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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal with
particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

In the field ; ratton—technotog At have-established—a—jotnttechnteal-committee 1. Draft
Internatiopal Standards adopted by the joint technical committee are circulated to national bodies for voting. Publigation as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Internatiopal Standard ISO/IEC 9636-3 was prepared by Joint Technical Committee ISO/IECJTC 1, Infprmation
technology.

ISO/IEC 9636 consists of the following parts, under the general title Information technology — Computer grdphics —
Interfacin techniques for dialogues with graphical devices (CGI) — Functional specificatiott.

— Part 1: Overview, profiles, and conformance
— Part 2: Control

— Part 3: Output

— Part 4: Segments

— Part 5: Input and echoing

— Part 6: Raster

Annexes A and B form an integral part of this part of ISO/IEC 9636. Annexes C, D, E, F, G, and H are for informatjon only.
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Introduction
This part of ISO/IEC 9636 describes the functions needed for generating and displaying graphical output.

The functional capability incorporated in this part of ISO/IEC 9636 is concerned with graphic primitives and their associated

attributes, control over the graphic object output pipeline, and the rendering of graphic objects. It should at least be read in
conjunction with the overview in ISQ/IEC 9636-1, and the general control functions detailed in ISO/TEC 9636-2,

daneuon =2 220 VVRIY 22 LDV ADL U002, Qi LG AVAGE VUM U: iy

The functional capability described in this part of ISO/IEC 9636 applies to CGI Virtual Devices of class OUTPUT and
OUTIN.
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Information technology — Computer graphics —
Interfacing techniques for dialogues with graphical
devices (CGIl) — Functional specification —

Par‘ 3:
Output

1 |Scope

This parft of ISO/IEC 9636 establishes those functions of the Computer Graphics Interface concerned with output primitives
and assqgciated attributes and controls for creating graphical pictures.

This paft of ISO/IEC 9636 is part 3 of ISO/IEC 9636, and should be read in.conjunction with ISO/IEC 9¢36-1 and
ISO/IEQ 9636-2. The relationship of this part of ISO/IEC 9636 to the other parts of ISO/IEC 9636 is described in
ISO/IE( 9636-1 and in clause 4.

The fundtionality described in this part of ISO/IEC 9636 pertains to OUTRPUT and OUTIN classes of CGI Virtual D¢vice.
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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 9636. 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 9636 are encouraged to investigate the possibility of applying the most recent
editions of the standards listed below. Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 646 : 1983 Information processing — ISO 7-bit coded character set for information interchange.

IS0 2022 :

ISO 8632-1
description

1986 Information processing — ISO 7-bit and 8-bit coded character sets — Code extension techniques;

information (CGM) — Part 1: Functional specification.

ISO/IEC 9341-1 : -1) Information technology — Font information interchange — Part 1: Architecture,

ISO/IEC 9341-2 : -1 Information technology — Font information interchange — Part 2: Interchange' format.

ISO/IEC 9%41-3 : -1 Information technology — Font information interchange — Part 3: Glyph-shape representatio

ISO/TEC 9492-1 : 1989 Information processing systems — Computer graphics — Programmer's Hierarchical Inte
Graphics System (PHIGS) — Part 1: Functional description.

ISO/IEC 96

devices (CGI) — Functional specification — Part 1: Overview, profiles, and cofiformance.

ISOMEC 96

devices (C(GI) — Functional specification — Part 2: Control.

ISO/IEC 94

devices (CGI) — Functional specification — Part 4: Segments.

ISO/MEC 94

devices (CGI) — Functional specification — Part 5: Input and echoing.

ISO/IEC 94

devices (C(G:I) — Functional specification — Part-6:-Raster.

ISO/IEC 94

devices (C(;1) — Data stream binding — Part-1: Character encoding.

ISO/TEC 94

devices (CG:1) — Data stream binding — Part 2: Binary encoding.

ISO/IEC TR 9973 : 1988 Information processing — Procedures for registration of graphical items.

: 1987 Information processing systems — Computer graphics — Metafile for the storage and transfer-of picture

.

ractive

36-1 : 1991 Information technology — Computer graphics — Interfacingtechniques for dialogues with graphical
36-2 : 1991 Information technology — Computer graphics — Inferfacing techniques for dialogues with graphical
36-4 : 1991 Information technology — Computer graphics?— Interfacing techniques for dialogues with graphical
36-5 : 1991 Information technology — Computer graphics — Interfacing techniques for dialogues with graphical
36-6 : 1991 Information technology — Cempiiter graphics — Interfacing techniques for dialogues with graphical
b37-1 : -V Information technology — Computer graphics — Interfacing techniques for dialogues with graphical

$37-2 : -V Information technology — Computer graphics — Interfacing techniques for dialogues with graphical

1) To be published.
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3  Concepts

3.1 Introduction

This part of ISO/IEC 9636 covers the device-independent graphic object output functionality of the CGI. It covers primitive
functions, attributes, object formation and subsequent processing, and related control and inquiry functionality. This
functionality is divided into the Tollowing areas:

—  Graphic primitive functions, which describe the geometry of the components of a picture in the CGI.

- Attribute functions, which set modal values in state lists that are used to determine certain properties, (includipg visual
gspects) of these geometric picture components.

— (eneral attribute and output control functions, which specify the modes of operation-ef_certain other flinctions,
dontrol some aspects of the device's operation with respect to graphic objects and attribute functions, and which
rovide facilities for the construction of compound objects.

etrieval function, which returns information useful for the positioning of text objects.

utput inquiry functions, which provide access to the description tables and- state lists concerned with oytput and
ttributes.

3.2 eneral output concepts

3.2.1 Types of graphic primitive functions

The CGI {lefines graphic primitive functions for the specification of the geometry of the components of a picture.

These graphic primitive functions, grouped according to-primitive type: line, marker, text, fill, and image, are as folloyws:

Line functions: Fill functions:
POLYLINE POLYGON
DISJPDINT POLYLINE POLYGON SET
CIRCQULAR ARC 3 POINT RECTANGLE
CIRCQULAR ARC CENTRE CIRCLE
CIRQULAR ARC CENTREREVERSED CIRCULAR ARC 3 POINT CLOSE
ELL CAL ARC CIRCULAR ARC CENTRE CLOSE
CONNECTING EDGE ELLIPSE
ELLIPTICAL ARC CLOSE
Marker function: Text functions:
POLYMARKER TEXT
APPEND TEXT
Image function: Generalized drawing primitive function:
CELL ARRAY GENERALIZED DRAWING PRIMITIVE (GDP)
NOTE - GDP does not have an explicit primitive type, but rather an instance of GDP may generate a primitive of one of the
above primitive types depending on the specific GDP identifier.

See ISO/IEC 9636-1, 5.2.1 for an overall description of graphic primitives in relationship to the CGI Graphic Object Pipeline.
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3.2.2 Attributes and controls

Primitives have attribute values associated with them as they pass through the Graphic Object Pipeline. Once a set of attribute values
has been associated with a primitive the complete entity is referred to as a graphic object. Some of these attribute values determine
the appearance of primitives when they are rendered as graphic objects. See ISO/IEC 9636-1, 5.2.1 for an overview of where
attribute values are associated and used within the Graphic Object Pipeline.

Control functions are also defined in this part of ISO/IEC 9636 and provide control over other operations of the Graphic Object
Pipeline, e.g. colour table. Some of these control functions also set corresponding entries in CGI state lists, but these control values

are not asy

3.2.3 Output states

The Outpt
IEC 9636
ACTIVE.
constructi
resultin a

Staterestr

table 2). In particular, in Output State TEXT OPEN, all graphic primitive functions‘exeept APPEND TEXT are p

Similarly,
all but ling
only in the

setting furjctions in any of these states.

LR | rele o L.
ULIatlAL Wil glapiiv pPriiiuaves.

t State entry in the General Attributes and Output Control State List applies to the functions defined-in this paft of ISO/

The Output State may have only one of the values ACTIVE, TEXT OPEN, or FIGURE OPEN; the normal st

ate being

It is set to state TEXT OPEN during the construction of a compound text object and to state FIGURE OPEN dpring the

bn of aclosed figure object. Figure 1 illustrates the output states of this part of ISO/IEC 9636 and indicates which |
state transition.

ctions are defined in Output State TEXT OPEN for all primitive functions which.do not contribute to compound
in Output State FIGURE OPEN, primitive functions which do not contribute:to the construction of closed fi

and fill type primitives) are prohibited (see table 3). In Output State ACTIVE, primitive functions which arg
state TEXT OPEN and FIGURE OPEN are prohibited (sec table 1), There are no state restrictions applicable tg

virtual device

functions

text (see

hibited.
ures (i.e.
relevant
attribute

unitialized
INITIALIZE A TERMINATE
all primitive functions
except CONNECTING EDGE,
ACTIVE APPEND TEXT, NEW REGION
END FIGURE
“ﬁnal77
APPEND TEXT “pot final” BEGIN END FIGURE
TEXT or FIGURE
RESTRICTED
TEXT
TEXT FIGURE
QOPEN OPEN
“not final77
APPEND TEXT all line and fill
primitive functions,
NEW REGION

NOTE — Whether or not a particular GDP is allowed in any of the output states is dependent on the specification of the GDP and
its defined effect on the Output State entry in the General Attributes and Output Control State List.

Figure 1 — Output state diagram (for primitive functions)
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Table 1 — Functions Not Allowed in Output State ACTIVE

APPEND TEXT
END FIGURE

CONNECTING EDGE

NEW REGION

Table 2 — Functions Not Allowed in Output State TEXT OPEN

Concepts

POLYLINE CIRCULAR ARC CENTRE
DISIQINT POL YI INE CIRCULAR ARC CENTRE REVERSED
CIRCULAR ARC 3 POINT ELLIPTICAL ARC

CONNECTING EDGE

POLYGON CIRCULAR ARC 3 POINT CLOSE
POLYGON SET CIRCULAR ARC CENTRE CLOSE
RECTANGLE ELLIPSE

CIRCLE ELLIPTICAL ARC CLOSE

BEGIN FIGURE END FIGURE

NEW REGION

TEXT RESTRICTED TEXT
POLYMARKER CELL ARRAY

Table 3 — Functions Not Allowed in Output State FIGURE OPEN

TEXT
RESTRICTED TEXT
APPEND TEXT

POLYMARKER
CELE’ARRAY

BEGIN FIGURE

3.3 Individual and bundled attribute values

3.3.1 Introduction

The appegrance of a graphic object is"determined by a number of attribute values associated with the object. These

attribute

values comtrol both the geometric and fion-geometric aspects of the object. In addition, there is an attribute value which is used

to identify an object or group of‘objécts in a segment (see ISO/IEC 9636-4 for the definition of pick identifier).

These atttibute values are.sef-modally and have entries in primitive type specific state lists. Individual specificationof these
attributes [is provided by separately defined CGI functions. A subsequent change of the state list entry for an attributg will not
affect the| value associated with any existing graphic objects. Attribute values associated from such state list enjtries are

referred t¢ as individwal attribute values.

Some attlibute. values may, in addition to this modal specification, be grouped into bundle entries in various bund
Bundle taplesare defined for line, marker, text, fill, and edge. A particular bundle entry can be selected for use with

¢ tables.
an object

via a bundle index attribute. There is a bundle index attribute value for each primitive type (with the exception of the image

type).

Whether the value for a particular attribute is a directly associated modal value or whether it is indirectly referenced by means
of a bundle index attribute value and subsequently obtained from the referenced bundle is determined by a further set of
attributes, called aspect source flags (ASFs). Each ASF may take either the value INDIVIDUAL or BUNDLED and allows the
distinction to be made for each of the attribute values which may be bundled.

A number of bundles are predefined when the CGI Virtual Device is initialized. Each such predefined bundle shall be visually
distinguishable from that of the other predefined bundles for a given primitive type when all aspect source flags are
BUNDLED. These and other bundles may subsequently be redefined by the client. Bundles may be deleted by the client.
However, the predefined bundle with index 1 cannot be deleted.
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If the values of a bundle are changed and that bundle is already in use, a modification of the rendered picture may result.
Whether such modification of the rendered picture occurs immediately on execution of the changing function or at some later
time is determined by the Implicit Segment Regeneration Mode (see ISO/IEC 9636-4) and is dependent on whether the Virtual
Device has segment capabilities. The Dynamic Modification Accepted For entries in the output description tables of an
implementation indicate which changes may be performed immediately or may lead to subsequent regeneration.

3.3.2 Modes of attribute specification and selection

In CGI state hsts the values for attributes controlled by specxﬁcanon or selecuon modes are stored in the mode in which they
were last specifie : ; ode. The
correspondjng attributes in the bundle tables are also stored in the mode in which they were spec1f1ed along
specification mode. When the attribute value is associated with a primitive, during object formation, the mode in-which it was
set is also gssociated. The stored mode acts as a data type identification, and is used for that purpose in the-inquiry fupctions
based on the state list. These stored values are thereafter independent of the current specification or selection modej on the
General Atfributes and Output Control State List.

3.4 Cplour

3.4.1 Direct and indexed modes

The CGI prpvides two mechanisms for colour selection:

- Di

ect, in which the colour is defined by providing values for the normalized weights of the RGB components,|and

— Inglexed, in which the colour is defined by an index into a table of colour values.

Selection of one of these mechanisms may be achieved using the function COLOUR SELECTION MODE. It is possible to
have both direct and indexed colour in use simultaneously in;the same picture on devices which implement direct|colour
selection for object colour attributes.

34.1.1 Direct colour and COLOUR VALUE.EXTENT

For direct dolour specification, the CGI uses the RGB additive colour model. Each colour specifier is a three-tuple of| values
providing the normalized weight of the red, green,and blue components of the desired colour.

The integer| components of a client specified.CD value are normalized to a three-tuple of abstract RGB colour values, ¢ach of
which is a[real number in the range [0.0;"1.0]. The normalization also has the property that any 3-tuple with 3 identical
, (x,x,x), represents equalweights of the red, green, and blue components. For any given component, one|end of

nent is includedGmythe colour, with an infinite number of component values in between. (0,0,0) thus represents
black, (1,1,]) represents white/and (x,x,x) with x between 0 and 1 represents a grey.

The abstraqt minimum-colour value of (0,0,0) is represented by (min_red, min_green, min_blue) and the abstract makimum
colour valye of (1,11 is represented by (max_red, max_green, max_blue). These minimum and maximum valjes are
specified with the:€OLOUR VALUE EXTENT function which defines a linear mapping of these values onto the device's
abstract colpur range.

Although CGI supports only the RGB colour model, it provides entries in the Output Control Description Table for constants
which are necessary for conversion of colour values between the CIE colour model and RGB colour model. A client may
inquire these values and use them in performing the colour model conversion. (See ISO/IEC 9592-1, annex I.)

34.1.2 Indexed colour and COLOUR TABLE

The colour table used with indexed colour selection is a contiguous set of colour values indexed from the range [0, colour
table size - 1]. It is initialized in the following manner: index O contains an implementation-dependent background colour;
index 1 and greater contain implementation-dependent foreground colours. The COLOUR TABLE function is provided for
changing the contents of the colour table by specifying the colour by RGB values as described above. The COLOUR TABLE
function may be used at various times throughout the specification of a picture. However, whether changes in the colour table
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affect the appearance of any rendered graphic objects that use the affected indices is indicated by the Dynamic Modification
Accepted For Colour Table entry in the Output Control Description Table.

34.13 Gamma correction

There is no gamma correction nor specification of the source colours implied for the tri-stimulus values for direct colour
specification. This degree of control over colour may be available on an implementation-dependent basis through the use of
ESCARPE functions.

34.14 Colour and monochromatic devices

All devices capable of displaying output are considered to have at least two colours — the background and the foregroynd. The
drawing npedium will always count as one colour for the Number of Simultaneously Available Direct Colours,-Nymber of
Simultanepusly Available Indexed Colours, and Number of Available Colours entries in the Output Description Table.
Therefore ] none of the colour counts may be less than two.

Interpretation of the Number of Simultaneously Available Direct Colours or the Number of Simultan€ously Available(Indexed
hen either is greater than two, depends on whether the device is monochromatic. If the Monochromati¢ Device
Output Control Description Table is NO, then the device is capable of rendering at least two different fogeground

atic Device entry is YES, then the interpretation of the Number of Simultaneously Available Direct Coloyrs when
tion mode is DIRECT and the Number of Simultaneously Available Indexed-Colours when colour selectipn mode
is INDEXED is taken to mean the number of steps in a single colour intensity scale~whose low value is closest to the¢ default
backgrourd colour (or drawing medium for those devices without background‘colour capability) and whose high value has
maximum|contrast relative to the default background colour.

34.1.5 Transparency and auxiliary colour

Various gfaphic primitives have “holes” which may or may not be.rendered. Examples of such “holes” include gaps ip dashed
lines or edges, the background of a character cell, and the spaces between lines in a hatched fill primitive.

Two of the general attributes which are associated with graphic primitives as they enter the graphic object pipgline are
TRANSPARENCY and AUXILIARY COLOUR. The associated TRANSPARENCY attribute value determines whEher the

drawing of the “holes” occurs. If this attribute value is TRANSPARENT, those portions of the object which are considered to
be “holesT will not be drawn; hence, potentially affected portions of the graphic picture remain unchanged. If this attribute
value is OPAQUE, those portions of the object/which are considered to be “holes” will be drawn; hence, affected portions of
the graphif picture will be modified. The associated AUXILIARY COLOUR attribute value is used in determining the colour
of the “h¢les”. The DRAWING MODE:attribute associated with the object is not applied (see 3.4.1.6) until after the
applicatioh of TRANSPARENCY and-AUXILIARY COLOUR.

When TRANSPARENCY is OPAQUE, non-solid (e.g. dot-dash) lines or edges, text, and hatched interiors for fill objects are
rendered gs two separate points€ts in abstract DC space: one with the normal associated colour attribute values and the other
with the agsociated auxiliary-colour attribute value.

3.4.1.6 Overwrite-capability, colour realization, and DRAWING MODE

Due to inherent technology differences, the physical devices used as the display for CGI Virtual Devices differ|in their
behaviour| when'\something is rendered in the same physical location on the drawing surface as previously rendered gutput or
displayed jon-the display surface at the same location as previously displayed output.

Raster technology devices can overwrite the contents of the drawing surface, so that each object rendered “in front of”
previously rendered ones (see the lower right-hand picture shown in figure 2). Vector devices cannot usually do this: the
Colour Overwrite entry in the Output Control Description Table indicates whether the Virtual Device has this capability.

Output rendered on the drawing surface will ultimately be displayed on the display surface; it may be mixed additively or
subtractively on the display surface with which previously displayed output (see the lower left-hand picture shown in figure 2).
The Colour Realization entry in the Output Control Description Table indicates which colour mixing is used.
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Figure 2 — Overwrite capability

Device offering functionality defined in ISOAEC 9636-6 provide an additional means of controlling colour mixing on the drawing
surface —the drawing mode. For these devices, the Colour Overwrite Capability is typically YES, and hence the DRAWING MODE

function fully controls the colour mixing on the drawing surface.

3.4.2 Background colour

The drawing surface is¢Set\to the background colour by PREPARE DRAWING SURFACE or by a regeneration prjor to any
rendering. The CGI provides several ways of specifying the background colour. The implemented ways are indicated by the

Backgro

Four leve

INDEXED:

FULL:

nd ColourCapability entry in the Output Control Description Table.

1s of background colour capability are defined, as follows:

g, L) PIOPDC NC MEdig

e device is not capable o ging the backg Our, €.g 3 1 .
picture is drawn. (In this case, the BACKGROUND COLOUR function need not be provided.)

The device has a background colour which is always associated with colour index 0. Changing the setting of
colour table entry 0 will perform the desired change. (In this case, the BACKGROUND COLOUR function need
not be provided.)

The device has a background colour which is always associated with a colour index, which can be changed by
the client. In this case, the BACKGROUND COLOUR function which accepts only CI values shall be provided.
The default colour index for background colour is 0.

The device has the capability of using either an indexed colour for background colour or a direct colour
which is not associated with any colour table entry. In this case, the BACKGROUND COLOUR function
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with full support of the CO data type shall be provided. The default is specified in INDEXED mode with
value 0.

3.5 Graphic objects

This part of ISO/IEC 9636 defines the functions which create graphic primitives in the Graphic Object Pipeline. A graphic
primitive becomes a graphic object when the appropriate attribute values are associated with the primitive. Graphic objects are
passed down the Graphic Object Pipeline for further refinement, storage, and rendering.

An outlirje of this process is given in ISO/IEC 9636-1, 5.2.1. The following sub-clauses provide further details of-thiq process.

3.5.1 [Compound objects

In additign to the graphic primitive functions listed in 3.2.1, this part of ISO/IEC 9636 defines functions' that provide a client
of the CGI with means to create compound objects from several of the other graphic primitives.‘The following ¢lasses of
compound object are defined: compound text and closed figures. The functions that may be used to specify compound objects
are listed|in table 4.

Table 4 — Contributing Primitives to Compound Objects

Object Class Initiating Function Functions allowed in | Otheer Closing Function
open state Functions
Compoynd Text | TEXT (Note 1) APPEND TEXT APPEND TEXT (Note 2)
RESTRICTED TEXT (Note 1)
GDP (Note 4) GDP (Note 4) GDP (Note 4)
Closed Figure | BEGIN FIGURE Line Functiens NEW REGION | END FIGURE
- | Fill Funetions (Note 3)
GDP(Note 4)

NOTES

1) Fingl/not-final flag is NOT FINAL; the primitive defines the reference point of the entire compound text object; the text
prirhitive is entered in the text buffer.

2) Fingl/not-final flag is FINAL; the text primitive is entered in the text buffer before the compound text object is closed.

3) Alljprimitives of the identified primitive.types may be included.

4) Whether a GDP may contribute to‘compound text or closed figures, and how it interacts with the Output State is
spegified with the definition of the’GDP in the International Register of Graphical Items or in the implementation
docpimentation.

3.5.2 [Global anddecal attributes

For the purposes of compound object formation, a further classification of attributes into either global or local atfributes is
introducqd.

Global aftributes are those whose values are associated with a completed compound object (e.g. fill colour, drawizrg mode).
Global atfributes apply to a compound object as a whole.

Local attributes are those whose values are separately associated with the graphic primitives that make up a compound object
(e.g. text colour, edge type, drawing mode). Local attributes apply separately to the component graphic primitives of a
compound object.

3.5.3 Detail of graphic object formation

In ISO/IEC 9636-1, 5.2.1 the formation of graphic objects is described as occurring in a single step. This subclause further
defines the details of this formation to include the formation of compound graphic objects (see figure 3).
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' ' removal after ‘final’ * '

/ ACTIVE __ APPEND TEXT \

removal after
END FIGURE

Figure buffer

FIGURE
OPEN

Figure 3 — Detail of the graphic object pipeline for compound objects

While a compound object is being formed, graphic primitives have their local attribute values associated and are then cong
stored in ah intermediate buffer. When the function that closes the compound object is executed, the contents of the inte:
buffer are fombined and the graphic object is completed by association of the relevant global attribute values.

The procegs of compound object formation is not affected by, and doesnot itself affect, any process further down the pipeling
in ISO/IEC 9636-1, 5.2.1.

3.6 Clipping associated with graphi¢ objects

eptually
rmediate

e defined

The generdl attribute values, CLIPRECTANGLE and CLIPINDICATOR, along with any applicable object clipping modejattribute

values, are{associated with a primitive as itenters the Graphic Object Pipeline. These attribute values control the subsequj
of clipping applied to the graphic object\The CLIP RECTANGLE is associated as the clip region.

If the CLIIP INDICATOR is OFF, the effective clip region is the VDC range. If the CLIP INDICATOR is ON, the effeqd
region is the intersection of the clip region associated with the graphic object and the VDC extent.

There are three different objéct clipping modes which specifically apply to lines, markers, and edges. These are maintaine
state lists and are manipualated by means of the functions LINE CLIPPING MODE, EDGE CLIPPING MODE, and M|
CLIPPING MODE. When the CLIP INDICATOR associated with a graphic object is ON, only those parts of a graphic o
are consid¢red inside.the effective clip region are rendered. The object clipping modes allow the client to be more preci
clipping is|applied-to graphic objects.

ent form

tive clip

d in CGI
ARKER
ject that

in how

Anobject ¢lipping mode may be either LOCUS, SHAPE, or LOCUS THEN SHAPE. Conceptually, alocus is amathematid

al object

like a point or line segment, while a shape is an area in two-dimensional space. Loci are zero-dimensional or one-dimensional subsets
of real-valued two-dimensional space. For markers and text, they are points. For lines, they are the individual line segments or
portions of arcs. Shapes reflect the realization of geometric attributes such as LINE TYPE and LINE WIDTH and are generally two-

dimensional subsets of real-valued space.

When a width or size specification mode is SCALED, the rendering of shape proceeds in DC space after application of the VDC-
to-Device Mapping. When a width or size specification mode is VDC, the abstract rendering of shape proceeds in VDC space before
application of segment and copy transformations and the VDC-to-Device Mapping. This abstract shape is then transformed point

by point and mapped to DC space for shape clipping.

The effect of each object clipping mode is as follows:

10
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— LOCUS clipping is applied for each portion of a graphic object based on its mathematical location and is independent
of the area it will occupy after rendering. For example, no portion of a line segment is rendered if the entire ideal
mathematical line segment lies outside the effective clip region (even if its line width would carry some portion of the
rendering of it into the effective clip region). No portion of a marker is rendered if its location point lies outside the
effective clip region.

If LOCUS clipping is used, the rendering is applied to the clipped locus of the graphic object. The resulting rendered shape
areas may therefore extend outside the effective clip region.

— SHAPE clipping is applied after the abstract rendering of shape in real DC space. The two-dimensional point set
sociated with the graphic object is intersected with the effective clip region, which has been transformed. tq abstract
C space.

OCUS THEN SHAPE clipping allows the client to specify that both LOCUS and SHAPE clipping be applied to
aphic objects as described above. In this case, the rendered shape will not extend outside the effective clip region.

Fill, text,[and image objects do not have associated object clipping mode values (although the edge-of a fill object does).
Clipping flor fill and image objects is always consistent with SHAPE clipping.

For text objects, the type of clipping is determined by the associated text precision value:

or STRING precision text, clipping may proceed, on a per string basis, in\a/manner consistent with |LOCUS

or CHARACTER precision text, clipping may proceed, on a per character basis, in a manner consistent with
OCUS clipping.

or STROKE precision text, the clipping always proceeds in a manner consistent with SHAPE clipping.
Note that & Virtual Device is always allowed by ISO/IEC 9636 to use SHAPE clipping for any text precision.

Drawing $urface Clipping (see ISO/IEC 9636-2, 3.3.7) applies to all types of graphic objects. The drawing surface (clipping
always cofresponds to SHAPE clipping, as described above.

3.6.1

Figure 4 |llustrates the effect that object clipping modes and specification modes have on the Graphic Object [Pipeline
presented [in ISO/IEC 9636-1. Any conceptual changes to the pipeline apply on a per object basis; that is, each object passing
down the pipeline may have different clipping modes and specification modes and therefore apparently traverse a flifferent
variation gf the pipeline.

endering pipelines for clipping

Conceptuglly, the object clipping modes determine the presence or absence within the pipeline of the Apply Locus Clipping
and Apply|Shape Clipping operations. For LOCUS THEN SHAPE clipping, both operations are present. For LOCUS ¢lipping,
only the Apply Locus Clipping opération is present. For SHAPE clipping, only the Apply Shape Clipping operation is present.

The effecq of the width andsize specification modes for lines, markers, and edges on the pipeline is dependent alsp on the
correspongling clipping modes.

ification‘mode is VDC, the operation Render Shape takes place prior to the application of the aspociated
transformation and the VDC-to-Device Mapping so that the VDC specification of the shape is properly transformed and
mapped t¢ device coordinates. In addition, if the object clipping mode is one of LOCUS or LOCUS THEN SHAPE, the
transform¢d-and clipped locus of a graphic object is transformed by the inverse associated transformation in order| that the
Render Shape operation is applied correctly. The associated transformation is then applied to the rendered shape of the object.

The combination VDC/SHAPE also applies to fill, text, and, image objects.

If the specification mode is SCALED, the operation Render Shape takes place following the application of the VDC-to-Device
Mapping. In this case, when the object clipping mode includes LOCUS, the associated transformation is only applied once.

VDC sizes will change proportionally with the size of the device viewport (assuming that the VDC extent remains
unchanged). VDC sizes are also affected by the copy and segment transformations. For SCALED sizes, the size remains fixed
with respect to the drawing surface.

11
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Figure 4 — Rendering pipelines for size specification mode/clipping mode combinations
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3.7 Line primitives

3.7.1 Line functions

The CGI defines two general line functions, several line functions relating to circles and ellipses which generate line
primitives, and a special line function which generates a line primitive that is only used within the FIGURE OPEN state.

POLYLINE generates a set of connected straight line segments defined by a list of points, starting with the
first point, drawing a line segment to each successive point, ending at the last point;

DISJDINT POLYLINE generates a set of unconnected straight line segment defined by a list of point pairs| drawing
from the first to the second, the third to the fourth, etc.;

CIRCULAR ARC CENTRE

CIRCULAR ARC CENTRE REVERSED

CIRCULAR ARC 3 POINT these functions each generate a single circular arc; but provide alternative
parameterizations of the arc; they are described in 5.2 (andin annex D);

ELLIPTICAL ARC generates a single elliptical arc; the parameterizatiomof the arc is described in 5.2 (and in
annex D);

CONNECTING EDGE used only in closed figure construction, this special line function adds an edge portign and an
explicit boundary portion to the closed figure ~ it effectively converts what would have been
the next implicit boundary portion to an explicit boundary portion. See 3.10.5.

3.7.2 Line attributes

The appearance of line primitives is described by specific ling-attributes and other general attributes.

