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Foreword

ISO (the International Organization for Standardization) and| IEC (the
International Electrotechnical Commission) forni.the specializdd system
for worldwide standardization. National bodies that are membeérs of ISO
or IEC participate in the development of lnternational Standards through
technical committees established by thé r&spective organization to deal
with particular fields of technical activity. 1SO and IEC technjcal com-
mittees collaborate in fields of muttal interest. Other international or-
ganizations, governmental and nfon-governmental, in liaison|with iSO
and IEC, also take part in theswork.

In the field of information_tethnology, ISO and IEC have estaplished a
joint technical committee, ISO/IEC JTC 1. Draft International $tandards
adopted by the joint technical commitlee are circulated to natipnal bod-
ies for voting. Publication as an International Standard requires ap-
proval by at least 75 % of the national bodies casting a vote.

internationalStandard ISO/IEC 9592-4 was prepared by Joint [Technical
Committee~SO/IEC JTC 1, Information technology.

ISO/IEC 9592 consists of the following parts, under the general title In-
formation processing systems — Computer graphics — Programmer’s
Hierarchical Interactive Graphics System (PHIGS):

— Part 1: Functional description

-~ Part 2: Archive file format

— Part 3: Clear-text encoding of archive file

— Part 4: Plus Lumiére und Surfaces, PHIGS PLUS

Annex D forms an integral part of this part of ISO/IEC 9592. Afnexes A,
B, C, E and F are for information only.
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Introdfiction

ISO/IEC $592-1 provides a set of functions for the definition, display and modification of 2D or 3D graphical data. It do

not provide support for simulating the effects of lighting, shading, and other properties that are important for the display

of multi-dimensional data. This part of ISO/IEC 9592 specifies a basic set of such functionality for usein conjunction wi
the functionality defined in ISO/IEC 9592-1 and its amendment 1.

To provifle this support, PHIGS PLUS defines

a) outplut primitives specified by rational and non-rational B-spline curves and surfaces;

b) outgut primitives containing both geometric and non-geometric data in their definition;

¢) -attriputes that control the application of lighting and shading to both the¢'néw primitives and the primitives specifigd

in I§O/IEC 9592-1;

d) a geheralized mechanism for colour specification to allow non-indexed colour specification.

ES

vi
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Information processing systems—
Computer graphics—

Programmer’s Hierarchical Interactive Graphics System
(PHIGS)-
Part 4—Plus Lumieére und Surfaces, PHIGS PLUS

1 $cope

Thi$ part of ISO/IEC 9592 specifies an additional set of functionality of the Programmer’s Hierarchical Inte

ractive

Graphics System. This additional functionality is intended to satisfy basic application requirements in the ateas of

lighting and shading and defines additional primitives and functionality f0r_controlling the rendering of 3D obj

bcts. It

religs on the coexistence of the functions and functionality specified indSO/IEC 9592-1, and is meant to extend that func-

ementations as are allowed in ISO/AEC 9592-1. If PHIGS PLUS functions are used, they should only cau
extgnded effects specified in this part of ISO/IEC 9592.

A stan-
9592-4
9592-4

would
hmong
se the

Thi$ part of ISO/IEC 9592 defines a language independent extension to a graphics system for integration into a prggram-

ming language. PHIGS PLUS is emibgdded in a language layer obeying the particular conventions of the language
language bindings are specified\for ISO or ISO/IEC languages in ISO/IEC 9593.

. Such
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2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part of
ISO/IEC 9592. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of ISO/IEC 9592 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid

International Standards.

ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information exchange.

ISO,IIEC 7942:1985, Information processing systems — Computer graphics — Graphical Kernel System |(GKS)

Jfunctional description.

ISONEC 8632:1987, Information processing systems — Computer graphics — Metafile for storage\and trangfer of

pictyre description information.

ISOMEC 8805:1988, Information processing systems — Computer graphics — Graphical. Kernel System for
Dimensions (GKS-3D) functional description.

Three

ISONIEC 9592-1:1989, Information processing systems — Computer graphics — Programmer's Hierarchical Inteactive

Graphics System (PHIGS) — Part 1: Functional description.

ISOMEC 9592-1:1989/Amd.1:1992, Information processing systems — Comiputer graphics — Programmer's Hiexarchi-

cal Interactive Graphics System (PHIGS) — Part 1: Functional description)— Amendment 1.

ISONIEC 9592-2:1989, Information processing systems — Computer-graphics — Programmer's Hierarchical Intel
Graphics System (PHIGS) — Part 2: Archive file format.

ISONEC 9592-2:1989/Amd.1:1992, Information processing systems - Computer graphics — Progra
Hierprchical Interactive Graphics System (PHIGS) — Papt™2: Archive file format - Amendment 1.

active

mer's

ISONIEC 9592-3:1989, Information processing systeins — Computer graphics — Programmer's Hierarchical Intefactive

Graphics System (PHIGS) — Part 3: Clear texténcoding of archive file.

ISOQIEC 9592-3:1989/Amd.1:1992, Informadtion processing systems — Computer graphics — Programmer's Hienarchi-

cal Interactive Graphics System (PHIGS)— Part 3: Clear text encoding of archive file — Amendment 1.

ISONIEC 9593:1990, Information processing systems — Computer graphics — Programmer's Hierarchical Inter
Graphics System (PHIGS) langudge bindings.

active
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3 Definitions

For the purpose of this part of ISO/IEC 9592 the following definitions apply. This part of ISO/IEC 9592 also makes use of
the definitions in ISO/IEC 9592-1. (Terms used within definitions in this clause that are themselves defined in this clause
are italicized.)

3.1 ambient light source: A light source that contributes to the reflectance calculation independently of the orientation
or position of the area being illuminated or the location of the viewer’s eye.

3.2 ambient reflection coefficient: The fraction of ambient light reflected from an area.

3.3 area primitive: Any of the output primitives: fill area, fill area set, cell array, fill area set with data, cell atray| PLUS,
set pf fill area sets with data, triangle set with data, triangle strip with data, quadrilateral mesh with data non-uniform
B-spline surface and non-uniform B-spline surface with data. In addition, some generalized drawing .primitiv¢s may
havp this classification.

3.4 attenuation coefficient: A coefficient that determines the decrease in intensity of light as afunction of the distance
betyeen a light source and an illuminated object.

3.5|back facing: A back-facing facet has a facet normal that, when transformed to NP€,has a negative Z component.
Seelalso front facing.

3.6 [colour mapping: The conversion of direct colours in the rendering pipeline to other colours before they are
displayed on the workstation.

3.7 [colour spline: The parametric curve or surface in colour space (or homogeneous colour space) defining the{colour
distribution over an output primitive.

3.8|concentration exponent: A parameter of a spot light source that'specifies the relative decrease of light as the angle
of the light diverges from the centreline of the light source’s cone of influence.

3.9 cone of influence: A conceptual cone that represents the influence of light from a spot light source. The cone of influ-
encp is defined by the light source’s position, direction and spread angle.

3.19 data mapping: The conversion of application-specific data or colour 1o intrinsic colour.

3.1]1 depth cueing: An effect in which the coleurs of points on an output primitive are combined with a specified depth
cue{colour. The degree of combination is deperdent on the depth (Z in normalized projection coordinates) of the [points.

3.12 depth cue mode: A field in each entry of the depth cue table of the workstation state list that indicates whether or
not|depth cueing should be performed,

3.13 depth cue table: A table in the workstation state list that contains information used to control depth cueing
3.14 diffuse reflection: An approximation of the light reflected equally in all directions from an area.

3.15 diffuse reflection‘coefficient: The fraction of light from non-ambient light sources that is diffusely reflecting from
an grea.

3.1¢ direct colour specification: A non-indexed method of specifying colour where the components of the colopr, i.e.,
coordinates.in eolour space, are specified together with the colour model in which those components are expressed.

3.1 directional light source: A light source that contributes to the reflectance calculation dependent on the orieptation
of thé-area being illuminated but independent of the area’s position.

3.18 edge visibility flag: An indicator that is part of the specification of some output primitives, such as fill area set with
data, that controls whether an individual edge is visible.

3.19 eye point: A point in world coordinates that transforms to infinite positive Z in normalized projection coordinates.
This point is used in the reflectance calculation for determining viewing-position-dependent effects of lighting,

3.20 facet: An interior segment of an area primitive. Each facet of an output primitive is defined by a subset of the prim-
itive’s set of vertices. The subset is dependent on the individual primitive type, and in the case of parametric surfaces, on
the approximation of the surface. Facets have an orientation in NPC described as back-facing or front-facing.
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3.21 facet culling: The process of removing front-facing or back-facing facets of area primitives.
3.22 facet data: Intrinsic colour data or a normal vector specified with an area primitive.

3.23 facet normal; A normal vector associated with a facet of an area primitive. Facet normals are used to determine the
orientation of a facet and in some cases for determining the reflectance normal.

3.24 fill area set with data: An output primitive consisting of a set of coplanar polygons. It is similar to the fill area set
output primitive defined in ISO/IEC 9592-1. The corresponding structure element may include other information such as
colours or normals that are conditionally used to colour, light and shade the output primitive.

3.25front tactng A fron-facing facet tasafacer mormai-that, when tramsformmedto-NPEfasapositiveor zero Z

component. See also back facing.

3.26/general colour: A data type that allows both the direct and indirect specification of colour. General colour specifies
a cojour type together with a type-dependent colour value. The colour type can either indicate a colour model, in which
case] the colour values are coordinates in the colour space corresponding to that model, or it can indicate that the ¢olour
is bging specified indirectly, in which case the single colour value is an index into the workstation-dependent ¢olour
tablg.

3.27|geometry spline; The parametric curve or surface defining the geometry of a parametric output primitive.

3.28 indirect colour specification: A method of specifying colour via an index into.a workstation dependent ¢olour
tablg.

3.29| intrinsic colour: The colour or colours of an output primitive that arg independent of lighting, depth cueing and
color mapping.

3.30{ intrinsic colour data: Colour or application-specific data associated with output primitives and specified fin the
output primitive’s structure element. Intrinsic colour data, when spegified, is conditionally used to determine the infrinsic
coloyr of an output primitive.

3.31|isoparametric curve: A curve on a parametric surface\produced by evaluating the surface over the range of pne of
its independent variables while holding its other independent variable constant.

3.32 knot vector: A non-decreasing sequence of real numbers that is part of the definition of non-uniform B-splines.
Thig vector consists of values of the independent variables and is used in computing the B-spline basis polynomials.

3.33light source: A simulated source of light;

3.34light source direction: A unit vector, that defines the orientation of oriented light sources.

3.35|light source state: A field in thetraversal state list that selects which light sources in a workstation light sourcg table
are 4ctive. ‘

3.36|lighting: See reflectance-calculation.
3.37|normal vector: Aubit length vector, typically indicating the orientation of a facet or object.
3.38| parameter range: The parameter space over which a parametric curve or surface is defined.

3.39| parameter range limits: Minimum and maximum parameter values, specified separately from any knot values,
that Jimit the parameter range over which parametric curves are generated:

3.40|parametric output primitive: Output primitives defined as a mapping from a parameter space to modelling| coor-
dinates™P fcou Tt i =um =sphi > TIOTFUTE =spline
curve with colour, non-uniform B-spline surface and non-uniform B-spline surface with data.

3.41 parameter space: The coordinate system of the independent variable(s) of parametric curves and surfaces. The
parameter space is one-dimensional for curves and two-dimensional for surfaces.

3.42 polyline set with colour: An output primitive consisting of an unconnected set of polylines. The corresponding
structure element may include colour information that is conditionally used to shade the primitive.
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3.43 portion: A portion of an area primitive refers to one or more facets of the primitive that are distinguished as a group
from its other facets by some property such as orientation or position relative to atrimming loop. The term can be applied
to groups of explicitly defined facets as well as the facets conceptually used to approximate a non-uniform B-spline
surface.

3.44 positional light source: A light source that contributes to the reflectance calculation dependent on the orientation
and position of an area being illuminated relative to the light source.

3.45 quadrilateral mesh: An output primitive in which an array of quadrilaterals is specified by a two-dimensional array
of vertices.

3.44 reflectance calculation: The computation of the effect of light sources on the colour of an area primitive’s facets.

3.47 reflectance model: An aspect that selects the reflectance calculation and thereby specifies which lighting leffects
are to be displayed.

3.48 reflectance formulae: Formulae that model the light reflected by an area primitive.

3.49 reflectance normal: A vector used in the reflectance calculation and indicating the oriéntation of a primitive at a
point on the primitive. The vector is conceptually perpendicular to the surface of an object being represented by gn area
prinitive. It is derived from the vertex normals of the primitive, if specified, or the facethormal.

3.5
3.5

reflectance properties: An aspect of area primitives that indicates how a primitive reflects light.

rendering colour model: The colour model used for performing colourinterpolation during shading and depth

rendering pipeline: A sequence of operations that performs dat@mapping, lighting, shading, depth cueing, and
ur mapping of output primitives. Each of these operations is considered a stage in the rendering pipeline.

rigid-body transformation: A modeling transformation composed of at most translation, rotation, and rrcaling
formations, where translation transformations move every point of an object an equal distance in the same difection,
otation transformations maintain relative angles, and.the scaling transformations apply equal scaling in all ¢oordi-
dimensions.

set of fill area sets with data: An output prifitive in which a number of possibly non-coplanar fill area dets are
ed by indices into a single list of vertex data. The fill area sets are not required to form a closed or connected surface.

shading: The interpolation stage of the xendering pipeline.

specular colour: A reflectance property indicating the effect of a primitive on the colour of specular reflections

from that primitive.

specular exponent: A non-negative number indicating the shininess of an area, The higher the specular exponent,

the khinier the area. A specular exponent of 0 indicates a minimum relative degree of shininess.

specular reflection:) An approximation of the unequal reflection of light in different directions from an areq prim-
, dependent on-the relationship of the viewer to the primitive and the light source.

specular refléction coefficient: The fraction of non-ambient light contributing to specular reflection.

spot light source: A light source that contributes Lo the reflectance calculation dependent on the orientatipn and
relative’position of the area being illuminated. Light from such a source is restricted to a semi-infinite cone of influence
and|its“intensity may decrease as it deviates from the centreline of this cone. (See concentration exponent and |spread
angle.)

3.61 spread angle: An angle that determines the shape of the cone of influence of a spot light source. Spread angle is the
angle between the center of the cone of influence and the limit of the cone of influence measured at the position of the
spot light source.

3.62 triangle set: An output primitive in which a number of possibly unrelated triangular facets are defined by indices
into a single list of vertex data.
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3.63 triangle strip: An output primitive comprised of a group of adjacent triangles formed by connecting a list of
vertices such that the second and third vertices of each triangle are used as the first and second vertices of the next
triangle.

3.64 trimming curve: A parametric curve in the parameter space of the surface to which it applies. Trimming curves are
combined to form trimming loops which limit the parameter range over which a parametric surface is evaluated.

3.65 trimming loop: A sequence of connected and similarly oriented trimming curves that form a closed path. Trimming
loops are used to limit the parameter range over which a parametric surface is evaluated.

DA A generd QL0 QCIAICO ] D VELICX O

erte g : A ? X itionally
| within the rendering pipeline to colour and shade the primitive,

3.67 vertex data: Geometric, intrinsic colour data, or vertex normal data specified at vertices of certain eutput|primi-
gle set
with data, triangle strip with data, quadrilateral mesh with data and non-uniform B-spling surface with data. In addition,

workstation light source. A light source entry in a workstation light source table.
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4 The PHIGS PLUS system

4.1

About this part of ISO/IEC 9592

4.1.1 Specification and conformance

The set of functions known as PHIGS PLUS shall be as described in clauses 4, 5, and 6 of this part of ISO/IEC 9592 in addi-
tion to the functions described in clauses 4, 5, and 6 of ISO/IEC 9592-1. A conforming implementation of PHIGS PLUS

crit

the

dition
pport
ria for the additional functionality are specified in 4.10. A conforming implementation of PHIGS PLUS shall provide
dditional information described in annex D as well as annex D of ISO/IEC 9592-1, and the minimum support{speci-

fied|in 4.10 as well as 4.14 of ISO/IEC 9592-1. In a conforming implementation all graphical capabilities that tan be

addressed by PHIGS PLUS shall be used only via PHIGS PLUS.

4,12 Registration

For

certain parameters of the functions, PHIGS PLUS defines value ranges as being réserved for registration.1 The|mean-

ingd of such values and ranges will be defined in the Register. These procedures de not apply to values and value franges

defiped as being workstation or implementation dependent; such values and ranges are not standardized.

4.1

Thi

b)

c)

d)
e)

g)

3 Notational conventions

part of ISO/IEC 9592 uses the following typographical conventions.
The names of primitive attributes appear in upper case.

Geometric aspects of primitives appear in upper case, Non-geomelric aspects appear in lower case except when the
corresponding individually specified attributes are being used, in which case they appear in upper case.

The names of entries in the PHIGS data structurés, including those defined by PHIGS PLUS, appear in lower cdse sur-
rounded by single quotation marks.

The names of structure elements appear in lower case surrounded by double quotation marks.
The names of PHIGS PLUS functions appear in upper case.
The values of an enumeration data type appear in upper case.

The names of data types-appear in upper case.

1) For the purpose of this part of ISO/IEC 9592 and according to the rules for the designation and operation of registration authorities in the ISO/EC

Dire

ctives, the ISO and IEC Councils have designated ihe following as the registration authority: National Institute of Standards and Technology

(National Computer Systems Laboratory), The Registration Authority for Graphical Items, A-266 Technology Building, Gaithersburg, MD 20899,
USA
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4.2 Overview and concepts

4.2.1 Overview

The Programmer’s Hierarchical Interactive System (PHIGS) Plus Lumigre Und Surfaces (PHIGS PLUS) provides a func-
tional interface between an application program and a configuration of graphical input and output devices. The
functional interface contains all of PHIGS, the basic functions for interactive graphics on a wide range of graphics equip-
ment, and adds new facilities for the specification of curved lines and curved and facetted surfaces. Lighting and other
eff h as depth modulation can be specified to allow realistic presentation of the geometry. There is direct support
for the visualization of data that can be associated with the geometry.

Thq interface is at such a level of abstraction that hardware peculiarities are shielded from the application-program. As
argsult, a simplified interface presenting the additional primitives is obtained.

Some PHIGS PLUS concepts are described as being workstation dependent. This means the implementation is allgwed 10
spefify the characteristics of these concepts on a workstation by workstation basis. All workstation dependent concepts
arefexplicit in the standard. Other PHIGS concepts are described as being implementation dependent. This means|that an
implementation is allowed to determine the effect (rather than having the effect mandated by the standard). However
such effects shall be the same on all workstations in a single implementation.

Annex D (taken with annex D of ISO/IEC 9592-1) describes the permitted differerices’between PHIGS PLUS implementa-
tions. .

4.202 Concepts

S PLUS defines a set of output primitives whose definitions‘Contain, in addition to the geomeltry of the primitive,
mf rmation that further specifies certain characteristics of thé ?rimilive and influences its appearance on the dlisplay

rface. These output primitives are called with-data primitives.” The data defined for these with-data primitives|is used
to dolour and shade the primitive, and in the case of areq primitives, to indicate the primitive’s apparent orientatjon and
conjtrol the visibility of its edges. Depending on the cutput primitive, the information that can be specified in addjtion to
geametry is intrinsic colour data that indicates a colour distribution across the primitive, normal vectors that indigate the

A dolour is specified in PHIGS PLUS as a general colour, which consists of a colour type and a type-dependent|colour
valpe. The colour type can indicate any one of a number of colour models, in which case the corresponding colm}r value

ith case
ification
of ISO/IEC 9592-1 as_a)ysubset of a more general colour specification mechanism. PHIGS PLUS defines general [colour

PHIGS PLUS\has the concept of a rendering pipeline. Conceptually, all output primitives pass through this pipdline as
they are displayed. Operations are performed in the pipeline that affect the colour and appearance of each facet of 4 prim-
itivg. These operauons mclude for most pnmmves the mappmg of apphcauon spec1ﬁc data to colour (data mapping),

C c : imitive
atlnbutes and any data attached to the pr1m1t1ves are conditionally used in these operauons The last stage of the
rendering pipeline is a colour mapping that maps the resultant colours from the earlier stages into workstation dependent
colours. The application may have control over which of these stages are active and what methods are used within each
stage.

2) In this subclause, terms in the glossary are italicized when first used.
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Data mapping in PHIGS PLUS provides a mechanism to convert application-specific data to colour within the rendering
pipeline, Data such as temperature, pressure or other scalar or multi-dimensional information can be specified for most
area primitives. Selected portions of this data may then be used during traversal to determine the intrinsic colour of the
primitive, which is the colour or set of colours associated with a primitive before the effects of lighting are applied. The
method to use to convert the data to intrinsic colour is under application control. More data can be specified than is used
during any single rendering of a primitive.

Explicitly specified and implicitly specified aspects control the operations of the rendering pipeline. Explicitly specified
aspects are jacet normals used to determ ine facet orientation, and vertex normals used 10 determme reﬂectance normals
in reflee ; SteFm g facet.

PHIGS PLUS defines the light sources and suggests their interaction with output primitives. Several types oflight sources
are flefined: ambient, directional, positional and spot. Workstation light sources are associated with workstations and are
del'med as entries in the ‘light source table’ in the workstation state list.3 Active light sources are selected from this table
by the ‘current light source state’ in the traversal state list. '

Each facet of an area primitive has an orientation, either front facing or back facing as determingd in normalized projec-
tior|] coordinates from the facet normal. PHIGS PLUS defines separate attributes for front andyback facing facets pf area
prithitives and provides controls for determining when they should be applied. PHIGS REUS also defines an attribute to
confrol whether individual facets are removed prior to viewing based on their orientatipn.

PHIGS PLUS defines non-uniform B-spline curve and surface output primitives.<These output primitives are specified by
a saries of control points and parameter values that define non-uniform B-gpline curves and surfaces in terms of| the B-
splihe representation. This interface allows the exact specification of comménly required shapes including conicg, conic
sections such as circles, ellipses, parabolae, spheres, and spheroids without resorting 1o special cases. The curyes and
surfaces are represented by non-rational and rational splines using the mathematically robust B-spline representation.-
Varjants of these primitives are defined that allow spemﬁcatlon of*arvintrinsic colour data distribution over the primitive.

PHIGS PLUS replaces some fields of some of the data structures defined in ISO/IEC 9592 1 and adds a number of fields to
thege data structures. Replacements and additions have been made to the PHIGS description table, traversal stte list,
workstation state list and workstation description tableyand are listed in clause 6.

3) Light sources with their specification included directly in the CSS are not defined by this part of ISO/IEC 9592, but their inclusion as GSEs or
GDPs is not prohibited.
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4.3 PHIGS PLUS structure elements

4.3.1 Output primitive structure elements

The output primitive structure elements defined by this part of ISO/IEC 9592 are listed in table 1.

Table 1 — Qutput primitive structure elements

fill area set 3 with data

fi]l area set with data

c¢ll array 3 PLUS

s¢t of fill area sets 3 with data
t of fill area sets with data
angle set 3 with data

angle set with data

analosn 3wt d
triangle strip with data

quadrilateral mesh 3 with data
quadrilateral mesh with data

non-uniform B-spline curve 3
non-uniform B-spline curve 3.with colour
non-uniform B-spline surface3
non-uniform B-spline Surface 3 with data

4.3.2 Attribute specification structure elements

The attribute specification structure elements defined by this part of PHIGS are listed in table 2.

Table 2 — Attribute specification structure elements

s¢t polyline colour
s¢t polyline shading method
s¢t polymarker colour
s¢t text colour
set edge colour
s¢t back interior style
t back interior style index
s¢t interior colour
t back interior colour
s¢t back interior index
s¢t facet distinguishing mode
s¢t facet culling mode
s¢t data\mapping method
s¢t‘back data mapping method

set back reflectance properties
sct interior shading method

set back interior shading method
set reflectance model

set back reflectance model

set reflectance index

set back reflectance index

set light source state

set depth cue index

set rendering colour model

set colour mapping index

set curve approximation criteria
set surface approximation criteria

set parametric surface characteristics

set data mapping index
set back data mapping index

set reflectance properties

set parametric surface index
set individual ASF (additions)

10



https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

ISO/IEC 9592-4:1992(E)

4.3.3 Structure element archive

This part of ISO/IEC 9592 defines output primitive and attribute specification structure elements. The archive file format
for these structure elements is defined in ISO/IEC 9592-2 and its amendment 1. The clear text encoding of that format is
defined in ISO/IEC 9592-3 and its amendment 1.

11
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4.4 Output primitives

4.4.1 General

PHIGS PLUS augments the set of output primitives defined in ISO/IEC 9592-1 by defining additional output primitives and
output primitive structure elements. Some of these new output primitives can have optional data associated with them.
The optional data can be some combination of vertex normals, facet normals, edge visibility flags, and intrinsic colour

in
do
co

W
pr

ES not prov1de the optmnal mformauon PHIGS PLUS under some condmons, computes portions of it and
mputed information in the rendering pipeline.

Vertex
Normal

Vertex

Facet -
""" Colour

Colour .,

Vertex
Normal
Vertex
Normal
"""" Interior

" Edge
Vertex
Normal

Vertex
Colour

Figure 1=~ Data that may be associated with a facet

hen present, normal vectors-shotld be of unit length. The specification of a non-unit length normal vector

during traversal, the effect-of the non-unit length normals is workstation dependent.

4.4.2 Polylineset'with colour

PE

can be specified with each vertex as part of the primitive definition.

4 43 Fillareaset-with-data

data as shown in ﬁgure 1. Dependmg on various atmbute settmgs PHIGS PLUS uses [hlS mformauon at various points

lication
hses the

Joes not

bduce an error when the elemient is created. When primitives containing non-unit length normal vectors are interpreted

IGS PLUS génerates a set of unconnected polylines. Each polyline is defined by vertex sequences. Colour infgrmation

PHIGS PLUS generates a fill area set that can be empty, hollow, hatched, or filled with a colour distribution or pattern.
The edges of a fill area set consist of the line segments comprising its defining polygons. The primitive specification may
contain any combination of facet or vertex intrinsic colour data, vertex normals, a facet normal, and edge visibility flags.
The interior of a fill area set with data primitive is the same as that defined in ISO/IEC 9592-1 for a fill area set primitive,

Ensuring that all the points of the fill area set are coplanar is the responsibility of the application. While slightly non-
coplanar points (e.g. owing to numerical roundoff errors) should be mapped to a plane by the implementation, the effect

of

12

larger divergences is workstation dependent.
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4.4.4 Cell array PLUS

PHIGS PLUS generates a cell array. The cell colours are specified with general colours.

4.4.5 Set of fill area set with data

PHIGS PLUS generates a group of fill area sets. The vertices of each fill area set are specified by lists of indices into a
single list of vertices. This allows vertices and their associated data to be shared among the fill area sets. The specifica-
tion may contain any combination of facet or vertex intrinsic colour data, vertex normals, facet normals, and edge
visilfility lags.

Thelfill area sets are not required to be coplanar. Each individual fill area set in the set of fill area sets{howeyper, is
expgcted to be planar, Ensuring that each fill area set is planar is the responsibility of the application. The effect praduced
by non-planar fill area sets is workstation dependent.

4.4.p Triangle set with data

PHIG:S PLUS generates a set of triangles (see figure 2). The vertices of each triangle are specified by three indices|into a
list ¢f vertices. The set of triangles need not be coplanar. The primitive definition allows specification of any combihnation
of fgcet or vertex intrinsic colour data, vertex normals, facet normals, and edge visibility flags.

Figure 2 — A toiangle set primitive (The vertex list is {Vy, V,, V3, V4, Vs, Vg, V4}. The list of vertex
indices is { (1,7, 2), (3, 7, 4), (5, 7, 6). The list of edge visibility flags is {E; 1, E{ 2 Eq 3, E; 1, E3 2,
E; 3, B3 1,'E3 2, E3 3})

4.4{7 ~Triangle strip with data

PHIGS PLUS generates a set of N-2 triangles from a list of N vertices (see figure 3). Each triangle of the strip has as its
vertices three successive vertices from the vertex list. The set of triangles need not be coplanar, The triangles are implic-
itly numbered by the ordering of the defining list of vertices. The first triangle in the strip is numbered 1. The edges of a
triangle strip are the line segments forming the boundaries of all triangles in the strip. There is only one edge between
any two adjacent triangles, hence there are 2(N-2) + I edges. The primitive definition allows specification of any combi-
nation of facet or vertex intrinsic colour data, vertex normals, facet normals, and edge visibility flags.

13
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Figure 3 — A triangle strip primitive (Vertices, V;, are identified by their position in the vertex list,
Edges, E;, are identified by their position in the optional list of edge visibility flags)

4.4.8 Quadrilateral mesh with data

PHIGS PLUS generates a set of (M—1) X (N-1) quadrilaterals from a two dimensional array of M x N vertides (see
figyre 4). The set of quadrilaterals need not be coplanar. The edges of a quadrilateral mesh are the line segments forming
the|boundaries of the individual quadrilaterals in the mesh. There is only one@dge between any two adjacent quadrilat-
erals, hence there are M(N-1) + N(M-1) edges. The primitive definitio<allows specification of any combingtion of
facet or vertex intrinsic colour data, vertex normals, facet normals, andédge visibility flags. Quadrilaterals in the mesh
car be non-planar. Non-planar quadrilaterals are rendered in a workstation dependent way.

Vi1 Vi2 Vi3 Vi4
Ep2 Ej22 Ei 3,2
Ei1,1 @ 1,2,1 @ 13,1 @ 1,4,1
Va2 Va3
Val E E E Vas
2,102 22,2 23,2
By 1,1 @ Ez21 @ Ez3.1 @ Ez 41

E E332
Va1 E312 V32 32,2 Vi3 - V34

’

Figure 4 — A quadrilateral mesh primitive, M =3, N = 4 (Vertices V; j are identified by their position

n the vertex array. Eﬂges Ei,j,k are identilied By their position in the optlonal eﬂge !Iag arrayl

4.4.9 Non-uniform B-spline curve

PHIGS PLUS generates a non-uniform B-spline curve of a specified order over a specified range of a single independent
parameter. The curve is specified by its order, its rationality, a list of control points in modelling coordinates, a list of
knots in the one-dimensional parameter space, and two parameter range limits. Either a rational or a non-rational B-
spline curve can be specified. The extreme values of the knots specify the curve’s parameter range. Parameter range

14
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limits can be specified that limit the range over which the independent variable is evaluated and the B-spline curve is
generated,

A B-spline curve is defined in PHIGS PLUS as a mapping from a bounded one-dimensional parameter space into a set of
points that compose the curve:

CH = Y B P, )

(=1

wheJe
C(t)|is the curve;

P; arp the n control points;

B; 4{t) is the i-th B-spline basis function of order k;

tis the parameter, 1, <t <t,,].

non-fecreasing; thus the number of knots is equal to the number of control points‘plus the curve order. The pargmeter

The B-spline basis functions are determined by the order k and a knot vector, {¢ § }.J s INo n+k, where the sequen{e tjis
h the

rangf is defined by the knot values ¢ and 1, ;, and defines the bounds of the parameter space domain over whi
curvg is defined. The B-spline basis functions are defined by the recursion formula:

1, ;<1<
B;, 1(t) = ( ) (2a)

0, elsewhere

0, t<¢ or<e;,

Bi) = (‘”‘z)Bi,k-l(‘)+(‘i+k")3i+1,k-1(‘) t (20)

Livk-174 vk~ tivn

(t—t)B, , 1) (k=9 By -1
and

Livk-174 vk i .
idenkical knot values are specified.In these cases the terms are defined to be 0.

may produce the indeterminate quantity 9 when miiltiple

The|terms 0

Thecurve is said to be uniform/if there exists a real number, 8, such that ¢; , ; - ;= & for all j such that k£ £ j < n; jother-
wisg the curve is said to-be non-uniform.

A n¢n-rational non<uniform B-spline curve output primitive is generated by applying equation 1 to a set of modelling
coordinate points;£; = (x;, ¥, ;).

A rational B=spline curve is defined in PHIGS PLUS as a mapping from a bounded one-dimensional parameter spa¢e into
a sef of homogeneous points:

Chy = B, (0 P} €)
i=1
where P,vh =(WigiHn Wilis .. Wik

The projection of C(t) into non-homogeneous coordinates is achieved by dividing all the curve’s coordinates by the last
coordinate, w. This definition of a B-spline curve applies to the non-uniform B-spline curve output primitive, any colour
spline associated with that output primitive, and trimming curves associated with non-uniform B-spline surfaces.
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A rational non-uniform B-spline curve output primitive is generated by applying equation (3) to a set of homogeneous
modelling coordinate points, P,-h = (wx;, W;¥;, w;z;, w;), and projecting the resulting points to three-dimensional
modelling coordinates.

In both the rational and non-rational cases the curve generated by PHIGS PLUS is the result of mapping a portion of the
curve’s parameter range to modelling coordinates. The portion to map is indicated by parameter range limits specified
with the structure element. The curve is mapped only within and at the parameter range limits, and this portion consti-
tutes the geometry of the curve for the purposes of display, picking and incremental spatial search. The parameter range
limits shall be within the specified parameter range of the curve.

Conceptually, a non-uniform B-spline curve is rendered by evaluating a number of sample points on or nearthg curve.
The density of the sample points is controlled by the curve approximation criteria. If the sampling is higher'than the
dersity of points on the display surface, displaying the sample points themselves produces a complete rendering of the
curve. Alternatively, adjacent sample points may be joined by straight lines that are then displayed.

4.4.10 Non-uniform B-spline curve with colour

PHIGS PLUS generates a non-uniform B-spline curve. The curve’s definition contains an_optional non-uniform B-spline
curpve that describes the colour distribution over the curve’s geometry. The control peints-of this colour spline arg colour
coqgrdinates in one of the available directly-specifiable colour models.

Th¢ control points of the colour spline are colour values of the appropriate dimesision for the specified colour model. The
parameter range of the colour spline shall wholly include the parameter tange limits of the geometry spline, thus the
colpur for any point on the mapped portion of the curve can be determined by evaluating the colour spline at thg corre-
spgnding parameter value.

Th¢ colour spline need not have the same order, rationality nor knot sequence as the geometry spline. The valuep of the
colpur spline control point coordinates can be outside the yange normally associated with the colour value. (This is
negessary to allow colour specification with rational B-splincs, and to allow B-splines that interpolate a set of c¢lours.)
If the colour spline is rational, the dimension of the control points is one more than the dimension of the corresponding
colpur model coordinates. The colour spline is defined by equations (1) and (3).

The¢ curve’s colour is determined from the colour spline at the sample points used for the geometry spline. These tolours
are|then considered to be vertex colours, The’polyline shading method aspect indicates how these vertex colqurs are
applied to the rendering of the curve.

4.4111 Non-uniform B-spline surface

PHIGS PLUS generates a non-uniform B-spline surface of two specified orders over a specified range of two indegendent
parpmeters. The surfaceisspecified by its order, its rationality, an array of control points in modelling coordinates, and
a lipt of knots for each of the independent parameters. Either a rational or a non-rational B-spline surface can b¢ speci-
fied. The extreme/values of the knots specify the parameter range of the surface. An optional set of trimming|curves
{(defined by non-uniform B-spline curves) can be specified to limit the parameter range over which the independent vari-
ables are evaluated and the B-spline surface is generated. If trimming curves are specified the edges of this prjmitive
confsist of the points on the displayed surface corresponding to the trimming curves. If no trimming curves are specified
theledges consist of curves of constant parameter value at the parameter range boundaries of the surface.

A B-spline surface 1s defined in PHIGS PLUS as a mapping from a bounded two-dimensional parameter space into a set
of points that compose the surface:

S (u,v) = z ZBi’k(u)Bj’l(v)Pi’j @)

i=1j=1

16


https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

ISO/IEC 9592-4:1992(E)

where
S{u, v) is the surface;
P; jare an n X m array of control points;
B; i (u) is the i-th B-spline basis function of order £, defined by the knot vector {u, J, p = I to n+k;

B; 1(v) is the j-th B-spline basis function of order /, defined by the knot vector { Vg }.qg=1tom+l;

u an oparameters, i, SU S, 1 VISVSV,
The [B-spline basis functions are determined by the orders & and [ and the respective knot vectors, each of whiCh isja non-
decreasing parameter sequence. The B-spline basis functions are defined by equation (2) in 4.4.9. The patameter range

is dafined by the knot values uy, u, , ;, and v;, v, ;, which define the bounds of the parameter space domains over[which
the ;urface is defined. The surface is said to be uniform in the u parameter if there exists a real number, 3, su¢h that
Up o —Up = & for all p such that & < p £ n; otherwise the surface is said to be non-uniform in thatparameter. The Jurface
is said to be uniform in the v parameter if a similar test holds for that parameter. The surface is'said to be non-uniform if
it is pon-uniform in either parameter.

A n¢n-rational non-uniform B-spline surface output primitive is generated by applyingegquation (4) to a set of modlelling
coordinate points, P; ; = (x; ;, ¥; ,j» 2i,j)- A rational non- -uniform B-spline surfacc output primitive is generaled by
applying equation 4 to a set of homogeneous modelling coordinate points, P; "= (w; ix; , w; ; ¥; j Wi j2;,j» Wi ), and
projecting the resulting points to three-dimensional modelling coordinates by dlvxding Lhe first three coordinates ¢f each

point by the point’s homogeneous coordinate, w.

In bpth the rational and non-rational cases the surface generated by .PHIGS PLUS is the result of mapping eitheq all or
portions of the surface’s parameter range to modelling coordinates:If'only portions are to be mapped then they ar¢ iden-
tifiefl with a set of trimming loops (4.4.12). For the purposes of @isplay, picking and incremental spatial search, only the
portions of the surface actually mapped to modelling coordinates constitute the geometry of the primitive.

4.4]12 Surface trimming

The|B-spline surface mapping is defined on al-two-dimensional parameter space rectangle defined by the surface’s
parameter range. The mapping of the surface¢an be restricted to portions of that parameter range by specifying 4 set of
trimming loops that define those portions~Trimming loops are composed of one or more trimming curves. Tripming
curvles are B-spline curves, as defined by équation 1 or 3, that map a one-dimensional parameter range to the two-dimen-
sionpl parameter range of the surface: In the non-rational case, the P; of equation 1 are two-dimensional control|points
in the parameter space of the surface, P; = (u;, v;). The mmmmg curve is the result of applying equation 1 to these points.
Intl e rational case the P; are homogeneous comrol points P = ( Wilki, WiV, W ) The trimming curve is the refult of

tail §s the poinf corresponding to its maximum parameter range limit. A correctly specified trimming loop is explicitly
closgd; thatsis; the tail of each curve touches the head of the subsequent curve, and the tail of the last curve touches the
head ofth¢ first curve. Correctly specified trimming loops do not intersect themselves or other trimming loops|of the
surficenTrimming curves only touch other trimming curves of the surface or themselves when they are adjacept in a
trimming [o0p, and then only at their endpoints. Each rimming curve should be continuous. The implementation may
assume continuity, non-intersection, head-to-tail connectivity, and closure of trimming loops. During traversal, trimming
loops that violate these assumptions are treated in a workstation dependent manner.

