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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commis-
sion) form the specialized system for worldwide standardization. National bodies that are members of ISO or
IEC partnc1pate m Lhe development of Intemauonal Standards through techmcal committees establlshed by the
ittees
govemmemal and. | non-

collaborate 1n ﬁelds of mulual interest. Other mtcmauonal organizations,

In the field of information technology, ISO and IEC have established a joint technical committee, ISQ/IEC
JTC1. Draft International Standards adopted by the joint technical committee are circulated-to national bodies
for votipg. Publication as International Standard requires approval by at least 75% of the national bodies| cast-

International Standard ISO/IEC 7942-1 was prepared by Joint Technical Committée ISO/IEC JTC1, Infgrma-

This se¢ond edition cancels and replaces the first edition (ISO 7942:1985), which has been technically re;]:sed.

7942 consists of the following parts, under the general title./nformation technology — Co
and image processing — Graphical Kernel System (GKS):

uter

Part 1: Functional description
Part 2: NDC metafile

Part 3: Audit trail

Part 4: Picture part archive

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

viii
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The Graphical Kernel System (GKS) provides a set of functions for computer graphics programming that can
be used by a range of applications. The main motivations for standardization are to improve portability of pro-

grams

a)
fu

b)

Design: the three goals are consistency of approach, compatibility with related standards andorth:
ctionality where possible.

should be such as to achieve compact programs. Richness should be provided by utilities and tool
top) of GKS rather than non-standard extensions to GKS.

)

Clarity: the underlying concepts should be easily understood, especially by the application progr

To| achieve this, GKS is defined using a small set of functions with precise$pecification of the da
tures that define the state of GKS and the effect that functions have on this state.

d)

thg application having control over the action taken.

e)
ity|
wi

f)

Separation of device dependent functionality: in GKS thereds a Clear separation between the func

h all device dependent functions.

frgm the operating system should not be excessiveZ;GKS should be efficient to implement on co

avy
This I

hilable hardware and it should be easy to produce a robust product.

and to define a basic methodology. Portability is achieved by providing all the capabilities necessary in
a devige-i [he-followineprinciples-are-used-in-specifvinge GKS-

bgonal

Functionality: the goals are completeness with the minimal set of functions. Organization of furctions

Kits on

mer.
struc-

Error handling: all errors caused by incorrect function invocations-or internal failures are loggefd with

tional-

that is device dependent and device independent. GKS‘has the concept of a workstation which deals

mplementation: GKS should be realizable in a wide range of host languages. The support GKS r¢quires

monly

hternational Standard (known informally as' "GKS-94") has a strong relationship to the principles and

functignality of ISO 7942:1985 (known informally as "GKS-85"). However, it has been updated to provide
additignal functionality, cleaner concepts.and an International Standard for modern hardware. Minor ¢

made

An
result,
primit
store.
The IY
ics M¢

nclude some additional primitives, some minor extensions to input, a clearer definition of the ND

ture ::[d simplification of deferral.

eset attribute has been added and this is used as a selection criterion for a range of functions
the equivalent of the ISO 7942:1985 segment (picture part) no longer needs attributes separate fr

O 7942:1985 metafile is replaced by an audit trail and an NDC metafile based on the Computer {
tafile (ISO/IEC 8632).

anges
IC pic-

As a
bm the

ve atiributes. The segment facilities of ISO 7942:1985 are provided in terms of the new picture part

Graph-
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Inf¢grmafion technology — Compufer graphics and image processing, -

Grgphical Kernel System (GKS) — Part 1: Functional description

1 S¢ope

This part of ISO/IEC 7942 specifies a set of functions for.computer graphics programming, the Graphigal Ker-
nel System (GKS). It provides functions for twocdimensional graphical output, the storage and dynamic
modification of pictures, and operator input. GKS functions and datatypes are specified independently| of pro-
gramming languages.
GKS |establishes a system for device indepéndent graphics programming by separating picture composition
and ijmeraction from the realization of thé.pictures on a specific output device and the input devices usedl by the
oper4tor.

This [nternational Standard is applicable to a wide range 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
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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

e nplvin he _mo ecent—editi a he ndard 1ste elo 0 and ISO

Membe

in registers of cuently valid International Standards.
ISO/IEC 646:1991, Information technology - ISO 7-bit coded character set for information interchange.

ISO 20R2:1986, Information processing - I1SO 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 intgrchange.

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

- Part 1 : Functional specification.
- Part 2 : Character encoding.

- Pqrt 3 : Binary encoding.

- Pqrt 4 : Clear text encoding.

ISO/IEC 9541:1991, Information technology~ Font information interchange.
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3 Definitions

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

3.1 picture: A spatially structured sequence of output primitives destined for storage or display on a worksta-
tion. The following pictures exist: NDC picture, logical picture, realized picture.

3.1.1 NDC picture: The picture in which graphical output is composed by the application program and
with which the operator interacts using graphical input devices.

.2 logical picture: The picture constructed from the NDC picture for a particular workstation in [which
logical attributes are bound to output primitives.

3.1.3 realized picture: The picture constructed from the logical picture for a particular workstation by
ding the precise definition of colours specified either directly or indirectly/\The realized picfure is

3.3 cogrdinate system: The metric used to specify graphical output-and positional input. The coordinate Sys-
e world coordinates, normalized device coordinates, logical device coordinates and device coordjnates.
rdinate systems are cartesian.

3.3.1 world coordinates (WC): The coordinates used by the application program to define output [primi-
tives and positional input.
3.3.2 normalized device coordinates (NDC): The coordinates used to define the NDC picture and picture

3.3.3 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.
3.4 trdnsformation: A process for transforming one coordinate system to another.

3.4.1 normalization transformation: A window-to-viewport transformation that maps positions in WC to
NIDC.

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

3.4.3 view orienfation: 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.

3.4.5 workstation transformation: A workstation window-to-viewport mapping that maps positipns in
LDC. todevice coordinates, preserving aspect ratio.

3.5 scissoring: 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.

3.6 picture part store: A collection of picture parts.
3.6.1 picture part: A sequence of output primitives with associated attributes.

3.7 state 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).

3.8 description 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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3.9 backdrop: Graphical output that appears on the workstation but is not part of the NDC picture, logical pic-
ture, or realized picture. The backdrop 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.
3.10 output primitive: A basic graphical element used to construct the NDC picture and picture parts.

3.11 audit trail: The external entity for representing the sequential flow of information across the interface
between the application and GKS.

3.12 oitput primitive classes: A classification associated with output primitives. A set of logical attfibutes
apply {o 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!

3.12.1 curve: A class of output primitive which generates a set of curves. The output primitives [in the
class are set of polyline, set of nurb and set of conic section.

3.12.1.1 set 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.

3.12.1.2 set 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-rationgl ver-
sions are allowed.

3.12.1.3 set of conic section: A type of output primitive<onsisting of a set of curves each of which is
defined by a conic section.

3.12.2 marker: A class of output primitive which generates a sct of symbols. The only output primifive in
the class is polymarker.

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

3.12.3 area: A class of output primitive which generates a set of areas with edges. The output primitjves in
thq class are set of fill area, set of closed nurb, set of elliptic sector, set of elliptic segment and set of ¢lliptic
disc.

3.12.3.1 set of fill area: Atype of output primitive consisting of a set of areas each of which is defined
by a closed sequence of connected points.

3.12.3.2 set of closedinurb: 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 profluce a
closed‘curve if the two points are not coincident.

3.12.3.3set 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 arc area is closed by lines from the ends of the arc to the|centre
ofthe ellipse.

3.12.3.4 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.

3.12.3.5 set of elliptic disc: A type of output primitive consisting of a set of areas each of which is
defined by a complete ellipse.

3.12.3.6 edge: The boundaries of closed regions defined in the area class of output primitives.

3.12.4 character: A class of output primitive which generates a sequence of glyphs. The only output prim-
itive in the class is text.

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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3.12.4.1.1 glyph: A recognizable abstract graphic symbol which is independent of any specific
design (ISO/IEC 9541).

3.12.4.1.2 glyph body: A rectangle used by a font designer to define a glyph shape (sce figure 1).
All glyph bodies in a font have the same height.

3.12.4.1.3 glyph shape: The set of information in a glyph representation used for displaying the
dimensions and positioning of the glyph shape (ISO/IEC 9541).

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

3.12.4.1.5 topline: A horizontal line at the top of a glyph body (see figure 1) which is jusbabove the
upper limit of all glyph shapes in a font. Ascenders and accents are below the topline:

3.12.4.1.6 capline: 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. Anascender

y 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

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

3.12.4.1.8 halfline: A horizontal line between the capling™and the baseline within the glyp

1€S.

y glyph
5 below

h body

(see figure 1), about which a horizontal string of glyphs in a font would appear centrally placed in
the vertical direction. All halflines in a font are in theé.same position in the glyph bodies.

3.12.4.1.9 bottomline: 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 th¢ glyph
bodies.

3.12.4.1.10 centreline: A vertical line.bisecting the glyph body (see figure 1).
3.12.4.1.11 leftline: A vertical ling.at the left of a glyph body (see figure 1) which is to thq
all glyph shapes in a font.

left of

3.12.4.1.12 rightline: 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 S ,
|
cap S p——
___l te—— glyph body
half S ) S
base S R [
—
%
bottom -— :
[ | 1
| I 1
left  centre right

Figure 1 - Glyph coordinate system

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

3.12.4.1.14 font 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
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3.12.4.1.15 posture: The extent to which the shape of a glyph or set of glyphs appear to incline,

including any consequent design or form change (ISO/IEC 9541).

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

glyph

3.12.5 image: A class of output primitive which generates images. The only output primitive in the class is

cell

array.

3.1]
sten

3.1]

cells, each having a single colour.

cil. Stencils are stored in the stencil store. Tilings are stored in the tiling store.

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

where the last point is the same as the first.

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

3.12.6.1.3 contour: A stencil which is defined as the outline surrounding a path.
3.12.6.2 tiling: A sequence of tiling components.

3.12.6.2.1 tiling component: A replicated tile.

3.12.6.2.2 tile: A pattern defined as a curve, area or.design.

reqpirements.

3.13 at
3.1]

3.1

fribute: A particular property that applies teian output primitive.
8.1 identification attributes: A class of attribute used to name output primitives.

3.13.1.2 pick identifier: An idéntification attribute of an output primitive.

3.13.1.3 selection criterion:“A rule for choosing elements from a sequence of output prim
Selection criteria are expressed as operations on namesets.

8.2 NDC attributes: A class of attribute bound to primitives when they are created which com
geometric definitions of primitives.

3.13.2.1 local transformation: An NDC attribute which defines a transformation in NDC space
is applied to the geometry of a primitive to position individual output primitives.

3.13:2.2.global transformation: An NDC attribute which defines a transformation in NDC
whichis applied to the geometry of a primitive after the local transformation. Global transform

a;e_used_m_apply_a_gmfnrmoﬁnn to-a comnlete obhiect
1 J

3.13.1.1 nameset: An identificatiorhattribute (in the form of a set of names) of an output primitivel

3.12.5.1 cell array: A type of output primitive defined by a rectangular grid of equal size rectarjgular

.6 design: A class of output primitive which generates graphical output by extruding a,tiling through a

ay be

3.12.6.1.1 closed path: A sequence of paths where the end of one path'is’the start of the next and

.7 generalized drawing primitive (GDP): A type of output primitive used to address special qutput

tives.
pletes
which

space
ations

3.13.2.3 NDC 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.

3.13.3 source 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. Bun-

dle

indices and attribute source flags are source attributes.
3.13.3.1 bundle index: An index into a particular bundle table.

3.13.3.2 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 bundle table using the bundle index bound
NDC level. Attribute source flags for each of the logical attributes of a primitive are bound

at the
to the
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primitive at the NDC level.

3.13.3.3 bundle table: A workstation dependent table with entries accessed by a bundle index. Each
table entry defines the values of a set of logical attributes to be associated with a class of output primi-
tive. Whether 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.

3.13.4.1 colour specifier: A colour type and colour value. Colour may be specified either dire¢tly or
indirectly. If the colour type is indirect, the colour value is a colour index, otherwise the €oloyr type
defines a colour model and the colour value defines the value of the colour in that modeli The rgalized
picture defines the precise colour of primitives by substituting the appropriate definitions: for indirectly
specified colours.

3.13.4.2 colour array specifier: A colour type and colour value. If the coloup type is indiregt, 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.

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

3.13.4.4 colour table: A workstation dependent table. Each table_entry defines, by a colour jmodel
name and associated values, the colour corresponding to a particular value of the colour index.

3.14 Iqgical input device: An abstraction of one or more physicalidevices that delivers logical input values to
the program. Specific logical input devices may be of class logator, stroke, valuator, choice, pick, stripng and
compasite.

.14.1 logical input value: A measure value delivered by a logical input device.

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

3.14.1.2 trigger: A condition which detérmines when a logical input value is delivered by a logical
input device.

3.14.2 locator: A class of logical input device providing a position in world coordinates and a normaliza-
tiop transformation number.

3.14.3 stroke: A class of logical input device providing a sequence of positions in world coordinate§ and a
nofmalization transformation number.

4.4 valuator: A classof logical input device providing a real number.
4.5 choice: A Class of logical input device providing a positive integer.
4.6 pick: AClass of logical input device providing the identification attributes of an output primitiyve.
4.7 string: A class of logical input device providing a character string.

4.8 composite: A class of logical input device built up from previously defined devices.

W oW W W W W

3.14.10 echo: 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.

area 3.123 bottomline 3.124.19
attribute 3.13 bundle index  3.13.3.1
attribute source flag (ASF)  3.13.3.2 bundle table 3.13.33
audit trail 3.11 capline 3.124.1.6
backdrop 3.9 cell array 3.125.1
baseline 3.124.1.7  centreline 3.124.1.10
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character 3.124 normalization transformation number ~ 3.4.2
choice 3.145 normalized device coordinates (NDC)  3.3.2
closed nurb 3.123.2.1 nurb 3.12.1.2.1
closed path 3.126.1.1 output primitive 3.10
colour array specifier 3.134.2 output primitive classes 3.12
colour index 3.134.3 path 3.126.1.2
colour specifier 3.134.1 pick 3.146
colour tabte 31344 picltidentifier 34342
compogite 3.14.8 picture 3.1
conto! 3.12.6.1.3 picture part 36.1
coordinate system 33 picture part store 3.6
curve 3.12.1 polymarker 3.122.}
description table 3.8 posture 3.124.1.15
design 3.126 prompt 3.149
device |coordinates (DC) 334 realized picture 3.1.3
display space 322 rightline 3.124.1.12
display surface 321 router 39.1
echo 3.14.10 scissoring 35
edge 3.12.3.6 selection criterién 3.13.1.8
escapement 3.124.1.16  set of closed nurb 31232
font 3.12.4.1.13  set of conic,section 3.12.1.8
font regource 3.12.4.1.14  set of élliptic disc 3.12.3.5
generalized drawing primitive (GDP)  3.12.7 set of-elliptic sector 3.12.3.3
global fransformation 3.13.2.2 setof elliptic segment 3.12.3.4
glyph 3.124.1.1 set of fill area 3.123.}
glyph body 3.124.1.2 set of nurb 3.12.1.2
glyph fepresentation 3.124.14 set of polyline 3.12.1.}
glyph ghape 3.12:4:1.3 source attributes 3.133
halflin 3124.1.8 state list 3.7
identiffcation attributes 3.13.1 stencil 3.12.6.1
image 3.12.5 string 3.14.7
leftling 3.124.1.11  stroke 3.143
local tﬂansformation 3.13.2.1 text 3.124.1
locato 3.142 tile 3.12.6.2.2
logicall attributes 3.134 tiling 3.126.2
logical device coordinates (LDC) 333 tiling component 3.126.2.1
logical input device 3.14 topline 3.124.1.5
logical input value 3.14.1 transformation 34
logical pictare 3.1.2 trigger 3.14.1.p
markey 3.122 valuator 3.144
measurc It vicw mappiug 44
nameset 3.13.1.1 view orientation 343
NDC attributes 3.132 view scissoring 3.5.1
NDC picture 3.1.1 workstation 32
NDC scissor 3.13.2.3 workstation transformation 34.5
normalization transformation 34.1 world coordinates (WC) 33.1
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4 Conformance

4.1 Specification

The set of functlons known as GKS shall be as descrlbed m clauses S, 6 7,8, 9 10 11, 12, 13 and 14 and

For certain parameters of the functions, GKS defines value ranges as being reserved for/registratiopn. The
meanings of these values will be defined using the established procedures described. i ISO/IEC TR 9973:
1988.| These procedures do not apply to values and value ranges defined as being workstation or implgmenta-
tion dependent; these values and value ranges are not standardized.

1) For the purpose of this part of ISO/IEC 7942 and according to the rules for the designation and operation of registration
authorities in the ISO/IEC Directives, the ISO and IEC Councils have designated the following as the registration authority:
National Institute of Standards and Technology (National Computer Systems Laboratory), The Registration Authority for
Graphical Items, A-266 Technology Building, 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

which fase it cannot be interacted with.

For each workstation, a number of views of the NDC picture can be selected. Each viewnhas all the logical
attribufes bound to create the logical picture as the set of views. Finally, the precise-colour definitiops are
bound [to create the realized picture for display on the workstation’s display space. Changes to the ND{C pic-
ture will be reflected in changes to the logical and realized pictures.

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

5.2 Qutput primitive classes and attributes

Outpuf primitive classes are abstractions of basic actions a device-can perform such as drawing curves, render-
ing arejas and writing character strings. There may be several different types of output primitive in each| class.
Associpted with output primitives are attributes which defineradditional properties of the primitive. For gxam-
ple, th¢ type of curve to be output is specified by a primitive-attribute.

d) Jogical

Identification attributes can be uséd to partition output primitives into sets for a variety of purposes. Th¢ main
identification attribute is the nameset.

NDC qgttributes complete the geometric definition of the output primitive in the NDC coordinate spacg. All
output|primitives have a(local transformation, a global transformation and an NDC scissor as NDC attributes.

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

Logicdl autributésdefine the appearance of the output primitives in the logical picture to be displayed pn the
workstation,

When andutput primitive is created, identification, NDC, logical and source attributes are bound to it.

. £ - —— - 1 A NAnVal - 1 1
Attributes of output primmtrves i the WD Cpreture mmay - bechanged:

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

10
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picture 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 workstation bundle 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 obtained by binding the required colour information, for indirectly specified colours

(point ; ; C pic-
ture anjd picture part store. Figure 4 shows the logical and the realized pictures.
[ Application | wC
NDC
NDC
picture
Fan outhere to multiple workstations
NDC
View l
1 View ]
2 View LDC
3
Logical picture
DC
Backdrop
- |
View ———— Realized
1 View .
) View picture
3
A
Display

Figure 2 - GKS overview
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Figure 3 - GKS NDC picture

12


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC ISO/IEC 7942-1:1994(E)
Concepts Workstations
Selection of backdrop and NDC picture for Workstation 1
2
backdrop v
Remove identification
attributes
Transform to LDC J/ View selection, orientation,
T . . .
mapping and scissorin
: P ffr View 1 3 . : . : {oC
L ! / View selection, orientation;
RS 1\: mappirflg anfi scissoring
Bundle | - S g or View 2 e
tables ! e
! A
I :
X :
; ¥ \
. View 1 |
i Logical View2
! picture Lagical
I picture
: |
X :
S 1 Workstation transformation e
T $ |
) )
[ PostponedNDC scissor ] DC
: : |
! Postponed view scissor |
1 : |
| :
Workstation clip |
| :
-~ :
\# E
Colour  |'/ . b :
table : Lt
- N
| .
] View 1
i Reatized
N picture :
Realized 1 View 2
I : Realized
metafile + : .
I : picture
T~ ~ : E
Y Teeeens
' i

Display

Figure 4 - GKS logical and realized pictures
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5.4 Coordinate systems and transformations

Output 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 workstation independent coordinate system.

The appllcauon specnﬁes the orientation and mappmg from NDC to LDC for each view on a workstation.

receive$ logical input values from logical input devices.

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

Three ¢perating modes are defined for every logical input dévice. The operating modes specify whether the
operator or the application has the initiative in controlling inptt.

5.6 Picture part store

Sequenkes of output primitives with associated. attributes may be defined as a picture part and retained ip 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 pjicture
part. The global and local transformation attributes of output primitives in a picture part may be changed as
the picfure part is added to the NDE picture, thus enabling several instances of a picture part to appear jn the
NDC pjcture. The namesets of outpat primitives in a picture part may be changed as the picture part is apdded
to the NDC picture. Picture parts may also be created by selecting output primitives from the NDC picture.

5.7 State lists
State lifts precisely déscribe the current state of an application in its use of graphics. Two types of su}te list

exist. The GKS(state list describes the current state of the NDC environment as shown in figure 3 and the
input gpieue ~The workstation state list describes the current state of a workstation. Several workstatior) state
lists mdy be 'in use at the same time.

5.8 Description 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.

5.9 Metafiles and archives
The contents of the NDC picture and realized picture may be stored and retrieved from metafiles.
The picture part store may be archived.

14
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5.10 Routing to the backdrop

A backdrop is defined. Output primitives may be routed to the backdrop or the NDC picture. Output primi-
tives in the backdrop appear on the workstation 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 workstations. Once the selection has been
made, the identification attributes for primitives in the backdrop are removed so that it is not possible for the
operator to interact w1th mformanon drsplayed in the backdrop Attnbutes are bound to the pnmmves before

are-dis e ation : h Fa by an

The rqalized picture and backdrop are conceptually dispatched to the display of the workstation-on s¢parate
will cause it to be deleted from the display (see 7.10).

5.11 |Audit trail

Auditg of the sequence of GKS functions invoked by an application may be captured/selectively in audit|trails.
User records may also be added. Functions are provided to playback audits forvinquiry and execution|of the
output functions. An audit can be used to store the GKS functions that define a backdrop for later playbgck.

5.12 [Segments

Segmgnt 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®¢riteria which give a more powerful mdans of
selecting data for display.

the segment name. On closure, the output primitives.that make up the segment are stored as a picture [part in
pictur¢ part store with a picture part name that is\a mapping of the segment name. Segment attribujes are
specified by selection criteria and primitive attributes.

An opgn segment is defined as a collection of output primitives in the NDC picture identified by a maplEng of

5.13 |Compatibility with ISO 7942:1985

Each GKS implementation shall ensufe that it is possible to provide the functionality of ISO 7942:1985.
AnneX G illustrates one way of achiéving it.

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 concerng¢d, and
for segment operations.

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

5.14 |Summary

The main concepts are all contained in ﬁgures 3 and 4. Tables specrﬁc to smgle prrmmve classes hdve not

show 1 ag mands
generated by the appllcatton can be stored in an audit trail and replayed later The commands can change
values in the GKS state list (define text height, sclect 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 store. 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 output 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 scissored 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 number of output
primitives. The NDC scissor may be postponed until after the workstation transformation if scissoring of the
output primitives’ shape rather than locus is required.

The NDC picture can be captured in an NDC metafile

A seleftion criterion on the identification attributes of the output primitives in the NDC picture o baJkdrop
defined 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 worksjation.
Each dutput primitive selected from the NDC picture can appear in several views on a workstation. A second
selectipn criterion selects the set of output primitives to appear in each view. For each yieéw, the output(Flcimi-
tives can be reorientated and mapped to a different position in LDC space. The vdlues of logical attfibutes
(from fhe bundle tables) may replace the values bound in the NDC picture, depénding on the values pf the
sourcelattributes, to create the logical picture.

The bdckdrop has the identification attributes of its output primitives removedto ensure that the operatdr can-
not interact with the backdrop. No view selection takes place. As can be.s¢en by the dashed lines emahating
from the bundle table and colour table, the backdrop has the relevant(bundle table information bound fo it in
the same way that the output primitives from the NDC picture havé4he information bound to create the logical
picturg. 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 colouf table
for prinitives for which colour is specified indirectly.

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

It is pdssible to store the realized picture as-a sequence of output primitives in the realized metafile. Realized
metafiles can be read back into the backdrop.

16
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6 The Graphical Kernel System

6.1 Initialization

To activate GKS, the function OPEN GKS is invoked. This defines a set of data structures (called state lists
and .. . . . . : i lists are
dynarpic and may change during program execution. Description tables define the characteristics of'a. particu-
lar system. The following data structures are initialized on GKS being opened:

Operating state list: defines the state of GKS.

GKS description table: gives information about the workstations and fonts available.

a
b

¢) GKS state list: provides information about the state of GKS as the execution,6f'a program progresses.
On OPEN GKS being invoked, it is set up with predefined default values.
d

Generic workstation description tables: these each describe the charactefistics of a type of workfstation.
One is provided for each type in the GKS implementation accessed.

Inquiry functions are provided to access all the information in the data.stuctures. The functions SAVEE GKS
STATE LIST and RESTORE GKS STATE LIST allow parts of the GKS state list to be saved by the 3pplica-
tion and restored.

To deactivate GKS, the function CLOSE GKS is invoked. The)data structures listed above no longer exist.
6.2 Graphical output

6.2.1| Output primitive classes

Outpyit primitives are generated by GKS. Output primitives may be stored in the picture part sfore, or
dispajched to the router for routing to the NDCpicture or backdrop.

The Hasic geometry of the output primitive-s part of its definition. Additional properties of an output pfimitive
are dIﬁned by primitive attributes as.described in 6.2.2.

Outpyit primitives are divided int¢ the following output primitive classes:
a CURVE: generates a set of curves
b] MARKER: generates a set of symbols
c AREA: generates a set of areas with edges
d CHARACTER: generates a sequence of glyphs
e IMAGE: generates an array of cells with individual colours
f)f DESIGN: generates graphical output by extruding a tiling through a stencil

There issone kind o “ »ralized

drawing primitive (GDP) (see 8.8).

6.2.2 Output primitive attributes

Output primitives have identification, NDC, source and logical attributes. All the relevant primitive attributes
(see 11.1.5) are bound to an output primitive when it is created by invoking the function CREATE OUTPUT
PRIMITIVE. For the backdrop, identification attributes 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 be
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

17


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC
Graphical output The Graphical Kernel System

attributes of output primitives in the current NDC picture may be changed by the function SET NDC PIC-
TURE 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 functions 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 TDEN R attribute provides an additional level of identiiication used in input (see 9.
All output primitives have the following three NDC attributes associated with them:

a) JOCAL TRANSFORMATION

b) GLOBAL TRANSFORMATION

¢) §CISSOR SET

For sotne classes of output primitives, additional NDC attributes are defined. NDC attributes complete the
geomefric definition of output primitives.

The geometry of the primitives is transformed by the LOCAL TRANSFORMATION matrix and th¢n the
GLOBAL TRANSFORMATION matrix before NDC scissoring takes place. The two transformations are
defined with respect to the NDC coordinate space. Global transformations‘allow transformations to be a1[‘>plied
to complete objects while local transformations can be used to position‘individual output primitives.

Scissorjing of the NDC picture restricts the appearance of each output primitive either by clipping or shiglding.
NDC stissoring is specified by the SCISSOR SET attribute which consists of a set of named scissors. Sdissors
are named by scissor identifiers. A scissor consists of a clipping indicator, clipping rectangle set, shiglding
indicatpr and shielding rectangle set. Clipping and shjelding rectangles are defined in NDC. Clipping and
shielding are activated by the clipping indicator and shielding indicator respectively. When NDC scisgoring
takes pllace depends on the scissor mode set by invoking the SET SCISSOR MODE function. If scissorfmode
is set tg 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 if visi-
ble if ifs locus is outside all shield rectangles and inside at least one clip rectangle. If the clip rectangle| set is
empty and the clip indicator is CLIP, all-of an output primitive is visible. If scissor mode is set to SHAPE,
NDC gcissoring is postponed until after the workstation transformation. Any relevant transformatiofs are
applied to the NDC scissor so that its effect, if postponed, is the same as when it is applied immediately ¢xcept
for the|differences due to scissQring on shape rather than locus.

The fupctions ADD SET 'OF SCISSORS TO NDC PICTURE and REMOVE SET OF SCISSORS HROM
NDC BICTURE allow:a specified set of scissors to be added to or removed from the SCISSOR SET atfribute
of a grpup 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.

Currentvatuesof NDCattribu assoctated—wi v e primitivesare—d edmwortdcoordinates—and are
stored in the GKS state list in world coordinates. When these NDC attributes 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 bundle index for that class of primitive. Each bundle
index value is an index into a bundle table for that class of primitive, which exists on each workstation (stored
in the workstation state list). The values in a particular bundle (or entry in a bundle table) may be different for
different workstations. The ASFs control whether the values of the logical attributes of a primitive at the logi-
cal level are taken from the values bound to the primitive at the NDC level or from the bundle table. A full

18


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC ISO/IEC 7942-1:1994(E)

The Graphical Kernel System Graphical output
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 normallzatlon transformauons deﬁnes the mappmgs from the world COOl'dl-

which| defines the limits of an area in the world coordinate system (window) which\is to be mapped (onto a
specifled area of the normalized device coordinate space (viewport). Window and.viewport limits specify rec-

The nprmalization transformation performs a mapping from WC onto NDC that includes translation apd dif-
ferentjal scaling with positive scale factors for the two axes.

WINDOW 1

\ N WINDOW 2
WCl1 N \

\\ \\ /, /, WC2

N A 4
N N N A ’ A
N \ N Al
N \

N ~ VIEWPORT?2

N Ay

VIEWPORT 1

Figure 5 - Normalization transformations

Althoug Space conceptually extends 1o inifinity, an i i range
of NDC. Coordinates in the closed range [-7,7] x [-7,7] are always handled.

Each normalization transformation is identified by a normalization transformation 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] % [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 Q. 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 while the graphical output 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 store

6.4.1 Picture part creation

Output| primitives on creation may be stored in a picture part or dispatched to the router. When an(©PEN PIC-
TURE|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 store. Subsequent primitives are dispatched to the router. The picture partlis identified by a
unique} application specified picture part name. Primitives in the picture part have attribtites bound to them in
the same way as primitives dispatched to the router.

6.4.2 [Picture part functions

The fol]lowing functions are provided to manipulate picture parts:
a) RENAME PICTURE PART: changes the name of the picture part'specified to a new name.
b) DELETE PICTURE PART: removes a picture part from thepicture part store.

¢) REOPEN PICTURE PART: reopens a picture part. Output primitives created are added in sequepce to
the] end of the specified picture part until CLOSE PICTURE PART is invoked.

d) APPEND PICTURE PART: adds one picture part;to'the end of the other picture part. The output primi-
tives can be altered in a similar way to COPY PICTURE PART FROM PICTURE PART STORE (6.4.3).

6.4.3 [Adding picture parts
A pi(‘:{Fe 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 geplaced, 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
instandes of a picture part to appear in the NDC picture in different positions and these can be differentiafed by
their grimitives having different NAMESET attributes. The ability to change or reset the global and local
transfdrmation attributesallows the incoming primitives to be consistent with the primitives already fin the
NDC picture. Depending on a ‘scissor select’ parameter, either the current scissor set is bound to the primi-
tives cppied or the/scissor set bound to the primitives in the picture part store is used.

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

6.4.4 'Picturepart-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 store and the name supplied.
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6.5 The NDC picture

6.5.1 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) on creation outside the definition of a picture part;
b) by copying from a picture part;

¢) on input from an NDC metafile.

The (erer of appearance of output primitives in the NDC picture is important in that if two output’prjmitives
overlap, the second primitive in the sequence may obscure some part of the first.

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 fpllowing operations can be applied to the NDC picture:
DELETE PRIMITIVES FROM NDC PICTURE: the primitives whose NAMESET attribute in the NDC
cture satisfies the specified selection criterion are deleted from the NDE picture.
REMOVE SET OF NAMES FROM NDC PICTURE: the specified names are removed ffom the
AMESET attributes of all primitives in the NDC picture which satisfy the specified selection critefion.
ADD SET OF NAMES TO NDC PICTURE: the specified hames are added to the NAMESET attributes
[ all primitives in the NDC picture which satisfy the specified selection criterion.
SET NDC PICTURE PRIMITIVE ATTRIBUTE: \the primitives satisfying the specified selection cri-
rion have the value of the specified attribute changed.
REMOVE SET OF SCISSORS FROM NDC'PICTURE: the specified scissors are removed ffom the
CISSOR SET attributes of all primitives irrthe NDC picture which satisfy the specified selection cfiterion.

ADD SET OF SCISSORS TO NDC PICTURE: the specified scissor set is added to the SCISSQR SET
{tributes of all primitives in the NDC picture which satisfy the specified selection criterion.

COPY NDC PICTURE TO.PICTURE PART STORE: the primitives satisfying the specified sglection
riterion are copied to the picture part store as the specified picture part. The NAMESET attribute associ-
ted with each primitive has the specified set of names removed.

REORDER NDC PICTURE: The subsequence of primitives satisfying the source selection criterion are
oved in front of(the first position in the remaining subsequence of primitives satisfying the rgference
lsJTlection criterion\(BACK) or after the last position in the remaining subsequence of primitives satisfying

e reference selection criterion (FRONT). The relative order of primitives which satisfy the selecfion cri-
tgrion is not-changed by this operation.
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6.5.3 NDC metafiles

It is useful to be able to capture a subsequence of primitives of the NDCT picture safisfying a selection criterion,
and store it away for future use or transmission to other systems. The function COPY NDC PICTURE TO
NDC METAFILE will store a subsequence of the NDC picture as a picture on the specified metafile adding a
set of names to the NAMESET attribute of each primitive of the subsequence. The picture can be recovered at
a later 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 NDC 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) fONTAINS
b) ISIN

¢) HQUALS

d) SELECTALL
¢) REJECTALL

The firgt three operations specify a nameset which is compared with the nameset of each output primitjve in
the sequence.

esets satisfy the SELECTALL selection criterion and no namesets satisfy the REJECTALL critgrion.
lection 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 eriterion by using the following lpgical

The selection criterion CONTAINS (RED,GREENY; for example, will select all output primitives having
s containing both names RED and GREEN: The selection criterion CONTAINS (RED,GREEN) OR

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 hameset.

A precise definition of selection:criteria is given in 11.1.18. The sequence of primitives from which a selection
is to bef made are tested on¢-by one against the selection criterion and, if accepted, are included in the resplting
sequenge and, if rejected,.are excluded.