LINE TYPE determines the type of line (¢.g. solid, dotted, or dashed), with which the shape of a lipe object
is rendered;

SPECIFICATION MODE OF LINE WIDFH "~ determines whether the line width attribute value is interpreted as a DC
scaling factor.ord VDC width during rendering; see 3.7.3;

LINE WIDTH determines:the width of line with which the shape of a line object is rendered;

LINE COLOUR determines the colour with which a line object is rendered. The colour selection modef{in which
the_line colour was specified determines whether the LINE COLOUR attribute| value is
interpreted as a direct or indexed colour value during rendering. See 3.4 for a descyiption of
how colours are defined in the CGI,

LINE CLIPPING:MODE determines the type of object clipping to be performed during rendering; see 3.7.4;

LINE BUNDLE/INDEX determines the line bundle to be used during rendering when the corresponding line ASF
attribute values are BUNDLED. The following line attribute values may be bundlgd: LINE
TYPE, LINE WIDTH, and LINE COLOUR;

Line ASFs determine which atﬁibute values of the line bundle referenced by the LINE BUNDLE INDEX
attribute are to be used during rendering when the corresponding ASF attribute value is
BUNDLED. The following line ASFs are defined: LINE TYPE ASF, LINE WIDTH ASF, and

LINE COLOUR ASF.
3.7.2.1 General attributes
CLIP INDICATOR determines whether object clipping is to be applied to the line object;

CLIP RECTANGLE used in determining the effective clip region to be applied to a line object if the associated
CLIP INDICATOR is ON;

13
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AUXILIARY COLOUR determines the colour to render the gaps in a line for line types other than solid, if the
TRANSPARENCY attribute value is OPAQUE. The colour selection mode in which the
auxiliary colour was specified determines whether the AUXILIARY COLOUR attribute value
is interpreted as a direct or indexed colour value during rendering;

TRANSPARENCY determines whether gaps in the shape of a broken line type are rendered using the
AUXILIARY COLOUR attribute value. If the TRANSPARENCY attribute value is
TRANSPARENT, any previously drawn parts of the picture are unaffected in line gaps;

DRAWING MODE determines how the rendered (and rastered) object is mixed with what already exists on the
drawing surface (defined in ISO/IEC 9636-6);

PICK IDENTIFIER (defined in ISO/IEC 9636-4).

3.7.3 Lipe geometry

The width gf a line is determined by the LINE WIDTH attribute value. The LINE WIDTH attribute valug€ is interpreted using
specification mode, which can take one of two values, SCALED or VDC. If the specification mode is SCALED,
the width i3 interpreted as the nominal device-dependent line width multiplied by the given LZINE WIDTH attribute] value;
width is not affected by any transformations. If the specification mode is VDG, \th¢ width is interpreted in VDC
units and iy subject to segment and copy transformations and the VDC-to-Device Mapping; these transformations and the

Degeneracy of line objects may arise either due to the client's specifications or unintentionally due to round-off grror in

If the Virtugl Device cannot render a line of the exact specified width,(the closest implemented width will be used. When line
ified in VDC, then if, after its transformation to device Coordinates, the resulting width is less than the Mipimum
Scaled Lind Width, the Minimum Scaled Line Width is used; if-the resulting width is greater than the Maximum Scalgd Line
Width, the|Maximum Scaled Line Width is used. In general, if the abstract rendering of the locus of a line primitive
degenerateq to a zero-dimensional point set, at least a dot shall be rendered.

There are s¢veral ways in which an arc may degenerate."A circular arc 3 point or elliptical arc is non-degenerate if and|only if
the three specifying points are non-collinear. If the three points are all coincident, a dot is rendered. If the three points are
collinear, the circular arc has zero curvature and a'line is rendered from the starting point through the intermediate poin} to the
ending point. If the points specifying an elliptical arc are collinear, an implementation-dependent straight line is renderefl.

A circular arc with a radius of zero is rendered as a dot.

3.7.4 Line clipping

Line object clipping is confrolled by the LINE CLIPPING MODE attribute, which can have one of three possible yalues:
LOCUS, SHAPE, or LOCUS THEN SHAPE. However, object clipping only applies if the associated CLIP INDICATOR
attribute is ON.

For LOCUS clipping, the mathematical locus of the line is clipped at its intersection with the effective clip region asspciated
with the grgphic object before shape rendering is applied. Hence, part of the shape of a line may appear outside the effective
clip region.

For SHAPE clipping, the shape of the rendered line is clipped at its intersection with the effective clip region (i.e. nothing is
drawn outside the effective clip region).

For LOCUS THEN SHAPE clipping, the mathematical locus of the line is clipped as with locus clipping, and then
subsequently the rendered shape of the clipped locus is again clipped. Note that since the mathematical locus of the line may
have changed as a result of locus clipping, subsequent shape rendering and clipping may produce a different appearance in a
line from either of the other two clipping modes.

14
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3.7.5 Allowed latitude

The following levels of Line Type Continuity are permitted for a CGI Virtual Device: RESTART, CONTINUOUS, and
OTHER. The implemented level of support is indicated by the Line/Edge Type Continuity Capability entry in the Primitive
Support Description Table.

Concepts

— Alevel of RESTART indicates that the line type pattern is restarted at each vertex of a line object except for the last

AY

ertex;

— Alevel of CONTINUOUS indicates that the Virtual Device maintains the line type continuously across all vertices of

The prefe:

3.8

3.8.1 Marker function

The CGI provides a single marker function which generates a marker primitive:

POLY

3.8.2 Marker attributes

The apped
MAR

SPE(Q

MAR
MAR;

MAR|
MAR

Mark

1.1
I 1adt VUIULLS,

level of OTHER indicates that another method has been used (for example, guaranteeing some continuity
d points of each line segment of line object are always drawn).

ed behaviour is CONTINUOUS.

arker primitive

'MARKER generates a symbol of a specific type at each{point specified in a list of points.

rance of marker primitives is described by specific marker attributes and other general attributes.

KER TYPE determines the type of marker (e.g. dot, plus, or asterisk), with which a marker
rendered;
IFICATION MODE OF MARKER SIZE determines whether the marker size attribute value is interprg

scaling factor or a;VDC size during rendering. See 3.8.3;
KER SIZE determines the size of markers with which a marker object is rendered;

KER COLOUR determines the colour with which a marker object is rendered. The colour selection
which‘the'marker colour was specified determines whether the MARKER COLOUR

3.8.2.1

CLIP
CLIP

and that

bbject is

ted as a

mode in
attribute

value is interpreted as a direct or indexed colour value during rendering. See 34 for a
description of how colours are defined in the CGI;

KER CLIPPINGMODE determines the type of object clipping to be performed during rendering; see 3.8.4;

KER BUNDLE INDEX determines the marker bundle to be used during rendering when the corresponding marker
ASF values are BUNDLED. The following marker attribute values may be hundled:
MARKER TYPE, MARKER SIZE, and MARKER COLOUR;

e ASFs determine which attribute values of the marker bundle referenced by the MARKER BUNDLE

i ' i i i ibute value
is BUNDLED. The following marker ASFs are defined: MARKER TYPE ASF, MARKER
SIZE ASF, and MARKER COLOUR ASF.
General attributes
INDICATOR determines whether object clipping is to be applied to the marker object;
RECTANGLE used in determining the effective clip region to be applied to a marker object if the associated

CLIP INDICATOR is ON;

AUXILIARY COLOUR determines the colour to render the portions of a marker object, other than the foregro
marker glyph, if the TRANSPARENCY attribute value is OPAQUE. The colour selection

und of a
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mode in which the auxiliary colour was specified determines whether the AUXILIARY
COLOUR attribute value is interpreted as a direct or indexed colour value during rendering;

TRANSPARENCY determines whether the portions of a marker object, other than the foreground of a marker
glyph, are rendered using the AUXILIARY COLOUR attribute. If the TRANSPARENCY
attribute value is TRANSPARENT, any previously drawn parts of the picture are unaffected
by these portions of a marker object;

DRAWING MODE determines how the rendered (and rastered) object is mixed with what already exists on the
drawing surface (defined in ISO/IEC 9636-6);

PICK [DENTIFIER (defined in ISO/IEC 9636-4).

3.8.3 Marker geometry

The locus pf a marker is defined to be the single point which positions it. The rendering of the marker relative to its locus,
which extends in two-dimensional space, is its shape.

The size of a marker is determined by the MARKER SIZE attribute value. The MARKER SIZE attribute value is intgrpreted
using one pf two specification modes, SCALED or VDC. If the specification mode is SCALED); the size is interpreted as the
nominal dg¢vice-dependent marker size multiplied by the given marker size attribute value; hence, the marker sizg is not
affected by any transformations. If the specification mode is VDC, the size is interpréted in VDC units and is subject to
d copy transformations and the VDC-to-Device Mapping.

The shape [of markers is never affected by transformations (e.g. a circle used as-amarker type shall always appear as|a circle

marker sizp may be described as follows: consider the ratio of the length:of a vector after transformation to its length{ before;
ctor which maximizes this ratio. The resulting ratio is the ‘Euclidean norm of the (2 x 2) transformation|matrix.

of marker objects may arise either due to the client's specifications or unintentionally due to round-off|error in

Marker objject clipping is controlled by the MARKER CLIPPING MODE attribute, which can have one of three possible

For LOCUS clipping, the mathématical loci of the markers (i.e. the defining points) are clipped at the intersection yith the

nothing is|drawn outside the effective clip region). Portions of a marker symbol may appear inside the effective clip region
even though that symbol’s locating point 1s outside.

For LOCUS THEN SHAPE clipping, the mathematical loci of the markers are clipped as with locus clipping, and then
subsequently the rendered shapes of the markers are again clipped as in SHAPE clipping to assure no portion of a marker
shape is rendered outside the effective clip region.
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3.9.1

Text primitives

Text functions

: 1991 (E)

Concepts

Text display in the CGI is produced by either a “simple” or “compound” text object. A compound text object is one that
requires several text primitives to fully specify and is aligned and displayed as a single unit. The CGI provides the following

text fund
TE3
RES

AP

3.9.2

Each te

object, t

If the O
FINAL

text obj
compou

under construction.

Usage of text functions (compound text)

e appearance of which is controlled by the current text attributes.
utput State is ACTIVE and a TEXT or RESTRICTEDTEXT function with the “not final/final” flag sq

1d text construction. The Output State is themset to state ACTIVE.

During

Output Control State List are associated with the individual text primitives generated by the various invocations
RESTRICTED TEXT, and APPEND TEXT. The “global” text attributes from the Text Attributes State List are
with the(text object on completion of the’compound text.

In geneml, a compound text object can only be rendered after its completion because of text alignment and the way

he Output State TEXT OPEN, “local” text attributes from the Text Attributes State List and General Attr

tions:

KT generates a text primitive (which may begin a compound text object) aligned to a particllar point;

S TRICTED TEXT generates a text primitive (which may begin a compound text object) aligned’to-a parti¢ular point
and constrained within a given area specified as a parallelogram;

PEND TEXT generates a text primitive which appends the specified character string to-the compound fext object

t function has a “not final/final” flag that indicates whether the generated text'primitive contributes to the cgnstruction
(i.e. as the start, continuation, or completion) of a compound text object.

If the Ontput State in the General Attributes and Output Control State Listis ACTIVE and a TEXT or RESTRICT]
function| with the “not final/final” flag set to FINAL is invoked, a text.primitive is generated which produces a §|

ED TEXT

imple text

et to NOT

s invoked, the Output State is set to TEXT OPEN and the construction of a compound text object is begup with the
created {ext primitive. Subsequent APPEND TEXT functions'contribute text primitives to the construction of the g
ect. A final APPEND TEXT function, that is;Jone with the “not final/final” flag set to FINAL, completes the

ompound

ibutes and
of TEXT,
associated

/ in which

attribute] changes affect the definition of the text extent parallelogram. Note that the text extent parallelogram specified in the

RESTR

39.21

A GDP
to or fro|
TEXT C

CTED TEXT function4s not affected by any attribute changes.

Usage of GDP

m TEXT-OPEN or contribute to compound text objects. Any variation or special handling applicable to a Gl
PEN shall be documented explicitly in the GDP description.

which is défined as a text primitive may, in accordance with the GDP definition, cause transitions of the Output State

DP in state

3.9.3

Text attributes

The appearance of all text primitives is described by specific text attributes and other general attributes.

39.3.1

Local text attributes

The following attributes are “local” for text primitives, that is, they are associated with text primitives which produce simple
text objects and with individual text primitives which contribute to the construction of compound text objects.

CHARACTER HEIGHT determines the height of the character body measured along the character up vector for the text

object (see 3.9.4);

CHARACTER EXPANSION FACTOR determines the width/height ratio of the characters of a text object (see 3.9.4);
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3.9.3.2 Global text attributes

TEXT FONT INDEX determines the font to use in rendering the text string (see 3.9.6);

ALTERNATE CHARACTER SET INDEX determines an alternate character set which may be used within the text
string (see 3.9.6);

CHARACTER SET INDEX determines the normal character set used for characters in the text string (see 3.9.6);

TEXT COLOUR determines the colour with which the text object is rendered. The colour selection mode in
which the text colour was specified determines whether the TEXT COLOUR attribute value is

uucrprcwu as a UHCLL or lIIUCXCU DOIUUT leue uurmg renacnng DCC 3 4 [Ol' a GCSCl'l‘ | on OI
how colours are defined in the CGI;

TEXT BUNDLE INDEX determines the text bundle to be used during rendering if any of the text ASF-attribute [values

Alad. TEYT TNN
arc BUNDLED. The fu“uwuls text attribute valucs m may be bundled: TEXT FONT I

DLA,

TEXT PRECISION, CHARACTER SPACING, CHARACTER EXPANSION FACTOR, and
TEXT COLOUR,;
Text APFs determine which attribute values of the text bundle referenced by-the TEXT BUNDLE INDEX

attribute are to be used during rendering when the corrésponding ASF attribute value is
BUNDLED. The following text ASFs are defined: TEXT FONT INDEX ASF, TEXT
PRECISION ASF, CHARACTER SPACING ASF, CHARACTER EXPANSION FACTOR
ASF, and TEXT COLOUR ASF;

The following attributes are global for text primitives, that is, they are associated with text primitives which produce simple

text objects fand with complete compound text objects as a whole.

39.3.3 General attributes

CHARACTER ORIENTATION  determines the characteraip vector and character base vector for the text object when

rendered (see 3.9.4);
TEXT PRECISION determines the requested reéndering quality of the text object;
TEXT PATH determines the “writing? direction of the characters of the text string with respect to character

orientation (see 39.4);

TEXT ALIGNMENT determines the position of the text extent parallelogram in relation to the text positign (see
3.9.4);

CHARACTER CODING ANNOUNCER determines the interpretation of the string parameter and techniques for
switching character sets according to ISO 2022 (see 3.9.6).

The following general attributes are associated with text primitives — AUXILIARY COLOUR and TRANSPARENCY as local

attributes; qLIP INDICATOR, CLIP RECTANGLE, PICK IDENTIFIER, and DRAWING MODE as global attributes.

18

CLIP INDICATOR determines whether object clipping is to be applied to the text object;

CLIP RECTANGLE used in determining the effective clip region to be applied to a text object if the assqciated
CLIP INDICATOR is ON;

AUXILIARY COLOUR determines the colour to render the portions of the body of a character, other than the
foreground of a character glyph, if the TRANSPARENCY attribute value is OPAQUE. The
colour selection mode in which the auxiliary colour was specified determines whether the
AUXILIARY COLOUR attribute value is interpreted as a direct or indexed colour value
during rendering;

TRANSPARENCY determines whether the portions of the body of a character, other than the foreground of a
character glyph are rendered using the AUXILIARY COLOUR attribute value. If the
TRANSPARENCY attribute value is TRANSPARENT, any previously drawn parts of the
picture are unaffected by these portions of characters;
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DRAWING MODE determines how the rendered (and rastered) object is mixed with whatalready exists on the drawing

surface (defined in ISO/IEC 9636-6);
PICK IDENTIFIER (defined in ISO/IEC 9636-4).

3.9.4 Text geometry

The character body reference lines are illustrated in figure 5. The character body normally encloses all of the drawn parts (kerning
excepted) of all characters in the font (that is, no descender extends lower than the bottom rcference line, and no accent mark or

oversized symbol extends higher than the top reference line). The left ai
on a per character basis to accommodate variable widths and proportional spacmg The body exceeds the actual characte
width and|height as necessary to provide adequate white space between characters both vertically and horizontally:

NOTH - This insures that text is readable and adequately separated when adjacent character bodies are flushy(i.e. when
(JHARACTER SPACING is 0) and multiline text can be created using continuous values of TEXT ALIGNMENT without
cpusing vertical overlaps in a one-way output environment.

In some cgses, a font may have been designed so that some elements (i.e. “bowls” and “arms”) of the font may extend be
character body horizontally; however, the RESTRICTED TEXT function still requires that all visible portions of the chs
confined tp the text extent parallelogram.

Character sizing and orientation

6) measur¢d along the character up vector. Note that if the character up vector isnof perpendicular to the character base v
distance fjom the baseline to the capline measured perpendicular to the baséling will be less than the CHARACTER
attribute. The CHARACTER HEIGHT attribute also affects the character width in such a way that the aspect ratio of the
body is ngt changed.

Body | I

SN \\\:\\\\\\\w
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ARACTER HEIGHT attribute specifies the VDC distance between the capline’and baseline of the font (see figuges 5 and

ector, the

HEIGHT

Character

LEFT CENTRE RIGHT

Figure 5 — Character body reference lines
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CHARACTER HEIGHT = 1.0
CHARACTER EXPANSION FACTOR = 1.0

ABC

CHARACTER HEIGHT = 1.5
CHARACTER EXPANSION FACTOR = 1.0

CHARACTER HEIGHT = 1.0
CHARACTER EXPANSION FACTOR = 1.5

CHARACTERHEIGHT = 2.0
CHARACTER EXPANSION FACTOR = 0.75

@ pellels
)

B
AB
B

Figure 6 - CHARACTER HEIGHT and CHARACTER EXPANSION FACTOR

The CHARACTER EXPANSION FACTOR attributé specifies the deviation of the width to height ratio of the characters from the
ratio indicdted by the font designer (see figure 6):

ACTER SPACING attribute specifies how much additional space is to be inserted between two adjacent charactgr bodies
(see figure [7). If the value of CHARACTER'SPACING is zero, the character bodies are arranged flush with one another along the
TEXT PATH with only the inter-charactér spacing designated by the font designer. If the value of CHARACTER SPA CING is
positive, additional space is inserted-between character bodies. If the value of CHARACTER SPACING is negative, adjacent
character bpdies overlap although. the character symbols themselves might not. Character spacing is specified as a fractign of the

The CHARACTER ORIENTATION attribute specifies the character up vector and base vector, which determine the orientation
The Virtual Deyice use

the CHARACTER SPACIN
these are used to display the text.

s the ratio of the length of the transformed base vector to the length of the transformed up vector] to scale

O OR-in-all-cases, before

U )d U dITU > 10 ] 1

394.2 Text path

TEXT PATH has the possible values of RIGHT, LEFT, UP, and DOWN. It specifies the writing direction of the text string (see
figures 7 and 15).

20
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CHARACTER HEIGHT = 1.0
C D CHARACTER SPACING = 0.67
TEXT PATH = RIGHT

1.0

||
>
0

CHARACTER HEIGHT=10
!I) CHARACTER SPACING = -0.67
TEXT PATH = RIGHT

>

CHARACTER HEIGHT = 1.0
CHARACTER SPACING =2.0
TEXT PATH = DOWN

vy

O

O

Figure 7 - CHARACTER SPACING

RIGHT means in the direction of the character base vector.
LEFT] means 180° from the charagter base vector.
UP means in the direction ef the character up vector.

DOWN means 180° from(the character up vector.

For the UH and DOWN text pathdirections, the characters are arranged so that the centres of the character bodies are on 4 straight
line in the direction of the eharacter up vector. For the LEFT and RIGHT text path directions, the characters are arranggd so that
the baselirjes of the charaeters are on a straight line parallel to the direction of the character base vector.

NOTE}-because.of the effect on TEXT PATH, itis recommended that skewed character orientation vectors not be used to simulate
anted or italicized fonts when TEXT PATH is UP or DOWN.

These compesition rules also apply when characters of different helgh[s expans1on factors, or fonts are intermixed in a ccrmpound
text Ob]eC Y-E a c-chaREs 3 . . > . END - TEXT functions

3943 Text alignment

When aligning a text object, alignment of text is with respect to a text extent parallelogram relative to CHARACTER
ORIENTATION, which is derived by joining the character bodies of the characters in the string according to the current status of
the attributes and the composition rules described. The text extent parallelogram is the smallest parallelogram with sides parallel
to the character orientation vectors and containing all of the character bodies in the text object.

The TEXT ALIGNMENT attribute controls the positioning of the text extent parallelogram in relation to the text position (see
figures 10, 11, 12, and 13).

o
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CHARACTER UP VECTOR = (-1, 3)

Y
CHARACTER BASE VECTOR = (3, 1)

X
CHARACTER ORIENTATION = (1,3, 3, 1)

TEXT PATH = RIGHT
CHARACTER HEIGHT = 2.0

Figure 8§ - CHARACTER ©ORIENTATION

CHARACTER UP VECTOR = (-1.5, 3)
Y

CHARACTER BASE VECTOR = (4.5, 1)

X

CHARACTER ORIENTATION = (-1.5, 3,4.5, 1)
TEXT PATH = RIGHT
CHARACTER HEIGHT = 2.12

Figure 9 - CHARACTER HEIGHT and CHARACTER ORIENTATION with skewed orientation vectors
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CHARACTER HEIGHT = 1.0
C D CHARACTER SPACING = 0.67
TEXT PATH = RIGHT

1.0

L
>
o

CHARACTER HEIGHT = 1.0
CHARACTER SPACING = -0.67
TEXT PATH = RIGHT

P
p = d
| = |
| - J

>

CHARACTER HEIGHT = 1.0
CHARACTER SPACING =2.0
TEXT PATH = DOWN

vy

O

O

Figure 7—- CHARACTER SPACING

RIGHT means in the direction of the characterbase vector.
LEFT means 180° from the characterbase vector.

UP means in the direction of the character up vector.
DOWN means 180° from the Character up vector.

For the UP and|DOWN text path directions, the characters are arranged so that the centres of the character bodies are on a strdight
line in the direqtion of the charaCterup vector. For the LEFT and RIGHT text path directions, the characters are arranged so|that
the baselines of the characterSdre on a straight line parallel to the direction of the character base vector.

NOTE —begause of the'effect on TEXT PATH, it is recommended that skewed character orientation vectors 7ot be used to simulate
slanted or italicized fonts when TEXT PATH is UP or DOWN.

These composilienrules also apply when characters of different heights, expansion factors, or fonts are intermixed in a compgund

text object by mmeans-ef-attribute-changes-betweena- u ction-and abseqt ND-TE RCHORS-

' » d . O e

3943 Text alignment

When aligning a text object, alignment of text is with respect to a text extent parallelogram relative to CHARACTER
ORIENTATION, which is derived by joining the character bodies of the characters in the string according to the current status of
the attributes and the composition rules described. The text extent parallelogram is the smallest parallelogram with sides parallel
to the character orientation vectors and containing all of the character bodies in the text object.

The TEXT ALIGNMENT attribute controls the positioning of the text extent parallelogram in relation to the text position (see
figures 10, 11, 12, and 13).
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TEXT ALIGNMENT = (LEFT, BASE, 0, 0)
TEXT PATH = RIGHT
I

A TEXT ALIGNMENT = (CENTRE, BOTTOM, 0, 0)

TEXT PATH = DOWN
B
O A TEXT ALIGNMENT = (LEFT, HALF, 0, 0)
TEXT PATH = DOWN
B
Px

? C

Px Text position QI

Figure 10 — Discrete text alignment

zontal alignment type of TEXT\'ALIGNMENT has five possible values: LEFT, CENTRE, RIGHT, }

NORMAL

NTAL, and CONTINUOUS. HORIZONTAL. If the horizontal alignment type is LEFT, the left side of the {ext extent
pram passes through the text position. Similarly, if the value is RIGHT, the right side of the text extent parallelogt
he text position. If the horizontal alignment type is CENTRE, the text position lies on a line parallel to and mid-w4
d right sides of the text-extent parallelogram. In this case, if TEXT PATH equals UP or DOWN, the straight li

am passes
y between
ne passing

of the text
ecified by

VERTICAL and CONTINUOUS VERTICAL A vertlcal ahgnment type of TOP CAP HALF, BASE or BO’ITOM causes the
text to be placed such that the corresponding reference line of one of the character bodies in the text string passes through the text
position. In cases where this may be different for different characters, the ambiguity is resolved in accordance with tables 5 and 6.

If the vertical alignment type is CONTINUOUS VERTICAL, the text position lies on a line parallel to the top of the text extent
parallelogram whose relative position with respect to the bottom and top of the text extent parallelogram is specified by the
continuous vertical alignment parameter. A value of 0.0 corresponds to the bottom side and a value of 1.0 corresponds to the top
side. Negative values and values in excess of 1.0 are allowed. (See figure 11.)
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For both ho
indicated w|
treated as d

Text primitives

r o TEXT ALIGNMENT = (CONTINUOUS HORIZONTAL,
BASE, 0.25,0)
s TEXT PATH = RIGHT

7 TEXT ALIGNMENT = (CONTINUOUS HORIZONTAL,
CONTINUOUS VERTICAL, -0.25, -0.25)
| TEXT PATH = RIGHT

>;°

- TEXT ALIGNMENT = (LEFT, CONTINUOUS VERTICAL, 0, 1)
TEXT PATH = RIGHT

String 1 = "ABCD"

- TEXT ALIGNMENT = (LEFT, CONTINUOUS VERTICAL, 0, 2.5
TEXT PATH = RIGHT

String 2 = "EFGH"

E
F
G
H

O QW m

efined above!

TEXT ALIGNMENT = (CONTINUOUS HORIZONTAL, TOP, 0, 0)
TEXT PATH = DOWN
String 1 = "ABCD"

TEXT ALIGNMENT & (CONTINUOUS HORIZONTAL, TOP, -2.0, 0)
TEXT PATH = DOWN
String 2 = "EFGH"

P w Text position

Figure 11 — Continuous text alignment

rizontal and vertical alignment types, normal values are converted to the appropriate value for the current text
jth the descriptionof the TEXT ALIGNMENT function in clause 5) at the time of atextobject’s elaboration and thj

Table 5 - Definition of alignment points: TEXT PATH = LEFT or RIGHT

path (as
creafter

24

TOP

CAP
HALF
BOTTOM
LEFT
RIGHT
CENTRE

topline farthest from the baseline

capline farthest from the baseline

halfline farthest from the baseline

bottomline farthest from the baseline

leftmost edge of leftmost character body

rightmost edge of rightmost character body

halfway between LEFT and RIGHT as defined above
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CHARACTER UP VECTOR = (-1.5, 3)

Y
CHARACTER BASE VECTOR = (4.5, 1)

X

CHARACTER ORIENTATION = (-1.5, 3,4.5,%)
TEXT PATH = RIGHT
CHARACTER HEIGHT =2.12
Px Text position TEXT ALIGNMENT = (LEFT, CONTINUOUS VERTICAL, 0, 2.0)

Figure 12 — Continuous text alignment with skewed orientation vectors

Table 6 — Definition of alignment points: TEXT PATH = UP or DOWN

TOP topline oftopmost character

CAP capline of topmost character

HALF halfway between halflines of topmost and bottommost character
BASE baseline of bottommost character

BOTTOM bottomline of bottommost character

LEFT left edge farthest from the centre line

RIGHT right edge farthest from the centre line

Note that the relationship of topline to capline, bottomline to baseline, and the placement of the halfline are font-depengdent. It is
for this regson that the vartous defining lines of the text extent parallelogram need not be derived from the same charagter body.
This is a flinction of the/ CHARACTER HEIGHT, TEXT FONT INDEX, and CHARACTER EXPANSION FACTOR changes
within a sfring.

The continuods, values of alignment allow the display of multiline text, and may ensure that the ascenders of one row and the
descenderp of the next do not overlap. Use of continuous horizontal and continuous vertical alignments provides this abiliity for all
values of TEXT PATH. Since inquiry of the dimensions of the text extent parallelogram cannot be provided in a one-way output
environment, other means have been provided to align more than one row of characters to the same text position. This means that
the alignment parameters are permitted to exceed the maximum dimensions of the text extent parallelogram. Use of a continuous
parameter allows specification of inter-row space, analogous to intercharacter space (see figure 11).

As an example of the set of the continuous alignment attributes, consider the display of four rows of left-justified text, each
specified by a single TEXT function. To ensure that ascenders and descenders do not interfere between rows and that, in addition,
there is a space of at least one-half the maximum size of a character between the descenders of one row with raised accent
marks or oversized symbols of another row, the TEXT ALIGNMENT function should set the horizontal and vertical alignment
types to (LEFT, CONTINUOUS VERTICAL) and the continuous vertical alignment value to 0.0. Then, the first row is output
with the text position equal to the lower-left corner of the string. The continuous vertical alignment value can then be set
to 1.5, and the second row output with the same text position. This places the second row below the first row because of
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the change in alignment. The last two rows are output in the same way with the continuous vertical alignment value set to 3.0 and
4.5, and the text position parameters to the TEXT function unchanged. A value of 1.0 assures no overlap between rows; a value
greater than 1.0 guarantees additional space. A similar use of CONTINUOUS HORIZONTAL alignment can be made when the
text path is DOWN.

Figure 13 illustrates examples of the use of APPEND TEXT in combination with discrete text alignment attribute values.

The foregoing examples have been illustrated for the case of the character up vector and the character base vector being orthogonal
(i.e. the text extent parallelogram is arectangle). When these orientation vectors are not orthogonal, the text extent parallelogram's
sides remain parallel to the two orientation vectors. The centreline is skewed to remain parallel with the left and right edges of the
text extent parallelogram. The height of the text extent parallelogram is measured along the skewed edge (not perpendidular to the
baseline). The TEXT PATH value RIGHT is in the direction of the character base vector and TEXT PATH value'LEHT is in the
opposite|direction.

P
>

e

TEXT ALIGNMENT = (CENTRE, CAP, 0, 0)
TEXT PATH< RIGHT

CHARACTER HEIGHT =2.0
String="Big"

CHARACTER HEIGHT = 1.0
Appended String = "Little"

TEXT ALIGNMENT = (RIGHT, HALF. 0, 0)
TEXT PATH = DOWN

xP CHARACTER HEIGHT = 1.0
CHARACTER EXPANSION FACTOR = 1.0
String = "Normal"

CHARACTER EXPANSION FACTOR =2.0
Appended String = "Wide"

&
e

Figure 13 - Discrete text alignment with appended text and proportional spacing

P x Text position
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3944 Text precision

The fidelity with which the text attributes are realized on the CGI Virtual Device is controlled by the text precision attribute.
Text precision may have one of the following possible values:

STRING: The starting position of the entire text string is evaluated correctly. The pick identifier and the text
colour of the text string are also evaluated correctly. The realization of other text attributes is allowed to
differ from that specified. Clipping of a text string whose text extent parallelogram intersects the
boundary of the effective clip region is implementation-dependent.

CHAR : e_1e ed te : eme entation of the
rendered text strmg sausﬁes the relevant text atmbutes as descnbed above The skew orientation, and
size of each individual character is allowed to differ from that specified by the relevanttext attributes.
All characters of the text string which lie either entirely inside or outside the effective.Clip rggion are
clipped as appropriate. Clipping of characters whose character body intersects the boundary of the

effective clip region is implementation-dependent.