Two rules are used to define the portion of the surface’s parameter range to map (see figure 5):

a) 0Odd Winding Rule: A point is in the mapped portion of the surface’s parameter range if any ray projected from that
point to infinity has an odd number of intersections with the set of trimming loops.
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b) Curve Orientation Rule: For any given trimming loop, the mapped portion of the surface is “to the left” of the
directed loop and the unmapped portion is “to the right”. The term “to the right” is defined as follows: Letf{t) = (1, v)
denote the trimming curve, and (du, dv) the tangent to the curve at point ¢ oriented in the direction of increasing #;
then the vector (-dv, du) is said to point to the left at point ¢, and the vector (dv, -du) is said to point to the right.

Thg
set
th
tion

o

U —————p

Odd winding rule Curve:orientation rule

Figure 5§ — Parameter space mapping rules for trimming<{urves (The mapped region is shaded)

pf trimming loops shall satisfy both the above rules. If aset of trimming curves is specified that violate thes
resulting image is undefined and workstation dependent. See figure 6 for examples of valid trimming loop sp
s. See figure 7 for examples of invalid trimming 100p’specifications.

Figure 6 =Examples of valid trimming loops (Solid lines represent trimming loops, dashed lineg
represent the parameter range of the surface. Shading denotes the mapped region of the surface
Each arrowhead corresponds to a single frimming curve)

curve orientation rule requires that the curves be directed appropriately to define the mapped region. To be vatid, the

rules,
ecifica-

4.4

.13 Non-uniform B-splme surface with data

PHIGS PLUS generates a non-uniform B-spline surface. The surface’s definition may contain a number of associated non-
uniform B-spline surfaces that, subject to data mapping, indicate the intrinsic colour of the surface. The control points of
these associated surfaces are data or colour coordinates that describe the data or colour distribution over the primitive’s

geometry.

There may be a single color spline associated with the surface. The control points of the colour spline are colour values
of the appropriate dimension for the specified colour type. When the colour spline is the source of intrinsic colour, the
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reronmrrmsnrromend

i . . ing ;
orientation

..................

open loop loops intersect self-intersecting two-rule conflict

Figure 7 — Examples of invalid trimming loops (Solid lines répresent trimming loops, dashed lines
represent the parameter range of the surface. Each arrowh¢ad corresponds to a single trimming
curve.)

coldur is determined from the colour spline at the sample points used for the geometry spline. These colours ate then
conpidered to be vertex colours of the corresponding facets:

The| colour spline is a B-spline surface as defined by €quation (4) in 4.4.11. It can be rational or non-rational. The colour
splipe need not have the same order, rationality or'knot sequence as the geometry spline. The values of the contro] point
cooldinates can be outside the range normally-associated with the colour type. (This is necessary to allow colour|speci-
fication with rational B-splines, and to allow-B-splines that interpolate a set of colours.) If the colour spline is rational
the flimension of the control points is one more than the dimension of the corresponding colour model coordinatgs.

The parameter range of the colour@pline shall wholly contain the parameter range of the geometry spline, or, if trijaming
loops are specified, the parameier range of the colour spline shall wholly contain the parameter range defined by the
collection of trimming loops, Thus the colour for any point on the mapped geometry of the surface can be determiped by
evaluating the colour splin€ at the corresponding parameter value.

Application-specific‘data for data mapping can be associated with a non-uniform B-spline surface with data primifive by
spegifying an optional list of B-spline surfaces that define the data distribution over the surface geometry. The list pf data
splihes corresponds to the list of real values associated with the other with-data area primitives, but there is only ¢ne list
per [primitive-for non-uniform B-spline surfaces (as opposed to one list per facet or vertex for the other primitives). The
datg splines to use when mapping the data are indicated by the data selector in the data mapping method data fecord.
When-data mapping is the source of intrinsic colour, the data is determined from the data splines at the sample|points

usedTor the geomeﬁ y sphne THis dafa is then considered 10 be vertex dara 10T the CU“E'SIRS“Zﬁ“g facets. Imrinsic colour

is determined from this data according to the data mapping method and interior shading method aspects.

Data splines can have more than one dimension. Each data mapping method indicates how it uses the data values in
multi-dimensional data splines. (The defined data mapping methods use only the first dimension.)

The data splines are B-spline surfaces as defined by equation (4) in 4.4.11. They can be rational or non-rational. The data
splines need not have the same order, rationality nor knot sequence as the geometry spline. The parameter range of the
data splines shall wholly contain the parameter range of the geometry spline, or, if rimming loops are specified, the
parameter range of the data splines shall wholly contain the parameter range defined by the collection of trimming loops.
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Thus the data values for any point on the mapped geometry of the surface can be determined by evaluating the data
splines at the corresponding parameter value, Data splines can be specified in addition to an optional colour spline.

4.4.14 Area primitives and facets

Area primitives are fill area, fill area set, cell array, fill area set with daia, cell array PLUS, set of fill area set with data,
triangle set with data, triangle strip with data, quadrilateral mesh with data, non-uniform B-spline surface and non-
uniform B-spline surface with data. For the purposes of specifying data and applying attributes area primitives are
conceptually composed of facets. While B-spline surfaces are not inherently faceted, they are treated here as if faceted

to
Th
a)
b)
©)
d)
e)
f)

4.4

Magdelling clip conceptually generatesnew vertices of output primitives at the intersection of the clipping planes
mitive’s boundary. If colour, data, or vertex normals are associated with the original vertices, then new color, data,

pri
-or

va
Ie.

describe their display and the application of interior attributes.

5 definition of each primitive’s facets are as follows:

the whole of a fill area or fill area set constitutes one facet;

each cell of a cell array or cell array PLUS constitutes one facet;
each fill area set of a set of fill arca sets constitutes one facet;

each triangle of a triangle set or triangle strip constitutes one facet;

each quadrilateral of a quadrilateral mesh constitutes one facet;

Conceptually, a non-uniform B-spline surface is rendered by computinga number of sample points on or pear the

surface. The density of the sample points is controlled by the surface approximation criteria. If the sampling i
than the density of points on the display surface, displaying the sample points themselves will produce a ¢

quadrilaterals) that are then displayed as fill areas. The facetsof the B-spline surface are the polygons or thel

smallest displayable region on the workstation or as large as the surface itself.

either a workstation dependent combination of thewertex normals, or the normal 1o the surface at some poir
facet. The point chosen in the latter case is wotkstation dependent.

.15 Modelling clip

vertex normals shall be interpolated at the new vertices. The interpolation method shall be such that if the ge

es lie on the corresponding plane. If the set of vertices and associated data defining a facet are non-planar,
Its are workstation dependent.

pl}s: colour, geometry plus data, or geometry plus normal vectors are planar as defined by 4.6.4.2, then the intelﬁolated
e

5 higher
bmplete

rendering of the surface. Alternatively, adjacent sample points can.be joined to form polygons (usually triangles or

sample

points themselves (taken as areas). Depending on the appgsoXimation criteria, these facets can be smaller than the

Vertex normals of facets are the normals to the surface at the corresponding sample points. The facet normal can be

t on the

and the
ometry

n the
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4.5 Output primitive attributes

4.5.1 General colour specification

ISO/IEC 9592-1 defines only indirect colour specification. PHIGS PLUS defines direct colour specification and requires
that both direct and indirect colour specification be supported.

Colour in PHIGS PLUS is specified through the concept of a general colour, which is capable of specifying colours both
directly and indirectly. A general colour specifies a colour type and corresponding colour value. The colour type indi-

cati ' orresponding -t of-colotrceoordinates—or-that+ olot being—specified
indirectly, in gle integer is an index into the colour table of the workstation state lfst (see
figure 8).
workstation
colour table
colour
index
colour
general general
colour colour
decoding
= colour

colour

Figure 8 — A general colour holds either the index of an entry in the workstation colour table or a
colour in a particular colour model

Thq defined colour types are listed in table-3. The result of resolving a general colour is a colour consisting (cogiceptu-
ally) of a colour model and the associated colour value.

Table 3 — Colour types

Value | Meaning

< Implementation dependent.
0 INBIRECT  (Indirectly specified.colour)
1 RGB (Directly specified colour)
2 CIELUV (Directly specified colour)

3 HSV Directlyspectfied-colour)

4 HLS (Directly specified colour)

25 Reserved for registration or future standardisation.!

1) Registered colour type values are drawn from the same set of values as colour model values.

As in ISO/IEC 9592-1, four colour models are defined: RGB, CIELUV, HSV, and HLS. See ISO/IEC 9592-1, annex I for a
description of these colour models. The defined coordinate ranges are [0, 1] for all coordinates of the RGB and CIELUV
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colour models, [0, 1] for the radius and height coordinates of the HSV and HLS colour models, and (-, +<0) for the angle
coordinate of the HSV, and HLS colour models. Structure elements may contain colour coordinates that are not within the
defined range for the specified colour model. During traversal out of range colour coordinates are treated in a workstation
dependent way.

If a non-supported colour type is encountered during traversal, colour type INDIRECT and a colour value of 1 is used.
This is equivalent to the default cotour behaviour specified in ISOAEC 9592-1. If an undefined colour index is encoun-
tered during traversal a colour index of 1 is used.

To support the specification of general colour, the PHIGS traversal state list fields ‘current XXX colour index’, (where
XXX 1s polyline, polymarker, text, interior, or edge) are replaced by the corresponding “current XXX colour’ ficldls in the
traversal state list. For each of the “set XXX colour index” structure elements defined in ISO/IEC 9592-1, PHIGS PLUS
defines a corresponding structure element, “set XXX colour”. The ISO/IEC 9592-1 “set XXX colour index” gdtructure
elgments are defined by PHIGS PLUS to set the ‘cwrrent XXX colour’ field in the traversal state list to colour tyie INDI-
RHCT and the colour value to the specified colour index.

Eagh of the ‘current XXX colour index ASF’ fields in the traversal state list defined in ISO/IEC 9592-1 are replaced in
PHIGS PLUS with the fields ‘current XXX colour ASF’. The ‘current XXX colour ASF’ seleCts between bundled and indi-
vidual colour values. If the ‘current XXX colour ASF’ is INDIVIDUAL the ‘current XXX/colour’ is used. If the ['current
XXX colour ASF’ is BUNDLED the colour is taken from the entry in the extended”XXX bundle table indicateql by the
‘cyrrent XXX index’ (see figure 9). The ISO/MEC 9592-1 “set XXX colour index ASF™ structure elements are defined by
PHIGS PLUS to set the ‘current XXX colour ASF’ ficld in the traversal state list'to the value specified in the gtructure
elgment.

extended XXX
bundle table

XXX index general colour

e selection eneral
via ASF » g(:olour
XXX colour P

general colour

XXX colour
ASF

Figure 9 — Selection of the XXX COLOUR attribute

4.5.2-Extended workstation state and description tables

The ‘colour index’ field in the polyline, polymarker, text, interior, and edge bundles is replaced with a ‘colour’ field that
enables these bundles to support general colour specification. The functions SET POLYLINE REPRESENTATION PLUS,
SET POLYMARKER REPRESENTATION PLUS, SET TEXT REPRESENTATION PLUS, SET INTERIOR REPRESENTATION
PLUS, and SET EDGE REPRESENTATION PLUS set these modified bundles. The functions, INQUIRE <bundle type>
REPRESENTATION PLUS and INQUIRE PREDEFINED <bundle type> REPRESENTATION PLUS are the corresponding
inquiry functions for these modified bundles. The ISO/IEC 9592-1 functions SET <POLYLINE | POLYMARKER | TEXT |
INTERIOR | EDGE> REPRESENTATION are here defined to set the colour type of the bundle’s ‘colour’ to INDIRECT and
the value to the specified colour index.
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The polyline bundle is extended to support bundled specification of the PHIGS PLUS polyline aspects. With the exception
of the ‘colour index’ field, the extended polyline bundle contains both the fields specified in ISO/IEC 9592-1 and the addi-
tional fields specified in this part of ISO/IEC 9592. The ISO/MIEC 9592-1 function SET POLYLINE REPRESENTATION sets
only those fields specified in ISO/IEC 9592-1 and the ‘colour’ field. The additional fields are left unchanged.

The interior bundle is extended to support bundled specification of the PHIGS PLUS interior aspects. With the exception
of the ‘colour index’ field, the extended interior bundle contains both the fields specified in ISO/IEC 9592-1 and the inte-
rior shading method field specified in this part of ISO/IEC 9592. The ISO/EC9592-1 function, SET INTERIOR
REPRESENTATION, sets only those fields specified in ISO/IEC 9592-1 and the ‘colour’ field. The interior shading method

fieldris Teft unchanged.

T

Patt¢rn table entries are extended to support general specification of colour. The functions SET PATTERN REPRESENTA-
TION PLUS, INQUIRE PATTERN REPRESENTATION PLUS, and INQUIRE PREDEFINED PATTERN REPRESENTATION
PLUP are defined. The extended pattern table entry contains a ‘colour type’ field and an array of colour values.

repl
TAT

Sing

retu
REP

PAT

IND

ON sets the “‘colour type’ to INDIRECT and the colour values to the specified colour indices.

med from INQUIRE POLYLINE REPRESENTATION, INQUIRE POLYMARKER REPRESENTATION, INQUIRE

RECT. The error is:

134 Ignoring function, the requested entry contains a general ¢olour specification with colour type
other than INDIRECT

Predefined entries shall contain colours of type INDIRECT.

These

ce the array of colour indices specified in ISOAEC 9592-1, The ISO/IEC 9592-1 function SET PATFERN REPRESEN-

e the ISO/IEC 9592-1 inquiry functions cannot return a general colour specification a.new error is defined to be

TEXT

RESENTATION, INQUIRE INTERIOR REPRESENTATION, INQUIRE EDGE REPRESENTATION, and INQUIRE
[ERN REPRESENTATION when the requested entry contains a general colour specification and the colour typd is not

Twd bundle tables are defined to support bundled specification of reflectance aspects and parametric surface agpects.

The

refldctance aspects for front and back facing facets; respectively, of area primitives. The PARAMETRIC SURFACE
attribute indicates the bundle entry in the parametric surface bundle table to use when resolving bundled para)

surf;

The
mar]
exte
reflg
colo
ATT]

The
mets

4.5,

ce attributes. Aspect source flags are defined for the aspects in these bundles.

‘dynamic modification accepted for’ entries in the workstation description table for the polyline bundle table

nded. Additional ‘dynamic modification accepted for’ entries in the workstation description table are defined
ctance bundle table, the parametric surface bundle table, and the data mapping, light source, depth cuei

RIBUTES PLUS.

ic surfacesand reflectance tables.

3 _PHIGS PLUS attributes applied to PHIGS output primitives

ker bundle table, text bundle table, interior bundle table, edge bundle table and pattern table apply to the ta"Ees as

¢ tables are the reflectance bundle table and the parametric surface bundle table. The REFLECTANCE INDHEX and
BAJK REFLECTANCE INDEX attributes indicate the entries in the reflectance bundle table to use when resolving bIEdled

DEX
etric

poly-

or the
, and

ur mapping tables.. Phese entries are returned by the function INQUIRE DYNAMICS OF WORKSTATION

enumeration values for the list of attributes used by generalized drawing primitives are extended to include the para-

4.5.3.1 General

Output primitive attributes defined in this part of PHIGS apply to the output primitives defined in ISO/IEC 9592-1 as listed
in table 4,

23


https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

ISO/IEC 9592-4:1992(E)

Table 4 — PHIGS PLUS attributes applied to ISO/IEC 9592-1 primitives

POLYLINE

POLYLINE COLOUR
RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

POLYLINE COLOUR ASF

PQ

EYMARKER
A9 V7 AN

POLYMARKER COLOUR
RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

POLYMARKER COLOUR ASF

TE

XT

TEXT COLOUR

RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

TEXT COLOUR ASF

AN

NOTATION TEXT RELATIVE

TEXT COLOUR

RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

TEXT COLOUR ASF

FI)

LLL AREA and FILL AREA SET

REFLECTANCE INDEX

BACK INTERIOR INDEX

BACK REFLECTANCE INDEX
FACET DISTINGUISHING MOBE
FACET CULLING MCDE
INTERIOR COLOUR

INTERIOR SHADING'METHOD
REFLECTANCE PROPERTIES
REFLECTANCE MODEL

BACK INTERIOR STYLE
BAGKANTERIOR STYLE INDEX
BACK INTERIOR COLOUR
BACK INTERIOR SHADING METHOD

INTERIOR COLOUR ASF

INTERIOR SHADING METHOD ASF
REFLECTANCE PROPERTIES ASF
REFLECTANCE MODEL ASF

BACK INTERIOR STYLE ASF

BACK INTERIOR STYLE INDEX ASF
BACK INTERIOR COLOUR ASF

BACK INTERIOR SHADING METHOD ASF

BACK REFLECTANCE PROPERTIES
BACK REFLECTANCE MODEL
LIGHT SOURCE STATE
RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

BACK REFLECTANCE PROPERTIES ASF

BACK REFLECTANCE MODEL ASF
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Table 4 — PHIGS PLUS attributes applied to ISO/TEC 9592-1 primitives (Continued)

CELL ARRAY

REFLECTANCE INDEX

BACK REFLECTANCE INDEX

FACET DISTINGUISHING MODE

FACET CULLING MODE
—REFEECTANCE PROPERFES — | REFLECTANCE PROPERTIES ASE——————

REFLECTANCE MODEL REFLECTANCE MODEL ASF

BACK REFLECTANCE PROPERTIES
BACK REFLECTANCE MODEL

BACK REFLECTANCE PROPERTIES ASE
BACK REFLECTANCE MODEL ASF

LIGHT SOURCE STATE
RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

ENERALIZED DRAWING PRIMITIVE

Zero or more of the attribute sets listed above.

4.5

3.2 Polyline attributes

PHIGS PLUS defines the following additional aspects and attribut€s for polylines: the non-geometric aspect polyline

col
vid

seld

pur, which is controlled by the POLYLINE INDEX or the individually specified attribute POLYLINE COLOUR,; ¢
hally specified attributes DEPTH CUE INDEX and COLOUR MAPPING INDEX. The source of the polyline ¢
cted by the POLYLINE COLOUR ASF.

4.503.3 Polymarker attributes

PHIGS PLUS defines the following additional aspects and attributes for polymarkers: the non-geometric aspeq
matker colour; the individually specified attributes DEPTH CUE INDEX and COLOUR MAPPING INDEX. The polyjmarker

col

Thg

bur aspect is controlled by the POLYMARKER INDEX or the individually specified attribute POLYMARKER C(
source of the polymarker colour is sclected by the POLYMARKER COLOUR ASF.

4.5.3.4 Text attributes”

PH]
ind
by

the

4.5;

GS PLUS define$.the following additional aspects and attributes for text: the non-geometric aspect text col
fvidually spegified attributes DEPTH CUE INDEX and COLOUR MAPPING INDEX. The text colour aspect is co
the TEXTINDEX or the individually specified attribute TEXT COLOUR., The source of the text colour is sele
TEXT.COLOUR ASE

3.5 Annotation-textattributes

e indi-
lour is

t poly-

LOUR.

ur; the
trolled
cted by

T et T I Bt

PHIGS PLUS defines the following additional aspects and attributes for annotation text: the non-geometric aspect text
colour; the individually specified attributes DEPTH CUE INDEX and COLOUR MAPPING INDEX. The text colour aspect
is controlled by the TEXT INDEX or the individually specified attribute TEXT COLOUR. The source of the text colour is
selected by the TEXT COLOUR ASF.
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4.5.3.6 Fill area attributes

PHIGS PLUS defines the following additional aspects and attributes for fill areas: the non-geometric aspects interior
colour, interior shading method, reflectance properties, reflectance model, back interior style, back interior style index,
back interior colour, back interior shading method, back reflectance properties, and back reflectance model; the individ-
vally specified attributes LIGHT SOURCE STATE, FACET DISTINGUISHING MODE, FACET CULLING MODE,
RENDERING COLOUR MODEL, DEPTH CUE INDEX and COLOUR MAPPING INDEX. Aspects in the first group are
controlled by the INTERIOR INDEX, REFLECTANCE INDEX, BACK INTERIOR INDEX, BACK REFLECTANCE INDEX,
or the md1v1dually SpeC1ﬁed atmbutes INTERIOR COLOUR INTERIOR SHADING METHOD REFLECTANCE PROPER-

flag| edgetype, edgewidth scale factor, and edge colour, which are controlled by the EDGEINDEX or by the individually
spegified attributes EDGE FLAG, EDGETYPE, EDGEWIDTH SCALE FACTOR, and EDGE\COLOUR. The source of these
aspacts is selected by the corresponding aspect source {lag attribute. Fill area set.edges are not affected by lighting or

PHIGS PLUS defines the following additional aspects and attributes forcell arrays: the non-geometric aspects refldctance
properties, reflectance model, back reflectance propertics and“back reflectance model; the individually specified
attributes LIGHT SOURCE STATE, FACET DISTINGUISHING MODE, FACET CULLING MODE, RENDERING CQLOUR
MODEL, DEPTH CUE INDEX and COLOUR MAPPING INDEX: Aspects in the first group are controlled by the REFLEC-
TANCE INDEX, BACK REFLECTANCE INDEX, or the dindividually specified attributes REFLECTANCE PROPERTIES,
REHLECTANCE MODEL, BACK REFLECTANCE PROPERTIES and BACK REFLECTANCE MODEL. The source|of the
attributes for these aspects is selected by the corresponding aspect source flag attribute listed above. The interior ¢olour,
intefior style, interior shading method, back interior style, back interior colour, and back interior shading method aspects
and|[their corresponding aspect source flags'de-not apply to cell arrays.

4.53.9 Generalized drawing primitive attributes

Any of the PHIGS PLUS attributes listed in 4.5.4 may also apply to Generalized Drawing Primitives (GDPs). Whether
bunfile indices or associated'individually specified attributes are used depends upon the values of the appropriate|aspect
soufce flags. The sets of aftributes most appropriate for the specified GDP structure element are selected for the GDP as
part|of the definition.of the GDP and are recorded in the workstation description table.
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4.5.4 Attributes applied to PHIGS PLUS output primitives

4.5.4.1 General

The attributes defined in ISO/IEC 9592-1 and the attributes defined in this part of ISO/IEC 9592 that apply to each PHIGS
PLUS output primitive are listed in table 5.

4.5.4.2 Polyline set with colour attributes

Polyline set with colour output primitives are affected by the same attributes as polylines. They are also affected'iy the
RENDERING COLOUR MODEL and the polyline shading method aspect, which is controlled by the POLYLINEINDEX or
the individually specified attribute POLYLINE SHADING METHOD. The source of the polyline shading method is
seledted by the POLYLINE COLOUR ASF. Each polyline of a set is treated as an individual polyline'when applyifg the
attriutes.

4.5.4.3 Fill area set with data attributes
Fill grea set with data output primitives are affected by the same attributes as fill area‘sets. Their display is also affected
by the data mapping method and back data mapping method aspects.

4.5.4.4 Cell array PLUS attributes

Celljarray PLUS output primitives are affected by the same attributes\that affect cell arrays.

4.5.4.5 Set of fill area set with data attributes

Set of fill area set with data output primitives are affecte@by the same attributes that affect fill area set with data gutput
primfitives. Each fill area set of the set is rendered as a'single fill area set with data. Interior styles HATCH and PAT[TERN
apply to each fill area set in the set as if it were an'individual fill area set.

4.5.4.6 Triangle set with data attributeés

Triangle sets are affected by the saméattributes that affect fill area set with data output primitives. Interior styles HATCH
and PATTERN apply to the triangle-set in a workstation dependent manner. For interior style HOLLOW the boynding
polyline is drawn along boundaries created by clipping.

4.5.4.7 Triangle strip-with data attributes

Triapgle strips are-affected by the same attributes that affect fill area set with data output primitives. Interior [styles
HATCH and PATTERN apply to the triangle strip in a workstation dependent manner. For interior style HOLLOW the
bounding polyline is drawn along boundaries created by clipping.

Quadrilateral meshes are affected by the same attributes that affect fill area set with data output primitives. Interior styles
HATCH and PATTERN apply to the quadrilateral mesh in a workstation dependent manner. For interior style HOLLOW
the bounding polyline is drawn along boundaries created by clipping.
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Table 5 — Attributes applied to PHIGS PLUS output primitives

POLYLINE SET WITH COLOUR

POLYLINE INDEX
LINETYPE

LINEWIDTH SCALE FACTOR
POLYLINE COLOUR INDEX

LINETYPE ASF
LINEWIDTH SCALE FACTOR ASF
POLYLINE COLOUR INDEX ASF

VIEW INDEX

HLHSR IDENTIFIER

PICK IDENTIFIER

NAME SET

POLYLINE COLOUR
POLYLINE SHADING METHOD
RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

POLYLINE COLOUR ASF
POLYLINE SHADING METHOD ASF

FILL AREA SET WITH DATA

SET OF FILL AREA SETS WITH DATA
TRIANGLE SET WITH DATA
TRIANGLE STRIP WITH DATA
QUADRILATERAL MESH WITH DATA

INTERIOR INDEX

INTERIOR STYLE

INTERIOR STYLE INDEX
INTERIOR COLOUR INDEX
EDGE INDEX

EDGE FLAG

EDGETYPE

EDGEWIDTH SCALEFACTOR
PATTERN SIZE
PATTERN‘REFERENCE POINT
PATTERN VECTORS

VIEW INDEX

HLHSR IDENTIFIER

INTERIOR STYLE ASF
INTERIOR STYLE INDEX ASF
INTERIOR COLOUR INDEX ASF

EDGE FLAG ASF
EDGETYPE ASF
EDGEWIDTH SCALE FACTOR ASF

PICK IDENTIFIER

NAME SET

DATA MAPPING INDEX
REFLECTANCE INDEX

BACK INTERIOR INDEX
BACK DATA MAPPING INDEX
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Table 5 — Attributes applied to PHIGS PLUS output primitives (Continued)

BACK REFLECTANCE INDEX

FACET DISTINGUISHING MODE

FACET CULLING MODE

INTERIOR COLOUR INTERIOR COLOUR ASF
INTERIOR SHADING METHOD INTERIOR SHADING METHOD ASF
DATA MAPPING METHQD DATA MAPPING METHOD ASE
REFLECTANCE PROPERTIES REFLECTANCE PROPERTIES ASF
REFLECTANCE MODEL REFLECTANCE MODEL ASF

BACK INTERIOR STYLE BACK INTERIOR STYLE ASF
BACK INTERIOR STYLE INDEX BACK INTERIOR STYLE INDEX.ASF
BACK INTERIOR COLOUR BACK INTERIOR COLOUR ASF

BACK INTERIOR SHADING METHOD
BACK DATA MAPPING METHOD
BACK REFLECTANCE PROPERTIES
BACK REFLECTANCE MODEL

EDGE COLOUR

LIGHT SOURCE STATE

RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

BACK INTERIOR SHARING METHOD ASF
BACK DATA MAPPING METHOD ASF
BACK REFLECTANCE PROPERTIES ASF
BACK REELECTANCE MODEL ASF

EDGE €OLOUR ASF

CELL ARRAY PLUS

VIEW INDEX

HLHSR IDENTIFIER

PICK IDENTIFIER

NAME SET

REFLECTANCE INDEX

BACK REFLECTANCE INDEX
FACET DISTINGWISHING MODE
FACET CULLING MODE
REFLECTANCE PROPERTIES
REFRECTANCE MODEL

BACK REFLECTANCE PROPERTIES
BACK REFLECTANCE MODEL

REFLECTANCE PROPERTIES ASF
REFLECTANCE MODEL ASF

BACK REFLECTANCE PROPERTIES ASF
BACK REFLECTANCE MODEL ASF

LIGHT SOURCE STATE
RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

NON-UNIFORM B-SPLINE CURVE

POLYLINE INDEX
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Table 5§ — Attributes applied to PHIGS PLUS output primitives (Continued)

LINETYPE LINETYPE ASF

LINEWIDTH SCALE FACTOR LINEWIDTH SCALE FACTOR ASF
POLYLINE COLOUR INDEX POLYLINE COLOUR INDEX ASF
VIEW INDEX

HLHSR IDENTIFIER

PICK IDENTIEIER

NAME SET

POLYLINE COLOUR POLYLINE COLOUR ASF

CURVE APPROXIMATION CRITERIA CURVE APPROXIMATION CRITERIA ASF
DEPTH CUE INDEX

COLOUR MAPPING INDEX

N(

IN-UNIFORM B-SPLINE CURVE WITH COLOUR

All those for Non-uniform B-spline curve, plus:
POLYLINE SHADING METHOD
RENDERING COLOUR MODEL

POLYLINE SHADING METHOD ASF

N(

IN-UNIFORM B-SPLINE SURFACE

INTERIOR INDEX

INTERIOR STYLE

INTERIOR STYLE INDEX
INTERIOR COLOUR INDEX
EDGE INDEX

EDGE FLAG

EDGETYPE

EDGEWIDTH SCALE FACTOR
PATTERN SIZE

PATTERN REFERENCE POINT
PATTERN VECTORS

VIEW INDEX

HLHSR IDENTIFIER

PICK IDENTIFIER

NAME'SET

REFLECTANCE INDEX

DARAMETRIOC CTIDTA AL TNINEY
TIICL

INTERIOR STYLE ASF
INTERIOR STYLE INDEX ASF
INTERIOR COLOUR INDEX ASF

EDGE FLAG ASF
EDGETYPE ASF
EDGEWIDTH SCALE FACTOR ASF

TIXICTIIVITTINICO OIS TINDL7Y

FACET DISTINGUISHING MODE
FACET CULLING MODE
INTERIOR COLOUR

INTERIOR SHADING METHOD
REFLECTANCE PROPERTIES
REFLECTANCE MODEL

INTERIOR COLOUR ASF

INTERIOR SHADING METHOD ASF
REFLECTANCE PROPERTIES ASF
REFLECTANCE MODEL ASF
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Table 5 — Attributes applied to PHIGS PLUS output primitives (Continued)

BACK INTERIOR INDEX

BACK REFLECTANCE INDEX

BACK INTERIOR STYLE

BACK INTERIOR STYLE INDEX
BACK INTERIOR COLOUR

BACK INTERIOR SHADING METHOD

BACK INTERIOR STYLE ASF

BACK INTERIOR STYLE INDEX ASF
BACK INTERIOR COLOUR ASF

BACK INTERIOR SHADING METHOD ASE

BACK REFLECTANCE PROPERTIES

BACK REFLECTANCE MODEL

EDGE COLOUR

LIGHT SOURCE STATE

SURFACE APPROXIMATION CRITERIA
PARAMETRIC SURFACE CHARACTERISTICS
RENDERING COLOUR MODEL

DEPTH CUE INDEX

COLOUR MAPPING INDEX

BACK REFLECTANCE PROPERTIES ASF
BACK REFLECTANCE MODEL ASF
EDGE COLOUR ASF

SURFACE APPROXIMATION'CRITERIA ASF

PARAMETRIC SURFACE CHARACTERISTICS ASF

N

DN-UNIFORM B-SPLINE SURFACE WITH DATA

All those for NON-UNIFORM B-SPLINE SURFACE,
plus:

DATA MAPPING INDEX

DATA MAPPING METHOD
BACK DATA MAPPING INDEX
BACK DATA MAPPING METHOD

DATA MAPPING METHOD ASF

BACK DATA MAPPING METHOD ASF

4.5

No

or

The curve approximation criteria indicates the minimum quality desired for the approximation of the curve’s ge

4.9 Non-uniform B-spline curve.attributes

-uniform B-spline curve outputprimitives are affected by the same attributes as polylines. They are also affegted by
the curve approximation criterigaspect. The curve approximation criteria aspect is controlled by the POLYLINE

INDEX

e individually specified-atiribute CURVE APPROXIMATION CRITERIA. The source of the curve approximation
critgria is selected by the CURVE APPROXIMATION CRITERIA ASK

metry.

It provides an indication of the degree of approximation tolerable and the relative importance of image quality|versus
rendlering speed.\Specification of lower relative approximation quality is intended to produce relatively lower [quality

approximations/at relatively higher speeds. Specification of higher relative approximation quality is intended to
higher quality approximations at possibly lower speeds. Implementations may produce a higher quality approxi

uce
ation

than thatrequested. Approximation of the curve shall not introduce any gaps, holes or other visible spatial discdntinui-

ties

An approximation criteria consists of a type and a data record. The data record contains information specific to the type
and is generally unique for each type. The defined curve approximation criteria types are

<0
1

Implementation dependent.

WORKSTATION DEPENDENT: A workstation dependent approximation criteria is used. There are no data record

contents for this type.
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CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS: Sample points are at equal parameter increments
between each pair of the curve’s knots. The data record contains a single integer value that indicates the minimum

number of sample points between each pair of knots. The value is interpreted as follows:

<0: Sample points are at the parameter range limits and at the knots within the parameter range limits.

> (: Sample points are at the parameter range limits and at the knots within the parameter range limits. In addi-
tion, sample points are at this number of positions between each pair of knots, but only if the position is within the

parameter range limits.

m WC: Generaie at Ieast suflicient sample poin ¢ length in world coordin
every line segment (chord) between the sample points is less than a specified real approximation value:
record contains the single approximation value.

CHORDAL SIZE in NPC: Generate at least sufficient sample points such that the length in normalized pro

tes of

ection

coordinates of every line segment (chord) between the sample points is less than a specified réal approxifnation

value. The data record contains the single approximation value.

CHORDAL SIZE in DC: Generate at least sufficient sample points such that the length in device coordin;

ites of

every line segment (chord) between the sample points is less than a specified real\approximation value. The data

record contains the single approximation value.

CHORDAL DEVIATION in WC: Generate at least sufficient sample points such that the absolute value
maximum deviation measured in world coordinates between the curve and line segments (chord) between s
points is less than a specified real approximation value. The data r€cord contains the single approximation

CHORDAL DEVIATION in NPC: Generate at least sufficient;sample points such that the absolute value
maximum deviation measured in normalized projection coordinates between the curve and line segments
between sample points is less than a specified real approximation value. The data record contains the
approximation value.

CHORDAL DEVIATION in DC: Generate at least-sufficient sample points such that the absolute value
maximum deviation measured in device coordinates between the curve and line segments (chord) between s
points is less than a specified real approximation value. The data record contains the single approximation

RELATIVE in WC: A single real approximation value between O and 1 indicates a relative quality of rende
be maintained independent of scaling in world coordinates. Higher values specify a better relative quali
data record contains the approximation value.

RELATIVE in NPC: A single réal approximation value between 0 and 1 indicates a relative quality of rende;
be maintained independent of scaling in normalized projection coordinates. Higher values specify a better r
quality. The data reCord contains the approximation value,

RELATIVE in DG:"A single real approximation value between 0 and 1 indicates a relative quality of rende

of the
ample
value.

of the
chord)
single

of the
ample
value.

ring to
y. The

ing (o
blative

ing to

be maintained-independent of scaling in device coordinates. Higher values specify a better relative qualily. The

data record contains the approximation value.

Reserved for registration or future standardisation,

nation

nobintended that there be any correspondence between the approximations produced by different approxir

criteria types. For example, the set of all possible approximations achievable by CHORDAL SIZE in WC can be disjoint
from the set of all possible approximations achievable by RELATIVE in WC., : ‘

4.5.4.10 Non-uniform B-spline curve with colour attributes

Non-uniform B-spline curve with colour primitives are affected by the same attributes that affect non-uniform B-spline
curve primitives. In addition, they are affected by the RENDERING COLOUR MODEL and the polyline shading method
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aspect, which is controlled by the POLYLINE INDEX or the individually specified attribute POLYLINE SHADING
METHOD. The source of the polyline shading method is selected by the POLYLINE COLOUR ASE.

4.5.4.11 Non-uniform B-spline surface attributes

With the exception of the data mapping method and back data mapping method aspects, non-uniform B-spline surfaces
are affected by the same attributes that affect fill area set with data output primitives. In addition, they have the non-
geometric aspects surface approximation criteria and parametric surface characteristics. These aspects are controlled by
the PARAMETRIC SURFACE INDEX or the individually specified attributes SURFACE APPROXIMATION CRITERIA and
PARAMETRIC SURFACE CHARACTERISTICS. The source of the surface approximation criteria is selected by the
SURFACE APPROXIMATION CRITERIA ASF. The source of the parametric surface characteristics is selec¢ted by the
PARAMETRIC SURFACE CHARACTERISTICS ASE.

Nonfuniform B-spline surfaces can be approximated when displayed. Conceptually, the result of this:approximatipn is a
colldction of facets. The surface approximation criteria indicates the minimum quality desired forth¢ approximation of
the surface’s geometry. It provides an indication of the degree of approximation tolerable and the relative importance of
image quality versus rendering speed. Specification of lower relative approximation qualityisintended to produce rela-
tivelly lower quality approximations at relatively higher speeds. Specification of higher reldtive approximation quality is
interjded to produce higher quality approximations at possibly lower speeds. Implementations may produce a higher
qualjty approximation than that requested. Approximation of the surface shall ndt“introduce any gaps, holes of other
visijle spatial discontinuities.

A sufface approximation criteria consists of a type and a data record. The datd record contains information specifid to the
typeland is generally unique for each type. The defined surface approxifaidtion criteria types are

<0 | Implementation dependent.

1 WORKSTATION DEPENDENT: A workstation dependentapproximation criteria is used. There are no data record
contents for this type.

2 CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS: Sample points are at equal parameter incregments
between each pair of u knots and v knots. Theydata record contains two integer values that indicate the minimum
number of sample points in the « and v parameter dimensions. Both values have the following interpretatign:

<0: Sample points are at the u and vknot values, and where lines of constant parameter across the surface af these
knot values would intersect the approximated trimming loops.

> 0: Sample points are at thé w and v knot values, at this number of positions between each pair of knot values in
each parameter dimension, and where lines of constant parameter across the surface at these parameter yalues
would intersect the approximated trimming loops.

3 CHORDAL SIZEGmWC: Generate at least sufficient sample points such that the length in world coordinates of
every line segment (chord) between the sample points for both the u and v parameter directions is less thpn the
corresponding specified real approximation value. The data record contains two approximation values, ope for
each parameter direction.

4 CHORDAL SIZE in NPC: Generate at least sufficient sample points such that the length in normalized projection
coordinates of every line segment (chord) between the sample points for both the u and v parameter directjons is

1acathan—tha N G 1 o s \ T s 3 o . . .
1ICSSHHantC—COrTCS poRaINE SpimcaréarapproxXxmation—varecIneGatarecora—contamstwo—approxmnation

values, one for each parameter direction,

5 CHORDAL SIZE in DC: Generate at least sufficient sample points such that the length in device coordinates of
every line segment (chord) between the sample points for both the u and v parameter directions is less than the
corresponding specified real approximation value. The data record contains two approximation values, one for
each parameter direction. :
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PLANAR DEVIATION in WC: Generate at least sufficient sample points such that the absolute value of the
maximum deviation measured in world coordinates between the surface and the approximating facet is less than
a specified real approximation value. The data record contains the approximation value.

