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EN ISO/IEC 7942-1 : 1995

Foreword

This European Standard has been taken over by CEN Technical Board from the work of IS0/IEC/JTC1 "Information

Technology" of the International Organization for Standardization (ISO) and the International Electrotechnical Commisslon

(lEC).

This European Standard shall be given the status of a national Standard, either by publication of an identical text or by

endorsement, at the latest by April 1996 and conflicting national Standards shall be withdrawn at the latest by April 1996.

According to the CEN/CENELEC Internal Regulations, the following countries are bound to implement this European

Standard:

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway,

Portugal, Spain, Sweden, Switzerland and the United Kingdom.

Endorsement notice

The text of the International Standard ISO/IEC 7942-1 : 1994 has been approved by CEN as a European Standard without

any modification.
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Foreword

ISO (the International Organization for Standardization) and lEC (the International Electrotechnical Commis¬
slon) form the specialized system for worldwide standardization. National bodies that are members of ISO or
lEC 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 lEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-
govemmental, in liaison with ISO and lEC, also take part in the work.

In the field of information technology, ISO and lEC have established a Joint technical committee, ISO/IEC
JTCl. Draft International Standards adopted by the Joint technical committee are circulated to national bodies
for voting. Publication as International Standard requires approval by at least 75% of the national bodies Cast¬
ing a vote.

International Standard ISO/IEC 7942-1 was prepared by Joint Technical Committee ISO/IEC JTCl, Informa¬
tion technology, Sub-Committee 24, Computer graphics and Image processing.

This second edition cancels and replaces the first edition (ISO 7942:1985), which has been technically revised.

ISO/IEC 7942 consists of the following parts, under the general title Information technology - Computer
graphics and Image processing - Graphical Kernel System (GKS):

Part 1: Functional description

Part 2: NDC metafile

Part 3: Audit trail

Part 4: Picture part archive

Annexes A and B form an integral part of this part of ISO/IEC 7942. Annexes C, D, E, F, G, and H are for
Information only.
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Introduction

The Graphical Kemel System (GKS) provides a set of functions for Computer gr^hics programming that can
be used by a range of applications. The main motivations for standardization are to improve portability of pro-
grams and to define a basic methodology. Portability is achieved by providing all the capabilities necessary in
a device independent way. The foUowing principles are used in specifying GKS:

a)«Design: the three goals are consistency of approach, compatibility with related Standards and orthogonal
functionality whwe possible.

b)«Functionality: the goals are completeness with the minimal set of functions. Organization of functions
should be such as to achieve compact programs. Richness should be provided by Utilities and tooUdts on
top of GKS rather than non-standaid extensions to GKS.

c)«Clarity: the underlying concepts should be easily understood, especially by the application piogrammer.
To achieve this, GKS is defined using a small set of functions with precise speciiication of the data struc-
tures that define the State of GKS and the effect that functions have on this State.

d)«Error handling: all errors caused by incorrect function invocations or internal failures are logged with
the application having control over the action taken.

e)«Separation of device dependent functionaUty: in GKS there is a clear Separation between the functional¬
ity that is device dependent and device independent GKS has the concept of a Workstation which deals
with all device dependent functions.

0 Implementation; GKS should be realizable in a wide range of host languages. The support GKS requires
from the operating system should not be excessive. GKS should be efficient to implement <mi commonly
available hardware and it should be easy to produce a robust product.

This International Standard (known informally as "GKS-94") has a strong relationship to the principles and
functionality of ISO 7942:1985 (known informally as "GKS-85"). However, it has b^n updated to provide
additional functionality, cleaner concepts and an International Standard for modern hardware. Minor changes
made include some additional primitives, some minor extensions to input, a clearer definition of the NDC pic¬
ture and simplification of deferral.

A nameset attribute has been added and this is used as a selection criterion for a range of functions. As a
result, the equivalent of the ISO 7942:1985 segment (picture part) no longer needs attributes separate from the
primitive attributes. The segment facilities of ISO 7942:1985 are provided in terms of the new picture part
Store.

The ISO 7942:1985 metafile is replaced by an audit trail and an NDC metafile based on the Computer Graph¬
ics Metafile (ISO/IEC 8632).

ix

Full document details: DIN EN ISO/IEC 7942-1:1996-03

http://www.avadocuments.com/doc/din-en-iso-iec-7942-1-1996-03
http://www.avadocuments.com/doc/din-en-iso-iec-7942-1-1996-03


ISO/IEC 7942-1; 1994(E) ©ISO/IEC

Introduction

X

Full document details: DIN EN ISO/IEC 7942-1:1996-03

http://www.avadocuments.com/doc/din-en-iso-iec-7942-1-1996-03
http://www.avadocuments.com/doc/din-en-iso-iec-7942-1-1996-03


INTERNATIONAL STANDARD ©ISO/IEC ISO/IEC 7942-l:1994(E)

Information technology - Computer graphics and image processing -

Graphical Kernel System (GKS) - Part 1: Functional description

1 Scope

This part of ISO/IEC 7942 specifies a set of functions for Computer graphics programming, the Graphical Ker¬
nel System (GKS). It provides functions for two dimensional graphical ouQ)ut, the storage and dynamic
modification of pictures, and operalor input. GKS functions and datatypes are specified independently of pro¬
gramming languages.

GKS establishes a system for device independent graphics programming by separating picture composition
and interaction from the realization of the pictures on a specific Output device and the input devices used by the
operator.

This International Standard is applicable to a wide ränge of applications that produce two dimensional pictures
on vector or raster graphical devices in monochrome or colour. Operator interaction is allowed with these pic¬
tures.

1
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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 7942. 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 7942 are encouraged to investigate the
possibilities of ^plying the most recent editions of the Standards listed below. Members of lEC and ISO
maintain registers of currently valid International Standards.

ISO/IEC M6'.\99\, Information technology - ISO 7-bit coded character set for information interchange.

ISO 2022:1986, Information processing - ISO 7-bit and 8-bit coded character sets - Code extension tech-
niques.

ISO 2382-13:1984, Data processing - Vocabulary - Part 13: Computer graphics.

ISO 6093:1985, Information processing - Representation of numerical values in character strings for informa¬
tion interchange.

ISO/IEC 8632:1992, Information technology - Computer graphics - Metafile for transfer and storage of picture
description information

-ÞPart 1 : Functional specification.

-ÞPart 2 : Character encoding.

-ÞPart 3 : Binary encoding.

-ÞPart 4 : Clear text encoding.

ISO/IEC 9541:1991, //i/ormaßon technology - Font information interchange.
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3 Definitions

For the puiposes of this part of ISO/IEC 7942, the following definitions apply.

3.1õpicture: A spatially structured sequence of Output primitives destined for storage or display on a Werksta¬
tion. The following pictures exisf NDC picture, logical picture, realized picture.

3.1.1 NDC picture: The picture in which graphical Output is composed by the a[q)lication iHX)gram and
with which the operator intmcts using graphical input devices.

3.U logical picture: The picture constructed from the NDC picture for a particular woikstation in which
logical attributes are bound to ouQ)ut primitives.

3.1 J realized picture: The picture constructed from the logical picture for a particular woikstation by
binding the precise definition of colours specified either directly or indirectly. The realized picture is
displayed on the workstation's display space.

3.2õWorkstation: A display space and associated input peripherals.

3.2.1õdisplay surface: The physical area on a display device onto which display spaces are mapped.

3.2.2õdisplay space: The area available for displaying images on a particular Workstation.

33 coordinate system: The metric used to specify graphical Output and positional input. The coordinate Sys¬
tems are world coordinates, normalized device coordinates, logical device coordinaies and device coordinates.
All coordinate systems are cartesian.

3.3.1 World coordinates (WC): The coordinates used by the application program to define ou^ut primi¬
tives and positional input.

33.2 normalized device coordinates (NDC): The coordinates used to define the NDC picture and picture
parts.

3.33 logical device coordinates (LDC): The coordinates used to define the logical picture.

3.3.4 device coordinates (DC): The coordinates used to define realized pictures on a Workstation.

3.4õtransformation: A process for transforming one coordinate system to another.

3.4.1õnormalization transformation: A window-to-viewport transformation that maps positions in WC to
NDC.

3.4.2õnormalization transformation number: An identifier of a particular normalization transformation.

3.43 view orientation: A transformation that transforms the NDC coordinate system to one more
appropriate for the object to be viewed.

3.4.4 view mapping: A transformation applied after view orientation to map to LDC coordinates,

3.4J Workstation transformation: A Workstation window-to-viewport mapping that maps positions in
LDC to device coordinates, preserving aspect ratio.

3.5õscissoring: Restricting the appearance of an Output primitive on a display by either clipping or shielding.

3.5.1 view scissoring: Scissoring applied to Output primitives in a view after view orientation and view
mapping. View scissoring may be postponed until after the Workstation transformation.

3.6õpicture part störe: A collection of picture parts.

3.6.1 picture part: A sequence of Output primitives with associated attributes.

3.7õState list: A data structure whose entries specify the current values of variables relating to GKS as a whole
(GKS State list) or to a specific Workstation (Workstation State list).

3.8õdescription table: A data structure whose entries specify the capabilities of an implementation (GKS
description table) or a type of Workstation (generic Workstation description table) or an instance of a type of
Workstation (Workstation description table).
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3.9ºbackdrop: Gr^hical Output that appears on the Workstation but is not part of the NDC picture, logical pic¬
ture, or realized picture. The backdrc^ arrives at the display device on a separate Channel from the realized
picture. It is device dependent how the two appear relative to each other.

3.9.1 router: A switch which controls the destination to which Output primitives are dispatched.

3.10ºOutput primitive: A basic graphical element used to construct the NDC picture and picture parts.

3.11ºaudit trail: The extemal entity for representing the sequential flow of Information across the interface
between the application and GKS.

3.12ºOutput primitive classes: A Classification associated with Output primitives. A set of logical attributes
apply to all Output primitive types in a class. The Output primitive classes are curve, marker, area, character,
image, design. The Output primitive, generalized drawing primitive, does not belong to any class.

3.12.1ºcurve: A class of Output primitive which generates a set of curves. The ou^ut (»imitives in the
class are set of polyline, set of nurb and set of conic section.

3.12.1.1ºset of polyline: A type of Output primitive consisting of a set of polylines each of which con-
sists of a connected sequence of straight lines between specified points.

3.12.1.2ºset of nurb: A type of Output primitive consisting of a set of curves each of which is defined
by a nurb.

3.12.1.2.1 nurb: A curve defined by a non-uniform B-spline. Both rational and non-rational ver¬
sions are allowed.

3.12.1.3ºset of conic section: A type of Output primitive consisting of a set of curves each of which is
defined by a conic section.

3.12.2ºmarker: A class of Output primitive which generates a set of symbols. The only Output primitive in
the class is polymarker.

3.12.2.1 polymarker: A type of Output primitive consisting of a set of positions at which symbols are
placed.

3.12.3ºarea: A class of Output primitive which generates a set of areas with edges. The Output primitives in
the class are set of fiU area, set of closed nurb, set of elliptic sector, set of elliptic segment and set of elliptic
disc.

3.12 J.l set of fill area: A type of ouq)ut primitive consisting of a set of areas each of which is defined
by a closed sequence of connected points.

3.12 J.2 set of closed nurb: A type of Output primitive consisting of a set of areas each of which is
defined by a closed nurb.