STRPKE: The placement, skew, orientation, and size of all characters of the text'string satisfies all the text
attributes, as described above. Characters are clipped to the geometric accuracy of the Virtual Device as
in SHAPE clipping.

During cpmpound text construction, when text precision is changed explicitly or as@tesult of a change in the text bundle
index, th¢ highest text precision value that has been used during the definition of the:compound text object is used.

3945 Restricted text

The text pttributes apply in the same way to a text object formed from the RESTRICTED TEXT function. Determination of
the exterft of a string is generally not possible in a 1-way output environment, hence the RESTRICTED TEXT] function
specifies [the size of a text extent parallelogram. If the text string, as-displayed by the current text attributes, would efxceed the
parallelogram derived from this parameter, then the text attribuiés"\CHARACTER EXPANSION FACTOR, CHARACTER
SPACING, TEXT FONT INDEX, TEXT PRECISION, and «CHARACTER HEIGHT are adjusted in an implementation-
dependerjt manner so that all of the specified text string fitsowithin the parallelogram and the extent of the displayed string
does not ¢xceed the parallelogram.

3.9.4.6 Degeneracy of text objects

Degenergcy of text objects may arise either dué to the client's specifications or unintentionally due to round-off error in
transformjing coordinate data. However, specifying a vector of length zero for the character up vector or character bgse vector
is prohibjted. Furthermore, since only the directions and length ratio for those vectors affect rendering, an implementation
should mpintain a scaling of the vectors during transformation such that any problem of accidental rounding to zero (or loss of
precision) is avoided.

If the Vintual Device cannotrendér a text object at the exact specified character height, the next smaller available implemented
height willl be used. If no such’height is available, the next larger height available will be used.

3.9.5 [Iext clipping

The typelof clipping that may be applied to text is dependent upon the TEXT PRECISION attribute value associated with a
text grapTxc object, as follows:

—  For STRING precision text, clipping may proceed on a per string basis, in a manner consistent with LOCUS clipping.

— For CHARACTER precision text, clipping may proceed on a per character basis, in a manner consistent with LOCUS
clipping.
-~  For STROKE precision text, clipping always proceeds in a manner consistent with SHAPE clipping.
Note that a Virtual Device is always allowed by ISO/IEC 9636 to use SHAPE clipping for all text precisions.
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3.9.6 Text fonts and character sets

39.6.1 Fonts in the CGI

Selection of a font (that is, the style of the characters to be displayed) from among available fonts is achieved using the TEXT
FONT INDEX function. The assignment of particular font names to font indices used as values of the parameter to TEXT
FONT INDEX is achieved using the function FONT LIST. The FONT LIST function may be used at various times throughout
the specification of a picture. Whether changes of the List of Font Names affect the appearance of any rendered text is
indicated by the Dynamic Modification Accepted For Font List entry in the Text Description Table.

The choic¢ of character font is determined independently of the character set. However, the specified font and the ‘character
sets being|used should be related in order to display meaningful text strings. Roman and Gothic are examples-of commonly
used fonts|for Latin-based alphabets.

3.9.6.2 Using multiple character sets

There are |several methods for specifying a string containing characters from different character-sets. The method|used is
determinefl by the CHARACTER CODING ANNOUNCER function. The default or normal technique is to [use the
CHARACITER SET INDEX function, and restrict the contents of the text strings to printing‘Characters and spaces|(format
effector cqntrol codes such as CR and LF are permitted, but their interpretation is implementation-dependent). Other|settings
of the CHARACTER CODING ANNOUNCER function or use of the ALTERNATE\CHARACTER SET INDEX function
permit standardized use of 8-bit characters between SI, SO, and ESC control codes(within the text string, in accordance with
1SO 2022./The ALTERNATE CHARACTER SET INDEX function is used to select a character set to be used as both the G1
set and th¢ G2 set. The G1 set is used both for 8-bit characters in columns20-15 of the code table, and with the SO| control
code. Thg assignment of particular character sets to the index parameter of both CHARACTER SET INDEX and
ALTERNATE CHARACTER SET INDEX is done with the CHARACTER SET LIST function. These assignments are
performed)during the generation of the text primitive and are not affected by any later changes resulting from an invodation of
the CHARACTER SET LIST function.

These codf extension techniques apply to string parameters-of’text functions. For strings which are part of a data recqrd of an
ESCAPE, GET ESCAPE, or GDP function, whether or not'the code extension technique applies is specified in the degcription
of the partjcular escape or GDP.

3.9.7 Errorsin TEXT OPEN state

39.7.1 Non-contributing functions

Attribute and control functions not-diréctly contributing to the construction of compound text objects are permitted during
TEXT OPEN state, and have theirnormal effect on the corresponding state list entries. Non-contributing primitives ¢ause an
error and gre ignored.

39.7.2 Overflow of the text buffer

When overflow occurs' during TEXT OPEN state, a single error is generated and the CGI device stays in state TEXT| OPEN.
Subsequent primitives which would have contributed to the compound text are ignored without generating additionall errors;
other behaviour.and error conditions defmed for TEXT OPEN state remain the same after overﬂow When an APPEND TEXT

when the overﬂow occurred is used and global attrlbute values in effect are assoc1ated wnh it before it is passed on down the
pipeline.

3.9.8 Allowed latitude

The following levels of compound text support are permitted for a CGI Virtual Device: NONE, GLOBAL, and LOCAL. The
implemented level of support is indicated by the Compound Text Capability entry in the Primitive Support Description Table.

— A level of NONE indicates that the Virtual Device does not support compound text objects in any form. That is, the
functions TEXT and RESTRICTED TEXT are only permitted with the “not final/final” flag set to FINAL; APPEND
TEXT is not supported.
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A level of GLOBAL indicates that the Virtual Device does not support local text attribute changes between text
primitives contributing to a compound text object. All associated attribute values are taken from the state lists at the

time of the “final” APPEND TEXT.
A level of LOCAL indicates full support of compound text objects as described in 3.9.2.

3.10 Fill primitives
3.10.1 [Fill functions
The CGJ provides the following functions which generate fill primitives:

POLLYGON defines an area bounded by lines defined by a list of points;

POLYGON SET defines a set of areas bounded by lines defined by a list of points’and subject to edge control
flags;

RE(TANGLE defines a rectangular area oriented parallel to the VDC axes;

CIRCLE defines a circle specified by a centre point and a radius;

CIRCULAR ARC CENTRE CLOSE

CIRCULAR ARC THREE POINT CLOSE defines a subregion of a circlé$pecified by one of two parameteriz4tions and
a close type that selects between either PIEcor €HORD style closure;

ELIIPSE defines an ellipse specified by a centre point and a conjugate radius pair;

ELIIPTICAL ARC CLOSE defines a subregion of an ellipsesspecified by a centre point, a conjugate radiug pair, and
start and end vectors, together with a closure flag that selects between either PIE of CHORD
style closure.

In additipn to the above fill primitives, an arbitrary filled region may be constructed as a compound object using lipe and fill
primitivgs and the closed figure control functions as described in 3.10.5. Closed figure objects are filled in the same manner as
other fill objects and use the same set of fill attributes:

3.10.2 [Fill attributes

The appgarance of fill primitives is detérmined by specific fill attributes, and other general attributes. (See 3.10.5 for a
descriptipn of the association of fill attributes in closed figures.)

3.10.2.1 Interior attributes

INTERIOR STYLE determines the style of filling of the interior of a fill object (see below);

FILL. COLOUR determines the colour in which filling is performed for interior styles HOLLOW, SOLID, or
HATCH. The colour selection mode in which the fill colour was specified determings whether
the FILL COLOUR attribute value is interpreted as a direct or indexed colour value during
rendering. See 3.4 for a description of how colours are defined in the CGI;

HATCH INDEX determines the hatch style to be used if the interior style is HATCH;

PATTERN INDEX determines the pattern entry in the pattern table to be used if the interior style is PATTERN;

FILL BITMAP IDENTIFIER determines the bitmap to be used if the interior style is BITMAP. The value of Fill Bitmap

FILL BITMAP

Identifier in the Fill Attributes State List is specified by the function FILL BITMAP
ISO/IEC 9636-6;

Bitmap Region in the Fill Attributes State List is defined by the function FILL
specified in ISO/IEC 9636-6;

defined in

determines the bitmap region to be used if the interior style is BITMAP. The value of Fill

BITMAP
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FILL BUNDLE INDEX determines the fill bundle to be used during rendering when the corresponding fill ASF values
are BUNDLED. The following fill attribute values may be bundled: INTERIOR STYLE, FILL
COLOUR, HATCH INDEX, PATTERN INDEX, FILL BITMAP IDENTIFIER, and FILL

BITMAP REGION;

Fill ASFs determine which attribute values of the fill bundle referenced by the FILL BUNDLE INDEX
attribute are to be used during rendering when the corresponding ASF attribute value is
BUNDLED. The following fill ASFs are defined: INTERIOR STYLE ASF, FILL COLOUR
ASF, HATCH INDEX ASF, PATTERN INDEX ASF, and FILL BITMAP ASF. The FILL

PATTI

FILL K

The fill intd
HOLL

SOLID:
PATTE

HATC

EMPT
BITMA

For interior

— BITMAP ASF controls both-fill bitmap-attributes;

PATTERN or BITMAP.

rior style is used to determine the style in which fill objects are to be filled. It has the following values:

COLOUR;
the interior is filled using the associated FILL COLOUR;

RN: the interior is filled with repetitions of the pattern selected from the-pattern table by the PATTERN Il
function; the repetitions have their origin at the FILL. REFERENCE POINT attribute value and th
and shape are determined by the PATTERN SIZE attribute value;

H:  the interior is filled with the hatch style selected by the associated HATCH INDEX, rendered
associated FILL COLOUR;

Y:  no representation of the interior is rendered;

\P:  the interior is filled with repetitions of the bitmap region determined by the FILL BITMAP IDENT
and FILL BITMAP functions. The origin of the repetitions is specified by the FILL REFERENCE ]
function.

array (nx, n|

defined by |pattern width and height vectors.located relative to the associated FILL REFERENCE POINT. The
parallelogram is conceptually divided into cells; nx cells in the width vector direction and ny cells in the height

direction.
parallelogra

The patterr
BITMAP fi

5.3.2 for specification of how the associated attributes of TRANSPARENCY and AUXILIARY COLOUR are app
rendering tHis interiortyle.

The array qf colours of the selected pattern is mapped onto the array of cells as follows: for interior style PATTER
colour array element (1, ny) is mapped to the pattern parallelogram cell which is located at the as
1nterio e B AP_pixe N 0 he El R AP 1 a ad he EI S

POINT; fon

) of colour specifiers. The size, shape;-and start position of the pattern are specified by a pattern parallelogj

ch cell is thus (pattern width/nx) wide and (pattern height/ny) high, as measured parallel to the sides of the
m.

parallelogram for’interior style BITMAP, which is the Fill Bitmap Region defined through use of thd
nction, is alway$.réctangular and never transforms. See the FILL BITMAP function described in ISO/IEC 9

sociated FILL REFER

D POTN]

KRN SIZE determines the spatial repeat period of the pattern during rendering if the intefior $tyle is
PATTERN;
REFERENCE POINT determines the origin position of the pattern or bitmap repetition if-the-interior tyle is

DW:  the interior is not filled, but the clipped boundary of the fill object is rendéréd using the associatefl FILL

NDEX
Pir size

in the

'TFIER
POINT

style PATTERN, the pattern is defined'by a pattern table entry selected by the pattern index, which specifies an

fam, as
pattern
vector
pattern

FILL
636-6,
lied in

IN, the
ENCE

MA \

Colour

array elements with increasing first dimension are associated with successive cells in the direction of the width vector, and
colour array elements with decreasing second dimension are associated with successive cells in the direction of the height
vector. In this way, each of the nx*ny colour array elements is associated with one of the nx*ny cells of the pattern box.

Conceptually, the pattern parallelogram so defined is replicated in directions parallel to the vectors of the PATTERN SIZE
until the interior of a fill object to which the pattern is to be applied is completely covered.

3.10.2.2

EDGE

30

Edge attributes

TYPE determines the type of edge (e.g. solid, dotted, or dashed) with which a fill object is rendered if

the edge visibility is VISIBLE;
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SPECIFICATION MODE OF EDGE WIDTH determines whether the EDGE WIDTH attribute value is interpreted as a
scaling factor or a VDC width during rendering (see 3.10.3);

EDGE WIDTH determines the width of edge with which a fill object is rendered if the edge visibility is
VISIBLE;

EDGE VISIBILITY determines the visibility of the edges of a fill object when rendered;

EDGE COLOUR determines the colour with which the edges of a fill object are rendered if the edge visibility is
VISIBLE. The colour selection mode in which the edge colour was specified determines
whetherthe » ibute e-is-interpreted-as-a-direct-or-indexed-colpur value

during rendering;
EDGE CLIPPING MODE determines the type of object clipping to be performed during rendering (see-3.10{4);

EDGE BUNDLE INDEX determines the edge bundle to be used during rendering when the corresponding ddge ASF
values are BUNDLED. The following edge attribute values may be‘bundled: EDGE TYPE,
EDGE WIDTH, EDGE COLOUR, and EDGE VISIBILITY;

Edgg ASFs determine which attribute values of the edge bundle referenced by the EDGE BUNDLE
INDEX attribute are to be used during rendering when the ‘¢orfesponding ASF attribute value
is BUNDLED. The following edge ASFs are defined: EDGE TYPE ASF, EDGE|WIDTH
ASF, EDGE COLOUR ASF, and EDGE VISIBILITY ASF.

3.10.2.3 General attributes

The follgwing general attributes are associated with fill primitives — AUXILIARY COLOUR, TRANSPARENCY, and
DRAWING MODE as local attributes for edges, and global attributes for.interiors; CLIP INDICATOR, CLIP RECTIANGLE,
and PICK IDENTIFIER as global attributes (see 3.10.5).

CLIF INDICATOR determines whether object clipping\is to be applied to the fill object;
CLIF RECTANGLE used in determining the effective clip region to be applied to a fill object if the associated CLIP
INDICATOR is ON;

AUXILIARY COLOUR determines the colour to render the gaps in a line for edge types other than solid} or gaps
between hatch lings for interior style HATCH, if the TRANSPARENCY attributg value is
OPAQUE. The  colour selection mode in which the auxiliary colour was specified d¢termines
whether the AUXILIARY COLOUR attribute value is interpreted as a direct or index¢d colour
value during rendering;

TRANSPARENCY determines whether gaps in a broken edge or between hatch lines are rendered ysing the
AUXILIARY COLOUR attribute value. If the TRANSPARENCY attribute [value is
TRANSPARENT, any previously drawn parts of the picture lying within the [gaps are

unaffected;

DRAWING MODE determines how the rendered (and/or rasterized) object is mixed with what already fexists on
the drawing surface (defined in ISO/IEC 9636-6);

PICH IDENTIFIER (Defined in ISO/IEC 96364.)

3.10.3 Filigeometry

3.10.3.1 Definition of fill object interior

For all fill objects in the CGI (including closed figures) a parity fill algorithm is used to determine those portions of the
interior as follows:

- Any given point is considered inside the region if a ray cast from the given point to infinity, such that it misses all
vertices and arc endpoints used to define the explicit and implicit boundary portions of the region and never intersects
an arc tangentially, intersects the unclipped boundary of the region an odd number of times. Note that the ray may
intersect the boundary at a single point multiple times if the boundary passes through that point multiple times.

31


https://standardsiso.com/api/?name=5898ac45f172e87899a47d078f69b379

ISO/IEC 9636-3 : 1991 (E)
Concepts Fill primitives

3.10.3.2 Interaction of edge, boundary, and interior

Fill objects have a single edge which, in the case of closed figures and POLYGON SETs, may consist of several edge portions
depending on the exact nature of the fill object constructed. Each edge portion has associated edge attribute values. Parts of
edge portions which are clipped are discarded. Clipping of edges is performed identically to clipping of line objects, although
controlled by a separate object clipping mode.

The boundary, which is rendered only in the case of interior style HOLLOW, is considered to be the representation of the
interior. It is not a rendering of the edge.

Iftheedg poTt DIT; CITATTICU O O [ITe CTI0T, I.C.
rendered. In the case of interior style HOLLOW, implicit and explicit boun
- rendered ediges.

PDICLUCU

s CUc C-OVeT tie c
portions may be partly visible, in-additi

3.10.33 Rendering edges

Edges are fendered using edge attributes in the same way as lines are rendered using line attributes (with the exception pf edge
visibility). [[n particular, edge widths are treated in the same way as line widths (see 3.7.3).

3.10.34 Transformation of fill objects

Rectangled, circular, and elliptical fill objects are abstractly rendered before transformatiens are applied. Therefore, the entire
abstract lofus of these fill objects is subject to transformation. After transformatién,*angles in polygons may be pltered:
rectangles [may become parallelograms, and circles may become ellipses. Transformation does not affect rendering of the
interior iff HOLLOW, SOLID, EMPTY, or BITMAP interior style has¢been selected. The implementation| of the
transformation of patterns is subject to allowed latitude, with the preferred behaviour that they are transformed. Hat¢ch lines
may be transformed according to the definition of the specific hatch index-being used.

3.10.3.5 Degeneracy in fill objects

Degeneracly of fill objects (primitives) may arise either due to.the client's specifications or unintentionally due to round-off
error in trapsforming coordinate data.

There are 4 number of ways in which a region of a fill ebject may be reduced to one with zero area, €.g. a POLYGON where
all the points are coincident or collinear. It is also possible to generate a POLYGON or POLYGON SET where a sub-rggion of
the fill obj¢ct has zero area, although the fill object;taken as a whole, is not degenerate.

Wherever [such degeneracy arises, the Virtudl. Device shall render such a region as a dot if zero-dimensional (e.g. for a
CIRCLE whose radius is or rounds off to:zero) or a line if one-dimensional (e.g. for a RECTANGLE with one side|of zero
length but [not both). This dot or line is subject to the interior attributes if edge visibility is INVISIBLE, and is subjegt to the
edge attritjutes if edge visibility is-VISIBLE. Note that if edge visibility is INVISIBLE and interior style is EMPTY, the
degenerate{region will be invisiblé;;as would a non-degenerate fill object.

A closed dircular arc 3 point.or'elliptical arc is non-degenerate if and only if the three specifying points yield three |distinct
points whi¢ch are non-colliriear. If the three points are all coincident, a dot is rendered. If only two distinct points are specified,
a line is rendered between the points. If the three points are collinear, the arc has zero curvature; if close type is CHORD, a
line is renglered fromivthe starting point through the intermediate point to the ending point; if close type is PIE, nothing is
rendered.

When such a-degenerate fill primitive (or region of POLYGON SET) is invoked in FIGURE OPEN state, the implicjt NEW
REGIONS are performed nonetheless.

The treatment for the degeneracy of edges is analogous to the treatment for degeneracy of lines (see 3.7.3.1).

3.10.4 Fill clipping

3.104.1 Interior clipping

When a fill object is clipped using the associated effective clip region, the resulting new clip boundary portions become part of
the fill object boundaries (see figure 14). Clip boundary portions are treated in the same way as implicit boundary portions
during rendering. Note that the drawing surface clipping does not contribute new clip boundary portions.
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Figure 14 — Examples of fill object clipping

3.104.2 Edge clipping

The EDGE CLIPPING MODE attribute specifies how clippingapplies to the edges of fill objects. The EDGE CLIPPING MODE
attribute has the same enumeration as LINE CLIPPING MQDE. Edge clipping is defined according to EDGE CLIPPING MODE
analogoysly to line clipping (see 3.7.4).

3.10.5 Closed figures

3.10.5.1 Construction of closed figures

A closed| figure is a fill type compound/object which the client constructs on the device side of the interface by invoking BEGIN
FIGURH, an ordered sequence-of line and fill primitives (and optionally attributes and NEW REGION functions){ and END
FIGURH. Edge attribute values are associated locally with the edge portions and fill interior attribute values are associatgd globally
with the omplete graphicobject; in addition, certain general attribute values are associated locally with edge portions and globally
with the fnterior of the fill.object. The entire fill object is considered as a single unit during subsequent processing andfrendering.

3.10.5.11  Closure point
The firstfpoint ofithe first line primitive in a new region is the closure point for that region. The Virtual Device retains this closure
point for|usedn'closing the region. When the region is closed (with a NEW REGION or END FIGURE function, or by invoking
a fill prirpitive which begins a new region) an implicit boundary portion from the last point of the last line primitive in|the region
to this closure point is added to the closed figure by the Virtual Device unless these points are already coimncident.

3.10.5.1.2  Regions

A closed figure consists of one or more regions. A region has a closed boundary which may be concave, convex, and self intersecting.
A region is formed either by invoking a fill primitive in FIGURE OPEN state (which closes the last region and contributes one or
more complete regions), by invoking NEW REGION to start new regions to be formed from line primitives, or by a final invocation
of END FIGURE. A closed figure constructed from only line primitives without use of NEW REGION consists of a single region.

The NEW REGION function may occur atany time during the closed figure construction. If the current region is closed, the function
is ignored. If the current region is open, an implicit boundary portion is added from the last point of the last primitive to the current
closure point unless CONNECTING EDGE has been invoked after the last line primitive, in which case, an explicit boundary
portion and edge portion is added by the CONNECTING EDGE line primitive.
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3.10.5.2 Boundaries and edges

The boundary of each region consists of a combination of explicit and implicit boundary portions. Explicit boundary portions
always contribute to the edge of a region.

3.10.5.2.1  Explicit boundary portions
Explicit boundary portions and edge portions are those added by client invocation of primitives in state FIGURE OPEN. These
are generated in the following situations:

—  For fill primitives other than POLYGON SET, the complete edge becomes an explicit boundary portion in the closed

figure

— For POLYGON SET, the portions of the edge with the edge-out flag VISIBLE or CLOSE VISIBLE contribute
explicit boundary portions.

— For line primitives, those portions which would be rendered if the state were not FIGURE OPEN become ¢xplicit
bonndary portions when incorporated into a closed figure.

— For DISJOINT POLYLINE in particular, only the segments from the first point to the se¢ond point, from the third
int to the fourth point, and so on, become explicit boundary portions when incorporated into a closed figure.

PO
— A|CONNECTING EDGE primitive which precedes an action which would permally have added an implicit
boundary portion to the closed figure either to close a region (including closingthe-closed figure itself) or to qonnect
twp line primitives results in the portion added being an explicit boundary portion. CONNECTING EDGE prdceding
or|following DISJOINT POLYLINE or POLYGON SET does not affect the interpretation of those functioTs with
regpect to boundaries and edges except to introduce an explicit boundary portion connecting to the first polnt of a
DISJOINT POLYLINE or POLYGON SET.

Explicit bopindary portions and edge portions have associated edge attribute* values taken from the Edge Attributes Slﬂ:e List.
These state|list entries can be changed between the line and fill primitives that result in edge portions in a closed figure, and
hence each jedge portion has a distinct set of attribute values associated with it.

3.10.5.2.2 | Implicit boundary portions
Edge attributes are never associated with implicit boundary portions. Implicit boundary portions are only rendered for nterior
style HOLILOW and are a special representation of the int€rior, not a representation of any portion of the edge.

Implicit boundary portions are added by the CGI device to the closed figure definition under the following circumstancgs:

— When NEW REGION, END FIGURE,or a fill primitive is invoked and the current region has not been explicitly
clgsed and CONNECTING EDGE has not been invoked since the last line primitive: an implicit boundary poftion is
adfled from the last point of the last'primitive to the current closure point to close the region.

hen the last point of the preceding line primitive is not coincident with the first point of the current line primitive,

\rllrrent line primitive if CONNECTING EDGE has not been invoked between the preceding and current line
primitive.

INVISIBLE.

3.10.5.2.3  Conditions under which no boundary or edge is added
No boundary or edge portion is ever created connecting two regions, regardless of how those regions were created or closed.

3.10.5.3 Contribution of primitive functions to the closed figure

3.10.53.1 Contribution of line functions to the closed figure

For line primitives, the “first point” of a line primitive is connected to the “last point” of the preceding line primitive, and the
connecting implicit boundary portion becomes part of the boundary of the closed figure. For each of the CGI supported line
primitives the first and last points are defined to be as follows:
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POLYLINE pl, p2, ..., pn:

p1 is the first point; pn is the last point.

DISJOINT POLYLINE pl, p2, ..., pn:

p1 is the first point; pn is the last point.

CIRCULAR ARC 3 POINT pl, p2, p3:

p1 is the first point; p3 is the last point.

CIRCULAR ARC CENTRE ...:

The theo
to define

closed fig

boundary

3.10.5.3.
Each fill

CIRCULAR ARC CENTRE REVERSED

The first point is the intersection of the circle with the ray (dx start, dy start) from the centre point (i.€|
the clockwise end of the arc for CIRCULAR ARC CENTRE, the anti-clockwise end of the @arc-for
CIRCULAR ARC CENTRE REVERSED); the last point is the intersection of the circle with'the ray
(dx end, dy end) from the centre point (i.e. the anti-clockwise end of the arc for CIRCULAR AR(C
CENTRE, the clockwise end of the arc for CIRCULAR ARC CENTRE REVERSED).

ELLIPTICAL ARC ...:
The first point is the intersection of the ellipse with the ray (dx start, dy start) from/the centre point; th¢
last point is the intersection of the ellipse with the ray (dx end, dy end) from the‘eéntre point.

GENERALIZED DRAWING PRIMITIVE...:
For GDPs which generate line primitives, the first point is the first peint of the point list; and the las}
point is the last point of the point list, unless explicitly stated otherwise in the GDP registration or other
documentation.

CONNECTING EDGE:
If the region is open, the starting point of the connecting edge is the last point of the last line primitive]
and the ending point of the connecting edge is either;the first point of the following primitive or thg
current closure point as described above. If the contiecting edge would be of zero length (i.e. if the twg
points it connects are coincident), the function:is ignored. As with other line primitives, the edgg
attribute values in effect at the time it is invoked are associated with any edge portion generated by this
function.

<

If the current region is not open, invoeations of the CONNECTING EDGE function are ignored (i.e
CONNECTING EDGE cannot be-used to connect regions).

CONNECTING EDGE is a line primitive, not a modal setting—it should be invoked once for each
connecting edge desired in‘the closed figure.

Invoking CONNECTING EDGE more than once after a line primitive results in the first instance (with
its associated local attributes) being used.

retical zero-width definitions of the line primitives, not their finite-width renditions on the drawing surface

of the clased figure.
> Contribution of fill functions to the closed figure

closing tl

pnmmve conmbutes a complete reglon to the ﬁgure (POLYGON SET may contnbute more than one), @

Concepts

are used

the explicit boundary portions of the closed figure. In particular, clipping does not apply to the constructjon of the
rure, and the.gaps or spaces of the edge type or the rendered width of the edge width do not affect the definition of the

fter first

primitive

invoked in FIGURE OPEN state. (L.e. the new region resultmg from a fill primitive is closed, and the next pnmmve begins a
new region.) -

The unclipped boundary of each fill primitive contributes to the unclipped boundary of the closed figure.

POLYGON SET primitives contribute to closed figure construction as follows:

A POLYGON SET is considered to contribute one or more complete regions. If the current region has not been
closed, an implicit NEW REGION is performed before the POLYGON SET is added to the figure definition. If the
POLYGON SET does not end with a point whose edge-out flag is CLOSE VISIBLE or CLOSE INVISIBLE, an

implicit NEW REGION is performed after the POLYGON SET.
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— Sequences of points with edge-out flag VISIBLE are treated as if they were polylines, terminating with the first point
with a different edge-out flag. Each such polyline becomes an edge portion of the boundary of the figure. The edge
attribute values (including EDGE VISIBILITY) in effect when POLYGON SET is invoked are associated with any
edge portion added in this way.

- Sequences of points with edge-out flag INVISIBLE contribute implicit boundary portions which are polylines joining
the points in the sequence, but not edges. Edge attribute values are not associated with these.

— Points with edge-out flag CLOSE INVISIBLE generate the equivalent of a NEW REGION, generating an implicit

boundary portion from this point to the current closure point if these are not coincident, and closing the current
ion.
— Pgints with edge-out flag CLOSE VISIBLE generate the equivalent of a CONNECTING EDGE followed by @ NEW
GION, resulting in an edge portion from this point to the current closure point if these are net'coincidgnt. The
ge attribute values (including EDGE VISIBILITY) in effect when POLYGON SET is invoked.are associated with
y edge portion added in this way.

LYGON SET does not affect the value of the Edge Visibility entry in the state list.

3.10.53.3| GDP
A GDP wiich is defined as a line primitive shall specify the first point as the first point of the point list and the last point as
the last pdint of the point list, unless explicitly stated otherwise in the GDP registfation, with respect to closed figure
. Such GDPs are assumed to contribute to a closed figure a boundary cortesponding to the unclipped locug which
would be rpndered if the function were invoked when not in FIGURE OPEN state, Any other behaviour shall be documented
explicitly ip the GDP description. A GDP which is defined as being a fill primitive is treated as in the previous sectign. Any
variation of special handling in state FIGURE OPEN shall be documented explicitly in the GDP description.

3.10.54 Local and global attributes of closed figures

Local attributes are those associated with each individual edge portion, and that can vary between each edge portion within the
closed figure object. The local attributes for the edge portions of'closed figures are the set of edge attributes (excluding EDGE
CLIPPING MODE) and the general attributes AUXILIARY COLOUR, TRANSPARENCY and DRAWING MODE.

Global attrjbutes are those associated with the closed figure object as a whole rather than its component parts. The functions
which set their state list values may be invoked during FIGURE OPEN state, and have their usual effect on the corresponding
state list entries. The values associated with the-clesed figure are those in the state list when END FIGURE is invpked to
complete the object formation (even in the event-of figure buffer overflow during construction). Global attributes of closed
figures are(the set of fill interior attributes,.the EDGE CLIPPING MODE attribute, the general attributes CLIP INDICATOR,
CLIP RE(QTANGLE, and PICK IDENTIFJER, and the general attributes AUXILIARY COLOUR, TRANSPAREN(Y, and
DRAWING MODE, which apply to the/interior of the closed figure. In order to use a different value of one of the laft three
general attfibutes for the interior from that for any of the edge portions, the appropriate attribute function should be jnvoked
just prior t¢ invoking END FIGURE with the value to be used for the interior.

3.10.5.5 Errors in FIGURE OPEN state

3.10.5.5.1 | Non-confributing functions
Non-contributing-primitives cause an error and are ignored. Attribute and control functions not directly contributing to the
construction of the closed figure object are permitted, and have their normal effect on the corresponding state list entrief.

