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Foreword

ISO (the International Organization for Standardization)
International Electrotechnical Commission) form‘the speci
for worldwide standardization. National bodies that are m
or IEC participate in the development of laterhational Stan
technical commitiees established by the réspective organ

and IEC (the
lized system
pmbers of ISO
Hards through
zation to deal

with particular fields of technical activity. ISO and IEC t¢chnical com-

mittees collaborate in fields of mutual interest. Other int
ganizations, governmental and-non-governmental, in lia
and IEC, also take part in the work.

In the field of information,technology, 1SO and IEC have
joint technical committes, ISO/IEC JTC 1. Draft Internatio
adopted by the joint technical committee are circulated to
ies for voting. Publication as an International Standard
proval by at least.75 % of the national bodies casting a vo

InternationalkStandard ISO/IEC 9592-4 was prepared by J
CommitteeISO/IEC JTC 1, Information technology.

ernational or-
son with ISO

established a
nal Standards

national bod-
requires ap-
te.

bint Technical

ISO/IEC 9592 consists of the following parts, under the general title In-

formation processing systems — Computer graphics —
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 959
B, C, E and F are for information only.

Programmer’s

P. Annexes A,
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Introduction

ISO/IEC 9592-1 provides a set of functions for the definition, display and modification of 2D or 3D graphical data. [t does

not provide sypport for simulating the effects of lighting, shading, and other properties that are important for the
of multi-dimepsional data. This part of ISO/IEC 9592 specifies a basic set of such functionality for use in conjuncti

the functiona
To provide th
a) output pr
b) output pr

ity defined in ISO/IEC 9592-1 and its amendment 1.

s support, PHIGS PLUS defines

imitives specified by rational and non-rational B-spline curves and surfaces;

imitives containing both geometric and non-geometric data in their definition;

$isplay
n with

¢) attributeq that control the application of lighting and shading to both the new primitives and the primitives specified

in ISO/IE

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

C 9592-1;

vi



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

INTERNATIONAL STANDARD ISO/IEC 9592-4:1992(E)

Information processing systems—
Computer graphics— |
Programmer’s Hierarchical Interactive Graphics System
(PHIGS)-

Part|4—Plus Lumieére und Surfaces, PHIGS PLUS

1 Scope

This parf of ISO/IEC 9592 specifies an additional set of functionality of the/Programmer’s Hierarchicall Interactive
Graphicq System. This additional functionality is intended to satisfy basiclapplication requirements in the areas of
lighting and shading and defines additional primitives and functionality for controlling the rendering of 3ID objects. It
relies onjthe coexistence of the functions and functionality specified inASO/IEC 9592-1, and is meant to extend that func-
tionality fin the above areas.

1t is the iptent of this part of ISO/IEC 9592 1o be compatible withISOAEC 9592-1 and its Amendment 1. That §s, in‘a stan-
dard conforming PHIGS PLUS implementation all functions défined in ISO/IEC 9592-1 and not altered by ISQ/IEC 9592-4
shall perform as specified in ISO/IEC 9592-1, and all functions defined in ISO/IEC 9592-1 but altered in ISQ/IEC 9592-4
shall pefform as specified in ISO/IEC 9592-1 and ISGAEC 95924, and, an application functionally corforming to
ISO/IEC 9592-1 produces the same effect running onta-standard conforming PHIGS PLUS implementation [as it would
produce Funning on a standard conforming PHIGS TSO/AEC 9592-1 implementation, excepting such differefces among
implementations as are allowed in ISO/IEC 9592-1. If PHIGS PLUS functions are used, they should only cause the
extended effects specified in this part of ISO/IEC 9592.

This pari of ISO/IEC 9592 defines a lafiguage independent extension to a graphics system for integration intq a program-
ming language. PHIGS PLUS is embedded in a language layer obeying the particular conventions of the language. Such
languagd bindings are specified:for ISO or ISO/IEC languages in ISO/IEC 9593.
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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/IEC 7942:1985, Information processing systems — Computer graphics — Graphical Kernel System (GKS)

JSunction

ISO/IEC [8632:1987, Information processing systems — Computer graphics — Metafile for storage)and

picture d

ISO/IEC

Dimensiops (GKS-3D) functional description.

ISO/IEC P592-1:1989, Information processing systems — Computer graphics — Programmer's Hierarchical

Graphics

ISO/IEC P592-1:1989/Amd.1:1992, Information processing systems — Computer graphics — Programmer's|

cal Interq

ISO/IEC
Graphics

ISO/IEC
Hierarchi

ISO/IEC
Graphics

ISO/IEC
cal Interq

ISO/IEC
Graphics

cription.

scription information.

8805:1988, Information processing systems — Computer graphics - GraphicalKernel Systen

System (PHIGS) — Part 1: Functional description.

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

D592-2:1989, Information processing systems — Computer, graphics — Programmer's Hierarchical
System (PHIGS) — Part 2: Archive file format.

9592-2:1989/Amd.1:1992, Information processing systems — Computer graphics — Pr
cal Interactive Graphics System (PHIGS) — Part-2: Archive file format — Amendment 1.

D592-3:1989, Information processing systems — Computer graphics — Programmer's Hierarchical
System (PHIGS) — Part 3: Clear text encoding of archive file.

D592-3:1989/Amd. 1:1992, Information processing systems — Computer graphics — Programnier's
ctive Graphics System (PHIGS)— Part 3: Clear text encoding of archive file — Amendment 1.

D593:1990, Information\processing systems — Computer graphics — Programmer's Hierarchical
ISystem (PHIGS) language bindings.

transfer of

Jor Three

Interactive

Hierarchi-

Interactive

bgrammer's

Interactive

Hierarchi-

Interactive
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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 Lhe output prlmmves ﬁll area, ﬁll area set, cell array, ﬁll area set with data cell array PLUS,

Fea 3¢ ] 4 12 on-uniform
B-spline| surface and non—umform B-spline surface w1th data. In addmon some generahzed drawing prifitives may
have thif classification.

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

3.5 bacR facing: A back-facing facet has a facet normal that, when transformed to NPChas a negative Z component.
See alsofront facing.

3.6 colopr mapping: The conversion of direct colours in the rendering pipeline to other colours befgre they are
displayel on the workstation.

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

3.8 concentration exponent: A parameter of a spot light source thatspecifies the relative decrease of light s 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 cpne of influ-
ence is defined by the light source’s position, direction and-spread angle.

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

3.11 depth cueing: An effect in which the colours of points on an output primitive are combined with a specified depth
cue colofir. The degree of combination is dependent on the depth (Z in normalized projection coordinates) of the points.

3.12 degjth cue mode: A field in each.eniry of the depth cue table of the workstation state list that indicates whether or
not depth cueing should be performéd.

3.13 depth cue table: A table in'the workstation state list that contains information used to control depth cyeing.
3.14 diffluse reflection: Amapproximation of the light reflected equally in all directions from an area.

3.15 diffluse reflectiomcoefficient: The fraction of light from non-ambient light sources that is diffusely reflecting from
an area.

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

 orientation

of the area bemg 111ummated but mdependent 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.

3.25 front facing: A front-facing facet has a facet normal that, when transformed to NPC, has a positive or zero Z
component. See also back facing.

3.26 gendral colour: A data type that allows both the direct and indirect specification of colour. General colopir specifies
a colour type together with a type-dependent colour value. The colour type can either indicate a colour medgl, in which
case the dolour values are coordinates in the colour space corresponding to that model, or it can indicate thag the colour
is being gpecified indirectly, in which case the single colour value is an index into the workstation-dependent colour
table.

3.27 geometry spline; The parametric curve or surface defining the geometry of a parametric output primitzl;re.

3.28 indiect colour specification: A method of specifying colour via an index into,a workstation dependlent colour

table.

3.29 intrjnsic colour: The colour or colours of an output primitive that aresindependent of lighting, depth cueing and
colour m@pping.

3.30 intrjnsic colour data: Colour or application-specific data asseciated with output primitives and specjfied in the
output primitive’s structure element. Intrinsic colour data, when spégified, is conditionally used to determine the intrinsic
colour of|an output primitive.

3.31 isopprametric curve: A curve on a parametric surface-produced by evaluating the surface over the range of one of
its indepdndent variables while holding its other independent variable constant.

3.32 knot vector: A non-decreasing sequence of reallnumbers that is part of the definition of non-uniform| B-splines.
This vectpr consists of values of the independent variables and is used in computing the B-spline basis polyfomials.

3.33 light source: A simulated source of light.
3.34 light source direction: A unit vecter-that defines the orientation of oriented light sources.

3.35light source state: A field in the traversal state list that selects which light sources in a workstation light Jource table
are active. ‘

3.36 lighting: See reflectance,calculation.

3.37 normpal vector: A'unit length vector, typically indicating the orientation of a facet or object.
3.38 pargmeter 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 limit|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. Parametric output primitives defined in PHIGS PLUS are non-uniform B-spline curve, non-uniform B-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.

3.46 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 effects
are to beldisplayed.

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 orjentation of a pfimitive at a
point on the primitive. The vector is conceptually perpendicular to the surface of an objectbemng represented by an area
primitivd. It is derived from the vertex normals of the primitive, if specified, or the facet Hormal.

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

3.51 renflering colour model: The colour model used for performing colour \interpolation during shading and depth
cueing.
3.52 renflering pipeline: A sequence of operations that performs data mapping, lighting, shading, depth |cueing, and
colour mapping of output primitives. Each of these operations is cofisidered a stage in the rendering pipeling.

3.53 rigid-body transformation: A modeling transformation:composed of at most translation, rotation, [and scaling
transformations, where translation transformations move every. point of an object an equal distance in the same direction,
the rotation transformations maintain relative angles, and ¢the scaling transformations apply equal scaling :]: all coordi-
nate dimpnsions.

3.54 set pf fill area sets with data: An output primitive in which a number of possibly non-coplanar fill area sets are
defined Yy indices into a single list of vertex data-The fill area sets are notrequired to form a closed or connegted surface.

3.55 shafling: The interpolation stage of the rendering pipeline.

3.56 spepular colour: A reflectance-property indicating the effect of a primitive on the colour of speculay reflections
from thaf primitive.

3.57 spetular exponent: A nofizn¢gative number indicating the shininess of an area, The higher the specular exponent,
the shini¢r the area. A speeular’exponent of 0 indicates a minimum relative degree of shininess.

3.58 spegular reflection;*An approximation of the unequal reflection of light in different directions from an area prim-
itive, deplendent on-the relationship of the viewer to the primitive and the light source.

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

light source: A light source that contributes Lo the reflectance calculation dependent on the ori¢ntation and

itt ingtHomimatedEight I i t=infin 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.

3.66 vertex colour: A general colour associated with each vertex of some output primitives. This colour is conditionally
used 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 certaimopitput primi-
tives.

3.68 vertex normal: A normal vector optionally supplied with the vertex data of some area primitives.

3.69 with-data primitives: Any of the output primitives: fill area set with data, set of fill area-sets with data |triangle set
with datd, triangle strip with data, quadrilateral mesh with data and non-uniform B-spline susface with data.(In addition,
some gegeralized drawing primitives may have this classification.

3.70 wonkstation 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
shall be a conforming implementation of ISO/EC 9592-1, as amended by amendments to that part, and in addition
correctly implement all the functions described in clauses 4, 5, and 6 of this part of ISO/IEC 9592. Minimum support
criteria fgr the additional functionality are specified in 4.10. A conforming implementation of PHIGS PLUSshall provide
the addit{onal 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 can be
addressedl by PHIGS PLUS shall be used only via PHIGS PLUS.

4.1.2 Rpgistration

|

ings of siich values and ranges will be defined in the Register. These procedures.do,not apply to values and yalue ranges

For cen][n parameters of the functions, PHIGS PLUS defines value ranges as being r€served for registration.| The mean-
defined as being workstation or implementation dependent; such values and ranges are not standardized.

4.1.3 Nptational conventions
This parf of ISO/IEC 9592 uses the following typographical conventions.

a) Thepames of primitive attributes appear in upper case.

b) Geonetric aspects of primitives appear in upper casé."Non-geometric aspects appear in lower case except when the
corrgsponding individually specified attributes arg being used, in which case they appear in upper case.

¢) Thepnames of entries in the PHIGS data structur€s, including those defined by PHIGS PLUS, appear in lower case sur-
rourlded by single quotation marks.

d) Thelnames of structure elements appear in lower case surrounded by double quotation marks.
¢) Thenames of PHIGS PLUS functiohs appear in upper case.
f) Thelvalues of an enumeration data type appear in upper case.

g) Thenames 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
Directives, the ISO and IEC Councils have designated the 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
effects such 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.

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

Some PHIGS PLUS concepts are described as being workstation dependent. This means the implemgntation is allowed 10

specify the characteristics of these concepts on a workstation by workstation basis. All workstation depend
are explicit in the standard. Other PHIGS concepts are described as being implementation dependent. This m
implemgntation is allowed to determine the effect (rather than having the effect mandated-by the standarg
such effects shall be the same on all workstations in a single implementation.

Annex I
tions.

4.2.2 (oncepts

PHIGS PLUS defines a set of output primitives whose definitions\Contain, in addition 1o the geometry of ti
information that further specifies certain characteristics of the ?rimitive and influences its appearance on
surface. [These output primitives are called with-data primitives.” The data defined for these with-data primi
to colouf and shade the primitive, and in the case of ared primitives, to indicate the primitive’s apparent ori
control
geometry is intrinsic colour data that indicates a calour distribution across the primitive, normal vectors that
primitive’s apparent orientation, and edge visibility flags that control the visibility of an area primitive’s edgg
is optionally specified and conditionally used-when rendering the primitive. Some of the with-data primi
output primitive types defined in ISO/IEC'9592-1 extended to include the additional information. Some oth
primitives offer data compaction and-other advantages.

nt concepts
eans that an
). However

) (taken with annex D of ISO/IEC 9592-1) describes the permitted differences between PHIGS PLUS implementa-

e primitive,
the display
lives is used
entation and

e visibility of its edges. Depending on the output primitive, the information that can be specified in addition to

indicate the
bs. This data
ives are the
pr with-data

A coloug is specified in PHIGS PLUS as a general colour, which consists of a colour type and a type-dependent colour

EC 9592-1 as_a-subset of a more general colour specification mechanism. PHIGS PLUS defines ge

extensiops to most areas of ISO/IEC 9592-1 where colours are specified.

PHIGS PLUS 'has the concept of a rendering pipeline. Conceptually, all output primitives pass through thig
they are flisplayed. Operations are performed in the pipeline that affect the colour and appearance of each fac

olour value
which case

heral colour

pipeline as
et of a prim-

itive. These operations include, for most primitives, the mapping of application-specific data to colour (data mapping),
the calculation of reflectance effects (lighting), data interpolation (shading), and depth cueing. Output primitive
attributes and any data attached to the primitives are conditionally used in these operations. 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 t

2-4:1992(E)

he 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 determine facet orientation, and vertex normals used to determine reflectance normals

in reflectance calculations. When not supplied, facet normals are implicitly determined from the geometry

PHIGS PLUS-defines-thefishisonrces-and-sugsesis-theirinteraction-with-output-primitives—Several-types-o
are defingd: ambient, directional, positional and spot. Workstation light sources are associated with worksta

defined ds entries in the ‘light source table’ in the workstation state list.> Active light sources are selected frg

by the ‘clrrent light source state’ in the traversal state list.

of the facet.

ions and are
m this table

Each facpt of an area primitive has an orientation, either front facing or back facing as determined in normajized projec-

tion cootdinates from the facet normal. PHIGS PLUS defines separate attributes for front and-back facing f:

cets of area

primitivgs and provides controls for determining when they should be applied. PHIGS PEUS also defines ar] attribute to

control whether individual facets are removed prior to viewing based on their orientation.

PHIGS PLUS defines non-uniform B-gpline curve and surface output primitives.(These output primitives are
a series ¢f control points and parameter values that define non-uniform B-splifie curves and surfaces in ter

specified by
s of the B-

spline representation. This interface allows the exact specification of commonly required shapes including conics, conic
sections such as circles, ellipses, parabolae, spheres, and spheroids without resorting 1o special cases. The curves and

surfaces |are represented by non-rational and rational splines using{thg'mathematically robust B-spline rep

esentation.-

Variants of these primitives are defined that allow specification of'dn intrinsic colour data distribution over the primitive.

PHIGS PLUS replaces some fields of some of the data structurés’defined in ISO/IEC 9592-1 and adds a number of fields to
these data structures. Replacements and additions have beeén made to the PHIGS description table, traverdal state list,

workstation state list and workstation description table,'and 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

polyline set 3 with colour

triangle strip 3 with data
triangle strip with data

set of fill area sets 3 with data
set of fill area sets with data
triangle set 3 with data
triangle set 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-spling/surface 3 with data

4.3.2 Attribute specification structure elements

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

Table 2 — Attribute specification structure elements

set polyline colour

set polyline shading method
set polymarker colour

set text colour

set edge colour

set bagk interior style

set bagk interior style index

rior colour

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 back data mapping method
set data mapping index
set back data mapping index

set reflectance properties

set parametric surface characteristics
set parametric surface index
set individual ASF (additions)

10



https://iecnorm.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


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

ISO/IEC 9592-4:1992(E)

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
data, as shown in figure 1. Depending on various attribute settings, PHIGS PLUS uses this information at various points
in the rendering pipeline to light, shade and otherwise determine the appearance of the output primitive. If the application
does not provide the optional information, PHIGS PLUS, under some conditions, computes portions of it and uses the
computfd 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

When present, normal vectors should be of unit length. The specification of a non-unit length normal vegtor does not
producg an error when the efement is created. When primitives containing non-unit length normal vectors are interpreted
during fraversal, the effect of the non-unit length normals is workstation dependent.

4.4.2 Polylineset with colour

PHIGS PLUS generates a set of unconnected polylines. Each polyline is defined by vertex sequences. Colour information
can be ppecified with each vertex as part of the primitive definition.

4.4.3 Fill area set with data

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 larger divergences is workstation dependent.

12
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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
visibility flags.

The fill
expected [to be planar. Ensuring that each fill area set is planar is the responsibility of the application. The, effe(
by non-planar fill area sets is workstation dependent.

OWCVET, iS
t produced

4.4.6 Tyiangle set with data

PHIGS PILUS generates a set of triangles (see figure 2). The vertices of each triangle are specified by three inflices into a
list of vetttices. The set of triangles need not be coplanar. The primitive definition allows-specification of any cpmbination
of facet dr vertex intrinsic colour data, vertex normals, facet normals, and edge visibility flags.

Figure 2 — A triangle set primitive (The vertex list is {Vy, V,, V3, V4, Vs, Vg, V4}. The list of vertex
indlices is {\(13 7, 2), (3, 7, 4), (5, 7, 6). The list of edge visibility flags is {E; 1, E{ 2, Eq 3, E3 1, E3 2
Ej 3, E3, 15 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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Juadrilateral mesh with data

igure 3 — A triangle strip primitive (Vertices, V;, are identified by their position in the verte
dges, E;, are identified by their position in the optional list of edge visibility flags)

LUS generates a set of (M-1) x (N-1) quadrilaterals from a two dimersional array of M x N

. The set of quadrilaterals need not be coplanar. The edges of a quadrilateral mesh are the line segm
daries of the individual quadrilaterals in the mesh. There is only oné-edge between any two adjace;
nce there are M(N-1) + N(M-1) edges. The primitive definition allows specification of any cox
vertex intrinsic colour data, vertex normals, facet normals, and edge visibility flags. Quadrilateraldin the mesh
pn-planar, Non-planar quadrilaterals are rendered in a workstation dependent way.

Va2
Ez 2 Eya.2 Ey3.
O, Bon (® ()
Es,1,2 Vi, E322 B33,

x list.

vertices (see
ents forming
nt quadrilat-
nbination of

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

in the vertex array. Edges E; ; , are identified by their position in the optional edge flag array)

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

where

C(t)is thlt curve;

P; are the|n control points;

B; 4(t) is|the i-th B-spline basis function of order k;
tisthe paIameter, LSt<tyyg.

The B-spline basis functions are determined by the order k and a knot vector, {1;}, j = 1.t0 n+k, where the sefjuence ¢; is
non-decrgasing; thus the number of knots is equal to the number of control points plus the curve order. Theq parameter
range is defined by the knot values ¢ and 1, ;, and defines the bounds of the parameter space domain ovey which the
curve is defined. The B-spline basis functions are defined by the recursion formula:

1, t,<t<¢

i i+1
B;, &) = ( ) (22)

0, elsewhere

0, t<t; orcu<e;

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

Livk-174 vk~ tivn

(t-1)B; , @) kBB g -10 0
Chk 1 ang iRk L.l may produce the indeterminate quantity 0 whe¢n multiple
Livk-174 vkt .
identical knot values are specified. Il these cases the terms are defined to be 0.

The termis

The curvg is said to be uniformAf there exists a real number, 8, such that ¢; , ; - ;= & for all j such that k £ j|< n; other-
wise the ¢urve is said to be non-uniform.

A non-rafional non=ufiiform B-spline curve output primitive is generated by applying equation 1 to a set of modelling
coordinate points,"P;y= (x;, y;, z;).

A rational B-spline curve is defined in PHIGS PLUS as a mapping from a bounded one-dimensional parametey space into

noints:
P -

chy = Y. B, (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- umform B splme curve is rendered by evaluatmg a number of sample pomts on or near the curve.
The densi : . ' A s-higher than the
density of pomts on the dlsplay surface dlsplaymg the sample pomts themselves produces a complete rendering of the
curve. Allternatively, 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 ar(optional non-unifgrm B-spline
curve that describes the colour distribution over the curve’s geometry. The control points of this colour splirje are colour
coordingtes in one of the available directly-specifiable colour models.

The conjrol points of the colour spline are colour values of the appropriate diniension for the specified colouf model. The
parametpr range of the colour spline shall wholly include the parametercrange limits of the geometry spline, thus the
colour for any point on the mapped portion of the curve can be determinied by evaluating the colour spline at the corre-
sponding parameter value.

The colgur spline need not have the same order, rationality norknet sequence as the geometry spline. The yalues of the
colour spline control point coordinates can be outside thecrange normally associated with the colour value, (This is
necessafy to allow colour specification with rational B-splines, and to allow B-splines that interpolate a sef of colours.)
If the calour spline is rational, the dimension of the control points is one more than the dimension of the cdrresponding
colour model coordinates. The colour spline is defined by equations (1) and (3).

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

4.4.11 Non-uniform B-spline surface

PHIGS PLUS generates a non-uniform B-spline surface of two specified orders over a specified range of two [ndependent
parametgrs. The surface.is'specified by its order, its rationality, an array of control points in modelling coondinates, and
a list of knots for each of the independent parameters. Either a rational or a non-rational B-spline surface be speci-
fied. The extreme Vvalues of the knots specify the parameter range of the surface. An optional set of trimfing curves
{(defined|by non-uniform B-spline curves) can be specified to limit the parameter range over which the independent vari-
ables ar¢ evaluated and the B-spline surface is generated. If trimming curves are specified the edges of this primitive
consist ¢f the’points on the displayed surface corresponding to the trimming curves. If no trimming curves gre specified
the edges consist of curves of constant parameter value at the parameter range boundaries of the surface.

A B-spline surface is 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
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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; ;(v) is the j-th B-spline basis function of order /, defined by the knot vector {vglg=1t0 m+l;

u and v are the two parameters, Uy SU<u,, ;, VSV, 1.

The B-spli ' ective knot v f which is a non-
decreasing parameter sequence. The B-spline basis functions are defined by equation (2) in 4.4.9. The parameter range
is defined by the knot values uy, u, , ;, and v;, v, ;, which define the bounds of the parameter space domains{over which
the surfage is defined. The surface is said to be uniform in the u parameter if there exists a real number, §, such that
Up 4]~ Up = & for all p such that & < p £ n; otherwise the surface is said to be non-uniform in that parameter. The surface
is said tobe uniform in the v parameter if a similar test holds for that parameter. The surface is,said to be nor-uniform if
it is non-yiniform in either parameter.

A non-rational non-uniform B-spline surface output primitive is generated by applying.equation (4) to a set of modelling
coordinage points, P; ; = (x; ;, ¥; ,j» 2i,j)- A rational non- -uniform B-spline surfacc output primitive is g¢nerated by
applying equation 4 to a set of homogeneous modelling coordinate points, P; (= {w; ix; , w; ; ¥; j» Wi i2; [, Wi j), and
projecting the resulting points to three-dimensional modelling coordinates by dlvxding Lhe first three coordinates of each
point by the point’s homogeneous coordinate, w.