3.12.3.2.1 closed nurb: A nurb which has the first point connected to the end point to produce a
closed curve if the two points are not coincident.

3.12 J.3 set of elliptic sector: A type of Output primitive consisting of a set of areas each of which is
defined by an elliptic arc. Each elliptic are area is closed by lines from the ends of the arc to the centre
of the ellipse.

3.123.4 set of elliptic segment: A type of Output primitive consisting of a set of areas each of which is
defined by an elliptic arc. Each elliptic arc area is closed by joining the ends of the arc.

3.12 J.5 set of elliptic disc: A type of Output primitive consisting of a set of areas each of which is
defined by a complete ellipse.

3.12 J.6 edge: The boundaries of closed regions defined in the area class of ouq}ut primitives.

3.12.4ºcharacter: A class of Output primitive which generates a sequence of glyphs. The only Output prim¬
itive in the class is texL

3.12.4.1 text: A type of Output primitive consisting of a sequence of glyphs defined relative to a Posi¬
tion.
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3.12.4.1.1g̈lyph: A recognizable abstract graphic symbol which is indqiendent of any specific
design (ISO/IEC 9541).

3.12.4.1.2g̈lyph t>ody: A rectangle used by a font designer to define a glyph shape (see figure 1).
AU glyph bodies in a font have the same height.

3.12.4.13 glyph shape: The set of infwaiation in a glyph representation used for displaying the
dimensions and positioning of the glyph shape GSO/IEC 9541).

3.12.4.1.4 glyph representation: The glyph sh^ and glyph metrics associated with a specified
glyph in a font resource (ISO/IEC 9541).

3.12.4.13 topline: A horizontal line at the top of a glyph body (see figure 1) which is just above the
uppOT iimit of all glyph shapes in a font. Ascenders and accents are below the topline.

3.12.4.1.6c̈apline: A horizontal line within a glyph body (see figure 1) which, for many glyph
definitions, has the appearance of being the upper limit of the glyph shape. An ascender may pass
above this line and in some languages an additional mark (for example an accent) over the glyph
may be defined above this line. All caplines in a font are in the same position in the glyph bodies.

3.12.4.1.7b̈aseline: A horizontal line within a glyph body (see figure 1) which, for many glyph
definitions, has the appearance of being a lower limit of the glyph shape. A descender passes below
this line. All baselines in a font are in the same position in the glyph bodies.

3.12.4.1.8ḧalfline: A horizontal line between the capline and the baseline within the glyph body
(see figure 1), about which a horizontal string of glyphs in a font would appear centrally placed in
the vertical direction. All halilines in a font are in the same position in the glyph bodies.

3.12.4.1.9b̈ottomline: A horizontal line at the bottom of the glyph body (see figure 1) which is just
below all descenders in a font All bottomlines in a font are in the same position in the glyph
bodies.

3.12.4.1.10c̈entreline: A vertical line bisecting the glyph body (see figure 1).

3.12.4.1.11l̈eftline: A vertical line at the left of a glyph body (see figure 1) which is to the left of
all glyph shapes in a font.

3.12.4.1.12r̈ightline: A vertical line at the right of a glyph body (see figure 1) which is to the right
of all glyph shapes in a font.

top

cap

half

base

bottom

1

1

1

tJ

1

J

 glyph body

tÏÏ

left centre right

Figure 1 - Glyph coordinate system

3.12.4.1.13f̈ont: A collection of glyph images having the same basic design (ISO/IEC 9541).

3.12.4.1.14f̈ont resource: A collection of glyph representations together with description and font
metric information which are relevant to the collection of glyph representations as a whole

5

Full document details: DIN EN ISO/IEC 7942-1:1996-03

http://www.avadocuments.com/doc/din-en-iso-iec-7942-1-1996-03
http://www.avadocuments.com/doc/din-en-iso-iec-7942-1-1996-03


ISO/IEC 7942-l:1994(E) ©ISO/IEC

Definitions

(ISO/IEC 9541).

3.12.4.1.15ûposture: The extent to which the shape of a glyph or set of glyphs jqipear to incline,
including any consequent design or form change (ISO/IEC 9541).

3.12.4.1.16ûescapement Movement of the current position on the presehtation surface after a glyph
representation is imaged (ISO/IEC 9541).

3.12.5ûimage: A class of Output primitive which generates images. The only Output primitive in the class is
cell array.

3.12.5.1 cell array: A type of ouq)ut pimitive defined by a rectangular grid of equal size lectangular
cells, each having a Single colour.

3.12.6ûdesign: A class of Output primitive which generates graphical Output by extruding a tiling through a
stencil. Stencils are stored in the stencil störe. Tilings are stored in the tiling störe.

3.12.6.1ûstencil: A set of shapes. Stencils may be constructed from area boundaries (which may be
defined by closed paths), closed contours and other stencils.

3.12.6.1.1ûclosed path: A sequence of paths where the end of one path is the Start of the next and
where the last point is the same as the first

3.12.6.1.2ûpath: A sequence of points used to specify the locus between two end points.

3.12.6.U contour: A stencil which is defined as the outline sunounding a path.

3.12.6.2ûtiling: A sequence of tiling components.

3.12.6.2.1 tiling component: A replicated tile.

3.12.6JZ.2 tile: A pattOTi defined as a curve, area or design.

3.12.7ûgeneralized drawing primitive (GDP): A type of Output primitive used to address special Output
requirements.

3.13 attribute: A particular property that applies to an Output primitive.

3.13.1ûIdentification attributes: A class of attribute used to name Output primitives.

3.13.1.1ûnameset: An identification attribute (in the form of a set of names) of an Output primitive.

3.13.1.2ûpick identifier: An identification attribute of an Output primitive.

3.13.1.3ûselection criterion: A rule for choosing elements from a sequence of Output primitives.
Selection criteria are expressed as Operations on namesets.

3.13.2ûNDC attributes: A class of attribute bound to primitives when they are created which completes
the geometric definitions of primitives.

3.13.2.1ûlocal transformation: An NDC attribute which defines a transformation in NDC Space which
is applied to the geometry of a primitive to position individual Output primitives.

3.13.2.2ûglobal transformation: An NDC attribute which defines a transformation in NDC space
which is applied to the geometry of a primitive after the local transformation. Global transformations
are used to apply a transformation to a complete objecL

3.13.2.3ûNDC scissor: A set of scissors applied to the NDC picture and backdrop after the local and
global transformations. NDC scissoring may be postponed until after the Workstation transformation.

3.13.3ûsource attributes: A class of attribute bound to primitives when they are created which are used to
determine the values of the logical attributes which will be applied to primitives at the logical level. Bün¬
dle indices and attribute source flags are source attributes.

3.133.1 bündle index: An index into a particular bündle table.

3.13J.2 attribute source flag (ASF): A flag for each logical attribute, which determines whether the
value of a logical attribute of a primitive at the logical level will be taken from the logical attribute
bound to the primitive at the NDC level, or from the bündle table using the bündle index bound at the
NDC level. Attiibute source flags for each of the logical atmbutes of a primitive are bound to the
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primitive at the NDC level.

3.133.3 bündle table: A Workstation dependent table with entries accessed by a bündle index. Each
table entiy defines the values of a set of logical attributes to be associated with a class of oulput primi¬
tive. Wheth^ these values are bound to particular Output primitives at the logical level depends on the
settings of the corresponding attribute source flags.

3.13.4 logical attributes: A class of attribute which defines the appearance of an Output primitive in the
logical picture. Logical attributes may have different values for different Workstations.

3.13.4.1ûcolour specifier: A colour type and colour value. Colour may be specified either directly or
indirectly. If the colour type is indirect, the colour value is a colour index, otherwise the colour type
defines a colour model and the colour value defines the value of the colour in that model. The realized
picture defines the precise colour of primitives by substituting the appropriate definitions for indirectly
specified colours.

3.13.4.2ûcolour array specifier: A colour type and colour value. If the colour type is indirect, the
colour value is an array of colour indices. Otherwise the colour type specifies a colour model and the
colour value is an array of values defining the colours in that model.

3.13.4.3ûcolour index: An index into a particular colour table.

3.13.4.4ûcolour table: A Workstation dependent table. Each table entry defines, by a colour model
name and associated values, the colour corresponding to a particular value of the colour index.

3.14 logical input device: An abstraction of one or more physical devices that delivers logical input values to
the program. Specific logical input devices may be of class locator, stroke, valuator, choice, pick, string and
composite.

3.14.1ûlogical input value: A measure value delivered by a logical input device.

3.14.1.1ûmeasure: A value which is determined by one or more physical input devices and a mapping
from the values delivered by the physical devices.

3.14.1.2ûtrigger: A condition which determines when a logical input value is delivered by a logical
input device.

3.14.2ûlocator: A class of logical input device providing a position in world coordinates and a normaliza¬
tion transformation number.

3.14.3ûstroke: A class of logical input device providing a sequence of positions in world coordinates and a
normalization transformation number.

3.14.4ûvaluator: A class of logical input device providing a real number.

3.14.5ûchoice: A class of logical input device providing a positive integer.

3.14.6ûpick: A class of logical input device providing the Identification attributes of an Output primitive.

3.14.7ûstring: A class of logical input device providing a character string.

3.14.8ûcomposite: A class of logical input device built up from previously defined devices,

3.14.9ûprompt: An indication to the operator that a specific logical input device is available.

3.14.10ûecho: The immediate notification to the operator of the current value of an input device.

The following alphabetical list gives the subclause of each GKS definition.

areaû3.12.3ûbottomlineû3.12.4.1.9
attributeû3.13ûbündle index 3.13.3.1
attribute source flag (ASF)û3.13.3.2ûbündle tableû3.13.3.3
audit trailû3.11ûcaplineû3.12.4.1.6
backdropû3.9ûcell arrayû3.12.5.1
baselineû3.12.4.1.7ûcentrelineû3.12.4.1.10
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character 3.12.4 normalization transformation number 3.4.2

choice 3.14.5 normalized device cowdinates (NDC) 3.3.2

closed nurb 3.12.3.2.1 nurb 3.12.1.2.1

closed path 3.12.6.1.1 Output primitive 3.10
colour array specifier 3.13.4.2 ou^ut primitive classes 3.12
colour index 3.13.4.3 path 3.12.6.1.2
colour specifier 3.13.4.1 pick 3.14.6
colour table 3.13.4.4 pick identifier 3.13.1.2

composite 3.14.8 picture 3.1
contour 3.12.6.1.3 picture part 3.6.1

coordinate system 3.3 picture part störe 3.6
curve 3.12.1 polymarko" 3.12.2.1
description table 3.8 posture 3.12.4.1.15
design 3.12.6 prompt 3.14.9

device coordinates (DC) 3.3.4 realized picture 3.1.3
display space 3.2.2 rightline 3.12.4.1.12

display surface 3.2.1 router 3.9.1
echo 3.14.10 scissoring 3.5
edge 3.12.3.6 selection criterion 3.13.1.3
escapement 3.12.4.1.16 set of closed nurb 3.12.3.2
font 3.12.4.1.13 set of conic section 3.12.1.3
font lesource 3.12.4.1.14 set of elliptic disc 3.12.3.5
generalized drawing primitive (GDP) 3.12.7 set of elliptic sector 3.12.3.3
global transformation 3.13.2.2 set of elliptic segment 3.12.3.4
glyph 3.12.4.1.1 set of fill area 3.12.3.1
glyph body 3.12.4.1.2 set of nurb 3.12.1.2
glyph representation 3.12.4.1.4 set of polyline 3.12.1.1
glyph shape 3.12.4.1.3 source attributes 3.13.3
halfline 3.12.4.1.8 State list 3.7
idendfication attributes 3.13.1 stencil 3.12.6.1
image 3.12.5 string 3.14.7
leftline 3.12.4.1.11 stroke 3.14.3
local transformation 3.13.2.1 text 3.12.4.1
locator 3.14.2 tile 3.12.6.2.2
logical attributes 3.13.4 tiling 3.12.6.2
logical device coordinates (LDC) 3.3.3 tiling component 3.12.6.2.1
logical input device 3.14 topline 3.12.4.1.5
logical input value 3.14.1 transformation 3.4
logical picture 3.1.2 trigger 3.14.1.2
marker 3.12.2 valuator 3.14.4
measure 3.14.1.1 view mapping 3.4.4
nameset 3.13.1.1 view orientation 3.4.3
NDC attributes 3.13.2 view scissoring 3.5.1
NDC picture 3.1.1 Workstation 3.2
NDC scissor 3.13.2.3 Workstation transformation 3.4.5
normalization transformation 3.4.1 World coordinates (WC) 3.3.1
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4 Conformance

4.1«Specification

The set of functions known as GKS shall be as described in clauses 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14 and
annexes A and B. In an implementation all graphical capabilities of a display space that can be addressed by
GKS functions shall be used only via GKS.