3.10.5.5.2 threfigure buffer
When overflow occurs during FIGURE OPEN state, a single error is generated and the CGI device stays in state FIGURE
OPEN. Subsequent primitives which would have contributed to the closed figure are ignored without generating additional
errors; other behaviour and error conditions defined for FIGURE OPEN state remain the same after overflow. When END
FIGURE is invoked, as much of the closed figure as had been entered into the buffer when the overflow occurred is closed and
global attribute values in effect are associated with it before it is passed on down the pipeline.

3.10.5.53 Abandonment of the closed figure definition

If VDC TYPE or any function which changes the VDC-to-Device Mappmg is invoked in FIGURE OPEN state, the closed
figure under construction is abandoned and the Virtual Device ignores subsequent primitives which would have contributed to
the closed figure until the receipt of END FIGURE causes the transition out of FIGURE OPEN state. Other behaviour and
error conditions defined for FIGURE OPEN state remain the same in this case.
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Invoking INITIALIZE in FIGURE OPEN state causes the closed figure to be abandoned, the figure buffer to be cleared, and a
transition out of state FIGURE OPEN.

3.10.5.6 Examples

Annex E gives some examples of the use of closed figures.

3.10.6 Allowed latitude

3.10.6.1 Interior styles

An impl¢mentation is only required to support interior style HOLLOW. The list of interior styles supported, is-teConded in the
Fill Desdription Table.

When the number of pixels in the region specified by PATTERN SIZE is insufficient for displaying the(Selected patiern at one
pattern dell per pixel, the CGI allows some latitude. The preferred behaviour is to use as much(of-the pattern a§ possible.
Sampling, or otherwise condensing the pattern, is also permitted, and is indicated by the Pattern Fill Fallback entry jin the Fill
Descriptjon Table.

The implementation of the transformation of patterns is subject to allowed latitude, with the preferred behaviour that they are
transforrped.

3.10.6.2 Global and local attributes of closed figures

An implgmentation need not distinguish between global and local attributes\in the construction of closed figure objjects. The
level of pupport provided by an implementation is indicated by the Closed Figure Capability entry in the Primitive Support
Descriptjon Table as follows:

— |A level of NONE indicates that the Virtual Device does motsupport closed figures in any form.

— |A level of GLOBAL indicates that the Virtual Device does not support local edge attribute changes during the
FIGURE OPEN ctate. That is, all local attributes\are treated as global attributes of the closed figure. (L.e. the values
used are those in effect at the time that END FIGURE function is invoked.)

— |Alevel of LOCAL indicates full support efclosed figures as described in 3.10.5.

3.10.6.3 Edge continuity and edge width

The follpwing levels of Edge Type Continuity are permitted for a CGI Virtual Device: RESTART, CONTINUDUS, and
OTHER| The implemented level of/support is indicated by the Line/Edge Type Continuity Capability entry in the{Primitive
Support Description Table.

— |A level of RESTART indicates that the edge type pattern is restarted at each vertex of the visible edge of affill object
except the last vertex;

- |Alevel of GONTINUOUS indicates that the Virtual Device maintains the edge type continuously across gl vertices
of the visible'edge of a single fill object except the first and last vertices;

— |A levelrof OTHER indicates that another method has been used (for example, guaranteeing some continuity and that
end points of each visible edge are always drawn).

ISO/IEC 9636 allows latitude in the alignment of a finite width realized edge with respect to the boundary. The preferred
behaviour is to centre the line on the boundary; an allowed latitude is to render the edge everywhere inside and contiguous to
the boundary.

3.11 Image primitive

3.11.1 Image function

The CGI provides a single image function which generates an image primitive:
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CELL ARRAY defines a two-dimensional array of coloured cells and their position and shape in VDC space.

3.11.2 Image attributes

The appearance of an image primitive is determined by the defining colour values of the image data and the following general
attributes:

3.11.2.1 General attributes

CLIP INDICATOR i . hetherobs DTS tot tedHto-te biect

CLIP RECTANGLE used in determining the effective clip region to be applied to an image object if the-asspciated
CLIP INDICATOR is ON;

DRAWING MODE determines how the rendered (and rasterized) object is mixed with what already exists|on the
drawing surface (as defined in ISO/IEC 9636-6);

PICK IDENTIFIER (defined in ISO/IEC 9636-4).

age primitive geometry

RAY is specified by three corner points (P, Q, R), which define a parallelogram in VDC space, and a list|of cell
colour spedifiers. P and Q delimit endpoints of a diagonal of the parallelogram, and*R defines a third corner. This |area is

. The first array element is mapped to the cell at corner P, and-the last array element is mapped to the cell at|corner
Q. Incremefting the first index of the array corresponds to moving along the direction from P to R. Incrementing the second
index of thd array corresponds to moving along the direction from Rito'Q.

The specifigation of the three points P, Q, and R may result.imthe CELL ARRAY being rotated, mirrored, or skewed into a
parallelogram.

3.11.3.1 Degeneracy of image objects

Degeneracy of image objects may arise either due)to the client's specifications or unintentionally due to round-off drror in
transforming coordinate data.

If the parallelogram specified for a CELLL ARRAY degenerates to a region of zero area (points coincident), a dot is rendered.
A line is repdered if the parallelogram degenerates to a one-dimensional region, that is, the three points are collinear. The dot
or line is repdered using implementation-dependent line attributes.

3.11.4 Image clipping

The clipping of an imagé ebject proceeds in a manner consistent with SHAPE clipping.

3.11.5 Allowedlatitude

This part of ISO/IEC 9636 allows latitude for whether an implementation is able to fill a CELL ARRAY primitive wlith the
contents of its array of coloured cells, and whether it is able to perform general transformations of the array of cells. The
implemented levels of support are indicated by the Cell Array Fill Capability, Cell Array Alignment Capability, and Cell
Array Rendering Technique entries in the Primitive Support Description Table.

The entry Cell Array Fill Capability indicates one of:
— FILLED (preferred behaviour), to mean that the implementation is able to render the array of coloured cell;
— OUTLINED, to mean that the implementation is only able to render the outline of the array of coloured cells.
The entry Cell Array Alignment Capability indicates one of:
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— SKEWED (preferred behaviour), to mean that the implementation is able to transform and render a potentially non-
rectangular CELL ARRAY primitive;

— AXIS ALIGNED, to mean that the implementation is only able to render a CELL ARRAY whose outline, after
transformation, is aligned with the coordinate system axes. An implementation, that supports axis aligned CELL
ARRAY's only ignores the point R defining the parallelogram and uses the axis aligned rectangle defined by points P
and Q.

The entry Cell Array Rendering Technique indicates one of:

3.12

3.12.1

The CGI
DRAWIN
geometryl

A GDP includes a list of VDC points as a parameter. Zero or more of the attribute sets of the standardized graphic p

may affeq
are select

Note that
be used t

Non-neg4
values ar

See 3.9.2

3.13

3.13.1

Output in
informati

peneath any part of a cell (including its mathematical boundary) are given the colour of that cell. The e
bixel whose centre is precisely on the boundary between two cells is implementation-dependent;

DTHER, the image object is rendered using some other technique (for example, using dithering or Floyd-
error diffusion).

Generalized Drawing Primitives

5DP function

supports access to special geometric output capabilities of devices and workstations through the GENER|
(G PRIMITIVE (GDP). By definition, a GDP function is restricted-to.be only those functions which contrib
of non-standard graphic objects.

t the appearance of a particular GDP. These are the sets\of attributes appropriate for the specified GDP fun

ed for the GDP as part of the definition of the GDP.
if a GDP requires attributes other than those which-are already defined in ISO/IEC 9636, an ESCAPE fung

tive GDP identifiers are reserved for registration in the ISO International Register of Graphical Items;
available for private use.

1 and 3.10.5.3.3 for descriptions of the use of a GDP with compound text and closed figure objects, respecti

[nquiry
state lists.and description tables

pn_ifthe output description tables and output state lists.

entres lie
lour of a

bteinberg

ALIZED
ite to the

rimitives
ction and

tion may

b specify these attributes. Other types of parameters can be passed to the GDP in a data record. The format of this
data recotd is defined in the definition of the GDP.

negative

vely.

quiry functions, as described in clause 6 of this part of ISO/IEC 9636, provide the client with the means to access the

Details at

out thre Tetationship-betweemradescription tableor-state-tist amd-the corresponding imquiry function(s)are

in ISO/IEC 9636-1.

escribed
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3.14 Retrieval

3.14.1 Retrieval of text extent

The GET TEXT EXTENT function is provided to permit the client to obtain the concatenation point and delimiting text extent
parallelogram of a text string (see figure 15). This function is particularly useful when the Virtual Device supports kerning or
proportional spacing, which make it difficult for the client to predict the extent of a text string.
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CHARACTER SPACING =0

CHARACTER UP VECTOR = (0,1) CHARACTER SPACING = -0.2
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TEXT ALIGNMENT = (RIGHT BASE;0.0)
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0,0)

CHARACTER SPACING =0

CHARACTER UP VECTOR = (-0.8,)

TEXT PATH = RIGHT

TEXT ALIGNMENT = (NORMAL-HORIZONTAL,
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0,0)

P
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C
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C: 4 ¢encatenation point

E1,E2, . ‘corners of text extent parallelogram, which
E3,E4:)" for TEXT PATH = UP or DOWN encloses the
widest character in the font

Figure 15 — Examples of replies to GET TEXT EXTENT with different text attributes
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4 Interactions with other parts of ISO/IEC 9636

This clause identifies the interactions between the functions defined in this part and the other parts of ISO/IEC 9636.

4.1 Interactions with all other parts of ISO/IEC 9636

411 C

The characjer set and font selection mechanism are defined in this part of ISO/IEC 9636 for use in rendering text elen
the drawing surfacé.

Where no ¢xplicit mention is made in the other parts of ISO/IEC 9636, it is to be assumed that any other string para
intended tq be interpretéd without recourse to the character set and font selection mechanism, but that impleme
dependent fuse of such méchanisms is not prohibited. For example, this paragraph applies to the string paramete}
MESSAGH function.

Each functjion defined in another.part of ISO/IEC 9636 which relies upon the character set or font selection med
defined in this part of ISO/IEC 9636 shall state so explicitly.

Functions which define the character set or/font selection mechanism:

CHARACTER CODING ANNOUNCER
CHARACTER SET INDEX

TERNATE CHARACTER SET INDEX
CHARACTER SET LIST

XT FONT INDEX
FOQNT LIST
EXT BUNDLE INDEX
ASPECT SOURCE FLAGS

4.2 Imteractions with ISO/IEC 9636-2 (Control)

4.2.1 Effect of INITIALIZE
The INITIALIZE function sets all entries of the state lists defined in this part of ISO/IEC 9636 to their default valy

ents on

eter is
tation-
of the

hanism

es. All

bundles which were created or configured with <primitive type> REPRESENTATION functions,are removed, leaviryg only

the predefined bundles, restored to their predefined values. The colour table is also returned to its default values.

The List of|Font Names and List of Current Character Sets entries are restored to their default values. Note, that ISO/IE
does not secify any effect on the presence or absence of the font data itself; that is, font data which-is down-load
device outsfde of CGI control or by use of ESCAPE functions need not be removed by the INITIALIZE function.

C 9636
ed to a

and the

The INITIALIZE function sets, by default, the GO set into positions 2/1 through 7/14 of the 7-bit or 8-bit codechart
G1 set into[positions 10/1 through 15/14 (or 10/0 through 15/15 if i

If the CGI was in an Output State other than ACTIVE, any compound object being constructed is abandoned without causing

rendering. The closed figure buffer referred to in the text is left empty after INITIALIZE is executed.

There are no state restrictions on the use of INITIALIZE and TERMINATE, i.e. INITIALIZE and TERMINATE may be used

at any time (see ISO/IEC 9636-2, 5.2.1).

4.2.2 Effect of VDC Extent and VDC Type

There are several attributes defined in this part of ISO/IEC 9636 whose defaults depend on the default value of the VDC
Extent. These defaults do not dynamically track changes in the VDC Extent initiated by the client. It is expected that the client
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who uses other than the default value of VDC Extent will set attributes such as CHARACTER HEIGHT to values which have
sensible interpretation in the selected coordinate space.

When VDC Type changes, all state list entries specified by parameters using data type VDC or P are reset to their default
values in the new VDC type. For attributes stored using SAVE PRIMITIVE ATTRIBUTES, the VDC Type is stored along
with the attribute values set and so a change in VDC Type does not affect the stored values. An error will occur, however, if an
attempt is made to restore the saved attribute set if the stored VDC Type does not match the current VDC Type.

If the client changes the VDC Type or the VDC-to-Device Mapping in the middle of compound object construction, that
compound object is abandoned without causing rendering and the Virtual Device ignores subsequent boundary definition
functiond until the client resets the Output State to ACTIVE.

4.3 [Interactions with ISO/IEC 9636-4 (Segments)

4.3.1 [CLIP RECTANGLE, CLIP INDICATOR, and COPY SEGMENT

When s¢gments are copied using the function COPY SEGMENT, the eventual application of the associated copy
transformation may result in the effective clip region associated with an object becoming a convex polygonal region. See
ISO/IEC|9636-4, 5.2.5 for a description.of this effect.

4.3.2 |LINE WIDTH and EDGE WIDTH

If the spgcification mode is SCALED, the width‘oflines and edges is not affected by transformations, specifically, the VDC-
to-Devicg Mapping, the copy transformation, and the’segment transformation. If the specification mode is VDC, th¢ width is
subject td the segment and copy transformations and thes VDC-to-Device Mapping. Note that the transformations are applied
after the pbstract rendering of VDC line and edge width aridJine and edge type in VDC space.

NOT|E — When transformations are applied the individual dashes,of a VDC wide line or edge may be transformed int
parallelograms.

4.3.3 MARKER SIZE

The rendering of the shape of a marker is not affected by the segment or copy transformations. Neither the shape nor the
orientati¢pn of the marker symbol is altered. If specified in VDCs, the size of a marker (with the exception of marker type 1
(dot)) is subject to the segment transformation, the copy transformation, and the VDC-to-Device Mapping.

434 [PICKIDENTIFIER

Graphic pbjects stored in segments have an associated PICK IDENTIFIER attribute, which maybe used to identify {ndividual
graphic gbjects, or groups of objects during a pick operation.

4.3.5 [Dynamic modification

For some entries in the description tables a Dynamic Modification Accepted For value may be-Specifiqd by the
implemeptation. This entry indicates dynamic behaviour which is controlled by the Implicit Regeneration Mode) specified in
ISO/IECI9636-4-

4.3.6 Segment open state

Graphic objects created while the Segment Open State is YES can alter the Segment Open State to OVERFLOW, as specified
in ISO/IEC 9636-4.
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4.4 Interactions with ISO/IEC 9636-5 (Input)

The output states associated with this part of ISO/IEC 9636 are orthogonal to the input states associated with ISO/IEC 9636-5.
There are no specified interactions between ISO/IEC 9636-3 and the standardized functions and features specified in
ISO/IEC 9636-5.

However, an implementation may wish to make use of some of the attributes specified for output when defining

implementfion-dependent echocs.

4.5 Interactions with ISO/IEC 9636-6 (Raster)

4.5.1 State related restrictions

states. In icular, the compound objects described in this part of ISO/IEC 9636 (closed figures and compound text} do not

There are po constraints on any-functionality as defined in ISO/IEC 9636-6 as a result of TEXT OPEN or FIGURE OPEN
affect the %awing or display bitmap until their specification is complete.

4.5.2 Interior style BITMAP

The interidr style BITMAP is provided for use onraster devices. The function FILL BITMAP is defined in ISO/IEC P636-6,
and is useq to select the bitmap index and bitmap region to be used as the fill pattern when interior style is BITMAP. The
capability [of the Virtual Device with respect to BITMAP interior style is contained in a Raster Description Table in
ISO/IEC 9636-6, but the identifier of the current Fill Bitmap is maintained in the Fill Bitmap Identifier entry in fthe Fill
Attribute Sgate List defined in this part of ISO/IEC 9636.

Predefined|bundles shall not specify interior style BITMAP as there.are no predefined fill bitmaps. Restrictions on th¢ use of
BITMAP ihterior style in defining and using fill bundles are documented in ISO/IEC 9636-6.

The interpfetation of other attributes such as TRANSPARENCY, AUXIEIARY COLOUR, and FILL REFERENCE |POINT
when using fill bitmaps are documented in ISO/IEC 9636-6.

453 ljrawing modes

Drawing npodes are provided for use on raster devices to allow the CGI client to selectthe way in which pixels (th¢ values
maintained in the bitmaps) are combined during drawing operations. In particular, the DRAWING MODE attribute defined in
ISO/IEC 9636-6 is associated with all graphic objects and applies to the rendering of graphic Objects into a bitmap.
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Abstract specification of functions

Introduction

functions related to output of graphic primitives are discussed in this clause.

The format used throughout this clause to define the CGI function set separates function behaviour from implementation. Each

function
it may dq

The fung

tecris given.

tions défined in this clause are

Graphic Prirditive Functions, which define the geometric components of a picture in the CGL
Attribute Functions, which define the appearance of graphic primitives.

Control Functions, #hich specify the modes of operation of certain other functions and control some aspq
device's operation.

The GET TEXT EXTENT-function, which returns information about a text string.

ismamed, its parameters are described, and their data types are listed, and a specification of its effect and of any error

ects of the

5.1.1 |Data types employed
The abslract specifications of functions detail‘the functions in terms of input and output parameters. The data type of each
parametdr is selected from a standard set and is identified in the functional specification by a standard abbreviation.
The datg types and the abbreviations used in this part,of ISO/IEC 9636 are taken from the complete list of data types in
ISO/IE( 9636-1, 5.2.10.
5.2 |Graphic primitive functions
5.2.1 |POLYLINE
Parameters:

In point list (n>0) nP
Effect:

A line primitive is defined, consisting of the sequence of connected straight lines from the first-point in the poini list to the

sec¢nd point, from the second point to the next point, ... , and from the next-to-last point to thedastpoint.

See|3.7, in particular, 3.7.3.1 for line degeneracy.
Errors:
Errpr identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.
Error identifier: 6:301
Cause: Function exceeds a limit specified in the description tables
Reaction: As much as possible from the beginning of the implied content will be used, the remainder will be
discarded.
Error identifier: 6:304
Cause: Figure buffer overflowed
Reaction: As much as possible of the closed figure is rendered.
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5.2.2 DISJOINT POLYLINE

Parameters:

In point list (n>0) nP
Effect:

A line primitive is defined, consisting of the sequence of unconnected straight lines from the starting point to the second

point, from the third point to the fourth point, ... , ending with either the straight line from the second from last point to
the next from last point, or from the next-to-last point to the last point.

See 3.7, in particular, 3.7.3.1 for line degeneracy.

Errors:
Error {dentifier; 5:301
Cause Function not allowed in Output State TEXT OPEN
Reactipn: Function ignored.
Error {dentifier: 6:301
Cause Function€xceeds a limit specified in the description tables
Reactipn: As much as/possible from the beginning of the implied content will be used, the remainder (will be
discarded.
Error {dentifier: 6:304
Cause Figure buffer overflowed
Reactipn: As much as possible of the ¢losed figure is rendered.

5.2.3 CIRCULAR ARC 3 POINT

Parameters:
In starting point P
In intermediate point P
In ending point P
Effect:

A line| primitive consisting of a circular arc is defined from the starting point, through the intermediate poini, to the
ending| point. '

See 3.7, in particular, 3.7.3.1 for line degeneracy.

Errors:
Error ydentifier: 5:301
Cause Function not allowed in Output State TEXT OPEN
Reactipn: Function ignored.
Error identifier: 6:304
Cause Figure buffer overflowed
Reactipn: As much as possible of the closed figure is rendered.

5.24 CIRCULAR ARC CENTRE

Parameters:
In centre point P
In dx start, dy start, dx end, dy end 4VDC
In radius =0 VDC
Effect:

A line primitive consisting of a circular arc is defined as follows:
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A start ray is constructed from the centre point, taking dx start and dy start as a direction vector from the centre point. An
end ray is constructed similarly, using dx end and dy end as a direction vector from the centre point.

The specified radius and centre point define a circle. The arc is defined in the positive angular direction (as measured in
VDC space when the graphic object is created) from the intersection of the circle and the start ray (as obtained by
measuring a distance radius along the start ray from the centre point) to the intersection of the circle and the end ray. The
start and end rays are not drawn.

If the start ray and the end ray are coincident, a 360° arc is defined. Note that this circle is not filled.

See 3.7-inparticular, 3.7.3. 1 for line-degeneracy.
Errors:
Erroy identifier: 3:310
Cause: dx start and dy start, or dx end and dy end, may not be zero at the same time
Reaction: Function ignored.
Errot identifier: 5:301
Cause: Functign.not allowed in Output State TEXT OPEN
Reaction: Function ignored.
Errof identifier: 6:304
Causg: Figure buffer ovérflowed
Reaction: As much as possible-of the closed figure is rendered.

5.2.5 (CIRCULAR ARC CENTRE REVERSED

Paramet¢rs:

In centre point P

In dx start, dy start, dx end, dy end 4VDC

In radius =0) VDC
Effect:

A ling primitive consisting of a circular arc is defined as in CIRCULAR)ARC CENTRE, except that the arc is defined in
the nggative angular direction (as measured in VDC space when the graphic.object is created) from the intersectipn of the
circlg and the start ray (as obtained by measuring a distance radius along the start ray from the centre poirf) to the
intersection of the circle and the end ray. The start and end rays are not drawn:

If thejstart ray and the end ray are coincident, a 360° arc is defined. Note that this circle is not filled.

See 3.7, in particular, 3.7.3.1 for line degeneracy.
NOT

— This function exists primarily because the direction in which the locus is defined (start to finish).is crucial in closed
gure construction. However, direction may also be significant with certain line types or drawing‘mjodes for rendering.
ote also that CIRCULAR ARC CENTRE followed by CIRCULAR ARC CENTRE REVERSED with.precisely the
e parameter values results in a full circle, not the same arc drawn in opposite directions.

Errors:
Erron identifier: 3:310
Causg: dx start and dy start, or dx end and dy end, may not be zero at the same time
Reaction: Function ignored.
Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.
Error identifier: 6:304
Cause: Figure buffer overflowed
Reaction: As much as possible of the closed figure is rendered.
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5.2.6 ELLIPTICAL ARC

Parameters:
In centre point P
In first conjugate radius endpoint P
In second conjugate radius endpoint P
In dx start, dy start, dx end, dy end 4VDC
Effect:

A linefprimitive consisting of an elliptical arc 1s defined as Tollows:

The centre point specifies the centre of an ellipse. The conjugate radius endpoints include one endpoint frgm each
conjugate radiuis; together with the centre point, they define the two conjugate radii of the ellipse.

A starf ray is constructed from the centre point, taking dx start and dy start as a direction vector from the centre ppint. An
end ray is constructéd similarly, using dx end and dy end as a direction vector from the centre point. The start pnd end
rays % not drawn.

The de¢fined arc begins at ‘the'intersection of the ellipse and the start ray and follows the ellipse to the intersection of the
ellipsd and the end ray in the\direction defined as follows. Let the centre point be labelled M, the first conjugate radius
endpojnt P1, and the second corjugate radius endpoint P2, then the line segments M-P1 and M-P2 define two cqnjugate
radii, feferred to in what follows as-the first conjugate radius and the second conjugate radius respectively. The cgnjugate
radii meet at M and define two anglés: the sum of the two angles is 360°, one angle is less than 180° and the |other is
greater than 180°. The definition of the elliptical arc is in the direction from the first conjugate radius to the| second
conjugate radius through the smaller of these’two angles.

If the $tart ray and end ray are coincident, the full ellipse is defined.

See 3.]7, in particular, 3.7.3.1 for line degeneracy.

Errors:
Errorjidentifier: 3:310
Causel: dx start and dy start, or dx end and dy end, may’not be zero at the same time
Reaction: Function ignored.
Error dentifier: 5:301
Cause Function not allowed in Output State TEXT OPEN
Reactiton: Function ignored.
Erroridentifier: 6:304
Cause: Figure buffer overflowed
Reaction: As much as possible of the closed figure is rendered.

5.2.7 (QONNECTING EDGE

Parameters:
none

Effect:
If the Virtual Device is in state FIGURE OPEN and the current region is not closed, an explicit boundary portion and edge
portion is created connecting the last point of the last line primitive with either the closure point (if followed by NEW
REGION, END FIGURE, or a fill primitive) or the first point of the next line primitive. If the points connected are
coincident, no edge portion or boundary portion is added.

If no region is open, this function is ignored and no error is generated.

If multiple invocations of this function precede the function which causes the edge portion to be added, the first instance
(along with the associated attributes) is used.

See 3.10.5.
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Errors:
Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.
Error identifier: 5:303
Cause: Function not allowed in Output State ACTIVE
Reaction: Function ignored.
Error identifier: 6:304
Caude: Figure buffer overflowed
Reaqgtion; As much as possible of the closed figure is rendered.
5.2.8 POLYMARKER
Parametprs:
In point list (n>0) nP
Effect:
A mjrker primitive consisting of & Sequence of markers is defined to identify all of the positions in the point list.
See ¢lause 3.8, in particular, 3.8.3.1 for marker degeneracy.
Errors:
Erroy identifier: 5:301
Cauge: Function not allowed in Output.State TEXT OPEN
Readtion: Function ignored.
Erroy identifier: 5:302
Cauge: Function not allowed in Output State FIGURE OPEN
Reaqtion: Function ignored.
Erroy identifier: 6:301
Cauge: Function exceeds a limit specified in the description tables
Reagtion: As much as possible from the beginning of the impliéd content will be used, the remaind¢r will be
discarded.
5.2.9 [EXT
Parameters:
In point P
In flag (NOT FINAL; FINAL) E
In string S
Effect:
The [TEXT function defines a text primitive which, depending on the flag parameter, may also begin the constryction of a
compoumd Xt object:

If flag is FINAL, the string parameter constitutes the entire text string and a simple text primitive is created.

If flag is NOT FINAL, the Output State in the General Attributes and Output Control State List is changed from ACTIVE
to TEXT OPEN. The string and point parameters and following APPEND TEXT strings define a compound text object.
The compound text object is completed on receipt of an APPEND TEXT function with flag set to FINAL and the Output
State is then restored to state ACTIVE.

See

3.9, in particular, 3.9.4.6 for text degeneracy.
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Errors:
Error identifier: 3:306
Cause: Function does not support a flag value of NOT FINAL
Reaction: Function ignored.

Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.

Error identifier: 5:302
Cause: Function not allowed in Outpat staie FIGURE OPEN
Reactigh Function ignored.

Error iflentifier: ,6:301

Cause Bunction exceeds a limit specified in the description tables
Reactign: As much as possible from the beginning of the implied content will be used, the remainder Will be
discarded.

Error iflentifier: 6:303

Cause Text buffer-overflowed

Reactign: If flag is NOT. FINAL, Output State remains TEXT OPEN; further contributing primitives igngred. If
flag is FINAL, as much of the compound text object as has been accumulated is used in compleing the

compound text constfuetion; the Output State is changed to ACTIVE.

5.2.10 RESTRICTED TEXT

Parameter$:
In extent: delta width, delta height 2VDC
In point P
In flag (NOT FINAL, FINAL) E
In string S

Effect:
The RESTRICTED TEXT function defines a text primitive in the same way, as does the TEXT function. However, the
text primitive (or compound text object) is constrained to be within a parallélogram determined by the extent parameters,
the poiht parameter and the associated character orientation vectors.

The defta width is a distance along the direction of the character base vector. The'delta height is a distance algng the
directidn of the character up vector.

See 5.219 and 3.9.4.5.

Errors:
Error identifier: 3:306
Cause: Function does not support a flag value of NOT FINAL
Reactign: Function ignored.

Error identifier: 5:301
Cause:'——Funetionnotaltowed-inOutput-State TEXT-OPEN

Reaction: Function ignored.

Error identifier: 5:302

Cause: Function not allowed in Output State FIGURE OPEN

Reaction: Function ignored.

Error identifier: 6:301

Cause: Function exceeds a limit specified in the description tables

Reaction: As much as possible from the beginning of the implied content will be used, the remainder will be
discarded.
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Error identifier: 6:303
Cause: Text buffer overflowed

Reaction:

5.2.11

Paramelers:

In
In

Effect:
The

for the string parameter-is generated and accumulated with the construction of a compound text object.

If fig

and
See

Errors:

Errqr identifier: 3:306

Caul
Rea

Errgr identifier: 5:302
Caufe: Function not allowed in Output Stat¢’FIGURE OPEN

Rea

Errqr identifier: 5:303

Caul
Rea

Errqr identifier: 6:303

Caufe: Text buffer overflowed
Reattion: If flag is NOT FINAL, Output State remains TEXT OPEN;further contributing primitives i
flag is FINAL, as much of the compound text object as has béen accumulated is used in comy
compound text construction; the Output State is changed to ACTIVE.
5.2.12 [POLYGON
Parameters:
In point list (n>.0)
Effect:
Afi

If flag is NOT FINAL, Output State remains TEXT OPEN; further contributing primitives ignored. If

flag is FINAL, as much of the compound text object as has been accumulated is used in completing the

compound text construction; the Output State is changed to ACTIVE.

APPEND TEXT

flag (NOT FINAL, FINAL)
string

APPEND TEXT, function is used in the definition of a compound text object. If flag is NOT FINAL, a text

the compound text construction is completed; the Output State is changed from TEXT OPEN to state ACTI
5.2.9, 5.2.10, and 3.9.

e Function does not support/a-flag value of NOT FINAL
tion: Function ignored.

tion: Function ignored.

ke: Function not allowed in Output State ACTIVE
Ction: Function ignored.

E
S

primitive

1g is FINAL, a text primitive for the string parameter is generated and accumulated with the compound text object

VE.

gnored. If
leting the

— the boundary may intersect itself or have partly or wholly coincident edges.

See

Errors:

3.10, in particular, 3.10.3.5 for fill degeneracy.

Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.

e ordered

point list to its successor and the last to the first by stralght edges. The polygonal region is not resmctcd to a simple region
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Error identifier: 6:302

Cause: Number of points in polygon is too large

Reaction: The maximum number of points are used.

Error identifier: 6:304

Cause: Figure buffer overflowed

Reaction: As much as possible of the closed figure is rendered.

5.2.13 EYGONSET

Parameters:
In flagged point list ((n > 0), INVISIBLE, VISIBLE, CLOSE INVISIBLE, CLOSE VISIBLE)) n[P.E]

Effect:
This fainction definesA set of closed polygons. Each polygon is defined by a collection of straight edges, each qf which
may be visible or invisible.

The flagged point list is procéssed sequentially. The first point starts the first polygon of the set, and becomes thg current
closurg point. Each point in the Jist is connected either to its successor in the list, or to the current closure point, (but not
both),| with either a visible or invisible edge.