6.7 Graphicalinput

6.7.1 Introduction to logical input devices

An application program obtains graphical input from an opcrator 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 the
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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¢) VALUATOR:  areal number.
d) CHOICE: a CHOICE status and a positive integer which represents a selection from a number of
choices.
e) PICK: a PICK status, a nameset and a pick identifier.
f) STRING: a character string.
g) COMPOSITE:  an application defined logical input device which delivers values that are composites
of values of the above types.
Each Ipgical input device may be operated in three modes, called operating modes. At any time a logicall 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 operating modes are REQUEST, SAMPLE and EVENT. Input from devices is
obtaingd 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 occtr when the logical input
device is in REQUEST mode. GKS waits until the input is éntered by the operatr or a
break action is performed by the operator. The break actiofvis dependent on the logical
input device and on the implementation. If a break ocCurs, the logical input value] is not
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Logical inpuf.device model

To degcribe the précise actions of the logical input devices, it is first necessary to describe their relati
hysical.input devices, using the concept of measures and triggers.

ific logical input device is said“to be taking part in an interaction during the whole time that
LE or EVENT mode, but, when it is in REQUEST mode, only during the execution of a REQUEST
" function for that device, Alternatively, an interaction with the device can be said to be underw.
t time. Many devic€s'on many workstations may be taking part in interactions simultaneously.

Cal/input device contains a measure, a trigger, an initial value, a prompt and echo type, an echo ar
récord containing details about the prompt and echo type. A logical input device’s measure and

valid.

A specific invocation of SAMPLE INPUT causes, GKS, without waiting for an operator

action, to return the current logical input valae of a specified logical input device
can only occur when the logical input device 1s in SAMPLE mode.

GKS maintains one input queue containing temporally ordered event reports. An
report contains the identification of ‘@\logical input device and a logical input valu
that device. Event reports are genérated asynchronously, by operator action only|
input devices in EVENT mode.

The application program ¢an remove the oldest event report from the queue and ex

This

event
e from
L from
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its contents. The application can also flush from the queue all event reports from a

specified logical input'device.

t is in

y dur-

bnship

ea and
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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 process exists, if echoing is required, information indicating the current state of the meas-

cc i nenvidad ta tha Anaratare

ur¢ process is pluvnuw 0 uiC Upliaii,

The mgger 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 singie operaior action (for exampie, pressing a buiion) causes the firing of not more than one
trigger. Several logical input devices may refer to the same trigger.

A rrigger can be seen as an independent, active process (a trigger pro ess) that qends a message to one or more
AR 1 1 1 i c erif ti

ices. If there is at least one recipient for a trigger, the trigger process is in existence. Under other. conflitions
this prpcess does not exist
If a REQUEST for a logical input device is pending when the device’s trigger fires, the measure of that device
is usefl to satisfy the REQUEST (see figure 6). If one or more devices containing ajgiven trigger (are in
EVENT mode when the trigger fires, the identifications of those devices and their meaSure values are pa bsed to
the input queue mechanism as separate event reports. The input queue mechaniSm is described in dg¢tail in
6.74.
Whenl|a trigger firing succeeds in satisfying a REQUEST, or adding event récords to the input queu, GKS
provides to the operator an acknowledgement the form of which depends.on the implementation of the Jogical
input dlevice. The acknowledgement is not controllable by a GKS fungtion.
A
! Single value returned on
L trigger firing. Interaction
REQUEST | trigger lasts for single request.
mode measure
I SAMPLE l ll\ Trigger inoperative. Value returmed
: for each SAMPLE invocation|
SAMPLE | . Multiple invocations of SAMPLLE
mode measure trigger in single interaction.
AWAIT ] A
INRUF !
QUEUE Value and d;vice identification
sent to single queue on
\ trigger firing and removed
! by invocation of AWAIT INPUT.
]
EVENT | rigger
mode measure g8
-------- > 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 appropriate 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
SA s C CaSUTe Process 1S Trexistence forthespecifreddevice; butthedevice s fentifier
is nof on its trigger’s list of recipients.

Initia]ly a logical input device is in REQUEST mode. While a device is in REQUEST modejaJogical input
value] can be obtained by invoking the appropriate REQUEST INPUT function. The effects of doing sq are:

% WiV (1 1

To create a measure process for the specified device and set its initial value. Echoing is performed by
e measure process if echoing is on for the specified device.

To add the device’s identifier to its trigger’s list of recipients. If the list was previously empty, the
gger process is started.

To suspend GKS until the trigger of the specified device fires, or the Operator invokes the break facility.

To destroy the measure process.

To remove the device’s identifier from its trigger’s list{of recipients. If this list becomes empty, the

a
tH
b
tr|
c
d) If the trigger fired, to set the logical input value to the current state.of the measure process.
e
f)
trigger process is destroyed.

g

If the trigger fired, to return the logical input valu¢-and the status OK, otherwise to return thg status
NONE.

Whil¢ a logical input device is in SAMPLE mode, a\logical input value can be obtained by invoking th¢ 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.

Whil¢ a logical input device is in EVENT mode, logical input values are added as event reports to the input
queug¢, and can be obtained in sequence-by invoking AWAIT INPUT. When an event report is gener%:d, the
statel;f 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. For STRING
class(input, it is reset to its initial value.

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

6.7.4 Input queue-and current event report

The input queude contains zero or more event reports. Event reports contain pairs of values (device identifier,
logical inputvalue) 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 gpeue by
invodations of AWAIT INPUT (see figure 6) and FLUSH DEVICEEVENTS, |

When a trigger that is part of one or more logical input devices in EVENT mode fires, the resulting event
reports 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 simultancous event reports. AWAIT INPUT returns 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 calling AWAIT INPUT with zero
timeout.)

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 returns it to the application pro-
gram. If the queue is empty, AWAIT INPUT suspends execution until an event report is queued or until the
specifigdt T -

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

6.8 Inquiry functions

functions return values directly from or derived from the various state lists and description tableg. The
data types of the values and the default values of the entries are summarized in clause 11:

The inquiry functions are designed in such a way that they do not cause any errors)to be generated. Injquiry
functiops for values that may be logically unavailable have an output parameter,{error indicator’, that fleter-
mines Whether or not the other returned values are valid. The availability pafameter is of the type integef and,
in the gvent of the other values not being available, returns an error numb¢r, which identifies the appropriate
GKS efror condition. The same error numbers are used for inquiry fungtions as for other functions and thus
the stapdard list of error messages should be consulted. If GKS/js mot in the proper state, then the|error
number appropriate to this condition is the one returned, even if there are other reasons for the values peing
unavailpble. If the values are available, zero is returned in the error indicator parameter.

For all [values except zero the returned output values are implementation dependent. The description of each
inquiry|function lists the error indicator values that the function may return.

6.9 Error handling

For eadh 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 errorimessage and identification of the GKS function (which causdd the
error) tp the error file before returning te’the ERROR HANDLING function.

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

Each

KS function checks'that it is used appropriately and that the values of input parameters are valid Before
ing to execute the function. At least the first error detected will cause the ERROR HANDLING [func-

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 arg not

o ote 73 v —FN d OSE
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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6.11 Backdrop
By default, routing is to the NDC picture.

Invoking the function ROUTE with the parameter BACKDROP will cause output primitives to be routed
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.

6.12 |Audit and playback

The fynction AUDIT can be used to control the capture of GKS functions executed by an applicatior). The
paramgters 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 audjts 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 ppera-
tions may be invoked several times during an audit so that a selection of the/GKS functions invokpd are
recorded. The operation CLOSE stops the audit and releases the audit trail file,

For eath GKS function executed, the function name and a list of the parameter values are stored in the] set of
open dudits when recording is enabled. For functions, such as input-and inquiry, both the parameter values
input tp the function and the output values generated by the function are recorded. Non-graphical information
suppli¢d by the user can also be added to the audit by the function WRITE USER RECORD TO AUDIT] This
can bel used to add information such as times of entries or the‘dssociation of application specific data wjth the
graphital information.

To pldyback a previously recorded audit, four functions are provided (PLAYBACK, READ ITEM FROM
AUDIT, READ ITEM FUNCTION NAME FROM*AUDIT, PROCESS AUDIT ITEM). The function RLAY-
BACK is used to OPEN and CLOSE the session for the specified audit trail replay. The information stored on
the aufit trail consists of a sequence of items,“0ne per GKS function invoked. The function READ |[ITEM
FROM AUDIT returns the name of the function executed and a list of parameter values associated with that
executfion of the function. The function READ ITEM FUNCTION NAME FROM AUDIT just retugns the
name pf the function. The function-RROCESS 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 spgcified
audit trail. Initially, the audit trail is positioned at the first item. The DO operation has a null effect fof those
functigns not concerned withweutput. For functions related to output (described in 12.2, 12.3, 12,4, 12.9, 12.6,
12.7, 12.8, 12.10, 13.1 and-14), the effect is as if the GKS function was executed directly at this point wjith the
paramgters defined intth¢ audit trail. The PROCESS AUDIT ITEM function changes the item pointed af to the
next item in eithercase of the operation.

The function AUDIT invoked with the operation parameter BEGIN or END will cause the corresponding item
to be ddded-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

7.1 Introduction
When a workstauon is opened a selecnon criterion is eslabhshed for the workstatlon Wthh selects part of the

worksfation clip, and resolves colour specifiers (replacing colour indices by the colours defined in the colour
table flor the workstation) to produce the realized picture which is displayed on the workstation display [space.
The reflized picture may be sent to a metafile. The updating of the¢dogical and realized pictures is contipuous.
Any change to the NDC picture produces a change as soon as possible in the logical picture. The realiz¢d pic-
ture will have any colour or workstation transformation changes made as soon as possible also. Hopever,
updatihg of the logical and realized pictures may be suspénded in order that a group of updates can be njade to
appeat atomic.

Rendeying the backdrop on a workstation is similar.” The output primitives routed to the backdrop haye any
values of logical attributes required from the workstation dependent bundle tables bound to them. The [result-
ing primitives are rendered and the workstation'transformation and clip applied. Finally, the colour spgcifiers
are regolved to produce the backdrop which is displayed. The backdrop cannot be sent to a metafilg. The
backdfop cannot be suspended.

7.2 Workstation characteristics

For every type of workstation.present in a GKS implementation a generic workstation description tablg exists
which|describes the standard capabilities and characteristics of the workstation. On opening a workstation, a
speciffc workstation description table is created for that workstation containing information derived frop: the
generic workstation ‘description table, the device itself, the application through the workstation specifid infor-
matiop provided with the workstation type, and possibly other implementation dependent sources. The gontent
of the| specific*workstation description table may change at any time while the workstation is open| Such
changgs are generated by events external to GKS. The application program can inquire which generic capabil-
ities afe available before the workstation is open. The specific capabilities can be inquired while the wprksta-
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 inquire
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
corresponding 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 returned by the function INQUIRE SPECIFIC
WORKSTATION DESCRIPTION TABLE ENTRY STATE. The function RESET SPECIFIC
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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) has one rectangular and addressable display space;

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

¢) renders the NDC picture to produce the logical picture, usin i i ndent) logical
attributes, and binds indirectly specified colour values to produce the realized picture;

d) has one or more logical input devices for each input class;
e) permits REQUEST, SAMPLE and EVENT type input;
f)|allows independent setting of logical input devices in REQUEST, SAMPLE or EVENT mode.

Actugl workstations may provide more capabilities than those listed in the workstation description table.
Thesg cannot be used by GKS. However, if the workstation itself provides sufficient intelligence,
tional capabilities can be accessed via the ESCAPE function or GENERALIZED PRAWING PRIMIT]VE, or
used Jocally by the workstation operator. As an example, if a workstation has\two display surfaces, th¢ opera-
tor can switch locally from one to the other without notifying GKS or the-application program. More tl
displdy space can be controlled by GKS only by defining a separate workstation for each display space.

7.3 Belecting a workstation

plication program references a workstation by means of<a workstation identifier. Connection to 4 partic-
orkstation is established by the function OPEN WORKSTATION, which associates the workstation
ifier with a workstation specifier and workstation type. The current state of each open workstation| is kept
in a workstation state list. 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.

Conngctions are released by the function CLOSE WORKSTATION.

7.4 Belection 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 criteffion are
rendeyed again to produce-ainew realized picture for display or storage. First, the display selection criterion
selects the sequence of primitives for display. The highlighting and detectability selection criteria defermine
which of this sequence of primitives is highlighted or made detectable.

tput primitives routed to the backdrop, only the display selection criterion has any effect and|selects

provifle.compatibility with ISO 7942:1985. These facilities make use of the nameset and selection [criteria
mechanisms and consequently 1t 1S 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.

10\describes the segment and workstation activation facilities which are explicitly defined in Trder to

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.

29


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E)
Viewing

7.5 Viewing

Each output primitive selected for display on a workstation may appear in one or many views on that wo
tion. Initially, view O has the default selection criterion of SELECTALL and all other views have the d
selection criterion of REJECTALL. Thus, initially all output primitives selected for display appear in v

and no other view. The function SET VIEW SELECTION CRITERION can redefine the selection crit

for each view on the workstation.

©ISO/IEC
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The function SET VIEW deﬁnes the onentatlon mappmg and sassormg to be applled to each output primitive

selectedfort W WO atio cctrv OV PCcoordina -to-one-More-appro
for the $et of output prxmmves to be viewed. View mapping provxdes a mapping of the set of output pri

priate
lthCS

to a ney position in LDC space. Finally, the view scissor parameter provides an optional view scissor gn the

output primitives being viewed. View scissoring either occurs here or may be delayed until after the wol
tion trapsformation and any delayed NDC scissoring.

View O|provides an identity mapping from NDC to LDC, empty clipping and shiclding rectangle sets and

ping anfd shielding indicators with values NOCLIP and NOSHIELD respectively. Thése parameters of V|
cannot pe changed.

rksta-

clip-
jfew O

Two utflities are provided for the construction of the view orientation and mapping matrices. The function

EVALUWATE VIEW ORIENTATION MATRIX defines a matrix that will meyve the origin of the set of ¢

utput

primitiyes and redefine the Y direction. The function EVALUATE VIEW MAPPING MATRIX defines a

matrix hat performs a window to viewport mapping from NDC space to--DC space.
The NI}

picture is displayed through views in order of view prierity. The primitives satisfying the selg

bction

criterioh of the lowest priority view are displayed first in tempofal 'erder. Primitives in views of higher priority

are displayed after those of lower priority. View priority is sét.by the function SET VIEW PRIORITY.
priority|also affects LOCATOR and STROKE input measutes'(see 9.2).

7.6 Workstation transformations

An application can select independently for eacliopen workstation some part of the LDC space in the
[0,1] x[0,1] to be displayed somewhere in the-workstation display space. A particular workstation transf
tion is 4 mapping from LDC space onto th¢\device coordinates (DC) for that workstation. Thus picture
position) can be achieved using the normalization transformations. View orientation and view mappin
differenjt views of the NDC picture 10 be assembled in the logical picture. The workstation transfor
allows Hifferent areas of the logical-picture to be viewed on different workstations. For example, a cor|
scaled @irawing could be outputto a plotter and simultancously some part of the drawing could be display
the surflace of an interactive términal.

i

View

range
brma-
com-
llow
tion
rectly
cd on

The unfts of device ceordinates are metres on a device capable of producing a precisely scaled imagg (for
examplk, 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 follpwing way:
a) the DC orlgm is at the bottom left corner of the dlsplay space

b)
nates appears as a square on the display surface;

¢) x and y increase to the right and upwards respectively.

pordi-

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 tran:
mation can be redefined at any time while the workstation is open. The workstation transformation is a

form mapping from LDC onto DC and thus performs translation and equal scaling with a positive scale
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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 range [0,1] X [0,1] (workstation 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 range
[0,1] x [0,1], this ensures that the only part of LDC space that can be viewed on any workstatlon lies in the
range 0 1 x[0.1]. If the workstation wmdow and workstauon v1ew ort have different as

viewpprt in its entirety. To ensure equal scaling on each axis, the workstation transformation maps-the
tation window onto the largest rectangle that fits within the workstation viewport such that:

d) jaspect ratio is preserved;

e) the lower left-hand corner of the workstation window is mapped to the lower eft-hand corner|of the
warkstation viewport.

Thus, gpace is left unused at the top or right side of the workstation viewport if the'aspect ratios of the wprksta-
tion window and workstation viewport are different.

When|a display is addressed through a window manager, the window provided by the window mangager is
analogous to the display surface of a conventional display. The limits of the display space can be irlquired
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 eontents 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 $caling
on eadh axis.

Workgtation transformations are changed by the SET WORKSTATION WINDOW AND VIEWPORT func-
tion.

7.7 Qutput primitives

Each ¢utput primitive has four classes of attributes (identification, source, NDC and logical). When a|primi-
tive if created, the current value$ of all the attributes of the primitive in the GKS state list are bound| to the
primitjve. 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*bundle tables, one per primitive class. A bundle index is defined for each class
of burdle table. Each bundle table entry contains values for a set of logical attributes. For example, th¢ curve
bundl¢ table has a set of entries each of which contains values for CURVETYPE, CURVEWIDTH SCALE
FACTIOR and CURVE COLOUR SPECIFIER accessed via the curve bundle table index.

Valuep for each.of the logical attributes are also present in the GKS state list. The GKS state list also cpntains
entrie$ for ‘an)index value for each bundle table and sets of attribute source flags (ASFs), one for each [ogical
attribyte.and grouped by primitive class. The initial values of all the ASFs are INDIVIDUAL. The pundle
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) for all logical attributes for which the ASF is INDIVIDUAL, the values already bound to the primitive
are used directly;

b) for 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 bundle table entry indexed by the bundle 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 list. 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 bundle 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 bundle table selects a bundle table entry. The
direction of the arrow decides whether the INDIVIDUAL values already bound to the primitive are retained,
or the values in the bundle table entry are bound to the primitive.

GKS STATE LIST

{ PRIMITIVE }

Attributes [NDCANDCBINDCC

SFS * * * N
Bungle index —J_) \

1
1
[}
]
I
N 1)

PRIMITIVE
INDCAINDCBINDCC

PRIMITIVE | BUNDLE TABLE
INDCAINDCBI|NDCC

S 4\'|_> LOGALOGB[LQGC
:
v
PRIMITIVE
NDCANDCB[NDCC

Alv [ A ]~

ILOGA|LOGB[LOGC S

PRIMITIVE
NDCAlLOGB[NI)CC

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 pattern 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. Alternatively 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
colo

| Jad A h o
CULSLITUCVU I AAIIIVA LD,

the n¢arest available for the background colour may be different from the-mapping of the same colour for the
foregtound colours.

The ‘polour characteristics of display’ entry in the workstation deScription table describes the colour
ties of the display and provides information that enables the application to make best use of the colour ¢apabil-

different intensities of the same colour); these are referred to as monochrome workstations. Whether a|works-
tation| is capable of colour is recorded inthe ‘colour available’ entry in the workstation description tablg. If the
available’ entry is set to MONOCHROME, the intensity is computed from the colour valdes in a

The function CONVERT COLOUR can be used to convert colour specifiers to colour coordinatgs in a
specified colour model. ‘The ‘conversion is performed according to the conversion algorithms usad by a

Netting representations

nction'SET REPRESENTATION defines an entry in a bundle table, the pattern table or the colopir table
orkstation. Some standard definitions for data entries are contained in the workstation descripti
are-bsed-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 with 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 workstation are:
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curve bundle table
marker bundle table
area bundle table
pattern table
character bundle table

colour table

The val
logical

es in these tables may be changed at any time. Changes only effect the rendering of primitives, in the
icture. If the change of representation were to have any effect on the backdrop, the backdrop is
from this workstation. It is possible to set an entry to undefined as a means of recovering'storagg.

emoving a backdrop
kdrop on a workstation can be removed by invoking the function REMOVE BACKDROP. (The pack-
also be removed by invoking the function CLEAR WORKSTATION.) Changes to the works{ation
can change the NDC picture. If such changes occurred while similar oatput was routed to the pack-
backdrop is removed since it is not always possible to update the backdrop.

isual effect state

tion SET WORKSTATION VISUAL EFFECTS allows th¢.application to suppress and resume ypdat-
e logical and realized pictures. This allows a group of updates to be made to appear atomic.

isual effects state is SUPPRESS, changes have no éffect on the logical and realized pictures. When
routed fo the backdrop, any primitive should be routed to‘the open workstations irrespective of the worksta-
tions’ vjsual effects state. When visual effects state is AKLOW, updating of the logical and realized pictures is
continupus. When the visual effects state is changed\from SUPPRESS to ALLOW, changes made whilkt the
visual

A funclion GET WORKSTATION STATUS-allows the application to ascertain when all the suppressed

The comtents of the realized picture may be captured and stored for future use or transmission to anothef sys-
e function COPY REALIZED PICTURE TO REALIZED METAFILE will store the realized pjcture
as a pi¢ture on the specificd-metafile. Blank pictures may be inserted in the realized metafile. This can be
by invoking the function COPY BLANK REALIZED PICTURE TO REALIZED METAFILE| The
picture [can be recovered at a later time and added to the current backdrop by invoking COPY REAL[ZED
LE PICTURE TO BACKDROP. The backdrop cannot be captured in a realized metafile. The ¢xter-
nal repiesentation of the realized metafile is not defined in this International Standard.

7.13 Logical 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 number 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 INITIALIZE 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 apply):

a) An initial value appropriate to the device. If the initial value violates the rules, an error occurs and the
Station state 1ist 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™l)-is required
for| all logical input devices. Further prompt and echo types are defined but not required. Prompt anfl echo
types above those are reserved for registration (see 4.2). Prompt and echo types less|than 0 are fevice
dependent.

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

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

¢) A data record. Some input classes have mandatory control ¥alucs in the data record. Some promipt and
echo types within an input class also have mandatory contrgl values in the data record. These values
oc¢upy 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 prempt and echo type, the data record may contair other
(additional) information.

When @ logical input device is REQUESTed, or when it is set to EVENT or SAMPLE mode, its measurg is set
to the jnitial value from the workstation state_list; unless this is not a valid measure for the device. If it i§ not a
valid easure for the device, the measureis 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 dep¢ndent
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 measurgs and
triggers that-map onto physical devices associated with the workstation. The application can specify w ich of

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 returns 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 dlause gives TITTT i i : i i r each
e given in the following table. The individual subclauses give their meaning.

Output primitive class | Logical attributes

CURVE CURVETYPE

CURVEWIDTH SCALE FACTOR
CURVE COLOUR SPECIFIER

MARKER MARKERTYPE

MARKERSIZE SCALE FACTOR
MARKER COLOUR SPECIFIER
AREA INTERIOR STYLE

INTERIOR STYLE INDEX
INTERIOR COLOUR SPECIFIER
EDGE FLAG

EDGETYPE

EDGEWIDTH SCALE FACTOR
EDGE COLOUR SPECIFIER
CHARACTER CHARACTER FONT AND PRECISION
CHARACTER EXPANSION FACTOR
CHARACTER SPACING
CHARACTER COLOUR SPECIFIER

IMAGE
DESIGN

8.2 Curve output primitives

8.2.1| Curve primitives

The optput primiti¥es in the class curve are:
a)l SET.OF POLYLINE: generates a set of curves each of which is a sequence of connected

lines defined by a point sequence.

b)L—~SET OENURRB; generates-a-set-of curveseachof whichisanurb. |

¢) SETOF 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 k—1), the knot sequence
(Ty, -+, ,Ths), where n is the number of control points, and the set of control points {P;}", a set of
weights {W;}”, a minimum ¢_;, and maximum ¢, of an independent parameter ¢. For non-rational control
points, the weights {W;} are all taken as 1. The knot sequence must satisfy (simultaneously):

Tk < tmin <t< Lmax < Tn+l

T\STy - STy SThyy

The curve is the (infinite) set of points P for all possible values of ¢ between ¢;, and ¢, .
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2PWiB (1)
(P(1) : i S 1S by and P() = ——————}
Y WiB; (1)

i=1
where the Basis Functions B; ; are defined (using the knot sequence) as:
I] lfT <t< T1+1 and T <T,+1
i 0(‘)

r\t'\ AFx

ICFWSEe:

(t"'T')Bi,p-l (0)  (Tisp=DBis1,p1 (1)
( i+p—1 Tl) N ( +p i+l)

wherg p=1..k. In the case of multiple identical knot values some denominators evaluate t6)0, in such c

B, ,(t)=

part of the above definition the indeterminate quantity % is considered to be 0.

For the SET OF CONIC SECTION primitive, each conic section is defined, by a 3 x 3 matrix, A

hses, as

which

specifies the conic and two points which define the start and end points of thé\Conic section. The equation of

the cqnic is:

XTAX=0 where X-=

x}
Y
1

The last parameter of the conic section definition is a sense flag 'which indicates whether it is the clock
anti-clockwise section that is required when the conic is a-gircle or an ellipse. A number of utility fu

EVALUATE CIRCULAR ARC 3 POINT, EVALUATE CIRCULAR ARC CENTRE, EVALUATE
TIC ARC, EVALUATE HYPERBOLIC ARC, and EVALUATE PARABOLIC ARC are provided (seg
to define the conic section for circular, elliptic, hyperbolic and parabolic arcs. For EVALUATE CIR(

wise or
nctions

ELLIP-

12.14)
ULAR

ARC|CENTRE, EVALUATE ELLIPTIC ARC;'and EVALUATE HYPERBOLIC ARC the start Td end

pointg of the arc are defined as the intersection of the conic with lines from the centre in the direc
specified start and end vectors.

8.2.2| Curve attributes

The durve logical attributes are CURVETYPE, CURVEWIDTH SCALE FACTOR and CURVE C(
SPE(IFIER.

The defined curvetypes-1\to 5 are solid, dashed, dotted, dashed-dotted, and dashed-dotted-dotted. The
type $pecifies a sequence of line segments and gaps which are repeated to define the rendering of th
primifive. It is workstation dependent whether this sequence is restarted or continued at the start of eac
in a st and at the'start of a scissored piece of a curve primitive. For curve primitives defined by verti
sequence shall:be continuous across vertices.

The qurvewidth is calculated as a nominal curvewidth multiplied by the curvewidth scale factor. This

ions of

LOUR

curve-
e curve
h curve
Ces, the

balue is

8.3 Marker output primitives

There is a single output primitive in the class marker which is POLYMARKER. This generates a set of sym-

bols of one type centred at given positions.

The marker logical attributes are MARKERTYPE, MARKERSIZE SCALE FACTOR, and MARKER

COLOUR SPECIFIER.

Markertypes 1 to S are dot, plus sign, asterisk, circle and diagonal cross each centred on the positions they are

identifying.

The marker size is calculated as a nominal size multiplied by the markersize scale factor. This size is mapped

by the workstation to the nearest available marker size in the realized picture. Marker type 1 is

always
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displayed as the smallest displayable dot in the realized picture irrespective of the markersize scale factor.

The marker is visible if, and only if, the marker position is not scissored. The scissoring of partially visible
markers is workstation dependent.

8.4 Area output primitives

8.4.1 Area primitives

The outputprimitives T the thassarca are:

a) SET OF FILL AREA: generates a set of areas each of which is defined by a closed(Seqyence
of connected points.
b) SET OF CLOSED NURB: generates a set of areas each defined by a nurb which is\«closed by the

first point being connected to the last.

closed by lines from the ends of the arc to the centre of the ellips¢.

d) SET OF ELLIPTIC SEGMENT: generates a set of areas each defined by am elliptic arc. Each
closed by a line joining the ends of the arc.

¢) SET OF ELLIPTIC DISC: generates a set of areas each defined-by a complete ellipse.

The elliptic arcs in the SET OF ELLIPTIC SECTOR and SET OF ELLIPTIC SEGMENT primitives are
defined py a 3 x 3 matrix which defines the ellipse, in the same way‘as the SET OF CONIC SECTION ¢urve
output gfrimitives (see 8.2), and two points which specify the start ‘and end point of the elliptic arc. Finally, a
sense flag defines whether it is the clockwise or anti-clockwise. arc from the start point to the end point.| The
utility flinctions EVALUATE CIRCULAR ARC 3 POINT;"’EVALUATE CIRCULAR ARC CENTRH and
EVALUATE ELLIPTIC ARC are provided to define the €Hiptic arc.

The SET OF ELLIPTIC DISC primitive is defined\by a 3 x 3 matrix which defines the ellipse. The ytility
functiorjs EVALUATE CIRCLE and EVALUATE ELLIPSE are provided to define the 3 X 3 matrix.

Area primitives allow the specification of areas with holes or disjoint regions that should be treated as a ingle
atch

¢) SET OF ELLIPTIC SECTOR:  generates a set of areas each defined by an elliptic arc. Each jea is

ea is

The set pf interior points of @rea primitives is defined in the following way (see figure 8). For any point npt on
dary of the area ‘primitive, if the number of intersections between the boundary of the area primitive
and any|ray from the point to infinity (not passing through a vertex) is odd, the point is interior, otherwisg it is
outside.| If a pointis_interior, it is included in the area to be filled, subject to scissoring. When an area primi-
tive is stissored;\the resulting new boundaries become part of the area boundaries (see figure 9). These boun-
daries afe not displayed as edges. Multiple subarcas may be generated.

8.4.3 Areaattributes

The area primitives have the NDC attributes PATTERN REFERENCE POINT and PATTERN SIZE. If the
PATTERN SIZE is (SX,SY), this defines the pattern height vector as (0,SY) and pattern width vector as
(SX,0). These values are defined in WC and are subject to the same transformations as the geometric data
contained in the definition of the primitive. The usage of these area NDC attributes is described later in this
subclause.

The logical attributes of area primitives are INTERIOR STYLE, INTERIOR STYLE INDEX, INTERIOR
COLOUR SPECIFIER, EDGE FLAG, EDGETYPE, EDGEWIDTH SCALE FACTOR and EDGE COLOUR
SPECIFIER.
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Figure 8 - The inside of an area
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the WINDOW P
WINDOW . . X 8
*AP; points added to area definitions

Figure 9 - Exaniple of SET OF FILL AREA scissoring

The INTERIOR STYLE is used to-determine in what style the areas should be filled. It has the follpwing
values pnd meanings:

a) HOLLOW: No fillingy but draw the bounding curve of the area, using the INTERIOR COILOUR
SPECIFIER currently selected. The curvetype and curvewidth are implemerjtation
dependent. The bounding curve is drawn along boundaries created by scissoring.

b) $OLID: Fill the interior of the area using the INTERIOR COLOUR SPECIFIER cufrently
selected.

¢) PATTERN: Fill the interior of the area using the INTERIOR STYLE INDEX currently selected as an
index into the pattern table. In this context, the INTERIOR STYLE INDEX is som¢times
referred to as the pattern index

d) HATCH: Fill the interior of the area using the INTERIOR COLOUR SPECIFIER and the INTE-
RIOR STYLE INDEX currently selected. The INTERIOR STYLE INDEX is used as a
pointer into the list of hatch styles, in which case it is sometimes referred to as the hatch
index.

e) EMPTY: No filling.

For interior style PATTERN, the pattern index selects among different patterns. The position in the pattern
table defines a pattern representation, which specifies a colour array specifier of dimension (DX x DY). The
size and position of the start of the pattern are determined by a pattern box. The pattern box, which is a paral-
lelogram in NDC, is defined by the pattern width vector and the pattern height vector located relative to the
PATTERN REFERENCE POINT. The pattern box is conceptually divided into a grid of DX x DY cells of
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equal size. The colour array is associated with the cells as follows: the element (1,DY) is associated with the
cell having the PATTERN REFERENCE POINT at one corner; elements with increasing first dimension are
associated with successive cells in the direction of the pattern width vector; elements with decreasing second
dimension are associated with successive cells in the direction of the pattern height vector. The attributes
defining the pattern box are subject to all the transformations producing a transformed pattern box. The pat-
tern is mapped onto the area by conceptually replicating the transformed pattern box in directions parallel to its
sides until the interior of the complete area is covered.

11s to the pixels of a raster display is performed by the following rules:

For intdrior style HATCH, the hatch index selects among hatch styles. The defined hatch/styles 1 to 6 arg¢ hor-
izontal fequally spaced parallel lines, vertical equally spaced parallel lines, positive slope equally spaced paral-

slope/nggative slope cross hatch. The ideal angle for positive slope hatch style'1s +45° and the ideal slope for

Whethgr hatching is affected by transformations or not is workstation dependent.

Interiof styles HOLLOW, SOLID and EMPTY are available on evety workstation. It is workstation dependent
which ¢f the interior styles PATTERN and HATCH are available!

The other logical attributes permit independent control of-the' edges of area primitives. They are EDGE
FLAG,|[EDGETYPE, EDGEWIDTH SCALE FACTOR andEDGE COLOUR SPECIFIER.

The EIDGE FLAG may have values ON and OFF. When’the value is OFF, the edge is not drawn. Wh¢n the
value i ON, the edge is rendered according to the other edge attributes. Edges are drawn on top of thg inte-
rior. Clonceptually edges and interior are disjoint; in practice, they can overlap. Parts of edges that arg scis-
sored dre not visible. The defined edgetypes-are the same as curvetypes and have the same meanings{ The
edgewidth is calculated as a nominal edgewidth multiplied by the edgewidth scale factor. This value is mapped
by the orkstation to the nearest available edgewidth in the realized picture. For example, if the value {s less
than or{equal to zero, the thinnest available edgewidth is used.

For an|area primitive with interior style HOLLOW, the rendering of the bounding curve may be overlgid by
the rendering of the edge singe'the boundary is considered part of the interior. The bounding curve may be
visible [between gaps of non-solid edgetypes, or around the rendering of the edge.

New boundaries creatéd by scissoring are not displayed as edges.
Area primitives with-interior style EMPTY are visible only if edge flag is ON.

8.5 (Jharacter output primitives

8.5.1 Introduction

The only output primitive in the class character is TEXT which generates a sequence of glyphs specified as a
sequence of character codes relative to a specified text position.

The NDC attributes associated with the TEXT primitive are TEXT HEIGHT, TEXT UP VECTOR, TEXT
PATH, TEXT SKEW ANGLE, and TEXT ALIGNMENT. It also has the logical attributes of the character
class associated with it, namely CHARACTER FONT AND PRECISION, CHARACTER EXPANSION FAC-
TOR, CHARACTER SPACING and CHARACTER COLOUR SPECIFIER. The attribute CHARACTER
FONT AND PRECISION defines font index and precision.

