of smaller surface of the wedge (0.00R
(EPS £ LTX £ MAX)
in |A2PNAM N name of axis2_placement_3d a2p
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created right_angular_wedge wdg

FORTRAN binding:
NAME = WDG_GEN ( LENX, LENY, LENZ, LTX, A2PNAM KFI X )

Effects:

Creation of a right_angular_wedge entity that is a CSG primitive specified as a solid that is a
of intersection a block with a plane perpendicular to one of4ts faces. The triangular/trapezoidg
is defined by positive length LENX and LENY along the placement X- and Y axis, by the length
(if non zero) parallel to the (Ox) axis at a distance LENY from the placement origin and by the
connecting the ends of the LENX and LTX segments.~The positive length LENZ defines a dista
along the (Oz) axis through that the trapezoid or triangle is extruded.

The axis2_placement_3d A2PNAM is duplicated as a2p1 and it has a null_style assigned to
Then:

— aright_angular_wedge is instantiated with position a2p1and the given values of LENX
LENY, LENZ and LTX. This right.angular_wedge has one presentation_style_assignment,
contains the current entries ofithe interface status table for a surface_style and a curve_style
assigned to it. The name of this right_angular_wedge is returned.

The values of the lengths are measured in OVC_length_units and LENX, LENY and LENZ shal

range [EPS,MAX]. #he value of LTX is allowed to be equal to zero. If an error occurs, no entity
created and the element name is returned as zero.

Notes:

result
| face
LTX
ine
nce

that

| be in
s

1) If LTX ='0.0, the wedge has five faces and the basic face is a triangle; otherwise, it has six faces

andthe basic face is a trapezoid.
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LTX>0 right_angular_wedg

also

LE \IZ—)I

A2PNAM

LENX—>

Interna| Reference:

6.1.9,4.1.18.4.6,6.2.4,6.2.3.2, 8.2

Figure A. 43 — Function: Wdg_Gen

Errors:
1 éntity name not defined (zero, or unknown) |2 entity type out of permitted range
3 alue for length measure out of permitted 201 |temporary database overflow
ffange
202 |error while sending entity to CAD system 203 |function not compatible with implemented interface
level
204 |flunction not compatible with current power |1001 |enumerated value out of range
level
A.5.6.2 CSG regularised Boolean operations

Union of solids

Interse¢tion of solids

Difference of solids

A.5.6.2.2" Union of solids

Union_Sld

Intersection_Sld

Difference_Sld

Function name:
Union_SId

248
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geometrical power level: |3
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Parameters:
in/  |Name data |meaning permitted types/values
out type
in |BOPNM1 |N name of first boolean_operand solids
in |BOPNM2 |N name of second boolean_operand solids
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created boolean_result brs

FORTRAN binding:

MNMAM—  — _LINIL AN _CI I [ RPN InYa ' »] NIW, o NN V4 i BAVAERY

Effects:

TNV —  OINFE OV oo

The boolean_operands shall not consist of several non-connected pdtts. The union shall not he
empty. If an error occurs, no entity is created and the element nameé.is returned as zero.

U Do NNVIET DO TNVES

INCT 7% )

Performs the regularised union operation of solids. The boolean_operands BOPNAM1rand BOPNM2
are duplicated as b1 and b2 and they have a null_style assigned to them. A boolean\ operatpro
equal to union is instantiated. Then a boolean_result is created with first_operand-b1,
second_operand b2and operator o. This boolean_result has one
presentation_style_assignment that contains the current entries of the interface status table|for a
surface_style and a curve_style assigned to it. The name of this boolean_resSult is returned.

boolean_operator = union
first_operand = block

second_operand = right_circular_cylinder

boolean_result

—I

BOPNM2

BOPNM1

Notes:

Ffgure A. 44— Function: gnion_sid

Internal Reference:

6.1.18,6.1.18.3,6.2.3.2, 6.2.4, 8.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
101 |attempt to create a degenerated entity 130 |Boolean operation failed
201 |temporary database overflow 202 |error while sending entity to CAD system
203 |function not compatible with implemented interface |204 |function not compatible with current power
level level
1001 |enumerated value out of range

A.5.6.2.2 Intersection of solids

Functidn name:

Interseg¢tion_SId interface level: 3
geometrical power level: |3

Parameéters:

in/  |[Npme data |meaning permitted typesfvalues

out type

in |BDPNM1 |N name of first boolean_operand solids

in |BDPNM2 |N name of second boolean_operand solids

in  |KFIX E storage location [TDB,CAD]

out |NAME N name of created boolean_result brs

FORTRAN binding:
NAME F | NTERSECTI ON_SLD ( BOPNML, BOPNM2, KFI X )

Effects

Performs the regularised intersection of two solids. The boglean_operands BOPNM1 and BOPNM2
are duplicated as b1 and b2 and they have a null_style assigned to them. A boolean_operator o
equals jntersection is instantiated. Then a boolean_result is created with first_operand b1,
secoan_operand b2and operator o. This boolean: result has one
presentation_style_assignment that contains:the current entries of the interface status table for a
surfacq_style and a curve_style assigned to it-\The name of this boolean_result is returned.

The regult may be composed of several separate parts. If an error occurs, no entity is created and the
elemert name is returned as zero.