PLANAR DEVIATION in NPC: Generate at least sufficient sample points such that the absolute value of the
maximum deviation measured in normalized projection coordinates between the surface and the approximating
facet is less than a specified real approximation value. The data record contains the approximation value,

PLANAR DEVIATION in DC: Generate at least sufficient sample points such that the absolute value of the
maximum deviation measured in device coordinates between the surface and the approximating facet is less than

10

11

212

Itis
crite
fron
The

aspe
matil

a specified real approximation value. The data record contains the approximation value.

RELATIVE in WC: A single real approximation value between 0 and 1 indicates a relative quality eof rendering to
be maintained independent of scaling in world coordinates. Higher values specify a better relative ‘quality. The
data record contains the approximation value.

RELATIVE in NPC: A single real approximation value between 0 and 1 indicates a relative’quality of rendering to
be maintained independent of scaling in normalized projection coordinates. Higher values’specify a better r¢lative
quality. The data record contains the approximation value.

RELATIVE in DC: A single real approximation value between 0 and 1 indicates a relative quality of rendel ing to
be maintained independent of scaling in device coordinates. Higher values.specify a better relative quality. The
data record contains the approximation value.

Reserved for registration or future standardisation.

not intended that there be any correspondence between the approximations produced by different approximation
ria types. For example, the set of all possible approximations<achievable by CHORDAL SIZE in WC can be djsjoint
the set of all possible approximations achievable by RELATIVE in WC.

parametric surface characteristics aspect further specifies the appearance of parametric surfaces beyond| those
cts also associated with fill area sets. The aspect consists of a type and a data record. The data record contains|infor-
pn specific to the type and is generally unique for ¢ach type. The definition of each type indicates whether or pot the

appljcation of that type to the surface distinguishes'bétween front and back facing portions when the ‘current facet flistin-

guis|

porti
disti

The
<0
1

hing mode’ is ON. If it does then the associated data record contains separate parameters for front and back facing
ons. If it does not then only one set of paraineters is defined and they apply to the surface as though the ‘currenit facet
hguishing mode’ were OFF.

defined parametric surface characteristics types are
Implementation dependent.

NONE: No surface ¢characteristics beyond those aspects defined for fill area sets are used. The data record is pmpty
for this type.

WORKSTATION DEPENDENT: A workstation dependent representation that displays the shape of the surface is
drawn:This method does not distinguish between front and back facing portions of the surface. The appearance
of the.representation is controlled by the appropriate set of output primitive attributes for the representatiop. It is

34

workstation dependent how the representation interacts with any interior rendering indicated by the i]:tcrior

ISOPARAMETRIC CURVES: Isoparametric curves are drawn on the surface. The data record contains the number
of curves to draw in each of the parameter dimensions and their placement. If the placement is UNIFORM OVER
SURFACE the specified number of curves arc evenly spaced within the parameter range of the surface; curves are
also drawn at the limits of the parameter range. If the placement is UNIFORM BETWEEN KNOTS the specified
number of curves are evenly spaced between cach pair of knots; curves are also drawn at the knots. In both cases
only the portions of isoparametric curves are drawn that are within the interior of the surface as defined by any
trimming loops.
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This method does not distinguish between front and back facing portions of the surface. The appearance of the
isoparametric curves is controlled by the current polyline colour, linewidth scale factor, and linetype aspects. The
approximation of the isoparamelric curves is controlled by the surface approximation criteria. The isoparametric
curves shall lie on the approximated surface. The isoparametric curves are drawn in addition to any interior
rendering indicated by the interior style or back interior style. Isoparametric curves have higher visual priority
than the primitive’s filled or hollow interiors, but lower priority than the primitive’s edges.

LEVEL CURVES in MC: Level curves are drawn on the surface. The curves correspond to the intersections of the
surface and a ﬁmte set of planes perpendxcular toa modellmg coordmate dlrectlon VeCtor. The posmons of the

are the intersection points of the perpendicular planes with the mﬁmte line. Py is a specifiédyorigin pomt in mpdel-
ling coordinates, and Vi is the specified direction vector in modelling coordinates. Thé /-t plane is perpendicular
to the direction vector, V and intersects the infinite line at point P;. The data record consists of the origin point,
P,; the direction vector, V and the ordered list of parameters, ;. Only the portions of the level curves are drawn
that are within the interior of the surface as defined by any trimming loops.

This method does not distinguish between front and back facing portionsof the surface. The appearance ¢f the
level curves is controlled by the current polyline colour, linewidth seale factor, and linetype aspects. The approx-
imation of the level curves is controlled by the surface approximation criteria. The level curves shall lie on the
approximated surface. The curves are drawn in addition to any.interior rendering indicated by the interior style or
back interior style. Level curves have higher visual priority.than the primitive’s filled or hollow interiorg, but
lower priority than the primitive’s edges.

LEVEL CURVES in WC: Level curves are drawn on the surface. The curves correspond to the intersections ¢f the
surface and a finite set of planes perpendicular to:aSvorld coordinate direction vector. The positions of the pjanes
are specified by a sequence of intersection points along an infinite line defined by a world coordinate origin point,
Py, and a direction vector, V', as follows:

The ¢; are a sequence of parameters speeifying the intersection points. They are in the range —oo < f; < +0. The P;
are the mtersectlon points of the perpendicular planes with the infinite line. Py is a specified origin point in world
coordinates, and V is the specified direction vector in world coordinates. The i-th plane is perpendicular to the
direction vector, V and intefsects the infinite line at point P;. The data record consists of the origin point, Pg; the
direction vector, V and the ordered list of parameters, ¢;. Only the portions of the level curves are drawn that are
within the interior of the surface as defined by any trimming loops.

level curves iscontrolled by the current polyline colour, linewidth scale factor, and linetype aspects. The approx-
imation of thé level curves is controlled by the surface approximation criteria. The level curves shall lie gn the
approxirmated surface. The curves are drawn in addition to any interior rendering indicated by the interior style or
back.interior style. Level curves have higher visual priority than the primitive’s filled or hollow interiors, but
lower priority than the primitive’s edges.

This method dog$-riot distinguish between front and back facing portions of the surface. The appearance }f the

—Reserved-forregistratiomror future stamdardisation:

The effect of PATTERN and HATCH interior styles on parametric surfaces is workstation dependent.

Lighting and shading shall be applied to parametric surfaces. The interior shading method shall be applied to each facet.

Trimming curves, when specified, define the edges of a surface. If no trimming curves are specified, the edges consist of
curves of constant parameter value at the parameter range boundaries of the surface. The edges lie on the approximated
surface and are displayed using the edge attributes. The approximation of trimming curves is controlled by the trimming
curve approximation criteria specified with each trimming curve. The trimming curve approximation criteria are analo-
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gous to the curve approximation criteria, but the approximation types are restricted to the defined types 1 and 2 or
appropriate implementation dependent types. The trimming curve definition contains an edge visibility flag. In conjunc-
tion with the EDGE FLAG the edge visibility flag controls the visibility of each trimming curve. When the EDGE FLAG
is ON, the edge visibility flag determines whether the trimming curve is visible. When the EDGE FLAG is OFF, no trim-
ming curves are displayed.

4.5.4.12 Non-uniform B-spline surface with data attributes

Non-uniform B-spline surface with data output primitives are affected by the same attributes as non-uniform B-spline

suffaces. In addition, their display is allected by e dala mapping method aspects. |

4.5.4.13 Individual edge control for PHIGS PLUS area primitives

All area primitives defined in PHIGS PLUS except cell array PLUS can have edge visibility flags $pecified with|them. If
ecLe visibility flags are specified, each edge is displayed only if both the edge flag aspect and-the corresponding edge
vigibility flag (or, where multiple facets share an edge, any of the corresponding edge visibilityflags) in the output prim-
itive structure element are set to ON. If the edge flag aspect is set to OFF, the edge visibility/flags specified in the output
primitive structure element are ignored. If edge visibility flags are not specified, then the’edge flag aspect solely deter-
mines whether edges are displayed.

=~

Fqr all primitives that have edge visibility flags associated with them, the rendering of the edges in the pregence of
bdunding polylines resulting from interior style HOLLOW has the same effect-as for fill area set primitives.

4.5.4.14 Reflectance properties

Rgflectance properties indicate how an arca primitive modelscthe reflection of light. All area primitives are affected by
the reflectance properties aspect. Reflectance properties are specified by a type and a data record. The reflectange prop-
erfy types are as follows:

<9 implementation dependent;

1 simple reflectance: The reflectance properties consist of an ambient reflection coefficient, diffuse reflectipn coef-
ficient, specular reflection coefficient;-specular colour and specular exponent. The ambient reflection coefficient
controls the amount of ambient light reflected from the primitive. If the coefficient is zero, no ambieng light is
reflected. An increase in the ceefficient increases the amount of ambient light reflected, up to a maximum of 1 for
the coefficient. The diffuse reflection coefficient similarly controls the amount of non-ambient light feflected
equally in all directions from a surface, resulting in a dull, matte appearance that is independent of the [viewing
direction. The specular reflection coefficient similarly controls the amount of non-ambient light contribjuting to
reflections unequally from a surface, resulting in a shiny appearance.

In general there is a-direction in which the specular reflected light is at a maximum, specified implicitly by a
reflectancécvector. The specular colour and specular exponent have significance if the specular reflection coeffi-
cient is\non-zero. Whereas the intrinsic colour, which may vary across an output primitive, contributgs to the
ambient and diffuse reflections, the colour of the specular highlights is also contributed to by the speculgr colour
aspect. The specular exponent controls the intensity of the specular reflection in directions other than the direction
of the reflectance vector. Increasing the exponent decreases the intensity of the specular reflection away from the

diraats £ ¢l f 1 4 Tl M 1 £ 11 PP A
VIV UIVIT VT UG TV ATIVL VUL LUL THU THIITIAnnG vAaucs UL e CAPUNITIVRL 15V,

>2 reserved for reégistration or future standardisation.

Reflectance properties is a non-geometric-aspect and is both individually specified and bundled. Reflectance properties
are in the entries in the reflectance bundle table in the workstation state list,

During structure traversal the ‘current reflectance properties ASF’ in the traversal state list determines the source of the
reflectance properties. If it is BUNDLED then the reflectance properties specified in the reflectance bundle indicated by
the ‘current reflectance index” is used. If it is INDIVIDUAL then the ‘current reflectance properties’ in the traversal state
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list is used. Similarly, the ‘current back reflectance properties ASF’ indicates the source of the back reflectance proper-
ties, either from the reflectance table bundle indicated by the ‘current back reflectance properties index” or the ‘current
back reflectance properties” entry in the traversal state list.

During traversal, reflectance properties type 1 is used if the specified type is not available on the workstation. The data
record values used in this case are the default values indicated in the PHIGS description table, .

4.5.5 Implicitly specified attributes

4.5.5.1 General

Ar
attri

4.5
The

detes

area
face

a)

b)

9)

d)

primitives have aspects that are implicitly derived from output primitive structure element data, traversal state

utes, and workstation state tables. These implicit attributes are used in the PHIGS PLUS rendering pipeline.

.5.2 Facet normal

using a method that depends on the output primitive type, as follows:

hext point in that list that is not colincar with A and B. The notmal is the normalized cross product of the
extending from A to B with the vector extending from A to Cs

points in any list, then the output primitive is degenérate, in which case the result is workstation dependent.

point P to point R (refer to ISO/AEC 9592-1\for the definition of P, Q and R):

0X, PY) — (PX, PY)with the vector along the side (PX, QY) - (PX, PY).

procedure specified above for fill area sets.

For a triangle set primitive the normal for cach triangle is computed as for a {ill area.

For‘a triangle strip primitive the normal for each triangle is the normalized cross product of vectors along tw

facet normal is used for determining the orientation of a facet of an area primitive,Jn’some cases it is also used to
mine reflectance normals. Facet normals can be supplied for the with-data arca primitives. In the case of thq other
primitives or where facet normals are not supplied for a with-data primitive, facét normals are computed fof each

For a fill area or fill area set primitive a normal is computed by selecting three points: A, B, and C. Point Alis the
first point in the first list of vertices. Point B is the next point in thaglist that is not coincident with A. Point (is the

vector

[ it is not possible to find three such points in the first list©f vertices, then, in the case of fill area set, the restjof the
fists are searched in order to select three appropriate points from a single list. If it is not possible to find threg such

All cells of a cell array have the same normal¢ The normal for the three dimensional form of the cell array|is the
normalized cross product of the vector, V1 extending from point P to point Q with the vector, Vz, extending from

The normal for the two-dimensional form of the cell array is the normalized cross product of a vector along the side

For a set of fill-ared set primitive the normal for cach fill area set of the primitive is computed separately, usipg the

of its

Isides. The vectors used are different for even numbered and odd numbered triangles. (The triangles are implicitly

numbered by the ordering of the defining list of vertices. The first triangle in the strip is numbered 1.) Referring to

figure 3, the normal for odd numbered triangles is defined by

. Vie1=-V) x (Vig2 =V
: A Y A RN
odd '(Vi+1"vi) X (Vi+2“Vz)|
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where

S »

N is the normal;

=3

P; are the vertex coordinates.

The normal for even numbered triangles is defined by

o (Vis2=V) X (Vip1- V)
: - ~ ~ ~ >
even !(V;J.’)_V;) X (V:;1—V:)!

f) |For a quadrilateral mesh primitive the normal for each quadrilateral is the normalized cross product of its-diag
Referring to figure 4, the normal is defined by
- .y Y -
. Vie1,je1= Vi ) X (Vi je1-Vier))
L] - K N
|(Vi+l,j+l Vij) X 7 jr1T i+1,j)|
where
1<isM-1,;
1<j<N-1I;
N i,j 1s the normal;
f\/;, j are the vertex coordinates;
M and N are the dimensions of the two-dimensional array of verlex data (M X N),

g) |For a non-uniform B-spline surface primitive the normal.is computed by normalizing the cross product of the t
vector alon_\g the u direction, T,, , (usually the partial derivative with respect to u), and the tangent vector alon
direction, T, , (usually the partial derivative with respect to v). The normal is computed as

1—\\, = Tu X ?v
T, xT,|
At positions on the surface wheréthis cross product is not meaningful, such as where tangent vectors are cg
the normal is computed in a workstation dependent way.

Notice that when the normal-is computed, ils sense is determined by the order of points'in the lists that are part

spedification of the primitive:-For fill area set, triangle set, triangle strip and quadrilateral mesh, the order of the

tivels vertices determings-the sense of the computed normal. For the parametric surfaces, the sense is determined
orddr of the surface’s control points.

4.5.5.3 Facet.orientation

PHIGS PLUS provides explicit controls to allow the appearance of an arca primitive to be determined by the orie

ronals.

hngent
g the v

linear,

of the
primi-
by the

tation

of itp facets. Individual facets can be culled from the primitive or be rendered with different attributes according tp their

orientation. The orientation of a facet is defined to be front facing if its facet normal has a positive or zero Z component
when transformed to NPC, otherwise its orientation is back facing.

4.5.5.4 Reflectance normal

The reflectance normal vector defines the orientation of a facet at a certain point for the purpose of performing a reflec-
tance calculation at that point. The determination of the reflectance normal is dependent on the presence of data
optionally provided with an output primitive. If vertex normals are specified, then, depending on the interior shading
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method, they are used or interpolated to define the reflectance normals at the reflectance calculation positions. If vertex
normals are not specified then the facet normal is used.

If a facet is determined to be front facing, reflectance normals as described are used for subsequent reflectance calcula-
tions. If a facet is determined to be back facing, normals of the opposite sign are used for reflectance calculations.

4.5.5.5 Intrinsic colour

The intrinsic colour is the colour or colours associated with an output primitive prior to applying the reflectance calcu-

multiple possible sources. In the case of area primitives, the source of intrinsic colour is dependent on the interior/style

and the data mapping method. Table 6 lists the source of intrinsic colour for each output primitive. Where multiple
sources are listed, they are listed in their decreasing order of default precedence.
Table 6 — Sources of intrinsic colour

Outkut Primitive Sources of intrinsic colour

polylline polyline colour aspect

polymarker polymarker colour aspect

text text colour aspect

ann@tation text text colour aspect

fill grea pattern representation, initerior colour aspect

fill grea set pattern representationyinterior colour aspect

cell array cell colours

gendralized drawing primitive any, accordingito the type of GDP

polyline set with colour vertex colours, polyline colour aspect

fill grea set with data patterhrepresentation, data mapping, interior colour aspect

cellfarray PLUS célbcolours

set of fill area sets with data pattern representation, data mapping, interior colour aspect

triangle set with data pattern representation, data mapping, interior colour aspect

triangle strip with data pattern representation, data mapping, interior colour aspect

quadirilateral mesh with data pattern representation, data mapping, interior colour aspect

nontuniform B-spline curve polyline colour aspect

nontuniform B-spline curve with colour | colour spline, polyline colour aspect

nonjuniform B-spline surface pattern representation, interior colour aspect

nontuniform Bspline surface with data | pattern representation, data mapping, interior colour aspect
Wher when

the interior style is PATTERN. In this case the source of the intrinsic colour is the pattern representation indicated by the
appropriate INTERIOR STYLE INDEX or BACK INTERIOR STYLE INDEX attribute. Intrinsic colour is derived from the
pattern representation in a workstation dependent way.

Except in the case described in the preceding paragraph for interior style PATTERN, the source of intrinsic colour for the
output primitives defined in ISO/IEC 9592-1 is the corresponding colour aspect for that primitive. For polyline set with
colour primitives the source is the vertex colours, if specified, otherwise the source is the polyline colour aspect. For fill
area set with data, set of fill area set with data, triangle set with data, triangle strip with data and quadrilateral mesh with
data primitives the source of the intrinsic colour is detcrmined by the data mapping method aspect. For cell array and cell
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array PLUS primitives the intrinsic colour is the collection of the primitive’s cell colours.* For non-uniform B-spline
curve primitives the source of intrinsic colour is the polyline colour aspect. For non-uniform B-spline curve with colour
primitives the source of intrinsic colour is the colour spline specified with the primitive, or the polyline colour aspect if

no colour spline is specified. For non-uniform B-spline surface primitives the source of intrinsic colour is the

interior

colour aspect. For non-uniform B-spline surface with data primitives the source of intrinsic colour is determined by-the
data mapping method aspect if colour or data splines are specified; the intrinsic colour is the interior colour aspect if no
colour or data splines are specified. The source of intrinsic colour for generalized drawing primitives can be any of the

defined sources.

at each

FACET
mitive,

indicates

s interior,

edges, or parametric surface characteristics.

4.3.7 Distinguishing facets by orientation

Diffferent attributes can be applied to individual facets of an area primitive according to whether their orientation

of & facet to select which attributes to apply. When FACET DISTINGUISHING MODE has the value OFF, the same
arejapplied to both front-facing and back-facing facets. Many attributes have counterparts that are applied to bac
facets when FACET DISTINGUISHING MODE has the valu¢©ON. The aspects, attributes, and ASFs that apply t

facjng or back facing. The attribute FACET DISTINGUISHING MODE controls whether PHIGS PLUS uses the oril]::ation

4.4.8 Hidden line and hidden surface removal

As|in ISO/IEC 9592-1, implementation of.any HLHSR capabilities is optional. If HLHSR capabilities are pr|

is front

pects
-facing
b back-

pvided,

however, an implementation shall not make methods available that interfere or conflict with PHIGS PLUS functignality.

4.4.9 Stability

The aspects of output primitives composed of planar convex facets (where planarity is in all of the geometry,
dath, and vertex normals.used——4.6.4.2 —and convexity is in the geometry only) and undergoing only rigid tran

colour,
forma-

tiops shall not appear.to’vary based only on the primitive’s orientation in any coordinate space. Similarly, the aspects of

p etric curve and\parametric surface output primitives when those primitives undergo ngld transformations s
appjear to vary based only on the primitive’s orientation in any coordinate space.

hall not

4) Colours of cell array and cell arrays PLUS primitives are, unlike other area primitives, substantial properties of the primitives themselves. Therefore,

their intrinsic colour is taken solely from the cell array values, never being derived from any other aspects or attributes.
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4.6 The PHIGS PLUS rendering pipeline

4.6.1 General

In PHIGS PLUS, colour values to be displayed on the display surface of a workstation are computed by the rendering
pipeline (see figure 10). The conceptual rendering pipeline consists of a data mapping stage, a shading (interpolation)
stage, a lighting stage, a depth cueing stage, and a colour mapping stage. The input to this pipeline includes the output
primitive facets that remain after facet culling, and the primitive attributes as determined by the orientation of the prim-
itive and the FACET DISTINGUISHING MODE attribute

Combine depth cue
Calculate reflected - A ) Map depth
—_ colour | colour with reflected |— cued colours —P
colours
Data mapping, lighting, Depth cueing €olour mapping
and shading

Figure 10 — The conceptual rendéving pipeline

The| rendering pipeline uses a primitive’s attributes, orientation and position in world coordinates to determine the
displayed colours for that primitive. The data mapping stage<¢omputes a primitive’s intrinsic colour from data specified
with the primitive, The lighting stage computes the effect ofdight sources on a primitive’s appearance. Lighting in[PHIGS
PLUS is applied on a primitive by primitive basis; no.interactions between objects such as shadows or reflectigns are
defiped. The shading stage interpolates data across a-primitive. The depth cueing stage conditionally modifies the ¢olours
of the lit and shaded primitive by combining them with the depth cue colour on the basis of the primitive’s Z component
in NPC. The colour mapping stage maps the colours produced by the previous stages into other, possibly workstation
depgndent, colours before they are displayed.

4.6{1.1 Primitives affected by the rendering pipeline

Lighting and shading are applicable to only area primitives, with the exceptions that polyline primitives utilize shading
for [nterpolation of colours;and cell arrays may be affected by lighting. It is acceptable not to apply lighting to cell array
and|cell array PLUS primitives, and shading does not apply to them. Markers, text and annotation text, as well as {1l area
set ¢dges and edges,of other area primitives are not processed by the lighting and shading stage. Data mapping applies
to all with-data prifnitives. Depth cueing and colour mapping are applicable to all primitives.

Thd effect of lighting and shading self-coincident or self-intersecting facets of area primitives is workstation dep¢ndent.

4.611.2’ The effect of the interior style on lighting and shading

Conceptually, lighting applies to HOLLOW, SOLID, and PATTERN interior styles; shading applies to HOLLOW, SOLID,
PATTERN, and HATCH interior styles. It is acceptable for an implementation not to light and shade an area primitive
when the interior style is PATTERN or HATCH. Lighting and shading are not applied when the interior style is EMPTY.

The effect of lighting and shading when the interior style is HOLLOW is the same as for SOLID, but only primitive bound-
aries are displayed. Points on the boundaries, including points in boundary segments created by clipping, have the same
colour as they would if the interior style were SOLID. For interior style PATTERN the pattern is conceptually applied prior
to lighting and shading, and the colours used in the reflectance calculation are taken from the pattern definition.
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4.6.1.3 Aspects and attributes used in the rendering pipeline

The rendering pipeline makes use of the following aspects and attributes: polyline shading method, interior colour, inte-
rior style, interior style index, data mapping method, DATA MAPPING INDEX, reflectance properties, reflectance model,
interior shading method, back interior colour, back interior style, back interior style index, back data mapping method,
BACK DATA MAPPING INDEX, back reflectance properties, back reflectance model, back interior shading method,
LIGHT SOURCE STATE, RENDERING COLOUR MODEL, DEPTH CUE INDEX, and COLOUR MAPPING INDEX. The
rendering pipeline also makes use of the implicit eye point and any geometric and colour information specified with an
output primitive,

The eye point is a physical parameter that is implicit in the PHIGS viewing matrices. The eye point is that point/in WC
that] transforms to infinite positive Z in NPC (the homogeneous point (0, 0, 1, 0)). The eye information needed [for the
reflgctance calculations can therefore be determined by transforming the NPC point (0,0,1,0) through the'inverse$ of the
view mapping and view orientation matrices, in that order. For perspective projections this operation will'result inja loca-
tion| in world coordinates that corresponds to the projection reference point of the PHIGS view mapping utility fynction
(if the PHIGS utility functions or comparable methods were used to derive the view mapping).'\For parallel projections
this|inverse transformation results in a direction vector on which the eye point lies at infinity: In the case of singular
matfices there is either no determinate eye point or an infinite number of them. The impl€mentation will choose gn arbi-
trary location in the former case and one of the possible locations in the latter case.

4.6{2 Data mapping

Dath mapping is a means of computing intrinsic colour from colour or otliéx application-specific data associated with the
follpwing output primitives: fill area set with data, set of fill area sets with data, triangle set with data, triangle strjp with
datd4, quadrilateral mesh with data and non-uniform B-spline surfacé\with data. The data mapping process convejrts one
or more fields of data to a single colour at points on the output primilive where an intrinsic colour is needed. This|colour
is 1:ted as input to the reflectance calculation and subsequent.stages of the rendering pipeline.

Forlall the output primitives listed in the previous paragraph except non-uniform B-spline surface with data, the|data is
spegified as either a colour at each facet or vertex or alist of real values at each facel or vertex. If a list of real values is
spe¢ified, more entries in the list can be specified than are used in any single traversal of the output primitive structure
elernent. The values to use in a particular execution are specified separately in the data mapping method data recprd.

For[non-uniform B-spline surface with ddta,eutput primitives the data is in the form of a colour spline or a list pf data
splines. Each spline specifies the distribution of colour or data over the surface’s geometry. If a list of data splipes are
spegified, more entries in the list can:be specified than are used in any single execution of the output primitive structure
element. Which data splines to,use.in a particular execution are specified separately in the data mapping methI\d data
reerd. These data splines may-have a greater dimensionality than that needed by a particular data mapping method
(pethaps because the full dimensionality is used by some other data mapping method), in which case the descrigtion of
the |[data mapping method.shall describe the dimensions used. (The defined data mapping methods use only the first
dimension of the data splines.)

The| data mapping-method aspect controls the mapping of data values to intrinsic colour. It specifies which data|values
are psed and-how they select the intrinsic colour, There are separate data mapping method aspects for front- and back-
facipg facets: The data mapping method aspect consists of a method indicator and a data record, the contents off which
are method dependent.

Output primitives subject to data mapping may have more information specified with them than is used during any single
execution of their structure element. For all but non-uniform B-spline surface with data output primitives this informa-
tion can be a combination of vertex colours, vertex data, facct colours or facet data. For non-uniform B-spline surface
output primitives both a colour spline and a list of data splines can be specified. Which of this information to use for a
particular data mapping is indicated in the source selector list in the data mapping method data record. The source
selector list is a list of flags indicating the precedence of the possible intrinsic colour sources. Each selector in the list
may have one of the values listed in table 7.
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Table 7 — Intrinsic colour source selectors

Selector value Selector meaning

COLOUR_ASPECT

VERTEX_COLOUR Use vertex colour as the source of intrinsic cofour.
VERTEXDATA Use verex dam as the Source of mrinsicecotoor———————————————— ]

Use the appropriate colour aspect, €.g., interior colour, as the source of intrinsic colour.
FACET_COLOUR Use facet colour as the source of intrinsic colour.
FACET_DATA Use facet data as the source of intrinsic colour.

The
The
data
that
map)
tive,
For

VER
FAC]

Not
instg
meal

supy]
that

The

bunglles are entries in the data mapping table in the workstation state list. They are set with the function SET
PING REPRESENTATION. The front and back data'mapping methods are set individually with the structure elgments

MAI
“set
with
in th

Dur
map

cur]
list

order of the flags in the selector list indicates the precedence of the corresponding data relative to the other s

TEX_COLOUR indicate that the surface colour spline is the source of intrinsic Colotr. Source selector flag va
ET_DATA and VERTEX_DATA indicate that the data splines are the source of infrinsic colour.

all data mapping methods support all the above sources of intrinsic_¢elour. Data mapping method COLOU

ningful for that data mapping method. The description of each.data mapping method indicates which sourd
orted by that method. Intrinsic colour sources not meaningfulge a particular data mapping method are ignoreqg
data mapping method is in effect.

data mapping method is a non-geometric aspect and\is both individually specified and bundled. Data mj

data mapping method” and “set back data mapping method”, and are selected from the data mapping bundl
the structure elements “set data mapping index” and “set back data mapping index”. Each index indicates a |
¢ data mapping bundle table.

ng traversal the ‘current data mapping method ASF’ in the traversal state list determines the source of th
ping method. If it is BUNDLED then the data mapping method specified in the data mapping bundle indicated
rent data mapping index’ is(used. If it is INDIVIDUAL then the ‘current data mapping method’ in the traversg
s used. Similarly, the ‘Current back data mapping method ASF’ indicates the source of the back data mj

me

data mapping method’ eniry in the traversal state list.

Data mapping method 1 is used during traversal if the specified data mapping method is not available on the wor

n0d, either from the data mapping bundle indicated by the ‘current back data mapping index’ or the ‘curren

Urces.

first entry in the list has the highest precedence, the last entry has the lowest. When an output primitive subject to
mapping is encountered during traversal, the selector list is searched from first entry to last until'a selector is|{found
corresponds to a source of intrinsic colour specified with the output primitive and applicable to the current data
ping method. If such a match occurs then the indicated source is used to determine the intrinsic colour of the [primi-
If no match is found or the selector list is empty the interior colour aspect is used as the source of intrinsic ¢olour.
non-uniform B-spline surface with data output primitives source selector flag-values of FACET_COLOUR and

ues of

R, for

nce, uses only the appropriate colour aspect, vertex, or facet colous,'sé only those three source selector valyes are

es are
when

ipping
DATA

e table
bundle

e data
by the
1 state
Apping
t back

tation,

or iff the data mmapping method or the data record contents are inconsistent with the data specified with a primitive. The
datalrecord valués used in these cases are the default values indicated in the PHIGS description table. (Examples ofincon-
sistgncigs include fewer data values specified than are needed and a data value index specifying a data item that dpes not
exisy if-a list of data associated with the primitive.) The effect of this fallback behaviour shall be only on the display of

the primitive associated with thefmconsisterncy:

The
<0
1

defined data mapping methods are

Implementation dependent.

COLOUR: Any colours specified with the output primitive are used directly as the source of intrinsic colour. Only
source selector values of COLOUR_ASPECT, FACET_COLOUR, and VERTEX_COLOUR are meaningful for this
data mapping method. Other values can be specified but will be ignored. For non-uniform B-spline surface with
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data output primitives, both FACET_COLOUR and VERTEX_COLOUR indicate that the surface’s colour spline, if
specified, is used as the source of intrinsic colour.

SINGLE VALUE, UNIFORM: A single data value is mapped to a colour selected from a specified list of N colours
(see figure 11). The colour selected from this list is based on the relationship of the data value to a specified data
range. Data values below the data range are assigned the first colour in the colour list. Data values above the data
range are assigned the last colour in the colour list. Data values within the data range are assigned a colour by
associating, uniformly, a portion of the range with each of the colours from the second to the penultimate colour
in the colour list and selecting the colour associated with the portion of the range containing the data value. The

C d = data value
d dy ! d; = lower range limit
C, dy = upper range limit
dL +8 C dl—l _ dL
dp +28 = b=—F5— N>2
L N-2
: : Use colour C; when d < dj,
. . Use colour C,,, , whendy/+ nd<d < dy +(n+1)3,
dp + (N-2)d 0<nsN-3
Cn Use colour Cy-when d 2 dy;

Figure 11 — UNIFORM data mapping of data values to colours

The data value to map, subject 1o any interpolation indicated by the shading method aspect, is indicated by an
index into the data lists. This index is specified, in the data mapping method’s data record. For non-unif¢grm B-
spline surface with data output primitives,dhe index indicates the single data spline in the list of data splines, if
specified, that is used to determine the data values to map. If that data spline is multi-dimensional only the first
coordinate value is used.

The data record for this method.contains the intrinsic colour source selector list, the data value index, the two data
range limits, and the list of colours. The list of colours must contain at least three colours, unless the lower range
limit is equal to the upperrange limit, in which case the list must contain at least two colours.

Only source selector values of FACET_DATA and VERTEX_DATA are meaningful for this data mapping method.
Other values can-be-specified but will be ignored. For non-uniform B-spline surface with data output primitives
both FACET_DATA and VERTEX_DATA indicate that the surface’s data splines, if specified, are used as the source
of intrinsic €elour.

SINGLE VALUE, NON-UNIFORM: A single data value is' mapped (o a colour selected from a specified ligt of N
colours (see figure 12). The colour selected is based on the relationship of the data value to a specified set pf data
ranges. The ranges are specified as a list of N—I range boundaries in increasing order; N shall be 2 2. Each range
boundary specifies the lower limit of the range above it, inclusive, and the upper limit of the range below i, non-

inclusive, thatis, range i = [d;, d;,;); thus the ranges are adjacent. The first range extends to negative infinity, the
last range extends to positive infinity. Each range is associated with a colour in the colour list. Data values are
assigned the colour associated with the range that contains them. Data values below the first range boundary are
assigned the first colour in the colour list. Data values above the last range boundary are assigned the last colour
in the colour list. The colour-to-range association is defined in figure 12. The number of colours in the list shall
be one more than the number of boundaries.

The data value to map, subject to ziny interpolation indicated by the shading method aspect, is indicated by an
index into the data lists. This index is specified in the data mapping method’s data record. For non-uniform B-
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C; d = data value

d
C d; = range boundaries, 1 i <N -1

dy c;

d3 Use colour Cy whend < 4

. . UsecolourCrwhend; y sd < d, 2<i<N_]
dy_;

Cy Use colour Cy whend 2dy _;

Figure 12 — NON-UNIFORM mapping of data values to colour

spline surface with data output primitives the index indicates the single data.splirie in the list of data splines, if
specified, that is used to determine the data values to map. If that data spline-is multi-dimensional only fhe first
coordinate value is used.

The data record for this method contains the intrinsic colour source&elector list, the data value index, the list of N
colours, and the list of NI data range boundaries.

Only source selector values of FACET_DATA and VERTEX_DATA are meaningful for this data mapping method.
Other values can be specified but will be ignored. For non=imiform B-spline surface with data output priI'lnitives,
both FACET_DATA and VERTEX_DATA indicate that thesurface’s data splines, if specified, are used as thg source
of intrinsic colour.

BI-VALUE, UNIFORM: Two data values are mapped to a single colour selected from one of a specifiefl set of
colour lists, each list having possibly different lengths (see figure 13). The first data value, d, , determings from
which colour list to select the colour; the second data value, d;,, determines which colour to select from that list.
The list and colour selected are basedon the relationship of the data values to two specified data ranges, R} for the
d, data values and Ry, for the d,, datavalues. Values of d, below the lower limit of R, indicate that the firs} colour
list is used. Values of d,, above or-equal to the upper limit of R, indicate that the last colour list is used. Values of
d, within R, indicate the list{o-use by associating, uniformly, a portion of R, with each of the colour lists from the
second to the penultimate eolour list and selecting the list associated with the portion of R, containing {he data
value. The colour listto range association is defined in figure 13. Data value dj, is used to determine the cplour in
the selected list by applying the same mapping defined for data mapping method SINGLE VALUE, UNJFORM,
using d, as the data value, R, as the range, and the colour list selected by d,;.

The two data-values to map, subject to any interpolation indicated by the shading method aspect, are indigated by
two indicesinto the data lists. The first index indicates d,, , the second index indicates d;,. These indices ate spec-
ified-in'the data mapping method’s data record. For non-uniform B-spline surface with data output primitjves the
indices indicate the two data splines in the list of data splines, if specified, that are used to determine }he data

values to map. If either of the two indicated data splines is multi-dimensional only the first coordinate yalue of

—eachisused:

The data record for this method contains the intrinsic colour source selector list, the two data value indices, the
data range limits for each of the two ranges, and the colour lists. The colour lists can be of differing lengths. There
shall be at least three color lists specified, unless the limits of range Ra are equal, in which case there shall be at
least two colour lists. Each list shall have at least three entries, unless the corresponding range limits, Ry, are
equal, in which case there shall be at least two colours in the list.

Only source selector values of FACET_DATA and VERTEX_DATA are meaningful for this data mapping method.
Other values can be specified but will be ignored. For non-uniform B-spline surface with data output primitives
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CL, CL, CLy

dy; = lower range limit
d,; = upper range limit

dapi = dar

M-2
Use CL; when d, < d,;,
Use CL,, ., when

d e < d
b TR

>2

3

d

e l300 e ]
e +

aL

0<m<M-3

dyp<d,<d, +8 Use CLy whend, >d,y

—_—
dg2dy

da < daL

Figure 13 — UNIFORM mapping of data values to colour lists

both FACET_DATA and VERTEX_DATA indicate that the surface’s data splines;-if specified, are used as the
of intrinsic colour.

BI-VALUE, NON-UNIFORM: Two data values are mapped to a single colour selected from one entry in
colour lists (see figure 14). The colour selected is based on the relationship of a data value, d;, to a speci
of data ranges, R,, and the relationship of a data value, d,,, to orie of a specified set of data ranges, Ry, ;. T

increasing order. Each range boundary specifics the lowerlimit of the range above it, inclusive, and the upp

source

A set of
fied set
here is

one Ry, ; range set for each range in R,. The ranges in each range sct are specified as a list of range boundaries in

br limit

of the range below it, non-inclusive, i.e., range i = [d;{d;, ;), thus the ranges are adjacent. The first range
set extends to negative infinity, the last range of each\set extends to positive infinity. Each range in R, is ass

in R, containing d,. The data value dj, selécts the colour in CL; associated with the range in R, ; contai
The colour-to-range association is defin¢d’in figure 11.

The two data values to map, subject-to any interpolation indicated by the shading method aspect, are indic
indices into the data lists. The ffirst index indicates d;, the second index indicates d,,. These indices are sg
in the data mapping method’s data record. For non-uniform B-spline surface with data output primiti
indices indicate the two(dafa splines in the list of data splines, if specified, that are used to determine t]

each is used. '

The data record)for this method contains the intrinsic colour source selector list, the two data value indiq

The R zand R, ranges must contain at least one boundary. There must be one more colour list than the nur,
range-boundaries in range R ;. The colour lists can be of differing lengths. Each list shall contain one more}
than the number of range boundaries in the corresponding range, Ry, ;.

bf each
ciated

with a colour list, CL;, and a range set, R, ;. Eachrange in each R, ; is associated with a single entry in th¢ corre-
sponding colour list, CL;. The data value d, selects the R, ; range set and CL ; colour list associated with the range

ng db-

hted by
ecified
ves the
ne data

values to map. If eithier)of the two indicated data splines is multi-dimensional only the first coordinate value of

tes, the

list of rangeboundaries for the R, range, the lists of data range boundaries for the R, ranges, and the colojr lists.

hber of
colour

LA

Other values can be specified but will be ignored. For non-u
both FACET_DATA and VERTEX_DATA indicate that the surface’s data splines, if specified, are used as the
of intrinsic colour.