The definition of the graphical output proceeds as follows:
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a) Glyph specification: The character codes in the parameter to the TEXT primitive together with the font
index define the individual glyphs required.

b) Glyph size: The nominal sizes of the glyphs in the font are scaled using TEXT HEIGHT and CHAR-
ACTER EXPANSION FACTOR.

c) Text extent: The arrangement of the sequence of glyphs is established using TEXT PATH, and the

€X

tent of the sequence of glyphs is initially established from this using CHARACTER SPACING.

d) Text skewing: The text extent is modified by changing the posture of the individual glyphs defined by

TEXT SKEW ANGLE.

€)

TEXT ALIGNMENT attribute.

f)

TOR attribute.

g
This ¢

transfprmations on picture parts, and view transformations may all cause asymmietric scaling of the gl
the sefjuence.

To al

orientation not available), three precisions are defined by the precision value (see 8.5.9). The expl

below

8.5.2
The fq

The £¢
glyph
mono
width
is giv
glyph
glyph
the gl

In general, the top limit of the glyph bodies for a font are identical with, or very close to, the typogr]

caplin
the ¢4
other
bodie
touch

Text alignment : The text extent is aligned to the text position specified in the TEXT primitive us
Text orientation: The aligned text is orientated relative to the text position using the TEXT U}

Colour: The colour of the graphical output is defined by the CHARACTER COLOUR SPECIFI}

ow workstations to support fonts which have more limited capabilities (for example, size chan
is in terms of STROKE precision which can perform all the,above functions.

Glyph specification

pnt designer specifies the shape of each glyph in a local 2D cartesian glyph coordinate system. F

ing the
» VEC-

ER.

153

ives the position and extent of the glyph sequence in world coordinates. Normalization transfornjations,

yphs in

ge and
aAnation

pnt index value defines a particular font on the workstation. The sequence of character codes defined in
the parameter to the TEXT primitive specify the glyphsto be used from the font selected.

br each

the extent of the glyph body and the linés defined in figure 1 are specified by the font design

of the glyph bodies may differ from'glyph to glyph. The height of a glyph in the glyph coordinate
en by the height from the font baseline to the capline. The width of a glyph is given by the wid

body (from the leftline to the rightline). The width of a glyph may include space on either sid
and this space is generally.evenly split between the left and right sides of the glyph. It is assum
yphs lie within their bodies, except that kerned glyphs may exceed the side limits of the glyph bod

e or ascender.line; and the bottom limit to the descender line. The space, if any, between the topl
pline may be-used for an additional mark over the glyph, for example an accent. However, th
details are_purely for the use of the font designer. The intention is only that glyphs placed wi
5 touching in the horizontal direction should give an appearance of good normal spacing, and

spaced fonts, the glyph bodies of all, glyphs have the same size. For proportionally spaced f(:l\ts, the

er. For

system
of the
of the
ed that
V.
aphical
ne and
se and
their

glyphs

ng_inthe vertical direction will avoid clashes between ascenders and descenders (lypographicarly ‘set

solid’)-

Every workstation supports at least two fonts, namely those associated with font indices 1 and 2. Each of these
shall be able to generate graphical representations of the characters defined in ISO/IEC 646. The two represen-
tations shall be visually distinguishable from each other. The font associated with font index 1 is the
monospaced font Courier. Font index values greater than 2 are reserved for registration. Font index values
less than 0 may be supported but are implementation dependent. Each font supports the representation of all
characters in all supported character sets. A request to represent a character not contained in the font will
result in the generation of an implementation dependent representation which indicates that the requested
representation is unavailable.

The GKS description table contains the default font index mapping which is operative when GKS is opened.
The font associated with a font index value can be changed by the function SET FONT INDEX MAPPING.
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This associates a specified font index value with one of the ISO/IEC 9541 font resources.

Individual character code representations may be replaced by different glyphs. The function GET GLYPH
NAME returns the name of a glyph in a specified character code position of a font associated with a specified
font index value. The function SET CHARACTER CODE assigns a specified glyph identified by its name to a
specified character code position of a font defined by a font index value.

8.5.3 Glyph size

The TEXT HEIGHT attribute defines the height of the glyphs in the sequence of glyphs specified by the
param¢ter in the TEXT output primitive. The glyph is expanded so that the distance from the baseline|to the
capling is TEXT HEIGHT. The width of the glyph from leftline to rightline is expanded by the sameratig.

The atfribute CHARACTER EXPANSION FACTOR causes the width of the expanded glyph 'defined above to
be incfeased or decreased in width by the factor specified. Examples of different character expansion factors

are giveen in figure 10.
0.5 1 1.5 2

Figure 10 - Character expansion factor

The rejmaining attributes associated with the TEXT primitive ‘effect the shape of the glyph by performing the
same lransformation on all points within the bounding bex of the glyph. Consequently, the glyph ¢an be

repres¢nted by the bounding box as shown in figure 11.
centre
top
1 cap 4’
I
centre ~f- - - 1 - - - TEXT HEIGHT
!
1
: base 1‘
bottom 1
left right

Figure 11 - Glyph bounding box

8.5.4 [Text extent

The extent of the text in world coordinates is specified by the sequence of glyphs (which may have different
widths), and the attributes TEXT PATH and CHARACTER SPACING. Before orientation, the up direction is
defined as the direction from the baseline to the capline (perpendicular to the baseline) and the baseline direc-
tion is defined from the leftline to the rightline (perpendicular to the leftline).

TEXT PATH has the possible values RIGHT, LEFT, UP and DOWN. It specifies the escapement direction of
the sequence of glyphs. For RIGHT, the sequence of glyphs is written in the baseline direction. The CHAR-
ACTER SPACING value specifies how much additional space is to be inserted between two adjacent glyph
bodies. If the value of CHARACTER SPACING is zero, the glyph bodies are arranged one after the other
along the TEXT PATH, without any additional space between. A positive value of CHARACTER SPACING
will insert additional space between glyph bodies. A negative value of CHARACTER SPACING will cause
adjacent glyph bodies to overlap. CHARACTER SPACING is specified as a fraction of TEXT HEIGHT.
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Figure 12 gives examples of different glyph spacing in the RIGHT text path escapement direction.

EF » EF « EF

0.5 SJ S’ 0.75 ? ? 05 EEJ

(=1 11U (== 1114 —H

=)
Frrnd

Figure 12 - Glyph spacing

Figure 13 shows the positions of three glyph bodies with CHARACTER SPACING of(0.25 for the [TEXT
PATH]| escapement directions RIGHT, LEFT, UP and DOWN. The first glyph is extraywide, the secord nar-
row ard the last is of normal size.

RIGHT X DOWN

|- =)=

S

Figure 14 - Skewed text paths

8.5.5 Text skewing

The attribute TEXT SKEW ANGLE defines a skew to the posture of each glyph in radians relative to the up
direction, thus a TEXT SKEW ANGLE of zero gives no skew and the glyph sequence will continue to appear
as in figure 13. The effect of text skewing is shown in figure 14 for each of the TEXT PATH escapement
directions using the glyph bodies defined in figure 13.
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8.5.6 Text alignment
The TEXT ALIGNMENT attribute controls the positioning of the text extent in relation to the text position

©ISO/IEC

Output primitives

specified in the TEXT primitive.
cap_TOP —z
HAL - 71_’_ -
BASE—0)><L—’/—7 ~
BOTTOM \ . . ‘
-T NORMAL T
LEFT CENTRE RIGHT

Figure 15 - RIGHT text alignment

CAP TOP

BAS
BOTTOM

LEFT CENTRE RIGHT

Figure 16 - LEFT text alignment

CAP TOP

<—HALF

/
NORMAL
LEFT CENTRE RIGHT

Figure 17 - UP text alignment

The horizontal component of TEXT ALIGNMENT has four values: LEFT, CENTRE, RIGHT and NORMAL.
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The vertical component of TEXT ALIGNMENT has six values: TOP, CAP, HALF, BASE, BOTTOM and
NORMAL.

The definitions of text alignment for the four TEXT PATH escapement directions are given in figures 15, 16,
17 and 18.

NORMAL
<
cap_TOP —a——r—

BAS
BOTTOM >

LEFT CENTRE RIGHT

Figure 18 - DOWN text alignment

Examples of the horizontal and vertical text alignment for TEXT PATH RIGHT escapement direction are
shown in figures 19 and 20.

ETL
= ETL

RIGHT = S [
=y

=

Figure 19 - Horizontal text alignment

45


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC

Character output primitives Output primitives

LN

C—y

o
= e p 10
J \2),

TOP CAP HALF BASE BOTTOM

Cto

Figure 20 - Vertical text alignment

8.5.7 [Text orientation

The complete text extent’s position has been defined relative to the text position defined in the TEXT prinitive
assuming that the up direction is the vertical direction. The TEXT UP VECTOR parameter defines the up
directirn of the glyph sequence relative to the text position. Figure 21\shows how text in the four [[EXT
PATH |escapement directions is reorientated if the TEXT UP VECTOR'IS not vertical but is instead at anf angle
of 45° anti-clockwise to the vertical.

TEXT HEIGHT

UP path RIGHT path

TEXT
UP VECTOR

baseline
direction @
\ DOWN path

Figure 21 - Text geometric attributes

LEPT path
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8.5.8 Transformed text

The values of TEXT HEIGHT and TEXT UP VECTOR are defined in world coordinates. Consequently, the
final extent of the text defined so far is in world coordinates. All the points defining the locus of the individual
glyphs will be transformed by the normalization transformation to produce the glyph outlines in NDC space.
As this can be an asymmetric transformation, glyph deformation can take place. Figure 22 shows the effect of
the normalization transformation.

wC

Figure 22 - Effect of normalization‘transformation on text

The glyph outlines will also be transformed by any transformation applied to picture parts, any viewing
transfprmation and, finally, the workstation transformation before it is displayed. Consequently, it is lik¢ly that
the glyph will be deformed in this process and the,correct graphics on the workstation will only be possible if
the font definition is one where the outlines of the-glyph are defined.

859

The pi
that d
sion V|

a)

b)

Precision

recision value is used to select the-‘closeness’ of the text representation at the workstation in rel3
fined by the NDC text attributes and the transformation and scissoring currently applicable. Thg
plue has the following possible values:

STRING: The TEXT glyph sequence is generated in the requested font and is positioned by
ing-the’ TEXT output primitive at the given text position. TEXT HEIGHT and (
ACTER EXPANSION FACTOR are evaluated as closely as reasonable, given thg

bilities of the workstation. TEXT UP VECTOR, TEXT PATH, TEXT ALIGNN

tion to
preci-

align-
"THAR-
e capa-
MENT,

TEXT SKEW ANGLE and CHARACTER SPACING, need not be used. Scissqring is

done in an implementation and workstation dependent way.

©)

irection

CHAR: The TEXT glyph sequence is generated in the requested font. For the represenﬂion of

of the TEXT UP VECTOR, the baseline direction, TEXT SKEW ANGLE and CHAR-
ACTER EXPANSION FACTOR are evaluated as closely as possible, in a workstation
dependent way. The spacing used between glyph bodies is evaluated exactly; the glyph
body, for this purpose, is an ideal glyph body, calculated precisely from the text attributes
and the font dimensions. The position of the resulting text extent parallelogram is deter-
mined by the TEXT ALIGNMENT and the text position. Scissoring is performed at least

on a glyph by glyph basis.

STROKE:  The TEXT glyph sequence in the requested font is displayed at the text position by

ing all text attributes. The sequence of glyphs is scissored exactly.

apply-
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STROKE precision does not necessarily mean vector strokes; as long as the representation adheres to the rules
governing STROKE precision, the font may be realized in any form, for example by raster fonts.

All character precisions are supported as follows. A workstation may use a higher precision than the one
requested for this purpose, that is if STROKE precision is supported in a particular font, the implication is that
both STRING and CHAR precision are available in that font. However it is not necessary for a workstation to
support all precisions for a given font (i.e. for a given font, STROKE can be missing or both STROKE and
CHAR can be missing). Every workstation of a particular installation should support at least two STROKE
i ociated with font indices 1 and 2. Not all workstations need to support
all fonts, but where the same font is supported on all workstations, the same font index value is used to [select
that font on all workstations of a particular installation.

8.5.10| Estimate of text extent

GKS grovides a function GET TEXT EXTENT which returns an estimate of the area,that a given [glyph
sequene, positioned relative to a specified text position will occupy when displayed, with the current NDC,
source [and logical attributes on a specified workstation. A concatenation point which can be used as the text
positiop of a subsequent TEXT output primitive for the concatenation of glyplr s€quences, is also re urned
where his is meaningful.

The fuhction returns four points which clockwise from the bottom left défihe an area that encloses the|set of
glyphs|in the specified string of text. The concatenation point returned.can be used as the text position of a
subseghent TEXT output primitive for the concatenation of glyph s¢quences, where meaningful. For example,
if the ¢xtent of a string ABC is estimated with text position W_and the concatenation point returned is {Z, the
graphi¢al output produced on the workstation from outputting the string ABCDEF at text position W should be
the same as outputting the string ABC at text position W and\DEF at text position Z.

For ceftain combinations of TEXT PATH and TEXT ARIGNMENT, concatenation is not meaningful and the
returndd concatenation point is the same as the text position. For example, if the TEXT PATH is set to|LEFT
or RIGHT, horizontal text alignment of CENTRE.i$ not meaningful for concatenation. For text paths UP and
DOWN, horizontal text alignment of LEFT or RIGHT is not meaningful nor is vertical alignment of HALF.

At precisions STRING and CHAR, the.t€xt extent is an approximation of that defined above, being the
minimpim which completely encloses thé-glyph bodies of the displayed sequence.

8.6 Image output primitives

The oply output primitive in.the class image is cell array. This generates an array of cells with individual
colours. It has no logical attributes and no additional NDC attributes.

A CEIlL ARRAY primitive is specified by a pair of points P, Q and a colour array specifier. The points P and
Q defipe a rectangle aligned with the world coordinate axes which is divided into a grid of DX x DY| cells,
where [DX and DY, are the dimensions of the colour array. The colour array is oriented with respect to the rec-
tangle |as shown+in figure 23. The grid is subject to all transformations, potentially transforming the rectangu-
lar cells into.parallelograms.

The obtpt E as-all its 2 2 tained
by realizing all the entries in the colour array specifier. When the colour array specifier is an array of colour
indices, the colour indices are replaced by the corresponding colours specified in the workstation’s colour
table.

Mapping the transformed cells onto the pixels of a raster display is shown in figure 24.

a prum e A A h tripute bound on e Q6 Nc 163 ap C 0

The following rules apply:

a) If the location of a pixel lies inside the parallelogram defined by the transformed rectangle, its colour is
set.

48


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC ISO/IEC 7942-1:1994(E)
Output primitives Image output primitives

b) The pixel is assigned the colour of the cell which contains the pixel’s centrepoint. Thus, the pixel colour
is selected by point sampling the transformed rectangle at the pixel centrepoint, not by area sampling or
filtering.

The minimal rendering required is to draw the transformed boundaries of the cell rectangle, using implementa-
tion dependent colour, curve width and curve type.

P 1213 DX P 191 DX
1 1
2 2
3 3

Y

DY oY | | [.¢u] [ ]
Q Q
CELL ARRAY of DXxDY cells Transformed CELL ARRAY

Figure 23 - Mapping of CELIZARRAYSs

(ORONOCNONONORONONE)

T T ] SobRREEEE
2 alalalalolo]
JERRNEE r.wr.vm.wr.wp
..

dddd
b ddddddo
bobbbbi

O O

Q 000000000
Transformed CELL ARRAY

Pixel locations on display surface

Figure 24 - Mapping CELL ARRAY cells onto pixels

8.7 Design output primitives

8.7.1 Introduction

Design primitives are defined by a stencil and an associated tiling. Stencils are stored in the stencil store and
may be constructed from area boundaries, closed contours and other stencils. Tilings are stored in the tiling
store and a number of predefined tilings and functions for the specification of tiles and their replication can be
used in the construction of tilings. Stencils and tilings are all defined in their own coordinate systems. An
instance of a design primitive is produced by extruding a tiling through a stencil. First, transformations are
applied to the stencil and tiling to reorientate and scale them in their local coordinate system (LC). The origin
of the stencil is colocated with a reference point in WC. Similarly, the origin of the tiling is colocated with a
reference point in WC. The overall scheme is illustrated in figure 25. The tiling has not been extended to
infinity in all directions. Only the part necessary for the extrusion is shown. The design primitive created is
then transformed by the current normalization transformation.
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Figure 25 - Stencil store and tiling store

©ISO/MEC

Output primitives

Stencils
il is a set of shapes-used to define a primitive in the design class. Stencils can be constructed ir} three
From a seqlience of boundary definitions : a stencil is defined which consists of a set of areas defiped by

boundary.definitions. Each boundary definition defines a closed path.

b) 4

From.aypath contour : a stencil is defined corresponding to the closed path specified by the contoyr of a
palp such as a sequence of line segments.

¢) By concatenation: a stencil can be created by concatenating instances of previously defined stencils.
The relative positioning of the instances can be controlled.

Closed

paths can be defined using a combination of polylines, nurbs and conic sections.

Stencils have an associated inside rule (EVENODD or WINDING) which is used to determine the interior of
the stencil. The EVENODD rule is defined in 8.4.2. For the WINDING rule, a point is filled according to the
following rule. Draw an imaginary line from the point to any vertex of the polygon. Rotate the line about the
point so it intersects each vertex of the polygon, in order, until the line returns to the original position. If the
line makes one or more complete rotations, the point is inside.

The function CREATE STENCIL FROM BOUNDARY creates a named stencil from a sequence of boun-
daries. A boundary is either an area shape or a sequence of paths. A sequence of paths is implicitly closed. If
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the end point of one path is not equal to the start point of the next, a single line path is added to link the two
points. If the start point of the first path is not equal to the end point of the last path, then a line is added to link
the two points and hence complete the closure of the boundary definition.

An area shape, for example an ellipse, is intrinsically closed.

The function CREATE STENCIL FROM CONTOURS defines a stencil as the set of areas defined by the con-
tours (see figure 26) surrounding a sequence of paths. The precise form of the stencil created depends upon
the attributes associated with the sequence of paths. The contour attributes are:

d)[STYLE : defines the style to be applied to a path consisting of a sequence of curves. The possible styles
ar¢ SOLID, DASHED, DOTTED, DASHED-DOTTED, DASHED-DOTTED-DOTTED.

e)|WIDTH : defines the width of the contours created. The width is defined in NDC space; a utility func-
tign is provided to transform a WC ordinate value into NDC (EVALUATE WC ORDINATE).
f) [CAP : defines the style of the two ends of a path assuming it is not closed. Defined CAP types ar¢ BUT-
TED, SQUARE and ROUNDED.
g)|JOIN : for a path consisting of a sequence of lines, this attribute specifies_the join between lime seg-
ments. The JOIN types defined are: ROUND, BEVEL and MITRED (miitfe is defined to limit| spikes
between two lines with a small angle between them).

Contour attributes are defined by the SET CONTOUR ATTRIBUTE function.

QDDDQ
o Q

00 °
0 Stencil 0
0 DASHED STYLE 0
Q o
g

g
Q‘:JEJDQ

Figure 26 - Creating stencil from contours

To copstruct a.stencil from other stencils, the function OPEN STENCIL is invoked. The name of the st¢ncil to
be crqatéd is supplied as a parameter and is recorded as the name of the open stencil in the GKS stTte list.
100 he netion [EN a it

Invocation-ofthe-function-CLOSE-STE L-completes-the-defin on-of-the-stencil:

Between invocations of OPEN STENCIL and CLOSE STENCIL, the function INSTANCE STENCIL can be
invoked, which creates an instance of a previously defined stencil. This function is described in 8.7.4. Names
given to instances of stencils created in this context are treated as transient names. These transient names can
be used by the function INSTANCE STENCIL to concatenate stencils with instances created by previous invo-
cations of the INSTANCE STENCIL function. The names disappear when CLOSE STENCIL is invoked.

c-ae O OT—tC oot
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8.7.3 Stencil attributes

Each stencil has a number of associated attributes, which attach specific names to points or ordinate values
within the stencil. The stencil attributes are defined implicitly when a stencil is created, but can be defined
explicitly or modified by the function SET STENCIL ATTRIBUTE.

There are two categories of stencil attributes, those which define ordinate values and those which define coor-
dinate positions. The stencil attributes defining ordinate values are:

a) TOPY, CAPY, HALFY, BASEY, BOTTOMY, CENTREY, LEFTX, RIGHTX, CENTREX
The stgncil attributes defining coordinate positions are:

b) CENTRE, ORIGIN, CENTRETOP, CENTREBOTTOM, CENTRELEFT, CENTRERIGHT; TOPLEFT,
TOPRIGHT, BOTTOMLEFT, BOTTOMRIGHT

Typical stencil attribute values are shown in figures 27 and 28.

TOPY ----

---CENTREY

BOTTOMY ----

y . '
LEFTX RIGHTX
L) X CENTREX

Figure-27-- Typical stencil attribute ordinate values
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BOTTOMLEFT BOTTOMRIGHT
CENTREBOTTOM

Figure 28 - Typical stencil attribute coordinate positions
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Implicit values of stencil attributes are computed from the bounding box of the stencil. The bounding box is
the smallest rectangle which completely encloses the stencil whilst maintaining its sides parallel to the x and y
axes in the local coordinate system as illustrated in figure 29.

Figure 29 - Creating the bounding box

If the|two points (MINX, MINY), (MAXX, MAXY) define th¢ bounding box, the default values of thg stencil
attribites are given by:

TOPY = MAXY
CAPY = MAXY

HALFY =0.5 * (MAXY,+MINY)
BASEY = MINY

BOTTOMY = MINY

CENTREY = 0.5 *(MAXY + MINY)
LEFTX = MINX

RIGHTX =MAXX

CENTREX =0.5 * (MAXX + MINX)
CENTRE = (CENTREX, CENTREY)
ORIGIN =(0,0)

Wher stencils are-Created by concatenation, invocation of the function CLOSE STENCIL causes valugs to be
assigned to any-undefined attributes of the open stencil. The missing values are computed using the equations
abovg.

The values-of stencil attributes can be inquired by the function GET STENCIL ATTRIBUTE which retirns the
value| ;f & specified stencil attribute, if the value is defined and an error indicator otherwise, |

8.7.4 Stencil composition

The function INSTANCE STENCIL is used to create an instance of a previously defined stencil, within the
open stencil. The position and alignment of the instance with respect to the open stencil may be defined in one
of three ways:

a) PUT: the instanced stencil is translated such that a reference point on the instanced stencil is coincident
with a reference point on the open stencil;
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b) ALIGN : the instanced stencil is rotated and translated such that a reference point on the instanced sten-
cil is coincident with a reference point on the open stencil and a direction vector on the instanced stencil

coincides with a direction vector on the open stencil.
¢) MAP: the instanced stencil is transformed such that three positions on the instanced stencil are coin-

cident with three positions on the open stencil.

In each case, a stencil transformation specified by a 2 x 3 matrix is applied to the stencil to be instanced before

Iematnediadi e

npuanuatvii.

Figure B0 gives an example of PUT. The circle denotes the reference point on the instanced stencil while the
square |denotes the reference point on the open stencil. The stencil transformation applied is a~909 anti-

clockwiise rotation.

Stencil Store

-
-
-
-

Figure 30 - An example of PUT

Figure [31 gives an example of ALIGN. The reference pointon the instanced stencil is denoted by a circfe and
the daghed arrow from the circle denotes the direction vector associated with it. The square denotes the|refer-

ence ptim in the open stencil and the dashed arrow from the square denotes the direction vector. In thig case,
the ste
tions of the direction vectors.

cil transformation matrix is identity. The.90° anti-clockwise rotation is caused by the different [direc-

Stencil Store

>

Figure 31 - An example of ALIGN

Figure i C iti n_the instanced stencil are denoted by a circle, a
square and a triangle. The 3 points in the open stencil that they are mapped to are denoted in the same way.
Here, the rotation and expansion are caused by the relative positioning of the three points. The stencil
transformation matrix is identity.
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Stencil Store

-

yan
N

Figure 32 - An example of MAP

The function INSTANCE STENCIL ALONG PATH enables a number of instances of a single stencil

to be

numbdr of instances has been placed. If the instance number specified is zero then the stencil will be ins
until the end of the supplied path is reached.

The stencil is instanced along the supplied path so that the.placement line, specified by the start_ma3
end_mfap points, lies along the supplied path. All portions-of the stencil which lie on a line orthogonal
placenpent line are mapped so they still lie the same, distance along a line orthogonal from the mapped
ment line. It is permissible to approximate the supplied path by a sequence of chords and to instanti
stencill along the chord sequence.

In figure 33 the stencil ‘dashed line’ is instanced along the nurb path specified.

start_map end_map

p and

e placement procedure will proceed until the end of the supplied path is reached or the specified

nced

ip and
to the
place-
ite the

Figure 33 - Instancing the ‘dashed line’ stencil

Figure 34 illustrates how a point on the stencil which lies on the line orthogonal to the placement
mapped so it remains the same distance along the line orthogonal to the mapped placement line.

line is
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/

stencil mapped point on stencil

supplied path

mapped point
on the line

Figure 34 - Mappinga point on the stencil

cil nane to be given to the instance created.)Instanced stencils are placed along the path as follows:

(1) th¢ first instanced stencil is placed-such that its reference point is coincident with a referenc

(2) th

(3) th

specified on the path;
computed;

cagmputed;

4) sttps (2) and-(3) are repeated until all the instanced stencils have been placed on the path. An error
T

There]
defind.

56

erpited if the end of the path is reached before all the instanced stencils have been placed.

inction INSTANCE STENCIL SEQUENCE“ALONG PATH enables a sequence of stencils| to be
ted within the open stencil at positions_ along a path defined in the local coordinate system of the open
. Each stencil in the sequence has an associated reference point, stencil transformation matrix and sten-

¢ point

e intersection between the path and the edge of the instanced stencil defined by the abutting spedifier is

> next instanced stencil is placed such that its reference point is coincident with the intersection pojint just

is gen-

are ‘eight abutting specifiers available. These are listed below along with the edge of the stendil they

d) RIGHT: defines the RIGHTX edge;

e) LEFT: defines the LEFTX edge;

f) TOP: defines the TOPY edge;

g) BOTTOM: defines the BOTTOMY edge;

h) CENTREVERT: defines the CENTREX edge;
i) CENTREHORIZ: defines the CENTREY edge;
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J) CAPLINE: defines the CAPX edge;
k) BASELINE: defines the BASEY edge.

Figure 35 gives an example of INSTANCE STENCIL SEQUENCE ALONG PATH. The stencils to be
instanced are the letters E, F and T. The forms are outlines. Each stencil has an associated reference point
denoted by a circle. The abut specifier has been defined as the right hand edge. In this example, the path is
shown as a dashed straight line, it could be a more general curve. The positions of the stencils on the path are
shown.

Stencil Store

Oﬂ

Figure 35 - INSTANCE STENCIL SEQUENCE ALONG PATH

8.7.5| Tiling store

All tilings are stored in the tiling store’and are defined in their own local coordinate system. Tilings cohceptu-
ally have an unlimited extent i.e.,\they extend to infinity in all dimensions. When a design primitive is ¢reated,
the ejtent of a tiling is fixed by extruding it through a stencil into the NDC picture with any parts of the tiling
outside the stencil not passing into the NDC picture. The inside of a stencil is defined by the inside rule
specified when the sten€ilyis created.

A tiling is created as-a‘sequence of filing components by invoking the function OPEN TILING and supplying
the name of the tiling. A number of CREATE TILING COMPONENT functions can then be invxked to
specifly tiles_and-their replications across infinite space. The tile to be replicated may be specified similarly to
outpu} primitives of the following classes:

a)l CURVE

b) AREA

¢) DESIGN

The origin parameter to the CREATE TILING COMPONENT function defines the origin for the replication
technique. The origin and the replication technique define a lattice of points across infinite space. The
CURVE, AREA or DESIGN tile define a prototile in a local coordinate system. The prototile is laid down at
each of the positions in the lattice such that one of them has its origin coinciding with the origin of this applica-
tion technique. The following replication techniques may be used:
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Consider the following design in figure 36, ‘brick-part’.

d) DX: This technique offsets the tile by a fixed amount in the X direction across infinite space. Starting
from minus infinity, replication occurs in order to plus infinity in the X direction.

e) DY: This technique offsets the tile by a fixed amount in the Y direction across infinite space. Starting
from minus infinity, replication occurs in order to plus infinity in the Y direction.

f) DXDY: This technique offsets the tile by a fixed amount in the X and Y directions across infinite space.
Starting from minus infinity in the Y direction, the tile is incremented by a fixed amount in the X direction
from minus infinity to plus infinity. This process is repeated with Y being offset by a fixed amount until it
alspgoesfromminus-infinity-to-phus-infinity-
g) PYDX: This is similar to DXDY but tiles are drawn initially in the Y direction rather than the X|direc-
tiof.

0,0) O,w)
©) o)
I
c 1)
(-H,0) (-H, W)

Figure 36 - The ‘brick-part’

This if turned into a tiling by specifying the replication technique DXDY and the following parameters|to the

CREA[TE TILING COMPONENT function:

The repulting tiling is shown in figure 37

origin =(LX,LY)
reptech = dxdy <<(W; H)>>

lax.Ly)

Figure 37 - The resulting tiling

Invoking the function CLOSE TILING completes the definition of the tiling.
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8.7.6 Stencil and tiling functions

Functions exist to delete and rename stencils and tilings. The function DELETE STENCIL deletes the stencil
from the stencil store and makes the name of the stencil available for reuse. The function RENAME STEN-
CIL changes the name of the stencil to a new name and makes the old name of the stencil available for reuse.

The functions DELETE TILING and RENAME TILING provide similar operations to tilings that exist in the
tiling store.

Deleting or renaming stencils and tilings has no effect on previous uses of the stencil or tiling. Functions such
as INSTANCE STENCIL, INSTANCE STENCIL ALONG PATH, INSTANCE STENCIL SEQUENCE
ALOING PATH and CREATE OUTPUT PRIMITIVE are defined as having their parameters ‘calléd’by|value’.
Any stencil or tiling used in such functions accesses the current version of the stencil or tiling inCerporating it
within the stencil or output primitive being created. Subsequent changes to either a stencil'or tiling will not
effect|{the stencil or output primitive previously created.

8.8 Generalized drawing primitive

The GENERALIZED DRAWING PRIMITIVE (GDP) primitive does not belong to any particular class.
Instead it provides a means of defining composite output primitives that may, use the attributes of any of the
primitive classes. If used by a GDP, the attributes of the other primitives.-behave in the same way as|for the
primitive class itself. It is provided to address special capabilities of a, workstation inaccessible from the stan-
dard set of output primitives. It is characterized by an identifier, a(Set of points and additional data. GKS
appligs all transformations to the points but leaves the interpretation to the workstation.
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9.1 Introduction

Clause 6 contains a description of the overall capabilities of the logical input devices. This clause gives details
of the Jogicalinpur device Tlasses:

A LOCATOR measure consists of a position in world coordinates (P) and a normalization transforrpation
number (N). Then if N#0, P transformed to NDC (P"°) by the normalization transfotiation number N lies
within| the viewport specified by N and outside all viewports of higher priority than N. If N=0| P is
transfdrmed to NDC (PVP€) by the identity transformation and (PYP€) lies outsidé all viewports of higher
priority than the viewport of normalization transformation 0. PYP€ is then tranformed to LDC (P“°°) by view
transfdrmation V. PXPC lies within the scissor region associated with V and.outside the scissor regions of all
view tfansformations of higher priority than V. PP€ also lies within the workstation window.

A STROKE measure consists of a sequence of points in world coordinates and a normalization transformation
number (N). Let P;....P,, be the points. Then if N#0, P; (1<i<m) transformed to NDC by the normalization
transfdrmation number N (PMPC | 1<i<m) lie within the viewpoftspecified by N and there is no viewport, [N;, of
higher| priority than N containing all the points P; transformied to NDC by N;. If N=0, the P; (1<i< ) are
transfqrmed to NDC by the identity transformation and there is no viewport, N;, of higher priority than the
viewport of normalization transformation 0 containingll the points P; transformed to NDC by N;. N may
changg as points are added to the stroke. (PM°C, 1<i<m) are then transformed to LDC by view transforfnation
V. (P4P€, 1<i<m) all lie within the scissor region;associated with V and outside the scissor regions of all view
transfgrmations of higher priority than V. The'viewing transformation applied may change as points are|added
to the btroke. After viewing, the transforméd points P2C lie within the workstation window.

Any invocation of SET WINDOW AND VIEWPORT, SET VIEWPORT INPUT PRIORITY, SET VIEW or
SET VIEW PRIORITY may caus¢ a'change in P (any P; for STROKE) or N or both, but the above conglitions
hold f¢r the new values.

The ryles imply that no notmalization transformation having priority less than that of transformation(0 can
af in the state of a LOCATOR or STROKE measure process (with the default settings of the vigwport

A VALUATOR méasure provides logical input values that are real numbers. Each value lies between {possi-
luding) minimum and maximum values, which are stored in the data record in the workstation state list.

in the| range 1 to a device dependent maximum. If the first component is OK, then the integer is| valid.

mnput fypically occurs when an operaior presses a TIC dentificr of e buton deter-
mines the measure) or combination of buttons (the measure is derived from the combination of buttons
pressed).

A PICK measure provides logical input values whose components are OK or NOPICK, NAMESET and a
PICK IDENTIFIER. If the first component is OK, then the NAMESET and PICK IDENTIFIER obey the fol-
lowing rules:

a) The output primitive picked has been selected for display and is detectable on the workstation.

b) The NAMESET and PICK IDENTIFIER are the NAMESET and PICK IDENTIFIER attributes of the
output primitive picked. Part of the primitive lies within the workstation window and, if clipping was set to
CLIP, part also lies within the primitive’s set of clipping rectangles and, if shielding was set to SHIELD,
part also lies outside the primitive’s set of shielding rectangles.
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The PICK initial value is tested against the above rules whenever the PICK measure process is initiated. If the
rules are not satisfied, the process state is set to NOPICK.

A STRING measure provides logical input values which are character strings up to a device dependent max-
imum length specified by the buffer size value in the data record (see 7.13.2).

A COMPOSITE measure provides logical input values which are compound values built up from the above
basic values. The construction of logical input devices of class COMPOSITE is described in 7.13.3.