4.2«Registration^^
For cotain parameters of the functions, GKS defines value ranges as being reserved for registration. The
meanings of these values will be defined using the established procedures described in ISO/IEC TR 9973;
1988. These procedures do not apply to values and value ranges defined as being Workstation or implementa¬
tion dependent; these values and value ranges are not standardized.

1) For the puipose this part of ISO/IEC 7942 and according to the lules for the designation and Operation of registration
authorities in the ISO/IEC Directives, the ISO and lEC Councils have designated the following as the registration authority;
National Institute of Standards and Technology (National Computer Systems Laboratoty), The Registration Authority for
Graphical Items, A-266 Technology Building, Gaithersurg, MD 20899.
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5 Concepts

5.1«Pictures
A central concept is the picture which is a spatially structured sequence of Output primitives destined for
storage or display on a woikstation. The NDC picture (Normalized Device Coordinate picture) is where
graphical Output is composed and with which the operator interacts using graphical input devices (see figure 2)
on one or more Workstations. Altematively, graphical Output can be dispatched directly to a backdrop in
which case it cannot be interacted with.

For each Workstation, a number of views of the NDC picture can be selected. Each view has all the logical
attributes bound to create the logical picture as the set of views. Finally, the precise colour definitions are
bound to create the realized picture for display on the workstation's display space. Changes to the NDC pic¬
ture will be reflected in changes to the logical and realized pictures.

The q)erator interacts with the set of views in the realized picture. Where these overlap, it is possible to define
which view takes priority in terms of operator interactions.

5.2«Output primitive classes and attributes

Output primitive classes are abstractions of basic actions a device can perform such as drawing curves, render-
ing areas and writing character strings. There may be several different types of Output primitive in each class.
Associated with Output primitives are attributes which define additional properties of the primitive. For exam-
ple, the type of curve to be Output is specified by a primitive attribute.

There are four classes of primitive attributes:

a)«identification

b)NDC

c)«source

d)«logical

Identification attributes can be used to partition Output primitives into sets for a variety of purposes. The main
identification attribute is the nameset.

NDC attributes complete the geometric definition of the Output primitive in the NDC coordinate space. All
ouQ)ut primitives have a local tran^ormation, a global tran^ormation and an NDC scissor as NDC attributes.

Source attributes determine the source of values for the attributes of the primitives in the logical picture.

Logical attributes define the appearance of the Output primitives in the logical picture to be displayed on the
Workstation.

When an Output primitive is created, identification, NDC, logical and source attributes are bound to iL

Attributes of Output primiti ves in the NDC picture may be changed.

5.3«Workstations

GKS defines a Workstation as an abstract display space on a device's display surface and associated input
peripherals. Multiple Workstations may be in operation together. Workstations may have no associated input
peripherals or no display space.

A selection criterion based on the namesets of the Output primitives in the NDC picture and backdrop defines
what subset of the NDC picture and backdrop is displayed on a Workstation. A second set of selection criteria
decide how many views of each Output primitive selected are displayed on the Workstation.

For each Workstation, the NDC picture is transformed into a logical picture on the Workstation partitioned into
views. The logical picture is defined in logical device coordinates (LDC). Output primitives in the logical
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pictuie have all logical attributes and relevant NDC attributes bound to them.

Logical attributes are bound to output primitives in the NDC picture. The values bound to the equivalent Out¬
put primitive in the logical picture depend on the source attributes. They are either the values of the logical
attributes bound to the primitives in the NDC picture or the values extracted from wwkstation bündle tables.
The attribute related to colour is the colour specifier.

The logical picture is transformed into the realized picture which is realized on the Workstation display space.
The realized picture is oblained by binding the required colour Information, for indirectly specified colours
(pointed at by the colour indices), to the output primitives in the logical picture. Figure 3 shows the NDC pic¬
ture and picture part störe. Figure 4 shows the logical and the realized pictures.

Figure 2 - GKS overview
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Selection of backdrop smd NDC picture
for Workstation 1

Selection of backdrop and NDC picture
for Workstation 2

Figure 3 - GKS NDC picture
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Selection of backdrop and NDC picture for Workstation 1

Figure 4 - GKS logical and realized pictures
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Coordinate systems and transformationsõConcepts

5.4õCoordinate systems and transformations

Ouq)ut primitives are defined by the application in a world coordinate system. The world coordinates are
specified by the application. More than one world coordinate system may be specified.

The application specifies the transformation from world coordinates to normalized device coordinates (NDC).
NDC is a woricstation independent coordinate system.

The application specifies the orientation and mapping from NDC to LDC for each view on a Workstation.

The display space of a Workstation has a device coordinate system (DC) associated with it. The logical pic¬
ture is defined in LDC and the realized picture in DC. The application specifies the mapping from LDC to DC
for each Workstation.

An Output primitive and its NDC attributes are mapped from WC to NDC by a normalization transformation.
The resulting geometry of an öuq)ut primitive in NDC space is transformed by the local transformation and
then by the global transformation. The Output primitive may appear in several views on a Workstation with dif-
ferent orientation and mapping fi-om NEX2 to LDC. The woikstation transformation performs the mapping
from LDC to DC.

5.5õLogical input devices
A logical input device is an abstraction of one or more physical devices. An application can define how it
receives logical input values from logical input devices.

Logical input devices are divided into classes dependent on the datatype of the logical input value. All logical
input devices of one class deliver logical input values of the same datatype.

Three operating modes are defined for every logical input device. The operating modes specify whether the
operator or the qiplication has the initiative in Controlling inpuL

5.6õPicture part störe

Sequences of Output primitives with associated attributes may be defined as a picture part and retained in pic¬
ture part Store. Positions associated with Output primitives and attributes are stored in NDC coordinates. The
NDC picture and the backdrop may be augmented by adding the sequence of Output primitives in a picture
part. The global and local transformation attributes of Output primitives in a picture part may be changed as
the picture part is added to the NDC picture, thus enabling several instances of a picture part to appear in the
NDC picture. The namesets of Output primitives in a picture part may be changed as the picture part is added
to the NDC picture. Picture parts may also be created by selecting Output primitives from the NDC picture.

5.7õState lists

State lists precisely describe the current State of an application in its use of graphics. Two types of State list
exist. The GKS State list describes the current State of the NDC environment as shown in figure 3 and the
input queue. The Workstation State list describes the current State of a Workstation. Several Workstation State
lists may be in use at the same time.

5.8õDescription tables

The details of a particular GKS Implementation are defined in a set of description tables. The GKS description
table contains information about the specific Implementation of GKS. A generic Workstation description
table defines the characteristics of a type of Workstation and a specific Workstation description table defines
the characteristics of an instance of a generic Workstation type.

5.9õMetafiles and archives

The Contents of the NDC picture and realized picture may be stored and retrieved from metafiles.

The picture part störe may be archived.
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5.10ûRouting to the backdrop

A backdrop is defined. Output primitives may be routed to the backdrop er the NDC picture. Output primi¬
tives in the backdrop ^pear on the woikstation but are not part of the NDC, logical, or realized pictures. Out¬
put primitives in the backdrop are rendered using the relevant NDC and logical attributes. On creation, an Out¬
put primitive is routed to the backdrop and selected for display on woricstations. Once the selection has been
made, the Identification attributes for primitives in the backdrq) are removed so that it is not possible for the
operator to interact with Information displayed in the backdrop. Attributes are bound to the primitives before
they are displayed on the Workstations. Primitives in the backdrop are transformed from NDC to LDC by an
identity transformation.

The realized picture and backdrop are conceptually dispatched to the display of the woikstation on separate
Channels. Their relative positioning is display dependent Anyüiing that destroys the integrity of the backdrc^
will cause it to be deleted from the display (see 7.10).

5.11ûAudit trail
Audits of the sequence of GKS functions invoked by an application may be capbired selectively in audit trails.
User records may also be added. Functions are provided to playback audits for inquiry and execution of the
ouq>ut functions. An audit can be used to stCHe the GKS functions that define a backdrop for later playback.

5.12ûSegments

Segment functionality is retained in this part of ISO/IEC 7942 for compatibility with ISO 7942:1985 (see
10.1). It is achieved by naming, picture parts and selection critma which give a more powerfui means of
selecting data for display.

An q)en segment is defined as a collection of Output primitives in the NDC picture identified by a mapping of
the segment name. On closure, the ouq)ut primitives that make up the segment are stored as a picture part in
picture part störe with a picture part name that is a mapping of the segment name. Segment attributes are
specified by selection criteria and primitive attributes.

5.13ûCompatibility with ISO 7942:1985

Each GKS implementation shall ensure that it is possible to provide the functionality of ISO 7942:1985.
Annex G illustrates one way of achieving iL

A GKS implementation has to Support a special Workstation type called WISS for compatibility with ISO
7942:1985. A WISS Workstation is handled as in ISO 7942:1985 as far as State list entries are concemed, and
for segment Operations.

It is anticipated that this compatibility requirement will not be required for the next edition of GKS.

5.14ûSummary

The main concepts are all contained in figures 3 and 4. Tables specific to Single primitive classes have not
been shown. Figure 3 shows the application accessing GKS (through a language binding). The commands
generated by the application can be stored in an audit trail and replayed later. The commands can change
values in the GKS State list (define text height, select normalization transformation etc) and these are either
stored in world or NDC coordinates depending on the specific item. This is why the GKS State list straddles
the normalization transformation. The geometric information defining the Output primitive is transformed to
NDC by the selected normalization transformation and attribute values are bound to the primitive from the
GKS State list. Output primitives can either be dispatched for output or stored as a part of a picture part in pic¬
ture part Store. For long term storage (between sessions), it is possible to archive some or all of the picture part
Store.