Notes:
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boolean_operator = intersection
first_operand = block BOPNM2
second_operand =

BOPNM1

boolean result

Figure A. 45 — Function: Intersection_SId

Internal Reference:
6.1.18, 6.1.18.3,6.2.3.2, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
101 |attempt to create a degenerated entity. 130 |Boolean operation failed
201 |temporary database overflow 202 |error while sending entity to CAD systém
203 |function not compatible with implemented interface |204 |function not compatible with current ppwer
level level
1001 |enumerated value out of range

A.5.6.2.3 Differencef-solids

Function name:

Difference_Sld interface level: 3
geometrical power level: |3

Parameters:

in/ |Name data |meaning permitted types/valugs
out type

in. ~ | BOPNM1 |N name of first boolean_operand solids
m—BOPNM2— Tame of secondbuotean_operand sotids

in |KFIX E storage location [TDB,CAD]

out |NAME N name of created boolean_result brs

FORTRAN binding:
NAME = DI FFERENCE_SLD ( BOPNML, BOPNMR, KFI X )

Effects:
Performs the regularised difference of two boolean_operands. The boolean_operands BOPNAM1
and BOPNM2 are duplicated as b1 and b2 and they have a null_style assigned to them. A
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boolean_operator o equals difference is instantiated. Then a boolean_result is created with
first_operand b1, second_operand b2and operator o. This boolean_result has one
presentation_style_assignment, that contains the current entries of the interface status table for a
surface_style and a curve_style assigned to it. The name of this boolean_result is returned.

The result may be composed of several separate parts. If an error occurs, no entity is created and the
element name is returned as zero.

Notes:

boolean_operator = difference
first_operand = block BOPNM2
second_operand =

BOPNM1

boolean result —

—

FiguresA:46 — Function: Difference_Sld

Interna| Reference:
6.1.18,/6.1.18.3,6.2.3.2, 6.2:4,8.2

Errors:
1 entity name not<efined (zero, or unknown) 2 entity type out of permitted range
101 |attempt to<Create a degenerated entity 130 |Boolean operation failed
201 |temporary tatabase overflow 202 |error while sending entity to CAD system
203 lection not compatible with implemented interface |204 |function not compatible with current power
[evel level
1001 |enumerated value out of range

A.5.6.3 Swept_area solid entities
Extrusion Sld_Extrusion

Revolution Sld_Revolution
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Function name:
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SIld_Extrusion interface level: 3
geometrical power level: |3
Parameters:
in/  |Name data |meaning permitted types/values
out type
in |SRFNAM |N name of an api_planar_surface aps
in DIRNAM IN| direction of the sweep dir
in |DEPTH D length of translation (EPS £ DEPTH £.MAKX)
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created extruded_area_solid eas

FORTRAN binding:
NAME = SLD EXTRUSI ON ( SRFNAM DI RNAM DEPTH, KFI X )

Effects:

The name of this extruded_area_solid.isseturned.

The direction DIRNAM is duplicated as d and it has a null_style assigned to it. Then:

— The api_planar_surface SRFNAM is duplicated as's and it has a null_style assigned to if.

Creation of an extruded_area_solid entity by a sweeping of a boundéd,planar surface, that is the
api_planar_surface SRFNAM. The direction of the translation is defined by a direction vecto
DIRNAM, and the length of the translation is defined by a distance-DEPTH.

— Anextruded_area_solid is instantiated with Swept_area s, extruded_directiond and de¢pth
equal to DEPTH. This extruded_area_solid has'one presentation_style_assignment that cpntains
the current entries of the interface status table for a surface_style and a curve_style assigned to it.

The length DEPTH shall be in range {EPS,MAX]. The planar area may have holes that will sweep into
holes in the solid. If an error occurs) no entity is created and the element name is returned as zZero.
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(api_planar_surface)

extruded_area_solid

SRFNAM

also

z

— DIRNAM
(direction of the sweep)

Y

Notes:

Internal reference:

Figure A. 47 — Function: Sld_Extrusion

6.1.9,4.1.17,6.1.18.6, 6.2.3.2, 6.2.4, 8.2

Errors:
1 entity name not defined (zero, or unknow) 2 entity type out of permitted range
3 alue for length measure out of permitted range 101 |attempt to create a degenerated entity
201 |temporary database overflow 202 |error while sending entity to CAD system

[evel

203 |flunction not compatible with implemented interface |204

function not compatible with current power
level

1001 |¢numerated value out of range

A.5.6.3.2 Revolution

Functidn name:

Sld_Reyolution

Param gters:

interface level: 3

geometrical power level: |3

in/ |Name

dafa [meaning permitted types/values
out type
in |SRFNAM |N name of an api_planar_surface aps
in |ANG D angle of rotation (0° < ANG £ 360°)
in |A1IPNAM N name of axis1l_placement alp
in |KFIX E storage location [TDB,CAD]
out |NAME N name of created revolved_area_solid ras
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FORTRAN binding:
NAME = SLD REVCLUTI ON ( SRFNAM ANG, A1PNAM KFI X )

Effects:

Creation of a revolved_area_solid entity that is formed by revolving a planar bounded surface, that

is the api_planar_surface SRFNAM, about an axis. The bounded surface is revolved clockwis
about the axis ALPNAM with the angle ANG.

The axis1l_placementis duplicated as a and it has a null_style assigned to it. Then:

e

Tk H ] £ [al A H ol L tael P~ I Ll il H ot H
LILLA>Z GPI_PIQIIQI_DUI TAUT OT\T TNAIVI TO UulJIILIQI.CU do o dAdliUuItTIido A IIUII_QLyIC GJQIE’IICU (U Ik,

— Avrevolved_area_solidis instantiated with swept_area s, axis a and angle equals ANG.
revolved_area_solid has one presentation_style_assignment, that contains the current entn
the interface status table for a surface_style and a curve_style assigned to it. The name of this
revolved area_solid is returned.

The angle is measured in OVC_angle_units, counted clockwise when viewing-along the axis in
positive direction, beginning at the given api_planar_surface. The planar area may have hole
will sweep into holes in the solid. If an error occurs, no entity is created and the element name
returned as zero.