9.3 Iransformation of LOCATOR and STROKE input

9.3.1| Transformation of LOCATOR input

plication programmer requires LOCATOR input to define a position in the most appropriate world coor-
system currently defined by the set of normalization transformations. This. 'i$-achieved py first
rming the input data from DC to LDC by the inverse workstation transformationwhich is in effett when
TOR input is generated. LOCATOR input can only be obtained from positions within the pant of the
t workstation viewport into which the current workstation window is mapped (note that this is 3 subset
workstation viewport whenever the aspect ratio of the workstation viewport and workstation window
. Thus, LOCATOR input always defines a position in the LDC range\[0,1] x [0,1].

sition in LDC space needs to have an inverse view transform@ation applied to it to generate the NDC
ion relevant to the NDC picture. Each viewing transformation has associated with it a view priority which
is only relevant to LOCATOR, STROKE and possibly COMPOSITE input. When a workstation is ppened,
the view input priorities are set relative to view 0. View 0 isgivén the highest priority, view 1 the next|{highest
priority and so on. These can be changed at any time by SET VIEW PRIORITY. The inverse yiewing
transformation applied is the one associated with the view of highest priority whose associated view| scissor

To refturn to the application program a positiondn WC, the position in NDC space needs to be trangformed
from NDC to WC by the inverse of one of the mormalization transformations. Each normalization tranfforma-
tion Has associated with it a viewport input priority which is only relevant to LOCATOR and STROKE input
ssibly COMPOSITE input. When'GKS is opened, the viewport input priorities are set relative|to nor-
tion transformation number (. ANOrmalization transformation number 0 is given the highest priority, nor-
tion transformation number Inthe next highest priority and so on. These can be changed at any fime by
SET VIEWPORT INPUT PRIORITY.

The LOCATOR input position in NDC space is compared with the viewports of the normalization trangforma-
tions,| to find the normalization transformation with the viewport which has the highest viewport input priority
and cpntains the LOCATOR position. The LOCATOR position is transformed by the inverse of this ormali-
zation) transformation to the associated WC position. This LOCATOR position is returned to the appllication
program in WC together with the number of the normalization transformation used.

An example of LOCATOR input is given in figure 38. The output on the display has been constructed using
four pormalization transformations 0, 1, 2 and 3. Normalization transformation 0 is the identity tranfforma-
tion. Fhe-normalization-transformations2-and-3-have-the-aspectratio-changedin-the-transformationfrom WC
to NDC coordinates.

Three views (0,1 and 2) of the NDC picture are displayed on the workstation. The selection criteria for view 0
has been set to REJECTALL so the display consists of the appearance of the NDC picture defined by view 1
and view 2. In consequence, view 0 has not been shown. View 1 is a straightforward view of the top half of
the NDC picture. View 2 is rotated by 90° and halved in size. The graphical output in views 1 and 2 is
displayed on the workstation. The view scissor in each case is set to the clipping rectangle shown.

The view priorities are set so that view 2 has higher view priority than view 1 which has higher view priority
than view 0. The normalization transformations are set so that the viewport input priority of normalization
transformation 1 is higher than 2 which is higher than 3 which is higher than 0.
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Figure 38 - LOCATOR input

The figure shows the way input in the two rectangular areas of DC space are transformed back to deliver the
LOCATOR measure. First, the points are mapped from the workstation viewport in DC to the workstation
window in LDC. The smaller rectangle is within the clipping boundary of view 2 so this is the view used to
perform the inverse view mapping back to a point in NDC space. Note there is a 90° rotation. The larger rec-
tangle is not within the clipping boundary of view 2. It is within the clipping boundary of view 1 so view 1 is
used to perform the inverse view mapping back to a point in NDC space. Note the points within this larger
rectangle map to the same set of points as the ones mapped from the smaller rectangle by view 2. Finally, the
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transformed points in the NDC space are within viewport 3 but not within viewports 2 and 1, the normalization
transformations with higher viewport input priority. Consequently, the inverse transformation performed is the
one associated with normalization transformation number 3.

Points in the other areas indicated in the NDC picture are transformed back in a similar way. The figure indi-
cates the areas in LCD, NDC and WC space that they will be mapped into in order to generate the LOCATOR
measure.

As normalization transformation number 0 is given the highest viewport input priority initially, LOCATOR
input1s effectively returned 1n WC equivalent to NDC until a normalization transformation 1s defined with a
viewport input priority greater than that of normalization transformation number 0. If a normalization
transformation is no longer required for mapping LOCATOR input back to WC, it can effectively be hidden by
reassigning it a viewport input priority lower than normalization transformation number 0.

Changing the viewport input priority of normalization transformation number 0 is allowed.

In anlevent report, generated by a LOCATOR device in EVENT mode, the DC position is transformeg to the
appropriate WC position before the event report is placed on the input queue. These transformations Inay be
performed while the normalization transformation, views and workstation transformations are being changed;
thus, there is a race condition. The implementation has therefore to treat the-transformations as resourcgs to be
allocdted and deallocated between the competing processes.

9.3.2| Transformation of STROKE input

Similar considerations apply to transformation of STROKE input)as apply to LOCATOR input, with the com-
plicatjon that more than one point is involved.

Wher] each point of a stroke is generated, the coordinates-of the point are transformed from DC to LD({ by the
inverse workstation transformation then in effect (see>7.6). STROKE input always consists of points in the
LDC fange [0,1] X [0,1]. An inverse view transformation is then selected to transform the points of th¢ stroke
from L.DC to NDC. The transformation is selected in an analogous manner to LOCATOR input with the addi-
tional| restriction that all the points of the strokedie in the scissor region of the view selected.

The §TROKE points in NDC space are compared with the viewports of the normalization transformatjons, to
find the normalization transformationwith the viewport which has the highest viewport input priority apd con-
tains all of the points. The STROKE points are then transformed by the inverse of this normalization ttansfor-
mation and returned to the application program in WC together with the number of the normalization ttansfor-
mation used. If the STROKE device is in SAMPLE mode, the normalization transformation used can vary
betwgen successive samples.

In EVENT mode, there.is a similar race condition to that applying to LOCATOR input. Between plafing an
event|report on thesinput queue and the execution of AWAIT INPUT which removes the STROKE evept from
the quieue, it ispossible for the normalization transformation, views and the workstation transformatign to be
changed by the-application program. To ensure that the DC points input by the operator are equivalerlt to the
WC points retrieved from the input queue, it is advisable for the application program not to change trangforma-
tions while'a STROKE device is in EVENT mode.

9.4 Prompt and echo types

9.4.1 LOCATOR prompt and echo types
Prompt and echo types for LOCATOR logical input devices are:
<0 prompting and echoing is LOCATOR device dependent.
designate the current position of the LOCATOR device using an implementation-defined technique.

2 crosshair, i.e. designate the current position of the LOCATOR device using a vertical line and a hor-
izontal line spanning over the display surface or the workstation viewport intersecting at the current
LOCATOR position.
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3 designate the current position of the LOCATOR device using a tracking cross.

designate the current position of the LOCATOR device using a rubber band line connecting the initial
locator position defined in the workstation state list and the current LOCATOR position.

5 designate the current position of the LOCATOR device using a rectangle. The diagonal of the rectan-
gle is the line connecting the initial locator position defined in the workstation state list and the current
LOCATOR position.

6 display a_digital representation of the current position of the LOCATOR device in LOCATOR device

dependent coordinates within the echo area.
>7 reserved for registration.

9.4.2( STROKE prompt and echo types
Prompt and echo types for STROKE logical input devices are:
<0 prompting and echoing is STROKE device dependent.

1 display the current stroke using an implementation defined technique.

2 display a digital representation of the current position of the STROKE device within the echo afea.
3 display a marker at each point of the current stroke.

4 display a line joining successive points of the current stroke.

>5 reserved for registration.

If the|operator enters more points than the current input buffer size, the additional points are lost.

STRQKE data record entries for variables such as intervals’in X, Y and time may be provided to constfain the
number of points delivered.

For all prompt and echo types, the first entry in the STROKE data record is the input buffer size whigh is an
integdr in the range (1..n). This is compared agairist an implementation defined maximum input buffer $ize for
this device. If the requested buffer size is greater, the maximum input buffer size is substituted in the stored
data record. If the initial stroke specified<n-the initial value is longer than the buffer size, an error is isspied.

Wher] a STROKE measure process ¢omes into existence, it obtains a buffer of the current input buffer size.
The ipitial stroke is copied into the buffer, and the editing position is placed at the initial buffer editing aIIlosition
not be

<0 prompting and echoing is VALUATOR device dependent.

1 designate the current VALUATOR value using an implementation defined technique.

2 ispl raphical repr ion of urrent VALUATOR value within the echo area (for exam-
ple, a dial or a pointer).

3 display a digital representation of the current VALUATOR value within the echo area.

>4 reserved for registration.

For all VALUATOR prompt and echo types, the VALUATOR data record includes, in the first two positions,
a low value and a high value, in that order, specifying the range. The values from the device will be scaled
linearly to the specified range.
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9.4.4 CHOICE prompt and echo types
Prompt and echo types for CHOICE logical input devices are:

<0

94.

Pro

>4

pt and-echo types for PICK logical input devices are:

prompting and echoing is CHOICE device dependent.
designate the current CHOICE number using an implementation defined technique.

the physical input devices that are most commonly used to implement a CHOICE logical input device
normally have a burlt—m promplmg capablhty ThlS prompt and echo type allows the apphcatlon pro-
2 2 : > in the
CHOICE data record is OFF, promptmg of the i-th altematlve of the specnﬁed ch01ce mput device is
turned off. An ON value indicates that prompting for that alternative is turned on. The)first jentry in
the CHOICE data record is the number of CHOICE alternatives. This is compared against an imple-
mentation defined maximum number of CHOICE alternatives for this device. The second entfy in the
CHOICE data record is the ‘prompt array’.

allow the operator to indicate a CHOICE number by selecting, using an appropriate techniqud, one of
a set of CHOICE strings. The CHOICE strings are contained in the, CHOICE data record |and are
displayed within the echo area. The logical input value is the number of-the string selected. The first
entry in the CHOICE data record is the number of CHOICE strings. This is compared agpinst an
implementation defined maximum number of CHOICE alternatives for this device. The second entry
in the CHOICE data record is the ‘array of choice strings’.

allow the operator to indicate a CHOICE number by sel€eting, via an alphanumeric keyboard, one of
a set of CHOICE strings. The CHOICE strings are contained in the CHOICE data record and|may be
displayed in the echo area as a prompt. The string.typed in by the operator is echoed in the echo area.
The logical input value is the number of the string that has been typed in by the operator. The first
entry in the CHOICE data record is the number of CHOICE strings. This is compared aghinst an
implementation defined maximum number of CHOICE alternatives for this device. The second entry
in the CHOICE data record is the ‘arrayof choice strings’.

the picture part named by the CHOICE data record is interpreted during execution of the INITIALIZE
LOGICAL INPUT DEVICE function for later use as a prompt of the specified CHOICE d¢vice. It
will be displayed within the echo’area by mapping the unit square [0,1] % [0,1] of NDC space pnto the
echo area. The PICK IDENTIFIERs in the picture part are mapped to CHOICE numbdrs in a
CHOICE device dependent fashion. Picking these primitives selects the corresponding QHOICE
value. After the interpretation, no logical connection between the specified picture part and the
specified CHOICE device exists. The first entry in the CHOICE data record is the picture partjname.

reserved for registration.

PICK prompt and echo types

prempting and echoing is PICK device dependent.
implerentat echt a short

period of time.

echo the contiguous group of primitives within the NDC picture with the same PICK IDENTIFIER
and NAMESET as the ‘picked’ primitive, or all primitives of the NDC picture with the same PICK
IDENTIFIER and NAMESET as the ‘picked’ primitive.

echo all the primitives in the NDC picture with the same NAMESET as the ‘picked’ primitive.
reserved for registration.
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9.4.6 STRING prompt and echo types
Prompt and echo types for STRING logical input devices:
<0 prompting and echoing is STRING device dependent.

1 display the current STRING value within the echo area.

>2 reserved for registration.

For all prompt and echo types, the ﬁrst entry of the STRING data record is the mput buffer size, whrch is an
integd f pize for

this device. If the requesled buffer size is grea[er the maximum mput buffer size is subsututed inythg stored
record.

For alll prompt and echo types, the second entry of the STRING data record is an initial cursér, position{ which
may range from 1 to the length of the initial string plus 1.

When[a STRING measure process comes into existence, it obtains a buffer of the current)input buffer sige. The
initial string is copied into the buffer, and the cursor is placed at the initial cursor-position within it. Replace-
ment pf characters begins at this cursor position.

66


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC ISO/IEC 7942-1:1994(E)

10 Segments and workstation activation

10.1 Introduction
The combination of picture part store, namesets and selection criteria gives a very powerful means of structur-

as a picture part without reference to its associated workstations. The primitives)within a segment are also
stored in the NDC picture, with namesets that include both the mapped segment name and the mapped| works-
tatior] identifiers of associated workstations.

Segmients and workstation activation provide a mechanism for controlling/visibility, highlighting and detecta-
bility| on a global basis by defining them as segment aspects. The mapped workstation identifier is |a name
derived from the workstation identifier that can be used together with the mapped segment nampe in a
primitive’s nameset to control display, highlighting and detectability. The mapped segment names and
mapped workstation identifiers are distinct from names in.namesets or picture part names defined in the stan-
dard way. A utility function GET MAPPED WORKSTATION IDENTIFIER given a workstation identifier
returns the mapped workstation identifier. Finally, segments have an attribute segment priority which deter-
mine$ the order in which the corresponding picture.parts appear in the NDC picture. It provides a corvenient
mechanism for reordering the primitives in the NDC picture.

10.2| Selection criteria

Threg attributes control the appearancé¢_and detectability of segments: display, highlighting and detectability.
In eath case, this is achieved by appropriate setting of selection criteria for each associated workstatfon. As
descrjbed in 7.4, one portion of the/GKS selection criteria can be supplied by the application and the remainder
is manipulated by GKS. The.two portions are joined by an OR operator and the ordering of manipulations on
the system part is as described below. The default selection criteria for display, highlighting and dete¢tability
are REJECTALL. On the first invocation of ACTIVATE WORKSTATION, the display criterion is set|to:

s OR CONTAINS (wsid)

where s denetes’ the selection criterion previously defined and wsid is the mapped workstation identifier.
When a segment is created or its visibility attribute is changed to VISIBLE, the display selection criteripn, t, of
each pfthe workstations with which the segment is associated is revised to:

t OR CONTAINS (sn, wsid)

where sn is the mapped segment name of the segment. The effect in the case above would be to produce the
selection criterion:

(s OR CONTAINS (wsid)) OR CONTAINS (sn, wsid)

Any term in the GKS part of the selection criterion which refers to the segment whose attribute is being
changed, is deleted. When a segment is made invisible, the display selection criterion, u, of each of the works-
tations with which the segment is associated is revised to:

u AND (NOT CONTAINS (sn))

and any existing term which refers to this segment is deleted. Thus for the first case above, the resulting
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selection criterion would be:
(s OR CONTAINS (wsid)) AND (NOT CONTAINS (sn))

Changes to the segment attributes for highlighting and detectability are handled in the same manner. On the
first invocation of ACTIVATE WORKSTATION, the criteria are not changed in this case so that output primi-
tives outside segments are not highlighted or detectable but are visible.

10.3 Segment state list
Each gegment has an associated state list, which holds the current values of its segment attributes:

a) visibility : a segment may be visible or invisible;
b) |highlighting : a segment may be highlighted or normal;
¢) detectability : a segment may be made detectable or undetectable;

d)[segment transformation: a transformation matrix which is the GLOBAL TRANSFORMATION attri-
bute of all the primitives in the segment;

e)|segment priority: an ordering of segments is prescribed which determines the order in which the
esponding picture parts appear in the NDC picture.

The s¢gment state list holds the set of associated workstations, which is the_set of workstations active when the
segmdnt is created. Workstations cannot be activated or deactivated while a segment is open.

10.4 | Workstation activation

The fynction ACTIVATE WORKSTATION activates a workstation by adding the name of the mapped works-
tation|identifier to the current nameset. On the first invocation of ACTIVATE WORKSTATION, the flisplay
selectjon criterion is set to:

s OR CONTAINS (wsid)

Subselguent invocations add the term OR CONTAINS (wsid) to the display selection criterion. The fyinction
DEA(CTIVATE WORKSTATION remoyes, the name from the current nameset and resets the selectilt)n cri-
terion|to remove the mapped workstation identifier. Note that under the default selection criterion for display,
set when a workstation is opened (se€.7.4), primitives outside segments are visible on a workstation if and only
if gengrated while the workstation is active.

10.5 [ Segment creation

A segment is opened by the function CREATE SEGMENT. While a segment is open, all output prifnitives
dispatched to the NDC picture will contain the mapped segment name in their namesets, will have thg GLO-
BAL TRANSFORMATION attribute set to the segment transformation attribute and will have the worKstation
selectjon criteria-consistent with the segment attributes for the set of active workstations. Changes to|any of
the segment attributes will cause the NDC picture and the workstation selection criteria to be updated tq reflect
these tharges (see 10.7).

The function CLOSE SEGMENT closes the open segment. when the segment s closed, it 1S stored as a pic-

ture part removing any segment and workstation names. The current value of the GLOBAL TRANSFORMA-
TION attribute in the GKS state list is reset to identity when the segment is closed.

10.6 Segment manipulation

An existing segment may be renamed by the function RENAME SEGMENT. The corresponding picture part
is renamed, and all primitives in the NDC picture related to the segment have their nameset revised. Selection
criteria are similarly revised to reflect the name change.

The function DELETE SEGMENT deletes a segment. The corresponding picture part is deleted, and all prim-
itives in the NDC picture related to the segment are deleted. Selection criteria are revised to delete the terms
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originating from this segment. A segment may be deleted only from a specific workstation by the function
DELETE SEGMENT FROM WORKSTATION. In this case, all primitives in the NDC picture related to the
segment have their namesets revised to delete references to the specified workstation. Selection criteria on the
specific workstation are revised to delete the terms originating from this segment. The workstation identifier is
also removed from the set of associated workstations in the segment state list; if this set becomes empty, then
the action of DELETE SEGMENT is carried out.

10.7_Segment attributes

The fiinction SET SEGMENT ATTRIBUTE can be used to set any of the segment attributes. Setting<the visi-
bility| highlighting or detectability attributes causes the selection criteria for the set of associated_workstations
to be revised as described in 10.2.

Segmeent transformation is specified as a 2 X 3 matrix. Ultility functions (EVALUATE TRANSFORMATION
MATRIX and ACCUMULATE TRANSFORMATION MATRIX) are available to assist.the application in set-
ting yp the transformation matrix. When a segment transformation attribute i \changed, the GILOBAL
TRANNSFORMATION attributes of the related primitives in the NDC picture are'changed to the specified seg-
ment |transformation matrix. The primitives stored in the picture part retain thé global transformation matrix
defingd when the segment is closed (that is the value of segment transformation when the segment is clgsed).

Segmint priority defines the order in which corresponding picture parts‘appear in the NDC picture. Segments
with gqual priority appear in the order in which they were created:ySegment priority is specified ag a real
numbgr in the interval [0,1]. The default is zero and hence if segment priorities are not explicitly set,|picture
parts pppear in the order the segments are created.

10.8( Segment storage

A segment is stored as a picture part without referenc® to its associated workstations. The primitived within
the sefgment are also stored in the NDC picture, with*namesets that include both the mapped segment mIne and
the mppped workstation identifiers of associated>workstations. Three operations make use of this dual stprage.

ASSQCIATE SEGMENT WITH WORKSTATION affects only the primitives stored in the NDC picfure. It
updatps their namesets to include the specified workstation and defines the selection criteria for the workstation
appropriately. COPY SEGMENT, TO:-WORKSTATION dispatches the corresponding picture part| to the
routeg, with the GLOBAL TRAINSFORMATION attribute of primitives equal to the segment transfofmation
attribyite, and with the nameset.-attribute of primitives augmented by the mapped workstation identifief. Note
that the primitives are not tagged with the mapped segment name in this case.
INSERT SEGMENT dispatches the picture part to the router. The LOCAL TRANSFORMATION atfributes
of eagh of the primitives-are replaced by:

IxS XL

wherg I is the-transformation specified as a parameter to the INSERT SEGMENT function, S is the [current
segmént-transformation of the segment being inserted and L is the LOCAL TRANSFORMATION attribute
assocjated’with each primitive. The GLOBAL TRANSFORMATION attribute of each primitive is iplaced
by the current value of the GLOBAL TRANSFORMATION attribute in the GKS state list. The SCISSOR
SET attribute of each primitive is replaced by the current value of the SCISSOR SET attribute in the GKS state
list. The NAMESET attribute of each primitive is augmented by the current nameset.

10.9 Clear workstation

The function CLEAR WORKSTATION removes the mapped workstation identifier from the namesets of all
primitives in the NDC picture and deletes the backdrop from the specified workstation.

The effect of the function CLEAR WORKSTATION can be achieved by first changing SET WORKSTA-
TION VISUAL EFFECTS to ALLOW if set to SUPPRESS, invoking the functions REMOVE SET OF
NAMES FROM NDC PICTURE and REMOVE BACKDROP, and resetting SET WORKSTATION VISUAL
EFFECTS to SUPPRESS if set to this initially.
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subclayse. Abstract data types are constructed from basic types with a number of type constructors. Valgyies of

== NDC | BACKDROP

the values the type has, in this case NDC and BACKDROP. Values are separated by the symba|l ‘I’
s which consist of sets of values of another.type are defined using the powerset constructor, P, for

RouteDir

NameSet == P GenName

tuples are defined using the- ‘Cartesian product constructor ‘x’. For example:
FontPrec == FontInd X Prec

defines| values of the type FontPrec to consist of pairs of values, the first of type FontInd, the second of type
Prec.

Types Wwhich consist,of subranges of other types are defined using a set comprehension construct. The general
form of this constryct is:

TypeName == { declarations | predicate ® expression }

The vajues.of TypeName are just those values of expression which satisfy the condition expressed by predi-
cate. The declarations part declares the types of the variables used in the predicate and expression parts. For
example, to define a tuple type whose components are restricted ranges of other types:

WCOrd ==
PatSize == {x,y:WCOrd | x>0Ay>0 e (x,y)}

This states that values of the type PatSize consist of pairs of values each of type WCOrdxWCOrd which
satisfy the predicate x>0Ay>0. This approach is used in preference to the equivalent approach of defining a
subtype of WCOrd for strictly positive ordinate values and then defining PatSize as a Cartesian product on this

type.
Another example is:
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WCOrdPos == {r: WCOrd | r>0 e}

This declares WCOrdPos to be a subtype of WCOrd. WCOrdPos consists of those value of the type WCOrd
which are positive.

For some simple cases, shorthand forms of the declarations are used. If the predicate is omitted, the default
predicate true is assumed. If the expression is omitted, the default is the characteristic tuple of the declaration
part (the tuple of declared variables in the order in which they are declared). For example, the type WCOrd-

WCOrdPos == {r: WCOrd | >0}

Here the expression is omitted and the characteristic tuple of the declaration part (r) is assumed:
Functions are defined using the notation:

Selects == SelectCritType ~» SelectCrit

This defines Selects as a function from values of type SelectCritType to values of type SelectCrit. The arrow
‘=’ denotes a total function, meaning that there is a value of SelectCrit for every‘value of type SelectCritType.

The agrow ‘>’ denotes a partial function, for example:

CurveBunTab == Curvelnd - CurveBun

A partial function is a function which may be undefined for some‘values of the source type. Thus CuryeBun-
Tab defines a function from values of type Curvelnd to valuesyoftype CurveBun, but for some values of type
Curvellnd, it is possible that there is no corresponding value.of type CurveBun.

Wherg it is necessary to define a function whose source type is a subtype of some other type, a further|exten-
sion of the predicate notation is used, for example:

Matrix23 == {i,j:IN;, m:R11<i<2, 1<j<3 o (i,j) — m)
This type is a subtype of:
Matrix ==|N; XIN; - R

which{ describes a matrix of dimension p x ¢. For Matrix23 the first index of the source is restricted| to the
valueg {1,2} and the second to the-values {1,2,3}. The notation (i,j)—>m means that the value m is asspciated
with the ordered pair (i, ;) in the source type.

In ordpr to describe some ©Of the GKS functions in a concise manner, it is convenient to define types whi¢ch may
take apy of the values of.a number of other types. An abbreviated example is:

PrimAttrValue == pickidentifier <<PickId>> |
nameset <<NameSet>> |
textheight <<TextHt>>

This (teﬁnition states that values of the type PrimAttrValue are either values of type Pickld, values ¢f type
NameSet, or values of type TextHi. The constructor names picKidentilier, namesel and textheight’ are
chosen to describe usage of the type following. This is done because in some cases, the type name alone either
does not provide an adequate explanation, or provides an ambiguous explanation. Types defined in this way
are disjoint unions of the component types. A given value of the type corresponds to a value in only one of the
component types. Thus in the example here, a value of the type PrimAttrValue arises from only one of the
component types Pickld, NameSet and TextHt. Thus the value alone is sufficient to determine whether it is the
value of a PICK IDENTIFIER, NAMESET or TEXT HEIGHT attribute.

The main usage of such union types is the following:

PrimAttrName == PICKIDENTIFIER | NAMESET | TEXTHEIGHT
PrimAttr == PrimAttrName — PrimAttrValue
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The type PrimAttr is a function from the source type PrimAttrName to range type PrimAturValue. The source
type denotes the names of primitive attributes and the type PrimAttr associates a value with each of the primi-
tive attributes. There is a notational convention in such types that the name of the constructor function in the
union type, for example, pickidentifier, is the lower case equivalent of the name in the source type with which
the values can be associated. Thus in this case, the name PICKIDENTIFIER will always have an associated
value of type Pickld. The one exception is that some type names have a constructor name ‘undefined’. This
denotes the undefined value of that type and in this case any source type value can map to undefined.

0“-‘- tO eq-aeHReS 3 pe HOSES HHES-CORSISH0-a-S6gHEehRe6-6 AHHUCS-01-SOMC-0HIC DE
ple,

CharString == seq Char

definef values of type CharString to consist of sequences of values each of type Char. The ‘construcfor seq
allowg sequences of length 0. The first three data type constructor definitions following definie sequences of an
arbitrgry type (X) of length greater than or equal to 1, of length greater than or equal to-2 and of length greater
than or equal to 3, respectively. The ordinary sequence type, seq X, allows sequences ‘of length 0. The{ fourth
type definition defines a sequence of an arbitrary type (X) with an even number, (gréater than 0) of elemgnts.

seq; X == {f:seq X | #f>1)}
seqp X == {f:seq X | #/>2}
seqs X == {f:seq X | #23)
seq, X == {f:seq X | #fmod 2 = 0 A #f£0}

where] the operator # delivers the length of the sequence.

GKS |mplementations are required to support a minimum set*of capabilities, for example to provide at|least a
certain number of predefined bundle table entries. These constraints are specified in the data type definifions.

11.1.2 Basic types
The basic types used are:

Type Description

ArName Archive name (of picture part)
ArSpac Archive specifier

Audit]d Audit identifier

AuditBpec Audit specifier

AuditJserData Audit user data record

Char Character code
Colr(haracteristics -\ Colour characteristics

ErrFile Error file

EscapeFuncld Escape function identifier
EscapeInData Escape input data record
EscapeQutData Escape output data record
GDPData GENERALIZED DRAWING PRIMITIVE data record
GDPId GENERALIZED DRAWING PRIMITIVE identifier
GlyphName Glyph name

InData Input data record
1SO9541FontName  Name of 1S09541 font resource
Measureld Measure process identifier

IN Non-negative integer

INy Integer greater than O

INg 2 Integer equal to O or greater than 1
Name Name
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NDCMfSpec NDC metafile specifier
Picld Picture identifier

Pickld Pick identifier
PicPartName Picture part name

R Real number
RealizMfSpec Realized metafile specifier
Scissorld Scissor identifier
SegName Segment name
Stcr:LiINamc Stencil name

TilingName Tiling name

Triggerld Trigger process identifier
WsGenType Workstation generic type
Wsld Workstation identifier
WsSpec Workstation specifier
WsSpecInfo Workstation specific information
/4 Integer

11.1{3 Data types for GKS control
The fype ErrFile is used in OPEN GKS for the type of the error file.

ErrFile
The following types are used by the ESCAPE function:

EscapeFuncld
EscapelnData
EscapeOutData
The following types are used by the error handling functions:
ErrNum =={i: Z)i<0 v i>1000}
ErrSt ==0OFF | ON
FuncName =='0OPEN GKS I CLOSE GKS I ...

The values of error numbers are listed in Annex B. The type FuncName is an enumeration of all the GKS

function names (see Annex"A for a complete list of function names).
The fype RouteDir is used’in ROUTE to define the current routing of output primitives.

RouteDir, == NDC | BACKDROP

11.1.4 Data types for output primitives
Poinrs in world coordinates are of type WCPoint.

WCPoint == {x,y: WCOrd e (x,y)}
Ordinate values in WC are of type WCOrd.

WCOrd ==

WCOrdPos == {r: WCOrd | r>0er}

Points in homogeneous world coordinates are of type HWCPoint.
HWCPoint == {x,y,w:WCOrd e (x,y,w)}

Character strings are sequences of characters. Char is a basic type.
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Char

CharString == seq Char

Colour indices are of type ColrInd.
ColrInd ==|N
Colour array specifiers are of type ColrArraySpec.

ColrArraySpec == indirectarray <<IN, X IN, — ColrInd>> |
rgbarray <<IN; X IN; — ColrRGB>> |
cieluvarray <<IN; X IN; — ColrCIELUV>> |
hsvarray <<IN; X IN; — ColrHSV>> |
hlsarray <<IN; X IN; — ColrHLS>>

Types flor output primitives are now defined.

ClosedNURB == nurb where the curve is closed by connecting the first point to the lagt
ConicSection == Matrix33 x WCPoint x WCPoint X SenseFlag
The two points define start and end points.respectively of
the arc of the conic defined by Matrix33
ControlPoints == hcp <<seq; HWCPoint>> | cp <<seq,;"WCPoint>>
EllipticDisc == Matrix33
Knots ==seq; R
Matrix33 == (i,j:IN;, m:R | 1<i<3, 1<j£38(i,j) — m)
Matrix23 == {i,juN;, m:R | 1<i<2, 1€j<3 o (i,j) — m)}

The type Matrix33 definés\a*3 X 3 matrix
The type Matrix23 denotes a 2 X 3 matrix.
NURB == { k: SplineOrder;P: ControlPoints, W: SeqWeight, T: Knots,
(min>tmax): ParamRan 1 #P > k > 1 A #W =#P A
HT = k+#P A (V i,je LAT| j>i = T() 2 T@)) A
T(k) <t min < tmax < THP+1)
L (kvPv W,T’([min ,tmax))}
ParamRan ==RXR
PrimParam == setofpolyline <<seq; (seq, WCPoint)>> |
setofnurb <<seq; NURB>> |
setofconicsection <<seq; ConicSection>> |
polymarker <<seq; WCPoint>> |
setoffillarea <<seq; ( seq; WCPoint ) >> |
setofellipticsector <<seq; ConicSection>> |
setofellipticsegment <<seq; ConicSection>> |
setofellipticdisc <<seq; EllipticDisc>> |
setofclosednurb <<seq; ClosedNURB>> |
text <<WCPoint X CharString>> |
cellarray <<WCPoint x WCPoint X ColrArraySpec>> |
design <<StencilName X StencilOrigin x StencilTran x TilingName x
TilingOrigin X TilingTran>> |
gdp <<seq WCPoint X GDPId x GDPData>>
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SenseFlag == CLOCKWISE | ANTICLOCKWISE
SeqWeight ==seq; Weight

SplineOrder ==|N;

StencilName

StencilOrigin == WCPoint

StencilTran == Matrix23
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TilinoName
timgiName

TilingOrigin == WCPoint
TilingTran == Matrix23
Weight == {r:Rlr>0er)
Types for GDP data records and identifiers, are basic types.
GDPData
GDPId

11.1.5I Data types for output attributes
The vglues of the type PrimAitrName are the names of the primitive attributes. These are listed in th¢ table
below [together with the types of the values of each attribute. The table also lists the attribute*class to|which
each aptribute belongs and the primitives to which it applies. ALL indicates that an attribute applie to all

claccad
C1aS5Cs

rimitivacg
Of pl HIIvOS.