An efe out flag is associated with each point in the point list. The possible values for the flag and the corresponding
o

actions are:
IINVISIBLE: the line from pointn o point n+1 defines an edge which is invisible.
MISIBLE: the line from point n topoint n+1 defines an edge which is visible.
JLOSE INVISIBLE: the line from point n to the ¢arrent closure point defines an edge which is not visible. The next

point in the list begins a new polygon region and becomes the new current closure pdint. The
next point in the list is not connécted to any previous point; that is, no line is generated to it
from a previous point.

JLOSE VISIBLE: is identical to CLOSE INVISIBLE, excépt'that the added closing edge is visible.

If the|edge out flag of the last point in the list is VISIBLE, it is treatéd’as CLOSE VISIBLE; if the edge ouf flag is
INVISIBLE, it is treated as CLOSE INVISIBLE.

See 310, in particular, 3.10.3.5 for fill degeneracy.

Errors:
Errorlidentifier: 5:301
Causq: Function not allowed in Output State TEXT OPEN
Reactfon: Function ignored.
Errorlidentifier: 6:301
Causq: Function exceeds a limit specified in the description tables
Reactfon: As much as possible from the beginning of the implied content will be used, the remainder] will be
discarded.
Error identifier: 6:304
Cause: Figure buffer overflowed
Reaction: As much as possible of the closed figure is rendered.

5.2.14 RECTANGLE

Parameters:
In corner points 2P
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Effect:
A rectangular fill primitive with sides oriented parallel to the VDC axes, specified by corner points representing the
diagonally opposite corners is defined.

See 3.10, in particular, 3.10.3.5 for fill degeneracy.

Errors:
Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.
Errartidentifier: 6:304
Caupse: Figure buffer overflowed
Reattion: As much as possible of the closed figure is rendered.

5.2.15 |CIRCLE

Parameters:

In centre point P
In radius =0
VvDC
Effect:

A circular fill primitive of the specified radius centred at the specified VDC centre point position is defined.
See(3.10, in particular, 3.10.3.5 for fill degeneracy.

Errors:
Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reation: Function ignored.
Error identifier: 6:304
Cauyse: Figure buffer overflowed
Reattion: As much as possible of the closed figure is rendered.

5.2.16 [CIRCULAR ARC 3 POINT CLOSE

Parameters:
In starting point P
In intermediate point P
In ending point P
In close type ' (PIE; CHORD) E
Effect:

A f{ll primitive with a circular arc for a portion of its boundary is defined. The arc portion is defined as in the. CIRCULAR

A DO RN
ARC-3POINT time primmitive:

If close type is CHORD, the boundary of the fill primitive is completed by the line segment from the starting point of the
arc to the ending point.

If close type is PIE, the boundary of the fill primitive is completed by the two line segments from the centre to the starting
point and ending point.

See 3.10, in particular, 3.10.3.5 for fill degeneracy.
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Errors:

Error identifier: 5:301

Cause: Function not allowed in Output State TEXT OPEN

Reaction: Function ignored.

Error identifier: 6:304

Cause: Figure buffer overflowed

Reaction: As much as possible of the closed figure is rendered.

5.2.17 GIRCULAR ARC CENTRE CLOSE

Parameters:
In centre'point P
In dx start, dy<start, dx end, dy end 4VDC
In radius =0) VDC
In close type (PIE, CHORD) E
Effect:

A fill primitive with a circular ar¢ for a portion of its boundary is defined. The arc portion is defined as in the CIRCULAR
ARC (CENTRE line primitive.

If closg type is CHORD, the boundary of the fill primitive is completed by the line segment from the starting point of the
arc to the ending point.

If closg type is PIE, the boundary of the fill prinfitive is completed by the two line segments from the centre point to the
startinlg point and ending point.

If the [start ray and end ray are coincident, a circle‘is-rendered. If the close type is PIE and EDGE VISIBILITY is
VISIBLE, the boundary of the fill object defined to include the line segments connecting the centre point to the circle
along the start and end ray is rendered.

See 3.10, in particular, 3.10.3.5 for fill degeneracy.

Errors:
Error {dentifier: 3:310
Cause dx start and dy start, or dx end and dy end, may not be zero at the same time
Reactipn: Function ignored.
Error ydentifier: 5:301
Cause Function not allowed in Output State TEXT OPEN
Reactipn: Function ignored.
Error Ydentifier: 6:304
Cause Figure buffer overflowed
Reactipn: As much as possible of the closed figure is rendered.

5.2.18 ELLIPSE

Parameters:
In centre point P
In first conjugate radius endpoint P
In second conjugate radius endpoint P
Effect:

An elliptical fill primitive is defined as follows:

Centre point specifies the centre of an ellipse. The conjugate radius endpoints include one endpoint from each conjugate
radius; together with centre point, they define the two conjugate radii of the ellipse.
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See 3.10, in particular, 3.10.3.5 for fill degeneracy.

Errors:
Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.
Error identifier: 6:304
Cause: Figure buffer overflowed

Reaction:  As much as possible of the closed figure is rendered

5.2.19 ELLIPTICAL ARC CLOSE

Parameters:
In centre poirit P
In first conjugate’rddius endpoint P
In second conjugate-radius endpoint P
In dx start, dy start, dX end, dy end 4VDC
In close type (PIE, CHORD) E
Effect:

A fil} primitive with an elliptical arc for a'portion of its boundary is defined. The arc portion is defined in the same way as
in thg ELLIPTICAL ARC line primitive.

If clgse type is CHORD, the boundary of the fill primitive is completed by the line segment from the starting pgint of the
arc tp the ending point.

If clpse type is PIE, the boundary of the fill primitive is/completed by the two line segments from the centre pqint to the
starting point and ending point.

If the start ray and end ray are coincident, the ellipse is rendered. IF close type is PIE and EDGE VISIBILITY is
VISIBLE, the boundary of the fill object is defined to include the'line segments connecting the centre point to the ellipse
along the start and end rays.

See 3.10, in particular, 3.10.3.5 for fill degeneracy.

Errors:
Erroy identifier: 3:310
Cauge: dx start and dy start, or dx end and dy end, may not be zero at the same time
Readtion: Function ignored.
Erroy identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Readtion: Function ignored.
Erroy identifier: 6:304
Cause: Figure buffer overflowed
Readtion: As much as possible of the closed figure is rendered.

5.2.20 CELL ARRAY

Parameters:
In corners of parallelogram: P, Q, R 3p
In dimensions nx, ny (nx,ny > 0) 21
In local colour precision requirement =0) I
In cell colour specifiers nx*ny CO
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Effect:
An image primitive is defined as follows:

The points P, Q, and R define an arbitrary parallelogram. P and Q delimit the endpoints of a diagonal of the
parallelogram, and R defines a third corner.

NOTE - implementations that only support axis aligned CELL ARRAY's ignore point R.

The local colour precision requirement parameter specifies the precision requirement for the cell colour specifiers. The
precision requirement is for either indexed or direct colour, according to the Colour Selection Mode.

ecifies the
ment as

fies the
minimum numberof,bits required to specify each component of an RGB triple, and a value of zero means to impose the
same gequirement as that for the Colour Precision in the Control State List.

NOTE -~ This primitive requires the need for resampling existing information, as cells are logical entities, not tied to any

physical dimensions, 'Scaling, rotation, or mirroring of fields within a picture may be performed using this
primitive.

See 3.[11, in particular, 3.11.3.1 for image degeneracy.

Errors:
Error fdentifier: 3:311
Causel Local colour precision requirément not achievable
Reaction: Function ignored.
Errorjdentifier: 5:301
Causel: Function not allowed in Output Stat¢ TEXT OPEN
Reaction: Function ignored.
Errorjdentifier: 5:302
Causel Function not allowed in Output State FIGURE OPEN
Reaction: Function ignored.
Errorjdentifier: 6:301
Causel: Function exceeds a limit specified in the description tables
Reaction: As much as possible from the beginning of the implied céntent will be used, the remainder|will be

discarded.

5.2.21 GENERALIZED DRAWING PRIMITIVE (GDP)

Parameters:
In identifier (-n.-1,41..n) I
In point list (n.>0) nP
In data record D
Effect:

A Generalized Drawing Primitive (GDP) is specified by the identifier, the point list, and the data record. The appearance
of the GDP is determined by zero or more of the attribute sets of the standard graphic primitives, depending on the
particular GDP. The parameters of the GDP are interpreted and utilized in a device-dependent manner.

A GDP must treat transformations in a manner consistent with ISO/IEC 9636.

Non-negative values of the identifier are reserved for registration and future standardization; negative values are available
for private use.

NOTE - GDP provides convenient access to non-standard graphic primitives that a device may support. The distinction
between GDP and ESCAPE has been made to distinguish between functions which create graphic primitives, that
is, contribute to the geometry of graphic object creation, and others.
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Error 5:301 is only detected if the GDP does not contribute to compound text. Error 5:302 is only detected if the GDP does not
contribute to closed figures.

See 3.12.

Errors:

Error identifier:

Cause:
Reaction:

5:301
Function not allowed in Output State TEXT OPEN
Function ignored.

5:302

Errfidcuu'ﬁa'
Caufse:

Reagtion:

Errar identifier:

Caufse:
Reagtion:

Errar identifier:

Caufe:
Reagtion:

Errgr identifier:

Caugse:
Reattion:

5.3 |Attribute functions

5.3.1 [LINE BUNDLE INDEX

Function not allowed in Output State FIGURE OPEN
Function ignored.

6:301

Function exceeds a limit specified in the description tables
As much as possible from the beginning of the implied content will be used, the remaindpr will be
discarded.

6:303

Text buffecoverflowed
If flag is NOT EINAL, Output State remains TEXT OPEN; further contributing primitives ignored. If
flag is FINAL, ‘as/much of the compound text object as has been accumulated is used in completing the
compound text construction; the Output State is changed to ACTIVE.

6:304
Figure buffer overflowed
As much as possible of the closed figure is rendered.

Parameters:

In line bundle index (1..n) IX
Effect:

The|Line Bundle Index entry in the Line Attributes State List is set to the value specified.
Errors:

Error identifier: 3:312

Cayse: Requested bundle not available

Reaction: Mapped to default.

AL ORI

5.3.2 EINETYPE

Parameters:

In line type (-n..-1,1..n) IX

Effect:

The Line Type entry in the Line Attributes State List is set to the value specified.

The standardized line types are:

1) solid
2) dash
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3) dot
4) dash dot
S) dash dot dot

Values above 5 are reserved for registration; negative values are available for private use.

Errors:
Error identifier: 3:313
Cause: Requested line type not available
Reaction: Mapped to default.

5.3.3 LINESWIDTH

Parameters:
In line width specifier =0) N
Effect:

The Line Width entry in the Line Attributes State List is set as specified. The line width specifier may be either an
absolute line width (in VDCs) or a-line width scale factor.

The Specification Mode of Line Widthventry in the Line Attributes State List is replaced by the Line Width Specification
Mode jn the General Attributes and Ouatput Control State List.

5.3.4 LINE COLOUR

Parameterls:
In line colour specifier CcO

Effect:
The Line Colour entry in the Line Attributes State List is set to the ¥alue specified.

The Sglection Mode of Line Colour entry in the Line Attributes State List\is replaced by the Colour Selection Mod in the
Genergl Attributes and Output Control State List.

5.3.5 LINE CLIPPING MODE

Parameters:
In clipping mode (LOCUS, SHAPE, LOCUS ‘THEN SHAPE) E

Effect:
The Lipe Clipping Mode in the Line Attributes State List is set to the value specified.

See 3.6 and 3.7.4 for a description of line object clipping.

Errors:
Error tdentifier—3:301
Cause: Requested clipping mode not supported.
Reaction: Mapped to default.

5.3.6 MARKER BUNDLE INDEX

Parameters:
In marker bundle index (1.n) IX
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Effect:

The Marker Bundle Index entry in the Marker Attributes State List is set to the value specified.
Errors:

Error identifier: 3:312

Cause: Requested bundle not available

Reaction: Mapped to default.

5.3.7 MARKERTYPE

Parametgrs?
In marker type (-n..-1,1..n) IX

Effect:
The Marker Type entry in the Marker Attributes State List is set to the value specified.

The $tandardized marker types are:

1) dot(.)

2) plus (+)

3) asterisk (*)
4) circle (0)
5) cross (x)

Values above 5 are reserved for registrationjnegative values are available for private use. The standardized markers are
centred at the marker position. The marker type 1.(dot) is intended always to be rendered as the smallest visiblg point on
the drawing surface. A marker's shape is invariantunder transformation. See 3.8.3.

Errors:
Errof identifier: 3:314
Caude: Requested marker type not available
Readtion: Mapped to default.

5.3.8 MARKER SIZE

Parametprs:
In marker size specifier =0 SS

Effect:
The Marker Size entry in Marker Attributes State List is set to the value specified. The marker size specifier may| be either
an absolute marker size (in VDCs) or a marker size scale factor. If absolute marker size is given, the specified gize is the
maximum extent of the marker.

The [Specification Mode of Marker Size entry in the Marker Attributes State List is replaced by, the Mafker Size
Spedification Mode in the General Attributes and Output Control State List.

The effect of a VDC marker size on private marker types is implementation-dependent.

5.3.9 MARKER COLOUR

Parameters:
In marker colour specifier 60}

Effect:
The Marker Colour entry in the Marker Attributes State List is set to the value specified.
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The Selection Mode of Marker Colour entry in the Marker Attributes State List is replaced by the Colour Selection Mode
in the General Attributes and Output Control State List.

5.3.10 MARKER CLIPPING MODE

Parameters:
In clipping mode (LOCUS, SHAPE, LOCUS THEN SHAPE) E

Effect:
The Marker Clipping Mode in the Marker Attributes State List is set to the value specified.

See 3.p and 3.8.4 for a description of marker object clipping.

Errors:
Errorjidentifier: 3.301
Causel: Requested clipping mode not supported.
Reaction: Mapped to_default.

5.3.11 TEXT BUNDLE INDEX

Parameters:

In text bundle index (1..n) X
Effect:

The Tgxt Bundle Index entry in the Text Attributes'State List is set to the value specified.
Errors:

Errorjdentifier: 3:312

Causel Requested bundle not available

Reaction: Mapped to default.

5.3.12 TEXT FONT INDEX

Parameters:
In font index (1..n) IX

Effect:
The Tgxt Font Index entry in the Text Attributes State List is set to the value specified. It is-an index into the List|{of Font
Names entry in the General Attributes and Output Control State List indicating which characterfont is to be used.

Errors:
Error gdentifier: 3:318
Cause| Requested text font not available
Reaction: Mapped to default or to a more appropriate font (see annex C.4).

5.3.13 TEXT PRECISION

Parameters:
In text precision (STRING, CHARACTER, STROKE) E

Effect:
The Text Precision entry in the Text Attributes State List is set to the value specified.

This provides control over the fidelity of the rendering of text attributes. See 3.9.4.4 and 3.9.5 for a description of text
precision.
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In character expansion factor 0 R

Effect:

5.3.15 CHARACTER SPACING

Parameters:

Effect:

5.3.16 [TEXT COLOUR

Parameters:

Effect:

5.3.17 |CHARACTER HEIGHT

Parameters:

Effect:

The Character Expansion Factor entry in the Text Attributes State List is set to the value specified.

The character expansion factor specifies the deviation of the width/height ratio of the character from the ratio indicated by
the font designer.

See B.9:4.

In character spacing R

The [Character Spacing entry in.the-Text Attributes State List is set to the value specified.

The [parameter specifies the desired’space to be added between character bodies of a text string, which is in a(:g;nton to any
intef-character spacing provided by thé font within the character's body. A negative value implies that characters may
overflap. The value specified is interpreted-as a function of the Character Height entry in the Text Attributes Stat¢ List.

See B.9.4, including 3.9.4.1.

In text colour specifier 160)
The[Text Colour entry in the Text Attributes State List is set to the value-specified.

ThelSelection Mode of Text Colour entry in the Text Attributes State List is‘réplaced by the Colour Selection Mode in the
Gengral Attributes and Output Control State List.

In character height =0 VDC

The|Character Height entry in the Text Attributes State List is set to the value specified.

The parameter specifies the desired height of the character body, from baseline to capline, measured along the character
up vector in VDC units. Note that if the character up vector is not perpendicular to the character base vector, the distance
from baseline to capline measured perpendicular to the baseline will be less than the CHARACTER HEIGHT.

If the requested Character Height is not available, the realized value shall be the closest value equal to or smaller than the
requested one. A requested value smaller than the minimum available, including a requested height of zero, is not an
error; in this situation characters are rendered as a series of dots or lines or as invisible.

See 3.9.4.
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5.3.18 CHARACTER ORIENTATION

Parameters:
In character up vector (V) (length #0; V, V' not parallel) 2VDC
In character base vector (V") (length #0; V, V' not parallel) 2VDC
Effect:

The Character Orientation entry in the Text Attributes State List is set to the values specified.
The two vectors define the orientation and skew of the character body. See 3.9.4.

5.3.19 TEXT/PATH

Parameterss:
In text path (RIGHT, LEFT, UP, DOWN) E

Effect:
The Tgxt Path entry in the Text Attributes State List is set to the value specified.

Text Path determines the writing direction of a text string relative to the character up vector and character base vector (see
CHARACTER ORIENTATION). Se¢.3.9.4.

5.3.20 TEXT ALIGNMENT

Parameters:
In horizontal alignment type (NORMAL HORIZONTAL, LEFT, CENTRE, RIGHT,
CONTINUOUS HORIZONTAL) E
In vertical alignment type (NORMAL VERTICAL, TOP, CAP, HALF,
BASE; BOTTOM, CONTINUOUS VERTICAL) E
In continuous horizontal alignment R
In continuous vertical alignment R
Effect:

The Hprizontal Text Alignment, Vertical Text Alignment, Continuous Horizontal Alignment, and Continuous Vertical
Alignr[ent entries in the Text Attributes State List are set to the values specified.

If horigontal alignment type is CONTINUOUS HORIZONTAL, the continuous horizontal alignment parameter becomes
signifi¢ant. The continuous horizontal alignment is a fraction of the side of the text extent{arallelogram perpendi¢ular to
the chdracter up vector.

If verfical alignment type is CONTINUOUS VERTICAL, the continuous vertical alignntent parameter bgcomes
signifi¢ant. The continuous vertical alignment parameter is a fraction of the side of the text extent‘parallelogram parallel
to the ¢haracter up vector.

The NDRMAL alignment types are dependent on the associated TEXT PATH at the time of the elaboration of the text
primitilves.

Table 7 — Definition of NORMAL Text Alignment

Text Path NORMAL HORIZONTAL NORMAL VERTICAL
RIGHT LEFT BASE

LEFT RIGHT BASE

UP CENTRE BASE

DOWN CENTRE TOP

The continuous horizontal alignment and continuous vertical alignment parameters may exceed the range of 0.0 to 1.0 in
order to align a string with a coordinate outside its text extent parallelogram. See 3.9.4.
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Parameters:

In
Effect:

character set index (1..n)

Abstract specification of functions

IX

The Character Set Index entry in the Text Attributes State List is set as specified. The character set in the Character Set
List entry of the General Attributes and Output Control State List referenced by this index becomes the currently
designated GO set.

Errors:
Errd

Cause: Requested character set index is not available

Rea

5.3.22 JALTERNATE CHARACTER SET INDEX

A4

NOTE - The INITIALIZE function sets, by default, the GO set into positions 2/1 through 7/14 of the 7-bit or 8-bit cod
chart.

r identifiery 3:323

tion: Mapped to default or to a more appropriate character set (see annex C.4).

Paramefers:

In alternate character set index (1..n) IX
Effect:

The|Alternate Character Set Index entry in“the Text Attributes State List is set as specified. The character set in the

Chat
curr

The

See

Errors:
Errdr identifier: 3:323
Cauke: Requested character set index is not available
Reagtion: Mapped to default or to a more appropriate character set (see annéx.C.4).

5.3.23 CHARACTER CODING ANNOUNCER

ently designated G1 and G2 sets.

8.9.6.2.

15/15 if the G1 set is a 96-character set).

Parameters:
In coding technique (BASIC 7-BIT, BASIC 8-BIT, EXTENDED 7-BIT,
EXTENDED 8-BIT, PRIVATE)
Effect:

NOTE - The INITIALIZE function invokes, by default, the G1 set irito/positions 10/1 through 15/14 (or 10/0 through

acter Set List entry of the General Attributes and Output Control State List referenced by this index be¢omes the

designated alternative character set is used to display 8-bit bytes whose most significant bit is set when those bytes
occyr within the string parameters of the text functions.

E

The parameter coding technique identifies the code extension technique and environment requested by the CGI client and
is stored in the Text Attributes State List.

If an implementation permits text strings to be encoded by any other technique, the technique shall be announced with
PRIVATE.

These code extension capabilities apply only to the string parameters of text functions (TEXT, APPEND TEXT, and
RESTRICTED TEXT), unless stated explicitly in the function description of a function with a string parameter using this
capability.
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Errors:
Error identifier: 3:317
Cause: Requested character coding announcer not supported
Reaction: Function ignored.

5.3.24 FILL BUNDLE INDEX

Parametersg:

In fill bundle index (1..n) X
Effect:

The Fill Bundle’/Index entry in the Fill Attributes State List is set to the value specified.

See 3.10.2.
Errors:

Error ydentifier: 3:312

Cause] Requested bundle not available

Reactign: Mapped to default,

5.3.25 INTERIOR STYLE

Parameterg:

In interior style (HOLLLOW, SOLID, PATTERN, HATCH, EMPTY, BITMAP) E
Effect:

The Inferior Style entry of the Fill Attributes State List is set-to the value specified.

See 3.10.2.

5.3.26 FILL COLOUR

Parameterf:
In fill colour specifier CO

Effect:
The Fill Colour entry in the Fill Attributes State List is set to the specified value.

The Sdlection Mode of Fill Colour entry in the Fill Attributes State List is replaced by the Colour,Selection Modg¢ in the
Generdl Attributes and Output Control State List.

See 3.10.2.

5.3.27 HATEHINDEX
Parameters:
In hatch index (-n..-1,1..n) IX

Effect:
The Hatch Index entry in the Fill Attributes State List is set to the value specified.

The standardized hatch indices are:

1) horizontal equally spaced parallel lines, not transformable
2) vertical equally spaced parallel lines, not transformable
3) positive slope equally spaced parallel lines, not transformable
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4) negative slope equally spaced parallel lines, not transformable
5) horizontal/vertical crosshatch, not transformable
6) positive slope/negative slope crosshatch, not transformable

Values above 6 are reserved for registration; negative values are available for private use. The effect of transformations of
hatch lines (i.e. transformable, not transformable) is included in the register as part of the definition of a registered hatch
index.

The associated FILL COLOUR attribute value determines the colour of the hatch lines.

Errors:
Errol identifier: 3:319
Cause: Requested hatch style not available
Reaction: Mapped to default.

5.3.28 PATTERN INDEX

Parameters:
In pattern index (1..n) IX

Effect:
The Pattern Index entry in the Fill Attributes State List is set to the value specified.

The pattern index references a pattern entry from the List of Patterns in the Fill Attributes State List.

Errors:
Errol identifier: 3:320
Caude: Requested pattern not available
Readtion: Mapped to default.

5.3.29 FILL REFERENCE POINT

Parametprs:
In reference point P

Effect:
The Fill Reference Point entry in the Fill Attributes State List is set to the value specified.

For fill objects with Interior Style of either PATTERN or BITMAP, the Fill Reference Point is used for alignment of the
pattern of fill bitmap, as specified in 3.10.2.1.

For an interior style value of HATCH, the Fill Reference Point provides a common origin{or the hatch patterns in all
subsgquent hatched fill objects; whether the Fill Reference Point is aligned with a hatch line or‘another arbitrary point in
the Hatch pattern is implementation-dependent. The common origin for hatched fill objects means that separate f}ll objects
that have the same hatch index and that abut have a visually continuous hatch pattern across common boundaries.

See 3.10.2.

5.3.30 PATTERN SIZE

Parameters:
In pattern height vector (length # 0) 2VDC
In pattern width vector (length #0) 2VDC
Effect:

The Pattern Size entry in the Fill Attributes State List is set to the values specified. This is used during rendering of fill
objects with interior style PATTERN.
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Pattern Size is specified as two vectors, a height vector and a width vector. In general, the pattern size vectors and the fill
reference point define a parallelogram located in VDC, termed the pattern box.

See 3.10.2 for a description of pattern fill.

5.3.31 EDGE BUNDLE INDEX

Parameters:

In edge bundle index (1..n) X
Effect:

The Edige Bundle Index entry in the Edge Attributes State List is set to the value specified.
Errors:

Error fdentifier: 3:312

Causef Requested bundle not available

Reactipn: Mapped t0default.

5.3.32 EDGE TYPE

Parameters:
In edge type indicator (-n..-1,1..n) IX
Effect:

The Eglige Type entry in the Edge Attributes State List js set to the value specified.

The edge type indicator has the same correspondence between type and representation as Line Type.
See 3.J.5 for continuity alternatives.

The

(22}

tandardized edge types are:

solid

dash

dot

dash dot
dash dot dot

N B W N

Values above S are reserved for registration; negative values are available for private use,

Errors:
Error [dentifier: 3:321
Causef Requested edge type not available
.Reactipn: Mapped to default.

5.3.33 EDGE WIDTH

Parameters:
In edge width specifier =0) SS

Effect:
The Edge Width entry in the Edge Attributes State List is set to the value specified. This may be specified as either an
absolute edge width (in VDCs) or an edge width scale factor.

The Specification Mode of Edge Width entry in the Edge Attributes State List is replaced by the Edge Width
Specification Mode in the General Attributes and Output Control State List.
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5.3.34 EDGE COLOUR

Parameters:
In edge colour specifier co

Effect:
The Edge Colour entry in the Edge Attributes State List is set to the value specified.

The Selection Mode of Edge Colour entry in the Edge Attributes State List is replaced by the Colour Selection Mode in
the General Attributes and Output Control State List.

5.3.35 EDGE,CLIPPING MODE

Parametgrs:
In clipping mode (LOCUS, SHAPE, LOCUS THEN SHAPE) E

Effect:
The Edge Clipping Mode entry in the Edge Attributes State List is set to the value specified.

See 3.10.4.2 for a description of edge clipping.

Errors:
Errof identifier: 3:301
Cauge: Requested clipping mode not supported.
Reagtion: Mapped to defauit.

5.3.36 EDGE VISIBILITY

Parametprs:
In edge visibility (INVISIBLE, VISIBLE) E

Effect:
The Edge Visibility entry in the Edge Attributes State List is set to the value specified.

For fjill objects, edges are only rendered if the associated EDGE VISIBILIT Yyattribute value is VISIBLE. For PQLYGON
SET] individual edges are rendered if and only if the value of EDGE VISIBILITY attribute is VISIBLH and the
corrgsponding edge-out flag indicates a visible edge. For closed figures, EDGE\VISIBILITY is a local attribyte which
also fipplies to CONNECTING EDGE.

5.4 (General attribute and output control functions

5.4.1 CLIP INDICATOR

Parameters:
In clip indicator (OFF, ON) E

Effect:
The Clip Indicator entry in the General Attributes and Output Control State List is set to the value specified.

The current value of the Clip Indicator is associated with all graphic objects as they enter the Graphic Object Pipeline. See
3.6 for information on how the clip indicator affects subsequent rendering of an object.
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5.4.2 CLIP RECTANGLE

Parameters:
In first corner (P), second corner (P") (Px #Px ,Py #Py) 2P

Effect:
The Clip Rectangle entry in the General Attributes and Output Control State List is set to the value specified.

The clip rectangle is specified by a pair of VDC points. The two points define the interior and boundary of the clip
rectangle as a rectangle with sides parallel to the VDC axes, with two diagonally opposite corners given by the first and
second corner point parameters.

The cyrrentClip Rectangle is associated with all graphic objects as they enter the Graphic Object Pipeline. See|3.6 for
informiation ofi how the CLIP RECTANGLE attribute affects subsequent rendering of an object.

54.3 LINE WIDTH-SPECIFICATION MODE

Parameter(s:
In line width specificationmode (VDC, SCALED) E
Effect:
The Line Width Specification Mode entry in the General Attributes and Output Control State List is set to the specified
value.

The two modes supported are a measure in VD€ and a scaling factor to be applied to the device-dependent nomjnal line
width| The value of Line Width Specification Mode, determines the interpretation of the parameter of subsequent LINE
WIDTH functions.

Errors:
Error [dentifier: 3:302
Causef Line width specification mode not supported
Reactipn: All functions with affected parameters are ignored until a supported mode is selected with this finction,

or until the mode is reset to its default by INITIALIZE,

54.4 EDGE WIDTH SPECIFICATION MODE

Parameters:
In edge width specification mode (VDC, SCALED) E
Effect:
The Efige Width Specification Mode entry in the General Attributes and Output Control State Listis set to the specified
value.

The two modes supported are a measure in VDC and a scaling factor to be applied to the device-dependent nominal edge
width | The value of Edge Width Specification Mode determines the interpretation of the parameter of subsequen{ EDGE
WIDTH functions.

Errors:
Error identifier: 3:303
Cause: Edge width specification mode not supported
Reaction: All functions with affected parameters are ignored until a supported mode is selected with this function,

or until the mode is reset to its default by INITIALIZE.
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Parameters:

In
Effect:

marker size specification mode (VDC, SCALED)

: 1991 (E)
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E

The Marker Size Specification Mode entry in the General Attributes and Output Control State List is set to the specified
value.

The two modes supported are a measure in VDC and a scaling factor to be applied to the device-dependent nominal
marker. size. The value of Marker Size Specification Mode determines the interpretation of the parameter of spbsequent

MARKER SIZE functions.

Errors:

Errgr identifier: _3:304
Caugse: Marker width specification mode not supported
Reattion: Al functions with affected parameters are ignored until a supported mode is selected with this function,

5.4.6

or untilthe mode is reset to its default by INITIALIZE.

COLOUR SELECTION MODE

Parameters:

In
Effect:

colour selection mode (INDEXED, DIRECT)

Errors:

5.4.7 |COLOUR VALUE EXTENT

The|Colour Selection Mode entry in the General Attributes and Output Control State List is set to the value spedified.

The|two modes of colour selection supported are INDEXED (i.e. colour table indices), and DIRECT (i.e. red, green, blue
colqur values).

The| Colour Selection Mode may be changed at any time provided both modes are supported. All functions with input
pardmeters of data type CO use the Colour Selection Mode.

Error identifier: 3:305
Cause: Colour selection mode not supported
Reagtion: All functions with affected parameters are ignored until a sapported mode is selected with thi function,

or until the mode is reset to its default by INITIALIZE.

Paramelers:
In minimum colour values CD
In maximum colour values CD
Effect:

The Tolour Value Extent eniry in the General Atributes and Output Control State List is set to the vatues specified. The
parameters represent an extent which bounds all direct colour values that will be encountered in the CGI data stream.