Reserved for registration or future standardisation.
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y——
da,1 da 2 daM-1
CLI CL2 CLM
dy dp, 1 Cri Ca.1 Cum.1 d, ; = R, range boundaries,
C .
dp, 2 C’ .2 Czz2 Cu,2 1<isM-1
dp, 3 L3 Cy3 C,3 dp,j = Ry range boundaries,
. . Tt , T<j<N-1
dpN-1 5 : .
LN
Cun,
Con,

Colour C; ; is used, where j is the index of the Jj-th colour in the i-th colour list, and

i=1whend, <d,, j=1whend, <dy4
i=Mwhend,zd, Jj=Nwhend,2dy N,
i=mwhend, , 1Sd,Sd;, 2<msM-1 j=nwhend, , ;<dy<dy,,2<n<N-1

Figure 14 — BI-VALUE, NON-UNIKORM data mapping
4.6.8 Lighting

4.6.8.1 Reflectance calculation

The/|reflectance calculation is conceptually applied at one or more positions on the primitive being lit and prodpces a

colour at such points. Input to the reflectance calculation conditionally includes the position on the primitive at
the Jeﬂectance calculation is performed, the reflectance normal and intrinsic colour at that position, the reflectance prop-
S

ertids, the reflectance model, the set-of active light sources, and potentially other information.

Thelreflectance model aspectselects the lighting model to use in the reflectance calculation. The defined models

<0| Implementation dependent.

hich

Arc

1 No reflectaneé calculation performed; colour is not affected by lighting and shading.
2 Ambientreflectance effects computed.

3 Ambient and diffuse reflectance effects computed.

4 Ambient, diffuse, and specular reflectance effects computed.

>5 Reserved for registration or future standardisation.

Reflectance model 1 is used during traversal if the specified reflectance model is not available.

1t is recommended that the effect of the reflectance calculation be as if the calculations were performed in WC; however,

this is not required. Suggested reflectance formulae are given in annex C.
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4.6.3.2 Light sources

Light sources affect the display of area primitives. Their effect is determined by the reflectance calculation applied
during the lighting and shading stage of the rendering pipeline.

All light sources have a light source type and a light source colour. They may also have additional information such as
light source position, light source direction, concentration exponent, spread angle, and attenuation coefficients. Light
source specifications have a light source type and a data record. The data record is specific to each light source type. The
light source type is an integer that selects one of the following types:

of their

ion, but
he light

osition,
at light
tated by
is given

Ch entry

< (——Implememarion dependent.

1 AMBIENT: Ambient light sources have a light source colour and affect area primitives independently
orientation and position.

2 DIRECTIONAL: Directional light sources have a light source colour and light direction in ‘world coondinates.
Conceptually they are located at infinity. They affect an area primitive based on the primitive’s orienta
independently of its position. The light direction is indicated by a unit vector pointing)in the direction
travels.

POSITIONAL: Positional light sources have a light source colour, light sourc€position in world coordingtes, and
attenuation coefficient. They affect an area primitive based on the primitive’s position and orientation. The light
position is given by a 3D point in world coordinates.

4 SPOT: Spot light sources have a light source colour, light source position in world coordinates, light dirgction in
world coordinates, attenuation coefficient, concentration expenent, and spread angle. If a portion of afi output
primitive lies outside the cone of influence of a light source of\this type, as determined by the light SOurcea{
light source direction and spread angle, the colour of that.portion of the primitive is not affected by t
source. The light source position is given by a 3D point’in world coordinates. The light direction is indi
a unit vector pointing in the dircction that light at the>center of the light beam travels. The spread angle
as the angle between the light direction vector (theicenter of the light beam) and the edge of the cone of inffluence.

=5 Reserved for registration or future standardisation.

4.6.3.3 Workstation light sources

Workstation light source definitions are stored in the ‘light source table’ of the workstation state list. The table shall have

at least two entries predefined. All'entries in the ‘light source table’ can be set with the function SET LIGHT JOURCE

REPRESENTATION.

THe set of workstation light.sources active during traversal is controlled by the “set light source state” structure ¢lement.

THe ‘current light source state’ in the traversal state list contains the list of active workstation light sources. Eaj

in ghe list is an indexinto the ‘light source table’ of the workstation state list. Light sources are added to or removed from

this list with the €setlight source state” structure element. The ‘current light source state’ is saved prlor to execution of

€a

Ex
of

Ch structure-in'a structure network and restored upon a return from each execution.

tries inthe ‘current light source state’ corresponding to undefined light source table entries are ignored. If the
active mon-ambient light sources indicated by the ‘current light source staie’ exceeds the number support
workstation, it is workstation dependent which of the indicated light sources ate used.

number

efby the
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.4 Shading

4.1 General

Shading in the rendering pipeline conditionally interpolates geometric information, intrinsic colour data, and reflectance
calculation results across the primitive. The method of interpolation is comrollcd by the shading method, which indicates
the information to be interpolated, if any.

4.6

Wh)
plu

valges of their end-point, assuming that their origin has been translated to the coordinate system origin. Each

abo)

Lin
Thd
be ¢

Lin
witl
the

—

4.6

Let
pol

wh

and

Let

ﬁ_lmrpﬁhﬁﬁu

en colour, data, or normals are present at vertices, then the values being interpolated are the combination of gej
colour, geometry plus data, and geometry plus normals. In this context, the normals aredtaken as the coo

ve combinations constitutes an n-dimensional space in which planarity is defined as follows:

a) Three non-colinear points in n-dimensional space define a plane,
a linear combination of the others.
effect of linear interpolation shall be as if it is performed in world{coordinates, even though the interpolati

arried out in another coordinate system.

ear interpolation in PHIGS PLUS is defined only for line.segients and triangular facets. Interpolation acros
 more than three vertices is implementation dependent, A-tecommended interpolation for such facets is to su
facet into triangles and interpolate across the triangles:

4.3 Colour interpolation

the end-points of a line segment be P yand P, , with colours Cy and C,. For any point P on the line segment th
ited colour, C, is defined by the formula:

C=o0C+ (1)2C2
2

0, = 1P2_P| and ©, ]Pﬁpl
LXJP, =P 27 PPy
{P — Ofdenotes the Euclidean distance between the points P and Q.

the.yertices of a triangle be P;, P,, and P3, with colours C;, C,, and C3. For any point P inside the triangle th

Lmrar interpolation along line segments or across facets is the linear combination of the values associated with the
verfices of the line segment or facet. The interpolation shall be continuous along the segment or across the. facet.

pmetry
rdinate
of the

b) A point is co-planar with three points that define a plane if its coordinate-values can be uniquely exprgssed as

par interpolation of n-dimensional values is equivalent to the separat€ linear interpolation of each of its coordlinates.

bn may

facets
pdivide

e inter-

e inter-

pol

afed-ed £ o daly I 1k £ 1o
VUL U 15 UCITTIAT Uy IV TLITITUIQ,

C = “’1C1 + w2C2+ co3C3

where

area (PP,P,) area (PP P,) area (PP P,)
0=, W)=, )y T
area (P P,Ps3) area (P{P,P3) area(PP,P,;)
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PQOR denotes the triangle with vertices P, 0, and R, and area(PQR) denotes the area of the triangle formed by the

vertices P, Q, and R.

4.6.4.4 Data interpolation

Let the end-points of a line segment be P; and P,, with data values Dy and D,. For any point P on the line segment, the

interpolated data value, D, is defined by the formula:

D= mlD1 + 0)202

where ®; and w, are as given in 4.6.4.3.

Let the vertices of a triangle be P, P,, and P;, with data values D, D,, and D3, For any point P inside the triangle the

interpolated data value, D, is defined by the formula:
D= colD1 + szz + (n:,’D3

where ©;, 0, and 3 are as given in 4.6.4.3.

4.6.4.5 Normal-vector interpolation

It is recommended that interpolation of normal vectors be through the interpolation of their spherical coordinate
the same interpolation method as that used for colour and data; however,itigacceptable to interpolate normal vect
interpolating their Cartesian coordinates with the same interpolation method as that used for colour and dat3
resulling vector must be normalized before being used in the reflegtance calculation.

4.6.4.6 Polyline shading

Shadling of polylines is the interpolation along the line’s segments of any vertex colours specified with the primitivg
line {ype attribute is applied after shading and acts like a masking operation. Each polyline of a polyline set is col
independently of the others in the set.

efined polyline shading methods are
<0 | Implementation dependent.

1 NONE: If vertex colours are specified then the i-th vertex colour is used to colour the i-th line segment. If
colours are not specifiedithén the entire polyline is coloured in a single colour determined by the polyline ¢
aspect.

2 COLOUR: If vertex’colours are specified then they are interpolated, in the rendering colour model, along th
segments. Ifvertex colours are not specified then the entire polyline is coloured in a single colour determin
the polyling/colour aspect.

23 | Reserved for registration or future standardisation.

b Wlth
brs by
. The

t. The
oured

rertex
olour

¢ line
ed by

. 4.6.4.7 Interfor shrading

The shading of area primitives is controlled by the interior shading method aspect, which indicates the information to be
interpolated, if any. The interior shading method is selected by the INTERIOR SHADING METHOD attribute or the INTE-
RIOR INDEX, depending on the INTERIOR SHADING METHOD ASF. The corresponding BACK attributes are used for
back-facing facets. The defined interior shading methods are described below. The effects of ¢ach shading method for

each interior style are described.

The defined interior shading methods are

50


https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

ISO/TEC 9592-4:1992(E)

Implementation dependent.

NONE: For interior style SOLID a reflectance calculation is performed for each facet of a primitive to produce a
single reflected colour per facet (see figure 15). The point on the facet used in the reflectance calculation is work-
station dependent. The colour used in the reflectance calculation is the primitive’s intrinsic colour. When vertex
colour or vertex data is the source of intrinsic colour, that information is interpolated at the point used in the reflec-
tance calculation and mapped to a colour according to the method indicated by the data mapping method aspect.

The resultant intrinsic colour is used in the reflectance calculation.

Determine Calculate Duplicate Combine Map
intrinsic facet single depth cue colours.

- colour. —p»  reflected [—m{ colour —p colour with |—p .

colour. across reflected
facet, colour.

Data mapping Lighting Shading Depth cueing Colour
mapping

Figure 15 — A conceptual rendering pipeline for shadingmethod 1 (NONE)

For interior style HATCH no interpolation is done and no reflectance calculation is performed.

For interior style PATTERN a single reflectance calculation™is performed for each cell of the pattern aftpr the
pattern is projected onto the primitive. The positions on th@’primitive used in the reflectance calculation are ork-

station dependent.

COLOURS: For interior style SOLID a reflectance.€alculation is performed at each vertex of a primitive, urs;Ig the
lated

primitive’s intrinsic colour and reflectance normal at that vertex. The resulting reflected colours are inte
linearly across the primitive using the curicht RENDERING COLOUR MODEL (see figure 16).

Determine Calculate Interpolate Combine Map
intrinsic facet vertex depth cue colours.
colours at reflected reflected : colour with
vertices. colours at colours interpolated
vertices. across colours,
facets.

Data mapping Lighting Shading Depth cueing Colour
mapping

Figure 16 — A conceptual rendering pipeline for shading method 2 (COLOUR)

For interior style HATCH the intrinsic colours at the vertices of {ill area and {ill area set primitives are interpolated
linearly across the primitive to determine the hatch colour at each position where the hatch is displayed. The appli-

cation of interior style HATCH to the other area primitives is workstation dependent.

The effect for interior style PATTERN is the same as that described for interior shading method 1.

S5) Traditionally known as Gouraud shading.
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3 DATA: For interior style SOLID any reflectance calculation terms independent of the intrinsic colour may be
computed at each vertex of the output primitive, using the reflectance normal at that vertex. (annex C lists the
terms independent of intrinsic colour for the suggested reflectance formulae.) These terms are interpolated
linearly across the primitive. A reflectance calculation is performed at each interpolated position to compute a
reflected colour there, using the interpolated terms and the intrinsic colour at that position (see figure 17).

Calculate Interpolate Determine Combine Map
per-vertex per-vertex imtrinsic depthtue colours.
reflectance | reflectance colour, colour with
terms that are | terms and Calculate reflected
T | independent data or * reflected 1 colours. " gl
of intrinsic colours colours at
colour. across interpolated
primitive. positions,
Shading, data mapping, and lighting Depth cueing Colour
’ mapping

Figure 17 — A conceptual rendering pipeline for shading method 3 (DATA)

The intrinsic colour is determined as described in 4.5.5.5 and 4.6.2 at each position on the primitive where a
- reflectance calculation is performed. When vertex colour orvértex data is the source of intrinsic colour, thgt infor-
mation is interpolated at the points on the primitive whére a reflectance calculation is performed, and mapped to
a colour according to the method indicated by the data'mapping method.

The effect for interior style HATCH is the samé ds'that described for shading method 2.

For interior style PATTERN the same procedure is used as for interior style SOLID, but the intrinsic colour|at each
position a reflectance calculation is performed is taken from the pattern cells after the patiern is projected ¢nto the
primitive.

4 DATA AND DOT: For interior style SOLID any dot products needed by the reflectance calculation are calculated
from reflectance normals at-a'set of positions on the primitive. The dot products required for the calculation are
dependent on the reflectance formulae used. (The dot products for the suggested reflectance formulae are listed in

~ annex C.) These dot/products are then interpolated linearly across the primitive. The reflectance calculation is
performed at eachGnterpolated position to produce a reflected colour at that posmon using the interpoldted dot
products and thé-ntrinsic colour at that position (see figure 18).

Calculate Interpolate Map data. Combine Map

per-vertex per-vertex Calculate depth cue colours,
dot products. dot products | reflected colour with
> and data or colours at »reflected > >
colours acros§ interpolated colours.
primitive, positions,
Shading, data mapping, and lighting Depth cueing Colour
' mapping

Figure 18 — A conceptual rendering pipeline for shading method 4 (DATA AND DOT)
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The intrinsic colour is determined as described in 4.5.5.5 and 4.6.2 at each position on the primitive where a
reflectance calculation is performed. When vertex colour or vertex data is the source of intrinsic colour, that infor-
mation is interpolated at the points on the primitive where a reflectance calculation is performed, and mapped to
a colour according to the method indicated by the data mapping method.

The effect for interior style HATCH is the same as that described for shading method 2.

For interior style PATTERN the same procedure is used as for interior style SOLID, but the intrinsic colour at each
position a reflectance calculation is performed is taken from the pattern cells after the pattern is projected onto the
primitive

26

ald

su

methodsd'and 5.

Intgrior shading‘methods 2, 3, and 4 typically involve less computation than interior shading method 5, but may produce
wer quality/image. This is most likely to be the case when the direction of vertex normals for a single fa%:

DATA AND NORMALS: For interior style SOLID the reflectance normals are interpolated linearly across, the prim-
itive. A reflectance calculation is performed at each interpolated position to produce a reflected, colour at that
position, using the interpolated reflectance normal and the intrinsic colour at that position (sce figure 19).

Interpolate Determine Calculate Combine Map

reflectance intrinsic reflected depth cue colours.

normals and colour. colours at colour with

data or » interpolated ’ interpolated |

colours positions, colours.

across facets.

Shading Data mapping Lighting " Depth cueing Colour

mapping

Figure 19 — A conceptual rendering pipelinefor shading method 5 (DATA AND NORMAL)

The intrinsic colour is determined as described in 4.5.5.5 and 4.6.2 at each position on the primitive where a
reflectance calculation is performed. Whenwertex colour or vertex data is the source of intrinsic colour, thdt infor-
mation is interpolated at the points on ¢he primitive where a reflectance calculation is performed, and mapped to
a colour according to the method indicated by the data mapping method.

The effect for interior style HATCH is the same as that described for shading method 2.

For interior style PATTERN;the same procedure is used as for interior style SOLID, but the intrinsic colour Jat each
position a reflectancecalculation is performed is taken from the pattern cells after the pattern is projected gnto the
primitive.

Reserved fordegistration or future standardisation.

t vary

tantially: Interior shading method 3 is included to interpolate data mapping data at a lower computational cgst then

4.6.5 The rendering colour model

The “set rendering colour model” structure element sets the colour mode! in which colour interpolation is performed
during shading and depth cueing. The workstation dependent colour model is required; other models are optional. The
effect of applying the reflectance calculation shall appear as though the calculation was performed in the rendering

6) Traditionally known as Phong shading.
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colour model. The INQUIRE RENDERING COLOUR MODEL FACILITIES function returns the set of rendering colour

models supported by a workstation. The defined rendering colour models are listed in table 8.

Table 8 — Rendering colour models

Value

Rendering colour model

<0

Implementation dependent
WORKSTATION DEPENDENT

EV Y

v
W

RGB
CIELUV
HSV
HLS

Reserved for registration or future standardisation

During traversal if the ‘current rendering colour model’ in the traversal state list is not supported, rendering colour model

0 is used.

4.6.4 Depth cueing

cuei
mod

The ]‘epth cue stage modifies the colour of a primitive based on the Z ¢eordinates of the primitive in NPC. The “set

1 4

Front scale value

Scale Values

Back scalewvalue

0,0 Back Znpc Front
depth depth
plane , plane

Figure 20 — Depth cue scaling

depth

dex” element selects an entry in the ‘depth cue table’ of the workstation state list. Each entry contains a depth cue
, two depth cue reference planes, two depth cue scale factot$and a depth cue colour (see figure 20).

Depth cue mode is one of SUPPRESSED or ALLOWED, disabling or enabling the effect of depth cueing, respectively. A
PHIGS implementation shall support at least depth cue mode SUPPRESSED. The depth cue reference planes are two Z
values in NPC that define a back and a front reference plane for depth cueing. The depth cue scale factors are two values
between 0 and 1. They correspond to the Z values of the depth cue reference planes and specify the portion of the prim-
itive’s colour to combine with a portion of the depth cue colour as a function of Z in NPC, The traversal default for the
depth cue index is 1.
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All entries in the depth cue table can be set with the function SET DEPTH CUE REPRESENTATION. Depth cue facilities
can be inquired with the function INQUIRE DEPTH CUE FACILITIES. Entry 1 of the depth cue table is predefined to depth

cue

mode SUPPRESSED, other entries may also be predefined.

Depth cueing applies to all displayed portions of all primitives, including the edges of area primitives, their boundary
when the interior style is HOLLOW, and the parametric surface characteristics (e.g., isoparametric curves) of parametric
surfaces. The actual method used for depth cueing is workstation dependent. Suggested depth cueing formulae are given
in annex E.

4.6.
The

Colour mapping

dent|colours. The structure element SET COLOUR MAPPING INDEX specifies an index into the colour mapping

the v
desc
final

workstation’s display surface.

Each

methods and the description of the contents of their data records are:

<0
1

Implementation dependent

The data record contains no information.

specified in the data record. The data record contains the following entries:

ping colour model.

where n is the number of dimensioris!in the specified colour mapping colour model.

entry of this list.

the list of colours is achieved as follows:

fied colourmapping colour model.

the.range [0,1].

-£_Normalize the weight vector W by dividing it by the sum of its components, (W; + W, + ...+ W,,).

N,

a S . ~ A - non 3
ber of colours in the list of colours given in the data record.

— Use J as an index to select one of the entries in the list of colours.

vorkstation state list. The traversal default for colour mapping index is 1. Each entry in the colour mappin
ribes a method of mapping the colours produced by the depth cue stage into other colours..Celour mapping|is the
stage of the rendering pipeline. The colours output from this stage are displayed as accurately as possible

- An n-tuple of real numbers used forwweighted averaging, called a weight vector, W = (W;, W, ..

— Convert (C{C5, ..., C,,) in the rendering colour model to the same colour (C;’, C;’, ..., C,,) in the

Colour mapping stage converts the colours resulting from lighting, shading, and depth cueing to workstation depen-

ble in
table

bn the

entry in the colour mapping table contains a colour mapping method and a data reeord. The defined colour mgpping

TRUE: performs the identity mapping. The colours output are identical to those input from the depth cue|stage.
PSEUDO: converts the colours to a single integer index. This-index is used to select a colour in a list of cplours
— An integer specifying one of the colour models:supported by the workstation to be used as the colout map-

bW,

— Alist of colours in the specified colour model. Each entry in the list is specified by an n-tuple of real numbers
corresponding to the coordinates of the specified colour model. An index value of 1 corresponds to the first

During traversal the mapping from a colour (Cy, Cs, ..., C,,) in the current rendering colour model to an entry in

speci-

— Normalize the resulting colour components, if necessary, in a colour model dependent way so that each is in

the num-

— The selected colour is output from the colour mapping stage and is displayed on the workstation as accurately

as possible.

PSEUDO-N: convert the colours to a set of indices. These indices are used to select individual colour coordinates
from lists of coordinates specified in the data record. This method is analogous to colour mapping method

55


https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

ISO/IEC 9592-4:1992(E)

4
A
Al

PSEUDO, except that it specifies a separate list for each of the colour coordinates of the specified colour model.
The output of this mapping is a colour composed of the n coordinates.

The data record contains the following entries:
— An integer specifying one of the colour models supported by the workstation to be used as the colour map-
ping colour model.

— n lists of colour coordinates, of length R;, R,, ..., R,,, where n is the number of dimensions in the specified
colour mappmg co]our model Entries in lhese llsts are real numbers that represem coordmates in the respec-
2 X va the first

entry in each of these hsts.

During traversal the mapping from a colour (C;, C3, ..., C,,) in the current rendering colour model'into A entries
in the n lists is achieved as follows:

—  Convert (C;, Cy, ..., C,,) in the rendering colour model to the same colour (C;’, C%0.% C,,") in the speci-
fied colour mapping colour model.

— Normalize the resulting colour components, if necessary, in a colour model dependent way so that egch is in
the range [0,1].

— Calculate J;, J,, ..., J, such that J; = (R; — I) C; + I, rounded to the siearcst integer.
— UselJ;,J,...,J, as indices to select colour components from thecorresponding lists of colour coordlinates.

— The n components define a colour in the specified colour mapping colour model. This colour is outplut from
the colour mapping stage and displayed on the workstationcas accurately as possible.

Reserved for future registration.
PHIGS PLUS implementation shall support at least colourfaapping method TRUE.
entries in the colour mapping table can be set withithe function SET COLOUR MAPPING REPRESENTATION. Entry

1

f the colour mapping table is predefined to colour-mapping method 1 (TRUE). Other entries may also be predefined.

Cdlour mapping facilities can be inquired with the functions INQUIRE COLOUR MAPPING FACILITIES and INQUIRE
COLOUR MAPPING METHOD FACILITIES:\The function INQUIRE COLOUR MAPPING STATE returns the cprrently

av

ilable colour mapping resources of an.open workstation.
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4.7 Workstations
PHIGS PLUS adds six categories of picture changes:

— data mapping representation modification
— reflectance representation modification
— parametric surface representation modification

— workstation light source representation modification

— depth cue representation modification

— colour mapping representation modification

For each category there is a “dynamic modification accepted for ...” entry in the workstation description table.
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4.8 Graphical input

As in ISO/IEC 9592-1, picking occurs in the abstract 3D image created in NPC. The abstract image does not include
portions of primitives that have been removed by facet culling.

Picking shall act as if performed on the geometric definition of the output primitives comprising the abstract image.
Rendering effects, such as curve and surface approximation may be considered.
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4.9 Limitations

4.9.1 General

PHIGS PLUS does not attempt to define correct behaviour for all possible combinations of parameters for the function-
ality it defines. PHIGS PLUS provides a wide range of functionality that is combined to achieve a broad range of effects.
The quality of these effects is primarily dependent on the user’s choice of data, careful use of the provided output prim-
itives and attrlbutes and the computauonal cost lhe user is w111mg to sustain. PHIGS PLUS systems are expected to be

2 : y i jves; but
S poss1ble fora well 1mp1emcmed PHIGS PLUS system to produce poor quahty 1mages because poor chonc €S Were
made by the user. Below are some specific areas known to require careful attention by the user.

(=

i

4.9.2 Non-planar geometry and data

The effects produced by non-planar facet data are not defined. If the geometry data associated) with a facet of ap output
prjmitive are not planar, as defined in 4.6.4.2, then the image produced from such information is workstation dependent.
The workstation dependent behaviour need not be the same in all circumstances for‘a’ given workstation. Different
combinations of non-planar data, geometry, coordinate transforms, and lighting_specifications may result in different
digplayed images on the same workstation.

It }s expected that if the deviation from planarity is small the workstation dependent behaviour should produce ngarly the
same effect as if the data were planar. This is not a requirement, however,

4.0.3 Relationship of shading method to geometry

e effects produced by the shading methods are heavily dépendent on the granularity of an output primitive’s ggometry.
Alless computationally expensive shading method may be adequate for a primitive with relatively small facets, [but may
prpduce poor results for a primitive with larger facefs) To achieve a high quality image the application may|need to
specify a more computationally expensive shading method or modify geometry so that a given shading method will
prpduce the desired results.

4.9.4 Normal-vector interpolation

Inferpolation of normal vectors may be carried out by interpolating the Cartesian coordinates of the vector ra1her than
the spherical coordinates. This may lead to unexpected results if the interpolated normals are pointing in [strongly
diperging directions. An extrertie example is the Cartesian linear interpolation of two nearly opposed vectors. [The rate
at|which the normalized@esult sweeps the great circle containing the two end points of the vectors is extremely lifferent
tween the sphericalcgordinate interpolation (constant rate) and the Cartesian coordinate interpolation.

4.9.5 Effects\of transformations

sformations affect the appearance of an image as follows: non-rigid transformations change the overall perceived
shiapes-of objects, rigid transformations change the relative positions of objects and observer. Non-rigid transformations

occur in the modelling wransform and in the viewing transform (the transform from world coordinates to noLnaIized
projection coordinates). Non-rigid modelling transformations are likely to produce anomalies in the lighting and shading
of output primitives; PHIGS PLUS therefore leaves the effects of non-rigid transformations on lighting and shading unde-
fined.

Modelling matrices that do not preserve angles are allowed in the PHIGS transformation pipeline. The application of
these matrices, however, may invalidate the normals specificd with primitives, and, since these normals are used in the
lighting and shading calculations, can cause shading anomalies. For a primitive that does not have explicit normals, a
PHIGS PLUS implementation may avoid this problem by computing the normals in world coordinates after applying the
modelling transformation. The effect of non-angle-preserving modelling matrices on shading is workstation dependent.
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The orientation of facets is determined by the Z-component of the facet normal in NPC. This normal can be supplied by
the application and can be non-orthogonal to the plane of the facet. If FACET DISTINGUISHING MODE has the value ON
and if different attributes are applied to front- and back-facing facets, then the appearance of a facet will change when
the Z-component of such a supplied normal crosses 0 even though the eye point does not lie in the plane of the facet.

For some curve and surface approximation criteria, modeling or viewing transformations may lead to a change in the
approximation of parametric curves and surfaces. In such a case coarse approximation criteria is likely to lead to
geometric or shading instabilities as the parametric surface is transformed.

4.9.6 Approximation criteria and data splines

A pdor choice of approximation criteria may cause under-sampling of colour or data splines associated with-parametric
curves and surfaces. Some approximation criteria types base their sampling frequency solely on variations in geometry
and gdo not consider any associated colour or data. If the geomeltry is less widely varying than the.colour or datd, then
thes¢ approximation criteria types may under-sample the colour or data splines, missing their variafions. An examjple of
this is applying curve approximation criteria type 6 (CHORDAL DEVIATION IN WC) to a relatively flat curve with alwavy
colour distribution. Since CHORDAL DEVIATION IN WC approximation bases the sampleArequency on the deviatjon of
the gpproximate geometry from the exact geometry, it will compute a low sample frequency for the curve, maybg only
two pample points if the curve is very flat. Since the colour is only determined from.the colour spline at the sample
points, this low frequency sampling will not capture the variation in the wavy.colourspline.

Sucgessfully capturing the information in colour and data splines requires/that’ appropriate approximation criteria be
used| Under-sampling can be avoided by specifying approximation criteria that samples the geometry at a high epough
freqyency to capture the variations in all the relevant data. An approximation type useful for this is one of the CHORDAL
SIZH types. These give explicit control over the minimum sample size,To the limits of the workstation’s capabilities they
will sample all the splines to at least the desired frequency when given a sufficiently small approximation value,
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4.10 Minimum support criteria

Capabilities are expressed in PHIGS PLUS by functions and ranges of parameters of those functions. It is recognized that
not all implementations will be able to support all possible capabilities, so minimum support criteria are defined.

There are three different types of capability

— An explicitly defined and required capability. Every PHIGS PLUS implementation supports the capability.

— An explicitly defined and non-required capability. A PHIGS PLUS implementation may support the capability
and, if it does, it is implemented according to the explicit definition in PHIGS PLUS.

— A conceptually defined and non-requircd capability. A PHIGS PLUS implementation may provide the capa-
bility. Its implementation follows general rules given by PHIGS PLUS.

ISQ/IEC 9592-1 defines minimum support criteria in 4.14. All the minimum support criteria defined there is required by
thig part of ISO/IEC 9592 except where an explicit minimum requirement specified in this partis-stricter.

The set of explicitly defined and required capabilities includes:
a) all explicitly defined and required capabilities of ISO/NEC 9592-1;
b) interior style SOLID;

¢) directly specified colour;

d) colour types INDIRECT, RGB and CIELUV;

e) facet culling and facet distinguishing;

f) polyline shading methods 1 and 2;

g) interior shading methods 1 and 2;

h) data mapping method 1;

i) reflectance properties type 1;

j) reflectance models 1 to 4;

k) light source types 1 to 4 for workstation light sources;
) parametric surface chardcteristics types 1, 2 and 3;
m) curve approximaliof criteria types 1 to 8;

n) surface approximation criteria types 1 to 8;

0) trimming curve approximation criteria types 1 and 2;
p) rendering-Colour model O;

q) colour mapping type TRUE.

1) \/depth cue mode SUPPRESSED

The set'of explicitly defined and non-required capabilities i .

s) all explicitly defined and non-required capabilities of ISO/IEC 9592-1 that are not required by this part;

t) interior shading methods 3 to 5;

u) data mapping methods 2 to 5;

v) curve approximation criteria types 9, 10 and 11;
w) surface approximation criteria types 9, 10 and 11;

x) parametric surface characteristics types 4 and 5;
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y) rendering colour models 1 to 4;

z) depth cue mode ALLOWED;

aa) colour mapping types PSEUDO and PSEUDO-N;

ab) the strict interpretation of the fields in the light source data records;
ac) The application of lighting to cell arrays.

The set of conceptually defined and non-required capabilities includes:

ae) polyline shading methods beyond 2;

af) interior shading methods beyond 5;

ag) data mappings methods beyond 5;

ah) reflectance propertics types beyond 1;

ai) reflectance models beyond 4;

aj) light source types beyond 4 for workstation light sources;
ak) curve approximation criteria types beyond 11;

al) surface approximation criteria types beyond 11;
am) parametric surface characteristics types beyond 5;
an) shading for HATCH interior style;

ao) lighting and shading for PATTERN interior style;
ap) rendering colour models beyond 4;

aq) depth cue effects.

ar) colour mapping types beyond 3.

Table 9 lists minimum quantities for vario@s functionality defined in PHIGS PLUS,
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Item

Minimum

directly specifiable colour models

rendering colour models

polyline shading methods

interior styles’

da

ta mapping methods’

inferior shading methods’

reflectance model values!

m

iximum non-uniform B-spline curve order

Cu

pve approximation criteria types

m

iximum non-uniform B-spline surface order

sul

rface approximation criteria types

tn'rnming curve approximation criteria types

parametric surface characteristics types

m

iximum trimming curve order

light source types for workstation light sources

sithultaneously active non-ambient light sources

CO

lour mapping methods

pr

pdefined data mapping bundles

m

pdifiable data mapping bundles

pr

bdefined reflectance bundles

b [ bt s | e | S O WO D] 0O N 00 OV B B =] NN =] N

m

pdifiable reflectance bundles

[l
<

pr

pdefined parametric surface bundles

—

m

pdifiable parametric surface bundles

[\
()

pr

pdefined depth cue table entries

m

pdifiable depth cue table entrics

pr

edefined light source table-entries

m

pdifiable light souréetable entries

pn

edefined colouf mapping entrics

m

pdifiable colour mapping table entries

—] s | A DN OV

1) Available for both back and front aspects.
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ISO/IEC 9592-4:1

PHIGS PLUS Functional Specification

5.1 Notational Conventions

The heading of each function specifies:

a)

The function’s name;

992(E)

b) The PHIGS operating states in which the function may be used. A quadruple representing each of the four PHIGS

—operating-states-is-listed in the following form:

(<system state>,<workstation state>,<structure state>,<archive state>)
Each entry in the quadruple has two possible values, as described in ISO/EC 9592-1, and in addition.the vglue “*”
indicating that that particular PHIGS operating state has no effect on the function.
The parameter lists indicate for each entry:
¢) | whether the entry is an input (In) or output (Out) parameter;
d)| the name of the parameter;
e) | for coordinate data, the coordinate system (TLC,MC,WC,NPC,DC) used in the-function call (Coordinate systems are
explained in ISO/IEC 9592-1.);
f) | either the permitted values for enumeration type data, or any restrictioh ont the value range for real and integer data,
for example “> 0”; (The notation is explained in clause 6 of ISO/EC 9592-1.)
g)| the data type itself. PHIGS data types are used as well as new data types introduced by PHIGS PLUS; (The notation
for PHIGS PLUS data types is explained in 6.2.)
h)| whether the parameter is optional. Some PHIGS PLUS primtitives take a variable set of parameters. Optional param-
eters or portions of parameters are bracketed with “{}". Bracketed entries may be nested.
Al| error states for a given function are identified.
5.2 Output primitive functions
POQLYLINE SET 3 WITH COLOUR (PHOP,*,§TOP,*)
Parameters:
{In colour type I}
In  vertex data MC{(,} LL(P3{,CQLRV}))
Effect: This function Tully specifies the polyline set with colour primitive. Depending on the ‘edit mode’, a “polyline
set 3 with colour” element is inserted into the open structure after the ‘element pointer’ or replaces the element
pointed at by the ‘element pointer’. The ‘clement pointer’ is then updated to point to this “polyline sgt 3 with
colout” structure element. The values specified by the parameters are associated with the element.
The information specified with each vertex comprises the vertex coordinates and optionally the vertex colours.
eei h ified for all vertices. If vertex colours are specified, a colpur type

shall also be specified for the primluve.

When an element of this type is interpreted, a set of unconnected polylines is generated. One polyline is defined
by each list of vertex data. The current values of the polyline set with colour attributes, as defined in the
traversal state list, are bound to the primitive. The polyline set with colour attributes are defined in 4.5.4.2.

A “polyline set 3 with colour” element containing no vertex data lists will be placed in the open strutcture.

such an element is interpreted it will have no visual effect. A “polyline set 3 with colour” element con

When
taining

one or more vertex data lists with less than two vertices will be placed in the open structure. When such an

element is interpreted the lists with insufficient data will have no visual effect.
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References: 4.4.2,4.4.15,4.5.1,4.54,4.5.5,4.59,4.6.1,46.4.6,4.9

Errors:
005 Ignoring function, function requires state (PHOP* STOP*)
113 Ignoring function, the colour index value is less than zero
FILL AREA SET 3 WITH DATA (PHOP*,STOP,*)
In__colour type I}
{In facet data (}{MC}{,} {COLRV}{,NORM} {;L(R)} }
{In edge visibility flags (OFF,ON) LE(L{E))}
In  vertex data MC{,} {(MC}{,} L(L{P3{,COLRV} { NORM}{.L(R)}))

Effecl: This function fully specifies the three dimensional form of the fill area set with data primitive. Depending on

the ‘edit mode’, a “fill area set 3 with data” element is inserted into the open structure aftérthe ‘element poTnter’
or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then updated to pojnt to
this “fill area set 3 with data” structure element. The values specified by the paramieters are associated with the
element.

The facet data applies to the whole fill area set and optionally comprises, facet colour, facet normal and [facet
application-specific data.

The information specified with each vertex comprises the vertex ceorfdinates, and optionally the vertex colours,
the vertex normals and the vertex application-specific data. If veriex colours are specified, they are specifigd for
all vertices. The same applies to vertex normals and to vertex application-specific data.

If facet colour or vertex colours are specified, a colour type-shall also be specified.
If vertex application-specific data are specificd, all data lists shall contain the same number of entries.

When an element of this type is interpreted, a set of polygonal areas made up of a collection of subargas is
generated. A subarea is defined by a single list of vertex data. Each subarea is implicitly closed. The current
values of the fill area set with data attributes;-as defined in the traversal state list, are bound to the primitivel. The
fill area set with data attributes are defined in 4.5.4.3.

A “fill area set 3 with data” elemént containing no lists of vertex data or one or more subareas with lesg than
three vertices will be placed in. the open structure. When such an element is encountered it will have no yisual
effect. A “fill area set 3 with-data” element containing non-coplanar vertex coordinates is treated in an worksta-
tion dependent manner. The-¢ffect of non-unit Iength facet or vertex normals is workstation dependent. .

Each edge visibility flag corresponds (o an entry in the lists of vertex indices and controls the visibility ¢f the
edge from that yerfex to its successor in the corresponding polygon boundary. The last entry of an edge] visi-
bility list controls' the visibility of the edge between the last and first vertices of the corresponding polygon
boundary. Ifedge visibility flags are specified an edge will only be displayed when the edge flag aspect 1s ON
and theedge visibility flag is also ON.

References; 44:3,4.4.14,4.4.15,4.5.1,4.54,4.5.5,4.59,4.6,4.9

Errorp:

005  Ignoring function, function requires state (PHOP,> ,STOPT)

113 Ignoring function, the colour index value is less than zero

513 Ignoring function, the number of edge visibility flags is inconsistent with the number of edges in the
primitive

514 Ignoring function, the data lists do not all contain the same number of entries
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FILL AREA SET WITH DATA (PHOP,*,STOP,*)
{In colour type 1)
{In facetdata {{MC){.} (COLRV} {,NORM]} {,L(R)} }
{In edge visibility flags (OFF,0ON) LLE)}
In  vertex data MC{,} (MC}{,} L(L(P2{,COLRV} {,NORM} {,L(R)}))

Effect:

This function specifies the two dimensional shorthand form of the fill area set with data primitive. All vertices

of th1s form of the pnmmve are assumed to have Z coordinate values of 0. Normal vectors for ths form are

......... o 0 .-A A ds “--.-.

structure after the element pomter or replaces the element pomted at by the ‘element pointer’. The ['s
pointer’ is then updated to point to this “fill area set with data” structure element. The values specified
parameters are associated with the element.

The facet data applies to the whole fill area set and optionally comprises facet colour, facef normal an
application-specific data. ;

The information specified with each vertex comprises the vertex coordinates, and optionally the vertex ¢

all vertices. The same applies to vertex normals and to vertex application-spegific data.
If facet colour or vertex colours are specified, a colour type shall also be Specified.

If vertex application-specific data are specified, all data lists shall contain the same number of entries.

generated. A subarea is defined by a single list of vertex data. Each subarea is implicitly closed. The

fill area set with data attributes are defined in 4.5.4.3.