Applies to Class Attribute name Type
ALL Identification | PICK IDENTIFIER PickId
ALL Identification | NAMESET NameSet
ALL NDC SCISSOR SET ScissorSet
ALL NDC GLOBAL TRANSFORMATION Matrix23
ALL NDC LOCAL TRANSFORMATION Matrix23
AREA NDC PATTERN SIZE PatSize
AREA NDC PATTERN REFERENCE POINT WCPoint
TEXT NDC TEXT HEIGHT TextHt
TEXT NDC TEXT UPVWECTOR TextUpVec
TEXT NDC TEXT SKEW ANGLE TextSkew
TEXT NDC TEXT'PATH TextPath
TEXT NDC TEXT ALIGNMENT TextAlign
CURVE Source CURVE INDEX Curvelnd
CURVE Source CURVE ASFS CurveAsfs
CURVE Logical CURVETYPE CurveType
CURVE Logical CURVEWIDTH SCALE FACTOR | CurveWidth
CURVE Logical CURVE COLOUR SPECIFIER ColrSpec
MARKER | Source MARKER INDEX MarkerInd
MARKER|_|) Source MARKER ASFS MarkerAsfs
MARKER | Logical MARKERTYPE MarkerType
MARKER | Logical MARKERSIZE SCALE FACTOR MarkerSize
MARKER | Logical MARKER COLOUR SPECIFIER ColrSpec
AREA Source AREA INDEX Arealnd
AREA Source AREA ASFS AreaAsfs
AREA Togical INTERTOR STYLE IntStyle
AREA Logical INTERIOR STYLE INDEX IntStyleInd
AREA Logical INTERIOR COLOUR SPECIFIER | ColrSpec
AREA Logical EDGE FLAG EdgeFlag
AREA Logical EDGETYPE EdgeType
AREA Logical EDGEWIDTH SCALE FACTOR EdgeWidth
AREA Logical EDGE COLOUR SPECIFIER ColrSpec
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Applies to Class Attribute name Type
CHARACTER | Source | CHARACTER INDEX CharlInd
CHARACTER | Source | CHARACTER ASFS CharAsfs
CHARACTER | Logical | CHARACTER FONT AND PRECISION | FontPrec
CHARACTER | Logical | CHARACTER EXPANSION FACTOR CharExpan
CHARACTER | Logical | CHARACTER SPACING CharSpace
CHARACTER | Logical | CHARACTER COLOUR SPECIFIER ColrSpec

PrimAttrName == PICK IDENTIFIER | NAMESET | ... |

CHARACTER COLOUR SPECIFIER

The tyjpes listed in the table above are defined below.
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AreaAsfs == AsfValue x AsfValue x AsfValue X AsfValue X
AsfValue x AsfValue X AsfValue
The order is INTERIOR STYLE, INTERIOR STYLE INDEX,
INTERIOR COLOUR SPECIFIER, EDGE FLAG, EDGETYPE,
EDGEWIDTH SCALE FACTOR, EDGE COLOUR SPECIFIER
Arealnd ==|N;
AsfValue == BUNDLED | INDIVIDUAL
CharAsfs == AsfValue X AsfValue x AsfValue X AsfValue
The order is CHARACTER EONT AND PRECISION,
CHARACTER EXPANSIONFACTOR,
CHARACTER SPACING;CHARACTER COLOUR SPECIFIER
CharExpan == {x:R 1 x>0}
CharInd ==|N;
CharSpace ==
ClipInd == CLIP | NOCLIP
ColrSpec == indireet <<ColrInd>> |
colrrgb <<ColrRGB>> |
colrcieluv <<ColrCIELUV>> |
colrhsv <<ColrHSV>> |
colrhls <<ColrHLS>>
CurveAsfs == AsfValue X AsfValue x AsfValue
The order is CURVETYPE, CURVEWIDTH SCALE FACTOR,
CURVE COLOUR SPECIFIER
Curvelnd ==|N,
CurveType == {xZZ | x#0}
CurveWidth == {x:R | x=0}
EdgeFlag == OFF | ON
EdgeType == {xZZ 1 x#0}
EdgeWidth == {x:R 1 x>0}
FontInd == {xZ | x#0}
FontPrec == FontInd X Prec
GenName == workstationidentifier<<WsId>> | segmentname<<SegName>>
| name<<Name>>
HorAlign == NORMAL | LEFT | CENTRE | RIGHT
IntStyle == HOLLOW | SOLID | PATTERN | HATCH | EMPTY
IntStyleInd == {xZ|x#0)}
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MarkerAsfs == AsfValue x AsfValue x AsfValue
The order is MARKERTYPE, MARKERSIZE SCALE FACTOR,
MARKER COLOUR SPECIFIER
Markerind ==|N;
MarkerSize == {x:R | x>0}
MarkerType == (xZ | x#0)}
Name
NameSet =P GenName
NDCOrd == (R 137 R 07 0y PSP ax A Prnax>7)
NDCRect == {xmin »Xmax»Y min>Y max :NDCOrd | X min <Xmax A ¥ min <Y max
L4 (xmin’xmax’ymin’ymax)}
NDCRectSet == P NDCRect
PatSize == {x,y:WCOrd | x>0Ay>0 e (x,y)}
Pickld
Prec == STRING | CHAR | STROKE
Scissor == ClipInd x NDCRectSet x ShieldInd x NDCRectSet
Scissorld
ScissorldSet == P Scissorld
ScissorSet == Scissorld + Scissor
SegName
ShieldInd == SHIELD | NOSHIELD
TextAlign == HorAlign X VertAlign
TextHt == {x:WCOrd | x>0}
TextPath == RIGHT | LEFF"UP | DOWN
TextSkew ==
The type TextSkew is defined in radians (positive is anticlockwise).
TextUpVec == {x,y:WEOrd | x2+y2>0 o (x,)}
VertAlign == NORMAL | TOP | CAP | HALF | BASE | BOTTOM

The type PrimAttrValue is the supertype of all the types of the primitive attributes.

PrimAttrValue == pickidentifier <<PickId>> |
nameset <<NameSet>> |
scissorset <<ScissorSet>> |
globaltransformation <<Matrix23>> |
localtransformation <<Matrix23>> |
patternsize <<PatSize>> |
patternreferencepoint <<WCPoint>> |
textheight <<TextHt>> |
textupvector <<TextUpVec>> |
fextskewangle << IeXISKew>> |
textpath <<TextPath>> |
textalignment <<TextAlign>> |
curveindex <<Curvelnd>> |
curveasfs <<CurveAsfs>> |
curvetype <<CurveType>> |
curvewidthscalefactor <<CurveWidth>> |
curvecolourspecifier <<ColrSpec>> |
markerindex <<MarkerInd>> |
markerasfs <<MarkerAsfs>> |
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markertype <<MarkerType>> |
markersizescalefactor <<MarkerSize>> |
markercolourspecifier <<ColrSpec>> |
areaindex <<Arealnd>> |

areaasfs <<AreaAsfs>> |

interiorstyle <<IntStyle>> |
interiorstyleindex <<IntStyleInd>> |

1Q

11.1.6
The fo

PrimAttr

intertoreolourspeetfier<<ColrSpee>>+
edgeflag <<EdgeFlag>> |

edgetype <<EdgeType>> |
edgewidthscalefactor <<EdgeWidth>> |
edgecolourspecifier <<ColrSpec>> |
characterindex <<CharInd>> |
characterasfs <<CharAsfs>> |
characterfontandprecision <<FontPrec>> |
characterexpansionfactor <<CharExpan>> |
characterspacing <<CharSpace>> |
charactercolourspecifier <<ColrSpec>>

== PrimAttrName — PrimAttrValue

Data types for transformations

78

)}

lowing types are used to describe transformations.
DCOrd ==
DCVp == [xmin,xmaz,ymin,ymax :DCOrd | X min <Xmax A Y min <Y max
L4 (xmin »X max»Y min ,ymax)}
LDCWin == {Xmin>Xmax>Y min>Y max :.LDCOIA | X i <X max A Y min <Y max
A OS_xmin <1
INISS Y|
N OS)’min <1
N 0<yma)(Sl hd (xmin »X max »Y min »Y maj
LDCOrd ==
LDCRect == {X min»¥max>Y min>Y max-‘LDCOId | X min <X max A ¥ min <Y max
A OSxmin <1
A 0<x i £1
A0Sy min<1
A 0<ymaxS1 b (xmin »Xmax>Y min»Y ma
LDCRectSet == P LDCRect
LDCVP == {xmin >X max») min»>Y max :.LDCOrd | Xmin <Xmax A Y min <Y max
A 0_<xmi,, <1
AO<x .1
A OSy min < 1
A 0<y maxSl b4 (xmin »X max»Y min ’ymax)}
NDCWin == {xmin »Xmax>Y min>Y max :NDCOrd | X min <Xmax A ¥ min <Y max
4 (xmin »Xmax>Y min»Y max)}
NDCVP == {xmin »Xmax>Y min»Y max :NDCOrd | X min <Xmax A Y min <Y max

L4 (xmimxmax’ymin’ymax)}
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NormTran == WCWin x NDCVp
NormTranNum == {n:IN10<n<63}
NormTranNum1 == {n:IN|1<n<63}
Pri == HIGHER | LOWER
ScissorMode ==LOCUS | SHAPE
ViewInd == {n:IN|10<n<15}
Viewimit = {mINTI<n<15]}
ViewPri == {f:IN-»ViewInd | dom f=0.. 15 Aran f= ViewInd
AV ny,ny:dom fe f(n)=f(ny)=n,=n,)}
ViewScissor == ClipInd x LDCRectSet x ShieldInd x LDCRectSet
ViewUpVec == {x,y:WCOrd | x24+y2>0 o (x,y)}
VpInPri == {fIN-BNormTranNum | dom f=0 .. 63 A ran f = NormTranNum
AV ny,ny: dom fe f(n))=f(ny)=n,=n,)
WCWin == {xmin »Xmax>Y min>Y max :WCOrd | Xmin <Xmax A Y miin <Y max

b (xmin’xmax’ymin ’ymax)}

The type NormTranNum1 is the subtype of NormTranNum which exeludes normalization transfogmation
number 0. The type ViewPri is a bijection from the integers 0 .. 15 to the view indices. Each view index has a
uniqu¢ position in the sequence. Position 0 is the highest priority. The type VpInPri is a bijection frpm the
integelrs 0 .. 63 to the normalization transformation numbers. Eachdormalization transformation numbgr has a
uniqu¢ position in the sequence. Position 0 is the highest priority:

11.1.7 Data types for NDC picture
The type Position is used by REORDER NDC PICTURE.

Position == FRONT | BACK

11.1.8 Data types for metafiles
Values of the identifiers associated withpictures in metafiles are of type Picld. This is a basic type.

Picld
NDC metafile specifiers aretype NDCMfSpec and realized metafile specifiers are of type RealizMfSpec

NDCMfSpec
RealizMfSpéc

11.1.9 Datatypes for picture parts and archives
The typePicPartName is a basic type for the names of picture parts.

PicPartNarme
The following flags are used when copying primitives from the picture part store.

ScissorSelect == CHANGE | LEAVE
TransMode == REPLACE | PRE | POST

Values of the names associated with picture parts in archives are of type ArName. NDC archive specifiers are
of type ArSpec. Both are basic types.

ArName
ArSpec
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11.1.10 Data types for utility functions

The utility functions for building transformation matrices (see 12.13) use the following types. WCNDCPoint
is a point in world or NDC coordinates.

CircularArcSpec == {55,5y,ix,1y,x,€y: WCOId | (=8 (iy—ey)—(ix—e;)(i,—s,)#0
o (52,5)), Gy, (€x,€0))
The points (s;,5y),(ix,iy),(€x,€,) define the
start, intermediate and end points of a circular arc
El]lpSCSpCC == {prpy ’vac)uqx’qy: wCOrd | (Cx—px)(cy_qy)—(Cx_qx)(cy_py)#)
o ((Px:Py)>(Cx5Cy),(qx,9y))}
The point (c,,c,) defines the centre of the ellipse,
(x.py) defines the first conjugate radius end point
and (¢,.9y) defines the second conjugate radius end point
HyperbolaSpec == (pxapy’cucy Jxs Gyt WCOrd | (Cx_px)(cy_qy)“(cx_qz)(cy_py)7&0
@ ((Px:Py):(Cx:Cy). (4239 )))
The point (c,,cy) defines the centre of the hyperbola,
(Px,py) is the transverse radius end point
and (¢,.4,) is the conjugate radius end point
ParabolaSpec == (pzapyacx,cy »dx-qy: WCOrd | (Cx_px)(cy'qy)_(Cx_qx)(cy_py);to
® (Px Py (€234, (9x,9y )}
The point (p,.p,) is the start pointof the arc.
The point (¢y,q,) is the end point of the arc.
The point (c,,c,) is the tangential intersection point.

NDCPoint == {x,y:NDCOrd e (x,y)}
OrdSelector =XIY
Rad ==
The type Rad is defined in radians (positive is anticlockwise).
ScaleFactors ==R XR
Vec == {x,y:WCOrd | x2+y%>0 o (x,y)}
WCNDCPoint == wcpoint <<WCPoint>> | ndcpoint <<NDCPoint>>

11.1.11 Data types for segments

The vhlues of the type SegAttrName are the names of the segment attributes. These are listed in the table
below|with the types of the values of each attribute.

Attribute name Type

VISIBILITY Vis
HIGHLIGHTING Highl
DETECTABILITY Det
SEGMENT TRANSFORMATION | Matrix23
SEGMENTPRIORITY SegPrt

SegAttrName == VISIBILITY | HIGHLIGHTING | ...

Definitions of the types in the table above are given below.

Det == UNDETECTABLE | DETECTABLE

Highl == NORMAL | HIGHLIGHTED

SegPri == {x:R | 0<x<1}

Vis == VISIBLE | INVISIBLE

The type SegAttrValue is the supertype of all the types of the segment attributes.
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SegAttrValue == visibility<<Vis>> |
highlighting<<Highl>> |
detectability<<Det>> |

segmenttransformation<<Matrix23>> |
segmentpriority<<SegPri>>

11.1.12_Data types for input
Typed for input are described below.
ChoiceNum ==|N;
ChoiceStatus == OK | NOCHOICE
DevCompose == (P Measureld) x (P Triggerld)
Devld == Wsld X IN; X MeasureClass
The value IN; defines the device number within the measure class on the
specified workstation
DevIdValueSet == devidvalue <<P (Devld x InValue)>>
| NONE
EchoArea == {Xmin>¥max>Y min>Y max :DCOTA | X iy <xmax A Y min <Y max
L (xm'm »X max »Y min vymax)}
EchoSwitch == ECHO | NOECHO
InitInValue == InValue X PET x EchoSwitch X EchoArea x InData
InitValue == initialvalue <<InValue>>
| pet <<PET>>

| echoflag <<EchoSwitch>>
| echoarea <<EchoArea>>

| datarecord-<<InData>>

| all <<InitlAValue>>

InData
InStatus == QK 'NONE
InValue == Jocatorvalue <<NormTranNum X WCPoint>>
I strokevalue <<NormTranNum X seq WCPoint>>
| valuatorvalue <<R>>
| choicevalue <<ChoiceStatus X ChoiceNum>>
| pickvalue <<PickStatus X NameSet x PickId>>
| stringvalue <<CharString>>
| compvalue <<seq InValue>>
MeasureClass ==LOCATOR | STROKE | VALUATOR | CHOICE | PICK |
STRING | COMPOSITE
Measureld
OpMode == REQUEST | SAMPLE | EVENT
PET == (n: Z | n#0)
The type PET defines Prompt and Echo Type
PickStatus == OK | NOPICK
SeqMeasureld == seq; Measureld
Timeout == {x:R | x>0}
Triggerld
TriggerSet == P Triggerld

The type InData is a basic type describing input data records. Timeout is defined in seconds.
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11.1.13 Data types for workstation control
Types associated with workstation control are listed below. All are basic types.

Entity Type

Workstation generic type WsGenType
Workstation identifier Wsld
Workstation specifier WsSpec
Worstation-specific-information——WsSpeelnfo

WsGenType

Wsld

WsSpec

WsSpecInfo

WsType ==WsGenType x WsSpecinfo

ChangeFlag == CHANGED | NOTCHANGED

ColrAvail == COLOUR | MONOCHROME

DCUnits == METRES | OTHER

DispKind == VECTOR | RASTER | OTHER

WsStatus == UPTODATE | NOTUPTODATE

The type ChangeFlag is used to indicate whether or not the contents of-a specific workstation description table
has changed.
The types associated with bundles are listed below.
Bundle Type
Curve CurveBun

Marker MarkerBun
Character | CharBun
Area AreaBun

Type dfinitions are given below.

AreaBun == IntStyle x IntStyleInd x ColrSpec
x EdgeFlag x EdgeType x EdgeWidth x ColrSpec
First ColSpec is interior colour specifier, second is edge colour specifier

CharBun == FontPrec x CharExpan x CharSpace X ColrSpec
CurveBun == CurveType x CurveWidth x ColrSpec
MarkerBun == MarkerType x MarkerSize x ColrSpec

Colour|models-are/specified by values of the type ColrModel:
ColrModel ==RGB | CIELUV | HSV | HLS

The type F ds-specifies-colour-coordinates—TFhe-number—of-coordinates—necessary-is-dependent-On the
colour model. Colours in the RGB and CIELUV colour models, which are required to be available, are
specified by three coordinates. Colours in the HSV and HLS colour models, which may be provided, are also
specified by three coordinates. Additional colour models may be included in the ISO International Register of
Graphical Items which is maintained by the Registration Authority (see 4.2). Implementation dependent
colour models may also be provided. The type definitions are:
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ColrCIELUV =={u’,v,Y:Reu’,v"Y)}
ColrHLS == {h,,s:R | 0<h<L1A0<ISIA0<Ss<] o (h,1,5)}
ColrHSV == {h,s,v:R | 0Sh<IA0<s<1AOLV<] o (h,5,V)}
ColrRGB == {r,2,b:R | 0<r<1A0<g<1A0<h<1 ¢ (r,g,b)}
ColrCoords == colrrgb <<ColrRGB>> | colrcieluv <<ColrCIELUV>>
I colrhsv <<ColrHSV>> | colrhls <<ColrHLS>> | - - -
The ¢ ~oleCl istics describes i} ] | istics of a display. It is a basi

The t

The v

The b

For the types ArecaBunTab to MarkerBunTab, an entry for index value 1 is always defined. At least 20

are sy

dle taple and pattern table:

Work

Selec]

ColrCharacteristics

ype ConversionFlag is used by the colour utility function, CONVERT COLOUR.
ConversionFlag == DONE | APPROXIMATED | NOTCONVERTED
isual effect state is described by the type:
VisEffSt == SUPPRESS | ALLOW
undle, pattern and colour tables are described by the types:
AreaBunTab == Arealnd > ArecaBun
CharBunTab == CharInd -» CharBun
ColrTab == ColrInd -+ ColrCoords
CurveBunTab == Curvelnd -+ CurveBun
MarkerBunTab == MarkerInd > MarkerBun
PatTab == IntStyleInd -+ ColrArraySpec
Rep == curve <<Curvelnd,x CurveBun>> |

marker <<MarkerInd x MarkerBun>> |
area <<Arealnd X AreaBun>> |

pattern <<IntStyleInd x ColrArraySpec>> |
character <<CharInd x CharBun>> |
colour’'<<ColrInd x ColrCoords>> |
undefined

pported for each of thetcurve, marker and character bundle tables and 10 entries for each of the ar

station selection criteria are defined by the types:

SelectCritType == DISPLAY | HIGHLIGHTING | DETECTABILITY
Selects == SelectCritType — SelectCrit

Lion Criteria are defined by the type SelectCrit. This type is described further in 11.1.18.

11.1.

entries
ea bun-

4 Datatypes for inquiry fanctions

The following types are used by inquiry functions.

11.1.

ErrInd =={iZ1i<0 v i>1000}
SetReal ==SET IREALIZED

15 Data types for operating state

The following types describe the operating state of GKS. The first distinguishes between GKS being open or
not. The others distinguish the state in which the specified store is (open or closed).
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GKSOpSt == GKCL | GKOP
PicPartOpSt == PPCL | PPOP
SegOpSt == SGCL | SGOP
TilingOpSt == TLCL | TLOP
StencilOpSt == STCL | STOP

11.1.16_Data types for font and glyph functions
The following basic types are used by the font and glyph functions.

GlyphName
1SO954 1FontName

11.1.17 Data types for audit trails

Audit {rail identifiers are of type Auditld and specifiers are of type AuditSpec{ The names of operations
allowefl on audit trails are of type PlaybackOps and ProcessOps. The type RecAuditFlag denotes whether
recording is on or off. Audit user data records are of type AuditUserData.

Auditld

AuditOps == OPEN <<AuditSpec>> | CLOSE (BEGIN | END
AuditSpec

AuditUserData

ProcessOps == SKIP | DO

PlaybackOps == OPEN <<AuditSpec>>1 CLOSE

RecAuditFlag == OFF | ON

The type AuditFuncName consists of the names of.the GKS functions as listed in Annex A except for ERROR
HANDLING and ERROR LOGGING.

The type FuncParams is the supertype of the,types of the GKS function parameters for the functions named in
AuditHuncName. The full definition of thé type is derivable from the function headings in clauses 12, 13 and
14. The first two entries in the type aré:

FuncParams =='opengks <<ErrFile>>
I closegks

11.1.1[8 Data types for selection criteria
Selection criteria are defined by the type SelectCrit.

SeleétCrit == contains <<NameSet>> |
isin <<NameSet>> |
equals <<NameSet>> |
SELECTALL |
REJECTALL |
and <<SelectCrit X SelectCrit>> |
or <<SelectCrit x SelectCrit>> |
not <<SelectCrit>>

If the nameset associated with a primitive is pns and ns is a nameset, the operators for constructing selection
criteria are:

CONTAINS(ns) nscpns
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ISIN(ns) pnscns

EQUALS(ns) ns=pns

SELECTALL True (for any nameset)
REJECTALL False (for any nameset)
AND

OR

NOT

operators:

CONTAINS: NameSet — SelectCrit
ISIN: NameSet — SelectCrit

EQUALS: NameSet — SelectCrit

AND: SelectCrit SelectCrit — SelectCrit
OR: SelectCrit SelectCrit — SelectCrit
NOT: SelectCrit — SelectCrit
SELECTALL: — SelectCrit
REJECTALL: — SelectCrit

A function:

satisfy: NameSet SelectCrit — Bool

fom the

which delivers T (true) if the nameset satisfies the selection criterion and F (false) if it does not, is defined by

the equations:

satisfy(ns, AND(s1, s2)) = satisfy(ns, s1) and atisfy(ns, s2)
satisfy(ns, OR(s1, s2)) = satisfy(ns, s1) or satisfy(ns, s2)
satisfy(ns, NOT(s)) = not (satisfy(ns, s))
satisfy(ns, CONTAINS(emptyNS)) =T
satisfy(ns, CONTAINS(mkSet(n))= member(n, ns)
satisfy(ns, CONTAINS(ns1 wns2)) =

satisfy(ns, CONTAINS(ns1)) and satisfy(ns, CONTAINS(ns2))
satisfy(emptyNS, ISIN(ns)) = T
satisfy(mkSet(n), ISIN(ns)) = member(n, ns)
satisfy(ns1 U ns2;-JSIN(ns)) = satisfy(ns1, ISIN(ns)) and satisfy(ns2, ISIN(ns))
satisfy(ns, EQUALS(ns1)) = (ns == nsl)
satisfy(ns, SELECTALL) =T
satisfy(nS)REJECTALL) = F

wher¢ the function member(n,ns) delivers T if n is an element of ns and F otherwise, and the operator ‘=’

determines$ equality between terms of the same sort. ‘mkSet’ and ‘U’ are set construction operators. ‘ar

and ‘pot*are the logical operators.

d,, tor,

11.1.19 Data types for paths, tilings and stencils
The following types are used to describe stencils and tilings.

AbutSpec ==RIGHT | LEFT | TOP | BOTTOM | CENTREVERT | CENTREHORIZ |
CAPLINE | BASELINE

Boundary == closedpathseq << seq; Path>> | area <<EllipticDisc>>

Cap == BUTTED | ROUNDED | SQUARE
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the last.

ContourAttrName == STYLE | WIDTH | CAP | JOIN
ContourAttrValue == style <<Style>> | width <<NDCOrd>> | cap <<Cap>> | join <<Join>>
HLCPoint == {x,y,w:LCOrd e (x,y,w)}
InsideRule == EVENODD | WINDING
InstanceNum = {r: R1r=0)}
InstanceSeqSpec == seq; SeqSpec
InstanceSpec == put <<LCPoint x LCPomt>> I
d 1o .-nl»‘n- N B o afore o n
align <<LCPoint X LCPomt X LCPomt X LCPoml>>
order is reference point on instance, direction point on instance,
reference point on open stencil, direction point on open stencil
map <<LCPoint x LCPoint X LCPoint X LCPoint X LCPoint x LCPgint>>
order is 3 reference points on instance followed by
3 corresponding points on open stencil
Join == ROUND | BEVEL | mitred <<NDCOrd>>
LCClosedNURB == LCNURB where the curve is closed by conrecting the first point to
LCConicSection == Matrix33 x LCPoint x LCPoint X SenseFlag
LCControlPoints == hlccp <<seq; HLCPoint>> | lccp <<seqy LCPoint>>
LCNURB == { k: SplineOrder, P: LCControlPoints; W: SeqWeight, T: Knots,
(tmin>tmax): ParamRan 1 #P > k > 1 A#W =#P A
#T = k+t#PAN i,je LAT | j>i=>T() 2T3E) A
T(k) € 600K tnax S THP+1)
L4 (k1Pa W’Tv(tmm’ max))}
LCOrd ==
stencil local coordinate’system
LCPoint == {x,y:LCOrd e (x,y)}
LCStencilOrigin == LCPoint
LCTilingOrigin == LCPoint
Path == polyling) <<seq, LCPoint>> | nurb <<LCNURB>> |
conicsection<<LCConicSection>>
PathSpec ==AbutSpec x Path x LCPoint
RepTech ==/dx <<LCOrd>> | dy <<LCOrd>> | dxdy <<LCOrd x LCOrd>> |
dydx <<LCOrd x LCOrd>>
SeqBoundary == seq, Boundary
SeqPaths == seq; Path
SeqSpec == StencilName X StencilName x LCPoint
order is instance name, existing stencil name, reference point
StencilAttrName ==TOPY | CAPY | HALFY | BASEY | BOTTOMY | CENTREY |
LEFTX | RIGHTX | CENTREX |
CENTRE | ORIGIN | CENTRETOP | CENTREBOTTOM |
CENTRELEET | CENTRERIGHT |
TOPLEFT | TOPRIGHT | BOTTOMLEFT | BOTTOMRIGHT
StencilAttrValue == topy <<LCOrd>> | capy <<LCOrd>> | halfy <<LCOrd>> |
basey <<LCOrd>> | bottomy <<LCOrd>> |
centrey <<LCOrd>> | leftx <<LCOrd>> | rightx <<LCOrd>> |
centrex <<L.COrd>> |
centre <<LCPoint>> | origin <<LCPoint>> | centretop <<LCPoint>> |
centrebottom <<LCPoint>> |
centreleft <<L.CPoint>> | centreright <<LCPoint>> |
topleft <<LCPpoint>> | topright <<LCPoint>> |
bottomleft <<LCPoint>> | bottomright <<LCPoint>>
Style == SOLID | DASHED | DOTTED | DASHED-DOTTED |
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DASHED-DOTTED-DOTTED

TilingParam

== setofpolyline <<(seq; (seq, LCPoint) ) X ColrSpec>> |

setofnurb <<(seq; LCNURB) x ColrSpec>> |
setofconicsection <<seq; LCConicSection X ColrSpec>> |
setoffillarea <<(seq; ( seqs LCPoint )) X ColrSpec >> |
setofellipticsector <<(seq; LCConicSection) x ColrSpec>> |
setofellipticsegment <<(seq; LCConicSection) x ColrSpec>> |
setofellipticdisc <<(seq, EllipticDisc) X ColrSpec>> |

11.2 [Data type definitions for state lists and description tables

11.2.1 Introduction

setofclosednurb <<(seq; LCClosedNURB) x ColrSpec>> | im
design <<StencilName x LCStencilOrigin X StencilTran x TilihgNdme x
LCTilingOrigin x TilingTran>>

In this| subclause, the types of GKS data structures are defined. Each data structure is defined by a type, say

is is a function from the source type XxEntName to XxEntValue. Thg'left-hand column of the| tables

below |contain the description of the entry. The centre column is the correSponding value of XxEntName and

t-hand column is the corresponding type of the entry. The type"XxEntValue is a union of the types of

the individual entries given in the right-hand column. The workstation description table entries may pot all
apply to all workstation types and so this type is a partial, rather{than total function as some entries may |not be

definedl for a particular workstation type.

11.2.2 Operating state list (OSL)

GKS gperating state
picturg part operating state
segmept operating state
stencil| operating state
tiling ¢perating state

11.2.3 GKS description table (GDT)

set of available workstation types
set of available fonts
defaul} font index mapping

11.2.4 GKS stafelist (GSL)

GKSOPST GKISOpSt
PICPARTOPST PicPartOpSt
SEGOPST SdgOpSt
STENCILOPST StendilOpSt
TILINGOPST TilingOpSt
AVAILWSGENTYPES P WsGenType
AVAILFONTS P 1SO9541FonfName

DEFFONTINDMAP  Fontlnd —ISO9541FonfName

route direction ROUTEDIR RauteDir
scissor mode SCISSORMODE ScissorMode
set of ppen, workstations OPENWSIDS Wsld
set of active workstations ACTIVEWSIDS Wsld
set of open audits OPENAUDITS P (Auditld x RecAuditFlag)
set of open playbacks OPENPLAYBACKS P Auditld
input queue INPUTQUEUE seq (DevId x InValue)
font index mapping FONTINDMAP FontInd - I1SO9541FontName
current primitive attributes CURPRIMATTRS PrimAttr
current normalization transformation number CURNORMTRANNUM NormTranNum
normalization transformations NORMTRANS NormTranNum — NormTran
viewport input priorities VPINPRIS VplnPri
name of the open picture part OPENPICPARTNAME
picturepartname<<PicPartName>> | undefined
set of picture part names in use PICPARTNAMES P PicPartName
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OPENSEGNAME
segmentname<<SegName>> | undefined
SEGNAMES P SegName
SEGSTLISTS P SSL
OPENSTENCILNAME

stencilname<<StencilName>> | undefined

set of stencil names in use STENCILNAMES P StencilName
set of stencil state lists STENCILSTLISTS P STSL
curren} contour attributes CURCONTOURATTRS

ContourAttrName — ContourAttrValue
name of the open tiling OPENTILINGNAME

tilingname<<TilingName>> | undefined
set of tiling names in use TILINGNAMES P TilingName
11.2.§ Workstation state list (WSL)
curve pundle table CURVEBUNTAB CurveHunTab
markef bundle table MARKERBUNTAB MarkerHunTab
area bjindle table AREABUNTAB AreaBunTab
pattern table PATTAB PatTab
charadter bundle table CHARBUNTAB CharBunTab
colour table COLRTAB ColrTab
current workstation window CURWSWIN LIDCWin
currenft workstation viewport CURWSVP DCVp
current visual effects state CURVISEFFST V|SEffSt
logical input device operating modes OPMODES Devid - OpMode
logical input device initial values INITVALUES Devld - InitInValue
selection criteria SELECTCRITS Selects
set of stored segments for this workstation SEGNAMES P SegName
view fepresentations VIEWREPS

ViewInd — SelectCrit X Matrix23 x Matrix23 x Viewpcissor
view priorities VIEWPRIS ViewPri
11.2.6 Workstation description table (WDT)
The type WDTSt describés the state of each specific workstation description table entry for an open wprksta-
tion.
WDTSt == WDTEntName -+ ChangeFlag

Constfaints on.the number of entities of a particular type that have to be provided, for example at [least 5
predefined(cutve bundle table entries have to be provided, are indicated beneath the datatype of the statg list or
description table entry. For example:
predefined curve bumndies PREDCORVEBUNS —————CurveBunTab

#(dom WDT(PREDCURVEBUNS)) = 5

This states that the size (‘#’) of the domain (‘dom’) of the PREDCURVEBUNS entry in the workstation
description table (WDT(PREDCURVEBUNS)) is (the number of curve indices for which bundles are defined)

at least 5.

workstation type
workstation status
device coordinate units
display space size
in device units (DC)
in raster units
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vector or raster display DISPKIND DispKind
set of available curvetypes AVAILCURVETYPES P CurveType
number of available curvewidths NUMAVAILCURVEWIDTHS IN
(a value of 0 indicates that a continuous range is supported)
nominal curvewidth (DC) NOMCURVEWIDTH DCOrd
minimum curvewidth (DC) MINCURVEWIDTH DCOrd
maximum curvewidth (DC) MAXCURVEWIDTH DCOrd
predefined curve bundles PREDCURVEBUNS C unTab
#(dom WDT(PREDCURVEBUNS)) > 5
set of{available marker types AVAILMARKERTYPES P-MarkerType
number of available marker sizes NUMAVAILMARKERSIZES IN
(a value of 0 indicates that a continuous range is supported)
nominal marker size (DC) NOMMARKERSIZE DCOrd
minimum marker size (DC) MINMARKERSIZE DCOrd
maximum marker size (DC) MAXMARKERSIZE DCOrd
predeffined marker bundles PREDMARKERBUNS MarkerBunTab
#(dom WDT(PREDMARKERBUNS)) > 5
set of|available interior styles AVAILINTSTYLES P IntStyle
#(WDT(AVAILINTSTYLES)) >3
set of|available hatch styles AVAILHATCHSTYLES P Int§tyleInd
predeffined area bundles PREDAREABUNS AreaBunTab
#(dom WDT(PREDAREABUNS)) > 5
set of{available edgetypes AVAILCEDGETYPES P eType
number of available edgewidths NUMAVAILEDGEWIDTHS IN
(a value of 0 indicates that a continuous range is supported)
nominal edgewidth (DC) NOMEDGEWIDTH DCOrd
minimum edgewidth (DC) MINEDGEWIDTH IDCOrd
maximum edgewidth (DC) MAXEDGEWIDTH DCOrd
predefined pattern representations PREDPATS PatTab
#(dom WDT(PREDPATS)) > 1
set of|available font and precision pairs AVAILFONTPRECS P FpntPrec
numbser of available character expansion factors NUMAVAILCHAREXPANS IN

(a value of 0 indicates that a.continuous range is supported)

minirhum character expansion factor MINCHAREXPAN CharExpan
maximum character expansion factor MAXCHAREXPAN CharExpan
number of available text heights NUMAVAILTEXTHT IN

(a value of 0 indicates that a continuous range is supported)

minirhum text height (DC) MINTEXTHT IDCOrd
maximum text height (DC) MAXTEXTHT IDCOrd
predefinéd ‘character bundles PREDCHARBUNS CharBunTab
#(dom WDT(PREDCHARRBI ujs)) >6

set of available colour models AVAILCOLRMODELS P ColrModel
colour characteristics of display COLRCHARACTERISTICS ColrCharacteristics
number of available colours or intensities NUMAVAILCOLRS INg 2
colour available COLRAVAIL ColrAvail
predefined colour representations PREDCOLRREPS ColrTab
#(dom WDT(PREDCOLRREPS)) >2

set of available GDPs AVAILGDPS P GDPId
set of available input devices AVAILINDEVS P Devid
logical input device initial values INITVALUES Devld — InitInValue
set of available measures AVAILMEASUREIDS P Measureld
set of available triggers AVAILTRIGGERIDS P Triggerld
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device compositions DEVCOMPOSE Devld & DevCompose
11.2.7 Error state list (ESL)

error state ERRST ErrSt
error file ERRFILE errorfile<<ErrFile>> | undefined
input device causing queue overflow DEVID deviceidentifier<<DevId>> | undefined
11.2.8 (S5

segment name SEGNAME SegName
set of associated workstations ASSOCWSIDS P|Wsld
current| segment attributes CURSEGATTRS SegAtrName ~3 SegAttValue
11.2.9| Stencil state list (STSL)

stencil jname STENCILNAME StencilName
currenf stencil attributes CURSTENCILATTRS

StencilAttrName — StencilAttValue

11.3 [nitial values of state lists and description tables

11.3.1] Operating state list

In this|subclause, the initial values of GKS data structures ar® défined. The left-hand column of the |tables

below tontain the description of the entry. The right-hand celumn is the corresponding initial value.