In both the rational and non-rational cases the surface generated by PHIGS PLUS is the result of mapping ¢ither all or
portions ¢f the surface’s parameter range to modelling coordinates.Af"0only portions are to be mapped then they are iden-
tified with a set of trimming loops (4.4.12). For the purposes of.display, 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_a two-dimensional parameter space rectangle defined by the surface’s
parametef range. The mapping of the surface'Can be restricted to portions of that parameter range by specifying a set of
trimming] loops that define those portions.;Trimming loops are composed of one or more trimming curves{ Trimming
curves arg B-spline curves, as definedby-equation 1 or 3, that map a one-dimensional parameter range to the fwo-dimen-
sional pafameter range of the surface. In the non-rational case, the P; of equation 1 are two-dimensional control points
in the parpmeter space of the surface, P; = (u;, v;). The mmmmg curve is the result of applying equation 1 to these points.

In the rational case the P; are homogeneous control points P = (w;u;, w;v;, w;). The trimming curve is the result of
applying fequation 3 to these points and projecting the computed points to two-dimensional parameter space

mirg—toops of the
surface. Tr1mmmg curves only touch other trlmmmg curves of the surface or Lhemselves when they are adjacent in a
trimming loop, and then only at their endpoints. Each trimming 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.

u ———»

Odd winding rule Curve(orientation rule

Figure 5§ — Parameter space mapping rules for trimming’curves (The mapped region is shaded)

The curye orientation rule requires that the curves be directed appropriately to define the mapped region. To pe valid, the
set of trimming loops shall satisfy both the above rules. If a<set of trimming curves is specified that violate| these rules,
the resulting image is undefined and workstation dependent: See figure 6 for examples of valid trimming logp specifica-
tions. See figure 7 for examples of invalid trimming loop specifications.

Fjgure 6.—Examples of valid trimming loops (Solid lines represent trimming loops, dashedJlines
rdpresent the parameter range of the surface. Shading denotes the mapped region of the surfface.
Epchlarrowhead corresponds to a single frimming curve)

4.4.13 Non-uniform B-spline 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

two-rule conflict self-touching inconsistent out of bounds
orientation
R D 1 =
N IR E
open loop loops intersect self-intersecting two-rule conflict
Figure 7 — Examples of invalid trimming loops (Solid lines represent trimming loops, dashed lines

represent the parameter range of the surface. Each arrowhead corresponds to a single trimming
curve.)

colour is|determined from the colour spline at the sample points used for the geometry spline. These cologirs are then
considergd to be vertex colours of the corresponding facets:

The colopir spline is a B-spline surface as defined by-équation (4) in 4.4.11. It can be rational or non-rational{ The colour
spline need not have the same order, rationality or-knot sequence as the geometry spline. The values of the cpntrol point
coordinales can be outside the range normally-associated with the colour type. (This is necessary to allow cplour speci-
fication With rational B-splines, and to allow B-splines that interpolate a set of colours.) If the colour spling is rational
the dimepsion of the control points is oné more than the dimension of the corresponding colour model coordinates.

The parameter range of the colour spline shall wholly contain the parameter range of the geometry spline, or, if trimming
loops arg specified, the parameierrange of the colour spline shall wholly contain the parameter range defined by the
collectiop of trimming loops !\ Thus the colour for any point on the mapped geometry of the surface can be defermined by
evaluatirlg the colour spline-at the corresponding parameter value.

specifying an optional list of B-spline surfaces that define the data distribution over the surface geometry. The list of data
splines cprresponds to the list of real values associated with the other with-data area primitives, but there is ¢nly one list
per primitive for non- umform B-splme surfaces (as opposed to one list per facet or vertex for the other prinditives). The
data splihe e-when-mappin 2 od-data record.
When data mappmg is the source of intrinsic colour the data is detennmed from the data splmes at the sample points
used for the geometry spline. This data is then considered to be vertex data for the corresponding facets. Intrinsic colour
is determined from this data according to the data mapping method and interior shading method aspects.

Applicatjon-specific‘data for data mapping can be associated with a non-uniform B-spline surface with data }rimitive by

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 data, 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 describe their display and the application of interior attributes.

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

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

cach 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 computing-a-number of sample points o
surface. The density of the sample points is controlled by the surface approximation criteria. If the samp
the density of points on the display surface, displaying the sample points themselves will produc
renflering of the surface. Alternatively, adjacent sample points.can be joined to form polygons (usually

h or near the
ing is higher
e a complete
triangles or

quddrilaterals) that are then displayed as fill areas. The facets ofthe B-spline surface are the polygons gr the sample

poipts themselves (taken as areas). Depending on the approXimation criteria, these facets can be sma
smallest displayable region on the workstation or as lafge-as the surface itself.

Vertex normals of facets are the normals to the surface at the corresponding sample points. The facet n
eitller a workstation dependent combination of the Vertex normals, or the normal to the surface at somg
facet. The point chosen in the latter case is workstation dependent.

4.4.15 [Modelling clip

Modellipg clip conceptually generateshew vertices of output primitives at the intersection of the clipping p

’s boundary. If colour, data, or vertex normals are associated with the original vertices, then new

ller than the

brmal can be
point on the

anes and the
colour, data,

-or vertek normals shall be intérpolated at the new vertices. The interpolation method. shall be such that if the geometry
plus colpur, geometry plus-data, or geometry plus normal vectors are planar as defined by 4.6.4.2, then the
values lje on the corresponding plane. If the set of vertices and associated data defining a facet are non-planar, then the
results gre workstation'dependent.
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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-
cates either the colour model of the corresponding n-tuple of colour coordinates, or that the colour is being specified
indirectly, in which case the single integer colour value is an index into the colour table of the workstation state list (see
figure 8)

workstation
colour table

colour
index
colour
general general
colour colour
decoding

= cdlour

colour

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

The defined colour types are listed in table-3. The result of resolving a general colour is a colour consisting (conceptu-
ally) of 4 colour model and the associated colour value.

Table 3 — Colour types

Value | | Meaning

<0 Implemeiitation dependent.

0 INDIRECT  (Indirectly specified.colour)
1 RGB (Directly specified colour)
2 CIELUV (Directly specified colour)
3 HSV (Directly specified 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 is polyline, polymarker, text, interior, or edge) are replaced by the corresponding ‘current XXX colour’ fields in the
travers i “ i ” i -1, PHIGS PLUS
defines|a corresponding structure element, “set XXX colour”. The ISO/IEC 9592-1 “set XXX colour indgx” structure
elements are defined by PHIGS PLUS to set the ‘cwrrent XXX colour’ field in the traversal state list to,eolopr type INDI-
RECT ahd the colour value to the specified colour index.

Each of the ‘current XXX colour index ASF’ fields in the traversal state list defined in ISOMEC 9592-1 arp replaced in
PHIGS BLUS with the fields ‘current XXX colour ASF’. The ‘current XXX colour ASF’ selects-between bundled and indi-
vidual dolour values. If the ‘current XXX colour ASF’ is INDIVIDUAL the ‘current XXX/colour’ is used. If the ‘current
XXX cdlour ASF’ is BUNDLED the colour is taken from the entry in the extended XXX bundle table indfcated by the
‘curreni XXX index’ (see figure 9). The ISO/MEC 9592-1 “set XXX colour index ASE” 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 structure
element.

extended XXX
bundle table

XXX index general colour

— selection eneral
via ASF » s
XXX colour P

colour
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
field is left unchanged.

ARESENTA-
ENTATION
Jues. These
tEPRESEN-

fined to be
UIRE TEXT

INQUIRE
type is not

13 Ignoring function, the requested entry contains a general_colour specification with colour (type
other than INDIRECT

Predefinad entries shall contain colours of type INDIRECT.

These tables are the reflectance bundle table and the parametric surface bundle table. The REFLECTANCE INDEX and
BACK RHFLECTANCE INDEX attributes indicate the entries in the reflectance bundle table to use when resolving bundled
reflectange aspects for front and back facing facets, réspectively, of area primitives. The PARAMETRIC SURFACE INDEX
attribute ndicates the bundle entry in the paramétric surface bundle table to use when resolving bundled|parametric
surface aftributes. Aspect source flags are definied for the aspects in these bundles.

Two bunfile tables are defined to support bundled specification of reflectance aspects and parametric surfEJe aspects.

The ‘dynpmic modification accepted for>entries in the workstation description table for the polyline bundle fable, poly-
marker bhndle table, text bundle table; interior bundle table, edge bundle table and pattern table apply to the tables as
extended| Additional ‘dynamicamodification accepted for’ entries in the workstation description table are defined for the
reflectan¢e bundle table, the(parametric surface bundle table, and the data mapping, light source, depth ¢ueing, and
colour mapping tables. These entries are returned by the function INQUIRE DYNAMICS OF WORKSTATION
ATTRIBUTES PLUS.

The enumeration.valués for the list of attributes used by generalized drawing primitives are extended to inclufle the para-
metric surface-and reflectance tables.

4.5.3 PHIGS PLUS attributes applied to PHIGS outputl primitives

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,
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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

POLYMARKER

POQILYMARKER COLOUR

POLYMARKER COLOUR ASF

RENDERING COLOUR MODEL
DEPTH CUE INDEX
COLOUR MAPPING INDEX

TEXT COLOUR

RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

TEXT COLOUR ASF

ANNOTATION TEXT RELATIVE

TEXT COLOUR

RENDERING COLOUR MODEL
EPTH CUE INDEX

CJOLOUR MAPPING INDEX

lw]

TEXT.COLOUR ASF

FILL A|REA and FILL AREA SET

FLECTANCE INDEX
CK INTERIOR INDEX
CK REFLECTANCE INDEX

CET DISTINGUISHING MODE

CET CULLING MODE

ERIOR COLOUR
TERIOR SHADING METHOD
FLECTANCE PROPERTIES
FLECTANCE MODEL

CK INTERIOR STYLE

CK INTERIOR STYLE INDEX

AT I FRRIOL- OO OLIR

INTERIOR COLOUR ASF

INTERIOR SHADING METHOD ASF
REFLECTANCE PROPERTIES ASF
REFLECTANCE MODEL ASF

BACK INTERIOR STYLE ASF

BACK INTERIOR STYLE INDEX ASF

NACY JIATTRDIO T AT TI A QYD

DACIN LNTLININIIN WULAJUNIN

BACK INTERIOR SHADING METHOD
BACK REFLECTANCE PROPERTIES

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

COLOUR MAPPING INDEX

DACTIC OV T OINTOIN OO T OOIU7YIT

BACK INTERIOR SHADING METHOD ASF
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
REFLECTANCE PROPERTIES REFLECTANCE PROPERTIES ASF
REFLECTANCE MODEL REFLECTANCE MODEL ASF

BACK REFLECTANCE PROPERTIES BACK REFLECTANCE PROPERTIES ASF
ACK REFLECTANCE MODEL BACK REFLECTANCE MODEL ASF

LIGHT SOURCE STATE

RENDERING COLOUR MODEL

DEPTH CUE INDEX

COLOUR MAPPING INDEX

GENERALIZED DRAWING PRIMITIVE

Vero or more of the attribute sets listed above.

4532

Polyline attributes

PHIGS PLUS defines the following additional aspects and attribites for polylines: the non-geometric asp
colour, which is controlled by the POLYLINE INDEX or the individually specified atiribute POLYLINE COLOJ

vidually

selected by the POLYLINE COLOUR ASF.

45.3.3

Polymarker attributes

PHIGS PLUS defines the following additional aspects and attributes for polymarkers: the non-geometric

marker

dolour; the individually specificd-attributes DEPTH CUE INDEX and COLOUR MAPPING INDEX. Thg

colour agpect is controlled by the POLYMARKER INDEX or the individually specified attribute POLYMARKE
The soufce of the polymarker colour is selected by the POLYMARKER COLOUR ASF.

4534

Text attributes-

PHIGS FLUS defineSdhe following additional aspects and attributes for text: the non-geometric aspect tex
individuplly specified attributes DEPTH CUE INDEX and COLOUR MAPPING INDEX. The text colour aspect
by the TEXT@NDEX or the individually specified attribute TEXT COLOUR. The source of the text colour is
the TEXT.COLOUR ASF.

45.3.5

ect polyline
JR; the indi-

specified attributes DEPTH CUE INDEX and COLOUR MAPPING INDEX. The source of the polyline colour is

aspect poly-
polymarker
R COLOUR.

t colour; the
is controlled
selected by

Annotation text attributes

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 individually specified attributes INTERIOR COLOUR, INTERIOR SHADING METHOD, REFLECTANCE PROPER-
TIES, REFLECTANCE MODEL, BACK INTERIOR STYLE, BACK INTERIOR STYLE INDEX, BACK INTERIOR COLOUR,
BACK INTERIOR SHADING METHOD, 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 ip table 4.

Fill area sets are affected by the same PHIGS PLUS attributes that affect fill areas, plus the non<geometric aspects edge
flag, edgetype, edgewidth scale factor, and edge colour, which are controlled by the EDGEJNDEX or by the Individually
specified|attributes EDGE FLAG, EDGETYPE, EDGEWIDTH SCALE FACTOR, and EDGE COLOUR. The sougce of these
aspects i§ selected by the corresponding aspect source flag attribute. Fill area set.€dges are not affected by lighting or
shading.

4.5.3.8 Cell array attributes

PHIGS PLUS defines the following additional aspects and attributes for)cell arrays: the non-geometric aspectg reflectance
properties, reflectance model, back reflectance propertics and“back reflectance model; the individually specified
attributed 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 REFLEC-
TANCE INDEX, BACK REFLECTANCE INDEX, or thejinidividually specified attributes REFLECTANCE PROPERTIES,
REFLECTANCE MODEL, BACK REFLECTANCE PROQPERTIES and BACK REFLECTANCE MODEL. The squrce of the
attributeq for these aspects is selected by the corresponding aspect source flag attribute listed above. The int¢rior colour,
interior siylc, interior shading method, back intetior style, back interior colour, and back interior shading meihod aspects
and their|corresponding aspect source flags do-not apply to cell arrays.

4.5.3.9 [Generalized drawing primitive attributes

Any of the PHIGS PLUS attributes'listed in 4.5.4 may also apply to Generalized Drawing Primitives (GDP§). Whether
bundle indices or associated individually specified attributes are used depends upon the values of the appropriate aspect
source flags. The sets ofiattributes 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 by the
RENDERING COLOUR MODEL and the polyline shading method aspect, which is controlled by the POLYLENE INDEX or
the individually specified attribute POLYLINE SHADING METHOD. The source of the polyline shading[method is
selected Hy the POLYLINE COLOUR ASF. Each polyline of a set is treated as an individual polyline when applying the
attributes

4.5.4.3 Yill area set with data attributes

Fill area 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

Cell array 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 filllarea set with data output primitives are affected\by the same attributes that affect fill area set with data output

primitives. Each fill area set of the set is rendered as a'gingle fill area set with data. Interior styles HATCH and PATTERN
apply to dach fill area set in the set as if it were an individual fill area set.

4.5.4.6 Triangle set with data attributes

and PATTERN apply to the triangle set in a workstation dependent manner. For interior style HOLLOW th¢ bounding

Triangl'le_liEts are affected by the same'atiributes that affect fill area set with data output primitives. Interior styles HATCH
polyline is drawn along boundaries created by clipping.

4.5.4.7 Triangle strip:with data attributes

Triangle ptrips are.affected by the same attributes that affect fill area set with data output primitives. Inigrior styles
HATCH ahd PATTERN apply to the triangle strip in a workstation dependent manner. For interior style HQLLOW the
bounding|polyline is drawn along boundaries created by clipping.

4.5.4.8 Quadrilateral mesh with data attributes

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
VIEW INDEX

LINETYPE ASF
LINEWIDTH SCALE FACTOR ASF
POLYLINE COLOUR INDEX ASF

OLYLINE COLOUR

OLYLINE SHADING METHOD
ENDERING COLOUR MODEL
EPTH CUE INDEX

OLOUR MAPPING INDEX

POLYLINE COLOUR ASF
POLYLINE SHADING METHOD ASF

FILL AREA SET WITH DATA

TRIANGLE SET WITH DATA
TRIANGLE STRIP WITH DATA

SET FILL AREA SETS WITH DATA

QUADRILATERAL MESH WITH DATA

TERIOR STYLE INDEX
ERIOR COLOUR INDEX

DGEWIDTH SCALE FACTOR
ATTERN SIZE
ATTERN(REFERENCE POINT
ATTERN VECTORS
IEWINDEX

INTERIOR STYLE ASF
INTERIOR STYLE INDEX ASF
INTERIOR COLOUR INDEX ASF

EDGE FLAG ASF
EDGETYPE ASF
EDGEWIDTH SCALE FACTOR ASF

HLHSR IDENTIFIER

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 METHOD DATA MAPPING METHOD ASF
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 INTERTIOR COLOURASF
BACK INTERIOR SHADING METHOD BACK INTERIOR SHADRING METHOD ASH
BACK DATA MAPPING METHOD BACK DATA MAPPING METHOD ASF
BACK REFLECTANCE PROPERTIES BACK REFLECTANCE PROPERTIES ASF
BACK REFLECTANCE MODEL BACK REELEGCTANCE MODEL ASF
HEDGE COLOUR EDGE COBOUR ASF

[ IGHT SOURCE STATE
RENDERING COLOUR MODEL
DEPTH CUE INDEX

COLOUR MAPPING INDEX

CELL|ARRAY PLUS

VIEW INDEX

HLHSR IDENTIFIER

PICK IDENTIFIER

NAME SET

REFLECTANCE INDEX

BACK REFLECTANCEINDEX
FACET DISTINGUISHING MODE
FACET CULKING MODE
REFLECTANCE PROPERTIES REFLECTANCE PROPERTIES ASF
REFLECTANCE MODEL REFLECTANCE MODEL ASF

A NERL EOTANMNAL PROPERTIEG RACK-REEL ROTARNAR DDANCDRMING A QD
IOy NOCTOECTARINC I T INOT ICTIERY DACIV NETI e CTTITUNC L T INOT TINT IR 7031

BACK REFLECTANCE MODEL 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 IDENTIFIER

NAME SET

POLYLINE COLOUR POLYLINE COLOUR ASF

(QURVE APPROXIMATION CRITERIA CURVE APPROXIMATION CRITERIA-ASF
DEPTH CUE INDEX

(JOLOUR MAPPING INDEX

NON-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

NON-UNIFORM B-SPLINE SURFACE

INTERIOR INDEX
INTERIOR STYLE
INTERIOR STYLE INDEX
INTERIOR COLOUR INDEX
GE INDEX
GE FLAG
GETYPE
GEWIDTH SCALE FACTOR
ITTERN SIZE
TTERN REFERENCEROINT
\TTERN VECTORS
[EW INDEX
LHSR IDENTIFIER
CK IDENTIFIER
AME SET

INTERIOR STYLE ASF
INTERIOR STYLE INDEX ASF
INTERIOR COLOUR INDEX ASF

EDGE FLAG ASF
EDGETYPE ASF
EDGEWIDTH SCALE FACTOR ASF

REFLECTANCE INDEX
PARAMETRIC SURFACE INDEX
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 ASF

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

BACK INTERIOR SHADING METHOD

BACK INTERIOR SHADING METHOD ASF

BACK REFLECTANCE PROPERTIES BACK REFLECTANCE PROPERTIES ASF

ACK REFLECTANCE MODEL BACK REFLECTANCE MODEL ASF
DGE COLOUR EDGE COLOUR ASF
GHT SOURCE STATE

URFACE APPROXIMATION CRITERIA
’ARAMETRIC SURFACE CHARACTERISTICS
ENDERING COLOUR MODEL

EPTH CUE INDEX

OLOUR MAPPING INDEX

NON-(lINIFORM B-SPLINE SURFACE WITH DATA
11 those for NON-UNIFORM B-SPLINE SURFACE,

SURFACE APPROXIMATION,CRITERIA ASF
PARAMETRIC SURFACE CHARACTERISTICS ASF

lus:

ATA MAPPING INDEX

ATA MAPPING METHOD DATA MAPPING METHOD ASF

ACK DATA MAPPING INDEX

ACK DATA MAPPING METHOD BACK DATA MAPPING METHOD ASF

4.5.4.9 [Non-uniform B-spline curve attributes

Non-uniform B-spline curve output primitives are affected by the same attributes as polylines. They are alsq affected by
the curvé approximation criteriataspect. The curve approximation criteria aspect is controlled by the POLYLINE INDEX
or the individually specified attribute CURVE APPROXIMATION CRITERIA. The source of the curve approximation
criteria i$ selected by the CURVE APPROXIMATION CRITERIA ASK

The curve approximation criteria indicates the minimum quality desired for the approximation of the curve(s geometry.
It provides an indication of the degree of approximation tolerable and the relative importance of image qudality versus
rendering speed:-Specification of lower relative approximation quality is intended to produce relatively lqwer quality
approximations/at relatively higher speeds. Specification of higher relative approximation quality is intendeg to produce
higher quiality approximations at possibly lower speeds. Implementations may produce a higher quality approximation
than that requested. Approximation of the curve shall not introduce any gaps, holes or other visible spatial discontinui-
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 Implementation dependent.

1 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.

CHORDAL SIZE in WC: Generate at least sufficient sample points such that the length in world coordinates of
every line segment (chord) between the sample points is less than a specified real approximation value. The data
regord contains the single approximation value.

ORDAL 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 is less than a specified réal approximation

ORDAL SIZE in DC: Generate at least sufficient sample points such that the length in device co‘])rdinates of
e. The data

ORDAL DEVIATION in WC: Generate at least sufficient sample points such that the absolute value of the
maximum deviation measured in world coordinates between the curyéand line scgments (chord) between sample
pqints is less than a specified real approximation value. The data record contains the single approximption value.

ORDAL 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 curve and line segments (chord)
egtween sample points is less than a specified real approximation value. The data record containg the single

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

ELATIVE in WC: A single real approximation value between 0 and 1 indicates a relative quality of fendering to
¢ maintained independent of scaling in world coordinates. Higher values specify a better relative I(leuality. The
afa record contains the approximation value.

LATIVE in NPC: A single.real approximation value between 0 and 1 indicates a relative quality of fendering to
¢l maintained independent of scaling in normalized projection coordinates. Higher values specify a befter relative
ality. The data record contains the approximation value,

a record contains the approximation value.

served for registration or future standardisation.

It is not intended that there be any correspondence between the approximations produced by different approximation
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 approx1mat10n crlterla 1s selected by the
ected by the

PARAMETRIC SURFACE CHARACTERISTICS ASFE,

Non-unifprm B-spline surfaces can be approximated when displayed. Conceptually, the result of thisrapproxjmation is a
collection of facets. The surface approximation criteria indicates the minimum quality desired for|the approximation of
the surfade’s geometry. It provides an indication of the degree of approximation tolerable and therelative importance of
image quality versus rendering speed. Specification of lower relative approximation quality/isintended to produce rela-
tively lower quality approximations at relatively higher speeds. Specification of higher relative approximatign quality is
intended fo produce higher quality approximations at possibly lower speeds. Implementations may produge a higher
quality approximation than that requested. Approximation of the surface shall netintroduce any gaps, holes or other
visible sphtial discontinuities.

A surfacejapproximation criteria consists of a type and a data record. The data record contains information spgcific to the
type and {s generally unique for each type. The defined surface approximation criteria types are

<0 Implementation dependent.

1 WOQRKSTATION DEPENDENT: A workstation dependent approximation criteria is used. There are no fata record
contents for this type.

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

= O

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

> (): Sample points are at the'x and v knot values, at this number of positions between each pair of knpt values in
ea¢h parameter dimension,yand where lines of constant parameter across the surface at these parameter values
wduld intersect the approximated trimming loops.

3 CHORDAL SIZE«in WC: Generate at least sufficient sample points such that the length in world codrdinates of
every line segment (chord) between the sample points for both the u and v parameter directions is Igss than the
cofresponding/specified real approximation value. The data record contains two approximation valdes, one for

projection
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,

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

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

RHLATIVE 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 valués’specify a belter relative
quality. The data record contains the approximation value.

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

Resserved for registration or future standardisation.

tended that there be any correspondence between the approximations produced by different apfroximation

criteria types. For example, the sct of all possible approximations\achievable by CHORDAL SIZE in WC can| be disjoint

from the et of all possible approximations achicvable by RELATIVE in WC.