The effect of non-unit length facet or vertex normals is workstation dependent.

boundary. If edge visibility flags are specified an edge will only be displayed when the edge flag aspeq
and the edge visibility flag:is'also ON.

the open

lement
by the

d facet

olours,

the vertex normals and the vertex application-specific data. If vertex colours are(speCified, they are specified for

When an element of this type is interpreted, a set of polygoral arcas made up of a collection of subjreas is

current
values of the fill area set with data attributes, as defined in.the traversal state list, are bound to the primitiye. The

A “fill area set with data” element containing no lists'of vertex data or one or more subareas with less than three
vertices will be placed in the open structure. When such an element is encountered it will have no visual

effect.

Each edge visibility flag corresponds to'an entry in the lists of vertex indices and controls the visibility of the
edge from that vertex to its successor'in the corresponding polygon boundary. The last entry of an edge visi-
bility list controls the visibility of\the edge between the last and first vertices of the corresponding polygon
t is ON

References: 4.4.3,4.4.14,4.4.15;4.5.1,4.54,4.5.5,4.59,4.6,49
Errors:
005 Ignoring)function, function requires state (PHOP* STOP*)
113 Ignbring function, the colour index value is less than zero
513~Ignoring function, the number of edge visibility flags is inconsistent with the number of edgef in the
primitive
514 Ignoring function, the data lists do not all contain the same number of entries
CELL ARRAY 3 PLUS (PHOP,*STOP,*)
In  parallelogram PQ,R MC 3xP3
In  colour type I
In  colour array A(COLRYV)

Effect: This function fully specifies the cell array PLUS primitive. Depending on the ‘edit mode’, a “cell array 3
element is inserted into the open structure after the ‘element pointer’ or replaces the element pointed at by the

PLUS”
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‘element pointer’. The ‘element pointer’ is then updated to point to this *cell array 3 PLUS” structure element.
The values specified by the parameters are associated with the element.

This form of the cell array primitive is based on the general colour type and allows direct specification of cell
colours.

When an element of this type is interpreted, a cell array is generated using the element’s cell parallelogram
corners, the number of cells along each axis and the element’s colour array. The current values of the cell array
PLUS attributes, as defined in the traversal state list, are bound to the primitive. The cell array PLUS attributes
are defined in 4.54.4.

References: 4.44,44.14,4.5.1,4.5.4,4.55,4.5.9,4.6,4.9

The minimal simulation required is to draw the transformed boundaries of the element’s cell parallelpgram,
using implementation dependent colour, linewidth and linetype.

A “cell array 3 PLUS” element containing an empty array of colours will be placed in the open structure] When
such an element is encountered it will have no visual effect.

Errors:
005 Ignoring function, function requires state (PHOP* STOP*)
117  Ignoring function, one of the dimensions of the colour index arraysléss than zero
113 Ignoring function, the colour index value is less than zero
SET OF FILL AREA SETS 3 WITH DATA | (PHOP*,STOP,*)
{In colour type . I}
{In facet data {B{LMC}{,} L({COLRV}{,NORM]} (,Li(R)})}
{In edge visibility flags {OFF,ON) LLALEM]
In  vertex data MC{,} (MC}{.} L(P3{,COLRV}{,NORM}{L(R)))
In vertex indices (1...n) LYLD))
Effect: This function fully specifies the three dimensional form of the set of fill area sets with data primitive. Depending

on the ‘edit mode’, a “set of fill aréa'sets 3 with data” clement is inserted into the open structure after the
‘element pointer’ or replaces th€ element pointed at by the ‘element pointer’. The ‘element pointer’ is then
updated to point to this “set of fill area sets 3 with data” structure element. The values specified by the param-
eters are associated with the-element.

The information supplied for each facet (each fill area set) optionally comprises the facet colour, facet iormal
and facet application:specific data. If facet colours are specified, they are required for all facets. The same
applies to facet-norimals and to facet application-specific data.

The information supplied for each vertex comprises the vertex coordinates and optionally the vertex colour,
vertex norfmal and the vertex application-specific data. If vertex colours are specified, they are required for all
vertices! The same applies to vertex normals and to vertex application-specific data.

If facet colours or vertex colours are specified, a colour type shall also be specified.

If facet application-specific data are specified, all its data lists shall contain the same number of entries. If vertex
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appiication=specific dataare specified; attitsdata tistsstattcontamr the same momber of entries:

When an element of this type is interpreted, a number of (possibly non-coplanar) fill area sets are generated.
The data for each vertex is specified, just once, in the vertex data list. An index value of one selects the first
vertex in the vertex data list, a value of two selects the second and so on. The vertices that define the polygons

- of each fill area set are selected via a list of lists of indices. Each list of indices determines a polygon boundary,

which is implicitly closed to define an area. The current values of the set of fill area set with data attributes, as
defined in the traversal state list, are bound to the primitive. The set of fill area set with data attributes are

-defined in 4.5.4.5. :
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A “set of fill area sets 3 with data” element containing a polygon boundary with less than three points is placed
in the open structure. When such an element is interpreted the fill area set containing the insufficient data will
have no visual effect. Non-planar fill arca sets are treated in an workstation dependent manner. The effect of
non-unit length facet or vertex normals is workstation dependent.

Each edge visibility flag corresponds to an entry in the lists of vertex indices and controls the visibility of the
edge from that vertex to its successor in the corresponding polygon boundary. The last entry of an edge visi-
bility list controls the visibility of the edge between the last and first vertices of the corresponding polygon
boundary. If edge visibility flags are specified an edge will only be displayed when the edge flag aspect is ON

~ . : for the
corresponding edge is also set to ON.

Refkrences: 4.4.5,4.4.14,4.4.15,4.5.1,4.54,4.55,4.59,4.6,4.9
Errors:
005 Ignoring function, function requires state (PHOP,* STOP*)
113 Ignoring function, the colour index value is less than zero
504  Ignoring function, one or more of the vertex indices is out of range
513  Ignoring function, the number of edge visibility flags is inconsistentwith the number of edgey in the
primitive
514 Ignoring function, the data lists do not all contain the same number of entries
516 Ignoring function, the facet data is inconsistent with theaumber of facets in the primitive
SET OF FILL AREA SETS WITH DATA (PHOP,*,STOP,*)
{In  colour type I}
{In facetdata {(J(MC}{,} L({COLRV}{,NORM} {,L(R)})}
{In edge visibility flags (OFF,ON) LLALE))]
In  vertex data MC{,} ((MC}{,} L(P2{,COLRV}{NORM}{JL(R)})
In  vertex indices (1...n) LA@Lm))
Effect: This function specifies the two dimensional shorthand form of the set of fill area sets with data primitjve. All

vertices of the this form of the primitive are assumed to have Z coordinate values of 0. Normal vectors for this
form are three dimensionaliDepending on the ‘cdit mode’, a “set of fill area sets with data” element is ipserted
into the open structure-afier the ‘clement pointer’ or replaces the element pointed at by the ‘element ppinter’.
The ‘element pointer’ .is then updated to point to this “set of fill area sets with data” structure elemept. The
values specified by, the parameters-are associated with the element.

The information supplied for each facet (each fill area set) optionally comprises the facet colour, facet normal
and facet application-specific data. If facet colours are specified, they are required for all facets. The same
applies'to-facet normals and to facet application-specific data.

The-information supplied for each vertex comprises the vertex coordinates and optionally the vertex [colour,
vertex normal and the vertex application-specific data. If vertex colours are specified, they are requireqd for all
vertices. The same applics to vertex normals and (o vertex application-specific data.

-If facet colours or vertex colours are specified, a colour type shall also be specified.

If facet application-specific data are specified, all its data lists shall contain the same number of entries, If vertex
application-specific data are specified, all its data lists shall contain the same number of entries.

When an element of this type is interpreted, a number of fill area sets are generated. The data for each vertex is
specified, just once, in the vertex data list. An index value of one selects the first vertex in the vertex data list, a
value of two selects the second and so on. The vertices that define the polygons of each fill area set are selected
via a list of lists of indices. Each list of indices determines a polygon boundary, which is implicitly closed to
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define an area. The current values of the set of fill area sets with data attributes, as defined in the traversal state

list, are bound to the primitive. The set of fill area set with data attributes are defined in 4.5.4.5.

A “set of fill area sets with data” element containing a polygon boundary with less than three points is

placed

in the open structure. When such an element is interpreted the fill area set containing the insufficient data will

have no visual effect. The effect of non-unit length facet or vertex normals is workstation dependent.

Each edge visibility flag corresponds to an entry in the lists of vertex indices and controls the visibility of the
edge from that vertex to its successor in the corresponding polygon boundary. The last entry of an edge visi-
bility list controls the visibility of the edge between the last and first vertices of the comresponding polygon

corresponding edge is also set to ON.

boundary. If edge visibility flags are specified an edge will only be displayed when the edge flag aspect
and the edge visibility flag for (or, where multiple facets share an edge, any of the edge visibility flags) the

is ON

Reférences: 4.4.5,4.4.14,4.4.15,4.5.1,4.54,4.5.5,4.59,4.6,4.9
Errgrs:
005 Ignoring function, function requires state (PHOP* STOP*)
113 Ignoring function, the colour index value is less than zero
504 Ignoring function, one or more of the vertex indices is out of range
513 Ignoring function, the number of edge visibility flags is inconsistent with the number of edges|in the
primitive
514 Ignoring function, the data lists do not all contain the same number of entries
516 Ignoring function, the facet data is inconsistent withithe'number of facets in the primitive
TRIANGLE SET 3 WITH DATA (PHOP*,STOP,*)
&
{In colour type I}
{In facetdata IMCY,) L({COLRV}{,NORM} {,LiR))}
{In edge visibility flags (OFF,ON) LBXE)}
In  vertex data MC{,} (MC} (.} L(P3{,COLRV} {,NORM} (,LR)})
In  vertex indices (1...n) L(3%I)

Effq

ct:  This function fully specifies'the’three dimensional form of the triangle set with data primitive. Depend
the ‘edit mode’, a “wriangleset 3 with data” element is inserted into the open structure after the ‘element p
or replaces the elemerit pointed at by the ‘element pointer’. The ‘element pointer” is then updated to p

element.

The informdtion supplied for each triangle of the triangle set optionally comprises facet colours, facet n
and facet\application-specific data. If facet colours are specified, they are specified for all facets. Th
applies\to facet normals and to facet application-specific data.

ing on
ointer’
oint to

this “triangle set 3 with data” structure element. The values specified by the parameters are associated with the

prmals
£ same

The information specified with each vertex comprises the verlex coordinates, and optionally the vertex ¢
the vertex normals and the vertex application-specific data. If vertex colours are specificd, they are speci
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lies 1o vertex normals and to vertex application-specific data.

If facet colours or vertex colours are specified, a colour type shall also be specified.

If facet application-specific data are specified, all its data lists shall contain the same number of entries. If
application-specific data are specified, all its data lists shall contain the same number of entries.

plours,
ied for

vertex

When an element of this type is interpreted, a set of triangles is generated. The data for each vertex is specified,
just once, in the vertex data list. The vertices in the vertex list may be used zero, one or more times. An index
value of one selects the first vertex in the vertex data list, a value of two selects the second and so on. The
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vertices that define the triangles are selected via a list of triples of indices. Each triple determines a triangle. The
triangle set with data attributes are defined in 4.5.4.6.

A “triangle set 3 with data” element containing a list of vertex data with less than three elements or an empty
list of vertex indices will be placed in the open structure. When such an element is interpreted it will have no
visual effect. The effect of non-unit length facet or vertex normals is workstation dependent.

The list of edge visibility flags consists of a flag for each edge of each triangle in the set. If edge visibility flags
are specified there shall be a 3-tuple of them for each specified triangie: The first flag in each 3-tuple corre-
sponds to the edge between the first and second vertices of the triangle, the second flag corresponds to the edge

between the second and third vertices of the triangle, the third flag corresponds to the edge between-the third
and first vertices of the triangle. If edge visibility flags are specified an edge will only be displayédywhen the

edge flag aspect is ON and the edge visibility flag (or, where multiple facets share an edge, any of the edge visi-
bility flags) for the corresponding edge is also ON.
References: 4.4.6,4.4.14,44.15,4.5.1,4.54,4.5.5,4.5.9,4.6,4.9
DIS:
005  Ignoring function, function requires state (PHOP* STOP*)
113 Ignoring function, the colour index value is less than zero
504  Ignoring function, one or more of the vertex indices is out of range
513  Ignoring function, the number of edge visibility flags is inconsistent with the number of edgeg in the
primitive
514 Ignoring function, the data lists do not all contain the same number of entries
516 Ignoring function, the facet data is inconsistent withythe number of facets in the primitive
IANGLE SET WITH DATA (PHOP*,STOP,*)
{In colour type I} ’
{In facetdata {(}{L.MC}{,} L({COLRV}{,NORM} {,L(R)})}
{In edge visibility flags (OFF,ON) L(3%E))]
In  vertex data MC{,} (MC}{,) L(P2{,COLRV}{ NORM}{JL(R)})
In  vertex indices (1...n) L.(3xID)
ect:  This function specifies the\two dimensional shorthand form of the triangle set with data primitive. All yertices
of the this form of the(primitive are assumed to have Z coordinate values of 0. Normal vectors for this fJ)rm are
three dimensionalDepending on the ‘cdit mode’, a “iriangle set with data” element is inserted into the open
structure after the Selement pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘glement
pointer’ is themupdated to point to this “riangle set with data” structure element. The values specifieq by the
parameters are associated with the element.

The information supplied for each triangle of the triangle set optionally comprises facet colours, facet jormals
and>facet application-specific data. If facet colours are specified, they are specified for all facets. The same
applies to facet normals and to facet application-specific data.

The information specified with each vertex comprises the vertex coordinates, and optionally the vertex ¢olours,

the vertex normals and the vertex application-specific data. If vertex colours are specified, they are specified for
all vertices. The same applies to vertex normals and to vertex application-specific data.

If facet colours or vertex colours are specificd, a colour type shall also be specified.

If facet application-specific data are specified, all its data lists shall contain the same number of entries. If vertex
application-specific data are specified, all its data lists shall contain the same number of entries.

When an element of this type is interpreted, a set of triangles is generated. The data for each vertex is specified,
just once, in the vertex data list. The vertices in the vertex list may be used zero, one or more times. An index
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value of one selects the first vertex in the vertex data list, a value of two selects the second and so on. The
vertices that define the triangles are selected via a list of triples of indices. Each triple determines a triangle. The
triangle set with data attributes are defined in 4.5.4.6.

A “triangle set with data” clement containing a list of vertex data with less than three elements or an empty list
of vertex indices will be placed in the open structure. When such an element is interpreted it will have no visual
effect. The effect of non-unit length facet or vertex normals is workstation dependent.

The list of edge visibility flags consists of a flag for each edge of each triangle in the set. If edge visibility flags
are specified there shall be a 3-tuple of them for each specified triangle. The first flag in each 3-tuple corre-

References: 4.4.6,4.4.14,4.4.15,4.5.1,4.54,4.5.5,4.59,4.6,4.9

sponds to the edge between the first and second vertices of the triangle, the second flag corresponds 1o, the edge
between the second and third vertices of the triangle, the third flag corresponds to the edge between the third
and first vertices of the triangle. If edge visibility flags are specified an edge will only be displayed when the
edge flag aspect is ON and the edge visibility flag (or, where multiple facets share an edge, any.of the edge visi-
bility flags) for the corresponding edge is also ON.

Errors:
005 Ignoring function, function requires state (PHOP,* STOP,¥)
113 Ignoring function, the colour index value is less than zero
504 Ignoring function, one or more of the vertex indices is out of range
513 Ignoring function, the number of edge visibility flags is-iticonsistent with the number of edgey in the
primitive
514 . Ignoring function, the data lists do not all contain the'same number of eniries
516 Ignoring function, the facet data is inconsistentwith the number of facets in the primitive
TRIANGLE STRIP 3 WITH DATA . (PHOPX,STOP,*)
{In colour type , I}
{In facetdata {JMC} () L({COLRV} {,NORM] {,(R)})}
{In edge visibility flags (OFF,ON) , L(E)}
In vertex data MC{,} {{MC}{.} L(P3{,COLRV}{,NORM} {L(R)])
Effect: This function fully specifiesithe three dimensional form of the triangle strip with data primitive. Depending on

the ‘edit mode’, a “wriangle strip 3 with data” element is inserted into the open structure after the ‘element
pointer’ or replaces-the element pointed at by the ‘element pointer’. The ‘clement pointer’ is then updated to
point to this “triangle’strip 3 with data” structure element. The values specified by the parameters are asspciated
with the elemeént:

The information supplied for each triangle of the triangle strip optionally comprises facet colours, facet normals
and facet-application-specific data. If facet colours are specified, they are specified for all triangles. The same
applies’'to facet normals and to facet application-specific data.

The information specified with each vertex comprises the vertex coordinates, and optionally the vertex cplours,
the vertex normals and the vertex application-specific data. If vertex colours are specified, they are specified for
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attvertices. The same applics o verlex normals and o verlex application-specilic data.
If facet colours or vertex.colours are specified, a colour type shall also be specified.

If facet application-specific data are specified, all its data lists shall contain the same number of entries. If vertex
application-specific data are specified, all its data lists shall contain the same number of entries.

When an element of this type is interpreted, a strip of triangles is generated. The strip is composed of N -2
triangles, where N is the number of vertices. The first triangle is formed from vertices 1, 2, and 3; the second
triangle from vertices 2, 3 and 4; the (N — 2)-nd triangle from vertices N — 2, N — ] and N. The current values of
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the triangle strip with data atiributes, as defined in the traversal state list, are bound to the primitive. The triangle
strip with data attributes are defined in 4.5.4.7.

A “triangle strip 3 with data” element containing a list of vertex data with less than three elements will be placed
in the open siructure. When such an element is interpreted it will have no visual effect. The effect of non-unit
length facet or vertex normals is workstation dependent.

The list of edge visibility flags consists of a flag for each edge of the triangle strip. If edge visibility flags are
specified there shall be 2(N-2) + 1 of them. Each flag, E;, corresponds to the edge between vertices

i—1 i

bility flags are specified an edge will only be displayed when the edge flag aspect is ON and the edge vipibili
flag is also ON.

Errgrs:
005 Ignoring function, function requires state (PHOP,* STOP*)
113 Ignoring function, the colour index value is less than zero
513  Ignoring function, the number of edge visibility flags is inconsistent-with the number of edged in the
primitive
S14  Ignoring function, the data lists do not all contain the same number of entries
516 Ignoring function, the face! data is inconsistent with thesnumber of facets in the primitive
TRY{ANGLE STRIP WITH DATA _ (PHOP,*,STOP,*)
{In colour type I}
{In facet data (}(L,MC} (.} L({COLRV}{,NORM] {,(R)})}
{In edge visibility flags ' . ' (OFF,ON) ' L(E)}
In  vertex data MC(,}{;MC){,} L(P2(,COLRV} {,NORM} {JL(R)})
Eff¢ct: This function specifies the two dimdnsional X and Y shorthand form of the triangle strip with data primitive.

All vertices of the two dimensionalform of this primitive are assumed to have Z coordinate values of 0, Normal
vectors for this form are three dimensional. Depending on the ‘edit mode’, a “(riangle strip with data” dlement
is inserted into the open structure after the ‘element pointer’ or replaces the element pointed at by the ‘dlement
pointer’. The ‘elementpointer’ is then updated to point to this “triangle strip with data” structure element. The
values specified by the.parameters are associated with the element.

The information.supplied for each triangle of the triangle strip optionally comprises facet colours, facet formals
and facet application-specific data. If facet colours are specified, they are specified for all triangles, The same
applies ta facet normals and to facet application-specific data.

The information specified with each vertex comprises the vertex coordinates, and optionally the vertex dolours,
thevertex normals and the vertex application-specific data. If vertex colours are specified, they are specified for
all vertices. The same applies to vertex normals and to vertex application-specific data.

If facet colours or vertex colours are specified, a colour type shall also be specified

If facet application-specific data are specificd, all its data lists shall contain the same number of entries. If vertex
application-specific data are specified, all its data lists shall contain the same number of entries.

When an element of this type is interpreted, a strip of triangles is generated. The strip is composed of N -2
triangles, where N is the number of vertices. The first triangle is formed from vertices 1, 2, and 3;-the second
triangle from vertices 2, 3 and 4; the (N - 2)-nd triangle from vertices N — 2, N — I and N. The current values of
the triangle strip with data attributes, as defined in the traversal state list, are bound to the primitive. The triangle
strip with data attributes are defined in 4.5.4.7.
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If information per facet is present there will be N — 2 pieces of information.

A “triangle strip with data” element containing a list of vertex data with less than three elements will be placed
in the open structure. When such an element is interpreted it will have no visual effect. The effect of non-unit
length facet or vertex normals is workstation dependent.

The list of edge visibility flags consists of a {lag for each edge of the triangle strip. If edge visibility flags are
specified there shall be 2(N -2) + I of them. Each flag, E;, corresponds to the edge between vertices
i-1

trunc ( )

) +1 and trunc (é) + 2, where trunc(t) is the integer portion of the real number 1. If edge visi-

References: 4.4.7,4.4.14,4.4.15,4.5.1,4.5.4,4.55,4.59,4.6,4.9
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bility flags are specified an edge will only be displayed when the edge flag aspect is ON and the edge,visibility
flag is also ON.

prSs:
005 Ignoring function, function requires state (PHOP,* STOP*)
113 Ignoring function, the colour index value is less than zero
513 Ignoring function, the number of edge visibility flags is inconsistent\with the number of edgey in the
primitive
514 Ignoring function, the data lists do not all contain the same number of entries
516 Ignoring function, the facet data is inconsistent with the number of facets in the primitive
ADRILATERAL MESH 3 WITH DATA (PHOP,*,S[TOP,*)
{In  colour type I}
{In facetdata T{L.MC} (.} A({COLRV}{,NORM} { .(R)})}
{In edge visibility flags (OFF,ON) A[2%E)}
In  vertex data MC{,} {(MC}{,} A(P3{,COLRV}{,NORM]} (IL(R)})
ect:  This function fully specifies the threéodimensional form of the quadrilateral mesh with data primitive.

Depending on the ‘edit mode’, a “‘quadrilateral mesh 3 with data” element is inserted into the open sfructure
after the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is
then updated to point to this “quadrilateral mesh 3 with data” structure element. The values specifieq by the
parameters are associated with the element.

The information supplied Tor cach quadrilateral of the quadrilateral mesh optionally comprises facet ¢olours,
facet normals and facet application-specific data. If facet colours are specified, they are specified for all quad-
rilaterals. The sdme applics Lo facet normals and to facet application-specific data.

The information specified with each vertex comprises the vertex coordinates, and optionally the vertex ¢olours,
the vertex‘normals and the vertex application-specific data. If vertex colours are specified, they are specified for
all vertices. The same applies o vertex normals and to vertex application-specific data.

If Facet colours or vertex colours are specified, a colour type shall also be specified.

If facet application-specific data are specified, all its data lists shall contain the same number of entries. If vertex

When an element of this type is interpreted, a mesh of (M — 1) times (V — 1) connected quadrilaterals is gener-
ated, where the mesh is defined by a two-dimensional MxN array of vertex data. The data in each set of four
neighbouring array elements defines a quadrilateral. The current values of the quadrilateral mesh with data
attributes, as defined in the traversal state list, are bound to the primitive. The quadrilateral mesh with data
attributes are defined in 4.5.4.8.

The set of quadrilaterals need not be coplanar. Individual quadrilaterals in the mesh may be non-planar, in
which case they are rendered in a workstation dependent way.
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A “quadrilateral mesh 3 with data” element containing less than two vertex data elements in either array dimen-
sion will be placed in the open structure. When such an element is interpreted it will have no visual effect. The
effect of non-unit length facet or vertex normals is workstation dependent.

The array of edge visibility flags consists of a flag for each edge of the quadrilateral mesh. The edge visibility
flags, if specified, are arranged in a three-dimensional MXNX2 array. For i ranging from 1 to M, and j ranging
from 1 to N, the (i, j, 1) array element specifies the edge flag for the edge between the vertices i, jand i+ 1, j,
and the (i, j, 2) array element specifies the edge flag for the edge between the vertices i, j and i, j+1. The edge
ﬂag array elements (M j, D, where 1 <j<s N and (i, N, 2) where I < z <M, are not used If edge VlSlblllty flags

X ) . 3 ] y is also

References: 4.4.8,4.4.14,44.15,4.5.1,454,4.5.5,45.9,4.6,49

ON.

Errprs:
005 Ignoring function, function requires state (PHOP,* STOP*)
113 Ignoring function, the colour index value is less than zero
513 Ignoring function, the number of edge visibility flags is inconsistent with-the number of edges in the
primitive
514  Ignoring function, the data lists do not all contain the same numberof entries
516 Ignoring function, the facet data is inconsistent with the number of facets in the primitive
QUADRILATERAL MESH WITH DATA (PHOP*,STOP,*)
{In colour type I}
{In facet data (LEMC) () A({COLRV} {,NORM} {,ILR)}}
{In edge visibility flags (OFF,ON) A(2xE)}
In  vertex data MC(,} {,MC}{,} A(P2{,COLRV}{,NORM] {|[L(R)})
Effpct: This function specifies the two dimensional shorthand form of the quadrilateral mesh with data primitjve. All

vertices of the this form of the primitive dre assumed to have Z coordinate values of 0. Normal vectors

for this

form are three dimensional, Depending on the ‘edit mode’, a “quadrilateral mesh with data” element is ipserted
into the open structure after thel‘element pointer’ or replaces the element pointed at by the ‘element ppinter’.
The ‘element pointer” is then updated to point to this “quadrilateral mesh with data” structure element. The
values specified by the parameters are associated with the element.

The information supplied for each quadrilateral of the quadrilateral mesh optionally comprises facet qolours,
facet normals and facet application-specific data. If facet colours are specified, they are specified for all quad-
rilaterals. The-same appties to facet normals and to facet application-specific data.

The informiation specified with each vertex comprises the vertex coordinates, and optionally the vertex golours,
the verteX:normals and the vertex application-specific data. If vertex colours are specified, they are specified for
all yértices. The same applies to vertex normals and to vertex application-specific data.

If-facet colours or vertex colours are specified, a colour type shall also be specified.

If facet application-specific data are specified, all its data lists shall contain the same number of entries. If vertex

application-specific data are specified, all 1ts data lists shall contatn the same number oI entries.

When an element of this type is interpreted, a mesh of (M — I) times (N ~ I) connected quadrilaterals is gener-
ated, where the mesh is defined by a two-dimensional MXN array of vertex data. The data in each set of four
neighbouring array elements defines a quadrilateral. The current values of the quadrilateral mesh with data
attributes, as defined in the traversal state list, are bound to the primitive. The quadrilateral mesh with data
attributes are defined in 4.5.4.8.
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A “quadrilateral mesh with data” element containing less than two vertex data elements in either array dimen-
sion will be placed in the open structure. When such an element is interpreted it will have no visual effect. The
effect of non-unit length facet or vertex normals is workstation dependent.

The array of edge visibility flags consists of a flag for each edge of the quadrilateral mesh. The edge visibility
flags, if specified, are arranged in a three-dimensional MXNX2 array. For i ranging from 1 to M, and j ranging
from 1 to N, the (i, j, 1) array element specifies the edge {lag for the edge between the vertices i, jand i+1, j,
and the (i, j, 2) array element specifies the edge flag for the edge between the vertices , j and i, j+1. The edge
ﬂag anay elements (M 1, 1 ) where ] < j < N and (z N, 2) where J < z < M are not used If edge v1s1b111ty flags

DI'S:
005 Ignoring function, function requires state (PHOP,* STOP*)
113 Ignoring function, the colour index value is less than zero
513 Ignoring function, the number of edge visibility flags is inconsistent with the number of edges in the
primitive
514 Ignoring function, the data lists do not all contain the same number.of entries
516 Ignoring function, the facet data is inconsistent with the numbey of facets in the primitive
IN-UNIFORM B-SPLINE CURVE 3 : : (PHOP*,STOP,*)
In spline order (1...n) I
In  knots L(R)
In - parameter range limits (tmin, tmax) : 2XR
In - rationality (RATIONAL NON-RATIONAL) E
In control points MC,w >0 LP3H){ L(P3)
ect:  This function fully specifies the non-piiform B-spline curve 3 primitive. Depending on the ‘edit mode’, p “non-

uniform B-spline curve 3” elementis-inserted into the open structure after the ‘element pointer’ or repldces the
element pointed at by the ‘elementpointer’. The ‘element pointer’ is then updated to point to this “non-yniform
B-spline curve 3” structure élemient. The values specified by the parameters are associated with the eleII\em.

The spline order shall be-a/positive integer. The knots shall form a non-decreasing sequence of real numbers.

The rationality parameter may have the value RATIONAL or NON-RATIONAL. When RATIONAL is specified the
control points are-Specified as homogeneous modelling coordinates (data type P3H), with the restriction that the
fourth coordindte be greater than zero. When NON-RATIONAL is specified the control points are non-hgmoge-
neous PHIGS modelling coordinates (data type P3).

The pumber of control points shall be at least as large as the order. The number of control points plus th¢ spline
order shall equal the number of knots.

The parameter range limits, tmin and tmax, specify over what range the B-spline curve is generated. tmfn shall
be less than tmax. tmin shall be greater than or equal to the order-th knot value. imax shall be less than gr equal

to the (k + I — order)-th knot value (where k is the number of knots).

When an element of this type is interpreted, a non-uniform B-spline curve is generated for the parameter values
between tmin and tmax. No curve is generated if the curve order is not supported. The current values of the non-
uniform B-spline curve attributes, as defined in the traversal state list,-are bound to the prlmmve The non-
uniform B-spline curve attributes are defined in 4.5.4.9.

References: 4.4.9,4.54,4.5.5,45.9,4.6,4.8,4.9
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Errors:
005  Ignoring function, function requires state (PHOP,* STOP,*)
500 Ignoring function, the order of a spline is less than one
501 Ignoring function, a spline does not contain enough control points for its specified order
502 Ignoring function, the order of a spline is inconsistent with its number of knots and control points
503 Ignoring function, the knot sequence for a spline not non-decreasing
506  Ignoring function, the parameter range for a spline is inconsistent with its knots
507 Ignoring function, the fourth coordinate of a rational control point is less than or equal 10 zerg
NON-UNIFORM B-SPLINE CURVE 3 WITH COLOUR (PHOP,*,STIOP,*)
[n spline order 1...m) I
[n  knots L(R)
[n  parameter range limits (tmin, tmax) 2X%R
[n rationality (RATIONAL,NON-RATIONAL) E
[n control points MC,w >0 L(P3H) I[L(P3)
{(In  colour spline COLOURSPLINE}
Where COLOURSPLINE is:
spline order (1...n) I
knots L(R)
pationality (RATIONAL ,NON-RATIONAL) E
colour type (-n...-1,1...n) I
control points w>0 L{(COLRVH)!L(CQLRV)
Effett: This function fully specifies the non-uniform\B-spline curve 3 with colour primitive. Depending on the ‘edit

mode’, a “non-uniform B-spline curve 3‘with colour” element is inserted into the open structure affer the
‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then
updated to point to this “non-unifermyB-spline curve 3 with colour” structure element. The values specified by
the parameters are associated with-the element.

The spline order shall be a-positive integer. The knots shall form a non-decreasing sequence of real numpers,

The rationality parameterimay have the value RATIONAL or NON-RATIONAL. When RATIONAL is speciffed the
control points are specified as homogencous modelling coordinates (data type P3H), with the restriction that the
fourth coordinate be greater than zero. When NON-RATIONAL is specified the control points are non-homoge-
neous PHIGS-modelling coordinates (data type P3). '

The number of control points shall be at least as large as the order. The number of control points plus thé spline
order¢shall equal the number of knots.

be'less than tmax. tmin shall be greater than or equal to the order-th knot value. tmax shall be less than of equal

The parameter range limits, #min and tmax, specify over what range the B-spline curve is generated. tmih shall
to the (k + I — order)-th knot value (where £ is the number of knots). {‘

The colour spline rationality parameter may have the value RATIONAL or NON-RATIONAL. When RATIONAL
is specified the dimension of the control points is one more than the dimension corresponding to the colour
model, with the restriction that the homogencous (last) coordinate be greater than zero. When NON-RATIONAL
is specified the dimension of the control points is the same as the dimension corresponding to the colour model.
The number of colour spline control points shall be at least as large as the colour spline order. The number of
colour spline control points plus the colour spline order shall equal the number of colour spline knots.

The colour spline need not have the same order, knots, rationality, or control points as the geometry spline. The
colour spline order shall be a positive integer and the colour spline knots shall form a non-decreasing sequence
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of real numbers. The parameter range of the colour spline shall wholly include the parameter range limits of the
geometry spline. The values of the colour spline control point coordinates may be outside of the range normally
associated with the colour type. The colour type shall be other than INDIRECT.

When an element of this type is interpreted, a non-uniform B-spline curve with data is generated for the param-
eter values between tmin and tmax.

No curve is displayed if the curve order of the geomelry or colour spline is not supported, or if the colour type
is not available. The current values of the non-uniform B-spline curve with colour attributes, as defined in the
traversal state list, are bound to the primitive. The non-uniform B-spline curve with colour attributes are defined

in4.5.4.10.
References: 4.4.10,4.5.1,4.5.4,4.5.5,4.59,4.6,4.8,49
Errors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
500 Ignoring function, the order of a spline is less than one
501 Ignoring function, a spline does not contain enough control poinis for ity spetified order
502  Ignoring function, the order of a spline is inconsistent with its number.gfknots and control points
503 Ignoring function, the knot sequence for a spline not non-decreasing
506 Ignoring function, the parameter range for a spline is inconsigtént with its knots
507 Ignoring function, the fourth coordinate of a rational comél point is less than or equal to zero
517 Ignoring function, the parameter range of the colourspline does not include the effective panameter
range of the geometry spline
NON-UNIFORM B-SPLINE SURFACE 3 (PHOP,*,STOP,*)
In u spline order (1...n) I
In v spline order (1...n) I
In u knots LR)
In v knots L(R)
In  rationality (RATIONAL ,NON-RATIONAL) E
In control points MC,w>0  A(P3H)|A(P3)
{In trimming loop definitiong L(L(TRIMCURVE))}
Where TRIMCURVE is:
trimming curve approXimation criteria type I
trimming curve approximation critcria data record D
curve visibility flag (OFF,ON) E
curve order 2...n) I
curve knot vector L(R)
curve parameter range limits (tmin, tmax) 2XR
rationality (RATIONAL NON-RATIONAL) E
curve control points L(P2H) I L(P2)
Effect: This function fully specifies the non-uniform B-spline surface 3 primitive. Depending on the ‘edit mode’, a
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“non-uniform B-spline surface 3” element is inserted into the open structure after the ‘element pointer’ or
replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’ is then updated to point to this
“non-uniform B-spline surface 3” structure element. The values specified by the parameters are associated with
the element.
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The surface u and v orders shall be positive integers. The u knots and the v knots shall each form a non-

decreasing sequence of real numbers.

The rationality parameter may have the enumerated value RATIONAL or NON-RATIONAL. When RATIONAL is

specified the control points shall be specified as homogeneous modelling coordinates (data type P3H), wi

th the

restriction that the fourth coordinate be greater than zero. When NON-RATIONAL is specified the control points

are non-homogeneous PHIGS modelling coordinates (data type P3).

The number of control points in each of the u and v directions shall be at least as large as the correspo

nding

order. The number of control points in each direction plus the corresponding order shall equal the corresponding

NOTIE:

Refefences: 4.4.11,4.4.12 44.14,4.5.4,4.5/5,4.59,4.6,4.8,4.9

Errofs:

number of knots.

Trimming curve approximation criteria types are a subset of the curve approximation criteria types. Those

applicable to trimming curves are:

<0  implementation dependent

1 WORKSTATION DEPENDENT

2 CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS
3-11  notused
>12  reserved for registration or future standardisation

See SET CURVE APPROXIMATION CRITERIA for the description of the’data records.

If a specified trimming curve approximation criteria type is not\available on a workstation, trimming
approximation criteria type 1 is used.

curve

When an element of this type is interpreted, a non-uniform B-spline surface is generated. No surface is gener-

ated if either of the surface orders or any of the trimming curve orders are not supported. The current val

hes of

the non-uniform B-spline surface attributes, as defined in the traversal state list, are bound to the primitiv¢. The

non-uniform B-spline surface attributes are defined in 4.5.4.11.

Trimming curve approximation criteria types,_afe registered in the ISO International Register of Graphical Items (

1.1.2).

When a trimming curve approximation criteria type has been approved by ISO/IEC, the trimming curve approximation

criteria type value will be assigned by the(Registration Authority.

005 Ignoring functioh, function requires state (PHOP,* STOP*)

500 Ignoring function, the order of a spline is less than one

501 Ignoring function, a spline does not contain enough control points for its specified order

502  Ignoring function, the order of a spline is inconsistent with its number of knots and control points
503 Agnoring function, the knot sequence for a spline not non-decreasing

507 Ignoring function, the fourth coordinate of a rational control point is less than or equal to zero

S08 Ignoring function, a trimming curve's order is less than two
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NON-UNIFORM B-SPLINE SURFACE 3 WITH DATA (PHOP*,STOP,*)
In u spline order (1...n) I
In v spline order (1...n) I
In  uknots L(R)
In  vknots LR)
In  rationality (RATIONAL,NON-RATIONAL) E
In  control points MC,w>0  A(P3H)IA(P3)

_{_h_ﬂ:imm_ing_le%_deﬁniﬁnno L(L(TRIMCI VE))]

{In  colour spline COLOURSPLINE}
{In data splines L(DATASPILINE))

Where TRIMCURVE is:
trimming curve approximation criteria type I
trimming curve approximation criteria data record D
curve visibility flag (OFF,ON) E
curve order 2...n) I
curve knot vector , L(R)
curve parameter range limits tmin, tmax 2xR
rationality (RATIONAL;NON-RATIONAL) E
curve control points L(P2H) | L(P2)

Where COLOURSPLINE is:
u spline order (1...n) I
v spline order (1...n) I
u knots LR)
v knots L(R)
rationality (RATIONAL,NON-RATIONAL) E
colour type I£0
control points w > 0A(COLRVH) | A(COLRV)

‘WHere DATASPLINE is:
u spline order (1...n) I
v spline order (1...n) I
u knots L(R)
v knots LR)
rationality (RATIONAL NON-RATIONAL) E
control points w>0 A(DATAH) | A(DATA)

DATA'=(d;, d,, .... dy)
DATAH = (Wd], Wdz, veny de, W)
Effect: This function fully specifies the non-uniform B-spline surface 3 with data primitive. Depending on the ‘edit
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mode’, a “non-uniform B-spline surface 3 with data” element is inserted into the open structure after the
‘element pointer’ or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’ is then
updated to point to this “non-uniform B-spline surface 3 with data” structure element. The values specified by

the parameters are associated with the element.