GKS operating state GKCL
picture] part store operating state PPCL
segment operating state SGCL
stencil|operating state STCL
tiling gperating state TLCL
11.3.2 GKS description table

All inifial values are implementation,dependent.

11.3.3 GKS state list

route direction NDC
scissorl mode LOCUS
set of gpen workstations empty
set of gctive workstations empty
set of ppen audits empty
set of ¢ppen ‘playbacks empty
input queue empty
font index mapping default from GDT

current primitive attributes
PICK IDENTIFIER
NAMESET
SCISSOR SET

GLOBAL TRANSFORMATION
LOCAL TRANSFORMATION
PATTERN SIZE

PATTERN REFERENCE POINT
TEXT HEIGHT
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(scissorid, (CLIP,{(0,1,0,1)} NOSHIELD,empty))
The value of scissorid is language binding dependent

Identity
Identity
11
0,0
0.01


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC

ISO/TEC 7942-1:1994(E)

GKS functions Initial values of state lists and description tables
TEXT UP VECTOR ©, 1)
TEXT SKEW ANGLE 0
TEXT PATH RIGHT
TEXT ALIGNMENT (NORMAL, NORMAL)
CURVE INDEX 1
CURVE ASFS All INDIVIDUAL
CURVETYPE 1
CURVEWIDTH SCALE FACTOR 1.0

CURVE COLOUR SPECIFIER
MARKER INDEX

indirect|<<1>>
1

MARKER ASFS AllINDIVIDUAL
MARKERTYPE 3
MARKERSIZE SCALE FACTOR 1.0
MARKER COLOUR SPECIFIER indirect|<<1>>
ARHA INDEX 1
ARHA ASFS All INDIVIDUAL
INTERIOR STYLE HOLLOW
INTERIOR STYLE INDEX 1
INTERIOR COLOUR SPECIFIER indirect{<<1>>
ED(E FLAG OFF
EDGETYPE 1
EDJEWIDTH SCALE FACTOR 1.0
EDQE COLOUR SPECIFIER indirect|<<1>>
CHARACTER INDEX 1
CHARACTER ASFS All INDIVIDUAL
CHARACTER FONT AND PRECISION (1, STRING)
CHARACTER EXPANSION FACTOR 1.0
CHARACTER SPACING 1.0
CHARACTER COLOUR SPECIFIER indirect|<<1>>
current normalization transformation number 0
for each normalization transformation:
windqw (X,I,O,l)
viewplort 0,1,0,1)
viewport input priorities 0..63>
0 highest priority
63 lgwest (maximurn,normalization transformation number)
name|of the open(picture part unfefined
set of|picture partinames in use empty
name|of the open segment unfdlefined
set of|segment names in use empty
set oflsegiment state lists empty
name of the open stencil undefined
set of stencil names in use empty
set of stencil state lists empty
current contour attributes
STYLE SOLID
WIDTH 0.01
CAP ROUNDED
JOIN ROUND
name of the open tiling undefined
set of tiling names in use empty
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Initial values are taken from the workstation description table except for the following entries.

current workstation window
current workstation viewnort

(18 2 ] wOLASwauOL PYRs

O,

ctions

1,0,1)

(0,xd,0,yd)
where (xd,yd) is the display space size in device coordinates from the workstation description table

current visual effects state ALLOW
selection criteria
display REJECTALL
highlighting REJEC[TALL
detec bilily REJEC[TALL
set of diored segments for this worksta mpty
logicall input device operating modes all devices RE ST
view r¢presentations
selecfion criterion view 0 SELECTALL
selection criterion other views REJEC[TALL
view prientation IIenmy
view mapping Identity
view [scissor NOCLIP,empty NOSHIELD empty
view [priorities <0..15>

0 hijghest
15 Jowest

11.3.§ Generic workstation description table

All iniial values of a generic workstation description tabl¢-are implementation dependent. When a wxrksta-

tion i§ opened, the state of all specific workstation' description table entries for that worksta

UNCHANGED.

11.3.4 Error state list

error state
error file
input device causing queue overflow

11.3.7 Segment state list

set of associated workstations
currenf segment attributes

implementation depj
und

workstations active at CREATE SEG]I

on is

OFF
endent
efined

MENT

VISIBILITY VISIBLE
HIGHLIGHTING NORMAL
DETECTABIRITY UNDETECTABLE
SEGMENT TRANSFORMATION 1,0,0:0,1,0
SEGMENT PRIORITY 0.0
11.3.8 Stencil state list
current stencil attributes undefined
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12.1

Control functions

OPEN GKS

ISO/IEC 7942-1:1994(E)

6.1

In

error file

ErrFile

The ¢perating state list entry ‘GKS operating state’ is set to GKOP to indicate GKS is open. The-GKS state
list if allocated and initialized as indicated in clause 11.2. The GKS description table and the generic worksta-

tion description tables are made available. The entry ‘error file’ in the GKS error state listis set to the value

specified by the parameter.

CLOSE GKS 6.1

none

The pperating state list entry ‘GKS operating state’ is set to GKCL to indicate GKS is closed. The GKS

descriiption table, GKS state list, error state list and the workstation, description tables become unavailable.

GKS|can be reopened by invoking the function OPEN GKS.

SAVE GKS STATE LIST 6.1
In| set of entry names P GSLEntName
Oyt entry values GSLEntName —+ GSLEptValue

The get of entry names in the GKS state list are returned to the application as a set of values for storage.

RESTORE GKS STATE LIST 6.1
In| entry values GSLEntName -+ GSLEntValue

The ¢ntry values previously stored.by the application are restored in the GKS state list.

ESCAPE .10, 7.2
In| specific escape function identification Escap¢Funcld
In| escape input data record EscapgInData
Oyt escape oufput'data record EscapeQutData

The gpecified non>standard specific escape function is invoked. The form of the escape data records anfd which

of them arevused may vary for different functions. The following rules govern the initial definitipn of a

specific.escape function:

a 4) are not vin]atnd;

b) the GKS state list is not altered;
¢) the function does not generate graphical output;

d) any side effects are well documented.

Specific escape functions may apply to more than one workstation, for example all open workstations. The
escape input data record may include a workstation identifier where this is required. Examples of specific
escape functions are:

e) local control of a frame buffer;
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f) use of specialist hardware.

Specific escape function identifications are registered in the ISO International Register of Graphical Items,
which is maintained by the Registration Authority (see 4.2). When a specific escape function has been
approved by ISO/IEC, the specific escape function identification will be assigned by the Registration Author-

ity.

EMERGENCY CLOSE GKS 6.9
nong

The operating state list entry ‘GKS operating state’ is set to GKCL. GKS is closed due to an emergency. All
open workstations are closed and GKS is closed. This function can be called even if there has already b¢en an
error. [f GKS is already closed, no action is taken.

ERROR HANDLING 6.9
In error number as listed in annex B EfrNum
In identification of the GKS function which caused the error detection FuncfName
In | error file rrFile

The ERROR HANDLING function is invoked by GKS in any of the errersituations listed in annex Bl. The
stan function just invokes the ERROR LOGGING function with the)same parameters. The ERROR HAN-
DLING function can be replaced by an application program supplied function to allow specific reactjon to
some exror situations.

ERROR LOGGING 6.9
In | error number as listed in annex B EfrNum
In identification of the GKS function which caused the error detection FungName
In | error file BrrFile

The ERROR LOGGING function appends an error message and identification of the GKS function that ¢aused
the errgr to the error file and then returns to-the invoking function.

ROUTE 6.11
In | direction RopteDir
The GKS state list entry route direction’ is set to the value specified by the parameter.

12.2 PDutputfunctions

CREATEQUTPUT PRIMITIVE 6.2.2,8.7.6
In  primitive parameters PrimParam

A primitive of the specified type is created. The current values of the primitive’s attributes as given by the
‘current primitive attributes’ entry in the GKS state list (see 11.2.4) are bound to the primitive.
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12.3 Design output functions

OPEN STENCIL 8.7.2
In  stencil name StencilName
In  inside rule InsideRule

The operating state list entry ‘stencil operating state’ is set to STOP to indicate a stencil is open. The stencil
name is recorded as the ‘name of the open stencil’ in the GKS state list and entered into the ‘set of stencil
names in use’ entry in the GKS state list (see 11.2.4). The stencil state list is allocated and-initialized 3s indi-
cated jn 11.3.8. All subsequent stencil instantiations until the next CLOSE STENCIL will become_part of the
stencil definition.

CLOSE STENCIL 8.7.2,8.7.3
nong

Any undefined attributes of the open stencil are set to default values. The operating state list entry {stencil
operating state’ is set to STCL to indicate no stencil is open. The ‘name of the open stencil’ entry in the GKS
state 1{st (see 11.2.4) becomes unavailable for inquiry. Instance names created Whilst the stencil was open are
removed from the ‘set of stencil names in use’ entry in the GKS state list.

RENAME STENCIL 8.7.6
In | old stencil name StencilName
In new stencil name StencilName

The specified stencil is renamed. If old stencil name is the.name of the open stencil, the ‘name of the open
stencil’ entry in the GKS state list is set to new stencil name) The occurrrence of old stencil name in the|‘set of
stenci] names in use’ entry in the GKS state list (see 1122.4) is replaced by new stencil name. The old [stencil
name fnay be reused by the application program.

DELKTE STENCIL 8.7.6

In stencil name StencilName

The specified stencil is deleted from stencil store. The stencil name is removed from the ‘set of stencil names
in use| entry in the GKS state list(see”’11.2.4). The stencil state list is deallocated. The stencil name may be
reused by the application program:

CREATE STENCIL FROM BOUNDARY 8.7.2
In | stencil name StencilName
In | inside rule InsideRule
In | boundary SeqBopndary

A stercil with-the specified name is created from the specified boundary. Points inside and outside the [stencil
are defermined by the inside rule. The stencil state list is allocated and initialized as indicated in 11.3.3. The
stencil name is entered into the ‘set of stencil names in use’ entry in the GKS state list (see 11.2.4).

CREATE STENCIL FROM CONTOURS 8.7.2,8.7.6
In  stencil name StencilName
In  inside rule InsideRule
In  sequence of paths SeqPaths

A stencil with the specified name is created from the specified sequence of paths using the ‘current contour
attributes’ entry in the GKS state list. The stencil name is entered into the ‘set of stencil names in use’ entry in
the GKS state list (see 11.2.4). The stencil state list is allocated and initialized as indicated in 11.3.8.
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SET CONTOUR ATTRIBUTE 8.72
In  contour attribute value ContourAttrValue

The ‘current contour attributes’ entry in the GKS state list corresponding to the specified contour attribute
value is set to the value specified by the parameter.

SET STENCIL ATTRIBUTE 8.7.3
In iLname StencilName
In | stencil attribute value SlencilAtLLValue

The v4lue of the ‘current stencil attributes’ entry in the stencil state list of the specified stencil corfespongling to

the specified attribute name is set to the specified attribute value.

GET STENCIL ATTRIBUTE 8.7.3
In | stencil name StencilName
In | stencil attribute name StencilAttyName
Ouf error indicator ErrInd
Ouf attribute value Stencil AttrValue

The value attribute of the specified stencil attribute in the ‘current stencil attributes’ entry of the sten%}l state

list of] the specified stencil is returned and the error indicator is returned as 0, if the value of the attribute is

defin
If the linformation is not available, the error indicator is set.todone of the following error numbers to indicate

1 GKS not open
1028 Specified stencil does not exist
1 Value of stencil attribute is undefined

INSTANCE STENCIL 8.7.2,8.74,8.7.6
In | stencil name Stenc{iName
In | instance name Stenc{iName
In | stencil transformation matrix Sten¢ilTran
In | instance specifier InstangeSpec

An instance of the speeified stencil is created with the specified instance name in the open stencil. The
instance name is entered-into the ‘set of stencil names in use’ entry in the GKS state list (see 11.2.4).

INSTANCE STENCIL ALONG PATH 8.7.4,8.7.6
In | sténcil name StencjlIName
In | <Jinstance name StencjIName
In —startTmap ECPoint
In end map LCPoint
In  instance number InstanceNum
In  path definition Path

An instance of the specified stencil is created along the specified path. The instance name is entered into the
‘set of stencil names in use’ entry in the GKS state list (see 11.2.4).
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INSTANCE STENCIL SEQUENCE ALONG PATH 8.7.4,8.7.6
In instance sequence specifier InstanceSeqSpec
In  path specifier PathSpec
In  stencil transformation matrix StencilTran

The instances of the specified stencil sequence are created along the specified path within the open stencil.
The instance name is entered into the ‘set of stencil names in use’ entry in the GKS state list (see 11.2.4).

In| tiling name TilingName
The ¢perating state list entry ‘tiling operating state’ is set to TLOP indicating that a tiling is open. The tiling
namyg is recorded as the ‘name of the open tiling’ in the GKS state list and entered into the ‘set’of tiling names
in us¢’ in the GKS state list (see 11.2.4). All subsequent tiling component definitionsyuntil the next CLOSE
TILING will become part of the tiling.

OPENTIEING T}: 8.7.5

CLOSE TILING 8.7.5
none

The gperating state list entry ‘tiling operating state’ is set to TLCL indicdting that no tiling is open. The ‘name
of th¢ open tiling’ entry in the GKS state list becomes unavailable for inquiry.

RENAME TILING 8.7.6
In| old tiling name TiliIgName
In| new tiling name TilingName

The gpecified tiling is renamed. If old tiling name is the name of the open tiling, the ‘name of the opep tiling’
in thg GKS state list is set to new tiling name. The<occurrrence of old tiling name in the ‘set of tiling names in
use’ ¢ntry in the GKS state list (see 11.2.4) is replaced by new tiling name. The old tiling name may b¢ reused
by thg application program.

DELETE TILING 8.7.6
In| tiling name Tili

The $pecified tiling is deleted frem tiling store. The tiling name is removed from the ‘set of tiling names in
use’ entry in the GKS state list (see 11.2.4). The tiling name may be reused by the application program

CREATE TILING COMPONENT 875
In| primitive parameters TilingParam
In| origin CPoint

In| replication technique epTech

The filing.component derived from the specified primitive parameters is defined relative to the origin
with peplication defined by the replication technique. The world coordinate values used in the tiling definition
form the Tocal coordinate sysiem of the defined tGling component.

12.4 Output attributes

SET PRIMITIVE ATTRIBUTE 6.2.2
In  primitive attribute value PrimAttrValue

The value of the ‘current primitive attributes’ entry in the GKS state list corresponding to the specified primi-
tive attribute value is set to the value specified by the parameter. Attribute names and their types are listed in
11.1.
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ADD SET OF NAMES TO NAMESET 6.2.2
In  set of names NameSet

The value of the current nameset in the ‘current primitive attributes’ entry in the GKS state list has the
specified set of names added to it.

REMOVE SET OF NAMES FROM NAMESET 6.2.2

In arsel-el-nampc NameSet
The value of the nameset in the ‘current primitive attributes’ entry in the GKS state list has specified:[set of
names femoved from it.

ADD SET OF SCISSORS TO SCISSOR SET 6.2.2
In | set of scissors ScisgorSet

The specified set of scissors is added to the value of the current scissor set in the ‘current primitive attriEutes’

entry if the GKS state list. If the specified set of scissors contains any scissor. identifiers which are alsp con-

tainedj;n the current scissor set attribute, then the new definitions of the scissor-associated with each such{name

replaces the definition in the current scissor set attribute.

REMQVE SET OF SCISSORS FROM SCISSOR SET 6.2.2
In | set of scissor identifiers ScissorldSet

The scissors and scissor identifiers associated with the specified set of scissor identifiers are removed frgm the
current scissor set in the ‘current primitive attributes’ entry.in'the GKS state list.

12.5 Normalization transformation functions

SET WINDOW AND VIEWPORT 63,9.2

In | normalization transformation number NormTranNum1
In window limits CWin
In | viewport limits NDCVp

The window and viewport lirhits entries of the specified normalization transformation in the ‘normalization
transformations’ entry in the'GKS state list are set to the values specified by the parameters.

SET VIEWPORTINPUT PRIORITY 9.2,9.3.1

In normalization transformation number NormTra

In | referenee transformation number NormTranNum
In | relative priority Pri
The vil nart_inn ~rioritv aof th necified normalization transformation in the ‘viewport inp priorities’

entry in the GKS state list is set to the next higher or next lower priority relative to the reference transforma-
tion according to the specified relative priority. If the specified transformation number is the same as the refer-
ence transformation number, the function has no effect.

SET SCISSOR MODE 6.2.2
In  scissor mode ScissorMode
The ‘scissor mode’ entry in the GKS state list is set to the value specified by the parameter.
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SET NORMALIZATION TRANSFORMATION NUMBER 6.3
In  normalization transformation number NormTranNum

The ‘current normalization transformation number’ entry in the GKS state list is set to the value specified by
the parameter.

12.6 NDC picture functions

DELETE PRIMITIVES FROM NDC PICTURE 6.5.2
In | selection criterion Sel¢ctCrit

Primit{ves in the NDC picture whose NAMESET attributes satisfy the specified selection-criterion are deleted
from the NDC picture.

ADD $ET OF NAMES TO NDC PICTURE 6.2.2,6.52,6.6
In | setof names NameSet
In | selection criterion Sel¢ctCrit

The specified set of names is added to the NAMESET attributes of all ‘primitives in the NDC picture [which
satisfy|the specified selection criterion.

REMQVE SET OF NAMES FROM NDC PICTURE 6.2.2,6.5.2,109
In | setof names NameSet
In | selection criterion Sel¢ctCrit

The specified set of names is removed from the.NAMESET attributess of all primitives in the NDC picture
which patisfy the selection criterion.

SET NDC PICTURE PRIMITIVE ATTRIBUTE 6.2.2,6.5.2
In | selection criterion SelgctCrit
In | attribute value PrimAttiValue

Primitives in the NDC picture:whose NAMESET attributes satisfy the selection criterion and which haye the
attribufe, specified by the-attribute value, have the attribute value changed to the one specified.

ADD SET OF SCISSORS TO NDC PICTURE 6.2.2,6.5.2
In | setofscissors ScissorSet
In | selection criterion SelgctCrit

The specifiéd set of scissors is added to the SCISSOR SET attribute of all primitives in the NDC picture which
satisfy the specified selection criterion. If the SCISSOR SET attribute of a selected primitive already contains
scissors corresponding to any of the scissor identifiers in the specified scissor set, then the new definition of the
scissor associated with each such name replaces the definition in the SCISSOR SET attribute.

REMOVE SET OF SCISSORS FROM NDC PICTURE 6.2.2,6.5.2
In set of scissor identifiers ScissorIdSet
In  selection criterion SelectCrit

The scissors and scissor identifiers corresponding to the specified set of scissor identifiers are removed from
the SCISSOR SET attribute of all primitives in the NDC picture which satisfy the specified selection criterion.
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REORDER NDC PICTURE 6.5.2
In  source selection criterion SelectCrit
In reference selection criterion SelectCrit
In relative position Position

The subsequence of primitives in the NDC picture which satisfy the source selection criterion is moved to the
specified relative position in the NDC picture with respect to the remaining subsequence of primitives which
satisfy the reference selection criterion.

If the felative position is defined as BACK, the subsequence of primitives satisfying the source selecli‘t‘n cri-
terion fis moved to be in front of the first position in the remaining subsequence of primitives safisfying the
reference selection criterion.

If the frelative position is FRONT, the subsequence of primitives satisfying the source selection critefion is
moved to be behind the last primitive in the subsequence of primitives satisfying the reference selectipn cri-
terion,|

12.7 |Metafile functions

COPY NDC PICTURE TO NDC METAFILE 6.5.3
In | metafile specifier NDCMfSpec
In | picture identifier Picld
In | selection criterion SelectCrit
In | setof names NameSet

Primitjves in the NDC picture which satisfy the specifiéd’selection criterion are stored in the specified metafile.
The pjcture is given the specified picture identifier in‘the metafile. The specified set of names is added to the
NAMESET attribute of each primitive in the specified metafile.

COPY NDC METAFILE PICTURE TO:NDC PICTURE 6.5.3
In | metafile specifier NDCM({Spec
In | picture identifier Picld
In | setof names NameSet

The specified picture in the'specified metafile is added to the NDC picture. The specified set of names is added
to the[NAMESET attribute of each primitive added to the NDC picture.

12.8 | Picturé part store functions

OPEN PICTURE PART 6.4.1
In  picture part name PicPartName

The operating state list entry ‘picture part operating state’ is set to PPOP to indicate a picture part is open. The
picture part name is recorded as the ‘name of the open picture part’ in the GKS state list (see 11.2.4). The pic-
ture part name is entered into the ‘set of picture part names in use’ entry in the GKS state list (see 11.2.4). All
subsequent output primitives until the next CLOSE PICTURE PART will be collected in sequence into this
picture part. The current attributes are bound to the primitives. The primitives are not added to the NDC pic-
ture.
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CLOSE PICTURE PART 64.1,64.2
none

The operating state list entry ‘picture part operating state’ is set to PPCL to indicate a picture part is not open.
Primitives are no longer added to the previously open picture part. The ‘name of the open picture part’ in the
GKS state list (see 11.2.4) becomes unavailable for inquiry. The picture part is added to the picture part store.

ARCHIVE PICTURE PART 6.4.4
In| picture part name PicPgrtName
In| archive specifier ArSpec
In| archive name of picture part ArName

The gpecified picture part in the picture part store is stored in the specified archive. The archive nam¢ of pic-
ture part is given to the picture part.

RETRIEVE PICTURE PART FROM ARCHIVE 6.44
In| archive specifier ArSpec
In| archive name of picture part ArName
In| picture part name PicP3rtName

The picture part with archive name of picture part is retrieved from the specified archive and added tq picture
part gtore with the specified picture part name. The picture partiame is entered into the ‘set of picture part
namgs in use’ entry in the GKS state list (see 11.2.4).

REQPEN PICTURE PART 6.4.2
In| picture part name PicPgrtName

The specified picture part is reopened. The opgrating state list entry ‘picture part operating state‘ {s set to
PPOP to indicate a picture part is open. The\picture part name is recorded as the ‘name of the open picture
part’ |in the GKS state list (see 11.2.4). All subsequent output primitives until the next CLOSE PICTURE
PART will be collected in sequence .into-this picture part after the initial contents. The current attributes are
boungl to the primitives. The primitives are not added to the NDC picture.

APPEND PICTURE PART 6.4.2
In| source picture partjname PicPartName
In| sink picture part/name PicPartName
In| global transformation matrix atrix23
In| globaltransformation mode TrapsMode
In| local\transformation matrix atrix23
In| lécal transformation mode TransMode
In| . set of names ameSet

Primitives in the picture part specified by source picture part name are appended to the picture part specified
by sink picture part name. The specified global and local transformation matrices replace, or pre or post con-
catenate the transformation attributes of the primitives in the source picture part, depending on the transforma-
tion modes specified. If the transformation attribute of the primitive is T and the specified transformation
matrix is P, the primitive added to the sink picture part will have GLOBAL TRANSFORMATION or LOCAL
TRANSFORMATION attribute:

REPLACE: P
PRE: TxP
POST: PxT

The specified set of names is added to the NAMESET attributes bound to each of the source primitives as they
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are appended to the sink picture part.

RENAME PICTURE PART 6.4.2
In  old picture part name PicPartName
In  new picture part name PicPartName

The specified picture part is renamed. If old picture part name is the value of the ‘name of the open picture
part’ entry in the GKS state list, the ‘name of the open picture part’ entry in the GKS state list is set to new pic-
ture name. The occurrence of old picture part name in the ‘set of picture part names in use’ entry|in the
GKS state list (see 11.2.4) is replaced by new picture part name. The old picture part name may bé_rcuped by
the application program.

DELETE PICTURE PART 6.4.2
In | picture part name PicPar{Name

The specified picture part is deleted from picture part store. The picture part name'may be reused by the|appli-
cation program. The picture part name is removed from the ‘set of picture partnames in use’ entry in the GKS
state lipt (see 11.2.4).

COPY| PICTURE PART FROM PICTURE PART STORE 64.2,64.3
In | picture part name PicPar{fName
In | selection criterion Sel¢ctCrit
In | global transformation matrix Matrix23
In | global transformation mode TransMode
In | local transformation matrix Matrix23
In | local transformation mode TrangMode
In | setof names NameSet
In | scissor select ScissoTSnelecl

Primitives in the specified picture part in“picture part store which satisfy the specified selection criteripn are
added o the NDC picture or backdrop:“The specified global and local transformation matrices replace,|or pre
or post concatenate the transformation attributes of the primitive depending on the transformation modes
specifipd. If the transformation attribute of the primitive is T and the specified transformation matrix is| P, the
primitive added to the NDCqpicture will have GLOBAL TRANSFORMATION or LOCAL TRANSFORMA-
TION pttribute:

REPLACE; P
PRE: TxP
POST: PxT

The specifiedset of names is added to the NAMESET attributes bound to each of the primitives in the picture
part. If scissor select is LEAVE, the scissor set attribute bound to the primitives is unchanged. If scissor select
is CHANGE, the current value of the SCISSOR SET attribute replaces the SCISSOR SET attribute bound to
each of the primitives added.

COPY NDC PICTURE TO PICTURE PART STORE 6.5.2
In  selection criterion SelectCrit
In  picture part name PicPartName
In set of names NameSet

Primitives in the NDC picture which satisfy the specified selection criterion are copied to picture part store as
the specified picture part. The specified set of names is deleted from the NAMESET attributes bound to each
of the primitives in the picture part. The picture part name is entered into the ‘set of picture part names in use’
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entry in the GKS state list (see 11.2.4).

12.9 Input functions

SET LOGICAL INPUT DEVICE MODE 6.7.1,6.7.3,7.13.2
In  logical input device identifier Devld

In Emaus ToGC OpMOde
The specified logical input device is set to the specified operating mode. Depending on the specified operating
mode] an interaction with the given device may begin or end. The input device state defined by operating
modelis stored in the workstation state list entry ‘logical input device operating modes’ for the.given device.

REQUEST INPUT 6.7.1,6.7.2,6.7.3,7.13,9.2,9.3
In | logical input device identifier Devid
Ouf status InStatus
Out logical input value IpValue

GKS performs a REQUEST on the specified logical input device. If the break facility is invoked by the| opera-
tor, the status NONE is returned; otherwise OK is returned together with the logical input value.

SAMPLE INPUT 6.7.1,6.7.2,6.7.3,7.13,9.2,9.3
In | logical input device identifier Devld
Out logical input value IpValue

The cpirrent logical input value of the specified logical input device is returned.

AWAIT INPUT 6.7.1,6.7.2,6.7.3,6.7.4,7.13,9.2,9.3
In | timeout Tlimeout
Ouf set of logical input device identifications and logical input values DevIdValueSet

If the|‘input queue’ entry nythe GKS state list (see 11.2.4) is empty, GKS is set into a wait state until ap input
event|is written into thé queue or the time specified in the timeout parameter has elapsed. If a timeout|{occurs
and there is still no.entry in the queue, a NONE value is returned for device identification. If there is pt least
one eptry in the queue, the oldest event is returned. The logical input device identifier is returned together with
the cdrresponding logical input value.

The operation-is performed even if input queue overflow (error 1037) has occurred.

A timeout-of zero causes an immediate inspection of the queue, and a NONE value for logical input|device
identification 1s returned 1f the queue 1S empty.

FLUSH DEVICE EVENTS 6.7.4
In  logical input device identifier Devld

All entries in the ‘input queue’ entry in the GKS state list (see 11.2.4) from the specified logical input device
are removed. The operation is performed even if input queue overflow (error 1037) has occurred.
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12.10 Font and glyph functions

SET FONT INDEX MAPPING 8.5.2
In font index FontInd
In font resource name 1SO9541FontName

The specified font index is associated with the specified font resource name in the ‘font index mapping’ entry
in the GKS state list.

GET GLYPH NAME 8.5.2
In font index FpntInd
In | character code Char
Out| glyph name GlyphjName

The gllyph name for the specified character code in the specified font is returned.

SET (HARACTER CODE 8.5.2
In font index FontInd
In | character code Char
In | glyph name GlyphName

The specified glyph is associated with the specified character code i the specified font.

12.11 Audit and playback functions

AUDIT 6.12
In | audit identifier Auditld
In | operation AufitOps

The operation OPEN requests the operating system to establish a connection defined by the associated audit
specifier to the specified audit trail and adds the specified audit identifier to the ‘set of open audits’ entry in the
GKS {tate list with the recording audit flag set to OFF. The operations BEGIN and END reset the apprpriate
recording audit flag in the ‘set of open audits’ entry in the GKS state list to ON and OFF respeqtively.
Corregponding items are added to the specified audit.

The operation CLOSE removes the specified audit identifier from the ‘set of open audits’ entry in th¢ GKS
state 1yst.

WRITE USER.RECORD TO AUDIT 6.12
In | auditidentifier Auditld
In | “audit user data record AuditUsIerData

The audit user data record specified is added to the specified audit.

PLAYBACK 6.12
In  audit identifier Auditld
In  playback operation PlaybackOps

The playback operation OPEN requests the operating system to establish a connection defined by the associ-
ated audit specifier to the specified audit trail. The specified audit identifier is added to the ‘set of open play-
backs’ entry in the GKS state list.

The playback operation CLOSE removes the specified audit identifier from the ‘set of open playbacks’ entry in
the GKS state list. The connection to the audit trail is released.
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READ ITEM FUNCTION NAME FROM AUDIT 6.12
In  audit identifier Auditld
Out function name AuditFuncName

The value of the function name of the current item on the specified playback audit is returned.

READ ITEM FROM AUDIT 6.12
In [ audit identifier Auditld
Ou} function name AuditFunjcName
Ot:f function parameters FundParams

The values of the function name and function parameters of the current item on the specified playbagk audit

are refurned.

PROCESS AUDIT ITEM 6.12
In | audit identifier Auditld
In| process operation ProgessOps

For process operation SKIP, the item pointed at in the specified plagback audit is changed to the next on the
audit prail.

For process operation DO, the item pointed at is interpreted.{ For items that are concerned with output, the
effect| is the same as if the function was executed. For other-functions, the interpretation has no effect. [In both
cases] the item pointed at in the specified playback audit 1s changed to the next on the specified playback audit.

12.12 Inquiry functions

Inquify functions return values from the various state lists. The data types of the values and the default values
of thq state list entries are summarized in‘clause 11. Errors detected by inquiry functions are reported through
an enor indicator parameter, see 6.8.(The error handling procedure is not called.

INQUIRE OPERATING STATE ENTRY 6.8
In | entry name OpStEptName
Ou} error indicator ErrInd
Oul operatifig state entry value OpStEntValue

ified.entry in the operating state list is returned. If the inquired information is available, the errpr indi-

If the-tnqquired-t tont T ; T ntation
dependent and the error indicator is set to the following error number to indicate the reason for non-
availability:

1001 GKS not open
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INQUIRE GKS DESCRIPTION TABLE ENTRY 6.8
In  entry name GDTEntName
Out error indicator ErrInd
Out GKS description table entry value GDTEntValue

The specified entry in the GKS description table is returned. If the inquired information is available, the error
indicator is returned as 0 and values are returned in the output parameter.

If the j eter_are_implementation

dependent and the error indicator is set to the following error number to indicate the reason for non-

availabjility:
100] GKS not open

INQUIRE GKS STATE LIST ENTRY 6.8
In | entry name GSLEn{Name
Out| error indicator rrind
Out| GKS state list entry value GSLEntValue

The specified entry in the GKS state list is returned. If the inquired information is available, the error indlicator
is retufned as 0 and values are returned in the output parameter.
If the jnquired information is not available, the values returned\in the output parameter are implemeTtation
dependent and the error indicator is set to the following, ¢rror number to indicate the reason for non-
availaljility:

100] GKS not open

INQUIRE INPUT QUEUE OVERFLOW 6.714,6.8
Out| error indicator ErrInd
Out| logical input device identifier DevId

If the inquired information is available, the error indicator is returned as O and a value is returned in the putput
paraméter.
If the [input queue has overflowed since OPEN GKS or the last invocation of INQUIRE INPUT QUEUE
OVERFFLOW, the identification of the logical input device that caused the overflow is returned. The eptry is
removed from the errorstate list.

If the nquired information is not available, or the input queue has not overflowed since the last invocation of
the furjction, the value returned identifying the logical input device is implementation dependent and the error
indicafor is'set to one of the following error numbers to indicate the reason:

1001_GKS not open

1038 Input queue not overflowed ever or since the last invocation of INQUIRE INPUT QUEUE OVER-
FLOW

1039 Input queue overflowed, but associated workstation has been closed
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12.13 Utility functions

EVALUATE TRANSFORMATION MATRIX 6.4.3,10.7
In fixed point WCNDCPoint
In  shift vector WCNDCPoint
In  rotation angle Rad
In  scale factors ScaleFactors
Oll[ _Em's'fﬁma:.;uu hatr ;A IVi trix23

The transformation defined by fixed point, shift vector, rotation angle, and scale factors is evaluatéd and the

result put in transformation matrix. When fixed point and shift vector are specified in WC, the shift'vecfor and

fixed point are transformed by the current normalization transformation matrix. The order of transform
scale, totate (both relative to the specified fixed point), and shift.

ACCUMULATE TRANSFORMATION MATRIX
In | transformation matrix M
In | fixed point WCN
In | shift vector W
In | rotation angle
In | scale factors Scale
Out| transformation matrix M

The [rInsformation defined by fixed point, shift vector, rotation angle, and scale factors is composed
input
specifipd in WC, the shift vector and fixed point are transformed by the current normalization transfo

tion is

matrix{ The order of transformation is scale, rotate (both relative to the specified fixed point), and shift.

12.14{ Utility functions for output primitives

EVALUATE CIRCLE 8.4.1
In | centre WCPoint
In | radius WCQrdPos
Out| circle EllipticDisc

The cifcle specified by thelcentre and radius is returned in the form of an elliptic disc.

EVALUATE ELLIPSE 8.4.1
In | ellipse specifier ElliprSpec
Out| ellipse EllipticDisc

The el‘ipsc specified by the ellipse specifier is returned as an elliptic disc.

EVALUATE CIRCULAR ARC 3 POINT 8.2.1,8.4.1
In  circular arc specifier CircularArcSpec
Out circular arc ConicSection

The circular arc specified by three points is returned in the form of a conic section.
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EVALUATE CIRCULAR ARC CENTRE 8.2.1,84.1
In centre WCPoint
In  start vector | Vec
In end vector Vec
In  sense flag SenseFlag
In  radius WCOrdPos
QOut circular arc ConicSection

The cfrcular arc specilied by the paramerers is returned as a CONIC SeCuom.