The par

etric surface characteristics aspect (urther speeifies the appearance of parametric surfaces beyond those

aspects also associated with fill area sets. The aspect consists of a type and a data record. The data record cortains infor-
mation sgecific to the type and is generally unique for'¢ach type. The definition of each type indicates whethgr or not the

applicatign of that type to the surface distinguishes between front and back facing portions when the ‘current 4
guishing mode’ is ON. If it does then the associated data record contains separate parameters for front and
portions. [f it does not then only one set of parameters is defined and they apply to the surface as though the ‘c

acet distin-
pack facing
urrent facet

distinguighing mode’ were OFF.

The defined parametric surface characteristics types are

34

NONE: No surface\characteristics beyond those aspects defined for fill area sets are used. The data recqrd is empty
fof this type.

drawn. This method does not distinguish between front and back facing portions of the surface. The pppearance
of the‘répresentation is controlled by the appropriate set of output primitive attributes for the representation. It is
workstation dependent how the representation interacts with any interior rendering indicated by the interior
aspects. There are no data record contents for this type.

WORKSTATION DEPENDENT: A workstation dependent representation that displays the shape of th'F surface is

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 finite set of planes perpendicular to a modelling coordinate direction vector. The positions of the
planes are specified by a sequence of intersection points along an infinite line defined by a modelling coordinate
origin point, Py, and a direction vector, V. as follows:

The ¢; are a sequence of parameters specifying the intersection points. They are in the range —eo'< t; < Hoo. The P;
are |l he intersection points of the perpendicular planes with the infinite line. Py is a specifiéd origin poin{in model-
ling coordinates, and Vi is the specified direction vector in modelling coordinates. Thé-#;¢h plane is perpendicular
to the direction vector, V and intersects the infinite line at point P;. The data record.¢onsists of the orjgin 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 portion$ of the surface. The appearance of the
levgl curves is controlled by the current polyline colour, linewidth scale factor, and linetype aspects. TI:: 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{nterior rendering indicated by the interior style or
back interior style. Level curves have higher visual prioritythan the primitive’s filled or hollow interiors, but
lowger priority than the primitive’s edges.

LEVEL CURVES in WC: Level curves are drawn on the surface. The curves correspond to the intersectjons of the
ace and a finite set of planes perpendicular to aworld coordinate direction vector. The positions of the planes
are pecified by a sequence of intersection points along an infinite line defined by a world coordinate orjgin point,

Thq ¢; are a sequence of parameters specifying the intersection points. They are in the range —oo < f; < 4e0. The P;
are he mtersectlon points of the pefpendicular planes with the infinite line. Py is a specified origin point in world
coordinates, and V is the specilied direction vector in world coordinates. The i-th plane is perpendicplar to the
dirgction vector, V and intersects the infinite line at point P;. The data record consists of the origin point, Py; the
dirgction 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 dogs:not distinguish between front and back facing portions of the surface. The appearance of the
lev¢l curves is-controlled by the current polyline colour, linewidth scale factor, and linetype aspects. TTe approx-
tion of the-{evel curves is controlled by the surface approximation criteria. The level curves shalll lie on the
approximated surface. The curves are drawn in addition to any interior rendering indicated by the interjor style or
back-inierior style. Level curves have higher visual priority than the primitive’s filled or hollow 1ntf:r10rs but
lower priority thart the primmitive S edges:

Reserved for registration or future standardisation,

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
surfaces. In addition, their display is affected by the data mapping method aspects.

4.5.4.13 Individual edge control for PHIGS PLUS area primitives

All areq primitives defined in PHIGS PLUS except cell array PLUS can have edge visibility flags specified |with them. If
edge visibility flags are specified, each edge is displayed only if both the edge flag aspect and the corresponding edge
visibility flag (or, where multiple facets share an edge, any of the corresponding edge visibilityflags) in thg output prim-
itive stfucture 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 aspecq solely deter-
mines Whether edges are displayed.

For all|primitives that have edge visibility flags associated with them, the.rendering of the edges in the presence of
bounding polylines resulting from interior style HOLLOW has the same effect/as for fill area set primitives|

4.5.4.14 Reflectance properties

Reflecthnce properties indicate how an arca primitive models.the reflection of light. All area primitives age affected by
the reflectance properties aspect. Reflectance properties aresspecified by a type and a data record. The reflectance prop-
erty types are as follows:

<0 implementation dependent;

1 simple reflectance: The reflectance properties consist of an ambient reflection coefficient, diffuse reflection coef-
ficient, specular reflection coefficient;-specular colour and specular exponent. The ambient reflection coefficient
¢ontrols the amount of ambient light reflected from the primitive. If the coefficient is zero, no anmbient light is
eflected. An increase in the goefficient 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 ljght reflected
¢qually in all directions from a surface, resulting in a dull, matte appearance that is independent of the viewing
Jircction. The speculan reflection coefficient similarly controls the amount of non-ambient light c¢ntributing to
reflections unequally from a surface, resulting in a shiny appearance.

n general there is a-direction in which the specular reflected light is at a maximum, specified implicitly by a

teflectancé vector. The specular colour and specular exponent have significance if the specular reflection coeffi-

ient is“ion-zero. Whereas the intrinsic colour, which may vary across an output primitive, contfibutes to the

: mblent and dxffuse reflections, the colour of the spcculdr hlghlxghls is also comrlbuted to by the specular colour

¢ han the direction

of the reﬂectance vector. Increasing the exponent decreases the intensi ly of the specular reflection away from the
direction of the reflectance vector. The minimum value of the exponent is-0.

>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

5

Area prirlxitives have aspects that are implicitly derived from output primitive structure element data,.trayersal state

attributes

4.5.5.2 Facet normal

The facet|

determing

arca prim
facet usi

a) For

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

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

normal is used for determining the orientation of a facet of an area primitive. In/some cases it is glso used to
reflectance normals. Facet normals can be supplied for the with-data arca primitives. In the case ¢f the other
tives or where facet normals are not supplied for a with-data primitive, fatet normals are computed for each

fill area or fill area set primitive a normal is computed by selecting'three points: A, B, and C. Pojnt A is the
first point in the first list of vertices. Point B is the next point in that list that is not coincident with A, Pdint C is the
next point in that list that is not colinear with A and B. The nefmal is the normalized cross product of the vector
exter]ding from A to B with the vector extending from A to C.

If it ik not possible to find three such points in the first list:of vertices, then, in the case of fill area set, th¢ rest of the
lists gre searched in order to select three appropriate points from a single list. If it is not possible to find three such
points in any list, then the output primitive is degenerate, in which case the result is workstation dependent.

b) Alld
nornj
point

ells of a cell array have the same normalgThe normal for the three dimensional form of the cell

P to point R (refer to ISO/IEC 95921\ for the definition of P, @ and R):

hrray is the

alized cross product of the vector, V1 extending from point P to point Q with the vector, Vz, extepding from

The pormal for the two dimiensional form of the cell array is the normalized cross product of a vector algng the side

(09X,

¢) Forg
Procy

d) Ford

PY) — (PX, P¥) with the vector along the side (PX, QY) - (PX, PY).

set of fill-aréa set primitive the normal for cach fill area set of the primitive is computed separatel
dure specified above for fill area scts.

trigngle set primitive the normal for cach triangle is computed as for a fill area.

y, using the

e) Fora

triangle STip primitive the ormal for cach riangic iS the ormatized Tross product of vectors atong two of its

_sides. 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

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

_‘.
Nis

the normal;

=3
P; are the vertex coordinates.

The normal for even numbered triangles is defined by

f) For aquad e : 1 A
Referrmg to ﬁgure 4, lhc normal is deﬁned by
ﬁi,j _ (?i+1,j+l ‘j. jr X (?i,j+1—‘7z+1,j)
|(Vi+l,j+l Vij) X (V,,+1 i+1,j)|
wherte
1<i<M-1,
1<jEN-1I;
1_\7;, j[is the normal;

-

V,, jlare the vertex coordinates;

M ar

g) Fore
vect
direq

At pf
the

S Vi -V x Vig1-V)

‘ven - ~ iy Y >
¢ | (Viea =V x (Vig1-V2)|

d N are the dimensions of the two-dimensional array of vertex data (M X N),

non-uniform B-spline surface primitive the normalds.computed by normalizing the cross product of
T along the u direction, T,, , (usually the partial derivative with respect to ), and the tangent vector
tion, T, (usually the partial derivative with respect to v). The normal is computed as

~
~3

N=

L
L

ux v
I uX

&
psitions on the surface where this cross product is not meaningful, such as where tangent vectors 4
ormal is computed in a woerkstation dependent way.

Notice
specifical
tive’s ve
order of

4.5.5.3

t when the normal s\computed, its sense is determined by the order of points in the lists that arg
ion of the primitive; For fill area set, triangle set, triangle strip and quadrilateral mesh, the order o
ices determinges the sense of the computed normal. For the parametric surfaces, the sense is determ
e surface’s. control points.

acet orientation

the tangent
along the v

re colinear,

part of the
f the primi-
ined by the

y ine

orientation

of its facets. Individual facets can be culled from the primitive or be rcndcred with different attributes according to 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-
lation. The possible sources of intrinsic colour differ among different output primitives, and some output primitives have

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. Wher¢ multiple
sources arg listed, they are listed in their decreasing order of default precedence.
Table 6 — Sources of intrinsic colour

Output Primitive Sources of intrinsic colour

polyline polyline colour aspect

polymarKer polymarker colour aspect

text text colour aspect

annotatign text text colour aspect

fill area pattern representation, interior colour aspect

fill area spt pattern representation;dnterior colour aspect

cell array cell colours

generalized drawing primitive any, according4o the type of GDP

polyline $et with colour vertex colours, polyline colour aspect

fill area set with data patternrepresentation, data mapping, interior colour aspect

cell array| PLUS célbcolours

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

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

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

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

non-unifgprm B-spline curve polyline colour aspect

non-unifgprm B-spline/curve with colour | colour spline, polyline colour aspect

non-uniform B-gplin¢ surface pattern representation, interior colour aspect

non-unifprm B-spline surface with data | pattern representation, data mapping, interior colour aspect

[

Where pattern representation is indicated in table 6, the pattern representation is the source of intrinsic colour only 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.

Since the interior shading method potentially influences the interpolation of colour and data, the intrinsic colour at each

point of

4.5.6 K

Individy
CULLIN
A value
that no
edges,

4.5.7 I

Differen
facing o

of a facgt to select which attributes to apply. When FACET DISTINGUISHING MODE has the value OFF, the

are appl
facets
facing

458 I

As in I

however,

h
‘flcets are prefixed with BACK.

the output primitive is also dependent on the interior shading method.

acet culling

al facets can be removed from an area primitive according to their orientation and the value 0

of FRONTFACING indicates that front-facing facets are removed from the primitive,; A value of NO

istinguishing facets by orientation

t attributes can be applied to individual facets of an area primitiv€according to whether their orient;
r back facing. The attribute FACET DISTINGUISHING MODE ¢ontrols whether PHIGS PLUS uses th

ed to both front-facing and back-facing facets. Many attributes have counterparts that are applied to
en FACET DISTINGUISHING MODE has the valué ON. The aspects, attributes, and ASFs that ap

[idden line and hidden surface removal

BO/IEC 9592-1, implementation of any HLHSR capabilities is optional, If HLHSR capabilities
an implementation shall not make methods available that interfere or conflict with PHIGS PLUS f

4.5.9

The aspgcts of output primitives composed of planar convex facets (where planarity is in all of the geom

data, an
tions shj
paramet
appeart

tability

vertex normals used——4.6.4.2 —and convexity is in the geometry only) and undergoing only rigid

Fic curve and‘parametric surface output primitives when those primitives undergo ngld transformati
b vary based only on the primitive’s orientation in any coordinate space.

Facets are removed from the primitive. When a facet is removed, no portion of i)is displayed, ¢.gl,
ar parametric surface characteristics.

[ the FACET

G MODE attribute. A value of BACKFACING indicates that back-facing facets are remioved from the primitive.

NE indicates
its interior,

ation is front
e orientation

same aspects

back-facing
ply to back-

¢ provided,
nctionality.

etry, colour,
transforma-

ikl not appear.to-wvary based only on the primitive’s orientation in any coordinate space. Similarly, the aspects of

bns shall 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 Map depth

- colour L] colour with reflected |—» cued colofirs H—
colours
Data mapping’ lighting’ Depth Cueing Colour mapping
and shading

Figure 10 — The conceptual rendering pipeline

The rendering pipeline uses a primitive’s attributes, orientation and position in world coordinates to defermine the
displayeq colours for that primitive. The data mapping stage‘computes a primitive’s intrinsic colour from dgta specified
with the primitive, The lighting stage computes the effect of}ight sources on a primitive’s appearance. Lighting in PHIGS
PLUS is fpplied on a primitive by primitive basis; nq interactions between objects such as shadows or reflections are
defined. The shading stage interpolates data across aprimitive. The depth cueing stage conditionally modifie§ the colours
of the lit pnd shaded primitive by combining them 'with the depth cue colour on the basis of the primitive’s Zicomponent
in NPC. The colour mapping stage maps th¢ colours produced by the previous stages into other, possibly workstation
dependent, colours before they are displayed.

4.6.1.1 [Primitives affected bythe rendering pipeline

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

The effe¢t of lighting and shading self-coincident or self-intersecting facets of area primitives is workstatior] dependent.

4.6.1.2 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 trang mfimi it i i OO0 i i ded for the
reflectanpe calculations can therefore be determined by transforming the NPC point (0,0,1,0) through the inverses of the
view mapping and view orientation matrices, in that order. For perspective projections this operation will reshlt in a loca-
tion in world coordinates that corresponds to the projection reference point of the PHIGS view mapping utility function
(if the PHIGS utility functions or comparable methods were used to derive the view mapping); For parallel projections
this inveyse transformation results in a direction vector on which the eye point lies at infinity” In the casq of singular
matrices|there is either no determinate eye point or an infinite number of them. The impl€mentation will chgose an arbi-
trary location in the former case and one of the possible locations in the latter case.

Data mapping is a means of computing intrinsic colour from colour or otherapplication-specific data associg
following output primitives: fill area set with data, set of fill area sets with data, triangle set with data, triang
data, quddrilateral mesh with data and non-uniform B-spline surface with data. The data mapping process d
or more fields of data to a single colour at points on the output prifitive where an intrinsic colour is needed.
is used af input to the reflectance calculation and subsequent stages of the rendering pipeline.

For all the output primitives listed in the previous paragraph except non-uniform B-spline surface with datz
specified as either a colour at each facet or vertex or a list of real values at each facet or vertex. If a list of 1
specified, more entries in the list can be specified than are used in any single traversal of the output primiti

ted with the
le strip with
onverts one
This colour

, the data is
pal values is
ve structure

element.|The values to use in a particular execution are specified separately in the data mapping method data record.

For non-piniform B-spline surface with data dutput primitives the data is in the form of a colour spline or 4
splines. Each spline specifies the distriblition of colour or data over the surface’s geometry. If a list of datz
specified, more entries in the list canbé specified than are used in any single execution of the output primiti

list of data
splines are
ve structure

element.|Which data splines to use in a particular execution are specified separately in the data mapping method data

record. These data splines may-have a greater dimensionality than that needed by a particular data mapy

ing method

(perhaps|because the full dimensionality is used by some other data mapping method), in which case the dgscription of

the data mapping methdd shall describe the dimensions used. (The defined data mapping methods use 0
dimensign of the data’splines.)

The datal mapping.method aspect controls the mapping of data values to intrinsic colour. It specifies which

nly the first

data values
- and back-

are used [and how they select the intrinsic colour, There are separate data mapping method aspects for fron

facing facets.The data mapping method aspect consists of a method indicator and a data record, the contets of 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 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.

VERTEX_COLOUR Use vertex colour as the source of intrinsic colour.

VERTEX_DATA Use vertex data as the source of intrinsic colour.

The ordeg of the flags in the selector list indicates the precedence of the corresponding data relative to the.other sources.

The first
data map

pntry in the list has the highest precedence, the last entry has the lowest. When an output primitive subject to
ping is encountered during traversal, the selector list is searched from first entry to last until 4 selector is found

that corrgsponds to a source of intrinsic colour specified with the output primitive and applicable to the ¢urrent data

mapping

method. If such a match occurs then the indicated source is used to determine the intrinsic colour of the primi-

tive. If ng match is found or the selector list is empty the interior colour aspect is used as_the source of intripsic colour.

For non-

VERTEX |
FACET_DATA and VERTEX_DATA indicate that the data splines are the source of intrinsic colour.

hniform B-spline surface with data output primitives source selector flag(values of FACET_CQLOUR and
COLOUR indicate that the surface colour spline is the source of intrinsic,colour. Source selector flag values of

Not all data mapping methods support all the above sources of intrinsic ¢olour. Data mapping method CQLOUR, for

instance,

uses only the appropriate colour aspect, vertex, or facet colour,$0 only those three source selector values are

meaningful for that data mapping method. The description of each-data mapping method indicates which gources are
supported by that method. Intrinsic colour sources not meaningfuldo aparticular data mapping method are igpored when

that data
The data

mapping method is in effect.

mapping method is a non-geometric aspect and»is both individually specified and bundled. Dafa mapping

bundles gre entries in the data mapping table in the workstation state list. They are set with the function| SET DATA
MAPPING REPRESENTATION. The front and back data'mapping methods are set individually with the structure elements

“set data

mapping method” and “set back data mapping method”, and are selected from the data mapping hundle table

with the gtructure elements “set data mapping indéx” and “set back data mapping index”. Each index indicafes a bundle

in the da

During

mapping bundle table.

versal the ‘current data mapping method ASF’ in the traversal slate list determines the source |of the data

mapping fnethod. If it is BUNDLED. then the data mapping method specified in the data mapping bundle indigated by the
‘current data mapping index’ is.wsed. If it is INDIVIDUAL then the ‘current data mapping method’ in the traversal state

list is us

method, ¢
data mappi

. Similarly, the ‘Currént back data mapping method ASF’ indicates the source of the back dafa mapping

Data magping method 1 is used during traversal if the specified data mapping method is not available on the workstation,

or if the

exist in a list of data assocmted with the primitive. ) The effect of this fallback behavnour shall be only on the display of
the primitive associated with the inconsistency.

The defined data mapping methods are

<0 Implementation dependent.

1 COLOUR: Any colours specified with the output primitive are used directly as the source of intrinsic colour. Only

SO

urce 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
colour-to-range association is defined in figure 11.

C d = data value
4 dy ! d; = lower range li_mi_t
C, dy = upper range limit
dL +8 C dl—l _ dL
dy +28 : =N ' N>?
| Lt N-2
. : Use colour C; when d <4,
. . Use colour C,,,, whendp + nd<d < dy +(n+{)3,
dp + (N-2)d 0<nsN-3
Cn Use colour Cy whén d = dy;

Figure 11 — UNIFORM data mapping of data values to colours

The data value to map, subject 1o any interpolalion indicated by the shading method aspect, is inditated by an
inflex into the data lists. This index is specified in the data mapping method’s data record. For non{uniform B-
spline surface with data output primitives;the 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 oply the first
cqgordinate value is used.

-y

ge limits, and the list of coleurs. The list of colours must contain at least three colours, unless the lower range

1%6 data record for this method. contains the intrinsic colour source selector list, the data value index, the two data
ithit is equal to the upper'range limit, in which case the list must contain at least two colours.

st
(=

Only source selector-vatues 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 outpuk primitives
bath FACET_DATA and VERTEX_DATA indicate that the surface’s data splines, if specified, are used af the source
of|intrinsic Colour.

SINGLE YALUE, NON-UNIFORM: A single data value is' mapped (o a colour selected from a specified list of N
cqlouts (see figure 12). The colour selected is based on the relationship of the data value to a specified set of data
ranges. The ranges arc specilicd as a 1ist of V—1 range boundarics in increasing order; /v shall be = 2, Each range
boundary specifies the lower limit of the range above it, inclusive, and the upper limit of the range below it, 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

d
C

d3 2 Use colour C; whend < d;

. . Use colour C; whend,_; £d<d;,2<isN-1/
dy_

Cy Use colour Cy whend 2dy _;

Figure 12 — NON-UNIFORM mapping of data values to colour,
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pecified, that is used to determine the data values to map. If that data spling 3s multi-dimensional
pordinate value is used.

kel

he data record for this method contains the intrinsic colour source seleCtor list, the data value index
blours, and the list of N—1 data range boundaries.

ther values can be specified but will be ignored. For non<uniform B-spline surface with data outp
bth FACET_DATA and VERTEX_DATA indicate that thesurface’s data splines, if specified, are used
F intrinsic colour.

-VALUE, UNIFORM: Two data values are mapped to a single colour sclected from one of a spg
cplour lists, each list having possibly different lengths (see figure 13). The first data value, d,, , detd
hich colour list 1o select the colour; the-second data value, dj,, determines which colour to select f]
he list and colour selected are based.6n the relationship of the data values to two specified data rang
data values and Ry, for the dj, data-values. Values of d, below the lower limit of R, indicate that th
list is used. Values of d,, aboveorequal to the upper limit of R, indicate that the last colour list is u

second to the penultimate.colour list and selecting the list associated with the portion of R, contai
vplue. The colour list(to)range association is defined in figure 13. Data value d;, is used to determine

the selected list by, applying the same mapping defined for data mapping method SINGLE VALUBE,

ing d;, as thedata value, R, as the range, and the colour list selected by d,.

he two data)values to map, subject to any interpolation indicated by the shading method aspect, are
two indices into the data lists. The first index indicates d, , the second index indicates d,. These indig

nly source selector values of FACET_DATA and VERTEX_ DATA are meaningfui for this data mapt[

pline surface with data output primitives the index indicates the single data gpline in the list of data splines, if

bnly the first

the list of N

ing method.
t primitives,
hs the source

cified set of
rmines from
rom that list.
s, R, for the
e first colour

. Values of

S
within R, indicate the list to-use by associating, uniformly, a portion of R, with each of the colour Fts from the

ing the data
the colour in
UNIFORM,

indicated by
Ces are spec-
rimitives the

1 ed in the data mapping mcthod s dala record For non- umform B splme surface with data output p

ine the data

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

each is used.

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
d,, = lower range limit
d,; = upper range limit
dati~ daL,
: s o0 . 8 ) 7—-:-2—- ’ M ” 2
- . . Use CL; when d, < d,y,
. Use CL,,,, when
X dy +md<d, <dy +(m+1)§,
) ey - - 0<m<M-3
7Y A7 A N Use CLy whend, 2d,y
i d,2d,y
da < daL

Figure 13 — UNIFORM mapping of data values to colour lists

thh FACET_DATA and VERTEX_DATA indicate that the surface’s data splings; if specified, are used 4
of intrinsic colour.

B]-VALUE, NON-UNIFORM: Two data values are mapped to a singléscolour selected from one entr
colour lists (see figure 14). The colour selected is based on the relationship of a data value, d;, to a

of data ranges, R, and the relationship of a data value, d,,, to.one of a specified set of data ranges, R
ofe R, ; range set for each range in R,. The ranges in eachrange sct are specified as a list of range b
increasing order. Each range boundary specifics the lowerlimit of the range above it, inclusive, and th
of the range below it, non-inclusive, i.e., range i = [dj;d;, ;), thus the ranges are adjacent. The first r.
sdt extends to negative infinity, the last range of eaclvset extends to positive infinity. Each range in R,

with a colour list, CL;, and a range set, R, ;. Eachirange in each R, ; is associated with a single entry

sflonding colour list, CL;. The data value d, selects the R, ; range set and CL ; colour list associated w
in[ R, containing d,. The data value dj, seleCts the colour in CL; associated with the range in Ry, ; co
The colour-to-range association is defined in figure 11.

The two data values to map, subjectto any interpolation indicated by the shading method aspect, are
indices into the data lists. Thefirst index indicates d, the second index indicates dj,. These indices
in the data mapping method’s data record. For non-uniform B-spline surface with data output py

vilues to map. If either of the two indicated data splines is multi-dimensional only the first coordin
dch is used. '

e data record-for this method contains the intrinsic colour source selector list, the two data value

e R yand R, ranges must contain at least one boundary. There must be one more colour list than th

s the source

i in a set of
specified set
»,i- There is
pundaries in
e upper limit

ge of each
s associated
n the corre-
th the range
ntaining dj,.

ndicated by
re specified
imitives the

indices indicate the two.data splines in the list of data splines, if specified, that are used to determjine the data

ate value of

indices, the
colour lists.
e number of
more colour

rangéboundaries in range R ;. The colour lists can be of differing lengths. Each list shall contain one
noa-h 0 iesin-the-c nondin N 2.

a A d OLLER ' O 0

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 colour.