Notes:

SRENAM
(api splanar_surface)

revolved_area_solid

This
ies of

5 that
s

&
Py
q
E
<2
[«

= A 40 = +1 P«
FIUUIC A =50 — TUrncuvll. O

Internal Reference:
6.1.9,6.1.17, 6.1.18.7, 6.2.3.2, 6.2.4, 8.2
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
4 value for plane angle measure out of permitted 101 |attempt to create a degenerated entity
range
124 |an intersection between axis an plane of surface 126 |axis of revolution not in plane of surface
detected
201 |temporary database overflow 202 |error while sending entity to CAD system
203 |function not compatible with implemented interface |204 |function not compatible with current power
level level
1001 |enumerated value out of range
A.5.6.4 CSG solid pipe entity
Generdtion of a pipe Sld_Pipe

A.5.6.4.1 Generation of a pipe

Functidn name:

Sld_Pige interface level: 3
geometrical-power level: | 3
Parameéters:
in/  |[Npme data |meaning permitted types/values
out type
in |PLNNAM |N name of the polyline pin
in |SRFNAM |N name of an api_planar_surface aps
in |RAD D rounding radius (EPS £ RAD £ MAX)
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of created boolean_result brs

FORTRAN binding:

NAME ¥ SLD PI PE ( PLNNAM SRFNAM RAD, KFI X )

Effects

Creation of a boolean_result formed'by 'sweeping a planar bounded surface, that is the
api_planar_surface SRFNAM, aboutthe directrix defined by rounding the guide line polyline with
fillets of radius RAD. The rounding process will be automatically created and self intersections are

checkefl.

The apj_planar_surface-SRFNAM is duplicated as s and it has a null_style assigned to. The
polyline with n+1 points/is divided in several api_lines I1,...,In that are connected by the

api_cincular_arcs‘ay,...,an-1 with the radius RAD. All these instances have a null_style assigned to

them. Then:

— An|extruded_area_solid eq is generated from the planar surface s with extruded_direction from
api_line.basis_curve dir and depth as difference of the parameters of api line trim[1] and

api_line.trim[2] from api_line |1.

— An axisl_placement alps is instantiated from api_circular_arc.basis_curve.position.p[3] a; and
the rotation angle ang is retrieved from the difference of the parameters of api_circular_arc.trim[1]

and api_circular_arc.trim[2] from api_circular_arc a;. This axisl_placement has a null_style assigned
to it. A revolved_area_solid r1 is instantiated from the planar surface s with axis alpj and angle angj.

256


https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

also

ISO 13584-31: 1999(E)

— A boolean_result by is instantiated with the first_operand ey, second_operand r; and
boolean_operator equals union.

— For the next api_lines |j, j=2,...,n api_circular_arcs ak, k = 2,...,n-1 and i=2,...,2n-2 the following
process is performed:

An extruded_area_solid ej is generated from the planar surface s with extruded_direction
from api_line.basis_curve.dir and depth as difference of the parameters of api_line.trim[1]

and api_line.trim[2] from api_line |j

A bhoaleaan—rocult h. 1o nctantiatad vaath tha firot
7T OoTCTT e oSurt o o rrrotar ot C vt - o e ot

boolean_operator equal to union.

An axisl_placement alpg is instantiated from api_circular_arc.basis_curve.position.p
and the rotation angle angk is retrieved from the difference of the parameters of
api_circular_arc.trim[1] and api_circular_arc.trim[2] from api_circular_arc<ay. This
axisl_placement has a null_style assigned to. A revolution_area_splidrk is instantiatg
the planar surface s with axis alpk and angle ang.

A boolean_result b(j+1) is instantiated with the first_operand.bj; second_operand rk an

boolean_operator equals union. This boolean_result has one presentation_style_assig
that contains the current entries of the interface statusitable for a surface_style and a
curve_style assigned to it. The name of this booleaf. result is returned.

(The indexes i and j are increased by one and theyindex k is increased by two).

The rounding radius is measured in OVC_length_units and shall be in range [EPS,MAX]. If an §

ocCcurs,

Notes:

no entity is created and the element name Is returned as zero.

1) If the given api_planar_surface SRFNAM that is sweeping about the guide line has the sh§
a circle or annulus, than the result’of the interface function is a boolean_result called a ' Pi

d from

d
nment,

Brror

\pe of
pe ".
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api circular arc al

/ PNT3
PLNNAM

(guide line)

also

X
Figure A. 49 — Function: Sld_Pipé
Internal reference:
6.1.14,16.1.17, 6.1.18, 6.2.3.2, 6.2.4, 8.2
Errors:
1 éntity name not defined (zero, or unknown) 2 entity type out of permitted range
3 alue for length measure out of permitted range™ 101 |attempt to create a degenerated entity
107 |attempt to create a degenerated 109 |attempt to create a degenerated solid during
xis1_placement during entity creation entity creation
114 |attempt to create an overlapping solid 130 |Boolean operation failed
201 |Temporary database overflow 202 |error while sending entity to CAD system
203 |flunction not compatible with implemented 204 |function not compatible with current power level
interface level
1001 |Enumerated value out of(range
A.5.6.% Half space sotid entity
Generdtion of a half._space_solid Hss_Gen
A.5.6.5.1 Generation of a half_space_solid
Functign‘name:
Hss_Gen interface level: 3
geometrical power level: | 3
Parameters:
in/  |Name data |meaning permitted types/values
out type
in |A2PNAM N name of axis2_placement_3d a2p
in |AGREMF |E agreement_flag [TRUE,FALSE]
out |NAME N name of created half_space_solid hss
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FORTRAN binding:
NAME = HSS GEN ( A2PNAM AGREMF )

Effects:

An half_space_solid is defined by the half space that is the regular subset of the domain that lies on
one side of an unbounded surface. The side of the surface that is in the half space is determined by
the surface normal and the agreement flag. If the agreement flag is TRUE, then the subset is the one
the normal point away from. If the agreement flag is FALSE, then the subset is the one the normal
point into.
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— Anplane p is instantiated with position aand it has a null_style assigned to it.

— Ahalf_space_solidis instantiated with base_surface equals p and agreement_ flag equgls
AGREMF. This half_space_solid has a null_style assigned to it.