EVALUATE ELLIPTIC ARC 8.2.1,84.1
In | ellipse specifier EllipseSpec
In start vector Vec
In | end vector Vec

Out elliptic arc
The elliptic arc specified is returned as a conic section.

EVALUATE HYPERBOLIC ARC

In | hyperbola specifier
In | start vector

In | end vector

Out hyperbolic arc

The hiyperbolic arc specified is returned as a conic sectjon.

EVALUATE PARABOLIC ARC

In| parabola specifier
Ouf parabolic arc

The parabolic arc specified is returned-as-a conic section.

EVALUATE WC ORDINATE

In| WC ordinate
In ordinate sclector
Out NDC value

The WDC value-corresponding to the WC ordinate and ordinate selector is returned.

ConicSection

821

HyperbglaSpec
Vec
Vec
ConicBection

8.2.1

ParabglaSpec
ConicfSection

8.7.2

WCOrd
Ord$elector
NDCOrd
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13.1 Control functions

OPEN WORKSTATION 73
In| workstation identifier Wsld
In| workstation specifier WsSpec
In| workstation type WsType

GKSrequests the operating system to establish a connection defined by the workstation Specifier for a worksta-

tion dharacterized by the workstation type. The workstation type defines a generic workstation type and works-

tation] specific information. A specific workstation description table is allocated and initialized for thi§ works-
tatior]. The workstation state list is allocated and initialized from the specific/workstation descriptian table.

The workstation identifier is added to the ‘set of open workstations’ entry inthe 'GKS state list.

CLOSE WORKSTATION 6[7.4,7.3
In| workstation identifier Wsld

The workstation state list is deallocated. The workstation identifier is deleted from the ‘set of open worksta-

tions| entry in the GKS state list. The input queue is flushed of all events from all devices on the workstation

being closed. If the ‘input device causing queue overflow’ entry in the GKS error state list referd to this
workptation identifier, then all the contents of that entry’become undefined.

The ponnection to the workstation is released.\ The display surface need not be cleared when CLOSE

WORKSTATION is invoked, but it may be cleared.

SAVE WORKSTATION STATE LIST 73
In| workstation identifier Wsld
In| set of entry names P WSLEptName
011 entry values WSLEntName + WSLEptValue

The set of specified entri€s in the workstation state list for the specified workstation are returned.

RESTORE WORKSTATION STATE LIST 73
In| workstation identifier WslId
In| entry values WSLEntName & WSLEntValue

The slet of previously stored entries in the workstation state list are restored for the specified workstalio11.

GET WORKSTATION STATUS 7.11
In  workstation identifier Wsld
Out status WsStatus

The status of the specified workstation is returned.
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REMOVE BACKDROP 7.10,
workstation identifier Wsld
The backdrop on the specified workstation is deleted.

In
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SET REPRESENTATION 7.7,7.8,79
In —workstation-identifier Wsld
In | representation Rep

The inflex specified in the representation is associated with the value specified in the appropriate‘table pn the

specifig

bd workstation.

SET VIEW PRIORITY 7.5,92,93
In | workstation identifier Wsld
In | view index VigwInd
In | reference view index ViewInd
In | relative priority Pri

The ‘vijew priorities’ entry in the workstation state list of the specified\workstation is updated as followy. The

view priority of the specified view is set to the next higher or/dower priority relative to the referencg view

according to the specified relative priority. If the specified view/is'the same as the reference view, the fupction
has no feffect.

SET VIEW SELECTION CRITERION 7.5
In | workstation identifier Wsld
In | view index ViewInd
In | selection criterion SelgctCrit

The‘vigw representations’ entry in the.workstation state list of the specified workstation is updated as fgllows.

The sefection criterion for the specified view on the specified workstation is set to the value specified py the

paramgter.

SET JIEW 7.5,9.2
In | workstation identifier Wsld
In | viewsindex ViewIndl
In | yiew/orientation matrix M?tvrix%
In viéw mapping matrix Matrix23
In  view scissor ViewScissor

The‘view representation’ entry in the workstation state list of the specified workstation is updated as follows.
The specified view on the specified workstation is defined by the orientation matrix, mapping matrix and view

scissor,
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SET WORKSTATION VISUAL EFFECTS 7.11,10.9
In  workstation identifier Wsld
In  visual effects state VisEffSt

The ‘current visual effects state’ entry in the workstation state list of the specified workstation is set to the
value specified by the parameter.

SET WORKSTATION WINDOW AND VIEWPORT 7.6
In | workstation identifier Wsld
In | workstation window limits LIDCWin
In | workstation viewport limits DCVp

The ‘durrent workstation window’ and ‘current workstation viewport’ entries in the workstation state list of the
speciffed workstation are set to the values specified by the parameters.

DEFINE LOGICAL INPUT DEVICE 7.13.3
In | logical input device identifier Devld
In | measure sequence SeqMegsureld
In | trigger set TriggerSet
In | initial value InitValue

The ‘device compositions’ and ‘logical input device initial values’entries in the workstation description table
of the|specified workstation defined by the logical input devicé)idéntifier are updated as follows. The mjeasure
sequemce and trigger set of the specified logical input device.are set to the values specified by the parameters.
The mjeasure sequence specifies the measures from which-the measure process of the logical input dgvice is
compgsed. The logical input values returned by the.logical input device consist of a sequence of mjeasure
valueq in the same order. The initial value for the specified logical input device is stored in the corresppnding
worksjation state list entry.

INITIALIZE LOGICAL INPUT DEVICE 7.13.2,94
In | logical input device identifier, Devld
In | initial value component InitValue

The specified component of the initial value for the specified logical input device is stored in the ‘logicdl input
devicq initial values’ entry.inithe workstation state list entry.

SET WORKSTATION SELECTION CRITERION 74
In | workstation identifier WsId
In | selectiontype SelectCtitType
In | selection criterion SelectCrit

The ‘delection criteria’ entry of the workstation state list of the specified workstation is updated as follows.
The specified selection criterion on the specified workstation is set to the value specified by the parameter.

COPY REALIZED PICTURE TO REALIZED METAFILE 7.12
In  workstation identifier Wsld
In  metafile specifier RealizMfSpec
In  picture identifier Picld

Primitives in the realized picture of the specified workstation have their identification attributes removed and
are then stored with the specified picture identifier in the specified metafile.
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COPY BLANK REALIZED PICTURE TO REALIZED METAFILE 7.12
In  workstation identifier Wsld
In  metafile specifier RealizMfSpec
In nicture identifier Picld

Axk paviunv Al

A blank realized picture is stored with the specified picture identifier in the specified metafile.
This can be used to insert blank frames on media such as film without having to empty the realized picture.

COPY REALIZED METAFILE PICTURE TO BACKDROP 7.12
In | workstation identifier Wsld
In | metafile specifier RealizMfSpec
In | picture identifier Picld

The specified picture in the specified metafile is added to the backdrop of the specified\workstation.

MESSAGE 7.14
In | workstation identifier Wsld
In | message CharString

The message function:

a) may display a message at an implementation dependent location on the workstation viewpor} or on
some separate device associated with the workstation;

b) shall not alter the GKS state list;

¢) may affect the workstation in a purely local way (for example, requesting the operator to thange
paper). Possible effects on the execution of the application program or on subsequent commands(sent to
the workstation by GKS are stated explicitly in the implementation dependencies manual.

13.2 | Inquiry functions

The inquiry functions that retrieve values from the workstation state lists have an input parameter of the type
SetRepl that may take the following values:

a) SET: the values returned are those provided by the application program.

b) REALIZED: the values returned are those used by the workstation when the actual valpes are
mapped to the available values in the workstation.

predefined representation are such that, if used by an application program (o set a representation, a subsequent
inquiry for that representation in the workstation state list would return the same values whether SET or
REALIZED was specified.
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Workstation functions Inquiry functions
INQUIRE WORKSTATION STATE LIST ENTRY 6.8,7.8
In  workstation identifier Wsld
In  entry name WSLEntName
In  type of returned values SetReal
Out error indicator ErrInd
Out workstation state list entry value WSLEntValue

The specified entry in the workstation station list of the specified workstation is returned. If the inquired infor-

If the]

deperjdent and the error indicator is set to one of the following error numbers to indicate the reason
availgbility:

1001 GKS not open

1012 Specified workstation not open

matiop 1s available, the error indicator 1s returned as O and values are returned 1n the output paramewm.i)

inquired information is not available, the values returned in the output parameter are implementation
r non-

INQUIRE GENERIC WORKSTATION DESCRIPTION TABLE ENTRY 6.8,7.2
In| workstation generic type WsGenType
In| entry name WDTEntName
Out error indicator ErrInd
Out generic workstation description table entry value WDTEntValue

The specified entry in the generic workstation description table of the specified workstation is returned, If the

inquifed information is available, the error indicator is returned as O and values are returned in thg output

parameters.

If the inquired information is not available, the valu¢s’ returned in the output parameter are implemg¢ntation

avail
10

bility:
1 GKS not open
10]1 Specified workstation type not supported

depeldent and the error indicator is set to one ofithe following error numbers to indicate the reason for non-

INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY 6.8,7.2,7.8
In| workstation identifier Wsld
In| entry name WDTEptName
Out error indicator ErrInd
Out entry value WDTEntValue

The dpecified entry in the workstation description table of the specified workstation is returned. If the inquired

information.s:available, the error indicator is returned as 0 and values are returned in the output parameters.

If thq inguired information is not available, the values returned in the output parameter are implementation
dependent and the error indicator is set to one of the following error numbers to indicate the reason for non-

availability:

1001 GKS not open
1012 Specified workstation not open
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Inquiry functions Workstation functions

INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE 6.8,7.2
In  workstation identifier Wsld
In  entry name WDTEntName
Out error indicator Errind
Out entry state ChangeFlag

The change flag for the specified entry in the workstation description table of the specified workstation is

returned.

If the ifquired information is available, the error indicator is returned as U and values are returned in the putput

paramdters.

If the {nquired information is not available, the values returned in the output parameter are implementation

dependent and the error indicator is set to one of the following error numbers to indicate the'reason fof non-

availabfility:

1001 GKS not open
1012 Specified workstation not open

RESET SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRYSTATE 7.2
In | workstation identifier Wsld
In | entry name WDTEn{Name

The chpnge flag for the specified entry in the workstation description’ table of the specified workstation ig set to

UNCHANGED.

13.3 Retrieval functions

GET TEXT EXTENT 8.5.10
In | workstation identifier Wisld
In | text position WCPoint
In | character string CharString
Out| error indicator rrind
Out| concatenation point WCPoint
Out| text extent WCPointxWCPointxWCPointxWPoint

The copcatenation point and text extent for the specified TEXT primitive are returned. If the inquired informa-

tion is
If the

depend
availal

100!

hvailable, theyerror indicator is returned as 0 and values are returned in the output parameters.

nquired. information is not available, the values returned in the output parameters are implementation
ent and-the error indicator is set to one of the following error numbers to indicate the reason for non-
ility:

GKSnoropen

1012 Specified workstation not open
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Viewing utility functions

EVALUATE VIEW ORIENTATION MATRIX 7.5
In  view reference point NDCPoint
In  view up vector ViewUpVec
Out view orientation matrix Matrix23

A view orientation matrix to perform the specified orientation is returned.

EVALLUATE VIEW MAPPING MATRIX 1.5
In | window limits Win
In | viewport limits Vp
Out| view mapping matrix Matrix23

A viey mapping matrix to perform the specified view mapping is returned.

13.5 |Colour utility functions

CONYERT COLOUR 7.8
In | workstation identifier Wsld
In | colour specifier CollrSpec
In | colour model ColfModel
Out| colour coordinates ColrCoords

Out| conversion flag

ConversipnFlag

Using the same conversion algorithm as the specificdworkstation uses, the colour specified by colour specifier
is conyerted to colour coordinates in the specified. colour model. The conversion flag may take the following
values| DONE indicates a successful conversiofty APPROXIMATED indicates some approximation wag made
during| the conversion; NOT CONVERTED indicates that the colour specified could not be represented|in the

requesfed colour model or that the workstation does not support either or both of the colour models speci

ed.

When |the colour specifier contains.a Colour index, the colour coordinates are obtained from the workgtation

colour|table of the specified workstation.

115


https://iecnorm.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/MIEC

14 Segment and workstation activation functions

14.1 Segment functions

The segment facilities in this part of ISO/IEC 7942 are identified as obsolescent features. It is anticipated that
they will be considered for deletion for the next edition of GKS.

CREATE SEGMENT 10.5
In | segment name SegName

The ofjerating state list entry ‘segment operating state’ is set to SGOP indicating that a segment is oper}. The
segmeft state list is allocated and initialized as indicated in 11.3.7. Terms corresponding to the default seg-
ment Yisibility, highlighting and detectability attributes are added to the selection griteria of all the |active
workstations. The segment name is recorded as the ‘name of the open segment’,-and entered into the ['set of
segmept names in use’, in the GKS state list (see 11.2.4). The current NAMESET attribute entry in th¢ GKS
state 1fst is augmented by the mapped segment name. The current value of-the GLOBAL TRANSFORMA-
TION lattribute in the GKS state list is set to the segment transformation attribute held in the segment stgte list.
The sdgment name is entered in the ‘set of stored segments for this workstation’ in the workstation state fist for
every pctive workstation. All active workstations are included in thé fset of associated workstations’ [of the
segment state list of the newly opened segment.

CLOSE SEGMENT 10.5

nong

list enjry ‘segment operating state’ is set to SGCE indicating no segment is open. The primitives in th¢ NDC
pictur¢ whose namesets contain the mapped segmient name of the open segment are copied into the picture part
(COPY NDC PICTURE TO PICTURE PART STORE). The mapped segment name of the open segmgnt and
the mpped workstation identifiers of-theactive workstations are removed from the namesets of prifpitives
stored|in the picture part.
The chrrent value of the GLOBAE TRANSFORMATION attribute entry in the GKS state list is set| to the
identify transformation. The ‘mapped segment name of the open segment is removed from the value|of the
currert NAMESET attributé)entry in the GKS state list. The ‘name of the open segment’ in the GKS state list
beconjes unavailable forinquiry.

A picture part is created whose name is the mapped-segment name of the open segment. The operatirf state

RENAME SEGMENT 10.6
In | old-segment name SegName
In | diew’segment name SegName

Each sfor-this-workstation —n-a-wo ion state

list (see 11.2.5) and in the ‘set of segment names in use’ in the GKS state list is replaced by new segment
name. If old segment name is the name of the open segment, the ‘name of the open segment’ entry in the GKS
state list (see 11.2.4) is set to new segment name.

The corresponding picture part whose name is old mapped segment name is renamed as new mapped segment
name by invoking RENAME PICTURE PART. For all primitives in the NDC picture whose nameset includes
old mapped segment name, the new mapped segment name is added to their nameset by invoking the function
ADD NAME TO NDC PICTURE. In the selection criteria for display, highlighting and detectability, the old
mapped segment name is replaced by new mapped segment name by invoking the function SET WORKSTA-
TION SELECTION CRITERION. The old mapped segment name is removed from all primitives in the NDC
picture by invoking the function REMOVE SET OF NAMES FROM NDC PICTURE.
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GKS functions Segment functions
DELETE SEGMENT 10.6
In  segment name SegName

The segment is deleted. The segment name is removed from each ‘set of stored segments for this workstation’
entry (in the workstation state lists (see 11.2.5)) which contains it and from the ‘set of segment names in use’
entry in the GKS state list. The segment’s state list is deallocated. The segment name may be reused.

The picture part whose name is the mapped segment name is deleted by invoking the function DELETE PIC-
TURE PART.

All pfimitives in the NDC picture whose nameset includes the mapped name segment are deleted by illnvoking
the function DELETE PRIMITIVES.

The appropriate term containing the mapped segment name is removed from the selection criteria for {lisplay,
highlighting and detectability on all workstations with which the segment was associated.

DELETE SEGMENT FROM WORKSTATION 10.6
In | workstation identifier Wsld
In | segment name SggName

The spgment is deleted from the specified workstation. The segment name'is removed from the ‘set of stored
segments for this workstation’ entry in the workstation state list. The, workstation identifier is removdd from
the ‘sgt of associated workstations’ in the segment state list.

All primitives in the NDC picture whose nameset includes the miapped workstation identifier and mapped seg-
ment pame have their nameset revised so as to delete the mapped workstation identifier by invoking the func-
tion REMOVE SET OF NAMES FROM NDC PICTURE.

The appropriate term containing the mapped segment name is removed from the selection criterion for dlisplay,
highlighting and detectability on the specified workstation.

If the| ‘set of associated workstations’ entry in_the segment state list becomes empty, the effect of DELETE
ENT (see above) is performed.

ASSQCIATE SEGMENT WITH WORKSTATION 10.8
In | workstation identifier WsId
In | segment name SegName

gment name is added:to the ‘set of stored segments for this workstation’ in the workstation stite list.
Apprqpriate selectioncriteria for display, highlighting and detectability are set, as described for SET SEG-

For a]l primjtives in the NDC picture whose nameset includes the mapped segment name, the name| of the

If the NDC picture does not include primitives with the mapped segment name, the equivalent picture part is
copied to the NDC picture with the current value of the segment transformation in the ‘current segment attri-
butes’ entry in the segment state list as the GLOBAL TRANSFORMATION attribute for the primitives in the
segment and with the nameset of the primitives augmented by the mapped workstation identifier and mapped
segment name.
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Segment functions GKS functions
COPY SEGMENT TO WORKSTATION 10.8
In  workstation identifier Wsld
In  segment name SegName

The corresponding picture part is dispatched to the router. The GLOBAL TRANSFORMATION attribute of
each primitive is set to the current value as defined in the ‘current segment attributes’ entry in the segment
state list. The specified mapped workstation identifier is added to the nameset of each primitive in the picture
part by invoking the function COPY PICTURE PART FROM PICTURE PART STORE.

INSERT SEGMENT 10.8
In | segment name SegName
In | transformation matrix Matrix23

The cdrresponding picture part is dispatched to the router. The LOCAL TRANSFORMATION attribute of
each pfimitive is post concatenated (pre multiplied) by the segment transformation and\thén by the transforma-
tion specified as parameter. The GLOBAL TRANSFORMATION attribute of ¢ach primitive is set fio the
curren GLOBAL TRANSFORMATION attribute value defined by the ‘currentprimitive attributes’ entry in
the GKS state list. The namesets of each primitive are augmented by the current NAMESET attribute| value
from the GKS state list.

The SCISSOR SET attribute of each primitive is set to the current SCISSOR SET attribute value frqm the
GKS state list.

SET SEGMENT ATTRIBUTE 10.7
In | segment name SegName
In | segment attribute value SegAttgValue

The ‘cfirrent segment attributes’ entry in the segment State list has the value corresponding to the specifigd seg-
ment ajtribute value set to the value specified by@he parameter.

If the Visibility, highlighting or detectability-attribute is reset, the selection criterion for each associated works-
tation is set appropriately (SET WORKSTATION SELECTION CRITERION).

If the segment transformation attribute'is reset, the GLOBAL TRANSFORMATION attributes of all the jprimi-
tives i the NDC picture whose nameset includes the mapped segment name are changed to the specifigd seg-
ment tfansformation.

If segment priority is reset{ the primitives in the NDC picture will be reordered to reflect the new priority order
ents. If the new(priority of the specified segment is immediately lower than another segment, the prim-
of the specified Segment will appear in the NDC picture immediately before the primitives of that seg-

segment, the primitives of the specified segment will appear in the picture immediately after the primitjves of
egment. f the new priority of the specified segment is the lowest priority of the set of segments|in the
NDC picture, the primitives of the specified segment will appear at the start of the NDC picture. Similarly if

14.2 Workstation activation functions

ACTIVATE WORKSTATION 10.2, 104
In  workstation identifier Wsld

The name of the mapped workstation identifier is added to the current nameset in the ‘current primitive attri-
butes’ entry in the GKS state list. The workstation identifier is added to the ‘set of active workstations’ entry
in the GKS state list.
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GKS functions Workstation activation functions
DEACTIVATE WORKSTATION 104
In workstation identifier Wsld

The name of the mapped workstation identifier is deleted from the current nameset in the ‘current primitive
attributes entry’ in the GKS state list. The workstation identifier is deleted from the ‘set of active worksta-
tions’ entry in the GKS state list.

CLEAR WORKSTATION 710, 10.9
In | workstation identifier Wsld

The ngme of the mapped workstation identifier is deleted from the namesets of all primitives in.the NI})C pic-
ture. The backdrop is deleted from the specified workstation.

14.3 |Utility functions

GET MAPPED SEGMENT NAME 10.1
In | segment name SeﬁII:IIame
Out| mapped segment name GenName

The name derived from the segment name is returned.

GET MAPPED WORKSTATION IDENTIFIER 10.1
In | workstation identifier Wsld
Oufl mapped workstation identifier GenName

The ngme derived from the workstation identifier is refurned.
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Annex A
(normative)

Function and data type list

A.1 Eunctions alphabetic

ACCUMULATE TRANSFORMATION MATRIX.......otiiiiciiiciiinnniieiineeninercnnraesssssssessisnssssssasssss sag 36 ....107
ACTIVATE WORKSTATION.......uoiioiieiinrriecrneerrrneesesreeesesnessesssssssseessssssssssssesssssnsassssnsssssssnsassenssessladieitos ....118
ADD $ET OF NAMES TO NAMESET .........oioieiirteerecseesssessassssssssssssssssssssessssssssesssssssessssssssesssbosshassasssefossans 98
ADD $ET OF NAMES TO NDC PICTURE........ieiieeecccrnteeeeeneeees s sssasssessecssssssssssssssesmmsssesssnsasassassssfossnns 99
ADD $ET OF SCISSORS TO NDC PICTURE .......ouvteectieeseereceenneeeiecnnneeesssnnesssenns e B nnnnncennnncee Jonnd 99
ADD $ET OF SCISSORS TO SCISSOR SET ..oviiviiicreeiecirecieeseeecreeesessssecssesssseessanesdesiadinenuesenesesesssneafonaeas 98
APPEND PICTURE PART ..ottt eeecteeecireeeernreeeseseeessssessssseseseseesssessssssenssssnsessforaqessasanesssssssssssaasssssssne ....101
ARCHIVE PICTURE PART ..ottt ittt eecstaeseestsee s ssnsssseesesanessansesssssesssbadbspensansnnsssssassssneassssannssans ....101
ASSOCIATE SEGMENT WITH WORKSTATION ......otiiiiiiiieceeenieneecneee i nrcennneiesessnesssessensssssnnas w117
AU e eeeeeeeeeeeesveeeessessesesssesseesssssessssessssssesessssesssnsasssssansssssessssassssssese lasiniossansesssinnesssssseessssessssssanesssnns ....104
AWAIT INPUT ..o eteeeesseeseneeaesesessssassassssssssssssesssassasssssssdbioedesessessesssusssesssassssessssssssssssssseses ....103
CLEAR WORKSTATION. ....oetreeeeeeeeeeeeseesessssesessasessssesasssssssssssgien fisdunessessesesssassssssssssssssssssssssasssssssans ...119
CLOSE GKS ooooeeeeetteeeeteeeeeeeeeeseseesssssesesssesssssesssssesssnssessssnsssesssssa@it fhacessssessssssseeesssrnsssssrsessssssessssnnssssssanasesfonsens 93
CLOSE PICTURE PART ....oetitttieeeeiesieeeieeceeneecessneesessssesess fasleesissstessssiesiisuesessssssssssssesesenssssssssssssssssnseses ....101
CLOSE SEGMENT ......oeoiiiectteeeeteeeseeeessesesssseessssesesssssessssssatabesssseesssssessossssssssssssssssanssossssasesssssassssssassassnsans ....116
CLOSEE STENCIL ....oe e eeeeeeeeeeieeteeeeneeesssssesssseeesssesesssseseesdatensssasssssesssssessssseessssssssssssnnssssssssasssssasssssassssssnas|ossses 95
CLOSE TILING ..ottt e eeseeeeastss s et beases e ssassss s sssssssssessssesetsssenssaessasusssessensanssssnsnsfssas 97
CLOSIE WORKSTATION ..ot ioteieieteecnetenneeecsrnreeionsMonesnesessssesesssessssesssssesssosseessssssssssssssnssssssssssssssssessssnsans ....109
CONVYERT COLOUR......cotieieieereeieceieeeseeeesns e £ eeessssesssssssessasasssssesssssssssssssssssssassssssssasaessssesesssssaessnasassses ..115
COPY| BLANK REALIZED PICTURE TO REALIZED METAFILE...........ccocevcsuuettneriisesseeseeserseeasssnns La112
COPY| NDC METAFILE PICTURE TO NDC PICTURE .......oic oot ccnteecnnnescssnneeessaesssssnnnne ....100
COPY NDC PICTURE TO NDC METAFILE........ueutiiiiiericireeeieneeeecnniientereeesesessssisssssssessesesssssssasssanesed ....100
COPY NDC PICTURE TO PICTUREPART STORE ......ccooteeteeeeeriniecnttecniieinneesssiessseessesesneesssesessssssnnd ...102
COPY PICTURE PART FROM PICTURE PART STORE .........ccceterieeurrenrerensseerserensiesssisssssssessessasessasenses ..102
COPY REALIZED METAFIBE PICTURE TO BACKDROP ......ocoocieiieeeenrereeensiesessnreesressseessssesnsshonas 112
COPY REALIZED PICTURE TO REALIZED METAFILE .....cccovirievinienniieciirciecincnveneeesseesssessab e 111
COPY SEGMENT TO WORKSTATION ......cooteiirreeeirieecirieeseeeseseeesssaessssssnesssssssassssssssessssssssessssssssssasassshonne 118
CREATE OUTPUT.PRIMITIVE ......coootiiiieiteerrteeecevee e seteesse e ssnessneessssnnesessssnassessssnssesssnesessasssssnsnaes doossens 94
CREATE SEGMENT ........oo ettt eectteaesevtese st esseasesssscsssnbessasasesssssssesessssssessssasnsnssssnsssnaesssssnshones 116
CREATE STENCIL FROM BOUNDARY .....viiiiiieeeireeeceteesenessetesseneessssansssssssessesssssssssssssssssssssssssnnsessdoossens 95
CREATE STENCIL FROM CONTOURS .....coottiiiiectieerreestaesseeesseesstessnesseseseseesessesssssssssssssssssssssssssessssesesss fossanas 95
CREATE/TILING COMPONENT .......oiooriiiiiitieiteecrteeereeesraeseesssesssecssassssnsssssessssssssssssssssssssssssasassssssssssssss fosssens 97

DELETE SEGMENT ...ttt st sss e s s b st sb e st st s e s st ssemtstsnssestsassssasasssesen 117
DELETE SEGMENT FROM WORKSTATION ......cccociiiiniiniirinerininierininesiest e stesieissessssteesssssssssessssssssnee 117
DELETE STENCIL ......coteiietetreeinentneereesttieesiet s esess st cas et st e ssssssasesasassssssassssassssssassss sssssseenestssssssssussssusassssnes 95
DELETE TILING.....cccoectiereertnteeeteeseee st eses s ssese st ssssssssss s sebsssas stesassasasestssassssasasssnenesnssssest ssssssissssisnsnnss 97
EMERGENCY CLOSE GKS......ccetniitniriniiminiiiriiinteiic st s i sssssssssas st essssstesssasssessensatsusssssssssessnssssuens 94
ERROR HANDLING......c.ceivuiimtrireiee ittt s s ssssae s sssss s s e st st s essstsnesssseutessutasstsneasstsnssssasansssnsas 94
ERROR LOGGING ....ooviiiiirieeinnreriitcieniit st ss s ssssese st b e s b s st bt st st stsn e st an st sn e sssntas st snsassusassssanans 94
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ESCARPE ...ttt ettt ettt sae et st st e sts e e seeasssebessebsan e s s s e R b s R be b e e b eR s e R bR e be b se st e enbbensenbenesnes 93
EVALUATE CIRCLE ...ttt e sessssses e ssssssesesssssessesesesesessssssessssesessasessasnsessassssssasonsasonses 107
EVALUATE CIRCULAR ARC 3 POINT ......oouoiereeciecteiesereseesesesssessssesessssesesesessesesessasessessessssssensasensasesens 107
EVALUATE CIRCULAR ARC CENTRE.........ccceosuiiierirerenesieesesecssssesesessessssssesssssssssessssssssssesssseseosensossssosess 108
EVALUATE ELLIPSE ...ttt esessesesessssesessssssssesesessnsessnsessssesessssessssssesessssessasensassens 107
EVALUATE ELLIPTIC ARC ...ttt et sesssessesesesesessssesessesessasesessasessasensarssssessnsessnsessasasens 108
EVALUATE HYPERBOLIC ARC ...ttt cseseses st e sessssessssessssssessasessssssensasassssssasessnsossasons 108
EVALUATE PARABOLIC ARC..........ueeeeeeerceineeerrenvrerenssesssscsencsssscsssocsstoscnssnsenssssssonessesssasoneassnssnsensestssent 108
EVALUATE TRANSFORMATION MATRIX ........oooeiieiriererieeeceeseesteseseeesessesssossessessssseesesnssssesss Soasdoesees 107
EVALUATE VIEW MAPPING MATRIX .....oooioieteeeecceceecreeeeeaessesresaecse e sssesssssesssssesssesesasepinithhas oo snee 115
EVALUATE VIEW ORIENTATION MATRIX ...ttt eeceeseresnesessesesessesensssesesss e ttosennedracane 115
EVALUATE WC ORDINATE.......oieecietctercresrtereeseaesssssesessessessesssessesssssnsssnsessesssesess Sopcovessasssesqroseen 108
FLUSH DEVICE EVENTS .....ocrttrtecesertestee e ereeseestessssesssssssessessessessessessssssssesss sossineosbsbnseosssssessesndposees 103
GET GLYPH NAME ...ttt svessssessesessessssosessssssnsseesesseesageladbessenssessssnsesasassadesaes 104
GET MAPPED SEGMENT NAME .........oeeeccceeecrereresenessenssnssessssestessssespamsesbuc e seesssnsnssnse sesnsond ......119
GET MAPPED WORKSTATION IDENTIFIER..........ccovevintieereeeerenieeeeereeesadan Sovtreeaseesessessssssessesssssssdranens 119
GET PTENCIL ATTRIBUTE......oooitetcereieeceeceerereereseeessesesessessssensssens e Sa s sn e sensesuesesnessssssnensssness dhesesnns 96
GET [TEXT EXTENT ...ttt e evseeesessessesessaseses s se s bandorenssssssensessnsessenssssnessnesensssadpessne 114
GET WORKSTATION STATUS . ...ttt evessesssresegne sSes o e st saessesesesneesanssenssnmensessassesns ......109
INITIALIZE LOGICAL INPUT DEVICE.......cuicitieieeecrcierrereeeee o eeneenenseeseessestessess e e casssnessessessassocpesans 111
INQUIRE GENERIC WORKSTATION DESCRIPTION TABLEENTRY .....oooeiiteeieeeeeeeeeeeveesseneessdoens 113
INQUIRE GKS DESCRIPTION TABLE ENTRY ......oooiiiee 0 e enrireereceresaeeneeseessesenseesseesessnsesassssssssssdhesans 106
INQUIRE GKS STATE LIST ENTRY ..ot ce e ceeessesie e sasessesessssesseseensennssesssessasssensesssdhesans 106
INQUIRE INPUT QUEUE OVERFLOW .........cuoviieiee i cretieerreeeeesecrsesressessessesssssssssessessessesssssessneseehueens 106
INQUIRE OPERATING STATE ENTRY ...t eriieeeeieeeteseseseesete st st eeessneensesseeseseessssnssesssssasssshasens 105
INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY .....covteetieieeeeeeeeeeseeeeereesesseschesees 113
INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE ....coooeeevveeeeeeeeeeeee e 114
INQUIRE WORKSTATION STATE LIST ENTRY .....oovotitiriieeereeeereeestiseceseesesssseeeesssssssesssssssessssssaschoseen 113
INSERT SEGMENT ...ttt 5t cre e eeeeestesssesssessessesssessessssnsesssesssesssensesnsseeessesnsessessasssasnsssschesses 118
INSTIANCE STENCIL.....ccuiotieieeeeceeracfeeesTar e cveereesssecseessessessesesssssessessensessessssssssssssossonsensesnsessesessesssssssshessesns 96
INSTIANCE STENCIL ALONG PATH ........ccooieerierieeerectererercteneeresrerssssssssessssesssseossesesesssessssessssessesesssnsechesssens 96
INSTIANCE STENCIL SEQUENCE ALONG PATH ...ttt ceeeeeeste st e e e seeseessasseesessascheseenes 97
MESSAGE .....ootieiiiriertceficeestneeieen e ereeesse s e ssestsessesssessessssessesssesssssessesssesssesssessesssessssossesnesnsesssasssessessssssseshensse 112
OPEN GKS...eeeet e pemaaisbe et see e steesee s e ssaes e e seeraesasssessessessessssessassessessensssensesseossensossossensesossessesssessesehasesses 93
OPEN PICTURE PART izttt stese s sseseese s etsas st sns st s sensesesse st enssstnsensenensesensssesnesnted ....100
OPEN STENCIL ... 50 el et eteeeeeeteeeteeere et evrersraesesesssessessessseesesessessesossssessessnsossanesssnsosssensestssossessosesssssochusssnes 95
OPEN TILING .k eeeutestenteeeeestentee e e erensesesvestessessessessessssssssessensessossessasssssssssssossensssesnssnsssesssessesssesssnsechesseses 97
OPEN WORKSTATION ......oooiiteeeececteeee et ceterertereesesse e sseressesessssasssssnssssasessesessonssnsssesssnsosensonessosssssssssshasens 109
PLAYBACK a... ettt ettt et s st st st ss sat st sb et sbsssstss st snsesesbestsse st enesstsamesaenseensessenssneesensecheneas 104
PROQESS AUDIT ITEM.......ootieeeeeieeececteeeece et evvessseeressessessessensessesssssssssessssssssesssssssnsessonsossschosaes 105
READ ITEM FROM AUDIT........... ....105
READ ITEM FUNCTION NAME FROM AUDIT .......ccooeiieiitetiiieietceeeiesestseseeeeseseseseessessessssssssnssssasssssens 105
REMOVE BACKDROP ...ttt sttt ressesesssssessesse s snsessessssasastessonssnesssssnesensssnsenssnnssnes 110
REMOVE SET OF NAMES FROM NAMESET .......ccooctivtiotiteteentirerissesesssestestesseessessesssnsessesssssesssssssssssssssases 98
REMOVE SET OF NAMES FROM NDC PICTURE.........ccovviviieiiieneeteneerestesteseessneesesessessssessessssessessessssens 99
REMOVE SET OF SCISSORS FROM NDC PICTURE ......ccoeotetteeeteeeeeseeeeeeseeseeseseesessessessesssssssssssesssssssssases 99
REMOVE SET OF SCISSORS FROM SCISSOR SET ....ouuiitiiiicrienentienecsresneceeeesstesseceeeesesssssesssssssssnesssssssenes 98
RENAME PICTURE PART ...ttt seeetesvese e eresessesae s sassnsessesasossestess s ssessesssaesnessensaensen 102
RENAME SEGMENT ...ttt ettt tesseeteseesbeses s sessesssssessesssnssnsossessesssessessenssssessessesnssssassesseen 116
RENAME STENCIL.......coctiieeieeteertenreeneesteeneeereeesessaeesses e e se e ssssssesssossesssessssoss ot sesssennssensesssessesssesnssssssssesessannns 95
RENAME TILING. .......cotioicteeeeeeiec et ceerieteesae e erteseessesaesaes e sessensesesssessass sassnsessessensannensennsnssseessasssessssseensanes 97
REOPEN PICTURE PART ...ttt etetrevee e sbersesesesrarsessesssssessessossessess e seensonsensessesssessesssnssssssnsens 101
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REORDER NDC PICTURE ........oootiiictirtetrcte et seet e aessssest s besnessssessssste st ssnesssssesassstestons ssassssssssssssnssssnns 100
REQUEST INPUT .....cooottiiirttitcieeeeenieseessesseesteestessessassssesstssstsssssssssssesssssssnssssssestasstssussntnt sossessnssesssssnnensasns 103
RESET SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE......ccoeiiiiiinenicnineeanes 114
RESTORE GKS STATE LIST ....oorteiteieieiieseeeee et csstsssnssseesesssessesssesssssssessasssesssssst sostsssssss st sssssssssssnssssases 93
RESTORE WORKSTATION STATE LIST ....cuioiitieereiiniitnenineieste st se e ssnssssssss e st snnsanssnssssssnssssnns 109
RETRIEVE PICTURE PART FROM ARCHIVE .......ccccorviiivininiiniiiiiiniesien e sessaesssssnsssessassannes 101
ROUTE ... oo eeceteteeteeeteette et et et eeseesse st sesaeasassae st et asssaesessassesssostastessnessssssarsaesssesasasassssaessassasssssesseostsssbosssssesssnsonnses 94
SAMPLE INPUT .....oottioieeeieteeeeeereeeeree st esssesse st estasstassassaesssssrssssssssassssssssssesssessesssaessaessesssssssosstossssssssssosseses 103
SAVE (GKS STATE LIST.....ocoiiieitiereeeereesreessesesressetesseeessscessssssstssssessssssssssssasasssssessasessassssasssssssossasssssssssns odiasas 93
SAVE WORKSTATION STATE LIST ....oooiirteeeeeeeeseeenreinntenteenreresesessssssssssrnsssssesssnessssesesnesenesbo BV en ...109
SET CHARACTER CODE.......cccoiertiiiteeneeccineesnteeittsaessnressseesssssssssssassssessssessssssssssssssesssssssssessssh s fashenne ...104
SET CONTOUR ATTRIBUTE .......cccirtieinreenennrieieieetcsttissnssnessecnsessessnssssssssssesssesssesssssneesssssss Sagesssessecsree doaees 96
SET FQNT INDEX MAPPING .......c.coctveeetrrteieenieneenecvesnessissessessessssssssssssssessassssssssesssssssses b luennninnsncnnns ...104
SET LOGICAL INPUT DEVICE MODE ........c.cooiiiiiniiieniintineienrie ettt ese s i boo e e s sessnsnie ...103
SET NDC PICTURE PRIMITIVE ATTRIBUTE ........cccoceeviinniiniiinirnienresennn S e fos 99
SET NORMALIZATION TRANSFORMATION NUMBER ......cccooiniiiiiinss b ol 99
SET PRIMITIVE ATTRIBUTE ......cotitieieeeeeeteeiee et secnessne e sneeransne e est St bafheesssesessnsnssnasnessnesneconee fonenn 97
SET REPRESENTATION ......ooooiiiiiiererreeeneneeseseseesesesessssessassnssnnssnsssnssessnshens hbeenuesinessesinneseenecsnes s ..110
SET SCISSOR MODE ..ottt ceereeeveeeseesseessee e eestessesssesssessessesbgtaamhenssssessassssssssssnsessesssesseessnessees founas 98
SET SEGMENT ATTRIBUTE .......cotiieeiee ettt et ene e smag b st sesae she s s ssraasae s s asnessaesusesusasanens ...118
SET STENCIL ATTRIBUTE .....ooooiiittiiieiereeeeeerieenteieeccesessseesse sogmessassesnnssnsssssesssssssssssssssassasssesssessses foueas 96
SET VIEW .ot citteeeeeeeeetaeesteesrsasssessseasenesaseesuntesnnes sssesssnaihes thaessssesssssessessissesnsnesstesasstesseassseasssssssnnns ...110
SET VIEW PRIORITY ....ctiiiiteeirieeiieneeestteseeesneeeeeeesreessssges shass e s sessssstas snsnesstesnsesnssssssessnsnessseesnnesnsnes ..110
SET VIEW SELECTION CRITERION .......ooiiiiiiiitieiineeeeg e i et stsssnesresesssnessessessnessnssanssucssaness ..110
SET VIEWPORT INPUT PRIORITY ....c.uooiiiecienrieneeesmmme e eeenreessesriestesessaesssesnsssnesssssessssessssssssssasssesssessses Jouens 98
SET WIINDOW AND VIEWPORT .......ccooeieiirrceeesnl ittt s snesssnnsssnne e sncessnesssnens fanas 98
SET WIORKSTATION SELECTION CRITERIONU.....c..coouiniiniiiiiiinieritiee ettt s 111
SET WIORKSTATION VISUAL EFFECTS ....iifd ittt sasensenis 111
SET WIORKSTATION WINDOW AND VIEWPORT .......cccovvviiiiiiiniiniinrin ettt 111
WRITHE USER RECORD TO AUDIT ... 0000 e ceeitentie it e st te s s s se e st ss e e seanssnssnns 104
A.2 Hunctions order of appearance