Reserved for registration or future standardisation.
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Cdllour C; ; is used, where j is the index of the Jj-th colour in the i-th colour list, and

4.6.3 Lighting

4.6.3.1

The refleftance calculation is conceptually applied at one or more positions on the primitive being lit and
colour at|such points. Input to the reflectanee calculation conditionally includes the position on the primitiy
the reflecfance calculation is performed;the reflectance normal and intrinsic colour at that position, the reflec
erties, the reflectance model, the set of-active light sources, and potentially other information.

The reflegtance model aspectselects the lighting model to use in the reflectance calculation. The defined mo

<0 I

1 Ng reflectancéCalculation performed; colour is not affected by lighting and shading.

Vv oA w1

Ambient reflectance effects computed.

Ambient and diffuse reflectance effects computed.

ISO/TEC 9592-4:1992(E)

y——
dg,1 da2 da,M-1
cL, . CLy ‘ I cLy,
dy | Cr1 Coi Cu,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,
. . e . 1<j<N-1
dp,N-1 . : )
LN,
Cun,
Con,

i=1whend, <d,, j=1whend, <dyy
i=Mwhend,zd, Jj=Nwhendy2dy .,
i=mwhend, , 1Sd,Sd;, 2<msM-1 j=nwhendy, ;<dy,<d,,,2<n<N-I

Figure 14 — BI-VALUE, NON-UNIFORM data mapping

Reflectance calculation

plementation dependent.

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.

produces a
e at which
fance prop-

It 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:

<0 Implementation dependent.

1 EMBIENT 2 C ently of their
nemanon and posmon

2 DPIRECTIONAL: Directional light sources have a light source colour and light direction inworld| coordinates.
Conceptually they are located at infinity. They affect an area primitive based on the primitive’s orjentation, but

ipndependently of its position. The light direction is indicated by a unit vector pointing,in the direction the light
avels.

3 POSITIONAL: Positional light sources have a light source colour, light source\position in world cogrdinates, and
Jttenuation coefficient. They affect an area primitive based on the primitive’sposition and orientatipn. The light
position is given by a 3D point in world coordinates.

4 §POT: Spot light sources have a light source colour, light source position in world coordinates, light direction in

orld coordinates, attenuation coefficient, concentration expenent, and spread angle. If a portion|of an output
primitive lies outside the cone of influence of a light source of this type, as determined by the light souirce position,
ght source direction and spread angle, the:colour of that portion of the primitive is not affected|by that light
Jource. The light source position is given by a 3D pointin world coordinates. The light direction ig indicated by
3 unit vector pointing in the direction that light at the.center of the light beam travels. The spread dngle is given
as the angle between the light direction vector (theeénter of the light beam) and the edge of the cone|of influence.

=5 eserved for registration or future standardisation.

4.6.3.3 Workstation light sources

Worksthtion light source definitions.ar¢stored in the ‘light source table’ of the workstation state list. The taple shall have

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

REPRESENTATION.

The set|of workstation light sources active during traversal is controlled by the “set light source state” strucure element.

The ‘cyrrent light source state’ in the traversal state list contains the list of active workstation light sources. Each entry

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

this lisfwith the ('set light source state” structure element. The ‘current light source state’ is saved prlor tolexecution of
each stqucturetina structure network and restored upon a return from each execution. :

Entries|in.the ‘current light source state’ corresponding to undefined light source table entries are ignored. If the number

of active non-ambient Tight sources indicaied by the current light source staie” exceeds the number supported by the
workstation, it is workstation dependent which of the indicated light sources are used.
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4.6.4 Shading

4.6.4.1

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.

4.6.4.2

Linear i
vertices

Whenc
plus col

Interpolation

iated with the

bf the line segment or facet. The interpolation shall be continuous along the segment or across-the

values of their end-point, assuming that their origin has been translated to the coordinatesystem origin.
above cdmbinations constitutes an n-dimensional space in which planarity is defined as follows:

a
b

Three non-colinear points in n-dimensional space define a plane.

A point is co-planar with three points that define a plane if its coordinale values can be uniquely
a linear combination of the others.

Linear interpolation of n-dimensional values is equivalent to the separate linear interpolation of each of its
The effept of linear interpolation shall be as if it is performed in world coordinates, even though the interpolation may

be carri

Linear i
with mo

out in another coordinate system.

¢ than three vertices is implementation dependent., A'recommended interpolation for such facets is

the facef|into triangles and interpolate across the trianglés:

4.6.4.3

Letthee

Colour interpolation

polated ¢olour, C, is defined by the formula:

where

and |P

C=o0C+ (1)2C2

W, = le_P' and o ]P1~P|
A 2 N P

QOl/denotes the Euclidean distance between the points P and Q.

facet.

lour, data, or normals are present at vertices, then the values being interpolated are the combination of geomeiry
ur, geometry plus data, and geometry plus normals. In this context, the normals are taken as th¢ coordinate

Each of the

expressed as

coordinates.

terpolation in PHIGS PLUS is defined only for line segments and triangular facets. Interpolation gcross facets

fo subdivide

nd-points of a line segment be P andP; , with colours Cy and C,. For any point P on the line segment, the inter-

Let the vertices of a triangle be P;, P,, and Pz, with colours C;, C3, and C;3. For any point P inside the triangle the inter-
polated colour C is defined by the formula:

where

C = “’1C1 + w2C2+ co3C3

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 ; are as given in 4.6.4.3

Let the vitices of a triangle be P;, P,, and P3, with data values D;, D, , and D . For any point P inside(the llriangle the
interpolat¢d data value, D, is defined by the formula:

D = colD1 + szz + (n:,’D3

where ©( | 0,, and w3 are as given in 4.6.4.3.

4.6.4.5 Normal-vector interpolation

the same interpolation method as that used for colour and data; however, it(s acceptable to interpolate normal|vectors by
interpolating their Cartesian coordinates with the same interpolationnethod as that used for colour and data. The
resulting yector must be normalized before being used in the refleetanee calculation.

Itis reco:}l‘mended that interpolation of normal vectors be through the interpolation of their spherical coordnates with

4.6.4.6 Polyline shading

Shading of polylines is the interpolation along the line’s segments of any vertex colours specified with the pritpitive. The
line type attribute is applied after shading and acts like a masking operation. Each polyline of a polyline set js coloured
independgntly of the others in the set.

The defingd polyline shading methods are

<0 Implementation dependent.

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

2 COLOUR: If veriex colours are specified then they are interpolated, in the rendering colour model, alang the line
segments. [f(vertex colours are not specified then the entire polylinge is coloured in a single colour det¢rmined by
the|polylifig colour aspect.

23  Reserved for registration or future standardisation.

. 4.6.4.7 Interior shading

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
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<0  Implementation dependent.
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1 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.

Petermine Caleulate Dup:;\,atc ’Cuulb;uc L‘V‘lrap
intrinsic facet single depth cue colours,
~—pi | colour. —  reflected colour colour with e -
colour. across reflected
facet. colour.
Data mapping Lighting Shading Depth cueing Colour
mapping
Figure 15 — A conceptual rendering pipeline for shading.unethod 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 pattem after the

pattern is projected onto the primitive. The positions on the'primitive used in the reflectance calculation are work-

stafion dependent.

2 COLOUR?: For interior style SOLID a reflectance ‘¢alculation is performed at each vertex of a primitive

, using the

pripnitive’s intrinsic colour and reflectance norfnal at that vertex. The resulting reflected colours are interpolated
arly across the primitive using the current RENDERING COLOUR MODEL (see figure 16).

lin

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 intrinsic depth cue colours,
reflectance | reflectance colour. colour with
‘ terms that are | terms and Calculate reflected
independent data or ~ reflected 1 colours. " et
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)

he intrinsic colour is determined as described in 4.5.5.5 and*4.6.2 at each position on the primifive where a
flectance calculation is performed. When vertex colour or/vertex data is the source of intrinsic coloyr, that infor-
ation is interpolated at the points on the primitive whese a reflectance calculation is performed, anfl mapped to
ajcolour according to the method indicated by the data-mapping method.

-S|

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

r interior style PATTERN the same procedute is used as for interior style SOLID, but the intrinsic clour at each
ppsition a reflectance calculation is performed is taken from the pattern cells after the patiern is proje¢ted onto the
primitive.

4 JATA AND DOT: For interior-style SOLID any dot products needed by the reflectance calculation afe calculated
fgom reflectance normals at a‘set of positions on the primitive. The dot products required for the chculation are
dependent on the reflectanee formulae used. (The dot products for the suggested reflectance formulad are listed in

~ apnex C.) These dot products are then interpolated linearly across the primitive. The reflectance calculation is
performed at each interpolated position to produce a reflected colour at that posmon using the intdrpolated dot
products and the.in{rinsic colour at that position (see figure 18).
Calculate Interpolate Map data. Combine Map
per=ven tex: Per=ven tex Catcutate dcpﬂ‘l tud colours:
dot products. dot products | reflected colour with
> and data or colours at » reflected » >
colours acrosy 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.

5 DATA AND NORMAL®: For interior style SOLID the reflectance normals are interpolated linearly across the prim-
itlve. A reflectance calculation is performed at each interpolated position to produce a reflected\cplour at that
position, using the interpolated reflectance normal and the intrinsic colour at that position (sce-igurg 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 pipeline for shading method 5 (DATA AND NORMAL
The intrinsic colour is determined as describéd in 4.5.5.5 and 4.6.2 at each position on the primitive where a
rdflectance calculation is performed. When'wvertex colour or vertex data is the source of intrinsic coloyr, that infor-
mation is interpolated at the points onhe primitive where a reflectance calculation is performed, anfd mapped to
a olour 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
p]>sition a reflectance Calculation is performed is taken from the pattern cells after the pattern is proje¢ted onto the
plimitive.

26 Rpserved foraegistration or future standardisation.

Interior $hading-methods 2, 3, and 4 typically involve less computation than interior shading method 5, but may produce

a lower guality)image. This is most likely to be the case when the direction of vertex normals for a single facet vary

substant{ally/Interior shading method 3 is included to interpolate data mapping data at a lower computational cost then

methods 4 and 5.

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
0 WORKSTATION DEPENDENT
1 RGB
2 CIELUV
3 HSV
4 HLS

25 Reserved for registration or future standardisation

During traversal if the ‘current rendering colour model’ in the traversal state list is notsupported, rendering co

0 is used.

4.6.6 Depth cueing

The depth|cue stage modifies the colour of a primitive based on the Z«€oordinates of the primitive in NPC. The
[ element selects an entry in the ‘depth cue table’ of the workstation state list. Each entry contains 4

cue index’
mode, tw(

depth cue reference planes, two depth cue scale factors-and a depth cue colour (see figure 20).

1 4

Front scale value

Scale Values

Back scalewvalue

-
0,0) Back Znpc Front - 1
depth depth
plane , plane

our model

“set depth
depth cue

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.

4.6.7 Colour mapping

dent colowrs. The structure element SET COLOUR MAPPING INDEX specifies an index into the colour. mapping table in

The colo]: mapping stage converts the colours resulting from lighting, shading, and depth cueing to workstation depen-

describes|a method of mapping the colours produced by the depth cue stage into other colours. Celour ma

ping is the

the workstation state list. The traversal default for colour mapping index is 1. Each entry in the colour ma{ping table

final stage of the rendering pipeline. The colours output from this stage are displayed as accurately as pos:
workstatipn’s display surface.

ible on the

Each entr} in the colour mapping table contains a colour mapping method and a data re€ord. The defined colopir mapping

methods 4nd the description of the contents of their data records are:

<0 Implementation dependent

1 TRUE: performs the identity mapping. The colours output are identical to those input from the deptl} cue stage.

ThE data record contains no information.

2 PSEUDQ: converts the colours to a single integer index. This index is used to select a colour in a lis{ of colours

spécified in the data record. The data record contains thefollowing entries:

—| An integer specifying one of the colour modelsSupported by the workstation to be used as the cplour map-

ping colour model.

—[ An n-tuple of real numbers used for.weighted averaging, called a weight vector, W = (W;, W5, ..., W,),

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

—| A list of colours in the specified colour model. Each entry in the list is specified by an n-tuple of real numbers

entry of this list.

corresponding to the coordinates of the specified colour model. An index value of 1 correspondd to the first

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

the list of colours is achieved as follows:

—| Convert (C5-Cy, ..., C,,) in the rendering colour model to the same colour (C;’, C;’, ..., C,,") in the speci-

fied colourimapping colour model.

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

the'range [0,1].

AL > 1 s 1 JLL 1o L L4 k3 M L
— —Normmatize the-weight vector Wby dividing it by thesumrof itscomponents;, W+ Wo+——+W,

— Calculate J = (R—I)(W,;C;" + W,C," + ... + W,C,") + 1, rounded to the nearest integer, where R
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.

n)-

is the num-

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

as possible.

3 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
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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 mapping colour model. Entries in these lists are real numbers that represent coordinates in the respec-
tive dimensions of the specified colour mapping colour model. An index value of 1 corresponds to the first
entry in each of these lists.

4 K

A PHIGB PLUS implementation shall support at least coloufnapping method TRUE.

All enuf

1 of the|

Colour

Leserved for future registration.

uring traversal the mapping from a colour (C;, C, ..., C,,) in the current rendering colour model jnto n entries
the n lists is achieved as follows:

Convert (C;, Cy, ..., C,,) in the rendering colour model to the same colour (C;’, Cafye+., €, ") [in the speci-
fied colour mapping colour model.

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

Calculate J;, J,, ..., J, such that J; = (R; - I) C; + 1, rounded to the nearcst integer.
UseJ;,J3,...,J, as indices to select colour components from theeprresponding lists of colour poordinates.

The n components define a colour in the specified colour mapping colour model. This colour if output from
the colour mapping stage and displayed on the workstatieras accurately as possible.

es in the colour mapping table can be set with the function SET COLOUR MAPPING REPRESENTATION. Entry
colour mapping table is predefined to colourmapping method 1 (TRUE). Other entries may also bg predefined.

mapping facilities can be inquired with-the functions INQUIRE COLOUR MAPPING FACILITIES gnd INQUIRE

COLOUR MAPPING METHOD FACILITIES: \The function INQUIRE COLOUR MAPPING STATE returns he currently

availabl
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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 tgble.
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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 attributes, and the computational cost the user is willing to sustain. PHIGS PLUS systems are expected to be
capable of producing very high quality images and provide a range of computational-cost versus quality alternatives; but
it is possible for a well implemented PHIGS PLUS system to produce poor quality images because poor choices were
made bly the user. Below are some specific areas known to require careful attention by the user.

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 facef of an output
primitiye are not planar, as defined in 4.6.4.2, then the image produced from such information is workstatign dependent.
The workstation dependent behaviour need not be the same in all circumstances fora given workstation. Different
combinations of non-planar data, geometry, coordinate transforms, and lighting speeifications may resujt in different
displaypd images on the same workstation.

Itis expected that if the deviation from planarity is small the workstation depéndent behaviour should produce nearly the
same effect as if the data were planar. This is not a requirement, however;

4.9.3 Relationship of shading method to geometry

The effects produced by the shading methods are heavily dépendent on the granularity of an output primitive’s geometry.
A less ¢gomputationally expensive shading method may bgadequate for a primitive with relatively small facets, but may
produce poor results for a primitive with larger facéts: 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
produce the desired results.

4.9.4 Normal-vector interpolation

Interpoflation of normal vectors may-be carried out by interpolating the Cartesian coordinates of the vectpr rather than
the spk erical coordinates. ThiS\may lead to unexpected results if the interpolated normals are pOi“ﬁ%E in strongly

g directions. An extreme example is the Cartesian linear interpolation of two nearly opposed vectors. The rate
the normalized tesult sweeps the great circle containing the two end points of the vectors is extremely different

Transformations affect the appearance of an image as follows: non-rigid transformations change the overall perceived
shapes o Objects, rigid wanstormations change the relative positions O ODjc ansformations
can occur in the modelling transform and in the viewing transform (the transform from world coordinates to normalized
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 ch

ange 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
geometric or shading instabilities as the parametric surface is transformed.

4.9.6 Approximation criteria and data splines

to lead to

A poor choice of approximation criteria may cause under-sampling of colour or data splines associated with|parametric
curves anfl surfaces. Some approximation criteria types base their sampling frequency solely on variations in geometry

and do nqt consider any associated colour or data. If the geometry is less widely varying than the colour o
these appfoximation criteria types may under-sample the colour or data splines, missing their variations. An
this is appllying curve approximation criteria type 6 (CHORDAL DEVIATION IN WC) to a relatively flat curve v
colour distribution. Since CHORDAL DEVIATION IN WC approximation bases the samplefréquency on the d
the approkimate geometry from the exact geometry, it will compute a low sample frequency for the curve, 1
two sample points if the curve is very flat. Since the colour is only determined frém,the colour spline at

points, this low frequency sampling will not capture the variation in the wavy.colenr'spline.

Successfylly capturing the information in colour and data splines requires that appropriate approximation
used. Under-sampling can be avoided by specifying approximation criteriasthat samples the geometry ata h
frequency| to capture the variations in all the relevant data. An approximation type useful for this is one of the
SIZE typep. These give explicit control over the minimum sample sizex To the limits of the workstation’s capah
will samplle all the splines to at least the desired frequency when given a sufficiently small approximation vaj

data, then
example of
itha wavy
eviation of
haybe only
the sample

criteria be
gh enough
CHORDAL
ilities they
Jue.

60



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

ISO/IEC 9592-4:1992(E)

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-required capability. A PHIGS PLUS implementation may provide the capa-
bility. Its implementation follows general rules given by PHIGS PLUS.

ISO/IEC P592-1 defines minimum support criteria in 4.14. All the minimum support criteria defined there i required by
this 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;

colour types INDIRECT, RGB and CIELUV;

a o

facet culling and facet distinguishing;
polyline shading methods 1 and 2;

interior shading methods 1 and 2;

o> 0.y o

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;
D| parametric surface characteristics types 1, 2 and 3;
nf) curve approximation Criteria types 1 to 8;

n} surface approxifnation criteria types 1 to 8;

0] trimming curve approximation criteria types 1 and 2;
p] rendering colour model O;
q

calour mapping type TRUE,

L_dépth cue mode SUPPRESSED

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

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

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;
aml) 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 various_functionality defined in PHIGS PLUS,
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Item

Minimum

directly specifiable colour models

rendering colour models

polyline shading methods

interior styles’

data mapping methods’

interio Shading met fods

reﬂecrahce model values!

maximyim non-uniform B-spline curve order

curve approximation criteria types

maximpm non-uniform B-spline surface order

surfacelapproximation criteria types

trimming curve approximation criteria types

paramgtric surface characteristics types

maximyim trimming curve order

light source types for workstation light sources

simultaneously active non-ambient light sources

colour apping methods

predefined data mapping bundles

modifigble data mapping bundles

predefined reflectance bundles

b [ pd | el s | e I W D] 0O V] 00 O] B N = NN =] N

modifigble reflectance bundles

[l
<

predefiped parametric surface bundles

—

modifigble parametric surface bundles

[\
()

predeﬁped depth cue table entries

modiﬁzible depth cue table entries

predefified light source tabl¢ entries

modifigble light source\fable entries

predeﬁped colouf mapping entrics

modiﬁzible colour mapping table entries

—] s | A DN OV

1) A\{ailable for both back and front aspects.
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5 PHIGS PLUS Functional Specification

5.1 Notational Conventions

The heading of each function specifies:

a) The function’s name;

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>)

The parhmeter lists indicate for each entry:

¢) wh
d) the

e) for

expllained in ISO/IEC 9592-1.);

Eadh entry in the quadruple has two possible values, as described in ISO/IEC 9592-1, and in addition llhe value
indjcating that that particular PHIGS operating state has no effect on the function.

ek

ether the entry is an input (In) or output (Out) parameter;
name of the parameter;

coordinate data, the coordinale system (TLC,MC,WC,NPC,DC) used in the function call (Coordinat¢ systems are

f) either the permitted values for enumeration type data, or any restrictiomon the value range for real and|integer data,

for

g) the
for
h) wh
ete

All error states for a given function are identified.

5.2 Output primitive functions

example “> 0”; (The notation is explained in clause 6 of ISO/TEC9592-1.)

data type itself. PHIGS data types are used as well as new.data types introduced by PHIGS PLUS; (The notation
PHIGS PLUS data types is explained in 6.2.)

pther the parameter is optional. Some PHIGS PLUS primitives take a variable set of parameters. Optional param-
(s or portions of parameters are bracketed with “{¢?. Brackeled entries may be nested.

POLYLINE SET 3 WITH COLOUR (PHQP,*,STOP,*)
Paramefers:
{In  colour type I}
In| vertex data MC{,} LL(PI,COLRV})
Effect: | This function fully specifies the polyline set with colour primitive. Depending on the ‘edit modef, a “polyline

set 3 with ¢olour” 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 set 3 with
cOlour” structure element. The values specified by the parameters are associated with the elemen

The information specified with each veriex comprises the vertex coordinates and opfionally the vertex colours.
If vertex colours are specified, they are specified for all vertices. If vertex colours are specified, a colour type
shall also be specified for the primitive.

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 structure. When
such an element is interpreted it will have no visual effect. A “polyline set 3 with colour” element containing
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 (J(:MC} (.} {COLRV}{,NORM}{,L(R)}}
{In ge visibility 11ags {OFF,ON) L{(E))}
In |vertex data MC{,} (MC} (.} L(L(P3{,COLRV} { NORM}{.L(R)}))
Effect: is 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 afterthe ‘element pointer’
of replaces the element pointed at by the ‘element pointer’. The ‘element pointer’iSthén updated {o point to
this “fill area set 3 with data” structure element. The values specified by the parameters are associatgd with the
element.

e facet data applies to the whole fill arca set and optionally comprises ‘facét colour, facet normal and facet
application-specific data.

e information specified with each vertex comprises the vertex coordinates, and optionally the vertgx colours,
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.

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

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

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

“fill area set 3 with data” elemént.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 havg no visual
effect. A “fill area set 3 with data” element containing non-coplanar vertex coordinates is treated in an worksta-
tibn dependent manner, The effect of non-unit Iength facet or vertex normals is workstation dependent. .

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

References: 44.3,4.4.14,4.4.15,45.1,4.54,45.5,4.59,4.6,4.9

Errors:

005 Ignoring function, function requires state (PHOP,* STOP*)

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

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 this form of the primitive are assumed to have Z coordinate values of 0. Normal vectors for this form are
three dimensional. Depending on the ‘edit mode’, a “fill area set with data” element is inserted into the open
structure after the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element

parameters are associated with the element.
application-specific data.
the vertex normals and the vertex application-specific data, If vertex colours are(Specified, they are

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.

When an element of this type is interpreted, a set of polygonalarcas made up of a collection o

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.

edge from that vertex to its successor in the corresponding polygon boundary. The last entry of

boundary. If edge visibility flags are specified an edge will only be displayed when the edge flag

pointer’ 1s then updated to poimnt to this "Il area set with data Seuciure element. The values Spey
The facet data applies to the whole fill area set and optionally comprises facet colour, facet norm

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

generated. A subarea is defined by a single list of vertex data. Each subarea is implicitly closed.
values of the fill area set with data attributes, as defined imthe traversal state list, are bound to the priimitive. The

Each edge visibility flag corresponds (a'dn entry in the lists of vertex indices and controls the vis

bified by the
al and facet

rtex colours,
specified for

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

' subareas is
The current

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

isual effect.

bility of the
edge visi-

bility list controls the visibility. of the edge between the last and first vertices of the corresponding polygon

pect is ON

and the edge visibility flaglisjalso ON.
Referenges: 4.4.3,4.4.14,4.415,4.5.1,4.54,4.55,459,4.6,49
Errors:
005 Ignoring function, function requires state (PHOP* STOP*)
113 Ignoring function, the colour index value is less than zero
513" Ighoring function, the number of edge visibility flags is inconsistent with the number of \edges in the
primitive
514 ignoring fancrion, the daratistsdo rorati cortain e same rmmber of emries
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 PLUS”

element is inserted into the open structure after the ‘element pointer’ or replaces the element pointed at by the
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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.

such an element is encountered it will have no visual effect,

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

Errors:

005 Ignoring function, function requires state (PHOP* STOP*)

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

SET OHF FILL AREA SETS 3 WITH DATA

{In| colour type

{In| facetdata {MMCI{,}

{In| edge visibility flags (OFF,ON)

In | vertex data MC{,} {,(MC}{,}

In vertex indices (1...n)
Effect:

A “cell array 3 PLUS” element containing an empty array of colours will be placed in the open'stru

117  Ignoring function, one of the dimensions of the colour index arrayisiess than zero

I:ture. When

(PHOR*,STOP,*)

I)

L({COLRV}{,NORM]} {,.L(R)})}

L(P3{,COLRV}{,NOR

on the ‘edit mode’, a “set of fill ar¢a sets 3 with data” element is inserted into the open struct
‘element pointer’ or replaces thelelement pointed at by the ‘element pointer’. The ‘element pot
updated to point to this “set of\fill area sets 3 with data” structure element. The values specified by
eters are associated with the.element.

and facet application-specific data. If facet colours are specified, they are required for all facet
applies to facet.normals and to facet application-specific data.