The minimum colour values parameter is specified as (min_red, min_green, min_blue) and corresponds to the abstract
RGB specification of (0,0,0), which indicates zero intensity of each of the RGB components and represents black. The
maximum colour values parameter is specified as (max_red, max_green, max_blue) and corresponds to the abstract RGB
specification of (1,1,1), which indicates the maximum ideal intensity for each of the RGB components and represents
white.

The CGI maps or re-normalizes the range of colour direct values specified in COLOUR VALUE EXTENT onto the
device's direct colour range to achieve the mapping of the minimum colour values to black and of the maximum colour
values to white, with a linear distribution of the intervening steps. Normally, the first parameter will be (0,0,0) and the
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second parameter of the form (k,k.k). In this case, values of the form (i, i, i) where 0 < i <k, represent different intensities
or shades of grey. Where the parameters are irregular, the RGB values corresponding to grey scales should be derived
linearly from the minimum and maximum values of each of the three ranges.

54.8 BACKGROUND COLOUR

Parameters:

In

colour specifier

(6(0)

Effect:
The Baj

This s
drawin

Errors:
Errori
Cause:
Reactig

54.9 Al

Parameter:
In

Effect:
The Ay

The AT

See 3.4
effects

5.4.10 T]

Parameter
In

Effect:
The Tr.

When '
object’
TRAN

ckground Colour entry in the General Attributes and Output Control State List is set to the value specified.

ecified Colour is used by PREPARE DRAWING SURFACE or when a regeneration occurs to clear the
b surface prior to any drawing.

dentifier: 3:315
The colour.specifier is not supported for the device's Background Colour Capability
n: Function ignoréd.

UXILIARY COLOUR

B2

auxiliary colour specifier

xiliary Colour entry in the General Attributes and Output Control State List is set to the value specified.
JXILIARY COLOUR attribute is only used when the assgciated TRANSPARENCY attribute is set to OPA(

for a general description of transparency and auxiliary colour. See 3.7, 3.8, 3.9, and 3.10 for a description]
of auxiliary colour and transparency on line, marker, text and fill primitives respectively.

RANSPARENCY

.
2

transparency switch (OPAQUE, TRANSPARENT)

insparency entry in the General Attributes and Output Control State List is set to the valuelspecified.

[ransparency is OPAQUE, portions of line, marker, text or fill objects which are not considered-to be part
5 foreground shape are rendered using the Auxiliary Colour attribute value. When Transpare
SPARENT, these portions have no effect on the image on the drawing surface.

See 3.4

effects of auxiliary colour and transparency on line, marker, text and fill primitives respectively.

Errors:

entire

(6(0)

DUE.
of the

of the
ncy is

a gene de rnnton-o nsparen nd - olo ee 2 0 nd

Error identifier: 3:603

Cause:

Unsupported drawing mode / transparency requested

Reaction: The default drawing mode and transparency will be used.
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5.4.11 COLOUR TABLE

Parameters:
In starting index (0..n) CI
In colour list (n>0) nCD
Effect:

The colour list values are stored, in the order specified, into consecutive locations in the colour table beginning at the
starting index. Only the specified colour table entries are changed.

If a[specified colour value is not available, the virtual Device maps it 0 the nearest available colqur in an
implgmentation-dependent manner.

Errors:
Erroy identifier:) 6:308
Cauge: Too many colour specifiers
Readtion: Asmany colour specifiers as possible are used, the rest are discarded.

5.4.12 LINE REPRESENTATION

Parametgrs:
In line bundle index (1..n) IX
In line type indicator (-n..-1,1..n) IX
In line width specifier SS
In line colour specifier 6(0)
Effect:

In the List of Line Bundle Indices in the Line Attributes State List, the given line bundle index is associated with the
valugs of the specified parameters.

[ine Type: produces line types as indicated in the LINE TYPE attribute function.

[ine Width:  specifies line width in the current Line Width/Specification Mode. The value is stored in the bundle
table along with that mode; the specification is theérefore immune to subsequent changes by the LINE
WIDTH SPECIFICATION MODE function.

Line Colour:  specifies the line colour in the current Colour Selection Mode. The value is stored in the bupdle table
along with that mode; the specification is therefore immune(to subsequent changes to the|selection
mode.

When line objects are rendered the LINE BUNDLE INDEX attribute value refers to‘an-entry in the line bungle table.
Whi¢h attribute values in the selected bundle entry are used depends upon the setting of the corresponding ASFg, see the
ASPECT SOURCE FLAGS function.

See 3.3.
Errors:
Errop identifier: 3:313
Cauge: Requested line type not available
Reaction: Mapped to default.

5.4.13 MARKER REPRESENTATION

Parameters:
In marker bundle index (1..n) IX
In marker type indicator (-n..-1,1..n) IX
In marker size specifier SS
In marker colour specifier CO
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Effect:
In the List of Marker Bundle Indices in the Marker Attributes State List, the given marker bundle index is associated with
the values of the specified parameters.

Marker Type:  produces marker types as indicated in the MARKER TYPE attribute function.

Marker Size:  specifies marker size in the current Marker Size Specification Mode; the value is stored in the bundle
table along with that mode. The specification is therefore immune to subsequent changes by the
MARKER SIZE SPECIFICATION MODE function.

Marker Colour: cppoifipc the marker colour in the current Colour Selection Mode: the valne is stored in the bundle

table along with that mode. The specification is therefore immune to subsequent changes to the
selection mode.

When marker-Objects are rendered the MARKER BUNDLE INDEX attribute value refers to an entry in the marker bundle
table| Which attribute values in the selected bundle entry are used depends upon the setting of the correspondipg ASFs,
see the ASPECT SOURCE FLAGS function.

See 3.3.
Errors:
Error identifier: 3:314
Causg: Requested markér type not available
Reaction: Mapped to default

5.4.14 TEXT REPRESENTATION

Parameters:

In text bundle index (1..n) IX

In text font index (1..n) IX

In text precision (STRING, CHARACTER, STROKE) E

In character spacing R

In character expansion factor 0 R

In text colour specifier CO
Effect:

In thg List of Text Bundle Indices in the Text Attributes State List, the given‘text bundle index is associated| with the
valugs of the specified parameters.

Text Font Index:  specifies the text font as indicated in the TEXT FONT INDEX attribute function.
Text Precision: specifies the text precision as indicated in the TEXT PRECISION attribute function.

Character Expansion Factor: specifies the character expansion factor as indicated-in the CHARACTER
EXPANSION FACTOR attribute function.

Text Colour: specifies the text colour in the current Colour Selection Mode; the value is stored(in the bundle
table along with that mode. The specification is therefore immune to subsequent changes to the
selection mode.

When text is rendered the TEXT BUNDLE INDEX attribute refers to an entry in the text bundle table. Which attribute
values in the selected bundle entry are used depends upon the setting of the corresponding ASFs, see the ASPECT
SOURCE FLAGS function.

Character Spacing: specifies the character spacing as indicated in the CHARACTER SPACING ‘attribute fl;l-ction.

See 3.3.
Errors:
Error identifier: 3:318
Cause: Requested text font not available
Reaction: Mapped to default or to a more appropriate font (see annex C.4).
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5.4.15 FILL REPRESENTATION

Parameters:
In fill bundle index (1..n) IX
In interior style (HOLLOW, SOLID, PATTERN, HATCH, EMPTY, BITMAP) E
In fill colour specifier (6(0]
In hatch index (-n..-1,1..n) IX
In pattern index (1..n) IX
In fill bitmap identifier BN
In fill bitmap region 2p

Effect:

In the List’of Fill Bundle Indices in the Fill Attributes State List, the given fill bundle index is associated with the values
of the specified parameters.

Interior Style: specifies the interior style as indicated in the INTERIOR STYLE attribute functiI\.

Fill Colour: specifies the fill colour in the current Colour Selection Mode; the value is stpred in the
bundle table along with that mode. The specification is therefore immune to fubsequent
changes to the Colour Selection Mode.

Hatch Index: specifies the hatch index as indicated in the HATCH INDEX attribute function.

Pattern Index: specifies.the pattern index as indicated in the PATTERN INDEX attribute functign.

Fill Bitmap Identifier:specifies “th¢- fill bitmap as indicated in the FILL BITMAP function fefined in
ISO/IEC 9636-6.

Fill Bitmap Region: specifies the fill'bitmap region as indicated in the FILL BITMAP function [defined in
ISO/IEC 9636-6.

Wihen fill objects are displayed the FILL BUNDLE INDEX attribute refers to an entry in the fill bundle table. Which
attfibute values in the selected bundle entry are used d€pends upon the setting of the corresponding ASFs, see the
ASPECT SOURCE FLAGS function.

Se¢ 3.3.
Errors
Ernor identifier: 3:319
Capse: Requested hatch style not available
Reqction: Mapped to default.

Capse: Requested pattern not available
Redqction: Mapped to default.

5.4.16| EDGE REPRESENTATION

Parameéters:

In edge bundle index (Im) X

In edge type indicator (-n..-1,1..n) IX

In edge width specifier SS

In edge colour specifier CO

In edge visibility (INVISIBLE, VISIBLE) E
Effect:

In the List of Edge Bundle Indices in the Edge Attributes State List, the given edge bundle index is associated with the
values of the specified parameters.

Edge Type: specifies the edge type as indicated in the EDGE TYPE attribute function.
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Edge Width: specifies edge width in the current Edge Width Specification Mode; the value is stored in the
bundle table along with that mode. The specification is therefore immune to subsequent changes
by the EDGE WIDTH SPECIFICATION MODE function.
Edge Colour: specifies the edge colour in the current Colour Selection Mode; the value is stored in the bundle

table along with that mode. The specification is therefore immune to subsequent changes to the

selection mode.

Edge Visibility: specifies the edge visibility as indicated in the EDGE VISIBILITY attribute function.

When fill objects are displayed the EDGE BUNDLE INDEX attribute refers to an entry in the edge bundle table. Which
attribulecvalues in the selected bundle entry are used depends upon the setting of the corresponding ASFs,
ASPECT SOURCE FLAGS function.

See 3.3.
Errors:
Error identifier: 3:321
Cause] Requested edge type not available
Reaction: Mapped 10 default.

5.4.17 DELETE BUNDLE REPRESENTATION

Parametersfs:
In bundle table type (LINE, MARKER, TEXT, FILL, EDGE)
In bundle index (2..n)
Effect:

see the

E
IX

The bl;lndle specified by the given bundle table type and(bundle index is deallocated. The client may not, however) delete

the bu

DELE]

dle associated with index 1.

E BUNDLE REPRESENTATION informs the CGI Virtual Device that the client has no further need of the

n[E,E]

values

specified bundle representation. The Virtual Device may use this information as an indication to free the memory
allocatgd to a bundle representation in a dynamic memory allocation implementation.
Errors:
Error identifier: 3:307
Cause ] Attempt to delete a non-existent item
Reactign: Function ignored.
5.4.18 ASPECT SOURCE FLAGS
Parameterk:
In list of ASF type/value pairs (see below, (INDIVIDUAL, BUNDLED))
Effect:
The designated Aspect Source Flags (ASFs) in the General Attributes and Output Control State List are set to0,the]
indicated by the list parameter. The following ASF types are defined:
LINE TYPE ASF LINE WIDTH ASF
LINE COLOUR ASF MARKER TYPE ASF
MARKER SIZE ASF MARKER COLOUR ASF
TEXT FONT INDEX ASF TEXT PRECISION ASF
CHARACTER EXPANSION FACTOR ASF  CHARACTER SPACING ASF
TEXT COLOUR ASF INTERIOR STYLE ASF
FILL COLOUR ASF HATCH INDEX ASF
PATTERN INDEX ASF EDGE TYPE ASF

74


https://standardsiso.com/api/?name=5898ac45f172e87899a47d078f69b379

General

ISO/IEC 9636-3 : 1991 (E)

attribute and output control functions Abstract specification of functions
EDGE WIDTH ASF EDGE COLOUR ASF
EDGE VISIBILITY ASF FILL BITMAP ASF

If the ASF for a particular attribute of a primitive is set to INDIVIDUAL, the attribute is controlled by the value of the
corresponding individually specified attribute value of the primitive. If the ASF is set to BUNDLED, the attribute is
specified by the corresponding attribute value in the bundle referenced by the associated bundle index for the primitive.

Changing the value of an ASF has no retro-active effect on any previously created graphic objects.

5.4.19 '[‘ATTERN TABLE
Parameters: .
In pattern table index (1..n) IX
In pattern‘dimensions nx,ny 0 21
In local colourprecision requirement =0) I
In pattern colour'specifiers nx*ny CO
Effect:
The [representation in the Pattern Table entry of the Fill Attributes State List, with the given pattern table|index, is
assogiated with the specified valu€s)
The pattern colour specifiers consists’of nx*ny colour specifiers, conceptually organized as a two-dimensional array with
dimgnsions nx and ny representing the column and row dimensions respectively.
The Jocal colour precision requirement parameter specifies the precision requirement for the pattern colour specifiers.
The precision requirement is for either indexed opdirect colour, according to the Colour Selection Mode.
If thg Colour Selection Mode is INDEXED, then a-positive value for local colour precision requirement spgcifies the

miniinum number of bits required to specify a colour index, and a value of zero means to impose the same requirement as

that

If the Colour Selection Mode is DIRECT, then a positive value for local colour precision requirement spd

mini

For the Colour Index Precision in the Control State List,

tcifies the

mum number of bits required to specify each component of an, RGB triple, and a value of zero means to ipose the
sam¢ requirement as that for the Colour Precision in the Control State List.

Errors:

Error identifier: 3:311

Cauge: Local colour precision requirement not achievable

Readtion: Function ignored.

Errdr identifier: 6:309

Cauje: Specified pattern is too large to store

Readgtion: An implementation dependent pattern is used.
5.4.20 DELETE PATTERN
Parameters:

In pattern table index (2..n)
Effect:

The Pattern Table entry in the Fill Attributes State List referenced by the specified pattern table index is deleted.

The client may not, however, delete the pattern associated with index 1.

Errors:
Error identifier: 3:307
Cause: Attempt to delete a non-existent item
Reaction: Function ignored.

IX

75


https://standardsiso.com/api/?name=5898ac45f172e87899a47d078f69b379

Abstract specification of functions General attribute and output control functions
5.4.21 FONT LIST

Parameters:
In list of font names (n>0) nSF

Effect:
The list of font names is stored in the List of Font Names entry in the General Attributes and Output Control State List.
Selection of named fonts is achieved using the Text Font Index. The first font defined in the font list is assigned to index
1, the second to index 2, etc.

The list of font names may contain the names of type faces registered with the Registration Authority, or they may be
private[names.

Errors:
Error ifentifier < _3:322
Cause At J€ast one font is not supported.
Reactign: Gapsdare left in the List of Font Names entry.
Error ifentifier: 6:305
Cause Font table overflow
Reactign: As many fonts-areretained as possible, starting from index 1.

5.4.22 CHARACTER SET LIST

Parameter}:
In list of character sets (n>0) nCS

Effect:
The list is stored in the Character Set List entry in the General Attributes and Output Control State List. It specifies the
designation sequence for the character set type that can bé/indexed in subsequent CHARACTER SET INDHEX and
ALTERNATE CHARACTER SET INDEX functions and establishes the character set index value that is associat¢d with
each of these character sets.

Increading character set indices, starting from 1 and incrementing by”1, identify the corresponding charaqgter set
declarations in sequence in the given list.

Errors:
Error ientifier: 3:316
Cause At least one of the character sets is not supported
Reactign: Function ignored.
Error identifier: 6:306
Cause: Character set list overflow
Reactign: As many character sets are retained as possible, starting from index 1.

5.4.23 SAFVE PRIMITIVE ATTRIBUTES

Parameters:
In attribute set identifier ASN

Effect:
This function allows the client to save under the given name a copy of the currentstate list entries for those individual
primitive attributes and general attributes listed in the following table. The VDC TYPE in effect when these values are
saved is also stored.

Table 8 lists the attributes that are saved by the function SAVE PRIMITIVE ATTRIBUTES and restored by the function
RESTORE PRIMITIVE ATTRIBUTES.
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Table 8§ — Attributes Saved and Restored

LINE BUNDLE INDEX
LINE TYPE

LINE WIDTH (Note 1)
LINE COLOUR (Note 1)
LINE CLIPPING MODE
MARKER BUNDLE INDEX
MARKER TYPE

AMARKER QIZE MNlata 1)

EDGE BUNDLE INDEX
EDGE TYPE

EDGE WIDTH (Note 1)
EDGE COLOUR (Note 1)
EDGE VISIBILITY

EDGE CLIPPING MODE
CHARACTER SET INDEX
ALTERNATE-CHARACTER-SETINDEX

VI OIS DI TS (T YOl

MARKER COLOUR (Note 1)

CHARACTER CODING ANNOUNCER

MARKER CLIPPING MODE CHARACTER EXPANSION FACTOR
FILL BUNDLE INDEX CHARACTER SPACING
FILL' COLOUR (Note 1) CHARACTER HEIGHT
FILL REFERENCE POINT CHARACTER ORIENTATION
INTERIQR)STYLE TEXT BUNDLE INDEX
HATCH INDEX TEXT FONT INDEX
FILL BITMAP TEXT PRECISION
PATTERN INDEX TEXT COLOUR (Note 1)
PATTERN SIZE TEXT PATH
PICK IDENTIFIER TEXT ALIGNMENT
CLIP INDICATOR ASPECT SOURCE FLAGS
CLIP RECTANGLE AUXILIARY COLOUR (Note 1)
DRAWING MODE TRANSPARENCY

NOTE -

1) The specification mode or selection mode of/the current value is also stored. If the attribute set identifier is
already in use, the values saved under that naméare replaced by the current values and no error is generated.
The following are excluded from the list of items saved: bundle tables, character set list, font list, colour table,

pattern table.

Errors:

Error identifier: 6:307

Caus:

Reaction:

5.4.24 RESTORE PRIMITIVE ATTRIBUTES

Parameters:

In
Effect:

Attribute set storage overflow
Function ignored.

attribute set name

ASN

Restores the individual primitive attributes and general attribute values saved in the named attribute set by the SAVE
PRIMITIVE ATTRIBUTES function. (See table 8.)

Errors:

Error identifier: 3:308

Cause:

Reaction:

No such attribute set
Function ignored.

Error identifier: 3:309
Attempt to restore an attribute set which was saved with VDC Type different to the current VDC Type

Cause:

Reaction:

Function ignored.
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5.4.25 DELETE PRIMITIVE ATTRIBUTE SAVE SET

Parameters:
In attribute set name ASN

Effect:
The values associated with the given attribute set name are deallocated.

DELETE PRIMITIVE ATTRIBUTE SAVE SET informs the CGI Virtual Device that the client has no further need of the
specified attribute set. The Virtual Device may use this information as an indication to free the memory allocated to the
attribufe_set in a dynamic memory allocation implementation.

Errors:
Error wdentifier:, 3:307
Cause Attempt to delete a non-existent item
Reaction: Function ignored.

5.4.26 BEGIN FIGURE

Parameters:
none

Effect:
The Ontput State of the Virtual Device set to-state FIGURE OPEN, and closed figure construction may proceed.

Closed figure construction is completed by the END'FIGURE function.

See 3.10.5.
Errors:
Error Ydentifier: 5:301
Cause Function not allowed in Output State TEXT OPEN
Reactipn: Function ignored.
Error wdentifier: 5:302
Cause Function not allowed in Output State FIGURE OPEN
Reaction: Function ignored.

5.4.27 END FIGURE

Parameters:
none

The END FIGURE function completes the construction of a closed figure by first closing the current région if it js open
by performing an implicit NEW REGION, and then associating global attributes with the compound object.

See 3.10.5.
Errors:
Error identifier: 5:301
Cause: Function not allowed in Output State TEXT OPEN
Reaction: Function ignored.
Error identifier: 5:303
Cause: Function not allowed in Output State ACTIVE
Reaction: Function ignored.
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Error identifier: 6:304
Cause: Figure buffer overflowed
Reaction: As much as possible of the closed figure is rendered.

5.4.28 NEW REGION

Parameters:
none

Effect:
TheNEW7REGION function provides control of region construction within closed figures. The Output State of the
Virthal Devicé.is not affected by this function.

If the current region is open, this function closes it. If the last point of the last line primitive is not coincidenk with the
current closure points'then an implicit boundary portion is added to connect the two, unless an explicit boundary and edge
portjon was added following that line primitive by using a CONNECTING EDGE primitive.

The|first point of the next dine primitive following a NEW REGION function becomes the closure point fof the new

region.
See B.10.5.
Errors:
Errdr identifier: 5:301
Caufe: Function not allowed in Output State TEXT OPEN
Readtion: Function ignored.
Errdr identifier: 5:303
Cauke: Function not allowed in Output Staté ACTIVE
Reagtion: Function ignored.
Errdr identifier: 6:304
Cauje: Figure buffer overflowed
Reagtion: As much as possible of the closed figure is renderéd.

5.5 [Retrieval functions

5.5.1 |GET TEXT EXTENT

Parameters:
In text position P
In character string S
Out response validity (INVALID, VALID) E
Out concatenation validity (NVALID VALID) E
Out concatenation point P
Out text extent parallelogram 4P

Effect:

The character string is evaluated as if it were the parameter to a TEXT function with flag set to FINAL in order to
compute the extent of the string and the concatenation point. All text attributes, general attributes, and controls are applied
as described for TEXT. In particular, code extension techniques used for TEXT objects are applicable.

The parallelogram is returned as four corner points in anti-clockwise order. For text precisions STRING and
CHARACTER, the text extent parallelogram is an approximation to that defined in 3.9.4, being the minimum
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80

parallelogram, whose sides are parallel to the character base and character up vectors, and which completely encloses the
character bodies of the displayed string.

The concatenation point can be used as the origin of a subsequent TEXT object for concatenation of character strings.
Where meaningful, it is computed such that enough inter-character space is included to position a concatenated string
correctly.

Control characters in the character string have the same implementation-dependent effect on the computation of the text
extent parallelogram and the concatenation point as they do on the rendering of the character string in the TEXT function.

If the VirtoalDevicesunableforan : G CAHERAHOR-POH aresponsevalidity o ALID and
the comcatenation validity of INVALID turned; in this case, the text extent parallelogram returned is valid [and the
concafenation point is undefined.

are re
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6 Output inquiry functions

6.1 Introduction

This describes the abstract functional specification of the Output Inquiry functions of the CGI.

The abstract names of these functions begin either with INQUIRE or LOOKUP. Those functions whose names start with
will only return the values of one or more entries in a description table or state list. Those functions whose names
start with EOOKUP are used to determine if support exists for GDPs and for determining the current values of ASFs

See ISOJIEC 9636-1, 5.2.7.

6.1.1 [Data typesemployed

The abstfact specifications_of functions detail the functions in terms of input and output parameters. The data tyge of each
parametdr is selected from a’standard set and is identified in the functional specification by a standard abbreviation, Both the
data typds and the abbreviations'are taken from the complete list in ISO/IEC 9636-1, 5.2.10.

6.1.2

For all the inquiry functions specified in thisssubclause, if any of the inquired information is available, the responge validity
flag is refurned as VALID and the values specified in the output parameters are returned. In the case of a VALID rgsponse, if
there is any possibility that any of the individual-parameters within the response are not valid, then the response fitself will
contain ddditional (always valid) parameters which indicate which of the other returned parameters are valid.

If the inquired information is not available or the inquiry-function is unsupported, the response validity flag is r¢turned as
INVALID and the specified output parameters are undefingd. No other meaning should be applied to these other output
parametdrs.

alidity of returned information

6.2 |Primitive support description table

6.2.1 [INQUIRE PRIMITIVE SUPPORT LEVELS

Paramefers:
Out response validity (INVALID, VALID) E
Out maximum number of points for polyline (1, 128..n) I
Out maximum number of points for disjoint polyline (-1,0..n) I
Out maximum number of points for polygon (-1, 0..n) I
Out maximum number of points for polygon set (-1,,0.n) I
Out maximum number of points for polymarker (-1, 128-n) I
Out maximum number of characters for text (-1.80..n) I
Out maximum number of cell colour specifiers for cell array (-1,0..n) I
Out line/edge type continuity capability (RESTART, CONTINUOUS, OTHER) E
Out cell array fill capability (OUTLINED, FILLED) E
Out cell array alignment capability (AXIS ALIGNED, SKEWED) E
Out cell array rendering technique (OTHER, EXACT) E
Out compound text capability (NONE, GLOBAL, LOCAL) E
Out closed figure capability (NONE, GLOBAL, LOCAL) E

Effect:
See 6.1.2.
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6.2.2 LOOKUP GDP SUPPORT

Parameters:
In list of GDP identifiers (-n..-1, 1..n) nl
Out response validity (INVALID, VALID) E
Out list of support indicators (NO, YES) nE

Effect:
This function returns information about support for GDPs. It is used to determine whether or not each GDP identifier in
[hegi\ AVl DP identifiers i pported he number of elements in and the ordering of the returned 1i 0 esp()nd
to the Jist\of GDP identifiers.
See 6.]1.2.

6.2.3 INQUIRE GDP ATTRIBUTES

Parameters:
In GDP identifier (-n..-1, 1..n) I
Out response validity (INVALID, VALID) E
Out number of valid applicable-atfribute groups (0..5) I
Out array of applicable attribute groups (LINE, MARKER, TEXT, FILL, EDGE) SE

Effect:
See 6.]1.2.

6.3 Liine description table

6.3.1 INQUIRE LINE CAPABILITY

Parametexs:
Out response validity (INVALID, VALID) E
Out number of predefined line bundles - (1..n) I
Out number of settable line bundles (-1,0..n) I
Out maximum line bundle index (1..n) X
Out dynamic modification accepted for line bundles (IRG, CBS, IMM) E
Out nominal scaled line width 0 DC
Out minimum scaled line width 0 DC
Out maximum scaled line width >0 DC
Out number of valid line clipping modes (1..3) I
Out array of available line clipping modes (LOCUS, SHAPE, LOCUS THEN SHAPE) 3E

Effect:
See 6.1.2.

6.3.2 INQUIRE LIST OF AVAILABLE LINE TYPES

Parameters:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total number of list elements in description table (1..n) I
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Out
Effect:

list of line types

See 6.1.2.

ISO/IEC 9636-3 : 1991 (E)

Output inquiry functions

6.3.3 INQUIRE LIST OF AVAILABLE SCALED LINE WIDTHS

Parameters:
In number of list elements requested (0.n)
In index (within list) of first element to return (1..n)
Out response validity (INVALID, VALID)
Out total,number of list elements in description table (1..n)
Out list of scaled line widths

Effect:
See p.1.2.

6.4 [Marker description table

6.4.1 |INQUIRE MARKER CAPABILITY

Parameters:
Out response validity (INVALID, VALID)
Out number of predefined marker bundles (1..n)
Out number of settable marker bundles (-1,0..n)
Out maximum marker bundle index (1..n)
Out dynamic modification accepted for marker bundles (IRG, CBS, IMM)
Out nominal scaled marker size 0
Out minimum scaled marker size 0
Out maximum scaled marker size 0
Out number of valid marker clipping modes (1..3)
Out array of available marker clipping modes (LOCUS, SHAPE;LOCUS THEN SHAPE)

Effect:
See p.1.2.

6.4.2 [INQUIRE LIST OF AVAILABLE MARKER TYPES

Parameters:
In number of list elements requested O n)
In index (within list) of first element to return d.n)
Out response validity (INVALID, VALID)
Out total number of list elements in description table (1..n)
Out list of marker types

Effect:
See 6.1.2.
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6.4.3 INQUIRE LIST OF AVAILABLE SCALED MARKER SIZES

Parameters:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total number of list elements in description table (1..n) I
Out list of scaled marker sizes nDC

Effect:
See 6.1.2:

6.5 Text description table

6.5.1 INQUIRE TEXT CAPABILITY

Parameters:
Out response validity (INVALID, VALID) E
Out number of predefined text bundlés (1.n) I
Out number of settable text bundles (-1,0..n) I
Out maximum text bundle index (1..n) IX
Out dynamic modification accepted for text'bundles (IRG, CBS, IMM) E
Out maximum length of font list (-1, 1..n) I
Out dynamic modification accepted for font list (IRG, CBS, IMM) E
Out maximum length of character set list (-1, 1..n) I

Effect:
See 6.].2.

6.5.2 INQUIRE LIST OF AVAILABLE CHARACTER SETS

Parameters:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
In maximum characters per string (1..n) I
Out response validity (INVALID, VALID) E
Out total number of list elements in description table (1.n) I
Out list of available character sets nCS

Effect:
See 6.1.2.

6.5.3 INQUIRE LIST OF AVAILABLE TEXT FONTS

Parameters:
In number of list elements requested (0..n) |
In index (within list) of first element to return (1..n) I
In maximum characters per string (1..n) I
Out response validity (INVALID, VALID) E
Out total number of list elements in description table (1..n) I
Out list of font names nSF
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Effect:
See 6.1.2.

6.5.4 INQUIRE FONT CAPABILITIES

ISO/IEC 9636-3 : 1991 (E)

Output inquiry functions

Parameters:
In font name SF
In precision (STRING, CHARACTER, STROKE) E
Out response validity (INVALID, VALID) E
Out minimum character expansion factor >0 R
Out maximum character expansion factor >0 R
Out minirhum character spacing R
Out maxiruam, character spacing R
Out minimurm)character height 0 DC
Out maximum character height 0 DC
Out skewed vector support (NO, YES) E
Out mirrored character support (NO, YES) E
Out number of text path el€éments (1.4) I
Out array of supported text paths (RIGHT, LEFT, UP, DOWN) 4E
Out number of horizontal text‘alignment elements (1..5) I
Out array of supported horizontal-text.alignments (NORMAL HORIZONTAL, LEFT, CENTRE
RIGHT, CONTINUOUS HORIZONTAL) SE
Out number of vertical text alignment élcments 1.7 I
Out array of supported vertical text alignments (NORMAL VERTICAL, TOP, CAP, HALF
BASE, BOTTOM, CONTINUOUS VERTICAL) 7E
Effect:
See p.1.2.
6.5.5 [INQUIRE LIST OF AVAILABLE CHARACTER EXPANSION FACTORS
Parameters:
In font name SF
In precision (STRING; CHARACTER, STROKE) E
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total number of list elements in description table (0..n) I
Out list of character expansion factors nR
Effect:
An ¢mpty list implies a continuous range of character expansion factors.
Seel6.1.2.
6.5.6 INQUIRE LIST OF AVAILABLE CHARACTER SPACINGS
Parameters:
In font name SF
In precision (STRING, CHARACTER, STROKE) E
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
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Out total number of list elements in description table (0..n) I
Out list of character spacings nR

Effect:

An empty list implies a continuous range of character expansion factors.
See 6.1.2.