Control functions (12.1)

OPEN IGKS oot oot ete st e e st sssstes e aesstestesee e sbesesesasssesssbaessessss s ne s e basbassestsesssssassasnessesnssebusin 93
CLOSIE GKS v eaie e eteeeete e eveetesassssesessasessessesessestsaesaensstensstssesssasssstessesnesnsssssasassasansassasessaseasssnessensafueses 93
SAVE GKS STATELIST ...ttt ettt sttt st e essessesssssessssssrs e s e s s bss e sbnesbessassssssasssssssusssesssesssssshusens 93
RESTQORE GKS\STATE LIST ..ottt ettt e seestsesisessenssssssess et sssbesnesses s assessassssassssessssessesnafucas 93
ESCAIE ...fieeeeiiieeeetrereeteseesetessesesesesasastssassssassesansestesestsaesaessstensssssenssnsns et sesessessssssssasassasansassessssssseneeseenensshucses 93
EMERIGENCY CLOSE GKS....oo ottt ertee e st st sseeeseeseestenesnssssesassesnessses s sessessnssssssssssssassesssnesssssnshsees 94
ERRORHANDPLING et 4 4 94
ERROR LOGGING ..ottt e erietetestesseseesseseessseesesaestostonsssesssssessesssens nssnsssssassassessassaessessanssansessssssesas 94
ROUTE ... cueeeeeeetteeeeeteteeresseesessessaesas s esesssesassese et asseese shteseereessetess sassssa b she st sabas b e s b s eb b e s ss s s sanasseabeabaasse s e stntesesucs 94

Output functions (12.2)
CREATE OUTPUT PRIMITIVE ...ttt sttt st sabeas b s e s s saesabeass s saessnen s s snesssasssaasnes 94
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Design output functions (12.3)

OPEN STENCIL ...ttt tes it sssas e s sss e s asesstasss s sssassssas s sesas esasse s sessssanensnsenensanassnaes 95
CLOSE STENCIL......ootirictinincisisciete e tsetset s et tsessessesse s essssesstssssesstsssssessssnssessessssasssssssssssssssnessaees 95
RENAME STENCIL......ocuitiiiiiiiiiiecicieeseesetsese e tassesetseses e seesessssssssssesssssssssassses s sassassosssssssssssassssnssssons 95
DELETE STENCIL ...ttt escaeeacas ittt st e stsesstacas s s ssssssss s sasansesas s sasssssssnsassssssasennnsnsass 95
CREATE STENCIL FROM BOUNDARY ......cccctviuirnintriiinesasisesesssissssessssssnssesesessssssssssssssssaseesssssnsnsnsssssnses 95
CREATE STENCIL FROM CONTOURS ..........ccetmirrereerrereseresstsesesesssscsessstssssssssssssessssssssesssssssssssssssssssssssss 95
SET CONTOUR ATTRIBUTE ......cccoiuiiiinieieieiieniiiiiintetetsiitssee st sessaaaenr e e 96
SET S[TENCIL ATTRIBUTE ..ottt sisess s sesessesessssssesssssssssssssssssesssssnssssssssssdbbnaossans 96
GET §TENCIL ATTRIBUTE.........coevtiecirireeentriiitsessesistssssssssassssssssssssssssssssessssssssssssssassonsesees nTbescheonens 96
INSTANCE STENCIL.......cuouiiiiiiiicieiiecrestuisses s ss s ssss st ssssssssssssssssssssssssssssssesssssssssnssas b buemsssseedhassnes 96
INSTANCE STENCIL ALONG PATH ......occoeueiiieeeieeerisistnenssasssessssssssssssesssssssssssssssscssentSonseesesemesdhoenees 96
INSTANCE STENCIL SEQUENCE ALONG PATH ......ccoovtmirniniirerireeietenrinsseesessesesesbesslsfossssssssencscnes w97
OPEN TILING ....ooititetiiincrinitiieececteentieseeseesesesesssesetsaessssssssssssssssssssussesssssssssasasersss ol sonsssssssensssnesonescferonns 97
CLOSE TILING .....oouoiioiiitircriiiicseeicenestseresstsentsssessssssas s sssassssssssssssssssssssssssssesessssresns feososssesessesesessnsmens ofesens 97
RENAME TILING ..ottt nestee s ese et ses st stssssssssssssadhas Si¥unanaeseresesssesosssssasnsaschsssens 97
DELEJTE TILING ..ottt et senet s esetensessesesstesssssssesessssaasheNosiesesessesesessessssssssssnsssssssspossnes 97
CREATE TILING COMPONENT .........oooiiiietieitnisrisescisies e ssesstsese 5 bundsss e sassssesas s sessesassessssssssnsasshaosaes 97

Output attributes (12.4)

SET PRIMITIVE ATTRIBUTE .........cooirtnieeeereicte e esfeh e saesass s sssssssesesessssesessssssssssssssssnesforsens 97
ADD BET OF NAMES TO NAMESET ........cocoeesmnineneneeree ettt tee s sssssesasssas e sesssssesesessssshrosens 98
REMOVE SET OF NAMES FROM NAMESET ........coiioe. 500ttt sssesenesesssaeseesessessssssssssssssesfossens 98
ADD PET OF SCISSORS TO SCISSOR SET .....cuueeeee s sesestssnis e tressssssastese s s sssse s sssssssssssss|senens 98
REMQVE SET OF SCISSORS FROM SCISSOR SET.{l....cccovvurieiririrereeeresinissnsssnssssesssssssssesesesssssssssaesfoenens 98

SET WINDOW AND VIEWPORT ........cccce. il ittt seisieseesesesestetsssessssssssse s ssssssssesssessssssns|senens 98
SET VIEWPORT INPUT PRIORITY ... 00 ettt ee et etsas s tssesessnssss s ssssssnssnssessssssns | ennes 98
SET SICISSOR MODKE.........coinitirime i seeeneeeesesiiste s sesesessssentasssssesssssstststsssssssssssssssssassssasassesssssssssaseses| sonene 98
SET NORMALIZATION TRANSFORMATION NUMBER .....c.ccestnrrniriririiisnssensssessssesesssssesssessessses eenene 99

NDC|picture functions_(12.6)

DELE[E PRIMITIVES FROM NDC PICTURE .......ccocecetntntnreeeniireesirasesesesseesesssessansssssssssssssssssssesessssseses| sesene 99
ADD $ET OF NAMES TO NDC PICTURE..........cccsiserrerrerrreninenesensenesessasesssssessssssssssssssessssssssssssssesssssesns| sesens 99
REMQVE SET OFNAMES FROM NDC PICTURE.........ccoceceemeueirirenieereresiinesessssssnnsssssssssssssssssssesassassasfssens 99
SET NDC PICTURE PRIMITIVE ATTRIBUTE .......ccccecetrtrimururininreeieeneseseceesesssisssesssssssssssssssensssssssssses sesens 99
ADD $ET OFE-SCISSORS TO NDC PICTURE .......cocorrreriririnireieiinensisssesesesssesssessasssesssssssessssssssssssssssssssss sevens 99
REMQVE SET OF SCISSORS FROM NDC PICTURE ........ccocetevriniesreerertriesssesssssssssssssssssssssssssssanssfesnnes 99
REORDER'NDC PICTURE .......cocooiiuiiiieicseeeeisesseses e eicistscnsesesssasseaeatasestsessesasasstusssssosssssssesas ....100
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Picture part store functions (12.8)

OPEN PICTURE PART .....oviiiieieeteieteinsesaesssteentssestssssasstessssassssssssssssssnsssssasssesesacsssstsssssssssusssnsssunesesansnsnsases 100
CLOSE PICTURE PART ..ottt seeresestsassssssess st e s st sssssasessos st sns st stens st sasssst sasassussssssnssssssasssnssassanes 101
ARCHIVE PICTURE PART .......ooviteeeieinieieisestenetstssessse et st s sssss s st assssssssensssssessssonsossusassnssssssnssssssnssassssassss 101
RETRIEVE PICTURE PART FROM ARCHIVE.......coniiteicnt ettt st s s s e 101
REOPEN PICTURE PART .......coteiereeeieseeeerenreestiiesissesasssssessssessassssassssssesssasesessest snessssssussssssssnssasnssssnsasansasssss 101
APPEND PICTURE PART .......oovriitieertrieesestereeeciiiassis st tes s s ss st ssssssssasssssssases satesssestss sassnssssmsssssssnssassssassssns 101
RENAME PICTURE PART .....cooietiieiieisesusscneeisnestosessessssaesesaesasssssssesssssssssssssasassatsssasstsasssssssanssssnssssssssssssnns 102
DELETE PICTURE PART .....coeoirietntie ettt estntessiissssse s srsesasssssssss sssssssassesssstsstsassssnnsssanssnsansasasaanssnshees ..102

COPY|PICTURE PART FROM PICTURE PART STORE
COPYINDC PICTURE TO PICTURE PART STORE ...ooooieeveeeeeeseessssssssssssesssosessnenes

UL L |INA/ U DAV 1 UANAY A3 X A% 4 walas & SBAR 2 W 2RSS

Input functions (12.9)

SET LOGICAL INPUT DEVICE MODE ..ottt s b et snss e e ....103
REQUEST INPUT ......ovtririireminiiinieinstenniintes e sssssssss st st sensasssasssnsssnnsnsss e affos oalusanasassssssss st sencacases ....103
SAMPELE INPUT ..ottt ereirreistessseete et s e sre st snssssssesssnessssesssssssssssssesnesuens eofh iTesususstssssssssssnsssnsasnanns ....103

AWAIT INPUT ...ttt setea e seere st sre st sreessessssssessessssssnsssssassssssssesesnesae sovmghe st cassusns st sesnssenssessanssnnans ....103
FLUSH DEVICE EVENTS .....coooiiitiiriiieeeieeriesesietsressssessesassssssssssssssssses fopal il encsueunsninnesnst s ssssssssasnssannes ....103

SET FONT INDEX MAPPING .......cocvrvineeenenenenieinriinnren ettt ....104
GET GLYPH NAME ...ttt sttt s e 9o sns st ese st s eat sttt sas st s s sh s s s b s snn s ens ....104
SET QHARACTER CODE ...ttt s b s sttt e stase st sia b sss b s ea s sss s e as s sens ....104

AUDIT ..o ioiietiireneereeereeaesreereessessesssessesssessseseessessfithursasasssesssesseasssssssssnsesseseseesttesssssessstostsssesasssssessaesansenaas ....104
WRITE USER RECORD TO AUDIT ......ccoccadlliiiiiiiiiitcnieisnni ettt snessrnn e ....104
PLAYBACK ......ootiiereietentenetesetesessesesesesgoag e ote st sssesessesasssssesssssssastasssass stestestesestsotsussssssstssestenissesssressassnnans ....104
READ ITEM FUNCTION NAME FROM\AUDIT ......ccoviiiiriinineinstnctince sttt snssssens ....105
READ ITEM FROM AUDIT.......coceefottieneiiiieiinsiiisisie e sressssstass s st esassassstsssassanssnssssnssnssssesssessasnans ....105
PR SS AUDIT ITEM.....ice ettt teeesteestese st stese st ssasassassas s s st s e s sheshesssa e st st st saesaarnsrnsnanes ....105
Inqujry functions (12:2)

INQUIRE OPERATING STATE ENTRY .....coiviiriiiiiiiitiiiitesi sttt ettt snass s ss e s ....105
INQUIRE GKS DESERIPTION TABLE ENTRY ...oooriiiiienetneeneciicn s ....106
INQUIRE GKS STATE LIST ENTRY oottt b st s ....106
INQUIRE INPUT)QUEUE OVERFLOW ......cociiiiiitiiinnrtin sttt et sttt st st sasassnsaas ....106

Utility functions (12.13)

EV ALJATETRANSEORMAHON-MATRE e 107
ACCUMULATE TRANSFORMATION MATRIX......ccociiiiinrintieinssrennt sttt st sssasss s snens 107

Utility functions for output primitives (12.14)

EVALUATE CIRCLE ..ottt st nes s s ss s st st s st e sttt st e st b s s b s s s 107
EVALUATE ELLIPSE ...ttt sttt e ss b s s s s s s s st et st e st e st sab st sa s e sne s sans 107
EVALUATE CIRCULAR ARC 3 POINT .....ooiiiiitiiitiictiere ettt sscse ettt st saasn s e s s sn s 107
EVALUATE CIRCULAR ARC CENTRE.......cccooiviiiiititiiienenteeestestceste sttt s s 108
EVALUATE ELLIPTIC ARC ..ottt creaessissss s st e sttt st s s aasshsen st snn e snasnans 108
EVALUATE HYPERBOLIC ARC .....c.coiniiiiiiiiciiinictic ittt st ss bt sttt sb s sssatassasness st sassnsssssanes 108
EVALUATE PARABOLIC ARC ..ottt st sne st st sasstsas s sas s st sesssas s st sasass 108
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EVALUATE WC ORDINATE.........c.cocitmeinerreinemieseesssessssissassssssste st sssssssssssssssssesssssssasssssssssssssssassssssssasass 108

Workstation control functions (13.1)

OPEN WORKSTATION .....uoeiciiiinirinineneeetntesssaseseststscsisesesssstsesssssssssssassesesesonssssssasssssssassssssassssssssssssssssssssssas 109
CLOSE WORKSTATION ......cooiireieriieneenenesestseststsae s sesesesesesesesesssssessssasssssssssssssessasssssssasssssssssssassssssssssssssas 109
SAVE WORKSTATION STATE LIST ...ccceiiieeenerenieneeseneiesesisisisissssssssmssssesssesssssssssssssssssssssssssssnssssssssasens 109
RESTORE WORKSTATION STATE LIST ....couoieitirieeiiiininisiiinicsssiisseesssssesesssssssesssesassssssssssssssssassassess 109
GET 2 N b 1) N N i £ NP 109
REMIOVE BACKDROP ..ottt st ssisiessesessisssssssssessssessssssssssessesssssssessssasssssssessenssas Ao enass 110
SET REPRESENTATION ......occoctriiiniiineeriintiecnentericesenesessssesesismsssssssssssssssssssssnsssssnssssssessessseassns fshravbass enssen 110
SET NIEW PRIORITY w....ooiiiiiiireieniieneentnnteseestesecssesessssssesssissssesssssmsessssissssssssssssssssssessesssssssse thasesesnesf snssan 110
SET VIEW SELECTION CRITERION ........ccouiioniniiincnreniininiisnsisiessesisssssessossnsssssesssossestessessesesseshsesses 110
SET VIEW ..ottt csesssssssestssesesssassesssssssssssssssssssssessssssssnsssssenessesigs onsssnssesnesssnesf snnen 110
SET WORKSTATION VISUAL EFFECTS .......coniiiniiiiiininniitnsee e sfh iabssessessensseseesesessfseses 111
SET WORKSTATION WINDOW AND VIEWPORT........cccovimiiitcce s evesssesesnsaenafresees 111
DEFINE LOGICAL INPUT DEVICE........cccvnininrieniricntiiniisiniseineesessslofusiossennessessssssssesssssssenefesens 111
INITJALIZE LOGICAL INPUT DEVICE .........coceiiiiiiiiiiniiiiteese e i e svsses s snesesfresens 111
SET WORKSTATION SELECTION CRITERION ........cccoovmmimmnnefiinennieninncineiesesesneesnessessea oeenes 111
COPY REALIZED PICTURE TO REALIZED METAFILE .......ccccc.ee 55 iiiiiiiiincnneccinnniecnsscsessfovenns 111
COPY BLANK REALIZED PICTURE TO REALIZED METAFILE...........coooiviiiicciicicnenen e 112
COPY REALIZED METAFILE PICTURE TO BACKDROP ...ci.ilicvioniiiciivceicicniecncececccceceseeaf e 112
MESPBAGE ..ottt niiccricercnnsisesseesisssesessslondiVonniessie s etesssss et sesee s se s ssesseressesnessenefeanen 112

Inquiry functions (13.2)

IRE WORKSTATION STATE LIST ENTR Y.Guf ettt et csnnteseses s s st e s snsess sesens 113
IRE GENERIC WORKSTATION DESCRIPTION TABLE ENTRY ......cccccvviniivnncnicnnnccnnsfnnes 113

INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY ... 113
INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE .........ccocvvvvnennnfenene 114
RESET SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE.........cccccovencrnncecfenenes 114

Segment functions (14.1)

CREATE SEGMENT ...ttt ss st e sae s s s s s e e b sassbens st sases s ssssesnenes 116
CLOSE SEGMENT ..ottt satc et esssse s sesss s st sesse st sae st sassaesssssssesse st ssssaesesssssssessssssssssssenes 116
RENAME SEGMENT .....cociniiniiiiiininiiiiiiniiis e st srsssss st sssssssssessessssessessssssasssesssssssssesssnsssesssssens 116
DELETE SEGMENT .......oconiiiiiiiiiiiiicinniisi i et sissssse s sassssssssssssssssssssssensssenssnssssssssesassnsnns 117
DELETE SEGMENT FROM WORKSTATION .....cccoociniiiinininiiiininciccie st s sesssssssssssesssssssssnns 117
ASSOCIATE SEGMENT WITH WORKSTATION ...t sssssssssesenes 117
COPY SEGMENT TO WORKSTATION .......ccceciniiiiiiiiiiiiicse s ssiressests e sae s ssssssssssesssssssessesesnes 118
INSERT SEGMENT ...ttt sttt sriseste s s st se e sr s shs s sh s shsssssbe st e st sssuesssnsonsnsssssnesaesesses 118
SET SEGMENT ATTRIBUTE........cccviiiitiiniiiniiiiciiiesi et st sssss b ssssssesnesesassnones 118
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Functions order of appearance

Workstation activation functions (14.2)

ACTIVATE WORKSTATION
DEACTIVATE WORKSTATION
CLEAR WORKSTATION

Utility functions (14.3)

GET MAPPED SEGMENT NAME

©ISO/IEC

Annex A

GET MAPPED WORKSTATIONIDENTIFIER

ata types alphabetic

11.1.19  ColrRGB 11.1.13  ESLEntValue 1027
11.1.5 ColrSpec 11.1.5 FontInd 11.1.5
11.1.13  ColrTab 11.1.13  FontPrec 11.1.5
11.1.13  ConicSection 11.14 FuncName 11.1.3
11.1.5 ContourAttrName  11.1.19  FuncParams 11.1.17
11.19 ContourAttrValue 11.1.19  GDPData 11.14
11.19 ControlPoints 11.1.4 GDPId 11.14
11.1.5 ConversionFlag 11.1.13 GDT. 11.2.3
11.1.17  CurveAsfs 11.1.5 GDTEntName 11.2.3
11.1.17  CurveBun 11.1.13_< GDTEntValue 11.2.3
11.1.17  CurveBunTab 11.1.13%¢ GenName 11.1.5
11.1.17  Curvelnd 11.1:5 GKSOpSt 11.1.15
11.1.17  CurveType 11.1.5 GlyphName 11.1.16
11.1.19  CurveWidth 11.1.5 GSL 11.24
11.1.19 DCOrd 11.1.6 GSLEntName 11.24
11.1.13  DCUnits 11.1.13  GSLEntValue 11.24
11.14 DCVp 11.1.6 Highl 11.1.11
11.1.5 Det 11.1.11  HLCPoint 11.1.19
11.1.13  DevCompose 11.1.12  HorAlign 11.1.5
11.1.13  Deyld 11.1.12 HWCPoint 11.14
11.1.5 DevidValueSet 11.1.12  HyperbolaSpec 11.1.10
11.1.5 DispKind 11.1.13  InData 11.1.12
1L.1.5 EchoArea 11.1.12  InitInValue 11.1.12
1174 EchoSwitch 11.1.12  InitValue 11.1.12
11.1.12  EdgeFlag 11.1.5 InsideRule 11.1.19
11.1.12  EdgeType 11.1.5 InstanceNum 11.1.19
11.1.10  EdgeWidth 11.1.5 InstanceSeqSpec 11.1.19
11.1.5 EllipseSpec 11.1.10  InstanceSpec 11.1.19
11.14 EllipticDisc 11.14 InStatus 11.1.12
ColrArraySpec 11.14 ErrFile 11.1.3 IntStyle 11.15
ColrAvail 11.1.13  ErrInd 11.1.14  IntStyleInd 11.1.5
ColrCharacteristics  11.1.13  ErrNum 11.1.3 InValue 11.1.12
ColrCIELUV 11.1.13  ErrSt 11.1.3 ISO9541FontName  11.1.16
ColrCoords 11.1.13  EscapeFuncld 11.1.3 Join 11.1.19
ColrHLS 11.1.13  EscapelnData 11.13 Knots 11.14
ColrHSV 11.1.13  EscapeOutData 11.1.3 LCClosedNURB 11.1.19
ColrInd 11.14 ESL 11.2.7 LCConicSection 11.1.19
ColrModel 11.1.13 ESLEntName 11.2.7 LCControlPoints 11.1.19
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LCNURB 11.1.19  PlaybackOps 11.1.17  STSLEntValue 11.29
LCOrd 11.1.19  Position 11.1.7 Style 11.1.19
LCPoint 11.1.19  Prec 11.1.5 TextAlign 11.1.5
LCStencilOrigin  11.1.19  Pri 11.1.6 TextHt 11.1.5
LCTilingOrigin 11.1.19  PrimAttr 11.1.5 TextPath 11.1.5
LDCOrd 11.1.6 PrimAttrName 11.1.5 TextSkew 11.1.5
LDCRect 11.1.6 PrimAttrValue 11.1.5 TextUpVec 11.1.5
LDCRectSet 116 PrimParam 1114 TilingName 1114
LDCVp 11.1.6 ProcessOps 11.1.17  TilingOpSt 11.1.15
LDCWin 11.1.6 Rad 11.1.10  TilingOrigin 11.14
MarkdrAsfs 11.1.5 RealizMfSpec 11.1.8 TilingParam 11.1.19
MarkdrBun 11.1.13  RecAuditFlag 11.1.17  TilingTran 11.14
MarkgrBunTab 11.1.13  Rep 11.1.13  Timeout 11.1.12
Markdrind 11.1.5 RepTech 11.1.19  TransMode 1119
MarkdrSize 11.1.5 RouteDir 11.1.3 Triggerld H.1:12
MarkarType 11.1.5 ScaleFactors 11.1.10  TriggerSet 11.1.12
Matrix23 11.1.4 Scissor 11.1.5 Vec 11.1.10
Matrix33 11.1.4 Scissorld 11.1.5 VertAlign 11.1.5
MeasyreClass 11.1.12  ScissorldSet 11.1.5 ViewInd 11.1.6
Measuyreld 11.1.12  ScissorMode 11.1.6 ViewInd1 11.1.6
Name 11.1.5 ScissorSelect 11.1.9 ViewPri 11.1.6
Namejpet 11.1.5 ScissorSet 11.1.5 ViéwScissor 11.1.6
NDCNIfSpec 11.1.8 SegAttrName 11.1.11. ViewUpVec 11.1.6
NDCQrd 11.1.5 SegAttrValue 11.14V Vis 11.1.11
NDCHoint 11.1.10  SegName 115005 VisEffSt 11.1.13
NDCRect 11.1.5 SegOpSt 1.1.15  VplnPri 11.1.6
NDCRectSet 11.1.5 SegPri 11.1.11 WCNDCPoint  11.1.10
NDCVp 11.1.6 SelectCrit 11.1.18 WCOrd 11.14
NDCWin 11.1.6 SelectCritType 11.1.13  WCOrdPos 11.14
NormTran 11.1.6 Selects 11.1.13  WCPoint 11.14
NormTranNum 11.1.6 SenseFlag 11.14 WCWin 11.1.6
NormTranNuml 11.1.6 SeqBoundary 11.1.19 WDT 11.2.6
NURE 11.14 SeqMeasureld 11.1.12 WDTEntName 11.2.6
OpMade 11.1.12\\" SeqPaths 11.1.19 WDTEntValue 11.2.6
OrdSefector 11.1.10°  SeqSpec 11.1.19 WDTSt 11.2.6
OSL 112.2 SeqWeight 11.14 Weight 11.14
OSLEptName 11.2.2 SetReal 11.1.14  WsGenType 11.1.13
OSLEptValue 11.2.2 ShieldInd 11.1.5 Wsld 11.1.13
ParabglaSpec 11.1.10  SplineOrder 11.14 WSL 11.2.5
Paramrian 11.1.4 SSL 11.2.8 WSLEntName 11.2.5
Path 11.1.19  SSI EntName 128 WSLEatValue 1125
PathSpec 11.1.19  SSLEntValue 11.2.8 WsSpec 11.1.13
PatSize 11.1.5 StencilAtrName  11.1.19  WsSpecInfo 11.1.13
PatTab 11.1.13  StencilAttrValue 11.1.19  WsStatus 11.1.13
PET 11.1.12  StencilName 11.14 WsType 11.1.13
Picld 11.1.8 StencilOpSt 11.1.15

PickId 11.1.5 StencilOrigin 11.14

PickStatus 11.1.12  StencilTran 11.14

PicPartName 11.1.9 STSL 11.2.9

PicPartOpSt 11.1.15 STSLEntName 1129
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B.1 Function error list

CLOSE GKS
100 GKS not open

GKS STATE LIST
100l GKS not open

RE GKS STATE LIST
GKS not open

E
GKS not open
Specified escape function is not supported

GENCY CLOSE GKS
none

ERR(OR HANDLING
none

ERR(QR LOGGING
none

ROUTE
10Q1 GKS not open
1006 Segment‘open

CREATE OUTPUT PRIMITIVE
10Q15GKS not open
1056—-GPP-notsupported

OPEN STENCIL
1001 GKS not open
1008 Stencil already open
1029 Specified stencil name already in use

CLOSE STENCIL
1001 GKS not open
1007 Stencil not open
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RENAME STENCIL
1001 GKS not open
1030 Old stencil does not exist
1031 New stencil name already in use
1062 0ld stencil name and new stencil name are the same

DELETE STENCIL

10 1 LK C Py
1 TIxO ot opert

1048 Stencil already open
10238 Specified stencil does not exist

CREATE STENCIL FROM BOUNDARY
10Q1 GKS not open
10239 Specified stencil name already in use

CREATE STENCIL FROM CONTOURS
10Q1 GKS not open
1039 Specified stencil name already in use

SET CONTOUR ATTRIBUTE
1001 GKS not open

SET $§TENCIL ATTRIBUTE
1001 GKS not open
1038 Specified stencil does not exist

GET PTENCIL ATTRIBUTE
none

INSTANCE STENCIL
1001 GKS not open
1007 Stencil not open
1038 Specified stencil doesnot exist
1032 Instance name same-as stencil name already in use

INSTANCE STENCILL. ALONG PATH
1041 GKS notopen
1047 Stencil.not open
1038 Specified stencil does not exist
1032 <Instance name same as stencil name already in use

INSTANCE STENCIL SEQUENCE ALONG PATH
1001 GKS not open
1007 Stencil not open
1028 Specified stencil does not exist
1032 Instance name same as stencil name already in use
1058 Edge does not intersect path
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OPEN TILING

1001
1010
1034

GKS not open
Tiling already open
Specified tiling name already in use

CLOSE TILING

1001
100%

GKS not open

Tiliso ot onasx
TN PO OpPCTE
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RENA
100
103
103
106

DELE
100
101
103

CREA
100
100

SETP
100}

E TILING

GKS not open

Old tiling does not exist

New tiling name already in use

Old tiling name and new tiling name are the same

TILING
GKS not open
Tiling already open
Specified tiling does not exist

TILING COMPONENT
GKS not open
Tiling not open

IMITIVE ATTRIBUTE

GKS not open

ADD §ET OF NAMES TO NAMESET

1001

GKS not open

REMQVE SET OF NAMES FROM\NAMESET

1001

GKS not open

ADD §ET OF SCISSORS TO-SCISSOR SET

1001

GKS not open

REMQVE SET OESCISSORS FROM SCISSOR SET

1001

GKS not.open

SET WINDOW AND VIEWPORT

100

SET VIEWPORT INPUT PRIORITY

1001

GKS not open

SET SCISSOR MODE

1001

SET NORMALIZATION TRANSFORMATION NUMBER

1001
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