The information supplied for each vertex comprises the vertex coordinates and optionally the vd
vertex normial and the vertex application-specific data. If vertex colours are specified, they are req
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.

LL@EM]

M} {.LR)))
L{LLM))

This function fully specifies the three dimensional form of the set of fill area sets with data primitive] Depending

re after the
ter’ is then
the param-

The information supplied for each facet (each fill area set) optionally comprises the facet colour, facet normal

. The same

rtex colour,
uired for all

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 (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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Referend

Errors:

SET OR

{In
{In
{In
In
In

Effect:

ISO/MEC 9592-4:1992(E)

A “set of fill area sets 3 with data” element containing a polygon boundary with less than three poi

nts 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
and the edge visibility flag (or, where multiple facets share an edge, any of the edge visibility flags) for the

corresponding edge is also set to ON.

es: 4.4.5,4.4.14,44.15,4.5.1,454,4.55,4.59,4.6,4.9

005
113
504
513

Ignoring function, function requires state (PHOP,* STOP*)

Ignoring function, the colour index value is less than zero

Ignoring function, one or more of the vertex indices is out of range

Ignoring function, the number of edge visibility flags is inconsistént, with the number of
primitive

514
516

Ignoring function, the data lists do not all contain the same-ninber of entries

Ignoring function, the facet data is inconsistent with the mumber of facets in the primitive

FILL AREA SETS WITH DATA

colour type

facet data

edge visibility flags
vertex data

vertex indices

{(}{(MC}{,}
(OFF,ON)
MC{.} (MC}{,}
(1...n)

This function specifies the two dimensional shorthand form of the set of fill area sets with data p
vertices of the this form of the'primitive are assumed to have Z coordinate values of 0. Normal veq

L(P2{,COLRV}(,NOR

into the open structure aficr the ‘element pointer’ or replaces the element pointed at by the ‘elem
The ‘element pointer?is then updated to point to this “set of fill area sets with data” structure €
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, |
and facet-application-specific data. If facet colours are specified, they are required for all facet;
applies-to facet normals and to facet application-specific data.

oordinates an

The information supplied for each vertex comprises the vertex ¢ d optionally the v¢

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

L({COLRV] {,NORM

bdges in the

(PHOR,*,STOP,*)

1)
1} (LLR)J))
L(L(L(E))))
M} {,L(R)})
LILLO)

rimitive. All
tors for this

form are three dimensional \Depending on the ‘cdit mode’, a “set of fill area sets with data” element is inserted

ent pointer’.
lement. The

acet normal
5. The same

rtex colour,

squired for all

ies. If vertex

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 corresponding polygon
boundary If edge v1snb1hty ﬂags are spemﬁed an edge will only be dlsplayed when the edge ﬂag aspect isON

] y flags) the
eorrespondmg edge is also set o ON
References: 4.4.5,4.4.14,4.4.15,4.5.1,4.54,4.5.5,4.59,4.6,4.9
Errors:
P05  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 qdges 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
TRIANGLE SET 3 WITH DATA (PHOR*,STOP,*)
&
{In| colour type I}
{In | facet data {JLMC}() L({COLRV} {,NORM} {,.L(R)})}
{In | edge visibility flags (OFF,ON) L(3xE)}
In | vertex data MC{,} (MC} (.} L(P3{,COLRV} {,NORM]}{,LR)})
In | vertex indices (1...n) L(3xD)
Effect: [This function fully specificsthe three dimensional form of the triangle set with data primitive. Dgpending on
the ‘edit mode’, a “triangle set 3 with data” element is inserted into the open structure after the ‘element pointer’
pr replaces the element pointed at by the ‘element pointer’. The ‘element pointer’ is then updateq to point to
this “triangle set 3 with data” structure element. The values specified by the parameters are associaged with the
clement.
The informdtion supplied for each triangle of the triangle set optionally comprises facet colours, facet normals
End facet.application-specific data. If facet colours are specified, they are specified for all facety. The same
pplies'to facet normals and to facet application-specific data.
The.information specified with each vertex comprises the vertex coordinates, and optionally the vertex colours,
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the vertex normals and the veriex application-specilic data. IT vertex colours are specilied, 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 specified, all its data lists shall contain the same number of entri
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

es. If 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


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

Referenges: 4.4.6,4.4.14,4.4.15,4.5.1,4.54,4.55,4.5.9,4.6,49

Errors:

TRIAN
{In
{In
{In
In
In

Effect:

ISO/IEC 9592-4:1992(E)

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 thll‘d vertices of lhe Lrlangle the thrd ﬂag corresponds to the edge between the third

edge flag aspect is ON and the edge vrsrbrhty ﬂag (or where muIUple facets sharc an edge, any of the edge visi-
bility flags) for the corresponding edge is also ON.

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 inconisistent with the number of gdges in the
primitive

514 Ignoring function, the data lists do not all contain thé.same number of entries

516 Ignoring function, the facet data is inconsistent wilh'the number of facets in the primitive

GLE SET WITH DATA (PHOP,*,STOP,*)
colour type I
facet data OLMC),) L((COLRV}{,NORM(} {L(R)})}
edge visibility flags (OFF,ON) L(3XE))}
vertex data MC{,} ((MC}{,) L(P2{,COLRV}{,NORM}{,L(R)})
vertex indices (1...n) L(3xI)

This function specifies the two dimensional shorthand form of the triangle set with data primitive.| 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 dimensional, Dépending on the ‘cdit mode’, a “iriangle set with data” element is inserted ifto the open
structure after the_‘tlement pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element
pointer’ is then\updated to point to this “riangle set with data” structure element. The values spegified by the
parameters.are associated with the element.

The iriformation supplied for each triangle of the triangle set optionally comprises facet colours, facet normals
an@ 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 colours,
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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Errors:

TRIAN

{In
{In

. {In

In

Effect:

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-
sponds to the edge between the ﬁrst and second vertices of Lhe mangle, the second ﬂag corresponds to the edge

edge flag aspect is ON and the edge visibility {lag (or, where multlple facets share an edge, any.of the edge visi-
bility flags) for the corresponding edge is also ON.
Referendes: 4.4.6,4.4.14,4.4.15,4.5.1,454,455,4.59,4.6,4.9

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 ¢dges 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

GLE STRIP 3 WITH DATA ~ (PHOR*,STOP,*)
colour type , I}
facet data {MC)(,) L({COLRV} {,NORM} {,L(R)})}
edge visibility flags (OFF,ON) , L(E)}
vertex data MC{,} {{MC}{.} L(P3{,COLRV}{,NORM}{,L(R)])

This function fully specifies-the three dimensional form of the triangle strip with data primitive. Dgpending on

the ‘edit mode’, a “wridngle strip 3 with data” element is inserted into the open structure after the ‘element

pointer’ or replacesthe 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 arg associated

with the element. ; ‘ o

The information supplied for each triangle of the triangle strip optionally comprises facet colours, fcet normals

and faeev.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.

i eftex colours,
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the vertex normals and the veriex apphcauon specnﬁc data If vertex colours are spe01ﬁed 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 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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Referend

Errors:

TRIAN(

{In
{In
{In
In

Effect:

ISO/MTEC 9592-4:1992(E)

the triangle strip with data attributes, as defined in the traversal state list, are bound to the primitive.
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 w

The triangle

ill 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

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

flag is alo ON.
es: 44.7,44.14,44.15,4.5.1,454,455,45.9,4.6,49

This function specifies the two diménsional X and Y shorthand form of the triangle strip with da

vectors for this form are three¢.dimensional. Depending on the ‘edit mode’, a “triangle strip with d
is inserted into the open structure after the ‘element pointer’ or replaces the element pointed at by
pointer’. The ‘element pointer’ is then updated to point to this “triangle strip with data” structure ¢
values specified by the parameters are associated with the element.

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

The information specified with each vertex comprises the vertex coordinates, and optionally the ve!
thévertex normals and the vertex application-specific data. If vertex colours are specified, they are

edge visibility

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 inconsistenywith the number of ¢dges in the

primitive

SI4  Ignoring function, the data lists do not all contain the same number of entries

516  Ignoring function, the facet data is inconsistent with the rumber of facets in the primitive

GLE STRIP WITH DATA _ (PHOR,*,STOP,*)
colour type I}
facet data OLMCYH() L({COLRV} { NORM} {,L(R)})}
edge visibility flags (OFF,ON) ' L(E)}
vertex data MC(,) {(MC}{.} L(P2{,COLRV}{,NORM}{,L(R)})

[a primitive.

All vertices of the two dimensiopal-form of this primitive are assumed to have Z coordinate values ¢f 0, Normal

ita” element
he ‘element
lement. The

cet normals
s. The same

tex colours,
specified for

1o an me-apphes-to-vertexsnornals-andto-vertex appHeation or\nnirn Anrn

al aqo o
SVertceS—Ine-Same ApPTICSTO Y CROATRO RSO~ ORUappacanon—Spott

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.
strip with data attributes are defined in 4.5.4.7.

The triangle

73


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

ISO/IEC 9592-4:1992(E)

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 ¢,

If edge visi-

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
Referenges: 4.4.7,4.4.14,4.4.15,4.5.1,4.5.4,4.55,4.59,4.6,4.9

Errors:

005 Ignoring function, function requires state (PHOP,* STOP*)

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

513 Ignoring function, the number of edge visibility flags is inconsistentwith the number of
primitive
514 Ignoring function, the data lists do not all contain the same nutnber of entries
516 Ignoring function, the facet data is inconsistent with the number of facets in the primitive
QUADRILATERAL MESH 3 WITH DATA (PHO
{In| colour type
{In| facetdata P{,MC}{,) A({COLRV} {,NORN
{In| edge visibility flags (OFF,ON)
In | vertex data MC(,} ((MC}{.} A(P3{,COLRV}{,NOR
Effect: |This function fully specifies the thre¢dimensional form of the quadrilateral mesh with da
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edges in the

P,*,STOP,*)

I)

1 LLR)))
A(2XE))
M} (L(R)})

a primitive.

Depending on the ‘edit mode’, a ‘‘quadrilateral mesh 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 ‘eleme
then updated to point to this “guadrilateral mesh 3 with data” structure element. The values spe
parameters are associated with the element.

1t pointer” is
tified by the

The information supplied for cach quadrilateral of the quadrilateral mesh optionally comprises f;

cet colours,

facet normals and facet application-specific data. If facet colours are specified, they are specified for all quad-

rilaterals. The same applics Lo facet normals and to facet application-specific data.

The informdtion specified with each vertex comprises the vertex coordinates, and optionally the vertex colours,
the vertex normals and the vertex application-specific data. If vertex colours are specified, they are specified for

all vestices. 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

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 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, 1), where I < j<N,and (i, N, 2), where I <i <M, are notused. If edge visibility flags
are specified an edge will only be displayed when the edge flag aspect is ON and the edge visibility flag is also

ON.

Referendes: 4.4.8,4.4.14,4.4.15,4.5.1,45.4,455,4.5.9,4.6,4.9

Errors:
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 number-of facets in the primitive
QUADRILATERAL MESH WITH DATA (PHOP*,STOP,*)
{In| colour type I}
{In| facetdata (JEMC}H{,} A({COLRV}{,NORM} {,L(R)})}
{In| edge visibility flags (OFF,ON) AQ2XE)}
In | vertex data MC{,} {,MC}{,} A(P2{,COLRV}{,NORM] {,L(R)})
Effect: |This function specifies the two dimensional shorthand form of the quadrilateral mesh with data primitive. All

into the open structure after the*element pointer’ or replaces the element pointed at by the ‘elem

values specified by the parameters are associated with the element.

facet normals and-facet application-specific data. If facet colours are specified, they are specified
rilaterals. The same appties to facet normals and to facet application-specific data.

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

vertices of the this form of the primitive are assumed to have Z coordinate values of 0. Normal ve
form are three dimensional, Depending on the ‘edit mode’, a “quadrilateral mesh with data” element is inserted

The ‘element pointer’ is thenlupdated to point to this “quadrilateral mesh with data” structure ¢

The informiation specified with each vertex comprises the vertex coordinates, and optionally the ve

tors for this

ent pointer’.
lement. The

The information supplied for each quadrilateral of the quadrilateral mesh optionally comprises facet colours,

for all quad-

rtex colours,
specified for

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 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 eac

h 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 me
attributes are defined in 4.5.4.8.

sh with data
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Referenges: 448,44.14,44.15,45.1,4.54,45.5,459,4.6,49

Errors:

NON-U

In
In

In-

In
In

EffeCt:

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 array elements (M, j, ), where I <j < N,and (i, N, 2), where I < i < M, are not used. If edge visibility flags
are specified an edge will only be displayed when the edge flag aspect is ON and the edge visibility flag is also

ON.

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 gdges in the

primitive

514 Ignoring function, the data lists do not all contain the same number.cf entries

516 Ignoring function, the facet data is inconsistent with the numberof facets in the primitive

NIFORM B-SPLINE CURVE 3 (PHOPR*,STOP,*)
spline order (1...n) I
knots L(R)
parameter range limits (tmin, tmax) : 2XR

- rationality (RATIONAL,NON-RATIONAL) E
control points MC,w >0 L{®3H) | L(P3)

This function fully specifies the non-urniform B-spline curve 3 primitive. Depending on the ‘edit mgde’, a “non-

uniform B-spline curve 3” elementis-inserted into the open structure after the ‘element pointer’ orfreplaces the

B-spline curve 3” structureelement. The values specified by the parameters are associated with th

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

control points are'specified as homogeneous modelling coordinates (data type P3H), with the restrid
fourth coordinate be greater than zero. When NON-RATIONAL is specified the control points are n
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 pl
order-shall equal the number of knots.

element pointed at by the ‘element pointer’. The ‘element pointer’ is then updated to point to this “fon-uniform

e element.

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

specified the
tion that the
pn-homoge-

1S the spline

€ parameter 1ange Imits, imin and Imax, Specily over what range -Spline curve s gencraret

d. tmin shall

be less than tmax. tmin shall be greater than or equal to the order-th knot value. imax shall be less than or 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 1o zero
NON-UNIFORM B-SPLINE CURVE 3 WITH COLOUR (PHOP*,STOP,*)
In spline order (1...m) I
In | knots L(R)
In | parameter range limits (tmin, tmax) 2X%R
In | rationality (RATIONAL,NON-RATIONAL) E
In control points MC,w >0 L(PBH) I L(P3)
{In | colour spline COLOURSPLINE}
Where CQLOURSPLINE is:
spling order (1...n) I
knots L(R)
rationality (RATIONAL,NON-RATIONAL) E
col(:lx)ftype (-n...-1,1...n) I
control points w>0 L{(COLRVH)!L(COLRV)
Effect: This function fully specifies the non-uniform\B-spline curve 3 with colour primitive. Depending ¢n the ‘edit
mode’, a “non-uniform B-spline curve 34with colour” element is inserted into the open structufe after the
element pointer” or replaces the element pointed at by the ‘element pointer’. The ‘element poingier’ is then

pdated to point to this “non-uniform:B-spline curve 3 with colour” structure element. The values gpecified by
he parameters are associated with'the element.

he spline order shall be a pesitive integer. The knots shall form a non-decreasing sequence of reall numbers.

ontrol points are specified as homogencous modelling coordinates (data type P3H), with the restriction that the
ourth coordinate be’greater than zero. When NON-RATIONAL is specified the control points are nqn-homoge-
eous PHIGS-modelling coordinates (data type P3). '

he rationality parameter may have the value RATIONAL or NON-RATIONAL. When RATIONAL is scFeciﬁed the

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

he'parameter range limits, tmin and tmax, specify over what range the B-spline curve is generated. tmin shall
be Tess than tmax. tmin shall be greater than or equal to the order-th knot value. zmax shall be Tess than or equal
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
in4.54.10.

ReferenqesT4 410,451, 4.54455,4.5946: 4849
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 inconsislent with its knots
507  Ignoring function, the fourth coordinate of a rational control point is less than or equal to zero
517 Ignoring function, the parameter range of the coloutyspline does not include the effective parameter
range of the geometry spline
NON-UNIFORM B-SPLINE SURFACE 3 (PHOR,*,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  A3H)!AP3)
{In| trimming loop definitions L(L(TRIMCURVE))}
Where TRIMCURVE is:
trimjming curve approximation criteria type I
trimjning 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 LIS (Unif, inax) 2xR
rationality (RATIONAL,NON-RATIONAL) E
curve control points L(P2H) I L(P2)

Effect:
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This function fully specifies the non-uniform B-spline surface 3 primitive. Depending on the ‘edit mode’, a
“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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NOTE:

Referencds: 4.4.11,4.4.12 44.14,4.5.4,4.55,4.59,4.6,4.8,4.9

Errors:

ISONEC 9592-4:1992(E)

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), 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.

TIMmIng curve approximation criteria types are a subset ol (¢ curve approximation criteria types. Those
plicable 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

Yee SET CURVE APPROXIMATION CRITERIA for the description of the’data records.

bt

f a specified trimming curve approximation criteria type is not-available on a workstation, trimtiing curve
proximation criteria type 1 is used.

hen an element of this type is interpreted, a non-uniferm B-spline surface is generated. No surfage is gener-
ed if either of the surface orders or any of the trimming curve orders are not supported. The currer|t values of
the non-uniform B-spline surface attributes, as defined in the traversal state list, are bound to the pri:Litive. The
on-uniform B-spline surface attributes are defined in 4.5.4.11.

rimming curve approximation criteria types are registered in the ISO International Register of Graphical Itgms (4.1.2).
hen a trimming curve approximation criteria type has been approved by ISO/IEC, the trimming curve approximation
driteria type value will be assigned by the(Registration Authority.

(05  Ignoring function,function requires state (PHOP,* STOP*)

300 Ignoring function, the order of a spline is less than one

301  Ignoring function, a spline does not contain enough control points for its specified order
302  Ignoring function, the order of a spline is inconsistent with its number of knots and control ppints

03 Agnoring function, the knot sequence for a spline not non-decreasing

[ &' 1n

07/ Tgnoring 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

138  Ignoring function, one or more of the fields within the specified data record is in error
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NON-UNIFORM B-SPLINE SURFACE 3 WITH DATA

In  uspline order
In v spline order
In  uknots

In v knots

In rationality

(PHOP,*,STOP,*)

(1...n) I

(1...n) I

LR)

LR)

(RATIONAL,NON-RATIONAL) E

In  control points MC,w>0  A(P3H)IA(P3)
{In wtimming loop definitions L(L(TRIMCURVE))}
{In  colour spline COLOURSPLINE}
{In| data splines L(DATASPLINE))
Where TRIMCURVE is:
trimming curve approximation criteria type I
trimiming curve approximation criteria data record D
curye visibility flag (OFF,ON) E
curye order (2...n) I
curye knot vector , L(R)
curye parameter range limits tmin, tmax 2xR
ratipnality (RATIONAL;NON-RATIONAL) E
curye control points L(F2H) | L(P2)
Where COLOURSPLINE is:
u sgiline order (1...n) I
v sgline order (1...n) I
u ho'ts LR)
v knots L(R)
ratipnality (RATIONAL,NON-RATIONAL) E
COIT,H type I£0
confrol points w > 0A(COLRVH) | A(COLRV)
Where DATASPLINE is:
u spline order (1...n) I
v spline order (1...n) I
u hots L(R)
v knots LR)
ratipnality (RATIONAL NON-RATIONAL) E
confrol points w>0 A(DATAH) | A(DATA)
DATA'=(d;, d,, .... dy)

DATAH = (Wd],Wdz, ceny de,W)

Effect: This function fully specifies the non-uniform B-spline surface 3 with data primitive. Depending on the ‘edit
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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NOTE:

Referen|

Errors:

ISO/IEC 9592-4:1992(E)

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
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 ayailable on a workstation, trijming 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 geometry
spline. The order of colour and data splines shall be acpesitive 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 trithtning loops are specified with the surface, the parameter
range of the colour and data splines shall wholly contain the parameter range defined by the collegtion of trim-
ming loops. The values of the colour spline_cetitrol point coordinates may be outside of the rarjge normally
assomated with the colour type. The colour type shall be other than INDIRECT.

When an element of this type is interpret€d, a non-uniform B-spline surface with data is generate( .

No surface is displayed if the orders©f any of the geometry spline, colour spline, data spline or trinyming curves
is not supported, or if the colons-model of the colour spline is not available. The current valueg of the non-
uniform B-spline surface withhdata 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 approfimation criteria types are registered in the ISO International Register of Graphical [ltems (4.1.2).
When a trimming curve approximation criteria type has been approved by ISO/IEC, the trimming curve gpproximation
criteria type value will be assigned by the Registration Authority.

ces: 4.4.13,4.4:12,4.4.14,45.1,4.54,4.55,4.59,4.6,4.8,49

005"~ Ignoring function, function requires state (PHOP* STOP,*)

SN0

500—TIgnoringfunctionthe-order-of uspitnetstessthanone

501  Ignoring function, a spline 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,*,STOP,*)

In [data mapping index (1...n) I

Effect: Depending on the ‘edit mode’, a “set data mapping index” element is inserted into the open/structurg after the
ement pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pointgr’ is then

updated to point to this “set data mapping index” structure element. The value spegified by the pa‘Iameter is
agsociated with the element.

hen an element of this type is interpreted, the ‘current data mapping index’ €ntry in the traversal dtate list is
sdt to the value associated with the element. This value is used when displaying subsequent area prititives.

hen an element of this type is interpreted, if the specified entry is pot_available on a workstatior] the entry
corresponding to an index value of 1 is used.

Referenceg: 4.54,4.6.1,4.6.2
Errors
005 Ignoring function, function requires state (PHOPX.STOP*)
100 Ignoring function, the bundle index value is fess than one
SET REFLECTANCE INDEX (PHOP,STOP,*)
In reflectance index (1...n) I
Effect: pending on the ‘edit mode’, a*‘set reflectance index” element is inserted into the open structure after the

‘dlement pointer” or replaces-the element pointed at by the ‘element pointer’. The ‘element pointlr’ is then
updated to point to this “set.reflectance index” structure element. The value specified by the parameter is asso-
ciated with the element,

hen an element of this type is interpreted, the ‘current reflectance index’ entry in the traversal stat¢ list is set
tq the value associated with the element. This value is used when displaying subsequent area primitiyes.

hen 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 Ignoring function, function requires state (PHOP* STOP*)
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.

References: 4.5.3,4.54,4.5.53,4.6.1

Errors:
005 Ignoring function, function requires state (PHOP,* STOP*)
100 Ignoring function, the bundle index value is less than one
SET BA[CK DATA MAPPING INDEX (PHOR*,STOP,*)
In | back data mapping inde (1...n) : I
Effect: |Depending on the ‘edit mode’, a ““set back data mapping index” element is inserted into the open stfucture after

Referenges: 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 poifter’ is then
updated to point to this “set back data mapping index” structure elentent. The value specified by the parameter
is associated with the element.

‘When an element of this type is interpreted, the ‘current back data mapping index” entry in the traversal state
list is set to the value associated with the element. This@alue 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 workstatign, the entry
corresponding to an index value of 1 is used.