Output consists of Output primitives either generated by the application or copied from picture part störe. The
router directs these Output primitives to the backdrop or to the NDC picture. The backdrop is provided so that
large background pictures can be Output without the need for local storage. In general, output primitives will
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be added to the NDC picture. These will have attributes associated with them defining both a local and a glo¬
bal transformation and the NDC scissor to be applied. The ouq)ut primitive in the NDC picture selected for
display will have its geometry transformed first by the local transformation and then by the global transforma¬
tion before being scisswed by the NDC scissor. The local transformation can be used in the creation of objects
while the global transformation is usually used for the positioning of objects made up of a numb» of Output
primitives. The NDC scissor may be posQxjned until after the Workstation transformation if scissoring of the
Output {Himitives* shape rather than locus is required.

The NDC picture can be c^tured in an NDC metafile.

A selection critCTion on the Identification attributes of the output primitives in the NDC picture or backdrc^
defines which output primitives will be displayed on each Workstation.

Figure 4 shows what happens to the set of Output primitives selected for display on a specific woikstation.
Each ouQ)ut primitive selected fix>m the NDC picture can appear in several views on a Workstation. A second
selection criterion selects the set of output primitives to appear in each view. For each view, the output primi¬
tives can be reorientated and m^ped to a diCferent position in LDC space. The values of logical attributes
(from the bündle tables) may replace the values bound in the NDC picture, depending on the values of the
source attributes, to create the logical picture

The backdrop has the Identification attributes of its output primitives removed to ensure that the operator can-
not interact with the backdrop. No view selection takes place. As can be seen by the dashed lines emanating
from the bündle table and colour table, the backdrop has the relevant bündle table information bound to it in
the same way that the output primitives from the NDC picture have the information bound to create the logical
picture. An identity NDC to LDC transformation is applied. The backdrop has the Workstation transformation
and clip applied and the colour information for indirectly specified colours is extracted from the colour table
for primitives for which colour is specified indirectly.

The logical picture in LDC coordinates is transformed and clipped to produce the realized picture in DC coor-
dinates. It is possible to postpone both the NDC scissor and view scissor to take place after the transformation
of the logical picture and before Werkstation clipping. At this stage, colour information for indirectly specified
colours is extracted from the colour table so that the realized picture is completely defined ready for display.

It is possible to stcse the realized picture as a sequence of ouQjut primitives in the realized metafile. Realized
metafiles can be read back into the backdrop.
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6 The Graphical Kernel System

6.1ûInitialization

To activate GKS, the function OPEN GKS is invoked. This defines a set of data stnictures (called State lists
and description tables) which define the characteristics of the Implementation of GKS in use. State lists are
dynamic and may change during piogram execution. Description tables define the characteristics of a particu¬
lar system. The following data stnictures are initialized on GKS being opened:

a)ûOperating State list defines the State of GKS.

b)ûGKS description table: gives Information about the Workstations and fonts available.

c)ûGKS State list provides information about the State of GKS as the execution of a program progresses.
On OPEN GKS being invoked, it is set up with predefined default values.

d)ûGeneric Workstation description tables: these each describe the characteristics of a type of woikstation.
One is provided for each type in the GKS implementati(Mi accessed.

Inquiry functions are provided to iK^cess all the information in the data stnictures. The functions SAVE GKS
STATE LIST and RESTORE GKS STATE LIST allow parts of the GKS State list to be saved by the ^plica-
tion and restored.

To deactivate GKS, the function CLOSE GKS is invoked. The data stnictures listed above no longer exist

6.2ûGraphical Output

6.2.1 Output primitive classes

Ou^ut primitives are generated by GKS. Output primitives may be stored in the picture part störe, or
dispatched to the router for routing to the NDC picture or backdrop.

The basic geometry of the Output primitive is part of its definiticnn. Additiünal pK^rties of an oiitpat pimitive
are defined by primitive attributes as described ta 6J:.2.

Ou^ut primitives are divided into the foUowing Output primitive classes:

a)ûCURVE:ûgenerates a set of curves

b)ûMARKER:ûgenerates a set of symbols

c)ûAREA:ûgenerates a set of areas with edges

d)ûCHARACTER:ûgenerates a sequence of glyphs

e)ûIMAGE:ûgenerates an anay of cells with individual colours

f)ûDESIGN:ûgenerates graphical Output by extruding a tiling through a stencil

There is one kind of Output primitive which does not belong to any particular class called the generalized
drawing primitive (GDP) (see 8.8).

6J2.2 Output primitive attributes

Output immitives have identification, NDC, source and logical attributes. All the relevant primitive attributes
(see 1 1.1.5) are bound to an Output primitive when it is created by invoking the function CREATE OUTPUT
PRIMITIVE. For the backdrop, identification atuibutes are removed after Output primitives have been
selected for display on a Workstation so that it is not possible for the operator to interact with the backdrop.
The function SET PRIMITIVE ATTRIBUTE defines all the attribute values in the GKS State list that may
bound to a primitive on creation. One value is set at a time by specifying the attribute and the new attribute
value to be associated with it This value is bound on creation to all subsequent primitives to which it refers
until the value is reset by another invocation of SET PRIMITIVE ATTRIBUTE for this specific attribute. All
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attributes of output primitives in the current NDC picture may be changed by the function SET NDC PIC-
TÜRE PRIMITIVE ATTRIBUTE.

All Output primitives have the nameset and pick identifier Identification attributes associated with them.

Output primitives that make up the current NDC picture can have their NAMESET attributes changed by
invoking one of the functions ADD SET OF NAMES TO NDC PICTURE, or REMOVE SET OF NAMES
FROM NDC PICTURE. The funcüons ADD SET OF NAMES TO NAMESET and REMOVE SET OF
NAMES FROM NAMESET allow the current nameset value in the GKS State list to be modified.

The PICK IDENTIFIER attribute provides an additional level of Identification used in input (see 9.2).

All Output primitives have the following three NDC attributes associated with them:

a)ûLOCAL TRANSFORMATION

b)ûGLOBAL TRANSFORMATION

c)ûSCISSOR SET

For some classes of output primitives, additional NDC attributes are defined. NDC attributes complete the
geometric definition of output primitives.

The geometry of the primitives is transformed by the LOCAL TRANSFORMATION matrix and then the
GLOBAL TRANSFORMATION matrix before NDC scissoring takes place. The two transformations are
defined with respect to the NEXT coordinate space. Global transformations allow transformations to be applied
to complete objects while local transformations can be used to position individual output primitives.

Scissoring of the NDC picture restricts the appearance of each ou^ut primitive either by clipping or shielding.
NDC scissoring is specified by the SCISSOR SET attribute which consists of a set of named scissors. Scissors
are named by scissor identifiers. A scissor consists of a clipping indicator, clipping rectangle set, shielding
indicator and shielding rectangle set. Clipping and shielding rectangles are defined in NDC. Clipping and
shielding are activated by the clipping indicator and shielding indicator respectively. When NDC scissoring
takes place depends on the scissor mode set by invoking the SET SCISSOR MODE function. If scissor mode
is set to LOCUS, NDC scissoring occurs after the local and global transformations have been applied and, con-
ceptually, before the Output primitive is sent to the relevant Workstations. A part of an output primitive is visi-
ble if its locus is outside all shield rectangles and inside at least one clip rectangle. If the clip rectiangle set is
empty and the clip indicator is CLIP, all of an Output primitive is visible. If scissor mode is set to SHAPE,
NDC scissoring is postponed until after the Workstation transformation. Any relevant transformations are
applied to the NDC scissor so that its effect, if postponed, is the same as when it is applied immediately except
for the differences due to scissoring on shape rather than locus.

The functions ADD SET OF SCISSORS TO NDC PICTURE and REMOVE SET OF SCISSORS FROM
NDC PICTURE allow a specified set of scissors to be added to or removed from the SCISSOR SET atoibute
of a group of primitives in the NDC picture. The function SET NDC PICTURE PRIMITIVE ATTRIBUTE
can be used to replace the SCISSOR SET attribute bound to a group of primitives.

The functions ADD SET OF SCISSORS TO SCISSOR SET and REMOVE SET OF SCISSORS FROM SCIS¬
SOR SET allow the current scissor set attribute value in the GKS State list to be modified.

Current values of NDC attributes associated with specific primitives are defined in world coordinates and are
stored in the GKS State list in world coordinates. When these NDC atti-ibutes are bound to their respective
primitives, the values are subject to the same transformations as the geometric data contained in the definition
of the primitive.

Source attributes are bound to an output primitive when the primitive is created. Each class of primitive has
two source attributes, a set of ATTRIBUTE SOURCE FLAGS (ASFs) which determine the source of logical
attributes which are applied in the logical picture, and a bündle index for that class of primitive. Each bündle
index value is an index into a bündle table for that class of primitive, which exists on each Workstation (stored
in the Workstation State list). The values in a particular bündle (or entry in a bündle table) may be different for
different Workstations. The ASFs control whether the values of the logical atüibutes of a primitive at the logi¬
cal level are taken from the values bound to the primitive at the NDC level or from the bündle table. A füll
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description of logical attributes is given in clause 8.

6.3 Normalization transformations

The application programmer can compose a graphical picture from separate entities each of which, conceptu-
ally, is defined with its own world coordinate system (WC). The relative positioning of the separate entities is
defined by having a Single normalized device coordinate space (NDC) onto which all the defined world coordi¬
nate systems are mapped. A set of normalization transformations defines the mappings from the world coordi¬
nate systems onto the Single normalized device coordinate space, which can be regarded as a Workstation
independent abstract viewing space. On creation, Output primitives have world coOTdinate positicMis
transformed to NDC coordinates befwe being dispatched to the router or stored in the picture part störe. A
Single normalization transformation is current at any one time and this is used for the transformation from WC
toNDC.

A normalization transformation is specified by invoking the function SET WINDOW AND VIEWPORT
which defines the limits of an area in the world coordinate system (window) which is to be maiqjed onto a
specified area of the normalized device coordinate space (viewport). Window and viewport limits specify rec-
tangles parallel to the coordinate axes in WC and NDC (see figure 5). The rectangles include their boundaries.
The normalization transformation performs a mapping from WC onto NDC that includes translation and dif¬
ferential scaling with positive scale factors for the two axes.

WINDOW 1

WCl
WINDOW 2

WC2

VIEWP0RT2

VIEWPORT 1

NDC

Figure 5 � Normalization transformations

Although NDC space conceptually extends to infinity, an Implementation may support only a restricted ränge
of NDC. Coordinates in the closed ränge [-7,7] x [-7,7] are always handled.

Each normalization transformation is identified by a normalization tran^ormation number which is a non¬
negative integer. The normalization transformation with normalization transformation number 0 is the identity
transformation which maps [0,1] x [0,1] in world coordinates to [0,1] x [0,1] in normalized device coordinates.
It cannot be changed.

Initially, all other normalization transformations are set to a default transformation which is the same as nor¬
malization transformation number 0. Different transformations can be specified at any time when GKS is
open. Since GKS provides a number of different normalization transformations, it is possible for the applica¬
tion program to specify them prior to outputting the graphical picture. The separate entities in the picture are
Output by selecting a particular normalization transformation before outputting the associated graphical
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primitives. However, specifying a normalization transformation white the graphical ouq)ut is taking place is
allowed.

A normalization transformation can be selected by SET NORMALIZATION TRANSFORMATION
NUMBER, and it will be used for all Output until another is selected. By default, normalization transformation
number 0 is selected.