The name of the entity is returned. If an error occurs, no entity is created and-the element namg is
returned as zero.

Notes:

1) An half_space_solidis not a sub-type of solid_model; half_space_solids are only usefullas
operands in boolean_expressions. Therefore an half_space_solid is stored in the TDB only.

Internal Reference:
6.1.9, 6.1.16, 6.1.17.1, 6.1.18.8, 6.2.1.2

Errors:
1 entity name not defined (zero, or unknown);| 2 entity type out of permitted range
201 |temporary database overflow 203 |function not compatible with implemented inferface
level
204 |function not compatible with currentpower |1001 |enumerated value out of range
level

A.6 FUNCTIONS FORSTRUCTURE ENTITIES

A.6.1 Structure entities in the TDB

Create group Create_Grp
Close group Close_Grp
Reopen.group Reopen_Grp
Rémove entity from group Remove_Ent_Grp
Gathering entity into new group Gather_Ent_Grp
Adding entity into group Add_Ent_Grp

A.6.1.1 Create group

Function name:
Create_Grp interface level: 1
geometrical power level: | 1,2,3
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Parameters:

in/  |Name data |meaning permitted types/values
out type

out |NAME N name of a created group arp

FORTRAN binding:
NAVE = CREATE_GRP ( )

Effects:

Creates a new api_group with attribute name equal to the empty string. The newly created
api_grpup belongs To the current open group, 1S put on the top of the group stack and becomes the
currentlopen group. A name NAME, of the newly created api_group, is returned.

If an erfor occurs, no group is created and the name is returned as zero.

Notes:

Interna| Reference:
5.4.1,4.1.19,6.1.19.1

Errors:
201 |temporary database overflow 204 |function not)compatible with current power level
208 |maximal number of groups exceeded 210 |group stack'overflow

A.6.1.2 Close group

Functidn name:

Close_Grp interface level: 1
geometrical power level: | 1,2,3

Parameéters:

in/  |[Npme data |meaning permitted types/values

out type

FORTRAN binding:
CALL CLOSE GRP ( )

Effects|

The apj_group that‘is-at the top of the group stack is closed. This group is removed from the group
stack and the newstop of the group stack become the current open group. If an error occurs, no group
is closdd.

Notes:
1) If thecurrentopenm group 1S the Toot group, alm ermor OCCUrs and 1o group 1S CloSed:

Internal Reference:
5.4.1,6.1.19, 6.1.19.1
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Errors:

‘204 ‘function not compatible with current power level ‘301 ‘attempt to close the root group

A.6.1.3 Reopen agroup

Function name:

Reopen_Grp interface level: 1
geometrical power level: 1,2,3

Parameters:

i —Name tatarmeaning permitted-typestratues

out type

in |GRPNAM |N name of the api_group grp

FORTRAN binding:
CALL REOPEN_GRP ( GRPNAM )

Effects:

This function reopens an existing api_group. This group shall not be the~current open group and shall
not be one of the groups in the stack of open groups. Afterwards the api,-group GRPNAM is p{it on
top of the group stack and becomes the current open group. This ptocess does not change the|group
structure. All entities created in the TDB after the group reopeningwill belong to this group unti| its
closure. If an error occurs, no group is reopened.

Notes:

Internal Reference:
5.4.1,6.1.19, 6.1.19.1

Errors:

1 entity name not defined (zero, or@nknown) 2 entity type out of permitted range

204 |function not compatible with ¢urrent power level |210 |group stack overflow

302 |attempt to reopen an already. open group

A.6.1.4 Remove entity-sfrom group

Function name:

Remove_Ent_Grp interface level: 1
geometrical power level: | 1[2,3

Parameters:

in/  |Name data |meaning permitted types/valugs

out type

in V\[ENTNAM |N name of an entity to be removed from api_group all graphical entities, grp

FORTRAN binding:
CALL REMOVE_ENT_GRP ( ENTNAM )

Effects:

This function removes an entity (geometric or structured) from the api_group it belongs to. Then it
becomes a member of the root group. The entity ENTNAM is removed from the items set of the
assigned api_group_assignment entity of its api_group. Then the entity is stored in the items set of
the api_group_assignment that belongs to the root group. If an error occurs, no entity is removed.
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Notes:
1) Removal of an entity from the root group is not allowed.

Internal Reference:
5.4.1,6.1.19, 6.1.19.1

Errors:

1 entity name not defined (zero, or unknown) 204 |function not compatible with current power level
303 |entity is member of root group

A.6.1.% Gathering entities into new group

Functidn name:

Gather|Ent_Grp interface level: 1
geometrical power leveliy'| 1,2,3

Parameéters:

in/  |[Npme data |meaning permittechtypes/values
out type

in [N | length of ENTLST 3.1

in |ENTLST nxN |list of entities to be grouped all graphical entities, grp
out |NAME N name of created api_group arp

FORTRAN binding:
NAME ¥ GATHER ENT_GRP ( N, ENTLST )

Effects|

The furjction allows the gathering into a new group of a.list of entities (geometric or structured). All
these gntities are removed from the group they belong“o and are put into this new group. This new
group ghall belong to the current open group and js closed after the creation process is finish. The list
of entitles that are gathered into the new group,shall not contain a group that contains the current
open group.

A new api_group is instantiated with attribute name equal to the empty string and belongs to the
current{open group. The given entities\are removed from the group they belong to and are stored in
items get of the api_group_assignment entity. A name GRPNAM, of the newly created api_group
is returned. If an error occurs, no.group is created and the name is returned as zero.