Errors:
005 Ignoring function, function requires state (PHOP* STOP*)
100 Ignoring function, the bundle index value is less than one
SET BACK REFLECTANCEINDEX (PHOP,*STOP,*)
In back reflectance index (1...n) I
Effect: |Depending(on'the ‘edit mode’, a “set back reflectance index” element is inserted into the open siructure after

the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element pojnter’ is then
updated to 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 relleciance index entry in the uaversal 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.

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

In

9592-4:1992(E)

parametric surface index (1...n)

(PHOP,*,STOP,¥)

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 this type is interpreted, the ‘current parametric surface index’ entry in the traversal state
list is set to the value associated with the element. This value is used when displaying subsequent parametric
surfaces.

Y

q
Referenc

Errors: -

torresponding to an index value of 1 is used.
ps: 4.5.4

DOS  Ignoring function, function requires state (PHOP* STOP*)

{00 Ignoring function, the bundle index value is less than one

5.3.2 Individual attribute selectidn

SET PO

In

Effect:

Referenc

Errors:

SET PO

In

LYLINE COLOUR ; , ' : (PHOP,
polyline colour
Depending on the ‘edit mode’, a “set polyline colour™ element is inserted into the open structu

pdated to point to this “set polyline colour” structure element. The value specified by the paramet
ted with the element. '

When an element of this type is interpreted, the ‘current polyline colour’ entry in the traversal state
he value associated with the element.'This value is used when displaying subsequent output prim
the ‘current polyline colour ASE-in-the traversal state list is INDIVIDUAL.

bs: 4,.5.1,4.5.3,4.54,4.5.55)4.64.6

D05 Ignoring function, function requires state (PHOP* STOP*)

{13 Ignoring function, the colour index value is less than zero

LYLINESHADING METHOD - o (PHOP)
polyline shading method

When an element of this type is interpreted, if the specified entry is not available on a workstatiof, the entry

*,STOP,*)
GCOLR

re after the

element pointer’ or replaces the element pointed’at by the ‘element pointer’. The ‘element poinler’ is then

T iS associ-

list is set to
tives when

*,STOP,*)
1

Effect: Depending on the ‘edit mode’, a “set polyline shading method” 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 polyline shading method” structure element. The value specified by the parameter

- is associated with the element. v

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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NOTE:

Referenges: 4.5.4,4.6.4.6,4.6.5,4.9

Errors:

SET P(

In

Effect:

Referenges: 4.5.1,4.5.3,4.5.4,4.5.5.5

Errors:

SET TH

In

Effect:

ISO/IEC 959

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
method 1 is used.

value wi

Potyinme ; y 4 are Tegistercd Tt
shading method has been approved by ISO/IEC,
Authority.

oTral CEISICT O [ 1te L) W
the polyline shading method 11 be assigned by thj

005  Ignoring function, function requires state (PHOP,* STOP,*)

)LYMARKER COLOUR (PHO

polymarker colour

2-4:1992(E)

workstation,

en a polyline
e Registration

P,*,STOP,*)
GCOLR

‘element pointer’ or replaces the element pointed at by the ¥element pointer’. The ‘element poi

ter’ is then

Depending on the ‘edit mode’, a “set polymarker colour” element is inserted into the open strucr}slre after the

updated to point to this “set polymarker colour” structureclément. The value specified by the para
ciated with the element.

When an element of this type is interpreted, the ‘current polymarker colour’ entry in the traversal s
to the value associated with the element. This«value is used when displaying subsequent POLYMAI
primitives when the ‘current polymarker colour ASF’ in the traversal state list is INDIVIDUAL.

005 Ignoring function, furction requires state (PHOP,* STOP,*)

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

XT COLOUR (PHO
text colour *

Depending on the ‘edit mode’, a “set text colour” element is inserted into the open structure after
pointer? or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’ is the]
point to this “set text colour” structure element. The value specified by the parameter is associd

cter is asso-

ate list is set
RKER output

P,*,STOP,*)
GCOLR

the ‘element
n updated to
ted with the

Errors:

1 +
VAIVITIVATL.

When an element of this type is interpreted, the ‘current text colour’ entry in the traversal state list is set 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

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
list is set to the value associated with the element. The ‘current facet distinguishing mode’ is used to determine
if the set of back attributes should be applied to back-facing portions of area primitives.

Referencel: 453,454,45.5.3,4.5.7,4.6.1

Errors:
005 Ignoring function, function requires state (PHOP,* STOP*)
SET FACET CULLING MODE (PHOP,%,STOP,*)
In facet culling mode (NONE, BACKFACING, FRONTFACING) E

Effect: Dlepending on the ‘edit mode’, a “set facet culling mode” clement is inserted into the open structurg after the
‘glement pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element point¢r’ is then
updated to point to this “set facet culling mode” structure element(The value specified by the paramefer is asso-
zlated with the element.

hen an element of this type is interpreted, the ‘current facet Culling mode”’ entry in the traversal statg list is set
tq the value associated with the element. The ‘current faget 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 front or
bllck facing.

References: 4.5.3,4.5.4,4.55.3,4.5.6,4.8
Errors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
SET INTERIOR COLOUR (PHOP,%,STOP,*)
In interior colour GCOLR

Effect: Depending on the \‘edit mode’, a “set intcrior colour” clement is inserted into the open structurg after the
‘glement pointer’\or replaces the element pointed at by the ‘element pointer’. The ‘element point¢r’ is then
pdated to point to this “set interior colour” structure element. The value specified by the parameter is associ-
aled with the’element.

=

hen an element of this type is interpreted, the ‘current interior colour’ entry in the traversal state list is set to
. . SR . . : nitived 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

86



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

ISO/MTEC 9592-4:1992(E)

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

NOTE:

Referend

Errors:

SET DA

In
In

Effect:

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:

<0 __implementation dependent

1 NONE

2 COLOUR

3 DATA

4 DATA and DOT

5 DATA and NORMAL

>6  reserved for registration or future standardisation

station, interior shading method 1 is used.

When an element of this type is interpreted, if the specified interior shading method is not available on a work-

Interior shading methods are registered in the ISO International Register of Graphical Items (4.1.2). When an interior
shading method has been approved by ISO/IEC, the interior skading method value will be assigned by th¢ Registration
Authority.

es:4.5.3,4.54,46.1,4.64,4.6.5,4.9

005 Ignoring function, function requires.state (PHOP,* STOP*)

TA MAPPING METHOD (PHOP*,STOP,*)
data mapping method I
data mapping data record D

Depending on the ‘editmode’, a “set data mapping method” element is inserted into the open structure after the

‘element pointer’-or replaces the element pointed at by the ‘element pointer’. The ‘element poipter” is then

are associatediwith the element.

When an.element of this type is interpreted, the ‘current data mapping method’ entry in the trave:

tives ' when the ‘current data mapping method ASF’ in the traversal state list is INDIVIDUAL.

updated to point to’this “set data mapping method” structure element. The values specified by th¢ parameters

rsal state list

is set-to. the values associated with the element. These values are used when displaying subsequeng area primi-

The data mapping methods are as follows:

<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:
Data mapTing method = 1 (COLOUR) ,
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
q list of colour values IL(COLRV)
Data mapping method = 3 (SINGLE VALUE, NON-UNIFORM)
1 list of source selectors (COLOUR_ASPECT, VERTEX_COLOUR, .
VERTEX_DATA, FACET_COLQUR, FACET_DATA) L(E)
2 data value index (1...n) I
3 range boundaries L(R)
4 colour type I
-8 list of colour values LL(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 0FR , range R
4 upperdimit of R, range R
b ‘lowerlimit of Ry, range R
6 upper limit of Ry, range R
1 colour type I
8 TSt of Tolour value 1313 EE(COLRYV))
Data mapping method = 5 (BI-VALUE, NON-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 R, range boundaries L(R)
4 R, range boundaries ' ' L(L®R))
5 colour type ‘ I
6 lists of colour value lists L(L(COLRYV))
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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 after the
*element poinier’ or replaces the element pomicd at by the element poinier . Ihe element poj| hter’ is then
updated to point to this “set reflectance properties” structure element. The values specified by, th¢ 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 reflectancepropertics’ entry in the traveysal 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 reflectance properties ASF’ in the tfaversal state
list is INDIVIDUAL.

When an element of this type is interpreted, if the specified reflectance properties type is not ayailable 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.

NOTE: |Reflectance property types are registered in the ISO International Register of Graphical Items (4.1.2). WheE a reflectance
property type has been approved by ISO/IEC {the reflectance property value will be assigned by the Registration Authority.

Referentes: 4.5.1,4.5.3,4.54,4.6.1,4.6.3
Data redords:

Reflectance property type = 1 (simplereflectance)

1 ambient reflection coefficient ‘ [0,1] R
2 diffuse reflection/coefficient [0,1] R
3 specular reflection coefficient [0,1] R
4 specular colour ' GCOLR
5 specular)éxponent >0 R
Errors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
138  Ignoring function, one or more of the fields within the specified daia 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

no reflectance calculation performed

ambient reflectance effects produced

ambient and diffuse reflectance effects produced

HN W N =

ambient, dIITUse, and specular rellectance cliects produced
=5 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 Items (4:122). When a refleftance model
ype has been approved by ISO/IEC, the reflectance model value will be assigned by(the Registration Authority.

Referendes: 4.5.3,4.54,4.6.1,4.6.3,4.6.5

Errors:
05 Ignoring function, function requires state (PHOP,* STOP%)
SET BACK INTERIOR STYLE (PHOR* STOP,*)
In | back interior style (HOLLOW,SOLID,PATTERN,HATCH,EMPTY) E

Effect: [Depending on the ‘edit mode’, a “set back interior style” element is inserted into the open structyre after the
‘element pointer’ or replaces the element peinted at by the ‘element pointer’. The ‘clement pointer’ is then

pdated to point to this “set back interior style” structure element. The value specified by the parameter is asso-

iated with the element.

hen an element of this type is interpreted, the ‘current back interior style’ entry in the traversal state list is set
o the value associated with thelelement. This value is used when displaying back-facing facets off subsequent
ea primitives when the ‘currént 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 workgtation, inte-
rior style HOLLOW (is used.

Referendes: 4.5.3,4.5.414.5.5.3,4.6.1.2,4.6.4
Errors:

005 Ignoring function, function requires state (PHOP* STOP¥)

SET BAEKINTERIOR STYLEINDEX———————(PHOP,*,STOP)
In  backinterior 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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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 styles
greater than O are reserved for registration; hatch styles less than 1 are workstation dependent,

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 workstation dependent.

Referencgs 4534544553464
Errors:
Q05 Ignoring function, function requires state (PHOP,* STOP*)
SET BACK INTERIOR COLOUR (PHOP{*,STOP,*)
In | back interior colour GCOLR

Dependi
pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘element.pointer’ is then updated to
“set back [interior colour” structure element. The value specified by the parameter is associated with the ele

When an|element of this type is interpreted, the ‘current back interior golour’ entry in the traversal state list
value assgciated with the element. This value is used when displaying Subsequent back-facing portions of ares
when the [‘current back interior colour ASF’ in the traversal state list iS INDIVIDUAL.

Referencgs: 4.5.1,4.5.3,4.5.4,4.553,4.55.5,4.64

int to this
nt.

o on the ‘edit mode’, a “set back interior colour” element is inserted into\the open structure ,after:&: ‘element
e

s set to the
primitives

Errors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
13 Ignoring function, the colour indexvalue is less than zero
SET BACK INTERIOR SHADING METHOD (PHOP{*,STOP,*)
In | back interior shading method I
Effect: Depending on the ‘edifmode’, a ““set back interior shading method” element is inserted into the opgn structure
after the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘elemeng pointer” is
hen updated topoint to this “set back interior shading method” structure element. The value specified by the

barameter is associated with the element., See SET INTERIOR SHADING METHQD for the inter]
ethods.

or shading

henan element of this type is interpreted, the ‘current back interior shading method’ entry in
state’list is set to the value associated with the element. This value is used when displaying back-fac

OOSCU AITA P (v W arec Ud v v X Ol e FSa

U
INDIVIDUAL.

When an element of this type is interpreted, if the specified interior shading method is not available
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,*)

e traversal
g portions

af state list is

on a 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

Referendes: 4.54,4.5.5.3,4.5.5.5,4.6.1,46.2,4.64
Data rec

Errors:

{005 Ignoring function, function requires state (PHOP* STOP*)
1138 Ignoring function, one or more of the fields within the 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.

When an element of this type is interpreted, the ‘current back data mapping method’ entry in the traversal state
list is set to the values associated with the clement. These values are used when displaying back-facing portions

of subsequent area prlmmves when the “current back data mapping method ASF 1n the travers
INDIVIDUAL.

When an element of this type is interpreted, if the specified data mapping method is not available o
tion, data mapping method 1 is used. If the specified data mapping method or data record is incon
the data specified with a primitive, data mapping method 1 is used for that primitive./The data rg
used in these cases are the default values indicated in the PHIGS description table,

brds: See SET DATA MAPPING METHOD.

state list is

a worksta-
sistent with
cord values

SET BAICK REFLECTANCE PROPERTIES (PHOR,*,STOP,*)
In back reflectance properties type 1
In back reflectance properties data record D
Effect: [Depending on the ‘edit mode’, a “set back reflectance properties” element is inserted into the opgn structure

fter the ‘element pointer’ or replaces the element pointed at by the ‘element pointer’. The ‘elemen
hen updated to point to this “setiback reflectance propertics” structure element. The values speg
arameters are associated with'the element. See SET REFLECTANCE PROPERTIES for the reflectan

ypes.

hen an element of this\type is interpreted, the ‘current back reflectance properties’ entry in the tr:
ist are set.to the values associated with the element. These values are (possibly) used when displ

t pointer’ is
ified by the
ce property

yversal state
hying back-

acing portionsf subsequent area prlmmves when the ‘current back reflectance properties ASF’ in the traversal

state list is INDIVIDUAL.

When an'element of this type is interpreted, if the specified reflectance properties type is not av
[workstation, reflectance properties type 1 is used. The data record values used in this case are the de
indicated in the PHIGS description table.

hilable on a
fault values

References: 4.5.1,4.5.3,4.54,4.5.53,4.6.1,4.6.3
Data records: See SET REFLECTANCE PROPERTIES.

Errors:

SET BACK REFLECTANCE MODEL

In

92

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

back reflectance model

(PHOP,*,STOP,*)

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.

en an clemen iSTypei ; ; for, a value of 1
is used.
‘References: 4.5.3,4.54,4.5.5.3,4.6.1,4.6.3,4.6.5
Errors:
005 Ignoring function, function requires state (PHIOP,* STOP,*)
SET 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 strucfure 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 pgrameters are
associated with the element.

When an element of this type is interpreted,thg- *current light source state’ entry in the traversal state list is
modified according to the two lists associated“with the clement: The entries in the activation list{are added to
the ‘current light source state” if they areqiot already in the state; the entries in the deactivation list are removed
from the ‘current light source state’ if-they are in the state. The “current light source state’ is used|to determine
the set of active workstation light séurces used when displaying subsequent output primitives. Each entry is an
index of an active light source in-a workstation’s light source table. ‘

workstation’s ‘light source table’ are potentially active. Entries in the ‘current light source state’ cprresponding
to undefined light sofirce table entries are ignored. If the number of active non-ambient light sources indicated
by the ‘current lightsource state’ exceeds the number supported by the workstation, it is workstatipn dependent
which of the indicated light sources are used.

When an element of this type'is interpreted, only those workstation light source representations }eﬁned in the

The same dight source index cannot exist in both the activation and the deactivation lists.

References: 4.5:3,4.54,4.6.1,4.6.3

Errors:
005 Ignoring function, function requires state (PHOP,* STOP*)
133 Ignoring function, one of the entries in the activation list or deactivation list is less than one
135 Ignoring function, the same entry exists in both ’the acti\)ation 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:

SET CURVE APPROXIMATION CRITERIA

In
In

Effect:

NOTE:

005 Ignoring function, function requires state (PHOP* STOP*)
3 g e funclionthe colourind e is less i

approximation criteria type
approximation criteria data record

Depending on the ‘edit mode’, a “set curve approximation criteria” element is inserted into the op

then updated to point to this “set curve approximation criteria” structur¢, elément. The values spe
[parameters are associated with the element.

list is set to the values associated with the element. These values’are used when displaying subs
primitives when the ‘current curve approximation criteriaASF’ in the traversal state list is INDIVII

Curve approximation criteria types are as follows:

A
o

implementation dependent
WORKSTATION DEPENDENT,
CONSTANT PARAMETRIC:SUBDIVISION BETWEEN KNOTS
CHORDAL SIZE in WE
CHORDAL SIZE inNPC
CHORDAL SIZE'in DC
CHORDAL DEVIATION in WC
CHORDAL DEVIATION in NPC
CHORDAL DEVIATION in DC
RELATIVE in WC
RELATIVE in NPC
11 RELATIVE in DC
212 reserved for registration or future standardisation

AL=C I - T T O VL B S R

o
=)

'When an element of this type is interpreted, the ‘current curve approximation criteria’ entry in the :-,T

(PHOP,*,STOP,*)

I
D

en structure

after the ‘clement pointer’ or replaces the element pointed at by the ‘elementpointer’. The ‘element pointer’ is

rified by the

DUAL.

versal state
uent output

When an element of this type is interpreted, if the specified approximation Lype is not available on a worksta-
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:
Curve approximation criteria type = 1 (WORKSTATION DEPENDENT)
(no data record contents)
Curve approximation criteria type = 2 (CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS)
1 count I
Curve approximation criteria type = 3 (CHORDAL SIZE in WC)

1 approximation value R

Curyeapproximation criteria type=4(CHORDAESIZE I NPE)
1 approximation value R
Curye approximation criteria type = 5 (CHORDAL SIZE in DC)
1 approximation value R
Curje approximation criteria type = 6 (CHORDAL DEVIATION in WC)
1 approximation value R
Curye approximation criteria type = 7 (CHORDAL DEVIATION in NPC)
1 approximation value R
Curye approximation criteria type = 8 (CHORDAL DEVIATION iy DE)
|t approximation value R
Curpe approximation criteria type = 9 (RELATIVE in WC)
1 approximation value 10, 1] R
Curje approximation criteria type = 10 (RELATIVE'in NPC)
1 approximation value {0,1] R

Curje approximation criteria type = 115(RELATIVE in DC)

1 approximation value [0, 1] R
Errors:
005 Ignoring function, function requires state (PHOP,* STOP,*)
138 Ignoring fanction, one or more of the fields within the specified data record is in error
SET SURFACE APPROXIMATION CRITERIA (PHOP,*,STOP,*)
In | approximation criteria type I
In | ‘approximation criteria data record D

Effect: Depending on the ‘edit mode’, a “set surface approximation criteria” 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 surface approximation criteria” structure element. The values specified by the
parameters are associated with the element.

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

CHORDAL SIZE in DC

PLANAR DEVIATION in WC

NOTE:

Referen
Data Rej

Sur

Sur

Sur

Sur]

PLANAR DEVIATION in NPC
PLANAR DEVIATION in DC
RELATIVE in WC
RELATIVE in NPC
11 RELATIVE in DC
>12  reserved for registration or future standardisation

O 0 NN B W N -

ot
(=

When an element of this type is interpreted, if the specified approximation type is not available o

for the specified approximation type is used.

Surface approximation criteria types are registered in the ISO Interational Register of Graphical Items (4
surface approximaltion criteria type has been approved by ISO/IEC, the surface approximation criteria type
assigned by the Registration Authority.

Ces: 4.4.11,4.4.14, 454,48

cord:

face approximation criteria type = 1 (WORKSTATION DEPENDENT)

(no data record contents) ;

face approximation criteria type='2 (CONSTANT PARAMETRIC SUBDIVISION BETWEEN KNOTS

n a worksta-

tion, type 1 is used. If the specified approximation value can not bé-achieved, the most accurate vajue available

1.2). When a
value will be

1 u count 1
2 v count ; I
face approximation eriteria type = 3 (CHORDAL SIZE in WC)
1 u approximation value R
2 . vapproximation value R
face approximation criteria type = 4 (CHORDAL SIZE in NPC)
1 u approximation value R
2 v approximation value R
Surface approximation criteria type = 5 (CHORDAL SIZE in DC)
1 u approximation value R
2 v approximation value R
Surface approximation criteria type = 6 (PLANAR DEVIATION in WC)
1 approximation value R
Surface approximation criteria type = 7 (PLANAR DEVIATION in NPC)
1 approximation value R
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Surface approximation criteria type = 8 (PLANAR DEVIATION in DC)

1 approximation value

Surface approximation criteria type = 9 (RELATIVE in WC)

1 approximation value ' (0, 1]

Surface approximation criteria type = 10 (RELATIVE in NPC)

1 approximation value [0, 1]

Surface approximation criteria type = 11 (RELATIVE in DC)

Errors:

O 1]

t approxTmation vatue 10917

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

P,*,STOP,*)

I
D

e open struc-
he ‘element
. The values

the traversal
r subsequent

is not avail-
contents are

SET PARAMETRIC SURFACE CHARACTERISTICS (PHO
In | parametric surface characteristics type
In | parametric surface characteristics data record
Effect: [Depending on the ‘edit mode’, a “set parametric surface characteristics” element is inserted into th
ture after the ‘element pointer’ or replaces the clement peinted at by the ‘element pointer’. T
pointer’ is then updated to point to this “set parametric sarface characteristics” structure element
specified by the parameters are associated with the clement.
When an element of this type is interpreted, the ‘cufrent parametric surface characteristics’ entry in
state list is set to the values associated with theC€lement. These values are used when displaying
parametric surface output primitives.
Parametric surface characteristic types argas follows:
<0 - implementation dependent
1 NONE
2 WORKSTATION DEPENDENT
3 ISOPARAMETRIC CURVES
4 LEVEL.CURVES in MC
5 LEVEL CURVES in WC
2 6. teserved for registration or future standardisation
Whén an element of this type is interpreted, if the specified parametric surface characteristic type
able-on a workstation, or the data record contents are invalid, type 1 is used and the data record
WOIKSLaUo1 depenacht.
NOTE: Parametric surface characteristics types are registered in the ISO International Register of Graphical Items (4.1.2). When a

parametric surface characteristics type has been approved by ISO/IEC, the parametric surface characteristics type value will

be assigned by the Registration Authority.

References: 4.5.4

Data Record:

Parametric surface characteristics type = 1 (NONE)

(no data record contents)
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Parametric surface characteristics type = 2 (WORKSTATION DEPENDENT)

(no data record contents)

Parametric surface characteristics type = 3 (ISOPARAMETRIC CURVES)

1 curve placement (UNIFORM OVER SURFACE, UNIFORM BETWEEN KNOTS)

2 curve count in u direction
3 curve count in v direction

Parametric surface characteristics type = 4 (LEVEL CURVES in MC)

1 origin point MC

Par:

Errors:

SET RE

In

Effect:

imetric surface characteristics type = 5 (LEVEL CURVES in WC)

2 direction vector MC
3 parameters

1 origin point : WC
2 direction vector wC
3 parameters

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

NDERING COLOUR MODEL (PHO

rendering colour model

—

P3
3xR
L(R)

P3
3xR
LR)

P,*,STOP,*)
1

Depending on the ‘edit mode’, a “set rendcring-colour model” element is inserted into the open sfructure after

the ‘element pointer’ or replaces the element peinted at by the ‘element pointer’. The ‘element po
updated to point to this “set rendering colour model” structure element. The value specified by the
associated with the element.

When an element of this type is interpreted, the ‘current rendering colour model” entry in the trave]
is set to the value associated withjthe element. This value is used when displaying subsequent outpy

Rendering colour model values are as follows

<0 implementation dependent
WORKSTATION DEPENDENT
RGB

CIELUV

HSV

nter’ is then
parameter is

rsal state list
t primitives.

B WA = O

HLS

NOTE:

25 reserved for registration or future standardisation

When an element of this type is interpreted, if the specified colour model is not available on a
rendering colour model 0 is used.

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

Referenges: 4.5.3,4.54,4.6.1,4.6.6

‘element pointer’ or replaces the element pointed at by the ‘clement pointer’. The ‘element pointer’ is then
updated to point to this “set depth cue index” structure element. The value specified by the parameter is associ-
ated with the element.

When an element of this type is interpreted, the ‘current depth cue index’ 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 an element of this type is interpreted, i available

A ation, the entry
corresponding to an index value of 1 is used.