6.5.7 INQUIRE LIST OF AVAILABLE CHARACTER HEIGHTS

Parameterls:

In fonyname SF
In precision (STRING, CHARACTER, STROKE) E
In number-of list elements requested (0..n) I
In index (withinlist) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total number of\list elements in description table (0..n) I
Out list of character heights nDC
Effect:

An empty list implies a continuous range of character expansion factors.

See 6.].2.

6.5.8 INQUIRE LIST OF AVAILABLE CHARACTER ORIENTATIONS

Parameteils:
In font name SF
In precision (STRING, CHARACTER, STROKE) E
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total number of list elements in description table (0..n) I
Out list of character orientations ndVDC

Effect:
An enpty list implies a continuous range of character expansion factors.
See 6.1.2.

6.6  Kjill description table

6.6.1 INQUIREFHL-CAPABHHITY

Parameters:
Out response validity
Out number of predefined fill bundles
Out number of settable fill bundles

Out maximum fill bundle index
Out dynamic modification accepted for fill bundles
Out number of interior style elements

(INVALID, VALID)
(1..n)

(-1,0..n)

(1..n)

(IRG, CBS, IMM)
(1..6)

Out array of available interior styles  (HOLLOW, SOLID, PATTERN, HATCH, EMPTY, BITMAP)
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Out
Out
Out
Out
Out
Out
Out
Out

Effect:

number of predefined patterns

number of settable patterns

maximum pattern index

dynamic modification accepted for pattern table
preferred pattern size divisor

maximum pattern size

pattern transformation support

pattern fill fallback

ISO/IEC 9636-3 : 1991 (E)

Output inquiry functions

(1..n)

(-1,0..n)

(1..n)

(IRG, CBS, IMM)

(1..n)

(-, 1.n)

(NONE, UNSKEWED, FULL)
(CONDENSE, TRUNCATE)

See 6:1.2,

6.6.2 [INQUIRE LIST OF AVAILABLE HATCH STYLES

Parametprs:
In
In
Out
Out
Out

Effect:

number of list-¢cléments requested

index (within list) offirst element to return
response validity

total number of list elements in description table
list of hatch styles

See 6.1.2.

6.7 [Edge description table

6.7.1 INQUIRE EDGE CAPABILITY

Parameters:
Out
Out
Out
Out
Out
Out
Out
Out
Out
Out
Out

Effect:

response validity

number of predefined edge bundles
number of settable edge bundles
maximum edge bundle index

dynamic modification accepted for edge bundles
nominal scaled edge width

minimum scaled edge width
maximum scaled edge width

number of valid edge clipping modes
array of available edge clipping modes
realization of edge width

(0..n)
(1..n)
(INVALID, VALID)

(1..n)
(-n..-1, 1..n)

(INVALID, VALID)
(1..n)

(-1,0..n)

(1..n)

(IRG, CBS, IMM)

>0

>0

>0)

(1..3)

(LOCUS, SHAPE, LOCUS THEN SHAPE)
(INTERIOR, CENTRED)

See 6.1.2.

6.7.2 INQUIRE LIST OF AVAILABLE EDGE TYPES

Parameters:
In
In
Out
Out

number of list elements requested

index (within list) of first element to return
response validity

total number of list elements in description table

(0..n)

(1..n)
(INVALID, VALID)

(1..n)

I
I
IX
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Out list of edge types nIX

Effect:
See 6.1.2.

6.7.3 INQUIRE LIST OF AVAILABLE SCALED EDGE WIDTHS

Parameters:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total/umber of list elements in description table (0..n) I
Out list of edge widths nDC

Effect:

See 6.

6.8 (utput control description table

6.8.1 INQUIRE COLOUR CAPABILITY

Parameters:
Out
Out
Out
Out
Out
Out

Out
Out
Out
Out
Out

Effect:

response validity

number of simultaneously available direct colours
number of simultaneously available indexed colours
number of available colours

number of available intensities

colour selection mode availability

dynamic modification accepted for colour table
colour overwrite capability

colour realization

monochromatic device

background colour capability

See 61.2.

6.8.2 INQUIRE CIE CHARACTERISTICS

Parameters:
Out
Out
Out
Out
Out

Effect:

An enlpty list of edge widths implies a continuous range of edge widths.
1.2.

(INVALID, VALID)

0, 2..n)

(2..n)

(2..n)

(1..n)

(INDEXED ONLY,

INDEXED AND DIRECT)
(IRG, CBS, IMM)

(NO, YES)
(ADDITIVESUBTRACTIVE)
(NO, YES)

(NONE, INDEX 0, INDEXED, FULL)

response validity

CIE 1931 chromaticity coordinates for red primary
CIE 1931 chromaticity coordinates for green primary
CIE 1931 chromaticity coordinates for blue primary
CIE 1931 tristimulus values for reference white

See 6.1.2.
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6.8.3 INQUIRE MAXIMUM NUMBER OF SIMULTANEOUSLY SAVED ATTRIBUTE SETS

Parameters:
Out response validity (INVALID, VALID)
Out maximum number of simultaneously saved attribute sets (-1,0..n)
Effect:
See 6.1.2.
6.8.4 [INQUIRE ARRAY OF SUPPORTED CHARACTER CODING ANNOUNCERS
Parameters:
Out response validity (INVALID, VALID)
Out number 0f-valid character coding announcers (1..5)
Out array of valid character coding announcers (BASIC 7-BIT, BASIC 8-BIT,
EXTENDED 7-BIT, EXTENDED 8-BIT, PRIVATE)
Effect:
See p.1.2.
6.9 |Line attribute state list

6.9.1

Parame
Out
Out
Out
Out
Out
Out
Out
Out

Effect:
See

6.9.2

Parame

INQUIRE LINE ATTRIBUTES

ers:
response validity (INVALID, VALID)
line bundle index (1..n)
line type (-n..-1, 1..n)
specification mode of line width (VDC, SCALED)
line width =0
selection mode of line colour (INDEXED, DIRECT)
line colour
line clipping mode (LOCUS, SHAPE, EOCUS THEN SHAPE)
p.1.2.

INQUIRE LIST OF LINE BUNDLE INDICES

In
In
Out
Out
Out

Effect:
See

ers:
number of list elements requested (0..n)
index (within list) of first element to return (1..n)
response validity (INVALID, VALID)
total number of elements in state list (0..n)

list of line bundle indices

6.1.2.

E
IF

5E

IX
IX

SS

Cco
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6.9.3 INQUIRE LINE REPRESENTATION

Parameters:
In line bundle index (1.n) X
Out response validity (INVALID, VALID) E
Out line type (-n..-1, 1..n) X
Out specification mode of line width (VDC, SCALED) E
Out line width =0) SS
Out selection mode of line colour (INDEXED, DIRECT) E
Out Tine colour CO

Effect:
See 6.].2.

6.10 Marker attribute state list

6.10.1 INQUIRE MARKER ATTRIBUTES

Parameters:
Out response validity (INVALID, VALID) E
Out marker bundle index (1..n) IX
Out marker type (-n..-1, 1..n) IX
Out specification mode of marker size (VDC, SCALED) E
Out marker size =0) SS
Out selection mode of marker colour (INDEXED, DIRECT) E
Out marker colour CO
Out marker clipping mode (LACUS, SHAPE, LOCUS THEN SHAPE) E

Effect:
See 6.1.2.

6.10.2 INQUIRE LIST OF MARKER BUNDLE INDICES

Parameter(s:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALIDYVALID) E
Out total number of elements in state list (0:.n) I
Out list of marker bundle indices nIX

Effect:
See 6.1:2-

6.10.3 INQUIRE MARKER REPRESENTATION

Parameters:
In marker bundle index (1..n) X
Out response validity (INVALID, VALID) E
Out marker type (-n..-1, 1..n) X
Out specification mode of marker size (VDC, SCALED) E
Out marker size =0 SS

90


https://standardsiso.com/api/?name=5898ac45f172e87899a47d078f69b379

Marker attribute state list

Out
Out

Effect:

selection mode of marker colour
marker colour

See 6.1.2.

6.11 Text attribute state list

ISO/IEC 9636-3 : 1991 (E)

Output inquiry functions

(INDEXED, DIRECT)

6.11.1 INQUIRE TEXT ATTRIBUTES
Parametgrs:
Out response’ validity (INVALID, VALID)
Out text bundlevindex (1..n)
Out text font index (1..n)
Out font precision (STRING, CHARACTER, STROKE)
Out character expansion factor 0
Out character spacing
Out selection mode of text colour (INDEXED, DIRECT)
Out text colour
Out character height =0
Out character up vector (length = 0)
Out character base vector (length # 0)
Out text path (RIGHT, LEFT, UP, DOWN)
Out horizontal text alignment (NORMAL HORIZONTAL, LEFT,
CENTRE, RIGHT, CONTINUOUS HORIZONTAL)
Out continuous horizontal alignment
Out vertical text alignment (NORMAL VERTICAL, TOP, CAP, HALF,
BASE(.BOTTOM, CONTINUOUS VERTICAL)
Out continuous vertical alignment
Out character set index (1..n)
Out alternate character set index (1..n)
Out character coding announcer (BASIC 7-BIT, BASIC 8-BIT,
EXTENDED 7-BIT, EXTENDED 8-BIT, PRIVATE)
Effect:
See ¢.1.2.
6.11.2 INQUIRE LIST OF TEXT BUNDLE INDICES
Parameters:
In number of list elements requested (0..n)
In index (within Iist) of Tirst element to refurn (T-m)
Out response validity (INVALID, VALID)
Out total number of elements in state list (0..n)
Out list of text bundle indices
Effect:
See 6.1.2.

E
160)

2vDC
2VDC
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6.11.3 INQUIRE TEXT REPRESENTATION

Parameters:
In text bundle index (1..n) X
Out response validity (INVALID, VALID) E
Out text font index (1..n) X
Out text precision (STRING, CHARACTER, STROKE) E
Out character expansion factor >0 R
Out character spacing R
Out selection mode of text colour (INDEXED, DIRECT) E
Out text colour CO

Effect:
See 6.[1.2.

6.12 Kill attribute state list

6.12.1 INQUIRE FILL ATTRIBUTES

Parameters:
Out response validity (INVALID, VALID) E
Out fill bundle index (1..n) IX
Out interior style (HOLLOW, SOLIDSPATTERN, HATCH, EMPTY, BITMAP) E
Out selection mode of fill colour (INDEXED, DIRECT) E
Out fill colour CO
Out hatch index (-n..-1,1..n) IX
Out pattern index (1..n) X
Out fill bitmap identifier BN
Out fill bitmap region 2P
Out fill reference point P
Out pattern size 4VDC

Effect:
See 6]1.2.

6.12.2 INQUIRE PATTERN DIMENSIONS

Parameters:
In pattern index (1..n) IX
In loeal colour precision requirement (1..32) I
Out —respense-validity ANVALID VALID) E
Out number of horizontal samples (1..n) I
Out number of vertical samples (1..n) I
Out local colour precision (1..32) |
Out selection mode of colour specifiers (INDEXED, DIRECT) E

Effect:

The output parameter local colour precision is a value appropriate for use in the function INQUIRE PATTERN in order
to retrieve the colour specifiers relating to the selected pattern. See 6.1.2.
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6.12.3 INQUIRE PATTERN

Parameters:
In pattern index (1..n) IX
In local colour precision (1..32) I
Out response validity (INVALID, VALID) E
Out list of colour specifiers nCO

Effect:
The 3 of e' R D CTERDND DM A e._ MA be—H uethatis
appropriate for retrieving the list of colour specifiers. See 6.1.2.

6.12.4 INQUIRE LIST OF PATTERN INDICES

Parameters:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) 1
Out response validity (INVALID, VALID) E
Out total number of elements in state list (0..n) I
Out list of pattern indices nIX

Effect:
Seep.1.2.

6.12.5 INQUIRE LIST OF FILL BUNDLE INDICES

Parameters:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total number in elements in staté.list (0..n) I
Out list of fill bundle indices nIX

Effect:
See6.1.2.

6.12.6 (INQUIRE FILL REPRESENTATION

Parameters:
In fillbundle index (1..n) IX
Out résponse validity (INVALID, VALID) E
Out interior style (HOLLOW, SOLID, PATTERN, HATCH, EMPTY, BITMAP) E
Out selection mode of fill colour (INDEXED, DIRECT) E
Out fill colour CO
Out hatch index (-n..-1,1..n) IX
Out pattern index (1..n) IX
Out fill bitmap identifier BN
Out fill bitmap region 2P

- Effect:

See 6.1.2.
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6.13 Edge attribute state list

6.13.1 INQUIRE EDGE ATTRIBUTES

Parametens:
Out response validity (INVALID, VALID) E
Out edge bundle index (1..n) X
Out edge visibility (INVISIBLE, VISIBLE) E
Out edge type (-n..-1,A7n) X
Out specification mode of edge width (VDC, SCALED) E
Out edge width =0 SS
Out selection mode of edge colour (INDEXED, DIRECT) E
Out edge colour CO
Out edge clipping mode (LOCUS, SHAPE, LOCUS THEN SHAPE) E

Effect:
See 6.1.2.

6.13.2 INQUIRE LIST OF EDGE BUNDLE INDICES

Parameters:
In number of list elements requested (0..n) I
In index (within list) of first element to return (1..n) I
Out response validity (INVALID, VALID) E
Out total number of elements in state list (0..n) I
Out list of edge bundle indices nIX

Effect:
See 6.1.2.

6.13.3 INQUIRE EDGE REPRESENTATION

Parameterss:
In edge bundl€ index (1..n) IX
Out response-validity (INVALID, VALID) E
Out edge.visibility (INVISIBLE, VISIBLE) E
Out edgetype (-n..-1, 1..n) IX
Out specification mode of edge width (VDC, SCALED) E
Out edge-width 6 SS
Out selection mode of edge colour (INDEXED, DIRECT) E
Out edge colour CcO

Effect:
See 6.1.2.
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6.14 General attributes and output control state list

6.14.1 INQUIRE OUTPUT STATE

ISO/IEC 9636-3 : 1991 (E)

Output inquiry functions

Paramet€rs:

Out response validity (INVALID, VALID)

Out output state (ACTIVE, TEXT OPEN, FIGURE OPEN)

Out line width specification mode (VDC, SCALED)

Out marker size specification mode (VDC, SCALED)

Out edge width specification mode (VDC,'SCALED)
Effect:

See 4.1.2.

6.14.2 INQUIRE OBJECT CLIPPING

Parametg¢rs:
Out response validity
Out clip indicator
Out clip rectangle
Effect:
See §4.1.2.

6.14.3 INQUIRE LIST OF ATTRIBUTE'SET NAMES IN USE

Parameters:
In number of list elements requested
In index (within list) of first'element to return
Out response validity
Out total number of elements in state list
Out list of attribute-s€t.-names
Effect:
See §.1.2,

6.14.4 INQUIRE COLOUR STATE

(INVALID, VALID)
(OFF, ON)

(0..n)
(1..n)
(INVALID, VALID)
(0..n)

Parameters:
Out response validity
Out colour selection mode
Out colour value extent
Out selection mode of auxiliary colour
Out auxiliary colour
Out transparency
Out selection mode of background colour
Out background colour

(INVALID, VALID)
(INDEXED, DIRECT)

(INDEXED, DIRECT)

(OPAQUE, TRANSPARENT)
(INDEXED, DIRECT)

M mmmm

2P
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Output inquiry functions

Effect:
See 6.1.2.

6.14.5 INQUIRE LIST OF COLOUR TABLE ENTRIES

General attributes and output control state list

Parameters:
In number of list elements requested (0..n)
In index (within Iict) of first element to return (1 n)
Out response validity (INVALID, VALID)
Out total number of elements in state list (1..n)
Out list of colour table entries

Effect:
See 6.]1.2.

6.14.6 INQUIRE FONT LIST

Parameter(s:
In number of list elements requested (0..n)
In index (within list) of first element to return (1..n)
In maximum characters per string (1..n)
Out response validity (INVALID, VALID)
Out total length of longest string present (1..n)
Out total number of elements in state list (1..n)
Out list of font names

Effect:
See 6.].2.

6.14.7 INQUIRE CHARACTER SET\LIST

Parameters:
In number of list elements requested (0..n)
In index (within list) of first element to return (1..n)
In maximum characters-per string (1..n)
Out response validity (INVALID, VALID)
Out total length©flongest string present (1..n)
Out total number of elements in state list (1..n)
Out list of ‘character sets

Effect:
See 6.1.2:

6.14.8 LOOKUP ASPECT SOURCE FLAGS

Parameters:
In list of ASF types requested
Out response validity
Out list of ASF values

Effect:

(see below)
(INVALID, VALID)
(INDIVIDUAL, BUNDLED)

The number of elements in and ordering of the return list correspond to the list of ASF types requested.
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General attributes and output control state list

See 5.4.18 for a list of the possible enumerated values for ASF types. See 6.1.2.

ISO/IEC 9636-3 : 1991 (E)

Output inquiry functions
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7  CGI description tables and state lists

This clause contains the description tables and state lists which define the portion of the Virtual Device relating to output
primitives and attributes, and the related control functions.

The information in the description tables and state lists is available to a client by means of inquiry functions. The abstract
specifications of these functions are found in clause 6.

Note that where the data type of an entry depends on a corresponding specification mode (Line Width, Edge Width, Marker

Size) or selection mode (an

Colour), the state list always contains the mode in which the value was last set. The default

values, (fof example, for the bundle definitions) will also have the mode fields stored by the implementation which cerfespond
to the defaylt definitions.
If this part{of ISO/IEC 9636 allows latitude for certain description table entries, the preferred entries are designated by the
entry being underlined.
7.1 Description tables
7.1.1 Primitive support
Table 9 — Primitive Support Description(Table
Entry Possible Values Data Type
—_——— —— e e ———
Primitive Support:
Maximum Number of Points for Polyline ‘1, 128..n)(Note 1) I
Maxijnum Number of Points for Disjoint Polyline (-1, 0..n)(Note 1) I
Maximum Number of Points for Polygon (-1, 0..n)(Note 1) I
Maximum Number of Points for Polygon Set (-1, 0..n)(Note 1) |
Maximnum Number of Points for Polymarker (-1, 128..n)(Note 1) I
Maximnum Number of Characters for Text (-1, 80..n)(Note 1, 2) I
Maxifjnum Number of Cell Colour Specifiers'for'Cell Array (-1, 1..n) (Note 1) I
Line/Edge Type Continuity Capability (RESTART, CONTINUOUS, OTHER) E
Cell Array Fill Capability (OUTLINED, FILLED) E
Cell Array Alignment Capability (AXIS ALIGNED, SKEWED) E
Cell Array Rendering Technique (OTHER, EXACT) E
Compound Text Capability (NONE, GLOBAL, LOCAL) (Note 3) B
Closed Figure Capability (NONE, GLOBAL, LOCAL) (Note 3) E
Generalizgd Drawing Primitiye Support:
List of Supported GDP-Identifier (-n..-1, 1..n) n}
Generalizgd Drawing Primitive Attributes:
List of GDP Attribute Groups each containing:
GDPAdéntifier (-n..-1, 1..n) I
Numiber of Applicable Attribute Groups 0..5) I
ay of Applicable Attribute Groups (LINE, MARKER, TEXT, FILL, EDGE) b)

NOTES

1) For entries denoting the maximum number supported, zero indicates no support, and -1 indicates either no restriction on
length of list orsupport limited only by available memory (for implementations using dynamic memory allocation).

2) If compound text is supported, the number of characters pertains to the entire string so constructed rather than the parameters
of the individual functions. If LOCAL compound text capability is supported, this entry indicates the buffering capability
assuming no internal text attribute changes. Depending on the details of the implementation, internal text attribute changes
may be stored in the same buffer as the text strings, and thus affect the amount of space available.

3) For both compound text and closed figures, the value GLOBAL indicates that the compound object can be constructed, but
without internal attribute changes (text attributes or edge attributes, respectively).
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7.1.2 Attributes

ISO/IEC 9636-3 : 1991 (E)

CGI description tables and state lists

Table 10 - Line Description Table

Entry Possible Values Data Type
—_— — _ |
Line Capability:
Number of Predefined Line Bundles (1..n) I
Number of Settable Line Bundles (-1, 0..n) (Note 1) I
Maximum-Line Bundle Index (1. n) IX
Dyrjamic Modification Accepted For Line Bundles (IRG, CBS, IMM) E
Norpinal Scaled Line Width >0 DC (Note 2)
Mirlimum Scaled Line Width 0 DC (Note 2)
Maximum Scaled Line Width 0 DC (Note 2)
Number of Valid Line Clipping Modes (1..3) I
Arrpy of Available Line Clipping Modes (LOCUS, SHAPE, LOCUS THEN,SHAPE) 3E
Available Line Types:
Lis{ of Available Line Types nIX
Available Scaled Line Widths:
Lisf of Available Scaled Line Widths (Notes 2, 3) nDC

NOTES

memory allocation).

3) An ¢mpty list means that the range is continuous.

1) Zer¢ indicates no support, -1 indicates support limited only by available memory (for implementations using dynamiic

2) Thepe values are measured in the physical device coordinates native to the.device. Note that the device metric may not e
unifprm as, for example, a raster device with x pixel spacing differing*from y pixel spacing using pixel addresses as devite
coolldinates. Note that the minimum scaled size is also the minimum. VIDC size after conversion to device coordinates.

Table 11 — Marker Description Table

Entry Possible Values Datp Type

Marker Capability:

Nuinber of Predefined Marker Bundles (1..n) I
Nuinber of Settable Marker Bundies (-1, 0..n) (Note 1) I
Makimum Marker Bundle Index (1..n) 19,4
Dynamic Modification Accepted For Marker Bundles (IRG, CBS, . IMM) E
Notninal Scaled Marker Sizg >0 DC (Note 2)
Mitimum Scaled Marker Size 0 DC (Note 2)
Makimum Scaled Marker Size >0 DC (Note 2)
Number of Valid-Marker Clipping Modes (1..3) I
Arrpy of Available Marker Clipping Modes (LOCUS, SHAPE, LOCUS THEN SHAPE) 3E

Available Marker Types:

Lis{ of Available Marker Types IX

Available‘Scaled Marker Sizes:

List of Available Scaled Marker Sizes (Notes 2, 3) nDC

NOTES

1) Zero indicates no support, -1 indicates support limited only by available memory (for implementations using dynamic
memory allocation).

2) These values are measured in the physical device coordinates native to the device. Note that the device metric may not be
uniform as, for example, a raster device with x pixel spacing differing from y pixel spacing using pixel addresses as device
coordinates. Note that the minimum scaled size is also the minimum VDC size after conversion to device coordinates.

3) An empty list means that the range is continuous.
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Table 12 - Text Description Table

Entry Possible Values Data Type
Text Capability:
Number of Predefined Text Bundles (1..n) I
Number of Settable Text Bundles (-1, 0..n) (Note 1) I
Maximum Text Bundle Index (1..n) IX
Dynamic Modification Accepted For Text Bundles (IRG, CBS, IMM) E
Maxi i ~Hi-n)yrMNote b T
Dynamic Modification Accepted For Font List (IRG, CBS, IMM) E
Maximum Length of Character Set List (-1,1..n) (Note 1) I

Available Character Sets:

List of Available Character Sets nCS

Available ['ext Fonts:

List of Available Text Fonts nSF

For Each [ext Font/Precision Pair:

Font IName SK

Precidion (STRING, CHARACTER/STROKE) E

Font Capabilities:

Minimum Character Expansion Factor 0 Ri

Maximum Character Expansion Factor >0 Ri

Minimum Character Spacing R

Maximum Character Spacing R

Minimum Character Height 0 DC

Maximum Character Height .0 D¢

Skewed Vector Support (NO, YES) E

Mirroped Character Support (NO, YES) E

Number of Supported Text Paths (1..5) I

Array|of Supported Text Paths (RIGHT, LEFT, UP, DOWN) 4K

Number of Supported Horizontal Text Alignments (1..5) I

Array|of Supported Horizontal Text Alignments (NORMAL HORIZONTAL, LEFT, CENTRE, SHE
RIGHT, CONTINUOUS HORIZONTAL)

Number of Supported Vertical Text Alignments 1..7) I

Array|of Supported Vertical Text Alignments (NORMAL VERTICAL, TOP, CAP, HALF, TH
BASE, BOTTOM,CONTINUOUS VERTICAL)

Availgble Character ExpansionFactors:

List of Available Charactér,Expansion Factors (Note 3) nR

Availgble Character,Spacings:

List of Available Character Spacing (Note 3) nR

Availgble Character Heights:

List of Available Character Heights (Notes 2, 3) nDC

Availgble Character Orientations:

List ofAvattable-Character-Orientations Note-3) e

NOTES

1) Zero indicates no support, -1 indicates support limited only by available memory (for implementations using dynamic
memory allocation).

2) These values are measured in the physical device coordinates native to the device. Note that the device metric may not be
uniform as, for example, a raster device with x pixel spacing differing from y pixel spacing using pixel addresses as device
coordinates. Note that the minimum scaled size is also the minimum VDC size after conversion to device coordinates.

3) An empty list means that the range is continuous.
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CGI description tables and state lists

Table 14 — Edge Description Table — (concluded)

Description tables

Entry Possible Values Data Type
Available Scaled Edge Widths:

List of Available Scaled Edge Widths (Notes 2, 3)

nDC

1)

2)

3

NOTES

Zero indicates no support, -1 indicates support limited only by available memory (for implementations using dynamic
memory allocation).

These yalues are measured in the physical device coordinates native to the device. Note that the device metric may not be
uniform as, for example, a raster device with x pixel spacing differing from y pixel spacing using pixel addresses as device

coordirjates. Note that the minimum scaled size is also the minimum VDC size after conversion to device coordinates.
An empty list means that the range is continuous.

7.1.3 Fdnt characteristics

The artistic
obvious. IS(

ISO/IEC 9636.

7.1.4 Output control

Table 15 — Output Control Déséription Table

and metric information and character complement considerations required for a text.font are complex and non-
D/IEC JTC1/SC18/WG8 has in process standards activities in the font specification.and description area. 'l;T: CGI
will adopt the font description mechanisms eventually promulgated in what is currently ISO/IEC 9541, “Font info

interchange

ation

” Description tables including the information required in ISO/IEC 9541 may’be included in a future version of

Entry Possible Values Data [Type
— —
Colour Capability:
Numbgr of Simultaneously Available Direct Colours (0, 2..n) (Note 4) ]
Numbegr of Simultaneously Available Indexed Colours (2..n) ]
Number of Available Colours (2..n) ]
Number of Available Intensities (Note 2) I
Coloug Selection Mode Availability (INDEXED ONLY, INDEXED AND DIRECT)
Dynamic Modification Accepted For-Colour Table (IRG, CBS, IMM)
Colout Overwrite Capability (NO, YES)
Colout Realization (ADDITIVE, SUBTRACTIVE)
Monog¢hromatic Device (NO, YES)
Backgfound Colour Capability (NONE, INDEX 0, INDEXED, FULL)
CIE Charagteristics: (Note 3)
CIE 1931 Chromaticity Coordinates for Red Primary 2
CIE 1931 Chromaticity Coordinates for Green Primary 2
CIE 1931-Chromaticity Coordinates for Blue Primary 2
CIE 1931 Tristimulus Values for Reference White 3
Output Capability:
Maximum Number of Simultaneously Saved Attribute Sets | (-1,1..n) (Note 1) I
Number of Valid Character Coding Announcers (1..5) I
Array of Valid Character Coding Announcer Values (BASIC 7-BIT, BASIC 8-BIT, EXTENDED 7- SE
BIT, EXTENDED 8-BIT, PRIVATE)

102



https://standardsiso.com/api/?name=5898ac45f172e87899a47d078f69b379

This page intentionally left blank



https://standardsiso.com/api/?name=5898ac45f172e87899a47d078f69b379

Description tables
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1t Control Description Table — (concluded)

""""""" =7

CGI description tables and state lists

3)

4)

NOTES
Zero indicates no support, -1 indicates support limited only by available memory (for implementations using dynamic

memory allocation).
For colour devices, this entry gives the number of levels of red, green, and blue supported for both direct and indexed colour;
and for monochromatic devices, the first element of the three-tuple specifies the number of (monochromatic) intensities. The
valye-ef-Number-of-Simultaneously-Available-Direct-Colours-will have been-determined-in ordance with the following:
For|a monochromatic device, it is the first element of the entry Number of Available Intensities; for a colour device usi
direft colours in the frame buffer, it is the product of the three elements of Number of Available Intensities; for a colqur
dev]ce using a hardware colour table, it is the size of that colour table.
Altough CGI supports only the RGB colour model, these values are suitable for use in the conversion of colour valyes
beteen 1931 CIE colour model and the RGB colour model. 1931 CIE colour model is the basic colour modelfrom which pll
othdr CIE colour models are derived. The transformation from any CIE colour model to RGB is compgsed of a transformatipn
to QIE 1931 followed by a transformation from CIE 1931 to RGB. The parameters provided are sufficCient to describe this
transformation. (ISO/IEC 9592-1, annex I provides an example of such a transformation.)
Support for Direct Colour is not required; zero indicates no support.

Entry Possible Values Data Type

7.2

7.2.1 |Attributes

State lists

Table 16 — Line Attributes State List

Entry Possible Values Data Type | Default

Line Atfributes:

Line Bundle Index (1..n) IX
Line Type (-n..-1,1..n) (Note 1) IX
Spgcification Mode of Line Width (VDC, SCALED) E SCALED
Line Width =0) SS 1.0 (R)
Selpction Mode of Line Colour, (INDEXED, DIRECT) E INDEXED
Line Colour (imp.dep) CO 1 (CI)
Line Clipping Mode (LOCUS, SHAPE, LOCUS THEN SHAPE) E (imp.dep)
Line Bundle Indices:
List of Line Bundle<Indices (1..n) nIX
Line Representations;
List of Line Bundles each containing:
Line Type (-n..-1,1..n)(Note 1) E (Note 2)
Sp¢cification Mode of Line Width (VDC, SCALED) E (Note 2)
Lirje ' Width =0) SS (Note 2)
Selection Mode of Line Colour (INDEXED, DIRECT) E (Note 2)
Line Colour (imp.dep) CO (Note 2)
NOTES
1) The range of line types supported is implementation-dependent; standardized line types are 1..5.
2) Default content of each representation is implementation-dependent. The default for the list of indices at CGI initialization

corresponds to the predefined line bundle indices.
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Table 17 — Marker Attributes State List
Entry Possible Values Data Type | Default
P ——————

Marker Attributes:
Marker Bundle Index (1..n) IX 1
Marker Type (-n..-1, 1..n)(Note 1) IX 3
Specification Mode of Marker Size (VDC, SCALED) E SCALED
Marker Size =0 SS 1.0(R)
SelecpomModeof Marker-Cotour (INDEXED BIREED) E BINDEXED
Mark¢r Colour (imp.dep) CO NMCD)
Marker Clipping Mode (LOCUS, SHAPE, LOCUS THEN SHAPE) E (imp.dep)

Marker Byndle Indices:
List of Marker Bundle Indices (1..n) nIX

Marker Representations:
List of Marker Bundles each containing:
Mark¢r Type (-n..-1,1..n)(Note 1) IX (Note 2)
Specification Mode of Marker Size (VDC, SCALED) E (Note 2)
Marker Size =0 SS (Nate 2)
Selection Mode of Marker Colour (INDEXED, DIRECT) E (Nojte 2)
Marker Colour (imp.dep) CO (Nojte 2)

NOTES

1) The range of marker types supported is implementation-dependent; standardized‘marker types are 1..5.