6.4 Picture part störe

6.4.1õPicture part creation

Output iHimitives on creation may be stored in a picture part or dispatched to the router. When an OPEN PIC-
TUM PART function is invoked, primitives are stored in the picture part and dispatching ceases. When
CLOSE PICTURE PART is invoked, the sequence of primitives that make up the picture part is added to the
picture part störe. Subsequent primitives are dispatched to the router. TTie picture part is identified by a
unique, application specified picture part name. Primitives in the picture part have attributes bound to them in
the same way as primitives dispatched to the router.

6.4.2õPicture part functions

The following functions are provided to manipulate picture parts:

a)õRENAME PICTURE PART: changes the name of the picture part specified to a new name.

b)õDELETE PICTURE PART: removes a picture part from the picture part störe.

c)õREOPEN PICTURE PART: reopens a picture part. Output primitives created are added in sequence to
the end of the specified picture part until CLOSE PICTURE PART is invoked.

d)õAPPEND PICTURE PART: adds one picture part to the end of the other picture pari. The ouQ>ut primi¬
tives can be altered in a similar way to COPY PICTURE PART FROM PICTURE PART STORE (6.4.3).

6.4.3õAdding picture parts

A picture part can be dispatched to the router by invoking COPY PICTURE PART FROM PICTURE PART
STORE. In sequence, each output primitive in the picture part has its global and local transformation attri¬
butes replaced, or pre or post concatenated by the specified transformation matrices, and the specified set of
names is added to the NAMESET attribute already associated with the Output primitive. This allows several
instances of a picture part to appear in the NDC picture in different positions and these can be differentiated by
their primitives having diffCTent NAMESET attributes. The ability to change or reset the global and local
transformation attributes allows the incoming primitives to be consistent with the primitives already in the
NDC picture. Depending on a 'scissor select' paiameter, either the current scissor set is bound to the primi¬
tives copied or the scissor set bound to the primitives in the picture part störe is used.

Utility functions (EVALUATE TRANSFORMATION MATRIX and ACCUMULATE TRANSFORMATION
MATRIX) are available to assist the application in establishing a transformation matrix.

6.4.4õPicture part archiving

A picture part can be archived by invoking the function ARCHIVE PICTURE PART. Each archive consists of
a set of picture parts with names local to the archive. On archiving, an archive name is supplied. A picture
part can be retrieved from the archive by invoking the function RETRIEVE PICTURE PART FROM
ARCHIVE. On retrieval, a picture part name must be supplied. An error occurs if there is a conflict between
an existing name in the archive or picture part störe and the name supplied.
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6.5 The NDC picture

6J.1 Introduction

The NDC picture at any time consists of a sequence of Output primitives which have been added to the picture
in one of three ways;

a)õon creation outside the definition of a picture part;

b)õby copying fiom a picture part;

c)õon input from an NDC metafile.

The Order of appearance of Output primitives in the NDC picture is important in that if two Output primitives
overli^}, the second primitive in the sequence may obscure some part of the firsL

Each Workstation is responsible for selecting the subset of the NDC picture to be viewed and rendering it.

6.5.2 NDC picture Operations

The following Operations can be applied to the NDC picture:

a)õDELETE PRIMITIVES FROM NDC PICTURE: the primitives whose NAMESET attribute in the NDC
picture satisfies the specified selection critmon are deleted from the NDC picture.

b)õREMOVE SET OF NAMES FROM NDC PICTURE; the specified names are removed from the
NAMESET attributes of all primitives in the NDC picture which satisfy the specified selection criterion.

c)õADD SET OF NAMES TO NDC PICTURE: the specified names are added to the NAMESET attributes
of all primitives in the NDC picture which satisfy the specified selection criterion.

d)õSET NDC PICTURE PRIMITIVE ATTRIBUTE: the primitives satisfying the specified selection cri¬
terion have the value of the specified attribute changed.

e)õREMOVE SET OF SCISSORS FROM NDC PICTURE: the specified scissors are removed from the
SCISSOR SET attributes of all pimitives in the NDC picture which satisfy the specified selection criterion.

f)õADD SET OF SCISSORS TO NDC PICTURE: the specified scissor set is added to the SCISSOR SET
attributes of all primitives in the NDC picture which satisfy the specified selection criterion.

g)õCOPY NDC PICTURE TO PICTURE PART STORE: the primitives satisfying the specified selection
criterion are copied to the picture part störe as the specified picture part. The NAMESET attribute associ¬
ated with each primitive has the specified set of names removed.

h)õREORDER NDC PICTURE: The subsequence of primitives satisfying the source selection criterion are
moved in front of the first position in the remaining subsequence of primitives satisfying the reference
selection criterion (BACK) or after the last position in the remaining subsequence of primitives satisfying
the reference selection criterion (FRONT). The relative order of primitives which satisfy the selection cri¬
terion is not changed by this operation.

6J.3 NDC metafiles

It is useful to be able to capture a subsequence of primitives of the NDC picture satisfying a selection criterion,
and Store it away for future use or transmission to other systems. The function COPY NDC PICTURE TO
NDC METAFILE will störe a subsequence of the NDC picture as a picture on the specified metafile adding a
set of names to the NAMESET atUibute of each primitive of the subsequence. The picture can be recovered at
a latCT time and added to the current NDC picture by invoking COPY NDC METAFILE PICTURE TO NDC
PICTURE. A set of names may be added to the NAMESET attribute of each primitive recovered. Adding a
set of names to the NAMESET attribute allows the primitives captured or recovered to be identified. The
backdrop cannot be sent to an NEKD metafile.
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6.6«Selection criterion

Functions in GKS select subsequences of Output primitives (for example, subsequences of the NDC picture or
of a picture part) according to a selection criterion. A typical function of this type is ADD SET OF NAMES
TO NDC PICTURE. A primitive will be included in the subsequence if its NAMESET attribute satisfies the
selection criterion.

Selection criteria are constructed from comparison Operations and logical Operations. The comparison Opera¬
tions allowed are:

a)«CONTAINS

b)ISIN

c)«EQUALS

d)«SELECTALL

e)«REJECTALL

The first three Operations specify a nameset which is compared with the nameset of each Output primitive in
the sequence.

All namesets satisfy the SELECTALL selection criterion and no namesets satisfy the REJECTALL criterion.
These selection criteria can thus be used to select or reject all primitives in a sequence respectively.

More than one comparison operation can be included in the selection criterion by using the following logical
Operations:

f)«AND

g)OR

h)NOT

The selection criterion CONTAINS (RED.GREEN), for example, will select all Output primitives having
namesets containing both names RED and GREEN. The selection criterion CONTAINS (RED.GREEN) OR
CONTAINS (BLUE.YELLOW) will select those primitives with namesets containing either RED and GREEN
orBLUEandYELLOW.

The selection criterion ISIN (RED.GREEN) will select those primitives whose namesets are subsets of the set
(RED.GREEN). In this case that is primitives with the namesets (RED). (GREEN), (RED.GREEN) and the
empty nameset

A precise definition of selection criteria is given in 11.1.18. The sequence of primitives from which a selection
is to be made are tested one by one against the selection criterion and, if accepted, are included in the resulting
sequence and. if rejected. are excluded.

6.7«Graphical input

6.7.1 Introduction to logical input devices

An application program obtains graphical input from an operator by Controlling the activity of one or more
logical input devices. which deliver logical input values to the program.

The device identifier defines the class of logical input device and how it relates to physical devices on a Works¬
tation. The logical input device class determines the type of logical input value delivered. The classes and Ihe
logical input values they provide are:

a)«LOCATOR: a position in world coordinates and a normalization transformation number.

b)«STROKE: a sequence of points in world coordinates and a normalization transformation number.
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c)«VALUATOR:

d)«CHOICE:

e)«PICK:

OSTRING:

g) COMPOSITE:

a real number.

a CHOICE status and a positive integer which represents a selection from a number of
choices.

a PICK status, a nameset and a pick identifier.

a character string.

an application defined logical input device which delivers values that are composites
of values of the above types.

Each logical input device may be operated in three modes, called operating modes. At any time a logical input
device is in one, and only one, of the modes set by the invocation of the function SET LOGICAL INPUT
DEVICE MODE. The three c^rating modes are REQUEST, SAMPLE and EVENT. Input from devices is
obtained in different ways depending on the mode as follows.

h)«REQUEST: A specific invocation of REQUEST INPUT causes an attempt to read a logical input
value from a specified logical input device. This can only occur when the togical input
device is in REQUEST mode. GKS waits until the input is entered by the operator or a
break action is performed by the operator. The break action is dependent on the logical
input device and on the implementation. If a break occurs, the logical input value is not
valid.

i)«SAMPLE: A specific invocation of SAMPLE INPUT causes GKS, without waiting for an operator
action, to retum the current logical input value of a specified logical input device. This
can only occur when the logical input device is in SAMPLE mode.

j) EVENT: GKS maintains one input queue containing temporally ordered event reports. An event
report contains the Identification of a logical input device and a logical input value from
that device. Event reports are generated asynchronously, by operator action only, from
input devices in EVENT mode.

The application program can remove the oldest event report fi"om the queue and examine
its Contents. The application can also flush from the queue all event reports from a
specified logical input device.

A specific logical input device is said to be taking part in an interaction during the whole time that it is in
SAMPLE or EVENT mode, but, when it is in REQUEST mode, only during the execution of a REQUEST
INPUT function for that device. Altematively, an interaction with the device can be said to be underway dur¬
ing that time. Many devices on many Workstations may be taking part in interactions simultaneously.

6.7.2 Lx)gical Input device model

To describe the precise actions of the logical input devices, it is first necessary to describe their relationship
with physical input devices, using the concept of measures and triggers.

A logical input device contains a measure, a trigger, an initial value, a prompt and echo type, an echo area and
a data record containing details about the prompt and echo type. A logical input device' s measure and trigger
are parts of the implementation of the Workstation containing the logical input device. Initial value, prompt
and echo type, echo area, and data record can be supplied by the application program.

The measure of a logical input device is a value determined by one or more physical input devices together
with a 'measure mapping'. More than one measure may simultaneously be determined by a Single physical
device; a separate measure mapping applies for each measure. A measure can be seen as the State of an
independent, active process (a measure process). Each State corresponds exactly with a logical input value.

The current State of the measure process (i.e. the device's measure) is available as a logical input value.
Whenever the device is taking part in an interaction, the measure process is in existence. Under other condi-
tions, this process does not exist.
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While the measure p-ocess exists, if echoing is required, information indicating the current State of the meas-
ure process is provided to the operator.

The trigger of a logical input device is a physical input device or a set of them together with a 'trigger map-
ping'. The operator can use a trigger to indicate significant moments in time. At these moments, the trigger is
Said to 'fire'. A Single operator action (for example, pressing a button) causes the firing of not more than one
trigger. Several logical input devices may refer to the same trigger.

A trigger can be seen as an independent, active process (a trigger process) that sends a message to one or more
recipients when it fires. A logical input device is a recipient of its trigger if there is a pending REQUEST for it
or if it is in EVENT mode. Both of these conditions can be true simultaneously for different logical input dev¬
ices. If there is at least one recipient for a trigger, the trigger process is in existence. Under other conditions
this process does not exisL

If a REQUEST for a logical input device is pending when the device's trigger fires, the measuie of that device
is used to satisfy the REQUEST (see figure 6). If one or more devices containing a given trigger are in
EVENT mode when the trigger fires, the identifications of those devices and their measure values are passed to
the input queue mechanism as separate event reports. The input queue mechanism is described in detail in
6.7.4.