Errors:
005  Ignoring function, function requires state (PHOP,* STOP,*)
120 Ignoring function, the depth cue index is less than one
SET COQLOUR MAPPING INDEX (PHOP*,STOP,*)
In | colour mapping index (l...m) I
Effect: | Depending on the ‘edit mode’, a “set colour mapping index”¢lement is inserted into the open strucfure after the

Referentes: 4.5.3,4.54,4.6.1,4.6.7

Errors:

5.3.3 Aspect source flag/setting

‘element pointer’ or replaces the element pointed at by he “element pointer’. The ‘element poipter’ is then
updated to point 1o this “set colour mapping index” structure element. The value specified by the parameter is
associated with the element.

When an element of this type is interpreted, the (current colour mapping index’ entry in the travetsal state list
is set to the value associated with the elementThis value is used when displaying subsequent outpyt primitives.

When an element of this type is interpreted, if the specified entry is not available on a workstatipn, the entry
corresponding to an index value of 1 is-used.

005 Ignoring function, function requires state (PHOP,* STOP,*¥)

SET INDIVIDUAL ASF (PHOP,*,STOP,*)
In | attribute identifier {(see enumeration below) E
In | \Jattribute source (BUNDLED,INDIVIDUAL) E
Effect: Depending on the ‘edit mode’, a “set individual ASF” 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 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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Referen

Errors: |

534 Y

SET P(

In
In
In
In
In
In
In
In

TEXT_COLOUR
INTERIOR_COLOUR
EDGE_COLOUR
. POLYLINE_SHADING_METHOD
INTERIOR_SHADING_METHOD
DATA_MAPPING_METHOD
REFLECTANCE_PROPERTIES
REFLECTANCE_MODEL

BACK _INTERIOR STYILE
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 Sourcé Flag (ASF) in the PHIGS traversal st
tified by the element’s aspect identificr, is set to the valu€ specified by the element’s aspect source.

are used by subsequent output primitives.
bes: 4.5.1,4.5.3,4.54

005 Ignoring function, function requiresistate (PHOP* STOP*)

Vorkstation attribute table definition

PLYLINE REPRESENTATION PLUS

workstation identifier
polyline index

linetype

linewidth'scale factor
polyline colour

polyline shading method

clirve appraximation criferia type

(1...n)

(PHOH

hte list, iden-
['hese values

 WSOP;* ¥

curve approximation criteria data record

Effect: In the polyline bundle table 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.

Polyline shading method: See SET POLYLINE SHADING METHOD Tor the defined polyline shading methods.

Curve approximation criteria: See SET CURVE APPROXIMATION CRITERIA for the definedcurve approxima-
tion criteria types and the associated data records.
The polyline bundle table in the workstation state list has predefined entries taken from the workstation descrip-
tion table; a number of entries are predefined for every workstation of category QUTPUT or OUTIN. Any entry,
including the predefined entries, may be set with this function.
During structure traversal the ‘current polyline index” in the traversal statg-list is used to select an entry in the
polyline bundie table of a workstation. If the entry corresponding to the. ‘current polyline index’ i not defined,
the entry corresponding to an index of 1 is used. Which aspects in the-entry are used depends upgn the setting
of the corresponding aspect source flags. ~
Referenkes: 4.5.1,4.5.2,4.54.9,4.64.6
Errors:
003  Ignoring function, function requires state (PHQP,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, ngr"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 enfries allowed
in the workstation bundletable ‘
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 Ignoringfunction, one of the components of the colour specification is out of range
122 Ignoting function, the specified polyline shading method is not available on the workstatiop
127 _<dgnoring function, the specified approximation criteria type is not available on the specified workstation
1387 Ignoring function, one or more of the fields within the specified data record is in error
SET POLYMARKER REPRESENTATION PLUS | (PHOP,WSOP,*,*
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

Ocircle

Referend

Errors:

n|H W N

X Cross
26  reserved for registration or future standardisation

Marker size scale factor: A scale factor applied to the nominal marker size. During structure traver
factor is multiplied by the nominal marker size on a workstation; the result is mapped by the works
nearest available marker size.

Polymarker colour: Either an indirectly specified or directly specified coleur-If the colour is indis
fied, then, during structure traversal, if the specified colour index is not available, colour index 1 is

The polymarker bundle table in the workstation state list has predefined entries taken from the
description table; a number of entries are predefined for every workstation of category OUTPUT or ¢
entry, including the predefined entries, may be set with this function.

During structure traversal the ‘current polymarker index’yin/the traversal state list is used to selec
the polymarker bundle table of a workstation. If the entry corresponding to the ‘current polymark

the setting of the corresponding aspect source flags.
es: 4.5.1,4.5.2

003  Ignoring function, function requires state (PHOPWSOP,* *
054  Ignoring function, the spectified workstation is not open

059  Ignoring function, the specified workstation does not have output capability (i.e., the work:
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 ent
in the-workstation bundle table

105 Ignoring function, the specified marker type is not available on the specified workstation
110 (~ Ignoring function, the specified colour model is not available on the workstation

kal the scale
tation to the

ectly speci-
used.

workstation
DUTIN. Any

an entry in
er index’ is

not defined, the entry corresponding to an index of d\is-used. Which aspects in the entry are used d¢pends upon

tation cate-

ries allowed

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

102

136  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  textcolour GCOLR

Effect:

References: 451,452

Errors:

dontains a graphical representation of the same characters that are visually distinguishable from text
fonts greater than 2 are reserved for registration. Text fonts less than 1 are impleméntation dependg
structure traversal if the text font is not available in the workstation, text font'Lis used on that workistation.

ext precision: The text precision value determines the fidelity with which the other aspects are
alues of text precision, in order of increasing fidelity, are STRING;.CHAR, and STROKE. Durin
aversal if the specified text precision is not available on a workstation, the value STRING is used on
ation.

Character expansion factor: Specifies the deviation of the width to height ratio of the characters fro
ihdicated by the font designer. During structure traversal only the magnitude of the character expa
i considered. If the result of taking the absolute value\of the character expansion factor value is 1
gmaliest supported character expansion factor on-a workstation, the smallest supported character

nt. During

used. The
g structure
that work-

m the ratio
ion factor
s than the
expansion

factor on that workstation is used. If the result,i$ greater than the largest supported character expangion factor

gn that workstation, the largest supported chatacter expansion factor on that workstation is used.

Character spacing: Specifies how much'additional space is inserted between two adjacent charac
Character spacing is specified as a fraction of the font-nominal character height.

ext colour: Either an indirectly specified or directly specified colour. If the colour is specified indir]
during structure traversal, if the-specified colour index is not available, colour index 1 is used.

he text bundle table in the workstation state list has predefined entries taken from the workstation
able; a number of entries are predefined for every workstation of category OUTPUT or OUTIN.
including the predéfined entries, may be set with this function.

During structure'traversal the ‘current text index’ in the traversal state list is used to select an entry
bundle table of a workstation. If the entry corresponding to the ‘current text index’ is not defineq
dorresponding to an index of 1 is used. Which aspects in the entry are used depends upon the se
gorresponding aspect source flags.

003 Ignoring function, function requires state (PHOP,WSOP* *

054  Ignoring function, the specified workstation is not open

ter bodies.

ectly, then,

Hescription
Any entry,

in the text
|, the entry
ting of the

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,**
In  workstation 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 intefior index is

" |interiordndex’ or ‘current back interior index’ is not defined, the entry corresponding to an index

associated with the specified parameters.

In the following discussion only the front interior attribute names are usedyalthough the descripti
the back attributes as well.

Interior style: The interior style is used to determine in what style* the interior of area should b
possible values are HOLLOW, SOLID, PATTERN, HATCH and EMPTY. During structure traversal if t
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 n
interior style PATTERN, the interior style index is anindex into the workstation’s pattern table. For §
HATCH, the interior style index determines whichyof'a number of hatch styles is used: hatch styles
0 are reserved for registration; hatch styles less'than 1 are workstation dependent.

bns apply to

e filled. The
he requested

pt used. For
nterior style
greater than

Interior shading method: See SET INTERIOR SHADING METHOD for the interior shading method

During structure traversal if the specificd interior shading method is not available on a workstaion, interior

|shading method 1 is used on that workstation.

Interior colour: Either an inditeetly specified or directly specified colour. If the colour is specifi
then, during structure traversal, if the specified colour index is not available, colour index 1 is us

The interior bundle table 'in the workstation state list has predefined entries taken from the worksta
tion table; a number.of entries are predefined for every workstation of category OUTPUT or OUTIN
including the predefined entries, may be set with this function.

During structure traversal the ‘current interior index’ and ‘current back interior index’ in the trave
are used toselect entries in the interior bundle table of a workstation. If the entry corresponding to|

indirectly,

ion descrip-
. Any entry,

rsal state list
the ‘current

pf 1 is used.

Which aspects in the entry are used depends upon the setting of the corresponding aspect source ﬂlags.

References: 4.5.1,4.5.2,4.6.1,4.6.4.7

Errors:

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 workstation cate-
gory is neither OUTPUT, QUTIN, nor MO)

100  Ignoring function, the bundle index value is less than one
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SET EDIGE REPRESENTATION PLUS

In
In
In
In
In
In

Effect:

ISO/IEC 9592-4:1992(E)

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

136 Ignoring function, one of the components of the colour specification is out of range

(PHOP,

workstation identifier
edge index

edge flag

edgetype

edgewidth scale factor
edge colour

(l...m
(OFE,ON)

In the edge bundle table of the workstation state list of the specified-workstation the given edge i
ciated with the specified parameters.

Edgetypes are as follows:

<0 implementation dependent
1 solid line
2 dashed line
3 dotted line
4 dashed-dotted line
25 reserved for registrationor future standardisation

Edgewidth Scale Factor: A scaléTactor applied to nominal edgewidth. During structure traversal th
scale factor is multiplied by-the nominal cdgewndth on a workstation; the result is mapped by the
to the nearest available edgewidth.

Edge colour: Either an indircctly specified or directly specified colour. If the colour is specified ind
during structure.traversal, if the specificd 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 workstatior
table; anumber of entries are predefined for every workstation of category OUTPUT or OUTIN
including the predeﬁned entries, may be set with this function,

(WSOP,*,*)

GCOLR

dex is asso-

e edgewidth
workstation

rectly, then,

description
Any entry,

During structure traversa] the ‘current edge index’ in the traversal sLate list is used to select an entr

 in the edge

bundle table of a workstation. If the entry corresponding to the ‘current edge 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: 4.5.1,4.5.2

Errors:

003 Ignoring function, function requires state (PHHOP,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
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
136  Ignoring function, one of the components of the colour specification is out of range
107 Ignoring function, the specified edgetype is not available on the specified workstation
SET DATA MAPPING REPRESENTATION (PHOP{WSOP,*,*
In workstation identifier WI
In | data mapping index (1..m) I
In | data mapping method I
In | data mapping data record D
Effect: [In the data mapping bundle table of the workstation state list of the specified workstation thg given data
mapping index is associated with the specified parameters.
See SET DATA MAPPING METHOD for the defined data mappingimethods and their associated data records.
The data mapping bundle table in the workstation state list-has predefined entries taken from the [workstation
description table; a number of entries are predefined for gvery workstation of category OUTPUT or QUTIN. Any
entry, including the predefined entries, may be set with, this function.
During structure traversal the ‘current data mapping index’ and ‘current back data mapping igdex’ in the
traversal state list are used to select entries in the-ddta mapping bundle table of a workstation. If thelentry corre-
sponding to either of these indices is not defined, the entry corresponding to an index of 1 is used, The use of
the entries in each data mapping bundle depends upon the setting of the corresponding aspect sourpe flags.
Referendes: 4.6.1,4.6.2
Errors:

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 work§tation 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 entties allowed
in the workstation bundle table
137 Ignoring function, the specified data mapping method 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 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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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 structure traversal the ‘current reflectance index’ and ‘current back reflectance index’ in the traversal
state list are used to select entries in the reflectance bundle table of a workstation. If the entry corresponding to

|ding to an
ing aspect
References: 4.5.1,4.5.2,4.6.1,4.6.3
Errors
003 Ignoring function, function requires state (PHOP,WSOP,* *
G454 Ignoring function, the specified workstation is not open
a59 Ignoring function, the specified workstation does not have outpit capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)
:|00 Ignoring function, the bundle index value is less than one ’
03 Ignoring function, setting this bundle table entry would exceed the maximum number of entries allowed
in the workstation bundle table
124 Ignoring function, the specified reflectance model'is not available on the workstation
139  Ignoring function, the specified reflectance property type 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 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 mbre of the fields within the specified data record is in error
SET PARAMETRIC SURFACE REPRESENTATION (PHOP,WSOP,* *
In | workstation identificr WI
In | parametric surface/index (1...n) I
In surface approximation criteria type I
In | surface approximation criteria data record D
In | parametric surface characteristics type I
In | parametric surface characteristics data record D
Effect: 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:

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 ent
in the workstation bundle table
127 Ignoring function, the specified approximation criteria type is not availablé on the specified
128  Ignoring function, the specified parametric surface characteristics typejis not available on
workstation
138 Ignoring function, one or more of the fields within the specified.data record is in error
SET PATTERN REPRESENTATION PLUS (PHOR
‘In | workstation identifier
In pattern index (1...n)
In colour type
In pattern colour array
Effect: | In the pattern table of the workstation state-list of the specified workstation the given pattern index

Errors:

108

003
054

Ignoring function, function requires state (PHOP,WSOP,* *
Ignoring functiorl, the speciﬁed workstation is not open

gory is nezther OUTPUT OUTIN nor MO)

with the specified parameters.

A grid of DX x DY cells (DX horizontal, DY vertical) is specified. If the colour type indicates indireq
colours, then colour is given individually for cach cell by colour index, a pointer into the colou

workstation. Otherwise, the-calour is given individually for each cell by a colour value in the indi
model. .

If the workstation supports interior style PATTERN, the pattern table in the workstation state list hg
OUTPUT and QUTIN supporting interior style PATTERN. Any table entry (mcludmg the predeﬁned
be set with/this function.

When area primitives are displayed during structure traversal, if the currently selected (either vig
bundle or individually, depending upon the corresponding ASF) interior style is PATTERN, the “cul
style index’ and ‘current back interior style index’ in the traversal state list refer to an entry in the

ries allowed

workstation
the specified

LWSOP,*,*

WI

I

I
A(COLRV)

is associated

‘tly specified
table of the
cated colour

s predefined

entries taken fronr the workstation description table; a number are predefined for every workstation of category

entries) may

 the interior
‘rent interior
PHIGS PLUS

n the pattern

table, 1nterror style index 1 is used. If interior style index 1 is not presem (i.e. interior style PATTERN is not

supported for this workstation), the result is workstation dependent.

During structure traversal if the colour type of a specified 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

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)
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

SET LIGHT SOURCE REPRESENTATION (PHOP,WSOP*,*)
In | workstation identifier WI
In light source index (Iyom) I
In | light source type I
In | light source data record D
Effect: 1In the light source table of the workstation state list of the specified workstation the giveri light soufce index is
gssociated with the specified parameters.
Light source types are:
<0 implementation dependent
1 AMBIENT
2 DIRECTIONAL
3 POSITIONAL
4 SPOT
25  reserved for registration orfuture standardisation ‘ .
The light source table in the workstation state list has predefined entries taken from the workstation description
ble. Some entries are predefined for every workstation of category OUTPUT or OUTIN. Any entry|in the light
ource table may be set with this function. ,
During structure trayersal the ‘current light source state’ in the traversal state list is used 1o select z¢ro or more
¢ntries in the lightSonrce table of a workstation. Entries in the ‘current light source state’ that are ndt defined in
2 workstation’s light source table are ignored. '
During structure traversal if the colour type of any selected workstation light source representation| is ihdirect,
ind the colour index is not defined on the workstation, colour index 1 is used for that light source.
NOTE: Lightsource types are registered in the ISO International Register of Graphical Items (4.1.2). When a light soyrce type has
peenapproved by ISO/IEC, the light source type value will be assigned by the Registration Authority.
References: 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
3 CONCCIMIANON CXPOTENT R
5 attenuation coefficients 2xR
6 spread angle (0,7 R
Errors:
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 outputeapability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)
103  Ignoring function, setting this bundle table entry would exceeéd the maximum number of enfries 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 lessthan zero
136 Ignoring function, one of the components of the colour specification is out of range
129  Ignoring function, the light source index.isiless 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
SET DEPTH CUE REPRESENTATION (PHOR,WSOP*,*
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 depthcue scale factors [0,1] 2xR
In | depthcue colour GCOLR
Effect: | Indhe depth cue table of the workstation state list of the specified workstation the given depth cue 1ndex is asso-

Clal

Wil C dMCICTS.

The depth cue table in the workstation state list has predefined entries taken from the workstation description
table. At least entry 1 is predefined for every workstation of category OUTPUT or QOUTIN.

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 index’ 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
9 ZROFING JURCIION, p addep e TTox s
0 Ignoring function, invalid reference planes; DOMIN > DOQMAX
0 Igroring function, one of the depth cue scale factors is not in the required range
0 Ignoring function, the specified colour model is not available on the workstation
3 Ignoring function, the colour index value is less than zero
6 Ignoring function, one of the components of the colour specification is put of range
SET COLLOUR MAPPING REPRESENTATION (PHOP,WSOP,* *
In | workstation identifier WI
In | colour mapping index (1...m) I
In | colour mapping method I
In | colour mapping data record D

Effect: Ih the colour mapping table of the workstation state list of the specified workstation the given coloyr mapping
hdex is associated with the specified parameters: :

-

(olour mapping methods are:
<0 implementation dependent
TRUE
2 PSEUDO

3 PSEUDO-N
>4  reserved-for registration or future standardisation

NOTE: (olour mapping types are registered in the ISO International Register of Graphical Items (4.1.2). When a colgur mapping
type has beendpproved by ISO/IEC, the colour mapping type value will be assigned by the Registration Authgrity.
Referencds: 4.6.1,4.6.7

Data Rec¢rd:

Fian) o % dha wAY

Colour |uapp;u$ method—=1H(FRYE}

(no data record 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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Colour mapping method = 3 (PSEUDO-N)

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* *
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 énties allowed
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 specificationds 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 is not-available on the specified woykstation
138 Ignoring function, one or more of the fields within the specified data record is in error
5.4 Inquiry functions
5.4.1 Imtroduction
Inquiry functions return values from the various state-lists. The data types of the values and the default valuep of the state

list entrigs are summarized in 6.1 through 6.6. Errors detected by inquiry functions are reported through ap error indi-

cator p

values:

112

a)|SET:
b) REALIZED:

ameter (see ISO/IEC 9592-1). The ERROR HANDLING function is not called. Some inquiry
retrieve yalues from the workstation state:lists have an input parameter of type ‘Enumeration’ that can take t

the values returned are those specified by the application progfam.

mapped to the available values on the workstation.

the walues returned are those used by the workstation when the specified values arg

flIlCﬁonS that
e following

for predefin€d representations in the workstation description table have no such parameter, unliKe the corre-
inquiries-for the representations in the workstation state list. The values of predefined representations are

by an appli-
e list would

TorREALIZED was specificd:
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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
Out error indicator I
Out linetype I
Out linewidth scale factor R
Ouf{ 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 yalues are returned|in the output
parameters. See SET CURVE APPROXIMATION CRITERIA for a description of the curve approximiation criteria
data record.

If the specified polyline index is not present in the polyline bundle table'and the specified type of r¢turned value
is REALIZED, the representation for polyline index 1 is returned.

If the inquired information is not available, the values returnedyin the output parameters are implementation
dependent and the error indicator is set 1o one of the following error numbers to indicate the redson for non-
availability: o
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 .., the workstation cate-
gory is neither OUTPUT, OUTIN, ngr-MO)

100 Ignoring function, the bundle index value is less than one
101  Ignoring function, the specified representation has not been defined
References: 4.5.1,4.5.2,4.5.4.9,4.64.6

. Errors: hone

INQUIRE POLYMARKER REPRESENTATION PLUS (PHOPR,WSOP,* *

In workstation identifier ; C , WwI
In polymarker index (1...n) I
In| typeof retumed values (SET,REALIZED) E
Ou[ error indicator , ; I
Out—Tmarkertype 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 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
101  Ignoring function, the specified representation has not been defined

Referendes: 4.5.1,4.5.2

Errors: none
INQUIRE TEXT REPRESENTATION PLUS (PHOP,
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

parameters.

If the specified text index is not present in'the text bundle table and the specified type of returned va
IZED, the representation for text index 1'is rcturned.

If the inquired information is not-available, the values retumed in the output parameters are im
dependent and the error indicator is set to one of the following error numbers to indicate the rea
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 work.
goryis neither OUTPUT, OUTIN, nor MO)

100 _dgnoring function, the bundie index value is less than one
101 ~Ignoring function, the specified representation has not been defined

WSOP,*,*
WwI

A A o o T =

GCOLR

n the output
ue is REAL-

lementation
on for non-

station. cate-

References: 4.5.1,4.5.2

Errors: none
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INQUIRE INTERIOR REPRESENTATION PLUS (PHOP,WSOP,*,*
In workstation identifier ’ WI
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

Effect: [f the inquired information is available, the error indicator is returned as 0 and values are returned if the output

Referen

Errors:

INQUIK

In
In
In
Out
Out
Out
Out
Out

Effect:

arameters.

f the specified interior index is not present in the interior bundle table and the specified type of refurned value
s REALIZED, the representation for interior index 1 is returned.

f the inquired information is not available, the values returned in the output paramieters are impjementation
ependent and the error indicator is set to one of the following error numbers to’indicate the reagon for non-
vailability:

03  Ignoring function, function requires state (PHOP,WSOP,* *
54 Ignoring function, the specified workstation is not open

59  Ignoring function, the specified workstation does not have’output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

00 Ignoring function, the bundle index value is less than one

01 Ignoring function, the specified representation.has not been defined
$:4.5.1,452,46.1,4.64.7

ne

E EDGE REPRESENTATION PISUS (PHOPWSOP,**

workstation identifier - WI
edge index (1...n)
type of returned valugs (SET,REALIZED)
error indicator ‘
edge flag (OFF,ON)
edgetype

edgewidth'scale factor

edge colour GCOLR

o JENEDRN o s JEFEPRN ¢ s QR

If th¢ inquired information is available, the error indicator is returned as 0 and values are returned in the output

parameters.

If the specified edge index is not present in the edge bundle table and the specified type of returned value 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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Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-

059
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 (PHOP,WSOP,*,*
In workstation igenafier 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 valuesare returned in the output
parameters. _
If the inquired information is not available, the values returned in the output parameters are impjlementation
dependent and the error indicator is set to one of the following error numbers to indicate the reagon 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 notflave output capability (i.e., the work§tation cate-
gory is neither OUTPUT, OUTIN, nor MO)
Referendes: 4.6.2
Errors: Aone
INQUIRE DATA MAPPING REPRESENTATION (PHOP, WSOP,*,*
~In | . workstation identifier ‘ WI
In data mapping index (l...n) 1
In type of returned values (SET,REALIZED) E
Out| error indicator I
Out| data mapping method I
Out| data mapping data-record D
Effect: |If the inquiredtinformation is available, the error indicator is returned as 0 and values are returned ip the output
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 type of
retirned value is REALIZED, the representation for data mapping index 1 is returned. S
ementation

116

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 (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 are im£lemcntation
dependent and the error indicator is set to one of the following error numbers to indicate.the regson 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, QUTIN, nor MO)

Refererces: 4.5.2

Errors: hone

INQUIRE REFLECTANCE REPRESENTATION (PHOP,WSOP,*,*
In workstation identifier WI
In reflectance index (1...n) I
In type of returned values (SET,REALIZED) E
O error indicator ‘ 1
O reflectance model 1
O reflectance properties type I
O reflectance properties data récord ‘ 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 reflectance index is not present in the reflectance bundle table and the specified type of returned
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-
ayailability:

003 Ignnringﬁmr-iinn Sfunction 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
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

Referendes: 4.5.2

Errors:

INQUIR

In
In
In
Out
Out
Out
Out
Out

Effect:

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:

03 Ignoring function, function requires state (PHOP,WSOP* *
54 Ignoring function, the specified workstation is not open

59  Ignoring function, the specified workstation does not have output capability (i.e.;the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

ne

E PARAMETRIC SURFACE REPRESENTATION (PHOPJWSOP,*,*

workstation identifier

parametric surface bundle index (1...n)
type of returned values (SET,REALIZED)
error indicator

surface approximation criteria type

surface approximation criteria data record

parametric surface characteristics type

parametric surface characteristics data'record

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 th¢ parametric

urface characteristics data record.

f the specified parametric surface index is not present in the parametric surface bundle table and the specified
ype of returned valu¢ is REALIZED, the representation for reflectance index 1 is returned.

f the inquired:information is not available, the valucs retumed in the output parameters are implementation
ependent-and the error indicator is set to one of the following error numbers to indicate the reagon for non-
vailability:

03, Ignoring function, function requires state (PHOPWSOP* *
054 Ignoring Junction, the specijied 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

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(COLRV)

Effect: If the inquired information is available, the error indicator is returned as 0 and values are returned in the output

References: 4.5.1,4.5.2,4.5.4.11

Errors: none

INQUIRE LIST OF LIGHT SOURCE INBDICES (PHOP,)

In
Out
Out

Effect:

parameters

1ZED, the representation for pattern index 1 is returned. (Pattern index 1 is present if interior'style [
supported on the workstation.)

dependent and the error indicator is set to one of the following error numbers tofindicate the reas
availability:

D03 Ignoring function, function requires state (PHOPWSOP,* *

D54 Ignoring function, the specified workstation is not open

IS9  Ignoring function, the specified workstation does not havewoutput capability (i.e., the works
gory is neither OUTPUT, OUTIN, nor MO)

(01 Ignoring function, the specified representation has notbeen defined
(09 Ignoring function, interior style PATTERN is notsupported on the workstation |
(12 Ignoring function, the pattern index value is less than one

workstation identifier
error indicator
list of defined light source indices (1...n)

Darameters.