The surface u and v orders shall be positive integers. The u knots and the v knots shall each form a non-

decreasing sequence of real numbers.
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The rationality parameter may have the enumerated value RATIONAL or NON-RATIONAL. When RATIONAL is
specified the control points shall be specified as homogeneous modelling coordinates (data type P3H), with the
restriction that the fourth coordinate be greater than zero. When NON-RATIONAL is specified the control points
are non-homogeneous PHIGS modelling coordinates (data type P3).

The number of control points in each of the u and v directions shall be at least as large as the corresponding
order. The number of control points in each direction plus the corresponding order shall equal the corresponding
number of knots.

Trimming curve approximation criteria types are a subset of the curve approximation criteria types. Those

NQTE:

References: 4.4.13,4:4.12,4.4.14,4.5.1,4.54,4.5.5,4.59,4.6,4.8,49

Ergors:

applicable to trimming curves are:

<0  implementation dependent

1 WORKSTATION DEPENDENT

2 CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS
3-11 notused

212  reserved for registration or future standardisation

See SET CURVE APPROXIMATION CRITERIA for the description of the datarecords.

If a specified trimming curve -approximation criteria type is not available on a workstation, trimming curve
approximation criteria type 1 is used.

The colour and data splines need not have the same order, knots/rationality, or control points as the ggometry
spline. The order of colour and data splines shall be a positive integer, and their knots shall form(a non-
decreasing sequence of real numbers. The parameter range of the colour and data splines shall wholly contain
the parameter range of the geometry spling, or, if trimiming loops are specified with the surface, the pafameter
range of the colour and data splines shall wholly contain the parameter range defined by the collection pf trim-
ming loops. The values of the colour spline cefitrol point coordinates may be outside of the range nprmally
assomated with the colour type. The colour type shall be other than INDIRECT.

When an element of this type is interpreted, a non-uniform B-spline surface with data is generated

No surface is displayed if the orders of any of the geometry spline, colour spline, data spline or trimming curves
is not supported, or if the coloar model of the colour spline is not available. The current values of the non-
uniform B-spline surface with data attributes, as defined in the traversal state list, are bound to the primitive.
The non-uniform B-spline surface with data attributes are defined in 4.5.4.12.

Trimming curve approximation criteria types are registered in the ISO International Register of Graphical Itemy (4.1.2).
When a trimming _curve approximation criteria type has been approved by ISO/IEC, the trimming curve approkimation
criteria type valug-will be assigned by the Registration Authority.

005\ Ignoring function, function requires state (PHOP* STOP,*)

500 Ignoring function, the order of a spline is less than one

ri 0 line does not contain enough control poinis for its specified order
502 Ignoring function, the order of a spline is inconsistent with its number of knots and control points
503  Ignoring function, the knot sequence for a spline not non-decreasing
507 Ignoring function, the fourth coordinate of a rational control point is less than'or equal to zero:
508 Ignoring function, a trimming curve’s order is less than two

517 Ignoring function, the parameter range of the colour spline does not mclude the eﬂ'ectlve parameter
range of the geometry spline
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518 Ignoring function, the parameter range of the data spline does not include the effective parameter range
of the geometry spline
138 Ignoring function, one or more of the fields within the specified data record is in error

5.3 Attribute specification functions

5.3.1 Bundled attribute selection

SET DATA MAPPING INDEX (PHOP,*;STQP,*)
In  data mapping index (1...n) I

Effect: Depending on the ‘edit mode’, a “set data mapping index” element is inserted into the open structure aftgr the
‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is|then
updated to point to this “set data mapping index” structure element. The value specified by the paramejer is
associated with the element.

When an element of this type is interpreted, the ‘current data mapping index -eniry in the traversal state list is
set to the value associated with the element. This value is used when displaying subsequent area primitivgs.

When an element of this type is interpreted, if the specified entry is nob.available on a workstation the gntry
corresponding to an index value of 1 is used.

Referpnces: 4.54,4.6.1,4.6.2

Errors:
005 Ignoring function, function requires state (PHQRESTOP*)
100  Ignoring function, the bundle index value is less than one
SET REFLECTANCE INDEX (PHOP*,ST(P,*)
In reflectance index (1...n) I

Effect: Depending on the ‘edit mode’, a “sét reflectance index” element is inserted into the open structure aftdr the
‘element pointer” or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’ is|then
updated to point to this “setreflectance index” structure element. The value specified by the parameter is asso-
ciated with the element. ‘

When an element of this type is interpreted, the ‘current reflectance index’ entry in the traversal state list |s set
to the value associated with the element. This value is used when displaying subsequent area primitives.

When an element of this type is interpreted, if the specified entry is not available on a workstation, the entry
corresponding to an index value of 1 is used.

References: 4.5.3/4.5.4, 4.6.1

Errors:

005 lgngm'ng ﬁ‘ng“'gn ﬁ‘ncu'gn roquirﬂc state ‘/Pl-lf)P'*'ﬂ"I’f)P,*)

100 Ignoring function, the bundle index value is less than one

SET BACK INTERIOR INDEX (PHOP,*,STOP,*)

In back interior index (1...m) I

Effect: Depending on the ‘edit mode’, a “set back interior index” element is inserted into the open structure after the
‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then
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updated to point to this “set back interior index” structure element. The value specified by the parameter is asso-
ciated with the element,

When an element of this type is interpreted, the ‘current back interior index’ entry in the traversal state list is
set to the value associated with the element. This value is used when displaying subsequent back facing portions
of area primitives.

When an element of this type is interpreted, if the specified entry is not available on a workstation, the entry
corresponding to an index value of 1 is used.

2

R £ V-4 4 & A Ao ) A £ 1
CIETUIICUS 4. 0.0, 4. 0.5, .. 0.0, .07

Em[rs:

005 Ignoring function, function requires state (PHOP,* STOP*)

100 Ignoring function, the bundle index value is less than one

SET BACK DATA MAPPING INDEX (PHOP*,STOP,*)
In  back data mapping index (1...n) : I
Eff¢ct: Depending on the ‘edit mode’, a “set back data mapping index” element is-inserted into the open structufe after

Reflerences: 4.5.4,4.5.53,4.6.1,4.62

the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’[is then
updated to point to this “set back data mapping index” structure elemtent. The value specified by the paameter
is associated with the element.

When an element of this type is interpreted, the ‘current backdata mapping index” entry in the traversgl state
list is set to the value associated with the element. Thisalue is used when displaying subsequent back facing
portions of area primitives.

When an element of this type is interpreted, if the specified entry is not available on a workstation, the entry
corresponding to an index value of 1 is used.

Errprs:
005 Ignoring function, function requires state (PHOP* STOP*)
100 Ignoring function, thebundle index value is less than one
SET BACK REFLECTANCE-INDEX (PHOP* STOP,*)
In back reflectanceindex (1...n) I
Effect: Dependinglon the ‘edit mode’, a “set back reflectance index” element is inserted into the open structure after

the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer] is then
updatedto point to this “set back reflectance index” structure element. The value specified by the parameter is
associated with the element. ‘

When an element of this type is interpreted, the ‘current back reflectance index’ entry in the traversal gtate list
is set to the value associated with the element. This value is used when displaying subsequent back facing

portions of area primitives.

When an element of this type is interpreted, if the specified entry is not available on a workstation, the entry
corresponding to an index value of 1 is used.

References: 4.5.3,4.54,4.5.5.3,4.6.1

Errors:

005 Ignoring function, function requires state (PHOP,X STOP*)

100 Ignoring function, the bundle index value is less than one
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SET PARAMETRIC SURFACE INDEX (PHOP,*,STOP,*)
In parametric surface index (1...n) I

Effect: Depending on the ‘edit mode’, a “set parametric surface index” element is inserted into the open structure after
the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer” is then
updated to point to this “set parametric surface index” structure element. The value specified by the parameter
is associated with the element.

When an element of thrs lype is 1nterpreted the current paramemc surface 1ndex entry in the traversal state

surfaces.

When an element of this type is interpreted, if the specified entry is not available on a workstation, thd entry
corresponding to an index value of 1 is used.

Refdrences: 4.5.4
Erroys: -

005 Ignoring function, function requires state (PHOP* STOP*)

100 Ignoring function, the bundle index value is less than one
5.3.2 Individual attribute selection

SET POLYLINE COLOUR e , ' : (PHOP,*,STIOP,*)
In  polyline colour GCOLR

Effert: Depending on the ‘edit mode’, a “set polyline colour” element is inserted into the open structure affer the

‘element pointer’ or replaces the element pointediat by the ‘element pointer’. The ‘element pointer’ i then
updated to point to this “set polyline colour” stfucture element. The value specified by the parameter is gssoci-
ated with the element. ;

When an element of this type is interpréted, the ‘current polyline colour’ entry in the traversal state list if set to
the value associated with the element-"This value is used when displaying subsequent output primitiveg when
the ‘current polyline colour ASF\inthe traversal state list is INDIVIDUAL.

Refgrences: 4.5.1,4.5.3,4.54,4.5.5:5,4.6.4.6

Errqrs:
005 Ignoring function, function requires state (PHOP* STOP*)
113 Ignoringfunction, the colour index value is less than zero
SET POLYLINE'SHADING METHOD - : ‘ : (PHOP*,ST|OP,*)
In _polyline shading method 1

_Effert: Dependmg on the edn mode’, a “set polylme shadxng method” elcment is mserted 1mo the open strueturv after
- ¢ GHESRE-pothle : - : s then
updated to pomt to thls “set polylme shading melhod” structure element The value spec:ﬁed by the parameter

- is associated with the element.

When an element of this type is interpreted, the ‘current polyline shading method’ entry in the traversal state
list is set to the value associated with the element. This value is used when displaying subsequent output prim-
itives when the ‘current polyline shading method ASF’ in the traversal state list is INDIVIDUAL.
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Polyline shading methods are as follows:

<0 implementation dependent
1 NONE
2 COLOUR

=3  reserved for registration or future standardisation

When an element of this type is interpreted, if the specified shading method is not available on a workstation,

NO

method 1 15 used.

TE: Polyline shading methods are registered in the ISO International Register of Graphical Items (4.1.2). When a polyline
shading method has been approved by ISO/IEC, the polyline shading method value will be assigned by'the Registration

Authority.
References: 4.5.4,4.64.6,4.65,49
Errprs:
005  Ignoring function, function requires state (PHOP,* STOP,*)
SEI POLYMARKER COLOUR (PHOP*,S[TOP,*)
| polymarker colour ‘ : GCOLR
Effect:  Depending on the ‘edit mode’, a “set polymarker colour” elemient is inserted into the open structure after the
‘element pointer’ or replaces the element pointed at by the “element pointer’. The ‘element pointer’|is then
updated to point to this “set polymarker colour” structureelement. The value specified by the parameteriis asso-
ciated with the element.
When an element of this type is interpreted, the ‘current polymarker colour’ entry in the traversal state list is set
to the value associated with the element. This ¥alue is used when displaying subsequent POLYMARKER output
primitives when the ‘current polymarker colour ASF’ in the traversal state list is INDIVIDUAL.
References: 4.5.1,4.5.3,4.5.4,4.5.5.5
Errors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
113 Ignoring function, the colour index value is less than zero
SE[T TEXT COLOUR , (PHOP,*S[TOP,*)
In  textcolour ; ' ‘ - GCOLR

Effect: Dependirig on the ‘edit mode’, a “set text colour” element is inserted into the open structure after the
pointes” or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’ is then updated to
point to this “set text colour” structure element. The value specified by the parameter is associated with the

element.

Hﬂ ] E]. o e ]l ¢ ] . ; l ] l .

slement

t to the

value associated with the element. This value is used when displaying subsequent TEXT and ANNOTATION

TEXT output primitives when the ‘current text colour ASF’ in the traversal state list is INDIVIDUAL.

References: 4.5.1,4.5.3,4.5.4,4.55.5

Errors:

005 Ignoring function, function requires state (PHOP* STOP,*)

113 . Ignoring function, the colour index value is less than zero
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SET FACET DISTINGUISHING MODE (PHOP,*,STOP,*)
In  facet distinguishing mode (OFF, ON) E

Effect: Depending on the ‘edit mode’, a “set facet distinguishing mode” element is inserted into the open structure after
the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then
updated to point to this “set facet distinguishing mode” structure element. The value specified by the parameter
is associated with the element.

When an element of this type is interpreted, the ‘current facet distinguishing mode’ entry in the traversal state

if the set of back attributes should be applied to b'ack-facing portions of area primitives. e
References: 4.5.3,4.5.4,4.5.5.3,4.5.7,4.6.1
Errors:
005 Ignoring function, function requires state (PHOP,* STOP*)
SET FACET CULLING MODE (PHOP,*,STQP,*)
In facet culling mode (NONE, BACKFACING, FRONTFACING) E

‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is| then
updated to point to this “set facet culling mode” structure element: The value specified by the parameter is
ciated with the element.

Effecl: Depending on the ‘edit mode’, a “set facet culling mode” clement is inSerted into the open structure aftLrsthe

SO~

When an element of this type is interpreted, the ‘current faeet'culling mode’ entry in the traversal state listfis set
to the value associated with the element. The ‘current facet culling mode’ is used to determine which, if any,
portions of area primitives should be excluded [rom‘the abstract image based on their distinction as frgnt or

back facing.
References: 4.5.3,4.5.4,4.55.3,4.5.6,4.8
Errorf:
005 Ignoring function, function reguires state (PHOP,* STOP,*)
SET INTERIOR COLOUR (PHOP,*,STQP,*)

Ip interior colour GQOLR

Effect: Depending on the“*edit mode’, a “set intcrior colour” clement is inserted into the open structure aftdr the

‘element pointér”)or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is| then
updated to point to this “set interior colour” structure element. The value specified by the parameter is aJsoci-
ated withithe element.

When'an' element of this type is interpreted, the ‘current interior colour’ entry in the traversal state list is $et to
the value associated with the element. This value is used when displaying subsequent area primitives when the
‘current interior colour ASF’ in the traversal state list is INDIVIDUAL.

References: 4.5.1,4.5.3,4.54,4.5.55,46.2,4.64

Errors:
005 Ignoring function, function requires state (PHOP* STOP*)
113 Ignoring function, the colour index value is less than zero
SET INTERIOR SHADING METHOD (PHOP,*,STOP,*)
In  interior shading method I
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Effect: Depending on the ‘edit mode’, a “set interior shading method” element is inserted into the open structure after

the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’

is then

updated to point to this “set interior shading method” structure element. The value specified by the parameter

is associated with the element.

When an element of this type is interpreted, the ‘current interior shading method’ entry in the traversal state list
is set to the value associated with the element. This value is used when displaying subsequent area primitives

when the ‘current interior shading method ASF’ in the traversal state list is INDIVIDUAL.

Interior shading methods are as follows:

NO['E:

Reflerences: 4.5.3,4.54,4.6.1,4.64,4.6.5,49

<0 implementation dependent

1 NONE

2 COLOUR

3 DATA

4 DATA and DOT

5 DATA and NORMAL

>6  reserved for registration or future standardisation

When an element of this type is interpreted, if the specified interior shading method is not available on
station, interior shading method 1 is used.

Interior shading methods are registered in the ISO International Register of Graphical Items (4.1.2). When an
shading method has been approved by ISO/IEC, the interior shading method value will be assigned by the Reg
Authority.

work-

interior
stration

Errprs:
005 Ignoring function, function requires state (PHOP,* STOP*)
SET DATA MAPPING METHOD (PHOP,*,STOP,*)
In  data mapping method I
In data mapping data record D
Effect: Depending on the ‘edit mode’, a ““set data mapping method” element is inserted into the open structure gfter the

‘element pointer’ Or réplaces the element pointed at by the ‘element pointer’. The ‘element pointer’

is then

updated to poin{ {0 this “set data mapping method” structure element. The values specified by the parameters

are associatedwith the element.

When an€lement of this type is interpreted, the ‘current data mapping method’ entry in the traversal
is set'tothe values associated with the element. These values are used when displaying subsequent are:
tives:When the ‘current data mapping method ASF’ in the traversal state list is INDIVIDUAL.

The data mapping methods are as follows:

te list
primi-

<0 implementation dependent
COLOUR

SINGLE VALUE, UNIFORM
SINGLE VALUE, NON-UNIFORM
BI-VALUE, UNIFORM
BI-VALUE, NON-UNIFORM

26  reserved for registration or future standardisation

w b W N
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When an element of this type is interpreted, if the specified data mapping method is not available on a worksta-
tion, data mapping method 1 is used. If the specified data mapping method or data record is inconsistent with
the data specified with a primitive, data mapping method 1 is used for that primitive. The data record values

used in these cases are the default values indicated in the PHIGS description table.

NOTE: Data mapping methods are registered in the ISO International Register of Graphical Items (4.1.2). When a data mapping
method has been approved by ISO/IEC, the data mapping method value will be assigned by the Registration Authority.

References: 4.5.1,4.5.4,4.5.5.5,4.6.1,4.62,4.64

Data records:
Datajmapping method = 1 (COLOUR)
1 list of source selectors (COLOUR_ASPECT, VERTEX_COLOUR, L(E)
VERTEX_DATA, FACET_COLOUR, FACET_DATA)
Data|mapping method = 2 (SINGLE VALUE, UNIFORM)
1 list of source selectors (COLOUR_ASPECT, VERTEX_COLOUR, L(E)
VERTEX_DATA, FACET_COLOUR, FACET_DATA)
2 data value index , (1...n) I
3 lower range limit R
4 upper range limit R
5 colour type I
6 list of colour values L(COLRV)
Data|mapping method = 3 (SINGLE VALUE, NON-UNIFORM)
1 list of source selectors (COLQUR_ASPECT, VERTEX_COLOUR,
VERTEX_DATA, FACET_COLOUR, FACET_DATA) L(E)
2 data value index (1...n) I
3 range boundaries L(R)
4 colour type I
.5 list of colour values L(COLRV)
Data|mapping method = 4 (BI-VALUE, UNIFORM)
1 list of source selectors (COLOUR_ASPECT, VERTEX_COLOUR,
VERTEX_DATA, FACET_COLOUR, FACET_DATA) L(E)
2 data value indices : (1...n) 2x1
3 lower limit 0P R, range R
4 upperdimit of R, range R
5 ‘lowerlimit of R}, range R
6 upper limit of R, range R
7 colour type I
8 list of colour value lists L(L(COLRV))
Datalméappingmethed=S-(BI-VALUE, NON-UNFFORM)———— |
1 list of source selectors (COLOUR_ASPECT, VERTEX_COLOUR,
VERTEX_DATA, FACET_COLOUR, FACET_DATA) L(E)
2 data value indices (1...n) 2x1
3 R, range boundaries L(R)
4 R, range boundaries L(L®R))
5 colour type I
6 lists of colour value lists L(L(COLRV))
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Errors: ,
005 Ignoring function, function requires state (PHOP,* STOP,*)
138  Ignoring function, one or more of the fields within the specified data record is in error
SET REFLECTANCE PROPERTIES (PHOP*STOP,*)
In  reflectance properties type I
In  reflectance properties data record D

Effect: Depending on the ‘edit mode’, a “set reflectance properties” element is inserted into the open structure zlfter the
‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘clement pointer’ |is then
updated to point to this “set reflectance properties” structure element. The values specified by the parameters
are associated with the element.

The reflectance property types are as follows:

<0 implementation dependent
1 simple reflectance
>2  reserved for registration or future standardisation

When an element of this type is interpreted, the ‘current reflectance properties’ entry in the traversal state list
are set to the values associated with the element. These values are conditionally used when displaying front-
facing portions of subsequent area primitives when the ‘currént réflectance properties ASF’ in the travergal state
list is INDIVIDUAL.

When an element of this type is interpreted, if the specified reflectance properties type is not available on a
workstation, reflectance properties type 1 is used. The datarecord values used in this case are the defaulf values
indicated in the PHIGS description table.

NOTE: Reflectance property types are registered in the ISO International Register of Graphical Items (4.1.2). When a reflectance
property type has been approved by ISO/IECthe reflectance property value will be assigned by the Registration Authority.

References: 4.5.1,4.5.3,4.54,4.6.1,4.6.3
Dafarecords:

Reflectance property type = 1 (simplereflectance)

1 ambient reflection coefficient ‘ [0,1] R
2 diffuse reflectioncoefficient [0,1] R
3 specular reflection coefficient [0,1] R
4 specular colour ' GCOLR
5 specular-exponent >0 R
Erfors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
138  Ignoring function, one or more of the fields within the specified data record is in error
SET REFLECTANCE MODEL _ (PHOP,*,STOP,*)
In  reflectance model ‘ 1

Effect: Depending on the ‘edit mode’, a “set reflectance model” element is inserted into the open structure after the
‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then
updated to point to this “set reflectance model” structure element. The value specified by the parameter is asso-
ciated with the element. '
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When an element of this type is interpreted, the ‘current reflectance model’ entry in the traversal state list is set
to the value associated with the element. This value is used when displaying subsequent area primitives when
the ‘current reflectance model ASF’ in the traversal state list is INDIVIDUAL.

The defined values for reflectance model are:

<0 implementation dependent

1 no reflectance calculation performed

2 ambient reflectance effects produced

3 ambient and diffuse reflectance effects produced

4 ambient, diffuse, and specular reflectance effects produced
25  reserved for registration or future standardisation

When an element of this type is interpreted, if the specified value is not available on a workstation, a value of 1
is used.

NOTE: Reflectance models are registered in the ISO International Register of Graphical Itemsq4.172). When a reflectanc¢ model
type has been approved by ISO/IEC, the reflectance model value will be assigned by.the-Registration Authority.

Refprences: 4.5.3,4.54,4.6.1,4.6.3,4.6.5

Errors:
005 Ignoring function, function requires state (PHOP* STOP¥)
SET BACK INTERIOR STYLE (PHOP* STOP,*)
In  back interior style (HOLLOW,SOLID,PATTERN,HATCH,EMPTY) E

Eff¢ct: Depending on the ‘edit mode’, a “set back interior style” element is inserted into the open structure after the
‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘clement pointer’ §s then
updated to point to this “set back interior style” structure element. The value specified by the parameter is asso-
ciated with the element.

When an element of this type is interpreted, the ‘current back interior style’ entry in the traversal state list is set
to the value associated with the element. This value is used when displaying back-facing facets of subgequent
area primitives when the ‘current back interior style ASF’ in the traversal state list is INDIVIDUAL.

When an element of this type is interpreted, if the specified interior style is not available on a workstatiop, inte-

rior style HOLLOWis used.
Refprences: 4.5.3,4.5.4,4:55.3,4.6.1.2,4.6.4
Errgrs:
005 Ignoring function, function requires state (PHOP,* STOP*)
SET BACK INTERIOR STYLE INDEX (PHOP*,STOP,*)
Ha—back-interor-style-index I

Effect: Depending on the ‘edit mode’, a “set back interior style index” element is inserted into the open structure after
the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then
updated to point to this “set back interior style index” structure element. The value specified by the parameter
is associated with the element.

When an element of this type is interpreted, the ‘current back interior style index’ entry in the traversal state list
is set to the value associated with the element. This value is used when displaying back-facing portions of
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Errors:
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subsequent area primitives when the ‘current back interior style index ASF’ in the traversal state list is INDI-

VIDUAL.

For back interior styles HOLLOW, SOLID and EMPTY, the interior style index is not used. For interior style
PATTERN, the back interior style index value is an index into a workstation’s pattern table. For interior style

HATCH, the back interior style index value determines which of a number of hatch styles is used: hatch
greater than O are reserved for registration; hatch styles less than 1 are workstation dependent,

styles

When an element of this type is interpreted, if the specified entry is not available on a workstation, the entry
corresponding to an index value of 1 is used. If back interior style index 1 is not present on that workstation, the

result is workstafion dependent.

005 Ignoring function, function requires state (PHOP,* STOP*)

SET|BACK INTERIOR COLOUR (PHOP,*,STIOP,*)

Depénding on the ‘edit mode’, a “set back interior colour” element is inserted into the open structure after the ‘e
poinfer’ or replaces the element pointed at by the ‘element pointer’. The ‘element‘pointer’ is then updated to point

[

Se

When an element of this type is interpreted, the ‘current back interior ¢olour’ entry in the traversal state list is set
valu

Errofs:
005 Ignoring function, function requires state (PHOP,* STOP,*)
113 Ignoring function, the colour index'value is less than zero
SET BACK INTERIOR SHADING METHOD (PHOP*,ST]

Effegt: Depending on the ‘edit'mode’, a ““set back interior shading method” element is inserted into the open str]
after the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element poi}ter’ is

t pack interior colour” structure element. The value specified by the parameter is associated with the element.

In  back interior shading method

then updated to.point to this “set back interior shading method” structure element. The value specified
parameter is~associated with the element. See SET INTERIOR SHADING METHOD for the interior s
methods.

When an'element of this type is interpreted, the ‘current back interior shading method’ entry in the trg

ofsubsequent area primitives when the ‘current back interior shading method ASF’ in the traversal statg
INDIVIDUAL.,

[n back interior colour GCOLR

ment
o this

to the

e associated with the element. This value is used when displaying subsequent back-facing portions of area primitives
when the ‘current back interior colour ASF’ in the traversal state listas INDIVIDUAL.

Refdrences: 4.5.1,4.5.3,4.5.4,4.553,4.55.5,4.64

OP,*)
I

nclure

y the
ading

versal

state list is set to the value associated with the element. This value is used when displaying back-facing portions

list is

When an element of this type is interpreted, if the specified interior shading method is not available on a
station, interior shading method 1 is used.

References: 4.5.3,4.54,4.5.5.3,4.6.1,4.64,4.6.5,4.9

Errors:

005 Ignoring function, function requires state (PHOP,* STOP,*)

work-
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SET BACK DATA MAPPING METHOD (PHOP,*,STOP,*)
In  back data mapping method I
In  back data mapping data record D
Effect: Depending on the ‘edit mode’, a “set back data mapping method” element is inserted into the open structure

Reftrences: 4.54,4.5.5.3,4.5.5.5,4.6.1,46.2,4.64
DaII records: See SET DATA MAPPING METHOD.
T

kErr

SET BACK REFLECTANCE PROPERTIES : (PHOP,*,S'
In back reflectance properties type
In back reflectance properties data record

Effgct: Depending on the ‘edit mode’, a “set back reflectance properties” element is inserted into the open st

S:
- 005  Ignoring function, function requires state (PHOP* STOP*)
- 138 Ignoring function, one or more of the fields within thé-specified data record is in error

after the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘clement pointer” is

then updated to point to this “set back data mapping method” structure element. The values specified

by the

parameters are associated with the element. See SET DATA MAPPING METHOD for the data mapping methods.

INDIVIDUAL.

When an element of this type is interpreted, if the specified data mapping method is not gvailable ona w
tion, data mapping method 1 is used. If the specified data mapping method or data record is inconsiste}
the data specified with a primitive, data mapping method 1 is used for that primitive. The data record
used in these cases are the default values indicated in the PHIGS description table.

brksta-
Nt with
values

'OP,*)
1
D

ucture

after the ‘element pointer’ or replaces.the element pointed at by the ‘element pointer’. The ‘element pointer’ is

then updated to point to this “set back reflectance propertics” structure clement. The values specified

by the

parameters are associated with the element. See SET REFLECTANCE PROPERTIES for the reflectance property

types.
When an element of this.type is interpreted, the ‘current back reflectance properties’ entry in the travers

il state

- list are set to the values associated with the element. These values are (possibly) used when displaying back-
facing portiong of subsequent area prlmmves when the ‘current back reflectance properties ASF’ in the traversal
-state list is INDIVIDUAL.
When an €lément of this type is interpreted, if the specified reflectance properties type is not available on a
workstation, reflectance properties type 1 is used. The data record values used in this case are the default|values
_indicated in the PHIGS description table.
References: 4.5.1,4.5.3,4.54,4.5.53,46.1,4.6.3
Datarecords: See SET REFLECTANCE PROPERTIES.
Errors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
138 Ignoring function, one or more of the fields within the specified data record is in error
SET BACK REFLECTANCE MODEL (PHOP,*,STOP,*)
In  back reflectance model I
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Effect: Depending on the ‘edit mode’, a “set back reflectance model” element is inserted into the open structure after

the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then
updated to point to this “set back reflectance model” structure element. The value specified by the parameter is
associated with the element.

When an element of this type is interpreted, the ‘current back reflectance model” entry in the traversal state list
is set to the value associated with the element. This value is used when displaying back-facing portions of
subsequent area primitives when the ‘current back interior reflectance model ASF’ in the traversal state list is
INDIVIDUAL.

See SET REFLECTANCE MODEL for the defined values of reflectance model.

When an element of this type is interpreted, if the specified value is not available on a workstation, @' value of 1
is used.

“References: 4.5.3,4.54,4.5.53,4.6.1,4.63,4.6.5
Erfors:
005 Ignoring function, function requires state (PHIOP,* STOP,*)
SHT LIGHT SOURCE STATE (PHOP,*,STOP,*)
In light source activation list (1...n) L
In  light source deactivation list ~ (1...m) L)

Effect: Depending on the ‘edit mode’, a “set light source state” element is inserted into the open structure after the

‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointer] is then
updated to point to this “set light source state” structure element. The values specified by the paramgters are
associated with the element.

When an element of this type is interpreted, the*‘current light source state’ entry in the traversal staje list is
modified according to the two lists associat¢d-with the clement: The entries in the activation list are added to
the ‘current light source state” if they aremot already in the state; the entries in the deactivation list are femoved
from the ‘current light source state’ ifi they are in the state. The “current light source state’ is used to dgtermine
the set of active workstation light séurces used when displaying subsequent output primitives. Each enjtry is an
index of an active light source in a'workstation’s light source table. ‘

When an element of this type is interpreted, only those workstation light source representations defingd in the
workstation’s ‘light soutce table’ are potentially active. Entries in the ‘current light source state’ correi)onding
to undefined light source table entries are ignored. If the number of active non-ambient light sources indicated
by the ‘current light source state’ exceeds the number supported by the workstation, it is workstation dgpendent
which of the indicated light sources are used.

The same light source index cannot exist in both the activation and the deactivation lists.

Rdferences: 4.5.374.54,4.6.1,4.6.3
Ertors:
005 Ignoring function, function requires state (PHOP,* STOP*)
]33 l’gl‘Ull.Ilg ﬁmuiun, one U‘]rl;l(f Clllll’e;\ ill l”tC uLtiYuliUll l’ibl ur u'cuu[vutiun l’l:Al I:A l'(f.).) _l;lull oune
135 Ignoring function, the same entry exists in both the activation. list and the deactivation list
SET EDGE COLOUR ' (PHOP*STOP,*)
In  edge colour GCOLR
Effect: Depending on the ‘edit mode’, a “set edge colour” element is inserted into the open structure after the ‘element

pointer’ or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’ is then updated to
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point to this “set edge colour” structure element. The value specified by the parameter is associated with the

element.

When an element of this type is interpreted, the ‘current edge colour’ entry in the traversal state list is set to the
value associated with the element. This value is used when displaying subsequent output primitives when the

‘current edge colour ASF’ in the traversal state list is INDIVIDUAL.

References: 4.5.1,4.5.3,4.54,4.5.5.5

Errors:
GROTINgG JUNCTION, JUNCTION Tequires o ;
113 Ignoring function, the colour index value is less than zero
SET CURVE APPROXIMATION CRITERIA (PHOP,*,STOP,*)
In  approximation criteria type 1
In  approximation criteria data record D
Eff¢ct: Depending on the ‘edit mode’, a “set curve approximation criteria” element is.inserted into the open structure

NOTE:

after the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element poipter’ is
then updated to point to this “set curve approximation criteria” structur¢ €lement. The values specified by the

parameters are associated with the element.

When an element of this type is interpreted, the ‘current curve appréximation criteria’ entry in the traver
list is set to the values associated with the element. These values’are used when displaying subsequent

primitives when the ‘current curve approximation criteria ASF’ in the traversal state list is INDIVIDUAL,.

Curve approximation criteria types are as follows:

A
o

implementation dependent
WORKSTATION DEPENDENT:
CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS
CHORDAL SIZE in WE
CHORDAL SIZE in NPC
CHORDAL SIZE in DC
CHORDAL DEVIATION in WC
CHORDAL DEVIATION in NPC
CHORDAL DEVIATION in DC
RELATIVE in WC
10 RELATIVE in NPC
11 RELATIVE in DC
212  reserved for registration or future standardisation

AL=C I - T T O VL B S R

state
output

ave » D ed » Na S0PLO Malon D ara hie-on

orksta-

tion, type 1 is used. If the specified approximation value can not be achieved, the most accurate value available

for the specified approximation type is used.

Curve approximation criteria types are registered in the ISO International Register of Graphical Items (4.1.2). When a curve
approximation criteria type has been approved by ISO/IEC, the curve approximation criteria type value will be assigned by

the Registration Authority.

References: 4.4.9,4.5.4,4.54.9,4.8
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Data Record:

Err

Curve approximation criteria type = 1 (WORKSTATION DEPENDENT)

(no data record contents)

Curve approximation criteria type = 2 (CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS)

1 count

Curve approximation criteria type = 3 (CHORDAL SIZE in WC)

T approximation value
Curve approximation criteria type = 4 (CHORDAL SIZE in NPC)
1 approximation value
Curve approximation criteria type = 5 (CHORDAL SIZE in DC)
1 approximation value
Curve approximation criteria type = 6 (CHORDAL DEVIATION in WC)
1 approximation value
Curve approximation criteria type = 7 (CHORDAL DEVIATION in NPC)
1 approximation value
Curve approximation criteria type = 8 (CHORDAL DEVIATION in/DC)
1 approximation value
Curve approximation criteria type = 9 (RELATIVE in WC)
1 approximation value 10, 13
Curve approximation criteria type = 10 (RELATIVEin NPC)
1 approximation value {0,1]
Curve approximation criteria type = 11.(RELATIVE in DC)
1 approximation value ‘ [0, 1]
Drs:

005 Ignoring function, function requires state (PHOP,* STOP,*)

SET SURFACE APPROXIMATION CRITERIA

Eff

In  approximation criteria type
In _“approximation criteria data record

parameters are associated with the element.

138 Ignoring fanetion, one or more of the fields within the specified data record is in error

FOP,*)

When an element of this type is interpreted, the ‘current surface approximation criteria’ entry in the traversal
state list is set to the values associated with the element. These values are used when displaying subsequent
output primitives when the ‘current surface approximation criteria ASF’ in the traversal state list is INDI-

VIDUAL.
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Surface approximation criteria types are as follows:

<0 implementation dependent

WORKSTATION DEPENDENT

CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS
CHORDAL SIZE in WC

CHORDAL SIZE in NPC
—— S CHORPAL-SIZE-n-BC

HOW N e

PLANAR DEVIATION in WC
PLANAR DEVIATION in NPC
PLANAR DEVIATION in DC
RELATIVE in WC
10 RELATIVE in NPC
11 RELATIVE in DC
>12  reserved for registration or future standardisation

NolN. IR )

tion, type 1 is used. If the specified approximation value can not be achieved, the most accurate value a
for the specified approximation type is used.

NQOTE: Surface approximation criteria types are registered in the ISO International Register of Graphical Items (4.1.2).
- surface approximaltion criteria type has been approved by ISQAEC, the surface approximation criteria type valu
assigned by the Registration Authority.

References: 4.4.11,4.4.14,454,4.8
Dala Record:
Surface approximation criteria type = 1 (WORKSTATION DEPENDENT)
(no data record contents) ;
Surface approximation criteria type =2 (CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS)

1 u count
2 v count

Surface approximation'criteria type = 3 (CHORDAL SIZE in WwC)
1 u approximation value
2 . v.approximation value

Surface approximation criteria type = 4 (CHORDAL SIZE in NPC)

1 u approximation value
N2 v approximation value

When an element of this type is interpreted, if the specified approximation type is not available on a worksta-

bailable

When a
b will be

—Surface approximation criteria type = S (CHORDAL SIZE T DE)

1 u approximation value
2 v approximation value

Surface approximation criteria type = 6 (PLANAR DEVIATION in WC)
1 approximation value
Surface approximation criteria type = 7 (PLANAR DEVIATION in NPC)

1 approximation value
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Surface approximation criteria type = 8 (PLANAR DEVIATION in DC)

1 approximation value R
Surface approximation criteria type = 9 (RELATIVE in WC)
1 approximation value ' [0, 1] R
Surface approximation criteria type = 10 (RELATIVE in NPC)
1 approximation value [0, 1] R
surface approximanon criteria type = 11 (RELATIVE 1n DC)
1 approximation value [0, 1] R
Errprs:
005 Ignoring function, function requires state (PHOP,* STOP*)
138 Ignoring function, one or more of the fields within the specified data record isin-érror
SE PARAMETRIC SURFACE CHARACTERISTICS (PHOP,*,STOP,*)
In  parametric surface characteristics type I
In  parametric surface characteristics data record D

Eff

specified by the parameters are associated with the clement.

parametric surface output primitives.

Parametric surface characteristic types areas follows:

<0 - implementation dependent

NONE

WORKSTATION'DEPENDENT

ISOPARAMETRIC CURVES

LEVEL)CURVES in MC

EEVEL CURVES in WC

2 6\ reserved for registration or future standardisation

w B W N =

workstation dependent.

parametric surface characteristics type has been approved by ISO/IEC, the parametric surface characteristics type v
be assigned by the Registration Authority.

References: 4.5.4

Data Record:

Parametric surface characteristics type = 1 (NONE)

(no data record contents)

ect:  Depending on the ‘edit mode’, a “set parametric surface characteristics” element is inserted into the open struc-
ture after the ‘element pointer’ or replaces the element peinted at by the ‘element pointer’. The ‘¢lement
pointer’ is then updated to point to this *“set parametric sucface characteristics” structure element. Thg values

When an element of this type is interpreted, the ‘cusrent parametric surface characteristics’ entry in the tfaversal
state list is set to the values associated with the.element. These values are used when displaying subsequent

Whén an element of this type is interpreted, if the specified parametric surface characteristic type is not avail-
able on a workstation, or the data record contents are invalid, type 1 is used and the data record contgnts are

< When a

alue will
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Parametric surface characteristics type = 2 (WORKSTATION DEPENDENT)

Parametric surface characteristics type = 3 (ISOPARAMETRIC CURVES)

(no data record contents)

1 curve placement (UNIFORM OVER SURFACE, UNIFORM BETWEEN KNOTS)

E
2 curve count in ¥ direction 1
3 curve count in v direction I
Parametric surface characteristics type = 4 (LEVEL CURVES in MC)
1 origin point MC P3
2 direction vector MC 3IxR
3 parameters LR)
Parametric surface characteristics type = 5 (LEVEL CURVES in WC)
1 origin point WwC P3
2 direction vector wC 3xR
3 parameters L(R)
Errprs:
005 Ignoring function, function requires state (PHOP,* ,STOP*)
138 Ignoring function, one or more of the fields within the specified data record is in error
SET RENDERING COLOUR MODEL (PHOP;*,STTOP,*)
In  rendering colour model 1
Effect: Depending on the ‘edit mode’, a “set rendering-golour model” element is inserted into the open structure after

the ‘element pointer’ or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer is then
updated to point to this “set rendering colour model” structure element. The value specified by the paraneter is

associated with the element.