When a trigger firing succeeds in satisfying a REQUEST, or adding event records to the input queue, GKS
provides to the opoator an acknowledgement the form of which depends on the implementation of the logical
input device. The acknowledgement is not controllable by a GKS function.

-> flow of input data« ^ control

Figure 6 - Operating modes using measures and triggers
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6.7.3«Operating modes of logical input devices

The mode of a logical input device can be changed by invoking the appropriale SET LOGICAL INPUT DEV¬
ICE MODE function.

After an invocation of SET LOGICAL INPUT DEVICE MODE with the parameter REQUEST, no measure
process exists for the specified device and the device's identifier is not on its trigger's list of recipients. After
an invocation with the parameter EVENT, a newly initiated measure process is in existence for the specified
device and the device's identifier is on its trigger's list of recipients. After an invocation with the parameter
SAMPLE, a newly initiated measure process is in existence for the specified device, but the device's id^tifier
is not on its trigger's list of recipients.

Initially a logical input device is in REQUEST mode. While a device is in REQUEST mode, a logical input
value can be obtained by invoking the appropriate REQUEST INPUT function. The effects of doing so are:

a)«To create a measure i^ocess for the specified device and set its initial value. Echoing is performed by
the measure process if echoing is on for the specified device.

b)«To add the device's identifier to its uigger's list of recipients. If the list was previously empty, the
trigger process is started.

c)«To suspend GKS until the trigger of the specified device fires, or the operator invokes the break facility.

d)«If the trigger fired, to set the logical input value to the current State of the measure process.

e)«To destroy the measure process.

f)«To remove the device's identifier from its trigger's list of recipients. If this list becomes empty, the
trigger process is destroyed.

g)«If the trigger fired, to retum the logical input value and the status OK, otherwise to retum the status
NONE.

While a logical input device is in SAMPLE mode, a logical input value can be obtained by invoking the SAM¬
PLE INPUT function. The effect of doing so is to set the logical input value to the current State of the measure
process without waiting for a trigger firing.

While a logical input device is in EVENT mode, logical input values are added as event reports to the input
queue, and can be obtained in sequence by invoking AWAIT INPUT. When an event report is generated, the
State of the measure process depends on the input device class. For all classes other than STRING (and any
STRING component of a COMPOSITE class), the State of the measure process is unchanged. Fot STRING
class input, it is reset to its initial value.

Figure 6 shows the effect of every operating mode on the measure and trigger of a logical input device.

6.7.4«Input queue and current event report

The input queue contains zeio or more event reports. Event reports contain pairs of values (device identifier,
logical input value) resulting from trigger firings. Event reports may be added to the input queue when logical
input devices in EVENT mode are triggered by the operator. Events can be removed from the input queue by
invocations of AWAIT INPUT (see figure 6) and FLUSH DEVICE EVENTS.

When a trigger that is part of one or more logical input devices in EVENT mode fires, the resulting event
rq)orts are entered into the queue. A set of event reports, one for each device is added to the input queue, if
and only if there is room for the whole set of simultaneous event reports. AWAIT INPUT retums all the
simultaneous event reports together.

If there is not room in the queue for all event reports when a trigger fires, input queue overflow has occurred.
Input queue overflow is not reported to the application program immediately. It is reported via the error
mechanism during the next invocation of any GKS function that can remove event reports from the input
queue (AWAIT INPUT, FLUSH DEVICE EVENTS, and CLOSE WORKSTATION (see 7.3)). The input
queue has to be emptied before further event reports will be added. Between the detection of input queue
overflow and the next time AWAIT INPUT is invoked with the input queue empty, no events are generated by
trigger firings and thus no acknowledgements are provided. (This permits the application program to
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determine how many events were in the queue when overflow occurred by Galling AWAIT INPUT with zero
timeouL)

When the 'input queue overflow' error is reported, the trigger causing the overflow is indicated by placing into
the error State list the identification of any one of the logical input devices using that trigger which was in
EVENT mode at the time the overflow was detected.

AWAIT INPUT, if the queue is not empty, removes the first event report and retums it to the application pro¬
gram. If the queue is empty, AWAIT INPUT suspends execution until an event repot is queued or until the
specified timeout period has el^sed.

FLUSH DEVICE EVENTS removes all event reports for a specific device from the input queue.

6.8«Inquiry functions

Inquiry functions retum values directly from or derived from the various State lists and description tables. The
data types of the values and the default values of the entries are summarized in clause 1 1 .

The inquiry functions are designed in such a way that they do not cause any errors to be generated. Inquiry
functions for values that may be logically unavailable have an Output parameter, 'error indicator', that deter¬
mines whether or not the other retumed values are valid. The availability parameter is of the type integer and,
in the event of the other values not being available, retums an error number, which identifies the apfH'opriate
GKS error condition. The same error numbers are used for inquiry functions as for other functions and thus
the Standard list of error messages should be consulted. If GKS is not in the proper State, then the error
number appropriate to this condition is the one retumed, even if there are other reasons for the values being
unavailable. If the values are available, zero is retumed in the error indicator parameter.

For all values except zero the retumed Output values are Implementation dependent. The description of each
inquiry function lists the error indicator values that the function may retum.

6.9«Error handling

For each GKS function, a finite number of error situations is specified, any of which will cause the ERROR
HANDLING function to be invoked. The ERROR HANDLING function defined invokes an ERROR LOG¬
GING function which appends an error message and identification of the GKS function (which caused the
error) to the error file before retuming to the ERROR HANDLING function.

This two stage invocation of error handling allows the ERROR HANDLING function provided to be replaced
by the application while still having access to services provided by the ERROR LOGGING function.

Each GKS function checks that it is used appropriately and that the values of input parameters are valid before
attempting to execute the function. At least the first error detected will cause the ERROR HANDLING func¬
tion to be invoked.

The application supplied ERROR HANDLING function is only allowed to invoke GKS inquiry functions, the
ERROR LOGGING function and the EMERGENCY CLOSE GKS function. Inquiry functions are not
allowed lo generate errors.

If the application detects errors outside GKS and regains control, it can invoke the EMERGENCY CLOSE
GKS function which will attempt to save as much of the graphical information as possible. GKS itself may
invoke the EMERGENCY CLOSE GKS function if it gets into difficulty.

6.10«Special interfaces between GKS and the application program

A uniform escape mechanism for allowing access to Installation and hardware specific features (a 'Standard
way of being non-standard') is provided by means of the ESCAPE function. Although the use of this mechan¬
ism reduces the portability of the application program, it does so in an easily identifiable manner.

The ESCAPE function does not generate graphical Output; by contrast, the GENERALIZED DRAWING
PRIMITIVE may generate graphical Output not otherwise generated by GKS.
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6.11ûBackdrop

By default, routing is to the NDC picture.

Invddng the function ROUTE with the parameter BACKDROP will cause output primitives to be louted
directly to the backdrop. Invoking the function ROUTE with parameter NDC will cause output to be added to
the NDC picture again.

Primitives, as they are routed to the backdrop, have their Identification attributes removed after selection for
display on a Workstation and, therefore, cannot be picked.

6.12ûAudit and piayback

The function AUDIT can be used to control the capture of GKS functions executed by an application. The
Parameters to the AUDIT function are the name of the audit trail and the operation to be performed (which, for
the OPEN Operation, includes the specification of the connection to be established). Multiple audits are
allowed simultaneously. The initialization operation OPEN should be performed before an audit is started.
The operation BEGIN starts the recording of audit trail information and END stops it. BEGIN and END (^ra-
tions may be invoked several times during an audit so that a selection of the GKS functions invoked are
recorded. The operation CLOSE stops the audit and releases the audit trail file.

For each GKS function executed, the function name and a list of the parameter values are stored in the set of
open audits when recording is enabled. For functions, such as input and inquiry, both the parameter values
input to the function and the output values generated by the function are recorded. Non-graphical Information
supplied by the user can also be added to the audit by the function WRITE USER RECORD TO AUDIT. This
can be used to add information such as times of entries or the association of application specific data with the
graphical Information.

To playback a previously recorded audit, four functions are provided (PLAYBACK, READ ITEM FROM
AUDIT, READ ITEM FUNCTION NAME FROM AUDIT, PROCESS AUDIT ITEM). The function PLAY¬
BACK is used to OPEN and CLOSE the session for the specified audit trail replay. The information stored on
the audit trail consists of a sequence of items, one per GKS function invoked. The function READ ITEM
FROM AUDIT retums the name of the function executed and a list of parameter values associated with that
execution of the function. The function READ ITEM FUNCTION NAME FROM AUDIT just retums the
name of the function. The function PROCESS AUDIT ITEM identifies the audit and has a parameter which
takes the values SKIP or DO. The SKIP operation changes the item pointed at to the next on the specified
audit ti^l. Initially, the audit trail is positioned at the first item. The EK) operation has a null effect for those
functions not concemed with output For funcüons related to Output (described in 12.2, 12.3, 12.4, 12.5, 12.6,
12.7, 12.8, 12.10, 13.1 and 14), the effect is as if the GKS function was executed direcüy at this point with the
Parameters defined in the audit trail. The PROCESS AUDIT ITEM function changes the item pointed at to the
next item in either case of the operation.

The function AUDIT invoked with the operation parameter BEGIN or END will cause the corresponding item
to be added to the audit trail. These can be used to identify the individual parts of the Overall audit trail.
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7 Workstation dependent control

7.1ûIntroduction

When a woikstation is opened, a selection criterion is established for the Workstation which selects part of the
NDC picture and backdrop for rendering on the Workstation. For each output primitive, the local and global
transformations are applied and then either the NDC scissor is applied before rendering takes place or it is
postponed until after the Workstation transfcffmation. The operation of rendering the NDC picture on a Works¬
tation proceeds in three stages. In the first stage, the selection criterion for each view on the Workstation is
used to define how many views the output primitive will appear in. For each of these, the output primitive is
first reorientated, then mapped to a new position and locus in LDC space; finally it is either scissored by the
view scissor, or the view scissor is postponed until after the Workstation transformation and the NDC scissor is
aj^lied. In the second stage, any values of logical attributes required from the Workstation dependent bündle
tables are bound and the resulting primitives are rendered to produce the logical picture (see figure 4). In the
logical picture, colour is not resolved beyond colour specifier or colour array specifier. The third stage applies
the Workstation transformation (and if postponed, applies the NDC scissor followed by the view scissor) and
Workstation clip, and resolves colour specifiers (replacing colour indices by the colours defined in the colour
table for the Workstation) to produce the reahzed picture which is displayed on the Workstation display space.
The realized picture may be sent to a metafile. The updating of the logical and realized pictures is continuous.
Any change to the NDC picture produces a change as soon as possible in the logical picture. The realized pic¬
ture will have any colour or Workstation transformation changes made as soon as possible also. However,
updating of the logical and realized pictures may be suspended in order that a group of updaies can be made to
appear atomic.

Rendering the backdrop on a Workstation is similar. The output primitives routed to the backdrop have any
values of logical attributes required from the Workstation dependent bündle tables bound to them. The result¬
ing primitives are rendered and the Workstation transformation and clip applied. Finally, the colour specifiers
are resolved to produce the backdrop which is displayed. The backdrop cannot be sent to a metafile. The
backdrop cannot be suspended.