Notes:

Interna| Reference:
5.4.1, 4.1.19, 6:2.19.1

Errors:

1 entity name not defined (zero, or unknown) 2 entity type out of permitted range

5 integer value out of permitted range 201 |temporary database overflow

204 |function not compatible with current power level |208 |maximal number of groups exceeded
210 |group stack overflow 304 |entity contains the current open group

A.6.1.6 Adding entity into group

Function name:
Add_Ent_Grp interface level: 1
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geometrical power level: ‘ 1,2,3 ‘
Parameters:
in/  |Name data |meaning permitted types/values
out type
in |GRPNAM |N name of the api_group grp
in |[ENTNAM |N name of entity to be added all graphical entities, grp

FORTRAN binding:

CALL ADD ENT_GRP ( GRPNAM ENTNAM )

Effects:
The function allows the addition of an entity (geometric or structured) to the group GRPNAM) The
entity is removed from its items set of the api_group_assignment that belongs to its api-grofup.
Then the entity ENTNAM is stored in the items set of the api_group_assignment that belongs to
api_group GRPNAM.

Notes:

Internal Reference:

54.1,6.1.19,6.1.19.1

If the entity is a group, this group shall not contain the group whose name iscgiven. If an error gccurs,
no modifications shall be done.

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
204 |function not compatible with current power leyvel (304 |entity contains the current open group
305 |attempt to create cyclical group structure

Open a set

Close a set

Function name:

A.6.2.1 Open set

A.6.2 Structure entities to sent into the CAD system

Open_Set

Close_Set

Open_Set interface level: 1
geometrical power level: | 1[2,3
Parameters:
ink_fName data |meaning permitted types/valugs
out type
In SETNAM S name of set

FORTRAN binding:

CALL OPEN_SET ( SETNAM )

Effects:
Creates a new api_set with attribute name derived from SETNAM as unique identifier that belongs to
the current open set. It is put on the top of the set stack and becomes the current open set. If an error
occurs, no set is created.
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Notes:

1) The interface has to ensure that the name of api_set is unique.

Internal Reference:
5.4.2,6.1.19, 6.1.19.3

Errors:

204 |function not compatible with current power level

209 |maximal number of character per string
exceeded

211 |set stack overflow

306 _|name of set not unigue

also

A.6.2.2 Close set

Functidn name:

Close_§get interface level: 1
geometrical power level: | 1,2,3

Parameéters:

in/  |[Npme data |meaning permiitted types/values

out type

FORTRAN binding:
CALL CLOSE_SET ( )

Effects|

The apj_set that is at the top of the set stack is closed. This'set is removed from the stack and the

new top of the stack become the current open set.

Notes:

If an error occurs, no set is closed.

1) If thp current open api_set is the root set, anerror occurs and no set is closed.

2) A clpsed api_set shall never be reopened by the application program.

Interna| Reference:
5.4.2,4.1.19, 6.1.19.3

Errors:

‘204 ‘ilunction not compatiblg with current power level

‘307 ‘attempt to close the root set

A.7 HUNCTIONS'FOR GEOMETRIC MANIPULATION OF ENTITIES

A.7.1 Duplicating entities

Duplic:: te nntity

Dup_l:nt

A.7.1.1 Duplicate entity

Function name:
Dup_Ent

264
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Parameters:

in/  |name data | Meaning permitted types/values
out type

in |ENTNAM |N Name of an entity all graphical entities,grp
in |KFIX E Storage location [TDB,CAD]

out |NAME N Name of duplicated entity same type as ENTNAM

FORTRAN binding:
NAMVE = DUP_ENT ( ENTNAM KFI X )

ElTects:

Creates a new entity by duplicating the given entity ENTNAM. The duplicated entity contains eppies
of all internal attributes of the original entity ENTNAM and is assigned the same presentation sfyle.

The name of the duplicated entity is returned. If an error occurs, no entity is created and the el¢ment
name is returned as zero.

Notes:

1) Manipulation of entities that are instances of type fill_area_style_hatching or half_space [solid,
are only allowed for the usage within the TDB. For these kind of entities the manipulation will be
performed, but the duplicated entity remain within in TDB (KFIX equals CAD, will be ignored).

2) Duplication of a group is a new group. If the group is not an empty group, than the contents of
the group is also duplicated one by one.

Internal reference:

6.1, 6.2.1
Errors:
1 entity name not defined (zero, or unknown) 201 |temporary database overflow
202 |error while sending entity to CAD system 204 |function not compatible with current power [level
208 |maximal number of groups exceeded 212 |usage of entity only allowed for usage with{n the
TDB
1001 |enumerated value out of range
A.7.2 Mirroring entities
Mirror entity Mirror_Ent
Duplicate and mirrorentity Duplicate_Mirror_Ent
A.7.2.1 Mirfor an entity
Function-hame:
Mirfror_Ent interface level: 1
geometrical power level: | 1[2,3
Parameters:
in/  |name data | Meaning permitted types/values
out type
in |[ENTNAM |N name of an entity all graphical entities,grp
in  |LINNAM N name of api_line lin

FORTRAN binding:
CALL M RROR_ENT ( ENTNAM LI NNAM )
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Effects:
Mirroring of an entity on an axis. The given api_line, LINNAM, defined the mirror axis by its attributes
pnt and dir of its basic_curve entity line.

Specially for conic entities as given entity ENTNAM, that are in the context of api_abstract_schema
an api_circular_arc, api_elliptical_arc, api_hyperbolic_arc or an api_parabolic_arc the following
procedure will be done:

In the case of a 2D view:

for capie-antitiaoatha SO C\hacic o~ nacitianic fivot mirrarad Than A ~aanio vaath tha canan
COT ettt e St O T WoTaSTo_CuTv Cr P O STtroT ST St OrC O o COT et o ic—Sar e

paramgters as the basis_curve of the conic arc is created using the mirrored axis2_placement_2d!