2) Default content of each representation is implementation-dependent. The default for the list of indices at CGI initialization
corresponds to the predefined marker bundle indices.

Table 18 - Text Attributes State List

104

Entry Possible)Values Data Type Defaplt
Text Attributes:
Text Bundle Index (1..n) IX 1
Text Font Index (1..n) IX 1
Text Precision (STRING, CHARACTER, STROKE) E STRING
Chardcter Expansion Factor >0 R 1.0
Chargcter Spacing R 0.0
Selection Mode of Text Colour (INDEXED, DIRECT) E INDEXED
Text Colour (imp.dep) CO 1(AD
Chargcter Height =0) VDC (Notg 1)
Chardcter Orientation (up, base) 4VDC 0,1,1,0)
Text Path (RIGHT, LEFT, UP, DOWN) E RIGHT
Horizpntal Téxt"Alignment (NORMAL HORIZONTAL, LEFT, CENTRE, E NORMAL
RIGHT, CONTINUOUS HORIZONTAL) HORIZONTAL
Contipuous Horizontal Alignment R 1.0
Vertical Text Alignment (NORMAL VERTICAL, TOP, CAP, HALF, E NORMAL
BASE, BOTTOM, CONTINUOUS VERTICAL
VERTICAL)
Continuous Vertical Alignment R 1.0
Character Set Index (1..n) IX 1
Alternate Character Set Index (1..n) IX 1
Character Coding Announcer (BASIC 7-BIT, BASIC 8-BIT, EXTENDED 7- E BASIC 7-BIT
BIT, EXTENDED 8-BIT, PRIVATE)
Text Bundle Indices:
List of Text Bundle Indices (1..n) nIX
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State lists CGI description tables and state lists
Table 18 - Text Attributes State List — (concluded)
Entry Possible Values Data Type Default
_

Text Representations:
List of Text Bundles each containing:
Text Font Index (1..n) IX (Note 2)
Text Precision (STRING, CHARACTER, STROKE) E (Note 2)
Character Expansion Factor 0) R (Note 2)
Charaeter-Spacing R MNagte 2)
Selgction Mode of Text Colour (INDEXED, DIRECT) E (Nqte 2)
Text Colour (imp.dep) CO {Naqte 2)

NOTES

1) Defgult is 1/100 of the longest side of the rectangle defined by the default VDC EXTENT.

2) Def3ult content of each representation is implementation-dependent. The default for the list of indices(atyCGI initializati¢pn
corrgsponds to the predefined text bundle indices.

Table 19 - Fill Attributes State List

Entry Possible Values Data Type | Default

Fill Aurjbutes:
Fill[Bundle Index (1..n) IX 1
Interior Style (HOLLOW, SQLID, PATTERN, HATCH, E HOQLLOW

EMPTY, BIEMAP)
Selgction Mode of Fill Colour (INDEXED; DIRECT) E INDEXED
Fill|Colour (imp.dep) CO | (CI)
Hat¢h Index (-n¥-1,1..n) IX 1
Pattern Index (I.n) IX 1
Fill|Bitmap Identifier BN 0 (Note 1)
Fill[Bitmap Region 2P
Fill[Reference Point P 0, 0)
Pattern Size 4VDC (OJh, w, 0)
(Note 2)

Fill Bunfdle Indices:
Lisq of Fill Bundle Indices (1..n) nIX

Pattern Indices:
Lisq of Pattern Indices (1..n) nIX

Fill Reppesentations:
Lis{ of Fill Bundles each containing:
Intgrior Style (HOLLOW, SOLID, PATTERN, HATCH, E (NNote 4)

EMPTY, BITMAP)

SelgctionMode of Fill Colour (INDEXED, DIRECT) E (INote 4)
Fill'Cotour (u:luy.dfy/\ co (I Note 4)
Hatch Index (-n..-1,1..n) IX (Note 4)
Pattern Index (1..n) IX (Note 4)
Fill Bitmap Identifier BN (Notes 1,4)
Fill Bitmap Region 2P (Notes 1,4)

Pattern Table Contents:
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Table 20 - Fill Attributes State List — (concluded)

State lists

Entry

Pattern Table Contents:
List of Patterns each containing:
Number of Horizontal Samples
Number of Vertical Samples
Selection Mode of Colour Specifiers

Possible Values

(1..nx)

(1..ny)
(INDEXED, DIRECT)

Data Type

.-~ —————— |

Default

(Note 3)
(Note 3)
(Note 5)

NOTES

implethentation-dependent.

1) The vdlue O here is defined to correspond to a mapped bitmap of one pixel having the Mapped Bitmap Foreground Colour:
2) Whergh = height and w = width of the default VDC extent.
3) Only rtllle first pattern in the table has a predefined default: solid (nx=ny=1) colour index 1. Other pattern defaults are

4) Default content of each representation is implementation-dependent. The default for the list of indices at CGI initialization
corresponds to the predefined fill bundle indices.
5) The ligt of pattern indices defaults to those predefined.

Table 20 — Edge Attributes State List

Entry Possible Values Data Type | Default
Edge Autributes:
Edge Bundle Index (1..n) IX 1
Edge [Visibility (INVISIBLE, VISIBLE) E INVISIBLE
Edge [Type (-n..-1, 1.n)(Note 1) IX 1
Specification Mode of Edge Width (VDC, SCALED) E SCALED
Edge Width =0 SS LO®R)
Selection Mode of Edge Colour (INDEXED, DIRECT) E INDEXED
Edge Colour (imp.dep) CO 1D
Edge Clipping Mode (LOCUS, SHAPE, LOCUS THEN SHAPE) E (impgl.dep)
Edge Bundle Indices:
List of Edge Bundle Indices (1..n) nIX
Edge Repnesentations:
List of Edge Bundles each containing:
Edge [Visibility (INVISIBLE, VISIBLE) E (Note 2)
Edge [Type (-n..-1, 1.n)(Note 1) E (Noke 2)
Specification Mode of Edge-Width (VDC, SCALED) E (Note 2)
Edge Width =0) SS (Nofe 2)
Selection Mode of Edge Colour (INDEXED, DIRECT) E (Note 2)
Edge Colour (imp.dep) CO (Note 2)
NOTES
1) The rahge ofiedge types supported is implementation-dependent; standardized edge types are 1..5.
2) Default-content-of-eachrepresentationis—mplementation-dependen he-defa or-the-list-of-indi
corresponds to the predefined edge bundle indices.
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7.2.2 General attributes and output control
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CGI description tables and state lists

Table 21 — General Attributes and Output Control State List

Entry Possible Values Data Type Default
Output|State:
Output State (ACTIVE, TEXT OPEN, FIGURE OPEN) E ACTIVE
Lige Width Specification Mode (VDC, SCALED) E SCALED
Mgrker Size Specification Mode (VDC, SCALED) E SCALED
Edge Width Specification Mode (VDC, SCALED) E SCALED
Clipping:
Clip Indicator (OFF, ON) E ON
Clip Rectangle 2P (INote 5)
Attribule Set Names in use:
Ligt of Attribute Set Names nASN ¢mpty
Colour|State:
Cdlour Selection Mode (INDEXED, DIRECT) E EXED
Coallour Value Extent 2CD (imp.dep)
Selection Mode of Auxiliary Colour (INDEXED, DIRECT) E EXED
Augxiliary Colour (imp.dep) co D (CT)
Transparency (OPAQUE, TRANSPARENT) E (imp.dep)
Selection Mode of Background Colour (INDEXED; DIRECT) E INDEXED
Background Colour (imp.dep) Cco D (CI)
Colour|Table Contents:
Ligt of Colour Table Entries (imp.dep) nCD (INote 1)
Currenf fonts:
Ligt of Font Names (imp.dep) nSF (Note 2)
Current Character Sets:
Ligt of Current Character Sets nCS (INote 3)
Aspect Source Flags:
Ligt of Aspect Source Flags for.¢ach defined ASF
type:
ASF Type (Note 4) E
ASF Value (INDIVIDUAL, BUNDLED) E INDIVIDUAL
NOTES
1) Default colour table is an implementation-dependent background colour in index 0, and implementation-dependent
forpground.colours in indices numbered 1 or greater.
2) Default font capable of displaying the default character set.
3) Chpracter set 1 is standard national set based on ISO 646.
4) The list of possible values for the enumerated ASF type maybe found under 5.4.18.
5)  The default for Clip Rectangle is the same as the default for VDC Extent.
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ISO/IEC

A.1 Introduction

This gramfnar is a formal definition of the Output portion of standard CGI syntax. It shows all productions regardles

encoding

of these can be found in ISO/IEC 9637.

A.2 Notation used

<symbol> - nonterminal

<SYMBOL> - terminal

<symbol>f - 0 or more occurrences

<symbol>f - 1 or more occurrences

<symbol>p - 0 or 1 occurrences

<symbol>(n) - exactly n occurrences; n > 2
<symbol-1> ::= <symbol-2> - symbol-1 has the syntax of symbol-2
<symbol-1> | <symbol-2> - symbol-1 or alternatively symbol-2
<symbol: meaning> - symbol with the stated meaning
comment - explanation of a symbol\or a production

returned: {symbol>* - output parameter(s)

A.3 Detailed grammar

<part 3 function> 1= <output primitive function>

A3.1 (Dutput-primitives functions

<output primaitive-funetion

9636-3 : 1991 (E)

Annex A
(normative)

Formal grammar of the functional specification

dcheme. The terminal symbols correspond to the CGI basic abstract data types. Encoding and fepresentatio

<output attribute function>
<output general attribute function>
<output control function>

<output retrieval function>
<output inquiry function>

s of the
n details

<line function>
<marker function>
<fill function>
<text function>
<image function>
<gdp function>

e

<line function> w= <POLYLINE>
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| <DISJOINT POLYLINE>
<point>+
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Detailed grammar Formal grammar of the functional specification

|  <CIRCULAR ARC 3 POINT>
<point>(3)

I <CIRCULAR ARC CENTRE>
<point>
<vdc value>(4)
<vdc value: radius>

|  <CIRCULAR ARC CENTRE REVERSED>
<point>
<vdc value>(4)
<vdc value: radius>

|  <ELLIPTICAL ARC>
<point>(3)
<vdc value>(4)

I <CONNECTING EDGE>

<marker function> := <POLYMARKER>
<point>+

<fill fundtion> == <POLYGON>
<point>+
|  <POLYGON SET>
<edge pair>+
| <RECTANGLE>
<point>(2)
| <CIRCLE>
<point>
<vdc value: radius>
|  <CIRCULAR ARC 3 POINT CLOSE>
<point>(3)
<close type>
|  <CIRCULAR ARC CENTRE CLOSE>
<point>
<vdc value>(4)
<vdc valu€: radius>
<closetype>
|  <ELLIPSE>
<point>(3)
| <ELLIRTICAL ARC CLOSE>
<point>(3)
<vdc value>(4)
<close type>

<TEXT>
<point>
<text final flag>
<BDT_STRING>
—<RESTRICTED TEXT
<vdc value: extent parallelogram>(2)
<point>
<text final flag>
<BDT_STRING>
| <APPEND TEXT>
<text final flag>
<BDT_STRING>

<image function> := <CELL ARRAY>
<point: P, Q, R>(3)
<BDT_INTEGER: nx, ny dimensions>(2)

<text function>
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<local colour prec requirement>

<colour specifier>* nx x ny colours
<gdp function> z= <GDP>

<identifier>

<point>*

<data record>

<data record> = <typed sequence>*

<typed sequence> = <data type index>

Detailed grammar

<element count>
<data item: of data type index>*

<data item> = <datarecord>
<BDT_COLOUR_INDEX>
<BDT_COLOUR_DIRECT>
<BDT_CSN_VALUE>

<BDT_INTEGER>
<BDT_ICO_VALUE>
<BDT_FIXED_INTEGER_8>
<BDT_FIXED_INTEGER_16>
<BDT_FIXED_INTEGER_32>
<BDT_INDEX>
<BDT_REAL>
<BDT_STRING>
<BDT_FIXED_STRING>

<vdc value>
<vc value>
<element count> x=  <BDT_INTEGER: number of elements in list>
<data typ¢ index> =  <BDT_INDEX>
<point> u= <vdc value>(2)
<vdc value> = <BDT_REAL>I|<BDT_INTEGER>
<edge paif> = <point> <edge out flag>
<edge outflag: enumerated> ::=~ <INVISIBLE>
I~ <VISIBLE>
I <CLOSE INVISIBLE>
|  <CLOSE VISIBLE>
<extent> %= <vdc value>(2)

<NOT FINAL> | <FINAL>
<PIE> | <CHORD>

<text fina] flag: enumerated>

<close type;-€numerated>

<enumerated> refer to list of terminal enumerated values

<local colour prec requirement> .= <BD1_INIEGER>
A3.2 Output attribute functions

<output attribute function>::=  <line attribute function>
<marker attribute function>
<text attribute function>
<interior attribute function>
<edge attribute function>
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<line attribute function>::= <LINE BUNDLE INDEX>
<BDT_INDEX>

| <LINE TYPE>
<BDT_INDEX>

| <LINE WIDTH>
<size specifier>

I <LINE COLOUR>
<colour specifier>

| <LINE CLIPPING MODE>
<clip mode>

= <LOCUS>
|  <SHAPE>
|  <LOCUS THEN SHAPE>

<size spdcifier> = <vdc value> | <BDT_REAL>

<MARKER BUNDLE INDEX>
<BDT_INDEX>
|  <MARKER TYPE>
<BDT_INDEX>
| <MARKER SIZE>
<size specifier>
|  <MARKER COLOUR>
<colour specifier>
I  <MARKER CLIPPING MODE>
<clip mode>

<text attgibute function> = <TEXT BUNDLE INDEX>
<BDT_INDEX>

| <TEXT FONT INDEX>
<BDT_INDEX>

| <TEXT PRECISION>
<textprecision>

| <CHARACTER EXPANSION FACTOR>
<BDT_REAL>

| <CHARACTER SPACING>
<BDT_REAL>

| _<TEXT COLOUR>
<colour specifier>

|~ <CHARACTER HEIGHT>
<vdc value>

| <CHARACTER ORIENTATION>
<vdc value>(4)

| <TEXT ALIGNMENT>
<horizontal alignment type>
<vertical alignment type>

BBTREAL: contintous a‘l‘i‘gﬂmﬁﬂm:u\.«a (2)

| <CHARACTER SET INDEX>
<BDT_INDEX>

|  <ALTERNATE CHARACTER SET INDEX>
<BDT_INDEX>

|  CHARACTER CODING ANNOUNCER>
<coding technique>

| <TEXT PATH>
<text path>

<text precision: enumerated> ::= <STRING> | <CHARACTER> | <STROKE>

<clip mogde: enumerated>::

<marker fattribute function> ::
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<BASIC 7-BIT>
<BASIC 8-BIT>
<EXTENDED 7-BIT>
<EXTENDED 8-BIT>
<PRIVATE>

<RIGHT>
<LEFT>
<UP>

i DOWN:
4 2o mar

<coding technique: enumerated>

<text path: enumerated>

Detailed grammar

<NORMAL HORIZONTAL>
<LEFT>

<CENTRE>

<RIGHT>

<CONTINUOUS HORIZONTAL>

<NORMAL VERTICAL>
<TOP>

<CAP>

<HALF>

<BASE>

<BOTTOM>

<CONTINUOUS VERTICAL>

<FILL BUNDLE INDEX>
<BDT_INDEX>
| <INTERIOR STYLE>
<interior style>
| <FILL COLOUR>
<colour specifier>
| <HATCH INDEX>
<BDT.INDEX>
| <PATTERN INDEX>
<BDT_INDEX>
| <FILL REFERENCE POINT>
<point>
<PATTERN SIZE>
<vdc value>(4)

<HOLLOW>
<SOLID>
<PATTERN>
<HATCH>
<EMPTY>
<BITMAP>

<edge attfibate function> = <EDGE BUNDLE INDEX>

<horizonfal alignment: enumerated>::

<vertical plignment: enumerated> ::

<interior attribute function>

<interior $tyle: enumerated>

<BDT_INDEX>

|  <EDGE TYPE>
<BDT_INDEX>

| <EDGE WIDTH>
<size specifier>

| <EDGE COLOUR>
<colour specifier>

| <EDGE CLIPPING MODE>
<clip mode>

| <EDGE VISIBILITY>
<edge visibility>
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<output general attribute function>::

<clip function> n=

= <clip function>
| <auxiliary colour function>
| <transparency function>

<CLIP INDICATOR>

<auxiliary colour function>

<transparency function>

<transpgrency: enumerated> ::=

<on off fflag: enumerated>

<Oll Uff ﬁds Lilp iudiuatux)
<CLIP RECTANGLE>
<point: first and second corner>(2)

= <AUXILIARY COLOUR>
<colour specifier>

= <TRANSPARENCY>

<transparency>
<OPAQUE> | <TRANSPARENT>
= <OFF> | <ON>

A.3.4 | Output control functions

<output|control function> ::

<colour|control function>

<colour selection mode: enumerated>::=

<colourfspecifier> =

<colour control function>

<font and character function>
<specification mode function>
<bundle representation function>
<asf function>

<pattern table function>

<closed figure function>

<save set function>

<delete representation function>

»= <BACKGROUND COLOUR>

<colour specifier: background colour>

| <COLOUR TABLE>
<BDT_COLOUR_INDEX: starting index>
<BDT_COLOUR_DIRECT>+

|~ <COLOUR SELECTION MODE>
<colour selection mode>

|  <COLOUR VALUE EXTENT>
<BDT_COLOUR_DIRECT: min and max>(2)

<INDEXED> | <DIRECT>
<BDT_COLOUR_INDEX> | <BDT_COLOUR_DIRECT>

<font and character function> ::=

<character set definition> ::

<char set: enumerated>

<FONT LIST>

<BDT_FIXED_STRING: font name>*
| <CHARACTER SET LIST>
<character set definition>*

<char set> <BDT_STRING: designation sequence>

<94 CHARACTER SET>

<96 CHARACTER SET>

<94 CHARACTER MULTIBYTE SET>
<96 CHARACTER MULTIBYTE SET>
<COMPLETE CODE>
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<specification mode function> = <LINE WIDTH SPECIFICATION MODE>
<size specification mode>
| <EDGE WIDTH SPECIFICATION MODE>
<size specification mode>
| <MARKER SIZE SPECIFICATION MODE>
<size specification mode>

<size specification mode: enumerated> ::= <VDC> | <SCALED>

<bundle representation function> := <LINE REPRESENTATION>

<line-bundlex

Detailed grammar

I <MARKER REPRESENTATION>
<marker bundle>

| <TEXT REPRESENTATION>
<text bundle>

| <FILL REPRESENTATION>
<fill bundle>

|  <EDGE REPRESENTATION>

<edge bundle>

<line bundle> 1= <BDT_INDEX: bundle index>
<BDT_INDEX: line type>
<size specifier: line width>
<colour specifier: line colour>

<BDT_INDEX: bundle index>
<BDT_INDEX: marker type>
<size specifier: marker size>
<colour specifier: marker colour>

<text bundle> ;= <BDT_INDEX: bundle index>
<BDT_INDEX: font index>

<text precision>

<BDT_REAL: character spacing>
<BDT_REAL: character’expansion factor>
<colour specifier: text ¢olour>

<fill bundl¢> = <BDT_INDEX:‘bundle index>

<interior styles

<colour specifier: fill colour>
<BDT(INDEX: hatch>

<BDTJINDEX: pattern>
<BDT_CSN_VALUE: fill bitmap identifier>
<point: fill bitmap region>(2)

<edge bundlle> = <BDT_INDEX: bundle index>
<BDT_INDEX: edge type>
<size specifier: edge width>
<colour specifier: edge colour>

<marker byindle>

<Cdge VISIDIILY>

<asf function> = <ASPECT SOURCE FLAGS>
<asf pair>+

<asf pair> = <asf type> <asf>

<LINE TYPE ASF>
<LINE WIDTH ASF>
<LINE COLOUR ASF>
<MARKER TYPE ASF>
<MARKER SIZE ASF>

<asf type: enumerated>
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<MARKER COLOUR ASF>

<TEXT FONT INDEX ASF>

<TEXT PRECISION ASF>

<CHARACTER EXPANSION FACTOR ASF>
<CHARACTER SPACING ASF>

<TEXT COLOUR ASF>

<INTERIOR STYLE ASF>

<HATCH INDEX ASF>

<asf: enu

<pattern

<closed fligure function> ::

<save set

<attribut¢ set name> ::

<delete r

<bundle

<PATIERN INDEX AdF>
<EDGE TYPE ASF>
<EDGE WIDTH ASF>
<EDGE COLOUR ASF>
<EDGE VISIBILITY ASF>
<FILL BITMAP ASF>

merated> = <INDIVIDUAL>|<BUNDLED>
lable function> ::= <PATTERN TABLE>

|
|
|
I
|
|
I
| <FILL COLOUR ASF>
|
|
I
|
I
|
|

<BDT_INDEX>

<BDT_INTEGER: nx, ny dimensions>(2)
<local colour prec requirement>

<colour specifier>* nx x ny colours

= <BEGIN FIGURE>
I <NEW REGION>
|

<END FIGURE>

function>

<SAVE PRIMITIVE ATTRIBUTES>

<attribute set name>

|  <RESTORE PRIMITIVE ATTRIBUTES>

<attribute set name>

| <DELETE PRIMITIVE AFTRIBUTE SAVE SET>

ppresentation function>::=

able type: enumerdted>

<BDT_

<attribute set-name>
CSN_VALUE>

<DELETE BUNDLE REPRESENTATION>
<bundle table type>
<BDT_INDEX: bundle index>
<DELETE PATTERN>
<BDT_INDEX: pattern index>

= <LINE>
| <MARKER>
| <TEXT>
|  <FILL>
| <EDGE>

A.3.5 Output retrieval functions

<output retrieval function> ::= <GET TEXT EXTENT>

<point: text position>
<BDT_STRING>

returned:

<response validity>

<validity flag: concatenation validity>
<point: concatenation point>

<point: extent parallelogram>(4)
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<response validity> := <validity flag>
<validity flag: enumerated> ::= <INVALID> | <VALID>

A.3.6 Output inquiry functions
<inquiry function> = <inquire primitive support levels>

<inquire gdp attributes>
<inquire line capability>

Detailed grammar

!

|

—<inquire listof availabie tine types>

| <inquire list of available scaled line widths>
| <inquire marker capability>

| <inquire list of available marker types>

| <inquire list of available scaled marker sizes>
| <inquire text capability>

| <inquire list of available character sets>

| <inquire list of available text fonts>

| <inquire font capabilities>

| <inquire list of available character expansion factors>
| <inquire list of available character spacings>
| <inquire list of available character heights>

| <inquire list of available character orientations>
| <inquire fill capability>

| <inquire list of available hatch styles>

| <inquire edge capability>

| <inquire list of available edge types>

| <inquire list of available scaled edge widths>
| <inquire colour capability>

| <inquire cie characteristics>

| <inquire array of supported character coding announcers>

| <inquire maximum number’of-simultaneously saved attribute sets>
| <inquire line attributes>

| <inquire list of line bundle indices>

| <inquire line representation>

| <inquire marker attributes>

| <inquire list'of marker bundle indices>

| <inquire marker representation>

| <inquiretext attributes>

| <ingquire list of text bundle indices>

| ¢<inquire text representation>

K/~<inquire fill attributes>

|~ <inquire pattern dimensions>

| <inquire pattern>

| <inquire list of pattern indices>

| <inquire list of fill bundle indices>

——————+—~<inquire-filh-representation
| <inquire edge attributes>
| <inquire list of edge bundle indices>
|  <inquire edge representation>
| <inquire output state>
| <inquire list of attribute set names in use>
| <inquire colour state>
| <inquire list of colour table entries>
| <inquire font list>

| <inquire character set list>

| <inquire object clipping>
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| <lookup aspect source flags>
| <lookup gdp support>

<inquire primitive support levels>
= <INQUIRE PRIMITIVE SUPPORT LEVELS>
returned:

<response validity>
<BDT_INTEGER: max number of points for polyline>
<BDT_INTEGER: max number of points for disjoint polyline>

— <BDT INTEGER: max number of poinis for polygon>
<BDT_INTEGER: max number of points for polygon set>
<BDT_INTEGER: max number of points for polymarker>
<BDT_INTEGER: max number of characters for text>
<BDT_INTEGER: max number of cells for cell array>
<line edge continuity capability>
<cell array fill capability>
<cell array alignment capability>
<cell array rendering technique>
<compound object capability: compound text>
<compound object capability: closed figures>

<line edge continuity capability: enumerated>
= <RESTART> | <CONTINUOUS> | <OTHER>

<cell arrgy fill capability: enumerated>
= <OUTLINED> | <FILLED>

<cell arrgy alignment capability: enumerated>
= <AXIS ALIGNED> | <SKEWED>

<cell array rendering technique: enumerated>
= <OTHER> | <EXACT>

<compound object capability: enumerated>
=  <NONE> | <GLOBAL>1<LOCAL>

<inquire|gdp attributes> ::= <INQUIRE GDP’ATTRIBUTES>
<BDTWINTEGER: gdp identifier>
returned:
£response validity>
<BDT_INTEGER: number of applicable groups>
<bundle table type>(5)

<inquirelline capability>< = <INQUIRE LINE CAPABILITY>

returned:
<response validity>
<BDT_INTEGER: number of predefined bundles>
<BDT_INTEGER: number of settable bundles>
<BDT_INDEX: max bundle index>
<dymarmicnodifreatronflag>
<dc value: nominal, min, max>(3)
<BDT_INTEGER: number of available line clipping modes>
<clipping mode>(3)

<dynamic modification flag: enumerated>
= <IRG>|<CBS> | <IMM>

<inquire list of available line types>
= <INQUIRE LIST OF AVAILABLE LINE TYPES>
<BDT_INTEGER: number of list elements requested>
<BDT_INTEGER: index within list>
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returned:
<response validity>
<BDT_INTEGER: total number of list elements present in table>
<BDT_INDEX: line type>*

<inquire list of available scaled line widths>
@= <INQUIRE LIST OF AVAILABLE SCALED LINE WIDTHS>
<BDT_INTEGER: number of list elements requested>
<BDT_INTEGER: index within list>
returned:

Detailed grammar

<response validity>
<BDT_INTEGER: total number of list elements present in table>
<dc value: scaled line width>*

<inquire marker capability>
= <INQUIRE MARKER CAPABILITY>
returned:

<response validity>
<BDT_INTEGER: number of predefined bundles>
<BDT_INTEGER: number of settable bundles>
<BDT_INDEX: max bundle index>
<dynamic modification flag>
<dc value: nominal, min, max>(3)
<BDT_INTEGER: number of available marker clipping modes>
<clipping mode>(3)

<inquire ligt of available marker types>

= <INQUIRE LIST OF AVAILABLE MARKER TYPES>
<BDT_INTEGER: number of list elements requested>
<BDT_INTEGER: index within list>

returned:

<response validity>
<BDT_INTEGER:\total number of list elements present in table>
<BDT_INDEX:marker type>*

<inquire li§t of available scaled marker sizes>

= <INQUIRE LISTTOF AVAILABLE SCALED MARKER SIZES>
<BDT_NTEGER: number of list elements requested>
<BDT_INTEGER: index within list>

returped:

<response validity>
<BDT_INTEGER: total number of list elements present in table>
<dc value: scaled marker size>*

<inquire text capability>
== <INQUIRE TEXT CAPABILITY>

returned:
<response validity>

<BDT_INTEGER: number of predefined bundles>
<BDT_INTEGER: number of settable bundles>
<BDT_INDEX: max bundle index>

<dynamic modification flag: for text bundle>
<BDT_INTEGER: max length of font list>
<dynamic modification flag: for font list>
<BDT_INTEGER: max length of character set list>

<inquire list of available character sets>
@= <INQUIRE LIST OF AVAILABLE CHARACTER SETS>
<BDT_INTEGER: number of list elements requested>
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<BDT_INTEGER: index within list>
<BDT_INTEGER: max characters per string>
returned:
<response validity>
<BDT_INTEGER: total number of list elements present in table>
<character set definition>*

<inquire list of available text fonts>

= <INQUIRE LIST OF AVAILABLE TEXT FONTS>
<BDT_INTEGER: number of list elements requested>
<BDT_INTEGER: index within list>
<BDT_INTEGER: max characters per string>

returned:

<response validity>
<BDT_INTEGER: total number of list elements present in table>
<BDT_FIXED_STRING: font name>*

<inquire font capabilities>

1= <INQUIRE FONT CAPABILITIES>
<BDT_FIXED_STRING: font name>
<text precision>

returned:

<response validity>
<BDT_REAL: min, max character expansion>(2)
<BDT_REAL: min, max character spacing>(2)
<dc value: min, max character height>(2)
<skewed character support>
<mirrored character support>
<BDT_INTEGER: number.of text path elements>
<text path>(4)
<BDT_INTEGER: number of horizontal alignments>
<horizontal alignmient>(5)
<BDT_INTEGER: number of vertical alignments>
<vertical alighment>(7)

<skewed |character support> :: <yes no.flag>

<mirr0reI character support>:: <yes no flag>

<yes no flag: enumerated> ::= (<NO> | <YES>

<inquire Jist of available character cxpansion factors>

1= {C <INQUIRE LIST OF AVAILABLE CHARACTER EXPANSION FACTORS>
<BDT_FIXED_STRING: font name>
<text precision>
<BDT_INTEGER: number of list elements requested>
<BDT_INTEGER: index within list>

returned:

\leWlle vaiidil_y}
<BDT_INTEGER: total number of list elements present in table>
<BDT_REAL: character expansion factor>*

<inquire list of available character spacings>
= <INQUIRE LIST OF AVAILABLE CHARACTER SPACINGS>
<BDT_FIXED_STRING: font name>
<text precision>
<BDT_INTEGER: number of list elements requested>
<BDT_INTEGER: index within list>
returned:
<response validity>
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