7.2ûWorkstation characteristics
For every type of Workstation present in a GKS implementation a genCTic Workstation description table exists
which describes the Standard capabilities and characteristics of the Workstation. On opening a Workstation, a
specific Workstation description table is created for that Workstation containing information derived from: the
generic Workstation description table, the device itself, the application through the Workstation specific infor¬
mation provided with the Workstation type, and possibly other implementation dependent sources. The content
of the specific Workstation description table may change at any time while the Workstation is open. Such
changes are generated by events extemal to GKS. The application program can inquire which generic capabil¬
ities are available before the Workstation is open. The specific capabilities can be inquired while the Worksta¬
tion is open. The application program can adapt its behaviour dependent on this information. If capabilities
are requested that a particular Workstation does not provide, or are not yet available, a Standard reaction is
defined.

The function INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY can be used to inquü-e
the value of a Workstation description table entry whilst the Workstation is open. There is an entry State flag
associated with each Workstation description table entry for each Workstation, which takes the values
CHANGED and UNCHANGED. Whenever an entry in a specific Workstation description table changes, the
COTresponding flag is set to CHANGED (for example, in a windowing environment when, as a result of an
operator action, the display is resized). The value of the flag associated with a particular entry in the specific
Workstation description table of an open Workstation is retumed by the function INQUIRE SPECIFIC
WORKSTATION DESCRIPTION TABLE ENTRY STATE. The function RESET SPECIHC
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WORKSTATION DESCRIPTION TABLE ENTRY STATE enables the application program to reset any par¬
ticular flag to UNCHANGED.

An abstract graphical Workstation with maximum capabilities

a)ûhas one rectangular and addressable display space;

b)ûpermits the specification and use of smaller display spaces than the maximum while guaranteeing that no
display image is generated outside the specified display space;

c)ûrenders the NDC picture to produce the logical picture, using (possibly Workstation dependent) logical
attributes, and binds indirecüy specified colour values to produce the realized picture;

d)ûhas one or mtx« logical input devices for each input class;

e)ûpermits REQUEST, SAMPLE and EVENT type input;

0 allows independent setting of logical input devices in REQUEST, SAMPLE or EVENT mode.

Actual Workstations may provide more capabilities than those listed in the Workstation descripti<Mi table.
These cannot be used by GKS. However, if the Workstation itself provides sufficient intelligence, the addi-
tional capabilities can be accessed via the ESCAPE function or GENERALIZED DRAWING PRIMITIVE, or
used locally by the Workstation operator. As an example, if a Workstation has two display surfaces, the opera¬
tor can switch locally from one to the other without notifying GKS or the application program. More than one
display space can be controlled by GKS only by defining a separate Workstation for each display space.

7.3ûSelecting a Workstation

The application program references a Workstation by means of a Workstation identifier. Connection to a partic¬
ular Workstation is established by the function OPEN WORKSTATION, which associates the Workstation
identifier with a Workstation sjjecifier and Workstation type. The current State of each open woikstation is kept
in a Workstation State lisL Specified entries in the Workstation State list can be saved and restored by invoking
the functions SAVE WORKSTATION STATE LIST and RESTORE WORKSTATION STATE LIST.

Connections are released by the function CLOSE WORKSTATION.

7.4ûSelection criteria

Selection criteria are provided to control which primitives in the NDC picture are displayed on a Workstation
and the highlighting and detectability of the primitives displayed. When a selection criterion is changed, the
sequence of primitives in the NDC picture is examined and those that satisfy the new selection criterion are
rendered again to produce a new realized picture for display or storage. First, the display selection criterion
selects the sequence of primitives for display. The highlighting and detectability selection criteria determine
which of this sequence of primitives is highlighted or made detectable.

For Output primitives routed to the backdrop, only the display selection criterion has any effect and selects
primitives for display. They are not highlighted or made detectable.

Clause 10 describes the segment and woikstation activation facilities which are explicitly defined in order to
provide compatibility with ISO 7942:1985. These facilities make use of the nameset and selection criteria
mechanisms and consequently it is necessary to reserve a part of each selection criterion for manipulation by
GKS. This is explained in clause 10. The function SET WORKSTATION SELECTION CRITERION sets
the application specifiable part of the current selection criterion, without modifying the system controlled part

When a Workstation is opened, the selection criteria for display, highlighting and detectability are each set to
REJECTALL. Consequently, no primitives will be selected for display on a Workstation, unless the applica¬
tion first defines an appropriate selection criterion.
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7.5«Viewing
Each Output primitive selected for display on a Workstation may appear in one or many views on that Worksta¬
tion. Initially, view 0 has the default selection criterion of SELECTALL and all other views have the default
selection criterion of REJECTALL. Thus, initially all ouqjut primitives selected for display appear in view 0
and no other view. The function SET VIEW SELECTION CRITERION can redefine the selection critmon
for each view on the Workstation.

The function SET VIEW defines the orientation, mapping and scissoring to be applied to each Output primitive
selected for the view. View orientation effectively moves the NDC coordinate system to one more apin'opriate
for the set of ou^ut primitives to be viewed. View mapping provides a mapping of the set of Output primitives
to a new position in LDC space. Finally, the view scissor parameter provides an optional view scissor on the
Output primitives being viewed. View scissoring either occurs here or may be delayed until after the Worksta¬
tion transformation and any delayed NDC scissoring.

View 0 provides an identity mapping from NDC to LDC, empty clipping and shielding rectangle sets and clip-
ping and shielding indicators with values NOCLIP and NOSHIELD respectively. These parameters of view 0
cannot be changed.

Two Utilities are provided for the construction of the view orientation and mapping matrices. The function
EVALUATE VIEW ORIENTATION MATRIX defines a matrix that will move the origin of the set of Output
primitives and redefine the Y direction. The function EVALUATE VIEW MAPPING MATRIX defines a
matrix that performs a window to viewport mapping from NDC space to LDC space.

The NDC picture is displayed through views in order of view priority. The primitives satisfying the selection
criterion of the lowest priority view are displayed first in temporal order. Primitives in views of higher priority
are displayed after those of lower priority. View priority is set by the function SET VIEW PRIORITY. View
priority also affects LOCATOR and STROKE input measures (see 9.2).

7.6«Workstation transformations

An application can select independently for each open Workstation some part of the LDC Space in the range
[0,1] X [0,1] to be displayed somewhere in the Workstation display space. A particular Workstation transforma¬
tion is a mapping from LDC space onto the device coordinates (DC) for that Werkstation. Thus picture com-
position can be achieved using the normalization transformations. View orientation and view mapping allow
different views of the NDC picture lo be assembled in the logical picture. The Workstation transformation
allows different areas of the logical picture to be viewed on different Workstations. For example, a correctly
scaled drawing could be Output to a plotter and simultaneously some part of the drawing could be displayed on
the surface of an interactive terminal.

The units of device coordinates are metres on a device capable of producing a precisely scaled image (for
example, on most plotters) and appropriate Workstation dependent units otherwise (for example, on a display
unit with unknown monitor size). In either case the device coordinate system maps onto the display space in
the following way:

a)«the DC origin is at the bottom left comer of the display space;

b)«the device coordinate units are related to the display space in such a way that a square in device coordi¬
nates appears as a square on the display surface;

c)«X and y increase to the right and upwards respectively.

On some devices, device coordinate units do not coincide with the addressable units used by the display, for
example if the addressable units do not satisfy the above conditions.

The current size of the display space in device coordinate units is recorded in the specific Workstation descrip¬
tion table (see 7.2).

A default Workstation transformation is provided when the Workstation is opened. The Workstation transfor¬
mation can be redefined at any time while the Workstation is open. The Workstation transformation is a uni¬
form mapping from LDC onto DC and thus performs translation and equal scaling with a positive scale factor
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for the two axes. A Workstation transformation is specified by defining the limits of an area in the LDC system
within the ränge [0,1] x [0,1] (woikstation window) which is to be mapped onto a specified area of the device
coordinate space (Workstation viewport). Workstation window and Workstation viewport limits specify rectan¬
gles parallel to the coordinate axes in LDC and DC. The rectangles include their boundaries. To ensure that
no Output outside the Workstation window is displayed, GKS clips at the Workstation window boundaries, and
this clipping cannot be disabled. As the Workstation window is defined to be somewhere in the LDC ränge
[0,1] X [0,1], this ensures that the only part of LDC space that can be viewed on any wotkstation lies in the
ränge [0,1] x [0,1]. If the Workstation window and Workstation viewport have different aspect ratios, the scal-
ing specified would be different on each axis if the Workstation window was mapped onto the Workstation
viewport in its entirety. To ensure equal scaling on each axis, the Workstation transformation maps the Works¬
tation window onto the largest rectangle that fits within the Workstation viewport such that:

d)ûaspect ratio is preserved;

e)ûthe lower left-hand comer of the Workstation window is mapped to the lower left-hand comer of the
Workstation viewport.

Thus, space is left unused at the top or right side of the Workstation viewport if the aspect ratios of the Worksta¬
tion window and Workstation viewport are different

When a display is addressed through a window manager, the window provided by the window manager is
analogous to the display surface of a conventional display. The limits of the display space can be inquired
from the Workstation description table. The Workstation viewport is then defined relative to the display space
in the usual way. The window manager is required to retain the contents of the display surface and do damage
repair correctly.

All Workstation transformations are set by default to map LDC space [0,1] x [0,1] onto the whole of the Works¬
tation display space. If the display space is not Square, the same rules as above apply to achieve equal scaling
on each axis.

Workstation transformations are changed by the SET WORKSTATION WINDOW AND VIEWPORT func¬
tion.

7.7 Output primitives

Each Output primitive has four classes of attributes (identification, source, NDC and logical). When a primi¬
tive is created, the current values of all the attributes of the primitive in the GKS State list are bound to the
primitive. The values of attributes of primitives in the NDC picture can be changed by editing (see 6.5.2).

Each Workstation has a set of bündle tables, one per primitive class. A bündle index is defined fw each class
of bündle table. Each bündle table entry contains values for a set of logical attributes. For example, the curve
bündle table has a set of entries each of which contains values for CURVETYPE, CURVEWIDTH SCALE
FACTOR and CURVE COLOUR SPECIFIER accessed via the curve bündle table index.

Values for each of the logical attributes are also present in the GKS State list. The GKS State list also contains
entries for an index value for each bündle table and sets of attribute source flags (ASFs), one for each logical
attribute and grouped by primitive class. The initial values of all the ASFs are INDIVIDUAL. The bündle
index and set of ASFs for a particular primitive class constitute the source attributes of that primitive class.

At the Workstation, values of logical attributes of Output primitives are determined in the following way:

a)ûfor all logical attributes for which the ASF is INDIVIDUAL, the values already bound to the primitive
are used directly;

b)ûfor all logical attributes for which the ASF is BUNDLED, the values bound to the primitive are replaced
by the values of the corresponding attributes in the bündle table entry indexed by the bündle index bound
to the primitive.

Figure 7 shows diagrammatically how the binding takes place. The logical attributes for a particular primitive
are bound to a primitive on creation from the GKS State lisL At the same time, the attribute source flags
(represented here by arrows, up representing INDIVIDUAL, down representing BUNDLED) together with the
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class index into the bündle table are also bound. All these attributes are available for editing in the NDC pic¬
ture. In the creation of the logical picture, the index into the bündle table selects a bündle table entry. The
direction of the arrow decides whether the INDIVIDUAL values already bound to the primitive are retained,
or the values in the bündle table entry are bound to the primitive.