— atyrimmed_curve is instantiated with a sense_agreement equal to the opposite of the
sense_|agreement of the initial conic arc and with trimming parameters computed by the interface to
ensure [that the mirrored entity is point to point mirrored from the initial conic arc.

see NCTE (1)
In the dase of a 3D view:

— forjconic entities, the right-handed axis2_placement_3d SELF\basis;, curve.positionis
mirrored. Then a conic with the same parameters as the basis_curve of the conic arc is created
using the mirrored axis2_placement_3d.

— atfimmed_curve is instantiated with a sense_agreement egual to the sense_agreement of the
initial cpnic arc and with trimming parameters computed by thé<jnterface to ensure that the mirrored
entity i$ point to point mirrored from the initial conic arc.

see NCTE (2)

The name of entity ENTNAM, all visual presentation\(e.g. presentation style, view_level), group and
set structure of the entity are not changed. If an efror occurs, no modification will be done.

Notes:
1) If trim_1 and trim_2 are cartesian_points, then the trimming parameters of the mirrored conic
arc gare the cartesian_points that result from mirroring trim_21 and trim_2 in this order.

2) The|sense of the basis_curve iS changed, but not the sense_agreement nor the parametrisation.

3) If the given entity ENTNAM is an instance of type api_group, all entities that refer to this group
shall be mirrored.
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ENTNAM after mirroring original entity ENTNAM
same entity ENTNAM mirror axis ENTNAM
(api_circular_arc) ' (api_circular_arc)
trim_1 | trim_1 —
I
ref_direction
ref_direction’ A \/
position' / posmon
7
sense_agreement
(sense = TRUE)
basis_curve axis __basis leurve
(= circle) \L|NNA|\/| (=circle)

X Y

Figure A. 50 — Function: Mirror:Ent (3D view)

ENTNAM after mirroring original entity ENTNAM
__basis_curve mirror-axis __basis_curve
/ (= circle) | (= circle)
I
ref_direction’ A /‘L|NNA|V| \ ref_direction
\
tim_2' ~ trim_2
position
trim_1 trim_1 ) ENTNAM
- - (api_circular] arc)
Y sense_agreement sense_agreement
(sense = FALSE) (sense = TRUE)
same entity ENTNAM
(api_circular_arc)
—
Figure A. 51 — Function: Mirror_Ent (2D view)
Internal Reference:
6.1, 6.2.1
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
204 |function not compatible with current power level

A.7.2.2 Duplicate and mirror an entity

Function name:

also

Dup_Mirror_Ent interface level: 1
geometrical power level: | 1,2,3
Parameters:
in/  [name Data | meaning permitted types/values
out type
in |[ENTNAM |N name of an entity all graphical entities,grp
in  [LINNAM N name of api_line lin
in  |KFIX E storage location [TDB,CAD]
out |NAME N name of duplicated and mirrored entity same type.as\ENTNAM

FORTRAN binding:

This fu

Mirror |

the element name is returned as zero.

Notes:

1) Mar

are

perf

2) If th

shall be also mirrored.

268

¥ DUP_M RROR_ENT ( ENTNAM LI NNAM KFI X )

Effects|

hction invokes the function Dup_Ent. The returned entity is mirrered by the function
[Ent and the name of the mirrored entity is returned. If an error occurs, no entity is created and

ipulation of entities that are instances of type fillvarea_style_hatchingor half_space_solid,
bnly allowed for the usage within the TDB. For these kind of entities the manipulation will be
brmed, but the duplicated entity remain within*in TDB (KFIX equals CAD, will be ignored).

e given entity ENTNAM is an instance-oftype api_group, all entities that refer to this group
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ENTNAM
(block)

=

— —®»  miror axis

L

_

~—LINNAM

new entity (NAME)
after mirroring

Figure A. 52 — Function: DupiMirror_Ent

Internal Reference:
6.1, 6.2.1, A7.1.1, A7.2.1

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
201 |temporary database overflow 202 |error while sending entity to CAD systern
204 |function not compatible with current.power level |208 |maximal number of groups exceeded
212 |usage of entity only allowed forusage within the |1001 |enumerated value out of range
TDB
A.7.3 Shifting entities
Shift an entity defined by a direction Shift_Dir_Ent

Shift an entity défined by displacements

Duplicate and shift an entity defined by a
direction

Duplicate and shift an entity defined by
disptacements

Shift_Displacement_Ent

Dup_Shift_Dir_Ent

Dup_Shift_Displacement_Ent

A.7.3.1 Shift an entity defined by a direction

Function name:
Shift_Dir_Ent

interface level:

geometrical power level:

12,3
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Parameters:
in/  |Name data |meaning permitted types/values
out type

in |ENTNAM |N

name of an entity

all graphical entities,grp

in |DIRNAM N

name of direction

dir

in |SHFLEN D

shift length

(0.00R
(EPS £ SHFLEN £ MAX) )

FORTRAN binding:

CALL SHLET_DIR ENT (

ENTNAM DI RNAM SHEL EN )

also

Effects

Transldtes the specified entity ENTNAM. The translation is defined by the given direction DIRNAM,
and length SHFLEN. The name of entity ENTNAM, all visual presentation (e.g. presentation style,
view_lgvel), group and set structure of the entity are not changed. The shift length SHFLEN is
measulled in OVC_length_units and shall either be equal to zero or in range [EPS,MAX];lf*an error
occurs,[no modification will be done.

Notes:

1) If the given entity ENTNAM is an instance of type api_group, all entities that refer to this group

shall be shifted.