When an element of this type is interpreted, the ‘current rendering colour model” entry in the traversal 1t]ate list

is set to the value associated with'the element. This value is used when displaying subsequent output pri

Rendering colour model values are as follows

<0 implementation dependent

0 WORKSTATION DEPENDENT
1 RGB

2 CIELUV

3 HSV

4 HLS

25 reserved for registration or future standardisation

itives.

When an element of this type is interpreted, if the specified colour model is not available on a workstation,

rendering colour model 0 is used.

NOTE: Registered rendering colour model values are drawn from the same set of values as colour model values.

References: 4.5.3,4.5.4,4.6.5

, Errors:
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SET DEPTH CUE INDEX ~ (PHOP*,STOP,*)

In depth cue index ' (1...n)

I

Effect: Depending on the ‘edit mode’, a “set depth cue index” element is inserted into the open structure after the

‘element pointer’ or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’
updated to point to this “set depth cue index” structure element. The value specified by the parameter is
ated with the element.

When an element of this type is interpreted, if the specified entry is not available on a workstation; th
corresponding to an index value of 1 is used.

References: 4.5.3,4.54,4.6.1,4.6.6
Errprs:

005  Ignoring function, function requires state (PHOP,* STOP,*)
120 Ignoring function, the depth cue index is less than one

SE[l COLOUR MAPPING INDEX (PHOP*,S

In  colour mapping index (1...n)

Effect: Depending on the ‘edit mode’, a “set colour mapping index” €lement is inserted into the open structure g
‘element pointer’ or replaces the element pointed at by the. ‘element pointer’. The ‘element pointer’

associated with the element.

is then
associ-

When an element of this type is interpreted, the ‘current depth cue index’ entry in the traversal state list is set

FOP,*)
I

fter the
is then

updated to point 1o this “set colour mapping index” strueture element. The value specified by the parameter is

When an element of this type is interpreted, the<current colour mapping index’ entry in the traversal sfate list
is set to the value associated with the element. This value is used when displaying subsequent output prifnitives.
When an element of this type is interpreted, if the specified entry is not available on a workstation, the entry
corresponding to an index value of 1nis.used.
References: 4.5.3,4.54,4.6.1,4.6.7
Ertors:
005 Ignoring function, function requires state (PHOP,* STOP,*¥)
5.3.3 Aspect source flag setting
SHT INDIVIDUALASF (PHOP*,STOP,*)
In  attribute identifier {(see enumeration below) E
In . attribute source (BUNDLED,INDIVIDUAL) E
Effect:) Depending on the ‘edit mode’, a “set individual ASF” element is inserted into the open structure a]fter the
“element pointer’ or replaces the element pomied at by the -element pointer . The -clement pointer is then

updated to point to this “set individual ASF” structure element. The values specified by the parameters are asso-

ciated with the element.

The following are the added PHIGS PLUS enumeration values for the PHIGS ‘attribute identifier’ enumeration

type:

POLYLINE_COLOUR
POLYMARKER_COLOUR
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TEXT_COLOUR
INTERIOR_COLOUR
EDGE_COLOUR
. POLYLINE_SHADING_METHOD
INTERIOR_SHADING_METHOD
DATA_MAPPING_METHOD
REFLECTANCE_PROPERTIES

KEFLECITANCE _MUDEL
BACK_INTERIOR_STYLE
BACK_INTERIOR_STYLE_INDEX
BACK_INTERIOR_COLOUR
BACK_INTERIOR_SHADING_METHOD
BACK_DATA_MAPPING_METHOD
BACK_REFLECTANCE_PROPERTIES
BACK_REFLECTANCE_MODEL
CURVE_APPROXIMATION_CRITERIA
SURFACE_APPROXIMATION_CRITERIA
PARAMETRIC_SURFACE_CHARACTERISTICS

When an element of this type is interpreted, the Aspect Source Flag (ASF) in the PHIGS traversal state li
tified by the element’s aspect identifier, is set to the valug specified by the element’s aspect source. Thes¢ values

are used by subsequent output primitives.

References: 4.5.1,4.5.3,4.54

Erfors:

005 Ignoring function, function requirés)state (PHOP* STOP*)

5.3.4 Workstation attribute table definition

t, iden-

SET POLYLINE REPRESENTATION PLUS (PHOP,WSQP,*,*
In workstation identifi¢r WI
In  polyline index (1...n) I
In  linetype I
In linewidth scale factor R
In  polyline colour GCOLR
In polyline shading method I
In curve approximation criteria type 1
Im) ~ curve approximation criteria data record D

Effect: In the polyline bundle tablc of the workstation state list of the specified workstation the given polyline index is

100

associated with the specified parameters.

Linetypes are as follows:

<0 implementation dependent
1 solid line
2 dashed line
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3 dotted line
4 dashed-dotted line
25  reserved for registration or future standardisation

Linewidth Scale Factor: A scale factor applied to nominal linewidth. During structure traversal the linewidth
scale factor is multiplied by the nominal linewidth on a workstation; the result is mapped by the workstation to

the nearest available linewidth,

Polyline colour: Either an indirectly specified or directly specified colour. If the colour is indirectly specified,

then, during structure traversal, if the specified colour index is not available, colour index 1 is used.

tion criteria types and the associated data records.

The polyline bundle table in the workstation state list has predefined entries taken from'the workstation

including the predefined entries, may be set with this function.

polyline bundie table of a workstation. If the entry corresponding to the\'current polyline index’ is not

of the corresponding aspect source flags.

References: 4.5.1,4.5.2,4.54.9,4.64.6

Polyline shading method: See SET POLYLINE SHADING METHOD for the defined polyline shading-methods.
Curve approximation criteria: See SET CURVE APPROXIMATION CRITERIA for the defined gurve approxima-

descrip-

tion table; a number of entries are predefined for every workstation of category QUTPUT or OUTIN. Any entry,

During structure traversal the ‘current polyline index’ in the traversal state list is used to select an entily in the

jefined,

the entry corresponding to an index of 1 is used. Which aspects in the entry are used depends upon thg setting

Ergors:

003 Ignoring function, fu'nction requires state (PHOBWSOP* *

054  Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
100 Ignoring function, the bundleindex value is less than one
103  Ignoring function, setting this bundle table entry would exceed the maximum number of entries pllowed
in the workstation bundle table ‘

104  Ignoring function,-the specified linetype is not available on the specified workstation

110 Ignoring function, the specified colour model is not available on the workstation

113 Ignoring function, the colour index value is less than zero

136 Ignorifigfunction, one of the components of the colour specification is out of range

122 Ignoring function, the specified polyline shading method is not available on the workstation

127 -~ Ignoring function, the specified approximation criteria type is not available on the specified workstation

138~ Ignoring function, one or more of the fields within the specified data record is in error

SHT POLYMARKER REPRESENTATION PLUS | (PHOP,WSIOP,**

In workstation identifier WI
In polymarker index (1...n) 1
In marker type I
In marker size scale factor R
In  polymarker colour GCOLR
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Effect: In the polymarker bundle table of the workstation state list of the specified workstation the given polymarker
index is associated with the specified parameters.

Marker type: Marker types are as follows:

<0 implementation dependent
= dot

+ cross (plus sign)

* asterisk

Errors:

003
054
059

100
103

105
110
H3
136

26  reserved for registration or future standardisation

Marker size scale factor: A scale factor applied to the nominal marker size. During stracture traversal th
factor is multiplied by the nominal marker size on a workstation; the result is mapped by the workstation to the
nearest available marker size.

Polymarker colour: Either an indirectly specified or directly specified colour)If the colour is indirectly
fied, then, during structure traversal, if the specified colour index is not-available, colour index 1 is used.

During structure traversal the ‘current polymarker index’ in-the traversal state list is used to select an ¢
the polymarker bundle table of a workstation. If the entry corresponding to the ‘current polymarker in
not defined, the entry corresponding to an index of }ds used. Which aspects in the entry are used depend
the setting of the corresponding aspect source flags.

References: 4.5.1,4.5.2

Occircle

[ R - U R

X Cross

Ignoring function, function requires state (PHOPWSOP,* *
Ignoring function, the specified workstation is not open

Ignoring function, the\specified workstation does not have output capability (i.e., the workstatio
gory is neither QUIPUT, OUTIN, nor MO)

Ignoring function, the bundle index value is less than one

Ignoringfunction, setting this bundle table entry would exceed the maximum number of entries a
in the-workstation bundle table

Ignoring function, the specified marker type is not available on the specified workstation
Ignoring function, the specified colour model is not available on the workstation
Ignoring function, the colour index value is less than zero

e scale

speci-

The polymarker bundle table in the workstation state list has predefined entries taken from the workistation
description table; a number of entries are predefined for every workistation of category OUTPUT or OUTI
entry, including the predefined entries, may be set with this function.

N. Any

ntry in
dex’ is
S upon

h cate-

lowed

Ignoring function, one of the components of the colour specification is out of range
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SET TEXT REPRESENTATION PLUS (PHOP,WSOP,*,*)
In  workstation identifier WI
In text index (1...n) I
In  text font I
In  text precision (STRING,CHAR,STROKE) E
In  character expansion factor R
In  character spacing R
In——text-colour GGOLR
Effeg¢t: In the text bundle table of the workstation state list of the specified workstation the given text index-is ‘associ-

Refarencesy4.5.1,4.5.2

Errofs:

ated with the specified parameters.

Text font: A single text aspect; a particular text font can be available at some, but not necessarily all, precisions.
The text font value is used to select a particular font on this workstation. Text font 1 contdins'a graphical fepre-
sentation of the characters defined in ISO/IEC 646 (or a character set including ISOAEC 646). Text font 2
contains a graphical representation of the same characters that are visually distinguishable from text font 1. Text
fonts greater than 2 are reserved for registration. Text fonts less than 1 are implémentation dependent. During

structure traversal if the text font is not available in the workstation, text font™}is used on that workstation.

The

Text precision: The text precision value determines the fidelity with whieh the other aspects are used.

values of text precision, in order of increasing fidelity, are STRING,€HAR, and STROKE. During strjcture
traversal if the specified text precision is not available on a workstation, the value STRING is used on that work-

station.

Character expansion factor: Specifies the deviation of the width to height ratio of the characters from th¢ ratio
indicated by the font designer. During structure traversal only the magnitude of the character expansion factor
is considered. If the result of taking the absolute valueof the character expansion factor value is less thgn the
smallest supported character expansion factor on a workstation, the smallest supported character expdnsion
factor on that workstation is used. If the result is greater than the largest supported character expansion factor

on that workstation, the largest supported character expansion factor on that workstation is used.

Character spacing: Specifies how much additional space is inserted between two adjacent character bpdies.

Character spacing is specified as a fraction of the font-nominal character height.

Text colour: Either an indirectly, specified or directly specified colour. If the colour is specified indirectly| then,

during structure traversal, if the specified colour index is not available, colour index 1 is used.

The text bundle table in-the-workstation state list has predefined entries taken from the workstation descrjiption
table; a number of entries are predefined for every workstation of category OUTPUT or OUTIN. Any [entry,

including the predefined entries, may be set with this function.

During structuré traversal the ‘current text index’ in the traversal state list is used to select an entry in the text
bundle table of a workstation. If the entry corresponding to the ‘current text index’ is not defined, the| entry
corresponding to an index of 1 is used. Which aspects in the entry are used depends upon the setting jof the

correSponding aspect source flags.

003 Ignoring function, function requires state (PHOP,WSOP* *

054  Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cale-

gory is neither OUTPUT, OUTIN, nor MO)

100  Ignoring function, the bundle index value is less than one

103 Ignoring function, setting this bundle table eniry would exceed the maximum number of entries allowed

in the workstation bundle table
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106 Ignoring function, the specified font is not available for the requested text precision on the specified

workstation
110  Ignoring function, the specified colour model is not available on the workstation
113 Ignoring function, the colour index value is less than zero

136  Ignoring function, one of the components of the colour specification is out of range

SET INTERIOR REPRESENTATION PLUS (PHOP,WSOP,**
n  worksiation identifier wI
In interior index (1...n) I
In  interior style (HOLLOW,SOLID PATTERN,HATCH,EMPTY) E
In interior style index I
In interior colour GCOLR
In - interior shading method I

Effect: In the interior bundle table of the workstation state list of the specified workstation'the given interior ipdex is

Rellerences: 4.5.1,452,4.6.1,46.4.7

Interior shading method: See SET INTERIOR SHADING METHOD for the interior shading methods.

~shading method 1 is used on thatworkstation.

" interior index’ or ‘current back interior index’ is not defined, the entry corresponding to an index of 1

associated with the specified parameters.

In the following discussion only the front interior attribute names are used; although the descriptions a
the back attributes as well.

Interior style: The interior style is used to determine in what style the interior of area should be fillg

pply to

id. The

possible values are HOLLOW, SOLID, PATTERN, HATCH and EMPTY. During structure traversal if the requested

interior style is not available on a workstation, interior style HOLLOW is used on that workstation.

Interior style index: For interior styles HOLLOW, SOLID\and EMPTY, the interior style index is not usgd. For

interior style PATTERN, the interior style index is anvindex into the workstation’s pattern table. For interi

Dr style

HATCH, the interior style index determines which\of'a number of hatch styles is used: hatch styles greater than

0 are reserved for registration; hatch styles less’than 1 are workstation dependent.

During structure traversal if the specified interior shading method is not available on a workstation,

nterior

Interior colour: Either an indirectly specified or directly specified colour. If the colour is specified indirectly,

then, during structure traversal, if the specified colour index is not available, colour index 1 is used.

The interior bundle table)in the workstation state list has predefined entries taken from the workstation d
tion table; a number of entries are predefined for every workstation of category OUTPUT or OUTIN. An
including the predefined entries, may be set with this function.

escrip-
y entry,

During structure traversal the ‘current interior index” and ‘current back interior index’ in the traversal sfate list

are used to Select entries in the interior bundle table of a workstation. If the entry corresponding to the °

Whieh aspects in the entry are used depends upon the setting of the corresponding aspect source flags.

current
s used.

Error3:;

104

003  Ignoring function, function requires state (PHOP,WSOP,* *
054 Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability {(i.e., the workstatio
gory is neither OUTPUT, QUTIN, nor MO)

100  Ignoring function, the bundle index value is less than one

n cate-
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103  Ignoring function, setting this bundle table entry would exceed the maximum number of entries allowed
in the workstation bundle table

108  Ignoring function, the specified interior style is not available on the workstation

112 Ignoring function, the pattern index value is less than one

110 Ignoring function, the specified colour model is not available on the workstation

113 Ignoring function, the colour index value is less than zero

123 Ignoring function, the specified interior shading method is not available on the workstation

8an g Junciion, one

SET EDGE REPRESENTATION PLUS

In
In
In
In
In
In

Effect:

workstation identifier
edge index

edge flag

edgetype

edgewidth scale factor
edge colour

In the edge bundle table of the workstation state list of the specified workstation the given edge index
ciated with the specified parameters.

Edgetypes are as follows:

om

<0 implementation dependent

1 solid line

2 dashed line

3 dotted line

4 dashed-dotted line

25  reserved for registrationsor future standardisation

Edgewidth Scale Factor: A seale factor applicd to nominal edgewidth. During structure traversal the edg

(14m)
(OFF,ON)

(PHOP,WS(

G

)P’*’*)

ewidth

scale factor is multiplied-by-the nominal cdgewndth on a workstation; the result is mapped by the worKstation

to the nearest availabl¢ edgewidth.

Edge colour: Either.an indirectly specified or directly specified colour. If the colour is specified indirect]
during structuré\traversal, if the specified colour index is not available, colour index 1 is used.

The edge bundle table in the workstation state list has predefined entries taken from the workstation desd
table; a-nmber of entries are predefined for every workstation of category OUTPUT or OUTIN. Any
including the predeﬁned entries, may be set with this function.

During structure traversal the ‘current edge index’ in the traversal sLate Jist is used to select an enlry int
bundle table ofa workstauon If the emry correspondmg to Lhe current edge index’ is not defined, t

correspondmg aspect source flags.

References: 4.5.1,4.5.2

Errors:

003 Ignoring function, function requires state (PHHOP,WSOP* *

054  Ignoring function, the specified workstation is not open

y, then,

ription
entry,

he edge

e entry

g of the
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SET DATA MAPPING REPRESENTATION (PHOP,WS(
In  workstation identifier
In  data mapping index 1Qhm)
In  data mapping method
In  data mapping data record
Effect: In the data mapping bundle table of the workstation state list of the specified workstation the give

References: 4.6.1,4.6.2

Errors:

136 Ionaring functi y ¢ the col. ication is out of

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
100  Ignoring function, the bundle index value is less than one

103 Ignoring function, setting this bundle table entry would exceed the maximuir number of entries allowed

in the workstation bundle table
110  Ignoring function, the specified colour model is not available on the workstation

113 Ignoring function, the colour index value is less than zero

107 Ignoring function, the specified edgetype is not available on the specified workstation

mapping index is associated with the specified parameters.

See SET DATA MAPPING METHOD for the defined data mappingmethods and their associated data reCers.

The data mapping bundle table in the workstation state list has predefined entries taken from the wor
description table; a number of entries are predefined for every workstation of category OUTPUT or OUTI
entry, including the predefined entries, may be set with this function.

During structure traversal the ‘current data mapping index’ and ‘current back data mapping index’
traversal state list are used to select entries in the-data mapping bundle table of a workstation. If the entry
sponding to either of these indices is not defined, the entry corresponding to an index of 1 is used. Thg

DP,* *
WI

|

I

D

n data

station
N. Any

in the
corre-
use of

the entries in each data mapping bundle depends upon the setting of the corresponding aspect source fl4gs.

003  Ignoring function, function requires state (PHOPWSOP**)
054  Ignoring function,the specified workstation is not open

059 Ignoring furiction, the specified workstation does not have output capability (i.e., the workstatio
gory is neither OUTPUT, OUTIN, nor MO)

100 Ignoringfunction, the bundle index value is less than one

103 Ignoring function, setting this bundle table entry would exceed the maximum number of entries g
in the workstation bundle table

137 Ignoring function, the specified data mapping method is not available on the specified workstatid

138 Ignoring function, one or more of the fields within the specified data record is in error

It cate-

llowed

SET REFLECTANCE REPRESENTATION (PHOP,WSOP,* *
In workstation identifier Wi
In reflectance index (1...n) I
In reflectance model I
In  reflectance propertics type I
In  reflectance properties data record D
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Effect: In the reflectance bundle table of the workstation state list of the specified workstation the given reflectance
index is associated with the specified parameters.

See SET REFLECTANCE MODEL for the defined reflectance models. See SET REFLECTANCE PROPERTIES for
the defined reflectance property types and their associated data records.

The reflectance bundle table in the workstation state list has predefined entries taken from the workstation
description table; a number of entries are predefined for every workstation of category OUTPUT or OUTIN. Any
entry, including the predefined entries, may be set with this function.

During—structare-traversal-the—correntreflectance-indexand “current backreflectance-index’-in-thetrayersal
state list are used to select entries in the reflectance bundle table of a workstation. If the entry corresponding to
the “‘current reflectance index’ or ‘current back reflectance index’ is not defined, the entry corresponding|to an
index of 1 is used. Which aspects in the entry are used depends upon the setting of the corresponding gspect
source flags.

References: 4.5.1,4.5.2,4.6.1,4.6.3
Errots:

003  Ignoring function, function requires state (PHOP,WSOP,* *
054  Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have outpit capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

100 Ignoring function, the bundle index value is less than ong

103 Ignoring function, setting this bundle table entry would exceed the maximum number of entries alfowed
in the workstation bundle table

124 Ignoring function, the specified reflectance modelis not available on the workstation
139  Ignoring function, the specified reflectanceproperty type is not available on the specified workstalion
110  Ignoring function, the specified colour model is not available on the workstation
113 Ignoring function, the colour indexvalue is less than zero

136  Ignoring function, one of the components of the colour specification is out of range

138  Ignoring function, one or more of the fields within the specified data record is in error

SET|PARAMETRIC SURFACE(REPRESENTATION (PHOP,WSOP,**

[n workstation identifier WI
[n  parametric surface index (1...n)
[n surface approximation criteria type

n  surface approximation criteria data record

[n  parametric surface characteristics type

[n  parametric surface characteristics data record

U)—(UH'—(

Effegt:~ In the parametric surface bundle table of the workstation state list of the specified workstation the given para-
| “metric surface-index-is-associated with the specified parameters

See SET SURFACE APPROXIMATION CRITERIA for the defined surface approximation criteria types and their
associated data records. See SET PARAMETRIC SURFACE CHARACTERISTICS for the defined parametric
surface characteristics types and their associated data records.

The parametric surface bundle table in the workstation state list has predefined entries taken from the worksta-
tion description table; a number of entries are predefined for every workstation of category OUTPUT or OUTIN.
Any entry, including the predefined entries, may be set with this function.
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During structure traversal the ‘current parametric surface index’ in the traversal state list is used to select an
entry in the parametric surface bundle table of a workstation. If the entry corresponding to the ‘current para-
metric surface index’ is not defined, the entry corresponding to an index of 1 is used. Which aspects in the entry

are used depends upon the setting of the corresponding aspect source flags.

References: 4.5.2,4.5.4.11

Errors:
003 Ignoring function, function requires state (PHOPWSOP,* *
054 Ignoring funcfion, the specified workSIatlion 1§ not Open
059 Ignoring function, the specified workstation does not have output capability (i.e., the workstatign cate-
gory is neither OUTPUT, OUTIN, nor MO)
100 Ignoring function, the bundle index value is less than one
103  Ignoring function, setting this bundle table entry would exceed the maximum number of entries gllowed
in the workstation bundle table
127 Ignoring function, the specified approximation criteria type is not available.on the specified workstation
128  Ignoring function, the specified parametric surface characteristics type is not available on the specified
workstation
138 Ignoring function, one or more of the fields within the specified‘data record is in error
SET PATTERN REPRESENTATION PLUS (PHOP,WSQOP,* *
‘In  workstation identifier Wi
In pattern index (1...n) I
In colour type I
In pattern colour array A(COLRV)
Effect: In the pattern table of the workstation state list of the specified workstation the given pattern index is asqociated

with the specified parameters.

A grid of DX x DY cells (DX horizental, DY vertical) is specified. If the colour type indicates indirec‘tly specified

colours, then colour is given individually for each cell by colour index, a pointer into the colour tabl
workstation. Otherwise, thetcolour is given individually for each cell by a colour value in the indicateq
model. . :

If the workstation supperts interior style PATTERN, the pattern table in the workstation state list has pre
entries taken from'the workstation description table; a number are predefined for every workstation of ¢
OUTPUT and OUTIN supporting interior style PATTERN. Any table entry (including the predefined entri
be set with/this‘function. ' o

When aré€a primitives are displayed during structure traversal, if the currently selected (either via the
bund!le or individually, depending upon the corresponding ASF) interior style is PATTERN, the ‘current
style'index’ and ‘current back interior style index’ in the traversal state list refer to an entry in the PHIG
pattern table. If the ‘current interior style index” or ‘current back interior style index’ is not present in the

e of the
colour
defined
ategory
ES) may

interior
interior
S PLUS
pattern

table, interior style index 1 is used. If interior style index 1 is not present (i.e. interior style PATTER]

N is not

supported for this workstation), the result is workstation dependent.

During structure traversal if the colour type of a specificd pattern table entry is indirect, and if a pattern colour

index specified in the pattern colour array is not available on the workstation, colour index 1 is used.

References: 4.5.1,4.5.2,4.6.4

Errors:
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059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
112 Ignoring function, the pattern index value is less than one

103  Ignoring function, setting this bundle table entry would exceed the maximum number of entries allowed

in the workstation bundle table
116  Ignoring function, one of the dimensions of pattern colour array is less than one
110 Ignoring function, the specified colour model is not available on the workstation

113 Ignoring function, the colour index value is less than zero
136 Ignoring function, one of the components of the colour specification is out of range
SET|LIGHT SOURCE REPRESENTATION (PHOP,WSQP,*,*)
[n  workstation identifier WI
[n light source index (1.¥n) I
[n light source type I
[n  light source data record D
Effect: In the light source table of the workstation state list of the specified workstation the giveri light source index is
associated with the specified parameters.
Light source types are:
<0 implementation dependent
1 AMBIENT
2 DIRECTIONAL
3 POSITIONAL
4 SPOT
25  reserved for registration-or future standardisation ‘ .
The light source table in the workstation state list has predefined entries taken from the workstation descyiption
table. Some entries are predefined for every workstation of category OUTPUT or OUTIN. Any entry-in thg light
source table may be set with'this function. ,
During structure trayersal the ‘current light source state’ in the traversal state list is used 1o select zero of more
entries in the light-source table of a workstation. Entries in the ‘current light source state’ that are not defined in
a workstation’s-light source table are ignored. '
During structure traversal if the colour type of any selected workstation light source representation is in irect,
and the colour index is not defined on the workstation, colour index 1 is used for that light source.
NOTE: Lightsotrce types are registered in the ISO International Register of Graphical Items (4.1.2). When a light source type has
been approved by ISO/IEC, the light source type value will be assigned by the Registration Authority.
Refgrences: 4.5.1,4.6.1,4.6.3
Data records: ,
Light source type = 1 (ambient light source)
1 light source colour : “ - GCOLR
Light source type = 2 (directional light source)
1 light source colour GCOLR
2 light source direction - WC NORM
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Light source type = 3 (positional light source)

1 light source colour GCOLR
2 light source position wC P3
3 attenuation coefficients 2xR
Light source type = 4 (spot light source)
1 light source colour GCOLR
2 light source position wC P3
3 light source direction wcC NORM
4 concentration exponent R
5 attenuation coefficients 2xR
6 spread angle (0,71 R
Erfors:
003 Ignoring function, function requires state (PHOPWSOP,* *
054 Ignoring function, the specified workstation is not open
059 Ignoring function, the specified workstation does not have output-capability (i.e., the workstatipn cate-
gory is neither OUTPUT, OUTIN, nor MO)
103  Ignoring function, setting this bundle table entry would exceed the maximum number of entries pllowed
in the workstation bundle table
110  Ignoring function, the specified colour model is not-available on the workstation
113 Ignoring function, the colour index value is less‘than zero
136 Ignoring function, one of the components of the’colour specification is out of range
129  Ignoring function, the light source indexis.less than one
131 Ignoring function, the specified light source type is not available on the workstation
132 Ignoring function, the specified spot light spread angle is out of range
138 Ignoring function, one or more of the fields within the specified data record is in error
SHT DEPTH CUE REPRESENTATION (PHOP,WSIOP,*,*
In  workstation identifier WI
In depth cue index (1...n) I
In  depth cue mode (SUPPRESSED, ALLOWED) E
In depth cue reference planes NPC, DQMIN<DQMAX 2xR
In depthcune-scale factors [0,1] 2xR
In  depth'cue colour GCOLR
Effect: Jn'the depth cue table of the workstation state list of the specified workstation the given depth cue index|is asso-
ciated with the specified parameters.
description

table. At least emry lis predeﬁned for evcry workswllon of category OUTPUT or QUTIN.

During structure traversal the ‘current depth cue index’ in the traversal state list is used to select an entry in the
depth cue table of the workstation state list. If the entry corresponding to the ‘current depth cue 1ndex is not
defined, the entry corresponding to an index of 1 is used.

During structure traversal if the depth cue colour type of the sclected representation is indirect, and the colour
index is not defined on the workstation, colour index 1 is used.

References: 4.5.1,4.6.1,4.6.6
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Errors:
003  Ignoring function, function requires state (PHOP,WSOP,* *
054  Ignoring function, the specified workstation is not open
059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)
103  Ignoring function, setting this bundle table entry would exceed the maximum number of entries allowed
in the workstation bundle table
120 Ignoring function, the depth cue index is less than one
119  Ignoring function, the specified depth cue mode is not available on the workstation
130  Ignoring function, invalid reference planes; DQMIN > DOQMAX
140 Ignoring function, one of the depth cue scale factors is not in the required range
110 Ignoring function, the specified colour model is not available on the workstation
113 Ignoring function, the colour index value is less than zero
136 Ignoring function, one of the components of the colour specification is oufof range
SET|COLOUR MAPPING REPRESENTATION (PHOP,WSOP,* *
In  workstation identifier WI
In  colour mapping index (1...m) I
n  colour mapping method I
n  colour mapping data record D

Effe¢t: In the colour mapping table of the workstation state*list of the specified workstation the given colour mappmg
index is associated with the specified parameters.

Colour mapping methods are:

<0 implementation dependent
TRUE

2 PSEUDO

3 PSEUDO-N
>4  reserved for'registration or future standardisation
NOTIE: Colour mappingtypes are registered in the ISO International Register of Graphical Items (4.1.2). When a colour mapping
type has been@pproved by ISO/IEC, the colour mapping type value will be assigned by the Registration Authority.
References: 4.6.1;4:6.7
DatalRecord:
Colourmapping method = 1 (TRUE)
L_—(no-datarecord-contents)
Colour mapping method = 2 (PSEUDO)

1 colour model I
2 weight vector L(R)
3 colours L(COLRYV)

(There must be as many values in the weight vector as there are coordinate values in the colour tuple of the
specified colour model.)
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Ing
5po

Colour mapping method = 3 (PSEUDO-N)

a) SET: the values returned are those specified by the application progfam.

b) REALIZED:  the/values returned are those used by the workstation when the specified values are
mapped to the available values on the workstation.

hiries for predefined representations in the workstation description table have no such parameter, unlike the

av

catipn program to set a representation, a subsequent inquiry for that representation in the workstation state list
retyrn the same values whether SET or REALIZED was specified.

lable on the workstation. Thus all values returned from a predefined representation are such that, if used by a

1 colour model I
2 colour coordinates L(L(R))
(The number of lists must match the specificd colour model.)
Errors:
003 Ignoring function, function requires state (PHOP,WSOP* *
Q s [ [ . 5 I3 E . 5 ! ! . . N
059 Ignoring function, the specified workstation does not have output capability (i.e., the workstatidn cate-
gory is neither OUTPUT, OUTIN, nor MO)
103 Ignoring function, setting this bundle table entry would exceed the maximum number bf entries gllowed
in the workstation bundle table
121  Ignoring function, the colour mapping index is less than one
110  Ignoring function, the specified colour model is not available on the workstation
113 Ignoring function, the colour index value is less than zero
136  Ignoring function, one of the components of the colour specificationis’out of range
125  Ignoring function, the total of the colour range fields in all the table entries is too large
126  Ignoring function, the specified colour mapping method isqiot available on the specified workstagion
138 Ignoring function, one or more of the fields within the specified data record is in error
5.4| Inquiry functions
5.4/1 Introduction
Inghiry functions return values from the various state lists. The data types of the values and the default values of the state
list fentries are summarized in 6.1 through 6.6, Errors detected by inquiry functions are reported through an err¢r indi-
catgr parameter (see ISO/IEC 9592-1). The:ERROR HANDLING function is not called. Some inquiry functiops that
retrjeve values from the workstation state(lists have an input parameter of type ‘Enumeration’ that can take the following
valges: ‘

corre-

nding inquiries™Mor the representations in the workstation state list. The values of predefined represe‘ntatixns are

appli-
would
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5.4.2 Inquiry functions for workstation state list

INQUIRE POLYLINE REPRESENTATION PLUS (PHOP,WSOP,*,*
In  workstation identifier WI
In  polyline index (1...n) I
In  type of returned values (SET,REALIZED) E
Qut error indicator I
—Out—linetype I
Out linewidth scale factor R
Out polyline colour GCOLR
Out polyline shading method I
Out curve approximation criteria type I
Out curve approximation criteria data record D
Effect: If the inquired information is available, the error indicator is returned as 0 and yalugs are returned in the output

References: 4.5.1,4.5.2,4.5.4.9,4.64.6

parameters. See SET CURVE APPROXIMATION CRITERIA for a description of\the curve approximation criteria
data record.

If the specified polyline index is not present in the polyline bundle table and the specified type of return¢d value
is REALIZED, the representation for polyline index 1 is returned.

If the inquired information is not available, the values returnéd)in the output parameters are implementation
dependent and the error indicator is set 1o one of the follewing error numbers to indicate the reason for non-
availability: o
003 Ignoring function, function requires state (PHOB,WSOP* *
054  Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i .., the workstatipn cate-
gory is neither OUTPUT, OUTIN, ner MO)

100 Ignoring function, the bundlesindex value is less than one
101  Ignoring function, the specified representation has not been defined

Eryors: none
INQUIRE POLYMARKER REPRESENTATION PLUS (PHOP,WSOP,*,*
In  workstation-identifier ; - : WI
In polymarker index (1...n) I
In  type'of retumed values (SET,REALIZED) E
Out_ <error indicator , ; I
Oat ¢ marker type I
Qut _marker size scale factor R
Out polymarker colour GCOLR
Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output

parameters.

If the specified polymarker index is not present in the polymarker bundle table and the specified type of returned
value is REALIZED, the representation for polymarker index 1 is returned.
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If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-

availability:
003 Ignoring function, function requires state (PHOPWSOP* *
054  Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)

100 Ignoring function, the bundle index value is less than one

References: 4.5.1,4.5.2

Errors: none
INQUIRE TEXT REPRESENTATION PLUS (PHOP,WS(
In  workstation identifier
In  textindex (1...n)
In type of returned values (SET,REALIZED)
Out error indicator
Out text font
Out text precision (STRING,CHAR,STROKE)
Qut character expansion factor
Out character spacing
Out text colour \ ¢
Effect: If the inquired information is available, the errorindicator is returned as 0 and values are returned in the

114

rehces: 4.5.1,4.5.2

RetE
ErrOIST riorie

101  Ignoring function, the specified representation has not been defined

parameters.

DP,* *
WI

A A o o T =

COLR

output

If the specified text index is not present in'the text bundle table and the specified type of returned value is{REAL-

IZED, the representation for text index't is rcturned.

If the inquired information is not available, the values returned in the output parameters are implemg
dependent and the error indicator is set to one of the following error numbers to indicate the reason f
availability:

003 Ignoring function] function requires state (PHOPWSOP,* *

054 Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstatig
gory'is'neither OUTPUT, OUTIN, nor MO)

100 Ignoring function, the bundle index value is less than one
101->"Tgnoring function, the specified representation has not been defined

ntation
br non-

n cate-
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INQUIRE INTERIOR REPRESENTATION PLUS (PHOP,WSOP,*,*
In workstation identifier WwI
In interior index (1...n) I
In  type of retumed values (SET,REALIZED) E
Out error indicator I
Out interior style (HOLLOW,SOLID,PATTERN,HATCH , EMPTY) E
Out interior style index 1
Out interior colour GCOLR
Out interior shading method I

Effdci: If the inquired information is available, the error indicator is returned as 0 and values are returned in' the joutput

parameters.

is REALIZED, the representation for interior index 1 is returned.

If the inquired information is not available, the values returned in the output parameters

availability:
003  Ignoring function, function requires state (PHOP,WSOP* *
054  Ignoring function, the specified workstation is not open

gory is neither OUTPUT, OUTIN, nor MO)
100  Ignoring function, the bundle index value is less than one

101  Ignoring function, the specified representation has not been defined
Refprences: 4.5.1,4.5.2,4.6.1,4.64.7

Err¢rs: none

INQUIRE EDGE REPRESENTATION PLUS
In workstation identifier
In  edge index (1...n)
In  type of retumed values (SET,REALIZED)
Out error indicator ‘
Out edge flag (OFF,ON)
Out edgetype
Out edgewidth'scale factor

Out edge colour

If the specified interior index is not present in the interior bundle table and the specified type of returned value

are implemeptation

dependent and the error indicator is set to one of the following error number$\fo’indicate the reason f¢r non-

059 Ignoring function, the specified workstation does not have‘output capability (i.e., the workstatioh cate-

(PHOP,WSQP;**
WI

o JENEDRN o s JEFEPRN ¢ s QR

GCOLR

Effect: | Ifthe inquired information is available, the error indicator is returned as 0 and values are returned in thef output

parameters.
€ specified edge index is not present in e © amn i ralue is

REALIZED, the representation for edge index 1 is returned.

If the inquired information is not available, the values returned in the output parameters

are implementation

dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-

availability:
003  Ignoring function, function requires state (PHOP,WSOP* *
054 Ignoring function, the specified workstation is not open
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059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
100 Ignoring function, the bundle index value is less than one

101  Ignoring function, the specified representation has not been defined

References: 4.5.1,4.5.2

Errors: none

INQUIRE LIST OF DATA MAPPING INDICES (I’HUP:WS'(DP,*,*
In workstation identifier wI
Out  error indicator 1
Out list of defined data mapping indices ( 1...n) LQ)

Effect: If the inquired information is available, the error indicator is returned as 0 and values-droreturned in thel output

References: 4.6.2

Errors: none
INQUIRE DATA MAPPING REPRESENTATION (PHOP,WS(
{In- . workstation identifier ‘
In data mapping index (1...nm)
In type of returned values (SET,REALIZED)
Out error indicator
Out  data mapping method
Out  data mapping data record
Effe¢ct: If the inquired mformauon is available, the error indicator is returned as 0 and values are retumed in the

parameters.

If the inquired information is not available, the values returned in the output\parameters are impleme]

htation

dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-

availability:
003  Ignoring function, function requires state (PHOP,WSOP* *

054. Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not Have output capability (i.e., the workstatzo
gory is neither OUTPUT, OUTIN, nor MO)

parameters.'See SET DATA MAPPING METHOD for a description of the data mapping data record.

If the-specified data mapping index is not present in the data mapping bundle table and the specified
returned value is REALIZED, the representation for data mapping index 1 is returned.

I cate-

DP,* *
WI

HHmH

D

output

ype of

N

If the inquired information is not available, the values retumned in the output parameters are impleme|

htation

dependent and the error mdlcalor is set to one of the following error numbers to indicate the reason f@r non-
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availability:

003  Ignoring function, function requires state (PLHOPWSOP* *
054 Ignoring function, the specified worksiation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
100  Ignoring function, the bundle index value is less than one
101  Ignoring function, the specified representation has not been defined
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References: 4.6.1,4.6.2

Errors: none

INQUIRE LIST OF REFLECTANCE INDICES (PHOP,WSOP,*,*
In workstation identifier , WwI
Out error indicator 1
Out iist of defined reflectance indices (1...n) L)

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in‘the output
parameters.

If the inquired information is not available, the values returned in the output parameters ar¢ implemgntation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-
availability:

003 Ignoring function, function requires state (PHOP,WSOP* *
054 Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output dapability (i.e., the workstatipn cate-
gory is neither OUTPUT, QUTIN, nor MO)

References: 4.5.2

Ertors: none

INQUIRE REFLECTANCE REPRESENTATION (PHOP,WSOP,*,*
In workstation identifier WI
In reflectance index (1...n) I
In type of returned values (SET,REALIZED) E
Out error indicator ‘ I
Out reflectance model I
Out reflectance properties type I
Out reflectance properties data record ‘ D

Effect: If the inquired information'is available, the error indicator is returned as 0 and values are returned in the output
parameters. See SET REFLECTANCE PROPERTIES for a description of the reflectance properties data record.