[f the inquiréd information is not available, the values returned in the output parameters are imp)

hvailability:

If the specified pattern index is not present in the pattern table and the specified type of returned val|||e isREAL-

ATTERN is

If the inquired information is not available, the values returned in the output parameters are impfmemation

n for non-

ation cate-

SO+

WI
I
L)

f the inquired inforniation is available, the error indicator is returned as O and values are returned ip the output

ementation

fependentand the error indicator is set to one of the following error numbers to indicate the reaspn for non-

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)

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
Effect: If the inquired information is available, the error indicator is returned as O and values are returned in the output
parameters
If the specified light source index is not present in the light source table and the specified type of refurned value
is REALIZED, the representation for light source index 1 is returned.
See SET LIGHT SOURCE REPRESENTATION for the defined data record contents.
If the inquired information is not available, the values returned in the output paramieters are implementation
dependent and the error indicator is sct to one of the following error numbers(to, indicate the reagon 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 work§tation cate-
gory is neither OUTPUT, OUTIN, nor MO)
101 Ignoring function, the specified representation hasnoet been defined
129  Ignoring function, the light source index is less\than one
Referenges: 4.5.1,4.6.1,4.6.3
Errors: none
INQUIRE LIST OF DEPTH CUE INDICES ' (PHOP|WSOP,* *
In | workstation identifier V WI
Out| error indicator 1
Out| list of defined depth cue indices (1...n) L)
Effect: |If the inquired information is available, the error indicator is returned as 0 and values are returned i the output
parameters. ' :
If the inquired.information is not available, the values returned in the output parameters are implementation
dependentand the error indicator is set to one of the following error numbers to indicate the reagon for non-
availability: o
003 . “Ignoring function, function requires state (PLHHOP,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)

References: 4.6.6

Errors: none
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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
Out depth cue scale factors [0,1] 2xR
Out depth cue colour GCOLR

Effect:

References: 4.5.1,4.6.1,4.6.6

parameters.

REALIZED, the representation for depth cue index 1 is returned.

If the inquired information is not available, the valucs returned in the outputparameters are im

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)
101 Ignoring function, the specified representationhds not been defined

120  Ignoring function, the depth cue index is less\than one

If the inquired information is available, the error indicator is returned as 0 and values are returriedfin the output

If the specified depth cue index is not present in the depth cue table and the specified type of returned value is

plementation

dependent and the error indicator is set 10 one of the following error numbers to indicate the regson for non-

059  Ignoring function, the specified workstation does noyhavé output capability (i.e., the workstation cate-

Errors: pone

INQUIRE COLOUR MAPPING STATE (PHOP,WSOP,*,*
In|  workstation identifier WI
In| colour mapping method I
Out error indicator I
Oul colour mapping (state data record D

Effect:

If the inquired\information is available, the crror indicator is returned as 0 and values are returned
parameters,

in the output

availability:

003 Ignoring function,‘ Sunction requires state (PHOP,WSOP* *

054  Ignoring function, the specified workstation is not open

If thednguired 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 r:}pson for non-

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 firnction, the specified colour mapping method is not available on the spéciﬁed 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)

(no data record contents)

Errors: npne

INQUIRE LIST OF COLOUR MAPPING INDICES (PHOPJWSOP,*,*
In workstation identifier N
Out| error indicator I
Out| list of defined colour mapping indices (1...n) L)

Effect: [If the inquired information is available, the error indicator is returned as Q-@nd values are returned in the output
parameters.

[If the inquired information is not available, the valucs returned inthé output parameters are implementation
dependent and the error indicator is set to one of the following.€rror numbers to indicate the reagon for non-
vailability: ‘

03  Ignoring function, function requires state (PHOPWSOP* *
54 Ignoring function, the specified workstation [s 1ot open

59  Ignoring function, the specified workstation,does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MQ)

Referendes: 4.6.7

Errors: npne
INQUIRE COLOUR MAPPING REPRESENTATION (PHOP,WSOP,* *
In | workstation identifier WI
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 the inquired information is available, the error indicator is returned as 0 and values are returned nln the output
pafafﬁvt\a D)
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 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)

121 Ignoring function, the colour mapping index is less than one

101  Ignoring function, the specified representation has not been defined

References: 4.6.1, 4.6.7

Errors:

543 1

INQUI

In

Oy
Oyl

Effect:

availability:
002  Ignoring function, function requires state (PHOR™ *;*
052  Ignoring function, workstation type not recognized by the implementation
051 Ignoring function, this information is notyet available for this generic workstation type; ppen a work-
station of this type and use the specifie 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
Refererces: 4.5.1
Errors: jnone
INQUIRE RENDERING €COLOUR MODEL FACILITIES (PHOP,* **
In workstatien\type w
Ojt error indicator I
Odt listef available rendering colour models L)

Effect:

none

RE DIRECT COLOUR MODEL FACILITIES

workstation type
error indicator
list of available directly specifiable colour models

[
[

If the inquired information is available, the error indicator is returned as @’and values are returned
parameters.

If the inquired information is not available, the values returned inthe output parameters are i

PHOP,* *,*
w

I
L()

in the output

ementation

1
dependent and the error indicator is set to one of the following error numbers to indicate the r:fvon for non-

Ifdhe inquired information is available, the error indicator is returned as 0 and values are returned
— paramnicicrs.,

If the inquired information is not available, the values returned in the output parameters are im

in the output

plementation

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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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

In
Ou
Ou

workstation type

or-indicator

059 Ignoring function, the specified workstation does not have output capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)

(PHOP’*’*’*

data mapping representation
reflectance representation

para. surface representation
workstation light source representation
depth cue representation

colour mapping representation

(IRG,IMM,CBS)
(IRG,IMM,CBS)
(IRG,IMM,CBS)
(IRG,IMM(CBS)
(IRG,IMM,CBS)
(IRG,IMM,CBS)

Hmmmmm o~ 2

If the inquired information is available, the error indicator is returned as\0.and values are returned jn the output

parameters.

IRG means that implicit regeneration is necessary; IMM means the action is performed immediately; CBS means

that the change can be simulated.

If the inquired information is not available, the values rétumed 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 (PHO

052  Ignoring function, workstation type not recognized by the implementation

051 lIgnoring function, this informatioh’is not yet available for this generic workstation type; qpen a work-

station of this type and use the.specific workstation type

059  Ignoring function, the spetified workstation does not have output capability (i.e., the workistation cate-

gory is neither OUTPUT,-OUTIN, nor MO)

062  Ignoring function,this information is not available for this MO workstation type
Referenges: 4.5.2,4.7

Errors: pone

INQUIRE POLYLINE FACILITIES PLUS

In
Ou1

workstation type
error indicator

(PHOP’*s*s*

Out
Out
Out
Out
Out
Out
Out

124

number of available linetypes

list of available linetypes

number of available linewidths

nominal linewidth

range of linewidths(minimum,maximum)
list of available shading methods

number of predefined polyline indices

(n...-4,4...n)

(0..;n)
DC>0
DC>0
(-n...n)

(5...n)
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Effect:

References: 4.5.2,4.6.4.6

ISO/MEC 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 of avail-
able linetypes.

If the number of available linewidths is returned as O, the workstation supports a continuous range of
linewidths.

; tatton1s-n rattablethe—valuesreturned—in-the put-parameters-are-#mplementation
dependent and the error indicator is set to one of the followmg error numbers to mdlcate the repson 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 genericCworkstation type;lopen 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

Errors:|none

INQUIRE PREDEFINED POLYLINE REPRESENTATION PLUS | {PHOP,* *,*
In workstation type W
In| predefined polyline index (1,..n) I
Oyt error indicator I
Oyt linetype I
Oyt linewidth scale factor R
Oyt polyline colour GCOLR
Oyt  polyline shading method I
Oyt curve approximation criteria type I
Oyt curve approximation criteria data record ‘ : D

Effect:

If the inquiited information is available, the crror indicator is returned as O and values are returned in the output
parameters. See SET CURVE APPROXIMATION CRITERIA for a description of the curve approxirhation criteria
data récord.

If the inquired information is not available, the values returned in the output parameters are implementation

dependent and the crror indicator 15 et [0 onc Of (he [ollowing error numbers 10 indicale 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 workslatzon cate-
gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is not available for this MO workstation type
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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 errorimdicator 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 valugs/are returned i the output
parameters.

f 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 pumbers to indicate the reaspn for non-
wvailability: ‘

D02 Ignoring function, function requires state (PHOP* * *

D52 Ignoring function, workstation type not recognized bythe implementation

051 Ignoring function, this information is not yet available for this generic workstation type; ogen a work-
station of this type and use the specific workstation type

D59 Ignoring function, the specified workstation does not have output capability (i.e., the worksfation cate-
gory is neither OUTPUT, OUTIN, nor MO}

D62 Ignoring function, this information iswot available for this MO workstation type
J00  Ignoring function, the bundle indéxvalue 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: ngne

INQUIRE PREDEFINED TEXT REPRESENTATION PLUS (PHOP,* * *
In | workstation‘type w
In predefined‘text index (1...n) I
Out | error<indicator I
Out | téxtfont I
Out Ltextprecision (STRING CHAR STROKE) 1
Out character expansion factor R
Out character spacing : R
Out text colour : GCOLR

Effect: If the inquired information is available, the error indicator is returncd 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:
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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  Ignoring function, the bundle index value is less than one

2 ri 1 cified representation has not been predefined on this workstation

Referendes: 4.5.1,4.5.2

Errors: none

INQUIRE INTERIOR FACILITIES PLUS (HHOP,* * *
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)
Out| list of available shading methods L)
Out| number of predefined interior indices (5...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 number of available haich styles is positive, the list of available hatch styles contains all re|
implementation dependent hatch styles supported. If the number of available hatch styles is negativ

pistered and
e, the imple-

mentation dependent hatch styles are derived directly from the hatch styles value and the list of available hatch

styles contains the number of registered hatch styles; the number of which is indicated by the abso
the number of available hatch styles.

If the inquired informationis'not available, the values returned in the output parameters are imy

ute value of

lementation

dependent and the error indicator is sct to one of the following error numbers to indicate the reaon for non-

pen a work-

Station cate-

availability:

002  Ignoring fanction, 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; d
station of this type and use the specific workstation type

059 “~Ignoring function, the specified workstation does not have output capability (i.e., the work
gory is neither QUTPUT, OUTIN, nor MQ)

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) 1
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: the-inquired in the output
parameters.
f the inquired information is not available, the values returned in the output parameters aréimplementation
Hependent and the error indicator is set to one of the following error numbers to indicate the reaspn for non-
hvailability:
D02  Ignoring function, function requires state (PHOP* * *
052 Ignoring function, workstation type not recognized by the implementation
D51 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
D59 Ignoring function, the specified workstation does not havesousput capability (i.e., the workstation cate-
gory is neither OUTPUT, OUTIN, nor MO)
D62  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
Referencps: 4.5.1,4.5.2,4.64.7
Errors: ngne

INQUIRIE PREDEFINED EDGE REPRESENTATION PLUS

In

In

Out
Out
Out
Out
Out

Effect:

128

workstation type

predefined edge index (1...n)
error indicator ' '
edge flag (OFF,ON)
edgetype

edgewidth-scale factor

edge colour

(PHOP***

GCOLR

f the.inquired information is available, the error indicator is returned as 0 and values are returned iT 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:

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, 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)
Ouf 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 fn the output

Referenges: 4.6.2

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:

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; apen 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 net available for this MO workstation type

Errors: pone

INQUIRE PREDEFINED DATA MAPPING REPRESENTATION ' © (PHOP#**»
In [ workstation type ; ' w
In | predefined data mapping index (1...n) I
Out error indicator I
Ou} data mapping method 1
Ouj 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 inquired information is not available, the values returned in the output parameters are lmplememauon
dependent and the error mdlcator is set 1o 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)
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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,* * *
In  workstation type A
Out | error indicator I
Out | list of available reflectance models L()
Out | number of predefined reflectance indices (1...n) I

Effect: the inquired information is available, the error indicator is returned as 0 and values are’returned ir} the output
arameters.

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 reas¢n for non-

dvailability:

402 Ignoring function, function requires state (PHOP* * *

052  Ignoring function, workstation type not recognized by the implementation

451 Ignoring function, this information is not yet available for this generic workstation type; open a work-

station of this type and use the specific workstatiohdype

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
Referencgs: 4.5.2

Errors: ngne

INQUIRE PREDEFINED REFLECTANCE REPRESENTATION (PHOP,* *,*

In | workstation type

In | predefined reflectance index (1...n)
Out | error indicator

Out | reflectance model

Out | reflectance‘properties type

Out | reflectance properties data record

U)—GHNHi

Effect:

[f th¢ inquired information is available, the error indicator is returned as 0 and values are returned ir) the output
eters. See SET REFLECTANCE PR S CSCTIpt : : ertiesdata record.

para) AN

If the inquired information is not available, the values returned in the output parameters are implementation
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 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: 4.5.1,4.5.2,4.6.3

Errors: none

workstation type
error indicator

maximum non-uniform B-spline curve order supported (6..n)
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)

If the inquired information is available, the error indicatoris returned as 0 and values are returned

parameters.

PHOP,*,*,*
W

I
I
I
I
L)

LD

LD
L(D)
I

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 re
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;
station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the wor
gory is neither-OUTPUT, OUTIN, nor MO)

062 Ignoring\function, this information is not available for this MO workstation type

References: 4.4.9,4:4.11,4.4.12,45.2,4.54.9,45.4.11

Errors:

INQUJ

REPREDEFINED PARAMETRIC SURFACE REPRESENTATION

hone

{

hson for non-

ppen a work-

kstation cate-

PHOP,* * *

In

In

Out
Out
Out
Out
Out

workstation type

predefined parametric surface index

error indicator

surface approximation criteria type

surface approximation criteria data record
parametric surface characteristics type
parametric surface characteristics data record

(1...n)

O Y o = = &
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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

Referencgs: 4.5.2,4.5.4.11

criteria data record. Sce SET PARAMETRIC SURFACE CHARACTERISTICS for a description of the
surface characteristics data record.

parametric

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

@51 Jgnormg funciion, This InfOTmation is not yel available jor THIS generic WOPKSTOTIOR 1ype; op

station of this type and use the specific workstation type

059 Ignoring function, the specified workstation does not have output capability (i.e., the.works
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

en a work-

ation cate-

Errors: ngne
INQUIRE PREDEFINED PATTERN REPRESENTATION PLUS (PHOP,*,*,*
In workstation type w
In predefined patiern index (1...n) I
Out | error indicator ' 1
Out | colour type . 1
Out | pattern colour array A(COLRY)
Effect: If the inquired information is available; the error indicator is returned as 0 and values are returned irf the output
arameters. . - ,
f the inquired information js not available, the values returned in the output parameters are implementation
ependent and the error indicator is set to one of the following error numbers 10 indicate the reaspn for non-
vailability:
02 Ignoring function, function requires state (PHOP* * * :
52 Ignoringfunction, workstation type not recognized by the implementation
51  Ignoring function, this information is not yet available for this generic workstation type; ogen a work-

station of this type and use the specific workstation type

VO) :

Tgnoring function, the specified workstation does not have output capability (i.e., the works1ation cate-

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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INQUIRE LIGHT SOURCE FACILITIES (PHOP,*,**
In  workstation type W
Out error indicator I
Out list of available workstation light source types L)
Out maximum number of simultaneously active non-ambient light sources (1...m) I
Out . number of predefined light source indices 2...n) 1

Effect: If the inquired information is available, the error indicator is returned as O and values are returned in the output

parameters.
he-inquired-i ; able—the es-retrned—inth parameters-are-Haplementation
dependent and the error mdlcator is set 1o one of Lhe followmg error numbers to mdlcate the réason for non-
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 generic Werkstation type; qpen a work-
station of this type and use the specific workstation type
059 Ignoring function, the specified workstation does not have ousput capability (i.e., the worlistation cate-
gory is neither OUTPUT, OUTIN, nor MO)
062  Ignoring function, this information is not available for this MO workstation type

Referenges: 4.6.3

Errors: gone

INQUIRE PREDEFINED LIGHT SOURCE REPRESENTATION ‘ (PHOP,*,*,*
In | workstation type ' A
In | predefined light source index (1...n) 1
Oul error indicator I
Oug light source type I
Ouf light source data record D

Effect: | If the inquired information is’available, the error indicator is returned as O and values are returned|in the output

parameters. See SET LIGHT SOURCE REPRESENTATION for a description of the light source 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 regson for non-
[-availability:
002 _Ignoring function, function requires state (PHOP* * *)
052\ Jlgnoring function, workstation type not recognized by the implementation
. , - o , . - Apen @ work-

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 workstation typé
102 Ignoring function, the specified representation has not been predefined on this workstation

129  Ignoring function, the light source index is less than one

References: 4.5.1,4.6.3

Errors: none
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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.

Referenc|

)59

D62

Errors: npne

INQUIRE PREDEFINED DEPTH CUE REPRESENTATION (P

In

In

Out
Out
Out
Out
Out

Effect:

134

s 4.6.6

workstation type

predefined depth cue index (1...n)
error indicator

depth cue mode (SUPPRESSED,ALLOWED)
depth cue reference planes NPC
depth cue scaling [0,1]
depth cue colour

[f the inquired information is not available, the values returned in the output parameters are imp
fependent and the error indicator is sct to one of the following error numbers to indicate the reaspn for non-

Ignoring function, function requires state (PHOP* **
Ignoring function, workstation type not recognized by the implementation

Ignoring function, this information is not yet available for this generic workstation type; of
station of this type and use the specific workstation type

Ignoring function, the specified workstation does not have output capability (i.e., the works
gory is neither OUTPUT, OUTIN, nor MO)

Ignoring function, this information is not available for this MO. workstation type

ben a work-

tation cate-

HOP,* * *

2xR
GCOLR

[f the inquired information is available, the error indicator is returned as 0 and values are returned in the output
parameters.

ementation

tation cate-

availability:

D02, (Ignoring function, function requires state (PHOP* * *

D52 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 works
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)
Out number of predefined colour mapping indices (1...n) I

Effect: [T the inquired information is availablc, Ue erfor dicaror {5 Terurned as Umand vatues are Tetmed]in the output

parameters.
If the inquired information is not available, the values returned in the output parameters are iqulementation
dependent and the error indicator is set to one of the following error numbers to indicaté the regson 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; ppen 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
Refererices: 4.6.7
Errors: pone

INQUIRE COLOUR MAPPING METHOD FACILITIES

In
In
Out

Effect:

workstation type
colour mapping method
colour mapping method facilitics data record

If the inquired information is available, the error indicator is returned as 0 and values are returned
parameters.

PHOP,*,* *
w

I
D

in the output

If the inquired information is not available, the values returned in the output parameters are imﬂlementation

dependent and the error indicator is set to one of the following error numbers to indicate the re
availability;

002
052

P ¥k

[

Ignoring function, function requires state (PHO

Ignoring function, workstation type not recognized by the implementation

on for non-

station of this type and use the specific workstation type

ppen a 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

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)

Errors: ngne

INQUIRE PREDEFINED COLOUR MAPPING REPRESENTATION (PHOP,* **

In | workstation type
In predefined colour mapping index (1y"n)
Out | error indicator
Out | colour mapping method
--Out | colour mapping data record

UD—('—'H%

Effect: If the inquired information is available, the error indicator is returnedas 0 and values are returned if the output
‘ harameters, See SET COLOUR MAPPING REPRESENTATION fot\a description of the colour mdpping data
fecord.

f the inquired information is not available, the values r€tumed in the output parameters are implementation
Hependent and the error indicator is set to one of the following error numbers to indicate the reaspn for non-
hvailability:

D02  Ignoring function, function requires state((PHOP* * *

D52 Ignoring function, workstation type ngtrecognized by the implementation

D51 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

D59 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 ~ ‘
[21  Ignoring funcfiop, the colour mapping index is less than one '
02  Ignoring function, the specified representation has not been predefined on this workstation

References: 4.6.7

Errors: npne

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, EDGE,

REFLECTANCE, PARAMETRIC SURFACE.

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-

Referend

Errors: A

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;

station of this type and use the specific workstation type

059 Ignoring function, the specified workstauon does not have output capability (i.e:, the work]
gory is neither OUTPUT, QUTIN, nor MO)

064  Ignoring function, the specified workstation type is not able to genérale the specified
drawing primitive

062  Ignoring function, this information is not available for this MO workstation type

es: 4.5.3

one

apen a work-

Station cate-

generalized

INQUIRE GENERALIZED DRAWING PRIMITIVE (FHOP,* * *
In workstation type w
In | GDP identifier G2
Ouy error indicator 1
Out] list of sets of attributes used (see below) L(E)
Effect: |If the inquired information is available, the error indicator is returned as 0 and values are returned fn the output
parameters. h
For registered GDP identifiers-the list of sets of attributes used is defined in the ISO Internationa] Register of

dependent,

The enumeration/valtes for the list of attributes used is: POLYLINE, POLYMARKER TEXT, INTER
REFLECTANCE; PARAMETRIC SURFACE.

If the inquired information is not available, the values returned in the output parameters are i
dependentand the error indicator is set to one of the following error numbers to indicate the re
availability:

Graphical Items. For implementation dependent GDP identificrs the list of sets of attributes used is| workstation

IOR, EDGE,

milemenmﬁon

on for non-

002 Ignnringﬁlnr'tinn funf'tinn rﬂ/‘mir/’v state (PI»I()P*,* *)

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
Out  maximum number of reflectance bundle table entries (20...n) 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

Effect: [If the inquired information is available, the error indicator is returned as 0 and valugs are returned in the output

Referendes: 4.5.2,4.6.3.3,4.6.6,4.6.7

Errors: rpone

5.4.4 Inquiry functions for structure content

arameters.

f the inquired information is not available, the values returned in the outplit parameters are impllementation
ependent and the error indicator is set to one of the following error numbers to indicate the reagon for non-
vailability:

002 Ignoring function, function requires state (PHOP* * *

052  Ignoring function, workstation type not recognized by théamplementation

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 work§tation cate-
gory is neither OUTPUT, OUTIN, nor MO)

062  Ignoring function, this information is not available for this MO workstation type

INQUIRE CURRENT ELEMENT TYPE AND SIZE (PHOR*,STOP,*)
Out| error indicator I
Out| element type (see below) E
Out| element size (0...m) I
Effect:

138

If the.inquired information is available, the error indicator is returned as O and values are returned in the output
parameters. lln

The element type of the structure element pointed to by the ‘element pointer’ is returned. If the ‘element
pointer’ is currently 0, a NIL value is returned. If the clement type has no data associated with it 0 is 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,
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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,
QUADRILATERAL_MESH_3_WITH_DATA,

ISO/IEC 9592-4:1992(E)

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_MODE,
FACET_CULLING_MODE;
INTERIOR_COLOUR,
INTERIOR_SHADING_METHOD,
DATA_MAPPING_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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