Internal reference:

6.1, 6.4.1

Errors:

1 Entity name not defined (zero, or unknown) 2 éntity type out of permitted range

3 alue for length measure out of permitted range |204-\[function not compatible with current power level

A.7.3.2 Shift an entity defined by displacements

Functidn name:

Shift_Djsplacement_Ent interface level: 1
geometrical power level: | 1,2,3
Parameéters:
in/  |[Npme data |meaning permitted types/values
out type
in |ENTNAM |N name-of an entity all graphical entities,grp
in |DK D displacement in x-direction (0.0 OR (EPSE£|DX|EMAX))
in |DJY D displacement in y-direction (0.0 OR (EPSE£|DY|EMAX))
in |Di D displacement in z-direction (0.0 OR (EPS£|DZIEMAX))

FORTRANbInhding:

CALL SHILET DI SPLACENMENT _ENT ( ENTNAM DX DY _DZ )

Effects:

Moves an entity ENTNAM by a given displacement from its original position. The given values for the

displacement are measured in OVC_length_units and they shall either be equal to zero or in range

[EPS,MAX]. The name of entity ENTNAM, all visual presentation (e.g. presentation style, view_level),

group and set structure of the entity are not changed. If an error occurs, no modification will be done.
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Notes:

1) If the given entity ENTNAM is an instance of type api_group, all entities that refer to this group
shall be shifted.

2) When the current open view is defined as a 2D view (it means that the geometrical_power_level
entry of the interface status table equals 1), the given parameter DZ will subsequently be ignored
by the interface.

Internal reference:

6.1, 6.2.1
Errors:
1 Entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 Value for length measure out of permitted range |204 |function not compatible with current power level

A.7.3.3 Duplicate and shift an entity defined by a direction

Function name:

Dup_Shift_Dir_Ent interface level: 1
geometrical power level: | 1[2,3
Parameters:
in/  |Name data |meaning permitted types/valugs
out type
in |[ENTNAM |N name of an entity all graphical entities,grp
in |DIRNAM N name of direction dir
in |SHFLEN D shift length (0.00R
(EPS £ SHFLEN £ MAX) )
in |KFIX E storage location [TDB,CAD]
out |NAME N name of duplicated and“shifted entity same type as ENTNAM

FORTRAN binding:
NAMVE = DUP_SHI FT_DI R_ENT () ENTNAM DI RNAM SHFLEN, KFI X )

Effects:

This function invokes the-function Dup_Ent. The returned entity is translated by the function
Shift_Dir_Ent and the name of the translated entity is returned. The shift length SHFLEN is
measured in OVC_Jlength_units and shall either be equal to zero or in range [EPS,MAX]. If an grror
occurs, no entityis\created and the element name is returned as zero.

Notes:

1) If thesgiven shift length is equal to zero, only a copy of entity ENTNAM shall be created by
inveking the function Dup_Ent.

2)Manipulation of entities that are instances of type fill_area_style_hatching or half_space_|solid,

ara anhy allowvaad £ tha tcanavanthin tha TRD Far thacn loana Af antits

ak atha mant dation I be
aATCT ullly anoweaTortne uauyc WA -the T oo ofFthRese Kt o+ ehRttesthe IIIuIIIlJquI.IUII a4

performed, but the duplicated entity remain within in TDB (KFIX equals CAD, will be ignored).

3) If the given entity ENTNAM is an instance of type api_group, all entities that refer to this group
shall be also shifted.

Internal Reference:
6.1, 6.2.1, A7.1.1, A7.3.1
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Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
3 value for length measure out of permitted 201 |temporary database overflow
range
202 |error while sending entity to CAD system 204 |function not compatible with current power level
208 |maximal number of groups exceeded 212 |usage of entity only allowed for usage within the
TDB
1001 |Enumerated value out of range

A.7.3.4 Duplicate and shift an entity defined by displacements

also

Functidn name:

Dup_sShift_Displacement_Ent interface level: 1
geometrical power level: 4 1)2;3

Parameéters:

in/  [name data |meaning permitted types/values

out type

in |[ENTNAM |N name of an entity all graphical entities,grp

in |DK D displacement in x-direction (0/0-OR (EPSE|DX|EMAX))
in |DJY D displacement in y-direction (0.0 OR (EPSE£|DY|EMAX))
in |Df D displacement in z-direction (0.0 OR (EPS£|DZIEMAX))
in  |KFIX E storage location [TDB,CAD]

out |NAME N name of duplicated and shifted entity same type as ENTNAM

FORTRAN binding:
NAMVE ¥ DUP_SHI FT_DI SPLACEMENT_ENT ( ENTNAM DX, DY, DZ, KFI X )

Effects

This fupction invokes the function Dup_Ent. The returned entity is translated by the function
Shift_Displacement_Ent and the name of the translated entity is returned. The given values for the
displacement are measured in OVC_length. units and they shall either be equal to zero or in range
[EPS,MAX]. If an error occurs, no entity iscreated and the element name is returned as zero.

Notes:

1) If the calculated Euclidean norm-of displacement is equal to zero, only a copy of entity ENTNAM
shall be created by invoking,the function Dup_Ent.

2) Marfipulation of entitiesthat are instances of type fill_area_style_hatching or half_space_solid,
are pnly allowed for'the usage within the TDB. For these kind of entities the manipulation will be
perfprmed, but the*duplicated entity remain within in TDB (KFIX equals CAD, will be ignored).

3) If the given_entity ENTNAM is an instance of type api_group, all entities that refer to this group
shall be alse duplicated and shifted.

4) Whenthe en — —
entry of the interface status table equals 1), the given parameter DZ will subsequently be ignored
by the interface.