If the specified refledtance index is not present in the reflectance bundle table and the specified type of feturned
value is REALIZED, the representation for reflectance index 1 is returned.

If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is sct to one of the following error numbers to indicate the reason for non-
availability:

003 Ignoring function, function requires state (PHOP,WSOP* *

054  Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

100 Ignoring function, the bundle index value is less thdn one

101  Ignoring fi..iction, the specified representation has not been defined
References: 4.5.1,4.5.2,4.6.1,4.6.3

Errors: none
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INQUIRE LIST OF PARAMETRIC SURFACE INDICES (PHOP,WSOP,**
In workstation identifier ’ ' WI
Out error indicator I
Out list of defined parametric surface indices Jd...n) L{)

Effect: If the inquired information is available, the error indicator is returned as O and values are returned in the output
parameters.

If the inquired information is not available, the values returned in the output parameters are implementation

——dependent amd e error Iiicator 1S serto-one of the fottowing error mambers o indicate the Teason for non-
availability:
003  Ignoring function, function requires state (PHOPWSOP* *
054 Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e.,-the workstatiop cate-
gory is neither OUTPUT, OUTIN, nor MO)

References: 4.5.2

Err@rs: none

INQUIRE PARAMETRIC SURFACE REPRESENTATION (PHOP,WSQP,**
In workstation identifier
In parametric surface bundle index (1...n)
In type of returned values (SET,REALIZED)

Out error indicator

Out surface approximation criteria type

Out surface approximation criteria data record
Out parametric surface characteristics type

Out parametric surface characteristics data'record

Eff¢ct: If the inquired information is available, the error indicator is returned as 0 and values are returned in thejoutput
parameters. See SET SURFACE APPROXIMATION CRITERIA for a description of the surface approximation
criteria data record. See SET'\PARAMETRIC SURFACE CHARACTERISTICS for a description of the pargmetric
surface characteristics ddtayrecord.

If the specified parametric surface index is not present in the parametric surface bundle table and the specified
type of returned yalue is REALIZED, the representation for reflectance index 1 is returned.

If the inquiredZinformation is not available, the values retumed in the output parameters are implemehtation
dependentiand the error indicator is set to one of the [ollowing error numbers to indicate the reason f¢r non-
availability:

003~ "Tgnoring function, function requires state (PHOPWSOP* *
054  Ignoring function, the specified workstation is not open

gory is neither OUTPUT, OUTIN, nor MO)
100 Ignoring function, the bundle index value is less than one

ion cate-

101  Ignoring function, the specified representation has not been defined
References: 4.5.2,4.5.4.11

Errors: none
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INQUIRE PATTERN REPRESENTATION PLUS (PHOP,WSOP,*,*
In  workstation identifier wI
In pattern index (1...n) 1
In  type of returned values (SET,REALIZED) E
Out error indicator I
Out colour type I
Out pattern colour array A(COLRYV)
Effect: If the inquired information is available, the error indicator 1s returned as 0 and values are returned in the putput
parameters.
If the specified pattern index is not present in the pattern table and the specified type of returned value is REAL-
IZED, the representation for pattern index 1 is returned. (Pattern index 1 is present if interior style PATTERN is
supported on the workstation.)
If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is set to one of the following error numbers to lindicate the reason far non-
availability:
003 Ignoring function, function requires state (PHOP,WSOP* *
054  Ignoring function, the specified workstation is not open
059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)
101  Ignoring function, the specified representation has notbéen defined
109  Ignoring function, interior style PATTERN is not supported on the workstation |
112 Ignoring function, the pattern index value isiess than one
Refgrences: 4.5.1,4.5.2,4.5.4.11
Errars: none
INQUIRE LIST OF LIGHT SOURCE INDICES (PHOP,WSQP,* *
In workstation identifier WI
Out error indicator I
Out  list of defined light source indices (1...n) L)
Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the putput

parameters.

If the inquired information is not available, the values returned in the output parameters are implemenptation

dependént-and the error indicator is set to one of the following error numbers to indicate the reason fq
availability:

003 Ignoring function, function requires state (PHOP,WSOP* *

r non-

054  Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)

References: 4.6.3.3

Errors: none
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INQUIRE LIGHT SOURCE REPRESENTATION (PHOP,WSOP,**
In workstation identifier W1
In light source index (1...n) I
In type of returned values (SET,REALIZED) E
Out error indicator I
Out light source type I
Out  light source data record D

Eff¢ct: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output

parameters.

is REALIZED, the representation for light source index 1 is returned.

availability:

003 Ignoring function, function requires state (PHOP,WSOP* *

References: 4.5.1,4.6.1, 4.6.3

Errors: none

INQUIRE LIST OF DEPTH CUE INDICES

In workstation identifier

Out error indicator
Out list of defined depth cue indices
Effect:

parameters.

availability:

003-"Ignoring function, function requires state (PLHHOP,WSOP,* *

054  Ignoring function, the specified workstation is not open

(150 annri 2 B o iodoae un

gory is neither OUTPUT, OUTIN, nor MO)
References: 4.6.6

Errors: none

120

See SET LIGHT SOURCE REPRESENTATION for the defined data record contents.

If the specified light source index is not present in the light source table and the specified type, of returnefl value

If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is sct to one of the following error numbers(to,indicate the reason for non-

054 Ignoring function, the specified workstation is not open

059 Ignoring function, the specified workstation does not have\output capability (i.e., the workstatiop cate-
gory is neither OUTPUT, OUTIN, nor MO)

101  Ignoring function, the specified representation hasnot been defined

129  Ignoring function, the light source index is lessthan one

(PHOP,WSQP,**
V WI
I

(1...n) L)

If the inquired information is available, the error indicator is returned as 0 and values are returned in the output

If the inquired-information is not available, the values returned in the output parameters are implemeptation
dependenfiand the error indicator is set to one of the following error numbers to indicate the reason for non-
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INQUIRE DEPTH CUE REPRESENTATION (PHOP,WSOP,**
In  workstation identifier WI
In  depth cue index (1...n) I
In  type of returned values (SET,REALIZED) E
Out error indicator I
Out depth cue mode (SUPPRESSED,ALLOWED) E
Out depth cue reference planes NPC 2xR
_Qutdepth cue scale factors [0,1] ‘ 2XR
Out depth cue colour GCOLR

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returried-in the output

References: 4.5.1,4.6.1,4.6.6

parameters.

If the specified depth cue index is not present in the depth cue table and the specified type of returned |value is
REALIZED, the representation for depth cue index 1 is returned.

If the inquired information is not available, the values returncd in the output-pardmeters are implemgntation
dependent and the error indicator is set 10 one of the following error numbers to indicate the reason for non-

availability:

003 Ignoring function, function requires state (PHOP,WSOP* *

054  Ignoring function, the specified workstation is not open

059  Ignoring function, the specified workstation does nothave output capability (i.e., the workstatipn cate-
gory is neither OUTPUT, OUTIN, nor MO)

101 Ignoring function, the specified representation hasnot been defined

120

Ignoring function, the depth cue index is less\than one

Ertors: none

INQUIRE COLOUR MAPPING STATE (PHOP,WSOP,*,*
In workstation identifier , , WI
In  colour mapping method I
Out error indicator I
Out colour mapping/state data record ‘ \ D

003

Effect: If the inquired-information is available, the error indicator is returned as 0 and values are returned in the output
parameters,

If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-
availability:

Ignoring function,‘ Sunction requires state (PHOP,WSOP* *

054  Ignoring function, the specified workstation is not open

059  Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
' gory is neither OUTPUT, OUTIN, nor MO)

126

Ignoring function, the specified colour mapping method is not available on the specified workstation

References: 4.6.7
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Data Record:
Colour mapping method = 1 (TRUE)
1 number of true colours available I
Colour mapping method = 2 (PSEUDO)
1 number of pseudo colour entries available 1

Colour mapping method = 3 (PSEUDO-N)

{nmodatarecordcontents)

Errgrs: none

INQUIRE LIST OF COLOUR MAPPING INDICES (PHOP,WS(QP,*,*
In workstation identifier N
Out error indicator I
Out list of defined colour mapping indices (1...n) L)

Effgct: If the inquired information is available, the error indicator is returned as O-and/values are returned in thejoutput
parameters.

If the inquired information is not available, the valucs retumed in the output parameters are implementation
dependent and the error indicator is set to one of the followingerror numbers to indicate the reason for non-
availability: ‘

003 Ignoring function, function requires state (PHOPWSOP* *
054 Ignoring function, the specified workstation is-a0t open

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstatiop cate-
gory is neither OUTPUT, OUTIN, nor M@)

Refkrences: 4.6.7

Err@rs: none

INQUIRE COLOUR MAPPING REPRESENTATION (PHOP,WSQP,* *
In  workstation identifier WwI
In colour mapping index , (1...n) I
In type of returned values (SET,REALIZED) E
Out error indicator I
Out  colour mapping method 1
Out colourmapping data record D

Effect: If therinquired information is available, the crror indicator is returned as 0 and values are returned in thefoutput

parameters.

|~ See SET COLOUR MAPPING REPRESENTATION for the defined data record formats that may be returned in the
data record parameter.

If the specified colour mapping index is not present in the colour mapping table and the specified type of
returned value is REALIZED, the representation for colour mapping index 1 is returned.

If the inquired information is not available, the values retumned in the output parameters are implementation
dependent and the error indicator is sct to one of the following error numbers to indicate the reason for non-
availability:

003  Ignoring function, function requires state (PHOP,WSOP* *
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054
059

121
101

ISO/TEC 9592-4:1992(E)

Ignoring function, the specified workstation is not open

Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

Ignoring function, the colour mapping index is less than one

Ignoring function, the specified representation has not been defined

References: 4.6.1, 4.6.7

Errors: none

5.4.3 Inquiry functions for workstation description table

INQUIRE DIRECT COLOUR MODEL FACILITIES (PHOP,* **
In  workstation type W
Out error indicator I
Out list of available directly specifiable colour models L)

Effect: If the inquired information is available, the error indicator is returned as 0'and values are returned in the output

Rgferences: 4.5.1

Errors: none

parameters.

If the inquired information is not available, the values returned,in ‘the output parameters are implemgntation
dependent and the error indicator is set to one of the following-érror numbers to indicate the reason for non-

availability:

002  Ignoring function, function requires state (PHORX **

052  Ignoring function, workstation type not recoghized by the implementation

051 Ignoring function, this information is not\yet available for this generic workstation type; open|a work-
station of this type and use the specificoworkstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstatipn cate-
gory is neither OUTPUT, OUTIN, nor MO)

062 Ignoring function, this information is not available for this MO workstation type

INQUIRE RENDERING.COLOUR MODEL FACILITIES (PHOP,* * *
In workstationtype w
Out error indicator I
Out list of-available rendering colour models L)

Efffect: Ifthe inquired information is available, the error indicator is returned as 0 and values are returned in the output

parameters.

he-inquired-informationis able—thevaluesreturned-in the output parame are_implementation
dependent and the error indicator is set (0 one of the following error numbers to indicate the reason for non-
availability:
002 lIgnoring function, function requires state (PHOP,* * *
052 Ignoring function, workstation type not recognized by the implementation
051 Ignoring function, this information is not yet available for this generic workstation type; open a work-

station of this type and use the specific workstation type
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059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is not available for this MO workstation type

References: 4.6.5

Errors: none

INQUIRE DYNAMICS OF WORKSTATION ATTRIBUTES PLUS (PHOP,*,**
In workstation type w
Out error indicator 1
Out data mapping representation ‘ (RG,IMM,CBS) E
Out reflectance representation (IRG,IMM,CBS) E
Out para. surface representation (IRG,IMM,CBS) E
Out  workstation light source representation (IRG,IMM(EBS) E
Out  depth cue representation (IRG,IMM,CBS) E
Out colour mapping representation (IRG;IMM,CBS) E

Effect: If the inquired information is available, the error indicator is returned as O-and values are returned in the output

References: 4.5.2,4.7

124

parameters.

IRG means that implicit regeneration is necessary; IMM means thé action is performed immediately; CBY means
that the change can be simulated.

If the inquired information is not available, the values returned in the output parameters are implemrtation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-
availability:

002 Ignoring function, function requires stateXPHOPX* * *

052  Ignoring function, workstation type ngtrecognized by the implementation

051 lIgnoring function, this information-is not yet available for this generic workstation type; open g work-
station of this type and use the'specific workstation type

059  Ignoring function, the specified workstation does not have output capability (i.e., the workstatign cate-
gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function; this information is not available for this MO workstation type

Ertors: none

INQUIRE POLYEINE FACILITIES PLUS (PHOP,***
In  workstation type ' W
Out « error indicator : 1
Out. ' number of available linetypes (n...-4,4...n) I

—Out—listof-available linetypes . L)

Out  number of available linewidths , (0...n) 1
Out nominal linewidth DC>0 R
Out range of linewidths(minimum,maximum) DC>0 2xR
Out  list of available shading methods (-n...n) L)
Out

number of predefined polyline indices ‘ (5...n) I


https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

Effect:

ISONEC 9592-4:

1992(E)

If the inquired information is available, the error indicator is returned as 0 and values are returned in the output

parameters.

If the number of available linetypes is positive, the list of available linetypes contains all registered and imple-
mentation dependent linetypes supported. If the number of available linetypes is negative, the implementation
dependent linetypes are derived directly from the linetype value and the list of available linetypes contains the

number of registered linetypes; the number of which is indicated by the absolute value of the number
able linetypes.

of avail-

If the number of available linewidths is returned as O, the workstation supports a continuous range of

nnewidtihs.

If the inquired information is not available, the values returned in the output parameters are implenjentation

dependent and the error indicator is set to one of the following error numbers to indicate the'reason
availability:
002  Ignoring function, function requires state (PHOP,* **

052  Ignoring function, workstation type not recognized by the implementation

for non-

051 Ignoring function, this information is not yet available for this generic_wotkstation type; open a work-

station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have outpitcapability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)
062  Ignoring function, this information is not available for this MO workstation type
Re¢ferences: 4.5.2,4.6.4.6
Efrors: none
INQUIRE PREDEFINED POLYLINE REPRESENTATION PLUS (PHQP,*,*,*
In  workstation type W
In  predefined polyline index (1,..n) I
Out error indicator I
Out linetype I
Out linewidth scale factor R
Out polyline colour GCOLR
Out polyline shading method I
Out curve approximation criteria type I
Out curve approXimation criteria data record D
Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output

parameters. See SET CURVE APPROXIMATION CRITERIA for a description of the curve approximatio
datasecord.

h criteria

If\the inquired information is not available, the values returned in the output parameters are implementation

dependent and the error indicator is sct 10 one of the following error numbers to indicate the reason
availability: ‘

for non-

002  Ignoring function, function requires state (PHOP,* **

052  Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open a work-

station of this type and use the specific workstation type

059  Ignoring function, the specified workstation does not have output capability (i.e., the workslatzon cate-

gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is not available for this MO workstation type

125


https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

ISO/IEC 9592-4:1992(E)

100  Ignoring function, the bundle index value is less than one
102 Ignoring function, the specified representation has not been predefined on this workstation

References: 4.5.1,4.5.2,4.5.49,4.6.4.6

Errors: none

INQUIRE PREDEFINED POLYMARKER REPRESENTATION PLUS (PHOP,***
In workstation type w
In  predefined polymarker index (1...n) I
Out error indicator I
Out marker type I
Out  marker size scale factor R
Out  polymarker colour GCOLR

Effect: If the inquired information is available, the error indicator is returned as 0 and valyes are returned in the putput

parameters.

If the inquired information is not available, the values returned in the outpub parameters are implementation

dependent and the error indicator is set to one of the following error numbers to indicate the reason fo
availability: ‘

002  Ignoring function, function requires state (PHOP* * *

052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open a
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have oulput capability (i.e., the workstation
gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is'not available for this MO workstation type
100 Ignoring function, the bundle indexvalue is less than one

102  Ignoring function, the specified-representation has not been predefined on this workstation

Refgrences: 4.5.1,4.5.2

Erro

INQ

In
In
Out
Out
Out

Out

I'S: none

UIRE PREDEFINED TEXT REPRESENTATION PLUS (PHOP

workstationtype

predefined text index (1...n)
error.indicator

text font

text precision (STRING,CHAR,STROKE)

I non-

work-

§ cate-

% ¥ K
bR

W

character expansion factor

Out
Out

character spacing

I
I
I
I
R
R

text colour : GCOLR

Effect: If the inquired information is available, the error indicator is returncd as 0 and values are returned in the output

126

parameters.

If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-

availability:
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References: 4.5.1,4.5.2
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002  Ignoring function, function requires state (PHOP,* * *
052  Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open a work-

station of this type and use the specific workstation type

059  Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
062  Ignoring function, this information is not available for this MO workstation type

100 Tomoringfumetion—the-bndle-indervesbeistoss4h

102  Ignoring function, the specified representation has not been predefined on this workstation

Errgrs: none
INQUIRE INTERIOR FACILITIES PLUS (PHOR,** *
In  workstation type w
Out error indicator I
Out list of available interior styles (HOLLOW,SOLID,PATTERN,HATCH,EMPTY) E
Out number of available hatch styles I
Out list of available hatch styles L{D)
Out list of available shading methods L)
Out number of predefined interior indices (5...n) I
Effect: If the inquired information is available, the error indicdtor is returned as 0 and values are returned in the{ output
parameters.
If the number of available hatch styles is positive, the list of available hatch styles contains all registefed and
implementation dependent hatch styles supported. If the number of available hatch styles is negative, thejimple-
mentation dependent hatch styles are derived directly from the hatch styles value and the list of availablg hatch

styles contains the number of registered hatch styles; the number of which is indicated by the absolute Yalue of

the number of available hatch siyles.

If the inquired information is not available, the values returned in the output parameters are impleme
dependent and the errorcindicator is sct to one of the following error numbers to indicate the reason fi
availability:

002  Ignoring function, function requires state (PHOP,* * *

052 Ignoringfunction, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open (
Station of this type and use the specific workstation type

059> Mgnoring function, the specified workstation does not have output capability (i.e., the workstatid
gory is neither OUTPUT, OUTIN, nor MO)

ntation
DI non-

I work-

n cate-

062  Ignoring function, this information is not available for this MO workstation type

References: 4.5.2,4.64.7

Errors: none
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INQUIRE PREDEFINED INTERIOR REPRESENTATION PLUS (PHOP***
In workstation type w
In  predefined interior index (1...n) I
Out error indicator 1
Out interior style (HOLLOW,SOLID,PATTERN,HATCH,EMPTY) E
Out interior style index : |
Out interior colour ) GCOLR
Out—interior-shading-method 1

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in-the putput

Ref¢rences: 4.5.1,4.5.2,4.6.4.7

Errg

ING

Effe}

TS: none
UIRE PREDEFINED EDGE REPRESENTATION PLUS “(PHOP|
In workstation type

In predefined edge index (1...n)

Out error indicator '

Out edge flag (OFF,ON)

Out edgetype

Out  edgewidthscale factor

Out edge colour ‘ ’ G¢
ct:  If theinquired information is available, the error indicator is returned as 0 and values are feturned in the

parameters.

If the inquired information is not available, the values returned in the output parameters-are’implementation

dependent and the error indicator is set to one of the following error numbers to indicate)the reason fg
availability:

002  Ignoring function, function requires state (PHOP* * *

052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open a
station of this type and use the specific workstation type

T non-

work-

059 Ignoring function, the specified workstation does not have‘output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
062 Ignoring function, this information is not available for.this MO workstation type
100  Ignoring function, the bundle index value is less.than one

102 Ignoring function, the specified representation-has not been predefined on this workstation

parameters.

%* ok ok
)y

COLR

butput

Itation

If the inquired information is not available, the values returned in the output parameters are implemer

128

depenaent and the error mdicator 18 St 1o on¢ ol {he Ioilowing ¢rror numbers {0 mdicate the reason for non-

availability:
002  Ignoring function, function requires state (PHOP* * *)
052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic worksiation type; open a
station of this type and use the specific workstation type

work-

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, QUTIN, nor MO)
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062  Ignoring function, this information is not available for this MO workstation type
100 Ignoring function, the bundle index value is less than one
102 Ignoring function, the specified representation has not been predefined on this workstation

References: 4.5.1,4.5.2

Errors: none
INQUIRE DATA MAPPING FACILITIES (PHOP,***
In  workstation type w
Out error indicator I
Out list of available data mapping methods L)
Out number of predefined data mapping indices (1...n) I
Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in th¢ output
parameters.
If the inquired information is not available, the values returned in the output-parameters are implementation

References: 4.6.2

Ertors: none

dependent and the error indicator is set to one of the following error numibers 1o indicate the reason for non-

availability:
002 Ignoring function, function requires state (PHOP* **
052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open
station of this type and use the specific workstationtype

059 Ignoring function, the specified workstation.dde’s not have output capability (i.e., the workstatig
gory is neither OUTPUT, OUTIN, nor MO)

062 Ignoring function, this information isnet available for this MO workstation type

n work-

n cate-

INQUIRE PREDEFINED DATA MAPPING REPRESENTATION (PHOP,* * *
In  workstation type ; w
In  predefined data mapping index (1...n) I
Out error indicatot I
Out data mapping method 1
Out data mapping data record D

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output

parameters. See SET DATA MAPPING METHOD for a description of the data mapping data record.

If the mqurred mformauon is not avallable the values returned in the output parameters are 1mplem entation

avarlabrhty:

002 Ignoring function, function requires state (PHOP* * *

052 Ignoring function, workstation type not recognized by the implementation

for non-

051 Ignoring function, this information is not yet available for this generic workstation type; open a work-

station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability ( i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
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062  Ignoring function, this information is not available for this MO workstation type
100  Ignoring function, the bundle index value is less than one

102  Ignoring function, the specified representation has not been predefined on this workstation

References: 4.6.2

Errors: none

INQUIRE REFLECTANCE FACILITIES (PHOP,* * *
[n workstation type w
Dut  error indicator I
Dut  list of available reflectance models L()
Dut  number of predefined reflectance indices (1...n) I

Effegt: If the inquired information is available, the error indicator is returned as 0 and values ar€-returned in the utput
parameters.

If the inquired information is not-available, the values returned in the output\parameters are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason fof non-
availability:

002 Ignoring function, function requires state (PHOP*,* *

052  Ignoring function, workstation type not recognized by thé\implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open alwork-
station of this type and use the specific workstatiohtype

059 Ignoring function, the specified workstation does’not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MQ)

062 Ignoring function, this information is notavailable for this MO workstation type
References: 4.5.2

Errors: none

UIRE PREDEFINED REFLECTANCE REPRESENTATION (PHOP;*,**

n  workstation type

predefined reflectance-index (1...n)
ut error indicator

ut  reflectance model

ut reflectance properties type

ut reflectance properties data record

U)—GHNHi

Effe¢t: If.the inquired information is available, the error indicator is returned as 0 and values are returned in the putput
parameters. See SET REFLECTANCE PROPERTIES for a description of the reflectance properties data record.

ety d A +—H & H d the-output-parameters-are-implemendtation
dependent and the error indicator is set to onc of the following error numbers to indicate the reason for non-
availability:

002 Ignoring function, function requires state (PHOPX **
052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open a work-
station of this type and use the specific workstation type
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059

062
100
102

Errors: none

ISO/TEC 9592-4:1992(E)

Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is neither OUTPUT, OUTIN, nor MO)
Ignoring function, this information is not available for this MO workstation type
Ignoring function, the bundle index value is less than one

Ignoring function, the specified representation has not been predefined on this workstation
References: 4.5.1,4.5.2,4.6.3

INQUIRE CURVE AND SURFACE FACILITIES

In

Out
Out
Out
Out
Out
Out
Out
Out
Out

workstation type

error indicator

maximum non-uniform B-spline curve order supported (6:.1)
maximum non-uniform B-spline surface order supported 6...n)
maximum trimming curve order supported 4...n)

list of available curve approximation criteria types

list of available surface approximation criteria types

list of available trimming curve approximation criteria types

list of available parametric surface characteristics types

number of predefined parametric surface indices (1...n)

parameters.

(PHOP,*,**
w

1
I
I
I

LD
LD
LD
LD

I

Effect: If the inquired information is available, the error indicatonis returned as 0 and values are returned in the output

If the inquired information is not available, the,values returned in the output parameters are implementation
dependent and the error indicator is set to on¢-of the following error numbers to indicate the reason ffor non-

availability:

002 Ignoring function, function requires state (PHOP,* * *

052 Ignoring function, workstdtion type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open|a work-
station of this type.and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither-OUTPUT, OUTIN, nor MO)

062 Ignoringfunction, this information is not available for this MO workstation type

References: 4.4.9,4:491,4.4.12,45.2,4.54.9,45.4.11

Efrors: none

INQUIRE'PREDEFINED PARAMETRIC SURFACE REPRESENTATION (PHQP,*,* *
In  workstation type w
In  predefined parametric surface index (1...n) I
Out error indicator I
Out surface approximation criteria type I
Out surface approximation criteria data record D
Out parametric surface characteristics type I
Out parametric surface characteristics data record D
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Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output
parameters. See SET SURFACE APPROXIMATION CRITERIA for a description of the surface approximation
criteria data record. See SET PARAMETRIC SURFACE CHARACTERISTICS for a description of the parametric
surface characteristics data record.

If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-
availability:

002 Ignoring function, function requires state (PHOP* * *

052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; opén awork-
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

062 Ignoring function, this information is not available for this MO workstation type

100  Ignoring function, the bundle index value is less than one

102 Ignoring function, the specified representation has not been predefined on this workstation

Refdrences: 4.5.2,4.5.4.11

Errofs: none
INQUIRE PREDEFINED PATTERN REPRESENTATION PLUS (PHOP*,*,*
In workstation type w
il predefined patiern index (1...n) I
Out  error indicator , ' I
Out colour type . 1
Out pattern colour array A(CJLRYV)
Effegt: If the inquired information is availabl¢, the error indicator is returned as 0 and values are returned in the putput
parameters. . - ,
If the inquired information is\not available, the values returned in the output parameters are implemerjtation
. dependent and the error indicator is set to one of the following error numbers 1o indicate the reason fof non-
availability: ‘

002  Ignoring function, function requires state (PHOP* * * :
052  Ignoringfunction, workstation type not recognized by the implementation

051  Ignoring function, this information is not yet available for this generic workstation type; open awork-
station of this type and use the specific workstation type

059-Ignoring function, the specified workstation does not have output capability (i.e., the workstation| cate-
gory is neither OUTPUT, OUTIN, nor MO) :

062  Ignoring function, this information is not available for this MO workstation type

100 Ignoring function, the bundle index value is less than one

102 Ignoring function, the specified representation has not been predefined on this workstation
~References: 4.5.1, 4.5.2

- Errors: none
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w
I
LQ)
I
I

INQUIRE LIGHT SOURCE FACILITIES k(PHO
In workstation type
Out error indicator
Out list of available workstation light source types
Out maximum number of simultaneously active non-ambient light sources (1...m)
Out . number of predefined light source indices (2...n)
Effect: If the inquired information is available, the error indicator is returned as O and values are returned in the output

Paramerers.

If the inquired information is not available, the values returned in the output parameters are implem]::tation
dependent and the error indicator is set to one of the following error numbers to indicate the teason

availability:

002 Ignoring function, function requires state (PHOP* **

052  lIgnoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this genericéyorkstation type; open
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstatic
gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is not available for thiSMO workstation type

References: 4.6.3

Errors: none
INQUIRE PREDEFINED LIGHT SOURCE REPRESENTATION ‘ “(PHO|
In workstation type |
In  predefined light source index (1...n)
Out error indicator
Out light source type
Out light source data record
Effiect:  If the inquired information is available, the error indicator is returned as Q and values are returned in th

parameters. See SET KIGHT SOURCE REPRESENTATION for a description of the light source data reco

If the inquired information is not available, the values returned in the output parameters are 1mp1em
dependent and the’error indicator is set to one of the following error numbers to indicate the reason for non-

T non-

1 work-

n cate-

A 2k sk
9y

U o E

e output
d.

pntation

1 work-

References: 4.5.1,4.6.3

Errors: none

~availability;

002 {Ignoring function, function requires state (PHOP* * *)

052\ Agnoring function, workstation type not recognized by the implementation

051  Ignoring function, this information is not yet available for this generic workstanon type; open
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capabzlzty (i.e., the workstatzon cate-
gory is neither OUTPUT, OUTIN, nor MO) , 4

062 Ignoring function, this information is not available for this MO work&tation typé \

102 Ignoring function, the specified fepresentatian has not been predefined on this workstation

129  Ignoring function, the light source index is less than one k ‘
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INQUIRE DEPTH CUE FACILITIES (PHOP,** *
In  workstation type ‘ w
Out error indicator I
Out number of predefined depth cue indices (2...n) I
Out list of available depth cue modes (SUPPRESSED, ALLOWED) L(E)

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output
parameters.

If the inquired information is not available, the values retumed 1n the output parameters are implementation
dependent and the error indicator is set to one-of the following error numbers to indicate thé reasGh fgr non-
availability:

002  Ignoring function, function requires state (PHOP* **

052  Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open awork-
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is not available for this MO workstation type
Refgrences: 4.6.6

Errqrs: none

INQUIRE PREDEFINED DEPTH CUE REPRESENTATION (PHOR* * *
In  workstation type w
In  predefined depth cue index (1...m) 1
Out error indicator )|
Out depth cue mode (SUPPRESSED,ALLOWED) E
Out depth cue reference planes NPC | 2xR
Out depth cue scaling [0,1] 2xR
Out  depth cue colour G{COLR

Effect: If the inquired informationis available, the error indicator is returned as 0 and values are returned in the joutput ‘
parameters.

If the inquired-information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is sct to one of the following error numbers o indicate the reason fqr non-
availability:

002 K Ignoring function, function requires state (PHOPX * *

052> Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open a|lwork-
Station of this type and ase the spetific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is not available for this MO workstation type
102 Ignoring function, the specified representation has not been predefined on this workstation
120  Ignoring function, the depth cue index is less than one
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References: 4.5.1, 4.6.6

Errors: none

INQUIRE COLOUR MAPPING FACILITIES (PHOP,* *,*
In  workstation type w
Out error indicator I
Out list of available colour mapping methods L)
Oul number of predelined colour mapping INdices m I

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned)in’the output
parameters.

If the inquired information is not available, the values returned in the output parameters) dre implemgntation

dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-
availability:
002  Ignoring function, function requires state (PHOP* * *)
052  Ignoring function, workstation type not recognized by the implementation
051 Ignoring function, this information is not yet available for this generic workstation type; open|a work-
station of this type and use the specific workstation type ‘
059 Ignoring function, the specified workstation does not haveloutput capability (i.e., the workstatipn cate-
gory is neither OUTPUT, OUTIN, nor MO)
062  Ignoring function, this information is not available for this MO workstation type
Raferences: 4.6.7
Ertors: none
INQUIRE COLOUR MAPPING METHOD FACILITIES (PHQP,* * *
In  workstation type w
In  colour mapping method I
Out  colour mapping method facilities data record D

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output
parameters.

If the inquired information is not available, the values returned in the output parameters are implemgntation

dependent andsthe error indicator is set to one of the following error numbers to indicate the reason for non-

availability;

002, \Ignoring function, function requires state (PHOP* * *

052." Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open|a work-
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

062 Ignoring function, this information is not available for this MO workstation type

126  Ignoring function, the specified colour mapping method is not available on the specified workstation

References: 4.6.7
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Data Records:
Colour mapping method = 1 (true colour)
1 number of available true colours I
Colour mapping method = 2 (pseudo colour)
1 maximum number of pseudo colour entries I

Colour mapping method = 3 (pseudo-N colour)

(no data record contents)

Errofs: none

INQUIRE PREDEFINED COLOUR MAPPING REPRESENTATION (PHOP* * *

In  workstation type

In predefined colour mapping index (1.2n)
Out  error indicator

Out colour mapping method

- JOut - colour mapping data record

Effe

UD—('—'H%

s
P d
&

If the inquired information is available, the error indicator is returned as 0 and values are returned in the putput
parameters. See SET COLOUR MAPPING REPRESENTATION for‘a description of the colour mapping data
record.

If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason far non-
availability:

002 Ignoring function, function requires state(PHOP* * *

052  Ignoring function, workstation type not'recognized by the implementation

051 Ignoring function, this information'is not yet available for this generic workstation type; open a|work-
station of this type and use thespecific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO) ’ :

062  Ignoring function,'this information is not available for this MO workstation type ~ ‘
121  Ignoring function, the colour mapping index is less than one '
102 Ignoring fungtion, the specified representation has not been predefined on this workstation

Reférences: 4.6.7

Errars: none

INQUIRE/GENERALIZED DRAWING PRIMITIVE 3 (PHOP*,**
In workstation type ‘ w
In GDP 3 identifier ‘ G3
Out error indicator I
Out list of sets of attributes used : (see below) L(E)

Effect: If the inquired information is available, the error indicator is returned as O and values are returned in the output
parameters.
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For registered GDP 3 identifiers the list of sets of attributes used is defined in the ISO International Register of
Graphical Items. For implementation dependent GDP 3 identifiers the list of sets of attributes used is worksta-

tion dependent.

The enumeration values for the list of attributes used is: POLYLINE, POLYMARKER, TEXT, INTERIOR,
REFLECTANCE, PARAMETRIC SURFACE.

EDGE,

If the inquired information is not available, the values returned in the output parameters are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-

availability:

References: 4.5.3

Err|

IN¢

Eff]

DIs: none
DUIRE GENERALIZED DRAWING PRIMITIVE (PHOI
In workstation type
In  GDP identifier
Out error indicator
Out  list of sets of attributes used (see below)
ect:  If the inquired information is available; the error indicator is returned as 0 and values are returned in thg

002  Ignoring function, function requires state (PHOP* * *)
052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open ¢
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (ile>; the workstatid
gory is neither OUTPUT, QUTIN, nor MO)

064  Ignoring function, the specified workstation type is not able 1o genérate the specified gend
drawing primitive

062  Ignoring function, this information is not available for this MO workstation type

parameters.

b work-

n cate-

ralized

P %k sk %k
LI ]

w
G2

I
L(E)

output

For registered GDP identifiérs the list of sets of attributes used is defined in the ISO International Register of

Graphical Items. For implementation dependent GDP identifiers the list of sets of attributes used is worl
dependent,

The enumeration-valtes for the list of attributes used is: POLYLINE, POLYMARKER TEXT, INTERIOR,
REFLECTANGCE, PARAMETRIC SURFACE.

If the inguired information is not available, the values returned in the output parameters are implemg
dependent and the error indicator is set to one of the following error numbers to indicate the reason f]
availability:

002 Ignoring function, function requires state (PHOP,* * *

cstation
EDGE,

ntation
or non-

052 Ignoring function, workstation type not recognized by the implementation

051 Ignoring function, this information is not yet available for this generic workstation type; open a work-

station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

gory is nei*her OUTPUT, OUTIN, nor MO)

064 Ignoring function, the specified workstation type is not able to generate the specified generalized

drawing primitive

062  Ignoring function, this information is not available for this MO workstation type
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References: 4.5.3

Errors: none

INQUIRE WORKSTATION STATE TABLE LENGTHS PLUS (PHOP,* **
In  workstation type w
Out error indicator I
QOut maximum number of data mapping bundle table entrics (1...n) I
Gui uuu\imuun llulll‘UCl Uf lcﬂwiauu« ‘Uuudic id‘l‘)lb bllilibb (2’\)- . .ll) I
Out maximum number of parametric surface bundle table entries (20...n) I
Out maximum number of light source table entries (5...n) I
Out maximum number of depth cue table entries (6...n) 1
Out maximum number of colour mapping table entries (1...n) I

Eff¢ct: If the inquired information is available, the error indicator is returned as 0 and values-are returned in the{output
parameters.

If the inquired information is not available, the values returned in the outpub parameters are implemehtation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-
availability:

002 Ignoring function, function requires state (PHOP* * *

052  Ignoring function, workstation type not recognized by thesimplementation

051 Ignoring function, this information is not yet available for this generic workstation type; open ¢ work-
Station of this type and use the specific workstationtype

059 Ignoring function, the specified workstation.does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

062 Ignoring function, this information is not' available for this MO workstation type
References: 4.5.2,4.6.3.3,4.6.6,4.6.7

Errgrs: none

5.4/4 Inquiry functions for structure content

INQUIRE CURRENT ELEMENT TYPE AND SIZE (PHOP*,STOP,*)
Out error indicator. I
Out eclement type (see below) E
Out elementsize (0...n) I

Eff¢ct: If the inquired information is available, the error indicator is returned as 0 and values are returned in thejoutput
parameters.

The element type of the structure element pointed to by the ‘element pointer’ is returned. If the ‘efement
pointer’ is currently U, a NIL value is returncd. 1T the clement type has no data associated wilh it Uis returned
for the element size.

The added PHIGS PLUS element type enumeration values are:

POLYLINE_SET_3_WITH_COLOUR,
FILL_AREA_SET_3_WITH_DATA,
FILL_AREA_SET_WITH_DATA,

138


https://standardsiso.com/api/?name=7a016415b922e6d3bf41c3252fb2c392

CELL_ARRAY_3_PLUS,
SET_OF_FILL_AREA_SET_3_WITH_DATA,
SET_OF_FILL_AREA_SET_WITH_DATA,
TRIANGLE_SET_3_WITH_DATA,
TRIANGLE_SET_WITH_DATA,
TRIANGLE_STRIP_3_WITH_DATA,
TRIANGLE_STRIP_WITH_DATA,

ISO/IEC 9592-4:1992(E)

QUADRILATERAL_MESH_3_WITH_DATA,
QUADRILATERAL_MESH_WITH_DATA,
NON_UNIFORM_B_SPLINE_CURVE,

NON_UNIFORM_B_SPLINE_CURVE_WITH_COLOUR,

NON_UNIFORM_B_SPLINE_SURFACE,

NON_UNIFORM_B_SPLINE_SURFACE WITH DATA,

DATA_MAPPING_INDEX,
REFLECTANCE_INDEX,
BACK_INTERIOR_INDEX,
BACK_DATA_MAPPING_INDEX,
BACK_REFLECTANCE_INDEX,
PARAMETRIC_SURFACE_INDEX,
POLYLINE_COLOUR,
POLYLINE_SHADING_METHOD,
POLYMARKER_COLOUR,
TEXT_COLOUR,
FACET_DISTINGUISHING_MOBE,
FACET_CULLING_MODE,
INTERIOR_COLOUR
INTERIOR_SHADING_METHOD,
DATA_MAPPRING_METHOD,
REFLECTANCE_PROPERTIES,
REFLECTANCE_MODEL,
BACK_INTERIOR_STYLE,
BACK_INTERIOR_STYLE_INDEX,
BACK_INTERIOR_COLOUR,
BACK_INTERIOR_SHADING_METHOD,

BACK_DATA_MAPPING_METHOD,
BACK_REFLECTANCE_PROPERTIES,
BACK_REFLECTANCE_MODEL,
LIGHT_SOURCE_STATE,
EDGE_COLOUR,
CURVE_APPROXIMATION_CRITERIA,
SURFACE_APPROXIMATION_CRITERIA,
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