Attributes
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Bündle index
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NDCA NDCB NDCC

1 t

PRIMITIVE

r
PRIMITIVE
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Figure 7 - Effect of different ASF settings

7.8 Colour
Colour is specified in a number of different situations. It may be an attribute of a primitive, in which case it is
specified by a colour specifier. It may be part of a pattem for area primitives, or part of the primitive itself
(namely for CELL ARRAY); in both these cases, colour is specified by a colour array specifier.

Colour specifiers may be of two colour types. If the colour type is indirect the colour specifier contains a
colour index, an index into the Workstation colour table. Altematively the colour specifier contains a colour
model name together with a specification of colour coordinates in the colour space of that model. Colours in
the Workstation colour table are defined by a colour model name and colour coordinates in that model.

A colour array specifier specifies an array of colours. This may be either an array of colour indices or a
colour model name and an array of colour coordinates in that colour model.
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Colours are associated with a colour index by the function SET REPRESENTATION (see 7.9). The function
INQUIRE WORKSTATION STATE LIST ENTRY can be used to determine the colour value associated with
a colour index. The parameters of these functions describe colour as a specification of colour coordinates in
the colour space of the specified colour model. The number of coordinates necessary to specify colour, and
their Interpretation, depends on the colour model.

Four colour models, RGB, CIELUV, HSV and HLS are predefined. The colour models RGB and CIELUV
shall be provided. Note that some enumeration values are reserved for registration. The four predefined
colour models are described in Annex E.

On each Workstation, there is one colour table into which all the colour indices point. The size of the colour
table is Workstation dependent but entries 0 and 1 always exist. Entry 0 corresponds to the background colour.
The background colour is the colour of the display space after it has been cleared. Entry 1 is the default fore-
ground colour and entries higher than 1 correspond to alternative foreground colours. INQUIRE SPECIFIC
WORKSTATION DESCRIPTION TABLE ENTRY can be used to determine the predefined colour represen-
tations for a Workstation. The colour coordinates are retumed in an appropriale colour model for the Worksta¬
tion.

When colours are realized they are mapped to the nearest available on the Workstation. Some Workstations do
not have the capability to change the background colour, and in this case the mapping of a specific colour to
the nearest available for the background colour may be different from the mapping of the same colour for the
foreground colours.

The 'colour characteristics of display' entry in the Workstation description table describes the colour capabili¬
ties of the display and provides information that enables the application to make best use of the colour capabil¬
ities of the Workstation. For Workstations capable of producing precise colours the 'colour characteristics of
display' entry provides sufficient information to the application to enable precise colour specifications to be set
up. The Information retumed is Workstation dependent

Some Workstations are not capable of displaying colours (for example, Workstations only capable of displaying
colours with equal red, green, and blue intensities or Workstations only capable of displaying colours which are
different intensities of the same colour); these are referred to as monochrome Workstations. Whether a Works¬
tation is capable of colour is recorded in the 'colour available' entry in the woikstation description table. If the
'colour available' entry is set to MONOCHROME, the intensity is computed from the colour values in a
Workstation dependent way (see Travis, Annex F).

The function CONVERT COLOUR can be used to convert colour specifiers to colour coordinates in a
specified colour model. The conversion is performed according to the conversion algorithms used by a
specified Workstation and hence can be used to determine how a particular colour specifier will be realized by
a particular Workstation.

7.9 Setting representations
The function SET REPRESENTATION defines an entry in a bündle table, the pattem table or the colour table
of a woikstation. Some Standard definitions for data entries are contained in the Workstation description table
and are used as initial values. The application program can select a Standard definition or can define the value
of a specific entry explicitly. Only the most commonly used (or anticipated) combinations of values need be
predefined for each Workstation. At least these predefined entries wiih indices up to the minimum number of
predefined entries are distinguishable from each other. Other combinations of values can be set by the SET
REPRESENTATION function, possibly after inquiring the Workstation capabilities. The tables which are on
every woikstation are:
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curve bündle table
marker bündle table
area bündle table

pattem table
character bündle table

colour table

The values in these tables may be changed at any llme. Changes only effect the rendering of primitives in the
logical picture. If the change of representation were to have any effect on the backdrop, the backdrop is
removed from this Workstation. It is possible to set an entry to undefined as a means of recovering storage.

7.10ûRemoving a backdrop

The backdrop on a Workstation can be removed by invoking the function REMOVE BACKDROP. (The back¬
drop can also be removed by invoking the function CLEAR WORKSTATION.) Changes to the Workstation
State list can change the NDC picture. If such changes occurred while similar output was routed to the back¬
drop, the backdrop is removed since it is not always possible to update the backdrop.

7.11ûVisual elTect State

The function SET WORKSTATION VISUAL EFFECTS allows the application to suppress and resume updat¬
ing of the logical and realized pictures. This allows a group of Updates to be made to appear atomic.

When Visual effects State is SUPPRESS, changes have no effect on the logical and realized pictures. When
routed to the backdrop, any primitive should be routed to the open Workstations irrespective of the Worksta¬
tions' Visual effects State. When visual effects State is ALLOW, updating of the logical and realized pictures is
continuous. When the visual effects State is changed from SUPPRESS to ALLOW, changes made whilst the
Visual effects State was SUPPRESS now produce effects in the logical and realized pictures.

A function GET WORKSTATION STATUS allows the application to ascertain when all the suppressed
effects (for example, from a group of Updates) have been accomplished.

7.12ûRealized metafile

The Contents of the realized picture may be captured and stored for future use or transmission to another sys¬
tem. The function COPY REALIZED PICTURE TO REALIZED METAHLE will störe the realized picture
as a picture on the specified metafile. Blank pictures may be inserted in the realized metafile. This can be
achieved by invoking the function COPY BLANK REALIZED PICTURE TO REALIZED METARLE. The
picture can be recovered at a later time and added to the current backdrop by invoking COPY REALIZED
METAFILE PICTURE TO BACKDROP. The backdrop cannot be captured in a realized metafile. The exter-
nal representation of the realized metafile is not defined in this International Standard.

7.13ûLogical input devices

7.13,1 Introduction

A Workstation may have one or more logical input devices for each input class. A logical input device is
identified by a logical input device identifier which consists of a Workstation identifier, a device class and the
device nimiber within that class on that particular Workstation.

The application program has some degree of control over logical input devices in that it can supply an initial
value for the device, set an area of the display space for the display of prompt and echos and select prompting
and echoing techniques to be used.

The application program can also define the composition of Compound logical input devices in terms of the
measures and triggers provided by the Workstation. A measure is a value which is determined by one or more
physical input devices and a mapping from the values delivered by the physical devices. A trigger is a
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condition which determines when a logical input value is delivered by a logical input device.

7.13.2«Initialization of logical input devices

Logical input devices may only be initialized when in REQUEST mode. The INITIALI2E LOGICAL INPUT
DEVICE function provides the following information to a device via the Workstation State list (if the INI-
TIALIZE LOGICAL INPUT DEVICE function is not invoked, then default values ^ply):

a)«An initial value appropriate to the device. If the initial value violates the rules, an error occurs and the
Werkstation State list is unchanged.

b)«A prompt and echo type that selects the prompting technique and, if echoing is on, the echoing tech-
nique for a logical input device. An implementation dependent prompt and echo type (type 1) is required
for all logical input devices. Further prompt and echo types are defined but not required. Prompt and echo
types above those are reserved for registration (see 4.2). Prompt and echo types less than 0 are device
dependent.

c)«An echo switch that controls whether echoing is on or off.

d)«An echo area (xmin,xmax,ymin,ymax) in device coordinates. Input device implementations may use the
echo area for certain prompt and echo types to display prompts or echoes. The specified echo area need
not be within the current viewport. An input device implementation is not required to use the specified
echo area; in a windowing environment echoing may be provided outside the display space.

e)«A data record. Some input classes have mandatory control values in the data record. Some prompt and
echo types within an input class also have mandatory control values in the data record. These values
occupy well defined places in the data record. In any data record used in initializing an input device,
values mandatory for the input class, if any, appear first followed by values mandatory to the prompt and
echo type, if any. Depending on the device and prompt and echo type, the data reconJ may contain other
(additional) information.

When a logical input device is REQUESTed, or when it is set to EVENT or SAMPLE mode, its measure is set
to the initial value from the Workstation State list, unless this is not a valid measure for the device. If it is not a
valid measure for the device, the measure is set to a device dependent value, except for PICK devices, for
which the measure is set to NOPICK.

Prompt and echo types describe both the prompt, which informs the operator that the device is available, and
the echo, which informs the operator of the State of the measure. In addition, an implementation dq)endent
acknowledgement of successful trigger firings is provided.

7.13.3«Definition of logical and composite input devices

The application program can construct logical input devices of composite types using the function DEFINE
LOGICAL INPUT DEVICE. Each Workstation supporting input devices provides a number of measures and
triggers that map onto physical devices associated with the Workstation. The application can specify which of
these measures and triggers are to be used in constructing the measure and trigger processes for a specified
device. The value retumed by such a device is a sequence of values of basic or constructed types. Satisfaction
of any of the trigger conditions specified causes the corresponding logical input device's trigger to fire.

For example, an input device could be defined which retums two measures from a Single physical device such
as a mouse. The first measure could be derived from the mouse's position and the second measure could be
derived from the current positions of the buttons on the mouse.

7.14 Sending messages to a Workstation

The MESSAGE function allows a character string to be sent to a Workstation. The application program has no
control Over the position and appearance of the character string and an implementation is allowed to place the
string on a device distinct from, but associated with, the Workstation. For example, in a windowing environ¬
ment the message could appear in a pop-up window.
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8 Output primitives

8.1 Introduction

Clause 6 contains a description of the overall capabilities of the Output primitive classes and their attributes.
This clause gives details of the Output primitives and attributes in each class. The logical attributes for each
class are given in the following table. TTie individual subclauses give their meaning.

Output primitive class Logical attributes

CURVE CURVETYPE
CURVEWIDTH SCALE FACTOR
CURVE COLOUR SPECMER

MARKER MARKERTYPE
MARKERSIZE SCALE FACTOR
MARKER COLOUR SPECIFIER

AREA INTERIOR STYLE
INTERIOR STYLE INDEX
INTERIOR COLOUR SPECIHER
EDGEFLAG
EDGETYPE
EDGEWIDTH SCALE FACTOR
EDGE COLOUR SPECIFIER

CHARACTER CHARACTER FONT AND PRECISION
CHARACTER EXPANSION FACTOR
CHARACTER SPACING
CHARACTER COLOUR SPECIHER

IMAGE

DESIGN

8.2 Curve Output primitives

8.2.1 Curve primitives

The Output primitives in the class curve are:

a)S̈ET OF POLYLINE:g̈enerates a set of curves each of which is a sequence of connected
lines defined by a point sequence.

b)S̈ET OF NURB:g̈enerates a set of curves each of which is a nurb.

c)S̈ET OF CONIC SECTION: generates a set of curves each of which is a conic section.

A nurb path is defined as follows. The nurb is specified by its order k (degree Jt-l), the knot sequence
(Ti,ẅhere n is the number of control points, and the set of control points {P,)", a set of
weights {Wj}", a minimum and maximum of an independent parameter t. For non-rational control
points, the weights {IV, ) are all taken as 1. The knot sequence must satisfy (simultaneously):

Ti<T2 -

The curve is the (infinite) set of points P for all possible values of t between and
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