Internal Reference:
6.1, 6.2.1, A7.1.1, A7.3.1
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Errors:
1 entity name not defined (zero, or unknown) 3 value for length measure out of permitted
range
201 |temporary database overflow 202 |error while sending entity to CAD system

204 |function not compatible with current power level |208 |maximal number of groups exceeded

212 |usage of entity only allowed for usage within the |1001 |enumerated value out of range
TDB

A.7.4 Rotating entities

Rotate an entity Rotate_Ent

Duplicate and rotate an entity Dup_Rotate_Ent
A.7.4.1 Rotate an entity

Function name:

Rotate_Ent interface\level: 1
geometrical power level: | 1[2,3
Parameters:
in/  |name data |meaning permitted types/valuegs
out type
in |[ENTNAM |N name of an entity all graphical entities,grp
in |PNTNAM |N name of reference cartesian_point for.the rotation pnt
in  |ANG1 D rotation angle in (Oxy) plane around(Oz) axis (-360° £ ANGL1 £ 36Q°)
in  |ANG2 D rotation angle in (Oyz) plane aredid (Ox) axis (-360° £ ANG2 £ 36Q°)
in |ANG3 D rotation angle in (Ozx) plang around (Oy) axis (-360° £ ANG3 £ 36Q°)

FORTRAN binding:
CALL ROTATE_ENT ( ENTNAM PNINAM ANGL, ANG2, ANG3 )

Effects:

Rotates an entity ENTNAM. The reference cartesian_point is the origin of the virtual coordinate
system, used for the rotation. The virtual coordinate system is defined by translating the curren
reference coordinate systém)of the OVC onto the PNTNAM point. The rotation shall be done in the
following order:

—F

1st — rotation around (Oz) axis,
2nd - rotation around (Ox) axis,
3rd - rotation around (Oy) axis.

The given angles are measured in OVC_angle_units. The name of entity ENTNAM, all visual
presentation (e.g. presentation style, view_level), group and set structure of the entity are not
changed: Ifam error occurs, no modification witrbe done.

Notes:

1) If the calculated displacement between origin location of entity and rotated location of this entity is
in range [ZERO_VALUE,EPS], no modification shall be performed and no error occurs.

2) If the given entity ENTNAM is an instance of type api_group, all entities that refer to this group
shall be also rotated.

273



https://standardsiso.com/api/?name=475de63ebe4b6cecaa6692dc241ed1e0

ISO 13584-31: 1999(E) also

3) When the current open view is defined as a 2D view (it means that the geometrical_power_level
entry of the interface status table equals 1), the given parameters ANG2 and ANG3 for axis
rotations will subsequently be ignored by the interface and only the rotation of x,y-plane around
PNTNAM will be performed.

Internal Reference:

6.1, 6.2.1
Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
4 jalue for plane angle measure out of permitted |204 |function not compatible with current power level
ange

A.7.4.2 Duplicate and rotate an entity

Functidn name:

Dup_Rgtate_Ent interface level: 1
geometrical powerlevel: | 1,2,3

Parameéters:

in/  [name data |meaning permitted types/values
out type

in |[ENTNAM |N name of an entity all graphical entities,grp
in |PNTNAM |N name of reference cartesian_point for the rotation pnt

in |ANG1 D rotation angle in (Oxy) plane around (Oz) axis (-360° £ ANGL1 £ 360°)
in  |ANG2 D rotation angle in (Oyz) plane around (Ox) axis (-360° £ ANG2 £ 360°)
in |ANG3 D rotation angle in (Ozx) plane around (@y) \axis (-360° £ ANG3 £ 360°)
in  |KFIX E storage location [TDB,CAD]

out |NAME N name of duplicated and rotated éntity same type as ENTNAM

FORTRAN binding:
NAME ¥ DUP_ROTATE_ENT ( ENTNAM PNTNAM ANGL, ANG2, ANG3, KFI X )

Effects

This fupction invokes the function DUp:"Ent. The returned entity is rotated by the function Rotate_Ent
and thg name of the translated entity is returned. If an error occurs, no entity is created and the
elemert name is returned as zero:

Notes:
1) If the calculated displacement between origin location of entity and rotated location of this entity is
in rgnge [ZERO._VALUE,EPS], only a copy of entity ENTNAM shall be created by invoking the

fungtion Dup Ent.

2) Marfipulation of entities that are instances of type fill_area_style_hatching or half_space_solid,
are pnly, allowed for the usage within the TDB. For these kind of entities the manipulation will be
performed;,butthedupticatedentity renramwithim i TDB(KF X equats CADwittbe-fgnored):

3) If the given entity ENTNAM is an instance of type api_group, all entities that refer to this group
shall be also duplicated and rotated.

4) When the current open view is defined as a 2D view (it means that the geometrical_power_level
entry of the interface status table equals 1), the given parameters ANG2 and ANG3 for axis
rotations will subsequently be ignored by the interface and only the duplication and a rotation of
X,y-plane around PNTNAM will be performed.
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Internal Reference:
6.1, 6.2.1, A7.1.1, A7.4.1

Errors:
1 entity name not defined (zero, or unknown) 2 entity type out of permitted range
4 value for plane angle measure out of permitted |201 |temporary database overflow
range
202 |error while sending entity to CAD system 204 |function not compatible with current power level
208 |maximal number of groups exceeded 212 |usage of entity only allowed for usage within the
TDB
1001 |Enumerated value out of range
A.7.5 Changing entities
Change the orientation of a curves entity Chg_Orientation_Ent
Change the sense of a circular or elliptical entity Chg_Sense_Ent
Homotetia of an entity Homotetia_Ent
A.7.5.1 Change the orientation of a curves entity
Function name:
Chg_Orientation_Ent interface level: 1
geometrical power level: | 1[2,3
Parameters:
in/  |name data |meaning permitted types/valugs
out type
in |ENTNAM |N name of an entity curves

FORTRAN binding:
CALL CHG_ORI ENTATI ON_ENT (( NENTNAM )

Effects:

Changes the orientation of-an curves entity, ENTNAM. If the given entity is in range of basic or
arc , the following procedure is executed:

— The two trimming-points trim_1 and trim_2 interchanged.
— The sense Jagreement flag is changed.

If the givenicurves entity ENTNAM is an instance of type polyline, the following procedure is
executed:

<+ “The order of the list of the cartesian_points is reversed.

conic

If the given curves entity ENTNAM is an instance of type api_contour, the following procedure is

executed:

— Every item of the list of composite_curve_segmentis changed by the procedure, that is
specified above in this function.

— The order of the list of the segments is reversed.
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